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1.1 - Mapping the first mineral deposition stages in the growth plate of mouse tibiae at nanometer
resolution and under hydrated conditions
Heden Haimov1, Eyal Shimoni2, Michal Shemesh3, Steve Weiner1, Lia Addadi*1. 1Dept of Structural Biology, 2Department of
Chemical Research Support, 3Department of Life Sciences Core Facilities, Weizmann Institute of Science, Rehovot, Israel.
INTRODUCTION: The growth plate, the area where bone elongates and first mineralizes, is located at the end of the long bones,
and is less than 100 µm thick in 9-week old mice tibiae. Mineralization occurs rapidly in this extremely active region, where hypercalcified cartilage is first formed and then resorbed, bone is deposited, and blood vessels compenetrate the whole tissue
transporting the raw materials needed for mineralization. Because of its great complexity, many fundamental issues regarding initial
mineral deposition processes remain still unclear. PURPOSE: This study focuses on the first mineralization events occurring at the
interface between the hypertrophic chondrocytes that form calcified cartilage, the osteoblasts that form bone, and the blood
vessels. METHODS: We take advantage of three different techniques that allow us to observe different features of the tissues at
different scales: confocal laser scanning microscopy shows the cellular tissue location, the cell membranes and extra-cellular matrix,
and the newly deposited mineral, at sub-micro-meter resolution. Micro CT shows especially the mineral locations and density, and
using a novel staining technique also the soft tissue, in 3D and at sub-micrometer scale resolution. We finally study cryo-fixed
specimens using the SEM, so that the blood and other liquids remain within the tissue. Furthermore, we developed a novel
preparation procedure for preparing the growth plate specimens for cryo-SEM that reveals both the hard and soft tissues. With
cryo-SEM, the tissues can be studied at up to 10 nm resolution. RESULTS: We show that membrane-bound mineral-containing
vesicles are present within the blood vessels. Non membrane-bound mineral is also observed on the inside of the blood vessel walls.
The extremities of the blood vessels are in close contact with the hypertrophic chondrocytes. Abundant mineralization occurs at
these interfaces, on the outside of the blood vessels, and in association with the hypercalcified tissue. No evidence was found that
the hypertrophic cells deposit mineral inside the cell and export it to the surrounding matrix. We do confirm that highly disordered,
as well as ordered aligned arrays of thin collagen fibrils are closely associated to, and likely produced by the chondrocytes in the
hypermineralized zone. Thicker collagen fibrils are formed closer to the blood vessels, and we do observe intracellular mineral
deposits in the lower part of the zone where osteoblasts are located. CONCLUSIONS: In this fast mineralization process, mineral is
transported by the blood vessels in vesicles. It is conceivable that this mineral may be translocated to the region of the hypertrophic
chondrocytes, where it contributes to the formation of the hyper-mineralized cartilage and bone.

1.2 - Spatial correlation between mineralization foci and the osteocyte network in calcifying osteoid
Mahdi Ayoubi*1, Andreas Roschger1,2, Alexander Van Tol1, Paul Roschger3, Klaus Klaushofer3, Peter Fratzl1, Luca Bertinetti1.
1Max Planck Institute of Colloids and Interfaces, Department of Biomaterials, Potsdam, Germany. 2Chemistry and Physics of
Materials, Paris Lodron University Salzburg, Salzburg, Austria. 3Ludwig Boltzmann Institute of Osteology at the Hanusch Hospital
of WGKK and AUVA Trauma Centre Meidling, 1st Medical Department Hanusch Hospital, Vienna, Austria.
INTRODUCTION: Osteocytes are well known for their manifold roles in bone such as mechanosensing, remodelling orchestration,
mineral homeostasis and mineralization. The progression of the early stage of mineralisation where large amounts of mineral
precursors are transported to the mineralizing surface is still poorly understood. Taking advantage of the high density and the large
surface area of the osteocyte network, osteocytes potentially play a pivotal role in the transportation of mineral precursors.
PURPOSE: We investigated this early mineralization process in human osteonal bone to reveal the role of osteocytes on this process.
METHODS: Three post-mortem samples of the human femur midshaft diaphysis were embedded in polymethylmethacrylate. A 3D
imaging routine based on FIB/SEM (focused ion beam- scanning electron microscopy) was established to image the bone structure
with a resolution of 30 nm after soft-tissue-staining with iodine vapour. The staining method was optimized to distinguish the
collagenous matrix from the osteocyte network. We were able to obtain a spatial correlation between the intensity of the
backscattered electron images (which can be interpreted as degree of mineralization) and the shortest distances to (i) the nearest
canaliculus and (ii) the Haversian canal. RESULTS: Our analysis reveals that at the mineralizing region, the matrix in the direct vicinity
of the canaliculi is mainly non-mineralized. Thus, when correlating mineral density and location, we observe that there is a
decreasing probability to find mineralized tissue close to canaliculi within a pericanalicular distance of ~0.4 µm. Moreover, taking
into account only mineralized matrix, the average density showed no dependence on the distance to the canaliculi. We further
found no mineralization foci within ~5 µm distance from the surface of the Haversian canal (osteoid) as already reported by previous
studies. Closer to the mineralization front, a noticeable increase in the average grey value of the mineralized matrix (1.4 fold) was
observed. The 3D data allowed to observe that the increase in brightness is associated with a region where mineralization foci (~200
nm) fuse together to create dense mineralized tissue. CONCLUSIONS: FIB/SEM imaging shows that there is a fully developed
osteocyte network in unmineralized osteoid, whereby individually separate mineralization foci develop close to the mineralization
front buried in the osteoid perfused by osteocyte canaliculi. This suggests that the osteocyte network plays an essential role in the
transport of mineral precursors from the Haversian canal to the mineralization front. However, mineral does not precipitate in the
immediate vicinity of osteocytes or canaliculi, which suggests the action of inhibitors in this mineral-free halo zone around the
entire network. This all points towards a complex action of osteocytes during osteoid mineralization that needs to be accounted for
in models of bone mineralization.

1.3 - Nanoscale 3D structure of the bone mineralization front and the osteocyte lacuno-canalicular
network in normal and Hyp mouse bone using dual-beam FIBSEM microscopy
Daniel J. Buss*1, Natalie Reznikov2, Benjamin Provencher2, Marc D. McKee1,3. 1Dept. of Anatomy and Cell Biology, Faculty of
Medicine, McGill University, Montreal, QC, Canada. 2Object Research Systems (ORS) Inc., Montreal, QC, Canada. 3Faculty of
Dentistry, McGill University, Montreal, QC, Canada.
INTRODUCTION: Osteocytes are mechanosensory cells that communicate with osteoblasts, osteoclasts, and other osteocytes
through a network of dendritic cell processes that branch through canalicular channels continuous with osteocyte lacunae, together
creating what is known as the lacuno-canalicular network (LCN). Under loading and fluid-flow conditions, the LCN drives activation
of osteocyte signaling pathways prompting bone building or resorption cues. Interaction of the osteocytes with the mineralized
matrix that engulfs them is presumably involved in monitoring strain fields in the bone. The matrix/mineral architecture and
properties of the peri-lacunar region of the LCN is thus considered to be a critical factor for balancing the biomechanical integrity
and homeostasis of bone as a whole. While high-resolution SEM imaging coupled with focused ion-beam (FIB) milling has been
successfully used for 3D imaging of osteocytes and fibrillar collagen organization in bone after sample decalcification, this processing
step precludes 3D visualization of relationships with bone mineral. PURPOSE: To image (using dual-beam FIBSEM) cell/matrixmineral relationships in 3D in undecalcified normal (WT) and Hyp mutant mouse bone, the latter being a model for X-linked
hypophosphatemia (XLH) where bone mineralization is defective (osteomalacia) and the LCN and osteocyte signaling is altered.
Hyp mice have mutations in the PHEX gene (normally highly expressed by osteoblasts/osteocytes), which leads to elevated FGF23
causing renal Pi wasting, accumulation in the LCN of mineralization-inhibiting osteopontin (a substrate for PHEX), and severe
hypomineralization of bones. This impaired mineralization process in the LCN creates peri-osteocytic lesions (so-called “halos”).
METHODS: Focusing on osteocytes, the LCN, and the peri-cellular matrix and mineral, FIBSEM microscopy (operating in the 3D sliceand-view mode) was performed on normal mature WT mouse bone, and on Hyp bone, with 3D image reconstructions being coupled
to machine learning for unbiased object quantification. RESULTS: After pre-embedding staining with alcian blue and repetitive
osmium exposure (OTOTO method), and after FIBSEM dual-beam milling and imaging with reconstruction using segmentation
incorporating unbiased machine learning (Dragonfly software), portions of the mineralization front, entire early-stage osteocytes
and their peri-cellular matrix and mineral were visualized in 3D at the nanoscale. The disordered peri-cellular matrix in Hyp mouse
bone lacked an intense staining reaction with alcian blue/osmium that was prominent in WT bone, and isolated, aborted
mineralization foci were particularly abundant in Hyp bone. The aborted mineralization foci in the mutant mouse bone extracellular
matrix showed haphazard assembly, unlike the interlocking and staggered, mature mineralization foci in the WT mouse that showed
crossfibrillar hourglass-like tesselation. CONCLUSIONS: We show at the nanoscale, large-volume, 3D reconstructions of osteocytes
in normal and Hyp mineralized bone, and we describe structural and compositional differences related to defective mineralization
in this mouse model of osteomalacic bone disease, and discuss its biomechanical implications.

1.4 - Ultrastructure of calcifying avian tendon
E. Macías-Sánchez*1, Z. Zou1, T. Tang1, L. Bertinetti1, N.V. Tarakina1, W.J. Landis2, P. Fratzl1. 1Max Planck Institute of Colloids
and Interfaces, Potsdam, Germany. 2The University of California, San Francisco, CA, USA.
INTRODUCTION: The ultrastructural patterns of bone and mineralized tendon have been well described in longitudinal sections,
based on the banding pattern of collagen and mineral platelets essentially parallel to the collagen fiber direction1. However,
patterns in transverse sections2-5 are more complex and remain controversial. In particular, the question to which extent mineral
particles are predominantly intra- or extrafibrillar is still debated3-5. Recently the ultrastructure has been described in terms of a
“lacy pattern” that consists of groups of concentrically arranged, curved agglomerates of thin mineral particles surrounding
unmineralized spaces 30 to 50 nm in diameter3-5. Both the filamentous (longitudinal) and lacy pattern (transverse) are thought to
be different projections of the same ultrastructure, but the underlying 3D mineral arrangement is still unclear. PURPOSE: In order
to understand the formation of these ultrastructural patterns, we studied the initial stages of mineralization using a simplified but
equivalent model system to bone: the avian leg tendon. Its collagen fibrils, arranged in a parallel fashion, mineralize as the animal
ages and permit the mineralization process to be precisely monitored. Study aims were to increase understanding of collagen fibril
mineralization and to compare resulting data with recently described bone mineral patterns2-5. METHODS: The present work
combines Transmission Electron Microscopy (TEM), Scanning Transmission Electron Microscopy (STEM), and Selected Area Electron
Diffraction (SAED) to elucidate crystal distribution and orientation through the mineralization process. RESULTS: Early mineral
aggregates were found in extrafibrillar collagen spaces, following the contour of the fibrils. Crystallites then propagated within fibrils
(at sites where mineral was also outside the same sites) following curved trajectories. As these first foci of mineralization grew, they
appeared as radially-oriented clusters of relatively large crystal aggregates. Mineral foci expanded until they coalesced,
encompassing several fibrils and forming a continuous mineral network. CONCLUSIONS: The marked curved shape of the crystal
aggregates and their disposition around non-mineralized oval areas strikingly resemble the lacy pattern described in bone
ultrastructure2-5, an observation that suggests that the initial stages of mineralization in tendon could lead to formation of similar
or the same ultrastructural pattern as documented in bone. This result would imply a common mineralization mechanism for type
I collagen-based materials. 1Landis, Song, Leith, McEwen, McEwen. 1993. J. Struct. Biol. 110, 39-54. 2Rubin, Jasiuk, Taylor, Rubin,
Ganey, Apkarian. 2003. Bone 33, 270-282. 3McNally, Schwarcz, Botton, Arsenault. 2012 PLosOne 7(1): e29258. 4Grandfield, Vuong,
Schwarcz. 2018. Calcif. Tiss. Int. 103, 606-616. 5Reznikov, Bilton, Lari, Stevens, Kröger. 2018. Science 360, eaao2189.

1.5 - Visualization of in vivo mineralization using atom probe tomography
Bryan E.J. Lee*1, Brian Langelier3, and Kathryn Grandfield1,2. 1School of Biomedical Engineering, McMaster University,
Hamilton, ON, Canada. 2Department of Materials Science and Engineering, McMaster University, Hamilton, ON, Canada.
3Canadian Centre for Electron Microscopy, McMaster University, Hamilton, ON, Canada.
INTRODUCTION: There are two distinct phases that form the basic structural unit of bone: an organic collagen-rich phase, and
inorganic mineral phase. The mineralized collagen fibril is characterized by the organization of these two phases, specifically where
the mineral is located with respect to the collagen. Some research has indicated that the composition of mineral differs depending
on its location with respect to collagen. However, the ability to characterize relevant structures and chemistries within the smallest
bone structural unit is challenging when considering an in vivo system. Atom probe tomography (APT) is a microscopy technique
capable of analyzing samples with sub-nanometer spatial and chemical resolution. This combination of capabilities makes APT an
ideal method for characterizing bone at the nanoscale and providing new insight into the structure of mineralized collagen fibrils.
PURPOSE: This work aims to demonstrate that APT can be used as a method to enable visualization of apatite-collagen arrangement
in in vivo mineralized tissues and facilitate a greater chemical and spatial understanding of bone ultrastructure, as well as the
identification of trace element contaminants. METHODS: Leporine bone is sectioned and milled into APT tips using a focused ion
beam (FIB). These bone specimens are oriented such that the collagen fibrils are aligned with the long axis of the bone and the APT
tip. APT experiments are conducted using a LEAP 4000X HR atom probe (CAMECA Scientific Instruments, Madison, WI) operating in
laser-pulse mode. Reconstructions are performed using IVAS v3.8. RESULTS: 4D (spatial and chemical) reconstructions of leporine
bone samples show distinct collagen fibrils encapsulated by a mineral phase. These fibrils have dimensions comparable to those
known for collagen, with a winding structure that has mineralized deposits both within and surrounding the fibrils. Distinct,
concentrated regions of carbon and nitrogen are identified, corresponding to the locations of the collagen fibrils, but calcium and
phosphorus are prevalent throughout the structure. Calcium to phosphorus ratios of sample regions are determined to be 1.5, on
average, demonstrating that APT has the potential power in identifying the mineral composition present at a given spatial
coordinates within a reconstructed volume. The combination of high spatial and chemical resolution also facilitated the
identification of trace toxic elements, such as arsenic and cadmium within the bone structure. CONCLUSIONS: This work
demonstrates that a complex nanoscale structure such as the mineralized collagen fibril formed naturally in vivo can be visualized
using APT, and simultaneously analyzed with nanoscale spatial resolution and comparable compositional resolution. This work
serves as a launching point for answering larger questions surrounding the mineralization of bone.

1.6 - Solid State NMR studies of amelogenin provide insight into structural contributions to enamel
formation
Wendy J. Shaw*, Garry W. Buchko, Sarah D. Burton, Rajith Jayasinha Arachchige, Jun-Xia Lu, Barbara Tarasevich, Jinhui Tao,
Bojana Ginovska. Pacific Northwest National Laboratory, Richland, WA, USA.
INTRODUCTION: Biomineralization processes govern the formation of hard tissues such as bone and teeth. Mimicking these
processes could lead to the design of new materials with specialized properties and new repair or regeneration strategies for
biominerals. While proteins are essential for biomineral formation, in their “active” form, biomineralization proteins are bound to
a solid surface, severely limiting our ability to use conventional structural characterization techniques. To understand the impact of
protein structure on directing the formation of minerals, new techniques to quantitatively characterize the protein structure bound
to a surface are essential to advance our understanding of their function. One such technique to study the structure of immobilized
proteins is solid state NMR (ssNMR) spectroscopy. PURPOSE: The properties of one of nature’s toughest tissues, enamel, arise from
the intricate hierarchical structure of the interwoven hydroxyapatite (HAP) crystals. The most abundant protein present during the
early stages of enamel formation, amelogenin, is thought to play an important role in the resulting architecture of enamel. Insights
into the molecular mechanism of enamel formation may be gleaned by characterizing the structure of the protein when bound to
HAP, its functional form. Further insights will be obtained by observing how that structure changes with single amino acid
substitutions that lead to drastic changes in enamel phenotype (amelogenesis imperfecta (AI)--enamel that is defective and easily
damaged. METHODS: Dipolar Assisted Rotational Resonance (DARR) ssNMR experiments were applied to study the structure of
wildtype and mutant murine amelogenin bound to HAP crystals. Intermolecular interactions and secondary structure information
for regions of the protein were obtained using 13C/15N-residue specific amelogenin samples. RESULTS: Beta-sheet structure was
identified in multiple regions of amelogenin, a protein which is intrinsically disordered in the absence of HAP. Site-specific mutations
show changes in both structure and dynamics of the protein, revealing important protein attributes that might contribute to AI.
Specific intermolecular protein-protein interactions between the C-termini of amelogenin, supported by molecular dynamic
simulations, were identified, indicating an anti-parallel alignment of the C-termini within protein oligomers. CONCLUSIONS: The
identification of ordered structure in site-specific regions of amelogenin upon binding to HAP suggests that structure plays a role in
directing enamel formation. This importance is supported by site-specific alterations in structure and dynamics in the presence of
single amino acid substitutions associated with defective enamel phenotypes. These findings represent an advancement in
comprehending the role of protein structure in enamel development and a new general strategy towards investigating
biomineralization proteins.

1.7 - Model of how ameloblasts and odontoblasts pre-engineer dentin-enamel junction’s stability yet
facilitate sensitivity to cancer radiotherapy and caries
Jeffrey P. Gorski*1, Thomas Imhof2, Cory Benjamin1, Andrew J. Keightley3, Jake McGuire1,4, Mary P. Walker1, Manuel Koch2.
1Dept. of Oral Biology & Craniofacial Sciences, School of Dentistry, and UMKC Center of Excellence in the Study of Dental &
Musculoskeletal Tissues, Univ. of Missouri-Kansas City, Kansas City, MO, USA. 2Institute for Dental Research & Oral
Musculoskeletal Biology & Center for Biochemistry, Fac. Medicine and Univ. Hospital Cologne, Univ. of Cologne, Cologne, Germany.
3Mass Spectrometry & Proteomics, School of Biological Sciences, Univ. of Missouri-Kansas City, Kansas City, MO, USA. 4Deceased.
INTRODUCTION: Functional stability of the dentin-enamel junction (DEJ) to forces of mastication is lifelong, but oral cancer radiotherapy
and caries can cause enamel delamination. PURPOSE: Identify the biochemical composition of the dentin-enamel junction responsible
for its stability yet acute sensitivity to radiation and caries. METHODS/RESULTS: Human third molars were obtained after extraction and
whole teeth decalcified with 10% EDTA, pH 7.5 to completely remove enamel and the exposed dentin surface was treated with 4M
guanidine-HCL or 8M urea (harsh). Immunoblotting of differently extracted samples showed that inactive 53 kDa MMP-20/TIMP-2
complexes, as well as high molecular weight forms of type XXII, type IV, and (FACIT) type XII collagens were exclusively enriched in harsh
extracts while smaller fragments of each were localized in EDTA extracts. Mass spectrometry confirmed enrichment of collagens IV, XXII,
XII, and transmembrane type XVII collagen in harsh extracts. Type IV and type XXII/XIV collagens function at tissue interfaces and are
present in tissues under high stress, respectively, to resist tensile stresses. Immunohistology on tooth sections confirmed a tight
association of these collagens and MMP-20 with the DEJ and showed that type XXII collagen is also present in the cell bodies of
odontoblasts within molar tooth germs. Fluorescent casein in situ zymography on tooth sections showed MMP-20 catalytic activity was
restricted to the enamel organic matrix; no MMP-20 activity was detected in the DEJ consistent with the presence of MMP-20/TIMP-2
complexes. Interestingly, active MMP-20 (24 kDa) could be reactivated from 53 kDa MMP-20/TIMP-2 complexes in vitro as evidenced by
casein gel zymography. Purified MMP-20 was also shown to degrade type XXII collagen into fragments by SDS-PAGE. CONCLUSIONS: Our
results support a novel pre-engineering model in which the DEJ composition deposited by ameloblasts and odontoblasts anticipates
subsequent structural requirements of enamel formation and mastication. We propose ameloblasts and odontoblasts secrete matrix
components (including collagens type IV and XXII) which self-assemble to form a strong interfacial boundary between the dentin and
enamel phases which will subsequently resist functional tensile and compressive forces and prevent delamination of the mature tooth.
Although MMP-20 is required for enamel protein degradation during the maturation phase of amelogenesis, we believe that TIMP-2
inhibits simultaneous destruction of the DEJ by forming MMP-20/TIMP-2 complexes. In summary, our results localize MMP-20/TIMP-2
complexes along with type XXII collagen to the DEJ as well as show that MMP-20 can be reactivated and degrade type XXII collagen.
Because we believe that type XXII collagen functions to stabilize the DEJ, we propose that oral cancer radiotherapy and dental caries
reactivate MMP-20 leading to its degradation, destabilization of the DEJ, and enamel delamination.

1.8 - Amphibalanus amphitrite begins exoskeleton mineralization within 48-hours of metamorphosis
Rebecca A. Metzler*1, Jessica O’Malley1, Brett Christensen1, Beatriz Orihuela2, Gary H. Dickinson3. 1Dept of Physics and
Astronomy, Colgate University, Hamilton, NY, USA. 2Duke University of Marine Laboratory, Marine Science and Conservation,
Beaufort, NC, USA. 3Department of Biology, The College of New Jersey, Ewing, NJ, USA.
INTRODUCTION: Barnacles are extraordinary arthropods that have drawn the attention of prominent scientists due to their diversity, tough
exoskeleton, and the complex cement they secrete to adhere to substrates. Barnacles start life as a free-swimming nauplius larva before
undergoing metamorphosis into a cyprid stage and finally a second metamorphosis into a sessile barnacle. As adult sessile acorn barnacles,
the organism is surrounded by a hard, mineralized exoskeleton. PURPOSE: While the exoskeleton is vital to the sessile barnacle’s survival,
little is known about the development and formation of this material. Here we present a combination of confocal microscopy, scanning
electron microscopy, and Raman spectroscopy data detailing the initial stages of barnacle exoskeleton formation. METHODS:
Amphibalanus amphitrite cyprids were obtained from the Duke University Marine Lab and settled in one of two growth solutions: artificial
seawater made from 32 ppt Instant Ocean with or without a 140 mg/L calcein solution. A Zeiss LSM70 laser confocal microscope was used
to examine three barnacles following settlement in seawater containing calcein. Images were acquired every 10 minutes for the first 5.7
hours and every 30 minutes for an additional 88.5 hours. For each acquisition, a z-stack was collected with 2.297 µm spacing. 488 nm light
was used to obtain calcein fluorescence. Five barnacles were selected for analysis with Raman spectroscopy. Experiments were done at
the Cornell Center for Materials Research (CCMR) on a Renishaw InVia Confocal Raman microscope with a 785 nm laser. A JEOL JSM636OLV
SEM was used for both imaging and energy dispersive x-ray spectroscopy (EDS). On each EDS sample (one per age point), 50-85 spectra
were acquired in spot mode from several areas. RESULTS: Confocal microscopy images show a marked increased presence of calcein 48
hours after metamorphosis while also revealing a base plate diameter growth rate of 18 µm/hr and a vertical growth rate of 0.36 – 0.42
µm/hr. SEM was done with 1-hour, 1-day, and 2-day exoskeletons. The surface of the 1-hour barnacle exoskeleton also has a rough, meshlike appearance, while the older barnacles exoskeletons appear more smooth. EDS found the 1-hour old barnacle had a median value of
7.8 wt% calcium, the 1-day 16.4 wt%, the 2-day 27.6 wt%, and an adult 43.5 wt%. Raman spectroscopy found 1-hour and 3-hour old
barnacles have none of the peaks associated with calcite or any other calcium carbonate polymorph, while the 2-day and older
exoskeletons exhibit calcite peaks. CONCLUSION: During the first few hours following metamorphosis into a sessile barnacle, the A.
amphitrite exoskeleton grows in both lateral and vertical dimensions while remaining organic with a mesh-like texture. Within 2-days the
exoskeleton looks much like an adult exoskeleton and has begun the process of mineralization with calcite detected within 48 hours of
metamorphosis.

1.9 - The red coral as a comparative model for cnidarian biomineralization
Philippe Ganot*1, Nathalie Le Roy,1,4, Markus Fritz2, Tobias Rausch2, Didier Aurelle3, Anne Haguenauer3, Manuel Arenda5,
Vladimir Benes2, Denis Allemand1, Sylvie Tambutté1. 1CSM, Centre Scientifique de Monaco, 8 Quai Antoine 1er, Monaco.
2EMBL, Meyerhofstraße 1, Heidelberg, Germany. 3CNRS, Station Marine d’Endoume, Chemin de la Batterie des Lions, Marseille,
France. 4present address: INRA, Institut national de la recherche agronomique, Biologie des oiseaux et aviculture, Nouzilly, France.
5KAUST, Red Sea Research Center, Division of Biological and Environmental Science and Engineering, King Abdullah University of
Science and Technology, Thuwal, Saudi Arabia.
INTRODUCTION: Corals are calcifying organisms represented in diverse taxa of Cnidaria, including Hexacorallia (e.g. reef-building
corals), and Octocorallia (e.g. red corals). Corallium rubrum, the Mediterranean red coral, produces two types of biomineralized
structures, the sclerites and the axial skeleton. Both are made of high Mg calcite precipitates and an organic matrix (OM) which is
secreted by the scleroblast cells and the calcifying epithelium, respectively. It is noteworthy that the red coral axial skeleton is the
material for one of the oldest forms of jewelry known to man. PURPOSE: Hexacorallia and Octocorallia diverged around 700 Mya,
before the first mineralized cnidarian fossil dating. How evolutionary conserved are the processes controlling biomineralization
between the reef-building corals and the red corals? Although calcification in hexacorallia has been the subject of several
investigations, little is known on octocorallian calcification. APPROACHES: We combined microdissection technics with omics
approaches to shed light on the synthesis and composition of the red coral biominerals. Proteomic analysis of the decalcified
biominerals allowed us to identify over 100 different proteins composing the sclerites and axial skeleton OMs. Transcriptomic
analysis of the calcifying tissues enabled us to ascertain whether the OM proteins were specific to the calcification process or had
been co-opted from other extracellular matrix processes. RESULTS: Our results show that 1/ many (but not all) OM proteins are
shared between the sclerites and the axial skeleton; 2/ in comparison to the known reef-building coral OM proteins, octocorals
seem to have evolved different strategies: a marked utilization of collagen fibers but also, many novel proteins; 3/ only half of the
red coral OM proteins are specifically expressed by the calcifying cells; 4/ many of calcifying specific proteins appear to be co-opted
from already existing extracellular matrix gene families. CONCLUSIONS: Coral is a vernacular name: calcification in different
cnidarian taxa, although using an evolutionary conserved “tool kit” (e.g. Carbonic Anhydrases), appears to result from independent
recruitments of extracellular matrix genes involved in other processes.

2.1 - Chemical gradients in human enamel crystallites: implications for amelogenesis, caries resistance,
and mechanical properties
Karen A. DeRocher1, Paul J.M. Smeets1, Michael J. Zachman2, Berit H. Goodge2, Prasanna V. Balachandran3, Michael J.
Cohen1, Lena F. Kourkoutis2, James M. Rondinelli1, Derk Joester*1. 1Materials Science and Engineering, Northwestern
University, Evanston, IL, USA. 2Applied and Engineering Physics, Cornell University, Ithaca, NY, USA. 3Departments of Materials
Science and Mechanical and Aerospace Engineering, University of Virginia, Charlottesville, VA, USA.
INTRODUCTION: Dental enamel is a principal component of our teeth, providing protection to the underlying dentin. It has evolved
to bear large masticatory forces, resist mechanical fatigue, and withstand wear over decades of use. Functional impairment or loss
of enamel, for instance as a consequence of developmental defects or tooth decay (caries), has a dramatic impact on health and
quality of life, and causes significant costs to society. While the last decade has seen great progress in our understanding of
amelogenesis and the functional properties of mature enamel, attempts to repair enamel lesions or synthesize enamel in vitro have
had very limited success. Fundamentally, we still lack models that accurately describe phase transformations during enamel
formation or the de-mineralization-remineralization cycles that result in caries lesions. An integrated model that accounts for
enamel mechanical properties is similarly lacking. This is at least in part due to the highly hierarchical structure of enamel and
additional complexities that arise from chemical gradients that we are only beginning to understand. For instance, we recently
discovered that the presence of amorphous inter-granular phases in rodent enamel greatly impacts enamel mechanical and
dissolution properties.[1,2] The presence of a Mg-rich inter granular phase was subsequently confirmed for human enamel.[3]
PURPOSE: To compare and contrast enamel nanostructure and phase composition of murine and human enamel, we performed an
in-depth analysis of human enamel. METHODS: We used UV-laser pulsed atom probe tomography (APT), in combination with
correlative electron optical imaging and X-ray spectroscopy, to characterize enamel crystallites from human premolars. We further
analyzed synthetic apatites using electron and X-ray scattering methods and performed simulations using density functional theory
and finite element modeling to better understand the impact of apatite substitution on lattice parameters and mechanical
properties. RESULTS & CONCLUSIONS: We confirm that Mg-substituted amorphous calcium phosphate is present as an inter
granular phase in human premolars. We further find that individual enamel crystallites are coherent single crystals, yet display a
core-shell architecture in terms of their composition. While the shell is relatively poor in minor constituents, the core is enriched in
Mg, F, and Na, and shows a sandwich structure.[4] Computer simulations predict that this architecture results in compressive
residual stresses in the shell of the crystal and tensile residual stresses in the core. These stresses may constitute a toughening
mechanism for enamel, and may contribute to enhanced solubility of the crystallite core. [1] Gordon, Cohen, MacRenaris, Pasteris,
Seda, and Joester, Science 2015; [2] Gordon and Joester, Front Physiol 2015; [3] La Fontaine Science Advances 2018; [4] Smeets,
DeRocher, Zachman, Goodge, Kourkoutis, and Joester, Microsc Microanal 2018.

2.2 - Amelogenin phosphorylation is essential for enamel formation and ameloblast integrity
Henry C. Margolis*1,2, Hajime Yamazaki1,3, Xu Yang1,3, Elia Beniash1,3. 1Center for Craniofacial Regeneration. 2Department
of Periodontics and Preventive Dentistry. 3Department of Oral Biology, University of Pittsburgh School of Dental Medicine,
Pittsburgh, PA, USA.
INTRODUCTION: Prior studies in our laboratory demonstrated a unique ability of full-length amelogenin (AMELX) to form higherorder assemblies and regulate ordered mineralization in vitro, as seen in developing enamel. We have also shown in vitro that
phosphorylation of the sole phosphorylation site (serine-16) in AMELX greatly enhances the capacity of native AMELXs to stabilize
amorphous calcium phosphate (ACP), the first mineral phase in developing enamel, preventing hydroxyapatite (HA) crystal
formation. These findings led us to hypothesize that AMELX phosphorylation is critical for proper enamel formation. To test this
hypothesis, we generated an AMELX knock-in (KI) mouse with a phosphorylation-defective serine-16 to alanine (S16A) point
mutation. Analyses of KI mice showed for the first time that AMELX phosphorylation is essential for enamel formation. Notably, KI
enamel lacks a decussating rod structure, the key structural component of mammalian enamel, and exhibits numerous surface
defects (unpublished findings). PURPOSE: To elucidate mechanisms by which phosphorylated AMELX regulates critical elements of
amelogenesis. METHODS: Multiple approaches were used to characterize developing enamel in KI, heterozygous (HET) and wildtype (WT) littermates, including scanning and transmission (TEM) electron microscopy, selected area electron diffraction (SAED),
and immunohistochemistry. RESULTS: In contrast to the WT enamel that exhibits an enamel rod structure, with each rod comprised
of well-aligned and very long crystals, KI enamel appears to be comprised of arrays of shorter co-aligned crystals that grow
perpendicular to the dentinoenamel junction (DEJ). The co-alignment of the shorter arrays over longer distances, however, is not
as perfect as that seen in WT enamel. WT enamel crystals are at least 3-times longer than KI crystals, although measurements of
WT crystals are likely underestimated. HET enamel exhibits highly variable mosaic structures comprising a wide range of KI- and
WT-like features. Despite structural differences, based on TEM and SAED analyses, initial mineral deposits for all genotypes near
the cell layer are amorphous (ACP) and subsequently transform to aligned apatitic crystals closer to the DEJ. ACP to HA
transformation, however, takes place significantly faster (i.e. closer to the enamel / cell interface) in KI vs. WT enamel, while an
intermediate transformation rate occurs in HET enamel. Importantly, secretory ameloblasts in KI enamel lack Tomes’ processes and
exhibit abnormal matrix secretion, causing the failed formation of a rod structure in KI enamel. Ameloblasts also developed severe
cell pathology in the late secretory stage, which led to the disorganization of the ameloblast layer. CONCLUSIONS: AMELX
phosphorylation plays critical roles in regulating enamel structure, enamel crystal growth, and in maintaining ameloblast integrity
and function during secretory stage amelogenesis. Supported by NIDCR grant DE-023425.

2.3 - Odontogenesis-associated phosphoprotein knockout mice (Odaph-/-) phenotype and pattern of
expression in developing teeth
James P. Simmer*, Yuanyuan Hu, Hong Zhang, Chuhua Zhang, Jan C-C Hu. University of Michigan School of Dentistry, Ann
Arbor, MI, USA.
INTRODUCTION: Odontogenesis-Associated Phosphoprotein (ODAPH, OMIM *614829) was designated Chromosome 4 Open
Reading Frame 26 (C4ORF26) when it was first discovered (2012) to cause autosomal recessive amelogenesis imperfecta. ODAPH
localizes to chromosome 4q21.1 between the dentin/bone and glutamine/proline groups of secretory calcium-binding
phosphoprotein (SCPP) genes, although ODAPH itself is not an SCPP gene. ODAPH is specifically inactivated in mammalian species
that have lost the ability (during evolution) to make teeth, indicating that ODAPH is functionally tooth-specific. There are 3
alternatively spliced ODAPH transcripts in humans, but only 1 in mouse, which encodes only 2 exons and is analogous to human
transcript variant 2. Mouse Odaph encodes a 126 amino acid protein, including a 22 amino acid signal peptide. The analogous
human ODAPH transcript encodes a 107 amino acid secreted protein. Both proteins contain a C-terminal SSSEES motif for
phosphorylation by Golgi casein kinase. PURPOSE: To explore the role of ODAPH during odontogenesis by characterizing 1) its
expression in developing teeth and 2) enamel formed in its absence (Odaph KO mice). METHODS: Odaph transcripts in D5 and D11
mouse EOE were amplified by RT-PCR and detected by in situ hybridization using an RNAscope RNA probe on D5 and D11
deparaffinized histological sections. Odaph KO (C57BL/6) mice were generated using CRISPR/Cas9, which replaced the TGC codon
encoding Cys41 to a TGA translation termination codon. Seven-week hemimandibles were denudes of all soft tissue and
photographed under a dissection microscope. Molars were characterized by bSEM at D14 and 7-weeks. Mandibular incisors (7week) cross-sectioned at 1 mm increments were characterized by bSEM. RESULTS: Odaph expression was detected during both the
secretory and maturation stages by RT-PCR. Seven-week homozygous Odaph-/- maxillary and mandibular incisors were chalky
white, and the incisor and molar enamel had already undergone severe attrition. bSEM incisor images showed that the Odaph-/enamel phenotype closely resembled the maturation stage defects of Wdr72-/- mice. The enamel thickness and rod/interrod
architecture are virtually identical to those of WT mice, except mineral density is dramatically reduced. The teeth of heterozygous
Odaph+/- mice resemble the WT. CONCLUSION: Odaph functions predominantly during the maturation stage of amelogenesis and
is necessary for proper enamel maturation. This study was supported by NIDCR grant DE015846.

2.4 - The acid phosphatase 4 (Acp4) defective mouse phenotype shows amelogenesis requires a functional
system of protein turnover
Yuanyuan Hu*, Hong Zhang, Chuhua Zhang, James P. Simmer, Jan C-C Hu. Department of Biologic and Materials Sciences,
University of Michigan School of Dentistry, Ann Arbor, MI, USA.
INTRODUCTION: Acid Phosphatase 4 (ACP4, 19q13.33, OMIM *606362) encodes a lysosomal acid phosphatase that hydrolyzes
orthophosphoric esters in an acid medium. ACP4 is expressed in secretory (but not maturation) stage ameloblasts. ACP4 localization
was strongest in the ameloblast Tomes process, which contains an extensive degradative apparatus. Seven different ACP4
mutations have been reported to cause non-syndromic autosomal recessive hypoplastic amelogenesis imperfecta (ARAI) in 8
different families. The enamel is typically thin, rough and pitted, but hard. PURPOSE: To explore the role of ACP4 during
amelogenesis by generating ACP4R110C mice and characterizing their enamel. METHODS: ACP4R110C (C57BL/6) mice were altered
using CRISPR/Cas9 to mutate Arg110 codon (CGG) into Cys110 (TGC) introducing an Acp4 p.(Arg110Cys) missense mutation
homologous to ACP4 p.(Arg111Cys) that causes ARAI in humans. Mouse teeth were characterized by dissecting light microscopy.
Backscattered Scanning Electron Microscopy (bSEM) was used to characterize D14 and 7-week molars and 7-week incisor crosssections taken at 1 mm increments. RESULTS: Acp4 heterozygous (Acp4+/R110C) mice showed no phenotype. Dissecting
microscopy of homozygous (Acp4R110C/R110C) mice showed chalky-white maxillary and mandibular incisors apparently devoid of
enamel. The bSEM images of D14 molars showed very thin cusps, apparently lacking enamel, with nodules (~5 to 80 µm in diameter)
protruding from their surface. The 7-week molars had undergone accelerated attrition leaving a very rough surface, although many
of the surface nodules had worn away. The incisor incremental cross-sections revealed a thin crust of mineral, only a few microns
thick, covering dentin that contained dark material, apparently due to the inclusion of soft tissue. This thin covering thickened in
places by the addition of nodules on its surface. Many nodules, however, had formed within the epithelial soft tissue and were
suspended above the nodular surface by as much as 200 microns. These mineral nodules in cross section often displayed concentric
circles, suggesting they formed by a concretion mechanism and many showed numerous dark inclusions of embedded soft tissue.
CONCLUSION: Characterization of Acp4R110C/R110C mutant mice confirms that ACP4 is essential for proper dental enamel
formation and contributes to the genetic etiology of autosomal recessive, non-syndromic amelogenesis imperfecta. A surprising
finding was the severity of the secretory stage defects, suggesting that without proper turnover of enamel proteins by lysosomes
the enamel layer undergoes pathologic changes that interrupt the secretory stage almost immediately following its onset. This study
was supported by NIDCR grant DE015846.

2.5 - Matrix vesicle microRNAs regulate growth plate chondrocyte proliferation and maturation
Niels C. Asmussen*1, Michael J. McClure1, Zhao Lin1, Zvi Schwartz1,2, Barbara D. Boyan1,3. 1Virginia Commonwealth
University, Richmond, VA, USA. 2The University of Texas Health Science Center at San Antonio, San Antonio, TX, USA. 3Georgia
Institute of Technology, Atlanta, GA, USA.
INTRODUCTION & PURPOSE: Local cell communication regulates the proliferation and differentiation of chondrocytes within growth
plate cartilage during endochondral bone formation, culminating in extracellular matrix (ECM) mineralization. A key player of the
mineralization process is matrix vesicles (MVs) that are selectively enriched with enzymes and growth factors. We recently found
that MVs are also selectively enriched with microRNAs (miRNA). The aim of this study was to determine whether specific miRNA
that are enriched in MVs regulate growth zone (GC) chondrocytes. METHODS: GC cells were isolated by enzymatic digestion from
the costochondral cartilage harvested from 5-week-old male Sprague Dawley rats (under approval of VCU’s IACUC). GC cells were
cultured and fourth passage cells were transfected for 24 hours with miRNA mimics (miR-22, miR-122, miR-223, miR-451);
scrambled miRNA mimic and no treatment groups served as controls. Cell layers and conditioned media were harvested 48 hours
post transfection completion. DNA (PicoGreen), alkaline phosphatase specific activity (pNPP), sulfated glycosaminoglycan content
(DMMB), apoptosis (TUNEL; Bax/Bcl2; p53), proliferation (EdU) and protein levels for collagen 2, osteoprotegerin (OPG), p53,
RANKL, and VEGF were measured by ELISA. All experiment groups had an n of 6 cultures per variable. A one-way analysis of variance
with Tukey’s multiple comparison test was carried out. All significant differences have a p < 0.05 and were determined using R v
3.4.3. Results were validated in repeat experiments. RESULTS: Cell proliferation as measured by total DNA and EdU incorporation
increased in GC cultures transfected with miR-122 while other miRNA had no effect. Examined more closely (every 12 hours from 0
to 48) active proliferation (EdU incorporation) was increased by miR-122 at 12 and 24 hours while total DNA was increased at all
time-points. Apoptosis markers as analyzed by TUNEL, Bax/Bcl2 and p53 levels were unaffected for all treatment groups. Cell layer
alkaline phosphatase specific activity was reduced by miR-122 and miR-451, whereas sulfated glycosaminoglycan (sGAG) content
was increased only by miR-122. OPG production was increased by miR-122 and miR-451; RANKL was undetected for all groups; and
VEGF production was increased by miR-22. Collagen 2 was increased by miR-22, miR-122 and miR-451. CONCLUSIONS: The selective
packaging of microRNA within the MVs indicates that in addition to a key component in the mineralization of the growth plate, MVs
are functioning in the role of cell signaling, likely in an autocrine and paracrine fashion. Taken together, our data indicate that
miRNAs enriched in MVs are active components in the regulation of chondrocyte proliferation, differentiation, and ECM synthesis.
MicroRNA-122 appears to be driving chondrocytes to remain in the proliferative stage of the growth plate by acting to delay
chondrocyte maturation and increasing cellular proliferation.

2.6 - Chondrocyte polarity requires protein-protein interactions between Prickle1 and Dishevelled 2 and 3
during endochondral ossification
Yong Wan1, Heather L. Szabo-Rogers*1,2,3. 1Center for Craniofacial Regeneration, Department of Oral Biology, School of Dental
Medicine, University of Pittsburgh, Pittsburgh, PA, USA. 2Department of Developmental Biology, School of Medicine, University of
Pittsburgh, Pittsburgh, PA, USA. 3McGowan Institute for Regenerative Medicine, Pittsburgh PA, USA.
INTRODUCTION: The organized, polarized maturation of chondrocytes in the growth plate is necessary for the growth of the limb
and cranial base. Decreased growth plate expansion is linked to shorter stature and midfacial hypoplasia, but the underlying
molecular pathologies are not well described. We observed that Prickle1Beetlejuice/Beetlejuice mutant mice develop midfacial
hypoplasia resulting from reduced expansion of the cranial base. Prickle1 is a core component of the Wnt/Planar cell polarity
(Wnt/PCP) pathway. The Wnt/PCP pathway regulates neighbor relationships in epithelia, and Prickle1 acts as an adaptor protein to
regulate intracellular protein localization. The Prickle1Bj mouse line has a missense mutation (Prickle1 p.Cys161Phe) that disrupts
a cysteine knot in the LIM1 domain resulting in a dominant negative protein. PURPOSE: To test the hypothesis that Wnt/PCP
signaling is required for polarization of chondrocytes in the cranial base and limb. METHODS: We performed a series of
immunofluorescence, and in situ hybridization as well as protein ligation assays to determine the function of Prickle1 in growth
plate chondrocytes. RESULTS: We found that the Prickle1Bj/Bj chondrocytes have randomized localization of Vangl2, Dvl2 and Dvl3
proteins – core components of the Wnt/PCP signaling pathway. The abnormal protein localization resulted in randomization of
chondrocyte polarity and the failure to organize to columns in the Prickle1Bj/Bj growth plate. All three proteins are expressed at
comparable levels between mutants and controls. Importantly, we observed in vivo endogenous protein-protein interactions
between Prickle1 and either Dishevelled (Dvl)2 or Dvl3 in normal growth plate chondrocytes. Dvl is a core component of the
Wnt/PCP signaling pathway, and is required for the regulation of both Wnt/PCP and Wnt/β-catenin signaling. The avidity of the
Prickle1:Dvl protein-protein interactions are significantly decreased in the Prickle1Bj/Bj cranial base. The molecular consequence of
the decreased avidity results in increased Wnt/β-catenin and Wnt/PCP signaling. CONCLUSIONS: In the Prickle1Bj/Bj synchondroses
and growth plates, elevated Wnt/β-catenin results in the precocious maturation and subsequent stalling of terminal differentiation
of chondrocytes, while enhanced Wnt/PCP signaling lead to depolarized distribution of PCP proteins. Our data support the
conclusion that Prickle1 regulates chondrocyte differentiation and polarity through protein-protein interactions with Dvl2 and Dvl3
during in vivo endochondral ossification.

2.7 - New insights into the process of osteogenesis of anosteocytic bone
Lior Ofer1, Maitena Dumont1, Alexander Rack2, Paul Zaslansky3, Ron Shahar*1. 1Koret School of Veterinary Medicine, The
Robert H. Smith Faculty of Agriculture, Food and Environmental Sciences, The Hebrew University of Jerusalem, Rehovot, Israel.
2ESRF - The European Synchrotron, Grenoble, France. 3Department for Restorative and Preventive Dentistry, Charité Universitaetsmedizin Berlin, Berlin, Germany.
INTRODUCTION: The bone material of almost all vertebrates contains the same cellular components. These comprise osteoblasts
that produce bone, osteoclasts that resorb bone and osteocytes, which are the master regulators of bone metabolism, particularly
bone modeling and remodeling. It is thus surprising that the skeleton of the largest group of extant vertebrates, neoteleost fish,
lacks osteocytes entirely (anosteocytic bone). Osteocytes are the progeny of osteoblasts, which become entrapped in the osteoid
they secrete, then undergo several morphologic and functional changes, to finally form an intricate, network of living cells in the
bone matrix. While the process of osteogenesis of osteocytic bone has been thoroughly studied, osteogenesis of anosteocytic bone
is less understood. The current paradigm for formation of anosteocytic bone suggests that osteoblasts in the bones of neoteleost
fish remain always on the external surface of the formed bone, and do not become entrapped. Such a process requires the
osteoblasts to function in a fundamentally-different way from osteoblasts of all other bony vertebrates. PURPOSE: To examine the
existing paradigm of anosteocytic bone formation by structural comparisons of osteocytic and anosteocytic bones at several
hierarchical length scales. METHODS: A comparative study of the osteocytic bones of zebrafish and anosteocytic bones of medaka,
using histology and in situ hybridization, polarized light microscopy, scanning electron microscopy and synchrotron nanotomography. RESULTS: We show that the osteocytic bones of zebrafish and anosteocytic bones of medaka are remarkably similar
in structure at several hierarchical length scales. Results also reveal the presence of numerous mineralized objects in the matrix of
anosteocytic bone. These objects resemble in shape, orientation, location and distribution osteocytic lacunae in zebrafish bone.
CONCLUSION: We propose an alternative mechanism for osteogenesis of anosteocytic bone, where osteoblasts do get entrapped
in the bone matrix (same as in osteogenesis of osteocytic bone), but then undergo apoptosis, become mineralized and end up part
of the bone matrix.

2.8 - Exploration of plasma focused ion beam (PFIB) tomography as a tool to understand the hierarchical
structure of human bone
Dakota M. Binkley*1, Hui Yuan2, Kathryn Grandfield1,3. 1Department of Materials Science and Engineering. 2Canadian Center
for Electron Microscopy, Brockhouse Institute for Materials Research. 3School of Biomedical Engineering, McMaster University,
Hamilton, ON, Canada.
INTRODUCTION: The inherent hierarchical structure of bone, spanning the nanometer to millimeter scale, provides bone with its
unique functional properties. However, linking the structural and biological entities in bone across such large length scales is a
challenge. Serial sectioning or tomography by focused ion beam (FIB) has been used to reveal the 3D hierarchical structures of
demineralized bone within tens of microns cubed (Reznikov et al. Acta Bio: 2014). However, expanding to length scales larger than
this requires an instrument capable of sectioning much larger volumes. Herein, we present the first study on human bone using a
plasma FIB (PFIB) microscope which utilizes higher Xe ion beam currents that allow a tenfold increase in volume while retaining
nanoscale resolution. PURPOSE: During acquisition of 3D datasets, image quality is reduced by artifacts attributed to surface
roughness in the direction of milling, commonly referred to as ‘curtaining’. To mitigate curtains, this study optimized the protective
capping layer composition on both mineralized and demineralized human bone. METHODS: A Xe sourced PFIB (Helios G4 UXe,
Thermo Scientific) was used to investigate mineralized and demineralized human cortical bone that was stained with Alcian Blue
and OTOTO protocols and embedded in Embed812. The composition of 5 μm thick capping layers was varied across a 10 μm wide
window by adding increasing amounts of C to Pt by increasing the flux within the gas injection system. For the mineralized bone,
the flux of C was increased to 80%, 90% and 100% with 100% fluxed Pt and both pure C and Pt compositions were also deposited
at 12 kV. Cross-sections were milled at 2.5 µA and 30 kV. Whereas capping layers for demineralized bone had C flux increased to
50%, 80%, 90% and 100%, and pure C, Pt, and W were also deposited at 12 kV, and cross-sections were milled at 4 nA and 30 kV.
Capping layers with the least amount of curtaining were subsequently used for tomograms of 300 μm x 280 μm x 160 μm and 44 x
μm 53 x μm x 100 μm for mineralized and demineralized bone, respectively. RESULTS: Curtains were reduced most effectively with
deposition of pure C and pure Pt on the mineralized and demineralized bone tissues, respectively. Reconstructions of more than
230 000 µm3 highlight larger features, such as osteocyte lacunar networks, in both mineralized and demineralized bone.
Meanwhile, more detailed features such as osteonal lamellae layers and collagen banding patterns are visible in the mineralized
and demineralized bone, respectively. CONCLUSIONS: This study is the first to demonstrate PFIB tomography of both mineralized
and demineralized human bone. Optimization of the chemistry of protective capping layers was key to producing artifact-free
images that comprise tomograms of over 230,000 µm3. This early work provides a foundation for investigating large-scale
hierarchical features in human bone across even larger volumes using PFIB.

