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Abstract

Background: Acute appendicitis (AA) (OMIM: 107700) is an inflammatory disease which is characterized by
appendiceal inflammation. Genetic and environmental factors contribute to the development of AA. Especially,
multiple genetic factors appear to be promising in the explanation of etiopathogenesis of AA. IL-6 (Interleukin-6) is
an inflammatory cytokine and IL-6 receptor (IL-6R) plays an important role in the immune response. IL-6 (-572G/C
rs1800796) and IL-6R (1:G.154448302 T > C rs7529229) gene polymorphisms may have an impact on cytokine
production, immune response and these gene polymorphisms may be used as inflammatory markers in the
diagnosis of appendicitis.

Method: A total of 75 children with appendicitis, and 75 healthy children were included in the study. DNA extracts
were obtained from peripheral lymphocytes. Single-nucleotide polymorphisms (SNPs) were analysed using an
automated SYBR® Green RT-PCR system in pediatric patients with appendicitis (n = 75) and healthy controls (n=75).

Results: The allele and genotype frequencies for IL-6 rs1800796 and IL-6R rs7529229 polymorphisms were not different
between the study groups (p > 0.05). Any statistically significant differences as for age, sex and other laboratory factors
were not detected between the patients with appendicitis for genotype-allele frequencies (p > 0.05). Still in analyses
performed to determine correlations among age, and gender of the patients, routine laboratory parameters and
allele-genotype frequencies, a statistically significant intergroup difference was not detected. Genotype and allele
frequencies were consistent with Hardy-Weinberg equilibrium (HWE) in all groups.

Discussion: This is the first study to investigate the effects of functional two polymorphisms on IL.-6 and IL-6R genes in
a pediatric patient group with AA risk. With this study we investigated the contribution of IL-6 (-572G/C rs1800796) and
IL-6R (1:G.154448302 T > C rs7529229) polymorphisms on pathogenesis, and severity of AA in pediatric patients with AA:
These results will guide further genetic researches to be performed on the role of IL-6 and IL-6R in AA.

Conclusions: Given the putative biological importance of this SNPs, these emerging data can provide a new foundation
to stimulate future debate and genetic investigations of AA, focusing on new molecular mechanisms such as other IL
gene polymorphisms, particularly in accessible peripheral tissues for novel molecular diagnostics for appendicitis.
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Background

Acute Appendicitis (AA) is a condition characterized by
inflammation of the appendix accompanied by systemic
inflammatory response [1]. AA is observed in about 7 %
of the population [2, 3]. Appendectomy was firstly de-
scribed by Claudius Amyand 270 years ago, and from then
many universally accepted effective treatment methods
have been introduced. Appendectomy is the most com-
mon type of emergency surgery with an incidence rate of
1-2 % [4, 5]. This disease is mostly identified in adoles-
cents. Its etiopathogenesis is not very explicit. The most
widely accepted view concerning the development of the
disease is luminal occlusion with fecaloids, however feca-
loids were not observed in nearly 30—40 % of the samples
harvested [6]. When human appendix is compared with
the other areas of colon, its microbial content is much
higher. Development of edema in the appendiceal tissue
and inflammatory changes result in rapid distension of the
appendix with resultant increase in the intraluminal pres-
sure. Lymphatic and venous drainage cease with the
increased venous pressure which leads to the development
of mucosal ischemia [7]. Researchers conducted so far
have demonstrated the impact of age, gender, segregation,
socio-economic status, nutritional habits and genetic fac-
tors on the development of acute appendicitis [8, 9]. How-
ever, genetic predisposition is still very poorly understood
[10]. Especially, in pediatric population establishment of
diagnosis is quite difficult. Although many imaging tech-
niques aid in its diagnosis, a significant decrease has not
been observed in the incidence rates of negative append-
ectomy and perforated appendicitis. Appendiceal inflam-
mation manifests itself from acute appendicitis to necrosis
and perforation. Also, some appendectomy specimens are
evaluated histologically zaps normal appendiceal tissue
samples. Immune response and inflammatory factors are
important in the inflammatory appendix [11]. These factors
demonstrate the importance of cytokines in determining
the course of appendicitis. Concomitant evaluation of clin-
ical and laboratory findings has a higher diagnostic value in
cases with suspect diagnosis. Interleukin-6 (IL6) is a pro-
inflammatory cytokine and it is an early indicator of tissue
injury and systemic inflammatory response. The diagnostic
value of IL6 which triggers acute phase response as release
of neutrophils and CRP (C-reactive protein) is more im-
portant in diseases characterized by excessive production of
acute phase proteins. Polymorphisms in the regulatory re-
gions of cytokine genes clearly alter functions, and amount
of cytokines produced [12]. Furthermore, various studies
have demonstrated that these two polymorphisms are asso-
ciated with many disease states such as abdominal aortic
aneurysm, symptomatic distal interphalangeal osteoarth-
ritis and obstructive sleep apnea [13-15]. Meta-analyses
have also demonstrated the correlations between these
polymorphisms and chronic inflammatory diseases [16].
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IL6 rs1800796 promoter polymorphism is responsible for
the transcription of these genes, and secretion of IL-6
cytokine. IL-6 is mainly produced by T cells, macrophages
and adipocytes. IL-6 is needed for the initiation of IL6
signal transduction and the cytokine responses [17]. In
this case, IL-6R involves in the receivable of this signal.
IL-6R rs7529229 polymorphism may impair delivery of
necessary signals for the cytokine response. Appendicitis
is an inflammatory bowel disease and the severity of local
inflammation influenced by polymorphisms in genes con-
ferring congenital immunity. In this study, we examined
the role of rs1800796 and rs7529229 functional polymor-
phisms in pediatric patients who underwent appendec-
tomy with diagnosis of appendicitis. We think that these
function polymorphisms can contribute to the severity of
local inflammation occurring in pediatric patients with
appendicitis.

