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Histologically, cervical cancer can be divided into two main types, squamous cell carcinoma (SCC) and adenocarcinoma

(AC). SCC is the most common type accounting for over 70% of all cases. Cervical cancer can be attributed to various

risk factors, and these include smoking, alcohol consumption, multiple sexual partners, unprotected sex, socioeconomic

status, a family history of cervical cancer, extended use of oral contraceptives, human immunodeficiency virus (HIV)

infection and persistent human papillomavirus (HPV) infection.
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1. Introduction

Histologically, cervical cancer can be divided into two main types, squamous cell carcinoma (SCC) and adenocarcinoma

(AC). SCC is the most common type accounting for over 70% of all cases . Cervical cancer can be attributed to

various risk factors, and these include smoking, alcohol consumption, multiple sexual partners, unprotected sex,

socioeconomic status, a family history of cervical cancer, extended use of oral contraceptives, human immunodeficiency

virus (HIV) infection and persistent human papillomavirus (HPV) infection . However, persistent HPV infection is

the key contributor to the development of cervical cancer . HPV infections can be classified as either low-risk or high-

risk, with over 200 genotypes documented . HPV 16 and 18 are the most dominant high-risk genotypes responsible for

the development of invasive cervical cancer . Persistent high-risk HPV infection is responsible for over 90% of

cervical cancers while prophylactic vaccination against HPV infections including high-risk genotypes can reduce cervical

cancers .

In sub-Saharan Africa (SSA), HIV positive women have increased HPV prevalence and cervical cancer incidence

compared to HIV negative women. This may be partly attributed to HIV’s altering effect on HPV pathogenesis.

Furthermore, HIV positive women have increased risk of HPV infection . Globally, and in SSA, cervical cancer is the

leading cause of mortality. SSA has elevated the dual burden of both HPV and HIV infection . HIV infection is linked

to higher HPV infection rates, reduced HPV clearance, more severe cervical precancerous lesions and higher risk of

progression to invasive cervical cancer . HIV positive women have been reported to have almost two times higher

cervical cancer mortality compared to HIV negative women . The advent of highly active antiretroviral therapy

(HAART) has improved the life expectancy of HIV positive people, and HIV positive women. As an AIDS defining cancer

(ADC), there is still a growing need for cervical cancer prevention, particularly in those countries with a high HIV/AIDS

infection rate as well as in low-to-middle-income countries (LTMICs) . In the USA, cervical cancer incidence and

prevalence have been reduced by highly effective cervical cancer screening programs and HPV vaccination. A

comprehensive background knowledge of the molecular mechanisms involved in the dual HPV/HIV infection promoting

cervical cancer pathogenesis can aid in the development of informed cervical cancer management, policy and decision-

making. This is especially true for HIV positive women. To date, various studies have evaluated the HPV/HIV interplay

pathogenesis, while the gap in the understanding of this dual viral molecular pathogenesis is still extensive. While HAART

reduces the incidence of other ADCs, the relationship between HAART and cervical cancer is still poorly understood .

Several extrinsic dynamics pose a threat in the fight against cervical cancer in LTMICs. Such factors include gender

inequality, inequitable laws and inappropriate traditional practices and violence between intimate partners. These factors

are unfavourable to women, limit women’s access to information, education, employment, opportunities and access to

social and health services. Increased HPV and HIV co-infection has been frequently documented. Unfortunately, African

women are mostly affected by this catastrophic dual viral infection. Globally, young women <35 years in the sub-Saharan

African (SSA) region make up ~60% of HIV infection prevalence and almost 70% of newly acquired infections in Africa.

