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 Organisms have evolved defense mechanisms to protect themselves from stressful 
conditions. The expression of heat shock proteins is considered a valid indication of protection 
from the adverse effects of hostile conditions. In this study, we used immunohistochemistry to 
investigate the seasonal effects of some abiotic factors on heat shock protein 70 and 90 (HSP70 
and HSP90) expression in the liver, gills, and muscle tissues of 24 Common carp (Cyprinus 
carpio) caught in Karataş Lake (Burdur, Türkiye) using gillnets of various mesh sizes. We also 
measured some physicochemical parameters on-site at sampling time and took water samples 
for further analyses of other physicochemical parameters and heavy metals. Immunostaining 
for HSP90 was stronger than for HSP70 in both liver and gill samples. Liver and gill structures 
exhibited significant seasonal differences in HSP70 and HSP90 immunoreactivity, and the same 
was true for immunostaining for HSP70 and HSP90 in muscle samples. Some physicochemical 
properties seemed to vary considerably between seasons, with Fe, Mn, and Zn levels tending to 
exhibit changes throughout the seasons. However, these levels were considered acceptable for 
human health. In conclusion, this study suggests that substantial changes in HSP70 and HSP90 
expression may be essential for seasonal adaptation and tolerance. Further research on fish 
HSPs would greatly contribute to aquaculture, which is essential for meeting food requirements. 
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Introduction 
 

Organisms encounter various challenging environ-
mental conditions that threaten their reproduction and 
survival.1,2 To cope with these conditions, they have evolved 
multiple mechanisms including the formation of the heat 
shock response, which involves the synthesis of heat shock 
proteins (HSPs).3 Under stressful conditions, cells express 
HSPs constitutively,4-6 including heat shock protein 70 and 
90 (HSP70 and HSP90). The HSP70 family consists of two 
subtypes: constitutive type HSC70 (heat shock cognate 70) 
and inducible type HSP70.7,8 The HSP70 is activated 
depending on the stress situation, while in the absence of 
stress, cells express HSC70, which remains unaltered or 
only modestly expressed when stressed.9 The HSP90 
family consists mainly of four isoforms including two 
major cytosolic isoforms (HSP90α and HSP90β).10,11 The 
HSP90α is involved in stress-induced cytoprotection, 
while HSP90β is involved in long-term cellular adaptation.12  

 Studies have reported that biotic and abiotic factors 
can influence HSP expression levels in aquatic 
poikilotherms.13-15 Abiotic factors, in particular, can have a 
substantial impact on fish survival, development, and 
reproduction.16 Therefore, it is critical to explore the 
impact of these parameters on HSP expression in aquatic 
species that are exposed to abiotic stress factors.15  

Studies on direct or indirect exposure of fish to various 
environmental factors have revealed significant alterations 
in HSP expression.13,15-21 For example, environmental 
stressors and varying temperature regimes have led to 
differential expression of HSP70 and HSP90 in the liver, 
gill, and muscle tissues of goldfish (Carassius auratus).17 
Similarly, in the Kaluga (Huso dauricus), HSP70 and HSP90 
genes were highly expressed in liver, gill, and muscle 
tissues during low temperatures, suggesting that these 
proteins are important for survival during harsh winters.15 

In Mugil cephalus hepatocytes, HSP70 was overexpressed 
indicating that environmental stress and seasonal changes 
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may have significant effects on HSP70 expression.18 

However, to the best of our knowledge, no study has 
investigated the effects of seasonal changes, heavy metals, 
and physicochemical parameters on HSP70 and HSP90 
expression in selected Common carp (Cyprinus carpio) 
tissues in Karataş Lake (Burdur, Türkiye). Intensive 
agricultural activities around this lake have resulted in the 
extensive use of agrochemicals, synthetic fertilizers and 
pesticides,22 rendering the lake ecosystem polluted and 
vulnerable considering that heavy metals tend to 
accumulate in aquatic habitats over time.23-25 Since heavy 
metals in these agricultural substances can discharge into 
aquatic environments and induce the synthesis of cyto-
protective proteins such as HSPs,26 understanding altered 
HSPs expression is essential for investigating cytoprotection 
in aquatic organisms, especially fish. Therefore, we 
hypothesized that seasonal changes in temperature, heavy 
metal levels, and physicochemical parameters might affect 
HSP70 and HSP90 expression in Common carp liver, gill, 
and muscle tissues in Karataş Lake.  

 
Materials and Methods 

 
Study area. Karataş Lake is a shallow lake located in 

Karamanlı district of Burdur at 37°23’N, 29°58’E. The lake 
is primarily used for agricultural irrigation and has great 
potential for fisheries activities. However, the increasing 
amount of water used for irrigation has caused the lake's 
level to drop and its area to shrink. Currently, only a few 
fish species, including Common carp (Cyprinus carpio), 
inhabit this lake.23 

