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 Abstract 
Background: The aim of the study was to designate changes in the expression of HSPA1A, HSPB1 

and LDHb in elite rowers after completing a test “till exhaustion” on a rowing ergome-
ter. Finally, we searched for the answer whether there are significant correlations 
between the expression of the genes and anaerobic threshold (AnT) or the maximal 
oxygen uptake (VO2max). 

Material/Methods: The research was conducted on the sample of 9 Polish lightweight male rowers 
(23.7 ±3.77 yrs, 72.7 ±1.76 kg, 183.6 ±4.58 cm). To determine AnT and VO2max, the 
subjects performed the test “till exhaustion” with an increasing load on a rowing er-
gometer. Directly before and after the test, blood samples were collected from the 
ulnar vein in order to isolate genetic material. RNA was extracted from white cells of 
venous blood by the chemical method. 2 µg RNA for the reverse transcription was 
used and the expression of HSPA1A, HSPB1 and LDHb was determined by Real 
time PCR reaction. To assess the intensity of expression, the ∆∆Ct method was used.

Results: The study showed an increased expression of HSPA1A and HSPB1 and a decreased 
one of LDHb. Moreover, post-training changes of the genes activity in white blood 
cells occurred immediately and could be determined directly after the termination of 
exertion. 

Conclusions: No significant correlations between the expression of the genes and anaerobic 
threshold (AnT), maximal oxygen uptake (VO2max) were stated. 
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Introduction 
An increase of the production of heat shock proteins under the influence of different stress fac-

tors has been previously proved, but less data related to genes encoding them has been studied. It 
is reported in the literature that the expression of genes is influenced by e.g. thermal stress [1], 
oxidative stress [2, 3], physical effort [4] and many more exogenous or endogenous factors [5, 6]. 
In the recent years, the scientists have studied the effect of physical exertion on the expression of 
genes including those that encode the heat shock proteins [7, 8, 9, 10]. Antiapoptotic effects of 
proteins that are encoded by HSPA1A and HSPB1 constitute a protective mechanism of the organ-
ism during intensive physical exertion accompanied by severe homeostasis disturbances [5]. There 
is no consensus regarding the function of genes that encode HSP during physical exertion. This 
inconsistency can be caused by the specificity of muscle work (a different character of physical 
effort) [11], involving slow twitch fibers (ST) or fast twitch fibers (FT), or a variety of their ratio in the 
subjects [9], higher or lower energetic exhaustion that is caused by different energy substrates 
usage during the performance, etc. [6]. Moreover, Łaszczyńska and Seweryn [2] reported individ-
ual differences in the expression of the HSP genes. Similar studies regarding the expression of 
HSPA1A and HSPB1 during physical effort were conducted by Maltseva et al. [12]. The results 
revealed an increase in the expression of HSPA1A, and an invariable number of copies of HSPB1 
during 30-min physical effort of moderate intensity. Moreover, Ryan et al. [13] found that in healthy 
men the expression of HSPA1A increases only modestly in white cells of venous blood during 2-
hour run on a treadmill in the conditions of heat stress. However, other authors, for example Lui et 
al. [14] observed an increased expression of the HSPA1A in rowers even four weeks after the ter-
mination of the training period. Although the profile of genes expression in white cells of venous 
blood determined after the performance shows the excessive expression of genes that encode 
stress and inflammatory proteins [5], there is evidence that the type of exertion, its duration and 
intensity influence the strength of this process. Because there is a variation in the results regarding 
the genes expression, such aspects as a sports level or specificity of the discipline could be the 
factors. Moreover, very little research data are available concerning elite sportsmen [5], and few 
tests involved the maximal load and performance till exhaustion. The authors cited above studied 
the effect of intense exertion above AnT on the profile of expression in white cells of venous blood 
in skiers who performed the test on a treadmill. The findings suggest that the excessive expression 
of some genes, for instance those which encode HSP, occurs during the exertion performed at the 
intensity above AnT.  

