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Systemic biomarkers of apoptosis and endothelial activation
in the pathogenesis of rubeosis iridis and iridocorneal angle
neovascularisation in secondary neovascular glaucoma

Abstract

Aim. To assess systemic levels of CD95 (Fas) and ICAM-1 (CD54) in patients with secondary neovascular
glaucoma (NVG), to determine the relationship with the severity of iris rubeosis and the iridocorneal angle, and
to evaluate the role of endothelial apoptosis in neovascular remodelling of the anterior segment of the eye.
Materials and methods. A single-centre cross-sectional study included 186 eyes with secondary NVG (96
associated with proliferative diabetic retinopathy and 90 following retinal vein occlusion) and 34 eyes in the
control group. The severity of rubeosis was assessed using the Weiss grading scale. CD95 and ICAM-1 levels in
peripheral blood were measured using an immunocytochemical method.

Results. In patients with NVG, CD95 and ICAM-1 levels were significantly higher compared with controls
(p<0.001). Both markers positively correlated with the severity of rubeosis according to Weiss (CD95: rs=0.46;
ICAM-1: rs=0.45; p<0.001) and with intraocular pressure. In a multivariable ordinal logistic regression model,
CD95 and ICAM-1 remained independently associated with more severe rubeosis after adjustment for aetiology
and intraocular pressure (CD95: OR =2.31; 95% CI 1.27-4.18; p=0.006; ICAM-1: OR = 2.48; 95% CI 1.56-3.95;
p <0.001). ROC analysis demonstrated moderate discriminative ability of the markers for detecting clinically
significant rubeosis (Weiss = 11): AUC=0.729 for CD95 and AUC=0.730 for ICAM-1. Cut-off values were 687 cells/
pL and 542 cells/pL, respectively.

Conclusions. CD95 (Fas) and ICAM-1 (CD54) are associated with the severity of rubeosis in secondary NVG and
may serve as systemic biomarkers for neovascular remodelling and risk stratification of disease progression.
Keywords: CD95 (Fas); ICAM-1 (CD54); angiogenesis; neovascular remodelling; endothelial dysfunction;
apoptosis; risk stratification.

INTRODUCTION

Secondary neovascular glaucoma is among the most se-
vere forms of glaucomatous eye damage and remains
one of the leading causes of irreversible vision loss in pa-
tients with ischaemic retinal diseases. The disease most
commonly develops in association with proliferative dia-
betic retinopathy (PDR) and retinal vein occlusion (RVO).
Both conditions are characterised by chronic tissue
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hypoxia, activation of angiogenesis and the formation of
pathological newly formed vessels in the anterior and/
or posterior segment of the eye. Rubeosis iridis and neo-
vascularisation of the iridocorneal angle are key clinical
manifestations of this process. These clinical signs de-
termine further progression of ophthalmic hypertension
and the development of refractory glaucoma. Despite the
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use of vascular endothelial growth factor (VEGF) inhibi-
tors and modern laser technologies, the clinical course of
the disease remains highly variable. Such variability sug-
gests that additional pathophysiological mechanisms are
involved and that the disease process extends beyond lo-
cal angiogenesis alone.

In the latest review of NVG, S. Gergeker Demircan &
A. Sanal Dogan [1] pointed out that the clinical course
of the disease is determined by a complex interaction
between retinal ischaemia, pathological angiogenesis,
inflammation and remodelling of the anterior segment
of the eye. S. Senthil et al. [2] noted that progression
of rubeosis iridis and neovascularisation of the anteri-
or chamber angle depends not only on VEGF-mediated
mechanisms. Concomitant activation of inflammatory
and vascular signalling pathways also affects it, influ-
encing disease severity and treatment outcomes. D. Ur-
bonaviciuteé et al. [3] also showed that neovascular glau-
coma has a multicomponent pathogenesis, in which
ischaemia, angiogenesis, inflammation and fibrovascu-
lar remodelling form a single pathological cascade.

Particular attention has been paid to endothelial
activation as one of the key mechanisms of neovascu-
lar remodelling. Analysing current views on the patho-
genesis of RVO, M. Lendzioszek et al. [4] showed that
ischaemic damage is accompanied by activation of
pro-inflammatory signalling pathways, impaired en-
dothelial homeostasis and remodelling of the vascular
wall. The authors stressed that endothelial dysfunc-
tion is not only a consequence of retinal ischaemia. It
can also actively contribute to further progression of
the pathological process. ]. Tang & T.S. Kern [5] noted
that chronic retinal hypoxia stimulates the production
of VEGF and other pro-angiogenic mediators. These
mediators support the development of rubeosis iridis,
neovascularisation of the iridocorneal angle and patho-
logical vascular remodelling.