3.1 - The biological basis of bone marrow stromal cell heterogeneity
Pamela Gehron Robey*1, Sergei A. Kuznetsov1, Natasha Cherman1, Brian John Sworder1,2, Fahad Kidwai1, Randall K. Merling.
1Skeletal Biology Section, National Institute for Dental and Craniofacial Research, National Institutes of Health, Department of
Health and Human Services, Bethesda, MD, USA. 2Boston University, Boston, MA, USA.
INTRODUCTION: Friedenstein and Owen first reported that bone marrow (BM) stroma contains a subset of multipotent skeletal
stem cells (SSCs) that create cartilage, bone, BM stromal cells (BMSCs) that support hematopoiesis, and marrow adipocytes. SSCs
are pericytes, present on BM sinusoids, with a phenotype of CD45-/CD31-/CD146+/CD271+, but are thought to be heterogeneous
in nature. PURPOSE: The potential causes of heterogeneity in SSC/BMSC populations were examined to better understand their
biological nature. APPROCHES: Imaging, and cell and molecular biological techniques were applied to human BM specimens from
normal donors. RESULTS: Bone forms from 3 different embryonic specifications (paraxial and lateral plate mesoderm and neural
crest). Recent studies indicate significant differences between the 3 types of osteoprogenitors. Plating BM single cell suspensions
at low density results in colonies with different sizes and densities, and cells within colonies have a variety of shapes. When
transplanted in vivo (the gold standard for differentiation), only ~10% of the colonies are multipotent (able to from a bone/marrow
organ). When colonies spontaneously differentiate in vitro, some are osteogenic, others are adipogenic, others are neither,
indicating lineage commitment. Interestingly, if colonies are first grown in adipogenic medium, and then switched to osteogenic
medium, some colonies are first adipogenic (fat vacuoles), and then osteogenic (phase bright mineral), suggesting that the colony
was initiated by an SSC, and that these colonies are plastic; i.e., they switch phenotype based on changes in their microenvironment
(ME). Based on sensitivity to their ME, how BM is processed (e.g., density gradient centrifugation vs. direct plating, etc.) impacts on
properties of the resulting cell population. This also relates to donor-to-donor variability that may be the result of differences in
gender, aging, nutrition, etc. To better understand heterogeneity, the transcriptome of clonal strains with known in vivo
differentiation capacity was examined. Genes such as MEOX2, GNAS, EYA1, PRRX1, SFRP2 and WISP1 were over-expressed in
multipotent clones. However, cells diversify as colonies grow (position in the cell cycle, migration, etc.). Consequently, freshly
isolated BM single cells depleted of hematopoietic cells, with the phenotype of CD146+/CD271+ (and LEPR+) are being used for
RNA-Seq. Analysis of the data reveals at least two populations; one with pericyte character, the other with osteogenic character.
Current studies are aimed at identifying the cell surface markers and transcription factors that are expressed by different subsets
of SSCs/BMSCs. CONCLUSIONS: SSC/BMSC heterogeneity arises for a variety of intrinsic and extrinsic factors related to their
developmental history and changes in their in vivo ME. The impact of these changes must be considered when approaching basic
biological and clinical questions and applications.

3.2 - Osteoblast-specific Enpp1 deficiency engenders increased bone mass, bone mineral density and
insulin resistance
Fiona L Roberts*1, Nabil A Rashdan1, Isabel R Orriss2, Elspeth M. Milne1, S. Nicholas M. Morton3, Colin Farquharson1, Vicky
E. MacRae1. 1The Roslin Institute and Royal (Dick) School of Veterinary Studies, University of Edinburgh, Easter Bush, Midlothian,
Edinburgh, UK. 2Department of Comparative Biomedical Sciences, Royal Veterinary College, London, UK. 3Centre for
Cardiovascular Science, Queen’s Medical Research Institute, University of Edinburgh, Edinburgh, UK.
INTRODUCTION: Ectonucleotide pyrophosphatase/phosphodiesterase-1 (NPP1) is recognised as the principal inhibitor of bone
mineralisation. We previously demonstrated that Enpp1-/- mice exhibit pathological soft tissue mineralisation and paradoxical long
limb hypomineralisation. Here, we determined the impact of osteoblast-specific Enpp1 ablation on skeletal mineralisation.
PURPOSE: We aim to determine whether deletion of NPP1 at the principal site of its action generates a phenocopy of the Enpp1-/, or whether more intricate mechanism are at play. METHODS: Mice lacking NPP1 specifically in osteoblasts (Ob-KO) were generated
by crossing Enpp1flox/flox and Osteocalcin-Cre mice. Male and female mice were reared on control diet (6.2% fat) and culled at
ages 6- and 22-weeks. Bone phenotyping was conducted including micro-computed tomography, dissection, gait and serum
biochemistry analysis. Histopathological analysis was conducted to assess calcification of soft and bone tissue in 22-week old mice.
RESULTS: Under control dietary conditions, Ob-KO mice exhibited increased bone mass, indicated by increased femoral bone
volume/total volume (17.50% vs 11.67%; P<0.01), and reduced trabecular spacing (0.187mm vs 0.157mm; P<0.01) at 6-weeks of
age. Additionally, bone mineral density was significantly increased in at 6-weeks of age in Ob-KO mice (15.6%, P<0.05). Serum
biochemistry revealed no notable differences in markers of bone formation by osteoblast (P1NP) and bone resorption by osteoclasts
(CtX). Adult Ob-KO mice exhibit increased muscle mass (13.3%; P<0.05), likely resultant of increased gait instability (increased base
of support (15%; P<0.05), girdle support (66%; P<0.05), initial (117%; P<0.05) and terminal (128%; P<0.05) forelimb dual stance).
No notable differences in body weight or gross anatomy were observed. No pathological soft tissue calcification was identified
between genotypes. CONCLUSIONS: This study demonstrates that Ob-KO results in the novel finding of increased skeletal mass
and mineralisation at the site of the long bones. Findings show that deletion of NPP1 at the primary site of its action is deleterious
regarding bone tissue mineralisation, yet no pathological soft tissue is observed. This is indicative that a more complex network
involving NPP1, bone and soft tissue calcification exists. Further studies are required to establish the mechanisms through which
NPP1 regulates its actions within and out-with bone.

3.3 - Usp53, a PTH target regulating bone turnover and mesenchymal stem cell differentiation
Hadla Hariri*1,2, William Addison1, Martin Pellicelli1, René St-Arnaud1,2. 1Shriners Hospital for Children-Canada, Montreal, QC,
Canada. 2Department of Human Genetics, McGill University, Montreal, QC, Canada.
INTRODUCTION: The daily injection of parathyroid hormone (PTH) increases bone mass and protects against osteoporotic fractures,
however a complete picture of its mechanism of action is still missing. We have shown that PTH induces the phosphorylation of the
DNA-binding protein Nascent polypeptide associated complex And Coregulator alpha ( NAC), leading to nuclear translocation of
NAC and activation of target genes. PURPOSE: The aim of the study is to identify and characterize novel target genes regulated by
PTH-activated NAC in osteoblasts. METHODS: We performed Chromatin Immunoprecipitation with deep sequencing (ChIP-Seq)
against NAC with parallel RNA-sequencing in PTH-treated osteoblast cells. The biological role of candidate genes was studied in
vitro in osteoblastic cells and bone marrow stromal cells (BMSCs) cultures using shRNA-mediated knockdown techniques and in
vivo by deleting candidate genes using a CMV-Cre driver. RESULTS: This strategy has identified the Ubiquitin-Specific Peptidase 53
(Usp53) as a candidate gene target of PTH-activated NAC in osteoblasts. Little is known about the biological function of Usp53 in
bone biology. PTH treatment of osteoblast cells increased the mRNA expression of Usp53 by 3-fold as compared to vehicle-treated
cells but PTH-driven transcriptional induction of Usp53 was completely blunted following NAC knockdown. The global deletion of
Usp53 in vivo led to a brittle bone phenotype, assessed by 3-point bending and identation mechanical testing. Usp53(-/-) femurs
and tibias showed an increased tendency to yield and break as compared to control samples. Osteogenic cultures of Usp53(-/-)
BMSCs revealed elevated levels of RANKL. Besides, Usp53(-/-) tibial RNA showed an increase in osteoclast-related markers as
compared to controls. Serum bone turnover markers including CTX-1 and P1NP were also elevated. Usp53(-/-) BMSCs cultures
showed decreased adipogenesis, mainly due to decreased levels of Pparγ. Proteomics has revealed a novel interaction of USP53
with TAK1-TAB1/2 complex proteins. Our data showed that USP53 is critical for the TAK1-TAB1/2 complex assembly. The absence
of USP53 disrupted JNK-MAP kinase signaling downstream of the TAK1-TAB complex. CONCLUSION: This is the first report
characterizing the physiological role of Usp53 in bone. Our data suggest that Usp53 affects bone homeostasis and mass in vivo,
mainly by regulating bone remodeling and osteoclastogenesis. The novel interaction of USP53 with the TAK1-TAB1/2 complex; a
TGF-β/BMP- regulated complex orchestrating the crosstalk between osteogenesis and adipogenesis, suggests that Usp53 is a
regulator of lineage fate decisions.

3.4 - Deletion of PKA Regulatory Subunit1A in osteoblasts causes dramatic bone turnover with an
expansion of trabecular area at the expense of cortical bone
Carole Le Henaff*1, Florante Ricarte1, Joshua Johnson1, Zhiming He1, Johanna Warshaw1, Henry M Kronenberg3, Lawrence S
Kirschner2, Nicola C. Partridge1. 1Department of Basic Science and Craniofacial Biology, New York University College of Dentistry,
New York, NY, USA. 2Department of Cancer Biology and Genetics, Internal Medicine, The Ohio State University, Columbus, OH,
USA; Division of Endocrinology, Diabetes, and Metabolism, Department of Internal Medicine, The Ohio State University Wexner
Medical Center, Columbus, OH, USA. 3Endocrine Unit, Massachusetts General Hospital, Harvard Medical School, Boston, MA, USA.
INTRODUCTION: Parathyroid hormone (PTH) plays a central role in regulation of calcium metabolism and is the osteoanabolic
hormone for treating osteoporosis. We have previously shown that PTH acts through PTHR1 and protein kinase A (PKA) activation
to regulate the life cycle of HDAC4 in osteoblastic cells, thus identifying it as a major regulator of Runx2- and Mef2c-dependent
transcription in bone. PURPOSE: We hypothesized that similar to PTH (1-34) treatment, an increase in PKA activity in osteoblasts
will cause an increase in bone accrual. Our study aims to elucidate the effects of increased PKA activity and better understand the
actions of PTH (1-34) in bone. METHODS: Weekly injections of tamoxifen (1mg/10g) were administered to 1 month-old or 5 monthold C57Bl/6 male and female col1CREERT/Prkar1afl/fl mice or Prkar1afl/fl mice as controls, for 3-4 weeks to delete the PKA
regulatory subunit 1A and increase PKA activity. RESULTS: This resulted in a decrease of whole body (-6%), femoral (-24%), and
tibial BMD (-22%) in 2 month-old col1CREERT/Prkar1afl/fl mice. They were smaller and bones were very brittle with little bone
marrow. μCT showed dramatic excess trabecular bone and absence of cortical bone in vertebrae and throughout most of the bone
marrow cavity in femurs. Surprisingly, no overall BMD changes were observed with 6 month-old mice but they developed tumors
in their tails. By μCT, 6 month-old col1CREERT/Prkar1afl/fl mice showed decreases in cortical thickness and cortical BMD and
increases in cortical porosity and endocortical perimeter. At both ages, deletion of Prkar1a dramatically increased bone turnover
with a huge increase in osteoblast activity shown by serum P1NP levels (6.5-13 fold), only single fluorescent labeling and a
substantial increase in osteoclast activity shown by CTX levels (4.4-12 fold) and TRAP staining. In both age groups, cortical and
trabecular bone RNAs showed a substantial increase in bone sialoprotein mRNA levels (3 to 6 fold) with a sharp decrease in
osteocalcin (0.2-0.4 fold). Furthermore, genes whose expression is known to be regulated by PTH were significantly changed: SOST
expression was decreased to 0.1-0.2 fold, RANKL was upregulated by 2-3 fold and MMP13 was increased by at least 3 fold.
CONCLUSION: These animals mimic mice in which a constitutively-active PTH receptor is expressed under the control of the col1
promoter. The bone seems to be immature and unable to transition to cortical bone. In conclusion, high PKA activity in osteoblasts
appears to be involved in increasing immature trabecular bone and resorbing cortical bone and mimics hyperparathyroidism.

3.5 - Deciphering molecular pathway of phosphate-induced mineralization
Sana Khalid1, Daisy Monier1, Mairobys Socorro1, Dobrawa Napierala*1,2. 1Center for Craniofacial Regeneration and
Department of Oral Biology, University of Pittsburgh School of Dental Medicine, Pittsburgh, PA, USA. 2McGowan Institute for
Regenerative Medicine, University of Pittsburgh, Pittsburgh, PA, USA.
INTRODUCTION: Inorganic phosphate (Pi) is critical for development and homeostasis of all mineralizing tissues, which is
underscored by bone, cartilage, dentin and periodontal complex pathologies in genetic and acquired disorders affecting systemic
Pi levels and local/cellular Pi availability. Widespread mineralization pathologies caused by altered Pi availability indicate that cells
producing mineralizing extracellular matrix respond to available Pi by regulating the extent of mineralization. Importantly, high
extracellular Pi is sufficient to initiate mineralization by cells that, under physiologic Pi levels, have different functions, indicating
that Pi can change cell physiology. Although this effect of Pi is well known, the underlying molecular mechanism remains largely
unknown. Thus far, only two molecular players have been consistently placed in the Pi-induced signaling cascade: Na+-dependent
Pi transporters (Na+/Pi; PiTs) and extracellular signal-regulated kinase Erk1/2. PURPOSE: To decipher the signaling cascade that
leads to the initiation of the mineralization process in response extracellular Pi. METHODS: We used 17IIA11 (cranial neural crest
origin) and MLO-A5 (lateral plate mesoderm origin) committed osteogenic cell lines, which undergo rapid mineralization under
osteogenic conditions. Activation of cellular response to Pi was evaluated by levels of activated Erk1/2 kinase (immunodetection),
and expression of Pi-responsive genes: Dmp1 and Spp1/Opn (qRT-PCR). Activation and inhibition of specific molecular transmitters
of signaling cascade was accomplished either by genetic modification of model cells or pharmacologically. RESULTS: We determined
that deficiency of mineralization-regulating transcription factor Trps1 results in loss of the mineralization potential of 17IIA11 cells,
and loss of Erk1/2 activation in response to Pi. Cellular sensitivity to Pi was also abolished by depletion of Pth1r but inhibition of
Fgfr had no effect on Pi-induced activation of Erk1/2 and gene expression. Furthermore, we determined that phosphokinase C (PKC)
but not phosphokinase A (PKA) is a downstream effector in Pi signaling in osteogenic cells. CONCLUSIONS: We identified a new
players required for initiation of the Pi signaling cascade in cells producing mineralized extracellular matrix.

3.6 - Impaired ameloblast tight junction due to Claudin-16 disruption alters acid transcellular pathway
during enamel formation
Mamadou Tidiane Diallo1, Sandy Ribs1, Caroline Prot-Bertoye2,4 Tilman Breiderhoff3, Dominik Muller3, Pascal Houillier2,4, Catherine
Chaussain1,5, Claire Bardet*1. 1EA 2496, Lab. Orofacial Pathologies, Imaging and Biotherapies, Dental School, Univ. Paris Descartes,
Sorbonne Paris Cité, France. 2Centre de Recherche des Cordeliers, INSERM, Sorbonne Univ., USPC, Univ. Paris Descartes, Univ. Paris
Diderot, F-75006 Paris, France. 3Dept of Pediatric Nephrology, Charité Univ. School of Medicine, Berlin, Germany. 4AP-HP, Renal and
Metabolic Diseases Unit, and Reference Center of Children and Adult Renal Hereditary Diseases (MARHEA) – Georges Pompidou Hospital,
Paris, France. 5AP-HP, Odontology Dept, Reference Center for Rare Diseases of the Metabolism of Calcium and Phosphorus, Nord Val de
Seine Hospital (Bretonneau), France.
INTRODUCTION: Claudin (Cldn)-16 is a tight junction (TJ) component that associates with Cldn-19 to form cation-selective pore allowing
paracellular reabsorption of Ca2+ and Mg2+. These two proteins are expressed in the ameloblast TJ of murine tooth germs and in the
cortical thick ascending limb of Henle’s loop (CTAL) in the kidney. Loss-of-function mutations in Cldn16 and Cldn19 genes result in
Amelogenesis Imperfecta (AI) associated to Familial Hypomagnesemia with Hypercalciuria and Nephrocalcinosis (FHHNC) in humans. Using
a murine model of FHHNC (Cldn16 KO mice), we showed that the lack of Cldn-16 strongly impaired TJ organization in secretory ameloblasts.
Interestingly, the abnormal enamel matrix protein processing is associated to a significantly lower pH value of the forming enamel matrix.
PURPOSE: Here, we aim to understand how the lack of Cldn-16 alters the pH in the forming enamel matrix to decipher the function of
claudins at the TJ of secretory ameloblasts. METHODS: We first performed transcriptome analyses of Cldn16 KO micro-dissected secretory
ameloblasts. We then studied i) paracellular permeability to H+ ion using the micro-dissected CTAL as a model, and ii) transcellular ion
transporter expression involved in the pH cycling necessary for normal enamel formation in the continuously growing incisor. We examined
H+-ATPase and carbonic anhydrase activities using inhibitors such as vinblastine and acetazolamide, respectively. RESULTS: Transcriptome
analyses of Cldn16 KO micro-dissected secretory ameloblasts revealed a modified expression of the genes implicated in apical junction
and in pH regulation, compared to WT. Immunostaining and WB confirmed a higher expression of carbonic anhydrase II in Cldn16 KO
ameloblasts. Measurement of paracellular permeability to H+ ion did not show difference in Cldn16 KO CTAL compared to WT CTAL. Rather,
H+-ATPase and carbonic anhydrase activities are significantly increased in Cldn16 KO ameloblasts. CONCLUSIONS: Our data suggest that
the lower pH value of the forming enamel matrix is not due to impaired paracellular permeability to H+. The lack of Cldn-16 likely alters
transcellular acid transport. Our data demonstrate the importance of TJ proteins in enamel formation, providing new insights regarding
the mechanisms that determine enamel pH during teeth formation.

3.7 - FAM20B-catalyzed glycosaminoglycans determine the monophyodont phenotype in mice by
restricting FGFR2B signaling
Jingyi Wu1, Ye Tian1, Chao Liu2, Tianyu Sun1 , Ling Li3, Yanlei Yu4, Lu Han1, Bikash Lamichhane1, Rena N. D’Souza5, Sarah E. Millar6,
Robb Krumlauf7, David M. Ornitz3, Jian Q. Feng1, Ophir Klein8,9, Hu Zhao1, Fuming Zhang4, Robert J. Linhardt4, Xiaofang Wang*1.
1Dept of Biomedical Sciences & Center for Craniofacial Research and Diagnosis, Texas A&M Univ. College of Dentistry, Dallas, TX, USA.
2Dept of Oral Pathology, College of Stomatology, Dalian Medical Univ., Dalian, Liaoning, China. 3Dept of Developmental Biology,
Washington Univ. School of Medicine, St. Louis, MO, USA. 4Dept of Chemistry & Chemical Biology, Rensselaer Polytechnic Institute, Troy,
NY, USA. 5School of Dentistry, Univ. of Utah, Salt Lake City, UT, USA. 6Dept of Dermatology, Perelman School of Medicine, Univ. of
Pennsylvania, Philadelphia, PA, USA. 7Stowers Institute Medical Research, Kansas City, MO, USA. 8Dept of Orofacial Sciences & Program
in Craniofacial Biology, Univ. of California, San Francisco, CA, USA. 9Institute Human Genetics, Univ. of California, San Francisco, CA, USA.
INTRODUCTION: The molecular mechanism of replacement tooth formation is poorly defined, in part because the most extensively used
animal model for tooth development, mice, have lost tooth replacement capacity during evolution. We recently found that disrupting
glycosaminoglycans (GAGs) in the dental epithelium by inactivating FAM20B, a xylose kinase essential for GAG assembly, revived tooth
replacement capacity in mice. PURPOSE: To investigate the molecular mechanism by which GAGs regulate tooth renewal. METHODS:
Fam20Bflox/flox, K14Cre, Wnt1Cre2, K14rtTA, TetOCre and Sox2CreER mice were used to delete FAM20B from the dental epithelial,
mesenchymal and epithelial progenitor cells, respectively. Gli1LacZ, Ptch1LacZ and BATGAL mice were used to indicate SHH and WNT
activity. TetOFGFr2b/Igh and TetODkk1 mice were used to inhibit FGFR2B and WNT signaling. Rosa26tdTomato and Sox2GFP were used
for lineage tracing. HE staining, tissue clearing, lineage tracing and 3D reconstruction were performed for histomorphology. RNA-Seq,
immunohistochemistry, in situ hybridization and indicator mice were performed for signaling analyses. Cell proliferation and apoptosis
were evaluated by EdU and TUNEL assays. GAG profiling was performed using MRM-LCMS method. FGF-GAG interaction was analyzed
with plate- and 3D- culture of BaF3FGFR2B cells. RESULTS: Replacement teeth budded off from the lingual/mesial side of the native
(primary) dental lamina at cap stage (~E15.5). However, ectopic cell proliferation and reduced apoptosis were detected in the GAGdeficient enamel organ and surrounding mesenchyme at earlier stages, suggesting a cell fate change of the dental lamina before cap stage.
Time-course inactivation of Fam20B revealed that the cell fate of the primary dental lamina was determined at the initial stage of tooth
development between E10.5-E12.5. Genetic analyses indicated that the dental epithelial GAGs restrict tooth replacement by mediating
the homeostasis of Sox2(+) dental epithelial stem/progenitor cells in a non-autonomous manner. At E12.0-E13.0, an overactivation of FGF
signaling was identified in the GAG-deficient teeth, along with a robust upregulation of its downstream signaling, SHH. Conversely,
inhibiting dental epithelial FGFR2B at the initial stage of tooth development successfully rescued the replacement tooth phenotype. In
vitro assay of FGF reactivity indicated that GAGs restrict the diffusion gradient of FGF10. At cap stages, WNT signaling was upregulated,
and overexpressing DKK1 at cap stage fully rescued the replacement tooth phenotype. CONCLUSIONS: Glycosaminoglycans determine the
monophyodont phenotype in mice by restricting FGFR2B signaling. WNT signaling functions as a relay cue facilitating the replacement
tooth formation. The novel mechanism by which GAGs regulate tooth renewal that we have uncovered may be relevant for potentiating
signaling interactions during organogenesis in other tissues.

3.8 - Ameloblastin-cell interaction is mediated by an evolutionary conserved amphipathic helix encoded
by exon 5
Jingtan Su*1, Rucha Bapat1, Gayathri Visakan1, Janet Moradian-Oldak1. 1Center for Craniofacial Molecular Biology, Herman
Ostrow School of Dentistry, University of Southern California, Los Angeles, CA, USA.
INTRODUCTION: In biomineralizing systems, cell-matrix adhesion allows cells to physically organize three-dimensional extracellular
matrix (ECM) to direct the deposition of highly ordered mineral structures. Enamel cell-matrix adhesion may be mediated by cell
receptors for the integrin-, heparin-, or fibronectin-binding motifs of ameloblastin (Ambn). However, sequence analysis showed
that these motifs on Ambn are not highly conserved. We recently reported that Ambn binds to large unilamellar vesicles (LUVs),
used as cell membrane-mimicking models, through an amphipathic helix-forming (AH) motif within the sequence encoded by exon
5. PURPOSE: To investigate whether Ambn interacts with cell membrane directly through the AH motif. METHODS: Mandibular
tissues from postnatal day 5 mice were immunostained with primary rabbit anti-Ambn M300 antibody and secondary goat antirabbit antibody conjugated with Alexa 488. Lipid membranes were stained with a lipophilic tracer DID. High-resolution confocal
microscopy was applied to the immunostained tissue sections to investigate the co-localization patterns of mouse Ambn and
membrane surfaces, from early pre-secretory stage (base of the incisor) to late maturation stage (tip of the incisor) ameloblasts.
FITC-conjugated recombinant mouse Ambn was incubated for 15 minutes in chamber slides with ameloblast-like cells (ALC or LS8
cells), or fibroblasts (NIH3T3). The membranes of these cells were stained with DID. Confocal microscopy was used to investigate
the localization of FITC-conjugated Ambn on the cells. Mutant recombinant Ambn proteins lacking the sequence encoded by exon
five (Ambn Δ5) or six (Ambn Δ6) and Ambn-derived synthetic peptide AB2, representing the sequence encoded by exon 5, were
used to identify the motif involved in cell-Ambn interaction. RESULTS: Confocal images of mouse mandibular tissues showed that
Ambn and membrane had high Manders’ co-localization coefficients in all the regions of interest on Tomes’ processes, suggesting
that Ambn localizes on the surface of enamel-secreting Tomes’ process membrane. FITC-conjugated Ambn showed that Ambn binds
to the cell membrane of both ameloblast-like ALC and LS8 cells, as well as to that of fibroblasts. Ambn Δ5 and Ambn Δ6 lost their
ability to bind to the membrane of these cells. FITC-conjugated synthetic peptide AB2, derived from the sequence encoded by exon
five, bound to the surface of ALC cell. CONCLUSIONS: In cell culture systems, Ambn binds ameloblast-like cell membrane directly
through an amphipathic helix-forming motif. We propose that this this evolutionarily conserved motif
(67YSRLGFGKALNSLWLHGLLPPHNSFPWIGPREHETQQ103) is vital for enamel cell-matrix adhesion during enamel formation and
mineralization.

3.9 - Role and function of the D and L enantiomers of beta-aminioisobutyric acid, BAIBA, in the
musculoskeletal system
Lynda Bonewald*, Indiana Center for Musculoskeletal Health, Department of Anatomy Cell Biology, Department of Orthopaedic
Surgery, Indiana University, Indianapolis, IN, USA.
INTRODUCTION: Enantiomers are mirror images of the same compound and can have very different effects in biological systems.
There are examples of one enantiomer having a biologic activity while the other does not allowing racemic mixtures of drugs to be
used. However, frequently, one enantiomer can have a desired effect while the other an undesired effect. A famous example is
thalidomide where one form provided sedative effects while the other caused birth defects. L(S)-BAIBA is produced by skeletal
muscle from valine in response to contraction whereas D(R)-BAIBA is thought to be made in the liver from thymine. We have shown
previously that the L enantiomer of BAIBA was 100-1000 fold more potent than the D form in preventing osteocyte cell death due
to reactive oxygen species but did not observe any adverse effects of the D form (Cell Reports 2018). In that report we also showed
that L-BAIBA reduced both bone and muscle loss due to hindlimb unloading. At that time, it was assumed that the racemic mixture
could be used, but was less potent. RESULTS: Our recent unpublished experiments have extended observations showing that LBAIBA preserved bone mass showing that L-BAIBA synergizes with sub-optimal anabolic load to induce bone formation and will
enhance the effects of voluntary wheel running on bone and muscle. Recently, we have also found that L-BAIBA will increase grip
strength within two weeks. To begin to determine how L-BAIBA might be working in muscles, C2C12 cells were treated with both
D and L BAIBA. While L-BAIBA had no effect, D-BAIBA had modest but significant inhibitory effects on myotube formation and
significantly inhibited AMPK signaling. This was the first data to suggest that the D-enantiomer could have negative effects and that
a racemic mixture would be undesirable. Preliminary data quantifying the two forms in plasma show an elevated level of the D
form in certain cancer bearing mice and elevated L form in mice with muscle phenotypes. Studies are underway to determine the
effects of D-BAIBA in vivo and to determine if the enantiomers can be markers of health or disease in patients. CONCLUSION: This
study emphasizes the importance of testing enantiomers of small molecules before making assumptions regarding function and
safety, especially as the racemic mixture is being marketed and can be purchased online.

4.1 - Understanding biomineralization in bone: the mechanism of collagen mineralization
Nico Sommerdijk*. Laboratory of Materials and Interface Chemistry & Center of Multiscale Electron Miscroscopy, Department of
Chemical Engineering and Chemistry, and Institute for Complex Molecular Systems, Eindhoven University of Technology, The
Netherlands.
INTRODUCTION: Bone possesses exceptional mechanical properties, attributed both to its composition and structure. While bone
contains both intrafibrillar and extrafibrillar HAp crystals, the intrafibrillar platelike crystals have received most attention.
Traditionally, the platelets have been considered to adopt a 3-dimensional “deck-of-cards” structure in which they lie parallel
throughout a fibril. However, a number of recent studies have questioned the validity of this model, and the organization of the
HAp crystals and the mechanisms by which collagen directs their formation remain a topic of debate. PURPOSE: Understanding the
process of collagen mineralization will open the way to the development of new treatments for bone defects and mineralizationrelated diseases, and also offer new opportunities for the design of new bio-inspired materials. APPROACHES: We study the crystal
structure of collagen, as well as its in vitro mineralization with apatite and with non-native minerals, using X-ray techniques and
advanced electron microscopy, including cryo-electron tomography. RESULTS: We used X-ray diffraction (XRD) to visualize the 3D
structure of the gap regions in the collagen fibrils and demonstrated the presence of elongated nanopores that can direct crystal
nucleation and growth. Detailed 3D cryo-electron microscopic analysis reveals a new structural model of mineralized collagen fibrils
in which the mineral platelets only exhibit uniaxial orientation. In vitro mineralization of the fibrils with alternative minerals showed
that this orientation mechanism relates to the strongly anisotropic structure of HAp. Moreover, our observations suggest that the
final morphologies of the intrafibrillar crystals are largely determined by their crystallographic structure rather than the collagen
matrix. Our experiments provide evidence for a new model for collagen mineralization in which randomly oriented HAp nuclei form
within the channels in the gap region. Nuclei oriented with their fast growing c-axes aligned along the channel (and thus the fibril)
axis are able to grow unrestricted into needle-shaped crystalsand then develop into platelets. CONCLUSIONS: The exceptional
properties of bone are intimately linked to its unique microstructure. Understanding the structure and formation mechanisms of
the mineralized collagen fibril, will help the development of new strategies for promoting bone regeneration and creating
biomaterials with properties comparable to those of bone. The long-standing “deck-of-cards” model of intrafibrillar HAp, and the
belief that orientation is achieved via an epitaxial interaction between the organic matrix and nascent crystals, hampered replication
of this structure. Realizing that the situation is actually considerably less complex: i.e. the HAp platelets are only uniaxially oriented,
and that this is achieved via generic confinement effects, will therefore facilitate the design of synthetic systems that can achieve
these goals.

4.2 - Mineral and organic matrix interaction in calcifying avian leg tendons: a focused ion beam - scanning
electron microscopy study
Zhaoyong Zou1, Tengteng Tang*1, Elena Macías-Sánchez1, William J. Landis2, Luca Bertinetti1, Peter Fratzl1. 1Department of
Biomaterials, Max Planck Institute of Colloids and Interfaces, Potsdam, Germany. 2Department of Preventive and Restorative
Dental Sciences, University of California, San Francisco, CA, USA.
INTRODUCTION: A clear understanding of the cell organization and the spatial relationship between cells, collagen fibrils and early
deposits of mineral in calcifying avian leg tendon is fundamental to the understanding of mineralization mechanisms in several
collagenous tissues. Previous studies investigating the extracellular matrix organization utilized techniques such as X-ray scattering,
scanning electron microscopy and transmission electron microscopy faced the challenges of providing both nanometer resolution
and 3D information of volumes in the size of tens of microns. PURPOSE: The aim of the present study was to use Focused Ion Beam
- Scanning Electron Microscopy (FIB-SEM) serial surface imaging to characterize 3D tissue organization of mineralizing avian leg
tendon at nanometer scale and over relatively large volumes. METHODS: In the present study, tibialis cranialis tendons obtained
from the freshly sacrificed domestic turkey, Meleagris gallopavo, were prepared by high-pressure freezing followed by automatic
freeze substitution. FIB-SEM slice-and-view tomographic imaging with a resolution as high as 6 nm was performed near the distal
end of the tendon and at the interface between unmineralized and mineralized zones. RESULTS: By reconstructing the cellular and
extracellular matrix organization, the work demonstrates, in the highly mineralized regions, a complex cellular network in which
canaliculi with a diameter of ~100 nm tightly surround each collagen fibril bundle in the circumferential direction to the tendon long
axis. More interestingly, high-resolution FIB-SEM imaging revealed additional small pores (approximately one-third the diameter of
canaliculi) that linked to canaliculi and occupied the spaces between collagen fibrils. Further, early-stage mineral clusters were
observed between collagen fibrils (interfibrillar mineralization) and, at later stages, they propagated both along and within collagen
fibrils (intrafibrillar mineralization). These observations suggest possible diffusion channels and/or cell processes along the
interfibrillar spaces. CONCLUSIONS: Overall, this FIB-SEM study provides a view of 3D spatial relationships between tenocytes,
extracellular matrices, and minerals, which confirms the concept that mineral is initially deposited between collagen fibrils, as
reported in early TEM studies, but shows for the first time the structural interactions between cells and extracellular matrices and
how this interplay relates to the mineralization process. Such observations could provide valuable insight into mineralization
mechanisms of vertebrates.

4.3 - Multiscale structural evolution of citrate-induced biomineralization in 3D printable dense collagen gels
Wenge Jiang1,2, Gabriele Griffanti1, Faleh Tamimi2, Marc D. McKee2,3, Showan N. Nazhat*1. 1Department of Mining and
Materials Engineering, 2Faculty of Dentistry, 3Department of Anatomy and Cell Biology, McGill University, Montreal, QC, Canada.
INTRODUCTION: Mineralized bone extracellular matrix is an organic-inorganic nanocomposite of carbonated hydroxyapatite (CHA)
and fibrous type I collagen. Along with noncollagenous proteins and small proteoglycans, the negatively charged biomolecule citrate
is also abundant in bone, yet its role in mineralization remains unclear. PURPOSE: In order to assess the effect of citrate on collagen
mineralization, we exposed citrate-functionalized, bone osteoid-mimicking injectable and 3D-printable dense collagen (DC) gels to
simulated body fluid (SBF) to examine the multiscale evolution of intra- and interfibrillar mineralization. METHODS: Citrate was
added to neutralized collagen solution during hydrogel fibrillogenesis, at 37°C for 30 minutes. DC gels were generated by applying
the gel aspiration-ejection technique on as-made, highly-hydrated collagen gels. The incorporation of negative charge into the
citrate-functionalized DC gels was evaluated through methylene blue dye binding, and mineralization was assessed for up to 7 days.
Multiscale structural evolution of mineralization related to the collagen fibrils was characterized by TEM and SEM (including EDX
and SAED), AFM, XRD, ATR-FTIR, micro-CT and the calcium assay. RESULTS: The aspiration-ejection of highly-hydrated collagen
hydrogels generates injectable and 3D printable DC gels, with controlled fibrillar densities and microstructures, thus mimicking to
some degree the matrix of bone. With an intrinsic partial net positive charge, collagen alone has a limited capacity to mineralize.
We were able to increase the net negative charge of collagen through citrate functionalization, as assessed by increases in
methylene blue dye staining. This extra negative charge resulted in extensive mineralization of collagen in SBF attributable not only
to shielding of cationic groups of collagen, but also to the additional effect of adding the two free anionic carboxyl groups of citrate
throughout the collagen. TEM, SEM and AFM indicated that citrate-functionalized collagen fibrils underwent extensive intrafibrillar
mineralization within 12 hours. Longer exposure times to SBF resulted in mineralization that extended interfibrillarly, all with an
amorphous-to-crystalline transformation to CHA (assessed by XRD and ATR-FTIR). Calcium assays indicated a citrate concentrationdependent temporal increase in mineralization, and micro-CT confirmed that >80 vol% of the collagen in the gels was mineralized
by day 7. CONCLUSIONS: Citrate effectively induces mesoscale intra- and interfibrillar collagen mineralization. These findings
advance our understanding of the effect of citrate on biomineralization, and its role in bone formation, and they provide insight
into the mechanisms that guide biomineral nucleation and growth. Furthermore, the simple fibrillogenesis of osteoid-mimicking
collagen gels in the presence of citrate improves their ability to mineralize, thus suggesting a promising approach for bone repair.

4.4 - Proteomic analysis of human bone for the identification of missing proteins and characterisation of
the bone N-terminome
Peter A Bell*1,2, Nestor Solis1,2, Ian Matthew2, Christopher M Overall1,2,3. 1Centre for Blood Research. 2Department of Oral
Biological and Medical Sciences, Faculty of Dentistry, University of British Columbia, Vancouver, BC, Canada. 3Department of
Biochemistry and Molecular Biology, Faculty of Medicine, University of British Columbia, Vancouver, BC, Canada.
INTRODUCTION: Proteomic analysis of bone is technically challenging, primarily due to difficulties associated with tissue extraction.
The dense inorganic matrix of bone hinders efficient extraction of protein; while demineralisation methods that are commonly
applied can leave residual protein that remains insoluble even in chaotropic agents. This insoluble material is commonly excluded
from downstream analysis, limiting coverage of the proteome. Existing efforts to characterise the bone proteome have almost
exclusively utilised trypsin to digest extracted proteins, prior to ‘shotgun’ mass spectrometry (LC-MS/MS) analysis. Digestion of
protein extracts with any protease yields a proportion of peptides that, by virtue of their physiochemical properties, cannot be
readily detected by LC-MS/MS. Thus, the use of trypsin alone limits possible coverage of the proteome. Furthermore, ‘terminomics’
methods used to reveal evidence of endogenous proteolytic processing, have not yet been applied to the investigation of bone. As
such, the bone proteome remains poorly characterised relative to other tissues. In the present study, we have developed a sample
preparation and analysis workflow for proteomic analysis of healthy human alveolar bone, which addresses these issues and
expands the known bone proteome. METHODS: Healthy human alveolar bone was obtained as surgical discard in accordance with
a protocol approved by the University of British Columbia Research Ethics Board. We optimised existing bone protein extraction
protocols, then digested fractions of extracted proteins using 4 different proteases prior to LC-MS/MS analysis. At the level of data
processing, we searched data with multiple search engines in order to increase the proportion and confidence of matched spectra.
We also performed Terminal Amine Isotopic Labelling of Substrates (TAILS) on bone protein extracts, to detect endogenous neo Ntermini. RESULTS: These advances enabled the identification in bone of >2000 proteins at 0.1% false discovery rate (FDR). This
number includes ‘missing’ proteins, for which conclusive evidence at the protein level does not currently exist under current Human
Proteome Organisation (HUPO) guidelines. TAILS analysis established the first human bone n-terminome, identifying 898 unique
neo N-termini of which 255 pertain to proteins directly relevant to bone development and skeletal disease. CONCLUSIONS: Our
methods will facilitate future analysis of bone both in human disease and transgenic animal models. Our findings expand the known
bone proteome, and provide evidence of endogenous proteolytic processing within healthy bone.

4.5 - Bone biomineral properties vary across human osteonal bone
Nina Kølln Wittig1, Jonas Palle1, Maja Østergaard1, Simon Frølich1, Mie Elholm Birkbak1, Kathryn Margery Spiers2, Jan
Garrevoet2, Henrik Birkedal*1. 1Department of Chemistry and iNANO, Aarhus University, Denmark. 2DESY Photon Science,
Hamburg, Germany.
INTRODUCTION: The structure of bone continues to puzzle researchers due to its complex hierarchical organization. In humans,
osteons form in cortical bone by Haversian remodeling involving bone-degrading osteoclasts and bone-forming osteoblasts. During
this process, osteoclasts carve out a tunnel, which is consecutively filled in with layers of bone with a winding pattern of mineralized
collagen fibrils [1] forming one after another. PURPOSE: Since osteoblasts form consecutive layers of material from the outside in
during osteon formation, we hypothesized that the spatio/temporal variations in bone biomineralization can be followed by
mapping bone biomineral structure across an osteon using X-ray diffraction and fluorescence. METHODS: To allow mapping
biomineral structure across an osteon, a resolution approaching one lamella, about 1 µm, in three dimensions is needed. For 2D
mapping, experiments would require equally thin specimens that are difficult to produce and give extremely low diffraction signals.
Therefore, we employed fluorescence computed tomography (XRF-CT) [2] and diffraction scattering computed tomography (DSCT)
[3] with a sub-micron synchrotron X-ray beam to enable measurement of X-ray fluorescence spectra and powder diffraction
patterns, respectively, within a human osteon in 3D. We measured XRF-CT and DSCT in two separate experiments with a 400 nm
diameter 16.5 keV X-ray beam. The obtained fluorescence/diffraction signals were reconstructed tomographically to yield 3D
distributions of fluorescence intensities and powder diffractograms, respectively. The XRF-CT experiment covered a 46×46×126
µm3 volume (>4.2 million voxels), while a volume of 150×150×10.4 µm3 in over >3.6 million voxels was measured by DSCT making
this the largest reported such experiment. Each diffraction pattern was analyzed by Rietveld refinement. RESULTS: The
reconstructed element distributions clearly revealed osteocyte lacunae. DSCT revealed that bone biomineral crystallographic
properties such as lattice parameters and crystallite size, and local disorder depend on location in a systematic fashion within the
osteon. The structural features were organized in bands around the central blood vessel. Distinct biomineral crystallographic
properties were found close to the blood vessel canal indicating that the biomineral close to the blood vessel differs from that
further away. CONCLUSION: Our results show that the nature of the biomineral depend on where/when in the osteon mineralization
process the biomineral was formed. We suggest that this reflects the underlying biomineralization process, especially the
distribution of non-collagenous mineralization influencing proteins. [1] W. Wagermaier, H. S. Gupta, A. Gourrier, M. Burghammer,
P. Roschger, P. Fratzl, Biointerphases 2006, 1, 1. [2] M. D. de Jonge, S. Vogt, Current Opinion in Structural Biology 2010, 20, 606. [3]
M. E. Birkbak, H. Leemreize, S. Frolich, S. R. Stock, H. Birkedal, Nanoscale 2015, 7, 18402.

4.6 - Mathematical model connecting physical chemistry and biological processes of bone mineralization
Svetlana V. Komarova*. Faculty of Dentistry, McGill University, Montreal, QC, Canada. Shriners Hospital for Children-Canada,
Montreal, QC, Canada.
INTRODUCTION: Abnormal mineralization of bone matrix results in severe clinical problems including bone deformities and
fractures, such as observed in osteogenesis imperfecta and vitamin D deficiency. PURPOSE: To better understand the tightly
regulated and nonlinear process of bone mineralization, we developed a mathematical model that describes coupled changes in
physicochemical and biological processes occurring during bone matrix deposition, maturation and calcification. APPROACHES:
Biological components of bone mineralization were included as ordinary differential equations describing collagen matrix
deposition and maturation, turnover of mineralization inhibitors and formation of matrix-associated nucleating centers. Chemical
reactions occurring between Ca2+, PO43- and OH- ions in the aqueous phase were assumed to occur much faster than mineral
precipitation, allowing chemical equilibrium to be reached in the solution, while mass balance and electro-neutrality requirements
were ascertained. After supersaturation was established, hydroxyapatite precipitation dynamics on nucleation centers was
described using diffusion-reaction equation for precipitating ions and their effective concentrations in the solution. RESULTS: We
examined the roles of biological processes in generating normal and abnormal mineralization patterns characterized using two
outcome measures: mineralization lag time and degree of mineralization. Model parameters describing inhibitor homeostasis most
effectively changed the mineralization lag time, while a parameter describing the rate of matrix maturation was found to increase
both the mineralization lag time and the degree of mineralization. When the effect of physicochemical factors, including ion
concentrations, pH and temperature was examined, we have found a more prominent effect of [PO43-] compared to [Ca2+] on
mineralization kinetics, as well as significant effect of changing pH in the physiological range. To validate this model, we examined
the accuracy of model predictions using variable genetic diseases affecting bone mineralization such as osteogenesis imperfecta
and X-linked hypophosphatemia. Finally, we developed an algorithm for predicting the potential function for a mutated protein
based on the histology of pathologic bone samples from a patient with mineralization disorder of unknown etiology. CONCLUSIONS:
This study demonstrates the feasibility and translational capacity of mathematical modeling approach to study bone mineralization.
This model can be adapted to study mineralization of other calcified tissues, such as tooth dentin, cementum and enamel, as well
pathological calcification in kidney and blood vessels.

4.7 - Cellular clearance and biological activity of calciprotein particles depend on their maturation state
and crystallinity
Sina Köppert*1, Andrea Büscher1, Anne Babler1, Ahmed Ghallab2,3, Eva M. Buhl4, Eicke Latz5, Jan G. Hengstler2, Edward R.
Smith6,7, Willi Jahnen-Dechent1. 1Helmholtz-Institute for Biomedical Engineering, RWTH Aachen University Hospital, Aachen,
Germany. 2Leibniz Research Centre for Working Environment and Human Factors, Dortmund, Germany. 3Department of Forensic
Medicine and Toxicology, Faculty of Veterinary Medicine, South Valley University, Qena, Egypt. 4Electron Microscopy Facility,
RWTH Aachen University Hospital, Aachen, Germany. 5Institute of Innate Immunity, University Hospital Bonn, Bonn, Germany.
6Department of Nephrology, The Royal Melbourne Hospital, Melbourne, VIC, Australia. 7Department of Medicine, University of
Melbourne, Parkville, VIC, Australia.
INTRODUCTION: The liver-derived plasma protein fetuin-A is a systemic inhibitor of ectopic calcification. Fetuin-A stabilizes
saturated mineral solutions by forming colloidal protein-mineral complexes called calciprotein particles (CPP). CPP are initially
spherical, amorphous and soft, and are referred to as primary CPP. These particles spontaneously convert into secondary CPP, which
are larger, oblongate, more crystalline and less soluble. CPP mediate excess mineral transport and clearance from circulation.
PURPOSE: Study the CPP clearance and inflammatory potential in live mice and in cell culture. METHODS: We studied by intravital
two-photon microscopy the clearance of primary and secondary CPP by injecting i.v. synthetic fluorescent CPP in mice. We analyzed
CPP organ distribution and identified the clearing cells by immunofluorescence. Clearance was further studied using bone marrowderived mouse wildtype and scavenger receptor A (SR-A)-deficient macrophages, as well as human umbilical cord endothelial cells
(HUVEC), monocyte-derived macrophages (hMDM), and human aortic endothelial cells (haEC). We employed mouse wildtype and
mutant immortalized macrophages to analyze CPP-induced inflammasome activation and cytokine secretion. RESULTS: In live mice,
liver sinusoidal endothelial cells preferentially cleared primary CPP, and Kupffer cells cleared both primary and secondary CPP.
Scavenger receptor-B knockdown in HUVEC decreased primary CPP, while SR-A-deficient bone marrow macrophages endocytosed
secondary CPP less well than did wildtype macrophages suggesting preference for primary and secondary CPP by SR-B and SR-A,
respectively. CPP triggered TLR-4 dependent TNF-α and IL-1β secretion in cultured macrophages. Calcium content-matched primary
CPP caused twice more IL-1β secretion than did secondary CPP, which was associated with increased calcium-dependent
inflammasome activation, suggesting that intracellular CPP dissolution and calcium overload caused this inflammation.
CONCLUSION: Secondary CPP are endocytosed by macrophages in liver and spleen via SR-A. In contrast, primary CPP are cleared by
LSEC via an alternative pathway involving SR-B. CPP induced TLR4-dependent TNFα and inflammasome-dependent IL1β secretion
by macrophages indicate that inflammation and calcification may be considered consequences of CPP persistence and clearance.

4.8 - Protein repertoires in fresh, archaeological and fossil mollusk shells: some case studies
Frédéric Marin*1, Jorune Sakalauskaite1,2, Morgane Oudot1, Takeshi Takeuchi3, Pascal Neige1, Franck Lartaud4, Beatrice
Demarchi2. 1UMR CNRS 6282 Biogéosciences, Univ. Bourgogne - Franche-Comté, Dijon, France. 2Life Sciences and Systems
Biology, University of Torino, Torino, Italy. 3Marine Genomics Unit, OIST, Okinawa, Japan. 4LECOB, UMR CNRS-SU 8222, Station
Marine Sorbonne-Université, Banyuls/mer, France.
INTRODUCTION: the calcified skeletons of metazoans comprise a small amount of organic molecules that include proteins, peptides,
polysaccharides, lipids, pigments and small metabolites. These components collectively constitute the calcifying matrix. Among all
of these, proteins are by far the most extensively studied: in particular, combined high-throughput screening approaches
(transcriptomics, proteomics) have enabled the identification of large sets of CaCO3-associated proteins that constitute the 'skeletal
repertoire' of numerous skeleton-bearing metazoans, ranging from sponges to echinoderms. The abundance of molecular data
currently available allows drawing comparisons between the repertoires of several animal models. Furthermore, a similar approach
may be applied to ancient skeletal tissues (archaeological samples, true fossils), in order to assess the diagenetic patterns of the
calcifying matrix, i.e., how matrix proteins degrade during fossilization and which ones, if any, are preferentially preserved.
METHODS: the present paper focuses on different examples of mollusk shells (bivalves and cephalopods), among which fresh,
archaeological and fossil materials were selected. The diverse matrices were extracted according to standard procedures, optimised
for ancient substrates, characterised by proteomics, and the sequence data thus generated analysed in silico. RESULTS: from fresh
specimens, our data underline the diversity of shell proteins and of molecular functions; they shed light on some peculiar macroevolutionary mechanisms that may have affected skeletal matrix components: some shell proteins (such as many containing RLCDs,
i.e., Repetitive Low-Complexity Domains) seem to be lineage-specific, while others are identified in very distant taxa, suggesting
either an ancient recruitment of the corresponding function or independent co-options for calcification. From archaeological
samples (worked shell beads, from prehistoric sites dated to 5200-4800 cal BC) of unknown taxa, key protein markers were
obtained, allowing tracking unambiguously their biological origin (freshwater mussels). Finally, from Quaternary Polynesian fossil
shells (giant clams), numerous proteins with high theoretical pIs were detected, suggesting unexpectedly that these basic proteins
are diagenetically stable. CONCLUSIONS: These few examples illustrate the power of high-throughput screening approaches, which,
in spite of potential technical bias (including database insufficiency), allow the characterisation of the protein content of complex
mixtures, such as those of shell calcifying matrices. These generated sequence data can be used to deepen further our knowledge
in evolution, environmental sciences, aquaculture, as well as in paleoproteomics, an emerging discipline at the interface between
archaeology and earth sciences.

