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Inhibition of PDGFR signaling 
prevents muscular fatty infiltration 
after rotator cuff tear in mice
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Takahide Tohmonda1, Yae Kanai2, Morio Matsumoto1, Masaya Nakamura1  
& Keisuke Horiuchi1

Fatty infiltration in muscle is often observed in patients with sizable rotator cuff tear (RCT) and is 
thought to be an irreversible event that significantly compromises muscle plasticity and contraction 
strength. These changes in the mechanical properties of the affected muscle render surgical repair of 
RCT highly formidable. Therefore, it is important to learn more about the pathology of fatty infiltration 
to prevent this undesired condition. In the present study, we aimed to generate a mouse model that 
can reliably recapitulate some of the important characteristics of muscular fatty infiltration after 
RCT in humans. We found that fatty infiltration can be efficiently induced by a combination of the 
following procedures: denervation of the suprascapular nerve, transection of the rotator cuff tendon, 
and resection of the humeral head. Using this model, we found that platelet-derived growth factor 
receptor-α (PDGFRα)-positive mesenchymal stem cells are induced after this intervention and that 
inhibition of PDGFR signaling by imatinib treatment can significantly suppress fatty infiltration. Taken 
together, the present study presents a reliable fatty infiltration mouse model and suggests a key role for 
PDGFRα-positive mesenchymal stem cells in the process of fatty infiltration after RCT in humans.

Rotator cuff tear (RCT) is one of the most common ailments observed in orthopedic patients. Although approx-
imately half of the cases with RCT are asymptomatic1, RCT often results in persistent pain and severe functional 
defects in the affected shoulder joint2,3. Because RCT most frequently affects the elderly population, patient num-
bers are markedly increasing in aging societies. Therefore, it is necessary to learn more about the pathology of this 
disorder and to establish a treatment modality for these patients.

Currently, surgical repair of the ruptured tendons is considered to be one of the preferred treatments for 
patients with RCT2,4. However, the surgical repair is often time intensive and results in re-tearing of the repaired 
tendon5. There are various factors, including age6–11, the size and extent of the tear retraction7,9–11, duration of 
symptom12, and degeneration of the damaged tissue7,9,11,13, that potentially contribute to the poor clinical outcome 
of surgical treatment. Among these factors, degenerative changes in the rotator cuff muscle are reported to be one 
of the most critical determinants6,7,11,13,14. After RCT, the corresponding muscle retracts and undergoes atrophy, 
which is accompanied by an increase in intramuscular fat15–17. This phenomenon, termed fatty infiltration or fatty 
degeneration, is an irreversible event and significantly compromises muscle plasticity and contraction strength14. 
These changes in the muscle not only make the surgical repair of the tendon difficult but also increase the risk of 
re-tear13. Therefore, development of a therapeutic intervention to prevent fatty infiltration is desirable to improve 
the surgical outcome.

Recent studies have shown the presence of stem cells in the skeletal muscle that are distinct from satellite cells. 
These cells are identified as platelet-derived growth factor receptor-α​-positive mesenchymal stem cells (PDGFRα​+  
MSCs) or fibro/adipogenic progenitors (FAPs) (hereafter referred to as PDGFRα​+ MSCs for consistency)18–20. 
Although not proven, published data suggest that these two cell populations (FAPs and PDGFRα​+ MSCs) are 
closely related, if not identical21. Unlike satellite cells, which specifically differentiate into myoblasts and muscle 
fiber cells, PDGFRα​+ MSCs have the potential to differentiate into osteoblasts, fibroblasts and adipocyte lineages 
in vivo and in vitro but lack the capacity to differentiate into myoblast lineages22–25. These studies indicate that the 
adipocyte progenitors responsible for fatty infiltration after massive RCT are derived from PDGFRα​+ MSCs and 
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that these cells could constitute a potential target in preventing fatty infiltration. However, this hypothesis has not 
been fully addressed.

