
RESEARCH ARTICLE

Acute strength exercise training impacts

differently the HERV-W expression and

inflammatory biomarkers in resistance

exercise training individuals

Lucas Vinicius Morais1, Samuel Nascimento dos Santos1, Tabatah Hellen Gomes1,

Camila Malta Romano2, Patricia Colombo-Souza1, Jonatas Bussador Amaral3, Marina
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Abstract

Background

Human Endogenous Retroviruses (HERVs) are fossil viruses that composes 8% of the

human genome and plays several important roles in human physiology, including muscle

repair/myogenesis. It is believed that inflammation may also regulate HERV expression,

and therefore may contribute in the muscle repair, especially after training exercise. Hence,

this study aimed to assess the level of HERVs expression and inflammation profile in practi-

tioners’ resistance exercises after an acute strength training session.

Methods

Healthy volunteers were separated in regular practitioners of resistance exercise training

group (REG, n = 27) and non-trained individuals (Control Group, n = 20). All individuals per-

formed a strength exercise section. Blood samples were collected before the exercise (T0)

and 45 minutes after the training session (T1). HERV-K (HML1-10) and W were relatively

quantified, cytokine concentration and circulating microparticles were assessed.

Results

REG presented higher level of HERV-W expression (~2.5 fold change) than CG at T1

(p<0.01). No difference was observed in the levels of HERV-K expression between the

groups as well as the time points. Higher serum TNF-α and IL-10 levels were verified post-

training session in REG and CG (p<0.01), and in REG was found a positive correlation

between the levels of TNF-α at T1 and IL-10 at T0 (p = 0.01). Finally, a lower endothelial

microparticle percentage was observed in REG at T1 than in T0 (p = 0.04).
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Conclusion

REG individuals exhibited a significant upregulation of HERV-W and modulation of inflam-

matory markers when compared to CG. This combined effect could potentially support the

process of skeletal muscle repair in the exercised individuals.

Introduction

Inflammation is a vital and ubiquitous conserved biological process that involves the activation

of immune and non-immune cells with the goal that not only guaranteeing host defense

against pathogenic agents and toxins but also restoring tissue homeostasis in response to cell/

tissue injury. In particular, acute inflammation is characterized by events and releasing mole-

cules well-coordinated and self-controlled that is maintained as long as the threat/injury has

not been totally eliminated/solved, disappearing after these events have passed [1, 2]. Interest-

ingly, it is recognized that an exercise training session can trigger an acute inflammatory

response in which its extent depends on both intensity and duration [3]. In this sense, the mag-

nitude of the inflammation acutely elicited by exercise training can be assessed through the lev-

els and expression of different inflammatory biomarkers [4].

Among some biomarkers, IL-6 is the most studied molecule released from contracting skel-

etal muscle during physical exercise performance and presents a wide range of actions, which

includes its ability to: (1) promote lipolysis in adiposity tissue and glycolysis in the liver; (2)

improve glucose uptake by muscle during the exercise session; (3) stimulate the multiplication

of satellite cells and driving hypertrophy of the muscle; (4) induce the increase the systemic

levels of the anti-inflammatory cytokine IL-10, leading to a control of inflammation generated

by the physical exercise performance, among other actions [3].

Another cytokine that rises promptly in the bloodstream in response to muscle damage

related to exercise training is the Tumor Necrosis Factor-alpha (TNF-α). This factor can be

released by different cell types, especially circulating monocytes, being particularly noteworthy

contributors [5]. Concerning the literature, this cytokine presents several regulatory actions in

inflammation and tissue injury, and, although it can be involved in the induction of both

necrosis and apoptosis of myocytes. And, particularly in chronic inflammatory situations [6]

the TNF-α is able to regulate the myogenesis and muscle regeneration [7, 8].

Beyond these aspects, it is postulated that the inflammation condition seems to impact the

transcription of Human Endogenous Retrovirus (HERVs). They have fixed within the genome

of their germline cells, and during the process of endogenization HERVs were passed through

retrotransposition, horizontal and vertical infection and later by Mendelian heritage [9–12].

Today it is known that 8% of the human genome is composed by sequences of HERVs.

HERVs were exposed to several mutation events, and as a result, there are few complete geno-

mic sequences of the classical retroviral genome, since most of their genes are isolated and dis-

tributed within the genome, or even many of them are silenced by stop codons within viral

genes, which lead to the active replication of HERVs does not occur [13], even though HERVs’

protein is still expressed and the virion may be formed [14–17].

HERVs presents a fundamental role in different physiological situations. In this respect, one

of the remaining and nearly complete HERV-W env gene is responsible for expressing Synci-

tin-1, which is a critical protein in the process of Syncytiotrophoblast formation and myogen-

esis [18–20] In fact, the fusogenic role of HERVs in human myogenesis has been also assessed,

and it was described that HERV-W presented a key role in cell fusion of myotubes in athletes

engaged in long-duration exercise, such as competitive cycling [21]. Additionally, HERVs

PLOS ONE HERV-W expression and inflammatory biomarker after acute exercise training

PLOS ONE | https://doi.org/10.1371/journal.pone.0303798 May 16, 2024 2 / 17

Funding: Fundação de Amparo à Pesquisa do

Estado de São Paulo (FAPESP), grants # 2023/

08773-0 and 2020/11619-5

Competing interests: The authors have declared

that no competing interests exist.

https://doi.org/10.1371/journal.pone.0303798


expression in these athletes seems to be diverse, HERV-K was also upregulated in them, which

points to the fact the physical exercise may modulate other HERVs expression as well.