The study of gene expression in white cells of venous blood during physical exertion is conven-
ient because of the high availability of blood samples. Furthermore, this study is justified due to the 
systemic character of the response of the organism to physical effort [10, 12]. According to Nielsen 
et al. [15], these cells have high antioxidative capacity. It means that the changes of genes expres-
sion in white blood cells could differ from the results derived from skeletal muscle cells [16]. Fur-
ther, professionals show effective mechanisms of adaptation to physical effort. However, the differ-
ences in genes expression in participants of various sports are unknown. There is no detailed re-
search data considering this problem. Most studies that allow drawing the above conclusions re-
gard HSPA1A [8, 14]. According to Maltseva et al. [12], the expression of HSPB1 during physical 
exertion is rarely studied. For LDHb expression in human leukocytes similar data have not been 
found. An excessive expression of the genes that encode HSP hinders oxidative phosphorylation 
and improves the efficiency of lactate glycolysis [17]. Therefore, analysis of LDHb expression in 
terms of excessive expression of genes that encode HSP seems to be relevant. In our study elite 
lightweight rowers were subjected to the test "till exhaustion" with the assumption that the expres-
sion of HSPA1A, HSPB1 and LDHb occurs in white cells of venous blood. However, it is difficult to 
predict the range and trend of the changes especially for the HSPB1 and LDHb. Therefore, we 
questioned whether all three genes show the increase in the expression and whether there are any 
correlations between them? Moreover, the physiological assessment and monitoring of the rowers 
require determining their anaerobic threshold (AnT) and maximal oxygen uptake (VO2max) due to 
a mixed anaerobic and aerobic character of the work. Therefore, the other aim of the study was to 
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determine the correlations between the expression of the studied genes, relevant to physical per-
formance among AT or VO2max in lightweight rowers. 
 
Material and methods 

The protocol (KB-3/12) was fully approved by the Ethical Committee of the local Medical Asso-
ciation in Gdansk (Poland), and performed according to the principles of the Helsinki Declaration 
2008. All subjects were provided with detailed information about the research procedures and 
signed a consent form. The research was conducted on 9 lightweight male rowers (mean age 
23.7 ±3.77, mean body mass 72.7 ±1.76kg, mean height 183.6 ±4.58cm). Nine subjects were 
members of the Polish National Team, one participated in the Olympic Games in London, and 8 
have been finalists of the Championships of Poland within the last two years. They had on average 
8 years’ training experience. During the experiment (conducted in the preparation period just be-
fore the competition) all the subjects were subjected to the same training program created by the 
coach of the Polish National Team and did not participate in top tournaments.  

The test was carried out in a room with ambient air temperature of 20˚C, atmospheric pressure 
991 hPa, and humidity 56%. The subjects were assigned to a certain time between 10 am and 2 
pm. They performed the test "till exhaustion" on a rowing ergometer Concept II (model-C, Vermont, 
USA). Gas analyser Oxycon-Mobile (Erich JAEGER GmbH, Hoechberg Germany) was used to 
determine maximal oxygen uptake. The initial load was 170 W during the first 3 min of work. During 
each next 3-min interval, the load was increased by 30 W until exhaustion of the participant and 
termination of the performance. The load was determined electronically. The highest value of oxy-
gen uptake that was sustained for 15 seconds obtained during the maximal effort was assumed as 
VO2max [18]. AnT was determined as a value of load (W) at which lactate concentration reached 4 
mmol/l of blood [19]. 

For the purpose of isolation of total RNA, 2 ml of peripheral blood were collected twice (before 
and after the test) from the ulnar vein. Prior to RNA extraction, erythrocytes were lysed and dis-
carded using RBCL buffer (A&A Biotechnology, Poland). RNA was isolated from leukocytes using 
Fenozol (A&A Biotechnology, Poland) to lyse the cells and subsequently precipitate according to a 
method proposed by Chomczynski and Sacchi [20]. Additionally, total RNA was treated with 
DNaseI (Initrogen, Life Technology, Poland) in order to digest the remaining DNA and was quanti-
fied by spectrophotometry (Eppendorf Biophotometer Plus, Germany). 2 µg RNA was used for 
cDNA synthesis utilizing Transcript Me system, oligo dT and Random primers (Blirt, Gdańsk, Po-
land). Q-RT-PCR was performed using Semi Fast Sybr Green qPCR (Biolone, UK) and 2 µl of syn-
thesized cDNA were used as a template. The reaction has been performed in Step One real-time 
PCR (Applied Biosystem Step One, Life Technology, Poland). Gene expression analysis was per-
formed taking advantage of Livak’s comparative method - 2-ΔΔCtrelative [21] using tata box protein 
(TBP) as a reference gene. The reaction mixture (10 μL) included 0.2 μL cDNA, 0.4 μmol/L of each 
forward and reverse primer, and 5 μL of real-time PCR Sensi Fast Sybr (Bioline, UK). The amplifi-
cation parameters involved initial denaturation for 2 min at 95 °C followed by 40 cycles of denatura-
tion for 5 s at 95°C, annealing for 10 s at 60°C for all primers and extension for 20 s at 72°C. Dy-
namic melting curve analysis was executed for all reactions. Primers used in the reaction are 
summarized in Table 1. Data were collected and relative expression was analyzed with GraphPad 
Prism 6. 

