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Aims
To identify the relationship between polymorphic variants (rs2239533, rs2072956) of the WFDC2 gene 

and the presence of benign and malignant ovarian masses. 
Materials and methods
A comparative molecular genetic study of polymorphic variants (rs2239533, rs2072956) of the 

WFDC2 gene in patients with the presence of benign and malignant ovarian masses was carried out. The 
study included 55 patients with ovarian masses and 40 healthy women. Benign ovarian masses were histo-
logically verified in 38 (69.1%) patients of the main group, and malignant – in 17 (30.9%). Tumour marker 
HE-4 was characterised by high specificity (97.4%) at a relatively low sensitivity (52.9%). 

Results
The molecular genetic study revealed a statistically significant predominance of the T/T genotype 

of polymorphic variant rs2239533 of the WFDC2 gene in patients with ovarian masses compared to 
the group of healthy women. After subdivision of the main study group into 2 subgroups based on the 
histological variants of tumours (benign or malignant), it was determined that carriage of the T/T geno-
type of variant rs2239533 of the WFDC2 gene was associated with the presence of malignant forms 
(OR=5.54 (95% СI 1.12–27.54), p=0.03).

Conclusions
Carrying the T/T genotype of variant rs2239533 of the WFDC2 gene is associated with the presence of 

malignant ovarian masses. 
Keywords: ovarian mass, differential diagnosis, tumour marker, HE-4, polymorphism, WFDC2, 

rs2239533, rs2072956

INTRODUCTION
Today, outpatient differential diagnosis 

of benign and malignant ovarian tumors 
(BOTs and MOTs) uses the standard CA-
125 tumor markers complemented with 
testing the blood serum for the concentra-
tion of HE-4 oncological markers. Previ-
ously published data suggests that an in-
crease in CA-125 can be detected earlier in 
MOT patients than a statistically significant 
increase in HE-4 levels [1, 2], which means 
that HE-4 is a more sensitive marker of 
early ovarian cancer (OC) stages than CA-
125 (82.7% vs. 45.9%, respectively) [2]. 
Besides, some studies have shown that in 
nearly 50% of OC cases, HE-4 exceeded 
reference levels while CA-125 was within 
the discriminatory zone (DZ) [1, 2].

HE-4 is a product of the WFDC2 gene 
(WAP four-disulfide core domain protein 2) 
and is an acidic protein suggested to inhibit 
trypsin [3]. WFDC2 studies are isolated and 
dissimilar. A 2014 paper [4] showed that 
excess WFDC2 expression in the epithelial 

MOT cells stimulated tumor growth and 
progression. Another study detected higher 
WFDC2 expression in high-grade ovarian 
carcinomas than in their low-grade counter-
parts [5]. Thus, researchers identified a con-
nection between higher WFDC2 expression 
and a more aggressive clinical course of the 
disease [4, 5]. Integrating whole-genome 
microarray data showed considerable 
WFDC2 expression in patients with serous 
epithelial ovarian cancer [6]. Comparing 
the WFDC2 expression in normal ovarian 
tissue, unaltered fallopian tubes, and sam-
ples of epithelial ovarian tumors extracted 
during primary (pre-chemotherapy) surger-
ies showed significantly higher expression 
in epithelial MOTs compared to unaffected 
ovaries (p=0.000016). WFDC2 transcrip-
tion activity was comparable in epithelial 
OC and in normal fallopian tubes (p=1.00). 
No correlation has been found between in-
creased HE-4 levels and high WFDC2 ex-
pression despite the fact that both indica-
tors independently correlate with adverse 
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prognosis and low survival rates; this is an 
unexpected discovery that demands further 
research and explanation [7]. Neither Rus-
sian nor international literature has data on 
how WFDC2 polymorphisms may affect 
the tumor marker levels in the serum.

The goal hereof was to find how 
WFDC2 polymorphisms (rs2239533 and 
rs2072956) could correlate with benign and 
malignant ovarian tumors. 

MATERIALS AND METHODS
Ninety-five Caucasian women (55 with 

ovarian tumors (OT) and 40 controls) un-
derwent molecular genetic testing. The 
study involved 55 patients hospitalized to 
the gynecology clinic, Siberian State Medi-
cal University of the Ministry of Health of 
Russia, or to the Tomsk Regional Oncol-
ogy Center, for ovarian tumor surgery; the 
40 control group patients did not have pa-
thologies according to the gynecologist’s 
examination and pelvic ultrasound.

