
Abstract. Background/Aim: This research was aimed to
evaluate the association between three selected single nucleotide
polymorphisms (SNPs) within the CDKN2A (P14ARF) tumour
suppressor gene and the incidence of endometrial cancer (EC)
in postmenopausal women. Patients and Methods: The study
included 194 postmenopausal women; 144 with EC and 50 non-
cancer controls. Genotypes in P14ARF rs3088440, rs3731217
and rs3731245 polymorphisms were assayed using PCR-RFLP
and confirmed by sequencing. Results: Regarding the rs3088440
polymorphism, CT, and CT-TT genotypes, were more prevalent
among EC patients than in controls (OR=5.55, p=0.023,
OR=5.29, p=0.027; and OR=2.92, p=0.023, respectively). The
T allele within rs3088440 was more prevalent in EC females
than in controls (χ2=4.7, p=0.030). Considering rs3731217, TG
and TG-GG genotypes were less prevalent among EC
(OR=0.34, p=0.024 or p=0.023; and OR=0.38, p=0.035,
respectively). Conclusion: Polymorphisms in the CDKN2A gene
are associated with EC in postmenopausal women. 

Endometrial cancer (EC) is the fourth most common cancer
among Polish women (after breast, colon, and lung cancer)
responsible for 3% of cancer deaths in this population.
Moreover, the incidence rate of this cancer has almost doubled
in the last three decades, due to several factors, especially the
increased average life expectancy of women. Hence, EC is
predominantly observed in postmenopausal women in their
sixth/seventh decade of life, with the highest incidence rate of
80/100,000 at the end of the seventh decade (1).

P14ARF belongs to three tumour suppressor proteins,
including p16INK4a and p15INK4b encoded by the
CDKN2A gene, genetic changes of which may cause cellular
proliferation and tumour growth (2, 3). It has been shown
that p14ARF influenced the course of cell cycle by activating
p53 and inhibiting MDM2 expression thus leading to cell
cycle arrest in G1 and G2/M phases (4, 5). Altered expression
of p14ARF, either decreased or increased, has been found in
various human tumours (5-8). Considering EC, tumor
heterogeneity in CDKN2A protein expression between four
different cores of primary tumours, has been reported as
significantly more prevalent among samples with a higher
stage of the disease (9). In another study, CDKN2A tumour
suppressor gene was included in a panel of seven
immunohistochemical markers [ER, CDKN2A (p16), TP53,
VIM, PTEN, PGR, and IGF2BP3] to differentiate
endometrioid carcinoma in FIGO grade 3 from serous
carcinoma, based on immunohistochemical qualitative assays
performed by tissue microarrays (10). Moreover, moderate
immunohistochemical expression of p14 has been observed
in endometrioid endometrial carcinoma, while total lack has
been found in endometrial hyperplasias without atypia, at the
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nuclear level (11). Mutations in PTEN and KRAS, as well as
microsatellite instability have, so far, been related to
oestrogen-related, type I EC, while mutations in TP53, HER-
2 and P16 have been associated with type II EC, unrelated
to oestrogen (12).

So far, distinct single nucleotide polymorphisms (SNPs)
in CDKN2A (P14ARF) have been correlated with various
tumours, like acute lymphoblastic leukaemia (ALL),
nasopharyngeal carcinoma, medullary thyroid carcinoma,
oropharyngeal cancer, oesophageal squamous cell carcinoma
(ESCC), or salivary gland carcinoma (13-18). The rs3088440
polymorphism, located in the 3’ UTR region of CDKN2A,
has been shown to be important in the susceptibility to and
for the prognosis of several cancers, including HPV16-
positive oropharynx cancer, melanoma, or squamous cell
carcinoma of the head and neck (SCCHN) (14, 17, 19).
Among patients with paediatric B-cell precursor ALL (BCP-
ALL), rs3731217 SNP in intron 1 of CDKN2A, has been
suggested to influence the risk of cancer, by regulating
alternative splicing of CDKN2A, possibly associated with the
translation of p16 and p14ARF tumour suppressors (Figure
1) (20). It is noteworthy that TGA/CAG diplotypes and
TGA/TAG variants for rs3731217, rs3731245, and
rs3088440 SNPs, have been proposed to possibly be
associated with a decreased and an increased risk of chronic
benzene poisoning, respectively (21). Our previous study,
performed in postmenopausal women with EC, has shown

the joint effect of MDM2 SNP309, TP53 SNP rs1042522, as
well as of the three polymorphisms of P14ARF in the
occurrence of the cancer (22). Based on the reported changes
in the protein levels of p14ARF tumour suppressor, involved
in EC, as well as previous research on the functional role of
the three SNPs, rs3088440, rs3731217 or rs3731245,
residing within P14ARF gene, a further study seems to be
justified and needed regarding the contribution of the
presented polymorphisms to EC. In that context, the goal of
the current study was to evaluate the relationship between
the three selected SNPs and the risk for EC in a population
of postmenopausal women.

