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Keratoplasty is a well-established method for the 
treatment of irreversible corneal opacity, ocular 
disease and injury. For primary transplants in 
patients with avascular corneal beds (usually asso­
ciated with keratoconus) success rates are relatively 
high when compared with other forms of organ 
transplantation, with 90-95% 1 year graft survival. I 

This is achieved even in the absence of intensive 
systemic immunosuppression, reflecting the view that 
the avascular cornea enjoys some degree of 
'immunological privilege'. However, even in this 
situation some 10% of patients undergo a rejection 
episode of which up to half may progress to 
irreversible clouding and graft failure?,3 

In contrast, for patients with a vascularised corneal 
bed a different picture emerges, with 35% graft loss 
in the first year following transplantation.4 This 
situation is more closely analogous to solid organ 
transplants where vascularisation enables access of 
the host immune system, with a concomitant 
increased risk of rejection. The most common cause 
of corneal graft failure remains immunological 
rejection, particularly within the first six months 
after transplantation.5,6 This group of 'high-risk' 
patients poses a significant challenge to ophthalmol­
ogists, providing an impetus to investigate protocols 
which will enhance the prognosis. 

The proposed immune mechanisms involved in 
vascularised corneal allograft rejection are both 
humoral and cellular, similar to those described in 
kidney and heart transplantation?-11 The involve­
ment of afferent (helper/inducer) and effector 
(cytotoxic) T lymphocytes identified in infiltrates 
during corneal graft rejection implicates similar 
response mechanisms. Furthermore, animal models 
have demonstrated that the stimuli governing 
immunological priming, sensitisation and rejection 
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are similar for corneal grafts and other forms of 
allotransplantation.12,13 

HLA SYSTEM 

The dominant antigenic stimulus for allograft rejec­
tion and antibody production is the MHC (major 
histocompatibility complex). In humans this is known 
as the HLA (human leucocyte antigen) system, The 
products of the MHC genes control T cell antigen 
recognition. Evidence that HLA is the human MHC 
came from early kidney transplants performed using 
related donors. Graft survival was shown to correlate 
with the number of HLA haplotypes shared between 
the donor and recipient, with 90% 1 year graft 
survival between HLA-identical siblings. The 10% of 
transplant failures despite immunosuppression, is 
thought to represent multiple minor histocompat­
ibility antigen differences. 

The HLA system is a complex mUltigene family 
consisting of more than 10 loci coded for on the short 
arm of chromosome 6. HLA antigens are co­
dominantly inherited on a maternal and paternal 
haplotype which are transmitted as a single Mende­
lian trait. Therefore individuals can express two 
alleles at each locus. The genes and their correspond­
ing glycoprotein products are divided into two classes 
based on biochemical and functional properties: 
HLA class I and class II.14 

HLA Class I 

HLA class I antigens (HLA-A, -B and -C) are 
constitutively expressed on virtually all nucleated 
cells and are referred to as 'classical transplantation 
antigens' . Of particular relevance has been the 
identification of class I antigens on cells located 
within all layers of the cornea including the 
epithelium, stroma and endothelium,ls although 
some reports have been conflicting.16,18 

Class I antigens consist of a highly polymorphic 
glycoprotein heavy chain (molecular weight approxi­
mately 44 kDa) with three extracellular immunoglo­
bulin-like domains (a1, a2 and (3), a hydrophobic 
transmembrane region and a cytoplasmic tail. The a1 
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and a2 domains fold to form a peptide binding cleft 
consisting of eight strands forming an anti-parallel 13 
pleated sheet, overlaid by two alpha helices. The cleft 
'pockets' which form anchor sites to accommodate 
nonamer peptides.l9 The MHC-peptide complexes 
are stabilised through non-covalent association with 
beta-2-microglobulin (132m), a non-polymorphic 
glycoprotein (12 kDa) encoded on chromosome 15. 
Assembly of the class I heavy chain, 132m and peptide 
takes place in the endoplasmic reticulum, forming a 
stable tri-molecular complex which is transported via 
the Golgi to the plasma membrane. The main areas 
of polymorphism line the base and sides of the 
peptide binding groove with the amino acid side 
chains orientated towards the groove. These side 
chains influence the topography of the cleft and 
hence govern the peptide binding repertoire. The 
ascribed function of HLA class I is for the 
presentation of endogenous ( cytoplasmic) peptides 
to HLA class I restricted T cells?O The a3 domain is 
recognised by CD8-positive T cells which primarily 
have cytotoxic (effector) function?l,22 

