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Abstract: Most cervical cancer cases are a result of persistent high-risk Human papillomavirus (HPV) 
infections. Cervical cancer is prevalent in LMICs especially in SSA where it is second most prevalent cancer. In 
South Africa, it is the second most common cancer affecting women aged between 15 and 44 years. The host 
immune response has been shown as an important factor in controlling the progression or regression of high- 
risk HPV infection of the cervix to cervical cancer. The risk of cervical cancer is known to be influenced by the 
host's genetic diversity, particularly by immune response-regulating genes such as the Human Leukocyte 
Antigen (HLA) class I and II genes. HLA class I genes present viral peptides to CD8+ T cells which are restricted 
and pre-programmed for cytotoxic functions. There is very little known about the HLA genes of South African 
women and how these influence outcome of HPV infections. This review aims to understand the role and 
influence of HLA class I genes in HPV clearance, persistence, and CD8+ T cell mediated immunity in African 
women by examining existing literature in this area. Understanding this role can influence and inform 
therapeutic vaccine design that is population specific. 
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1. Introduction 
Cervical cancer is a major cause of global morbidity and mortality in women, especially in low- 

and middle-income countries (LMICs) [1,2]. More than 95% of cases of cervical cancer are caused by 
the high-risk human papillomavirus (HPV), however in majority of cases, HPV infection does not 
necessarily result in cervical cancer [3]. Cervical cancer from a persistent high-risk HPV infection is a 
multistep process with different stages of cervical lesions that ultimately progress to cancer if left 
untreated [4–6]. There were more than 650,000 reported diagnoses and 350 000 cervical cancer 
fatalities in 2022 globally (WHO). The type-specific prevalence of HPV and cervical cancer incidence 
differ per geographical region especially high-risk HPVs, for example approximately 85% of cervical 
cancer cases are reported in LMICs such as Sub-Saharan Africa (SSA) where it is the second most 
prevalent malignancy and leading cause of cancer-related deaths in females [7,8].  

As an established causal agent for cervical cancer, HPV is the most common sexually transmitted 
infection (STI), and most sexually active individuals will acquire this virus at some point in their lives 
[9,10]. HPVs are  DNA viruses with a circular genome of approximately 7.9-8Kbp that contains an 
early region, encoding the early viral proteins E1, E2, E4, E5, E6, E7, E8, and a late region, encoding 
L1 and L2 proteins, which are components of the viral capsid [11–13]. HPVs have a strict tropism for 
either cutaneous or mucosal surfaces, as they generally infect the epithelial cells, specifically the basal 
keratinocytes moreover, they have a strict tropism for either cutaneous or mucosal surfaces [14–17]. 
These can be found lining the epithelium of mucosal and genital surfaces [15]. HPVs are categorized 
as genotypes rather than serotypes because DNA sequence differences between HPV genomes 
determine whether an HPV has the potential to cause cancer [18,19]. They are classified as high- or 
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low-risk types based on their carcinogenicity [20]. LR-HPVs particularly HPVs 6 and 11 are 
responsible for nearly all recurrent respiratory papillomas (RRPs) [21], a percentage of low-grade 
cervical intraepithelial neoplasia (CIN1), vaginal intraepithelial neoplasia (VIN1), and anal 
intraepithelial neoplasia (AIN1) as well as about 90% of genital warts [22]. HR-HPVs are strongly 
carcinogenic and linked to malignancies of the anus, vulva, vagina, penis, and cervix; with type 18 
and 16 having the most carcinogenic potential [23,24]. This is signified by their ability to integrate 
well into the host’s cells  [24–26]. 

Even though HPV infection can be prevented by vaccination, many HPV-infected women do not 
benefit from the current prophylactic vaccines especially those in LMICs [27]. In LMICs the vaccine 
is given only to girls prior sexual debut in the national school-based vaccine rollout, while in high-
income countries have implemented gender-neutral vaccination across a wider age group at a cost 
[28–30]. Furthermore, these vaccines are the priciest ever made, making it challenging to implement 
them in developing nations, where more than 80% of serious illnesses linked to HPV are found 
[15,30]. Due to the late diagnosis of cervical cancer in underprivileged populations, prophylactic 
vaccines are unable to stop the development of the disease [31]. This highlights the urgent need for a 
therapeutic vaccine that safeguards both previously infected women and those who have been 
exposed to the virus. These vaccines can reduce the incidence of cervical cancer and stop the 
progression of HPV-related CIN to cervical cancer [32,33].  