Intercellular adhesion molecule-1, ICAM-1 (CD54),
is of particular interest in this context. It reflects en-
dothelial activation and enhanced leukocyte-endothe-
lial interaction. In a comprehensive review of vascular
complications of diabetes mellitus, D.R. Yang et al. [6]
showed that endothelial dysfunction is accompanied
by increased expression of adhesion molecules, in-
cluding ICAM-1, microvascular inflammation and im-
paired vascular homeostasis. The authors underlined
that endothelial activation is an essential mechanism in
the progression of vascular remodelling and tissue is-
chaemia. Similar findings were reported by S.F. Abcou-
wer [7], who showed that activation of pro-inflamma-
tory cytokines and adhesion molecules is an important
component of ischaemic retinal injury and pathological
angiogenesis, contributing to chronic inflammation and
vascular remodelling.

Apoptosis-associated mechanisms are also critical
alongside endothelial activation. L. Hu et al. [8] showed
that the CD95 (Fas) system is not only one of the key
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regulators of programmed cell death. It also partici-
pates in inflammation, intercellular signalling and tis-
sue remodelling. The authors emphasised that Fas-me-
diated signalling pathways can influence the course
of chronic vascular-inflammatory diseases through a
combination of apoptotic and immunoregulatory ef-
fects. These data broaden the understanding of CD95.
It may act both as a marker of cellular damage and a
potential participant in pathological angiogenesis and
neovascular tissue remodelling.

C. Mishra & ].J. Meyer [9], analysing the mechanisms
of iris neovascularisation, concluded that the interaction
of ischaemia, inflammation, endothelial activation and
tissue remodelling forms the biological basis for rube-
osis progression. The authors also outlined the need to
determine systemic biomarkers capable of reflecting the
activity of these processes. 0.V. Guzun et al. [10] showed
that elevated ICAM-1 levels were linked to a more severe
course of diabetic NVG and a less favourable response to
treatment. In another study, E. Dogan et al. [11] found
increased systemic inflammatory biomarkers, including
NLR, SII and TyG, in patients with neovascular glaucoma.
These findings support further investigation of systemic
biological mechanisms involved in the development and
progression of the disease.

Despite growing evidence on the role of inflamma-
tion, endothelial dysfunction and apoptosis in ischae-
mic eye diseases, the relationship between systemic
levels of CD95 (Fas), ICAM-1 (CD54) and the severity of
rubeosis iridis and neovascularisation of the iridocor-
neal angle in secondary NVG remains insufficiently
studied. Further research is needed to clarify systemic
mechanisms of neovascular remodelling in the anteri-
or segment of the eye and to identify biomarkers that
can reflect the biological activity of rubeosis and dis-
ease severity. The purpose of the study was to assess
systemic levels of CD95 (Fas) and ICAM-1 (CD54) in pa-
tients with secondary neovascular glaucoma associated
with proliferative diabetic retinopathy and retinal vein
occlusion. The framework of the above purpose encom-
passed defining the relationship with the severity of
rubeosis iridis and the iridocorneal angle, and evaluat-
ing the possible role of systemic apoptosis-endothelial
disturbances in neovascular remodelling of the anteri-
or segment of the eye.

MATERIALS AND METHODS
Study design and ethical considerations. A sin-
gle-centre cross-sectional observational study was
conducted. It included 186 patients, corresponding
to 186 eyes, with secondary neovascular glaucoma.
The study was carried out at the State Institution “V.P.
Filatov Institute of Eye Diseases and Tissue Therapy of
the National Academy of Medical Sciences of Ukraine”
during 2018-2024. The study was performed in accord-
ance with the World Medical Association Declaration
of Helsinki [12] and the standards of the International
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Council for Harmonisation of Technical Requirements
for Pharmaceuticals for Human Use [13]. The Bioeth-
ics Committee of the State Institution “V.P. Filatov In-
stitute of Eye Diseases and Tissue Therapy” (Protocol
No. 4,2024) approved it. All participants provided writ-
ten informed consent. The data were anonymised in
line with confidentiality requirements. All procedures
remained within standard ophthalmological practice.
Participants and groups. The study researched
the sample of 186 eyes with NVG: 96 with NVG related
to proliferative diabetic retinopathy (NVG/PDR) and 90
with NVG following retinal vein occlusion (NVG/RVO).
The control group consisted of 34 eyes from age-
matched individuals without rubeosis iridis or glauco-
ma. The inclusion criteria were a confirmed diagnosis
of NVG associated with PDR or RVO, the presence of
rubeosis iridis, and uncontrolled intraocular pressure
(IOP) 230 mmHg. The exclusion criteria were second-
ary NVG of another origin, severe systemic disease that
could affect immune parameters, and the absence of
clinical signs of anterior segment neovascularisation.
Clinical examination. All participants underwent
a standard ophthalmological examination, including
visual acuity testing, biomicroscopy, ophthalmoscopy
and gonioscopy. IOP was measured by Goldmann ap-
planation tonometry. The degree of iris neovascular-
isation was assessed using the classic Weiss grading
scale (1971), which presupposes four stages. Stage |
refers to scattered neovascular vessels located near
the pupillary margin. Stage Il describes neovascular
proliferation extending to the mid-periphery of the iris.
Stage IlI is characterised by a vascular network associ-
ated with anterior synechiae and incomplete angle clo-
sure. Stage 1V indicates a dense neovascular network
with anterior synechiae and complete closure of the
iridocorneal angle [14]. No patients with Weiss stage IV
were present in the study cohort. Weiss =1l was used as
a quantitative measure of clinically significant rubeosis.