4.9 - Influence of organic matter on Guinea fowl eggshell mineralization, structural organization and
mechanical properties
Alejandro B. Rodríguez-Navarro*1, Nazaret Dominguez-Gasca1, Dimitra Athanasiadou2, Nathalie Le Roy3, Alicia GonzálezSegura1, Maxwell T. Hincke4, Marc D. McKee2, Yves Nys3, Joel Gautron3. 1Depto. de Mineralogia y Petrologia, Universidad de
Granada, Granada, Spain. 2Faculty of Dentistry, McGill University, Montreal, QC, Canada. 3INRA, Université de Tours, Nouzilly,
France. 4Department of Cellular and Molecular Medicine, University of Ottawa, Ottawa, ON, Canada.
INTRODUCTION: Guinea fowls lay eggs that have a particular ultrastructure and microstructure arrangement that is notably different
from other birds. It is basically a two-layer structure with each layer having a different microstructure. The inner part, comprising
about one third of the total eggshell thickness, is constituted of columnar calcite crystal units arranged vertically like in other birds.
The outer part, comprising two thirds of the eggshell thickness, has a more complex microstructural arrangement formed by smaller
calcite microcrystals with an internal nanogranularity and diffuse/interlocking boundaries that resembles mollusk shell nacre and
make this eggshell exceptionally strong. METHODS: We used complementary analytical techniques (i.e., X-ray diffraction, infrared
spectroscopy, HRSEM-EBSD, FIB-HRTEM, nanoindentation) to better understand the mechanisms controlling the formation,
structural organization and mechanical properties of this biomaterial. RESULTS: This work shows that main changes in the structure
and microstructure arrangement of Guinea fowl eggshells are associated to changes in the amount and composition of the
intracrystalline organic matter. Our results indicate that organic matrix regulates calcite crystal growth during eggshell
mineralization and triggers the main shifts observed in its structure. Particularly, the incorporation of organic material into the
mineral during eggshell formation produces an accumulation of defects, causing important changes in their crystal growth
mechanisms (interruption of epitaxial growth, reduction of crystallite size, increasing mosaicity and misorientations) which
ultimately results in the observed microstructural changes across the eggshell thickness. CONCLUSIONS:This study provides new
insights into the role that organic matrix components have on the formation and modulation of properties i biominerals and
particularly on eggshell mineralization. Knowledge acquired can be applied in selection strategies aimed to improve eggshell quality
and food safety of table eggs.

5.1 - Disparate manifestations of hereditary rachitic disorders in dentoalveolar mineralized tissues
Brian L. Foster*1, Michael B. Chavez1, Michelle H. Tan1, Tamara N. Kolli1, Anh Tran1, Kaitrin Kramer2, Vivek Thumbigere-Math3,
Emily Y. Chu4, Carlos R. Ferreira5, Hai Zhang6, Larry J. Suva7, Dana Gaddy8, Sasigarn A. Bowden9, Jose L. Millán10, Michael P.
Whyte11,12, Martha J. Somerman4. 1Div. of Biosciences, College of Dentistry, The Ohio State Univ., Columbus, OH, USA. 2Div. of
Orthodontics, College of Dentistry, The Ohio State Univ., Columbus, OH, USA. 3Div. of Periodontics, School of Dentistry, Univ. of Maryland,
Baltimore, MD, USA. 4National Institute of Arthritis and Musculoskeletal and Skin Diseases (NIAMS, NIH), Bethesda, MD, USA. 5National
Human Genome Research Institute (NHGRI, NIH), Bethesda, MD, USA. 6Dept of Restorative Dentistry, Univ. of Washington, Seattle, WA,
USA. 7Dept of Veterinary Physiology and Pharmacology, College of Veterinary Medicine and Biomedical Sciences, Texas A&M Univ.,
College Station, TX, USA, 8Dept of Veterinary Integrative Biosciences College of Veterinary Medicine and Biomedical Sciences Texas A&M
Univ. College Station TX, USA. 9Div. of Endocrinology, Dept of Pediatrics, Nationwide Children's Hospital/The Ohio State Univ. College of
Medicine, Columbus, OH, USA. 10Sanford Burnham Prebys Medical Discovery Institute, La Jolla, CA, USA. 11Center for Metabolic Bone
Disease and Molecular Research, Shriners Hospitals for Children-St. Louis, St. Louis, MO, USA. 12Div. of Bone and Mineral Diseases, Dept
of Internal Medicine, Washington Univ. School of Medicine at Barnes-Jewish Hospital, St. Louis, MO, USA.
INTRODUCTION: Teeth are comprised of unique hard tissues, including enamel, dentin, and cementum, and supported by alveolar bone.
Dental tissues are susceptible to developmental defects similar to bone, including hereditary forms of rickets. X-linked hypophosphatemia
(XLH), caused by PHEX mutations, leads to increased fibroblast growth factor 23 (FGF23)-driven hypophosphatemia and local matrix
disturbances. Hypophosphatasia (HPP), caused by ALPL mutations, results in increased extracellular levels of the mineralization inhibitor,
inorganic pyrophosphate. Generalized arterial calcification in infancy (GACI), caused by ENPP1 mutations, results in ectopic vascular
calcification compounded later by FGF23-driven hypophosphatemic rickets. While each disorder manifests hypomineralization of bones
and teeth, their respective dentoalveolar features have not been fully described. PURPOSE: To elucidate the dentoalveolar manifestations
of different forms of hereditary rickets for insights into the mineralization of enamel, dentin, cementum, and alveolar bone. APPROACHES:
Primary teeth from children with XLH, HPP, or GACI were compared to healthy control teeth by high resolution micro-computed
tomography (micro-CT) and histology, as were dentoalveolar tissues from Hyp mice (XLH), Alpl knockout (Alpl-/-) mice (HPP), and Enpp1
mutant mice (GACI) to wild-type (WT) controls. RESULTS: In human teeth, XLH had the most dramatic and wide-ranging impact on dental
mineralization, severely reducing enamel, dentin, and cementum mineral density. Outer mantle dentin, central circumpulpal dentin, and
most recently formed proximal pulpal dentin layers, all featured reduced density. Correspondingly, the Hyp mouse model of XLH confirmed
reduced dentin volume, thickness, and density vs. WT, and featured pervasive interglobular dentin, wide predentin, thin cementum, and
expanded bone osteoid. HPP did not have a consistent effect on bulk enamel or dentin densities in human teeth. However, across all
clinical forms of HPP studied, mantle dentin density was decreased, and cementum was reduced or undetectable. Alpl-/- mice showed
dentin and cementum defects, as well as alveolar bone osteoid and periodontal breakdown. The most dramatic impact of GACI on human
dental tissues was several-fold expanded cementum volume and thickness. Enamel and dentin properties remained unchanged under the
hypermineralizing influence of reduced pyrophosphate and the hypomineralizing influence of FGF23-driven hypophosphatemia. Enpp1
mutant mice also exhibited massively increased cementum and unchanged enamel, dentin, and alveolar bone. CONCLUSIONS: The three
heritable rachitic disorders herein caused distinct dental mineralization phenotypes likely reflecting different functions for the defective
enzymes and associated mechanisms of mineralization for each tissue. These translational studies provide insights into unique
mineralization processes and associated pathological mechanisms.

5.2 - Human matrix metalloproteinase 20 (MMP20) disease-causing mutations and their phenotypes in
enamel and dentin
Shih-Kai Wang*1, Hong Zhang2, Yuanyuan Hu2, Figen Seymen3, Mine Koruyucu3, Yelda Kasimoglu3, John D. Bartlett4, Jung-Wook Kim5,6,
James P. Simmer2, Jan C-C Hu2. 1Dept of Dentistry, National Taiwan Univ. School of Dentistry, Taipei City, Taiwan. 2Univ. of Michigan School of
Dentistry, Ann Arbor, MI, USA. 3Dept of Pedodontics, Faculty of Dentistry, Istanbul Univ., Istanbul, Turkey. 4Div. of Biosciences, The Ohio State
Univ., College of Dentistry, Columbus, OH, USA. 5Dept of Pediatric Dentistry & Dental Research Institute, School of Dentistry; Seoul National
Univ., Seoul, Korea. 6Dept of Molecular Genetics & Dental Research Institute, School of Dentistry, Seoul National Univ., Seoul, Republic of Korea.

INTRODUCTION: Matrix Metalloproteinase 20 (MMP20) is an evolutionarily conserved protease that is essential for the extracellular
processing of enamel matrix proteins. MMP20 mutations cause human autosomal recessive pigmented hypomaturation-type
amelogenesis imperfecta (AI2A2; OMIM #612529), although thin (hypoplastic) enamel is observed in some patients. Mmp20 null
mice exhibit hypoplastic enamel containing uncleaved enamel matrix proteins. MMP20 is expressed in both odontoblasts and
ameloblasts, although its function during dentinogenesis is unclear. We identified 10 new kindreds with AI caused by MMP20
defects, including 6 novel disease-causing mutations, and obtained two mandibular third molars from one of the probands.
PURPOSE: To report disease-causing MMP20 mutations and to characterize the human molars from the MMP20 mutant patient.
METHODS: We identified MMP20 mutations in the probands of 10 AI families by whole exome sequence analyses and confirmed
co-segregation of enamel malformations with the presence of biallelic MMP20 defects using Sanger Sequencing. Two MMP20
mutant molars were cut in cross section, embedded in Epon, and characterized by nanohardness testing and by backscattered
Scanning Electron Microscopy (bSEM). RESULTS: We identified 6 novel MMP20 disease-causing mutations and 5 others that were
previously reported. Four mutations were associated with exons that encode the MMP20 hemopexin-like (PEX) domain, suggesting
an important non-catalytic, or regulatory function of this protease during amelogenesis. Nanohardness testing on human MMP20
mutant permanent third molars from a proband determined that the hardness of mutant enamel was about 48-61% of control,
except for the softest point midway between the dentinoenamel junction (DEJ) and the enamel surface, which was only 13% as
hard as normal. Backscattered SEM revealed a significant reduction in mineral density in mutant enamel, particularly in the inner
and middle enamel around the sides of the enamel rods, which allowed the rods to be distinguished individually. The mutant dentin
immediately below the DEJ showed an average hardness number 62-69% of control, indicating a hardness defect in the superficial
dentin. Dentin further away from the DEJ showed normal hardness. CONCLUSION: These results provide the first evidence of dentin
defects resulting from biallelic MMP20 mutations, which indicates a critical role for MMP20 not only during amelogenesis, but also
during dentinogenesis. This study was supported by S-KW grant; NIDCR grant DE027675 and DE015846.

5.3 - Genetic ablation of osteopontin in osteomalacic Hyp mice partially rescues the deficient
mineralization without correcting hypophosphatemia
Betty Hoac*1, Tchilalo Boukpessi1,2,3, Daniel J. Buss7, Nina K. Wittig4, Maja Ostergaard4, Henrik Birkedal4, Catherine Chaussain2,3, Monzur
Murshed1,5,6, Marc D. McKee1,7. 1Faculty of Dentistry, McGill University, Montreal, QC, Canada. 2EA 2496, Lab. Orofacial Pathologies,
Imaging and Biotherapies, School of Dentistry Univ. Paris Descartes Sorbonne Paris Cité, Paris, France. 3AP-HP Dept of Odontology, Charles Foix
and Bretonneau Hospitals, and Reference Center for Rare Diseases of Calcium and Phosphorus Metabolism, Paris, France. 4Dept of Chemistry
and iNANO, Aarhus University, Aarhus, Denmark. 5Dept of Medicine, Faculty of Medicine, McGill University, Montreal, QC, Canada. 6Shriners
Hospital for Children-Canada, Montreal, QC, Canada. 7Dept of Anatomy and Cell Biology, McGill University, Montreal, QC, Canada.

INTRODUCTION: Hereditary mutations in the PHEX gene (phosphate-regulating gene with homologies to endopeptidases on the X
chromosome) cause the osteomalacic disease X-linked hypophosphatemia (XLH). PHEX is predominately expressed by osteocytes,
osteoblasts and odontoblasts, and its inactivating mutations lead to renal phosphate wasting, severe hypomineralization of bones and
teeth, hypomineralized peri-osteocytic lesions (so-called “halos”) that persist despite stable correction of serum phosphate (Pi), and the
accumulation of mineralization-inhibiting peptides and proteins, including osteopontin (OPN). We have previously identified full-length
OPN to be a physiologically relevant substrate for the enzyme PHEX, and found increased OPN and OPN fragments in protein extracts of
bone from Hyp mice (mouse model for XLH) and from human XLH dentin, and we localized OPN to the pericellular hypomineralized region
around osteocytes in XLH patients. These findings suggest that the accumulation of OPN (and its fragments) may contribute to the
mineralization defects observed in XLH/Hyp bone. PURPOSE: To investigate how OPN functions in Hyp mice. METHODS: Double-null mice
for both Phex and Opn (Hyp;Opn-/- mice) were generated, and tibiae were examined by micro-CT and synchrotron radiation micro-CT.
Histomorphometry was performed on undecalcified sections of vertebrae, and immunohistochemistry for OPN was performed on
decalcified sections of femur. Gene expression for Enpp1, Alpl, and Ankh was analyzed from RNA extracted from calvariae, and serum
biochemical measurements were taken. RESULTS: Hyp;Opn-/- mice had significantly reduced osteoid area/bone area (OV/BV) of
trabecular bone in lumbar vertebrae as compared to Hyp mice; however, osteocyte lacunar volumes remained abnormally enlarged. Gene
expression analysis of pyrophosphate (PPi)-regulating genes showed elevated Enpp1 in Hyp;Opn-/- mice as compared to Hyp mice,
indicating a role for inhibitory PPi in the absence of OPN. Double-null mice remained as hypophosphatemic as Hyp controls. Hyp;Opn-/mice fed a high-Pi diet had normalized OV/BV and osteoid thickness, but remained slightly hypophosphatemic. Hyp mice fed a high-Pi diet
had improved mineralization and normalized serum Pi, as expected; however, osteocyte lacunar volumes remained abnormally enlarged.
OPN accumulation in the pericellular lacunar matrix was significantly elevated in Hyp mice fed a high-Pi diet as compared to Hyp mice fed
a control diet. CONCLUSIONS: This study shows that OPN contributes to osteomalacia in Hyp mice, and that the genetic ablation of OPN
in Hyp mice improves the mineralization phenotype independent of systemic Pi-regulating factors. The ablation of OPN may also increase
mineralization-inhibiting PPi in bone. Furthermore, “halos” that persist in Hyp mice despite stable correction of serum Pi may be
attributable to the well-known upregulation of OPN by Pi, and its subsequent accumulation in the pericellular lacunar matrix.

5.4 - OPG-Fc treatment partially rescues low bone mass phenotype of Bgn/Fmod deficient mice
Vardit Kram1, Tina M. Kilts1, Marian F. Young*1. 1Molecular Biology of Bones and Teeth Section, National Institute for
Craniofacial and Dental Research, National Institutes of Health, Bethesda, MD, USA.
INTRODUCTION: Loeys–Dietz syndrome (LDS) is a genetic connective tissue disorder affecting multiple organs and tissues. Some of
the symptoms include aortic aneurysms and dissections, hypertelorism, cleft palate as well as cutaneous and skeletal
manifestations. Recently, Loss-of-function mutations in the X-linked gene biglycan have been found in 5 families afflicted by this
syndrome. Biglycan, a small leucine rich proteoglycan (SLRP), is an extra-cellular matrix (ECM) proteoglycan widely expressed by
bone- forming cells (bone marrow stromal cells, osteoblasts and osteocytes). Because mice lacking only Bgn show a slightly reduced
bone mass, we have used a mouse model deficient of two SLRP family members, Bgn and Fibromodulin (Fmod). Bgn/Fmod double
knock-out (DKO) mice exhibit a markedly low bone mass (LBM) phenotype starting as early as 1 month and getting worse with age.
These mice have a 3-fold increase in osteoclastogenesis compared with WT controls. Since osteoclasts do not express Bgn or Fmod,
we hypothesized that SLRPs regulate the availability and/or activity of osteoclast differentiation factors such as RANKL and OPG.
Obstruction of osteoclast differentiation, recruitment, activity and life span [as in the case of bisphosphonate treatment], leads to
increases in BMD, bone parameters [e.g., trabecular number and thickness] and better geometrical properties of bone. PURPOSE:
To try and rescue/repair the LBM phenotype of Bgn/Fmod DKO mice by suppressing osteoclast formation and activity. METHODS:
26-week-old Bgn/Fmod DKO mice and age/gender matched WT controls were injected with 10mg/kg OPG-fc for 6 weeks. At the
endpoint, prior to euthanization serum was collected from all animals. DEXA analysis as well as microtomographic analysis (µCT) of
bone parameters were performed. RESULTS: OPG-Fc treatment improved morphometric and geometric parameters in both the
trabecular and cortical compartments of the long bone in Bgn/Fmod DKO female and male mice. The effect of the treatment in the
Bgn/Fmod DKO mice was not to the same extent as the WT controls. In some parameters, treated Bgn/Fmod DKO mice did not
catch up with untreated WT mice. In addition, our results indicate that the treatment not only effected osteoclast formation and
activity, but completely halted the formation of new bone. Solid phase binding assays did not prove direct binding between Bgn or
Fmod and OPG. CONCLUSIONS: SLRPs expressed and secreted by bone-forming cells interact with molecules in the ECM niche to
control OPG attenuation of osteoclast development. Using OPG-Fc as treatment alleviated, yet did not restore, the severe
osteopenia that Bgn/Fmod DKO mice suffer from.

5.5 - Exploring the role of BRIL in the pathogenesis of atypical type VI osteogenesis imperfecta
Samantha Robinson*1,2 Frank Rauch1, Pierre Moffatt1,2. 1Shriners Hospitals for Children-Canada. 2Department of Human
Genetics, McGill University, Montreal, QC, Canada.
INTRODUCTION: Osteogenesis imperfecta (OI) is a rare disorder that causes skeletal fragility, reduced height, and fractures. Atypical
type VI OI (aVI-OI) is autosomal dominant and caused by a heterozygous mutation in the BRIL gene (also called IFITM5), introducing
a single amino acid change at position 40 (S40L). This results in the hS40L protein being trapped in the ER-Golgi network rather than
travelling to the plasma membrane. aVI-OI is clinically extremely severe with bowed and hypo mineralized bones. PURPOSE: To
characterize a mouse model for aVI-OI and study the role of hS40L-BRIL in the pathogenesis of the disease. APPROACHES: We
generated a transgenic conditional mouse expressing the human (h)S40L-BRIL protein under the tTA response element (TRE).
Founders were bred with the tTA-Osx-GFP-Cre mice and expression induced by putting mice on regular diet (‘on’) or repressed
(‘off’) by administration of doxycycline. RESULTS: When hS40L-BRIL was expressed from conception, the skeletal phenotype was
extremely severe, causing neonatal lethality. As assessed by alizarin red/alcian blue staining and CT, long bones were shorter,
hypomineralized, and bowed. RT-qPCR indicated significant reduction in the expression of bone specific markers (Bglap, Ibsp,
Col1a1) in E18.5 calvaria. hS40L-BRIL protein levels were attenuated in mutant embryonic calvaria, suggesting feedforward
deleterious effects. When hS40L-BRIL was induced postnatally from 8 to 12 weeks of age, mouse body length and weight was
reduced. Strikingly, the mutant mice femur, tibia, vertebrae, and mandible appeared bulky and white. CT imaging revealed massive
expansion of the periosteal and trabecular compartment which was partially reversible when mice were put back on doxycycline
for an additional 6 weeks. Immunohistochemistry using an anti-hBRIL antibody detected hS40L-BRIL trapped within the ER-Golgi
primarily in osteoblasts and some osteocytes. RNA sequencing of tibia and calvaria showed increased expression levels of osteoblast
differentiation/activity markers (Dmp1, Sp7, Alpl, Dlx3, Bmp2, Tnfsf11b). Several of the WNT pathway inhibitors were upregulated
(Notum, Apcdd1, Wif1), while the osteocytic Sost gene and SCLEROSTIN protein were downregulated (5-fold). These results suggest
a dysregulated late stage osteoblast differentiation and altered regulation of WNT signalling. Also, the observed increased Ptgs2
and Creb3l1 expression may point to inflammatory and ER-stress responses in the mutant bones. Serum biochemistry showed an
increase in ALPL activity, indicative of increased osteoblast differentiation. Bioindentation of mutant tibias showed an increased
first cycle and total indentation distance, suggesting compromised structural integrity of the outer periosteum and possibly poor
mineralization. CONCLUSIONS: Ongoing studies will provide further clues as to the histological features and molecular mechanisms
at play and perhaps serve as a platform for more directed therapies.

5.6 - Loeys-Deitz Syndrome: Craniofacial complex involvement in mice and men
Priyam Jani*1, Olivier Duverger1, Rashmi Mishra1, Nina Monkash1, Denise K Liberton1, Natasha Curry1, Pamela Guerrerio2,
Janice S. Lee1. 1Craniofacial Anomalies and Regeneration Section, National Institute of Dental and Craniofacial Research, 2Food
Allergy Research Unit, National Institute of Allergy and Infectious Diseases, National Institutes of Health, Bethesda, MD, USA.
INTRODUCTION: Loeys-Dietz syndrome (LDS) is an autosomal dominant connective tissue disorder with mutations in TGF-Beta
signaling pathway including: TGFBR1, TGFBR2, SMAD3, TGFB2 and TGFB3. The most common features reported include
hypertelorism, abnormal uvula (broad or bifid), and widespread aortic and arterial aneurysm and tortuosity. PURPOSE: The
connective tissue structures of the craniofacial skeletal and oro-dental region are poorly characterized. Our aim is to study the
changes of the craniofacial complex in LDS individuals and mouse models mimicking LDS Type 1 and 2. METHODS: Total 39 patients
with diagnoses from five different LDS subtypes were seen in NIDCR Dental Clinic for craniofacial and dental examination. A detailed
exam by craniofacial and dental experts was followed by 2d/3d photos and cephalometric assessments via cone-beam CT. The
human phenotype, specifically the most common forms Type 1 and 2, was compared to the LDS types Type 1 and 2 mouse models
generated by targeting 2 missense mutations, to their respective endogenous locus in either the Tgfbr1 (M318R) or Tgfbr2 (G357W)
gene. We characterized the craniofacial complex and dental phenotype of mice recapitulating LDS using X-ray radiography,
histology, micro computed tomography and scanning electron microscopy. RESULTS: LDS probands Type 2 had consistently more
severe craniofacial and oral manifestations compared to Type 1, including facial asymmetry, craniosynostosis, hypertelorism, blue
sclerae, exophthalmos, deviated nasal septum, bifid uvula, retrognathia, enamel defects, tooth sensitivity, delayed tooth eruption
and malocclusion. LDS mutant mice similarly showed a more severe phenotype with demonstrated deviated snout, micro-fusions
in cranial vault sutures and increased bone density of the skull bones. In contrast, there was a decrease in volume and density of
dentin in Type 2 mutant mice compared to Type 1 and wild-type mice, and a significant decrease in the alveolar bone surrounding
the teeth in both Type 1 and Type 2 mutant mice that progressively worsened with age. CONCLUSION: These data indicate for the
first time that craniofacial structures of multiple embryonic origins are affected in Loeys-Dietz syndrome and show that the Type 2
mutation has a more severe phenotype than other LDS subtypes in both mice and men. TGF-Beta mutations appear to have variable
impact on mineral density specific to embryonic origin of the craniofacial hard tissues.

5.7 - Prevention of ectopic calcification by MGP: The role of its conserved residues
Abhinav Parashar*1, Jane Hendrickson-Rebizant1, Omar Al Rifai2, Juliana Marulanda1, Geneviève Chiasson1, Mathieu Ferron2,
Monzur Murshed1,3,4. 1Faculty of Dentistry, McGill University, Montréal, QC, Canada. 2Institut de recherche clinique de
Montréal, Montréal, QC, Canada. 3Department of Medicine, McGill University, Montréal, QC, Canada; 4Shriners Hospital for
Children-Canada, McGill University, Montréal, QC, Canada.
INTRODUCTION: Mutations in human matrix Gla protein gene (MGP) lead to Keutel syndrome (KS), a rare genetic disorder
hallmarked by ectopic calcification of cartilage and vascular tissues, midface hypoplasia and skeletal abnormalities. Although MGP
is a potent inhibitor of ectopic calcification, its mode of action is poorly understood. It has been suggested that two sets of conserved
residues undergoing post-translational modifications are essential for MGP’s function. These are i) 4 glutamic acid residues which
are gamma-carboxylated (Gla) by the enzyme gamma-glutamyl carboxylase (GGCX); and ii) 3 serine residues which are
phosphorylated (pSer) by an unknown kinase. Until now, the requirement of these residues in MGP’s function in vascular and
cartilaginous tissues has not been investigated in vivo. PURPOSE: To investigate the role of the conserved glutamic acid and serine
residues in MGP’s function in blood vessels and cartilaginous tissues. METHODS: MGP-deficient (Mgp-/-) mice recapitulate the
phenotypic features of KS. Considering this, we decided to use murine models for our study. Using a combination of gene
modification techniques, we mutated Mgp or Ggcx in vascular and cartilaginous tissues. Ectopic calcification phenotypes of these
mice have been analyzed by micro-CT-, histology- and molecular biology-based techniques. RESULTS: First, we generated a
transgenic line (SM22-GlamutMgp) expressing a mutant form of MGP, in which the four conserved glutamic acid residues were
mutated to alanine. The transgene was introduced to Mgp-/- mice to generate a compound mutant, which did not produce the
native MGP, but the mutated MGP only in the vascular smooth muscle cells (VSMCs). Surprisingly, blood vessels in these mice were
not calcified. These data were further supported by another model lacking GGCX specifically in the VSMCs, as vascular calcification
was also absent in this model. Interestingly, when we ablated Ggcx specifically in chondrocytes, only cartilaginous growth plates
were calcified; there was no calcification of the nasal septum cartilage, a hallmark feature of KS patients and Mgp-/- mice. We next
used a CRISPR-Cas9-based approach to mutate the codons for the conserved serine residues to that for alanine in vivo. These newly
generated mice recapitulated both vascular and cartilage calcification traits of Mgp-/- mice, although with a lesser severity.
CONCLUSIONS: For the first time, using a genetic approach, we show here that MGP’s Gla and pSer residues are critical for its antimineralization functions in cartilage and blood vessels. However, the functional roles of these residues may vary in these tissues ̶
Gla residues are required for MGP’s functions in the growth plates only, while its pSer residues are required to prevent calcification
at all vascular and cartilaginous sites. Our data raises the possibility that the Gla and pSer residues may work in a cooperative
manner to confer MGP’s anti-mineralization function.

5.8 - Examining bone composition and nanoscale mineral properties in a mouse model of multiple myeloma
Maximilian Rummler*1, Fani Ziouti2, Elizabeth Zimmermann1, Franziska Jundt2, Eve Donnelly3,4, Wolfgang Wagermaier5, Bettina Willie1.
1Research Centre, Shriners Hosp. for Children-Canada, Dept Pediatric Surgery, McGill Univ., Montreal, Canada. 2Dept Internal Medicine II,
Hematology & Oncology, Univ. Hospital Würzburg, Würzburg, Germany. 3Mineralized Tissues Lab., Hosp. for Special Surgery, NY, NY, USA. 4Dept
Materials Science & Engineering, Cornell Univ., Ithaca, NY, USA. 5Dept Biomaterials, Max Planck Inst. Colloids & Interfaces, Potsdam, Germany.

INTRODUCTION: Multiple myeloma (MM) is an incurable plasma cell derived neoplasia leading to pathological over-activation of
osteoclasts. This leads to bone lesions, bone pain, non-healing fractures and hypercalcemia. Although MM leads to reduced bone mass,
little is known on whether MM alters bone quality. The aim of the present study was to investigate if the bone composition and mineral
particle size and orientation is affected by the tumor or treatment with mechanical loading. We hypothesized that inducing MM would
alter mineral and matrix properties. METHODS: Ten-week-old female Balb/c mice were injected with murine MOPC315.BM cells (mimics
human MM), PBS (left limb injected, right limb noninjected) or were noninjected. At 14 days post injection, mice underwent in vivo loading
of the left tibia. Loading was applied 5 days/week for 20 days (Mon-Fri). MM- and PBS-injected mice were randomized into loaded (left
limb loaded, right limb nonloaded) or nonloaded groups (left limb nonloaded, right limb nonloaded). At day 20, mice were sacrificed, and
tibiae collected, embedded and sectioned in the sagittal plane of the metaphysis (n = 5). Parameters including mineral-to-matrix ratio,
carbonate-to-phosphate ratio, crystallinity intensity ratio, collagen crosslink ratio and acid phosphate content across the region of interest
were assessed using FTIRI. Indentation modulus in the ROI was assessed using nanoindentation. Mineral particle orientation and thickness
were assessed using SAXS. A two-way ANOVA and independent t-tests were performed to determine effects of injection
(injected/noninjected) and loading (loaded/nonloaded) (p ≤ 0.05). RESULTS: Metaphyseal bone in the tumor-injected group had a greater
mineral-to-matrix ratio (+14.7%), a lower acid phosphate content (-10.0%), and a narrower distribution of acid phosphate (-36.2%) than in
the noninjected group. PBS injection led to an increased mineral-to-matrix ratio (+25.0%) and a narrower distribution of collagen crosslink
ratio (-29.2%) and acid phosphate (-34.2%). Loading led to a decreased and narrower distribution of acid phosphate content in PBS injected
mice. Results for nanoindentation and SAXS are currently being evaluated. DISCUSSION: The tumor injection changed the mineral
component of the local bone matrix. Specifically, the greater tissue mineral content, the lower content of acid phosphate substitution in
the mineral particles, as well as a narrower distribution of those is consistent with greater tissue age (time since formation), as expected
in a tumor model with high bone resorption. Loading did not alter bone composition except in PBS-injected mice. These data suggest, that
tissue formed during loading in the young, growing skeleton of these mice has no altered mineral or matrix properties compared to bone
formed during physiological loading. SIGNIFICANCE: The study provides a first insight into how multiple myeloma influences the bone
composition, which may inform future therapies.

6.1 - Intrafibrillar mineralization of vascularized and innervated stem cell-laden collagen hydrogels for
rapid fabrication of humanized bone models
Greeshma Thrivikraman1, Avathamsa Athirasala2, Ryan Gordon3, Limin Zhang3, Raymond Bergan3, Douglas R. Keene4, James M. Jones5,
Hua Xie5, Zhiqiang Chen6, Jinhui Tao7, Brian Wingender8, Laurie Gower8, Jack L. Ferracane1, Luiz E. Bertassoni*1,2,5,9. 1Div. of Biomaterials
and Biomechanics, Dept of Restorative Dentistry, School of Dentistry, Oregon Health and Science University, Portland, OR, USA. 2Dept of
Biomedical Engineering, School of Medicine, Oregon Health and Science University, Portland, OR. 3Div. of Hematology/Oncology, Knight Cancer
Institute, Oregon Health & Science University, Portland, OR, USA. 4Shriners Hospital for Children, Portland, OR, USA. 5Center for Regenerative
Medicine, Oregon Health and Science University, Portland, OR, USA. 6 Center for Electron Microscopy and Nanofabrication, Portland State
University, OR, USA. 7 Pacific Northwest National Laboratory, WA, USA. 8Dept of Materials Science and Engineering, Univ. of Florida, Gainesville,
FL, USA. 9Cancer Early Detection Advanced Research (CEDAR), Knight Cancer Institute, Oregon Health & Science University, Portland, OR, USA.

INTRODUCTION: Bone tissue, by definition, consists of an organic-inorganic nanocomposite where metabolically active cells are embedded
within a matrix material that is heavily calcified on the nanoscale. Currently, there are no strategies that replicate such a definitive
characteristic of bone tissue. That is, there are no methods that enable cells to be embedded within a matrix material that is controllably
calcified on the nanoscale, like human bone. PURPOSE: Here we describe a biomimetic approache to guide the deposition of nanoscale
apatite in the intra- and extrafibrillar spaces of collagen embedded with osteoprogenitor, vascular and neural cells. This enables the rapid
fabrication of humanized vascularized and innervated bone models replicating the nanostructural hallmarks of the native tissue.
METHODS: Human mesenchymal stem cells (hMSCs), endothelial and neuroblastoma cells were encapsulated in collagen hydrogels, and
the cell-laden gels were subjected to a polymer/protein-controlled intra-fibrillar mineralization process. We characterized the nanoscale
structure and composition of the cell-laden constructs via SEM, TEM, EDX and FTIR. Cell were also characterized for viability, metabolic
activity, proliferation and for presence reactive oxygen species. Next, hMSCs-laden constructs were cultured within the mineralized matrix
without osteoinductive supplements,and analyzed for nano- and microscale cell-morphology, gene expression, protein profiling, cellsurface markers, production of intracellular calcium and matrix remodeling. Selected constructs were then implanted subcutaneously in
mice, either with or without prostate cancer cells to investigate cancer cell homing. RESULTS: Tissue constructs analyzed for nanostructural
and mineral composition matched virtually all of the hallmarks of human bone that were analyzed. The induced nanoscale mineralization
process did not impair any cell function, despite the cells being “cemented” within a dense bed of minerals in as little as 3 days. hMSCs
cultured within the nanoscale-mineralized hydrogels had either equal or higher osteogenic differentiation than cells cultured in
osteoinductive medium, and expressed markers consistent with pre-osteocytes. hMSCs co-cultured with either endothelial cells or
neurablastoma cell lines showed the formation of integrated pericyte-supported vascular capillaries, and neuronal networks throughout
the constructs with the expected biological function despite the induced substantial mineral formation in the extracellular
microenvironment. Samples implanted subcutaneously in mice showed integration with the host-vessels, and mineralized constructs coimplanted with prostate cancer cells showed over a 2-fold increase in tumor attraction compared to positive controls. CONCLUSION:
Ultimately this approach allows for rapid fabrication of bone-like tissue constructs with built-in vasculature and innervation, and highlevels of nanostructural biomimicry.

6.2 - Developing synthetic DNA nanostructures as models for investigating biomineralization
Francesca Kim*1, Tong Chen1, Georgio Rizis1, Karina M. M. Carneiro1. 1Faculty of Dentistry, University of Toronto, Toronto, ON,
Canada.
INTRODUCTION: The field of DNA nanotechnology uses synthetic DNA strands as building blocks for designed complex shapes in
one-, two- and three-dimensions. These nanostructures have been used as scaffolds to precisely organize proteins, polymers,
nanoparticles and antibodies. Here we investigate whether DNA nanostructures are feasible platforms for the precise organization
of polyaspartic acid (PAsp), a known mineral carrier, with a goal towards biomimetic mineralization for enamel regeneration.
PURPOSE: The aims of this project were: 1) to covalently attach PAsp to DNA strands, 2) to incorporate DNA-PAsp conjugates to
DNA nanostructures and 3) to test their potential use in guided mineralization. Our hypothesis is that DNA nanostructures
functionalized with PAsp will confer a higher level of control over the shape of mineral formation. METHODS: PAsp was covalently
attached to DNA via thiol-ene click chemistry. PAsp-DNA conjugates were incorporated into self-assembled DNA nanostructures in
Tris buffer containing calcium ions through a thermal anneal cycle (90-4oC). Self-assembled nanostructures were characterized
using atomic force microscopy (AFM). Mineralization experiments were performed by adding phosphate ions to PAsp-DNA solutions
containing calcium ions. Minerals were characterized by AFM, optical and transmission electron microscopy. RESULTS: The
conjugation between DNA and PAsp was optimized to a yield of 95%. These conjugates were organized along DNA nanostructures
through DNA sequence complementarity. However, the success of incorporation of PAsp-DNA conjugates varied with different DNA
assemblies. A previously published DNA nanotube (1sNT) was unable to form nanotubes when conjugate concentrations were ≥
50%. A system developed in our lab containing three DNA strands that self-assembled into fibers (3sDH) was successfully used to
organize PAsp assemblieS in 1D. PAsp groups were organized on DNA nanostructures with a distance of 28.7±4.0 nm (N=28,
theoretical distance = 28.6 nm). Preferential mineral growth was observed along DNA-PASp 1D assemblies when phosphate ions
were added to the solution, as characterized by AFM and TEM. CONCLUSION: DNA nanostructures can be functionalized with
mineral inducing groups such as PAsp, and act as a platform to investigate guided mineralization. Current efforts for the
development of more complex DNA scaffolds are directed towards the development of a synthetic model for the investigation of
the process of biomineralization.

6.3 - In-situ hydrostatic compression and diffraction reveal increased stiffness of ashed dentine apatite
mineral
Jean-Baptiste Forien1, Christina Krywka2, Paul Zaslansky*3. 1Materials Science Division, Lawrence Livermore National
Laboratory, Livermore, CA, USA. 2Helmholtz-Zentrum Geesthacht, Geesthacht, Germany. 3Department for Operative and
Preventive Dentistry, Charité - Universitätsmedizin Berlin, Germany.
INTRODUCTION: Carbonated hydroxyapatite (cHAp) mineral, known as dahllite, is typically found in bone and is one of the main
constituents of dentine, the bulk-forming bio-composite material in teeth. Nanoparticles of cHAP reside in and stiffen the network
of dental collagen fibrils and are widely assumed to have elastic properties identical to those of geological apatite. However, our
previous findings suggested ~20% lower moduli, spanning 90~100 GPa for E11 and E33, for the a- and c-axes of the hexagonal
lattice. PURPOSE: to compare the compressibility (bulk modulus and a/c crystal axes deformation ratios) of pristine, annealed and
ashed dentin samples, to determine if they change following thermal annealing and destruction of the organic components.
METHOD: Diffraction patterns of pristine, annealed (250 deg for 1hr) and ashed (550 deg for 10 hours) samples of pig root-dentine
(n=16, n=16 and n=3 respectively) were measured on p07 of DESY, Hamburg. Deformation of the cHAP crystals along the a- and caxes were determined from the 002 and 310 reflections. Experimentally determined strains were compared with strains obtained
from a pool all possible combinations of the elastic constants c11, c12, c13, c33, used to derive a range of bulk modulus (K) and a/c
deformation ratios (eta). RESULTS: Computed results within 10% and 1% of experimentally determined values were used to
calculate E11, E33 and the two corresponding Poisson’s ratios (Vbasal, Vprism). On average, we observed a small 4.3% and 1.5%
decrease in both the E11 and E33 upon partial annealing at 250 deg (1h). Ashed samples at 550 deg (10h) exhibited an increase of
9.7% and 4% in modulus for E11 and E33 respectively. For Poisson’s ratio, we found an increase of +0.8% and +12.9% from the
pristine to the annealed state for Vprism and Vbasal respectively. Ashing resulted in an increase of +5.0 % for Vprism and a decrease
of -10.2% for Vbasal. Overall all Poisson's ratios span 0.22~0.31. CONCLUSION: Following ashing, the apatite crystals of tooth
dentine become on average ~7% stiffer and Vprism and Vbasal Poisson’s ratio become more similar, approaching 0.25. The change
of properties in cHAp upon heat treatment is attributed to loss of impurities, such as carbonate.

6.4 - Bone adaptation to unusually high mechanical loads: an unexpected three-dimensional structure at
the bone-tooth interface in a mollusk eating fish (Pogonias cromis)
Emeline Raguin*1, Katya Rechav1, Vlad Brumfeld1, Ron Shahar1, Steve Weiner1. 1Department of Structural Biology, Weizmann
Institute of Science, Rehovot, Israel. 2Department of Chemical Research Support, Weizmann Institute of Science, Rehovot, Israel,
3Koret School of Veterinary Medicine, Faculty of Agriculture, Food and Environment, The Hebrew University of Jerusalem, Rehovot,
Israel.
INTRODUCTION: In many animals, bone fulfills both a load-bearing and protective function. Here we examine the structure of a
bone that is subjected to unusually high compressive loads and is neither cortical nor cancellous. This bone is located in the jaws of
a large fish that uses its tooth-jaw complex to crush hard-shelled bivalve mollusks. The teeth have a flat pebble-like shape and no
roots. They are supported by a thin ring of bone around their periphery. Thus, during mastication the huge crushing forces are
concentrated in a tiny zone just below the tooth-bone interface. PURPOSE: Our study focuses on the structure of this bone at the
location of its contact with the teeth, at different hierarchical levels and in 3D. METHODS: Reflected light microscopy as well as
back-scattered electron (BSE) microscopy are used to gain insights into the bone structure and density in two-dimensions at the
microscale. The three-dimensional structure and density were examined with micro-computed tomography (micro-CT) and the
nanoscale level has been assessed using focused ion beam with scanning electron microscopy (FIB-SEM) and the serial surface view
(SSV) method, designed to observe the collagen network of the demineralized bone matrix. RESULTS: Micro-CT and 2D sections
revealed that the bone interface is defined by a small contact surface that is relatively more mineralized than most of the jawbone
and has pores ranging approximately from 5 to 50 μm in diameter. The nanoscale level shows a most surprising organization: parallel
arrays of nanotubules and collagen fibrils with their long axes parallel to the load direction. CONCLUSIONS: 2D and 3D structural
analyses reveal an alternating bone matrix comprised of layers of collagen fibrils and nanotubules and layers of disordered matrix.
The fibrils and tubules are aligned parallel to the load direction. This bone is hypermineralized compared to other parts of the bone
in the jaw.

6.5 - Bird to the bone: trabecular structure in the wing varies across flight modes
Hila Tzipora Chase*1, Stephanie Klein1, Bret W. Tobalske1. 1Division of Biological Sciences, University of Montana, Missoula,
MT, USA.
INTRODUCTION: To understand the evolution of avian flight, it is necessary to resolve the functional morphology of the flight
stroke. Recent success in this approach on wing bones has focused solely on the cross-sectional geometry of cortical bone at the
midshaft. However, a full understanding of the functional morphology of flight (i.e. joint loading, kinematics, structural adaptation)
requires a more holistic approach. Though birds have long been admired for having “lightweight” bones with specialized
“reinforcements,” very little work has been done to investigate the substructure of the avian wing. This substructure is mainly
represented by a spongey matrix called trabecular bone, which has a turnover rate four times higher than cortical bone and has
been shown to structurally adapt to an organism’s behavior throughout its lifetime. It can thus reflect subtler and more
kinematically-specific functional signals that correlate with behavior. PURPOSE: While this approach has led to major discoveries
in mammalian biomechanics and fossil interpretation, trabecular morphology in relation to avian flight has yet to be explored.
METHODS: We used published kinematic and mechanical data from various species to model the loading regime for different flight
modes (flapping, flap-gliding and soaring). We then collected high-resolution microCT scans of the humerus across a broad,
comparative set of avian museum specimens (51 species) including four corvid species (n=5-6 individuals per species) which vary
in flight mode. Segmentation was performed on whole bones and trabecular parameters were measured for the humeral head. A
new parameter (Trabecular Extent, Tb.Ex) was developed to assess the extent of reinforcing substructure in the humerus. RESULTS:
Across corvids, increases in trabecular thickness (Tb.Th), Ellipsoid Factor (EF), and the degree of anisotropy (DA) significantly covary
with increases in gliding/soaring behavior. The same patterns were found in a preliminary analysis across the broader phylogeny
of birds, though Tb.Th was surprisingly high in Galliformes (vigorous flapping). Tb.Ex measurements and anatomical observations
across the phylogeny suggest there may be an allometric, structural trade-off between cortical and trabecular bone.
CONCLUSIONS: Overall, our results show strong functional signals in the trabecular matrix of the proximal humerus, which are
congruent with differences in joint loading between more flap-based and more glide-based flight modes. Future work will continue
to explore flight-related functional signals in the avian humerus and will more deeply explore the mechanical relationship between
cortical and trabecular bone. Elucidating the relationship between trabecular structure and function in the avian shoulder provides
significant insight into the mechanics of extant avian flight and the evolution of the vertebrate skeleton in relation to flight and
provides a valuable resource for fossil interpretation.

6.6 - The role of the lacunocanalicular network and vascular porosity in the mechanoresponsiveness of
bone
Alexander van Tol*1,2, Victoria Schemenz1,2, Wolfgang Wagermaier1, Andreas Roschger1,3, Hajar Razi1,2, Isabela Vitienes4, Peter
Fratzl1, Bettina Willie4, Richard Weinkamer1. 1Max Planck Institute of Colloids & Interfaces, Dept. of Biomaterials, Potsdam, Germany.
2Berlin-Brandenburg School for Regenerative Therapies (BSRT), Berlin, Germany. 3University of Salzburg, Chemistry and Physics of
Materials, Salzburg, Austria. 4Shriners Hospital for Children-Canada, Dept. of Pediatric Surgery, McGill University, Montreal, QC, Canada.
INTRODUCTION: It is often hypothesized that the lacunocanalicular network (LCN) plays several important roles in bone including transport
of nutrients and minerals and mechanosensation [1]. These functions are crucial for bone maintenance and adaptation to changing
mechanical demands. The LCN is composed of pores called lacunae, in which the osteocyte bodies are situated, and submicrometer-wide
canals called canaliculi which establish a connection between lacunae, to blood vessels and to bone surfaces. The space in the LCN between
the mineralized matrix and the osteocytes is filled with interstitial fluid. According to the widely supported fluid flow hypothesis,
mechanical load induces interstitial fluid flow through the LCN, which results in forces that can be sensed by osteocytes. PURPOSE: The
combination of in vivo microcomputed tomography (µCT) and in vivo controlled loading with finite element modeling in mice
demonstrated that bone’s mechanoresponsiveness is site dependent [2]. We therefore aimed to analyze and model load induced fluid
flow through the LCN to assess the relationship between heterogeneities of the LCN topology and the vascular porosity, and local
differences in the mechanoresponsiveness. METHODS: Time-lapse morphometry of in vivo µCT images was used to quantify the effect of
controlled loading on the bone formation/resorption in adult mice (left tibia loaded, right tibia control, n=5) over a time period of 15 days.
After fixation in 70% ethanol the tibiae were stained with rhodamine, and whole tibia cross-sections of about 55 µm in thickness were
imaged using confocal scanning laser microscopy to visualize the LCN and vascular porosity. Network and circuit theory was then used to
model load induced fluid flow through each single canaliculus of the entire imaged LCN. RESULTS: Our analysis shows regional
heterogeneity in both LCN topology and vascular porosity within the tibia. Between individuals we found differences in heterogeneity,
such as different spatial patterns of blood vessel arrangement and regions of low canalicular density. The differences have a significant
influence on interstitial fluid flow velocity patterns in these individuals. The fluid flow patterns correlated well with the time-lapse
morphometry data, i.e. bone surfaces with locally highest fluid velocity were found near bone surfaces with most bone formation, while
low velocities corresponded to sites with more bone resorption. Moreover, the highest velocities were found in mice with more bone
formation. CONCLUSION: Our results show that differences in LCN network topology and vascularity considerably change the fluid flow in
the LCN in cortical murine bone, and as a consequence could influence the local mechanoresponsiveness of bone. 1. Bonewald et al. (2011)
The amazing osteocyte. J. Bone Miner. Res. 26, 229–238. 2. Birkhold et al. (2016) The periosteal bone surface is less mechano-responsive
than the endocortical. Sci Rep 6, 23480.

6.7 - Correlations between the lacuno-canalicular network and its surrounding matrix after mechanical
stimulation in murine tibiae
Victoria Schemenz*1,2, Alexander van Tol1,2, Isabela Vitienes3, Paul Roschger4, Peter Fratzl1, Richard Weinkamer1, Bettina
Willie3, Wolfgang Wagermaier1. 1Max Planck Institute of Colloids and Interfaces, Department of Biomaterials, Potsdam,
Germany. 2Berlin-Brandenburg School for Regenerative Therapies (BSRT), Berlin, Germany. 3Shriners Hospitals for ChildrenCanada, Department of Pediatric Surgery, McGill University, Montreal, Canada. 4Ludwig Boltzmann Institute of Osteology at
Hanusch Hospital of WGKK and AUVA Trauma Centre Meidling, 1st Medical Department, Hanusch Hospital, Vienna, Austria.
INTRODUCTION: Bone has a dynamic structure which continuously adapts to its mechanical environment by changes in shape and
material properties. New bone is formed in regions under increased mechanical strain and resorbed in regions with reduced strain.
These triggered changes in tissues have been demonstrated in studies combining controlled in vivo loading with in vivo microCT
imaging to quantify the formation and resorption over time[1]. Osteocytes are widely interconnected in the lacuno-canalicular
network (LCN) within the bone and can thereby coordinate this response by converting the mechanical stimulus into biochemical
signals and orchestrating the interplay between bone forming osteoblasts and bone resorbing osteoclasts. PURPOSE: In this study
we test the hypothesis that osteocytes contribute to mineral homeostasis by direct interactions with their surrounding extracellular
matrix (ECM). Therefore, we are interested whether bone material adjacent to osteocyte lacunae and near canaliculi has a different
structure than material farther away. We investigate the LCN architecture and ECM properties in bone tissues with a known history
of recent (re)modeling. METHODS: The left tibiae of 26-week-old female C57BL/6J mice underwent two weeks of in vivo cyclic
loading (εmax = 1200 µɛ, right tibia internal control). In vivo microCT (10.5μm) was performed (day 0, 5, 10, 15). The resulting
mechanoresponse was quantified via time-lapse morphometry of microCT images by registering microCT images from day 0 and x
to monitor bone formation and resorption. After sacrificing, we used a combination of techniques to characterize both the LCN
organization and bone ultrastructural properties at the submicron level within the same bone volume: (i) Confocal laser scanning
microscopy (CLSM) combined with rhodamine staining was used for three-dimensional visualization of the LCN, (ii) quantitative
back-scattered electron imaging (qBEI) was employed to quantify the mineral content, while (iii) synchrotron small and wide angle
x-ray scattering (SAXS and WAXS) allowed determination of submicron bone mineral properties[2]. RESULTS: By superimposing
results from the different measurements, we demonstrate correlations between the shape and orientation of the mineral particles
in bone and their location with respect to the LCN. These findings point towards an active involvement of osteocytes in bone
mineralization. In addition, spatial discontinuities in the mineral characteristics allowed detecting the transition between old bone
and the load-induced newly formed bone. 1. Birkhold, A. I. et al. The Periosteal Bone Surface is Less Mechano-Responsive than the
Endocortical. Sci. Rep. 6, 1–11 (2016). 2. Kerschnitzki, M. et al. Architecture of the osteocyte network correlates with bone material
quality. J. Bone Miner. Res. 28, 1837–1845 (2013).