Sampling and tissue processing. The study was 
approved by the Animal Experiments Local Ethics 
Committee of Sivas Cumhuriyet University (proposal No. 
#65202830-050-04.04-74/06.08.2015) and all animal use 
was performed in accordance with the guidelines of the 
International Association for the Study of Pain. A total of 
24 live fish samples with an average length of 27.00 cm 
and an average weight of 460 g) were collected from 
Karataş Lake by fishermen using multifilament nylon gill 
nets of different mesh sizes (ranging from 20.00 to 30.00 
mm) in the winter (January), spring (April), summer (July), 
and autumn (October) of 2018, with six fish collected for 
each season. Common carps were firstly acclimatized to 
laboratory conditions to avoid transporting stress, before 
being placed into tanks containing quinaldine sulfate 
(25.00 mg L-1) and anaesthetized for 1 - 4 min.27 Liver, gill, 
and muscle tissue samples were then immersed into 
10.00% neutral buffered formalin for 24 hr at room 
temperature and dehydrated through graded alcohols 
(70.00%, 80.00%, 96.00%, and 100%). The samples were 
cleared in xylene and embedded in paraffin wax for 
immunohistochemical evaluation.28  

Immunohistochemistry. For immunohistochemistry, 
the peroxidase-anti-peroxidase method was used28 

 

 following the antigen retrieval process by boiling in 0.01 
M citrate buffer (Thermo Fisher Scientific, Fremont, 
USA), pH 6.00, for 20 min in a microwave oven at full 
power. After cooling for 20 min, the sections were soaked 
in 3.00% hydrogen peroxide in absolute methanol for 5 
min to deactivate endogenous peroxidase activity. Non-
specific binding was blocked with normal goat serum 
(Sigma-Aldrich, Darmstadt, Germany), and the sections 
were incubated with primary antibodies, HSP70 (1:300 
dilution; Sigma-Aldrich) and HSP90 (1:300 dilution; 
Sigma-Aldrich) at 4.00 ˚C overnight. The slides were then 
incubated with anti-rabbit IgG (whole molecule)-
peroxidase antibody (1:200 dilution; Sigma-Aldrich) for 
30 min. followed by incubation with a peroxidase anti-
peroxidase soluble complex antibody (1:200 dilution; 
Sigma-Aldrich) for an additional 30 min. The resulting 
signal was developed with 3,3'-Diaminobenzidine (DAB; 
Thermo Fisher Scientific). The slides were counter-
stained with Gill’s Hematoxylin and mounted in 
EntellanTM. Negative control slides were prepared by 
replacing the primary antibody with PBS.  

Water physicochemical analysis. We conducted the 
physicochemical analysis of seasonal water samples by 
measuring various physicochemical parameters. On-site 
measurements of temperature, pH, and dissolved oxygen 
were taken using WTW Universal multi-parameter 
portable meter ProfiLine pH/Cond 3320 Set 2 (Fisher 
Scientific, Hampton, USA). For other physicochemical 
parameters, including PO4, NO2, NO3, NH4, SO4, and Cl, 
water samples were collected in amber glass bottles and 
analyzed at Süleyman Demirel University Innovative 
Technologies Application and Research Center. The 
analysis values are presented in mg L-1.29  

Heavy metal analysis. For heavy metals analysis, we 
collected 50.00 mL of water samples into amber glass 
bottles and added 1.00 mL of nitric acid to the water 
sample on-site. The samples were transported to the 
measurement laboratory where they were subjected to 
mineralization and concentrated at 25.00 mL after pouring 
Kjeldahl flasks. The water samples were analyzed using an 
Atomic Absorption Spectrophotometer (Optima 5300 DV 
model ICP-OES; Perkin Elmer, Markham, Canada) by 
preparing the appropriate standards. The analysis values 
of heavy metals are expressed as ppm.29  

Semiquantitative assessment of HSP70 and HSP90 
staining. The stained slides were observed under a light 
microscope (BX51; Olympus, Tokyo, Japan) and photo-
graphed using a digital camera (DP26; Olympus, Tokyo, 
Japan). Immunostaining for HSP70 and HSP90 in carp 
liver, gills, and muscle was semiquantitatively assessed at 
100× and 400× magnification, using a five-point intensity 
score (IS). The staining intensities were assigned scores as 
follows: 0 (-), negative; 1 (+), weak staining; 2 (++), 
moderate staining; 3 (+++), intense staining, and 4 (++++), 
very intense staining.  
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Statistical analysis. Statistical analysis was performed 
using GraphPad Prism (version 8.0.2; GraphPad Software 
Inc., San Diego, USA). Semiquantitative assessment scores 
of immunostainings were imported into the software and 
one-way ANOVA or two-way ANOVA was applied to 
determine if HSP70 and HSP90 immunostainings in 
selected tissues changed seasonally, followed by Tukey's 
post-hoc testing for multiple comparisons. All data are 
presented as the mean ± SEM and p values less than 0.05 
were considered as statistically significant.  

 
Results 

 
The results of the immunohistochemical analysis 

showed season-dependent differential HSP70 and HSP90 
staining patterns in Common carp liver, gill, and muscle 
samples. Semiquantitative assessment score results in the 
liver, gill, and muscle tissues are summarized in Table 1. 
Figure 1 depicts the statistical analysis results of semi-
quantitative HSP70 and HSP90 scoring in the liver, gill, and 
muscle. Figure 2 demonstrates HSP70 and HSP90 staining 
patterns in the liver, gill and muscle tissues.  