Regarding interplay between inflammation and HERV transcription, it was suggested that

inflammation might lead to complex and necessary changes to promote HERV expression

[22]. To clarify this scenario, previous reports have described that the increase of HERV

expression in response to pro-inflammatory cytokines relies on inducing the increase of tran-

scription factor to bind and activate HERVs LTR [23], directly eliciting the increase of HERV

pol, gag, and env proteins [24]. Although the interplay of inflammation and HERV expression

is most discussed during chronic inflammation situations [25] this interaction in the context

of acute inflammation is not fully understood, which can include the response to a session of

resistance (strength) exercise training.

Beyond these molecules, the acute inflammation promoted by physical exercise can also

elicit microparticle release, which is vesicles originating after stimulus as activation or apopto-

sis from different cell types (endothelial cells, platelets, monocytes, among others), thus pres-

ents distinct functions, not only in the exercise training context but also in the diseases as

hypertension [26], hypercholesterolemia [27], systemic sclerosis [28] among others [29].

Based on these pieces of information, it is clear that acute physical exercise is able to regulate

and promote distinct patterns of gene expression, which include pathways related to inflamma-

tion [29] and muscle repair [30] as well as might modify the circulating levels of cytokines [3]

and microparticles [29]. However, until now, the acute effect of a single bout of strength exer-

cise session performed by healthy individuals in the systemic cytokine and microparticle levels

is still poorly understood and sometimes contradictory, as well as there is no data regarding the

dynamics of HERVs expression in this context. Therefore, in the present study, we aimed to

assess the level of HERV-W-env, HERV-K (HML1-10), pro and anti-inflammatory cytokines

level concentration and to characterize the circulating microparticles in practitioners and non-

practitioners of resistance exercises after an acute strength training session.

Materials and methods

Design and population of the study

Healthy adults (n = 47) of both sexes, were recruited and interviewed for collecting informa-

tion related to their habitual routine of the practice of strength exercise training. The volun-

teers were oriented to carry out two independent visits to the laboratory on different days.

During the first visit, participants responded to a pre-participation questionnaire that included

demographic information plus details on their routine of the practice of strength exercise. In

accordance with the data obtained in this questionnaire, the volunteers were separated into

two groups: regular practitioners of resistance exercise training (REG, n = 27), and non-practi-

tioners of resistance exercise training (control group, CG, n = 20). On the second visit,

between 8–10 a.m., a fasting blood sample was collected before the training session (T0). Soon

after, a standardized meal was supplied to ensure that all participants had the same amount of

calories prior to the strength exercise session. Following 30 minutes, the volunteers performed

the exercise session, and 45 minutes after completing this session, the second blood sample

was collected (T1). Subjects were instructed not only to maintain their food pattern but also to

refrain from alcohol and exercise for 48 hours, as well as caffeine for 24 hours prior to the sec-

ond visit. This study was performed at the same gym academy and research laboratory, both

belonging to the Universidade Santo Amaro (UNISA), São Paulo, Brazil, and all volunteers

were students, professors, and employees of the university. Individuals who presented a history

of autoimmune diseases, including those in the family, or any inflammatory conditions (such
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as diabetes, obesity, neoplasia, or other inflammatory diseases) were excluded from the study.

Sampling occurred from 1th march 2021 to 1th august 2021.

Ethics

Volunteers were individually informed about the proposed risks and benefits of the study, and

those who agreed to participate were oriented read and sign the written consent form previously

approved by the Ethics and Research Committee from Santo Amaro University (UNISA, proto-

col # 4.237.943). It is worth mentioning that the study was performed in agreement with the

Declaration of Helsinki, and also with the Ethical Standards presented in 2016 by Harris [31].

Exercise training protocol

The protocol of the strength exercise session consisted of (i) a general warm-up on a treadmill

(E720; Movement1, Pompeia, SP, Brazil) walking at 5 km/h for five minutes followed by 3

minutes of light stretching of the lower and upper limbs; (ii) followed by the performance of

strength exercises in three sets of 8–10 maximum repetitions, including ten different types (leg

press, high pull, knee extension, elbow flexion, knee flexion, triceps puller, bench press, leg

abduction, low pull, leg adduction). It is important to cite that in the occurrence of more or

less repetitions (>2) exceeding the target range of 8–10 repetitions in a set, weight correction

was applied (1–2%). The recovery interval between sets was 60 seconds. Subjects were oriented

to perform a cadence of repetitions with a concentric action of approximately 1 second and an

eccentric action of approximately 2 seconds.

Samples preparation

As previously mentioned, the first blood sample collection occurred in fasting conditions and

before the exercise session, whereas the second blood sample collection occurred 45 minutes

after the exercise session ended. All blood samples were collected in tubes containing or not

anticoagulant EDTA to obtain serum or plasma, as well as Peripheral Mononuclear Blood

Cells (PBMC). The PBMC was used to assess the HERV expression, whereas circulating micro-

particles were analyzed in the plasma and serum samples were used to the cytokine analysis.

Molecular analysis

The protocol for sample preparation for molecular analysis was conducted as previously

described [32–34]. Briefly, total RNA was extracted from PBMCs using the Trizol method

(Invitrogen). Rigorous decontamination of genomic DNA was performed with DNA free

turbo (Ambion). Absence of contaminant genomic DNA was confirmed by Real Time PCR

with primers complementary to GAPDH gene with the absence of Reverse Transcriptase.

