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Editorial on the Research Topic
The association between viral infection and human cancers

The World Health Organization estimates that 15.4% of all cancers are attributable
to infections and 9.9% are linked to viruses (Plummer et al,, 2016). Cancers that are
attributable to infections have a greater incidence than any individual type of cancer
worldwide. Eleven pathogens have been classified as carcinogenic agents in humans
by the International Agency for Research on Cancer (IARC; Bouvard et al, 2009).
After Helicobacter pylori, the four most prominent infection-related causes of cancer are
estimated to be viral: human papilloma virus (HPV), hepatitis B virus (HBV), hepatitis
C virus (HCV), and Epstein-Barr virus (EBV; Zapatka et al., 2020). They are all DNA
viruses, except for HCV. Viral infection can lead to uncontrolled cell proliferation and
transformation through interfering with cellular regulatory proteins, inactivating tumor
suppressor genes, evading host immune responses, inducing persistent inflammatory
reactions, causing epigenetic changes, stimulating angiogenesis and activating telomerase
(Chu et al.).

The persistent high-risk HPV (HR-HPV) infection has been strongly associated with
several types of cancer, such as cervical cancer (99.7%), head and neck squamous cell
carcinomas (60%), anal cancer (93%), vulvar cancer (69%), vaginal cancer (75%), and
penile cancers (47%) (Brakebill et al., 2023; Liu and Wallace, 2023; Pisani and Cenci,
2024). Lin et al. reported a significantly higher risk of breast cancer in HPV patients than
in non-HPV patients, with an adjusted hazard ratio of 2.271 in Taiwan. The mechanism
by which HPV causes cervical cancer is relatively well-defined. The rodent and human
cells have been shown to undergo immortalization and transformation upon sustained
expression of E6 and E7 proteins translated from HPV early genes in cell lines (Lou
etal, 2022). An article by Chu et al. reports the successful construction of a recombinant
virus that expresses HPV16 E7 protein in cervical cancer cells and induces the up
regulation of CD36 gene, which is involved in HPV-related oncogenic pathways. This
also provides a potential platform for developing replicative HPV recombinant vaccines.
On the correlation between the prognosis of HPV infection and lesion recurrence, Lu
et al. conducted a retrospective study after cervical conization in 300 patients. They
found that the HPV-negative rates increased over time after surgery. Also, patients with
HPV type 16 infection had the highest risk of cervical squamous intraepithelial lesions.
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Another group of DNA viruses closely associated with tumors
are members of the family Herpesviridae. Lee et al. have found
that Kaposi’s sarcoma-associated human herpes virus (KSHV)
infection can induce high-mobility group box 1 (HMGBI) to
transfer from the nucleus of endothelial cells to the extracellular
space and secrete into the culture medium. HMGBI plays a key
role in the pathogenesis of Kaposi’s sarcoma (KS) by regulating
the secretion of cytokines and growth factors, affecting the tumor
microenvironment. Although HCMV is not a clearly defined
oncogenic virus, numerous reports in recent years have shown its
correlation with various types of tumors (Hu et al., 2021, 2022).
In tumor cells, HCMV may hijack the mRNA nuclear export
machinery, thereby changing the translation of cellular genes and
promoting tumor progression (Li et al.).

An oncolytic virus can be either a naturally occurring DNA
virus, or a genetically engineered virus that selectively infects and
kills cancer cells, while sparing normal cells. It can also stimulate
the immune system to attack the tumor. Hao et al. provides
insights into the molecular mechanisms of EV-A71 oncolysis and
its potential anti-tumor efficacy in glioma. They identified PTBPI, a
gene that is downregulated by EV-A71 infection in glioma cells, as a
potential prognostic biomarker and therapeutic target for gliomal.

The research articles included in this Research Topic
investigated the cellular transformation mechanisms employed
by DNA tumor viruses and also shed light on novel therapeutic
targets, diagnostic tools, and treatment strategies that can be
implemented in clinical settings to effectively treat tumors caused
by oncogenic viruses. In conclusion, these articles clearly develop
a better understanding of the underlying molecular processes
involved in viral-induced tumorigenesis.
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cervical carcinoma etiology and
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Background: Uterine Cervical Carcinoma (UCC) is the most prevalent
gynecological malignancy globally, with a rising incidence in recent years.
Accumulating evidence indicates that specific viral infections, including human
papillomavirus (HPV), Epstein-Barr virus (EBV), Hepatitis B and C viruses (HBV
and HCV), and human herpesvirus (HHV), may contribute to UCC development
and progression. Understanding the complex interplay between viral infections
and UCC risk is crucial for developing novel preventative and therapeutic
interventions.

Methods: This comprehensive review investigates the association between viral
infections and UCC risk by examining the roles of various viral pathogens in UCC
etiology and pathogenesis, and possible molecular mechanisms. Additionally,
we evaluate current diagnostic methods and potential therapeutic strategies
targeting viral infections for UCC prevention or treatment.

Results: The prevention of UCC has been significantly advanced by the
emergence of self-sampling for HPV testing as a crucial tool, allowing for
early detection and intervention. However, an essential challenge in UCC
prevention lies in understanding how HPV and other viral coinfections, including
EBV, HBV, HCV, HHV, HIV, or their concurrent presence, may potentially
contribute to UCC development. The molecular mechanisms implicated in
the association between viral infections and cervical cancer development
include: (1) interference of viral oncogenes with cellular regulatory proteins,
resulting in uncontrolled cell proliferation and malignant transformation; (2)
inactivation of tumor suppressor genes by viral proteins; (3) evasion of host
immune responses by viruses; (4) induction of a persistent inflammatory
response, contributing to a tumor-promoting microenvironment; (5) epigenetic
modifications that lead to aberrant gene expression; (6) stimulation of
angiogenesis by viruses; and (7) activation of telomerase by viral proteins, leading
to cellular immortalization. Additionally, viral coinfections can also enhance
oncogenic potential through synergistic interactions between viral oncoproteins,
employ immune evasion strategies, contribute to chronic inflammation, modulate
host cellular signaling pathways, and induce epigenetic alterations, ultimately
leading to cervical carcinogenesis.
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Conclusion: Recognizing the implications of viral oncogenes in UCC etiology and
pathogenesis is vital for addressing the escalating burden of UCC. Developing
innovative preventative and therapeutic interventions requires a thorough
understanding of the intricate relationship between viral infections and UCC risk.

human papillomavirus (HPV), Epstein-Barr virus (EBV), human herpesvirus (HHV), uterine
cervical carcinoma (UCC), molecular mechanisms, hepatitis B and C viruses (HBV and

HCV)

Introduction

Uterine cervical carcinoma (UCC) remains a major global
health concern, accounting for significant morbidity and mortality
in women worldwide. Despite considerable research efforts and
advances in screening and prevention strategies, UCC continues to
pose a substantial public health challenge, particularly in low- and
middle-income countries (Srinath et al., 2022; Ton et al., 2022; Dau
etal., 2023; Tin et al., 2023). A comprehensive understanding of the
etiological factors underlying the development of UCC is crucial
for devising improved prevention, early detection, and treatment
strategies. Although extensive research has been conducted on
the etiology and pathogenesis of UCC, the precise mechanisms
underlying its development are not yet fully understood. Various
factors, such as age (Basoya and Anjankar, 2022; Yuan et al., 2023),
obesity (Frumovitz et al., 2014; Coffey et al., 2016; Sassenou et al.,
2021; Bohn et al., 2022), hormonal imbalances (Zidi et al., 2020;
Iversen et al., 2021; Lasche et al., 2022), genetic predisposition
(Chandra et al., 2022; Liu et al., 2022b; Yadav et al., 2023a), and
environmental exposures (Kycler et al., 2017; Korsakov et al., 2022),
have been implicated in UCC development. Recently, a growing
body of evidence has highlighted viral infections, particularly the
Human Papillomavirus (HPV), as a key factor in UCC pathogenesis
(Figueiredo et al., 2023; Gilham et al., 2023; Smith et al., 2023).

Viruses, as obligate intracellular parasites, are well-recognized
for their ability to manipulate host cellular processes, potentially
leading to malignant transformation. Several viruses, such as HPV,
Epstein-Barr virus (EBV) (Abudoukadeer et al.,, 2015; Luo et al,
2019), and hepatitis B and C viruses (HBV and HCV) (Mahmood
et al,, 2002; Ferber et al., 2003), have been identified as oncogenic,
playing crucial roles in the pathogenesis of various human cancers.
Nevertheless, the association between viral infections and UCC
remains an active area of investigation, with inconsistent findings
reported in the literature.

This review aims to provide a comprehensive overview of
the current state of knowledge regarding the relationship between
viral infections and UCC risk. We will discuss the evidence
supporting the involvement of various viruses in the development
of UCC, focusing on their potential roles in oncogenesis, molecular
mechanisms, and clinical implications. Furthermore, we will
explore the challenges and future directions in the study of viral
infections and UCC, emphasizing the need for well-designed
epidemiological and molecular studies to better understand
the intricate interplay between viruses and UCC malignancy.
Ultimately, elucidating the role of viral infections in UCC may lead

Frontiers in Microbiology

to novel preventive and therapeutic strategies for this prevalent and
life-threatening disease.

Human papillomavirus (HPV)
infection and etiology of UCC

There are over 100 different types of HPV, which are
categorized into three risk groups: high-risk, intermediate-risk,
and low-risk, based on their association with UCC (Table 1;
Muioz et al., 2003). High-risk HPV types are strongly associated
with UCC, as they can cause persistent infections and lead to
the development of precancerous lesions, which may eventually
progress to cancer. The high-risk types include HPV strains
16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59 (Table 1).
Notably, HPV 16 and 18 are the most common high-risk strains,
responsible for approximately 70% of UCC cases worldwide.
Two of these species, a9 (also known as HPV16-like) and a7
(also known as HPV18-like), are of particular importance in the
context of UCC diagnosis (Table 1; Evans et al., 2022). HPV-16
is a high-risk HPV type belonging to the Alphapapillomavirus
genus. It is responsible for nearly 50-60% of all cervical cancer
cases, making it the most prevalent and oncogenic HPV type
(Youn et al, 2020). The carcinogenic potential of HPV-16 is
primarily attributed to the expression of two viral oncoproteins,
E6 and E7. These oncoproteins play a crucial role in HPV-
16-mediated cervical carcinogenesis by disrupting the normal
cellular regulatory pathways. The E6 oncoprotein of HPV-
16 targets the tumor suppressor protein p53, promoting its
ubiquitin-mediated degradation and thus impairing its ability
to regulate cell cycle progression, apoptosis, and DNA repair
(Zhang et al., 2022). The E7 oncoprotein, on the other hand,
binds to and inactivates the retinoblastoma protein (pRb), a
key cell cycle regulator, leading to uncontrolled cell proliferation
and genomic instability. Furthermore, E6 and E7 can cooperate
to induce chromosomal aberrations, telomerase activation, and
immortalization of infected cervical epithelial cells, eventually
resulting in malignant transformation (Figure 1; Liu et al., 2019).
The strong association between HPV-16 and UCC underscores
the importance of HPV vaccination and screening programs to
prevent infection and early detection of cervical precancerous
lesions. Currently, available prophylactic HPV vaccines, such as the
bivalent, quadrivalent, and nonavalent vaccines, provide protection
against HPV-16 and other high-risk HPV types. These vaccination
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TABLE1 Human papillomavirus (HPV) and uterine cancer risk.

Country and date

Arbyn et al. (2022a)-United States

HPV strains

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68.

Main findings

Higher agreement for target amplification-based DNA assays
compared to signal amplification-based DNA assays or RNA

assays

Applications

HPV test agreement/concordance targets may provide
criteria to extend existing validations toward
alternative sampling approaches.

References

Arbyn et al., 2022a

Arbyn et al. (2022b)-Belgium

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, 68.

Compared with validated DNA assays, APTIMA HPV Test was
similarly sensitive and slightly more specific for CIN2 +.

APTIMA HPV assay is a target amplification nucleic
acid probe test for the in vitro qualitative detection of
E6/E7 viral mRNA from 14 high-risk types of human

papillomavirus

Arbyn et al., 2022b

Serrano et al. (2022)-Spain

HPV strains 16, 18, 31, 59, 66, 53, 33, 58,
45, 56, 52, 35, 68, 51, 39, 82, 26, 73, 6, 11,
81.

Of countries with screening programs, 12% recommend
self-sampling: nine as the primary method and eight for
underscreened populations.

The information can be beneficial for decision-making

in both new and existing programs.

Serrano et al., 2022

Murnoz-Bello et al.
(2022)-Mexico

HPV strains 16 and 18

The epidemiology of HPV-16 and HPV-18 intratype variants in
the Mexican population, as well as their association with UCC.

Investigating intratype HPV variants linked to cancer
may facilitate the development of targeted UCC
prevention and patient outcome prediction strategies.

Muiioz-Bello et al., 2022

Evans et al. (2022)-Canada

HPV a9 species (HPV16-like), HPV a7
species (HPV18-like)

The immune landscape of HPV-positive and HPV-negative UCC
displays significant disparities, with subtle differences observed
between HPV a9 and a7 UCC.

Altered patient outcomes between HPV-negative and
HPV-positive UCC and potentially between UCC
associated with different HPV types.

Evans et al., 2022

Costa et al. (2023)-Belgium

HPV strains 16, 18, 31, 59, 66, 53, 33, 58,
45, 56, 52, 35, 68, 51, 39, 82, 26, 73, 6, 11,
81.

Opt-in strategies were less effective than send-to-all strategies.

Self-samples represent a great opportunity to increase
UCC screening.

Costa et al., 2023

Schiffman et al.
(2011)-United States

HPV strains 16, 18, 31, 33, 45, 52, and 58.

Discusses the role of HPV testing in UCC prevention and
screening strategies

Incorporating HPV testing in UCC prevention
programs could enhance screening efficacy and inform
public health policy.

Schiffman et al., 2011

Walboomers et al.
(1999)-Netherlands

HPV strains 16, 18, 45, 31, 33, 52, 35, and
58.

Establishes that HPV infection is a necessary cause of UCC
worldwide.

The causal link between HPV infection and UCC
justifies the creation and deployment of HPV vaccines
to prevent UCC.

Walboomers et al., 1999

Bosch et al. (2002)-Spain

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, and 59.

Reviews the causal relationship between HPV infection and UCC.

The causal link between HPV infection and UCC
justifies the creation and deployment of HPV vaccines
to prevent UCC.

Bosch et al., 2002

Mufioz et al. (2003)-France,
Spain

High-risk types include HPV strains 16,

18, 31, 33, 35, 39, 45, 51, 52, 56, 58, and 59.

Intermediate-risk types include HPV
strains 68, 73, and 82. Low-risk types
include HPV strains 6, 11, 40, 42, 43, 44,
54,61, 70,72, 81, and CP6108.

Classifies the various HPV genotypes and their association with
UCC.

HPV types associated with UCC provided a basis for
the development of vaccines targeting specific high-risk
HPV types.

Muiioz et al., 2003

zur Hausen (2002)-Germany

HPV strains 16, 18, 31, 33, 35, 45, 52, and
58.

Reviews the molecular mechanisms of papillomavirus in cancer
development and its clinical applications.

Fundamental and clinical HPV research in cancer has
contributed to the innovation of diagnostic tools,
therapies, and preventive approaches.

zur Hausen, 2002

Castellsagu et al. (2001)-Spain,
Mozambique

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, and 66.

Investigates the HPV genotypes present in a rural population in
Mozambique.

HPV genotypes in rural Mozambique informed
regional vaccination programs and public health
strategies tailored to specific populations.

Castellsagu et al., 2001

(Continued)
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TABLE1 (Continued)

Country and date

de Sanjose et al. (2010)-Spain,
multiple international
collaborators

HPV strains

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, and 66

Main findings

Analyzes the attribution of different HPV genotypes in invasive
UCC cases worldwide.

Applications

HPV genotype attribution in invasive UCC helps guide
the development of vaccines targeting the most
common and high-risk HPV types.

References

de Sanjose et al., 2010

Brown et al. (2009)-United States

HPV strains 6, 11, 16, and 18

Studies the impact of the quadrivalent HPV vaccine on the
infection and disease caused by non-vaccine oncogenic HPV

types.

The impact of the quadrivalent HPV vaccine could be
used to inform vaccination strategies and guide public
health recommendations.

Brown et al., 2009

Kreimer et al.
(2015)-United States, multiple
international collaborators

HPV strains 6, 11, 16, 18, 31, 33, 35, 39,
45, 51, 52, 56, 58, and 59.

Evaluates the efficacy of fewer than three doses of an HPV-16/18
AS04 adjuvanted vaccine.

The efficacy of fewer than three doses of an HPV-16/18
vaccine, potentially leading to more cost-effective and
accessible vaccination programs.

Kreimer et al., 2015

Joura et al. (2015)-Austria,
multiple international
collaborators

HPV strains 6, 11, 16, 18, 31, 33, 45, 52,
and 58.

Assesses the efficacy of a valent HPV vaccine against infection and

intraepithelial neoplasia in women.

The efficacy of a 9-valent HPV vaccine, potentially
improving protection against a broader range of
high-risk HPV types.

Joura et al., 2015

Plummer et al. (2016)-France,
United Kingdom

HPV strains 16 and 18

Estimates the global burden of cancers attributable to infections,
including HPV associated UCC.

The global burden of cancers attributable to infections,
including HPV, informing public health policies and
strategies for cancer prevention.

Plummer et al., 2016

Insinga et al.
(2003)-United States

HPV strains 6 and 11

Estimates the health and economic burden of genital warts in a set
of private health plans in the United States.

The health and economic burden of genital warts in the
United States, highlighting the need for prevention and
control strategies.

Insinga et al., 2003

Chen et al. (2018)-China

Provides an overview of cancer incidence and mortality in China,
including UCC.

UCC incidence and mortality in China, informing
cancer control policies and strategies, including HPV
vaccination programs.

Chen et al., 2018

Tota et al. (2013)-Canada

Discusses epidemiologic approaches to evaluate the potential for
HPYV type replacement post vaccination.

Potential HPV type replacement post vaccination,
which may guide the development and monitoring of

future vaccination programs.

Tota et al., 2013

Huh et al. (2017)-United States

HPYV strains 6, 11, 16, 18, 31, 33, 45, 52,
and 58.

Presents the final efficacy, immunogenicity, and safety analyses of
a nine-valent HPV vaccine in women aged 16-26 years.

The efficacy, immunogenicity, and safety analyses of a
9-valent HPV vaccine informed vaccination guidelines
and policies.

Huh et al., 2017

Ackermann et al. (2005) Germany

UCC development because of HPV infection.

Prevention of HPV infection.

Ackermann et al., 2005

Brewster et al. (1999)
United States

HPV is unrelated to the neoplastic transformation process of
UCC.

Brewster et al., 1999

Montoya-Fuentes et al. (2001)
Mexico

HPV strains 16, 18, 35, and 58

Viral presence in UCC and advanced squamous intraepithelial
lesions is inconclusive for confirming or dismissing HPV
infection involvement in HGSILs and UCC.

Montoya-Fuentes et al.,
2001

Nakagawa et al. (2010) Brazil

HPV 16, 18, 31, 33, 35, 39, 45, 51, 52, 56,
58, 59, and 68.

A robust association exists between HPV infection and UCC
neoplasia, which may progress to UC.

These include getting vaccinated against HPV,
practicing safe sex, getting regular Pap tests, and
avoiding smoking.

Nakagawa et al., 2010

Maskey et al. (2019)-Nepal

High-grade lesions exhibit greater infiltrating T cell density than
low-grade lesions or normal tissue, with differences in T cell
distribution between HPV-negative and HPV-positive samples.

Identifying T lymphocyte subpopulations related to
cervical neoplasia grades may enable the development
of targeted therapies.

Maskey et al., 2019

(Continued)

1839 YD

Tevv6T1'2202'921W3/6825°0T


https://doi.org/10.3389/fmicb.2023.1194431
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org/

AB0)01q0IDIN Ul SID13U0I4

B40"UISIa13UOAY

TABLE 1 (Continued)

Country and date

Sankaranarayanan et al.
(2009)-India

HPV strains

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, and 68.

Main findings

Research should prioritize high-risk HPV types prevalent in rural
India, with HPV16 and HPV18 demonstrating the strongest UCC
risk association.

Applications

HPYV testing was associated with a significant reduction
in the numbers of advanced UCC and deaths from
uUCC.

References

Sankaranarayanan et al.,
2009

Bhatla and Singhal (2020)-India

HPV strains 16, 18, 31, 33, 35, 39, 45, 51,
52, 56, 58, 59, 66, and 68

HPV, a necessary cause of UCC, is detected through primary HPV
screening for pre-neoplastic lesions or cytology-based screening
involving cell examination.

Primary HPV screening offers superior pre-neoplastic
lesion detection sensitivity, improved negative test
reassurance, and safely extended screening intervals.

Bhatla and Singhal, 2020

Hildesheim et al.
(2001)-United States

44 HPV types (2, 6, 11, 13, 16, 18, 26, 31,

32, 33, 34, 35, 39, 40, 42, 45, 51, 52, 53, 54,

55, 56, 57, 58, 59, 61, 62, 64, 66, 67, 68, 69,

70,72, 73, 83, AE2, AE4, AE5, AE6, AE7,
AES, W13B, AP155)

Among HPV-positive women, multiparity and smoking are risk
factors for UCC. Oral contraceptive use may be associated with
UCC too.

Preventing smoking and oral contraceptive use.

Hildesheim et al., 2001

Malevolti et al. (2022)-Italy

A significant association was found between cigarette smoking
and the risk of UCC. The risk of CC increased with pack-years
and smoking duration and decreased linearly with time since
quitting, reaching that of never smokers about 15 years after
quitting.

By highlighting the role of smoking in increasing UCC
risk, this research supports the need for smoking
cessation programs and public health policies that
discourage smoking.

Malevolti et al., 2022

Marlow et al.
(2007)-United Kingdom

UCC development because of HPV infection.

HPYV vaccine and testing

Marlow et al., 2007

Lee et al. (2003)-Cancer letters
Republic of Korea

High-risk HPV type
(16/18/31/33/35/39/45/51
/52/56/58/59/66/68/69) and low-risk HPV
types (6/11/34/40/42/43/44).

Subjects infected with multiple HPV types had a 31.8-fold higher
risk of UCC, while the single HPV type had a 19.9-fold increased
risk

The detection and typing of HPV infection by HPV
DNA Chip.

Lee et al., 2003

Labani et al. (2014)-India

Cervical HPV detection exhibits high sensitivity (85%) for
CINIII + lesions and moderate sensitivity (53%) for
CINII + lesions

HPYV testing is superior to VIA and Pap test for the
detection of high-grade UCC.

Labani et al., 2014

Giuliano et al.
(2002)-United States

HPV strain 16 and 18

In the <23 years group, approximately 76% of high-risk
HPV-infected individuals are potentially at risk for UCC
development.

HPV testing as the sole primary screening test

Giuliano et al., 2002

Cuzick et al. (2006)
United Kingdom

Among 60,000 females, HPV testing demonstrated higher
CIN2 + detection sensitivity than cytology (96.1 vs. 53.0%) but
lower specificity (90.7 vs. 96.3%).

HPV testing as the sole primary screening test, with
cytology reserved for women who test HPV positive

Cuzick et al., 2006
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FIGURE 1

Viral pathogenesis of cervical cancer. The figure highlights the role of viral oncogenes in deregulating cellular processes, leading to uncontrolled cell
proliferation and malignant transformation. Additionally, the figure emphasizes the involvement of viral infections in promoting immune escape,
chronic inflammation, angiogenesis, and epigenetic modifications. Furthermore, the illustration demonstrates the influence of viruses on the
activation of telomerase and the induction of genome instability, contributing to the development of cervical cancer.

programs have been shown to significantly reduce the incidence of ~ do not generally lead to cancer, it is still essential to monitor and
HPV-16-associated cervical intraepithelial neoplasia and invasive  treat any HPV infection to maintain overall health. The relationship
UCC (Pham et al., 2020). Moreover, persistent HPV-16 infection ~ between UCC and HPV types is based on the risk categories. High-
serves as a valuable biomarker for the early identification of women  risk types are the primary cause of UCC, while intermediate-risk
at high risk for cervical cancer development. Molecular testing  types have a weaker association, and low-risk types are generally not
for HPV-16 and other high-risk HPV types in cervical cancer linked to the development of UCC. Over time, the accumulation
screening programs can enhance the sensitivity and specificity  of genetic mutations and chromosomal abnormalities in infected

of detecting cervical precancerous lesions, thereby improving the  cejls contributes to the progression from low-grade to high-grade
overall effectiveness of cervical cancer prevention strategies (Kim

et al., 2020).

Human papillomavirus a9 species includes HPV types 16, 31,
33, 35, 52, and 58. HPV «7 species includes HPV types 18, 39, 45,
59, and 68. These species comprise several high-risk HPV types,

precancerous lesions (cervical intraepithelial neoplasia, CIN) and,
eventually, to invasive UCC.

There are several proposed mechanisms by which HPV might
contribute to the development of UCC, such as by promoting

) . i genomic instability (Porter and Marra, 2022), deregulating cell
which are strongly associated with the development of UCC. UCC cycle control (Singh et al., 2022), and inhibiting apoptosis (Figure I;
diagnosis typically involves a combination of screening and testing Yadav et al, 2023b). HPV may downregulate the expression of
?etthocll‘s. R.(eigslar;JCC lscreemng.,dsuctl.l as tt)he Pap Tmcl;)liou (PaP ) major histocompatibility complex (MHC) molecules, hindering
estor 1gu1 “based cytology, can identify a no'rr.na e c.anges m antigen presentation and recognition by cytotoxic T cells (Ferrall
the cervix. If abnormal cells are detected, additional testing, such et al., 2021). Viral infections can induce a persistent inflammatory
as HPV DNA testing or colposcopy, may be recommended. HPV N i

DNA testing helps to identify high-risk HPV types, including those
within the a9 and a7 species, that are associated with an increased

response, characterized by the infiltration of immune cells and the
release of pro-inflammatory cytokines, chemokines, and reactive
oxygen species. This chronic inflammation may contribute to the

risk of UCC. HPV 9 and a7 species, which encompass several

high-risk HPV types, play a crucial role in the development of formation of a tumor-promoting microenvironment (Hemmat and

UCC. Regular screening, early detection, and appropriate follow- Bannazadeh Baghi, 2019); HPV infection may cause epigenetic
modifications, such as DNA methylation (van den Helder et al,
2022), histone modifications (Lourenco de Freitas et al., 2021), and

non-coding RNA regulation (Liu et al., 2022a), which can lead to

up care are vital for preventing the progression of precancerous
lesions into invasive UCC. Additionally, HPV vaccination can help
protect against the most common high-risk HPV types, including
those in the a9 and o7 species, thereby reducing the risk of UCC. the aberrant expression of genes involved in cell cycle regulation,
Intermediate-risk HPV types have a weaker association with UCC ~ apoptosis, and DNA repair, thereby facilitating carcinogenesis
compared to high-risk types. They include HPV strains 68, 73,and ~ (Figure 1). HPV can disrupt the apoptotic machinery, thereby
82 (Table 1). These types may contribute to the development of ~ promoting the survival and proliferation of UCC (Liu et al., 2020).
cancer in combination with other risk factors, but they are not as ~ HPV can cause genome instability by integrating its viral DNA into
aggressive as high-risk types. Low-risk HPV types are not typically ~ the host genome. This integration disrupts the normal function of
associated with UCC but can cause benign lesions, such as genital ~ cellular genes and regulatory elements, leading to the dysregulation
warts or mild dysplasia. These include HPV strains 6, 11,40, 42,43,  of cell cycle control and DNA repair mechanisms (Figure 1; Kamal
44,54,61,70,72,81,and CP6108 (Table 1). Although low-risk types et al., 2021).
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Understanding the molecular biology of HPV infection and
UCC development has been crucial in developing prevention
and screening strategies, such as HPV vaccines and HPV-based
UCC screening tests, to reduce the incidence and mortality of
UCC worldwide (Table 1). HPV vaccines, such as Gardasil (Choi
et al, 2023) and Cervarix (Roy et al, 2023), protect against
the most common high-risk HPV types (particularly HPV 16
and 18). By preventing infection with these types, the vaccines
can effectively reduce the likelihood of developing precancerous
cervical lesions and, ultimately, UCC. Widespread vaccination has
the potential to substantially decrease the overall incidence of
UCC. Studies have already shown a decline in the prevalence
of high-risk HPV infections and precancerous cervical lesions in
vaccinated populations. When a significant portion of a population
is vaccinated against HPV, it can create herd immunity, which
means that even unvaccinated individuals will be indirectly
protected due to reduced virus circulation in the population.
Herd immunity, also known as community immunity, occurs
when a substantial proportion of a population is immunized
against a contagious disease, subsequently reducing the overall
circulation of the pathogen and indirectly protecting unvaccinated
individuals (Fine et al., 2011). The impact of herd immunity in
UCC prevention is particularly relevant given the etiological role
of HPV in the development of this malignancy. Persistent high-
risk HPV infection is responsible for virtually all cases of UCC
(Bosch et al., 2002). Therefore, achieving herd immunity through
widespread HPV vaccination has the potential to considerably
decrease the incidence of UCC. Several factors contribute to the
development of herd immunity in the context of HPV vaccination.
Firstly, the widespread vaccination of adolescents, both male and
female, can significantly reduce the prevalence of high-risk HPV
strains in the population. This reduced prevalence can lead to a
decline in the transmission of HPV to unvaccinated individuals,
thereby lowering their risk of developing UCC (Markowitz et al.,
2012). Secondly, herd immunity can benefit specific population
groups that may be at higher risk for HPV infection or cervical
cancer but have lower vaccination rates. For example, certain
minority or socioeconomically disadvantaged populations might
face barriers to accessing HPV vaccination. Herd immunity can
provide a measure of protection to these groups by reducing the
overall circulation of high-risk HPV strains (Harper and DeMars,
2017). Recent studies have provided evidence of the positive impact
of herd immunity on cervical cancer prevention. A study by Drolet
et al. found that in countries with high HPV vaccination coverage,
the prevalence of vaccine-targeted HPV types decreased by 83%
among 13-19-year-old females and 66% among 20-24-year-old
females, indicating a substantial reduction in the circulation of
high-risk HPV strains (Drolet et al., 2019). Furthermore, the
study observed a decrease in HPV prevalence among unvaccinated
females, suggesting the presence of herd immunity.

However, it is important to note that HPV vaccines do
not protect against all HPV types that can cause UCC, nor
do they eliminate the risk entirely. Therefore, even vaccinated
individuals should continue to undergo regular UCC screenings
as recommended by healthcare professionals. With a reduction
in the prevalence of high-risk HPV infections and UCC, there
may be a reduced need for frequent UCC screenings (e.g., Pap
smears or HPV tests) and associated treatments. This can lead to
lower healthcare costs and improved quality of life for women.
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Self-sampling for HPV testing has emerged as a valuable tool in
UCC prevention, offering several benefits that can help improve
the overall effectiveness of screening programs and facilitate early
detection of HPV infections, particularly among high-risk groups
(Racey et al,, 2013; Arbyn et al., 2018). Some key advantages of
self-sampling for HPV testing during UCC prevention include:
Self-sampling allows women to collect their samples in the privacy
of their homes, without the need for a clinical appointment. This
can lead to higher participation rates, especially among women
who may be reluctant or unable to attend traditional clinic-based
screenings due to cultural, logistical, or financial barriers (Sancho-
Garnier et al,, 2013; Gupta et al., 2018). Self-sampling provides a
more comfortable and less invasive alternative to clinician-collected
samples. Many women find self-sampling less intimidating and
more acceptable, which can encourage them to undergo regular
HPYV testing as part of their UCC prevention routine (Waller et al.,
2009; Arrossi et al., 2016). Self-sampling can help reduce costs
associated with clinic visits, clinician time, and resources (Abuelo
et al.,, 2014). By facilitating increased participation in HPV testing,
self-sampling can contribute to more cost-effective UCC screening
programs (Elfstrom et al., 2014). Self-sampling can improve access
to UCC screening among hard-to-reach populations, such as
women living in remote areas or those with limited access to
healthcare services (Safaeian et al., 2007). By making HPV testing
more accessible, self-sampling can help reduce health disparities
and improve UCC prevention efforts in underserved communities
(Bennett et al., 2018). With increased participation in HPV testing
through self-sampling, more women can be screened for high-risk
HPYV infections. Early detection of these infections allows for timely
intervention, such as close monitoring or treatment, to prevent the
development of precancerous lesions and UCC (Ronco et al., 2014).
It is important to note that the accuracy of self-sampling depends
on the quality of the sample collected and the type of HPV test used
(Arbyn et al., 2014). High-quality self-sampling kits and sensitive
HPV tests are essential for reliable results (Petignat et al., 2007).
In conclusion, self-sampling for HPV testing is an important tool
in UCC prevention, as it can increase participation rates, improve
access to screening, and facilitate early detection and intervention,
ultimately contributing to a reduction in the incidence of UCC
(Ogilvie et al., 2007; Nelson et al., 2017). It is important to consider
other risk factors for UCC, such as obesity (Urbute et al., 2022),
smoking (Table 1; Hildesheim et al., 2001; Malevolti et al., 2022),
hormone replacement therapy, tamoxifen use, and a family history
of Lynch syndrome (Kwolek et al., 2023), as these factors have more
consistent associations with UCC risk.

The role of EBV in UCC risk

Epstein-Barr virus, also known as human herpesvirus 4 (HHV-
4), is a virus that has been associated with various types of
cancers, including Burkitts lymphoma, Hodgkin’s lymphoma,
nasopharyngeal carcinoma, and some types of stomach cancer
(gastric carcinoma). However, the association between EBV and
UCC is not well-established. Some studies have detected EBV DNA
or viral proteins in UCC tissues (Blanco et al., 2020; Castro et al.,
2020; Feng M. et al,, 2021; Macleod and Reynolds, 2021), while
others have not found any significant association between EBV
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infection and UCC (Table 2; De Oliveira et al.,, 1999; Noel et al.,
2001).

Several mechanisms have been proposed to elucidate the role
of EBV in the development of UCC. Two crucial viral proteins,
Epstein-Barr nuclear antigen 1 (EBNA-1) and latent membrane
protein 1 (LMP-1), have been implicated in the oncogenic process
during EBV infection. EBNA-1 is a multifunctional protein
involved in the replication, maintenance, and segregation of
the EBV episome in latently infected cells. It is expressed in
all EBV-associated malignancies and plays a pivotal role in the
persistence of viral episomes within host cells. Additionally, EBNA-
1 contributes to the immortalization of infected cells by altering
cellular gene expression and promoting genomic instability. During
clinical diagnosis, the detection of EBNA-1 expression may serve
as a marker of latent EBV infection and its associated cervical
malignancies (Hoseini Tabatabaie et al., 2023). LMP-1, on the
other hand, is a transmembrane protein that functions as a
constitutively active mimic of the tumor necrosis factor receptor
(TNFR) family, stimulating multiple signaling pathways that
promote cell survival, proliferation, and differentiation. LMP-1
exerts its oncogenic effects by activating the nuclear factor-kappa
B (NF-kB), mitogen-activated protein kinase (MAPK), and Janus
kinase/signal transducer and activator of transcription (JAK/STAT)
pathways. Detection of LMP-1 expression during clinical diagnosis
can indicate the presence of an active EBV infection and suggest
a more aggressive disease course, as LMP-1 is implicated in
immune evasion, angiogenesis, and metastasis (Awasthi et al,
2023). A well-executed retrospective cohort study contributes to
our understanding of the prevalence of EBV by targeting EBNA-1
and LMP-1 in cervical cancer specimens, with the authors reporting
a22.2% prevalence (n = 22) in their cohort of 99 patients. This is a
valuable addition to the existing body of knowledge on EBV and
cervical cancer. The authors provide evidence for the prognostic
value of EBV status in cervical cancer patients, demonstrating
that the 1-year and 5-year OS rates were higher in the EBV-
positive group compared to the EBV-negative group. This finding
highlights the potential clinical utility of EBV status as a prognostic
biomarker (Table 2; Castro et al., 2020). EBV infection has been
associated with epigenetic modifications in host cells, including
DNA methylation (Fujii et al., 2022), histone modifications (Fujii
etal.,, 2022), and non-coding RNA regulation (Kolesnik et al., 2021).
EBV has developed various strategies to evade the host immune
response, allowing the virus to persist in infected cells. This
immune evasion can lead to chronic inflammation and contribute
to the development of a favorable microenvironment for UCC
initiation and progression (Figure 1; Pandey et al., 2021).

There have been some studies suggesting that coinfection with
EBV and HPV may increase the risk of UCC development. The
hypothesis is that the two viruses could act synergistically, with
EBV potentially promoting HPV-induced cervical carcinogenesis
(Table 2; da Carvalho and de Melo, 2019; Blanco et al., 2020).
Co-infection with EBV, HPV, and human immunodeficiency virus
(HIV) could potentially increase the risk of UCC development
(Denny et al.,, 2008; Kelly et al., 2018). Infection with these high-
risk types can lead to the formation of abnormal cervical cells,
which may progress to UCC if not detected and treated early.
HIV infection impairs the immune system, making it more difficult
for the body to fight off infections, including HPV. Women
with HIV are more likely to have persistent HPV infections,
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which can increase the risk of developing UCC (Clifford et al.,
2017). Additionally, HIV-infected women are more likely to have
faster progression from pre-cancerous lesions to invasive UCC
compared to women without HIV. Although EBV is not directly
linked to UCC, co-infection with HIV could further increase the
risk due to the impaired immune response. Co-infections can
complicate the clinical picture, and it is essential for healthcare
providers (Table 2; Feng M. et al., 2021). HPV, EBV, and KSHV
coinfections can stimulate angiogenesis (Figure 1), the formation
of new blood vessels, by upregulating pro-angiogenic factors (e.g.,
VEGF and IL-8), which may promote tumor growth and metastasis
(Dai et al.,, 2018; Hemmat and Bannazadeh Baghi, 2019). Upon
coinfection, EBV and HPV oncoproteins have been shown to
cooperatively activate several critical signaling pathways, including
PI3K/AKT, MAPK/ERK, JAK/STAT, B-catenin, and p53 (Vranic
etal, 2018). These pathways are known to regulate various cellular
processes, such as cell survival, proliferation, differentiation, and
migration, which are often dysregulated in cancer. Consequently,
the simultaneous activation of these pathways by EBV and HPV
oncoproteins can contribute to enhanced UCC development and
progression.

Given the current state of research, the direct relationship
between EBV and UCC risk remains unclear. Further studies are
needed to investigate the potential association between EBV and
uterine cancer, as well as the underlying mechanisms involved if
such a link exists.

HBV and HCV infection increases
the development of UCC risk
indirectly

Hepatitis B viruses is a DNA virus that primarily infects the
liver and can cause both acute and chronic hepatitis. HBV is a well-
established risk factor for liver cancer, specifically hepatocellular
carcinoma (HCC). However, the association between HBV
infection and uterine cancer, particularly UCC, is not well-
established. There is limited research on the potential relationship
between HBV and uterine cancer, and the available studies do
not provide sufficient evidence to establish a clear link between
HBYV infection and the risk of developing uterine cancer (Table 3).
It is important to note that HBsAg (hepatitis B surface antigen)
is associated with hepatitis B infection, which primarily affects
the liver, while HPV is the main causative agent for UCC. Both
HBV and HPV infection can potentially contribute to a weakened
immune system, which may make it more difficult for the body
to fight off other infections, including HPV. A weakened immune
system could theoretically increase the risk of developing UCC in
HPYV positive individuals, but the primary risk factor remains the
HPV infection itself (Table 3; Ferber et al., 2003; Luo et al., 2022).
Although there is not a direct causal link between HBV infection
and squamous cell UCC, some studies have suggested a potential
association between the two. Serological markers of HBV infection,
such as HBsAg, hepatitis B e antigen (HBeAg), and hepatitis B core
antibody (anti-HBc), can provide information about the presence
and stage of HBV infection in an individual. These markers may
have prognostic value in certain cancer types (Table 3; Feng X.
etal, 2021). The presence of HBsAg in serum indicates an ongoing
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TABLE 2 Association of Epstein-Barr virus (EBV) with UCC risk.

Country and date

EBV strains or coinfection

Main findings

Applications

References

authors reporting a 22.2% prevalence in UCC patients. Tthe
1-year and 5-year OS rates were higher in the EBV-positive group
compared to the EBV-negative group.

