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THE ANALYSIS OF THE RESISTANCE
OF HETEROZYGOUS CARRIERS

OF THE C.-23+1G>A MUTATION

IN GJB2 GENE TO DIARRHEA

ABSTRACT

The high carrier frequency of c.-23+1G>A mutation in the GJB2 gene in Yakut population is might be explained not only by the factors of

population dynamics (founder effect, genetic drift, small effective population size), but also can be due to the selective advantage of heterozygous
mutations in the GJB2 gene. Because the GJB2 gene is expressed not only in the cochlea but also in other tissues, and in vitro studies conducted
on cell cultures show that GJB2-mutant cells were more resistant to the infection of dysentery - Shigella flexneri. The aim of this study is the
analysis of the resistance in heterozygous carriers of the ¢.-23+1G>A mutation in GJB2 gene to diarrhea.

Material and methods. We examined 272 Yakut individuals, which was divided into two groups: the first group consisted from 238 individuals

without c.-23+1G>A mutation, the second group consisted from 34 individuals with c.-23+1G>A mutation in heterozygous state. All respondents
independently filled information about the number of cases of diarrhea in the last year, and indicated the most characteristic form of their stool.

Results and Discussion. In heterozygous carriers of the c.-23+1G>A mutation the cases of diarrhea in the last year were not registered in

Keywords: GJB2 gene, diarrhea, c.-23+1G>A mutation, heterozygous carriers.

22% of individuals, in individuals without mutation cases of diarrhea were not registered in 5% of individuals. According to the results of this study
heterozygous carriers of the c.-23+1G>A mutation statistically significantly are less susceptible to diarrhea cases than individuals without this
mutation. Thus, the obtained results can support the hypothesis about selective advantage of the GJB2 gene mutant alleles carriers and partly
explain the extremely high carrier frequency (10.3%) of the c.-23+1G>A mutation in the GJB2 gene in Yakut population.

INTRODUCTION
The results earlier studies in 6

population from Eastern Siberia (Yakuts,
Dolgans, Evenks, Evens, Yukaghirs and
Russians) show that carrier frequency

c.-23+1G>A mutation in the GJB2 gene
was one of the highest in the world
(4.7%) and in the Yakut population was
a local maximum of 11.7% [3]. Then on
a larger sample of Yakuts populations

(n = 350), the extremely high incidence
of heterozygous carriage was confirmed
and amounted to 10.3%, which is
comparable to the carrier frequency of
the HbS allele (10%) associated with
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sickle-cell anemia in Africa [6].

The high carrier frequency of the c.-
23+1G>A mutation in Eastern Siberia
may indicate a possible, but unknown,
mechanism of the selective advantage
of carriers of this mutation. Considering,
that the GJB2 gene is expressed not
only in the tissues of the inner ear but
also in the epidermal skin [7], and the
formation storage center of the c.-
23+1G>A mutation in Eastern Siberia
probably explained by the increased
survival rate of carriers of this mutation.
Currently known that heterozygous
carriers of p.Arg143Trp mutation in GJB2
gene in some African country (Ghana),
demonstrated a thicker layer of epidermis
than in individuals without this mutation.
The authors consider that epidermal
thickening can protect against insect
bites and limit cellular invasion of certain
bacterial infections [8]. In 2009 was
published the results studies of thicker
layer of epidermis in heterozygous
carriers of ¢.35delG mutation in Europe
(Italy), where the same way confirmed
data on a thicker layer of epidermis in
individuals with ¢.35delG mutation in
heterozygous state [5]. Moreover, in
vitro studies conducted on cell cultures
show that GJB2-mutant cells were more
resistant to the infection of dysentery -
Shigella flexneri [1], this data confirmed
by the study of the frequency of cases
of diarrhea in heterozygous carriers of
¢.35delG mutation in GJB2 gene, where
cases of diarrhea occurred significantly
less than in individuals without this
mutation [4].

