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ABSTRACT

Aim. To investigate the content of insulin-like growth factor (IGF)-1, IGF-2, and their transporter proteins IGFBP-1

and IGFBP-2 in the liver of rats with experimental diabetes, Guerin’s carcinoma, and their combination.

Materials and methods. The experiment was carried out on 64 white outbred rats of both sexes, which were
divided into 4 groups of 8 animals each: group 1 — intact animals, group 2 — animals with experimental diabetes,
group 3 — animals with subcutaneously inoculated Guerin’s carcinoma, group 4 — animals with experimental
diabetes and subcutaneously inoculated Guerin’s carcinoma. In the study, biochemical and statistical analyses and

enzyme immunoassays were performed.

Results. In the liver of the outbred rats, sex specificity in the content of insulin-like growth factors and IGFBP-1
was established: the levels of IGF-1, IGF-2, and IGFBP-1 in males were lower than in females. It was shown that
the development of diabetes mellitus and the growth of Guerin’s carcinoma led to changes in the sex-specific

components in the rat liver.

Conclusion. The growth of Guerin’s carcinoma and the progression of diabetes mellitus cause multidirectional
changes in IGF and IGFBP levels in the liver of females and unidirectional changes in the liver of males. Following
the growth of Guerin’s carcinoma against the background of diabetes mellitus, sex-specific differences in the
content of the studied parameters were minimized. It was shown that diabetes mellitus changed the metabolic

profile of the liver in the animals of both sexes.
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MHcynnHonoao6Hble paKkTOpbl pocTa U X 6eNKn-nepeHoCHNKIN B NeYeHU
KpbIC NpU 3KCNepuMeHTaIbHOM AnabeTe, 310Ka4eCTBEHHOM pocTe
afleHOKApPLMHOMbI TeJla MaTKMN M NX COMeTaHnN

Opanuymany E.M., bangoskuHa B.A., Kannuesa W.B., lLlenko E.A., CypukoBa E.U.,
Hecky6una WU.B., Tpenutaku J1.K., Moropenosa 10.A., YepsapuHa H.[l.,, Hemawkanosa J1.A,,
Kotnesa U.M., LLlanowHukos A.B., Mopo3osa M.U.

HayuonanvHutii meouyunckuii ucciedogamenvckuil yewmp (HMHUL]) onxonocuu
Poccus, 344037, o. Pocmoe-na-/{ony, yn. 14-a aunus, 63

PE3IOME

Heas. Vccnenosath coneprkanre MHCYIMHONON00HBIX (hakTopoB pocta (IGF) 1 n 2, nx 6enkoB-nepeHOCUUKOB
IGFBP-1 u IGFBP-2 B nieueHu KpbIC ¢ CaxapHbIM AMa0ETOM, aJlcHOKapIIMHOMON ['epeHa u mpu UX COYeTaHUH.

Marepuajbl H MeTOIbI. DKCIIEPIMEHT HPOBOIMICS Ha 64 OelbIX 6eCOPOJHBIX KpBICax 000€ro 1oja, KOTopble
OBLTH pa3/iesieHbl Ha 4 Tpynms 0 8 0co0eit: 1-51 — HHTAKTHBIE )KUBOTHBIE, 2-51 — YXMBOTHBIE C SKCIIEPUMEHTAIBHBIM
nabeToMm, 3-s1 — KMBOTHBIE C MOJKOKHOM MepeBUBKON KapIMHOMBI [ epeHa, 4-51 — JKUBOTHBIE C SKCIIEPUMEHTaIb-
HBIM THa0ETOM U C MOAKOKHOH NepeBUBKOH omyxonu ['epena. B pabore ocymecTBisiin OHOXUMHIECKUH, HMMY-
HO(MEPMEHTHBII U CTATHCTHYECKHUH aHAITH3bIL.

Pe3yabTarhl. B neueHn 6ecriopoiHBIX KPBIC YCTAHOBJICHA TI0JI0BAs CIICHU(GUYHOCTD COACPKAHUS HHCYIHHOIIO-
n06ubIX (hakTopoB pocta 1 IGFBP-1: y camnos yposens IGF-1, IGF-2 n IGFBP-1 okazaincst Hike, 4eM y CaMOK.
Pa3BuTHe caxapHoro auabera U poCT NepPEeBUBHOM KapIIMHOMBI I epeHa B CaMOCTOSITEIbHBIX BAPUAHTAX TIPUBOIUIIH
K M3MEHEHHIO MOJIOBBIX 0COOCHHOCTEH M3y4YEHbIX KOMIIOHEHTOB B [IEYCHHU KPBIC.

