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Evaluating of HERV-K Genes Expression in Sperm Samples
Collected from Infertile Men Compared to Fertile Individuals:
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Background: Having detrimental effects on the health-care system, infertility can be related to some risk factors, especially different kinds
of viruses. Human endogenous retrovirus-k (HERV-K) env, gag, np9, and rec can be considered as one of these viral agents that are likely to
cause male infertility, and we attempted to evaluate it.

Materials and Methods: This case-control study was conducted on sperm samples of 96 participants in Imam Hossein Hospital, Tehran, Iran,
from January 2020 to December 2021. After extracting the RNA form these samples, we evaluated the expression of HERV-K env, np9, rec,
and gag using quantitative real-time polymerase chain reaction (QRT-PCR).

Results: Our data revealed that HERV-K, rec, np9, and env in abnormal samples were higher than normal ones. However, the opposite trend
was true for gag expression since a meaningful reduction can be observed in abnormal samples.

Conclusions: The results of our study suggested that there is a plausible correlation between the expression level of this virus’s genes and
the progression of infertility. We proposed this marker as a promising biomarker to diagnose infertility. However, further studies are required
to support these results.
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INTRODUCTlON .syst.er.n. Infefnility has been seen.in more than 186 million
individuals in numerous countries, especially developed
ones. Indeed, from an infertility point of view, we are living
in a marvelous age, as the prevalence of it has been reported
at approximately 7.88% in Iran.**! It is the reason why the
outbreak of this disease is one out of every seven couples and
three out of every ten couples in developed and developing
countries, respectively.Y Moreover, researchers in a study

Infertility is one of the reproductive system diseases all around
the world, which can cause serious health problems in one-
sixth of couples. It is defined as the inability of couples to
get pregnant during a year; moreover, women who are not
able to maintain their pregnancy are considered infertile.!
It is reported that this disease can affect 8-12% of couples
of childbearing age, which puts pressure on the health-care
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reported that 20-30% of infertility cases are attributed to males
in more regions of the world.

The primary cause of infertility is not clear, but there are
several factors relating to this problem. Alcohol consumption,
changing sexual behaviors, smoking, obesity, stress, and diet
may be able to accelerate the prevalence of male infertility.*®!
Microbial risk factors, such as chlamydia, gonorrhea, human
papillomavirus (HPV), herpes simplex virus (HSV), and
human endogenous retrovirus (HERV), are other items that
can cause sexually transmitted disease (STD).!%!

Since the 1980s, studies have revealed that HERV are able to
integrate into the host genome, stimulating some destructive
mutations, ranging from frame-shifts to deletions.””’ These
mutations can cause different types of cancer, and it is supposed
that there are tangible relations between infertility and this
virus as well.l'! Since 30-40 million years ago, HERV has
compromised about 8% of the human genome, and it can be
transmitted vertically."? By changing the expression of HERV
genes, this virus can cause serious problems in numerous tissues,
especially the placenta, epididymis, and testis.”’ This virus has been
classified into three classes, such as class I (gammaretrovirus- and
epsilonretrovirus-like), class II (betaretrovirus-like), and class III
(spumaretrovirus-like). It is assumed that HERV-K has entered
into the human genome more than other HERV families.!") Some
structural genes of this virus, especially HERV-K gag, env, np9,
and rec genes, are regulated by two long-terminal repeat (LTR)
sequences that may be related to infertility.!'¥

Given the fact that the relation between HERV-K env, np9, rec,
and gag gene expression and infertility has not been confirmed,
in this study, we evaluated the expression of these genes in
sperm samples.

MaTteriALs AND METHODS

Preparation of samples

This case-control study was conducted on sperm samples
of 96 participants in the Imam Hossein Hospital, Tehran,
Iran, from January 2020 to December 2021 to evaluate
the expression level of the HERV-K env, np9, rec, and
gag genes. We assessed samples after 3—5 days of sexual
abstinence; furthermore, sperm motility, sperm concentration
(x10¢ sperm/ml), and sperm morphology were analyzed
according to the World Health Organization guidelines. In
this study, samples were collected from participants with body
mass index between 18 and 25 kg/m? who were not exposed
to radiation therapy, or chemotherapy. Moreover, patients
with varicocele, experiencing previous testicular surgery,
endocrine disorders, or cancer, and infected samples with
bacteria were excluded.!'”

We confirm that informed consent was obtained from all
patients. We confirm that all methods were carried out in
accordance with relevant guidelines and regulations. We
confirm that all experimental protocols were approved by the
Shahid Beheshti University of Medical Sciences.
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Extraction of RNA

To remove protein, chloroform and 1 ml of RNX-plus
solution reagent (CinnaGen, Tehran, Iran) were added to
sperm samples. Then, RNA can be precipitated from the
supernatant by adding isopropanol, and finally, the RNA was
diluted with 50 ul of Diethyl pyrocarbonate (DEPC) -treated
water. Agarose gel electrophoresis was utilized to observe
58S, 188, and 28S.

