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Abstract: The causal organisms of the numerous sexually transmitted infections (STIs) may be bacteria, viruses, fungi or 

protozoa. Apart from the known STIs these organisms cause, along with their accompanying physical, psychological and social 

effects, these organisms have also been implicated in oncogenesis. Each pathogen has its unique mechanisms of action, 

however, one representative organism was examined for each of the groups of microbes that cause STIs, namely: viruses, 

bacteria, fungi and protozoa, to show their oncogenic association. The human papillomavirus, which causes genital warts, is 

associated with oropharyngeal, cervical, anogenital, testicular and prostate cancer by the actions of the E5, E6 and E7 

oncogenes, which have different functions. Chlamydia trachomatis, the etiological agent of Chlamydia infection, is linked to 

lymphogranuloma venereum, trachoma, cervical, and ovarian cancers by squamous cell metaplasia, and by the inhibition of 

apoptosis factors: caspase 3 and mitcochondrial cytochrome c; which consequently inhibits apoptosis. Candida albicans, the 

causal organism of thrush in the mouth and the vagina, could cause cancer by producing carcinogenic by-products, triggering 

inflammation, molecular mimicry, and induction of the TH17 response. Trichomonas vaginalis, the protozoon which causes 

trichomoniasis, is known to cause the influx of pro-inflammatory molecules: chemoattractant protein-1, interleukin-8, and 

leukotriene B4, d neutrophils, and IL-6, and this may play a role in carcinogenesis. Expression of the oncogenes PIM1, 

HMGA1, and COX-2 by T. vaginalis has also been associated with the onset of cancer. Vaccination, healthy lifestyles, a 

mutually-monogamous sexual relationship, completing treatment regimen, use of sterile medical equipment, and not sharing 

sharp or invasive materials, are recommended in prevention and control of the STI pathogens and consequently, the cancers 

they cause. 

Keywords: Sexually Transmitted Infections, Cancer, Oncogene, Inflammation 

 

1. Introduction 

Sexually-transmitted infections (STIs) are infections that 

can be transferred from an infected host to another host 

which may be infected or uninfected, during sexual 

intercourse—vaginal, anal, or oral. There is a long list of 

different STIs in the world today, among which are: 

HIV/AIDS (caused by the human immunodeficiency virus), 

genital warts (human papillomavirus), gonorrhoea (Neisseria 

gonorrhoeae), genital herpes (herpes simplex virus), syphillis 

(Treponema pallidum), bacterial vaginosis (Gardnerella 

vaginalis), Chlamydia infection (Chlamydia trachomatis), 

Pelvic Inflammatory Disease (PID) (Neisseria gonorrhoeae 

and Chlamydia trachomatis), viral hepatitis, Zika (Zika 

virus), and trichomoniasis (Trichomonas vaginalis), to 

mention a few [1]. 

Different STIs cause their varied signs and symptoms in 

the organs they infect. They cause physical, social, and 

emotional problems in the infected individual, and may also 

cause physical pain [1, 2]. Parts of the body mostly affected 

by STIs include the mouth, face, throat, vagina, penis, 

urinary tract, vulva, testicles, prostate, colorectal and anal 

region, liver, and, of great consequence, the circulatory 

system [1]. Some directly damage the blood cells and/or 

deplete the immune system, which will allow them become 

systemic [1]. 

Cancer on the other hand, is a condition that arises when 

the cells of the body begin to divide at an abnormally high 
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rate without cell death, and may eventually spread to adjacent 

tissues, such that the condition that began in a single cell 

could become systemic [3]. Cancer is a genetic disease, 

which means that changes in genes, particularly how they 

grow and divide, can trigger cancer [4]. When cells become 

cancerous, the cells that ought to die normally would 

continue to live beyond their regular life span thereby, 

causing crowding and toxicity. 

Sometimes, cancer cells can travel within the body [4, 5]. 

For example, cells in the breasts can become cancerous, but 

travel to the lungs and continue their growth there [4]. 

However, since they are originally breast cells and not lung 

cells, the individual is still regarded as having breast cancer. 

In essence, the cancer will be called lung cancer only on the 

condition that lung cells initially turned cancerous [4]. 

Some cancers form lumps in the body. These lumps are 

said to be “malignant” when they invade other tissues [4]. 

