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We evaluated possible roles of interleukin-8 gene polymorphisms (1633T/C-rs2227543, 251A/T-rs4073) and interleukin-18 gene
polymorphisms (-607C/A-rs1946518, -137G/C-rs187238) in the development of diabetic retinopathy (DR) in Caucasians with type
2 diabetes. 271 patients with DR and 113 without diabetic retinopathy were enrolled in this cross-sectional study. We did not observe
an association between either interleukin-8 gene polymorphisms (1633T/C, 251A/T) or interleukin-18 gene polymorphisms (-607C/A,
-137G/C) and diabetic retinopathy in Caucasians with type 2 diabetes. We did not find statistically significant differences in interleukin-8
serum levels between diabetics with the TT and AA genotype and those with other genotypes. The interleukin-18 serum levels between
diabetics with the CC genotype of the -607C/A polymorphism and those with other genotypes (AA, AC) were not significantly different.
Moreover, we did not observe a statistically significant effect of the tested polymorphisms of either interleukin-8 or interleukin-18
genes on serum levels in diabetics. In conclusion, our study indicates that the examined polymorphisms of interleukin-8 (1633T/C,
251A/T) and interleukin-18 (-607C/A or the -137G/C) genes are not genetic risk factors for diabetic retinopathy. Therefore, they may
not be used as genetic markers for diabetic retinopathy in Caucasians with type 2 diabetes.
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1. Introduction

Diabetic retinopathy (DR) is a progressive disease
predominantly affecting the integrity of the microscopic
vessels found in the retina [1]. It is one of the primary
causes of visual loss worldwide. The major risk factors
for DR, reported from several epidemiologic studies,
are the duration of diabetes, hyperglycemia/glycated
hemoglobin value, hypertension, hyperlipidemia,
pregnancy, and nephropathy/renal disease [2]. After
20 years of type 2 diabetes most diabetics have some
form of DR [1,3]. Moreover, in earlier studies higher

incidence rate of DR was reported in comparison with
later reports [1,3].

DR is caused by alterations of the retinal
microvasculature leading to the breakdown of the
blood — retina barrier and pathological angiogenesis
[2,3]. Angiogenesis is a complex multistep process
that includes proliferation, migration, and differentiation
of endothelial cells, degradation of extracellular
matrix, microtubule formation, and sprouting of new
capillary branches. Inappropriate angiogenesis -—
neovascularization — occurs in many pathological
situations. As new capillaries are fragile and prone to
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hemorrhage, neovascularization, occurring in the eye,
can trigger pathological conditions such as retinopathy
of prematurity (ROP), diabetic retinopathy, retinal vein
occlusion, and age-related macular degeneration [4,5].
The prevalence of DR increases with the duration of
diabetes; up to 21% of patients with type 2 diabetes
have retinopathy at the time of their first diagnosis of
diabetes, and most develop some degree of retinopathy
over time [3].

In DR and other angiogenesis-associated diseases,
increased levels of cytokines, inflammatory cells,
growth factors, and angiogenic factors are present [6-9].
Interleukin-8 (IL-8) and interleukin-18 (IL-18) belong to
the family of inflammatory cytokines. There is a large
body of evidence indicating that IL-8 contributes to
the pathogenesis of diabetic retinopathy. These small
basic heparin-binding proteins are proinflammatory
and primarily mediate the activation and migration of
neutrophils into the tissue from peripheral blood. It is
produced by mononuclear phagocytes, neutrophils and
other cells, such as endothelial cells [10,11]. Clinical
studies have identified increased levels of IL-8 in the
vitreous of diabetic probands compared to non-diabetics
[2,8,12]. Higher levels of IL-8 in the vitreous may promote
retinal vascular damage in diabetic patients and may
lead to diabetic retinopathy [8].

