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For the pagt two decades intensive study of the major
histocompatibility complex (MHG) has involved almost
every branch of clinical medicine. This gepe complex
(known as the HLA gystem) is situated on the human
sixth chromosome and governs the acceptance °~ reiec-
tion of foreign tissue. Furthermore, products of this
system regulate the immune response and this may
explain the predisposition Of those of a given HT.A tissue
type to certain diseases.

The development of this field began in the latter half of
the last centyry, stimulated by interest in the evolution of
man. At that time biochemical methods were not suffi-

ciently sophisticated to study protein structure in detail
and gerological techniques led to the discovery that
individual proteins in various animals are different and
unique to each gpecies.

In 1875, Landois[l] reported that animals generally
died when they were transfused with blood from an
animal of a different species. Later Bordet[z] showed that
when red cells from another species were injected into a
rabbit the cells lysed, whereas red cells from another
rabbit did not. In a study of over 500 species Nuttall[3]
showed that the intensity ©f the lytic reaction between the
red cells of one animal and the serum of another was
related to the distance that the animals were apart on the

phylogenetic scale.
Landois also noted that even within a gingle species 2

recipient's erythrocytes could be haemolysed by sewrum
from certain blood donors. This oObservation was not

developed furtheruntil ggglutination reactions were used
by Landsteiner to define the human 'ABO' red hlood,
group system[4]. Later in his Nobel lecture, Land-
steiner[5] suggested that an analogous system might exist
for tissue cells?compatibility within this gystem might
govern the acceptance or rejection ©f a tissue transplant.
He also predicted that gerological reactions might e

employed te determine these antigens.

Early Animal Studies

Early work on transplantation Showed that mice were
resistant or gygceptible to inoculated tumours according
to their strain[6,7] but that this predisposition was not
related to gny VlSlbly recognisable factor such as colour of
eyes °©r coat[8].

The first attempt at genetic analysis Showed that the
closer the genetic relationship Petween the donor of

tumour cells and the recipient, the more 1ikely the tumour
was to gurvive[9]. When well established inbred strains of

mice became available for study around 1930, more

accurate statistical analysis suggested that if simple Men-
delian genetics were applied, between four and 19 genes
were responsible £or the jeceptance o rejection of foreign
tissue[10,11], Sir Peter gorer[12,13], showed that one
genetic locus was particularly important. Unlike the
human, the mouse possesses antigens coded for py this
locus on its red cells. Gorer, therefore, immunised rabbits
with red cells from inbred mouse strains in an attempt t°
define blood groups and identified three red cell surface
antigens (antigens I, II and III), By backcross experi-
ments he showed that the presence ©F absence of antigen
II on murine red cells determined whether a tumour was
accepted ©r rejected.

Further work on transplanted tumours showed that
while an animal which had rejected one tumour rejected a
second tumour from the same donor more rapidly, a
transplanted tumour from an unrelated donor was unaf-
fected[l4} . Sir Peter Medawar [15] confirmed this work
by showing that the second of two successive skin grafts
from the same donor was rejected more rapldly than the
first. Taken in conjunction with Gorer's work, these
results guggested = immunological basis for graft rejec-
tion which was under the control of specific genes, coding
for antigens such as antigen II. These genes were named
'histocompatibility' genes[l6]. The prefix 'histo’ was
used, == Snell[16] felt that the same genes which governed
susceptibility to transplanted tumours also controlled the
ability to accept o= reject transplanted normal tissue. The
gene 10¢us coding for antigen II was named 1Hjstocompa-
tibilityAl or 'H-2' and was shown to be carried on the
seventeenth mouse chromosome [17] .

The existence of other histocompatibility loci, as pre-
dicted by earlier yorkers, was confirmed, but their effect
on tissue trangplantation was shown to be pminimal[18].
The H-2 gystem was gubsequently found to comprise
several genes[19], each of which has many possible
alleles[20] and became known as the mouse major histo-
compatibility complex (MHC) .

