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Aims: To determine whether the G(—174)C interleukin 6 (IL-6) polymorphism influences the development
of peripheral arterial disease (PAD) in individuals with type 2 diabetes. This was investigated by
comparing the distribution of G(—174)C genotypes between patients with type 2 diabetes and PAD (PAD)
and those with type 2 diabetes but without PAD (PAD™). Plasma concentrations of IL-6, fibrinogen,
C reactive protein (CRP), and vascular endothelial growth factor (VEGF) were also compared in PAD* and
PAD™ patients.

Methods: Blood samples were collected from 146 PAD" and 144 PAD™ patients. SfaNI was used to
determine the G(—174)C genotype. Plasma concentrations of IL-6, fibrinogen, CRP, and VEGF were
measured by an enzyme linked immunosorbent assay.

Results: The GG genotype was more common in PAD" patients than in PAD™ patients. PAD" patients also
had increased mean plasma concentrations of IL-6, fibrinogen, CRP, and VEGF compared with PAD™
patients. Mean plasma concentrations of IL-6, fibrinogen, and CRP in both PAD* and PAD™ patients were
higher in those with the GG genotype than in those with the GC or CC genotypes. In contrast, mean
plasma concentrations of VEGF in PAD* and PAD™ patients were not significantly different between those
with different G(—174)C genotypes.

Conclusions: These results support a model in which the GG genotype promotes PAD development among
individuals with type 2 diabetes by inducing increased release of IL-6. Higher concentrations of IL-6 among
those with the GG genotype is associated with increased plasma concentrations of fibrinogen and CRP.

pathologies. These include retinopathy, neuropathy, and

peripheral arterial disease (PAD)."” Several mediators of
inflammation have been associated with the pathogenesis of
PAD.* Interleukin 6 (IL-6) is a multifunctional cytokine that
has a major role in driving the acute inflammatory response.
IL-6 induces the expression of acute phase inflammatory
proteins, including fibrinogen and C reactive protein (CRP).” ©
IL-6 has also been shown to induce vascular endothelial
growth factor (VEGF) expression.” Increased serum concen-
trations of VEGF have been seen in patients with several
vascular diseases, including PAD and proliferative retino-
pathy.*”

Type 2 diabetes is associated with several vascular

“Interleukin 6 induces the expression of acute phase
inflammatory proteins, including fibrinogen and C reactive
protein”’

Increased concentrations of IL-6 are present in patients
with carotid atherosclerosis and coronary artery disease."
Raised IL-6 values are also associated with an increased
incidence of cerebral ischaemia and myocardial infarction."" *?
A common genetic polymorphism is located 174 nucleotides
upstream of the major transcription initiation site of the IL-6
gene.” The presence of either guanine or cytosine at this
position gives rise to two different IL-6 alleles. These two
different alleles give rise to three possible G(—174)C IL-6
genotypes: GG, GC, and CC.

The G(—174)C polymorphism is one of several IL-6 poly-
morphisms that have been suggested to affect IL-6 expression."*
Fishman et al found that plasma IL-6 concentrations were

lower in patients with systemic onset juvenile chronic
arthritis who had the CC genotype than in those with the
GC or GG genotypes.”> However, Jones ef al reported that
plasma IL-6 concentrations were higher in patients with
abdominal aortic aneurysm who had the CC genotype than in
those with the GG or GC genotypes.” Other studies have
indicated that the G(—174)C IL-6 genotype does not
significantly affect plasma IL-6 values.' "’

The G(—174)C polymorphism has recently been suggested
to influence the development of PAD.'® However, no previous
studies have explored the relation between G(—174)C
genotype and the presence of PAD among patients with type
2 diabetes. In our present study, the distribution of
G(—174)C IL-6 genotypes among patients with type 2
diabetes and PAD (PAD" patients) was compared with that
of patients with type 2 diabetes but without PAD (PAD™
patients). Furthermore, plasma concentrations of IL-6,
fibrinogen, CRP, and VEGF were analysed to determine
whether they correlated with the G(—174)C genotype. These
proteins were selected because each has been suggested to
contribute to inflammation or vascular damage."'

