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The analysis of the genetic structure of human pop�
ulations with respect to immune response genes is an
important issue [1, 2]. Immune response genes
include a wide variety of genes, including cytokine
genes, the products of which represent immunomod�
ulating proteins. Some studies previously revealed an
adaptive role of gene polymorphisms in several cytok�
ines in human populations and demonstrated
decanalisation of the immune response under natural
selection conditions in the course of the settling of
modern humans [3, 4]. The aim of this study was to
assess the interpopulation variability of allele frequen�
cies in anti�inflammatory cytokine genes IL4, IL10,
IL13, pro�inflammatory cytokine IL12A, and their
receptors IL4R and IL12RB2, as well as the associa�
tions of cytokine genetic variability with climatic and
geographical factors.

Eight polymorphic variants of genes associated
with disturbances of normal functioning of the
immune system were genotyped in the study. Polymor�
phic marker rs20541 of the IL13 gene, located in exon
four, was associated with asthma and an increased
concentration of IgE [5–7]. Promoter polymorphism
rs1800896 affected the expression of the IL10 gene
and was associated with allergy. The association of
allele G with asthma was also revealed [8, 9]. Alleles T
and G of polymorphic markers rs485499 and
rs6441286 of IL12A were associated with primary bil�
iary liver cirrhosis [10, 11] as well as intron�located
polymorphism rs3790567 (IL12RB2) [11, 12]. Poly�
morphic variant rs2070874 of IL4 was associated with
the risk of development of asthma and allergy [13–15].
Exon polymorphisms of the IL4R gene, rs1801275 and
rs1805015, were associated with IgE concentration [16].

In this study, the allele and genotype frequencies of
the examined SNPs in 26 populations representing the
native population of Eastern Europe (Russians, Komi,
Mari, Tsezi, Gagauz, Aguls, Bezhtin, Ukrainians, and
Moldavians), the Middle East (Kazakhs, Uzbeks, and
Kyrgyz), and Siberia and the Far East (Yakuts, Kets,
Northern Altaians, Southern Altaians, Evenks, Bury�
ats, Khants, Tuvinians, Khakass, Shors, Chukchi,
Nivkhs, Koryaks, and Udeghe) were determined. The
total sample volume was 1228 unrelated and nonmetis
subjects.

Genotyping was conducted using MALDI�TOF
mass�spectrometry described previously [17, 18]. The
allele frequencies in the examined populations are
presented in Table 1; genotypes are available on
request from authors. For statistical analysis, the data
for 26 personal populations were combined with data
on 31 ethnic groups from the HapMap/1000 Genomes
project (Yoruba, Luhya, Toscani, British, Finnish,
Japanese, Chinese, Masai, and Indians) and the
“Human Genome Diversity Project” (HGDP; Biaka
Pygmies, Mandenka, Karitiana, Maya, Pima, Surui,
Basque, French, Sardinian, Bedouin, Druze,
Mozabite, Palestinian, Melanesian, Papuan, Balochi,
Brahui, Burusho, Hazara, Kalash, Pathan, and Sin�
dhi) [19–21]. From these projects, only nonmetis
native populations were selected.

The analysis of genetic diversity, the matching of
genotype distribution to the Hardy–Weinberg equilib�
rium, and the Ewens–Watterson test revealing selec�
tive neutrality of gene polymorphisms was conducted
using ARLEQUIN 3.11 software (http://cmpg.unibe.
ch/software/arlequi3) [22]. The association of ances�
tor allele frequencies and average expected heterozy�
gosis with climate and geographical indices was

Association of the Genenetic Polymorphism of Cytokines 
and Their Receptors with Climate and Geographic Factors

in Human Populations
A. A. Cherednichenko, E. A. Trifonova, K. V. Vagaitseva, 

A. V. Bocharova, and V. A. Stepanov
Research Institute on Human Genetics, Siberian Branch, Russian Academy of Medical Sciences, Tomsk, 634050 Russia

e�mail: anastasia.chersdnichenko@medgenetics.ru
Received April 3, 2014; in final form, April 25, 2014

Abstract—The variability of eight polymorphic variants of the IL4, IL4R, IL10, IL13, IL12A, and IL12RB2
genes encoding key cytokines and their receptors in 57 world populations has been assessed. A correlation
between the allele frequency distribution of the examined genes and climatic and geographic factors was
observed.

DOI: 10.1134/S1022795414100020

SHORT COMMUNICATIONS



RUSSIAN JOURNAL OF GENETICS Vol. 50 No. 10  2014

ASSOCIATION OF THE GENENETIC POLYMORPHISM OF CYTOKINES 1113

assessed using the Spearman’s correlation coefficient.
Climate changes were acquired from the Weatherbase
Database (http://www.weatherbase.com).

