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Summary 

The state of the recipient peripheral cornea and limbus exerts a strong influence on 
subsequent corneal graft survival. In particular, graft outcome is influenced by the 
number of dendritic cells (Langerhans cells) that have infiltrated the graft bed from 

the limbus. The number of dendritic cells present in the donor button also affects 
subsequent graft survival. 

It is a truism that the piece of donor tissue 
used to replace diseased or damaged recipient 
cornea during the course of a corneal graft 
procedure, will be as normal in every way as is 
possible. Nevertheless, the outcome of cor
neal transplantation is variable and it is well 
accepted that recipient factors such as indica
tion for graft, will play a substantial role in 
determining the eventual post-operative 
result. \,2 Of all the factors which may influence 
corneal graft survival, it is our contention that 
the local environment into which a graft is 
placed, and in particular the status of what we 
shall call the graft bed-that is, the residual 
peripheral cornea, and the limbus of the recip
ient-is of pre-eminent importance in deter
mining graft outcome. 

Vascularisation, graft placement and 

intraocular pressure 

Corneal vascularisation is an established risk 
factor for graft failure, irrespective of whether 
the recipient cornea was vascularised prior to 
graft ,2,3,4 or whether vessels have sub
sequently grown into the cornea and crossed 
the graft-host junction. Spatial placement of 
the graft within the recipient graft bed also 
affects outcome, with eccentrically-placed 

grafts reportedly being more likely to fail than 
centrally placed grafts.5,6 The effect of graft 
size upon graft outcome is somewhat contro
versial. V61ker-Dieben and her colleagues 
have evidence from a series of 1,218 grafts, 
that larger grafts do less well than do smaller 
grafts.7 In a much smaller series, Tuberville 
et al. reported no particular correlation 
between graft size and outcome,8 whereas 
Sanfilippo and his colleagues have actually 
reported better graft survival with increased 
graft diameter. 9 The usual explanation that is 
advanced for the increased risk of failure 
observed with vascularised, eccentrically
placed and (possibly) large grafts, is that prox
imity to corneal or limbal blood vessels pre
disposes a graft to immunological rejection, 
by virtue of concomitant proximity to the host 
immunocompetent cells to be found within, or 
close to, those vessels. 

Most surgeons will not perform a corneal 
graft in the face of co-existing raised intra
ocular pressure, other than in exceptional cir
cumstances, and there is increasing awareness 
that raised intraocular pressure following cor
neal transplantation constitutes a threat to the 
graft as well as to vision. 10,11 Glaucoma is more 
likely to occur after corneal transplantation in 
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eyes with a past history of raised intraocular 
pressure;12 actuarial survival analysis has 
shown that graft survival is substantially worse 
in patients who have had a prior history of 
raised intraocular pressure, irrespective of 
whether or not pressure was normal at the 
time of graft. 13 This latter point is illustrated in 
Table I, which shows actuarial corneal graft 
survival in a cohort of 175 patients treated by a 
single surgeon (DJC); patients were stratified 
into two groups according to whether they had 
had raised intraocular pressure in the past. All 
patients in each stratum had an intraocular 
pressure in the normal range, at the time of 
graft. A difference of over 20 per cent in actu
arial graft survival is apparent after 5 years 
follow-up. The biological basis for this risk 
factor is not clear; glaucoma is certainly a 
contributory factor to graft failure in some 
patients with a history of raised intraocular 
pressure, but is not the sole reason for failure. 
Possibly degenerative or mild inflammatory 
changes in the drainage channels and sur
rounding limbus may play some as yet 
undetermined role in graft outcome. 

Dendritic cells in cornea and limbus 
Normal human cornea contains infiltrating 
cells of the dendritic cell lineage;I4-23 the 
number of dendritic cells increases with vas
cularisation, inflammation, disease and graft 
rejection.22,24 Similar findings have been 
reported in other species.15,16,25-28 The possi
bility that it is actually graft proximity to these 
infiltrating cells that establishes the risk factor 
for graft failure in inflamed or vascularised 
eyes, large or eccentric grafts, or conceivably 
even eyes with a past history of raised intra
ocular pressure, will be examined in more 
detail. 

