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Abstract
Satellite cells (SCs) are the most abundant skeletal muscle stem cells. They are widely 
recognized for their contributions to maintenance of muscle mass, regeneration and hy-
pertrophy during the human life span. These cells are good candidates for cell therapy 
due to their self-renewal capabilities and presence in an undifferentiated form. Presently, 
a significant gap exists between our knowledge of SCs behavior and their application as a 
means for human skeletal muscle tissue repair and regeneration. Both physiological and 
pathological stimuli potentially affect SCs activation, proliferation, and terminal differentia-
tion - the former category being the focus of this article.
Activation of SCs occurs following exercise, post-training micro-injuries, and electrical 
stimulation. Exercise, as a potent and natural stimulus, is at the center of numerous stud-
ies on SC activation and relevant fields. According to research, different exercise mo-
dalities end with various effects. This review article attempts to picture the state of the 
art of the SCs life span and their engagement in muscle regeneration and hypertrophy in 
exercise.      
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Introduction
The adult human body consists of approximately 

600 muscles which form the largest body tissue, 
about 40-50% of body weight. Skeletal muscle mon-
onuclear stem cells, called satellite cells (SCs), have 
been first identified more than half a century ago by 
Mauro (1). Since then, there is tremendous interest to 
investigate their application in muscle regeneration 
and repair due to their special self-renewal and mul-
ti-differentiation capabilities (2). Their name per-
tains to their location, residing between the skeletal 
myofiber’s basal lamina and the plasma membrane. 
SCs play an important role in afterbirth growth and 
regeneration of skeletal muscle.

Muscle fiber hypertrophy is driven by the addition 
of SC nuclei to existing myofibers. The SC population 
also holds the nuclear reserve to enable muscle regen-
eration; however, they are usually mitotically quies-
cent (3). In occasions of regeneration and healing, 
SCs can activate to produce myoblasts and myonuclei 
through subsequent steps of activation, proliferation 
and differentiation (2). Once activated, SCs self-re-
new to provide a population of quiescent and undif-
ferentiated progenitor cells to replenish the SC pool 
or undergo differentiation in the myogenesis pathway. 
Since SCs are not the only cells with stemness proper-
ties in skeletal muscles, their identity as SCs is recog-
nized by the presence of specific molecular markers.
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Molecular markers of satellite cells 
SCs can be recognized with electron microscopy 

according to their location between the basal lami-
na and sarcolemma; however, this technique is too 
costly and time-consuming. In recent years sys-
temic and gene markers such as myogenic differ-
entiation 1 (MyoD) and paired box-7 (PAX7) have 
been used for their identification. However these 
markers should be used with caution as they are 
not translated equally in different animals (4). In 
addition, different arrangements of SC populations 
have been reported for various muscle groups (5). 
Altogether, PAX7 is considered to be a generally 
agreed upon biomarker for quiescent SC recogni-
tion. The SC population may be entirely assessed 
by a combination of MyoD, myogenin and PAX7 
staining (6). It seems reasonable to measure the 
above mentioned markers to determine the state of 
SCs in rodents (4). Since SCs are normally quies-
cent and are pushed activated in response to dif-
ferent physiological and pathological stimuli, it 
is therefore essential to identify the exact mech-
anisms and factors that affect SC activation and 
their temporal variation throughout their life span. 
In order to unravel the complexity of this subject, 

SCs heterogeneity in an individual, both in num-
ber and spatial distribution within various skeletal 
muscles, is a tremendous challenge in this field, 
which is not attended due to lack of empirical data.

Satellite cell activation 
When a skeletal muscle is exercised or injured, at 

the cellular level SCs exit from their quiescent state 
and become activated. SCs subsequently proliferate, 
differentiate, and fuse into preexisting myofibers to 
create new myonuclei or return to the basal quies-
cence state (7). Little information exists about the 
molecular mechanism that underlies the aforemen-
tioned process.  A family of proteins termed myo-
genic regulatory factors (MRFs) such as Myogenic 
factor -5 (Myf-5), MyoD, and myogenin control 
myogenic lineage progression. During the SCs acti-
vation process, the expression of MRFs increase and 
consequently these factors regulate myogenic pro-
gression (8). The involvement of MRFs, initiated by 
the first MRF (Myf-5), along with MyoD expression 
and proliferation increase in activated SCs (9). Sub-
sequently and in the final step, observed increments 
in myogenin expression as a marker of the terminal 
differentiation occur (Fig.1) (10).