Biomarker assessment. Expression of CD95
(Fas) and ICAM-1 (CD54) on lymphocytes was deter-
mined in peripheral venous blood samples by indirect
immunofluorescence using monoclonal antibodies
against the corresponding antigens. The R.E. Kavetsky
Institute of Experimental Pathology, Oncology, and
Radiobiology of the National Academy of Sciences of
Ukraine, Kyiv, Ukraine produces the antibodies. Flu-
orescein isothiocyanate (FITC) from the same man-
ufacturer was used to visualise the immunological
reaction. A lymphocyte suspension was obtained by
centrifuging peripheral blood on a Ficoll density gra-
dient (1.076 g/cm?; Simesta, Ukraine), followed by
two rounds of cell washing. After smear preparation
and fixation, the samples were incubated with specific
monoclonal antibodies, washed, and then incubated
with FITC for 3 hours. After the final wash, the slides
were examined using an iSCOPE fluorescence micro-
scope (Euromex, the Netherlands). During the analy-
sis, the proportion of positively stained cells among
100 lymphocytes was defined. To standardise the
results, the obtained values were recalculated as the
absolute number of CD95* and CD54" cells per 1 pL
of peripheral blood, taking into account the absolute
lymphocyte count in the complete blood count. All
analyses were performed in the same laboratory ac-
cording to a unified protocol, using the same reagents
and analytical conditions [15].

Endpoints. The primary endpoint was the severity
of rubeosisiridis and neovascularisation of the iridocor-
neal angle according to the Weiss grading scale, consid-
ered as an ordinal clinical characteristic of neovascular
process activity. The secondary endpoint was the pres-
ence of clinically significant rubeosis (Weiss 2 1I). It was
employed for ROC analysis and stratification of neovas-
cular process activity. Clinical characteristics and bio-
marker levels in patients with neovascular glaucoma
and in the control group are presented in Table 1.

Table 1. Clinical characteristics and biomarker levels in patients
with neovascular glaucoma and in the control group

NVG/PDR NVG/RVO Control
Parameters (n=96) (n=90) (n=34)
Me (Q1-Q3), n (%)
Male/female 42 (44%) / 54 (56%) 40 (44%) / 50 (56%) 13 (38%) / 21 (62%)
Age, years 66 (62-68.5) * % 63 (61-66) 63.5 (60-66)
Intraocular pressure, mmHg 36 (33-40) * 34 (33-40) * 15 (14-17)

Rubeosis of the iris (Weiss)

O Idegree 50 (52%) 52 (58%) -

O 11 degree 28 (29%) 29 (32%) -

O 111 degree 18 (19%) 9 (10%) -
CD95 (Fas), cells/uL 653 (610-832) * 612 (553-691) * 263.5 (220-283)
ICAM-1 (CD54), cells/pL 373 (345-566) * 368 (339-542) * 190.5 (186-197)
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Table 1. Continued

NVG/PDR NVG/RVO Control
Parameters (n=96) (n=90) (n=34)
Me (Q1-Q3), n (%)
Duration of diabetes/ Duration i " 1oy * _
of retinal vein occlusion, months 132 (84-168) * + 15 (12-18)
Cardiovascular diseases 56 (58%) * 53 (59%) * 15 (44%)