6.8 - Correlations between composition, mechanics and age in human bone
G.S. Mandair1, E.M.R. Bigelow2, D.M. Patton2, F.S. Ward2, S.H. Schlecht2, M.D. Morris3, K J. Jepsen2, D.H. Kohn*1. 1School of
Dentistry, 2Department of Orthopaedic Surgery, 3Department of Chemistry, University of Michigan, Ann Arbor, MI, USA.
INTRODUCTION: Age-related decline in bone strength increases the risk of fragility fracture. However, it is unclear if the decline in
bone mechanical properties with age can be predicted by regional variations in bone composition. PURPOSE: In this study,
correlations between composition, mechanical properties and age of human femora at 4 anatomical sites were examined.
METHODS: Cadaveric femora were obtained from adult males (n=29, 18-89 yrs). Femora were cut proximal to the mid-shaft to
provide 5-mm thick cortical sections for Raman spectroscopy. Spectra were acquired at mid-cortical anterior, posterior, medial, and
lateral locations. Means of the following spectroscopic measures were calculated: mineral crystallinity (inverse of v1PO4 bandwidth
at 959cm-1), mineral/matrix ratio (959/853 cm-1), hydroxyproline/proline ratio (HyP/Pro, 875/853cm-1), collagen crosslink ratio
(1665/1692cm-1) and collagen disorder/order ratio (1246/1269 cm-1). Beams (5x2.5x55 mm) were machined for 4-point bending
tests, and modulus, maximum stress, post-yield strain (PYS), and total energy were calculated. For each anatomical location, linear
regressions were performed between age and mechanical or compositional properties, and between mechanical and compositional
properties. RESULTS: Significant negative age-related correlations were found with max stress, PYS, and/or energy to fracture for
anterior, posterior, and lateral bone. Comparing correlations by site, slopes were significantly steeper in anterior vs. medial bone
for max stress (p<0.009) and energy (p<0.008), indicating a greater loss in strength and a lower energy to fracture. A significant
negative age-related correlation was found with 1246/1269cm-1 for anterior bone, suggesting regional changes in collagen fibril
orientation with age. A significant positive age-related correlation was found with Hyp/Pro for posterior bone, indicating increased
bone turnover. Significant negative correlations were found between 1246/1269cm-1 and modulus, max stress, PYS, and energy in
anterior bone, whereas significant positive correlations between Hyp/Pro and modulus, max stress, and energy were found in
posterior bone. CONCLUSIONS: Age-related correlations with mechanics or composition are site-specific. There was a greater loss
in strength and lower energy to fracture with age anteriorally, making this region more susceptible to age-related decline in
function. The negative age- and mechanical correlations with 1246/1269cm-1 for anterior bone are the result of regional changes
in distribution of longitudinally and transversely aligned collagen fibrils with age. The significant positive age- and mechanical
correlations with Hyp/Pro ratios for posterior bone indicate a greater degree of bone turnover. Mechanical and compositional
correlations are relevant to the normal aging process and advance our understanding of how local adaptation contributes to agerelated decline in function.

6.9 - Hard brachiopod shells can be folded when wet
Johannes Ihli1, Anna Schenk2, Melinda Duer3, Maggie Cusack4, Fabio Nudelman*5. 1Paul Scherrer Institut, Villigen,
Switzerland. 2Bayreuth Faculty of Biology, Chemistry & Earth Sciences, University of Bayreuth, Bayreuth, Germany. 3Department
of Chemistry, University of Cambridge, UK. 4Biological and Environmental Sciences, University of Stirling, UK. 5School of
Chemistry, University of Edinburgh, UK.
INTRODUCTION: For hundreds of millions of years, nature has evolved a large assortment of organic-inorganic hybrid materials that
are optimally adapted for a wide range of functions, including navigation, protection, mechanical support and protection. These
materials not only exhibit exceptional material properties but also display multifunctionality, including features such as adapting,
sensing and self-healing.2, 3 Among the most remarkable biominerals found in nature are the shells of the phosphatic brachiopods
Discinisca tenuis and Lingulla anatina. We empirically observed, for the first time, that the mechanical properties of these shells
vary according to their water content. While they are hard and stiff when dry, they become flexible when hydrated, to the point
that the shell can be folded in 2 without fracturing. Such capability of an organic-inorganic composite to switch reversibly between
stiff and flexible and in real time, adapting to changes in the environment that demand a different set of mechanical properties, is
truly unique among both biological and synthetic materials. PURPOSE: The aim of this research was to characterise how the
structure the brachiopod shells changes as a function of hydration, leading to changes in mechanical properties. METHODS: We
used cryo-ptychographic X-ray computed tomography (PXCT) on dry, partially hydrated (exposed to 70 % relative humidity) and
fully hydrated shells (exposed to 100 % relative humidity) to characterise how the structure of the shell at the sub-micron and
micron levels changed as a function of hydration. Solid-state NMR (SSNMR) was used to determine the effect of hydration on the
molecular conformation of the organic components. RESULTS: PXCT measurements demonstrated the organic-rich layers in the
shell expanded in thickness, increasing from ~160 nm in the dry sample to ~180 nm in the partially hydrated and ~340 nm in the
fully hydrated sample. Using SSNMR, we identified that the macromolecular chains of proteins, and in particular the methyl groups
in proximity to the mineral, become more mobile with hydration. CONCLUSIONS: Our results show that the changes in the
mechanical properties of the shell as it absorbs water arise from modifications in the mobility of the organic components and
structural changes, at the sub-micron and micrometer levels, caused by the swelling of the organic layers.

6.10 - A material science approach to understand cardiovascular calcification
Ophelie Gourgas1, Juliana Marulanda2, Kashif Khan3, Lisa Muiznieks4, Dainelys Guadarrama Bello5, Antonio Nanci5, Simon
Sharpe4, Adel Schwertani3, Monzur Murshed2, Marta Cerruti*1. 1Materials Engineering, McGill University, Montreal, QC,
Canada. 2Faculty of Dentistry and Faculty of Medicine, McGill University, Montreal, QC, Canada. 3Cardiology and Cardiac
Surgery, McGill University Health Center, Montreal, QC, Canada. 4Department of Biochemistry, University of Toronto, Toronto,
ON, Canada. 5Department of Stomatology, Faculty of Dental Medicine, Université de Montréal, QC, Canada.
INTRODUCTION: Mineral formations in arteries and heart valves increase morbidity and risk of cardiovascular failure in patients
affected by some of the most common pathologies throughout the world, ie diabetes, chronic kidney diseases, and atherosclerosis;
and they are found in about 30% of people aged over 65. There is currently no cure to decrease or even slow down the extent of
calcification, and the only treatment is surgical intervention for valve replacement or mitigating measures in case of extended
arterial calcification. One of the main reasons for this lack of adequate treatments is that we still do not understand the mechanism
leading to mineral formation in the cardiovascular system. PURPOSE: We analyze cardiovascular mineralization in both a mice model
of medial calcification and in heart valves from human patients undergoing elective surgery, and we compare in-vivo results with
what we obtained in an in-vitro model based on elastin gels. The goal is to understand which minerals form and how in
cardiovascular calcification, with the ultimate purpose to help finding a cure for this currently untreatable disease. METHODS: The
in-vitro model is obtained by crosslinking elastin-like peptides (ELPs) into self-supporting membranes with genipin. We study
mineral formation on these membranes immersed in simulated body fluids using a combination of Raman, IR, X-Ray photoelectron
spectroscopy, near-edge x-ray absorption fine structure and scanning and transmission electron microscopy. We use the same
techniques to analyze mice and human samples. RESULTS: Minerals nucleate and grow in both mice samples and in-vitro models
following a pathway that starts from amorphous precursors and goes toward hydroxyapatite (HA) over time. Only amorphous
calcium phosphate and octacalcium phosphate are found as precursors to in medial calcification in mice, whereas in heart valves
we also found dicalcium phosphate dihydrate. In heart valves, we find an unexpected difference in mineral phases and mineral
phase progress depending on the sex of the patients, which could explain observed differences in calcification loads in men vs.
women. CONCLUSION: A material science approach based on multi-technical material analysis and in-vitro models can help
understanding the mechanism of ectopic calcification in cardiovascular tissues and point towards new diagnostic and treatment
methods for this disease.
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P1 - Collagen biomineralization: Interplay of matrix and solution molecules
Bryan D. Quan1, Magdalena Wojtas1, Eli D. Sone*1,2,3. 1Institute of Biomaterials &Biomedical Engineering, 2Department of
Materials Science & Engineering, 3Faculty of Dentistry, University of Toronto, Toronto, ON, Canada.
INTRODUCTION: Mineralized collagen fibrils form the basis of hard connective tissues such as bone and dentin. Although
tremendous progress in understanding collagen biomineralization has been made in the last ten years, through both in vivo and in
vitro studies, important questions remain regarding the molecular mechanisms directing this process. Both soluble proteins and
collagen itself are believed to play important roles. Proteins which regulate collagen mineralization contain substantial amounts of
aspartate and glutamate, leading to the use of polyaspartate and polyglutamate as analogues of such mineralizing proteins for in
vitro models. Despite the chemical similarity of aspartate and glutamate, their homopolymers are have substantially different
effects on calcium phosphate mineralization; polyaspartate is an effective inhibitor of hydroxyapatite formation in solution, while
polyglutamate is more enigmatic, exhibiting both nucleation and inhibitory capabilities depending on the experimental conditions.
Furthermore, collagen cross-linking affects the rate of mineralization in in vitro models, but the reasons for this are not known.
PURPOSE: Here we report on in vitro studies of collagen mineralization, examining the effect of both model solution molecules
(polyasparte and polyglutamate) and collagen cross-linking on the mineralization process. RESULTS: We hypothesize that the
difference between these peptides is at least partially due to optical and structural isomerism observed in many samples of
polyaspartate, the result of which is disruption of secondary structure and enhanced flexibility. We use nuclear magnetic resonance
spectroscopy and polarimetry to characterize the extent of structural and optical isomerism in samples of polyaspartate and
polyglutamate, and investigate secondary structure of these peptides using circular dichroism spectroscopy. These data are
correlated with inhibition of hydroxyapatite formation using a turbidity assay to show that structural and optical isomerism
enhances the inhibitory effect of polyaspartate and polyglutamate, and by extension the mineralization of collagen. In parallel, we
present a systematic investigation of the effect of different cross-linking on collagen mineralization in vitro. This research has the
potential to enhance our understanding of the roles of glutamate and aspartate repeats in mineralization-associated proteins, and
to assist in design of synthetic mineralization-directing polymers and matrices.

P2 - Collagen cross-link inhibition differentially alters mineral between craniofacial and axial bones
Genevieve Romanowicz*1, Benjamin Bielajew2, Gurjit Mandair1, Erin McNerny3, David Kohn1. 1Biologic and Materials Science
Department, University of Michigan, Ann Arbor, MI, USA. 2Biomedical Engineering Department, University of California, Irvine,
Irvine, CA, USA. 3Department of Biomedical Engineering, Indiana University - Purdue University, Indianapolis, IN, USA.
INTRODUCTION: Maintaining the physical integrity of biological tissues is critical to their sustained function. Many systemic
conditions such as osteogenesis imperfecta, diabetes, rheumatoid arthritis and nutritional deficiencies lead to compositional,
structural and mechanical changes in both the collagen and mineral components of long bones. It is unknown if perturbed collagen
cross-links alone can dictate mineralization processes similarly across axial and craniofacial bone. PURPOSE: The contribution of
collagen cross-links to mechanical properties and mineralization of craniofacial bone and comparison between craniofacial and axial
bone has not been measured. However, structural and functional aspects differ between the bones and therefore may respond
differentially to altered composition. The hypothesis of this study is that perturbations to collagen cross-linking will decrease the
mineral quantity and quality in more rapidly turned over bone. METHODS: To study the effects of cross-link inhibition on
mineralization, b-aminoproprionitrile (BAPN) was used to inhibit LOX activity (the enzyme necessary for mature collagen crosslinking) in rapidly growing mice, 5 week-old male C57BL/6 mice. Femora (n=5-7) and mandibles (n=8) from mice treated with 350
mg/kg BAPN or phosphate buffered saline for 3 weeks, were analyzed by Raman spectroscopy for mineral quantity and composition.
Dynamic histomorphometry was performed to determine the mineral apposition rate (MAR). RESULTS: Femoral cortical bone of
mice treated with BAPN showed a significantly higher carbonate to phosphate ratio (p = 0.048), suggesting less stoichiometric
hydroxyapatite. Femoral trabecular bone did not show a similar effect, however, there was a significant decrease in the
phosphate:(hydroxyproline + proline) ratio (p = 0.04) with BAPN treatment. The mandible did not have any detectible differences
in mineral or matrix parameters in the cortical bone or the interradicular (alveolar) bone of the first molar. MAR was not affected
in either of the tissues by BAPN treatment. However, MAR was significantly higher in the cortex of the growing femur as compared
to the femur trabecular bone (p < 0.001) and the cortical bone in the mandible (p < 0.0001). Femur trabecular bone MAR was
significantly lower than the mandibular interradicular bone (p < 0.05). CONCLUSIONS: When the collagen matrix is perturbed via
LOX inhibition, long bones show poorer mineral composition in the growing femur cortex. The femur trabeculae showed
hypomineralization with a reduced MAR as compared to the femur cortex and a similar MAR to the mandibular cortex. These results
suggest that proper mineral formation may be impacted by collagen cross-linking in the femur, but not in the mandible, and may
be independent of MAR.

P3 - Correlation of collagen mineralization and non-collagenous proteins during osteoblast differentiation
process
Sana Ansari1,2,3, Claudia Muniz Ortera2,3 , Johanna Melke1,2, Keita Ito1,2, Nico Sommerdijk2,3, Anat Akiva*2,3, Sandra
Hofmann1,2. 1Orthopedic Biomechanics Group, Department of Biomedical Engineering. 2Institute for Complex Molecular Systems
(ICMS). 3Department of Chemical Engineering and Chemistry, Laboratory of Materials and Interface Chemistry and Center for
Multiscale Electron Microscopy, Eindhoven University of Technology, The Netherlands.
INTRODUCTION: Bone is a hierarchical hybrid biomaterial consisting of two main components: the organic matrix and the mineral
phase deposited in it. This material formed and maintained through three types of bone cells, osteoblasts (bone forming cells),
osteoclasts (Bone resorbing cells) and osteocytes (bone regulating cells). The extracellular matrix is formed by the osteoblast, and
of which collagen type I is the organic component. These collagen molecules assemble to form fibrils which become mineralized
during bone formation process. This process is guided by non-collagenous proteins (NCPs) that are produced by osteoblasts and
osteocytes. Although the NCPs only make up a very small percentage of the organic matrix, they are essential for the mineralization
of collagen fibrils which without them will not take place. Nevertheless, little is known about the way by which they regulate collagen
mineralization; and many questions exist about their role, their moment of expression and their active location in the collagen
matrix. PURPOSE: we will monitor the expression of NCPs at different time points and locations during the differentiation of bone
marrow stromal cells (BMSCs) towards osteoblasts and osteocytes, and correlate their appearance with the progression of the
collagen mineralization process to understand their exact role in the bone formation process. For this we need a bone model as
close as possible to nature that allows us to monitor these processes with the highest possible spatial and temporal resolution.
APPROACHES: In this project, a living 3D in vitro model system is used to investigate the cellular and extracellular development
during the differentiation of human BMSC into the osteoblast and osteocyte lineage. Advanced microscopic tools including 3D
confocal fluorescence microscopy and 3D FIB/SEM as well as their correlation (CLEM) are used to monitor the differentiation process
at both the molecular and the cell morphological level as well as the development of the extracellular matrix. RESULTS: We report
the timeline of the expression of biomineralization proteins and markers that characterize the different stages of bone
development, as well as the location and possible interactions of these proteins during the collagen mineralization process.
CONCLUSION: Using our 3D in vitro system we show that hBMSC can differentiate into osteoblasts and sequentially into osteocytes.
This model system allows us to monitor the development of the extracellular matrix from collagen and non-collagenous protein
deposition to collagen mineralization in an environment close to the native bone tissue.

P4 - Developing a living in vitro model system for studying bone-cells communication and collagen
mineralization
Sana Ansari1,2, Johanna Melke2,3, Keita Ito2,3, Sandra Hofmann2,3, Nico A. J. M. Sommerdijk1,2, Anat Akiva*1,2.
1Department of Chemical Engineering and Chemistry, Laboratory of Materials and Interface Chemistry and Centre for Multiscale
Electron Microscopy, Eindhoven University of Technology, Eindhoven, The Netherlands. 2Institute for Complex Molecular Systems
(ICMS), Eindhoven University of Technology, Eindhoven, The Netherlands. 3Orthopedic biomechanics Group, Department of
Biomedical Engineering, Eindhoven University of Technology, Eindhoven, The Netherlands.
INTRODUCTION: The vertebral skeleton is a continuously remodeled hybrid material, composed of carbonated hydroxyapatite
platelets that are embedded in a collagen matrix. The continuous modeling and remodeling of this hard tissue are orchestrated by
three cell types: osteoblasts – bone-forming cells, osteoclasts – bone resorbing cells and osteocytes – osteoblasts that became
trapped in the collagen matrix during its deposition. Using specific chemical signals, the three cell types communicate to maintain
and remodel the bone tissue. The exact way by which the cells communicate is still unknown. Studying bone-cell communication is
still a challenge, mainly because dynamic, in vivo study is unachievable and realistic in vitro models comprising all three cell types
do not yet exist. PURPOSE: Creating a representative model system of human bone that goes beyond the commonly used osteoblast
cell lines, to better understand of collagen mineralization under biological control, in a dynamic environment, and with high
resolution. APPROACHES: Differentiating stem cells along the osteogenic lineage into a co-culture of osteoblasts and osteocytes,
stimulated by mechanical loading. METHODS: In the first step towards co-culturing of bone cells, we focus on the in vitro
differentiation of primary cells (human bone marrow stromal cells, hBMSC) to osteoblasts and osteocytes. The primary cells are
seeded on 3D silk fibroin scaffold and are exposed to continue mechanical load and osteogenic medium throughout the experiment
duration. The differentiation progress and the development of the extracellular matrix are monitored by immunohistochemistry
and electron microscopy. RESULTS: here we report for the first in vitro differentiation of primary human cells (hBMSC) to osteoblasts
and sequentially osteocytes in vitro. Exposing the cells to continues shear stress, generated by stirring at 300 rpm is found to be the
best condition to facilitate this differentiation. The cells also show normal behavior of osteoblast to osteocyte differentiation as
judged by the expression of non-collagenous proteins such as osteopontin, osteocalcin, DMP1, and sclerostin. Using electron
microscopy, we image in high resolution the osteocyte morphology and connectivity. CONCLUSIONS: The formation of an
osteoblast/osteocyte co culture will bring us one step closer towards a realistic human bone model system that contains all three
cell types. This model system will enable the study of cellular communication in the bone remodeling process as well as the
mechanism of collagen mineralization under the effect of specific non-collagenous proteins.

P5 - Amelogenin-derived peptide promotes collagen mineralization and dentin remineralization
Kaushik Mukherjee1,Gayathri Visakan*1, Jin-Ho Phark2, Janet Moradian-Oldak1. 1Center for Craniofacial Molecular Biology,
2Division of Restorative Sciences , Herman Ostrow School of Dentistry, University of Southern California, CA, USA.
INTRODUCTION: Non-carious cervical lesions (NCCLs) result from mechanical or chemical insult to dental enamel leading to the
exposure of underlying dentin. Treatment of demineralized dentin is challenging owing to a mineral-depleted collagen matrix rich
in proteolytic enzymes. Interactions and assembly of enamel and dentin proteins at the dentin-enamel junction (DEJ) regulate the
growth of organized enamel crystals, forming a robust hierarchical interface. Here, we used a rationally designed amelogenin
peptide (P26) as an effective biomimetic strategy for the repair of superficial dentin. PURPOSE: To investigate the role of P26 in
regulating the mineralization of collagen fibers in vitro and in promoting the growth of hydroxyapatite (HAP) crystals on a
demineralized dentin surface ex vivo, and to further characterize the mineral density and micro-tensile strength of the remineralized
dentin. METHODS: For the in vitro experiments, collagen fibers were assembled in PBS on TEM grids and incubated with P26 peptide
at pH 7. Mineralization took place in a metastable CaP solution, with or without P26. Collagen-peptide interaction, assembly, and
mineralization events were observed under TEM. For ex vivo experiments, extracted human third molars were sectioned
transversely in the mid-coronal region and divided into 4 groups: Normal, Demineralized (3 days, pH 4.6), P26-treated, and Control
dentin. Control, and P26-treated samples were remineralized in artificial saliva (10 days, pH 7). Crystal morphology, composition,
orientation, and mineral density of the remineralized dentin were analyzed using SEM, EDX, XRD and Micro-CT. To evaluate change
in tensile strength, hourglass-shaped dentin specimens were prepared and tested under tension (Instron 5965, 0.5 mm/min) until
fracture. RESULTS: Negatively stained collagen assembled into fibers showing a characteristic banding pattern under TEM.
Incubation of P26 in collagen produced distinct spherical assemblies aligned closely on the surface of the collagen fibrils.
Mineralization in the presence of P26 and collagen resulted in the formation of amorphous calcium phosphate and small HAP
crystals that were attached to the fibril surface. Following 10 days of dentin remineralization ex vivo, P26-treated samples displayed
a dense coating of newly formed HAP crystals that were deposited on the collagen fibers and occluded surface tubules, as
corroborated by SEM, EDX, and XRD. P26 treatment of demineralized dentin led to a 10.74% gain in mineral density (n=10) and 1.8fold increase in micro-tensile strength (n=10). CONCLUSION: Amelogenin-derived peptide P26 closely interacts with collagen fibrils,
promoting collagen mineralization in vitro. Treatment of partially demineralized dentin with P26 facilitates dentin collagen
mineralization and surface remineralization, enhancing mineral density and resulting in the partial recovery of tensile strength.

P6 - Thrombin cleaves within the collagen-binding sequence of bone sialoprotein
Harvey A. Goldberg*, Binh Nguyen, Yohannes Soenjaya. Schulich School of Dentistry, University of Western Ontario, London, ON,
Canada.
INTRODUCTION: Bone sialoprotein (BSP) is a phosphoprotein localized predominately in mineralized connective tissues, and shown
to possess collagen-binding, cell attachment and signaling, and hydroxyapatite-nucleating properties. In vivo and in vitro evidence
supports a role of BSP in bone and tooth formation and repair and pathological calcification. Turnover of matrix proteins in
mineralized tissues occurs during normal remodelling and repair processes and involves endogenously produced proteinases and
those that are derived from the circulation. Upon thrombin treatment of rat recombinant BSP (rBSP) to remove a His-tag, an
unexpected degradation product was uncovered. PURPOSE: To characterize the thrombin cleavage site of BSP with a long term goal
of determining physiological relevance. METHODS: Adult rat bone BSP and full and partial length, wild type and mutated
prokaryotic-expressed, rBSP were prepared. Products of thrombin incubations were analyzed by SDS-PAGE, western blot, MALDI
and ESI-MS. RESULTS: Thrombin digestion of His-tagged rBSP resulted in two products of 33.96kDa (expected mass) and 30.76kDa.
Based on sequence analysis for thrombin susceptible sites in rat BSP, rBSP1-100, containing the putative thrombin susceptible site
at R26-Y27 (RPR-YFL), was incubated with thrombin and products shown by MS to be 8.9kDa and 3.2kDa consistent with the
predicted masses of the products of incubation. Thrombin incubation of rBSP 1-100 (R26A), where Arg is substituted by Ala, resulted
in no digestion. Inclusion of anti-thrombin III in the incubation of thrombin and rBSP1-100 also resulted in no degradation confirming
that the cleavage of BSP was due to thrombin and not a contaminating protease. The fully modified, native rat bone BSP was also
shown to be a substrate of thrombin as determined by western blot analysis and by Edman degradation of the products of digestion
revealing the same cleavage site as determined in the rBSP. Of relevance, rBSP lacking the N-terminal 26 residues does not bind
collagen. CONCLUSIONS: Similar to other extracellular matrix proteins, BSP may function as an attachment factor binding cells to
the extracellular matrix with an additional property of binding mineral with high affinity. The collagen-binding domain (CBD)
encompasses residues #18-45, and is highly conserved, sharing ~90% identity with other mammalian BSPs including human and pig.
All, but bovine, BSP CBD contains this thrombin susceptible sequence, which would implicate an important physiological relevance.
It is postulated that the thrombin cleavage site within the CBD allows for the release of BSP during early stages of wound repair
which may, for example, mediate osteoclast progenitor cell migration and differentiation. Future in vivo studies are required to
ascertain the purpose of BSP’s thrombin susceptibility within the CBD. Supported by CIHR.

P7 - Combining in situ and ex situ studies of hydroxyapatite formation in collagen to study mineralization
dynamics
Roland Kröger*, Emma Tong, John Emery. Department of Physics, University of York, United Kingdom.
INTRODUCTION: One of the key conundrums in biomineralization research is the mechanism behind the control of the organic
matrix on the inorganic mineral phase, which includes its composition, structure and morphology. Studies of post-mineralization
specimens alone do not provide enough information regarding the phase transformations and structure modifications during the
process of nucleation and growth of the mineral phase. Hence in situ mineralization techniques are required that provide direct
insights into the mineralization dynamics. APPROACH: For the purpose of in situ characterisation of the mineralization process we
have designed a novel and bespoke heated flow cell to maintain physiological temperatures within a Raman spectrometer and have
examined collagen mineralisation in real time allowing for a direct monitoring the molecular level processes during mineralization.
A polymer-induced liquid precursor (PILP) approach was used following the methodology published by L. Gower [Acta Biomater. 6,
3676 (2010)] using osteopontin (OPN) as macromolecule, which is found to significantly enhance the efficiency of collagen
mineralization. The used collagen fibers were extracted from rat-tail tendon. METHODS: The mineralization process was monitored
in situ by Raman microspectroscopy and complemented by a subsequent analysis of the mineralized collagen using scanning
electron microscopy and transmission electron microscopy in conjunction with electron diffraction. RESULTS: We were able to
monitor the phosphate and collagen band evolution in Raman spectroscopy in particular the ν1-PO4 vibrational mode development
in real-time and could distinguish three phases: (i) collagen infiltration, (ii) initial mineralization and (iii) crystal growth of
hydroxyapatite (HAp) crystals. Using OPN the transition from infiltration to initial mineralization was found to be approx. 120 min
with a complete mineralization occuring after 5 hours. Scanning electron microscopy (SEM) and transmission electron microscopy
(TEM) were employed to examine the mineralised collagen fibres ex situ, revealing HAp crystals of morphologies comparable to
those found in bone. Our findings allow for the quantitative and highly reproducible characterisation of the dynamics of precursor
infiltration and crystallization. A further focus of our work lies on the impact of the type of macromolecule on the mineralization
process with poly-aspartic acid on which our studies concentrate for the next steps to shed light on the mechanism of precursor
transport and phase transformation.

P8 - The impact of additives on crystallization of amorphous calcium carbonate
Z. Liu1, Z. Wang2, Z. Zhang3, B. Jin1, D. Li2, J. Tao2, R. Tang1, J.J. De Yoreo*2. 1Department of Chemsitry, Zhejiang University,
Hangzhou, China. 2Pacific Northwest National Laboratory, Richland, WA, USA. 3Research Institute for Biomimetics and Soft
Matter, Department of Physics, Xiamen, China.
INTRODUCTION: The importance of amorphous calcium carbonate (ACC) as a precursor in the formation of crystalline biominerals
is well established. TEM and X-ray spectroscopic studies showed conversion occurs via dehydration of initially hydrated ACC
followed by its crystallization. Other studies on biominerals and materials formed in vitro found that additives, both inorganic and
organic, dramatically impact ACC formation and transformation. However, investigations have largely involved bulk assays while
direct observations of individual dehydration and transformation events and the impact of additives on the dynamics of those
events are lacking. Here we report in situ TEM experiments on the effect of Mg, citrate and poly-acrylate on the ACC-to-crystal
transformation. For citrate, PAA and low Mg content (2.5 mM), we find dissolution/re-precipitation dominates, with each additive
extending the ACC lifetime and/or the timescale for dissolution, but the final crystalline polymorphs exhibit the expected
morphology for the phase formed. In contrast, for [Mg] ≥ 5 mM, transformation occurs via loss of structural water seen both via
an increase in electron density and changes in the Raman spectrum in the absence of a morphological change, leading to spheroidal
Mg-calcite. Molecular dynamics simulations indicate Mg brings excess water into ACC and promotes atomic rearrangement. TGA
data confirms the excess of water but shows dehydration is inhibited. We hypothesize that slow dehydration coupled with the ease
of reorganization enables the observed isomorphic conversion. This effect may explain why Mg is a common impurity found in
biominerals, as its presence would allow ACC to be more easily moulded into complex shapes and maintain those shapes while
transforming into one of the crystalline polymorphs.

P9 - Element distributions and crystallographic properties of human bone at <140 nm resolution in 2D and
3D
Jonas Palle*1, Nina Kølln Wittig1, Tilman Grünewald2, Adam Kubec3, Martin Rosenthal2, Henrik Birkedal1. 1Interdisciplinary
Nanoscience Center (iNANO), Aarhus University, Aarhus, Denmark, 2 Beamline ID13, European Synchrotron Radiation Facility
(ESRF), Grenoble, France, 3Frauenhofer Institute for Material and Beam Technology, Dresden, Germany.
INTRODUCTION: Biomineralized tissue such as bone or shells often have a complex hierarchical 3D structure ranging over several
length scales. To understand their structure, a method for probing the nanoscale structure in 3D is needed. Bone is particularly
challenging due to its’ many layers of hierarchical structure in combination with the complex system of osteocyte cells
interconnected by canaliculi. Recent developments in synchrotron x-ray focusing optics afford minute x-ray beams, which open
opportunities for probing structures at length scales smaller than ever before. Herein, we present how we probe the elemental
distribution and crystallographic properties of human bone in 2D and 3D using combined fluorescence and diffraction scattering
computed tomography (F-CT and DSCT) [1] with a 50 nm pencil X-ray beam. PURPOSE: This study aims to develop nanoscale 3D
multimodal X-ray imaging with the purpose of studying the local chemistry around the mineralization front where new bone is
formed, and around canaliculi. METHODS: We conducted multimodal tomography using a nanofocused <50 nm diameter X-ray
beam. A 2.6×3.1 µm2 cross section rod-shaped sample was FIB-cut from human iliac crest bone. The sample was cut from an area
close to an osteocyte and thus presents several canaliculi. We recorded 2D diffraction patterns and fluorescence spectra at each
point in a 50 nm raster scan grid pattern. This was repeated for each of 92 projection angles covering 0-182°. This allowed us to
reconstruct tomographically both x-ray diffraction patterns and the elemental composition in a ∼5×5×3 µm3 volume encompassing
the sample. We determined an upper estimate of the achieved resolution by fitting sharp features within the specimen. Secondly,
we measured several 2D scans with the same beam size on several-micron thick human bone encompassing the mineralization
front to shed light on the biomineralization process. RESULTS: We show that tomographic reconstruction of x-ray diffraction and
fluorescence information is possible with these minute X-ray beams. The resolution was <140 nm estimated from features in
reconstructed images indicating that the true resolution is in the 50-140 nm range. With this resolution we were able to clearly
distinguish between canaliculi and solid bone based both on calcium fluorescence and mineral diffraction signals. On the 2D sample,
we could follow the mineralization process and the spatial distribution of oligoelements such as zinc in relation thereto.
CONCLUSIONS: This work show that biomineral crystalline structure and elemental composition can be studied in 3D at length scales
an order of magnitude smaller than hitherto available in sample volumes of biological relevance. This method will allow studying
biominerals in more detail than ever before especially around distinct structural features like osteocytes. [1] M. E. Birkbak, H.
Leemreize, S. Frolich, S. R. Stock, H. Birkedal, Nanoscale 2015, 7, 18402.

P10 - Apatite prepared with osteopontin forms platelets covered with layers of disordered calcium
phosphate through strong organic-inorganic interaction
Irina Matlahov1, Taly Iline-Vul1, Alex Kulpanovich1, Artyom Semionov1, Merav Nadav-Tsubery1, Keren Keinan-Adamsky1,
Robert Konrat2, Gil Goobes*1. 1Department of Chemistry, Bar Ilan University Ramat Gan, Israel. 2Max F. Perutz Laboratories,
Department of Computational and Structural Biology, University of Vienna, Vienna, Austria.
INTRODUCTION: One of the more complex mineralized tissues is no doubt bone. The current model of bone apatite structure takes
into account the existence of a functional disordered hydrated mineral phase on apatite platelets that is an integral part of bone
mineral. Recent studies have also shown the importance of collagen, water molecules and citrate ions were noted as playing active
roles in directing apatite platelet growth 1-4. However, the detailed understanding of structure-function relationships of noncollagenous proteins in the formation and regulation of the different mineral phases in this tissue remains elusive. Osteopontin is
one such non-collagenous protein that is investigated in this work. The protein is classified as a key cytokine which mediates
between bone cells and the inorganic material and balances phosphate content within the tissue. The protein binds calcium ions
with high affinity in solution 5 and may act as an inhibitor and as a nucleator of apatite, depending on its concentration, the state
of phosphorylation and the abundance of acidic amino acids along its sequence 6, 7. A recombinant version of OPN protein was
recently shown to be intrinsically disordered in solution 8-12, providing evidence that OPN's structure differs from a totally random
coil. PURPOSE: In the present study, the influence of a recombinant OPN (OPN220) from quail OPN on bone-like mineral formation
was examined. APPROACHES: It was co-precipitated with bone-mimetic apatite crystallized at body temperature 37ᵒC under
controlled pH and rate of reactant addition. METHODS: The effect of the protein on composition, phase, and morphology of the
forming mineral were monitored by XRD, EM, BET, ICP, Elemental Analysis and MAS NMR experiments. RESULTS: HRSEM and BET
results showed that OPN220 protein maintains the platelet-like morphology of the mineral particles and induces platelets
agglutination. Using NMR, mineral phases were analyzed showing details of the disordered phases covering the apatite platelets.
NMR measurements show that OPN220 directly interacts with the disordered mineral phase phosphates and gives molecular clues
on specific amino acids involved in this interaction. CONCLUSIONS: OPN has a detectable affect on apatite formation even without
phosphorylation. It influence the surface layers of the mineral residing on apatite crystallites. These layers are extremely important
as they are the ones exposed to biological regulation. 1. Wang, Y., et al., Nat Mater 2012, 11, 724. 2. Wang, Y., et al., Nat Mater
2013, 12, 1144. 3. Davies, E., et al. Proc Natl Acad Sci USA 2014, 111, E1354. 4. Hu, Y., et al. Proc Natl Acad Sci USA 2010, 107,
22425. 5. Klaning, E., et al. Bone 2014, 66, 90. 6. Gericke, A. et al. Calcif Tissue Int 2005, 77, 45. 7. Pampena, D. et al. Biochem J 2004,
378, 1083. 8. Dyson, H.; Wright, P., Nat Rev Molec Cell Biol 2005, 6, 197. 9. Boskey, A.; Villarreal-Ramirez, E., Matrix Biology 2016,
52-54, 43.

P11 - Raman and FTIR bone mineral crystallinity and carbonate content differentially relate to analytical
physical chemical measures
Erik Taylor*1, Cassidy Mileti2, Eve Donnelly3,4. 1Sibley School of Mechanical and Aerospace Engineering, Cornell University,
Ithaca NY. 2Nancy E. and Peter C. Meinig School of Biomedical Engineering, Cornell University, Ithaca NY. 3Department of
Materials Science and Engineering, Cornell University, Ithaca NY. 4Research Division, Hospital for Special Surgery, New York NY.
INTRODUCTION: Fourier transform infrared (FTIR) and Raman spectra of mineralized tissues comprise phosphate and carbonate
peaks with subbands that represent unique chemical environments sensitive to age, disease, and drug treatment. FTIR and Raman
measures of mineral maturity/ crystallinity (MMC) have been related to crystal size. However, the effects of carbonate substitution
on these relationships remain unknown. The Raman v1 CO3¬ – v3 PO4 peak was resolved into subbands to measure carbonate
substitution into the hydroxyapatite (HA) lattice as the carbonate:phosphate ratio (C:P). However, area ratios calculated by direct
integration have emerged as an alternative C:P for spectroscopic imaging but have not yet been validated by gold-standard
techniques. PURPOSE: To (1) Elucidate the influence of carbonate substitution on MMC by altering crystal structure and
stoichiometry and relating FTIR and Raman MMC to gold-standard measures of crystal size and (2) relate the Raman C:P calculated
by direct integration to subband area ratios and gold-standard measures of carbonate content. METHODS: HA and carbonatesubstituted HA (CHA) were synthesized via an aqueous precipitation process. In HA, MMC was altered structurally by increasing the
reaction time. In CHA, MMC and C:P were altered stoichiometrically by increasing the concentration of soluble carbonate. HA and
CHA were characterized with Raman and FTIR spectroscopy, X-ray diffraction (XRD), and C-H-N elemental analysis. Raman MMC
was calculated as 1/FWHM of the v1 PO4 peak, and the FTIR MMC was calculated as the intensity ratio 1030 cm-1/ 1020 cm-1. The
Raman C:P was calculated by: (1) subband fitting, i.e., resolving the v1 CO3 – v3 PO4 peak into subbands and calculating the area
ratio of the v¬1 CO3 subband:v1 PO4 peak; and (2) direct integration, i.e., calculating the area ratio of the integrated v1 CO3 – v3
PO4 peak:v1 PO4 peak. Scherrer analysis was used to calculate crystal size(c-axis (002) and a-axis (310) dimensions). Carbonate
content was obtained from C-H-N elemental analysis. RESULTS: Raman and FTIR MMC increased with crystal size in HA (Raman:
p<0.01, R2=0.96; FTIR p<0.01, R2=0.92) and in CHA (Raman: p<0.01, R2=0.36; FTIR p<0.01 R2=0.56). The relationships between FTIR
MMC and crystal size differed between CHA and poorly crystalline HA (slope test p<0.01) but were similar for Raman MMC. Raman
subband and direct integration C:P (1) both increased with carbonate content in CHA (subband: p<0.01, R2=0.96; direct integration:
p<0.01, R2=0.95), and (2) were correlated with each other (p<0.01, R2=0.90). CONCLUSIONS: FTIR MMC is more sensitive to changes
in chemical composition than Raman MMC as FTIR MMC specifically measures stoichiometric perfection, whereas Raman MMC is
a more holistic measure of size and perfection. Carbonate content in HA can be measured efficiently for spectroscopic imaging
directly from the Raman v1 CO3 -v3 PO4 composite peak without resolution of component subbands.

P12 - Factors controlling bone mineralization and bone quality in chickens
Alejandro B. Rodriguez-Navarro*1, Heather A. McCormack2, Ian C. Dunn2, D.J. de Koning3, Estefania Sanchez-Rodriguez1,
Nazaret Dominguez-Gasca1, Cristina Benavides-Reyes1, Robert H. Fleming2. 1Depto. de Mineralogía y Petrologia., Universidad
de Granada, Granada, Spain. 2The Roslin Institute,University of Edinburgh, Roslin, UK. 3 Swedish Univeristy of Agricutltural
Sciences, Uppsala, Sweden.
INTRODUCTION: Laying hens and broiler (meat-type) chickens have an extreme physiology (highly efficient calcium metabolism or
rapid growth rates) that challenges correct bone mineralization, offering an interesting model for studying bone pathologies (i.e.
avian osteoporosis, skeletal deformation) commonly observed in these birds and that are caused by high calcium-demanding
processes (i.e., for eggshell formation) or by their extreme growth rates. These problems have important economic and animal
welfare implications and will became even more prominent as the poultry industry is pushing for increasing egg production,
extending the production cycle in laying hens and increasing further the growth rates of broilers. Bone quality in chickens are
determined by genetic, age, nutrition and/or physical activity among other factors. To better understand the influence of these
factors on bone quality and in the prevalence and severity of bone skeletal problems, we have compared bone characteristics in
lines of chickens having extreme bone mechanical properties (i.e., breaking strength), different ages, egg production and that had
different diets and nutritional supplements or that were housed in systems, with restricted mobility, and in housing systems that
allows increased physical activity (Fleming et al., 2006; Rodriguez-Navarro et al., 2018). METHODS: We used an array of
complementary analytical techniques (ICP-OES, FTIR, XRD, SEM, TEM, micro-CT) to study in detail changes in bone chemical
composition and structure parameters related to bone quality for different bone types (cortical, trabecular, medullar) in different
experimental groups of chickens. RESULTS: The results showed that there was no differences in bone chemical composition and
structure among birds from different lines. However, increased physical activity stimulate bone formation, increasing cortical bone
area, medullary bone and improves bone strength. On the other, bone quality deteriorates with hen age and egg production, or
with high growth rates in broilers. Thus, bone quality in chickens can be improved by genetic selection, increasing physical activity
and reduced growth rates. CONCLUSIONS: This study shows that there are fundamental aspects of bone mineralization in these
birds that need to be studied in detail to understand factors involved in the development of skeletal problems. New strategies
(based on genetic selection, improved nutrition and housing) have to be implemented to maintain bone quality and sustainability
of egg and poultry meat production.

P13 - The role of phospholipids from matrix vesicles on calcium phosphate nucleation, growth and
collagen biomineralization
Marcos Cruz*1, Claudio Ferreira1; Saida Mebarek2,3, Rene Buchet2,3, Pietro Ciancaglini1, Ana Paula Ramos1. 1Faculdade de
Filosofia, Ciências e Letras de Ribeirão Preto, USP, Departamento de Química, 14040-901 Ribeirão Preto, SP, Brazil. 2Universite
Lyon 1, UFR Chimie Biochimie, 69 622 Villeurbanne Cedex, France. 3ICBMS UMR 5246 CNRS, 69 622 Villeurbanne Cedex, France.
INTRODUCTION: Bone biomineralization is an exquisite process by which cells control the deposition of a hierarchically mineralized
collagen matrix. How hydroxyapatite (HAp) is crystalized during bone formation is still a mystery. Besides of matrix vesicles (MVs)
being known since the seventies, it is only due to recent advances in cryogenic imaging of mineralized tissues that mineral-loaded
vesicles have called out attention for its role during bone biomineralization. PURPOSE: Our aim is to elucidate the molecular
mechanisms behind calcium phosphate nucleation on MVs and how phospholipid-calcium phosphate complexes can interact with
collagen fibrils and mediate intrafibrillar mineralization. APPROACHES: To elucidate the mechanisms by which phospholipids control
calcium phosphate nucleation and growth we used Langmuir monolayers and in-situ characterization techniques (infrared
spectroscopy, Brewster and fluorescence microscopy, rheology, potentiometric measurements). Collagen mineralization in
presence of phospholipid-mineral complexes was investigated at single fibril level or using self-templated hierarchical collagen thin
films. It was used collagen type I extracted from rat tail. As an ex vivo model, we used MVs extracted from chicken embryo to
investigate the role of these structures on collagen mineralization. RESULTS: Using Langmuir monolayers, we successfully mimetized
the lipid composition of MVs, and observed that different phospholipids has different abilities to nucleate and stabilize metastable
states prior to apatite crystallization, depending on the nature of the phospholipid head. Phospholipid heads can form different
complexes with calcium and phosphate and this initial interaction controls the evolution towards apatite crystallization.
Mineralization kinetics was followed by pH and Ca2+ free measurements, calorimetry, DRX, FTIR and Raman spectroscopy, TEM and
electron diffraction. Once determined the role of phospholipids in the stabilization of calcium phosphate phases, we investigated
the mineralization of collagen fibrils. Presence of phospholipid-mineral complexes in SBF solution lead to the intrafibrillar
mineralization of collagen fibrils. Phospholipid-mineral complexes mediate the infiltration of a precursor phase in the collagen
fibrils, that further crystallize inside the fibril. Formation of apatite in the collagen fibrils does not disrupt the hierarchical structure
of the films. Mineralization was also studied using MVs extracted from chicken embryo and the results were similar to the ones
observed using the biomimetic models. CONCLUSIONS: The outcome of this study is a full understanding of the role played by
phospholipid complexes on the stabilization of amorphous states prior HAp crystallization and how these phospholipid-mineral
systems can interact with collagen fibrils and control its intrafibrillar mineralization.

P14 - A tale of two phosphatases: how do matrix vesicles generate phosphate for bone mineralization?
Scott Dillon*1, José Luis Millán2, Fabio Nudelman3, Colin Farquharson1. 1The Roslin Institute and Royal (Dick) School of
Veterinary Studies, University of Edinburgh, Easter Bush, Midlothian, Scotland, 2Sanford Burnham Prebys Medical Discovery
Institute, La Jolla, CA, USA, 3School of Chemistry, University of Edinburgh, Joseph Black Building, David Brewster Road, Edinburgh,
Scotland.
INTRODUCTION: Bone mineralization is orchestrated by osteoblasts which secrete matrix vesicles (MVs) 100-300nm in diameter
into a collagenous connective tissue scaffold. MVs provide a localised concentration of calcium and inorganic phosphate (Pi) ions to
facilitate mineral nucleation, however the mechanism by which intravesicular Pi generation is achieved is currently unclear.
Phosphatases are essential in promoting biomineralization through liberation of Pi from biological molecules. The phosphatase
PHOSPHO1 is a critical effector of this process postnatally however its role during embryonic development, along with its
relationship with established phosphatases such as tissue non-specific alkaline phosphatase (TNAP), has yet to be fully elucidated.
METHODS: C67BL/6 wild-type and knock-out (Phospho1-/-) mouse embryos at 14-17 days of development (E14-17) were generated
from overnight matings. Embryos were whole-mount stained with Alizarin Red for optical projection tomography (OPT), or regions
of interest were dissected out from the lower limb and calvaria and processed for downstream analyses including qPCR, histology
and immunofluorescence, and transmission electron microscopy (TEM). RESULTS: In wild-type mice skeletal mineralization was
observed to begin at E15. qPCR revealed a significant upregulation of Phospho1 (p=0.024) and Alpl (p=0.009) expression over the
timecourse. Several other mineralisation-related genes were also significantly temporally upregulated including SIBLING proteins
Dmp1, Spp1, Ibsp and Mepe. Only a selection of these genes exhibited upregulation in the calvaria. Immunofluorescence staining
for PHOSPHO1 and TNAP with confocal microscopy revealed localization to mineralizing surfaces. Co-localization occurred at distinct
patches at the membranes of both hypertrophic chondrocytes and osteoblasts in the lower limb and calvaria, with Manders’ overlap
coefficients of 0.953±0.01, 0.971±0.01 and 0.976±0.01 at E17. Intracellular localisation of both phosphatases was also observed,
however no co-localization was detected intracellularly. Reconstructed OPT scans demonstrated ablation of mineralization in both
calvaria and long bones in early Phospho1-/- animals, while bone volume was significantly reduced at later stages (p<0.001). TEM
of developing calvaria revealed a polarized osteoblast layer which generated a collagenous matrix at E15. MVs were secreted into
this matrix and provided loci for hydroxyapatite mineral nucleation. In early embryos crystals were randomly orientated 1-2nm
plates which became progressively elongated in more mature tissue. Phospho1-/- animals exhibited generalized hypomineralization
and an accumulation of mineral-deficient MVs. CONCLUSIONS: PHOSPHO1 is critical for normal bone mineralization during
development, allowing Pi accumulation inside MVs. Future research will establish the biochemical pathway through which
PHOSPHO1 substrates are generated intravesicularly.

P15 - Harvesting the osteogenic potential of dentally derived extracellular vesicles
Rachel Waddington*1,2, Elizabeth Crawford1, Steven Avery1,2, Katrina Duggan1,2, Ayesha AlSabah1,2, Sharon Dewitt1,2,
Alastair Sloan1,2, Aled Clayton3. 1Regenerative Biology Group, School of Dentistry, College of Biomedical and Life Sciences,
2Cardiff Institute for Tissue Engineerng and Repair, 3School of Medicine, Cardiff University, UK.
INTRODUCTION: Extracellular vesicles (EVs) released from cells are proposed to act as membrane surrounded transport vehicles to
augment paracrine and autocrine delivery of trophic factors. EVs have been attracting increasing attention for therapeutic use in
promoting mineralised tissue repair since, unlike the producer cell, EVs do not change their biological phenotype when transplanted
at a tissue repair site; providing opportunities for controlling predictable responses with recipient cells, and one that recapitulates
natural tissue healing events. PURPOSE: To investigate the temporal production of EVs, collected from cultured Stem cells from
Human Exfoliated Deciduous teeth (SHEDs), in promoting osteogenesis of bone marrow derived mesenchymal stromal cells
(BMMSCs). METHODS: SHEDs were cultured in αMEM media supplemented with 10% EV-depleted FBS, until 90% confluent. Media
was then renewed and conditioned media collected at 24, 48, 72h, with media replenished after each collection. EVs were
sedimented by differential ultracentrifugation and their size and production was quantified by Nanosight Particle tracking
technology. Growth factor concentration contained within EVs was assessed by ELISA. The influence of EVs to promote osteogenesis
when added to cultures of BMMSCs was assessed by quantifying cell expansion (MTT assay), Runx2 and Osterix gene expression
(qPCR) and calcium mineral deposition (Alizarin red). RESULTS: EV size and quantity varied with culture collection time. SHEDs at
24h produced fewer and smaller EVs (75-250nm) compared to 48 and 72h EVs (75-300nm). For all EV populations TGFβ1
concentration was ~20-fold greater compared to VEGF, BMP-2 and IGF-1, also identified within EVs. Greatest concentration of
growth factors were identified in 72h EVs. Difference in the ratio of growth factors were noted between the respective EV
populations. When added to BMMSCs in culture, 48h EVs and 72h EVs increased cell expansion, compared with an unsupplemented
control, whilst 24h EVs had no influence. All EV populations increased Runx2 gene expression and 24h EVs also demonstrated an
increase in expression of the downstream osteogenic factor Osterix. All EVs populations were able to promote mineral deposition,
with greater calcium deposition compared to the positive osteogenic control (supplemented with dexamenthasone and βglycerophosphate). Comparing the three EV populations, 24h and 48h EVs deposited the highest levels of calcium mineral.
CONCLUSION: These results demonstrate the potential of dentally derived EVs as carriers of physiological levels of growth factors,
to deliver an efficacious and potent osteogenic response. However, differences in osteogenic responses were noted between the
three EV populations, which would most probably relate to the biological activity / phenotype of the producing SHED cell at the
time of collection and the identified differences in the ratio of growth factors contained within the respective EVs.

P16 - The role of ROS in Pi signaling and Pi-induced mineralization
Sana Khalid*1, Daisy Monier1, Mairobys Socorro1, Dobrawa Napierala1,2. 1Center for Craniofacial Regeneration and Dept. of
Oral Biology, University of Pittsburgh School of Dental Medicine, Pittsburgh, PA, USA. 2McGowan Institute for Regenerative
Medicine, University of Pittsburgh, Pittsburgh, PA, USA.
INTRODUCTION: Reactive oxygen species (ROS) and their metabolic products are signaling molecules regulating multiple
physiological cell functions. However they also contribute to aging process and development of cancer, diabetes mellitus,
atherosclerosis and neurodegeneration. Thus ROS can act as a double edge sword, which can stimulate cell differentiation and
function but also can have cytotoxic effects. This paradox of ROS biological effects largely depends on ROS concentration and a type
of the cell. In vitro studies showed that lower concentration of ROS stimulated alkaline phosphatase activity and expression of
osteogenic markers osteopontin (Opn) and osteocalcin (Ocn). ROS also stimulated mineralization of human dental pulp cells and
MDPC-23 odontoblast cells. However, osteogenic differentiation of MC3T3-E1 preosteoblasts was inhibited by ROS via activation of
extracellular signal-regulated kinase (Erk1/2) and nuclear factor-kB (NF-kB). We and others have demonstrated that inorganic
phosphate (Pi) is an osteogenic signaling molecule, which activates Erk1/2. Pi has also been reported to increase ROS, hence we
hypothesize that there is a cross-talk between ROS and Pi molecular circuits in osteogenic cells. PURPOSE: The purpose of this study
is to provide detailed understanding of the role of ROS in Pi signaling pathway in osteogenic cells and in Pi-induced mineralization.
METHODS: We have used 17IIA11 odontoblast cell line and primary dental pulp cells from human third molar and analyzed the
effect of both ROS (in the form of H2O2) and Pi on signaling (activation of Erk1/2) and cell death (caspase-3) by Western blot.
Osteogenic gene expression was investigated by qRT-PCR. Mineralization was analyzed by alizarin red staining. Cellular levels of
ROS upon Pi application was detected by staining the cells with DCF-DA and analyzed with FACS. RESULTS: Our results demonstrate
that both Pi and ROS increase Erk1/2 activity in odontoblast. Interestingly, higher levels of ROS are detrimental for odontoblasts as
demonstrated by increased level of cleaved caspase 3, while low doses of ROS enhance Pi-stimulated mineralization and expression
of Pi target genes Dmp1, Spp1 (Opn), and Ank. Furthermore, Pi increases ROS production in odontoblast in a dose dependent
manner. Finally, scavenging Pi-induced ROS abolished activation of Erk1/2, gene expression, and mineralization in response to Pi.
CONCLUSION: These results reveal the critical role of ROS as a mediator of Pi signaling and in the Pi-induced mineralization.

