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Introduction

Bot avatar

HPV, a prevalent sexually transmitted virus, is primarily 
transmitted through close skin-to-skin contact during sexual 
intercourse. However, it can also be spread through other 
means, such as swimming pool water, contaminated syringes, 
infected razors, contaminated laser devices, and even from 
mother to infant during childbirth or breastfeeding. This virus 
can cause cervical cancer and various other malignancies [1]. 
High-risk HPV infections can lead to precancerous lesions and 
progression to invasive cancer if untreated. Cervical cancer is 
closely linked to persistent HPV infections, with over 99% of 
cases associated with HPV-positive patients [2]. Additionally, 
HPV is implicated in other cancers such as head and neck 
cancers and penile cancer [3]. 

HPV genome

HPV is a DNA virus characterized by a circular, double-
stranded genetic structure. Its genome includes coding and 
non-coding regions encoding essential viral proteins like E1, 
E2, L1, and L2, as well as accessory genes E4, E5, E6, and E7 [4]. 

There are over 200 types of HPVs classified into five categories. 
Some of its high-risk strains, particularly HPV types 16 and 18, 
are significantly linked to the development of cervical cancer. 
High-risk HPV E6 and E7 proteins play a crucial role in cell cycle 
regulation and carcinogenesis by targeting tumor suppressor 
proteins. It is known that the integration of HPV into the human 
genome plays a role in the cellular transformation and cancer 
development [4,5]. HPV integrations can cause unstable DNA 
regions with complex alterations affecting human and HPV 
genes [6].

Life cycle

The life cycle of HPV involves three main stages: penetration 
into basal cells, minimal gene expression in the basal layer, and 
productive replication in differentiated cells [7]. HPV infects 
epithelial cells through cell surface receptors, specifically the 
α6β4 integrin complex, which is highly expressed in basal cells 
and epithelial stem cells. The virus remains latent in squamous 
cells and can become contagious in immunosuppressed 
individuals. Life Cycle of high-risk HPV is illustrated in Figure 1.

HPV replication and maintenance rely on viral proteins E1, 
E2, E6, and E7, which play essential roles in establishing and 
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sustaining viral DNA episomes within host cells [8]. E6 and E7 
oncoproteins promote cell cycle advancement, inhibit tumor-
suppressor proteins, and contribute to viral DNA amplification 
[9].  Persistent HPV infection, genetic and epigenetic changes 
are among the key risk factors for malignant progression [10].

Clinical presentation of HPV infection 

HPV infections are often asymptomatic and clear on their 
own, but in the anogenital area, precancerous stages can lead 
to invasive cancer, whereas in the head and neck region, only 
invasive cancer stages have been observed. Early detection, 
especially in the uterine cervix, is aided by cytological and 
molecular tests, allowing treatment before the cancer 
becomes invasive. HPV infections can present in various forms, 
including warts or dysplasia, with genital warts displaying 
different shapes and colors, ranging from flat or raised to 
flesh-colored or cauliflower-like, and may appear alone or in 
groups [11,12].

HPV pathogenesis

The pathogenesis of HPV involves integration of viral genetic 
material into the cellular genome, leading to increased 
expression of oncogenes E6 and E7 [13,14]. High-risk HPV 
strains can cause persistent infections and are associated 

with cervical neoplasia. Immune evasion and alterations in 
inflammatory cytokines play a role in HPV-associated cervical 
cancer [15]. Chronic inflammation, triggered by HPV infection, 
is linked to the development of cancer, involving complex 
interactions between viral, host, and environmental factors 
[16]. Moreover, interaction of chronic inflammation and 
oxidative stress contribute to HPV infection and development 
of HPV-induced cancer. [17]. The pathogenesis and natural 
progression of high-risk HPV infection illustrated in Figure 2.

High-risk or oncogenic HPV types

Oncogenic or high risk HPV types, including HPV 16, 18, 31, 
33, 35, 39, 45, 51, 52, 56, 58 and 59 have a significant association 
with the onset of cancer. HPV 16 and 18 are particularly 
common in cervical cancer. These high-risk HPV strains are 
associated with both benign and malignant cervical lesions 
[18]. HPV types are categorized into low-risk (LR) and high-
risk (HR) based on their oncogenic potential and likelihood to 
induce cancer. These high-risk HPVs are commonly found in 
squamous epithelial lesions and are associated with various 
cancers, including those affecting the cervix, vagina, vulva, 
and anal squamous cell carcinomas [1,18].  Therefore, high-risk 
human papillomavirus (hrHPV) testing may serve as a key tool 
in cervical screening [19].