HERV-W and K detection and relative quantification analysis

Around 150 ng of RNA were used to perform one step RT-PCR in a Sybr green assay (Merck).

We used primers for env-HERV-W [35], gag-HERV-K (HML1-10) [32], and GAPDH as

housekeeping gene [36]. The RT-PCR mix included 0.1 μM of each primer and 1x of PCR

Master Mix Sybr-Green one step (Merck). For both HERV-W and HERV-K cycling condi-

tions were 50˚C for 2 minutes, 95˚C for 10 minutes followed by 40 cycles, of 95˚C for 1 min-

ute, 50˚C for 45 seconds and 60˚C for 1 minute. For GAPDH assay the cycling conditions

were: 50˚C for 2 minutes, 95˚C for 10 minutes followed by 40 cycles of 95˚C for 1 minute and

60˚C for 1 minute. In both assays a previous step was added of 37˚C for 30 minutes for cDNA

synthesis and a final cycle to determine the melting temperature of the samples (55˚C to
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95˚C). HERV activity expression was qualitatively (absence/presence) and quantitatively (level

of expression) evaluated. The level of expression was determined by the 2-ΔΔCt method where

ΔCt = (HERV Ct- GAPDH Endogenous Control Ct)–(Average of ΔCt of all controls), and the

results were represented as fold changes. Significance was evaluated using Wilcoxon test. In all

cases, samples were only considered positive for HERVs if melting curve was the same or

-+0.3˚C distinct of the control samples, and therefore included in the relative quantification

analysis.

Determination of systemic cytokine concentration

Serum concentrations of the pro-inflammatory IL-6 and TNF-α cytokines and the anti-inflam-

matory IL-10 cytokine were determined by using the ELISA commercial kits (ThermoFisher)

following manufacturer’s instructions. The concentration of each cytokine was calculated

through an appropriate standard curve that presented a correlation coefficient from 0.95 to

0.99, with coefficients of variance intra-assay varying from 2,5 to 4% and from 8 to 10% in

inter-assay.

Quantification and phenotypic characterization of circulating

microparticles

Samples were centrifuged at 160 g, 22C for 10 minutes to obtain platelet-rich plasma (PRP).

The PRP was then centrifuged at 1500g, 22C for 6 minutes, to collect platelet-poor plasma

(PPP). Then, the PPP (70 μL) was incubated for 20 minutes at room temperature with anti-

CD105 conjugated with APC, anti-CD42 conjugated with FITC combined with anti-CD31

conjugated with PE and anti-CD14, to identify endothelial, platelet and monocytic microparti-

cles, respectively; isotypes were used as controls (BD Biosciences, Franklin Lakes, NJ, USA).

After incubation, 300 μL of PBS were added and immediately read in a flow cytometer (FACS-

Calibur—BD Biosciences, Franklin Lakes, NJ, USA), with approximately 30,000 events were

acquired.

Statistical analysis

For data analysis, SPSS version 26.0 was used. The adherence to Gaussian distribution and

homogeneity of variance were evaluated using Kolmogorov-Smirnov and Levene tests, respec-

tively. The data are presented as mean ± standard deviation or median (interquartile range), as

appropriate. Paired Student-T test, or Wilcoxon test were used for comparisons between the

time points (before and after exercise session). To compare the two groups, we used the Krus-

kal-Wallis test with Müller–Dunn posthoc test. The significance level was set at p<0.05. Statis-

tic difference was assumed if p<0.05.

Spearman’s rank correlation coefficient test was applied to verify the occurrence of associa-

tion among the parameters assessed here.

Sample size was conveniently collected. To compare data obtained between the groups,

parametric and non-parametric tests were used.

Results

The REG performed in their habitual routine around 4.2±1.5 sessions of strength exercise

training per week, with 9±4 types of exercises per session, 3±1 sets, and 12±3 repetitions. The

most common types of exercises were bench press, barbell curl, bull down, pull-up, row down,

leg press, leg curl, leg extension, and squat. The demographic findings are described in

Table 1.
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Fig 1 shows the level of HERV-W (Fig 1A) and HERV K (Fig 1B) expression in the volun-

teer groups, both before (T0) and after (T1) the strength exercise session. It was possible to evi-

dence that all volunteers presented some level of HERV K and W expression at T0, and also

that no significant discrepancy was observed in the level of expression between women and

men (p = 0.780). Particularly in terms of the HERV-K (HML1-10) expression, neither statisti-

cally significant differences were found between the volunteer groups, nor in a comparison

between the time points within groups (Fig 1B). However, HERV-W expression significantly

increased (2-fold) from T0 to T1 in REG (p<0.01), whereas CG showed that the expression

profile was unchanged (p = 0.8, Fig 2B). In agreement with data presented in Fig 2, in an inter-

esting way, 19 out of 20 individuals in REG upregulated HERV-W following the exercise ses-

sion (T1), whereas only 6 individuals (30%) from CG upregulated this HERV, and the

remaining 14 volunteers (70%), actually, downregulated its expression (2.7-fold average) at T1.

Although most individuals presented HERV-K expression at some level, we did not find

statistical difference regarding HERV-K (HML1-10) expression, neither between groups nor

comparing the time points within groups (Fig 3).

Beyond the HERV K and W expressions, in Fig 3 is shown the results obtained in the assess-

ment of the systemic concentration of both pro- and anti-inflammatory cytokines before (T0)

Table 1. Demographic data of the individuals who attended to the study.