With no proper interventions in place, the World Health Organization (WHO) estimates that cervical cancer deaths will

double to over 400,000 by 2030, and the SSA region will make up 90% of the cases resulting in mortality .
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Cancers associated with viral infections are on the rise globally, and in SSA  ( Figure 1 ). Approximately a third of all

cancers in Africa are linked to a viral etiology . Viruses such as HPV are generally dependent on the cellular machinery

of the host for replication . As a result of this, the splicing machinery of the host is also compromised upon HPV

infection. As an oncovirus, HPV infection will result in the synthesis of splice variants of viral and cellular mRNA that

favour cell survival mechanisms such as excessive cell proliferation, immune response evasion and inhibition of tumour

suppressor proteins . This review focuses on the link between cellular splicing machinery, HPV/HIV infection and the

aberrant alternative splicing events that take place in HIV/HPV-associated cervical cancer. Finally, we investigate how

these aberrant splicing events can be targeted for the development of new therapeutic strategies against HPV/HIV-

associated cervical cancer.

Figure 1. Viral-associated cancers: infections with viruses such as Epstein–Barr virus, HPV, hepatitis B virus, hepatitis C

virus, human herpes virus, human T cell leukemia virus and HIV can lead to the development of a variety of cancers.

2. Cervical Cancer Epidemiology

With a worldwide age standardised incidence rate (ASR) of 15.6 per 100,000 per year, cervical cancer is the fourth most

diagnosed cancer in women worldwide. The three cancers most common in women are breast, colorectal, and lung

cancer. Based on the 2020 GLOBOCAN stats, the Southern African region has the highest incidence rates with an ASR of

36 per 100,000 ( Figure 2 A). This region also has the highest mortality rate of 20 per 100,000 as a result of cervical

cancer ( Figure 2 B). All the countries in this region have incidence rates above 35 cases per 100,000 ( Figure 2 C). The

country with the highest incidence rate is Eswatini with an ASR for incidence rates of 84.5, followed by Malawi (ASR 67.9),

Zambia (ASR 65.5), Zimbabwe (ASR 61.7), Lesotho (56.8), Mozambique (ASR 50.2), Angola (ASR 37.5), Namibia (ASR

37.4), South Africa (ASR 35.3) and the country in the region with the lowest incidence, Botswana with an ASR of 34.4 (

Figure 2 B). The geographical regions with the second highest incidence rate for cervical cancer are Melanesia and the

Eastern African region. Melanesia includes countries such as Fiji, Vanuatu, the Solomon Islands, and Papua New Guinea.

The Eastern African region includes countries such as Burundi, Kenya, Rwanda, Tanzania, and Uganda. These two

regions have an ASR of 24.3–24.4. Eastern Africa has the higher mortality rate with an ASR of 16.3 compared to that of

Melanesia (ASR 15) ( Figure 2 A,B). The area with the third highest incidence rate for cervical cancer is Central and

Eastern Europe (ASR 20.8), followed closely by Southeast Asia (ASR 20.4). The country with the highest incidence rate in

Eastern and Central region is Romania (ASR 22.6) while Indonesia has the highest incidence rate in Southeast Asia with

an ASR of 24.4 .
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Figure 2. (A) Age standardised rates (ASR) (per 100,000 women per year) incidence and mortality for cervical cancer in

specific regions. (B) Map showing the age standardised rate (ASR) for incidence in individual countries. (C) Map showing

the age standardised rate (ASR) for mortality in individual countries .

The region with the next highest incidence rate is South America with an ASR of 19.1 per 100,000, followed by Middle

Africa (ASR 17.4), Eastern Asia and the Caribbean (both with an ASR of 15.8), Central America (ASR 15.1), Western

Africa (ASR 13.9), Northern Europe (ASR 12.1), Southern Europe (ASR 11.5) and Western Europe (ASR 10.1). The

Western Europe region contains countries such as the UK with an incidence rate of 9.9 and a mortality rate of 1.9 ( Figure
2 C). It also includes France with an incidence rate of 7 and a mortality rate of 2.2. These low incidence and low mortality

rates are typical in developed nations. The regions with the lowest incidence of cervical cancer include North America

(ASR 8), Australia and New Zealand (ASR 7.4), North Africa (ASR 5.7) and the region with the lowest incidence rate is

West Asia with an incidence rate of 4.1 and a mortality rate of 2 per 100,000. In the North American region, the USA has

an incidence rate of 6.2 per 100,000 and a mortality rate of 2.1 per 100,000 .