Other types of cancers, for example, leukaemia, do not form 

lumps, but develop in the blood cells and in other body cells 

[4]. However, not all lumps present in or on the body of an 

individual are caused by the presence of cancer. Lumps that 

are not present due to cancer are said to be “benign” [4]. 

They can be harmless when located on most parts of the 

body, but when located on the brain, they can be life-

threatening [4]. 

After ischemic heart disease and stroke, cancer is the third 

leading cause of mortality in the 21
st
 Century [6]. Of the 56.4 

million deaths recorded in the year 2015 alone, cancer alone 

accounted for 8.8 million deaths out of 14 million new cases 

of cancer in the same year [6]. This means that 1 out of every 

6.14 deaths recorded, or a 16.29% death rate, was due to 

cancer [6-7]. The WHO projects that in the next two decades, 

this rate will rise by 70%. About 70% of all cancer-related 

deaths are recorded in low- and middle-income countries [6]. 

Many factors can predispose one to cancer. Genetic factors 

play a very important role. Other factors include: high body 

mass index, consumption of carcinogens, low fruit and 

vegetable intake, a sedentary lifestyle, activity of parasites, 

smoking, alcohol abuse, and contact with carcinogenic 

chemicals [8]. 

Many sexually-transmitted pathogens have been associated 

with cancer. Therefore, in this review, one virus, one 

bacterium, one protozoon, and one fungus have been selected 

to represent members of their respective groups, although, 

individual members of each group have their own unique 

mechanism(s). Selecting a member from each group is to 

indicate that at least one member of each group has been 

associated with oncogenesis and the mechanism should not 

be used to generalize for all members of the group. The 

specific mechanisms of action that the representative 

members employ in causing cancer will be discussed. 

2. STIs as Predisposing Factors to 

Cancer 

There are a number of STIs that lead to cancer in the 

different organs of the body. Though not all cases of STI 

infection lead to cancer, several cases have been recorded [9]. 

Many of such infections that lead to cancer are caused by 

either bacterial, viral, fungal, protozoan or helminthic 

pathogens. Such pathogens are called “oncogenic”. De 

Martel et al. (2012) [9] state that 16% of all cancers are 

caused by bacteria and viruses alone. 

Of all the cancers that affect the reproductive system, 

majority are of STI origin [3]. The parts of the body which 

often develop cancer are the same as the ones that are 

colonized by the pathogens. By extension, the parts of the 

body most commonly affected by STI pathogens are those 

that can be colonized during sexual contact. These would 

include: the breasts, penis, vagina, penis, rectum, prostate, 

cervix, mouth and throat. 

The action of the causal pathogens of the STI, coupled 

with the reaction of the body, and other factors like genetics, 

the status of the immune system, and the cellular responses, 

are what trigger cancer. 

Although the pathogens may cause several different diseases, 

only specific STIs and pathogens that have a carcinogenic 

potential have been included in table 1. 

Table 1. Some disease pathogens, along with the infections and cancers they cause. 

Type of 

Organism 
Specie Infection Caused Cancer Caused 

Bacteria Helicobacter pylori Stomach and intestinal ulcers 
Mucosa-associated lymphoid tissue (MALT) lymphoma [10-

11] stomach/gastric adenocarcinoma [12-14] 

 Escherichia coli NC101 Diarrhea, fever, abdominal pain Bladder cancer [15], Colorectal cancer [13, 16] 

 Neisseria gonorrhoeae Gonorrhea Male bladder cancer [17], Prostate cancer [18] 

 Chlamydia trachomatis 

Chlamydia infection, nongonococcal 

urethritis, cervicitis, salpingitis, 

trachoma, pelvic inflammatory disease 

Cervical cancer [19], ovarian cancer [20-21] 

lymphogranuloma venereum [22] 

 Mycoplasma spp. Pelvic inflammatory infection 

Prostate cancer [23-25] gastric carcinoma [23, 26], 

oesophageal cancer [23], lung cancer [23], breast cancer [23, 

27] renal cell carcinoma [28] 

 
Streptococcus galloylyticus 

(formerly S. bovis) 

Colorectal infection, urinary tract 

infection 
Colorectal cancer [29] 