Analysis of correlations was performed with the use of Pearson correlation coefficient. Addi-
tionally, a significance test was applied for correlation coefficients. To reveal statistical significant 
differences, test t was used. The significance was set at p ≤ 0.05. All figures and statistical analy-
ses were made in Graph Pad Prism 6.0 
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Table1. Primers used for real time PCR reaction 

Gen Primers 

TBP Reverse primer: TCTGTCGGCTCCGCTCTGAGAT 
Forward primer: ACTCCCGTTGTCCCAAGGCTTC 
PRODUCT SIZE: 147bp 

HSPA1A Reverse primer: TTCGGAGAGTTCTGGGATTGTA 
Forward primer: TGGACTGTTCTTCACTCTTGGC 
PRODUCT SIZE: 227 bp 

HSPB1 Reverse primer: GAGGAAACTTGGGTGGGGTCCA 
Forward primer: AAGGATGGCGTGGTGGAGATCA 
PRODUCT SIZE: 125bp 

LDHb Reverse primer: ACCTGCCACATTCACACCACTCC 
Forward primer: GAAACTAAGTGGATTACCCAAACACCGC 
PRODUCT SIZE: 181bp 

 
Results 

Characteristics of results obtained in the test for work “till exhaustion” within the studied groups 
(n = 9) are presented in Table 2.  

 
Table 2. Mean values of AnT, VO2max measured during the test “till exhaustion” 

Parameter Mean SD 

AnT 4mmol 247 W 5.23 
VO2max (ml/kg/min) 54.9 4.313351 

 
The mean expression of the HSPA1A and HSPB1 in the rowers who performed the test "till ex-

haustion" increased considerably (p≤ 0.03). The mean value of LDHb transcripts decreased in 
comparison with the value obtained at the rest phase (Fig. 1). Mean value of the change in activity 
of LDHb did not reach significance. 
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Fig. 1. Relative expression of HSPB1, HSPA1A and LDHb normalized to TBP. Data for three independent 

experiments involving rowers, measured before (dark bars) and after exercise (gray bars). To better visualize 
changes, the expression at rest phase is set to 1 

 
Excessive expression of HSPA1A and HSPB1 was observed. The number of HSPA1A tran-

scripts increased 2.5 fold in comparison to the values obtained at the rest phase and 1.5 fold com-
paring to HSPB1. The mean expression of LDHb slightly decreased (by approximately 0.2). De-
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spite these tendencies of an increase or a decrease in the genes expression, individual results 
show a considerable variation, which is caused by a different response of white cells of venous 
blood to disturbances of homeostasis that occur during physical performance. No significant corre-
lations (R) between the number of transcripts and AnT and VO2max were revealed for the rowers 
regardless of the number of the group.  
 
Discussion 

The results of this study show an increase in HSPA1A and HSPB1 expression in white cells of 
venous blood of professional male lightweight rowers after the test “till exhaustion” performed on a 
rowing ergometer. However, there was a high diversity of the response of LDHb gene. There is 
little research data regarding the expression of all tested genes concerning a response to physical 
effort in professionals, whose protective mechanisms against stress are more efficient than in 
sedentary subjects, especially during work till exhaustion. White blood cells have high antioxidative 
capacity; therefore, they are supposed to be more resistant to effects of oxidative stress that occur 
during exertion [15]. Lui et al. [14] studied rowers during a training period and after its termination 
and found an increased expression of HSPA1A during training and even four weeks after its 
termination. The considerable increase in the expression of HSPA1A after exertion of the rowers is 
consistent with our study, in which significantly higher mean expression of this gene after the 
exertion “till exhaustion” was observed. Since relevant literature has reported that the character of 
muscle work (types of fibers involved and their ratio in muscles) affects the expression of genes, it 
is advisable to compare our results with the findings regarding the same discipline. However, there 
are no relevant studies except those by Lui et al. [14]. Matseva et al. [12] during 30 minutes of 
performance at medium intensity observed an increase in HSPA1A expression by approximately 
40% of the initial value, and steady a level of HSPB1. In our study the increase in HSPA1A 
expression was considerably 2.5 times higher than the initial value. Probably the applied load (“till 
exhaustion”) could be the reason for such a considerable increase. Ryan et al. [13] observed only 
slight changes in HSPA1A activity in white cells of venous blood in male adolescent subjects who 
performed on a treadmill for 2 hours in conditions of heat stress. The results by the authors cited 
above confirm a diversity of HSPA1A expression depending on the intensity of muscle work, or a 
physiological character of physical effort. Also Donnikow et al. [7] or Sakharov et al. [9] obtained 
similar results. They reported an increase in HSPA1A expression in human white blood cells as a 
result of short intensive exertion. In our study, the increase in HSPA1A expression was observed 
as an effect of performance “till exhaustion”. Furthermore, it is difficult to compare the differences 
of genes expression between professionals and untrained subjects because the response of their 
organisms to physical exertion could be different [9]. This latter studied marathon runners and 
found an increase in HSPA1A activity in white cells as an effect of long-term effort. Interestingly, 
the authors observed decreased HSPA1A expression during rest in comparison to the control 
group as an adaptive reaction to exertion [8].  

