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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]. The age-specific incidence rate of CRC per 2019 per 100,000 persons decreased in both women
(21.6 — 17.4) and men (23.7 — 11.0); Mortality rates were increased in both women (10.0 — 13.6) and
men (12.7 — 19.2). The incidence rate in both sex groups increases with age and reaches a maximum in
70-74 yrs. age group.
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Potential link between serum concentrations of insulin-like growth factor-1 (IGF-1) and its tissue
expression (including various mRNA isoforms) in colorectal carcinogenesis have been identified by some
studies [4,5]. Higher concentrations of cellular IGF-1 and reduced concentrations of cellular IGF binding
protein 3 (IGF BP3) were associated with an increased risk of CRC [6-8].

Comparison of serum concentrations of IGF-1 and IGF BP3 (measured by ELISA methods) in
selected epidemiological studies at different stages of CRC and tissue expression of IGF-1, IGF-1R and
IGF-3 are widely variable based on immunohistochemical methods [6-13]. Concentrations of serum IGF
components in serum and local in vivo expression depend on studies, number of patients studied, and poor
correlation with clinical data [14-19].

Therefore, the aim of our study was to study of age-specific features of IGF-1, IGF BP3, and
carbohydrate homeostasis in patients with colorectal cancer.

Material and Methods.

The study was carried out in the Fridon Todua Medical Center. Inclusion criteria in study group
were the presence of CRC and signed informed consent to participate in the study; participants for the
control group were selected among conditionally healthy subjects after receipt of the signed informed
consent. Exclusion criteria from the study for both groups were: the frequent alcohol consumption, drug
addiction, pregnancy, as well as patients with hepatitis and AIDS.

The study and control groups consisted of 50-50 participants, who were divided into three age
groups (see Table # 1).

Table #1. The distribution of patients in age groups

Study group S Control Group C
Group 1 (30-55 yrs.) n=11 n=12
Group 2 (55-65 yrs.) n=13 n=12
Group 3 (>65 yr.) n=26 n=26

The study groups did not differ significantly from each other in terms of the tumor stages, the
presence of a colostomy, the presence of preoperative chemotherapy and / or radiotherapy, body mass
index (BMI), and waist circumference.

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 1-7°C. 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 (40 g / 1 m? 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) [20].

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.

Results.

The mean IGF-1 values for the age groups were as follows (see diagram #1): study group S1 (35-55
yrs.) - 214.5 + 23.0; study group S2 (55-65 yrs.) - 202.5 + 15.5; study group S3 (> 65 yr.) - 190.5 £ 22.0;
control group C1 (35-55 yrs.) - 162.3 + 31.7; control group C2 (55-65 yrs.) - 150.6 £ 35.7; control group C3
(> 65 yr.) - 146.1 £ 32.4. Mean IGF-1 values observed in all study groups were significantly higher than in
the corresponding control group (p<0.05). The analysis between the study groups showed that the mean
IGF of study group 1 was significantly higher than mean IGF-1 of study group 3 (p = 0.005); The difference
between the mean IGF-1 values of other groups was not significant.
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After adjustment of IGF-1 values by age and sex for the age groups were as follows (see diagram
#2): study group S1 (35-55 yrs.) - 1.03 £ 0.10; study group S2 (55-65 yrs.) - 1.12 + 0.06; study group S3 (>
65 yr.) - 1.09 £ 0.09; control group C1 (35-55 yrs.) - 0.74 £ 0.15; control group C2 (55-65 yrs.) - 0.83 £ 0.20;
control group C3 (> 65 yr.) - 0.81 £ 0.17. Sex-age-adjusted mean IGF values rate observed in all study
groups was significantly higher (p <0.05) compared to the corresponding control group. The analysis of
these parameters between study groups showed that only the mean adjusted-IGF value in the study group
S1 was significantly lower than in the study group S2 (p = 0.012); The difference between the other groups
was not significant.

diagram #1. Mean IGF-1 values in age groups. diagram #2. Mean IGF-1 values adjusted by age
and sex in age groups.
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The mean IGF BP3 values for the age groups were as follows (see diagram #3): study group S1 (35-
55 yrs.) - 2.0 £ 0.7; study group S2 (55-65 yrs.) - 1.6 £ 0.3; study group S3 (> 65 yr.) - 1.7 £ 0.6; control
group C1 (35-55 yrs.) - 3.6 £ 1.0; control group C2 (55-65 yrs.) - 3.9 + 1.0; control group C3 (> 65 yr.) - 3.6
£ 0.9. The mean of IGF BP3 was significantly higher (p <0.05) in all study groups compared to the
corresponding control group. The analysis between the parameters of the study groups showed that the
difference between the study groups was not significant.

