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Introduction

According to GLOBOCAN 2018 statistics, among all localized cancers worldwide, colorectal
cancer (CRC) ranks third in terms of incidence, followed by mortality in second place despite better
screening programs for early detection and therapeutic achievement [1]. Statistics indicate an increase in
CRC incidence and mortality rates above the age of 50 years. Approximately 90% of worldwide incidence
and mortality was reported in this age group. It is also noteworthy that the incidence rate in men is higher
(by 30%) than in women, with a wider variation for rectal cancer (more than 60%) than for colon cancer
(more 30%) [2]. Among the top 5 localizations of cancer registered in women in Georgia, CRC ranks 3rd
among women and 4th among men. The risk of CRC development in 2015-2019 was 4.2% in both men
and women [3].

Higher concentrations of cellular insulin-like growth factor-1 (IGF-1) and decreased
concentrations of its cellular binding protein 3 IGF BP3 are significantly associated with increased risk of
CRC [4,5]. Potential linkage between serum IGF-1 concentrations and their tissue expression (including
various mRNA isoforms) have been reported in some papers about colorectal carcinogenesis [6,7].
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The majority of CRC cases (60—-65%) are sporadic (excluding CRC with family history) associated
with somatic mutations and epigenetic changes due to modifiable risk factors [8]. According to the
literature data, several parameters and factors are associated with such behavior of IGF-1 and IGF BP3
levels during CRC: patient age, carbohydrate metabolism parameters, obesity and overweight, blood
pressure, sex hormone abnormalities, smoking, etc. [9-16]. Data about such relationships are widely
variable, often controversial [14-20]. But there are no large-scale studies on how the IGF system is changed
in the case of joint exposure of these factors.

Therefore, the aim of our study was to investigate the association of insulin-like growth factor-1
and its binding protein 3 levels with CRC risk factors and symptoms by multiple regression analyzes.

Methods

The research was carried out in Acad. F. Todua Medical Center. The criteria for inclusion in the
study group were the presence of a colorectal malignancy and a signed informed consent to participate in
the study; the criteria for inclusion in the control group were conditionally healthy individuals and a
signed informed consent to participate in the study. Criteria for exclusion from the study in both groups
were following: frequent alcohol consumption, drug addiction, pregnancy, as well as patients with
hepatitis and AIDS. According these selection criteria, study and control groups completed by 50 and 50
participants, respectively.

The IGF-1 laboratory test was performed using the ECLIA method. Blood samples was collected
in a serum flask; the blood was coagulated for 10-15 minutes; then the serum was separated from the cells,
and then placed in a refrigerator at a temperature of 1-70C. Liquid Chromatography / Mass Spectrometry
(LC/MS) methodology was used to perform the test, according to which the concentrations of IGF-1 and
IGF BP3 were calculated.

Serum insulin and glucose levels were assessed by oral glucose tolerance test (OGTT) in fasting
state and after 120 minutes of glucose loading (40g/Im2 of body surface). A highly specific
radioimmunoassay was used to determine insulin with kits from CEA-SEN-SORIN (France).
Determination of glucose levels was performed by enzyme colorimetric method. B-cell function and
insulin resistance were assessed by Homeostasis Model Assessment (HOMA) [21].

The obtained results were statistically treated by the statistical software SPSS22.0. Quantitative
parameters are presented as means and standard deviation (SD), and qualitative variables are presented as
percentages. Student t-test was used to compare quantitative parameters and Chi2-test was used to
compare qualitative variables. The criterion to reject the null hypothesis was p < 0.05.