IL-18 is a pleiotropic cytokine produced by activated
monocytes, glial cells and dendritic cells, and it plays
an important role in many inflammatory diseases [13].
Two polymorphisms in the promoter region of the
IL-18 gene, at positions -607 and -137, appear to have
functional associations between genotype and serum
concentrations of IL-18 [14]. It has been shown that
IL-18 has a role in angiogenesis. Cao et al. reported
that it suppressed corneal neovascularization (NV)
induced by the fibroblast growth factor and tumour
angiogenesis, and proposed that IL-18 acted as an
angiogenesis and tumour suppressor [5,15]. IL-18
gene expression has been detected in the normal iris
and retina but the function of this protein in the eye
remains unclear [2,5]. Interleukin-18 upregulates the
synthesis of proinflammatory cytokine IL-8, as well
as the expression of adhesion molecules [16]. IL-8 is
a potent chemoattractant for neutrophils and triggers
firm adhesion of rolling monocytes to the vascular
endothelium [17].

In this cross-sectional study, we investigated
a possible association between either [L-8 gene
polymorphisms (1633T/C- rs2227543, 251A/T - rs4073)
or IL-18 gene polymorphisms (-607C/A - rs1946518,
-137G/C - rs187238) and DR among patients with type
2 diabetes.

2. Experimental Procedures

384 unrelated Caucasians with type 2 diabetes mellitus
with a defined ophthalmologic status were enrolled in
this cross-sectional study (from Ljubljana, Slovenia
and Tuzla, Bosnia and Herzegovina). Patients were
classified as having type 2 diabetes according to the
current American Diabetes Association criteria [The
Expert Committee on the Diagnosis and Classification
of Diabetes Mellitus, 1997].

Fundus examination was performed by a senior
ophthalmologist (M.P.) after pupil dilatation (tropicamide
and phenylephrine 2.5%) using slit lamp biomicroscopy
with  a non-contact lens, and was electronically
documented with a 50°-angle fundus camera (Topcon-
TRC 40-IX; Tokyo, Japan). The staging of diabetic
retinopathy was determined according to the Early
Treatment Diabetic Retinopathy Study (ETDRS)
retinopathy severity scale [EDTRS 1991].

The study group consisted of 271 patients with
diabetic retinopathy: 196 subjects with proliferative
diabetic retinopathy (new vessel formation and/or fibrous
proliferation with or without vitreous hemorrhage) and
75 subjects with non-proliferative diabetic retinopathy
(microaneurysms, retinal hemorrhages, hard exudates)
[EDTRS 1991]. The control group consisted of
113 subjects with type 2 diabetes of duration of more
than 10 years, who had no clinical signs of diabetic
retinopathy.

To avoid the confounding effect of impaired kidney
function, the patients with overt nephropathy were
not enrolled. The study was approved by the national
medical ethics committee. After an informed consent
for participation in the study was obtained, a detailed
interview was conducted.

The serum IL-8 and IL-18 levels were analyzed in
a subpopulation of 70 consecutive diabetics and in a
subpopulation of 22 subjects without diabetes. IL-8
and IL-18 in the sera were measured by using ELISA
kits (R&D Systems, Minneapolis, MN). The ELISA was
performed according to the manufacturer’s instructions.

Genotyping of the 2 polymorphisms 251A/T
and 1633C/T was performed by PCR-RFLP. The
polymorphism 251A/T was typed by using the primer
pair 5-CCA TCA TGA TAG CAT CTG TA-3 and
5-CCA CAA TTT GGT GAA TTA T*TA A-3’ (annealing
temperature 55°C; *change to the original sequence to
create a restriction site for an endonuclease). After PCR,
the product was digested with 1 U of Asel (New England
Biolabs, Beverly, Mass) overnight, and the fragments
were resolved on a 2% agarose gel. The polymorphism
C1633T was typed by wusing the primer pair
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5-CTGATG GAAGAGAGC TCT GT-3’and 5-TGT TAG
AAA TGC TCT ATA TTC TC-3’ (annealing temperature
56°C). After PCR, the product was digested with 2 U
of Nlalll (New England Biolabs) overnight, and the
fragments were resolved on a 2% agarose gel.