HSP70 expression in liver tissue. Hepatocytes 
showed a significant difference between winter and the 
other two seasons (spring and autumn) as demonstrated 
in Figure 1A (p < 0.05). However, bile ducts did not show 
any seasonal differences in HSP70 immunoreactivity (Fig. 
1A, p > 0.05). In the hepatopancreas, there was a 
significant difference between summer and autumn, as 
well as between spring and winter (Fig. 1A, p < 0.05). 
Endothelial cells showed more significant differences in 
HSP70 immunoreactivity in the spring and autumn 
 

 
 

 compared to hardly detectable immunoreactivity in winter 
and summer (Fig. 1A, p < 0.05). Notably, HSP70 immuno-
reactivity was absent in erythrocytes as shown in the 
upper panel (liver) of Figures 2A, 2B, 2C, and 2D.  

HSP90 expression in liver tissue. Hepatocytes 
exhibited more HSP90 immunoreactivity in the summer 
and autumn than in the winter and spring as 
demonstrated in Figure 1B (p < 0 .05). However, there was 
no significant difference in HSP90 immunoreactivity 
between summer and autumn, or between winter and 
spring. Bile ducts had greater autumn immunoreactivity 
for HSP90 than in the summer and winter, while spring 
HSP90 immunoreactivity was more prominent than in the 
winter (Fig. 1B, p < 0.05). The hepatopancreas displayed 
higher autumn HSP90 immunoreactivity than in the 
winter and spring, with more detectable summer HSP90 
immunoreactivity compared to the spring (Fig. 1B, p < 
0.05). Endothelial cells had more prominent spring HSP90 
immunoreactivity than in the summer and winter (Fig. 1B, 
p < 0.05). Winter HSP90 immunoreactivity was higher in 
erythrocytes than in the spring (Fig. 1B, p < 0.05). 
However, winter HSP90 immunoreactivity was higher in 
erythrocytes than in summer and autumn, although this 
difference was statistically insignificant (Figs. 2E, 2F, 2G, 
and 2H, upper panel: Liver). 

HSP70 expression in gill tissues. Chloride cells 
showed more spring immunoreactivity to HSP70 than in 
other seasons, with statistically significant seasonal 
changes as demonstrated in Figure 1C (p < 0.05). Epithelial 
cells displayed no seasonal difference in immunoreactivity, 
although there was a difference between winter and 
summer (Fig. 1C, p < 0.05). Endothelial cells had a more 
 

Table 1. The results of semiquantitative assessment scores of HSP70 and HSP90 immunoreactivity in carp liver, gill, and muscle tissues 
from Karataş Lake (Burdur, Türkiye). 
Tissue / Protein Spring Summer Autumn Winter 

HSP70 in liver 
 

Hepatocytes ++/+++ ++ ++/+++ +/++ 
Bile ducts ++ ++/+++ ++ ++/+++ 

Hepatopancreas ++ +++ +++/++++ ++ 
Endothelial cells + -/+ + -/+ 

Erythrocytes - - - - 

HSP90 in liver 

Hepatocytes +/++ +++ +++ +/++ 
Bile ducts ++/+++ ++ +++ ++ 

Hepatopancreas ++ +++ +++/++++ ++/+++ 
Endothelial cells +++/++++ ++ +++ ++/+++ 

Erythrocytes + +/++ +/++ ++ 

HSP70 in gill 

Chloride cells ++/+++ + +/++ -/+ 
Epithelial cells ++ ++/+++ ++ +/++ 

Endothelial cells -/+ +/++ -/+ -/+ 
Erythrocytes +/++ +/++ +/++ -/+ 

HSP90 in gill 

Chloride cells +/++ +++ ++/+++ +++/++++ 
Epithelial cells +++ +++ ++/+++ ++++ 

Endothelial cells ++/+++ ++/+++ ++/+++ +++/++++ 
Erythrocytes +/++ +/++ ++/+++ + 

HSP70 in muscle Muscle cells ++ +/++ +/++ +/++ 
HSP90 in muscle Muscle cells ++/+++ ++/+++ +/++ + 
The immunoreactivity intensities are as follows: -, negative; +, weak staining; ++, moderate staining; +++, intense staining; ++++, very 
intense staining. 
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significant apparent immunoreactivity to HSP70 in summer 
(Fig. 1C, p < 0.05). In the winter, erythrocytes had weaker 
immunoreactivity to HSP70 than in other seasons (Fig. 1C, 
p < 0.05), (Figs. 2A, 2B, 2C, and 2D, middle panel: Gills).  

HSP90 expression in gill tissue. Chloride cells 
exhibited prominent immunoreactivity to HSP90 in the 
summer and winter, with lower immunoreactivity in the 
spring (Fig. 1F, p < 0.05). Epithelial cells exhibited seasonal 
 

 

 changes in HSP90 expression only during the winter and 
autumn (Fig. 1F, p < 0.05). Endothelial cells displayed 
lower HSP90 immunoreactivity in the winter, with a 
significant difference between autumn and winter, but no 
detectable variation between other seasons (Fig. 1F, p < 
0.05). Erythrocytes exhibited a significant difference 
between autumn and other seasons (Fig. 1F, p < 0.05), 
(Figs. 2E, 2F, 2G, and 2H, middle panel: Gills). 