PATIENTS AND METHODS

Patients

The patients enrolled in our present study comprised 290
consecutive patients with type 2 diabetes who were examined
at the angiology unit of the University of Catania, Italy

Abbreviations: CRP, C reactive protein; IL-6, interleukin 6; PAD,
peripheral arterial disease; PCR, polymerase chain reaction; VEGF,
vascular endothelial growth factor
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between 2001 and 2003. PAD was diagnosed in 146 of the 290
patients. An ankle/brachial index of less than 0.9 or the
absence of one or more arteries of the lower legs, as
determined by duplex ultrasonography, were the criteria
used for the diagnosis of PAD. Duplex ultrasonography was
performed with an Apogee CX 800 probe at 7-10 mHz
(Philips Medical Systems, Bothell, Washington, USA). All
patients adhered to a controlled diet and were treated with
oral hypoglycaemic drugs, including glibenclamide, glicla-
zide, and repaglinide. None of the patients was treated with
hydroxymethylglutaryl coenzyme A reductase inhibitors.
Standard methods were used to measure fasting blood
glucose concentrations, haemoglobin glycosylation, total
cholesterol values, triglyceride concentrations, and high
density lipoprotein values. Individuals with arterial hyperten-
sion were excluded because of its association with the
development of PAD. Individuals with a history of ischaemic
coronary artery disease, connective tissue disorders, or cancer
were also excluded. Additional exclusion criteria included
arterial hypertension, chronic renal failure, and current use of
antibiotics or agents known to affect cytokine concentrations.

Venous blood samples were collected by the angiology unit
of the University of Catania, Italy. Samples were divided into
three portions for isolation of serum, plasma, and genomic
DNA. Samples were centrifuged at 400 x g for 30 minutes in
lithium heparin coated plastic tubes for the isolation of
plasma. Samples were centrifuged under the same conditions
in uncoated plastic tubes for the isolation of serum. Samples
were kept at room temperature before centrifugation and
were centrifuged within 60 minutes after collection. Plasma
and serum were stored at —80°C until analysis. Genomic
DNA was extracted from samples that had been deposited
into lithium heparin coated plastic tubes. Genomic DNA was
stored at —20°C until analysis. Informed consent was given
by each patient and our study was approved by the University
of Catania ethics committee. All procedures were conducted
in accordance with the principles outlined in the Declaration
of Helsinki.

Measurement of protein concentrations

Plasma concentrations of IL-6 and VEGF were measured in
duplicate with the Quantikine enzyme linked immunosor-
bent assay (R&D Systems, Minneapolis, Minnesota, USA).
Detection limits for IL-6 and VEGF were 0.1 pg/ml and 10 pg/
ml, respectively. CRP was assayed with a BN II nephelometer
(Dade Behring, Deerfield, Illinois, USA). This assay detects
CRP concentrations as low as 0.15 mg/litre. The Clauss

Table 1 Clinical characteristics of PAD* and PAD™

patients

PAD" patients PAD  patients

Clinical feature (n=146) (n=144) p Value*
Sex (M/F) 92/54 55/89 <0.01
Age (years) 69.0 (7.9) 61.0(7.0) <0.01
Body mass index (kg/mq) 24.5 (5.8) 24.0 (5.3) NS
Ankle/brachial index 0.60 (0.25) 1.14(0.43) <0.01
Duration of diabetes (years) 9.4 (1.1) 8.7 (2.6) NS
Fasting glucose (mmol/l) 6.3 (1.1) 6.5(1.0) NS
HbA; ¢ (%) 8.3(2.7) 8.5(2.3) NS
Total cholesterol (mg/l) 1820 (160) 1840 (140) NS
Tryglicerides (mg/I) 1500 (440) 1460 (410) NS
High density lipoprotein 360 (82) 351 (94) NS

(mg/I)

Values are mean (SD).

*The Wilcoxon rank fest was used to calculate p values for comparisons
between PAD" and PAD ™ patients for all categories except sex. The
distribution of men and women among PAD* patients was compared with
that of PAD™ patients by means of the x2 test.

HbA ¢, glycated haemoglobin; PAD, peripheral arterial disease.
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method was used to detect fibrinogen with Multifibren U
and a BCS analyser (Dade Behring Diagnostics).

