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Obesity, hyperinsulinemia, IGF-1,

and hyperglycemia as risk factors for colorectal
cancer in patients with type 2 diabetes mellitus

T.S. Vatseba
Ivano-Frankivsk National Medical University

The latest studies prove an increased risk of colorectal cancer in patients with type 2 diabetes mellitus. The pathogenetic factors of type 2
diabetes have been recognized as mechanisms of association between these diseases.

The objective: to investigate the effects of obesity, hyperinsulinemia, IGF-1 and hyperglycemia on the development of colorectal cancer in
patients with type 2 diabetes.

Materials and methods. 36 patients were divided into groups: I — healthy (control group), II — patients with type 2 diabetes mellitus, III
— patients with colorectal cancer without diabetes, IV — patients with a combination of two diseases. Using the method of enzyme-linked
immunosorbent assay were determined levels of insulin and insulin-like growth factor-1 (IGF-1). DM compensation was assessed by the
level of glycosylated hemoglobin (HbA1c) that was determined by immuno-exchange chromatography. The data obtained were analyzed
using Statistica 12.0 (StatSoft Inc., USA). Differences between the values in the control and experimental groups were determined by the
Student’s t-test. The differences were considered significant at p<0.05.

Results. According to the data obtained, colorectal cancer was diagnosed in patients with the age of over 60 years old with obesity. The body
mass index (BMI) in patients of all study groups was higher than 30 kg/m?. Patients of group IV with a combination of type 2 diabetes and
a circle of rectal cancer had significantly higher BMI compared to the control group (p<0.05). Significant hyperinsulinemia and increased
IGF-1 levels were detected in patients in all study groups (p<0.05). Most patients with diabetes in both groups had HbA1c levels higher
than 7.5%.

Conclusions. Obesity, hyperinsulinemia, increased bioavailability of IGF-1, and hyperglycemia are pathogenetic factors in the risk of
colorectal cancer in patients with type 2 diabetes. Patients over the age of 55 with diabetes, obesity, and hyperinsulinemia are advised to
be screened for colorectal cancer.
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BnnueB oXupiHHS, rinepiHcyniHemii IGF-1 Ta rineprnikemii y po3BUTKY KOJIOPEKTaNIbHOIO PaKy y XBOPUX
Ha LyKpoBuii giabet 2-ro Tuny
T.C. Baueba

HogiTni pocijukents 10BOJST HiABUIEHUIT PU3UK PO3BUTKY KOJOPEKTAIBHOTO Paky y HaifienTis 3 mykpoBuM aiabetrom (II/[) 2-ro tuiy.
MexaHizmamu acorianiii Mi>k 3a3Ha4eHUMHU 3aXBOPIOBAaHHSAMU BU3HaHI natorenetnyni hakropu L] 2-ro Tuiy.

Mema docnidacenns: anajis BIJIMBY OKUPIHHA, Tinepincyinemii, incysinonoaionoro dakropa pocty-1 (IGF-1) ta rinepriikemii Ha po3BuTOK
KOJIOPEKTaJIbHOTO paky y XxBopux Ha [1/[ 2-ro tumy.

Mamepianu ma memoou. O6¢resxeno 36 XBopux, posnozisenux Ha rpymu: I (konrposbia) rpyna — 10 spoposux oci6, 11 rpyna — 10 xBopux
Ha [IJ 2-ro tumny, 111 rpyna — 8 xBopux Ha kosiopektanbuuii pak 6e3 L[/, IV rpyna — 8 XBOpHX 3 MOEIHAHHSAM JIBOX 3aXBOPIOBaHb. MeTo10M
iMyHO(EpPMEHTHOr0 aHaJIi3y BUSHAYA/IM PiBHI iHCYIiHY Ta iHcyriHonoAibHoro hakropa pocty-1 (IGF-1). Komnencartiio II/] oniroBanu 3a pisaem
raikosusboBanoro remorsiobiny (HbA1c), BusHaueHoro metooM iMmyHooOMiHHOT XpoMaTorpadii. AHai3 OTPUMAHUX [aHUX [IPOBOUIIN 3 JIOTIO-
Moroio iporpamu Statistica 12.0 (StatSoft Inc., CIITA). BixmMiHHOCTI Mizk 3HAYEHHSAMU B KOHTPOJIBHII i eKCIIepUMEHTATBHIN TPyIIaX BUSHAYAIM 32
t-kpurepiem Croiofenta. Bimminmocti BBaskanu gocrosipaumu mpu p<0,05.

