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Abstract
Background: Human papillomavirus infection is the major cause of cervical cancer, but only few cases
develop into cancer. Although, HuR (ELAVL1) gene has been implicated in the oncogenesis of certain
cancers. However, the correlation between the ELAVL1 gene and the risk of cervical cancer in Tunisian
women remains unclear. Therefore, this study investigated the effect of ELAVL1 gene polymorphisms
(SNPs) in cervical cancer development.

Method: ELAVL1 gene SNPs: ELAVL1 rs12983784 T>C, ELAVL1 rs14394 T>C, ELAVL1 rs74369359 G>T,
ELAVL1 rs35986520 G>A, ELAVL1 rs10402477 C>T, ELAVL1 rs12985234 A>G, ELAVL1 rs2042920 T>G,
were genotyped by High resolution melting (HRM). SHEsis online software was used to perform linkage
disequilibrium (LD) and haplotype analyses.

Results: Comparing the cervical cancer patients with healthy control participants, the TC genotype of
rs12983784 SNP (P=0.017, OR = 2.78, 95% CI = 1.2~6.45), the GT genotype of the rs74369359 SNP
(P=0.004, OR = 9.4, 95% CI = 1.73~16.96) and the CT genotype of the rs10402477 SNP (P=0.002, OR =
5.89, 95% CI = 1.89~18.36) were associated with increased cervical cancer risk. TT genotype of
rs12983784 SNP (P=0.005), GG genotype of the rs74369359 SNP (P=0.000) and CC genotype of the
rs10402477 SNP (P=0.000) were considered as protective factors against cervical cancer in the Tunisian
population.

The haplotype analysis of the 7 SNPs of ELAVL1 gene suggested that “C C G G C A G” (P=0.02), “T T G G
T A T” (P=0.01) and “T T T G C A T” (P=0.002) were a signi�cant risk factor for cervical cancer. However,
“TCGACAT” (P=0.04) and “TTGGCAT” (P=0.04) participated in the decrease of cervical cancer disease.

The frequency of ELAVL1 haplotype rs10402477-rs2042920 TT was signi�cantly higher in the cases
group than in the control group (P=0.0001).Thus, this genotype increases  cervical cancer risk among
Tunisian women.

Conclusion: The results of our study indicated that genetic variants in the ELAVL1 gene might be
associated with susceptibility to cervical cancer in the Tunisian population.

Introduction
Cervical cancer is the fourth most frequent type of malignancy in women worldwide, and second most
predominant cause of cancer-associated mortality among women in developing countries in 2018; with
an estimated 604,237 women diagnosed with cervical cancer globally, representing 6.5% of all female
cancers. Cervical cancer is the most common cancer among women in 36 low-and middle-income
countries (Sung, Ferlay et al. 2021).

In addition, cervical cancer caused by HPV is the �fth leading cause of cancer deaths in women in
Tunisia, causing at least 199 deaths in 2018 among the 4.5 million Tunisian women aged 15 years and
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older who are at risk for the disease (Wanke, Devanna et al. 2018).

Epidemiological studies have proved that infections by certain types of Human papillomavirus (HPV) are
closely linked to cervical cancer development. Those studies considered HPV as the major risk factor for
the disease with more than 95% of patients with cervical cancer testing positive for HPV genital infection
(Walboomers, Jacobs et al. 1999, Spence, Franco et al. 2005). In addition, environmental risk factors such
as smoking habit (Sugawara, Tsuji et al. 2019), occupational history (Charbotel, Massardier-Pilonchery et
al. 2013), the oral contraceptive use (Asthana, Busa et al. 2020), diet (Medina-Contreras, Luvián-Morales
et al. 2020) and sexual behavior contribute to the onset and progression of cervical cancer. Genetic
factors intensify cervical cancer development as well (Bahrami, Hasanzadeh et al. 2018) (Tang, Chen et
al. 2019); (Chen, Yang et al. 2020).

Actually, not all the cases of HPV infections develop into cancer, which proves that genetic factors can
contribute to the occurrence of cervical cancer. Taking into account the importance of the regulation of
many growth factors, proto-oncogenic factors and cytokines, on the development of a cell cancer, by
differential RNA stability, many events must occur precisely to generate the protein product accurately
and e�ciently.