The genes of the MHC coded for alloantigens ex-
pressed on tissue cells and they could be detected by =

complement dependent lymphocytotoxicity assay[21]. In
this test lymphocytes carrying = given alloantigen o= their
surface were killed, in the presence Of complement, by
serum containing alloantibody te that antigen, & modifi-
cation of this technique is currently used in human tissue
typing. Thus, == predicted by Landsteiner[5], = serologi-
cal test is cyrrently used to define the antigens of the
major histocompatibility complexes of all species.
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The Human Major Histocompatibility Complex:
HLA

The human major histocompatibility complex was de-
fined in a different way, as human red blood cells do not
express histocompatibility antigens. Research in this field
developed from a search in the sera of Jeucopenic patients
for antibodies directed against white blood cells. Jeagn
Dausset [22] in 1952 was the first to find such antibodies
in the serum of a patient with agranulocytosish The

patient's serum agglutinated leucocytes from normal
individuals and those from patients with chronic myeloid

and chronic lymphatic leukaemia. Similar activity was
found in sera from individuals who had received multiple

blood transfusions[23]. In a further gtudy Dausset [24]
showed that leycoagglutining were almost exclusively
present 1in the sera of leycopenic patient's who had
received blood transfusions from several donors. Thig,
taken in conjunction with the finding that sera from
leucopenic patients had ne activity against syngeneic
cells[25], indicated that these leucoagglutinins were
isoantibodies which had developed as a result of 'immuni -

sation' by blood transfusion rather than autoantibodies
occurring as a feature of the ynderlying leucopenic
disease.

The first leucocyte antigen was defined after the sera
from patients who had received multiple blood transfu-
sions were tested against leucocytes from a panel of
normal donors[26]. Certain sera showed activity against
leucocytes of the same 11 pgpe] members but not against
a further three. These gera, therefore, contained antibody

to a common gntigen present in the 11 'pogitive' panel
cells but absent from the three ‘negative' pane]_ cells. This

first human higtocompatibility antigen, present in 60 per
cent of the population, is now known as HLA-A2 . All the
HLA antigens determined since have been defined by this
method of testing sera against lymphocyte panels.

A further advance was made when leucocyte antibodies
were found in sera from parous women [27,28] . These
sera agglutinated the leucocytes of fewer cell pane]_ mem-—
bers than the sera from transfused patients. They were,
therefore, moxe useful in determining whether Jleucocyte
surface gntigens segregated into genetic groups analogous
to the ABO red blood cell groups. By computer analyses
of these serological reactions two independent allelic
antigen systems emerged 2nd they wewe named Group
£'[29] and 1A' [30],

Over the next few years work in this field accelerated
and many antigens in the new systems were defined. This
expansion w=s largely brought about by the establishment
in 1964, by Dr D. B. Amos, of International Histocompa—
tibility Workshops which resulted in the exchange ©f ser=
between a large number of participating laboratories and
analysis of the extensive data produced.

As the number of new gntigen specificities increased,
the need for agreement °% nomenclature became appar-
ent. In 1967 the World Health Organisation set yp 2
Nomenclature Committee which named the human
major histocompatibility complex HL:A (H for human, L
for leucocyte and A for the first system defined in man) .

Payne's 'LA!' system[291 was named HLA-A and van

Rood's 'Group ¢ system[30] HLA-B. In 1971 a third

locus was suggested[}l} which has subsequently been
named HLA-C.

The HLA-A,
expressed on most Of the body's nucleated cells. As the

B and C gepe loci code for gntigens

genes are co-dominant, each cell expresses ©™ its surface
two antigens from each geries, i.e. one inherited from
each parept. The combination of gepes that codes for
antigens inherited from one parent is kmown as a haplo-
type. This term, derived from haploid phenotype, w==
introduced by Cepellini in 1967[32]. The HLA gene
complex is markedly polymorphic; at the 1984 Histocom-
patibility Workshop 23 alleles were recognised at the A
locus, 49 at B, and eight at C[33]:

The location of the HLA gepne complex was defined in
1974 [34] . In six members of a ]1arge family the centromere
of one of the sixth chromosomes occurred in an abnormal
position (pericentric inversion). These six family mem-
bers all shared the same HLA haplotype (HLA—A2, B12)
whereas this haplotype was Not pregent in gpy of the seven
family members pOSSESSng a normal sixth chromosome.
The strong linkage of the HLA hap]_otype with this
chromosomal abnormality implied that the HLA gene
complex was situated on the human sixth chromosome.

