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Abstract Purpose of the study. To study the relationship of polymorphism of the proinflammatory cytokine IL1b (T-31C)
gene with the development of aplastic anemia. Methods. The material for clinical and laboratory research in the work was AA
patients (n=86) who sought diagnostic help and subsequent inpatient examination at the Republican Specialized Scientific
and Practical Medical Center of Hematology (RNSPMH, Tashkent) in the period from 2019 to 2023. The age of patients with
AA ranged from 18 to 79 years, with an average age of 40.8+1.8 years. The diagnosis was made based on clinical and
laboratory data. Patients with AA (n=86), who made up the main group, were divided into three groups depending on the
severity of the disease: mild, severe and super severe. To perform a molecular genetic analysis of immunomodulatory genes
in AA patients and healthy patients, 4.0 ml venous blood samples were taken in tubes containing EDTA IL1b (T-31C), which
were stored in freezers at a temperature of -80°C until the biomaterial was completely collected. After blood sampling, DNA
from patients and healthy people was isolated using AmpliPrime RIBOT-prep reagents (Russia) on a NanoDrop 2000
spectrophotometer (NanoDropTechnologies, USA) at a wavelength of A260/280 nm, with DNA concentration determined in
a ratio of 1.7/1.8. The polymorphic IL1b (T-31C) gene was detected by RT-PCR using a thermal cycler (Applied Biosystems
2720, USA,; RotorGeneQ, QUAGEN Germany and Corbett Research - CG1-96, QUAGEN Germany). The amplification
procedure was carried out by pre-denaturation of DNA at a temperature of 93°C for 1 minute; 35 denaturation cycles at a
temperature of 93°C for 10 seconds; annealing of primers at a temperature of 64°C for 10 seconds; elongation process at a
temperature of 72°C for 20 seconds; DNA synthesis at a temperature of 72°C for 1 minute; Separation of amplification
products is carried out in a 3% agarose gel prepared on a TAE buffer by horizontal electrophoresis. To visualize the results of
electrophoresis, a 1% solution of ethidium bromide is applied as a dye at the rate of 5 ul per 50 ml of molten gel. Fragments
of the analyzed DNA appear as glowing orange-red stripes under UV radiation with a wavelength of 310 nm. LITEX test
systems (Russia) were used to detect the studied genetic markers. The SNPs were tested for deviations from the
Hardy-Weinberg equilibrium using the Chi-square test. The relative risk associated with alleles and genotypes was calculated
as the odds ratio (OR) with a 95% confidence interval (CI), which were performed using the PC program “OpenEpi 2009,
Version 2.3”. Conclusions. The results of the comparison of the established differences between polymorphic loci of the IL1b
(T31C) gene in the studied groups, obtained on the basis of mathematical analysis, confirmed the above assumption. Thus, in
the main group, compared with the control group, there was a statistically significant almost twofold increase in the frequency
of the C mutant allele (39.5% vs. 25.5%; x2=8.3; P=0.01; HR=1.2; DI: 0.78-1.95; OR=1.9; DI: 1.23-2.97), accompanied by
a significant decrease protective effect of the main T alleles (60.5% vs. 74.5%; ¥2=8.3; P=0.01; RR=0.8; DI: 0.53-1.23;
OR=0.5; DI: 0.34-0.81) and the T/T genotype (37.2% vs. 58.2%; x2=8.1; P=0.01; OR=0.6; DI: 0.34-1.22; OR=0.4; DI:
0.24-0.77).
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immunity, gradual destruction of hematopoietic stem cells,
and hematopoietic insufficiency, which can lead to a decrease
in all blood cells [6,12]. Recent studies have shown that
polymorphisms of cytokine genes increase the susceptibility

1. Introduction

The pathogenesis of AA includes abnormal cellular
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The IL-1 family consists of three related genes, hamely
IL-1a, IL-1b, and IL-Ra, which encode the proinflammatory
cytokines IL-1a and IL-1b and their IL-1R receptor [1,2].
IL-1 plays an important role in autoimmune diseases mediated
by inflammation. It is known to be a potent pro-inflammatory
cytokine with multiple biological effects, including cell
proliferation, differentiation, and apoptosis [3,9,15].