In our study, beside HSPA1A, the level of HSPB1 and LDHb was investigated as well. The 
mean expression of HSPB1 was elevated, though not as highly as for HSPA1A. When individual 
results were analysed, high diversity of expression was observed in the rowers for all of the genes, 
though HSPB1 was the most homogeneous. Increased expression of HSPA1A occurred simulta-
neously with increased expression of HSPB1 in 8 subjects. The biggest differences in individual 
genes expression were revealed for LDHb. Therefore, no significant correlations were observed for 
changes for this gene although the mean value for the group decreased after exertion. Previous 
studies have reported that increased expression of HSPA1A hinders oxidative phosphorylation and 
simultaneously intensifies generation of energy through anaerobic glycolysis pathways [22]. How-
ever, the response of white blood cells does not confirm this correlation. Thus, it is difficult to draw 
far-reaching conclusions at this stage of the study. A lack of these relations could be explained by 
high acidification of plasma that occurred as a result of high lactic acid accumulation in skeletal 
muscles which was intensely removed to blood. It is likely that white blood cells play a minor role in 
general acidification of blood and that a decrease in anaerobic glycolysis in white cells prevents 
blood from further acidification.  
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However, the correlation between the expression of HSPA1A and LDHb genes in white cells of 
venous blood after exertion needs further investigation not only in trained but also in untrained sub-
jects, and additionally in larger groups. The expression of the tested genes is not related to an-
aerobic threshold or maximal power measured by the test “till exhaustion”. No correlations were 
also stated for maximal oxygen uptake. Moreover, it is obvious that gene expression in white blood 
cells, which have high antioxidative capacity, is not directly related to VO2max or AnT. There were 
also no correlations found between either acidification and the expression of the genes that encode 
HSP or the expression of LDHb. It is likely that professionals have high tolerance of post training 
changes acquired with regular training. The study revealed excessive expression of HSPA1A and 
HSPB1, while expression of LDHb was decreased. There was no correlation between expression 
levels of the studied genes. The results confirmed that changes of expression in white blood cells 
occur immediately and can be measured just after termination of muscle work. The tested genes 
are not associated to AnT or VO2max. Therefore, it is unlikely to determine the correlations when 
analyzing the genes separately, even if they are highly related to the performance. Individual 
changes in the expression of the tested genes were observed after a test to refuse work. 

 
Conclusions 

Our results indicate the need for individualization of the training even in the top athletes. The 
lack of personalized training loads can result in the appearance of chronic fatigue and even over-
training. 
 
Acknowledgements 

Scientific work financed from the budget funds for science for 2011-2014. 
 

References 
1. Morimoto RI. Regulation of the heat shock transcriptional response; cross talk between a family of heat 

shock factors, molecular chaperones, and negative regulators. Gen Develop. 1998;12:3788-3796. 
2. Laszczynska J, Seweryn P. Indukcja bialka szoku termicznego HSP-70 w limfocytach ludzkich pod 

wplywem stresu cieplnego stymulujacego warunki nagrzanego kokpitu [Induction of heat shock protein 
HSP-70 in human lymphocytes under the influence of heat stress simulating the conditions of heated 
cockpit]. Polski Przeglad Med Lotn. 2007;4:435-443. Polish. 

