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Abstract

Purpose The aim of the present study is to
investigate the association of the
polymorphism of two genes in CXC
chemokine family, interleukin-8 (IL-8) and
interferon-inducible protein 10 (IP-10), with
both susceptibility and progression of DR in
T2D population of northern China.
Patients and methods A total of 1043 eligible
type 2 diabetic patients from Heilongjiang of
northern China were recruited for this study.
They were grouped into: with diabetic
retinopathy (DR, 528 cases) and without
diabetic retinopathy (DNR, 515 cases). Single
nucleotide polymorphism (SNP) genotyping of
IL-8(-251T/A) and IP-10(-1596C/T) was
performed by polymerase chain reaction.
Multivariate analysis and stepwise multiple
logistic progression analysis were conducted to
evaluate the association between gene SNP and
DR susceptibility and progression. Pooled odds
ratio (OR) with 95% confidence interval (CI)
was applied to assess the strength of the
association among study groups.
Results The occurring of IL-8(-251) AA
genotype was correlated with susceptibility
(OR: 2.286, 95% CI: 1.382–3.782, P= 0.001) and
progression of high-risk proliferative diabetic
retinopathy (PDR) (OR: 0.354, 95% CI: 0.162–
0.770, P= 0.009). Reversely, T allele of IP-10
(-1596) C/T was correlated with a reduced risk
of DR (OR: 0.341, 95% CI: 0.249–0.466,
Po0.001). However, gene polymorphisms of

IL-8–251T/A and IP-10–1596C/T were not
associated with diabetic macular edema
(DME)(P40.05).
Conclusions AA genotype of IL-8–251T/A
was closely correlated to DR and high-risk
proliferative diabetic retinopathy (PDR).
-1596T allele of the IP-10 is a beneficial
genotype for DR.
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Introduction

Diabetic retinopathy (DR), a serious complication of
type II diabetic mellitus (T2D) with progressively
retinal degeneration, ranks as the second leading
cause of blindness, contributing to an overall 4.8%
blindness globally.1 Although the pathogenesis of
DR is not yet completely elucidated, it is widely
considered that environmental and genetic factors
are associated with DR incidence and
progression.2–6 Particularly, some candidate genes
related with inflammation and agiogenesis, such as
VEGF, erythropoietin (EPO), and cytokines, are
screened by genome-wide analysis and become
major causative mechanisms. Therefore, intravitreal
injection of anti-vascular endothelial growth factor
(anti-VEGF) has been applied clinically. This
specific therapy mitigates the severity of
microvascular complications such as retinal
angiogenesis and diabetic macular edema (DME).7,8

The major weakness of this therapy accounts for the
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reduplicating and invasive intravitreal injection procedure,
which carries potential risk of inflammation to patients.9 It is
urgent and clinically demanding to emerge novel therapeutic
approaches applied to DR complications.
CXC motif chemokine ligand 8 (IL-8) and interferon

gamma-induced protein 10 (IP-10) are members of CXC
chemokines family.10–13 IL-8 is produced by numerous
cell types, such as macrophages, epithelial and
endothelial cells, in response to inflammatory stimulus. It
exhibits a potent chemotactic activity during
inflammatory process.14 Particularly, IL-8 enhances
inflammation and stimulates angiogenesis by binding its
receptor and inducing downstream signaling.10–12

Elevated production of IL-8 has been found in retina
plasma and vitreous fluids of DR, and it may contribute
to drive the progression of proliferative diabetic
retinopathy (PDR).15 Some related evidence in the field
has also shown that IL-8 has important roles in the
pathogenesis of cancer, including angiogenesis, tumor
growth, and metastasis.16–19 Therefore, the screening of
IL-8 as biomarker is becoming a promising aim for better
understanding the pathophysiology of DR. The
antimicrobial gene IP-10 will bind its receptor upon
microbial invasion.13 As the consequence, it initiates and
stimulates the infiltration of monocytes, natural killer and
T-cell against infection. It is reported that IP-10 may
inhibit angiogenesis in vivo, at least partially by
antagonizing the function of IL-8.20–22 IL-8 and IP-10 are
candidate biomarker genes for several complex diseases,
including T2D, rheumatoid arthritis and renal failure.23,24