3axuouenue. Poct kapiuHoMsl ['epeHa u caxapHblil AabeT BRI3BIBAIOT pasHOHAINpaBiIeHHbIe u3MeHeHns IGF u
IGFBP B neuenu caMok, HO OJHOHAIIPABICHHBIC — B IIEYCHHU CaMIIOB. B pesynpTare pa3BuTHSA KapiuHOMEI [ epeHa
Ha (hoHe caxapHOTo AuabeTa MONIOBbIE PA3IUUMA B COAEPKAHUN M3yUCHHBIX TOKa3aTelel HUBEIUPYIOTCS, caxap-
HbIH 11a0eT U3MEHseT MeTabOoINUeCKUH POQHIb IEYSHH Y )KUBOTHBIX 000€ro moJia.

Kiaouessble ciioBa: kapunHoma ['epena, caxapHsiii nuaber, nedens, IGF, IGFBP

KOHq)JIP[KT HHTEPECOB. ABTOpBI JCKIApUPYIOT OTCYTCTBUE SIBHBIX U NOTCHIUAJIBHBIX KOH(bJ'II/IKTOB HUHTEPECOB,
CBA3aHHBIX C Hy6J'II/IKaHI/I€I71 HaCTOHH.IefI CTaTbHU.

Hcroynuk ¢punancupoBanus. PaboTa BBINONHEHA MIPU MOJICPKKE OFODKETHOH TeMBbI Mo roczamanuio 2021—
2023 rr. «BnusiHre KOMOPOHUIHBIX 3200JI€BaHUI HA TEUEHHE 37I0KAYECTBEHHBIX IPOLIECCOBY.

CooTBeTcTBHE NPHHLIMNAM 3THKH. VccnenoBanue onodpeno studeckum komurerom HMMUL onkonoruu (mpo-
Tokoi Ne 21/99 ot 24.12.2020).

Jns untupoBanus: ®panmusan E.M., bannoskuna B.A., Karmumesa U.B., Illeiiko E.A., Cypuxosa E.W., Hecky-
ouna U.B., Tpemuraku JI.K., [Toropenosa 10.A., Uepspuna H./I., Hemamxkanosa JI.A., Koruesa .M., [llanom-
HuKoB A.B., Mopo3osa M.U. MucynuHONMOZ00HBIE (hAaKTOPEI POCTA M UX OSIKH-TIEPEHOCYNKH B IEYEHH KPBIC TIPH
IKCTICPUMEHTAILHOM JHa0eTe, 37T0KaYeCTBEHHOM POCTE aAeHOKapIIMHOMBI Tela MaTKU U UX codeTaHuu. bioiie-
meHsb cubupcrou meouyunwvl. 2022;21(2):129—-136. https://doi.org/10.20538/1682-0363-2022-2-129-136.
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INTRODUCTION

The incidence of diabetes mellitus (DM) and can-
cer has increased significantly in recent years. In ad-
dition, there are many common risk factors for both
DM and cancer. Much epidemiological evidence indi-
cates that DM is considered an independent risk factor
for increased incidence of different cancers and death
from them. Morbidity and mortality from various
types of cancer, such as cancer of the pancreas, liver,
colon, breast, endometrium, and bladder, are slightly
increased in DM patients. Although the underlying bi-
ological mechanisms are not fully understood, studies
have confirmed that the growth hormone / insulin-like
growth factor (IGF) 1 axis, hyperglycemia, and sex
hormones create favorable conditions for cancer cell
proliferation and metastasis. The growth hormone /
IGF-1 axis activates several metabolic and mitogenic
signaling pathways; hyperglycemia provides energy
for the growth of cancer cells. Thus, these factors af-
fect all cancers, while sex hormones play an import-
ant role only in breast cancer, endometrial cancer, and
prostate cancer [1].

The most common types of DM are type 1 and type
2 diabetes. On the one hand, an autoimmune disor-
der of insulin-producing beta cells causing absolute
insulin deficiency leads to type 1 diabetes mellitus
(T1DM) and accounts for about 5% from 10% of all
DM cases. On the other hand, type 2 diabetes melli-
tus (T2DM) is associated with metabolic disorders in
which cells become insensitive to insulin and, there-
fore, exhibit relative insulin deficiency. Several stud-
ies have shown that although both TIDM and T2DM
are associated with higher risks of cancer, T2DM has
a stronger association with cancer, both epidemiolog-
ically and biologically [2, 3].

