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ELEVEN WEEKS OF STRENGTH TRAINING DECREASED THE
EXPRESSION OF IMMUNE-RELATED GENES IN OLDER SUBJECTS
INDEPENDENT OF PROTEIN SUPPLEMENT TYPE;
A RANDOMIZED CONTROLLED TRIAL
G.O. Gjevestad1,2, H. Hamarsland3, T. Raastad3, J.J. Christensen1,4, A.S. Biong2, S.M. Ulven1, K.B. Holven1,5

Abstract: Objective: To investigate the effects of eleven weeks of strength training combined with two isocaloric protein
supplements on mRNA expression levels in skeletal muscle and peripheral blood mononuclear blood cells (PBMCs). Design: A
double blind randomized controlled study. Setting: The Norwegian School of Sports Sciences, Norway. Participants: Untrained,
but otherwise healthy, men and women (n=20, ≥ 70 yrs). Intervention: Participants were randomly allocated to receive either
milk protein or a native whey protein supplement (20 g protein, morning and afternoon) combined with a standardized strength
training protocol (6-10 RM, 1-3 sets, 3 times/week) for eleven weeks. Measurements: The mRNA expression levels of immunerelated genes were measured before and after the intervention period, using RT-qPCR. Cytokines were measured using ELISA.
Results: PBMC mRNA expression of interleukin (IL) 6, IL8, chemokine (C-C motif) ligand (CCL) 3, and nuclear receptor subfamily
(NR) 1 group H (H) member 3 decreased significantly after the intervention period, whereas the mRNA expression of tolllike receptor (TLR2) increased. In skeletal muscle, the mRNA expression of peroxisome proliferator-activated receptor gamma
coactivator 1 alpha (PPARGC1A) and PPARGC1B decreased significantly, whereas the mRNA expression of CCL2, CCL5, TLR2,
TLR4 and hypoxia inducible factor 1 alpha subunit (HIF1A) increased significantly after the intervention. We found no significant
differences in circulating C-reactive protein and IL6 after the intervention period. The consumption of whey and milk proteins had
similar effects on mRNA expression levels after strength training in skeletal muscle as well as PBMCs. Conclusion: Eleven weeks of
strength training and protein supplementation reduced the PBMC expression levels of genes involved in the immune system as
well as in metabolism, underlining the close interaction between these processes. The upregulation of other immune-related genes
observed in PBMCs as well as in skeletal muscle needs further investigations, but may be related to protein supplementation and
training adaptations. Different protein supplementation (milk or native whey) did not differentially modulate mRNA expression
after the intervention period.
Key words: PBMC, skeletal muscle, mRNA, resistance training, cytokines.
Abbreviations: BCAA, branched chain amino acids; CCL, chemokine (C-C motif) ligand; RCT, reverse cholesterol transport; CRP,
C-reactive protein; CXCL, chemokine (C-X-C motif) ligand; E %, energy percent; HIF1A, hypoxia-inducible factor 1-alpha; HMBS,
hydroxymethylbilane synthase; IL, interleukin; IL1RN, interleukin 1 receptor antagonist; IMVC, isometric maximum voluntary
contraction; IPO8, importin 8; NR4A2; NF-κB, nuclear factor kappa-light-chain-enhancer of activated B cells; nuclear receptor
subfamily 4, group A, member 2; NR4A3; nuclear receptor subfamily 4, group A, member 3; NR1H3, Nuclear Receptor Subfamily 1
Group H Member 3; PBMCs, peripheral blood mononuclear cells; PPARGC1A, peroxisome proliferator-activated receptor gamma
coactivator 1-alpha; PPARGC1B, peroxisome proliferator-activated receptor gamma coactivator 1-beta; RCT, reverse cholesterol
transport; RM, repetition maximum; RT-qPCR, real-time quantitative polymerase chain reaction; TBP, TATA box binding protein;
TG, triglycerides, TLDA, TaqMan Low-Density array; TLR, toll-like receptor; TNF, tumor necrosis factor alpha.
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Introduction
Diet and exercise are two of the most important
lifestyle factors influencing healthy aging. Both are able
to induce changes in metabolism and immune function
(1, 2). They are therefore important targets for lifestyle
interventions aiming at preventing the development of
age-related diseases, including cardiovascular diseases,
diabetes type 2, obesity (3) and sarcopenia (4).
Regular physical activity improves several of the
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underlying metabolic processes that are associated with
adverse health effects and age-related diseases, such as
insulin sensitivity, plasma triglycerides, blood pressure,
and endothelial function (5). Regular strength training
promotes muscle hypertrophy mainly, being particularly
important in the prevention of age-associated loss of
muscle mass and function associated with sarcopenia
(6). Cross-sectional and large-scale cohort-studies have
consistently shown an inverse association between
physical activity and circulating markers of low-grade
chronic inflammation (7). This anti-inflammatory effect
is suggested to be one of the mechanisms underlying the
protective effects observed on the development of chronic
metabolic diseases by regular exercise (5), including
sarcopenia (8). Because older adults often have a higher
baseline level of circulating immune-related markers (9),
long term regular exercise has been suggested as a tool to
ameliorate the inflammatory status of older adults (10).
Components of the diet may exert anti-inflammatory
effects and protect against chronic low-grade
inflammation (2). In line with this, some epidemiological
findings indicate that low-fat dairy products may
reduce circulating levels of immune-related markers
(11). However, others have found no association
between intake of dairy products and circulating
levels of immune-related markers, and conclusions
from intervention studies have been conflicting (12).
Although possible mechanisms underlying a potential
anti-inflammatory effect of dairy products remains to
be elucidated, several components in milk have been
suggested to extert the anti-inflammatory effects, among
them whey proteins (13).
The aims of the present study were to investigate the
effects of eleven weeks of strength training combined
with two isocaloric protein supplements (20 g protein
morning and afternoon) on mRNA expression levels in
skeletal muscle and peripheral blood mononuclear blood
cells (PBMCs) in healthy older adults (>70 yrs).