For the position -607C/A IL-18 specific PCR, a
common reverse primer 5-TAACCTCATTCAGGACT-
TCC-3' and two sequence specific forward primers
5 - GTTGCAGAAAGTGTAAAAATTATTAC - 3’ and
5-GTTGCAGAAAGT-GTAAAAATTATTAA-3 were
used. An amplification product of 196-bp was detected.
A control forward primer 5-CTTTGCTATCATTCCAG-
GAA-3’ was used to amplify a 301-bp fragment covering
the polymorphic site as an internal positive amplification
control.

For the position -137G/C specific PCR, a common
reverse primer 5-AGG-AGGGCAAAATGCACTGG-3’

and two sequence specific forward primers
5’-CCC and CAACTTTTACGGAAGAAAAG-3’
and 5-CCCCAACTTTTACGGAAG-AAAAC-3

were used. An amplification product of 261-bp
was  detected. A  control  forward primer
5-CCAATAGGACTGATTATTCCGCA-3' was used to
amplify a 446-bp fragment covering the polymorphic
site to serve as an internal positive amplification
control.

Genotyping was performed by two researchers (D.P.,
I.C.), blinded to the retinopathy status of the patients. The
chi-square test was used to compare discrete variables.
Continuous clinical data were compared by unpaired
Students t test. In addition, all variables that showed
significant differences by univariate methods (chi-square
test, unpaired Students t test) were analysed together in

a logistic regression analysis. A statistical analysis was
performed using the SPSS programme for the Windows
version 17 (SPSS Inc. lllinois).

3. Results

The characteristics of the cases and controls subjects
are listed in Table 1. Cases had an earlier onset of
diabetes and a longer duration of type 2 diabetes
compared to the diabetics without diabetic retinopathy.
Additionally, they had a higher incidence of insulin
therapy than the controls (diabetics without diabetic
retinopathy). There were no significant differences in
hypertension, smoking, total LDL, HDL cholesterol and
triglyceride levels between the cases and control subjects
(Table 1).

The IL-8 genotype distributions in patients
(DR group) and controls (subjects without DR)
were compatible with Hardy-Weinberg expectations
(1633: DR group x? 0.31, P=0.58; controls x?=0.04,
P=0.84;251:DRgroup x?=0.63, P=0.43; controls x?=0.36,
P=0.54; Table 2). The IL-18 genotype distributions in
patients (DR group) and controls (subjects without DR)
were compatible with Hardy-Weinberg expectations
(607: DR group x2=0.70, P=0.4; controls x?=2.07,
P=0.15; 137: DR group x?=2.61, P=0.11; controls
x?=0.81, P=0.37).

We analysed serum IL-8 and IL-18 levels in 70
subjects with type 2 diabetes and 22 subjects without
diabetes. Serum IL-8 levels in 70 diabetics were
significantly higher than those of 22 controls without
diabetes (49.4+48.8 ng/l vs. 30.6x12.9 ng/l; P=0.01).

Characteristics Cases Controls P

n (%) n (%)
Number 271 113
Age (years) 65.6 =9.5 66.9 + 11.5 0.3
Male sex (%) 132 (48.7) 42 (37.2) 0.2
Duration of diabetes (years) 19.4 = 8.6 16.5 = 6.6 0.001
Patients on insulin therapy (%) 191 (70.4) 46 (40.7) <0.001
Age of diabetes onset 46.5 £ 113 53.3 £ 12.1 <0.001
HbA, (%) 8.0 =16 8.2 =16 0.1
Systolic blood pressure (mm Hg) 144 = 22 145 = 20 0.9
Diastolic blood pressure (mm Hg) 84 =10 84 +9 0.7
BMI (kg/m?) 279+ 4.6 27.7 + 4.4 09
History of hypertension (%) 205 (75.6) 75 (66.4) 0.6
Smokers (%) 30 (11.1) 12 (10.6) 0.4
Total cholesterol (mmol/l) 54+12 55+12 0.1
HDL cholesterol (mmol/l) 11+04 12+04 0.1
LDL cholesterol (mmol/l) 3110 32=09 0.2
Triglycerides (mmol/l) 22+13 26=19 0.1