Reverse transcription (cDNA synthesis)

To produce cDNA from an RNA template, we performed
the reverse transcription reaction with Bio fact cDNA kit
(Daejeon, South Korea). A 20-ul reaction volume contained
random hexamer (1 ul), master mix (9 ul), and RNA samples
(10 ul). Then the reaction was incubated for 40 min at 50°C
and 10 min at 95°C in Bio Intellectica PCR. The cDNA was
diluted by adding sterile water two times.

Quantitative real-time PCR

A real-time PCR technique was performed to evaluate
HERV-K genes expression. We mixed BIOFACT™ 2x
real-time PCR master mix (for SYBR Green I; BIOFACT,
South Korea) (10 ul), sterile water (6 ul), forward primer
10 pmol (1 ul), reverse primer 10 pmol (1 ul) and cDNA of
a final 20 pl volume (2 ul). The incubation was conducted in
one cycle: an initial denaturation at 95°C for 10 min, forty
cycles of 30-second denaturation at 95°C, the annealing step
at 55°C for 30 s then at 72°C for 30 s in Rotor-gene 6000
(Corbett life sciences, Sydney, Australia) in 36-well Gene
Discs. The temperature of the constructed melting curves
ranged from 60°C to 95°C.

Commonly used GAPDH housekeeping gene as an internal
control. For quantitative real-time PCR data, the 2-AACT
method was used; furthermore, negative controls confirmed
that there was no contamination. The list of primers used in
the present study is in Table 1.

Ethical consideration

The school of medicine research department at Shahid Beheshti
University of Medical Sciences supported the present study,
financially”; (IR.SBMU.RETECH.REC.1400, 692), grant
no. 29252.

Statistical analysis

To find the relation between HERV gene expressions
and infertility, we employed GraphPad Prism software.
Experimental data are expressed as mean + standard deviation
of three independent assays. Statistical significance was
calculated using t-tests. The differences were determined
based on a P value less than (P < 0.05), which means it is
meaningful, or not.

ResuLts

Samples
We were able to extract RNA and synthesize cDNA from
94 sperm samples from the Imam Hossein Hospital, Tehran,
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Table 1: Primers used for genes in real-time PCR

Gene Forward primer (5’-3") Reverse primer (5’-3')

GAPDH ATGTTCGTCATGGGTGTGAA GGTGCTAAGCAGTTGGTGGT

Rec ATCGAGCACCGTTGACTCACAAGA GGTACACCTGCAGACACCATTGAT
np9 AGATGTCTGCAGGTGTACCCA CTCTTGCTTTTCCCCACATTTC
Env TAACCCTGTCACTTGGATT ATGTCACTGTCTCTTCGG

Gag AGCAGGTCAGGTGACCGTAAC GGTGCCATAGCATTGTCTCCT

Iran, from January 2020 to December 2021. Our samples (53
teratospermia samples and 41 normal ones) were analyzed to
evaluate HERV-K env, gag, np9, and rec. All samples were
confirmed through the World Health Organization guidelines,
and we did not find a concrete relation between age, sex,
and changes in HERV-K gene expressions. We will provide
some of the same characteristics after collecting data from
the university.

Evaluating the expression level of HERV-K rec gene in
sperm samples

To assess the expression level of the HERV-K rec gene, we
extracted RNA from the sperm samples. Quantitative real-time
PCR analysis showed that there was no difference in the mRNA
expression level of rec in infertile samples in comparison with
the normal ones [Figure 1a].

Increase in the HERV-K np9 gene expression in sperm
samples

Our results revealed that a climb in the mRNA expression level
of np9 in abnormal samples can be observed; however, it was
not statistically significant [Figure 1b].

Evaluating the expression level of HERV-K env genes in
sperm samples

Similarly, env expressions illustrated a growth in abnormal
samples, but with a higher intensive trend [Figure 1c].

Reduction in HERV-K gag in abnormal samples

Our data revealed that the HERV-K gag had a meaningful
change in expression in abnormal samples in comparison with
the normal ones [Figure 1d].