 Salmonella typhi Typhoid fever 
Gallbladder cancer/hepatobiliary carcinoma [30-31], colon 

cancer [32] 

Viruses Human papillomavirus Hepatitis 
Vulvar cancer, oropharyngeal cancer, cervical cancer, penile 

cancer, anal cancer [33] 
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Type of 

Organism 
Specie Infection Caused Cancer Caused 

 Hepatitis B virus Hepatitis Hepatocarcinoma [33] 

 Hepatitis C virus Hepatitis Hepatocarcinoma [33] 

 HIV/AIDS 
Immunodeficiency, Acquired 

Immunodeficiency Syndrome 

Increases the risk of contracting Kaposi’s sarcoma, anal 

cancer, lung cancer, liver cancer, mouth cancer, throat 

cancer, skin cancer, Hodgkin disease [33-34] 

 Kaposi’s sarcoma herpesvirus Kaposi’s sarcoma Primary effusion lymphoma, Kaposi’s sarcoma [35] 

 Herpes Simplex Virus Genital herpes Cervical cancer, Burkett’s lymphoma [36] 

 Human T-Lymphotrophic Virus Adult T-cell leukemia, lymphoma Adult T-cell lymphoma [33] 

 Epstein-Barr Virus American Infectious mononucleosis 
Nasopharyngeal cancer, Burkitt’s lymphoma, Hodgkin 

lymphoma, stomach cancer [33] 

 Human cytomegalovirus Cytomegalovirus infection 
Breast cancer [37] mucoepidermoid carcinoma, prostate 

cancer [38-39] 

Fungi Candida albicans Candidiasis Any part [40] unspecified [41] 

Protozoa Trichomonas vaginalis Trichomoniasis Prostate cancer [42-43] 

 

Each member of a group has its unique mechanism of 

action in inducing cancer, and is only used to indicate that at 

least one member of the group has been recorded to possess 

oncogenic potential. 

2.1. Sexually-Transmitted Viruses Causing Cancer: HPV as 

a Representative Member 

The Human Papillomavirus (HPV) is the general name 

for more than 150 different sexually-transmitted viruses 

grouped together, and given identifying numbers to help tell 

them apart from other members of the group. The number 

of a given member of the group is also called its type. The 

virion has double-stranded DNA, a non-enveloped, 

icosahedral capsid, with its genome approximately 8,000 

base pairs [44]. 

Members of this group are known to cause warts in various 

parts of the body, but more importantly, some members are 

highly disreputable for causing cancer. HPVs have been 

known to cause cancer in any part of the body where they can 

successfully colonize and remain [45]. These would include: 

the tonsils, throat, oropharynx, vagina, rectum, vulva, penis, 

testicles, cervix, and the anus [45]. HPV can be acquired 

through any form of sexual intercourse, and the pathogen can 

remain asymptomatic at the infection site for years, making it 

undetectable until it manifests [3, 45]. In some cases, the 

virus leaves the patient, but in other cases, it leads to warts, 

and may later lead to cancer [45]. 

Most HPV infections clear off naturally, but the reality is 

that many other cases degenerate to the clinical case, and 

some of those cases lead to cancer [46]. The United States 

National Cancer Institute (2015) [45] further released that 

95% of all anal cancer, 70% of all cervical cancer, 70% of 

oropharyngeal cancer cases, 65% of all vaginal cancer, 50% 

of all vulvar cancer, and 35% of all penile cancer cases are 

caused by the human papillomavirus alone, and only two 

types—the type 16 and type 18 are responsible for majority 

of these cases. About 493,000 new cases of cervical cancer 

alone are diagnosed annually, and approximately 274,000 

deaths are recorded annually due to invasive cervical cancer 

[47]. As such, this virus is a very significant contributor to 

the pool of cancer and worldwide mortality. 

Three oncoproteins of the HPV are implicated in 

oncogenesis in normal cells: the E5, E6, and E7 gene-

encoded proteins [47-48]. The DNA of this virus embeds 

itself in the host cell’s genome, and this gives it great control 

over the cell and enables its genes propagate and express 

themselves [49]. 

