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Type 2 diabetes (T2D), which is an epidemic of the 20th century, increases mortality, caused not only by cardiovascular diseases
but also cancer. Pathogenetic factors of T2D lead to dysfunction of intracellular regulatory systems, particularly of PI3K/Akt/mTOR
signaling pathway, which is involved in development of breast and endometrial cancer. During the study, the activation of this path-
way by cancer and T2D was examined by determining the content of phosphorylated PRAS40 and p70S6K 1. We studied the link
between these kinases and pathogenetic factors of T2D. 65 women were examined. Patients were divided into four groups: I —
healthy, Il — women with T2D, III — women with cancer without diabetes, IV — women with cancer and T2D. Level of HbAlc was
determined by the ion-exchange chromatography. Levels of insulin, IGF-1, phospho-PRAS40, phospho-p70S6K 1 were determined
in PBMCs by immune-enzymatic methods. According to research results, significant hyperinsulinemia was detected in both groups
with T2D. The highest level of insulin was in group II. A significantly higher level of IGF-1 was found only in patients with cancer of
group III. The content of phospho-PRAS40 and phospho-p70S6K1 was higher in women with T2D of group II and in women with
cancer of group IIL. Patients in group IV with combination of cancer and T2D had a lower level of phospho-PRAS40 in comparison
to other groups. Phospho-PRAS40 in group II correlates with insulin, IGF-1 and HbA lc; in groups III and IV only with BMI. Phos-
pho-p70S6K1 correlates with IGF-1 and with HbAlc in group II. Pathogenetic factors of T2D activate the signal path
PIBK/Akt/mTOR, which is involved in the regulation of oncogenesis and metabolism. Phosphorylation of PRAS40 and p70S6K1
reflects the activation of P13K/Akt/mTOR pathway in women with T2D. Increased levels the phospho-PRAS40 and phospho-
p70S6K1 can be used as early markers of oncogenesis in women with T2D.
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Introduction

Patients with T2D have an increased risk of certain localized can-
cers, including breast, endometrial (Joung et al., 2015), pancreas (Beg
et al., 2014), prostate (Gang et al., 2015), liver and intestine cancer (Har-
ding et al., 2015; Zhu et al., 2017; Vatseba & Sokolova, 2018). Consi-
dering the prevalence of diabetes mellitus (DM) nowadays, the impres-
sive increase in the incidence of oncological diseases could well be rela-
ted to this background pathology. A scientific discussion about cancer
as a possible consequence of DM or DM as a paraneoplastic syndrome
is being conducted. Both hypotheses may be correct.

Breast and endometrial cancer are some of the most common types of
cancer in women in the postmenopausal period (Lykholat et al., 2016).
Among the mechanisms of the association of this cancer and T2D are the
effects of hyperinsulinemia, obesity, cytokine imbalance and hyperglyce-
mia (Garcia-Jiménez et al., 2015; Hendriks et al., 2018).

Excessive insulin causes mutational effects through insulin recep-
tors (IR) and insulin-like growth factor receptors (IGF-R), contributing
to the malignant transformation of healthy cells by stimulating mitotic
processes and suppressing apoptosis (Ferroni et al., 2016). Obesity in
patients with T2D leads to estrogen-dependent endometrial and breast
cancer due to hyperestrogenism, which is caused by excessive periphe-
ral aromatisation of androgens in adipose tissue (Joung et al., 2015). Cy-
tokine imbalance, caused by obesity, is an important factor of oncoge-
nesis in patients with T2D. Pro-cancer effects of tumour necrosis factor-
o (TNF-w), interleukin-6 (IL-6) and leptin, which contribute to hyperes-

trogenemia and growth of estrogen-dependent tumour cells, have been
proved. Leptin receptors (Lep-R) in mammary gland cells are considered
as a marker of an unfavourable disease prognosis (Pan et al., 2018). Adi-
ponectin, on the other hand, has insulin-sensitive and oncoprotective pro-
perties (Gu et al., 2018). Hyperglycemia is also a potent factor for oncoge-
nesis in patients with diabetes. Glucose causes not only endocrine (insulin
secretion), but also progenotoxic (generation of reactive oxygen species
(ROS)) effects, which are associated with mitochondrial damage. Hyper-
glycemia enhances cell proliferation (Chang et al., 2016).