Endometrial cancer (EC) is the most common gy-
necologic cancer. Compared with other cancers, EC
is often diagnosed earlier and has a better prognosis.
However, mortality from it has increased significantly
over the past 20 years. An association between DM
and EC has been consistently confirmed by cohort
studies and meta-analyses [4]. In addition, a systemat-
ic review and meta-analysis summarized results of 29
cohort studies and found the incidence of EC in wom-
en with and without DM. The cumulative relative risk
was 1.89 (95% confidence interval (CI): 1.46-2.45;
p <0.001), and the cumulative incidence rate was 1.61
(95% CI: 1.51-1.71; p < 0.001), which again confirms
that DM is an independent risk factor for higher inci-
dence of EC [5].

Insulin is a peptide hormone that regulates the
metabolism of carbohydrates and fats and improves
glucose absorption. Insulin loses the function of in-
creasing cellular uptake and utilization of glucose in
DM patients, which is clinically defined as insulin re-
sistance [6]. High insulin levels are a sign of hyper-
insulinemia, which stimulates liver cells to produce
IGF-1, when insulin binds to the insulin receptor on
the surface of target cells. IGF-1 binds to the IGF-1 re-
ceptor (IGF-1R), receptor tyrosine kinase, to activate
several metabolic and mitogenic signaling pathways
that regulate cancer cell proliferation, differentiation,
and apoptosis [7].

Insulin-like growth factors (IGFs) and IGF-bind-
ing proteins (IGFBPs) are fundamental mediators of
cell growth, development, and survival and are ex-
pressed in most tissues. Epidemiological data indicate
the relationship of IGF and IGFBP with the risk of
prostate, breast, colorectal, and thyroid cancers [8].
DM patients show higher IGF-1 levels, which makes
them more susceptible to an increased risk of many
cancer types. In addition, many studies have demon-
strated that IGF-1 is more often expressed in cells of
hormone-dependent cancer than in other types of can-
cer [9].

An experiment on a mouse model of HER2-me-
diated breast cancer confirmed that hyperinsulinemia
promotes enhanced growth of breast tumors through
the growth hormone / IGF-1 axis [10]. Epidemiolog-
ical evidence suggests that DM is associated with a
higher risk of development and death from many can-
cer types. The underlying mechanisms linking DM
and cancer are not yet fully understood; however, hy-
perglycemia as a sign of DM was suggested to con-
tribute to tumor progression [11].

The aim of this study was to analyze the levels
of IGF-1 and IGF-2 and their transporter proteins
IGFBP-1 and IGFBP-2 in the liver of rats with DM,
Guerin’s carcinoma, and their combination.

MATERIALS AND METHODS

The study included white outbred rats of both sex-
es weighing 180-220 g obtained from the Research
Center for Biomedical Technologies of FMBA, An-
dreevka branch, the Moscow region. The animals were
kept under natural light conditions with free access to
water and food. The animals were used in accordance
with the European Convention for the Protection of
Vertebrate Animals used for Experimental and other
Scientific Purposes (Directive 86/609/EEC), the Inter-
national Recommendations for Biomedical Research
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Involving Animals, and the order of the Ministry of
Health of Russia No. 267 “On the Approval of the
Rules of Laboratory Practice”, dated June 19, 2003.
The study was approved by the Ethics Committee at
the National Medical Research Center of Oncology
(Protocol No. 21/99 of 01.09. 2020).

Animals of each sex were divided into 4 groups of
8 rats each: group 1 — intact animals, group 2 — ani-
mals with experimental diabetes, group 3 — animals
with subcutaneously inoculated Guerin’s carcinoma
(control group), group 4 — animals with experimen-
tal diabetes and subcutaneously inoculated Guerin’s
carcinoma growing in presence of alloxan-induced di-
abetes (treatment group). Experimental diabetes was
reproduced by an intraperitoneal alloxan injection at
the dose of 150 mg / kg of body weight. Blood levels
of glucose were monitored for one week. High blood
glucose in the range of 15-30 nmol / | indicated the
development of DM.