Note: data are presented as median (interquartile range) or number (%). * — p <0.05 between control and PDR/RVO group; + —p<0.05
between NVG/PDR and NVG/RVO group at the corresponding Weiss stage. NVG — neovascular glaucoma; PDR — proliferative diabetic
retinopathy; RVO - retinal vein occlusion; ICAM-1 — intercellular adhesion molecule-1. CD95 and ICAM-1 levels are presented as the

absolute number of positive lymphocytes per microlitre of peripheral blood

Source: developed by the authors

Statistical processing was Statistical analysis was
performed using JASP software, version 0.19.2, and Py-
thon. Normal distribution of the biomarkers was reject-
ed by the Shapiro-Wilk test (CD95: p<0.001; ICAM-1:
p < 0.001). This justified the use of non-parametric
methods: the Mann-Whitney test for between-group
comparisons, the Kruskal-Wallis test for multiple-group
comparisons, and Spearman’s coefficient (r,) for corre-
lations. Quantitative variables were presented as the
median and interquartile range (Q1-Q3). To ensure
statistical independence of observations, only one eye
from each patient was included in the analysis. In cases
of bilateral involvement, the eye with more pronounced
manifestations of rubeosis iridis and neovascularisa-
tion of the iridocorneal angle according to the Weiss
grading scale was selected.

Multivariable regression analysis was performed
to identify independent predictors of rubeosis sever-
ity, with adjustment for NVG aetiology (PDR/RVO) and
IOP. The diagnostic ability of CD95 and ICAM-1 for
clinically significant rubeosis (Weiss = II) was assessed
using ROC analysis, with calculation of the area under
the curve (AUC), the optimal cut-off value according to
the Youden index, sensitivity, and specificity. Quartile
analysis was performed to define dose-dependent ef-
fects, with the frequency of Weiss 211 calculated in each
quartile. Values of p<0.05 were considered statistical-
ly significant.

RESULTS AND DISCUSSION

CD95 and ICAM-1 levels in patients with NVG. Given the
presumed role of apoptosis-associated and endothelial-in-
flammatory mechanisms in the development of the neo-
vascular process, systemic levels of CD95 (Fas) and ICAM-1
(CD54) were assessed. Patients with NVG had significantly
higher CD95 and ICAM-1 levels compared with controls
(p<0.001). The highest CD95 levels were observed in the
NVG/PDR group. This may be an indication of a more pro-
nounced activation of apoptosis-associated mechanisms in
diabetic ischaemic injury. ICAM-1 levels were also higher
in the NVG groups compared with controls, reflecting acti-
vation of systemic endothelial inflammation.

Association between biomarkers and the severity
of rubeosis. In the overall NVG cohort, significant positive
correlations were found between the severity of rubeosis
according to Weiss and biomarker levels: r;=0.46 for CD95
and r,=0.45 for ICAM-1 (both p<0.001). Significant associ-
ations with IOP were also identified: r,=0.58 for CD95 and
r,=0.61 for [CAM-1 (p<0.001).

Multivariable analysis. In the multivariable ordinal
logistic regression model, increased CD95 and ICAM-1
levels were independently associated with more severe
rubeosis iridis. The strongest association was observed for
ICAM-1 (OR=2.48; 95% CI 1.56-3.95; p<0.001) (Table 2).
This finding supports the pivotal role of endothelial activa-
tion and vascular inflammation in the development of ne-
ovascular remodelling of the anterior segment of the eye.

Table 2. Multivariate ordinal logistic regression analysis of the association between CD95, ICAM-1
and clinically significant rubeosis (Weiss > 1I) in secondary NVG

Indicator B SE OR (95% CI) Wald x* p
CD95 0.84 0.31 2.31(1.27-4.18) 7.41 0.006
ICAM-1 (CD54) 0.91 0.24 2.48 (1.56-3.95) 14.36 <0.001
10P 0.07 0.03 1.07 (1.01-1.14) 5.12 0.024
NVG/PDR (vs. NVG/RVO) 0.42 0.28 1.52 (0.88-2.64) 2.21 0.137
Cardiovascular pathology 0.29 0.25 1.34 (0.82-2.20) 1.37 0.241

Note: dependent variable: degree of rubeosis according to Weiss; OR — odds ratio; CI — confidence interval; NVG — neovascular
glaucoma; IOP — intraocular pressure; PDR — proliferative diabetic retinopathy; RVO — retinal vein occlusion

Source: developed by the authors

Elevated CD95 was also associated with a higher
likelihood of more severe rubeosis (OR=2.31; 95% CI

1.27-4.18; p=0.006). This reflects the involvement of

apoptosis-associated signalling in the progression of
ischaemic-reparative processes. After adjustment for
IOP, NVG aetiology and concomitant cardiovascular
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disease, the aetiological factor (PDR/RVO) lost statis-
tical significance. This may suggest that systemic bio-
logical activity of the process plays a greater role than
the nosological background of the disease.

Stratification of clinically significant rubeosis.
ROC demonstrated comparable discriminative ability
of CD95 (Fas) and ICAM-1 (CD54) for detecting clini-
cally significant rubeosis (Weiss = II) in patients with
secondary neovascular glaucoma (Fig. 1).

