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Abstract

Muscle atrophy with aging is closely associated with chronic systemic inflammation and lifestyle-related diseases. Here, we
assessed whether dried tofu intake during 5-month interval walking training (IWT) enhanced increases in thigh muscle mass
and strength and ameliorated susceptibility to inflammation in older women. Subjects (n = 32, ~ 65 years) who performed
IWT for > 6 months participated in this study. They were randomly divided into 2 groups: IWT + placebo intake (PLG,
n = 16; 108 kcal, 0.2 g protein, 5.5 g fat, and 14.4 g carbohydrate) and IWT + dried tofu intake (DTG, n = 16; 111 kcal,
9.6 g protein, 6.0 g fat, and 4.6 g carbohydrate). They were instructed to repeat > 5 sets of fast and slow walking for 3 min
each at > 70 and 40% peak aerobic capacity for walking, respectively, per day for > 4 days/week. Immediately after daily
exercise, subjects were instructed to consume the supplements assigned to each group. In the DTG, after IWT, the methyla-
tion increased at 4/6 sites in the promoter region of the NFKB2 gene in the whole blood (all, P < 0.04), with an 18% increase
in the average methylation of the 6 sites (P = 0.035). On the other hand, in the PLG, the increase occurred at only 2/6 sites,
with no significant increase in the average methylation of the 6 sites. No significant differences were observed in increases in
thigh muscle strength or cross-sectional area between the groups (all, P > 0.2). Altogether, dried tofu supplementation dur-
ing IWT likely enhanced the methylation of the NFKB2 gene more than IWT alone, without detectably enhanced increases
in thigh muscle strength or cross-sectional area.
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Introduction

Physical fitness deterioration mainly due to muscle atro-
phy with advanced aging (sarcopenia) is suggested to cause
chronic systemic inflammation and age- and lifestyle-
related diseases (LSDs) [1-5]. To prevent this, nutritional
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supplementation during exercise has been recommended for
middle-aged and older people [6, 7], but no system has been
established to monitor exercise training achievement, includ-
ing exercise intensity and frequency, in a large population of
people for a long period of several months, which is required
to examine the effects of nutritional supplementation during
exercise [6].

To solve this problem, we have developed an exercise
training system that is broadly applicable to middle-aged
and older people in the field with minimal personnel and
financial requirements. The system includes interval walk-
ing training (IWT) and the use of an information technol-
ogy network system that tracks exercise intensity and energy
expenditure during training [8—10]. Using this system, we
reported that in a large population of middle-aged and older
subjects, S-month IWT increased thigh muscle strength and
the peak aerobic capacity for walking (VOzpeak) by ~ 10%
[8, 11], which was accompanied by improved LSD symp-
toms by ~ 20% [8, 11] and increased DNA methylation
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(inactivation) of the NFKB2 gene, one of the chief pro-
inflammatory response genes [12]. These results suggest
that IWT ameliorates the susceptibility to inflammation by
increasing physical fitness in middle-aged and older people.

Moreover, this system enabled us to examine the effects
of nutritional supplementation during aerobic exercise
training. We recently found that milk protein supplemen-
tation during a 5-month IWT enhanced methylation of
pro-inflammatory cytokine genes with increases in thigh
muscle mass and strength more than IWT alone in middle-
aged and older women [13, 14]. Accordingly, the prescrip-
tion has been broadly accepted by middle-aged and older
people in Japan; however, some people show physical and
psychological rejection against milk products and desire
replacements. One candidate for replacement is soy protein;
however, the composition of amino acids is different from
that of milk protein [15], and the increasing rate of blood
concentrations of the essential amino acids after ingestion,
including leucine, which is reported to accelerate the muscle
protein synthesis rate [16], is lower in soy protein than in
milk protein [17]. These results suggest that the effects of
soy protein intake would be attenuated compared with those
of milk protein intake. Thus, it is unknown whether dried
tofu supplementation during 5-month IWT would enhance
the methylation of the NFKB2 gene with increases in thigh
muscle mass and strength. Therefore, the present study was
conducted to examine this theory. The reason for the use
of dried tofu, also called “kori-tofu”, as a supplement was
that it is a familiar food for Japanese people, and is rich in
soy protein.

