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Abstract: Interleukin-6 (IL-6) is a key pro-inflammatory cytokine involved in different physiologic and pathophysiologic 
processes, and circulating levels of IL-6 differ greatly between individuals. The Chinese Hui is one of the largest 
ethnic minorities, little is known about the distribution of IL-6 genetic variations and their effects on serum levels 
in Hui population. The aim of the present study is to determine the prevalence of -174G/C (rs1800795), -597G/A 
(rs1800797), and -634C/G (rs1800796) polymorphisms in the IL-6 gene promoter region and their association with 
IL-6 serum levels in the Ningxia Hui population. A total of 96 Hui subjects, (57 men and 39 women; mean age 49.65 
± 19.73 years) unrelated nationality residents in Ningxia Hui Autonomous Region were enrolled. Genotyping of the 
three polymorphisms were performed by polymerase chain reaction and restriction fragment length polymorphism 
(PCR-RFLP) combined with gel electrophoresis and then confirmed by direct sequencing. The -174G/C (97.92% GG, 
2.08% GC, and 0% CC) and -597G/A (98.96% GG, 1.04% GA, and 0% AA) polymorphisms were rare. The frequencies 
of -634C/G genotypes CC, CG, and GG were found to be 54.17%, 40.62%, and 5.21%, respectively in total studied 
subjects, the derived allele frequencies for the C and G alleles were 74.48% and 25.52%. Increased IL-6 levels were 
correlated with the IL-6 -634G allele carriers (CG+GG genotypes). The results suggest that IL-6 -174G/C and -597G/A 
are rare but -634C/G is common in the Ningxia Hui population, and the -634G allele is associated with circulating 
levels of IL-6.
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Introduction

Interleukin-6 (IL-6) is a key pro-inflammatory 
cytokine which plays a central role in host 
defense mechanisms [1, 2]. Produced in 
response to diverse stimuli, including infection, 
IL-1, interferon, and tumor necrosis factor [3-5], 
IL-6 is one of the most important mediators of 
the acute-phase response and a primary deter-
minant of hepatic production of C-reactive pro-
tein [1, 6, 7]. IL-6 has been found to be the pre-
dominant cytokine detected at elevated levels 
in a variety of disease states, such as 
Alzheimer’s disease, cancer, atherosclerosis, 
cardiovascular disease, type 2 diabetes melli-
tus, drug addiction, periodontitis, osteoporosis, 
sepsis, and systemic-onset juvenile chronic 
arthritis [8-15].

Polymorphisms in the promoter region of the 
IL-6 gene may result in inter-individual variation 
in transcription and expression [13]. Genetic 

variants could therefore influence an individu-
al’s susceptibility to a diverse range of diseases 
[16, 17]. The human IL-6 gene is located at 
chromosome 7p21 and contains 5 exons, with 
only a few very rare polymorphisms in its coding 
sequence [12]. This fact might support the 
hypothesis that the observed differences in 
IL-6 concentration among individuals are influ-
enced by mutation in the IL-6 gene promoter 
region [18]. It has been shown that a G to C 
polymorphism at the -174 position of the IL-6 
promoter region appears to affect IL-6 tran-
scription, and the presence of the C allele may 
be associated with systemic onset juvenile 
chronic arthritis [19].

There are 56 ethnic groups in China. Han is the 
largest population, accounting for approximate-
ly 91% of the country’s total population. The 
Chinese Hui is one of the largest ethnic minori-
ties, with a population of over 12 million. The 
majority of the Chinese Hui live in the Ningxia 
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-634C/G genotypes was performed by poly-
merase chain reaction and restriction fragment 
length polymorphism (PCR-RFLP) as described 
previously [12, 14, 15]. In brief, the primers 
were 5’- AGTGGGCTGAAGCAGGTGA -3’ (sense) 
and 5’- CTTTGTTGGAGGGTGAGGG -3’ (anti-
sense). This set encompasses the region of 
interest in the IL-6 promoter and should gener-
ate a 617-bp product. Amplification products 
were then digested with restriction endonucle-
ase of NlaIII, FokI, and BsrBI to detect -174G/C, 
-597G/A, and -634C/G genotypes, respectively. 
The size of the digestion products were deter-
mined by electrophoresis on 2% agarose gel 
stained with ethidium bromide. 30 amplifica-
tion products were sent to direct DNA 
sequencing.