P17 - Deletion of the ER Ca2+ sensor STIM1 in osteoblasts attenuates p38 MAPK signaling resulting in
impaired bone and dentin formation
Yinghua Chen*1, Adrienn Petho1, David Reed2, Anne George1. 1Brodie Tooth Development Genetics & Regenerative Medicine
Research Laboratory, Department of Oral Biology. 2Department of Oral Biology, University of Illinois at Chicago, Chicago, IL USA.
INTRODUCTION: Dentin and bone formation require well-coordinated calcium trafficking for proper mineralization of their
extracellular matrix. Store operated calcium entry (SOCE) is the principal Ca2+ entry mechanism that controls cellular calcium
homeostasis in numerous cell types. SOCE is activated by Stromal Interaction Molecule 1(STIM1) which is located in the endoplasmic
reticulum (ER) as Ca2+ sensor. After Ca2+ store depletion, STIM1 and migrates to the plasma membrane where it ineracts with ion
channel unit ORAI which is highly selective for calcium. Clinically somatic mutations of STIM1 have been linked with tooth and bone
defects with attenuated mineralization. PURPOSE: The present study provides new insight into the function of STIM-1 by
characterizing the STIM1 knock out mouse model (STIM1 cKO) with deletion of STIM1 expression in osteocytes and odontoblasts.
Bone and tooth development were examined to identify if STIM1 deficiency causes disruptions in the assembly of the calcified
matrix. METHODS: STIM1 cKO mice were generated by breeding DMP1-Cre mice and STIMflox/flox mice. The mandible and femurs
of mice were used in this study. IHC analysis were performed to detect changes in the ECM protein expression. TRAP staining was
used to detect osteoclasts, picosirius RED staining along with polarized microscopy was used to analyze collagen birefringence. Low
resolution X-ray imaging, and microCT scan followed by standard morphometric analysis was performed. Two photon fluorescence
(TPF) microscopy was used to evaluate STIM-1 mediated changes in the ECM. RT-PCR and Western blotting was performed to
determine alterations in osteogenic gene and protein expression. RESULTS: At the organ/tissue level, abnormal ECM protein
expression was observed in STIM1 KO. TRAP assay identified osteoclasts in the growth plate and chondral plate but not in the
middle shaft. Morphology of the collagen fibrils were shorter and thinner in KO mice when compared with the WT. Trabecular bone
volume and content with lower radiopaque density in regions near distal epiphysis was observed in KO. Two photon fluorescence
and second harmonic generation microscopy demonstrate irregular distribution of DMP1 and collagen fibrils. In the mandible,
reduced alveolar bone contents and dentin thickness were seen in KO. At the molecular level, several osteogenic genes & ECM
proteins were downregulated in KO. Phosphorylated p38 MAPK levels were also downregulated in STIM1 cKO mouse.
CONCLUSIONS: The phenotype of the STIM1 cKO mice show thinner dentin and lower trabecular bone content. Morphological and
structural abnormalities were associated with altered expression of key osteogenic genes, protein expression and defective
morphology of the collagen fibrils. Interestingly, STIM1 activates p38 MAP kinase signaling pathway suggesting the role of STIM1
and p38 MAPK signaling pathway in osteoblast differentiation and function.

P18 - Circadian clock regulation of molecular mechanisms underlying load-induced bone formation
Catherine Julien*1, Chrisanne Dsouza1,2, Bettina M Willie1,3. 1Research Centre, Shriners Hospital for Children, Montreal,
Quebec, Canada. 2Department of Parasitology, 3Department of Pediatric Surgery, McGill University, Montreal, Canada.
INTRODUCTION: Bone adapts to mechanical loading via (re)modeling, a process involving bone-forming osteoblasts, bone-resorbing
osteoclasts, and mechanosensing osteocytes. Circadian rhythm is thought to influence bone formation and resorption, but little is
known concerning the mechanism(s) of action. PURPOSE: We investigated if time of loading influences gene expression to provide
insights into whether load-induced bone formation in mice is regulated by circadian oscillator mechanisms functioning in bone
tissue. METHODS: The left tibia of young female mice underwent a single session of dynamic compressive loading at ZT2 or ZT14.
Mice were euthanized and dissected 8h or 24h later, at ZT2, ZT10, ZT14 or ZT22. RESULTS: We found with qPCR that Clock, Per1 and
Per2 were expressed in bone. In nonloaded, right tibiae, we observed a significant effect of time for expression of Per2 and bonespecific, mechanically-responsive gene Sost with peaks at ZT14 and ZT22, respectively. Loading at ZT2 led to a significant increase
in Sost expression after 8h while loading at night led to a significant decrease after 24h. CONCLUSIONS: These data suggest the time
of loading influences the expression of mechanically-responsive genes. These data could help determine at what time of day
patients should undergo physical exercise to enhance load-induced bone formation.

P19 - Deletion of Runx2 gene in hypertrophic chondrocytes disrupts cartilage resorption
Harunur Rashid*, Haiyan Chen, Robert Koski, Amjad Javed. Department of Oral and Maxillofacial Surgery, School of Dentistry,
University of Alabama at Birmingham, AL, USA.
INTRODUCTION: The Runx2 transcription factor is essential for skeletogenesis. Global deletion of the Runx2 gene results in complete
failure of bone tissue in mice and embryonic lethality. Runx2 deletion in resting chondrocytes by Col2-Cre leads to neonatal lethality
due to the failure of chondrocyte differentiation and endochondral ossification. Runx2 expression begins in immature chondrocytes
and reaches the maximal level in hypertrophic chondrocytes (HC). However, the role of Runx2 after chondrocyte hypertrophy for
cartilage and bone development remains unknown. PURPOSE: Identify physiologic roles of Runx2 in hypertrophic chondrocytes for
skeletogenesis. METHODS: A 220kb-Col10-Cre line was used to achieve HC-specific ablation of the Runx2 gene. Biochemical,
histological and micro-CT approaches were employed to evaluate skeletogenesis. RESULTS: We initially confirmed Col10-Cre activity
by tdTomato reporter mice. The td-signal was restricted to HC and completely absent in resting, proliferating and pre-hypertrophic
chondrocytes. Surprisingly, HC-specific Runx2 null mice (Runx2HC/HC) were born alive and survive to adulthood. Alizarin-red/alcianblue double staining showed Runx2HC/HC mice have a well-developed skeleton but extremities are poorly mineralized. The overall
length of long bones was shorter in mutant littermates. Histological analysis of 3-day old limbs showed the length of HC zone was
double in Runx2HC/HC mice. Decrease in length of the ossified region despite enhanced hypertrophy in the Runx2HC/HC mice
prompted an examination of chondrocyte proliferation, differentiation, and cartilage resorption in the developing limbs. BrdU
labeling revealed that loss of Runx2 in HC does not affect the proliferative capacity of chondrocytes. Alcian-blue staining revealed
the presence of cartilage matrix up to the mid-diaphysis region of the tibia. Consistent with the poor cartilage resorption, a
significant decrease in the expression of matrix-degrading enzymes by HC was noted in mutant mice. Surprisingly, Von kossa staining
revealed increased mineralization under the growth-plate in Runx2HC/HC mice. Micro-CT analysis confirmed a 3-fold increase in
the trabecular bone. Pooled data from three independent-littermates showed no change in trabecular-thickness but a 55% increase
in trabecular-number, resulting in a 25% decrease in trabecular-space. Cortical bones, however, were comparable among the
littermates. To better understand increased trabecular bone, we evaluated osteoclasts activity. TRAP staining revealed a 30%
decrease in the number of osteoclasts in Runx2HC/HC bones. Consistently, the Rankl/Opg ratio was also decreased in mutant mice.
These data demonstrate that Runx2 presence in hypertrophic chondrocytes is required for postnatal development and appositional
growth of the bone. CONCLUSION: Runx2 plays an essential role in HC for the resorption of cartilage and development of trabecular
bone that is independent of hypertrophic maturation of chondrocytes.

P20 - Chondrocytes obtained from different regions of articular cartilage deep zone form tissues in vitro
that vary in their time to mineralization
Alena Zelinka*1,2, Marc Grynpas1,2, Rita Kandel1,2,3. 1Department of Laboratory Medicine & Pathobiology, University of
Toronto, 2Lunenfeld-Tanenbaum Research Institute, Sinai Health System, 3Department of Pathology & Laboratory Medicine, Sinai
Health System, Toronto, Ontario, Canada.
INTRODUCTION: Articular cartilage (AC) has a depth dependent zonal organization with a deep zone (DZ) that merges into a zone
of calcified cartilage (ZCC), with a tidemark present at the interface. In healthy AC, mineralization remains localized to the ZCC
although alkaline phosphatase (ALP) is present in both DZ and ZCC. The mechanisms which regulate development and localization
of the ZCC have not been fully elucidated. PURPOSE: Previously, we developed an in vitro articular cartilage mineralization model
using cells obtained from the DZ region. We hypothesize that differences exist in regions of the DZ that affect onset of mineralization
in vitro. The purpose of the study was to develop in vitro models of the upper and lower DZ and to characterize these tissues during
ZCC development. METHODS: AC was harvested from the upper and lower DZ regions of calf metacarpophalangeal joints.
Enzymatically isolated cells (DZC) were grown in 3D culture. At day 5 (time 0) fresh media with or without ß-glycerophosphate (ßGP)
was added, resulting in the formation of lower DZ (LDZ) or upper DZ (UDZ) tissues. Tissues were assessed at various times up to 54
days. RESULTS: In the presence of ßGP, UDZ and LDZ cells formed cartilaginous tissues in which calcification occurred in the lower
aspect of the tissues, however mineralization onset was delayed in UDZ compared to LDZ. Electron diffraction confirmed
hydroxyapatite mineral. No mineralization occurred in the absence of ßGP. A tidemark was present in LDZ non-mineralizing and
mineralizing tissues only and appeared to consist of collagen fibers oriented parallel to the tissue surface by electron microscopy.
Matrix vesicles were observed budding from cells in mineralizing and non-mineralizing tissues and some contained or were
surrounded by mineral. In the absence or presence of ßGP, distribution of ColX and MMP13 were similar, as demonstrated by
immunohistochemical staining, but appeared to vary in amount. LDZ ALP activity was greater than UDZ ALP activity at time 0. All
ALP activities (mineralizing and non-mineralizing) decreased to levels observed in their respective native AC regions. Diffuse ALP
activity distribution was maintained except in mineralizing tissues where ALP activity was mostly in the upper non-mineralizing
component of the tissue at day 10. Pi levels increased at different rates in mineralizing UDZ and LDZ but plateaued at similar levels
by day 10 as measured by Malachite Green assay. In the absence of mineralization Pi levels were unchanged. CONCLUSION:
Chondrocytes can be obtained from native DZ that form upper and lower DZ tissues in vitro which show similar ColX and MMP13
distribution but differ in their ALP activity and Pi levels at early time points, and time to mineralization. This study suggests that a
gradient of maturation states influencing mineralization onset may exist in the DZ of AC. Further study is required to explore the
negative relationship between Pi levels and ALP activity.

P21 - Stress response protein SerpinB2 is implicated in the mineralization of skeletal and dental tissues
Mairobys Socorro*1, Daisy Monier1, Sana Khalid1, Dobrawa Napierala1,2. 1Center for Craniofacial Regeneration and Dept. of
Oral Biology, University of Pittsburgh School of Dental Medicine, Pittsburgh, PA, USA. 2McGowan Institute for Regenerative
Medicine, University of Pittsburgh School of Dental Medicine, Pittsburgh, PA, USA.
INTRODUCTION: SerpinB2 gene codes for plasminogen activator inhibitor-2 (PAI-2/SerpinB2), a serine protease inhibitor.
Interestingly, SerpinB2 is one of the most upregulated proteins following cellular stress and has a number of pleiotropic activities
including roles in cell survival, cell proliferation, differentiation, immunity and extracellular matrix remodeling. Studies of cancer
cells demonstrated that expression of SerpinB2 is directly repressed by the Trps1 transcription factor, which is a regulator of
development and homeostasis of skeletal and dental tissues, and the mineralization process. However, SerpinB2 has never been
implicated in formation nor homeostasis of mineralized tissues in vivo. In our previous studies on the role of Pi signaling in the
mineralization process, we identified SerpinB2 as one of the novel genes highly upregulated by Pi. PURPOSE: To establish if SerpinB2
is involved in function of cells producing mineralized extracellular matrix and to determine how SerpinB2 expression is affected by
molecular factors regulating mineralization. METHODS: Immunohistochemistry (IHC) was used to analyze expression of SerpinB2 in
WT and Col1a1-Trps1 transgenic mice. qRT-PCR and Western blot were used to analyze expression in cells that produce mineralizing
matrix: 17IIA11, MLO-A5, OCCM-30, MOVAS and in control C3H10T1/2 cells grown under standard versus high (5mM) Pi conditions,
and in 17IIA11 cells overexpressing Trps1. The effect of SerpinB2 on mineralization was assessed in 17IIA11 control and SerpinB2deficient (SerpinB2-KD) cells using alizarin red and von Kossa staining. Caspase-3 and PARP were analyzed to determine apoptosis.
Cell proliferation was determined using BrdU labeling. RESULTS: In vivo analyses detected high SerpinB2 expression specifically in
osteoblasts, hypertrophic chondrocytes, odontoblasts and ameloblasts, while its expression was very low in osteocytes. SerpinB2
was also detected in predentin. In in vitro assays, decreased and delayed mineralization was detected in SerpinB2-KD cells compared
to controls. These cells also demonstrated decreased proliferation. However, proliferation of both control and SerpinB2-KD cells
was significantly upregulated by Pi. No differences in apoptosis were detected between control and SerpinB2-KD cells grown under
standard conditions and in high Pi conditions. Additionally, we determined that SerpinB2 expression is transiently upregulated by
Pi, however Trps1 overexpression inhibits this effect. We also detected decreased SerpinB2 levels in osteoblasts, odontoblasts and
predentin of Col1a1-Trps1 transgenic mice in comparison with WT. CONCLUSIONS: We have demonstrated that Pi and Trps1 have
opposing effects on SerpinB2 expression, with a dominant effect of Trps1 repression. High and specific expression of SerpinB2 in
cells producing mineralizing ECM and the impaired mineralization of SerpinB2-deficient cells suggest a role of SerpinB2 in
physiological mineralization.

P22 - ER stress activates GRP78 and facilitates the internalization of DMP1 to promote matrix
mineralization
Annette Merkel*, Yinghua Chen, Anne George. Department of Oral Biology, University of Illinois at Chicago, Chicago, IL.
INTRODUCTION: GRP78, the master regulator of the endoplasmic reticulum, is an essential protein in the maintenance of
homeostasis within the ER. Mineralization causes ER stress and activates a series of protective intracellular signaling pathways called
the Unfolded Protein Response (UPR) and GRP78 dissociates from its downstream ER stress signaling sensors: PERK, ATF6, and IRE1.
Each arm of UPR leads to downstream events that regulate pro-survival or pro-apoptotic events depending upon the level of ER
stress. Dissociated GRP-78 translocates to the plasma membrane and functions as a receptor for DMP1. Understanding the
functional coordination between DMP1, GRP78 and ER stress activation can lead to new understanding of matrix mineralization.
PURPOSE: Biomineralization requires a precise coordination of proteins and mineral. The physiological mechanism by which GRP78
and DMP1 activate the pro-survival arms of the UPR to facilitate osteogenic differentiation of human periodontal ligament stem
cells (hPDLSCs) and matrix mineralization is not well understood. METHODS: hPDLSCs were treated with recombinant DMP1 protein
(rDMP1) for 0, 5, 10, 15, 30, and 60 minutes and fixed with formalin. Immunocytochemistry was performed to determine the
localization of endocytic marker and GRP78 in the cells. RT-PCR and Western Blots were also performed. Overexpression of GRP78
in PDLSCs was achieved using pcDH-GRP78-GFP. These cells were grown in 6 well-plates to 60% confluency and treated with either
differentiation media for two days; treated with rDMP1 for 24 hours; treated with differentiation media for two days plus rDMP1;
or normal growth media. RNA was extracted and submitted for RNA sequencing and the data analyzed by the Bioinformatics Core
at the UIC and the Ingenuity Pathway Analysis Software. hPDLSCs were cultured under similar conditions and RT-PCR performed for
UPR markers. Western blots from the total proteins of control hPDLSCs and GRP78 overexpressing cells were performed for UPR
and osteogenesis markers. RESULTS: DMP1 and GRP-78 bind to the plasma membrane and endocytosis is facilitated by caveolin
mediated endocytosis with the coordination of Rab 5, 7, and 11. RNA sequencing results show that the PERK arm of the UPR is
active in GRP78 overexpressing cells. The osteogenic differentiation condition downregulated the expression of apoptotic genes for
CHOP, BCL2, C/EBP, and PDI. Osteogenic gene expression increased under differentiation conditions in the presence or absence of
rDMP1. CONCLUSIONS: The interaction of DMP1 and GP78 results in endocytosis and intracellular transport of the complex in
hPDLSCs. Overexpression of GRP-78 the receptor for DMP1 activates ER stress and consequently the UPR signaling pathway which
promotes cell-survival. Transport of DMP1 to the nucleus activates osteogenic differentiation resulting in the formation of
mineralized matrix.

P23 - Gene expression response to swim training in anosteocytic and osteocytic teleost fish
Catherine Julien*1, Tobias Thiele2, Lior Ofer3, Paul Zaslansky4, Ron Shahar3, Bettina Willie1,5. 1Research Centre, Shriners
Hospital for Children, Montreal, Quebec, Canada, 2Julius Wolff Institute, Charité - Universitätsmedizin Berlin, Berlin, Germany,
3Koret School of Veterinary Medicine, The Robert H. Smith Faculty of Agriculture, Food and Environmental Sciences, The Hebrew
University of Jerusalem, Rehovot, Israel, 4Department for Restorative and Preventive Dentistry, Charite´-Universitaetsmedizin
Berlin, Berlin, Germany 5Department of Pediatric Surgery, McGill University, Montreal, Canada.
INTRODUCTION: Bone continually adapts to changing external loading conditions by modeling (spatially independent resorption
and formation) and remodeling (spatially and temporally dependent resorption and formation) processes. Osteocytes are thought
to be the mechanosensors, regulating bone (re)modelling. Thus, it is surprising that the bones of evolutionarily advanced fish (e.g.
medaka) lack osteocytes yet they remain responsive to mechanical loading via modeling. PURPOSE: We aimed to determine if
anosteocytic bones in advanced teleosts (medaka) and osteocytic bones in basal teleosts (zebrafish) respond to swim training using
different molecular mechanisms. METHODS: We conducted an RNASeq study to identify genes differentially expressed during bone
adaptation in response to swim training in two species. For both anosteocytic medaka and osteocytic zebrafish, 3 groups were
submitted to a single 5 minutes swimming bout, known to induce bone formation in fish. Vertebrae were dissected 1h, 8h or 24h
after the swim session, RNA was extracted and analyzed with RNASeq by comparison with control groups (fish that did not swim,
one group per species). RESULTS: We found that loading significantly affected the expression level of 388 genes in both species (in
at least one time point). However, 4012 genes were affected only in medaka, and 4084 differentially-expressed genes were specific
to zebrafish. Two isoforms of vitellogenin, early oocyte proteins involved in embryonic development, were in the top ten genes
affected by loading in zebrafish. While most genes found to be affected by loading in medaka are uncharacterized, bmp15 (also
important for oocyte development) was observed to be strongly upregulated 1h after loading. When focusing on genes known to
be mechanoresponsive in mice, we saw differences between the two species. Notably, loading increased col1a1b expression in
zebrafish but decreased its expression levels in medaka. When we investigated genes of the Wnt pathway, we saw sost was detected
in zebrafish and medaka, thus indicating that cell types other than osteocytes (in the case of Medaka) can produce sclerostin.
Wnt9b, which has been shown to be important for early cranio-facial maxillary development, was downregulated in zebrafish but
showed a tendency to be upregulated in medaka following loading. CONCLUSIONS: These results have to be interpreted knowing
that different cell populations are present in the samples. Our zebrafish samples consist mostly of RNA from osteocytes while our
medaka samples are thought to be constituted mainly of osteoblast RNA. Ongoing studies will confirm the expression of various
genes by immunohistochemistry or in situ hybridization. Our data corroborates recently published work using in situ hybridization
techniques showing that sost is present in nonosteocytic cells in medaka. These results challenge current paradigms of osteocyte
exclusivity in the regulation of bone modeling.

P24 - Effect of lncRNAs on osteogenic differentiation of human mesenchymal stromal cells
Coralee E. Tye*1, Natalie A. Page1, Prachi N. Ghule1, Michelle M. Falcone1, Janet L. Stein1, Gary S. Stein1, Jane B. Lian1.
1Department of Biochemistry and University of Vermont Cancer Center, Larner College of Medicine at the University of Vermont,
Burlington, VT, USA.
INTRODUCTION: Long noncoding RNAs (lncRNAs) have emerged as novel regulators of gene expression. These molecules are critical
for lineage commitment, differentiation, development, disease progression and viability. Therefore, lncRNAs have tremendous
potential for regulating osteogenesis. PURPOSE: With limited studies of lncRNAs in bone, we initiated characterization of 3 lncRNAs
(LINC01638, MIR181AHG, LINC01114) that we identified as differentially expressed during osteogenesis. METHODS: Human
mesenchymal stromal cells (MSCs) immortalized using hTERT20 (hTERT20-hMSCs) were infected with gene specific guides and
dCas9-KRAB-GFP (to repress transcription) and stable cell lines with knockdown of individual lncRNAs were generated. Cells were
examined for effect of lncRNA knockdown on proliferation, cell cycle, apoptosis, senescence and DNA damage. Cells were
differentiated with time points collected from Day 0-21 (proliferation to mineralization) and stained for ALP activity and RNA
isolated at the different time points. RESULTS: MSCs with altered expression of each lncRNA had an observable decrease in
proliferation, however hCi-LINC0163 showed the most dramatic decrease in proliferation rate. No increase in apoptosis was evident
by Annexin V staining. hCi-LINC0163 cells demonstrated a high percentage of cells lacking Ki67 staining further indicating that cells
had a reduced rate of proliferation due to quiescence or senescence. We also performed cell cycle analysis by measuring DNA
content by FACS. All three of the lncRNA knockdown cells show altered cell cycle profiles. hCi-LINC0114 cells had a very high G2/M
population and increased number of mitotic cells as indicated by H3S28 staining (mitosis marker). Knockdown of hCi-LINC01638
resulted in a large population of cells with greater than 4N DNA content consistent with the very large and abnormally shaped,
polyploid nuclei observed with DAPI staining. Staining DNA double strand-break markers gamma H2AX and 53BP1, both hCiMIR181AHG and hCi-LINC01638 cells demonstrate punctate focal staining patterns indicative of DNA damage response. BrdU
incorporation into DNA was increased in hCi-MIR181AHG cells, indicating activation of repair associated DNA synthesis in these
cells. ALP staining was decreased in the hCi-LINC01638 cell line, which may be due to impaired differentiation of the altered MSCs.
In contrast hCi-MIR181AHG showed increased ALP stain and increased ECM production leading to contracting of the cell culture
monolayer. CONCLUSIONS: We have identified three novel lncRNAs that influence the differentiation program of MSCs. Additional
characterization of these molecules will further reveal their functions and together these findings will open novel dimensions for
exploring lncRNAs in regulating normal bone formation and their deregulated expression in skeletal disorders.

P25 - Microstructured and hydrophilic titanium surfaces mediate semaphorin3A production to enhance
the differentiation of mesenchymal stem cells
Ethan M. Lotz1, Michael B. Berger1, Zvi Schwartz1,2, Barbara D. Boyan*1,3. 1Department of Biomedical Engineering, Virginia
Commonwealth University, Richmond VA. 2Department of Periodontics, University of Texas Health Science Center at San Antonio,
San Antonio, TX. 3Department of Biomedical Engineering, Georgia Institute of Technology, Atlanta, GA, USA.
INTRODUCTION: Osseointegration involves primary bone formation, ultimately leading to development of mature bone via
modeling of primary bone. This involves regulated coupling mechanisms among osteoblasts (OB), osteoclasts (OCs), and
mesenchymal stem cells (MSCs). MSCs and OBs can modulate OCs through semaphorins and their receptors (plexins [PLXN] and
neuropilins [NRP]). SEMA3A serves as an osteoprotective protein by both stimulating bone formation via OB-expressed NRP1 and
inhibiting bone resorption via OC-expressed PLXNA1. In addition to binding SEMA3A, NRP1 binds vascular endothelial growth factor
(VEGF). VEGF is an important regulator of angiogenesis during bone formation and healing, and the amount secreted is sensitive to
titanium (Ti) surface microtopography and surface energy. PURPOSE: Our goal was to determine the role of SEMA3A during surfacemediated osteogenesis and whether it impacts VEGF signaling. METHODS: Human MSCs were cultured on 15mm grade 2 smooth
(PT), microrough (SLA), and hydrophilic/microrough Ti (modSLA) (Institut Straumann AG, Basel, Switzerland). Tissue culture
polystyrene (TCPS) served as a control. After 7D, mRNAs for SEMA3A, PLXNA1, and NRP1 as well as SEMA3A and VEGF protein were
quantified. Effects of SEMA3A (1µg/mL) and VEGF (20ng/mL) on MSCs were assessed by quantifying levels of osteocalcin, BMP2,
VEGF, FGF2, angiopoietin-1 (Ang), SEMA3A, and osteopontin in the conditioned media by ELISA. Cells stably silenced for SEMA3A
or VEGF were also generated. Chemical inhibition (100µM EG00229; Tocris) and antibody neutralization of NRP1 (10µg/mL antiNRP1B; Genentech) and VEGF receptor 2 (10µg/mL anti-VEGFR2) were used to block the binding of VEGF to each receptor while
permitting SEMA3A binding. An antibody preventing SEMA3A from interacting with NRP1 while allowing VEGF binding was also
used. MSC response was assessed as described above. (n=6 cultures/variable; ANOVA-Tukey p<0.05). RESULTS: Growth on
microstructured surfaces enhanced VEGF, SEMA3A, PLXNA1, and NRP1 mRNAs. Protein production of VEGF and SEMA3A was also
increased. Addition of exogenous VEGF or SEMA3A enhanced markers of osteoblastic differentiation. Cells silenced for VEGF or
SEMA3A secreted reduced levels of osteocalcin, osteoprotegerin, FGF2, and Ang when cultured on SLA and modSLA surfaces.
Addition of anti-VEGFR2 or anti-NRP1B reduced the response to VEGF. The effect of anti-VEGFR2 was partially recovered after
addition of VEGF; however, VEGF was unable to recover the effects of anti-NRP1B. Furthermore, addition of SEMA3A to cells
receiving NRP1B greatly enhanced markers of osteoblastic differentiation. The effects of anti-NRP1A were not recovered by the
addition of either SEMA3A or VEGF. CONCLUSIONS: Our results indicated that both VEGF and SEMA3A enhance osteoblastic
differentiation of MSCs and their production of vasculogenic factors. While both VEGF and SEMA3A act through NRP1, SEMA3A
elicits stronger effects compared to VEGF.

P26 - Effect of calcium hydroxide on mandibular bone and bone marrow stem cells
Abeer S ALMouallad1, Rachel J Waddington1,2, Alastair J Sloan*1,2. 1Regenerative Biology Group, School of Dentistry, College
of Biomedical and Life Sciences. 2Cardiff Institute for Tissue Engineerng and Repair, Cardiff University, UK.
INTRODUCTION: Bone contains a cocktail of bioactive growth factors, bound to the extracellular matrix, which are proposed to be
released from the matrix during injury and participate in the reparative processes leading to optimal bone repair. Calcium hydroxide
(Ca(OH)2) is used extensively in clinical dentistry as a direct pulp capping agent and can stimulate reparative dentine bridge
formation due to the release of growth factors from dentin. We hypothesise that this may be equally effective for promoting bone
repair. PURPOSE: Using an ex vivo 3D tissue organotypic mandible model, to investigate the effect of Ca(OH)2 on growth factor
release from bone and the effect of Ca(OH)2 at differing pH on bone marrow stromal cell (BMSC) function in vitro. METHODS: 2mm
slices of mandibles were prepared from 28 day old male Wistar rats. Using a sterile scalpel a fracture site was made in the bone
which was then treated with 0.02M Ca(OH)2, pH 11 or PBS for 5min. Tissue slices were then washed with PBS and embedded in a
semi-solid agar based medium and cultured in Trowell type cultures for 7 days. Tissue slices were examined by histology and
immunohistochemical analysis for proliferating cell nuclear antigen (PCNA), bone sialoprotein (BSPII) and bone matrix protein
osteopontin (OPN). Growth factor release (TGF-β1, BMP2, VEGF) from fracture surfaces was quantified by SEM/immunogold
labelling and ELISA of conditioned media. BMSCs harvested from 28 day old male Wister rats were cultured in basal media and
osteogenic media and challenged with 0.4mM Ca(OH)2 supplemented media at pH 11 or pH 7, for 14 days. Cell survival, proliferation
and differentiation was assessed by digital image analysis, RT-PCR for expression of PCNA, caspase, BSPII and OPN and
immunocytochemistry for the same makers. RESULTS: Fractured mandible slices treated with Ca(OH)2, pH 11 exhibited a significant
increase in cell number and immuno-positivity to PCNA, OPN, and BSP within the fracture site, compared with controls. Fractured
surfaces treated with Ca(OH)2 exhibited a significant increase in VEGF, TGF-β1 and BMP2 release compared with PBS, with
considerably greater VEGF release noted when compared with other growth factors. BMSCs treated with Ca(OH)2 at pH 11
demonstrated a significant decrease in cell number, with loss of mophology after day 7, when compared to cells cultured with
Ca(OH)2 at pH 7 and controls. Cell survival and differentiation markers showed differential expression between Ca(OH)2 treated
cells at pH 11 and pH 7 and control cultures. CONCLUSIONS: Ca(OH)2 at pH 11 facilitated release of growth factors from bone
fracture surfaces which influenced recruitment of cells to the site of injury, although it also demonstrated cytotoxic effects to BMSCs
in vitro. Ca(OH)2 at pH 7 mediated high proliferative and osteogenic capacity of BMSCs to a significant level compared to control
cells. Ca(OH)2 may provide promising clinical treatments for bone fracture repair.

P27 - Beyond Growth Factors: Inorganic Magnesium as Drivers of Bone Differentiation
Chu-Chih Hung1,2,4, Dandan Hong1,2,4, Andrew Brown1,2,4, Amy Chaya1,2,4, Kelly Williams1,5, Elia Beniash1,2,3,4, Charles
Sfeir*1,2,3,4,5. 1The Center for Craniofacial Regeneration, 2Department of Bioengineering, 3Department of Oral Biology, 4The
McGowan Institute for Regenerative Medicine, 5Department of Periodontics and Preventive Dentistry, University of Pittsburgh,
Pittsburgh, PA, USA.
INTRODUCTION: Resorbable magnesium based alloys are biocompatible and they were shown in vivo and in vitro by our group and
others to enhance bone regeneration. PURPOSE: We were extremely intrigued by the impact of magnesium on bone biology and
regeneration. Based on these in vivo observation, we then undertook a series of experiments to start elucidating the biological
mechanisms involved in in magnesium signaling especially to our knowledge there was not much in depth data describing the
magnesium effect on bone. To elucidate the hypothesized osteogenic effects of magnesium, we stimulated human bone marrow
stromal cells (hBMSCs) with culture medium containing adjusted concentrations of magnesium ion, and analyzed expression of
genes and proteins related to osteogenesis. METHODS: hBMSCs were cultured for three weeks in α-MEM containing 5% FBS, with
or without osteogenic factors (100 nM dexamethasone, 50 μM ascorbic acid, and 10 mM β-glycerophosphate). Magnesium ion
concentration was adjusted from 0.8 (physiological concentration; control) to 10 mM by adding MgSO4 to culture medium. Extent
of ECM mineralization was assessed using Alizarin red stain. mRNA expression of osteogenic markers was analyzed by qPCR array
and confirmed by qPCR. Signaling pathway was analyzed by Ingenuity® IPA software. The production of proteins involved in the
Wnt signaling pathway, collagen type X (COL10), vascular endothelial growth factor (VEGF), and upstream signaling molecules of
these proteins were analyzed by Western blot. RESULTS: Mineralization of ECM was significantly enhanced at 10 mM of MgSO4.
The Wnt signaling pathway as well as the HIF pathways were shown to be activated. mRNA expression and protein expression by
Western blots revealed that components of these pathways were activated. CONCLUSION: 10 mM of magnesium ion upregulated
expression of several osteogenic genes and proteins of hBMSCs. Magnesium ion released from resorbing bone fixation devices may
promote bone regeneration by activating the Wnt signaling pathways and enhancing the production of COL10 and VEGF via multiple
intracellular signaling pathways.

P28 - The function of miRNA derived from amelogenin exon4 in bone formation
Gan Lin1, Dawud Abduweli Uyghurturk1, Yukiko Nakano*1,2. 1Department of Orofacial Sciences, School of Dentistry, University
of California, San Francisco, USA, 2Center for Children’s Oral Health Research, School of Dentistry, University of California San
Francisco, USA
INTRODUCTION: Amelogenin (Amel) gene is essential for the tooth enamel formation, and it is also expressed in osteoblasts. Amel
gene is processed via alternative splicing to produce two major mRNAs. During these events, exon4 is always spliced-out, and the
importance of the spliced-out exon4 has long been ignored. We recently found that a novel microRNA (miRNA) derives from the
spliced-out exon4 (miR-exon4). In our publication and its follow up study, miR-exon4 is suggested to play critical roles in enamel
formation by regulating Runx2 expression, and potentially associated with the etiology of hereditary enamel defect. Actually, RUNX2
is a critical transcription factor in osteoblast differentiation, and a potential regulation of Runx2 by miR-exon4 in osteoblasts was
also suggested through our experiment that transiently inhibited miR-exon4 in the osteoblast culture. PURPOSE: We aim to
determine the role of miR-exon4 in osteogenesis. METHODS: Using MC3T3-E1 subclone 14 osteoblast cell line and mouse primary
osteoblasts of Amel WT and KO, we examined the association of miR-exon4 expression and osteoblast differentiation, and impact
of miR-exon4 in regulating expression of Runx2 and bone formation. RESULTS: In MC3T3-E1 osteoblasts, miR-exon4 is expressed
throughout the differentiation with the highest expression in the early stage of differentiation, and becomes lower as the
differentiation progressed. This expression pattern was similar to Runx2. To determine the correlation of miR-exon4 and Runx2, we
generated a monoclonal subclone where mature miR-exon4 is functionally inhibited, and found downregulated mRNA expression
of Runx2 and downstream gene, Osx. The inhibition of miR-exon4 also resulted in a reduced bone nodule formation. In vivo, Amel
KO mice is a model lacking miR-exon4 in ameloblasts. However, in osteoblasts directly harvested from Amel KO mice, while Amel
mRNAs are still downregulated, miR-exon4 and Runx2 expression was maintained at the same level of WT. This supports the
reported mild bone phenotype in Amel KO mice. Interestingly, however, in primary osteoblast culture, the expression level of miRexon4 and Runx2 as well as bone nodule formation was significantly reduced in Amel KO compared to those of WT. Although the
reason for the discrepancy between in vivo and ex vivo is not clear and yet to be investigated, this data also supports the potential
correlation of miR-exon4 and Runx2, therefore suggesting the significance of miR-exon4 in bone formation. CONCLUSIONS: Our
data suggest that miR-exon4 plays a significant role in osteoblast differentiation and bone formation, potentially in regulating early
stage of differentiation via RUNX2.

P29 - Effect of VEGF on spiculogenesis in S. purpuratus PMCs in vitro: A transcriptomics approach
Keith Alvares*, Bradley Moreno, Derk Joester. Department of Material Sciences and Engineering, Northwestern University,
Evanston, IL, USA.
INTRODUCTION: Primary mesenchyme cells (PMCs) of the sea urchin embryo have a high level of autonomy in elaborating the
endoskeleton, yet accept regulatory inputs that are integral to skeletal patterning. Over the past decade, several ectoderm-derived
factors, including vascular endothelial growth factor (VEGF), have been identified. The VEGF receptor is expressed exclusively in the
PMCs, whereas VEGF expression is restricted to two small areas of the ectoderm, in front of the positions where the ventrolateral
PMC clusters, that initiate skeletogenesis, will form. VEGF signaling between ectoderm and PMCs is crucial for skeletal
morphogenesis. Building on PMC culture developed by Okazaki, Wilt, and others, we discovered that recombinant sea urchin VEGF
has a concentration-dependent effect on the shape of spicules deposited in vitro. The formation of triradiates, i.e. branching spicules
that closely resemble those initially deposited in the embryo, requires a threshold concentration of rVEGF. Below this concentration,
markedly different spicule shapes are formed. Remarkably, branching is accompanied by a change in the crystallographic growth
direction of the spicule mineral. PURPOSE: We aim to contribute to the understanding of the impact of VEGF-dependent signaling
on PMC differentiation and spicule shape using in vitro experiments that have the advantage of eliminating indirect effects that can
complicate interpretation of perturbation experiments in vivo. Ultimately, we hope to contribute to a mechanistic view of PMC
skeletal morphogenesis, and provide a basis for understanding how such regulatory networks evolve to give rise to different
morphological features. METHOD: Towards this goal, we performed an RNA-seq analysis, comparing PMC treated with horse serum
(HS, 4% v/v in artificial seawater), resulting in predominantly linear spicules, to PMC treated with HS + 300 ng/mL rVEGF, resulting
in triradiates. Treatments commenced at 26 h post fertilization (hpf) and RNA was collected at 45 hpf, the onset of triradiate
formation. RESULTS: At 45 hpf, we found 967 transcripts that are up-regulated by at least a factor of 2, and 2058 transcripts that
are down-regulated at least by a factor of 2. We will discuss differential expression in a number of functional categories, including
transcription factors, signaling and the cytoskeleton. We will also show that disruption of the actin cytoskeleton results in the arrest
of spiculogenesis, which could be attributed in part to decrease in endocytosis and vesicular transport.

P30 - Multiple effects of calcium in oral health
Rodrigo S. Lacruz*. Department of Basic Science and Craniofacial Biology, New York University College of Dentistry.
INTRODUCTION: The calcium ion (Ca2+) is a second messenger that has the ability to modulate a plethora of intracellular pathways.
As an essential component in the mineralization of dental enamel, Ca2+ is first introduced in ameloblasts largely by a ubiquitous
Ca2+ entry pathway known as store-operated calcium entry (SOCE). Although some exceptions are known, SOCE requires depletion
of Ca2+ stores in the endoplasmic reticulum (ER) as a first step to stimulate Ca2+ influx. Loss of ER Ca2+ is sensed by the stromal
interaction molecules (STIM) 1 and 2 proteins which interact with cell membrane proteins known as ORAI (1-3) that form the
membrane pore. The release of ER Ca2+ as well as Ca2+ fluxes mediated by ORAI are buffered by mitochondria. These sharing of
Ca2+ is key to enamel mineralization but SOCE mediated Ca2+ fluxes are also important in the physiology and pathophysiology of
salivary glands and oral cancer. Here we analyze the effects of SOCE mediated Ca2+ fluxes in oral diseases including amelogenesis
imperfecta, dental fluorosis, Sjogren's syndrome and oral cancer. METHODS: Enamel organ (EO) cells isolated from rats, murine
submandibular salivary gland cells, the enamel cell line LS8 cells and oral cancer cell lines were investigated for the effects of SOCE
in physiological and pathological conditions. Cells were loaded with Ca2+ indicators targeting the cytosol (Fura2-AM), ER (MagFura2)
or mitochondria (Rhod2). SOCE was stimulated in vitro with thapsigargin prior to the re-addition of extracellular Ca2+. EO cells from
murine models with conditional deletion of either Stim1 or Orai1 genes were used to monitor alterations in Ca2+ signaling. Fluoride
(NaF) stimulation was used to analyze changes in Ca2+ homeostasis. Pilocarpine injections were used to stimulate saliva flow in
mice. RESULTS: Salivary gland cells lacking SOCE showed decreased salivary flow. Cancer cell lines showed upregulation of ORAI
proteins. Enamel cells lacking SOCE showed altered enamel mineralization. NaF treatment of EO and LS8 cells showed dysregulated
Ca2+ homeostasis. CONCLUSIONS: These studies highlight an important role of SOCE in modulating Ca2+ homeostasis impacting
the normal functioning of exocrine glands and epithelially derived ameloblasts. Dysregulation of SOCE components are also
contributors to oral cancer. Taken together, these data suggest that Ca2+ regulation is essential in the maintenance of oral health.

P31 - Periodontopathogens degrade the epithelial derived extracellular matrix that attaches the gingiva to
teeth
Aurélien Fouillen*1, Daniel Grenier2, Jean Barbeau1, Christian Baron1, Pierre Moffatt P3, Antonio Nanci1. 1Université de
Montréal, Montreal, QC, Canada. 2Université de Laval, Quebec City, QC, Canada. 3Shriners Hospital for Children-Canada,
Montreal, QC, Canada.
INTRODUCTION: The junctional epithelium is a specialized portion of the gingiva that seals off the tooth supporting tissues from the
oral environment. This relationship is achieved via a specialized basal lamina (sBL). Laminin-332 together with three unique proteins
-AMTN, ODAM and SCPPPQ1- structure the supramolecular organization of this sBL and determine its adhesive capacity to tooth
mineral. The latter three proteins belong to the SCPP gene cluster and have evolved as hypermineralization proteins. PURPOSE:
Despite its critical and strategic importance and continued exposure to bacteria, little is known on the susceptibility of the sBL to
bacterial activity. METHODS: The objective of this study was to evaluate the impact of various oral bacteria on the sBL using
molecular biology and complementary imaging approaches. RESULTS: SDS-PAGE and western blot analysis of degradation assays
with trypsin like proteases as well as incubation with Porphyromonas gingivalis (P. gingivalis) revealed that all sBL constituents,
except SCPPPQ1, were rapidly degraded. Mass spectrometry also confirmed that SCPPPQ1 was not degraded. We have previously
shown that mixing the recombinant sBL proteins results in the formation a supramolecular network that mimicked the sBL. To
observe the impact of oral bacteria on this ‘reconstituted’ sBL network, we exposed it to P. gingivalis and observed the results by
atomic force microscopy and scanning electron microscopy (SEM). The bacteria destroyed the supramolecular network in their
vicinity creating a peripheral space around them. SEM imaging further showed the presence of fine filamentous residual matrix on
the exposed HOPG surface, suggesting the incomplete degradation of some component and a layered destruction of the network.
Finally, to determine the effect of P. gingivalis on the native sBL itself, we exposed it ex-vivo to bacteria. After two hours of exposure,
SEM analysis revealed the presence of a shallow depression around the bacteria and after 6 h, the affected peri-bacterial area
became deeper and cavitated , suggesting active degradation of the native sBL as well. CONCLUSION: We show here for the first
time that enzymes and P. gingivalis, one of the major bacteria implicated in chronic periodontitis, can attack the individual
components of the sBL as well as alter the supramolecular organization of this critical adhesive extracellular matrix. Because
destruction of the sBL would open the door to bacterial infiltration around teeth, these results highlight the importance of the sBL
in PD and open the door for new treatment paradigms. This work was supported by CIHR, Canada Research Chair, RSBO, and
Shriners Hospital. Keywords: Matrix biology, Mineral, Pathology.

P32 - Characterization of the antibacterial potential of the protein SCPPPQ1
Charline Mary*1 , Aurélien Fouillen1 , Dainelys Guadarrama Bello1 , Pierre Moffatt2, Antonio Nanci1. 1Université de Montréal,
Montreal, QC, Canada. 2Shriners Hospital for Children-Canada, Montreal, QC, Canada.
INTRODUCTION: In studies aimed at determining the bacterial susceptibility of the specialized basal lamina attaching the junctional
epithelium to the tooth surface, we have observed that all its components, except SCPPPQ1, were rapidly degraded by
Porphyromonas gingivalis. In addition to its unique resistance to degradation, our data further suggested that SCPPPQ1 exhibits
antibacterial capacity. PURPOSE: The objective of our study was to determine the extent of the antimicrobial potential of SCPPPQ1
and characterize its mode of action. METHODS: To this end, we have exploited molecular biology and complementary imaging
approaches. RESULTS: Incubation of P. gingivalis with recombinant SCPPPQ1 resulted in over 75% reduction in bacterial number.
Structural imaging revealed the production of numerous outer membrane vesicles that are part of the bacterial response to
environmental stress. Furthermore, the interaction of SCPPPQ1 with P. gingivalis caused significant membrane disruption, which
correlated with internal structural changes. Super-resolution fluorescence microscopy showed that the protein formed a beaded
coating on the outer membrane of the bacteria. This association with the membrane was confirmed by colloidal-gold
immunolabeling visualized using scanning electron microscopy. Finally, ongoing studies with various peptides derived from
SCPPPQ1 indicate that the antibacterial capacity is sustained by specific regions of the molecule. CONCLUSION: These results
indicate that SCPPPQ1, a unique protein naturally-expressed by the junctional epithelium, can directly attack P. gingivalis via the
outer membrane, resulting in the death of the bacteria. This unexpected finding may represent a component of the innate response
of the body to periodontal disease that may be exploited in novel therapeutic strategies. This work is supported by CIHR, Canada
Research Chair and Shriners Hospital.

P33 - A novel model system to study the matrix-mediated attachment of epithelial cells to mineralized
tooth surfaces
Shahrzad Nouri*1, James Holcroft1, Thu V. Vuong2, Emma Maste2, Bernhard Ganss1. 1Faculty of Dentistry, University of
Toronto, Toronto, ON, Canada. 2Department of Chemical Engineering and Applied Chemistry, University of Toronto, Toronto, ON,
Canada.
INTRODUCTION: The junctional epithelium (JE) is the attachment site of the gingiva to the mineralized tooth surfaces that forms an
epithelial barrier between the tooth supporting tissues and the oral cavity. Failure of this attachment can cause the invasion of
bacterial pathogens from the oral cavity, and lead to periodontal tissue destruction as one of the leading causes of tooth loss. Firm
attachment of the JE to the mineralized tooth surfaces is also important to minimize gingival recession and to maintain periodontal
health throughout life. Protein complexes mediating the attachment of the JE to the tooth are generally derived from the reduced
enamel epithelium. However, the role of enamel proteins such as secretory calcium-binding phosphoprotein proline-glutamine rich
1 (SCPPPQ1), secreted during the late stage of the enamel formation, in these complexes is poorly defined. Laminin332 (Lam332) is
the only basement membrane protein found at the epithelium-tooth interface. The lack of a defined model system to study cell
behavior on mineralized surfaces has been a barrier to fully characterize the matrix-mediated attachment of the epithelial cells to
hydroxyapatite (HA) as the main component of tooth enamel. PURPOSE: The objective of this work was to develop a model system
to study the epithelial attachment between the tooth and the JE with an emphasis on the combined role of Lam332 and SCPPPQ1.
METHODS: Synthetic human SCPPPQ1 and recombinant human Lam332 were used, alone or in combination. Epithelium-derived
human squamous cell carcinoma (HSC-2) cells were used as a model of nonkeratinized oral epithelial cells. Sintered hydroxyapatite
(HA) discs were used as a bioceramic analogous to the mineral component of the enamel surface. Solid surfaces were coated with
different mixtures of Lam332-SCPPPQ1 and incubated with cells. Kinetics of adsorption and the binding affinity of proteins to HA
were studied using quartz crystal microbalance (QCM). A microfluidic shear device with embedded HA discs was designed and used
to apply shear forces on the cells attached to the different coatings. RESULTS: QCM results showed that the adsorption of Lam332
to HA was increased upon addition of SCPPPQ1. Cells attached to a complex of SCPPPQ1/Lam332 demonstrated different
morphology compared to those attached to Lam332 alone. Cell attachment to the SCPPPQ1/Lam332 complex was much faster and
efficient compared to SCPPPQ1 or Lam332-coated surfaces. CONCLUSIONS: We have developed a model system to study the
attachment/detachment of epithelial cells on HA substrates. The developed model system enables us to investigate the role of
enamel proteins in the epithelial attachment to mineralized tooth surfaces. Application of the Lam332-SCPPPQ1 complex may
accelerate cell attachment to mineralized tooth surfaces and thus become a viable strategy to enhance dentogingival attachment.
This may enable the development of strategies to combat gingival recession and attachment loss.

