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Abstract

Multiple factors have engaged in the progression of thyroid cancer (TC).
Recent studies have shown that viral infection can be a critical factor in
the pathogenesis of TC. Viruses, such as Epstein-Barr virus (EBV), hep-
atitis C virus (HCV), human immunodeficiency virus (HIV), and severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), may play an
essential role in the occurrence, development, and even prognosis in TC.
This review mainly explored the potential role of viral infection in the
progress of TC. The possible mechanisms could be recognizing the host
cell, binding to the receptors, affecting oncogenes levels, releasing viral
products to shape a beneficial environment, interacting with immune
cells to induce immune evasion, and altering the pituitary-thyroid axis.
Thus, comprehensive knowledge may provide insights into finding mo-
lecular targets for diagnosing and treating virus-related TC.
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Introduction

Thyroid cancer (TC) is the most common malignant tumor
of the endocrine system worldwide. Global Cancer Statistics
2020 estimated that there were 586,000 TC cases, ranking
ninth in cancer incidence worldwide [1]. The latest study re-
ported the nationwide cancer incidence and mortality in Chi-
na in 2022, and the results showed that an estimated number
of 466,100 TC cases (including 124,900 males and 341,200
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females) occurred in 2022, which is the third most common
cancer in 2022, and the number of TC deaths were 11,600
(4,300 males and 7,200 females) [2]. Most thyroid nodules are
benign, low-risk, or malignant [3]. Over 90% of TC include
papillary thyroid cancer (PTC) and follicular thyroid cancer
(FTC), and rare cancers are medullary thyroid cancer (MTC)
and anaplastic thyroid cancer (ATC) [4, 5]. Currently, diagno-
sis of pathology by fine-needle aspiration (FNA) is classified
into six general categories in The Bethesda System for Report-
ing Thyroid Cytopathology (TBSRTC) 2017 [6]. And each cat-
egory’s risk of malignancy (ROM) is different [6]. Undoubt-
edly, indeterminate cytology was highlighted as a subdivision
needing urgently addressed [7-9]. Subdivision of intermediate
suspicion is crucial for effective FNA and the size of the fine
needle, which could decrease the implied ROM [10, 11].

The etiology of TC lesions involves various factors, such
as genetic mutations, environmental factors, ionizing radia-
tion, and iodine-related factors [12]. Some recent studies have
reported that TC pathogenesis was associated with present
viral infections, such as Epstein-Barr virus (EBV) DNA and
erythrovirus B19 (EVB19) DNA, which have been detected in
thyroid tumors by quantitative real-time polymerase chain re-
action (qQPCR) [13-15]. Moreover, some patients with TC were
detected among hepatitis C virus (HCV)+ [16] or human im-
munodeficiency virus (HIV)+ patients [17], which could have
a past viral infection history. Furthermore, a meta-analysis has
investigated that the prevalence of viral infections in TC was
37% (95% confidence interval (CI): 22% - 55%), and a sig-
nificant association was identified between viral infections and
TC risk (log (odds ratio (OR)): 1.51, 95% CI: 0.68 - 2.39) [18].

There is evidence [19, 20] that viruses can contribute to
carcinogenesis in man by direct and indirect mechanisms. In
one case, the virus can induce the expression of specific on-
cogenic proteins and then play a direct role in cell transforma-
tion; alternatively, the mutation is associated indirectly with
the virus-induced chronic infection and inflammation through
activating signaling pathways and cytokine secretion related to
tumor occurrence, stimulating cell proliferation and inhibiting
apoptosis. The virus infection may induce a series of immune-
inflammatory responses and attack the normal gene metabo-
lism in the cell [21]. EBV, HCV, HIV, and severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) play a vital role
in the occurrence, development, and even prognosis of TC.

In this review, we focused on reports dealing with the func-
tion of the virus on TC and its involved mechanisms. Moreo-
ver, advanced anti-virus therapy on TC is discussed compared
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to standard treatments. Antiviral therapy may also become an
emerging treatment method for TC.

EBV and TC

EBYV remains the most common persistent, asymptomatic viral
infection in humans; about 95% of adults worldwide are infected
with EBV [22]. Multiple EBV infections are the causative agent
of infectious mononucleosis and are closely associated with sev-
eral lymphomas and epithelial malignancies, including Hodgkin
lymphoma (HL), Burkitt’s lymphoma, natural killer (NK)/T-cell
lymphoma, nasopharyngeal cancer, and gastric cancer. EBV in-
fection causes 200,000 cases of malignant tumors of epithelium
and B cells and 140,000 deaths annually [23].