Biochemical analysis

Venous blood samples were obtained after at 
least a 10-hour overnight fast and then centri-
fuged at 2500 rpm for 30 minutes at 4°C and 
immediately stored at -80°C until analysis. 
Serum levels of IL-6, total cholesterol (TC), high 
density lipoprotein-cholesterol (HDL-C), low 
density lipoprotein-cholesterol (LDL-C), and tri-
glycerides (TG) were measured as described 
previously [15, 25].

Statistical analysis

Genotypes and alleles frequencies were 
obtained by direct count. Differences in the dis-
tribution of alleles and genotypes between the 
groups and deviation from Hardy-Weinberg 
equilibrium were assessed by χ2 test. 
Continuous variables were expressed as mean 
and standard deviation (SD). Student’s t-test 
was used to compare continuous variables 
from two groups. All significant tests were two-
tailed and were considered statistically signifi-
cant at P < 0.05. SAS software (Version 8, SAS 
Institute, Cary, NC) was used in all statistical 
analysis.

Hui Autonomous Region. The Chinese Hui 
descended from Central Asian, Arabs, and 
Persian merchants who came to China during 
the 7th century [20]. To retain religious purity 
and group identity, the Hui have always isolated 
themselves socially from other people, in 
enclaves. Hui marriage practices tend toward 
endogamy in all respects, especially in the rural 
part of Ningxia Hui Autonomous Region. The 
Hui population is culturally and religiously con-
servative [21].

Ethnic differences were highly noted for IL-6 
polymorphisms. For example, the CC homozy-
gote at the -174 position of the IL-6 promoter 
region was found to be completely absent in the 
Korean [22], Japanese [23], Afro-Caribbeans 
[19], and Han Chinese [15], while significantly 
increased in the Finnish Caucasian [24]. 
However, little is known about the distribution 
of IL-6 genetic variations and their effects on 
serum levels in Hui population. The aim of the 
present study is to determine the prevalence of 
-174G/C (rs1800795), -597G/A (rs1800797), 
and -634C/G (rs1800796) polymorphisms in 
the IL-6 gene promoter region and their associ-
ation with IL-6 serum levels in the Ningxia Hui 
population.

Material and methods

Subjects

A total of 96 Hui subjects, (57 men and 39 
women; mean age 49.65 ± 19.73 years) 
unrelated nationality residents in Ningxia Hui 
Autonomous Region were enrolled. All the sub-
jects were healthy and had no cardiovascular 
and cerebrovascular disease. Diabetes, cancer, 
hepatic disease, and other diseases which can 
affect serum IL-6 levels were also excluded. 
There was also no history of cigarette smoking 
among these subjects. Individuals were select-
ed after careful physical examination, chest 
X-radiograph, ECG, urine and blood tests. The 
study has been approved by the Medical Ethics 
Committee of Ningxia People’s Hospital, and 

Table 1. IL-6 genotypes and alleles frequencies

Polymorphisms
Genotypes frequencies (n, %) Allele frequencies (%)

11 12 22 1 2
-174G/C 94 (97.92) 2 (2.08) 0 (0) 190 (98.96) 2 (1.04)
-597G/A 95 (98.96) 1 (1.04) 0 (0) 191 (99.48) 1 (0.52)
-634C/G 52 (54.17) 39 (40.62) 5 (5.21) 143 (74.48) 49 (25.52)

written informed consent 
was obtained from all 
participants.

Determination of geno-
type

Determination of IL-6 
-174G/C, -597G/A, and 
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origins [20], and many are direct descendants 
of Silk Road travelers. Their ancestors include 
Central Asian, Arabs, and Persian who married 
Han Chinese. In the subsequent centuries, they 
gradually mixed with Han and Mongols Chinese. 
There were extensive genetic admixtures in the 
formation of Hui population. Evidence from 
other genetic studies also supported the genet-
ic admixture hypothesis [20, 26].

