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Abstract--

Background and aim: Papillary thyroid cancer (PTC), It is the most common thyroid cancer and one of
the most common cancers of the glands. The causes of this cancer are varied but more recently, the role of viral
infections has been suggested. EBV is one of the most important viruses that it is related to different types of
malignancies. In this review article, The Relationship between EBV and Papillary Thyroid Cancerin studies

conducted in Iran has been investigated.

Methods: This review study was performed in the period of last 10 years (2010-2020). All related articles
with Keywords: EBV, EPSTEIN-BARR VIRUS, Papillary thyroid cancer, PTC, follicular thyroid cancer AND FTC
searched in research engines: Google Scholar, science Direct, PubMed and Sid (for article in Persian) Entered the
study. Search results showed that in this time period of 10 years, 3 related studies conducted in Iran. In this article

we have summarized the results of these three studies.

Result: All three studies reviewed, emphasized that Epstein-Barr virus is associated with papillary thyroid
cancer and it can be considered a risk factor for this cancer. So monitoring patients with latent EBV, for papillary

thyroid cancer can be very important.

Conclusion: We found correlation between EBV and thyroid cancer in based on the current evidence. But
more studies are needed to demonstrate the relationship between the virus and Papillary thyroid cancer. Future

studies are warranted to reveal the significance of EBV in thyroid tumor developments.
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I. INTRODUCTION

EBV infects 2 to 60 lymphocytes per million lymphocytes in the blood and results in hidden infections (1).
If the virus is controlled by the host's immune response, the latent virus infection persists and healthy people carry

the viral genome in their B cells (2). Latent infection of B cells is mainly transmitted through saliva and possibly
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also can be spread through sex (3). Most EBV infections appear to occur during infancy or early childhood (4).
Cancer is a complex multifactorial disease after cardiovascular disease and accidents; it is the third leading cause of
death in Iran. Nowadays, Cancer has been one of the hottest topics in the field of cellular and molecular biology and
annual more than 30,000 Iranians from cancer, lose their lives. It is estimated More than 70,000 new cancer cases
occur in the country each year. With increasing life expectancy and an increasing percentage of the population in

the country, Cancer cases are expected in the next two decades Double the current amount, increase (5).

One of the common endocrine malignancies is thyroid cancer which increased rapidly in recent decades.
Thyroid cancer exists in several histological forms, including follicular, papillary, medullary, and undifferentiated
anaplastic thyroid carcinoma(5). Papillary thyroid cancer (PTC) and follicular thyroid cancer (FTC) are the two
most common thyroid cancers. They account for 90-95% of all thyroid malignancies and are most often seen in
patients over forty years of age(6). The tumor usually presents as an asymptomatic solitary intra-thyroid nodule. In
patients with FTC, distant metastases at the time of diagnosis are reported in 11-20% of patients(7).

Microenvironment changes in thyroid tissue such as inflammation and ionizing radiation possibly involve
in tumor progression(8). Human carcinogenic viruses account for approximately 10 to 15 percent of all cancers
worldwide (9). EPSTEIN-BARR VIRUS (EBV) is a gamma herpesvirus that infects >90% of adults worldwide(10).
Direct oral exposure and contamination through saliva are the most important EBV transmission routes, although
contamination through blood transfusion, organ transplantation and placenta is also possible, in western societies
and young adults, the virus is often transmitted by kissing. In developing societies, transmission of the virus usually
occurs through fingers, toys and other saliva-contaminated devices (11). EBV is the causative agent of infectious
mononucleosis and is associated with the development of epithelial and lymphoid malignancies, including
nasopharyngeal carcinoma, gastric cancer, Burkitt’s lymphoma, and Hodgkin lymphoma. Although EBV infects
primarily B lymphocytes, it has also been shown to infect T lymphocytes, myocytes, and epithelial cells of the
oropharynx and stomach(10). Whether EBV infects the thyroid gland is not known. In recent years, a handful of
studies have found evidence of EBV infection of thyroid tissue using PCR, in situ hybridization, and
immunohistochemistry, but to the best of our knowledge, no study has examined the effect of EBV on cellular

signaling or proliferation in thyroid cancer cell lines (12-14).

Chronic inflammation induced by EBV infection may play a significant role in the progression of
cancer(15). From a handful of available publications from 2001 to 2015, Stamatiou at al. summarized the EBV
detection rate in thyroid cancer specimens(5). Epstein-Barr virus (EBV) is a well-known human tumor virus with a
very high prevalence in the population, especially for children and youth. EBV serum (IgG) is positive in an
estimated 95% of the world’s population(16). EBV infection is associated with epithelial and lymphoid
malignancies, including nasopharyngeal carcinoma (NPC), gastric cancer, Hodgkin’s lymphoma and Burkitt’s
lymphoma(17, 18) . Although EBV has B-lymphocyte tropism, it can also infect T lymphocytes, myocytes, and
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epithelial cells in the oropharynx and stomach(15). Once EBV infects a host cell, it starts to induce a lytic or latent
infection with diverse genes expressed. EBV nuclear antigens (EBNA 1, 2, 3A, 3B, 3C, and LP), the latent
membrane proteins (LMP 1, 2A, and 2B) and two small noncoding RNAs (EBVcoded small RNA, EBER-1, and
EBER-2) are expressed during the infection(18) . These genes collaborate to induce tumorigenesis by causing
systematic inflammation, suppressing the antitumoral immune system, and preventing anoikis. Whether EBV infects
the thyroid gland remains controversial. To date, only a handful of reports on the association between EBV and
thyroid tumorigenesis have been investigated. Stamatiou et al(5). summarized publications regarding the EBV
detection rate in thyroid cancer specimens from 2001 to 2015. The conclusion was inconclusive because the results

were highly contradictory, ranging from negative to 100% positive for EBV infection.

