creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86t AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Metok ELIChH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aeles 212 LWS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

2024 23

F

1
HO

o
7

ol

2 Ab

Characterization of spontaneous
osteopetrosis models on RANKL-
dysfunctional mice

T e D Ofs e
of W st



Characterization of spontaneous
osteopetrosis models on RANKL-
dysfunctional mice

ol
A

i

0

[
e
+J

P

R

%[

tol

RANKL HIZ4d3t DtRAL

2024 23 23¢



Characterization of spontaneous
osteopetrosis models on RANKL-
dysfunctional mice

Nens o o2 =2
Ol =22 o8t BASIQAE =202 MBS

20234 10E



00

K

oJ

Ild
0
<

-t

KO
or
ok

oJ

F

7
o

%

?
o

oJ

0t

20244 13

oL
ol

E
ol

g
KA



CONTENTS

ABSTRACT-————————— iV
| . INTRODUCTION=========== == —— :
Il . MATERIALS AND METHODS-——————————————~ 4
Il RESULTS=—==—==mm === e 10
V. DISCUSSION —==—===——=m = mmm e 14
V. CONCLUSION======—===—mmmmm e 17

REFERENCES————=——==—=———————— - —— 18



LIST OF FIGURES
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Tnfsf1194™9™ mice genotype and monitoring results. B) Size at 3
weeks and C) weight of Tnfsfi1**, Tnfsf119%™* and
Tnfsf11gum/gum mice. D) Survival rate after 3 weeks birth of

Tnfsf11%/*, Tnfsf119™* and Tnfsf119UM/eU™ mice, —————————- D

Figure 2. Radiographic results of Tnfsf11** and Tnfsf119m/*
mice. Micro CT image of 5 weeks Tnfsf11"" and Tnfsf119™* A)
mice femur and B) facial bone. Micro CT analysis of C) trabecular
and D) cortical bone in Tnfsf11** and Tnfsf11%™* mice femur.
Results are representative of three separate experiments that had
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Figure 3. Bone resorption marker and histologic analysis in
Tnfsf11** and Tnfsf119™* mice. A) The CTX-1, RANKL and OPG

level in Tnfsf11** and Tnfsf11%“™* mice serum. B) H&E staining



and C) TRAP for histologic analysis in Tnfsf11*/* and Tnfsf119™*
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Figure 4. mRNA Seq analysis of bone marrow cells in Tnfsf11
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|. INTRODUCTION

The receptor activated NF-kappa B ligand (RANKL), also known as Tnfsf11, OPGL
(osteoprotegerin ligand), ODF (osteoclast differentiation factor), and TRANCE
(tumor necrosis factor-related activation—induced cytokine), is a cytokine in the
TNF superfamily.”. It is a substance that regulates the differentiation and
proliferation of osteoclasts. Tnfsf11 is expressed on osteoblasts or T cells and
then, it binds to TNFRSF118/OPG and to TNFRSF11A/RANK on osteoclasts and
precursor cells 2. In particular, the binding of TNFRSF11A/RANK is known to trigger
osteoclast differentiation and bone-resorbing activities, as well as the

maintenance of mature osteoclast activation 2

). In humans, the Tnfsf11 gene is
located on chromosome 13 (13g14.11) and encodes a glycoprotein called RANKL,
which consists of 317 amino acids ¥. RANKL is a type Il transmembrane protein
with an extracellular domain at the carboxy terminus. It shares 85% identity in
amino acid sequence between humans and mice ®. The ectodomain of RANKL is
cleaved by enzymes such as matrix metalloproteinases and released into the
bloodstream and extracellular environment as a soluble form &. RANKL released in
soluble form from active osteoblasts is the only ligand that binds to the extracellular
domain of RANK. The binding of RANKL to RANK forms a trimer and activates
signaling pathways, leading to the differentiation of pre—osteoclasts and the
activation of the mature form ”. Therefore, it is crucial to characterize and identify

the genes expressed in association with Tnfsf11 in order to understand the genetic

basis of the bone remodeling process.