Multiple regression analysis performed to study the mutual impact of different parameters on
outcome (IGF-1 and IGF BP3). Parameters selected as variables were following: X1 —sex (male - 1; female
- 2); X2 - age, year; X3 — stage of cancer (1; 2; 3; 4); X4 — code of surgery method (JESB46 — 1; JFSB43 — 2;
JFSB40 — 3; JFSB30 — 4; JGSB0O — 5; JGSB20 — 6; JGSB30 — 7); X5 - complaint A0O4 Weakness / fatigue in
general (yes - 1; no - 2); X6 - complaint A10 Bleeding that is not specified otherwise (yes - 1; no - 2); X7 -
complaint A29 Other general symptoms / complaints (yes - 1; no - 2); X8 - complaint D01 Abdominal pain
/ spasm in general (yes - 1; no - 2); X9 - complaint D02 Abdominal pain in the epigastric region (yes - 1;
no - 2); X10 - complaint D04 Pain in the rectum / anus (yes - 1; no - 2); X11 - complaint D06 Abdominal
pain of other localization (yes - 1; no - 2); X12 - complaint D07 Dyspepsia / digestive disorders (yes - 1; no
- 2); X13 - complaint D08 Flatulence Gases (yes - 1; no - 2); X14 - complaint D11 Diarrhea (yes - 1; no -
2); X15 - complaint D16 Bleeding from the rectum (yes - 1; no - 2); X16 - complaint T03 Loss of appetite
(yes - 1; no - 2); X17 - complaint TO8 weight loss (yes - 1; no - 2); X18 - complaint P13 Encopresis /
defecation problem (yes - 1; no - 2); X19 - presence of a colostomy (yes - 1; no - 2); X20 - A course of
chemotherapy or radiation therapy before surgery (yes -1; no - 2); X21 - BMI, kg/m? X22 — waist
circumference, cm; X23 — fasting glycemia, mmol/l; X24 — fasting C-peptide, ng/ml; X25 — fasting insulin,
pnU/ml; X26 - HOMA-B; X27 - HOMA-S; X28 - HOMA-IR; X29 — systolic blood pressure, mm.Hg; X30 -
diastolic blood pressure, mm.Hg; X31 - Creatinine, mg/dl; X32 - Pain, score; X33 - ECOG, score.

Results
The multiple linear regression model examined the significant factors with a mutual effect on the
outcome (variables are given in the methods section). On stage I, IGF-1 was selected as the outcome (in



JECM 2022/4

the model it was denoted by Y1). Non-significant variables were excluded from the model by the back-
step method:

X7, X31, X32, X19, X6, X4, X10, X15, X18, X27, X2, X5, X8, X9, X25, X33, X17, X16, X30, X23, X26, X20,
X12, X11.

Finally, significant variables (factors) were left in the model having mutual effect on the outcome
(IGF-1 value). The linear multiple regression function took the following form:
Y=1319-273X1-57X3+54.0X13 +19.4 X14 + 3.9 X21 - 0.98 X22 - 7.3 X24 + 17.4 X28 - 0.5 X29
The coefficients for this function with significance levels are given in Table #1.

Table #1. Function coefficients obtained by linear multiple regression

Value* Standard deviation t-test P
B0 131.95 36.42 3.62 <0.001
B1 -27.26 4.30 -6.34 <0.001
B3 -5.74 2.32 -2.47 0.018
p13 53.96 12.80 4.22 <0.001
14 19.36 6.17 3.14 0.003
B21 3.88 0.76 5.10 <0.001
22 -0.98 0.24 -4.11 <0.001
24 -7.25 3.16 -2.29 0.027
28 17.39 3.71 4.69 <0.001
29 -0.54 0.16 -3.28 0.002

* The "-" sign indicates a inverse correlation, and a "+" indicates a direct correlation

Hence these factors (each factor in parentheses indicates the nature of the correlation - direct or
inverse): X1 - Sex (inverse); X3 - Stage (inverse); X13 - Flatulence Gases (direct); X14 - Diarrhea (direct);
X21 -BMI (direct); X22 — Waist Circumference (inverse); X24 — fasting C-peptide (inverse); X28 - HOMA -
IR (direct); X29 — systolic blood pressure (inverse).

On stage II, IGF BP3 was selected as the outcome (in the model it was denoted by Y2). Non-
significant variables were excluded from the model by the back-step method: X33, X24, X2, X19, X32,
X18, X6, X26, X11, X10, X14, X29, X17, X12, X8, X30, X9, X21, X23, X25, X3, X16, X22, X15.

Finally, significant variables (factors) were left in the model having mutual effect on the outcome
(IGF BP3 value). The linear multiple regression function took the following form:
Y2 =458+0.32X1 -0.06 X4 - 0.45 X5 - 1.68 X7 - 0.85 X13 - 0.50 X20 + 0.07 X27 + 0.25 X28 + 0.06 X31
The coefficients for this function with significance levels are given in Table #2.