It was shown that polymorphisms of IL-8–251T/A and
IP-10–1596C/T were associated with age-related macular
degeneration (AMD) both in vivo and in vitro.25–28 Up to
date, it still demands more clinical evidence for
identifying biomarkers, such as IL-8 and IP-10, and
evaluating the correlation of biomarkers with the
susceptibility and progression of DR. Our study is to
identify susceptible or beneficial single nucleotide
polymorphisms (SNPs) involved in DR.
We had previously found that monocyte

chemoattractant protein-1 (MCP-1) 2518G/G genotype
was a susceptibility gene for DR in Chinese type 2
diabetic patients, especially the high-risk PDR.29 In order
to expand current clinical evidence on biomarker
screening, we further investigated the significance of IL-8
(-251T/A) and IP-10(-1596C/T) SNPs in type 2 diabetic
retinopathy (T2DR) in northern Chinese population.

Materials and methods

Patient recruitment and sample collection

The criteria for inclusion and exclusion of participants
were described in the previous study.29 Briefly, the study

recruited eligible 1043 type 2 diabetic (T2D) patients, 502
for male and 541 for female, from the Department of
Endocrinology in the First Affiliated Hospital of Harbin
Medical University (Harbin, China) from October 2011 to
April 2013. Patients with o5 year duration of type 2
diabetes were excluded from the study. Eligible age
spanned from 34 to 82 years old. The protocol of this
study was approved by the Institutional Review Board
(IRB) of Harbin Medical University and conformed to
Declaration of Helsinki. All patients submitted the written
informed consent for participation prior to the start of
this study.
A total of 1043 eligible subjects were assigned into: with

diabetic retinopathy group (DR group, 528 cases) and
without retinopathy group (DNR group, 515 cases)
according to the criteria as the following. Briefly, all
participants were subjected to detailed investigation of
family health history, blood urea, glycosylated
hemoglobin, smoking and alcohol consumption hobbies,
BMI and blood pressure. 3 ml blood was collected from
each subject for SNP study. All patients underwent
ophthalmic examination, including best-corrected visual
acuity, intraocular pressure, slit lamp, and fundus
examination in the Department of Ophthalmology,
Harbin Medical University. Age, gender, and ethnicity
were matched in the two groups. Detailed medical and
ophthalmologic histories of each patient were recorded.
Further examination like fundus fluorescein angiography
(FFA) and optical coherence tomography (OCT) were
conducted in patients whose retinopathy
(microaneurysm, hemorrhage) were found. FFA was used
to grade the severity of DR in a masked manner by
ophthalmologists.29 OCT was used to evaluate retinal
function. According to the modified Early Treatment of
Diabetic Retinopathy Study Airlie House classification,
DR group was graded and assigned to the following
subgroups: mild non-proliferative diabetic retinopathy
(NPDR), moderate NPDR, severe NPDR, and
proliferative diabetic retinopathy (PDR).30

Among the DR patients, there were 76 mild NPDR
patients, 79 moderate NPDR patients, 96 severe NPDR
patients, and 277 PDR patients (including 169 high-risk
PDR). All the DR patients were categorized into three
groups according to the central macular thickness (mild
≤ 250 μm; 250 μmomoderate o350 μm; severe ≥ 350 μm).
The examination of right eye was eligible to evaluate the
severity of DR or diabetic macular edema (DME) for
grouping. We have proven that there was no statistical
significant difference between the left and right eye.29

Macular thickness was examined using OCT. Certain end-
stages of retinopathy were excluded, such as Pan-Retinal
Photocoagulation (PRP), atrophy of eyeball, epimacular
membrane, age-related macular degeneration (AMD).
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Genotyping

Peripheral leukocytes were isolated from EDTA-treated
whole blood obtained from each subject, and genomic
DNA was extracted with QIAamp DNA Mini Blood Kit
(Qiagen, Hilden, Germany) for polymerase chain reaction
(PCR) amplification of IL-8 and IP-10. DNA samples were
collected in a 1.5 ml nuclease-free Eppendorf tube and
stored at − 20 °C until use.
The SNPs were detected by using an automated ABI