The rats from the control group and the animals
from the main group after 1 week of persistent hyper-
glycemia received subcutaneous injections of 0.5 ml
suspension of Guerin’s tumor cells diluted in saline
1:5. The procedure was performed as follows: the as-
sistant shaved off the animal’s hair and treated the skin
with an iodine alcohol solution 5% downward from
the corner of the right shoulder blade; then, using all
aseptic techniques described above, the assistant fixed
the rat with its back up. The experimenter grasped the
treated skin fold with a sterile gloved hand, pierced
the skin with a syringe needle and injected the tumor
cell suspension. Then the needle was removed, and
the injection site was pressed tightly for 1 minute with
a cotton swab dipped in 70% alcohol with a small
addition of iodine in order to exclude the outflow of

the injected suspension. Subcutaneous tumor growth
could be recorded three days after the injections of the
tumor cell suspension.

At the time of the Guerin’s carcinoma inoculation,
the average blood glucose values in the animals of the
main group (n = 8) were 25.4 £ 1.2 mmol / 1, while in
the control group of intact animals (n = 8), the values
were 5.2 = 0.3 mmol / 1.

10 days after, the animals were decapitated using a
guillotine. The levels of IGF-1, IGF-2, IGFBP-1, and
IGFBP-2 (Cusabio, China) were measured in the liver
of all animals by ELISA using the Infinity F50 TEC-
AN analyzer (Austria). The results were statistically
processed using the Statistica 6.0 software. The results
were checked for normality of distribution by the Shap-
iro — Wilk test. The significance of differences between
the samples was assessed using the Student’s #-test and
the Mann — Whitney test. The data were presented as
the mean and the standard error of the mean M + m.
The differences were considered significant at p < 0.05.

RESULTS

The blood levels of glucose in the intact animals
did not have significant sex differences and were on
average 5.4 £ 0.5 mmol / 1. In the rats with inoculated
Guerin’s carcinoma, the blood glucose levels were on
average 5.1 = 0.43 mmol / l. In the animals with allox-
an-induced T1DM, the blood glucose averaged 22.5 +
2.1 mmol / I; in the rats of the main group, the blood
glucose levels were 25.3 = 2.4 mmol / | at the time of
tumor onset.

The levels of IGF-1 and IGF-2 in the liver of male
outbred white rats were 1.4 times lower than in fe-
males, and the levels of IGFBP-1 in male rats were 1.8
times lower than in female ones (p < 0.05) (Table 1).

Table 1
Levels of insulin-like growth factors and transporter proteins in the rat liver, ng / g of tissue, M +m
Groups | IGF-1 | IGFBP-1 | IGF-2 | IGFBP-2
Females
Intact 1166.5 + 98.7* 123.2+11.4% 14.6 +£1.2¢ 230.1+21.4
Jnaber 1480.4 + 120.1"3 200.5+17.6"34 329+29"3 454.0 +43.6"3*
Guerin’s carcinoma 903.5 + 87.4>4 77.4+6.7"24 16.0 + 1.42 197.4 +18.5>#
DM + carcinoma 13222+ 113.5 140.1 + 12.0*3 39.8 £3.5%3 425.7 £39.2%34
Males
Intact 843.6 +81.3 66.6+5.8 10.8+0.9 202.9 +19.1
DM 1269.2 +97.8! 140.5 +10.3%3 51.0 £4.3"3 704.8 £ 65.7' 3
Guerin’s carcinoma 1233.7+101.6' 93.8 +8.3!2 18.7+1.6"2 298.2+21.4"2
DM + carcinoma 1526.3 +132.5! 152.1 £ 11.4%3 43.0£3.7"3 726.7 + 64.3%3

Note: ! statistically significant differences compared with intact animals; 2 statistically significant differences compared with animals with DM;
3 statistically significant differences compared with animals with carcinoma; * statistically significant differences compared with males of the

corresponding groups, p < 0.05 (here and in Table 2).
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Female rats with DM showed an increase in the
levels of IGF-1 and IGF-2 in the liver samples by 1.3
and 2.3 times, respectively (p < 0.05), and a rise in
IGFBP-1 and IGFBP-2 by 1.6 times and by 2 times,
respectively, compared with the values in the intact
animals. The growth of inoculated Guerin’s carcino-
ma downregulated only the levels of IGF-1 and 1G-
FBP-1 in the liver by 1.3 and 1.6 times, respectively
(» < 0.05), and did not affect the levels of IGF-2 and
IGFBP-2. As a result of the growth of Guerin’s car-
cinoma in the presence of DM, the levels of IGF-1 in
the liver did not differ from those in the animals with
DM and were 1.5 times higher (p < 0.05) than in the
animals with malignant tumors only, while the levels
of IGF-2 were 2.5 times higher than the values in the
animals with Guerin’s carcinoma.

