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ABSTRACT Over the past years, the poultry indus-
try has been assigned to greater production perfor-
mance but has become highly sensitive to
environmental changes. The average world tempera-
ture has recently risen and is predicted to continue ris-
ing. In open-sided houses, poultry species confront high
outside temperatures, which cause heat stress (HS)
problems. Cellular responses are vital in poultry, as
they may lead to identifying confirmed HS biomarkers.
Heat shock proteins (HSP) are highly preserved pro-
tein families that play a significant role in cell function

and cytoprotection against various stressors, including
HS. The optimal response in which the cell survives the
HS elevates HSP levels that prevent cellular proteins
from damage caused by HS. The HSP have chaperonic
action to ensure that stress-denatured proteins are
folded, unfolded, and refolded. The HSP70 and HSP90
are the primary HSP in poultry with a defensive func-
tion during HS. HSP70 was the optimal biological
marker for assessing HS among the HSP studied. The
current review attempts to ascertain the value of HSP
as a heat stress defense mechanism in poultry.
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INTRODUCTION

Of all the agricultural industries worldwide, the poul-
try industry plays a major role (Farghly et al. 2017,
2018a, 2019, and 2021). Poultry demand for human con-
sumption has grown with the world’s population
growth. The rise in poultry meat has averaged 5.7%
annually since 1990, and considering the significance of
this sector, the abnormal environmental factors that
adversely impact it, such as HS, need to be tackled
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(Delgado 2005). Since Egypt is one of the countries iden-
tified as tropical or semi-tropical, raising poultry in such
conditions makes them susceptible to extreme heat,
especially in summer (Farghly et al. 2017, 2018b, and
2020). This results in developing the HS problem, which
results from the imbalance between heat loss and pro-
duction that disturbs birds’ performance rates, physio-
logical status, immune status, and general health (Lara
and Rostagno, 2013).

Heat stress affects poultry in 2 forms: acute (heat
waves) or chronic, and both forms result in variable mor-
talities and lowered performance (Abd El-Hack et al.,
2019). Economically, HS causes severe economic losses
estimated at 240 million USA dollars per year in the
poultry sector (Salem et al., 2022), representing, for
example, about 7% of total HS-caused losses in the
French livestock industry in 2003 (Abdelnour et al.,
2020; Ashour et al., 2020). The European summer
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thermal waves caused roughly 4 million mortalities in
broilers (Smith et al. 2014). Therefore, safe solutions
must be found to solve the problems related to HS in
birds (Saeed et al., 2019; Ezzat el al., 2024).

Previously, specific techniques have been employed to
lessen the negative consequences of HS on chickens by
implying some physiological measurements without dis-
cussing the perception of the underlying mechanism of
the impact of these strategies. However, the cellular bio-
logical processes successfully reacted to any external
stimuli such as HS, which in turn aided in offering a sig-
nificant tool for a better understanding of HS impacts
(Belhadj Slimen et al. 2016).

The production of HSP, which play a very influential
role in defending against the impact of any stress on liv-
ing organisms, particularly HS, are among these cellular
responses (Gaughan et al. 2010; Ganaie et al. 2013). To
evaluate the role of these proteins as one of the molecu-
lar chaperones in mitigating the adverse impacts of HS,
it was essential for us to adopt modern science to investi-
gate these abnormal environmental conditions, so the
general aim of this review article is to clarify the role of
HSP as a line of protection against HS which defend
poultry from the HS adverse effects (Alagawany et al.,
2016, 2017; Khafaga et al., 2019).