The various end-stage differentiated mem-

bers of the dendritic cell family belong to a 
somewhat ill-defined lineage of bone-marrow 
derived cells with important antigen-captur
ing and antigen-presenting cell functions in 
the normal immune response.29,30 Virtually all 
papers describing corneal dendritic cells have 
shown that the cells have a characteristic 
dendritic morphology and carry class II major 
histocompatibility complex (MHC) antigens. 
Dendritic cells within the corneal epithelium 
also carry the CD45 or leucocyte-common 
antigen,17,22,26 are ATP-ase positive,15,23,25-28 in 
man carry the COla or T6 antigen21,24,31 
although there is one report to the contrary,32 
and possess cytoplasmic Birbeck granules.15 
They are accordingly referred to as corneal 
Langerhans cells. Those present in peripheral 
corneal stroma also appear to carry CDla21,24 
but have not been shown to possess Birbeck 
granules, are variably ATP-ase positive (at 
least in our hands) and are usually referred to 
as interstitial dendritic cells. 

There are substantial species variations in 
the number of dendritic cells present in 
normal cornea, with human and rabbit cor
nea, for example, containing more epithelial 
Langerhans cells than either guinea-pig or 
chicken. IS Human and rabbit cornea also con
tain more stromal interstitial dendritic cells 
than does rat cornea (Table II). Mouse cornea 
has been reported to contain virtually no 
dendritic cells28 or relatively few such 
cells,15,16,25 within either central stroma or 
epithelium. 

Within a given species, an additional varia
tion may arise with age, In the mouse, epi
thelial Langerhans cell numbers have been 
reported to increase with increasing age to 
about one year old, and subsequently to 
decline.25 By contrast, however, there is evi
dence that human infant corneal epithelia 

Table I Actuarial corneal graft survival in a cohort of 175 patients, treated by the same surgeon; influence of a past 
history of raised intraocular pressure on subsequent graft survival 

Actuarial graft survival at given trial time 
(years post-graft) 

History of raised lOP N* 1 2 3 4 5 

Never raised 143 88 88 78 72 72 
Raised in past; not at graft 32 84 71 60 48 48 

*N: number initially at risk. 



160 K. A. WILLIAMS ANDD. 1. COSTER 

Table II Passenger cell counts! in central and limbal stroma of normal human, rabbit and rat cornea 

No. positively-stained2 cells/mm2, 
mean±S£l 

Leucocyte-
Area of Negative common Class J Class lJ 

Species Number stroma control' anlJgen MHC' MH('7 

Human" 15 Central O.4±1 13± 9 2 0±25 1O± 7 
Limbal 2 ±5 51± 30 6 1±39 61±34 

Rabbit; 10 Central O±O 2 ±  2 NTH 6± 2 
Limbal O.2 ±O.S 17 0± 101 NT 13±44 

Rat" 2 0  Central O.2 ±I.O 2 ±  5 NT 4+ 3 
Limbal O.7 ± 1  19± 12 NT 2 9±2 2 

I Calculated as previously described.22 
2 Immunoperoxidase staining was carried out as previously described.22.26 
'Standard error of the mean. 
4 Human corneas were eye-bank corneas considered unsuitable for transplantation. 
5 New Zealand white adult females. 
6 Equal numbers of Fisher 344 and DA adult rats. 
7 Monoclonal antibody panels have been previously described for human22 and rabbit26 corneas; rat corneas were 

stained with diluent containing 1 per cent v/v normal rat serum (negative control); OX-I (anti-leucocyte
common antigen), OX-6 (anti class II MHC monomorphic determinant), both obtained from Serotec, Oxford. 
UK. 