HLA-C is ex�ressed at only 10% of the levels of 
HLA-A and -B. 3 Although HLA-C restricted T cells 
have been generated using vir ally derived peptides in 
vitro, it is considered a weak transplantation antigen 
with no known role in matching for allografts. 
However, hyperacute rejection of a kidney trans­
plant has been ascribed to HLA-C in a sensitised 
patient.24 

The 'non-classical' loci (HLA-E, -F, -G, -H, -I and -
J) have been recently defined.25 Only HLA-E (four 
alleles) and -G (three alleles) are known to be 
polymorphic and there is little known about their 
expression and physiological role. They have no 
known relevance to clinical transplantation. 

HLA Class II 

The HLA class II region consists of three main loci: 
HLA-DR, -DQ and -DP. The glycoprotein products 
are non-covalently linked heterodimers each consist­
ing of an alpha chain and beta chain with 
approximate molecular masses of 33 and 28 kDa 
respectively. Both chains have two extracellular 
immunoglobulin-like domains, a transmembrane 
region and a cytoplasmic tail. The membrane distal 
domains (a1 and 131) form a peptide binding cleft 
similar to, but less rigid than, that of HLA class I, 
accommodating lOmer to 20mer peptides. 

The 131 domains of HLA-DR, -DQ and -DP are 
extremely polymorphic. In addition, the a1 domain 
of HLA-DQ is polymorphic, although the alpha 
chains of HLA-DR and -DP are relatively conserved. 
HLA class II is constitutively expressed on cells with 
immune function, required for cooperation with and 
antigen presentation to helper T cells. Such cells 
include B lymphocytes, activated T cells, monocytes, 
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macrophages and dendritic cells. However, expres­
sion can also be induced and up-regulated on most 
cell types during inflammatory responses, mediated 
by cytokines such as interferon-gamma (IFN-y) and 
tumour necrosis factor (TNFa). HLA class II 
expression has been demonstrated within normal 
corneal epithelium and stromal layers, carried on 
Langerhans cells and dendritic cells respec­
tively.l6.l7,26,27 These cells are found in high density 
towards the limbus, although there is a relative 
paucity within the central cornea?S Induced class II 
expression has also been reported on all layers of the 
cornea following in vitro stimulation with IFN-y29,3o 

and in vivo during graft rejection and in patients with 
uveitis?l 

HLA class II molecules are recognised by CD4-
positive T cells and are involved in the presentation 
of exogenous pep tides to class II restricted T cells, 
primarily with afferent helper/inducer func­
tions?l,22,32 

HISTOCOMPATIBILITY TESTING 

Most HLA typing is performed by serology in a 
microlymphocytotoxicity assay. This technique uses 
banks of alloantisera and monoclonal antibodies to 
define tertiary epitopes and cross reactive groups of 
HLA glycoproteins on the cell surface. Briefly, 1 fLl 
volumes of sera of known HLA specificity are mixed 
with an equal volume of lymphocytes (2 X 103 cells) 
in the wells of a micro titre tray. Cell viability is 
assessed following incubation with rabbit comple­
ment and the addition of a vital stain. Currently 23 
HLA-A, 48-B, 9-C, 18-DR and 7-DQ antigens can be 
defined by serology. 

In addition, further polymorphism has now been 
revealed through biochemical and molecular (poly­
merase chain reaction, PCR) typing techniques 
which can resolve variants at the DNA sequence 
level. These procedures can define single amino acid 
polymorphisms which are indistinguishable by serol­
ogy. For instance, a total of 97 HLA- DRB1 alleles 
(the gene encoding the main HLA-DRI3 chain 
glycoproteins) can be distinguished by molecular 
typing. PCR typing for class II (HLA-DR, -DQ an,d 
-DP) is both rapid and accurate and is now 
performed routinely in most tissue typing labora­
tories, with results obtainable within 3 hours?3 
Currently, optimal HLA typing requires both 
serological and molecular techniques, as tissue 
typing of peripheral blood samples from cadaver 
donors can be difficult. Discrepancy rates of between 
10% and 25% have been reported for serological 
HLA-DR typing in kidney transplantation, as 
revealed by class II DNA typing methods?4,35 

HLA-DR and -DQ are in strong linkage disequili­
brium, with certain alleles occurring together on the 
same haplotype within particular ethnic groups.36 A 
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positive effect of HLA-DQ matching on renal 
allograft survival, independent of HLA-DR, has 
not been proven?7 In addition the relevance of 
molecular sub typing and the role of HLA-DP to 
solid organ transplant survival has not been resolved. 