Materials and methods
Subjects

This study was approved by the Review Board on Human
Experiments, Shinshu University School of Medicine
(UMINO000014957), and conformed to the standards set by
the Declaration of Helsinki. As shown in Fig. 1, subjects
were recruited from among the 97 participants in the “Juku-
nen Taiikudaigaku Project”, a health promotion program for
middle-aged and older people in Matsumoto City, Japan.

We recruited female subjects to minimize any confound-
ing effects of gender. We also recruited subjects who had
participated in the IWT program for more than 6 months
prior to this study because they were familiar with the
exercise testing procedures used in the present study and
also because their increases in VOzpeak had likely reached
a steady state. Therefore, we surmised that we could detect
any effects elicited by dried tofu intake in addition to those
of IWT alone.
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\ Assessed for eligibility (n = 97) \

‘ Meeting inclusion criteria (n = 32) ‘

‘ Agreed to give informed consent (n = 32) ‘

Randomly divided

\ PLG (n = 16) \ \ DTG(n = 16) |

| Droppedout(n=0) | | Droppedout(n=2) |

| Included in analysis (n = 16) | [ Included in analysis (n = 14) |

Fig.1 Flow diagram outlining the experimental protocol. PLG pla-
cebo group, DTG dried tofu group

After the experimental protocol was fully explained, 32
healthy female volunteers (51-70 years of age) provided
written informed consent before participating in this study.
Each subject provided a complete medical history and under-
went a physical examination. All subjects were nonsmokers,
had no overt history of hepatic, thyroid, renal, metabolic,
cardiovascular, or pulmonary disease, and had no orthopedic
limitations that could affect exercise testing or training. We
also confirmed that all participants were postmenopausal.

Protocol

The experiments were conducted from October 1, 2014 to
April 24, 2015. The subjects were instructed to arrive at a
gym at 09:00 on their assigned day in October. We meas-
ured their physical characteristics, thigh muscle strength,
and VOZPE,‘Lk and sampled their blood for the determination
of blood lipid and glucose levels and also DNA methyla-
tion levels. All measurements except thigh muscle strength
and VOQP%lk were performed after overnight fasting. On a
separate day assigned to each subject, the subjects were
instructed to visit the Shinshu University Hospital at
17:00-18:00 with a normal hydration status, but without
having eaten any food for at least 2 h for the measurement of
the thigh muscle cross-sectional area with computer tomog-
raphy [13].

The subjects were randomly divided into two groups,
IWT + placebo intake (PLG, n = 16) and IWT + dried tofu
intake (DTG, n = 16) (see below for details), to evaluate the
effects of dried tofu intake. No significant differences were
observed in the physical characteristics or fitness between
the groups (Tables 1, 2).

During the 5-month training period, the average atmos-
pheric temperature ranged from — 1 to 14 °C, and the
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Table 1 Physical characteristics PLG (n = 16) DTG (n = 14) P value
and blood pressures
Pre Post Pre Post Group Time GXT
Age (years) 65 +4 - 64 +5 - NS - -
Height (cm) 155 +4 - 156 +3 - NS - -
Body weight (kg) 51.5+1.6 520+ 1.8% 533+19 542+19% NS 0.005 NS
BMI (kg/m?) 214+0.7 21.6+0.7%* 219+0.7 222+0.7% NS 0.006 NS
% Fat 283+15 29.1+1.7* 29.1+15 300+ 1.4* NS 0.020 NS
Abdominal cir- 795+21 789+24 778 +£22 779x24 NS NS NS
cumstance (cm)
SBP (mmHg) 131 +4 141 + 5%* 130+ 3 139 +4.4%% NS 0.002 NS
DBP (mmHg) 77+2 78 +3 75+3 77 +3 NS NS NS

The values are the mean + SD for age and height and mean + SE for other variables

Significant differences from the pre-training values, *P < 0.05 and **P < 0.01

PLG placebo group, DTG dried tofu group, pre and post before and after 5-month interval walking training
with placebo or dried tofu supplementation, respectively, SBP systolic blood pressure, DBP diastolic blood
pressure, G x T interactive effects of group (G; PLG and DTG) and time (7; pre and post) on the variables
by two-way ANOVA (analysis of variance), NS not significantly different