An estimate ranging from 8–16% of several human protein-coding genes has a 3’UTR adenylate and
uridylate (AU)-rich elements (AREs) sequence. Those AREs are de�ned by their ability to promote rapid
deadenylation dependent mRNA decay, mRNA stabilization or translational silencing (Rothamel, Arcos et
al. 2021). The ARE may therefore be considered as a crucial regulator of mRNA function at several steps
during the lifetime of a transcript.

The ARE binding protein HuR (Hu antigen R; ELAV Like1) which is a ubiquitously expressed member of
the ELAV Like family of RNA binding proteins, stabilizes some ARE-containing mRNAs in cells. In cell
cancer, HuR promotes cancer-related gene expression (Pauzas, Gyvyte et al. 2020, Yang, Yu et al. 2021).

Several studies have shown that HuR levels are upregulated in tumor tissues. Although HuR and its
associated RNA-binding factors have been investigated in different types of cancer, it is still unclear how
this phenomenon occurs in cervical cancer (Lim, Kim et al. 2007, Wang, Guo et al. 2013, Tifaoui,
Maudelonde et al. 2018, Xue, Li et al. 2019, Filippova and Nabors 2020, Pauzas, Gyvyte et al. 2020).

In the present study, we aim to investigate genetic polymorphisms in the ELAVL1 gene with cervical
cancer risk among Tunisian women.

Research in this �eld is extremely important to identify new biomarkers and targets that can be used in
the future therapeutic approaches of this disease.

Materials And Methods

Study population
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A total of 171 female participants were recruited from the Department of Gynecology and Obstetrics at
Tahar Sfar University Hospital, Mahdia, Tunisia.

All participants (71 patients with pathologically Cervical cancer were classi�ed as the study group and
100 women served as a Healthy control group) were enrolled and their peripheral blood samples were
collected.

The patients and control subjects were from the same geographical area and belonged to the same
ethnic group. Each participant was interviewed and a short questionnaire about social and demographic
features such as age, occupational exposure history, family cancer history, pregnancy and delivery
history, sexual behavior and the use of oral contraceptives was carried out to investigate the increased
risk of cervical cancer. Approval of the Ethical Committee (CER-SVS/ISBM 007/2021) and written
informed consent from all women in the study were obtained.

The case group this group included patients with con�rmed a cervical cancer pathology attending their
reproductive healthcare consulting in the obstetrics and gynecology department. Their ages ranged
from18 to 76 years. 

The healthy control group: this group included patients with no individual history of cancer. Participants
in this group were randomly selected and they were matched with those in the study group by age and
geographic location.  

DNA extraction from peripheral blood lymphocytes
Peripheral venous blood was collected from each participant using an EDTA anticoagulated tube. A
salting out method was performed to extract genomic DNA from blood samples. 

5 mL of each sample was placed into glass tubes. Then 5 mL of sterilized water was added. The tubes
were centrifuged for 15 min at 3000 rpm. The supernatant was discarded, 20 µl Tris HCL (1M),   20 µl
NaCl (5M), 40 µl EDTA (0, 5 M), 20 µl PK and 120 µl SDS (10%) were added to the pellets. The samples
were vortexed for 1 min. These tubes were incubated in a bain marie at 55  C for 2H. Than we added
666µl NaCl to each tube, and �nally placed them in the refrigerator at +4  C for 15 min. The tubes were
centrifuged for 15 min at 3000 rpm. The supernatant was transferred quickly to fresh microfuge tubes
and DNA was precipitated by the addition of 1.5 ml of ethanol. DNA precipitate was retrieved using a
heat-sealed, thin-end glass pipette, washed twice with 0.5 mL of 70% ethanol, and �nally dissolved in
sterilized water. The precipitate was completely dissolved and stored at -80°C.

Extracted DNA was quanti�ed by using a Thermo NanoDrop Nd-1000 Spectrophotometer. 