Table #2. Function coefficients obtained by linear multiple regression

Value* Standard deviation t-test P
B0 4.57 1.40 3.25 0.002
B1 0.32 0.10 3.17 0.003
B4 -0.06 0.02 -3.12 0.003
35 -0.45 0.13 -3.28 0.002
B7 -1.68 0.32 -5.20 <0.001
p13 -0.85 0.36 -2.33 0.025
20 -0.50 0.11 -4.39 <0.001
27 0.07 0.02 3.80 <0.001
328 0.24 0.11 2.24 0.030
B31 0.06 0.02 3.46 0.001

* bodobo "-" 8030000036[) 33‘33(‘06)3@03036 303306)83, boo@oo " 306)@0306)30’)60@0303633
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Hence these factors (each factor in parentheses indicates the nature of the correlation - direct or
inverse): X1 - Sex (direct); X4 — Code of Surgery (inverse); X7 — other general pains/symptoms (inverse);
X13 - Flatulence Gases (inverse); X14 - Diarrhea (direct); X20 — A course of chemotherapy or radiation
therapy before surgery (inverse); X27 — HOMA-S (direct); X28 - HOMA-IR (inverse); X31 — creatinine
(direct).

Discussion

The majority of CRC cases (60—-65%) are sporadic (excluding CRC family history) associated with
somatic mutations and epigenetic changes due to modifiable risk factors [8]. Approximately 35-40% of
CRC cases are due to hereditary components [22,23], while family history accounts for approximately 25%
of cases without disease phenotype [24].

Several other physical factors such as body mass, age, sex, body mass index (BMI) and lifestyle,
smoking and etc. also are associated with juvenile CRC. Weight loss followed by fatigue and constant
tiredness can be the early symptom [25]. In addition, women with a BMI greater than 30 kg / m2 had a
higher risk of developing CRC (95% CI 1.15-3.25) compared to women with a normal BMI [26]. Low et
al. suggest that smoking is not associated with the risk of juvenile delinquency; Neither current nor former
tobacco users were at risk of developing CRC compared to non-smokers [25]. There is a higher chance of
progression of CRC than juvenile CRC; Obesity is a major risk factor for colon cancer in the elderly [10,11].
The authors conclude that these differences indicate several factors associated with juvenile CRC and
further studies are needed to identify the main associated risk factors.

Smoking, increased BMI, red meat intake, lack of regular physical activity, and poor diet are all
associated with an increased risk of CRC [12]. Various studies have shown that about 12% of CRC-related
deaths are caused by tobacco use. Tobacco smoke contains at least 70 chemicals that are classified as
carcinogenic. Smoking in men is associated with early onset and distal location of CRC [13].

Food content is closely related to the risk of developing CRC. Some studies show a 70% reduction
in risk by switching to healthier foods and acquiring healthier eating habits [27]. Patients who consume
fatty foods, especially red meat, have a higher risk of developing high-grade CRC [28,29]. Meat
consumption is more closely related to colon cancer than rectal cancer [30]. The mechanical association
with the positive association of red meat consumption with CRC is the presence of hemi-iron in the meat
[30,31]. Meat cooked at high temperatures produces heterocyclic amines and polycyclic aromatic
hydrocarbons, which are considered carcinogenic compounds [30,32]. People who consume calcium-rich
foods (diet and supplements), fruits, fiber and vegetables have a decreased risk of CRC development
[33,34].

Overweight and obese individuals are at a higher risk of mortality, ranking fifth among the causes
of cancer-related mortality. Approximately 2.8 million adults die each year from obesity-related cancer
[35]. In Europe, about 11% of CRC cases are associated with obesity and overweight [35]. Researchers
have found a positive association between excessive body mass and cancer in both sexes; however, it has
been found that men are at higher risk. The authors attributed this to the fact that testosterone levels are
significantly lower in older men than in postmenopausal women with higher estrogen levels [36]. Various
studies have shown a significant positive correlation between CRC and BMI [37,38]; The total RR of BMI
to predict CRC by each 1 kg / m2 increment was 1.03 (95% CI, 1.02-1.03) [39]. BMI is associated with
total body fat; waist circumference - with abdominal fat; Studies have shown that an increased risk of CRC
is more closely related to waist circumference than BMI [40,41].