The great majority of HPV infections are cleared by the immune system over a period of months 
to years, hence cancer development is not always a result of HPV infection [3,34]. However, HPV 
infections persist in some women, possibly leading to the development of CIN [10,18]. An adequate 
and effective immune response encourages spontaneous clearance and elimination of the virus, while 
a compromised immune response often initiates the progression of the infection to higher grade 
resulting in cervical lesions [4,35]. Immune response facilitated by HPV- specific CD8+ T cells is 
known to help facilitate eradicating of HPV infected cells [36]. 

The host immune response particularly the Human Leukocyte Antigen (HLA) linked cell 
mediated immune response has an important role in the progression or regression of high- risk HPV 
infection of the cervix [37,38]. HLA genes are found and encoded for in the major histocompatibility 
complex (MHC) on the short arm of chromosome 6 (6p21,3) and contain 3,500–4,000 kb of DNA and 
has over 200 genes [11,39,40]. HLA genes belong to three subgroups: namely, class I (classical: A, B, 
C, and non-classical: E, F, and G), class II (DR, DQ, and DP), and class III (TNF-α, complement 
proteins) [41,42]. The HLA genes influence the host immune response by mediating antigen 
presentation and oversee the controlling of immunological reactions that discriminate between self- 
and non-self-antigens [39,40,42,43].  

The changes in the peptide-binding cleft of the HLA molecule caused by these polymorphisms 
control how the antigens are presented to and bound to T-cell receptors [42,44,45]. Through 
mediating antigen presentation and cell-mediated immune responses, the HLA genes have an impact 
on both the innate and adaptive immune systems by making it easier to identify and eliminate virus-
infected cells [46,47]. The HLA genes' high degree of polymorphism affects how T cell responses are 
activated [42]. Variations in antigen binding and altered immune responses to infections may result 
from polymorphisms in the HLA molecules in different people [46].  

By choosing the peptides produced by the processing of foreign antigens and presenting them 
on the cell surface for T cell recognition, HLA encourages the activation of an efficient immune 
response against HPV infected cells [41]. The presentation of a tumour-associated antigen by HLA 
class I or II genes is necessary for T cell-specific anticancer responses [48]. In order to activate CD8+ 
and CD4+ T cells, respectively, antigen-presenting cells (APCs) expressing both HLA class I and II 
must first acquire viral peptides [49].  

Genetic variation in African populations is the highest among all humans [50]. The genetic 
variation observed in Africa is broadly correlated with geography [51]. High genetic diversity is 
another characteristic of African people, which has received little research in the context of HLA genes 
and their role in HPV and cancer development [52,53]. In South Africa, most studies have been 
conducted on the relationship between HLA genes and HIV protection and susceptibility where 
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HLA- B*08/08:01, B*18/18:01, B*45/45:01, B*51:01, and B*58:02 have been found to increase 
susceptibility to HIV infections and even progression to AIDS [54]. However, there is paucity of data 
on HLA genes and their associations with HPV persistence and HPV disease in African women [55]. 
Understanding the potential clinical utility of these genes requires expanding research on the 
oncological implications of HLAs to ethnically diverse groups, including African people. 

Therefore, this review aimed to examine existing studies detailing the roles of HLA class I genes 
and CD8+ T cells and how these roles influence HPV persistence and disease progression in African 
women. 

2. Materials and Methods 
2.1. Search Strategy 

We searched PubMed, Science direct, and Web of Science, and Google scholar between July 2023 
and November 2023 to identify published articles that focused on HPV infections, HPV progression 
and HLA genes in African women. The literature search was limited to articles published in English. 
We also conducted a hand search on papers that were specific for each subheading that met the search 
criteria but did not come up in the search results. The search strategy contained Boolean terms (AND, 
OR) and other terms of interest such as “Human Papillomavirus” or “HPV” and “HLA” or “MHC” 
class I genes, and African women. Synonyms for the search terms were used in the search to not 
exclude important papers. We did not specify by HLA gene class at the start of the search, we however 
only chose studies that evaluated HLA class I genes. The chosen articles' bibliographies and reference 
lists were examined for possible links to further relevant research that should be reviewed.  From 
the included studies, abstracts and full-text articles were screened by the reviewer and saved onto a 
review library on Endnote reference manager version 21 (Clarivate Analytics, Philadelphia, PA, USA). 
OM independently extracted key study information from the relevant search engines.  