IMPACTS OF HEAT STRESS ON POULTRY

Stress is “an agent that exposes the organism to stress
at any time,” meaning it is the body’s nonspecific
response to any stimuli. Stress is, therefore, the biologi-
cal response of an organism to specific stimuli that dis-
rupt its regular physiological functions or homeostasis
(Chovatiya and Medzhitov 2014). This relates to heat
stress, as it is one of the main types of stress confronting
the tropical and semi-tropical poultry industry coun-
tries. It is known that the optimal performance tempera-
ture is between 18 to 22°C and 19 to 22°C for broilers
and laying hens, respectively and when the thermos
requirements of chickens are not met, HS can occur (Lin
et al. 2006; Wasti et al. 2020). When the birds are raised
under high-temperature conditions (an average of 30°C),
a disturbance between the body’s heat loss and gain is
produced, resulting in a negative equilibrium between
the bird’s body’s net energy release and its surroundings
(Statistics Unit 2009). Such stress can be fatal for the
birds if the internal heat produced exceeds the maximum
heat loss, either instantly (acute HS) or over a long dura-
tion (chronic HS). Besides the environmental tempera-
ture and relative humidity, other factors cause thermal
imbalance for the birds, such as housing systems and
birds’ internal characteristics, like thermoregulatory
mechanism and the metabolic rate (Lara and Rostagno
2013; Farghly et al. 2018a; Abd El-Hack et al. 2019;
Farghly et al. 2020; Hassan et al. 2021).

Because of the enhanced production performance and
feed conversion efficiency of todays’ poultry species, they
become more vulnerable than ever to HS, which led to
significant losses in poultry products due to the adverse

impact of HS on birds’ physiological, immunological and
behavioral responses (Lin et al. 2006; Rizk et al. 2019;
Awad et al. 2021). These changes negatively affect birds’
feed intake, activate the hypothalamic-pituitary-adrenal
(HPA) axis to cope with HS, alter the bird’s neuroendo-
crine profile and eventually result in poor overall perfor-
mance (Lara and Rostagno 2013; Attia et al. 2017).

In fact, body temperature and metabolic activity were
found to be controlled by thyroid gland hormones, triio-
dothyronine (T3), thyroxine (T,), and thyroid activity
disorders due to HS are anticipated to affect the chickens’
reproductive performance. Previous studies indicate that,
under high-temperature conditions, T3 levels consistently
decrease, while other studies indicate that T4 concentra-
tions did not respond (Elnagar et al. 2010). Also, previous
research shows a prominent impact of HS on meat qual-
ity. Dai et al. (2012) and Imik et al. (2012) found that HS
in broilers decreased meat’s chemical structure and con-
sistency. Another work by Zhang et al. (2012) indicated
that the percentage of breast muscle was diminished in
broilers exposed to chronic HS; the same authors found
more fats deposited and less protein (Figure 1).

BIOLOGICAL CHANGES IN POULTRY DUE
TO HEAT STRESS

Behavioral Changes

When poultry chickens are subjected to high atmo-
spheric temperatures compared to the surrounding ther-
moneutral zone, they try to release the body’s extra
heat, which manifests as various behavioral changes.
Heat-stressed chickens spend less time walking and
standing, eat less feed and excess water, and stretch
their wings. In addition, the typical signs of panting are
often seen in chickens under HS conditions (Lara and
Rostagno 2013). Such significant behavioral changes
were accompanied by metabolic and neuroendocrine
disturbances, which in turn contribute to more excellent
feed conversion ratio, decreased feed intake, ultimate
body weight, and higher mortality as well as higher-
quality meat and eggs (Abd El-Hack et al. 2017a,
2017b,2019; Farghly et al. 2019). Thus, HS has been
critically important, compelling researchers and farmers
to use numerous strategies to deal with this issue (Lin
et al., 2006; Farghly et al. 2020) (Figure 2).

Physiological Changes

Different physiological changes result from exposure
to HS, which lead to various internal disturbances in
chickens’ body:

Acid-Base Imbalance Poultry species do not have
sweat glands and have feathers across their bodies,
which hinder thermoregulation, and, as a result, at
higher atmospheric temperatures, they must release
heat through the active mechanism (i.e., panting). Pant-
ing is a behavior seen by birds in which they expand
their beak to speed up respiration and evaporative
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Figure 1. Impacts of heat stress (HS) on poultry performance.

cooling and eject a larger level of CO, from the respira-
tory tract than cells produce (Wasti et al., 2020). These
modifications result in a difference in bicarbonate’s usual
blood buffer system. Eventually, the abundance of
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hydrogen ions (H") and carbonic acids (H,CO3) declines
because of the CO5 decrease (Wasti et al. 2020).