HLA MATCHING 

Experience in Vascularised Solid Organ 
Transplantation 

The efficacy of HLA matching for improved graft 
survival in all forms of solid organ transplantation is 
controversial. It is known that allograft rejection is 
primarily mediated by alloreactive T cells directed 
against foreign MHC molecules. HLA class II 
restricted T helper cells recognise self or non-self 
peptides in the context of host or foreign MHC and 
initiate an inflammatory response?8,39 

Because of the parallels of the rejection mechan­
isms between corneas and other organs, it is 
interesting to consider the experience of HLA 
matching in different tissues. This may serve to 
indicat� relevant factors when considering the value 
of HLA matching in corneal transplantation. For 
logistical reasons it is often not possible to match 
prospectively for heart and liver transplants. Further­
more, the value in terms of improved kidney graft 
survival has also been questioned.4o Demonstration 
of an HLA matching effect in renal transplantation 
has relied mainly on large multicentre studies such as 
the Collaborative Transplant Study (CTS), Euro­
transplant and UN OS.41-43 Opelz reported a 10% 
increase in 1 year first graft survival and a 14-20% 
improvement in regraft survival between HLA 
matched and mismatched transplants. These modest 
improvements confer greater significance in the 
longer term, with a twofold difference in the 
transplant half_life,43,44 A consensus of prioritised 
matching of HLA-DR > B > A has proved most 
significant.45,46 

Because of an apparent lack of clinical benefit at a 
local level, many clinicians remain to be convinced of 
any role of HLA matching and do not consider the 
prospective selection of donor and recipient pairs 
worthwhile. Despite clear evidence of the involve­
ment of the MHC in the rejection response, mUltiple 
factors may confound any clinical benefit in terms of 
graft outcome. For example, a diminishing correla­
tion of matching and first graft outcome in kidney 
transplants has been associated with improved 1 year 
survival rates using different immunosuppressive 
regimens.47 A strong HLA-DR matching effect was 
reported for first cadaver grafts in patients immuno­
suppressed with azathioprine (Aza) and predniso­
lone (Pred); an intermediate effect when treated with 
cyclosporin (CyA) either alone or in conjunction 
with low-dose steroids; and no correlation was found 
in patients maintained on triple therapy (CyA, Aza 
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and Pred). However in patients on triple therapy 
(with no difference in graft survival), a marked 
correlation was observed between HLA-DR match­
ing and clinical course. Mismatched patients suffered 
more rejection episodes, required increased immu­
nosuppression and longer hospital stays and had 
higher creatinine levels. Regrafts continued to 
exhibit a strong HLA-DR matching effect, even on 
triple therapy. 

These results indicate that more effective anti­
rejection therapy can override an HLA matching 
effect in unsensitised patients. The increased number 
of rejection episodes in poorly matched grafts are 
more easily controlled in patients treated with 
cyclosporin. However, for sensitised patients (parti­
cularly regrafts) both the number and magnitude of 
the rejection response is increased, which cannot be 
readily controlled by conventional immunosuppres­
sive regimes. Therefore an HLA-DR matching effect 
is still demonstrable in regrafts. 

HLA Matching for Corneal Transplantation 

In view of these observations it is not surprising that 
HLA matching for corneal transplantation is also 
controversial. An HLA matching effect may be 
masked by multiple factors which influence suscept­
ibility to rejection. Such risk factors include the 
degree of vascularisation (which is often secondary 
to original diagnosis and graft number), the type and 
intensity of the immunsuppression used, the mode of 
storage of the donor corneas, graft size and 
presensitisation status.3 
Class I (HLA-A, -B) Matching. Early reports 
indicating a survival advantage with increased HLA 
compatibility were comprised of retrospective studies 
which were often restricted by small numbers, 
limited definition of HLA alleles and a lack of well­
matched patients. Risk factors such as vascularisation 
were not always considered independently. 

