










Factors affecting bovine corneal endothelial cell density in vitro

10 ng/ml.3 In retrospect, we cannot be certain
that EGF was active in our experiments.
However, at levels above 10 ng/ml, it induced
the morphological changes towards spindle-
shaped cells described by others.20 It is unlikely
that serum concentrations of EGF masked
effects on cell density in our experiments. The
normal concentration ofEGF in adult serum is
about 700 pg/ml.21 The EGF in the 10% FCS
used to supplement the medium in our experi-
ments might thus have contributed an addi-
tional 0 07 ng/ml to the exogenous levels we
employed. Even so, this concentration was
not high enough to induced morphological
changes in control cultures. Existing evidence
suggests that EGF acts synergistically with an
unknown factor (or factors) present in
serum.16 We cannot exclude the possibility
that our serum source was deficient in an
unknown mitogenic factor, and that the EGF
was able to affect cell morphology in the
absence of this factor, but unable to drive cell
division. Little information is available from
other sources on the effects of FGFa on
comeal endothelial cell density.
RCE was the most effective growth promot-

ing substance studied. The longer that cells
were cultured with RCE, the greater the cell
densities that were obtained, but even treat-
ment for 24 hours induced a significant effect.
Because Sperling and his co-workers have
demonstrated that more damage is induced to
the endothelia of whole human corneas in-
cubated at 37°C than at temperatures at (or
below) 340C,22 temperatures in the standard
organ culture systems used for the preservation
of human corneas are 31-34°C. Although
greater endothelial cell densities were obtained
when cultures were incubated at 37°C than at
32°C, a positive (albeit weak) effect was still
noted at 32°C.

Colloidal osmotic agents are often incor-
porated into corneal storage media to control
corneal hydration. The effects of these agents
on the endothelium of undamaged comeas
have been investigated previously.8 23-26
Because corneal endothelial cells take up
dextran T-500 into cytoplasmic vacuoles,23 we
considered that this substance might interfere
with cellular events such as mitosis. However,
dextran did not influence the final cell density
achieved in the presence of RCE and actually
was slightly stimulatory in its absence.
Chondroitin sulphate, in contrast, was found
to reduce final cell density in the presence of
RCE. The reason for this antiproliferative
activity is unclear: possibly, chondroitin sul-
phate binds or inactivates exogenous growth
factors. Interestingly, cell density was not
affected as strongly by chondroitin sulphate
when RCE was absent. The effect of chon-
droitin sulphate on endothelial mitosis varies
according to the species, model, and growth
factor examined. Lin et al27 investigated the
effect of the addition of chondroitin sulphate
and FGF on damaged pig corneal endothelial
of corneas maintained in organ culture. FGFb
by itself had no effect. Addition of 1% chon-
droitin sulphate resulted in a significantly
increased endothelial cell density when

compared with controls, although the addition
of chondroitin sulphate, FGFb, and 10% FCS
to the corneas had no stimulatory effect on
endothelial cell density. Lee et al investigated
the effect ofEGF and chondroitin sulphate on
organ cultured pig comeal endothelium.28
Chondroitin sulphate at 25 mg/ml was found
to retard endothelial cell growth. EGF report-
edly antagonised the inhibitory effect of chon-
droitin sulphate, although no statistics were
presented in support. The origin of the chon-
droitin sulphate used may be of importance in
trying to reconcile different experimental data.
Shark chondroitin sulphate is differently sul-
phated from chicken or bovine chondroitin
sulphate29 and it is conceivable that differences
in sulphation may be responsible for differ-
ences in results, as sulphation has been
implicated in growth factor binding to glycos-
aminoglycans.30 Additional sources of varia-
tion may relate to the method by which a cell
culture is supplemented with chondroitin
sulphate and to the final concentration used.
Incorporation of chondroitin sulphate into the
substrate on which endothelial cells are grown,
or addition of low levels (0'08% w/v final con-
centration) of this agent to the culture
medium, have both been reported to promote
endothelial cell proliferation.3'

It has been suggested that the glycoprotein
responsible for contact inhibition has a
terminal c glycosidically linked galactose that
is critical for growth inhibition.32 In addition, it
has been shown that cell culture in the pres-
ence of ,B galactosidase or the lectin Bandeiraea
simplicifolia, which cleave or bind terminal
galactose residues respectively, increases cell
proliferation rates.32 We hypothesised that
corneal endothelial cells might be contact
inhibited through the same a galactosidase
sensitive mechanism that operates for other
cells such as human fibroblasts.12 Treatment
with a galactosidase did, in fact, increase
bovine corneal endothelial cell density to a
significant extent compared with untreated
controls and we suggest that confluent cultures
of comeal endothelial cells may be contact
inhibited through a similar 1 galactosidase sen-
sitive receptor ligand system. 1 galactosidase
treatment and treatment with RCE were
neither synergistic nor additive in our exper-
iments, but the concentration of, and exposure
time to, the enzyme were fixed and it may
be possible to induce higher endothelial cell
densities under differing conditions.

All our experiments were performed in
RPMI 1640 medium containing 10% v/v FCS.
Comeas preserved in organ culture systems
have generally been incubated in Eagle's mini-
mal essential medium (MEM), supplemented
variously with 2%,8 33 5O/%,34 10%,35 36 or
20%22 v/v FCS, while 4°C preservation sys-
tems have usually been based on MEM,
Medium 199 (TC 199), or mixtures of these
media.37 38 RPMI 1640, a medium developed
for the culture of human cells, is quite similar
to MEM although the former has additional
amino acids and other components not present
in the latter and the concentrations of some
constituents do vary. RPMI 1640 clearly
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supported growth of bovine corneal endo-
thelial cells in vitro. We chose a moderately
high concentration of FCS to maximise cell
growth while remaining with the range used by
other workers.

In conclusion, our data suggest that the
optimal conditions for induction of increased
corneal endothelial density are not those that
are optimal for the maintenance of a viable
cornea during storage. None of the stratagems
examined is likely to be of any benefit in 4°C
storage systems and in particular, none of the
purified growth factors tested would appear to
be potentially useful supplements for corneal
storage media at any temperature. Contact
inhibition of corneal endothelial cells may be
one explanation for the generally disappointing
effects of exogenous growth factors on these
cells. However, RCE is an effective18 if poorly
characterised growth promoting agent known
to contain a cocktail of growth factors'9 and is
effective at increasing endothelial cell density
to a small but significant extent at 32°C after
relatively short exposure times. Our data are
also consistent with the possibility that it may
reduce the contact inhibition normally exhib-
ited by corneal endothelial cells. Furthermore,
RCE is effective in serum containing medium
and in the presence of the colloidal osmotic
agent dextran T-500. Addition of RCE to
corneal storage media is clearly unacceptable
because of the inherent dangers of transmis-
sion of infectious agents. However, investi-
gation of mixtures of defined growth factors
may prove a fruitful approach for the future,
especially given that we have demonstrated
that the final endothelial cell density in a con-
fluent monolayer can be increased by factors
capable of overcoming contact inhibition.
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