Blanco et al. (2020)-Chile EBV and HPV The study explores the epidemiological and molecular aspects of Investigates the role of EBV and HPV coinfection in Blanco et al., 2020
EBV and HPV coinfection, suggesting that EBV and HPV UCC, discussing epidemiology, molecular
coinfection could increase the risk of UCC development by mechanisms, and potential therapeutic targets.
affecting multiple signaling pathways.
Castro et al. (2020)-Peru EBV EBNA-1 and LMP-1 in cervical cancer specimens, with the This finding highlights the potential clinical utility of Castro et al,, 2020

EBV status as a prognostic biomarker of UCC.

Feng M. et al. (2021)-China

EBV, HPV, and HIV

The study reports that EBV and HPV coinfection in Chinese
women living with HIV was significantly associated with
high-grade cervical intraepithelial neoplasia, supporting the role
of EBV as a potential cofactor in the development of cervical
lesions.

Studies the role of EBV and HPV coinfection in
cervical intraepithelial neoplasia in Chinese women
living with HIV.

Feng M. et al., 2021

Macleod and Reynolds
(2021)-Eastern and Southern
Africa

EBV

This scoping review highlights the high prevalence of HPV
infection and UCC among women who sell sex in Eastern and
Southern Africa, emphasizing the need for targeted interventions
to reduce the burden of HPV-related disease.

Reviews the prevalence of HPV infection and UCC
among women who sell sex in Eastern and Southern
Africa.

Macleod and Reynolds,
2021

De Oliveira et al. (1999)-Brazil

EBV

The study found no evidence of EBV infection in cervical
carcinomas, suggesting that EBV may not play a significant role in
UCC.

Reports the lack of EBV infection in cervical

carcinomas.

De Oliveira et al., 1999

Noel et al. (2001)-Belgium

EBV

The investigation of lymphoepithelioma-like carcinoma of the
uterine cervix revealed evidence of HPV infection but not EBV,
indicating that HPV may be the primary causative agent.

Presents evidence of HPV infection but not EBV in
lymphoepithelioma-like carcinoma of the uterine

cervix.

Noel et al., 2001

Yordanov et al. (2020)-Bulgaria

EBV

The single-center study found no correlation between EBV and
lymphoepithelioma-like carcinoma of the uterine cervix, while a
strong association with high-risk HPV types was observed.

Examines the correlation between EBV and HPV
infection in lymphoepithelioma-like carcinoma of the

uterine cervix.

Yordanov et al., 2020

Kienka et al. (2019)-United States

EBV

The study reports that EBV, but not human cytomegalovirus, is
associated with high-grade HPV-associated cervical lesions in
women from North Carolina.

Investigates the association of EBV with high-grade
HPV-associated cervical lesions in women in North
Carolina.

Kienka et al., 2019

Cameron et al.
(2020)-United States

EBV

HIV-infected women with genital tract specimens positive for
both HPV and EBV were found to be at a higher risk for
abnormal cervical cytology.

Assesses the risk of abnormal cervical cytology in
HIV-infected women testing positive for both HPV
and EBV.

Cameron et al., 2020

Vranic et al. (2018)-Qatar

EBV

This brief update discusses the association between EBV and
UCC, highlighting the potential role of EBV as a cofactor in the
development of HPV-associated cervical lesions.

Provides an update on the role of EBV in UCC.

Vranic et al., 2018

de Lima et al. (2018)-Brazil

EBV

A meta-analysis found a significant association between EBV and
cervical carcinoma, supporting the role of EBV as a potential
cofactor in cervical carcinogenesis.

Conducts a meta-analysis to assess the association
between EBV and cervical carcinoma.

de Lima et al., 2018
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TABLE 2 (Continued)

Country and date

EBYV strains or coinfection

Main findings

Applications

References

Nigeria

invasive UCC compared with non-invasive UCC cases

testing of suspected UCC cases to identify individuals
with poorer prognoses.

Sasagawa et al. (2000)-Japan EBV The study found that EBV gene expression was more frequently Compares EBV gene expression in cervical Sasagawa et al., 2000
observed in invasive UCC than in cervical intraepithelial intraepithelial neoplasia and invasive UCC, in relation
neoplasia, suggesting a potential role for EBV in UCC to HPV infection.
progression.
Khashman et al. (2020a)-Iraq EBV The study investigated the expression of EBV latent membrane Examines the expression of EBV latent membrane Khashman et al., 2020a
protein 1 (LMP1) in Iraqi women with cervical carcinoma, protein 1 (LMP1) in Iraqi women with cervical
although the main findings were not provided in the citation. carcinoma.
Yordanov et al. (2019)-Bulgaria EBV The immunohistochemical study showed HPV and EBV infection Studies the immunohistochemical expression of HPV Yordanov et al., 2019
in patients with lymphoepithelioma-like carcinoma of the uterine and EBV in patients with lymphoepithelioma-like
cervix, supporting a possible role for both viruses in the carcinoma of the uterine cervix.
development of this rare subtype of UCC.
da Carvalho and de Melo HPV and EBV The study highlights the association between HPV and EBV Reviews the association between HPV and EBV da Carvalho and de
(2019)-Brazil infections in UCC, discussing the potential interactions and infections and cancer of the uterine cervix. Melo, 2019
molecular mechanisms involved in cancer development.
Lau et al. (2021)-Taiwan HPV and EBV The case report describes a rare occurrence of an Epstein-Barr Presents a case history of an EBV-associated smooth Lau et al., 2021
Virus-associated smooth muscle tumor (EBV-SMT) of the muscle tumor (EBV-SMT) of the cranio-cervical
cranio-cervical junction in an immunocompetent patient, junction in an immunocompetent patient.
empbhasizing the need for further research on EBV-SMT in this
population.
Okoye et al. (2023)-Southern EBV-LMP1 The prevalence of HPV/EBV-LMP1 copresence was high in EBV DNA should equally be investigated during HPV/ Okoye et al., 2023

Sosse et al. (2022)-France

The role of EBV as potential cofactors in cervical carcinogenesis.

The study could lead us to develop new therapeutics
and preventive vaccines

Sosse et al., 2022
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infection, either acute or chronic (Lok and McMahon, 2009).
HBeAg is a secreted viral protein that reflects active viral replication
and is associated with high infectivity (Hadziyannis, 1995). Anti-
HBc is an antibody produced in response to the HBcAg, which is
a component of the viral nucleocapsid. The presence of anti-HBc
indicates previous exposure to HBV, either resolved or ongoing
(Chu and Liaw, 2010). In a study involving 277 cervical cancer
patients, the seropositivity rates for HBsAg, HBeAg, and anti-HBc
were found to be 4.33, 0.72, and 13.00%, respectively, indicating a
potential relationship between HBV infection and cervical cancer
(Wu et al,, 2021). The detection of HBsAg and HBcAg in a subset
of cervical cancer cases with seropositive HBsAg, as well as the
increased risk of cervical cancer in individuals with both HBsAg
and HPV positive, underscores the potential interplay between
HBV infection and HPV in cervical cancer development. This
observation highlights the importance of considering co-infections
when examining UCC risk factors (Luo et al., 2022).

Hepatitis C viruses is a well-known risk factor for liver cancer,
particularly hepatocellular carcinoma. However, its association
with uterine cancer, particularly UCC, is unclear and not well-
established (Table 3; Mahmood et al., 2002; Chhetri, 2010). The
prevalence of HBV and HCV infections was found among UCC
patients compared to the general population. The association
between chronic HBV infection and cervical cancer disappears
among HPV-positive patients but remains significant for patients
younger than 50 years after adjusting for HPV infection and parity.
Co-infection with sexually transmitted infections (STIs), such as
HIV, HBV, HCYV, can also increase the risk of developing UCC. The
seroprevalence of STIs among cervical cancer suspected women in
Ethiopia, highlights a significant public health concern. The authors
report an overall STT prevalence of 16.6% (67/403) in the study
population, with the prevalence of HIV, HBV, HCV, and syphilis
being 8.9, 2.5, 1, and 7.2%, respectively. This information helps
to bridge the existing knowledge gap concerning the burden of
coinfection in this UCC population (Abebe et al., 2021).

The clinical importance of EBV, HBV, and HCV in the
etiology of cervical cancer has become an area of increasing
interest among researchers and clinicians. The exact mechanisms
by which EBV may contribute to cervical cancer development
remain unclear, but possible explanations include the induction
of genomic instability, inhibition of apoptosis, and promotion of
cell proliferation (Figure 1). The possible mechanisms through
which HBV may contribute to chronic inflammation, immune
suppression, or molecular mimicry. Further investigation is
warranted to determine the clinical relevance of HBV in the
context of cervical cancer and to assess whether prevention and
control of HBV infection may have implications for cervical cancer
risk reduction. Similar to HBV, HCV is primarily implicated in
liver diseases but has also been suggested as a possible co-factor
in cervical cancer development. Some studies have reported an
increased prevalence of HCV infection among cervical cancer
patients, raising the possibility of an association between the two
conditions. The potential mechanisms linking HCV to cervical
cancer remain speculative and may involve chronic inflammation
or immune dysregulation. In conclusion, the clinical importance
of EBV, HBV, and HCV in cervical cancer etiology remains
an emerging area of investigation. Although these viruses are
not considered primary causative agents of cervical cancer,
their potential role in the development of this malignancy
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warrants further study. Understanding the mechanisms through
which these viruses may contribute to cervical carcinogenesis
could have important implications for the prevention, diagnosis,
and treatment of cervical cancer, ultimately improving patient
outcomes and public health strategies.

Other virus strains and UCC risk

Human cytomegalovirus (HCMV) has been associated with
various malignancies, including glioblastoma and prostate cancer.
It has been detected in some UCC tissues (Kienka et al., 2019;
Khashman et al, 2020b; Ghadicolace et al., 2021), but the
relationship is not well-established. Human T-cell lymphotropic
virus type 1 (HTLV-1) is a retrovirus known to be associated with
adult T-cell leukemia/lymphoma (ATL) and a neurological disorder
called HTLV-1-associated myelopathy/tropical spastic paraparesis
(HAM/TSP). Although HTLV-1 has not been directly implicated in
UCC, some studies have suggested a potential link between HTLV-
1 infection and an increased risk of developing UCC (Schierhout
et al., 2020). The connection between HTLV-1 and UCC is not
as well-established as that of HPV, which is the primary cause of
UCC. However, there is some evidence to suggest that HTLV-1
infection might influence the persistence or progression of HPV
infection, potentially increasing the risk of UCC in HTLV-1-
infected women (Ibrahim Jaber and Qasim Dhumad, 2022; Rosadas
and Taylor, 2022). Additionally, it has been suggested that HTLV-
1 might indirectly contribute to UCC development by impairing
the immune system and reducing the body’s ability to control HPV
infection (Ibrahim Jaber and Qasim Dhumad, 2022).
(KSHV),
known as human herpesvirus 8 (HHV-8), is a virus primarily

Kaposi’s sarcoma-associated herpesvirus also
associated with Kaposi’s sarcoma, primary effusion lymphoma, and
multicentric Castleman’s disease. While KSHV has been extensively
studied in relation to these conditions, its direct association with
UCC is not well-established. Although KSHV and HPV are both
viruses that can cause cancer, their roles in the development of
UCC are distinct. HPV is considered the primary etiological
agent for UCC, while KSHV has not been definitively linked
to this malignancy. There have been some studies investigating
the potential role of KSHV in UCC (Mukerebe, 2022), but the
evidence is not yet strong enough to establish a direct association.
Further research is needed to determine if KSHV plays a role in
the development or progression of UCC or if it has any interaction
with HPV in cervical carcinogenesis.

Human herpesvirus (HHV), particularly HHV-2, also known
as herpes simplex virus type 2 (HSV-2), has been suggested to
play a role in the development of UCC (Mukerebe, 2022). HSV-
2 is primarily responsible for genital herpes infections, which
can cause genital ulcers and increase the risk of acquiring other
sexually transmitted infections (STIs), including HPV (Moharreri
and Sohrabi, 2021). While HSV-2 itself is not considered a
direct cause of UCC, its association with genital ulcers and the
increased risk of acquiring HPV could potentially contribute to
the development of UCC. Furthermore, HSV-2 infection might
cause local inflammation and immunosuppression in the cervical
area, which could facilitate the persistence and progression of HPV
infection, ultimately leading to UCC (Vitali et al., 2020).
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TABLE 3 The indirect association between hepatitis B virus (HBV) and hepatitis C virus (HCV) infections and the increased risk of developing uterine cervical Cancer (UCC).

Country and date

Virus strains

Main findings

Applications

References

(2002)-United Kingdom

HCV-seropositive patients, indicating a possible role for HCV in
cervical pathogenesis.

Luo et al. (2022)-China HBC and HCV HBsAg and HPV positive had an increased risk of UCC HBYV infection should be avoided. Luo et al., 2022
Feng X. et al. (2021)-China HBV HBYV infection is associated with poor prognosis in patients with The main application is investigating the prognostic Feng X. et al,, 2021
primary UCC. impact of hepatitis B virus (HBV) infection in patients
with primary UCC.
Chhetri (2010)-India HCV A case report suggests an association between HCV infection and This article focuses on a case report and brief review of Chhetri, 2010
carcinoma cervix, highlighting the need for further studies. the literature on the association between chronic
hepatitis C virus (HCV) infection and carcinoma
cervix.
Ferber et al. (2003)-United States HBV Integrations of HBV and HPV into the human telomerase reverse The study examines the integrations of HBV and Ferber et al., 2003
transcriptase (WT'ERT) gene were found in liver and UCC, human papillomavirus (HPV) into the human
suggesting a possible oncogenic mechanism. telomerase reverse transcriptase (W\TERT) gene in liver
and UCC.
Mahmood et al. HCV HCV RNA was detected in normal cervical smears of This research aims to detect HCV RNA in normal Mahmood et al., 2002

cervical smears of HCV-seropositive patients.

Shiels et al. (2013)-United States

None mentioned

The non-Hodgkin lymphoma epidemic in the United States was
analyzed, with results suggesting factors other than HIV playing a
significant role in its development.

The article analyzes the epidemic of non-Hodgkin
lymphoma in the United States, disentangling the effect
of HIV from 1992 to 2009.

Shiels et al., 2013

patients with HBV infection, suggesting a potential association.

Engels et al. (2010)-Republic of HBV HBV infection was found to be associated with an increased risk This cohort study investigates the association between Engels et al., 2010
Korea of non-Hodgkin lymphoma in a South Korean cohort study. HBYV infection and risk of non-Hodgkin lymphoma in

Republic of Korea.
Kumar et al. (2018)-India HBV Multiple idiopathic cervical root resorptions were reported in The research examines the occurrence of multiple Kumar et al., 2018

idiopathic cervical root resorptions in patients with
HBV infection.

Heffernan et al. (2010)-Australia

None mentioned

The global reduction of UCC through HPV vaccines is discussed,

with insights drawn from HBV vaccine experience.

The main application is exploring global reduction of
UCC with HPV vaccines, drawing insights from the
hepatitis B virus vaccine experience.

Heffernan et al., 2010

HBV-induced malignant transformation of hepatocytes by
down-regulating E-cadherin.

Wu et al. (2021)-China HBV Serological markers of HBV infection have prognostic value in The study investigates the prognostic value of Wu et al,, 2021
squamous cell UCC. serological markers of HBV infection in squamous cell
UCC.
Siu et al. (2007)-Hong Kong SAR, HBV Patients with malignant or pre-malignant cervical lesions were This research explores the increased risk of becoming Siu et al., 2007
China found to have an increased risk of becoming hepatitis B carriers. an HBV carrier in patients with malignant or
pre-malignant cervical lesions.
Lietal (2015)-China HBV Up-regulation of human UCC proto-oncogene contributes to The article examines the role of human UCC Lietal, 2015

proto-oncogene in contributing to HBV-induced
malignant transformation of hepatocytes by
down-regulating E-cadherin.
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Dimond et al., 2021

The study evaluates the immunogenicity and safety of

the hepatitis B vaccine given in an accelerated schedule

coadministered with the HPV type 16/18

AS04-adjuvanted UCC vaccine.

This case report discusses fatal hepatitis B reactivation

in a patient receiving chemoradiation for UCC.

The immunogenicity and safety of hepatitis B and human

papillomavirus type 16/18 AS04-adjuvanted UCC vaccines were

found to be satisfactory when coadministered in an accelerated

schedule.

A fatal hepatitis B reactivation case was reported in a patient

receiving chemoradiation for UCC, highlighting the need for

careful monitoring and management of HBV during treatment.
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Human immunodeficiency virus is a virus that attacks the
immune system, specifically the CD4 + T cells, which play a
crucial role in immune response. HIV infection can progress to
acquired immunodeficiency syndrome (AIDS) when the immune
system is severely damaged, leaving the individual vulnerable to
various opportunistic infections and cancers. There is a strong
association between HIV and UCC. HIV infection weakens the
immune system, making it difficult for the body to fight off HPV
infections and prevent the progression of pre-cancerous lesions
to UCC (Marima et al., 2021; Stelzle et al.,, 2021). HIV-infected
women have a higher prevalence of HPV infection and are more
likely to be infected with multiple high-risk HPV types. They are
also more likely to have persistent HPV infections, which increases
the risk of developing UCC (D’andrea et al., 2019). HIV-infected
women tend to have a faster progression from HPV infection to the
development of precancerous lesions and invasive UCC compared
to women without HIV infection (Moscicki et al., 2019; Tawe et al.,
2020). HIV-infected women may have a poorer response to UCC
treatments, such as surgery, radiation, and chemotherapy, due to
their compromised immune systems. To reduce the risk of UCC
in HIV-infected women, regular UCC screening (e.g., Pap smears
or HPV tests) is recommended. Additionally, the administration
of the HPV vaccine can help protect against the high-risk HPV
types responsible for UCC. Antiretroviral therapy (ART) can also
help to improve the immune system in HIV-infected individuals,
potentially reducing the risk of developing UCC (Shin et al,
2019). It is important to note that the link between many types of
viruses and UCC is still not fully understood, and more research
is needed to establish a clear relationship between the two. HPV
remains the primary risk factor for UCC, and the prevention and
control of HPV infection through vaccination and screening are the
most effective strategies for reducing the incidence of UCC. More
research is needed to determine the exact relationship between
different virus types and UCC, as the current evidence is limited
and inconclusive.

The future challenge for the viral
etiology of UCC

The future challenges for the viral etiology of UCC, particularly
in relation to HPV; include (1) Improving vaccination coverage,
although the HPV vaccine has proven effective in reducing
the prevalence of high-risk HPV strains associated with UCC,
improving vaccination coverage globally remains a challenge,
especially in low- and middle-income countries where the
burden of UCC is high; (2) Understanding HPV and other
viral coinfections, such as EBV, may potentially play a role in
UCC development. Further research is needed to elucidate the
mechanisms and significance of these coinfections; (3) expanding
screening programs: screening programs using HPV DNA
testing have shown promise in detecting precancerous lesions,
but implementing and expanding these programs worldwide,
particularly in resource-limited settings, remains a challenge; (4)
addressing disparities in access to care, disparities in access to
preventive care, such as vaccination and screening, contribute to
the high burden of UCC in certain populations. Efforts should be
made to address socioeconomic, cultural, and logistical barriers
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to care; (5) developing novel therapeutic approaches, although
current treatments for UCC, such as surgery, radiation, and
chemotherapy, can be effective, there is a need for novel therapies
that target the viral etiology of the disease, such as antiviral
drugs and immunotherapies; (6) enhancing public awareness and
education, public awareness and understanding of the role of
HPV in UCC and the importance of vaccination and screening
are essential to reduce the burden of the disease. Educational
campaigns targeting various populations can help increase vaccine
uptake and participation in screening programs; (7) investigating
the role of viral genetic variation, the role of genetic variation
within HPV types and its impact on UCC risk and vaccine efficacy
needs further investigation; (8) Studying the impact of the HPV
vaccine on non-cervical HPV-associated cancers, the HPV vaccine
has the potential to prevent other HPV-associated cancers, such
as oropharyngeal, anal, and penile cancers. Further research is
needed to understand the long-term impact of vaccination on
these cancers; (9) Addressing vaccine hesitancy: Vaccine hesitancy
remains a challenge in certain populations, and efforts should be
made to address misconceptions and promote confidence in the
HPV vaccine, and (10) Long-term monitoring and surveillance,
continued monitoring and surveillance of HPV prevalence, vaccine
efficacy, and UCC incidence are crucial to assess the long-
term impact of vaccination and screening programs and inform
public health policy.
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High-mobility group box 1 (HMGB1) is a protein that binds to DNA and participates
invarious cellular processes, including DNA repair, transcription, and inflammation.
It is also associated with cancer progression and therapeutic resistance. Despite
its known role in promoting tumor growth and immune evasion in the tumor
microenvironment, the contribution of HMGB1 to the development of Kaposi's
sarcoma (KS) is not well understood. We investigated the effect of HMGB1 on KS
pathogenesis using immortalized human endothelial cells infected with Kaposi's
sarcoma-associated human herpes virus (KSHV). Our results showed that a
higher amount of HMGB1 was detected in the supernatant of KSHV-infected cells
compared to that of mock-infected cells, indicating that KSHV infection induced
the secretion of HMGB1 in human endothelial cells. By generating HMGB1
knockout clones from immortalized human endothelial cells using CRISPR/
Cas9, we elucidated the role of HMGBL1 in KSHV-infected endothelial cells. Our
findings indicate that the absence of HMGBL1 did not induce lytic replication in
KSHV-infected cells, but the cell viability of KSHV-infected cells was decreased in
both 2D and 3D cultures. Through the antibody array for cytokines and growth
factors, CXCL5, PDGF-AA, G-CSF, Emmprin, IL-17A, and VEGF were found to
be suppressed in HMGB1 KO KSHV-infected cells compared to the KSHV-infected
wild-type control. Mechanistically, phosphorylation of p38 would be associated
with transcriptional regulation of CXCL5, PDGF-A and VEGF. These observations
suggest that HMGB1 may play a critical role in KS pathogenesis by regulating
cytokine and growth factor secretion and emphasize its potential as a therapeutic
target for KS by modulating the tumor microenvironment.

HMGBL, KSHV, herpesvirus, cell proliferation, CRISPR/Cas9 system, cytokine array

1. Introduction

High-mobility group box 1 (HMGBI) is a versatile protein that plays essential roles in
normal cellular processes and pathological conditions, particularly inflammation and cancer
(Martinotti et al., 2015; Wang and Zhang, 2020). As an immune protein released during tissue
damage, infection, or inflammation, HMGBI plays a crucial role in regulating innate and
adaptive immune responses (Yang et al., 2020). In innate immunity, HMGBI1 acts as a
pro-inflammatory cytokine, stimulating the production of TNF-alpha and IL-1p, thereby
promoting inflammation, immune cell recruitment, and activation for threat elimination (Lee
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S. A.etal, 2014). In adaptive immunity, HMGBI enhances antigen
presentation through dendritic cell receptor binding, facilitating
antigen capture, processing, and presentation to T cells. This
interaction drives T cell activation, proliferation, and differentiation
into effector cells, shaping the adaptive immune response (Li et al.,
2013). Inflammation is crucial for the development of tumors, and
HMGBI is a vital mediator of the inflammatory response. HMGB1
functions as an extracellular signaling molecule and stimulates the
production of cytokines and chemokines, contributing to the
pro-inflammatory response (Xu et al., 2016). Additionally, HMGB1
can bind to receptors on immune cells, promoting tumor growth and
immune evasion (Zhang et al., 2019; Hubert et al., 2021). In cancer,
HMGBI is frequently overexpressed and is associated with poor
patient prognosis (Zhang et al., 2015; Xu et al, 2016). HMGBI1
influences multiple aspects of cancer progression, including DNA
repair, transcription, angiogenesis, and metastasis (Tripathi et al.,
2019; Wang and Zhang, 2020).

Kaposis sarcoma (KS) is a type of cancer that affects the
endothelial cells lining blood vessels and is caused by the Kaposi’s
sarcoma-associated herpesvirus (KSHV), also known as human
herpesvirus 8 (HHV-8) (Boshoff et al., 1995; Ganem, 2010). KSHV
promotes the development of KS by modulating various signaling
pathways that regulate cell proliferation, survival, and angiogenesis
(Watanabe et al., 2018). The virus encodes several proteins that
activate or inhibit these pathways, leading to the uncontrolled growth
of infected cells and the formation of KS lesions (Ganem, 2010).
Furthermore, KSHV exploits multiple host genes to create a
pro-inflammatory and pro-tumorigenic microenvironment that
facilitates tumor growth and immune evasion (Lee M. S. et al., 2014;
Jeon et al., 2019; Lee et al., 2023).

HMGBI1 enhances KSHYV replication and transcription activator
(RTA) binding to RTA-responsive elements of KSHV target genes
(Song et al., 2004). Furthermore, HMGB1 binds and synergistically
upregulates the KSHV ORF50 promoter in conjunction with RTA
2008).
we demonstrated that intracellular HMGBI1 forms complexes with

(Harrison and Whitehouse, In a previous study,
various proteins and that the levels of HMGB1-interacting proteins
are altered during latent and lytic replication (Kang et al., 2021a).
Furthermore, our findings indicated that extracellular HMGBI1
enhances lytic replication, which correlates with viral production.
Our previous study demonstrated that HMGBI1 has a crucial role
in the replication of KSHV in KSHV-producing cancer cell line.
However, the role of HMGBI in the development of KS remains
unclear. Although human endothelial cells are widely regarded as a
source of KS spindle cells, the lack of primary human endothelial cells
for gene depletion studies has hindered efforts to ascertain the specific
functions of cellular proteins in KS pathogenesis. To address the
limitations of the study exploring the involvement of HMGBI in KS
development using primary endothelial cells, we employed the
CRISPR-Cas9 system to knock out (KO) HMGBI in immortalized
human endothelial cells known as HuARLT cells. Fortunately,
we successfully isolated an HMGB1 KO clone from the HuARLT cells,
as well as HMGB1 KO HuARLT cells that were infected with
KSHYV. Using these cell model, our findings revealed that HMGB1 was
not essential for the proliferation of uninfected cells. However, in
KSHV-infected cells, the absence of HMGBI significantly inhibited
cell proliferation in 2D culture and impaired sphere formation in 3D
culture. Further analysis revealed differential expression of various
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cytokines and growth factors, including those involved in sphere
formation and maintenance, in KSHV-infected cells lacking HMGBI.
These results suggest that HMGBI1 plays a critical role in KS
development and that its absence can impair tumor growth
and maintenance.

2. Materials and methods
2.1. Cell culture and reagents

iSLK BACI16 cells were cultured in Dulbecco’s Modified Eagle’s
Medium (DMEM)/high glucose (Welgene, Gyeongsan, South Korea)
containing 10% fetal bovine serum (FBS; GenDEPOT, Katy, TX,
United States) and 1% antibiotic-antimycotic solution (Invitrogen,
Waltham, MA, United States). HygromycinB (1.2 mg/mL; Invitrogen),
geneticin (250 pg/mL; Invitrogen), and puromycin (1pg/mL;
Invitrogen) were added and the cells were cultured to maintain the
latent infection of iSLK BAC16. HUARLT cells (May et al., 2010) were
cultured in endothelial cell growth medium 2 (EGM-2, PromoCell,
Heidelberg, Germany) supplemented with 2pg/mL doxycycline
(Sigma-Aldrich, St. Louis, MO, United States). All cells were cultured
at 37°C in a humidified atmosphere containing 95% air and 5% CO.,.

2.2. Virus isolation and infection

The iSLK BACI16 cells harboring recombinant KSHV BAC16
(Brulois et al., 2012) were used to produce virions. iSLK BAC16 cells
were treated with 1.2mM sodium butyrate (Sigma, Burlington, MA,
United States) and 50 pg/mL doxycycline (Sigma) for 48h to induce
Iytic replication. Upon the induction of lytic replication, DMSO was
added to the culture media together with sodium butyrate and
doxycycline at 0.1, 0.5%, or 1% of the total volume (Kang et al., 2021b).
For virus isolation, the culture medium was collected and centrifuged
at 300x g for 10min at 4°C to remove cell debris from the culture
supernatant. The supernatant was centrifuged again at 2,000 x g for
10 min at 4°C, and the supernatant was collected. The supernatant was
collected and centrifuged at 100,000 x g for 1 h at 4°C. The virus pellet
was resuspended in cold phosphate-buffered saline (PBS) and stored
at —80°C until the viral stock was used. KSHV infection was
performed as previously described (Yoo et al., 2008). Briefly, the
prepared KSHV stock was added to Gibco Opti-MEM (Invitrogen)
containing 5 pg/mL polybrene (Santa Cruz Biotechnology, Santa Cruz,
CA, United States). HuARLT cells were seeded onto 6-well culture
plates the day before KSHV infection. KSHV infection was performed
by centrifugation at 2,600 rpm for 1 h at 25°C. After centrifugation, the
medium was changed to endothelial cell growth medium 2
(PromoCell), and the cells were incubated overnight at 37°C in a
humidified atmosphere containing 5% CO,. The KSHV-infected cells
were selected with 50 ~ 100 pg/mL of hygromycin B for over 2 weeks.

2.3. Establishment of HMGB1 KO cells
using CRISPR/Cas9 system

HMGB-1 KO was performed according to a previously published
method that targeted HMGB-1 (Kang et al., 2021a). To establish the
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HMGB-1 KO cell line, CRISPR RNA (crRNA) targeting HMGB-1
(catalog number A35509, chr13:30463559-30463537) and tracrRNA
were purchased from Thermo Fisher Scientific and annealed according
to the manufacturer’s instructions. Lipofectamine CRISPRMAX Cas9
transfection reagent (Thermo Fisher Scientific) was used to transfect
HuARLT cells with CRISPR RNA and TrueCut Cas9 protein V2. After
3 days, the cells were detached with trypsin-EDTA and counted at the
desired concentration. The cells were then seeded into a 96-well
culture dish with 0.8 cells per well and 100 pL of medium for cloning.
Single clones were analyzed by western blotting and sequencing to
confirm HMGB-1 KO. The HMGB-1 KO clone was cultured in a large
culture dish and used in subsequent experiments.

2.4. Sequencing to validate KO of HMGB1

To identify the KO cell clones and gene alterations using the
CRISPR/Cas9 KO system, sequencing was performed as previously
described (Kang et al., 2021a; Lee et al., 2023). DNA was extracted
from HMGB-1 KO cells using the DNeasy Blood and Tissue kit
(Qiagen, Valencia, CA, United States), and PCR was performed using
a PCR premix (Solgent, Daejeon, South Korea) targeting HMGB-1.
The following primers were used: F 5-GAAAAATAACTAA
ACATGGGCAA-3', and R 5'-GGAGGCCTCTTGGGTGCA-3'". The
PCR products were validated by agarose gel electrophoresis and
inserted into a vector using a TOPcloner TA kit (Enzynomics,
Daejeon, South Korea). The resulting vector was transformed into
Escherichia coli DH5u (included in the TA kit). Bacteria were cultured
on LB plates containing 50 pg/mL ampicillin, and colonies were
obtained. Ten colonies were selected, and plasmids were extracted
using a Plasmid Mini kit (MGmed, Seoul, South Korea). The plasmids
were sequenced by Bionics (Seoul, South Korea) using M13F
(5'-GTAAAACGACGGCCAG-3") and MI3R (5-CAGGAAA
CAGCTATGAC-3') primers.

2.5. Western blotting

Western blot analysis was performed as previously described
protocol (Jeon et al., 2021). The primary antibodies used were anti-
HMGB-1 (Abcam, Cambridge, MA, United States), anti-f-actin
(Sigma-Aldrich), anti-KSHV ORF 50 (Bioss, Woburn, MA,
United States), anti-HHV ORF 45 (Thermo Fisher Scientific), and
anti-KSHV K8.1 antibodies (Santa Cruz, Santa Cruz, CA,
United States). Horseradish peroxidase (HRP)-conjugated goat anti-
mouse IgG (Bethyl; Montgomery, TX, United States) and
HRP-conjugated goat anti-rabbit IgG (Bethyl) were used as secondary
antibodies. The antibody-reacted membranes were visualized using
Amersham ImageQuant 800.

2.6. RNA isolation, cDNA synthesis, and
reverse transcription-quantitative
polymerase chain reaction (RT-qPCR)
analysis

RNA was extracted using a TaKaRa MiniBEST Universal RNA
Extraction Kit (Takara, Shiga, Japan) and adjusted to the same
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concentration per microliter. Reverse transcription was performed
using TaKaRa RT Master Mix II (Takara) following the manufacturer’s
instructions. The resulting complementary DNA was quantified using
real-time PCR with TaKaRa SYBR FAST qPCR mix (Takara). gPCR
was performed using the following primers: HMGB-1 E, 5- GAA
AAA TAA CTA AAC ATG GGC AA-3 HMGB-1 R, 5- CTA AGA
AGT GCT CAG AGA-3', glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) E 5-GGT ATC GTG GAA GGA CTC-3’, GAPDH R,
5’-GTA GAG GCA GGG ATG ATG-3', ENA-78 E, 5'-CTG CAA GTG
TTC GCC ATA GG-3’, ENA-78 R, 5-GAG GCT ACC ACT TCC
ACCTT-3,PDGFA E, 5-GTC ATT TAC GAG ATT CCT-3’, PDGFA
R,5-TAATTT TGG CTT CTT CCT-3’, G-CSF E, 5-CAG AGC TTC
CTG CTC AAGTG-3", G-CSE R, 5-TAG GTG GCA CACTCA CTC
AC-3’, Emmpirin F, 5-AGG CTG TGA AGT CGT CAG AA-3,
Emmpirin R, 5-GCC TCC TCA GAG TCA GT-3,IL-17A E 5-TGT
GAT CTG GGA GGC AAA GT-3, IL-17A R, 5-CCC ACG GAC
ACC AGT ATC TT-3', VEGF E 5-ATT ATG CGG ATC AAA
CCT-3, VEGF R, 5-TTC TTG TCT TGC TCT ATC TT-3’, VEFGA
F 5-AGG ATG GCT TGA AGA TGT-3', VEGFA R, 5-CAC
GAAGTG GTG GTG AAG TTC-3", VEGFC E 5-TGT GTC CAG
TGT AGA TGA A-3', VEGFCR, 5-TCT TCT GTC CTT GAG TTG
A-3" KSHV ORF50 E, 5"-AGA AGG TGA CGG TAT ATC C-3', KSHV
ORF50 R, 5-CGC TGT TGT CCA GTA TTC-3, KSHV K8.1
5’-AAC TGA CCG ATG CCT TAA-3', KSHV K8.1 R, 5-GCG TCT
CTT CCT CTA GTC-3'. The primers used in this study were
synthesized by Genotech (Daejeon, South Korea).

2.7. Immunofluorescence assay

Immunofluorescence assay (IFA) was performed as previously
described (Lee M. S. et al,, 2014; Kang et al., 2021a). The primary
antibodies used were anti-HMGB-1 (Abcam), anti-KSHV ORF50
(Bioss), anti-KSHV K8.1 (Santa Cruz), and anti-LNA (Abcam)
antibodies. The secondary antibodies used were Alexa Fluor
568-conjugated anti-mouse IgG (Thermo Fisher Scientific) and Alexa
Fluor 568-conjugated anti-rabbit IgG (Thermo Fisher Scientific)
antibodies. A concentration of 500ng/mL of 49,6-diamidino-2-
phenylindole (DAPI) was used to stain nucleic acids. The stained
samples were observed under a Nikon Eclipse E400 microscope
(Nikon, Tokyo, Japan) under the same conditions.

2.8. Proliferation and cell death assay

To assess cell proliferation, 5000 cells were seeded in each well of
a 96-well plate and incubated for 1day (under specified culture
conditions). After incubation, the cells were treated with the WST-1
reagent (Roche, Basel, Switzerland) according to the manufacturer’s
instructions. The plate was then incubated for 1h (under specified
culture conditions), after which absorbance was measured at 450 nm
using a microplate reader. Three independent experiments were
performed, and the data were statistically analyzed. To assess cellular
death, 5000 cells were seeded in each well of a 96-well plate and
incubated for 1day (under specified culture conditions). The lactate
dehydrogenase (LDH) assay kit (Roche) was used according to the
manufacturer’s instructions. After the assay, absorbance was measured
at 490 nm using a microplate reader. Three independent assays were
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performed, and the supernatant LDH levels were normalized to the
cellular LDH levels. The data were statistically analyzed.

2.9. Three-dimensional culture of
endothelial cell spheroid

Endothelial cells were cultured in a 3-dimensional culture system
following a previously published method (Dubich et al., 2021; Lee
et al,, 2023). Briefly, 4000 endothelial cells were seeded in a 96-well
plate coated with 1% agarose (Bio-Rad Laboratories, Hercules, CA,
United States) in PBS. The cells were then cultured under adjusted
growth conditions with doxycycline and hygromycin B for 2-3 days.
The resulting spheroids were harvested from the wells and
resuspended in 50 pL of endothelial cell growth media containing
2pg/mL doxycycline, 0.7mg/mL of human fibrinogen (Merck,
Rahway, NJ, United States), 0.4% methylcellulose (Sigma-Aldrich),
and 0.5U/mL human plasma thrombin (Merck). The resuspended
cells were mixed with 50 uL of Matrigel® (BD Biosciences, Franklin
Lakes, NJ, United States) and seeded in a 96-well plate. After
polymerization, the plate was incubated under optimized cell culture
conditions to allow further spheroid growth. To prevent drying, the
plate was supplied with a culture medium containing doxycycline.

2.10. Cytokine antibody array

To assess cytokine production, 1x10° endothelial cells were
seeded onto 100 mm diameter dishes in an endothelial cell growth
medium containing 2 pg/mL of doxycycline. After 2 days of culture,
the supernatant was harvested and centrifuged at 2000 rpm at 4°C for
10 min to remove cellular debris. The supernatant was analyzed using
the Proteome Profiler Human XL Cytokine Array Kit (R&D Systems,
Minneapolis, MN, United States), following the manufacturer’s
instructions. The final membrane was detected using Amersham™
ImageQuant™ 800.

2.11. Statistical analysis

All experiments were performed independently at least three
times, and the results are representative data. The mean * standard
deviation values are presented in the graphs. A two-tailed Student’s
t-test was used to compare the data between two different groups.
Significant differences are indicated by an asterisk at a p value of less
than 0.05 (*p<0.05; **p<0.01).

3. Results

3.1. Expression of HMGBL1 in KSHV-infected
human endothelial cells

We investigated whether KSHV infection affected the expression
and secretion of HMGBI in immortalized human endothelial
HuARLT cells (Lipps et al., 2017). After infection with recombinant
KSHYV and KSHV BAC16 (Brulois et al., 2012), we selected KSHV-
infected cells and found that HMGBI1 expression in the cellular
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fraction was not significantly altered by KSHV infection (Figure 1A).
However, we observed a significant increase in the protein level of
HMGBI in the supernatant of KSHV-infected cells compared with
that in mock-infected cells (Figure 1A). This increase was not
accompanied by an increase in HMGB1 mRNA expression
(Figure 1B). Our results suggest that KSHV infection induces the
translocation of HMGBI1 from the nucleus into the cytoplasm of
infected cells, and that this released HMGB1 may be secreted into the
These supported by
immunofluorescence assays (IFA), which demonstrated HMGB1

extracellular  space. findings were
expression in both the nucleus and cytoplasm of KSHV-infected cells

but only in the nucleus of mock-infected cells (Figure 1C).

3.2. Establishment of an HMGB1 KO clone
in human endothelial cells

To isolate a KO clone of HMGBI in HuARLT cells, we utilized a
ribonucleoprotein complex composed of the Cas9 protein and
HMGBI-targeting gRNA. To perform CRISPR/Cas9-mediated
knockout, it is necessary to isolate a single cell clone by using limiting
dilutions. However, this process can create cellular heterogeneity,
which can make it difficult to interpret the results. To avoid this
problem, a single clone was isolated from the HuARLT cells before the
CRISPR/Cas9-mediated knockout process, and this clone was used
for subsequent experiments. After transfection of gRNA and Cas9
protein to HUARLT cells, each clone was separated using a limiting
dilution technique. To confirm HMGB1 KO, we employed a
PCR-based genotyping method to detect genetic mutations.
Subsequently, we cloned the PCR products, including the gRNA
sequence, into a T-cloning vector to generate single-copy mutant DNA
fragments for sequencing (Figure 2A). We analyzed 10 colonies using
conventional sequencing analysis and found that all colonies exhibited
the same mutation with an additional A’ insertion in the Cas9
targeting site, indicating that both alleles might harbor the same
mutation. We cannot exclude the possibility that only one allele was
detected in the analysis using only 10 colonies. Intriguingly, the
mutation induced by the gRNA sequence was the same as that in a
previous application of iSLK BAC16 (ref), suggesting that the gRNA
sequence might preferentially induce a mutation at a specific site.
Furthermore, we analyzed HMGBI1 expression in wild tyep (WT) and
KO HuARLT clones using western blotting and IFA (Figures 2B,C).
The cellular morphology and proliferation of KO clones were not
significantly affected compared to those of WT cells, despite the
HMGBI ablation (Figures 2D,E).