Previous studies in EBV-infected B cells have demonstrated that EBNA?2 activates the NOTCH responsive
HESL1 (hairy/enhancer of split) promoter(19). Similarly, EBNA2 mimics the effect of an activated NOTCH receptor
on proliferation in a myogenic cell line, most likely through induction of HES1(20). EBNAZ2 is expressed during
EBV infection of normal tongue epithelial cells as well as in a subset of nasopharyngeal carcinomas(21, 22);
however, the effect of EBNA2 on NOTCH-responsive genes in epithelial cells is unknown. In epithelial thyroid
cells, the NOTCHL isomer is believed to function as a tumor suppressor. NOTCHL1 signaling is absent or decreased
in thyroid cancer cell lines, and the relative quiescence of NOTCH1 signaling correlates with tumor severity(23).
Likewise, overexpression of NOTCHL decreases cellular proliferation and promotes differentiation in in vitro and
murine models(23). While NOTCH requires activation through binding of extracellular ligands before engaging
RBP-jk, EBNAZ2 is constitutively active. Given the ability of both NOTCH and EBNA2 to interact with limiting
amounts of RBP-jk, we hypothesized that EBNA2 could potentially either mimic or inhibit transcription of
NOTCHL targets in thyroid cancer cell lines. Here we show that only a subset of NOTCHL1 targets are activated by
EBNAZ2 in thyroid cancer cells.

The purpose of the present study was to investigate the relationship between Epstein-Barr virus infections
with papillary thyroid cancer: a review of studies in Iran. We conducted this review study to determine does
Epstein-Barr virus cause papillary thyroid cancer Whether or not it plays a role in Iranian patients. If the results are

positive based on that be able to produce vaccines and supportive care Prevention and treatment can begin.

Il. METHODS

In this review study in the period of last 10 years (2010-2020) All related articles with Keywords: EBV,
EPSTEIN-BARR VIRUS, Papillary thyroid cancer, PTC, follicular thyroid cancer and FTC searched in research
engines: Google Scholar, science Direct, PubMed and Sid (for article in Persian). Search results showed that in this
time period of 10 years 3 related studies conducted in Iran. In this article we have summarized the results of these

studies.
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I1l. RESULTS AND DISCUSSION

3 related studies Were reviewed. One article was published in Persian and two in English. other studies
have been conducted in Iran in connection with Relationship between Epstein-Barr virus with gastric cancer(24),
esophageal cancer(25), breast cancer(26-28), and Hodgkin's lymphoma(29-31). All of these studies have
emphasized the link between Epstein-Barr virus and cancer.

Review of The first study was published by Homayounia et al in 2017. In this study the presence of
Epstein-Barr Nuclear Antigen 1 (EBNA1) gene in papillary thyroid carcinoma tissues were examined by nested-
PCR method. Paraffin-embedded tissues (N = 41) blocks of thyroid cancer were used. DNA was extracted from all
samples and then samples were evaluated for the presence of EBV gene. In 41 samples, EBNA1 was detected in
65.8% of patients with papillary thyroid carcinoma which was significantly higher in younger ages. The researchers
concluded that the significant presence of EBV genome in papillary thyroid carcinoma suggests that this virus may
play a role in this cancer especially in younger ages. As a result, monitoring of patients with EBV latent infection for
PTC can be very important(32). So the researchers confirmed that Epstein-Barr virus is linked to papillary thyroid
cancer. Due to the Study of the genome of this virus by nested-PCR their results can be greatly trusted, but it
shouldn't was unaware of Another Role of Papillary Thyroid Risk Factors and their relationship and impact on each
other.

Review of The second study was published by Moghoofei et al in 2017. The aim of this study was to
determine the presence of the Epstein—Barr virus (EBV) and the association between viral gene products and thyroid
tumor development. In this study, Fifty-seven thyroid cancer specimens were collected from the same number of
patients as well as 18 samples from healthy controls. The presence of the EBV genome and the genotyping was
examined by polymerase chain reaction (PCR). Also, an enzyme-linked immunosorbent assay and real-time PCR
were used to measure the expression levels of viral and cellular genes. Result of Their study showed that The EBV
DNA was detected in 71.9% of the samples, and it was also found that the presence of the EBV was associated with
increasing development of thyroid tumor. The researchers concluded that results demonstrated that EBV infection

may play a role in the development of thyroid tumor(33).

