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Introduction

he John Cunningham virus (JCV) belongs

to the Polyomaviridae family and contains

a double-stranded DNA [1-4]. The Poly-

omaviridaec family comprises over 100

members, primarily infecting mammals

and birds [5]. JCV was first isolated in 1971
from the brain of a patient with progressive multifocal
leukoencephalopathy (PML). In most cases, individuals
become infected with this virus during childhood or ado-
lescence, and by adulthood, approximately 50-80% of
them are seropositive. Currently, the exact modes of JCV
transmission are not well defined; however, the presence
of viral DNA in B cells and stromal cells of the tonsils
and oropharynx supports the hypothesis of respiratory
transmission. Furthermore, JCV has been identified in
raw sewage and a high percentage of natural tissue sam-
ples obtained from the upper and lower gastrointestinal
tract of humans, indicating that this virus may be trans-
mitted through the consumption of contaminated water
or food. Additionally, JCV has been reported in various
other tissues, including the spleen, lymph nodes, lungs,
bone marrow, brain, B lymphocytes, and kidneys. JCV
exhibits limited and specific tissue tropism, primarily
infecting the kidneys, oligodendrocytes, and astrocytes
in the central nervous system (CNS) [6-9]. JCV infec-
tion is often latent or chronic, and infected individuals
may be asymptomatic [3]. After primary infection in
immunocompetent individuals, the virus migrates to
the kidneys and undergoes continuous replication. Ulti-
mately, JCV is excreted in the urine. Due to its asymp-
tomatic nature, JCV infection is rarely detected in blood
samples [10]. In immunocompromised individuals, JCV
becomes neurotropic and infectious; infection can occur
through rearrangement of the noncoding control region
(NCCR) and mutations in the VP1 capsid protein [11].
Widespread viral infections can lead to the development
of cancer in humans. All oncoviruses induce tumors via
metabolic pathways. The mechanism by which oncovi-
ruses cause cancer varies based on their genetic mate-
rial (DNA or ribonucleic acid [RNA]) [12]. According
to studies, JCV is a neurotropic human virus associated
with neurological diseases and capable of infecting vari-
ous cell types. Recently, JCV genomic sequences have
been identified in various human malignancies, includ-
ing brain tumors, colorectal cancer (CRC), gastric cancer
(GC), and esophageal cancer (EC) [13, 14]. This article
provides a comprehensive and multidimensional exami-
nation of the effects of JCV on human health. Its primary
focus is on the mechanisms of entry and pathogenicity of
this virus, its oncogenic potential, and the complex rela-
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tionships between JCV and various cancers. This study
aimed to analyze the role of JCV in cancer onset and
progression and to evaluate its clinical implications for
public health. This study may enhance understanding of
interactions between JCV and the host immune system
and pave the way for the development of new preventive
and therapeutic strategies.

Structural characteristics of the JCV: A genome
examination

The JCV capsid is icosahedral and lacks an envelope.
The genome of this virus consists of a single circular,
double-stranded DNA molecule approximately 5,100
base pairs in length [15-17]. The viral genome encodes
cellular histones H2A, H2B, H3, and H4, which ulti-
mately form a minichromosome that structurally resem-
bles the host cell’s chromatin. Typically, viral particles do
not contain linker histones; however, JCV acquires them
upon entering the host cell [6]. The genome is primarily
divided into two coding regions based on the timing of
protein expression: A late coding region and a regulatory
region (RR). The RR encodes the large tumor antigen
(LTAg) and small tumor antigen (stAg). In contrast, the
late region encodes the structural proteins VP1, VP2,
and VP3, the regulatory agnoprotein, and two microR-
NAs (miRNAs) processed from a precursor microRNA
(pre-miRNA) known as pre-miRNA J-1. Because miR-
NAs are fully complementary to LTAg, they play a sig-
nificant role in regulating LTAg transcript stability. The
NCCR separates the late genomic region and RR, also
known as the hypervariable RR. This region includes
the origin of replication and regulatory areas for early
and late transcription. Notably, the NCCR contains host-
specific DNA and binding sites for transcription factors.
The highest sequence diversity characterizes the NCCR
and determines viral replication efficiency and cellular
tropism. The JCV capsid consists of three proteins: VP1,
VP2, and VP3, with VP1 being the most critical compo-
nent. The capsid structure contains 72 pentamers, each
composed of five VP1 molecules and one VP2 or VP3
molecule. Only VP1 is positioned on the capsid surface,
thereby determining receptor specificity [3, 16, 18-20].
LTAg and its variants have distinct functions and interact
with both host and viral proteins as well as DNA. T pro-
teins can facilitate viral replication by directing host cells
into S phase, regulating transcription from both host and
viral genomes, and directly participating in viral DNA
replication [19]. The agnoprotein is also likely involved
in processes, such as replication, viral transcription, vi-
roporin function, and the transport of new virions from
the nucleus. Furthermore, agnoprotein may bind to vari-
ous cellular factors, including p53, Y-box binding pro-
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tein 1, Ku70, fasciculation and elongation protein zeta-
1, heterochromatin protein la, protein phosphatase 2A,
AP-3, proliferating cell nuclear antigen, and a-soluble
N-ethylmaleimide-sensitive factor attachment proteins.
VP proteins are also crucial for lifecycle events, includ-
ing attachment to host cell receptors, entry, and penetra-
tion [5, 21].

