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In the article, a genetic study of biological samples from uterine cavity aspirate was performed in patients with serous ovarian carcinoma in 
order to identify gene mutations characteristic of ovarian tumor lesions.  It has been proven that the aspiration from the uterine cavity contains 
diagnostically significant numbers of cells or fragments of ovarian cancer cells necessary for molecular genetic analysis and detection of mutations 
in the TP53, FAT3, CSMD3, BRAF, and KRAS genes. Mutations of the BRCA1/2 genes are rare. The detection of TP53, FAT3, CSMD3, BRAF, 
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Introduction. Ovarian cancer is the 
ninth most common type of cancer in 
women in Russia, accounting for approx-
imately 3,7% of all cancers and 4,7% of 
deaths among patients with oncological 
pathology [2]. Malignant ovarian tumors 
occupy the first place among the caus-
es of death of women with oncogyne-
cological pathology [16].  Most cases of 
ovarian cancer are first diagnosed at late 
stages, which is due to the lack of effec-
tive methods of early diagnosis and the 
almost asymptomatic course of the dis-
ease [11]. It is extremely difficult to iden-
tify clear clinical signs of ovarian tumors, 
which explains the interest of oncologists 
in the risk factors for the development of 
this pathology and the development of ef-
fective methodological approaches for its 
early detection [14].

The use of ultrasound, tomographic 
(X-ray and magnetic resonance) diag-
nostic methods helps to identify malig-
nant ovarian pathology in many ways, but 
these approaches cannot be considered 
as generally available to a wide range of 
women, especially at the screening stage 
[8]. Unfortunately, the determination of 
the concentration of adenogenic cancer 
antigen CA-125, the secretory protein of 
human epididymis 4 (HE4) in the blood, 
is of little informative value for detecting 
ovarian cancer at the initial stages [13]. 
In clinical practice, multiple determination 
of markers in the blood is used primarily 
to monitor treatment results and timely 
detect relapses [15].

Recently, there has been a growing 
number of proponents that screening 
should be performed only for primary 
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epithelial serous ovarian tumors, as they 
are the main cause of mortality from this 
disease [16]. Currently, it has been es-
tablished that the majority of highly dif-
ferentiated serous ovarian carcinomas 
occur in the fimbriae of the fallopian tube 
funnels [12]. It has been proven that cir-
culating tumor cells in ovarian cancer, 
and especially when the tumor process 
spreads to the fallopian tubes, enter the 
uterine cavity through the fallopian tubes 
and concentrate in the uterine cavity [10]. 
For this reason, aspirate from the uterine 
cavity obtained by Pipel biopsy, which is 
regularly performed in women of pre- and 
postmenopausal age, especially in the 
presence of risk factors for oncogyne-
cological diseases, becomes a valuable 
biological medium for the detection of 
ovarian cancer. Biological samples taken 
near the tumor process are always more 
informative for detecting diseases than 
venous blood.  

Scientific papers have proved that 
DNA of ovarian cancer cells is detected 
in the biological medium obtained for the 
detection of cervical cancer during liquid 
cytology and uterine body cancer during 
aspiration biopsy [1,6]. The use of uterine 

aspirate, which contains the contents of 
the fallopian tubes and peritoneal fluid in 
contact with the ovaries, as well as cir-
culating tumor cells, can be considered 
as an alternative medium to blood serum. 
Consideration of the risk stratification of 
ovarian cancer is also aimed at improving 
the effectiveness of screening by identify-
ing those most at risk of the disease [8]. 
In this regard, the aim of the work was 
to evaluate the frequency of mutations of 
genes characteristic of ovarian tumor le-
sions in uterine aspirate cells in patients 
with serous ovarian carcinoma, taking 
into account the degree of malignancy of 
tumor cells and comorbid pathology.  

Materials and methods. Two groups 
were formed for the study: the main group 
and the control group. The main group 
included 274 patients with newly diag-
nosed ovarian cancer. The control group 
consisted of 226 women of the same age 
as the main group, but without oncogy-
necological pathology, who attended pre-
ventive gynecological examinations with 
a Pipel aspiration biopsy. Depending on 
the presence or absence of morbid obe-
sity in the main and control groups, 1 and 
2 subgroups were distinguished. The cri-

terion for morbid obesity was an increase 
in BMI of more than 40 kg/m2. Morbid 
obesity is a known risk factor for oncogy-
necological pathology [7]. In the patients 
of the main group, morbid obesity was 
found in 67 people (1 main subgroup), 
and in 207 women it was absent (2 main 
subgroup). In the control group, morbid 
obesity was detected in 47 (1 control sub-
group), and in 179 women it was absent 
(2 control subgroup).