In this study, we describe a mouse model that can efficiently induce fatty infiltration in the suprascapular (SSP) 
muscle in 4 weeks. Furthermore, using this mouse model, we found that PDGFRα​-positive cells are induced after 
massive RCT and that pharmacological inhibition of PDGFR can significantly suppress the progression of fatty 
infiltration. Therefore, our data suggest that PDGFR is a potential molecular target for preventing fatty infiltration 
after massive RCT.

Methods
Generation of a fatty infiltration mouse model.  All of the animal experiments were approved by the 
Institutional Animal Care and Use Committee at the Keio University School of Medicine (approval number 
11022). All methods were performed in accordance with the guidelines and regulations. C57BL/6 male mice 
(Clea Japan, Tokyo, Japan; 9 weeks old; body weight, approx. 23 g) were used in the present study. The surgical 
procedures were performed under general anesthesia with an intraperitoneal injection of a mixture of sterilized 
water, medetomidine (30 μ​g/ml), midazolam (400 μ​g/ml), and butorphanol (500 μ​g/ml) at a volume of 0.1 ml per 
10 g body weight. The surgical interventions in the rotator cuff were performed in the left shoulder of the mice, 
whereas a sham surgery was performed in the right shoulder. Denervation and rotator cuff tendon transection 
were performed as previously described with some modifications26,27. Mice were placed on a surgical table, and 
the clavicle bone and the deltoid muscle were exposed through a skin incision (Fig. 1A and B). The suprascapular 
nerve was carefully exposed at the supraclavicular fossa (Fig. 1C), and a segment of the nerve at least 5 mm long 
was resected. The deltoid muscle was longitudinally split to expose the SSP tendon (Fig. 1D). The rotator cuff 
(including the SSP tendon, infraspinatus tendon, teres minor tendon, and subscapularis tendon) and the long 
head of the biceps were circumferentially transected (Fig. 1E). Furthermore, the humerus head was removed 
to prevent the reattachment of the transected tendons (Fig. 1F and G). The skin incision was closed using a 5-0 
nylon suture. For the sham surgery in the right shoulder, the same skin and muscle incisions were performed, but 
the rotator cuff and suprascapular nerve were left untouched. The right shoulder specimens were used as controls 
(Ctrl) in the present study. At the time of analysis, the shoulder girdle and the upper limb were excised en bloc 
with the muscles and connective tissues. The specimens were examined under a dissecting microscope to evalu-
ate if the severed tendons were reattached to the humerus or other structures that can lead to load transmission.

Antibodies.  The following antibodies were used in the present study: anti-GAPDH (1:1000; Sigma-Aldrich, 
Saint Louis, MO), anti-Laminin 2 (1:500; 4H8-2, Sigma-Aldrich), anti-PDGFRα​ (1:50; Santa Cruz Biotechnology, 
Dallas, TX), and anti-Perilipin (1:500; D1D8, Cell Signaling Technology, Danvers, MA). Alexa Fluor 488- and 
Alexa Fluor 546-conjugated anti-rabbit and anti-rat IgG antibodies were acquired from Life technologies 
(Carlsbad, CA).

Quantitative PCR.  The resected muscles were weighted and lysed using Sepasol RNA I Super G (Nacalai 
Tesque, Kyoto, Japan) and a bead crusher (μ​T-12, Taitec, Saitama, Japan). PCR amplification and quantification 
were performed using the THUNDERBIRD SYBR qPCR Mix (Toyobo, Osaka, Japan) and a 7300 Real-Time PCR 
System (Applied Biosystems, Foster City, CA). The relative mRNA expression levels were normalized to Gapdh 
expression levels. The expression level of a given transcript in the Ctrl shoulders was set to 1 to calculate changes 
in the expression levels of muscles from the surgically altered shoulders. The nucleotide sequences of the oligos 
used in the present study are shown in Table 1. Quantitative PCR was performed in triplicate for each specimen.

