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Abstract

Severe acute respiratory syndrome coronavirus-2 (SARS-CoV-2) may adversely affect male reproductive tissues and male
fertility. This concern is elicited by the higher susceptibility and mortality rate of men to the SARS-CoV-2 mediated coronavirus
disease-19 (COVID-19), compared to the women. SARS-CoV-2 enters host cells after binding to a functional receptor named
angiotensin-converting enzyme-2 (ACE2) and then replicates in the host cells and gets released into the plasma. SARS-CoVs
use the endoplasmic reticulum (ER) as a site for viral protein synthesis and processing, as well as glucose-regulated protein
78 (Grp78) is a key ER chaperone involved in protein folding by preventing newly synthesized proteins from aggregation.
Therefore, we analyzed Grp78 expression in various human organs, particularly male reproductive organs, using Broad
Institute Cancer Cell Line Encyclopedia (CCLE), the Genotype-Tissue Expression (GTEx), and Human Protein Atlas online
datasets. Grp78 is expressed in male reproductive tissues such as the testis, epididymis, prostate, and seminal vesicle. It can
facilitate the coronavirus entry into the male reproductive tract, providing an opportunity for its replication. This link between
the SARS-CoV-2 and the Grp78 protein could become a therapeutic target to mitigate its harmful effects on male fertility.
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Introduction

The World Health Organization declared coronavirus
disease 2019 (COVID-19), caused by the severe acute
respiratory syndrome coronavirus 2 (SARS-CoV-2), as
a global pandemic on March 11, 2020 (1). According to
data from Johns Hopkins University’s Center for Systems
Science and Engineering, there have been >400 million
reported cases of COVID-19 worldwide, with >5 million
deaths until July 2021 (https://coronavirus.jhu.edu/map.
html) (2). Interestingly, clinical data emerging from
COVID-19 demonstrate that male patients constitute 56-
73% of the infected population (3). In addition, higher
morbidity and mortality rates of SARS-CoV-2- infected
males than age-matched females suggest sex-based
differences in COVID-19 outcomes (4).

Severe acute respiratory syndrome coronavirus (SARS-
CoV) and SARS-CoV-2 invade human cells through the
angiotensin-converting enzyme-2 (ACE2) receptor and

transmembrane serine protease 2 (TMPRSS2) (5, 6). As
the 79% amino acid sequence identity of SARS-CoV-2
is similar to SARS-CoV (7), both viruses are thought
to utilize the same receptor, ACE2, as a gate to mediate
virus entry to target host cells (5, 8, 9). The higher
affinity of SARS-COV-2 spike protein for binding to
ACE2 (approximately 10 to 15 folds) compared to that
of SARS-COV, which is one of the reasons for the more
impactful pathogenicity of the latter (10). The subunit
S1 of the S protein, which includes the receptor-binding
domain, directly attaches to the peptidase domain of
ACE2, while the membrane fusion is in control of the S2
subunit (11). In addition to ACE2, TMPRSS2, the cell-
surface membrane protein, is required to integrate the
virus with the cell membrane through cleaving SARS-
COV spike proteins (10).

ACE2 is a metallopeptidase
to the membranes of cells located in

enzyme attached
different
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organs, particularly the lungs, heart, kidneys, and
testes. Interestingly, ACE2 protein expression is evident
only in specific tissues despite the demonstration of ACE2
mRNA in virtually all body organs (5). The physiological
relevance of ACE2 in most tissues is yet unknown.
However, ACE2 is regarded to be an important regulator
of cardiac function and blood pressure control (12),
probably through functioning as a natural counterpart to
ACEL1 (13). The testis is also one of the few organs with
high levels of ACE2 expression (14, 15). ACE2 functions
to convert Angiotensin II to Angiotensin 1-7 in Leydig
cells and adjust testosterone production and consequently
contribute to spermatogenesis modulation, which reveals
their influence on male fertility (16). Overall, ACE2
mediates the activation of the Renin-Angiotensin-
Aldosterone System (RAAS) (5) as a cell signaling system
to regulate spermatogenesis (17).

