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Abstract: To determine if 1,25(OH)2D deficiency can induce age-related sarcopenia, the skeletal muscular pheno-
type of male wild-type (WT) and Cyp27b1 knockout (KO) mice were compared at 3 and 6 months of age. We found 
that muscle mass, grip strength and muscle fiber size were significantly decreased in aging Cyp27b1 KO male mice. 
The expression levels of genes related to mitochondrial metabolic activity, and antioxidant enzymes including SOD1, 
catalase, Nqo1 and Gcs were significantly down-regulated in skeletal muscle tissue of Cyp27b1 KO male mice; in 
contrast, the percentage of p16+ and p21+ myofibers, and the expression of p16, p19, p21, p53, TNFα, IL6 and 
MMP3 at mRNA and/or protein levels were significantly increased. We then injected tibialis anterior muscle of WT 
and Cyp27b1+/- male mice with BaCl2, and analyzed the regenerative ability of skeletal muscle cells 7 days later. 
The results revealed that the numbers of newly formed regenerating central nucleated fibers (CNF), the percentage 
of BrdU+ cells and the expression of MyoD, MyHC and Myf5 at mRNA levels were significantly down-regulated in the 
injured skeletal muscle tissue of Cyp27b1+/- mice. In summary, our studies indicate that 1,25(OH)2D deficiency can 
result in the development of age-related sarcopenia by inducing oxidative stress, skeletal muscular cell senescence 
and SASP, and by inhibiting skeletal muscle regeneration. Cyp27b1 KO mice can therefore be used as an animal 
model of age-related sarcopenia in order to investigate the pathogenesis of age-related sarcopenia and potentially 
to test intervention measures for treatment of sarcopenia.

Keywords: Vitamin D deficiency, sarcopenia, oxidative stress, muscular cell senescence and regeneration

Introduction

Sarcopenia, recently recognized as a disease 
by WHO [1], is a progressive and degenerative 
systemic skeletal muscle disease, character-
ized by decreased muscle quantity, muscle 
strength and muscle function [2]. The risk of 
falls, fractures, weakness and disability in sar-
copenia patients is significantly increased, and 
independent life span is decreased. The preva-
lence of sarcopenia has been reported to be 
10% in the population over 60 years of age, and 
rises to 30% in the population over 80 years of 
age [3]. With increased aging of the population, 
skeletal muscle aging has become a major pub-
lic health problem, and has caused a heavy 
burden on family and social health care.

Age, endocrine disorders, malnutrition, chronic 
inflammation and vitamin D deficiency all in- 
crease the risk of sarcopenia [4]. Because old 
age, sex hormone deficiency and malnutrition 
are closely related to vitamin D deficiency [5-7], 
and vitamin D deficiency can cause chronic 
inflammation [8], more attention has been paid 
to the action of vitamin D in the pathogenesis of 
sarcopenia and to its supplementation in the 
prevention and treatment of sarcopenia. It is 
estimated that there are 1 billion people with 
vitamin D deficiency world-wide [4], and it is 
especially prevalent in the elderly [9]. Decreas- 
ed skeletal muscle mass and strength, and 
increased incidence rates of sarcopenia and 
risk of falls are closely related to a decrease of 
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serum vitamin D levels [10, 11]. Meta-analysis 
revealed that supplementation with vitamin D 
significantly improved muscle function and bal-
ance, reducing falls by 14-34% [12]. Preclinical 
studies have shown that muscle fibers express 
VDR, and the proliferation and differentiation of 
myoblasts are regulated by vitamin D/VDR sig-
naling [13]. VDR deficient mice showed de- 
creased cross-sectional area (CSA) of muscle 
fibers, accompanied by dysregulated expres-
sion of myogenic transcription factors and 
MyHC isomers [14]. 1,25(OH)2D3 can stimulate 
C2C12 mouse myoblasts to differentiate into 
mature myocytes by up regulating the expres-
sion of IGF-2 and follistatin, and down regulat-
ing the expression of IGF-1 and myostatin [15]. 
However, it has not been reported if mice with 
deficiency of the active form of vitamin D dis-
play sarcopenia.

