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Abstract

Interleukin (IL)-8 has been reported to be associated with the progression of sepsis. Recent studies have explored the rela-
tionship between the IL-8 —251 A/T polymorphism and sepsis risk. This study evaluated the association between the IL-8
—251 A/T polymorphism and sepsis susceptibility in a Chinese Han population. We designed a case—control study with
254 sepsis cases and 322 controls. Genotyping was performed using the polymerase chain reaction—restriction fragment
length polymorphism method. SPSS 20.0 software was used for all statistical analysis (SPSS Inc., Chicago, USA). This
study showed that the IL-8 —251 A/T polymorphism was associated with a decreased risk of sepsis. Stratified analyses
found that this association held true in females, non-smokers, and older individuals (age > 60 years). The IL-8 —251 A/T
polymorphism was also related to the severity and 28-day mortality of sepsis. The IL-8 —251 A/T polymorphism is associ-

ated with a decreased risk of sepsis.
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Introduction

Sepsis is a life-threatening organ disorder in which the host
loses control of a severe infection [1]. In high-income coun-
tries, 2—8 million deaths are associated with sepsis annually
[2]. The causes of sepsis include the serious infections from
the lungs, abdomen, blood, and urinary tract [3-5]. Of these,
pulmonary infections account for approximately 64% of all
sepsis cases. Multiple organ dysfunction syndrome is the
most common and serious complication secondary to sepsis,
which makes sepsis a leading cause of mortality worldwide
[6]. The sepsis inpatient mortality reaches 25-30% [7]. Early
recognition is likely to improve the prognosis of sepsis [8,
9]. Therefore, the management of sepsis patients relies pri-
marily on early recognition, which allows timely therapeutic
measures to be initiated.

Inflammation is one of the most important clinical mani-
festations of sepsis [10—12]. The pro-inflammatory cytokine
interleukin (IL)-8 is a founding member of the chemokine
family [13] and plays an important role in several illnesses
[14, 15]. During inflammation, mononuclear macrophages
secrete IL-8 from the blood in tissues [16]. IL-8 and its func-
tions in angiogenesis, tissue remodeling, and tumor pro-
gression have been studied extensively. Bacterial and viral
products induce IL-8 rapidly [17, 18]. Upregulation of 1L-8
in vitro predicts death from sepsis [19, 20]. In addition, IL-8
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has been reported to be associated with the progression of
sepsis [21, 22].

A functional single-nucleotide polymorphism (SNP),
-251A/T, in the promoter region of IL-8 gene was reported
to influence the expression of IL-8 [20]. Several recent stud-
ies have explored the correlation between single-nucleotide
polymorphisms (SNPs) of IL-8 —251 A/T (rs4073) poly-
morphism and sepsis susceptibility [23, 24]. However, the
results were conflicting. Thus, this study was aimed to inves-
tigate the association between the IL-8 —251 A/T polymor-
phism and sepsis risk in a Chinese Han population.

Patient and methods
Subjects

This study enrolled 254 sepsis patients and 322 controls
from the Affiliated Huai’an No.1 People’s Hospital of Nan-
jing Medical University. All sepsis patients were diagnosed
according to criteria established by the Third International
Consensus Definitions for Sepsis and Septic Shock (Sep-
sis-3) [1]. Sepsis was classified as sepsis and septic shock.
Sepsis is a systemic response to infection, and this disor-
der is characterized as two or more of the following: body
temperature > 38.5 °C or <35.6 °C, tachypnea > 20/min,
leukocytosis > 12,000/pL, tachycardia > 90/min, or leuco-
penia <4000/puL [25]. Exclusion criteria were as follows:
patients < 18 or > 80 years old, patients with uremia or end-
stage renal disease, patients with cardiac arrest history, preg-
nancy, or cancer patients. The controls were selected from
the same hospital. Individuals with potential infection, heart
disease history, or receiving immunosuppressive therapy
were excluded. All of the cases and controls were enrolled
consecutively.