The E5 protein inhibits apoptosis of infected cells 

induced by hydrogen peroxide, by stimulating ubiquitin-

proteasome-mediated degradation of bax (bax gene is the 

apoptosis regulator) in human cervical cancer cells [50]. It 

is also understood that the E5 associates with intracellular 

membranes and activates receptor tyrosine kinases, such 

as platelet growth factor receptor through a ligand-

dependent mechanism, and in the process, transforms the 

cell [51]. 

The E6 gene promotes the degradation of the tumor-

suppressor gene, p53 (or TP53), by interacting with the E3 

ubiquitin ligase, the E6-associated protein (E6AP), whereas 

the E7 gene binds to the retinoblastoma protein (pRb), 

disrupting its complex formation with the E2F transcription 

factors (proteins responsible for normal cell development and 

which codify the DNA synthetic phase in eukaryotes) [47]. In 

doing so, the cell loses its capability to suppress the 

formation of a tumor. 

The E7 increases the p16 expression, which can be used to 

detect cancers [52], as the tumor-suppressor p16 gene is 

usually easily modified (for example, by deletion or 

replication errors) at the onset of cancer [53-54]. 

The entire process of oncogenesis may take a long time to 

occur, depending on the individual’s lifestyle and immune 

status. WHO [46] estimates the process of carcinogenesis in 

the cervix to span between 15 and 20 years in 

immunocompetent women, and 5-10 years in 

immunocompromised women, such as those with untreated 

HIV infection. The United States National Cancer Institute 

[45] estimates about 10-20 years generally for HPV to cause 

the development of tumors. 

2.2. Sexually-Transmitted Bacteria Causing Cancer: 

Chlamydia Trachomatis as a Representative Member 

Chlamydia trachomatis is a weakly Gram-negative, 

obligate intracellular parasite. The bacterium is a non-motile, 

ovoid bacterium. Although it is a non-spore-forming 
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bacterium, its inclusion bodies can act as spores when inside 

the host. Many have plasmids. C. trachomatis causes a host 

of infections including Chlamydia infection, nongonococcal 

urethritis, cervicitis, salpingitis, and pelvic inflammatory 

disease [55]. As shown in table 1, they also cause cancers 

such as lymphogranuloma venereum, cervical cancer, ovarian 

cancer, and trachoma [56]. 

C. trachomatis exists in three human biovars. These 

biovars are: serovars Ab, B, Ba, and C [57], which cause 

trachoma, an eye infection that could lead to irreversible 

blindness [58]; serovars D, E, F, G, H, I, J, K, which cause 

proctitis, salpingitis, urethritis, pelvic inflammatory disease, 

neonatal pneumonia, and neonatal conjunctivitis; and 

serovars L1, L2, and L3, which are implicated in 

lymphogranuloma venereum [58]. 

Chlamydia is transmitted by vaginal, anal or oral sex, and 

can also be transmitted vertically during childbirth [55]. 

Members of the species have a high propensity for genetic 

exchange among strains, and as a result, new strains are 

regularly produced [59]. 

Scientists are still carrying out studies to be sure of the 

specific mechanisms of several bacteria in causing cancer, 

but there are some hypotheses [61]. Oncogenic bacteria cause 

genetic damage and neoplastic changes when cultured in 

vitro with body cells [61]. Although it is tempting to 

conclude that this is a way to identify oncogenic cells, 

however, there might be several other bacteria that elicit the 

same response on the body cells, and a general speculation 

might be misleading. Nonetheless, researchers have 

repeatedly confirmed that when a person has pelvic 

inflammatory disease (PID), there is an increase in serum 

level of tumor markers TATI (tumor-associated trypsin 

inhibitor), and CA-125, associated with ovarian cancer [62-

63] and C. trachomatis has been implicated in about 30% of 

all cases of PID [64]. 

C. trachomatis is mainly associated with cervical cancer, 

the G serotype is most associated with squamous ovarian cell 

cancer, and patients whose serum contain antibodies to more 

than one type of Chalmydia trachomatis have a greater 

chance of developing cancer [65-66]. 

C. trachomatis often infects endocervical glandular cells, 

and women with cervical ectopy, and it is rather unusual for 

it to cause cancer in squamous cells [60, 67]. However, 

research has proven that it does anyway, through a process 

known as squamous cell metaplasia, and it also causes cancer 

in metaplasic cells [60]. Persistent chlamydial infection, for 

example, through repeated infection, and immunodepletion, 

may also induce squamous metaplasia, and metaplasic cell 

atypia, and the process of oncogenesis by C. trachomatis 

could also takes years or decades [60, 68]. 