Histology and immunostaining.  The muscle tissues were fixed in 4% paraformaldehyde (in 
phosphate-buffered saline [PBS]) overnight, embedded in paraffin, and cut into 4-μ​m-thick sections. For the 
immunostaining of PDGFRα​, frozen sections were used. The muscle tissues were mounted on cork disks with 
tragacanth gum and frozen by immersion in a liquid nitrogen-cooled isopentane bath. The frozen specimens 
were sectioned at a 7-μ​m thickness using a cryostat (CM3050 S, Leica Biosystems, Nussloch, Germany). The 
sections were incubated with blocking solution (Blocking One, Nacalai) for 60 min and subsequently treated 
with the appropriate primary antibody diluted in blocking solution at 4 degrees overnight. After several washes, 
the sections were incubated with secondary antibody for 90 min. After several washes, the sections were incu-
bated with secondary antibody for 30 min. The slides were washed several times and mounted with cover slips 
using VECTASHIELD HardSet Antifade Mounting Medium with DAPI (Vector Laboratories, Burlingame, CA). 
Fluorescent images were acquired using an FSX100 Inverted Microscope (Olympus, Tokyo, Japan) and an FV10i 
confocal laser scanning microscope (Olympus). The contrast of the images was adjusted using Adobe Photoshop 
CC (San Jose, CA).

Image analysis.  The sections sliced from the muscle belly were used for image analysis. Digital images of the 
sections were acquired as described above. Areas of adipocytes/fatty tissues and the number of PDGFRα​ cells/
section were manually examined and quantified using ImageJ software (https://imagej.nih.gov/ij/). The values 
for intraclass correlation coefficient (1, 1) were 0.951 (95% confidence interval; 0.804–0.994) and 0.963 (95% 
confidence interval; 0.847–0.996) for sections stained for Perilipin (n =​ 5 sections) and PDGFRα​ (n =​ 5 sections), 
respectively.

Statistical analysis.  A one-sample t-test (two-tailed) was used for Figs 2 and 3B. One-way ANOVA followed 
by Tukey’s post-hoc test was used for Figs 3A and 4B. Student’s t-test (two-tailed) was used in Figs 5C,6,7A and B. 
The significance was set at 0.05 for all analyses. The values are presented as the means ±​ the standard deviations. 
All of the statistical analyses were conducted using GraphPad Prism software (Ver. 6.07; La Jolla, CA). The intra-
class correlation coefficient was analyzed using SPSS 22 (IBM, Armonk, NY).

https://imagej.nih.gov/ij/
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Results
Transcripts for adipocyte markers are induced following denervation and tendon transection.  
To characterize the biological changes in the SSP muscle after surgical intervention, we first examined the 
transcript expression levels of genes with crucial roles in adipocyte differentiation, including Klf5, Cebpa, and 
Pparg28,29. A total of 15 mice underwent the surgical intervention consisting of denervation of the suprascapular 
nerve and rotator cuff transection as described in the Methods. Five mice were analyzed at each time point (1, 2, 
and 4 weeks). All of the mice tolerated the procedure over the designated time period without any major issues 
or complications. At the time of analysis, we confirmed that there was apparently no tendon reattachment or 
scar tissue formation, which could potentially reconnect the transected SSP tendon to the humerus. Time course 
analysis of the gene expression pattern showed that all of the transcripts for these genes are transiently induced at 
approximately 2 weeks after the intervention (Fig. 2). Interestingly, we also found that the expression of the tran-
scripts for Pdgfra, a marker for PDGFRα​+ MSCs in the skeletal muscle18,19, peaked approximately 1 week after the 

Figure 1.  The generation of a fatty infiltration mouse model. (A–G) Macroscopic images highlighting the 
outline of the procedure. The dotted line indicates the skin incision (A). The inset shows the magnification 
of the boxed area (C). (H) A schematic of the present procedure. CL, clavicle bone; DT, deltoid muscle; SSN, 
suprascapular nerve; SSP, supraspinatus tendon; HH, humeral head; GF, glenoid fossa; SSC, subscapularis 
tendon; ISP, infraspinatus tendon; S, scapula, H, humerus. Bar, 5 mm.
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intervention, which preceded the expression of the adipocyte markers. Based on these findings, the expression 
levels of the transcripts were analyzed 2 weeks after surgical intervention in the subsequent experiments.