Patients and Methods
This retrospective study included 194 women; 144 with EC and 50
non-cancer control individuals (Table I). The females qualified for
the study were patients of the Department of Gynaecology and
Oncological Gynaecology at the Polish Mother’s Memorial Hospital
– Research Institute in Lodz, between December 1997 and August
2009. The qualified women were between 28 and 88 years old (the
mean age: 59.1 years). The mean age of the females with EC was
61.24±9.01 years and that of the control individuals 53.06±4.75
years. Some additional clinical data of the patients in the studied
group are presented in Table I. The ECs of the qualified patients
were staged, according to the criteria of the International Federation
of Gynaecology and Obstetrics (FIGO), and the tumour specimens
were obtained by a dilation and curettage (D&C) procedure, picking
up some mucous membrane from the uterine cavity. Normal
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Figure 1. The structure of CDKN2A tumour suppressor gene and its alternatively spliced variants, P14ARF and P16. The location of three single
nucleotide polymorphisms (SNPs), selected for the current research, is illustrated in the P14ARF gene. The alternative splicing sites are depicted
with dotted red and green lines for p14ARF and p16 transcripts, respectively. UTR: the untranslated region.



endometrial tissues of the non-cancer controls were used as control
samples, obtained also by curettage, performed for medical
indications (in patients with bleeding from the genital tract or
prepared for gynaecological procedures). The study was approved
(approval number: 2/2016) by the Research Ethics Committee at the
Polish Mother’s Memorial Hospital - Research Institute. All the
samples, previously collected for diagnostic purposes, were
anonymised in the reported project. Informed consent forms were
signed by the qualified women, the consent procedure had first been
accepted by the Research Ethics Committee.

DNA extraction. Genomic DNA specimens were extracted from
stored, paraffin-embedded sections of cancerous and healthy
endometrial tissues, using a Syngen FFPE DNA Micro Kit (Syngen
Biotech, Wroclaw, Poland). The obtained DNA was diluted in 100 μl
elution buffer and stored at –20˚C until further genetic analyses.

Genotyping of SNPs, located within CDKN2A (P14ARF) gene. The
genotypes, of the polymorphisms rs3088440, rs3731217 and
rs3731245 located within CDKN2A (P14ARF), were determined,
using self-designed nested PCR-RFLP assays. The primer sequences

and conditions of the PCR assays are presented in Table II. The
external primers were designed, using the PerlPrimer v1.1.21
software, and the internal primers were obtained from the literature
(15, 19, 22-24). Nested PCR products were resolved on 1% agarose
gels, stained with ethidium bromide, and then digested overnight
with HaeIII (EURx, Gdansk, Poland), and MvaI (Thermo Fisher
Scientific, Waltham, MA, USA) endonucleases to determine
genotypes of rs3088440 and rs3731217, as well as of rs3731245
polymorphisms, respectively. Genotypic profiles were estimated
from the length of the achieved restriction fragments, resolved on
2% agarose gels (Figure 2, Table III). Several specimens for
rs3731217 (four EC cases) and rs3731245 (three ECs and one
control case) polymorphisms were excluded from further analysis
due to the lack of digested fragments, observed on agarose gels. The
selected PCR products, representative of distinct genotypes in the
studied SNPs, were then sequenced by the Sanger method at the
Genomed Joint-Stock Company (Warsaw, Poland), to confirm nested
PCR-RFLP outcomes. The sequencing process was performed for
nine CC homozygotes, twelve CT heterozygotes and two TT
homozygotes in rs3088440 SNP, for eleven TT homozygotes, and
five TG heterozygotes in rs3731217 polymorphism, as well as for
one GA heterozygote and fifteen GG homozygotes in rs3731245
polymorphism of the P14ARF gene. The sequences of obtained
chromatograms were analysed by the Sequence Scanner 1.0 (Applied
Biosystems, Waltham, MA, USA) program.