On the other hand, the level of bicarbonate ions
(HCO3-) increases; hence, blood pH rises, making the
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Figure 2. Behavioral changes in poultry due to heat stress.
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Physiological Changes in Poultry Due to Heat Stress
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Figure 3. Physiological changes in poultry due to heat stress.

blood more alkaline. Birds continue to store H+ in the
kidney and excrete more HCOj to abide by this criterion
and maintain the blood’s normal pH. High H-+ levels
impact the acid-base balance, which can lead to
metabolic acidosis and respiratory alkalosis. All these
alterations adversely affect the overall productive per-
formance of poultry (Borges et al. 2007; Farghly et al.
2018) (Figure 3).

Oxidative Stress Under stressful conditions, increased
amounts of reactive oxygen species (ROS) are formed
inside the cells as an attempt by the chickens’ bodies to
preserve their thermal homeostasis and compete against
such conditions through immunomodulation, cytokine
transcriptions, and ion transportation (Surai et al. 2019)
(Figure 3). The excess ROS are removed through physi-
ological detoxifying methods present in the cells. Activa-
tion of various transcriptional factors induces additional
production of a group of antioxidant compounds during
the thermoneutral state, which deals with the increased
ROS (Surai et al. 2019; Hassan et al. 2021). However, in
stressful situations, an imbalance between both pro-
cesses results from either excess reactive oxygen species
or a decrease in the antioxidant defense mechanism’s
effectiveness, leading to oxidative stress (Betteridge,
2000; Mishra and Jha, 2019). The consequences of oxida-
tive stress inside the cell vary from minor reversible
modifications to the destruction of all cellular compo-
nents, including lipids, proteins, and DNA, to apoptosis
and cell death (Avery 2014).

In poultry species, previous research reported oxida-
tive stress conditions to result in extreme health disor-
ders, biological damage, lower growth rates, and severe
economic losses, with an elevated risk of infection by
microorganisms due to cell damage caused by hyperther-
mia (Droge 2002; Oliver et al. 2012; Estévez, 2015; Has-
san et al. 2016).

Suppressed Immunocompetence Under normal
conditions, the bird channels the energy from the feed to
the immune system’s development; however, in HS, the
chickens’ body makes numerous physiological altera-
tions to sustain body temperature, allowing immunity
to be suppressed (Lara and Rostagno 2013; Farghly
et al. 2017). As a result, the incidence of infectious dis-
eases in poultry, like Newcastle disease and Gumboro
disease, are comparatively higher during the summer
period (Badruzzaman et al. 2015). Additionally, heat-
stressed chickens exhibit changes in the sympathetic-
adrenal medullar and hypothalamic-pituitary-adrenal
axes, which result in a decrease in the relative weights of
many organs, including the thymus and spleen (Bartlett
and Smith 2003; Quinteiro-Filho et al. 2010); further-
more, a reduction in total circulating antibodies levels
(i.e., IgM and IgG) was reported as a consequence of dis-
turbed immune response in poultry species (Bartlett and
Smith 2003) (Figure 3).

In the same context, previous findings of Mashaly et al.
(2004) concluded a substantial reduction in the count of
total leukocytes, with a higher heterophil to lymphocyte
ratio (H/L) in birds raised under HS conditions. Also,
Aengwanich (2010) stated decreased bursa relative
weight, decreased cortex and bursa medulla lymphocyte
numbers, and increased H/L in broilers exposed to HS
(Wasef et al., 2020; Abd El-Hack et al., 2022).

The immunological response to HS in poultry chickens
is still poorly understood regarding genetic and cellular
pathways; nevertheless, research is progressing in identi-
fying the cellular response concerning HS.

Reactions of Cells to Heat Stress Studies on how HS
affects cells were conducted as early as the 1970s and
early 1980s, which revealed that HS can influence both
the stability and cell membrane fluidity, block receptors,
and stop trans-membrane protein activity (Hildebrandt
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et al. 2002). Since the cell membrane is a significant com-
ponent of heat-induced apoptosis, this insight clarified
the difference in membrane potential, the change in
intracellular sodium and calcium concentrations, and
the increase in potassium flux under conditions of HS
(Zhao et al. 2006).

