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Background and objectives

Thermal stress arising from climate change is a crucial issue that threatens the
livestock worldwide. It has various and wide range of effects on livestock’s
reproductive performance. Buffalo is a main livestock in the Egyptian
agricultural sector, and its’ susceptibility to the ambient temperature negatively
affects its reproductive performance. Thus, it is important to study how the thermal
stress affects the bubaline oocytes at both cytological and molecular levels. The
current study aimed to investigate the effects of thermal stress for two different
periods on the maturation of bubaline oocytes under in vitro conditions and screen
the expression of various genes responsible for some mechanisms related to
thermal stress alleviation, cumulus expansion, and apoptosis.

Materials and methods

Cumulus—oocyte complexes (COCs) were retrieved from buffalo ovaries and
divided into three groups (C, T4, and T,) and underwent in-vitro maturation after
being examined for quality. During the first 2/6 h of in-vitro maturation, good-quality
COCs were exposed to 40.5°C and thereafter continued their maturation at 38.5°C.
The COCs were denuded from the surrounding cumulus cells 22—24h after
maturation and were either preserved for RNA isolation in -80°C freezer or
fixed for molecular maturation evaluation using Hoechst staining. The total RNA
was isolated from three biological replicates of the three COC groups (C, T4, and Ty)
using Pico-pure RNA isolation kit, followed by cDNA synthesis for the genes of
interest using real-time PCR (gPCR). Statistical analysis was performed for the
obtained results for discussion and conclusion.

Results

The nuclear maturation declined more in the oocytes exposed to longer period of
thermal stress than those exposed to short period of thermal stress. The longer the
oocytes exposed to thermal stress, the higher was the expression of heat shock
genes. The expression of heat shock genes was more expressed in cumulus cells in
different groups than their corresponding oocytes. Moreover, expression of
apoptosis-inducing gene (BAX) increased more in COCs exposed to long period
of thermal stress than those in short period and control groups. This effect was also
visible more in cumulus cells than in their corresponding oocytes. Although the
cumulus expansion showed no significant change in pattern, the cumulus marker
genes showed reverse relation with the period of the thermal stress, suggesting
alteration in extracellular matrix proteins.

Conclusion

Heat stress affected negatively the nuclear maturation of buffalo oocytes by
downregulation of cumulus expansion (PTX3, TNFAIP6, and HAS2) genes and
upregulation of proapoptotic (BAX) gene under in vitro conditions. In response to
this harmful situation, the cumulus cells surrounding oocytes undergo complex
molecular mechanisms to adapt to the thermal shock by upregulation of heat shock
transcripts (HSF1, HSF2, HSP90, and HSP70) and antiapoptotsis gene (BCL2) to
provide protection against thermal stress and sustain oocyte viability.
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Introduction

Great attention is paid nowadays toward climate
change issue and its subsequent influences on
environmental events, as it is an integrated issue of
many composite effects and various stresses. Ascension
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of ambient temperature leads to excrescent heat gain,
which results in heat stress that has a negative effect on
by disturbing the
reproduction state through declining fertility and
conception rates [1-3].

animal  production  sector

Riverine buffalo (Bubalus bubalis) is the principal
multipurpose ruminant animal in the agricultural
activities in Egypt, with contribution of 2 230 060
tons of raw milk production and 333 471 tons of meat
production [4]. Buffalo is a polyestrous animal, which
is well adapted to harsh environmental conditions of
tropical and subtropical countries such as Egypt.
Despite that, seasonality has a powerful negative
effect on buffalo than cows [5]. Principal reasons of
this sensitivity are that the buffalo’s body has low
density of sweat glands and dark skin color,
hindering heat loss [6,7].

Under Egyptian hot summer conditions and its
subsequent thermal stress events, female buftaloes’
reproductive  performance suffers from various
physiological disorders such as silent estrus [8,9] and
anestrous [10] due to poor ovarian activity [11] and
irregular ovarian cycles [12]. It is documented that heat
with the
temperature by 2°C [13], which explains the decline

stress correlates increase of vaginal
in the average number of follicles per ovary in buffalo
during summer (3.19+0.35) in comparison with winter
(7.22£1.07) [14]. Moreover, the reduction of follicle
cohort per ovary during hot season is explained by
alterations of the hypothalamus—pituitary—ovarian axis,

represented in perturbations of gonadotropins’ surge

[15,16].

The exposure of buffalo to thermal stress during hot
season, when temperature range is between 40 and
44°C, reduces the quality of the oocytes and their
developmental competence, reflecting the
consequences on the resultant early-cleaved embryos
represented in compromising their ability to reach the
blastocyst stage [17]. The cumulus—oocyte complexes
(COCs) recovered from heat-stressed buffaloes during
hot season, when temperature could reach 40°C, and
underwent in-vitro maturation (IVM) under 38.5°C
showed darker ooplasm and degenerated cumulus-
granulosa cells in comparison with cold season [18].
Buftfalo embryos produced in vifro from heat-stressed
groups of oocytes that were matured, fertilized, and
subjected to embryo culture till day 8 at 39.5°C or
40.5°C for 2h once every day showed poor ability to
reach blastocyst stage [19]. In line with previous trend,
the retrieved COCs during cold season that were
subjected to thermal shock at various temperatures

during various intervals of times of IVM showed
reduction in nuclear maturation rate [20] and were
significantly higher in reactive oxygen species due to
the induced oxidative stress [21]. The previous results
in bubaline showed consistency with the studies that
were applied in vitro on different models employed in
cows, as in the exposure of oocytes to thermal stress
[22] and embryos at different developmental stages
[23-27]; all showed decline in survival and reaching
blastocyst stage.

On cytological level, it was demonstrated that during
cold season the oocyte’s membrane contains 2.2 times
more polyunsaturated fatty acids in comparison with
hot season [28], which affects the fertility. Thermal
stress disturbed cytoplasmic and nuclear maturation
events of oocytes; in addition, absence of a continuous
layer of cortical granules during maturation under
thermal stress conditions was reported [29].
Moreover, it caused disorganization of spindle
microfilaments of the oocytes, which affected the
cytoskeleton, leading to deformably chromatin
segregation [30]. Oocytes that underwent thermal
stress were arrested at metaphase I through
metaphase II  stages and faced fertilization
failure [31].