Statistical analysis. The distribution of obtained clinical data, as
well as of single genotypes, alleles, and haplotypes was estimated
by descriptive statistics, using the SNPStats software (25).
Genotypes in the analysed polymorphisms were determined by the
Hardy-Weinberg (H-W) equilibrium and linkage disequilibrium
(LD). Relationships were calculated between the clinical data and
genotypes of the polymorphisms and the occurrence of EC among
the examined women, using the cross-tabulation and the Pearson's
Chi-square test. A logistic regression model was employed to define
the genetic models of inheritance, including codominant, dominant,
recessive and overdominant. The undertaken attempts identified
optimal inheritance models of the genetic changes of the studied
polymorphisms, typical for EC in the examined patients. The
multiple-SNP analyses of haplotypes in P14ARF SNPs were
performed by the Expectation Maximization (EM) algorithm. The
results were acknowledged as statistically significant at the
significance level of p≤0.050. The statistical analysis was, in part,
supported by the NCSS 2004 software.

Results

Hardy-Weinberg equilibrium, linkage disequilibrium. Hardy-
Weinberg (H-W) equilibrium was preserved in CDKN2A
(P14ARF) rs3731217 and rs3731245 polymorphisms in all of
the examined female patients (p>0.050), while it was not found
in rs3088440 SNP among the analyzed patients (p≤0.050).
Polymorphisms were observed in the linkage disequilibrium
(LD), found between the analyzed groups of women (p≤0.050).

Distribution of genotypes within CDKN2A (P14ARF) gene
polymorphisms. In the females with endometrial cancer, the
CC, CT and TT genotypes within P14ARF rs3088440 SNP

Wujcicka et al: SNPs in CDKN2A Tumour Suppressor Gene and Endometrial Cancer

945

Table I. Characteristics of the examined women with endometrial
cancer and of non-cancer controls.

Characteristics Females with Non-cancer p-Value
endometrial cancer controls

Examined 144 (74.2) 50 (25.8)
women; n (%)

Mean age±SD 61.24±9.01 53.06±4.75
(years)

Diabetes 27/144 (19.0) 0/48 (0.0) 0.001
mellitus (%)

Arterial 76/144 (52.8) 16/48 (33.3) 0.020
hypertension (%)

BMI 
Mean±SD (kg/m2) 30.25±6.25 27.43±5.17
≤24.99 (%) 30/137 (21.9) 17/48 (35.4) 0.014
25-29.99 (%) 40/137 (29.2) 19/48 (39.6)
≥30 (%)     67/137 (48.9) 12/48 (25.0)

MHT
Yes (%) 13/65 (20.0) 9/47 (19.1) 0.911
No (%) 52/65 (80.0) 38/47 (80.9)

FIGO grade
G1 (%) 63/113 (55.8)
G2 (%) 46/113 (40.7)
G3 (%) 12/113 (10.6)

FIGO stage
I (%) 86/131 (65.6)
II (%) 23/131 (17.6)
III (%) 22/131 (16.8)

Endometrial 
thickness

Mean±SD (mm) 14.64±13.02 6.23±2.99
>5 mm (%) 107/127 (84.3) 23/45 (51.1) 9×10-6

n: Number of examined women; SD: standard deviation; BMI: body mass
index; MHT: menopausal hormone therapy; FIGO: the International
Federation of Gynaecology and Obstetrics; Pearson’s Chi-squared test.



were observed in 71.5% (103/144), 18.1% (26/144), and
10.4% (15/144), respectively (Table IV). In the case of
rs3731217, the TT, TG and GG genotypes were found in
91.4% (128/140), 7.9% (11/140), and 0.7% (1/140) of the
studied patients, respectively. Considering rs3731245, the GG
and GA genotypes were determined in 93.6% (132/141) and
6.4% (9/132) of the patients with cancer, respectively. Taking
into account the non-cancer control females, the CC, CT and
TT genotypes in rs3088440 polymorphism were found in
88.0% (44/50), 4.0% (2/50), and 8.0% (4/50) of the patients,
respectively. Regarding rs3731217, the TT and TG genotypes
were observed in 80.0% (40/50), and 20.0% (10/50) of the
studied individuals, respectively. In the case of rs3731245,
GG homozygous status was observed in all the non-cancer
females. Figure 3 illustrates examples of the chromatograms
for the genotypes in the analysed P14ARF polymorphisms.

