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Abstract. Clinical features and molecular genetic risk factors for the development of chronic bronchitis in
adolescent smokers. Ilchenko S.1., Fialkovska A.A. Chronic bronchitis (CB) remains one of the most pressing
problems of pediatric pulmonology. This is due to the high prevalence of this disease and the possible transformation
into chronic obstructive pulmonary disease (COPD) in adults. Today, there are a large number of exogenous and
endogenous risk factors for developing CB in children and adolescents. However, the effect of smoking on the
development, clinical course of CB and the molecular genetic basis of its formation its insufficiently studied in
adolescence. The purpose of the study is to investigate the clinical features of the course and genetic risk factors for the
development of CB in adolescent smokers. A comprehensive survey of 107 adolescents was performed. All patients were
divided into three groups. The group I included 40 adolescent smokers with CB, the group 2 — 30 adolescents with CB
who never smoked, the control group included 37 conditionally healthy adolescent smokers. The study included the
collection of anamnesis, an objective examination of adolescents, and a molecular genetic investigations. For statistical
processing of the results obtained, the program “Statistica 6.1 was used. The results of the study showed that smoking
leads to the development of CB in adolescence and affects its course, increasing the frequency and duration of
exacerbations. An association of the 2G/2G genotype of the MMP-1 (rs1799750) gene with the risk of developing CB in
adolescent smokers was detected. At the same time, it was found that the presence of the TT genotype of the CYPIAI
(T3801C) gene can be considered as a possible factor of resistance to the development of CB in adolescent smokers.
The data obtained in the course of the research will help develop measures of primary prevention and individual
approaches to the rehabilitation of adolescents with CB, which will prevent the development of COPD in the future.

Pedepar. OcoGeHHOCTH KIMHHYECKOTO Te€YeHHSI M MOJIEKYJISIDHO-TeHeTHYecKHe (aKTophl pUCKa pPa3BHTHS
XPOHMYECKOr0 OpPOHXHTa Yy MNOAPOCTKOB-KYPpWILIINKOB. Mibuenko C.U., ®uankxoBckas A.A. Xpowuuueckuii
opouxum (XB) ocmaemcs 00HOU u3 Haubosee aAKMyarbHbIX NpPodiem OemcKol NYIbMOHOAO2UU. Dmo 00ycl081eHO
6bICOKOU  PACHPOCMPAHEHHOCMBIO  OAHHO20 3A00/e6aHUsl U GO3MOJICHOU mMpanchopmayue 6 XPOHUHECKOe
obcmpyxkmuenoe 3abonesanue nezkux (XO3J1) e3pocnvix. Ha cecoonawnuili 0ens cywecmeyem 60abuioe KOauUdecmso
9K30- U IHO02eHHbIX hakmopos pucka pazeumus Xb y demeil u noopocmros. OOHAKO HEOOCMAMOUHO U3YYEHHBIM
s67I5emcsl 6lusiHUe MabaKoKypeHus Ha pazeumue u Kiunuyeckoe meyenue Xb 6 noOpocmrkogom 8ospacme, a maxice
MONEKYNAPHO-2eHemu4ecKue 0CHo8bl e20 opmuposanus. Llenv pabomel — ucciedo6ams 0COOEHHOCMU KIUHUYECKO2O
meyenus U MOAeKyIspHO-ceHemuyeckue gaxmopwl pucka pazeumus Xb y noopocmros, komopuie kypam. Ilposedeno
KomnaexcHoe obcredosanue 107 noopocmros. Bee nayuenmor Oviiu pazoenenvt Ha mpu epynnel. B epynny 1 eownu 40
noopocmog-kypunrbukos ¢ Xb, 6 epynny 2 - 30 noopocmkos ¢ Xb, komopule nukoe0a He Kypuiu, u 2pynny cpagHeHus
cocmasunu 37 YCio8HO 300p0BLIX NOOPOCMKOB-KYPUNbWUKOG. Hccriedosanue 6KII0YAN0 0emanbHblll cOOp anamuesd,
obvekmusHoe 00CcIed06anue NOOPOCMKO8 U MONEKYIAPHO-2eHemuYeckoe ucciedoganue. Jlisi cmamucmuyeckou
00pabomKYU NONYHEHHbIX PEe3YIbMAmos UCHOIb3068AIACy npozpamma «Statistica 6.1». Pezynbmamvl npoeedeHH020
UCCnedo8anHust NOKA3AIU, Mo mabakokypetue npueodum k pazeumuio XB yoice 6 nHOOpOCmMKOBOM 6o3pacme u Giusem
Ha e20 mevenue, Y8eiudusdss 4acmomy u npoooxicumenpHocms obocmpenutl. Boisignena accoyuayus cenomuna 2G/2G
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eena MMP-1 (rs1799750) ¢ puckom pazeumus X5 y noo0pocmxos-Kypuisyukos. B mo oice 8pems ycmauosieHo, 4mo
nanuuue eenomuna 1T eena CYPIAIL (T3801C) moocem paccmampudamuvcst Kak 603MOACHLLL (PAKMOp YCMOU4U8oCmu
K pazeumuio XB y auy, xomopvle Kypsim. [lomyuennvle OanHvle 8 X00e NPOBEOCHHbIX UCCACO08AHUL NOMOZYM
paspabomame Mepvl NePEUYHOU NPOQPUIAKMUKU U UHOUBUOYAIbHbIE NOOX00bl K peabuirumayuu noopocmKos-
Kypurbwuxos ¢ Xb, umo nossonum npedynpedums pazsumue XO3JI 6 6ydywem.