Mechanism of entry and pathogenicity of the JCV

The entry of JCV into the human body begins with
the interaction between VP1 and the pentasaccharide
NeuNAc-a2,6-Gal-p1,4-GlcNAc-B1,3-Gal-p1,4-Glc,
followed by engagement with sialic acid associated with
a-2,3. The virus enters the host cell by binding to sialic
acid, subsequently initiating clathrin-mediated endocy-
tosis. Primary and late endosomes serve as sites for JCV
after it enters cells. The potential for JCV to be transport-
ed within the cytoplasm to reach the nucleus is facilitated
by various cellular compartments; at this stage, transcrip-
tion of the viral genome is considered more critical than
viral DNA replication because the early gene products of
this virus, such as LTAg, stAg, and LTAg splice variants,
are essential for initiating the lytic phase. The primary
product LTAg enables viral DNA replication by bind-
ing to the viral replication origin, a process that depends
on the availability of host DNA polymerase, replication
protein A, host enzymes, and cofactors expressed dur-
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ing the S phase of the cell cycle. According to existing
studies, JCV entry into glial cells may be facilitated by
the serotonin receptor SHT2AR [3, 6, 21, 22]. This virus
induces cell growth by expressing oncoproteins and T
antigens while disrupting apoptosis since it requires the
host cell’s DNA synthetic machinery for replication [23].
Transforming growth factor beta 1 (TGF-f1) and tumor
necrosis factor alpha stimulate JCV replication, whereas
interferon-gamma suppresses this process [14]. Addi-
tionally, JCV interacts with cellular modulators, such as
the retinoblastoma protein (pRB) and p53, to regulate
multiple cellular processes, ultimately promoting cell
cycle progression [21]. Viral end products are released
through host cell lysis. Another potential route of JCV
infection in a cell suggests that entry into non-permissive
cells that do not support viral replication may lead to cel-
lular transformation or oncogenesis. The primary LTAg
protein is a key factor in cellular transformation and
tumor development [6]. Complex membrane networks
in host cells, such as the plasma membrane, endolyso-
somes, and the endoplasmic reticulum (ER), play a sig-
nificant role in initiating and advancing viral infections
through specialized retro-translocation machinery that
moves ER components into the cytosol. Polyomaviruses
represent a unique category that penetrates the ER mem-
brane during their entry into host cells (Figure 1) [22].

PBR

Figure 1. The process of entry and pathogenicity of JCV in permissive and non-permissive cells

Abbreviations: GAG: Glycosaminoglycan; JCV: John Cunningham virus; Rb: Retinoblastoma; LTAg: Large tumor antigen.
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Mechanisms of JCV-mediated oncogenesis

The activity of the early gene product, LTag, is cen-
tral to the oncogenic potential of JC polyomavirus.
This multifunctional phosphoprotein is a primary viral
oncoprotein essential for viral DNA replication in host
cells. LTag orchestrates viral replication by binding to
and inactivating key tumor suppressor proteins, most no-
tably p53 and the retinoblastoma family proteins (pRb,
p107, p130). This inactivation disrupts critical cell cycle
checkpoints and apoptotic pathways, promoting uncon-
trolled cellular proliferation [24, 25]. Furthermore, LTag
directly modulates viral replication by targeting host
DNA damage response pathways. It has been demon-
strated that LTag induces G2 cell cycle arrest, creating
a favorable environment for viral genome amplification.
This is achieved through its interaction with and activa-
tion of the ATM and ATR kinase signaling pathways,
which are central to the DNA damage-induced G2/M
checkpoint. By co-opting these pathways, LTag ensures
the host cell remains in a state conducive to viral replica-
tion, simultaneously increasing genomic instability and
the accumulation of mutations, a hallmark of cancer de-
velopment [14, 26].