To investigate various genetic functions, the experimental mouse model is used to
establish various disease models. The skeletal structures of each mouse are
remarkably similar to the homologous bones in humans, and the genes associated

8)

with bone remodeling are shared between the two species ©. The recent

understanding of bone physiology in mice has been advanced by the use of

910 such as knockout

reverse genetic tools and resources available for mice
alleles, cre driver and loxP—flanked target genes, and now genome editing
platforms that enable rapid modification of specific alleles '". While incredibly
informative and productive, hypothesis—driven approaches are inevitably biased by

12 Genomic or

preliminary data associated with a given gene or pathway
phenotype—based screens provide an unbiased method for identifying new genes
and their functions that underlie a specific phenotype or condition '¥. Spontaneous
mutations provide an additional level of unbiased discovery, as new variations can
emerge on any genetic background, revealing a phenotype that might have been
overlooked on a limited number of inbred backgrounds ) These advances could
improve the ability to identify numerous new spontaneous models of bone
disorders, contributing to a better understanding of the function of genes and their
pathways that play a pivotal role in bone development.

Here, we present the Tnfsf11 mutant resource, which is the result of a long-
standing effort to capitalize on the large mouse breeding colonies at the Jackson
Laboratory. The scale of these colonies has led to the emergence of heterozygous

spontaneous mutants, providing mouse models of bone dysmorphology. The aim

of the present study is to determine whether the potential regulatory sequences



near the murine Tnfsf11 gene are involved in its expression, and consequently, in
bone metabolism and tooth eruption. These mutant models include genes for
which all existing models are lethal, novel genes not previously associated with
bone development, and genes where the specific genetic background reveals a
disease model that is masked by typically used inbred strains. The mice are
available from the resource, and our ongoing screening process routinely identifies
new models that will contribute to the collection. Together, this resource provides

a unique and rich source of tools for discovering bone biology.



Il. MATERIALS AND METHODS

Animals and husbandry

The spontaneous mutant mouse (Tnfsf119™*) was discovered in 2011 at Jackson
Laboratory (JAX; Bar Harbor, ME) in a large—scale production colony of BALB/cJ
mice. These procedures were presented by The Jackson Laboratory’s Institutional
Animal Care and described in previous study 8 These F2 mice were transferred to
the Animal Facility of Chosun University in Korea where they were maintained in a
climate—controlled environment. Tnfsf11 wild type mice as well as heterozygous
and homozygous Tnfsf11 mutant mice were generated from heterozygous mating.
Mice were maintained either on standard laboratory diet. Mouse handling and care
were followed according to Chosun University. (CIACUC2023-A0009)
Genotyping

Genomic DNA was isolated and extracted in tail clips from mice using DNase
Blood & Tissue kit (Qiagen Inc., Valencia, CA), according to the manufacture’s
protocol. Three primers were designed for amplification of the wild—type, mutant,
or both alleles in the same reaction as manufacture’s provide. The primers were
the following: Mutant p1 Forward 5'-ACT GGC CGA AGA ATG AAA GA-3", Wild p2
Forward 5'-CAA GGA CCT GGG CTA TGA AC A-3", Common p3 Forward 5'- GGG
GTG TGT AAA GGG ATG TG A-3". The primer pair p1/p3 produced a 480 bp mutant
type allele, while primers p2/p3 resulted in a 342 bp wild type allele.