8 NT: not tested. 

(less than 2 years of age) contain significantly 
more dendritic cells than do older corneas.23 

It should be noted that even normal cornea 
may contain small numbers of a variety of 
other infiltrating leucocytes, including T cells 
and macrophages, especially in peripheral 
cornea and limbus.22.2;, As more monoclonal 
antibodies become available, so the pheno
types of cells infiltrating ocular tissues will be 
more precisely defined.31 

In summary, the normal cornea of many 
species contains dendritic cells. Human cor
nea contains some such cells within the central 
stromal9.21.22 as well as in the central epi
thelium. In most species studied, the number 
of cells in normal tissue increases with increas
ing proximity to the limbus. 14.17-20.22,24 Cells of 
the dendritic lineage are often considered to 
be the so-called 'passenger cells' in transplant
able tissues and organs. 

Dendritic cells in diseased and damaged 
corneas 
In 1981, Lang and his colleagues observed 
that host Langerhans cells moved rapidly into 
the central cornea of the guinea-pig, following 
a variety of inflammatory stimuli including 
penetrating keratoplasty.27 More recently, 

Pepose et al. have shown substantial numbers 
of interstitial dendritic cells in the central 
stroma of rejected human corneal allografts.24 

Gillette and his colleagues, in an elegant 
early paperlh demonstrated increased 
numbers of Langerhans cells in the epithelium 
of excised human corneas, removed at the 
time of graft from patients with a history of 
past or present inflammation of the ocular 
surface. as well as in guinea-pig corneas in 
which an inflammatory keratitis had been 
induced by the local injection of endotoxin. 
We have subsequently confirmed and 
extended this work. to show that increased 
numbers of interstitial dendritic cells are also 
found in the central stroma (as well as the 
epithelium) of human corneas removed from 
patients with one or more of the accepted risk 
factors for subsequent graft failure,22 as well 
as in deliberately vascularised, inflamed rab
bit corneas.26 

Passenger cells counted in vascularised or 
inflamed human, rabbit and rat corneas are 
shown in Table III. Clearly, despite individual 
variations, substantial numbers of cells bear
ing the leucocyte-common antigen and class II 
MHC antigens (counted separately on serial 
sections) are present in the central and limbal 
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Table III Passenger cell counts} in vascularised and/or previously inflamed corneal stroma of human, rabbit and 
rat cornea 

No. positivelv-stained cells/mm2, 
mean±S E  

Leucocyte- Class I Class Pan T 
Area of Negative common MHC II MHC cell 

Species Number stroma control antigen antigen antigen antigen 

Human2 47 Central 1±6 101±15 4 1l9±177 8 9±104 12 ±22 
Rabbit3 4-6 Central 1±3 75 ± 56 NT 48 ± 18 38 ±19 

Limbal O±O 391±157 NT 237 ±  52 121±5 1  
Rat3 6 Central o±o 43± 57 NT 25± 28 15±22 

Limbal 1±1 26 ± 26 NT 2 9± 19 8 ±  6 

1 See legend to Table II. 
2 Corneas removed from patients about to undergo corneal transplantation; all recipients had evidence of corneal 

vascularisation and/or a history of anterior segment inflammation. 
3 Vascularisation and inflammation induced by prior placement of silk sutures in the cornea. 

corneal stroma. Thus, whereas acute inflam
matory or infective episodes affecting the cor
nea usually result in an influx of 
polymorphonuclear granulocytes;13 the late 
sequelae of inflammation and of vascularisa
tion tend to involve a more heterogeneous 
infiltrate, in which T cells can certainly be 
present. The major component, however, is 
frequently the dendritic cell. 

The relevance of dendritic cells to corneal 
graft rejection 
Noting that ocular inflammation is often 
accompanied by an influx of dendritic cells 
into the cornea, and that the number of 
dendritic cells can be depleted by treatment 
with either topical or svstemic corticosteroid, 
Gillette and his colleagues suggested in 1982 

that ocular Langerhans cells might play a 
central role in corneal contact hypersensitivity 
and graft rejection.lh Host-derived dendritic 
cells certainly appear to be able to move from 
the limbus into corneal grafts.27.24 but their 
mere presence does not of itself indicate that 
they play any functional role in graft rejec
tion, and in fact there are strong theoretical 
reasons (to be discussed below) to suggest that 
they do not. The potential role of donor-type 
dendritic cells is more readily apparent. 