In addition to the large T antigen, JC polyomavirus en-
codes a late auxiliary protein called agnoprotein. Though
small, this highly multifunctional protein plays a crucial
regulatory role in the viral life cycle by interacting with
and modulating numerous host cellular systems. Agno-
protein localizes to key cellular compartments, including
the nucleus, perinuclear region, plasma membrane, and
mitochondria, exerting pleiotropic effects [27]. Specifi-
cally, agnoprotein-host interactions significantly impair
fundamental cellular processes, such as protein synthe-
sis and degradation, by inhibiting mRNA maturation and
nuclear export, thereby suppressing host protein synthe-
sis and interfering with the ubiquitin-proteasome system,
which disrupts regulated protein degradation and may
lead to the accumulation of oncogenic factors [25]. Fur-
thermore, it plays a direct role in viral trafficking by dis-
rupting cytoskeletal dynamics and vesicular transport,
thereby facilitating viral assembly and egress. Addition-
ally, agnoprotein localizes to mitochondria, inducing
oxidative stress and disrupting metabolic functions, and
its interactions with the ER and Golgi apparatus interfere
with protein trafficking and secretory pathways [25, 28].
These disruptions contribute to substantial cellular stress
and genomic instability, collectively fostering a chronic
state that promotes the acquisition of pro-oncogenic mu-
tations and uncontrolled cell growth, thereby compound-
ing the oncogenic effects of the large T antigen [29].
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The relationship between the JCV and cancer in
humans

Cancer is a dangerous disease and is the second leading
cause of mortality worldwide. It is estimated that 20%
of all cancers globally are associated with infectious
agents. Approximately 12% of these cases may be at-
tributed to oncogenic virus infections. Viral genes can
modulate the physiological machinery of infected cells,
ultimately leading to cellular transformation and cancer
development. Despite the prevalence of oncogenic vi-
ruses, understanding and managing virus-induced can-
cers remains challenging [24, 30, 31]. JCV is also classi-
fied as an oncogenic virus, thus possessing the potential
to cause cellular transformation and cancer [32, 33]. The
entry of this virus into non-permissive cells, which do
not support viral DNA replication, can result in incom-
plete infection or cellular transformation (oncogenesis)
[34]. In transformed cells, JCV plays a significant role in
anchorage-dependent growth, rapid division, prolonged
lifespan, increased ploidy, unstable multicentric chromo-
somes, genomic instability, impaired DNA repair, and
increased micronuclei formation [14]. The oncogenic
potential of JCV is primarily dependent on LTAg; stAg
and the agnoprotein appear to collaborate with LTAg in
cellular transformation [6]. LTAg regulates and controls
the cell cycle in cancer cells by targeting signaling path-
ways, such as p53, B-catenin, IRS, Rb, TGF-B1, protein
kinase B/phosphoinositide-3-kinase, and adenosine mo-
nophosphate-activated protein kinase [14]. According to
one model, the interaction between LTAg and p53 pre-
vents p53 from enhancing transcription of p21/WAF-1,
an inhibitor of cyclin-dependent kinases, including cy-
clins A and E. The reduced activity of G1/S cyclins re-
sults in pRb remaining hypophosphorylated and active,
which in turn retains the S phase-specific transcription
factor E2F [35]. LTAg can also interact with pRb to re-
lease E2F from the pRb: E2F complex, allowing E2F
to exert its effects on cell proliferation by promoting
the transcription of S-phase genes. In other words, pRb
normally inhibits E2F, preventing the transition from
G1 to S phase of the cell cycle. When pRb is inactivated
by LTAg, E2F is released, resulting in increased cellu-
lar proliferation. In summary, the release of E2F from
pRb by LTAg activates the expression of P14 alterna-
tive reading frame (ARF), which subsequently stabilizes
p53. However, LTAg binds to and inactivates p53, there-
by obstructing its function in response to DNA damage
or P14 ARF production [24]. Existing evidence indicates
that JCV DNA and its encoded products are present in
tissues affected by brain cancer (BC), oral cancer, EC,
GC, CRC, BC, cervical cancer, pancreatic cancer, and
liver cancer (LC). Therefore, JCV can be considered a
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potential risk factor for cancer development and should
be further investigated for its role in early prevention, di-
agnosis, and treatment of cancers [6, 14, 36] (Figure 1).

Examination of cancers associated with the JCV in
humans

In this section, we explore some types of cancers as-
sociated with JCV (Figure 2).

The role of the JCV in brain tumors

Current evidence suggests that JCV plays a significant
role in the development of various CNS tumors, includ-
ing astrocytomas, glioblastomas, neuroblastomas, and
medulloblastomas. LTAg is a key regulatory protein of
JCV associated with brain tumor formation in humans
and can be detected by immunohistochemistry (IHC)
in 50% of human BT [37, 38]. The first systematic in-
vestigation was conducted in 1996 on brain tumor tis-
sues to detect JCV DNA and proteins in a patient with
oligodendroglioma in the absence of PML, JCV DNA
was confirmed using polymerase chain reaction (PCR).
JCV RNA and LTAg protein were identified in tumor
tissue using primer extension analysis and western blot-
ting, respectively. In another study, 57 to 83 percent of
85 glioma samples tested positive for JCV [7, 24, 39].

