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Abstract

Metabolic bone diseases, such as osteoporosis, typically reflect an increase in the number and
activity of bone-resorbing osteoclasts that result in a loss of bone mass. Inflammatory mediators
have been identified as drivers of both osteoclast formation and activity. The IL-17 family of
inflammatory cytokines has gained attention as important contributors to both bone formation and
resorption. The majority of 1L-17 cytokines signal through receptor complexes containing IL-17a
receptor (IL-17ra); however, the role of IL-17ra signaling in osteoclasts remains elusive. In this
study, we conditionally deleted IL-17ra in osteoclast precursors using LysM-Cre and evaluated
the phenotypes of skeletally mature male and female conditional knockout and control mice. The
conditional knockout mice displayed an increase in trabecular bone microarchitecture in both the
appendicular and axial skeleton. Assessment of osteoclast formation /n vitro revealed that deletion
of IL-17ra decreased osteoclast number, which was confirmed /n vivo using histomorphometry.
This phenotype was likely driven by a lower abundance of osteoclast precursors in IL-17ra
conditional knockout mice. This study suggests that IL-17ra signaling in preosteoclasts can
contribute to osteoclast formation and subsequent bone loss.
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1. Introduction

The number and degree of osteoclast activity are strong determinants of the quality and
quantity of bone. Virtually all metabolic bone diseases reflect increased bone resorption
relative to bone formation. Thus, precise regulation of both osteoclast formation and activity
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is critical to maintaining bone mass. Under homeostatic conditions these processes are
tightly controlled by many factors, including hormones (e.g., PTH, estrogen) and locally
secreted molecules (e.g., Wnt5a, RANKL) (1-4). Inflammatory cytokines have also been
shown to control osteoclastogenesis (5-8). This is especially obvious in inflammatory bone
diseases like periarticular osteolysis that accompanies rheumatoid arthritis. In these diseases,
cytokines including TNF-a and IL-1 can synergize to potently stimulate osteoclastogenesis
(9, 10). More recently, IL-17a has emerged as an important contributor to inflammatory
bone loss (11).

Traditionally, it is thought that IL-17a indirectly stimulates osteoclastogenesis through
osteoblasts (12). In this model, binding of I1L-17a to its ubiquitously expressed receptor,
IL-17ra, on osteoblasts stimulates the expression and secretion of RANKL and M-CSF
(12). However, mounting evidence points to a more direct role of IL-17a control of
osteoclastogenesis by priming osteoclast precursors to commit to the osteoclast fate through
up-regulation of RANK expression (13). The expression of IL-17ra in preosteoclasts and
seemingly enhanced osteoclast formation at low concentration of IL-17a further suggests
a direct effect of 1L-17a-1L-17ra signaling (14, 15). Importantly, IL-17ra is an obligate
component of receptor complexes that mediate signaling for other IL-17 ligands, including
IL-17f, IL-17e, IL-17c, and IL-17b. Thus, this study sought to determine if IL-17ra in
osteoclast precursors influences osteoclast formation and, by effect, bone mass in young,
unchallenged mice. We conditionally deleted IL-17ra in pre-osteoclasts using LysM-Cre
and observed an increase in trabecular bone that stemmed from decreased osteoclasts.
Furthermore, we assessment of bone marrow derived osteoclast precursor populations
revealed significantly lower osteoclast precursors, which likely contributed to the observed
phenotype.

2. Methods

2.1. Animal husbandry

LysM-Cre mice were from Jackson Labs. The /L-17r&'F mice were kindly provided

by Dr. Michael Karin (University of California, San Diego) and have previously

been described (16). LysM-Cre mice were bred with the /L-17r&/F mice to generate
LysM-Cre, IL-17r&!* mice, which were then crossed with /L-17r&'F mice to generate
experimental LysM-Cre;IL-17rd'F (/L-17racKO) mice. Conditional knockout mice were
compared to /L-17rd"* littermate controls. All mice are in the C57BL/6 background.
Ten-week-old male and female mice were used for all experiments. Mice had ab /libitum
access to autoclaved food (Envigo #2018S) and water. All mice were housed at the Atlanta
Veterans Affairs Medical Center (VAMC) animal facility in specific pathogen free cages and
controlled conditions (temperature, 21-24°C; humidity, 40-70%; light/dark cycle, 12/12 h).
Mice were maintained in accordance with applicable state and federal guidelines and all
experimental procedures were approved by the Atlanta VAMC Institutional Animal Care and
Use Committee.
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2.2. Micro-computed tomography