Cellular exposure to HS triggers a variety of cell func-
tioning abnormalities that modify biological molecules,
interrupt functions of the cell, modulate metabolic
responses, trigger oxidative cell destruction, and acti-
vate all the mechanisms of apoptosis and necrosis, even-
tually contributing to cell survival, acclimatization or
apoptosis, based on the duration and success of these
modifications (Pandey et al. 2012; Slimen et al. 2016).
As a heat-shock response, unfolding for cellular proteins
occurs with increased production of molecular chaper-
ones and the activation of heat-shock transcription fac-
tors to protect the cell from the aggregation of foreign
proteins; besides, the enhancement of Heat shock pro-
tein cytoprotective networks with maintenance of the
master regulator of the body’s oxygen homeostasis, hyp-
oxia-inducible factor-Ie (Collier et al. 2012).

HEAT SHOCK PROTEINS

Heat shock proteins are widely distributed proteins found
in the cells of every investigated species. Heat is one of the
many types of stress that triggers the production of the
HSP gene family. It was first discovered by the pioneering
work of the Italian geneticist Ferruccio Ritossa in 1962
(Capocci et al. 2014) after raising the temperature in an
incubator containing Drosophila cultures. Indeed, one of
the key ways scientists worldwide assess the magnitude of
HS is by HSP expression (Gaughan et al. 2010).

HSP over-expression protects against hyperthermia,
cerebral ischemia, and circulatory shock during heat-
stroke, signifying the fundamental function of HSP in
cytoprotection (Ganaie et al., 2013). According to
reports, HS exposure increases the amounts of HSP in
poultry chicks, which interact with several proteins
inside the cell to retain them accurately together and
keep them functional, thereby showing a significant
involvement in cell integrity under stress conditions (Yu
et al. 2008; Orhan et al. 2013). Barrett et al. (2004) sug-
gested that HSP reactions are triggered by electron
transport chain dysfunction and that oxidative stress
mediates this response.

Many experiments on heat shock induction and its
biological function have given rise to this initial bio-
chemical result. HSP function as chaperones in the
refolding of proteins that HS has weakened. In every spe-
cies examined, ranging from bacteria to people, HSP
have been identified, indicating that they evolved very
early and have an essential role.

Molecular Chaperons: Heat Shock Proteins

Molecular chaperons are substantial protein classes’
at all cellular organization levels, ranging from bacteria

to humans. Based on the cellular position and organism
complexity, they have variable functions and organiza-
tion. They are recognized as proteins that cling to and
maintain the erratic conformation of other proteins to
aid in the regular folding and compartmentalization pro-
cess of newly formed proteins. They also participate in
many other cellular functions which, in reality, ensure
that molecular chaperons play a vital role in the newly
shaped polypeptides to achieve a practical shape
through folding and unfolding and restoring denatured
proteins or facilitating their degradation after stress or
injury due to this role they have been referred to as
“molecular chaperones” (Blum et al. 2000).

Many chaperones are considered HSP for this effect,
since the ability to accumulate increases when stress
denatures proteins. In this situation, chaperones do not
transmit any additional steric information required for
folding proteins. Nevertheless, highly specialized “steric
chaperones” convey special structural (steric) informa-
tion into proteins, which cannot be randomly folded
(Blum et al. 2000).

Heat Shock Transcription Factors

The heat shock response (HSR) is a crucial adaptive
stress response in cells. Although HSR was first
described as a reaction to thermal stress, other stressors
such as cold, hypoxia, oxidative stress, pollutants, chem-
icals, pathogens, etc., can also activate HSR by interfer-
ing with protein folding and preventing the onset of
inflammation and downstream events related to apopto-
sis. Four HSF's then play a crucial role in HSR activation
at the transcriptional level by binding to the heat shock
component (HSC), which triggers the expression of
HSP to begin protecting cell proteins (Liu and Chang
2008; Kalmar and Greensmith 2009).

