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Abstract

Retinal vein occlusion (RVO) is one of the most common vascular diseases of the eye and a
frequent cause of severe visual loss. It is multifactorial in origin with both local factors and
systemic diseases being of etiological importance. Many thrombophilic conditions have
recently been identified and studies looking at their potential role in RVO have been
undertaken. The aim of this study was to investigate the role of methylenetetrahydrofolate
reductase (MTHFR) heterozigosity associated with normal homocysteine level in blood as
risk factor for thromboembolic retinal/vitreal manifestations in patients with retinal
vasculitis (RV) and RVO where the other risk factors (such as hypertension; atherosclerosis;
diabetes; antiphospholipid syndrome) are excluded. Second question was if anticoagulation
treatment should be applied together with systemic corticosteroids and/
immunosuppressive therapy? Results obtained from the examined group showed that
heterozigosity for MTHFR C677T gene is of statistical significance and correlates with raised
values of homocysteine (correlation coefficient = 0.23). At the same time increased levels of
homocysteine correlate (correlation coefficient = 0.01) with appearance of RVO. At r = 0.67,
if there is no RV present, existence of a single mutated allele for MTHFR C677T gene does
not correlate with RVO. There is however significant correlation between the mutation for
MTHEFR and hemorrhagic type of RV associated with RVO and/ with isolated hemorrhagic
vasculitis without RVO (correlation coefficient = 0.33; correlation coefficient = 0.27;
respectively).
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Introduction Polymorphism (C677T) in
methylenetetrahydrofolate reductase

Retinal vasculitis (RV) is an inflammation
of retinal blood vessels, which can be
isolated or associated with systemic
vasculitis.  Muffing, narrowing and
occlusion of blood vessels lead to retinal
ischemia and are basic clinical signs noted
on the retina [1]. In absence of retinal
ischemia and independently of its etiology,
some cases of retinal vasculitis are
followed by pronounced retinal and vitreal
hemorrhages and/ hemophthalmos. In
these cases pathophysiological
mechanisms can be based on
thrombophilia and/  antiphospholipid
syndrome if diabetes, hypertension and
atherosclerosis are excluded.

Following diabetic retinopathy, retinal vein
occlusion (RVO) is the second most
common retinal vascular occlusive disease
that can affect people of all ages. According
to Hayreh at al. and Mitchel et al. RVO
appears to be a condition with a multiple
etiology and there is an increased incidence
with age (patients are predominantly over
65) [2, 3].

RVO may increase venous pressure and
lead to retinal capillary decompensation
with macular edema and have as
consequence decrease/loss of visual
efficiency. Exact pathogenesis of RVO is
unclear. Primary mechanisms of blood
vessel occlusion are degenerative changes
of vessel walls, abnormal perivascular
changes as well as various hematological
factors. Two out of three Virchow’s
classical factors that play a role in
thrombogenesis (stasis, vessel damage and
hypercoagulability) have been frequently
reported in patients with RVO. Over the
past couple of years, especially in case of
younger patients, physicians’ have been
highly interested in thrombophilic risk
factors, such as antithrombin deficiency;
protein C and S deficiency;
hyperhomocysteinaemia; factor V Leiden
and II mutations and antiphospholipid
antibodies  associated  with  venous
thromboembolisms (VTE) [4-7].

(MTHFR) gene has been reported to affect
homocysteine levels. In particular, elevated
levels of homocysteine are generally
accepted to be a risk factor for systemic
vascular disease and venous thrombosis. In
MTHFR studies, the difference in
homocysteine concentration arisen from a
single gene mutation is allocated at random
[8,9].

Homocysteine is formed in metabolic
demethylation process from methionine
and it contains a sulphydryl amino group.
“Total plasma (or serum) homocysteine”
(tHcy) is a combination of free thiol;
disulphide-bound to plasma proteins and a
combination of homocysteine bound to
itself (dimer homocysteine) or with other
thiols (bound with cysteine thus forming
homocysteine-cysteine mix disulphide)
[10]. An abnormal tHcy is defined by an
arbitrary cut-off in distribution of
concentration found in the “normal
population”, similarly to hypertension and
hypercholesterolemia. Homocysteine is
metabolized by remethylation of trans-
sulphuration. One of two methionine-
conserving remethylation pathways
metabolizes homocysteine if protein intake
is low. Methionine synthase, N5 N10-
methylenetetrahydrofolate and N5 N10-
methylenetetrahydrofolate reductase have
an important role in metabolic process of
homocysteine in the liver. Similar process
occurs in other tissue types. Additionally,
vitamin Biz (Cobalamin) is an essential
cofactor for methionine synthase [4].