Considering the rs3088440 polymorphism, the CT
heterozygous females were found to be significantly positively
associated with EC, as compared to the CC and TT
homozygous patients (OR=5.55, 95%CI=1.26-24.42, in the
codominant model, p=0.023, and OR=5.29, 95%CI=1.21-23.16,
in the overdominant model, p=0.027, Table IV). Moreover, the
CT-TT genotypes were significantly more prevalent among the
cancerous patients (OR=2.92, 95%CI=1.16-7.37, in the
dominant model, p=0.023). In the case of rs3731217 SNP, the
TG heterozygous status was significantly less prevalent among
the patients with EC, as compared to TT-GG homozygotes
(OR=0.34, 95%CI=0.14-0.87, in the codominant model,
p=0.024, and 95%CI=0.13-0.86, in the overdominant model,
p=0.023). Furthermore, the dominant model showed that the
TG-GG genotypes were significantly negatively associated with
tumour occurrence (OR=0.38, 95%CI=0.15-0.93, p=0.035).
Additionally, the multiple-SNP analysis showed significantly
higher prevalence rates of the CTA haplotypes in the range of

all the studied polymorphisms, observed among the females
with EC, as compared to the non-cancer individuals (p≤0.050).
Taking into account the clinical data of the studied patients,
similar prevalence rates were observed for all the analyzed
genotypes in the studied women.

Allelic variants within SNPs of the P14ARF gene. Among
the females with endometrial cancer, the C and T alleles
within rs3088440 SNP were found with prevalence rates of
81.0% (232/288) and 19.0% (56/288), respectively (Table
V). In the case of rs3731217 polymorphism, the T and G
alleles were observed with prevalence rates of 95.0%
(267/280) and 5.0% (13/280), respectively. Regarding the
rs3731245 polymorphism, the prevalence rates of G and A
alleles were 97.0% (273/282) and 3.0% (9/282), respectively.

In the non-cancer control women, the C and T alleles
within rs3088440, and the T and G alleles in rs3731217
polymorphisms were determined with prevalence rates of
90.0% (90/100) and 10.0% (10/100), respectively. In the case
of rs3731245, only the G allele was identified in all the
studied control individuals (100.0%, 98/98). Regarding the
rs3088440 polymorphism, the T allele was significantly more
prevalent among the females with EC, as compared to the
non-cancer control individuals (χ2=4.7, p=0.030, Table V). In
turn, the alleles in both rs3731217 and rs3731245
polymorphic sites were similarly distributed between the
studied groups of women.

Discussion

Studies on correlations between p14ARF and endometrial
cancer have, so far, been rather not numerous, while p14ARF
is a component of the p53 pathway (p14ARF/MDM2/p53),
essential for the development and progression of various
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Table II. Conditions of nested PCR assays for genotyping of the polymorphisms located within CDKN2A (P14ARF) gene.

GenBank SNP name Oligonucleotide sequences (5'-3') Annealing Amplicon length
Accession No. [global MAF (%)] temperature (˚C) (bps)

NC_000009.12 rs3088440 External For:  TGCTCACTCCAGAAAACTCCA 55 356
(16.99) Rev:  ATGTGCCACACATCTTTGACC

Internal For:  GATGTGCCACACATCTTTGACCT 55 181
Rev:  CTACGAAAGCGGGGTGGGTTGT

rs3731217 External For: CAGGTGAAGAATGTGATTTGG 55 590
(12.54) Rev: CAAGTGGAAGGTACAATGGAG

Internal For: AAAAGGGGGACAACCATTCTC 55 280
Rev: CCCCTCTCAAATATGCTGTCC

rs3731245 External For: ACTCTCAAATCATAAACCTGGG 55 440
(4.97) Rev: CCCAATGTCTATGTCCTAATCCTC

Internal For: CAAAAATGGGTCCACAAGGTT 55 195
Rev: CCCAACATAACCCCAAGTGTT

No.: Number; SNP: single nucleotide polymorphism; MAF: minor allele frequency; bps: base pairs.



human neoplasms, including EC (4, 5, 22). Certain
modulations in EC cells kinetics, possible via alterations in
this pathway, [p14ARF/p53/p21(WAF1)], may result from a
correlation between Sox9 and NF-ĸB signalling mechanisms,
as well as from the Akt status (26). Olcha et al. have
observed expression of p14ARF protein in more than a half
of the analyzed primary EC and metastatic lesions and found
it to be positively associated with the transtubal dissemination
of the primary tumour (27). Expression of p14ARF has been
found by Watanabe et al. to be significantly higher in G1 EC
tumours than in normal endometrial hyperplasias (5). 