Fig.1: The morphological and functional changes of satellite cells (SCs) in response to exercise. Resistance and endurance exercise via 
endo-, para-, or autocrine mechanisms activate SC from a quiescent state where they undergo proliferation, commitment, and differen-
tiation to add myonuclei to preexisting myofibrils or self-renew, and return to the quiescent state. During early stages of myogenic linage 
PAX7, CD56, and Myf5 derive the activation and proliferation process, however at later stages MRF4 and myogenin have a master regula-
tory role by controlling terminal differentiation (green color). 
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Concomitant expressions of MyoD and PAX7 
are well recognized as an SCs activation index (10, 
11), whereas in the absence of PAX7 and PAX3, 
Myf-5 is solely capable of myogenin activation 
resulting in myogenic differentiation. However, 
these SCs have no normal proliferation capacity 
and undergo apoptosis (11) which demonstrates 
the importance of PAX7 roles in normal SC be-
havior and skeletal muscle regeneration (12). In 
summary, SCs in response to different types of 
stimuli or under the control of MRFs can be ac-
tivated, proliferated, differentiated, and ultimately 
participate in muscle regeneration. In the absence 
of MRFs, however, different steps in the SC life 
span can be blocked or inhibited.

Regulation of satellite cell activation 

SCs are mitotically quiescent and their state 
is altered in response to a variety of physiologic 
and pathologic stimuli such as denervation (13), 
aging (14-16), sarcopenia (17), muscle burns 
(18), caloric restriction (19), and exercise (16, 
20-22). Physiological activators such as exer-
cise (15), mechanical stretches (14, 23), and 
aging (24-26), as well as pathologic conditions 
such as Duchenne muscular dystrophy (2, 27) 
and irradiation (24, 28) affect SC quiescence, 
their numbers, activation, and differentiation 
states through multiple signaling pathways. 
Regulatory factors of their behavior include 
elements present in their immediate microenvi-
ronment or the so-called niche that encompass-
es the structural elements, myofibers (29-31), 
local (auto- and paracrine) factors secreted by 
interstitial cells, microvasculatures, neuromus-
cular junctions, immune cells (32), and system-
ic factors such as insulin-like growth factor-1 
(IGF-I) and hepatocyte growth factor (HGF), 
the latter has recently been reported to play a 
triggering role in SC activation (33-35). Nitric 
oxide (NO) is also involved in SCs activation as 
mechanical stretching increases NO levels (14).

Satellite cell involvement in muscle hypertrophy 
It is suggested that SC addition to skeletal mus-

cle fibers positively promotes muscle hypertrophy 
(36). Muscle hypertrophy, an increase in the size 
of skeletal muscle fiber, which occurs in sports 
and strength training is a complex process affected 

through multiple sites and stimulatory/inhibitory 
factors such as neuromuscular junctions, endocrine 
molecules and myogenic regulatory genes, the net 
effect of all determines the gain in muscle mass. It 
has been reported that myonuclei have inhibitory 
"ceiling" or "restrictive" effects on myofiber hy-
pertrophy (37). According to the nuclear domain 
theory, an increase in skeletal muscle myonuclei 
only occurs simultaneously with a substantial in-
crement in the myofiber cross-sectional area (38-
41). The nuclear domain theory states that nuclear 
complement occurs in the early juvenile nuclei 
growth through an increase in domain size (33).  
This theory implies that alterations in myonuclei 
number occur by at least two mechanisms: the ad-
dition of myonuclei through SCs during hypertro-
phy and a decline in myonuclei number in apopto-
sis and/or necrosis during atrophy of muscle fibers 
(41). SC-mediated myonuclear addition sustains 
muscle growth (37, 42) when myonuclear domain 
peaks at ~ 2000 μm2 per nuclei (37, 39, 42).

SC content and muscle mass decline with aging, 
however both old and young individual’s SCs ap-
peared to have a similar response to exercise (43). 
Interestingly, this response was gender dependent, 
as an SC-induced hypertrophic response to resist-
ance training (RT) was distinctly higher in male 
volunteers (44). Some studies revealed that an 
increase in SC content after RT only happened in 
young male volunteers (42, 44).