It is proved that these pathogenetic factors of T2D cause changes
on the level of intracellular regulatory systems. PI3K/AKT/mTOR is
one of the most important signalling pathways in the cell. Under normal
conditions it provides its livelihood, regulates the synthesis of proteins
and lipids, suppresses gluconeogenesis and lipolysis and also affects
insulin sensitivity. However by severe dysmetabolism, excessive stimu-
lation of protein kinases of this system causes oncogenic effects. Activa-
tors of this signalling system are growth factors, amino acid deficiency,
hypoxia and oxidative stress (Saxton & Sabatini, 2017).

The role of PI3K/AKT/mTOR in breast and endometrial cancer has
been proved in a lot of research (Chen et al., 2014; Guerrero-Zotano et
al,, 2016; Hare & Harvey, 2017). Today the study of influence of pa-
thogenetic factors of T2D on the functioning of this signalling system
continues. Under the influence of excess insulin and IGF-1 phosphoino-
sitide 3-kinase (PI3K) the serine/threonine protein kinase cascade is
activated, in particular, phosphoinositide-dependent kinase-1 (PDK-1),
the substrate of which is Akt from the family of protein kinases B. Akt
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through phosphorylation processes affects the activity of mTOR (mam-
malian target of rapamycin), which is a key coordinator of the adaptive
mechanisms of cell survival. mTOR includes two complexes: mTORCI1
and mTORC?2. Raptor and PRASAO (proline-rich Akt substrate of 40 kDa)
are specific for mTORC1, and for mTORC2 — rictor and mSin1. These
complexes interact with different substrates and initiate various signal-
ling pathways. The phosphorylation of PRAS40 leads to the dissocia-
tion of PRASA40 with raptor in the mTORC1 complex, which promotes
activation of mTOR. Increased levels of phospho-PRAS40 were re-
vealled in several types of tumours, including tumours of the endome-
trium, cervix and ovaries (Malla et al., 2015; Lv et al., 2017).

Activation of mTOR results in phosphorylation and change in the
functional activity of S6K-protein kinase (p70S6K), which is responsi-
ble for protein synthesis in ribosomes and regulates growth, prolifera-
tion, apoptosis, cell survival, as well as metastasis and invasion of can-
cer cells. Phospho-p70S6K also affects the insulin receptor and enhan-
ces the state of insulin resistance. Today the ability of p70S6K to activate
estrogen receptors in cells of mammary glands is known (Holz, 2012;
Karlsson et al., 2015).

Thus, numerous studies prove the negative influence of pathogene-
tic factors of T2D on the functioning of intracellular systems of regula-
tion of metabolic processes and recovery. Phosphorylated PRAS40
(phospho-PRAS40) and p70S6K (phospho-p70S6K) can be important
for early recognition of oncogenic processes in patients with T2D.

As peripheral blood mononuclear cells (PBMCs), lymphocytes and
macrophages involved in the pathogenesis of diabetes and cancer, the
activity of protein kinases in these cells may reflect the activation of
oncogenesis by both diseases.

The aim of the study was to investigate the activation of
PIBK/AKT/mTOR in women with T2D and breast and endometrial
cancer by studying PRAS40 and p70S6K1 phosphorylation and to exa-
mine its link with pathogenetic factors of T2D.

Materials and methods

The clinical trial was carried out in accordance with the guidelines
of the Helsinki Declaration (1975). All patients signed an informed
consent for further diagnostic and research work. During the study
65 women were examined. Patients were divided into groups: I — heal-
thy (control group, n = 10), Il - women with T2D (n= 15), IIl - women
with breast and endometrial cancer without T2D (n = 20), [V — women
with combination of cancer and T2D (n = 20). Patients were grouped
according to age and BMI.

Therapy for patients with DM in groups II and IV included various
combinations of hypoglycemic pills and insulin. Patients with cancer
were those who were proven to have malignant tumours and who were
prescribed antitumour treatment. Blood collection was carried out be-
fore the chemotherapy or hormonal therapy.