Table 2 Thigh muscle strength

. PLG (n=16) DTG (n=14) P value

and cross-sectional areas and

the VOyeux Pre Post Pre Post Group Time GXT
Fgxt (Nm) 111 +6 113 £5 107 £9 112+10 NS NS NS
Frrx (Nm) 54+2 56+2 61+3 59+3 NS NS NS
M. rectus femoris (cm?) 41+03 45+02% 46+03 49+02%NS 0.004 NS
M. hamstrings (cm?) 208+0.6 212+07 21.1+1.0 22.0+0.8* NS 0.037 NS
VOzpeak (ml/min) 1,345 +74 1353 +61 1,367+45 1,382+66 NS NS NS
PR peak (beats/min) 144 £ 6 153 +7 156 +4 155+4 NS NS NS

The values are the mean + SE

Significant differences from the pre-training values, *P < 0.05 and **P < 0.01

Fpyr isometric knee extension force, Fp;y isometric knee flexion force, M. rectus femoris rectus femoris
muscle tissue area, M. hamstrings hamstrings muscle tissue area, VOzpwk peak aerobic capacity for walk-
ing, PR peak pulse rate at VO,,.,, G x T interactive effects of group (G; PLG and DTG) and time (7} pre
and post) on the variables by two-way ANOVA, NS not significantly different

average relative humidity ranged from 59 to 74%. All meas-
urements performed before training were repeated after
training using the same procedures. All subjects in the PLG
completed 5 months of training and returned for post-train-
ing assessments. Two of 16 subjects in the DTG dropped
out; one left because of a family issue, while the other left
because of a health issue. Therefore, we used the data from
16 subjects in the PLG and 14 subjects in the DTG for the
following analyses.

IWT regimen

As reported previously [8], all subjects were instructed to
repeat > 5 sets of 3 min of low-intensity walking at ~ 40%
of their pre-training VOzpeak for walking (see below for
details), followed by 3 min of high-intensity walking

at > 70% of their VOzpe,‘lk for > 4 days/week. Energy
expenditure during daily walking at their favorite time
and place was monitored with a convenient calorimeter
(Jukudai Mate; Kissei Comtec, Matsumoto, Japan) on the
right or the left side of the waist at the midclavicular line.
A beeping signal alerted the participants when a change in
intensity was scheduled, and another signal alerted them
when their walking intensity reached 70% of their VOzpeak.

Every 2 weeks, the subjects visited a local community
office near their homes to upload their walking records
from the calorimeter to a central server at the adminis-
trative center through the Internet for automatic analy-
sis and reporting. The trainers used these reports to track
daily walking intensity, energy expenditure, and other
parameters, which are shown in Table 3, and to instruct
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Table 3 Training achievements

PLG (n = 16) DTG (n = 14) P values

Walking (days/week) 41+04 36+04 NS
Fast walking time/week (min) 74 + 13 63+8 NS
Fast walking

Time (min/walking day) 17+2 18 +1 NS

Energy expenditure (mlO,/walking day?) 15,430 + 2053 17,785 + 1605 NS

Intensity (mlO,/min®) 902 + 49 999 + 29 NS
Slow walking

Time (min/walking day) 32+4 31+5 NS

Energy expenditure (mlO,/walking day®) 15,506 + 1947 13,942 + 1512 NS

Intensity (mlO,/min®) 490 + 29 503 + 36 NS

The values are the mean + SE
NS not significantly different

*Resting oxygen consumption is not included

the participants on how best to achieve their target levels.
Using these records, adherence to the exercise training
program was calculated as the number of walking days
completed divided by the total number of walking days
prescribed as the target (4 days/week).