Indeed, species must conserve the integrity of their
proteins to sustain essential life functions, and coopera-
tive relationships between transcription factors and dif-
ferent homeostatic pathways lead to successful
acclimatization to stressful environments that the
organism is exposed to (Sakurai and Enoki 2010). The
recruitment of HSR in vertebrates plays a main role in
sustaining protein homeostasis by producing HSP
(Velichko et al., 2013). At the transcriptional level, HSR
is primarily mediated by 4 HSFs: HSF1, HSF2, HSF3,
and HSF4. These HSFs bind with the heat shock ele-
ment (HSE), which stimulates the expression of HSP
(Fujimoto and Nakai 2010). HSF1 has gained consider-
able attention as the key force modulating stress-related
transcription between HSF's to control the HSR (Richter
et al. 2010). Activation of HSF1 is a multi-step mecha-
nism that, within minutes of cellular stress, is negatively
regulated by chaperones (i.e., HSP70 and HSP90) and
prepares the ground for rapid gene expression activation
(Stetler et al. 2010; de Thonel et al. 2012). HSF1 is a dor-
mant monomeric molecule in the cytoplasm in an
unstressed state. After heat shock, monomeric HSF1
gets hyperphosphorylated, transforming into a trimer
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that can bind DNA that assembles in the nucleus and
binds to the heat shock component in the promoter
region of the HSP gene. Moreover, significant posttrans-
lational modifications such as acetylation and phosphor-
ylation are suggested to adjust the HSF1 function
(Meijering et al. 2015; Takii et al. 2015). The increased
expression of HSP remains till the amount of HSP90 and
HSP70 is adequate to restrict the HSFs activation
domain, whereby increasing the quantities of HSP70
and HSP90 that are sufficient for the protective role, the
processes of reverse transcription of the HSFs should
cease since cells do not require more HSP70 and HSP90
(Kantidze et al. 2015) (Figure 4).

In cells of avian species, HSFs (HSFs 1-3) express at
least 3 different types of HSFs. Initially, 2 avian homo-
logs of the mammalian HSF'1 and 3 avian HSF genes cor-
responding to a new element, HSF3, were cloned. The
amino acid sequence of HSF3 is associated with the
sequence of HSF1 and 2 by approximately 40%, and its
message is co-expressed during development, identical
to HSF1 and HSF2. Avian cells express HSF1 and 3,
which vary in their activation kinetics and initiation
threshold temperature. For instance, in avian species,
HSF3 is the primary regulator of the heat shock genes,
whereas HSF1 slightly stimulates HSP70 production
during heat shock (Inouye et al. 2003). Generally, it is
impossible to overestimate the essential role of HSF's in
the acclimatization of avian species to different stress
conditions. However, recent genome-wide experiments
have shown that HSF1 can reprogram transcription
more widely than previously presumed; it is also active
in many cell functions under stress and those not (Viher-
vaara and Sistonen 2014).

A core function of HSP is their capability to deliver
cytoprotection, which, under stressful situations,

produces proteins that highly conserve cell reaction
mechanisms (Zilace et al. 2014). The most common HSP
that appear under heat stress conditions are HSP70 and
HSP90, which effectively protect cells.

HSP70 Family

HSP70, a 70 kDa chaperone protein, is among the
most conserved and significant HSP studied extensively.
Eight distinct HSP70 were established in eukaryote
cells, which were spread in various subcellular compart-
ments (i.e., nucleus, mitochondria, endoplasmic reticu-
lum, and cytosol) (Mahalka et al. 2014). Some of the
essential housekeeping roles assigned to HSP70 involve
protein entry into cellular compartments; regulation of
different regulatory proteins; folding of precursor pro-
teins and misfolded protein trafficking into mitochon-
dria; breakdown of defective proteins; dissolution of
protein complexes; endoplasmic reticulum, mitochon-
drial and cytosol protein folding (Garrido et al. 2006).
These kinds of molecular chaperones have a role in a
broad range of cellular functions, like protein biosynthe-
sis, proteome defense from negative stress effects, pro-
tein recovery from aggregates, protein translocation
facilitation through membranes, and disintegration of
certain protein complexes and signals from cells for cell
growth, differentiation, and death (Clerico et al. 2015).

These ATP-dependent chaperones, core components
of the cellular protein monitoring network, participate
in various protein folding processes. Specifically, they
effectively engage with almost all proteins in their
unfolded, misfolded, or aggregated states; besides, a
variety of eukaryotic proteins are regulated (i.e., kinases,
transcription factors, and steroid hormone receptors)
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through transient interaction with HSP70 (Mayer
2013).