By further literature review of allele frequencies 
of three IL-6 promoter polymorphisms in the 
world, we found the prevalence of the alleles 
varied substantially between continental popu-
lations. The IL-6 -174C allele frequencies 
reported in Caucasians (40.34%-56.60%) [19, 
27, 28] were much higher than those found in 
Koreans (0.24%) [22], Japanese (0%) [23], Han 
Chinese (0.32%) [15], and Hui Chinese (1.04%) 
(Table 3). Similarity, Caucasians had higher A 
allele frequencies (37.01%-60.28%) [27-29] of 
IL-6 -597G/A than in Koreans (0.24%) [22], 
Japanese (0%) [30], Han Chinese (0%) [15], and 
Hui Chinese (0.52%) (Table 4). In contrast, the 
frequencies of the IL-6 -634C allele in 
Caucasians (3.51%-9.81%) [27, 28, 31] were 
much lower than those in Korean (75.00%) 
[22], Japanese (84.51%) [32], Han Chinese 
(78.02%) [15], and Hui Chinese (74.48%) (Table 
5). High frequencies of population-specific 
alleles are useful particularly for mapping 
genes responsible for disease susceptibility 
and other traits in a population [33]. Therefore, 
the IL-6 -634C/G polymorphism might be a 
more useful marker for an association study in 
eastern Asians including Hui Chinese than in 
Caucasians.

It is of note, in African-American, the -174C 
allele frequency (7.68%) [34] and the -597G A 
allele frequency (6.65%) [35] were similar, apart 
from a slight variation, to those in eastern Asian 

Results

Table 1 summarizes the distributions of geno-
types and alleles frequencies of three IL-6 pro-
moter polymorphisms. The genotypes distribu-
tions among the subjects were all in agreement 
with the predicted Hardy-Weinberg equilibrium 
values (-174G/C, χ2 = 0.0106, P = 0.9179; 
-597G/A, χ2 = 0.0026, P = 0.9591; -634C/G, χ2 

= 0.4524, P = 0.5012). Among the 96 
individuals studied, 94 carried the GG wild type 
of -174G/C, only 2 carried the GC genotype, and 
the CC genotype was not detected at all. For 
-597G/A polymorphism, 95 carried the GG, only 
1 carried the GA, and the AA genotype was not 
detected. The frequencies of -634C/G geno-
types CC, CG, and GG were found to be 54.17%, 
40.62%, and 5.21%, respectively in total stud-
ied subjects, the derived allele frequencies for 
the C and G alleles were 74.48% and 25.52%. 
30 samples sent to direct DNA sequencing 
were consistent with the results by PCR-RFLP.

The effects of the different IL-6 -634C/G geno-
types on clinical parameters are shown in Table 
2. Because the numbers of individuals with GG 
genotype were small, the carriers of the G allele 
(CG+GG) were pooled into one group. There 
were no significant differences in age, gender 
or BMI between the two groups. Also no statisti-
cal differences were found on TC, TG, HDL-C, 
and LDL-C between the two genotypes. 
However, individuals with CC genotype showed 
lower level of IL-6 than that with CG+GG 
genotype.

Discussion

We assessed the three IL-6 promoter polymor-
phisms in the Ningxia Hui population, and the 
quite different prevalence of the three polymor-
phisms was found. The -174G/C (97.92% GG, 

Table 2. Clinical characters according to IL-6 -634C/G genotypes

Parameters 
IL-6 -634C/G genotypes

P
CC (n = 52) CG+GG (n = 44)

Age (years) 51.26 ± 11.27 51.50 ± 11.45 0.9180
Gender (male/female) 32/20 25/19 0.6389
BMI (kg/m2) 23.25 ± 1.38 23.14 ± 1.26 0.6865
TC (mmol/L) 4.96 ± 0.65 5.03 ± 0.74 0.6229
TG (mmol/L) 1.74 ± 0.62 1.81 ± 0.70 0.6046
HDL-C (mmol/L) 1.54 ± 0.59 1.51 ± 0.47 0.7862
LDL-C (mmol/L) 2.68 ± 0.64 2.71 ± 0.69 0.8257
IL-6 (pg/ml) 2.51 ± 0.73 2.98 ± 0.88 0.0052