Clinical information including age, sex, smoking, alcohol,
and body mass index (BMI) was collected using a written
questionnaire. Smokers were defined as smoking more than
1 cigarette per day for at least 1 year. Drinkers were classi-
fied as consuming alcoholic beverages at least once a week
for more than 1 year. This study was approved by the Ethics
Committee of the Affiliated Huai’an No.1 People’s Hospi-
tal of Nanjing Medical University and met the standards of
the Declaration of Helsinki. Written informed consent was
obtained from all subjects.

Blood sampling and genotyping

Genomic DNA of cases and controls was extracted from
peripheral blood leukocytes using a TIANamp Blood DNA
kit (Tiangen Biotech, Beijing, China). Extracted DNA was
stored at —20 °C. The quality and concentration of the
extracted DNA were measured at 260 and 280 nm using a
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NanoDrop (Thermo Scientific, Waltham, MA, USA). The
IL-8 —251 A/T polymorphism was genotyped using the
polymerase chain reaction—restriction fragment length poly-
morphism (PCR-RFLR) method. The primers used for the
nucleotide extension reaction were 5'-TGGCTGGCTTAT
CTTCACCATCA-3' (forward) and 5" TCAGGGCAAACC
TGAGTCATCA-3' (reverse). Approximately, 10% of the
samples were randomly re-examined by genotyping the SNP
to validate the accuracy. The results were 100% concordant.

Statistical analysis

The differences in epidemiological variables and clinical
data of the cases and controls were evaluated using the
Chi-square test (X2 test). The differences in genotype and
allele frequencies of the IL-8 —251 A/T polymorphism were
evaluated using the X2 test. Hardy—Weinberg equilibrium
(HWE) among the controls was tested using a goodness-of-
fit Chi-square test. Using logistic regression analysis, the
crude and adjusted odds ratios (ORs) and their 95% confi-
dence intervals (CIs) were calculated to assess the relation-
ship between the IL-8 —251 A/T polymorphism and the
sepsis risk. Subgroup analyses were performed by sex, age,
alcohol consumption, smoking, and BMI. SPSS 20.0 soft-
ware was used for all statistical analyses (SPSS Inc., Chi-
cago, USA). P <0.05 was deemed significant.

Results
Characteristics of the study population

In this case—control study, 254 sepsis patients and 322 con-
trols were recruited. Demographic information and clini-
cal characteristics of all individuals are shown in Table 1.
HWE analysis revealed no difference in the control group.
The case and control groups were matched in age and sex.
The percentage of drinkers and smokers was higher in the
sepsis patients than in the controls. The mean Acute Physi-
ology and Chronic Health Evaluation (APACHE) II score
of the sepsis patients was 21.49 +4.90. The sepsis patients
included 157 sepsis and 97 septic shock patients.

Relationship between IL-8 —251 A/T polymorphism
and sepsis risk

The genotype and allele frequencies of the IL-8 —251
A/T polymorphism are presented in Table 2. Data showed
that carriers of the TT genotype were associated with a
decreased risk of sepsis (TT vs. AA: P=0.011, OR=0.54,
95%CI=0.34-0.87). Similarly, the A allele carriers had a
lower susceptibility to sepsis. Furthermore, the results were
remained significant after adjusting for sex and age.