In the current study, the CT heterozygotes, as compared
to CC and TT homozygotes, as well as the CT-TT genotypes,
in the P14ARF rs3088440 SNP were found to be
significantly more prevalent among the EC patients than in
the controls. Moreover, the T allele, present within
rs3088440 region, was significantly associated with the
cancer phenotype. The GA and AA genotypes within the
rs3088440 SNP, have been previously assumed to be
correlated with an increased risk of second primary
malignancy among patients with SCCHN as well (19). In
another study, the T allele within rs3088440 has been
reported to be correlated with an increased risk of melanoma
(28). Considering the role of rs3088440, the C allele has
been reported to favour the binding of c-Myb transcription
factor to the transcriptional regulatory region of CDKN2A,

possibly resulting in its repression and compromise of its
normal function in cell cycle (16, 29). In turn, the A allele
has been found to be possibly associated with an impaired
binding of miR-663b to the CDKN2A 3’ UTR, leading to an
increased expression of p14/p16 proteins (14, 30). Therefore,
the contribution of the T allele to EC formation seems fairly
plausible through the altered binding of transcription factors
to the transcriptional regulatory site of CDKN2A. 

In case of rs3731217 SNP, TG heterozygotes, as well as
the TG-GG genotypes, were found to be significantly less
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Figure 2. Nested PCR-RFLP products for P14ARF rs3088440 (A), rs3731217 (B) and rs3731245 (C) polymorphisms. The products, digested with
HaeIII (A and C) or MvaI (B) endonucleases, were resolved in 2% agarose gels and stained with ethidium bromide. The numbers on the right side
of the pictures correspond to the lentghs of separated DNA fragments. M: 50 bp DNA marker; Ud: undigested PCR product; CC, CT, GA, GG, TG,
or TT: genotypes within the analyzed SNPs.

Table III. Restriction endonucleases and genotypic profiles obtained in
PCR-RFLP assays.

Polymorphism Restriction enzyme Profile (bps)

rs3088440 HaeIII CC: 142, 39
CT: 181, 142, 39

TT: 181
rs3731217 MvaI TT: 280

TG: 280, 154, 126
GG: 154, 126

rs3731245 HaeIII AA: 195
AG: 195, 123, 72

GG: 123, 72

bps: Base pairs.



prevalent among the EC patients as compared to the controls.
The rs3731217 polymorphism has been previously
associated with ALL in the Caucasians, and the minor G
allele within the SNP was found to be protective against
paediatric BCP-ALL (18, 31). In turn, the incidence rates of
the T allele have been found to be similar, both among cases
and controls for paediatric ALL in the Tunisian population
(32). Among patients with HPV16-positive squamous cell
carcinoma of the oropharynx (SCCOP), the carriers of the
TT genotype have been reported to have an increased risk
either for death or for the recurrence of the disease, as
compared to TG or GG genotypes (17). Regarding the
functional analysis of rs3731217, the minor G allele has been
associated with an elevated expression of exon 3,
encompassing the 3’-UTR of CDKN2A, resulting in higher
levels of CDKN2A tumour suppressor protein (20). In the
case of EC, the G allele of the rs3731217 polymorphic site
seemed also to be protective against the cancer. 

Regarding rs3731245, the polymorphism has previously
been reported to be associated with cerebral infarction, a risk
of chronic benzene poisoning and with the ischemic stroke
subtype-small vessel disease (21, 33, 34). Considering the
functional significance of rs3731245, located within the first
intron of CDKN2A gene, it has been suggested to possibly
be either in LD with other functional SNPs in the genomic
region of CDKN2A or in LD with an intron-based
transcription enhancer or silencer, located in the first intron

(33). In our study, the polymorphism was observed to be in
LD with both rs3088440 and rs3731217 SNPs, while an
additional multiple-SNP analysis showed the CTA
haplotypes of the analyzed polymorphisms to be significantly
positively associated with EC occurrence. Similarly, a
common involvement of all the analyzed three SNPs has
been reported for the chronic benzene poisoning (21).
Moreover, the A allele within rs3731245 has been suggested
to create the polymorphic site to be more susceptible to
binding of MDM2 and protective against degradation of p53
(21). Such a mechanism of rs3731245 SNP action seems
possible for the development of EC. 
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Table IV. Relationships between genotypes in P14ARF single nucleotide polymorphisms and the occurrence of endometrial cancer in the patients.