Methods

Study population and epidemiologic data

The study population consisted of 75 (43 boys and 32
girls) appendectomized patients and 75 (32 girls and 43
boys) healthy aged 6-16 years, attending the Pediatric
Surgery Department of Children’s Hospital of Gaziantep
in Turkey within the time interval between June 2014 and
January 2015. The patients with AA were diagnosed ac-
cording to routine biochemical test (CRP, ESR, WBC, etc.)
results, histopathological examination criteria and ultra-
sonography. The definitive diagnosis was established by
histopathological examination. Control subjects had no
AA history. We investigated the association between al-
lele, and genotype frequencies and CRP values. The study
protocol was approved by the institutional ethics commit-
tee of the Medical Faculty of Gaziantep University in
Turkey. All volunteers signed an informed consent form
before they entered into this research study. A 2 ml blood
sample from each subject was drawn into a coded hepa-
rinized tube for genetic analyses.

Selection of candidate genes and functional SNPs

Effect of SNPs may be different in healthy and abnormal
tissues and cells. This diversity may result in various disor-
ders. The SNPs have been studied in other common com-
plex diseases such as obesity, metabolic disorder but not in
another complex disease as AA. With the intention to close
this information gap, and also demonstrate the effect of
SNPs in AA, we opted to investigate these genes, and over-
lying functional SNPs Ancestral allele for IL-6 rs1800796
(-572 G/C) is G, and the ratio between minor allele fre-
quency and population size is 0.3139/1572 (MAF Source:
1000 Genomes). Frequencies of GG, GC and CC genotypes
are different in healthy populations in Asia, Europe and
Africa. Frequencies of GG, GC and CC genotypes are 0.914
(GG), 0.086 (GC), 0 (CC), respectively, while respective
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frequencies of G and C alleles are 0.957 and 0.043 in
Europe population (HapMap-CEU. 116 chromosome).
These results are different in Asian population (GG = 0.044,
GC =0.378, and CC = 0.578, respectively). Our study results
demonstrate similarities to those conducted in European
and African populations.

Ancestral allele for IL6-R rs7529229 T/C) is T and the
ratio between minor allele frequency and population size
is 0.4539/2273 (MAF Source: 1000 Genomes). TT, TC
and CC genotype frequencies are similar in healthy pop-
ulations in Asia, Europe and Africa and our study group.

DNA extraction

Genomic DNA was extracted from peripheral blood with
the QIAampDNA Mini Kit and spin-column method
(QIAGENE, Germany) according to the manufacturer’s
protocol. Samples were stored at —20 °C until analysis.