Vitamin D may be synthesized from 7-dehydro-
cholesterol in the skin following irradiation with 
ultraviolet light; alternatively, vitamin D may be 
absorbed from the diet. Vitamin D is converted 
to 25(OH)D by liver 25 hydroxylase, and then  
to active 1,25(OH)2D, mainly by kidney 1α- 
hydroxylase [Cyp27b1]; 1,25(OH)2D exerts its 
biological function by binding to VDR [16]. In 
order to study the in vivo mechanism of action 
of 1,25(OH)2D, we deleted the Cyp27b1 gene  
to successfully generate a mouse model of 
1,25(OH)2D deficiency [17]. We previously re- 
ported that this mouse model displayed not 
only rickets, but also female infertility, male 
infertility, hypertension, premature aging, a 
high incidence of multiple tumors and osteopo-
rosis [17-27], however, it has not been reported 
if this mouse model displays sarcopenia.

To address this issue, we compared the skele-
tal muscular phenotype of 3- and 6-month-old 
WT and Cyp27b1 KO male mice and analyzed 
the alterations of muscle mass, grip strength 
and muscle fiber size, the expression levels of 
mitochondrial metabolic activity-related genes 
and antioxidant enzymes, muscle cell senes-
cence and senescence-associated secretory 
phenotype (SASP). Furthermore, the tibialis an- 
terior (TA) muscle of WT and Cyp27b1+/- male 
mice were injected with BaCl2, and the regen-
eration of skeletal muscle cells was analyzed 
after 7 days.

Materials and methods

Animals

Cyp27b1 KO mice were prepared and geno-
typed as previously described [17]. WT and 
Cyp27b1 KO male mice at 3 and/or 6 months  
of age were used for this study. The body 
weight, the weight of tibialis anterior (TA) and 
gastrocnemius (Gas) muscles were measured 
and the muscle weight/body weight ratio was 
calculated. The experimental muscle injury 
model was established in 6-month-old WT and 
Cyp27b1+/- male mice as previously described 
[28]. After 7 days, the injured TA muscles were 
obtained from the mice for histomorphometry 
and molecular analysis. All experimental steps 
involved in this study were carried out in strict 
accordance with the guidelines of the Institute 
of experimental animals of Nanjing Medical 
University.

Muscle strength testing

The mouse grip instrument (SANS, Jiangsu, 
China) was used to evaluate the forelimb grip. 
In the grip test, front paws of mice were placed 
on the gripping device, the mouse was lifted by 
the tail and hind limbs suspended in the air, 
and then slowly pulled until the mouse’s fore-
limb grip disappeared. Three trials were carried 
out on the grip measurement of the forelimbs. 
The recorded maximum value (in grams) ob- 
tained by the software analysis is considered to 
be the muscle grip strength and is used for all 
analyses.

Histology and immunofluorescence staining

After euthanasia, the TA muscle was removed 
from the lower limbs, frozen and embedded 
under liquid nitrogen using OCT, and then cut 
into 5 µm sections on a cryostat. After rewarm-
ing the muscle sections at room temperature, 
they were stained with hematoxylin and eosin 
(H&E). For immunofluorescence (IF) staining, 
the sections were fixed in acetone, incubated 
with 3% H2O2, and then the slides were incu-
bated with antibodies against p16 and p21 
(Abcam, USA), The SOD1 antibody, BrdU anti-
body (Santa Cruz, USA), and laminin antibody 
(Proteintech, China) were incubated overnight 
at 4°C. They were then incubated with the sec-
ondary antibodies for staining.
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Table 1. Primers used for quantitative real-time PCR
Primers Forward Reverse
α-S9 CCCGGGCCAGCTTACCT GCTGCACTGCTTTCCTGATAGA
Fe-S GCTGGGCGCACACTTTGT CACTGGCCTTGCAGGAAGAA
COX7α TCTTCCAGGCCGACAATGAC GCCCAGCCCAAGCAGTATAA
PGC1α CCCTGCCATTGTTAAGACC TGCTGCTGTTCCTGTTTTC
CAT GCAGATACCTGTGAACTGTCCCT TTACAGGTTAGCTTTTCCCTTCG
SOD1 ATTACAGGATTAACTGAAGG CAATGATGGAATGCTCTC
Nqo1 AGGATGGGAGGTACTCGAATC AGGCGTCCTTCCTTATATGCTA
Gcs GGGGTGACGAGGTGGAGTA GTTGGGGTTTGTCCTCTCCC
P16INK4a GAAAGAGTTCGGGGCGTTG GAGAGCCATCTGGAGCAGCAT
P21CIP1 CCTGGTGATGTCCGACCTG CCATGAGCGCATCGCAATC
TNFα CCCTCACACTCAGATCATCTTCT GCTACGACGTGGGCTACAG
MMP3 ACATGGAGACTTTGTCCCTTTTG TTGGCTGAGTGGTAGAGTCCC
IL-6 TAGTCCTTCCTACCCCAATTTCC TTGGTCCTTAGCCACTCCTTC
Myod CCACTCCGGGACATAGACTTG AAAAGCGCAGGTCTGGTGAG
MyHc CTTCTACAGGCCTGGGCTTAC CTCCTTCTCAGACTTCCGCAG
Myf5 AAGGCTCCTGTATCCCCTCAC TGACCTTCTTCAGGCGTCTAC
Gapdh CCACCCAGAAGACTGTGGAT GGATGCAGGGATGATGTTCT