Table 1. Characteristics of patients with diabetic retinopathy (cases) and patients without diabetic retinopathy (controls). The values represent

mean=S.D.
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Cases Controls OR (95 % ClI)! P

(271) (113)
IL.-8 C1633T
Genotype TT 49 (18.1) 20 (17.7) 1.0(0.6-1.7)2 12
Genotype TC 137 (50.5) 57 (50.4) 1.0(0.6-1.6)° 0.9°
Genotype CC 85 (31.4) 36 (31.9)

271 113
IL-8 A251T
Genotype AA 56 (20.7) 24 (21.2) 0.9 (0.5-1.6)2 0.82
Genotype AT 142 (52.4) 59 (52.2) 0.9 (0.5-1.6)° 0.9°
Genotype TT 73 (26.9) 30 (26.6)

271 113
IL-18 C607A
Genotype CC 83 (30.6) 44 (38.9) 0.7 (0.4-1.1)2 0.14
Genotype AC 140 (51.7) 47 (41.6) 1.1(0.6-2.0)° 0.7°
Genotype AC 48 (17.7) 22 (19.5)

271 113
IL-18 C137A
Genotype CC 17 (20.8) 11 (20.9) 0.7 (0.3-1.5)2 0.3
Genotype AC 122 (52.2) 42 (52.7) 1.3 (0.8-2.0)° 0.3°
Genotype AC 132 (27.0) 60 (26.4)

271 113

Table 2. Distribution of /-8 and /L-18 genotypes in patients with diabetic retinopathy (cases) and in those without diabetic retinopathy (controls).

'0dds ratio (95% confidence interval), 2P-value and OR for recessive model (1633: TT versus TC plus CC, 251: AA versus AT plus TT), *P-value and
OR for dominant model (1633: TT plus TC versus CC; 251: AA plus AT versus TT),’P-value and OR for recessive model (607: CC versus AC plus
AA; 137: CC versus AC plus AA), °P-value and OR for dominant model (607: CC plus AC versus AA; 137: CC plus AC versus AA)

Serum IL-8 levels in 16 diabetics with DR were not
statistically significantly different from those of 54
diabetics without DR (48.6+£33.9 ng/l vs. 51.3+44.6 ng/l;
P=0.9).

Serum IL-18 levels in 70 diabetics were not
significantly higher than those of 22 controls without
diabetes (310.0£234.1 ng/l vs. 250.3x190.4 ng/l;
P=0.3). Serum IL-18 levels in 16 diabetics with DR
were not statistically significantly different from those
of 54 diabetics without DR (315.6+234.9 ng/l vs.
250.3£190.4 ng/l; P=0.3).

Serum levels Genotypes Genotypes P
(number) (number)
IL-8
IL.-8 C1633T 1T (12) TC + CC (58)
IL-8 (ng/l) 475 = 33.9 52.5 = 54.0 0.8
IL-8 A251T AA (12) AT+TT (58)
46.8 = 38.5 50.2 + 51.1 0.9
IL-18
IL-18 C607A CC (13) AC+AA (57)
IL-18 (ng/l) 287.3 = 221.7 323.3 +257.3 0.6
IL-18 C137A CC (13) AC+AA (57)
IL-18 (ng/l) 2415 + 132.7 340.2 + 167.4 <0.05

Table 3. The serum IL-8 and IL-18 levels in a subpopulation of 70
consecutive diabetics according to different genotypes of
IL-8 and IL-18 polymorphisms.

