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Background: Human papillomavirus (HPV) genotypes that infect the genital tract play a main etiologic role in cervical cancer progression. 
Other environmental factors, such as sexually transmitted diseases and the host genetic pattern, contribute to infection persistence of 
the uterus and cervical epithelium in sustaining their malignancy. The Janus kinase 2 is a non-receptor tyrosine kinase in cell signaling 
process of tumor genesis. In the present study, JAK2 V167F mutation was distinguished in women with sexually transmitted infections, 
such as Herpes simplex virus 2, Chlamydia trachomatis and Mycoplasma genitalium and cervical cancer.
Methods: This case-control survey was performed on 195 liquid based cytology of women specimens. Fifty, 98, and 47 samples were 
from women with known cervical cancer, HPV positive and HPV negative, respectively. Single nucleotide polymorphism analysis, sexually 
transmitted infections detection and HPV genotyping were carried out using approved PCR- RFLP, in-house multiplex TaqMan Real Time 
PCR and the reverse dot blot hybridization assay.
Results: HPVs 6, 16, 18, 11, 31, and 51 were the most common genotypes. The prevalence rate of multiple HPV genotypes was 46.0%  
to 10.1%. Analysis of JAK2 V617F (1849 G ＞ T) showed that prevalence of mutation was GG (65.1%), GA (34.9%), and TT (0%), 
respectively. There were no statistically significant differences between this mutation and variables of population survey (P ≥ 0.05).
Conclusions: The molecular epidemiology study on the genetic polymorphisms, i.e., JAK2 V617F and other single nucleotide polymorphisms
as a diagnostic tool is necessary for cancer screening and prophylactic programs.
(J Cancer Prev 2018;23:82-86)
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INTRODUCTION

Cervical cancer is ranked second across the top five women 

malignancies in worldwide. Multiple factors, such as human 

papillomavirus (HPV) and sexually transmitted infections (STIs) 

followed by the activity of oncogenes and environmental factors, 

are linked to complex diseases like cervical precancerous and 

cancerous.
1,2
 Persistent high risk HPV genotypes with other 

genital pathogens are essential for enhancing the susceptibility to 

genital malignancies.
3-7

Some potential cancer antigens and biomarkers, such as 

CA-125, CA-19-9, epigenetic and genetic alterations and polym-

orphisms in tumor suppressor genes are utilized in prognostic 

and diagnostic exposures in clinical management of women.
8-11

It seems that 50% to 90% of early cervical neoplasia items 

regress spontaneously, although host genetic factors especially 

the immune system plays an important role in preventing genital 

disorders.
12-14

 The single nucleotide polymorphisms in immune 

modulating genes like JAK-STAT pathway are associated with a 

variety of cancers. STAT activation needs tyrosine phosph-

orylation by a receptor associated Janus kinase (JAK). JAKs 

particularly JAK2 are non-receptor tyrosine kinase that plays a 
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significant role in cell signaling process of tumor genesis. Genital 

co-infections are simultaneously proposed to increase 

susceptibility to cervical cancer.
14-18

In the present molecular epidemiology survey, the most 

common sexually transmitted pathogens, e.g., Chlamydia 

trachomatis, HSV-2 and Mycoplasma genitalium and HPV as 

major agent of cervical malignancies were investigated in women 

with and at risk for cervical cancer. The JAK2 V617F (1849 G ＞ T) 

mutation was selected based on the scientific databases which 

polymorphism is evaluated for probability of association with 

cervical cancer related to these STIs in Iranian subjects.

MATERIALS AND METHODS

1. Study population

A total of 195 liquid based cytology (LBCs) specimens were 

collected from women referred to Mohebe-Yas Hospital and 

private pathobiology laboratories, Tehran, Iran. Cervical 

scrapping and genital lesions with known cervical cancer (all the 

diagnoses were confirmed by histopathology examinations), HPV 

positive and healthy women (as negative control) were 50, 98, and 

47, respectively. In order to meet ethical considerations, each 

cancer patient was informed about the objectives of study and 

signed a consent form before participating in the study. Other 

samples were archival specimens and necessary clinical data 

were recorded from medical documents.The LBCs were 

transported to the Reference Health Laboratory, Tehran, Iran in a 

proper storage area where they were stored at –20̊
o
C until 

experimental phase.

2. Statistical analysis

In order to determine any significant relationship, an 

independent test (chi-square) was used between the variables C. 

trachomatis, HSV-2 and M. genitalium and HPV genotypes with 

cervical cancer and existence of JAK2 V617F (1849 G ＞ T) 

polymorphism. A statistical test was performed at the significant 

level of 0.05 using IBM SPSS software ver. 23 (IBM Co., Armonk, 

NY, USA).