Detection of polymorphisms

Genotyping of IL-6 rs1800796 and IL-6R rs7529229 SNPs
were carried out by the Real-Time PCR system (Rotor-
Gene Q, QIAGENE) with probe technology of SYBR
Green (SYBR Green PCR Kit-204076). DNA was extracted
according to manufacturer’s protocol (QIAampDNA Mini
Kit - 51306) and amplified in a 20 pl final volume of SYBR
Green PCR buffer containing 0.02 umol/ pl of common
primer for IL-6 (forward, 5'-GGA GTC ACA CAC TCC
ACC TG-3; reverse, 5'-TGT GTT CTG GCT CTC CCT
GT-3'), IL-6R (forward, 5'-TAG AAA TGT GGT CGT
GGT GAG-3’; reverse, 5'-CGC TGC TCC ACT CCT
TAC-3") and 200 ng genomic DNA. The protocol used
for Real-Time PCR consisted of initial denaturation: 95 °C
for 5 min; amplification step: 40 cycle of 95 °C for 5 s, 60 °
C for 10 s, then 1 cycle of 65 °C > 95 °C for melting.

Statistical analyses

Data were analysed using statistical package SPSS v22.0
for Windows operating system. The differences between
groups were analysed by the Independent Samples -¢
test. The associations of genotypes and alleles were ana-
lysed using chi-square or likelihood ratio tests. Hardy-
Weinberg equilibrium was checked for the patient and
the control groups. Two-tailed p differences less than
0.05 were regarded as significant. The required mini-
mum sample size was calculated to be approximately 50
individuals in each group in order to detect the differ-
ence between the appendicitis and the control groups
under the conditions of 5 % Type I error and 80 %
power (Type II error 0.20). Power analysis was per-
formed with MedCalc software package v.11.3.5.

Results
SNP frequencies on the IL-6 and IL-6R genes in patients
and controls, and the different characteristics of patients

Page 3 of 5

with appendicitis are shown in Tables 1 and 2. The mean
ages of the AA and control groups were 11.78 + 2.25 and
10.97 + 2.75 years, respectively. Distributions of these ob-
served genotypes were not significantly different from the
expected distributions according to the Hardy-Weinberg
equilibrium (HWE). There were no differences in allele
frequencies in the variants of IL-6 and IL-6R genes be-
tween patients and the controls (p > 0.05). Futhermore, no
statistically significant differences between patients with
appendicitis were not observed as for age, sex and other
laboratory factors (p >0.05). Additionally, no correlation
was found between SNPs, genotype frequencies and CRP
levels (data not shown).

Discussion

AA is a disease characterized by acute suppurative infec-
tion. Early diagnosis and treatment are important. AA
may cause systemic inflammation and severe complica-
tions such as perforation or sepsis over time. Genetic and
environmental factors are responsible in AA etiology [18].
Nowadays, routine inflammatory markers together with
ultrasonographic, and/or computed tomographic methods
are used in the preoperative diagnosis of AA. However,
the rates of negative appendectomy and perforated appen-
dicitis still remain fairly high, around 15 % [19]. These
ratios directly signify requirement of an exact marker in
the diagnosis of AA [20].

IL-6 is one of the key cytokines of acute phase of inflam-
matory response [21] and plays an important role in im-
mune cell maturation by induction of immunoglobulin
production of B and differentiation of T cells. It is also
essential for antibody production by B cells, induces IL-2
production and consequently T cell differentiation, acti-
vates endothelial cells and encourages chemokine produc-
tion and adhesion molecule expression [22, 23]. Ozguner
and colleagues determined that IL-6 levels may be useful
in the prediction of the patients with appendicitis [24].
Similarly, Anielski and colleagues also suggested that IL-6
may be a useful marker in reducing the number of false-
positive diagnoses of AA [25]. IL-6 572G/C polymorphism
has been previously studied in some inflammatory condi-
tions with conflicting results. The -572G/C polymorphism
was determined to be significantly associated with chronic
obstructive pulmonary disease susceptibility under a dom-
inant model of inheritance [26]. The 572C allele showed
an increased promoter activity in response to IL-1b and
TNF-a in transfected cells which was associated with
higher levels of C-reactive protein and systemic IL-6 activ-
ity [27]. Similarly serum concentrations of C-reactive
protein in subjects homozygous for the 572G allele were
significantly higher in smokers, suggesting that individuals
with IL-6 572C > G have a greater susceptibility to the in-
flammatory effects of smoking in the long term [28].
Zhang and colleagues reported that there was not a
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Table 1 Genotype Distributions of SNPs in the Patient and Control Groups
Gene SNP Variant (M > m) Genotype Patient N (%) Control N (%) p-value
IL-6 rs1800796 G>C GG 67 (89.3) 72 (96.0) 0.14
GC 6 (8.0) 3 (4.0)
cC 227 000
IL-6R 157529229 T>C T 69 (92.0) 73 (97.3) 0.24
TC 5(6.7) 2(27)
cC 103) 000
M major allele, m minor allele, N number of individulas
significant difference in the distribution of the IL-6 572G/  Conclusions