P34 - Withdrawn

P35 - Investigating potential roles of ameloblastin and enamelin in enamel development
Megan K Pugach*1,4, Jae Y Jang1,2, Daniel R Green1,3, Baptiste Depalle1, Felicitas B Bidlack1,4. 1The Forsyth Institute,
Cambridge, MA, USA. 2Department of Prosthodontics, Harvard School of Dental Medicine, Boston, MA, USA. 3Department of
Human Evolutionary Biology, Harvard University, Cambridge, MA, USA 4Department of Developmental Biology, Harvard School of
Dental Medicine, Boston, MA, USA.
INTRODUCTION: It is known that all three structural matrix proteins amelogenin (AMELX), enamelin (ENAM) and ameloblastin
(AMBN), as well as the proteases MMP20 and kallikrein-4 (KLK4) are critical for proper enamel formation. MMP20 is active during
the ameloblast secretory stage, while KLK4 is active after ameloblasts transition from secretory to maturation stages. AMELX has
been shown to regulate mineral phase and crystal alignment in vitro. It has been suggested that AMELX could complement the
extracellular matrix (ECM) buffering provided through bicarbonate. Whether AMBN and ENAM play a role in ECM pH buffering is
not resolved. PURPOSE: To test the hypothesis that ENAM and AMBN are involved in ECM pH regulation during enamel
mineralization, by comparing Amelx-KO and Klk4-KO models with respect to expression levels and localization of carbonic
anhydrase-6 (Ca6) and anion-exchanger 2 (Ae2). METHODS: We compared RNA and protein expression levels of AMELX, ENAM,
AMBN, Ca6 and Ae2 in tooth enamel from wildtype, Amelx-KO and Klk4-KO mice. First molars were extracted at postnatal days 5,
9, and 12 to capture secretory, early and late maturation stages respectively. RNA expression was quantified by qPCR (n=6), protein
expression by Western blot (n=3) with beta actin as loading control, and immunohistochemistry (n=3) performed on demineralized
sections for: AMELX (FL-191, Santa Cruz), AMBN (N18 and M300, Santa Cruz), enamelin (ENAM) (C-18, Santa Cruz), CA6 (139560,
US Biologics) and AE2 (ab42687, Abcam). Significance was tested with ANOVA. RESULTS: In Amelx-KO mice, upregulation was seen
in secretory stage for AMBN protein (4-fold) and RNA expression of AMBN (2-fold, p=0.02), ENAM (2-fold, p=0.10), and KLK4 (7fold, p=0.08), AE2 (2-fold, p=0.06), and CA6 (9-fold, p=0.12). In early maturation stage, no significant change was seen for AMBN,
but ENAM RNA was upregulated 4-fold (p=0.06), and AE2 protein 12-fold. In late maturation no significant change was seen for
both AMBN and ENAM, but AE2 protein was 100-fold higher, and for CA6 RNA expression was reduced 2-fold (p<0.001). Notably,
MMP20 expression remained unchanged through all stages analyzed. In Klk4-KO early maturation stage, RNA and protein
expression for both AMBN and ENAM were unchanged, while AE2 protein expression 4-fold higher and CA6 RNA levels 15-fold
upregulated (p=0.1). In late maturation stage, no change was seen for AMBN and ENAM but AE2 protein expression was 10-fold
higher, yet, CA6 RNA levels were downregulated (10-fold, p=0.08). Immunohistochemistry showed ENAM staining within the
enamel like WT at transition stage, but staining was significantly increased in maturation stage, compared to both Amelx-KO and
WT. CONCLUSIONS: Our results suggest that ENAM and AMBN play only a minor role, if any, in pH regulation. However, the
accumulation of ENAM in the Klk4-KO mouse would suggest diminished processing by MMP20 of ENAM and that KLK4 contributes
to enamelin removal in the WT.

P36 - Enamel matrix protein Ameloblastin interacts with Amelogenin in vivo and in vitro
Rucha Arun Bapat*1, Jingtan Su1, Yeojung Park2, Janet Moradian-Oldak1. 1Center for Craniofacial Molecular Biology, Ostrow
School of Dentistry, University of Southern California, CA, USA. 2Keck School of Medicine, University of Southern California, CA,
USA
INTRODUCTION: Enamel matrix proteins amelogenin (Amel) and ameloblastin (Ambn) colocalize in the secretory stage of
amelogenesis and their fragments continue to colocalize in the maturation stage. Adding Ambn changes Amel’s secondary structure
in vitro, suggesting their molecular interaction. However, evidence of direct binding and co-assembly between Amel and Ambn in
different stages of enamel formation remains scarce. PURPOSE: To examine amelogenin-ameloblastin interaction during different
stages of enamel formation in mouse incisors and to identify the domain of Ambn binding to Amel. METHODS: In vivo Amel-Ambn
colocalization patterns were quantified using a Leica SP8 confocal microscope through immunohistochemical labeling of 5-, 6-, and
8-day-old mouse incisors. To show specific interaction and to identify the domain of Ambn binding to Amel, a Pierce coimmunoprecipitation (co-IP) kit was used. Co-IP was analyzed between recombinant amelogenin and Ambn, Ambn mutants lacking
exon 5 and exon 6 sequences, and various Ambn-derived peptides. Amel was immobilized on the co-IP column with anti-Amel
antibody (from Dr. M Snead) and Ambn, its mutants or peptides (prey proteins) were incubated in the column. After rigorous
washing, bound prey protein was eluted and analyzed by Western blotting. Co-IP of native protein fragments extracted from porcine
enamel matrix proteins was also performed. RESULTS: Amel and Ambn colocalize within ameloblasts and at the Tomes’ processes
in 5-day-old mouse incisors in the secretory and early transition stages of enamel development. Amel and N-terminal fragments of
Ambn continue to colocalize and co-assemble in the tips of 8-day-old incisors to form the classical decussating pattern of mouse
enamel prisms, showing direct evidence that Amel and Ambn are involved in the patterning of enamel prism structure. Recombinant
Ambn co-elutes with Amel; however, Ambn lacking the sequence encoded by exon 5 loses its ability to bind to Amel. Synthetic
peptide encoding the exon 5 fragment of Ambn independently binds to Amel, showing that the exon 5 sequence, specifically its Nterminal fragment, is essential for Ambn’s interaction with Amel. Native Amel and Ambn fragments within in vivo extract of porcine
second molar enamel matrix proteins also interact. CONCLUSIONS: We have demonstrated direct binding of Amel and Ambn in
vitro through the N-terminal of the exon 5-encoded fragment of Ambn. We have shown this interaction in recombinant as well as
native porcine enamel matrix proteins. Simultaneously, we identified co-assembly of Amel-Ambn in maturation stage mouse
incisors, suggesting that Amel-Ambn interaction plays an important role during enamel formation. Together they may control
mineralization and maintain enamel prism architecture.

P37 - Residue-specific tracking of the pH-induced self-assembly of murine amelogenin using solution-state
NMR spectroscopy
Garry W. Buchko*1,2, Barbara J. Tarasevich1, Wendy J. Shaw1. 1Pacific Northwest National Laboratory, Richland, WA, USA.
2School of Molecular Biosciences, Washington State University, Pullman, WA, USA.
INTRODUCTION: Made of ~95 mineral by weight, tooth enamel, one of nature’s hardest tissues, is perhaps the evolutionary pinnacle
of biomineralization. The exceptional strength and robust mechanical properties of enamel arise from the weaving of long and
narrow hydroxyapatite (HAP) crystals into a unique lattice architecture composed of tightly packed parallel arrays (enamel rods). In
vertebrates this highly coordinated, dynamic, biomineralization process (amelogenesis) occurs in an enamel matrix secreted by
specialized cells called ameloblasts. At the early stages of amelogenesis the dominant organic component (~90%) in the enamel
matrix is an ~180-residue protein called amelogenin that orchestrates the mineralization of apatite crystals via a poorly understood
molecular mechanism. While amelogenin is intrinsically disordered in solution over a wide range of conditions, its oligomerization
state varies widely. As the pH is increased, amelogenin transitions from monomers (pH <~4.5) to oligomers (~4.5 to ~6.6) to
precipitate (near 7) to nanospheres (>~7.2). PURPOSE: Solution-state NMR spectroscopy was used to probe the molecular details
of these pH-dependent complexes. METHODS: Murine amelogenin was isotopically labelled with hydrogen-2, carbon-13, and
nitrogen-15 using established recombinant protocols. High-resolution 1H-15N HSQC spectra were collected on 0.3 mM samples
prepared in low salt buffers adjusted to pH 5.4, 6.6, 7.2, and 8.0. Amides were unambiguously assigned using routine TROSY threedimensional backbone NMR experiments. Two modified constructs were also prepared (P2C and D180C) to incorporate a
paramagnetic probe at each terminus to assess the degree of order in the ensembles. RESULTS: The major feature of the 1H-15N
HSQC spectra was the increased broadening, and disappearance, of amide resonances with increasing pH. At pH 6.6 (octomers),
amides disappearance was generally localized at three regions: V19-G38, Q57-L70, and H91-Q101. After the transition into
nanospheres at pH >7.2, amides from the entire N-terminus up to V73 disappeared along with most residues between Q82-Q101
and H126-Q139. The missing amide resonances likely identify intermolecular interfaces driving the self-assembly of amelogenin.
CONCLUSIONS: While the collection and interpretation of the data on the paramagnetic probes are still in progress, a constant
feature of the 1H-15N HSQC spectra over the pH region surveyed is the presence of the amide resonances for the C-terminal
resonances (S157-D180), consistent with models where this C-terminal charged region is exposed on the outside of these complexes
to guide calcium phosphate crystallization into hydroxyapatite.

P38 - Similarities and differences in mineral phase development in Mmp20 null and Amelx null mice
enamel as characterized by focused ion beam SEM
Charles E. Smith*1,2, Yuanyuan Hu2, John D. Bartlett3, Jan C-C Hu2, James P. Simmer2. 1Dept. Anatomy & Cell Biology, McGill
University, Montreal, Quebec, Canada. 2Dept. Biologic & Materials Sciences, University of Michigan, Ann Arbor, Michigan, USA.
3Biosciences, The Ohio State University, Columbus, OH, USA.
INTRODUCTION: Amelogenesis is a complex process dependent on many factors including the capability of ameloblasts to receive
feedback from a developing enamel layer and make appropriate, or flawed, responses. A good example of this is seen in Amelx null
mice where the absence of this major matrix protein, and fragments normally generated by MMP20 processing, leads to abortive
enamel rod formation and replacement by ameloblast-directed, fan-shaped arrangements of octacalcium phosphate (OCP) crystal
clusters. Similar fan-shaped mineral clusters are present in the poorly formed enamel layer of Mmp20 null mice suggestive that
enamel development in these two genotypes share some commonalities. METHODS: Mandibular incisors from perfusion-fixed
C57Bl/6 WT, Amelx null and Mmp20 null mice were osmicated and embedded in plastic. Small segments of developing enamel were
sawed out at various locations along the length of the incisors and processed for backscatter SEM imaging in a Helios NanoLab 660
dual beam SEM. RESULTS: All steps leading to the induction of enamel formation appeared to occur normally in Amelx and Mmp20
null mice. Thin crystallite ribbons typical of initial interrod enamel formation started forming normally but then became more
irregular in trajectory from the DEJ, more widely spaced and disorganized compared to WT mice. Ribbon formation progressively
became more erratic and disorganized as enamel thickness increased. There was no transition into formation of enamel rods as
ameloblasts of both genotypes failed to develop Tomes processes encased by prongs of interrod type enamel. Instead large platelike crystals developed as fan-shaped clusters splayed outwards toward the ameloblasts. The fans increased in thickness and width
until the enamel reached about 20 µm in total thickness when the fans were covered with a disorganized layer containing small
mineral crystals. Ameloblasts in Amelx null mice then transitioned into modulating ameloblasts without further changes in enamel
thickness. Mmp20 null ameloblasts however attempted without success to restart enamel formation, instead producing an outer
highly disorganized mineralized layer. They then transitioned into modulating ameloblasts at a position along the length of the
incisor normally associated with mid maturation stage in WT mice. CONCLUSIONS: Mmp20 null mice appear functionally deficient
for amelogenin during the secretory stage, suggestive that the failure to create prongs of interrod enamel and viable Tomes
processes and substitution by large fan-shaped OCP-based crystal clusters relates not only to the absence of protein fragments from
amelogenin and non-amelogenins but also to the total amounts of proteins affected ameloblasts are able to secrete extracellularly.
The end result is formation of a dysfunctional enamel layer containing large amounts of a mineral phase not normally associated
with native WT enamel.

P39 - Matrix Metalloproteinase-20 (MMP20) overexpression induces CCN2/CTGF mediated fibrosis that
precludes enamel formation in mouse incisors
Atsushi Ikeda1, Maiko Suzuki2, John D. Bartlett*1. 1Division of Biosciences, Ohio State University, College of Dentistry, Columbus,
OH, USA. 2Department of Oral Biology and Diagnostic Sciences, The Dental College of Georgia, Augusta University, GA, USA.
INTRODUCTION: MMP20 is essential for enamel development and its inactivation in both humans and mice results in soft brittle
enamel that may fall from the underlying dentin. Recently, we reported that overexpression of MMP20 also causes severe enamel
defects in mice. The overexpressor mice have an MMP20 transgene (MMP20Tg) driven by an Amelx promoter that increases
MMP20 expression by approximately 3.5 fold. Incisors from MMP20Tg mice have a striking cell infiltrate that nearly replaces the
entire enamel layer. Replicating cells and ectopic bone-like calcifications with embedded cells were present within the cell infiltrate.
These calcifications also contained disorganized type I collagen. METHODS: Quantitative real-time PCR, H&E and trichrome staining
plus immunohistochemistry procedures were used to assess gene expression levels, tissue morphology, collagen content and
identification of cells expressing specific proteins for the purpose of determining why MMP20Tg mouse incisors have such a massive
cell infiltrate. RESULTS: Here we show that MMP20Tg incisors also have ectopic capillaries within the cell infiltrate. Since the cell
infiltrate has ectopic calcifications with abnormal collagen deposition, this is a hallmark of fibrosis. Connective Tissue Growth Factor
(CCN2) is well characterize for its role in fibrosis, cell proliferation and angiogenesis. We therefore asked if Ccn2 expression was
upregulated in MMP20Tg incisors. We discovered that Ccn2 transcripts were elevated approximately 2.5 fold in MMP20Tg incisors
relative to wild-type incisors. Previously, we demonstrated that MMP20 cleaves both E- and N-cadherin and that β-catenins released
by these cleavages are implicated in cell migration and proliferation of the infiltrating cells. β-catenin can also induce Ccn2
expression, but we also asked if Yes Associated Protein-1 (YAP1) is upregulated because it is a downstream transcription factor of
the Hippo signaling pathway and is also a known inducer of Ccn2 expression. However, we found that YAP1 was down-regulated
prior to infiltrate invasion. So, the Hippo pathway is likely not involved in enhanced Ccn2 expression. Tgf-β1 is upregulated in the
maturation stage when cell infiltration occurs and is also known to strongly induce CCN2 expression. However, we found no
difference in Tgf-β1 regulation between MMP20Tg and wild-type incisors. CONCLUSIONS: We show that Ccn2 expression is induced
substantially in MMP20Tg incisors relative to wild-type controls. In specific cell types, CCN2 promotes cell migration, proliferation,
differentiation, and angiogenesis. All of these events occur within the cell infiltrate present in MMP20Tg incisors. β-catenin, but not
YAP1 and Tgf-β1, is implicated in this Ccn2 induction. Further studies are necessary to define the molecular mechanisms of how
MMP20 overexpression causes this substantial increase in Ccn2 expression so that we may gain a better understanding of MMP20
function during enamel development.

P40 - The absence of claudin-10 in ameloblasts impairs amelogenesis
S. Ribes1 , T. Nguyen1 , J. Bouchet1 , P. Houillier2 , C. Bardet1 , D. Muller3 , T. Breiderhoff3 , C. Chaussain*1. 1EA 2496, Oral
Biology, University of Paris-Montrouge, France, 2Department of Pediatric Nephrology, La Charité, Berlin, Germany. 3Centre des
Cordeliers, Inserm-CNRS-University of Paris, Paris, France.
INTRODUCTION: Tight junctions (TJ) are regulating the paracellular pathway of epithelial ion transport. Recently, it became evident
that this paracellular pathway is highly specific, tightly regulated and causally involved in human diseases. CLDN10B is expressed in
the thick ascending limb of Henle’s loop but also in the skin and salivary glands. We recently reported that six patients from two
unrelated families with the HELIX (Hypohidrosis, Electrolyte imbalance -renal loss of NaCl with secondary hyperaldosteronism and
hypokalemia, HypoLacrymia, Ichthyosis, Xerostomia) syndrome due to mutations in the CLDN10B gene also displayed severe
enamel wear. PURPOSE: Here, we aim to determine whether this enamel wear only resulted from salivary glands and renal
dysfunction or also from a direct consequence of the absence of Claudin10b in the enamel organ. METHODS: We investigated i)
the pattern of Claudin-10b expression in the forming tooth, ii) the consequences of the absence of Claudin-10b on amelogenesis.
For these purposes, we explored amelogenesis in Cldn10-/- mice, a murine model which dies within the first day of life. RESULTS:
Immunochemistry revealed that, in WT mice, Claudin-10 was expressed in the enamel organ at all the stages of amelogenesis, both
in the stratum intermedium and in the TJ located at the basal end of ameloblasts, where it co-localized with zonula occludens
protein 1 (ZO-1). Both histology and transmission electron microscopy revealed that the ameloblast layer displayed a chaotic
organization evocating “porcupine spines” and that the basal TJ of ameloblasts were enlarged in Cldn10-/--mice. CONCLUSIONS:
Claudin-10b is expressed in the enamel organ and Amelogenesis is impaired in Cldn10-/- mice, suggesting that the enamel defects
observed in patients with CLDN10B mutations might not only result from the renal dysfunction or insufficient saliva. The ongoing
generation of a mouse with a deletion of Cldn10 in the enamel organ using Keratin-14 Cre will not only allow a full characterization
of Amelogenesis in the absence of Claudin-10 but also the study of the direct consequences of the lack of this TJ protein on
amelogenesis, independently of the kidney dysfunction. This study is supported by the ANR grant TJust.

P41 - Mitochondrial function in enamel development through calcium-redox interplay
V. Costiniti*1, G.H. Bomfim1, Y. Li1, D. Townsend2, R.S. Lacruz1. 1Dept. Basic Science and Craniofacial Biology, New York
University College of Dentistry, NY, USA. 2Dept. COP Drug Discovery and Biomedical Sciences, Medical University of South Carolina,
SC, USA.
INTRODUCTION: Enamel, the most highly calcified tissue, is formed by ameloblast cells during the secretory and maturation stages.
We had previously shown that calcium dyshomeostasis affects enamel formation altering also mitochondrial function and
morphology (Eckstein et al 2017 JCI Insight). Mitochondria not only generate reactive oxygen species (ROS) in physiological and
pathological conditions, but are also important calcium stores thus contributing to cytosolic calcium buffering. Mitochondria in
secretory and maturation stage ameloblasts are localized to different cellular regions, suggesting different roles in their calcium
buffering capacity and in redox homeostasis. However, little is known about the function/s of mitochondria in enamel formation.
Here we analyzed key functions of mitochondria (calcium signaling, biogenesis, oxidative phosphorylation, redox homeostasis) and
how they differ between secretory and maturation stages. METHODS: Rat secretory and maturation stage enamel organ (EO) cells
were isolated and processed as we have described previously for single cell isolation and RT-PCR analyses (Nurbaeva et al 2018
Front Physiol). The cytosolic and mitochondrial calcium dyes (Fura2-AM 1μM, Rhod2-AM 1μM), respectively, were used to monitor
changes in calcium concentration. Mitochondrial calcium release was evaluated using FCCP (1μM). To determine oxygen
consumption rate (OCR), a surrogate for oxidative phosphorylation, we performed the Seahorse XF Cell Mito Stress Test (Agilent).
Finally, RT-PCR analyses were performed for key enamel genes (Amelx and Enam) in conditions of induced altered redox by H2O2.
RESULTS: Key gene products associated with mitochondrial calcium signaling (Slc8b1, Uqcrfs1, Cycs) were upregulated in maturation
cells whereas others involved in mitochondrial fission (Dnm1l, Fis1) and fusion (Mfn1, Opa1), decreased. OCR differed between
stages as did the capacity of EO cells to uptake calcium. Finally, we found that maturation stage EO cells revealed decreased level
of free thiols, indicating elevated redox conditions. In agreement with these data, we found an upregulation of the glutathione-s
transferases (GSTP). Altering intracellular redox impacted on the expression of enamel genes. CONCLUSIONS: Our data suggest that
mitochondria have different cellular functions during each stage of amelogenesis including monitoring physiological ROS
generation, which may impact the expression of enamel genes and hence enamel formation. These data are relevant in the context
of mitochondrial disease raising the possibility of a connection between mitochondrial dysfunction and enamel development.

P42 - Sp7 differentially regulates dentin and enamel synthesis during tooth development
John C. Clarke, Jonathan Casiano, Harunur Rashid, Haiyan Chen, Amjad Javed*. Department of Oral and Maxillofacial Surgery,
School of Dentistry, University of Alabama at Birmingham, AL, USA.
INTRODUCTION: Specificity Protein 7 (Sp7) is an essential transcription factor for skeletogenesis. In humans, mutations in Sp7 are
associated with osteogenesis imperfecta. We have recently discovered that Sp7 expression is restricted to the oral mesenchyme
but blocks differentiation of both odontoblast and ameloblast during embryonic tooth development. However, the role of Sp7 in
the epithelial lineage cells and maturation of other cell types that appears only in postnatal teeth remains unknown. PURPOSE:
Identify temporo-spatial expression and the functional requirement of Sp7 in enamel synthesis during postnatal tooth development.
METHODS: Molecular, biochemical, and histological approaches were used to evaluate tooth formation in Sp7-null mice. RESULTS:
Sp7-null mice are completely void of mineralized tissue and die shortly after birth. We demonstrate that during embryonic
development, expression of the Sp7 gene is restricted to cells of the dental mesenchyme, such as odontoblasts and pulp.
Surprisingly, initial tooth morphogenesis progresses normally in Sp7-null mutants but subsequent maturation of polarized
odontoblast and ameloblast is completely blocked. To circumvent embryonic lethality and to uncover Sp7 function during
maturation of cell types that appears only in the postnatal tooth, we took advantage of the β-gal knock-in gene and investigated
incisor of 14-days old surviving heterozygous mice. Low levels of X-gal staining noted in pre-odontoblasts progressively increased
in polarized mature odontoblasts. Interestingly, at the postnatal stage, Sp7 is also expressed in cementoblasts, periodontal ligament
cells, dental follicular cells, and root odontoblasts. All cell types showed similar levels of X-gal staining. To our surprise ameloblast
also exhibited a robust X-gal staining. Interestingly, expression increased progressively from immature to mature ameloblasts.
Expression of Sp7 in mature secretory ameloblasts was further confirmed in postnatal molar teeth. Thus Sp7 is expressed in all
mineralizing cell types and tissue derived from ectomesenchyme and oral epithelium. To better understand Sp7 requirement during
enamel synthesis, we performed in silico promoter analysis of genes considered the hallmark of ameloblasts. Promoters of both
amelogenin and enamelin gene contain multiple binding motifs for zinc finger transcription factors such as Sp7. We cloned -2.5 Kb
fragment of mouse amelogenin and enamelin promoter upstream of a luciferase gene. Promoter-reporter studies revealed that
Sp7 directly induces the activity of the enamelin promoter by 7-fold and amelogenin promoter by 4-fold in epithelial cells. Direct
regulation of enamel matrix genes by Sp7 is consistent with failed maturation of ameloblasts. CONCLUSIONS: The Sp7 transcription
factor is differentially expressed in epithelial and mesenchymal cells of the developing tooth organ and is obligatory for the
maturation of both ameloblasts and odontoblasts.

P43 - Evolution of mineral density in secretory prismatic and inter-prismatic enamel
Baptiste Depalle*1,2, Stephan Kraemer3, Megan K Pugach1,2, and Felicitas B Bidlack1,2. 1The Forsyth Institute, Cambridge,
MA, USA. 2Department of Developmental Biology, Harvard School of Dental Medicine, Boston, MA, USA. 3Center for Nanoscale
Systems, Harvard University, Cambridge, MA, USA.
INTRODUCTION: The elongated crystallites in dental enamel are organized into interweaving bundles (prisms) and inter-prismatic
enamel that is morphologically distinct but similar in composition. Differences in crystal orientation between prismatic and
interprismatic enamel have been clearly identified, and their importance for mechanical properties have been well studied.
However, differences in porosity and mineral density are not well understood. PURPOSE: Our objective here is to characterize the
variability in material content density between prismatic and inter-prismatic enamel in murine incisors. METHODS: Wild-type
mouse mandibles were extracted, flash frozen in liquid nitrogen and fixed using freeze substitution in a solution of 3%
glutaraldehyde, 1% osmium tetroxide and 0.5% uranyl acetate in acetone to enhance the contrast of organic components. After
embedding in LR White acrylic resin (EMS, USA), samples were polished in parasagittal plane through the incisor, coated with 10
nm Pt/Pd, and imaged on a Helios 660 FIB/SEM (FEI, USA). Three dimensional data were collected from early secretory stage enamel,
near the dentin-enamel junction (DEJ) via Slice and View tomograms containing 300 slices with an isotropic voxel size of 10 nm.
Segmentation was performed using two thresholds determined on the full data stack to distinguish between porosity, as well as
low versus high mineral density. The fraction of each component was quantified on representative elements of 300 nm3 as a
function of distance to the DEJ. Results of five volumes for both prismatic and inter-prismatic enamel were averaged for every 1µm
on a trajectory perpendicular from the interface with dentin towards the enamel surface. RESULTS: Enamel prisms adjacent to the
DEJ contain more than 25% porosity and the area of low density mineral is only slightly smaller than high density mineralized areas
(33% vs 41%). Within prisms, the density then increased rapidly. After a 4 µm distance from the DEJ, only high-density mineral was
detected. The opposite was observed for inter-prismatic enamel. Little to no porosity was detected in inter-prismatic enamel and
only high-density mineral was present adjacent to the DEJ. Density within inter-prismatic enamel was seen to decrease and
contained 10 - 20% low density mineral at 8µm from the DEJ. CONCLUSIONS: Our results show opposite trends in prismatic and
inter-prismatic enamel for both porosity and mineral density changes with increasing distance from the DEJ towards the enamel
surface: Prismatic enamel had decreasing porosity and increasing density, while inter-prismatic regions decreased in density. The
measured density distribution will be used as template for finite element simulation allowing to analyze implications on mechanical
properties near the DEJ. Potential underlying cases such as mineralization kinetics or disparities in organic composition have to be
further elucidated.

P44 - Mineral characterization during enamel maturation by raman confocal microscopy
Kostas Verdelis*1, Samuel Gourion-Arsiquaud2. 1Center for Craniofacial Regeneration, School of Dental Medicine, University of
Pittsburgh, PA, USA. 2TRI Princeton, NJ, USA.
INTRODUCTION: Spectroscopic imaging has been used before to characterize mineral changes during bone and dentin development.
However, it has not been used for the same purpose on the developing enamel due to the inability to produce thin sections from
the mature tissue. PURPOSE: To investigate the feasibility of Raman confocal microscopy imaging application for mapping mineral
changes during enamel maturation on a mouse growing incisor model. METHODS: The right hemijaws from two normal male 30
day-old B6 mice were excised and the surrounding soft tissues were removed. 2.5mm longitudinal segments of the developing
mouse incisors which included the enamel later maturation stage were sectioned out of the rest after the bone around the buccal
incisor surface was partially removed to expose the dental tissues. The segments were embedded in LR White resin, polished to
approximately the middle of the pulp and finely polished with diamond suspensions. High resolution microcomputed tomography
analyses (3um voxel size, Scanco microCT50) were then performed on the embedded specimens, followed by imaging through a
Raman confocal microscopy (WITec Alpha-300R Plus, Ulm, Germany) equipped with a 532nm laser and used with a 7µm spatial
resolution (10x objective), 50µm pinhole. Five 200µm-long and covering the whole width of enamel, from the ameloblast layer
through the DEJ, enamel areas were analyzed in each specimen. The microCT volumes were digitally reoriented to parallel the
outside surface of the embedded specimens also analyzed by Raman microscopy and the distribution of enamel density on this
surface was rendered as a pseudo-color image. Areas under spectral bands representing mineral density (v1 PO43-), mineral
crystallinity (through FWHM in v1 PO43) and carbonate substitution in mineral (1071 and 1103cm-1 Raman shift) were integrated
and pseudo-colored images of the enamel were generated using standardized scales. RESULTS: Changes in relative enamel mineral
density within the examined areas as defined by Raman confocal imaging were corroborated by the microCT analysis. Increase in
carbonate substitution and crystallinity could also be monitored along the incisor long axis and in an ameloblast layer to DEJ
direction. CONCLUSION: Imaging by Raman confocal microscopy can be an important tool for characterization of enamel mineral
changes during development in related mouse models. Use of a higher spatial resolution (1µm) is also possible for analysis of earlier
stages or the DEJ. The same methodology may be applied for quantitative enamel matrix imaging in secretory or earlier maturation
stages.

P45 - 2D synchrotron XRD of human dental enamel reveals more highly aligned nanocrystals are linked to
lower demineralization rates in an acidic environment
Arsalan Yahya1, Sania Saqib1, Maisoon Al-Jawad*1,2. 1Institute of Dentistry, Barts and the London School of Medicine and
Dentistry, Queen Mary University of London, London, UK, 2School of Dentistry, University of Leeds, Leeds, UK.
INTRODUCTION: Human dental enamel is comprised of an exquisite hierarchical arrangement of elongated biological apatite
nanocrystals which give chemical, structural and mechanical properties needed to last a lifetime. Enamel is subjected to acid attack
on a daily basis in the oral environment and is unable to repair biologically, as such during enamel biomineralization, mineral
chemistry, crystallography and nanostructure in this mineralized tissue are highly controlled. PURPOSE: To use 2D synchrotron Xray diffraction (2D-SXRD) to quantify spatially and temporally the crystallographic orientation changes in enamel apatite before and
after demineralization. METHOD: Artificial early ‘white spot’ lesions were created in three healthy enamel specimens by exposing
a window of enamel (in whole intact molars) to a buffered demineralizing solution of 50mM acetic acid at pH 4.5 for 0, 4 and 7 days
respectively. The tooth specimens were sectioned and polished and 2D-SXRD was carried out on B16 at DLS, UK. Multiple line scans
through each specimen were collected at 20x20 micron resolution. 2D diffraction patterns were analysed to quantify the
crystallographic preferred orientation in the 002 Bragg reflection corresponding to orientation/alignment along the c-axis of the
apatite crystallites. RESULTS: Before the acid treatment (0 days), two distinct but co-located populations of crystallites were
observed within the enamel structure, one population of crystallites (popA) aligned perpendicular to the enamel surface and the
other population (popB) separated in orientation from popA by 10o. Before acid treatment, both populations contributed a similar
amount to the overall crystallinity of the enamel (pop A=60% and popB=40%), but had different crystallographic orientation values,
with popA having lower alignment of crystallites overall compared to popB. After the acid treatment (4 or 7 days), the relative
contribute from popA had reduced from 60% to 15% i.e. crystallites in this population had been preferentially dissolved compared
to popB. Additionally, the amount of alignment in the remaining crystallites in popA reduced as a function of time in the acidic
environment, meaning that the dissolution of mineral in popA caused a reduction in overall crystallite alignment. Conversely, after
acid treatment the contribution and alignment of popB proportionally increased as a function of time in acidic environment,
meaning that this population is more resistant to acid dissolution compared to popA. CONCLUSIONS: There are two co-located
orientationally distinct populations of nanocrystals within the overall hierarchical structure of dental enamel and they behave
differently in an acidic environment. The population of crystallites with higher alignment is more resistant to acid attack, therefore
crystallographic alignment is an important property of enamel in an acidic oral environment. Thus, in the treatment of early white
spot lesions, it is crucial to develop remineralization regimes that restore crystallographic preferred orientation in the enamel
structure since this is a key factor in aiding resistance to further acid dissolution.

P46 - Assessing enamel remineralization at the nanoscale - an in vitro platform
Paul Smeets1, Berit Goodge2, Michael Zachman3, Lena Kourkoutis2, Derk Joester*1. 1Dept. of Materials Science and
Engineering, Northwestern University, Evanston, IL, USA. 2School of Applied and Engineering Physics, Cornell University, Ithaca,
NY, USA. 3Center for Nanophase Materials Science, Oak Ridge National Laboratory, Oak Ridge, TN, USA.
INTRODUCTION: Dental caries is the most common ailment in the USA and is caused by acid-producing bacteria in our oral cavity.
However, carious lesions that these bacteria create through demineralization of enamel, can be remineralized through flow of
salivary mineral components, a process which is often facilitated by usage of oral care products. Fluoride addition in such products
has been shown to enhance remineralization and reduce demineralization, both in vitro and in vivo. However, little is known about
fluoride incorporation in the redeposited mineral locally at the nanoscale, and how different concentrations of fluoride alter the
pathway of the (onset of) remineralization. PURPOSE: To present at this conference and get feedback from a biologically oriented
audience. METHODS: We established an in vitro platform where we expose sections of artificially demineralized enamel to solutions
containing similar concentrations of mineral components in saliva, and include fluoride (1.5 – 20 mM), while simultaneously
monitoring remineralization reaction kinetics using Ca2+ and F- ion-selective electrodes (ISEs) and a pH meter. Using high-resolution
electron microscopy/spectroscopy techniques we probe local fluoride concentrations in the remineralized layers and provide insight
into the remineralization behavior of enamel in fluoride-containing solutions at the nano/atomic scale. Importantly, a substantial
challenge in studying enamel at such length scales using conventional electron microscopy is the severe beam damage that occurs
due to various electron-crystal interaction mechanisms. RESULTS: We attempted to reduce beam damage by cooling focused ion
beam (FIB) prepared lamellae of fluoride-treated enamel from human premolars to -175 °C in an aberration-corrected scanning
TEM (STEM). By carefully choosing beam conditions in conjunction with low temperature imaging, for the first time we obtained
high signal-to-noise (S/N) atomic resolution images of FIB-prepared enamel after cross-correlation of multiple lower S/N images.
Moreover, via (S)TEM imaging and (nano)diffraction analysis of the FIB-prepared lamellae of artificially remineralized enamel, the
mineral phase, grain size and morphology of both the remineralized layer and the underlying enamel was determined. Using energy
dispersive X-ray spectroscopy (EDX) we detected fluoride concentrations of typically a few atom% at the nanoscale in the
remineralized layer, while significantly less fluoride was observed within underlying enamel. At the atomic scale, atom probe
tomography (APT) ― allowing for 3D chemical composition imaging down to the ppm level ― confirmed the presence of similar
concentrations of fluoride. CONCLUSIONS: By using our in vitro approach to artificially remineralize human enamel and characterize
the newly formed layer using FIB, (S)TEM, EDX and APT, we shed light on the local action of fluoride at the nanoscale to promote
remineralization and to potentially combat dental caries.

P47 - Energetics of amelogenin binding to hydroxyapatite - Insights into the potential origins of
Amelogenesis Imperfecta
Jinhui Tao1, Yongsoon Shin1, Sarah D. Burton1, Rajith Jayashinha Arachchige1, Garry W. Buchko*1,2, Wendy J. Shaw1, Barbara
J. Tarasevich1. 1Pacific Northwest National Laboratory, Richland, WA, USA. 2School of Molecular Biosciences, Washington State
University, Pullman, WA, USA.
INTRODUCTION: The exceptional functional properties of enamel, one of hardest biomaterials in nature, arise from its intricate
hierarchical structure and cannot be reproduced in vitro inorganically. In vivo the formation of enamel depends on the ~180-residue
protein amelogenin, the predominant protein in the enamel matrix. A testament to amelogenin’s importance is that a single amino
acid substitution to the primary amino acid sequence of amelogenin can lead to drastic changes in enamel phenotype, resulting in
amelogenesis imperfecta (AI), enamel that is defective and easily damaged. PURPOSE: Our aim was to develop a energetic
understanding to explain how a single amino acid variation can affect steps in the biomineralization process and lead to malformed
enamel. METHODS: High resolution, in situ atomic force microscopy (AFM), solid-state NMR (ssNMR) spectroscopy, and in vitro
mineralization were employed to study the energetics, structure, and mineralization kinetics of murine amelogenin (wild-type, two
naturally occurring single amino acid variants associated with AI (T21I and P41T), and a model variant (P71T)) interacting with single
crystal hydroxyapatite (100). RESULTS: In situ AFM showed that altering one amino acid resulted in an increase in the quantity of
protein adsorbed onto hydroxyapatite and the formation of multiple protein layers. Quantitative analysis of the equilibrium
adsorbate amounts revealed that the protein variants had higher protein-protein binding energies. The ssNMR data suggested that
the stronger HAP binding results in less interfacial protein mobility. Mineralization and MMP20 enzyme degradation studies showed
that the amino acid variants inhibited the growth and phase transformation of hydroxyapatite and slowed the degradation of
amelogenin by MMP20. CONCLUSIONS: The amelogenin variants cause malformed enamel because they bind excessively to
hydroxyapatite and disrupt the normal hydroxyapatite growth and enzymatic degradation processes. The in situ methods we
applied to determine the molecular level energetics and structures of amelogenin binding to hydroxyapatite are powerful tools to
be further exploited towards understanding the mechanisms of biomineralization. The ultimate result of such understanding is the
predictive synthesis of functional materials tailored by macromolecular design.

P48 - Effects of leucine-rich amelogenin peptide on calcium phosphate mineralization at low pH
Elia Beniash*1,2, Ballav Borah1, Henry C. Margolis2,3. 1Dept of Oral Biology, 2Center for Craniofacial Regeneration, 3Dept. of
Periodontics and Preventive Dentistry, University of Pittsburgh School of Dental Medicine, Pittsburgh, PA, USA.
INTRODUCTION: Leucine-rich Amelogenin Peptide (LRAP), an alternative splicing product of AMELX, consists of conserved N- and Cterminal regions of amelogenin. Like amelogenin, LRAP has a single phosphorylation site at S16. Although LRAP was identified in
early 1990s, its functions in amelogenesis remain unclear. Earlier reports show that the self-assembly of LRAP and its effects on
calcium phosphate mineralization resemble those of amelogenin at physiological pH [1]. At the same time, the pI of LRAP is 6.25,
much lower than the pI of amelogenin (pI=7.05), and aggregation of LRAP occurs at a ~pH 6.2, in comparison to amelogenin that
aggregates at ~pH 7.2. Importantly, in the secretory stage enamel is maintained at pH 7.2, while during the maturation stage pH
cycles and can drop as low as pH 6.2. PURPOSE: We hypothesize that the effect of LRAP on mineralization at pH 6.2 will differ from
that at pH 7.2, and that these differences are associated with its potential role in enamel maturation. The following studies were
conducted to test this hypothesis. METHODS: Phosphorylated and nonphosphorylated LRAPs (LRAP+P and LRAP-P) were
commercially synthesized and purified. Mineralization experiments were conducted according to published procedures. Briefly,
media containing 1 mg/mL protein, 2.5 mM Ca2+ and 1.5 mM PO-43 were incubated for 20 min and 2 h at room temperature and
pH=6.25 and the samples were studied using transmission electron microscopy, electron diffraction and energy dispersive
spectroscopy. RESULTS: After 30 min in the presence of LRAP+P and LRAP-P aggregates of spherical particles ~6 nm in diameter,
comprising amorphous calcium phosphate (ACP) and protein, formed. After two hours, the mineral in LRAP-P group transformed
into aggregates of randomly oriented apatitic crystals. In contrast, in the LRAP+P group, a dense network of ~2.5 nm filaments
encrusted with ACP nanoclusters was observed. These results differ from the results of earlier mineralization experiments
conducted at pH 7.21. Specifically, mineralization reaction in the presence of LRAP-P at pH 7.2 led to the formation of organized
bundles of apatitic crystals, while in the presence of LRAP+P the mineral phase remained amorphous and no organized protein
structures were observed [1]. The fact that at pH 6.25 LRAP+P forms highly organized filamentous protein-mineral networks is quite
intriguing and might suggest that it plays a role in stabilization of enamel mineral structures in early enamel maturation. It is also of
interest that LRAP-P loses its ability to influence mineral organization at low pH, which can be attributed to the faster aggregation
kinetics of LRAP-P at low pH. CONCLUSION: LRAP affects calcium phosphate mineralization at pH 6.25 differently than at pH 7.2,
although phosphorylation of LRAP increases its ability to stabilize ACP in a similar manner at both pH values. This work was
supported by NIH (grant R01-DE023091 to HCM). 1-Le Norcy et al., JDR 90(9):1091-97, 2011.

P49 - Amelogenin ribbon guided mineralization process via the liquid precursor pathway
Yushi Bai*1, Bonde Johan2, Stefan Habelitz1. 1Preventive and Restorative Dental Science, University of California, San Francisco,
CA, USA. 2Center of Applied Life Science, Lund University, Sweden.
INTRODUCTION: Secretory stage enamel is comprised of a complex structural organization of ribbon-like apatite crystals. The
nanostructure of enamel is believed to be guided by supramolecular assembly of the organic matrix. Amelogenin makes up about
90% of the matrix proteins and has shown the ability to assemble into ribbon structures in vitro. While these protein ribbons appear
as an ideal template to guide ribbon-like formation of apatite, a direct association of organic nanostructure and apatite crystals has
yet to be observed. In studies on collagen mineralization, Poly-L-aspartic acid (pAsp) has long been utilized to mimic acidic proteins
for facilitating mineralization of collagen fibrils via the polymer induced liquid precursor (PILP) process. Here we introduce pAsp to
amelogenin assemblies to study its ability to induce the mineralization process on amelogenin ribbons. PURPOSE: In this study, we
use pAsp as an alternative for phosphorylated matrix proteins in enamel, like enamelin, and to build a proof-of-principle model to
investigate the ability of amelogenin ribbons to guide apatite mineralization in the presence of pAsp. APPROACHES: 1.In vitro
construction of rH174 (full length Amelogenin) ribbons and rH146 (the major MMP20 cleavage product) ribbons and structural
characterization by TEM and AFM. 2.Preparation of PASP solution. 3.Mixing pAsp solution with Amelogenin ribbons. 4.Selected area
electron diffraction (SAED) study of pAsp and Amelogenin complexes. RESULTS: Both rH174 and rH146 can assemble into
nanoribbons as characterized by AFM/TEM and shown previously. Due to the presence of the charged C termini, rH174 ribbons are
highly bundled, while rH146 ribbons are rather evenly dispersed. When mixing rH174 bundled ribbons with pAsp, the pre-bundled
ribbon structure act as a ‘sponge’ and absorb the mineral ions similar to the PILP approach on collagen fibrils. The high local mineral
concentration triggers big, inorganic shaped crystal formation. In contrast, when mixing rH146 with pAsp solution, pAsp droplets
interact and deposit on rH146 ribbons and self-organize the original evenly dispersed ribbons into linear, large and bundled, ribbonmineral complex, whose structure resembles the clustered crystal bundles observed in enamel rods and inter-rods. This bundling
event serves as a well-programmed process where minerals are controllably deposited along the ribbon matrix. SAED study reveals
that the minerals within the bundled complex are mainly amorphous at 45 hrs but some of them can be seen to transform into
crystalline phases at 19 days. CONCLUSIONS: Amelogenin ribbons proved to serve as a scaffold for mineral formation when
interacting with pAsp. This study provides evidence that ribbons of amelogenin that lacks a hydrophilic c-terminus can template the
growth of apatite ribbons through interaction with pAsp.

P50 - Guided mineral growth on self-assembled amelogenin scaffolds
Alexander Danesi*1, Ahmad Mansouri1, Mehrnoosh Neshatian1, James Holcroft1, Johan Bonde2, Bernhard Ganss1, Karina
Carneiro1. 1Faculty of Dentistry, University of Toronto, Toronto, ON, Canada. 2Division of Pure and Applied Biochemistry, Center
of Applied Life Sciences, Lund University, Lund, Sweden.
INTRODUCTION: Enamel is the outermost layer of the tooth, consisting of a complex meshwork of hydroxyapatite crystals. It is also
the hardest, most highly mineralized tissue in the body and incapable of regeneration. Amelogenesis is the process that guides
enamel formation through matrix-guided biomineralization, but its detailed mechanism is not well elucidated. The most abundant
protein present in the enamel matrix is amelogenin (AMEL). AMEL is believed to act as a scaffolding protein, and to act as template
for hydroxyapatite (HA) crystal organization. In vitro, AMEL self-assembles into nanoribbons in the presence of calcium and
phosphate ions. Amelotin (AMTN) is an enamel matrix protein expressed during the maturation stage of amelogenesis where it
promotes mineral formation. Synthetic polypeptides such as polyaspartic acid (PAsp) are also known for their mineral-promoting
abilities. However, the combined effect of AMEL and AMTN or PAsp on HA mineralization has not been studied. PURPOSE: To
investigate the effect of mineral promoting molecules such as AMTN and PAsp on guided mineralization of AMEL nanoribbon
scaffolds. METHODS: Human recombinant AMEL and AMTN proteins were expressed in Escherichia coli and ~25 nanometer PAsp
nanospheres were synthesized. All polypeptides were incubated separately in a calcium phosphate solution and then mixed to allow
for the formation of supermolecular assemblies. Self-assembled structures of AMEL, AMTN and PAsp, as well as AMEL-AMTN and
AMEL-PAsp were characterized by Atomic Force Microscopy (AFM) and Transmission Electron Microscopy (TEM). RESULTS: PAsp
was found to self-assemble into nanospheres while AMTN self-assembles into fibers. Co-incubation of PAsp with AMEL for 20
minutes resulted in guided mineral aggregates along AMEL nanoribbon bundles. Co-incubation of AMTN with AMEL for 20 minutes
resulted in the formation of needle-like crystals along AMEL nanoribbons. No mineralization was observed on AMEL alone.
CONCLUSION: The addition of pre-assembled mineral-promoting molecules such as PAsp and AMTN to self-assembled AMEL
nanoribbons can promote the formation of mineral along the AMEL template. This combined activity provides new insights into the
mechanistic details of enamel biomineralization.

P51 - Apatite mineralizes at amyloid-solution interfaces found during enamel biomineralization
Susrut Akkineni*1,2, Jinhui Tao2, Benjamin Legg1,2, Jiajun Chen1,2, Stefan Habelitz3, James De Yoreo1,2,4. 1Materials Science
and Engineering, University of Washington, Seattle, WA, USA. 2Physical Sciences Division, Pacific Northwest National Laboratory,
Richland, WA, USA. 3Department of Preventive and Restorative Dental Sciences, UCSF, San Francisco, CA, USA. 4Department of
Chemistry, University of Washington, Seattle, WA, USA.
INTRODUCTION: Amelogenin, an intrinsically disordered protein, is the main constituent of the organic scaffold in developing
enamel. However, during the maturation stage, amelogenins are enzymatically digested and the secretory cells undergo apoptosis.
This impedes enamel regeneration and efforts to understand their role during the complex crystal growth process. Recent in vivo
and in vitro studies show evidence that amelogenins forms amyloid-like nanoribbons. Subsequent in vitro and in silico studies on
recombinant human amelogenin (rH174) predicts that a segment of amelogenin, labelled 14P2, guides self-assembly into the cross
β-sheet quaternary structure, and also independently forms amyloids. PURPOSE: Could amyloids, known for their hierarchical fibers
and biotoxicity, guide apatite growth during enamel biomineralization? This can be answered by steady-state interfacial
thermodynamics and kinetics of calcium phosphate nucleation, growth and phase transformation at the amyloid-solution interface.
APPROACH: Aqueous and salt-free self-assembly of amelogenin nanoribbons is challenging to control on large surface areas for in
situ nucleation studies. Therefore, we use 14P2 peptide as an analog of amelogenin. In addition to 14P2, two mutants (1) with a
hydrophilic tail (14P2DKTKR) and (2) with phosphorylated serine (p14P2DKTKR) were investigated to mimic the scenario where (1)
soluble proteins, such as enamelin, interact with amelogenin and (2) serine-16 of amelogenin is phosphorylated, respectively.
METHODS: Self-assembled fibers on graphite were characterized by in situ atomic force microscopy (AFM) and x-ray diffraction
(XRD). Nucleation at the amyloid-solution interface on graphite was recorded at nanoscale using in situ AFM by continuous flow of
physiologically-relevant calcium phosphate solutions. Solution supersaturations were favorable to heterogenous apatite nucleation.
RESULTS: The peptide analogs formed films of oriented nanoribbons with 3-fold symmetry stabilized by Van der Waal’s forces on
graphite. 14P2 and mutants shared similar amyloidal properties and the films were stable between pH 2 to 7.4. 14P2, 14P2DKTKR
and p14P2DKTKR can nucleate, grow and phase transform calcium phosphate from amorphous to apatite particles. p142P2DKTKR
generated highest number of particles, followed by 14P2DKTKR, and then 14P2. The mutants had delayed phase transformation
relative to 14P2, but p14P2DKTKR had higher growth rate relative to 14P2DKTKR. CONCLUSIONS: Amyloid-solution interface can
nucleate, grow and phase transform calcium phosphate from amorphous to apatite, similar to in vivo biomineralization. Charged
peptides increase number of nuclei and delay phase transformation, similar to addition to soluble proteins, whereas
phosphorylation promotes growth of mineral. Upon completion, the effective interfacial energies of these simplified amyloidinterfaces will be known and knowledge from this study will be applied to rH174.

P52 - A biomineral thermometer that not always works: the influence of proteins and complex
hydrography
Javier Medina-Sanchez*1, Maggie Cusack1, Huabing Yin2, Matthieu Clog3. 1Biological and Environmental Sciences, University of
Stirling, UK. 2Biomedical Engineering, University of Glasgow, UK. 3Scottish Universities Environmental Research Centre, UK.
INTRODUCTION: Mineralisation in marine organisms results in an amazing diversity of anatomical structures, all guided by strict
biological mechanisms. If biominerals are to be used as temperature proxies, biological control should not influence selection of
isotopic variants of carbon and oxygen that form biomineral carbonate. Clumped isotope thermometry of biominerals has used
bivalve and brachiopod shells to retrieve information on the water temperature at which the organisms lived. Clumped isotope
thermometry is not successful in all biominerals. The extent to which biological control distorts the temperature record remains
unknown, encouraging us to investigate the relationship of isotope clumping in a suite of marine biominerals from different phyla
(bivalves, brachiopods and coralline algae), as well as the role of local environments and structure-specific proteins. METHODS: This
work includes clumped isotope measurements (Δ47) and an approach using proteins extracted from specific biominerals for
temperature-controlled in vitro calcite precipitation experiments in microreactors. RESULTS: Water temperatures obtained from
Δ47 of mussel shell calcite and aragonite accurately represent habitat temperatures. Brachiopods, bivalves and coralline grown in
hydrologically complex environments gave mixed results. The possible input of freshwater and dissolved carbonates could be
responsible for altering the thermodynamically-defined isotope clumping. Precipitation of carbonate minerals with and without
biomineral-specific protein extracts under controlled micro-chip conditions, provides the possibility to study the role of mineralising
proteins on isotope selectivity. The interplay between protein and temperature on the level of clumping is under investigation.
CONCLUSIONS: Biominerals are undoubtedly formed under biological control. However, the isotopic chemistry of different
mineralised anatomical parts is influenced by thermodynamic equilibrium, protein activity and the specific chemical environment.
Clumped isotopes analyses of biominerals have the potential to provide valuable information on environmental reconstruction
beyond temperatures and to identify the precise influence of proteins on isotope selection in mineral formation.