Body weight and survival rate measurement

To investigate the effect of Tnfsf11 gene mutations on body growth and survival,



whole body size of Tnfsf11%/*, Tnfsf119U™9Um and Tnfsf11%™* mice and mice
survival were observed at 3weeks postnatal. Also, body weight and survival rate in
ten mice of each groups were measured and monitored at each time point.
Micro—CT imaging and data acquisition

To study the formation of mineralized tissues in Tnfsf11 mutation mice, Micro—CT
scanning was performed on the distal femur and maxillofacial bone tissues using
a Quantum GX micro—CT imaging system (PerkinElmer, Hopkinton, MA, USA) at
the Korea Basic Science Institute (KBSI) in Gwangju, Korea. The distal femur was
scanned starting at the level of the growth plate, and the maxillofacial area was
scanned at the maxillary level. The X—ray source was set to 90 kV and 88 mA, with
a field of view of 10 mm (voxel size, 20 um; scanning time, 4 min). The 3D imaging
was displayed using 3D Viewer, a pre—existing software in the Quantum GX.
Resolution was set at 4.5 um, and images were obtained. Following the scan, the
structural parameters of trabecular bone were analyzed using Analyze 12.0
software (AnalyzeDirect, Overland Park, KS, USA). Mineral femur density was
estimated using a hydroxyapatite (HA) phantom (QRM-Micro CT-HA, Quality
Assurance in Radiology and Medicine GmbH, Germany) and scanned using the
same parameters. Bone mineral density (BMD), bone volume (expressed as a
percentage of tissue volume), bone volume of bone surface (BV/BS), and
trabecular number (Tb. N.) in trabecular bone and cortical area (Ct. Ar), as well as
cortical thickness (Ct. Th.) in cortical bone of the femur was calculated using the
ROI tool.

Analysis of serum sRANKL, OPG, and CTX



Mice was euthanized with CO» at a displacement rate of 50%/min and blood was
collected via cardiac puncture and serum was separated from whole blood by
centrifugation. The CTX-1, RANKL and OPG serum levels were determined by
commercial ELISA kit (R&D Systems, MN, USA). Sample absorbance was
measured at 450nm on a microplate reader (BioTek). This reading was then
subtracted from absorbance recorded at 570 nm.

Histological analysis of mouse tissues

Mouse femur including skeletal tissues were collected and fixed in cold 4%
formalin. And then, bone tissue was decalcified using an EDTA (0.5 M) solution
before processing onto the slide glass. The decalcified bones were cut at the
midpoint and embedded in paraffin blocks. The tissues were then stained with
hematoxylin & eosin (H&E) or TRAP and images were acquired using an ECLIPSE
Ts2R inverted microscope (Nikon, Tokyo, Japan).

Endosteal Cell Isolation

Each mice femur was extracted immediately after euthanasia. The distal and
proximal epiphyses of femurs were cut away and bones were centrifuged at 13,000
rom for 1 minute at room temperature to remove bone marrow. Periosteum was
aseptically removed with a scalpel and the bone was bisected lengthwise to expose
the endosteum. Femora from each mouse were combined and incubated with 4 m|
of collagenase solution (3 mg/ml Collagenase Type IV in PBS, Worthington
Biochemical Corp., Lakewood, NJ) inside a 5% CO, chamber at 37°C for 15 min
under continuous agitation. Cells recovered from this initial digestion were

discarded since they contained a large fraction of red blood cells. The long bones



were digested in two additional 4 ml collagenase solutions for 30 minutes each,
and the cells recovered with each digestion were mixed with an equal volume of
a—MEM (w/10% FBS + 1% anti—-mycotic) and combined. After pelleting the cells at
2,000 x g for 5 minutes, the pellet was resuspended in 0.7 ml of PBS (w/ 0.04%
BSA) and then used to prepare scRNA—-seq libraries.
RNA Preparation and Quality Check

RNA was prepared from the samples with TRIzol reagent (750 plL per sample; Life
Technologies, Grand Island, NY, USA) and a RNeasy mini kit (QIAGEN Inc.,
Valencia, CA, USA). Chloroform (150 ulL) was added to the well, and the plate was
then vortexed extensively. The plate was incubated at room temperature for 2-
3 min and then centrifuged at 12,000 xg for 1 min. The supernatant (350 uL) was
mixed with an equal volume of 70% ethanol in a new well. Then, the RNA was
extracted with the RNeasy mini Kit according to the manufacturer’s instructions.
RNA integrity was measured with an Agilent 2100 Bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA), and a sample with an RNA Integrity Number greater than or
equal to 8 was considered acceptable.
Library Preparation and massively—parallel sequencing of mRNA

cDNA libraries were generated from isolated total RNA samples using TruSeq
Stranded Total RNA kit with Ribo—-Zero Globin (lllumina, California, United States)
by following manufacturer’s protocol. Quality—passed libraries were seguenced on
NovaSeg6000 system (lllumina) using 100 bp paired—end protocol.
Data Processing and Differential Gene Expression Analyses