C polymorphisms between lung cancer patients and con-
trols, although some other polymorphisms such as IL-6-
1363 T/G, IL-10 -819 T/C and IL-10 -592A/C polymor-
phisms were more common in the patient group [29].
Similarly Zavaleta-Muiiz and colleagues could not detect
correlation between 174G/C and -572G/C IL6 promoter
gene polymorphisms and rheumatoid arthritis which is a
condition with chronic inflammation [30]. IL-6R gene
polymorphisms have been also reported to be associated
with systemic immune response [31]. Wypasek and col-
leagues reported that IL-6R single nucleotide polymor-
phisms were associated with mean concentrations of C-
reactive protein among patients with aortic stenosis [32].
However, the exact role of IL-6R polymorphisms is not
clearly elucidated yet in inflammatory conditions, and fur-
ther studies are warranted about this topic. There are
some limitations that should be mentioned. First of all, the
number of study participants was not high enough to make
a generalization for such a common disease. Secondly, we
only determined the genetic profile of cases with AA. IL-6
plays a crucial role in the pathophysiological process of in-
flammatory diseases, including AA. However, in our study
IL-6 gene -572G/C and IL-6R gene 1:G.154448302 T >C
polymorphisms did not play a critical role in pediatric cases
with AA. However, multifactorial nature of AA may be mis-
leading us to this result. Larger prospective studies are war-
ranted to define the exact effects of these mutations in
cytokine levels and inflammatory diseases.

Table 2 Significant Associations of SNPs in the Patient and the
Control Groups

SNP Genotype OR (95 % Cl) p-value
rs1800796 GC 2.15(0.52-8.94) 0,29
cc — —
GC+CC 2.87 (0.73-11.25) 0.13
C 3.50 (0.94-12.98) 0,06
rs7529229 TC 2.66 (0.50-14.08) 0.25
CcC — —
TC+CC 3.17 (0.62-16.26) 0.17
C 362 (0.74-17.73) 0.1

Cl confidence interval, OR odds ratio

Given the putative biological importance of cytokine path-
ways, these data provide a new foundation to stimulate
future debate and genetic investigations on AA which will
focus on new diagnostic molecular mechanisms involving
cytokine and cytokine receptor pathways. Additionally,
these polymorphisms can be determined more easily from
blood than inflammatory appendiceal tissue. Importantly,
the present work underscores the need for further studies
on identification and expression of functional SNPs in
association with cytokine response, susceptibility to AA
and prognostic factors. To the best of our knowledge,
functional SNP variations on IL-6 and IL-6R in pediatric
appendicitis patients in connection with AA have been
reported here for the first time in the literature. We be-
lieve that outcomes of this study will reinforce interest
and research in this hitherto neglected facet of AA
research.

Abbreviations

AA: Acute Appendicitis; CRP: C - reactive protein; ESR: erythrocyte
sedimentation rate; HWE: Hardy-Weinberg equilibrium; SNP: single- nucleotide
polymorphism; WBC: white blood cell.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions

Sarsu, Bayram and Denk conducted the original studies and designed the
follow-up study. Bayram and Kargun conducted the fieldwork. Sarsu and
Bayram conducted preliminary analyses. Sarsu and Yiimaz extended the
analyses and writing. All authors have read and approved the final draft.

Acknowledgements

This study was supported by the intramural research fund of the Firat
University (FUBAP TF.14.73). The authors thank the research participants who
volunteered their time for this study.

Sources of financial support
This study was supported by the intramural research fund of Firat University
(FUBAP TF.14.73).