2.2. Selection Criteria 
Studies were eligible for inclusion if they were conducted in sexually active African women 

above the age of 18 residing in African countries and infected with HPV. We did not include studies 
with African women residing outside of Africa and those that are below 18 years of age and not 
sexually active. Studies that were excluded include those that were 1) not peer-reviewed; 2) not in 
English; 3) studying HLA class II genes; 4) without African participants in an African setting/ country; 
5) those not conducted on women. 

There was no date restriction on the publication of the articles chosen. Eligibility was determined 
independently by one author (OM) through a review of the title and abstract followed by a full-text 
review. Discrepancies between reviewers were resolved through consensus and involving the review 
collaborator.  

The protocol was registered with PROSPERO before conducting the search under registration 
number: CRD42023440172. 
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Figure 1. PRISMA flow diagram during search and selection process. 

2.3. Data Extraction 
Core study information including title, authors, journal, year published and DOI was extracted 

onto an Excel spreadsheet. Methodological information was also extracted, including the country 
where the study was conducted, the aims or objectives, tests used during the study, and 
demographical participant data such as the age of participants and health status. Result information 
was also extracted from the selected articles. 

3. Results 
A total of 1148 articles were identified to be eligible for selection of these 260 were duplicates. 

After title and abstract screening, 617 articles were excluded, and 271 articles were included for full-
text review. 194 full-text articles were excluded for not meeting the inclusion criteria, while only 77 
articles were eligible for inclusion in the review (Figure 1). All the studies included in the review were 
restricted to those with female participants, examined HPV infections in African women and other 
countries for comparison, adaptive immune responses to HPV infections, and the HLA genes 
associated with HPV infections. Only two studies with approximately 583 female participants 
specifically evaluated the role of HLA class 1 genes in African women. Most of the studies evaluated 
HPV infections generally including the HPV life cycle, immune responses to HPV and HLA gene 
associations with HPV in women from countries other than Africa which was also of interest.  

4. Discussion 
This review aimed to examine existing studies detailing the known and studied roles of HLA 

class I genes and CD8+ T cells and how these roles influence HPV persistence and disease progression 
in African women.  

Life cycle of HPV in the cervical epithelium 
The lifecycle discussed in this section is with reference to HPV 16 as it is one of the most 

researched high-risk HPV types, however other high-risk types are also linked to oncogenesis. 
Infection generally starts when the virus releases viral particles which enter the keratinocytes through 
microtrauma or abrasion [56]. This is where the viral particles bind to the cellular receptors Heparan 
sulphate proteoglycans (HSPG) specifically Syndecan-1; and a secondary unknown receptor located 
on the basement membrane or on the surface of basal layer cells prior to transfer to the basal 
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keratinocyte cell surface [18,57–61]. These receptors can help HPV16 in binding to the extracellular 
matrix [60]. The virus enters the cells in low viral copy number to not induce viremia and immune 
response during the non-productive stage and express the viral early genes [34,62]. This process is 
thought to be mediated by the E1 and E2 HPV oncoproteins [63]. Subsequent to this, the viral DNA 
enters the productive stage where the DNA is replicated and the viral copy number is amplified to 
around 50–100 copies per cell; this appears to be independent of the cell cycle [64]. To do this, the 
machinery responsible for synthesising DNA within the cell must be activated. This is done by the 
actions of E6 and E7, which permits the amplification of the viral genome in cells that would have 
otherwise completed the cell cycle [62]. Later, when the basal cells differentiate to form the epithelial 
suprabasal layer, viral genome replication switches into high copy number mode [65,66]. Then, the 
virions get released upon epithelial desquamation, causing infection in the neighbouring cells [66].  