PRISM 3730 DNA analyzer (Thermo Fisher Scientific,
Grand Island, NY, USA). PCR was used to amplify the
primer. For IL-8(-251A/T), the forward primer
5′GGCAAACCTGAGTCATCACA3′ and reverse primer
5′GGCTGGCTTATCTTCACCAT3′ were used to amplify
a 306 bp fragment in a final PCR mixture of 20 μl
containing 100 ng of genomic DNA and 12.5 pmol of each
primer. For IP-10 (-1596C/T), the forward primer
5′GCCTTGGTACAGCACATCAG3′ and reverse primer
5′GCCAAGTCCTGCTCATCCT3′ were used to amplify a
539 bp fragment. The cycling parameters were initial
denaturation at 95 °C for 2 min, followed by 30 cycles of
denaturation at 95 °C for 20 s, annealing at 57 °C for 30 s
and elongation at 72 °C for 40 s, and a final extension at
72 °C for 5 min.

Statistical analysis

All statistical analysis was performed with SPSS version
12.0 (SPSS Inc., Chicago, IL, USA). Χ2 was used to test the
allelic and genotypic associations of the SNP, and Hardy-
Weinberg equilibrium of the SNPs was also applied using
a Χ2 test. Odds ratio, relative risk were also calculated
using the same programs. Multivariate analysis and
multiple logistic regression analysis were conducted to
evaluate the association of genotypes with DR. Statistical
significance was established at Po0.05. Unpaired
Student’s t-test was used to compare the difference
between the two groups. P-valueo0.05 was considered
significant.

Results

The clinical lab examination did not show any difference
in the study subjects between DR and DNR groups
(Table 1). DR group displayed a significantly higher
frequency of both IL-8–251 AA (OR: 2.286, 95% CI: 1.382–
3.782, P= 0.001) and the allele of IL-8–251 A (OR: 0.660,
95% CI: 0.542–0.804, Po0.001) in comparison with DNR
(Table 2A). Moreover, it showed that PDR had a
significantly higher frequency of IL-8–251AA (OR: 0.354,
95% CI: 0.162–0.770, P= 0.009) in comparison with NPDR
when stratified by the grade of DR. In addition, the
frequency of IL-8(-251) A allele was significantly elevated

in high-risk PDR patients (OR: 1.801, 95% CI: 1.279–2.538,
Po0.001) compared with NPDR (Table 2B). Reversely,
the data in Table 3A showed that the frequency of IP-10
(-1596) C/T genotype (OR: 0.255, 95% CI: 0.178–0.364,
Po0.001) significantly decreased in DR in comparison
with that of DNR. It suggests that IP-10(-1596) C/T may
be a beneficial genotype with less susceptibility to DR.
Moreover, IP-10(-1596) T allele had a significantly
decreased occurring probability in DR group (OR: 0.341,
95% CI: 0.249–0.466, Po0.001) compared with that of
DNR group. Although SNPs of IP-10(-1596) did not show
any statistically significant difference between NPDR and
PDR groups, T allele of IP-10(-1596) (OR: 0.456, 95 % CI:
0.229–0.908, Po0.05; Table 3B) had a dramatically higher
frequency in NPDR compared with PDR when stratified
by the grade of DR. No association was found between
the polymorphism of two genes, IL-8–251T/A and IP-10–
1596C/T, and the susceptibility of DME (P40.05)
(Table 4A). To determine whether the association of IL-8
with DR was independent of IP-10 and clinical conditions,
multiple logistic regression analyses (Table 4B) were
conducted and revealed that these two genetic factors
remained significant (Po0.05) when conditioning on each
other and main clinical complications. It demonstrates the
independent effects of IL-8(-251) or IP-10(-1596) in DR
development.

Discussion

DR is a life-quality-threatened complications at late stage
of T2D. Our study is aimed at finding DR-related genes
and ideally foreseeing DR vulnerability and progression.
Ocular inflammation and neovascularization are critical

Table 1 The parameters of clinical lab test of the study groups

Parameters DR
(n= 528)

DNR
(n= 515)

P-value

Age 55± 13.0 54± 12.0 0.42
Male 275

(52.08%)
261 (50.68%) 0.06

Body mass index (kg/m2) 25.2± 3.8 24.8± 3.7 0.28
Smoking (N, %) 195 (36.9) 175 (34.0) 0.32
Alcohol use (N, %) 213 (40.34) 198 (38.45) 0.38
HbA1c (%) 7.7± 1.2 7.6± 1.3 0.09
Blood urea (mgs%)
(Mean± SD)