As for IGF-binding proteins, the levels of IGFBP-1
and IGFBP-2 in the liver of the animals from the treat-
ment group exceeded the values in the animals with
independent tumor growth by 1.8 times and 2.2 times,
respectively, while IGFBP was 1.4 times lower than in
the rats with DM.

In male rats, DM upregulated the levels of both
IGF-1 and IGF-2 by 1.5 times and 4.7 times, respec-
tively (p < 0.05), compared with the values in the
intact animals, as well as the levels of IGFBP-1 and
IGFBP-2 by 2.1 times and 3.5 times, respectively
(Table 1).

The growth of Guerin’s carcinoma also increased
the levels of IGF-1 and IGF-2 by 1.5 and 1.7 times,

respectively (p < 0.05), and the levels of IGFBP-1 and
IGFBP-2 by 1.4 and 1.5 times, respectively (p <0.05),
compared with the values in the intact animals. The
studied parameters were elevated in the animals with
malignant tumors or DM alone; the combined growth
of Guerin’s carcinoma in the presence of DM demon-
strated quite similar changes, compared with indepen-
dent processes.

Changes in the IGF / IGFBP ratios were found in
all the groups of animals (Table 2) despite the fact
that elevated levels of IGF-1, IGF-2, and IGF-bind-
ing proteins were determined in the liver of both male
and female animals with independent and combined
pathologies, except for the growth of Guerin’s carci-
noma in females. Thus, in females with DM, all ratios
decreased: IGF-1 / IGF-2 — by 1.8 times (p < 0.05),
IGF-1 / IGFBP-1 — by 1.8 times (p < 0.05),
IGF-1 / IGFBP-2 — by 1.5 times (p < 0.05), IGF-2 /
IGFBP-1 — by 1.4 times (p < 0.05), and IGF-2 / IG-
FBP-2 — by 1.3 times (p < 0.05) (Table 2).

Females with growing Guerin’s carcinoma showed
a decrease in the IGF-1 / IGFBP-1 ratio in the liver
by 1.4 times (p < 0.05), IGF-2 / IGFBP-1 — by 1.8
times (p < 0.05), and IGF-2 / IGFBP-2 — by 1.3 times
(» <0.05). In combined pathologies, the ratios of IGF-
1 / IGFBP-1 and IGF-2 / IGFBP-1 decreased by 1.4
and 1.7 times, respectively (p < 0.05), compared with
DM, and by 1.7 and 1.4 times, respectively (p < 0.05),
compared with independent growth of Guerin’s car-
cinoma.

Table 2

Ratios of insulin-like growth factors and transporter proteins in the liver of rats, M £+ m

Groups | IGF-1/IGFBP-1 IGF-1/IGFBP-2 IGF-2/IGFBP-1 IGF-2/IGFBP-2
Females
Intact 799+17.1 5.1+045 8.4+0.76 0.5+0.04
DM 45.0 4244 33+0.2753%4 6.1 +£0.5234 0.4+0.0344
Guerin’s carcinoma 56.5+5.5! 4.6 +0.422 4.8+0.33"2 0.4+0.03%¢
DM + carcinoma 332429423 3.1+£0.29"3 3.5+031"2 0.3 +£0.02234
Males

Intact 78.1+6.7 42 +0.38 6.2 +0.54 0.3+0.02
DM 249 +23"3 1.8+0.15 2.84+0.27"3 0.2+0.019"3
Guerin’s carcinoma 66.0 = 5.8 4.1+0.34 5.0+0.43"2 0.3 +0.02?
DM + carcinoma 35.5+3.1"23 2.1+£0.19 3.5+0.320%3 0.2+0.018"3

The IGF-1 / IGFBP-2 ratio decreased by 1.5 times
(p < 0.05) compared with animals with Guerin’s car-
cinoma, and the IGF-2 / IGFBP-2 ratio decreased by
1.3 times (p < 0.05) compared with the animals with
solitary pathologies.