3.3. KSHV gene expressions in HMGB1 KO
human endothelial cells

We infected an HMGB1 KO HuARLT clone with KSHV and
investigated the expression of KSHV viral genes, including ORF50,
K8.1,and ORF73 (Figure 3A). In the immunofluorescence assay (IFA),
we found that while the latent gene ORF73 was detected in all KSHV-
infected WT cells, the early lytic gene (ORF50) and late Iytic gene
(K8.1) were not detected, which is consistent with previous studies (Lee
et al., 2023). In KSHV-infected HMGB1 KO cells, we did not observe
any alteration in the viral gene expression of KSHV compared to that
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The expression of HMGBL in KSHV-infected human endothelial cells. The immortalized human endothelial HUARLT cells were infected with KSHV, and
the infected cells were isolated using hygromycin. The expression of HMGBL1 in the KSHV-infected cells was compared with that of the mock-infected
cells. (A) Western blot analysis for HMGBL in the cell lysates and supernatant from the KSHV-and mock-infected cells. A representative blot is

presented. B-actin was used as a house-keeping protein for normalization. (B) Densitometry analysis for the western blot results of (A). Data are shown
as the mean + SD, n = 3, ns, not significant. (C) Immunofluorescence assay for HMGB1 in mock-and KSHV-infected HUARLT cells. KSHV BAC16 induces

in KSHV-infected WT cells, indicating that both WT and HMGB1 KO
cells showed latent infection in KSHV-infected cells. We obtained
consistent results from western blotting and mRNA expression analyses
by RT-qPCR, which supported the results of IFA (Figures 3B,C).

3.4. Cell viability of KSHV-infected WT and
HMGB1 KO HUARLT cells

The viability of KSHV-infected HMGB1 KO HuARLT cells was
compared to that of KSHV-infected WT cells using the WST-1 cell
viability assay (Figure 4A). While there was no significant difference in
viability between mock-infected WT and HMGB1 KO cells, HMGB1
KO significantly affected the viability of KSHV-infected cells. HMGB1
KO resulted in lower viability of KSHV-infected cells than that of WT
cells. The LDH assay was used to determine whether decreased cell
viability was caused by increased cell death in HMGB1 KO cells
compared to WT cells (Figure 4B). However, cell death was not
significantly increased in HMGB1 KO cells following KSHYV infection,
indicating that the lower cell viability of KSHV-infected HMGB1 KO
cells might be the result of a decrease in the cell proliferation rate.
KSHV-infected HuARLT cells are known to induce sphere formation
in 3D culture (ref). To investigate the effect of HMGB1 KO on sphere
formation and maintenance, we induced the formation of spheres with
mock-infected W'T, mock-infected HMGB1 KO, KSHV-infected WT,
and KSHV-infected HMGB1 KO cells (Figure 4C). KSHV-infected WT
cells formed larger and more compact spheres than the mock-infected
WT cells. Although HMGBI1 KO did not significantly affect sphere
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formation in mock-infected cells, KSHV-infected HMGB1 KO cells
showed smaller and less compact spheres than KSHV-infected WT
cells. These results indicate that HMGBI plays a vital role in sphere
formation in 3D cultures and may be associated with tumorigenesis.

3.5. Cytokine, chemokine, and growth
factor expression profile in WT and HMGB1
KO HUARLT cells infected with KSHV

To investigate the changes in cytokine, chemokine, and growth
factor expression in KSHV-infected HuARLT cells with HMGB1 KO,
conditioned media were collected from each cell group and applied to a
human cytokine antibody array. The array showed that some cytokines,
chemokines, and growth factors were upregulated, whereas others were
downregulated in HMGB1 KO cells (Figure 5A). This study focused on
the downregulation of cytokines, chemokines, and growth factors by
HMGBI KO because cell proliferation was suppressed by HMGB1 KO
(Figure 4). The cytokine array showed that CXCL5, PDGF-AA, G-CSE,
Emmprin, IL-17A, and VEGF levels were significantly decreased in
HMGBI KO cells compared to those in WT cells (Figure 5B). For these
poorly expressed factors in HMBG1 KO cells, mRNA expression analysis
confirmed that CXCL5, PDGF-A, and VEGF levels were significantly
decreased in HMGBI1 KO cells compared to those in WT cells
(Figure 5C). However, G-CSE Emmprin, and IL-17A showed increased
mRNA expression or no significant differences between KSHV-infected
WT and HMGBI1 KO cells. To examine the potential connection
between certain proteins and a signaling pathway, HMGBI-related
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FIGURE 2
Knockout of HMGBL1 in HUARLT cells. HUARLT cells were treated against HMGBL1 using the CRISPR/Cas 9 system and gRNA against HMGB1. The
isolated clone with a knockout (KO) of HMGBL1 sequence, HMGB1 protein expression, and cell proliferation. (A) Schematic diagram showing CRISPR/
Cas9 system with Cas9 targeting site of HMGB1. The PCR products containing gRNA targeting sequences from wild-type (WT) and KO clones were
cloned into a T-vector, and the sequences were analyzed by conventional sequencing from 10 colonies. The nucleotide inserted into the CRISPR/Cas9
target site of HMGBL in the KO clone is indicated by a red box. (B) Western blotting for HMGB1 expression in WT and HMGB1 KO cells.
(C) Immunofluorescence assay for HMGBL1 expression. Scale bar, 50 pm. (D,E) Proliferation of WT and HMGB1 KO iSLK BAC16 cells. At each time point,
live cells were analyzed by trypan blue exclusion (D) and WST-1 viability testing (E). Statistical significance of differences is indicated. ns, not significant,
Student’s t-test.

signaling pathways were analyzed by western blotting (Figures 6A,B).
When HMGBI was knocked out, we observed a significant reduction in
p38 phosphorylation, suggesting a possible association between p38 and
HMGBI in KSHV-infected endothelial cells. In a previous study using
iSLK BACI16 cells, we showed that the phosphorylation of JNK plays a
critical role in KSHV replication regulated by HMGB1 (Kang et al.,
2021a). However, in endothelial cells, although HMGBI influenced the
overall expression of JNK, we did not observe a suppression of the JNK
phosphorylation by knocking out HMGBI. To investigate further,
we employed chemical inhibitor targeting the p38 pathway (Figure 6C).
By using SB203500, a p38 inhibitor, we examined the relationship
between CXCL5, PDGF-A, VEGF-A, and this specific pathway in
KSHV-infected cells (Figure 6C), and we found that it affected the
mRNA expression of CXCL5, PDGF-A, and VEGF-A.

3.6. Glycyrrhizin inhibited the proliferation
and maintenance of the 3D culture sphere
in KSHV-infected endothelial cells
mediated by HMGB1

Glycyrrhizin is an extracellular HMGBI inhibitor. When tested
on mock-infected cells, no significant difference in cell viability was
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observed after the addition of glycyrrhizin. However, glycyrrhizin
treatment significantly reduced the viability of the KSHV-infected
HuARLT cells (Figure 7A). The LDH assay did not show any
significant effects of glycyrrhizin on either mock-or KSHV-infected
cells (Figure 7B), indicating that the decreased cell proliferation
caused by glycyrrhizin was responsible for the suppressed viability of
KSHV-infected cells. In 3D cultures, sphere formation was not
significantly affected by glycyrrhizin in either mock-or KSHV-infected
cells. However, treatment with glycyrrhizin led to an increase in dead
cells and debris around KSHV-infected cells that did not express green
fluorescence protein (GFP) (Figure 7C). These results suggested that
HMGBI1 may have different functions in 2D and 3D cultures.

4. Discussion

In our previous study, we established HMGB1 KO in the KSHV-
producing cell line iSLK BAC16, in which HMGB1 KO decreased
virion production by decreasing the expression of viral genes (Kang
et al., 2021a). Several cellular viral proteins interacted with
intracellular HMGBI in the nucleosomal complex, and extracellular
HMGBI1 induced JNK phosphorylation to enhance the lytic
replication of KSHV. Therefore, we demonstrated that HMGBI1
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plays a crucial role in the generation of infectious KSHV progeny  pathogenesis of Kaposi’s sarcoma (KS). While iSLK BAC16 is useful
during lytic replication. Since HMGBI is closely associated with  for producing recombinant KSHYV, this cell line is not a suitable
cancer development, we investigated the role of HMGBI in the = model for investigating KS development. Therefore, we established
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**p < 0.01. (C) Quantitative RT-PCR for the selected cytokines or growth factors. Data are shown as the mean + SD, n =3, **p <0.01.

an HMGBI1 KO cell line using immortalized human endothelial
HuARLT cells.

HuARLT cells derived from HUVEC show tightly controlled
proliferation with relevant phenotypic and molecular characteristics
of endothelial cells via doxycycline-dependent regulation of two
independent immortalizing genes (May et al., 2010). Because this cell
line showed a KS-like phenotype with KSHYV, it is a suitable model to
investigate the pathogenesis of KSHV and a novel drug for the
treatment of KS. Furthermore, we demonstrated that this cell line is
useful for studying KSHV-host cell interactions by knocking out a
target gene using the CRISPR/Cas9 system (Lee et al., 2023).

Many studies have been conducted on the role of HMGBI in the
regulation of cytokine, chemokine, and growth factor production. A
previous study demonstrated that the inhibition of HMGBI using
glycyrrhizin led to a reduction in the expression of CCL2 and CXCL5,
along with their respective receptors, CCR2 and CXCR2 (Wang et al.,
2022). An association between HMGB1 and G-CSF has also been
reported in previous studies (Yuan et al, 2020). HMGBI
administration restores blood flow recovery and capillary density by
increasing VEGF expression in the ischemic muscles of diabetic mice
(Biscetti et al., 2010). Consistently, we showed that HMGB1 KO
suppressed CXCL5, G-CSE, and VEGF expression in the KSHV-
infected cells. Additionally, we also found that PDGF-AA, Emmprin,
IL-17A was suppressed by KO of HMGBI in KSHV-infected
endothelial cells. However, the protein expression and mRNA

Frontiers in Microbiology

expression levels of these proteins did not display entirely consistent
outcomes. The inconsistent results between protein and mRNA
expression levels could be due to post-translational modifications or
because mRNA expression was only analyzed at a specific time point
in our experiments. Nevertheless, because the suppressed cytokines
and growth factors in the cytokine array can promote cell proliferation,
it is likely that multiple factors work in combination rather than as a
single factor to mediate HMGBI1-induced cell proliferation in KSHV-
infected cells. Although the precise underlying mechanisms by which
HMGBI regulates these cytokines, chemokines, and growth factors
are not fully understood, our findings provide insights into the role of
HMGBI in regulating cytokines, chemokines, and growth factors,
suggesting that targeting HMGBI could be a potential strategy for
treating KS.

In this study, we found that six cytokines were downregulated in
KSHV-infected cells following HMGB1 KOj; however, their mRNA
expression levels were not consistent with the results of the cytokine
array. One possible reason for the lack of a correlation between mRNA
expression and cytokine production in KSHV-infected cells is post-
transcriptional regulation. Post-transcriptional regulation is a complex
process involving various regulatory mechanisms, including
microRNA-mediated regulation, which can modulate mRNA stability,
translation, and protein synthesis, leading to discrepancies between
mRNA expression and protein production. Another possible
explanation is the involvement of other regulatory factors. HMGBI is
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a multifunctional protein that interacts with various proteins and
regulatory factors such as transcription factors, epigenetic modifiers,
and signaling molecules. The downregulation of cytokine production
in KSHV-infected cells after HMGB1 KO may be due to the disruption
of the interaction between HMGBI1 and other regulatory factors rather
than the direct effect of HMGBI on cytokine transcription. Although
we showed that p38 pathway activated by HMGB1 was associated with
VEGF expression, further studies are required to elucidate the exact
underlying mechanisms.

This study has a specific limitation regarding its investigation of
the role of HMGBI, as it was only conducted in vitro. HMGBI is
known to have diverse functions in both inflammation and the
development of cancer. Therefore, it is important to recognize that the
role of secreted HMGBI may be more intricate within the
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microenvironment. To fully understand the precise impact of HMGB1
on KS development, further research using appropriate animal models
specifically designed for KS would be necessary. Conducting such
studies would provide more detailed insights into the exact
contribution of HMGBI to the development of KS and its implications
in a living organism.

In summary, this study investigated the role of HMGBI1 in KS, a
cancer caused by KSHYV infection. The results demonstrated that
KSHYV infection stimulated the secretion of HMGBI in human
endothelial cells, and that HMGBI plays a critical role in KS
pathogenesis by promoting cytokine and growth factor secretion
and facilitating cellular sphere maintenance, suggesting that
targeting HMGBI1 could be a potential therapeutic strategy for
treating KS.
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Background: The prevalence of cancer, specifically breast cancer, has raised
globally. The etiology of breast cancer has been attributed to age, genetic
mutations, reproductive history, hormone therapy, lifestyle factors, and viral
infections. The human papillomavirus (HPV) has been one of the most
widespread sexually transmitted infection in the United States. The role of HPV
in breast oncogenesis was hypothesized before, yet the association
remained unclear.

Methods: In this study, we employed a nationwide population study using
centralized patient data managed by the Ministry of Health and Welfare in
Taiwan and the Taiwan Cancer Registry database. The breast cancer incidence
rates of the 467,454 HPV patients were compared to twice as many non-HPV
patients with matching sex and age. Cumulative breast cancer incidence rates
were presented by a Kaplan-Meier curve, and the relative risk of breast cancer for
HPV and non-HPV patients were calculated using Cox-regression model.

Results: Our results indicated a crude hazard ratio (HR) and an adjusted hazard
ratio (aHR) of 2.336 and 2.271, respectively, when comparing the risk of breast
cancer in the HPV and non-HPV group. The risk of breast cancer was comparable
or higher than those of head and neck cancer (aHR=1.595) and cervical cancer
(@HR=2.225), which both were found to have causal relationships with HPV. The
Kaplan-Meier curve further illustrated a higher cumulative risk across 84 months
for HPV patients (p<.0001). Besides HPV, age (p<.0001), insurance providers
(p<.001), and comorbidities such as abnormal liver function (aHR=1.191,
p=.0069) and hyperlipidemia (aHR=1.218, p=.0002) were found to be
correlated with higher risks of breast cancer.

Conclusion: A correlation between HPV and breast cancer can be inferred using
national health databases. More molecular studies are required to understand the
mechanism of the virus-induced oncogenesis of the breast.

KEYWORDS

breast cancer, cancer risks, human papillomavirus - HPV, population-based study, real-
world data (RWD)
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1 Introduction

Cancer is the leading cause of death and morbidity across the
globe. In 2020, approximately 19.3 million new cancer cases were
registered worldwide (1), with 122 thousand cases registered in
Taiwan, equivalent to 311.34 per 108 person (2). In both
populations, the most prevalence cancer for female patients was
breast cancer, accounting for 11.7% globally and 12.5% in Taiwan of
all reported cancer incidents (1, 2). Globally, around 2.26 million
female patients were diagnosed of breast cancer, and approximately
685 thousand cases were fatal in 2020 (1). In Taiwan, about 15.3
thousand females were diagnosed with breast cancer, and around
2.66 thousand cases were fatal (2). Notably, elevated risk factors of
breast cancer were reported in patients with lower educational
attainment and among racial minorities (3). This finding highlights
the need to promote accessible screening services and cancer
awareness among individuals in lower socioeconomic statuses.

Factors contributing to the etiology of breast cancer include age
(4), genetic mutations (5), reproductive history (6), hormone
therapy (7), and lifestyle (8). The role of viral infection in
oncogenesis has been examined, and 2.2 million new cancer
incidents across the world were related to infection in 2018 (9).
Some viruses such as hepatitis B virus and hepatitis C virus can
cause chronic inflammation which further cell damages and raise
the risks of carcinogenesis (10). Others such as Epstein-Barr virus
(EBV) were found to upregulate oncogenes and accelerate cell
cycles, leading to rapid cell division and cancer development (11).
In addition, EBV was also reported to downregulate the tumor
suppressor gene through epigenetic, post-transcriptional, and post-
translational modifications (12). Importantly, viruses like human
papillomavirus (HPV) can integrate their viral DNA to the host
genome, resulting in the dysregulation of cellular growth and the
subsequent tumorigenesis (13).

HPYV is a sexually transmitted virus characterized as developing
genital warts on patients. It is the most prevalent sexually
transmitted infection in the world, with a global estimation of 1
in 10 women being HPV carriers at any time (14). The oncogenic
property of HPV was prominently shown as the leading cause of
cervical cancer, reflected by the HPV vaccination campaigns in
multiple countries’ attempts to eliminate cervical cancer in patients
across sexual orientations (15, 16). HPV was also shown to cause a
proportion of anal (17) and oropharyngeal cancer (18), and served
as a known risk factor for head and neck, vulvar, vaginal, and penile
cancer, as well as respiratory and laryngeal tumor (19). Other than
HPV, human herpesvirus 8 (HHV-8) has been also reported to be
associated with breast cancer in which HHV-8 antibodies were
found in the blood sera (20). Furthermore, breast cancer might
involve multiple viral infections, such as a combination of HSV-1,
HPV, HCMV, EBV, and HHV-8, found in breast tissue
samples (21).

Currently, the correlation between HPV and breast cancer
remained conflicting. Higher HPV viral loads were detected in
breast cancer tissues (22), yet a causal relationship was failed to
establish between HPV and breast cancer due to inconsistent
association scores across studies and the unspecific infective
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characteristics of HPV (23). Given the currently available
evidence, HPV was proposed as a cofactor or mediator in breast
cancer etiology (24). Therefore, more large-scale studies are needed
to elucidate the association.

2 Methods
2.1 Data source

Patient data were extracted from a pool of 26 million in the
National Health Insurance Research Dataset, 2007-2015, and the
Taiwan Cancer Registry, 1979-2015. Both databases were overseen
by the Health and Welfare Science Center, Ministry of Health and
Welfare, Taiwan. To avoid misclassification of ICD code recorded
in the National Health Insurance Research Database and to
augment the documentation accuracy of breast cancer, data from
the Taiwan Cancer Registry were used to confirm the breast cancer
status. Each patient in the datasets possessed an encrypted
identification number using their unique Taiwanese National
Identification Number. Recorded patient information for each
patient included ambulatory care expenditures by visits, inpatient
expenditures by admissions, details of ambulatory care orders,
details of inpatient orders, registry for beneficiaries, cause of
death, and Taiwan Cancer Registry — long/short form.

2.2 ICD-9 international classification of
diseases, ninth revision

Cases of human papillomavirus (ICD-9-CM 079.4, 078.1,
795.05, 795.09, 795.15, 795.19, 796.75, 796.79) were included and
compared with the non-HPV group. Incidences of female breast
cancer (ICD-9 174. X), head and neck cancer (ICD-9 140-149. X),
and cervical cancer (ICD-9 180. X) were collected. Ischemic heart
disease (IHD, ICD-9 411. 413-4), hypertension (ICD-9 401),
ischemic stroke (ICD-9: 433-4,436), diabetes mellitus (DM, ICD-
9 250), abnormal liver function (ICD-9 571), renal failure (ICD-9
580-589), gastrointestinal (GI) bleeding (ICD-9 578. X),
hyperlipidemia (ICD-9 272. X), chronic kidney diseases (ICD-9
585.9), chronic obstructive pulmonary disease (COPD, ICD-9 492-
496), peptic ulcer (ICD-9 533), and gout (ICD-9 274. X) were listed
as the comorbidities.

2.3 Study design and ethical considerations

In the population-based cohort study, the index date was
designated as the point of origin, and cancer incidence was
measured from the index date until December 31, 2015, with the
exclusion of the male population from the cervical cancer statistics.
The study protocol underwent review and approval by the
institutional review board of Chung Shan University Hospital
(IRB CS13168) to ensure adherence to ethical considerations.
Patient data from the National Health Insurance Research
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Dataset were obtained, and de-identification was performed, which
waived the need for signed informed consent.

2.4 Statistical analysis

Statistical analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, North Carolina) in this study. HPV-infected
cases were matched to non-infected cases according to age, sex,
and index date in a 1:2 fashion using structured query language
(SQL). Patients with a cancer onset before the index date were
excluded from the analysis. Comparisons were made between
HPV-infected and non-HPV-infected individuals. Demographic
data were analyzed using the chi-square test for categorical data
and Student’s t-test for numerical data. We used the multivariate
Cox regression to adjust the potential confounding effect of age,
urbanization, insured type, co-morbidities (including ischemic
heart disease, hypertension, ischemic stroke, diabetes mellitus,
abnormal liver function, renal failure, gastrointestinal bleeding,
hyperlipidemia, chronic kidney diseases, chronic obstructive
pulmonary disease, peptic ulcer, and gout) to estimate the
hazard ratio of breast cancer in patients with HPV infection
compared with the non-HPV individuals. We used the
Schoenfeld residuals to test the proportional hazard of breast
cancer, and the assumption of proportional hazard was not
violated. Additionally, Kaplan-Meier curves were utilized to
generate cumulative incidence rates of cancer, which were then
tested using the log-rank test.

3 Results

About 26 million patients were registered in the National
Health Insurance Research Datasets in Taiwan between 2007 to

10 ~

.....

Cumulative incidence rate (x107)
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2015. Among them, 1,103,771 patients were once diagnosed with
HPV infection. Patients who had prior history of HPV infection
before 2008 were excluded from the study, so were those who
developed cancer before the HPV infection. This resulted in a pool
of 939,874 HPV patients included in this study [Figure 1 (25)]. As
the control, twice as many non-HPV patients with matching age,
sex, and index date as the HPV patients (p=1.0000) were selected
from the rest of the 25,462,267 non-HPV patients in the National
Health Insurance Research Dataset using Structured Query
Language (SQL) (Table 1). Nevertheless, several demographic
characteristics differed between the HPV positive and negative
groups, such as the geological distribution of patients (p<0.0001),
the regional levels of urbanization (p<0.0001), the insurance
providers (p<0.0001), and several co-morbidities such as ischemic
heart disease (p<0.0001), hypertension (p<0.0001), diabetes
mellitus (p<0.0001), renal failure (p<0.0001), GI bleeding
(p=0.0006), hyperlipidemia (p<0.0001), chronic kidney diseases
(p<0.0001), COPD (p<0.0001), peptic ulcer (p<0.0001), and gout
(p<0.0001). Subsequently, the breast cancer patients were identified
from this pool of HPV positive and negative patients and cross-
examined with the Taiwan Cancer Registry to validate the breast
cancer status of each selected patient.

The incidence rate of breast cancer on women was 109.67 per
100000 person-years for HPV patients, comparing to 46.97 per
100000 person-years for non-HPV patients, giving a crude hazard-
ratio (HR) of 2.336 and an adjusted HR (aHR) of 2.271 (Table 2).
Not only did this indicate that the prevalence rate of breast cancer
was higher for HPV than non-HPV patients, but the risk of breast
cancer was also equivalent or higher than the risk of head and neck
cancer and cervical cancer in HPV patients, reflected by an
approximately 42% and 2% higher aHR of breast cancer than that
of head and neck cancer and cervical cancer, respectively, between
HPV and non-HPV patients (Table 2). The cumulative breast
cancer incidence rate over the span of 84 months was

Yoo

Number at risk 0 12 24
Non-HPV 944840 819092 698851
HPV 472420 408817 348126

FIGURE 1
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Kaplan-Meier curve of the cumulative incidence rates of breast cancer with and without HPV infection. The x-axis represents month since the index
date, supplemented with the number of HPV cases and twice the non-HPV cases collected within each span of twelve months, p<.0001. The y-axis
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TABLE 1 Baseline characteristics of the HPV and non-HPV populations.

10.3389/fonc.2023.1210381

Non-HPV HPV p
Sex 1.0000
Male 944,840 (50.26%) 472,420 (50.26%)
Female 934,908 (49.74%) 467,454 (49.74%)
Age 1.0000
<20 513,000 (27.29%) 256,500 (27.29%)
20-40 669,372 (35.61%) 334,686 (35.61%)
40-60 469,150 (24.96%) 234,575 (24.96%)
60-80 191,510 (10.19%) 95,755 (10.19%)
>=80 36,716 (1.95%) 18,358 (1.95%)
Urbanization <.0001
Urban 1 542,433 (28.86%) 319,694 (34.01%)
2 587,017 (31.23%) 290,511 (30.91%)
3 340,505 (18.11%) 162,859 (17.33%)
4 246,844 (13.13%) 109,824 (11.68%)
5 36,687 (1.95%) 13,197 (1.40%)
6 70,850 (3.77%) 23,620 (2.51%)
Rural 7 55,412 (2.95%) 20,169 (2.15%)
Geographic regions <.0001
Taipei metropolitan 671,431 (35.72%) 395,713 (42.10%)
Northern 279,894 (14.89%) 124,964 (13.30%)
Central 347,664 (18.50%) 180,479 (19.20%)
Southern 261,434 (13.91%) 107,447 (11.43%)
Kaohsiung and Pingtung 276,130 (14.69%) 115,919 (12.33%)
Eastern 43,195 (2.30%) 15,352 (1.63%)
Insurance Provider <.0001
Civil Servants’ Insurance 111,753 (5.95%) 79,002 (8.41%)
Labor Union 1,183,084 (62.94%) 618,860 (65.84%)
Farmers’, Fisherman’s Association and the water conservancy 237,256 (12.62%) 94,224 (10.03%)
Low-income household’s insurance 20,772 (1.11%) 7,928 (0.84%)
Township office 294,431 (15.66%) 122,182 (13.00%)
Others 32,452 (1.73%) 17,678 (1.88%)
Co-morbidity
Ischemic heart disease 63,872 (3.40%) 39,334 (4.19%) <.0001
Hypertension 205,015 (10.91%) 112,709 (11.99%) <.0001
Stroke 40,087 (2.13%) 20,246 (2.15%) 0.2386
Diabetes mellitus 96,584 (5.14%) 46,782 (4.98%) <0001
Abnormal liver function 91,126 (4.85%) 45,661 (4.86%) 0.7009
Renal failure 15,200 (0.81%) 8,191 (0.87%) <.0001
GI bleeding 10,826 (0.58%) 5,723 (0.61%) 0.0006

(Continued)
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TABLE 1 Continued

10.3389/fonc.2023.1210381

Non-HPV HPV p
Hyperlipidemia 133,790 (7.12%) 83,114 (8.84%) <.0001
Chronic kidney diseases 25,740 (1.37%) 14,747 (1.57%) <.0001
COPD 32,326 (1.72%) 18,607 (1.98%) <0001
Peptic ulcer 122,250 (6.50%) 74,302 (7.91%) <.0001
Gout 49,184 (2.62%) 28,685 (3.05%) <.0001

significantly higher in HPV positive than negative group as shown
in the Kaplan-Meier curve (p<0.001) (Figure 1).

Besides HPV infection with a 2.271 aHR (p<0.0001), other
demographic factors might also correlate with the breast cancer
incidence rate. The biggest factor was age, where the highest aHR
was 4.938 in the group aged 40 to 60 (p<0.0001), followed by 4.058 in
the group aged 60 to 80 (p<0.0001), then 1.937 in group aged over
and equal to 80 (p<0.0001), and finally 0.011 in group aged less and
equal to 20 (p<0.0001), with the age group 20 to 40 served as the
control (Table 3). In addition, the breast cancer incidence rates varied
among patients covered under different insurance providers. Patients
covered by the civil servants” insurance had a higher aHR of 1.234
(p=0.0002), whereas those covered by the insurance of Farmers’,
Fisherman’s Association and the Water Conservancy had a lower
aHR of 0.796 (p=0.0009) (Table 3). The incidence rates also differed
among breast-cancer patients with co-morbidities. Significantly, the
incidence rates of breast cancer were higher in patients experiencing
abnormal liver function (aHR=1.191, p=0.0069) and hyperlipidemia
(aHR=1.218, p=0.0002).

4 Discussion

This study presented a positive association between HPV
infection and the risk of breast cancer using national population
data from the Taiwanese single-payer healthcare registry over 84
months. The scale of this study provided an advantage to counter
the inconsistency of the past results attempting to associate HPV
infection and breast cancer. The 1:2 HPV positive to negative study
group design also strengthened the statistical power of the
association. Additionally, our study included multiple
demographic factors that might serve to offer further insights into
the correlation.

TABLE 2 Risks of cancers.

Non-HPV

The most common transmission route of HPV is through
sexual activities. Nevertheless, other transmission mechanisms
have been proposed that related to the contact of skin and mucus,
including horizontal transfer through non-sexual contact of fomites,
fingers, skin, and mouths, self-inoculation presented by female
virgins and child with absence of sexual abuse history, and
vertical transmission during childbirth (26). How HPV travelled
to and resided in breast tissues remained unclear. One theory
suggested that HPV can be transmitted from the primary tumor
such as cervical neoplasm to the mammary glands through plasma
circulation (24). Another proposed that the viral particle can enter
the milk ducts and populated in the mammary glands by the means
of direct or hand-mediated sexual contact.

On the cellular level, HPV infected the cellular membrane and
inserted the L2 capsid proteins into endosome facilitated by a
transmembrane protease. The endosome displaying L2 protein
protrusion was then trafficked to the Golgi apparatus assisted by
cytosolic host factors (27). HPV DNA was then sent to
microtubule-organizing center and, finally, it was shipped to
chromosome via kinesins and spindle fibers during metaphase
and anaphase (28).

Molecular studies have also indicated the association between
HPV and breast cancer by attempting to provide a plausible
transmission mechanism. The comparison between HPV positive
and negative breast cancer tissues revealed a downregulation of p53
and an upregulation of BCL2, a hallmark of uninhibited cellular
checkpoints (29). The phosphorylation of Erkl/2 and f{-catenin
pathway might also be enhanced in breast cancer tissue when HPV
L6/L7 cooperated with LMP1 oncoproteins, leading to cell
proliferation (30). The proinflammatory cytokine IL-6, which was
reported to progress oncogenesis, exhibited increased expression in
breast cancer patients with HPV (31). Lastly, the blood-
transmission theory of HPV was further supported by the finding

HPV

Event Incidence ratet Pm Event Incidence ratet Crude HR

Adjusted HR

Female breast cancer | 45,020,697 = 1,762 46.97 (44.82-4921) 22,388,511 | 2,046 | 109.67 (105.01-114.52)  2.336(2.192-2.490) = 2.271(2.129-2.421)
Head and neck cancer | 89,136,676 = 1,064 ‘ 14.32 (13.49-1521) 44,357,317 ‘ 808 21.86 (20.40-23.42) 1.527(1.393-1.673) | 1.595(1.453-1.749)
Cervical cancer ‘45,020,697 712 ‘ 18.98 (17.63-2042) 22,388,511 ‘ 777 41.65 (38.82-44.68) 2.195(1.983-2.430) | 2.225(2.008-2.464)

Pm, person-months.
+ Crude incidence rate, per 100000 person-years.
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TABLE 3 Adjusted hazard ratios for breast cancers.

aHR 95% ClI p
HPV 2271 2.129-2.421 ‘ <.0001*
‘ Sex
Male
Female
‘ Age
<20 0.011 0.005-0.027 <.0001*
20-40 Reference
40-60 4.938 4.518-5.397 <.0001*
60-80 4.058 3.594-4.581 <.0001*
>=80 1.937 1.429-2.624 <.0001*
Urbanization
1 Reference
2 0.983 0.903-1.071 0.6967
3 0.887 0.794-0.990 0.0324
4 0.927 0.816-1.053 0.2442
5 0.714 0.510-1.000 0.0503
6 0.841 0.659-1.073 0.1633
7 0.890 0.687-1.152 0.3755
Geographic regions
Taipei metropolitan Reference
Northern 0.978 0.874-1.095 0.704
Central 0.938 0.847-1.038 0.2156
Southern 0.884 0.785-0.996 0.0428
Kaohsiung and Pingtung 0.934 0.840-1.038 0.2064
Eastern 0.929 0.721-1.197 0.5685
Insurance Provider
Civil servants’ insurance 1.234 1.104-1.379 0.0002*
Labor Union Reference
Farmers’, Fisherman’s Association and Water Conservancy 0.796 0.695-0.911 0.0009*
Low-income household’s insurance 0.853 0.565-1.287 0.4492
Township office 1.009 0.919-1.108 0.8532
Others 1.054 0.841-1.321 0.6485
Co-morbidity
Ischemic heart disease 0.968 0.836-1.121 0.6607
Hypertension 1.095 0.994-1.207 0.065
Stroke 1.114 0.922-1.345 0.2635
Diabetes mellitus 1.084 0.957-1.228 0.206
Abnormal liver function 1.191 1.049-1.351 0.0069*
Renal failure 1.123 0.694-1.818 0.6357

(Continued)
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TABLE 3 Continued

10.3389/fonc.2023.1210381

aHR 95% ClI p
GI bleeding 0.829 0.506-1.359 0.4574
Hyperlipidemia 1.218 1.097-1.353 0.0002*
Chronic kidney diseases 1.027 0.711-1.484 0.8876
COPD 1.107 0.882-1.390 0.381
Peptic ulcer 1.071 0.966-1.188 0.1939
Gout 1.074 0.848-1.360 0.5545

Cox regression.
*p < 0.01.

of HPV DNA in extracellular vesicles extracted from the serum of
breast cancer patients (32).

Other factors obtained from the patient data might confound
the association of HPV and breast cancer. Our study reported that
age, insurance provider, and co-morbidities such as abnormal liver
function and hyperlipidemia influenced the breast cancer incidence
rate. Among these confounding factors, our study indicated that the
highest risk of breast cancer in the female population was between
the ages 40 to 60, compared to all cancer whose risk retained
positive correlation across age groups. We postulate that since most
menopause occurred at the age of 40 to 60 where hormone
homeostasis readjusted and HPV infection rate could also
positively associate with menopausal status and negatively with
hormone replacement therapy (33), breast cancer incidence rate
was likely to be affected by HPV infection due to the alteration of
hormone levels. On one hand, the decreased level of estrogen during
menopause might result in virginal microbiomes being more
favorable for HPV infection (34). On the other hand, molecular
studies indicated the potential association of estrogen and
apolipoprotein B messenger RNA-editing, enzyme-catalytic,
polypeptide-like 3 (APOBEC3) family of cytidine deaminases,
which served not only to induce antiviral immune response
during the HPV infection, but also could mutate host DNA and
initiate breast carcinogenesis (35). Estrogen and the lack of p53
were reported to potentially upregulate APOBEC enzymes
synergistically in the breast cancer cells containing estrogen
receptors (35, 36).

Another confounding factor, the abnormal liver function could
be potentially elucidated by the presence of HPV DNA circulating
to liver. HPV was found to act cooperatively with hepatitis B virus
(HBV) to develop hepatocellular carcinoma, and/or other viral
infections might be facilitated by HPV to cause abnormal liver
function (37).

The current theory proposed that HPV may be a cofactor or
mediator of breast cancer rather than a causative agent, partially
due to conflicting results of the presence of HPV in breast cancer
tissues (24). Moreover, demographic and other individual factors
may influence the possibility of oncogenesis after HPV infection.
Our result was consistent with this theory and multiple
demographic factors were examined in Table 3. The association
of HPV infection status and breast cancer was further supported
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by increased breast cancer rate found in patients infected by high-
risk HPV, including HPV 16, 18, and 33, in a large-scale meta-
analysis study (38). Additionally, the association was verified by
four different PCR approaches for HPV detection (39). In
contrast, studies in different populations across the globe did
not yield statistically significant results unanimously to indicate
the contribution of HPV on breast cancer development (40, 41).
However, the lack of HPV prevalence in breast cancer tissue could
potentially be explained by the disappearance of HPV strains in
the later stage of cancer (24).

A main obstacle was to understand the route of HPV
transmission to breast tissues. Unlike cervical cancer, where HPV
infected the epithelial cells of the cervix via cervical lesion or the
mucous membrane, HPV had less direct routes to infect breast
tissues. Although two potential mechanisms where proposed above
(24), more anatomic and molecular studies are required to
understand the direct and indirect etiologies of HPV on
breast cancer.

In summary, our results suggested a significant higher risk of
breast cancer in female patients with HPV than those without. The
risk of breast cancer in HPV positive patients was reported to be twice
as large as HPV negative patients. The accumulated breast cancer
incidence rates between HPV positive and negative patients were
shown to be significantly different in Kaplan-Meier curve. Despite not
being able to conclude a causal relationship, it could be assumed the
role of HPV as a contributor of the breast carcinogenesis.

Interestingly, our analysis on patient demographics speculated a
potential role of estrogen between HPV infection and breast cancer,
which could only be explained by executing further investigations.
The circulation of HPV in sera might also implicate other organs
such as the liver, but it is beyond the scope of this study.

The hypothesis that breast cancer was associated with HPV was
first proposed about 30 years ago (24). However, the link has not
been strong enough due to mixed results of HPV prevalence rates in
breast cancer patients across studies. Our study utilized large-scale
datasets to provide a more robust statistical significance between the
incidence rates of breast cancer and HPV status. 26 million people
were registered in the Taiwanese Health Registry over the year 2007
to 2015. The breast cancer statuses of the patients were identified in
the registry and verified by another database, Taiwanese National
Cancer Registry.
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It is recognized that a limitation of the study was that the
subtype and localization of the HPV was unknown. Investigating
the HPV subtype with respect to breast cancer incidence rate may
provide clues about the oncogenic properties of high-risk HPV
subtype, while data on HPV localization may suggest its possible
infectious mechanism in the development of breast cancer.
Additionally, it is worth noting that the population-based data
used in this study were not collected solely for the purpose of this
research. As a result, there is a potential for some ICD outcomes to
have been misclassified. Moreover, confounding variables
previously reported to be associated with the risk of breast cancer,
such as reproductive history, breast feeding, family history of breast
cancer, lifestyle, and environmental factors, were not fully
accounted for in this study due to the inherent nature of the data
collection, which may cause bias in the results. Finally, the results of
the study should be interpreted with caution, as the risk factors for
breast cancer may differ in different populations.