Western blot

RIPA lysate was used to extract total protein 
from mouse TA muscle tissue, and a BCA kit 
was then used to determine the protein con-
centration. Western blot analysis was per-
formed with primary antibodies against SOD1 
(Santa Cruz, USA), p16, p19, p53, p21, and 
β-actin (Abcam, USA), then developed with ECL 
developer solution, and quantified with ImageJ 
analysis as previously described [26].

RNA isolation and real-time qRT-PCR

Total RNAs were extracted from TA muscle tis-
sue and real-time qRT-PCR was performed as 
previously described [19]. The primer sequenc-
es are shown in Table 1.

Computer-assisted image analysis

The IF and H&E stained sections were photo-
graphed under a microscope (Leica, Germany), 
and analyzed with ImageJ to measure the CSA 
of muscle fibers and the average number of IF 
cells, which were then expressed as a percent-
age of positive cells out of total cells. The num-
bers of CNF in each field of view were counted 
manually in images from 3 H&E stained sec-
tions per group.

Statistical analysis

All measurement data are dis-
played as average ± SEM. The dif-
ferences between the 2 groups 
were analyzed using two-tailed 
non paired Student’s t test, and 
the differences among more than 
2 groups were analyzed using 
one-way ANOVA. P<0.05 is con-
sidered statistically significant.

Results

1,25(OH)2D deficiency leads to 
sarcopenia

To determine if 1,25(OH)2D defi-
ciency leads to the occurrence of 
sarcopenia, the changes in body 
weight, the weight of the tibialis 
anterior (TA) and gastrocnemius 
(Gas) muscles, the muscle wei- 

ght/body weight ratio and the grip strength 
were examined in WT and Cyp27b1 KO male 
mice at 3 and 6 months of age. The results 
showed that the body weight and the weight of 
TA muscle and Gas muscle in 6-month-old WT 
mice were higher than those in 3-month-old WT 
mice, while they were lower in Cyp27b1 KO 
mice than those in age-matched WT mice, and 
did not significantly increase in 6-month-old 
Cyp27b1 KO mice compared with 3-month-old 
Cyp27b1 KO mice (Figure 1A, 1B). The muscle 
weight/body weight ratio and grip strength 
were not altered between 6- and 3-month-old 
WT mice, while they were significantly reduced 
in Cyp27b1 KO mice compared with age-
matched WT mice, and especially reduced in 
6-month-old Cyp27b1 KO mice (Figure 1C, 1D). 
These results imply that 1,25(OH)2D deficiency 
can lead to a decline of both muscle mass and 
performance resulting in sarcopenia.

Sarcopenia induced by 1,25(OH)2D deficiency 
is related to muscle atrophy

To assess if sarcopenia caused by 1,25(OH)2D 
deficiency is related to muscle atrophy, we  
compared the differences of CSA of myofibers 
between 6-month-old WT and Cyp27b1 KO 
male mice. The results showed that the number 
of myofibers with CSA<2000 μm2 in Cyp27b1 
KO mice was significantly more than that in WT 
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Figure 1. 1,25(OH)2D deficiency leads to sarcopenia. (A) Body weight, (B) weight of tibialis anterior (TA) muscle 
and gastrocnemius (Gas) muscle, (C) muscle weight/body weight ratio, and (D) grip strength in 3- and 6-month-
old WT and Cyp27b1 KO male mice. Values are means ± SEM of 6 determinations per group. *P<0.05; **P<0.01; 
***P<0.001, compared with WT mice. #P<0.05; ##P<0.01, compared with 3-month-old genotype matched mice.

mice, while the number of myofibers with 
CSA>2000 μm2 in Cyp27b1 KO mice was sig-
nificantly less than that in WT mice (Figure 2A, 
2B). We also used real-time qRT-PCR to exam-
ine the changes of mitochondrial related gene 
expression levels in 6-month-old WT and Cyp- 
27b1 KO mouse skeletal muscle tissue. We 
found that the expression of α-S9, Fe-S, Cox7α 
and PGC1α were significantly downregulated  
in skeletal muscle tissue of Cyp27b1 KO mice 
(Figure 2C). These results imply that sarcope-
nia induced by 1,25(OH)2D deficiency is related 
to muscle atrophy and decreased mitochondri-
al metabolic activity.