When including patients in the main 
group, the following criteria were fol-
lowed: primary diagnosis of ovarian can-
cer; serous ovarian carcinoma by his-
tological type; absence of cancer of the 
body and cervix; collection of a biological 
sample before the start of antitumor treat-
ment.

The exclusion criteria were as follows: 
oncological diseases of other localiza-
tion; decompensation of somatic diseas-
es with the development of functional 
insufficiency of the main life-supporting 
systems (cardiac, respiratory, renal, liver 
failure).

The study was approved by the Ethics 
Committee of the Federal State Budget-
ary Institution "NMIC of Oncology" of the 

Initial general characteristics of patients in clinical groups

Indicator
The main group (n=274) Control group (n=226)

р
1 subgroup (n=67) 2 subgroup (n=207) 1 subgroup (n=47) 2 subgroup (n=179)

Age, years (M±m) 55.3±1.54 58.4±1.49 58.6±0.66 59.4±1.12
р1=0.81
р2=0.92
р3=0.84
р4=0.95

BMI, kg/m2 (M±m) (M±m) 44.9±1.92 23.1±1.54 40.9 ±1.67 22.3±1.38
р1<0.001
р2<0.001
р3=0.67
р4=0.85

Insulin resistance, abs. (%) 67 (100) 4 (1.9) 47 (100) 2 (1.1)
р1<0.001
р2<0.001
р3=1.0
р4=0.98

Diabetes mellitus, abs. (%) 31 (46.3) 3 (1.4) 16 (34) 1 (0.6)
р1<0.001
р2<0.001
р3=0.19
р4=0.98

Grade of malignancy, abs.(%): 
low grade
high grade

9 (13.4)
58 (86.6)

44 (21.3)
163 (78.7) - - р1=0.16

Stage, abs.(%): 
IIA
IIB
IIIA1
IIIA2
IIIB
IV

8 (11.9)
13 (19.4)
19 (28.4)
15 (22.4)
11 (16.4)
1 (1.5)

24 (11.6)
39 (18.8)
63 (30.4)
48 (23.2)
31 (15)
2 (1)

- - р1=0.99

Note: p1 is the p–value when comparing 1 and 2 main subgroups, p2 is the p–value when comparing 1 main and 1 control subgroups, p3 is the 
p-value when comparing 2 main and 2 control subgroups, p4 is the p-value when comparing the indicators of 2 main and 2 control subgroups.

Table 1
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Ministry of Health of the Russian Fed-
eration. All patients reviewed and gave 
written informed consent to be included 
in the study.

The patients of the corresponding 
main and control subgroups did not differ 
in terms of age, BMI, or the frequency of 
concomitant diseases. In the case of mor-
bid obesity, the frequency of insulin resis-
tance and diabetes mellitus was higher 
in both the main and control groups. All 
women with morbid obesity had insulin 
resistance syndrome.

In the main group, the frequency of 
high-grade malignancy (low differentia-
tion of cancer cells) was higher than the 
frequency of low-grade malignancy (high 
and moderate differentiation), regardless 
of the presence or absence of morbid 
obesity. Advanced stages of ovarian can-
cer (III-IV) were more common than ear-
ly stages (I-II) in both the 1st (88.1% vs. 
11.9%) and 2nd (88.4% vs. 11.6%) main 
subgroups.

The study was to determine in cells 
from the uterine cavity aspirate somatic 
mutations specific for ovarian cancer. 

From the uterine cavity aspirate ob-
tained by the Pyle biopsy, DNA was isolat-
ed using the AllPrep kit (Qiagen) accord-
ing to the manufacturer's instructions. 
Five volumes of RLTM buffer (Qiagen) 
were added to the uterine aspirate sam-
ples when the amount of liquid was ≤3 
ml. When the volume of liquid exceeded 
3 ml, cells and cell fragments were pre-
cipitated by centrifugation at 1000 rpm for 
5 min, and the precipitate was dissolved 
in 3 ml of RLTM buffer (Qiagen).