Figure 1 shows that the areas under the ROC curves
were 0.729 for CD95 and 0.730 for ICAM-1. These val-
ues correspond to moderate prognostic accuracy for
both markers. Similar AUC values indicate a compara-
ble contribution of apoptosis-associated and endothe-
lial-inflammatory mechanisms to the progression of
neovascular changes in the anterior segment of the eye.
A non-parametric Kruskal-Wallis rank analysis was ad-
ditionally performed to assess the association between
biomarker levels and rubeosis grades according to

Systemic biomarkers of apoptosis and endothelial activation in the pathogenesis
of rubeosis iridis and iridocorneal angle neovascularisation in secondary neovascular glaucoma

Weiss in the NVG cohort (n=186). For CD95, highly sig-
nificant between-group differences were found across
rubeosis grades (H(2) =43.149; p<0.001). Mean ranks
increased consistently from Weiss [ (n = 102; mean
rank 74.26) to Weiss I (n=57; 101.57) and Weiss III
(n=27; 149.13). This pattern reflects a monotonic in-
crease in CD95 levels with greater severity of neovas-
cular changes. A similar gradient pattern was observed
for ICAM-1 (CD54): H(2)=42.30; p<0.001. Mean ranks
were 74.20 for Weiss [ (n=102), 102.23 for Weiss 1l
(n=57) and 147.98 for Weiss III (n=27). These results
confirm the dose-dependent nature of the association
between CD95, ICAM-1 and the degree of rubeosis. The
findings are also consistent with the regression analy-
sis and further emphasise the pathogenetic significance
of both markers in the formation of active anterior seg-
ment neovascularisation. Biomarker levels progres-
sively increased with greater severity of rubeosis iridis
(p-trend <0.001).

1,0

0,8

/ﬁj

(5]
0,6 ;|/
(]
>
: P
2 0, j
< 02 -
E%
—CD 95 (AUC=0.729; 95% CI 0.62-0.83, p=0.002)
0,0[ — ICAM-1(CD 54) (AUC=0.730 ; 95% CI 0.63-0.84, p=0.001)
0,0 0,2 0,6 0,8 1,0

False Positiv e Rate

Figure 1. ROC curves for differentiating clinically significant rubeosis (Weiss > IT)
Note: receiver operating characteristic (ROC) curves showing the diagnostic performance of CD95 (Fas) and ICAM-1 (CD54) for
detecting clinically significant rubeosis iridis (Weiss > II) in patients with neovascular glaucoma. The diagonal dashed line indicates

the random classification level
Source: developed by the authors

For stratification of clinically significant rube-
osis (Weiss = II), ROC analysis was performed with
calculation of optimal cut-off values according to the
Youden index. For CD95, the optimal cut-off value
was 687 cells/uL. This corresponded to a sensitivity
of 63.1% and a specificity of 83.3%, with an AUC of

0.729. For ICAM-1 (CD54), the optimal cut-off val-
ue was 542 cells/uL, with a sensitivity of 59.5% and
a specificity of 85.3% at an AUC of 0.730. These val-
ues confirm the clinical applicability of both markers
for quantitative identification of clinically significant
rubeosis (Table 3).

Table 1. Optimal threshold values (Youden index) and diagnostic efficiency of CD95 and ICAM-1

. Optimal threshold e P
0, V) 0,
Biomarker AUC (95% CI) (Youden) Sensitivity, % Specificity, %
CD95 (Fas) 0.729 (0.62-0.83) 687.0 63.1 83.3
ICAM-1 (CD54) 0.730 (0.63-0.84) 542.0 59.5 85.3

Note: the values are obtained from the results of ROC analysis for the differentiation of clinically significant rubeosis of the iris (Weiss > II).

The optimal threshold values were determined by the Youden index (J =sensitivity + specificity — 1). AUC — area under the ROC curve
Source: developed by the authors

Quartile analysis showed a dose-dependent in-
crease in the frequency of severe rubeosis iridis with
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in the lowest CD95 quartile to 71.2% in the highest
quartile. A similar trend was observed for ICAM-1, with
an increase from 15.1% to 74.5%, respectively. These
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125% I

Quartlles of CD95 (Fas)

Proportion of patients with clinically
significant rubeosis (Weiss = 1I), %
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findings display a graded increase in neovascular ac-
tivity as systemic apoptosis-endothelial signalling be-
comes more pronounced (Fig. 2).