The content of PRAS40 [pT246] was determined in PBMCs using
the ELISA kit KHO0421 Invitrogen company (USA), content of
p70S6K1 (Total/ Phospho) — using the ELISA kit 85-86053 Invitrogen
company (USA). Immediately after collection, blood was centrifuged
using Histopaque 1077 Sigma (USA). The obtained white blood cells
were washed and frozen at —80 °C before use. The cells were lysed in a
buffer for extraction using a kit containing protease and phosphatase
inhibitors. Studies were conducted in triplets. The concentration of
protein in lysate was determined using the Novagen kit “BCA protein
assay kit” (USA). Measurements were carried out with a microplate
reader of the company “Bio-tek Instruments” (USA) at a wavelength of
450 nm. Insulin and IGF-1 levels were determined using the automatic
analyzer Stat fax 303+ (USA) using diagnostic kits Insulin ELISA,
EIA-2935 and IGF-1 600 ELISA, EIA-4140 DRG company (Germa-
ny). DM compensation was assessed by determining the level of HbAlc
by the method of ion-exchange chromatography, using the BIO-RAD D-
10 analyzer, the BIO-RAD (USA) reagents. PRAS40, insulin, IGF-1 and
HbA ¢ levels were determined in units, according to the study guide; the
level of p70S6K 1 was determined in conventional units, depending on the
amount of protein in the blood cell lysates, according to the protocol of the
study.

Analysis of the data was carried out using Statistica 12.0 (StatSoft
Inc., USA) program. The data are presented in the tables as x &= SD (x +
standard deviation). Differences between the values in the control and
experimental groups were determined using the Tukey test, where the
differences were considered reliable at P < 0.05 and P < 0.001 (taking
into account the Bonferroni Correction).

Results

It has been found that breast and endometrial cancer occur in post-
menopausal women with T2D on the background of obesity. The ave-
rage age of the women in group IV, in whom cancer appeared on a
background of T2D, was in the range 59—77 and duration of diabetes up
to 10 years (Table 1).

Table 1
Characteristics of age, BMI and duration
of DM of patients involved in the study (x = SD)

Group I, Group I, Group I,  Group IV,

Indexes control group, T2D, Cancer, T2D with
n=10 n=15 n=20 cancer, n=20

Age, years 589+89" 558+58  61.7+£81" 622+6.7T

BMI, kg/m® 202+38 319433  327+35  309+53°

Duration of DM, years ! 106£89" —* 60+3.7°

Note: different letters indicate values which reliably differed one from another
within one line of the table according to the results of comparison using the Tukey
test with Bonferroni Correction, * — duration of DM for women without diabetes
was not determined.

According to the results, by the level of HbAlc, 33.3% of patients
in group II with T2D had compensated DM, 13.3% — subcompensated,
53.3% — decompensated (Fig. 1).

13.3%

Fig. 1. Compensation of diabetes in women of group II with T2D:
white — compensated DM (HbA 1¢ < 7.0%); grey —subcompensated
DM (HbA Ic 7.0-7.5%); black — decompensated DM (HbA 1c > 7.5%)

In patients in group IV, who had T2D with cancer, compensated
diabetes was detected in 5.0% of patients, subcompensated — in 20.0%,
decompensated — in 75.0% (Fig. 2).

5.0%

75.0%,

Fig. 2. Compensation of DM in women with combination of T2D
and cancer of group IV: white — compensated DM (HbA1c < 7.0%);
grey — subcompensated DM (HbAlc 7.0-7.5%);
black — decompensated DM (HbAlc > 7.5%)

According to the results of immune-enzymatic analysis, significant
hyperinsulinemia, compared to the control group, was detected in pati-
ents of group II with T2D (P < 0.001) and in patients of group IV with
combination T2D and cancer (P < 0.05). The level of insulin in patients
of group II was significantly higher than in patients with cancer of group
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III (P < 0.001) and in patients with combination T2D and cancer of
group IV (P <0.05). The level of insulin in patients with cancer without
DM of group III was significantly lower than in both groups with T2D:
IT group (P < 0.001) and IV group (P < 0.05). A significantly higher
level of IGF-1, compared to other groups (P < 0.001), was found only in
patients with cancer of group III. Women with T2D of group II had
significantly higher levels of phospho-PRAS40 in comparison to the
control group and to group IV of patients with combination of T2D and
cancer (P < 0.001). Higher levels of phospho-PRAS40 were also found
in patients with cancer without DM of group III, in comparison to the
control group (P < 0.05) and in comparison to group IV (P < 0.001).
In patients with a combination of both diseases, T2D and cancer, level
of phospho-PRAS40 was significantly lower than in the control group
(P<0.001) (Table 2).