Nevertheless, a causal relationship between HPV and breast
cancer remains unclear. More hypotheses proposed from molecular
studies are required to understand the route of HPV transmission to
breast tissues as well as the mechanism of viral transmission in breast
cells in relation to oncogenesis. Moreover, the HPV subtypes of the
breast cancer patients could be examined in the future to provide
insights into the mixed HPV prevalence rates in the previous studies
of breast cancer tissues. Furthermore, the societal impacts of cancer
treatments are becoming more prominent each year. Not only the
national treatment cost for cancer was estimated to be 246 billion in
the United States by 2030 (42), but also cancer patients pay four times
more than patients without cancer on average (43), in addition to the
higher risks of psychiatric disorders and mental distress on both
cancer patients and their nuclear family members (44). Thus, our
study included HPV status, age groups, co-morbidities, and other
demographic variables to provide evidence supporting a more
stringent approach to breast cancer screening. More research could
be done to investigate these factors which could be valuable in
drafting novel health initiatives to combat breast cancer.
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Cervical carcinoma is the fourth female malignant tumor in the world, and the
persistent infection of high-risk human papillomavirus (HPV) is recognized as the
most common cause. This article studies the correlation between multiple HPV
infections and the occurrence, development, and prognosis of cervical cancer
in order to provide more references for clinical diagnosis and treatment. We
conducted a retrospective analysis of the clinical data of 400 cervical carcinoma
patients admitted to our hospital from 2015 to 2023. The collected patient data
include age, HPV infection status, tumor size and morphology, local infiltration
depth, diagnostic staging, surgical approach, vascular cancer thrombus status,
lymph node status, and postoperative HPV follow-up status. We use SPSS statistical
software for data analysis. Our research shows that the high-risk age group for
cervical carcinoma is concentrated between 41 and 60 years old, which is basically
consistent with the age range of the high incidence of HPV infection. In the
statistics for HPV infection types, ~67.7% of patients are single HPV-infected,
25.29% are double infected, and 7.00% are infected with three or more types of
HPV. Among the multiple HPV infections, most of the patients are younger than
40 years old and older than 70 years old, with double infection accounting for
the majority. The top five HPV subtypes with high detection rates belong to high-
risk subtypes, which are the HPV16, 18, 58, 33, and 52 subtypes, respectively.
There was no significant relationship between multiple HPV infections and
cervical cancer stage, lesion size, pathological tissue type, tissue differentiation
degree/vascular cancer thrombus, and lymph node metastasis, and there was no
significant difference in the results between the groups. In summary, multiple types
of HPV infection in the cervix are common. We found that multiple infections,
mainly HPV16, are closely related to cervical cancer. For the HPV16, 18, 58, 33,
and 52 subtypes of infection, especially for patients younger than 40 years old and
older than 70 years old, priority should be given to prevention and treatment. The
relationship between multiple HPV infections and the progression and prognosis
of cervical carcinoma requires further research, which could better guide cancer
prevention and treatment.
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Introduction

Cervical carcinoma is the fourth female malignant tumor in
the world, and it is also the most usual malignant tumor of the
female reproductive tract. Its morbidity is only next to breast
cancer, colorectal cancer, and lung cancer (Hu and Ma, 2018; Arbyn
et al, 2020). At present, the morbidity of cervical carcinoma in
developing countries is still rising year by year. The occurrence
of cervical carcinoma usually goes through a long process, which
is the result of multiple factors, multiple genes, and multi-step
long-term joint action. The human papillomavirus (HPV) is closely
related to the occurrence of cervical carcinoma, and the persistent
infection of high-risk HPV is currently recognized as the most
common reason for cervical carcinoma (de Freitas et al., 2015).
Most women infected with HPV can be cleared by their own
immune function, and only a small portion of HPV infection
may cause cervical lesions or even cervical cancer (Akeel, 2015;
Husain and Ramakrishnan, 2015). Due to the different pathogenic
potential of different subtypes of HPV infection (Salazar et al,
2015), the risk of cervical carcinoma and cervical lesions varies.
Multiple infections refer to the simultaneous infection of two or
more HPV subtypes. Meanwhile, due to the lack of cross antibodies
between different subtypes of HPV, multiple HPV infections
are common. Therefore, the correlation between multiple HPV
infections and cervical carcinoma and cervical lesions is receiving
increasing attention. There is currently no consensus on whether
multiple HPV infections will increase the incidence of cervical
carcinoma, and there is no consensus on their impact on cervical
carcinoma. This article studies the correlation between multiple
HPV infections and the occurrence, development, and prognosis
of cervical cancer in order to provide more reference for clinical
diagnosis and treatment.

Methods

A retrospective analysis was conducted on the clinical data of
400 cervical carcinoma patients admitted to our hospital from 2015
to 2023. The inclusion criteria for cases are pathological diagnoses
of cervical cancer, while the exclusion criteria are immune
system diseases, chronic wasting diseases, and organ transplant
surgery. The collected patient data include age, menopausal
status, HPV infection status, tumor size and morphology,
local infiltration depth, diagnostic staging, surgical approach,
postoperative pathological type, interstitial infiltration depth,
vascular cancer thrombus status, lymph node status, lymphatic
space involvement (LVSI), squamous cell carcinoma antigen (SCC),
smoking history, postoperative adjuvant treatment, postoperative
HPV follow-up status, tumor-free survival rate, follow-up interval,
and mortality rate. All information is obtained by consulting
medical records. This study was approved by the Ethics Committee
of the Second Affiliated Hospital of Dalian Medical University.
This study used SPSS software version 25.0 for statistical analysis.
Heterogeneity comparison between groups was conducted using
the chi-square test, and Fisher’s exact test was used when a single
sample size was <4. For the remaining analyses, a p-value of < 0.05
was considered statistically significant.

Frontiersin Microbiology

10.3389/fmicb.2023.1220522

TABLE 1 Clinical and pathological parameters of all subjects.

Parameter N (%)
Age (years) <30 13 33
31-40 61 15.3
41-50 105 26.3
51-60 132 33.0
61-70 76 19.0
>70 13 3.3
FIGO stage I 244 61.0
11 90 225
1T 40 10.0
v 3 0.8
Not reported 23 5.8
Tumor size <4cm 186 74.70
>4cm 63 25.30
Not reported 151 -
Histological type Squamous cell carcinoma (SCC) 343 85.8
Adenocarcinoma (ADC) 52 13.0
Other 5 1.3
Yes 130 40.50
Vascular cancer thrombus No 191 59.5
Not reported 79 -
lymph node metastasis Yes 53 16.25
No 273 83.74
Not reported 74 -
Infection type Single subtype 174 67.7
Two subtypes 65 25.29
Three or more subtypes 18 7.00
Not reported 143 -
Degree of differentiation Poorly differentiated 38 16.24
moderately differentiated 190 81.20
Well differentiated 6 2.56
Not reported 166 -
HPYV reinfection Yes 17 13.18
No 112 86.82
Not reported 271 -

Results

Analysis of clinical data characteristics of
cervical cancer patients

We described the clinical data of 400 cervical carcinoma
patients admitted to our hospital from 2015 to 2023, as shown
in Table 1, including age distribution, tumor size, FIGO stage,
pathological type, degree of differentiation, vascular cancer
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TABLE 2 Distribution of HPV infection types in different age groups (N %).

10.3389/fmicb.2023.1220522

Infection type <30 31-40 41-50 51-60 61-70 >70 Total
Single subtype 5(55.6) 30 (61.2) 50 (80.6) 54 (64.3) 33(70.2) 2(33.3) 174 (67.7)
Two subtypes 4(44.4) 16 (32.7) 10 (16.1) 24 (28.6) 10 (21.3) 1(16.7) 65 (25.3)
Three subtypes 0(0.0) 2(4.1) 2(32) 4(4.8) 12.1) 3 (50) 12 (4.7)
Four subtypes 0(0.0) 0(0.0) 0(0.0) 2(2.4) 1(2.1) 0(0.0) 3(1.2)
Five subtypes 0(0.0) 1(2.0) 0(0.0) 0(0.0) 1(2.1) 0(0.0) 2(0.8)
Six subtypes 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0)
Seven subtypes 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(2.1) 0(0.0) 1(0.4)
Total 9 (100.0) 49 (100.0) 62 (100.0) 84 (100.0) 47 (100.0) 6 (100.0) 257 (100.0)
TABLE 3 Distribution of HPV infection types in different age groups (N %).
Infection type (0] 31-40 41-50 51-60 61-70 >70 total x> P
Single subtype 5(55.6) 30(61.2) 50(80.6) 54 (64.3) 33(70.2) 2(33.3) 174 (67.7) 26.5 0.003
Two subtypes 4 (44.4) 16(32.7) 10(16.1) 24 (28.6) 10 (21.3) 1(16.7) 65 (25.3)
Multiple infections 0(0) 3(6.1) 2(3.2) 6(7.1) 4(8.5) 3(50) 18(7)
Total 9 (100) 49(100) 62(100) 84(100) 47 (100) 6(100) 257 (100)

thrombus, lymph node metastasis, HPV infection type, and
reinfection status. From the table, we can see that the minimum
age of the patient is 24 years, the maximum age is 89 years,
and the average age is 51.34 years. The high-risk age group for
cervical cancer is concentrated between 41 and 60 years. The
pathological type of the patient is mainly squamous cell carcinoma.
There are 343 cases of SCC, accounting for 85.8%, 52 cases of
ADC, accounting for 13%, and 5 cases of other pathological types,
accounting for 1.3%. Except for 143 patients who did not undergo
standardized HPV examinations before surgery or were unable to
track the results, in the HPV infection type statistics, there were
174 patients with a single HPV infection, 65 patients with two
types of HPV infection, and 18 patients with three or more types of
HPYV infection. HPV multiple infections account for approximately
one-third of HPV-infected patients, which also proves that HPV
multiple infections are relatively common. Among 129 patients
who could be traced back to postoperative follow-up results, 17
patients were reinfected with HPV, accounting for ~13.18%, and
112 patients were persistently negative, accounting for ~86.82%.
The average follow-up time was 28 months.

Correlation analysis between age and HPV
infection types and distribution of common
infection subtypes

We analyzed the distribution of HPV infection types in
different age groups and found that the age group with a high
incidence of HPV infection is between 30 and 70 years, with the
age group of 41 to 60 years being more significant, which is basically
consistent with the distribution of the high incidence age of cervical
cancer. Among the multiple infections, most of the patients are
younger than 40 years (< 30 years old: 44.4%, 31-40 years old:
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38.8%) and older than 70 years (66.7%). We speculate that this
may be related to factors such as sexual activity, fluctuations in
hormone levels, decreased immunity, and an increased probability
of causing latent viral infections. Among patients with multiple
HPV infections, there are mainly 65 cases of double infection, 12
cases of triple infection, and fewer cases of four or more HPV
infections. One patient is simultaneously infected with seven types
of HPV. There is a significant difference in the distribution of HPV
infection types among different age groups (P < 0.05) (Tables 2, 3).
We analyzed the distribution of HPV infection subtypes and
found that the top five HPV subtypes with high detection rates
in this study belonged to high-risk subtypes, namely, the HPV16,
18, 58, 33, and 52 subtypes (Table 4). Patients with multiple HPV
infections are mainly infected with HPV16 mixed with other types
of infection (referred to as “high-risk mixed type”), including mixed
infections of high-risk and high-risk HPV and mixed infections
of high-risk and low-risk HPV. According to the statistics on the
number of types of HPV infections, the proportion of double
infections is the highest. The top three HPV subtypes in dual
infection include 16&18, 16&33, and 16&58 subtypes (Table 5). It
is suggested that more attention should be paid to patients infected
with the abovementioned HPV subtypes in our clinical studies.

Lymph node metastasis and vascular
cancer thrombus

We used SPSS software version 25.0 for statistical analysis
of lymph node metastasis and vascular cancer thrombi. A
heterogeneity comparison between the groups was conducted using
the chi-square test, and Fisher’s exact test was used when a
single sample size was <4. For the remaining analyses, a p-value
0f<0.05 was considered statistically significant. Table 6 shows the
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TABLE 4 Distribution of HPV infection subtypes in different age groups
(N).

Infection <30 31-40 41-50 51-60 61-70 >70 Total

subtype

18 3 11 8 9 8 0 39
58 1 3 2 7 9 1 23
33 0 5 2 10 2 1 20
52 0 3 3 6 2 1 15
31 0 3 2 3 1 1 10
39 1 2 3 0 0 1 7
53 0 1 0 2 3 1 7
81 0 0 2 0 4 0 6
51 0 0 1 3 1 0 5
59 0 2 1 2 0 0 5
42 0 0 1 2 1 0 4
45 0 1 0 3 0 0 4
56 0 0 1 3 0 0 4
66 0 0 1 0 2 1 4
11 0 2 0 0 1 0 3
35 0 0 1 1 1 0 3
68 0 1 1 0 1 0 3
82 0 1 1 0 0 0 2
CP8034 0 0 0 2 0 0 2
13 0 0 1 0 0 0 1
26 0 0 0 0 0 1 1
43 0 0 0 1 0 0 1
44 0 0 0 0 1 0 1
67 0 0 0 1 0 0 1
73 0 1 0 0 0 0 1

relationship between lymph node metastasis and vascular tumor
thrombus with age, HPV infection type, tumor size, and tumor
stage. It is found that there is no significant difference between
age and HPV infection type groups, while there is a significant
difference between tumor size and stage groups. From Table 7,
we can see that patients with vascular cancer thrombi are more
prone to lymph node metastasis, and there is a significant difference
between the two groups.

Correlation analysis between multiple HPV
infections and cervical cancer factors

We conducted correlation analysis based on different groups
of multiple infections and found that there was no significant
relationship between HPV multiple infections and cervical cancer
stage, lesion size, pathological tissue type, tissue differentiation
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TABLE 5 Distribution of HPV multiple genotypes.

HPV genotypes Cases, n (%)

1618 12 (14.5)
1633 9(10.8)
16'58 9(10.8)
1652 5(6.0)
1639 3(3.6)
1653 3(3.6)
1631 2(2.4)
1831 2(2.4)
1681 2(2.4)
16°51 2(24)
16‘CP8034 2(24)
163352 2(24)
161845 2(2.4)
Others 29 (34.9)

degree, vascular cancer thrombus, and lymph node metastasis.
There was no significant difference in the results between the
groups (Tables 8, 9).

Discussion

Multiple HPV infections and cervical
carcinoma

Cervical carcinoma is a usual malignancy in the female
reproductive system. It is one of the malignant tumors with high
morbidity and mortality among women in developing countries,
threatening the health of many women. According to the statistics,
~48,000 women die from cervical cancer every year (Chen et al,
2016; Bray et al, 2018). At present, it has been determined
that the sustained infection of human papillomavirus is a major
influencing factor for the occurrence of cervical carcinoma, and
we can determine the type and subtype of HPV infection through
cervical screening. There are over 200 subtypes of HPV found
currently, and 40 subtypes closely related to the reproductive tract
(Chunyou and Wang, 2019). According to their risk of causing
cervical carcinoma, HPV can be divided into high-risk and low-risk
types. The former includes 16, 18, 31, 33, 35, 39, 45, 51, 52, 56, 58,
59, and 68 (Vaccine Immunization Branch of Chinese Preventive
Medicine Association, 2019). Persistent infection of high-risk HPV
is closely related to cervical carcinoma, while low-risk HPV is more
common in benign lesions such as genital warts. According to the
reports, persistent infection of high-risk HPV in the cervix can
lead to precancerous lesions and can further develop into invasive
cancer, accounting for 99.7% of cervical carcinoma cases infected
with high-risk HPV (Andersson et al., 2005).

Multiple infections refer to the simultaneous infection of two
or more HPV subtypes, which may be secondary, tertiary, or even
more. The inconsistent pathogenicity of the different subtypes
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TABLE 6 Chi-square test.

10.3389/fmicb.2023.1220522

Parameter Lymph node metastasis Vascular cancer thrombus

N (%)

Age 30 3(33.3) 8.258 0.143 2(40.0) 1.783 0.878
31-40 6(14.3) 15(34.1)
41-50 17(19.3) 34(40.0)
51-60 22(19.3) 48(42.1)
61-70 4(6.3) 25(40.3)
>70 1(10.0) 6(54.5)

Infection type | HPV single 17(11.1) 0.056 0.810 59(37.8) 0.037 0.847
HPV multiple 7(12.3) 22(39.3)

Tumor size <4em 29(16.6) 12.137 0.002 82(48.5) 23.667 0.000
>4em 17(29.8) 30(53.6)

FIGO stage I 11(5.5) 144.410 0.000 64(31.4) 25.502 0.000
I 13(15.3) 46(56.1)
Il and IV 29(90.6) 19(70.4)

TABLE 7 Chi-square test.

Lymph node metastasis

Vascular cancer Yes No 28.862 0.000
thrombus

Yes 36 93

No 9 159

of HPV indicates a different risk of cervical lesions. Therefore,
many scholars are paying attention to the correlation between
multiple HPV infections and cervical carcinoma (Salazar et al,
2015). A recent overseas project showed that 622 cases are multiple
infections in 1,216 patients with HPV infection, accounting for
almost half of the total (Kim et al., 2021). Our research results also
indicate that multiple HPV infections in the cervix are common.
However, there is no consensus on whether there is a cooperation
between multiple HPV infections and whether it has a promoting
effect on the development of cervical carcinoma at various stages.
Some scholars believe that multiple HPV infections are related to
the progression of cervical lesions (Chowell et al., 2012; Yokomichi
et al., 2018; Homaira et al., 2019; Tramuto et al., 2019; Ghimire
and Moon-Grady, 2020), but others highlight that there is no
correlation between multiple HPV infections and cervical lesions
(Xu et al., 2012; Tagarro et al., 2019).

HPV pathogenesis and synergistic effects
between multiple infections

HPYV infects the cervical epithelial cells through micro damage,
which enters and spreads to the basal layer of the cervical
epithelium. HPV is released from the capsid and enters the nucleus,
becoming a free gene. HPV exists in three forms after infecting
cervical epithelial cells, including free type, integrated type, and
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mixed type. When HPV is in an integrated state, it can exist in the
body for a long period of time, making it less likely to be detected
by the host immune system and becoming a “persistent infection”,
which is more common in high-grade intraepithelial neoplasia and
cervical carcinoma. Some studies have shown that as the degree
of cervical lesions worsens, the proportion of integrated types
gradually increases, while the proportion of free types gradually
decreases. Especially in cervical cancer, multiple integrated types
account for the majority. In cervicitis and CIN, single integration is
predominant (Huang et al., 2017; Groves and Coleman, 2018; Xia
et al., 2020).

Important genital HPV genotypes belong to a Papillomavirus
genus, including a-9, a-7, a-6, and a-5 four categories. a-9 included
the high-risk HPV subtypes 16, 31, 33, 35, and 52, and a-7 included
the high-risk HPV subtypes 18, 39, 45, 59, and 68. Some studies
have shown that multiple infections of genotype a-9 increase the
risk of cervical carcinoma by 5.3 times, and multiple infections of
genotype a-7 increase the risk of cervical carcinoma by 2.5 times,
which also explain that the same type of HPV genotype may have
a synergistic effect on co-infection to induce cervical carcinoma
(Saslow et al., 2012). Iacobone et al. Tacobone et al. (2019) found
that there is a synergistic effect between specific genotypes among
different subtypes of HPV, with the association between HPV16
and 53 being more pronounced. However, Vinokurova et al.
(Vinokurova et al., 2008) found that HPV16, 18, and 45 have
more integration potential compared to HPV31 and 33, which
makes them more likely to cause high-grade lesions to progress to
cervical carcinoma. HPV16 is present in most multiple infections.
HPV16/18 and HPV16/31 are the most common combination of
mixed infections (Aleksioska-Papestiev et al., 2018). The research
by de Freitas et al. (de Freitas et al., 2015) shows that the most
common integrated subtypes in northwestern China are HPV16,
58, and 33. The results of our study show that the incidence of
multiple HPV infections is 32.29%, in which HPV16 mixed with
other types of infection is the main type, basically consistent with
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TABLE 8 Analysis of clinical and pathological parameters of multiple HPV infections and cervical cancer.

Correlations 0-1 grouping Single double multiple grouping Expanded subdivision
Age Pearson Correlation 0.01 0.067 0.089
Sig. (2-tailed) 0.878 0.284 0.157
N 257 257 257
Tumor size Pearson Correlation —0.038 —0.019 —0.022
Sig. (2-tailed) 0.555 0.776 0.731
N 239 239 239
FIGO stage Pearson Correlation 0.004 —0.027 —0.033
Sig. (2-tailed) 0.948 0.681 0.606
N 240 240 240
Vascular cancer thrombus Pearson Correlation 0.013 0.031 —0.016
Sig. (2-tailed) 0.85 0.664 0.825
N 204 204 204
Lymph node metastasis Pearson Correlation 0.008 —0.011 —0.026
Sig. (2-tailed) 0.913 0.876 0.718
N 202 202 202
Degree of differentiation Pearson Correlation —0.010 —0.012 0.020
Sig. (2-tailed) 0.908 0.886 0.809
N 144 136 149

the above research results. Due to the limited sample capacity of this
study, we need to conduct large-scale multicenter epidemiological
surveys in the future to gain a more comprehensive knowledge
of the correlation between HPV multiple infections and cervical
lesions and cancer.

Multiple HPV infections and age

An abundance of research studies have shown that HPV
infection is age-related, and multiple infections show different
characteristics at different ages, with a central tendency trend of age
(Guo et al., 2007; Saslow et al., 2012). Anna et al. (Iacobone et al.,
2019) showed a negative correlation between age and the number
of HPV infection types, proving that multiple infections typically
happen to sexually active young women. However, some literature
studies show that the incidence of HPV multiple infections is higher
in elderly patients with cervical carcinoma, which may be related
to the decrease in the immune system and significant changes
in hormone levels (Saslow et al., 2012). The results of our study
show that most of the patients with multiple HPV infections are
younger than 40 years (< 30 years old: 44.4%, 31-40 years old:
38.8%) and older than 70 years (66.7%). We speculate that this
may be related to factors such as sexual activity, fluctuations in
hormone levels, decreased immunity, and an increased probability
of causing latent viral infections. Our results are consistent with
previous reports. In our study, the HPV16, 18, 58, and 33 subtypes
were the main subtypes among patients with multiple infections,
with HPV 16 being the most predominant. Biryukov et al. (Biryukov
and Meyers, 2018) found that HPV16 is more likely to adhere
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to the surface of cervical epithelial cells and enter them, which
may be the cause for the higher incidence of infection, compared
to other types. Therefore, we believe that multiple infections are
mainly high-risk mixed infections, and for mixed infections of the
HPV16, 18, 58, and 33 subtypes, we should pay more attention to
the clinical treatment.

Multiple HPV infections and prognosis

Joo et al. used in situ hybridization and polymerase chain
reaction (PCR) to detect HPV integration status and prognosis
in 204 patients undergoing chemotherapy for cervical carcinoma.
The authors found that HPV integration is a biomarker that
predicts disease-free survival after cervical carcinoma (Joo et al.,
2017). From this, we can see that the integrated state of HPV
may be regarded as one of the markers of disease progression.
In addition, there are also reports that HPV integration occurs at
the initial stage of cervical lesions, and the mixed type is more
likely to predict disease progression than the fully integrated type.
Some scholars have found that squamous cell carcinoma has a
higher HPV integration rate compared to adenocarcinoma. HPV
integration provides a selective growth superiority in infected cells,
which is related to the failure of therapy and shortened disease-
free survival (Flores, 2006; Guo et al., 2007; Joo et al., 2017).
However, the association between the integration status of HPV
and the progression of cervical lesions still needs further research.
DE BROT et al. (De Brot et al, 2017) suggest that there are
multiple HPV infections in cervical lesions; however, there is still
a lack of clear correlation between them and cervical histology.
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TABLE 9 Analysis of multiple HPV infections and pathological types.

ADC SCC Total x2 p

0-1 grouping Single 26 145 171 1.493 0.222
subtype
Non- 8 75 83
single
infection
Single double Single 26 145 171 3.335 0.189
multiple subtype
grouping
Double 8 57 65
subtypes
Multiple 0 18 18
subtypes
Expand Single 26 145 171 3.335 0.649
Subdivision subtype
Double 8 57 65
subtypes
Three 0 12 12
subtypes
Four 0 3 3
subtypes
Five 0 2 2
subtypes
Six 0 0 0
subtypes
Seven 0 1 1
subtypes
Total 34 220 254

The results of this study suggest that there is no significant
difference between single and multiple HPV infections in terms
of pathological classification, tissue differentiation, FIGO staging,
tumor size, vascular cancer thrombi, and lymph node metastasis.
We believe that the prognosis of cervical cancer is influenced by
multiple factors such as diagnostic timing, treatment methods,
tumor characteristics, and HPV integration and is the result of a
combination of multiple factors.

Conclusion

In summary, multiple types of HPV infection in the cervix are
common. However, there is currently no consensus at home or
abroad on the occurrence, development, and impact of multiple
HPV subtypes of infection on cervical lesions and cervical
carcinoma. This study found that multiple infections, mainly
HPV16, are closely interrelated to cervical carcinoma. For the
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Objective: In past decades, the role of high-risk HPV (HR-HPV) infection in
cancer pathogenesis has been extensively studied. The viral E7 protein expressed
in pre-malignant cells has been identified as an ideal target for immunological
intervention. However, the cultivation of HPV in vitro remains a significant
challenge, as well as the lack of methods for expressing the HPV E7 protein
and generating replication-competent recombinant viral particles, which
posed a major obstacle to further exploration of the function and carcinogenic
mechanisms of the E7 oncoprotein. Therefore, it is imperative to investigate novel
methodologies to construct replication-competent recombinant viral particles
that express the HPV E7 protein to facilitate the study of its function.

Methods: We initiated the construction of recombinant viral particles by utilizing
the ccdB-Kan forward/reverse screening system in conjunction with the Red/
ExoCET recombinant system. We followed the infection of C33A cells with the
obtained recombinant virus to enable the continuous expression of HPV16 E7.
Afterwards, the total RNA was extracted and performed transcriptome sequencing
using RNA-Seq technology to identify differentially expressed genes associated
with HPV-induced oncogenicity.

Results: We successfully established replicative recombinant viral particles
expressing HPV16 E7 stably and continuously. The C33A cells were infected
with recombinant viral particles to achieve overexpression of the E7 protein.
Subsequently, RNA-Seq analysis was conducted to assess the changes in host cell
gene expression. The results revealed an upregulation of the CD36 gene, which
is associated with the HPV-induced oncogenic pathways, including PI3K-Akt and
p53 signaling pathway. gRT-PCR analysis further identified that the upregulation
of the CD36 gene due to the expression of HPV16 E7.

Conclusion: The successful expression of HPV16 E7 in cells demonstrates that
the replicated recombinant virus retains the replication and infection abilities of
Ad4, while also upregulating the CD36 gene involved in the PI3K-Akt signaling
and p53 pathways, thereby promoting cell proliferation. The outcome of this
study provides a novel perspective and serves as a solid foundation for further
exploration of HPV-related carcinogenesis and the development of replicative
HPV recombinant vaccines capable of inducing protective immunity against HPV.

high-risk HPV, HPV16 E7, Ad4, recombinant HPV16 E7 expression virus, CD36
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1. Introduction

The human papillomavirus (HPV) is a small (8,000bp),
non-enveloped double stranded circular DNA virus (Pan et al., 2021;
Sun et al.,, 2021; Wang et al., 2022). Persistent infection with HR-HPV's
is highly related with various cancers, including cervical cancer
(99.7%), head and neck squamous cell carcinomas (60%), anal cancer
(93%), vulvar cancer (69%), vaginal cancer (75%), and penile cancers
(47%) (Yang et al., 2019; Meznad et al., 2021). As the most prevalent
HR-HPV, HPV 16 accounts for approximately 50% of cervical cancer
cases (Qmichou et al., 2013), its genome is composed of 6 early genes
(E6, E7, E1, E2, E4, and E5) and 2 late genes (L1 and L2) (Zhu et al.,
2021). Early genes are responsible for regulating viral transcription
and genome replication, while late genes encode capsid proteins and
glycoproteins. The sustained expression of E6 and E7 in cell lines has
been demonstrated to induce immortalization and transformation in
various rodent and human cells (Hawley-Nelson et al., 1989; Hoppe-
Seyler et al., 2018; Lou et al., 2022). In some rare cases, long-term
persistent HR-HPV infection results in the integration of the
oncogenes E6 and E7 into the host DNA (Schneider et al., 2020). This
integration disrupts host cell apoptosis and promotes continuous cell
proliferation, ultimately leading to cancer development. E7 interacts
with pRB, resulting in the inactivation of pRB function and the
dissociation of E2F from the E2F/pRB complex, which triggers the
G1/S transition (Sitarz et al., 2021). This disruption further enhances
the proliferation and transformation of epithelial cells. HPV infection-
related malignancies remain a significant global public health concern,
especially in developing countries. As the most efficient method to
prevent HPV infection, HPV prophylactic vaccine has been
introduced for more than a decade (Zhou et al., 2019; Yang et al,,
2022). However, prophylactic HPV vaccines only target the HPV late
genes L1 and/or L2. However, in high-grade lesions or HPV-associated
malignancies, the prophylactic vaccine is ineffective since L1 and L2
are lost due to HPV integration into the host genome (Cheng et al.,
2018).
overexpression of HPV E7 oncoproteins is required throughout the

Previous studies demonstrated that the consistent
process of cervical epithelial cell carcinogenesis (Domingos-Pereira
etal,, 2021). Hence, HPV E7 gene is an optimal target for the treatment
and prevention of HPV-induced cancers (Domingos-Pereira et al.,
2021; Peng et al., 2022). However, since HPV life cycle is tightly linked
to the host cell differentiation, the virus is extremely difficult to isolate
and culture (Wang et al., 2022). Therefore, the construction of
recombinant viruses is of great significance in overcoming these
obstacles and paving the way for further exploration of the
pathogenesis and treatment of HPV-related cancers.

Adenovirus (Ad) is one of the most commonly used vectors for
gene therapy and possesses many advantages over other viral vectors,
including high transduction efficiency, broad tissue affinity, and
non-integration into the host genome (McKenna et al., 2020; Liu et al.,
2021). The utilization of Ad as a vector offers several benefits, such as
the effective transduction of target cells at a low multiplicity of
infection (MOI), the presence of well-established techniques for
manipulation and propagation, and a relatively safe profile due to the
viral genome is not integrated into the host genome. Additionally, Ad
vectors can deliver large therapeutic genes (approximately 37kb)
(Douglas, 2007; Wu et al., 2015). It is worth mentioning that a previous
study indicated that CR1 and CR2 in Ad E1A contain the pRb binding
domain, and the Ad E1A (12S) protein shares structural and
functional similarities with the HPV E7 protein (Lou et al., 2022;
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Nouel and White, 2022). The E7 N terminus comprises two regions
that exhibit sequence similarity with a segment of conserved region 1
(CR1) and conserved region 2 (CR2) found in the adenovirus E1A
protein (Ad E1A) (Nouel and White, 2022). Similar to the Ad E1A
antigen, the HPV E7 proteins interact with the retinoblastoma tumor
suppressor protein pRB and the related “pocket proteins” p107 and
p130 through a conserved LXCXE sequence within CR2 sequences
(Diirst et al., 1983; Dyson et al., 1992). These pocket proteins play a
crucial role in regulating the activities of the E2F family of
transcription factors, which control multiple cell cycle transitions and
other cellular activities (Cam and Dynlacht, 2003). The ability of HPV
E7 and Ad E1A antigen to associate with pRB plays a critical role in
their ability to generate and/or maintain a host cellular milieu
conducive to viral genome replication. Several studies have provided
evidence that the E6 and E7 proteins of HPV play a role in supporting
the DNA replication of Ad that lack the E1A and EIB genes
(Steinwaerder et al., 2001), which suggests HPV E7 protein may serve
as partial substitutes for Ad E1 proteins in the replication of viral
DNA. Hence, we posit that the integration of HPV E7 into the Ad E1A
region to generate a replicative recombinant virus capable of
expressing HPV E7.

However, due to the significant disparity in size between the Ad
genome (approximately 36 kilobases) and the HPV16 E7 gene (a mere
270 base pairs), the precise integration of the HPV16 E7 gene into the
E1A region of Ad in a single attempt presents a big challenge. Hence,
we designed a novel approach to accurately generate a replicative
recombinant HPV16 E7 expression virus (Ad4-HPV16E7), which
involved the integration of the HPV E7 gene into the EGFP-Tagged
Ad4 E1A region utilizing the ccdB-Kan forward/reverse screening
system in conjunction with the Red/ExoCET recombinant system. The
establishment of this approach can provide novel ideas and basis for
further investigations into the role of HPV16 E7 in cancer
pathogenesis, as well as potential therapeutic approaches targeting
viral infections and tumor growth.

2. Materials and methods

2.1. Bacterial strains, plasmids, cell
culturing

All Escherichia coli strains and plasmids used in this study are
listed in Supplementary Table S1. Escherichia coli strains were grown
in LB medium at 30°C or 37°C and selected with appropriate
antibiotics [chloramphenicol (Cm), 10 pg/mL; ampicillin (Amp),
10 pg/mL; kanamycin (Kan), 10 pg/mL and tetracycline (Tet), 34 ug/
mL]. The concentration of 10% L-arabinose used for induction was
25mg/mL. Ad4 was purchased from ATCC. C33A cells was purchased
from Cell Resource Center of Peking Union Medical College.
HEK293T, Siha, Hela and Caski cells were preserved in our laboratory.
The cells were maintained in DMEM (EallBio, China) or MEM,
RPMI1640 supplemented with 10% FBS and 1% penicillin—
streptomycin (P/S) and incubated at 37°C with 5% humidified CO.,.

2.2. Molecular docking

To simulate Ad4 E1A-HPV16 E7 highly accurate 3D homology
model structures, Autodock Vina 1.2.2, a silico protein—protein
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docking software (Zhang et al, 2023) was employed. The 3D
coordinates of Ad4 E1A (PDB ID, 2R7G; resolution, 1.67A) and
HPV16 E7 (PDB ID, 4YOZ; resolution, 2.25 A) were downloaded from
the PDB." All protein files were converted into PDBQT format with all
water molecules excluded and polar hydrogen atoms were added.
Molecular docking studies were performed by Autodock Vina 1.2.2.2

2.3. Generation of recombinant virus
Ad4-HPV16E7

2.3.1. Construction of recombinant HPV16E7
expression virus plasmid

Combination of ccdB screening system and Red-recombination
to construct recombinant HPV16E7 expression virus plasmid. Only
plasmids carrying ccdB gene can survive in ccdB-resistant GBO8Red
gyr462 strains. CcdB and Kan genes was inserted into EGFP-Tagged
Ad4 E1A region, then electroporated into E. coli GBO8Red gyr462
electrocompetent cells for Red-recombination (Zhou et al., 2019;
Huang et al, 2021; Yang et al., 2022) to construct recombinant
ccdB-Kan expression vector, and positive recombinant bacteria were
screened in LB solution containing kanamycin. The recombinant
ccdB-Kan expression vectors were, respectively, used to construct
recombinant HPV16E7 virus plasmid PBR322-Ad4-E1Amut-C16E7P
by subsequent ExoCET recombination (Yu et al., 2019; Schneider
et al., 2020; Sitarz et al., 2021).

2.3.2. Generation of recombinant virus particles

The recombinant HPV16E7 expression virus plasmid PBR322-
Ad4-E1Amut-C16E7P was linearized with AsisI digestion to released
recombinant viral DNA Ad4-HPV16E7 and purified by Phenol-
chloroform extraction followed by ethanol precipitation. Lipo-3000
(ThermoFisher, USA) was used to transfect Ad4-HPV16 E7 in
HEK293T cells to produce viral particles. To verify the cervical cancer
cells infectivity of the recombinant viruses, SiHa, Caski, HeLa and
C33A cells were infected with recombinant virus.

2.3.3. Determination of virus titer

HEK293T cells were infected with different concentrations of Ad4
and Ad4-HPV16E7 virus, and without virus infection as control
group. Ten multiple Wells were set up in each group, and the
fluorescence number of cells in each well was counted each 2 days
until the 10th day of culture. There were 10 multiple wells in each
group, and the fluorescence points of each well were counted each
2 days until the 10th day of culture. On the 10th day, the number of
fluorescent spots in Ad4 and Ad4-HPV16E7 virus infected cells were
counted, and then TCID50 was calculated by the Karber method.

2.4. qRT-PCR analysis

To assess the transcript levels of the E7 gene of the Ad4-HPV16E7
virus, C33A cells were infected with the recombinant virus

1 http://www.rcsb.org/pdb/home/home.do
2 http://autodock.scripps.edu/
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Ad4-HPV16 and Ad4 (control group) for a duration of 24h.
Subsequently, the RNA of the cells was collected and subjected to
qRT-PCR to determine the levels of E7 gene transcripts. Primers for
qRT-PCR detection of HPV16 E7 werel6E7-F (forward primer,
5-AGGAGGAGGATGAAATAGATGG-3) and 16E7-R (reverse
primer, 5-GCACAACCGAAGCGTAGA-3); Primers for qRT-PCR
detection of GPDH were GPDH-F (forward primer, 5-
GGAAGGTGAAGGTCGGAGTC -3) and GPDH-R (reverse primer,
5- GAAGGGGTCATTGATGGCAAC -3).

2.5. Western blotting

To evaluate Hexon/E7 protein expression levels of Ad4-HPV16E7
virus, HEK293T cells were infected with recombinant virus
Ad4-HPV16E7 and Ad4 (control group) respectively for 24 h, without
viral infection were used as a blank control group, then the cell total
protein was extracted with a cell lysis buffer (120mM NaCl, 0.5%
NP-40, 50 mM Tris-HCI pH 8.0, and 1 mM PMSF) and evaluated by
BCA methods. Whole cell extracts (30-45 pig) were eparated by 12%
SDS-PAGE and then transferred to NC membranes and incubated
with 5% skim milk in TBST at room temperature for 1.5h. After that,
the membranes were probed with primary antibodies at a 1:200-1:500
dilution overnight at 4°C: Rabbit anti-HPV 16 E7 antibody (cat. no.
67017-1-Ig; ProteinTech Group, Inc., Chicago, IL, USA), mouse anti-
Hexon antibody (generated in our laboratory), and mouse anti-GPDH
antibody (cat. no. 4970; Cell Signaling Technology, Inc., Beverly, MA,
USA), then washed with TBST and incubated with goat anti-rabbit
(1:5,000; Sigma)/mouse (1:10,000; Sigma) horseradish-peroxidase
conjugated secondary antibody for 1h at room temperature for 2h.
Detection was performed by Gel Detection System (Bio-Rad, USA).
Western blotting bands were quantified using Image] software.’

2.6. Immunofluorescence assays

To confirm the Western Blot results about E7 protein expression
levels of Ad4-HPV16E7 virus, HEK293T cells were infected with
recombinant virus Ad4-HPV16E7 for 24h. After that, the cells
infected with Ad4-HPV16E7 virus was washed three times with PBS
for 10 min per wash, fixed in 4% paraformaldehyde, and permeabilized
with 0.1% Triton X-100, then blocked with 1% BSA. HPV16 E7 in cells
was detected with monoclonal rabbit anti-HPV 16 E7 antibody and a
secondary goat anti-mouse Alexa Fluor 594 antibody (Invitrogen,
1:1,000) and visualized by fluorescence microscopy.

2.7. RNA-Seq sample collection and
preparation
2.7.1. RNA quantification and qualification

C33A cells were subjected to infection with recombinant virus

Ad4-HPV16E7 and Ad4 (control group) for a duration of 24h. A
blank control group was also included, which did not undergo viral

3 http://rsbweb.nih.gov/ij/
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infection. Total RNA was extracted from all groups using Trizol
Reagent (Thermo Fisher Scientific). The RNA Nano 6000 Assay Kit of
the Bioanalyzer 2100 system (Agilent Technologies, CA, USA) was
employed to assess the quantity and quality of RNA.

2.7.2. Library preparation for transcriptome
sequencing

The RNA sample preparations utilized total RNA as the input
material. The mRNA was isolated from the total RNA through the
utilization of poly-T oligo-attached magnetic beads. Fragmentation
was achieved via divalent cations at an elevated temperature in First
Strand Synthesis Reaction Buffer (5X). The first strand cDNA was
synthesized utilizing random hexamer primer and M-MuLV Reverse
followed by RNA with
RNaseH. Subsequently, the second strand ¢DNA synthesis was
performed utilizing DNA Polymerase I and dNTP. The residual
overhangs were transformed into blunt ends through the utilization

Transcriptase, degradation

of exonuclease/polymerase activities. Following the adenylation of the
DNA fragment’s 3’ ends, an adaptor with a hairpin loop structure was
ligated to facilitate hybridization. To isolate cDNA fragments ranging
from 370 to 420 base pairs in length, the library fragments underwent
purification using the AMPure XP system (Beckman Coulter, Beverly,
USA). Subsequently, the PCR product was purified using AMPure XP
beads, and the library was ultimately obtained via PCR amplification.
Following the construction of the library, it was initially assessed using
the Qubit2.0 Fluorometer, subsequently diluted to 1.5ng/pL, and the
insert size was determined using the Agilent 2100 bioanalyzer. Upon
meeting the expected insert size, QRT-PCR was employed to precisely
quantify the effective concentration of the library, ensuring that it
surpasses 2nM and meets the requisite quality standards.

2.7.3. Clustering and sequencing

Once the library has met the necessary qualifications, the various
libraries are combined based on their effective concentration and
target data volume from the machine, and subsequently sequenced
using the Illumina NovaSeq 6000 platform, resulting in a paired-end
read of 150bp. The sequencing process follows the principle of
Sequencing by Synthesis, whereby synthesis and sequencing occur
simultaneously. The sequenced flowcell was subjected to the addition
of four fluorescent labeled dANTP, DNA polymerase, and splice
primers, followed by amplification. As the sequence cluster extends
the complementary chain, the fluorescence-labeled dNTPs release
corresponding fluorescence. The sequencer captures the fluorescence
signal and converts it into a sequencing peak through computer
software, thereby enabling the acquisition of sequence information
pertaining to the fragment under examination.

