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Activated FGFR3 suppresses bone
regeneration and bone mineralization in an
ovariectomized mouse model
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Abstract

Background Postmenopausal osteoporosis is a widespread health concern due to its prevalence among older adults
and an associated high risk of fracture. The downregulation of bone regeneration delays fracture healing. Activated
fibroblast growth factor receptor 3 (FGFR3) accelerates bone regeneration at juvenile age and downregulates bone
mineralization at all ages. However, the impact of FGFR3 signaling on bone regeneration and bone mineralization
post-menopause is still unknown. This study aimed to evaluate the impact of FGFR3 signaling on bone regeneration
and bone mineralization during menopause by developing a distraction osteogenesis (DO) mouse model after
ovariectomy (OVX) using transgenic mice with activated FGFR3 driven by Col2al promoter (Fgfr3 mice).

Methods The OVX or sham operations were performed in 8-week-old female Fgfr3 and wild-type mice. After 8 weeks
of OVX surgery, DO surgery in the lower limb was performed. The 5-day-latency period followed by performing
distraction for 9 days. Bone mineral density (BMD) and bone regeneration was assessed by micro-computed
tomography (micro-CT) scan and soft X-ray. Bone volume in the distraction area was also evaluated by histological
analysis after 7 days at the end of distraction. Osteogenic differentiation and mineralization of bone marrow-derived
mesenchymal stem cells (BMSCs) derived from each mouse after 8 weeks of the OVX or sham operations were also
evaluated with and without an inhibitor for FGFR3 signaling (meclozine).

Results BMD decreased after OVX in both groups, and it further deteriorated in Fgfr3 mice. Poor callus formation
after DO was also observed in both groups with OVX, and the amount of regenerated bone was further decreased

in Fgfr3 mice. Similarly, histological analysis revealed that Fgfr3 OVX mice showed lower bone volume. Osteogenic
differentiation and mineralization of BMSCs were also deteriorated in Fgfr3 OVX mice. An inhibitor for FGFR3 signaling
dramatically reversed the inhibitory effect of OVX and FGFR3 signaling on BMSC mineralization.

Conclusion Upregulated FGFR3 decreased newly regenerated bone after DO and BMD in OVX mice. FGFR3 signaling
can be a potential therapeutic target in patients with postmenopausal osteoporosis.
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Background

Osteoporosis is a common skeletal disease among older
adults and involves a high risk of fracture owing to bone
fragility [1]. Since bone loss further deteriorates after
menopause [2], osteoporosis is more common in women
than in men. The prevalence of osteoporosis increases
with age, and 20% women aged >40 years have been diag-
nosed with osteoporosis [3]. Therefore, postmenopausal
osteoporosis is a widespread issue. In addition to increas-
ing the risk of fracture, postmenopausal osteoporosis
causes delayed fracture healing [4], which occasionally
compromises the patients’ quality of life due to chronic
pain. Female animals subjected to ovariectomy (OVX)
(whose ovaries are resected) have been developed to
investigate the osteoporotic condition [5]. Rats and mice
developed after OVX have been employed to replicate
human postmenopausal osteoporosis [6, 7]. Impaired
fracture healing has been demonstrated in an OVX rat
model using radiological and histological analyses [6,
8]. Similarly, newly regenerated bone in rats after OVX
is significantly decreased after distraction osteogenesis
(DO) [9], which is a unique technique for promoting
bone regeneration.

Since the fibroblast growth factor receptor 3 (FGFR3)
gene is a negative regulator of endochondral bone
development [10, 11], and gain-of-function mutations
of FGFR3 lead to a short-limbed short stature. In some
countries, patients with short stature often have a limb
lengthening surgery by DO. Superior bone regeneration
during DO has been indicated in FGFR3-related skeletal
dysplasia compared to that in other etiologies, among
adolescent and young adult patients [12]. We have pre-
viously demonstrated accelerated bone regeneration
after DO, with increased numbers of both osteoblasts
and osteoclasts, in a mouse model with activated FGFR3
driven by Col2al promoter at the age of 4 weeks [13]. In
contrast, trabecular bone architecture and bone mineral
density (BMD) had been deteriorated via downregulating
bone mineralization in a transgenic mouse with a gain-
of-function mutation in FGFR3 from 2 to 4 months of age
[14]. Thus, activated FGFR3 signaling can upregulate new
bone formation in juvenile age, but downregulate bone
mineralization throughout all ages. However, the impact
of FGFR3 signaling on bone regeneration and bone min-
eralization post-menopause is still unknown. This study
aimed to assess the influence of FGFR3 signaling on the
ability of bone regeneration and bone mineralization
during menopause using a mouse model of DO mimick-
ing postmenopausal osteoporosis.