After adjustment of IGF BP3 values by age and sex for the age groups were as follows (see diagram
#4): study group S1 (35-55 yrs.) - 0.78 £ 0.29; study group S2 (55-65 yrs.) - 0.69 + 0.16; study group S3 (>
65 yr.) - 0.77 £ 0.31; control group C1 (35-55 yrs.) - 1.43 £ 0.41; control group C2 (55-65 yrs.) - 1.64 £ 0.47;
control group C3 (> 65 yr.) - 1.53 + 0.46. Sex-age-adjusted mean IGF values rate observed in all study
groups was significantly higher (p < 0.05) compared to the corresponding control group. The analysis of
these parameters between study groups did not show the significant difference between the study groups.

diagram #3. Mean IGF BP3 values in age groups.  diagram #4. Mean IGF BP3 values adjusted by age
and sex in age groups.
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Comparison of the parameters of the carbohydrate metabolism showed the same trend in the study
groups - the mean levels of fasting glycemia, C-peptide and insulin differed significantly from those of the
control groups (see Table #2). The difference between these parameters between the study groups was not
significant.

Comparison of the HOMA-indices of B-cell function (HOMA-B), insulin sensitivity (HOMA-S),
and insulin resistance (HOMA-IR) showed the same trend - these indices of study groups were
significantly differed from the indices of corresponding control groups (despite of HOMA-B of control
group C2; see Table #3). Among the study groups themselves: a) the difference between the study groups
S1 and S2 is close to the limit of significance (p = 0.052); b) the mean index of beta-cell function in the
study group S1 is significantly higher than the similar indices of the group S3 (p = 0.023); c) The difference
between the other indices was not significant (diagram #5).



Table #2. The parameters of the carbohydrate metabolism in the study groups.
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Mean ‘ SD Mean SD
Parameter

Study Group S1 Control Group C1

Fasting glycemia, mmol/l 6.2 ‘ 0.5 5.0 ‘ 0.3
t-test (p) 7.052 (p<0.001)

Fasting C-peptide, ng/ml 5.9 ‘ 1.8 ‘ 1.9 ‘ 0.5
t-test (p) 7.407 (p<0.001)

Fasting Tnsulin, uU/ml 295 | 47 | 177 | 55
t-test (p) 5.506 (p<0.001)

Parameter Study Group S2 Control Group C2

Fasting glycemia, mmol/l 7.0 ‘ 1.2 5.1 ‘ 0.2
t-test (p) 7.052 (p<0.001)

Fasting C-peptide, ng/ml 5.6 ‘ 1.1 ‘ 2.3 ‘ 0.6
t-test (p) 6.250 (p<0.001)

Fasting Insulin, wU/ml 300 | 27 | 172 | 48
t-test (p) 7.327 (p<0.001)

Parameter Study Group S3 Control Group C3

Fasting glycemia, mmol/l 6.3 ‘ 0.5 5.1 ‘ 0.3
t-test (p) 10.228 (p<0.001)

Fasting C-peptide, ng/ml 4.8 ‘ 1.3 ‘ 2.2 ‘ 0.6
t-test (p) 8.977 (p<0.001)

Fasting Insulin, wU/ml 77 | 50 | 178 | 46
t-test (p) 7.327 (p<0.001)

Table #3. The HOMA-indices in the study groups.

L. Mean ‘ SD Mean ‘ SD

HOMA-indices
Study Group S1 Control Group C1

HOMA-B, % 1825 | 509 1207 | 211
t-test (p) 3.866 (p<0.001)
HOMA-S, % 235 | 71 | 749 | 192
t-test (p) 8.357 (p<0.001)
HOMA-IR 46 | 14 | 14 | o4
t-test (p) 7.601 (p<0.001)
HOMA-indices Study Group S2 Control Group C2
HOMA-B, % 1429 | 442 128.8 [ 152
t-test (p) 1.088 (p=0.288 - NS)
HOMA-S, % 240 |44 | 63.8 | 145
t-test (p) 9.470 (p<0.001)
HOMA-IR 43 [ 0.8 |17 [ 05
t-test (p) 9.937 (p<0.001)
HOMA-indices Study Group S3 Control Group C3
HOMA-B, % 1519 [288 123.0 183
t-test (p) 4.215 (p<0.001)
HOMA-S, % 286 100|671 [17.8
t-test (p) 9.661 (p<0.001)
HOMA-IR 3.8 [ 1.0 | 1.6 |05
t-test (p) 9.742 (p<0.001)

4
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diagram #5. The HOMA-indices in the study groups.
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Discussion

The main objective of our study was to evaluate the relationship between the IGF-system and
insulinemia / glycemia with age of patients with CRC. A number of prospective studies have shown that
the IGF-1 / IGF-3 system increases the risk of the CRC development by increasing the circulating IGF-1
concentration and decreasing the concentration of IGF BP3 [11,21]. According to our research, the
decrease of the concentration of IGF BP3 in the patients with CRC indicates a weakening of its buffer
properties [7,8,10]. Increased fasting insulin concentrations in the patients with CRC also indicate a
significant role for hyperinsulinemia in the development of CRC [9].

