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Objective. Identification of the CA genotype of the (rs1107946) polymorphism of COL1A1_1 gene and the pattern of allele dis-
tribution in low birth weight babies.

Materials and methods. A total of 168 babies were examined. The babies were divided into 3 groups depending on the birth
weight: the 1st group comprised of 52 babies (birth weight was 1500-1999 g), the 2nd group — 76 babies (birth weight was 2000—
2499 g) and the 3rd group — 40 babies (birth weight was more than 2500 g, that is they had normal birth weight). Polymerase
chain reaction genotyping method was used.

Results. It was found that the frequency of the C allele detection was equal to 39.60 %, the A allele — 60.42 %, chi-square (df = 1)
29.17, P <0.05. At the same time, the homozygous AA genotype was observed significantly more often and amounted to 52.98 %
versus 32.14 % of the CC genotype cases. The heterozygous CA genotype was detected only in 14.9 % of children, significantly
less than homozygous genotypes CC (df = 1) 13.92, P < 0.05 and AA (df = 1) 54.38, P < 0.05. The AA genotype of the (rs1107946)
polymorphism of COL1A1_1 gene was found among babies of the 1st and 2nd groups in 61.53 % and 52.63 %, CC - 23.08 %
and 31.58 %, CA—15.38 % and 15.79 % of cases, respectively. The CC genotype of the polymorphism was detected almost in
half of babies from the 3rd group (47.5 %), while the AA genotype was detected only in 35.0 % and the CA genotype —in 17.5 %.

Conclusions. The molecular and genetic study of the CA genotype of the (rs1107946) polymorphism of COL1A1_1 gene
showed that the determination of the A allele frequency was significantly higher than the C allele among the examined babies.
Consequently, the homozygous AA genotype was significantly more common than the CC genotype. The results of the study
indicated the prognostic value of the A allelic gene for the risk of low birth weight — that is, the lower birth weight (1500-1999)
was found in babies with homozygous AA genotype.

AHani3 nonimopdismy reHa COL1A1_1 (rs1107946) Ak ¢pakTopa pU3MKy HapOAKEHHSA
AiTed 3 ManOK Macolo TiAa

T. €. WymHa, T. 0. AeBuyk, 0. M. KamuLLHW#H

MeTa po6oTu — Bi3HauyeHHs reHoTunie nonimopdpiamy C/A reHa konareHy COL1A1_1 (rs1107946) i 3akoHOMipHICTb po3noginy
anerbHNX reHiB y AiTer i3 Marnor Macoto Tifa Npy HAPOMKEHHI.

Marepianu Ta metogu. Obctexmnm 168 piteir. MNauieHTiB Noginunm Ha 3 rpynu 3anexHo Bif Barv Npy HapomkeHHi: | rpyna — 52
aiten (Bara npu HapomkeHHi ctaHoeuna 1500-1999 r), Il — 76 piteit (Bara npn HapomkerHi — 2000-2499 r), IIl — 40 piten (Bara npm
HapomxeHHi — noHag 2500 r, To6To HopMaribHa Maca Tina). eHOTVMYBaHHS 3MIRCHUN METOAOM MoNiMepasHOT NaHLIKOroBOI peakLyji.

Pesyneraru. Yacrtota BussneHHs anens C craHosuna 39,60 %, anens A — 60,42 %, chi-square (df = 1) 29,17, p < 0,05. 'omo-
3UrOTHUI reHoTVN AA BUSIBNSNK BiporigHo vacrile — 52,98 % npotn 32,14 % sunagkis reHotuny CC. [eTepo3nroTHUiA reHoTmn
CA Bu3Haumnm Tinbku y 14,9 % pitei, BiporigHo piaLue, Hix romoauroTHi reHotunn CC (df = 1) 13,92, p < 0,05, AA (df = 1) 54,38,
p <0,05. l'eHotun AA nonimopdcpiamy reHa konareHy COL1A1_1 (rs1107946) susisurv B aitedt | Ta Il rpyn y 61,53 % Ta 52,63 %,
CC - 23,08 % Ta 31,58 %, CA — 15,38 % Ta 15,79 % Bunazis BignosigHo. Marixe B nonosuHm gitei i3 |l rpynu (47,5 %) BeTa-
Hosunn reHotun CC nonimopcpiamy, reHotun AA — Tinbkun y 35,0 %, CA - 17,5 %.