Cumulus cells are important somatic cells as they
adjoin the oocytes, and their expansion is regulated
by oocyte-secreted factors [32]. Their exposure to
elevated temperatures disturbed their functions, as in
synthesizing proteins involved in extracellular matrix
during IVM [33,34] in bovine. Hyperthermia caused
reduction in the number of trans-zonal projections of
COCs obtained from stressed porcine ovaries [35], and
impairment of gap junction communication in bovine
COCs [36], which means the obstruction of
extracellular formation,  compromising
oocytes’ quality and prevention of resuming meiotic
division.

matrix

Heat shock transcription factors (HSFs) lead the
triggering of transcription of heat shock proteins
(HSPs) to mediate thermotolerance response and
returning to homeostasis [37]. Activity of heat shock
factor 1 (F/SF1I) initiates the response to the heat shock
by its binding to the 5" promoter regions of the HSP
genes such as HSP70 and HSP90 [38]. During thermal
stress, HSF1 and HSP90 showed upregulation in their
expression in bubaline oocytes, whereas HSF2 and
HSP70 showed low transcript numbers; however, the
transcripts of the same four genes were increased in
their number in the cumulus cells of the COCs exposed
to the same trial [20].



This study was divided into two main experiments.
Experiment 1 goal was to examine the effects of
thermal shock on developmental competence of
bubaline oocytes, whereas Experiment 2 goal was to
examine quantitative expression of some genes related
to various groups using quantitative real-time PCR
(qQRT-PCR) according to their functions, such as
thermotolerance genes (HSF1, HSF2, HSP90, and
HSP70), apoptotic genes (BAX and BCL2), and
cumulus expansion marker genes (7NFAIP6, PTX3,
and HAS2).

Materials and methods

Chemicals and reagents

All chemical, reagents, and medium used in the current
study were purchased from Sigma-Aldrich (St Louis,
Missouri, USA), except those mentioned in the text.

Ethical approval

This work was done with the ethical approval of
Institutional Animal Care and Use Committee of
Cairo University (CU-IACUC) under the approval
number: CU-II-F-8-20.

Experimental design

This study was carried out in two experiments. The
first experiment was designed for studying bubaline
oocytes’ competency under one level of temperature
through two different periods at the beginning of IVM.
In this experiment, the retrieved COCs (150 oocytes/
group) during winter were divided into three groups.
The first group that was exposed to 38.5°C was
considered as control (C), the second group that was
exposed to 40.5°C for the first 2h was considered as
treatment 1 (T), and the third group that was exposed
to 40.5°C for the first 6 h was considered as treatment 2
(T5). After each temperature treatment, the treated
groups (T and T,) continued the IVM at 38.5°C for
22-24h. The second experiment was based on using
gRT-PCR to investigate the expression of the genes
related to thermotolerance (HSF1, HSF2, HSP90, and
HSP70), cumulus expansion marker genes (7NFAIPS,
PTX3, and HAS2), and pro-apoptosis gene (BAX) and
anti-apoptosis gene (BCL2) in the oocytes and their
adjoined cumulus cells.

Collection of ovaries and oocytes recovery

Buffalo ovaries were obtained from nearby slaughter
houses shortly after the slaughtering process. The
ovaries were transferred to the laboratory in a
thermos filled with warmed (37°C) physiological
saline solution (0.9% NaCl) supplemented with
antibiotic (100 pg/ml streptomycin sulfate). The
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then washed three times with

physiological saline, twice with 70% ethanol, and

ovaries were
finally with physiological saline twice. COCs were
aspired from all visible ovarian follicles with size of
3-8 mm using 18-G needle attached to a 10-ml syringe
containing aspiration medium (TCM-199-Hepes
medium; supplemented with 2% inactivated fetal
bovine serum, 0.3 mg/ml glutamine, and 50 pg/ml
gentamycin). Evaluation of COCs was performed
using a  stereomicroscope (Leica, Bensheim,
Germany), in which COCs were morphologically
examined. Oocytes with homogenous ooplasm and
multiple layers cells were chosen
according to their morphological criteria [39] for
turther processing after being examined.

of cumulus

In vitro maturation and nuclear staining

COCs were IVM in maturation media composed of
TCM 199-Hepes fortified with 10% fetal bovine
serum inactivated, 5pg/ml of follicle-stimulating
hormone, 1pg/ml of estradiol-17 (E2), 0.15 mg/ml
of glutamine, 22 pg/ml of Na-pyruvate, and 50 pg/
ml of gentamycin. The immature oocytes (60/drop
or well) were cultured into 100 pl maturation drops
covered with mineral oil in a 3-cm petri dish according
to the experimental design. The culture dishes were
incubated in an incubator (Binder, York, UK) at 100%
humidity, 5% CO,, 5% O,, and 90% N, for 22-24 h.
COCs matured at 38.5°C for 24 h were designated as
the control group (C). Heat shock treatments were
applied on COCs at 40.5°C for first 2 h (T) or 6 h (T5)
of IVM, and thereafter matured at 38.5°C for the
remaining 22 h for Ty and 16 h for T).

Denudation and fixation of different cells

Cumulus cells were removed mechanically under the
stereomicroscope (Leica, Bensheim, Germany) by
repeat pipetting of COCs into maturation medium
drops fortified with 0.25% of hyaluronidase. Following
fixation, oocyte nuclear progression was evaluated by
staining with Hoechst 33258 at concentration of 0.01
mg/ml (Sigma-Aldrich, USA). The hoechst stain was
diluted in 0.3% PBS-PVP and oocytes were stained for
10 min on the dark. The stained oocytes were washed
three times with 0.3% PBS-PVP and finally loaded on
clean glass slide. The number of stained oocytes in each
nuclear stage (germinal vesicle, germinal vesicle
breakdown, metaphase I, and metaphase II) was
recorded in each experimental group.

RNA isolation from oocytes and cumulus cells
Total RNA was isolated from oocytes and their
adjoined cumulus cells using the Arcturus picopure

RNA isolation kit (Cat# 12204-01 Thermo Fisher
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Scientific, USA) according to manufacturer’s protocol
from different biological replicates. Extraction buffer
(100pl) was added to the samples followed by
pipetting. Samples were incubated for 30min at
42°C to release RNA and then centrifuged at 3000 g
for 2 min. Afterward, the supernatant was transferred
in a new 1.5-ml RNA-free tube. A volume of 250 ul of
conditioning buffer was added to the RNA-free tube,
which was then incubated for 5min at room
temperature, and the tube was then centrifuged at
16 000g for 1min. Eventually, a volume of 100 pl
of 70% ethanol was added to the RNA extraction
followed by pipetting. The mixture was added to the
column and centrifuged at 100g for 2 min. Samples
underwent centrifugation again at 1600g for 30s,
tollowed by addition of 100 pl of wash buffer I and
centrifugation at 8000 g for 1 min. A mixture of total
volume of 40 pl composed of 5 pl of DNase I and 35 pl
of RDD was added to the samples and then incubated
at room temperature for 15min, followed by the
addition of 100pl of wash buffer II. The samples
underwent centrifugation at 16 000g for 2min,
followed by another centrifugation at the same
spinning force for 1min. The columns were
transferred to new 1.5-ml tubes, and a volume of
20 ul of elution buffer was added to each tube. At
last, the samples underwent centrifugation two times,
at 1000 g for 1 min and then at 16 000 g for another

minute.

