Eye (1988) 2, 529-532

The Effect of Retinoids on the Migration of Tenon’s

Capsule Fibroblasts

J. P. JOSEPH!, I. GRIERSON! AND R.A. HITCHINGS?

London

Summary

The effect of the retinoids, retinol and all-trans acid, was assessed in vitro on the migration of
rabbit Tenon’s capsule fibroblasts, with a view to using these drugs as inhibitors of fibrosis in
relation to trabeculectomies. No inhibition of fibroblast migration was demonstrated, and in
fact retinol significantly enhanced both the random and directed migration of these cells
(p<0.001 and p<0.01, respectively). This study emphasises the importance of using approp-
riate cells when investigating the effects of drugs on wound healing.

Fibrosis at the operation site is the most com-
mon cause of the failure of trabeculec-
tomies.!>3 The migration of fibroblasts from
the surrounding connective tissues to the
wound site has been demonstrated to contri-
bute towards the scarring process.*?
Retinoids have been shown to inhibit the
migration of embryonic human skin fibrob-
lasts.® There is also evidence that they inhibit
collagen production and proliferation of
embryonic and adult human skin fibroblasts
and of chick tendon fibroblasts.® Retinoic
acid has, in addition, been demonstrated to
have potent effects in reversing squamous
metaplasia in keratinising conditions of the
conjunctiva.”® This group of drugs seemed
likely to have properties that would inhibit
wound healing in relation to trabeculec-
tomies. We have therefore investigated the
effects of the retinoids, retinol (vitamin A)
and retinoic acid, as inhibitors of Tenon’s
capsule fibroblast migration.

Material and Methods.
Fibroblasts. The technique of growing these

cells has previously been described.” Rabbit
Tenon’s capsule fibroblasts were grown in
F10 medium with 10% new born calf serum,
100 units/ml of penicillin, 100ug/ml of strep-
tomycin, and 0.25 units/ml of amphotericin B
(Gibco, Paisley, Scotland). The cultures
were maintained at 37°C in an atmosphere of
5% CO,/95% air and were fed twice weekly.
The cells were passaged at split ratios varying
from 1 - 4 to 1 - 10 and were used between
passages 2 to 5 in the experiments.
Fibronectin. Bovine fibronectin (Sigma,
Poole, Dorset) was diluted with distilled
water and stored at -20°C. We have previ-
ously demonstrated that 20ug/ml of fibronec-
tin is the optimal chemoattractant dose for
rabbit Tenon’s fibroblasts.® This dose of fib-
ronectin was therefore used as a chemoat-
tractant in all the experiments. In addition,
serum free F10 medium was run as a negative
control.

Chemotaxis. Chemotaxis was undertaken in
48-well micro-chemotaxis chambers (Neuro
Probe, Cabin John, Maryland) using a
technique described in detail elsewhere®, and
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based on the original Boyden chamber.!? The
cells are placed in the upper wells of the
apparatus and are separated from the
chemoattractant, which is placed in the lower
wells, by a porous membrane. The upper
wells of the apparatus have a volume of 50ul;
the lower wells 25ul. The membrane is a
sheet of polycarbonate 25 x 80mm, 10pm
thick, and with pores 8um in diameter bored
through it (Nucleopore, Pleasanton, Califor-
nia). A single membrane is used to separate
all 48 upper wells from the lower wells. Mem-
branes contain the wetting agent polyvinyl-
pyrrolidine and require treatment with gela-
tin in order to allow the adherence of fibrob-
lasts with a normal morphology.!! Cells in the
upper wells adhere to the upper surface of
the membrane. They are then able to migrate
through the pores in the membrane in

response to chemoattractants in the lower

wells, and stick to the distal surface of the
membrane. The chemotaxis chambers were
incubated at 37°C in 5%C0O,/95% air for 4
hours, whereupon the membranes were
removed, fixed in ethanol for 30 seconds, air
dried and stained with haematoxylin. Cells
that had successfully migrated through the
pores were counted on the distal surface of
the membrane in 20 fields at 1000x magnifi-
cation (Olympus, Tokyo, Japan). The num-
bers of cells that had migrated indicated both
the potency of the chemoattractant as well as
the capability of the cells to migrate.
Retinoids. Retinol (vitamin A) and all trans
retinoic acid (Sigma) were diluted with
ANALAR grade ethanol to a 0.5M solution,
aliquotted, and stored under liquid nitrogen
at —196°C. All manipulations of the drugs
were carried out in near darkness since the
retinoids are light sensitive. Further dilutions
were made with F10 medium with 10% new
born calf serum. Medium containing the
retinoids was sterilised by passage through a
0.22um filter before addition to the cells.