Myostatin is expressed in SCs and myoblasts, as 
one of the most potential inhibitory growth factors 
of muscle hypertrophy (33). Myostatin suppresses 
MyoD and increases SCs self-renewal capacity 
thus maintaining SCs in the quiescent state (27). 
Although myostatin inhibition induces muscle hy-
pertrophy, this process seems to be SC-independ-
ent (45). Muscle hypertrophy and remodeling are 
complicated processes, hence it has been suggest-
ed that SCs play a pivotal role in this procedure. 
Its relative role and life-long importance in physi-
ological states (i.e., gender, aging, endurance, and 
RT) and in pathologic conditions (i.e., Duchene 
muscular dystrophy and cachexia) need additional 
investigation.

Satellite cell involvement in skeletal muscle 
regeneration 

The process of muscle regeneration consists of 
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three phases: distraction, repair, and remodeling. 
Each step is controlled by multiple endo-, para-, 
and autocrine regulatory factors. However, SCs 
appear to be the main candidates that play an es-
sential role in the muscle regeneration process, 
especially in the latter two phases of repair and 
remodeling (30).

According to Collins et al. (46), quiescent 
mice SCs grafted to a mice model of dystrophic 
muscles served operationally both in producing 
functional SCs and contributing to muscle fiber 
regeneration. However, rodent and human skel-
etal muscles host SCs that possess different fea-
tures. First, there exist various amounts of SCs 
in human and rodent skeletal muscles. Second, 
the muscle regeneration capacity of mouse SCs 
seems independent from their niche. Quiescent 
isolated mouse SCs are capable of taking part in 
muscle regeneration to functionally increase the 
SCs pool of dystrophic muscles in mice (4, 46). 
However, due to ethical considerations and dif-
ficulties in obtaining sufficient SCs for grafts 
and limitations in tracing transplanted SCs, an 
evidenced-based comparison is practically im-
possible and remains a highly challenging tech-
nique for future human randomized controlled 
trials. Retrieval of SCs from human skeletal 
muscles is currently impractical for as soon as 
the SCs are isolated, they face a new in vitro 
niche where they are suddenly exposed to high 
oxygen. This particular environment suites their 
path towards differentiation (47). It is therefore 
a necessity to comprehensively identify the life 
span of human SCs and recognize modulatory 
factors that affect their state and fate.

Negative and positive activators of SCs in-
clude macrophages (48, 49), microvasculature 
(50), neuromuscular junctions (51), smooth 
muscle cells, fibroblasts (52), and muscle fib-
ers (29, 31). Various activators can affect the 
SC life cycle and their capacity to participate 
in muscle regeneration. A substantial bulk of 
evidence indicates that growth factors such as 
IGF-1 (53), leukemia inhibitory factor (LIF) 
(54), HGF and endogenous fibroblast growth 
factor (FGF) (55) increase myoblast induced 
muscle regeneration in humans and mice (56). 
However, growth factor isoforms have differ-
ent effects. In contrast to IGF-1 (16), IGF-6 has 

either no (18) effect or a suppressing effect (20) 
on SC induced muscle regeneration.

Our current understanding about changes in 
SCs differentiation within a skeletal muscle is 
poor, especially with exercise influences. Carl-
son (57) have reported that newly formed myofi-
brils can readily be distinguished by their small 
calibers and centrally located myonuclei in the 
early stages of muscle differentiation. However, 
they observed that late stages of muscle differ-
entiation were morphologically and function-
ally indistinguishable from other myofibrils.  
Altogether, alterations in structural elements of 
a niche (i.e., basal lamina and myofibril), local 
and systemically secreted factors could affect 
SC activation, proliferation, terminal differen-
tiation, and their involvement in muscle regen-
eration.

Exercise and satellite cell activation
Since the discovery of SCs in 1961 by Mauro 

(1), we have increased our understanding of the 
mechanisms of SCs activation and their final fate. 
Solid evidence shows that SCs decrease with in-
creased age and during pathologic conditions such 
as muscle dystrophy (58). It has clearly been dem-
onstrated that increased muscle activity augments 
SC proliferation (15) whereas muscle inactivity 
decreases SCs proliferation (22).