2.8. RNA-Seq data analysis

2.8.1. Data analysis quality control

The high-throughput sequencer measures image data which is
subsequently converted into sequence data (reads) through CASAVA
base recognition. The raw data (raw reads) in fastq format undergo
initial processing via fastp software, resulting in the acquisition of
clean data (clean reads) by eliminating reads containing adapter, N
base, and low quality reads from the raw data. Additionally, the Q20,
Q30, and GC content of the clean data are computed. The downstream
analyses rely on the high-quality clean data.
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2.8.2. Permission to reuse and copyright

The reference genome and gene model annotation files were
obtained directly from the genome website. The reference genome was
indexed using Hisat2 (v2.0.5), and the paired-end clean reads were
aligned to it using the same tool. The selection of Hisat2 as the
mapping tool was based on its ability to generate a splice junction
database from the gene model annotation file, resulting in superior
mapping outcomes compared to non-splice mapping tools.

2.8.3. Quantification of gene expression level

The quantification of gene expression levels was performed using
featureCounts (v1.5.0-p3) to enumerate the number of reads mapped
to each of the two genes. Subsequently, the Fragments Per Kilobase of
transcript sequence per Millions base pairs sequenced (FPKM) was
computed for each gene, taking into account both the gene length and
the mapped reads count. FPKM is a widely adopted method for
estimating gene expression levels, as it accounts for the impact of
sequencing depth and gene length on the reads count.

2.8.4. Differential expression analysis

The DESeq2 R package (version 1.20.0) was utilized to conduct
differential expression analysis between two conditions/groups, each
with two biological replicates. DESeq2 employs statistical routines
based on the negative binomial distribution to determine differential
expression in digital gene expression data. The resulting p-values were
subjected to the Benjamini and Hochberg’s approach for controlling
the false discovery rate. Significantly differential expression was
defined as padj<=0.05 and|log2(foldchange)| > =1, which served as
the threshold.

2.8.5. Enrichment analysis of differentially
expressed genes

The Gene Ontology (GO) enrichment analysis was performed on
the differentially expressed genes using the clusterProfiler R package
(version 3.8.1), with correction for gene length bias. GO terms that
demonstrated a corrected p-value of less than 0.05 were considered
significantly enriched by the differentially expressed genes. The KEGG
database serves as a valuable resource for comprehending the
overarching functionalities and utilities of biological systems,
encompassing the cell, organism, and ecosystem, through the analysis
of molecular-level data, particularly extensive molecular datasets
produced by genome sequencing and other advanced experimental
methodologies." The statistical enrichment of differential expression
genes in KEGG pathways was assessed using the clusterProfiler R
package (version 3.8.1). The Reactome database, which consolidates the
reactions and biological pathways of human model species, was utilized.
Reactome pathways exhibiting a corrected p-value of less than 0.05 were
deemed significantly enriched by differential expressed genes.
Additionally, the DO (Disease Ontology) database, which characterizes
the function of human genes and diseases, was employed. DO pathways
with a corrected p-value of less than 0.05 were also considered
significantly enriched by differential expressed genes. The integration of
human disease-related genes is facilitated by the DisGeNET database.
DisGeNET pathways exhibiting a corrected p-value of less than 0.05
were deemed significantly enriched by differential expressed genes. The
statistical enrichment of differentially expressed genes in the Reactome

4  http://www.genome.jp/kegg/
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pathway, the DO pathway, and the DisGeNET pathway was assessed
using the clusterProfiler R package (version 3.8.1).

2.9. Protein—protein interactions network

The STRING database® aims to provide a comprehensive
assessment and integration of PPIs, encompassing both indirect
(functional) and direct (physical) associations (Xia et al., 2020). To
evaluate the interactive relationship among differentially expressed
genes (DEGs), the DEGs were firstly mapped to STRING. Only
experimentally validated interactions with a combined score>0.4
were considered as significant. Subsequently, the PPIs network was
constructed using the Cytoscape software (Ver. 3.7.1). The plug-in
Molecular Complex Detection (MCODE) was employed to screen the
modules of PPIs network in Cytoscape.

2.10. Statistical analysis

All the experiments were conducted for three independent
repeats. Statistical analysis was conducted using GraphPad Prism
software (GraphPad Software). Data are presented as the
mean = SD. Student’s t test analysis was performed in differences
measured variables between experimental and control groups.
One-way ANOVA was performed between multiple groups and
conditions. Differences were considered significant when p <0.05.

3. Results

3.1. Ad E1A and HPV E7 are capable of
forming a stable protein docking model

To validate the feasibility of incorporating HPV E7 into Ad E1A,
we conducted molecular docking analysis to assess their binding
affinity and interaction modes. The ZDOCK score values and their Pi
stacking interaction mode are shown in Table 1. The ZDOCK Score
of Ad4 E1 and HPV E7 was 1202.281, and a docking score of >1,000
was considered acceptable. HPV E7 forms several Pi stacking
interactions with amino acid sites of Ad E1A such as PHE791-TYR792,
HIS554-PHE551, which was indicated by the red arrow in Figure 1.
Comprehensive analysis revealed that proteins Ad4 E1A and HPV E7
formed a stable protein docking model.

3.2. The recombinant virus Ad4-HPV16E7
express HPV16 E7 gene

We constructed the recombinant virus plasmids PBR322-Ad4-
E1Amut-C16E7P using the ccdB-Kan forward/reverse screening
system in combination with the Red/ExoCET recombinant system to
precisely insert the HPV E7 gene into the EGFP-Tagged Ad4 E1A
region (Figure 2).

5 http://string-db.org
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TABLE 1 Results of molecular docking.

ZDOCK
score

Pi stacking
interaction

Receptor

Ligand

AdEIA
(2R7G)

HPV E7
(4Y0Z)

1202.281 A: PHE791[occupancy 7]- A:
TYR792[occupancy 3]

A: HIS554[occupancy 4]- A:
PHES551[occupancy 7]

A: TYR756[occupancy 3]- A:

TYR709[occupancy 3]

To obtain the recombinant viruses Ad4-HPV16E7 and Ad4,
HEK293T cells were transfected with plasmids pAd4-HPV16E7 and
pAd4 for 24-144h. Fluorescence observations indicated a significantly
higher level of GFP expression in cells infected with Ad4-HPV16E7
compared to cells infected with Ad4. The optimal infection time was
between 48 and 96 h (Figure 3A). At 96 h, we collected the medium
containing Ad4 and recombinant virus Ad4-HPV16E7, labeling them
as the PO generation. Subsequently, we repeated the infection of
HEK293T cells using the PO medium of Ad4 and Ad4-HPV16E?7 for
96 h, resulting in the generation of the P1 viral-containing medium.
This procedure was repeated until we obtained the P3 generation viral
medium. The viral titer of the recombinant virus Ad4-HPV16E7 in
the P3 generation exhibited a substantial increase (Ad4:
TCID50=10"**/0.1 mL, Ad4-HPV16:TCID50=10"%7°/0.1 mL)
(Figure 3B). 24-h infection of HEK293T cells yielded an infection
efficiency exceeding 80% by utilizing the P3 viral culture supernatant
3C), which
Consequently, all subsequent experiments involved a 24-h infection

(Figure shortened the experimental duration.
of cells using the P3 viral medium. In order to evaluate the infectivity
of the recombinant virus in different cell lines, we conducted infection
experiments on SiHa (HPV16 positive), Caski (HPV16 positive),
HeLa (HPV18 positive), and C33A (HPV negative) cells. The results
indicated that after a 24-h infection, all four cell lines were able to
express the GFP protein. However, the infection efficiency in Hela
cells was significantly lower compared to SiHa, Caski, and C33A cells
(Figure 3C).

We utilized the generated recombinant virus Ad4-HPV16E7 to
infect the HPV-negative cell line C33A to evaluate the stability of
HPV16 E7 gene transcription. RT-qPCR analysis revealed that the
presence of the HPV16 E7 gene was exclusively detected in the
Ad4-HPV16E7 group, while no amplification signal was observed in
the Ad4 group as expected (Figure 3D). These results indicate that the
HPV16 E7 gene of the recombinant virus Ad4-HPV 16 was effectively
transcribed in C33A cells.

Further investigation was conducted to assess the expression of
HPV16 E7 protein by the recombinant virus Ad4-HPV16E7. Western
blot analysis demonstrated that HEK293T cells infected with
Ad4-HPV16E7 exhibited the expression of HPV16 E7 protein,
whereas E7 expression was not detected in cells infected with Ad4
virus or in the control group (Figure 3E). To further identify the
expression of HPV16 E7 protein by Ad4-HPVI6E7, cellular
immunofluorescence assay was performed, as shown in Figure 3F. The
results demonstrated that the expression of HPV16 E7 protein (bright
red) was observed in C33A cells infected with the recombinant virus
Ad4-HPV16E7, while no such expression was observed in the control
group. The primary capsid protein of adenovirus, known as Hexon
(Wodrich et al., 2003), indirectly reflects the virus replication capacity
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FIGURE 1
Molecular docking of HPV16 E7 onto Ad4 E1A and protein docking model. A docking score of >1,000 was considered acceptable.
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FIGURE 2
Schematic diagram of the recombinant virus plasmids PBR322-Ad4-E1A mut-C16E7P constructs.

through its expression level. Therefore, we also wish to verify whether =~ Ad4-HPV16E7 was evaluated. The results revealed that both Ad4 and
the recombinant virus maintained the replication ability of Ad4. The ~ Ad4-HPV16E7-infected cells expressed Hexon protein. Interestingly,
expression of Hexon protein in HEK293T cells infected by Ad4 and  the expression of Hexon in the recombinant virus Ad4-HPV16E7 was
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FIGURE 3
Generation of the recombinant virus Ad4-HPV16E7 and evaluation of the HPV16 E7 gene. (A) HEK293T cells were transfected with the pAd4-HPV16E7
and pAd4 to obtain the recombinant viruses Ad4-HPV16E7 and Ad4. (B) HEK293T cells were infected with eight 10-fold serial dilutions of Ad4-
HPV16E7 and Ad4 viruses to calculate the viral titer. (C) HEK293T, SiHa, Caski, Hela, and C33A (HPV negative) cells were able to express the GFP
protein. (D) RT-gPCR analysis revealed that the HPV16 E7 gene was exclusively detected in C33A cells after the infection of Ad4-HPV16E7 virus. (E) The
expression of HPV16 E7 and Hexon proteins were detected by Western Blot. (F) The expression of HPV16 E7 protein were detected by cellular
immunofluorescence assay. Control: cells that are not infected with virus; Ad4, Cells infection with Ad4 virus; Ad4-HPV16E7, Cells infection with Ad4-
HPV16E7 virus. *P<0.05, **P<0.01, ***P<0.001, and ****P <0.0001 were considered statistically significant; ns, non-significant.
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higher compared to the Ad4 virus (Figure 3E), further suggests that
replication capacity of Ad4-HPV16E7 might be better than Ad4 virus.

3.3. A total of 525 genes were up-regulated
and 1029 genes were down-regulated in
C33A cells infected with the Ad4-HPV16E7
virus compared to that with Ad4

C33A cells were infected by recombinant Ad4-HPV16E7 and Ad4
viruses for 24 h. Total RNA extracted from the cells served as input for
RNA sample preparations. Data with an error rate below 0.02%
(Figure 4A) and stable GC content were selected for analysis
(Figure 4B). Raw sequencing data underwent filtration to ensure data
quality and reliability. Following filtration, the clean reads percentages
were 96.20, 95.68, and 96.43% for the control, Ad4, and Ad4-HPV16E7
groups, respectively (Figure 4C). The HISAT2 software precisely
aligned the clean reads with the reference genome, providing
positional information (Dai et al., 2022). Read counts in exonic,
intronic, and intergenic regions were determined. The proportion of
clean reads in the exon region was 91.15, 88.64, and 93.19% for the
control, Ad4, and Ad4-HPV16E7 groups, respectively (Figure 4D).

The expression values of all genes (FPKM) in each sample were
computed, and box plots were used to visualize the distribution of
gene expression levels in different samples (Figure 5A). Correlation
coeflicients were calculated based on FPKM values to assess sample
correlations within and between groups, which were further utilized
to generate the sample correlation heat map (Figure 5B).
Subsequently, the comparative analysis of differentially expressed
genes (DEGs) was conducted. The statistical histogram revealed 4,309
DEGs in the Ad4 group compared to the control group, while the
Ad4-HPV16E7 group exhibited 6,265 DEGs compared to the control
group (Figure 5C). To examine the distribution of genes showing
significant expression variations between the Ad4-HPV16E7 group
and Ad4 group. The volcano plot (Figure 5D) illustrated 525
up-regulated genes and 1,029 down-regulated genes in the
Ad4-HPV16E7 group compared to the Ad4 group.

3.4. A biologically interconnection of DEGs
as a collective entity

A comprehensive gene search was conducted using OMIM® and
Genotype’, resulting in the identification of 39 genes and 377 genes
related to HPV infection, respectively. PubMed® was extensively
reviewed, yielding 1,172 genes associated with HPV infection, and an
additional 162 genes were obtained from the human papillomavirus
infection pathway (hsa05165) in KEGG. These genes were then cross-
screened with significantly different genes obtained from RNA-Seq
sequencing results. After filtering, a total of 103 differentially expressed
genes (DEGs) were identified as HPV infection-related. The filtered
genes were further analyzed using the STRING database to construct
a protein—protein interactions (PPIs) network. The resulting network

6 https://www.ncbi.nlm.nih.gov/omim
7 https://www.ncbi.nlm.nih.gov/gap/phegeni
8 https://pubmed.ncbi.nlm.nih.gov

Frontiers in Microbiology

10.3389/fmicb.2023.1259510

consisted of 100 nodes, 398 edges, and an expected number of 133
edges. The average node degree was 7.96, average local clustering
coefficient was 0.566, and the PPI enrichment p-value was <1.07'
(Figure 6). This enrichment suggests a biologically interconnected
nature of the proteins within the network as a collective entity.

3.5. HPV-associated up-regulated genes
STAT2, CD36, IFIT1, VMP1, and MUC1 of
DEGs

This study conducted an analysis of the 103 DEGs genes associated
with HPV infection using GO, KEGG, DO, and DisGeNET. The
analysis revealed enriched biological processes, metabolic pathways,
and disease associations. The results were visualized through bubble
diagrams, presenting the top enriched terms and pathways.

The GO enrichment analysis of biological processes (BP)
identified that the 103 genes were mainly involved in the reproductive
system, positive regulation of cell migration, gland development, cell
fate commitment, mesenchyme development, digestive system and
cardiac ventricle development. The analysis of cellular components
(CC) indicated enrichment in receptor complexes, apical regions of
cells, membrane sides, transcription factor complexes, membrane
microdomains, cell-cell adherens junctions, and specific granule
membranes. The analysis of cellular components (CC) indicated
enrichment in receptor complexes, apical regions of cells, membrane
sides, transcription factor complexes, membrane microdomains,
cell-cell adherens junctions, and specific granule membranes
(Figure 7A). The Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis highlighted 103 genes were involved in
MicroRNAs in cancer, PI3K-Akt signaling pathway, breast cancer,
proteoglycans in cancer, human T-cell leukemia virus 1 infection,
gastric cancer, EGFR tyrosine kinase inhibitor resistance, prostate
cancer, thyroid cancer, Rap1 signaling pathway, JAK-STAT signaling
pathway and Ras signaling pathway (Figure 7B). The DO pathway
analysis indicated these genes were mainly enriched in head and
neck cancer, urinary system cancer, breast carcinoma, endocrine
gland cancer and musculoskeletal system cancer (Figure 7C).
Furthermore, the DisGeNET pathway analysis indicated these genes
were mainly enriched in meningioma, invasive carcinoma of breast,
papillary thyroid carcinoma, renal carcinoma, precursor T-cell
lymphoblastic leukemia-lymphoma, precancerous conditions and
tumor initiation (Figure 7D). Cluster analysis was conducted on the
expression levels of 103 DEGs genes in the Ad4-HPV16E7, Ad4, and
control groups, as depicted in the heat map (Figure 7E). Based on
cluster analysis and incorporating previously reported HPV
infection-related genes from the literature, we further screened five
up-regulated genes (STAT2, CD36, IFIT1, VMP1, and MUCI) in the
Ad4-HPV16E7 group that were expressed relative to the Ad4 and
control groups (Figure 7F).

3.6. Infection of recombinant virus
Ad4-HPV16E7 induces upregulation of
CD36 gene in C33A cells

Recent studies indicate that the presence of E7 in HPV-positive
cells disrupts the tumor suppressor pRb and affects various signaling
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pathways. The PI3K/Akt signaling cascade is particularly significant
in HPV-induced carcinogenesis. Our KEGG pathway analysis
confirmed the significant involvement of the 103 genes in the PI3K/
Akt signaling pathway. Previous research has highlighted the
importance of the PI3K/AKT/mTOR network in mediating
communication between HPV-positive cancer cells under normoxic
and hypoxic conditions (Bossler et al., 2019).
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Moreover, previous studies have provided evidence that the
HPV E7 involves in the regulation of the p53 pathway. Activation
of the tumor suppressor p53 can induce cell cycle arrest, and the
downregulation of cell cycle genes through transcriptional
mechanisms is recognized as a primary mechanism in
p53-mediated arrest (Nair et al., 2003; Bae et al., 2017; Engeland,
2018). Therefore, we assembled a set of genes associated with
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STRING protein—protein interaction of the 103 DEGs genes. Each node symbolizes the entirety of proteins generated by an individual gene locus
responsible. Colored nodes are query proteins and first shell of interactors. Edges represent protein—protein associations. Associations are meant to
be specific and meaningful, i.e., proteins jointly contribute to a shared function.

cervical cancer-related pathways and employed the ssGSEA  results suggest that the Ad4-HPV16E7 virus can upregulate the
algorithm to calculate the scores of the five upregulated genes in  expression of the CD36 gene in C33A cells.
the PI3K/AKT/mTOR signaling and p53 pathways. Spearman
correlation analysis revealed a statistically significant correlation ] ]
between the CD36 gene and both the PI3K/AKT/mTOR signaling 4. Discussion
pathway and the p53 pathway (Figures 8A,B). However, STAT2
exhibited a significant correlation with the PI3K/AKT/mTOR The sustained high-level expression of oncogenic proteins E6/E7
signaling pathway but not with the p53 pathway (Figures 8C,D).  is a crucial factor in the development of cancer caused by high-risk
There was no statistically significant correlation observed between =~ HPV infections (Schwartz and Rotter, 1998). The presence of E7
IFIT1, VMP1, MUCI, and these two pathways. protein is necessary for the malignant transformation of infected
To further investigate the regulatory impact of the Ad4-HPV16E7 tissues, and in many cases of HPV16-associated cancers, the viral
virus on STAT2 and CD36 in HPV-negative cervical cancer cells,  genome is integrated into the host genome (Sun et al., 2021).
C33A cells were infected with Ad4 and Ad4-HPV16E7 viruses, and  Consequently, these infected cells predominantly express E6/E7
non-infected C33A cells served as the control group. RNA was  oncogenes, rendering HPV vaccines targeting the L1 and L2 capsid
extracted from the cells, reverse transcribed into cDNA, and specific ~ proteins ineffective against established infections (Li et al., 2016;
primers targeting STAT2 and CD36 were used for qRT-PCR. The = Taghinezhad et al., 2021). Given these unique characteristics of high-
results showed that the expression of the CD36 gene was upregulated ~ risk HPV in carcinogenesis, the E7 proteins emerge as ideal
in the Ad4-HPV16E7 group compared to the Ad4 and control groups.  therapeutic targets for HPV-related cancers and represent a focal point
However, there was no significant difference observed in the  for gene therapy research aimed at specifically targeting cells
expression of the STAT2 gene (Figure 8E). Gel electrophoresis of the ~ expressing the E7 antigen (He et al., 2019). Targeting E7 not only
qRT-PCR products of CD36 confirmed the findings (Figure 8F). These  elicits a specific anti-tumor response in cancer cells but also minimizes
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FIGURE 7
Functional and pathway enrichment analysis of identified modules associated with the 103 DEGs. (A) Gene Ontology (GO) functional analysis of DEGs.
(B) KEGG pathway analysis of DEGs. (C) DO pathway analysis of DEGs. (D) DisGeNET pathway analysis of DEGs. The size of the dots represents the
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expression. (F) The five up-regulated genes in the Ad4-HPV16E7 group relative to the Ad4 group and the control group.

the risk of unintended cytotoxicity toward healthy cells. However, the  stable platform for expressing the HPV16 E7 protein. This approach

intricate life cycle of HPV and the challenges associated with in vitro  provides a novel avenue for investigating HPV-associated anti-tumor
and antiviral therapies.
The HPV E7 region exhibits homology with Ad E1A, which is

known to lack carcinogenic properties in humans. Thus, by inserting

culturing of the virus have impeded further advancements in related
research. To address this limitation, we propose the construction of
recombinant viral particles using adenoviral vectors, which provide a
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FIGURE 8
Recombinant virus Ad4-HPV16E7 induces upregulation of CD36 gene in C33A cells. (A,B) The Spearman correlation analysis was employed to examine
the correlations between individual CD36 and PI3K/AKT/mTOR signaling pathway, as well as the P53 pathway score. (C,D) The Spearman correlation
analysis was employed to examine the correlations between individual STAT2 and PIZK/AKT/mTOR signaling pathway, as well as the P53 pathway
score. P<0.05 was considered statistically significant. (E) Detection of the relative expression levels of CD36 gene by qRT-PCR. (F) Agarose gel
electrophoresis of qRT-PCR amplification products. *P<0.05 and **P < 0.01 were considered statistically significant.

the HPV16 E7 gene into the EGFP-tagged Ad4 E1A region, the Red/ExoCET recombination system. We infected HEK293T, Siha,
we successfully constructed a replication-competent recombinant  caski, Hela, and C33A cells with the recombinant virus and observed
virus, Ad4-HPV16E7, for the first time. This was achieved through a  that while its infectivity was relatively weak in Hela cells, it exhibited
combination of the ccdB-Kan positive/negative selection system and ~ strong infectivity in HEK293T, Siha, caski, and C33A cells. In
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HEK?293T and C33A cells infected with the recombinant virus, HPV16
E7 protein was stably and effectively expressed. Additionally, the
expression level of the Hexon protein in the constructed recombinant
virus, Ad4-HPV16E7, was higher compared to that of the Ad4 virus,
indicating a stronger replication capacity of the recombinant virus
relative to Ad4. However, further studies are required to confirm the
replication capacity of the recombinant virus.

We performed RNA-Seq analysis to construct libraries and
conduct biological analysis of all mRNA transcripts generated by
C33A cells after infection with Ad4-HPV16E7 virus. The RNA-Seq
results were cross-referenced with reliable sources such as OMIM,
Genotype, KEGG, and PubMed to identify genes associated with
HPV infection, resulting in the identification of 103 differentially
expressed genes (DEGs). Protein-protein interaction (PPI) analysis
using STRING network revealed a high level of functional
relationship among these 103 DEGs. GO, KEGG, DO, and
DisGeNET analyses determined several enriched biological
processes and metabolic pathways for these 103 genes. Notably,
KEGG pathway analysis indicated significant enrichment of these
genes in the PI3K-Akt signaling pathway, which plays a crucial role
in HPV-induced carcinogenesis. The clustering analysis of these 103
DEGs indicated that the expression of five upregulated genes
(STAT2, CD36, IFIT1, VMP1, and MUCI) in the Ad4-HPV16E7
group was higher than that in the Ad4 and control groups. The
selection of these genes was based on the similarity of their
expression patterns in the clustering analysis and their association
with HPV infection in previous literature. Previous studies have
shown that HPV E7 plays a role in regulating the p53 pathway, and
activation of the tumor suppressor factor p53 can lead to cell cycle
arrest. Additionally, the main mechanism of p53-mediated arrest is
the transcriptional downregulation of multiple cell cycle genes.
Therefore, we collected genes related to cervical cancer-associated
pathways and calculated the correlation scores between these five
upregulated genes and the PI3K/AKT/mTOR signaling pathway
and the p53 pathway through Spearman correlation analysis. The
results indicated a significant correlation between the CD36 gene
and both the PI3K/AKT/mTOR signaling pathway and the p53
pathway. The STAT2 gene showed a significant correlation with the
PI3K/AKT/mTOR signaling pathway but not with the p53 pathway.
IFIT1, VMP1, and MUCI showed no significant correlation with
either of these pathways. qRT-PCR results demonstrated
upregulation of the CD36 gene expression in the Ad4-HPV16E7
group compared to the Ad4 and control groups. These findings
suggest that the Ad4-HPV16E7 virus has the ability to upregulate
CD36 gene expression in C33A cells. Alterations in CD36
expression may be associated with high-risk human papillomavirus
infection and may promote the development and progression of
cervical cancer. Several studies have shown that CD36 is involved
in cell proliferation by regulating the cell cycle. The pathway
analysis revealed the correlation between CD36 and the PI3K/AKT/
mTOR signaling pathway, which is consistent with previous
research and further strengthens the potential role of CD36 in HPV
infection and cervical cancer. These results provide important clues
for further research into the molecular mechanisms underlying
HPYV infection and cervical cancer development.

This study investigates a cost-effective and precise approach to
constructing a replicative recombinant virus that expresses the
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HPV16 E7 protein and the successful expression of HPV16 E7 in
cells demonstrated that the replicated recombinant virus maintains
the replication and infection capabilities of Ad4, while also
upregulated the CD36 gene, which is involved in the PI3K-Akt
signaling and p53 pathways for promoting cell proliferation. The
findings of this study offer a novel perspective for future
investigations on HPV-related carcinogenesis/disease and the
advancement of replicative recombinant HPV therapeutic vaccines
that can elicit protective immunity against HPV. Absolutely, the use
of recombinant adenovirus for gene therapy suffers from some
challenges. The recombinant adenovirus possesses the tropism of
the parental viruses, which infect all cells that possess the
appropriate surface receptors, precluding the targeting of specific
cell types. Conversely, some cell types that represent important tar
gets for gene transfer express only low levels of the cellular
receptors, which lead to inefficient infection. Thus, there is a need
for addressing attention the rational strategies based on the biology
of Ad to further exploit the full potential of the recombinant
adenovirus for in vivo gene delivery upon systemic administration,
thereby provide the basis for researching the replicative recombinant
HPYV therapeutic vaccines.
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Background: Glioma is the most common central nervous malignancy. Due to
its poor survival outcomes, it is essential to identify novel individualized therapy.
Oncolyticvirus (OV) treatment s a key therapy regulating tumor microenvironment
in malignant glioma. Herein, we aim to identify the key genes after OV infection
and its role in glioma.

Methods: Performing an RNA-seq analysis, the differentially expressed genes
(DEGs) between EV-A71-infection and mock group were screened with
GFold values. DAVID online analysis was performed to identify the functional
classification. Overall survival (OS) or disease-free survival (DFS) was evaluated
to analyze the relation between PTBP1 expression levels and prognosis of
glioma patients. Additionally, the ssGSEA and TIMER algorithms were applied for
evaluating immune cell infiltration in glioma.

Results: Following EV-A71 infection in glioma cells, PTBP1, one of the
downregulated DEGs, was found to be associated with multiple categories of GO
and KEGG enrichment analysis. We observed elevated expression levels of PTBP1
across various tumor grades of glioma in comparison to normal brain samples.
High PTBP1 expression had a notable impact on the OS of patients with low-
grade glioma (LGG). Furthermore, we observed an obvious association between
PTBP1 levels and immune cell infiltration in LGG. Notably, PTBP1 was regarded as
an essential prognostic biomarker in immune cells of LGG.

Conclusion: Our research uncovered a critical role of PTBP1 in outcomes and
immune cell infiltration of glioma patients, particularly in those with LGG.

KEYWORDS

glioma, oncolytic virus, entrovirus, prognosis, immune infiltration

Introduction

Glioma is a primary malignant tumor that occurs within the brain and has the highest
incidence rate among tumors (Chen et al., 2017). Glioblastoma multiforme (GBM), the most
aggressive form of brain cancer with a dismal prognosis, represents approximately half of all
newly diagnosed gliomas (Le Rhun et al., 2019). In despite of the implementation of optimizing
clinical treatment, which involve responsible surgical excision followed by chemoradiotherapy,
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low-grade glioma (LGG) patients have an overall survival rate of only
about 60 months (Malik et al., 2021). The diffuse invasive growth of
glioma cells and the blood-brain barrier are the major contributors to
poor prognosis, as it not only impedes surgical tumor excision but also
facilitates resistance to chemotherapy and radiotherapy (van Tellingen
etal, 2015; Hu et al.,, 2023). Improving the extended survival rate of
glioma patients remains a challenge. Due to the swift advancement of
next-generation sequencing, the utilization of pan-cancer investigation
has become prevalent in the detection of molecular indicators within
tumors, such as aldehyde dehydrogenase (ALDH; Xia et al., 2023),
Unc-51 Like Autophagy Activating Kinase 1 (ULK1; Qu et al., 2020)
and N6-methyladenine-related genes (Qu et al, 2021a). The
identification of novel therapeutic targets based on regulatory
mechanism is crucial for enhancing patient outcomes.

Replication-competent virus is a novel oncolytic virotherapy
targeting cancer cells (Russell et al., 2012). The oncolytic viruses (OVs)
can trigger tumor cell apoptosis via diverse mechanisms, such as
apoptosis, pyroptosis, or necroptosis (Rius-Rocabert et al., 2020; Hu
et al., 2022). OVs treatment enhance immune cell infiltration and
promote inflammation within a highly immunosuppressed tumor
microenvironment (TME), which might be critical in breaking the
dysimmunity (Ribas et al., 2017; Hemminki et al., 2020). A diverse
range of OV’ is currently undergoing evaluation in both preclinical
and clinical stages for the intervention of glioma, which includes GBM
and LGG (Suryawanshi and Schulze, 2021; Li et al., 2022). Notably, a
growing pool of highly potential OV candidates, such as adenovirus
DNX-2401 (Gallego Pérez-Larraya et al., 2022) and adenovirus
ICOVIR17 (Kiyokawa et al., 2021), are currently validating their
potential to generate a sustained response in patients with malignant
glioma in the postapproval trials (Hulou et al., 2016). The biological
mechanisms responsible for OV treatment in glioma are not well
understood, and there is a need to identify biomarkers that can offer
new insights into treatment options.

In present study, we aimed at identifying the novel biomarkers in
OV-infected glioma and providing improved opportunities for glioma
diagnosis or prognosis. We carried out a thorough analysis utilizing
publicly databases and online analysis tools to examine the impact of
EV-A71 infection on gene ontology categories and pathways in
glioma. Furthermore, we investigated the role of polypyrimidine tract
binding protein 1 (PTBP1) as a prognostic factor in LGG and
examined its association with clinicopathological characteristics and
immune cell infiltration.

Materials and methods
Data sources and bioinformatical analysis

The mRNA expression data of EV-A71-infected glioma cells
were obtained from the Boproject repository (PRJNA562271;

Abbreviations: GBM, Glioblastoma multiforme; LGG, Low-grade glioma; OV,
Oncolytic virus; TME, Tumor microenvironment; PTBP1, Polypyrimidine tract
binding protein 1; DEG, Differentially expressed genes; GO, Gene ontology; KEGG,
Kyoto Encyclopedia of Genes and Genomes; OS, Overall survival; DFS, Disease-
free survival; SCNA, Somatic copy number alterations; EV, Entrovirus; BP, Biological

processes; codel, Co-deletion.
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https://www.ncbi.nlm.nih.gov/bioproject). Specifically, EV71 infection
was infected in glioma cells (CCF-STTG1). To screen differentially
expressed genes (DEGs), RNA-seq analysis was conducted using the
Mumina HiSeqTM 2000 System. DEGs were identified between the
EV-A71 infection group and the mock infection group based on their
GFold values. The TCGA glioma datasets, which include LGG and
GBM datasets, were analyzed using a bioinformatic tool GEPIA2.' The
genomic data of Chinese glioma patients was obtained from the
CGGA database for this study (http://www.cgga.org.cn/index.jsp;
Zhao et al,, 2021). The protein expression images were obtained from
the Human Protein Atlas (HPA, https://www.proteinatlas.org/).
We acquired the distribution of the proteins across normal tissues and
HCQC tissues in the “Tissue” section and the “Pathology” section. The
antibody utilized for performing IHC assay is CAB013507.

Gene ontology and Kyoto Encyclopedia of
Genes and Genomes analysis

To evaluate the functional classification, we utilized the DAVID
Gene Functional Classification Tool (https://david.nciferf.gov/home.
jsp; Sherman et al, 2022). The gene list of downregulated or
upregulated DEGs was submitted, and we classified the extensive gene
list into functional gene groups based on their relatedness.

Survival analysis

To evaluate the association between PTBP1 level and poor
prognosis, we conducted an analysis of both overall survival (OS) and
disease-free survival (DFS). The glioma cases, encompassing both
GBM and LGG patients, were stratified into the groups divided by the
levels of PTBP1 TPM: a low PTBP1 TPM level group (bottom 50%)
and a high PTBP1 TPM level group (top 50%). Kaplan-Meier curve
was utilized to illustrate the survival status, and statistical significance
was determined by setting a threshold of p-values less than 0.05.

Immune cell infiltrating estimation

To investigate the association between TPBP1 level and immune
cell infiltration in LGG and GBM cells, we utilized the ssGSEA and
TIMER algorithms to analyze the TCGA data. The “gene module”
available on the TIMER website was employed to visualize the
correlation between TPBP1 level and immune infiltration in both
GBM and LGG. Furthermore, we utilized the “Survival module” to
examine the clinical relevance of immune infiltrates and assess their
impact on survival differences. Additionally, we compared the levels
of immune infiltrates in glioma with the presence of an IDH
mutation using the “Mutation module” Somatic copy number
alterations (SCNAs) were defined into four groups by GISTIC 2.0.
The SCNA module allows for the comparison of tumor infiltration
levels between tumors with different somatic copy number
alterations of PTBP1.

1 http://gepia2.cancer-pku.cn/#index
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Statistical analysis

Student’s t-tests or Wilcoxon rank-sum tests were used to detect
significant differences in gene expression or immune cell enrichment.
One-way ANOVA was used in analyzing gene expression in different
cancer stage. Spearman rank correlation was utilized to analyze the
correlation between PTBP1 and immune infiltration. A p-value of less
than 0.05 was considered statistically significant. All data are reported
as the mean + standard error (SEM).

Results

Analysis of differential expression genes
and gene oncology in entrovirus
A71-infected glioma cells

Given the interconnection between oncolytic virotherapy and
antitumor response in glioma (You et al., 2020; Zhang et al., 2020),
we first examined the regulation of entrovirus (EV)-A71 infection on
CCF-STTGI1 cells. One dataset (PRJNA562271) obtained from
Bioproject was included in this study: EV-A71 oncolysis of human
malignant gliomas. Genes with GFold > —1 or GFold <1 in RNA-seq
analysis were filtered out leaving total of 441 upregulated genes
(Supplementary Table S1) and 319 downregulated genes to be analyzed
in the research (Supplementary Table S2). Figure 1A shows the total
number of DEGs in the comparisons EV-A71 infection vs. mock
group. Our results show 22 down-regulated genes with GFold <=—-2
and 297 genes with —2<=GFold<—1, while 331 genes were
up-regulated with 1 <=GFold<2 and 110 genes were up-regulated
with GFold >=2 (Figure 1A). Based on the tumoricidal features of OV
in glioma, we included 319 downregulated genes to identify the
functional classification using DAVID online tool. According to the
results of the functional GO enrichment analysis focusing on
biological processes (BP), it was found that the 319 DEGs regulated a
total of 9 functional categories. These categories were as follows:
negative regulation of transcription (DNA-templated), translation,
cytoplasmic translation, positive regulation of calcineurin-NFAT
signaling cascade, IRES-dependent viral translational initiation,
regulation of alternative mRNA splicing via spliceosome, cellular
response to virus, T-helper 1 cell differentiation and immune response
(Figure 1B). The KEGG enrichment analysis indicated that the
downregulated DEGs showed associations with ribosome, human
immunodeficiency virus 1 infection and glutathione metabolism
(Figure 1C). Additionally, the result of GO and KEGG enrichment
analysis with the 440 upregulated DEGs was illustrated in
Supplementary Figure 1.

Upregulation of PTBP1 in human glioma

Considering the involvement of PTBP1 in all categories of GO and
KEGG enrichment analysis, we conducted an analysis using the publicly
accessible TCGA database to examine the PTBP1 status in normal brain
and glioma tissues. The findings from the TCGA database demonstrated
a substantial increase in PTBP1 differential transcription levels among
GBM (n=163) or LGG (n=518) samples when compared to normal
(n=207) samples (p<0.05, Figure 2A). Additionally, the trends observed
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in TCGA data were also observed in CGGA dataset. Moreover, an RNA
analysis conducted on Chinese human glioma tissues indicated a
progressive increase in PTBP1 expression from WHO II to WHO IV
stages, providing further confirmation of the distinctive PTBP1 status
within glioma (p<0.001, Figure 2B). Immunohistochemical staining
was utilized to measure the protein levels of PTBP1 in human glioma
samples. The analysis revealed a pronounced relative overexpression of
PTBP1 in glioma tissues when compared to normal cerebral cortex
tissues (Figure 2C). Moreover, a stronger intensity and more quantity of
PTBP1 protein staining were found in high-grade glioma, compared
with low-grade glioma (Figure 2C). These results indicated a positive
correlation between PTBPI level and the pathological stages of glioma,
confirming the possibility involvement of PTBP1 in glioma advancement.

Evaluation of PTBP1 as a prognostic
biomarker in LGG

The co-deletion status of chromosomal 1p/19q represents a
prominent driver in the development of glioma and is diffusely
acknowledged as a robust prognostic gene in the study of gene
mutations in glioma (Bhattacharya et al., 2021). Here, we explored
whether 1p/19q co-deletion (codel) status may correlate with PTBP1
gene expression in glioma. In this regard, we acquired and examined
the scaled gene expression profile from the CGGA dataset, arranging
genes located on 1p/19q based on the genomic locations (Hu et al.,
2017). We observed that in the total cohort of glioma cases, lower
levels of PTBPI1 significantly correlates with 1p/19q co-deletion
(p=4.5e-11, Figure 3A). Figure 3B shows that PTBP1 gene levels were
obviously higher in non-codel group compared to codel group in the
WHO III subtype (p=0.0019). In both the WHO II and WHO IV
subtypes, no statistically significant differences were observed in the
expression of PTBP1 with respect to the 1p/19q co-deletion status
(p>0.05, Figure 3B). Multiple studies focusing on glioma mutations
have consistently reported that the presence of 1p/19q co-deletion in
glioma is related to a positive response, leading to improved survival
rates (Barthel et al.,, 2019; Bhattacharya et al., 2021). Patients with high
PTBP1 expression (cutoft-high: 50%) had a shorter OS of 60 months
compared to 120months in LGG patients with low PTBPI level
(cutoff-low: 50%; p<0.001, HR 2.6, Figure 3C). Kaplan-Meier curves
were shown in the right panel of Figure 3C, the median DFS was
40months in patients with high PTBP1 expression, compared to
75 months in patients with low PTBP1 expression (p <0.001, HR 1.9).
However, neither OS or DFS were obviously related to PTBP1 levels
in GBM (Figure 3D). Additionally, no statistically significant
differences were observed between the groups based on PTBP1
expression status in terms of gender, age and progression status of
glioma patients (Supplementary Figure 2; Table 1). Moreover, the
areas under the curve (AUCs) of the time-dependent ROC curves
were 0.973, indicating a high sensitivity and specificity of PTBP1
signature for predicting OS in glioma (Supplementary Figure 3).