Fig. 1. Statistical analysis results revealed seasonal changes in HSP70 and HSP90 immunoreactivity in Common carp liver, gill, and muscle 
tissues. A and B) Seasonal changes in HSP70 and HSP90 immunoreactivity in hepatocytes, bile ducts, hepatopancreas, endothelial cells, 
and erythrocytes of liver tissue. C and D) Seasonal changes in HSP70 and HSP90 immunoreactivity in chloride cells, epithelial cells, 
endothelial cells, and erythrocytes of gill tissue. E and F) Seasonal changes in HSP70 and HSP90 immunoreactivity in muscle cells. The data 
shown are representative of ten images from each tissue per season, and the error bars represent the standard error of the mean (SEM). 
One-way ANOVA or two-way ANOVA with Tukey post-hoc testing was used for seasonal comparisons of each tissue. *p < 0.05, **p < 0.01, 
***p < 0.005, ****p < 0.001. 
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Fig. 2. Upper panel: Seasonal HSP70 (A-D) and HSP90 (E-H) immunoreactivity in Common carp liver tissue. A) Weak to moderate reaction 
in hepatocytes; moderate to strong reaction in hepatopancreas. B) Moderate to strong reaction in hepatocytes and hepatopancreas. C) 
Strong to very strong reaction in hepatocytes. D) Moderate to strong reaction in hepatocytes. E) Moderate reaction in hepatocytes. F) 
Moderate and strong reaction in bile ducts and hepatocytes. G) Very strong reaction in hepatopancreas. H) Strong reaction in the 
hepatopancreas and weak reaction in hepatocytes. Abbreviations: BD, bile duct; H, hepatocytes; HP, hepatopancreas. Middle panel: 
Seasonal HSP70 (A-D) and HSP90 (E-H) immunoreactivity in carp gill tissue. A) Moderate reaction in the epithelial cells. B) Moderate 
reaction in red blood cells. C) Strong reaction in the epithelial cells. D) Strong reaction in the chloride cells. HSP90 immunoreactivity in 
gills. E) Strong reaction in the epithelial cells. F) Strong reaction in the chloride cells. G) Strong reaction in the epithelial cells. H) Strong 
reaction in epithelial cells. RBC: red blood cells, Epi: epithelial cells, ChC: chloride cells. Lower panel: Seasonal HSP70 immunoreactivity in 
carp muscle tissue. A and C) Moderate reaction in muscle cells. B and D) Weak reaction in muscle cells. HSP90 immunoreactivity in 
muscle. E and F) Moderate to strong reaction in muscle cells. G and H) Weak to moderate reaction in muscle cells (M): M, muscle cells. For 
all panels above, arrows indicate immunoreactivity (Immunohistochemistry staining, bars = 50.00 µm).  
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HSP70 expression in muscle tissue. Spring HSP70 
immunoreactivity was more prominent than in the other 
seasons, as shown in Figure 1E, although this difference 
was statistically insignificant (p > 0.05), (Fig. 2A, B, C, and 
D, lower panel: Muscle). 

HSP90 expression in muscle tissue. Both spring and 
summer HSP90 immunoreactivity were more prominent 
than in winter and autumn (Fig. 1F, p < 0.05). Further-
more, spring HSP90 immunoreactivity was similar to that 
of summer and the same was true for winter and autumn 
results (Figs. 2E, 2F, 2G, and 2H, lower panel: Muscle).  

Water physicochemical analysis. The upper part of 
Table 2 summarizes the physicochemical analysis results 
of water samples. Some parameters exhibited 
considerable seasonal differences, which were reflected in 
the immunohistochemical results.  

Heavy metal analysis. The lower part of Table 2 
demonstrates the heavy metal analysis results of water 
samples. Based on the reference values provided by World 
Health Organization (WHO), levels of heavy metals were 
found to be below the permissible level.30 The levels of 
most heavy metals did not appear to differ significantly, 
except for Fe, Mn, and Zn. However, Fe levels exhibited 
seasonal variation, with higher levels observed in autumn. 
Additionally, Mn and Zn levels tended to be higher in 
autumn compared to other seasons. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Discussion 
 

This study has demonstrated considerable hetero-
geneous HSP70 and HSP90 expression in selected Common 
carp tissues in Karataş Lake. Differential expression 
 

 patterns of HSP70 and HSP90 could be attributed to 
seasonal changes in temperature, heavy metal levels, and 
physicochemical characteristics of the lake. These 
findings highlight the potential role of HSPs as 
biomarkers for monitoring the health status of fish 
populations in aquatic ecosystems. 

The liver is known to be affected by contaminant 
concentrations in the water,31,32 with heavy metal 
exposure increasing concentration-dependent HSP70 
expression in liver cell line studies.33 However, other 
studies have reported no significant difference in HSP70 
expression of either juvenile or adult rainbow trout liver 
samples after exposure to heavy metals.34 Pollution has 
been shown to increase HSP70 expression in the liver of 
milkfish35 and exposure to sublethal doses of CdCl2 has 
been found to increase HSP70 mRNA expression in the 
liver of Persian sturgeon.36 Spatiotemporal changes in 
heavy metal levels across aquatic systems may be caused 
by various factors, including atmospheric deposition, 
erosion of the geological matrix, and anthropogenic 
sources such as industrial effluents and mining waste. 
During rainy seasons, there may be a significant influx of 
water that contributes substantially to the release of 
pesticides, agrochemicals, fertilizers, and heavy metals 
into the water systems.37-40  

The tendency to increase Fe levels in the winter, spring, 
and autumn, as well as Mn and Zn levels in the autumn, 
could have led to increased HSP70 and HSP90 expression 
in the liver of fish in Karataş Lake. The complex interaction 
of heavy metals, especially Fe, Mn, and Zn, may also affect 
HSP70 and HSP90 expression in the carp liver. 
Furthermore, even if concentrations of heavy metals are 
generally low, the exposure to their complex mixtures 
might lead to toxic effects that induce HSP production.  