Supplement intake during IWT

Subjects in the PLG and the DTG were instructed to ingest
the supplements within 30 min after each IWT session. If
no training was performed, they were instructed to take the
supplements the next day before breakfast. The nutritional
components of the supplements per dose were 108 kcal,
0.2 g of protein, 5.5 g of fat, and 14.4 g of carbohydrate for
the PLG (20.5 g of blocked sugar with powdered soybean oil
and fat) and 111 kcal, 9.6 g of protein, 6.0 g of fat, and 4.6 g
of carbohydrate for the DTG (21.9 g of freeze—dried cooked
kori-tofu). The two supplements were similar in appearance.
The subjects in both groups were instructed to refrain from
eating and drinking any foods or fluids other than tap water
during and for at least 60 min before and after each IWT
session. To examine adherence to the intervention, all sub-
jects were required to keep daily logs describing whether
they completed IWT and whether they ingested the supple-
ments as instructed. Using this information, adherence to the
supplement intake regimen was determined by dividing the
number of times that the subjects ingested the supplements
as instructed, with a supplement intake period of 140 days.

Dietary intake

All subjects were instructed to maintain their dietary hab-
its during the study period. In addition, the subjects were
instructed to report the foods that they consumed for 7
consecutive days during the training period in October and
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March by completing a questionnaire that was prepared by a
dietician (FFQg Ver 3.5; Kenpakusya, Tokyo, Japan).

Measurements
Thigh muscle strength

The isometric knee extension (Fgxr) and flexion (Fgp x)
forces were measured twice on the dominant side of the leg
with an isometric force meter (GT330, OG Giken, Okayama,
Japan), while the knee angle was fixed at 60°; the highest
values were used in the present analysis. The measurements
were performed by staff members who were blinded to the
groups assigned to the evaluated subjects.

Thigh muscle tissue area

Subjects were instructed to refrain from vigorous exercise
for 2 days and from beverages containing caffeine and alco-
hol for 24 h before the day of the measurements. After emp-
tying their bladders, the subjects rested in a supine position
for at least 10 min before the measurements were performed.
The thigh sectional images were obtained using computer
tomography (LightSpeed VCT, GE Healthcare, Tokyo,
Japan) with the subjects in the supine position with their
thigh muscles relaxed and their arms crossed in front of their
chests. An anterior—posterior scout scan of the entire femur
was conducted in the dominant leg, which was used for the
thigh muscle strength test. Cross-sectional slices (1.25mm
thick) were obtained from the distal edge of the medical con-
dyle to the head of the femur and were then reconstructed as
10-mm thick images from the data. The scanning parameters
for images were 12 kVp, 170-180 mA, 48 cm? of FOV, and
512 x 512 matrix to attain a pixel resolution of 0.94 mm.
The mid-thigh image was used to determine the cross-sec-
tional area of both the muscle and the fat tissue (cm?), with
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the Hounsfield units for fat tissue defined as -190-0 and the
muscle tissue as 0—100 [13], using image processing soft-
ware (Dicom Works 1.3.5 software, Lyon, France).

|'/(')Zpeak

On the same day as the muscle strength measurements,
VOzpeak was determined by measuring energy expenditure
with the calorimeter (Jukudai Mate; Kissei Comtec, Mat-
sumoto, Japan) during graded-intensity walking on a flat
surface at subjectively slow, moderate, and the fastest speeds
for 3 min each, as reported previously [9].

Blood samples

Blood samples were collected from the antecubital vein to
measure blood lipid and glucose levels and to extract DNA
before and after training in all subjects. Serum cholesterol
and triglyceride concentrations and plasma glucose concen-
trations were determined using standard enzymatic methods.
Genomic DNA was extracted using the QIAamp DNA Blood
Mini Kit (Qiagen, Hilden, Germany) according to the manu-
facturer’s instructions.

DNA methylation by pyrosequencing

Because the NFKB2 gene plays a key role in inflammation
[18] and is suggested to be inactivated through DNA methyl-
ation after ~ 5 months of IWT [12], we examined the effects
of dried tofu intake during IWT on the DNA methylation of
the NFKB2 gene.