Genetic polymorphism Testing 
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For speci�c SNP loci, a High Resolution Melting curve analysis (HRM) using HOT FIREPol EvaGreen (Solis
BioDyne, Tartu, Estonia) with a LightCycler 480 system (Roche Diagnostics, Mannheim, Germany) was
performed for the detection and analyses of polymorphisms. Analysis was performed using Applied
Biosystems High Resolution Melt Software.

HRM analysis was performed on double-stranded (ds) DNA samples. The DNA was ampli�ed using a
real-time platform prior to the HRM melt phase. The HRM process is a slow denaturation of the ds DNA
from 50–95 °C in conjunction with an intercalating of a �uorescent dye. The �uorescence level drops
when the two strands ‘melt’ apart. The shape of the curve is dependent upon the characteristics of the ds
DNA, which relate to whether it is homozygous wild type, homozygous mutant or heterozygous wild type
and mutant. As the HRM is monitored in real-time, this curve gives a real time picture of the
characteristics of the DNA being tested. 

Statistical analysis
The association between ELAVL1 gene polymorphisms and genetic susceptibility to cervical cancer was
examined by the P-values, odds ratio (OR) and 95% con�dence intervals (CI).

All the data were analyses performed with SPSS software 22.0. The SHEsis online software
(http://analysis.bio-x.cn) was used to analyze linkage disequilibrium (LD) and to calculate haplotype
frequencies for each SNP locus in the case group and control group. P<0.05 was considered to indicate a
statistically signi�cant difference.

Results

Characteristics of study subjects:
In this study, the distribution of clinical and demographic characteristics of the healthy women and
patients are presented in Table 2. No signi�cant difference was observed in the frequency of distribution
of age (P= 0.13), occupational status (P=0.4), marital status (P=0.14), childbirth (P=0.08) and the use of
the oral contraceptives (P=0.81) in patients with cervical cancer and in healthy controls. No correlation
was found between those characteristics and the risk of cervical cancer in the observed Tunisian
population.

In contrast, the frequency of healthy women in high school was higher compared with that of patients
(51% vs. 36.6%, P=0.01), which proves that educated women are more health conscious than those with a
low educational level (Fang, Lee et al. 2019, Kashyap, Krishnan et al. 2019) (27).

Study subjects  who had menarche after 16 years of age were at a signi�cantly higher risk of cervical
cancer with a higher frequency in the  case group than in control subjects (9.9% vs. 8% ; P=0.04, OR =

https://www.sciencedirect.com/topics/medicine-and-dentistry/fluorescent-dye
http://analysis.bio-x.cn/
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1.89, 95% CI = 1.03~3.47). Women having menarche before the age of 16 presented an elevated
frequency in the control group (92% vs. 91.9%; P=0.04)

The risk for cervical cancer increases when women reach menopause. In fact, women who did not reach
menopause had a higher frequency in controls than in cases (66% vs. 54.9%; P=0.04). Menopausal
women were more frequent among patients than among controls (45.1% vs. 34%; P=0.04; OR = 1.8, 95%
CI = 0.98~3.3)

We found that women who experienced more than �ve pregnancies had a signi�cantly higher frequency
in the case group than in healthy control group (25.2% vs. 22%; P=0.02; OR = 2.4, 95% CI
=1.1~5.51). Women who had fewer than two pregnancies had a higher frequency in the control group
than in patients (36% vs. 23.9%; P=0.04), which proves that a high number of pregnancies is a risk factor
for cervical cancer.

Moreover, the frequency of women with a family history of different types of cancers was found to be
higher in among patient group than the healthy control group (57.7% vs. 39%; P=0.012; OR = 2.18, 95% CI
=1.18~4.02). Contrarily   women without a family history of cancer had a signi�cantly higher frequency in
controls than in the case group (61% vs. 42.3%; P=0.012). This con�rms that a family history of cancer i
is a signi�cant risk factor for developing cervical cancer.

Genotype frequencies of Single Nucleotide Polymorphisms
of ELAVL1 gene in Patients with cervical cancer and healthy
control women
The distribution of genotype frequencies of the seven SNPs (rs12983784, rs14394, rs74369359,
rs35986520, rs10402477, rs12985234, rs2042920) are summarized in Table 3.