Materials and methods
Study population and experimental design
Twenty-four older (≥70 yrs) untrained men and women
were recruited to an eleven week lasting double-blind,
randomized controlled study, which was conducted from
August 2014 to December 2014 at The Norwegian School
of Sport Sciences, Norway. All participants provided
written informed consent, and we conducted the study
according to the guidelines laid down in the Declaration
of Helsinki. The Regional Committees for Medical and
Health Research Ethics, Health Region South East,
Norway, provided approval for all planned procedures
involving human subjects (2014/834).
Subjects were randomized into one of two groups,
receiving dairy supplements based on either native whey
protein or regular milk protein for eleven weeks, on

top of a high-load strength training regime. All tests
were performed before and after the 11-week period.
From the day before the test days, subjects followed a
standardized diet based on body weight. In the morning
of the test day, subjects were served a standardized
breakfast, consisting of oatmeal, water, rapeseed oil and
sugar (50 E % from carbohydrate, 8 E % from protein
and 42 E % from fat). All subjects finished the breakfast
within 20 minutes. PBMCs and skeletal muscle samples
were collected 90 min after breakfast was served. We
used Dual energy X-ray absorptiometry (Lunar iDXA,
GE Healthcare, Buckinghamshire, United Kingdom)
and enCORE Software (version 14.10.022, GE Lunar)
to determine fat mass. Android fat mass was estimated
based on algorithms in the enCORE Software. All subjects
reported to be healthy, but one participant (4 %) had
prescribed anticoagulants and six participants (25 %)
took statins. Four subjects did not complete the study
due to disease (two participants) or hurting joints (two
participants).