3. Radák Z, Naito H, Kaneko T, et al. Exercise training decreases DNA damage and increases DNA repair 
and resistance against oxidative stress of proteins in aged rat skeletal muscle. Pflugers Arch. 
2002;445:273-278.  

4. Kregel KC. Heat shock proteins: modifying factors in physiological stress responses and acquired ther-
motolerance. Appl Physiol. 2002;92:2177-2186.  

5. Arya R, Mallik M, Lakhotia SC. Heat shock genes-integrating cell survival and death. J Biosc. 
2007;32:595-610. 

6. Kazmierczuk A, Kilianska Z. Plejotropowa aktywnosc bialek szoku cieplnego [The pleiotropic activity of 
heat-shock proteins]. Postepy Hig Med Dosw. 2009;63:502-521. Polish.  

7. Donnikov AE, Shkurnikov MU, Akimov EB, Tonevitsky AG. Relationship between the degree of cardiovas-
cular adaptation and Th1/Th2 polarization of immune response. Bull Exp Biol Med. 2008;146:462-465. 

8. Fehrenbach E, Passek F, Nies AM, et al. HSP expression in human leukocytes is modulated by endur-
ance exercise. Med Sci Sports Exerc. 2000;32:592-600. 

9. Sakharov DA, Maltseva DV, Riabenko EA, et al. Passing the anaerobic threshold is associated with sub-
stantial changes in the gene expression profile in white blood cells. Eur J Appl Physiol. 2012;112:963-972.  

10. Zeibig J, Karlic H, Lohninger A, Damsgaard R, Smekal G. Do blood cells mimic gene expression profile 
alterations known to occur in muscular adaptation to endurance training? Eur J Appl Physiol. 
2005;95:96-104. 

11. Ecochard L, Lhenry F, Sempore B, Favier R. Skeletal muscle HSP72 level during endurance training: 
influence of peripheral arterial insufficiency. Pflugers Arch. 2000;40:918-924.  

12. Maltseva DV, Ryabenko EA, Sizova SV, Yashin DV. Effect of exercise on the expression of HSPBP1, 
PGLYRP1, and HSPA1A genes in human leukocytes. Exp Bull Biol Med. 2012;53:867-869. 

13. Ryan AJ, Gisolfi CV, Moseley PL. Synthesis of 70K stress protein by human leukocytes: effect of exer-
cise in the heat. J Appl Physiol. 1991;70:466-471. 

14. Liu Y, Lormes W, Baur C, et al. Human skeletal muscle Hsp70 response to physical training depends on 
exercise intensity. Int J Sports Med. 2000;21:351-355. 



Z. Jastrzebski, M. Zychowska, Are changes in HSPA1A, HSPB1 and LDHb genes expression during physical performance ”to exhaustion” independent…? 

 

 258

15. Nielsen HG, Skjønsberg OH, Lyberg T. Effect of antioxidant supplementation on leucocyte expression of 
reactive oxygen species in athletes. San J Clin Lab Invest. 2008;68:526-533. 

16. Mounier R, Pialoux V, Roels B, et al. Effect of intermittent hypoxic training on HIF gene expression in 
human skeletal muscle and leukocytes. Eur J Appl Physiol. 2009;105:515-524.  

17. Yoshioka M, Tanaka H, Shono N, Snyder EE, Shindo M, St-Amand J. Serial analysis of gene expression 
in the skeletal muscle of endurance athletes compared to sedentary men. Faseb J. 2003;17:1812-1819. 

18. Hahn A, Bourdon P, Tanner R. Protocols for the physiological assessment of rowers. In: Gore C, ed. 
Physiological tests for elite athletes. Champaign, Ill.: Hum. Kinet. 2000; 311-326. 

19. Ingham S, Whyte G, Neville JK. Determinants of 2000 m rowing ergometer performance in elite rowers. 
Eur J Appl Physiol. 2002;88:243-246. 

20. Chomczynski P, Sacchi N. Single-step method of RNA isolation by acid guanidinium thiocyanate-phenol-
chloroform extraction. Anal Biochem. 1987;162:156-159. 

21. Schmittgen TD, Livak KJ. Analyzing real-time PCR data by the comparative C(T) method. Nat Protocol. 
2008;3:1101-1108. 

22. Wang XY, Subject JR. High molecular weight stress protein: identification, cloning and utilization in can-
cer immunotherapy. Int J Hyperthermia. 2013;29:364-375.  