Methods

Mice

Fgfr3*M'* mice (FVB background) were kindly provided
by Dr. David M. Ornitz of the Washington University
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[15]. These conditional transgenic mice (hereafter desig-
nated as Fgfr3 mice) had a heterozygous p.G380R muta-
tion in the Fgfr3 gene, leading to gain-of-function of
FGFR3 signaling, which was achieved under the control
of the Col2al promoter. The mice were housed under
a 12 h light—dark cycle and given free access to feed (a
standard commercial diet) and water. All experiments
were carried out in accordance with protocols approved
by the Animal Care and Use Committee of Nagoya Uni-
versity Graduate School of Medicine.

Surgery and distraction protocol

OVX was performed in 8-week-old female Fgfr3 mice
and wild-type mice (FVB background), according to
established protocols (Fig. 1) [5, 7]. Briefly, under isoflu-
rane anesthesia, the ovary and the oviduct were rapidly
removed by the bilateral dorsal abdominal approach.
Each ovary was excised at the tip of the uterine horn. In
the sham procedure, a similar incision was made, and the
ovary was visualized, but no tissue was removed. Mice
were randomly subjected to OVX or sham surgery, and
assigned to four groups, namely Fgfr3 OVX, Fgfr3 sham,
wild-type OVX, and wild-type sham.

After 8 weeks of OVX or sham surgery, the mouse
model of DO in the lower limb was produced in all
groups using a previously described method [16]. Briefly,
an anterior longitudinal incision was made on the left
lower leg under isoflurane anesthesia. After fibulectomy,
27-gauge needles were inserted at both ends of the tibia.
These needles were then fixed with the external fixator
consisting of two incomplete acrylic resin rings and an
expansion screw (Ortho Dentaurum). After complete
polymerization, osteotomy was performed at the mid-
dle of the diaphysis in the tibia. The wound was closed
with a 5-0 nylon suture. The protocol consisted of 5
days of latency period followed by distraction at a rate
of 0.2 mm every 24 h for 9 days. Day 0 was defined as
the day at the end of distraction. We performed DO on
27 Fgfr3 mice and 45 wild-type mice (Additional Fig. 1 ).
Among these, 16 Fgfr3 mice (n=8 each in OVX and sham
group) and 23 wild-type mice (OVX group, n=11; sham
group, n=12) were subjected to radiographic evaluation
using soft X-ray at days 0, 7, 14, and 28 under general
anesthesia and sacrificed at day 28 to perform micro-
computed tomography (micro-CT) scan and blood test.
The remaining 11 Fgfr3 mice (OVX group, n=6; sham
group, n=>5) and 22 wild-type mice (OVX group, n=11;
sham group, n=11) were subjected to BMD analysis after
8 weeks of OVX and sacrificed at day 7 for histological
evaluation. Additionally, 20 Fgfr3 mice and 24 wild-type
mice were subjected to cell culture. Thus, we employed
a total of 47 Fgfr3 mice and 69 wild-type mice in the cur-
rent study.
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Fig. 1 Experimental Design. Ovariectomy (OVX) and tibial osteotomy (distraction osteogenesis [DO] surgery) were performed at the ages of 8 and 16
weeks, respectively. After osteotomy, a 5-day-latency phase was followed by distraction at a rate of 0.2 mm/day for 9 days. Day 0 was defined as the day of
distraction completion. Closed circles indicate the time points for each analysis including bone mineral density, soft X-ray, micro-computed tomography

(CT), blood test, and histology

Morphological analysis

Under isoflurane anesthesia, the mice were subjected to
a soft X-ray (30 kV, 5 mA for 20 s; SOFTEX Type CMB-
2; SOFTEX) at 0, 7, 14, and 28 days after completion of
distraction. The callus formations were quantified using
bone fill scores (i.e., 0, 1, 2, and 3 represent 0, 0-50,
50-100, and 100% bone fills, respectively) [17, 18]. Based
on lateral radiographic images taken on day 28, the num-
ber of uniting callus was assessed by the formation of a
seamless bridging callus according to the previous study
[19]. The number of uniting callus was counted: score 0
represents no union of both anteroposterior cortices,
score 1 represents union of either anterior or posterior
hemicortex, and score 2 represents union of both antero-
posterior cortices.

