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Abstract
Objectives: The aim of the investigation was to study the hormonal status (sex hormones: estradiol
(E2), progesterone (P), testosterone (T); non-sex gonadotropic hormones-luteinizing hormone (LH)
and follicle-stimulating hormone (FSH)) of women with benign and malignant tumors of uterine
body in the reproductive, menopause and postmenopause periods. Also the distribution features
of the blood ABO system phenotype groups and their link to the development of uterine body
tumors have been studied. Methods: The determination of hormones was made by the enzyme
analysis method (ELAIZA), provided by the proper ELAIZA kits. For the study of blood ABO system
antigens, internationally recognized immunoserology methods were used. Results: Investigations
revealed the increased level of E2 and T on the background of the reduced P in the blood of the
women with uterine tumors in the reproductive, menopause and post-menopause period. As for
gonadotropic hormones, the decreased levels of LH and FSH have also been detected. From the
ABO system phenotype groups A(II) group had the highest frequency between the women with
malignant uterine tumor in the reproductive age. O (I) phenotype group was the most frequent in
case of menopause and post-menopause women with uterine malignant tumors. Conclusions:
Hormonal imbalance creates good conditions for the proliferation of uterine tissues and hence
causes the development of benign and malignant uterine tumors. The imbalance of the sex steroid
and gonadotropic hormones in the blood of post-menopause women indicates on the genotoxic
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mechanism of cancer development on the background of age-related changes. A(II) group had the
highest frequency between the reproductive age women with uterine malignant tumor, while O (I)
group was the most frequent in case of menopause and post-menopause patients.
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1. Introduction
The uterus is known to be the most sensitive organ towards hormones [1] [2]. Especially the effect of steroids on
endometrial cells must be mentioned, since they regulate the normal functioning of female reproductive system
[2]. Excess of estrogen (steroid hormone) induces the hyperplastic processes in uterine tissue and promotes formation of malignant or benign tumors of uterine body (mainly of myometrium and endometrium) [2]-[4]. As
androgens are precursors of estrogens, their importance must also be mentioned. Increased secretion of androgens induces enhanced estrogenic stimulation of the uterus [5]. Here must be pointed out the influence of steroid
hormones on synthesis and secretion of other hormones (gonadotropins) too [6].
It is well known that content of hormones in the blood of different age group women is diverse. Accordingly,
mechanisms responsible for development of uterine body tumor in different age group women are not the same
[7]. The tendency of uterine tumors rejuvenation must also be taken into account [2]. This fact points to the significance of studying the hormonal status in reproductive, also in menopause and post-menopause women.
Blood ABO system group antigens play a significant role in the functioning of immune system. Moreover
they stimulate development of some malignant tumors [8]. Among them the tumors of woman’s reproductive
organs must be mentioned [9] [10]. According to the recent investigations there is an obvious relationship between the blood ABO system phenotype groups and formation of different tumors [11]-[19]. Therefore, it was
significant to study the peculiarities of blood ABO system group distribution and establish their possible relation
with uterine body tumors.

2. Materials and Methods
For the assesment of hormonal status the blood samples of reproductive (19 - 45 years), menopause (50 - 65
years) and post-menopause (65 - 75 years) women (from Adjara region, Georgia) with benign (fibroadenoma)
and malignant tumors of uterine body had been used. Each study group (control group, benign tumor group, malignant tumor group) was consisted of 10 - 10 patients in case of each separate age group (reproductive, menopause or post-menopause) respectively. Each age group had relevant control group consisted from the women of
same age. In case of reproductive age women blood samples were taken on day 20 of the regular cycle. The immunoenzyme method (ELAIZA) was used for hormone analysis.
Blood samples from the women with malignant tumors of uterine body were tested for investigation the ABO
system antigens. The number of patients was 20 females for each study group (control group and malignant tumor group) from each separate age group. The same number of blood samples of healthy women served as
control. The internationally acknowledged immunoserological methods were applied, while investigating the
antigens of ABO system.
The study was approved by the ethics committee of Georgia and blood samples were collected with informed
consent from patients. The investigations have been performed in 2012 - 2013 years.
Participants of the study were enrolled from Adjara Oncology Centre (Batumi). All the patients belonged to
European (Caucasian) race.
Statistical analysis of experimental data were processed using the variance method, by means of computer
program (Graphpad prisma 6) P < 0.05 was regarded as statistically significant.

