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ACTN3 R577X Genotype Is Associated with ACTN3 Protein Expression Levels and

Myosin Heavy Chain Composition in Japanese College-Level Male Sprinters
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Objective: Alpha-actinin (ACTN) 3 R577X polymorphisms have three genotypes: RR, RX and XX. Only RR and RX genotypes
express ACTN3 protein in type II fibers. The purpose of this study was to clarify whether there are differences in ACTN3 protein
expression levels and myosin heavy chain (MyHC) composition between RR and RX genotypes in Japanese college-level male
sprinters.
Materials and Methods: Forty—-three Japanese college-level male sprinters participated in this study. Subjects were genotyped
for ACTN3 R577X using a real-time polymerase chain reaction assay. Furthermore, muscle biopsies from the vastus lateralis
muscle were obtained from a subset of subjects who had R allele and gave their consent (4 RR and 9 RX). ACTN3 protein
expression levels were assessed by western blotting. MyHC composition was determined by sodium dodecyl sulfate
polyacrylamide gel electrophoresis.
Results: There was no difference in 100-m sprint performance among RR, RX and XX genotypes in all 43 subjects. In 13 biopsy-
sampled subjects, there was also no difference in 100-m sprint performance between RR and RX and ACTN3 protein expression
levels tended to be higher in RR genotype than in RX genotype. Although there were no differences in the proportion of type I
and II MyHC isoforms between both genotypes, RR genotype had a significantly higher proportion of type IIx MyHC isoform and
a significantly lower proportion of type IIa MyHC isoform than RX genotype.
Conclusions: ACTN3 protein expression levels and the proportion of type IIx MyHC isoform are higher in RR genotype
compared with RX genotype in Japanese college-level male sprinters.
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twitch) and II (fast twitch) skeletal muscle fibers,

Introduction . .
whereas ACTN3 protein is restricted to type II

In mammalian skeletal muscle, two alpha-actinin
(ACTN) isoforms, ACTN2 and ACTNS3, are major
components of the Z-lines, where they form a lattice
structure that anchors the actin-containing thin
filaments and stabilize the contractile apparatus ™.

ACTN?2 protein is expressed in both type I (slow

fibers in human skeletal muscle”. In general, it is
thought that the expression of ACTN3 protein in
type II fibers contributes to the generation of
greater muscular strength and power. ACTN3
protein is encoded by ACTN3 gene, and ACTN3
gene R577X polymorphisms have three genotypes
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(RR, RX and XX). RR and RX genotypes express
ACTN3 protein in type II fibers, whereas XX
genotype results in a complete deficit of ACTN3
protein®. Therefore, it may be important for sub-
elite and elite sprinters to have R allele. Indeed, it
has been reported that the frequencies of RR and
RX genotypes are higher than that of XX genotype
in sprinters and there is no XX genotype in top-
level sprinters®. However, the differences between
RR and RX genotypes in sub-elite and elite sprinters
have not been studied very well, although sprint
performance of RR and RX genotypes with ACTN3
protein has been compared with that of XX genotype
without ACTN3 protein. In addition, there has been
no study comparing ACTN3 protein expression
levels between RR and RX genotypes in sprinters,
although it was reported that ACTN3 protein
expression levels were higher in healthy male adults
with RR genotype than in those with RX genotype”.

It is generally accepted that muscle fiber
composition influences sprint performance®. Ahme-
tov et al.” stated that the ACTN3 gene R577X
polymorphism may be one of the contributing gene
variations in the determination of muscle fiber
composition and showed an association between
ACTN3 R577X genotypes and average percentage
of slow twitch fibers in physically active subjects
including different racing distance speed skaters.
We have also shown that RR + RX genotypes have a
higher proportion of type IIx myosin heavy chain
(MyHC) isoform than XX genotype in young
men'?. In contrast, Norman ef al. found no differ-
ences in muscle fiber composition among three
genotypes in healthy young men and women'”.
Clearly, there is a lack of consistent findings
regarding the relationship between ACTN3 R577X
genotype and muscle fiber composition, and specifi-
cally whether muscle fiber composition in sprinters
differs between RR and RX genotypes.

The purpose of this study was to clarify whether
there are differences in ACTN3 protein expression
levels and MyHC composition between RR and RX
genotypes in Japanese college-level male sprinters.

Materials and Methods

1. Subjects

Forty-three Japanese college-level male sprint-
ers (100-m personal best time: 10.91 = 0.31 s)
participated in this study. All subjects trained for
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2-3 h, five times a week. All subjects gave their
written consent to participate in this study after
being fully informed of the study protocol, proce-
dures, and risks. This study was approved by the
Ethics Committee of the Graduate School of Health
and Sports Science, Juntendo University (approval
number: GHSS 25-53) and was conducted in
accordance with the principles of the Declaration of
Helsinki.