Micro-CT (Al*Cu filter, voxel size 0.9 um, 80 kV, 313
HA for 0.203 s; SkyScan1176, Bruker) examinations were
performed on day 28. After reconstruction using the Sky-
Scan NRecon software, the images were analyzed using
three-dimensional (3D) algorithms in SkyScan CTAn
software, according to the manufacturer’s instructions.
The region of interest was determined as the distraction
region surrounded by the outlined periosteum from the
proximal and distal ends, according to the previous stud-
ies [20, 21], and bone volume (BV) and BV to tissue vol-
ume ratio (BV/TV) were measured. BMD of the proximal
tibia was also quantified 8 weeks after OVX or sham sur-
gery. Calibration was performed using a phantom before
the measurement of the tibia. The position for micro-CT
scanning was 1 to 3 mm below the growth plate from the
proximal tibia.

Histological analysis

At day 7, the distracted tibiae were stained using Villan-
ueva Goldner staining. Specimens were fixed with 4%
paraformaldehyde and embedded in methyl methacrylate
without decalcification (Kureha Special Laboratory). Cal-
cified and osteoid areas were quantified using the Image
] software, according to the previous studies [22, 23], in
a blinded manner. BV/distraction area and osteoid vol-
ume (OV)/distraction area were determined, according
to the previous studies [19, 22, 24]. For immunohisto-
chemistry, the sections were stained with antibodies spe-
cific for tartrate-resistant acid phosphatase (TRAP) after
embedding in glycolmethacrylate without decalcification
(Kureha Special Laboratory). The most central sections of
the medullary cavity were chosen for histomorphometric
analyses. Three arbitrary parts of newly regenerated bone
were chosen for counting the number of osteoclasts in
TRAP staining.

Serum biochemistry and immunoassay

Serum was obtained from the mice on day 28 to analyze
total calcium, phosphate, and alkaline phosphatase (ALP)
using an automatic analyzer (Fuji Dri-Chem, Fujifilm),
and receptor activator of nuclear factor kappa-B ligand
(RANKL) levels using enzyme-linked immunosorbent
assay (ELISA) (R&D Systems).

Cell culture

Bone marrow-derived mesenchymal stem cells (BMSCs)
were derived from Fgfr3 mice and wild-type mice at the
age of 4 weeks (Fgfr3 group, n=4; wild-type group, n=4)
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and at 8 weeks after the OVX (Fgfr3 group, n=38; wild-
type group, n=10) or sham (Fgfr3 group, n=8; wild-type
group, n=10) surgery (i.e., at the age of 16 weeks). The
bone marrows were flushed from both sides of the tibiae
and femurs under aseptic conditions using Dulbecco’s
modified Eagle’s medium (Merck) containing 10% fetal
bovine serum (Gibco) and 1% penicillin/streptomycin
(Thermo Fischer). Cells were cultured in a humidified
atmosphere of 5% CO, at 37 C. All assays were carried
out on second passage cultures. For the proliferation
assay, cells were seeded at 2x10° cells in a 100 mm dish
and cultured for 5 days. To evaluate the osteogenic dif-
ferentiation, cells were seeded at 1x10° cells in a 24-mul-
tiwell plate. On the next day of seeding, the medium was
replaced with fresh medium supplemented with 50 pg/
mL of ascorbic acid, 10 mM beta-glycerophosphate, and
107 M dexamethasone (Merck) with vehicle or with 20
UM meclozine, which is an inhibitor of FGFR3 signal-
ing [25, 26]. The medium was replaced on the next day
of the seeding and repeated every three days. ALP activ-
ity staining (Cosmo Bio LTD) and Alizarin red staining
(Merck) were performed on days 7 or 21, and the stained
areas were measured using Image] Fiji software.

Statistical analyses

All statistical analyses were performed using IBM SPSS
Statistics version 27 (IBM). Statistical analyses were car-
ried out using one-way analysis of variance (ANOVA), or
two-way repeated-measures ANOVA with post-hoc Bon-
ferroni correction for comparison among four groups
and Student’s t-test for comparison between two groups,
and statistical significance was set at p<0.05.
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Results

OVX further deteriorated the low BMD in Fgfr3 mice

At the age of 8 weeks, body weight was higher in wild-
type mice than that in Fgfr3 mice (p<0.005). OVX sig-
nificantly increased average body weights in, both,
wild-type and Fgfr3 mice after 4 and 8 weeks of the sur-
gery (Fig. 2a-c). At the age of 16 weeks, BMD was sig-
nificantly decreased in Fgfr3 mice compared to that in
wild-type mice (p<0.01), and OVX further deteriorated
the BMD in Fgfr3 mice (p<0.005) (Fig. 2d).