Protein supplements
TINE SA (Oslo, Norway) provided the supplements.
The products contained 20 g of protein (27 E %), 39 g
carbohydrates (52 E %) and 7 g fat (21 E %), providing
approximately 300 kcal per serving. All subjects received
2x20 g protein/day. The protein source was either native
whey protein or regular milk protein (approximately
80 % casein and 20 % whey). Native whey proteins
differ from regular whey proteins by the production
method (produced at low temperatures to avoid extensive
denaturation of the protein) and the composition
of amino acids (e.g. higher amount of leucine). The
participants prepared one serving in the morning and
one in the evening, except at training days, where the
training instructors provided the evening dose following
the exercise sessions. The powder was dissolved in
approximately 500 ml water. The producer delivered
supplements in identical and coded packaging to ensure
blinding of both the providers and the participants. The
producer was responsible for coding of the products, and
the coding was not revealed until the intervention was
completed. All products had the same flavor, color and
appearance.

Training protocol
The training program was standardized in terms of
exercises performed (hammer squat, leg press, knee
extensions, calf raise, chest press, seated rowing, close
grip pull down, shoulder press, back extensions and
crunches), the number of sets (6-12 repetition maximum,
RM) and the number of repetitions (1-3 sets in each
exercise). The exercise program was performed 3 days per
week for eleven weeks (Figure 1), and all training sessions
were supervised by trainers. The load in each exercise
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was individualized and adjusted each training session
by the trainer to make sure that participants always
exercised at the intended training load. Participants
completed the last exercise session at least three days
before the last biopsy was taken.

Sampling and sample preparation
We collected venous blood samples in BD Vacutainer®
CPT TM cell preparation tubes with sodium heparin
(Becton Dickinson, NJ, USA) and in silica gel tubes
(Becton Dickenson Vacutainer Systems, Plymouth, UK).
Within two hours of blood collection, PBMCs were
isolated according to the manufacturer’s instructions
(Becton Dickinson, NJ, USA). Serum samples were
centrifuged (1500 g, 15 min at RT) after being left on the
bench top for at least 30 min. Blood plasma samples were
collected with pipettes immediately after being collected
(lithium heparin tubes from Vacuette, Greiner Bio One,
Austria) and centrifuged (1300 g, 10 min at 4°C). All
samples were stored at -80°C until further analysis.
Muscle biopsies from the m. vastus lateralis were
obtained at the same time points as the blood samples,
using a modified Bergstrom technique (14), immediately
cleaned from blood and connective tissue in physiological
salt water at 4˚C, immersed into RNAlater® solution
(Ambion, TX, USA) and stored overnight at 4 ˚C. The
following day, the biopsies were transferred and stored
at – 80 ˚C until further analysis. Biopsies were taken from
the same leg before and after the intervention.

Isolation of RNA and synthesis of cDNA
Skeletal muscle samples were ruptured using a
CryoGrinder System (Ops Diognostics, NJ, USA),
followed by homogenization in Quizol (QIAGEN
GmbH, Germany) and addition of chloroform. After
centrifugation, the upper phase was transferred to a
fresh tube and ethanol added. The procedure of RNA
isolation was carried out using the QiaCube instrument
(QIAGEN GmbH, Germany) following the miRNease
Mini Kit protocol (QIAGEN). We isolated RNA from
PBMCs in accordance with the RNeasy Mini Kit protocol
using qiashredder and DNase digest (QIAGEN GmbH,
Germany) using the QiaCube. High-quality RNA from
both PBMCs and skeletal muscle samples was eluted
in 30 μl of RNase free water and frozen at -80 °C until
further analysis. RNA quantity was measured using
NanoDrop-1000 (NanoDrop Technologies, Inc., DE,
USA), and RNA quality was checked with Aglient 2100
Bioanalyzer (Agilent Technologies, Inc., CA, USA). All
samples included in further analysis had a RIN-value
above 5.5. PBMC samples from one person were not
taken due to a misunderstanding in the laboratory,
whereas mRNA from skeletal muscle was lost from six
participants due to low RIN-values. In addition, we
excluded some of the mRNA transcripts from our final

analysis due to abnormal multicomponent plots.
RNA samples were transcribed into cDNA (500 ng)
using the cDNA kit from Applied Biosystems (Applied
Biosystems, UK) and in accordance with the protocol
provided. Samples were stored at -20 °C for further
analysis.