Abdominal fat is divided into 2 categories: visceral adipose tissue and subcutaneous adipose tissue.
Inflammatory pro-adipokines (e.g., TNF) at higher levels and adiponectin (insulin-sensitive hormone) at
lower levels are secreted in visceral adipose tissue compared to the subcutaneous adipose tissue [42]. For
any BMI, visceral obesity is more common in Asian populations than in Caucasians [43]. Evidence from
one study confirms that obesity in men compared to women is strongly associated with an incidence of
rectal cancer compared with colon cancer and an incidence of distal cancer compared with proximal colon
cancer [44]. One meta-analysis showed an association between abdominal obesity and an increased risk
of colorectal adenoma (RR, 1.42; 95% CI, 1.30-1.56) [45]. Other meta-analyzes predicted a higher risk of
developing CRC in diabetic patients (21%; 95% CI, 1.02-1.42) compared with non-diabetics [46].
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Obesity can also lead to hyperinsulinemia and insulin resistance (IR) [47] due to low expression
of insulin receptors and decreased intracellular insulin signaling in response to the insulin receptor
binding [48]. This leads to an increase in insulin secretion and a decrease in insulin sensitivity, leading to
an increase of IGF-1 levels. IGF-1 is involved in the maintenance of tissue homeostasis, in the
differentiation of phenotype, growth regulation, proliferation, apoptotic imbalance, angiogenesis,
migration, cell adhesion, and wound healing [49]. The signaling pathway of insulin-IGF-1 promotes
colorectal carcinogenesis by reducing apoptosis and increasing cell proliferation [50]. After menopause,
obesity becomes a major site of estrogen production in women, protecting them from susceptibility to
CRC [51,52]. Thus, cancer induced by insulin and IGF1 in older women with excess body mass or obesity
may counteract the anticancer effects of estrogen [53].

Intake of dietary insoluble fibers by increased concentrations reduces the risk of colorectal
epithelial carcinogenesis by increasing the fecal mass in the lumen, diluting the fecal content, and
reducing the transition time [54]. One study found that rural Africans had a lower risk of developing CRC
compared to Westerners due to higher fiber intake [55].

A case-control study predicted a association between CRC incidence and dietary fiber intake;
authors concluded that grains with a high content of dietary fiber were significantly associated with the
risk of CRC (increase by 10 g per day - RR, 0.90; 95% CI, 0.83-0.97 compared with fiber of fruits, vegetables
and legumes) [56]. In their report, the World Cancer Research Foundation (WCRF) and the American
Institute for Cancer Research (AICR) added fiber-containing grains to the list of possible protective agents
against CRC [57].

Conclusion

Based on the results of current study we concluded that CRC is multifactorial and many significant
factors are responsible for its development. One of possible mechanisms for its development is the changes
insulin/IGF-1 signaling pathway with other significant biological and non-biological factors. Study results
will be useful for the identification of risk groups and prevention measures. However, these results should
be confirmed by other RCTs and more wide population-based studies.
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3BHA MATJIAIIEPH/]3E, BEPA KAIIETHBAJ]3E, PEBA3 TABYKAIIIBHJIH,

TAMAP JIASAIIIBHJIH, MAPHHA KYIIAPA/IZE, DPEKJIE I'PATHAIIIBHJIH
3HAYUTEJIBHBIE ®AKTOPHI, CBA3AHHBIE C MTHCYJIMHOIIOJJOBHBIM ®AKTOPOM POCTA 1
Y ETO CBA3BIBAIOIIINM BEJIKOM 3 ITPY KOJIOPEKTAJIBHOM PAKE -MHOXXECTBEHHBI
PETPECCUOHHEI AHAJIN3
Tounucckuit I'ocymapcrBennsit Megununckuil Y HuBepcureT, JlemapraMeHT IIpoeieBTUKH
BHYTpeHHUX 6oesHei; Menununckuii nentp um. ®punona Toxya

PE3IOME

Ilenp: Ilens Hamero mcciaefOBaHUA COCTOSAJIA B TOM, YTOOBI MCCIEZOBATH ACCOIHAIIMIO
MHCYJIMHOIOZ00HOTO (hakTopa pocTa-1 1 ypoBHeil ero cBaspiBaomero 6enka 3 ¢ pakropamu pucka CRC
¥ CUMIITOMaMH C IIOMOIIBIO MHOKeCTBEHHOTO PeTPeCCHOHHOTO aHaJIH3a.