Immune Response Genes and the HLA-D Locus

A fourth rather different locus was defined in a more
complex manner. In 1961 it was shown jnadvertently that
when lymphocytes from two patients were incubated
together stimulation occurred[35], i.e. they underwent
DNA and RNA synthesis, blast cell formation and cell
division. This mixed lymphocyte reaction (MLR) was
thought to be the in vitro homologue ©f allograft rejection.
In the mouse the MILR was indeed shown to be governed
by the major histocompatibility complex. Strain pairs,
identical except for a difference at H-2, displayed strong
stimulation whereas those H-2 identical but with multiple
non-H-2 differences gye weak gtimulation[36]. Strong
stimulation between donor and recipient lymphocytes in
the MLLR was shown to correlate with poor murine heart
transplant [37] and skin graft[3g] survival. ging animal
strains differing at only = certain gegment °f H-2, MLR
control was localised to one end of the H-2 segment [39].

In initially unrelated studies it was shown that the
genes controlling the immune yesponse to simple synthet-
ic polypeptide antigens (Ir genes) were linked to H-2[40],
More recently the Ir genes have assumed increasing
immunological importance and have been shown to play
= major part iM regulating cellular immunity te virus
infected ¢ellg[4]l] and the regponse to tumour il’ldU.CiIlg
viruses[42]. Around this time it was shown that these Ir
genes also controlled the activity of the mixed lymphocyte
reactions[43]. The region of the H-2 complex in which
the Ir genes wWere located was named the I-region[44} and,
unlike the other regions of the mouse H-2 complex, it has
not been shown to code for any gerologically defined
antigens. However, David[45] reported the development
of CytOtOXiC antibodies in one strain of mouse directed

towards lymphocytes of a strain differing Ol’lly at the I-
region. These antibodies were cytotoxic to only 35 or 40
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per cent ©of gplenic lymphocyte population and were
shown to be directed ggainst antigens present mainly o= B
lymphocytes[38], The antigens were named I-region-
associated (la) antigens [46] and were shown in the
mouse [47] and rat[48] to be extremely strong transplanta-
tion antigens.

Investigation of the human equivalents ©f the I-region
followed a similar path. Bach and Amog [49] observed that
MLRs between the ]ymphocytes ©f HLA identical sib-
lj_ngs were negative and thus showed that the mixed
lymphocyte reaction was governed by the MHC in the
human. Yunis and Amog[50] showed, however, that
MLRs between unrelated subjects who shared the same
four HLA-A and B gptigens and thus appeared HL.A
identical, were commonly positive. They therefore postu-
lated that the MIL.R was controlled by 2@ gene separate
from the known HLA-2A and B loci. This was confirmed
by similar studies on several recombinant families and the
MLR was shown to pgp outside the previously recog-
nised HLA region near the B Jocoug[51]. It was named the
D locus at the Sixth International Histocompatibility
Workshop [52] . D locus typing was performed by incubat-
ing test cells with cells homozygous for known D locus
antigens; =2 negative response showed that the test cells
shared the D gntigen carried by these homozygous typing
cells.

Cepellini et al. [53] first observed that some HLA-A and
B typing sera could inhibit the MLR . This activity could
not be absorbed out by platelets[54], which carry HLA-
A, B and C gntigens, suggesting that other gntigens were
present. paN higher frequency of reactions was also noted
against cultured lymphoblastoid cell lines[55] and cells
from patients with chronic lymphatic leukaemia, most of
whose lymphocytes are B lymphocytes, and it was sugges-
ted that such antigens were probably the human equiv—
alent of the mouse la antigens[56] and were expressed
solely on B lymphocytes. Over 100 sera with this pre-
sumed anti-la activity but without anti-HLA-A or B
activity were tested internationally against = variety of B
lymphocytes. The results defined eight main gpecificities
at this new serologically defined locus which was named

HLA-DR (D-related) [57],

HLA and Organ Transplantation

The evidence that HIL.A is the particular gene system

which governs acceptance ©r rejection of a human tissue
allograft came from experiments performed in the 1960s.
Intrafamilial skin grafts survived longer if donor and
recipient were HLA identical than if they shared only one
haplotype. The shortest skin graft survival occurred when
donor and recipient had ne haplotype i» common[58] .
Successful renal transplantation was first performed i*

1954 when a kidney from one identical twin was trans-

planted to the gther([59]. Over the next 10 years several
transplants Petween HL.A identical siblings were carried
out and very few failures were reported[60,6l} . An
analysis of the role of HL.A in renal transplantation was
not possible until sufficient transplants had been per-
formed between different fapjly members. Large Studies

have now confirmed that a significant graded improve—

ment in allograft survival cceurs when groups ©f donors
and recipients, matched for (, 1 and 2 haplotypes, are
compared[62] . Family studies thus established the domi-
nant role of the HL.A system in clinical transplantation.

