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Abstract

Objectives: The purpose of the present study was to determine
the alterations in high-sensitivity C-reactive protein and Tumor
Necrosis factor alpha levels in the blood serum of pseudoexfoliation
syndrome cases (a disease with similar risk factors as systemic
endothelial dysfunction diseases) and to compare the results with
healthy individuals.

Methods:

Necrosis factor alpha levels were determined in 30 cases with

High-sensitivity C-reactive protein and Tumor

pseudoexfoliation syndrome and in 30 control patients of the same
age and sex, by enzyme-linked immunosorbent assay.

Results: The levels of high- sensitivity C-reactive protein and
Tumor Necrosis factor alpha in the blood serum of patients with
pseudoexfoliation syndrome (3.95+0.88 mg/l, 3.32£0.99 pg/
ml, respectively) were significantly higher than in the control
group (2.514+0.79mg/l, 0.43+0.15 pg/ml, respectively) p=0.001,
p=0.002.

Conclusion: The results suggest that increased levels of high-
sensitivity C-reactive protein and Tumor Necrosis factor alpha, as
markers of inflammation and peripheral endothelial dysfunction in
pseudoexfoliation syndrome, may be risk factors for systemic and

ocular manifestations of pseudoexfoliation syndrome.

Keywords: Pseudoexfoliation syndrome; Tumor necrosis factor

alpha; High sensitivity C-reactive protein.

Introduction

Pseudoexfoliation syndrome (PEX) is a common age related
elastic fibrillopathy, leading to an accumulation of characteristic
abnormal fibrillar material, not only in ocular tissues, but in skin

and connective tissue or visceral organs, in different intra- and extra
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ocular tissues. Although the syndrome is recognized to be a systemic
disorder; it is the most common identifiable cause of secondary
open angle glaucoma. PEX is associated with excessive synthesis
and deposition of an abnormal elastic microfibrillar material in
all tissues of the anterior segment of the eyes, anterior vitreous
face and systemic tissues. Excessive production and accumulation
of abnormal matrix components may be due to increased de novo
synthesis, decreased turnover of matrix components, or both.,! A
possible mechanism for the development of PEX and its subsequent
progression to glaucoma may be the combination of clogging up of
the trabeculum by pseudoexfoliation materials and/or pigments
released from the iris, as well as trabecular endothelial dysfunction.??
A significant correlation between PEX, cerebrovascular and
systemic cardiovascular disease has been shown.*

Vascular dysregulation, blood flow disturbances, and elevated
plasma homocysteine levels are found to be associated with PEX.**
High-sensitivity C-reactive protein (hsCRP) is both a marker and
a regulatory protein of many inflammatory pathways.® This protein
is a known predictor of vascular atherosclerotic events such as
coronary artery disease, atherothrombosis, and peripheral vascular
disease; and it may have a role in the pathogenesis of endothelial
dysfunction and pathogenesis of atherosclerosis. Elevated plasma
hsCRP levels have been reported in patients with non-arteritic
anterior ischemic optic neuropathy and normal tension glaucoma
a while ago.”®

Both matrix metalloproteinases (MMPs) and tissue inhibitors
of metalloproteinases (TIMPs) expression are affected by tumor
necrosis factor alpha (TNF-a). MMP mediated extracellular matrix
turnover and TIMPs regulate the activity of MMPs. An increased
level of TNF-a might induce extra MMPs and/or TIMPs 21

We have postulated a possible role for hsCRP and TNF-a in
the pathophysiology of systemic endothelial dysfunction, vascular
blood flow disturbances and insufficient matrix degradation in
PEX. In this study, the systemic hsCRP and TNF-a levels as
markers of inflammation and peripheral endothelial dysfunction

were eveluated in PEX patients and were compared with a control

group.

Methods

This prospective cross sectional study was performed on 30 patients
with PEX and 30 control subjects in Nikokari Eye Hospital, Tabriz,

Iran.
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Ethical approval was obtained from the Medical Ethics
Committee of Tabriz University of Medical Sciences and written
informed consent was received from all patients according to the
tenets of the Declaration of Helsinki.

All enrolled patients were scheduled for cataract surgery
and underwent a complete ophthalmic examination, including
tonometric assessment of intraocular pressure (IOP), measurement
of cup to disc ratio (CDR), and slit lamp biomicroscopy. The
patients were evaluated by slit lamp biomicroscopy for the presence
of exfoliative material along the pupillary border and on the iris
without dilating the eye. After pupil dilation, the patients were also
analyzed for the presence of white material deposits on the anterior
lens surface. Additionally, in the patients with PEX, gonioscopy
and standard automated perimetry (SAP) were performed with a
Humphrey field analyzer HFA II (Carl Zeiss Meditec Inc., Dublin,
CA) using a 30-2 threshold program with a standard Swedish
interactive threshold algorithm (SITA) strategy.