 

 

 
  

Figure 1. High-Risk HPV Life Cycle: High-risk HPVs infect basal cells in the ectocervix through microwounds. These cells keep the viral genome. 
As they divide, new cells move to the surface. In high-risk HPV lesions, cells make E6 and E7 proteins that promote cell division, while mid-
layer cells boost protein levels for genome copying. Upper layer cells stop dividing and produce proteins for viral genome packaging. The 
infection can spread to other cells, influencing disease advancement and leading to adenocarcinoma in the cervical transformation zone 
and endocervix [32].
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Low-risk HPV strains

Low-risk types of HPV, including HPV 6, 11, 42, 43, and 44 
are linked to the development of non-cancerous genital 
warts and other seemingly benign epithelial lesions [18]. 
The immune system typically clears low-risk HPV infections 
more rapidly compared to high-risk types [20]. While low-
risk HPV infections are generally not considered significant 
contributors to the malignancy within the general population. 
High-risk HPV strains exhibit distinct mechanisms involving 
E7 and E6 proteins that promote malignant transformation 
by disrupting cell cycle regulation and inhibiting tumor 
suppression pathways [21].

The genomic similarities between HPV6/11 and HPV16, 
particularly in the E7 gene, suggest a limited capacity to inhibit 
cell differentiation. Also, the occurrence of Single or dual 
HPV6/11 infections in penile and laryngeal cancers highlight 
need for genotype-targeted vaccination to prevent warts and 
cancers [22]. Multiple factors play a defensive role in the HPV 
virus, as outlined below.

Immune Interactions

Immune interactions play an essential role in the development 
of HPV infections towards malignancy. The immune system of 
the host is capable of clearing most anogenital HPV infections, 
with only a small percentage leading to HPV-related tumors 
[23]. The latency phase of HPV infection, lasting approximately 
10 years, is influenced by the host’s immune response, which 

can either suppress or facilitate the advancement of high-risk 
HPV infections towards cervical neoplasia. Although high-
risk HPV infections can enhance immune system resistance, 
they also create a microenvironment conducive to disease 
progression by interfering with IFN signaling pathways, 
promoting regulatory T cells (Tregs)  infiltration, and 
compromising the function of cytotoxic T lymphocytes [24].  
Combination of immunotherapies enhance immune system 
function and modulates HPV tumor microenvironment, 
improving treatment outcomes [25].

The Role of Innate Immunity and Its Evasion in HPV-
infection 

The innate immune response plays a crucial role in the initial 
defense against HPV infection, determining whether the virus 
will be cleared or persist. Pattern recognition receptors (PRRs), 
like Toll-like receptors (TLRs), are essential in the recognition of 
viral nucleic acids and contributed in HPV clearance. However, 
high-risk HPV types can undermine the innate immune 
response by downregulating TLR expression and interfering 
with critical pathways involving transcription factors [26]. 
HPV employs various strategies, such as altering cytokine 
expression and inhibiting interferon pathways, orchestrated 
by oncoproteins like E6 and E7, to evade the immune system 
and persist within the host. Additionally, HPV can impair 
the interferon-mediated response, disrupt immune cell 
movement and attachment, and influence cell phenotypes, 
contributing to immune evasion and tumor progression [27].  

 

 

 

 

 

Figure 2. The pathogenesis and natural progression of high-risk HPV infection begins when the virus enters the epithelium through a 
scratch or injury, leading to gradual growth. Most infections resolve on their own, but some can stay dormant. Eventually, the virus’s genetic 
material integrates into the human genome, increasing replication and contributing to cervical cancer progression [32].
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Various immune system components, including different cells, 
receptors, and biological factors, are targeted by viruses and 
play a role in cancer development. These targets involve natural 
killer cells, antigen-presenting cells, macrophages, as well as 
various cytokines and chemokines [28]. Variations in genes 
related to innate immunity, including ILs and sensors like IFI16, 
are linked to HPV infection and persistence (Figure 3).