The most common genetic cause of severe
hyperhomocysteinemia and classic
homocystinuria (congenital
homocystinuria) is homozygous deficiency
of  cystathionine  [(-synthase  (CPRS).
Heterozygosity is often associated with
normal basal tHcy, and it remains unclear
whether heterozigosity is associated with
additional risk of vascular events.
Homozygous deficiency of MTHFR, both
deficiency and impaired activity of
methionine synthase, are rare cause of
severe hyperhomocysteinaemia [11]. Single
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point mutation in the coding region of
MTHFR gene (C-to-T substitution at
nucleotide 677) is the most common
enzyme defect which occurs with
moderately raised tHcy levels. This in turn
is associated with thermolabile MTHFR
variant which is only half as active [12].

Activated circulating immune complexes
against phospholipid membranes and
plasma proteins can lead to arterial and
venous thromboembolisms. RVO can be
one of the first manifestations of
antiphospholipid syndrome [1].

Aim

The aim of this study was to investigate the
role of MTHFR heterozigosity associated
with normal homocysteine levels in blood
as risk factors for thromboembolic
retinal/vitreal manifestations in patients
with RV (idiopathic or systemic) and RVO
where the other risk factors (such as
hypertension; atherosclerosis; diabetes;
antiphospholipid syndrome) are excluded.
Second question was if anticoagulation
treatment should be applied together with
systemic corticosteroid and/
immunosuppressive therapy (cyclosporine
A, metotrexate)?

Methods

This study consisted of patients who were
diagnosed with retinal vascular disorders,
between January and June of 2013. All
patients underwent full ophthalmological
assessment that included: medical history;
best corrected visual acuity (BCVA) which
was assessed with the use of Snellen’s test;
slit lamp biomicroscopy; measurement of
intraocular pressure (IOP) with Goldmann
tonometry; gonioscopy; dilated slit lamp
fundus examination with Goldmann 3
mirror lens; and imaging with the
Copernicus+ SD-OCT (cross-sectional line
at 3um) and fluorescein angiography.
Complete physical examination was also
performed and included measurement of
blood pressure; electrocardiogram (ECG);
lung and heart examination; as well as
abdominal ultrasound. Laboratory tests,
which were performed, were: complete

blood count; lipid and glucose levels; liver
and kidney enzymes; tests for protein C;
protein S and homocysteine. Specific tests
for antiphospholipid syndrome such as
antinuclear antibodies (ANA and ANA Hep-
2), anticardiolipin antibodies (aCL), B-2
glycoprotein 1 antibodies (beta 2GPI),
VDRL test, and antithrombin were
performed. Genetic tests for MTHFR,
Leiden V and prothrombin 2 were done via
polymerase  chain reaction  (PCR).
Ophthalmological and clinical
investigations were performed in Uvea
Centre, while laboratory tests were
conducted at University Clinical Centre in
Belgrade.

Taking into  consideration possible
examiner bias, the following excluding
criteria  were disorders such as:
atherosclerosis, diabetes, hypertension and
antiphospholipid syndrome and various
ocular manifestations connected with
above mentioned disorders. 30 patients
were divided into two groups: control
group consisted of 20 patients diagnosed
with RV without hemorrhagic
manifestations on the retina, and examined
group of 10 patients with hemorrhagic
retinal manifestations with/without RV.

Both quantitative and qualitative statistical
analyses were performed (i.e. mean value,
standard deviation, correlation). For this
single blind research, P value under 0.05
was considered significant.