The study protocol was approved by 
the Ethics Committee of the Siberian State 
Medical University, Ministry of Health of 
Russia (Minutes No. 4336 of November 
30, 2015); each enrolled patient signed in-
formed consent.

All the patients underwent:
1) examination pursuant to the ovarian 

tumor standard (Order of the Ministry of 
Health of the Russian Federation No. 572n 
dd. November 1, 2012 On the Approval of 
Medical Care Procedures in Obstetrics and 
Gynecology Except the Use of Assisted Re-
production Technologies);

2) testing for HE-4 levels by che-
miluminescent immunoassay (ARCHI-
TECT, Abbott);

3) whole-blood sampling to extract 
DNA by phenol-chloroform extraction per 
the standard procedure [8] and to detect 
rs2239533 and rs2072956 WFDC2 
polymorphisms;

4) histological testing of the surgical 
samples (the treatment group only);

5) data was processed statistically by 
means of SPSS Version 20.

Moscow-based DNK-Sintez provided 
primer design and synthesis for the mo-
lecular genetic testing. A real-time CFX 
Connect (Bio-Rad) automatic thermocycler 
was used for real-time PCR amplification in 
full compliance with the primer manufac-
turer’s manuals. The amplification proce-

dure comprised pre-denaturation at 95 °C 
over 3 minutes followed by 40 cycles of 
ignition (95 °C, 20 seconds), chain elonga-
tion (55 °C, 30 seconds), and denaturation 
(72 °C, 40 seconds).

SPSS tables were made for statistical 
processing. The team ran the Shapiro-Wilk 
test for distribution normality. Mean ± stan-
dard deviation (M ± σ) values were used to 
describe normally distributed quantitative 
data. Median and quartile (Me [Q25; Q75]) 
were used otherwise. Yates-corrected chi-
square testing was applied to find whether 
the observed frequencies of the polymor-
phism-based genotypes matched their ex-
pected frequencies in compliance with the 
Hardy-Weinberg model. Chi-square or Fish-
er’s exact test (if at least one cell of the con-
tingency tables had <5 observations) were 
used to compare the allele and genotype 
occurrence rates in the studied groups. The 
nonparametric Mann-Whitney test identi-
fied intergroup differences. The odds ratio 
(OR) was computed at 95% CI to associate 
different genotypes with BOT or MOT. At 
OR<1, the association between the features 
was deemed negative; at OR>1, positive. 
For statistical hypothesis testing, p=0.05. 
Tumor marker sensitivity (SE) was calcu-
lated by the formula: SE=TP/D–×100%, 
where TP are true positive test results, D– 
is the number of patients. Method speci-
ficity (SP) was calculated by the formula: 
SP=TN/D×100%, where TN is the number 
of true negative test results, D is the number 
of unaffected persons.

RESULTS
The treatment group comprised 

55 patients with ovarian tumors aged 19 to 
79 (48.5±2.2). Twenty-seven (49%) were of 
reproductive age, and 28 (51%) were post-
menopausal women. Histological testing of 
surgical samples identified BOT in 38 pa-
tients (69.1%) and MOT in 17 (30.9%). 
Epithelial ovarian tumors prevailed in the 
treatment group at 74.6%; there were also 
sex cord-gonadal stromal tumors (3.6%), 
germ-cell tumors (9.1%), and tumor-like le-
sions and processes in the ovaries (12.7%).

HE-4 varied from 12.6 to 1,500 (47.2 [36.0; 
87.7]) pmol/l in the treatment group. Pa-
tients of reproductive age had HE-4 concen-
trations of 12.6 to 922 (40.4 [32.7; 68.0]) 
pmol/l (DZ=70 pmol/l); postmenopausal OT 
women had 37.3 to 1,500 (56.6 [43; 308.3]) 
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pmol/l (DZ=140 pmol/l). Ten patients of the 
treatment group had HE-4 levels above the 
upper reference limit; OC was confi rmed 
by postoperative histological testing in 9 of 
them, while 1 had a follicular ovarian cyst 
combined with a corpus luteum cyst. Thus, 
HE-4 sensitivity was 52.9%, specifi city was 
97.4%.

HE false negatives were reported for 
8 (47.1%) MOT patients that had postmeno-
pausal serous carcinoma (n=4), mucinous 
carcinoma at reproductive age (n=3), and 
postmenopausal clear-cell carcinoma (n=1). 
Earlier studies had shown that HE-4 was in-
deed low in the serum of patients that had 
endometrioid and clear-cell ovarian adeno-
carcinomas or mucinous OC, which was due 
to the source of such tumors [9-11].

