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Expression of intercellular adhesion molecule- I

(ICAM-l) and vascular cell adhesion molecule-I
(VCAM-1) on proliferating vascular endothelial cells
in diabetic epiretinal membranes

Shibo Tang, Kim Chi Le-Ruppert, Veit-Peter Gabel

Abstract
The present study demonstrated the expres-
sion of intercellular adhesion molecule-i
(ICAM-1) and vascular cell adhesion mole-
cule-I (VCAM-1), the proliferating status of
the neovascular endothelial cells, and the
activation of vascular endothelial cells bearing
the two cell adhesion molecules in diabetic
epiretinal membranes by using double
immunofluorescence and APAAP techniques.
The results showed that ICAM-1 was detected
in 36 out of 40 (90%) proliferative diabetic
retinopathy epiretinal membranes, VCAM-1
was found in 32 out of40 cases (80%); in 21 out
of 26 (81%) vascularised membranes the endo-
thelial cells of the new vessels in the mem-
branes were still in a proliferative stage
(positive for proliferating endothelial cell
marker EN 7/44) and, further, in 20 out of 26
cases (77%) ICAM-1 was detected on the
proliferating endothelial cells and VCAM-1
was found in 21 cases (81%). The expression of
cell adhesion molecules, especially ICAM-1
and VCAM-1 in diabetic epiretinal membranes
suggests that cell to cell interactions may play a
significant role in the development of PDR
membranes. In particular, the expression of
ICAM-1 and VCAM-1 on proliferating endo-
thelial cells indicates the activation of these
cells, which is the first critical step for
lymphocyte/endothelial cell interactions and
the initiation ofimmune responses. The signifi-
cance of proliferating status of the neo-
vascularisation in the membranes may be
related to the clinical course and prognosis of
the disease.
(BrJ Ophthalmol 1994; 78: 370-376)
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Diabetic epiretinal membranes are the main
pathological changes of proliferative diabetic
retinopathy (PDR) which may cause severe com-
plications resulting in blindness. The mechanism
of the development of diabetic epiretinal mem-
branes is still unknown. Studies of histo-
pathology and immunohistochemistry
demonstrated that these membranes consist of
different types of cells such as fibroblasts, glial
cells, retinal pigment epithelial cells, and macro-
phages, and different types of extracellular
matrixes."l On the other hand, some other

studies demonstrated the presence of immune
cells, immunoglobulins, and complement pro-
teins in the epiretinal membranes implicating the
involvement of the immune system.7`9 The par-
ticipating cells seem to grow in concert, mutually
influencing tissue proliferation. 0 In multicellular
tissues such as epiretinal membranes cell-cell
interactions may be a major factor in the control
of cell migration, cell recognition and adhesion,
cell differentiation, and proliferation. Inter-
cellular adhesion molecule-i (ICAM-1) and vas-
cular cell adhesion molecule-I (VCAM-1) are
two ofthe cell adhesion molecules (CAMs) which
are considered to be important for the initiation
of some adhesion dependent immune res-
ponses." 2 ICAM-1 and VCAM-1 have been
known to participate in the process of lympho-
cyte adherence to the vascular endothelial cells,
which is important for the entry of lymphocytes
into the sites of immune responses or inflamma-
tion.314

Histopathological studies have also shown that
the new vessels are one of the components of the
epiretinal membranes ofPDR.23 Most ofthe new
vessels, some of which are fenestrated, in epire-
tinal membranes are associated with a thickened,
multilaminated basement membrane.3 1"
Although immunohistochemical studies have
shown the expression of MHC class II antigens
on the vascular endothelial cells and the deposits
of immunoglobulins and complement factors in
the vascular wall,8 the proliferative activity and
the activation of the vascular endothelial cells in
diabetic epiretinal membranes have not yet been
studied in detail. In the present study, we
investigated, using immunohistochemical tech-
niques, the extent of the neovascularisation with
a monoclonal antibody against proliferating
vascular endothelial cells and the expression of
the intercellular adhesion molecule-I (ICAM-1)
and the vascular cell adhesion molecule-I
(VCAM-1) which are two of the markers for
endothelium activation in diabetic epiretinal
membranes.