2.08% GC, and 0% CC) and 
-597G/A (98.96% GG, 1.04% 
GA, and 0% AA) polymorphisms 
are extremely rare, while 
-634C/G (54.17% CC, 40.62% 
CG, and 5.21% CG) is common 
in Hui population. The results 
are consistent with a recent 
study in Chinese Han popula-
tion, which found IL-6 -174G/C 
and -597G/A were rare but 
-634C/G was common in 232 
healthy Han individuals [15]. 
The Hui Chinese have diverse 
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Table 5. Frequencies of the various IL-6 -634C/G genotypes reported among different populations

Population Numbers Investigated
Genotypes Frequency (%) Alleles Frequency (%)

CC CG GG C G
Finnish* [28] 485 0 7.01 92.99 3.51 96.49
British* [31] 2600 0.35 9.38 90.27 5.04 94.96
Czech* [27] 107 0 19.63 80.37 9.81 90.19
Asian Indian* [37] 40 27.50 57.50 15.00 56.25 43.75
Afro-American* [36] 63 3.18 12.70 84.12 9.52 90.48
Korean† [22] 990 56.26 37.48 6.26 75.00 25.00
Japanese† [32] 142 71.83 25.35 2.82 84.51 15.49
Han Chinese† [15] 232 59.48 37.07 3.45 78.02 21.98
Hui Chinese 96 54.17 40.62 5.21 74.48 25.52
*P < 0.05 in comparison with Hui Chinese. †P > 0.05 in comparison with Hui Chinese.

tions. Data confirm previous reports about evo-
lutionary trees suggested that European and 
southwest Asian (Indian) populations diverged 
from the Chinese population, with an estimated 
genetic distance of at least 20,000 years [38].

populations, whereas, the -634C allele fre-
quency (9.52%) [36] was similar to those in 
Caucasians. Asian Indian had these allele fre-
quencies [37] that were intermediate to those 
of the Caucasian and eastern Asian popula-

Table 3. Frequencies of the various IL-6 -174G/C genotypes reported among different populations

Populations Numbers investigated
Genotypes frequencies (%) Allele frequencies (%)
GG GC CC G C

Finnish* [28] 485 19.18 48.45 32.37 43.40 56.60
Czech* [27] 107 34.58 49.53 15.89 59.35 40.65
British* [19] 383 37.60 44.12 18.28 59.66 40.34
Asian Indian* [37] 40 75.00 17.50 7.50 83.75 16.25
Afro-Caribbeans* [19] 101 91.09 8.91 0 95.54 4.46
Afro-American* [34] 43 84.65 15.35 0 92.33 7.68
Korean† [22] 1037 99.52 0.48 0 99.76 0.24
Japanese† [23] 311 100 0 0 100 0
Han Chinese† [15] 232 99.57 0.43 0 99.78 0.32
Hui Chinese 96 97.92 2.08 0 98.96 1.04
*P < 0.05 in comparison with Hui Chinese. †P > 0.05 in comparison with Hui Chinese.

Table 4. Frequencies of the various IL-6 -597G/A genotypes reported among different populations

Populations Numbers investigated
Genotypes frequencies (%) Allele frequencies (%)
GG GA AA G A

Czech* [27] 107 15.89 47.66 36.45 39.72 60.28
Finnish* [28] 483 21.33 46.79 31.88 44.72 55.28
British* [29] 127 36.22 53.54 10.24 62.99 37.01
Asian Indian* [37] 40 72.50 20.00 7.50 82.50 17.50
Afro-American* [35] 579 87.57 11.57 0.86 93.35 6.65
Korean† [22] 1024 99.51 0.49 0 99.76 0.24
Japanese† [30] 189 100 0 0 100 0
Han Chinese† [15] 232 100 0 0 100 0
Hui Chinese 96 98.96 1.04 0 99.48 0.52
*P < 0.05 in comparison with Hui Chinese. †P > 0.05 in comparison with Hui Chinese.



IL-6 polymorphisms in Hui population

2855	 Int J Clin Exp Med 2014;7(9):2851-2857

Address correspondence to: Dr. Min-Hui Jiang, 
Department of Cardiology, Affiliated Hospital of 
Nantong University and Institute of Cardiovascular 
Research, Nantong University, 20 Xisi Road, Nantong 
226001, P. R. China. E-mail: jiangminhui@medmail.
com.cn

References

[1]	 Ridker PM, Rifai N, Stampfer MJ, Hennekens 
CH. Plasma concentration of interleukin-6 and 
the risk of future myocardial infarction among 
apparently healthy men. Circulation 2000; 
101: 1767-1772.