Another method that C. trachomatis employs in causing 

cancer is the inhibition of cell apoptosis [69]. Experiments 

carried out by Fan et al. [69] reveal that when C. trachomatis 

infects the cell, apoptosis is inhibited but internally, and 

when external factors, such as staurosporine (which strongly 

induces apoptosis) were manually introduced. It is speculated 

that the organism inhibits apoptosis by inhibiting the 

activation of caspase 3, one of the crucial downstream 

members of the aspartate-specific cysteine protease family, 

which is believed to be critical to apoptosis [70]. They are, 

however, unsure, whether the caspase 3 is directly inhibited, 

or whether it is the upstream steps leading to its activation 

that are affected. 

Another way of inhibiting cellular apoptosis is through the 

inhibition of mitochondrial cytochrome c, which may be 

crucial to cellular apoptosis [71]. How this is achieved is 

unknown, but different researchers have come up with 3 

hypotheses: first, it could inhibit the upstream steps that 

control normal functions of mitochondria by producing 

different antiapoptotic factors [72-74]. 

The second hypothesis is that the infection could 

upregulate expression of mitochondrial Bcl-2 or Bcl-2-like 

molecules, because these membrane proteins are known to 

prevent both the activation of caspase and prevention of 

cytochrome c release [69]. However, it is not every time that 

overexpression of Bcl-2 protects from Fas cross-linking-

induced apoptosis [75-76], nor does it always block apoptosis 

[77]. 

Thirdly, they believe Chlamydia may produce other 

antiapoptosis factors that are not yet discovered or 

understood [69]. 

2.3. Sexually-Transmitted Fungi Causing Cancer: Candida 

albicans as a Representative Member 

Candida albicans is the most common member of about 

20 species of infectious Candida yeasts [78]. It is a 

component of the normal body flora in most humans, and can 

remain in immunocompetent persons without causing an 

infection. It is an opportunistic organism, ususally causing 

infection when the immune system is impaired. Symptoms of 

Candida infection vary, depending on the part of the body 

infected, and may include: weight gain, joint pain, fatigue, 

bloating, headache and nausea [78]. Candidiasis can occur in 

the mouth (oral thrush), vagina (vaginal thrush), or in the 

bloodstream, from where it circulates all over the body 

(invasive candidiasis) [78]. 

C. albicans can cause an infection when excess of it is 

consumed, for example, in food products; it can be 

transmitted vertically, and from then on, it becomes a gut 

flora in the child; it can also be sexually-transmitted. The 

yeast is particularly difficult to treat for many reasons. First, 

it is a eukaryotic cell, just like the human cell, and therefore 

most drugs that would be toxic to it can easily be toxic to the 

human cell as well. Secondly, it exhibits polymorphism—

during unfavourable conditions, or when a drug is targeted at 

it, it would transform to another form that is most convenient 

for it—and this makes it very difficult to eliminate by many 

drugs [79-80]. The yeast form thrives best in an acidic 

environment, and is the form that is mostly transmitted 

among people, while the filamentous form is best suited for 

an alkaline or neutral pH, and is the form that results in 

candidiasis. It can also exist as pseudohyphae, the role of 

which is not properly understood, apart from the fact that it is 

an intermediate state between the yeast form and the hyphal 
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form [81]. 

C. albicans has been found to employ at least four 

mechanisms in causing cancer to body cells. These include: 

2.3.1. Production of Carcinogenic By-Products 

C. albicans produces nitrosamines, carcinogens which 

activate lesion-triggering proto-oncogenes. Acetaldehyde, the 

product of fermentation, is another metabolite produced by 

this organism. It damages the DNA, and is a known 

carcinogen when in large quantity [82-83]. 

2.3.2. Triggering of Inflammation 

When inflammation is continuous and prolonged, it can 

lead to cancer by damaging tissues and secretion of 

chemicals that enhance cell proliferation, which, instead of 

repairing damaged tissue, actually make the tissue immortal 

when the inflammation is chronic and endless [84]. 