3. HPV Related Cancers and Pathogenesis

More than 200 genotypes of HPV based on their sequence can be divided into α, β, γ, δ, µ genera . The HPV E1 and

E2 proteins are early viral proteins required for the viral DNA replication and protein synthesis. In addition, E2 also

regulates the expression of E6 and E7, while E4 and E5 help in viral assembly and stimulation of cellular proliferation. The

late proteins, L1 and L2 form the minor and major capsid proteins .

HPV infects the squamous epithelial cells, which have the ability to proliferate and gain access to basal cells during

abrasion or trauma. HPV then induces the viral genes’ expression, which is critical for viral replication in the basal cells.

The HPV interaction with the host cells occurs via heparin sulfate proteoglycans and host cell surface receptors such as

α-6 integrins. The E2 protein acts as a transcriptional repressor of E6 and E7. HPV replicates by the rolling circle

mechanism, during which it may integrate into the human genome. This integration perturbs the expression of E2, thereby

favouring the upregulation of the expression of the E6 and E7 oncoproteins, leading ultimately to cell transformation.

Following viral replication, L1 and L2 proteins form the virus capsid and the subsequent mature virus production. The

mature virus is then released with the help of the E4 protein and desquamation of cells .

4. HPV/HIV, HAART and Cervical Cancer

Cancers caused by HPV arise in tissues and organs where HPV infects epithelial cells. These tissues contain squamous

cells that line the inside of these organs and are present within these tissues. It is these cells that are the target of HPV

infection. The sites of HPV infection include the oropharynx, anus, penis, vagina, vulva and most importantly for this
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review, the cervix ( Figure 3 ). With some geographical variation, HPV infection causes 70% of cancers of the vulva, 75%

of all vaginal cancers, 60% of all penile cancers, 90% of all anal cancers and 70% of all oropharyngeal cancers. In terms

of cervical cancer, it is thought that nearly all cervical cancers are caused by persistent HPV infection .

Figure 3. HPV-related cancers in Africa, Asia, America and Europe. Regardless of the continent, cervical cancer is the

most common HPV-associated cancer in women. Amongst men, Africa is different from America, Asia and Europe as anal

cancer is the most common HPV-related cancer in Africa. In Asia, head and neck cancer and anal cancer are the most

common HPV-related cancers. In America and Europe, the most common HPV-related cancer is head and neck cancer.

The association between HPV, HAART components and cervical cancer in HIV positive women remains poorly

understood. It has been reported that initiating HAART early and attaining sustained adherence is more likely to reduce

SIL (squamous intraepithelial lesion) and cervical intraepithelial neoplasia (CIN), and thus reduce the incidence of invasive

cervical cancer . Furthermore, the long-term effects of HAART on cervical cancer progression in HIV positive women is

also unknown. Kelly et al. (2017) reported that HIV positive women on HAART showed reduced prevalence of invasive

cervical cancer . This study is in concordance with Clifford et al. (2016) . However, conflicting reports stated that

increasing incidence of invasive cervical cancer occurred in patients receiving HAART, probably because longer survival

provides the time window for cervical cancer to develop . The lack of adequate studies from African populations in

particular, poses a challenge in attempting to decipher the effects of HAART on invasive cervical cancer. There have been

a few African studies indicating that there is an inverse relationship pattern between invasive cervical cancer incidence

and the length of time the patient has been undergoing HAART . Conversely, the few studies performed in

Latin American and Asian studies reveal a paradoxical relationship between HAART use and incidence of invasive

cervical cancer .

HPV has been classified as a direct carcinogen while HIV has been classified as an indirect carcinogen through

immunosuppression. The carcinogenic classification of these viruses was done by the International Agency for Research

on Cancer .
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