80,0 %
70,0 %
60,0 %
50,0 %
40,0 %
30,0 %
30,0 %
10,0 %

0,0 %

74,5 %

49,7 %

28,4 %
15,1 %

Q1 Q2

Quartiles of ICAM-1 (CD54)

Proportion of patients with clinically
significant rubeosis (Weiss = 1), %

Figure 2. Frequency of clinically significant Weiss rubeosis > II depending on the quartiles
of CD95 (a) and ICAM-1 (CD54) (b) levels
Note: Q1 is the lowest quartile (25% of patients with the lowest marker values); Q4 is the highest quartile (25% of patients with the
highest marker values). A statistically significant dose-dependent trend was found for both biomarkers (p-trend <0.001)

Source: developed by the authors

Quartile analysis demonstrated a clear dose-de-
pendent relationship between CD95 (Fas), ICAM-1
(CD54) levels and the frequency of clinically significant
rubeosis (Weiss = II) (Fig. 2). As the values increased
from the lowest quartile (Q1) to the highest quartile
(Q4), the frequency of pronounced neovascular chang-
es in the anterior segment of the eye rose steadily for
both biomarkers. The highest rates of rubeosis were re-
corded in patients whose CD95 and ICAM-1 levels cor-
responded to the fourth quartile. In contrast, clinically
significant rubeosis was least frequent in the groups
with the lowest marker concentrations. The statistical-
ly significant trend (p-trend <0.001) validates a graded
association between increasing systemic apoptosis-en-
dothelial activation and progression of the neovascu-
lar process. These findings suggest that elevated CD95
and ICAM-1 levels are correlated with higher biological
activity of rubeosis iridis and iridocorneal angle neo-
vascularisation. The above findings may also reflect
increasing pathological neovascular remodelling in
secondary NVG.

The results prove a major role of systemic apop-
tosis-endothelial activation in the development and
progression of rubeosis iridis and iridocorneal angle
neovascularisation in secondary neovascular glauco-
ma. NVG is known to result from a complex interaction
between retinal ischaemia, pathological angiogenesis,
inflammation and remodelling of anterior segment tis-
sues [1, 2]. Chronic retinal hypoxia stimulates the pro-
duction of VEGF and other pro-angiogenic mediators.
These mediators support the development of rubeosis
iridis and neovascularisation of the anterior chamber
angle [3, 5]. Current views on NVG pathogenesis, howev-
er, extend beyond VEGF-dependent mechanisms alone.

The above views also involve endothelial dysfunction,
systemic inflammation and immune activation [4].

In the present study, systemic markers of endotheli-
al activation (ICAM-1/CD54) and apoptosis (CD95/Fas)
were significantly elevated in patients with secondary
NVG. In addition to it, these markers were also inde-
pendently related to the severity of rubeosis. After ad-
justment for intraocular pressure and disease aetiology,
both indicators retained a statistically significant asso-
ciation with the severity of neovascular changes. These
findings presume that defining the biological activity of
the process comprises local haemodynamic changes or
the level of ophthalmic tone. Systemic mechanisms of
vascular and cellular remodelling also appear to play a
pivotal role.

The findings are consistent with the modern con-
cept of NVG as a multifactorial vascular-inflammatory
disease. In this model, anterior segment neovascular-
isation reflects an integrated ischaemic-inflamma-
tory cascade [2, 3]. S. Ger¢ceker Demircan & A. Sanal
Dogan [1] emphasised that the clinical course of NVG is
determined by the degree of retinal ischaemia. Further-
more, it is shaped by the intensity of the inflammatory
response, vascular remodelling and endothelial dys-
function. Similarly, M. Lendzioszek et al. [4] considered
endothelial dysfunction one of the key mechanisms
supporting the ischaemic-neovascular process in reti-
nal vascular diseases.

ICAM-1 (CD54) deserves particular attention as a
marker of endothelial activation and intercellular adhe-
sion. D.R. Yang et al. [6] showed that in diabetic microa-
ngiopathy, endothelial dysfunction is accompanied by in-
creased ICAM-1 expression, microvascular inflammation
and impaired vascular homeostasis. S.F. Abcouwer [7]
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also highlighted the important role of adhesion molecules
in maintaining ischaemic inflammation and pathological
angiogenesis. The present results support these observa-
tions, since the independent association between ICAM-1
and the severity of rubeosis persisted even after intraoc-
ular pressure had been taken into account. Additional
support comes from the data of K. Siddiqui et al. [16] and
the meta-analysis by Y. Yao et al. [17], which underscored
systemic elevation of ICAM-1 levels in diabetic retinop-
athy and other ischaemic retinal diseases. The present
findings are also consistent with previous data from the
authors, who showed an association between elevated
ICAM-1 levels, a more severe clinical course of diabetic
neovascular glaucoma and a less favourable response to
treatment [10]. In summary, these observations suggest
that endothelial activation is not only a marker of ischae-
mic injury. It may also be a potential component of neo-
vascular process progression.