Various studies around the world have shown that genetic
polymorphism plays a significant role in the development of
AA [8,11,14]. The promoter sequence is a potential source
of polymorphism affecting gene expression. Several single
nucleotide polymorphisms (SNPs) have been reported in the
regulatory region of cytokine genes, and some of them were
associated with altered gene expression [1,7].

2. Main Body

2.1. The Purpose of Our Research

To study the relationship of polymorphism of the
proinflammatory cytokine IL1b (T-31C) gene with the
development of aplastic anemia.

2.2. Material and Methods of Study

The material for clinical and laboratory research in the
work was AA patients (n=86) who sought diagnostic help
and subsequent inpatient examination at the Republican
Specialized Scientific and Practical Medical Center of
Hematology (RNSPMH, Tashkent) in the period from 2019
to 2023. The age of patients with AA ranged from 18 to 79
years, with an average age of 40.8+1.8 years. The diagnosis
was made based on clinical and laboratory data. Patients with
AA (n=86), who made up the main group, were divided into
three groups depending on the severity of the disease: mild,
severe and super severe.

To perform a molecular genetic analysis of
immunomodulatory genes in AA patients and healthy
patients, 4.0 ml venous blood samples were taken in tubes
containing EDTA IL1b (T-31C), which were stored in
freezers at a temperature of -80°C until the biomaterial was
completely collected.

After blood sampling, DNA from patients and healthy
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people was isolated using AmpliPrime RIBOT-prep reagents
(Russia) on a NanoDrop 2000 spectrophotometer (Nano
DropTechnologies, USA) at a wavelength of A260/280 nm,
with DNA concentration determined in a ratio of 1.7/1.8.

The polymorphic IL1b (T-31C) gene was detected by
RT-PCR using a thermal cycler (Applied Biosystems 2720,
USA; RotorGeneQ, QUAGEN Germany and Corbett Research
- CG1-96, QUAGEN Germany).

The amplification procedure was carried out by
pre-denaturation of DNA at a temperature of 93°C for 1
minute; 35 denaturation cycles at a temperature of 93°C for
10 seconds; annealing of primers at a temperature of 64°C
for 10 seconds; elongation process at a temperature of 72°C
for 20 seconds; DNA synthesis at a temperature of 72°C for 1
minute; Separation of amplification products is carried out in
a 3% agarose gel prepared on a TAE buffer by horizontal
electrophoresis. To visualize the results of electrophoresis,
a 1% solution of ethidium bromide is applied as a dye at
the rate of 5 ul per 50 ml of molten gel. Fragments of the
analyzed DNA appear as glowing orange-red stripes under
UV radiation with a wavelength of 310 nm.

LITEX test systems (Russia) were used to detect the studied
genetic markers. The SNPs were tested for deviations from
the Hardy-Weinberg equilibrium using the Chi-square test.
The relative risk associated with alleles and genotypes was
calculated as the odds ratio (OR) with a 95% confidence
interval (CI), which were performed using the PC program
“OpenEpi 2009, Version 2.3”.

2.3. Results of the Study

Studying the structural features of the IL1b polymorphic
gene (T-31C) in a healthy control group (n=98), along with
the dominance of the main T allele (74.5%) and the T/T
genotype (58.2%), the recessive position of the mutant C
allele (25.5%), the T/C heterozygote (32.6%) and mutant
homozygote C/C (9.2%).

However, in the main group (n=86) of AA patients, along
with the dominance of the main T allele (60.5%) among the
genotypic variants, the T/C heterozygote (46.5%) was dominant.
In this group, the mutant C allele was detected with a
frequency of 39.5%, the main homozygote — 37.2% and the
mutant homozygote with a frequency of 16.3% (see Table 1).

Table 1. Distribution of alleles and genotypes of IL1p (T-31C) rs1143627 polymorphism in groups of patients with aplastic anemia and healthy controls

Alleles, (n/%) Genotypes, (n/%)
Neo Groups T C T/TC TIC C/C
n % n % n % n % n %

1 Main group, n= 86 104 | 605 | 68 | 395 | 32 | 37.2 | 40 | 465 | 14 | 16.3
11 Not heavy, n=16 24 750 | 8 | 250 | 9 | 563 | 6 | 375 1 6.2
1.2 Heavy, n=46 53 576 | 39 | 424 | 15| 326 | 23 | 500 | 8 17.4
1.3 Super heavy, n=24 27 56.2 | 21| 438 | 8 | 334 | 11 | 458 | 5 | 2038
1.4 Control, n=98 146 | 745 | 50 | 25,5 | 57 | 58.2 | 32 | 326 | 9 9.2
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Studying the structural features of the IL1b polymorphic
gene (T-31C) in a healthy control group (n=98), along with
the dominance of the main T allele (74.5%) and the T/T
genotype (58.2%), the recessive position of the mutant C
allele (25.5%), the T/C heterozygote (32.6%) and mutant
homozygote C/C (9.2%).