The aim of this study is the analysis of
the resistance in heterozygous carriers of
the ¢.-23+1G>A mutation in GJB2 gene
to diarrhea.

Research materials and methods

we examined 272 Yakut individuals,
which was divided into two groups: the
first group consisted from 238 individuals
without c¢.-23+1G>A mutation, the sec-
ond group consisted from 34 individuals
with ¢.-23+1G>A mutation in heterozy-
gous state. All respondents indepen-
dently filled information about the number
of cases of diarrhea in the last year (Fig.
1, B), and indicated the most character-
istic form of their stool, according to the
Bristol scale (Fig. 1, A). All respondents
were healthy, there were no persons
with Crohn’s disease, cholecystitis and
other diseases of the digestive tract. The
mean age in respondents was 20.3 +
2.04 years, of them 62.4% of female and
37.5% of male.

The genomic DNA was extracted from
lymphocytes of the peripheral blood.
Amplification of the noncoding exon 1
and flanking intronic regions was per-
formed using primers Ex1-F/Ex1-R

Type 6. Friable particles with uneven edges, mushy

A Bristol stool scale B Cases of diarrhea
@@@®>  Type 1. Separate solid lumps like nuts
a Type 2. In the form of sausage, lumpy Constantly >10

Type 3. In the f f ith a ribbed surf:
&% Type 3. In the form of a sausage, with a ribbed surface Often 6-10
@ Type 4. In the form of a sausage or snake, smooth and soft

Rarely 1-5

@ep@R  Type 5. Soft little balls with even edges
* Never 0

Type 7. Watery, without solids

Fig. 1. The examples of the questionnaire in which the respondent independently chose one of
the proposed options.
Note: A - Bristol stool scale. B - Number of diarrhea cases in the last year.
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Fig. 2. Detection of GJB2 mutation c.-23+1G>A in 4% agarose gel by PCR-restriction fragment
length polymorphism analysis (Hphl).

Note: Columns 1, 21, 41 - marker, columns 2-13, 15-24, 26-30, 32, 34, 35, 37, 39-47, 49-52 -
individuals without mutation c.-23+1G>A, columns 14, 25, 31, 33, 36, 38, 48 - individuals with
€.-23+1G>A mutation in heterozygous state.

A c.-23+1G>A/wt [l wt/wt B B Male B Female

55% 55%

50% 50%

45% 45%

40% 40%

35% 35%

30% 30%

25% 25%

20% 20%

15% 15%

10% 10%

5% 5%
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Fig. 3. Distribution by stool type between GJB2 genotypes and gender identity.

Note: A — The distribution stool type according GJB2 genotypes, the yellow color is individuals
with ¢.-23+1G>A mutation in heterozygous state, the green color is individuals without mutation.
B - The distribution stool type according gender identity, the blue color is male, the pink color is
female.
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The number of cases of diarrhea in the last year in heterozygous carriers and non-carriers of the mutation c¢.-23+1G>A in GJB2 gene

The number of All samples (n=272) Female (n=170) Male (n=102)
cases of diarrhea in |c.-23+1G>A/wt|  wt/wt ) c.-23+1G>A/wt|  wt/wt ) ¢.-23+1G>A/wt|  wt/wt )
the last year (n=34) m=238) | ¥ | P (n=23) (m=147) | ¥ | P (n=11) m=91) | ¥ | P
0 (never) 8 (23,5%) 12 (5,0%) [14,93|<0,05| 5 (21,7%) 7 (4,7%) (8,74|<0,01| 3 (27,2%) | 5 (5,4%) |6,44|<0,05
1-5 (rarely) 14 (41,1%) (127 (53,3%)| 1,77 [>0,05| 10 (43,4%) |83 (56,4%)(1,35|>0,05| 4 (36,3%) |44 (48,3%)|0,57 [>0,05
6-10 (often) 8 (23,5%) [56(23,5%)| 0,00 [>0,05| 5(21,7%) |36 (24,4%)(0,08|>0,05| 3 (27,2%) [20 (21,9%)0,16[>0,05
>10 (constantly) 4(11,7%) |43 (18,0%)| 0,83 [~0,05] 3 (13,0%) |21 (14,2%)(0,03 [>0,05 1(9,0%) 22 (24,1%)[1,28 >0,05
Note: ¢.-23+1G>A/wt - individuals with ¢.-23+1G>A mutation in heterozygous state; wt/wt - individuals without c¢.-23+1G>A mutation;

Differences were statistically significant when p<0.05, is in bold font.