We revealed deviation from Hardy–Weinberg equi�
librium (p < 0.05) in 12 cases from 208 distributions.
No accumulation of deviations from the equilibrium
in individual populations and polymorphic variants of
cytokine genes and their receptors was observed. In
ethnically dissimilar populations, significant variabil�
ity in the ancestral allele frequencies and the average
expected heterozygosis (He) was revealed. The He of
proinflammatory cytokine and the receptor IL12RB2
(He�pro) gene varied from 0.20 in the Chukchi to 0.49
in the Mari; the He of the anti�inflammatory IL4R

(He�anti) gene and receptor varied from 0.21 in the
French to 0.42 in the Masai. The total average
expected heterozygosis (He�total) varied from 0.26 in
the Chukchi to 0.42 in Pima Indians. For polymorphic
variants rs1805015, rs3790567, and rs6441286, a cor�
relation of allele frequencies and heterozygosis with
latitude (in equator degrees), longitude (in Greenwich
degrees), average annual temperature, temperatures of
the coldest and warmest months, and temperature
variability was demonstrated (Table 2). No significant
association of average expected heterozygosis in all of
the marker systems of pro� and anti�inflammatory
cytokines and their receptor markers (He�total, He�pro,
He�anti) with climatic and geographical parameters

Table 1. Frequencies of ancestral alleles of cytokine genes and their receptors in the examined populations

Population

Gene, SNP, ancestral allele

IL10
 rs1800896

 Allele A

IL4R
 rs1801275

 Allele G

IL4R
 rs1805015
 Allele T

IL13
 rs20541 
Allele C

IL4
 rs2070874
 Allele T

IL12RB2
 rs3790567

 Allele A

IL12A
 rs485499
 Allele T

IL12A
 rs6441286
 Allele T

Russians 0.51 0.17 0.87 0.67 0.32 0.24 0.48 0.65

Komi 0.55 0.14 0.89 0.69 0.22 0.22 0.64 0.63

Mari 0.77 0.15 0.91 0.68 0.39 0.38 0.49 0.50

Yakuts 0.93 0.20 0.92 0.73 0.59 0.19 0.96 0.39

Kets 0.75 0.18 0.89 0.52 0.55 0.34 0.63 0.06

Kazakhs 0.74 0.21 0.88 0.78 0.49 0.16 0.69 0.00

Uzbeks 0.70 0.17 0.92 0.64 0.39 0.19 0.74 0.48

Southern 
Altaians

0.71 0.23 0.87 0.73 0.51 0.20 0.88 0.38

Buryats 0.85 0.22 0.92 0.73 0.52 0.32 0.93 0.48

Khants 0.68 0.09 0.96 0.69 0.27 0.16 0.68 0.62

Kyrgyz 0.75 0.18 0.93 0.76 0.45 0.17 0.89 0.25

Tsezi 0.47 0.06 0.95 0.82 0.04 0.41 0.56 0.41

Tuvinians 0.81 0.19 0.92 0.74 0.55 0.25 0.80 0.00

Gagauz 0.71 0.16 0.87 0.88 0.17 0.26 0.69 0.01

Khakass 0.84 0.09 0.98 0.79 0.53 0.15 0.79 0.38

Shors 0.85 0.09 0.94 0.72 0.47 0.19 0.86 0.21

Chukchi 0.84 0.15 0.91 0.40 0.78 0.18 0.87 0.03

Nivkhs 0.89 0.41 1.00 0.60 0.52 0.21 0.92 0.00

Koryaks 0.78 0.22 1.00 0.39 0.85 0.19 0.89 0.44

Udeghe 0.84 0.14 0.91 0.62 0.70 0.47 0.86 0.49

Aguls 0.58 0.17 0.86 0.77 0.14 0.15 0.51 0.39

Bezhtin 0.57 0.24 0.77 0.80 0.10 0.15 0.40 0.08

Ukrainians 0.63 0.13 0.92 0.66 0.21 0.31 0.52 0.62

Moldavians 0.63 0.11 0.90 0.72 0.21 0.29 0.64 0.51

Northern 
Altaians

0.90 0.15 0.95 0.67 0.47 0.21 0.84 0.10

Evenks 0.76 0.08 0.95 0.72 0.57 0.22 0.82 0.07
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was revealed. Among environmental variables, a
higher number of correlations with allele frequencies
was observed with Greenwich longitude (Table 2). In
total, four out of the eight examined markers demon�
strated stable associations of allele frequencies with
the distance from equator and climate parameters,
which was expected in accordance with the concept of
decanalization of immune response [4]. At the same
time, no differentiation in correlation specificity
between pro� and anti�inflammatory cytokines was
noted.