Human spermatozoa include a number of RAAS family
ligand enzymes and receptors, including the angiotensin
receptor type 1 and 2 and the angiotensin mitochondrial
assembly receptor (18). SARS-CoV-2 binding to this
sperm surface signaling system may impair the functional
capacity of the affected sperm. Specifically, the virus’s
impact on spermatozoa ACE2 activity may enhance
angiotensin II levels and increase reactive oxygen species
(ROS) production resulting in oxidative stress (19).
Excessive ROS production may cause sperm membrane
and DNA damage and ultimately affect the sperm’s
fertilizing potential (20).

Viruses such as human immunodeficiency virus (HIV),
mumps, hepatitis B virus (HBV), influenza A virus
subtype HIN1 (A/HIN1), and Ebola virus (21) had been
incriminated in the pathogenesis of orchitis, infertility,
and testicular tumors (22, 23). Orchitis was also reported
as a complication of SARS, an outbreak in 2003 caused by
another member of the coronavirus family knownas SARS-
CoV-1. In another study, histopathological evaluation of
testicular biopsy specimens from six men infected with
SARS-CoV-1 indicated the findings of increased thickness
of the basement membrane, destruction of germ cells, and
low density of sperm in the seminiferous tubules (24). In
this regard, a systematic review on the presence of SARS-
CoV-2 in semen, including fourteen studies, suggested
that the virus is rarely found in the semen of infected men
and probably COVID- 19 affects male fertility by making
a deleterious effect on testicular structure (25). In line
with this study, Khalili et al. (26) explained that despite
the limited data on the detection of SARS-CoV-2 in the
semen of infected patients, there is some evidence that
the virus may play a role in testicular damage, abnormal
sex hormone secretion, and infertility, which could be due
to direct viral invasion through receptors or secondary
immunological and inflammatory effects (26, 27). Hence,
more studies are needed to evaluate all the possibilities.

The endoplasmic reticulum (ER) is the intracellular
site. where almost one-third of protein synthesis and
protein folding occurs. Increased protein synthesis and
excessive accumulation of unfolded/misfolded proteins
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in the ER lumen activate the unfolded protein response
(UPR) and consequently drive the cell into ER stress
(28). Under these -circumstances, glucose-regulated
protein 78 (Grp78), an ER chaperon protein, cooperates
with three types of ER stress sensors such as Activating
Transcription Factor 6 (ATF6), Protein Kinase R-like ER
Kinase (PERK), and Inositol-requiring enzyme 1 (IRE1)
to decrease unfolded/misfolded protein levels and avoid
unfolded protein accumulation, thereby promoting cell
survival. However, UPR may also activate the apoptotic
response if ER homeostasis could not be regained (29).
Therefore, Grp78 is more likely found within the ER
lumen (30).

Under some circumstances, Grp78 can be moved
towards the cell surface and act as a receptor to adjust
different pathways (31). Grp78, also known as a binding
immunoglobulin protein (BiP) or heat shock protein A5
(HSPAS) that is a member of the heat shock protein 70
(HSP70) family. This protein plays an essential role in
resistance to apoptotic death in somatic cells and the
response to chemical or physical cellular stress induced
by cancer, malnutrition, and hypoxia (32, 33). Grp78
is highly expressed in human testicular tissue and
mature spermatozoa, contributing to the physiology of
spermatogenesis and fertilization (34, 35). Interestingly,
previous results have confirmed that Grp78 protein
contributes to the intrusion of different viruses like
Ebola virus, dengue virus, influenza virus (36), Middle
East respiratory syndrome coronavirus (MERS-CoV),
Zika virus (37), and coronaviruses (38) into host cells.
Moreover, recently the first experimental study proved
that in addition to ACE2, the main receptor for virus
entry, Grp78 as a host auxiliary factor for SAR-CoV-2
can simplify control virus entry (39).

Spike proteins of SARS-CoV-2 are one of the most
important virulent factors of viruses to attach and
penetrate host cells. For this purpose, host cell receptors
like ACE2 and Grp78 are considered the target for viruses
(5). Ibrahim et al. (40) have reported that the attachment
of Grp78 Substrate Binding Domain 3 (SBD B) with the
receptor-binding domain of the coronavirus spike protein
is required to identify and help the virus to enter the host
cells.

It has also been demonstrated that Grp78 protein
expression increases in SARS-CoV infection, reflecting
its role in virus entry into cells (41, 42). The present
study aims to investigate the Grp78 expression in male
reproductive organs using the findings of recent studies
up to July 2021 and discuss the potential implications for
SARS-CoV-2 invasion of the male reproductive tract.