RNA analysis by real-time qPCR
We measured mRNA levels of 48 genes (Additional
file 1) using TaqMan Low-Density array (TLDA) cards
from Applied Biosystems (UK). The TLDA cards were
used on a 7900 HT Applied Biosystems RT-qPCR
machine (Applied Biosystems, UK). The Ct-values were
analysed using SDS 2.4 (Applied Biosystems, UK), and
further transferred to ExpressionSuite Sofware v1.0.3
(Applied Biosystems, UK). For PBMCs, we normalised
the Ct-values to TATA box binding protein (TBP)
and hydroxymethylbilane synthase (HMBS) mRNA
transcripts, whereas for skeletal muscle, we normalized
to TBP and importin 8 (IPO8). Fold changes in mRNA
transcripts from baseline to end of study were calculated,
using the 2-ΔΔCt-method (15).
The selection of genes were based on a thorough
literature search investigating the effect of training on
gene expression in PBMCs (16). We performed a similar
research for skeletal muscle (17). Moreover, the genes
selected in the present study were based on previously
published studies where the effects of dairy products
on markers of chronic low-grade inflammation were
described (18).

Cytokine measurements and routine analysis
The serum level of IL6 was measured with highsensitive Quantikine ELISA (R&D Systems Inc.,
MN, USA), whereas IL8 and CCL3 were measured
using Quantikine ELISA (R&D Systems Inc.), both in
accordance with the protocols provided. We measured
all samples in duplicates. Serum levels of glucose,
triglycerides, cholesterol and the plasma level of
C-reactive protein (CRP) were analyzed by an accredited
laboratory (Fürst Medical Laboratory, Oslo; Norway).

Statistics
Power calculation was performed for the primary
outcome of the study, which was to study the effects
of consuming native whey or milk protein on muscle
mass and strength. We also considered this number
of participants to be relevant with respect to changes
in inflammatory markers. In addition, the number of
participants included in the present study is in line
with other studies exploring the relationships between
exercise and gene expression . All data were checked for
normality. Subjects with levels of CRP above >10 mg/L
at baseline (n=1) or at end of study (n=1) were excluded
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from the gene expression analysis as such levels may
indicate an ongoing acute inflammation, not reflecting
the intervention. For non-parametric data, we used the
Mann-Whitney-test for independent measurements
and the Wilcoxon signed-rank for repeated, paired
measurements. For parametric data, Independent samples
t-test was used for independent measurements and
Paired t-test for paired measurements. The Spearman
correlation test was used to reveal possible correlations
between the change in android fat mass and mRNA
expression levels of selected transcripts. Due to an
explorative study design, correction for multiple testing
was not performed. We considered a p-value of < 0.05
statistically significant. SPSS statistical software, version
22 from Microsoft (SPSS, Inc., CA, USA), was used for
statistical calculations and GraphPad Prism 5 (GraphPad
Software, Inc., CA, USA) for generating figures.

Results
Participants (n=20, mean ± SD=73.6 ± 2.8 yrs) included
in the present study were similar in body mass, fat mass,
BMI and blood parameters at baseline. The proportion
of male to female was 12/8. We observed a significant
change in body mass and BMI from baseline to end of
intervention, but not in fat mass or android fat mass
(Table 1). None of the anthropometric characteristics or
blood parameters changed significantly from baseline to
end of study between the native whey and the milk group
(data not shown).
Table 1
Anthropometric parameters at baseline and after the
intervention

Body mass (kg)
Fat mass (kg)

Mean, end
(± SD)

Δ mean
(± SD)

p-value1

76.7±14.7

79.2±14.7

2.6±1.5

> 0.001

23.7±8.2

24.0±8.1

0.3±1.0

0.17

35.4±10.5

35.2±9.9

-0.2±2.8

0.68

BMI (kg/m2)