NanoDrop 2000C instrument (Thermo Scientific,
Wilmington, Delaware, USA) was used to evaluate
the concentration and quality of the total RNA
extracted from all samples, taking into consideration

that the readings are at the absorbance of Ajyeo/
Aygonm. The RNA was stored at -80°C in an

ultra-cool freezer (Thermo Fisher Scientific) until
further use.

cDNA synthesis

To eliminate any DNA contaminants from the total
RNA isolated from the different types of cells, DNA
digestion using DNA digestion kit (Thermo Scientific,
Carlsbad, California, USA) was done by adding to
RNA (1 pg), the mixture of 10x reaction buffer with
MgCl, (1 pl), DNase I (1 pl), and nuclease-free water
to reach 10 pl of total volume. The tubes were then
incubated at 37°C for 30 min. Then, a volume of 1l
50mM EDTA was added followed by incubation at
65°C for 10 min The prepared RNA was later used as a
template for reverse transcription. The reverse
transcription of RNA samples to ¢cDNA was done
using the Revert Aid first-strand ¢cDNA synthesis
kit (Thermo Fisher Scientific) according to Ghanem
et al. [40]. The following chemicals were added: 5 pg of
total RNA samples, 1 pl of oligo dt18 primer, 4 pl of
PCR buffer, 2 ul of dNTPs, 1 pl of RNase inhibitor,
1pl RNase inhibitor enzyme, and 1pl of reverse
transcriptase enzyme; they were gently mixed by
pipetting. The PCR mixture was incubated in a
PCR thermocycler (Thermo Fisher Scientific) at
42°C for 60 min, and then at 70°C for 5 min and at
4°C overnight.

Quantitative real-time PCR

A pair of primers specific to each target genes (Table 1)
were designed using primers3 program (https://
primer3.ut.ee/) from available gene sequence in
NCBI Gene bank database. Additionally, GAPDH
housekeeping gene was used for normalization and data
analysis. For real-time PCR reaction, the following
components were added in the qPCR tube: 12l of

Table 1 List of primers used for quantitative real-time PCR analysis

Genes GenBank accession number Product length (bp) Primer sequences
GAPDH NM_001034034.2 219 F: 5- AGGTCGGAGTGAACGGATTC -3
R: 5- GGAAGATGGTGATGGCCTTT -3
HSFA1 KC568561 170 F: 5- CGACCACCCTCATTGACTCC -3
R: 5- CATCTTTGGAGTGCGAGCCA -3
HSF2 NM_001290919.1 226 F: 5- GCCCTCTCATGTCTAGTGCC -3
R: 5’- TTCTCAGAATCAACAAGGAGGT -3
HSP70 JN604432.1 182 F: 5- GCAGGTGTGTAACCCCATCA -3
R: 5- ATAGGGCAAGACCCAAGTCC -3
HSP90 XM_006069300.1 177 F: 5- ACAGCCGTTCTCTTGAGTCAC -3
R: 5- TGGGCAATTTCTGCCTGGAA -3
BAX XM_006050928 232 F: 5- GACTCTCCCCGAGAGGTCTT-3
R: 5- AGATGGTCACTGTCCAACCAC -3
BCL2 XM_010979993. 241 F: 5" —~ACATCCACTATAAGCTGTCG -3’
R: 5 -TAGCGCCGAGAGAAGTCAT -3
TNFAIP6 NM_001007813 186 F: 5-TGTCCTGCTATGGGAAGAGG -3
R: 5-TGCTTGTAGGTGGCAAGATG -3
PTX3 NM_001076259 206 F: 5-TTTATTCCCCATGCGTTCCA -3
R: 5 —-CTCCACCCACCACAAGCATT -3
HAS2 NM_174079 180 F: 5-GATTCCTGGATCTCCTTCCTCA -3’

R: 5 -TTGGCTGCCCATAAATTCTTG -3




Maxima Sybr Green qPCR Master Mix (Thermo Fisher
Scientific), 0.5 pl of forward primer (10 pM), and 0.5 pl
of reverse primer (10 pM), 2 pl of template cDNA, and
5 pl nuclease-free water to get 20 pl as the total reaction
volume. The PCR mix was incubated at 50°C for 2 min;
initial denaturation was done at 95°C for 10min
tollowed by 40 cycles of 95°C for 15min for
denaturation. Afterward, annealing cycles took place
at 60°C for 1 min, and finally, the melt curve at 95°C
for 15s and then 60°C for 1 min. The expression data
were analyzed using the delta-delta Ct method after
normalization of the target genes with the housekeeping
gene.

Statistical analysis

Relative expression was calculated using the relative
quantification method (2-AACT method) [40]. The
expression profiles of selected target genes were
analyzed using the SAS (SAS, 2004) using the
general linear model procedure. Fluorescent intensity
data of cells viability, metabolic activity, lipid content,
mitochondrial activity and ROS level were analyzed by
applying a one-way analysis of variance. The analyzed
data were expressed as meantSE of means.
Comparisons were significantly different if P value
less than 0.05. Statistical analysis of data was
performed using the IBM SPSS Statistics 22
program (SPSS Inc., Chicago, Illinois, USA).

Results

Effect of thermal shock for two different periods on
expansion and maturation rates of the oocytes

Our results revealed that culture at 40.5°C for the first
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reduction in the number of expanded COCs in
comparison with the control group (C) at 38.5°C.
In terms of cumulus cell expansion, the rate of
expansion was 98.95, 97.61, and 100% in C, Ty,
and T, respectively, showing no significant

difference (P<0.05), as shown in Fig. 1.

It was observed that thermal shock compromised
(P<0.05) the nuclear maturation in COCs cultured
at 40.5°C for the first 2 (T;) and 6 h of IVM (T5),
compared with the control group. Nuclear maturation
percentages were 77.5% for C, 53.6% for Ty, and 41.2%
for T, showing a significant difference (P<0.05)
among experimental groups. In addition, the
observed decline in the maturation
percentages of oocytes was at the higher temperature
(40.5°C) for the longer period (first 6h of IVM)
compared with the same temperature for the shorter
period (first 2h of IVM), as shown in Fig. 2.

nuclear

Analysis of mMRNA expression

Heat shock-related genes

The effect of thermal stress for the two different
periods during IVM on mRNA expression of heat
shock-related genes (HSF1, HSF2, HSP90, and
HSP70) of mature oocytes and their adjoined
cumulus cells is illustrated in Figs 3-6, respectively.
Our results revealed an increase in transcript
abundance of the HSFI1, HSF2, and HSP90 genes in
the oocytes and their adjoined cumulus cells of treated
groups T and T, in comparison with the control group
(C). The expression of HSP70 showed no significant
increase (P>0.05) between the short period stressed
group and the control group, whereas there was a

2h (T;) and 6h (T,) of IVM (T,) did not lead to significant  difference (P<0.05) between control
Figure 1 Figure 2
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Cumulus expansion of buffalo mature cumulus—oocyte complexes
cultured under short (T4) and long (T») heat shock at 40.5°C during in
vitro maturation. Bars with different superscripts (a, b, c) are signifi-
cantly different at P value less than or equal to 0.05.

