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Distribution of TNFa and its reactive vascular adhesion molecules in fibrovascular membranes of proliferative diabetic retinopathy

Figure 2  Photomicrographs showing immunohistochemical
staining for ICAM-1 and PECAM within epiretinal
membranes of PDR. (A) Positive staining for ICAM-1 by
retinal vascular endothelium (specimen 80). Magnification
X 180. (B) Widespread distribution of ICAM-1 within cells
and extracellular matrix (specimen 120). Magnification

X 180. (C) Staining of infiltrating cells and vascular
endothelium with anti-PECAM antibodies (specimen 85).
Sections counterstained with Mayer’s haematoxylin.
Magnification X95.

previous vitreous haemorrhage, status of
retinopathy at the time of surgery, or outcome
of the surgery (Tables 1 and 2). Likewise, there
was no selective relation between the distribu-
tion of any one or more of the vascular
adhesion molecules within fibrovascular retinal
membranes and the type of diabetes, duration
of PDR, or any other clinical features (Tables 1
and 2).

Discussion

The present investigation shows that the
cytokine TNFa is widely distributed within
fibrovascular membranes of PDR, and that
multiple staining for both upregulated (ICAM-
1, PECAM) and induced (VCAM-1, E-selectin,
P-selectin) vascular adhesion molecules is found
frequently in PDR membranes.
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TNFa showed various patterns of deposi-
tion within all 12 PDR membranes. This
cytokine was detected not only on infiltrating
cells and on vascular endothelium, but also
within the extracellular matrix of various
specimens. Although abrogation of staining
by absorption of the monoclonal anti-TNFa
antibody with human recombinant TNFa
suggested that the immunoreactivity was most
probably because of the presence of TNFa,
fortuitous cross reactivity of the antibody with
other extracellular or cell associated molecules
could not be entirely excluded. That anti-
TNFa antibody stained the extracellular
matrix of PDR membranes is compatible with
our previous findings that TNFa binds readily
to fibronectin and collagen type IV without
losing its biological activity!®> and that PDR
vitreous rarely contains bioactive TNFa.!4
Evidence implicating TNFa in the patho-
genesis of PDR would be strengthened by
showing TNF-like bioactivity associated with
explanted membranes. On this basis, an

Figure 3 Immunohistochemical staining of epiretinal
membranes of PDR for cytokine inducible vascular cell
adhesion molecules. (A) Staining for VCAM-1 (specimen
80). (B) Staining for E-selectin (specimen 142). (C)
Staining for P-selectin (specimen 118). Sections
co:;;toerstained with Mayer’s haematoxylin. Magnification
X .
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important pathogenetic pathway maintaining
angiogenesis in PDR could well involve
adsorption of bioactive cytokine to fibronectin
and collagen type IV, known constituents of
PDR membranes,® 15 shortly after its local
generation.

Staining of both cells and extracellular
matrix (Table 1; Figs 1-3) of PDR membranes
for TNFa and upregulated endothelial cell
adhesion molecules (ICAM-1, PECAM)
recalls our findings of TNFa and ICAM stain-
ing in epiretinal membranes of proliferative
vitreoretinopathy (PVR)16 17 which, however,
are characteristically avascular. The apparent
similarity would seem to lie in the known
ability of non-endothelial and endothelial cells
to generate ICAM-1 and in the ability of
TNFa to upregulate ICAM-1 expression on a
variety of cell types.!® In PDR the vascular
endothelial cell would be viewed as the prime
target of TNF activity, leading to overproduc-
tion of basement membrane and other extra-
cellular matrix proteins. This could serve as a
scaffold for continued angiogenesis, while
upregulation of ICAM-1 could serve to pro-
mote selective leucocyte endothelial inter-
action. In PVR the greater cellularity of
epiretinal membranes suggests a role of the
TNFo/ICAM-1 axis in promoting pleo-
morphic cell accumulation rather than neovas-
cularisation.

Our finding that endothelial cells of PDR
membranes can express the inducible adhesion
molecules VCAM, E-selectin, and P-selectin
indicates the continued operation of
transendothelial leucocyte migration as a co-
pathogenic factor. An accepted sequence of
events views contact of rolling leucocytes with
intimal endothelium as being initiated by
PECAM, E- and P-selectins (on the endo-
thelium) interacting with leucocyte adhesion
molecules.®!! Stronger adhesion is then
generated by endothelial ICAM-1 and VCAM
interacting with the leucocyte integrins 2 and
a4.19 Our evidence that expression of both
TNFa and of vascular cell adhesion molecules
occurs within individual PDR membranes
suggests that local production of TNFa may
indeed trigger and maintain this sequence of
events.

By immunohistochemistry and conventional
light microscopy it was not possible to identify
the nature of the TNF reactive cells, or to infer
that these cells were the main source of
this cytokine within PDR membranes.
Examination of sections by combining in situ
hybridisation for cytokine mRNA with
immunocytochemical identification of cell
phenotype or cytokine protein is thereby
merited. Likewise, we could not determine
whether TNFa co-localised with one or more
adhesion molecules within vascular endo-
thelium or extracellular matrix of PDR mem-
branes. This would be more appropriately
investigated by multiple staining of individual
membranes and confocal microscopy.

The question naturally arises of whether
patients with diabetic retinopathy might be
high producers of TNFo; and formal experi-
ment is awaited. Supranormal production of
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TNFa from peripheral blood cells in vitro has
been shown in type I diabetes without
reference to PDR2? as well as by patients with
idiopathic retinal vasculitis in relapse.2! TNF
production is governed by promoter alleles
such that individuals with the allele TNF2 are
constitutively higher producers than those with
the allele TNF1,22 both being represented in
the MHC class III region.?? In this context, it
is important that there is a higher representa-
tion of the TNF2 allele in patients with insulin
dependent diabetes mellitus than in the normal
population.??> In our study there was no
obvious difference between type I and type II
diabetes mellitus in the expression of TNFa
and its reactive adhesion molecules on PDR
membranes, whether of the upregulated or
inducible class. Studies involving a larger
number of specimens may give a more clear
indication of any differences between the two

groups.

In conclusion, we suggest that local deposi-
tion of TNFa and of its reactive vascular adhe-
sion molecules may be an important step in the
pathogenesis of proliferative diabetic retino-
pathy. Clarification of local and systemic
mechanisms governing the production and
biological activity of TNFa in these patients
may lead to a greater understanding of the con-
dition.
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