25.5±4.1

26.3±4.1

0.9±0.5

> 0.001

Android fat mass (%)
Glucose (mmol/L)2

5.4±0.7

5.6±0.7

0.17±0.57

0.21

Triglycerides (mmol/L)2

1.2±0.5

1.3±0.6

0.07±0.43

0.46

Cholesterol (mmol/L)2

5.4±1.1

5.4±1.0

-0.04±0.59

0.79

LDL (mmol/L)2

3.6±1.0

3.6±0.9

-0.02±0.62

0.91

HDL (mmol/L)2 2

1.6±0.3

1.5±0.3

-0.05±0.14

0.13

Effects of strength training and protein
supplementation on gene expression
Protein supplements based on milk protein or native
whey protein did not significantly alter mRNA expression
levels after eleven weeks of strength training neither in
PBMCs nor in skeletal muscle. When merging the two
groups, PBMC mRNA expression levels of interleukin
(IL) 6, IL8, chemokine (C-C motif) ligand (CCL) 3 and
nuclear receptor subfamily 1, group A, member 3
(NR1H3, also known as LXR) were significantly reduced
after the intervention period, whereas the mRNA
expression level of toll-like receptor (TLR) 2 increased
(Figure 2). In skeletal muscle, the mRNA expression levels
of CCL2, CCL5, TLR2, TLR4, IL8 and hypoxia-inducible
factor 1-alpha (HIF1A) significantly increased after
the intervention (Figure 3 and 4), whereas peroxisome
proliferator-activated receptor gamma coactivator -alpha
(PPARCG1A) and PPARCG1B decreased significantly
(Figure 4). We also observed significant changes in the
expression of some genes related to lipid metabolism,
both in PMBCs and skeletal muscle, as shown in
Additional file 2 and 3.

Circulating immune-related markers
No differences were observed from baseline to after the
intervention in the serum level of IL6 or the plasma level
of CRP (Table 2). Serum levels of IL8 and CCL3 were also
measured, but were not detectable (not shown).

Participants (n=20)
Mean,
baseline
(± SD)

in the native whey and milk group, respectively. We
logged adherence to the supplementation regime at each
training session, which resulted in a mean self-reported
compliance of 99 %.

Table 2
Inflammatory markers at baseline and after the
intervention
Participants (n=17)
Median, baseline
(± SD)

Median,
end (± SD)

Δ median
(± SD)

p-value1
(baseline-end)

CRP (mg/L)2

1.0±1.8

1.0±1.2

0.0±2.2

0.44

IL6 (pg/L)

1.6±0.4

1.6±0.9

-0.03±0.7

0.19

1. Calculated by Wilcoxon signed rank test; 2. n=14; Abbreviations used in table;
CRP, C-reactive protein; Δ, delta; IL, interleukin.

Correlations between android fat mass and
immune-related genes and circulating markers

1. Calculated by Paired sample t-test; 2. n=19; Abbreviations used in table; Δ,
delta; HDL, high-density cholesterol; LDL, low-density cholesterol

Adherence to the strength training and protein
supplementation
Participants attended an average of 33.0 ± 0.9 and 32.5
± 1.2 exercise sessions (of totally 33 exercise sessions)

No correlations between changes in android fat mass
and changes in mRNA expression levels of IL6, IL8 and
CCL3 in PBMCs or circulating levels of IL6 and CRP were
observed from baseline to end of intervention.
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Figure 1
Study design and timeline for sampling during the
intervention study

reflecting muscle regeneration and adaptation. Native
whey and milk proteins did not differentially alter mRNA
expression levels, neither in PBMCs nor in skeletal muscle
after strength training. No effects were observed on
circulating levels of IL6 or CRP.
Figure 3
mRNA expression levels in skeletal muscle before and
after the intervention

Figure 2
mRNA expression levels in PBMCs before and after the
intervention

Expression levels of CCL2 [A], CCL5 [B], TLR2 [C], TLR4 [D] and IL8 [E] from
baseline to 11 weeks of strength exercise. Values are expressed as fold changes
and the vertical lines represent median values. The p-values were calculated by
Wilcoxon signed-rank test and indicate changes from baseline til end of study. n =
10 [B, E], n = 11 [A] and n= 12 [C, D].