Micro-Computed tomography (UCT) was performed on the femur and 3 lumbar (L3)
vertebrae ex vivoto assess trabecular and cortical bone microarchitecture using a uCT40
scanner (Scanco Medical AG, Brittisellen, Switzerland) that was calibrated weekly using
a factory-supplied phantom. Bones isolated from 10-week-old male and female mice were
first fixed for 1 week in 10% neutral buffered formalin at 4°C followed by scanning in PBS
medium. Femur trabecular bone indices were determined from a total of 99 tomographic
slices that were taken from the distal femoral metaphysis starting 0.5 mm proximal from
the distal growth plate at a voxel size of 6 um (70 kVp and 114 mA, and with 200

ms integration time). Cortical bone was quantified at the femoral mid-diaphysis from 104
tomographic slices. Projection images were reconstructed using the auto-contour function
for vertebral body trabecular bone between the cranial and caudal growth plates from
approximately 350 tomographic slices. Trabecular bone and cortical bone representative
samples were reconstructed in 3D to generate visual representations based on mean BV/TV
and cortical thickness, respectively. The following 3D indices in the defined ROI were
analyzed: bone volume fraction (BV/TV, %), trabecular number (Tb.N, mm?1), trabecular
thickness (Th.Th, um), trabecular separation (Th.Sp, um), bone surface density (BS/TV,
mm2/mm3), volumetric bone mineral density (vBMD, mg HA/cm3), cortical thickness
(Ct.Th, mm), cortical porosity (Ct.Po, %), and cortical area (Ct.Ar, mm?2). All indices and
units were standardized according to published guidelines (17).

2.3. Histology and static histomorphometry

Femurs from 10-week-old male mice were fixed for 1 week in 10% neutral buffered
formalin at 4°C, then decalcified in 14% EDTA (pH 7.2) for at least 2 weeks before
embedding in paraffin. Five micrometer thick sections were obtained and stained for TRAP
(Kamiya Biomedical Company #KT-008). We analyzed two sections in the sagittal plane
from each bone using a 600 um wide region of interest that begins 200 um distal to the
growth plate. This region of interest encompasses the secondary spongiosa quantified by
micro-CT. The number of TRAP+ osteoclasts per bone perimeter and osteoclast surface per
bone surface were determined using Osteomeasure (Osteometrics).

2.4. Bone marrow macrophage (BMM) osteoclast formation assay

Whole bone marrow from 10-week old experimental LysM-Cre;IL-17r&'F and control mice
were isolated from the long bones (i.e., femur and tibia) by flushing the medullary cavity
with medium. Red blood cells were removed using RBC Lysis Buffer (Invitrogen) and
remaining cells were expanded for 3 days in the presence of recombinant murine M-CSF
(30 ng/mL; Peprotech; #315-02) at 37°C in 5% CO,. Expanded BMMs were then seeded

at a density of 1.5 x 104 cells/well of a 48-well plate and cultured in alpha-MEM medium
(Gibco), supplemented with 10% FBS (Atlanta Biologicals), 1% penicillin-streptomycin
(Gibco), and either 25 ng/mL recombinant murine M-CSF (Peprotech; #315-02) alone or
recombinant murine M-CSF (25 ng/mL) and 50 ng/mL recombinant murine SRANKL (R&D
Systems; #462-TEC). Media was refreshed every other day. The cells were stained with
TRAP (Sigma) and the number of TRAP+ mature osteoclasts (=3 nuclei) per well were
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quantified after 3 and 5 days of culture. No distinction was made between large and small
osteoclasts. Three wells per biological replicate were used for osteoclast formation assays.

2.5. Gene expression

2.6. ELISA

Isolated BMMs were seeded at a density of 8 x 104 cells/well of a 24-well plate and in the
presence of either 30 ng/mL M-CSF (Peprotech; #315-02) alone or M-CSF (30 ng/mL) and
50 ng/mL sRANKL (R&D Systems; #462-TEC) for 3 and 5 days at 37°C in 5% CO,. Total
RNA was isolated from cells using TRIzol (Invitrogen) according to the manufacturer’s
instructions. First-strand cDNA was synthesized with oligo(dT) and random primers using
gScript cDNA SuperMix (Quantabio). All gqRT-PCR were performed on an Analytik Jena
qTower3 G Real-Time PCR Detection System using Applied Biosystems PowerUp SYBR
Green master mix. Amplicon authenticity was confirmed by melt curve analysis. Primer
sequences are provided in Supplementary Table 1 and p-actin was used as the normalization
control. The data were analyzed for fold change using the AACT method.