3. Genome extraction

Microbial and genomic DNA from LBCs specimens was 

extracted using the QIAamp DNA Mini kit (QIAGEN, Hilden, 

Germany) according to the manufacturer’s instructions.
19

4. Human papillomavirus genotyping

HPV detection and genotyping was performed by a reverse dot 

blot hybridization diagnostic kit using INNO-LiPA
Ⓡ 

HPV 

Genotyping Extra I&II (Fujirebio, Tokyo, Japan), according to the 

previously described method.
19

5. Analysis of JAK2 V617F (1849 G ＞ T) polymorphism

Genome was analyzed by qualitative PCR and RFLP using gene 

specific primers. PCR amplification was carried out in a 25 µL 

reaction volume containing 2× master mix red 1.5 mM MgCl2 

(Ampliqon, Odense, Denmark), 10 pmol/µL of forward and 

reverse primer and 10 µL of the extracted DNA as template. This 

reaction mixture was amplified at 94
o
C for 5 minutes and for 40 

cycles in a thermal cycler (Techne, Staffordshire, UK) under the 

following conditions: 94
o
C for 45 seconds, 60

o
C for 45 seconds, 

72
o
C for 50 seconds, plus a final extension step at 72

o
C for 10 

minutes. Each experiment was performed with distilled water as 

a negative PCR control and patients with known genome as 

positive control. In RFLP analysis, 10 µL of JAK2 PCR product was 

digested with 20 µL restriction enzyme reaction containing 16 µL 

sterile distilled water, 3 µL enzyme buffer and Bsax1 (2,000 U/µL) 

enzyme (New England Biolabs
Ⓡ
, Ipswich, MA, USA). The 

PCR-RFLP products were separated by electrophoresis on a 3% 

agarose gel, stained by Sybr safe (Invitrogen, Carlsbad, CA, USA), 

and were visualized under ultraviolet light along with a molecular 

weight marker (50 bp). In a JAK2 V617F (1849 G ＞ T) PCR-RFLP 

reaction was expected to produce 364 bp as undigest, 161 and 203 

bp as wild type, 364, 203, 161 bp as heterozygous and 364 bp as 

homozygous.
20

6. Qualitative TaqMan Real Time PCR Detection of 

sexually transmitted infections

We developed primers and probes for C. trachomatis, HSV-2 

and M. genitalium detection in TaqMan Real Time PCR reaction. 

The method data were described in previously document.
19

RESULTS

In 148 out of 195 LBCs specimens, HPV s were detected for 28 

HPV genotypes. HPVs 6 (35.13%), 16 (32.43%), 18 (21.62%), 11 

(9.46%), 31 (9.46%), and 51 (9.46%) were the most common 

genotypes. The prevalence rate of multiple HPV genotypes was 

46.0% to 10.1%. The mean age of subjects was 35.5 ± 10.13 years 

with the age range of 19 to 70 years. The high HPV prevalence was 

observed in 25 to 35 years of age groups (32.8 %). The STIs 

outcomes detection using TaqMan Real Time PCR was 3 (1.54%) 

for M. genitalium, 24 (12.3%) for C. trachomatis and 1(0.5%) for 

HSV-2. The details data of HPV genotyping and STIs aren’t 
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Table 2. Frequency of JAK2 polymorphism in participants

Clinical subject
JAK2 V617F (1849 G > T)

Wild type Heterozygous Homozygous

Women without cervical cancer (145 cases)

HPV positive (98 cases)  72 (73.5) 26 (26.5) 0

HPV negative (47 cases)  33 (70.2) 14 (29.8) 0

Women with cervical cancer (50 cases)  22 (44.0) 28 (26.5) 0 (0)

CIN I (9 cases)   4  5 0

CIN II (6 cases)   2  4 0

CIN III (35 cases)  16 19 0

Total 127 (65.1) 68 (34.9) 0 (0)

Values are presented as number (%) or number only. HPV, human papillomavirus.