Groups N Sex Age, M+SD BMI+SD

female Male

CG 20 10 10 25.4±8.9 24.65±4.1

TG 27 14 15 25.1±5.8 25.04±3

Total 47 24 25 25.2±7.4 24.87±3.9

CG: Control Group, TG: Trained Group. M+SD: Median and standard deviation, BMI: Body Mass Index

https://doi.org/10.1371/journal.pone.0303798.t001

Fig 1. Profile of HERV-W (A) and K (B) expression before and after the training session. Expression levels are shown in fold change. * = p<0.01 Wilcoxon

test, T0: sampling before the training session, T1: sampling 45 minutes after the training session. REG = regular practitioners of resistance exercise training

group.

https://doi.org/10.1371/journal.pone.0303798.g001
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and after the exercise session (T1). Higher serum levels of IL-10 (Fig 3A) and TNF-α (Fig 3B)

were found at T1 than at T0 in both volunteer groups (REG, p<0.0001 for IL-10 and p<0.0001

for TNF-α; CG, p = 0.05 for IL-10 and p<0.01 for TNF-α). In addition, the serum IL-6 levels

were not different between the groups and time points assessed here (Fig 3C). We had per-

formed correlation analysis between the concentration of cytokines variables and the HERVs

expression, and a positive correlation was observed in REG between the serum levels of IL-10

at T0 and TNF-α at T1 (p = 0.02, Fig 3D).

Finally, Table 2 shows the results obtained in the quantification and characterization (POR

of endothelial (EMP), platelet (PMP), and monocytic microparticles (MMP) in the platelet-

poor plasma from the volunteer groups both before (T0) and 45 minutes after the strength

exercise session ended (T1). It was possible to observe that REG showed a significant decrease

in EMP at T1 (p = 0.02) as compared to the values at T0. No other differences were found.

Discussion

In the present study, for the first time, we were able to show not only an acute and significant

increase in HERV W expression, but not of HERV K, as well as reduction in the endothelial

Fig 2. Profile of HERV-W expression before and after the training session. Lines show paired individuals. T0: sampling before the training session, T1:

sampling 45 minutes after the training session.

https://doi.org/10.1371/journal.pone.0303798.g002
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microparticles (EMP), in response to a strength exercise session in a group of individuals who

regularly practiced resistance exercises. Moreover, as expected, the circulating levels of some

cytokines, particularly TNF-a and IL-10, also increased after the exercise session in both volun-

teer groups.

HERVs have been implicated in a range of roles within human physiology and disease, as

documented previously [18, 37, 38]. Specifically, due to its fusogenic activity Syncytin-1 has

been directly linked in the formation of osteoclasts and myoblasts [37, 39]. In this study, we

report an increase in HERV-W expression in individuals that exercises regularly, following an

acute strength training session but not in the control group.

Fig 3. Serum concentrations of TNF-α (A), IL-6 (B), and IL-10 (C), both before (T0) and 45 minutes after the strength exercise session ended (T1) in the

practitioners of resistance exercise training group (REG) and control group (CG). In addition, Pearson’s coefficient correlation analysis between values of IL-10

at T0 and TNF-α at T1(D). **:p<0.05 ***: p<0.01 ****: p<0.0001.

https://doi.org/10.1371/journal.pone.0303798.g003

Table 2. Percentage of circulating microparticles in platelet-poor plasma from a group of practitioners of resistance exercise training (REG) and non-practitioners

(control group—CG) both before (T0) and 45 minutes after strength exercise session ended (T1). The data is represented as medians (interquartile range). Wilcoxon

test was used in intragroup comparisons (T0 x T1 in each group) and Mann-Whitney test was used in the comparisons between RGE and CG, for each visit.

Microparticles GC p intra groups REG p intra groups p between

groups

T0 T1 T0 T1 T0 T1

Endothelial 0.06 (0.03–0.21) 0.02 (0.00–0.18) 0.23 0.03 (0.01–0.11) 0.01 (0.00–0.04) 0.02 0.03 0.47

Platelet 73.01 (49.63–86.03) 78.07 (56.66–90.42) 0.36 70.69 (42.02–85.93) 75.16 (33.01–85.64) 0.89 0.81 0.42

Monocytic 2.09 (0.80–5.81) 1.79 (0.13–4.20) 0.14 1.66 (0.89–4.23) 2.93 (0.15–8.29) 0.10 0.65 0.19

https://doi.org/10.1371/journal.pone.0303798.t002
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These findings underscore the rapid expression of HERV-W immediately following an

acute training session in physically trained individuals. This phenomenon may suggest an

acquired adaptation of the organism to the expression of this retroelement, potentially signify-

ing a vital physiological role. However, a more comprehensive understanding of this role

requires further investigation.

Several plausible explanations may account for these findings. First, Syncytin-1 could be

directly associated in the muscle repair process. In fact, it has been documented that Syncitin-

1 can interact with other sarcolemma proteins, such as caveolin, which plays a role in muscle

repair [39–42]. Thus, individuals who are well-adapted to physical exercise might exhibit a

positive regulation of HERV-W expression due to their enhanced physical conditioning. How-

ever, it is important to note that our study is based on peripheral blood mononuclear cells

(PBMCs), and the direct impact of Syncytin-1 on muscle repair warrants further investigation,

and in this study our primer set was not directed specifically to Syncytin-1. Secondly, the

higher and significant increase in the HERV-W expression in REG individuals may be

explained to the gene modulation pattern that is acquired due to the regular training [43], and

therefore HERV-W expression may also be regulated by training. Although this has not been

observed for HERV-W previously, the distinct profile of gene expression on chronic and acute

exercise is not new. Previous studies focused on understanding the gene expression and micro-

RNA during physical exercises showed distinct patterns of gene expression in acute and

chronic exercise [44, 45].