Combined intervention of denervation and rotator cuff transection is required to promote 
intramuscular fatty infiltration.  We next asked whether rotator cuff transection or denervation alone is 
sufficient to induce fatty infiltration in the SSP muscle. A total of 24 mice were randomly divided into 3 groups  
(8 mice/group): the rotator cuff tendon transection group (TT; rotator cuff transection and resection of the 
humeral head), the denervation of the suprascapular nerve group (DN), and the tendon transection and dener-
vation group (T +​ D). There were no statistically significant differences in body weight among the groups (data 
not shown). Gene expression analysis and muscle weight were analyzed 2 weeks after surgery (5 mice/group), and 
histological analyses were performed 4 weeks after surgery (3 mice/group).

Both the TT and DN groups showed significant decreases in the proportional weight of the SSP muscle com-
pared to the Ctrl group. The combination of denervation and tendon transection (T +​ D group) showed an addic-
tive effect on muscle atrophy (Fig. 3A). The expression levels of the transcripts for the adipocyte markers and 
Pdgfra were higher in the group receiving the combined intervention of denervation and tendon transection 
(T +​ D) compared to the groups receiving either one of the interventions (Fig. 3B). Immunostaining of the SSP 
muscle sections for perilipin, a membrane-bound protein specifically expressed in adipocytes, showed a marked 
increase in the number of adipocytes only in the T +​ D group (Fig. 4A). In accordance, histomorphometric analy-
sis of the fatty cell area was significantly increased in the T +​ D group compared to the other 2 groups and the Ctrl 
(Fig. 4B). These observations suggest that, although either denervation or tendon transection alone is sufficient to 
induce muscle atrophy, the combination of both interventions is required to efficiently promote fatty infiltration 
in the present mouse model.

Gene Strand Sequence

Gapdh
Fwd TCAACAGCAACTCCCACTCTTCCA

Rev ACCCTGTTGCTGTAGCCGTATTCA

Pdgfra
Fwd CTCTTCCCTTCCCACCATTAAC

Rev CTCCCGTCAGACCTTGTAATTC

Cebpa
Fwd GGTTTCCTGGGTGAGTTCAT

Rev AACCTAGGTCTCTGTCTCCTAC

Klf5
Fwd GGCTCTCCCCGAGTTCACTA

Rev ATTACTGCCGTCTGGTTTGTC

Pparg
Fwd CTGGCCTCCCTGATGAATAAAG

Rev AGGCTCCATAAAGTCACCAAAG

Table 1.   List of the nucleotide primers used in the present study.

Figure 2.  Time course analysis of the transcripts for Pdgfra and adipocyte markers. wks, weeks. The values 
represent the means ±​ S.D. n =​ 5 mice/each time point. Quantitative PCR was performed in triplicate. *p <​ 0.05; 
**p <​ 0.01.
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Figure 3.  The transcripts for Pdgfra and the adipocyte markers are highly induced in the SSP muscle after 
denervation and rotator cuff tendon transection. (A) The proportional weight of the SSP muscle to the body 
weight 2 weeks after the intervention. The values represent the means ±​ S.D. n =​ 5 mice/group. The values of 
each group were significantly different from one another (ANOVA, p <​ 0.001). (B) Expression levels of the 
transcripts for Pdgfra and the adipocyte markers. The values represent the means ±​ S.D. of the fold increase of 
each transcript over the basal expression level (dotted line). n =​ 5 mice/group. Quantitative PCR was performed 
in triplicate. *p <​ 0.05; **p <​ 0.01.