In order to investigate the Grp78 expression in the male
reproductive system, RNA and protein expression data
of HSPAS5/Grp78 in various human tissues and cancer,
particularly male reproductive organs such as the testis and
prostate were retrieved online using The Human Protein
Atlas (http://www.proteinatlas.org/), Genotype-Tissue
Expression (GTEx) (https://www.gtexportal.org), and



the Broad Institute Cancer Cell Line Encyclopedia (CCLE)
(https://www.portals.broadinstitute.org/ccle) portals. All the
data is available online. Protein expression scores are based
on the best estimate of the “true” protein expression from a
knowledge-based annotation. Immunohistochemistry (IHC)
images of normal and cancer tissue of male reproductive
organs such as testes, epididymis, and accessory sex glands
from the tissue and pathology atlas on the Human Protein
Atlas portal were used to evaluate the protein expression
of HSPAS/Grp78 in the specific cells of these organs.

Data obtained from CCLE and the GTEx portal
showed a high level of Grp78 mRNA expression in the
male tissues such as the testis and prostate. The mRNA
expression is also relatively high in the upper respiratory,
digestive tracts, and lungs (Figs.1, 2). Data obtained from
the Human Protein Atlas portal showed highly expressed
in male tissues, including testis, epididymis, seminal
vesicle, and prostate (Fig.3A, B). Moreover, IHC staining
shows an increased level of Grp78 expression in cells of
testis seminiferous tubules and the glandular cells of the
epididymis, seminal vesicle, and prostate (Fig.3C). Data
obtained from the Human Protein Atlas portal to assess
Grp78 expression in various cancer organs, including the
testis and prostate, showed high levels of this protein in
these cancer organs (Fig.4).
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Fig.1: Male and female gene expression for heat shock protein A5 (HSPAS)/
glucose-regulated protein 78 (Grp78) (ENSG00000044574.7) obtained from
the genotype-tissue expression (GTEx) portal in different tissues (https://www.
gtexportal.org).

Fig.2: The mRNA expression level of HSPA5/Grp78 in diverse human tissues
from the broad institute cancer cell line encyclopedia (CCLE) shows the
expression of GRP78 in the upper aerodigestive tract and prostate (https://
www.portals.broadinstitute.org/ccle).
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Fig.3: Data of HSPA5/Grp78 protein expression level in different human
tissues from HPA portal. A. Each bar shows the highest expression
score found in a particular group of tissues. Note the notable protein
expression of HSPA5/Grp78 in male tissues (red box). B. HSPA5/Grp78
protein expression level in different part of male tissues (Human Protein
Atlas portal). C. IHC staining of HSPA5/Grp78 in normal testis, epididymis,
seminal vesicle, and prostate (Human Protein Atlas portal) (https://www.
portals.broadinstitute.org/ccle).

Grp78 is overexpressed under pathological stresses like
cancer, cellular malnutrition, hypoxia, and viral infections and
is translocated from the ER to the plasma membrane (31, 32).
This protein acts as a multifunctional receptor to interact with
various proteins (29); therefore, it may be a gate for viruses
to penetrate host cells (43, 44). In this regard, Grp78 has been
introduced as a receptor to facilitate coronaviruses’ entrance
into host cells in humans and bats (38). Thus, Grp78 seems
to be an essential factor in helping virus protein folding, and
its internalization to the host cells as well as protecting them
from host immunity (Fig.5).