3. Results and Discussion
The purpose of the study was to determine the hormonal status of reproductive, menopause and post-menopause
age women with benign and malignant tumors of uterine body. The quantitative changes of steroid hormones–
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Estradiol (E2), Progesterone (P) and Testosterone (T), also non-steroid gonadotropic luteinizing (LH) and follicle-stimulating (FSH) hormones were investigated.
According to our studies content of E2 in the blood of reproductive age patients with uterine benign tumor
was 1.3 times and in malignant cancer patients-2.3 times higher, compared with control (Table 1; Figure 1(a)).
Value of P in case of benign tumor was 2.25 times and in case of malignant growth-3 times lower compared
with the control group (Table 1; Figure 1(b)). While studying variation of T index, it was revealed that in reproductive age women with uterine body tumor its secretion diminished in both benign (1.3 times) and
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Figure 1. Example the quantitative changes of Estradiol; (a) Progesterone (b)
and Testosterone (c) in the blood of women with uterine body tumors. 1. Reproductive period; 2. Menopause period; 3. Post-menopause period.
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Table 1. Alteration of steroid hormone levels in blood of women with uterine body tumors in reproductive, menopause and
post-menopause periods.
Sex Steroid Hormones
Object
Reproductive
E2 (pg/ml)
Control

40.4 ± 0.4

Benign
tumor

55.5 ± 0.03
P = 0.001

P (ng/ml)
0.90 ± 0.06

Menopause
T (ng/ml)

E2 (pg/ml)

0.67 ± 0.009 38.73 ± 0.8

P (ng/ml)
0.83 ± 0.017

Post-menopause
T (ng/ml)

E2 (pg/ml)

P (ng/ml)

T (ng/ml)

0.40 ± 0001 19.46 ± 0.2 0.42 ± 0.017 0.28 ± 0.005

0.4 ± 0.02 0.48 ± 0.004 72.23 ± 0.4 0.22 ± 0.009 1.08 ± 0.09 46.55 ± 0.9 0.1 ± 0.001 0.83 ± 0.006
P < 0.001
P < 0.003
P = 0.001
P = 0.007 P = 0.0028
P = 0.0001
P = 0.0115 P = 0.016

Malignant 95.2 ± 0.8 0.3 ± 0.001 0.35 ± 0.008 99.07 ± 0.5 0.09 ± 0.006 2.38 ± 0.08 57.08 ± 0.2 0.01 ± 0.004 1.23 ± 0.01
tumor P = 0.0001 P = 0.0001
P < 0.001 P < 0.0029
P = 0.056
P = 0.0022 P < 0.0001 P < 0.002
P < 0.001
E2-Estradiol; P-Progesterone; T-Testosterone; n = 10 (amount of patients in each group in case of each age group respectively); P < 0.05.