PEX was diagnosed if clinical examination revealed deposition
of pseudoexfoliative material on the anterior lens capsule or at the
pupillary border, the presence of transillumination defects near the
pupil accompanied by normal optic nerve head finding, as well as
visual field and an IOP less than 21 mmHg,

Control subjects had IOP less than 22 mmHg, normal visual
fields, no evidence of glaucomatous changes in optic disc, and no
pseudoexfoliative material at the anterior lens capsule or pupillary
margin. All the patients with a history of trauma, inflammatory or
infectious disorders, migraine, Raynaud's phenomenon, diabetes,
ischemic heart disease, hypertension, hypercholesterolemia, renal
and hepatic dysfunction, cerebral vascular accident, immune
deficiency and treatment with corticosteroids or nonsteroidal anti-
inflammatory drugs, antihypertensives, cholesterol lowering, aspirin,

nitrates, hormone replacement and antioxidants were excluded.

Table 1: Demographic and sampling data in the study groups.

All samples were obtained from the patients through a
peripheral vein after 12 hour fasting. The subsequent serums were
separated within 30 minutes and the samples were kept frozen at
-70°C until the analysis was done.

hsCRP was measured using a commercial quantitative ELISA
kit (Monobind Inc company) and TNF-o concentration was
measured using a sandwich Elisa kit (Bender MedSystems GmbH,
Vienna, Austria,) which has an inter assay co-efficient of variations
of 2.8-5.7% and a lower limit of detection 7.8 pg/ml.

The data was expressed as meantstandard deviation. All the
statistical analysis were performed using SPSS statistical software
(statistical product and services solutions, version 16.0, SPSS Inc,
Chicago, IL). The t test and Mann-Whitney U test were used as
deemed appropriate (after checking data using Kolmogorov-

smirnov Z test) for statistical analyses.
Results

All of the patients completed the study and none were excluded. All
measurements were performed successfully, without any failure in
determining the TNF-a levels owning to insufficient sampling or
any other complication during the analysis. Demographic and blood
sampling data for the study groups are shown in Table 1.

There were no statistically significant differences between the
groups in terms of age, sex distribution, body mass index, systolic
and diastolic blood pressure and lipid profile. The hsCRP and
TNF-o levels in PEX samples were 3.95+£0.88 mg/l and 3.32+0.99
pg/ml and 2.51+0.74 mg/l and 0.43+0.15 pg/ml in the control
samples, respectively. We observed a significant increase in hsCRP
and TNF-a levels in the PEX samples compared to the controls
(p=0.001, p=0.002).

Parameter PEX group Control group p value
(n=30) (n=30)
Age (year) 67.3+9.07(53-85) 68.03+12.67(54-85) 0.79*
Sex (male %) 50 50 -
BMI (kg/m?) 24.89+2.84 24.64+2.48 0.70*
Sys. BP(mmHg) 125.16+7.82 126.66+8.93 0.49*
Dias. BP(mmHg) 80.00+7.98 79.83+8.55 0.93*
TG (mg/dl) 170.53+76.55 169.80+98.92 0.97*
Cholesterol (mg/dl) 211.83+43.51 224.66+50.03 0.29*
LDL-C (mg/dl) 136.79+49.98 143.26+43.78 0.61*
HDL-C (mg/dl) 48.27£9.00 50.44+8.39 0.34*
TNEF-a (pg/ml) 3.32+0.99 0.43+£0.15 0.002**
hsCRP (mg/1) 3.95+0.88 2.51+0.79 0.001**

PEX: Pseudoexfoliation syndrome, BMI: Body Mass Index, Sys BP: Systolic blood pressure, Dias BP: Diastolic blood pressure, TG: Triglyceride,
LDL-C: Low density lipoprotein- cholestrol, HDL-C: High density lipoprotein-cholestrol, TNF-0i: Tumor necrosis factor alpha, hsCRP: high-

sensitivity C-reactive protein.
*; Independent — sample t-test.
**; Mann-Whitney U test.
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Discussion

PEX

disease involving both genetic and non genetic factors in its

represents a complex, multifactorial and late-onset
etiopathogenesis. There is increasing evidence that cellular stress
conditions, such as oxidative stress and ischemia/hypoxia constitute
the major mechanisms involved in the pathophysiology of PEX and
glaucoma.'**?

