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Abstract Tumor necrosis factor-alpha (TNF-α) is a
pleiotropic inflammatory cytokine. Tumor necrosis
factor-alpha was evaluated in the serum samples of
patients with idiopathic retinal periphlebitis in young
adults (Eales’ disease). Retinal periphlebitis was graded
according to a new grading system based on severity of
inflammation (grade 1–4). Quantification of the TNF-α
levels was carried out using ELISA kit in the serum
samples of young adults with idiopathic retinal periph-
lebitis (n=17) and healthy controls (n=17) of similar age.
Tumor necrosis factor-α level was found to be signifi-
cantly raised in cases with retinal periphlebitis as com-
pared with controls (p<0.001). Higher levels of TNF-α
were found to be associated with increased severity of
retinal periphlebitis. Tumor necrosis factor-α represents a

novel target for controlling inflammatory activity in
idiopathic retinal periphlebitis. Higher levels of TNF-α,
in association with the increased severity of retinal
periphlebitis, have implications for early anti-TNF-α
therapy.
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Introduction

Idiopathic retinal periphlebitis (Eales’ disease) primarily
affects the peripheral retina of young adult males [1].
Retinal changes are characterized by periphlebitis, periph-
eral non-perfusion, and neovascularization [2, 3]. Idiopathic
retinal periphlebitis is an immunologic reaction triggered by
the exposure of an exogenous agent. Autoimmunity to
retinal antigens plays an important role in the etiopatho-
genesis. An extraneous agent results in the exposure of
normally sequestered uveitopathogenic antigens of the
immune system leading to an immune response in the
eye, which may initiate the disease process [4]. Resulting
oxidative stress leads to alterations in membrane fluidity
and thereby retinal photoreceptors dysfunction [5].

Idiopathic retinal periphlebitis is distinctively character-
ized by stage of inflammation as well as stage of
proliferation [6]. Hypoxia-induced expression of vascular
endothelial growth factor is an aspect of the complicated
processes involved in intraocular neovascularization [7].
Chemokines have also been found to play a role in
intraocular neovascularization [8]. Further, cytokines play
an important role in intraocular inflammation [9, 10].
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Additionally, the cascade of multiple angiogenic cytokines
induced by oxidative damage may interact to promote
sustained retinal neovascularization [11].

Cytokines, low-MW protein mediators that usually act at
short range between neighboring cells, are involved in
essentially every important biological process. Tumor
necrosis factor-α is a pleiotropic inflammatory cytokine
which is produced by various types of cells, but especially
by macrophages. It is an acute phase protein which initiates
a cascade of cytokines and increases vascular permeability
[12]. Our recent study found that Interleukin-1 and TNF-α
play a significant role in causation of retinal periphlebitis
and neovascularization in idiopathic retinal periphlebitis
[13]. In the present study, we have evaluated TNF-α levels
in the serum samples of cases with idiopathic retinal
periphlebitis in young adults (Eales’ disease) and studied
its association with increased severity of periphlebitis.

Material and methods

Patients

The study group consisted of 17 consecutive new patients
of idiopathic retinal periphlebitis, presenting in the retina
clinic of our tertiary care center. All the cases were males.
Seventeen healthy controls (all males of similar age)
presenting for refraction in the outpatient department were
included in this study. They were not on any medication
and did not show tuberculin skin test reactivity. Informed
consent was obtained from all patients and controls prior to
their inclusion in this study. Systemic disorders such as
tuberculosis, diabetes mellitus, sickle cell hemoglobinopa-
thy, blood dyscrasias, sarcoidosis, and collagen vascular
diseases were ruled out after proper history examination
and investigations (chest X-ray, fasting and postprandial
blood sugar, sickle cell preparation, hemoglobin, hemato-
crit, total red and white blood cell count, differential count,
erythrocyte sedimentation rate, serum angiotensin convert-
ing enzyme, antinuclear antibody, and ELISPOT). A
complete ophthalmological assessment (including Log-
MAR visual acuity assessment, slit lamp biomicroscopy,
indirect ophthalmoscopy, and fluorescein angiography) of
the cases was done. Cases were eligible for this study, if
they: (a) had not undergone laser photocoagulation, (b) had
not received oral steroids within the last 6 months, (c) had
not been on any immunosuppressive therapy, and (d) were
non-smoker and non-alcoholic.