Previous studies have reported a time-dependent 
increase in HSP70 expression in the liver of Cirrhinus 
mrigala exposed to 37.00 ˚C for different periods.41 A 
significant winter upregulation of HSP70 was detected in 
goldfish liver, whereas spring upregulation was 
insignificant.17 However, their findings are inconsistent 
with our results, which reflect alterations in HSP 
expression in a species, habitat, and temperature-
dependent fashion. They also found that HPS70 expression 
was noticeably, progressively augmented in grey mullet 
liver in response to environmental stressors with higher 
expression during summer (April-September) than during 
the monsoon season (October-March).18 In our study, we 
observed a significant difference in HPS70 findings in the 
winter and autumn, which are negatively correlated.18 

Authors reported that short-term exposure augmented 
more HSP70 and HSP90 expression in the liver of murrel 
compared with long-term exposure.14 They concluded that 
HSP70 and HSP90, respectively, are needed for the long-
term and immediate survival of fish at high temperatures. 
In a study examining the impacts of temperature and 
 

Table 2. Analysis results of physicochemical parameters and 
heavy metals in Karataş Lake (Burdur, Türkiye). 

Parameters Spring Summer Autumn Winter 

Physicochemical analysis     
Dissolved oxygen (mg L-1) 5.75 4.90 6.55 9.20 
Temperature (˚C) 14.70 28.90 19.40 7.60 
pH 9.15 9.65 9.02 8.70 
PO4 (mg L-1) 0.12 0.07 0.05 0.005 
NO2 (mg L-1) 0.05 0.04 0.007 0.015 
NO3 (mg L-1) 0.45 0.9 25.198 0.45 
NH4(mg L-1) 0.28 0.66 5.093 0.22 
SO4 (mg L-1) 546 552 170.2 170 
Cl (mg L-1) 21.30 67.45 65.53 10.65 
Heavy metals analysis 
Cd (228.802 nm) <0.005 <0.005 <0.005 <0.005 
Cr (267.716 nm) <0.006 <0.006 0.008 <0.006 
Cu (327.393 nm) <0.004 <0.004 <0.004 <0.004 
Fe (238.204 nm) 0.520 < 0.008 0.473 0.203 
Mn (257.610 nm) < 0.003 < 0.003 <0.012 < 0.003 
Mo (202.031 nm) <0.010 <0.010 <0.010 <0.010 
Pb (220.353 nm) <0.008 <0.008 <0.008 <0.008 
Zn (206.200 nm) <0.004 <0.004 <0.022 <0.004 

All values for heavy metals are in ppm. According to WHO (2017), 
maximum allowable limits of heavy metal in water are Cd: 0.01, 
Cr: 0.55, Cu: 0.017, Fe: 0.50, Mn: 0.20, Pb: 0.065, Zn: 0.20.30 
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salinity on HSP70 and HSP90, investigators reported 
that, Kaluga (Huso dauricus) liver, HSP70 and HSP90 
expression increased gradually by cold- and heat stress, 
and plateaued at 4.00 ˚C and 28.00 ˚C, respectively.15 
They also noticed that liver HSP70 expression maximized 
at 40.00 ppt salinity while liver HSP90 expression 
plateaued at 20.00 ppt salinity.  

A study found heat-induced HSP70 expression in 
rainbow trout liver to be higher at 24.00 ˚C than at 18.00 ˚C 
revealing tissue-specific expression profiles of HSP70.16 
Variations in HSP expression might indicate cellular 
alterations at molecular levels making HSPs as a good 
mediator of cellular insult due to their variable expression 
nature. The presence of HSP70 and HSP90 expression 
showed that the stress caused by contaminants in Karataş 
Lake could induce their synthesis. Furthermore, extreme 
temperatures could induce HSP70 and HSP90 expression, 
suggesting that HSP synthesis protects cells against 
damage that may occur at these extremes. Our finding of 
HSP70 and HSP90 expression in the liver appeared to be 
positively correlated with winter temperatures, which is 
consistent with the findings of the Kaluga liver.15 However, 
their expressions have a negative correlation with summer 
temperatures. The reason for these contradictions could 
be the different responses of HSP70 and HSP90 proteins to 
diverse stressful factors in the ecosystems. As mentioned 
above, the literature reports conflicting results about 
HSP70 and HSP90 expression across different fish species.  