Data were analyzed and illustrated using multiple bioinformatics software under



default settings unless otherwise stated. Reads were quality—trimmed using
Cutadapti (version 1.9. dev2) and those with low quality and short reads (<35 bp)
were trimmed along with lllumina TruSeq RNA kit adapters. Reads were aligned to
the reference genome (Mus Musculus GRmc38) using STAR2 (version 2.5.2b)
specifying paired—end reads. Reads were assigned to features of type ‘exon’ in
the input annotation grouped by gene_id in the reference genome using feature
Counts3 (version 1.5.1). The raw counts table was filtered to remove genes
consisting predominantly of near—zero counts, filtering on counts per million (CPM)
to avoid artefacts due to library depth. Overall, four biological replicate datasets
were generated. Abundance data were successively subjected to differential gene
expression analyses. Z—-scores were calculated from CPM values as described
previously (Malone et al., 2011) and heatmaps generated using GraphPad Prism
software (GraphPad Software).

Differential gene expression analyses and gene ontology (GO) clustering analyses
were performed using Integrated Differential Expression and Pathway (iDEP.92,
South Dakota State University, United States) online tool. Raw CPM values were
uploaded and computed (min. CPM = 1) to identify and generate various
illustrations for gene clustering and differentially expressed genes. Differential
expression analysis was performed using the DEseqg2 method (Love et al., 2014).
PCA and Volcano plots were generated with Log2—fold change (FC) > 2 and false
discovery rate (FDR) cutoff <0.05. K-Means clustering were used for performing
gene enrichment analyses using GO biological processes pathway database

(Ashburner et al., 2000).



Statistical analysis

All quantitative results are presented as means = SD. Statistical significance
between two groups was determined using two-tailed student’s t-tests with
Bonferroni multiple-comparisons test. All reported P-values were two-sided, and
P < 0.05 were considered statistically significant. All statistical analyses were

carried out using GraphPad Prism Version 7 (GraphPad Software Inc.).



lIl. RESULTS

Tnfsf117/*, Tnfsf119“™* and Tnfsf119™/9U™ mice genotype and monitoring results

All variant and wild type genotypes that were conclusively identified were identical
to the genotypes identified by standard sequencing. Tnfsf11%/* and Tnfsf1 19um/aum
mice exhibited a single band of 342 bp and 480 bp, respectively, while Tnfsf1194™*
showed a double band of 342 bp and 480 bp (Fig. 1A).

At 3 weeks after birth, Tnfsf11gum/gum mice showed obvious smaller size
compared to Tnfsf11** or Tnfsf119%™* mice (Fig. 1B). At 1 week, there was no
significant difference in body weight between Tnfsfi1™* Tnfsf11%™* and
Tnfsf119U™eU™ mice (Fig. 1C). However, at 3 weeks, the body weight of
Tnfsf1194™eU™ mice was significantly lower than that of the other two genotypes.
The survival rate of mice measured from 3 weeks after birth was also significantly
lower in Tnfsf119™%™ mice compared to the other two mouse species (Fig. 1D).
Therefore, in the next experiment, the functionality of the Tnfsf11 gene was studied

by comparing Tnfsf11*/* and Tnfsf119“™* mice.

Radiographic results of Tnfsf11*/*, Tnfsf119%4™* mice.