Meroasr. JlaGopaTopusrit Tect IGF-1 6511 BhImONHEH ¢ ncnonbs3oBaHueM Metoga Eclia. Yposuu
MHCYJIMHA B CBIBOPOTKE M TJIIOKO3BI OIIeHHBATH C ITOMOIIBIO IIEPOPATbHOTO TeCTa Ha TOJIEPAHTHOCTDH K
riaokose (OGTT) B cocrosuun Haromax u mocte 120 munyT Harpysku rrokosst (40 r/ 1 M2 moBepxHOCTH
Tesa). MHOXXeCTBEHHBIN PerpecCHOHHbII aHAIW3, BHIIOJTHEHHBIH [JIS M3y4YeHUs B3aUMHOTO BIUSHUS
pasnuuHbIX mapamerpoB Ha pesynbrat (IGF-1 u IGF BP3).

PesynsTaThl: 3HauNTeIbHbIE TepeMeHHbIe ((HaKTOPbI) ObLIX OCTABIEHBI B MOJEIH, OKa3bIBAIOIIeH
B3aMMHOe BiIUsHHe Ha pe3yuasTaT (3HaueHue IGF BP3). Jluneiinas QyHKIMA MHOXECTBEHHOM perpeccuu
IPUHAJIA CIeAyIoNyio GopMy: ClefoBaTeabHO, 3TU GaKTOPHI (KakAbIi (GakTop B CKOOKAX yKa3bIBaeT Ha
IIPUPOZY KOPPeIALuHy - IPIMO# UK o6paTHslif): X1 - mox (mpsamoii); X4 - Kox xupypruu (o6partHstit); X7
- opyrue obuue 6omu/cumnromst (o6patHsie); X13 - rasst (o6patHas); X14 - auapes (mpamoit); X20 - xypc
XMMUOTEPAINH UK JIy9eBOY Tepalluy mepe onepauueii (o6parHasn); X27-Homa-S (mpsamoii); X28 - homa
-ir (o6paTHsIit); X31 - KpeaTUHUH (IIPSIMOIL).

3axmodyeHue. Ha ocHOBaHMU pe3yJsIbTaTOB TEKYIIEro MCCIeNOBAaHUA MBI IPHUILIA K BBIBOLY, UTO
CRC sBngeTcsa MHOroGaKTOPHBIM, U MHOTHE BaKHbIe ()aKTOPBI OTBETCTBEHHSI 32 ero passutue. OmHUM U3
BO3MOKHBIX MEXaHU3MOB €rO PasBUTHA ABJIAETCA W3MeHeHMs CUrHampHoro myru uHcynmuHa/IGF-1 c
IOPYTHMHU 3HAYHMMBIMU OMOJIOTHYECKUMU U HeOMOIOTUIeCKUMU (haKTOPaAMHU.

ZVIAD MAGLAPHERIDZE, VERA KAPETIVADZE, REVAZ TABUKASHVILI,
TAMAR LAZASHVILI, MARINA KUPARADZE, EREKLE GRATIASHVILI
SIGNIFICANT FACTORS ASSOCIATED WITH INSULIN-LIKE GROWTH FACTOR 1 AND ITS
BINDING PROTEIN 3 IN COLORECTAL CANCER — MULTIPLE REGRESSION ANALYSIS
Department of Internal Disease of Propaedeutics, Tbilisi State Medical University;

Fridon Todua Medical Center

SUMMARY

Aim: the aim of our study was to investigate the association of insulin-like growth factor-1 and its
binding protein 3 levels with CRC risk factors and symptoms by multiple regression analyzes.

Methods: The IGF-1 laboratory test was performed using the ECLIA method. Serum insulin and
glucose levels were assessed by oral glucose tolerance test (OGTT) in fasting state and after 120 minutes
of glucose loading (40 g/ 1 m2 of body surface). Multiple regression analysis performed to study the mutual
impact of different parameters on outcome (IGF-1 and IGF BP3).

Results: Finally, significant variables (factors) were left in the model having mutual effect on the
outcome (IGF BP3 value). The linear multiple regression function took the following form: Hence these
factors (each factor in parentheses indicates the nature of the correlation - direct or inverse): X1 - Sex
(direct); X4 — Code of Surgery (inverse); X7 — other general pains/symptoms (inverse); X13 - Flatulence
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Gases (inverse); X14 - Diarrhea (direct); X20 — A course of chemotherapy or radiation therapy before
surgery (inverse); X27 — HOMA-S (direct); X28 - HOMA-IR (inverse); X31 — creatinine (direct).

Conclusion: Based on the results of current study we concluded that CRC is multifactorial and
many significant factors are responsible for its development. One of possible mechanisms for its
development is the changes insulin/IGF-1 signaling pathway with other significant biological and non-
biological factors.
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