The gills are one of the first organs directly exposed to 
harmful stressors in aquatic environments and are 
vulnerable to those stressors owing to their large surface. 
Therefore, the gills are considered the most suitable 
indicator of water pollution levels.42 It has been reported 
that a combination of heavy metals taken up via the diet 
and water significantly increased HSP70 expression in the 
gills of juvenile rainbow trout, and high levels of heavy 
metals in gills might be a physiological indicator of stress.34 
A study showed that the black sea bream gills expressed 
much HSP70 protein depending on increased water 
salinity.43 An investigation revealed a time-dependent 
increase in HSP70 expression in the gills of Cirrhinus 
mrigala fish exposed to 37.00 ˚C for different periods.41 It 
has been shown that hypersalinity leads to the over-
expression of HSP70 in the gills of black-chinned tilapia.13 
The HSP70 expression in the gills of fish from polluted 
areas was more prominent than in less polluted areas.35 
Exposure to sublethal doses of CdCl2 increased HSP70 
mRNA expression in the gills of Persian sturgeon.36 In our 
study, high levels of Fe in the winter and autumn and high 
levels of Mn and Zn in autumn could reduce the 
production of HSP90. The essential roles of those metals in 
biological systems might explain this reverse correlation 
between HSP90 and Fe, Mn, and Zn. However, differential- 
and seasonal HSP90 expression may also arise from other 
factors; therefore, it would not be an appropriate approach 
 

 to generalize the results of different fish species and 
regions to our findings.  

A study reported that, in the Kaluga gill, HSP70 and 
HSP90 expression was augmented gradually by cold 
stress, with a peak at 4.00 ˚C.15 Heat stress caused a 
gradual rise in HSP70 and HSP90 expression in gills, with a 
maximal expression of HSP70 at 28.00 ˚C. However, heat 
stress trials did not significantly change HSP90 expression 
in the gills. They also observed an undulating expression 
pattern of HSP70 and HSP90 in gills, of which Hsp70 
expression reached a peak at 40.00 ppt salinity and HSP90 
expression at 20.00 ppt salinity. In our study, 
concentrations of parameters (PO4, NO2, NO3, NH4, SO4, and 
Cl) with the potential to form salts varied seasonally. The 
seasonal changes in their concentrations might only 
explain the differential expression of HSP90 in gills. 
However, different outcomes regarding HSP70 and HSP90 
expression among fish species pose a significant challenge 
in drawing general inferences about their 
distribution.13,15,35,36,41 Thus, whether these parameters 
impact HSP70 and HSP90 proteins expression alone, 
combined, or cumulatively merits further research.  

The muscles are the major edible parts of fish that are 
important for the human diets. Therefore, determination 
of the levels of heavy metals accumulating in fish muscle 
via the food chain and water is essential for human health. 
The number of positively stained muscle cells increased in 
polluted areas and HSP70 expression was more noticeable 
in the muscle of fish from more polluted areas than in less 
polluted areas.35 Levels of both HSPs tended to be higher 
in Karataş Lake in the autumn, consistent with their 
results.35 The high levels of HSP70 and HSP90 in Karataş 
Lake in the autumn could be due to the high levels of Fe 
and Zn. Interplay between heavy metals, especially in the 
autumn, could also lead to variable HSP70 and HSP90 
expression. Gradually increasing water temperature 
caused a significant increase in HSP70 mRNA expression 
in the muscle of Iberian fishes, with a species-specific 
difference in muscle HSP70 expression.2 However, our 
HSP70 findings are inconsistent with their results.2 This 
difference in HSP70 expression could be a species-specific 
or adaptational situation.  

A study found that, in the Kaluga muscle, HSP70 and 
HSP90 expression increased gradually by cold stress and 
reached a peak at 4.00 ˚C.15 Under heat stress, HSP70 was 
more expressed in the Kaluga muscle at 25.00 ˚C than at 
28.00 ˚C. However, muscle HSP90 expression did not 
significantly differ from the control. They also observed 
that muscle HSP70 and HSP90 expression showed a 
gradual increment, with a plateau at 40.00 ppt salinity, in a 
concentration-dependent manner. However, there are 
some differences between our results and their findings.15 
The Kaluga fish inhabits its natural habitat from 0.00 ˚C to 
25.00 ˚C, at which muscle HSP70 and HSP90 expressions 
peak.15 However, carp has better adapted to its habitat 
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between 27.00 ˚C and 31.00 ˚C.44 These observations 
suggest that these two species have adapted to different 
temperature intervals, with adaptable differences in their 
HSP70 and HSP90 expressions. HSP70 expression in 
muscles of Fundulus grandissimus and Fundulus persimilis 
varies in a species, habitat, and temperature-dependent 
manner.20 They concluded that HSP70 expression could 
affect the habitat preference of Fundulus species.20  

In conclusion, this study shows that there could be 
considerable differences in HSP70 and HSP90 expressions 
in carp liver, gill, and muscle according to season, 
temperature, and tissue, with enormous differences 
reported by previous studies regarding the expression of 
HSP70 and HSP90. Therefore, further investigations into 
the roles of HSPs would deepen our understanding of their 
successful adaptation to extreme environmental conditions. 
 
Acknowledgments 
 

This study was financially supported by Sivas 
Cumhuriyet University Scientific Research Projects Unit 
(CUBAP Grant No. V044). The authors would like to 
acknowledge the contributions of the deceased Dr. Kenan 
Çinar and Biologist Özlem Erekli for their excellent 
technical assistance.  
 
Conflict of interest 
 

Authors have no conflict of interest to declare. 
 
References 
 
1. López-Maury L, Marguerat S, Bähler J. Tuning gene 

expression to changing environments: from rapid 
responses to evolutionary adaptation. Nat Rev Genet 
2008; 9(8): 583-593. 