While some reports failed to demonstrate a 
correlation with graft survival,48,49 others were 
suggestive that increased HLA matching was 
associated with improved outcome. 50-58 Early retro­
spective studies b� Gibbs et al.55 and Ehlers and 
Kissmeyer-Nielson 6 found that compatibility of two 
or more HLA-A and -B alleles was associated with a 
decreased risk of graft loss due to rejection in 
vascularised patients. Batchelor et al.59 in a study of 
100 cases with severely vascularised corneal beds, 
reported a stepwise increase in 1 year survival of 
38%, 43% and 74% with 0, 1 and 2 HLA-A and -B 
matches respectively. However, by modern standards 
this report would be criticised as overall graft 
survival was only 33% at 1 year. In a follow-up 
study from the same centre, Casey and Mayer60 
continued to demonstrate a significant correlation. In 
this retrospective analysis of 450 HLA-A, B typed 
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transplants, avascular grafts did well regardless of the 
degree of HLA compatibility, whereas those with 
mild and moderate vascularisation had 76% 1 year 
survival when zero or one HLA-A, B antigens were 
shared, compared with 92 % with two or three 
antigens shared. This demonstrated a clear survival 
advantage in a cohort of patients at increased risk of 
rejection, despite overall good survival. 

Several studies supported this notion.61-64 Of 
particular note are the data from the Dutch group 
of 1800 consecutive corneal transplants performed in 
a single centre.65-70 A positive correlation of class I 
matchin§1: was observed in their initial retrospective 
reports6 ,66 and in later studies with prospectively 
HLA matched pairs.67-7o Interestingly they found the 
strongest correlation was in the non-'O' blood group 
patients, an observation that has parallels in kidney 
transplantation.71 A surprising observation was a 
beneficial matching effect in all risk categories, a 
finding also supported by Boisjoly et al.n Long-term 
follow-up of the Dutch high-risk patients revealed an 
80% 15 year graft survival with two or more antigens 
matched compared with 55% with fewer than two 
antigens matched.73 

Boisjoly et al.n performed a covariate regression 
analysis of 435 transplants and found that low risk 
(avascular) recipients of a class I incompatible small 
graft were twice as likely to suffer an endothelial 
allograft reaction. However, applicability of HLA 
matching to low-risk patients has not generally been 
confirmed. 

Although these reports strongly suggest that 
minimising HLA incompatibility confers a survival 
advantage, the main drawback is the predominantly 
retrospective nature of the studies, with some 
drawing on historical information for comparison. 
To address this issue the Collaborative Corneal 
Transplant Study (CCTS) initiated a double-masked 
controlled trial to examine the role of prospective 
matching in an otherwise standardised protocol.74 
Multivariate analysis of 419 high-risk transplants (>2 
quadrants vascularised and/or a previously rejected 
graft) found no difference in outcome or graft 
reaction between highly matched (zero or one 
HLA-A, B mismatch) and low matched (two or 
more mismatched) transplants. The authors attrib­
uted the lack of an HLA matching effect and overall 
high survival (65% at 3 years) to the more intensive 
and standardised post-operative topical immunosup­
pressive regimen, abrogating the influence of 
histocompatibility. A significant survival advantage 
was, however, found with blood group compatibility, 
a factor which was previously thought to have little 
or no relevance. 59 
Class II (HLA-DR) Matching. HLA-DR is consid­
ered to be the most influential locus for renal 
transplants, exerting its effect on kidney transplant 
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outcome within the first 6 months.42,75 Analysis of 
HLA-DR matching for cornea transplantation has 
provided mixed results. Difficulties in the interpreta­
tion of results arise as HLA-DR has not always been 
considered independently of class I?6,77 

Hoffmann et aC8 reported a reduced incidence of 
rejection in HLA-B and -DR matched high-risk 
patients. Initial reports following retrospective 
analysis of the Dutch series failed to demonstrate 
an influence of HLA-DR compatibility.69 However, 
later studies from the same centre reported a positive 
correlation, with 90% 2 year success for HLA-DR 
matched corneas compared with 52% when mis­
matched.73 