Exercise and training can easily be under-
taken and its parameters manipulated, hence 
this can be a natural, non-pharmacologic, 
promising route of intervention in regenerative 
medicine. Although exercise, as a physiologic 
stressor, could potentially exert modulatory ef-
fects during different stages of the SC life cy-
cle, inconsistent reports exist on responses to 
different modes of exercise. Different exercise 
parameters (i.e., frequency, intensity, duration, 
and type/mode of exercise) should be taken 
into consideration when evaluating exercise-in-
duced SC changes. As seen in Table 1, different 
exercise interventions can modulate SC activa-
tion in various ways (12). However, determin-
ing the exact volume, duration, and threshold of 
exercise training for optimal activation of SC 
in subjects at different physical fitness levels, 
ages, and gender is currently extremely diffi-
cult, if possible.
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Satellite cell response to endurance exercise
SCs activate from their quiescent state in re-

sponse to events, such as micro-injuries that fol-
low exercise. Inconsistencies and variations in SC 
content and activity after endurance training as re-
ported in the literature can be attributed to differ-
ences in intensity, duration, and frequency of the 
administered exercise and/or to some extent to in-
compatible muscles studied. Time and intensity of 
exercise are important contributing factors in SCs 
activation. An increase in SC content has been re-
ported after 40 to 155 minutes of moderate to high 
intensity endurance exercises (21, 59, 60), whereas 
a similar change after 30 minutes of low intensity 
exercise was not observed (61). This finding has 
implied that the intensity of the exercise is an im-
portant factor in SC activation and supports SC en-
gagement in muscle regeneration (12). Similarly, 
Kurosaka et al. (62) have confirmed that increased 
in SC content depended upon the intensity rather 
than the duration of exercise.

On the other hand, various muscle groups and 
types react differently to exercise interventions. 
Smith et al. have stated that rat SC content did 
not increase following one week of running on a 
treadmill for 30 minutes per day (61). In contrast, 
Parise et al. (21) reported a significant increase in 
SC number and activation in mice two and four 
days after they ran on a treadmill. Of note, Smith 
et al. (61) studied the soleus whereas Parise et al. 
(21) studied the anterior tibialis muscle, the for-
mer known to be mainly a slow type muscle (63). 
Type I fibers have more SCs than type II fibers  
and hence a lesser adaptive potential (12). Finally, 
the type of muscle contraction can modulate SCs 
response to exercise. Mangan et al. (59) have re-
ported increased numbers of SCs 72 hours after 
rats engaged in 90 minutes of -13.5˚ non-fatiguing 
eccentric running on a motorized treadmill. In a 
study by Eksteen (64), well-trained runners com-
pleted 10 sessions of a high intensity running pro-
tocol during a 4-week downhill (-6˚) and uphill 
(+15˚) running period. They were the first to report 
an SC proliferation response in the vastus lateralis 
(VL) muscle marked by increased CD56 (138%) 
and M-cadherin (123%). In that study both uphill 
and downhill running significantly increased SC 
terminal differentiation as interpreted by a remark-
able 56% (uphill) and 60% (downhill) increase in 

myogenin.
A limited number of studies regarded the effects 

of long-term endurance training (ET) on SCs (Ta-
ble 1). Some animal studies reported an increase in 
SCs number and activation following 6-13 weeks 
of moderate to high intensity ET in young (65-67) 
and old (61, 67) rats.

Recently Fry et al. (65) and Joanisse et al. (66) 
reported an increase in SC activation following 
high and low intensity ET, respectively. In one 
study Snijders et al. (67) demonstrated that six 
months of moderate intensity ET intervention 
(75% baseline VO2 max) insignificantly affected 
the SC pool in obese diabetic subjects. However, 
since participants were obese diabetic patients un-
der drug therapy, their training consisted of a com-
bination of walking, skiing, and bicycle ergometer 
intervention, which made it unreasonable to com-
pare the results.

Satellite cell response to resistance exercise in 
humans

Short-term SC response to resistance exercise 
(RE) is frequently studied by applying eccentric 
RE (ECC-RE) on the superficial and accessible 
VL muscle with an isokinetic dynamometer in a 
training regime which induces relatively maxi-
mum muscle micro-injuries (68-73). A comparison 
of ECC-RE and electrical stimulation in 8 young 
men has shown that electrical stimulation resulted 
in a higher increase in myogenin 24 hours after ex-
ercise. However, the study showed similar CD56 
and PAX7 increments at 24, 96, and 192 hours fol-
lowing electrical stimulation than maximum ECC-
RE (74).