Figure 4.  The combination procedure of denervation and rotator cuff transection leads to fatty infiltration 
in the SSP muscle. (A) Immunofluorescent images of the SSP muscle sections stained for perilipin and with 
DAPI. Representative images of 3 biological replicates are shown. Bar, 50 μ​m. (B) The proportional areas of the 
adipocytes in the SSP muscle sections. The values represent the means ±​ S.D. n =​ 3 mice/group. Two different 
sections were evaluated in each muscle specimen. ***p <​ 0.001.
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The population of PDGFRα-positive cells increases after the combined procedure.  The rapid 
increase in the expression of Pdgfra transcripts after the intervention (Fig. 2) indicates that the population of 
PDGFRα​+ MSCs rapidly expands after denervation and tendon transection in the SSP muscle. Using the extracts 
of the SSP muscle tissues, Western blot analysis showed a marked increase of PDGFRα​ protein in the T +​ D 
group compared to the Ctrl group (Fig. 5A). Concomitantly, immunostaining for PDGFRα​ showed a significant 
increase in the number of PDGFRα​+ cells in the SSP muscle tissues collected from the T +​ D group compared 
to the Ctrl group (Fig. 5B and C). These results indicate that the combined procedure of denervation and tendon 
transection enhances the proliferation of PDGFRα​+ MSCs, which subsequently differentiate into adipocytes in 
the SSP muscle.

Suppression of PDGFRα signaling by imatinib attenuates fatty infiltration.  Because PDGFRα​+  
MSCs are the major source of adipocytes in skeletal muscle18 and the population of these cells increases after 
denervation and tendon transection, we hypothesized that suppression of PDGFRα​+ MSC proliferation would 
attenuate fatty infiltration in the SSP muscle. To this end, mice treated with both denervation and tendon tran-
section were randomly divided into two groups (13 mice/group) and were orally administered either imatinib 
mesylate (30 mg/kg, 5 days/week), a potent PDGFR inhibitor30, or PBS. Gene expression analysis was performed 2 

Figure 5.  PDGFRα+ MSCs are induced in the T + D group. (A) The tissue lysates of the SSP muscle collected 
from surgically treated and sham-operated specimens (2 biological replicates) were subjected to Western 
blotting using anti-PDGFRα​ (upper panel) and anti-GAPDH antibodies (lower panel). (B) Immunofluorescent 
images of the SSP muscle sections stained for laminin and PDGFRα​ and with DAPI. Representative images of 
3 biological replicates are shown. Bar, 30 μ​m. (C) The number of PDGFRα​-positive cells per microscopic field 
(214 μ​m ×​ 214 μ​m) of SSP muscle section. The values represent the means ±​ S.D. n =​ 3 mice. Three different 
sections were analyzed in each specimen. ****p <​ 0.0001.

Figure 6.  Treatment with imatinib suppresses the expression of adipocyte markers. The expression levels 
of the transcripts for Pdgfra and the adipocyte markers are shown. The values represent the means ±​ S.D. of 
the fold increase of each transcript over the basal expression level. n =​ 5 mice/group. Quantitative PCR was 
performed in triplicate. *p <​ 0.05; **p <​ 0.01.
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weeks after the surgery, and histological analysis and Western blot assay were performed 4 weeks after the surgery. 
Gene expression analysis showed significant decreases in the transcript levels of the late-stage adipocyte markers 
Cebpa and Pparg in the imatinib-treated group compared to the PBS-treated control group (Fig. 6). However, at 
the same time point, the differences in the transcript levels for the early differentiation markers Pdgfra and Klf5 
were not statistically significant between the two groups.

Histological analysis revealed significant decreases in the numbers of both perilipin-positive cells and 
PDGFRα​-positive cells in mice treated with imatinib compared to PBS-treated controls (Fig. 7A and B). The 
decrease in the expression of PDGFRα​ in the SSP muscle collected from imatinib treated-mice was confirmed by 
Western blot (Fig. 7C). These observations indicate that the decrease in PDGFRα​-positive cells is correlated with 
the suppression of fatty infiltration after surgical intervention.