Interestingly, a limited number of studies have investigated the frequency and level of

HERVs expression in the context on physical exercise, as well as their involvement in the mus-

cle repair process. A prior study described that prolonged endurance exercise was able to mod-

ulate the expression HERV-W in the skeletal muscle tissue, thereby promoting tissue repair

[21]. This finding is also in touch with ours, since HERV-W was upregulated in trained indi-

viduals, and specially in acute session of training and in strength exercise profile, differently

than the observed in the untrained individuals. Therefore, we might envisage a scenario where

HERV-W expression may participate to promote muscle repair and this high expression in

trained individuals might be an acquired condition that is determined by the frequency of

training. In the opposite side, HERV-W expression was downregulated (2.7 fold change) in

the individuals who do not perform regular strength exercise. This distinct pattern between

groups might suggest the HERV-W expression behave differently accordingly the physical

exercise routine and might be associated to the repair condition.

Interestingly, HERV-K (HML-1) was not differentially expressed in REG patients and CG,

this is interestingly, since HERV-K is the newest and most active family. Therefore these find-

ings are critical since the expression of one family but not others is not occurring as a conse-

quence of epigenetic changes after cellular stress, caused by local inflammation, but rather, the

HERV regulation may be intricately linked to a very specific role in muscular repair. And this

make sense since syncytin-1 is responsible for fusogenic events commonly observed in differ-

ent cell types formation, such as syncytiotrophoblast [11] and osteoclasts [14, 15].

Beyond these aspects, it is worth mentioning that, in agreement with the literature, not only

an acute exercise session is able to elicit several gene transcriptions but also it was reported

that after 45 minutes more than 50% of these genes can be upregulated [46]. Specifically, resis-

tance training can activate important signaling pathways 45 minutes after a bout of this exer-

cise type as compared with rest. Moreover, it was reported that, at this time point, both

restoration of tissue homeostasis and integrity, and also protein synthesis and degradation are

still being regulated [47], and, interestingly, the human skeletal muscle is more sensitive to

acute resistance training in the trained than untrained individuals, which reinforce the adap-

tive process that occurs in response to repeated stimulation [48]. These pieces of information
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may help us to understand the great changes that can be observed between 45 to 60 minutes

after a bout of exercise in some molecules released in response to muscle contracting, such as

TNF-α, IL-6 and IL-10 [49].

In an interesting way, previous finding reveals that inflammation may interfere in the

HERV expression [50, 51], and, here, in both groups was found higher TNF-α levels, a pro-

inflammatory cytokine, however the level of HERV-W expression in the CG was unchanged

between T0 and T1, which reinforces a possible acquired modulation of HERV-W expression

to be associated to skeletal muscle repair.

Regarding the literature, whether one side, not only the HERV-W family can elicit the pro-

duction of some proinflammatory cytokines, e.g. IL-1β, IL-6, and TNF-α, by its interaction

with Toll-like receptors (TLRs), particularly TLR4 and CD14, which shows that HERV trans-

activation can act fueling the inflammation, as well as HERVs can activate the immune

response, especially innate immunity, driving an uncontrolled inflammation that can towards

of chronic inflammation [52], or even some HERV Env proteins, particularly derived by

HERV-H, HERV-K, and HERV-FRD (Syncytin-2), could be involved in immunosuppressive

aspects [53], by induction of the anti-inflammatory cytokine IL-10 [54, 55], on another side, it

was demonstrated that TNF-α is capable of elevating the RNA expression of HERV-H,

HERV-K, and HERV-W [23] through TNF-α receptor signaling. Taken together, these data

show a close interplay between HERVs and inflammation.

Based on these pieces of information, besides assessing HERV K and W expression, we also

evaluated the circulating levels of some cytokines, such as IL-6, IL-10, and TNF-α, which have

presented remarkable interplay within the physical exercise context [56]. Since the last decades

from the 20th century, the number of reports showing that physical exercises can elicit promi-

nent alterations in systemic cytokine levels gradually increased. In this sense, nowadays it is

broadly known that the muscle contractions in response to physical exercise performance

induce the transcription of several genes, which include different types of cytokines [3]. Specif-

ically in this context, the cytokines released from contracting skeletal muscles, named myo-

kines, can exert autocrine, paracrine, and endocrine actions in many organs and tissues, which

include lipolysis, glycolysis, and pro- and anti-inflammatory effects [3, 57]. In fact, the first

and most studied myokine is IL-6 and it was demonstrated that their circulating levels can rap-

idly increase (up to 100-fold) in response to a physical exercise session [57] dropping in min-

utes/hours post-exercise [3]. In fact, it was suggested that the myokine IL-6 can work as an

energy sensor [58], especially in musculoskeletal tissue, since was documented that musculo-

skeletal tissue from exercising leg with reduced glycogen content also presented increased IL-6

mRNA levels. Moreover, it is worth mentioning that the same authors cited that the IL-6

release from the exercise leg, in this context, occurred after one hour of exercise [59, 60].