2. Analysis of ACTN3 R577X genotypes

Blood samples were extracted from all subjects to
identify their ACTN3 R577X genotype (rs1815739)
using the Custom TagMan SNP Genotyping Assay
(Applied Biosystems, Tokyo, Japan). For the
ACTN3 R577X polymorphisms, the sequences of
the primers and probes were 5-CACGATCAGTT
CAAGGCAACA-3 (forward  primer), 5-
CCCTGGATGCCCATGATG-3 (reverse primer),
VIC-5-CTGACCGAGAGCGA-3" (probe for the R
allele), and FAM-5-AGGCTGACTGAGAGC-3
(probe for the X allele), as previously described .
Amplification and detection were performed using
a 7300 real-time polymerase chain reaction (PCR)
system with TagMan PCR Master Mix (Applied
Biosystems, Tokyo, Japan). The thermal cycle
protocol consisted of 2 min at 50C and 10 min at
95C, followed by 15 s of denaturation at 95C and
60 s of annealing/extension at 60C for 40 cyclesin a
total reaction mixture of 25 pl. All reactions were
set up manually, and allelic discrimination was
determined in duplicate.

3. Muscle biopsy

Muscle biopsies were obtained from the dominant
vastus lateralis muscle of 4 RR and 9 RX subjects
who had given their consent for muscle biochemical
analyses. Using a disposable biopsy instrument (14-
gauge, Max Core; C.R. Bard, Covington, GA, USA),
5-15 mg of muscle was obtained three times under
local anesthesia with 1% lidocaine solution. After
removal, the muscle samples were frozen immedi-
ately in liquid nitrogen and stored at -80C in
preparation for western blotting and MyHC compo-
sition analyses.

4. Sample preparation
For sodium dodecyl sulfate polyacrylamide gel
electrophoresis (SDS-PAGE), muscle samples
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were homogenized in X 15 ice—cold buffer [50 mM
HEPES pH 7.4, 4 mM EGTA, 10 mM EDTA,
50 mM B-glycerophosphate, 25 mM sodium fluo-
ride, 5 mM sodium orthovanadate, 0.1% Triton X-
100, Protease Inhibitor Cocktail Complete EDTA-
free (Roche, Penzberg, Germany) and PhosSTOP
(Roche, Penzberg, Germany)] and centrifuged at
12,000 X g for 15 min at 4C, as described by Kakigi
et al®™. After discarding the supernatant, the
insoluble pellets were resuspended in X 15 1% SDS
buffer (20 mM HEPES, 1% SDS, 250 mM sodium
chloride (NaCl)), the samples were centrifuged at
15000 % g for 5 min at 4C. The supernatant was
collected, and the total protein concentration was
determined using a BCA™ Protein Assay Kit
(Thermo Scientific Inc., USA) with bovine serum
albumin (BSA) as a standard. For ACTN3 protein
and MyHC analyses, the supernatant was mixed
with an equal volume of 2 X sample buffer [125 mM
Tris-HCl (pH 6.8), 4% SDS, 50% glycerol, 0.01%
bromophenol-blue, 10% 2-mercaptoethanol] using
the same protein concentration in each sample and
then boiled at 95C for 5 min. The samples were
stored at -80C prior to western blot and MyHC
composition analyses.

5. SDS-PAGE and western blot analysis for

ACTN3 protein

The same amount of protein (1.05pg) was
loaded into each well of an SDS-PAGE gel (4%
stacking gel, 10% separating gel) and then run at
150 V for 1 h. After separation, the proteins were
transferred to PVDF membranes at 100 V for 1 h.
The membranes were then blocked for 1 h using 5%
skim milk in Tris-buffered saline (20 mM Tris,
137 mM NaCl, pH 7.4) supplemented with 0.1%
Tween-20 (T-TBS). After that, the membranes
were incubated with primary antibody specific to
ACTN3 (1:20000) in T-TBS containing 5% skim
milk. The membranes were subsequently washed
with T-TBS and incubated with an anti-rabbit HRP
conjugated secondary antibody (1:10000, HRP-
linked anti-rabbit IgG: Cell Signaling) in 5% skim
milk in T-TBS for 30 min. After repeated washing,
each protein band was visualized using a chemilu-
minescence reagent (ECL Prime Western blotting
Detection System, GE Healthcare UK, Buckingham-
shire, UK) and images were captured using an
image analysis apparatus (Light Capture; ATTO,

Bunkyo-ku, Japan). Each band was evaluated using
computer software (CS Analyzer 3.0, ATTO). For
each protein, all optical density values were
normalized using actin (A3853, Sigma-Aldrich,
USA) as a loading control. The protein expression
levels are shown in arbitrary units (AU). All
incubations were performed at room temperature.
The antibody against ACTN3 was kindly provided
as a gift from research group'”. Standard curves
were constructed for each protein analysis.