(a) Removal or inactivation of donor-type 
passenger cells 
For over ten years, it has been a tenet of 
transplantation immunology that the major 

allogeneic stimulus produced by a graft is 
dependent upon the presence, within that 
graft, of donor passenger cells. carrying 
foreign MHC antigens and capable of produc
ing a cytokine, that can interact directly with, 
and activate, host resting T cells.34 This inter
action is shown diagrammatically in Fig. 1. A 
corollary is that removal of such passenger 

DIRECT PROCESSING 

/ 

ACTIVA TlON/ PROLIFERATION 

�LONAL EXPANSION 

FOREIGN APC CARRIED IN THE GRAFT 

CAN STIMULATE HOST T CELLS DIRECTLY 

Fig. 1. In direct antigen processing, donor-type anti
gen-presenting cells (APC) carrying class lJ MHC anti
gens (in this case, HLA antigen) present alloantigen 
directly to host resting T cells. The final outcome in the 
generation of a popUlation of allospecific effector cells. 
capable of mediating graft damage. 
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cells from a graft, prior to transplantation, 
should increase the subsequent survival of 
that graft by reducing the incidence of host 
sensitisation.35 Abundant experimental evi
dence exists that in some model systems, 
dendritic cell depletion (or inactivation) by, 
for example, organ-culture of the graft in an 
oxygen-rich environment, exposure to ultra
violet radiation or other, similar strategies, 
will indeed prolong graft survival. 35 Chandler 
and his colleagues were the first to extend this 
approach to the cornea in a series of experi
ments demonstrating that culture of murine 
corneas in hyperbaric oxygen, removal of cor
neal epithelium, ultraviolet irradiation or the 
soaking of corneas in anti-class II MHC anti
gen serum plus complement, prior to hetero
topic transplantation, reduced the incidence 
of allograft rejection compared with un
treated controls.36,37,38 Although an early clini
cal study suggested that removal of human 
donor corneal epithelium reduced the inci
dence of post -operative rejection episodes,39 a 
later prospective, randomised clinical trial 
(impeccably analysed) was unable to show 
any effect on actuarial graft survival. 40 In view 
of the evidence that human cornea contains at 
least some dendritic cells within central 
stroma,2l,22 this finding is not surprising, 
Mouse cornea, as discussed earlier, contains 
fewer dendritic cells per unit area than does 
cornea of other species, including man, and 
the majority of cells present are in the epi
thelium, a finding which may help to explain 
the relative ease with which dendritic cell 
depletion can be achieved in murine models, 

Prolonged organ-culture in an oxygen-rich 
environment is toxic for rabbit corneal endo
thelium,41 precluding this approach in a spe
cies with a corneal dendritic cell distribution 
more closely approximating that of man, but 
ultraviolet radiation of both donor and recip
ient corneas has been shown to prolong cor
neal allograft survival in a high-risk rabbit 
model. 42 Interestingly, Holland et al. 43 have 
demonstrated that long-term corneal organ
culture under conventional conditions (that 
is, without either hyperbaric oxygen or an 
oxygen-rich environment) reduces the 
number of ATP-ase-positive cells in human 
and mouse corneas. V6lker-Dieben and her 
colleagues,7 in what is probably the first report 

that dendritic cell depletion may affect clinical 
corneal graft survival, have subsequently 
shown a significant improvement in actuarial 
graft survival in those patients receiving an 
organ-cultured cornea, compared with those 
receiving a moist-pot or McCarey-Kaufman 
medium stored cornea. 