Exercise intensity is believed to be one of the 
most detrimental functional factors that modify 
SCs response to RE. There are ample findings in 
support of the effectiveness of moderate to high 
intensity RE, either alone (68, 72, 73, 75-80) or 
combined with sport supplements (81, 82) on SC 
activation. The minimal threshold of RE intensity 
for SCs activation remains unidentified. A few evi-
dences have demonstrated that even low intensity 
RE could stimulate SCs activation (75).

Recently, low intensity RE [20-30% one repeti-
tion maximum (1 RM)] with blood flow restric-
tion (BFR) has gained increasing interest because 
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of their ability to increase SCs activation (83, 84). 
Wernbom et al. (84) observed an increase in SCs 
response to low intensity RE (30% 1 RM) both 
with and without BFR. However, as study subjects 
performed BFR+RE with one leg followed by RE 
alone with the opposite leg (a 10-minute lapse be-
tween two), the cross-transfer effects impact of 
this exercise protocol at the systemic level might 
have influenced and biased the results.

Alongside intensity, there exist other decisive 
factors in training such as exercise volume. It 
can be asserted that as with other modalities 
of exercises, an undetermined threshold exists 
for volume of the RE mode beyond which RE 
intervention induces SCs activation. A few re-
searches have observed SC activation due to 70 
to 300 repetitions of RE (68, 70, 73, 77, 78, 83, 
85, 86) (Table 1). Paulsen et al. (85) demon-
strated by florescent microscopy and multiple 
labeling that 70 repetitions of eccentric elbow 
flexion (one round) resulted in SC  activation, 
proliferation,  and  consequent terminal differ-
entiation (myoblast fusion). The acute SC re-
sponse to short-term RE was observed to oc-
cur 24 hours following exercise according to 
O’Reily et al. (72) who failed to report CD56 
positive SCs 4 hours following knee extensor 
muscle ECC-RE. Instead, they observed eleva-
tions in SC numbers of 147% (1 day), 138% (3 
days), and 118% (5 days) after exercise. Similar 
results by Mackey et al. (87) confirmed that a 
24-hour period was required for SC response to 
exercise.

 Crameri et al. (68) observed an increase in 
CD56 positive SC two days after a one-bout knee 
ECC muscle contraction (3 sets×70 repetitions), 
which persisted up to 8 days following the exer-
cise. This was one of the longest follow-up studies 
registered. The authors reported a 146-192% in-
crease in SC during the 2- to 8-day exercise period 
in young men. However, shorter periods of time 
were not investigated due to limitations in sam-
ple size. The short-term response of SC to RE in 
young and old volunteers investigated by Dreyer 
et al. (78) showed an increase in SCs numbers, 
both in young (141%) and old (51%) subjects 24 
hours after maximal knee extensor muscle ECC-
RE (92 repetitions).

Taken together, it appears that one bout of moder-
ate to high intensity RE upregulates SC activation 

markers (CD56, PAX7, MyoD) in young and adult 
subjects. It seems that a complete SC response to 
RE exercise takes place 72-96 hours following ex-
ercise bouts, where SC number peaks at its highest 
value (68, 72, 85, 87, 88). Most studies analyzed 
SC responses in young volunteers after ECC-RE 
session(s), yet have not thoroughly investigated 
other possible confounding factors such as gender 
and exercise attributes (intensity, frequency, and 
duration). These seem to be as promising research 
venues in the future (59, 89-91). It is believed that 
long-term systematic exercise training interven-
tions can induce distinctive and positive effects on 
both muscle structure and function.

Satellite cell response to resistance training  
A number of published studies researched the ef-

fects of long-term RT on SCs. A few reported that 
6-20 weeks of RT protocol per se (37, 43, 44, 79, 
89, 92, 93) or along with sport supplements  (94-
100)  increase SCs content and activation (Table 
1). The duration of RT administered ranged from 
30-64 sessions of moderate to high intensity RT 
(60-80% 1 RM).  Bellamy et al. (95) investigated 
the effects of 16 weeks (64 sessions) whole body 
high intensity RT (75-80% 1 RM) with whey pro-
tein on SC behaviors. They reported that their 
training regime induced a 47% increase in post-
training SCs content (95).