HSP70 expression during avian erythroid cell develop-
ment has also been studied, revealing that conclusive red
blood cells respond to heat shock via increasing HSP70
protein synthesis by 10- to 20-fold, with no difference in
HSP70 mRNA expression levels. Such higher translation
of HSP70 mRNA was therefore thought to be responsi-
ble for the production of HSP70 inside cells. Further-

more, preceding research reported that HSP70
expression in red blood cells is lineage-specific and that,
although constitutively expressed, neither HSP70

mRNA levels nor HSP70 synthesis were heat-shock
induced in primitive red blood cells. In avian species,
despite the HSR being related to a temperature above
41°C, an increase in HSP70 level was determined during
the first and the fifth hour of exposure to extreme heat
(35°C), with the rise peaking at 3 h. (Gabriel et al.
2002).

In avian embryos, transcripts expressing HSP70
expressed spatially were observed under normal incuba-
tion conditions, and mild HS (41°C) didn’t cause
enhancement in HSP70 mRNA expression levels
(Gabriel et al. 2002). Also, prolonged exposure for one
hour to extreme HS (44°C) led to a 15-fold increase in
HSP70 mRNA levels; however, it is important to notice
that the reversion to normal incubation temperature of
stressed embryos led to an increase in levels of HSP70
mRNA for 3 h, which stabilized after 6 h. Importantly,
in chicken embryos, the elevated expression of HSP70
was affected by both heat and cold stress, depending on
age and tissue (Leandro et al. 2004). Particularly, in the
breast muscle, liver, heart, and lungs, HSP70 was found,
with the brain containing 2 to 5 times more HSP70 than
other embryonic tissues, which suggests that the rise in
expression of HSP70 in different embryonic tissues is an
adaptive mechanism for stress conditions (Leandro et al.
2004). Researchers found that younger embryos showed
increased HSP70 synthesis than older ones, indicating
that the embryonic defense mechanism depends on its
maturation and growth stage (Gabriel et al. 2002).

Post hatch, HSP70 expression is both allele- and tis-
sue-based. In the liver, the primary site of synthesis for
many essential proteins, HSP70 gene expression was sig-
nificantly higher (above 2-fold) than in the muscle tissue
under normal growth conditions (Zhen et al. 2006). This
finding highlights the roles of the HSP70 chaperone.
Such tissue-based heat initiation expression of HSP70
was linked to DNA methylation in its promoter region
(Gan et al. 2013). Increased HSP70 protein levels were
seen in the kidney, liver, and heart after exposure to HS
at 37°C. However, the HSP70 gene’s expression in the
brain during acute HS (44°C for 4 h) was the strongest,
being slightly dissimilar from that in the muscle and
liver, which indicates the important adaptive reaction
for compensating for the comparatively low concentra-
tions of antioxidants in chickens’ brain (Figueiredo et al.
2007).

Surai et al. (2019) stated HSP expression was an effi-
cient antioxidant defense mechanism in chickens’ gut.

However, under HS conditions, there were no impacts of
overexpression of the HSP70 on intestinal morphology;
however, in hens, a noteworthy correlation was observed
between the HSP70 expression and the activity of the
digestive enzyme (Hao et al. 2012).

Other researchers showed that the induction of
HSP70 was found to defend the intestinal mucosa from
HS damage by enhancing broiler antioxidant ability by
boosting the activity of antioxidant enzymes and pre-
venting the peroxidation of lipids from progressing (Gu
et al. 2012). Previous studies by Gu et al. (2012) demon-
strated that under acute HS conditions, there was a sub-
stantial rise in serum levels of corticosterone and H/L,
as well as a decrease in the antioxidant enzymatic reac-
tion, indicating that quercetin-induced suppression of
HSP70 expression in the intestinal mucosa of chickens
caused an increased degree of stress. In laying hens, sig-
nificantly elevated levels of HSP70 in mononuclear blood
cells were associated with long-term, mild HS (30—32°C)
(Maak et al. 2003). Moreover, the HSR of multiple geno-
types was found to be nonconsistent concerning the
birds’ age. Also, the birds’ gender affected HSR, as
HSP70 gene expression was concluded to have a sub-
stantial increment in males compared to female chickens
(Surai 2002).