Clinical and Experimental Medicine (2019) 19:571-576 573
Table. 1 Patient .dcmog.raphics Characteristics Case (N=254) Control (N=322) P
and risk factors in sepsis
Age 64.9+9.01 64.1+9.76 0.338
Sex 0.449
Male 139 (54.7%) 166 (51.6%)
Female 115 (45.3%) 156 (48.4%)
Smoking 0.026
YES 82 (32.3%) 77 (23.9%)
NO 172 (66.7%) 245 (76.1%)
Alcohol 0.031
YES 76 (29.9%) 71 (20.0%)
NO 178 (70.1%) 251 (78.0%)
BMI 23.50+2.49 23.16+2.88 0.135
APACHE 11 score 21.49+4.90
Sepsis status (n, %)
Sepsis 157 (61.8%)
Septic shock 97 (38.2%)
Pathogens (1, %)
Gram-positive 46 (18.1%)
Gram-negative 129 (50.8%)
Mixed Gram-negative and -positive 58 (22.8%)
Fungus 21 (8.3%)
Source of infection, n (%)
Respiratory tract infection 175 (69.0%)
Abdominal infection 43 (17.0%)
Urinary tract infection 12 (4.7%)
Catheter-associated infection 10 (3.9%)
Others 14 (5.4%)
Mortality, 28 days, n (%) 62 (24.4%)
Statistically significant values are in bold (P < 0.05)
Table 2 Genotype frequencies of IL-8 —251 A/T polymorphism in cases and controls
Models Genotype Case® (n, %) Control® (n, %) OR (95% CI) P value *0OR (95% CI) *P-value
Co-dominant AA 72 (28.3%) 67 (20.8%) 1.00 (reference) - - -
Heterozygote AT 126 (49.6%) 159 (49.4%) 0.74 (0.49-1.11) 0.142 0.72 (0.48-1.09) 0.119
Homozygote TT 56 (22.0%) 96 (29.8%) 0.54 (0.34-0.87) 0.011 0.53 (0.33-0.86) 0.009
Dominant AA 72 (28.3%) 67 (20.8%) 1.00 (reference) - - -
TT+AT 182 (71.6%) 255 (79.2%) 0.66 (0.45-0.97) 0.036 0.65 (0.44-0.96) 0.030
Recessive AT+ AA 198 (77.9%) 226 (70.2%) 1.00 (reference) - - -
TT 56 (22.0%) 96 (29.8%) 0.67 (0.46-0.97) 0.036 0.66 (0.45-0.98) 0.037
Allele A 270 (53.1%) 293 (45.5%) 1.00 (reference) - - -
T 238 (46.9%) 351 (54.5%) 0.80 (0.70-0.91) 0.001

#The genotyping was successful in 254 cases and 322 controls for IL-8 —251 A/T polymorphism

Bold values are statistically significant (P <0.05)

*Adjusting for sex and age

Next, we conducted stratified analyses of age, sex, alco-
hol, smoking, and BMI (Table 3). There was a decreased
risk of sepsis shown in non-smokers, females, and older

individuals (age > 60 years). Nevertheless, no significant
results were observed in the stratified analyses by alcohol

and BMI.
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Table 3 Stratified analyses between IL-8 —251 A/T polymorphism and the risk of sepsis

Variable (Case/control) AT versus AA TT versus AA TT versus AA+ AT TT+ AT versus AA
AA AT TT
Sex
Male 37/38  73/88 29/40  0.85(0.49-1.47); 0.567 0.75(0.39-1.44); 0.380  0.83 (0.48-1.43); 0.502 0.82 (0.49-1.38); 0.452
Female 35/29 53/71 27/56  0.62 (0.34-1.14); 0.121  0.40 (0.20-0.78); 0.008  0.54(0.32-0.94); 0.029  0.52(0.30-0.92); 0.024
Smoking
Yes 19/13  46/39 17/25  0.81(0.35-1.84); 0.610  0.47 (0.18-1.19); 0.109  0.54 (0.27-1.11); 0.096 0.67 (0.31-1.48); 0.325
No 53/54  80/120 39/71  0.68 (0.42-1.09); 0.109  0.56(0.33-0.96); 0.037  0.72 (0.46-1.13); 0.151  0.64(0.41-0.99); 0.044
Alcohol
Yes 25/15  33/33 18/23  0.60 (0.27-1.34); 0.212  0.47 (0.19-1.14); 0.096  0.65 (0.31-1.34); 0.241  0.55 (0.26-1.15); 0.111
No 47/52  93/126 38/73  0.82(0.51-1.32); 0.405 0.58 (0.33-1.00); 0.052  0.66 (0.42-1.04); 0.072  0.73 (0.46-1.14); 0.169
Age (years)
<60 21722 25/57 13/29  0.48 (0.22-1.04); 0.062  0.53 (0.22-1.28); 0.158  0.85 (0.41-1.77); 0.659  0.50 (0.24-1.02); 0.056
>60 51/45 101/102  43/67 0.86 (0.53-1.39); 0.532  0.54(0.31-0.96); 0.031  0.60(0.39-0.94); 0.026  0.73 (0.46-1.16); 0.181
BMI 48/46  93/122 45/74  0.73 (0.50-1.12); 0.205  0.58 (0.34-1.01); 0.053  0.73 (0.47-1.11);0.144  0.68 (0.43-1.07); 0.092
<25 24/21  33/37 11/22 0.78 (0.37-1.65); 0.517  0.44 (0.17-1.11); 0.079  0.51 (0.23-1.15); 0.099  0.65 (0.32-1.32); 0.223
>25