Discussion

According to previous reports, about 9% of men between
the ages of 15 and 44 have suffered from infertility, which is
the reason why this disease can be considered a significant
problem all around the world. Scientists have published that
many risk factors can play a crucial role in causing reproductive
problems; however, further studies are required to approve
their effects. Take, for example, HPV18, which is able to
down-express p53.[19

In this study, we evaluated the effects of the HERV on sperm
infertility. This virus is likely to cause some mutations in the
host genome, leading to a variety of health problems, ranging
from different kinds of cancer to infertility. The molecular
mechanisms of HERV activations in spermatogenesis have not
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been found, but DNA methylation and histone modification
can be the most important items related to this virus.' In fact,
changing the expression of numerous genes by some viral
agents, especially HERV-K env, gag, rec, and np9, can cause
infertility.””! To illustrate, Chan and colleagues demonstrated
that there is a concrete relation between HERV-K and testicular
cancer.!'”]

Due to these reasons, we evaluated the expression of HERV-K
env, np9, rec, and gag using quantitative real-time polymerase
chain reaction (QRT-PCR). Our data revealed that HERV-K,
rec, np9, and env in abnormal samples were higher than
normal ones. However, the opposite trend was true for gag
expression since a meaningful reduction can be observed in
abnormal samples. It is suggested that further studies should
be performed to evaluate the role of this virus on infertility
since the limitation of this study was the low number of
samples.

Few researchers have evaluated the role of this virus on
infertility, making it difficult to confirm it, for example, a high
concentration of HERV-w env (syncytin 1) can accelerate
the fusion process between gametes, increasing the chance
of embryo development. However, HERV-H-pol, HERV-
K-pol, HERV-W-pol, and Syn2 gene expressions were
lower in spermatozoa in comparison with white blood cells
(WBCs).I"8 Herbst and colleagues reported that HERV-K gag
and env are expressed in ovarian germ cell tumors and in their
testicular precursor lesions (teratomas, mature and immature,
and spermatocytic seminomas are exceptions). Moreover,
gestational trophoblastic disease (GTD) shows the expression
of this virus but not in benign GTD (noninvasive molar
pregnancy). Our data revealed that there were no differences
between embryonal and adult tissues’ HERV-K expression.!”!
Roelofs and colleagues assessed the expression of HERV-K
gag, env, and prt genes in testicular germ cell tumors (TGCTs)
of adolescents and adults with and without carcinoma by
reverse transcription-polymerase chain reaction. All these
samples illustrated the expressions of gag and prt, while env
genes were detected in normal testicular parenchyma samples,
but not in TGCTs.?% In another study, Larsson reported
that ERV3 (HERV-R) can be identified in certain cells in
spermatogenesis and the placenta, but the opposite trend is
true for Sertoli or Leydig cells.?'" Homologous recombination
between many copies of HERV placed at different loci causes
destructive mutations in the human genome. For example,
the elimination of the azoospermia factor a (AZFa) region
from male-specific regions of the Y chromosome (MSY)
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Figure 1: (a) Rec expression in the abnormal samples compared to
normal ones had a slight rise. (b) Similarly, our results revealed that a
climb in the mRNA expression level of np9 in abnormal samples can
be observed; however, that was not statistically significant. (c) env
expressions illustrated a growth in abnormal samples but with a higher
intensive trend. (d) Moreover, our data revealed that HERV-K gag had
meaningful changes in expression in abnormal samples in comparison
with normal ones

disrupts spermatogenesis through recombination between
HERV15 proviruses. The prior study suggested that HERV's
are potentially diverse genetics integrated into the genome
and have created maiden variants.?? HERV-K 14C transcripts
were only found in the human testis and placed between
the P1 and P4 regions. The omission of HERV-K14C
causes disorder spermatogenesis. In other words, normal
spermatogenesis was related to the expression of HERV-
K14C transcripts.’! Analyzing human oocytes showed that
HERV-K10 L1 and SVA retrotransposons are transcriptionally
expressed, resulting in the suggestion that HERV plays a role
in oocyte development.?*! Scientists detected ERV3 env-like
antigens on spermatogenic cells in mature baboon testes and
epididymal spermatozoa. Moreover, ejaculate spermatozoa,
seminal fluid, and epididymal spermatozoa had reverse
transcriptase activities.”” It seems that the expression of
different kinds of HERV can be higher than in 18 other human
tissues, concluding that these viruses can help develop the
placenta. In fact, HERV-W (syncytin-1),2¢28! HERV-FRD
(syncytin-2),? ERV-3, HERV-R, and HERV-W!%32 have been
reported in this tissue. In another study, L1 and HERV-W are
assumed to progress human ovarian carcinomas.?*?!

ConcLusion

The results of our study suggested that there is a plausible
correlation between the expression level of this virus’s genes
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and the progression of infertility. We proposed this marker as
a promising biomarker to diagnose infertility. However, it is
suggested that further studies should be performed to evaluate
the role of this virus on infertility since the limitation of this
study was the low number of samples.
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