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Polymorphism of G-174C in the interleukin-6 (IL-6) promoter could affect both the transcription and
secretion of IL-6 and may be involved in inflammation related to and the pathogenesis of infectious
diseases and chronic diseases. However, IL-6 G-174C polymorphism may differ in various ethnic
groups. We recruited 300 Chinese healthy subjects among two ethnic populations in order to assess
the nature of the IL-6 G-174C polymorphism in different ethnic populations of China. Common
polymorphic loci in the IL-6 G-174C were determined by TaqMan SNP genotyping assays. We found
that the C allele frequency at the -174 promoter region of IL-6 was extremely low in both Han and
Uyghur ethnic groups. Therefore, it was concluded that the G to C variant at -174 of IL-6 is extremely
rare in Chinese Han and Uyghur healthy populations, which are different from other American and
African countries.
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INTRODUCTION
Interleukin-6 (IL-6), one of the confirmed multifunctional
pro-inflammatory cytokines which is demonstrated to be
associated with infectious diseases (Jang et al., 2004;
Nagabhushanam et al., 2003; Boulware et al., 2011;
Sobti et al., 2010; Ruff et al., 2007; Newsom-Davis et al.,
2004; Poudrier et al., 2001) and cardiovascular diseases
(Pola et al., 2003; Lalouschek et al., 2006; Hojo et al.,
2002; Plutzky, 2001; Tentolouris et al., 2004; Jenny et al.,
2002), tuberculosis, AIDS and stroke, have been given
more and more attentions by researchers. IL-6
demonstrates a crucial role in anti-viral immunity and in
modulating T and B cell responses. Therefore, it can be
conceived that the development of neutralizing antibodies
against any of these cytokines as a consequence of
autoimmunity affects the cellular functions and clearance
of pathogens and predisposes the host to infectious
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diseases. In addition, IL-6- deficient mice have been
shown to be susceptible to various bacterial infections,
including Mycobacterium, Streptococcus pneumoniae,
Pseudomonas aeruginosa and Klebsiella pneumoniae
(van der Poll et al., 1997; van Enckevort et al., 2001;
Diao and Kohanawa, 2005)
It is well established that IL-6 is also a key mediator in
the inflammatory response associated with atherosclerosis and thus involved in many cardiovascular
diseases, with many studies suggesting IL-6 may play a
central role in the inflammatory response to cerebral
ischemia, carotid artery atherosclerosis and coronary
heart disease (Lalouschek et al., 2006; Hojo et al., 2002;
Plutzky, 2001). The change from glycine (G) to cytosine
(C) at position 174 of the IL-6 gene creates a potential
binding site for the transcription factor NF-1, resulting in
repressed gene expression. The G allele, on the other
hand, is associated with higher circulating IL-6 levels
(Fishman et al., 1998). IL-6 G-174C has been confirmed
to be an important risk biomarker for some diseases such
as stroke, cancer, mental retardation and ankylosing
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Table 1. IL-6 genotypes and allele distribution among two ethnic groups.

Parameter
Age(years)
Sex(M/F)

Han (n = 200)
63.20 ± 10.35
105/95

Uyghur (n = 100)
63.18 ± 10.19
52/48

P Value
>0.05
>0.05

IL-6 (-174)
GG
GC
CC

199
1
0

98
2
0

>0.05

IL-6 alleles
G
C
MAF

399
1
0.25 %

198
2
1 .00%

>0.05

MAF, Minor allele frequency.

spondylitis (Pola et al., 2003; Jenny et al., 2002;
Gangwar et al., 2009; Resch et al., 2009; ColladoEscobar et al., 2000). We detected this important
polymorphism in Chinese Han and Uyghur populations,
which are the first and sixth largest ethnic populations in
China, respectively. The goal of the study was to
determine whether the IL-6 G-174C polymorphism differ
in various ethnic population in different countries.
MATERIALS AND METHODS
Study subjects
This study was carried out with prior approval from the local Ethics
Committee. Three hundred healthy subjects examined in hospitals
with detailed medical routine check-up report were enrolled from
Shenzhen and Xinjiang. All subjects were given informed consents.
The health condition conformed to the national stipulation physical
examination standard. Subjects with a history or family history of
hypertension, diabetes, stroke, cancer and chronic inflammatory
disorders were excluded from the study.
Sample processing
After obtaining informed consent from these groups, 5 ml blood
samples were taken in ethylenediamine tetraacetic acid (EDTA) and
plain vials. Genomic DNA was extracted from the peripheral blood
leukocyte pellet using a DNA extraction kit (AXYGEN, California,
USA). DNA samples were stored at -80°C before use.