Author details

'Department of Pediatric Surgery, Gaziantep Children Hospital, Gaziantep
27560, Turkey. “Department of Nutrition and Dietetics, Faculty of Health
Sciences, Gaziantep University, Gaziantep 27310, Turkey. *Department of
Medical Biology and Genetics, Elazi§ High School of Health Sciences, Firat
University, Elazig 23100, Turkey. “Department of Infectious Diseases and
Clinical Microbiology, Faculty of Medicine, Firat University, Elazig 23100,
Turkey. *Department of Biostatistics and Medical Informatics, Faculty of
Medicine, Duizce University, Dizce 81620, Turkey.



Sarsu et al. Italian Journal of Pediatrics (2015) 41:100

Received: 26 August 2015 Accepted: 17 December 2015
Published online: 29 December 2015

References

1.

20.

22.

23.

24.

Blab E, Kohlhuber U, Tillawi S, Schweitzer M, Stangl G, Ogris E, et al.
Advancements in the diagnosis of acute appendicitis in children and
adolescents. Eur J Pediatr Surg. 2004;14(6):404-9.

Ergul E. Heredity and familial tendency of acute appendicitis. Scand J Surg.
2007,96(4):290-2.

Haa SH, Honga CK, Leea Y, Sunga AJ, Leea JH, Cho KW, et al. Clinical
Significance of Fever and Leukocytosis in Diagnosis of Acute Appendicitis in
Children. Who Visit Emergency Department with Abdominal Pain.
International Journal of Clinical Pediatrics. 2012;1(1):9-18.

Ahmed |, Asgeirsson KS, Beckingham 1, Lobo DN. The position of the
vermiform appendix at laparoscopy. Surgical and Radiological Anatomy.
2007; 29(2):165-8.

Simpson J, Scholefield JH. Acute appendicitis. Surgery. 2008,26:108-12.
Bollingera RR, Barbasa AS, Busha EL, Lina SS, Parker W. Biofilms in the large
bowel suggests an apparent function of the human vermiform appendix.
J. Theor. Biol. 2007,249:826-831.

Carr NJ. The pathology of acute appendicitis. Ann Diagn Patholi.
2000;4:46Y58.

Yildiz T, Bozdag Z, Erkorkmaz U, Emre A, Turgut T, lice Z. Analysis of risk
factors for the development of pediatric appendicitis. Ulus Travma Acil
Cerrahi Derg. 2013;19(6):554-8.

Stein GY, Rath-Wolfson L, Zeidman A, Atar E, Marcus O, Joubran S, Ram E.
Sex differences in the epidemiology, seasonal variation, and trends in the
management of patients with acute appendicitis. Langenbecks Arch Surg.
2012; 397(7):1087-92.

Humes DJ, Simpson J. Acute appendicitis. BMJ. 2006;333(7567):530-4.
Daneshmandi S, Ghasemi A, Pourfathollah AA. IL-6 -174G/C Promoter
Polymorphism in Acute Appendicitis. Lab Med. 2009;40(10):600-3.

Pasha HF, Radwan MI, Hagrass HA, Tantawy EA, Emara MH. Cytokine gene
polymorphisms in chronic hepatitis C: impact on susceptibility to infection
and response to therapy. 2013;61(2):478-84.

Smallwood L, Allcock R, Bockxmeer FV, Warrington N, Palmer LJ, lacopetta B,

Norma PE. Polymorphisms of the interleukin-6 gene promoter and
abdominal aortic aneurysm. Eur J Vasc Endovasc Surg. 2008:35(1):31-6.
Kamarainen OP, Solovieva S, Vehmas T, Luoma K, Riihiméki H, Ala-Kokko L,
et al. Common interleukin-6 promoter variants associate with the more
severe forms of distal interphalangeal osteoarthritis. Arthritis Res Ther.
2008;10(1):R21.

Zhang X, Liu RY, Lei Z, Zhu Y, Huang JA, Jiang X, et al. Genetic variants in
interleukin-6 modified risk of obstructive sleep apnea syndrome. Int J Mol
Med. 2009;23(4):485-93.

Li F, Xu J, Zheng J, Sokolove J, Zhu K, Zhang Y, et al. Association between
Interleukin-6 Gene Polymorphisms and Rheumatoid Arthritis in Chinese Han
Population: A Case-Control Study and A Meta-analysis. Scientific Reports.
2014;4(5714):1-5.