Role of Keratinocytes in HPV-infection 

HPV primarily targets keratinocytes in the basal layer of 
stratified squamous epithelium, present in skin and mucosal 
sites like the anogenital and upper respiratory tracts [23]. 
Keratinocytes have pattern recognition receptors (PRRs) such 
as Toll-like receptors (TLRs) which recognize viral pathogens 
and start an innate immune response by releasing cytokines 
and chemokines. Despite the presence of PRRs, HPVs have 
developed strategies to create a cellular environment 
conducive to viral replication, persistence, and tumorigenesis 
[29].

Study findings show identifying HPV in keratinocyte skin 
cancers vary due to different detection methods used in 
research [30].

High-risk HPV genotypes can lead to persistent infection 
and cervical cancer through mechanisms involving the 
continuous overexpression of viral oncoproteins E6 and 

E7, often facilitated by the integration of viral DNA into the 
host’s genetic material. This integration stabilizes E6 and E7 
transcription, promoting cell growth and tumorigenesis [23]. 
Figure 4 illustrates functional properties of HPV proteins.

Role of Dendritic Cells (DCs) in HPV-infection

Dendritic cells (DCs) have an important function in starting 
and controlling immune reactions by recognizing foreign 
antigens and presenting them to T cells [31]. DCs play a 
crucial role in antigen presentation and are essential for 
activating naive T cells. They present antigens to both helper 
and cytotoxic T cells and are capable of cross-presentation, 
which involves displaying exogenous antigens on MHC class 
I molecules to activate cytotoxic T cells [32].

In cervical lesions, alterations in DC counts can impact 
immune evasion mechanisms and tumor progression [33]. 
Prostaglandin E2 (PGE2) is linked to the progression of 
malignant lesions and may influence DC migration within 
cervical lesions [34]. High-risk HPV infection can impair the 
activation of dendritic cells, hindering effective immune 
responses and promoting lesion growth. The activation 
of PD-1/PD-L1 pathway can weaken immune responses 
mediated by DCs against high-risk HPV infection [24]. 
Plasmacytoid dendritic cells (pDCs) are crucial in linking 
innate and adaptive immune responses, secreting interferon 
type I and potentially being stimulated by HPV VLPs (Virus-like 

 

 

 

 

 

 

 

Figure 3. In HPV infection, innate immune cells like NK cells, macrophages, and dendritic cells initiate the immune response by neutralizing 
the virus and releasing cytokines. Dendritic cells also act as Antigen-Presenting Cells, presenting viral peptides to MHC I and II molecules to 
trigger cellular and humoral immunity, lasting for a long time [32].



 
 Nikmanesh N, Safarpour AR, Niknam R, Nikmanesh Y. Short Communication on Hpv Infection, Pathogenesis of Cancer, 
Immune Cells Involved in Infection, Vaccination, and Suggested Treatments. J Cancer Immunol. 2025;7(2):72-80.

J Cancer Immunol. 2025
Volume 7, Issue 2 76

particles). Toll-like receptors (TLRs) are essential in enhancing 
chemokine expression and migration of pDCs during their 
maturation [35].

HPV E7 proteins enhance plasmacytoid dendritic cells 
differentiation, maturation, and activate TLR and mitogen-
activated protein kinase (MAPK) pathways for the host 
immune response [36] (Figure 1).

Role of Natural Killer Cells in HPV-infection

Natural Killer (NK) cells in the cervix play a crucial role in 
eliminating virus-infected and transformed cells through 
direct recognition of surface ligands, often down-regulated 
MHC class I molecules [37]. Diminished levels of activating 
receptors like NKp30, NKp44, NKp46, and NKG2D are 
associated with reduced NK cell cytotoxic activity in individuals 
with cervical cancer [38]. HPV can evade NK cell cytotoxicity by 
upregulating IDO expression, impairing NK cell function and 
facilitating immune evasion in cervical lesions. IDO expression 
in cancer has been reported in numerous cell types, both 
within the tumor microenvironment and in the peripheral 
blood [37,38].

The ex vivo experiments revealed reduced NK cell cytotoxicity 
in the cervix of HPV16+ patients compared to HPV18+ 
patients. HPV16 hinders NK cell increase in early lesions, 
suggesting hyporesponsiveness to HPV16 in cervix’s immune 
system, potentially explaining its tendency for malignant 
transformation [39] (Figure 1).