Pesyavmamu. Otpumani pesyJibTaTh CBif¥aTh, 0 KOJOPEKTAIbHUN pak OyB AiarHOCTOBaHMIA Y XBOPUX 3 OKUPIHHAM BiKoM moHajx 60 pokis.
Tuneke macu tina (IMT) y namientis ycix pocmizkyBanux rpyn cranosus >30 kr/m% J[ocrosipao Buiuii IMT 10PiBHSIHO 3 MOKa3HUKOM
KOHTPOJIbHOT TPy Masiut xBopi IV rpymnu 3 noeamanusim 1L/ 2-ro tuimy ta kosopekranbioro paky (p<0,05). loctoBipny rinepincytinemiio ta
nigsunienuii pisenb IGF-1 BusiBieno y nauientis ycix gocuikysanux rpyi (p<0,05). Binbiicts nauientis 3 [IJ] B 060x rpynax mMaiu piseHb
HbAlc>7,5%.

Saxatouenns. OkupinHs, rinepincysinemis, miasuiiena 6iogocrynuicts IGF-1 Ta rinepriikemist € natoreHeTuanuMu akropamu hopMyBaH-
HSI PUBHKY KOJIOPEKTAJIBHOTO Paky y Halientis 3 iykposum iaberom (IL/1) 2-ro tumy. [larientam Bikom monas 55 pokis 3 I/, oxxupinmsam ta
rinepiHcyTiHeMi€0 PEKOMEH/IOBAHUI CKPUHIHT HA KOJIOPEKTAJIbHUN PaK.

Kmouosi crosa: uykposuii diabem, oxcupinns, zinepincyninemis, IGF-1, pax.

OxupeHue, runepuHcynmHemus, IGF-1 v runeprnnkemus Kkak pakTopbl pUCKa KONIOPEKTaNIbHOro paka 'y
00JIbHbIX CaxapHbIM AnabeTom 2-ro Tuna
T.C. Baueba

CoBpeMeHHbIe UCCIIeI0BAHUS JI0KA3BIBAIOT TIOBBIIIEHHBII PUCK PA3BUTHS KOJOPEKTAIBHOTO Paka y MalueHToB ¢ caxapubiM anaberom (C/I) 2-ro
Tuna. MexaHu3MaMu acCOLUAINE MEK/LY YKa3aHHBIME 3a00JIeBaHISIMU [IPU3HAHBI TTaToreHeTnveckue haxropbl CJ[ 2-ro Tuia.

IMenv uccaedosanus: ananus BIUAHNUST 0XKUPEHUsT, TUTIEPUHCYIMHEMUH, HHCYIMHOOA06H0TO (hakTopa pocta-1 (IGF-1) u runeprivkemun Ha
pa3BUTHE KOJOPEKTAIBLHOTO paka y 6osbHbix CJI 2-10 THma.

Mamepuanvt u memooot. B viccieoBanum nputsiiv yuacrie 36 60JbHbIX, KOTOPbIe ObLIN pas/iesienbl Ha rpymibl: [ (konTposibHast) rpymmna — 10
310poBbix Jsinit, 11 rpymma — 10 Gosbabix C/I 2-ro tuia, I11 rpynmna — 8 6oabHbIX KoIOpeKTanbHbiM pakom 6e3 C/I, IV rpyria — 8 GoJibHBIX ¢ co-
yeTaHueM JABYX 3aboseBanuii. MetooM nMMyHO(MEpMEHTHOrO aHaimsa onpeaessiy yposran urcyauna u IGF-1. Komnencanunio C/I onennsain
10 YPOBHIO IIMKO3MIMpoBanHoro remoriobuna (HbA1c), onpenenerHoro MetogoM nMMyHOOOMEHHO Xpomarorpadun. AHaINU3 TT0JyYeHHBIX
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JIAHHBIX TPOBO/IMJIN € MOMOIIBIO TporpaMmMbl Statistica 12.0 (StatSoft Inc., CIITA). Pagnuuust Mex/y 3HaYeHUsIME B KOHTPOJILHON M 9KCIIEPUMEH-
TAIBLHON IPyIIax onpeessin mo t-kputepuio Croiogenta. Pagsmirdaust cuntanu goctoBepabivu ipu p<0,03.