Observations in the study and control groups showed a decrease in the concentration of IGF-1 and
an increase in the concentration of IGF BP3 in the blood with increasing age, a similar result was obtained
in a number of other studies [21,22]. A significant inverse correlation between age / IGF-1 and age / IGF
BP3 has been confirmed. Such a correlation could not be established in a group of patients with colorectal
cancer, which may be explained by a violation of the relevant physiological regulatory mechanisms. In
our previous study, visible data were obtained between the concentrations of IGF-1 and fasting insulin
and the degree of tumor invasion quality [22].

Both IGF-1 and IGF BP3 levels decline with the age after adolescence [23-25]. In one study [25],
40% of healthy elderly adults (age 60-88 years) had very low IGF-I levels. It has been suggested that
impaired immune function may participate in aging-related tumorigenesis and the treatment option with
growth hormone or IGF-I might reverse the immune deficiency in humans [25,26]. The results of some
studies showed that, although both IGF-I and IGF BP3 levels decrease with age, IGF-I levels are higher
among case subjects than among control subjects at each level of IGF BP3, independent of age [27]. The
inverse association of IGF BP3 with CRC risk is also independent of age and IGF-I. Furthermore, the
associations of IGF-I and IGF BP3 with risk were consistent among younger and older men. Since older
men had statistically significantly lower levels of IGF-1 than younger men, older men might be at even
higher risk if their IGF-1 levels were increased to levels equivalent to those at a younger age. This findings
of studies of circulating IGF-1 levels and risk of prostate cancer [27,28] raise concern that administration
of growth hormone or IGF-1 over long periods, as proposed for elderly men to delay the effects of aging
[26], may be associated with increased risk of neoplasia. Further investigations are needed to confirm our
results, to better understand the determinants of circulating levels of IGF-1 and IGF BP3, to assess the
feasibility of identifying individuals with high risk of CRC based on circulating sex and age-adjusted IGF-
1 and IGF BP3 levels, and to investigate potential lifestyle or pharmacologic approaches to decreasing IGF-
1 bioactivity in high-risk populations.
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Conclusion
Age-dependent features of the IGF-system have been reported in patients with colorectal cancer.

Moreover, in all age groups of CRC patients, despite the nature of the change of IGF-1 and IGF BP3, a
inverse association was maintained between these parameters. However, the concentration of sex-adjusted

IGF-1 in the lower age group is significantly low compared to the old age group. Further study is needed
to make stronger evidence-based conclusions.
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3BHA/] MATJIAIIEPH/]3E, BEPA KAIIETHBAJ]3E, PEBA3 TABYKAIIIBHUJIH,
TAMAP JIASAIIIBHIH, MAPHHA KYIIAPA/I3E, DPEKJIE ITPATHAIIIBHJIH
UHCYJIMHOIIOZOBHBIN ®AKTOP POCTA-1, ETO CBA3BIBAIOIIYY BEJIOK-3 U
BO3PACTHBIE OCOBEHHOCTH YIJIEBOJHOI'O TOMEOCTA3A Y BOJIBHBIX
KOJIOPEKTAJIBHBIM PAKOM
T6unucckuit I'ocymapcrBennsiit Megununckuil Y HuBepcureT, JlemapraMeHT IIpoeie BTUKH
BHyTpeHHUX 6ose3Heit, Megunuuckuit nentp uM.IlIpunona Toxya

PE3IOME

Iens: Llensio mccrenoBaHus OBLIO ONpefiesleHUe HMHCYJIMHONOJOOHOTO dakropa pocTa-1l, ero
CBA3BIBaOmero Geska-3 M BO3pacTHBIE OCOOEHHOCTH YTJIEBOZHOTO TOMEOCTa3a Yy OOJBHBIX
KOJIOPEKTaJIbHBIM PAKOM.