[2]	 Liu W, Dong XS, Sun YQ, Liu Z. A novel fluid re-
suscitation protocol: provide more protection 
on acute kidney injury during septic shock in 
rats. Int J Clin Exp Med 2014; 7: 919-926.

[3]	 Sanceau J, Kaisho T, Hirano T, Wietzerbin J. 
Triggering of the human interleukin-6 gene by 
interferon-gamma and tumor necrosis factor-
alpha in monocytic cells involves cooperation 
between interferon regulatory factor-1, NF kap-
pa B, and Sp1 transcription factors. J Biol 
Chem 1995; 270: 27920-27931.

[4]	 Helmersson-Karlqvist J, Bjorklund-Bodegard 
K, Larsson A, Basu S. 24-Hour ambulatory 
blood pressure associates inversely with pros-
taglandin F(2alpha), interleukin-6 and F(2)-
isoprostane formation in a Swedish population 
of older men. Int J Clin Exp Med 2012; 5: 145-
153.

[5]	 Benveniste H, Zhang S, Reinsel RA, Li H, Lee H, 
Rebecchi M, Moore W, Johansen C, Rothman 
DL, Bilfinger TV. Brain metabolomic profiles of 
lung cancer patients prior to treatment charac-
terized by proton magnetic resonance spec-
troscopy. Int J Clin Exp Med 2012; 5: 154-164.

[6]	 Baumann H, Gauldie J. Regulation of hepatic 
acute phase plasma protein genes by hepato-
cyte stimulating factors and other mediators of 
inflammation. Mol Biol Med 1990; 7: 147-159.

[7]	 Deng XT, Jiang MH, Zhu JH, Ge LJ, Guo J, Gao 
SP, Zheng JG, Luan H, Shi GL, Wang RX, Shi HF, 
Pan M. The association of interleukin-
6-634C/G polymorphism with left atrial throm-
bus and severe spontaneous echocontrast in 
patients with atrial fibrillation. Clin Appl Thromb 
Hemost 2013; 19: 673-678.

[8]	 Tso AR, Merino JG, Warach S. Interleukin-6 
174G/C polymorphism and ischemic stroke: a 
systematic review. Stroke 2007; 38: 3070-
3075.

[9]	 Benrick A, Jirholt P, Wernstedt I, Gustafsson M, 
Scheller J, Eriksson AL, Boren J, Hedner T, 
Ohlsson C, Hard T, Rose-John S, Jansson JO. A 
non-conservative polymorphism in the IL-6 sig-
nal transducer (IL6ST)/gp130 is associated 
with myocardial infarction in a hypertensive 
population. Regul Pept 2008; 146: 189-196.

Circulating levels of IL-6 differ greatly between 
individuals [18], and genetic factors are thought 
to play a major role, along with environmental 
factors, particularly inflammation [15]. In the 
present study, increased IL-6 levels were corre-
lated with the IL-6 -634G allele carriers (CG+GG 
genotypes). However, the effects of the differ-
ent IL-6 -634C/G genotypes on serum IL-6 lev-
els yielded conflicting results. Our results were 
consistent with previous studies conducted in 
Japanese and Koreans [10, 32]. In Japanese 
type 2 diabetic subjects, the presence of the 
-634G allele was associated with an elevated 
production and secretion of IL-6 protein by 
peripheral blood mononuclear cells in vivo after 
given various inflammatory stimuli compared 
with the -634C allele [32]. On the other hand, in 
Caucasian population, IL-6 -634C allele was 
associated with the increased IL-6 levels [29]. 
Besides, in Caucasian male patients with myo-
cardial infarction and in dyslipidemia, no rela-
tionship was detected between IL-6 -634C/G 
polymorphism and circulating IL-6 levels [39]. 
This discrepancy between genotype and phe-
notype among different populations was also 
reported by other reports [25, 40, 41]. In addi-
tion, the -634C allele was common in eastern 
Asian populations, whereas in Caucasians the 
-634C allele was rare, in particular, CC homozy-
gote was not found in some studies of the 
Caucasian population [27, 28]. Thus, further 
research is necessary in order to clarify the 
functional impact of the polymorphisms within 
the IL-6 promotor region in Hui Chinese.