Chronic bronchitis (CB) remains one of the most
pressing problems of pediatric pulmonology today.
This is due to the high prevalence of this disease and
the possible transformation into chronic obstructive
pulmonary disease (COPD) in adults [2]. Today,
there are many exogenous and endogenous factors
that, overall or alone, can contribute to the deve-
lopment of CB in children and adolescents.
However, tobacco smoking holds a specific place
among the causes in adolescence [5]. The problem
of smoking among modern adolescents remains
extremely urgent. An epidemiological study con-
ducted in Dnipro showed that the prevalence of
tobacco use among adolescents exceeds the average
by 2.4% and makes up 20.8%. This means that every
fifth teenager in the city smokes every day, and half
of all people surveyed have tried smoking at least
once in their lives (56.6% of boys and 47.7% of
girls) [10]. In addition, in recent years, the age of
onset of smoking has significantly decreased: the
first attempt to smoke children make at the age of 8-
10 years, and at the age of 17-18 years the smoker
index may approach 10 packs/years [4, 10]. It is
known that in adults the “pack/years” index of more
than 10 is a likely risk factor for COPD [11]. A great
deal of research conducted by domestic and foreign
scientists about the impact of tobacco smoking on
respiratory organs shows that tobacco smoke leads to
the development of COPD in adults. However, there is
a lack of research works about the impact of smoking
on the development and course of CB in adolescence.

Genetic factors play a prominent role in the
development of CB. It is known that only 15-25% of
smokers form CB and COPD. Molecular basis of
genetic susceptibility to toxic substances contained
in tobacco smoke can be caused by polymorphism of
genes whose expression affects the activity of the
proteolysis-antiproteolysis  system, inflammatory
mediators, xenobiotic metabolism and antioxidant
protection, etc. [8]. The association of rs1799750
1G/2G polymorphism of MMP-1 gene, T3801C
polymorphism of CYP1A1l gene and A313G poly-
morphism of GSTP1 gene with development of
COPD in adults has been proved to date [1, 12, 13].
However, the genetic basis of the formation of
chronic respiratory diseases, with the exception of
bronchial asthma and cystic fibrosis, has not been
studied in children and adolescents.

Therefore, the study of the role of smoking in the
development of CB in adolescence, the analysis of
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molecular genetic factors may provide additional
information about the mechanisms of its formation,
which will allow to develop methods of primary
prevention of this disease.

The purpose of the study is to investigate the
clinical course and molecular genetic risk factors of
developing HB in adolescent smokers.