Pesyavmamot. 110 1101y4eHHBIM PE3yJIbTATAM BBISBICHO, YTO KOJOPEKTATBHbIN Pak ObLI [MArHOCTHPOBAH Y O0JMbHBIX cTapiie 60 Jet, ¢ OKupeHu-
em. Muzexe macest tesa (MMT) y naieHToB Beex ucciieyeMbix rpyiin coctasisii >30 kr/m% JloctoBepHo nosbiinerubiii UMT 110 cpaBHeHUO
¢ HoKasaTeJeM KOHTPOJIBHOI Tpymmbl otMedann y 6osbrbix IV rpymmst ¢ coderanuem CJ/[ 2-ro tuma 1 kosmopekraabHoro paka (p<0,05). [lo-
CTOBEPHYIO TUIIEPUHCYJIMHEMIIO 1 MOBbIIIeHHbIH ypoBeHb IGF-1 BbisiBiIeHO y manneHToB Beex ncciepyeMbix rpyii (p<0,05). Y GosbiinHcTBa
narrenTtos ¢ CJI B o6eux rpymnmax ormedanu yposetrb HbAle >7,5%.

3axmouenue. Oxxupenue, THIIEPUHCYIMHEMIsT, OBbIIeHHAst GuogoctynHocts IGF-1 1 runeprivkeMust siBisieTcs matoreHeTudecKumMu (haxkto-
pamu (hOPMUPOBaHKsT PUCKA KOJIOPEKTAIBHOTO paka y naruentos ¢ CJI 2-ro tumna. [lanuenram crapiie 55 JieT ¢ caXapHbIM AHabeToM, 0KUPEHIeM

U TUIIEPUHCYJIMHEMUEN PEKOMEH/IOBAH CKPUHUHT Ha KOJIOPEKTAIbHBII PaK.
Kmouesvte cnosa: caxapnwiii duabem, oxcupenue, eunepuncyaunemus, IGF-1, pax.

Malignant neoplasms (MN) of the colon are one of the most
common cancer types. Colorectal cancer (CRC) is a tumor
of the colon and rectum that originates from epithelial cells
that are lining the inner surface of the indicated sections of the
intestine. Currently, there is an increase in both the incidence
and mortality from colon cancer. Increased risk of CRC is caused
by certain factors, among which are those that determine the
need for screening: the elderly age, cases of CRC in the family,
precancerous conditions, such as familial adenomatous polyposis,
nonspecific inflammatory bowel diseases (Crohn’s disease and
ulcerative colitis). At the same time, factors of oncogenesis such
as obesity and bad habits are determined as those that can be
corrected by a change of lifestyle [14].

Recently the spread of obesity is leading to its epidemy,
causing an increase in the incidence of cardiovascular disease
(CVD), type 2 diabetes mellitus (DM) and cancer. A study by
Canadian scientists in 2013 shows a significant effect of obesity
on the development of colon, pancreatic, gallbladder and kidney
cancer (regardless of gender), endometrial, esophageal and breast
cancer, leukaemia (in women), melanoma (in men) [4]. It has
been proved that the risk of CRC in people, who had obesity in
adolescence is 30% higher compared to those who had no obesity
during teenage years [2].

Recent studies prove an increased risk of CRC in patients
with type 2 DM. The pathogenetic factors of type 2 DM have
been recognized as mechanisms of association between these
diseases [16, 17, 11].

The objective: to investigate the effect of obesity,
hyperinsulinemia, IGF-1, and hyperglycaemia on the
development of colorectal cancer in patients with type 2 diabetes.

MATERIALS AND METHODS

The study was conducted in accordance with the guidelines
of the Declaration of Helsinki (1975) and its revised version of
1983. All patients signed informed consent for further diagnostic
and research work. The study protocol was approved by the
Local Ethics Committee of Ivano-Frankivsk National Medical
University (Ne 97/17 of October 19, 2017).

36 patients were examined. Patients were divided into groups:

I - healthy (control group) (n=10),

IT — patients with type 2 DM (n=10),

III — patients with CRC without DM (n=8),

IV — patients with a combination of CRC and type 2 DM (n=8).

Group |,

Age, BMI, and diabetes duration of study participants, x+SD
Group Il,

The study did not include patients with rectal cancer.