(5°’-CCGGGAAGCTCTGAGGAC-3’,
5-GCAACCGCTCTGGGTCTC-3’) with
10% Betaine (Sigma, USA) [9]. Detec-
tion of GJB2 mutation ¢.-23+1G>Ain 4%
agarose gel by PCR-restriction fragment
length polymorphism analysis with use of
Hphl endonucleases, according to man-
ufacturer’s specifications («New England
Biolabs Inc», England).

Statistical analyzes were made on the
MedStat, Biostat (McGraw-Hill, Inc. Ver-
sion 3,03) software and Sampling (kindly
provided by V. Macaulay and adapted
by M. Metspalu). Differences between
groups were tested with x2-statistics.
Differences were statistically significant
when p<0.05.

The local bioethics committee at the
Yakut Science Centre of Complex Med-
ical Problems (Yakutsk, Protocol 16, on
April 16, 2009) approved this work and
questionnaire.

Results and discussion

The results of respondents answers
about most characteristic form of stool,
show that more than 75% of the subjects
surveyed had a normal stool form (type
3 — 39%, type 4 — 36%). A small number
of respondents registered a tendency
to constipation (type 1 - 1%, type 2 - 15
%) or to diarrhea (type 5 - 7%, type 6 -
2%). After the distribution of the GJB2
genotype, observed the same trend.
A histogram of the distribution of stool
types in individuals with c.-23+1G>A
mutation in heterozygous state (n = 34)
and individuals without c.-23+1G>A
mutation (n = 238) is shown in Figure
3A. Distribution by gender and GJB2-
genotype did not reveal statistically
significant differences in stool types
(p>0.05) (Fig. 3B).

In  individuals with ¢.-23+1G>A
mutation in heterozygous state (n = 34),
cases of diarrhea in the last year were
not registered in 8 individuals out of 34,
which was 23%. In individuals without c.-
23+1G>A mutation, in the last year were
not registered in 12 individuals out of
238, which was 5% (Table 1). We indicate
significant differences when comparing
these  groups, were significantly
less detected cases of diarrhea in
individuals with c.-23+1G>A mutation in
heterozygous state than in individuals
without this mutation (p<0.05) in the
last year. The distribution of the sample

by gender also revealed statistically
significant differences among in the
number of cases of diarrhea in male (p
<0.05) and in female (p <0.01) (Table 1).

The results are consistent with
previous studies in ltaly, when to test
hypothesis about that GJB2 carriers
might have an increased resistance to
gastrointestinal  infectious  diseases,
a cross-sectional study involving 203
subjects aged 19-65 years (63% women)
was carried out. Subjects (170) were
wildtype for the GJB2 gene, whereas
33 carried one or more mutations
variants. Significant effect for genotype
was detected indicating lower diarrhea
frequency for GJB2 carriers. The present
clinical results provide new insights on
GJB2 heterozygote advantage, further
suggesting that it might consist in an
increased resistance to gastrointestinal
infections as already demonstrated by in
vitro studies.

Conclusion

Thus, the results of this study support
previous evidence that heterozygous
carriers of GJB2 gene mutations may have
increased resistance to gastrointestinal
diseases, in particular to diarrhea. The
obtained results testify to the hypothesis of
the selective advantage of heterozygous
carriers of the mutant alleles of the GJB2
gene, which can explain the extremely
high frequency of heterozygous carriage
(10.3%) c.-23+1G>A mutation in the
Yakut population.