The level of phospho-p70S6K1 in patients of group II with T2D
was significantly higher than in patients of the control group and of IV
group (P <0.05). Patients with cancer without DM of group III also had
a significantly higher level of phospho-p70S6K1 compared to the con-
trol group and to the IV group (P <0.05) (Table 2).

Table 2
The level of insulin, IGF-1, phospho-PRAS40
and phospho-p70S6K in women with type 2 DM and cancer (x &+ SD)

(if)‘r’l‘;f(){ Groupll,  GroupIL, %"3&%
Groups aroup T2D cancer cancer
2=10 n=15 n=20 =20
Insulin, mcIU/mL 71424 252+107° 11.0+21° 175496
IGF-1, ng/mL 141429°  177+27°  384+26°  182+30°
Phospho-PRAS40, 115+ 172+ 1.66+ 0.13+
unit/mL 0.10° 041° 0.50° 001°
Phospho-p70S6K, 0011+ 0017+ 0016+ 0010+
(conv. units/mg prot.) 0.003 0.009° 0.001° 0.002*

Note: different letters indicate values which reliably differed one from another
within one line of table according to the results of comparison using the Tukey test
with Bonferroni correction.

In the course of the research, the following correlations were found
between the investigated indicators. In women of group II with T2D
phospho-PRAS40 correlates with insulin (r = 0.724, P < 0.001), IGF-1
(r = 0.669, P < 0.001), HbAlc (r = 0.597, P < 0.01) and phospho-
p70S6K (r = 0.530, P < 0.05). Reliable correlation also was found in
this group between HbA Ic and IGF-1 (r = 0.609, P < 0.001). In women
with cancer of group III phospho-PRASA40 correlates with BMI (r =
0.518, P <0.05) and in women with combination of T2D and cancer of
group IV phospho-PRAS40 also correlates with BMI (r = 0.538, P <

0.05) (Fig. 3).

] 0.538% BMI
Group H ph-p70S6K
v HbAIC
mIGF-1
® Insulin
] 0.518*
Group
I
0.530*
Group 0.597%*
0.724%**
0.00 0.20 0.40 0.60 0.80

Fig. 3. Correlation links of phospho-PRASAQ in different groups:
*—P<0.02,**-P<0.01, ***-P<0.001

Phospho-p70S6K1 in women with T2D of group II correlates with
IGF-1 (r=0.864, P <0.001), HbAlc (r=0.618, P <0.001) and phospho-
PRASA0 (r= 0.530, P < 0.05); in women with combination of T2D and
cancer of group [V correlative links with phospho-p70S6K 1 were not found.

Discussion

The results confirm the frequent clinical cases of breast and endo-
metrial cancer in postmenopausal women on the background of obesity.
The cancer mechanism of these localizations is closely related to obesity
and is based on the ability of the adipose tissue, namely in the mamma-
1y gland, to synthesize estrogens by activating peripheral aromatisation
of androgens and by reducing the level of sex hormone binding globulin
(SHBG) (Simo et al., 2015; Blakemore & Naftolin, 2016; Onstad et al.,
2016).

By normal body weight, only 1% of androstendione is converted
into estrone, but with obesity this figure is 10 times higher. In the post-
menopausal period in obese women the peripheral synthesis of estro-
gens in the adipose tissue is overwhelming. Hyperestrogenism stimu-
lates the local synthesis of IGF-1 in the tissues of the glandular organs.
The increased risk for obese women to have primary multiple malignant
tumours with a combination of endometrial, breast, ovary and colon
cancer has been proved (Vicennati et al., 2015). In women with T2D,
obesity is considered as a risk factor for postmenopausal breast, endo-
metrial and ovarian cancer (Nagle et al., 2016).

According to our results, cancer occurs in patients with type T2D
with a relatively short duration of illness (up to 10 years), which also
confirms the influence of hyperinsulinemia on the pathogenesis of can-
cer of this localization (Table 1, 2). In addition, the HbA1c level indica-
tes the associated negative effect of both diseases, since hyperglycemia
promotes cancer and cancer contributes to decompensation of diabetes.
It is known that hyperglycemia through oxidative stress and accumula-
tion of ROS causes the oxidation of important cellular components, in-
cluding DNA, causing mutational effects through mytogen-activated
protein kinase (MAPK).