P53 - Dentin sialophosphoprotein (DSPP) function and role in inherited dentin defects discerned by
comparing Dspp-/-, Dspp-1fs, and Dspp-2fs mice
Tian Liang*1, Yuanyuan Hu1, Hong Zhang1, Chuhua Zhang1, Charlie E. Smith2, Jan C-C. Hu1, James P. Simmer1. 1University of
Michigan School of Dentistry, Ann Arbor, MI, USA. 2Department of Anatomy & Cell Biology, Faculty of Medicine, McGill University,
3640 University Street, Montreal, QC, Canada.
INTRODUCTION: Non-syndromic inherited dentin defects classified as Dentinogenesis Imperfecta (DGI) type II and type III and
Dentin Dysplasia type II are autosomal dominant conditions affecting ~1 in 7000 persons and are caused by two kinds of DSPP
mutations. DSPP is comprised of an N-terminal DSP proteoglycan and a C-terminal DPP acidic phosphoprotein domain become
separated by proteolysis and may serve distinct functions during dentinogenesis. PURPOSE: To understand the roles of DSPP and
its subdomains during normal and pathological dentin formation. METHODS: Dspp-/- mice were obtained from Jackson Labs. A
CRISPR/Cas9 generated Dspp-1fs mouse model by deleting a single nucleotide after the first 4 DPP codons replacing that domain
with a 493 amino acid missense sequence. In addition, a Flag-tag (DYKDDDDK) was inserted between the last DSP codon and the
first DPP codon for specific immunodetection of the Dspp-1fs protein. The CRISPR/Cas9 system also generated a Dspp-2fs mouse
that expressed DSP only, terminating translation after four DPP amino acids. All three mouse models were bred for more than 8
generations into the C57BL/6 background and then longitudinal and cross-sections of their mandibular incisor were characterized
by Focused Ion Beam Scanning Electron Microscopy (FIB-SEM) and backscattered SEM, and by histology/immunohistochemistry.
RESULTS: The flag antibody specifically detected the Dspp-1fs protein in odontoblasts and pre-secretory ameloblasts. Heterozygous
Dspp+/-1fs mice deposited normal appearing predentin, but odontoblast pathology was observed, including abundant low-density
cytoplasmic vesicles not observed in WT odontoblasts. Dentin mineralized near ameloblasts and expanded toward odontoblasts,
but deposition of predentin slowed, reducing predentin thickness. Dentin mineral accumulated slowly, but was thinner than the
WT and no dentin tubules/odontoblast processes were observed. Expansion of the dentin mineral appeared to be by successive
waves of differentiating pulp cells and left prominent incremental lines in dentin parallel to the DEJ. In contrast, heterozygous
Dspp+/- mice displayed no observable dentin defects. Dspp-/- mice dentin was of normal thickness, with large fingers of predentin
penetrating almost to the dentin surface. The Dspp-2fs heterozygotes showed no phenotype, while the homozygous Dspp-2fs/-2fs
mice, which expressed normal amounts of DSP but no DPP, deposited dentin of normal thickness that was very unevenly
mineralized. The enamel formed in the Dspp-/- and Dspp-2fs/-2fs mice was comparable to the WT. Incisors of the Dspp+/-1fs mouse
showed minor enamel defects near the DEJ. CONCLUSION: Dspp-1fs and Dspp-2fs mice have been generated and demonstrate that
DSP and DPP both serve important roles in dentin formation. Dominant dentin defects observed in Dspp+/-1fs mice are caused by
odontoblast pathology. This study was supported by NIDCR DE027675.

P54 - Effects of X-Linked Hypophosphatemia standard treatment on osteoarticular lesions in the Hyp
mouse
Axelle Cauliez1, Carole-Anne Faraji-Bellée1,2, Benjamin Salmon1,2, Thorsten Schinke3, Agnès Linglart4,5, Catherine
Chaussain1,2,5, Claire Bardet*1. 1Laboratory Orofacial Pathologies, Imaging and Biotherapies EA 2496, School of Dentistry Paris
Descartes University Sorbonne Paris Cité, France. 2Dental Medicine Department, Bretonneau Hospital, APHP, Paris, France.
3Department of Osteology and Biomechanics, University Medical Center Hamburg Eppendorf, Hamburg, Germany. 4Reference
Center for Rare Diseases of Calcium and Phosphorus Metabolism, France. 5AP-HP Department of Pediatric Endocrinology, Kremlin
Bicêtre Hospital, School of Medicine University Paris Sud, France.
INTRODUCTION: X-Linked Hypophosphatemia (XLH) is the most common form of genetic rickets (1/20000). Mainly diagnosed during
childhood with growth retardation and deformities of the lower limbs, the pathology also affects adults with early formation of
osteoarticular lesions that significantly alter the quality of life. The current treatment, based on phosphorus and vitamin D analogs
commonly administrated from early childhood to the end of growth, does not allow a complete recovery of skeletal manifestations.
Despite childhood treatment, cartilaginous tissue complications occur in adults and become a dominant feature in the natural
history of the disease. Our previous data showed that the Hyp mouse, a murine model of XLH, develop osteoarticular lesions,
significantly increase over 12 months. PURPOSE: Here, we studied the impact of the standard treatment on the progress of these
lesions during growth and young adulthood, using the Hyp mouse model. Mice were supplemented with oral phosphorus
supplementation and calcitriol injections, following two timelines: i) from 3 weeks to 3 months to analyze the treatment effects
during growth and ii) from 2 months to 3 months to evaluate the treatment effects on adult lesions evolution. RESULTS: We showed
that the current treatment given since the early stage improved osteoarticular lesions, bone mineralization and micro architecture
without positive effect on enthesopathies. A late administration in young adult mouse presented a limited efficacy on osteoarticular
lesions. CONCLUSIONS: Our data highlight the relevance of the Hyp murine model for preclinical studies on osteoarticular lesions.
It will be interesting to compare these outcomes with the potential benefits of the new biotherapies such as the anti-FGF23
antibodies.

P55 - New insights into the structure of the extracellular matrix of XLH dentin and periodontal ligament
Elizabeth Guirado*1, Yinghua Chen1, Catherine Chaussain2, Anne George1. 1Dept. Oral Biology, UIC College of Dentistry,
Chicago, IL. 2EA2496 Faculté de Chirurgie Dentaire, Université Paris Descartes USPC, Paris, France.
INTRODUCTION: X-linked hypophosphatemic rickets (XLH) results from inactivating mutations in the phosphate-regulating gene,
PHEX, leading to systemic hypophosphatemia. The effects of PHEX mutations on dentin matrix deposition locally remains to be
elucidated. PURPOSE: To investigate the integrity of the dentin matrix deposited in the absence of PHEX function, using the XLH
mouse model and human dental pulp stem cells (DPSCs) from XLH patients. METHODS: One, two, and three-month-old C57BL/6PhexHyp (Hyp) mice containing a deletion in exons 16-22 of the PHEX gene and C57BL/6 (WT) littermate controls were used for
these studies. Dissected mandibles and extracted maxillary first molars were fixed in 10% formalin and decalcified in 14% EDTA (pH
7.4) for five weeks. Paraffin-embedded mandibles were sectioned and stained with Picrosirius Red, birefringence pattern of collagen
fibers was determined using Zeiss polarized light microscope. The open-source software CT-FIRE was used to calculate collagen
fiber length, width, straightness, and angles/curvature from polarized images (Bredfeldt et al. 2014). Maxillary first molars were
freeze-fractured in liquid nitrogen, dehydrated in hexamethyldisilazane, coated with gold/palladium (10 nm), and imaged using a
field emission scanning electron microscope (FESEM). DPSCs from healthy and XLH patients (IRB 00006477) were cultured according
to standard protocols. DPSCs were seeded and differentiated using odontogenic media containing ascorbic acid (100ug/ml), βglycerophosphate (10mM), dexamethasone (10mM). Total RNA was isolated using TRIzol reagent and SYBR® Green-based qPCR
was performed to analyze differences in gene expression of proteases and extracellular matrix proteins. Concentrated, serum-free
cultured medium from treated and untreated DPSCs were subjected to gelatin zymography. RESULTS: Histological analyses
indicated thinner, loosely packed and disoriented collagen fibrils in Hyp dentin and periodontal ligament when compared with the
wild type. Polarized light microscopy of picrosirius red staining revealed weakly-staining Hyp dentin and a PDL space sparsely
populated with red, yellowish-orange fibers, indicative of thicker collagen bundles. FESEM analysis also confirmed a disorganized,
heterogenous population of collagen fibers in Hyp dentin. Disrupted collagen matrix was also associated with aberrant mineral
deposits in Hyp dentin. Differentiation of XLH DPSCs resulted in upregulation of matrix protein expression and increased enzymatic
activity of gelatinases (MMP2 and MMP9). CONCLUSION: Dentin matrix integrity is necessary for biomineralization to occur. The
extracellular matrix formed by XLH DPSCs contained loosely packed connective tissue with disoriented collagen fibrils. Increased
expression and activity of gelatinases during odontogenic differentiation of DPSCs in the Hyp/XLH phenotype might be responsible
for the disruption of the collagen matrix in dentin and periodontal ligament.

P56 - Phenotype severity modulators of craniofacial skeletal abnormalities in the FGFR2-C342Y/+ mouse
model of Crouzon craniosynostosis syndrome
Amel Dudakovic1, Hwa Kyung Nam2, Andre J. van Wijnen1, Nan E. Hatch*2. 1The Department of Orthopedic Surgery, the
Department of Biochemistry and Molecular Biology, Mayo Clinic, Rochester, MN, USA. 2The Department of Orthodontics and
Pediatric Dentistry, School of Dentistry, University of Michigan, Ann Arbor, MI, USA.
INTRODUCTION: Severity of craniosynostosis is highly variable in patients and phenotype severity correlates highly with medical,
financial and psychosocial morbidity. We find that severity of the craniofacial skeletal phenotype in the FGFR2-C342Y/+ mouse
model of Crouzon craniosynostosis syndrome and the TNAP-/- mouse model of hypophosphatasia-associated craniosynostosis are
dependent upon genetic background strain, with craniofacial phenotype severity increasing from BALB/c to C57BL/6 to 129/SvJ.
We also find that craniofacial bones of neural crest as opposed to mesoderm origin are more severely impacted by FGFR2 and TNAP
mutations. PURPOSE: Our goal is to establish modifiers of phenotype severity using mouse models of craniosynostosis. Here we
are focusing on FGFR2-C342Y/+ mice because these mice exhibit highly consistent intrastrain craniofacial skeletal phenotypes.
METHODS: FGFR2-C342Y/+ mice were backcrossed onto congenic BALB/c and C57BL/6 strains for a minimum of 15 backcrosses.
Craniofacial shape comparisons were performed using dissected skull caliper measurements and a principal component analysis
with component loading. Craniosynostosis onset and incidence was analyzed by micro computed tomography of dissected skulls
and by magnified examination of sutures. Gene expression of cells isolated from neonatal cranial bones was analyzed by highthroughput RNA sequencing. RESULTS: Craniosynostosis onset in C57BL/6 FGFR2-C342Y/+ mice is neonatal, while craniosynostosis
onset in BALB/c FGFR2-C342Y/+ mice is between 3 and 4 weeks after birth. Three-week-old FGFR2-C342Y/+ mice on the C57BL/6
strain have a significantly higher incidence of coronal and lambdoid suture fusion, with a more severely abnormal craniofacial shape
than FGFR2-C342Y/+ mice on the BALB/c strain. RNA sequencing analysis of cells isolated from neonatal frontal (neural crest origin)
and parietal bones (mesoderm origin) revealed striking differences between cranial bones of neural crest vs. mesoderm origin, and
between congenic strains when comparing mutant to wild type mice. The greatest difference in cranial bone progenitor cell gene
expression between FGFR2-C342Y/+ and FGFR2+/+ mice was seen in the frontal bones of C57BL/6 mice. Expression of
osteoblastic/osteocytic genes were significantly upregulated, while expression of proliferation/cell cycle related genes were
significantly downregulated in cells isolated from C57BL/6 FGFR2-C342Y/+ frontal bones. In addition, expression of the EZH2 DNA
methylase was significantly downregulated in in C57BL/6 but not BALB/c FGFR2-C342Y/+ frontal bones. CONCLUSIONS: Because
EZH2 activity regulates chromatin dynamics to suppress expression of osteogenesis genes while stimulating expression of cell
cycle/proliferation genes and because EZH2 knockout mice develop craniosynostosis, we hypothesize that phenotype severity
caused by the FGFR2-C342Y mutation is modulated by changes in the epigenetic landscape due to strain dependent changes in
EZH2 expression.

P57 - New Insights into enamel rod decussation: lessons from Loeys-Dietz Syndrome
Olivier Duverger*1, Quynh Nguyen1, Priyam H. Jani1, Rashmi Mishra1, Nina Monkash1, Natasha Curry1, Pamela A. Guerrerio2,
Janice S. Lee1. 1Craniofacial Anomalies and Regeneration Section, NIDCR, NIH, Bethesda MD, USA. 2Food Allergy Research Unit,
NIAID, NIH, Bethesda MD, USA.
INTRODUCTION: Tooth enamel is the strongest tissue in the body with 96% mineral composition. In addition to being highly
mineralized, the enamel is made of rods that are arranged in an intricate decussation pattern that contributes largely to the
exceptional biomechanical properties of the tissue. Although it is evident that enamel rod decussation involves a coordinated
movement of ameloblasts during enamel secretion, the molecular and cellular mechanisms driving this developmental process
remain poorly understood. Loeys-Dietz Syndrome (LDS), a connective tissue disorder caused by mutations in the Tgf-B signaling
pathway (TGFBR1, TGFBR2, TGFB2, TGFB3, SMAD2 and SMAD3) that is characterized by arterial tortuosity and aneurysms,
congenital cardiac anomalies, as well as craniofacial dysmorphology, was recently identified to have distinct enamel defects with
unclear pathophysiology. PURPOSE: We elucidate novel aspects of the cellular and molecular mechanisms associated with the TgfB pathway that control enamel rod decussation. APPROACHES: Patients with LDS were examined by the NIDCR craniofacial team
and the quality of their dental enamel was assessed. A mouse model harboring a G357W amino acid substitution in TGFBR2 (Tgfbr2G357W/WT mice) was used to recapitulate the effects of LDS-causing mutation on enamel development. RESULTS: Patients with
LDS exhibited various degrees of enamel defects (enamel hypoplasia, pitting, or fracture) with mutations in TGFBR2 leading to the
most severe phenotypes. Enamel radiopacity appeared normal for unerupted teeth, suggesting that enamel production and
mineralization is not significantly affected, and damage occurs after eruption and exposure to mechanical challenge. Tgfbr2G357W/WT mice were evaluated for their enamel phenotype. Micro-computed tomography and scanning electron microscopy
revealed that, even though enamel rods were fully mineralized, their decussation pattern was lost. Thus, LDS-causing mutation in
mice affects the coordinated movement of ameloblasts without significantly affecting the secretion and maturation of the enamel
matrix, which makes this model ideal to elucidate the mechanisms driving enamel rod decussation. RNA-seq analysis on the enamel
organ of WT and Tgfbr2-G357W/WT mice revealed altered expression of G-protein coupled receptors known to regulate smooth
muscle contraction, suggesting that these receptors may regulate a contractile machinery that drives the movement of ameloblasts.
Genetic and pharmacological assays are used to test this hypothesis. CONCLUSIONS: Our results give new insights into the cellular
and molecular mechanisms that lead to enamel rod decussation. Based on these findings, the potential mechanistic link between
aortic aneurysm and enamel defects in the pathogenicity of LDS will be discussed.

P58 - HSP90AA1 as a candidate gene for Camurati-Engelmann disease
Sophie Ehresmann, Justine Rousseau, Julie Gauthier, Jacques Michaud, Philippe M Campeau*. Centre de recherche du CHU
Sainte-Justine, University of Montreal, Montreal, QC, Canada.
INTRODUCTION: Camurati-Engelmann disease is a condition with hyperostosis of the long bones and the skull, and dominant
mutations in TGFB1 (encoding transforming growth factor beta-1) are found in a majority of patients. PURPOSE and APPROACH:
To identify the underlying cause in an individual without a TGFB1 mutation, we performed whole exome sequencing in an individual
with skeletal features of Camurati-Engelmann disease, hypertension and celiac disease, from consanguineous parents. RESULTS:
This led to the identification of a homozygous mutation in HSP90AA1 (NM 0053488:c.1486+4A>G), which encodes a chaperone that
protects TFGBRs from Smurf2-dependent ubiquitination, and subsequent degradation of the TGFBR complex. Data from the
International Mouse Phenotyping Consortium shows that HSP90AA1 knockout mice have higher Bone Mineral Content to Body
Mass ratio, which supports our hypothesis of HSP90AA1 being a new candidate gene for Camurati-Engelmann disease. The mutation
identified is in the splice donor site of exon 9. A decrease splice donor activity could lead to the inclusion of intron 9 in the coding
sequence, and a loss of protein function. A minigene assay is underway to assess the effect of the mutation on splicing, and thus
substantiate HSP90AA1 as a new candidate gene for TGFB1-negative Camurati-Engelmann-like phenotype. CONCLUSIONS: We have
thus identified a new candidate gene, HSP90AA1, for Camurati-Engelmann disease.

P59 - NGS analysis for isolated dentin and enamel structure anomalies: relevance of a panel approach and
contributions of WGS for undiagnosed patients
Céline Gaucher*1,2,3,4, Caroline Silve2, Franck Letourneur1, Sybille Vital3,5, Frédéric Courson6, Michel Vidaud1, Catherine
Chaussain3,6. 1Genomic Plateform, Institut Cochin, Inserm U1016, France. 2Service de Génétique et biologie moléculaires, Hôpital
Cochin, HUPC, AP-HP, France. 3EA 2496, Dental school of Université Paris Descarte, France. 4Service de Médecine bucco-dentaire,
hôpital Henri Mondor, HUHM, APHP, France. 5Service de Médecine bucco-dentaire, hôpital Louis Mourier, HUPNVS, AP-HP,
France. 6Service de Médecine bucco-dentaire, hôpital Bretonneau, HUPNVS, AP-HP, France.
INTRODUCTION: Dentin and enamel structure anomalies are mostly inherited although drug poisoning and environmental
implication should also be considered. Genetic and molecular knowledge of these anomalies have been recently largely improved
leading to the reconsideration of former clinical classifications. There has been recent consensus around the term amelogenesis
imperfecta for non-syndromic (isolated) enamel anomalies. A new classification for dentin anomalies has also been proposed,
separating dentinogenesis imperfecta (caused by DSPP mutations) and radicular dentin dysplasia (unknonwn aetiology) from others
dentin anomalies. To date, 18 genes have been identified in amelogenesis imperfecta, and 3, in addition to DSPP, in non-syndromic
dentin anomalies. PURPOSE: The molecular diagnosis of these pathologies is almost never accessible for patients whereas it is
essential for appropriate cares and genetic counselling, especially to eliminate potential syndromic pathologies. A cohort of 50
French patients clinically diagnosed for either an enamel, or dentin, isolated anomaly within a competence/reference center for
rare diseases (“OSCAR” or “TETE COU” French rare disease networks) has been recruited and proposed a new molecular diagnosis
strategy. APPROACHES: First a targeted NGS strategy has been performed for all the cohort. An “enamel anomalies” panel designed
with the 18 known pathogenic genes, and a “dentin anomalies” panel designed with the 4 known pathogenic genes have been
evaluated and then upgraded, especially regarding the “wet lab” part by skipping from an amplicon to a capture library technique.
Second, a WES/WGS approach has been proposed to patients who were still undiagnosed after the first strategy. RESULTS: The
targeted approach reached a positive rendering rate of 50% both for enamel and dentin anomalies. Eighty per cent of the variants
were new ones, both for enamel and dentin etiologies, and in sporadic as well as in familial cases. Considering dentinogenesis
imperfecta, DSPP was the only causative gene. In amelogenesis imperfecta, 6 out of the 18 known causative genes have been
identified. Results of the WES/WGS are ongoing and will be presented during the meeting. CONCLUSION: This study confirms that
a targeted strategy for non-syndromic enamel and dentin anomalies allow a significant positive rendering rate.

P60 - Dental phenotype in different OI types
Doaa Taqi1, Hanan Mousa1, Timothy Schwinghamer 2, Jean-Marc Retrouvey1, Frank Rauch3, Faleh Tamimi*1. 1McGill
University, Faculty of Dentistry, Montreal, QC, Canada. 2McGill University, Faculty of Agricultural and Environmental Sciences, Ste.
Anne de Bellevue, QC, Canada. 3Shriners Hospital for Children-Canada, Montreal, QC, Canada.
INTRODUCTION: Osteogenesis imperfecta is a genetically heterogeneous group of inherited bone dysplasia. The primary clinical
manifestation is brittle bone and multiple fractures. Dentinogenesis imperfecta (DI), associated with Autosomal Dominant
Osteogenesis imperfecta (OI), occurs in a significant proportion of individuals in whom mutations in the COL1A1 (17q21.31 – q22.05)
or COL1A2 (7q22.1) have been identified. The DI phenotype, however, is not clinically always evident but can be detected
radiologically or histologically. Clinically, teeth with DI have abnormal color, ranging from grey-brown to opalescent blue and affects
both primary and permanent teeth. Radiographically, DI features include altered root morphology with short and constricted roots;
bulbous crowns, pulp obliteration, and taurodontism. Based on the type of OI, the prevalence of DI varies between 8% and 100%
and affects both genders similarly. Most of the previous studies focused on the overall prevalence of DI in different OI types, but
non-ever reported the prevalence based on individual tooth types. We hypothesize that every type of OI is associated with a unique
dental phenotype. PURPOSE & METHOD: to investigate and compare the occurrence of clinical and radiographical dentinogenesis
imperfecta in a cohort of 171 individuals with different OI types, using intraoral photographs and panoramic radiographs. The first
objective was to find out the incidence of tooth discoloration, pulp obliteration and taurodontism in both permanent and deciduous
teeth based on tooth type. The second objective was to evaluate the association between the occurrence of dentinogenesis
imperfecta and known related factors such as age and gender. RESULTS: OI type III subjects showed the highest prevalence of DI
(62%). The prevalence of DI in deciduous teeth showed no significant difference between the OI types(P>0.05). all the teeth in OI
type I were significantly less affected with DI then IN OI III and IV except in second molars where no difference was found between
OI I and III. Pulp obliteration (PO) was significantly more prevalent in OI type III and IV (P= .001,.003 respectively) than in OI type I.
All the posterior teeth showed a significantly less prevalence of PO in OI I than OI III and IV, except for the second molars.
Taurodontism only found in permanent teeth and affected the first molars (11%-10%) more than the second molars (4%-1%). The
lower second molars were affected the most In OI type III (11%-6%) while was not detected in lower first molars. CONCLUSION: A
strong correlation was found between clinical and radiographical DI, every type of OI has a unique dental phenotype that is tooth
type dependent. DI is more prominent in the incisors and the molar teeth, Taurodontism affecting the 2nd molar the most and first
molar has the highest prevalence of pulp obliteration.

P61 - A preliminary investigation of the role of aging on the dentin matrisome
Mariana Reis*1, Yvette Alania1, Ariene Leme-Kraus1, Elizabeth Guirado1, Anne George1, Alexandra Naba2, Ana BedranRusso1. 1Department of Restorative Dentistry, College of Dentistry, University of Illinois at Chicago, Chicago, IL, USA.
2Department of Physiology and Biophysics, College of Medicine, University of Illinois at Chicago, Chicago, IL, USA.
INTRODUCTION: Aging is a physiological process with profound effect on human biology and function. In collagen rich tissues, aging
has a deleterious effect in the many functions of the extracellular matrix (ECM). However, the condition of the dentin ECM with
aging remains unknown, specifically, the content and distribution of regulatory and structural components. PURPOSE: The purpose
was to investigate compositional differences of the root dentin ECM from young and older adults through an innovative approach
combining mass-spectrometry-based proteomics and bioinformatics. METHODS: Sound roots of human molars of two age groups,
young (18-24 yrs) and older (>75 yrs) adult were selected as independent biological samples. Pulverized dentin were extracted using
an existing protocol, with modification. Briefly, dentin powder was sequentially extracted with 0.5 M EDTA for 12 days (pH 8.0, 4°C)
and 4 M Guanidine-HCl for 72 h (pH 7.4, 4°C). Lyophilized samples (5-10 mg dry weight) were reduced, alkylated, deglycosylated
and digested into peptides, according to a published protocol. Samples were analyzed by mass spectrometry (LC-MS/MS) and
proteins identified by correlating tandem mass spectra to UniProt databases, using MASCOT search engine and Scaffold software.
LC-MS/MS output were annotated for ECM and ECM-associated proteins using the matrisome bioinformatic tool. Western blot
analyses were conducted to confirm the presence of selective ECM components. RESULTS: Proteins were classified according to
previously defined matrisome divisions (core matrisome or matrisome-associated) and categories (collagens, proteoglycans and
ECM glycoproteins, for core matrisome genes, ECM-affiliated, ECM regulators and secreted factors, for matrisome-associated
genes). Twenty-three ECM proteins were identified in young and older adult samples, among which collagens (COL1A1, COL1A2,
COL2A1, COL3A1, COL5A1, COL5A2 and COL11A2), proteoglycans (BGN, LUM, ASPN and OMD), glycoproteins (MGP, PCOLCE, SPARC
and VTN), ECM-affiliated protein (CLEC3B) and ECM regulators (F2, F9, F10, SERPINA1, SERPINF1, MMP20 and KNG1). Specific
proteins were found only in young adult samples, such as collagens COL12A1 and COL4A4, proteoglycans CHAD, DCN and HSPG2,
glycoproteins FN1, DSPP, SPP1, TGFBI, DPT and POSTN, and secreted factors IGF2 and PTN. Present exclusively in older adult were
COL28A1, glycoprotein THBS1, ECM regulator SERPINC1, and secreted factors TGFB1 and TGFB2. CONCLUSIONS: Preliminary results
show qualitative changes in the root ECM composition and between young and older adult teeth. Core matrisome proteins were
present in moderately higher amount in young adults, whereas matrisome-associated proteins were shown more noticeably in
older adult dentin. Therefore, the use of proteomics and bioinformatics could potentially lead to new discoveries and correlate
findings of ECM proteins with structural modifications in dentin as teeth age.

P62 - Fluoride activates histone acetyltransferase (HAT) to promote fluoride toxicity in LS8 cells
Huidan Deng1,2, John D Bartlett1, Maiko Suzuki*3. 1Division of Biosciences, College of Dentistry, The Ohio State University,
Columbus, OH, USA. 2College of Veterinary Medicine, Sichuan Agricultural University, Wenjiang, Chengdu, Sichuan, China.
3Department of Oral Biology and Diagnostic Sciences, The Dental College of Georgia, Augusta University, GA, USA.
INTRODUCTION: Fluoride overexposure is an environmental health hazard and can cause enamel and skeletal fluorosis. Previously
we demonstrated that fluoride increased acetylated-p53 (Ac-p53) to induce apoptosis in Ameloblast-derived LS8 cells in vitro and
in rat ameloblasts in vivo. p53 is acetylated by histone acetyltransferases (HAT) including CBP, p300, PCAF and Tip60. However, how
p53 is acetylated by fluoride and how the p53 upstream molecular pathway responds to fluoride toxicity is not well characterized.
PURPOSE: This study seeks to gain a better understanding of Ac-p53 upstream mediators in fluoride toxicity. METHODS: LS8 cells
were treated with NaF (5 mM) with/without HAT inhibitors. MG149 (inhibits the MYST family; Tip60 and MOZ) and Anacrdic Acid
(AA, inhibits p300 and PCAF). MG149 or AA was added 1 h prior to NaF treatment. Cell growth inhibition was analyzed by MTT
assay. HAT activity is regulated by post-translational modifications such as acetylation and phosphorylation. HAT proteins and
activating protein modifications (p300, Acetyl-p300, CBP, Acetyl-CBP, Tip60 and phospho-Tip60) were analyzed by Western blots.
p53-HAT binding was detected by co-immunoprecipitation (co-IP). RESULTS: Co-IP results show that NaF treatment for 6 h increased
p53-CBP binding, p53-PCAF binding and p53-Tip60 binding. NaF treatment increased active HAT levels (Acetyl-p300, Acetyl-CBP and
phospho-Tip60), suggesting that fluoride activates these HATs. Treatment with p300 inhibitor; AA (0-50 µM) or Tip60 inhibitor;
MG149 (0-50 µM) decreased HAT activation (Acetyl-p300, Acetyl-CBP or phospho-Tip60), suggesting that AA or MG149 suppressed
fluoride-mediated HAT activation. MG149 or AA treatment reversed fluoride-induced cell growth inhibition at 24 h. MG149 or AA
treatment decreased fluoride-induced p53 acetylation resulting in inhibition of caspase-3 cleavage and DNA damage marker γH2AX
expression. These results suggest that HAT activation by fluoride contributes to fluoride-induced toxicity (cell growth inhibition,
apoptosis and DNA damage) via acetylation of p53 in LS8 cells. CONCLUSIONS: HAT inhibition may be a potential therapeutic target
to mitigate fluoride toxicity. Further investigation is needed to identify the acetyltransferase that plays a critical role in fluoride
toxicity.

P63 - Examining tissue composition, whole-bone morphology and mechanical behavior in Marfan
Syndrome
Elizabeth A. Zimmermann*1,2, Kerstin Tiedemann1,3, Catherine Julien1,2, Svetlana V. Komarova1,3, Dieter P. Reinhardt3,4,
Bettina M. Willie1,2. 1Research Centre, Shriners Hospital for Children-Canada, Montreal, QC, Canada. 2Department of Pediatric
Surgery, McGill University, Montreal, QC, Canada. 3Faculty of Dentistry, and 4Department of Anatomy and Cell Biology, McGill
University, Montreal, QC, Canada.
INTRODUCTION: Marfan syndrome (MFS) is a connective tissue disorder caused by mutations in the fibrillin-1 gene. MFS patients
exhibit a range of skeletal symptoms including long bone overgrowth and significantly lower bone mineral density compared to
height-matched controls. PURPOSE: Expression of fibrillin-1 has been demonstrated in the bone tissue, and a range of cellular effects
of fibrillin-1 have been described. However it remains unknown if skeletal symptoms of MFS are caused by the alteration of
structural function of fibrillin-1 as a matrix protein, or distortion of its interactions with bone cells. To assess structural effects of
the fibrillin-1 mutation, we characterized the bone composition, tissue-level strains and tibia mechanical properties in the
Fbn1C1039G/+ mouse model of MFS. METHODS: The tibiae of 10, 26 and 52 week-old female Fbn1C1039G/+ (MFS) and litter-mate
control (LC) mice were analyzed. In vivo strain measurements were performed on the medial-lateral surface of the tibial midshaft
to determine the relationship between applied tibial compressive loads and bone tissue deformation. Tibiae were extracted and
micro computed tomography (μCT) was used to characterize bone morphology (mid-diaphysis, metaphysis) and curvature at middiaphysis. Bone composition was measured in 26-week-old mice with Fourier transform infrared imaging. T-tests were performed
to test for significance between Fbn1C1039G/+ and LC mice at α = 0.05. RESULTS: Fbn1C1039G/+ mice exhibited long bone
overgrowth and osteopenia consistent with the MFS phenotype. While trabecular bone morphology was similar in MFS and LC mice,
tibial metaphysis cortical area and thickness as well as tibial diaphysis cortical area were significantly lower in MFS than in LC. The
curvature of the bones measured at the mid-diaphysis was significantly lower in the medial-lateral direction in the MFS mice
compared to LC. In terms of composition, the crystallinity was 4% lower in MFS mice compared to LC, implying that the LC mice
have mineral with a greater crystal size and perfection than MFS. In vivo tibial stiffness assessed by strain gauging was similar in
MFS and LC mice. CONCLUSIONS: The Fbn1C1039G/+ mice displayed deficits in cortical bone structure, and lower crystallinity in
bone mineral, which may be compensated with less curvature in the medial-lateral direction and long bone overgrowth to create
structures with a similar stiffness. Finite element analysis is ongoing to further elucidate this relationship. These data provide
valuable insights into how changes in the bone matrix affect bone composition, morphology and strength, potentially contributing
to the skeletal phenotype in patients with MFS.

P64 - The molecular and physiological roles of ABCC6: more than meets the eyes
Viola Pomozi1, Christopher Brampton1, Janna Zoll1, Gilles Kauffenstein2, Georges Leftheriotis3, Ludovic Martin2,4, Olivier Le
Saux*1. 1Department of Cell and Molecular Biology; John A. Burns School of Medicine, University of Hawai’i, USA. 2UMR CNRS
6015-Inserm 1083, School of Medicine, Bretagne Loire University, Angers, France. 3Faculty of Medicine, University of Nice-Sophia
Antipolis, Nice, France. 4PXE Health and Research Center, University Hospital of Angers, Angers, France.
INTRODUCTION: Ectopic mineralization of soft tissues occurs in aging, diabetes, hypercholesterolemia, and renal failure as well as
genetic disorders. Several mechanisms have evolved to prevent calcification, notably the ABCC6 gene. ABCC6 is primarily expressed
in liver, kidneys and facilitates the cellular efflux of ATP, which is converted into pyrophosphate (PPi) and adenosine, both major
inhibitors of calcification. ABCC6 deficiencies underlie the disorders pseudoxanthoma elasticum (PXE), and some cases of
Generalized Arterial Calcification of Infancy (GACI, also associated with ENPP1 mutations). The explication of these conditions places
ABCC6 as an upstream modulator of the well-known ENPP1→CD73 pathway generating PPi and adenosine. The clinical
manifestations associated with this pathway are a spectrum of related calcification diseases, PXE, GACI, as well as ACDC (Arterial
Calcification Due to CD73 deficiency). PURPOSE and APPROACHES: Studying in mouse models and human PXE patients the
association of typical cardiovascular risk factors (hyperlipidemia, myocardial infarction) and ABCC6 deficiency has revealed
unrecognized facets of ABCC6 functions probably related to its ability to modulate extracellular purines. RESULTS: We found that
ABCC6 haploinsufficiency enhances dyslipidemia and atherosclerosis. Furthermore, we found that mice lacking ABCC6 suffer less
decrement in cardiac function after myocardial infarction than WT controls. Because ABCC6 functions upstream of ENPP1 and CD73
enzymes that influence numerous physiological processes, we investigated the expression of genes implicated in nucleotide and
phosphate metabolism in PXE patients and Abcc6-/- mice and we found many tissue-specific alterations. CONCLUSIONS: Our results
demonstrate that ABCC6’s primary function, facilitating the cellular efflux of nucleotides (including ATP) influences multiple
pathways, giving it a pluripotent physiological role affecting the regulation of calcification, atherosclerosis, and cardiac functions.

P65 - Cellular calcification triggered by blood-borne calciprotein particles
Andrea Büscher*1, Sina Köppert1, Hiltrud Königs2, Stephan Rütten2, Willi Jahnen-Dechent1. 1Helmholtz-Institute for
Biomedical Engineering, RWTH Aachen University Hospital, Aachen, Germany. 2Electron Microscopy Facility, RWTH Aachen
University Hospital, Aachen, Germany.
INTRODUCTION: The hepatic plasma protein fetuin-A stabilizes colloidal protein-mineral complexes in the form of calciprotein
particles, CPP and thus mediates their clearance from the circulation. CPP are first formed as colloidal spheres, containing fetuin-A
and other serum proteins, calcium and phosphate. Chronic kidney disease patients show reduced free serum fetuin-A and an
increased CPP bound fetuin-A, which is associated with cardiovascular calcification and mortality. PURPOSE: Analyzing the
relationship between CPP and media calcification in patients suffering from chronic kidney disease. METHODS: The calcifying
potential of CPP on smooth muscle cells was analyzed in monoculture experiments. Smooth muscle cells were treated with CPP or
with equivalent amounts of calcium and phosphate (calcifying media). Mouse aortic rings were studied to observe cellular
calcification of vascular smooth muscle cells in a more complex setting than cell monoculture. To enable a closer look on structure
and localization of calcified areas electron microscopy was performed. RESULTS: CPP treated smooth muscle cells show an increase
in cell extracellular matrix-associated calcium. Amorphous and soft so-called primary CPP cause slight increase of ECM calcium
during the first day of treatment, but continuous buildup thereafter. Crystalline and hard so-called secondary CPP cause rapid
increase of ECM calcium during the first day of treatment, but slow progression thereafter. Free calcium and phosphate rapidly
caused the calcification of vascular smooth muscle cells. Live/dead staining showed that calcifying media calcification was
associated with cell death especially during the first day of treatment. In comparison, primary or secondary CPP-induced
mineralization was associated with little cell death. Aortic rings treated with calcifying medium readily calcified after four days of
culture. Unlike smooth muscle cells in monoculture, aortic rings treated with CPP had no calcified lesions at all. Scanning electron
microscopy demonstrated the presence of calcium phosphate crystals on the surface of the endothelium regardless of treatment.
Transmission electron microscopy confirmed that no CPP accumulation in the tunica media could be detected. CONCLUSION: CPP
cause calcification of vascular smooth muscle cells in monoculture. The extent of calcification varies with CPP maturation state and
thus with their chemical. Primary CPP caused more calcification than did chemically more stable secondary CPP. Strong calcification
of aortic rings treated with salt-based calcification media, but not with CPP-based calcification media suggests, that the endothelium
protects the medial layer of vessels from potentially ill effects and calcification triggered by calciprotein particles.

P66 - Autophagy a novel link between matrix vesicles and vascular calcification
Kanchan Phadwal1, David Miller2, Ross Blackley2, Stephen Mitchell3 and VE MacRae*1. 1The Roslin Institute R(D)SVS,
University of Edinburgh, Easter Bush. 2School of Chemistry, University of St Andrews. 3The Electron Microscope facility, School of
Biological Sciences, University of Edinburgh.
INTRODUCTION: Vascular calcification is a hallmark of aging and is seen accelerated in patients with atherosclerosis, chronic kidney
disease and diabetes. Also this is highly correlated with mortality and morbidity of cardiovascular patients. During the process of
calcification, vascular tissues release matrix vesicles (MVs) either with amorphous calcium phosphate or crystalline hydroxyapatite
into the extracellular matrix. The origin of these matrix vesicles and the content packed within are poorly characterised. Patients
with end-stage renal disease have elevated circulating calcium (Ca) and phosphate (Pi), and exhibit accelerated progression of
calcific aortic valve disease (CAVD). We have recently highlighted a critical role for MVs in the initiation of the calcification process
in CAVD, through amorphous calcium phosphate or crystalline hydroxyapatite matrix deposition. PURPOSE: Proteomics analysis of
MVs derived from calcified rat valve interstitial cells (VICs) has revealed the marked enrichment of key autophagosome – lysosomal
and mitophagy proteins, including LAMP-1 (fold change 49.6), LAMP-2 (fold change 41.8), LAMTOR1 (fold change 8.023) and PARK7
(fold change 516.63). We therefore hypothesise that the early MVs with amorphous calcium phosphate traffic via the
autophagosome - lysosomal pathway. METHODS: Matrix vesicles were assessed using (i) immunofluorescence and (ii) transmission
electron microscopy (TEM) combined with energy dispersive x-ray spectroscopy in calcified rat VICs. RESULTS: We demonstrate
that MVs enriched with calcium and phosphate are present within autolysosomes. Furthermore, our data reveals that inhibiting the
formation of mature autophagosomes leads to increased VIC calcification using LY294002 (40μM), a PI3K inhibitor, (P<0.0001).
Interestingly, our TEM data also reveals mitochondria as a source of calcium and active ongoing mitophagy in RVICs under calcifying
conditions. CONCLUSIONS: Together these data suggest that autophagosomes may play a vital role in recycling the calcium and
phosphate build-up in MVs. Our work proposes a novel link between autophagosomes and vascular calcification which could lead
to the development of therapeutic strategies against CAVD.

P67 - Elastolytic activity of cysteine cathepsins K, S and V promotes vascular calcification
Pierre-Marie Andrault*1,2, Preety Panwar1,2, Dieter Brömme1,2,3. 1Department of Oral Biological and Medical Sciences,
Faculty of Dentistry, University of British Columbia, Vancouver, BC, Canada. 2Centre for Blood Research, University of British
Columbia, Vancouver, BC, Canada. 3Department of Biochemistry and Molecular Biology, Faculty of Medicine, University of British
Columbia, Vancouver, BC, Canada.
INTRODUCTION: Elastin plays an important role in maintaining blood vessel integrity. Proteolytic degradation of elastin in the
vascular system promotes the development of arteriosclerosis, including blood vessel calcification. Vascular calcification is
recognized as an important risk factor that significantly increases the mortality rate by a factor of 3 to 4 in atherosclerosis and up
to 60-fold when associated with chronic kidney diseases (CKD) or type II diabetes mellitus. Cysteine cathepsins are among the most
potent mammalian elastase, especially cathepsins (Cat) K, S and V. The role of these enzymes in the outcome and progression of
vascular mineralization remains unclear. PURPOSE: The present study aims at deciphering the mechanism by which cysteine
cathepsins promote vascular calcification through elastin degradation. METHODS: The effect of cysteine cathepsins on the
calcification of insoluble elastin was studied in vitro. Intact elastin fibers or fibers digested by cysteine cathepsins CatK, S and V. The
structural and elemental constitution of calcified or native elastin fibers were investigated by Scanning Electron Microscopy and
Energy Dispersive X-ray spectroscopy. We hypothesized that the degradation of vascular elastin by cathepsins generates bioactive
elastin fragments also known as elastokines. The stimulating effect of elastokines generated by CatK, S, and V upon the
mineralisation of the vascular tissue was assessed by exposing either a model of vascular smooth muscle cells (MOVAS-1) or an ex
vivo mouse aorta ring model to the soluble fraction of elastin digested by CatK, S, or V. RESULTS: We showed that the degradation
of vascular elastin by CatK, S, and V directly stimulates the mineralization of elastin. We observed that mineralized insoluble elastin
fibers were ~25-30% more resistant to CatK, S, and V degradation when compared to native elastin. Interestingly, energy dispersive
X-ray spectroscopy investigations showed that insoluble elastin predigested by CatK, S, or V displayed up to 8-fold higher calcium
and phosphate contents when compared to non-digested elastin. Moreover, cathepsin-generated elastin peptides increased the
calcification of MOVAS-1 cells acting through prolonged activation (> 24 h) of the ERK1/2 pathway. Blocking of the ERK1/2 activity
resulted in the loss of the elastokines stimulating effect. We made similar observations when cathepsin-generated elastin peptides
were added to ex vivo mouse aorta rings. CONCLUSION: Altogether, our data suggest that CatK-, S-, and V-mediated elastolysis
directly accelerates the mineralization of the vascular matrix by the generation of nucleation points in the elastin matrix and
indirectly by elastin-derived peptides stimulating the calcification by vascular smooth muscle cells. Both processes inversely protect
against further ECM degradation.

P68 - The use of hexametaphosphate to prevent and treat pathological calcification
Thomas Robinson*1, Sophie Cox1, Liam Grover1. 1School of Chemical Engineering, University of Birmingham, Birmingham, UK.
INTRODUCTION: Pathological calcifications vary in scope, location, and formation mechanism, from supersaturation causing
nephrolithiasis in the kidney, to specific cellular laydown of lamellar bone in the soft tissues. However, regardless of aetiology, the
result is the formation of a mineral phase, primarily formed of a calcium salt, in a specific location. This can cause immense pain
and loss of function for sufferers of these conditions, for which preventions and treatments are still sub-optimal, leaving surgery as
the only option for many. PURPOSE: To investigate a potent calcium chelator as a therapeutic to demineralise pathological
calcifications, and prevent their formation, offering an alternative to surgical removal. METHODS: Hexametaphosphate (HMP) was
studied in vitro for efficacy in dissolving, and preventing the formation of, calcium salts such as hydroxyapatite and oxalate, the
main contributors to ectopic bone formation and kidney stones, respectively. It was then formulated into an injectable, alginate
based delivery system for targeted release to the affected area. This formulation was then studied in an animal model of ectopic
bone formation. RESULTS: HMP is able to both dissolve, and prevent formation of, calcium phosphate, oxalate and carbonate. It is
more than ten times as effective as citrate, a current therapy for kidney stones, at dissolving calcium oxalate. This could potentially
provide a more efficacious treatment, or allow a lower dose to reduce side effects. Rheological analysis of the alginate formulation
showed pseudoplastic behaviour, which is optimal for injectable formulations. The HMP is released from the formulations over
time, and is potent at demineralising bone ex vivo. When tested against bone formation in vivo, the effect of the therapeutic is
masked by the injection causing increased bone formation, indicating that the delivery mechanism is important in such
inflammatory conditions. CONCLUSIONS: Hexametaphosphate is a potent calcium chelator, and shows excellent capacity to prevent
and reverse the formation of pathological calcium mineral phases. It can be loaded into an injectable delivery vehicle with useful
material properties, however the end user application method is important to prevent further inflammation.

P69 - Multiscale characterization of bone matrix changes in a pre-metastatic mouse model of breast
cancer
Aaron E. Chiou*1, Chuang Liu2, Toni Tang2, Inés Moreno2, Mason Dean2, Wolfgang Wagermaier2, Peter Fratzl2, Claudia
Fischbach1,3. 1Meinig School of Biomedical Engineering, Cornell University, Ithaca, NY, USA. 2Dept of Biomaterials, Max Planck
Institute of Colloids & Interfaces, Potsdam, Germany. 3Kavli Institute, Cornell for Nanoscale Science, Cornell Univ., Ithaca, NY, USA.
INTRODUCTION: Metastatic breast cancer often spreads to bone, resulting in incurable osteolytic lesions and poor clinical outcome.
While bone degradation is a hallmark of bone metastasis, recent studies indicate that early-stage bone metastasis may depend on
tumor cell adhesion to osteogenic regions. Increasing evidence suggests that primary tumors can prepare metastatic niches via
circulating tumor-derived factors, but it remains unclear whether this also occurs in breast cancer bone metastasis, and if changes
in the bone matrix play a role in this process. PURPOSE: To test the hypothesis that primary breast cancer can alter bone matrix
across various length scales prior to metastasis, we have applied multiscale analysis techniques to characterize the bones of a mouse
model of pre-metastatic breast cancer. METHODS: To model the effects of circulating tumor-derived factors, female nude mice
received daily intraperitoneal injections of tumor cell conditioned media (TCM) collected from the human breast cancer cell line
MDA-MB-231, or with blank media (control), for a period of 3 weeks. Because the proximal tibia and distal femur are common sites
of bone metastasis in mice, the hindlimbs were harvested for analysis. For each mouse, one tibia was fixed in 70% ethanol and
subjected to micro-computed tomography (microCT), backscattered electron imaging (BSE), and laboratory-based small-angle Xray scattering (SAXS). The contralateral tibia was fixed in 10% formalin, decalcified, and processed for histological analysis. Distal
femurs were used to harvest RNA from trabecular bone for sequencing (RNAseq). RESULTS: MicroCT analysis of trabecular bone in
the proximal tibia of TCM-injected mice revealed that bone volume fraction, trabecular thickness, and trabecular separation
increased relative to control mice, while trabecular number decreased. BSE of sections confirmed these changes, and further
indicated that the increase in trabecular bone area for TCM-injected mice is most prominent within 200 µm of the growth plate.
SAXS analysis within this region demonstrated that mineral crystal thickness does not change, but their orientation was decreased
in TCM-injected mice compared to control mice. Ongoing experiments are examining differences in bone remodeling cells via
immunostaining, collagen structure via second harmonic generation imaging, and gene expression profiles via RNAseq. Additionally,
gene expression of bone cells treated with TCM or blank media in vitro will be analyzed by RNAseq to validate in vivo results.
CONCLUSION: Together, these results suggest that circulating tumor-derived factors modulate trabecular bone structure at the
micro- to nano-scale in sites prone to breast cancer bone metastasis. Changes in trabecular structure and decreased mineral crystal
orientation suggest that bone remodeling and osteogenic activity may increase due to tumor-derived factors, which may provide a
favorable metastatic niche in bone.

P70 - Evaluating malignancy-dependent adhesion of breast cancer-derived extracellular vesicles to bonemimetic scaffolds as a model for bone metastasis
Minjee Kang*1, Siyoung Choi2, Aaron Chiou2, Claudia Fischbach2,3, Lara Estroff1,3. 1Department of Materials Science and
Engineering, Cornell University, Ithaca, NY, USA. 2Nancy E. and Peter C. Meinig School of Biomedical Engineering, Cornell
University, Ithaca, NY, USA. 3Kavli Institute at Cornell for Nanoscale Science, Ithaca, NY, USA.
INTRODUCTION: Breast cancer frequently metastasizes to bone where it leads to osteolytic bone degradation and poor clinical
prognosis. Nevertheless, therapeutic options to interfere with this process are scarce as the underlying mechanisms remain unclear.
Previous studies showed that primary breast cancer tumors can alter bone materials properties and metastasis even prior to
secondary tumor formation, suggesting possible interference with bone mineralization pathways. It is well-known that extracellular
vesicles (EVs) shed from tumor cells enter circulation and act as satellites of information transfer among cells. It is unknown,
however, if circulating breast tumor-shed EVs contribute to early-stage changes of bone microenvironment. PURPOSE: We
investigated how tumor-shed EVs interact with a bone-mimetic microenvironment, specifically mineralized collagen fibrils with
poorly crystalline apatite crystals, and if EVs bound to the bone-like matrix can promote tumor cell binding to the bone extracellular
matrix (ECM). METHODS: To study interaction between tumor-shed EVs and bone ECM in vitro, we prepared bone-mimetic
scaffolds composed of mineralized collagen type I fibrils fabricated using a polymer-induced liquid-precursor process. Then we
loaded labeled EVs into the scaffolds and examined the degree of binding of EVs to the fibrils using confocal microscopy and SEM.
The distribution and degree of binding of EVs in the matrix were correlated with various factors including breast tumor cell
malignancy, the presence of mineral, and size of EVs. Receptor-ligand interactions between EVs and mineralized collagen fibrils
were studied using immunohistochemistry and western-blotting. Tumor cell adhesion studies to the scaffolds coated with EVs are
ongoing. RESULTS: Breast-tumor shed EVs successfully adhered to the bone matrix via ligand-receptor interactions where the
degree of binding was dependent on tumor cell malignancy and vesicle size. EVs adhered slightly better on non-mineralized scaffolds
than mineralized scaffolds but the difference was nonsignificant. Small EVs with diameters less than 200 nm showed increased
adhesion profiles compared to larger EVs. EVs shed from more malignant breast tumor cells were more effective in binding by 3-8
times to the matrix than those from less malignant cells. Immunohistochemistry and western-blots suggest that EVs from more
malignant cells are enriched in cell-matrix and cell-cell adhesion proteins, thus exhibiting more potency in enhancing cell-matrix
adhesion. CONCLUSIONS: The adhesion of breast tumor-shed EVs to the bone ECM is associated with their size and parent cell
malignancy in vitro. These findings suggest a potential role for tumor-shed EVs in preparing a pre-metastatic niche within the bone
ECM to which tumor cells are attracted. We anticipate that new understanding of adhesion ability of tumor-shed EVs to the bone
ECM will contribute to our understanding of role of EVs in breast cancer bone metastasis.