EBV has been identified as one of the most critical risk
factors in epithelium cancers, such as PTC [13]. The expres-
sion of EBV in thyroid gland neoplasms has been detected [24,
25]. In the past few years, a study conducted among Iranian
patients with PTC investigated the relationship between EBV
and PTC, and the results showed that 27 out of 41 individuals
were Epstein-Barr virus nuclear antigen 1 (EBNA1) positive
by PCR [26]. Another study has come to a similar conclu-
sion that EBA DNA was detected in 29 (29/57) patients with
PTC by PCR from Iran [27]. Almeida et al have found EBV
DNA sequences in 29 (29/183) thyroid tissue samples from
Brazilians and observed that viral load was higher in tumors
than in normal tissues (P < 0.01) [13]. Moghoofei et al have
proved that EBV infection may play a role in promoting the
development of TC, where EBV DNA was detected in 71.9%
of TC patients (41/57) by PCR and increasing expression of
latent membrane protein (LMP)-1A/LMP-2A were positively
correlated with tumor stage progression [14]. Almeida et al
have found that EBV DNA viral load was higher than their
corresponding normal tissues by PCR (P < 0.05), and EBV-en-
coded RNA (EBER) expression mainly appeared in malignant
samples [13]. On the contrary, Bychkov et al have found that
EBYV detection was negative in 20 TC samples from Thailand
analyzed by EBER in situ hybridization (ISH) [28]. Another
cohort study from Guangdong found that none of the 384 thy-
roid samples, including PTC, FTC, MTC, nodular goiters, and
follicular adenomas, showed EBV positive by ISH [25]. Sta-
matiou et al have demonstrated that gene sequences of EBV
had a comparable incidence both in postoperative nodular and
adjacent normal thyroid tissues. Thus, their findings cannot de-
termine the precise role of EBV [29]. At present, the detection
of EBV in TC remains contradictory.

In conclusion, despite differences in detection techniques,
regional ethnicities, and histological types, a range of posi-
tive results were found, which warrants consideration of the
relationship between EBV and TC. Thus, we need to discuss
the possible mechanism of EBV and TC regarding host cells,
latent infection, and tumor microenvironment (TME) (Fig. 1).

EBY life cycle and latent infection

Latent infection is a part of the lifecycle of EBV, where EBV
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persists and replicates within the host cells. According to re-
cent reports, when the balance between the virus and the host
immune system is disrupted, the latent EBV gene can promote
tumor development, inhibit cell apoptosis, and suppress the
recognition of infected cells by the host immune cells [23, 30].
In the process of primary infection, EBV-infected naive B cells
lead to a latency growth program, in which cells could express
all the latent genes, including EBNAs, LMPs, EBV-encoded
small RNAs (EBERs), and microRNAs (miRNAs) [30]. Pri-
mary infection with EBV is followed by asymptomatic persis-
tence of the virus in memory B cells, where EBV gene expres-
sion is probably completely silenced [31].

The functions of the respective EBV gene products give
the virus its oncogenic abilities. These latent EBV proteins
are necessary and sufficient for tumor formation. The power
of EBV-driven tumor formation is reduced without pre-es-
tablished latency III persistence, soluble EBV protein, and
EBV miRNA expression [30, 32]. Studies have suggested that
LMP-2A, associated with metastatic properties in tumors, can
induce cell transformation through the phosphoinositide 3-ki-
nase/protein kinase B (PI3K/AKT) pathway [33]. As a result,
EBYV proteins exert effects on some cellular proteins involved
in the anoikic inhibition process and cause TC development.

In summary, the viral genes and their expression products
during latent infection may be related to the formation and
development of several tumors. There is increasing evidence
focusing on the mechanism of EBV maintaining infection and
survival of host cells. However, the relationship between EBV
and TC is still unknown, and it is worth establishing the ex-
act role of EBV in TC based on comprehensive knowledge.
Whether there are more unknown EBV latency proteins to as-
sist the infection process should be attached more attention in
the future.

EBY and host cells

The two primary host cells that EBV virus targets are B cells
and epithelial cells [22, 34]. EBV encodes various envelope
glycoproteins, which help the virus complete the attachment
and entry of host cells [24]. Compared with the mechanism of
EBYV entering the B cells, EBV entering into target epidermal
cells could be roughly divided into five stages: 1) Binding:
EBYV binds to target cells using variable host cell surface re-
ceptors and multiple viral envelope glycoproteins; 2) Activa-
tion: binding of EBV virions can induce signaling pathway
activation; 3) Membrane fusion: direct membrane fusion or
fusion with the endosomal membrane; 4) Movement in the
cytoplasm: the viral capsid is then transported in the cytosol
to the nuclear periphery; 5) Reproduction: nuclear delivery of
viral DNA and productive infection [34].