Materials and methods

COLLECTION AND PROCESSING OF EPIRETINAL
MEMBRANES
In this study, a total of 40 diabetic epiretinal
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membranes were studied. They were surgically
excised from 40 patients with proliferative
diabetic retinopathy during pars plana vitrec-
tomy. All except one case had undergone pan-
retinal argon laser photocoagulation before
vitrectomy. The epiretinal membranes (as much
as possible) were carefully peeled off the retinal
surface, excised with microscissors and taken out
ofthe vitreous cavity by a microforceps. Immedi-
ately after excision, the membrane specimens
were placed in Ringer's solution or balanced salt
solution (BSS) and maintained at 4°C. They were
then embedded in OCT (Tissue-tek) compound
and snap frozen in isopentane (2-methylbutane)
chilled previously with liquid nitrogen. Cryo-
sections (6 [tm) were cut and mounted on 01%
poly-l-lysin precoated slides and air dried at room
temperature for 4 hours. The slides were then
fixed in cold acetone for 10 minutes and
wrapped, stored at -40°C until use.

After their use for the immunohistochemical
study, the rest of the specimens were fixed in
10% formaldehyde solution for 6 to 24 hours.
They were then processed for routine haema-
toxylin and eosin staining for the assessment of
cellularity and cell morphology.

MONOCLONAL ANTIBODIES
A mouse monoclonal anti-human proliferating
endothelial cell antibody EN 7/44 (Dianova,
Germany) was used to evaluate the extent of the
neovascularisation in the membranes. EN 7/44 is
a mouse IgM recognising a 30 kDa glycoprotein
on the surface of the proliferating or inflamed
vascular endothelial cells, but not the normal or
mature endothelial cells.'61" The working
dilution of this antibody was 1:100 in TRIS/
HCI, pH 7-6.
For detecting the activation situation of vascu-

lar endothelial cells and the expression of cell
adhesion molecules in the epiretinal membranes,
two mouse monoclonal antibodies against human
CAMs, anti-ICAM-l and anti-VCAM-1, were
used. Anti-ICAM-1 (clone 84H10, Dianova,
Germany) is a mouse IgGl which recognises
CD54 antigen on a variety of types of cells, such
as on monocytes/macrophages, on activated
lymphocytes, and on activated vascular endo-
thelial cells and fibroblasts.'"20 The working
dilution ofthis antibody was 1:250 in TRIS/HCl,
pH 7 6. Anti-VCAM-1 (clone IGIl, Dianova,
Germany) is also a mouse IgGl that recognises
VCAM-1, a 90 kDa membrane glycoprotein
present on activated vascular endothelial cells.2'
Its working dilution was 1:100 in TRIS/HCl,
pH7-6.
The working dilutions mentioned above of all

antibodies used were respectively optimised by
testing and comparing different dilutions of the
antibody in the stain.

DOUBLE STAINING PROCEDURE
To demonstrate the expression of the two
CAMs, ICAM-1 and VCAM-1, on the proliferat-
ing vascular endothelial cells, a double immuno-
fluorescence procedure was performed. The
frozen sections were first placed in phosphate
buffered saline (PBS) (pH 7-4) buffer bath for 5

minutes, then incubated with the first primary
antibody EN 7/44 in a humid chamber at room
temperature for 45 minutes. Following a wash
with PBS, the second primary antibody, anti-
ICAM-1 or anti-VCAM-1, was added to the
slides and incubated for 45 minutes under the
same conditions as above. The slides were rinsed
gently several times. They were then incubated
with a fluorescein isothiocyanate derivative
(DTAF) conjugated goat anti-mouse IgM anti-
body (1:200, Dianova, Germany) for 30
minutes. After rinsing again, the slides were
incubated with the second chromophore,
cyanine isothiocyanate (Cy3) conjugated goat
anti-mouse IgG antibody (1:200, Dianova,
Germany) for another 30 minutes. The slides
were then washed in PBS for about 5 minutes,
mounted with glycerol gelatine, and observed
under a fluorescence microscope with a wave-
length of 492 nm for DTAF and a wavelength of
553 nm for Cy3. Photographs were taken simul-
taneously.