MATERIALS AND METHODS OF RESEARCH

To achieve this goal, a comprehensive survey of
107 adolescents was conducted. All patients were
divided into three groups. Group 1 included 40
smoking adolescents with CB (mean age 17.5+0.2
years), group 2 included 30 adolescents with CB
who never smoked (mean age 16.0+0.4 years) and
the comparison group included 37 conditionally
healthy adolescent smokers (mean age 16.3+0.3 years).
Verification of the diagnosis of CB was performed on
the basis of the Order of the Ministry of Health of
Ukraine N 18 from January 13, 2005 “On Approval of
Protocols of Providing Medical Care to Children in
specialty “Pediatric Pulmonology”.

The study included a detailed history taking and
an objective examination of adolescents. Molecular
genetic studies were conducted at the State Insti-
tution “Institute of Hereditary Pathology of the Aca-
demy of Medical Sciences of Ukraine” (Lviv). To
achieve this goal, we studied the single-nucleotide
polymorphism of rs1799750 1G/2G gene MMP-1,
allelic polymorphisms of genes 1 (CYPlAl
(T3801C) and of phase II (GSTP1 (A313G) of
xenobiotics biotransformation. Venous blood samp-
ling was performed in the morning on an empty
stomach in the amount of 3-5ml in EDTA dispo-
sable tubes. Isolation and purification of DNA was
done by the method of salting. Amplification of
DNA sequences in vitro was performed by poly-
merase chain reaction (PCR). PCR was performed
automatically on a “Tertsyk” thermocycler. For
genotyping polymorphic loci, restriction analysis
method of PCR products was used. Electrophoresis
of PCR products was performed in a 2% agarose gel
in a horizontal MGU-202T electrophoresis chamber
and in 10% polyacrylamide gel for vertical electro-
phoresis "HELICON".

Statistical processing of the results was carried
out by means of a PC using Statistica 6.1 application
software (serial number — AGAR909E415822FA).
Quantitative and qualitative indicators were eva-
luated. In the normal distribution of the values of the
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studied parameters, the arithmetic mean (M) and its
standard error (m) were determined. In case when a
distribution differed from normal, the median (Me)
and the interquartile range (25%; 75%) were
calculated. For all types of analysis, the critical
significance level (p) was assumed to be <0.05 [6].
The association of certain genotypes with the risk of
pathology was studied by calculating the odds ratio
(OR — Odds Ratio) at a 95% confidence interval
(95% CI). The calculation was performed using a
computer program for the analysis of genetic data
"GenExpert" (http://gen-exp.ru/calculator or.php).

RESULTS AND DISCUSSION

When comparing clinical and anamnestic data of
adolescents smokers and non-smokers with CB, it
was found that the average length of disecase was
significantly higher among non-smokers and was
6.9+0.8 years versus 3.2+0.2 respectively (p<0.05)
(Fig. 1). The number of exacerbations per year in
patients with CB practically did not differ and made
up 3.940.1 versus 3.9+£0.3 (p>0.05). The duration of
exacerbations that prevailed in adolescent smokers
differed significantly and averaged 4.1+£0.1 weeks
versus 3.6£0.1 (p<0.05).

‘ 32

Disease history, years

’ 6,9*

3,9
Incidence of exacerbations per ’
year 39
4,1%
Average duration of
exacerbations, weeks 3,6
0 1 3 4 5 6 7
[0 Group 2 [1Group 1

Note: * - significance of difference (p<0,05)

Fig. 1. Features of clinical course of chronic bronchitis in the examined adolescents

Clinical course of CB in adolescent smokers
compared with non-smokers in the period of clinical
remission was characterized by complaints of
persistent (65.0% vs. 12.5%; p<0.05) low-productive
cough (95.0% against 18.7%; p<0.001) mainly in the
morning (90.0% vs 25.0%; p<0.001). The periods of
exacerbation of CB in adolescent smokers, com-
pared with non-smokers were characterized by a
lack of seasonality in the vast majority of patients
(90.0% vs. 25.0%; p<0.001), and complaints of low-
productive cough (80.0% against 31.2%; p <0.01)
with excretion of mainly mucus sputum (85.0% vs
25.0%; p<0.001), shortness of breath during physical
activity (60.0% vs 25.0%; p<0.05) and the
prevalence of dry rales during auscultation (70.0%
vs. 6.3%; p<0.05). In non-smokers, during ausculta-
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tion moist diversified (56.2% vs. 20.0%; p<0.05)
and combined rales (37.5% vs. 10.0%; p<0.05) were
registered significantly more often 05).