To investigate the function of Tnfsf11 in the mineralization of mouse bone tissue,
radiographic analysis was performed using micro—-CT on the femur and
maxillofacial bones of mice. In Tnfsf119“™* mice, compared with Tnfsf11*/* mice,
the structure of the femur trabecular bone was significantly denser, and excessive
mineralized tissue was observed (Fig. 2A). In the trabecular bone area, BMD, BV,

BS/BV, and Tb. N. were significantly higher in Tnfsf11%“™* mice than in Tnfsf11*/*
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mice (Fig. 2B). Ct. Ar. and Ct. Th. The levels were also significantly higher in
Tnfsf119“™* mice in the cortical area (Fig. 2C). In the maxillofacial bone tissue of
Tnfsf119™* mice, mineralized tissue was noticeably observed, but no abnormal
tooth eruption was detected in either the maxillary bone or mandible (Fig. 2D).

In summary, the Tnfsf11 mutation inhibited normal bone resorption in heterozygous
mice and increased abnormal mineralized tissue, but no difference was observed

in tooth eruption based on the normal function of Tnfsf11.

Bone resorption marker and histologic analysis in Tnfsf11** and Tnfsf119“™* mice.
To evaluate bone remodeling markers in Tnfsf11 mutation mice, CTX-1, sRANKL,
and OPG levels were measured in the serum of Tnfsf11"* and Tnfsf119™* mice
(Fig. 3A). The Circulating CTX-1 and sRANKL levels were significantly higher in
Tnfsf11gum/+ mice. However, interestingly, there was no significant difference in
OPG levels between Tnfsf11"* and Tnfsf11 %“™* mice.

In a histological assay using H&E staining, we observed that the trabecular bone
was very thick, with an abnormally compacted network structure in Tnfsf1 19um/+
(Fig. 3B). However, the trabecular bone from Tnfsf11*"* mice femurs exhibited a
normal arrangement pattern and a thick, dense network with minimal spaces. Some
of the interstitial spaces between cells of trabecular bones expanded in size. Next,
the histological sections of femurs were examined using TRAP staining (Fig. 3C).
In the TRAP-stained section, Tnfsf11%“™* mice exhibited a greater number and

+/+

larger TRAP—-positive osteoclasts compared to Tnfsfi1 mice. To quantify this

data, the ratio of TRAP—positive osteoclasts to trabecular bone surface (OCs/BS)
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and the ratio of osteoclast number to bone area (OCs/mm?) were assessed (Fig.
3D). These results confirmed that the OCs/BS% and OCs/mm? values in Tnfsf11*/*
mice were significantly smaller than those of Tnfsf1194™* mice.

In summary, Tnfsf119™* mice exhibited a decrease in CTX-1 and sRANKL levels,
which are bone remodeling markers, leading to reduced osteoclast activity in bone
sections. However, there was no corresponding change in the amount of OPG in

serum, which is a counterpart to sSRANKL.

mRNA Seq analysis of bone marrow cells in Tnfsf11** and Tnfsf11%“™* mice.
To investigate the gene expression levels associated with bone formation, massive

+/+

mRNA seqguencing. was conducted on bone marrow cells in Tnfsfi1 and
Tnfsf119“™* mice. In the gene expression categories, 117 genes related to cell
differentiation were significantly up-regulated in Tnfsf1 194M/* mice, while 132
genes were down-regulated (Fig. 4A). Among them, genes with mRNA expression
levels that increased by at least 2—fold were selected for further analysis (Fig. 48).
Only 38 genes were significantly up—-regulated, and 15 genes were down-regulated
by over 2—fold in Tnfsf119“™* mice. The highest up-regulated gene, Gpx5, showed
a 4.4-fold increase, while the lowest gene, Nubpl, exhibited a 0.413—fold decrease
in expression in Tnfsf119™* mice, as depicted in the hierarchical clustering of
gene expression in the heatmap.

Only a small number of mMRNA expression levels, such as Gli1, Slc35b2, Lrrcl17,

and Junb in osteoblast-related gene categories, were significantly higher.