Callus formation deteriorated inFgfr30VX mice

We performed radiological analysis at each time point
after DO using soft X-rays. Callus formation gradu-
ally increased in each mouse during the consolidation
phase, except for that in Fgfr3 OVX mice (Fig. 3a). The
bone fill score of Fgfr3 mice was significantly lower than
that of wild-type mice at days 7, 14, and 28, respectively
(Fig. 3b). OVX further decreased bone fill scores in mice
of both groups. We additionally measured the number
of united calluses at day 28 and found that Fgfr3 OVX
mice had less united calluses compared to those in other
groups (Fig. 3c).

Further, we evaluated callus formation using micro-
CT scanning. On day 28, callus formation apparently
decreased in Fgfr3 OVX mice (Fig. 3d). Both BV and BV/
TV of the distraction area were significantly lower in
Fgfr3 OVX mice than those in mice without OVX (Fig. 3e
and f).

Osteoblasts were downregulated in the newly formed
bone ofFgfr3mice after OVX

Further, we histologically evaluated the distraction area
stained with Villanueva Goldner on day 7. Similar to the
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Fig. 2 Body weight and bone mineral density (BMD) after ovariectomy (OVX) in each group. a Body weight before and after OVX, which was performed at
the age of 8 weeks. Data values are presented as means and standard error (SE). b Weight gain 8 weeks after OVX compared to that at the age of 8 weeks.
Dots indicate the value of each sample and bars indicate the means and standard deviation (SD). ¢ Weight change rate indicating the relative weight 8
weeks after OVX. Dots indicate the value of each sample and bars indicate the means and SD. d BMD after 8 weeks of OVX. Dots indicate the value of each
sample and bars indicate the means and SD. Statistical significance was analyzed using two-way (a) or one-way (b and c) analysis of variance (ANOVA)
with post-hoc Bonferroni correction. Statistical significance was expressed as * p<0.05, * p<0.01 and *** p<0.005
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Fig. 3 Callus formation after distraction osteogenesis (DO). a Representative radiograph in each group at days 7, 14, and 28. b Bone fill score to quantify
bony calluses at days 0, 7, 14, and 28. Data values are presented as means and standard error (SE). ¢ Number of uniting calluses on day 28. Dots indicate
the value of each sample and bars indicate the means and standard deviation (SD). d Representative micro-computed tomographic scan images in each
group on day 28. e Bone volume (BV) of the distraction area in each group. Dots indicate the value of each sample and bars indicate the means and SD. f
Bone volume (BV)/Tissue volume (TV) of the distraction area in each group. Dots indicate the value of each sample and bars indicate the means and SD.
Statistical significance was analyzed using two-way (b) or one-way analysis of variance (ANOVA) (c, e, and f) with post-hoc Bonferroni correction. Statisti-

cal significance was expressed as * p <0.05 and *** p<0.005

radiological findings, less callus formation was observed
in Fgfr3 OVX mice (Fig. 4a). The BV and OV per dis-
traction area were significantly decreased in Fgfr3 mice
compared to those in wild-type mice, and OVX further
deteriorated these parameters (Fig. 4c and d). High mag-
nification images of the newly regenerated bone’s central
region revealed smaller number of osteoblasts in Fgfr3
OVX mice, while more osteoblasts were observed sur-
rounding the osteoid in wild-type sham mice (Fig. 4b).
There were increased number of osteoclasts in the newly

regenerated bone after OVX in the wild-type mice
(Fig. 4e and f).

ALP and RANKL were upregulated after OVX inFgfr3and
wild-type mice

At day 28, there were no significant differences in serum
calcium and phosphate levels between mice in the Fgfr3
and wild-type groups (Fig. 5a and b). In wild-type mice,
serum ALP and RANKL levels were higher after OVX
than those in the sham group; however, there were no