Expression levels of IL6 [A], IL8 [B], CCL3 [C], NR1H3 [D] and TLR2 [E] from
baseline to 11 weeks of strength exercise. Values are expressed as fold changes,
and the vertical lines represent median values. The p-values were calculated by
Wilcoxon signed-rank test and indicate changes from baseline til end of study. n =
14 [D], n= 15 [B, C] and n= 16 [A, G].

Discussion
We observed that 11 weeks of high-load strength
training combined with protein supplementation
decreased mRNA expression levels of several immunerelated genes in PBMCs, potentially having beneficial
effects on systemic low-grade inflammation. On the other
hand, immune-related mRNA transcripts were both
up- and downregulated in skeletal muscle, probably

It is well known that long-term adaptations to strength
training result in increased muscle mass (hypertrophy)
and strength (6). Furthermore, regular exercise may
reduce the level of immune-related markers (1). This
is in line with observations from the present study, as
we found reduced mRNA expression levels of IL6, IL8
and CCL3 in PBMCs after the training period. It is also
in line with a study where PBMC mRNA expression
levels of immune-related markers of middle-aged men
and women (n=40, mean age 50-67 yrs) were reduced
(CCL2), or tended to be reduced (TNF) after two months
of brisk walking (6 days/week, 50 min/day, 70% of
maximal heart rate). However, the mRNA expression
level of IL6 did not change after the training period
in that study (10). Importantly, the older subjects had
higher baseline levels of the relevant markers compared
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to younger participants. The authors therefore suggested
that the observed reduction might be related to the higher
baseline levels of these mRNA transcripts in the older
compared to the younger participants, and that these
differences promoted a more robust reduction after the
exercise period in older adults (10).
In contrast to the decreased mRNA levels of IL6,
IL8 and CCL3 in PBMCs, we observed an increased
mRNA expression level of TLR2 in PBMCs as well as
in skeletal muscle. The mRNA expression of TLR4, IL8,
CCL2 and CCL5 were also significantly increased in
skeletal muscle after the intervention. These results are
in contrast to others who have found decreased mRNA
expression levels of TLRs in PBMCs (19), skeletal muscle
(20) and whole blood (21) after regular strength training
in older adults. Increased levels of TLRs may induce
NF-κB activation in PBMCs as well as skeletal muscle and
contracting C2C12 myotubes have been shown to induce
CCL2 in an NF-κB-dependent manner (22). In skeletal
muscle, it has been shown that NF-κB activation may
prevent myogenic differentiation (23) and contribute to
muscle atrophy by increasing the activity of molecules
involved in muscle protein degradation (24). However,
this seems unlikely to occur in the present situation as we
observed increased muscle mass after the training period
and reduced levels of IL6, IL8 and CCL3 in PBMCs.
Similarly, increased NF-κB activation in PBMCs is closely
linked to the development of low-grade inflammation
(25), but NF-κB inhibition during the resolution phase
can also prevent proper tissue repair (26). IL8, CCL2
and CCL5 are chemoattractants, which may play an
important role in the recruitment of immune-related cells
to skeletal muscle following an acute exercise bout (27).
Long-term effects of training on these markers are less
investigated, but circulating levels of IL8 and CCL2 have
been shown to decrease after aerobic training programs
(28). The mission of immune-related markers in exercise
is not fully understood, but immune-related markers are
hypothesized to be important in the resolution processes
by removing cellular debris, releasing factors to promote
muscle growth and to facilitate vascular and muscle fibre
repair, amongst others (29). TLRs may potentially also
activate other pathways, such as p38 mitogen-activated
kinase (MAPK) and C-Jun N-terminal kinase (JNK) (30)
possibly stimulating cell proliferation (31).
Furthermore, we observed decreased mRNA
expression levels of NR1H3 in PBMCs, and of
PPARGC1A and PPARGC1B in skeletal muscle after
the training period. In contrast to these results, regular
endurance training has been shown to upregulate the
expression of NR1H3 in PBMCs (32) and PPARGC1A
and PPARGC1B in skeletal muscle (33). However, a
decreased mRNA expression level of PPARGC1B has
also been observed in skeletal muscle after 10 weeks
of knee extensor training in young adults (n=7, mean
age 26±1 yrs) (34). NR1H3 plays a central role in the
transcriptional regulation of both cholesterol homeostasis
and inflammation (32, 35). The signaling pathway