We did not find any statistically significant difference
in IL-8 serum levels in diabetics with the TT genotype
(12 subjects) compared to those with other (TC + CC)
genotypes (Table 3). Moreover, we did not find any
statistically significant difference in IL-8 serum levels in
diabetics with the AA genotype (12 subjects) compared
to those with other (AT + TT) genotypes (Table 3).

We did not find any statistically significant difference
in IL-18 serum levels in diabetics with the CC genotype
of the 607C/A polymorphism (13 subjects) compared
to those with other (AC + AA) genotypes (53 subjects)
(Table 3). However, a statistically significant difference
in IL-18 serum levels was found in diabetics with the
CC genotype of the 137G/C polymorphism (13 subjects)
compared to those with other (AC + AA) genotypes
(53 subjects) (Table 3).

However, we failed to demonstrate an association
between either IL-8 gene polymorphisms (1633T/C,
251A/T) or IL-18 gene polymorphisms (607C/A, 137G/C)
and DR in Caucasians with type 2 diabetes (Table 2).

4. Discussion

We did not observe an association between either
IL-8 gene polymorphisms (1633T/C, 251A/T) or

pay=Fa)
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IL-18 gene polymorphisms (607C/A, 137G/C) and DR in
Caucasians with type 2 diabetes. To our knowledge, the
present study is the first attempt to examine whether
IL-8 and IL-18 gene polymorphisms are involved in the
development and progression of DR. Balasubramanyam
and co-workers reported that preretinal proliferative
membrane formation, which is regulated by various
cytokines, is a very important step in the pathogenesis
of proliferative diabetic retinopathy [18]. Moreover,
significantly higher vitreous levels of IL-8 were reported
in patients with proliferative diabetic retinopathy in
comparison with the control subjects [19]. Additionally,
increased levels of IL-8 in proliferative diabetic
retinopathy were reported to be associated with a
higher extent of large-vessel gliotic obliteration [20].
The tested polymorphisms of /L-8 and IL-18 (1633T/C,
251A/T, 607C/A, 137G/C) have recently been reported
to be associated with various forms of cancer [20-25].
Moreover, the -607C/A and the -137G/C polymorphisms
of the IL-18 gene were reported to be associated with
susceptibility to type 1 diabetes; the C allele of-137
polymorphism was found to be a risk allele for DR and
the A allele of — 607 was found to be a protective allele
against DR [14].

In our study, serum levels of IL-8 and IL-18 in
70 subjects with type 2 diabetes and 22 subjects without
diabetes were analysed. Serum IL-8 levels in type
2 diabetics were significantly higher compared to non-
diabetic subjects, whereas serum IL-18 levels in type
2 diabetics did not statistically significantly differ
from those in non-diabetic subjects. Serum IL-8 and
IL-18 levels of patients with DR were not statistically
significantly different from those of type 2 diabetics
without DR. Kretowski and co-workers reported that
polymorphisms in the IL-18 gene were associated
with alterations in serum concentrations of IL-18 [26].

References

[1] Williams R., Airey M., Baxter H., Forrester J., Kennedy
M.T., Girach A., Epidemiology of diabetic retinopathy
and macular oedema: a systematic review, Eye,
2004, 18, 963-983

[2] Quresh M., Gillies M.C., Wong T.Y., Managment of
Diabetic Retinopathy, JAMA, 2007, 298, 902-916

[3]Fong D.S., Aiello L., Gardner T.W., King G.L.,
Blankenship G., Cavallerano J.D., et al., Diabetic
retinopathy, Diabetes Care, 1998, 21, 143-156

[4] Qiao H., Sonoda K.H., lkeda Y., Yoshimura T,
Hijioka K., Jo Y.J., et al., Interleukin—18 regulates
pathological intraocular neovascularisation,
J. Leukoc. Biol., 2007, 81, 1012-1021

Katakami and co-workers reported that serum IL-18
levels are significantly higher in type 1 diabetic subjects
compared with non-diabetic subjects (192+80 vs.
122+69 ng/ml, P=0.0005), but they also failed to detect
a significant association between serum IL-18 levels
and the severity of diabetic microangiopathy [27].