Table 1. Distribution of JAK2 V617F poymorphism in women with STIs and cervical cancer

Population study
Women with cervical cancer 

(50 cases)

Women without cervical cancer 

(145 cases)
Total

Test of 

independence

Patients categorizes CIN I = 9 cases; CIN II = 6; CIN III = 35 HPV positive (98 cases); HPV negative (47 cases)

STIs pathogens CT MG HSV-2 CT MG HSV-2 CT MG HSV-2

STIs prevalence 7 Positive
a

Undetected Undetected 7 2 1 10 1 0 28

JAK2 V617F 

(1849 G ＞ T)

Wild type 1 0 0 6 1 1 9 1 0 18 χ
2
 = 0.232

(chi-square & 

Fisher’s 

exact test)

(P ＞ 0.05)
b

Heterozygous 6 0 0 1 1 0 1 0 0 9

Homozygous 0 0 0 0 0 0 0 0 0 0

STI, sexually transmitted infection; HPV, human papillomavirus; CT, Chlamydia trachomatis; MG, Mycoplasma genitalium. 
a
CT positive cases 

includes: CIN = 1, CIN II = 1 and CIN 3 = 5. 
b
There was no significant difference.

shown.
19
 The genotype distribution for JAK2 V617F (1849 G ＞ T) 

polymorphism in women with cervical cancer, HPV positive and 

HPV negative groups are shown in Table 1. JAK2 genotype TT was 

not distinguished in all of subjects, although prevalence of the GG 

genotype was 127 (65.1%) in case and control groups. The 

observed genotype frequencies among the STIs pathogens are 

summarized in Table 2. No significant difference was observed in 

genotype frequency between patients (cervical cancer, HPV 

positive and healthy women) for JAK2 polymorphism and STI 

pathogens (P ≥ 0.05).

DISCUSSION

HPV genotypes are certainly the major causes of genital 

malignancies particularly cervical cancer and precancerous 

lesions. There is growing evidence of HPV being a relevant factor 

in other anogenital cancers as well as head and neck cancers.
21-23

 

The annual incidence of cervical cancer related to high risk-HPV 

genotypes in Iran is closed to 947 cases and mortality rate is 370 

in 3.1 million women at risk for cervical cancer (female population 

aged ≥ 15 years).
24
 Epigenetic and genetic polymorphisms patterns 

as diagnostic biomarker and HPV genotypes detection can be used 

for determining appropriate treatment strategy for early stages of 

cervical cancer and increase survival in cervical carcinogenesis.
9,25

 

Persistent high risk-HPV genotypes with other STIs, environmental 

and host genetic factors may play critical roles in further 

malignant conversion of cervical epithelium and genital areas. 

Analysis of JAK2 V617F (1849 G ＞ T) polymorphism gene was 

assessed in women with and at risk for cervical cancer and genital 

disorders that only a few studies have been reported in the 

literature. Our results showed that the TT genotype was not 

detected in any study groups. The GG genotype was commonly 

observed in HPV negative women. Although, the highest rate of 

the GT genotype was recognized in women suffering from 

cervical cancer who were coinfected with HPVs and C. 

trachomatis. The SPSS ver. 23 statistical analysis showed that no 

significant difference was observed in 1849 G ＞ T genotype 

frequency and STIs between the study population (P ≥ 0.05). The 
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acquired mutation JAK2 V617F has been described in the majority 

of patients with hematologic disorders. This mutation is 

characterized by a G to T transverse at nucleotide 1849 in exon 12 

of the JAK2 gene, located on the chromosome 9p, leading to 

substitution of valine to phenylalanine at amino acid position 617 

in JAK2 protein. The JAK-STAT pathway is a critical tyrosine kinase 

modulating immune responses. However, the implication of JAK2 

mutation in infectious disorders remains undetermined. 

Although in clinical therapeutic exposure, there is the potential 

of infectious complications in JAK inhibitors as JAK2 V617F 

kinase. The activating mutation V617F of JAK2 has been 

identified as one of the hallmarks in the pathogenesis of 

malignancies.
15-17,20,26

 We have not found any evidence for 

existence of HSV-2 and M. genitalium in cancer patients. It 

appears that C. trachomatis is more prevalent than HSV-2 and M. 

Genitalium in Iran. As a result, all of cancer patients infected with 

HPV genotypes may be affected on these STIs. This concern 

should be evaluated in further studies. 

The controversies in population surveys may be due to 

differences in the sample size, specimen’s management, the 

genetic patterns and the assay. The results from of single 

nucleotide polymorphisms may be influenced by unapproved 

molecular assays, primer combinations, home-brew methods and 

multiple infections which have been effective on sensitivity and 

specificity of diagnostic expousers.
27-30

 

In further epidemiological studies, whole genome and 

targeted sequencing of the JAK2 mutation exon 12 would be the 

best way for finding any correlation between the SNPs and other 

environmental and infection factors. Recent molecular efforts led 

to increased use of genetic biomarkers in diagnostic laboratories 

and in the surveillance system of cancers. These can be helpful 

for selecting the appropriate prevention strategies especially in 

early stage of neoplasia.
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