Taken together, these pieces of information can corroborate our lack of differences in the cir-

culating IL-6 levels, both between the groups and time points assessed here, since all volunteers

received the same standard meal before the strength exercise training session, which could be

provided sufficient "fuel" to perform the exercise session and the musculoskeletal glycogen was

not significantly reduced. Furthermore, we can also suggest that, since the second blood sam-

pling occurred 45 minutes after the exercise session ended, the IL-6 release from musculoskel-

etal tissue probably was not sufficient, until this moment, to significantly alter the circulating

IL-6 levels. Corroborating this last suggestion, it was suggested that eccentric exercise does not

necessarily elicit a larger increment of plasmatic IL-6 levels than concentric “nondamaging”

muscle contractions, which not only shows that the elevation of systemic IL-6 is not closely

associated with muscle damage but also eccentric exercise can lead to a delayed peak, as well as

a slow dropped of this myokine in the recovery period [61].
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Despite the circulating IL-6 levels were not altered, we verified that the systemic levels of

TNF-α and IL-10 significantly increased after the strength exercise session ended in both vol-

unteer groups. It is well-accepted that during an acute-phase response, the local inflammatory

response induced usually is followed by a systemic response and that a network of several cyto-

kines, with pro and anti-inflammatory properties, present corollary actions [56]. Specifically in

the physical exercise context, it was demonstrated that TNF-α levels (both the mRNA in skele-

tal muscle and protein in the circulation) are, acutely, most prominently increased after the

eccentric exercise [56, 62, 63] than after concentric exercise [64]. It was proposed that this pro-

inflammatory myokine could be an important player in the initiation of the breakdown of

damaged muscle tissue [65, 66]. In controlled situations, which include both production and

regulation, TNF-α can assist in the muscle regeneration response following injury, and, after

binding to its TNFR1 receptor, several pleiotropic signaling pathways are activated. In particu-

lar, it was reported that TNF-α not only prevents myoblast fusion, perhaps by its modulation

of both caveolae organization/function and satellite cell function, but also TNF-α can improve

the myoblast´s resistance to osmotic stress. Thus, these pieces of information show a promi-

nent modulatory effect of TNF-α in both fusion and stress resistance of plasma membranes of

muscle cells [67], which can putatively help the muscle regeneration of muscle skeletal tissue

after the injury promoted by the strength exercise session.

Although there is a consensus that the activation of an inflammatory response is necessary

to promote muscular regeneration, it is also well-known this process needs to be controlled. In

fact, it was documented that, in a similar way to pro-inflammatory cytokine response, after the

physical exercise session there is an increase in circulating levels of anti-inflammatory cyto-

kines, such as the IL-10, both to prevent excessive secretion or even control the effect of pro-

inflammatory cytokines, mainly TNF-α [56, 68]. Concerning resistance/strength exercise

training, it was reported that this type of exercise can increase the IL-10 mRNA expression in

muscle tissue, besides an increase of circulating IL-10 levels in conjunction with reduced sys-

temic TNF-α concentrations [69]. Therefore, these pieces of information corroborate our find-

ings not only in that the elevation of circulating IL-10 levels after the exercise session ended

shows that the necessary mechanism of inflammation control was present in both volunteer

groups in order to avoid a possible dangerous effect related to an exacerbation of pro-inflam-

matory cytokines, mainly TNF-α, but also can suggest that regular practice of resistance exer-

cise training is able to improve the inflammatory response to this physical exercise since it was

evidenced that the volunteers in REG showed a significant positive correlation between the cir-

culation levels of IL-10 at T0 with TNF-α at T1.

Our results showed a decrease in EMP in the REG after training. In fact, the studies are

inconclusive concerning the effect of exercise in the microparticle levels, since the type, inten-

sity, duration, and frequency showed different results. Furthermore, concerning EMP, there

are many protein surfaces described in the literature for recognizing these microparticles

(CD51, CD105, CD144, CD31, among others), which becomes difficult to compare the differ-

ent findings.

Bittencourt et al. evaluated the chronic effect of the exercise in professional runners, com-

pared to sedentary individuals, and did not find differences in the percentage of EMP in the

runners, although there was higher levels of endothelial progenitor cells (considered biomark-

ers of vascular repair), suggesting that the prolonged exercise promotes benefits on vascular

homeostasis [70]. Another study showed reduced levels of EMP after a moderate intensity

training [71], a reduction in the EMP levels immediately after a single bout of exercise was also

reported [72], pointing out to an improvement in endothelial function promoted by the exer-

cise, even a single training, which are in line with our findings.
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In summary, we have described distinct pattern of HERV-W expression regularly exercised

individuals and non-trained individuals, and this might be indicative for a possible role in

muscle repair. Although this endogenous retrovirus has been associated to many diseases,

especially autoimmune conditions, clear evidences describe the participation of HERVs on

many physiological activities, including myogenesis. Importantly, the data described here can

not only improve our understanding of the acute impact of a single bout of a strength exercise

session on these retroelements but also can indicate that HERV is an important target involved

in this context and that it might putatively be involved in the muscle repair process. In this

sense, further studies should focus on possible pathways analysis in order to precisely deter-

mine HERV-W role and other retroelements in muscle repair.

The study presents some limitations, as we have analyzed only the expression of HERV-W,

and we did not focus on the detection of protein itself or Syncitin-1 specific expression,

although HERV-W. However, we still lack data regarding the modulation of HERV-W expres-

sion in physical exercise. The second limitation pertains to the use of PBMC as the preferred

sample for assessing gene expression. While studying the skeletal muscle tissue itself would be

valuable for detecting local protein/ gene expression, several studies have demonstrated that

PBMC serves a suitable model for studying HERV expression [32, 73–75]. Finally, our study

focused on a single training session, and consequently, we did not follow up with these individ-

uals to understand the overall dynamics of HERVs activity, circulating microparticles and

cytokines. To address this, further studies should explore the expression and protein detection

in both skeletal muscle tissue and PBMC and in different conditions of training and our find-

ings revealed that this study brought new findings that might add pieces to the puzzle to

understand whether HERV-W may play a role in skeletal muscle repair.