6. Determining MyHC composition

The MyHC composition was determined using
glycerol—SDS-PAGE according to the modified
method described by Sugiura and Murakami'.
Briefly, 1.75 pg of samples was applied to the
glycerol—SDS-PAGE gel (stacking gel: 4% acryla-
mide, 34.7% glycerol, 125 mM Tris-HCI pH 6.8;
separating gel: 8% acrylamide, 33.3% glycerol,
375 mM Tris-HCl pH 8.3). Electrophoresis was
started at 60 V with the stacking gel at 8C. The
voltage was set at 150 V and the gel was run for 18 h
at 8C at which point the tracking dye had
completely entered the separating gel. After separa-
tion, each gel was stained with Coomassie Brilliant
Blue (Biosafe G250; Bio-Rad Laboratories) and then
rinsed with distilled water. To determine the relative
percentage of each MyHC isoform, each gel was
scanned using a calibrated densitometer (GS800;
Bio-Rad Laboratories) and the MyHC composition
was determined using Image] (NIH) software.

7. Statistical analyses

All data are presented as mean =* standard
deviation (SD). The 100 m best times for the RR,
RX, and XX genotypes for all subjects were
analyzed by one-way analysis of variance
(ANOVA). Student’s t-tests were used to deter-
mine differences in the limited samples between RR
and RX genotypes for all parameters. Statistical
significance was set at p < 0.05. All analyses were
performed using SPSS ver. 23.0 statistical software
(SPSS, Chicago, IL, USA). Since XX genotype
subjects have no detectable ACTN3 protein, they
were excluded from biochemical analyses.
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Table-1 Genotype frequency and 100-m best time among ACTN3 R577X genotypes

RR RX XX
Number 12 (4) 25 (13) 6
Distribution (%) 27.9 58.1 14.0
100-m best time (s) 1083 +0.29 10.920.31 10.99 +0.31

(11.13+0.27)

(10.95+0.39)

Values are mean = SD.

The data in parentheses indicate muscle biopsy-sampled subjects.

RR RX

ACTNS s s

ACHN - g

p=0.070

1.4 -
1.2
1.0 -
0.8 1
0.6 A
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ACTN protein expression levels

RR ) RX

Figure-1 Alpha-actinin (ACTN) 3 protein expression
levels in subjects with RR and RX genotypes

The upper panel shows an image of a typical western blot and the

lower panel shows a quantitation of 13 subjects.

RR (black bar); RX (white bar). Values are mean * SD.

Results

1. ACTN3 R577X distribution and sprint per-

formance

Table-1 shows ACTN3 R577X genotype
distribution (RR, RX, and XX) for all 43 with
biopsy-sampled 13 subjects and their correspond-
ing sprint performance times. Genotyping of the all
subjects showed that 12 (27.9%) were RR, 25
(58.1%) were RX, and 6 (14.0%) were XX. There
were no statistically significant differences in
average 100-m sprint performance times among
three genotypes in all subjects and between RR and
RX genotypes in biopsy-sampled subjects.

2. ACTNS protein expression levels and MyHC
composition
Figure-1 shows ACTN3 protein expression
levels of RR and RX genotypes in the subset of
subjects. ACTNS3 protein expression levels tended to
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Table-2 MyHC composition in RR and RX genotypes

RR RX
(n=4) (n=9)
Type I (%) 27.1 = 2.7 26.3 £ 6.0
Type Ila (%) 40.5 = 6.2* 50.7 £ 6.0
Type IIx (%) 32.4 £ 5.1%* 23.0 £ 4.6

Values are mean * SD.
*p < 0.05, vs. RX genotype
**p < 0.01, vs. RX genotype

be higher in RR genotype than in RX genotype (RR
vs. RX; 1.00 = 0.31 vs. 0.68 * 0.25, p = 0.070).

Table-2 shows the relative content of all MyHC
1soforms between RR and RX genotypes. No signifi-
cant differences were found in the proportion of
type I and II MyHC isoforms between RR and RX
genotypes (RR vs. RX: type I; 27.1 = 2.7% vs.
26.3 = 6.0%, type II; 72.9 £ 2.7% vs. 73.7 *£
6.0%). However, RR genotype had a significantly
higher proportion of type IIx MyHC isoform and a
significantly lower proportion of type Ila MyHC
isoform than RX genotype (RR vs. RX; type IIx:
32.4 £5.1% vs. 23.0 = 4.6%, p < 0.01, type Ila:
40.5 = 6.2% vs.50.7 = 6.0%, p < 0.05).