We analyzed samples from all subjects in the PLG
(n = 16) and the DTG (n = 14) before and after training
by pyrosequencing (PyroMark Q24ID; Qiagen, Hilden,
Germany). PCR and sequencing primers were designed
using PyroMark Assay Design 2.0 software (Qiagen), and
all procedures were performed according to recommended
protocols. The promoter region of NFKB2 (—1331 to —1153
upstream of the transcription start site) was amplified by
PCR. The primers are shown in Table 4. DNA methyla-
tion predominantly occurs on cytosines at sites of CpG
dinucleotides in mammals. Therefore, the target region of
NFKB2 was 5'-AAAGGGCGCGAGGCGTGACGCACG-
GAAACGTCATGGGA-3' (—1238 to —1201 upstream of
the transcription start site). Briefly, bisulfite conversion of

Table 4 Primers used for the pyrosequencing assay

500 ng of genomic DNA was performed with an EpiTect
Kit (Qiagen). Bisulfite-converted DNA was amplified by
PCR with a reverse primer biotinylated at its 5" end using a
PyroMark PCR Master Mix Kit (Qiagen). Biotinylated PCR
products were immobilized onto streptavidin-coated beads
(GE Healthcare, Uppsala, Sweden), and the DNA strands
were separated using a denaturation buffer. After washing
and neutralization at a PyroMark Q24 Vacuum Worksta-
tion, the sequencing primer was annealed to the immobilized
strand. DNA methylation was analyzed via highly quantita-
tive bisulfite pyrosequencing with a PyroMark Q24 system
(Qiagen). The data were analyzed using PyroMark Q24
software (Qiagen), and the results are presented in Table 5.

Statistics

One-way ANOVA was used to examine any significant dif-
ferences in physical characteristics, thigh muscle strength
and cross-sectional area, VOzpeak, and NFKB2 methylation
before training between the groups (Tables 1, 2, 5). This
model was also used to examine any significant differences
in training achievements and dietary intake during the train-
ing period between the groups (Table 3). Two-way ANOVA
for repeated measures was used to examine any significant
effects of supplementation (group) and training (time) on the
variables with [group X time] interaction analysis (Tables 1,
2,5). The Tukey—Kramer test was used as a subsequent post
hoc test to perform any pairwise comparisons between the
groups. P values < 0.05 were considered significant. The
values are expressed as the mean + SE unless otherwise
indicated.

Results
Adherence to the exercise training program

As shown in Table 3, the training days per week and the fast
walking time per week in both groups were almost 4 days
per week and 60 min per week, respectively, which were
the targets instructed prior to starting training; however,
both values were significantly higher than the 3.0 + 0.4
and 2.3 + 0.4 days per week and 59 + 14 and 42 + 8 min
per week for the 2 months observed prior to initiating the

Gene Amplification site Forward primer (5' to 3')

Reverse primer (5’ to 3')

*Sequencing primer (5' to 3')

NFKB2 —1331to —1153 GGGTTTAGGGTAGGGAAAGTT

TTT

Biotin-CCCCCCCTAAATAAACCT
ATCCCCTCT

—1185-TTTAGGAGGGGGGAAT

The sequencing primer was designed to analyze antisense DNA
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Table5 Methylation of the PLG (n = 16) DTG (n = 14) P value

NFKB?2 promoter region

Pre Post Pre Post Group Time GXT
NFKB2 methylation, % cytosine methylated
Site 1 214+16 232+1.1 19.1£22 22919 NS NS NS
Site 2 294 +2.1 328+ 1.6 279+29  325+28% NS 0.030 NS
Site 3 283+20 314+14 257426  31.0+2.7* NS 0.030 NS
Site 4 263 +2.1 30.2 £ 1.4% 244428 287 +23* NS 0.031 NS
Site 5 27.8+22 32,6+ 1.5%* 248+28 314+24*% NS 0.008 NS
Site 6 322+22  341%15 299+3.0 332+27 NS NS NS
Averageof 27.6+2.0 30.7+14 253427 299 +24* NS 0.035 NS
sites 1-6

The values are the mean + SE

Significant differences from the pre-training values, *P < 0.05 and **P < 0.01

G x T interactive effects of group (G; PLG and DTG) and time (7; pre and post) on the variables by two-
way ANOVA, NS not significantly different

intervention in the PLG and DTG groups, respectively (both,
P < 0.03).

Adherence to supplement intake

Before the training began, we instructed the subjects in the
PLG and the DTG to consume the supplements immediately
after daily IWT. If they did not perform IWT, we instructed
them to consume the supplements the next day before break-
fast. Adherence to the supplement intake regimen during
IWT was 94.2 & 2.5 and 90.9 + 3.0% in the PLG and the
DTG, respectively, with no significant difference between
the groups (P > 0.39).