Groups of patients were comparable in age and BMI.
Patients from the surgical and the endocrinological
departments of the regional clinical hospital in Ivano-
Frankivsk were involved in the study. Therapies of patients
with diabetes mellitus of groups II and IV included different
combinations of oral medications for lowering sugar level and
insulin. Blood sampling in patients with CRC was performed
before chemotherapy and radiation therapy.

The levels of insulin and IGF-1 were determined by enzyme-
linked immunosorbent assay (ELISA) using a Stat fax 303+
automatic analyzer (USA) using Insulin ELISA, EIA-2935
and IGF-1 600 ELISA, EIA-4140 diagnostic kits from DRG
(Germany). Compensation of DM was assessed by determining
the level of glycosylated haemoglobin (HbA1c) by ion-exchange
chromatography using a BIO-RAD D-10 analyzer and BIO-RAD
reagents (USA). Laboratory studies were performed in the inter-
departmental scientific laboratory of the Department of Internal
Medicine Ne1, Clinical Immunology and Allergology named after
Academician E.M. Neiko, IFNMU.

The data obtained were analyzed using Statistica 12.0
(StatSoft Inc., USA). The data are presented in the tables as
x+SD (x * standard deviation). Differences between values in
the control and experimental groups were determined using the
Student’s t-test. The differences were considered significant at
p<0.05.

RESULTS AND DISCUSSION

According to the results obtained, it is revealed that CRC is a
characteristic of persons over 60 years of age (table 1).

The results coincide with the epidemiological study
conducted by Z.P. Fedorenko and co-researchers who show
that CRC cancer is widespread in individuals after 55 years
of age, with a percentage of 6.7-8.0% in men and 7.1-9.3%
in women [5]. Peak morbidity on CRC is observed at the
age of 7075, regardless of gender [9]. The results prove the
age dependence of oncological diseases since the processes
of aging of the body and tumor development processes are
interrelated. Cancer is recognized as one of the diseases of
aging that occur in the second half of human life, after 50-60
years of age [3].

According to the results, the BMI of patients in all
experimental groups was higher than 30 kg/m2, which

Table 1

Group Il Group IV,

Indication control, patients with DM, patients with CRC, patients with DM + CRC,
n=10 n=10 ] n=8
Age, years 58,43+7,87 56,93+4,44 67,3+10,57* 65,50+7,96*
BMI, kg/m? 28,47+3,82 32,49+6,99 31,18+4,36 32,05+3,13*
Duration of DM, " 11,25+8,78 " 10,40+5,64
years

Note: * — the difference is significant in comparison with group | (p<0.05), * — the duration of diabetes for patients without diabetes was not determined.

CEMENHAS MEJMIIHA Ne1-2 (87-88)/2020
ISSN 2412-8708 (Online)
ISSN 2307-5112 (Print)

61



B NMOMOWb NMPAKTUYHECKOMY BPAYY

Table 2

Insulin level, IGF-1, HbA1c of study participants (x = SD)

Group |, Group Il, Group lli, Group IV,
Indication control, patients with DM, patients with CRC, patients with DM + CRC,
n=10 n=10 n=8 n=8
Insulin, mIU/ml 7,70+£2,24 24,50+£11,27* 12,36+4,9* 16,21+1,16*
IGF-1, ng/ml 140,00+24,55 177,64+27,65* 205,21+68,43* 180,12+32,60*
HbA1c, % - # 7,75%1,81 - # 8,02+1,31

Note: * — the difference is significant in comparison with group | (p<0.05), * — the duration of diabetes for patients without diabetes was not determined.

confirms the presence of obesity in patients with type 2 DM
and CRC. BMI differed significantly from the control group
only in patients of group IV with a combination of type 2
DM and CRC (p<0.05) (Table 1). The susceptibility of obese
individuals to cancer of this localization has been confirmed in
other studies [10, 12].

The effect of obesity on the processes of oncogenesis can be
explained by the influence of cytokine imbalance. Adipocyte
hypertrophy stimulates hypoxic processes in adipose tissue,
leading to infiltration by its macrophages and lymphocytes, which
produce an excess of cytokines with proinflammatory properties.
The results of recent studies prove the role of hyperleptinemia
in the development of CRC. Normally, leptin determines a
person’s eating behavior by affecting the hypothalamic centers of
appetite regulation. By obesity, the sensitivity of these centers is
significantly reduced, which causes secondary hyperleptinemia.
Leptin has a structural similarity to interleukin-6 (IL-6) and
C-reactive protein (CRP), has the ability to stimulate the
synthesis of tumor necrotic factor-a. (TNF-a) and monocyte
chemotaxis proteins, also enhances the synthesis of reactive
oxygen species (ROS) by endothelial cells and mononuclear cells,
which causes oxidative stress (OS) and chromosomal aberrations
of DNA [8].