Connolly et al have reported that the glycoprotein 350/220
(gp350/220) complex, although not essential, could enhance
EBYV infection efficiency in epithelial cells by binding to cel-
lular receptor complement receptor type 2 (CR2 or cluster de-
terminant (CD)21) [35]. In addition, BMRF?2 plays a vital role
in tethering EBV to attach to 1 or a5B1 integrins-expressing
epithelial cells [36]. These glycoproteins on EBV bind to the
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Figure 1. The possible relationship between EBV and thyroid cancer. EBV can be transmitted through saliva, passing through
the oropharyngeal epithelium and tonsils, infecting lymphoid B cells, and subsequently infecting the initial B cells. After a complex
series of latent infections, EBV may enter thyroid tissue through the blood circulation or lymphatic system. EBV can package vari-
ous viral products, such as viral proteins and RNAs, into the extracellular vesicles to aid in the evasion of the host immune system
and promote tumor progression within the TME. In the presence of multiple viral glycoproteins, EBV binds and activates receptors
on cells, invading and proliferating within thyroid cells. gB: glycoprotein B; gH: glycoprotein H; gL: glycoprotein L; NRP1: neuro-
pilin 1; EphA2: ephrin receptor A2; EBV: Epstein-Barr virus; EBNA1: Epstein-Barr virus nuclear antigen 1; EBER: EBV-encoded
RNA; CR2 or CD21: complement receptor type 2; LMP: latent membrane protein; miRNA: microRNA.
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above cellular receptors, then the virus fuses with the cell mem-
brane, and subsequently, the EBV genetic material enters the
cytoplasm and begins a range of biological behaviors. Based
on the research above, we may counteract the virus entry into
epithelial cells to cause infection and latency by targeting the
viral glycoprotein and reducing the expression of the receptor
on epithelial cells.

EBYV and TME

Oncogenic viruses could shape a beneficial pro-tumoral milieu
to promote the development and progression of malignancies.
The EBV-infected malignant cells shape and establish an im-
munosuppressive TME by communicating the cellular compo-
nents, altering the molecular factors, and releasing extracellu-
lar vesicles (EVs) [37]. The local secretion of proinflammatory
and immunosuppressive cytokines and chemokines is induced
by EBV-infected cells. These aberrant soluble components
also affect the function of immune cells and thus shape a TME
where EBV-infected cells can proliferate, escape from apop-
tosis, and survive host antitumor defense [37]. Some patho-
gens that lead to persistent infections and cause inflammation
strongly correlate with tumor development. In recent years, in-
flammation can be considered a significant hallmark of tumor
development [38].

Further experiments indicate that PTC tissues have a
higher proportion of tumor-promoting immune cells and a
lower proportion of antitumor immune cells [39]. The study of
Moghoofei et al suggests that the expression levels of inflam-
matory factors, including interleukin (IL)-6 and nuclear factor
kappa-B (NF-kB), were statistically higher in the EBV-posi-
tive group than in the EBV-negative group [14]. Interestingly,
there was an association between increased expression levels
of some EBV genes (LMP-1 and LMP-24) and increased lev-
els of expression in some inflammatory cytokines in patients
with breast and thyroid cancers. The inflammatory cytokines
such as IL-1, IL-6, tumor necrosis factor-o (TNF-a), and trans-
forming growth factor-p (TGF-) could induce cancer cell pro-
liferation and tumoral invasion through activation of NF-«xB
[14, 40]. Other research showed a specific correlation between
some cytokines and EBV infection. The cytokine interferon
(IFN)-y, released by immune cells, such as T cells and den-
dritic cells (DCs), which can be recruited by EBV-infected
cells, plays a central role in the resistance of the host to EBV
infection via direct antiviral effects as well as modulation of
the immune response. The basic leucine zipper nuclear fac-
tor 1 (BLZF1) encoded by EBV-infected cells seems to inhibit
the function of the IFN-y signaling pathway by downregulat-
ing the IFN-y receptor and the downstream effector of IFN-y
[37]. And IL-10, a potent immunosuppressive cytokine, can
induce Tregs and inhibit T helper 1 (Th1) cells and cytotoxic
T lymphocytes (CTLs) [41]. In EBV-infected cells, LMP2A
can induce the expression of IL-10, which also plays an im-
munosuppressive role in EBV-associated malignancies [27].
The interplay between EBV-infected cells’ viral proteins and
immunosuppressive cytokines contributes to establishing a
beneficial environment for tumor growth and development.
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However, further studies are required to investigate the role of
EBYV infection in TC.