Conclusions

Higher level of HERV-W expression was found in REG individuals and important increase

was found in most of the REG individuals after training session, whereas CG most of individu-

als have shown a decrease in the level of HERV-W expression. TNF-α and IL-10 was increased

in REG and CG after training, and lower concentration of EMP was found in REG individuals.
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André Luis Lacerda Bachi, Carolina Nunes França, Luiz Henrique da Silva Nali.

References
1. Chen L, Deng H, Cui H, Fang J, Zuo Z, Deng J, et al. Inflammatory responses and inflammation-associ-

ated diseases in organs. Oncotarget. 2017; 9: 7204–7218. https://doi.org/10.18632/oncotarget.23208

PMID: 29467962

2. Furman D, Campisi J, Verdin E, Carrera-Bastos P, Targ S, Franceschi C, et al. Chronic inflammation in

the etiology of disease across the life span. Nat Med. 2019; 25: 1822–1832. https://doi.org/10.1038/

s41591-019-0675-0 PMID: 31806905

3. Walsh Neil P1, Michael Gleeson, Shephard Roy J, Maree Gleeson, Woods Jeffrey A, Bishop Nicolette

C, et al. Position statement. Part one: Immune function and exercise—PubMed. Exerc Immunol Rev.

2011; 17: 6–63. Available: https://pubmed.ncbi.nlm.nih.gov/21446352/

4. Kawi J, Lukkahatai N, Inouye J, Thomason D, Connelly K. Effects of Exercise on Select Biomarkers and

Associated Outcomes in Chronic Pain Conditions: Systematic Review. Biol Res Nurs. 2016; 18: 147–

159. https://doi.org/10.1177/1099800415599252 PMID: 26276511

5. Hirose L, Nosaka K, Newton M, Laveder A, Kano M, Peake J, et al. Changes in inflammatory mediators

following eccentric exercise of the elbow flexors. Exerc Immunol Rev. 2004; 10: 75–90. Available:

https://pubmed.ncbi.nlm.nih.gov/15633588/ PMID: 15633588

6. Hardin BJ, Campbell KS, Smith JD, Arbogast S, Smith J, Moylan JS, et al. TNF-alpha acts via TNFR1

and muscle-derived oxidants to depress myofibrillar force in murine skeletal muscle. J Appl Physiol.

2008; 104: 694–699. https://doi.org/10.1152/japplphysiol.00898.2007 PMID: 18187611

7. Shirakawa T, Rojasawasthien T, Inoue A, Matsubara T, Kawamoto T, Kokabu S. Tumor necrosis factor

alpha regulates myogenesis to inhibit differentiation and promote proliferation in satellite cells. Biochem

Biophys Res Commun. 2021; 580: 35–40. https://doi.org/10.1016/j.bbrc.2021.09.067 PMID: 34619550

8. Chen SE, Jin B, Li YP. TNF-alpha regulates myogenesis and muscle regeneration by activating p38

MAPK. Am J Physiol Cell Physiol. 2007;292. https://doi.org/10.1152/ajpcell.00486.2006 PMID:

17151142

9. Griffiths DJ. Endogenous retroviruses in the human genome sequence. Genome Biol. 2001; 2:

REVIEWS1017. Available: http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=138943&tool=

pmcentrez&rendertype=abstract https://doi.org/10.1186/gb-2001-2-6-reviews1017 PMID: 11423012

10. Weiss RA. The discovery of endogenous retroviruses. Retrovirology. 2006; 3: 67. https://doi.org/10.

1186/1742-4690-3-67 PMID: 17018135

PLOS ONE HERV-W expression and inflammatory biomarker after acute exercise training

PLOS ONE | https://doi.org/10.1371/journal.pone.0303798 May 16, 2024 13 / 17

https://doi.org/10.18632/oncotarget.23208
http://www.ncbi.nlm.nih.gov/pubmed/29467962
https://doi.org/10.1038/s41591-019-0675-0
https://doi.org/10.1038/s41591-019-0675-0
http://www.ncbi.nlm.nih.gov/pubmed/31806905
https://pubmed.ncbi.nlm.nih.gov/21446352/
https://doi.org/10.1177/1099800415599252
http://www.ncbi.nlm.nih.gov/pubmed/26276511
https://pubmed.ncbi.nlm.nih.gov/15633588/
http://www.ncbi.nlm.nih.gov/pubmed/15633588
https://doi.org/10.1152/japplphysiol.00898.2007
http://www.ncbi.nlm.nih.gov/pubmed/18187611
https://doi.org/10.1016/j.bbrc.2021.09.067
http://www.ncbi.nlm.nih.gov/pubmed/34619550
https://doi.org/10.1152/ajpcell.00486.2006
http://www.ncbi.nlm.nih.gov/pubmed/17151142
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=138943&tool=pmcentrez&rendertype=abstract
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=138943&tool=pmcentrez&rendertype=abstract
https://doi.org/10.1186/gb-2001-2-6-reviews1017
http://www.ncbi.nlm.nih.gov/pubmed/11423012
https://doi.org/10.1186/1742-4690-3-67
https://doi.org/10.1186/1742-4690-3-67
http://www.ncbi.nlm.nih.gov/pubmed/17018135
https://doi.org/10.1371/journal.pone.0303798