Mice were fasted for =6 hours with free access to water. Whole blood was collected

at time of sacrifice via cardiac puncture, allowed to clot for =30 minutes at room
temperature, and serum isolated by centrifugation (10,000 rpm for 10 minutes). Sera was
removed, aliquoted, and stored at —80°C. Carboxy-terminal collagen cross-links (CTX)
(RatLaps; Immunodiagnostic Systems #AC-06F1) and IL-17a (ThermoFisher #BMS6001)
were assayed using enzyme-linked immunosorbent assay kits according to manufacturer’s
recommendations.

2.7. Flow cytometry

Flow cytometry was performed as previously described (18, 19). Briefly, the epiphyses

of long bones (tibia and femur) were cut, and bone marrow was flushed with aMEM

media using a 26G needle. Single cell suspensions of bone marrow-derived cells were then
prepared in aMEM media. Cells were then stained with surface markers APC/Cyanine7
anti-CD3 (clone 145-2C11, Biolegend #100330), APC anti-CD45R/B220 (clone RA3-6B2,
Biolegend #103211), PE/Cyanine5 anti-CD11b (clone M1/70, Biolegend #101209), PE anti-
CD115 (clone AFS98, Biolegend #135505), and FITC anti-CD117 (clone 2B8, Biolegend
#105805). Zombie Red Fixable Viability Kit live/dead stain (Biolegend #423110) was

used to discriminate live cells in samples. Cells were analyzed using Symphony 3 flow
cytometer (BD Biosciences) and data were analyzed using FlowJo software (Tree Star, Inc.,
Ashland,OR).

2.8. Cell sorting and in vitro osteoclast culture

Bone marrow cells were isolated from both femurs, tibias, and pelvic bones by cutting
the epiphyses, flushing the bones with a MEM media using a 26G needle, and passing
through a 70um cell strainer. Red blood cells were removed using RBC Lysis Buffer
(Invitrogen). The bone marrow cells were then resuspended in c MEM media containing
10% FBS and 1% penicillin-streptomycin and kept on ice. Cells were stained for surface
markers as described above (methods section 2.7.) and were sorted using a BD™ FACS
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Avria Il SORP. Sufficient numbers of osteoclast precursor Population VI were acquired from
each mouse and were used for /n vitro osteoclast formation assays. Equal number of cells
(1.2x10* cells/well) were seeded in a 48-well dish in « MEM media containing 10% FBS,
1% penicillin-streptomycin, 30 ng/ml M-CSF (Peprotech; #315-02), and 50 ng/ml SRANKL
(R&D Systems; #462-TEC) for 3 and 5 days at 37°C in 5% CO,. Medium was refreshed
every other day. The cells were stained with TRAP (Sigma) and the number of TRAP+
mature osteoclasts (=3 nuclei) per well were quantified after 3 and 5 days of culture. No
distinction was made between large and small osteoclasts. Two wells per biological replicate
were used for osteoclast formation assays.

2.9. Statistical analysis

Results are shown as mean * standard deviation (SD). Statistical significance was
determined by unpaired two-tailed Student’s #test or one-way ANOVA followed by Tukey’s
multiple comparisons test using GraphPad Prism software (version 8.3.0). All statistical tests
were performed at the 5% significance level.