G(—174)C IL-6 genotype analysis

Genotyping of the G(—174)C IL-6 polymorphism was carried
out by polymerase chain reaction (PCR) analysis, as described
previously.” A 198 bp fragment of the IL-6 gene was
amplified. Forward and reverse primer sequences were 5'-
TGACTTCAGCTTTACTCTTTGT-3" and 5'-CTGATTGGAAA
CCTTATTAGG-3’, respectively. DNA was denatured for nine
minutes at 94°C then subjected to 35 amplification cycles.
Each PCR cycle consisted of denaturation for 60 seconds at
94°C, annealing for 95 seconds at 55°C, and extension for 60
seconds at 72°C; followed by a final extension at 72°C for nine
minutes. PCR products were incubated overnight with 0.1 Ut/
ul SfaNI at 37°C then separated by electrophoresis in 3%
agarose. DNA separated by electrophoresis was visualised by
staining for 30 minutes in 5 pg/ml ethidium bromide. The
presence of a single 198 bp band corresponds to the CC
genotype; bands at 140 and 58 bp correspond to the GG
genotype; and the presence of three bands corresponds to the
GC genotype.

Statistical analysis

All values are expressed as mean (SD). The distribution of
males and females in the PAD* and PAD™ groups was
compared by means of the y test.”> The G/C allele ratio in
PAD" and PAD ™ patients was compared by means of Fisher’s
exact test.” The odds ratio and corresponding 95% confidence
interval for each G(—174)C IL-6 genotype for PAD" and
PAD  patients was calculated with SAS software (SAS
Institute, Cary, North Carolina, USA). These calculations
were performed with and without adjustment for sex and age
(in five year blocks) by unconditional logistic regression
analysis. All other comparisons between groups were made
by the Wilcoxon rank test. Spearman coefficients were
calculated to determine whether plasma concentrations of
IL-6, fibrinogen, CRP, and VEGF correlated with one another.
Two tailed tests were used for all statistical analyses.
Significance was set at p < 0.01.

RESULTS

Table 1 summarises the clinical characteristics of the PAD*
and PAD™ patients. Table 2 details the mean plasma
concentrations of IL-6, fibrinogen, CRP, and VEGF for PAD"
and PAD ™ patients. The mean plasma concentration of IL-6
was higher in PAD" patients than in PAD™ patients
(p < 0.01). Similar trends were also seen for fibrinogen,
CRP, and VEGF. Table 3 shows the Spearman correlation
coefficients for plasma concentration of IL-6, fibrinogen,
CRP, and VEGF among PAD" and PAD  patients. Plasma
concentrations of IL-6 positively correlated with those of
fibrinogen (p < 0.01) and CRP (p < 0.01) in PAD" patients,
but only with fibrinogen concentration (p < 0.01) in
PAD™ patients. A positive correlation between plasma

Table 2 Plasma concentrations of IL-6, fibrinogen, CRP,
and VEGF in PAD* and PAD™ patients

PAD" patients

PAD " patients

(n=146) (n=144) p Value*
IL-6 (pg/ml) 12.1 (10.7) 4.0(3.2) <0.01
Fibrinogen (mg/l) 3570 (2030) 2310 (1100) <0.01
CRP (mg/|) 3.2 (2.5) 2.1(1.7) <0.01
VEGF (ng/ml) 425 (174) 163 (48) <0.01

Values are mean (SD).

*The Wilcoxon rank test was used to calculate p values.

CRP, C reactive protein; IL-6, interleukin 6; PAD, peripheral arterial
disease; VEGF, vascular endothelial growth factor.
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Table 3 Spearman rank correlation coefficients for
comparison of plasma concentrations of IL-6, fibrinogen,
CRP, and VEGF between PAD* and PAD™ patients

PAD" patients

PAD ™ patients

Fibrinogen CRP  VEGF Fibrinogen CRP VEGF

IL-6 0.86* 0.75* 0.17  0.69* 0.15 0.02
Fibrinogen 0.71* 0.19 0.30 -0.05
CRP 0.11 —0.05
*5<0.01.

CRP, C reactive protein; IL-6, interleukin 6; PAD, peripheral arterial
disease; VEGF, vascular endothelial growth factor.

concentrations of fibrinogen and CRP was also seen in PAD*
patients, but not in PAD  patients (p < 0.01). No other
correlations between plasma protein concentrations were
seen among the two groups of patients.

Table 4 lists the distribution of the G(—174)C IL-6
genotypes for each group. The GG genotype was more
common in PAD" patients (51%) than PAD™ patients (33%)
(p < 0.01). The G/C allele ratio was 1.8 in PAD" patients and
1.0 in PAD™ patients. The difference in G/C allele ratio
between PAD" and PAD ™~ patients was significant (p < 0.01).
The odds ratio and corresponding 95% confidence interval for
each G(—174)C IL-6 genotype was calculated for PAD*
patients compared with PAD™ patients (table 4). The ratio
of individuals with the GG genotype to those with the CC
genotype was 2.24 times higher in PAD" patients than in
PAD ™ patients (p < 0.01). After adjustment for sex and age
(in five year blocks), the odds ratio was 2.84 times higher in
PAD" patients than in PAD ™ patients (p < 0.01).