EBYV and tumor EVs

EVs are a significant component in facilitating intercellular
communications in the TME. EBV can package various viral
products, such as viral proteins and RNAs, into the EVs to aid
in the evasion of the host immune system and promote tumor
progression within the TME [42]. LMP1 is found to regulate
programmed cell death ligand 1 (PD-L1) and increase the
packaging of PD-L1 into exosomes [43]. However, further
research is urgently needed to explore whether EVs can serve
as potential specific therapeutic targets for EBV-related ma-
lignant tumors or be used for early diagnosis of latency infec-
tion, for example, how to inhibit the release of tumor EVs or
suppress their binding to receptor cells. The TME is an in-
dispensable interaction environment with the surrounding tis-
sues in the biological behavior of the tumor. The mechanism
of EBV in the TC TME is still not precise. Understanding
the TME can help one better understand EBV’s tumorigenic
mechanism, study the exact aspects of EBV life cycle diag-
nosis, and seek effective antiviral therapy targets. It is hoped
that antiviral therapy will be a promising avenue in treating
TC in the future.

EBV can infect epithelial cells and cause cytopathic ef-
fects (CPE) [44]. The tumorigenic transformation of epithelial
cells by EBV is a long process and involves intricate inter-
play involving genetic alterations and transcription factors of
host cells, stromal inflammation, and tumorigenic actions of
lytic and latent EBV genes [45]. EBV-encoded genes, LMP-1,
LMP-2A, EBER-1, EBER-2, and so on, were shown to be ex-
pressed at higher levels in thyroid tumor tissues than in healthy
controls. EBV gene products can differently affect the expres-
sion levels of TC oncogenes, which can lead to the progres-
sion of TC. EBV may play an essential role in changing the
immune microenvironment of PTC. EBV and coding genes
can induce immune cells in the environment to produce im-
munosuppressive cytokines, affect immune checkpoints, and
affect tumor cell progression through inflammation. Some in-
flammatory factors have been confirmed to be associated with
thyroid tumor stage [14]. At present, it has been proved that
EBYV infection is closely related to tumors derived from mul-
tiple epithelial cells, especially focusing on nasopharyngeal
carcinoma, gastric cancer, and lung cancer. However, reports
on the association between EBV and TC are relatively limited.
Whether EBV promotes thyroid tumorigenesis remains con-
troversial, which is attributed to different methods applied and
populations. Hence, retrospective clinical research and testing
are needed to verify whether EBV plays a role in the metastasis
of TC.

HCV and TC

HCYV infection is a global health concern and a significant risk
factor for cirrhosis, hepatocellular carcinoma (HCC), hepatic
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decompensation, and liver transplantation [46]. Chronic hepa-
titis C can also cause extrahepatic diseases and manifestations,
in particular autoimmune disorders, such as mixed cryoglobu-
linemia (MC), Sjogren’s syndrome, and endocrinological dis-
eases, including autoimmune thyroid disorders (AITD) [47].
Related reports involve an increased incidence of thyroid dis-
orders in patients with HCV infection [48], and HCV infection
may play a contributory role in thyroid tumorigenesis and pro-
gression [49]. In this review, we will explore the relationship
between HCV and TC and how HCV affects the development
and progression of thyroid tumors.

Several studies have reported the association between
HCV infection and the risk of TC. However, the results were
inconsistent. A meta-analysis was conducted to assess the
impact of HCV infection on TC risk with a total of 751,551
individuals and 367 cases with TC. The results showed that
there was no significant association between HCV infection
and TC risk (summary risk ratio (RR): 2.09, 95% CI: 0.78 -
5.64,P=0.145; 1> = 81.2%), but HCV infection was positively
correlated with the risk of TC after adjusting the heterogene-
ity (summary RR: 2.86, 95% CI: 1.63 - 5.03, P = 0.003; I> =
24.9%) [50]. On the contrary, another meta-analysis has dem-
onstrated that patients with HCV infection have a greater risk
of TC (summary OR: 16.36, 95% CI:4.65 - 57.62, P < 0.001)
[49]. The association between HCV infection and TC risk will
need further confirmation, which may be attributed to a few
cohort studies, high heterogeneity, and other factors (such as
gender, age, and pathology classification, which may affect the
incidence of TC). HCV is the cause of various autoimmune
diseases, including hypothyroidism and autoimmune thyroid
diseases, while autoimmune thyroiditis is a risk factor for TC
[50-52]. As a result, research on the association between HCV
infection and thyroid diseases has attracted more attention.
Autoimmune thyroid involvement and hypothyroidism were
more frequent in patients with chronic hepatitis C than in the
comparison groups [53]. HCV infection can increase the risk
of autoimmune thyroiditis (AITD) by causing immune system
dysfunction, especially in those receiving IFN treatment, while
AITD is a risk factor for TC [49]. Thus, viruses can activate
both innate and adaptive immunity and may act as a trigger
of Hashimoto’s thyroiditis (HT). The most crucial candidate
viruses for AITD include HCV [54].