ALKALINE PHOSPHATASE ANTI-ALKALINE
PHOSPHATASE (APAAP) TECHNIQUE
In parallel with immunofluorescence procedure,
APAAP staining procedure was also performed
in order to ensure and confirm the results
obtained. Briefly, the slides were rehydrated in
0 05 M TRIS/HC1 (pH 7 6) for 2-3 minutes,
then incubated with normal rabbit serum or IgG
for 15 minutes to block and avoid non-specific
staining. After removing the fluid gently (with-
out rinsing), they were incubated with the
primary monoclonal antibodies in a humid
chamber at room temperature for 45 minutes.
The slides were rinsed gently. They were then
incubated with the link antibody (rabbit anti-
mouse IgG, Dako, Germany) under the same
conditions for 30 minutes. After rinsing again,
they were incubated with the APAAP complex
(mouse IgG coupled with alkaline phosphatase,
Dako, Germany) for 30 minutes. In order to
amplify the staining signal, the procedures of
link antibody incubation and APAAP complex
incubation were repeated. Then, 0 1% fast red
substrate (containing naphthol phosphate,
4-chloro-2-methylbenzendiazonium and levami-
sole) was applied to the slides for 20 minutes.
After further rinsing, the sections were counter-
stained with Mayer's haematoxylin. Following a
wash in running tap water for about 5 minutes,
they were mounted with glycerol gelatine and
observed under a light microscope.
As positive controls, fresh human tonsil tissues

from tonsillectomies (offered by the NET Clinic
of the University of Munich, Germany) and
human rejected kidney tissues after kidney trans-
plantation (offered by the Institute of Immun-
ology, University of Munich, Germany) were
tested with the same monoclonal antibodies by
using the same techniques described above.
Normal posterior tissues of human donor eyes
used for keratoplasty and epiretinal membrane
specimens tested without the addition of the
primary antibodies were used as negative
controls.
The stainings for ICAM-1, VCAM-1, and

vascular endothelial cells were simultaneously
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performed with the same procedures. In each
specimen the cellularity, cell morphology, and
the percentage of positively stained cells and
vessels were assessed. To assess the degree of
cellularity, we counted the number of all cells in
three selected views under a microscope (magni-
fication x 600). Then an average cell number was
calculated and divided into four grades: grade
+(<10 cells/view), grade + +(10-30 cells/view),
grade + + +(30-50 cells/view), grade + + + +
(>50 cells/view). For evaluation of the density of
ICAM-1 and VCAM-1 positive cells, all cells,
both positive and negative (also in three selected
views under a microscope, x 600) were counted
and an average positive percentage was cal-
culated.

Results

POSITIVE AND NEGATIVE CONTROLS
The positive controls showed positive immuno-
staining for all monoclonal antibodies used.
ICAM-1 and VCAM-1 were strongly expressed
in tonsil tissues and also modestly expressed in
rejected kidney tissues. The positive stainings
were bright reddish, while the background was
clear (colourless) (Figs 1 A, B). The cell nuclei
were counterstained in blue. Unfortunately,
many of them were lost during processing. The
proliferation marker was detected by EN 7/44 on
the vascular endothelial cells in part ofthe vessels
in both tonsil tissue and rejected kidney tissue in
green (immunofluorescence). ICAM-1 and

Figure I Positive controls.
(A) Positive stainingsfor
ICAM-1 in tonsil tissues
(immunofluorescence, Cy3,
X=553 nm, magnmficatton
x215). (B) Positive
staining for VCAM-1 on
stromal cells (upper) and in
the vessels (lower) of tonsil
tissues with tonsillitis
(APAAP, Fast red,
x345). (C) Positive
staining ofEN 7/44 in the
vessels in human rejected
kidney tissues. (D) Positive
stainingfor ICAM-1 in the
vessels positive forEN 7/44
(C) and also in tissue stroma
ofhuman rejected kidney
tissues (C, D: double
immunofluorescence,
C: DTAF, k=492 nm,
D: Cy3, k=553 nm,
x215). (E, F) Positive
staining ofanti-VCAM-1
(F) in a vessel which was
also positive forEN 7/44
(E) in human rejected
kidney tissues (double
immunofluorescence,
E: DTAF, k=492 nm,
F: Cy3, k=553 nm,
x260).
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Figure 2 Negative
controls. (A) No positive
reactions in normal eye tissue
(retina, RPE cells,
choroidal, and scleral
tissues) (APAAP, Fast red,
x215). (B) Negative
reactions in epiretinal
membrane tissues tested
without the primary
antibodies (upper:
APAAP, Fast red, x 135;
lower: immunofluorescence,
x 135).

4,4~~ ~ ~ ~ ~ ;g

Table I Expression ofICAM-1 and VCAM-1 and the
status ofneovascularisation in diabetic epiretinal membranes

PDR membranes %
(n=40) stained

ICAM-1 positive 36 90
VCAM-1 positive 32 80
NV 26 65
P for EN 7/44 21/26 81
P for EN 7/44+anti-
ICAM-1 20/26 77

P for EN 7/44+anti-
VCAM-1 21/26 81

NV=neovascularisation; P=positive; PDR=proliferative
diabetic retinopathy.