Bold values are statistically significant (P <0.05)

Last, we explored the association between the IL-8 —251
A/T polymorphism and the clinicopathological characteris-
tics of the sepsis patients (Table 4). We found that the IL-8
—251 A/T polymorphism was associated with the severity
and 28-day mortality of sepsis.

Discussion

In this study, the IL-8 —251 A/T polymorphism was related
to the susceptibility to sepsis. Subgroup analysis showed
that the IL-8 —251 A/T polymorphism was associated with
decreased risk of sepsis in females, non-smokers, and older
individuals (age > 60 years). In addition, we found that this
SNP was correlated with the severity and 28-day mortality
of sepsis.

IL-8, as a pro-inflammatory cytokine, has been widely
studied in sepsis. Most studies focused on the relationship

between IL-8 serum level and sepsis incidence and mortal-
ity [23, 26-28]. Recently, two studies investigated the rela-
tionship between the IL-8 —251 A/T polymorphism and
sepsis risk [23, 24], but obtained different results. In 2017,
Hu et al. indicated that the homozygote TT genotype and T
allele of the —251 A/T polymorphism showed protective
effects for males in a Chinese population [24]; however, the
IL-8 —251 A/T polymorphism was not associated with lev-
els of IL-8 in sepsis patients. Yousef et al. found a positive
correlation between survival and the IL-8 —251 A/T poly-
morphism mutant allele in patients from Egypt [26], which
was inconsistent with Hu et al. [24]. Interestingly, Georgitsi
et al. revealed that AA genotype carriers were protected
from developing severe sepsis/septic shock [23]. In this
study, we observed that the TT genotype or T allele carriers
showed a decreased risk of sepsis, but unlike the findings
of Georgitsi et al. Several aspects may explain the conflict-
ing findings. One, race differences were nonnegligible. Two,

Table 4 Associations between IL-8 —251 A/T polymorphism and clinical characteristics of sepsis

Characteristics Genotype distributions

AA AT
Sepsis status
49/23
1.0 (reference)

Sepsis/Septic shock 81/45
OR (95%ClI); P-value
Death
NOT/YES

OR (95%CI); P-value

62/10
1.0 (reference)

97129

0.85 (0.46-1.56); 0.591

0.54 (0.25-1.18); 0.120

TT AT+TT

27129
0.44 (0.21-0.90); 0.023

108/74
0.69 (0.39-1.22); 0.198

33/23
0.23 (0.10-0.54); 0.001

82/95
0.40 (0.19-0.85); 0.014

Bold values are statistically significant (P <0.05)
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exposure factors and the severity of sepsis differed. Three,
clinical heterogeneity of sepsis varied. Four, the sample
sizes were also differed. In addition, we found that the IL-8
—251 A/T polymorphism was associated with a decreased
risk of sepsis in females, non-smokers, and older individuals
(age > 60 years), indicating that exposing to these risk fac-
tors may not be prone to sepsis. Furthermore, we observed
that the — 251 A/T polymorphism was related to the sever-
ity and 28-day mortality of sepsis. Data revealed that indi-
viduals with TT genotype showed a decreased incidence of
sepsis, but had no effects on sepsis shock incidence. The
reasons why —251 A/T polymorphism exerted effect on sep-
sis incidence but not sepsis shock were unclear actually. We
assumed that this SNP was only involved in the early stage
of sepsis, but not the severe stage of sepsis. Maybe, this SNP
interacts with some environmental or genetic factors at the
early stage of sepsis, thereby decreasing the susceptibility
to sepsis. However, further studies are urgently needed to
verify these assumptions. Besides, TT or AT+ TT genotype
carriers showed decreased mortality for sepsis patients.