Meanwhile, it was noted that the interaction of HCV core
protein with gC1gR could induce macrophages to secrete C-X-
C motif chemotactic factor 10 (CXCL10) through the NF-xB
signaling pathway [55]. Chronic HCV infection may upregu-
late CXCL10 expression and secretion in infected thyrocytes
recruiting Th1l lymphocytes, which may be responsible for
enhanced IFN-y and TNF-a production, inducing a further
CXCLI10 secretion by a variety of cells and creating an am-
plification feedback loop which initiates and perpetuates the
immune cascade, and results in the appearance of AITDs in ge-
netically predisposed subjects (Fig. 2) [56, 57]. We can study
the mechanism of chemokines and cytokines in the pathogen-
esis of autoimmune diseases, and further experiments need to
explore whether CXCL10 can be used as a new therapeutic
target for thyroid autoimmune disease.

Thyroiditis with inflammatory and immune infiltration is
a risk factor for thyroid tumors [58]. A study has shown that
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Figure 2. The expression and function of CXCL10 in the appearance of
autoimmune thyroid disorders. Chronic HCV infection may upregulate
CXCL10 expression and secretion in infected thyrocytes, recruiting Th1
lymphocytes that may be responsible for enhanced IFN-y and TNF-a
production, inducing a further CXCL10 secretion by a variety of cells and
creating an amplification feedback loop which initiates and perpetuates
the immune cascade, and results in the appearance of autoimmune thy-
roid disorders in genetically predisposed subjects. CXCL10: C-X-C motif
chemotactic factor 10; HCV: hepatitis C virus; IFN-y: interferon-y; Th1
cells: T helper 1 cells; TNF-a: tumor necrosis factor-a.

thyroid autoantibodies were observed in 83% of HCV patients
with PTC and 31% of HCV patients without TC, suggesting
people may suffer from an increased risk of TC after HCV
infection [16]. However, HCV is an RNA virus that cannot be
integrated into the host genome, and its oncogenic potential
must be exerted through an indirect mechanism [59]. There-
fore, we can hypothesize that autoimmune thyroid disease
mediated by chronic HCV infection may lead to thyroid car-
cinogenesis.

In summary, there is still a lack of definite conclusion sug-
gesting that HCV infection is significantly associated with an
increased risk of TC, which may be due to insufficient sam-
ples, heterogeneity, and lack of pathological classification of
TC. At present, the mechanism of how HCV affects TC is not
well understood, mainly including immunity system and auto-
immunity disorders. However, it is still a promising research
topic because the awareness of the association between HCV
and TC could play a vital role in the early diagnosis and im-
provement of prognosis in HCV patients. In the future, more
well-designed research is needed to further identify the rela-
tionship between HCV and TC.

HIV and TC

HIV can lead to acquired immune deficiency syndrome (AIDS)
and susceptibility to opportunistic infections and certain ma-
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lignant tumors [60]. Chronic diseases, including cancer, have
emerged as health problems in HIV-infected people in middle-
income and high-income countries [61]. HIV-induced immune
deficiency was the most common risk factor for developing
malignancies [62]. HIV infection can cause many types of tu-
mors. Among them, three types of tumors are directly related
to AIDS such as non-Hodgkin lymphoma (NHL), cervical pre-
malignant lesions, and Kaposi sarcoma (KS), which are de-
fined as AIDS-defining cancers (ADCs). Non-AIDS-defining
cancers (NADCs) included lung cancer, HCC, breast cancer,
colorectal cancer (CRC), prostate cancer, HL, laryngeal can-
cer, and anal cancer [63, 64].

ADCs are strongly associated with immune suppression
induced by HIV infection [65]. The incidence rate of NADCs
has been rising, including TC, and NADCs are an increasingly
important reason for the global increase in the incidence and
mortality of people living with HIV (PLHIV) [66]. This trend
is expected to continue to rise [67]. However, little is known
about the impact of HIV infection on TC. Herein, we will ex-
plore the impact of HIV on the occurrence and development
of TC.