(b) The effects of increased numbers of 
donor dendritic cells on graft survival 
Further evidence for the importance of donor
derived dendritic cells in the immune 
response to a corneal graft, comes from 
studies in which the number of donor dendri
tic cells has been deliberately and artificially 
augmented in the cornea, prior to transplanta
tion. Such corneas, transplanted to hetero
topic sites in the mouse28 or to orthotopic sites 
in the rabbit26 or the rat,44 are more immu
nogenic than are normal corneas. Dendritic 
cells of donor origin have been shown to be 
necessary for the generation of delayed-type 
hypersensitivity (but not cytotoxic T cell) 
responses to corneal alloantigen, in both 
mouse and rat.45,44 

(c) Indirect processing: are recipient 
dendritic cells important in MHC-restricted 
responses to alloantigen? 
In recent work from our own laboratory, we 
have found that, in a cohort of70 patients with 
evidence of corneal neovascularisation and/or 
a history of anterior segment inflammation or 
other risk factor for graft failure, the number 
of leucocyte-common antigen-positive cells in 
the recipient bed at the time of transplanta
tion is associated with eventual outcome. 46 
Thus, actuarial corneal graft survival in those 
patients with fewer than 50 cells/mm2 of 
central corneal stroma was 73 per cent at three 
years, compared with 41 per cent in those 
patients with counts in excess of 50 cells/mm2. 
In addition we have shown that dendritic cells 
isolated by enzymatic disaggregation from 
vascularised rat corneas can present an arti
ficial antigen to purified syngeneic T cells, that 
is, corneal dendritic cells have antigen-pre
senting cell capabilities.42 Interestingly, 
Williamson and co-workers have recently 
reported that the presence of substantial 
numbers of murine Langerhans cells in the 
central epithelium of murine corneas, can 
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impair the usual suppression of the immune 
response that is observed when tumour cells 
(bearing incompatible minor transplantation 
antigens) are engrafted into the anterior 
chamberY None of these experiments have 
demonstrated, however, that recipient cor
neal dendritic cells are capable of presenting 
incompatible major histocompatibility anti
gens to host T cells. 

Indirect processing of foreign alloantigen 
by recipient accessory cells is widely believed 
either not to occur at all, or to be irrelevant to 
graft destruction because of the MHC
restricted nature of the response. The recent 
description of the structure of a crystalline 
human MHC class I antigen, with a deep 
groove identified as the binding site for pro
cessed foreign antigens, has reinforced 
current theories on the role of MHC antigens 
in antigen-processing and subsequent T cell 
recognition.48 Because the T cell receptor 
normally recognises foreign antigen frag
ments in association with self MHC antigens 
and the resulting T cell clone is MHC
restricted, indirect processing of foreign 
MHC antigen shed from a graft might con
ceivably result in sensitisation (T cell recogni
tion of self MHC plus foreign MHC antigen), 

INDIRECT PROCESSING 

GRAFT APC 

HOST EFFECTOR \ 
CEllS \ 

I 

HOST APC PROCESS GRAFT ANTIGENS 

Fig. 2. In indirect processing, foreign MHC antigen 
(in the case, H LA antigen shed from a passenger cell in 
Ihe graft) is picked up by a host-type antigen-presenting 
cell and presented in the context of self MHC antigen to 
a syngeneic (host-type) antigen-reactive T cell. The 
resulting self-MHC-restricted effector cells may be 
capable of mediating graft damage in situations of par
tial MHC identity between host and donor. 

but graft damage would not occur where host 
and donor were totally MHC incompatible. 
Under circumstances of total or partial MHC 
compatibility, however, indirect processing of 
minor transplantation antigens (or the incom
patible major alloantigens) could possibly 
lead to efferent-arm damage to the graft.49.50 
This is shown diagrammatically in Fig. 2. 