Results

The average age of patients in the control
group was 36.3 and + 17.4 years and in the
examined group it was 33.1 * 14.3,
respectively. Systemic retinal vasculitis was
present in 19.6% of patients in the control
group, while idiopathic retinal vasculitis
was present in 80.4%. Patients in examined
group had: retinal vein occlusion (RVO)
without retinal vasculitis (40%), idiopathic
retinal vasculitis (IRV) (20%), and retinal
vein branch occlusion (BRVO) with retinal
vasculitis (40%), respectively. Average
visual efficiency was 0.7 in the control
group and 0.8 in the examined group
(Table 1, Figure 1).
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Table 1: Gender, age, visual efficiency and type of retinal vascular disease in control and
examined groups

Control group Examined group p
Gender (male% / female %) 43.1/56.9 30/70 0.05
Average age + SD 36.3+17.4 33.1+14.3
Average visual efficiency 0.7 0.8
Retinal vascular diseases (%)
| Retinal vasculitis
Systemic 19.6 /
Idiopathic 80.4 20
Retinal vein occlusion without / 40
vasculitis
Retinal vein occlusion with vasculitis / 40

Figure 1: Central retinal vein occlusion, fluorescein angiography (a) and photo fundus
(b), dilated and tortuous retinal veins, retinal hemorrhage and edema (MTHFR gene
mutation and normal level of homocysteine)

homocysteine, while all patients in the
control group had normal values. Control
group had no individuals’ positive for
MTHFR gene mutation (Figure 2).

Except for one patient with high levels of
protein C and S, the rest of the patients had
normal levels. 30% of patients in examined
group had increased values of blood
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Figure 2: Serum levels of protein C, protein S and homocysteine in the examined group

Figure 3: MTHFR C677T gene polymorphism in the examined group

In our sample, results obtained from the
examined group showed that occurrence of
heterozigosity for MTHFR C677T gene is of
statistical significance (Figure 3) and
correlates  with  raised values of
homocysteine (correlation coefficient =
0.23). At the same time increased levels of
homocysteine correlate (correlation
coefficient = 0.01) with appearance of RVO.
At r = 0.67, if there is no RV present,

existence of a single mutated allele for
MTHFR C677T gene does not correlate
with RVO. There is however significant
correlation between the mutation for
MTHFR and hemorrhagic type of RV
associated with RVO and/ with isolated
hemorrhagic vasculitis without RVO
(correlation coefficient = 0.33; correlation
coefficient = 0.27; respectively) (Table 2).
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Table 2: Correlation between MTHFR polymorphism, levels of protein C, protein S and
homocysteine, retinal vein occlusion, retinal vasculitis and retinal vasculitis combined
with retinal vein occlusion

MTHFR C tHcy RVO RV RV-RVO
MTHFR 1 -0.13 -0.02 0.23 0.67 0.27 0.33
C -0.13 1 0.44 0.24 0.65 -0.53 -0.21
S -0.02 0.44 1 0.38 0.58 -0.24 -0.06
tHcy 0.23 0.24 0.38 1 0.01 -0.50 0.41
RVO 0.67 0.65 0.58 0.01 1 -0.41 -0.50
RV 0.27 -0.63 -0.24 -0.50 -0.41 1 0.11
RV-RVO 0.33 -0.21 -0.06 0.41 -0.50 0.11 1
MTHFR -  MTHFR  C677T  gene Systemic corticosteroids were used in 80%

polymorphism; C - level of protein C; S -
level of protein S; tHcy - level of total
homocysteine; RVO - retinal vein occlusion;
RV - retinal vasculitis; RV-RVO - retinal
vasculitis combined with retinal vein
occlusion

of patients in the examined group, while
cytostatic therapy was applied in 30% of
them. Out of 40% of patients treated by
Nadroparin calcium injections only one had
RV. All patients underwent acetylsalicylic
acid treatment (Figure 4).

120

100

60 -

% of patients

20

systemic

Figure 4: Treatment, examined group

Thrombophilic manifestations of RV in
patients heterozygous for MTHFR gene

mutation were one of the reasons for

cytostatics

nadroparin acel

anticoagulant therapy in treatment of two
patients with severe retinal and vitreal
hemorrhages. Parallel to the previously
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mentioned anticoagulant therapy, these
patents also received corticosteroid and
immunosuppressive agents (Figure 5).

Diameter: 1/3/6 [mm] Value: Average

a2

Diameter: 1/3/6 {mm) Value: Average

Following treatment, retinal hemorrhages
and edema were reduced and macular
edema disappeared all together.

b2

Figure 5: Retinal vein occlusion follow up patient which was treated with anticoagulant
and corticosteroid therapy (a - macular edema, optical coherent tomography, b -
angiography, 1 - initial examination, 2 - follow up)

Discussion

Retinal vein occlusion (RVO) is one of the
most common vascular diseases of the eye
and a frequent cause of severe visual loss.
Numerous risk factors including arterial
hypertension, diabetes mellitus, and
arteriosclerosis have been identified. It is
multifactorial in origin with both local
factors and systemic diseases being of
etiological importance. Many
thrombophilic conditions have recently
been identified, and studies looking at their
potential role in RVO have been
undertaken.