However, in the main group (n=86) of AA patients, along
with the dominance of the main T allele (60.5%) among
the genotypic variants, the T/C heterozygote (46.5%) was
dominant. In this group, the mutant C allele was detected
with a frequency of 39.5%, the main homozygote — 37.2%
and the mutant homozygote with a frequency of 16.3% (see
Table 1).

The dynamics traced in the distribution of 1L1b (T-31C)
gene polymorphism in the healthy group was also typical for
patients with mild AA (n=16), where the main T allele
(75.0%) and T/T genotype (56.3%) were dominant, and
the frequencies of the mutant C allele (25.0%), the T/C
heterozygote (37.5%) and the C/C mutant homozygote
(6.2%) were determined in smaller proportions.

Along with this, the dominance of the main T allele in
severe (57.6%) and super-severe (56.2%) forms of AA was
accompanied by the dominance of the T/C heterozygote
(50.0% and 45.8%) in both groups. Moreover, compared
with the healthy group, in severe and super-severe forms of
AA, the frequency of mutant C allele (42.4% and 43.8%) and
C/C genotype (17.4% and 20.8%) increased markedly,
respectively, with a decrease in the frequency of the main T/T
homozygote to 32.6% and 33.4%, respectively (see Table 1).

Analyzing the structure of the IL1b (T-31C) genetic
polymorphism in the healthy group and among patients with
AA, the dominance of the main allele T was found. However,
in the main group, as well as in severe and super-severe
AA, compared with the control and non-severe course,
the dominance of the T/C heterozygote was established.
Moreover, in the main group of AA patients, an increase in
the frequency of mutant C alleles and C/C homozygotes was
found due to patients with severe and super severe course. A
noticeable increase in the frequencies of unfavorable alleles
and genotypes may be related to their involvement in the
development and severity of AA.

The results of comparing the established differences
between polymorphic loci of the IL1b (T-31C) gene in the
studied groups, obtained on the basis of mathematical analyses,
confirmed the above assumption. Thus, in the main group,
compared with the control group, there was a statistically
significant almost twofold increase in the frequency of the
mutant C allele (39.5% vs. 25.5%; y2=8.3; P=0.01; RR=1.2;
Cl: 0.78-1.95; OR=1.9; CI: 1.23-2.97), accompanied by
a significant decrease in the protective effect of the main
T alleles (60.5% vs. 74.5%; x2=8.3; P=0.01; RR=0.8; DI:
0.53-1.23; OR=0.5; CI: 0.34-0.81) and T/T genotype (37.2%
vs. 58.2%; x2=8.1; P=0.01; RR=0.6; DI: 0.34-1.22; OR=0.4;
DI: 0.24-0.77).

In addition, an increase in the negative effect of the mutant
C allele was combined with a tendency to increase the negative
effect of the T/C heterozygote by 1.8 (46.5% vs. 32.7%; x2 =3.7;
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P=0.1; RR=1.4; CI: 0.79-2.58; OR=1.8; Cl: 0.99-3.25) and
the C/C mutant homozygote by 1.9 times (16.3% vs. 9.2%);
x2 =2.1; P=0.2; RR=1.8; CI: 0.86-3.66; OR=1.9; DI: 0.8 - 4.65).

Thus, the results of the study of the IL1b (T-31C)
polymorphic gene in the main and control groups clearly
prove the association of the studied polymorphism with an
increased risk of AA. This is evidenced by the presence of
a statistically significant increase in the frequency of the
mutant C allele among patients compared with healthy ones
by almost two times (¥2=8.3; P=0.01) and a tendency
to increase the frequency of the T/C heterozygote by 1.8
(x2 =3.7; P=0.1) and C/C by 1.9 times (y2 =2.1; P=0.2),
which was accompanied by a significant decrease in the
positive effect of the main T alleles (32=8.3; P=0.01) and
T/T homozygotes (¥2=8.1; P=0.01).