The expression of viral genes is low during this period of plasmid or episomal maintenance, and 
in particular, the expression of the oncogenes E6 and E7 is tightly regulated, with hardly any 
detectable E6/E7 mRNA transcripts [64]. This is important because these oncoproteins are expressed 
in the later phase of the lifecycle and are thought to be useful in evading immune responses such as 
apoptosis and programmed cell death activities [66]. The expression of these two genes allows for 
cell cycle re-entry upon differentiation, providing cellular factors for productive replication [62]. HPV 
genome can either get integrated with the host genome or stay in an episomal form, with 83% of the 
HPV-positive cervical cancer cases showing evidence of HPV genome integration into the host cell 
[66,67]. It is therefore believed that the infected cell exits this early compartment resembling a stem 
cell and enters the epithelium's proliferating compartment [56]. All viral genes are massively 
upregulated in expression when the infected keratinocyte enters the differentiating compartment and 
exits the cell cycle, with early genes E6 and E7 being highly expressed [13]. It is believed that HPV 
can also infect cells at the squamocolumnar junction, the epithelial reserve cells, and columnar 
epithelial cells at the cervical transformation zone and endocervix [5,17].  

Life cycle deregulation, virus persistence and disease progression 
HPV infections usually clear in one to two weeks, but in some people, a lingering infection or a 

lack of immune clearance can cause the viral life cycle to be disrupted and the viral genome to 
integrate, which increases the risk of the development of cancer and malignancy [5,18]. It is believed 
that unregulated long-term or the overexpression of E6 and E7 promotes disease persistence and 
progression [68–70]. The expression of E5 may prevent infected cells from presenting to HLA class I 
genes, which could allow the infected cells to evade immune surveillance [71]. E5 prevents transport 
of the HLA class I to the cell surface and retains the complex in the GA [12,72]. Campo et al., 2010 
[73], noted that HPV E5 downregulation of HLA class I molecules at the cell surface correlates with 
poor CD8+T cell responses in E5 expressing cells. Presentation of HPV peptide fragments through 
the HLA genes is important in mounting an effective cellular mediated immune response against 
infected cells. These genes as mentioned above control the immune response against viral infections. 
It has been demonstrated that E7 directly inhibits the HLA class 1 chain [48]. 
As a result, HLA class I expression is suppressed, which prevents infected cells from being effective
ly presented to CD8+ T cells [71,74]. By suppressing the expression of the antigen processing 
machinery components Low molecular weight Protein 2 (LMP2) and Transporter associated with 
antigen processing 1 (TAP1), E7 is also known to hinder peptide formation and transportation in 
infected cells [71,75]. This impairs the delivery of HPV peptide fragments to the ER surface-bound 
HLA class I. TAP1 plays a critical role in presenting HLA class I with the viral antigen and in the 
presentation of MHC class I antigens, CD8+ and gives HPV a tremendous evasion strategy against 
the human cellular defence [76].   

CIN grades 1 through 3 are usually assumed to be associated with higher levels of E6 and E7 
expression, and the neoplastic phenotype is directly caused by these alterations in gene expression 
[66,77]. In this way, CIN1 lesions can resemble flat warts, which have less cell proliferation in the 
basal and parabasal layers, and they usually retain the ability to finish the HPV life cycle and create 
virus particles [17]. When a high-risk HPV infection results in CIN2+ and elevated E6 and E7 
expression, the cell is more vulnerable to the accumulation of genetic alterations that progressively 
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aid in the development of cancer [78,79]. It is also believed that the viral deregulation observed in 
CIN2/3+ promotes the integration of the viral episome into the host cell chromosome, hence further 
deregulating E6 and E7 expression [67,78]. Cervical cancer contains one or more copies of HPV that 
are largely integrated randomly into the host chromosome [67]. The viral integration site is often 
located inside the regulatory E1 or E2 genes [80]. The loss of E6/E7 regulation and integration can 
promote the development of genetic mistakes that eventually result in cancer as well as the 
continuous high-level expression of these genes [6]. Cancer can arise because of persistently 
dysregulated gene expression, as seen in CIN3 and after viral genome integration, which can 
accumulate secondary genetic alterations in the infected host cell [15,78].  