1,25(OH)2D deficiency inhibits antioxidant 
capacity of skeletal muscle tissue

In order to determine if sarcopenia induced by 
1,25(OH)2D deficiency is related to the de- 
crease of antioxidant capacity of skeletal mus-
cle tissue, the changes of antioxidant enzyme 

protein or mRNA expression levels in skeletal 
muscle tissue of 6-month-old Cyp27b1 KO  
and WT mice were examined. We found that  
the percentage of SOD1+ myofibers, the protein 
expression levels of SOD1 (Figure 3A-D) and 
mRNA expression levels of catalase, SOD1, 
Nqo1 and Gcs in skeletal muscle tissue (Figure 
3E) were significantly decreased in Cyp27b1 
KO mice compared with WT mice. These results 
suggest that sarcopenia induced by 1,25(OH)2D 
deficiency may be related to the decrease of 
antioxidant capacity of skeletal muscle tissue.

1,25(OH)2D deficiency induces skeletal muscle 
cell senescence and SASP

To determine if sarcopenia induced by 
1,25(OH)2D deficiency is related to skeletal 
muscle cell senescence and SASP, we exam-
ined the changes of skeletal muscle cell sen- 
escence and SASP related parameters in 
6-month-old male WT and Cyp27b1 KO male 
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Figure 2. Sarcopenia caused by 1,25(OH)2D deficiency is related to muscle atrophy. A. Representative micrographs 
of tibialis anterior muscle sections from 6-month-old WT and Cyp27b1 KO male mice stained with H&E (upper 
panel) and IF for laminin (bottom panel). B. CSA of myofibers (μm2). C. Mitochondrial-related gene expression levels 
in 6-month-old WT and Cyp27b1 KO mouse skeletal muscle tissue, including α-S9, Fe-S, COX7α and PGC1α. Values 
are means ± SEM of 6 determinations per group. **P<0.01; ***P<0.001, compared with WT mice.

mice. We found that the percentage of p16 and 
p21 positive myofibers (Figure 4A, 4B), the 
expression of p16, p19, p21 and p53 protein 
levels (Figure 4C, 4D) and the expression of 
p16, p21, TNFα, IL-6 and MMP3 mRNA levels 

(Figure 4E) in Cyp27b1 KO mice were signifi-
cantly higher than in WT mice. These results 
imply that sarcopenia induced by 1,25(OH)2D 
deficiency may be related to increased skeletal 
muscle cell senescence and SASP.
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Figure 3. 1,25(OH)2D deficiency inhibits antioxidant capacity of skeletal muscle tissue. (A) Representative micro-
graphs of tibialis anterior muscle sections from 6-month-old WT and Cyp27b1 KO male mice stained with IF for 
SOD1 and (B) SOD1 positive myofibers (%). (C, D) Western blots for SOD1protein expression in skeletal muscle 
tissue. (E) mRNA expression levels in skeletal muscle tissue of the antioxidant enzymes CAT, SOD1, Nqo1 and Gcs. 
Values are means ± SEM of 6 determinations per group. *P<0.05; **P<0.01; ***P<0.001, compared with WT mice.

1,25(OH)2D deficiency inhibits skeletal muscle 
cell regeneration

To determine if 1,25(OH)2D deficiency inhibits 
the regeneration of skeletal muscle cells, we 
used a standard muscle injury model, and 
injected BaCl2 into TA muscle of WT and 
Cyp27b1+/- male mice. Seven days later, the 
regeneration ability of skeletal muscle cells 
was analyzed. We found that the numbers of 
newly formed regenerating centrally nucleated 
fibers (CNF) and the percentage of BrdU+ cells 
in Cyp27b1+/- mice were significantly lower  
than those in wild-type mice (Figure 5A-D). We 
also used real-time qRT-PCR to examined the 
changes of skeletal muscle differentiation-
related gene expression levels in 6-month-old 
WT and Cyp27b1+/- mouse skeletal muscle tis-
sue. The results showed that the gene expres-
sion levels of MyoD, MyHC and Myf5 were sig-
nificantly downregulated in skeletal muscle 
tissue of Cyp27b1+/- mice (Figure 5E). These 
results suggest that 1,25(OH)2D deficiency 

inhibits the regeneration of skeletal muscle 
cells by inhibiting myogenesis.