Satellite cell response to long-term resistance 
versus endurance training  

Few comparative studies investigated SCs re-
sponse to long-term RT and ET. Verney et al. 
(98) observed a similar increase in SC content 
in the deltoid and VL muscles after 14 weeks of 
resistance and ET in the same subjects. Howev-
er, due to different muscle fiber type composi-
tions, the rationale for a direct comparison was 
missing. Burd et al. (75) compared the effects 
of three RT intensities (90% 1 RM to failure, 
30% 1 RM to failure, and 30% work load match 
with 90% 1 RM) on SC state and reported 
that PAX7+ SCs increased in all three groups, 
whereas MyoD and myogenin only enhanced in 
the 30% 1RM to failure group. The authors sug-
gested that low intensity high volume RT was a 
more potent anabolic stimuli than high intensity 
low volume RT. These findings have suggested 
that an optimal training volume threshold ex-
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ists. As such, fatigue is a significant stimulus 
for activation, proliferation, and terminal dif-
ferentiation of SCs. Of note, simultaneous RT 
and ET increases SC numbers with subsequent 
enhancement of muscle mass and myonuclei 
(37, 43, 99). However, endurance exercise could 
neither increase satellite cell content (100, 101) 
nor myonuclei addition to preexisting host my-
ofibers (37, 42, 102).

SCs activation may induce improvement in the 
muscle regeneration process by SC self-renewal. 
At least to a certain extent, regulation of muscle 
mass growth is independent of exercise-induced 
satellite cell myonuclei donation. This concept is 
important in exercise prescription for elder pa-
tients who suffer from skeletal muscle weaknesses 
(i.e., aging sarcopenia and other pathologic con-
ditions) where muscle mass growth and function 
have special priority.

It appears that myofiber type-related differences 
exist in SC response to exercise. Although a few 
evidences demonstrate that types I and II myofib-
ers have the same SC content (77, 103), numerous 
studies reveal that type I fibers possess a greater 
resting SC number in rodents (26, 102, 104) and 
humans (26, 93, 102, 104). A few investigations 
have compared responses of types I and II myofib-
er SCs to exercise. Some human studies showed 
no type-related differences in SC content in young 
subjects (24, 25, 67). In response to training, the 
number of type II myofiber SCs increased, yet 
type I showed no increase (93, 102). This process 
seems reasonable as type II have a greater contri-
bution to muscle mass (hypertrophy) and higher 
responsiveness to RT. However, this proposed as-
sumption needs future clarification.

The mechanisms of exercise induced SCs acti-
vation are not completely identified. However, the 
early view towards the effects of exercise on SCs 
activation is that exercise induces micro-damage, 
wear, and tear in skeletal muscle tissue, where 
compensatory inflammatory responses follow and 
lead to SCs activation. However, recent data have 
shown activation of SCs after a non-damaging low 
intensity exercise (75).

Exercise, as a potent stimulus, can alter endo-, 
para-, and autocrine regulators of SCs behavior 
(Fig.1). It is well known that exercise increases 
systemic levels of SCs that control cytokines 

(87, 105), endocrine hormones (106, 107), and 
growth factors (107, 108). Paracrine factors 
arise from microvasculature (109) and neuro-
muscular structures. Finally, different types of 
exercise (especially eccentric contractions) can 
impose mechanical strain and sarcolemma dam-
age (110) as important mediators of niche  and 
SCs activities. Alongside these mechanisms 
exercise may affect negative regulators of SCs 
behavior, including myostatin and transform-
ing growth factor-beta (TGF-β) (107, 111, 112). 
Exercise is reported to halt myostatin inhibitory 
effects on SCs behaviors (113, 114). However, 
detailed mechanisms of how exercise affects 
SCs behaviors need more research.

SCs are activated even after short-term exercise, 
but increases in SC numbers only occur after long-
term RT or ET (12). Further research is needed to 
clarify the exact distinctive and interactive role 
of exercise and SC regulatory factors in order to 
highlight mechanism(s) involved in skeletal mus-
cle adaptation to exercise during different physi-
ological and pathological (muscle dystrophy, ca-
chexia, etc.) conditions.