Cell mediated immune responses to HPV infection. 
It is important to note that even if most cervical cancer cases are a result of persistent HPV 

infection, about 80-90% of HPV infections clear spontaneously over time [57]. This clearance can take 
weeks to months to complete [4,18,81]. As mentioned above, HPV clearance is brought about by a 
robust immune response whether innate or adaptive [25,56,82]. However complete clearance is 
possible if an individual is not immunocompromised, which can lead to an undeveloped immune 
response to HPV [4,9,83]. When an individual first encounters the infection, the host innate immune 
response becomes the first line of defence against the infection [11,13,34]. HPV causes cell 
proliferation instead of lysis and does not cause systemic infection, in this way it can escape immune 
surveillance [25,80]. Clearance is also brought about by a robust CD8+ T cell response against the 
infection [82]. These cells mainly target infected cells which are presented by the HLA class I genes 
[84]. CD8+ T cells generally kill these cells using either one of two ways or mechanisms [84]. These 
are Fas ligand (FasL)-mediated apoptosis induction and granule exocytosis [85]. CTLs also release 
interferon-γ (IFN-γ) and tumour necrosis factor α (TNF-α) to induce cytotoxicity in the cancer cells 
[86]. During granule exocytosis, CD8+ T cells release granzymes A and B [87]. Before this, the cells 
that encounter infected cells produce perforin to make pores in their plasma membrane acting as a 
path for release of the granzymes to the infected cells [88,89]. The exact mechanisms that CD8+ T cells 
use to target HPV infected cells and the mediator in this apoptosis is still largely unknown, however 
research conducted has concluded that most CTL immune responses are usually directed to HPV16 
E6 and E7 proteins [90–93]. From these studies, it can be concluded that persistence is usually brought 
by a lack of effective CTL response against the E6 protein [48,70,93].  

Some studies have found the expression of these cells in HPV infected people; however, it is also 
unknown if whether these expressed CD8+ T cells can function properly [36,92,94]. Furthermore, 
factors such as HIV infection which is particularly high in Africa and a strong cofactor for high HPV 
and cervical cases in SA and SSA can affect the expression CD8+ T cells and disease clearance [95–
97]. In a similar study by Nakagawa and colleagues [93], they found that HPV persistence is usually 
brought by a lack of CTL immune response to HPV16 E6 proteins while clearance was seen in patients 
who had a positive CTL response against the E7 protein. Nevertheless, at least one study using a 
highly sensitive method detected an HPV-16 E6-/E7-specific memory cytotoxic-T-cell response in all 
cervical cancer patients [92]. While a T-cell response was only found in half of the patients in a 
separate study that examined E2-specific T-cell responses in people with low-grade squamous 
intraepithelial lesions, the presence of an E2-specific T-cell response was associated with the lack of 
progression that is, regression of the disease [94]. The presence of response was however not 
correlated with a regression of CIN 2 in most patients that were infected with HPV 16 and this study 
did not specify whether this response was CD4 T cell or CD8+ T cell specific [94]. Another study 
where they examined the level of T cell reactivity in people with different stages of HPV infection, 
found that CD4 T cell responses were more associated with disease clearance when compared to 
CD8+ T cell responses [98].  

HLA class I genes and their role in an HPV infection 
HLA class I genes present viral peptides to CD8+ T cells which are restricted and pre-

programmed for cytotoxic functions [41,99,100]. Cytotoxic T lymphocytes (CTLs) or CD8+ T cells 
recognize intracellularly produced viral peptides in the presence of HLA-1 molecules, which result 
in the destruction of virally infected cells [48,99,100]. Highly effective HPV viral peptide presentation 
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to CD8+ T cells can lead to the mounting of a competent cellular immune response against HPV 
infections and the cytotoxic clearance of HPV infected cells  [101]. Cytotoxic T cells expressing cell-
surface CD8 are the most powerful effectors in the anticancer immune response and form the 
backbone of current successful cancer immunotherapies [82,102]. The CTL response is triggered by 
endogenous antigens of transformed self-cells presented in the peptide-binding cleft [11]. All 
nucleated cells have HLA class I genes expressed on their surface and depending on the tissue chosen, 
these genes exhibit different levels of expression [11,103]. Most research has focused on the HLA class 
II genes in HPV while little research has been conducted on HLA class I genes and HPV pathogenesis 
especially in African women in Africa [41,104,105].   