Nuclear maturation rate of buffalo cumulus—oocyte complexes cul-
tured under short (T4) and long (T») heat shock at 40.5°C during in-
vitro maturation. Bars with different superscripts (a, b, c) are signifi-
cantly different at P value less than or equal to 0.05.
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Gene expression profile of heat shock gene HSF1 in buffalo mature
cumulus—oocyte complexes cultured under short (T4) and long (T)
heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05.

Gene expression profile of heat shock gene HSP90 in buffalo mature
cumulus—oocyte complexes cultured under short (T4) and long (Ty)
heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05.
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Gene expression profile of heat shock gene HSF2 in buffalo mature
cumulus—oocyte complexes cultured under short (T4) and long (T2)
heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05.

group and long period stressed group. The expression
of the four previous genes in the cumulus cells showed a
significant increase (P<0.05) in the treatment groups
in comparison with the control group.

Apoptosis-related genes

The results of antiapoptotic gene BCL2 and
proapoptotic gene BAX are illustrated in Figs 7 and
8. The abundance in mRNA expression of BCL2 gene
showed a significant decrease (P<0.05) in oocytes of
the treated groups T; and T, in comparison with C
group, whereas there was no significant difference

Gene expression profile of heat shock gene HSP70 in buffalo mature
cumulus—oocyte complexes cultured under short (T4) and long (Ty)
heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05.

(P>0.05) in the expression in the adjoined cumulus
cells in the three groups. The abundance of RNA
transcript numbers of BAX gene showed a
significant increase (P<0.05) in the two cell types in
the treated groups T and T, in comparison with the C

group.

Cumulus expansion marker genes

The current study revealed a biological difference in the
expression of cumulus expansion marker genes
TNFAIP6, PTX3, and HAS2 genes. Despite that,
there was no significant difference (P>0.05) in the



Buffalo COCs response under hyperthermia Khalil et al. 367

Figure 7 Figure 9
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heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05. COC, cumulus—oocyte complex.

Figure 8
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Gene expression profile of apoptosis-related gene BAX in buffalo
oocytes recovered from COCs cultured under short (T+) and long (T5)
heat shock at 40.5°C during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05. COC, cumulus—oocyte complex.

expression of the three genes in the cumulus cells of the
three groups, as shown in Figs 9-11, respectively.

Discussion

Genetic and environment are key factors that play a
crucial role in controlling the fertility of farm animals.
Climate change has concerning
environmental challenge worldwide, causing negative
effects on animal productive and reproductive
performances. Elevating ambient temperature causes
hyperthermia, which results in thermal stress and
causes drastic changes in animal productivity [1,41].

become a

(T4) and long (T2) heat shock at 40.5°C during in-vitro maturation.
Bars with different superscripts (a, b, c) are significantly different at P
value less than or equal to 0.05. COC, cumulus—oocyte complex.
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Gene expression profile of cumulus expansion marker gene PTX3 in
buffalo cumulus cells recovered from COCs cultured under short (T+)
and long (T») heat shock during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05. COC, cumulus—oocyte complex.

Figure 11
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Gene expression profile of cumulus expansion marker gene HAS2 in
buffalo cumulus cells recovered from COCs cultured under short (T+)
and long (T2) heat shock during in-vitro maturation. Bars with different
superscripts (a, b, c) are significantly different at P value less than or
equal to 0.05. COC, cumulus—oocyte complex.
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The results of the present investigation indicated lower
nuclear maturation rate of buffalo oocytes exposed to
thermal stress for short and long periods during IV,
although there was no change in cumulus expansion
rate. In accordance with our results, nuclear maturation
of the bubaline oocytes was shown to be 50 and 56.9%
during summer and autumn, respectively, in
comparison with 74.6 and 71% during winter and
spring, respectively [42]. COCs collected from
porcine ovaries that were exposed to thermal shock at
41.5°C for 1h before IVM showed delayed meiotic
resumption and low polar body extrusion [43]. Bovine
oocytes that were IVM at 39.5°C for 18 hwere delayed in
reaching metaphase II (MII) stage by 12.3+7.8%,
whereas those exposed to 40.5°C for the same period
reached by 9.1+1.4%, in comparison with the unstressed
group (78.4+8.0%) [44]. Examination of heat-stressed
cow oocytes at 40 and 41°C for the first 12h of IVM
revealed the blocking of nuclear maturation at metaphase
I (MI), anaphase I (Al), or telophase I (TI) stages.
Noteworthy, in vivo and IVM of COCs under
thermal stress conditions disrupts the biological
functions of the oocytes and causes alterations that are
reflected on nuclear and cytoplasmic maturation [45].

Our results showed a reverse correlation between the
period of thermal stress and the nuclear maturation of
COCs in consistent with former publications in bovine
[31,33,46-50], camels [51], porcine [35,43,52], and
buffalo [17-20]. It was reported that the bovine
oocytes’ developmental competence was declined
during summer and continued to remain low
throughout autumn [53,54]. Investigations of the
ovarian follicles and the recovered COCs during
cold season were reported to be significantly higher
in terms of number and quality than those recovered in
the hot season [18]. Obviously, the oocytes that
underwent thermal stress showed reduction in
developmental competence and cleavage rate [20].
Exposure of bubaline COCs to thermal stress, at
40.5°C for the first 2 or 6h of IVM, led to a
significant decline in oocytes’ nuclear maturation rate
and extrusion of the first polar body in our study.
Thermal stress was reported to disrupt the oocytes’
phospholipid composition [28], rearrangement of
cytoskeleton [31], morphology of microtubules [30],
and formation of spindle fibers [55]. A counteractive
effect was reported that thermal shock at 41°C did not
diminish the oocytes’ capability to undergo nuclear and
cytoplasmic maturation; on the contrary, it hastened
the maturation processes [56].

Consequently, COCs developed a defense mechanism
by chaperones’ activity to overcome the thermal stress
conditions, as our investigation revealed an increase in

heat shock-related genes in the treated COCs of this
study. HSF1 is known to be a highly conserved gene
among eukaryotic organisms, which plays an important
role not only in thermal tolerance as the principal heat
stress transcription factor [57] but also in metabolism
and development [58]. Its relative abundance was
reported to be higher during hot season in buffalo
compared with bovine [59]. Its transcription was
reported to be upregulated in bubaline granulosa
cells that were exposed to thermal stress for 2h

starting from day 3 till day 7 of cell culture [40].