Increased levels of insulin in patients of groups II and IV with T2D
confirm that they have the condition of insulin resistance. According to
our results, significant increase of IGF-1 in patients with diabetes of
group II was not found, but in other scientific studies an increase of
IGF-1, which was caused by the hyperinsulinaemia, has been shown (Dai
et al., 2016). In addition, there is evidence of increased levels of another
growth factor in patients with T2D, IGF-2, which competitively binds to
IGF-1 receptor (IGF-1R), which increases bioavailability of IGF-1 and
promotes the development of endometrial cancer (Xin et al., 2015).

High levels of insulin and IGF-1 in women with cancer of group 11T
may be attributed to the effect of obesity and pro-inflammatory cytoki-
nes on the insulin sensitive cells (Dossus et al., 2010). Excessive pro-
duction of TNF-a leads to the excessive activity of cyclooxygenase-2
(COX-2) and to overproduction of prostaglandins (PG), which contri-
bute to synthesis of IGF-1, epidermal growth factor (EGF) and vascular
endothelial growth factor (VEGF). IL-6 also activates PI3/Akt/mTOR
signal path. The influence of the cytokine imbalance on the development
of endometrial and breast cancer was proved (Friedenreich et al., 2012;
Gelsomino et al., 2019). In addition, local proliferative effects of high
concentrations of insulin and IGF-1 in the tissues of glandular organs in
postmenopausal women have been established. With endometrial can-
cer, insulin and estrogens have synergistic effects for the development
and progression of oncological processes (Tian et al., 2017).

Increased levels of phospho-PRAS40 and phospho-p70S6K1 in wo-
men with diabetes of group II confirm the influence of pathogenetic
factors of T2D, such as obesity, cytokine imbalance, hyperinsulinemia and
hyperglycemia, on the systems of regulation of cell proliferation, survi-
val and apoptosis. As is shown in Figure 4, insulin and IGF-1 are the
main factors of stimulation of these systems. These growth factors sti-
mulate PI3K and PI3K-related protein kinases Akt and mTOR through
insulin receptor’s substrate (IRS). PRAS40 is a substrate of Akt in the
mTORCI complex. Phosphorylation of PRAS40 regulates mTOR acti-
vity. Ribosomal protein S6 kinase (p70S6K) also takes part in the acti-
vation of PI3K-pathway and regulates protein synthesis at ribosomes.
Activation of p70S6K leads to the increase of protein synthesis and cell
proliferation. On the other hand, insulin and IGF-1 can influence the
processes of proliferation and apoptosis through the RAS/RAF/MAPK
pathway (Fig. 4). Thus, women of group II with T2D had multiple fac-
tors for activation of the different signalling pathways. Phosphorylation
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of protein kinases PRAS40 and p70S6K1 reflects the activation of one
of the most important PI3/Akt/mTOR pathways, which is involved in the
pathogenesis of cancer. In this group, women with obesity, hyperglycemia
and hyperinsulinemia have significant predisposition to cancer. The increa-
sed levels of phosphorelated PRAS40 and p70S6K1 in patients with
cancer of group III confirm the common mechanisms of activation of
PI3K/Akt/mTOR pathway by T2D and cancer. According to our re-
sults, patients of this group have hyperinsulinemia, but it is not signifi-
cant (P > 0.05). In other studies, hyperinsulinemia is defined as an im-
portant prognostic indicator of the efficacy of treating women with non-
diabetic breast cancer and regardless of menopausal status, stage of
disease, expression and sensitivity of cellular receptors to hormones and
to the epidermal growth factor (Ferroni et al., 2016). Results of another
analysis showed, that hyperinsulinemia increases the risk of endometrial
cancer even regardless of BMI (Nead et al., 2015). The results obtained
in patients in group III confirm the main role of IGF-1 in activating the
PIBK/Akt/mTOR pathway, which coincides with conclusions of other
studies (Misnikova, 2016).