Earlier studies have reported that elevated homocysteine levels
are determined in plasma, aqueous humor, and tear fluid in patients
with PEX."*** The elevated homocysteine stimulates inflammatory
cytokines such as TNF-o and markers such as C-reactive protein
(CRP)."” Elevated levels of homocysteine in PEX patients with and
without glaucoma may partly explain the increased risk of vascular
disease among patients with PEX *3%

Yuksel et al. reported that CRP is not a predictive marker of
inflammation and peripheral endothelial dysfunction in PEX;
however the results of our study showed a statistically significant
increase in hsCRP levels in PEX.'® In contrast, our results reflected
that hsCRP as a marker of inflammation may show the existing
peripheral endothelial dysfunction in PEX. Yuksel et al. in their
study excluded all disease that can affect CRP levels except severe
hypertension, so the conflicting results of their study may be due to
this selection bias. But in the current study, we strictly excluded all
conditions which may affect the levels of inflammatory biomarkers,
thus the results are more reliable,!®

Some evidence suggests an association between PEX and
systemic endothelial dysfunction, as well as vascular blood flow
disturbances.>”!® Atalar et al. showed that systemic endothelial
function is impaired in PEX patients using high-resolution
ultrasound.” CRP provokes an inflammatory reaction in the
vascular endothelium and smooth muscle, thus elevated CRP
levels were associated with vascular endothelial dysfunction and
plaque formation.” CRP induces adhesion molecule expression in
human endothelial cells and this response is mainly arranged by
proinflammatory cytokines.”

In this study, there was a significant difference in hsCRP levels
between the study groups. Therefore, we thought that hsCRP
may play a role in PEX or may be a reliable marker of blood flow
disturbances in PEX in the absence of systemic cardiovascular
disease.

TNF-a is a ubiquitous cytokine in various physiologic, as well
as pathologic processes like inflaimmation, immunoregulation,
proliferation and apoptosis. During the last few years, several
immunological components have been shown to be involved in
the pathogenesis of various types of glaucoma.*? TNF-a is
considered to be a neuroprotective component of the immune
system, which mediates the expression of a wide range of genes
essential for neuronal survival. Contrary to its neuroprotective role,
TNF-a can also serve as a neurodegenerative factor that induces
the mitochondria-mediated apoptotic pathway.”** Thus, a delicate
balance between the two pathways determines the survival of the

cell, and any shift in equilibrium may have deleterious effects.

&* Oman Medical Specialty Board

Previous studies have shown the relationships between several
ocular disease and increased TNF-a levels. Diabetic patients with
retinopathy have increased serum levels of TNF-a, which may be
predictive of retinopathy in all diabetic patients.>*® Sugita et al.
detected significantly elevated levels of TNF-a in the ocular fluid of
patients with active uveitis.”” Sawada et al. have shown that TNF-a
levels in aqueous humor were significantly higher in glaucoma
patients than cataract patients, particularly in PEX G.?® Corderio
et al. found that a few weeks after certain pressure load conditions
were applied, TNF-a was expressed, which was followed by nerve
degeneration. The expression of intraocular TNF-a is considered
to be the result of the secretion from ocular resident cells including
iris, ciliary body, and retinal ganglion cells.**°

The data of a prior study showed that TNF-a concentrations in
vitreous humor are higher than those in the aqueous humor, which
suggests that some proportion of TNF-a in the aqueous humor
is the result of diffusion from the vitreous humor.?” We evaluated
plasma levels of TNF-a in the PEX patients without glaucoma and
we found that TNF-a levels in the PEX patients were significantly
higher than in the control group. To the best of our knowledge, this
is the first study to measure the serum levels of TNF-a in PEX
patients in comparison with a control group.

We measured serum levels of the patients’ proinflammatory
cytokines in order to evaluate the role of systemic neuroinflammatory
processes in the pathogenesis of this syndrome, similar to other
inflammatory diseases which have already been studied.* It was
concluded that the elevated systemic levels of this marker even
before progression to glaucoma may contribute to the ocular and
extra ocular findings of this syndrome.

The fact that in this study we only measured two markers in
PEX patients is one of the limitations of the study, but the obtained
results may be the basis for further studies on many other cytokines

which may be involved in the pathogenesis of this syndrome.
Conclusion

Opverall, this study suggests that hsCRP is a predictive marker of
inflammation and peripheral endothelial dysfunction; while TNF-a
is a proinflammatory cytokine, and both may be involved in the
pathogenesis of PEX. To our knowledge, this is the first report of
serum TNF-a levels in PEX patients. However, further studies are
necessary to elucidate the clinical role of inflammatory cytokines in
the pathophysiology of PEX and to establish an exact correlation

between PEX and systemic inflammation.
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