Discussion
The present study describes a reliable mouse model which can efficiently induce fatty infiltration in the SSP 
muscle in 4 weeks. Using this model, we found that PDGFRα​-positive cells are rapidly induced after surgical 
intervention and that imatinib administration markedly suppresses fatty infiltration, suggesting that inhibition 
of the proliferation PDGFRα​+ MSCs may potentially ameliorate fatty infiltration in the SSP muscle after RCT in 
humans.

Our fatty infiltration mouse model is in accordance with previously reported RCT models in that a combined 
procedure of denervation of the suprascapular nerve and rotator cuff tendon transection is required to efficiently 
induce fatty infiltration26,27,31. On the other hand, there are some differences between the current and previously 
reported models. In one mouse model, the SSP and infraspinatus tendons were transected, and the subscapularis 
and teres minor tendons were left untouched26. However, in our preliminary experiments, we often observed 
spontaneous reattachment of the tendons to the humerus in this mouse model. We hypothesized that any tensile 
stress to the muscle could potentially suppress the development of fat infiltration, and complete transection of all 
four tendons of the rotator cuff and removal of the humeral head were necessary to prevent the reattachment of 
the tendons to the humerus. We analyzed more than 20 mice at 4 weeks after the procedure and found no regen-
erated tendons or scar tissue that could possibly reattach the SSP muscle to the humerus. In previous studies, 
histological analysis was performed 12 weeks after surgery, and a marked increase in the intramuscular fat was 
observed at this time point26,32. However, the increase in the transcripts for adipocyte markers was observed as 

Figure 7.  Treatment with imatinib suppresses the development of fatty infiltration in the SSP muscle 
after denervation and tendon transection. (A) Immunofluorescent images of the SSP sections stained for 
perilipin and with DAPI. Representative images of 3 biological replicates are shown (left panel). Bar, 100 μ​m. 
The ratio of the fatty tissue area in the SSP muscle sections is shown (right panel). Three different sections from 
each individual mouse were analyzed. n =​ 3 mice/group. ****p <​ 0.0001. (B) Immunofluorescent images of the 
SSP muscle sections stained for laminin and PDGFRα​ and with DAPI. Representative images of 3 biological 
replicates are shown (left panel). Bar, 30 μ​m. The number of PDGFRα​-positive cells per microscopic field  
(214 μ​m ×​ 214 μ​m) in the SSP muscle sections is shown (right panel). Three different sections from each 
individual mouse were analyzed. n =​ 3 mice/group. ****p <​ 0.0001. (C) Western blot analysis of the SSP tissues 
probed for PDGFRα​ and GAPDH. n =​ 2 mice/group.
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early as 2 weeks after the surgery, and fatty infiltration was obvious even at 4 weeks after the surgical intervention 
in the present model, indicating that suppression of the mechanical load to the muscle could enhance this process. 
Accordingly, studies have shown the crucial involvement of mechanical stress in regulating adipocyte differen-
tiation33–35. A study is currently underway to elucidate whether adipocyte differentiation of PDGFRα​+ MSCs is 
affected by mechanical stress in skeletal muscle. Nevertheless, the present study suggests that loss of tensile stress 
in the muscle is causally related to the development of fatty infiltration.

We found that after the combined intervention of denervation and tendon transection, the proliferation 
of PDGFRα​-positive cells and the increase in the transcript levels of Pdgfra precedes fatty infiltration and the 
increases in adipocyte marker transcript levels. These observations indicate that a complete loss of mechanical 
stress triggers the proliferation of PDGFRα​+ MSCs and that expansion of these cells is related to subsequent fatty 
infiltration in the SSP muscle. Most importantly, our data also suggest that inhibition of PDGFR signaling by 
imatinib treatment can suppress PDGFRα​+ MSC proliferation and the ensuing fatty infiltration in the present 
model. In accordance with this hypothesis, a recent study showed that inhibition of TGF-β​1 reduces the number 
of PDGFRα​+ MSCs, thereby suppressing the progression of fatty infiltration after RCT in a mouse model32.