Purified DNA was amplified in three 
multiplex PCR reactions using primers 
for the amplification of 110- to 142-nu-
cleotide segments of the genes studied: 
BRAF, KRAS, TP53, CSMD3, FAT3, 
BRCA1, and BRCA2. Three multiplex 
reactions were performed for each sam-
ple from a single patient, each containing 
non-overlapping amplicons. Each sam-
ple was evaluated in two duplicate wells. 
To improve the detection of low-frequen-
cy mutations, we used the Safe-SeqS 
(Safe-Sequencing System) technology, 
which assigns a unique identifier to each 
template molecule. PCR fragments with 
the same unique identifier were consid-
ered mutant only if they contained an 
identical mutation in 95% or more of the 
cases. To characterize each gene muta-
tion, we calculated the minor allele fre-
quency (MAF).

The statistical analysis of the study re-
sults was performed using the STATISTI-
CA 12.0 program (StatSoft, USA).

Results and discussion. A complex of 
genes with recurrent somatic mutations 

characteristic of serous ovarian adeno-
carcinomas was identified according to 
a meta-analysis of the results of genet-
ic studies of tumor cells in 489 patients 
within the Cancer Genome Atlas project 
[9]. According to the summarized results, 
in serous ovarian cancer, especially in 
cases with a high degree of malignancy, 
mutations in the TP53 gene are detected 
in 100% of cases, and mutations in the 
BRCA1/BRCA2, BRAF, KRAS, CSMD3, 
and FAT3 genes are also detected with a 
certain frequency [9].

All patients in the main group did not 
have cervical or uterine body cancer, 

and the diagnosis of ovarian serous ad-
enocarcinoma was verified by ultrasound 
and tomography. All patients in the main 
group underwent surgery. The histolog-
ical examination of tumor samples re-
vealed the histotype of the tumor (serous 
carcinoma) and the grade of malignancy 
of the tumor cells. Before starting specific 
antitumor treatment, the patients of the 
main group underwent a standard liquid 
cervical cytology examination and a Pyle 
aspiration biopsy. The women of the con-
trol group underwent a Pyle aspiration 
biopsy as part of their preventive gyneco-
logical examinations.

Frequency of gene mutations in uterine cavity aspirate samples in patients with ovarian 
cancer and in the control group

The
gene

The main group (n=274) The control group (n=226)

р1 subgroup
(n=67)

2 subgroup
(n=207)

1 subgroup
(n=47)

2 subgroup
(n=179)

Abs. % Abs. % Abs. % Abs. %

TP53 63 94.0 202 97.6 1 2.1 2 1.1
р1=0.16
р2<0.001
p3<0.001
р4=0.95

KRAS 7 10.4 18 8.7 - - 1 0.6 р1=0.67
p3<0.001

BRAF 7 10.4 20 9.7 - - - - р1=0.85
CSMD3 11 16.4 31 15.0 - - - - р1=0.78

FAT3 28 41.2 37 17.9 5 10.6 - -
р1=0.49

р2=0.0001
р4<0.001

BRCA1 5 7.5 9 4.3 1 2.1 - - р1=0.32
p2=0.89

BRCA2 3 4.5 5 2.4 - - - - р1=0.38

Note. p1 – the value of p when comparing the 1st and 2nd main subgroups, p2 – the value of p 
when comparing the 1st main and 1st control subgroups, p3 – the value of p when comparing 
the 2nd main and 2nd control subgroups, p4 – the value of p when comparing the indicators 
of the 2nd main and 2nd control subgroups.

The frequency of gene mutations in aspirate samples from the uterine cavity in patients 
in the main group, depending on the degree of malignancy

The gene
The degree of malignancy

plow (n=55) high (n=219)
Abs. % Abs. %

TP53 46 83.6 219 100.0 <0.001
KRAS 21 38.2 4 1.8 <0.001
BRAF 24 43.6 3 1.4 <0.001

CSMD3  - - 42 19.2 0.002
FAT3 1 1.8 64 29.2 <0.001

BRCA1 1 1.8 13 5.9 0.33
BRCA2 -  - 8 3.7 0.15

Table 2

Table 3
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In the uterine cavity aspirate of pa-
tients with ovarian cancer, mutations of 
the TP53 gene were found in the majority 
of cases (265/274, 96.7%). In one-fifth 
of the cases (65/274, 23.7%), patients 
in the main group had mutations in the 
FAT3 gene, in 15.3% (42/274), in the 
CSMD3 gene, in one-tenth of the cases 
of the BRAF genes (27/274, 9.9%) and 
KRAS (25/274, 9.1%). Mutations of the 
BRCA1/2 genes were rare (22/274, 8%). 