Additionally, Tclirg1, Junb, Anxa2, and Atp6ap1 in osteoclast-related genes were

_12_



higher in Tnfsf11 %“™* mice (Fig. 4D). In addition, only 2 genes, Csfir and Tclrg1,
in the tooth eruption—related gene categories were significantly down-regulated

** mice.

and up-regulated in Tnfsf11%™* mice compared with Tnfsf11
Taken together, the heterozygous mutant Tnfsf11%“™* mice showed very little
genetic variation, especially a small number of genetic changes related to bone

formation and tooth eruption were observed.
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V. DISCUSSION

The central role of TNFSF11, also known as RANKL, in the proliferation,
differentiation, function, and survival of osteoclasts is well established . The
Tnfsf11 gene encodes a type Il transmembrane protein that includes a membrane
anchoring domain, a connecting stalk, and a receptor—binding ectodomain 16.17),
Both human and mouse RANKL are synthesized as glycoproteins consisting of 317
and 316 amino acids, respectively, and their structures are very similar '®'9. Like
all other TNF family cytokines investigated to date, the crystal structure of the
extracellular domain responsible for biological activity of RANKL indicates that
RANKL self-assembles into stable, non—covalently associated trimer 2%. In addition
to being expressed at high levels in the skeletal and primary and secondary
lymphoid tissues, RANKL expression can be detected in keratinocytes of the skin,
mammary epithelial cells, heart, skeletal muscle, lung, stomach, placenta, thyroid,

2122 RANKL also retains biological activity in a 31 kDa soluble form

and brain
derived from proteolytic cleavage or alternative splicing 23 RANKL is a key
component of the RANK/RANKL/OPG signaling axis, which is a central motif in
osteoclast differentiation ?*. Osteoblasts and stromal cells produce RANKL, which
binds to the RANK receptor on osteoclast precursors and mature osteoclasts 4.25),
The presence of osteoclasts and bone resorption are both dependent on RANKL,

2627 |n our

as indicated by the absence of osteoclasts in RANKL mutant mice
present study, Tnfsf11 heterozygous mutant mice, which are deficient in RANKL

production for bone resorption, exhibited no TRAP—positive cells in femoral tissue.
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In Tnfsf11 heterozygous mutant mice, there was no change in serum OPG levels,
but the decrease in RANKL was more pronounced, leading to a decrease in the
RANKL/OPG ratio. This decrease is considered to have resulted in a decrease in
CTX-1 (C-telopeptide of collagen type 1), a marker of bone resorption. The OPG,
a soluble decoy receptor for RANKL that inhibits osteoclast differentiation, is known
to regulate osteoclast differentiation by maintaining a balance with RANKL. In this
study, a reduction in BANKL levels in the body led to a significant decrease in bone
resorption without any alteration in OPG levels. It is considered that the decreased
RANKL did not lead to a decrease in OPG formation in osteoblasts in Tnfsf11
heterozygous mutant mice. In particular, the concentration of RANKL in the body
is known to be closely related to tooth eruption and bone resorption 2829,
Interestingly, in this study, tooth eruption proceeded normally in heterozygous
Tnfsf11 mutant mice despite a decrease in RANKL concentration in the body.
Considering the normal growth, survival rate, and typical tooth eruption of
heterozygous Tnfsf11 mutant mice, only bone resorption is reduced as a result of
decreased RANKL, and other aspects of growth and development are not
significantly affected. For this reason, it is considered suitable as an experimental
animal for studying bone resorption.

Genetic alterations associated with osteoblasts and osteoclasts also suggest
that Tnfsf11 heterozygous mutant mice could serve as a viable experimental animal
model for studying bone resorption, even in the absence of specific genetic
mutations. Following a comprehensive mRNA sequencing analysis of bone marrow

extracted cells, Tnfsf11 heterozygous mutant mice exhibited stable genetic profiles,
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making them a reliable experimental animal model. Several upregulated mRNA
expressions in genes related to osteoblasts or osteoclasts indicate that Tnfsf11
heterozygous mutant mice have reduced bone resorption activities solely due to
decreased RANKL levels, without any genetic alterations. While the inversion
identified in this model presented specific challenges to gene discovery, the
phenotype is similar to other osteopetrotic models in that it exhibits reduced bone

30.31) However, we also identified a lack of fertility and

resorption in skeletal tissue
failure of tooth eruption that has not been reported in other models. Other
osteopetrotic mutants are anemic because their medullary cavity is completely
solid, resulting in a lack of bone marrow.