A confluent culture of fibroblasts was pas-
saged at a split ratio of 1 — 6. One day later
the medium was decanted and each flask was
fed with a different concentration of
retinoid, in near darkness and incubated for
three days.® Cells were detached from their
flasks by exposure to 0.25% trypsin and
0.02% EDTA for three minutes. The fibrob-
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lasts were suspended in 10ml F10 with 10%
new born calf serum and centrifuged at 300g
for 10 minutes. The cells were washed once
in serum free F10 medium, counted with a
Coulter counter (model ZF) and resus-
pended at a concentration of 7 x 107 cells per
ml in serum free F10, for each concentration
of retinoid. 35,000 pretreated cells were then
added to each of the upper wells of the mic-
rochemotaxis chamber, without the addition
of any further drug. Untreated cells and cells
exposed to the ethanol diluent were used as
controls.

Results

Retinol Pretreatment of rabbit Tenon’s fib-
roblasts with retinol at concentrations vary-
ing from 10-!2 to 10~*M significantly increased
the background random migration of the
cells (p<0.001 Student t test). The response
is shown in Fig. 1a. In the absence of retinol
there is a random migration of 4.2+0.8
(meanxS.E.M.) cells per 20 1000X fields
across the membrane in four hours. Pretreat-
ment with 10“M retinol, for example,
increased the random migration to 34.8+3.0
cells (p<0.001 Student t test). At 10 the
random migration was 14.5+0.5 cells, while
at 10-12M this was increased to 30.5%1.4 cells
per 20 1000X fields.

When an optimal dose of 20ug/ml fibronec-
tin was used as the chemoattractant, the
response was somewhat different (Fig. 1b).
At 10~*M, retinol a similar number of cells
migrated as in the retinol free control. How-
ever, with progressively decreasing doses of
retinol down to the minimum tested of 10~
12M, there was a progressive increase in the
number of cells migrating, so that 100.8%
cells per 20 1000X fields migrated when pre-
treated with 10-°M retinol, compared to
51£9.1 cells in the absence of retinol
(p<0.01 Student t test).

Retinoic acid

Pretreatment of the cells with retinoic acid
caused a doubling in the background random
migration at 10-°M (p<0.01 Student t test).
However, when fibronectin was used as the
chemoattractant there was no effect on the
migration of the fibroblasts over the range of
concentrations tested from 10-13 to 10-5M.

The diluent of ANALAR grade ethanol
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Fig.1 Graphs showing the effect of retinol on the migration of rabbit Tenon’s fibroblasts. Cells have been
pretreated for 24 hours with retinol. The solid horizontal line in each figure shows the migration of the
untreated control cells, with the dashed lines showing the S.E.M. (a) shows the random migration of the
cells in the absence of a chemoattractant. Random migration is significantly increased at all doses of retinol
(p<0.001 Student t test). (b) Shows the response when 20 ug/ml fibronectin was used as the chemoattractant.
Migration is significantly increased at 1012 and 10-'°M (p<0.01) and at 10°M retinol (p<0.05). Cells have
been counted in 20 fields at 1000x magnification. For each point n=4; bars show the S.E. M.

constituted 0.02% of the solution at the
strongest concentrations of retinoids tested.
Even at a 2% concentration ethanol failed to
affect the migration of the cells.

Discussion

Retinol enhances the migratory response of
rabbit Tenon’s fibroblasts, while retinoic acid
is ineffective at inhibiting the chemoattrac-
tant effect of fibronectin for these cells. This
result is contrary to the effect reported on
human embryonic skin fibroblasts® where
retinol and several other retinoids at concen-
trations between 108 and 10-°M produced a
marked decrease of the chemotactic
response.

Retinoids have been shown to have pro-
nounced effects on a wide variety of normal
and neoplastic cells.!2 The responses seen are
diverse and are poorly understood but it is
clear that different types of the same cell eg.
fibroblasts, do not always respond in the
same way to the same stimulus. Thus, it is not

surprising that the fetal dermal fibroblasts
used in the studies of Hein® respond in a dif-
ferent way to the mature Tenon’s capsule fib-
roblasts used in our study. Although we have
used rabbit cells, we have previously
demonstrated that rabbit and human ocular
fibroblasts respond in an almost identical way
to chemoattractants.!3

Topical retinoic acid has been shown mar-
kedly to reduce squamous metaplasia and
keratinisation of the conjunctiva.”® It has
also been demonstrated to expedite healing
of experimental corneal epithelial wounds
when applied at a concentration of 3.3 x
10-3M14;- retinol however, was ineffective in
this model.

In view of the diverse and variable effects
of retinoids, it is obviously important to use
appropriate cells, derived from the site at
which healing is to be investigated, when
studying the effects of these drugs. In spite of
some evidence in the literature, our work
suggests that topical retinoids would facilitate
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healing at the site of a trabeculectomy, which
is opposite to the desired response, and we
therefore do not intend to pursue the use of
these drugs as adjuvant treatment to prevent
bleb fibrosis.

This study was supported by the T.F.C. Frost Charit-
able Trust, the International Glaucoma Association,
and a Moorfields Endowment Grant. Secretarial
assistance was provided by Pat Goodwin.
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