Due to the fact that this was a cross-sectional study,
cases with DR and control subjects (diabetics without
DR) were not matched in age, sex and other clinical
parameters. Cases had an earlier onset of diabetes and
a longer duration of type 2 diabetes compared to the
diabetics without diabetic retinopathy. We suggest that
the lack of relationship between these polymorphisms
and diabetic retinopathy in our study may be due to the
multifactorial nature of DR. These polymorphisms may
make either little or no detectable contribution to DR.
We speculate that local factors in the eye have a more
important role in the pathogenesis of DR than genetic
factors. Another explanation for the negative result of
the association study might be a type Il statistical error,
and this type of error is frequently due to sample sizes
being relatively small.

In conclusion, our study indicates that the examined
polymorphisms of the IL-8 gene (1633T/C- rs2227543,
251A/T - rs4073) and the polymorphisms of the IL-18
gene (-607C/A - rs1946518, -137G/C - rs187238) are
not associated with DR. Therefore, they may not be
used as genetic markers for DR in Caucasians with type
2 diabetes.

Acknowledgements

The authors thank Mrs. Brina BeSkovnik Hrastar, BA, for
revising the English.

[5] Cao R., Fernebo J., Kurimoto M., Cao Y., Interleukin
18-acts an angiogenesis and tumor suppressor,
FASEB J., 1999, 13, 2195-2202

[6] Adamis A.P., Miller J.W., Bernal M.T., D’Amico D.J.,
Folkman J., Yeo T.K., Increased vascular endothelial
growth factor levels in the vitreous of eyes with
proliferative diabetic retinopathy, Am. J. Ophthalmol.,
1994, 118, 445-450

[7] Funatsu H., Yamashita H., Nakanishi Y., Hori S.,
Angiotensin |l and vascular endothelial growth factor
in the vitreous fluid of patients with proliferative
diabetic retinopathy, Br. J. Ophthalmol., 2002, 86,
311-315



|. Cilensek et al.

[8] Petrovic M.G., Korosec P., Kosnik M., Hawlina
M., Vitreous levels of interleukin-8 in patients with
proliferative diabetic retinopathy, Am. J. Ophthalmol.,
2007, 143, 175-176
[9] Song E., Dong Y., Han L.N., Sui D.M., Xu Q., Wang
X.R., et al., Diabetic retinopathy: VEGF, bFGF and
retinal vascular pathology, Chin. Med. J. (Engl.),
2004, 117, 247-251
[10] Hernandez C., Segura R.M., Fonollosa A., Carrasco
E., Francisco G., Simo R., Interleukin-8, monocyte
chemoattractant protein-1 and IL-10 in the
vitreous fluid of patients with proliferative diabetic
retinopathy, Diabetes Med., 2005, 22, 719-722

[11] Baggiolini M., Clark—Lewis 1., Interleukin-8, a
chemotactic and inflammatory cytokine, FEBS
Letter, 1992, 307, 97-101

[12] Yuuki T., Kanda T., Kimura Y., Kotajima N., Tamura
J., Kobayashi I., et al.Inflamatory cytokines in
vitrous fluid and serum of patients with diabetic
vitreoretinopaty, J. Diabetes Complications, 2001,
15, 257-259

[13] Mclnnes 1.B., Gracie J.A., Leung B.P., Wei X.Q.,
Liew F.Y., Interleukin 18: a pleiotropic participant in
chronic inflammation, Immunol. Today, 2000, 21,
312-315

[14] Kretowski A., Mironczuk K., Karpinska A., Bojaryn
U., Kinalski M., Puchalski Z., Kinalska I., Interleukin—
18 promoter polymorphisms in type 1 diabetes,
Diabetes, 2002, 51, 3347-3349