The Ewens–Watterson test has shown that a devia�
tion from neutrality in 14 examined populations for
polymorphic variant rs2070874 and in 11 populations
for marker rs6441286 for other loci deviation was
observed in rare instances (Table 3).

The method of principle components (PC) was
applied for the analysis of genetic relations between
populations. PC1 and PC2 account for 71.13% of
allele frequency variability. African populations form a
separate cluster in the PC1–PC2 space. Overall, the

Table 2. Association of ancestor allele frequencies of cytokine genes and their receptors and the average expected heterozy�
gosis with climatic and geographic parameters

SNP Latitude 
from equator

Longitude 
from Greenwich

Average annual 
temperature

Temperature 
of the coldest 

month

Temperature
of the warmest 

month

Temperature 
variation

rs1800896 0.7091 0.0000 0.7656 0.2842 0.3420 0.0215

rs1801275 0.0004 0.3301 0.0011 0.0007 0.0314 0.0025

rs1805015 0.0030 0.0000 0.0002 0.0001 0.0142 0.0002

rs20541 0.1480 0.0000 0.0929 0.0592 0.3866 0.0079

rs2070874 0.2199 0.0000 0.0279 0.0213 0.3876 0.0006

rs3790567 0.0001 0.0228 0.0004 0.0003 0.0136 0.0024

rs485499 0.0221 0.0000 0.1752 0.2005 0.0753 0.9160

rs6441286 0.0000 0.0021 0.0000 0.0000 0.0064 0.0000

He�total 0.5995 0.0197 0.1193 0.2061 0.4410 0.3452

He�pro 0.6343 0.0037 0.3794 0.6001 0.3503 0.5131

He�anti 0.0989 0.4156 0.1125 0.0887 0.9226 0.1379

The Table shows values of Spearman’s correlation coefficient. Significant correlations (p < 0.05) with climatic and geographic parameters
are presented in bold. He�total, total expected heterozygosis. He�pro, average expected heterozygosis of proinflammatory cytokine and
receptor IL2RB2. He�anti, average expected heterozygosis of anti�inflammatory cytokine and receptor IL4R.

Table 3. Deviation from marker selective neutrality in populations

Marker Populations

rs1800896 Russians (0.0117); Komi (0.0385); Tsezi (0.0261); British (0.0067); French (0.0237); Sindhi (0.0442) 

rs1801275 –

rs1805015 Luhya (0.0202); Yoruba (0.0192); Masai (0.0031)

rs20541 Kets (0.0242) 

rs2070874 Kets (0.0454); Kazakhs (0.0128); Buryats (0.0193); Kyrgyz (0.0396); Tuvinians (0.0429); 
Khakass (0.0284); Shors (0.0320); Nivkhs (0.0234); Southern Altaians (0.0131); 
Northern Altaians (0.0275); Yoruba (0.0055); Mandenka (0.0290); Pima (0.0290); Melanesian (0.0099)

rs3790567 Udeghe (0.0317)

rs485499 Russians (0.0190); Mari (0.0132); Tsezi (0.0437); Aguls (0.0111); Ukrainians (0.0238) 

rs6441286 Mari (0.0037); Uzbeks (0.0241); Buryats (0.0218); Udeghe (0.0165); Moldavians (0.0144); 
Basque (0.0302); Hazara (0.0089); Maya (0.0097); Chinese (0.0151); Japanese (0.0177); Brahui (0.0451)

The significance of the population declination from the hypothesis of neutrality, where p < 0.05 are presented in brackets.
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expected trend toward clusterization of populations in
accordance with their affiliation to geographic regions
was observed (figure).

Our results show significant interpopulation
genetic variability of pro� and anti�inflammatory
cytokines and their receptor genes and the association
of this variability with climatic and geographic param�
eters. Our data support the existing hypothesis of
decanalization of genetic variability of immune
response genes in the course of human settlement [4].

REFERENCES

1. Vojvodic�, S. and Ademovic ��Sazdanic�, D., Study of the
HLA class II allele polymorphism and phylogenetic
analysis in Vojvodina population, Russ. J. Genet., 2011,
vol. 47, no. 3, pp. 364–368.

2. Freidin, M.B. and Puzyrev, V.P., Syntropic genes of
allergic diseases, Russ. J. Genet., 2010, vol. 46, no. 2,
pp. 224–229.

3. Hancock, A.M., Witonsky, D.B., Gordon, A.S., et al.,
Adaptations to climate in candidate genes for common
metabolic disorders, PLoS Genet., 2008, vol. 4, no. 2.
e32

4. Stepanov, V.A., Kandelariya, P., Kkho, S., et al., Deca�
nalization of immune response during the resettlement

of modern man: the relationship of genetic diversity
among the genes encoding immune response with the
climatic and geographical factors, Med. Genet., 2013,
no. 4, pp. 8–18.