A two-way comparison of the results between groups
with mild AA and healthy ones showed no significantly
significant differences in polymorphic loci for the IL1b
(T-31C) gene. This was due to the very similar carriage rates
of allelic and genotypic variants for the studied gene. For
example, if the frequency of the mutant A allele in mild AA
was 25.0%, then in the healthy group it was 25.5% (¥2<3.84;
P=0.98; RR=1.0; CI: 0.79-1.26; OR=1.0; ClI: 0.41-2.31),
then between the frequencies of the main G/G genotype
(56.3% vs. 58.2%; x2<3.84; P=0.9; RR=1.0; CI: 0.16-5.81,
OR=0.9; CI: 0.32-2.69), G/A heterozygotes (37.5% vs.
32.7%; 42=0.1; P=0.8; RR=1.1; DI: 0.18-7.16; OR=1.2; CI:
0.41 - 3.7) and mutant homozygotes (6.3% vs. 9.2%; ¥2=0.1;
P=0.8; RR=0.7; DI: 0.02-29.2; OR=0.7; CI: 0.08-5.51) also,
no pronounced differences were found.

Differences in statistically significant levels in the
frequencies of the mutant C allele were found between
polymorphic loci of the IL1b (T-31C) gene in the group with
severe AA compared with the control group, the proportion
of which was 2.1 times higher among patients in this group
(42.4% vs. 25.5%; y2=8.4; P=0.01; RR=1.3; DI: 0.87-1.92;
OR=2.1; CI: 1.28-3.61) and T/C heterozygotes, which were
also 2.1 times more common among patients (50.0% vs.
32.7%; y2 =4.0; P=0.05; RR=1.5; CI: 0.61-3.85; OR=2.1;
DI: 1.01 - 4.2). All this was accompanied by a significant
decrease in the protective effect of the main T alleles (57.6%
vs. 74.5%; x2=8.4; P=0.01; RR=0.8; DI: 0.41-1.47; OR=0.5;
DI: 0.28-0.78) and T/T genotype (32.6% vs. 58.2%; x2=8.2;
P=0.01; RR=0.6; DI: 0.2 - 1.56; OR=0.3; DI: 0.17-0.72)
among the group of patients with AA, creating prerequisites
for the development of a severe form of the disease.

The frequency of C/C mutant homozygotes showed a slight
tendency to increase among patients by 2.1 times (17.4% vs.
9.2%; x2 =2.0; P=0.2; RR=1.9; CI: 0.62-5.79; OR=2.1; DI:
0.76-5.72).

Thus, the results of the comparison between groups of
patients with severe AA and healthy ones prove the presence
of a significant association of the IL1b (T-31C) polymorphic
gene with the risk of severe AA. The mutant A allele (}2=8.4;
P=0.01) and the T/C heterozygote (2 =4.0; P=0.05)
significantly increased the risk of this form of AA by 2.1
times.
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According to polymorphic loci of the IL1b (T-31C) gene,
differences between the groups with the super-severe form
of AA and the control group were also significant in the
frequency of the mutant C allele (43.8% vs. 25.5%; ¥2=6.2;
P=0.03; RR=1.3; CI: 0.96-1.83; OR=2.13 CI: 1.19-4.33).
Moreover, the development of the superheavy course of AA
was facilitated by a significant decrease in the frequencies
of the protective main T alleles (56.3% vs. 74.5%; 42=6.2;
P=0.03; RR=0.8; DI: 0.28-2.01; OR=0.4; DI: 0.23-0.84) and
T/T genotype (33.3% vs. 58.2%; x2=4.8; P=0.05; RR=0.6;
DI: 0.13-2.59; OR=0.4; CI: 0.14 - 0.9) among the group of
AA patients, creating the prerequisites for the development
of a severe form of the disease.

There were no significant differences in the frequency
of T/C heterozygotes between the studied groups (45.8% vs.
32.7%; y2 =1.5; P=0.3; RR=1.4; CI: 0.35-5.66; OR=1.7; CI:
0.71 - 4.3). However, the frequency of C/C mutant homozygotes,
although with a weak trend, still increased the risk of super-
severe AA by 2.6 times (20.8% vs. 9.2%; y2 =2.6; P=0.2;
RR=2.3; DI: 0.46-11.1; OR=2.6; DI: 0.81-8.37).