In this study also Study of the virus genome with real-time PCR technique done .So, their results are also
reliable. Other things to keep in mind are that small sample sizes cannot be definitively generalized to the whole

community. The role of ethnicity and geographical location will also be considered.

Review of Third was published by Mokhtari et al in 2016(article in Persian). in this study Epstein-Barr
virus core antigen expression in a group of patients Patients with Papillary Thyroid Carcinoma in Isfahan Was
studied. This study was conducted On 43 samples of papillary thyroid carcinoma Approved by the pathologist. By

using paraffin-embedded block of formalin-fixed tissue, by qualitative Polymerase chain reaction (PCR), EBNA
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expression was evaluated in tumor tissue. The findings of this study showed that EBNA expression was detected in
5 cases (4.9%) of the samples. Investigation of the relationship of EBNA expression with various factors showed
that there was a significant relationship between age and gene expression. Other factors had no significant
relationship with EBNA expression the researchers concluded that considering that about 4% of EBNA patients
expressed, it is possible that there is a link between the disease and the expression of this gene, but for a closer
look, it is suggested that in designing other studies, the control group should also be considered (34). This article as
in the previous two articles used the PCR technique to confirm the presence of the virus with its genome so it has
reliable results Simultaneous existence of Epstein-Barr virus and papillary thyroid cancer, conforms that Theory of
its effect on thyroid cells and increased chance of cancer.

All three studies reviewed emphasized that Epstein-Barr virus is associated with papillary thyroid cancer
and it can be considered a risk factor for this cancer. However, the relationship between thyroid tumorigeneses and
EBV has not been fully elucidated with conflicting results. The preliminary investigation of EBV in thyroid
lymphoma was inspired by EBV persistently infecting B lymphocytes, contributing to lymphoma formation. In
2003, Shimakage et al. first reported EBV infection in other types of thyroid malignancies with a Japanese cohort
Shimakage et al (14). Bychkov et al reported that 1 of 20 thyroid cancer tissues contained single EBER-positive
inflammatory cells. Cancer cells and normal thyroid tissues were consistently negative for ISH(35). Additionally,
Tsai et al reported a negative association between benign tumors and EBV infection using ISH or PCR or Southern
hybridization in a Taiwanese population(36). EBV is highly prevalent in southern China. Additionally, NPC, which
has a closer relationship with EBV infection, is more endemic than in any part of the world, especially in
Guangdong Province and Hong Kon g (37). VCA/IgA and EA/IgA antibodies could reflect the status of recent viral
infection and, therefore, are widely used biomarkers for screening NPC in the southern China population(38). In the
current study, the positivity rate of serological antibody analysis was 10.9%, which is similar to that in previous
national population-based studies conducted in the 1970s (38, 39). EPSTEIN-BARR VIRUS (EBV) is a gamma
herpesvirus that infects >90% of adults worldwide. EBV is the causative agent of infectious mononucleosis and is
associated with the development of epithelial and lymphoid malignancies, including nasopharyngeal carcinoma,
gastric cancer, Burkitt’s lymphoma, and Hodgkin lymphoma. Although EBV infects primarily B lymphocytes, it has
also been shown to infect T lymphocytes, myocytes, and epithelial cells of the oropharynx and stomach(40).
Whether EBV infects the thyroid gland is not known. In recent years, a handful of studies have found evidence of
EBV infection of thyroid tissue using PCR, in situ hybridization, and immunohistochemistry (12-14), but to the best
of our knowledge, no study has examined the effect of EBV on cellular signaling or proliferation in thyroid cancer
cell lines. EBV encodes a transcription factor called EBV nuclear antigen 2 (EBNAZ2) that is essential to Bcell
immortalization(20). Interestingly, EBNA2 can be considered a functional homologue of an activated NOTCH

receptor. NOTCH genes encode a family of transmembrane signaling proteins that function as tumor suppressors in
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thyroid cells(23). Both EBNA2 and activated (cleaved) NOTCH receptors bind to a cellular protein called RBP-jk
(also known as CBF1, RBP-J, KBF2, and CSL) to modulate expression of other genes. Through this common

interaction with RBP-jk, EBNA2 and NOTCH activate a set of promoters that is overlapping, yet not identical, in
lymphocytes(20).

IV. CONCLUSION

In these 3 studies that we reviewed, we found correlation between EBV and thyroid cancer in based on the
current evidence. These findings may support a potential role for EBV infection in the development of thyroid
cancers. Given the immunogenicity of EBV proteins, the EBV genome may be lost during later stages of thyroid
cancer progression once cellular transformation is complete and no longer requires the presence of EBV-encoded
proteins. Although it seems that EBV plays an important role in the etiology of papillary thyroid cancer but
definitely more studies are needed in connection with the role of this virus involve in papillary thyroid cancer. To
clarify its mechanism in the pathogenesis process. It is, therefore, suggested that Investigate the relationship between
the virus and cancer in different communities and ethnicities unless approved can be with vaccine production and
supportive care and treatment prevented papillary thyroid cancer that a large population of people of Iran and the
world are affected by it. And prevent other diseases associated with the virus.
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