VCAM-1 were also detected on the endothelial
cells which were positive for EN 7/44 (Figs 1 C,
D, and E, F). The positive stainings verified the
activity of the primary antibodies used. No
positive reactions were found in the negative
controls indicating that there was no non-specific
reaction (Figs 2 A, B). The results obtained from
immunofluorescence procedures are well cor-
related with that from the APAAP technique.
The staining intensity with both techniques was
also similar.

Table 2 Percentage of
ICAM-IIVCAM-1 positive
cells in total cells counted
within epiretinal membranes

PDR
Positive membranes
cellslview* (n=31)

<10% 2
10-20% 9
21-30% 15
>30% 5

*Magnification x 600.

EXPRESSION OF ICAM-1 AND VCAM-1 IN PDR
EPIRETINAL MEMBRANES
In PDR epiretinal membranes, 36 out of 40
specimens (90%) were positively stained by
monoclonal anti-ICAM-l antibody, while 32
(80%) cases were positive for monoclonal anti-
VCAM-1 antibody (Table 1). Table 2 shows the
density ofICAM-1 and VCAM-1 positive cells in
the membranes. This evaluation was possible in
31 cases. ICAM-l and VCAM-1 were found to be
expressed traversing the epiretinal membranes
according to the staining on serial sections. The
expression of these two molecules was domi-
nantly cell associated in cell populated areas. In
many cases they were expressed on the surface
(margin) of the membranes. The pattern of
staining was similar for both ICAM-1 and
VCAM-1. The positively stained cells were

mainly small and round (lymphocytes), but
sometimes could also be spindle-shaped cells
(fibroblasts?), and occasionally even pigmented

cells (retinal pigment epithelial cells or phago-
cytic macrophages) (Figs 3 A, B). In some cases,
ICAM-1 and VCAM-1 were distributed diffusely
in the intercellular spaces. The intensity of
ICAM-1 and VCAM-1 expression varied from
case to case and seemed to be correlated with the
severity ofpathological changes (epiretinal mem-
brane formation) of PDR, but not with the age
and sex ofthe patients. Generally, the expression
ofICAM-1 in the membrane tissues was stronger
than that ofVCAM-1. In addition, ICAM-l and
VCAM-1 were also expressed on the endothelial
cells of the vessels in the membranes (see
below). Histologically, the membranes posi-
tive for ICAM-1 and VCAM-1 were relatively
rich in cells and new vessels. Conversely, the
membrane specimens (four cases) negative for
both ICAM-1 and VCAM-l were rather thin, had
less cellular components, and had fewer neo-
vascularisations. The cellularity of the epiretinal
membranes tested and a correlation with
ICAM-1 and VCAM-1 expression are shown in
Table 3.

NEOVASCULARISATION IN PDR EPIRETINAL
MEMBRANES
In the present study, 26 out of 40 epiretinal
membrane specimens (65%) contained new
vessels. The neovascularisation in membranes
was positively stained by EN 7/44 in 21 out of 26
cases (8 1%). In 20 out of26 cases (77%), ICAM-l
was found on proliferating vascular endothelial
cells which were positive for EN 7/44 (Figs 3 C,
D). VCAM-1 was detected on the endothelial
cells in 21 out of 26 cases (81%) which were also

Table 3 Degree ofcellularity of the epiretinal membranes
and a correlation with ICAM-1 and VCAM-1 expressions

PDR
membranes

Cells/view* Grades (n=40) ICAM-1 VCAM-1

<10 + 5 2 3
10-30 + + 17 16 14
31-50 +++ 14 14 11
>50 ++++ 4 4 4

*Magnification x600.
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Figure 3 Expression of
ICAM-1 and VCAM-1.
(A) Expression ofICAM-1
in PDR epiretinal
membranes. (APAAP,
Fast red, x345). (B)
Expression ofVCAM-1 on
stromal cells and at the
levels ofvascular
endothelial cells in PDR
epiretinal membranes
(APAAP, Fast red,
x215). (C, D) Double
immunofluorescence shows
the positive staining on
vascular endothelial cells for
EN 7/44 (C) andfor anti-
ICAM-J (D) in diabetic
epiretinal membranes. (C:
DTAF, X=492 nm, D:
Cy3, k=553 nm, x85). (E,
F) Double
immunofluorescence shows
the positive staining on
vascular endothelial cellsfor
EN 7/44 (E) andfor anti-
VCAM-1 (F) in diabetic
epiretinal membranes. (E:
DTAF, X=492 nm, F:
Cy3, X=553 nm, x575).
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Table 4 Percentage of
anti-ICAM-ilanti-
VCAM-1 positively stained
vessels (sections) in total
number of
neovascularisations within
an epiretinal membrane