Discussion

In the present study, we obtained the first
evidence demonstrating a relationship between
ACTN3 R577X genotype, ACTN3 protein expres-
sion levels, and MyHC composition in Japanese
college-level male sprinters. The results indicate
that ACTN3 protein expression levels and the
proportion of type IIx MyHC isoform are higher in
RR genotype compared with RX genotype. How-
ever, there is no difference in their sprint perform-
ances between RR and RX genotypes.

We recruited 43 college-level male sprinters for
this study. The average 100-m best time for all and
a subset of biopsy-sampled subjects were 10.91 =
0.31s (n=43) and 11.00 = 0.36 s (n = 13). The
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frequencies of ACTN3 R577X genotype in the
present study were 27.9% RR, 58.1% RX, and
14.0% XX. It is reported that ACTN3 R577X
genotype frequencies were 20.3% RR, 53.3% RX,
and 26.3% XX in Japanese controls'®. On the other
hand, it has been reported that the frequencies of
RR and RX genotypes were higher and there were
few or no XX genotype in top-level sprinters® 7.
Thus, it is not unusual for a certain number of XX
genotype to exist in the present study. Mikami et
al." demonstrated that sprinters with RR and RX
genotypes were significantly faster in 100-m
sprints than those with XX genotype (RR and RX
vs. XX; 10.42 = 0.05s vs. 10.64 = 0.09s). In
contrast, there are no differences in muscular
performance among three genotypes in healthy

n''” These results suggest that genetic

me
polymorphisms may influence sprint performance
in high-level sprinters. Therefore, in the present
study of college-level sprinters, it iS not surprising
to find no significant difference in sprint perform-
ance among ACTN3 R577X genotypes and the
genotype might not be critical in determining sprint
performance in Japanese college-level male sprint-
ers.

This study is the first to show that ACTN3
protein expression levels tended to be higher in RR
genotype than in RX genotype in well-trained male
sprinters. It is important to evaluate muscle
samples of subjects who perform sprint training
continuously. Since the result of the present study is
consistent with a previous report”, we predict that
ACTNS3 protein expression levels may be affected
by ACTN3 R577X genotype regardless of the
subject’s status (trained or non-trained).

Given that the expression of ACTN3 protein is
limited to type II fibers® ”, it has been suggested
that ACTN3 protein expression levels are associ-
ated with muscle fiber composition. North and
Beggs? showed by immunohistochemistry that
ACTNS3 protein was in 100% of type IIb/x fibers
and 50% of type Ila fibers in human skeletal muscle.

1" have demonstrated that

In addition, Vincent et a
in healthy young RR genotype men, the staining
intensity of ACTN3 protein in type IIx fibers was
higher than in type IIa fibers. These results suggest
that the proportion of type IIx fibers influences
ACTN3 protein expression levels. Indeed, our

results showed higher ACTN3 protein expression

levels and a significantly higher proportion of type
IIx MyHC isoform in RR genotype compared with
RX genotype. Therefore, we suggest that ACTN3
protein expression levels may also be influenced by
muscle fiber composition.

From the above, ACTN3 R577X genotype might
affect muscle fiber composition. Previous studies
have reported that the frequency of RR genotype
was increased in international-level sprint/power-
oriented athletes compared with that in national-
level sprint/power-oriented athletes® ' ' * Since
top-level sprint/power-oriented athletes require a
higher proportion of type IIx fibers for rapid muscle
contraction, RR genotype may possibly have an
advantage over RX genotype. Thus, these results
suggest that ACTN3 R577X genotype influences
muscle fiber composition and that RR genotype
seems to confer an advantage to sprint/power-
oriented athletes. However, effects of ACTN3
R577X genotype on sprint performance is not clear
in college-level sprinters in this study. Therefore,
while genetic factors may influence sprint perform-
ance to some extent, daily training and sprint skills
seem to be more important for sprint performance
at the college-level.

There are several limitations in our study
including sample size, sample recruitment, and the
evaluation of skeletal muscle performance. First, we
were unable to examine biopsy samples for all
subjects, resulting in the small sample size. In
addition, although ACTN3 protein expression levels
in RR genotype tended to be higher than those in
RX genotype, the difference was not statistically
significant, possibly due to the small sample size.
Therefore, a larger sample size is needed to confirm
this association. Second, we did not recruit control

2V demon-

subjects in this study. A previous report
strated that resistance training induces a skeletal
muscle fiber type transformation (type IIx to Ila).
In this study, we were unable to detect the effects of
sprint training on ACTN3 protein expression levels.
Lastly, while it is thought that the expression of
ACTNS3 protein in type II fibers is related to the
generation of greater muscular strength and power,
this remains to be determined. Further studies are
therefore required to examine the effects of ACTN3
protein expression levels on muscular strength and
power.
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Conclusions

It is concluded that ACTN3 protein expression
levels and the proportion of type IIx MyHC isoform
are higher in RR genotype compared with RX
genotype in Japanese college-level male sprinters.
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