Our results showed that HSFI abundance was
significantly high during IVM of the bubaline
COCs under thermal stress for both short-term and
long-term periods, which coincides with previous
results [20,40,60]. In addition to role of HSF2, this
gene seems to be important for biosynthesis of HSP70
protein. At the early embryonic development, HSF1
seems to be in control of thermotolerance; but further
as the embryo develops, HSF2 takes control. It was
observed that reduced abundance level of HSP70 was
coupled with HSF2 deficiency in blastocysts [61],
which agrees with the obtained results of our study,
reporting a low level of ASF2 during the short thermal
stress period in comparison with HSFI expression
level.

HSP70 is a constitutively proapoptotic expressed
protein that relates to harsh conditions such as
thermal stress [59,62,63]. Its transcript abundance
has been a sign for thermal stress in embryos of cow
[64] and buffalo [17-19]. Our obtained results are in
accordance with the previously mentioned studies in
the increase of its increased transcription during
thermal stress periods in embryos and cells, which
may relate to its role in refolding the misfolded
proteins for «cell survival and functionality in

blocking apoptosis [65-68].

Another substantial protein, HSP90, was reported to
be highly expressed in our investigation during
thermal stress periods, in accordance with some
previous reports [69-71]. In contrary to HSP70,
HSP90 showed antiapoptotic functions necessary
for survival of the mammalian cells [20,72].
HSP90 role, as a main mediator of homeostasis
[73], extends to oocytes during thermal stress to
overcome the stress period and its deleterious
effects on the developmental competence [74]. It
was observed that upregulation of HSP90 is
protective for buffalo during thermal stress
[75,76]. It appears that expression of HSFI and
HSP90 follows the same trend [20,77], as in the
case of both HSF2 and HSP70 [61].



Failure of COCs to overcome thermal stress and its
deleterious consequences induced apoptosis in our
investigation. This was visible by upregulation of
proapoptotic gene (BAX) in both cumulus and their
enclosed oocytes, which is similar to the data reported
during IVM of bubaline oocytes under thermal shock
conditions [17,20]. In addition, BAX expression was
reported to be upregulated during 8-16-cell stage and
blastocyst of buffalo embryos [19]. However, BAX was
suggested to interact with HSP70 under stress
conditions, which suppress apoptosis induction and
its negative effect on maturation process [20,78].
However, the buffalo oocyte maturation rate was
reduced as a consequence of thermal stress [19,79].
Our results indicated stable expression of antiapoptotic
gene (BCL2) in cumulus cells under thermal stress and
downregulation in their enclosed oocytes, which is
opposite to the findings of Yadav ez a/. [19]. Indeed,
BCL2 is a well-known inner mitochondrial transcript
that inhibits apoptosis in mammalian cells [80,81].
BCL2 showed an increased expression in rat follicle
at day 7 of recovery from thermal stress exposure, but
the expression started to be downregulated at day 14 of
recovery, indicating the activation of programmed cell
death of oocyte [82]. Additionally, prominent
downregulation of BCL2 in bubaline of granulosa
cells was reported [41]. Interestingly, BCL2 was
upregulated in camel oocytes exposed to acute
thermal stress, whereas its transcription was
downregulated in the cumulus cells of the same
COCs [51], which may indicate the role of cumulus
cells as a defense line of oocytes in facing stressful
conditions and alleviating thermal stress.

Cumulus cells have a vital role in completion of nuclear
and cytoplasmic maturation of oocyte, as their
expansion is a sign for the formation of the
extracellular matrix maturation completion of
oocytes [83]. It was observed that P7X3 and HAS2
genes’ expression level was not change during cold or
hot seasons and the changes were observed for the
HSF1, HSF2, HSP90 and HSP70 in pig’s cumulus cells
[71]. Our results are in agreement with the previous
studies concerning the expression of HA4S2 gene, as no
significant change in its abundance was observed in
cumulus cells of the control and treated bubaline
COCs [84,85]. Although expression level of PTX3
and TNFAIP6 decreased, this decline was not
significant. It seems that /4452 had a constant level
of expression in porcine endometrial cells, whereas
PTX3 and TINFAIP6 expression levels were changed
throughout different phases of in wvitro culture, which
led to the presumption that interaction between P7°X3
and TNFAIP6 may be the reason to maintain the
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of HAS2 [84].
significant change in the expression of P7X3 and
TINFAIP6 aroused in bovine cumulus cells between
the in vive and in vitro conditions, whereas the HAS2
showed no change in its abundance in both cases [85].
Thus, further studies are required to understand the
role of these cumulus expansion genes under in vivo
and in vitro thermal stress conditions and its effect on
oocyte developmental capacity.

expression level Moreover, a

Conclusion

The results indicated that reduction in nuclear
maturation of buffalo COCs exposed to heat shock
is due to defect in maturation process as shown by
downregulation of cumulus expansion genes (P7X3,
TNFAIP6, and HAS2), in addition to decrease in the
viability of COCs, as shown by upregulation of
apoptosis related gene (BAX). However, the cumulus
cells enclosing oocytes undergo complex molecular
mechanisms to adapt to the thermal shock
conditions as shown by upregulation of heat shock
transcripts (HSF1, HSF2, HSP90, and HSP70) and
antiapoptotic gene (BCL2), which provide a line of
defense to oocytes.

Financial support and sponsorship
Nil.

Conflicts of interest
There are no conflicts of interest.

References
1 FAO. Climate change and food systems: global assessments and
implications for food security and trade. Food Agriculture Organization of
the United Nations (FAO); Rome, ltaly, 2015.

2 Thornton PK, van de Steeg J, Notenbaert A, Herrero M. The impacts of
climate change on livestock and livestock systems in developing countries:
a review of what we know and what we need to know. Agric Syst 2009;
101:113-127.

3 Ealy AD, Howell JL, Monterroso VH, Aréchiga CF, Hansen PJ.
Developmental changes in sensitivity of bovine embryos to heat shock
and use of antioxidants as thermoprotectants. J Anim Sci 1995;
73:1401-1407.

4 FAO. FAOSTAT statistics database. Rome, Italy: FAO; 2019.

5 Manjari R, Yadav M, Ramesh K, Uniyal S, Rastogi SK, Sejian V, Hyder I.
HSP70 as a marker of heat and humidity stress in Tarai buffalo. Trop Anim
Health Prod 2015; 47:111-116.

6 Mishra SR. Thermoregulatory responses in riverine buffaloes
against heat stress: an updated review. J Therm Biol 2021; 96:
102844.

7 Das SK, Upadhyay RC, Madan ML. Heat stress in Murrah buffalo calves.
Livest Prod Sci 1999; 61:71-78.

8 Piccione G, Caola G, Refinetti R. Daily and estrous rhythmicity of body
temperature in domestic cattle. BMC Physiol 2003; 3:7.