[15] Coughlin C.M., Salhany K.E., Wysocka M., Aruga
E., Kurzawa H., Chang A.E., et al., Interleukin-12
and interleukin-18 synergistically induce murine
tumor regression which involves inhibition of
angiogenesis, J. Clin. Invest.,, 1998, 101, 1441-
1452

[16] Puren AJ., Fantuzzi G., Gu Y., Su M.S., Dinarello
C.A., Interleukin-18 (IFNgamma-inducing Factor)
Induces IL-8 and IL-1via TNFalpha production from
non-CD14+ human blood mononuclear cells, J.
Clin. Invest., 1998, 101, 711-721

[17] Gerszten R.E., Garcia — Zepeda E.A., Lim Y.C,,
Yoshida M., Ding H.A., Gimbrone M.A., et al., MCP
— 1 and IL — 8 trigger firm adhesion of monocytes
to vascular endothelium under flow conditions,
Nature, 1999, 398, 718-723

[18] Balasubramanyam M., Rema M., Premanand C.,
Biohemical and molecular mechanisms of diabetic
retinopathy, Curr. Sci., 2002, 83, 1506-1514

[19] Petrovic M.G., Korosec P., Kosnik M., Hawlina
M., Vitreous levels of interleukin-8 in patients
with proliferative diabetic retinopathy, Am. J.
Ophthalmol., 2007, 143, 175-176

[20] Reyes-Gibby C.C., Spitz M., Wu X., Merriman K.,
Etzel C., Bruera E., et al., Cytokine genes and pain
severity in lung cancer: exploring the influence of
TNF-alpha-308 G/A IL6-174G/C and IL8-251T/A,
Cancer Epidemiol. Biomarkers Prev., 2007, 16,
2745-2751

[21] Kamali-Sarvestani E., Aliparasti M.R., Atefi S.,
Association of interleukin-8 (IL-8 or CXCL8) -251T/A
and CXCR2 +1208C/T gene polymorphisms with
breast cancer, Neoplasma, 2007, 54, 484-489

[22] Ben Nasr H., Chahed K., Mestiri S., Bouaouina
N., Snoussi K., Chouchane L., Association of IL-8
(-251)T/A polymorphism with susceptibility to and
aggressiveness of nasopharyngeal carcinoma,
Hum. Immunol., 2007, 68, 761-769

[23] Wei Y.S., Lan Y., Tang R.G., Xu Q.Q., Huang Y.,
Nong H.B., et al., Single nucleotide polymorphism
and haplotype association of the interleukin-8 gene
with nasopharyngeal carcinoma, Clin. Immunol.,
2007, 125, 309-317

[24] Saenz-Lopez P., Carretero R., Vazquez F., Martin J.,
Sanchez E., Tallada M., et al., Impact of interleukin-
18 polymorphisms-607 and -137 on clinical
characteristics of renal cell carcinoma patients,
Hum. Immunol., 2010, 71, 309-313

[25] Farjadfar A., Mojtahedi Z., Ghayumi M.A., Erfani
N., Haghshenas M.R., Ghaderi A., Interleukin-18
promoter polymorphism is associated with lung
cancer: a case-control study, Acta Oncol., 2009,
48, 971-976

[26] KretowskiA., Kinalska I., Serum levels of interleukin-
18 — a potential markers of cardiovascular death
— could be determined by genetic predisposition,
Circulation, 2003, 107, 206-207

[27] Katakami N., Kaneto H., Matsuhisa M., Yoshiuchi
K., Kato K., Serum interleukin—18 Levels Are
Increased and Closely Associated With Various
Soluble Adhesion Molecule Levels in Type 1 Diabetic
Patients, Diabetes Care, 2007, 30, 159-161

426




	1. Introduction
	2. Experimental Procedures 
	3. Results
	4. Discussion
	Acknowledgements
	References