Table 5 shows the mean plasma concentrations of IL-6,
fibrinogen, CRP, and VEGF in relation to each G(—174)C
genotype for both groups of patients. Figure 1 shows the
distribution of IL-6, fibrinogen, CRP, and VEGF plasma
concentrations in both groups of patients in relation to each
G(—174)C genotype. PAD" and PAD ™ patients with the GG
genotype had higher mean plasma concentrations of IL-6,
fibrinogen, and CRP than those with the GC or CC genotypes.
In contrast, mean plasma concentrations of VEGF did not
differ significantly between the PAD" and PAD™ patients
with different G(—174)C genotypes. Mean plasma concen-
trations of IL-6, fibrinogen, and CRP were similar in PAD"
and PAD patients with the GC or CC genotypes. In contrast,
mean plasma concentrations of IL-6, fibrinogen, and CRP in
PAD™ patients with the GG genotype were higher than those
of PAD ™ patients with the GG genotype. VEGF differs from
IL-6, fibrinogen, and CRP in that there were differences in
mean plasma concentrations of VEGF between PAD" and
PAD ™ patients for all three G(—174)C genotypes.

DISCUSSION
Several studies have shown that inflammatory processes
contribute to the development of PAD.* IL-6 is a mediator of

inflammation that induces the secretion of several acute
phase proteins from hepatocytes, such as CRP.** It has also
been shown that increased serum concentrations of several
markers of the acute response, including IL-6, are raised in
those with type 2 diabetes.” * Individuals with type 2
diabetes are twice as likely to have PAD than those without
type 2 diabetes.”® The G(—174)C IL-6 polymorphism has been
suggested to influence IL-6 release.” The aim of our present
study was to determine whether the G(—174)C IL-6
polymorphism may influence the development of PAD in
patients with type 2 diabetes. This possibility was investi-
gated by comparing the distribution of G(—174)C genotypes
in patients with type 2 diabetes with and without PAD.
Plasma concentrations of IL-6, fibrinogen, CRP, and VEGF
were also measured to determine whether they differed
between PAD" and PAD ™ patients.

The GG genotype was seen more frequently in PAD"
patients than in PAD  patients (table 4). This finding
suggests that patients with type 2 diabetes and the GG
genotype may develop PAD more often than those with the
GC or CC genotypes. Previous studies correlating plasma IL-6
concentrations with the G(—174)C genotype have yielded
conflicting results. Some investigators found increased
plasma IL-6 concentrations in those with the GG genotype,
whereas others found increased plasma IL-6 concentrations
in those with the CC genotype.” "> **** Plasma IL-6 concen-
trations have also been reported to be independent of the
G(—174)C genotype.' '” We found that both PAD" and PAD ™
patients with the GG genotype had higher mean plasma IL-6
concentrations than those with the GC or CC genotypes
(fig 1).

It was of interest to determine whether the G(—174)C
genotype may similarly affect plasma concentrations of
proteins that are regulated by IL-6. An analysis of plasma
concentrations of IL-6, fibrinogen, and CRP in patients with
abdominal aortic aneurysm revealed that only IL-6 plasma
concentrations varied between patients with different
G(—174)C genotypes.” In contrast, we found that the GG
genotype was associated with increased mean plasma
concentrations of IL-6, fibrinogen, and CRP in both PAD"
and PAD ™ patients (fig 1). These results support the
possibility that the GG genotype facilitates increased IL-6
release in patients with type 2 diabetes, which then causes
increased release of fibrinogen and CRP. This possibility is
supported by the observation that plasma concentrations of
IL-6, fibrinogen, and CRP in PAD" patients correlated with
one another (table 3). VEGF differed from the other proteins
studied because its concentrations were independent of
G(—174)C genotype in both PAD" and PAD  patients.
Furthermore, plasma VEGF concentrations did not correlate
with IL-6, fibrinogen, or CRP in PAD* or PAD patients.
These results contradict previous reports indicating that IL-6
induces VEGF expression.”