HLA and Cadaver Donor Renal Transplantation

The results from the numerically more j_mportant group

of cadaver donor transplants are, unfortunately, more
difficult to interpret. Early studies showed that those

recipients well matched with the donor for HLA-A and B

antigens Pad gignificantly superior graft survival to those

poorly matched[63,64], Dausset[65] was the first to gtudy
sufficient patients to show a progressive improvement in
transplant survival as the number of HLA-2A and B
antigens cemmon to donor and recipient increased from
none to four. Thereafter Paul Terasaki's laboratory in
Los Angeles analysed at intervals transplant survival data
from most of North America and also on certain occasions
from Europe and Australasia. Its analyses of several
thousand transplants[66,67] showed an overall effect of
HLA-A and B matching o= graft survival but gignificant
differences between the matching subgroups were not
always demonstrated.

Similar results were found in other multicentre
studies([68,69]. In = analysis
data[70], however, neither a graded improvement nor an
overall gtatistically significant correlation between the
degree of HLA-A and B matching and allograft survival
was found.

recent of worldwide

These reports have been criticised because they may
conceal differences in patient selection and therapeutic
polj_cj_es practj_sed by the individual transplant centres
submitting data. When gingle centres gnalysed their own
data a beneficial effect of matching for HLA-2A and B
antigens was generally shown[71-74]. In several cages,
however, the small numbers dictated that the data be
analysed 17 groups, a@nd statistical gignificance was not
always reached.

Thus, the data on HLA-A and B matching in cadaver

donor renal transplantation appear sufficiently strong t©
support the concept that the HLA gygten is the human

major histocompatibility complex. However, the lackof a
consistent pegnonge between the degree of HLA-A and B
matching and graft survival diminishes the usefulness of
such matching as a means of gelecting = kidney donor for
a given individual recipient.

The ML/R takes six days to perform and therefore
HLA-D typing and MLR between donor and recipient
lymphocytes are not of value as predictive tests in a
cadaver donor trangplantation. It is practical, however, to
perform HLA-DR typing prior to a cadaver donor renal
transplant although the preparation of the pecegsary B
lymphocyte suspension 15 time-consuming. The gene
frequencies for the eight well characterised HLA-DR
antigeng account for 80 o) cent of the Caucasian popu-
lation[58]. The HLA-DR locus is thus less polymorphic
than the HLA-A and B loci, and consequently if match-
ing for HLA-DR antigens also could be shown to improve
graft survival it would become easier to find a well-

matched donor for a given recipient
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Several studies have now shown that HLA-DR match-
ing has a gstrong influence on graft outcome[75-79],
although one  group has failed to confirm this. The
beneficial shown Py one group[77] to be
independent of any influence of HLA-A and B matching

and by another[81] to occur regardless of whether the
recipients had received blood transfusions prior to trans-

effect was

plantation o not. Traditionally mest transplant centres
selected recipients for transplantation om the basis of
HLA-A and B matching. Recently, however, the United
Kingdom Transplant Service has altered its policy so that
donor kidneys may Pe requested o= the basis of the HLA-
DR antigeng shared with a progpective recipient.

Therefore, although the results of ]_j_ving related trans-
plantation have established the HLA complex as the
major influence on allograft survival, evidence from the
larger group ©f cadaver trangplants is less convincing.
This j_mp]_j_es that other areas of the HL.A chromosome
remain to be defined. At the 1984 Histocompatibility
Workshop [33] recent data on the D region were critically
evaluated and it mow gppearg that several sub-divisions
exist, analogous to those of the I_region in the mouse. In
addition to DR the Workshop named three further sub-
regions DP, DQ and DZ. Their role in trangplantation
has not yet been evaluated.

Understanding ©f the human MHC has developed
rapidly in the last 20 years and the main stimulus to this
has been the need to improve matching of donor and
recipient for renal transplantation. More detailed evalua-
tion of the HLA-D region may T°t only be of further
benefit in the selection of transplant recipients but may
also establish that this region codes for genes controlling
the human immune response. If this can be confirmed,
studies of the HLA gygten and its products may help to
determine the pathophysiological basis of many disease
states, including immunologically related conditions and
malignancy.
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