Retinal periphlebitis was graded according to a new
grading system, based on the severity of inflammation, into
grades 1–4 (Table 1). Retinal periphlebitis in all the cases
was graded according to this new grading system by two
independent observers (Fig. 1).

TNF-α estimation

ELISA kits for TNF-α were purchased from eBioscience,
San Diego, CA, USA.

Serum samples Five milliliters of venous blood was drawn
in a disposable syringe. Blood samples were processed for
serum separation by centrifugation under sterile conditions.
Serum samples were stored at −80°C until used for TNF-α
analysis.

Methodology For the quantification of the levels of
TNF-α in the serum samples of patients, sandwich
ELISA was performed as per the protocol provided by
the manufacturer. Briefly, 96-well plates were coated
with coating buffer (100 μl/well) and incubated over-
night at 4°C. Following incubation, wells were washed
thrice with wash buffer, and the plates were dried by
inverting them on to the absorbent paper. Blocking was
carried out with sample diluent and incubated for 1 h at
room temperature. Plates were again washed as stated
earlier. After blocking, cytokine standard (100 μl/well)
or test samples (100 μl/well) were added to wells and
incubated at room temperature for 2 h. Then the
contents of the wells were aspirated followed by three
washings as detailed above. Detection antibody (100 μl/
well) was then added, and plates were further incubated
for 1 h at room temperature. The contents were
aspirated again, and plate was washed. Avidin-HRP
conjugate was added (100 μl/well) to each well and
incubated for 30 min at room temperature. It was then
aspirated, and wells were washed seven times with wash
buffer. Finally, substrate solution (100 μl/well) was
added to each well and incubated for 15 min at room
temperature. Following the incubation, stop solution
(50 μl/well) was added to each well and plates were
read at 570 and 450 nm wavelengths, and the OD
values at 570 nm were subtracted from the OD values at
450 nm and the data was analyzed with the help of
standard curve plotted for this purpose to calculate
quantity of TNF-α (pg/ml).

Statistical analysis

Data of TNF-α are presented as mean±SD. STATA 9.2
statistical software package (StataCorp, College Station,
TX, USA) was used to analyze the data. Two-tailed t test
was used to test the level of significance between the two
groups. Differences were considered significant if “p”
value was found to be <0.05. Interobserver correlation, for
grading retinal periphlebitis, was computed using kappa
statistics.
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Results

The mean age of the cases and the controls were 21.9±2.3
and 22.3±1.4 years, respectively. The cases and the
controls did not differ in age (p>0.05). None of the cases
or the controls had undetectable levels of TNF-α, and we
were able to detect TNF-α in all samples tested. Tumor
necrosis factor-α level were found to be significantly
increased in the serum samples of the cases as compared
to controls (p<0.001; Table 2). Grade 1–3 retinal periph-
lebitis was observed in our cases. Central periphlebitis
(grade 4) was not observed in any of the cases. Interob-
server correlation was computed as 0.8. Higher levels of
TNF-α were found to be associated with increased severity
of retinal periphlebitis (Table 1).

Discussion

In our study, increased levels of TNF-α were found to be
associated with increased severity of idiopathic retinal
periphlebitis in young adults, for the first time. Tumor
necrosis factor-α was found to represent a novel target for
controlling inflammatory activity in idiopathic retinal
periphlebitis.