John SR. IL-6 Trans-Signaling via the Soluble IL-6 Receptor: Importance for
the Pro-Inflammatory Activities of IL-6. Int J Biol Sci. 2012;8(9):1237-47.
Sadr Azodi O, Andrén-Sandberg A, Larsson H. Genetic and environmental
influences on the risk of acute appendicitis in twins. Br J Surg.
2009;96(11):1336-40.

Goldin AB, Khanna P, Thapa M, McBroom JA, Garrison MM, Parisi MT.
Revised ultrasound criteria for appendicitis in children improve diagnostic
accuracy. Pediatr Radiol. 2011;41:993-999.

Oldmeadow C, Mengersen K, Martin N, Duffy DL. Heritability and Linkage
Analysis of Appendicitis Utilizing Age at Onset. Twin Research and Human
Genetics. 2009;12(2):150-157.

Tilg H, Dinarello CA, Mier JW. IL-6and APPs: anti-inflammatory and
immunosuppressive mediators. Immunol Today. 1997;18(9):428-32.

Naka T, Nishimoto N, Kishimoto T. The paradigm of IL-6: from basic science
to medicine. Arthritis Res. 2002;4(3):233-42.

Park JY, Pillinger MH. Interleukin-6 in the pathogenesis of rheumatoid
arthritis. Bull NYU Hosp Jt Dis. 2007;65(1):4-10.

Ozguner I, Kizilgun M, Karaman A, Cavusoglu YH, Erdogan D, Karaman |,
et al. Are neutrophil CD64 expression and interleukin-6 early useful
markers for diagnosis of acute appendicitis? Eur J Pediatr Surg.

2014; 24(2):179-83.

25.

26.

27.

28.

29.

30.

31

32.

Page 5 of 5

Anielski R, Ku$nierz-Cabala B, Szafraniec K. An evaluation of the utility of
additional tests in the preoperative diagnostics of acute appendicitis.
Langenbecks Arch Surg. 2010;395(8):1061-8.

Cérdoba-Lanusa E, Torresa JP, Lopez-Aguilara C, Péreza MCR, Meyera NM,
Garcini AM, et al. Association of IL-6gene polymorphisms and COPD in a
Spanish population. Respir MED. 2008; 102(12):1805-11.

Ferrari SL, Ahn-Luong L, Garnero P, Humphries SE, Greenspan SL. Two
promoter polymorphisms regulating interleukin-6 gene expression are
associated with circulating levels of C-reactive protein and markers of
bone resorption in postmenopausal women. J Clin Endocrinol Metab.
2003;88(1):255-9.

Shin KK, Jang Y, Koh SJ, Chae JS, Kim QY, Park S, et al. Influence of the
IL-6572 C>G polymorphism on inflammatory markers according to cigarette
smoking in Korean healthy men. Cytokine. 2007; 39:116e22.

Zhang YM, Mao YM, Sun YX. Genetic polymorphisms of IL-6and IL-10 genes
correlate with lung cancer in never-smoking Han population in China. Int J
Clin Exp Med. 2015;8(1):1051-8.

Zavaleta-Mufiz SA, Martin-Mérquez BT, Gonzalez-Lopez L, Gonzalez-
Montoya NG, Diaz-Toscano ML, Ponce-Guarneros JM, et al. The -174G/C
and -572G/C interleukin 6 promoter gene polymorphisms in Mexican
patients with rheumatoid arthritis: a case-control study. Clin Dev Immunol.
2013,2013:959084.

Jiang CQ, Lam TH, Liu B, Lin JM, Yue XJ, Jin YL, et al. Interleukin-6 receptor
gene polymorphism modulates interleukin-6 levels and the metabolic
syndrome: GBCS-CVD. Obesity (Silver Spring). 2010;18(10):1969-74.
Wypasek E, Potaczek DP, Lamplmayr M, Sadowski J, Undas A. Interleukin-6
receptor Asp358Ala gene polymorphism is associated with plasma C-reactive
protein levels and severity of aortic valve stenosis. Clin Chem Lab Med.
2014;52(7):1049-56.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BioMed Central




	Abstract
	Background
	Method
	Results
	Discussion
	Conclusions

	Background
	Methods
	Study population and epidemiologic data
	Selection of candidate genes and functional SNPs

	DNA extraction
	Detection of polymorphisms
	Statistical analyses

	Results
	Discussion
	Conclusions
	Abbreviations
	Competing interests
	Authors’ contributions
	Acknowledgements
	Sources of financial support
	Author details
	References