Association of PTBP1 and immune
infiltration characteristic in glioma

OV therapy plays a significant role in stimulating the immune
response against tumors, making it an essential component in
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FIGURE 1
Analysis of downregulated DEGs in glioma cells infected with EV-A71, focusing on Gene Ontology (GO) and Kyoto Encyclopedia of Genes and
Genomes (KEGG). (A) The count of DEGs identified in EV-A71-infected glioma cells. (B) BioPlanet provided annotations for the prominent Biological
Process (BP), Molecular Function (MF), or Cellular Component (CC) categories associated with the downregulated DEGs following EV-A71 infection in
glioma cells. (C) BioPlanet annotated the top four conserved pathways among the downregulated DEGs following EV-A71 infection.

eradicating cancer cells. To assess its potential anti-tumor efficacy,
we subsequently evaluated the impact of PTBP1 expression on
immune infiltration in gliomas using the ssGESA algorithm. As
illustrated in Figures 4A,C, the correlation results implied that PTBP1
was linked with the presence of T helper cell (p <0.001, R=0.488), Th2
cells (p<0.001, R=0.472) and macrophages (p <0.001, R=0.192), but
negatively linked with the presence of NK CD56bright cell (p<0.001,
R=-0.378), mast cell (p<0.001, R=—0.349) and Thal cells (p <0.001,
R=-0.087). The correlation results, as depicted in Figures 4A,C,
demonstrated significant associations between PTBP1 and the
presence of T helper cells (p <0.001, R=0.488), Th2 cells (p <0.001,
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R=0.472), and macrophages (p<0.001, R=0.192) in LGG. However,
there was a negative association between PTBP1 and the presence of
NK CD56bright cells (p<0.001, R=-0.378), mast cells (p<0.001,
R=-0.349), and Th1 cells (p <0.001, R=—0.168) in LGG. The analysis
of GBM samples presented in Figures 4B,D revealed significant
associations between PTBP1 and the presence of Th2 cells (p<0.001,
R=0.427) and NK cells (p <0.001, R=0.289). Conversely, we observed
a negative correlation between PTBP1 expression and the presence of
macrophages (p<0.001, R=-0.373), cytotoxia cells (p<0.001,
R=-0.352), T cells (p<0.001, R=—0.315), and T cells (p<0.001,
R=-0.315).
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FIGURE 2

PTBP1 was upregulated in human glioma. (A) The expression levels of PTBP1 were validated by analyzing the TCGA data in LGG patients
(n=518), GBM patients (n=207), and nontumor controls (n=207). Statistical significance was indicated by *p<0.05. (B) Analysis of CGGA data
revealed the differential expression of PTBP1 mRNA across various glioma subgroups. Statistical significance was indicated by ***p<0.001.

(C) Representative images of glioma tissue specimens (LGG and GBM) with both low and high PTBP1 levels are presented, as quantified by IHC
staining in HPA database.
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FIGURE 3

Correlation between PTBP1 mRNA expression and clinicopathological features in CGGA data. (A) The levels of PTBP1 mRNA expression were
compared among glioma cases with different 1p/19q co-deletion statuses. (B) The levels of PTBP1 mRNA expression were further analyzed among

different 1p/19q co-deletion statuses specifically in WHO II, WHO Ill, and WH
was assessed among patients with LGG or GBM.

O IV glioma. (C,D) The association between PTBP1 expression and survival

Association of PTBP1 and unfavorable
prognosis in LGG immune cells

In addition, we investigated the association between PTBP1 level
and immune cell infiltration using the TIMER algorithm. The left-
most panel of Figures 5A,B showed that highly expressed PTBP1 levels
have positive association with tumor purity in LGG. The data depicted
in Figure 5A indicated a positive correlation between PTBPI levels
and the infiltration of B cells (p="7.77e-17, cor=0.369), macrophages
(p=2.05e-22, cor=0.427), and neutrophils (p==8.56e-15, cor=0.346)
in LGG. This consistent finding was also observed using the ssGSEA
computational tool. However, in GBM, no significant association was
found between PTBP1 expression levels and immune cell infiltration
(Figure 5B). Subsequently, we examined the correlation of immune
infiltration with OS in LGG. Interestingly, similar to PTBP1
expression, an obvious correlation between high level of immune cell
infiltration and worse overall survival (all p-values <0.001, Figure 5C).
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These findings suggest that PTBP1 may function as an independent
adverse prognostic biomarker in LGG, potentially in relation to
immune cell infiltration. Next, we investigated glioma-related
chromosomal change or mutation to explore the potential mechanism
in immune infiltration. SCNA module of TIMER showed the
distributions of immune subset (B cells, CD4+ T cells, macrophage,
neutrophil and dendritic cells) at arm-level gain or high amplification
of PTBPI (p<0.05 or p<0.001, Figure 6A). Moreover, mutation
module of TIMER demonstrated that the levels of immune infiltrates
were related to IDH mutation status in LGG (p<0.001, Figure 6B).

Discussion

The objective of this study was to examine the association between
PTBP1 and EV-A71 infection in glioma cells, as well as evaluate the
role of PTBP1 in patients diagnosed with LGG and GBM. The findings
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TABLE 1 Characteristics of patients with glioma according to PTBP1 expression level.

Characteristics Low expression of PTBP1 High expression of PTBP1 p value
n 349 350
WHO grade, n (%) <0.001
G2 170 (26.7%) 54 (8.5%)
G3 117 (18.4%) 128 (20.1%)
G4 23 (3.6%) 145 (22.8%)
IDH status, n (%) <0.001
WT 49 (7.1%) 197 (28.6%)
Mut 295 (42.8%) 148 (21.5%)
1p/19q codeletion, n (%) <0.001
Non-codel 222 (32.1%) 298 (43.1%)
Codel 126 (18.2%) 46 (6.6%)
Gender, 1 (%) 0.785
Female 147 (21%) 151 (21.6%)
Male 202 (28.9%) 199 (28.5%)
Age, n (%) <0.001
<=60 310 (44.3%) 246 (35.2%)
> 60 39 (5.6%) 104 (14.9%)
Histological type, 1 (%) <0.001
Astrocytoma 109 (15.6%) 87 (12.4%)
Oligoastrocytoma 86 (12.3%) 49 (7%)
Oligodendroglioma 131 (18.7%) 69 (9.9%)
Glioblastoma 23 (3.3%) 145 (20.7%)
OS event, n (%) <0.001
Alive 278 (39.8%) 149 (21.3%)
Dead 71 (10.2%) 201 (28.8%)
DSS event, 1 (%) <0.001
No 279 (41.2%) 155 (22.9%)
Yes 66 (9.7%) 178 (26.3%)
Primary therapy outcome, 1 (%) <0.001
PD 49 (10.5%) 63 (13.5%)
SD 93 (20%) 55 (11.8%)
PR 42 (9%) 23 (4.9%)
CR 96 (20.6%) 44 (9.5%)

from our bioinformatic analysis demonstrated a substantial influence
of PTBP1 expression on both survival and immune infiltration among
LGG patients. These results indicate the potential clinical relevance of
PTBP1 as a biomarker for patients with LGG.

The effect of oncolytic virotherapy in human glioma has been a
subject of recent studies, generating a debate (Suryawanshi and
Schulze, 2021). Although there is limited evidence supporting
oncolytic virotherapy as a potential treatment for the challenges posed
by the blood-brain barrier and the immunosuppressive TME, studies
have suggested that ongoing clinical trials hold promise in establishing
its satisfactory safety and significant immune response (Shoaf and
Desjardins, 2022). Activation of the SCARB2/PMAIP1 axis has
demonstrated considerable potential in facilitating cell oncolysis and,
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consequently, eradicating glioma cells (Zhang et al., 2020). In both in
vivo and in vitro experiments, the presence of EV-A71 infection exerts
a noteworthy influence in the anti-cancer process. Understanding the
molecular networks governing glioma cells has been greatly enhanced
by the mechanistic analysis of EV-A71 infection. In the present
research, we conducted an evaluation of the DEGs associated with
EV-A71 infection to identify potential regulatory processes or genes
in glioma. By performing RNA-seq analysis, we observed a significant
downregulation of DEGs in EV-A7l-infected glioma cells.
Importantly, our findings suggested a strong correlation between the
downregulated DEGs and the cellular response to the virus, as well as
the immune response in the infected glioma cells. These compelling
findings prompted further investigations to unravel the mechanisms
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FIGURE 4
Association of PTBP1 expression and immune infiltration characteristic in glioma. To estimate immune cell infiltrations in TCGA data, the ssGESA
algorithm was employed. Utilizing Pearson’s method, we determined the correlation between PTBP1 levels and immune cells in both (A) LGG and
(B) GBM. Additionally, the enrichment score of immune cells was assessed in PTBP1low and PTBP1high samples, separately for (C) LGG and (D) GBM.
Statistical significance was denoted by * for p <0.05, ** for p <0.01, and *** for p <0.001.

underlying EV-A71 infection in the regulation and molecular
pathogenesis of glioma. Consequently, we shed light on the previously
unexplored regulatory role of a top downregulated gene in glioma,
which of the hallmarks
tumor progression.

represents one contributing to

PTBP1 is an RNA-binding protein with multifunctionality,
involved in the regulatory process of mRNA splicing and apoptosis in
numerous tumors and diseases (Liu et al., 2023). In a study by Gong
et al., it was suggested that PTBPI, being upregulated in pan-cancer,
plays a role in mediating oncogenesis and immunity by influencing
the growth and cell cycle of osteosarcoma cells (Gong et al., 2022).

According to previous studies, the downregulation of PTBP1 has been
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shown to impair immune surveillance, leading to the inhibition of
inflammation-induced tumorigenesis (Georgilis et al., 2018). It is
noteworthy to mention that inhibiting the expression of PTBP1 does
not have an impact on the differentiation of glioblastoma cells, but
contributes to the inhibition of cancer growth (Liu et al., 2022; Wang
etal, 2022). A previous study has documented a connection between
elevated PTBP1 expression levels and the WHO grade in glioma (Liu
et al.,, 2022). Consistent with previous findings, our study revealed a
significant correlation between PTBP1 level and advanced tumor stage
at both the mRNA and protein expression in glioma. This observation
indicates that PTBP1 may play a role in promoting the progression of
glioma. In contrast to the unfavorable prognosis typically observed in
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GBM patients (Liu et al., 2022), these results revealed that high PTBP1
expression was not associated with worse prognosis in GBM. However,
we observed that elevated PTBP1 expression was related to a worse
prognosis in patients diagnosed with LGG.

Existing studies have documented the ability of OVs and the TME
to generate immunostimulatory molecules, which play a crucial role
in enabling the efficacy of immune therapies in the treatment of solid
tumors (Sivanandam et al, 2019; Hemminki et al., 2020). The
application of PD-1 blockade through OV infection has been reported
to primarily result in enduring antitumor responses among cancer
patients (Ribas et al., 2017). This approach is known to be correlated
with the activation of the TME and increased infiltration of immune
cells in melanoma (Ribas et al., 2017). An elevated level of
immunostimulatory biomolecules is predominantly linked to the
accumulation of T regulatory cells in GBM and is acknowledged for
its role in compromising the immune system (Sokratous et al., 2017).
In our study, we observed a relationship between TPBP1 and the
infiltration of several immune cells in LGG. This association is likely
to have contributed to the decline in OS. Furthermore, our
investigation revealed a strong correlation between TPBP1 level and
T helper cells, including CD4+ T cells and Th2 cells. The result
suggests that TPBP1 might play a role in the unfavorable prognosis of
LGG by interacting with T cells, specifically Th2 cells. The underlying
reason for this finding is not yet fully understood; however, one
potential explanation revolves around the equilibrium between Th1
and Th2 cells, which disrupts the dynamic balance of the cytokine
network in humans and contributes to the initiation of tumor
development (Romagnani, 1999; Matia-Garcia et al., 2021).
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TME has gained prominence as a pivotal controller influencing the
reaction to OV therapy. Owing to the distinct constitution of the
extracellular matrix and immunologic surroundings within the cranial
region, the brains TME exhibits distinct characteristics and multiple
tumor prognostic markers. For example, EVAIC is thought to
be associated with various immune markers, such as B cells and CD4+
T cells. This association indicates that two member of EVA family,
EVA1B and EVA1C, might have a role in prognosticating elevated levels
of immune infiltration within glioma (Hu and Qu, 2021; Qu et al,
2021b). In addition, a literature analyzed the immune-related signature
in glioma and suggested that the expression of OLFML3 might
additionally mirror an irregular immune condition (Qu et al., 2023). To
gain insight into the mechanisms underlying the association between the
risk score and immune cell infiltration, we performed a detailed analysis
of the impact of somatic cell copy number alterations (CNAs) in TPBP1.
Intriguingly, we found that arm-level deletion had a significant effect on
the infiltration levels of B cells, CD4+ T cells, macrophages, and dendritic
cells in LGG. The results provided compelling evidence of the pivotal
regulatory role of TPBP1 in shaping the TME for patients with LGG.

It is important to note that our study has limitations, as it relied on
publicly available data rather than clinical samples, and did not include
evidence from in vitro and in vivo research. The significance of
PTBPI in EV-A71-infected glioma and its potential role in expression
levels in glioma have been strongly suggested, highlighting the light
spot of this study. As a continuation of this research, we will assess the
molecular mechanism of PTBP1 following EV-A71 infection in glioma.

In general, this research contributes to the expanding body of
evidence highlighting the significant involvement of EV-A71 infection
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in the gene regulation of glioma. Furthermore, our study demonstrated
the potential prognostic significance of TPBP1 in LGG, as its
overexpression was found to be linked to advanced tumor stage and a
poorer prognosis. We also observed a correlation between TPBP1 and
immune cell infiltration in LGG, a common occurrence within the
immunosuppressive microenvironment of cancer. This study provides
insight into a potential regulatory mechanism involved in OV treatment
for glioma, laying the groundwork for future investigations aimed at
unraveling the prospective molecular function of TPBP1 in glioma.
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Introduction: Persistent human papillomavirus infection is an important factor
in the development of cervical cancer, which is usually a long process evolving
from the development of squamous intraepithelial lesions (SIL), also referred to
as cervical intraepithelial neoplasia (CIN). Local treatment of advanced squamous
intraepithelial lesions, also regarded as High-Grade Squamous Intraepithelial
Lesion, may be effective in preventing cancer.

Objective: To promptly identify high-risk patients with a tendency to recurrence.

Methods: We retrospectively analyzed the clinical data of 300 patients with
high-grade squamous intraepithelial lesions of the cervix admitted to the Second
Affiliated Hospital of Dalian Medical University from 2019 to 2020 to investigate
the relationship between recurrence of cervical lesions and postoperative
regression of HPV infection, as well as other related risk factors.

Results: We found that the HPV-negative rates were 81.81, 85.71, and 90.91% at
6, 12, and 24 months, respectively, and the average lesion recurrence rate was
8.16%, with a median time to recurrence of 14 months in patients undergoing
CKC for HSIL. The risk of cervical squamous intraepithelial lesions was highest in
patients with HPV16. Patients over 61years of age had the lowest postoperative
HPV-negative rate. The conversion rate was significantly lower in patients with
multiple HPV genotypes than in those with single HPV infection (p <0.05). The
probability of recurrence was higher in patients with the same HPV infection
genotype before and after surgery than in patients with different infection
genotypes before and after surgery (p <0.05).

Conclusion: Combined with the literature review, we believe that patients aged
>50years, with >3 pregnancies and births, a history of smoking, and consistent
genotypes of preoperative and postoperative HPV infection in cervical conization
have more HPV re-infection or persistent infection, and that these factors may
be high-risk factors for lesion recurrence. For patients with possible potential
high-risk factors, we need to carry out individualized follow-up and focused
management, take timely and effective management measures, optimize the
treatment plan, reduce the recurrence rate, prevent HSIL and cervical cancer,
improve the quality of patient’s survival, and improve the prognosis.
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Introduction

At present, cervical cancer has become a public health problem of
global concern. It is one of the most common malignant tumors
among women in the world, ranking fourth in incidence rate and
mortality (Ferlay et al., 2015). High-risk Human Papilloma Virus
(HPV) infection is considered the main cause of cervical cancer
(Schiffman et al., 2007). Persistent human papilloma virus infection is
an important factor in the development of cervical cancer, which is
usually a long process evolving from the development of squamous
intraepithelial lesions (SIL), also referred to as CIN. Local treatment
of advanced squamous intraepithelial lesions, also regarded as High-
Grade Squamous Intraepithelial Lesion (HSIL), may be effective in
preventing cancer. So cervical cancer is the only malignant tumor that
can be prevented by vaccination, and we can achieve early detection,
treatment, and prevention through cervical precancerous screening.
It is very important to detect cervical lesions in time and block their
development. The American Society for Colposcopy and Cervical
Pathology (ASCCP) recommends that cervical conization with fertility
preservation be the first choice for HSIL with satisfactory Colposcopy
examination. Cervical conization includes loop electrosurgical
excision procedure (LEEP) and cold knife conization (CKC), but
about 15% of patients experience varying degrees of residual or
recurrence after surgery (Kocken et al., 2011). How to detect high-risk
recurrence patients in time is still inconclusive. Therefore, this article
attempts to analyze the prognosis of HSIL cervical conization surgery
with HPV infection, explore the relationship between cervical lesion
recurrence and HPV prognosis, and other related risk factors, with the
aim of timely identify high-risk patients with recurrence tendency, and
improve the survival rate and prognosis of patients.

Methods

This article retrospectively analyzed the clinical data of 300
patients with high-grade squamous intraepithelial lesions (HSIL) of
the cervix admitted to the Second Affiliated Hospital of Dalian
Medical University from 2019 to 2020. The inclusion criteria for cases
are those with HPV infection and pathologically diagnosed as HSIL
through cervical biopsy. All patients underwent CKC for treatment.
We collected age, pathological type, and involvement of glands in the
lesion, HPV infection type and genotype, pregnancy and childbirth
history, smoking history, postoperative HPV follow-up results at 6, 12,
and 24 months, as well as the HPV infection status and lesion
characteristics of recurrent patients. The follow-up period was until
January 2023. All information is obtained by consulting medical
records. The study was approved by the Ethics Committee of the
Second Affiliated Hospital of Dalian Medical University. We used
SPSS statistical software for data analysis, counting data use cases and
percentage, and comparing multiple groups using y” tests or Fisher’s
exact probability method, using Bonferroni correction for pairwise
comparison. The difference with p <0.05 is statistically significant.

Results

Analysis of clinical data characteristics of patients with high-grade
squamous intraepithelial lesions of the cervix.
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TABLE 1 Chi square analysis of gland involvement and HPV negative
conversion rate.

i(r:;l\?:l?/emen t Negative = Positive Total = 2 p
Y(Yes) 118(77.12%)  35(22.88%) 153

N(No) 72(78.26%) | 20 (21.74%) 92 0.043 | 0.836
Total 190 (77.55%) 55 (22.45%) = 245

Among the 300 patients we collected, the average age was
41.13years (21-70years). 245 patients completed follow-up, with an
overall follow-up rate of 81.67%. 20 patients experienced recurrence
within 4years after surgery, with an average recurrence rate of 8.16%
and a median recurrence time of 14 months. Postoperative pathology
of 153 patients with cervical cone resection revealed gland
involvement. There was no significant difference in the postoperative
negative conversion rate between them and patients without gland
involvement. We believe that whether the gland is involved or not has
no significant effect on the postoperative recurrence rate (Table 1).

Analysis of HPV infection genotypes before
and after operation

Table 2 lists the statistics of HPV infection genotypes of HSIL
patients before operation, and the top five are genotypes 16, 52, 58, 33,
and 31 in turn. 146 cases of cervical high-grade squamous
intraepithelial lesions caused by HPV 16, accounting for 35.78%. The
genotypes of HPV reinfection after cervical conization, and the top
five are genotypes 16, 58, 52, 53, and 39. Thus it can be seen that the
common HPV infection genotypes in patients with HSIL are 16, 52,
and 58 genotypes. Genotypes 16 of HPV has the highest risk of
cervical squamous intraepithelial lesions.

Analysis of age and recovery from HPV
infection after cervical conization

Figure 1 shows the statistics of HPV retesting after cervical
conization in different age groups, and a total of 192 cases were
screened with negative results of the last HPV test, with an overall
HPV conversion rate of 79.18%. We found that patients over 61 years
of age had the lowest postoperative HPV conversion rate of about
73.33%. The conversion rate was also lower in the age group of
51-60years, at 74.70%, with little difference in the rate between the
ages of 30 and 50 years. However, there was no significant difference
between the conversion rates of each age group by y” test.

Correlation of multiple HPV infections,
HPV genotypes, and recovery from HPV
infection after cervical conization

Of the 245 follow-up patients who underwent cervical conization
for HSIL, 110 patients were retested for HPV at 6months
postoperatively with a negative rate of 81.81%, 98 patients were
retested for HPV at 12 months postoperatively with a negative rate of
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TABLE 2 Statistics of HPV infection genotypes before operation and reinfection genotypes after surgery.

Genotypes before

Reinfection genotypes

operation Percentage (%) after surgery Cases Percentage (%)
16 146 35.78 16 23 19.83
52 41 10.05 58 2 18.97
58 39 9.56 52 13 1121
33 21 5.15 53 11 9.48
31 18 441 39 8 6.90
18 17 417 56 7 6.03
35 12 2.94 51 6 517
51 12 2.94 CP8304 6 517
53 12 2.94 33 5 431
68 11 270 59 4 3.45
39 10 245 68 4 3.45
56 8 1.96 66 3 259
66 7 1.72 11 1 0.86
81 7 1.72 31 1 0.86
Not genotyped 14 3.42 45 1 0.86
45 6 147 6 1 0.86
59 5 1.23

6 4 0.98

42 3 0.74

82 3 0.74

11 2 0.49

Others 10 2.45

Other genotypes include: 9, 26, 40, 43, 54, 55, 61, 73, 78, 83, etc.

16/18 genotypes

I SSatveT3 121

Pre- and post-operative infection

genotypes C MlGcRIeey
same 92.31%

infection types HPV negative rate

multiple 77.13%
ey snqle 82 9%

Follow-up time

oy, | T

mQOver 61 years old

— 53%
] -

Age ;.% . 3@ 51-60 years old

m41-50 years old
0.00% 20.00% 40.00% 60.00% 80.00%100.00% m31-40 years old

FIGURE 1

Summary of risk factors and negative rate of HPV after cervical conization (Due to the multiple categories of data, the legend only indicates different
age groups, and the remaining data are marked as follows: negative = 16/18 genotypes negative, positive = 16/18 genotypes positive, same = the same
genotype before and after surgery, different = different genotype before and after surgery, single = single HPV genotype infection, and

multiple = multiple HPV genotypes infection.).

85.71%, and 66 patients were retested for HPV at 24months  negative rate of HPV test is more than 90% at 2years after the
postoperatively with a negative rate of 90.91%. We can see that the ~ operation. This also shows that cervical conization is effective in
negative rate of HPV test is gradually increasing with time, and the =~ removing HPV. Meanwhile, we found that the negative rate of 49
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patients with multiple HPV infections was 77.13%, which was
significantly lower than those with HPV mono-infections (p=0.049).
We also statistically analyzed the sex-negative rate of patients infected
with HPV genotypes 16 or 18 and found that whether they were
infected with HPV genotypes 16 or 18 did not significantly affect the
negative rate (p =0.681).

For patients who were reinfected with HPV (first postoperative
HPV-negative review and second or subsequent HPV-positive
review), we sorted the data according to whether the patients were
infected with the same HPV genotypes before and after surgery, and
we analyzed the effect of the consistency of the preoperative and
postoperative infection genotypes on the recurrence of lesions. Due
to the small sample size and some subgroup sample counts less than
5, the use of the traditional chi-square test tends to bias the test results,
so Fisher’s exact test was used for chi-square estimation. The results
showed that at the 10% significance level, the probability of recurrence
was higher in patients with the same HPV infection genotype before
and after surgery than in patients with different infection genotypes
before and after surgery.

Correlation between the number of
pregnancies and births and HPV infection
and regression

We counted the maternal history of 271 patients and found that
the number of pregnancies and births had no significant effect on the
HPV conversion rate. Due to the small sample size and some subgroup
sample counts less than 5, the use of the traditional chi-square test is
prone to bias the test results, so Fisher’s exact test was used for
chi-square analysis (Table 3).

Discussion

HPV and cervical squamous intraepithelial
lesions

Persistent human papillomavirus infection is an important factor in
the development of cervical cancer, which is usually a long process
evolving from the development of squamous intraepithelial lesions (SIL),

TABLE 3 Chi-square test of the number of pregnancies, births, and HPV
negativity rate.

Number of . o

pregnancies Negative Positive Total 2 p
0 33(86.84%) 5(13.16%) 38

1-2 131 (82.39%) | 28 (17.61%) 159 0.743 0.878
3-4 89 (82.41%) | 19 (17.59%) 108

5 and more 11 (78.57%) 3(21.43%) 14

Number of births

0 53 (84.13%) | 10 (15.87%) 63

1 171 (83.01%) | 35 (16.99%) 206 0.090 0.977
2 and more 47 (82.46%) 10 (17.54%) 57

Total 272 (83.18%) | 55(16.82%) 327
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also known as cervical intraepithelial neoplasia (CIN). Early studies have
shown that women with persistent HPV infection have a significantly
increased risk of developing cervical squamous intraepithelial lesions,
which can progress to cancer if not detected and treated in time
(Walboomers et al., 1999; Bosch et al., 2002). In other words, local
treatment of advanced squamous intraepithelial lesions, also known as
HSIL, may be effective in preventing cancer (International Agency for
Research on Cancer, 2005, 2020; Kyrgiou et al., 2020). Local cervical
treatments include large loop excision of the transformation zone
(LLETZ), cold knife conization (CKC), loop electrosurgical excision
procedure (LEEP), or ablation. Because cervical conization allows
assessment of the margins of the excised tissue for residual lesions,
excisional treatment is currently considered superior to ablation (Perkins
etal., 2020). Arbyn et al. showed that the average risk of recurrence after
surgery for high-grade lesions was only 6.6%. Among them, the risk of
recurrence of HSIL or CIN was 6.7% for LLETZ, while CKC or laser
conization had only a 2.1-2.2% risk of recurrence (Arbyn et al., 2017).
At the same time, several studies have shown that the recurrence rate
after CKC ranges from 1.4 to 2.2% (Santesso et al., 2016; Arbyn et al.,
2017; Zhang and Lin, 2022), while the failure rate after LEEP treatment
ranges from 7 to 14% (Kreimer et al., 2006; Lubrano et al., 2012; Kuroki
etal, 2016). All patients in our study underwent CKC, the recurrence
rate of the lesions was 8.16%, the median time to lesion recurrence was
14months, and the pathological type was LSIL. We believe that CKC and
LEEP have their own advantages, and the treatment should
be individualized according to the patient’s condition. Updates and
improvements in surgical approaches need to be further explored and
confirmed by multicenter, large-sample prospective studies.

Analysis of HPV regression after cervical
conization

There is an association between the onset, progression, treatment,
and prognosis of SIL or CIN and HPV infection (Salvado et al., 2021).
However, HPV infection is asymptomatic in most patients and resolves
spontaneously within 1-2years (Frazer, 2009). The 2-year HPV-negative
rate after cervical conization in our study was more than 90%. To
reduce the psychological and economic burden on patients, we believe
that a 6-month postoperative follow-up period is appropriate. In
addition, Alonsol et al. and Perkins et al. (2020) showed that HPV viral
load was also strongly related to postoperative residue or recurrence,
with higher rates of postoperative residue or recurrence in the group of
patients with high preoperative HPV viral load. Thus, persistent HPV
infection, as well as HPV viral load, may be a high-risk factor for
residue or recurrent postoperative lesions. Whether or not to include
HPV viral load as one of the postoperative tests then needs to
be supported by more clinical research data. Although surgery removes
most of the HPV, it does not remove it completely, and if residual
HPV-infected lesions remain after surgery, it may lead to recurrence of
the lesions or even eventual progression to cervical cancer.

Age
We counted the HPV testing after cervical conization in different

age groups. And we found that there was a relationship between the
age of patients and postoperative residual or recurrence. We found
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that postoperative HPV-negative rates decreased progressively with
increasing age or late menopausal period, although there was no
dramatic difference in postoperative negative rates between age
groups, with the lowest postoperative HPV-negative rates found in
patients over the age of 61 years. It has been shown (Bilibio et al., 2019)
that low estrogen levels in postmenopausal women reduce the number
of cells secreting interferon-y and tumor necrosis factor--a, thereby
decreasing immune reactivity, and have an accelerating effect on the
release of pro-inflammatory cytokines, which in turn promotes lesion
progression. Petorius et al. (2006) followed patients after CIN
conization and found that the subsequent risk of CIN 3 or cancer
increased with patient age. Therefore, we believe that for elderly
patients, especially postmenopausal patients, considering that their
lesions are mostly hidden in the cervical canal and their immune
function is declining, as well as the poor adherence to postoperative
follow-up in elderly patients, an individualized plan of treatment
should be formulated, and close postoperative follow-up should
be performed to detect recurrent cases in time and take appropriate
management measures.

Maternity and smoking

Early studies have shown that pregnancy-associated elevated
levels of estrogen or growth hormone, such as Human Chorionic
Gonadotropin (HCG), may increase the activity of HPV molecules,
which in turn may influence the natural history of HPV infection and
the progression of lesions (Nair et al., 2005; Delvenne et al., 2007).
Jensen et al. (2013) found that childbirth increased the risk of HSIL
even more than the risk of persistent HPV infection. The mechanism
by which pregnancy influences the progression of HPV infection to
clinical lesions may be related to the pregnancy-associated increase in
HPV molecular activity due to elevated levels of estrogen or growth
hormone, such as human chorionic gonadotropin (HCG). However,
there are also studies that show no increased risk of HPV infection
during pregnancy (Banura et al., 2008; Schmeink et al., 2012; Trottier
et al, 2015). In our study, we counted the maternal history of
conization patients and found that the number of pregnancies and
births did not have a significant effect on the HPV conversion rate
after conization. Therefore, we believe that further prospective studies
with large samples are needed to confirm the effects of pregnancy and
maternal history on HPV infection and postoperative recurrence.

Smoking has been shown to be an independent risk factor for
HSIL in young women after the onset of frequent sexual activity
(Collins et al., 2010). Several studies have shown (International
Collaboration of Epidemiological Studies of Cervical Cancer et al.,
2006; Koshiyama et al., 2019) that smokers have an increased risk of
developing cervical cancer compared with nonsmokers, and that the
risk of squamous cell carcinoma of smokers increases with the number
of cigarettes smoked every day and with decreasing age of smoking
initiation. Inamine et al. (2012) found that smoking induces high
plasma expression of vascular endothelial growth factor C (VEGF-C)
in patients with CIN and that VEGF-C plays a major role in cervical
lesions in smoking patients. However, it has also been shown
(Hui-Qiong et al, 2016) that there is no statistically dramatic
difference in the comparison of postoperative recurrence between
smoking and non-smoking patients. The smoking history in our study
was only one person, and there are fewer large-sample studies on the
effect of smoking on postoperative HPV regression or lesion
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recurrence, so we believe this requires more data collection and
further exploration.

Effect of postoperative re-infection with
HPV subtype and type on recurrence

Multiple infections refer to the coexistence of two or more HPV
subtypes in patients with cervical cancer, which may be dual, triple or
even more. Reinfection with HPV after cervical conization remains a
high-risk factor for lesion recurrence, and which subtypes and types
of infection are more likely to cause recurrence needs to be further
explored. Gok et al. (2007) and Bais et al. (2009) reported that women
infected with HPV16 were significantly more likely to develop
residual/recurrent CIN than women infected with other HR-HPV
genotypes. However, because the study included a small number of
residual cases, this does not confirm the correlation between HPV
genotype infection and recurrence. Nam et al. (2009) conducted a
study on recurrent cases with negative margins and found that
pre-taper HPV16 infection was significantly associated with
persistence of High Risk-Human Papilloma Virus (HR-HPV) after
taper. Furthermore, it has also been reported (Soderlund-Strand et al.,
2014; Kang and Kim, 2016) that HPV18 is more likely to be related to
recurrence of high-grade CIN (p <0.05). Vintermyr et al. (2014)
reported that 95.9% of recurrent CIN2+ patients had persistent
HR-HPYV infection, of which 74.5% were HPV16 or HPV 18. More
than 60% of recurrent CIN2+ occurred within 3years of initial
conization, indicating a high risk of recurrence in patients with
persistent HR-HPV infection. In this study, HPV16, HPV52, and
HPV58 were the top three infection genotypes in order before
conization, and HPV16, HPV58, and HPV52 were the top three
infection genotypes in order after conization. HPV16 was the genotype
with the highest infection rate before and after conization, but
we statistically found that whether or not we were infected with HPV
genotypes 16/18 did not have a significant effect on the rate of
conversions (p =0.836). Meanwhile, in our study, the negative rate of
49 patients with multiple HPV infections after cervical conization was
77.13%, which was significantly lower than that of those infected with
a single HPV genotype. And we found that the probability of
recurrence in patients with the same genotype of HPV infection
before and after surgery was higher than that in patients with different
genotypes of infection before and after surgery. There are still some
limitations since some patients in this study were lost to follow-up and
the use of LSIL or more defined as residual/recurrent, which may have
influenced the statistical results to be biased. Therefore, the relevance
between HPV genotype infection and recurrence needs to
be confirmed by further studies.

Vaccination and lesion recurrence

Human Papilloma Virus (HPV) vaccination is a primary
prevention of cervical cancer and significantly reduces the risk of
developing cervical lesions and even cervical cancer. Some scholars
believe that HPV vaccination may reduce the risk of recurrence in
patients with CIN who undergo surgery (Kang et al., 2013; Ghelardi
et al., 2018; Bartels et al., 2020; Jentschke et al., 2020; Lichter et al.,
2020; Di Donato et al., 2021), but others believe that vaccination will
not play a role in postoperative patients with CIN (Sand et al., 2020).
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It is worth noting that in analyzing previous observational studies,
we should consider the surgical margins to assess more objectively the
effect of HPV vaccination after excisional treatment. The mechanism
of prophylaxis after CIN is unclear. Some studies have emphasized a
possible cross-immunization effect for initial prophylaxis with
vaccines against HPV-related diseases, but the effect on recurrent
infections and whether it prevents reactivation of latent HPV
infections is unclear (Ault, 2007; Jenkins, 2008; Gravitt and Winer,
2017). We believe that HPV vaccination may decrease the risk of
postoperative recurrence in patients with HSIL, but more studies are
needed to further confirm the mechanism of action for better
clinical application.

Conclusion

In summary, the chances of patients becoming negative for HPV
after cervical conization are high, and to reduce the psychological and
economic burden on patients, we believe that a postoperative
follow-up period of 6 months is appropriate. Whereas the numerous
high-risk factors for HPV reinfection or persistent infection are
inconclusive. In conjunction with the literature review, we believe that
HPV reinfection or persistent infection was more common in patients
aged >50years, with >3 pregnancies and deliveries, a history of
smoking, and consistent genotypes of pre- and postoperative HPV
infection in cervical conization, all of which may be high-risk factors
for lesion recurrence. For patients with potential high-risk factors,
we need to provide individualized follow-up and targeted
management, take timely and effective action, optimize treatment
plans, reduce recurrence rates, prevent HSIL and cervical cancer,
improve the quality of patient survival, and improve prognosis.
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Certain viruses called tumor viruses or oncoviruses are capable to change the
gene expression pattern of distinct human or animal cell types in tissue culture,
resulting in uncontrolled proliferation as well as a change in the social behavior
of the infected cells: the oncovirus-transformed, immortalized cells are capable
to form malignant neoplasms in suitable animal models. At present, seven human
viruses are categorized as causative agents of distinct human malignancies. The
genomes of human tumor viruses, typically encode viral oncoproteins and non—
translated viral RNAs that affect the gene expression pattern of their target cells or
induce genetic and epigenetic alterations contributing to oncogenesis. Recently,
the application of chromatin conformation capture technologies and three-
dimensional (3D) molecular imaging techniques revealed how the gene products
or genomes of certain human tumor viruses interact with and induce alterations
in the 3D host genome structure. This Mini Review aims to cover selected
aspects of these developments. The papers, discussed briefly, describe how
insertion of a novel viral binding site for the 3D genome organizer cellular protein
CCCTC-binding factor (CTCF) into the DNA of T cells infected by human T-cell
lymphotropic virus type 1 (HTLV-1) may contribute to lymphomagenesis, as well as
how integration of high risk human papillomavirus genome into the host cell DNA
may facilitate cervical carcinogenesis. Recent results regarding the interactions of
cellular genomes with the episomal, chromatinized DNA genomes of oncogenic
human herpesvirus, Epstein—Barr virus (EBV) will also be summarized, similarly to
available data regarding contacts formed by episomal or integrated hepatitis B
virus (HBV) DNA with host chromatin. Finally, a putative mechanism of hepatitis
C virus (HCV) induced chromatin alterations will be presented, which may solve
the riddle, how a cytoplasmic RNA virus without a viral oncogene could induce
malingnant transfrormation of hepatocytes.

KEYWORDS

tumor virus, oncogene, transformation, chromatin loop, host cell genome, viral
episome, integration

1. Introduction

Application of novel sequencing-based and microscopy-based techniques allowed high-
resolution mapping of chromatin contacts and permitted three-dimensional reconstruction of
nuclear architecture in various cell types (Licberman-Aiden et al., 2009; Jerkovic and Cavalli, 2021).
Using a refined version (in situ Hi.C) of the sequencing-based chromosome conformation capture
(3C) method, Rao et al. mapped chromatin interactions, at a 1 Kb resolution, in a human B
lymphoblastoid cell line immortalized with Epstein-Barr virus (Rao et al., 2014). Similar interaction
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maps were created in 8 other human and mouse cell lines, allowing the
identification of six distinct nuclear subcompartments displaying
characteristic patterns of histone modifications, and approximately 10,
000 chromatin loops that may allow long-range enhancer-promoter
interactions (see reference 3, for a detailed characterization of nuclear
subcompartments). Recently, a single chromatin loop situated in the
vicinity of the TCRA (T Cell Receptor A) locus in human chromosome
14 could be visualized by Parteka-Tojek et al., using a combination of
FISH staining and interferometric photoactivated localization
microscopy (iPALM) (Parteka-Tojek et al., 2022). They used the very
same EBV-immortalized human lymphoblastoid cell line (GM12878)
that was characterized by Rao et al., who mapped that particular loop by
in situ Hi-C (Rao et al,, 2014). Parteka-Tojek et al. concluded that the
physical distance maps generated by single-cell imaging fitted well to the
population based genomic data (Parteka-Tojek et al., 2022).

Chromatin loops are formed by the interaction of a ring-shaped
protein complex called cohesin and the nuclear protein CCCTC-binding
factor (CTCF); reviewed by Beagan and Phillips-Cremins (2020).

Approximately 10% of cancer cases is attributable to virus
infections (Plummer et al., 2016). Analysis of whole-genome and
whole-transcriptome sequencing data of cancer specimens revealed a
high prevalence of certain human tumor-viruses, including Epstein-
Barr virus (EBV), hepatitis B virus (HBV) and high risk human
papilloma viruses (HPV16 and HPV18) (Zapatka et al., 2020). These
viruses carry a DNA genome in their virion.

EBV, a human gammaherpesvirus, infects both lymphoid and
epithelial cells, and it is regarded as the causative agent of B
lymphoproloferative disease; its cell tropism is reflected in its
association with Hodgkin lymphoma, Burkitt lymphoma and diffuse
large B cell lymphoma (Shannon-Lowe and Rickinson, 2019). In
addition, EBV is associated with T/NK lymphoproliferative diseases
and T/NK lymphomas/leukemias, as well as with neoplasms of
epithelial origin, nasopharyngeal carcinoma and a fraction of gastric
carcinomas (Shannon-Lowe and Rickinson, 2019). In rare cases,
leiomyosarcomas of smooth muscle origin also carry EBV genomes
(Shannon-Lowe and Rickinson, 2019; Zhang et al., 2023).

HBYV is one of the causative agent of hepatocellular carcinoma;
upon infection of liver cells, the partially double-stranded DNA
genome carried by the HBV virion is converted to a covalently closed,
circular DNA (cccDNA) in the host cell nucleus (Seeger and Mason,
2015). Chronic HBV infections frequently progress to cirrhosis, a risk
factor for developing liver cancer (D’souza et al., 2020).

So called high risk human papilloma viruses (HPV16, HPV18) are
regarded as causative agents of genital cancers, especially cervical
carcinoma; the genomes of these DNA tumor viruses encode
oncoproteins interacting with so called tumor suppressor proteins that
regulate cell proliferation (Zur Hausen, 2009; Pal and Kundu, 2020).

In addition to EBV, HBV, and HPV, two other human viruses that
carry a double-stranded DNA genome in the virion, were also implicated
in tumorigenesis, albeit they cause neoplasms of lower prevalence:
Kaposi’s sarcoma-associated herpesvirus (KSHYV; also called Human
gammaherpesvirus 8, HHV-8) is associated with Kaposi’s sarcoma and
primary effusion lymphoma, whereas the genome of Merkel cell
polyomavirus(MCPyV) was frequently detected in cells of a rare, but
aggressive malignancy, Merkel cell carcinoma (Mesri et al, 2010;
Chakraborty et al., 2012; Czech-Sioli et al., 2020; Pietropaolo et al., 2020).