There are no documented human SC studies in 
Iran (115). However, a few studies have applied 
skeletal muscle stem cell for differentiation into 
adult cardiomyocytes (116-118). Sharifiaghdas et 
al. (119) extracted skeletal muscle stem cells de-
rived from patients’ rectus abdominis muscles. 
They successfully produced multinuclear myotube 
in culture and employed them to treat senile dys-
functional external sphincter muscles. As a weak 
point of this study, the authors did not report the 
patients’ ages. Salesi et al. (120) documented the 
effect of 8 weeks of moderate endurance exercise 
(70-80% VO2 max) along with a estrogen supple-
ment on SCs in ovariectomized rats. They have 
observed a 1.5-fold increase in SC numbers as in 
the 8-week exercise-only group, assessed by the 
CD56 marker, whereas estrogen supplement per 
se and when accompanied with exercise, resulted 
in 73.9 and 68% decrease in SC numbers, respec-
tively. Muscle samples were taken from the soleus 
muscle, a predominantly slow muscle which pos-
sesses greater resting SC levels and is less respon-
sive to training compared to fast muscles (17). It is 
therefore reasonable to assess different myofiber 
isoforms for better evaluation of SC response to 
different exercise modalities.
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Khadivi-Borujeny et al. (121) measured a few 
SC modulatory factors: myostatin, TGF-β, and 
FGF-2 after 8 weeks of low load RT (30% of body 
weight). They observed a significant decrease in 
myostatin, increased FGF-2, and no change in 
TGF-β. The authors did not directly measure the 
SC markers. Hence it is difficult to draw a conclu-
sion about effectiveness of an RE regime in the SC 
life cycle. Moreover, they did not report the ani-
mals’ weights at the end of 8-week RE program. 
Assay limitations in measuring animal percent 
body fat was asserted as a weakness of the study 

according to the authors.

A review article by Jamalpoor et al. (122) conclud-
ed that acquisition of theoretical and empirical skills 
to obtain SCs, activate, proliferate, and differentiate 
into adult myofibers and ultimately into 3-D skeletal 
muscle substitutes are amongst many research areas 
that may repair muscle loss and injuries. The use of 
SCs, not only in muscle repair and regeneration, but 
also in advancing athletes’ and soldiers’ skeletal mus-
cle powers beyond current biological limitations is 
envisioned as a future goal. 

Table 1: The effects of various short- and long-term exercises/interventions on SC activation

  Mode of intervention Effects on SC activation References

Resistance exercise (RE) ST ↑ (73, 75-82, 88, 114, 115)

LT ↑ (32, 38, 39, 92, 95-97, 116)

Endurance exercise ST ↔ ↑ (59, 117, 118)

LT ↔ ↑ (68-70, 79, 115, 116)

Supplements and exercise ST ↔  ↑ (84, 85, 118, 119)

LT ↑↔ (84, 98-100, 119)

Sprint exercise ST ? -

LT ↑ (66)

Concurrent exercise ST ↓↑ (98, 123-125)

LT ? -

HIIT ST ↑ (76, 126)

LT ? -

BFRE ↑ (83, 84)

Electrical stimulation ↑ (74)

Irradiation ↓ (28, 39)

Drug and exercise ↓ (71)

ST; Short-term, LT; Long-term, SC; Satellite cell, HIIT; High intensity interval training, BFRE; Blood flow restriction exercise, 
↓; Decrease, ↔; Unchanged, ↑; Increase, and ?; Undetermined.
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Conclusion
SCs are the most important skeletal muscle resi-

dent stem cell that are known to reduce in numbers 
with aging, sarcopenia, and diseases such as mus-
cle dystrophy. In contrast, physiological stimuli 
such as RT and ET and muscle micro-injuries that 
follow will initiate positive compensatory adapta-
tions either by an increase in SC number or by sup-
pression of the aging-dependent reduction in SC 
content. Exercise mode, volume, intensity and du-
ration is to be optimized in order to activate, prolif-
erate, and differentiate SCs. These are considered 
hot topics in the stem cell and exercise research 
arena. Some studies suggest that exercise intensity 
is the most important factor that determines SC ac-
tivation, whereas others claim it is the volume that 
plays an essential role. Taken together, a determin-
ing optimum threshold of various exercise proto-
cols for SCs stimulation is a research venue that 
needs further elucidation. Comprehensive, multi-
center, inter-racial studies are necessary; to focus 
on SC modulator factors (e.g. age, gender and fit-
ness levels of participants) where data comparison  
make human interventions possible.
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