In conclusion, the results in this study suggest 
that IL-6 -174G/C and -597G/A are rare but 
-634C/G is common in the Ningxia Hui popula-
tion, and the -634G allele is associated with 
circulating levels of IL-6. Functional genomic 
studies are needed to verify the relevance of 
the IL-6 promotor polymorphisms to IL-6 level in 
Hui Chinese in the future.

Acknowledgements

This work was supported by the Natural Science 
Foundation of Ningxia Autonomous region 
(NZ10168), and “Summit of the Six Top Talents” 
Program of Jiangsu Province (2009046), P. R. 
China.

Disclosure of conflict of interest

None.

mailto:jiangminhui@medmail.com.cn
mailto:jiangminhui@medmail.com.cn


IL-6 polymorphisms in Hui population

2856	 Int J Clin Exp Med 2014;7(9):2851-2857

gion in china. Mol Biol Evol 2004; 21: 2265-
2280.

[21]	 Xu JR, Yang Y, Liu XM, Sun JY, Wang YJ. 
Polymorphisms of the TIM-1 gene are associ-
ated with rheumatoid arthritis in the Chinese 
Hui minority ethnic population. Genet Mol Res 
2012; 11: 61-69.

[22]	 Park BL, Lee HS, Kim YJ, Kim JY, Jung JH, Kim 
LH, Shin HD. Association between interleukin 
6 promoter variants and chronic hepatitis B 
progression. Exp Mol Med 2003; 35: 76-82.

[23]	 Ognjanovic S, Yamamoto J, Saltzman B, Franke 
A, Ognjanovic M, Yokochi L, Vogt T, Decker R, 
Le ML. Serum CRP and IL-6, genetic variants 
and risk of colorectal adenoma in a multieth-
nic population. Cancer Causes Control 2010; 
21: 1131-1138.

[24]	 Hulkkonen J, Vilpo J, Vilpo L, Koski T, Hurme M. 
Interleukin-1 beta,interleukin-1 receptor an-
tagonist and interleukin-6 plasma levels and 
cytokiune gene polymorphisms in chronic lym-
phocytic leukemia: correlation with prognostic 
parameters. Hematologica 2000; 85: 600-
606.

[25]	 Pan M, Jiang MH, Wei MF, Liu ZH, Jiang WP, 
Geng HH, Cui ZC, Zhang DL, Zhu JH. Association 
of angiotensin-converting enzyme gene 
2350G>A polymorphism with myocardial in-
farction in a Chinese population. Clin Appl 
Thromb Hemost 2009; 15: 435-442.

[26]	 Comas D, Calafell F, Mateu E, Perez-Lezaun A, 
Bosch E, Martinez-Arias R, Clarimon J, Facchini 
F, Fiori G, Luiselli D, Pettener D, Bertranpetit J. 
Trading genes along the silk road: mtDNA se-
quences and the origin of central Asian popu-
lations. Am J Hum Genet 1998; 63: 1824-
1838.

[27]	 Holla LI, Fassmann A, Stejskalova A, Znojil V, 
Vanek J, Vacha J. Analysis of the interleukin-6 
gene promoter polymorphisms in Czech pa-
tients with  chronic periodontitis. J Periodontol 
2004; 75: 30-36.

[28]	 Kamarainen OP, Solovieva S, Vehmas T, Luoma 
K, Riihimaki H, Ala-Kokko L, Mannikko M, 
Leino-Arjas P. Common interleukin-6 promoter 
variants associate with the more severe forms 
of distal interphalangeal osteoarthritis. 
Arthritis Res Ther 2008; 10: R21.

[29]	 Brull DJ, Montgomery HE, Sanders J, Dhamrait 
S, Luong L, Rumley A, Lowe GD, Humphries SE. 
Interleukin-6 gene -174g>c and -572g>c pro-
moter polymorphisms are strong predictors of 
plasma interleukin-6 levels after coronary ar-
tery bypass surgery. Arterioscler Thromb Vasc 
Biol 2001; 21: 1458-1463.