Several study limitations should be noted. One, the study
sample size was not large. Two, this study did not validate
whether the IL-8 —251 A/T polymorphism was associated
with the levels of IL-8. Three, the follow-up data on the
sepsis patients were limited. Four, studying one SNP of IL-8
was not sufficient.

Conclusions

In conclusion, IL-8 —251 A/T polymorphism is associated
with decreased risk of sepsis in this Chinese population.
Further studies with larger sample sizes are urgently needed
in other populations to verify the findings of this study.

Author contributions Peng Fu conceived and designed the experi-
ments. Shouxiang Xie and Xiangcheng Zhang performed the experi-
ments. Xiangcheng Zhang analyzed the data. Peng Fu contributed
reagents/materials/analysis tools. Xiangcheng Zhang and Shouxiang
Xie wrote the paper.

Funding This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

Availability of data and materials The data can be available from the
corresponding author on reasonable request.

Compliance with ethical standards

Conflict of interest The authors declare that there are no competing
interests associated with the manuscript.

Ethical approval This study was approved by the Ethics Committees
of the Affiliated Huai’an No.1 People’s Hospital of Nanjing Medical
University and met the standards of Declaration of Helsinki.

Informed consent Informed consent was obtained from all individual
participants included in the study.

References

1. Singer M, Deutschman CS, Seymour CW, et al. The third interna-
tional consensus definitions for sepsis and septic shock (Sepsis-3).
JAMA. 2016;315:801-10.

2. Adhikari NK, Fowler RA, Bhagwanjee S, Rubenfeld GD. Criti-
cal care and the global burden of critical illness in adults. Lancet.
2010;376:1339-46.

3. Vincent JL, Rello J, Marshall J, et al. International study of the
prevalence and outcomes of infection in intensive care units.
JAMA. 2009;302:2323-9.

4. Vincent JL, Sakr Y, Sprung CL, et al. Sepsis in European
intensive care units: results of the SOAP study. Crit Care Med.
2006;34:344-53.

5. Karlsson S, Varpula M, Ruokonen E, et al. Incidence, treatment,
and outcome of severe sepsis in [CU-treated adults in Finland: the
Finnsepsis study. Intensive Care Med. 2007;33:435-43.

6. Fleischmann C, Scherag A, Adhikari NK, et al. Assessment of
global incidence and mortality of hospital-treated sepsis. Cur-
rent estimates and limitations. Am J Respir Crit Care Med.
2016;193:259-72.

7. Cohen J, Vincent JL, Adhikari NK, et al. Sepsis: a roadmap for
future research. Lancet Infect Dis. 2015;15:581-614.

8. Investigators A, Group ACT, Peake SL, et al. Goal-directed
resuscitation for patients with early septic shock. N Engl J Med.
2014;371:1496-506.

9. Pro CI, Yealy DM, Kellum JA, et al. A randomized trial of
protocol-based care for early septic shock. N Engl J Med.
2014;370:1683-93.

10. Vavrova L, Rychlikova J, Mrackova M, et al. Increased inflamma-
tory markers with altered antioxidant status persist after clinical
recovery from severe sepsis: a correlation with low HDL choles-
terol and albumin. Clin Exp Med. 2016;16:557-69.

11. Alharbi A, Thompson JP, Brindle NP, Stover CM. Ex vivo model-
ling of the formation of inflammatory platelet-leucocyte aggre-
gates and their adhesion on endothelial cells, an early event in
sepsis. Clin Exp Med. 2019;19:321-37.

12. Brodska H, Malickova K, Adamkova V, et al. Significantly higher
procalcitonin levels could differentiate Gram-negative sepsis from
Gram-positive and fungal sepsis. Clin Exp Med. 2013;13:165-70.