P71 - Model systems to study interactions of breast cancer cells and mineralized bone matrix
Matthew A. Whitman*1, Siyoung Choi1, Lara Estroff2, Claudia Fischbach1. 1Meinig School of Biomedical Engineering, Cornell
University, Ithaca, NY, USA. 2Dept. of Materials Science and Engineering, Cornell University, Ithaca, NY, USA.
INTRODUCTION: Despite advances in clinical interventions for breast cancer, 85% of advanced breast cancer patients develop bone
metastases, characterized by painful osteolytic lesions and shortened survival. In some cases, stem-like cells associated with
recurrence, metastasis, and resistance to treatment have been identified. Interactions between tumor cells and bone matrix
components play a role in bone metastases, and we have shown that bone mineral regulates breast cancer cell adhesion and
migration. However, little is known about the effect of hydroxyapatite (HA) on breast cancer cell stemness, a key factor in drug
resistance. PURPOSE: To evaluate breast cancer cell behavior as a function of bone mineral, collagen mats with and without
intrafibrillar mineral were prepared. To further evaluate the effect of bone’s hierarchical structure on cell behavior, we developed
a 3D bone-derived, organic matrix-preserved scaffold (BDS) with or without HA. We have used these platforms to examine the
resulting effects on tumor cell growth, stem cell marker expression, and drug resistance. METHODS: Mineralized (Mn) collagen
substrates were prepared using a polymer induced liquid precursor method as per our previously published protocols. BDS were
prepared from bovine trabecular bone plugs, decellularized (DC), demineralized (DM), and sectioned. DC was assessed by H&E and
DNA content analysis. Mineral content was characterized by FTIR, SEM, thermogravimetric analysis, µCT, and XRD. Breast cancer
cell (human MDA-MB-231) viability and proliferation were analyzed by confocal microscopy. Stem-like properties were analyzed
with a Nanog-GFP reporter cell line, which allowed monitoring of the expression of Nanog, a transcription factor associated with
stemness. Stem cell properties were further assessed by measuring aldehyde dehydrogenase activity, another stemness marker. To
assess drug response, cells cultured on collagen or Mn collagen were treated with doxorubicin (dox) or zoledronic acid (ZA), two
common therapeutics used to manage bone metastases. RESULTS: DNA analysis and H&E confirmed BDS decellularization. FTIR,
XRD, TGA, and µCT analysis showed preservation or removal of bone mineral in DC and DCDM BDS, respectively, while SEM
confirmed preservation of bone structure. In the presence of mineral, cancer cell proliferation decreased, which was consistent
with an increase in Nanog expression in cells cultured on Mn collagen. Accordingly, cells cultured on collagen saw dose-dependent
decreases in growth when treated with dox or ZA, but growth rates of cells on Mn collagen were minimally impacted.
CONCLUSIONS: These results suggest that Mn collagen reduces growth of breast cancer cells and increases stemness. The increase
in stemness may play a role in apparent increases in drug resistance. The model platforms described herein may be applied to
further study breast cancer metastasis as a function of mineral content or matrix composition.

P72 - Astonishing overlooked roles of tendons in normal bone formation, remodeling and trauma repair
Zheng Wang*1, Chi Ma1, Xiaohua Liu1, Yan Jing1, Jian Feng1. 1Department of Biomedical Sciences, Texas A&M University
College of Dentistry, Dallas, TX, USA.
INTRODUCTION: For many centuries, the sole function of tendons is thought to help muscles to control body movement and stabilize
joints. Bone has been considered to be formed by either its own bone cells or cartilage cells. Bone loss in astronauts in space flight
or bone gain due to exercise is thought to be an indirect role of altered mechanical loading on osteocytes. Furthermore, bone
trauma or diseases are treated using native bone cells. PURPOSE of this research is to address: 1. If tendons directly form bone or
cartilage; 2. What’s the difference between the tendon-derived bone and the bones we daily studied; and 3. If tendons as an
autograft tissue, directly repairs bone trauma. METHODS: The Rosa26-tdTomato (tdT) mouse line was crossed with ScxCreERT2
(tendon specific) with one-time tamoxifen induction at P3 and harvested at P19, P33, and P56, respectively. Multiple assays,
including X-rays, uCT, different histology and IHC were performed using light-/electronic-/confocal-microscopy. RESULTS: 1. We
identified a new type of tendons (extremely short but many in numbers, we named mini-tendons) that attach muscles to bone,
which then formed an interface between mini-tendons and the underneath bone, resulting in a huge contact area between tendon
and rough/uneven bone. Of note, there is NO osteoblast layer between tendons (long range or mini range) and the underneath
bone. 2. The histological analyses showed striking differences between the tendon-attached and non-tendon-attached bones as
follows: bone cell distribution pattern, cell shape, gene expression profiles (such as high levels of Periostin, Vimentin, Biglycan,
DMP1, Col2, Col 10 and Col I), and bone mineral density. 3. In the cell lineage tracing studies, we showed a few red bone cells in the
tendon attached bone at P19. Later (at P33 and P56), more and more red bone cells are observed in the tendon attached bone,
which are co-localized with Runx2 and cartilage (aggrecan) and tendon (vimentin) markers, confirming that tendon cells directly
transdifferentiate into bone cells. Furthermore, in the tendon/ligament attached joint region, the tendon cells directly form red
fibrocartilage cells (expressing a mixture of Col 2, Col 10, vimentin and Col 1), which is distinct from articular cartilage cells
(expressing cartilage matrices only). 4. Using the cell tracing line we demonstrated that the tendon directly repair the trauma
caused bone loss, which is more robust than the periosteum-formed bone. CONCLUSION: Tendon cells not only help to move the
skeletal system, but also direct contribute to formation of the tendon-attached bone (commonly called bone ridges) and the joint
expansion by forming fibrocartilage via a cell transdifferentiation mechanism. In addition, tendons can directly transdifferentiate
into bone cells for bone repair in trauma.

P73 - Development and evaluation of bone-derived scaffolds with mineral gradients for enthesis tissue
engineering
Lara Estroff*1, Hao Zhou1, Alexander Boys1, Jordan Harrod2, Lawrence Bonassar2. 1Department of Materials Science and
Engineering, Cornell University, Ithaca, NY, USA. 2Nancy E. and Peter C. Meinig School of Biomedical Engineering, Cornell
University, Ithaca, NY, USA.
INTRODUCTION: The interfaces between soft tissue and bone at the ends of ligaments, tendons, and menisci, known as entheses,
can be characterized by their continuous mineral gradients. These interfaces are essential to joint health since they connect
different tissues and mediate substantial changes in mechanical properties within the entheses. Fabricating such an implant in vitro
that recapitulates the mineral gradient in native entheses can be challenging due to the hierarchical structure of bone and soft
tissue. Previous work has investigated the behavior of MSCs on mineralized and non-mineralized scaffolds mainly fabricated by
bottom-up methods, but few experiments used scaffolds that truly resemble the mineral gradient in the native ECM. PURPOSE: The
objective of this study is to fabricate a scaffold containing a mineral gradient by demineralizing decellurized trabecular bone plugs
in a spatially controlled manner and examining the effect of the gradient on the proliferation and differentiation of mesenchymal
stem cells (MSCs). METHODS: Bone plugs extracted from 1-3 day old neonatal bovine distal femurs were decellurized. Then they
were partially suspended in 9.5% EDTA solution to remove mineral content in a spatially controlled manner. Mineral gradients
within the bone plugs were verified using pXRD and nanoCT. Bovine MSCs extracted from bone marrow were expanded and seeded
onto the bone plugs in osteogenic media, and cultured for 4, 7 and 14 days. Immunohistochemistry was used to evaluate osteocalcin
(OCN) and alkaline phosphatase (ALP) expression by MSCs in the mineralized (MN) and demineralized (DM) portions of the bone
plugs. Picrosirius Red staining, imaged in bright and polarized light microscopy, was used to evaluate collagen fiber formation.
RESULTS: 3D renderings of the partially demineralized bone plugs revealed the porous structure of the trabecular bone matrix and
a conical-shaped mineral profile. Hydroxyapatite was found to decrease continuously from the MN side to DM side of the bone
plugs. More intense OCN and ALP stains were observed in the cellular matrix deposited at the MN side of the scaffold on day 4 of
static culture, where osteoblast-like cells were observed at the surface of the trabeculae. By day 7 of the static culture, OCN and
ALP stains on the DM side displayed similar intensity to the MN side with the MN side showing an OCN positive layer over the native
osteoid. On day 14 of the static culture, the intensity of the ALP stain in both the MN and DM regions decreased. Throughout the
static culture time points, collagen fiber formation was more evident on the DM side. CONCLUSIONS: This study developed a
method for demineralization of bone plugs that yielded spatially controlled mineral gradients and supported MSC viability and
matrix production, in a spatially distinct manner. Such methods provide a framework for tissue-engineering complex interfacial
structures like the enthesis.

P74 - Hydrogel composition alone regulates chondrogenesis and endochondral ossification
Jinming Chen1,2, Amalie E Donius2, Juan M. Taboas*1,2,3,4. 1Department of Oral Biology, 2Department of Bioengineering,
3Center for Craniofacial Regeneration, 4McGowan Institute of Regenerative Medicine, University of Pittsburgh, Pittsburgh PA,
USA.
INTRODUCTION: To regenerate cartilaginous tissues that interface with bone (e.g. growth plate), biomaterials are needed that guide
endochondral ossification . Photocrosslinkable hydrogels possess rheological properties amenable to bioprinting of complex cellular
architectures. We developed PGH, a hydrogel composed of methacrylated poly(ethylene glycol), gelatin, and heparin, to mimic the
matrix components of cartilage and promote growth factor signaling. PURPOSE: Determine the effects of PGH on chondrogenesis
and osteogenesis by bone marrow derived mesenchymal stem cells (BMSCs), and evaluate its effects on the phenotype progression
of chondrocytes that drive endochondral ossification, compared to the commonly employed bioink, gelatin (GEL). METHODS: We
incorporated cells (30x10^6/ml) into hydrogels and grew these in vivo (dorsal subcutaneous implants in immunocompromised mice
over 8 weeks) or in vitro (osteogenic versus chondrogenic medium over 6 weeks). For BMSC experiments, passage 3 cells were used.
For chondrocyte phenotype experiments, cells of immature / proliferative (RZ), pre-hypertrophic (PHZ), and hypertrophic (HZ)
phenotypes were isolated from separate regions of day 17 chick sterna. HZ will mineralize. PHZ will become HZ and mineralize. RZ
will never mineralize. These were encapsulated in tri-layered hydrogels that mimicked the growth plate architecture. RESULTS:
Regarding BMSCs, chondrogenesis occurred in both PGH and GEL in vivo, but only osteogenesis in GEL. PGH had more BMSCs
derived chondrocytes at 8 weeks in vivo (PGH 68±4.3% versus GEL 48±4.4%), and these showed hypertrophy and mineralization,
and low gene expression of COL10 and bone sialoprotein (8.4% and 1.7% of the levels in GEL, respectively). In vitro culture in
osteogenic medium confirmed no osteogenesis in PGH. Regarding chondrocyte phenotype progression, PGH showed greater
glycosaminoglycan (GAG) deposition than in GEL by all chondrocyte populations in vivo (1, 3, 8 weeks). PGH uniquely maintained a
greater fraction of HZ in a GAG producing state (70% versus 20% at 8 weeks). Concomitantly, only the GEL hydrogel showed
mineralization (Von Kossa and Alizarin Red) by PHZ and HZ over in vivo (1, 3, 8 weeks). The deposition of matrix molecules indicated
that PGH arrested rather than delayed terminal differentiation. First, HZ in PGH showed greater ALP activity at 1 and 3 weeks (65%
and 15% area, versus almost undetectable in GEL) and lower apoptosis (TUNEL stain) than in GEL. Second, PHZ in PGH showed
decreased Col10 deposition (1, 3 weeks). PGH appeared to shift cells to a more proliferative phenotype. CONCLUSION: The unique
composition of PGH may interfere with transport of ions, bind endogenous growth factors, or suppress the activity of catabolic
enzymes needed for mineralization. PGH and GEL are potentially useful biomaterials for stable hyaline cartilage engineering and
regeneration of the complex cellular architectures in cartilages that interface with bone.

P75 - Defective alveolar bone healing in mice genetically ablated for bone sialoprotein
Chavez MB*1, Tan MH1, Kolli TN1, Foster BL1. 1Division of Biosciences, College of Dentistry, The Ohio State University, Columbus,
OH, USA.
INTRODUCTION: Bone sialoprotein (BSP) is an extracellular matrix (ECM) protein of bones and teeth and highly expressed in
osteoblasts and cementoblasts. BSP was demonstrated to be important in skeletal development, as its genetic ablation in Ibsp
knockout (Ibsp-/-) mice resulted in delayed long bone mineralization and reduced trabecular bone remodeling. A dramatic
phenotype resulted in the craniofacial region, where Ibsp-/- mice exhibited lack of cementum, hypomineralized alveolar bone,
periodontal breakdown, and tooth mobility and loss. The underlying mechanistic functions of BSP remain unresolved, though likely
relate to post-translational modifications and/or functional domains involved in collagen binding, hydroxyapatite nucleation, and
RGD-integrin cell signaling. We hypothesized that BSP plays an important role in alveolar bone healing and aimed to develop a
model for analyzing its functions(s) in intramembranous bone healing in craniofacial tissues. PURPOSE: To determine if genetic
ablation of BSP hinders alveolar bone healing in a tooth extraction model and provide evidence for underlying mechanisms in
skeletal biology. APPROACHES: Maxillary first molars were extracted from anesthetized wild-type (WT) and Ibsp-/- mice at 42 days
postnatal (dpn). Mice were euthanized and blood and tissues were harvested at 0, 7, and 21 days post-extraction (dpe) with n=4
mice/genotype/timepoint (both males and females). Tissues were analyzed by high resolution micro-computed tomography
(micro-CT), histology, and quantitative PCR (qPCR). RESULTS: A cohort of WT C57BL/6 mice was first analyzed to define the alveolar
bone healing response and confirm experimental timepoints. Compared to baseline at 0 dpe, bony infill in the healing socket
significantly increased at 7 and 21 dpe, with a significant 14% increase in bone volume (BV) at 7 dpe and 49% increase at 21 dpe.
At 7 and 21 dpn, qPCR confirmed expression of Ibsp, Col1a1 (Type I collagen), Alpl (Tissue-nonspecific alkaline phosphatase), Runx2
(Runt-related transcription factor 2), Sp7 (Osterix), and Tnfrsf11b (Osteoprotegerin), indicating bone ECM production and
mineralization. This experimental approach was applied to age-matched WT and Ibsp-/- mice. Compared to WT, Ibsp-/- mice took
3-fold less time for molar extraction, reflecting a very weak periodontal attachment of teeth. Substantial deficits in bone healing
were found in the absence of BSP. While there was evidence of bony infill in Ibsp-/- mice, changes in BV did not reach significance
by 21 dpe. Compared to WT, Ibsp-/- mice exhibited 57% less BV at 21 dpe. Tissue mineral density (TMD) was reduced by 16% in
the healing sockets in Ibsp-/- vs. WT mice. CONCLUSIONS: Lack of BSP significantly hampered alveolar bone healing in mice. We
propose that BSP is an essential component of the alveolar bone ECM and functions by non-redundant mechanisms distinct from
other growth factors. Ongoing work seeks to identify mechanisms of action for BSP.

P76 - Dental pulp stem cells to understand the mechanisms underlying the repair of critical-sized craniofacial defects
AM Collignon*1,2, T. Guilbert3, J. Lesieur1, J. Sadoine1, C. Chaussain1,2, A. Poliard1. 1EA 2496 Orofacial Pathologies, Imagery
and Biotherapies, Dental School Faculty, University Paris Descartes, and Life Imaging Platform (PIV), Montrouge, France.
2University Hospitals, AP-HP, Paris, France. 3Plateforme IMAG'IC, Institut Cochin, Inserm U1016-CNRS UMR8104, University Paris
Descartes, Paris France.
INTRODUCTION : In the last decades, a variety of bone substitute materials have been developed and analyzed to optimize the
process of bone regeneration. Cells therapies using stem cells endowed with skeletogenic potentials seeded in biomimetic scaffolds
are considered attractive tissue engineering strategies for treating large bone defects, which could also be applicable to all fields of
regenerative medicine. In the context of cranio-facial bone defects, Dental Pulp Stem Cells (DPSCs) have demonstrated significant
osteogenic properties. Their neural crest embryonic origin further makes them a potential accessible therapeutic tool to repair
cranio-facial bone. DPSCs are endowed with significant in vitro and in vivo osteogenic properties and have been shown to efficiently
promote the repair of critical calvaria bone defects. The stem cell’s direct involvement is however still being investigated. PURPOSE:
Our first aim is to confirm that the DPSCs are involved directly in the repair process (versus a paracrine effect) and therefore
constitute an accessible and efficient therapeutic tool to repair/regenerate orofacial bone. The second aim is to establish the best
cell culture conditions for maximizing osteogenic potential of DPSCs in vivo. In this study, we have followed the fate and evaluate
the role of murine DPSCs (mDPSCs) cultured either under normoxic or hypoxic conditions and seeded in a dense collagen scaffold,
during the repair process of calvaria critical bone defects over a 3-month period. METHODS: Fluorescent Wnt1-CRE RosaTomato
mDPSC were obtained from PN3 mouse molar, expanded in pluripotent stem cell conditions under normoxia or hypoxia (5% oxygen)
and used at passage 3. Two symmetrical full-thickness cranial defects were created (3.5 mm diameter) on each parietal region
(Apafis 15-009). Defects were filled with i) dense collagen scaffolds seeded with mDPSCs cultured under hypoxia, ii) dense collagen
scaffolds seeded with mDPSCs cultured under normoxia iii) non cellularized scaffolds, or iv) left empty. Mice were imaged in vivo,
once a month during 3 months by Micro-CT to evaluate the extent of bone repair and by bi-photonic microscopy to visualize the
Tomato fluorescent cells. At each time-point, mice were sacrificed for histology, histomorphometry and immunocytochemical
analyses. RESULTS : We showed: 1) mDPSCs were able to survive in the healing defect up to 3 months after implantation, 2) the
presence of mDPSCs within the dense collagen scaffold greatly enhanced bone formation within the defect, and 3) bone repair
occurred through an intramembranous or endochondral process depending on the culture conditions (normoxia vs hypoxia) before
implantation. CONCLUSION: Further work should now focus on deciphering the mechanisms underlying the fate of mDPSC seeded
in the scaffolds upon implantation as well as the molecular dialogue initiated with the host cells. This project was granted by the
ANR PULPCELL and la Fondation des Gueules Cassées.

P77 - The effects of Wnt3a on αSMA+ perivascular cells during reparative dentinogenesis in vivo
Anushree Vijaykumar*1, Barbara Rodgers1, Mina Mina1. 1University of Connecticut Health Center, Farmington, CT, USA.
INTRODUCTION: The aim of pulp therapy is to induce formation of a mineralized tissue called reparative dentin which is meant to
seal off the unaffected pulp tissue from environmental stimuli and maintain its vitality. However, reparative dentinogenesis is not
a very reliable and reproducible process, often resulting in failure of pulp therapy. In order to make the process more efficient and
regenerate tissue resembling physiologic dentin, it is important to examine the mechanisms involved in the process. The
differentiation of dental pulp progenitors into odontoblast-like cells which form the reparative dentin is dependent on a network
of signaling pathways. Several studies have shown the essential roles of canonical Wnt/β-catenin signaling pathway on odontoblast
differentiation during tooth formation and dentin repair. However, the mechanisms and events by which Wnt/β-catenin signaling
pathway regulates reparative dentinogenesis are still unknown. PURPOSE: The goal of this study was to examine the effects of
Wnt3a on the proliferation and differentiation of αSMA+ perivascular cells during reparative dentinogenesis using an in vivo
experimental pulp exposure model in mouse molars. METHODS: Pulp exposure in the molars of four-week-old αSMA-CreERT2/Ai9
transgenic animals and lineage tracing was used to examine the effects of Wnt3a on proliferation and differentiation of αSMAtdTomato+ cells and their descendants. αSMACreERT2/Ai9 transgenic mice were injected intraperitoneally with tamoxifen for 2
days followed by pulp exposure to induce reparative dentinogenesis on the first maxillary molars. Agarose beads soaked in 10ng/ul
of Wnt3a and vehicle (0.1% of BSA) were placed in contact with the injured pulp. Pulps were capped with MTA and resin. Animals
were sacrificed at various time points and processed for various analyses including immunostaining with Ki67 antibody. RESULTS:
Pulp injury in VH-treated teeth resulted in increases in the number of αSMA-tdTomato+ cells. Wnt3a-treated teeth showed
markedly increased number of αSMA-tdTomato+ cells that migrated to the injury site as compared to VH-treated teeth. Wnt3atreated teeth also displayed marked increases in the number of Ki67+ cells and αSMA-tdTomato+/Ki67+ cells compared to VHtreated teeth. Our results also showed contribution of αSMA-tdTomato+ cells to reparative dentin in both Wnt3a-and VH-treated
teeth. Our in vitro studies showed marked increases in the number of odontoblasts identified by the expression of DSPP-Cerulean,
Dmp1, and Dspp in Wnt3a treated cultures as compared to VH-treated cultures. CONCLUSIONS: Activation of Wnt signaling during
reparative dentinogenesis results in enhanced odontoblast differentiation that is mediated by an increased number of proliferative
αSMA-tdTomato+ cells. Supported by R01- DE016689 & R90-DE022526 grants.

P78 - Optimization of porous scaffolds inspired by trabecular bone topology
Ammar A. Alsheghri*1, Natalie Reznikov2, Nicolas Piche2, Mathieu Gendron2, Faleh Tamimi3, Jun Song1. 1Department of
Mining and Materials Engineering, McGill University, Montreal, QC, Canada. 2Object Research Systems Inc., Montreal, QC,
Canada. 3Faculty of Dentistry, McGill University, Montreal, QC, Canada.
INTRODUCTION: Trabecular bone tissue is comprised of rods and plates interconnected in 3D. It adapts to mechanical function in
two ways, by the preferential 3D volume distribution (anisotropy) and by the 3D configuration of its principle blueprint elements
(network topology). While anisotropy adaptation is a subject of life-long adjustments that are often reversible, the network topology
of trabecular bone is seemingly invariant among anatomical sites and it presents a stable fundamental basis good enough for
functional adaptations. Topology relates to the way structural elements are assembled regardless of their shape, size or scale. For
bone topology, trabeculae are represented as edges, and their connections form nodes. PURPOSE: To analyze the basic topological
blueprint of trabecular bone (i.e. network connectedness and proximity of nodes). This analysis was then coupled with a topology
optimization technique, that favors uniform stress distribution within a structure, to design bioinspired scaffolds with enhanced
mechanical properties. METHODS: Topological information was obtained by digital processing of micro-computed tomography
(µCT) scans of trabecular bone in the human proximal femur. To design bioinspired scaffolds, nodes were populated within a volume
of interest based on a probability distribution function extracted from bone. A 3D Voronoi tessellation of the nodes was established.
The nodes belonging to the Voronoi cells that share a wall were connected by an edge. This resulted in a redundantly interconnected
lattice of edges and nodes. This lattice entered a topology optimization procedure where it was subjected to triaxial compressive
loading and the elements with the minimum equivalent stress were removed. The process was iterated until the number of
elements within the optimized lattice approximated the number of elements of the bone lattice. The mechanical properties of the
obtained lattice were next compared with those of bone using finite element analysis (FEA). Then, both the bone and the optimized
lattice were 3D printed and tested experimentally under compression. RESULTS: Our topological optimization procedure generated
a scaffold lattice with similar volume fraction and apparent elastic modulus as of the trabecular bone topological network. Not only
did the optimized scaffold mimic or outperform the mechanical properties of bone, but also it demonstrated stretch-dominated
behavior of the structure’s elements versus shear-dominated behavior. Since tensile strength is about an order of magnitude higher
than shear strength for most materials, such optimized structures demonstrate mechanical robustness. CONCLUSIONS: Trabecular
bone as a light and resilient mineralized tissue possesses an architected topology that supports function and adaptation at the
lowest metabolic cost. Bone topology provides valuable information for the bioinspired design of light-weight structures with
enhanced mechanical properties.

P79 - Hypermineralization compromises bone quality in the elderly hips
Tengteng Tang1,2,4, Wolfgang Wagermaier2, Roman Schuetz2, Qiong Wang1,3,4, Felipe Eltit1,3,4, Peter Fratzl2, Rizhi
Wang*1,3,4. 1Department of Materials Engineering, University of British Columbia, Vancouver, BC, Canada, 2Department of
Biomaterials, Max Planck Institute of Colloids and Interfaces, Potsdam, Germany, 3School of Biomedical Engineering, University of
British Columbia, Vancouver, BC, Canada, 4Centre for Hip Health and Mobility, Vancouver, BC, Canada.
INTRODUCTION: The risk of hip fracture depends on the decline in bone mass and changes in bone microarchitecture and properties
of bone mineral and the organic matrix. However, because of a low resolution associated with clinical imaging, some aspects of agerelated hip fragility are uncaptured and remain unknown to the orthopaedic community. Peri-cortical hypermineralization, a
structural change to the femoral neck in older people, might have severe consequences, yet its impact on femoral bone quality was
not well understood. PURPOSE: This study aims to provide direct evidence for the involvement of hypermineralization in clinical
hip fractures and to examine its origin and intrinsic properties. METHODS: Bone sections obtained from 24 femoral neck samples
of 24 patients (23 female, 1 male, age range: 65-96) who suffered from an intra-capsular hip fracture were studied using
backscattered electron microscopy (BSE). Another 12 cadaver bones (5 female, 7 male, age range: 62-79) were studied at midfemoral neck and intertrochanter on transverse plane. The bone mineral density distribution was analyzed with quantitative
backscattered electron microscopy (qBSE) and the relative mineral-to-matrix ratio was illustrated by Raman microspectroscopy.
Histology and immunohistochemistry were performed to reveal the matrix architecture and the type of collagen in the organic
matrix. The dimension and organization of the mineral platelets were measured by laboratory and synchrotron small- and wideangle X-ray scattering (SAXS/WAXS). Finally, microindentation was used to test fracture toughness while nanoindentation was
employed to measure the hardness and elastic modulus. RESULTS: Hypermineralization was observed at or near the fracture
surface in all patients with 92% showing hypermineralization at the superior-anterior quadrant where substantial cortical bone
thinning occurs with ageing. Interestingly, in five cases, we observed that the entire cortical beam was hypermineralized at the
fracture surface. The mineral content (Ca wt%) of the hypermineralized tissue increased by 15% compared with lamellar bone and
the mineral-to-matrix ratio also increased. We detected positive signals from type II collagen, indicating the cartilaginous nature of
the hypermineralized tissue. At the ultrastructural level, disorganized and significantly smaller bone minerals (2.3 nm in thickness
and 15.6 nm in length) were found in the hypermineralized region. Finally, the hypermineralized tissue was clearly more brittle than
lamellar bone with reduced fracture resistance and increased hardness and elastic modulus. CONCLUSIONS: This study
demonstrates the detrimental effect of hypermineralization on femoral bone quality across multiple length scales and provides the
first evidence of hypermineralization in clinical hip fractures that may contribute to the prevention and treatment strategies for
individuals at a high risk of hip fracture.

P80 - Changing ex vivo cortical bone mineral surface chemistry affects mechanical properties and fracture surface
Brian Wingender1, Elisabeth Mantil2, Kris Furuness3, Glenn Poirier4, Kevin Nhan5, Fabio Variola6, Sidney Omelon*7. 1MSERF,
College of Computing, Engineering & Construction, Jacksonville, FL, USA. 2Dept of Chemistry, Carleton Univ., Ottawa, ON, Canada.
3Dept of Chemical & Biological Engineering, Univ of Ottawa, Ottawa, ON, Canada. 4Dept of Earth & Environmental Sciences, Univ.
of Ottawa, Ottawa, ON, Canada. 5Dept of Environmental Engineering, Univ. Stuttgart, Stuttgart, Germany. 6Dept of Mechanical
Engineering, Univ. of Ottawa, Ottawa, ON, Canada. 7Dept of Mining and Materials Science, McGill Univ., Montreal, QC, Canada.
INTRODUCTION: One of the many functions of bone is structural. Bone mineral reinforces the skeleton, and increases its toughness
and stiffness for optimization of structural integrity and vital organ protection. Ex vivo emu tibiae were infused with fluoride and
analysed for chemical and mechanical property changes to investigate the role of bone mineral (carbonate apatite: cAp) surface
chemistry, and its interaction with collagen, on bone tissue mechanical properties. PURPOSE: We investigated the effect of changing
the bone cAp surface chemistry on tissue-level bone material properties. We hypothesized that the electrostatic adhesion
mechanism between the mineral and organic phases of bone can be disrupted via the introduction of fluoride ions, which can affect
the cAp surface chemistry and disrupt this interfacial bond. METHODS: Following the work of Wynnyckyj, et al., [1], emu tibial
cortical bones were cleared of marrow and filled with 0, 100 ppm, 0.1 M or 1 M NaF in saline. The bones were capped and rotated
along their long axis for 2 weeks. The treated bones were rinsed, measured with DEXA and CT, and tested in 3-point bending. The
fluoride concentration from the endocortical to periosteal regions of transverse cross-sections were mapped with an electron
microprobe. Raman and infrared spectra of the endocortical and periosteal bone regions assessed cAp chemistry. The alphachymotrypsin digestion and gel electrophoresis characterized collagen quality. The fracture surface was analyzed by light
microscopy. RESULTS: Fluoride infusion was detected by microprobe for the 0.1 M and 1 M NaF treatments. Raman spectra showed
a reduction in band intensity from 940-955 cm-1 for all F-treated groups. We attribute this to a reduction in more soluble calcium
phosphate components of bone mineral. The 0.1 and 1 M NaF groups showed an increased band intensity in the 960-975 cm-1
region. We attribute this to incorporation of the fluoride ions within the cAp. No collagen degradation or significant change in BMD
was measured. The melting temperature of collagen increased by treatments greater than 0.1 M NaF. The failure strain, post-yield
strain, plastic energy and failure energy were statistically significantly different. The fracture paths of the F-treated bones differed
from saline-treated bones. CONCLUSIONS: Infusion of NaF solutions into emu cortical bone partially dissolved less stable calcium
phosphate phases and created fluorapatite Raman shifts. Mechanical and chemical data suggest that ex vivo fluoridation reduced
the electrostatic bond integrity between the bone mineral and organic phases. Delamination of these two phases could allow for
unconstrained collagen to increase the post-yield failure strain measured as the crack propagated into the F-treated endocortical
region in 3-point bending, and affect the fracture surface. [1] Wynnyckyj, C. et al. (2009) Bone 44, (2009) 840-848.

P81 - Surface nanocavitation of titanium modulates macrophage activity
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INTRODUCTION: Nanoscale surface modifications are widely touted to improve the biocompatibility of medically relevant materials.
Immune cells, such as macrophages, play a critical role in the initial healing events following implantation. PURPOSE: The present
work aims at probing the impact of nanocavitated titanium surfaces on mediating the initial inflammatory response. METHODS: To
understand the response of macrophages to nanotopography better, we exposed U937-derived macrophages to a distinctive
mesoporous titanium surface (TiNano) produced by a process of simple chemical nanocavitation, and to mechanically polished
titanium (TiPolished) and glass coverslip (Glass) surfaces as controls. Cell numbers and morphology were evaluated. Osteopontin
expression and that of the proinflammatory SPARC protein and its stabilin 1 receptor were analyzed. Release of inflammationassociated cytokines and chemokines was also measured. RESULTS: Compared to the two control surfaces, there were fewer U937
cells on TiNano, and these exhibited a more rounded morphology with long filopodia. The cells showed areas of punctate actin
distribution, indicating formation of podosomes. Of the three proteins examined, only osteopontin’s immunofluorescence signal
was clearly reduced. Irrespective of the substrate, the cytokine assay revealed important variations in expression levels of the
multiple molecules analyzed and downregulation in a number of chemokines by the TiNano surface. CONCLUSIONS: These results
indicate that macrophages sense and respond to the physicochemical cueing generated by the nanocavitated surface, triggering
cellular and molecular changes consistent with lesser inflammatory propensity. Given the previously reported beneficial outcome
of this mesoporous surface on osteogenic activity, it could be presumed that modulation of the macrophagic response it elicits may
also contribute to initial bone-integration events.

P82 - Unraveling osteoclast activity versus resorption with a biomimetic bone matrix
Laurie B. Gower*1, Ashley M. Compaan1, Yixiong “Jason” Zhang1, Lexie S. Holliday2. 1Dept. of Materials Science & Engineering.
2Dept. of Orthodontics, University of Florida, Gainesville, FL, USA.
INTRODUCTION: Bone is a hierarchically structured composite with remarkable mechanical properties as well as bioactivity. Our
group has developed an in vitro model system for mimicking bone formation in which osteopontin or polypeptide mimics sequester
colloids of hydrated amorphous calcium phosphate nanoprecursors which infiltrate into the interstices of collagen fibrils and
crystallize into aligned nanocrystals of hydroxyapatite. By applying molecular crowding techniques during collagen assembly, we
have now been able to mimic bone’s dense ‘rotating plywood’ lamellar microstructure. With a similar composition and hierarchical
structure as bone, these “iomimetic bone composites have the potential to emulate both bone’s mechanical properties and
bioresorbability. In the latter case, because the tiny crystals embedded in collagen are similar to bone’s nanostructure, we postulate
that the scaffolds should be readily resorbed by osteoclasts (OCs). We are therefore using these bone-like matrices as a platform
for examining cell response to various factors incorporated within the matrix. In particular, it was found that osteopontin (OPN), in
addition to being highly effective at directing intrafibrillar mineralization, was also potent at triggering OC activity. APPROACH: The
goal of this project is to test our central hypothesis that osteoclast activity can be modulated with a biomimetic bone matrix that
has the appropriate composition, nanostructure and biological factors to elicit an osteoanabolic response in a tailored fashion, such
that a bone multicellular unit is recruited to remodel the synthetic bone into native bone. METHODS: Demineralized bone matrices
are remineralized using polyaspartate and OPN separately and in various combinations, to test the ability to tailor the level of
osteoclast activity. OCs derived from mouse marrow are seeded onto the matrices and activity is evaluated via actin ring formation
and ruffled membranes, as well resorption pit analysis. Exosome secretions are being examined to determine if the cells are
releasing osteoanabolic versus catabolic factors. RESULTS: A dose dependent response is observed for OPN in modulating OC
activity, suggesting that OC activity, and thus remodeling rate, may be tailored. However, activity does not seem to correlate with
resorption pits, and present evidence seems to indicate that the cells are only digging shallow trenches. Therefore, we are currently
examining the addition of proteoglycan constituents which are thought to be necessary for cathepsin K activity; their absence in
earlier studies may have resulted in the limited resorbing capability of the OCs. CONCLUSIONS: The results support our hypothesis
that OPN can efficiently trigger osteoclast activity, yet we find that further constituents may be needed for efficient resorption of
synthetic bone materials.

P83 - System for application of controlled forces on dental implants in rat maxillae: influence of the
number of load cycles on bone healing
Renan de Barros e Lima Bueno1, Ana Paula Dias1, Katia Ponce1, John Brunski2, Antonio Nanci*1. 1Department of Stomatology,
School of Dental Medicine, Universite de Montreal, Montréal, QC, Canada. 2Department of Surgery, School of Medicine, Stanford
University, Stanford, CA, USA.
INTRODUCTION: Micromotion at the bone-implant interface can significantly influence bone healing and the long-term stability of
implants. Experimental studies on the effect of micromotion on bone healing around implants are frequently conducted in long
bones. In order to more closely reflect the anatomical and clinical environments around dental implants, and eventually be able to
address load-management issues. PURPOSE: The objective of this work was to develop an experimental system for use in the oral
environment that shields the implant from external disturbance resulting from typical masticatory activities, yet allows application
of controlled forces to the implant when desired. METHODS: Screw-shaped implants were placed on the edentulous ridge in rat
maxillae. Three loading regimens were applied to validate the system; case A no loading (unloaded implant) for 14 days, case B no
loading in the first 7 days followed by 7 days of a single, daily loading session (60 cycles of an axial force of 1.5N/cycle), and case C
no loading in the first 7 days followed by 7 days of two such daily loading sessions. RESULTS: Finite element modeling of the periimplant compressive and tensile strains plus histological and immunohistochemical analyses revealed that in case B any tissue
damage resulting from the applied force did not per se disturb bone healing, however, in case C, the accumulation of damage
resulting from the doubling of loading sessions severely disrupted the process. CONCLUSIONS: These proof-of-principle results
validate the applicability of our system for controlled loading, and provide new evidence on the importance of the total load applied
on healing of maxillary bone.

P84 - Bone as a novel bioink for 3D bioprinting
S. Prakash Parthiban*1#, Avathamsa Athirasala2#, Anthony Tahayeri1, Luiz E. Bertassoni1,2,3,4. 1Division of Biomaterials and
Biomechanics, Department of Restorative Dentistry, School of Dentistry, Oregon Health and Science University, Portland, OR, USA.
2Department of Biomedical Engineering, Collaborative Life Science Building, Oregon Health and Science University, Portland, OR,
USA. 3Center for Regenerative Medicine, Oregon Health and Science University, Portland, OR, USA. 4Cancer Early Detection
Advanced Research, Knight Cancer Institute, Portland, OR, USA. #contributed equally to this work.
INTRODUCTION/PURPOSE: Designing new materials which mimic the natural niche of the cell will aid in understanding cellular
behavior in vitro. Our aim was to develop a new tailorable and 3D-bioprintable biomaterial from bone to elucidate cellular behavior.
We hypothesize that our new material, BoneMA, containing organic components and collagen from natural bone, will be a better
bioink for 3D bioprinting while providing controlled matrix stiffness to match desired bone microenvironments. METHODS: 17g of
bone powder was obtained by grinding osteoarticular/osteochondral human bone in a freezer/mill grinder. After lipid separation
and decellularization, the bone gel was obtained by pepsin digestion (1 mg/ml pepsin in 0.01N HCl) for 96hr. Methacrylic anhydride
(0.2ml/g of bone gel) was dropwise added under stirring at 50 C and pH adjusted to 9. After dialyzing for 24 hours, we obtained
the methacrylated extracellular matrix material (BoneMA). The bioink was prepared with 5wt% BoneMA, 0.15wt% Lithium
acylphosphinate photoinitiator and human mesenchymal stem cells (hMSC, 5x105 cells/ml). 3D bioprinting was done using a
stereolithography printer set to a photocuring time of 25sec (n=4) with an increment of 1sec consecutively. Phalloidin/DAPI staining
was performed to test the cellular morphology of the encapsulated cells (n=4). RESULTS: BoneMA was characterized for mechanics,
cell viability, and ability for use as a bioink for bioprinting. hMSC (human mesenchymal stem cell) encapsulated in BoneMA showed
varying cell morphology in hydrogels of various stiffness. The Young’s modulus for 5wt% BoneMA can be tuned to match the
mechanics of soft tissues (1~10 kPa). The mechanics can be tailored by either varying the amount of BoneMA, photoinitiator or
both. Finally, we established BoneMA as a highly versatile bioink by 3D bioprinting cubes, microarrays and various shapes.
CONCLUSIONS: We have successfully synthesized a new methacrylated material from human bone (BoneMA) and established its
feasibility as a new biomaterial to study cell-material interactions. This hydrogel is also highly suitable for studying cell-related
mineralization studies.
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INTRODUCTION: Natural biominerals such as teeth and bone have remarkable mechanical properties as a result of the controlled
size, shape and organization of the inorganic crystals of which they are made. The formation and growth of those crystals are
regulated by highly specialized organic molecules. Interestingly, these biomolecules in biominerals are homochiral composed
exclusively of l-enantiomers of amino acids enriched in acidic carboxyl groups. PURPOSE: Regulation of crystal nucleation and
growth using chiral acidic biomolecules could influence the formation of bone bioceramics and improve their mechanical properties.
METHOD: The selective effect of chiral molecules (using tartaric acid as example) on calcium phosphate (brushite) was assessed by
adding chiral d-(-)- or l-(+)-tartaric acid to both brushite crystals precipitated in supersaturated solution and brushite bioceramic.
RESULT: we show that chiral molecules can regulate brushite crystal growth and morphology. Surprisingly, we discovered that this
phenomenon is exclusive for the l-enantiomer form of the chiral molecules, and not the d-enantiomer, which provides insight on
why living organisms rely on l-enantiomer amino acids only (homochirality) to form functional proteins. Furthermore, we show
that chiral tartaric acid can selectively improve the mechanical properties of brushite bioceramic by regulating its crystal structure.
The mechanical properties of brushite bioceramic were effectively improved by the simple addition of l-(+)-tartaric acid, which
decreased subunit crystal size, with this relationship following the classic Hall-Petch strengthening effect; d-(-)-tartaric acid had the
opposite effect. From this, mathematic models on the relationship between subunit crystal size, porosity and mechanical properties
of ceramics for predicting and refining the performance of brushite bioceramics were constructed for the first time.
Characterization of the brushite crystals from the macro- to the atomic-level revealed that this selective regulation is attributable
to a specific stereochemical matching between l-(+)-tartaric acid and dynamic chiral steps of the brushite crystals, which results in
inhibition of brushite crystallization. CONCLUSION: These findings provide insight into understanding the role of chiral lbiomolecules in biomineralization, and how bioceramics can be fabricated with a controlled crystallographic structure that defines
desirable, high-performance mechanical properties.
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INTRODUCTION: Enamel is the highest mineralized tissue in the human body and it is produced by ameloblasts, which are originated
from enamel organ epithelium. Enamel is incapable of self-repair due to the ameloblasts apoptosis prior tooth eruption which
makes endogenous enamel regeneration and repair impossible. PURPOSE: The aim of this study is to fine-tune the optimal
conditions needed to regenerate dental enamel and promote enamel–dentin integration. METHODS: Previous studies have shown
that TBX1 protein is a key inducer of ameloblast differentiation. To optimize Tbx-1 gene delivery system as means of inducing rat
dental epithelial stem cells (HAT-7) to ameloblasts, we tested 2 different lipid formulations. First, lipoplexes were prepared by
mixing TBX-1 plasmid DNA (pDNA) with gemini surfactant (GS), we fabricated, or DOTAP, a commercial available lipoplex. Then, we
compared three various nitrogen to phosphate (N/P) ratios of 2.5, 5 and 10 to achieve optimal condensed DNA. The size and zeta
potential of lipoplexes were measured using dynamic light scattering (DLS). Next, HAT-7 cells were transfected using the 2 lipid
formulations and cell viability, transfection efficacy and gene expression profiles were comparatively analyzed after 48 hours using
MTT and CCK-8 assays, qRT-PCR, immunofluorescence and western-blot. In addition, HAT-7 cells were co-cultured with dental pulp
stem cells (DPSCs) for 1, 4, 7, 14, 28 days and the expression levels of amelobalst biomarkers and mineralization potential were
evaluated. Pilot studies were also undertaken to characterize ameloblast differentiation in vivo by co-seeding HAT-7 and DPSCs in
immune-compromised mice. RESULTS: The decrease in particle size and increase in zeta potential of lipoplexes are observed as
N/P ratios rises. By increasing the N/P ratio, TBX-1 expression is greatly increased but cell viability is diminished. Cells treated with
GS having a N/P ration of 5 show the most optimal survival rates and biologically significant TBX1 over-expression levels. Induced
TBX-1 expression resulted in enhanced ameloblast differentiation. The data also indicated that HAT-7 cells when co-cultured with
DPSCs, using co-culture systems or within alginate-chitosan hydrogels fabricated using the 3D printing, follow a more robust and
well-organized differentiation program compared with HAT-7 cultured alone. Consistently, our pilot in vivo studies show that
enamel- and dentin-like tissues are formed in vivo only upon concomitant HAT-7 and DPSC co-seeding. HAT-7 or DPSCs seeded
alone failed to form dental-like tissues. CONCLUSIONS: The optimized lipid-based system for TBX-1 delivery together with
epithelial-mesenchymal co-culture 3D hydrogel systems may provide optimal conditions for enamel regeneration.

P87 - Enamel protein amelotin and nano-hydroxyapatite for accelerated dentin remineralization
Mehrnoosh Neshatian*, James Holcroft, Anil Kishen, Bernhard Ganss. Faculty of Dentistry, University of Toronto, ON, Canada.
INTRODUCTION: Collagen is the most abundant protein in the human body. Mineralized collagen is the building block of mineralized
tissue like bone and teeth. Dental carries, which according to WHO is the most prevalent chronic disease worldwide, is caused by
acid-mediated demineralization of in dentin and enamel. Current dental restorative materials differ from the native tooth tissue in
their chemical composition, physical and mechanical properties that introduce a discontinuous, heterogeneous interface between
them. consequently, approximately 50% of deep dentinal restorations in adults eventually fail due to recurrent caries. This failure
rate could be improved by a better integration of restorative and tooth material. Therefore, remineralization of demineralized
dentin collagen, especially at the interface between the restorative material and the native tooth tissue, is of considerable interest
in restorative dentistry since it may improve bond stability and prevent restorative failures. Amelotin (AMTN) is an enamel protein,
which is expressed specifically during the enamel maturation stage and was shown to have a direct promoting effect on mineral
growth and formation. On the other hand, hydroxyapatite (HA) is one of the most biocompatible materials used in mineralized
tissue bioengineering. It has also been shown that Nano-HA is a good candidate for remineralization of teeth. However, the
combined effect of HA and AMTN on mineral formation has not been investigated. PURPOSE: To determine the ability of AMTN and
nano-HA to accelerate mineralization in simulated body fluid (SBF) and remineralization of demineralized dentin collagen. Our
hypothesis is that a combination of AMTN and nano-HA improves mineral formation both in SBF and dentin collagen. METHOD:
200μL of SBF was incubated with 10µg AMTN, 0.005% nano-HA, or both at 37°C for 21 days. Light scattering was used to record the
formation of mineral particles. 0.5mm thick coronal dentinal sections of human extracted molars were fully demineralized with
0.5M Ethylenediaminetetraacetic acid (EDTA). Demineralized specimens were cut further and then treated with AMTN, nano-HA or
both and incubated in SBF at 37°C. After 2 and 24 hours, specimens were fixed with 4% paraformaldehyde and imaged with scanning
electron microscopy to visualize mineral formation. RESULTS: The combination of AMTN and nano–HA promoted mineral formation
in SBF significantly compared to either AMTN or nano-HA alone (P<0.05) when tested by ANOVA. Minerals were visually identified
on the surface of dentin disks as well as within the dentinal tubules on the samples treated by both AMTN and nano-HA in as little
as 2 hours. CONCLUSION: The combination of AMTN and nano-HA can accelerate the mineralization of demineralized dentin.
SIGNIFICANCE: The accelerated mineral-promoting activity of AMTN and nano-HA may enable the engineering of an uninterrupted
interface between restorative material and native tooth tissue.
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INTRODUCTION: Enamel is the hardest and most heavily mineralized material in the human body. It is composed of 96% mineral
(hydroxyapatite) and 4% organic matter. The enamel layer is susceptible to demineralization and is unable to fully remineralize by
biological methods as the tooth surface is not living tissue. During demineralization elements, primarily calcium, are removed from
the surface of the tooth. As the tooth demineralizes, issues arise in overall tooth health, ranging in severity from dental sensitivity
to the formation of cavities. Bioactive glass can successfully remineralize the enamel layer. It is reactive when placed in physiological
fluid, undergoing a transformation from glass to hydroxyapatite. Titanium exists in trace amounts in native enamel and its presence
has been correlated with increased tooth hardness and brightness. PURPOSE: Our goal is to synthesize a titanium-containing solgel bioactive glass that could cause the formation of a titanium-substituted hydroxyapatite once in contact with body fluids.
Titanium-substituted hydroxyapatite has applications that extend beyond dentistry, into the broader bone tissue engineering field.
Synthetic titanium substituted hydroxyapatite has already been shown to exhibit better mechanical, antibacterial and aesthetic
properties than unmodified hydroxyapatite. METHODS: Sol gel synthesis yields a control and titanium modified glass. In vitro
mineralization was carried out in simulated body fluid. Characterization of as-made and mineralized was performed using FTIR, XRD,
Raman and ICP. RESULTS: In this work, the sol-gel method is used to synthesise a titanium-containing bioactive glass. The rate of
hydroxyapatite transformation of the titanium containing glass is slowed when compared to the control. However, after 14 days
immersion in simulated body fluid, the glass shows formation of a titanium substituted calcium phosphate with very low
concentrations of Ti lost to the media. CONCLUSIONS: Sol-gel synthesis created a titanium-containing bioactive glass. After
mineralization, the glass transforms into a titanium substituted calcium phosphate. This material has potential for targeted use in
both enamel remineralization and the wider field of bone tissue engineering.

P89 - New scanning electron microscopy imaging techniques for the large-scale high-throughput
characterization of hierarchical biological materials and synthetic constructs
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INTRODUCTION: There has been significant progress in recent years aimed at pushing the spatial resolution limits of scanning
electron microscopes. Many of these endeavors have been driven by advances in the field of nanotechnology and the need to
investigate the morphological features of sub-micron size materials. While scanning electron microscopy is indeed a powerful tool
for investigating objects at length-scales that are prohibitive using standard optical microscopy techniques, SEMs are equally useful
in characterizing the micro- and macro-scale architectures of transparent, highly reflective, or morphologically complex materials.
Despite this great potential, until recently, the maximum feature sizes that could be successfully imaged in a scanning electron
microscope were on the order of a few millimeters and the thought of routinely imaging objects on the order of 10s of centimeters
in a single dimension, in a single image, seemed unimaginable. New advances in SEM column design, however, are beginning to
change all of this, and the work presented here illustrates the application of three of these imaging techniques (Wide-field scanning
electron microscopy, Multi-channel energy dispersive spectroscopy, and Polychromatic scanning electron microscopy) for
investigating of a wide range of material systems. APPROACHES: (1) Wide-field SEM: This technique permits whole-specimen
imaging of objects measuring up to 10 cm across with almost a 0.5 m depth of field, revealing levels of detail never before possible
using standard optical imaging techniques and with greater surface detail than is achievable using tomography-based
approaches. Through manipulation of the incident beam geometry, we can achieve these capabilities in a single image with no
image stacks or tiling, thus permitting the ability to image multiple levels of structural hierarchies simultaneously in a single image.
(2) Multi-channel EDS: The ability to simultaneously collect element-specific x-rays from multiple detectors has two main
advantages. First, it significantly reduces shadowing artifacts during elemental mapping for samples with complex surface
topographies, and secondly, it significantly reduces the time required for performing traditional elemental mapping, thus permitting
the high-throughput characterization of multiple samples. (3) Polychromatic SEM: Using a radial array of electron detectors, we can
deconstruct and spatially resolve the entire electron scatter field emitted from the surface of a sample. After color coding the
electron detection profiles from multiple angles, we can subsequently recombine these signals for the generation of a polychromatic
electron micrograph, where variability in surface topography is revealed in a dazzling array of hues. The high angular sensitivity of
this technique thus permits the effective illustration of subtle differences in surface profile in structurally heterogenous materials.