inducing NR1H3 expression in macrophages involves
NF-κB dependent transcriptional gene activation and
may promote anti-inflammatory effects (35). Further,
TLRs have been shown to downregulate NR1H3 (35),
which we also observed in PBMCs in the present study.
PPARGC1A and HIF1A are thought to be involved in
energy metabolism (36), and PPARGC1A is also closely
linked to inflammation (37). Lower levels of PPARGC1A
have been observed in patients with diabetes type 2
[38], the metabolic syndrome (39) and in aging (38). A
possible explanation for the conflicting results of NR1H3,
PPARGC1A and PPARGC1B in the present and other
studies may be that participants in the present study also
consumed protein supplements, which potentially may
alter mRNA expression levels of genes investigated.
Figure 4
mRNA expression levels in skeletal muscle before and
after the intervention

Expression levels of PPARGC1A [A], and PPARGC1B [B] and HIF1A [C] from
baseline to 11 weeks of strength exercise. Values are expressed as fold changes
and the vertical lines represent median values. The p-values were calculated by
Wilcoxon signed-rank test and indicate changes from baseline til end of study. n
= 12.

In contrast to the observed decrease in the mRNA
expression level of IL6 in PBMCs in the present study,
the circulating level of IL6 was unchanged. This
discrepancy support the notion that PBMCs are not the
main source of circulating IL6 (40). Further, a stable
level of circulating IL6 has previously been found after
five consecutive days of high-volume resistance training
(41) and after three months of combined endurance and
resistance training (42). At the same time, reduced levels
of circulating IL6 have been observed after progressive
24-wk exercise of endurance exercise (43) and after
walking 10000 steps three times per week for eight weeks
(44). Furthermore, we found no changes in the level of
CRP after the intervention period. This is supported by
a recent study where community dwelling older adults
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performed a strength training program for 12 weeks (45),
but is in contrast to the findings in a combined aerobic
and resistance training program in middle-aged men
and women where the level of CRP was reduced after 6
months of training (46). Strength training has also been
shown to decrease CRP in overweight women (47) and in
older adults (48).
Possible mechanisms underlying the anti-inflammatory
effects of training are largely unknown, but it has
been hypothesized that the reduced levels of immunerelated markers observed after training are due to a
redistribution of fat mass (1). In the present study, we
did not find any significant changes in the distribution
of android fat mass and we observed no correlations
between changes in mRNA transcripts of IL6, IL8
and CCL3 and android fat mass after the intervention
period. Despite no changes in android fat mass, the
mRNA expression levels of IL6, IL8 and CCL3 in PBMCs
decreased, indicating that the change in PBMCs may
occur in the absence of a changed fat distribution.
Protein supplementation, in combination with strength
training, may additionally enhance muscle protein
synthesis and muscle hypertrophy (49). In addition, whey
proteins are hypothesized to exert anti-inflammatory
effects (50). CRP was reduced in elderly adults with
sarcopenia (n=130, mean age 80.3 yrs) after 12 weeks
of supplementation with whey protein (22 g), essential
amino acids (10.9 g, including 4 g leucine) and vitamin
D (2.5 µg) concurrent with a combination of regular
endurance and strength training (51). Moreover,
intake of branched chain amino acids (BCAA) has
been shown to attenuate inflammation after a threeday extensive aerobic training program compared to
an isocaloric amount of carbohydrate (52). However,
no change was observed in serum concentrations of
IL6 after resistance training combined with protein and
omega-3 supplementation in novice resistance trained
females (n=28, mean age 20±1 yrs) (41), and a recent metaanalysis showed that whey supplements do not modulate
inflammation in healthy adults (53). Nevertheless, in the
same meta-analysis, whey supplements lowered serum
levels of CRP in subjects with initial high baseline values
(53) such as in older adults (9), potentially providing
a greater reduction of inflammatory markers in these
groups compared to groups with lower baseline levels
(54). However, our results do not support this notion, as
we observed no differences in circulating levels of CRP
or IL6 between the whey and the milk group after the
intervention period (results not shown).
Most training studies have been exploring the effects
of aerobic exercise on gene expression levels, both in
PBMCs and skeletal muscle. Whereas adaptations to
endurance training include mitochondrial biogenesis
and enhanced aerobic metabolism (55), strength training
mainly promotes hypertrophy (56). Different types of
exercise are therefore likely to induce different subsets
of genes, possibly explaining some of the contradictory
observations in the present and previous studies. The