In males, the ratio of IGF to IGF-binding proteins
decreased by 1.5-3.1 times (p < 0.05) in the DM group,

but not in the group with independent tumor growth,
compared with the intact animals (Table 2). The IGF /
IGFBP ratio in the treatment group was 1.5-2 times low-
er (p < 0.05) than in the group with independent tumor
growth. Compared with the group of males with DM, the
ratios in the treatment group did not differ significantly,
except for IGF-1/IGFBP-1, which was 1.4 times higher.
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DISCUSSION

The levels of IGFs and IGFBP-1 in the liver of out-
bred white rats were sex-specific. The levels of IGF-1,
IGF-2, and IGFBP-1 in the liver of males were lower
than in females. Changes in the sex specificity of IGF
and IGF-binding proteins were revealed in the liver
of rats with DM: the levels of IGF-1 in males did not
differ from those in females, and the levels of IGF-2
and IGFBP-2 exceeded those in the liver of females.
The differences in the content of IGF and IGFBP in
healthy and pathological tissues of the liver in females
and males are associated with the main sex steroids —
estrogens and androgens. Studies have shown that
biologically available estrogen and testosterone are
elevated in women with DM [12], while the total tes-
tosterone concentration in men with DM is lower than
in men without DM [13]. Although the mechanism
remains unclear, it may be explained by different af-
finities of steroids to sex hormone-binding globulin
(SHBG) [14, 15]. SHBG synthesis declines with an
increase in the blood levels of glucose and insulin,
which elevates the levels of free estrogen and testos-
terone. This is the main reason why DM may play an
important role in protecting men from prostate cancer,
but not protecting women from breast and endometrial
cancers. High levels of free estrogens and androgens
are associated with a higher risk of developing many
types of cancer, such as breast, endometrial, and pros-
tate cancers [16]. The subcutaneous transplantation of
Guerin’s carcinoma leveled the initially existing sex
specificity of IGF and IGFBP-1 in the liver, and the
levels of IGF-1 and IGFBP-2 in males exceeded those
in females, while the values of IGF-2 and IGFBP-1
did not differ from those in females.

IGFs and proteins that affect their bioavailability
act in an autocrine / paracrine manner, reducing in-
flammation and fibrosis in the liver and inhibiting the
activation of hepatic stellate cells [17]. High insulin
levels stimulate liver cells to produce IGF, and IGF
bind to IGF receptors (IGF-R) to activate some meta-
bolic and mitogenic signaling pathways that regulate
proliferation, differentiation, and apoptosis of cancer
cells [7]. Our study established that IGF levels in the
liver increased in both male and female rats with DM,
but only in males with Guerin’s carcinoma. It is worth
noting that IGFs bind to IGFBP, including IGFBP-2
[18]. Our study revealed an increase in IGFBP levels
in the liver of animals of both sexes with DM. Ele-
vated levels of IGFBP-1 and IGFBP-2, in particular
in older men, were suggested to be associated with a
decline in insulin sensitivity [8].

The significant increase in IGFBP-2 in the liv-
er of rats under the influence of DM, both alone
and in a combination with developing malignant
process, was worth noting. The role of IGFBP-2 in
physiological and pathological conditions is still not
fully understood. However, IGFBP-2 has been re-
lated to metabolic syndrome, T2DM, and fatty liv-
er disease. Altered IGFBP-2 secretion may indicate
cellular dysfunction of hepatocytes [19]. IGFBP-2
is believed to be a non-invasive biomarker of lipid
accumulation in the liver indicating the disease pro-
gression [1].

Changes in the levels of IGF and IGFBP during the
growth of Guerin’s carcinoma in the presence of DM
are unidirectional in animals of both sexes and charac-
terized by increasing levels of the studied substances
compared with the values in the intact animals. DM as
an endocrine disease induced in experimental animals
determines the status of the IGF-1 axis. This fact was
confirmed in female rats, as the growth of Guerin’s
carcinoma alone caused a decrease in IGF-1 in the liv-
er, while in the presence of DM, its levels, as well as
the levels of IGFBP, increased.

Thus, Guerin’s carcinoma and DM cause multidi-
rectional changes in IGF and IGFBP in the liver of
females, but unidirectional changes in males. The de-
velopment of Guerin’s carcinoma in the presence of
DM reduces sex differences in the studied parameters,
and DM changes the metabolic profile of the liver in
animals of both sexes. Only experimental studies can
solve a number of issues related to the pathogenesis of
cancer in presence of comorbid diseases [20].

The global incidence of DM and cancer is believed
to be growing rapidly due to changes in lifestyle and
increasing life expectancy. Since the internal het-
erogeneity of DM and cancer complicates research,
many questions remain, and the main ones are how
endocrine comorbidity affects the risk, course and
outcome of malignant disease and what the main bio-
logical mechanisms of the malignant development in
the presence of such a serious concomitant pathology
as DM are. Further research is required to provide a
broader range of preventive and therapeutic options
for treating cancer patients with DM.
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