In contrast to the human tumor viruses listed above, Hepatitis C
virus (HCV), a single stranded RNA virus, does not carry a viral
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oncogene in its genome (Yamagishi et al., 2018; Zaki et al., 2022). HCV
is considered to be the causative agent of hepatocellular carcinoma
(HCC) developing in individuals with chronic HCV infection
(Yamagishi et al., 2018; Zaki et al., 2022). Both direct, viral associated,
and indirect, immune-associated factors contribute to the development
of HCV-associated liver cancer (Zaki et al., 2022). Table 1 summarizes
the human tumor viruses and their target cells. The genomes of human
tumor viruses typically carry genes coding for viral oncoproteins
implicated in tumorigenesis (Vogt, 2012; Chang et al., 2017; Gaglia and
Munger, 2018; Krump and You, 2018; Stolz and McCormick, 2020).
Oncoproteins frequently target tumor suppressor pathways or host
signaling pathways that regulate cell proliferation (Krump and You,
2018). Certain RNA tumor viruses infecting animals do not carry,
however, viral oncogenes; they may cause malignant tumors by inserting
a DNA copy of their RNA genome into the host cell DNA and activating
cellular genes that control cell proliferation via the inserted viral
promoter or enhancer sequences; see (Robinson and Gagnon, 1986),
and references therein. It was suggested that a similar mechanism of
insertional tumorigenesis is involved in the initiation and progression
of HTLV-1-associated T-cell leukemia-lymphoma as well, as discussed
below (see 2.). Thereafter, I wish to summarize how integrated HPV
DNA and episomal HPV-host cell DNA hybrid sequences may affect
the 3D structure of host cell chromatin (see 3.). Latent, episomal EBV
genomes also interact with the host cell chromatin in both lymphoid
and epithelial cells (see 4.), whereas extrachromosomal, episomal HBV
genomes contact active regions of target cell chromatin at an early stage
of infection, followed by integration and loop formation at a later stage
(see 5.), Unexpectedly, it was also observed that HCV, an RNA tumor
virus that does not enter the host cell nucleus and does not carry a viral
oncogene, may cause misregulation of cohesin, a nuclear protein
regulating the 3D genome structure, contributing thereby to a change

TABLE 1 Human tumor viruses and their targets.

Virus family and name = Genome (in Target cells

the virion)
Herpesviridae
Epstein-Barr virus (EBV) DNA lymphoid, epithelial &

smooth muscle cells

Kaposi’s sarcoma-associated DNA endothelial &
herpesvirus (KSHV) lymphoid cells
Papillomaviridae
Human papillomavirus (HPV) DNA epithelial cells
Polyomaviridae
Merkel cell polyomavirus DNA neuroectodermal cells
(MCPyV)
Hepadnaviridae
Hepatitis B virus (HBV) DNA liver cells
Retroviridae
Human T-lymphotropic virus, RNA T cells
type 1 (HTLV-1)
Flaviviridae
Hepatitis C virus (HCV) RNA liver cells

As discussed in this Mini Review, EBV, HPV, HBV, HTLV-1, and HCV are capable to induce
alterations in the 3D structure of host cell genomes. Further studies may reveal whether
similar mechanisms contribute to oncogenesis by KSHV and MCPyYV, too.
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of host cell gene expression and development of liver cancer (see 6.).
Finally, I would like to outline briefly how a new research field, focusing
on tumor virus induced alterations in the 3D host genome, may open
new possibilities for diagnostics and therapy viral as well as non-viral
malignancies (see 7.).

2. Insertion of a novel, viral CTCF
binding site carried by HTLV-I provirus
into the host cell genome may rewire
chromatin loops in infected T cells

Using CTCF Chip assays, Satou et al. observed that CTCE a
regulator of chromatin structure, bound to the so called pX region of
HTLV-1 provirus in a nonmalignant HTLV-1 infected T cell clone and
in a T cell line derived from adult T cell leukemia (ATL) (Satou et al.,
2016). Furthermore, similar observations were made using fresh
PBMCs (peripheral blood mononuclear cells) from a patient with
HTLV-1-associated myelopathy/tropical spastic paraparesis (HAM/
TSP), a chronic inflammatory disease, and PBMC:s of a patient with
ATL, indicating that CTCF binds to the HTLV-1 provirus in vivo as
well (Satou et al., 2016). They compared long-range chromatin
interactions in cells carrying either wild type HTLV-I provirus or a
mutant HTLV-1 provirus (AvCTCF-BS) unable to associate with the
zinc finger protein CTCF and demonstrated by quantitative
chromosome conformation capture (3C) analysis a decreased
interaction frequency in case of the mutant provirus (Satou et al,,
2016). In a follow-up study.Melamed et al. applied the method of
quantitative 4C (q4C, a modified version of circular chromosome
conformation capture) to analyse chromatin contacts formed between
HTLV-1 genomes integrated into the DNA of CD4+ T-cell clones, and
the relevatnt host cell genome (Melamed et al., 2018). The T-cell
clones studied were isolated from HTLV-1-infected individuals, and
long-range chromatin contacts could be detected between the HTLV-
Iprovirus and the host genome in 9 of the 10 clones, in parallel with
alterations in host gene expression (Melamed et al., 2018). Although
these experiments suggested that insertional mutagenesis contributes
to ATL pathogenesis, Martinez et al. found that the viral CTCF
binding site was dispensable for T-cell immortalization and for
persistent infection in vivo (Martinez et al., 2019). The situation is
complex, because HTLV-1-encoded oncoproteins also contribute to
ATL induction, and in infected individuals the provirus is present at
unique integration sites in a series of T-cell clones. One may speculate
that distinct CTCF-CTCF contacts, formed between integrated
HTLV-I genomes and cellular chromatin loops alter the cellular
transcriptome in a manner that provides growth advantage for
selected T cell clones during ATL initiation or progression.

3. Integration of human
ﬁapillomavirus (HPV) DNA into the

ost cell genome: reprogramming of
host cell transcription via de novo
generation of a cellular
super-enhancer

So called “high risk” human papillomaviruses, especially HPV
type 16 and 18 (HPV16, HPV18) are the causative agents of cervical
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cancer. Although their circular, double stranded DNA genomes
typically persist as extrachromosomal episomes in the nuclei of
infected epithelial cells, cervical carcinoma cells usually carry
integrated HPV16 and HPV18 DNA sequences in their genome.
Genetic and epigenetic consequences of integration result in enhanced
expression of the viral oncogenes E6 and E7, as reviewed in (McBride
and Warburton, 2017). Warburton et al. observed that multiple,
tandemly integrated HPV16 genomes in chromosome 2 of the
cervical-derived cell line 20,861 formed a so called super-enhancer
(SE) with co-amplified cellular sequences (Warburton et al., 2018).
Accordingly, this locus was enriched in Bromodomain-containing
protein 4 (BRD4), a regulator of transcription, and in acetylated
histone H3 (H3K27ac), another marker of super-enhancers that
ensure enhanced expression of distal genes via chromatin looping. As
a matter of fact, this particular locus directed high level expression of
a viral-cellular fusion transcript encoding the HPV oncoproteins E6
and E7 (Warburton et al., 2018). Recently, Tian et al. characterized the
sites of HPV integration in HPV-positive cell lines and observed that
HPV integration frequently resulted in the generation of cellular
super-enhancers called HPV breakpoint-induced cellular SEs
(BP-cSEs) (Tian et al., 2023). Furthermore, they showed that some of
the BP-cSEs were formed by extrachromosomal, HPV DNA-human
DNA hybrid sequences and in the case of HeLa cells they could even
trace back the origin of three extrachromosomal DNAs (ecDNAS) to
the integration sites of HPV18 genomes on chromosome 8. These
sequencing data supported the idea that the hybrid ecDNAs were
induced, indeed, by the integration of viral genomes into the host
DNA (Tian et al., 2023). Hi-C, Chip-seq and RNA seq data revealed
that the episomal, ecDNA based super-enhancers could establish
long-range intra- and extra-chromosomal interactions and acted as
transcriptional regulators (Tian et al., 2023).

4. Latent Epstein—Barr virus genomes
interact with and change the 3D
structure of host cell genomes

Latent, growth-transformation associated genes of Epstein-Barr
virus (EBV), an oncogenic human herpesvirus, are typically expressed
from circular, chromatinized viral episomes in host cell nuclei
(Shannon-Lowe and Rickinson, 2019). Although it is well documented
that host-cell dependent expression of EBV-encoded latent proteins
and non-translated RNAs contrbutes to tumorigenesis, recent studies
revealed that direct interactions of the viral episomes with the cellular
genome may also play a role in the induction of EBV-associated
malignancies. Kim et al. studied Burkitt lymphoma (BL) cell lines
using circular chromosome conformation capture (4C), and observed
that the EBV episomes preferably associated with intergenic regions
of the cellular genome (Kim et al., 2020). They compared the BL data
with the results of Rao et al. (2014) who studied an EBV-immortalized
B lymphoblastoid cell line (LCL), and found that the EBV genomes
formed more contacts with promoter rich regions in the latter (Kim
etal,, 2020). A re-analysis of public data sets by Wang et al., as well as
their own 4C-seq data (4C-seq: circular chromatin conformation
capture followed by deep sequencing) supported the view that EBV
episomes colocalise with active regions of the host chromatin in LCLs
(Wang et al., 2020). I would like to add that besides episome-host
genome interactions, EBV-encoded oncoproteins, especially nuclear
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antigens also significantly contribute to the reorganization of host cell
chromatin during immortalization of resting B cells and establishment
of LCLs in vitro (Wang et al., 2023).

In addition to lymphoid malignancies, EBV is also associated with
certain neoplasms of epithelial origin, including a subset of gastric
carcinomas. Okabe et al. found that in EBV-positive gastric carcinoma
cell lines the viral episomes form long-range interactions with distinct
host
heterochromatin-to euchromatin transitions (Okabe et al., 2020).

chromatin domains of the cell, accompanied by
Okabe et al. suggested that such interactions, called ‘enhancer
infestation, may induce epigenetic alterations and activate cellular
oncogenes (proto-onc genes), contributing to carcinogenesis (Okabe

et al., 2020).

5. Chromatin reorganization in
hepatitis B virus (HBV) infected
hepatoma cells

Using Hi-C sequencing, Guo et al. analysed chromatin
interactions in a HBV-infected human hepatoma cell line and its
uninfected counterpart (Guo et al., 2023). They observed enhanced
chromatin interactions, especially on distinct interphase
chromosomes, in HBV-positive cells and recorded characteristic
shifts in nuclear subcompartments, accompanied with repression
of enhancers regulating inflammatory genes and opening of
regions enriched in transposable elements (Guo et al., 2023). These
data suggested that reorganization of 3D genome structure may
contribute to disease development associated with HBV infection.
Yang et al. studied two in vitro HBV infection systems
corresponding to a de novo infection stage with episomal viral
genomes and a later stage with integrated HBV genomes (Yang
et al., 2020). HBV DNA-host DNA contacts were assessed using
3C-high-throughput genome-wide translocation sequencing
(3C-HTGTY), and the results showed that at the initial stage of
infection the HBV minichromosome (covalently closed circular
DNA, cccDNA) preferably contacts transcriptionally active regions
of host cell chromatin, whereas the integrated HBV genome,
especially when integrated to a transcriptionally active region on
chromosome 2, interacted with the host genome and formed a
chromatin loop structure (Yang et al., 2020).

6. Hepatitis C virus (HCV) up-regulates
the RAD21 cohesin subunit, a
regulator of chromatin structure:
implications for hepatocarcinogenesis
induced by a cytoplasmic RNA virus

Hepatitis C virus (HCV) is one of the causative agents of
hepatocellular carcinoma, its exact role, however, in carcinogenesis
is unknown at present (Goossens and Hoshida, 2015). HCV has a
single stranded RNA genome, but lacks a viral oncogene, and in
contrast to retroviruses that replicate via a DNA intermediate
integrating into the host cell genome, HCV replication is confined
to the cytoplasm. Perhaps for this reason, until recently the
interaction of HCV with the host cell chromatin happened to
be outside the focus of the research community. As mentioned in
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the Introduction, chromatin loops are formed by the interaction of
a ring-shaped protein complex called cohesin and the nuclear
protein CCCTC-binding factor (CTCF) (Beagan and Phillips-
Cremins, 2020). Perez et al. studied hepatoma cells and primary
hepatocytes infected by hepatitis C virus(HCV) in vitro, and
observed an increased expression of RAD21, a core component of
the cohesin complex, in HCV-infected cells (Perez et al., 2019). In
parallel, they documented that cohesin binding sites were enriched
at regulator elements of the cellular genome in HCV-infected cells,
and there were changes in their transcriptome as well, compared
HCV also
centrosome abnormalities, possibly due to cohesin misregulation,

to uninfected controls. Furthermore, induced
Based on preliminary data, Perez et al. argued that NS3/4A, a
HCV-encoded protease, may degrade the cohesin regulator WAPL
(Wings apart-like protein homolog) protein in HCV-infected cells,
resulting in dysregulation of gene expression and induction of

chromosomal aberrations (Perez et al., 2019).

/. Perspectives

Tumor viruses or oncoviruses that show a strong association
with various neoplastic diseases in humans belong to several virus
families (Table 1). Their replication strategies and target cells are
heterogenous, and as explored by intense research efforts, a variety
of molecular mechanisms contribute to the generation of malignant
tumors by oncovirus infected cells. These research efforts had
important implications for other areas as well, including cell
biology, tumor biology, non-viral carcinogenesis and oncotherapy.
As reflected in this Mini Review, the study of tumor virus induced
alterations in the 3D host genome is a booming, novel research
field that resulted in new concepts and ideas as to the mechanism
of malignant transformation, similarly to the studies dealing with
changes of the 2D host genome elicited by retroviral insertional
mutagenesis (Bushman, 2020). Exploring how tumor viruses affect
the 3D structure of host cell gnomes may open new possibilities
for molecular-targeted therapy of virus-associated neoplastic
diseases, and may have implications for the therapy of non-viral
malignancies, too.
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Background: We have previously reported that human cytomegalovirus (HCMV)
infection could promote the progression of glioma. Here we discovered
a stress-induced nuclear protein ZC3H11A (ZC3) through high-throughput
sequencing after HCMV infection, which has been reported recently by our
research group in regulating mRNA export under stress conditions. And also, a
thorough analysis of ZC3 in pan-cancer and the omics data of ZC3 are yet to
be conducted.

Methods: The transcriptomes of glioma cells after HCMV infection were assessed
by RNA sequencing. ZC3 mRNA and protein level following HCMV infection were
validated and measured by gRT-PCR and Western-blot. The RNA sequencing
and protein expression information of ZC3 across pan-cancer were analyzed
and visualized by R packages. The localization of ZC3 protein was assessed by
IHC images from HPA. The ZC3 proteomics and transcriptomics data in different
cancers were extracted through the CPTAC data portal, and comparisons were
conducted with a Python script. The genetic alteration, survival prognosis, immune
infiltration analysis of ZC3 in pan-cancer were analyzed by cBioPortal, TCGA, and
TIMER?2 databases. The protein interaction networks were revealed by STRING,
GEPIA2 and TCGA.

Results: Genes in mRNA processing pathways were upregulated after HCMV
infection and ZC3 expression in mRNA and protein level was validated. We also
discovered that the status of ZC3 were generally at high levels in cancers, although
varied among different cancer types. ZC3 protein in tumor cells localized to the
nuclear whereas in normal cells it was mainly found in cytoplasmic/membranous.
However, from ZC3 proteomics and transcriptomics data in some cancer types,
the increase in ZC3 protein was not accompanied by a significant elevation in
MRNA level. Additionally, our analysis indicated that elevated ZC3 expression
was primarily linked to a negative prognosis in majority cancers but still
varied depending on the cancer types. Our annotation analysis suggested that
ZC3-related proteins are mainly involved in mRNA processing clusters.

Conclusion: We demonstrated that ZC3 significantly impacted by HCMYV infection
in gliomas. Furthermore, we identified a set of genes exhibiting analogous
expression patterns to ZC3H11A in TCGA pan-cancer cohorts, implying a potential
functional role for ZC3H11A in mRNA processing. Our study provided valuable
insights into the role of a new mRNA export protein ZC3 in HCMV infection and
pan-cancer progression. These results lay the foundation for our next research on
the regulatory mechanism of ZC3 in virus-infected tumors.
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Introduction

Viral infections have been implicated in the development
and progression of various types of tumors through multiple
mechanisms. Our previous research have identified that human
cytomegalovirus (HCMV) has been implicated as a contributing
factor in many cancers (Hu et al, 2017, 2021; Wang et al,
2017; Liang et al., 2019). In the present study, by transcriptomic
sequencing and cell line validation, one of the genes that have
been shown to be significantly affected by HCMV infection
in gliomas is ZC3H11A (ZC3). The discovery of elevated ZC3
expression through HCMV infection of gliomas has provided a
unique opportunity to study the expression and function of ZC3
in pan-cancer.

Emerging evidence suggests that ZC3 may have a broader
impact on cancer biology beyond gliomas. Our research group
recently discovered that the ZC3 gene encodes a stress-induced
nuclear protein that is required for efficient reproduction of several
nuclear-replicating human viruses (HIV, HSV-1, influenza virus
and adenovirus) (Younis et al.,, 2018). Further, our preliminary
results indicate that tumors take advantage of stress-induced
ZC3 function(s). A genome-wide association studies (GWAS) in
humans also have demonstrated a significant association between
the ZC3 gene and susceptibility to breast cancer (Cai et al., 2014).
However, there is still a lack of large-scale research to reveal ZC3
expression and function in pan-cancer.

ZC3 is categorized as a CCCH-type zinc finger protein that
contains three zinc finger motifs positioned at the N-terminus.
Structural prediction programs suggest that a significant portion
of the protein, except for the zinc finger and coiled-coil domains,
is predominantly intrinsically disordered (Hajikhezri et al., 2020).
Zinc finger proteins constitute a vast protein family that possess
unique zinc finger (ZnF) domains within their protein sequence.
These ZnF domains comprise several ZnF motifs that are short
sequences of 30-100 amino acids, coordinating with zinc ions
(Zn?*). While zinc ions are the preferred metal, zinc finger motifs
in ZC3 can bind to other metal ions, such as copper, cobalt,
nickel and cadmium, which compete with zinc ions for binding.
The functions of ZC3 have remained elusive for a long time.
However, two major proteomics studies have shed light on its
potential function, revealing that that ZC3 plays a crucial role
in the nuclear export of mRNA as it is one of the essential
components of the Transcription-Export (TREX) complex (Dufu
et al, 2010; Hein et al., 2015). A comprehensive study of the
relationship between ZC3 and various cancers, will contribute

Abbreviations: TCGA, The Cancer Genome Atlas; BLCA, bladder cancer;
BRCA, breast cancer; COAD, colon adenocarcinoma; ECM, extracellular
matrix; EMT, epithelial mesenchymal transition; ESCA, esophageal cancer;
FC, fold change; HIF, hypoxia induced factor; HNSC, head and neck
cancer; HR, hazard ratio; KICH, kidney chromophobe; KIRC, renal clear
cell cancer; KIRP, renal papillary cancer; LIHC, hepatocellular cancer;
LUAD, lung adenocarcinoma; LUSC, lung squamous cancer; MMP, matrix
metalloproteases; PRAD, prostate adenocarcinoma; pval, p-value; ROC,
receiver operator characteristic; STAD, stomach adenocarcinoma; THCA,
thyroid cancer; UCEC, uterine corpus endometrial carcinoma; and VHL, Von

Hippel-Lindau.
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to our understanding of the regulation of zinc finger proteins
in cancer.

In recent years, increasing evidence indicates that zinc
finger proteins play important roles in the development and
treatment of cancer. Firstly, research has shown that zinc
finger proteins play important roles in regulating cancer cell
proliferation, apoptosis, and invasion. For example, zinc finger
proteins ZEB1 and ZEB2 can promote cancer cell invasion
and metastasis by inhibiting the expression of E-cadherin
(Ang et al, 2023; Tan et al, 2023). In addition, some zinc
finger proteins can inhibit cancer cell apoptosis, such as Bcl-
2 family members, which can promote cancer cell survival by
inhibiting the mitochondrial apoptotic pathway (Borden, 2020).
Secondly, zinc finger proteins are also involved in the regulation
of signaling pathways in cancer development. For example,
zinc finger protein Nrf2 can promote cancer cell metastasis
and proliferation by regulating the oxidative stress response,
while GATA3 can inhibit cancer cell angiogenesis and invasion
(Wu et al., 2023).

Several cancers have been linked to abnormal ZC3 expression
or protein interactions. For instance, ZC3 expression levels are
considerably higher in breast cancer tissues than in normal
tissues (Cai et al, 2014; Tabl
significant upregulation of ZC3 has been observed in KRAS-

et al, 2018). Moreover, a

mutant lung adenocarcinomas (Grzeskowiak et al., 2018), where
KRAS mutations are frequently observed molecular alterations
in non-small cell lung cancers and serve as a predictor of poor
prognosis (Buscail et al., 2020). In addition, ZC3 has been reported
to interact with a mutant form of the nuclear matrix protein
Matrin-3, which is present in amyotrophic lateral sclerosis (ALS)
patients. This study demonstrated that ALS-associated mutations
increase the co-localization of Matrin-3 with components of the
TREX complex, possibly explaining the nuclear mRNA export
defects observed in ALS patients (Bochringer et al., 2017). The
export of mRNAs is a process that responds to a range of
cellular stimuli and stressors. Primary human cancer specimens
have exhibited abnormal RNA export. These exported RNAs
encode factors that play crucial roles in almost all aspects of
malignancy (Borden, 2020). Therefore, the function of ZC3 in
regulating mRNA nuclear export may potentially have an impact
on tumors.

Herein, in HCMV infected glioma, we identified an
abnormal expression of ZC3, an mRNA nuclear export gene,
by transcriptome sequencing and subsequent qRT-PCR and
western-blot verification in cell lines. We also established a
systematic analysis to investigate the association of ZC3 in
primary tumors using the TCGA pan-cancer data, and compared
the ZC3 proteomics and transcriptomics data for each type
of pan-cancer patients from the National Cancer Institute’s
Clinical Proteomic Tumor Analysis Consortium (CPTAC) dataset.
The results of this study offered insights into the panoramic
view of ZC3 in cancer, including its underlying causes and
potential consequences. It also deepened the understanding of
the relationship between RNA-binding proteins and tumors.
These research findings are significant for targeting ZC3 in
cancer treatment as they identify vulnerable cancer types
and potential biomarkers that can be further investigated for
therapeutic purposes.
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Materials and methods

Cell culture and virus infection

The U87 glioma cell line was acquired from the Shanghai Cell
Bank of the Chinese Academy of Sciences (Shanghai, China) and
was maintained in MEM at 37°C under 5% CO,. The HCMV
strain AD169 and virus infection procedures were conducted as
described previously (Hu et al., 2021). Cells were grown in a serum-
free medium and exposed to HCMV at the multiplicity of infection
(MOI) of 1. After a 2-h incubation at 37°C, the medium was
replaced with a complete one. Simulated infections were carried out
separately and concurrently.

RNA-seq and bioinformatics

U87 glioblastoma cells were infected with human
cytomegalovirus (HCMV) at a MOI of 1. The cells were then
incubated for a period of 2 days. Total RNA was extracted from
the cells using TRIzol, following the protocol provided by the
manufacturer. To prepare the mRNA libraries, the Illumina
TruSeq strand-specific nRNA-seq library preparation kit was used.
The libraries were subsequently sequenced on the NextSeq 500
platform, generating paired-end reads. The mRNA sequencing
data have been deposited in the European Nucleotide Archive
(ENA) under the Accession Number PRJEB30943. All subsequent
analyses were performed on clean data, as described in detail in the
Results section. We computed the significance of genes remained
after filtering with FDR < 0.05 as a threshold by DESeq2 R package.
All data analysis was conducted on a server running the CentOS7
operating system, provided by Qingdao University.

Reverse transcription and quantitative
real-time PCR

The extraction of RNA was conducted utilizing Trizol
reagent (Invitrogen) in accordance with the guidelines provided
by the manufacturer. For the synthesis of first-strand cDNA,
the first strand ¢cDNA synthesis kit (MBI Fermentas, St Leon
Roth, Germany) was employed. The quantification of reverse
transcription-polymerase chain reaction (qQRT-PCR) was carried
out using the Bio-Rad iCycler IQ5 system in conjunction with
SYBR Green Master mix. The expression levels of mRNA
in each sample were adjusted to the internal control of
endogenous origin. The forward and reverse primers for ZC3
detection were 5-AAGGAAGGACTTACCCATTTTGATATT-3'
and 5 -TGGGTCAGATTTCCCTATGAGAA-3,  respectively.
The forward and reverse primers for HCMV ULI122
detection were 5-TGACCGAGGATTGCAACGA-3 and 5 -
CGGCATGATTGACAGCCTG-3', respectively. The forward
and reverse primers 5 -TGGAACGGTGAAGGTGACAG-3" and
5 -GGCTTTTAGGATGGCAAGGG-3 were used to detect B-actin
as the internal control.
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Western blot analysis

Cell harvesting and protein extraction were carried out using
RIPA with PMSF. SDS-polyacrylamide gel electrophoresis was
employed to separate the extracted proteins. Following separation,
the proteins were transferred onto a PVDF membrane (Merck
Millipore, USA) and blocked using 5% skim milk. The blots were
then probed with the ZC3 primary antibody (ab99930, Abcam,
USA) at a dilution of 1:1,000 and the HCMV IE antibody (ab53495,
Abcam, USA) at a dilution of 1:1,000. The B-actin antibody (bs-
10966R, Bioss, China) was used as an internal reference at a dilution
0f 1:2,000. Subsequently, the secondary antibodies and ECL western
blotting detection were performed following established protocols
(Hu et al., 2021).

An analysis of ZC3 expression across
pan-cancer

We obtained the ZC3 (ENSG00000058673) RNAseq data for
TCGA gene expression (level3, HTSeq-FPKM). The fregments per
kilobase per million (FPKM) were subsequently transformed and
normalized to transcripts per million (TPM). All cancer types
were identified using their TCGA four-letter abbreviation (refer to
abbreviations). The R language for statistical computing (version
3.6.3) was utilized to conduct all statistical analyses. The ggplot2
package was used for data visualization. To achieve a normal
distribution, the normalized counts were log, transformed prior
to conducting any statistical analyses. Box or violin plots were
created using expression data that had been transformed with log,
(TPM + 1). The normalized cancer and adjacent normal data
for visualization has been uploaded as Supplementary material as
median with the first and third quartile (Q1, Q3).

To analyze protein expression in primary tumor and normal
tissues from the CPTAC dataset, we utilized the UALCAN portal
(http://ualcan.path.uab.edu/analysis- prot.html), an interactive web
resource. Our analysis focused on examining total protein and
phosphorylation levels of ZC3. Z-values were used to represent
standard deviations from the median across samples for the
specific cancer type. Log, Spectral count ratio values from
CPTAC were normalized within each sample profile and across
samples. The normalized statistical significance data between
cancer and normal sample for visualization has been uploaded as
Supplementary material include maximum, minimum, median and
the first and third quartile (Q1, Q3).

To assess localization in ZC3 expression on a protein level,
we obtained immunohistochemistry (IHC) images of ZC3 protein
expression from both normal and tumor tissues. We accessed
these images from the Human Protein Atlas website (http://www.
proteinatlas.org/) for analysis.

For the proteomics vs. transcriptomics comparison, raw
datasets in the field of proteomics and transcriptomics
are accessible through the CPTAC data portal in a Python
programming environment. We imported the Omics Data package
and loaded the data with a standard Python import statement.
Then we extracted the data and compared the proteomics and
transcriptomics data from different type of cancer patients

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1296725
http://ualcan.path.uab.edu/analysis-prot.html
http://www.proteinatlas.org/
http://www.proteinatlas.org/
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Lietal.

for the ZC3 gene. Finally, we plotted the transcriptomics data
against the proteomics data with Seaborn library. A Python
script for processing colon cancer has been uploaded in the
Supplementary material.

Genetic alteration analysis

For genetic alteration analysis, the cBioPortal tool (https://
www.cbioportal.org) was used to gather information on the genetic
alterations of ZC3 in all TCGA tumors. The “TCGA Pan Cancer
Atlas Studies” option in the “Quick select” section was selected,
and the genetic alteration characteristics of the ZC3 gene were
queried. The “Cancer Types Summary” module provided results on
mutation type, alteration frequency, and copy number alteration
(CNA) across all TCGA tumors. The “Mutations” module was
consulted for mutated site information, protein structure schematic
diagrams, or 3D structures. The “comparison” module was used to
gather data on overall, disease-free, progression-free, and disease-
free survival differences among TCGA cancer cases with or without
ZC3 genetic alterations. Kaplan-Meier plots were generated, and
log-rank p-values were computed.

Survival prognosis analysis

The “Survival Map” module of GEPIA2 was employed to
obtain the OS (Overall survival) and DFS (Disease-free survival)
significance map data of ZC3 in all TCGA tumors. We utilized
expression thresholds of cutoff-high (50%) and cutoff-low (50%)
to divide cohorts into high-expression and low-expression groups.
The log-rank test was conducted to evaluate the hypothesis, and
survival plots were generated using the “Survival Analysis” module
of GEPIA2.

Immune infiltration analysis

For immune infiltration analysis, the “Immune-Gene” module
of the TIMER2 web server was utilized to evaluate the correlation
between ZC3 expression and immune infiltrates across all TCGA
tumors, with a focus on CD8% T-cells and cancer-associated
fibroblasts. Immune infiltration was estimated using algorithms
such as MCPCOUNTER, CIBERSORT, TIMER, CIBERSORT-
ABS, QUANTISEQ, XCELL, and EPIC. The purity-adjusted
Spearman’s rank correlation test provided p-values and partial
correlation (cor) values. Data was presented through scatter plots
and heatmaps.

ZC3-related proteins enrichment analysis

To analyze the protein-protein interaction network, we used the
STRING website (https://string-db.org/) and set the following main
parameters for analysis: “Low confidence (0.150)” for minimum
required interaction score, “evidence” for meaning of network
edges, “no more than 50 interactors” in Ist shell for max
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number of interactors to show, and “experiments” for active
interaction sources.

We utilized GEPIA2 to collect the leading 100 ZC3-linked genes
from the comprehensive TCGA tumor and normal tissue datasets.
Following this, we performed a gene-gene Pearson correlation
analysis between ZC3 and the chosen genes. Furthermore,
we generated a heatmap to visually represent the expression
profile of the selected genes alongside the purity-adjusted
Spearman’s rank correlation test results for partial correlation (cor)
and p-value.

To conduct Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathway analysis, two datasets were merged and filtered.
To visualize the enriched pathways, we utilized the “tidyr” and
“ggplot2” R packages. We performed this analysis using R-3.6.3,
64-bit, which was deemed appropriate for our study. A two-
tailed p-value of <0.05 was deemed statistically significant for
this analysis.

Statistical analysis

Statistical comparisons were performed using unpaired student
t-test or one-way analysis of variance (ANOVA). Data normality
was assessed using the Shapiro-Wilcoxon normality test and
D’Agostino & Pearson test. The data were presented as means +
standard deviation (SD), and a p-value of <0.05 was considered
statistically significant. GraphPad Prism software version 8 (La
Jolla, CA) was used for data analysis.

Results

HCMV infection upregulates ZC3H11A
expression in glioma cells

Our recent study has provided evidence that infection with
human cytomegalovirus (HCMV) can induce specific reactions
within cells and contribute to the advancement of glioma. These
reactions are characterized by an elevation in the growth and
proliferation of glioma cells, along with a heightened resistance
to apoptosis. In order to gain a comprehensive understanding
of the cellular responses involved, we utilized a genome-wide
transcriptome analysis. In this study, we infected glioma cells
with HCMV and conducted a transcriptome analysis comparing
infected cells to mock-infected cells at 2 days post-infection (dpi).
This time point was chosen based on our previous demonstration
that the host response is already induced and reaches its peak
at this time (Dufu et al., 2010). By focusing on the genes that
were most significantly upregulated in HCMV-infected glioma
cells, we observed a substantial increase in the expression of
stress-induced genes, as well as mRNA processing pathways. In
our study, we made an interesting discovery regarding the gene
ZC3, which showed minimal expression in cells not infected
with HCMV. The Gene ontology (GO) pathway analysis was
performed using ClusterProfiler and org.Hs.eg.db R package
and enriched functional groups following HCMV infection are
depicted in bubble plot (Figure 1A). This finding is particularly
noteworthy because HCMYV infection is known to cause a global
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FIGURE 1

Effect of HCMV infection on the transcriptome and expression of ZC3 in glioma cells. (A) The enriched functional pathways for upregulated genes
after HCMV infection. (B) Quantitative PCR analysis of ZC3H11A mRNA expression levels after HCMV infection. (C, D) Immunoblot detection of
ZC3H11A protein levels during HCMV infection. *p < 0.05, ***p < 0.0001.

decrease in the levels of host cell mRNA (Isler et al., 2005).
Previous research on ZC3 has primarily focused on its function
in adenovirus, and its role in HCMV infection has not been
explored before.

In order to validate these findings, we utilized quantitative
real-time reverse transcription-PCR (RT-PCR) to analyze the RNA
extracted from both infected and mock-infected glioma cells.
The results of this analysis provided further evidence supporting
the transcriptome analysis that revealed the upregulation of
7ZC3 expression in glioma cells following HCMYV infection
(Figure 1B). Interestingly, HCMV infection also resulted in a
significant increase in the ZC3HI1A protein at late time points
of infection (Figures 1C, D). Since HCMV induces a widespread
inhibition of the host’s protein production, while simultaneously
facilitating the translation of its own viral mRNAs. The results
suggest that ZC3 is significantly impacted by HCMV infection
in gliomas.
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Analysis of ZC3 mRNA and protein
expression in pan-cancer

In order to verify our hypothesis of ZC3, in this section
we aimed to provide an in-depth evaluation of ZC3 expression
across TCGA normal tissues and TCGA cancer types. UCSC
TOIL was used to correct for batch effects and merge samples.
RNAseq data in transcripts per million reads (TPM) format was
subjected to analysis and comparison after log, transformation.
Twenty-four sets of comparable tumors and normal tissues
were eventually generated (Supplementary Table S1). In general,
ZC3 mRNA exhibited a distinct elevated expression pattern in
pan-cancer compared to the corresponding normal tissue. As
determined by T-test, ZC3 mRNA expression was significantly
higher in 11 types (11/24, p < 0.01) of tumors compared to
normal tissues. In contrast, ZC3 mRNA expression was lower
in tumor tissues than in normal in 3 (3/24, p < 0.01) types
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FIGURE 2
The mRNA and protein expression of ZC3 in human tumors. (A) The mRNA expression [log, (TPM + 1)] of ZC3 in TCGA tumors vs. adjacent tissues as
visualized by ggplot2. The sample lines indicate the medians and quartiles. (B) The protein level of ZC3 in normal tissue and primary tumors. The
analysis of protein data was performed using CPTAC.

tumors (Figure 2A, Supplementary Table S2). Comparing across
cancer types, ZC3 expression varied broadly suggesting that high
ZC3-expressing cancers may be driven by unique genetic features
(Figure 2A). Interestingly, among the high ZC3 expression cancer
types, we noticed a more significant differences in gastrointestinal
neoplasms and digestive system cancers (CHOL, ESCA, LIHC and
STAD). Moreover, according to the interquartile range (IQR), ZC3
mRNA expression was more widespread in some types of cancer
than others; e.g., bile duct cancer (CHOL) had a wide spread while
pancreatic cancer (PAAD) had a narrow spread.

Next, a comparison of ZC3 protein expression across the TCGA
was also conducted. Although the expression of ZC3 protein varied
across tumor types, unlike ZC3 mRNA expression, ZC3 protein
was much higher in tumor tissue than normal tissue in almost all
cancers (Figure 2B, Supplementary Table S3). ZC3 protein followed
the same expression patterns throughout most tumor types.

Additionally, we localized the ZC3 protein expression using
tumor histological staining obtained from HPA. As expected,
ZC3 protein staining was positive in all selected tumor tissue
showing moderate and/or strong staining intensity. In contrast,

Frontiers in Microbiology

96

ZC3 was mainly detected in a salt-and-pepper like pattern with
low staining or not detected in corresponding normal tissue
(Figure 3). The neuronal cells in cerebral cortex and tubular
cells in kidney were two exceptions, because these cells showed
moderate intensity with around 75% quantity for ZC3 staining.
The cervical adenocarcinoma cells displayed continuous positive
for ZC3 while ovarian stroma cells displayed discontinuous
staining. Interestingly, ZC3 protein in tumor cells localized to
the nuclear whereas in normal cells it was mainly found in
cytoplasmic/membranous (Figure 3).

As our group previously demonstrated that ZC3 protein
levels were significantly elevated under stress condition, while
mRNA levels were not elevated apparently. In order to determine
this correlation in tumor, we compared the ZC3 proteomics
and transcriptomics data for each type of pan-cancer patients
with Python code from the National Cancer Institute’s Clinical
Proteomic Tumor Analysis Consortium (CPTAC) dataset. The
results showed that ZC3 Protein and mRNA changes were highly
correlated for most cancer types (5/8, Figures 4A-E). However,
in glioblastoma (GBM), kidney clear cell carcinoma (ccRCC) and
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pancreatic ductal adenocarcinoma (PDAC), the increase in ZC3  in three cancer types (ccRCC, GBM, and PDAC) with low
protein was not accompanied by a significant elevation in mRNA  correlation between ZC3 mRNA expression and protein
level (Figures 4F-H). This observation indicates that ZC3 protein ~ abundance. We next compared the phosphorylation of ZC3
may be more dynamically involved in post-translational levels in ~ between primary tumors and normal tissues. Based on mass
certain cancer types. spectrometry analysis and phospho-proteomics data, ZC3
unique phosphorylation sites have been identified in cancers

(Beausoleil et al., 2006; Dephoure et al., 2008; Zhou et al., 2013).

. . . . As summarized in Figure 5A, the phosphorylation level at S108
Analysis of ZC3 phosphorylation in certain (p = 6.796E-10) and S290 (p = 6.507E-04) was both reduced
cancer types in PDAC, while the phosphorylation level at these same sites
was significantly increased in GBM compared to normal tissues

Since ZC3 may undergo various posttranslational (p = 6.888E-07 and p = 1.85E-03; Figures 5E-I). In ccRCC the
modifications, including extensive regulation via phosphorylation, ~ phosphorylation level was reduced at S108 (p = 4.347E-11) and
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The scatterplot comparing transcriptomics and proteomics of ZC3 in pan-cancer with CPTAC dataset. The proteomics and transcriptomics data
from the pan-cancer patients were compared using the National Cancer Institute’'s CPTAC program as a Python package. (A—H) Represent different

cancer types and the abbreviated names are listed on each title.
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S129 (p = 3.991E-10) and was no significant differences at S171 (p
= 0.703; Figures 58-D). The phosphorylation level of ZC3 protein
can generally be categorized as being tumor specific compared to
normal tissues.

Genetic alteration analysis of ZC3 in
pan-cancer

Genetic alterations are responsible for the development of
human cancers. We proceeded to investigate the genetic alterations
in ZC3 in human tumor samples. Based on findings from TCGA
Pan-cancer Studies, the alteration frequency of ZC3 (>9%) was
observed to be highest in breast cancer, with “Amplification”
identified as the primary type. Endometrial Cancer had the second
highest alteration frequency (>9%) of ZC3 with the incidence
of “Mutation” as the primary type (Figure 6A). Figure 6A also
showed the alteration frequency across other types of cancer.
The main features of the mutations type were “Mutation” and
“Amplification.” We further presented additional mutations and
their location within ZC3 (Figure 6B). It appeared that there was
no main type of genetic alteration and the genetic alteration were
rather sporadic with some locating in ZnF motifs (C3H1) and
colied coil motifs. Figure 6C shows the visualized mutated amino
acids G293C within a crystal structure of ZC3.

Next, a systematical investigation was conducted to determine
the correlation between clinical survival prognosis and certain
genetic alterations of ZC3 in various types of tumors. Based on
all combined TCGA PanCancer Atlas, altered ZC3 (red line) was
not associated with overall survival (OS, p = 0.460) or disease-free
survival (DFS, p = 0.447; Figures 6D, E). Conversely, the OS and
DES in patients with ZC3 alterations was much significant in GBM
cases (Figures 6F, G). Together, these findings suggest ZC3 genetic
alterations may play a role in the development of some special types
of tumors.