5. Bottema, R.W., Nolte, I.M., Howard, T.D., et al.,
Interleukin 13 and interleukin 4 receptor�α polymor�
phisms in rhinitis and asthma, Int. Arch. Allergy Immu�
nol., 2010, vol. 153, no. 3, pp. 259–267.

6. Bottema, R.W., Reijmerink, N.E., Kerkhof, M., et al.,
Interleukin 13, CD14, pet and tobacco smoke influence
atopy in three Dutch cohorts: the allergenic study, Eur.
Respir. J., 2008, vol. 32, no. 3, pp. 593–602.

7. Granada, M., Wilk, J.B., Tuzova, M., et al., A genome�
wide association study of plasma total IgE concentra�
tions in the Framingham Heart Study, J. Allergy Clin.
Immunol., 2012, vol. 129, no. 3, pp. 840–845.

8. Gaddam, S.L., Priya, V.H., Babu, B.M., et al., Associ�
ation of interleukin�10 gene promoter polymorphism
in allergic patients, Genet. Test. Mol. Biomarkers, 2012,
vol. 16, no. 6, pp. 632–635.

9. Hyun, M.H., Lee, C.H., Kang, M.H., et al., Interleu�
kin�10 promoter gene polymorphisms and susceptibil�
ity to asthma: a meta�analysis, PLoS One, 2013, vol. 8,
no. 1. e53758

10. Mells, G.F., Floyd, J.A., Morley, K.I., et al., Genome�
wide association study identifies 12 new susceptibility



1116

RUSSIAN JOURNAL OF GENETICS Vol. 50 No. 10  2014

CHEREDNICHENKO et al.

loci for primary biliary cirrhosis, Nat. Genet., 2011,
vol. 43, no. 4, pp. 329–332.

11. Hirschfield, G.M., Liu, X., Xu, C., et al., Primary bil�
iary cirrhosis associated with HLA, IL12A, and
IL12RB2 variants, N. Engl. J. Med., 2009, vol. 360,
no. 24, pp. 2544–2555.

12. Liu, X., Invernizzi, P., Lu, Y., et al., Genome�wide
meta�analyses identify three loci associated with pri�
mary biliary cirrhosis, Nat. Genet., 2010, vol. 42, no. 8,
pp. 658–660.

13. Apter, A.J., Schelleman, H., Walker, A., et al., Clinical
and genetic risk factors of self�reported penicillin
allergy, J. Allergy Clin. Immunol., 2008, vol. 122, no. 1,
pp. 152–158.

14. Movahedi, M., Amirzargar, A.A., Nasiri, R., et al.,
Gene polymorphisms of interleukin�4 in allergic rhini�
tis and its association with clinical phenotypes, Am. J.
Otolaryngol., 2013, vol. 34, no. 6, pp. 676–681.

15. Yang, X.X., Li, F.X., Wu, Y.S., et al., Association of
TGF�beta1, IL�4 and IL�13 gene polymorphisms with
asthma in a Chinese population, Asian Pac. J. Allergy
Immunol., 2011, vol. 29, no. 3, pp. 273–277.

16. Howard, T.D., Koppelman, G.H., Xu, J., et al., Gene–
gene interaction in asthma: IL4RA and IL13 in a Dutch
population with asthma, Am. J. Hum. Genet., 2002,
vol. 70, no. 1, pp. 230–236.

17. Stepanov, V.A. and Trifonova, E.A., Multiplex SNP
genotyping by MALDI�TOF mass spectrometry: fre�
quencies of 56 immune response gene SNPs in human
populations, Mol. Biol., 2013, vol. 47, no. 6, pp. 852–
862.

18. Stepanov, V.A., Trifonova, E.A., Simonova, K.V., et al.,
Variability in genes of interleukin 4 and its receptor in
the indigenous populations of Siberia, Med. Genet.,
2013, no. 4, pp. 38–40.

19. Frazer, K.A., Ballinger, D.G., Cox, D.R., et al., A sec�
ond generation human haplotype map of over 3.1 mil�
lion SNPs, Nature, 2007, vol. 449, no. 7164, pp. 851–
861.

20. Abecasis, G.R., Altshuler, D., Auton, A., et al., A map
of human genome variation from population�scale
sequencing, Nature, 2010, vol. 467, no. 7319,
pp. 1061–1073.

21. Cann, H.M., de Toma, C., Cazes, L., et al., A human
genome diversity cell line panel, Science, 2002,
vol. 296, no. 5566, pp. 261–262.

22. Excoffier, L., Laval, G., and Schneider, S., Arlequin
ver. 3.0: an integrated software package for population
genetics data analysis, Evol. Bioinform. Online, 2005,
vol. 1, pp. 47–50.

Translated by E. Chetina