Recent studies proposed interaction between host cell
Grp78 and the particular region of the COVID-19 spike
model and considered this receptor a probable vaccination
target (40, 45, 46). A series of recent studies have indicated
that Pep42, a cyclic peptide, binds to the overexpressed
Grp78 in the cancer cell membrane and by which enters the
cancer cell (47, 48).
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Fig.4: Data of HSPA5/Grp78 protein expression level in cancers. A. For each
cancer, color-coded bars represent the percentage of patients (maximum 12
patients) with high and medium protein expression levels. B. Note the black
box showing 100 percent of patients with testis cancer indicate high/medium
expression and 90 percentage of patients with prostate shows a medium
expression of GRP78. C. IHC staining of GRP78 in the testicular and prostatic
cancer (IHC staining, Human Protein Atlas portal).
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Fig.5: Hypothesized model for SARS-CoV-2 testicular infection. In addition
to Leydig cell as one of the main targets for SARS-CoV-2 due to high
expression of ACE2, Sertoli cell contributes to virus infection. The virus
binds to the ACE2 receptor of the Sertoli cell and releases the viral RNA
genome into the cytoplasm. Released and uncoated RNA is translated
by the host ribosome to produce viral fundamental protein. Translated
proteins are inserted into the endoplasmic reticulum for processing.
Accumulation of unfolded SARS-CoV proteins in the lumen of E.R
activates E.R. stress, UPR, and consequently PERK pathway by enhancing
GRP78 expression as an important E.R. chaperon for folding of SARS-CoV
proteins. Increased GRP78 expression and pathological stress induced by
virus translocate GRP78 from E.R lumen to cell membrane and act either
as a direct receptor or a host co-factor for ACE2 to accelerate virus entry
genome.
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That is why Pep42 is considered a vehicle for tumor
cell-specific chemotherapy (48). Ibrahim et al. (40)
assessed the binding features of spike proteins of SARS-
CoV-2 with Grp78. Interestingly, he also encountered
13 different cyclic regions in this spike model that were
matched with the cyclic Pep42 structure and demonstrated
the contribution of the spike protein model (regions III
and IV) to binding with Grp78. Furthermore, a recent
experimental study by Carlos et al. (39) revealed a new
aspect of Grp78 role in the coronavirus infection. They
presented some evidence that Grp78 functions not only as
a cofactor to aid viral spike binding to ACE2, but also as
a regulator of ACE2 protein expression, which highlight
the great contribution of this protein to viral entry.

In the context of male reproduction, Grp78 expression
has been confirmed by various studies in germ cells of
humans and mice during spermatogenesis (49, 50).
Investigation of Grp78 cellular localization in human
testis revealed its expression in spermatocytes, round
spermatids, and nick region of ejaculated spermatozoa as
well as principal cells of the epididymis (51). A similar
observation was found using an animal model to measure
the Grp78 gene expression in testicular tissue of two
groups of 2-month and 4-month-old rats (52).

Based on the high level of Grp78 expression in male
tissues, including spermatogenesis cells, epididymis
cells, vesicle seminal, and prostate (Fig.3), we speculate
that in addition to ACE2 and TMPRSS2, Grp78 can act
as a receptor to intermediate coronavirus entrance to
male reproductive cells. Leydig and Sertoli cells may
be considered a target for SARS-CoV-2 due to the high
expression of ACE-2 (8, 15). This may result in testicular
destruction depending on the disease’s severity as
immune and inflammatory responses (25). In this case,
the virus attaches to the ACE2 receptor of the Sertoli cell
and releases the viral RNA genome into the cytoplasm.
The host ribosome translates the released RNA to produce
fundamental viral protein and is finally inserted into the
ER for processing (53).

On the other hand, several studies failed to
demonstrate SARS-CoV-2 in the semen of COVID-19
patients, whether those patients were tested during an
acute attack of the disease (54) or at different stages
of recovery (55, 56). Pan et al. (55), and Stanley
et al. (57), attributed the lack of SARS-Co-2 in the
semen of COVID-19 patients to the fact that less
than 1% of testis cells (spermatozoa, spermatogonia,
and Leydig and Sertoli cells) express both ACE2 and
TMPRSS2 receptors, which may reduce the virus’s
ability to penetrate these cells. Accordingly, SARS-
CoV-2 is unlikely to be sexually transmitted by men.
However, it is difficult to rely on those observations to
exclude the potential of sexual transmission of SARS-
Cov-2 due to: i. Small sample of COVID-19 patients
included in those studies and the heterogeneity of
inclusion criteria, ii. Lack of data regarding the viral
load of COVID-19- infected patients, iii. Difficulties



that surround the collection of semen samples from
COVID-19 patients during acute attacks, and iv. lack
of a standard protocol of RT-PCR technique that is
used for detection of seminal SARS-CoV-2.