The expression or downregulation of these HLA class I genes occurs at various stages of the 
HPV life cycle [48,72,73]. Both during its trafficking to the cell surface and at the transcriptional level, 
HLA class I expression is compromised, this expression is mainly due to the processes of the viruses’ 
oncoproteins [12,81,106]. In a study by Cicchini et al., 2017 [107], they found that HR-HPV E7 
expression downregulated the expression of HLA class I genes. HPV proteins also downregulate cell-
surface expression of HLA-A and -B, which present viral peptides to cytotoxic T lymphocytes, but 
does not downregulate the natural killer (NK) inhibitory ligands, which present to all the HLA class 
1 genes including HLA-C, -E, and -G [108]. Some studies have reported the correlation of certain HLA 
class I alleles with persistent infection and cervical cancer. HLA-A*11; A*01; HLA-B*27; -B*35; and -
B*44 have all been reported to be associated with HPV-16-positive cervical cancer and persistent 
HPV-16 infection in European and American women [41,109]. Currently there are two studies that 
has investigated the distribution of HLA genes and their association with persistent cervical HR-HPV 
infection in Sub-Saharan Africa [110,111]. In a study conducted on Nigerian women; HLA-A*23:01, 
HLA-B*53:01, and HLA-C*04:01 were found to be associated with persistent high risk HPV infections; 
however, it is important to note that this may not be the same in all African women as HLA genes 
differ significantly due to ancestry and environmental/ geographical conditions [110]. For example; 
in an earlier study conducted in a group of Kenyan women, it was found that HLA B*35 was 
associated with increased risk of cervical neoplasia of any grade and/ or persistent HPV infection 
[111]. It is important to note that the above-mentioned studies are the only of their kind that have 
been conducted in Africa, this means that in other African countries including South Africa, there is 
no knowledge of the association and effect of HLA genes (particularly HLA class I) on HPV 
persistence and cervical cancer. In terms of other HLA class I genes; HLA-E polymorphism has been 
reported not to have an association with either risk of HPV acquisition or disease persistence [108], 
while HLA G (and its alleles) expression increases as cervical disease severity increases that is, it is 
highly expressed in cervical cancer patients than those with CIN 1, 2/ 3 [112]. 

Notably, epigenetic factors play a key role in gene expression and functionality. As such 
environmental and geographical conditions affect the expression of genes in certain individuals [113]. 
While epigenetic alterations serve as a natural mechanism for adaptation to environmental changes, 
the intricate regulation of gene expression that these modifications foster can have unfavourable 
effects on an organism, producing an opposite effect from what is anticipated [50]. This can lead to 
the accumulation of traits that reduce an organism's ability to adapt, which can ultimately result in 
diseases like cancer [113]. It is plausible that certain generic variants are relevant for some populations 
while having little or no impact in other populations. For example, HLA-A*02, HLA-A*0201, HLA-
B*07, and others are reported to be associated with an increased risk of HPV infection and persistent 
HPV infections in European women, this was however not a similar case in the studies conducted in 
African women [110,111]. These factors may also affect the way that diseases manifest in certain 
communities and the susceptibility of a population to different diseases. In the case of HPV, 
epigenetic factors are also responsible for the prevalence of certain HPV types over others. For 
example, in a study by Kuguyo et al., 2021 [96] they found that while genotypes like HPV35 and 52 
are said to be common in sub-Saharan African countries including South Africa [114], and Zimbabwe 
[115,116] while persistent HPV66 is supposedly widespread throughout Northern Africa. 

5. Conclusions 
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Although cervical cancer is a preventable disease, women in LMICs, especially SSA still bear a 
disproportional burden of disease and mortalities. Research into the various risk factors linked to the 
risk of HPV-related disease can contribute to a decrease in the global number of affected women and 
fatalities. Despite their great effectiveness, the current HPV vaccinations do not offer protection 
against all high-risk HPV strains, let alone the low-risk strains. Moreover, these vaccinations are only 
preventative and difficult for women in LMIC to obtain there is low vaccine coverage in areas where 
the disease is prevalent. Little attention has been paid to understanding the influence of host genes in 
HPV infections particularly HLA class 1 genes which play a vital role in viral presentation to cytotoxic 
T cells and virus elimination especially in SSA as evidenced by only two studies conducted in African 
countries at present time.  Research on the relationship between host genetics and HPV disease 
outcome, especially in Africa will bring light on how the immune system together with host genes is 
responsible in the clearance of HPV infections in women especially in low-income countries and will 
contribute to the development of therapeutic vaccines that can help reduce cervical cancer mortality 
and morbidity in women due to HPV-related cancers. 
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