It has been shown that HIV infection has an impact on
the clinical pathological characteristics of PTC. HIV infec-
tion was a risk factor for larger tumors, more severe extrathy-
roidal extension (ETE), more lymph node metastasis, and
more distant metastasis. HIV infection could promote prolif-
eration and make PTC more aggressive [68]. A retrospective
cohort study aimed to assess the prevalence of TC in a large
cohort of HIV-infected patients showed that 11 cases were
diagnosed with TC among 6,343 HIV-infected patients, in-
cluding seven PTC cases, two MTC cases, one FTC, and one
patient not recorded. Interestingly, compared with ordinary
people, MTC appears to be more common in PLHIV [69].
Thus, there may be potential mechanisms between HIV in-
fection and TC.

Immune surveillance deficiency

HIV-induced immune deficiency was the most common risk
factor for developing malignancies [70]. HIV infection targets
CD4 T cells, and immune responses progressively decrease,
which allows cancer cells to escape immune surveillance and
grow rapidly. Therefore, HIV infection could promote PTC
proliferation, and HIV infection also makes PTC more aggres-
sive, leading to capsular invasion, ETE, lymph node metasta-
sis, and distant metastasis [68].

Secondary infection

At this point, it is difficult for the infected person with immune
deficiency to provide specific immunity. Chronic inflamma-
tion caused by immunosuppression and viral persistence may
also be involved in tumor formation and progression. For
example, some viruses, such as human papillomavirus, cyto-
megalovirus, EBV, and herpes virus, promote tumorigenesis
and the development of PTC [71], mainly due to HIV-induced
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immune deficiency, which reduces the ability to resist the in-
fection and proliferation of carcinogenic pathogens in PLHIV.

Pituitary-thyroid hormone axis or direct effects on the thy-
roid

Studies have reported that hypothyroidism and mildly elevated
thyroid-stimulating hormone (TSH) levels are more frequent-
ly observed in the HIV-positive population and that thyroid
dysfunction is joint in newly diagnosed HIV-positive patients
[68]. TSH is released from the anterior pituitary gland and is
positively regulated by TSH-releasing hormones and nega-
tively fed back by thyroid hormones triiodothyronine (T3) and
thyroxine (T4) [72]. HIV infection frequently results in early
and protracted disturbances of hypothalamus/pituitary and thy-
roid dysfunction, which could change TSH concentrations in
serum [73]. Higher TSH proliferates PTC growth, most likely
mediated by TSH receptors on tumor cells [68]. HIV may af-
fect normal thyroid physiology by altering CD4 and CD8 [74].
Alternatively, HIV affects thyroid hormone metabolism by in-
teracting with peripheral T3 receptors, activating the state of
thyroid follicular cells [75]. However, these mechanisms still
need to be confirmed.

Side effects of HIV drugs

Highly active antiretroviral therapy (HAART) has dramati-
cally changed the overall survival rate of people living with
HIV. HAART suppresses viral replication, restores immunity,
and reduces mortality. However, HAART may alter the thy-
roid gland’s physiological functions and clinicopathological
features through drug interactions or effects on the immune
system. Some types of thyroid abnormalities are the result of
treatment and are not caused by HIV infection [76]. The study
shows that thyroid dysfunction was more common in HAART-
naive HIV seropositive subjects than in the general popula-
tion, with subclinical hypothyroidism emerging as the most
common abnormality [77]. HAART may disrupt the thyroid
hormone axis and change the thyroid-related cytokines, which
affect the progression of thyroid disease and even tumors [68].
Although these mechanisms are currently unclear, evidence is
needed to support them.

In summary, HIV infection is a risk factor for tumors. The
nationwide cross-sectional ONCOVIH study suggested that
compared with the general population, the RR of cancer in the
HIV-infected population was 3.5 (age- and sex-standardized,
95% CI: 3.4 - 3.7) in France [78]. AIDS increases the suscep-
tibility of PLHIV to opportunistic infections and cancer. With
the widespread use of HAART, the survival cycle of AIDS pa-
tients has been extended, and the prevalence and mortality rate
of NADC:s have also increased. In this review, we briefly intro-
duce information related to HIV infection and thyroid tumors
and explore the possible mechanisms underlying HIV infec-
tion and TC. Furthermore, HIV and thyroid tumors are studied
to understand the relationship between HIV and TC better and
to discover relevant mechanistic pathways or specific targets
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Table 1. The Potential Mechanisms Between HIV/SARS-COV-2 and TC

Potential mechanisms Outcome

HIV and TC

Immune surveillance deficiency

Immune deficiency induced by HIV infection allows TC cells to escape immune

surveillance and proliferate rapidly and invade aggressively.