Discussion

Our recent studies demonstrated that 
1,25(OH)2D deficiency accelerates age-related 
osteoporosis [19, 21, 22, 26]. To investigate if 
1,25(OH)2D deficiency also induced age-relat- 
ed sarcopenia, we compared the skeletal mus-
cular phenotypes of WT and Cyp27b1 KO male 
mice at 3 and 6 months of age. We found that 
1,25(OH)2D deficiency resulted in the reduction 
of muscle mass, grip strength and muscle fiber 
size with decreased mitochondrial metabolic 
activity, indicating that 1,25(OH)2D deficiency 
can indeed lead to the occurrence of sarcope-
nia. Studies on the pathogenetic mechanisms 
demonstrated that 1,25(OH)2D deficiency re- 
duced antioxidant capacity of skeletal muscle 
tissue, increased skeletal muscle cell senes-
cence and SASP and inhibited skeletal muscle 
cell regeneration. 1,25(OH)2D deficiency there-
fore accelerated muscle aging, resulting in 
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Figure 4. 1,25(OH)2D deficiency induces senescence and SASP in skeletal muscle tissue. (A) Representative micro-
graphs of tibialis anterior muscle sections from 6-month-old WT and Cyp27b1 KO male mice stained with IF for p16 
and p21 (B) p16 and p21 positive myofibers (%). (C, D) Western blots for p16, P19, p21 and p53 protein expression 
in skeletal muscle tissue. (E) mRNA expression levels of p16, p21, TNFα, IL-6 and MMP3 in skeletal muscle tissue. 
Values are means ± SEM of 6 determinations per group. *P<0.05; **P<0.01, compared with WT mice.
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Figure 5. 1,25(OH)2D deficiency inhibits skeletal 
muscle cell regeneration. A. Representative micro-
graphs of tibialis anterior muscle sections without 
or with injected BaCl2 from 6-month-old WT and 
Cyp27b1+/- male mice stained with H&E. B. The 
numbers of newly formed regenerating CNF per view 
(n>3). C. Representative micrographs of tibialis an-
terior muscle sections without or with injected BaCl2 
from 6-month-old WT and Cyp27b1+/- male mice im-
munostained for BrdU. D. BrdU positive myofibers. E. 
mRNA expression levels of MyoD, MyHC and Myf5 in 
skeletal muscle tissue at 7 days after injected BaCl2. 
Values are means ± SEM of 6 determinations per 
group. **P<0.01, compared with WT mice.

muscle fiber atrophy and subsequent muscle 
loss, and consequently Cyp27b1 deficient mice 

appears to be an appropriate animal model of 
age-related sarcopenia.
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Previous preclinical studies with VDR ablation 
[29] and our current study with Cyp27b1 KO 
mice have both demonstrated decreased mus-
cle mass, grip strength and smaller fibers, and 
clinical studies have also indicated that vitamin 
D deficiency is associated with muscle fiber 
atrophy, increased risk of muscle loss and falls 
[30]. However, results from clinical trials on the 
role of vitamin D in sarcopenia remain uncer-
tain and conflicting. In a meta-analysis of elder-
ly people with vitamin D deficiency involving 13 
randomized controlled trials, it was found that 
daily supplementation of 800-1000 IU could 
improve lower limb strength and balance [31]. 
On the other hand, meta-analysis evaluation of 
17 randomized controlled trials with 5072 par-
ticipants showed that vitamin D supplementa-
tion in adults with a baseline 25(OH)D level  
>10 ng/ml had no significant effect on grip 
strength [32]. The conflicting results from clini-
cal trials may be explained by experiments 
using Cyp27b1 knockout mice. Serum 25(OH)D 
levels are not decreased in Cyp27b1 KO mice 
relative to WT mice [17], however, Cyp27b1 KO 
mice display female infertility, male infertility, 
hypertension, premature aging, high incidence 
of multiple tumors and osteoporosis [17- 
27]. These results suggest that sufficient 
1,25(OH)2D rather than 25(OH)D levels are  
necessary for the prevention of vitamin D defi-
ciency-induced diseases. In human studies, as 
a result of declining renal function with age, a 
decrease in 1,25(OH)2D production by approxi-
mately 50% has been reported [33]. In a recent 
study, we found that the protein expression  
levels of Cyp27b1 in kidney, intestine and bone 
of 3-, 9- and 18-month-old WT mice were pro-
gressively down-regulated [21]. These results 
support the thesis that Cyp27b1 expression 
levels may be too low to synthesize sufficient 
1,25(OH)2D and supplementation of vitamin D 
alone in the elderly cannot prevent the occur-
rence and development of aging related diseas-
es, including age-related sarcopenia.