Association of ZC3 expression with patient
survival

We then sought to investigate the correlation between ZC3
expression and prognosis in pan-cancer. Based on ZC3 expression
level, cancer cases were divided into two groups: low ZC3
expression and high ZC3 expression. Our analysis of the GEPIA2
TCGA data set revealed the correlation between ZC3 expression
and patient OS or DFS varied depending on the cancer type tested
as shown in Figure 7. More specifically, increased expression of
ZC3 was primary associated with overall survival (OS) disadvantage
and predicted poor prognosis of patients with, Cervical Squamous
and Endocervical Adenocarcinoma (CESC), Kidney Papillary
Cell Carcinoma (KIRP), Adrenocortical Carcinoma (ACC) and
Lower Grade Glioma (LGG; Figure 7A). In contrast, increased
ZC3 expression was associated with increased survival advantage
in Head and Neck Squamous Cell Carcinoma (HNSC). While
increased ZC3 expression only predicted poor prognosis with
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disease free survival (DFS) of patients with ACC, Bladder Urothelial
Carcinoma (BLCA), CESC and KIRP (Figure 7B).

In order to confirm these results, we also used Starbase
and Kaplan-Meier plotter tool to analyze the survival data.
The results were similar to those with GEPIA2, that a primary
correlation between high ZC3 expression and OS disadvantage
was noted in Starbase, where ZC3 predicted poor prognosis of
ACC, KIRP, LGG and moreover Kidney Chromophobe (KICH;
Supplementary Figure S1A). The Kaplan-Meier plotter tool showed
an increased survival disadvantage with ZC3 high expression in
CESC, KIRP, and Liver Hepatocellular Carcinoma (LIHC) but
predicted better survival for patients with HNSC and moreover
Esophageal Carcinoma (ESCA; Supplementary Figure S1B and
Supplementary Table S4). The results showed that ZC3 high
expression was primary associated with poor prognosis in majority
cancers but still varied depending on the cancer types.

Association between ZC3 expression and
immune infiltration

Stromal cells which surrounding cancer cells caner support
cancer cell malignancy and are essential for tumor progression.
Among the stromal cells, cancer-associated fibroblasts (CAFs) are
the most abundant. Therefore, we chose CAFs, NK cells and CD8"
T cells to investigate the relationship between ZC3 expression
and the infiltration level of pan-cancer types. The correlation
was calculated by a variety of algorithm for the quantification
of immune cells such as EPIC, XCELL, quanTIseq, TIMER, and
so forth (Figure 8). As shown, a significant positive correlation
between ZC3 gene expression and the presence of cancer-associated
fibroblast (CAF) cells (Figure 8A) was observed in almost all
types of cancer, suggesting that high ZC3 gene expression is
linked to an active stromal component. For NK cells (Figure 8B),
compared to EPIC and CIBERSORT methods, quanTIseq robustly
obtained positive correlations across all cancer types. In contrast,
MCPcounter and quanTIseq had a significant positive correlation.
Because tumor purity and immune infiltration are inevitably
negatively correlated for techniques like EPIC, which provide cell
fractions referred to as total cells. In the minor cluster consisting
of HNSC, THYM and UCEG, a significant negative correlation was
observed between ZC3 expression and CD8™ T cells, but weak or
no correlation in the other clusters as LUAD, LUSC, MESO, and
OV (Figure 8C).

It is worth noting, in nearly all cancer types, innate immune
system and stromal component exhibited a positive correlation
with ZC3 expression, providing further evidence that samples
displaying a hot Targeting Tumor Microenvironment (TME) may
be linked to increased ZC3 gene expression.

The main function of ZC3-related proteins
was annotated to mRNA processing cluster

To date, only few studies have addressed the ZC3 interactions.

We explored large-scale proteomics and STRING database to
discover protein-protein interactions and potential functional
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FIGURE 5
Tumor-associated protein phosphorylation of ZC3. (A) A schematic diagram of ZC3 phosphoprotein sites and summarized phosphorylation levels in
primary tumors. (B—D) Box plot representation of ZC3 phosphorylation levels at different sites in ccRCC. (E—G) Box plot representation of ZC3
phosphorylation levels at different sites in GBM. (H, 1) Box plot representation of ZC3 phosphorylation levels at different sites in PDAC. Z-values
represent standard deviations from the median across samples for the given cancer type.

clustering. By mining the reported proteomics studies, we
identified 14 confirmed interactions, and most of these are the
Transcription and EXport (TREX) complex (Prigge et al., 2009;
Dufu et al, 2010; Hein et al., 2015). The STRING analysis
result revealed more interactions which are also associated with
TREX complex or mRNA processing (Figure 9A). We selected
the shared proteins between the two sources and computed the
expression correlation analysis with ZC3 in pan-cancer types.
We observed a pan-cancer positive correlation between ZC3 and
many TREX complex proteins (Figures 9B-E). We also picked
up the 14 interacted proteins from reported proteomics and the
experimentally determined interactions from STRING to perform
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gene ontology (GO) functional annotation clustering analysis. The
result revealed enriched terms for mRNA processing, spliceosome
and mRNA export (Figure 9F).

In addition to direct interactions, we further identified a list
of partners which have a similar expression pattern with ZC3
under TCGA pan-cancer types. Consistent with our prediction,
the functional clustering of these genes robustly enriched in
mRNA processing or splicing terms (Figure 9G). Interesting,
GO functional clustering results also showed clusters of herpes
virus infection and stress response (Figure 9G). The results
of this section strongly imply a functional role for ZC3 in
mRNA processing.
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Discussion

The
oncogenesis has been a subject of considerable interest in

complex interplay between viral infections and
recent years. Employing a global transcriptome analysis of infected
human glioma cells, we found that the ZC3 gene was one of
the most profoundly upregulated mRNA export genes following
HCMV infection compared to uninfected controls. Importantly,
at 48h post infection, the elevation of ZC3 protein was more
pronounced than the mRNA level. This observation suggests
that HCMYV infection plays a crucial role in the dysregulation of
ZC3 in gliomas, potentially contributing to tumor development
and progression.

There are several reasons why we believe that the ZC3 may

be important for cancer biology. Firstly, ZC3 is a stress-induced
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protein and may therefore be essential during tumor growth, for
instance due to hypoxia. Secondly, ZC3 is a member of the zinc
finger CCCH-type containing protein family, which recently has
been demonstrated to play a role in RNA processing and splicing
(Younis et al., 2018; Hajikhezri et al., 2020). The research on
RNA regulatory proteins in tumors is by far not fully explicated
(Hu et al, 2022). This study provides a comprehensive analysis
of the relationship between ZC3 and pan-cancer, with a focus on
mRNA and protein expression, proteomics and transcriptomics
correlation, genetic alterations, patient survival, post-translational
modification, and immune infiltration.

Firstly, our study showed a significant upregulation of ZC3
mRNA and protein expression in most cancer types compared
to normal tissues, indicating that the over-expression of ZC3
is a common phenotype in cancer, although the pattern and
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and patient overall survival by Gepia2 tool analysis. (B) The correlation between ZC3 expression and patient disease-free survival by Gepia2 tool
analysis.

extent of this loss may differ depending on the cancer type. We
identified that ZC3 mRNA expression was more widespread in
some types of cancer than others. This could be because some
cancers have multiple clearly defined subtypes, increasing their
genetic diversity. This indicates that ZC3 may be playing diverse
roles in different cancer types, possibly due to variations in their
molecular characteristics. Interestingly, ZC3 protein in tumor cells
localized to the nuclear whereas in normal cells it was mainly
found in cytoplasmic/membranous. This result is consistent with
the RNA processing function of ZC3 and suggests that tumor cells
may require more ZC3 to play a specific role in RNA processing
within the nucleus, including transcription and RNA export. The
data on subcellular localization serve as a valuable asset in defining
the protein composition of different compartments and can thus
constitute a starting point for further in-depth functional studies.
Next, we compared the ZC3 proteomics and transcriptomics
data for each type of pan-cancer patients from the CPTAC to
provide complementary information on the protein expression and
gene expression profiles. Our results showed that the correlation
between ZC3 protein expression and mRNA expression was
moderate. This correlation varies among different cancer types,
with the highest correlation observed in head and neck squamous
cell carcinoma and the lowest correlation observed in glioblastoma.

Frontiers in Microbiology

102

Particularly, the increase in ZC3 protein accumulation did not
coincide with a corresponding increase in ZC3 mRNA expression
in GBM, ccRCC and PDAC. The discrepancy between ZC3
proteomics and transcriptomics data may reflect the complex
regulatory mechanisms that control post-transcriptional gene
expression, including RNA stability, splicing, and translation
efficiency. In addition, the protein expression levels of ZC3
may be influenced by post-translational modifications, such
as ubiquitination and phosphorylation, which are not directly
reflected in mRNA expression levels.

We further revealed the phosphorylation of ZC3 in three
cancer types (ccRCC, GBM, and PDAC) which has low correlation
between ZC3 mRNA expression and protein abundance. Our
results showed that ZC3 is phosphorylated at several sites, including
Ser-108, Ser-290, and Ser-313, in GBM, but not in others.
Phosphorylation of ZC3 may affect its interaction with other
proteins and RNAs that play a role in cancer progression. For
example, ZC3 has been shown to interact with the mRNA decay
machinery, including the exosome and decapping enzymes (Singh
et al., 2014). Phosphorylation of ZC3 may affect its recruitment to
these complexes and therefore alter mRNA stability and decay rates.

Genetic alterations, such as mutations and copy number
variations, are common events in cancer that can affect the
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tumor biology behavior. ZC3 gene was altered in some cancer
types, such as breast cancer and endometrial cancer, with a
frequency ranging from 1 to 9%. The most frequent genetic
alteration was amplification, followed by missense mutation, and
deep deletion. The association between ZC3 genetic alteration
and cancer progression remains unclear. However, our finding
suggests that mutations in the ZC3 gene may play a role in tumor
development and warrants further investigation.

The discrepancy in the correlation between ZC3 expression
and patient survival may be due to the different roles of
ZC3 in different cancer types. However, in most case, the
higher expression of ZC3 was associated with worse overall
survival. ZC3 may promote tumor growth and metastasis by
facilitating RNA processing and/or interacting with splicing
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factors. The correlation between ZC3 expression and immune
infiltration may reflect the role of ZC3 in regulating immune-
related genes and pathways. For example, ZC3 has been
shown to interact with several immune-related genes, including
interleukin-6 and a large group of interferon-stimulated genes
(Darweesh et al., 2022), which play a role in anti-tumor
immune response.

ZC3 is a member of the zinc finger CCCH-type containing
protein family, which includes several proteins that are involved in
RNA processing, splicing, and decay. Our results also showed that
the main function of ZC3-related proteins was annotated as the
mRNA processing cluster. This cluster includes several functional
annotation groups, such as RNA binding, mRNA splicing, mRNA
transport, and mRNA decay pathways. This functional annotation
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FIGURE 9
ZC3-related proteins and functional clustering analysis. (A) An experimentally determined protein-protein interaction network of ZC3 based on
STRING database. The identified proteins are indicated by the colored nodes. (B—E) The expression correlation in pan-cancers between ZC3 and
ZC3-interacted proteins. (F) The GO functional annotation clustering of ZC3-interacted proteins. (G) The GO functional annotation clustering of
proteins which have a similar expression pattern with ZC3 in pan-cancers.

suggests that ZC3-related proteins are vital in regulating RNA post-
transcriptional gene expression and metabolism, which are critical
processes in cancer development and progression.

In summary, the findings of this study offer novel insights
into the relationship among virus infection, ZC3 and pan-cancer.
We also highlight the importance of multi-omics analysis in
cancer research, which involves the integration of transcriptomic
and proteomic data to achieve a comprehensive understanding
of ZC3 underlying cancer development and progression. Further
investigations are required to clarify the molecular mechanisms
that underlie the correlation between ZC3 and cancer in-depth
and to explore its potential as a diagnostic and therapeutic target

in cancer.
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Systemic chronic active Epstein—Barr virus disease (sCAEBV) is a rare and fatal
neoplasm, involving clonally proliferating Epstein—Barr virus (EBV)-infected T
cells or natural killer cells. Patients with sCAEBV have abnormal titers of anti-
EBV antibodies in their peripheral blood, but their significance is unknown.
We retrospectively investigated titers and their relationship with the clinical
features of sCAEBV using the data collected by the Japanese nationwide survey.
Eighty-four patients with sCAEBV were analyzed. The anti-EBV nuclear antigen
(EBNA) antibody, targeting EBNA-expressing EBV-positive cells, was found in
87.5% of children (<15years old), 73.7% of adolescents and young adults (15—
39years old), and 100% of adults (>40 years old). Anti-EBNA antibody titers were
significantly lower and anti-VCA-IgG antibody titers significantly higher in patients
with sCAEBV than those in healthy controls (p<0.0001). Patients with high
anti-VCA-IgG and anti-early antigen-IgG antibody (antibodies against the viral
particles) levels had significantly better 3-year overall survival rates than those
with low titers, suggesting that patients with sSCAEBV have a reduced immune
response to EBV-infected cells.

KEYWORDS

systemic chronic active Epstein—Barr virus disease, sCAEBV, anti-Epstein—Barr virus
antibody, VCA-1gG, EBNA

Introduction

Systemic chronic active Epstein-Barr virus disease (SCAEBV) is an Epstein-Barr virus
(EBV)-infected T-or natural killer (NK) cell neoplasm, according to the World Health
Organization (WHO) classification of tumors of hematopoietic and lymphoid tissues in 2022
(Alaggio et al, 2022). Why EBV persistently infects T or NK cells, leading to their
immortalization and clonal expansion in SCAEBY, is unknown. Moreover, no effective drug has
been developed to eradicate EBV-infected T or NK cells in patients with sSCAEBV (Yonese et al.,
2020). Thus, there is an urgent need to elucidate the pathological mechanism and develop
therapeutic agents.
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In sCAEBY, dysfunction of EBV-specific cytotoxic T cells occurs
(Fujieda et al., 1993; Shibayama et al., 2017). In addition, congenital
immunodeficiency with FAS, IL2RG, or PRFI gene mutations can
be complicated by sCAEBV-like EBV-positive T- or NK-cell
lymphoproliferative disorders (Katano et al., 2004; Sekinaka et al.,
2017; Ishimura et al., 2019; Tanita et al., 2019). These results indicate
that immunodeficiency against EBV or EBV-infected cells underlies
the pathogenesis of SCAEBV. However, patients with sSCAEBV present
with hypergammaglobulinemia and elevated anti-EBV antibody
levels, particularly those against viral capsid antigen (VCA), a viral
protein, thereby suggesting a hyperimmune state of the disease
(Okano et al., 2005).

EBV is a ubiquitous virus and belongs to the human herpes virus
family. EBV mainly targets B lymphocytes, but also infects T cells and
NK cells. The genome of EBV encodes a variety of genes, and the
humoral response produces antibodies to the products of these genes.
Anti-VCA antibodies involve three immunoglobulin classes, IgG, IgA
and IgM. All anti-VCA antibodies appear in the acute phase of EBV
infection, and then only the anti-VCA-IgG antibody remains positive
after the acute phase. EBNA proteins are synthesized in the latent
phase. Anti-EBNA antibodies appear 3—-6 weeks after EBV infection
and remain present throughout life. Thus, the detection of anti-EBNA
antibody indicates past EBV infection or recovery. Early antigen-
diffuse and restrict complex (EA-DR) is synthesized in the lytic phase
of the EBV replication. EA-DR is composed of two components, EA-D
and EA-R. Usually, Anti-EA antibodies appear in the acute phase and
then decline to undetectable levels. The high titers of anti-EA antibody
can be detected in the different diseases and in healthy individuals
(Smatti et al., 2018). Not all patients with sCAEBV present with
unusual patterns of anti-EBV antibodies (Xiao et al., 2016). The
association between EBV-associated antibodies and sCAEBV is
unclear, and there is no common pattern in all cases (Kimura et al.,
2001; Okano et al., 2005; Kimura, 2006).

To evaluate the significance of EBV antibody titers in sSCAEBV,
we investigated the association between EBV antibody titers in serum
samples and clinical features, including prognosis, in patients with
sCAEBYV according to the WHO 2022 classification.

Materials and methods
Study design

This is an observational study of clinical information.
We conducted a retrospective study based on a nationwide survey
conducted from 2016 to 2018 by the Japanese Study Group of sCAEBV,
supported by the Japanese Agency for Medical Research and
Development, to identify the clinical features and treatments for
sCAEBV. The details of patient collection have been previously
described (Yonese et al., 2020). For the analysis, we selected patients
whose anti-EBV antibody titers measured using the fluorescent-labeled
antibody (FA) methods in standardized laboratories were available.
Since the quantification of the titers of anti-EBV antibodies is covered
by health insurance and widely performed as a general examination,
the diagnostic agents are verified annually by The Japanese Society of
Clinical Virology. Specifically, each antibody was reacted in serum with
cultured cells and fixed on a glass slide, expressing each antigen of
human origin. After washing off excess serum, anti-human/rabbit
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polyclonal antibodies labeled with fluorescent dyes were added. Each
antibody was detected by observation under a fluorescence microscope
and the antibody titer was quantified at the highest dilution of the
detected sample. Antibody titers of patients were measured by SRL,
Inc., BML, Inc., and other Japanese clinical laboratories. Plasma of
healthy individuals was measured by BML.

Patients with anti-VCA-IgG antibodies were considered to
be EBV seropositive. This is because anti-VCA-IgG antibodies are
known to gradually rise during the acute phase of EBV infection and
persist throughout life, whereas anti-EBNA antibodies are
persistently detected during recovery from the initial EBV infection.
If either one is positive, the patient is considered to be already
infected with EBV (Schillinger et al., 1993). However, anti-EBNA
antibody was reported to be negative in 5-10% of healthy individuals
who were positive for the anti-VCA-IgG antibody (Smatti et al.,
2018). Thus, the anti-VCA-IgG antibody more accurately indicates
past infection with EBV.

Diagnostic criteria

The patients were diagnosed with sSCAEBV based on the following
diagnostic criteria, in line with the WHO 2022 classification (Kimura
etal,, 2012; Yonese et al., 2020; Alaggio et al., 2022):

1. Elevated EBV DNA load in peripheral blood (PB)>10**
copies/ug DNA,

2. EBV infection of T or NK cells in the PB or affected tissues,

3. Systemic inflammatory symptoms, such as infectious
mononucleosis-like conditions persisting for >3 months, and.

other

immunodeficiency, malignancy, or autoimmune disorders.

4. Exclusion  of possible  diagnoses  known

Healthy controls

In this study, we included 220 healthy student volunteers from the
adolescent and young adult (AYA) generation. Students with any
disease were excluded. We collected their blood samples from 2018 to
2020. Among them, 178 volunteers (103 males and 75 females) who
were positive for the anti-VCA-IgG antibody, were used as
EBV-positive healthy controls. We measured anti-EBV antibodies, the
anti-VCA-IgG antibody and anti-EBV nuclear antigen (EBNA)
antibody, using the FA methods in standardized laboratories. All fresh
samples were measured on the collection day.

Statistical analysis

The Mann-Whitney U test was used to compare the distributions
of anti-VCA-IgG and anti-EBNA antibodies between healthy
individuals and patients. In the group of patients, data of three age
groups [children (< 15years), AYA (15-39years), and adults (>
39years)] were compared. The log-rank test was used for survival
analysis. Statistical significance was set at p<0.05. All statistical
analyzes were performed using GraphPad Prism version 8 (GraphPad
Software Inc., Boston, MA, United States).
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Ethics statement

The study protocol of the nationwide survey of the SCAEBV was
approved by the ethics committees of Tokyo Medical and Dental
University and St. Marianna University School of Medicine.

The analysis of the samples from healthy donors was approved
by the ethics committees of Tokyo Medical and Dental University,
St. Marianna University School of Medicine, and Tokyo Kasei
University and registered at University hospital Medical
Information Network (UMIN) Center (#UMIN000032099). The
donors provided written informed consent to participate in
this study.

Data sharing statement

The data that support the findings of this study are available upon
request from the corresponding author, AA. The details of the
nationwide survey have been published previously (Yonese et al., 2020).

Results
Clinical features of sCAEBV patients

Among the 100 patients analyzed in the nationwide survey of
patients with sSCAEBYV, 84 patients whose anti-EBV antibodies were
examined using the FA method were included in this study. A flowchart
of patient selection is shown in Supplementary Figure S1. The clinical
findings of the patients are summarized in Table 1. The study included
43 males and 41 females, aged 3-78years (median: 23.0years). The
patient samples were collected at multiple facilities, and the methods
of detecting EBV-infected lymphocyte phenotypes were as follows:
antibody-conjugated magnetic bead sorting (n=>55), flow cytometry
(n=14), and histopathology using in situ hybridization for
EBV-encoded small RNA (n=38). Detailed methods for four patients
were not available. The EBV-infected cell phenotypes were as follows:
CDA4-positive cells (23, 27.4%), CD8-positive cells (11, 13.1%), CD56-
positive cells (25, 29.8%), and ydT-cells (2, 2.4%). EBV was detected in
multiple T and NK cells from 18 patients. Hypersensitivity to mosquito
bites and hydroa vacciniforme-like skin eruptions were observed in 20
(23.8%) and 5 (6.0%) patients, respectively. Moreover, 21 patients
(25.0%) had accompanied hemophagocytic lymphohistiocytosis, a fatal
complication of sSCAEBV. No significant differences in clinical features
were observed between the patients selected for the present study and
100 patients of the nationwide survey, the population group. A total of
220 donors, were considered as healthy controls, of which 178 had anti-
VCA-IgG antibodies and were considered as EBV seropositive.

EBV-associated antibodies in sSCAEBV
patients

We investigated the positive rates of five EBV-associated
antibodies in patients with sSCAEBV to clarify the characteristics of
each antibody in this disease. As our previous study revealed that the
prognosis and sex differed based on the age of patients with sSCAEBYV,

Frontiers in Microbiology

10.3389/fmicb.2023.1320292

we examined the antibody titers in different age groups (Yonese et al.,
2020). The number of patients in each age group is presented in
Table 1. The positive rate of anti-EBV antibodies based on age is
shown in Figures 1 A-E. All patients tested positive for anti-VCA-IgG
antibodies (Figure 1A); however, the positive rates of the anti-
VCA-IgA antibody differed based on age as follows: 78.6% in children,
63.6% in AYA, and 50.0% in adults (Figure 1B). Although the
difference was not statistically significant, the positive rates of the anti-
VCA-IgA antibody tended to decrease with age. In contrast, 87.5, 73.7,
and 100% of the children, AYA, and adults (Figure 1C), respectively,
tested positive for the anti-EBNA antibody; thus, the positive rate in
adults tended to increase by age. As shown in Figures 1D-E, no
significant differences were observed in the positive rate of the anti-
early antigen (EA) antibodies based on age. The sex distribution of the
patients by age are shown in Figures 1F-H. Briefly, 65, 55, and 19% of
children, AYA, and adults respectively, were males, indicating that
childhood and adult sSCAEBV cases have different characteristics.

As shown in Figure 1C, no anti-EBNA antibody-negative patients
were over 40 years of age. The positive rates of the anti-EBNA antibodies
by generation and sex are shown in Supplementary Figure S2A. In males,
82.4, 80.0, and 100% of children, AYA, and adults, respectively, tested
positive for the anti-EBNA antibody. In females, 100, 66.7, and 100% of
children, AYA, and adults, respectively, tested positive for the anti-EBNA
antibody. Anti-EBNA antibody titers classified by generation and sex are
shown in Supplementary Figure S2B. No significant differences were
observed between the groups (p=0.3885). Anti-VCA-IgG and anti
EA-IgG
Supplementary Figures S2C,D. No significant differences were observed
between the groups (p=0.9183, 0.3617). In addition, there were no
significant

antibody titers classified by sex are shown in

differences  in  antibody  titers  with  age
(Supplementary Figure S3). As shown in previous reports (Kimura et al.,
2001), this study also confirmed that anti-VCA-IgG and anti-EA-IgG
antibody titers were significantly higher in the T-cell type of SCAEBV

than in the NK-cell type of SCAEBV (Supplementary Figure S4).

Comparison of EBV antibody titers
between age-matched patients with
sCAEBYV and healthy controls

Next, we compared the titers of the anti-VCA-IgG and anti-EBNA
antibody between the healthy controls and age-matched patients with
AYA sCAEBV (15-39vyears old). Healthy controls consisted of 129
males and 91 females (Figure 2A). As shown in Figure 2B, the anti-
VCA-IgG antibody titers were significantly higher in patients with
sCAEBV than that in healthy controls (p<0.0001; Figure 2B). In
contrast, the anti-EBNA antibody titer of the healthy controls was
higher than that of the patients (Figure 2B, P<0.0001). A significant
difference was observed in the negative rate of anti-EBNA antibodies
between healthy controls and patients (p <0.0001): 2.8% of the healthy
controls tested negative for the anti-EBNA antibody (Figure 2D),
while 26.3% of the patients with sSCAEBV tested negative for this
antibody (Figure 2E). To examine sex preference with respect to the
positive rate of anti-EBNA antibodies, we analyzed the rate by sex in
the healthy control group. No significant difference was observed in
the rates and titers of anti-EBNA antibodies between males and
females in the control group (Figures 2EG).
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TABLE 1 Comparison of patient characteristics and clinical findings between this study and a previous report (Yonese et al., 2020).

Patients (N = 84)

The population (N =100) *

Male/female sex, n 43/41 53/47 0.8824
Age at diagnosis, range (median), y 3-78 (23) 1-78 (21)

Child (aged <15y) 26 (17/9) 37(25/12) 0.4370
AYA (15~39y) 42 (23/19) 46 (24/22) 0.6573
Adult (aged >39y) 16 (3/13) 17 (4/13) 0.8473
EBV-infected cell type

CD4 23 (27.4%) 25 (25.0%) 0.7385
CD$ 11 (13.1%) 13 (13.0%) >0.9999
CD56 25 (29.8%) 28 (28.0%) 0.8705
yoT 2 (2.4%) 3(3.0%) >0.9999
CD56- NK 0 (0.0%) 2 (2.0%) 0.5011
CD4+CD8 6 (7.1%) 6 (6.0%) 0.7733
CD4+CD56 3 (3.6%) 4 (4.0%) >0.9999
CD8+CD56 1(1.2%) 1(1.0%) >0.9999
CD4+CD8+CD56 4 (4.8%) 6 (6.0%) 0.7568
Others 4 (4.8%) 7 (7.0%) 0.8203
NA 5 (6.0%) *** 5 (5.0%) ***

Symptoms and signs at diagnosis

Fever 70 (83.3%) 85 (85.0%) 0.8400
Hepatosplenomegaly 59 (70.2%) 64 (70.3%) >0.9999
Lymphadenopathy 44 (52.4%) 48 (52.7%) >0.9999
Cardiac dysfunction 7 (8.3%) 8 (8.8%) >0.9999
Aneurysm 7 (8.3%) 8(8.8%) >0.9999
Gastrointestinal symptom 7 (8.3%) 7(7.7%) >0.9999
Neurological symptoms 7 (8.3%) 7 (7.7%) >0.9999
Vasculitis 6 (7.1%) 6 (6.6%) >0.9999
Uveitis 4 (4.8%) 4 (4.4%) >0.9999
HLH 21 (25.0%) 24 (26.4%) 0.8641
HMB 20 (23.8%) 25 (25.0%) 0.8653
HV-like eruption 5 (6.0%) 9 (9.0%) 0.5794
Neutropenia (< 1,000 /pL) 11 (13.9%) 14 (15.6%) 0.6708
Anemia (< 9g/dL) 12 (14.6%) 12 (13.6%) >0.9999
Thrombocytopenia (< 10 x 10*/pL) 23 (27.7%) 27 (30.3%) 0.7391
High ALT (> 128 U/L) 26 (31.7%) 27 (30.7%) >0.9999
High sIL-2R (> 2,400 U/mL) 16 (25.8%) 17 (26.6%) >0.9999
Chemotherapy 20 20 0.8619
Chemotherapy + HSCT 43 47

HSCT 12 12

NA, the detailed phenotype of the infected cells was not available; HLH, hemophagocytic lymphohistiocytosis; HMB, Hypersensitivity to mosquito bites; HV, hydroa vacciniforme; HSCT,
hematopoietic stem cell transplantation; ALT, alanine transaminase; AYA, adolescent and young adult. *Patients analyzed in the nationwide survey (Yonese et al., 2020). **Fisher’s exact test.
##%] and 4 patients were described to be CD3- and NK-infected, respectively; derailed phenotypes were not available.

Relation between prognosis and anti-EBV

antibody titers of patients with sCAEBV

antibody titers is shown in Supplementary Figure S5. Patients were
categorized into two groups based on the titer of each antibody: the
cutoff values were>1,280, > 640, and>40 for the anti-VCA-IgG

Finally, we examined the relation between EBV antibody titersand ~ antibody, anti-EA-IgG antibody, and anti-EBNA antibody, respectively.
prognosis in patients with sCAEBV. The distribution of anti-EBV ~ The survival curves for the anti-EBV antibody titers are shown in
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FIGURE 1
Characteristics of the five anti-EBV antibodies in patients with sCAEBV. (A—E) Comparisons of the seropositive rate among three generations for five
anti-EBV antibodies: anti-VCA-IgG antibody, anti-VCA-IgA antibody, anti-EBNA antibody, anti-EA-IgG, and anti-EA-IgA. Green indicates children, blue
indicates AYA, red indicates adults. The number of available samples is shown at the top of the graphs. (F—H). Ratios of males and females with sCAEBV
among children, AYA, and adults. Blue indicates males, red indicates females. AYA, adolescent and young adult; EA, anti-early antigen; EBNA, EBV
nuclear antigen; EBV, Epstein—Barr virus; SCAEBV, systemic chronic active Epstein—Barr virus disease; VCA, viral capsid antigen.

Figure 3. The survival rates for the low-titer groups of the anti-
VCA-IgG (Figure 3A) and anti-EA-IgG (Figure 3B) antibodies were
significantly lower than those for the high-titer groups (p=0.0236 and
0.0123, respectively). However, no significant difference was detected
(p=0.1689) between the low-titer and high-titer of the anti-EBNA
antibody group (Figure 3C). Similarly, no significant differences were
detected between the low-titer and high-titer of the anti-EBNA, anti-
EA-IgG, and anti-EA-IgA antibodies groups when we set different
cutoff values (Supplementary Figure S6). Significant differences might
be obtained by increasing the number of samples.

Discussion

To the best of our knowledge, this is the first report to analyze the
significance of anti-EBV antibodies in patients with sSCAEBV. We found

Frontiers in Microbiology

that anti-EBV antibody titers were significantly different between
patients and seropositive healthy controls. In addition, anti-VCA-IgG
and anti-EA-IgG antibody titers were correlated with prognosis. These
results suggest the hypothesis: anti-EBV antibodies are potent
prognostic markers and may be the key to understanding the
pathogenesis of SCAEBV.

Adult patients tended to have lower rates of positivity for anti-
EA-IgA and anti-VCA-IgA antibodies (Figures 1B,E). IgA is an isotype
antibody which is associated with local immunity within the mucosa.
Anti-EA-IgA and anti-VCA-IgA antibodies are characteristically
present in EBV-positive nasopharyngeal carcinoma (Liu et al., 2012,
2013; Tan et al., 2020). Thus, the presence of anti-EBV-IgA antibodies
may reflect the presence of EBV-infected cells in the pharyngeal
mucosa. Sometime after the initial EBV infection, adult patients may
have fewer EBV-infected cells in the mucosa, resulting in a lower rate
of anti-EBV-IgA antibody positivity.

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1320292
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Nishio et al. 10.3389/fmicb.2023.1320292
A
Male Female Total
Healthy controls 129 91 220
Patients with sCAEBV 23 19 42
B Anti-VCA-IgG antibody titers ¢ Anti-EBNA antibody titers
15000 - -
% p < 0.0001 800 ek p < 0.0001
[
z * £ 600 T
] —_— = 7
§ 10000 A %‘
< 2
e S 400
0] ©
Z 5000 - %
200 -
g
= c
S <
Healthy CAEBV Healthy CAEBV
(n=178) (n=42) (n=178) (n=138)
D E
Healthy controls Patients with sCAEBV
Anti-VCA-IgG Anti-EBNA Anti-VCA-IgG Anti-EBNA

19.1%
(n=42)

FIGURE 2
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Negative

I

Positive
97.2%
(n=173)

Positive
80.9%
(n=178)

Healthy controls

Anti-EBNA

Positive
2.9%
(n=3)

Positive
2.7%
(n=2)

Negative
97.3%
(n=73)

Negative9
71%
(n =100)

Male Female

p < 0.0001
G Healthy controls
Anti-EBNA antibody titers
800 - p =0.8723
&
Q —
£ 600 4
>
©
o
2
c 400 4
(]
<
i |
L 200 -
E [t—
0 1 1
1 1
Male Female
(n=103) (n=75)

Positive

Positive 73.7%
100% (n=28)
(n=38)

(Continued)

Frontiers in Mic

robiology

112

frontiersin.org


https://doi.org/10.3389/fmicb.2023.1320292
https://www.frontiersin.org/journals/microbiology
https://www.frontiersin.org

Nishio et al.

10.3389/fmicb.2023.1320292

FIGURE 2 (Continued)

antibody among individuals with the anti-VCA-1gG antibody. Dark gray indicates the positive rate for the anti-EBNA antibody or for both the anti-VCA-
IgG and anti-EBNA antibody. (F,G) Comparison of anti-EBNA antibody positive rates and titers based on sex in healthy controls. EBNA, EBV nuclear
antigen; EBV, Epstein—Barr virus; sCAEBV, systemic chronic active Epstein—Barr virus disease; VCA, viral capsid antigen.
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FIGURE 3

Relation between patients’ survival and some anti-EBV antibody
titers. (A) Relation between patients’ survival and anti-VCA-IgG
antibody titers using a survival curve. We established a cutoff value of
1,280. Red indicates the "High" group, including patients with >1,280
titers, while blue indicates the "Low” group. *p < 0.05 compared with
the control. (B) Relation between patients’ survival and anti-EA-IgG
antibody titers using a survival curve from GraphPad Prism 8.

We established a cutoff value of 640. Red indicates the "High" group,
including patients with >640 titers, while blue indicates the "Low”
group. *p <0.05 compared with the control. (C) Relation between
patients’ survival and anti-EBNA antibody titers using a survival curve.
We established a cutoff value of 40. Red indicates the "High" group,
including patients with >40 titers, while blue indicates the "Low”
group. EBNA, EBV nuclear antigen; EBV, Epstein—Barr virus; sCAEBV,
systemic chronic active Epstein—Barr virus disease; VCA, viral capsid
antigen.

In this study, we compared antibody titers between healthy
controls, who were previously infected with EBV, and patients with
sCAEBV. Serum EBV antibody titers and antibody positivity were
compared between the control and age-matched AYA patients with
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sCAEBY, and significant differences in anti-EBNA and anti-VCA-IgG
antibody titers were observed (Figures 2B-E). Patients with sSCAEBV
had lower anti-EBNA antibody positivity and lower anti-EBNA
antibody titers than those in healthy controls. Anti-EBNA antibodies
include all classes of antibodies: IgG, IgA and IgM. To investigate the
clinical significance of anti-EBNA antibody titers in SCAEBYV, future
analyzes of each class of antibodies will be interesting. Interestingly,
all anti-EBNA-negative SCAEBV patients were under 40 years of age.
A higher occurrence in males and relatively low rate of anti-EBNA
antibodies in childhood suggests the possibility of X-linked immune
diseases. However, future analyzes are required to confirm
these findings.

Another reason for the low anti-EBNA antibody positivity and low
titers in patients with sSCAEBV may be the low expression of EBNA in
EBV-infected cells. EBV infection in T or NK cells is reported to be a
type-2 latent infection without virus replication (Miinz, 2019). EBNA1
is expressed in EBV-infected cells of type 2 latent infection. However,
Iwata et al. (2010) analyzed EBNAI expression in 24 young patients
with sCAEBV using real-time RT-PCR, and found that EBNAI
expression was lower in the PB mononuclear cells (PBMCs) of
sCAEBV patients compared to that in EBV-positive T or NK tumor
cell lines. In addition, 14 of the 24 patients had undetectable EBNA1I
gene expression in the PBMCs (Iwata et al., 2010). In the present study,
anti-EBNA antibody-negative cases were particularly common among
younger patients who may have had low EBNA1 protein expression.
Low EBNAL1 protein expression in EBV-positive T and NK cells of
patients with sCAEBV may contribute to host immune evasion
mechanisms, resulting in the failure to eliminate EBV-infected cells
and sCAEBV development. EBNA1 protein expression in EBV-infected
cells and its regulatory mechanisms in SCAEBV should be investigated
in a large number of patients.

Furthermore, EBNA-1 is an intracellular antigen. sSCAEBV is
associated with defects in cytolytic mediators (Fujieda et al., 1993;
Shibayama et al., 2017), which lead to reduced apoptosis of
EBV-infected cells. Intracellular antigens can be exposed on
membrane blebs of apoptotic cells, where they can be recognized by
the B-cell receptor of B cells and induce a B-cell and antibody
response. Defective cytolysis could lead to lower EBNAI exposure to
extracellular milieu and lower antibodies formation and production.

While anti-EBNA antibody levels tended to be lower in patients
with sSCAEBV than in healthy controls, anti-VCA-IgG antibody titers
were significantly higher in sSCAEBV patients. VCA is a protein found
in EBV viral particles (Johannsen et al., 2004; Wang et al., 2011);
however, because the virus does not replicate in patients with SCAEBV,
VCA is not detected in their PB (Miinz, 2019). Therefore, we assumed
that the high anti-VCA-IgG antibody titer did not reflect EBV levels.
Polyclonal hypergammaglobulinemia, which is observed in patients
with sCAEBYV, is associated with persistent stimulation of B cells by
activated EBV-infected T cells or NK cells (Wakiguchi et al., 2000;
Okano et al., 2005; Nomura et al., 2011). In other words, anti-
VCA-IgG antibody titers may reflect an enhanced nonspecific
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immune response activated by EBV-infected cells. Furthermore,
higher anti-VCA-IgG antibody titers and anti-EA-IgG antibodies,
which are also antibodies against EBV virus particles, were associated
with significantly better prognosis in patients with sSCAEBV. These
results suggest that the patients’ comprehensive immunity influences
the prognosis of SCAEBV. However, we could not determine the
relationship between anti-EBNA antibody titers and prognosis. The
positive rate of anti-EBNA antibodies varied widely by age, and the
differences in sex preference and clinical findings by age indicate that
the pathogenesis of SCAEBV differs by age. Thus, in future, the
significance of the relationship between anti-EBNA1 antibody titer
and prognosis should be analyzed in a large number of patients,
according to age.

Anti-VCA-IgG and anti-EA-IgG antibodies are significantly
higher in EBV-positive B-cell lymphomas, such as Burkitt lymphoma,
Hodgkin lymphoma, and nasopharyngeal carcinoma, than in healthy
controls (Xie et al., 2023). This study showed that SCAEBV patient
specimens also had similarly high anti-VCA-IgG antibody titers.
Interestingly, these EBV-positive B-cell lymphomas have higher anti-
EBNA-IgG antibody titers than do healthy controls, whereas the anti-
EBNA antibody titers of SCAEBV patients in this study were lower
than those of the healthy controls. The mechanism for the lower anti-
EBNA antibody titer and positivity in sCAEBV is not clear but is
interesting compared to other EBV-positive B-cell lymphomas. The
abovementioned hypothesis in SCAEBV needs further evidence to
be proven.

This study had limitations. This was a retrospective analysis based
on a questionnaire. The timing and clinical laboratories that measured
the antibody titers were variable as described in the Materials and
methods: they are validated and standardized but may have introduced
a bias. In the future, the results should be verified by unifying methods
and measuring simultaneously. In addition, the sample of healthy
controls was limited to individuals in their 20s. Thus, whether
differences in antibody positivity and titers between patients and
healthy controls are also observed in other age groups, especially in
adults, should be verified by inclusion of all age groups in the sample.

Recently, research on immunotherapies such as PD-1 antibody
and T cell activation therapy is advancing, allowing EBV-positive T or
NK-cell neoplasms to be targeted by treatment (Bollard et al., 2014;
Kwong et al., 2017). Further studies, focusing on the immune system
in a large number of patients, will be useful in understanding the
pathogenesis and developing treatment methods for sSCAEBV.
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