Secondary infection

HIV infection remarkably reduces the ability to resist the infection and proliferation

of carcinogenic pathogens due to immune deficiency, which leads to
the formation and progression of TC.

Pituitary-thyroid hormone axis or direct effects
Side effects of HIV drugs

Higher TSH concentrations in serum has a proliferative effect on TC growth.

HAART may result in the progression of thyroid disease and even tumors through

disrupting the thyroid hormone axis and changing the thyroid-related cytokines.

SARS-CoV-2 and TC
SARS-CoV-2 in initial recognition

ACE2 functions as the cell membrane receptor of SARS-

CoV-2 in the initial recognition step.

Fusion with cell membrane

TMPRSS2 activates the interaction of the S protein of SARS-CoV-2 with ACE2 at

the stage of fusion with cell membrane.

HIV: human immunodeficiency virus; SARS-CoV-2: severe acute respiratory syndrome coronavirus 2; TC: thyroid cancer; TSH: thyroid-stimulating
hormone; HAART: highly active antiretroviral therapy; ACE2: angiotensin-converting enzyme 2; TMPRSS2: transmembrane protease serine 2.

for interventions to enhance the survival and quality of life of
patients with HIV-NADC.

SARS-CoV-2 and TC

In December 2019, the recent coronavirus disease 2019 (COV-
ID-19), caused by severe acute respiratory syndrome corona-
virus 2 (SARS-CoV-2), is placing health systems in serious
challenges worldwide. The main features of COVID-19 include
fever, fatigue, headache, and other flu-like symptoms [79].
Currently, most treatments are symptomatic and supportive.
However, treatments are of limited effectiveness. Notably, with
the increased understanding of the SARS-CoV-2 and global
vaccination efforts, the incidence and mortality of COVID-19
have declined. However, with most people worldwide infected
or even repeatedly infected, the complications and sequelae of
COVID-19 are increasingly receiving global attention. Com-
pared with the catarrh of the upper respiratory tract, patients
typically present with nasal congestion, rhinorrhea, sore throat,
cough, general malaise, and low-grade fever [80]. It is more like-
ly to suffer from extreme fatigue, muscle soreness, and dyspnea
after infection with COVID-19, which led to the formulation of
the novel term “post-COVID-19 syndrome” [81].

The causative pathogen of COVID-19, SARS-CoV-2, is a
single-stranded RNA b-coronavirus 2 with a length of 29.9 kb.
SARS-CoV-2 infection involves two crucial steps: the initial
recognition of the receptor angiotensin-converting enzyme 2
(ACE2) via S protein, and then the effective fusion of the cell
membrane via transmembrane protease serine 2 (TMPRSS2).
ACE2 and TMPRSS2 are essentially involved in SARS-CoV-2
internalization into host cells, which plays a relevant role in the
pathogenesis of COVID-19 in several species, including hu-
mans [82]. Both ACE2 and TMPRSS22 are highly expressed
in the thyroid [83]. ACE2 and TMPRSS?2 expression levels are
high in the thyroid gland and more than in the lungs. These
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endocrine tissues may be susceptible to viral attack. SARS-
CoV-2 RNA has been detected in the thyroid, implying that
SARS-CoV-2 can infect the thyroid and alter the pituitary-
thyroid axis [84]. SARS-CoV-2 infection has been reported to
induce thyroid disease, including subacute thyroiditis, HT, thy-
rotoxicosis with thyroid dysfunction, and severe low triiodo-
thyronine syndrome [85]. SARS-CoV-2 appears to influence
thyroid function through multiple mechanisms. Due to high
ACE expression in the thyroid, the critical molecular complex
SARS-CoV-2 is used to infect the host cells. The thyroid may
be a target for coronavirus infection [86]. In addition, SARS-
CoV-2 may induce an aggressive inflammatory response and
cytokine storm, causing damage to the airway and thyroid [87].

Previous findings [88-90] are the collection of expert
opinions and recommendations on the new strategies of care
of thyroid patients in the face of COVID-19 transmission risk
and health care surge capacity, but there are few studies on the
pathophysiology of thyroid tumors by SARS-CoV-2. As a re-
sult, the long-term impact of SARS-CoV-2 on thyroid function
and structure will be observed.