13. Yoshimura T, Matsushima K, Oppenheim JJ, Leonard EJ. Neu-
trophil chemotactic factor produced by lipopolysaccharide
(LPS)-stimulated human blood mononuclear leukocytes: partial
characterization and separation from interleukin 1 (IL 1). 1987.J
Immunol. 2005;175:5569-74.

14. Matthay MA, Ware LB, Zimmerman GA. The acute respiratory
distress syndrome. J Clin Invest. 2012;122:2731-40.

15. Mukaida N. Pathophysiological roles of interleukin-8/CXCL8
in pulmonary diseases. Am J Physiol Lung Cell Mol Physiol.
2003;284:L566-77.

16. Hoffmann E, Dittrich-Breiholz O, Holtmann H, Kracht M. Mul-
tiple control of interleukin-8 gene expression. J Leukoc Biol.
2002;72:847-55.

17. Hobbie S, Chen LM, Davis RJ, Galan JE. Involvement of mitogen-
activated protein kinase pathways in the nuclear responses and
cytokine production induced by Salmonella typhimurium in cul-
tured intestinal epithelial cells. J Immunol. 1997;159:5550-9.

18. Fiedler MA, Wernke-Dollries K, Stark JM. Mechanism of RSV-
induced IL-8 gene expression in A549 cells before viral replica-
tion. Am J Physiol. 1996;271:1L.963-71.

@ Springer



576

Clinical and Experimental Medicine (2019) 19:571-576

19.

20.

21.

22.

23.

24.

25.

Mera S, Tatulescu D, Cismaru C, et al. Multiplex cytokine profil-
ing in patients with sepsis. APMIS. 2011;119:155-63.
Wacharasint P, Nakada TA, Boyd JH, Russell JA, Walley KR. AA
genotype of IL-8 -251A/T is associated with low PaO(2)/FiO(2) in
critically ill patients and with increased IL-8 expression. Respirol-
ogy. 2012;17:1253-60.

Macdonald SP, Stone SF, Neil CL, et al. Sustained elevation of
resistin, NGAL and IL-8 are associated with severe sepsis/septic
shock in the emergency department. PLoS ONE. 2014;9:e110678.
Miyoshi T, Yamashita K, Arai T, et al. The role of endothelial
interleukin-8/NADPH oxidase 1 axis in sepsis. Immunology.
2010;131:331-9.

Georgitsi MD, Vitoros V, Panou C, et al. Individualized signifi-
cance of the -251 A/T single nucleotide polymorphism of inter-
leukin-8 in severe infections. Eur J Clin Microbiol Infect Dis.
2016;35:563-70.

Hu D, Wang H, Huang X, et al. Investigation of association
between IL-8 serum levels and IL8 polymorphisms in Chinese
patients with sepsis. Gene. 2016;594:165-70.

Bone RC, Balk RA, Cerra FB, et al. Definitions for sepsis and
organ failure and guidelines for the use of innovative therapies

@ Springer

26.

217.

28.

in sepsis. The ACCP/SCCM consensus conference committee.
American College of Chest Physicians/Society of Critical Care
Medicine. Chest. 1992;101:1644-55.

Yousef AA, Suliman GA, Mabrouk MM. The value of admis-
sion serum IL-8 monitoring and the correlation with IL-8
(-251A/T) polymorphism in critically Ill patients. ISRN Inflamm.
2014;2014:494985.

Baghel K, Srivastava RN, Chandra A, et al. TNF-alpha, IL-6,
and IL-8 cytokines and their association with TNF-alpha-308
G/A polymorphism and postoperative sepsis. J Gastrointest Surg.
2014;18:1486-94.

Chaudhry H, Zhou J, Zhong Y, et al. Role of cytokines as a dou-
ble-edged sword in sepsis. In Vivo. 2013;27:669-84.

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	IL-8 gene locus is associated with risk, severity and 28-day mortality of sepsis in a Chinese population
	Abstract
	Introduction
	Patient and methods
	Subjects
	Blood sampling and genotyping
	Statistical analysis

	Results
	Characteristics of the study population
	Relationship between IL-8 − 251 AT polymorphism and sepsis risk

	Discussion
	Conclusions
	References