Role of NKT Cells in HPV-infection

NKT cells, a subset of T lymphocytes, play an essential part in 
anti-tumor immunity by recognizing lipid antigens expressed 
by tumor cells. Invariant natural killer T (iNKT) cells activate 
different immune cells and rejuvenate exhausted cells in 
tumor microenvironment [40].

HPV 16-infected cells exhibit reduced CD1d levels, potentially 
aiding in evading NKT cell responses. In high-grade HPV-
associated lesions, IFN-γ-producing NKT cells can have an 
immunosuppressive role in HPV-related carcinogenesis [41]. 
IDO1 expression in the HPV-associated tumor environment 
stimulated by NKT cells that produce IFN-γ and contribute to 
immunosuppression [37].

 

 

 
Figure 4. Schematic illustration of the functional properties of HPV proteins [32].
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The Role of Adaptive Immunity and Its Evasion in HPV-
infection

The HPV life cycle occurs within epithelial cells without 
inducing cytolysis or viremia, limiting systemic immune 
exposure [42]. T cell activation is crucial for clearing HPV-
infected cells, with a correlation between regression of cervical 
precancerous lesions and the presence of cytotoxic T cells 
expressing granzyme B [43]. Host clearance of HPV infection 
relies significantly on T cell-mediated immune responses, 
supported by the immunogenicity and effectiveness of 
current HPV vaccines. HPV has evolved strategies to evade 
host antibody-mediated immune responses during natural 
infection [44].

HPV-associated oropharyngeal squamous cell carcinoma 
(OPSCC) tumors show high activity of immune response 
genes and inflammatory chemokines, promoting recruitment 
of cytotoxic T cells. This strong T-cell response is crucial in 
fighting the cancer [45].

Role of Humoral Response (B cells) in HPV-infection

B cells are essential in the humoral immune response because 
they generate antibodies that can deactivate and neutralize 
viral pathogens. Different subsets of B cells exist in the human 
immune system, including plasma cells, immature B cells, 
memory B cells, B-cell progenitors, and regulatory B cells [46]. 
Anti-HPV antibodies mainly target the L1 capsid protein, with 
predominant IgG1 class antibodies. Neutralizing L1 antibodies 
can prevent attachment to the cell surface or basement 
membrane and inhibit viral internalization [47]. After natural 
HPV infection, seroconversion and neutralizing antibodies can 
be detected about eight to nine months later, while vaccine-
induced antibodies persisting at high levels compared to 
natural infection [48]. HPVs strategically evade the immune 
system by limiting the expression of capsid proteins in the 
skin’s outer layers, reducing serum antibody responses during 
natural infections [49] (Figure 1).

Role of Cell Mediated Immunity (T cells) in HPV-infection

The innate immune response is triggered by pathogens, 
leading to the activation of adaptive immunity through the 
transformation of dendritic cells into antigen-presenting 
cells. Cytotoxic T cells (CD8+) and T helper cells (CD4+) play 
a crucial role in cellular and humoral immune responses 
[50]. HPVs possess characteristics that allow them to escape 
the immune response, hindering the cell-mediated immune 
response. Compromised adaptive immunity, particularly 
compromised CD4+ T cells, contributes to HPV-associated 
cancer development, characterized by an imbalance in Th1 
and Th2 cytokines. HR-HPV modulates T cell activation through 
oncoproteins expression, disrupting the immune defense and 
promoting lesion progression [51].

Foxp3+ regulatory T cells (Tregs), a subset of CD4+ T cells, 

suppress anti-tumor immunity by limiting the activity of 
effector T cells. Tregs are associated with autoimmune 
diseases, viral infections, and are highly present in cervical 
cancer and may inhibit anti-HPV immunity. Tregs in cervical 
cancer are specific for HPV antigens [52] (Figure 1).

Vaccines

Most of females infected with HPV develop detectable 
antibody responses specific to the HPV L1 capsid protein, 
possibly providing natural immunity against subsequent 
infections [53]. HPV vaccines induce neutralizing antibody 
responses through virus-like particles (VLPs) and have 
shown cross-protection against multiple HPV types. Actual 
data indicates a significant reduction in HPV infections, 
genital warts, and cervical abnormalities among vaccinated 
individuals, highlighting the impact of HPV vaccination 
programs [54]. 