[30]	 Komatsu Y, Tai H, Galicia JC, Shimada Y, Endo 
M, Akazawa K, Yamazaki K, Yoshie H. 
Interleukin-6 (IL-6)--373 A9T11 allele is associ-
ated with reduced susceptibility to chronic 

[10]	 Jang Y, Kim OY, Hyun YJ, Chae JS, Koh SJ, Heo 
YM, Choi D, Shin DJ, Huttner K, Lee JH. 
Interleukin-6-572C>G polymorphism-associa-
tion with inflammatory variables in Korean 
men with coronary artery disease. Transl Res 
2008; 151: 154-161.

[11]	 Rosa JS, Oliver SR, Mitsuhashi M, Flores RL. 
Altered kinetics of interleukin-6 and other in-
flammatory mediators during exercise in chil-
dren with type 1 diabetes. J Invest Med 2008; 
56: 701-713.

[12]	 Gao SP, Pan M, Chen C, Ge LJ, Jiang MH, Luan 
H, Zheng JG, Deng XT, Pan HY, Zhu JH. The G to 
A polymorphism at -597 of the interleukin-6 
gene is extremely rare in southern Han 
Chinese. Cytokine 2011; 55: 1-3.

[13]	 Li J, Song J, Jiang MH, Zheng JG, Gao SP, Zhu 
JH, Pan M. Interleukin-6 promoter polymor-
phisms and susceptibility to atrial fibrillation in 
elderly han chinese patients with essential hy-
pertension. J Interferon Cytokine Res 2012; 
32: 542-547.

[14]	 Chen F, Guo J, Gao SP, Chen C, Guo YF, Gui L, 
Geng HH, Ge LJ, Zhu JH, Pan M. Interleukin-6 
-634C>G polymorphism in hypertensive pa-
tients with and without left ventricular hyper-
trophy. Mol Med Report 2011; 4: 283-289.

[15]	 Pan M, Gao SP, Jiang MH, Guo J, Zheng JG, Zhu 
JH. Interleukin 6 promoter polymorphisms in 
normal Han Chinese population: frequencies 
and effects on inflammatory markers. J Investig 
Med 2011; 59: 272-276.

[16]	 Karabacak E, Aydin E, Ozcan O, Dogan B, 
Gultepe M, Cosar A, Muftuoglu T. 
Methylenetetrahydrofolate reductase (MTHFR) 
677C>T gene polymorphism as a possible fac-
tor for reducing clinical severity of psoriasis. Int 
J Clin Exp Med 2014; 7: 697-702.

[17]	 Wang Y, Jia L, Shen Y, Guo S, Wan C, Yang T, An 
J, Chen L, Wang T, Wen F. ICAM-1 +469 A/G 
polymorphism and cancer risk: a meta-analy-
sis involving 9375 subjects. Int J Clin Exp Med 
2014; 7: 84-92.

[18]	 Smith AJ, D’Aiuto F, Palmen J, Cooper JA, 
Samuel J, Thompson S, Sanders J, Donos N, 
Nibali L, Brull D, Woo P, Humphries SE. 
Association of serum interleukin-6 concentra-
tion with a functional IL6 -6331T>C polymor-
phism. Clin Chem 2008; 54: 841-850.

[19]	 Fishman D, Faulds G, Jeffery R, Mohamed-Ali 
V, Yudkin JS, Humphries S, Woo P. The effect of 
novel polymorphisms in the interleukin-6 (IL-6) 
gene on IL-6 transcription and plasma IL-6 lev-
els, and an association with systemic-onset 
juvenile chronic arthritis. J Clin Invest 1998; 
102: 1369-1376.

[20]	 Yao YG, Kong QP, Wang CY, Zhu CL, Zhang YP. 
Different matrilineal contributions to genetic 
structure of ethnic groups in the silk road re-



IL-6 polymorphisms in Hui population

2857	 Int J Clin Exp Med 2014;7(9):2851-2857

[36]	 Osiri M, McNicholl J, Moreland LW, Bridges SL 
Jr. A novel single nucleotide polymorphism and 
five probable haplotypes in the 5’ flanking re-
gion of the IL-6 gene in African-Americans. 
Genes Immun 1999; 1: 166-167.