3. Results

3.1. IL-17rais highly expressed in osteoclast precursors

We first surveyed which of the known IL-17 receptors are expressed in bone marrow
macrophages (BMMs) from 10-week-old control mice cultured in the presence of M-CSF
for 3 days. /L-17rawas the most highly expressed IL-17 receptor in these cells, followed by
IL-17rdand /L-17rc (Fig. 1A). We next targeted /L-17rain osteoclast precursors in vivo by
crossing /L-17rd!F mice with LysM-Cremice (Fig. 1B). This resulted in excision of exons
3 and 4 resulting in a frameshift and early termination of translation (Fig. 1B). We generated
male and female mice lacking IL-17ra in osteoclast precursors, hereafter referred to as
/L-17racKO, which were compared to /L-17r&"* littermate controls. I1L-17ra cKO mice
developed normally, were indistinguishable from controls, and did not differ in body weight
(Supplemental Figure 1). To assess the efficiency of recombination of /L-17rain osteoclast
precursors, BMMs were first cultured in M-CSF for 3 days. Gene expression analyses
revealed a significant decrease in /L-17ra expression in pre-osteoclasts using primers that
amplify a region of /L-17raspanning exon 3 —exon 5 (deleted region) (Fig. 1C). Efficient
deletion of I1L-17ra was further confirmed by subjecting the PCR product to agarose gel
electrophoresis, which did not produce a visible band at the expected amplicon size (Fig.
1C). We next sought to determine if IL-17ra cKO would influence systemic levels of IL-17a,
the principal ligand for IL-17ra. IL-17a was detectable in the sera in both IL-17ra cKO and
control mice; however, no differences in systemic IL-17a levels between genotypes in either
males or females was noted (Fig. 1D).

3.2. Deletion of IL-17ra in pre-osteoclasts increases bone mass by decreasing osteoclast

numbers

UCT analyses of the distal femur showed a visible increase in trabecular bone of 10-week-
old male and female /L-17racKO mice (Fig. 2A). This was illustrated by a significant

increase in bone volume fraction (BV/TV) and volumetric bone mineral density (vBMD),
that driven by increased trabecular thickness (Th.Th) in /L-17racKO male mice (Fig. 2A).
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Similar results were also observed in the femurs of 10-week old /L-17ra cKO female

mice, which had a significantly higher bone volume fraction (BV/TV) and volumetric bone
mineral density (vBMD); however, this increase in bone was driven by a greater trabecular
number (Th.N) (Fig. 2A). In the L3 vertebral body, /L-17ra cKO significantly increased
BV/TV, vBMD, and Th.Th in male mice (Supplemental Fig. 2). In female mice, there was a
significant increase in L3 vertebral body Th.N in /L-17ra cKO mice, but BV/TV and vBMD
did not differ between genotypes (Supplemental Fig. 2).

Conditional deletion of /L-17rain osteoclast precursors led to a similar effect on bone in
both males and females, although the effect was more prominent in male mice. Thus, we
elected to process the male femurs for histological analyses (Fig. 2B). Histomorphometry
of the distal femur revealed a significant increase in BV/TV in IL-17ra cKO mice (Fig.

2B). Th.Th and Th.N were also higher in the experimental mice although this did not reach
statistical significance (Fig. 2B). No differences in Ct.Th were observed between genotypes
(Fig. 2B). Together, the data indicate that conditional deletion of /L-17rain osteoclast
precursors increases trabecular bone microarchitectural indices in both the appendicular and
axial skeleton.

The higher bone mass phenotype observed using UCT and histomorphometry suggested

a possible effect of /L-17racKO on osteoclast formation or activity. Therefore, we
quantified the number of TRAP+ osteoclasts within the distal femur metaphysis. There were
significantly fewer osteoclasts per bone perimeter and a significant decrease in osteoclast
surface over bone surface in /L-17racKO mice compared to controls (Fig. 3A). Moreover,
assessment of serum CTX levels, a biomarker of bone resorption, revealed significantly
lower CTX in both male and female IL-17ra cKO mice (Fig. 3B). These data suggest

that the deletion of /L-17rain osteoclast precursors decreases the number and activity of
osteoclasts, which is likely responsible for the high bone mass phenotype observed.

3.3. Conditional deletion of IL-17ra in osteoclast precursors decreases osteoclast
formation and expression of osteoclast-related genes

Activation of IL-17ra signaling in pre-osteoclasts has been suggested to directly and
indirectly (through osteoblasts) promote osteoclast formation (12,13). Thus, we sought to
determine if deletion in osteoclast precursors would influence osteoclast formation /n vitro
using a mixed population (unsorted) of BMMs. At day 3 of osteoclast differentiation there
were significantly fewer osteoclasts in the IL-17ra cKO group (Fig. 4A). However, at day 5
no differences in osteoclast number were observed between genotypes (Fig 4A), which may
be due to saturating conditions /n vitro. Assessment of osteoclast-related genes also showed
lower expression of Ctsk, Calcr, and vATPaseD2 (ATP6VO0D?2) at day 3 (Fig. 4B). Similarly,
Ctsk, Calcr, vATPaseD2, and DC-Stamp gene expression was significantly lower in IL-17ra
cKO cells at day 5 of osteoclastogenesis (Fig. 4B).