Genotyping of the IL-6 promoter genomic variants
The polymorphisms of IL-6 G-174C were determined using a
TaqMan single nucleotide polymorphism (SNP) genotyping
technique. The IL-6 -174G/C primers were forward, 5′AGCCTCAATGACGACCTAAG-3′
and
reverse,
5′GGGGCTGATTGGAAACCTTA-3′. The TaqMan minor groove
binding (MGB) probes for detection of G/C polymorphism
(rs1800795) were FAM-AGTTGTGTCTTGCGATGC–MGB and
HEX- AGTTGTGTCTTGCCATGC-MGB. The primers and probes

were commercially supplied by Shanghai GeneCore Biotechnologies. Thermal cyclings were performed on, and allele
frequencies were determined by Stratagene Mx4000 systems
(Stratagene, La Jolla, CA, USA).
Comparisons between Han and Uyghur populations were made
with the Fisher’s exact test (nominal data). The statistical analysis
was carried out using SPSS software package SPSS12.0 (SPSS
Inc., Chicago, Illinois, USA). A meta-analysis was done to test
heterogeneity between different populations. The Q statistic test
was used to assess heterogeneity, in which a P value greater than
0.05 suggested a lack of heterogeneity. All statistic analyses were
done with Stata Statistical Package (version 10.0). To improve the
genotyping quality and validate our results, a random selection of
10% of the samples were re-genotyped and ten randomly selected
simples were re-sequenced by laboratory personnel not otherwise
involved in the study, and the results were found to be reproducible
with no discrepancies noted.

RESULTS AND DISCUSSION
Table 1 includes the demographic and clinical characteristics of the patients and controls from the Han and
Uyghur populations. The ratio of males to females was
105:95 in the Han subjects and 52:48 in the Uyghur
subjects. There were no significant differences in sex
between two populations (P>0.05). In addition, Table 1
also shows the distributions of the genotypes and allelic
frequencies of IL-6 -174G/C polymorphisms in the
Chinese Han and Uyghur population. There were no
statistically significant differences in the distribution of IL6 G-174C polymorphism between two either ethnic group
(P>0.05). The C allele frequencies at the -174 promoter
region of IL-6 were extremely low in both the Chinese
Han and Uyghur populations. Figure 1 compares the IL-6
G-174C genotype frequency distribution between various
populations, including Asian population, Caucasians and
Blacks from American, African, Gujarat and Spanish (Cox
et al., 2001; Collado-Escobar et al., 2000). The results
among Han and Uyghur are very different from
Caucasians and Blacks (P<0.05). The results of meta-
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IL-6 -174G/C genotype frequency distribution
populations.
Compared with Han population; P<0.05.
Compared with Uyghur population; P<0.05.

analysis were also featured with strong heterogeneity
between Asians, Caucasians and Blacks (Total I2=0.81,
P<0.001).
IL-6, one of the most important mediators in in vivo
inflammatory reactions, is implicated in the development
of many inflammatory diseases (Jang et al., 2004;
Nagabhushanam et al., 2003; Boulware et al., 2011;
Sobti et al., 2010; Ruff et al., 2007; Newsom-Davis et al.,
2004; Poudrier et al., 2001; Pola et al., 2003; Lalouschek
et al., 2006; Hojo et al., 2002). There are also mounting
evidences confirming that IL-6 is a key regulator of
inflammatory mechanisms that play an important role in
the pathophysiology and development of autoimmune
disease (Maddur et al., 2010). A part of the singlenucleotide polymorphisms (SNPs) identified in the IL-6
gene, especially within the non-coding promoter
sequence has been shown to have a powerful influence
on the expression of the gene (Fishman et al., 1998).
Our study shows the distribution of a significant SNP
(G-174C) of IL-6 in Chinese Han and Uyghur population.
The Uyghur population, a minority group originated from
Turkish nomads living in Xinjiang having language,
religious beliefs and lifestyles that may be very different
from either Han population or American/European
populations, is a special population presenting the typical
admixture of Eastern and Western anthropometric traits
in china. A study has shown that the Uyghur population
has 60% European ancestry and 40% East Asian
ancestry (Xu et al., 2008).
Some previous studies have found a unique
association between the CC genotype of the G-174C IL-6
polymorphism and many important diseases (Pola et al.,