malignant growth (1.9 times) cases (Table 1; Figure 1(c)).
On the next step of investigations changes in the content of steroid hormones was studied in the blood of menopause age women with uterine cancer. It was revealed that amount of E2 was increased in both benign and
malignant growth cases (Table 1; Figure 2(a)), compared to the control group (1.3 and 2.5 times). As for P index, it decreased sharply by the following order: control group→benign tumor→malignant growth (Table 1;
Figure 2(b)). It must be mentioned that on the background of evidently raised E2 and decreased P, content of T
was clearly increased in blood of patients with uterine benign tumor (2.7 times) and malignant tumor (5.95) as
well (Table 1; Figure 2(c)).
The study of the blood of post-menopause women with uterine tumors has revealed that with aggravation of
the disease amount of E2 sharply increased (Table 1; Figure 3(a)) on the background of diminished P (Table 1;
Figure 3(b)). As for T, its level rose in both groups of patients with uterine benign and malignant tumor (Table
1; Figure 3(c)).
It is well known that hypophysis regulates the synthesis of estrogens and progesterone in ovary by means of
gonadotropic hormones [6]. Moreover, secretion of gonadotropic hormones is regulated by steroid hormones (E2,
P) [20]. Accordingly, on the next step of investigations quantitative changes of non-steroid gonadotropic follicle-stimulating (FSH) and luteinizing (LH) hormones has been studied in the blood of reproductive, menopause and post-menopause age women for establishing the role of changes taking place in the system: hypophysis-ovary; hypophysis-adrenal gland, in formation of uterine benign and malignant tumors in above mentioned
age groups.
According to the experimental results in the blood of reproductive age women with uterine benign or malignant tumors content of both FSH (~2.2 fold) and LH increased (Table 2; Figure 1(a) and Figure 1(b)). In menopause age patients with uterine benign or malignant tumors rise of FSH and LH compared with control was
also observed, like the reproductive age group (Table 2; Figure 1(b) and Figure 2(a)).
According to the gained results, in post-menopause women with the same diseases decrease of FSH was mentioned. As for LH, in the blood of patients with malignant tumor it remained almost the same, while in benign
tumor patients amount of LH diminished (Table 2; Figure 3(a)).
Thus, quantitative studies of blood steroid hormones (E2, P, T), gonadotropic-luteinizing (LH) and folliclestimulating (FSH) hormones in the blood of reproductive, menopause and post-menopause age women with uterine benign and malignant tumors made possible to suppose that increase of estradiol in the blood of reproductive and menopause age patients with uterine benign tumor and its sharper gain in uterine malignant tumor patients (Figure 1 and Figure 2) may be stipulated by the functional condition of the reproductive system: inflammatory and infective processes, disorders in menstrual cycle, defective second phase in the menstrual cycle
and undeveloped yellow body, low level of progesterone. Sharp increase of estradiol on the background of significant deficiency of progesterone may be responsible for the target organ-uterus tissues stimulation and formation of benign (fibromyoma, myoma) or malignant tumors in reproductive and menopause age women. As for
increase of testosterone level in the blood of menopause and post-menopause patients with uterine benign or
malignant tumors, this may be caused by the functional condition of the reproductive system, in particular, by
the hyperplasia of ovary theca tissue, which, according to clinical data, is usual phenomenon in most patients. In
addition to above mentioned, significant rise in testosterone content in menopause and post menopause age patients both with uterine benign or malignant tumors, may be the result of increased amount of androstendione
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Figure 2. Example The quantitative changes of Luteinizing hormone (a) and Follicle-stimulating
hormone (b) in the blood of women with uterine body tumors. 1. Reproductive period; 2. Menopause period; 3. Post-menopause period.
Table 2. Alteration of gonadotropic hormones level in blood of women with uterine body tumors in reproductive, menopause and post-menopause periods
Gonadotropic Hormones
Object
Reproductive

Control
Benign tumor

Malignant tumor

LH (U/L)

FSH (U/L)

6.7 ± 0.01

10.2 ± 0.05

9.1 ± 0.05
P = 0.007
14.6 ± 0.5
P = 0.006

Menopause
LH (U/L)
8.2 ± 0.8

Post-menopause

FSH (U/L)

LH (U/L)

11.05 ± 0.3

10.3 ± 0.8

22 ± 0.4

7.2 ± 0.05

20 ± 0.6

P = 0.0001

P<0.001

22 ± 0.6

11.2 ± 0.5

25 ± 0.5

P = 0.0008

P = 0.0008

P = 0.001

FSH (U/L)