The results of molecular genetic study showed a
statistically significant difference between group 1
and comparison group. Thus, in patients of group 1
the frequency of homozygous genotype 2G/2G
prevailed significantly (66.7% vs 6.7%; OR=28.00;
95% CI (2.82-277.97)) of the single nucleotide
polymorphism rs/799750 1G/2G of gene MMPI-
1607 (Fig. 2).

In the comparison group the heterozygous 1G/2G
genotype (73.3% vs. 33.3%; OR=0.18; 95% CI
(0.04-0.87)) of this gene was significantly more
common. As is known, the homozygous variant with
deletion of guanine 2G has a higher transcriptional
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activity than the heterozygous variant of the gene,
which causes an increase in the enzymatic activity of
MMP-1. And the absence of guanine insertions/
deletions causes a normal level of synthesis and
enzymatic activity [3, 12]. D. Woode et al. (2015)

have shown that tobacco smoke increases MMP-1
gene expression, which leads to increased MMP
production in lung epithelial cells and impaired equi-
librium in the “protease-antiprotease” system [16].

%

73,3*

6,7

Group 1

01G/1G

Note: * - significance of difference (p<0.05).

01G12G

Comparison group

02G12G

Fig. 2. Frequency distribution of MMP-1 gene genotypes by single nucleotide
polymorphism of rs1799750 1G/2G in the study groups

Analysis of the frequency distribution of geno-
types of CYPIAI gene showed a significant
increase in the proportion of homozygous carriers
of the 7T genotype in the group of respiratory

asymptomatic adolescent smokers compared with
group 1 (93.3% vs. 53.3%, x2=6.21; p<0.05;
OR=0.08; 95% CI (0.01-0.79)) (Fig. 3).
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Fig. 3. Frequency distribution of CYP1A41 gene genotypes by single nucleotide
polymorphism of 73801C in the study groups
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Polymorphism of 73801C of CYPIAl gene
causes the amino acid substitution of thymine for
cytosine in the structure of the catalytic center of the
enzyme, which leads to an increase in the enzymatic
activity of the enzyme and the accumulation of
active toxic substances in cells, in particular of
active oxygen molecules (AOM). AOMs are known
to have high cytotoxicity to all cell types and
mediate many processes that contribute to COPD
development: damage fibroblasts, decrease sur-
factant activity, stimulate thromboxane formation,
increase epithelial permeability, and impair function of
cilia, etc [7]. A. Vibhutia (2010), and later C.-D. Wang
(2015), studying 38017/C polymorphism of gene
CYPIAI m Asians, found that the risk of COPD was
associated namely with the CC genotype [14, 15].

Analysis of the genotype frequency distribution
of the GSTPI gene revealed no significant difference
between group 1 and comparison group (¥2=1.08;
p>0.05).

CONCLUSIONS

1. It is established that smoking causes chronic
bronchitis already in adolescence and affects its
course, increasing the frequency and duration of
exacerbations.

2. As a result of the molecular genetic study, the
association of the genotype 2G/2G of gene MMP-1
(rs1799750) with the risk of developing chronic
bronchitis in smoking adolescents was revealed. At
the same time, it has been established that the pre-
sence of TT genotype of gene CYP1A1 (T3801C)
may be considered as a possible resistance factor to
the development of this pathology in smokers.

3. The findings obtained will help to develop
primary prevention measures and persanolized ap-
proaches to rehabilitation of adolescents with CB
which, in the future, will help to prevent COPD
development.
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