9 Singh M, Chaudhari BK, Singh JK, Singh AK, Maurya PK. Effects of thermal
load on buffalo reproductive performance during summer season. J Biol Sci
2013; 1:1-8. a

10 Khodaei-Motlagh M, Shahneh AZ, Masoumi R, Derensis F. Alterations in
reproductive hormones during heat stress in dairy cattle. Afr J Biotechnol
2011; 10:5552-5558.



370 Egyptian Pharmaceutical Journal, Vol. 22 No. 3, July-September 2023

1

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

32

El-Fouly MA, Kotby EA, E1-Sobhy HE. Postpartum ovarian activity in
suckled and milked buffaloes. Theriogenology 1976; 5:69-81.

Barkawi AH. Ovarian activity and oestrous detection in Egyptian buffalo
[MSc thesis]. Cairo, Egypt: Faculty of Agriculture, Cairo University, Egypt,
1981.

Nabenishi H, Ohta H, Nishimoto T, Morita T, Ashizawa K, Tsuzuki Y. Effect
of the temperature-humidity index on body temperature and conception
rate of lactating dairy cows in southwestern Japan. J Reprod Dev 2011;
57:450-456.

Abdoon AS, Attia MZ, Soliman SS, Kandil OM, EI-Toukhey NE, Sabra HA.
Seasonal variation in number of ovarian follicles and hormonal levels in
Egyptian buffalo and cattle. Int J Vet Sci 2020; 9:126-130.

Schiiller LK, Michaelis I, Heuwieser W. Impact of heat stress on estrus
expression and follicle size in estrus under field conditions in dairy cows.
Theriogenology 2017; 102:48-53.

Badinga L, Thatcher WW, Diaz T, Drost M, Wolfenson D. Effect of
environmental heat stress on follicular steroidogenesis and development
in lactating Holstein cows. Theriogenology 1993; 39:797-810.

Sadeesh EM, Sikka P, Balhara AK, Balhara S. Developmental competence
and expression profile of genes in buffalo (Bubalus bubalis) oocytes and
embryos collected under different environmental stress. Cytotechnology
2016; 68:2271-2285.

Abdoon AS, Gabler C, Holder C, Kandil OM, Einspanier R. Seasonal
variations in developmental competence and relative abundance of gene
transcripts in buffalo (Bubalus bubalis) oocytes. Theriogenology 2014;
82:1055—1067.

Yadav A, Singh KP, Singh MK, Saini N, Palta P, Manik RS, et al. Effect of
physiologically relevant heat shock on development, apoptosis and
expression of some genes in buffalo (Bubalus bubalis) embryos
produced in vitro. Reprod Domest Anim 2013; 48:858—-865.

El-Sayed A, Nagy R, El-Asheeri A, Eid L. Developmental and
molecular responses of buffalo (Bubalus bubalis) cumulus-oocyte
complex matured in vitro under heat shock conditions. Zygote 2018;
26:177-190.

Waiz SA, Raies-ul-Hag M, Dhanda S, Kumar A, Goud TS, Chauhan MS,
Upadhyay RC. Heat stress and antioxidant enzyme activity in bubaline
(Bubalus bubalis) oocytes during in vitro maturation. Int J Biometeorol
2016; 60:1357-1366.

Roth Z, Hansen PJ. Involvement of apoptosis in disruption of
developmental competence of bovine oocytes by heat shock during
maturation. Biol Reprod 2004; 71:1898-1906.

de Castro e Paula LA, Hansen PJ. Madification of actions of heat shock on
development and apoptosis of cultured preimplantation bovine embryos by
oxygen concentration and dithiothreitol. Mol Reprod Dev 2008;
75:1338-1350.

Paula-Lopes FF, Hansen PJ. Heat shock-induced apoptosis in
preimplantation bovine embryos is a developmentally regulated
phenomenon. Biol Reprod 2002; 66:1169-1177.

Sakatani M, Yamanaka K, Kobayashi S, Takashi M. Heat shock-derived
reactive oxygen species induce embryonic mortality in in vitro early stage
bovine embryos. J Reprod Dev 2008; 54:496-501.

Jousan FD, Hansen PJ. Insulin-like growth factor-l promotes resistance of
bovine preimplantation embryos to heat shock through actions independent
of its anti-apoptotic actions requiring PI3K signaling. Mol Reprod Dev 2007;
74:189-196.

Sakatani M, Kobayashi S, Takahashi M. Effects of heat shock on in vitro
development and intracellular oxidative state of bovine preimplantation
embryos. Mol Reprod Dev 2004; 67:77-82.

Zeron Y, Ocheretny A, Kedar O, Borochov A, Sklan D, Arav A. Seasonal
changes in bovine fertility: relation to developmental competence of
oocytes, membrane properties and fatty acid composition of follicles.
Reproduction 2001; 121:447-454.

Andreu-Vazquez C, Lépez-Gatius F, Garcia-Ispierto |, Maya-Soriano M,
Hunter R, Lépez-Béjar M. Does heat stress provoke the loss of a
continuous layer of cortical granules beneath the plasma membrane
during oocyte maturation?. Zygote 2010; 18:293-299.

Tseng JK, Chen CH, Chou PC, Yeh SP, Ju JC. Influences of follicular size
on parthenogenetic activation and in vitro heat shock on the cytoskeleton
in cattle oocytes. Reprod Dom Anim 2004; 39:146—-153.

Roth Z, Hansen PJ. Disruption of nuclear maturation and rearrangement of
cytoskeletal elements in bovine oocytes exposed to heat shock during
maturation. Reproduction 2005; 129:235-244.

Machado MF, Caixeta ES, Sudiman J, Gilchrist RB, Thompson JG, Lima
PF, et al. Fibroblast growth factor 17 and bone morphogenetic protein 15

33

34

35

36

37

38

39

40

M

42

43

44

45

46

47

48

a9

50

51

52

53

enhance cumulus expansion and improve quality of in vitro-produced
embryos in cattle. Theriogenology 2015; 84:390-398.

Lenz RW, Ball GD, Leibfried ML, Ax RL, First NL. /n vitro maturation and
fertilization of bovine oocytes are temperature-dependent processes. Biol
Reprod 1983; 29:173-179.

Rispoli LA, Payton RR, Gondro C, Saxton AM, Nagle KA, Jenkins BW, et al.
Heat stress effects on the cumulus cells surrounding the bovine oocyte
during maturation: altered matrix metallopeptidase 9 and progesterone
production. Reproduction 2013; 146:193-207.

Yin C, Liu J, He B, Jia L, Gong Y, Guo H, Zhao R. Heat stress induces
distinct responses in porcine cumulus cells and oocytes associated with
disrupted gap junction and trans-zonal projection colocalization. J Cell
Physiol 2019; 234:4787-4798.

Campen KA, Abbott CR, Rispoli LA, Payton RR, Saxton AM, Edwards JL.
Heat stress impairs gap junction communication and cumulus function of
bovine oocytes. J Reprod Dev 2018; 64:385-392.