The results also align well with data on the local
cytokine microenvironment in NVG. S. Ohira et al. [18]
demonstrated a marked increase in IL-6, IL-8, CCL2,
TNF-a and VEGF levels in the aqueous humour of eyes
with NVG. This increase partially persisted even after
anti-VEGF therapy. T. Kokubun et al. [19] identified
characteristic profiles of pro-inflammatory cytokines
in patients with different forms of glaucoma, includ-
ing NVG. These data highlight that impaired aqueous
humour outflow in NVG should not be regarded only
as a mechanical consequence of neovascularisation. It
can also reflect persistent inflammatory-endothelial re-
modelling of anterior segment tissues.

Alongside endothelial activation, apoptosis-associ-
ated mechanisms play an important role in the forma-
tion of the neovascular phenotype. K. Seyrek et al. [20]
and L. Hu et al. [8] showed that the CD95/Fas system
is a multifunctional signalling platform. It regulates
programmed cell death, inflammation, cell survival and
tissue remodelling. Under conditions of chronic tissue
injury, CD95 activation may involve non-apoptotic sig-
nalling pathways, including NF-xB, MAPK and PI3K/
Akt. These pathways support a pro-inflammatory mi-
croenvironment and pathological remodelling. The ele-
vated systemic CD95 levels found in patients with more
severe rubeosis are consistent with these concepts. The
involvement of Fas-mediated signalling in maintaining
the neovascular process can be substantiated.

M. Lendzioszek et al. [4] noted that ischaemic reti-
nal diseases are accompanied by a complex interaction
between hypoxia, inflammation, endothelial dysfunction
and vascular remodelling. The authors emphasised that
progression of retinal ischaemia is related to activa-
tion of pro-inflammatory and pro-angiogenic signalling
pathways. Such pathways may maintain the neovascu-
lar process even after the primary vascular injury has
been eliminated. The present findings coincide with
these views and submit a possible contribution of sys-
temic mechanisms to the maintenance of pathological
angiogenesis in secondary NVG. The role of systemic
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inflammation is supported by the findings of E.W. B6hm et
al. [21]. The authors established an association between
elevated systemic inflammatory indicators and the se-
verity of clinical manifestations of retinal vein occlusion,
as well as the impact on functional disease outcomes.
Higher ICAM-1 and CD95 levels in NVG linked to prolifer-
ative diabetic retinopathy, compared with post-occlusive
NVG, may reflect the chronic systemic nature of diabetic
microangiopathy. Prolonged endothelial activation and
inflammation accompany this process [6, 10]. Similar
conclusions were reported by M. Kozman et al. [22],
who showed that the risk of NVG in proliferative diabet-
ic retinopathy is determined by local retinal ischaemia.
Meanwhile, systemic metabolic factors, including poor
glycaemic control and concomitant manifestations of
diabetic microangiopathy, also become prerequisites
for this risk. In retinal vein occlusion, by contrast, acute
ischaemic and VEGF-mediated mechanisms appear to
dominate to a greater extent [5].

The dose-dependent association of CD95 and ICAM-1
with the severity of rubeosis confirms the systemic na-
ture of the pathological processes underlying neovascular
remodelling of the anterior segment of the eye in second-
ary NVG. Given this, the findings support the inclusion of
apoptosis and endothelial activation markers in the com-
prehensive assessment of patients. The use of the results
may improve the objectivity of disease course prediction
and help justify personalised treatment strategies.

CONCLUSIONS

1. Patients with secondary NVG had significantly ele-
vated systemic levels of CD95 (Fas) and ICAM-1 (CD54)
compared with the control group (p < 0.001). This
makes activation of apoptosis-associated and endothe-
lial-inflammatory mechanisms in neovascular remod-
elling of the anterior segment of the eye evident. The
study also found a significant positive association be-
tween both biomarker levels and the severity of rube-
osis iridis and iridocorneal angle neovascularisation
according to Weiss. Significant associations with in-
traocular pressure were also observed, confirming the
relationship with neovascular process activity.

2. In the multivariable ordinal logistic regres-
sion analysis, CD95 and ICAM-1 remained independ-
ent predictors of more severe rubeosis after adjust-
ment for disease aetiology and intraocular pressure
(CD95: OR=2.31; 95% CI 1.27-4.18; p=0.006; I[CAM-1:
OR=2.48; 95% CI 1.56-3.95; p<0.001). This specifies
an independent contribution of apoptosis-endothelial
mechanisms to the progression of neovascular changes.
ROC analysis demonstrated moderate discriminative
ability of both markers for detecting clinically signifi-
cant rubeosis (AUC = 0.729 for CD95 and AUC=0.730
for ICAM-1). The cut-off values of 687 cells/uL and
542 cells/uL, respectively, may be used for risk stratifi-
cation of a more severe disease course.