between

various

2003; Jenny et al., 2002). Recently, the G-174C promoter
polymorphism has been linked with increased risk of
cervical cancer and developmental delay (Gangwar et al.,
2009; Resch et al., 2009). However, we found the
distribution of this functional polymorphism of G-174C in
the IL-6 is different from other populations. Interestingly,
we found that the C allele frequency at the -174 promoter
region of IL-6 was extremely low in the both Han and
Uyghur population. The meta-analysis findings also
suggest to us that there may be genetic backgrounds
variations between different countries that may affect the
risk of diseases. However, the reason for the rarity of C
allele in the Chinese population is unclear and needs
further ethnicity-specific studies.
From the current study, we conclude that the C allele
frequency at the -174 promoter region of IL-6 is extremely
low in the Chinese Han and Uyghur population, which are
very different from Caucasians and Blacks (Cox et al.,
2001; Collado-Escobar et al., 2000). These findings may
provide some evidences for future associated research.

REFERENCES
Boulware DR, Hullsiek KH, Puronen CE, Rupert A, Baker JV et al.,
(Provide Complete Name (2011). Higher levels of CRP, D-dimer, IL6, and hyaluronic acid before initiation of antiretroviral therapy (ART)
are associated with increased risk of AIDS or death. J. Infect. Dis.
203: 1637-1646.
Collado-Escobar MD, Nieto A, Mataran L, Raya E, Martin J (2000).
Interleukin 6 gene promoter polymorphism is not associated with
ankylosing spondylitis. J. Rheumatol. 27: 1461-1463.
Cox ED, Hoffmann SC, DiMercurio BS, Wesley RA, Harlan DM,Kirk
AD, Blair PJ (2001). Cytokine polymorphic analyses indicate ethnic

Tong et al.