Fig. 4. Mechanisms of activation of oncogenesis in patients with T2D:
IGF-1 — insulin-like growth factor; IRS — insulin receptor’s substrate;
PI3K — phosphatidylinositol 3-kinase; Akt — alpha serine/threonine-
protein kinase B; PRAS40 — proline-rich Akt substrate of 40kDa;
mTOR — mammalian target of rapamycin; p70S6K — ribosomal protein
S6 kinase; RAS — membrane-bound proteins, which are involved in
signal transduction; RAF — proteins, components of MAPK kinase;
MAPK — mitogen-activated protein kinase; ROS —reactive oxygen
species; LKB1 — liver kinase B1; AMPK — adenosine monophosphate-
activated protein kinase; TSC2 — tuberous sclerosis complex 2;
—» — stimulation; — — inhibition ; —» —regulation

The activation of PI3K/Akt/mTOR pathway in women of group III
by phosphorylation of PRAS40 and p70S6K1 can be caused by hor-
monal imbalance with hyperestrogenism, which is typical for endome-
trial and breast cancer. The physiological effect of estrogen is realized
through two subtypes of receptors to estrogen (ER) — ERa and ER.
Hyperestrogenism and an elevation of ERa in the epithelium of mam-
mary glands increase the mitogenic activity of cells and contribute to the
development of breast cancer (in 75% of cases) (Tian et al., 2017).
There is evidence that mTORCI and p70S6K directly phosphorylate
and activate ERa. On the other hand, the level of estrogen determines
the expression of p70S6K. Direct relationship between mTORC1 and
ERa was revealed. By hyperestrogenism ERa binds to the regulatory-
associated protein mTOR (raptor), causes its translocation to the nucleus
and activates the transcription of the target genes of ER. The results of
scientific research prove that activation of the mTORC1/p70S6K sig-
nalling is closely related to ER-positive breast and endometrial cancer
and can be used as a diagnostic and prognostic marker (Holz, 2012;
Alayev etal., 2015).

An unexpected result was the reduction of phospho-PRAS40 and
phospho-p70S6K in patients with combination of T2D and cancer, re-
gardless of the high levels of insulin in this group. This effect can be

explained by the inhibition of mTOR by the liver kinase B1 (LKB1)
and adenosine monophosphate-activated protein kinase (AMPK), which
are activated due to severe energy deficiency and metabolic stress.
AMPK activates the tuberous sclerosis complex 2 (TSC2) through its
phosphorylation and leads to the inhibition of mTORCI signalling also
via phospho-PRAS40 (Li et al., 2015; Wang, 2016; Zhang et al., 2017)
(Fig. 4). In addition, the obtained results may be related to the influence of
hypoglycemic drugs, in particular, insulin and metformin, which have
different effects on the activity of regulatory systems. Another explanation
may be the competitive interaction of signaling pathways at the substrates
level, as hyperinsulinemia activates not only PI3K/Akt/mTOR but also
the RAS/RAF/MAPK signalling pathway that can affect the mTORC
by phosphorylation TSC2 and PRAS40 (Kim et al., 2017) (Fig. 4).
These issues require further study.

The data obtained through correlation analysis confirm the role of
insulin, IGF-1 and hyperglycemia in activating the PI3K/Akt/mTOR
signalling pathway by T2D. Obesity is an important factor of cancero-
genesis in women in the menopausal period and with T2D as well.

Thus, the results of this research confirm the influence of pathoge-
netic factors of T2D on the activation of intracellular regulatory sys-
tems. The functioning of these systems depends on the ratio of factors
which activate and inhibit them. Obese women who have insulin resis-
tance with decompensated T2D have significant prerequisites for the
development of breast and endometrial cancer in menopausal period.

The practical value of determining the levels of insulin, IGF-1,
phospho-PRAS40 and phospho-p70S6K1 lies in the early diagnosis of
dysregulation and dysfunction of PI3/Akt/mTOR pathway, which is one
of the most important in controlling the processes of apoptosis, survival
and proliferation of cells. Increased levels of phospho-PRAS40 and
phospho-p70S6K1 in healthy women and in women with T2D on the
background of obesity can be an indication for additional examination.

Conclusions

The results of the study confirm the activation of the signalling
pathway P13K/Akt/mTOR in women with T2D under the influence of
pathogenetic factors such as hyperinsulinemia, hyperglycemia and obe-
sity. The phosphorylation of PRAS40 and p70S6K1 reflects the activa-
tion of the signalling path. Increased levels the phospho-PRAS40 and
phospho-p70S6K1 can be considered as early markers of oncogenesis
activation in women with T2D and as an additional indication for scree-
ning for endometrial and breast cancer. In the future, it is planned to
study the influence of various groups of hypoglycemic medications on
the path P13K/Akt/mTOR.
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