In the present study, we compared genotypic frequencies of the selected SNPs between controls and
patients, and we found that the distribution of genotypes was different.

Genotypic frequencies of ELAVL1 gene SNPs (rs14394, rs35986520, rs1298524 and rs2042920) were not
signi�cantly different between the two study groups of healthy women and patients with cervical cancer.

The observed genotypic frequency TC of rs12983784 SNP in patients was signi�cantly higher than that
in controls (P=0.017, OR = 2.78, 95% CI = 1.2~6.45) which suggests that TC genotype increased cervical
cancer risk. In contrast, TT genotypic frequency was signi�cantly higher in the control group than in
patients (P=0.005) which indicates a protective effect of this genotype.

GT genotype of the rs74369359 SNP showed a statistically signi�cant difference among patients
(P=0.004, OR = 9.4, 95% CI = 1.73~16.96), but the GG genotype is statistically higher in the control group

https://www.everydayhealth.com/cancer/guide/


Page 8/23

(P=0.000). While GT genotype was found to be a risk factor for cervical cancer, GG genotype was a
protective factor.

The same result was obtained with the CT genotype of the SNPrs10402477 that was associated with an
increased risk of   the disease by a higher manifestation in the patient group (P=0.002, OR = 5.89, 95% CI
= 1.89~18.36). CC genotype frequency was signi�cantly higher in the control group (P=0.000) and it was
considered as a protective factor against cervical cancer in the Tunisian population.

Collectively, out of all seven SNPs evaluated in ELAVL1 gene, statistics demonstrated that only ELAVL1
gene SNPs (rs12983784, rs74369359 and rs10402477) were associated with an increased risk of cervical
cancer in Tunisian women.

Association between SNPs, haplotypes and cervical cancer
risk
Single-locus association analyses of allelic frequency in each group (case and controls) for the ELAVL1
SNPs are presented in Table 4, There were no signi�cant differences of allele frequencies between overall
cervical cancer patients and controls at any of those analyzed SNPs (P > 0.05) except for rs10402477
and rs12983784, where there was a signi�cant difference between patients and controls in allele
frequencies of rs10402477 SNP (P=0.0001) and the rs12983784 SNP (P=0.011). For the rs10402477
SNP, the frequency of the allele “T” was signi�cantly higher in cases than that in controls (0.134% vs.
0.025%) contrary to the allele “C” which had a higher frequency in controls (0.975% vs. 0.866%), thus
suggesting    that the “T” allele was a risk factor for cervical cancer development and that the “C” allele
was a protective allele against the risk of cervical cancer. Furthermore, the frequency of the allele “C” of
the rs12983784 SNP was signi�cantly higher in cases than in controls (0.169% vs. 0.080%) so we
suggested that this allele was a risk factor. However, the “T” allele presented a higher frequency in
controls than in cases (0.920% vs. 0.83%) consequently; it was considered as a protective allele against
cervical cancer among Tunisian women.

Since haplotype analysis of the ELAVL1 gene may further de�ne the role of this gene in cervical cancer
disease, haplotype analysis including all seven analyzed SNPs was performed between all the case
patients and the control subjects.

We computed the linkage disequilibrium (LD) between nearby variants and it is described by D´ and r
2 (McKay, Schnabel et al. 2007, Bohmanova, Sargolzaei et al. 2010).

Figure 1 shows that the analyzed SNPs rs12983784, rs14394, rs74369359 ,
rs35986520,rs10402477,rs12985234 and rs2042920   together constitute a relatively weak LD block, and
there was a signi�cant linkage between rs35986520 and rs2042920 (D’=0.996, r2 =0.035) (Figure 2),
Similarly between rs2042920 and rs10402477 (D’=0.998, r2 =0.026) (Figure 3), indicating a strong LD
between these markers, with a weak linkage between rs14394 and rs2042920 (D’=0.698) (Table 5). 
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The association analysis results between haplotypes and cervical cancer risk are shown in Table 6. The
haplotype “C C G G C A G” (P=0.02), “T T G G T A T” (P=0.01) and “T T T G C A T” (P=0.002) were more
prevalent among cases (0.045%, 0.055% and 0.040% respectively) than among controls (0.011%, 0.015%
and 0%, respectively) and were found to be signi�cantly associated with an increased risk of cervical
cancer. Also, “TCGACAT” (P=0.04) and “TTGGCAT” (P=0.04) were more prevalent haplotypes among
controls (0.032% and 0.494%, respectively) than among cases (0% and 0.336%, respectively), suggesting
a protective effect against cervical cancer susceptibility.