fact that subjects in the present study consumed protein
supplements combined with the exercise intervention
may also have affected mRNA expression levels of
selected genes. Further, the differences we observed in
mRNA expression levels in PBMCs and in skeletal muscle
after eleven weeks of strength training may reflect the
different functions and adaptation processes to regular
exercise in these two tissues. Differences in initial health
status, exercise intensity (57), duration of the exercise
performed and sampling points (58) may also explain
the conflicting results in PBMCs (16), serum (59) and
skeletal muscle (20). The frequency and exercise load may
ultimately determine whether the organism responds
with favorable adaptations, or, in the case of inadequate
recovery, experiences increased inflammation (60).
Further, the results from the present study underline the
complex regulation and integration of metabolism and
inflammation (61) and show that a combined exercise
and supplementation intervention were able to alter
the expression of genes involved in energy metabolism
and inflammation in PBMCs as well as skeletal muscle.
The physiological importance of the observed effects
of strength training and protein supplementation on
immune-related markers in PBMCs, as well as skeletal
muscle is unclear and needs further investigations.
Major strengths to the present study are the
randomized controlled design, with participants receiving
a standardized diet prior to the sampling. All exercise
sessions were standardized and performed under close
supervision, and blood samples and muscle biopsies
were collected simultaneously allowing us to compare the
responses in two tissues. There are also some limitations
to the present study. Few subjects were included in
the study, and the lack of non-significant results may
be due to the low number of participants. Further, no
adjustments for, or comparison between, gender was
performed. We did not include a non-training control
group, or a group who did not consume the protein
supplements. This makes us unable to conclude that the
training intervention was the sole cause of the altered
gene expression level observed or to distinguish the
effects between the training and the supplementation. The
observed changes in some of the inflammatory markers
may therefore be related to changes in the diet and may
potentially explain the conflicting results between the
present intervention study and intervention studies were
training is the only intervention.

Conclusion
In the present study, we found reduced levels of
some immune-related markers in PBMCs after eleven
weeks of high-load strength training, possibly providing
protection against chronically related diseases, such as
atherosclerosis. Simultaneously, we observed increased
levels of other immune-related mRNA transcripts in
PBMCs as well as in skeletal muscle. These changes may
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reflect muscle regeneration and adaptation. However,
we need further investigations of the physiological
impact of these changes in PBMCs as well as in skeletal
muscle. Further, we observed no differences in mRNA
expression levels between participants consuming
native whey proteins compared to those consuming
regular milk proteins during the training period. The
present study emphasizes that a combined training and
supplementation intervention exert both local (muscle
tissue) and systemic effects (PBMCs) and that diet may
interfere with this response. However, due to the study
design we were not able to separate the effects of the
supplementation from the effects of the training.
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