Our recent studies imply that oxidative stress 
plays a crucial role in aging and age-related 
osteoporosis induced by 1,25(OH)2D deficiency 
[19, 21], and mitochondrial dysfunction and 
oxidative stress have been reported to play 
important roles in age-related muscle atrophy 
[34, 35]. Indeed, elderly SOD1 knockout mice 
show increased mitochondrial H2O2 production, 
resulting in muscle atrophy [36]. We therefore 

asked if sarcopenia induced by 1,25(OH)2D 
deficiency is related to decreased antioxidant 
capacity of skeletal muscle tissue. We found 
that expression levels of SOD1 mRNA and pro-
tein, and of Cat, Nqo1 and Gcs mRNA were sig-
nificantly down-regulated in 1,25(OH)2D defi-
cient skeletal muscle tissue. These studies 
therefore support our observation that that  
oxidative stress plays a critical role in the pa- 
thogenesis of 1,25(OH)2D deficiency-induced 
sarcopenia.

Cell cycle arrest can be induced in a variety of 
ways, many of which activate 2 main regulatory 
axes, p16-Rb and p19-p53-p21 [37]. Our re- 
cent studies demonstrated that 1,25(OH)2D 
deficiency induced aging and age-related bone 
loss by increasing senescent cells and SASP 
[19, 26], and previous reports have linked 
senescence and SASP with muscle aging [38]. 
Sarcopenia occurred in rapidly aging BubR1H/H 
mice, and after genetically removing senescent 
cells, an increase in muscle fiber diameter was 
found [39], clinically, a cross sectional study 
showed that the serum TNF-α and IL-6 were 
higher in elderly sarcopenia patients [40]. In 
the present studies we confirmed that the 
expression levels of p16, p19, p53 and p21 
and TNFα, IL-6 and MMP3 were increased in 
1,25(OH)2D deficient muscular tissue. There- 
fore, our results are consistent with the thesis 
that 1,25(OH)2D deficiency can induce sarcope-
nia by increasing skeletal muscle cell senes-
cence and SASP.

Skeletal muscle has excellent regenerative abil-
ity, which depends on muscle stem cells, but 
this regenerative ability decreases with age 
after injury [41]. We therefore employed an inju-
ry model to examine the effect of 1,25(OH)2D 
deficiency on skeletal muscle regeneration, 
and found that the numbers of newly formed 
regenerating CNF and the percentage of BrdU+ 
cells were significantly reduced. The durability 
of muscle regeneration requires effective satel-
lite cell expansion after injury. Their differentia-
tion produces myoblasts that can rebuild dam-
aged fibers and their self-renewal to supple- 
ment the muscle stem cell bank for subsequent 
injury and repair [6]. Satellite cell activation is 
partly mediated by the induced expression of 
MyoD and Myf5 [42, 43], and in our regenerat-
ing CNF we found down-regulated expression 
levels of MyoD, Myf5 and MyHC in 1,25(OH)2D 
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deficient mice Therefore, our results indicate 
that 1,25(OH)2D deficiency inhibits the regen-
eration of skeletal muscle cells by inhibiting  
the proliferation and differentiation of skeletal 
muscle cells.

In summary, results from this study indicate 
that 1,25(OH)2D deficiency can induce the oc- 
currence of age-related sarcopenia by initiating 
oxidative stress, skeletal muscular cell senes-
cence and SASP, and inhibiting skeletal muscle 
regeneration. Cyp27b1 KO mice can be used as 
an animal model of age-related sarcopenia and 
may be considered as a potential tool to study 
the pathogenesis of age-related sarcopenia 
and to test intervention measures for sarco- 
penia.
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