3.4. Deletion of IL-17ra decreases the abundance of osteoclast precursors

To determine a potential mechanism via which IL-17ra cKO decreases osteoclast abundance
in vitro, we assessed the abundance of various bone marrow-derived osteoclast precursors
using Flow cytometry. Previously, studies have reported that specific subsets of bone
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marrow osteoclast precursors with the phenotype of CD3 CD11b~/1°W CD115* and either
CD117M or CD117'°" having higher osteoclastogenic potential (18, 19). In the present
study, there was significant decrease in population 1V (CD3" CD11b~/1ow cp117highy,
population VI (CD3" CD11b~/1oW CD117!%W) as well as in the CD115* populations in
IL-17ra cKO mice (Fig. 5A&B). These data indicate that IL-17ra signaling likely contributes
to osteoclastogenesis and subsequent bone turnover by influencing the abundance of
osteoclast precursors.

To further confirm that the /n vitro differences is osteoclast formation (Fig. 4A) were due to
changes in osteoclast precursor abundance, we sorted bone marrow cells to isolate the most
abundance osteoclast precursor population, population VI (CD3 CD11b~1oW CD117!oW), for
in vitro osteoclastogenesis assays. No differences in osteoclast numbers were observed at
day 3 or day 5 of culture when equal numbers of population VI cells were seeded (Fig. 5C).
These data indicate that the /n vitro differences in early osteoclast formation using mixed
populations of BMMs are due to differences in osteoclast precursor populations.

4. Discussion

Inflammation and bone loss have long been recognized as intricately connected processes
(5,7, 8, 20, 21). Certain inflammatory factors, including those belonging to the IL-17
cytokine family, have emerged as key drivers of osteoclastic bone resorption through direct
and indirect mechanisms (12-15, 22). The ubiquitously expressed IL-17ra forms complexes
with other 1L-17 receptors to mediate interactions with multiple members of the IL-17
cytokine family. Prior research has primarily focused on I1L-17a, which has been reported to
be present in sera from healthy humans and mice with concentrations increasing in response
to infection, disease, and injury (23-26). In our study of young, unchallenged mice, I1L-17a
was detected in the sera at similar concentrations in both control and I1L-17ra conditional
knockout mice, indicating a basal level of IL-17a under homeostatic conditions. High levels
of IL-17a have been associated with bone loss in rheumatoid arthritis and in models of
post-menopausal bone loss (27-30). Furthermore, systemically targeting IL-17a using an
antibody-based approach has been reported to prevent ovariectomy-induced bone loss (12,
31, 32). These studies revealed that 1L-17 signaling is an important contributor to tipping

the balance between bone formation and bone resorption to favor bone resorbing osteoclasts.
Several cells can produce IL-17a, including Th17, natural Killer, and y& T-cells (33, 34).
Therefore, the present study sought to further clarify the osteoclast precursor-specific role of
IL-17ra signaling in the context of bone homeostasis.

IL-17ra forms receptor complexes with IL-17rc, IL-17rd, IL-17rb, IL-17re to transduce
signals from various IL-17 cytokines (35, 36). In immortalized RAW 264.7 pre-osteoclast
cells /L-17raand /L-17rcare expressed; however, other IL-17 receptors were undetectable
(14). Our survey of the various IL-17 receptors in primary murine BMMs also show

high expression of /L-17rarelative to /L-17rcand /L-17rd, with no detectable expression
of /L-17reand /L-17rb. This led us to conditionally delete the /L-17ra receptor in pre-
osteoclasts using the LysM-Cre model system. Deletion of /L-17rain osteoclast precursors
led to a significant increase in trabecular bone in the femur and the vertebral body.