2.3.3. Induction of TH17 Response 

TH17 cells are the major CD4 cells that respond to C. 

albicans invasion. They also secrete blood vessel-forming 

factors (a process known as “angiogenesis”), and promote the 

onset of cancer and the growth of cancer cells [83]. 

2.3.4. Molecular Mimicry 

The CR3-RP, a compliment receptor 3-related protein, in 

C. albicans is similar to the human C3 proteins expressed in 

monocytes, macrophages and neutrophils, because, just like 

them, it can bind to human complement fragment iC3b [85]. 

As a result of this similarity, the body might produce 

antibodies against body antigens, when it cannot 

differentiate the body’s antigens from those of the fungus, 

and while destroying these vital defense cells, the body’s 

defense gets significantly weakened and it loses its ability 

to fight against invaders and the development of cancer 

cells [83, 85]. 

2.4. Sexually-Transmitted Protozoa Causing Cancer: 

Trichomonas vaginalis as a Representative Member 

Trichomonas vaginalis, an anaerobic organism that is 

implicated in causing trichomoniasis, a sexually transmitted 

infection. In a study, 85% of women living with 

trichomoniasis were asymptomatic [86]. Symptoms can start 

manifesting between 5 and 28 days, but can also start later 

[86]. The symptoms include itchy, inflamed and burning 

genitals, genital discharge, and burning during urination. This 

infection can cause premature delivery in pregnant women, 

or underweight babies [87]. Among other infections, this 

organism can cause cervical neoplasia, a precancerous 

condition characterized by the growth of abnormal cells on 

the surface of the cervix [88]. 

More importantly, researchers have connected T. vaginalis 

with cancer. Although T. vaginalis is the most studied 

trichomonad and much is known about trichomoniasis, 

scientists are still uncertain about the specific molecular 

mechanisms. However, based on existing evidence, Sutcliffe 

et al. (2012) [89] have put forward 2 hypotheses: first, that 

the inflammation caused by this organism may contribute to 

the onset of cancer of the prostate, as inflammation is one of 

the major trigger factors of prostate cancer. Second, that by 

binding of specific adhesins of T. vaginalis to normal prostate 

epithelial cells (PECs), a cell-signaling cascade is triggered 

through three known proto-oncogenes named HMGA1, c-

MYC, and PIM1, and this may eventually result in prostate 

cancer. These hypotheses are discussed as follows: 

2.4.1. Inflammation 

When cells are infected with T. vaginalis, there is an influx 

of leukocytes and chronic inflammation [89]. When the 

organism adheres to vaginal epithelial cells (VECs), the 

expression of monocyte chemoattractant protein-1, and 

interleukin-8 (IL-8), both of which are pro-inflammatory 

cytokines which play an important role in inducing 

neutrophils [89]. Also, studies have found high 

concentrations of IL-8, leukotriene B4, d neutrophils, in 

vaginal secretions of those positive for this infection. The 

neutrophils may secrete some oxygen- and nitrogen-based 

reactive molecules that can damage the DNA and adjacent 

cells, and this may contribute to oncogenesis [89]. 

It has been shown that when T. vaginalis adheres to 

epithelial cells, IL-6 (an important inflammatory mediator 

associated with prostate cancer) count rises [89]. In essence, 

this organism causes the influx of pro-inflammatory 

molecules, which may play a role in carcinogenesis. 

2.4.2. Oncogene Mediation 

Three oncogenes have been identified: 

(i) PIM1 

The protein encoded by this gene belongs to a unique 

group of serine/threonine kinases, which are special because 

they are constitutively active. Not only does the expression of 

this gene lead to genomic instability, it can cause an 

abnormal cell to survive under highly unfavorable conditions, 

thereby preserving the cancerous cell [90-91]. Because 

increased levels on this gene were observed in prostate 

cancer patients compared to non-cancer patients, it is 

believed that the gene may play a role in the onset of prostate 

cancer [89]. 

(ii) HMGA1 

It encodes a chromatin “architectural transcription factor” 

that, acts downstream of PIM1 in an HMGA1-mediated 

prostate cancer induction pathway [89, 92]. When the c-

MYC is phosphorylated by the PIM1 kinase, the c-MYC-

PIM1 complex binds to the “E box” in the promoter of c-

MYC target genes, such as HMGA1, and cause them to be 

transcribed [89]. The c-MYC and HMGA1 have also been 

seen to be overexpressed in prostate cancer patients [93], and 

are associated with in vivo metastasis and an increased rate 

of cell multiplication [94-95]. 