[37]	 Maitra A, Shanker J, Dash D, John S, Sannappa 
PR, Rao VS, Ramanna JK, Kakkar VV. 
Polymorphisms in the IL6 gene in Asian Indian 
families with premature coronary artery dis-
ease--the Indian Atherosclerosis Research 
Study. Thromb Haemost 2008; 99: 944-950.

[38]	 Guo J, He YH, Chen F, Jiang MH, Gao SP, Su 
YM, Shi GL, Deng XT, Zhu JH, Pan M. The A to G 
polymorphism at -1082 of the interleukin-10 
gene is rare in the Han Chinese population. 
Mol Med Report 2012; 6: 894-896.

[39]	 Bennermo M, Held C, Green F, Strandberg LE, 
Ericsson CG, Hansson LO, Watkins H, Hamsten 
A, Tornvall P. Prognostic value of plasma inter-
leukin-6 concentrations and the -174 G > C 
and -572 G > C promoter polymorphisms of the 
interleukin-6 gene in patients with acute myo-
cardial infarction treated with thrombolysis. 
Atherosclerosis 2004; 174: 157-163.

[40]	 Pan M, Zhu JH, Liu ZH, Jiang WP, Cui ZC, Yu XH, 
Li HM, Yang XJ. Angiotensin-converting enzyme 
gene 2350 G/A polymorphism is associated 
with left ventricular hypertrophy but not essen-
tial hypertension. Hypertens Res 2007; 30: 31-
37.

[41]	 Liang S, Pan M, Hu N, Wu YY, Chen H, Zhu JH, 
Guan HJ, Sang AM. Association of angiotensin-
converting enzyme gene 2350 G/A polymor-
phism with diabetic retinopathy in Chinese 
Han population. Mol Biol Rep 2013; 40: 463-
468.

periodontitis in Japanese subjects and de-
creased serum IL-6 level. Tissue Antigens 
2005; 65: 110-114.

[31]	 Humphries SE, Luong LA, Ogg MS, Hawe E, 
Miller GJ. The interleukin-6 -174 G/C promoter 
polymorphism is associated with risk of coro-
nary heart disease and systolic blood pressure 
in healthy men. Eur Heart J 2001; 22: 2243-
2252.

[32]	 Kitamura A, Hasegawa G, Obayashi H, 
Kamiuchi K, Ishii M, Yano M, Tanaka T, 
Yamaguchi M, Shigeta H, Ogata M, Nakamura 
N, Yoshikawa T. Interleukin-6 polymorphism 
(-634C/G) in the promotor region and the pro-
gression of diabetic nephropathy in type 2 dia-
betes. Diabet Med 2002; 19: 1000-1005.

[33]	 Stephens JC, Schneider JA, Tanguay DA, Choi J, 
Acharya T, Stanley SE, Jiang R, Messer CJ, 
Chew A, Han JH, Duan J, Carr JL, Lee MS, 
Koshy B, Kumar AM, Zhang G, Newell WR, 
Windemuth A, Xu C, Kalbfleisch TS, Shaner SL, 
Arnold K, Schulz V, Drysdale CM, Nandabalan 
K, Judson RS, Ruano G, Vovis GF. Haplotype 
variation and linkage disequilibrium in 313 hu-
man genes. Science 2001; 293: 489-493.

[34]	 Jenny NS, Tracy RP, Ogg MS, Luong lA, Kuller 
LH, Arnold AM, Sharrett AR, Humphries SE. In 
the elderly, interleukin-6 plasma levels and the 
-174G>C polymorphism are associated with 
the development of cardiovascular disease. 
Arterioscler Thromb Vasc Biol 2002; 22: 2066-
2071.

[35]	 Leak TS, Langefeld CD, Keene KL, Gallagher 
CJ, Lu L, Mychaleckyj JC, Rich SS, Freedman 
BI, Bowden DW, Sale MM. Chromosome 7p 
linkage and association study for diabetes re-
lated traits and type 2 diabetes in an African-
American population enriched for nephropa-
thy. BMC Med Genet 2010; 11: 22.