The haplotype analysis of rs35986520 and rs2042920 SNPs in the cervical cancer group and controls
showed that the frequencies of AT, GG and GT were not statistically signi�cant (P > 0.05) (Table 7). As a
result, no correlation was found between this haplotype and cervical cancer among Tunisian women.

We performed an haplotype analysis of rs10402477 and rs2042920 SNPs. The haplotype TT

(P =0.0001) presented a signi�cant association with cervical cancer susceptibility. The haplotype TT
frequency was signi�cantly more enriched in patients with cervical cancer than in controls (OR = 6.022,
95% CI = 2.192~16.545). Furthermore, there was a statistically signi�cant global effect of the haplotype
(P = 0.0005) (Table 8).

 

Discussion
In this study, we observed that the risk of developing cervical cancer was higher among women who had
given birth to �ve or more children. During pregnancy, women are more sexually active and therefore more
exposed to HPV, which is a major cause of the main types of cervical cancer. Also pregnant women are
more vulnerable to cancer because of the hormonal changes and the immune system modulation (Shah,
Imami et al. 2018, Jørgensen, Persson et al. 2019).

Furthermore, menopausal status may also be a potential factor. Post-menopausal women were at higher
risk than those who were not yet at menopause. This is in agreement with other research papers; a study
done by Gyllensten et al. has shown that post-menopausal women are at a higher risk of contracting HPV
virus (Gyllensten, Gustavsson et al. 2012). Another similar study carried out by Singh B and Nalini N.
estimates the incidence of cervical cancer in post-menopausal women at 16% (Singh and Nalini 2017). 

There is growing evidence that Tunisian women who experience menarche before the age of 16 may have
an increased risk for cervical cancer. Several studies have supported this �nding and suggested that
anovulatory cycles are common in the �rst years after menarche, which is associated with a decreased
production of progesterone that leads to a decreased production of cervical mucus. That mucus acts as a
barrier to sexually transmitted infections including HPV infection (Syrjänen, Shabalova et al. 2008).

Another theory also supported the probability of a higher risk of cervical cancer in women exposed to
HPV infection immediately after menarche including greater areas of ectopy, a very active maturation

https://www.cancercenter.com/cancer-in-pregnant-women
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process (active metaplasia), and higher a�nity of high-risk HPV types with changes in the local immune
response of an immature cervix. . The immature cervix is more vulnerable to HPV infection (Toon, Arrand
et al. 1986, Castle, Jeronimo et al. 2006).

Having relatives with any type of cancer puts patients at a higher risk than healthy control women with no
family history of the disease. We cannot be sure whether this is linked to genes, or whether it is due to
common shared family habits like diet, healthcare, daily routine, socio-economic status or exposure to
environmental risk factors.

The increased incidence of cervical cancer in the Tunisian population shows an urgent need to identify
multiple genetic lesions leading to aberrant gene expression programs that are responsible for the cancer
phenotype.

Recently, several studies have investigated genes coding for proteins, which regulate a variety of
biological processes like cell growth, proliferation, apoptosis, and metabolic pathways that could be
potentially useful in cancer diagnosis, prognosis, and therapy (Terasaka, Kim et al. 2019, Xie, Wang et al.
2021).

From this point of view, the study of polymorphisms in genes involved in carcinogenic mechanisms is
promising, especially genes coding for RNA-binding proteins (RBPs).  One such RBP is ELAVL1 also
known as HuR (Szabo, Dalmau et al. 1991). Additionally, ELAVL1 binds almost exclusively to cellular
mRNAs and more speci�cally at introns and 3’UTRs (Chen and Shyu 1995, Bakheet, Hitti et al. 2018).