11. Venter JC, Adams MD, Myers EW, Li PW, Mural RJ, Sutton GG, et al. The Sequence of the Human

Genome. Science (80-). 2001; 291: 1304–1351. https://doi.org/10.1126/science.1058040 PMID:

11181995

12. Patience C, Wilkinson DA, Weiss RA. Our retroviral heritage. Trends Genet. 1997; 13: 116–20. Avail-

able: http://www.ncbi.nlm.nih.gov/pubmed/9066271 https://doi.org/10.1016/s0168-9525(97)01057-3

PMID: 9066271

13. Mager DL, Goodchild NL. Homologous recombination between the LTRs of a human retrovirus-like ele-

ment causes a 5-kb deletion in two siblings. Am J Hum Genet. 1989; 45: 848–54. Available: http://www.

ncbi.nlm.nih.gov/pubmed/2573998 PMID: 2573998

14. Perron H, Perin JP, Rieger F, Alliel PM. Particle-associated retroviral RNA and tandem RGH/HERV-W

copies on human chromosome 7q: possible components of a “chain-reaction” triggered by infectious

agents in multiple sclerosis? J Neurovirol. 2000; 6 Suppl 2: S67–75. Available: http://www.ncbi.nlm.nih.

gov/pubmed/10871789 PMID: 10871789

15. Contreras-Galindo R, Kaplan MH, Leissner P, Verjat T, Ferlenghi I, Bagnoli F, et al. Human endoge-

nous retrovirus K (HML-2) elements in the plasma of people with lymphoma and breast cancer. J Virol.

2008; 82: 9329–36. https://doi.org/10.1128/JVI.00646-08 PMID: 18632860

16. Belshaw R, Pereira V, Katzourakis A, Talbot G, Paces J, Burt A, et al. Long-term reinfection of the

human genome by endogenous retroviruses. Proc Natl Acad Sci U S A. 2004; 101: 4894–9. https://doi.

org/10.1073/pnas.0307800101 PMID: 15044706

17. Ruprecht K, Ferreira H, Flockerzi A, Wahl S, Sauter M, Mayer J, et al. Human Endogenous Retrovirus

Family HERV-K(HML-2) RNA Transcripts Are Selectively Packaged into Retroviral Particles Produced

by the Human Germ Cell Tumor Line Tera-1 and Originate Mainly from a Provirus on Chromosome

22q11.21. J Virol. 2008; 82: 10008–10016. https://doi.org/10.1128/JVI.01016-08 PMID: 18684837

18. Mi S, Lee X, Li X, Veldman GM, Finnerty H, Racie L, et al. Syncytin is a captive retroviral envelope pro-

tein involved in human placental morphogenesis. Nature. 2000; 403: 785–9. https://doi.org/10.1038/

35001608 PMID: 10693809

19. Blond JL, Lavillette D, Cheynet V, Bouton O, Oriol G, Chapel-Fernandes S, et al. An envelope glycopro-

tein of the human endogenous retrovirus HERV-W is expressed in the human placenta and fuses cells

expressing the type D mammalian retrovirus receptor. J Virol. 2000; 74: 3321–9. Available: http://www.

ncbi.nlm.nih.gov/pubmed/10708449 https://doi.org/10.1128/jvi.74.7.3321-3329.2000 PMID: 10708449

20. Redelsperger F, Raddi N, Bacquin A, Vernochet C, Mariot V, Gache V, et al. Genetic Evidence That

Captured Retroviral Envelope syncytins Contribute to Myoblast Fusion and Muscle Sexual Dimorphism

in Mice. Cox GA, editor. PLOS Genet. 2016; 12: e1006289. https://doi.org/10.1371/journal.pgen.

1006289 PMID: 27589388

21. Frese S, Ruebner M, Suhr F, Konou TM, Tappe KA, Toigo M, et al. Long-term endurance exercise in

humans stimulates cell fusion of myoblasts along with fusogenic endogenous retroviral genes in vivo.

PLoS One. 2015;10. https://doi.org/10.1371/journal.pone.0132099 PMID: 26154387

22. Rangel SC, da Silva MD, da Silva AL, dos Santos J de MB, Neves LM, Pedrosa A, et al. Human endog-

enous retroviruses and the inflammatory response: A vicious circle associated with health and illness.

Frontiers in Immunology. 2022. Available: https://www.frontiersin.org/articles/10.3389/fimmu.2022.

1057791 PMID: 36518758

23. Johnston JB, Silva C, Holden J, Warren KG, Clark AW, Power C. Monocyte activation and differentia-

tion augment human endogenous retrovirus expression: implications for inflammatory brain diseases.

Ann Neurol. 2001; 50: 434–442. https://doi.org/10.1002/ana.1131 PMID: 11601494

24. Manghera M, Ferguson J, Douville R. ERVK Polyprotein Processing and Reverse Transcriptase

Expression in Human Cell Line Models of Neurological Disease. Viruses. 2015; 7: 320. https://doi.org/

10.3390/v7010320 PMID: 25609305

25. Greenig M. HERVs, immunity, and autoimmunity: understanding the connection. PeerJ. 2019;7. https://

doi.org/10.7717/peerj.6711 PMID: 30984482

26. Massunaga ND, França CN, Bianco HT, Ferreira CES, Kato JT, Póvoa RMS, et al. Circulating micro-
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