There is an attractive secret between SARS-CoV-2, post-
COVID-19 syndrome, and the occurrence and progress of thy-
roid tumors, which deserves the effort we put into studying it.
In summary, significant achievements have been achieved in
understanding the pathophysiology of the thyroid dysfunction
caused by SARS-CoV-2 infection, which affects the diagnosis
and treatment of TC. More molecular and clinical research is
still needed to help us better understand the impact of COV-
ID-19 on thyroid tumor development and malignant behavior.
The potential mechanisms between HIV/SARS-CoV-2 and TC
are shown in Table 1.

Advanced Therapy

Some antiviral drugs may also process anticancer properties
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Figure 3. The relationship between viruses and thyroid cancer. Viruses, including EBV, HCV, HIV, and SARS-CoV-2, play an es-
sential role in the progression of thyroid cancer. In addition to surgery, radiation therapy, ablation therapy, and immune therapy,

antiviral therapy can facilitate the treatment and management of thyroid cancer patients in terms of early diagnosis, risk stratifica-
tion, and precision treatment. EBV: Epstein-Barr virus; HCV: hepatitis C virus; HIV: human immunodeficiency virus; SARS-CoV-2:

Immune therapy
SARS-CoV-2 i

severe acute respiratory syndrome coronavirus 2.

through specific targeted sites or signaling pathways. Ribavirin,
an antiviral medication, has been identified as an inhibitor of eu-
karyotic initiation factor 4E (eIF4E) [91]. Shen et al demonstrates
that ribavirin acts on TC cells by inhibiting eIlF4E/B-catenin
signaling, suggesting that ribavirin has the potential to be repur-
posed for TC treatment and highlighting the therapeutic value of
inhibiting e[F4E-B-catenin in TC [92]. Other research showed
that cidofovir (CDV) can reduce follicular thyroid carcinoma
cell viability and apoptosis induction in a virus-independent
manner. CDV may have therapeutic potential as an antineoplas-
tic agent; in particular, considering its mode of action, CDV, in
combination with radiation therapy and chemotherapeutics, may
be expected to result in synergistic antitumor activity [93]. The
HIV protease inhibitor nelfinavir (NFV) inhibits PI3K/AKT and
mitogen-activated protein kinases/extracellular signal-regulated
kinase (MAPK/ERK) signaling pathways, emerging targets in
TCs. Jensen et al showed that NFV inhibits proliferation and
induces DNA damage in TC cell lines [94] and expression of
NFV molecular targets in metastatic MTC [95], suggesting that
NFV has the potential to become a new TC therapeutic agent.

Exploring the potential characteristics of antiviral drugs is
a significant theme in drug development and utilization. Stud-
ying the molecular pathogenesis of thyroid tumors can also in-
crease the number of anticancer drugs. Antiviral medicaments
are the ones where several observations provide a stimulus to
research further, which possibly supplements the treatment of
TC and can combine with other treatment methods to improve
patient prognosis.

Prospective

With the deepening of the research, more evidence suggests
that viruses participate in the occurrence and development of
TC. Viruses may emerge as a trigger, a risk factor, an inhibito-
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ry factor, or a carcinogen in the progression of TC. The definite
link between the virus and TC lies in the mechanism of infec-
tion and survival of host cells at the modular levels. Therefore,
comprehensive knowledge may provide insights into finding
molecular targets for diagnosing and treating virus-related TC.

Several limitations in this study need to be considered. First-
ly, the mechanisms of viral carcinogenesis are not completely
clear. In addition, antiviral therapy is still under exploration, and
further clinical trials are needed to verify its efficacy and safety.

Conclusions

The incidence of TC has increased over the past several dec-
ades with the wide and sensitive application of ultrasonogra-
phy worldwide. It has also been reported that there was a pos-
sible association between viral infection and the occurrence
of TC. Viruses, including EBV, HCV, HIV, and SARS-CoV-2,
play a significant role in the progression of TC by recogniz-
ing the host cell, binding to the receptors, affecting oncogenes
levels, and releasing viral products to shape a beneficial envi-
ronment, interacting with immune cells to induce immune eva-
sion and altering the pituitary-thyroid axis, which can maintain
continuous infection in host cells. However, the exact mecha-
nisms still require more molecular and clinical research. Anti-
viral therapies have demonstrated promising antiviral effects
on TC, which may provide more options for patients with TC.
Therefore, further research should be performed on the rela-
tionship between virus and TC, which can potentially affect
the diagnosis, treatment, and management of TC (Fig. 3).
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