In vitro studies have shown that murine 
recipient-type accessory cells are capable of 
acquiring, processing and presenting shed 
class I MHC antigens to self-class II MHC 
antigen-restricted T helper cells.51 The cardi
nal work of Lechler and Batchelor,52 demon
strating primarily the importance of direct 
interactions between donor-strain dendritic 
cells and host alloreactive T cells in in vivo 

responses to rat renal grafts, also suggested a 
lesser role for indirect processing of allo
antigen. In a quite different murine cell trans
fer system, Sherwood and her colleagues also 
found evidence for alloantigen presentation 
by host accessory cells in vivo. 53 We and others 
have proposed that a similar mechanism may 
operate in the immune response to a partially
matched corneal graft. 42.45 

There is ample evidence from a large 
number of studiesI9,20.17,18.21,22 that class I MHC 
antigens are expressed on normal corneal epi
thelium, and some evidence that expression 
increases from central to peripheral cornea.19 
Although most studies have reported that 
class I antigens are absent from adult corneal 
endothelium,20,17.18,21,22 there are notable 
exceptions,19,54 and there is agreement that 
class I antigens can be found on endothelia 
removed from donors younger than about 2 

years. 19,20 Whereas class II antigens are absent 
from healthy epithelium, keratocytes and 
endothelium, there is clear evidence that 
expression can be induced, at least on endo
thelial cells, under the influence of regulatory 
cytokines55.56 and on endothelial, stromal and 
basal epithelial cells in rejected corneal 
grafts.24 Upregulation of the expression of 
class I and II antigens had previously been 
shown to occur in other tissues during rejec
tion,57.58,59 and class I antigens at least can be 
upregulated by surgery alone. 59 It would thus 
appear that the requisite sets of target anti
gens for an MHC-restricted efferent re 
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sponse, may well be present on corneal graft 
tissue. 

In summary, the possibility that indirect 
antigen processing can occur in the cornea, 
and may affect the outcome of corneal trans
plantation, cannot easily be dismissed. 

Conclusions and Implications 

The limbus may be considered as a conduit 
through which vessels, immunocompetent 
cells and their products enter the cornea. 
Normal cornea contains cells with the mor
phology and phenotype of immunological 
accessory cells in epithelium and (in man) in 
stroma; the number of these cells increases 
substantially towards the peripheral cornea 
and limbus. Many inflammatory processes 
involving the cornea or anterior segment 
appear to result eventually in an influx of leu
cocytes from the limbus into the cornea; the 
infiltrates are heterogeneous but frequently 
contain a preponderance of dendritic cells. 
which may persist for considerable times fol
lowing the resolution of the original inflam
matory episode. Leucocytic infiltration 
follows both non-specific inflammation and 
immunologically specific responses such as 
graft rejection. 

The number of infiltrating cells in the recip
ient bed of a corneal graft, correlates well with 
eventual outcome, as does the number of such 
cells carried within the donor tissue. The 
question arises as to whether these cells play a 
direct role in graft rejection, or whether they 
are markers for some unidentified immu
nological process. Dendritic cells carried as 
passenger cells within a corneal graft almost 
certainly interact directly with host alloan
tigen-specific T cells. initiating sensitisation 
and subsequent effector-phase damage. 
There is evidence both that increasing the 
number of donor passenger cells in the donor 
button increases the likelihood of sensitisa
tion and subsequent rejection, and that 
decreasing their numbers reduces the likeli
hood of sensitisation. From a theoretical 
viewpoint, it might be expected that larger 
corneal grafts, carrying more MHC antigen, 
more passenger cells and being in closer 
apposition to immunocompetent cells in the 
limbus, would show poorer survival than 
smaller grafts. 

The precise role of dendritic cells and other 
immunocompetent cells of recipient origin in 
the bed of a corneal graft is less welt substanti
ated, but such cells may be involved in indirect 
antigen processing in situations where donor 
and recipient are partially matched for class II 
MHC antigens. It follows that matching for 
HLA class II antigens may not necessarily 
improve corneal graft survival in all cases, and 
in fact the clinical evidence on this point is 
controversial. 7.60 It also follows that manipula
tions designed to remove all passenger cells 
from a donor button, prior to corneal trans
plantation, may materially improve graft sur
vival, but may not be successful in every case. 

The authors thank Susan Rosewarne for preparing the 
manuscript. 
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