We attribute this increase in bone microstructure to decreased osteoclast formation and
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activity from pre-osteoclasts lacking IL-17ra, which was observed /n vivoand early /n

vitro. Interestingly, two distinct studies using the global knockout (IL-17ra~~) mice did

not observe a bone phenotype under homeostatic conditions (12, 24). However, when high
turnover was induced by ovariectomy, these studies reported discrepant phenotypes for
IL-17ra™~ mice. The initial study reported that IL-17ra~’~ exacerbated ovariectomy-induced
bone loss (24). Whereas a subsequent study reported that IL-17ra~/~ protected against
estrogen-deficiency bone loss by inhibiting osteoclastic bone resorption (12). The authors
of the latter attributed this discrepancy to the evaluation methods used (i.e., DEXA versus
microCT) (12). Importantly, these two reports on global knockout mice demonstrated that
IL-17ra has an enigmatic role in bone turnover. It can also be argued that the use of

global knockout mice in these prior studies did not allow for the identification of osteoclast-
versus osteoblast-specific contributions of IL-17ra signaling to bone turnover. Our study
addressed this gap by specifically employing a conditional deletion of IL-17ra approach to
demonstrate that absence of IL-17ra signaling in pre-osteoclasts can increase bone mass;
thereby, confirming the importance of this inflammatory cytokine receptor in promoting
bone resorption. Future studies focusing on conditional deletion of IL-17ra in osteoblasts are
likely to be equally informative.

IL-17ra has been previously reported to modulate monocyte subsets /n vivo (37). We
therefore surveyed different osteoclast precursor populations within the bone marrow
compartment to determine if deletion of IL-17ra in LysM+ cells would influence
preosteoclast abundance. Our analyses demonstrated that conditional deletion of IL-17ra
significantly decreased the abundance of population 1V and population V1 osteoclast
progenitors in freshly isolated bone marrow. The low abundance of this highly
osteoclastogenic populations in the IL-17ra cKO mice provides some mechanistic insight
into the lower osteoclast numbers and activity observed /n vivo. Furthermore, when we
cultured an equal number of population V1 osteoclast progenitors from sorted bone marrow
the Jin vitro differences in osteoclast formation at day 3 were no longer observed. These

data indicate that in the absence of IL-17ra, the osteoclast precursor pool is altered in vivo
which likely contributed to the lower number of osteoclasts formed using a heterogenous
population of bone marrow cells observed /n vitro and the in vivo reduced osteoclast
phenotype. Collectively, these data suggest that activation of 1L-17ra signaling elicits a basal
effect on myeloid cell differentiation in the absence of injury or infection. Future research
should focus on the signaling pathways and effectors downstream of IL-17ra responsible for
these differences in osteoclast progenitor populations.

IL-17ra facilitates the cellular responses to a majority of the 1L-17 cytokine family,
including 1L-17a, IL-17c, IL-17f, and IL-17e (35, 38). Based on our gene expression

data of other IL-17 receptors in osteoclast precursors, it is likely that either IL-17a,
IL-17f, or IL-17a/f heterodimer are responsible for these effects. Little is known regarding
the influence of IL-17f on osteoclastogenesis; however, the role of IL-17a has received
much more attention with conflicting reports. IL-17a has been reported to inhibit (14,

39), induce (11, 13, 22), and not affect (12) osteoclastogenesis. These discrepancies may
be due to concentration-dependent or cell-dependent (i.e., immortalized versus primary
cells) differences. Low concentrations of IL-17a have been reported to induce osteoclast
formation, whereas high concentrations can inhibit osteoclastogenesis. Moreover, certain
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osteoclast precursor populations have been reported to respond differently to 1L-17a (15).
Future work will need to be undertaken to decipher which IL-17ra agonists and precise
downstream signaling pathways that mediate these effects.

In summary, we report that conditional deletion of /L-17rain osteoclast precursors leads to
higher trabecular bone mass in mice. This phenotype stemmed from decreased osteoclast
number and activity, which was likely a result of decreased osteoclast precursor abundance.
Collectively, our study identifies IL-17ra as a potential therapeutic target to increase bone
mass, which may be targeted using antibody-based approaches such as the FDA-approved
antibody brodalumab.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Conditional deletion of IL-17ra in LysM+ osteoclast precursors increases
trabecular bone mass in young, unchallenged mice

IL-17ra deletion in pre-osteoclasts decreases osteoclast number and activity in
Vivo