Page TJ, Sikder D, Yang L, Pluta L, Wolfinger RD, Kodadek T, Thomas RS.
Genome-wide analysis of human HSF1 signaling reveals a transcriptional
program linked to cellular adaptation and survival. Mol Biosyst 2006;
2:627-639.

Kim N, Kim JY, Yenari MA. Anti-inflammatory properties and
pharmacological  induction of Hsp70 after  brain  injury.
Inflammopharmacology 2012; 20:177-185.

Ghanem N, Samy R, Khalil BSF, Barakat IAH, Ahmed AYS, Ismail EMA,
et al. Mitochondrial activity and transcript abundance of quality marker
genes during in vitro maturation of bovine and buffalo’s oocytes. Adv Anim
Vet Sci 2021a; 9:1810-1815.

Ghanem N, Faheem MS, Samy R, Barkawi AH. Transcriptional,
mitochondrial activity, and viability of Egyptian buffalo’s granulosa cells
in vitro cultured under heat elevation. World Vet J 2021b; 11:193-201.

Rovelli G, Ceccobelli S, Perini F, Demir E, Mastrangelo S, Conte G, et al.
The genetics of phenotypicplasticity in livestock in the era of climate
change: a review. Ital J Anim Sci 2020; 19:997-1014.

Zoheir KMA, Abdoon AS, Mahrous KF, Amer MA, Zaher MM, Li Guo Y.
Effects of season onthe quality and in vitro maturation rate of
Egyptianbuffalo (Bubalus bubalis) oocytes. J Cell Anim Biol 2007; 1:29-33.

Yin C, Liu J, Chang Z, He B, Yang Y, Zhao R. Heat exposure impairs
porcine oocyte quality with suppressed actin expression in cumulus cells
and disrupted F-actin formation in transzonal projections. J Anim Sci
Biotechnol 2020; 11:71.

Pavani K, Baron E, Correia P, Lourengo J, Bettencourt B, Sousa M, Da
Silva F. Gene expression, oocyte nuclear maturation and developmental
competence of bovine oocytes and embryos produced after in vivo and in
vitro heat shock. Zygote 2016; 24:748-759.

Roth Z. Reduction in oocyte developmental competence by stress is
associated with alterations in mitochondrial function. J Dairy Sci 2018;
101:3642-3654.

Payton RR, Rispoli LA, Nagle KA, Gondro C, Saxton AM, Voy BH, Edwards
JL. Mitochondrial-related consequences of heat stress exposure during
bovine oocyte maturation persist in early embryo development. J Reprod
Dev 2018; 64:243-251.

Maya-Soriano MJ, Lépez-Gatius F, Andreu-Vazquez C, Lépez-Béjar M.
Bovine oocytes show a higher tolerance to heat shock in the warm
compared with the cold season of the year. Theriogenology 2013;
79:299-305.

Paula-Lopes FF, Lima RS, Risolia PHB, Ispada J, Assumpgdo MEOA,
Visintin JA. Heat stress induced alteration in bovine oocytes: functional and
cellular aspects. Anim Reprod 2012; 9:395-403.

Nabenishi H, Ohta H, Nishimoto T, Morita T, Ashizawa K, Tsuzuki Y. The
effects of cysteine addition during in vitro maturation on the developmental
competence, ROS, GSH and apoptosis level of bovine oocytes exposed to
heat stress. Zygote 2012; 20:249-259.

Al-Katanani YM, Paula-Lopes FF, Hansen PJ. Effect of season and
exposure to heat stress on oocyte competence in Holstein cows. J Dairy
Sci 2002; 85:390-396.

Saadeldin IM, Swelum AA, Elsafadi M, Mahmood A, Alfayez M, Alowaimer
AN. Differences between the tolerance of camel oocytes and cumulus cells
to acute and chronic hyperthermia. J Therm Biol 2018; 74:47-54.

Liu J, He B, Yin C, Chang Z, Zhao R. Transcriptomic responses of porcine
cumulus cells to heat exposure during oocytes in vitro maturation. Mol
Reprod Dev 2021; 88:43-54.

Gendelman M, Roth Z. Incorporation of coenzyme Q10 into bovine oocytes
improves mitochondrial features and alleviates the effects of summer
thermal stress on developmental competence. Biol Reprod 2012; 87:118.



54

55

56

57

58

59

60

61

62

63

64

65

66

67

68

69

70

Roth Z, Meidan R, Shaham-Albalancy A, Braw-Tal R, Wolfenson D.
Delayed effect of heat stress on steroid production in medium-sized and
preovulatory bovine follicles. Reproduction 2001; 121:745-751.

Ju J-C., Jiang S, Tseng J-K., Parks JE, Yang X. Heat shock reduces
developmental competence and alters spindle configuration of bovine
oocytes. Theriogenology 2005; 64:1677-1689.

Edwards JL, Saxton AM, Lawrence JL, Payton RR, Dunlap JR. Exposure to
a physiologically relevant elevated temperature hastens in vitro maturation
in bovine oocytes. J Dairy Sci 2005; 88:4326-4333.

Xiao X, Zuo X, Davis AA, McMillan DR, Curry BB, Richardson JA, Benjamin
IJ. HSF1 is required for extra-embryonic development, postnatal growth
and protection during inflammatory responses in mice. EMBO J 1999;
18:5943-5952.

Vihervaara A, Sistonen L. HSF1 at a glance. J Cell Sci 2014; 127(Pt
2):261-266.

Kumar A, Ashraf S, Goud TS, Grewal A, Singh SV, Yadav BR, Upadhyay
RC. Expression profiling of major heat shock protein genes during different
seasons in cattle (Bos indicus) and buffalo (Bubalus bubalis) under tropical
climatic condition. J Therm Biol 2015; 51:55-64.

Li QL, Ju ZH, Huang JM, Li JB, Li RL, Hou MH. Two novel SNPs in HSF1
gene are associatedwiththermal tolerance traits in Chinese Holstein cattle.
DNA Cell Biol 2011; 30: 247-254.

Le Masson F, Christians E. HSFs and regulation of Hsp70.1 (Hspa1b) in
oocytes and preimplantation embryos: new insights brought by transgenic
and knockout mouse models. Cell Stress Chaperones 2011; 16:275-285.

Archana PR, Aleena J, Pragana P, Vidya MK, Abdul Niyas PA, Bagath M,
et al. Role of heat shock proteins in livestock adaptation to heat stress. J
Dairy Vet Anim Res 2017; 5:00127.

Balasubramanian S, Son WJ, Kumar BM, Ock SA, Yoo JG, Im GS, et al.
Expression pattern of oxygen and stress-responsive gene transcripts at
various developmental stages of in vitro and in vivo preimplantation bovine
embryos. Theriogenology 2007; 68:265-275.