Although these observations promote the idea that PDGFRα​+ MSCs are the source of adipocytes after 
RCT, there still are other possibilities. The intramuscular fat can potentially be explained by the proliferation of 
pre-existing adipocytes, the infiltration/invasion of adipocytes surrounding the muscle, or the differentiation of 
pluripotent stem cells that are not related to PDGFRα​+ MSCs36. Although the present study does not provide a 
conclusive answer to these issues, the data show that proliferation and adipocytic differentiation of PDGFRα​+ 
MSCs are, at least in part, responsible for this phenomenon. In addition, our data also suggest that a loss of muscle 
tensile stress, but not denervation or tendon injury per se, is responsible for triggering the proliferation and dif-
ferentiation of quiescent PDGFRα​+ MSCs residing in the muscle. However, the molecular mechanisms involved 
in the activation of PDGFRα​+ MSCs and the preferential differentiation of PDGFRα​+ MSCs towards adipocytes 
after massive RCT are still unknown.

We would like to mention herein that, considering PDGFRα​+ MSCs residing in the muscle as the major 
source of adipocytes, the use of the term “fatty infiltration” or “fatty degeneration” may not be scientifically sound. 
Although we have used “fatty infiltration” in the present manuscript for consistency and convenience, “fatty pro-
liferative change” would be more appropriate terminology to depict this condition. Clinically, fatty infiltration has 
negative impacts on muscle function and mechanical properties; however, this phenomenon can be recapitulated 
in several different mammal models and is preserved over different species26,27,31,37,38. Given that fundamental 
biological functions are generally conserved beyond species, it would be of interest to explore whether fatty infil-
tration has beneficial effects on metabolism or systematic homeostasis.

There are several limitations to the present study. First, as with other types of animal models, the differences in 
the size, anatomy, and physiology compared to those of humans can never be overlooked. Second, we primarily 
used relatively young (i.e., 9-week-old) mice in the present study, and it is unclear how aging would affect the 
development of fatty infiltration. Because patients with RCT and fatty infiltration are mostly among the elderly 
population, the results of animal model studies, which often use relatively young subjects, should be interpreted 
with caution. Third, although the excision of the humeral head was effective in minimizing the chance of reat-
tachment of the severed tendons to the humerus, the trauma caused by this procedure can potentially have some 
effects on fatty infiltration or muscle atrophy that do not necessarily reflect RCT pathology. In addition, because 
the excision of the humeral head itself dysfunctions the rotator cuff, we could not prepare an adequate sham 
control to evaluate the impact of this procedure (excision of the humeral head) on fatty infiltration. Nevertheless, 
we found that the present method is technically simple and yields consistent results in inducing fatty infiltra-
tion compared to the conventional methods that do not involve the excision of the humeral head. Fourth, as 
mentioned above, although our data indicate that inhibition of PDGFR signaling suppresses fatty infiltration, 
further studies are required to elucidate whether the PDGFRα​+ MSCs or other types of cells are the source of 
these intramuscular adipocytes and to determine the direct or indirect involvement of these cells in this process. 
Conditional abrogation of PDGFRα​+ MSCs and fate mapping of PDGFRα​-positive cells after RCT may help to 
clarify these issues.

In summary, the present study describes a reliable mouse model that can mimic the histological and biological 
changes of fatty infiltration after massive RCT in humans. Our data suggest that PDGFRα​+ MSCs are a potential 
cellular target for preventing intramuscular fatty infiltration. Although further studies are warranted, the present 
study may provide novel insight into the pathology and potential treatment modality of fatty infiltration accom-
panying RCT, to which no effective treatment or prophylaxis currently exists2,4.
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