The control group comprised 40 wom-
en aged 21 to 78 (50.5 [24.3; 60.0]), of 
whom 20 (50%) were of reproductive 
age and 20 (50%) were menopausal. In 
this group, HE-4 varied from 22.4 to 
84.9 (40.2 [35.9; 52.3]) pmol/l. Reproduc-
tive-age patients had HE-4 levels of 22.4 to 

50.2 (36 [31.6; 41.0]) pmol/l, while their 
postmenopausal counterparts had 37.7 to 
84.9 (51.1 [40.1; 57.8]) pmol/l. No false 
positives were reported for the controls.

For genetic testing, the research team 
picked two WFDC2 polymorphisms 
(rs2239533 and rs2072956) that were 
tested in two samples diff erent in terms of 
OT presence.

In both groups, the genotypes based on 
the studied polymorphisms occurred in line 
with the Hardy-Weinberg model (p>0.05).

Comparative analysis of rs2239533 prev-
alence identifi ed statistically signifi cantly 
(χ2=4.671, p=0.031) more frequent occur-
rence of the homozygous T/T genotype 
(78.2%) and less frequent occurrence of the 
heterozygous T/C genotype (20.0%) in the 
treatment group compared to the controls 
(57.5%, 42.5%, respectively), see Figure 1. 
Calculating the odds ratio OR showed that 
the T/T genotype was indeed predisposed 
to OT (OR-2.649, (95% CI, 1.081-6.487), 
p=0.042). Genotypes were not found to be 
linked to OT histotypes (p>0.05). 
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Fig. 1. WFDC2 rs2239533 polymorphism occurrence in treated patients and controls
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Fig. 2. WFDC2 rs2072956 polymorphism occurrence in treated patients and controls
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Fig. 3. WFDC2 rs2239533 polymorphism occurrence in BOT and MOT patients
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Fig. 4. WFDC2 rs2072956 polymorphism occurrence in BOT and MOT patients

rs2072956 genotypes were distributed as 
follows in the treatment group: 40 patients 
with the C/C genotype (72.7%), 14 with 
C/G (25.5%) and 1 with G/G (1.8%). 
C/C was nearly as frequent in the control 
group (72.5%, n=29), C/G was found in 
11 (27.5%) patients, see Figure 2. No sig-
nifi cant diff erence was found between the 
groups in terms of rs2072956 genotyping 
(χ2=0.001, p=0.981), genotypes and OT oc-
currence did not correlate (OR=1, 011 (95% 
CI 0.406-2.521), p=0.466).

Next, the treatment group was split 
into two subgroups (1 with BOTs and 
1 with MOTs).

Figures 3 and 4 show the geno-
typic distribution of rs2239533 and 
rs2072956 polymorphisms in BOT and 
MOT patients, respectively.

Genotype distribution did not differ 
signifi cantly between BOT and MOT pa-
tients (for rs2239533 χ2=1.458, p=0.228; for 
rs2072956 χ2=2.983, p=0.085).

Comparing the occurrence rates of 
WFDC2 rs2239533 genotypes between 

the BOT/MOT subgroups and the con-
trols showed that MOT patients were 
more prone to have T/T (88.2%) and less 
prone to have T/C (11.8%) compared to 
the controls (57.5% and 42.5%, respec-
tively; χ2=5.071, p=0.025). rs2239533 T/T 
genotype carriers are therefore at higher 
MOT risk (OR=5.54 (95% CI 1.12-27.54), 
p=0.03).

The polymorphic genotypes did not cor-
relate with the HE-4 marker levels in the 
serum (p=0.153 for rs2239533; p=0.549 for 
rs2072956). However, it was noted that all 
the patients that had HE-4 levels above the 
DZ also had the rs2239533 T/T genotype 
and the rs2072956 C/C genotype.

The sample of this study is ex-
tremely small; however, its results 
could motivate further research into 
WFDC2 polymorphisms.

CONCLUSIONS
Molecular genetic testing showed 

that OT patients had signifi cantly higher 
rs22239533 T/T genotype occurrence than 
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the controls (χ2=4.671, p=0.031). Patients 
were split into histology-based subgroups 
(BOT and MOT groups) to further find 
that rs2239533 T/T genotype carriers were 
prone to have MOTs (OR=5.54 (95% Ci 
1.12–27.54), p=0.03). This requires further 
research and refinement on a larger sample.
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