BucHoBku. MonekynspHo-reHeTnyHe focnimxeHHs Bu3HaveHHs nonimopdismy C/A reHa konareHy COL1A1_1 (rs1107946)
rnokasaro, Lo YacToTa BusiBneHHs anens A byna cepep obecTexeHux fiTeit BiporiaHo Buwa, Hix anens C. BignosiaHo, romo-
3UroTHUI reHoTun AA BUSIBNANW BipOrigHO YacTille, Hix reHotun CC. Pe3ynbrati 4OCHIMKEHHS cBigvaTh NPo NPOrHOCTUYHE
3HaYeHHs anenbHOro reHa A B pO3BUTKY PU3NKY HAPOLKEHHS AiTEN i3 Manot Macoto Tina, To6To MeHLwy macy Tina (1500-1999
r) Manu AiTv 3 roMO3UroTHUM reHoTUNOM AA.

AHanu3 noaumopdusma reHa COL1A1_1 (rs1107946) kak dakTop pUcka poXXxAeHUA
AeTed C HU3KOW Maccoi Tena

T. E. WWymHas, T. 0. AeBuyk, A. M. KambILUHbIN

Llenb pa6oTbl — onpegenenue reHotunos nonumopduama C/A reHa konnareHa COL1A1_1 (rs1107946) v 3akoHOMEPHOCTb
pacnpenenexns annenbHbIX reHOB Y AeTeil C Marion Maccomn Tena npy POXOeHNN.

Marepuansi u metoabl. O6cnenosanm 168 aeteit. MauneHToB Nogenunm Ha 3 rpynnbl B 3aBUCUMOCTM OT BECA NPY POXAEHUN:
| rpynna — 52 peteit ¢ Becom npw poxaeHu 1500-1999 r, Il rpynna — 76 peteii ¢ Becom npu poxaeHu 2000-2499 r, 1l rpyn-
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na — 40 peteii ¢ Becom npu poxaeHnm 2500 r 1 Gonee (C HopMarbHOM Maccoit Tena). MeHOTUNMPOBaHKe NMPOBOAWN METOLOM
NONMMEpasHoW LIEMHON peakLmuu.

Pesynerartbl. YacTota onpefenenus annens C coctasuna 39,6 %, annens A — 60,42 %, Chi-square (df = 1) 29,17, p < 0,05.
[Mpu 3TOM roMO3MroTHbINA reHoTMN AA ycTaHaBnMBanu JOCTOBEPHO Yalle — 52,98 % npotus 32,14 % cnyyas reHotuna CC. le-
Tepo3uroTHbIA reHotun CA onpegensnu Tonbko y 14,9 % feteli, JOCTOBEPHO pexe, YeM roMo3uroTHele reHotunsl CC (df = 1)
13,92, p < 0,05, AA (df = 1) 54,38, p < 0,05. l'eHoTun AA nonumopdmama reHa konnareHa COL1A1_1 (rs1107946) oTmeveH cpeam
peteit | Ta ll rpynnel B8 61,53 % 1 52,63 %, CC — 23,08 % 1 31,58 %, CA — 15,38 % u 15,79 % crny4aB coOTBETCTBEHHO. MouTh
y nonoswuHbl aeten |l rpynnbl (47,5 %) yctaHoBneH reHotvn nonumopdmama CC, reHotn AA —y 35,0 %, reHotun CA — Tonbko
y 17,5 % obcnenoBaHHbIX.