The RBP Elavl1/HuR is believed to have ubiquitous expression patterns in most tissues (Ma, Cheng et al.
1996, Lu and Schneider 2004) and has three distinct and highly conserved RNA-binding domains
belonging to the RNA-recognition motif (RRM) family (Wächter, Köhn et al. 2013). ELAVL1 has been
shown to be primarily localized at the nucleus but can translocate to the cytoplasm via phosphorylation
of Y200, S202, and S221, located in the hinge region of the protein between the second and third
RRM (Chen and Shyu 1995).

Furthermore, HuR could contribute to the aberrant gene overexpression and promotes the
tumorigenesis, by binding selectively to poly-U elements and AU-rich elements (AREs) in the 3'-UTR of
target mRNAs for post-transcriptional regulation  (Bakheet, Hitti et al. 2018). 

The ELAVL1 gene located in chromosome 19p13.2 (Ma and Furneaux 1997) has been implicated in the
occurrence and development of various human cancers.  Although, abundant literature has highlighted its
oncogenic effects (López de Silanes, Lal et al. 2005, Li, Huang et al. 2020, Ni, He et al. 2020, Palomo-
Irigoyen, Pérez-Andrés et al. 2020). 

Fang Xue’s study indicated that miRNA-139-3p inhibited the progression of ovarian cancer cells via
inhibiting the expression of ELAVL1 (Xue, Li et al. 2019).
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A previous study of Ming-Jun Fan and his colleagues observed that ELAVL1 was upregulated in cervical
cancer cells and was reported to promote cancer cell growth through regulating RNA in the cell
cytoplasm (Fan, He et al. 2020).

The present study investigated a possible association between the ELAVL1 gene SNPs and the risk of
cervical cancer among Tunisian women. 

The investigated SNPs were genotyped according to the difference in melting curves established by HRM.
This method of post-PCR is used for identifying genetic variants in suitable regions of interest in our
candidate gene.

As a result of this case-control study, no association was found between the ELAVL1 gene SNPs
(rs14394, rs35986520, rs1298524 and rs2042920) and the risk of developing cervical cancer. Conversely,
women carrying ELAVL1 gene SNPs (rs12983784, rs74369359 and rs10402477) have a high risk for this
disease. 

Rohit Upadhyay’s report indicated that according to db SNP (https://www.ncbi.nlm.nih.gov/snp/) the
ELAVL1 gene has more than 400 SNPs, most of them have less than 5% MAF (Minor allele frequency). By
contrast, the selected SNPs had a MAF that is superior to 5% and therefore chosen for our
study (Upadhyay, Sanduja et al. 2013).

A study of Rothamel and  al. showed that 3’UTR binding confers enrichment and transcript stability and
demonstrated that ELAVL1 mediates the RNA stability of genes that regulate pathways essential to
pathogen sensing and cytokine production (Wanke, Devanna et al. 2018).

Multiple diseases arising from anomalies in this region affect the expression of one or more genes,
especially cancer.

According to previous studies and to our �ndings, the possible explanation is that ELAVL1 single
nucleotide polymorphisms in the 3’UTR region can be in the AU-rich region, which leads to dysregulation
of ARE-binding proteins and cause tumorigenesis. Thus, women with ELAVL1 gene SNPs rs12983784,
rs74369359 and rs10402477, which are, located in the 3’UTR region, presented high risqué of cervical
cancer disease.

In this study, we assessed the association between rs35986520 and rs2042920 SNPs and between
rs2042920 and rs10402477 SNPs, using a haplotype-based case–control analysis. The rs10402477 was
signi�cantly different between cervical cancer patients and control participants, indicating that the risk of
this cancer is increased among women with the T allele of rs10402477 and women with the C allele of
the SNP rs12983784. A study of Morris and Kaplan indicated that when linkage disequilibria between
SNPs, multiple susceptibility alleles, is weak, an analysis based on haplotypes has advantages over
analysis based on individual SNPs (Morris and Kaplan 2002). Consequently, we established haplotypes
for the ELAVL1 gene from the different combinations of the seven SNPs. The frequencies of the “C C G G
C A G”, “T T G G T A T” and “T T T G C A T” were associated with a signi�cant increased risk for cervical

https://www.ncbi.nlm.nih.gov/snp/
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cancer. However, the “TCGACAT” and the “TTGGCAT” frequencies were associated with a decreased risk
for cervical cancer.