PDR
Positive membranes
vessels (n=23)

<10% 2
10-30% 9
31-50% 8
>50% 4

positive for EN 7/44 (Figs 3 E, F) (see Table 1).
This indicates that most of the vascular endo-
thelial cells in the proliferating stage were also in
an activated state. In the positive specimens,
only parts of the vessels were positively stained,
while others were negative. This indicated that
the positively stained new vessels (positive for
EN 7/44) were still in the proliferation stage by
the time of operation, while some others (nega-
tive for EN 7/44) were in a stationary or mature
stage. Table 4 shows the percentage of anti-
ICAM-1 or anti-VCAM-l positively stained
vessels (sections) in the total number of neo-
vascularisations within an epiretinal membrane
ofPDR. In addition, we found that in three cases
the vascular endothelial cells expressed
VCAM-l, but not ICAM-1. In contrast, in two
cases the endothelial cells expressed ICAM-1 but

not VCAM-1. Histologically, the three cases
positive for VCAM- 1 contained more new vessels
than the two cases which were only positive for
ICAM-1. The five cases negative for EN 7/44
showed more fibrous and fewer vascular com-
ponents.

Discussion
The development ofproliferative diabetic retino-
pathy is a very complicated process involving
many factors including different types of growth
factors,22-24 genetic predisposition,25 and also
autoimmune responses.782627 In previous studies
we have demonstrated the involvement of cells of
the immune system such as macrophages, T
helper/inducer, T suppressor/cytotoxic, and B
lymphocytes and some of their cytokines (IL-I
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and IL-2) in diabetic epiretinal membranes.728 In
order to elucidate the communications and inter-
actions among the immune cells and the interac-
tions between immune cells and vascular
endothelial cells in the epiretinal membranes of
PDR, in the present study we have investigated
the expression of intercellular adhesion mole-
cule-i (ICAM-1) and vascular cell adhesion mol-
ecule-i (VCAM-1) in 40 PDR epiretinal
membranes and on the vascular endothelial cells
in these membranes. The results show that
ICAM-1 was expressed in 90% of the specimens
tested and VCAM-1 was found in 80% of the
membranes. Neovascularisation was found in
65% of the membranes in this study. Among
them about 80% were still in the proliferating
stage revealed by the staining with EN 7/44 and
were activated, which was implicated by the
expression of ICAM-1 and VCAM-1 on their
endothelial cells. These findings provide further
evidence for the initiation of immune responses
or inflammatory reactions in diabetic epiretinal
membranes.

Intercellular adhesion molecule-i and vascular
cell adhesion molecule-I are members of the
immunoglobulin supergene family involved in T
lymphocyte-vascular endothelial cell inter-
actions. They serve respectively as endothelial
cell surface ligands for the lymphocyte functional
antigen-I (LFA-1) and very late antigen-4
(VLA-4) integrins present on the surface of
lymphocytes. The interactions among ICAM-1/
LFA-1 and VCAM-1IVLA-4 result in T cell
adhesion to activated vascular endothelium.'32
For initiation of immune responses lymphocyte
migration into tissues is critically important. The
interaction oflymphocytes with endothelial cells
lining blood vessel walls represents the first
critical step in lymphocyte migration into tissues.
ICAM-1 and VCAM-1, as counter receptors for
lymphocyte LFA-1 and VLA-4, provide
dynamic position specific information to guide
lymphocyte localisation at the site of immune
responses. It has also been shown that the
interactions between antigen presenting cells
(macrophages/monocytes, etc) and lymphocytes
need the involvement of ICAM-1 to generate
immune responses and later on the interactions
ofT cell to T cell and also T cell to B cell.' 12 30