Payton RR, Rispoli LA, Saxton AM, Edwards JL. Impact of heat stress
exposure during meiotic maturation on oocyte, surrounding cumulus cell,
and embryo RNA populations. J Reprod Dev 2011; 57:481-491.

Khan A, Dou J, Wang Y, Jiang X, Khan MZ, Luo H, et al. Evaluation of heat
stress effects on cellular and transcriptional adaptation of bovine granulosa
cells. J Anim Sci Biotechnol 2020; 11:25.

Khan |, Lee KL, Xu L, Mesalam A, Chowdhury MM, Joo MD, et al.
Improvement of in vitro-produced bovine embryo treated with
coagulansin-A under heat-stressed condition. Reproduction 2017;
153:421-431.

Khan I, Lee KL, Fakruzzaman M, Song SH, Ihsan-ul-Haq ., Mirza B, et al.
Coagulansin-A has beneficial effects on the development of bovine
embryos in vitro via HSP70 induction. Biosci Rep 2016; 36:¢00310.

Mosser DD, Caron AW, Bourget L, Denis-Larose C, Massie B. Role of the
human heat shock protein hsp70 in protection against stress-induced
apoptosis. Mol Cell Biol 1997; 17:5317-5327.

Souza-Cécares MB, Fialho ALL, Silva WAL, Cardoso JTC, Pdhland R,
Martins MIM, Melo-Sterza FA. Oocyte quality and heat shock proteins in
oocytes from bovine breeds adapted to the tropics under different
conditions of environmental thermal stress. Theriogenology 2019;
130:103-110.

Belhadj Slimen |, Najar T, Ghram A, Abdrrabba M. Heat stress effects on
livestock: molecular, cellular and metabolic aspects, a review. J Anim
Physiol Anim Nutr (Berl) 2016; 100:401-412.

Buffalo COCs response under hyperthermia Khalil et al.

7

72

73

74

75

76

77

78

79

80

81

82

83

84

85

371

Pennarossa G, Maffei S, Rahman MM, Berruti G, Brevini TA, Gandolfi F.
Characterization of the constitutive pig ovary heat shock chaperone
machinery and its response to acute thermal stress or to seasonal
variations. Biol Reprod 2012; 87:119.

Bhattacharya K, Maiti S, Zahoran S, Weidenauer L, Hany D, Wider D, et al.
Translational reprogramming in response to accumulating stressors
ensures critical threshold levels of Hsp90 for mammalian life. Nat
Commun 2022; 13:6271.

Pratt WB, Morishima Y, Osawa Y. The Hsp90 chaperone machinery
regulates signaling by modulating ligand binding clefts. J Biol Chem
2008; 283:22885-22889.

Souza ED, Silva E, Souza JFD, Oliveira Netto PM, Carvalheira LR, Batista
RITP, Quintao CCR, Louro ID, Camargo LSA. Inhibition of Hsp90 during in
vitro maturation under thermoneutral or heat shock conditions
compromises the developmental competence of bovine oocytes. Zygote
2022; 30:854—-862.

Kishore A, Sodhi M, Kumari P, Mohanty AK, Sadana DK, Kapila N, et al.
Peripheral blood mononuclear cells: a potential cellular system to
understand differential heat shock response across native cattle (Bos
indicus), exotic cattle (Bos taurus), and riverine buffaloes (Bubalus
bubalis) of India. Cell Stress Chaperones 2014; 19:613-621.

Kapila N, Kishore A, Sodhi M, Sharma A, Mohanty AK, Kumar P, Mukesh M.
Temporal changes in mRNA expression of heat shock protein genes in
mammary epithelial cells of riverine buffalo in response to heat stress in
vitro. Int J Anim Biotechnol 2013; 3:5-9.

Tang S, Chen H, Cheng Y, Nasir MA, Kemper N, Bao E. The interactive
association between heat shock factor 1 and heat shock proteins in primary
myocardial cells subjected to heat stress. Int J Mol Med 2016; 37:56-62.

Stankiewicz AR, Lachapelle G, Foo CP, Radicioni SM, Mosser DD. Hsp70
inhibits heat-induced apoptosis upstream of mitochondria by preventing
Bax translocation. J Biol Chem 2005; 280:38729—-38739.

Cénepa MJ, Ortega NM, Monteleone MC, Mucci N, Kaiser GG, Brocco M,
Mutto A. Expression profile of genes as indicators of developmental
competence and quality of in vitro fertilization and somatic cell nuclear
transfer bovine embryos. PLoS One 2014; 9:e108139.

Ruvolo P, Deng X, May W. Phosphorylation of Bcl2 and regulation of
apoptosis. Leukemia 2001; 15:515-522.

Hockenbery D, Nufiez G, Milliman C, Schreiber RD, Korsmeyer SJ. Bcl-2 is
an inner mitochondrial membrane protein that blocks programmed cell
death. Nature 1990; 348:334-336.

Michurina SV, Kolesnikov SI, Bochkareva AL, Ishchenko 1Y, Arkhipov SA.
Expression of apoptosis regulator proteins Bcl-2 and Bad in rat ovarian
follicular apparatus during recovery after extreme hypothermia. Bull Exp
Biol Med 2019; 168:205-209.

Sugimura S, Ritter LJ, Rose RD, Thompson JG, Smitz J, Mottershead DG,
Gilchrist RB. Promotion of EGF receptor signaling improves the quality
of low developmental competence oocytes. Dev Biol 2015; 403:139—
149.

Wojtanowicz-Markiewicz K, Kocherova |, Jeseta M, Piotrowska-Kempisty
H, Brissow KP, Skowroriski MT, et al. Expression of PTX3, HAS2 AND
TNFAIP6 genes in relation to real-time proliferation of porcine endometrial
luminal epithelial cells in primary cultivation model. J Biol Regul Homeost
Agents 2019; 33:675-685.

Tesfaye D, Ghanem N, Carter F, Fair T, Sirard MA, Hoelker M, et al. Gene
expression profile of cumulus cells derived from cumulus-oocyte
complexes matured either in vivo or in vitro. Reprod Fertil Dev 2009;
21:451-461.



	Expression of heat shock and apoptosis genes in riverine buffalo (Bubalus bubalis) cumulus-oocyte complexes during in-vitro maturation under thermal stress conditions
	Introduction
	Materials and methods
	Chemicals and reagents
	Ethical approval
	Experimental design
	Collection of ovaries and oocytes recovery
	In vitro maturation and nuclear staining
	Denudation and fixation of different cells
	RNA isolation from oocytes and cumulus cells
	cDNA synthesis
	Quantitative real-time PCR
	Statistical analysis

	Results
	Effect of thermal shock for two different periods on expansion and maturation rates of the oocytes
	Analysis of mRNA expression
	Heat shock-related genes
	Apoptosis-related genes
	Cumulus expansion marker genes


	Discussion
	Conclusion
	Financial support and sponsorship
	Conflicts of interest

	References