31± 11 28± 8 0.06

Duration of diabetes (years) 14± 9 13± 8 0.45
Blood pressure (mm Hg)
Systolic 138± 9 139± 8 0.36
Diastolic 82± 5 82± 6 0.36

HbA1C means glycosylated hemoglobin. The data are means± SD or, for
categorical variables, n or ratio. Comparisons between retinopathy groups
are by unpaired Student’s t-test or Χ2 test. P-valueso0.05 are considered
significant.
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mechanisms of DR because inflammatory cytokines are
found increased in the diabetic retina.31–36 IL-8, a member
of chemotactic cytokines, is produced by activated
inflammatory cells, such as neutrophils and monocytes/
microphages.10–12 Elevated level of IL-8 has the essential
role in initiating and strengthening inflammatory
cascade.6 However, IP-10, a poor neutrophil
chemoattractant and activator, may exert a inhibiting
inflammation function.13 It shows that IP-10 prevents
IL-8–induced neovascularization in a corneal pocket

model of angiogenesis and inhibits IL-8–induced
endothelial chemotaxis.21,22 The relationship between
inflammation cytokines and DR progression is further
established.37 Elner et al,15 previously found significantly
elevated level of vitreous IL-8 in patients with PDR. And
they identified IL-8 as an angiogenic stimulant that may
be produced by resident cells within the eyes.38 Recently,
a study in the field finds that glycated serum proteins
may enhance IL-8 production.39 It suggests the essential
role of IL-8 in mediating DR progression. It is rational to

Table 2A Genotype and allele frequencies of IL-8(-251) between DR and DNR

Genotype SNP DR DNR OR (95% CI) P

n= 528 % n= 515 %

T/T 258 48.9 313 60.8 2.286 (1.382, 3.782) 0.001
T/A 221 41.9 176 34.2 1.501 (0.897, 2.512) 0.122
A/A 49 9.3 26 5.0 reference

Allele
T 737 69.8 798 77.8 0.660 (0.542, 0.804) 0.000
A 319 30.2 228 22.2

Χ2 test was used to compare the genotype and allele frequencies between DR and DNR.
The SNP is in Hardy–Weinberg equilibrium.
P-valueo0.05 is considered to be statistically significant.
The odds ratio for one genotype was calculated against the AA genotypes combined.

Table 2B Allele and genotype distribution of IL-8(-251) gene polymorphisms in DR

Genotype SNP Mild and moderate NPDR High-risk PDR OR (95% CI) P

n= 155 % n= 169 %

T/T 92 59.4 71 42.0 0.354 (0.162, 0.770) 0.009
T/A 52 33.5 74 43.8 0.652 (0.294, 1.447) 0.293
A/A 11 7.1 24 14.2 Reference

Allele
T 236 76.1 216 63.9 1.801 (1.279, 2.538) 0.001
A 74 23.9 122 35.1

Χ2 test was used to compare the genotype and allele frequencies between mild and moderate NPDR and high-risk PDR.
The SNP is in Hardy–Weinberg equilibrium.
P-valueo0.05 is considered to be statistically significant.
The odds ratio for one genotype was calculated against the AA genotypes combined.

Table 3A Genotype and allele frequencies of IP-10(-1596) between DR and DNR

Genotype SNP DR DNR OR (95% CI) P

n= 528 % n= 515 %

C/C 475 91.9 366 71.1 Reference
C/T 47 9.0 142 27.6 0.255 (0.178, 0.364) Po0.0001
T/T 6 1.1 7 1.3 0.771 (0.246, 2.409) 0.654

Allele
C 997 94.4 874 84.9 Reference Po0.0001
T 59 5.6 156 15.1 0.341 (0.249, 0.466)