Studies suggest that the HMGA1 may play a role in 

chromosomal mutations of prostate cells, and that it may 

regulate some of the genes that are important in cell 

transformation and metastatic tumor progression [89, 96]. 

The effects of this gene may be more strongly felt, because 

the activation of the STAT3 gene promoter may lead to a 

chronic self-enforcing feedback stimulatory loop, resulting in 
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the overexpression of the HMGA1 gene [97]. Also, because 

T. vaginalis upregulates the expression of the HMGA1 gene 

in prostate epithelial cells, it may also play a role in 

oncogenesis as part of the PIM1→c-MYC→HMGA1 

signaling cascade [42, 98]. 

Another way in which this pathogen may lead to prostate 

cancer is in the fact that the transcription of the gene is 

induced when the cell is stressed [89], and when there is 

inflammation mediated by the IL-6, and the pathogen 

naturally induces the IL-6 in prostate epithelial cells, which 

would normally cause the said inflammation, and, 

consequently, the transcription of the HMGA1 gene. [89] 

hypothesize that the IL-6 stimulation is done by the binding 

of the HMGA1 to the IL-6 promoter, which has binding sites 

for the protein. This promotes increased expression of the IL-

6, which may reinforce the cascade, and contribute to the 

progression of cancer in the prostate, by a separate, related 

mechanism. 

(iii) COX-2 

T. vaginalis induces the expression of COX-2 in primary 

human vaginal epithelial cells [89]. Research has shown that 

expression of the COX-2 gene is induced in epithelial cells 

when the cell receptors interact with AP65, a T. vaginalis 

adhesion, and this reaction may result in prostate cancer. The 

HMGA1 also upregulates the expression of the COX-2 [99], 

the overexpression of which has been associated with 

initiation and progression of cancers of the breast [100], 

colorectum, esophagus, head, neck, and prostate; as well as 

prostatic hyperplasia, non-small-cell cancer of the lungs [42]. 

COX-2 gene may also interfere with normal cell division 

rates, mitosis, adhesion, immune surveillance, and 

programmed cell death. 

Polyamines such as putrescine, naturally secreted in large 

amounts by this organism during its growth, regulate the 

amount of the COX-2 in human airway epithelial cells, and 

also play a role in cell cycle regulation in various types of 

cancer, causing them to proliferate abnormally [101-102]. 

3. Conclusion and Recommendations 

Several disease pathogens have been associated with 

inducement of cancer in their host, and while the specific 

mechanisms of action of some of these organisms have been 

discovered, research is ongoing to identify or confirm the 

mechanisms of action of others. With the exception of 

cancers caused by mutation genes within the individual, most 

cancers are preventable by leading wholesome and healthy 

lifestyles. It is also quite logical that prevention of the 

cancer-causing sexually-transmitted infections will 

consequently prevent the cancer caused by the disease or 

pathogen. Aside the other measures of preventing STIs, 

having a mutually-monogamous sexual relationship with an 

uninfected individual is perhaps the most important step in 

preventing these infections, and by extension, the cancers 

caused by them. Getting the available vaccines will also 

prevent most of these diseases and prevent the cost and pain 

incurred during treatment. 

Specific recommendations are as follows: 

1. Getting Tested: One should get tested for all the 

sexually-transmitted infections there are. Early 

detection is key in treatment success. 

2. Use of condoms during sexual intercourse with an 

individual whose status is not yet confirmed with 

acceptable laboratory tests will significantly reduce the 

chance of getting infected with an STI. 

3. Consistency: Being in a mutually monogamous 

relationship with an uninfected partner is a way not to 

be infected with STIs and their consequences. 

4. Sterile Equipment: Using sterile medical and beauty 

equipment and not sharing sharp or invasive objects 

that can transmit pathogens. 

5. Getting Vaccinated: By being vaccinated, your body 

acquires immunity to these infections. 

6. Adherence to Treatment Regimen: In the case of an 

infection, strict adherence to the treatment regimen 

prevents the organism from getting acquainted with the 

drug and developing ways to resist the drug. 
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