Figure 2. JCV-associated cancers
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The association between the JCV and GC

GC is a significant global issue with a high mortality
rate, causing approximately 769,000 deaths annually. It
ranks fifth in terms of prevalence and fourth in mortality
worldwide. Studies suggest that JCV may be involved
in the onset of GC. In one study, JCV sequences were
isolated from 54.84% of GC tissue samples and 32.25%
of non-cancerous tissue samples [40]. IHC analysis
revealed the presence of LTAg protein in the nuclear
compartment, indicating that JCV could play an impor-
tant role in the transformation of gastric cells into ma-
lignancy [41]. Furthermore, another study found LTAg
expression in 49% of 90 GC tissue samples, suggesting
that LTAg significantly influences gastric carcinogenesis
through genetic and epigenetic changes [42].

The role of the JCV in CRC

CRC is the most common malignancy with high mor-
tality rates worldwide. The association between JCV and
colon and rectal cancer has recently been reported. Stud-
ies have confirmed the presence of JCV DNA in 10% of
120 samples. A meta-analysis indicated that JCV pres-
ence in colorectal tissues increases the likelihood of de-
veloping CRC by 4.70 times. Thus, JCV may act as an
oncogenic virus that increases the risk of CRC, support-
ing the hypothesis of the role of viral factors in cancer
pathogenesis [43-45].
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Examination of lung cancer associated with the
Jcv

Recently, the relationship between LC and JCV has
been highlighted. In a study involving 13 surgically re-
sected lung tumor samples, nested PCR revealed that 7
samples were positive for JCV, indicating the potential
impact of this virus on LC [34]. Another study also dem-
onstrated the presence of the JCV genome, LTAg, VP
proteins, and agnoprotein using nested PCR, while IHC
was performed to assess the relationship between p53
and B-catenin in LC, alongside LTAg. The results showed
that LTAg was detected in 25 of 62 LC samples, with
IHC revealing a significant correlation between LTAg
and p53, as well as nuclear B-catenin. This study suggests
a link between JCV and LC, positing that LTAg may con-
tribute to oncogenesis by inactivating p53 and disrupting
the Wnt signaling pathway regulation in LCs [46].

The JCV and breast cancer

BC is the most common malignancy among women
worldwide, influenced by a wide range of internal and
external factors that can initiate, promote, and progress
the disease. JCV may also be associated with this cancer.
In a study of tissues from patients with BC, LTAg from
JCV was detected in 23% of the samples. LTAg affects
p53 wild-type by stabilizing B-catenin and also leads to
chromosomal instability. These processes activate G2
checkpoint pathways mediated by ataxia telangiectasia
mutated (ATM) and RAD3-related (ATR), resulting in
G2 cell cycle arrest [47]. Additionally, another study
found JCV DNA in 23% of primary BC samples using
PCR. These results were correlated with clinical, patho-
logical, and viral parameters [48, 49].

The JCV and EC

In recent years, the incidence of esophageal adeno-
carcinoma has significantly increased in industrialized
countries. A study discussing the relationship between
JCV and EC reported that JCV was isolated from 85%
of normal esophageal biopsies and 100% of carcinoma
samples. Furthermore, using IHC, LTAg was identified
in 53% of samples, agnoprotein in 42%, and the tumor
suppressor protein p53 in 58%. These results provide
evidence of JCV infection of gastrointestinal cells and
highlight its potential role in the development of upper
gastrointestinal carcinomas [50].
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Conclusion

Emerging evidence regarding the role of JCV in can-
cer development underscores the complex interplay
between viral infections and tumorigenesis. While JCV
typically remains asymptomatic in immunocompetent
individuals, its potential to disrupt essential cellular
pathways in immunocompromised populations raises
significant concerns about its oncogenic characteristics.
Understanding the mechanisms through which JCV con-
tributes to tumorigenesis is crucial for advancing our
knowledge of virus-related carcinogenesis. The ability of
JCV to integrate with host DNA and alter cellular func-
tion indicates substantial potential for oncogenic activ-
ity. This emphasizes the necessity for further research to
elucidate these complex interactions and their implica-
tions for cancer development. Uncovering the oncogenic
mechanisms of JCV may inform more effective preven-
tion and treatment options for patients with viral diseases
and malignancies. Ultimately, a deeper understanding of
JCV’s role in cancer may pave the way for new inter-
ventions that could significantly improve public health
outcomes in cancer prevention and management.
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