BbiBogbI. MonekynsipHo-reHeTnyeckoe onpeaenenme nonumopduama C/A reHa konnareHa COL1A1_1 (rs1107946) nokasarno,
4TO YacToTa onpeaenexus annens A 6bina cpeay obcnenoBaHHbIX AeTel AOCTOBEPHO BbiLLe, YeM annens C. CooTBETCTBEHHO,
FOMO3WrOTHbIA reHoTVN AA yCTaHaBnMBanu JOCTOBEPHO Yalle, YeM reHotun CC. PesynbTathl MCCNeaoBaHWs CBUAETENLCTBYHOT
0 NPOrHOCTUYECKOM 3HAYEHWM anmenbHOro reHa A B pa3BUTUM puUcka POXAEHMs AeTel ¢ Manoi Maccoii Tena, To ecTb Gornee
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Hu3kmi Bec Tena (1500-1999 r) umenwn getn ¢ roMo3UroTHLIM reHoTunom AA.

Birth weight is an important parameter that influences later
health of a newborn. But on the other hand, the low birth
weight is a consequence of premature birth or intrauterine
growth retardation, which can lead to problems of adaptation
to extrauterine life, severe postpartum complications and
even death within the first 5 years of life. In case of the low
birth weight, there is also a risk of developing chronic kidney
disease, hypertension, obesity, neuropsychiatric symptoms,
cognitive decline and autistic spectrum disorders at older
ages [1-11].

Therefore, the topical issue of pediatrics is the study
of low birth weight causes and the problem of “low weight”
itself is polyethiologic one [12,13].

Indeed, today it is known that all risk factors for a child’s
low birth weight can be divided into intrauterine, placental,
parental and genetic both from mother and father. That is,
the weight and length of a fetus body and then of a new-
born child are determined by genetic inheritance from both
parents [14-16].

At the present stage, the data on the study of some
polymorphisms affecting various risk factors for low birth
weight, namely endocrine mechanisms [17], folic acid
metabolism [18,19], vitamin D metabolism [20], metals ex-
posure [21], cytokine profile changes [22], the influence of
caffeine [23], etc., can most often be found in the literature.
Although existing information about genetic factors caused
by one or another gene polymorphism is not sufficient to
study this problem.

However Y. V. Alegina and co-authors in their study
demonstrated the association of COL1A1 gene polymor-
phism with miscarriage, but we did not meet the data on
the incidence rate of this gene polymorphism in children
born with low body weight, necessitating further our study
[24]. After all, structural integrity of connective tissues is
upheld by collagen, which is the most abundant protein
in the human body, up to 25 % of the total body protein.
The word «collagen» means in Greek “glue”. At present,
scientists know 28 types of collagen, but the most com-
mon in the human body is type 1 collagen. It is a part of
many tissues: skin, ligaments, bones, cornea, placenta,
arteries, liver, dentin, and the like. Type 1 collagen fibers
have the highest mechanical strength among all collagen
types. Collagen synthesis is regulated by about 40 genes.
Therefore, virtually any gene mutation in collagen synthesis
leads to loss or alteration of this protein function that, in
turn, affects the properties of tissues and organs, inclu-
ding the “strength” of tissues. The gene COL1A1 encodes

the component of type 1 collagen. The collagen molecule
typically consists of three protein chains interlaced with each
other. The main protein of the collagen includes two chains
of collagen a1 and one chain of collagen o2 [25].

Objective

Identification of the CA genotype of the (rs1107946) poly-
morphism of COL1A1_1 gene and the pattern of allele
distribution in low birth weight babies.

Materials and methods

To study the CA genotype of the (rs1107946) polymorphism
of COL1A1_1 gene, babies with different birth weight were
examined. Atotal of 168 children were divided into 3 groups
according to the birth weight: the 1st group consisted of
52 babies (birth weight was 1500-1999 g), the 2nd group
included 76 babies (birth weight was 2000-2499 g), the 3rd
group — 40 babies (birth weight was more than 2500 g).

