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Abstract: Ocular angiogenesis is a serious complication of diabetes mellitus that results eventually in

blindness. The aim of the present study was to emphasize the role of antigiogenic factors IL-12, IP-10

and detect could these factors act synergistcally or counteracting IL-18 activity, in retinopathy. This study

was carried out on sera selected from 18 diabetics (type-2) with proliferative retinopathy (PDR). 20

diabetics with non-proliferative retinopathy, 20 diabetics without retinopathy and 20 healthy subjects served

as controls. Serum IL-12, IP-10 and IL-18 were measured by an immunoenzymatic ELISA technique.

Patients with proliferative retinopathy had significantly higher serum levels of IL-12, IP-10 and IL-18 in

comparison to controls and to patients without retinopathy. Significant positive correlations were found

between IL-12 versus IP-10 and IL-12 versus IL-18. These results pointed to the contribution of IL-12

and IP-10 in pathogenesis of proliferative retinopathy. IL-18 acts in synergistic manner with IL-12.

However, further studies on wide scale of patients can provide better understanding of the role of

angiogenic and inflammatory factors in neovascular activity in PDR.
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INTRODUCTION

Ocular neovascularization is a complication of

diabetes mellitus that result in substantial morbidity and

blindness. Chronic hyperglycemia and hypoxemia are

the most important contributors to the development of

d ia b e t ic  re t in o p a th y,  l e a d in g  to  in c re a se d

vasopermeability, endothelial cell proliferation, and

pathological neovas-cularization . Previous studies[1]

have identified several potential angiogenic agents that

may participate in the initiation of neovascularization.

Among these are cytokines, including growth factors[1]

and proinflammatory mediators . [2]

New blood vessels formation in the retina is

believed to be directly associated with increased

expression of several proangiogenic cytokines, since

ischemic retina secretes growth factors that are known

as stimulators of residual vessels proliferation.

Therefore, vascular endothelial growth factor (VEGF),

platelet derived growth factor (PDGF), tumor necrosis

factor á (TNFá) and basic fibroblast growth factor

(bFGF) have been implicated in the pathogenesis of

retinopathy .[3]

It has been generally believed that angiogenesis is

the result of vigorously maintained equilibrium between

activities of positive and negative regulators such as

TNFá, interleukin 8 (IL-8), VEGF versus pigment

epithelium derived growth factor (PEDF), interferon-

inducible protein 10 (IP-10) . It appeared that[4 ]

proinflammatory cytokines such as IL-12, interferon ã,

IP-10 and IL-18 are related to angiogenic program .[(5 ,6]

Interleukin 12 (IL-12), a disulfide linked heterodimer

composed of two subunits with molecular masses of 35

and 40 KD, is a multifunctional cytokine produced by

macrophages, B cell lines . IL-12 was shown to[7]

induce interferon ã (IFN ã) production by natural killer

cells and T cells . IL-12 was reported to inhibit[8]

angiogenesis in an in vivo mouse model of corneal

neovascularization induced by bFGF . This inhibition[9]

was neutralized by antibodies to IFNã, thus it was

concluded that the antiangiogenic activity of IL-12 was

attributable to IFN ã induced by IL-12 .[9]

The interferon inducible protein 10 (IP-10), a

member of the á chemokine family, is an inhibitor of

angiogenesis in vivo . Previous studies have[1 0 ]

demonstrated that IP-10 both prevents IL-18 induced

neovascularization in corneal pocket model of

angiogenesis. The angiostatic properties in vivo seem

to be due to the lack of N-terminal ELR (Glu-leu-Arg)

motif responsible for chemokine receptor binding and

activation .[11]

Interleukin 18 (IL-18), is a cytokine that belongs

to the IL-I cytokine family, initially defined as

interferon-gamma inducing factor. It exerts, a number
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of other biological actions, among them the

upregulation of adhesion molecules on vascular cells

and important signalling mechanism in angiogenesis, .[12]

Elevated levels of IL-18 in the sera of patient with

type 2 diabetes mellitus and nephropathy was

reported . There are conflicting results regarding the[13]

effect of IL-18. Park et al.  presented evidence of[12]

proangiogenic activity of this cytokine. Some authors

describe IL-18 had a dual action angiogenesis and

tumor suppressor, . These reports have emphasized[14 ,15]

the need for additional investigation of the effect of IL-

18 on retinal vessels.

Thus the aim of the present study emphasized the

role of antiangiogenic factors IL-12 mediated by the

inducible protein 10 and could they help, synergise or

counteract IL-18 activity in serum of healthy and

diabetic type 2 patients with proliferative and non

proliferative retinopathy.