In the normal situation, ICAM-1 can be
expressed on both haematopoietic cells such as
macrophages/monocytes, activated T lympho-
cytes, and germinal centre dendritic cells in
tonsils and lymph nodes, and non-haema-
topoietic cells such as vascular endothelial cells,
thymic epithelial cells, and fibroblasts. However,
the basal expression on non-haematopoietic cells
is low.'9 ICAM-1 is very weakly expressed on
resting endothelial cells, but it can be rapidly and
markedly increased by the activation of endo-
thelial cells.'3293' Furthermore, the expression of
ICAM-1 can also be induced and increased by
some types of cytokines such as interleukin 1
(IL-1), interferon gamma (INF-y) and tumour
necrosis factor beta (TNF-B) on different types
of cells - for example, unstimulated cultured
retinal pigment epithelial (RPE) cells,
fibroblasts, and retinal capillary endothelial cells
express low levels or do not express ICAM-1,
whereas after the stimulation with above inflam-

matory cytokines RPE cells and retinal vascular
endothelial cells express high levels of
ICAM- 1. '9 32 33 In the present study, we could find
strong expression of ICAM-1 and VCAM-1 on
these cells, which indicates the stimulation or
activation of these cells, though they were
present in relatively small numbers in the epire-
tinal membranes observed (Table 2). In this stage
they could be as antigen presenting cells playing a
role in the initiation of immune responses.
Abnormal expression of ICAM-I has been
demonstrated in some disease conditions, such as
some immune related diseases of the skin,34 and
renal allograft rejection,35 which show some
similarities of the expression of MHC class II
antigens.
Normally, VCAM-1 is absent on resting endo-

thelial cells but, like ICAM-1, it can also be
induced and upregulated rapidly during activa-
tion ofthe endothelial cells, which can also be the
result of the induction of IL-1, INF-y, TNF-B,
and IL-4. 1'419'21 Abnormal expression of
VCAM-1 has been demonstrated in some inflam-
matory kidney diseases on the proximal tubular
cells.37 The expression of ICAM-I and VCAM-1
in diabetic epiretinal membranes demonstrated
in the present study may also be due to the release
and induction of inflammatory cytokines in the
membranes shown by Tang and coworkers.7 In a
small group of PDR cases Heidenkummer and
Kampik also reported that ICAM-1 was found in
nine out of 10 membranes.3' Frequent apd strong
expression ofICAM-1 and VCAM-1 in epiretinal
membranes ofPDR implies that the primary cell
to cell interactions among these cells, and
between antigen presenting cells and lympho-
cytes, and the subsequent induction of immune
responses could be one of the key factors in the
complicated processes of the development of
PDR.

Neovascularisation is one of the main patho-
logical changes of proliferative diabetic retin-
opathy and may cause severe complications in
patients. From previous reports we know very
little about the significance of the neovascularisa-
tion, especially the vascular endothelial cells, in
the development of PDR membranes. Here for
the first time we demonstrate the extent of
proliferation of the newly formed vessels and the
activation of the vascular endothelial cells by
detecting the expression of cell adhesion mole-
cules (ICAM-1 and VCAM-1) on the endothelial
cells in about 80% of the neovascularised epireti-
nal membranes ofPDR. Interestingly, almost all
of the vascular endothelial cells in the proliferat-
ing stage in the membranes were also in an
activated state, although only a portion of the
vessels were at the proliferating and activated
stage. This provides strong evidence for the
interaction of lymphocytes and endothelial cells,
which has been considered to be the first critical
step for lymphocyte migration into tissue and
initiating an immune response, wherein ICAM-1
and VCAM-1 play the key role in these interac-
tions. 13 29 39 The activation of vascular endothelial
cells facilitates these processes. Besides, accord-
ing to the observation in vitro, activation of
vascular endothelial cells induced by cytokines
(for example, IL-1, TNF, and IFN-y) might lead
to morphologic rearrangements of the cells and
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opening gaps between endothelial cells,'4 which
further causes vascular leak syndrome.4' This
may result in a series of events including the
leakage of growth promoting factors enhancing
tissue growth.
The proliferation state of the neovascular

endothelial cells may reflect the proliferative
activity of the epiretinal membranes ofPDR and
further the severity of the disease. It may also
reflect the clinical course and prognosis of the
disease. Our findings in this study thus give rise
to the questions: when should PDR patients be
operated (the opportunity of vitrectomy) - at an

early stage or later? Is the proliferation state or

activation of the endothelial cells a factor
influencing the recurrent rate of vitreous
haemorrhage and epiretinal membrane prolifera-
tion? Does inhibition of the endothelial cells,
both their proliferation and their activation,
influence the development of epiretinal mem-
branes? The findings, therefore, give us hints
towards pharmacological studies directly or in-
directly on the inhibition of epiretinal mem-
branes. However, all these aspects still need
further investigation.

This work was presented at ARVO annual meeting 2-7 May 1993,
Sarasota, Florida, USA.
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