Kawashima et al. BMC Musculoskeletal Disorders

Distraction area

Fofr3

(2023) 24:200

Sham

Wild-type

Page 6 of 10

OvX

Bone volume
/Distraction area

ey

0.8 s

0.0-

OVX Sham OVX Sham
Fgfr3 Wild-type

Fgfr3

n=6 n=5 n=11 n=11

ovX

Osteoid volume
/Distraction area

204

n=6 n=5 n=11
OVX Sham OVX

n=11
Sham

Fgfr3 Wild-type

Wild-type

n=11
OVX  Sham

Sham

Fig. 4 Histological evaluation of the distraction area 7 days after distraction osteogenesis (DO). a Representative undecalcified histology of distracted
area stained with Villanueva Goldner staining. Green signals show calcified bones. Red signals show osteoid bones. Squared parts are magnified in panel
b. Scale bare indicates 500 um. b High magnification images in the central part of the newly formed bone in each group. Arrow shows osteoblasts around
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ume (BV)/distraction area. d Dots indicate the value of each sample and bars indicate the mean and SD of osteoid volume/distraction area. e Representa-
tive high magnification images of tartrate-resistant acid phosphatase (TRAP) staining in the central part of the newly formed bone. Purple signals show
osteoclasts. f Dots indicate the value of each sample and bars indicate the mean and SD of the number of osteoclasts. Statistical significance was analyzed
using one-way analysis of variance (ANOVA) with post-hoc Bonferroni correction. Statistical significance was expressed as * p <0.05 and *** p <0.005
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statistical differences in Fgfr3 OVX and sham mice
(Fig. 5c and d).

Osteogenic differentiation and mineralization of BMSCs
deteriorated in Fgfr3 OVX mice

To evaluate the effect of OVX and FGFR3 on the osteo-
genic differentiation and mineralization of BMSCs, we
compared the results of ALP and Alizarin red stainings
of BMSCs among Fgfr3 and wild-type mice with or with-
out OVX. After osteogenic culture for 21 days, both, ALP
and Alizarin red stainings were apparently reduced in
Fgfr3 mice compared to those in wild-type mice, and fur-
ther deteriorated after OVX (Fig. 6a and c). Quantitative
analyses revealed that both the stains were significantly
reduced in Fgfr3 OVX mice (Fig. 6b and d). Considering
4-week-old mice, we further performed ALP and Alizarin
red stainings of BMSCs. On the seventh day of the cul-
ture, ALP staining was upregulated in 4-week-old Fgfr3
mice, contrary to the results obtained in 16-week-old
mice (Additional Fig. 1a and b). In contrast, Alizarin red
staining after the 21-day culture was less in Fgfr3 mice
than in wild-type mice at the age of 4 weeks (Additional
Fig. 1c and d). Next, we evaluated the effect of meclo-
zine, an inhibitor of FGFR3 signaling, employing the
drug repositioning strategy [25, 26] on the mineraliza-
tion of BMSCs in the Fgfr3 OVX mice. We administered
meclozine to the BMSCs of the Fgfr3 and wild-type mice
with or without OVX. After meclozine treatment, Aliza-
rin red staining was surprisingly increased and there was
apparently no difference in the staining between Fgfr3
and wild-type mice with or without OVX (Fig. 6e). Quan-
titative analysis revealed that meclozine significantly

increased Alizarin red staining in all the groups (Fig. 6f).
On the other hand, ALP staining was decreased after
meclozine treatment in all groups except for Fgfr3 OVX
mice (Additional Fig. 1a and b).

Discussion

The present study showed that the ability of bone regen-
eration after DO and BMD were decreased in OVX
mice, similar to the findings of a previous study using
a rat model of DO [9]. We found that activated FGFR3
suppressed bone regeneration and deteriorated the thin
trabecular architecture in 16-week-old OVX mice. His-
tological analysis of the newly regenerated bone revealed
that osteoblasts were downregulated and osteoclasts
were upregulated after OVX. The osteoblasts were
further decreased in Fgfr3 mice. As a previous study
demonstrated [27], OVX suppressed the osteogenic dif-
ferentiation and mineralization of BMSCs. These were
further deteriorated in the combination of Fgfr3 and
OVX mice in the current study. Meclozine, an inhibitor
of FGFR3 signaling [25, 26], reversed the mineralization
of BMSCs in Fgfr3 OVX mice, although the mineraliza-
tion was poor without meclozine treatment in both Fgfr3
and wild-type mice.