Polymerase chain reaction genotyping was performed
with the Applied Biosystems (USA) using total DNA samples
extracted from whole venous blood with a set of SNP-Screen
reagents (manufacturer “Syntol”) on the amplifier CFX96TM
Real-Time PCR Detection Systems (Bio-Radlaboratories,
Inc., USA). This study was carried out in the Department of
Molecular and Genetic Researches of the Educational Med-
ical and Laboratory Center at the Microbiology Department
of Zaporizhzhia State Medical University in Zaporizhzhia city
(Head of the Microbiology Department, Head of the Depart-
ment of Molecular and Genetic Researches of the Educa-
tional Medical and Laboratory Center of Zaporizhzhia State
Medical University — MD, Professor O. M. Kamyshnyi). The
work was carried out within the framework of the scientific
and research work of the Children Diseases Department
of Zaporizhzhia State Medical University.

The obtained results of the studied distribution of allele
frequencies and genotypes were used to analyze the genet-
ic structure of the population according to the Hardy-Wein-
berg equilibrium. To compare the allele frequencies and
genotypes in different groups, the non-parametric statistical
“2 x 2 Table” method, Chi-square (df = 1) test were used.
Also, the odds ratio (OR) was calculated using a four-field ta-
ble with a confidence interval (Cl) construction by the Woolf
method. To evaluate the diagnostic significance, the indica-
tors such as sensitivity, specificity, accuracy and prognostic
value of positive and negative results were determined. To
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process the study results, the non-parametric statistical
methods of the licensed software package Statistics for
Windows 6.1.RU, serial number AXXR712D833214SAN5
were used.

Results

Amolecular and genetic study of 168 babies was performed
to detect the CA genotype of the (rs1107946) polymorphism
of COL1A1_1 gene, which showed that the frequency of
C allele detection was equal to 39.6 %, A allele detection —
60.42 %. Chi-square (df = 1) 29.17, P < 0.05. At the same
time, the homozygous AA genotype was observed signifi-
cantly more often and amounted to 52.98 % versus 32.14 %
of the CC genotype cases. The heterozygous CA genotype
was detected only in 14.9 % of children, significantly less
than homozygous genotypes CC (df = 1) 13.92, P < 0.05
and AA (df = 1) 54.38, P < 0.05.

Original research

The AA genotype of the (rs1107946) polymorphism
of COL1A1_1 gene was found among babies of the 1st
group in 61.53 % of cases. Moreover, the AA genotype
was significantly more common than the CA genotype
(df = 1), 23.40, P < 0.05, and the CC genotype (df = 1),
15.76, P <0.05. The CC genotype was found in 23.08 % of
the examined babies in the 1st group, that was significantly
less than the AA genotype (df = 1), 15.76, P < 0.05. Among
the 1st group babies, the heterozygous CA genotype was
detected in 15.38 %. Although the CA genotype was less
common than the CC genotype, no significant differences
were found. These data are shown in Fig. 1.

Among the 2nd group babies, the AA genotype of
the (rs1107946) polymorphism of COL1A1_1 gene pre-
vailed, which was recorded in 52.63 % of babies (Fig. 2).

However, among the 2nd group babies, the AA geno-
type of the (rs1107946) polymorphism of COL1A1_1 gene
was significantly more common than the CA genotype

mcc mcc
CA*AA | CA mcCA
15,38 % O AA O AA

CA*AACC
15,79 %

*: significant difference between the groups, P < 0.05. *: significant difference between the groups, P < 0.05.

Fig. 1. Distribution of genotypes of type 1 collagen (COL1A1_1) gene among babies
of the 1st group.

Fig. 2. Distribution of genotypes of type 1 collagen (COL1A1_1) gene among
the 2nd group babies.