Acknowledgments

We thank all participants of this study.

The study was supported by the
Ministry of Education and Science of
the Russian Federation Ne6.1766.2017,
Project NEFU M.K. Ammosov “Genetic
features of the population of Yakutia: the
structure of the gene pool, adaptation
to cold, psychogenetic characteristics,
the prevalence of certain hereditary
and infectious diseases”. Research of
the YSC CMP “The study of the genetic
structure and the load of hereditary
diseases of the Sakha Republic (Yakutia)
populations”. Programs of Bioresource
collections of the FASO Russia “Genome
of Yakutia” (BRK: 0556-2017-0003) and
Russian Foundation of Basic Research
(#17-29-06016-0ofi_m,  #18-54-16004_
NCNIL_a, #18-015-00212_A, #18-013-

00738_A, #18-05-60035_Arctica).

References

1. A deafness-associated mutant human con-

nexin 26 improves the epithelial barrier in

vitro / Y.K. Man, C. Trolove, D. Tattersall [et

al.] // J. Membr. Biol. - 2007. - Vol. 218(1-

3). - P. 29-37. DOI:10.1007/s00232-007-

9025-0

Autosomal and uniparental portraits of

the native populations of Sakha (Yakutia):

implications for the peopling of Northeast

Eurasia / S.A. Fedorova, M. Reidla, E.

Metspalu [et al.] // BMC Evol. Biol. — 2013.

— Vol. 13(127). DOI: 10.1186/1471-2148-

13-127

3. Autosomal recessive deafness 1A (DF-

NB1A) in Yakut population isolate in East-

ern Siberia: extensive accumulation of the

splice site mutation IVS1+1G>A in GJB2

gene as a result of founder effect / N.A.

Barashkov, L.U. Dzhemileva, S.A. Fedor-

ova [et al.] // Journal of Human Genetics.

-2011. - V. 56(8). - P.631-639.

Connexin 26 variant carriers have a better

gastrointestinal health: is this the heterozy-

gote advantage? / D. Vuckovic, B. Dal-
lapiccola, A. Franze [et al.] // Eur. J. Hum.

Genet. - 2015. - Vol. 23. - P. 563-564.

5. Does epidermal thickening explain GJB2

high carrier frequency and heterozygote ad-

vantage? / P. D’Adamo, V.I. Guerci, A. Fab-

retto [et al.] // Eur. J. Hum. Genet. - 2009.

- Vol. 17(3). - P. 284-286. DOI:10.1038/

ejhg.2008.225

Extremely High Carrier Frequency of the

GJB2 Splice Site IVS1+1G>A Mutation in

Eastern Siberia is Comparable to the Car-

rier Frequency of the Sickle Cell Anemia in

Africa/ N.A. Barashkov, A.V. Solovyev, F.M.

Teryutin [et al.] / J. Genet. Genome Res.

2014. 1:1.

7. Krawczak M. A role for overdominant se-
lection in phenylketonuria? Evidence from
molecular data / M. Krawczak, J. Zschocke
/l Hum. Mutat. - 2003. - Vol. 21(4). - P. 394-
397. DOI:10.1002/humu.10205

8. Selection for deafness / C.G. Meyer, G.K.
Amedofu, J.M. Brandner [et al.] // Nat.
Med. - 2002. - Vol. 8(12). - P. 1332-1333.
DOI:10.1038/nm1202-1332

9. Sirmaci A. The c. C.-23+1G>A mutation in
the GJB2 gene is prevalent and large dele-
tions involving the GJB6 gene are not pres-
ent in the Turkish population / A. Sirmaci,
D. Akcayoz-Duman, M. Tekin // J. Genet.
- 2006. - Vol. 85(3). - P. 213-6.