Thus, the above results prove the presence of a significant
association between polymorphic loci of the IL1b (T-31C)
gene and the risk of developing the super severe form of
AA.In particular, a significant risk is associated with the
carriage of the mutant C allele, which increases the risk of
superheavy AA by 2.3 times (x2=6.2; P=0.03).

Assessing the significance of differences in polymorphic
loci of the IL1b (T-31C) gene in the group of patients with
mild AA compared with severe and super-severe forms of
AA, there was a tendency for the frequencies of functionally
favorable main T alleles to increase in 2.2 (75.0% vs. 57.6%;
v2=3.1; P=0.1; RR=1.3; DI: 0.32 - 5.27; OR=2.2; CI: 0.91 -
5.37) and 2.3 times (75.0% vs. 56.3%; 42=2.9; P=0.1; RR=1.3;
Cl: 0.37 — 4.84; OR=2.2; ClI: 0.88-6.17), respectively, and the
T/T genotype by 2.7 times (56.3% vs. 32.6%; ¢2=2.8; P=0.1;
RR=1.7; Cl: 0.33 - 9.04; OR=2.7; Cl: 0.85 - 8.35) and 2.1 times
(56.3% vs. 33.3%; y2=2.1; P=0.2; RR=1.7; CI: 0.38 — 7.53;
OR=2.6; DI: 0.71 — 9.33), respectively, having a protective
effect on the severity of the AA course.

In the group with a mild form of AA, compared with
severe and super-severe forms of the disease, the carriers had
unfavorable alleles (C: 25.0% vs. 42.4%; x2=3.1; P=0.1;
RR=0.8; DI: 0.52-1.13; OR=0.5; DI: 0.19-1.1 and 25.0% vs.
43.8%; ¥2=2.9; P=0.1; RR=0.8; DI: 0.38-1.47; OR=0.4; CI:
0.16-1.13) and genotypic variants (T/S: 37.5% vs. 50.0%;
%2=0.7; P=0.4; RR=0.8; DI: 0.13-4.21; OR=0.6; DI: 0.19-1.91
and 37.5% vs. 45.8%; x2=0.3; P=0.7; RR=0.8; DI: 0.17-3.88;
OR=0.7; DI: 0.2-2.58; C/C: 6.3% vs. 17.4%; x2=1.3; P=0.9;
RR=0.4; DI: 0.01-14.79; OR=0.3; DI: 0.04-2.51 and 6.3% vs.
20.8%; x2=1.6; P=0.3; RR=0.3; DI: 0.01-10.8; OR=0.3; CI:
0.03-2.12), there were no statistically significant differences
in the studied gene.

At that time, there were practically no statistically significant
differences in polymorphic loci of the IL1b (T-31C) gene
between the groups of patients with severe and super-severe
forms of AA (C: 42.4% vs. 43.8%; %2<3.84; P=0.9; RR=1.0;
Di: 0.4-2.41; HR=0.9; Di: 0.47-1.91 t/s: 50.0% vs. 45.8%;
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¥2<3.84; P=0.98; RR=1.0; Di: 0.48-1.99; or=1.0; Di: 0.34-2.76
and c/s: 17.4% vs. 20.8%; %2=0.1; P=0.8; RR=0.8; Di:
0.33-2.09; HR=0.8; Di 0.23-2.78).

3. Conclusions

The results of comparative analyses between polymorphic
loci of the IL1b (T-31C,) gene and the risk of AA
development proved the presence of a statistically significant
relationship. In particular, the risk of developing AA was
significantly increased among carriers of the mutant C allele
compared with healthy ones by almost two times. When
carrying a T/C heterozygote and a mutant C/C homozygote,
there was a tendency to increase the risk of AA by 1.8 and
1.9 times.

In addition, there was a significant association between
the mutant C allele and the C/T heterozygote with a 2.1-fold
increased risk of severe AA, as well as a significant association
between the mutant C allele and a 2.3- and 2.6-fold increased
risk of this form of AA when carrying the mutant C/T
homozygote, respectively.
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