Tumor necrosis factor is primarily produced as a 212-
amino acid-long type II transmembrane protein arranged
in stable homotrimers [14, 15]. From this membrane-
integrated form, the soluble homotrimeric cytokine (sTNF)
is released via proteolytic cleavage by the metalloprotease
TNF-α converting enzyme [16]. The soluble 51 kDa
trimeric sTNF tends to dissociate at concentrations below
the nanomolar range, thereby losing its bioactivity.
Dysregulation and, in particular, overproduction of TNF
have been implicated in a variety of human diseases [17].
Two receptors, TNF-R1 (p55 receptor) and TNF-R2 (p75
receptor), bind to TNF. Upon contact with their ligand,
TNF receptors form trimers. This binding causes a
conformational change in the receptor, and three pathways
may be initiated [18, 19]. Firstly, activation of nuclear
factor-kB mediates the transcription of a vast array of
proteins involved in cell survival and proliferation,
inflammatory response, and anti-apoptotic factors. Tumor
necrosis factor-α, by targeting the endothelium, initiates
the cascade of inflammatory mediator production. Sec-
ondly, activation of the mitogen-activated protein kinases
pathways is involved in cell differentiation, proliferation,
and is generally pro-apoptotic. Thirdly, like all death-
domain-containing members of the TNFR superfamily,
TNF-R1 is involved in cell death signaling [20]. Tumor
necrosis factor-induced cell death plays only a minor role
compared to its overwhelming contribution to the inflam-
matory process [21].

Our data suggests that, clinically, higher grade of
idiopathic retinal periphlebitis in young adults is associated
with higher level of TNF-α. Based upon the knowledge of
the pathogenic pathways for TNF-α [18, 19], this cytokine
initiates production of a cascade of inflammatory mediators
during the inflammatory stage of idiopathic retinal periph-
lebitis in young adults. Our earlier study had highlighted
that persistent increased levels of TNF-α were associated

Table 2 Tumor necrosis factor-α levels (pg/ml) in the inflammatory
stage of idiopathic retinal periphlebitis in young adults

Groups Number (Mean±SD)

Cases 17 19.63±2.75

Controls 17 11.41±1.88Fig. 1 Red-free fundus photograph shows grade 3 idiopathic retinal
periphlebitis in a young adult

Table 1 Grades of idiopathic retinal periphlebitis in young adults (n=17) and association with tumor necrosis factor-α levels (pg/ml)

Grades Description Tumor necrosis factor-α

Grade 1 (n=4) Periphlebitis of small caliber vessels with superficial retinal hemorrhages 14.3–16.2

Grade 2 (n=5) Periphlebitis of large caliber vessels with superficial retinal hemorrhages 15.1–19.8

Grade 3 (n=8) Periphlebitis of large caliber vessels with macular edema 19.2–22.4

Grade 4 Central periphlebitis –
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with the proliferative stage of idiopathic retinal periphlebitis
in young adults [13]. Higher levels of TNF-α may convert
inflammatory stage of the disease into proliferative stage
due to TNF-α-induced pro-apoptotic process and cell death
signaling. Hence, increasing severity of retinal periphlebitis
has implications for early anti-TNF-α therapy to control
inflammation and associated long-term sequelae.

The TNF monoclonal antibody is widely used for the
treatment of rheumatoid arthritis, juvenile idiopathic arthri-
tis, spondyloarthropathies, Crohn’s disease, and psoriasis
with an acceptable safety profile [22]. A pathogenetic role
of TNF in ocular inflammatory conditions has recently
emerged from small trials reporting preliminary results on
the efficacy of these agents in patients with noninfectious
uveitis, regardless of the origin of the disease [23].
Strategies for preventing TNF-α activity include neutrali-
zation of the cytokine via anti-TNF antibodies, soluble
receptors, or receptor fusion proteins. This inhibition can be
achieved with a monoclonal antibody such as infliximab
(murine binding Fab domains and human constant Fc
domains chimeric molecule) or adalimumab (fully human
monoclonal antibody), or with a circulating receptor fusion
protein such as etanercept (a fusion protein linking human
soluble TNF receptor to the Fc component of human
immunoglobulin G1). Suppression of TNF-α synthesis
may be achieved by drugs, such as cyclosporine A and
glucocorticoids, or cytokine IL-10.
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