Plasma concentrations of IL-6, fibrinogen, CRP, and VEGF
were higher in PAD" patients than in PAD ™ patients (table 2).
VEGF differed from IL-6, fibrinogen, and CRP in that we

Table 4 Distribution of G(—174)C genotypes in PAD* and PAD™ patients

PAD* patients PAD " patients

(n=146) (n=144) Unadjusted model Adjusted model*
Genotype N (%) N (%) OR (95% Cl) OR (95% Cl)
CcC 32 (22%) 45 (31%) 1t
GC 39 (27%) 52 (37%) 1.06 (0.57 to 1.95) 1.66 (0.81 to 3.38)
€ 75 (51%) 47 (33%) 2.24 (1.25 to 4.02)t 2.84 (1.45 to 5.57)%

1p<0.01.
Cl, confidence interval; OR, odds ratio.

*Estimated from unconditional logistic regression adjusted for sex and age (in five year blocks); treference value;
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Table 5 Mean protein concentrations of IL-6, fibrinogen,
CRP, and VEGF, in PAD" and PAD ™~ patients occording to
G(—174)C genotype

PAD" patients  PAD™ patients
(n=146) (n=144) p Value*
IL-6 (pg/ml)
6 2167 (562) 827 (1.51) <0.01
GC 2.06 (1.13) 1.98 (0.83) NS
cc 2.03 (1.08) 1.95(0.65 NS
Fibrinogen (mg/I)
GG 5410 (580) 3680 (350) <0.01
GC 1680 (690) 1670 (630) NS
ac 1590 (560) 1630 (580) NS
CRP (mg/I)
GG 4.8 (2.2) 2.8 (1.5) <0.01
GC 1.5(1.7) 1.8(1.8) NS
@c 1.6 (1.6) 1.6 (1.5) NS
VEGF (ng/ml)
GG 418 (174) 160 (48) <0.01
GC 406 (163) 167 (47) <0.01
@c 464 (185) 160 (48) <0.01

Values are mean (SD).

*The Wilcoxon rank fest was used to calculate p values.

CRP, C reactive protein; IL-6, interleukin 6; PAD, periphero| arterial
disease; VEGF, vascular endothelial growth factor.
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found differences in plasma VEGF concentrations between
PAD" and PAD  patients for each G(—174)C genotype.
These results suggest that the increase in plasma VEGF

Take home messages

o We investigated the different G(—174)C genotypes of
the interleukin 6 (IL-6) gene in patients with type 2
diabetes with and without peripheral arterial disease
(PAD™ and PAD", respectively)

® The GG genotype was more common in PAD" patients
than in PAD™ patients, and PAD* patients also had
increased mean plasma concentrations of IL-6, fibrino-
gen, C reactive protein (CRP), and vascular endothelial
growth factor

® Our results support a model in which the GG genotype
promotes the development of PAD in individuals with
type 2 diabetes by inducing increased release of IL-6,
wﬁich results in increased plasma concentrations of
fibrinogen and CRP



G(-174)C IL-6 polymorphism in patients with type 2 diabetes and PAD

concentrations in PAD" patients is caused by factors that are
independent of G(—174)C genotype. In contrast, mean
plasma concentrations of IL-6, fibinogen, and CRP were
higher in PAD* and PAD™ patients with the GG genotype
than in those with the GC or CC genotypes. The differences in
plasma concentrations of IL-6, fibrinogen, and CRP between
PAD* and PAD patients arise in part from the fact that the
GG genotype was more common in PAD" patients. In
addition, PAD" patients with the GG genotype had higher
plasma concentrations of these proteins than PAD™ patients
with the same genotype.

"There may be a complex relation between G(—174)C
genotype and the development of cardiovascular disease’”

Our results support a model in which the GG genotype
promotes the development of PAD in patients with type 2
diabetes by inducing increased release of IL-6. Higher
concentrations of IL-6 in those with the GG genotype cause
increased release of fibrinogen and CRP. These findings are
consistent with previous studies that have documented a
higher incidence of cardiovascular disease in individuals with
the GG genotype than those with the CC genotype.' >
However, other studies have associated cardiovascular
disease with the CC genotype instead of the GG geno-
type.”” **7* These conflicting results suggest that there may be
a complex relation between G(—174)C genotype and the
development of cardiovascular disease. Therefore, it is
important to recognise that our present study was based
entirely upon normotensive patients with type 2 diabetes. The
relation between G(—174)C genotype and PAD development
may differ in individuals with different clinical character-
istics. Additional studies are needed to characterise the
mechanisms by which the G(—174)C IL-6 genotype and its
influence upon IL-6 release affects the development of
cardiovascular disease in individuals with type 2 diabetes.
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