Researchers are developing therapeutic vaccines to treat 
infectious diseases and cancer by activating the immune 
system. Various types of vaccines, including bacterial and 
viral vectors, peptides, nucleic acids, and cells, are being 
studied along with combination therapies. Despite advances, 
no therapeutic vaccine has proven effective in curing 
HPV-associated cancers; combination therapy with PD-L1 
antibodies and HPV vaccines shows promise in inhibiting 
tumor growth and enhancing immune response [55].

Common Treatments

Surgical methods like laser therapy, Loop electrosurgical 
excision procedure (LEEP), and cryosurgery are recommended 
for precancerous lesions induced by oncogenic HPVs. 
Chemotherapy, radiation therapy, and hysterectomy are 
common approaches for treating cervical cancer [56]. 
Checkpoint inhibitors like Pembrolizumab, Nivolumab, and 
Ipilimumab are used to target immune checkpoint pathways 
in cervical cancer treatment [57]. Additional clinical trials are 
required to enhance the effectiveness of therapeutic vaccines 
for HPV-related cervical cancer. The potential synergy between 
viral and neo-antigens and therapeutic vaccines should 
be explored. CRISPR/Cas genome-editing and advanced 
treatments like CAR-T therapy and radioimmunotherapy 
are also promising [58]. Suggested treatment strategies for 
low-risk papilloma infections, cervical precancerous lesions 
caused by high-risk HPVs and cervical cancer are summarized 
in Tables 1-3.

Conclusion

HPV infection is a global health concern linked to various 
cancers. Prophylactic HPV vaccines have played a crucial role 
in reducing genital warts and cervical cancer prevalence. 
Moreover, Promoting vaccination, particularly in youth can 
decrease HPV infections and lower associated health risks 
globally.
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Table 1. Suggested treatments and limited strategies to deal with low-risk papilloma infections [32].

Treatment strategies to deal with low-risk papilloma infections

Type of treatment Trichloroacetic acid (TCA) Sinecatechins Podophyllotoxin Imiquimod

Prescription Weekly examination by a 
specialist

Every 8 hours In the time frame of four 
weeks, the medicine should 
be taken for 3 days and 
then not used for 4 days, 
during the time of taking 
the medicine 2 times a day.

It should be used 
3 times a week in 
a time efficiency 
of up to 16 weeks

The possibility of 
treatment response

56–94% 47–59% 36–83% 28–100%

The possibility of 
reactivating the infection

36% 4–8% 4–100% 6–26%

Mechanism Protein inactivation by 
biochemical coagulation 
mechanism

Inhibition of virus 
replication and control of 
immune response

Germicidal properties Targeting 
the immune 
interaction

Limited treatment strategies to deal with low-risk papilloma infections

Type of treatment Photodynamic therapy 
(PDT)

Intralesional/topical 
interferon

5-fluorouracil (5FU)

Prescription Time frame of 15 days to 1 
month, 2 to 5 times

Time frame of 10 weeks Time frame of 14 weeks

The possibility of 
treatment response

96% 17–90% 10–50%

The possibility of 
reactivating the infection

9% 9–69% 50%

Mechanism Disable with photo effects Antiviral inhibitors 
using proinflammatory 
chemokines

Activation of anti-metabolic inhibitory genes

Table 2. Suggested treatments to deal with cervical precancerous lesions caused by high-risk HPVs [32].

Treatment strategies to deal with cervical precancerous lesions associated with high-risk HPVs

Type of treatment Ablative treatment Excisional treatment

Prescription Wart removal in one step Wart removal in one step

The possibility of treatment response Almost 100% 90–95%

The possibility of reactivating the infection 17–22% 19–29%

Mechanism Surgical operation Surgical operation

Table 3. Suggested treatment strategies to deal with cervical cancer [32].

Treatment strategies to deal with cervical cancer

Type of treatment Radiation Neoadjuvant chemotherapy Adjuvant chemotherapy Hysterectomy

Prescription Depending on the 
progression of the disease 
and the HPV genotype

According to the progress 
of the disease, different 
chemotherapies are used first, 
and surgery is recommended 
in appropriate conditions

According to the progress of 
the disease, first surgery and 
in appropriate conditions 
the use of different 
chemotherapy

Total/Radical 
surgical operation

Mechanism Genome destruction in 
cells of malignant origin

Suppressing the proliferation 
of cells of malignant origin, 
disrupting cell division

Suppressing the proliferation 
of cells of malignant origin, 
disrupting cell division

Removal of the 
uterus from the 
body by surgery
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