To sum up, the findings of the above studies steadily
show that enhanced HSP70 expression in various organs
of chickens is one of the significant defensive responses
to avoid or cope with adverse alterations in protein func-
tions and structure because of different stresses. Never-
theless, more research is required to understand better
the molecular mechanisms of HSP70 control in avian
organisms.

HSP90 Family

HSP90, the cell’s main soluble protein, has recently
attracted considerable attention and its structure, func-
tions, and regulation have been identified in many
reviews. Under nonstress circumstances, HSP90 is
thought to make up 1 to 2% of the overall protein con-
tent in the cell, and under stress, it is further boosted
(Erlejman et al. 2014; Karagdz and Riidiger 2015).
HSP90 is categorized as a 90 kDa protein, and a homo-
dimer (a/a or B/p) is its active molecule, and 3 domains
are composed of each monomer. These are the middle
domain (which binds to client proteins and the nuclear
localization signal), the NH2-terminal nucleotide-bind-
ing domain (ATP/ADP binding site), and the C-termi-
nal domain (where dimerization and co-chaperone
binding occur) (Li et al. 2012). The 4 primary homologs
that comprise the HSP90 family in mammalian cells are
the constitutive (HSP90 B) and inducible (HSP90 «)
cytoplasmic isoforms. That has an amino acid identity
of about 86% and was expressed in all nucleated cells
(Sreedhar et al. 2004; Revathi and Prashanth 2015). In
highly skilled and ATP-dependent physiological and
stress environments, HSP90 is a molecular chaperone
that stabilizes and matures many proteins. It is an
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essential hub in the network of proteins that maintains
homeostasis and cellular function. (Jackson 2012).

It has been documented that heat shock (37—42°C)
induces HSP90 levels by as much as 2 times, which helps
in correcting the folding, stabilization, and functioning
of other proteins (Bagatell et al. 2000). HSP90 is found
to be transcriptionally regulated through active connec-
tions with transcription factors such as HSF. Under nor-
mal physiological conditions, HSP90 is found in cells in
a state of balance between low chaperoning activity in
the “latent state” and enhanced chaperoning perfor-
mance in the “activated state” under different kinds of
stress (Hong et al. 2013).

It isn’t easy to overstate the importance of HSP90
chaperoning tasks connected to multiple nuclear pro-
teins regulating DNA metabolism, repair, replication, as
well as transcription and processing of RNA (Li et al.
2012). HSP90, on the other hand, is thought to be the
primary component in maintaining cellular homeostasis
and an effective stress response. It is engaged in various
cellular processes, such as cell survival, cell cycle regula-
tion, and other pathways for signaling transduction, fre-
quently acting as hormone receptors. Interestingly,
HSP90 was found to be involved in the activation, stabi-
lization, and assembling of its client proteins by forming
co-chaperone complexes such as HSP70 (Jackson 2012).

In broilers, HSP90 expression elevated in different tis-
sues (i.e., liver, heart and kidney) for 2 h after high-tem-
perature exposure (Lei et al. 2009). Seemingly, at an
early stress state, HSP90 protein and HSP90 mRNA
activation revealed that HS would directly induce and
rapidly activate HSP90 protein translation and HSP90
mRNA transcription to protect cells. In embryos, in
addition to defending cells from stress, the function of
the HSP90 « gene during somitogenesis has been evolu-
tionarily preserved (Lei et al. 2009).

CONCLUSIONS

Heat shock proteins contribute to a variety of physio-
logical roles. Their roles extent ranges from the influence
of spermatogenesis to infection and inflammation regula-
tion, diabetes studies, and metastasis of cancer. As HSP,
their name underestimates their various roles poorly.
There is no denying that, in the years to come, HSP will
be the focus of study. In the field of animal production
and particularly poultry production, their functions in
countering HS have been concentrated. The current lit-
erature, where HSP are frequently presented as a mono-
lithic block, adds to the difficulty of understanding their
functions. They belong to numerous families and subfa-
milies, each with distinctive and often complementary
functions. It is intriguing to explore how each member
will affect their positions in regulating physiological
functions by themselves or coordinating with other fam-
ily members. Dissecting the functions of each member of
this complex family and their respective effect on various
functions in poultry, immune response, HS, malignancy,
and cancer will be a worthwhile undertaking for

industrial poultry production and the entire field of ani-
mal production.
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