rs2042920, which was in strong LD with rs10402477, was reported to be associated with increased
cervical cancer risk in the Tunisian population. Although this study suggested that rs2042920 had no
impact on cervical cancer risk in Tunisian women, only its association with the rs10402477 SNP can lead
to a rise in   cancer risk. As rs10402477 SNP was uniquely higher in patients compared with control
subjects, it is obvious that this SNP is a genetic risk factor for cervical cancer among Tunisian women.

The same results were obtained for rs35986520, which was in strong LD with rs2042920; no signi�cant
association was seen with cervical cancer in Tunisian participants.

A possible explanation for the observed results is a possible functional combination of SNP alleles that
could alter the ELAVL1 function. The presence of several simultaneous SNPs could alter more the
interaction between ELAVL1 and AREs.

In summary, the current study detected the genotypes of patients with cervical cancer and healthy
controls in a Tunisian population using the HRM. A signi�cant association was observed between the
ELAVL1 gene SNPs (rs12983784, rs74369359 and rs10402477) and the risk of cervical cancer. Also,
Haplotype consisting of the two SNPs rs2042920 and rs10402477 strengthened the association with this
cancer susceptibility. This �nding provides evidence that ELAVL1 gene SNPs may be applied as a
promising marker of genetic susceptibility to cervical cancer in Tunisian population.

Additional studies can con�rm our results of genetic variation in ELAVL1 as a novel prognostic marker
and therapeutic target of cervical cancer.

Nevertheless, the low sample size is a limitation of our study. Therefore, enlarging our sample size and
providing more clinical analysis should be considered in the future to con�rm this study �nding. 

Abbreviations
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RRM:  RNA recognition motifs  

3′-UTR: three prime untranslated region
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Tables
Table 1

 Details of genotyped SNPs in ELAVL1 gene 

Gene/SNP SNP rs
number

Nucleotide 

change

SNP
location

Primer sequences Product
size

ELAVL1 rs12983784 T>C 3’UTR F:ACACTGAAAACGAAATAATGGC

R:TTGACCCGTGTGTAACTTCC

 

121 bp

ELAVL1 rs14394 T>C Coding
region

F:GCGGATCACTTTCACATTGG

R:TTTCATCTACAACCTGGGGC

94 bp

ELAVL1 rs74369359 G>T 3’UTR F:TTATCGTGAACAACAGTATCC

R:TCCAGTATATTCCAGAGTCAG

132bp

ELAVL1 rs35986520 G>A 3’UTR F:AAGGCTTCTTTTTCCAGGA

R:GGGTCCCTGCTCTGTTG

72 bp

ELAVL1 rs10402477  C>T 3’UTR F:GAGCAGGGACCCTCTTTT

R:CTCCCACAGAATCCCAGA

 

82 bp

ELAVL1 rs12985234  A>G 3’UTR F:GCCGACTTTTATGAGACAC    

R:CTTTCCCTGATCTTTTACTG

95 bp

ELAVL1 rs2042920  T>G 3’UTR F:TTGCGAAGTTTGGGGACAG

R:CAGACCTACCTCACCTACT

103 bp
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Figure 1

Analysis of linkage disequilibrium of the 7 SNPs; The color and �gure were determined by the value of D’.
Each colored cell is related to the strength of LD between the corresponding two markers. The number in
each cell represents the LD parameter D’ (×100), an empty cell indicates D’ (×100) =100.

Figure 2

Linkage disequilibrium (LD) status of ELAVL1 rs2042920 and rs35986520           polymorphisms,
D’=0.996, r2 =0.035
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Figure 3

Linkage disequilibrium (LD) status of ELAVL1 rs2042920 and rs10402477           polymorphisms,
D’=0.998, r2 =0.026
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