Similar findin�s were reported in high-risk cases by 
Baggesen et al? using organ cultured corneas which 
were prospectively matched for HLA-DR by 
molecular typing (restriction fragment length poly­
morphism, RFLP). Grafts compatible for HLA-DR 
had a 93% survival at 18 months compared with 50% 
in a historical control group (fulfilling the same 
inclusion criteria). This finding was not confirmed by 
the CCTS, which, as for HLA class I, found no effect 
of HLA-DR compatibility.74 

However, caution should be exercised in the 
interpretation of serological HLA-DR typing 
results, as tissue typing of post-mortem peripheral 
blood samples by serology is prone to error. In the 
United Kingdom, class II typing for kidney trans­
plantation is now performed predominantly by PCR, 
which is both rapid and accurate. Indeed, the CCTS 
noted a high number of cases in which only one 
HLA-DR allele was assigned. This high degree of 
homozygosity indicated a problem with tissue typing 
quality. When considering only transplant pairs with 
four HLA-DR alleles assigned, the relative risk for 
DR mismatched transplants increased to 1.68 
(p = 0.02) for graft reaction and 1.6 (p = 0.07) for 
graft failure.74 Therefore, the conclusion that HLA­
DR matching is unimportant may be premature. 

What Should We Believe? 

A recent report by Vail et al.80 on behalf of the 
Corneal Transplant Follow-up Study may go some 
way to resolving the controversy. Multifactorial 
analysis of prospectively tissue typed grafts found an 
increased risk of rejection when HLA-A and -B were 
mismatched, supporting the view that compatibility 
for class I is beneficial (relative risk 1.27 per 
mismatch). However, they observed an inverse 
correlation for HLA-DR. Incompatible grafts had 
superior survival compared with matched grafts 
(relative risk 0.58 per DR mismatch). The possible 
mechanisms for this apparent paradox are discussed in 
more detail by Batchelor and Armitage in this issue. 

The design of many HLA matching studies has 
been based on the a priori hypothesis that HLA-DR 
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compatibility is most important, as is the case for 
renal transplantation. Re-analysis of the CCTS data 
found that when considering only HLA-DR mis­
matched transplants, there was indeed a positive 
class I matching effect. HLA-A, -B matched but -DR 
mismatched transplants had the lowest failure rate of 
31 % at 3 years, compared with 41 % when HLA-A, ­
B and -DR were mismatched?4 Although caution is 
required, this interpretation supports the Bristol 
data, demonstrating a beneficial effect of class I 
matching in the absence of HLA-DR compatibility. 

CONCLUSION 

A degree of complacency exists about the 'excellent' 
results of corneal transplantation. However, for a 
significant minority of patients at increased risk of 
rejection, graft survival of 50% at 5 years is below 
that of kidneys, hearts and livers. Clearly, systemic 
immunosuppressive protocols which are justified in 
life-threatening disorders, can not be applied 
routinely. Therefore the question of tissue matching 
should be considered further. 

Whilst it is difficult to draw firm conclusions from 
such a diverse range of publications, there are a large 
number of retrospective and prospective studies 
indicating that HLA class I matching confers a 
survival advantage in high-risk cases. Whether this 
can be overridden by immunosuppressive protocols, 
as indicated by the CCTS, and what the long-term 
implications of such a regimen are, remain unan­
swered. 

The data on the relevance of HLA-DR are more 
ambiguous. A possible inverse relationship of HLA­
DR matching and graft survival has parallels in liver 
transplantation. Compatibility for HLA-DR may 
facilitate indirect presentation of donor major or 
minor histocompatibility antigens to host T cells, 
therefore initiating a rejection response.81 Study 
designs, possibly based on an erroneous hypothesis, 
may have complicated the issue. Factors such as 
tissue compatibility (or even incompatibility!) may 
still be important in the longer term. 

The main disincentive to HLA matching has been 
the high degree of polymorphism and the cost. 
However, most studies indicate that matching for 
only two or more class I alleles is sufficient to exert a 
beneficial influence. Furthermore, the cost is less 
prohibitive if the tissue typing is carried out in 
parallel with other organ transplant programmes. 
Clinicians will have to decide on the relative merits 
of histocompatibility and long-term immunosuppres­
sion according to available resources and individual 
clinical circumstances. 

The authors wish to thank Professor Ben Bradley and Dr 
John Armitage for interesting discussion and the provision 
of data from the Corneal Transplant Follow-up Study. 
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