Genotype prevalence rates; n (%)

Gene polymorphism Genetic model Genotype Endometrial cancer Control individuals OR (95%CI) p-Value

rs3088440 Codominant CC 103 (71.5%) 44 (88.0%) 1.00
CT 26 (18.1%) 2 (4.0%) 5.55 (1.26-24.42) 0.023
TT 15 (10.4%) 4 (8.0%) 1.60 (0.50-5.10) 0.425

Dominant CC 103 (71.5%) 44 (88.0%) 1.00
CT-TT 41 (28.5%) 6 (12.0%) 2.92 (1.16-7.37) 0.023

Recessive CC-CT 129 (89.6%) 46 (92.0%) 1.00
TT 15 (10.4%) 4 (8.0%) 1.34 (0.42-4.24) 0.621

Overdominant CC-TT 118 (81.9%) 48 (96.0%) 1.00
CT 26 (18.1%) 2 (4.0%) 5.29 (1.21-23.16) 0.027

rs3731217 Codominant TT 128 (91.4%) 40 (80.0%) 1.00
TG 11 (7.9%) 10 (20.0%) 0.34 (0.14-0.87)
GG 1 (0.7%) 0 (0.0%) NA (0.00-NA) 0.024

Dominant TT 128 (91.4%) 40 (80.0%) 1.00
TG-GG 12 (8.6%) 10 (20.0%) 0.38 (0.15-0.93) 0.035

Recessive TT-TG 139 (99.3%) 50 (100.0%) 1.00
GG 1 (0.7%) 0 (0.0%) NA (0.00-NA)

Overdominant TT-GG 129 (92.1%) 40 (80.0%) 1.00
TG 11 (7.9%) 10 (20.0%) 0.34 (0.13-0.86) 0.023

rs3731245 - GG 132 (93.6%) 49 (100.0%) 1.00
GA 9 (6.4%) 0 (0.0%) NA (0.00-NA)

n: Number of tested women; OR: odds ratio; 95% CI: confidence interval; logistic regression model; NA: not analyzed.

Table V. Distribution of alleles in P14ARF polymorphisms.

No. of alleles (%)

Gene polymorphism Females with Controls p-Value
and alleles endometrial cancer

rs3088440 C 232 (81.0) 90 (90.0) 0.030
T 56 (19.0) 10 (10.0)

rs3731217 T 267 (95.0) 90 (90.0) 0.054
G 13 (5.0) 10 (10.0)

rs3731245 G 273 (97.0%) 98 (100.0%) 0.073
A 9 (3.0%) 0 (0.0%)

No.: Number; Pearson’s Chi-squared test.



Summing up, three CDKN2A polymorphisms, studied in
the current research project, were plausibly associated with
the occurrence of EC among the postmenopausal women.
Considering its functional analysis, the minor T allele within
rs3088440 may have contributed to the cancer formation
through an altered binding of transcription factors to the
CDKN2A 3’ UTR region, while the minor G allele within
rs3731217 seemed to be protective against EC. The
important positive relationship between the CTA haplotypes,
observed for all the studied CDKN2A SNPs and EC, may be
also suggestive of rs3731245 association with the cancer.

Taking into account our previous studies, we demonstrated
that the SNP309 polymorphism of the MDM2 gene is strongly
associated with EC (both the GG genotype and the G allele),

while the TP53 codon 72 polymorphism has been of a
prognostic value and useful for the prophylaxis from EC (the
Arg/Arg homozygote has been linked with an increased, while
the Pro/Arg heterozygote and the Pro allele - with a decreased
EC risk) (35-37). Moreover, the research about the joint effect
of MDM2 SNP309, TP53 rs1042522, and the three currently
described P14ARF polymorphisms on the onset of EC in
postmenopausal women, concluded that MDM2 SNP309 plays
a role in this cancer (22). The multiple-SNP combinations G-
Arg-C-T-G for MDM2, TP53, and the three P14ARF
polymorphisms, increased EC risk, while the T-Arg-C-T-G
variants decreased risk for disease (22). Further studies seem to
be justified and needed to reveal the detailed role of P14ARF
SNPs in endometrial cancer formation.
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Figure 3. Chromatograms with DNA fragments, containing P14ARF rs3088440 (A-C), and rs3731217 (D, E) polymorphisms. DNA forward strands
were studied for rs3088440 SNP and the reverse strands – for rs3731217 polymorphism. CC, CT, TG, or TT: genotypes in the presented SNPs.
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