2. Jesus TF, Inácio A, Coelho MM. Different levels of hsp70 
and hsc70 mRNA expression in Iberian fish exposed to 
distinct river conditions. Genet Mol Biol 2013; 36(1): 
61-69. 

3. Lindquist S. The heat-shock response. Annu Rev 
Biochem 1986; 55: 1151-1191. 

4. Ming J, Xie J, Xu P, et al. Molecular cloning and 
expression of two HSP70 genes in the Wuchang bream 
(Megalobrama amblycephala Yih). Fish Shellfish 
Immunol 2010; 28(3): 407-418. 

5. Su X, Du L, Li Y, et al. Cloning and expression of HSP70 
gene of sipuncula Phascolosoma esculenta. Fish 
Shellfish Immunol 2010; 28(3): 461-466.  

6. Liu HH, He JY, Chi CF, et al. Differential HSP70 
expression in Mytilus coruscus under various stressors. 
Gene 2014; 543(1): 166-173.  

7. Franzellitti S, Fabbri E. Differential HSP70 gene 
expression in the Mediterranean mussel exposed to 
various stressors. Biochem Biophys Res Commun 
 

 2005; 336(4): 1157-1163.  
8. Liu T, Pan L, Cai Y, et al. Molecular cloning and 

sequence analysis of heat shock proteins 70 (HSP70) 
and 90 (HSP90) and their expression analysis when 
exposed to benzo(a)pyrene in the clam Ruditapes 
philippinarum. Gene 2015; 555(2): 108-118. 

9. Erbse A, Mayer MP, Bukau B. Mechanism of substrate 
recognition by Hsp70 chaperones. Biochem Soc Trans 
2004; 32(Pt 4): 617-621. 

10. Chen B, Piel WH, Gui L, et al. The HSP90 family of genes 
in the human genome: insights into their divergence 
and evolution. Genomics 2005; 86(6): 627-637.  

11. Chen B, Zhong D, Monteiro A. Comparative genomics 
and evolution of the HSP90 family of genes across all 
kingdoms of organisms. BMC Genomics 2006; 7: 156. 
doi: 10.1186/1471-2164-7-156. 

12. Sreedhar AS, Kalmár E, Csermely P, et al. Hsp90 
isoforms: functions, expression and clinical 
importance. FEBS Lett 2004; 562(1-3): 11-15.  

13. Tine M, Bonhomme F, Mckenzie DJ, et al. Differential 
expression of the heat shock protein Hsp70 in 
natural populations of the tilapia, Sarotherodon 
melanotheron, acclimatized to a range of 
environmental salinities. BMC Ecol 2010; 10: 11. doi: 
10.1186/1472-6785-10-11.  

14. Purohit GK, Mahanty A, Suar M, et al. Investigating hsp 
gene expression in liver of Channa striatus under heat 
stress for understanding the upper thermal 
acclimation. Biomed Res Int 2014; 2014: 381719. doi: 
10.1155/2014/381719. 

15. Peng G, Zhao W, Shi Z, et al. Cloning HSP70 and 
HSP90 genes of kaluga (Huso dauricus) and the 
effects of temperature and salinity stress on their 
gene expression. Cell Stress Chaperones 2016; 
21(2): 349-359.  

16. Ma F, Luo L. Genome-wide identification of Hsp70/110 
genes in rainbow trout and their regulated expression 
in response to heat stress. PeerJ 2020; 8: e10022. doi: 
10.7717/peerj.10022. 

17. Wang J, Wei Y, Li X, et al. The identification of heat 
shock protein genes in goldfish (Carassius auratus) and 
their expression in a complex environment in 
Gaobeidian Lake, Beijing, China. Comp Biochem Physiol 
C Toxicol Pharmacol 2007; 145(3): 350-362. 

18. Padmini E, Usha Rani M. Impact of seasonal variation 
on HSP70 expression quantitated in stressed fish 
hepatocytes. Comp Biochem Physiol B Biochem Mol 
Biol 2008; 151(3): 278-285. 

19. Bildik A, Asıcı Ekren GS, Akdeniz G, et al. Effect of 
environmental temperature on heat shock proteins 
(HSP30, HSP70, HSP90) and IGF-I mRNA expression in 
Sparus aurata. Iran J Fish Sci 2019; 18(4): 1014-1024. 

20. Colín-García NA, Chiappa-Carrara X, Campos JE, et al. 
Differential gene expression of heat shock protein in 
response to thermal stress, in two Fundulus species 
 



479 N. Kuru et al. Veterinary Research Forum. 2023; 14 (9) 471 - 479 

 

endemic to the Gulf of Mexico. Rev Mex Biodiv 2019; 
90: e902663. doi: 10.22201/ib.20078706e.2019. 
90.2663. 

21. Macêdo AKS, Santos KPED, Brighenti LS, et al. 
Histological and molecular changes in gill and liver of 
fish (Astyanax lacustris Lütken, 1875) exposed to water 
from the Doce basin after the rupture of a mining tailings 
dam in Mariana, MG, Brazil. Sci Total Environ 2020; 
735: 139505. doi: 10.1016/j.scitotenv.2020. 139505. 

22. Kir İ, Tekin-Özcan S, Barlas M. Heavy metal 
concentrations in organs of Rudd, Scardinus 
erythrophthalmus L., 1758 populating Lake Karataş-
Turkey. Fresenius Environ Bull 2006; 15(1): 25-29. 