The genome of SARS-CoV, like other coronaviruses,
replicates in the host cell cytoplasm and is highly
dependent on ER function for the preparation
of proteins. This induces ER stress owing to the
accumulation of unfolded yet synthesized SARS-
CoV proteins in the ER lumen (28). Under these
circumstances, UPR is activated by multiple cell-
signaling pathways to maintain cellular homeostasis.
However, if this condition continues and damages ER
function severely, the UPR triggers cellular apoptosis
(30). Interestingly, viruses apply various strategies
to regulate UPR for ER preservation. In the case of
SARS-CoV, UPR modulation is accomplished by
the PERK pathway and elF2a phosphorylation. This
leads to the transcriptional activation of Grp78 as the
intraluminal ER chaperones increase the processing
and folding of expressed SARS-CoV proteins through
viral replication and protect cells from apoptosis, at
least in the early stage of infection (Fig.5) (41, 58).

Moreover, upon ER stress activation, IRElas an
ER transmembrane sensor, starts generating X box-
binding protein 1 (XBP1), acting as a transcriptional
activator of genes involved in UPR to maintain ER and
cellular function (30). It has been reported that SARS-
CoV has been shown to cause a slight increase in XBP1
expression, which is likely important for increased virus
protein folding and avoiding the harmful effects of ER
stress-induced apoptosis (41). Therefore, SARS-CoV by
selective modulation of the ER stress pathways provides
the time and opportunity for viral replication before the
infected host cell is sensitized to apoptosis.

It is notable that, in vitro treatment of lung epithelial
cells with a humanized monoclonal antibody (hMAb159)
with high affinity and specificity against GRP78, caused
decreased cell surface GRP78 and cell surface ACE2
expression, as well as viral entry and SARS-CoV-2
infection. This finding showed that targeting host
chaperones such as GRP78, which are necessary for
viral entry and even production, might provide novel
techniques for repressing SARS-CoV-2 and perhaps
future coronavirus strains (39).

The connection between reproductive tissue cancers
and increased Grp78 expression as a central part of UPR
has been explored in prior studies. The results indicate
a role of Grp78 in protein folding to guarantee survival,
proliferation, and invasion of various cancer cells (59, 60)
like the endometrial, gastric, renal cell, pancreatic, and
prostate cancer (29, 61). These observations agree with
our data extracted from the Human Protein Atlas portal
(Fig.4). This may explain the relation of blocking Grp78
in different types of cancer cells and their apoptosis (62).
Also, recently, some literature has proved the association
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between up-regulation and relocation of Grp78 to the
tumor cell surface and some features like aggressive and
invasive growth patterns of these cells (63, 64). This
feature of cancer cells has turned the Grp78 at the cell
surface into a useful prognostic marker and a target for
cancer therapy (31).

A recent study by Liang et al. (65) concluded that
patients with cancerhaveahigherrisk of getting infected
with SARS-CoV-2 compared to individuals without
cancer. Although cancer patients are at a higher risk
of getting infected as a result of immunocompromised
states (60), the observation that Grp78 is overexpressed
and translocated to the cancer cell membrane (67) may
explain why tumor cells are more likely vulnerable to
virus entrance and thereby virus propagation in cancer
patients. Similarly, in diabetic and obese individuals,
Grp78 is translocated to the cell membrane due to
cellular glucose starvation (68), thus explaining why
those individuals are at higher risk and severely
affected (69). Based on these reports, increased Grp78
at the cell membrane may increase the severity of
viral infection in specific tissue and individuals with
higher Grp78 in their serum. Furthermore, it has been
demonstrated that dysregulation of male hormonal sex
canresult from acute SARS-CoV-2 infection (70). Since
Grp78 can play a prominent role in the steroidogenesis
regulation of various reproductive mammalian cells
(60), It seems that the hormonal defect is dependent
on Grp78 function in testicular tissues infected with
SARS-CoV-2.

Conclusion

In this study, we reviewed the present studies regarding
the possible role of Grp78/HSPAS/BiP to facilitate the
virus entry into host cells. However, it remains unclear
how and when SARS-CoV-2 can impair male fertility
potential. Given the global importance of fertility, all
aspects of the impact of SARS-CoV-2 infection on the
male reproductive system should be further assessed.
A Dbetter understanding of the infection routes and
target cells of the male reproductive system is critical
for predicting some effective methods to treat or avoid
likely consequences of infection in the male reproductive
system.
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