Gene polymorphisms affecting hemostasis
may also play a role in pathogenesis of RVO
and studies to determine prevalence of
genetic polymorphisms of various factors
implicated in hypercoagulability among
patients with RVO have been performed
[13].

Thrombophilia plays an important role in
the pathogenesis of RVO in patients who
have no acquired risk factors. Screening for
thrombophilia in patients where these
factors have been excluded, seem to be
somewhat controversial in that they leave a
question concerning the association of RVO
and hereditary thrombophilial
abnormalities unanswered. Various
coagulation disorders induced by genetic
mutations (antithrombin Il  gene
mutations, protein C and protein S
deficiencies, factor V Leiden mutation, or
MTHFR mutations) are often associated
with an increased risk for both systemic
and retinal vein occlusion [14-21].

In the year 1976, Wilcken presented a first
case controlled study which suggested that
the higher than normal Ilevels of
homocysteine which can otherwise be
found in a "normal” population seem to be
a predisposing factor for RVO. Some studies
which have been performed at a later date
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have also confirmed it to be a risk factor for
venous thrombosis [22, 23, 24]. On the
other hand, our results show that RVO and
hemorrhagic retinal manifestations can
occur in patients with retinal vasculitis at
normal levels of homocysteine.

Although the exact mechanisms by which
hyperhomocysteinaemia causes
thrombosis are unknown, it has been
shown to be toxic to endothelial cells, to
impair thrombomodulin expression and to
reduce protein C activation via vascular
endothelial cell activator [25-28].

However, a mild form of
hyperhomocysteinaemia was identified due
to a thermolabile variant of MTHFR [29,
30].

There was some contradictory evidence
concerning homozygosity and
heterozigosity of MTHFR C677T gene and
its mutations. Some results indicated that
elevated levels of total homocysteine
(tHcy) were associated with RVO, but not
with homozygosity for the MTHFR C677T
gene [31]. In case of homozygotes’
prevalence for MTHFR C677T gene
mutation and subsequently for RVO is
significantly  higher than that of
heterozygotes’ [32]. Our results obtained
from the examined group showed that
heterozigosity for MTHFR C677T gene are
of statistical significance and correlate with
raised values of homocysteine. At the same
time increased levels of homocysteine
correlate with appearance of RVO. If there
is no RV present, the existence of a single
mutated allele for MTHFR C677T gene does
not correlate with RVO. There is however a
significant  correlation between the
mutation for MTHFR and hemorrhagic type
of RV associated with RVO and/ with
isolated hemorrhagic vasculitis without
RVO; respectively.

There are many causes for
hyperhomocysteinaemia including certain
vitamin deficiencies (pyridoxine, folic acid,
vitamin Biz), chronic illnesses (chronic
renal failure, diabetes, hypertension,
cancer), drugs (metotrexate, anti-epileptic
agents), and various rare enzyme
deficiencies (some of which have been
mentioned above). It appears however that

many “normal” patients with MTHFR
genotype have normal homocysteine levels
(phenotypic  expression is critically
dependent on both folate levels and on folic
acid intake) [33].

There exists a high association between the
MTHFR gene C677T mutation and Behcet's
disease, and a mutation of MTHFR gene
associated with an increased risk of ocular
involvement suggesting that genetic
instability may be caused by homocysteine
lowering therapy [34]. According to clinical
features for Behcet's’ disease, stratification
analyses did not reveal any other
association except for the one for the
response to colchicine that was shown to
be influenced by MTHFR C677T mutation
[35].

Bearing in mind that patients with RV
associated with retinal and vitreal
hemorrhage in absence of
hyperhomocysteinemia have been under
cytostatic and corticosteroid therapy,
heterozygosity for MTHFR gene mutation
may be related to other risk factors (i.e.
chronicity of disease; vitamin deficiencies
and cytostatic drugs). Patients in the
control group with RV, but without retinal
and vitreal hemorrhage, had normal
homocysteine values and no MTHFR
mutation.

Keeping with  other thrombophilic
conditions, other hereditary and acquired
pro-thrombotic disorders are in synergy
with each other and
hyperhomocysteinaemia. [36, 37].
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