. YAKUT MEDICAL JOURNAL

The authors

. SOLOVYEV AISEN VASILIEVICH - Junior
researcher, Laboratory of Molecular Biol-
ogy Institute of Natural Sciences, Federal
State Autonomous Educational Institution
of Higher Education “North-Eastern Fed-
eral University M.K. Ammosov”. Address:
677010, Sakha Republic, Yakutsk, Kulak-
ovsky st. 46. Phone: 8-(914) 300-42-65,
e-mail: nelloann@gmail.com

. BARASHKOV NIKOLAI ALEKSEEVICH
- Candidate of Biological Sciences, Head
of laboratory of Molecular genetics, Fed-
eral State Budgetary Scientific Institution
“Yakutsk Scientific Center of Complex
Medical Problems”. Address: 677010, Sa-
kha Republic, Yakutsk, Sergelyakhskoye
Shosse, 4. Phone: 8-(4112) 32-19-81; E-
mail: barashkov2004@mail.ru

. SAVVINOVA KIUNNIAI EGOROVNA -
Student, Department of Biology, Institute
of Natural Sciences, Federal State Auton-
omous Educational Institution of Higher
Education “North-Eastern Federal Univer-
sity. M.K. Ammosov”. Address: 677010,
Sakha Republic, Yakutsk, Kulakovsky st.
48. Phone: 8-(4112) 49-68-42, e-mail: nel-
loann@mail.ru

. GOTOVTSEV NYURGUN NAUMOVICH
- Scientific Researcher, Laboratory of Mo-
lecular Genetics, Federal State Budgetary
Scientific Institution “Yakut Science Center
of Complex Medical Problems”. Address:
677010, Sakha Republic, Yakutsk, Serge-
lyakhskoye Shosse, 4. Phone: 8-(914)106-
20-15, e-mail: donzcrew@mail.ru

. TERUTIN FEDOR MIKHAILOVICH - Can-
didate of Medicine Sciences, Senior Re-
searcher of Laboratory of Molecular Biol-
ogy Institute of Natural Sciences, Federal

. ROMANOV GEORGII

State Autonomous Educational Institution
of Higher Education “North-Eastern Fed-
eral University M.K. Ammosov”. Address:
677010, Sakha Republic, Yakutsk, Kulak-
ovsky st. 46., e-mail: rest26@mail.ru

. PSHENNIKOVA VERA GENNADIEVNA

- Scientific Researcher, Laboratory of Mo-
lecular Genetics, Federal State Budgetary
Scientific Institution “Yakutsk Scientific
Center for Complex Medical Problems”,
postgraduate student of NEFU. Address:
677010, Sakha Republic, Yakutsk, Serge-
lyakhskoye Shosse, 4. Phone: 8-(4112) 32-
19-81, e-mail: pshennikovavera@mail.ru
PROKOPIEVICH
- Engineer, Laboratory of Molecular Biol-
ogy Institute of Natural Sciences, Federal
State Autonomous Educational Institution
of Higher Education “North-Eastern Fed-
eral University M.K. Ammosov”. Address:
677010, Sakha Republic, Yakutsk, Kulak-
ovsky st. 46., e-mail: gpromanov@gmail.
com

. RAFAILOV ADUM MIKHAILOVICH - Can-

didate of Biological Sciences, Associate
Professor of Department of Biology, Insti-
tute of Natural Sciences, Federal State Au-
tonomous Educational Institution of Higher
Education “North-Eastern Federal Univer-
sity. M.K. Ammosov “. Address: 677010,
Sakha Republic, Yakutsk, Kulakovsky st.
48. Phone: 8-(4112) 49-68-42, e-mail:
archinay@mail.ru

. SAZONOV NIKOLAY NIKITICH - Doctor

of Biological Sciences, Professor of De-
partment of Biology, Institute of Natural
Sciences, Federal State Autonomous Ed-
ucational Institution of Higher Education
“North-Eastern Federal University. M.K.
Ammosov “. Address: 677010, Sakha Re-

public, Yakutsk, Kulakovsky st. 48. Phone:
8-(4112) 49-68-42, e-mail: saznikol@mail.
ru