Morbid obesity did not affect the fre-
quency of gene mutations in patients with 
ovarian cancer, except for the FAT3 gene 
(Table 2). Mutations of the FAT3 gene 
were more common in patients with mor-
bid obesity in the main group. In the con-
trol group, there were only a few cases 
of mutations in the studied genes. In the 
1st control subgroup with morbid obesity, 
mutations of the FAT3 gene were found in 
one-tenth of the cases (10.6%). Conse-
quently, mutations in the FAT3 gene were 
associated with both ovarian cancer and 
morbid obesity.

Among the patients of the main group, 
a low degree of malignancy of tumor cells 
(low grade) occurred in 55 (20,1%), and a 
high degree of malignancy of cancer cells 
prevailed in frequency (n=219, 79,9%). 
The characteristics of the effect of the de-
gree of malignancy on the distribution of 
patients with gene mutations are present-
ed in Table 3.

In patients with low-grade serous 
ovarian carcinoma, mutations were found 
in the TP53 (83,6%), BRAF (43,6%), and 
KRAS (38,2%) genes in uterine aspi-
ration cells. In patients with high-grade 
serous ovarian carcinoma, the number 
of genes and the frequency of their muta-
tions were higher: TP53 gene mutations 
were detected in all patients, FAT3 in 
29,2%, CSMD3 in 19,2% and BRCA1/2 
in 9,6%. 

According to literature data, mutations 
in the BRAF, KRAS, and CSMD3 genes 
activate uncontrolled growth of tumor 
cells, which leads to an increase in tumor 
size and rapid metastasis [5]. Point muta-
tions of the FAT3 gene are simultaneous-
ly associated with both the development 
of ovarian cancer and impaired carbo-
hydrate metabolism [4]. The TP53 gene 
acts as an oncosuppressor. The mutant 
P53 protein can activate genes that stim-
ulate tumor growth, metastasis, and re-
sistance to chemotherapy of cancer cells 
[5]. Mutations in the BRCA1 and BRCA2 
genes lead to an increased risk of certain 
malignancies. The main function of the 
proteins encoded by these genes is to 
maintain DNA integrity. With mutations of 
the BRCA1 and BRCA2 genes, the cell's 

ability to repair DNA decreases, which 
leads to the accumulation of genetic er-
rors [3]. 

Thus, we performed targeted sequenc-
ing of certain genes that are often mutat-
ed in ovarian cancer. The most important 
fact of the study was the proof that in the 
early and late stages of ovarian cancer, 
diagnostically significant numbers of cells 
or fragments of tumor cells necessary for 
molecular genetic analysis are present in 
the aspirate from the uterine cavity.  This 
circumstance indicates the effectiveness 
of a genetic test in the examination of 
uterine cavity aspirate for early detec-
tion of ovarian tumor lesions. If ovarian 
tumors are detected at a late stage with 
a positive genetic test for mutations in 
the BRAF, KRAS, TP53, CSMD3, FAT3, 
BRCA1, and BRCA2 genes, then this cir-
cumstance may also be beneficial. One 
of the most important prognostic indica-
tors for ovarian cancer is the size of the 
residual tumor after surgical removal. 
The earlier ovarian cancer is diagnosed 
at a late stage, the smaller the total tumor 
volume and the higher the probability of 
optimal tumor removal. In addition, it is 
possible that a small volume of the tumor 
will be more sensitive to cytotoxic chemo-
therapy than a large, voluminous tumor 
characteristic of symptomatic serous car-
cinoma of high malignancy.

Conclusions
1. In biological samples, aspiration 

biopsy by Pipel in patients with ovarian 
serous carcinoma revealed mutations in 
96,7% of the TP53 gene, 23,7% of the 
FAT3 gene, 15,3% of the CSMD3 gene, 
9,9% of the BRAF gene and 9,1% of the 
KRAS gene. BRCA1/2 gene mutations 
are rare (8%). 

2. In patients with high-grade serous 
ovarian carcinoma, the frequency of mu-
tations in the TP53, FAT3, CSMD3, and 
BRCA1/2 genes is higher than in low-
grade tumors.  

3. In patients with serous ovarian car-
cinoma with morbid obesity, the frequen-
cy of FAT3 gene mutations increases.

4. The detection of mutations of TP53, 
FAT3, CSMD3, BRAF, and KRAS genes 
in uterine aspirate cells requires further 
active diagnostic search for the detection 
of ovarian serous carcinoma.

The authors declare no conflict of in-
terest.
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