A mouse model of gain-of-function mutation in FGFR3
has shown reduced bone mineralization [14]. FGFR3
activation in immature osteoblasts has led to lower min-
eralization activity owing to defective bone remodeling in
3-month-old mice [28]. Col2al is transiently expressed in
immature osteoblasts during early development as well
as adulthood [29, 30]. Since FGFR3 was overexpressed
under the Col2 promoter in Fgfr3 mice in this study, bone
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of Alizarin red staining for cultured BMSCs with meclozine treatment. f Quantitative analysis of Alizarin red staining to assess the mineralization of BMSCs.
Dots indicate the value of each sample and bars indicate the means and SD. Statistical significance was analyzed using one-way analysis of variance
(ANOVA) with post-hoc Bonferroni correction. Statistical significance was expressed as * p<0.05, ** p<0.01 and *** p <0.005

mineralization could be downregulated via FGFR3-acti-
vated immature osteoblasts. In contrast, Fgfr3 deletion
in osteoclast lineage cells of mice inhibits bone resorp-
tion [31]. This indicates that activated FGFR3 promotes
bone resorption by enhancing osteoclastogenesis. How-
ever, differences in osteoclastogenesis were not observed
between Fgfr3 and wild-type mice, since the effect of
Fgfr3 on promoting osteoclastogenesis might not be
manifested probably due to the effect of DO surgery (i.e.,
DO surgery could recruit the osteoclasts after increasing
osteoblasts [32]).

In 4-week-old Fgfr3 mice, bone regeneration after DO
was accelerated with increased numbers of osteoblasts
[13]. Our previous results were contrary to the current
results using 16-week-old Fgfr3 mice. These differences
could be attributed to the ALP activity, which was upreg-
ulated at 4 weeks but downregulated at 16 weeks in Fgfr3
mice. Although bone regeneration in young patients with
FGFR3-related skeletal dysplasias, including achondro-
plasia and hypochondroplasia, is usually enhanced, aging
and post-menopause would lead to poor bone healing in
addition to low BMD in these patients.

Interestingly, meclozine, which inhibits Erk1/2 phos-
phorylation in FGEFR3 signaling [25], dramatically
improved the mineralization of BMSCs, particularly
in Fgfr3 OVX mice. Similar to the results of an Erk1/2
inhibitor (PD98059) [14], meclozine could reverse the
inhibitory effect of FGFR3 on bone mineralization. Since

meclozine also improves bone loss in the OVX mice via
inhibiting Erk1/2 phosphorylation of RANKL signaling
in osteoclasts [33], the synergistic effect of meclozine
on inhibiting both FGFR3 and RANKL signaling would
reverse bone mineralization in the current BMSCs. To
assess the effect of FGFR3 inhibitors on bone regenera-
tion and bone mineralization during menopause, an in-
vivo study employing Fgfr3 OVX mice is required. The
optimal timing and duration of administrating FGFR3
inhibitors may be considered during DO to develop
treatment strategies of fracture healing associated with
postmenopausal osteoporosis.

This study had certain limitations that warrant discus-
sion. First, we did not conduct the analysis of osteoclast
function using a cell model of activated FGFR3 signaling,
although the inhibitory effect of meclozine on RANKL
signaling has been demonstrated employing primary
bone marrow-derived macrophages [33]. Therefore, we
speculate that meclozine may inhibit RANKL signaling in
addition to FGFR3 signaling. An in vitro study of osteo-
clast function may accurately assess the impact of meclo-
zine on activated FGFR3 signaling in postmenopausal
osteoporosis. Second, DO surgery influenced the results
of biochemical parameters, including serum calcium,
phosphate, ALP, and RANKL. Mice that do not undergo
DO surgery may show different results. We evaluated the
osteogenic differentiation and mineralization of BMSCs
without DO surgery using ALP and Alizarin red stainings
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and the results obtained were similar to the morpho-
logical and histological analysis for bone regeneration.
Third, the mechanism of fluctuation in ALP activation
with age remained unclear in Fgfr3 mice. Lastly, we did
not conduct the animal study of DO using inhibitors of
FGFR3 signaling, although there have been several ani-
mal studies in which meclozine ameliorated bone mass
in OVX mice [33] as well as a juvenile mouse model of
FGFR3-related skeletal dysplasia [26]. To assess the effect
of FGFR3 inhibitors on bone regeneration and bone min-
eralization during DO, considering the optimal dose and
timing of administrating these inhibitors is required.
Thus, the colossally conceived experiment will be con-
ducted as another study in the future.

Conclusion

Activated FGFR3 suppresses the ability of bone regenera-
tion and bone mineralization in a mouse model of post-
menopausal osteoporosis. Thus, FGFR3 signaling could
be a potential therapeutic target for patients with post-
menopausal osteoporosis.
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