Meroapr: Yuactue B wmccrepmosaHuax npuHano 100 mamwenros, 50-50 ywacTHUMKOB ObUIH
00beZieHbl B UCCIeLyeMyio M KOHTPOJIBHYIO IPyNmbl. BospacT GbLT paccmpezeneH Ha TPU BO3PAaCTHbIE
rpynmsr: 1 rpymma (30-557et), 2 rpymnma (55-65 1et), 3 rpymma (>6551eT). Y manueHTOB HUCCIefOBAIH
WHCYJIMHOIONOOHBIH (akTop pocTa-1, ero cassiBaromuii 6eloK-3, TeCTHl KOJHMYECTBA TIIIOKO3BI U
WHCYJIHHA.
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Pesynbrarsr: Cpepnue nokasarenu IGF — B BospacTHbIX rpynmmax 6s0mu cregytomue: Mccnemyemsre
rpynmst S1(30-35 ner) — 214,5+23,0 ex., S2 (55-651et) — 202,5£15,5 en., S3 (>65 ner). KonTpoasusie
rpymnmst — C1(30-35 net) — 162,3+31,7 ex., C2 (55-65 net) - 150+35,7 ex., C3(>65 1et)- 146,1+32,4 en,.
Cpeznue moxasatenu ICF BP3 B BospacTHbIX rpynnax 6sumn caegyiomue: Mecmremyemsie rpynmser S1 (30-
35 ner) — 2,00,7 en., S2 (55-65 net) — 1,6+0,3 ex., S3 (>65 net) — 1,7+0,6 ex. Kourponsisie rpymms: —Cl
(30-35 mert) — 3,6+1,0 ex., C2 (55-65 ner) — 3,9+1,0 ex., C3 (>65 mert) — 3,6+0,9.

BriBogpl: y manneHTOB ¢ KOJIOPEKTAIBbHBIM PAaKOM HAa0II0aI0Ch HAPYLUIeHHe HHCYIHHOIIOA00HOTO
pocta ¢akTopa-1 B BO3PAaCTHBIX PEryIATOPHBIX MeXaHM3MaX. Bo BceX BO3pacTHBIX TPYyIIIaXx HECMOTPS Ha
Pa3HOCTH IIOKa3aTesell HHCYINHIONOOHOrO pocTa dakTopa-1 1 ero cBa3bIBaroLIero Gerka-3 OTMeYasach
OGpaTHONPOIIOPIIUANIBPHOCTD 3TUX BEJIWYMH, XOTS Y IAIMEeHTOB HU3KOH BO3PAaCTHOM TPYIIIEI
xounenTpanus ICF-1 6p11a ZOCTOBEPHO HU3KAS.

ZVIAD MAGLAPHERIDZE, VERA KAPETIVADZE, REVAZ TABUKASHVILI,

TAMAR LAZASHVILI, MARINA KUPARADZE, FREKLE GRATIASHVILI
AGE-SPECIFIC FEATURES OF ISNULIN-LIKE GROWTH FACTOR 1, ITS BINDING PROTEIN 3,
AND CARBOHYDRATE HOMEOSTASIS IN PATIENTS WITH COLORECTAL CANCER
Department of Internal Disease of Propaedeutics,

Thilisi State Medical University, Fridon Todua Medical Center

SUMMARY

Aim. The aim of our study was to study of age-specific features of IGF-1, IGF BP3, and
carbohydrate homeostasis in patients with colorectal cancer.

Methods: The study and control groups consisted of 50-50 participants, who were divided into
three age groups, Group 1 (30-55 yrs.); Group 2 (55-65 yrs.); Group 3 (>65 yr.). IGF-1, IGF BP3, Serum
insulin and glucose levels were performed.

Results: The mean IGF-1 values for the age groups were as follows: study group S1 (35-55 yrs.) -
214.5 + 23.0; study group S2 (55-65 yrs.) - 202.5 * 15.5; study group S3 (> 65 yr.) - 190.5 + 22.0; control
group C1 (35-55 yrs.) - 162.3 + 31.7; control group C2 (55-65 yrs.) - 150.6 + 35.7; control group C3 (> 65
yr.) - 146.1 + 32.4. The mean IGF BP3 values for the age groups were as follows: study group S1 (35-55
yrs.) - 2.0 £ 0.7; study group S2 (55-65 yrs.) - 1.6 + 0.3; study group S3 (> 65 yr.) - 1.7 £ 0.6; control group
C1 (35-55 yrs.) - 3.6 = 1.0; control group C2 (55-65 yrs.) - 3.9 + 1.0; control group C3 (> 65 yr.) - 3.6 £ 0.9.

Conclusion. Age-dependent features of the IGF-system have been reported in patients with
colorectal cancer. Moreover, in all age groups of CRC patients, despite the nature of the change of IGF-1
and IGF BP3, a inverse association was maintained between these parameters. However, the concentration
of sex-adjusted IGF-1 in the lower age group is significantly low compared to the old age group.
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