3. Quartile analysis revealed a statistically signifi-
cant dose-dependent association between increasing



CD95 and ICAM-1 levels and the frequency of clinical-
ly significant rubeosis (p-trend < 0.001). This further
supports the role of systemic apoptosis-endothelial
activation in the pathogenesis of secondary NVG. The
findings suggest that CD95 and ICAM-1 may serve as
additional biomarkers for assessing the biological ac-
tivity of rubeosis, objectifying the risk of disease pro-
gression and improving personalised approaches to
patient management.

4. A promising direction for later research is to
study the prognostic value of these biomarkers during
long-term follow-up and to integrate aforementioned
biomarkers into multivariable models for predicting
the course and treatment outcomes of secondary NVG.
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CucremHi DioMapkepu anonTo3y Ta eHJ0Te/Tia/TbHOI aKTHBaIil
y maroreHe3i py0eo3y pai/Jy’kKKd Ta ipuI0KOpHea/IbHOT0 KyTa NPH BTOPHUHHIN
HeOBaCKY/IAPHIH IJ1ayKoMmi

AHoTargist

Merta. OuinuTy cucteMHi piBHi CD95 (Fas) Ta ICAM-1 (CD54) y nmanieHTiB i3 BTOPUHHOIO HEOBACKYJISPHOIO
riaykomoro (HBIY), BusHauuTH ix 3B’s130K i3 TKKiCTIO py6eo3y paliyKKM Ta ipHJJOKOPHeaJbHOIro KyTa, a
TaKOXX OLiHUTH POJIb allONTO3-eHA0Te iaIbHUX [TOPYIIeHb Yy HEOBACKY/IIPHOMY pPeMo/Ie/II0BaHHI nepeHbOoro
cerMeHTa oKa.

Marepiann Ta mMeToau. B ofHOLIEHTpOBe MepexXpecHe AOCJI[PKeHHsI BKJIHO4YeHO 186 oded i3 BTOPHUHHOIO
HBT (96 - Ha Tii nposidepaTuBHOi fiabeTuuHoi peTrHonaTii Ta 90 - micis okuozii BeH ciTkiBkH) i 34 oka
KOHTpOJIbHOI rpymnu. TsKKicTb py6eo3y oLiHoBaiU 3a mKauok Weiss. PiBai CD95 Ta ICAM-1 y nepudepuyHin
KpOBI BU3Ha4a/1d IMyHOUUTOXIMIYHUM METOLOM.

Pe3ynbraru pociaimkenHs. Y nanienTis i3 HBI' piBai CD95 Tta ICAM-1 6y/u A0CTOBIpHO BUIMMHU MOPiBHSHO
3 KoHTpoJsieM (p < 0,001). O6uBa MapKepu MO3UTHBHO KOpEJIIOBAIU 3 TSKKICTIO py6eo3y 3a Weiss (CD9I5:
rs=0,46; ICAM-1:rs=0,45; p<0,001) Ta piBHEM BHYTpPilIHBOOYHOI'0 TUCKY. Y 6araTodakTopHiit ordinal logistic
regression Mmozesii CD95 ta ICAM-1 3anuianucs He3aeXKHO acOliHOBaHUMHU 3 GiJ/bII TSXKKHUM Py6e030M Mics
KopekIiil Ha eTiosorito Ta BHyTpimHboOYHUM TucK (CD95: OR =2,31; 95 % CI 1,27-4,18; p=0,006; ICAM-1:
OR=2,48; 95 % CI 1,56-3,95; p<0,001). ROC-aHasi3 nokasaB NOMipHY AUCKpPUMiHALiIMHY 3/jaTHICTh MapKepiB
I10/10 BUSIBJIEHHS KJIiHiYHO 3Hauyoro py6eo3y (Weiss=11): AUC=0,729 assa CD95 ta AUC=0,730 g ICAM-1.
[Toporosi 3HaUeHHs CTAaHOBUJIM 687 KJ1/MKJI Ta 542 KJI/MKJI BiJjlTOBiIHO.

BucnoBok. CD95 (Fas) ta ICAM-1 (CD54) acouiroioTbcs 3 TSKKiCTIO py6eo3y npu BTopuHHINA HBT i MoxyTb
posrisaTrca K CUCTeMHI GioMapkepd HEOBACKY/ISIpDHOIO peMoJieJIIoBaHHSI Ta cTpaTudikauii pusuky
IporpecyBaHHs 3aXBOPIOBaHHS.

KmouoBi coBa: CD95 (Fas); ICAM-1 (CD54); aHrioreHes; HEOBAaCKyJIsIpHE PEeMO/e/II0BaHHS; eHJ0TeliaTbHa
AucyHKIis; anonTo3; cTpaTudikaris pusuxky
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