@ CC @ | group
W CA M 1l group
O AA @ 1l group

CA,*CC
17,5%

*: significant difference between the groups, P < 0.05. *: significant difference between the groups, P < 0.05.

Fig. 3. Distribution of genotypes of type 1 collagen (COL1A1_1) gene among
the 3rd group babies.

Fig. 4. Distribution of the CC genotype depending on the birth weight.

@ I group @ | group
W Il group W Il group
@ Il group @ Il group

*: significant difference between the groups, P < 0.05.

Fig. 5. Distribution of the CA genotype depending on the birth weight. Fig. 6. Distribution of the AA genotype depending on the birth weight.
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Fig. 7. Frequency of COL1A1_1
CA (rs1107946) collagen gene
polymorphism identification.
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Fig. 9. Comparative characteristic
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(df = 1), 6.91, P < 0.05, and CC genotype (df = 1), 22.92,
P < 0.05. Thus, the CC genotype was found in 31.58 % of
the examined babies in the 2nd group, that was significantly
more common than the CA genotype (df= 1), 5.24, P<0.05
and significantly less than the AA genotype (df = 1), 6.91,
P < 0.05. The CA genotype was detected only in 15.79 %
of the 2nd group babies, which was significantly less com-
mon than the AA genotype (df = 1), 5.24, P <0.05, and CC
genotype (df = 1), 22.92, P < 0.05.

The CC genotype of the (rs1107946) polymorphism of
COL1A1_1 gene frequency was significantly higher than
the CA genotype (df = 1), 7.94, P < 0.05, in almost half of
babies from the 3rd group (47.5 %). The CA genotype was
detected in 17.5 % of babies, which was significantly less
common than the CC genotype (df = 1), 7.94, P < 0.05.
Among babies of the 3rd group, the AA genotype was re-
vealed in 35 % of cases. The data are presented in Fig. 3.

The following comparative analysis was done to detect
the frequency of each genotype of (rs1107946) polymor-
phism of type 1 collagen (COL1A1_1) gene not only within
each of the examined groups of babies, but also between
the study groups, that is, we analyzed the frequency of
each genotype detection depending on the birth weight.
The CC genotype was significantly greater among the 2nd
group babies (43.63 %), (df = 1), 5.95, P < 0.05, than
among babies of the 1st group (22.82 %). There was no
significant difference in comparison with the control group
(Fig. 4 and Table 1).

Among the 1st group babies, the genotype CA was
found in 29.63 %, among the 2nd group babies —in 44.44 %,
among babies of the 3rd group — in 25.93 %; there were
no significant differences between the three groups (Fig. 5
and Table 1).

The low percentage of the AA genotype was revealed
among the 3rd group babies (16.28 %) as compared with
the 1st group babies (df = 1), 9.56, P < 0.05 and the babies
of the 2nd group (df = 1), 18.14, P < 0.05. Among the 1st
group babies, the AAgenotype was determined in 37.21 %,
among the 2nd group —in 46.51 % (Fig. 6 and Table 1).

According to the Hardy-Weinberg equilibrium, the fre-
quency of alleles at the CA (rs1107946) polymorphism of
COL1A1_1 in the examined babies (Fig. 7) showed that
the A allele detection was significantly higher in the 1st
group babies (babies with the birth weight of 1500-1999
g) amounting to 69.2 % of cases (df = 1), 17.5, P < 0.05
and in the 2nd group (babies with the birth weight of 2000
2499 g) — 60.5 % (df = 1), 37.57, P < 0.05 in comparison
to babies with birth weight of more than 2500 g (the 3rd
group) —43.75 %.

Also, the A allele frequency was significantly higher
among the 1st group babies than among the 2nd group
babies, (df = 1), 4.15, P < 0.05. According to the data
of the multiplicative inheritance models, the distribution
of the allele frequencies among babies also proved that
the inheritance of a phenotypic feature such as a low birth
weight was associated with the predominance of A allele
of COL1A1_1 gene (rs1107946) polymorphism (Table 2).