While no viable candidate mutations were found using the standard exome
pipeline, a strong candidate gene, Tnfsf11 (RANKL), was suggested due to its
knockout phenotype, which includes osteopetrosis %2 Manual read pair analysis
of the alignment data using Integrated Genomics Viewer (IGV) revealed read
mapping patterns consistent with an inversion. The data revealed an approximate

4.7 kb inversion involving exons 3 and 4, which was confirmed through PCR and

Sanger sequencing across the inversion breakpoints.
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V. CONCLUSION

In summary, the data demonstrate that a single gene mutation in Tnfsf11 leads to
instability in bone resorption within the bone marrow cavity. This offers a unique
approach to studying gene function in genetic contexts beyond a limited number
of mouse strains. Furthermore, as a living collection that continues to identify and
characterize mutants, this study provides a valuable resource for discovering

genes related to bone biology.
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Figure 1. Charecterization of Tnfsf11"/*, Tnfsf119%™* and Tnfsf119“™%M mice. A)
The Tnfsf11**, Tnfsf11%™* and Tnfsf119¥™™ mijce genotype and monitoring
results. B) Size at 3 weeks and C) weight of Tnfsf11"*, Tnfsf119™* and
Tnfsf1194m9u™ mijce . D) Survival rate after 3 weeks birth of Tnfsf11*/*, Tnfsf119u™*
and Tnfsf119™%™ mice Results are representative of three separate experiments

that had comparable results. Significance presents #2<0.05. N.S., not significant.

_22_



Fig. 2

A B Tnfsf11++ Tnfsf1qoumi*
Tnfsf11++ Tnfsf1qoum/+ - -
Anterior
Facial
Bone
Maxillary
Bone
C Mandible
P<0.0001 P=0.0005 Bone
600- " 5 .
s 4
E a0 = g 0 _:.;::_
E - "
E E .
E . S 2] tewgwer
E 200 : I
Tnfsf1**  Tnfsf1199™* Tnfsf11**  Tnfsf119"* D
L P=0.0023
P<0.0001 200002
P<0.0001
140 22
5 . & 120 = 20 H
- * " = 4 5F'r_. (E E 18 ="
Iw RRE g £ g
] o ; H
E et 5 3 ﬁ?.—L 5 80 s " _-:F_ -
3 2 = 2
a e 10
L ; Tnfsf11**  Tnfsf119um* Tnfst11**  Tnfst119um"*

eI Tnfefie Tnfst1**  Tnfsf119™*

Figure. 2 Radiographic results of Tnfsf11** and Tnfsf11gum/+ mice. Micro CT
image of 5 weeks Tnfsf11** and Tnfsf119“™* A) mice femur and B) facial bone.

+/+

Micro CT analysis of C) trabecular and D) cortical bone in Tnfsf11 and
Tnfsf119“™* mice femur. Results are representative of three separate experiments

that had comparable results. Significance presents A value. N.S., not significant.
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Figure. Bone resorption marker and histologic analysis in Tnfsf11** and
Tnfsf11gum/+ mice. A) The CTX-1, RANKL and OPG level in Tnfsf11** and
Tnfsf119™* mice serum. B) H&E staining and C) TRAP for histologic analysis in
Tnfsf11*/* and Tnfsf119™" mice femur. D) Osteoclast surface/Bone Surface
(Oc.S./B.S.) and Osteoclast number/Bone Surface (Oc.N./B.S.) were present.
Results are representative of three separate experiments that had comparable

results. Significance presents Pvalue. N.S., not significant.
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