MATERIALS AND METHODS

The study was performed on sera collected from

18 diabetic patients (type 2 diabetes) with proliferative

retinopathy, 20 diabetic patients with non proliferative

retinopathy, 20 diabetics without retinopathy and 20

healthy subjects age matched (60-70 years) served as

controls. 

Retinopathy was diagnosed on the basis of

fundoscopy. The mean duration of diabetes mellitus

was 12±1.8 years. Informed consent for blood drawing

was obtained from each case and control in this study.

Samples of venous blood were collected, part on

EDTA to estimate HbA1c, and the other part

centrifuged and serum was separated and stored at -80o

C unit until assayed.

Full ophthalmological examination and medical

history was taken for each subject including:

C Intraocular pressure measurement by Goldman

applanation tonometry. 

C Slit lamp examination to determine anterior

chamber depth and the presence of iris

neovascularization. Indirect ophthalmoscopy and

biomicroscopy to evaluate the grade of vitreous

proliferation and determine the presence and nature

of macular oedema.

C Fundus fluorescein angiography was done using

Topcon fundus camera TRC. 50 EX on image-net,

5 ml of 10% sodium fluorescein was injected in

the anticubital vein and photography was carried

out. 

C Angiography was performed in patients with

diabetic retinopathy to differentiate between non-

proliferative Fig. (1), and proliferative retinopathy

Fig. (2). 

Fig. 1: A case of non proliferative diabetic retinopathy

Fig. 2: A case of  proliferative diabetic  retinopathy

Exclusion Criteria: Only those patients who did not

have hepatic or renal diseases were selected. Any

patient with serum creatinine >1.2 mg/dL or urinary

albumin excretion > 150 mg/24 was not included in

this study. Also, any patients with local eye disease

such as cataract, glaucoma or uveitis were excluded

from the study.

C Routine laboratory investigations were performed

to all cases and controls (fasting and 2 hour blood

glucose, liver function tests, kidney functions and

lipid profile were performed.

C Detection in serum of IL-12, IP-10 and  IL-18 was

measured by immunoenzymatic ELISA technique

(Quantikine high sensitivity human by R & D

systems, Minneapolis, Minn, USA). According to

manufacturer’s protocol. The minimums detectable

dose of IL-12  is less than 5 pg/ml. While[16 ,17 ,18]

the minimum detect limit for IL-18 was 12 pg/ml.

also, the minimal detectable dose for IP- 10 was

more than 10 pg/ml. 

C Measuring HbA1c with a cation exchange

chromatography method assessed recent glycemic

control (non diabetic reference 5.5-7.7) glycol Hb

quick column procedure (Helana) .[18]
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Statistical Analysis: Data was expressed as mean ±

SD. The four groups were compared using the

ANOVA; single factor test.

The degree of association between variables was

assessed using Pearson’s correlation coefficient (r),

where p value <0.05 was considered significant.

RESULTS AND DISCUSSION

Results: The mean concentration of IL-12, IP-10 and

IL-18 in type 2 diabetes mellitus was significantly

higher compared to controls. These elevations were

more evident statistically in proliferative than non

proliferative retinopathy table .[1]

A significant positive correlation was detected

between levels of IL-12 and IP-10 levels, r=0.062,

p<0.05.

A significant positive correlation was detected

between levels of IL-12 and IP-10 versus glycosylated

HbA1c; r = 0.71, P<0.01 r = 0. 65, P<0.01

respectively.

A significant positive correlation was detected

between IL-12 and IL-18 levels r = 0.67 p >0.01. 

Discussion: Angiogenesis is a complex process, which

involves the interaction of several cell types and

mediators to establish a specific microenvironment

suitable for the formation of new capillaries from

p r e e x i s t i n g  v e s s e l s .  G e n e r a l ly  s p e a k i n g ,[ 2 ]

proinflammatory mediators promote angiogenesis and

the proangiogenic effect mediated by IL-1 and TNFá.