But the homozygous AA genotype with a reliable odds
ratio = 2.97, DI [1.26-7.00] was found only among the 1st
group babies (birth weight of 15001999 g). Such pattern
was not observed in case of the CA and CC genotypes.

Zaporozhye medical journal. Volume 21. No. 4, July — August 2019
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Table 1. Characterization of genotypes of the COL1A1_1 gene (rs1107946)

polymorphism (abs./%)

Genotypes /n (abs/%)
CC (55/100 %) AA (86/100 %) CA (27100 %)

[ 52 12/22.82 % 32137.21%
I 76 2414363 % 40/46.51 %
p(I-1) <0.05 >0.05
T 40 19/34.55 % 14/16.28 %
p(I-1ily >0.05 <0.05
p (-1l >0.05 <0.05

8/29.63 %
12/ 44.44 %
>0.05
7125.93 %
>0.05
>0.05

Table 2. Distribution of the allele frequencies among the babies according to

multiplicative inheritance models

" F S R
| 52 104
Il 76 152

72169.23 % 32/30.77 %
92/60.53 % 60/39.47 %
p(I-1) <0.05 <0.05
i 40 80 35/43.75 % 45/56.25 %
p(I-1ily <0.05 <0.05
p (=1l <0.05 >0.05

Discussion

We compared the results of our study with population-based
studies. The frequency of the AA genotype detection in
children enrolled in the study was significantly higher than
in the world population [26]. The same pattern was observed
in relation to the A allele. The opposite pattern was found
regarding the CC and CA genotypes, as these genotypes
were determined less frequently among the children in our
study than in the population (Fig. 8, 9). This can be explained
by the sample representativeness in our study, that is, chil-
dren weighing less than 2500 g at birth. The study results
showed the prognostic value of the A allelic gene for the risk
of low birth weight, that is babies who were homozygous
for the AA genotype had lower birth weight (1500-1999 g).

As a result of the study, it has been found that all low
birth weight babies were carriers of the Aallele. For instance,
among babies carrying the A allele, the odds ratio was
equal to 2.89, DI [1.58-5.31] in the 1st group and 1.97, DI
[1.14-3.41] in the 2nd group.

Analyzing the study results, we calculated the prog-
nostic value of the A allele detection among the low birth
weight babies: sensitivity — 0.63, specificity — 0.55, positive
prognostic value 0.82 and negative prognostic value — 0.69.

Conclusions

1. The molecular and genetic study of the CA geno-
type of the (rs1107946) polymorphism of COL1A1_1 gene
showed that the A allele frequency was significantly higher
than the C allele and was equal to 60.42 % and 39.6 %,
respectively. At the same time, the homozygous AA geno-
type was detected significantly more often and amounted
to 52.98 % versus 32.14 % of the CC genotype cases,
P < 0.05; the heterozygous CA genotype was determined
only in 14.9 % of babies.

2. Depending on the birth weight, the genotypes had
the following distribution: the homozygous CC genotype —
22.88 %, 43.63 %, 34.55 %, the homozygous AA geno-
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type —-37.21 %, 46.51 %, 16.28 % and the heterozygous [4]
CA genotype — 29.63 %, 44.44 %, 25.93 %. These data
are not consistent with the population-based studies dueto (5]
the representativeness of the birth weight sample.

3. ltwas found that the babies of the 1stand 2nd groups
had the A allele more frequently with the odds ratio equal to [6]
2.89, DI[1.58-5.31]and 1.97, DI [1.14-3,41], respectively.
The results of the study showed the prognostic value of

ISSN 2306-4145  http://zmj.zsmu.edu.ua

the A allele for the risk of low birth weight.

Prospects for further studies. In the future, we are
planning to study the effect of other collagen gene poly-

morphisms as well as their effect on the low birth weight.
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