differences in the allelic distribution of interleukin-2 and interleukin-6.
Transplantation, 72: 720-726.
Diao H, Kohanawa M (2005) Endogenous interleukin-6 plays a crucial
protective role in streptococcal toxic shock syndrome via suppression
of tumor necrosis factor alpha production. Infect. Immun. 73: 37453748.
Fishman D, Faulds G, Jeffery R, Mohamed-Ali V, Yudkin JS, Humphries
S, Woo P (1998) The effect of novel polymorphisms in the interleukin6 (IL-6) gene on IL-6 transcription and plasma IL-6 levels, and an
association with systemic-onset juvenile chronic arthritis. J. Clin.
Invest. 102: 1369-1376.
Gangwar R, Mittal B, Mittal RD (2009) Association of interleukin-6 174G>C promoter polymorphism with risk of cervical cancer. Int. J.
Biol. Markers, 24: 11-16.
Hojo Y, Ikeda U, Takahashi M, Shimada K (2002). Increased levels of
monocyte-related cytokines in patients with unstable angina.
Atherosclerosis, 161: 403-408.
Jang S, Uematsu S, Akira S, Salgame P (2004). IL-6 and IL-10
induction from dendritic cells in response to Mycobacterium
tuberculosis is predominantly dependent on TLR2-mediated
recognition. J. Immunol. 173: 3392-3397.
Jenny NS, Tracy RP, Ogg MS, Luong le A, Kuller LH Arnold AM,
Sharrett AR, Humphries SE (2002). In the elderly, interleukin-6
plasma levels and the -174G>C polymorphism are associated with
the development of cardiovascular disease. Arterioscler Thromb.
Vasc. Biol. 22: 2066-2071.
Lalouschek W, Schillinger M, Hsieh K, Endler G, Greisenegger S,
Marculescu R, Lang W, Wagner O, Cheng S, Mannhalter C (2006).
Polymorphisms of the inflammatory system and risk of ischemic
cerebrovascular events. Clin. Chem. Lab. Med. 44: 918-923.
Maddur MS, Vani J, Lacroix-Desmazes S, Kaveri S, Bayry J (2010).
Autoimmunity as a predisposition for infectious diseases. PLoS
Pathog. 6: e1001077.
Nagabhushanam V, Solache A, Ting LM, Escaron CJ, Zhang JY, Ernst
JD (2003). Innate inhibition of adaptive immunity: Mycobacterium
tuberculosis-induced IL-6 inhibits macrophage responses to IFNgamma. J. Immunol. 171: 4750-4757.
Newsom-Davis T, Bower M, Wildfire A, Thirlwell C, Nelson M ,Gazzard
B, Stebbing J (2004). Resolution of AIDS-related Castleman's
disease with anti-CD20 monoclonal antibodies is associated with
declining IL-6 and TNF-alpha levels. Leuk Lymphoma, 45: 19391941.
Plutzky J (2001) Inflammatory pathways in atherosclerosis and acute
coronary syndromes. Am. J. Cardiol. 88: 10K-15K.
Pola R, Flex A, Gaetani E, Flore R, Serricchio M, Pola P (2003)
Synergistic effect of -174 G/C polymorphism of the interleukin-6 gene
promoter and 469 E/K polymorphism of the intercellular adhesion
molecule-1 gene in Italian patients with history of ischemic stroke.
Stroke, 34: 881-885.

7169

Poudrier J, Weng X, Kay DG, Pare G, Calvo EL Hanna Z, Kosco-Vilbois
MH, Jolicoeur P. The AIDS disease of CD4C/HIV transgenic mice
shows impaired germinal centers and autoantibodies and develops in
the absence of IFN-gamma and IL-6. Immunity, 15: 173-185.
Resch B, Radinger A, Mannhalter C, Binder A, Haas J, Muller WD
(2009). Interleukin-6 G(--174)C polymorphism is associated with
mental retardation in cystic periventricular leucomalacia in preterm
infants. Arch Dis. Child Fetal Neonatal Ed. 94: F304-306.
Ruff KR, Puetter A, Levy LS (2007). Growth regulation of simian and
human AIDS-related non-Hodgkin's lymphoma cell lines by TGFbeta1 and IL-6. BMC Cancer, 7: p. 35.
Sobti RC, Berhane N, Mahedi SA, Kler R, Hosseini SA, Kuttiat V,
Wanchu A (2010) Polymorphisms of IL-6 174 G/C, IL-10 -592 C/A
and risk of HIV/AIDS among North Indian population. Mol. Cell
Biochem. 337: 145-152.
Tentolouris C, Tousoulis D, Antoniades C, Bosinakou E, Kotsopoulou
M, Trikas A, Toutouzas P, Stefanadis C. (2004). Endothelial function
and proinflammatory cytokines in patients with ischemic heart
disease and dilated cardiomyopathy. Int. J. Cardiol. 94: 301-305.
van der Poll T, Keogh CV, Guirao X, Buurman WA, Kopf M (1997).
Interleukin-6 gene-deficient mice show impaired defense against
pneumococcal pneumonia. J. Infect. Dis. 176: 439-444.
van Enckevort FH, Sweep CG, Span PN, Netea MG, Hermus AR,
Kullberg BJ (2001). Reduced adrenal response and increased
mortality after systemic Klebsiella pneumoniae infection in interleukin6-deficient mice. Eur. Cytokine Network, 12: 581-586.
Xu S, Huang W, Qian J, Jin L (2008). Analysis of genomic admixture in
Uyghur and its implication in mapping strategy. Am. J. Hum. Genet.
82: 883-894.