29.8 ± 0.05

28.4 ± 0.7

30.5 ± 0.8

9.5 ± 0.3

18 ± 0.7

P < 0.003

P < 0.016

P = 0.0033

P = 0.002

P < 0.006

LH-luteinizing hormone; FSH-follicle-stimulating hormone; n = 10 (amount of patients in each group in case of each age group respectively); P < 0.05.
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(androgen) and its enhanced conversion (as the pre-hormone) into testosterone.
Concerning the quantitative changes of gonadotropic (luteinizing (LH)) and follicle-stimulating (FSH) hormones (Figure 2(a); Figure 2(b)) we suppose, that sharp gain of estradiol content in blood is in positive feedback relation with hypothalamus-hypophysis system and as a result, increase of follicle-stimulating (FSH) and
luteinizing (LH) hormones takes place both in reproductive and menopause age women. Moreover, in little
amounts progesterone increases the effect of estrogens and/or is responsible for intensification of gonadotropins
secretion by the negative feed-back mechanism. Here must be mentioned that decreased level of FSH in postmenopause patients with uterine malignant tumor may be caused by the functional status of the reproductive
system, by the diversity of histological forms of the tumor and its differentiation degree [2] [20].
Thus, investigations have revealed that changes in hypophysis-ovary system possess priority over the pathogenesis of uterine benign tumor in reproductive age, while in cases of malignant growth in menopause and postmenopause period changes in hypophysis-adrenal gland system play the major role. Above mentioned changes
from its side, must have significant effect on the running of disease and its progression.
According to literary data there is a relation between blood groups and formation of different tumors [11]-[19].
The blood groups serve as prognostic markers in tumors investigation [21].
According to all above mentioned the purpose of our study was also to investigate the peculiarities of blood
ABO system phenotypic groups distribution and their relation with the formation of uterine body tumors.
Four phenotypic groups (O(I), A(II), B(III), AB(IV)) were revealed in the blood of control as well as in blood
of women with uterine malignant tumor in reproductive, menopause and post-menopause age.
In case of reproductive age women, O(I) group of the blood ABO system had the highest frequency of distribution among control group patients, while A(II) phenotypic group was most common in case of patients with
malignant uterine body tumors. So uterine malignant growth may be associated with A(II) group. As for the
B(III) group in control variants, its distribution was clearly limited compared with O(I) and A(II) phenotypic
groups, but was twice higher in case of patients with uterine malignant tumor (Table 3; Figure 3).
All four phenotypic groups of the blood ABO system-O(I), A(II), B(III), AB(IV) were revealed among menopause age women with uterine malignant growth. O(I) phenotypic group had the highest index of distribution in
control group (Table 3; Figure 3) and Distribution of A(II) phenotypic group was highest in patients with malignant uterine tumor. Comparatively low was the frequency of B(III) group. AB(IV) group was not found at all
in menopause age women with uterine malignant growth (Table 3; Figure 3). Interesting results were received
in control variants too. O(I) phenotypic group appeared to have the highest distribution here also. The second
was A(II) phenotypic group, while frequency of distribution of B(II) and AB(IV) phenotypic groups of the blood
ABO system were equally low (Table 3; Figure 3).
Investigations of post-menopause patients with uterine malignant tumor revealed the highest extent of distribution of O(I) phenotypic group. Quite high was distribution of A(II) phenotypic group too (Table 3; Figure 3).
B(III) and AB(IV) phenotypic groups were clearly low in uterine malignant tumor patients, while in control
group of post-menopause women B(III) phenotypic group of blood ABO system was sharply low, and AB(IV)
group was not identified at all. The dynamic of distribution of O(I) and A(II) phenotypic groups in the control
variants of post-menopause women was the same as in uterine malignant tumor patients (Table 3; Figure 3).
Table 3. Distribution characteristics of blood ABO system groups in blood of women with uterine body tumors in reproductive, menopause and post-menopause periods.
Phenotype groups of
ABO system

Reproductive
control

Menopause

malignant
tumor

control

malignant
tumor

Post-menopause
control

malignant
tumor

0 (I)

60% ± 10.6%

20% ± 8.9%

65% ± 10.6%

55% ± 11.1%

55% ± 11.1%

60% ± 10.9%

A (II)

30% ± 10.2%

65% ± 10.6%

25% ± 10.2%

40% ± 10.6%

40% ± 10.2%

30% ± 10.6%

B (III)

5% ± 4.8%

10% ± 6.7%

5% ± 4.8%

5% ± 4.8%

5% ± 4.8%

5% ± 4.8%

5% ± 4.87%

5% ± 4.8%

0% ± 0%

5% ± 4.8%

AB (IV)

5% ± 4.8%

n = 20 (amount of patients in each group in case of each age group respectively); P < 0.05.
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Figure 3. Distribution frequencies of blood ABO system phenotype groups in
the blood of women with uterine body tumors. 1-0(I); 2-A(II); 3-B(III); 4AB(IV). (a) Reproductive period; (b) Menopause period; (c) Post-menopause
period.

4. Conclusions
Thus, a wide spectrum of hormonal imbalances has been revealed in patients with benign and malignant tumor
of uterine body in case of reproductive, menopause as well as in case of post-menopause age group. However,
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these changes were the most prominent in case of malignant tumor. Hormonal imbalance creates good conditions for the proliferation of uterine tissues and hence contributes to the development of benign and malignant
uterine tumors.
Investigations have revealed that in reproductive age patients changes in hypophysis-ovary system possess
priority in the pathogenesis of uterine benign and malignant tumor, while in cases of malignant growth in menopause and post-menopause period changes in hypophysis-adrenal gland system play the major role. Above
mentioned changes from its side, must have a significant effect on the running of disease and its progression.
The imbalance of the sex steroid and gonadotropic hormones (Decreased level of Progesterone, Increased level
of sex hormones and reduced gonadotropic hormones) in the blood of post-menopause women indicates the genotoxic mechanism of cancer development on the background of age-related changes.
From the ABO system phenotypic groups A(II) group had the highest prevalence among the reproductive age
women with malignant uterine body tumors, while in the blood of menopause and post-menopause age patients, O
(I) phenotypic group was the most common.
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