23. Çetin B. The use of wetland of Karataş (Bahçeözü) 
Lake (Burdur-Karamanlı) and a geographical look at 
the emerging problems [Turkish]. Nat Sci 2009; 
4(4): 157-174. 

24. Wallace DR. Environmental pesticides and heavy 
metals - Role in breast cancer. In: Larramendy ML, 
Soloneski S (Eds). Toxicity and hazard of 
agrochemicals. London, United Kingdom: IntechOpen 
2015; 39-70.  

25. Alengebawy A, Abdelkhalek ST, Qureshi SR, et al. Heavy 
metals and pesticides toxicity in agricultural soil and 
plants: ecological risks and human health implications. 
Toxics 2021; 9(3): 42. doi: 10.3390/toxics9030042. 

26. Piano A, Valbonesi P, Fabbri E. Expression of 
cytoprotective proteins, heat shock protein 70 and 
metallothioneins, in tissues of Ostrea edulis exposed to 
heat and heavy metals. Cell Stress Chaperones 2004; 
9(2): 134-142.  

27. Gibson RN. The use of anaesthetic quinaldine in fish 
ecology. J Anim Ecol 1967; 36(2): 295-301.  

28. Öztop M, Cinar K, Turk S. Immunolocalization of 
natriuretic peptides and their receptors in goat (Capra 
hircus) heart. Biotech Histochem 2018; 93(6): 389-404. 

29. Kaptan H, Tekin-Özan S. Determination of the heavy 
metals levels in some tissues and organs of carp 
(Cyprinus carpio L., 1758) living in water, sediment of 
Eğirdir Lake [Turkish]. SDU J Sci 2014; 9(2): 44-60. 

30. WHO. Guidelines for drinking water quality. 4th ed. 
Geneva, Switzerland: World Health Organization 2017.  

31. De Smet H, Blust R. Stress response and changes in 
protein metabolism in carp Cyprinus carpio during 
cadmium exposure. Ecotoxicol Environ Saf 2001; 
48(3): 255-262. 

32. Thophon S, Kruatrachue M, Upatham ES, et al. 
Histopathological alterations of white seabass, Lates 
calcarifer, in acute and subchronic cadmium exposure. 
Environ Pollut 2003; 121(3): 307-320. 

 

 33. Yoo JL, Janz DM. Tissue-specific HSP70 levels and 
reproductive physiological responses in fishes 
inhabiting a metal-contaminated creek. Arch Environ 
Contam Toxicol 2003; 45(1): 110-120. 

34. Williams JH, Petersen NS, Young PA, et al. 
Accumulation of Hsp70 in juvenile and adult rainbow 
trout gill exposed to metal-contaminated water and/or 
diet. Environ Toxicol Chem 1996; 15(8): 1324-1328. 

35. Rajeshkumar S, Munuswamy N. Impact of metals on 
histopathology and expression of HSP70 in different 
tissues of Milkfish (Chanos chanos) of Kaattuppalli 
Island, South East Coast, India. Chemosphere 2011; 
83(4): 415-421. 

36. Safari R, Shabani A, Ramezanpour S, et al. Alternations 
of heat shock proteins (Hsp70) gene expression in liver 
and gill of Persian sturgeon (Acipenser persicus 
Borodin, 1987) exposed to cadmium chloride. Iran J 
Fish Sci 2014; 13(4): 979-997. 

37. Nair M, Jayalakshmy KV, Balachandran KK, et al. 
Bioaccumulation of toxic metals by fish in a semi-
enclosed tropical ecosystem. Environ Forensics 2006; 
7(3): 197-206. 

38. Hong Z, Zhao Q, Chang J, et al. Evaluation of water 
quality and heavy metals in wetlands along the Yellow 
River in Henan Province. Sustainability 2020; 12(4): 
1300. doi: 10.3390/su12041300. 

39. Guo W, Zou J, Liu S, et al. Seasonal and spatial variation 
in dissolved heavy metals in Liaodong Bay, China. Int J 
Environ Res Public Health 2022; 19(1): 608. doi: 
10.3390/ijerph19010608. 

40. Alsherif EA, Al-Shaikh TM, AbdElgawad H. Heavy metal 
effects on biodiversity and stress responses of plants 
inhabiting contaminated soil in Khulais, Saudi Arabia. 
Biology (Basel) 2022; 11(2): 164. doi: 10.3390/ 
biology11020164. 

41. Das P, Gupta A, Manna SK. Heat shock protein 70 
expression in different tissues of Cirrhinus mrigala 
(Ham.) following heat stress. Aquac Res 2005; 36(6): 
525-529. 

42. Camargo MMP, Martinez CBR. Histopathology of gills, 
kidney and liver of a Neotropical fish caged in an urban 
stream. Neotrop Ichthyol 2007; 5(3): 327-336. 

43. Deane EE, Woo NY. Differential gene expression 
associated with euryhalinity in sea bream (Sparus 
sarba). Am J Physiol Regul Integr Comp Physiol 2004; 
287(5): R1054-R1063.  

44. Shahjahan M, Khatun MS, Mun MM, et al. Nuclear and 
cellular abnormalities of erythrocytes in response to 
thermal stress in common carp Cyprinus carpio. Front 
Physiol 2020; 11: 543. doi: 10.3389/fphys.2020.00543. 