Adiponectin (APN), an adipocytokine that is synthesized
only by adipocytes and has significant anti-inflammatory,
insulin-sensitizing, and antitumor effects, has opposite to leptin
characteristics. Hypoadiponectinemia is considered as a cancer
risk factor in obese people. APN concentration is inversely
proportional to insulin levels and an amount of adipose tissue [15].

The average duration of illness of patients with type 2 DM
of group II without cancer is 11.25%8.78 years, in patients of
group IV — 10.40£5.64 years. There was no significant difference
between the duration of DM in the compared groups (p>0.05)
(Table 1).

The study involved the determination and comparison of
insulin and IGF-1 levels in patients with type 2 DM and CRC.
Based on the results obtained, significant hyperinsulinemia
and increased levels of IGF-1 compared to the control group
were determined in patients of all study groups (p<0.05)
(Table 2).

Hyperinsulinemia is considered to be one of the main
pathogenetic mechanisms of oncogenesis in patients with
type 2 DM and obesity. Excessive insulin increases the
bioavailability of insulin-like growth factor-1 (IGF-1). Due
to structural similarity, both growth factors can cross-interact
and competitively interact with insulin receptors (IR) and
IGF-1 receptors (IGF-1R), activating intracellular signaling
pathways, in particular, the <«insulin» pathway PI3K/Akt/

mTOR, which plays an important role in the regulation of
intracellular metabolism and survival [13].

Hyperinsulinemia has been proved to reduce the expression
of genes that are responsible for the synthesis of IGF-1 binding
protein, which causes IGF-1 overexpression. It has been found
that insulin can independently activate mitogen-activated
protein kinase (MAPK), which directly affects mTOR, a key
kinase involved in carcinogenesis [1, 6].

In the IT group 28,6% of patients had compensated diabetes
(according to HbA1c level), 14,3% — subcompensated, and 57,1%
— decompensated. In group IV the comparable indicators were
10,0%, 30,0% and 60,0%, respectively.

The results confirm the mutually complicating effect of
both diseases on diabetes compensation. Hyperglycemia is
an important factor in carcinogenesis. There are indirect and
direct pro-carcinogenic effects of hyperglycemia. The indirect
effect is due to the stimulation of certain organs for the
synthesis of growth factors (insulin/IGF-1) and inflammatory
cytokines. A direct effect is the induction of mutations in the
cell through OS and the activation of carcinogenesis-related
signaling pathways.

Tt is proved that in adipose and muscular tissues glucose
transport is carried out due to the insulin-dependent mechanism,
involving the glucose transporter-4 (GLUT-4). However, the
endothelium of blood vessels, mesangial cells of the kidney
glomeruli, neurons contain mainly insulin-independent glucose
transporters GLUT-1 and GLUT-3, which are constantly
presented on the surface of cells and continually transfer glucose
from the outside into the cell. The amount of these cells can
increase in response to an increase in glucose concentration. These
cells lack the mechanism of prevention of the transport of excess
glucose from the bloodstream to the cytoplasm by hyperglycemia,
which causes its accumulation. This leads to the intensification
of glycolysis, a tricarboxylic acid cycle that eventually causes
free radical (superoxide-anion) hyperproduction and OS, which
causes oxidation of intracellular structures, including DNA,
causing chromosomal aberrations. The role of dyslipidemia and
excess of free fatty acids (FFA) in the activation of OS in the cells
should also be noted.

Hyperglycaemia causes proliferative, antiapoptotic and
metastatic effects. The proliferative effect of hyperglycaemia
is caused by the increased expression of GLUT-1 and GLUT-
3 in tumor cells, which promotes their nutrition [7]. The anti-
apoptotic effect is the result of an increase in the level of hypoxia-
activated factor -1 (HIF-1), which regulates cancer cell survival
under hypoxia. The metastatic effect is realized through vascular
endothelial growth factor (VEGF), which provides invasion of
malignant cells beyond the localization organs.
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