Χ2 test was used to compare the genotype and allele frequencies between DR and DNR.
P-valueo0.05 is considered to be statistically significant.
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frame our current study, which is aimed at addressing the
relationship of IL-8 gene and DR susceptibility and
progression. We find that both allele and SNP of IL-8–
251AA are strongly associated with susceptibility of DR
and correlated with progression of high-risk PDR. Our
finding suggests that IL-8 is not only a DR-related
biomarker but also a critical player in mediating and
driving DR progression. Anti-IL-8 may become a
promising target for developing novel therapeutic
approach for DR and a sensitive DR-related gene marker
for prognosis prediction.
Although good glycemic control is considered to be a

mainstay in preventing vision loss caused by DR, some
cases with inadequate glycemic control are surprisingly
exempted from developing DR.40,41 It suggests that
genetic variation and predisposition may contribute to the
variable progression and distinct prognosis to DR among
T2D patients. We find that T allele of IP-10(-1596C/T) is
protective factor to DR, supplies a genetic evidence for
assessing the risk of DR. However, the finding that SNPs
of IP-10(-1596) did not show any significant difference

between NPDR and PDR groups implies the unique role
of IP-10 as protective biomarker for DR. It suggests that
IP-10(-1596C/T) is a promising biomarker but may not be
a dominant player in determining DR progression. Our
findings shed the lights on genetic susceptibility
biomarkers screening, and IP-10 may also become a
promising therapeutic target.
One of the limitations of our study is lacking the

laboratory quantitation on animal model to further clarify
current observation. In addition, an increased sample-size
and long-term follow-up study would be necessary to
confirm the association between these polymorphisms
and DR. We expect to expand our observations about the
IL-8 and IP-10 from other ethnic populations, which may
help to further interpret the roles of these polymorphisms
of IL-8 and IP-10 in mediating the progression of DR.
In conclusion, we examine the polymorphisms of IL-8–

251T/A and IP-10–1596C/T in T2DR patients of northern
China and find that that the IL-8–251 AA genotype and A
allele were at a higher frequency for DR compared with
DNR. However, T allele of IP-10–1596C/T had a lower

Table 3B Allele and genotype distribution of IP-10(-1596) gene polymorphisms in DR

Genotype SNP Mild and moderate NPDR High-risk PDR OR (95% CI) P

n= 155 % n= 169 %

C/C 136 87.7 152 89.9 Reference
C/T 16 10.4 16 9.5 0.895 (0.431, 1.858) 0.765
T/T 3 1.9 1 0.6 0.298 (0.031, 2.901) 0.297

Allele
C 285 91.8 325 96.3 0.456 (0.229, 0.908) 0.025
T 25 8.2 13 3.7

Χ2 test was used to compare the genotype and allele frequencies between mild and moderate NPDR and high-risk PDR.
P-valueo0.05 is considered to be statistically significant.
The odds ratio for one genotype was calculated against the CC genotypes combined.

Table 4A Allele and gene polymorphisms of IL-8(-251) and IP-10(-1596) in DME

Genotype SNP Mild EMD Moderate EMD Severe EMD OR P

n= 207 % n= 173 % n= 66 %

IL-8(-251) T/T 106 51.2 88 50.9 34 50.8 0.899 (0.442, 1.828) 0.769
T/A 87 42.0 73 42.2 27 41.0 0.897 (0.437, 1.841) 0.767
A/A 14 6.8 12 6.9 5 8.2 Reference

Allele
T 299 72.2 249 71.6 87 71.3 0.966 (0.731, 1.275) 0.806
A 115 27.8 99 28.4 35 28.7

IP-10(-1596) C/C 171 82.6 147 85.0 58 87.9 Reference
C/T 34 16.4 25 14.4 7 10.6 1.474 (0.131, 1.559) 0.753
T/T 2 1.0 1 0.6 1 1.5 2.249 (0.193, 1.626) 0.493

Allele C 376 90.8 319 91.7 123 93.2 2.53 (0.156, 1.199) 0.513
T 38 9.2 29 8.3 9 6.8 Reference

Χ2 test was used to compare the genotype and allele frequencies between various DME.
The SNP is in Hardy–Weinberg equilibrium.
P-value o0.05 is considered to be statistically significant.
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frequency for DR compared with DNR, revealing a
protective role of IP-10 in DR.

Summary

What was known before
K The association of IL-8 and IP-10 with diabetic retinopathy

is unknown.

What this study adds
K AA genotype of IL-8–251T/A was closely correlated to DR

and high-risk proliferative diabetic retinopathy (PDR).
-1596T allele of the IP-10 is a beneficial genotype for DR.
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