Dietary intake

Without the supplements, all subjects in both groups
(n = 30) consumed 1763 + 310 kcal with diet, including
247 + 46 g of carbohydrate, 66 + 14 g of protein (animal
protein:textured vegetable protein = 55:45), 52 + 12 g of fat,
and 3609 + 780 mg of sodium per day at the measurement in
October. No significant differences were observed between
the groups (P > 0.10), and the measurements remained
unchanged in March in both groups, which met the recom-
mended dietary allowances (RDA) for active, older Japanese
women, except for the relatively high sodium intake: total
calories, 1500—-1750 kcal; carbohydrate, 231-358 g; pro-
tein, > 50 g; fat, 41-73 g; and sodium, < 2800 mg per day
[19].

Physical characteristics and fitness
The BMI, Fgxr, and Fg; x values prior to initiating training

in the present study (Tables 1, 2) were similar between the
groups. These values were also similar to those previously
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reported in age-matched female Japanese populations [11,
20, 21], whereas VOZpea.k was slightly higher in this study
population than previously published populations, likely
because the subjects had performed IWT for more than
6 months prior to participating in the present study. Thus,
the physical characteristics in the present study reflected
those of this age group in the Japanese population.

After training, body weight, BMI, %fat, and SBP (systolic
blood pressure) significantly increased from the baseline in
both groups (P < 0.02), but no significant differences were
observed in the increases between the groups (P > 0.3).
Additionally, blood glucose, triglyceride, high-density lipo-
protein cholesterol, low-density lipoprotein cholesterol, and
hemoglobin Alc levels before training and the changes after
training were similar between the groups (P = 0.10-0.90).

As shown in Table 2, before training, thigh muscle cross-
sectional areas were similar between the groups. After train-
ing, these areas significantly increased from the baseline
in both groups (P < 0.04) except for M. hamstrings in the
PLG; however, no significant differences were observed in
the increases between the groups (P > 0.1). On the other
hand, no significant increases were observed in Fgyr, Fy x,
or VOZpeak after training in either group, with no significant
differences in the increases between the groups.

DNA methylation by pyrosequencing

As shown in Table 5, before training, methylation of
the NFKB2 promoter region at each CpG site was simi-
lar between the groups. After training, the %methyla-
tion in NFKB?2 significantly increased at sites 2, 3, 4, and
5 in the DTG, while it increased at only sites 4 and 5 in
the PLG, with a significant increase in the average across
CpG sites 1-6 in the DTG but not in the PLG (Table 5).
Because the methylation of promoter regions is associated
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with the transcriptional suppression of the corresponding
gene, enhanced methylation in NFKB2 in the DTG suggests
reduced NFKB2 gene expression [22, 23].

Discussion

The major finding of the present study was that dried tofu
supplementation during 5 months of home-based IWT in
older women who had performed habitual training prior to
this study marginally enhanced the increases in NFKB2 gene
methylation compared with placebo supplementation, with-
out detectably enhanced increases in thigh muscle strength
or cross-sectional area.

As shown in Tables 2 and 5, the methylation of the
NFKB?2 gene increased as the thigh muscle area increased
after intervention in DTG and PLG. A close relationship
between muscle atrophy with aging and chronic systemic
inflammation has been suggested in large-scale population-
based studies [2-5]. Also, a previous cross-sectional study
reported that older men who exercise exhibited increased
muscle strength and decreased NF-xB activity compared
with older inactive men [24]. In the present study, we con-
firmed the relationship between NFKB2 gene methylation
and thigh muscle mass.

Regarding the mechanisms underlying the hypo-meth-
ylation of pro-inflammatory genes with muscle atrophy in
aging, previous studies have suggested that deteriorated
mitochondrial function due to muscle atrophy generates
reactive oxygen species (ROS), injures cells and tissue,
and induces chronic inflammatory responses, resulting in
lifestyle-related diseases [1, 25]. NF-xB2 protein, which we
focused on in the present study, is a member of the NF-kB
family and is a well-known transcriptional regulator that
plays a central role in inflammation through its ability to
induce pro-inflammatory cytokine gene transcription [18].
For example, NF-xkB mediates the synthesis of cytokines,
such as tumor necrosis factor (TNF)-a, interleukin (IL)-14,
IL-6, and IL-8 [18]. Because the NF-kB2-dependent path-
way is one of the key NF-kB signaling pathways, hyper-
methylation of the NFKB2 gene promoter region may
elicit decreases in its protein expression, suppressing this
pathway and resulting in decreased NF-kB activity and
pro-inflammatory cytokine inhibition [26]. Therefore, the
hyper-methylation of the NFKB2 gene after intervention
in PLG suggests that IWT alone suppressed inflammatory
responses to prevent lifestyle-related diseases, and soy pro-
tein supplementation during the training in DTG enhanced
this suppressive effect.