Conditional deletion of IL-17ra decreases the abundance of bone marrow-
derived osteoclast progenitor populations
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Figure 1: IL-17rais highly expressed in osteoclast precursors.
(A) A survey of IL-17 receptors shows high expression of /L-17rain osteoclast precursors,

with significantly lower expression of /L-17cand /L-17d. (B) /L-17racKO mice were
generated by crossing LysM-Cre mice with /L-17r&!F mice. Cre-mediated recombination

in osteoclast precursors results in excision of exon 3 and 4. (C) BMMs were isolated from
10-week old mice and cultured in the presence of M-CSF (30 ng/ml) for 3 days. LysM-Cre
resulted in a significant decrease in /L-17ra gene expression by using primers that amplify
the excised region of /L-17ra. Agarose gel image of gPCR product confirms the decrease

in /L-17ragene expression. (D) Serum IL-17a levels were not different between control

and IL-17ra cKO mice. Abbreviations: cKO, conditional knockout; M-CSF, macrophage
colony stimulating factor; RANKL, receptor activator of nuclear factor kappa-B ligand. Data
represent mean = SD. * < 0.05.
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Figure 2: Increased femur cancellous bone in 1L-17ra cKO mice.
(A) Deletion of IL-17ra in osteoclast precursors significantly increased femur trabecular

BV/TV, vBMD, and Th.Th in male mice. In female mice, IL-17ra cKO increased BV/TV,
vBMD, and Th.N. (B) Static histomorphometric analyses of femur trabecular bone shows
increased BV/TV. Representative histological images (2x and 10x). Abbreviations: BV/TV,
bone volume fraction; vBMD, volumetric bone mineral density; Th.Th, trabecular thickness;
Th.N, trabecular number; Ct.Th, cortical thickness. Data represent mean + SD, * A< 0.05.

Bone. Author manuscript; available in PMC 2023 April 10.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Roberts et al.

A

N.Oc/B.Pm

Page 16

Male
Control LysM-Cre;IL-17raf'F .
- i N 40— |
: g T
. S 30
I £
X 20
O ~ o
= ' - 10
7
- R 0 .
e Vol - T Control  LysM-Cre;
IL-17rafF
N.Oc/B.Pm Oc.S/BS Female
8 10 80 *
8_
6 *
* _. 60
T 8 6 L E
4 F) 2 40 -
S 47 x
o
2 2 20
0 T 0 1 0 T
Control LysM-Cre; Control  LysM-Cre; Control  LysM-Cre;
IL-17raf/F IL-17ra"F IL-17raFF

Figure 3: Deletion of IL-17ra in preosteoclasts decreases osteoclast number and activity.
(A) Static histomorphometric quantification of osteoclasts showed decreased osteoclast

number and surface in male IL-17ra cKO mice. N.Oc/B.Pm, number of osteoclasts over
bone perimeter; Oc.S/BS, osteoclast surface over bone surface. (B) Sera levels of CTX were
significantly lower in male and female IL-17ra cKO mice. Data represent mean £ SD, * P<
0.05
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Figure 4: Deletion of IL-17a in osteoclast precursors impairs osteoclast differentiation.
(A) BMMs from 10-week old male mice were treated with M-CSF (30ng/ml) and RANKL

(50 ng/ml) for 3 and 5 days. BMMs isolated from /L-17ra cKO formed fewer osteoclasts
compared to control at day 3. No differences in osteoclast numbers were observed at day

5. (B) /L-17racKO led to significantly lower expression of Ctsk, Calcr, and vATPased? at
day 3 and significantly lower expression of Ctsk, Calcr, vATPased2, and DC-Stamp at day 5.
Abbreviations: cKO, conditional knockout; OC, osteoclast. Data represent mean = SD. * P<
0.05.
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Figure 5: IL-17ra cKO alters bone marrow osteoclast precursor abundance.
(A) Flow cytometry plots showing the dissection of bone marrow osteoclast precursors

populations. Population 1V (CD117 Mg and population VI (CD117 ') were significantly
lower in the bone marrow of /L-17ra conditional knockout mice. (B) Flow cytometry plots
showing the dissection of bone marrow osteoclast precursors populations shows significantly
lower CD115+ osteoclast progenitors in the /L-17ra conditional knockout mice. (C) No

Bone. Author manuscript; available in PMC 2023 April 10.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Roberts et al.

Page 19

significant differences in osteoclast formation when equal numbers of sorted population VI
osteoclast precursors were cultured for 3 and 5 days. Data represent mean + SD, * P< 0.05
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