10.DZHEMILEVA LILYA USEINOVNA - Doctor

1

N

of Medicine Sciences, Senior Researcher
of Laboratory of Human Molecular Genet-
ics, Federal State Budgetary Institute of
Science Institute of Biochemistry and Ge-
netics, Ufa Federal Research Center of the
Russian Academy of Sciences. Address:
450054, Yakutsk, Prospect of October 71.
Phone: 8-(3472) 35-60-88, e-mail: dzhemi-
lev@mail.ru

.POSUKH OLGA LEONIDOVNA - Candi-

date of Biological Sciences, Senior Re-
searcher of Laboratory of Human Molecu-
lar Genetics, The Federal Research Center
Institute Of Cytology And Genetics The Si-
berian Branch Of The Russian Academy Of
Sciences. Address: 630090, Novosibirsk,
Lavrentiev avenue, 10. Phone: 8-(383)363-
49-44, e-mail: posukh@bionet.nsc.ru

12.KHUSNUTDINOVA ELZA KAMILEVNA -

Doctor of biological sciences, Professor,
Director of the Institute of Biochemistry
and Genetics, Ufa Federal Research Cen-
ter of the Russian Academy of Sciences.
Address: 450054, Ufa, Prospect of Octo-
ber, 71. Phone: 8-(3472) 35-60-88, e-mail:
elkh@anrb.ru

13.FEDOROVA SARDANA ARKADIEVNA -

Doctor of biological sciences, Head of the
Research Laboratory of Molecular Biol-
ogy Institute of Natural Sciences, Federal
State Autonomous Educational Institution
of Higher Education “North-Eastern Fed-
eral University M.K. Ammosov”. Address:
677010, Sakha Republic, Yakutsk, Kulak-
ovsky st. 46., e-mail: sardaanafedorova@
mail.ru.

N.l. Pavlova, N.A. Solovyeva, A.T. Dyakonova, N.P. Filippova,
V.V. Dodokhov, M.A.Varlamova, Kh.A. Kurtanov

A STUDY OF THE POLYMORPHISM RS9939609
OF THE FTO GENE AND RS738409 OF THE
PNPLA3 GENE AS RISK FACTORS FOR THE
DEVELOPMENT OF NAFLD IN THE YAKUT
DOI 10.25789/YMJ.2018.63.05 POPULATION OF TYPE 2 DIABETES MELLITUS
ABSTRACT

In order to study the frequency distribution of the polymorphism alleles rs9939609 of the FTO gene and polymorphism rs738409 of the PNPLA3
gene among the Yakuts, 132 DNA samples of patients with type 2 diabetes and 70 DNA samples of healthy volunteers were tested.

The study of the frequency distribution of the polymorphism alleles rs9939609 of the FTO gene and polymorphism rs738409 of the PNPLA3
gene in both groups showed no significant differences. Analysis of the frequency distribution of alleles and genotypes of the polymorphic variant
of the FTO gene (rs9939609) in the group of patients with type 2 diabetes and healthy revealed a predominance of the T allele and a homozygous
genotype of TT, except for a group of practically healthy men, which despite the prevalence of the T allele was characterized by the highest level of
the heterozygous genotype AT. When analyzing the frequency distribution of the alleles and genotypes of the polymorphic version of the PNPLA3
gene (rs738409), the allele G and the homozygous genotype GG prevailed in both groups. In the men and both groups studied, the G allele
significantly prevailed over the C allele (p <0.05).

Keywords: FTO gene, adiponadine gene, type 2 diabetes mellitus, NAFLD, overweight, Yakuts.

Introduction
Currently, obesity is an actual problem,
which is associated with its progressive

spread and the severity of complications,
which often cause the death of patients
at a young age. To date, according to the

World Health Organization in the world -
39% of adults are overweight, and 13%
are obese. In Russia, among the able-