However, more importantly, increases in the methyla-
tion of the NFK2 gene, thigh muscle mass and thigh muscle
strength were not significantly higher in DTG than in PLG,
in contrast to the results of previous studies examining the

effects of milk protein intake by a similar protocol as used
in the present study [13, 14]. Okazaki et al. [13] suggested
that the hamstring muscle tissue mass significantly increased
by ~ 3% and isometric knee flexion force increased by ~ 16%
in the milk protein intake group while neither significantly
increased in the control group, and Masuki et al. [14] sug-
gested that the methylation of the NFKB2 gene increased
by ~ 44% with an increase in thigh muscle strength by ~ 8%
in the milk product intake group while neither increased in
the control group.

The precise reasons for this discrepancy remain unknown;
however, Tang et al. [17] compared the effects of whey
(10 g), casein (10 g), and soy (10 g) proteins intake imme-
diately after resistance training on the profiles of essential
amino acids, insulin, and leucine concentrations in the blood
for the following 180 min. The reason for focusing on the
profile of the leucine concentration in the blood was that
this amino acid was suggested to enhance protein synthesis
in the muscle [17]. As a result, they suggested that the con-
centrations were higher in the order of whey, soy, and casein
proteins. In addition, the mixed muscle protein fractional
synthesis rate, which was determined by a primed constant
infusion of stable isotope (L-[ring-'C4] phenylalanine)
uptake by active muscle tissue, was higher in the order of
whey, soy, and casein proteins. These results suggest that the
smaller increasing rate of essential amino acids in the blood,
including leucine, after the supplement intake causes smaller
increases in thigh muscle strength and the cross-sectional
area and thereby decreased enhancement of NFKB2 gene
methylation.

Alternatively, the increases in thigh muscle mass and
strength by IWT might have not reached steady state before
starting the present study. Indeed, the thigh muscle mass
increased, even in PLG, with 37% more walking days/
week and 25% more fast walking time/week than those
before starting the present intervention. Thus, the effects of
increased IWT achievement might be too strong to detect the
mere effects of soy protein intake on thigh muscle mass and
NFKB?2 gene methylation in DTG. Nevertheless, after the
intervention, we observed significant increases in hamstring
muscle mass as well as rectus femoris muscle mass and
hyper-methylation at more sites of NFKB2 in DTG than in
PLG. These results suggest that soy protein intake enhanced
the effects of IWT alone.

There are three experimental considerations that deserve
additional discussion. First, as seen in Table 1, body weight,
BMI, %fat, and SBP increased after the intervention in PLG
and DTG. These effects were likely caused by the seasonal
change from October 2014 to April 2015 during which
time the mechanisms for adaptation to lower atmospheric
temperature, including increased food intake, were likely
contributing factors [27]. Although we did not observe any
significant changes in dietary intake during the period, this
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might be due to the limited time resolution of the dietary
intake measurements. Second, in the present study, we did
not measure inflammatory cytokine levels because in a pilot
study we observed that the cytokine levels were below the
lowest levels guaranteed by the commercially available
assays. Third, we did not observe any increases in Fpy and
Fp x, despite the increase in rectus femoris muscle mass in
PLG and DTG and the increase in hamstring muscle mass in
DTG. Although the detailed reasons for this finding remain
unknown, the technical limitation of detecting the expected
difference by the increase in the muscle mass might be a
contributing factor.

In conclusion, dried tofu supplementation during IWT
might enhance the methylation of the NFKB2 gene, without
detectably enhanced increases in thigh muscle strength or
the cross-sectional area of thigh muscles in older women.
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