On the other hand, it has been extensively reported that

other pro-inflammatory cytokines such as interferon ã

and IL-12, are associated with antiangiogenic

program .[5]

Interleukin 12 is a heterodimeric cytokine and is

produced primarily by macrophages, monocytes and

dendritic cell. IL-12 is a multifunctional cytokine and

can cause tumor regression and reduce metastasis in

animal models, due to promotion of anti tumor

immunity and also to the significant inhibition of

angiogenesis .[5]

In this study, highly significant elevated mean

serum   IL-12 and IP-10 were detected in diabetics

compared to controls. These elevations were more

evident in proliferative retinopathy. Winkler et al.[19]

showed that IL-12 may contribute to the pathogenesis

of diabetic retinopathy in adult patients, more likely as

part of the consecutive immunological response

mechanisms rather than being a predisposing factor .[19]

IL-12 has been considered as a strong anti-angiogenic

cytokine this effect is mediated by the interferon ã .[5]

The interferon ã in turn regulates production of

secondary chemokines by inducing IP-10 protein, which

is considered to be most important mediator of IL-12

dependant activation of antiangiogenesis process .[20]

These findings could explain also the significant

positive correlation which was detected between   IL-

12 and IP-10 levels in the present study. Winkler[19]

detected that theoretically that genetic lower IL-12

levels might be a predisposing factor for the

development of diabetic retinopathy.

Alternatively, elevated IL-12 can be a consequence

of the retinopathic complication in diabetes as part of

the consecutive immunological mechanism; these

findings are in agreement with the result of the present

study.

IL-12 was reported to inhibit angiogenesis in an in

vivo model of corneal neovascularization, this

inhibition was neutralized by antibodies to IFN ã, it

was concluded that the antiangiogenic activity of IL-12

was attributable to IFN ã induced by IL-12 . Because[5]

IP-10 is induced by IFN ã, Sgadari et al.  documented[5]

the important role of IP-10 as mediator of angiogenesis

inhibition by IL-12, and raises possibility that IP-10

may also contribute to the antitumor effect of IL-12.

Moreover, IP-10 inhibits angiogenesis in vivo at least

in part by antagonizing the function of IL- 8 .[21]

Elner et al. , detected elevated vitreal levels of[21 ]

IP-10 in PDR patients compared to control group. They

detected elevated levels in patients with active and

inactive PDR . The detection of IP-10 may be[21]

involved in pathogenesis of PDR. To the contrary of

the present study they detected no significant change of

IP-10 serum levels in PDR and non-proliferative

diabetic patients, compared to controls. Also the same

was the result of Mair et al. . They suggested[2 2 ]

increased vitreal IP-10 was reflec ting  local

production . Their results support the concept of an[22]

inflammatory and  angiogenic factors in the

development of diabetic retinopathy. The cross-talk of

these factors seems to be critical for the development

of diabetic retinopathy.

In the present study, IL-18 levels were significantly

higher in diabetic, with PDR and without retinopathy

compared to controls. These results agree with the

results of Skopinski et al. , Park et al. , who[23] [12]

presented evidence of pro-angiogenic activity of IL-18

and Alexandrakis et al.  who observed in multiple[24]

myeloma patients increased level of IL-18 , which

correlated with advanced diseases and worse survival.

Skopinski et al.  and Chorostowska-wynimko ,[23] [6]

supposed that IL-18 may play dual role in

angiogenesis, depending on the circumstances and

cytokine milieu. Its anti-angiogenic action is probably

connected with induction of interferon ã. They

hypothesized that IL-18 may be proangiogenic in

presence of cytokines counteracting IL-18 interferon ã

production or anti-angiogenic by its virtue to induce

anti-angiogenic  interferon ã. The  significant positive
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Table 1: M ean levels of serum  levels of IL-12, IP-10, IL-18 (pg/mL) and glycosylated hem oglobin levels among studied groups.

Controls Diabetic without Diabetic with Diabetic with P value

retinopathy non-proliferative proliferative

retinopathy retinopathy

Number (N) 20 20 20 18 -

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

Hb A1c % 6.7±0.7 8.7±1.2 9.2±0.8 10.1±0.7 P<0.001

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IL-12 (pg/mL) 5.2±0.7 7.7±0.9 9.4±0.9 12.4±1.3 P<0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IP-10 (pg/mL) 15.7±0.5 23.9±0.7 31.8±0.4 39.7±1.4 P<0.01

---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

IL-18 (pg/mL) 256.4±13.2 361.2±7.4 395.6±12.5 486.6±14.2 P< 0.01

correlation detected in the present study between IL-12

and IL-18 levels was accepted by Coughlin et al. ,[15]

who suggested synergistic action of IL-12 and IL-18 as

antiangiogenic and they induce murine tumor regression

which involve inhibition of angiogenesis.

However, additional studies on wider scale of

patients are needed to provide better understanding of

inflammatory and angiogenic factors in the neovascular

activity of PDR.
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