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Transplantation of bone marrow can give rise to graft-versus-
host desease when donor Τ lymphocytes, mismatched with the
host for major histocompatability (MHC) antigens, become
sensitized and attack host tissues. However, graft-versus-host
desease can also arise between donor and host with compatible
MHC antigens but mismatched for a minor histocompatability
antigen1"3. We report here on the occurrence of severe acute
graft-versus-host disease in a male patient with acute myeloid
leukaemia who had received bone marrow matched for MHC
(HLA) antigens from his sister. Strong cytotoxicity of the post-
transplantation (that is, donor) lymphocytes against the
patient's pretransplantation lymphocytes was found. Thus, the
transplanted lymphocytes differed in a non-HLA antigen from
the patient. The possible role of this strong cytotoxic minor
histocompatability antigen in the development of graft-versus-
host disease in man is being evaluated. Furthermore, with the
use of cytotoxic T-cell lines, derived from the patient's 6 day
effector cells, we are now able to type for it before grafting.

Following transpiantation, karyotype analysis confirmed that
all the patient's post-transplantation lymphocytes were of donor
ongin The initial expenment demonstrated that post-trans-
plantation lymphocytes from the patient (HA) had strong
cytotoxic activity, as measured by the cell-mediated lympholysis
(CML) assay, against his own pre- but not post-transplantation
lymphocytes4 The patient's cytotoxic effector cells (that is, the
patient's post-transplantation penpheral blood lymphocytes
sensitized in vitro for 6 days with pre-transplantation lym-
phocytes) used in this initial expenment also lysed two out of
four randomly chosen control target cells (Table 1) Lym-
phocytes of the donor were not lysed

These cytotoxic effector cells were then tested in the CML
assay against target lymphocytes from the parents and three
sibhngs (haploidentical to the patient), Fig 1 Besides absence
of cytotoxicity against the lymphocytes of the bone marrow
donor, absence of lysis was repeatedly demonstrated against
the lymphocytes of one out of three HLA-identical sibhngs
which shared one HLA haplotype with the patient As the
cytotoxicity pattern in the patient s family showed a difference
between HLA-identical sibhngs, we hypothesized that the
target antigen is encoded outside the HLA region but the
response to it is restncted by HLA

In an attempt to identify the determinant, we examined the
following polymorphic genetic Systems in the patient's family
which could be a rnarker for a minor histocompatibihty antigen
(1) blood groups, mcluding ABO, Rhesus, MN, P, S, K, Fy and
Lewis, (2) complement polymorphic markers5, (3) lmmuno-
globuhn allotypic markers GM, AM and KM (ref 6), (4) 13
intracellular enzymes ACPI, ADA, AK1, ALAD, DIA2,
ESD, GLO1, GPT1, PGD, PGM1, PGM3, PGP and SOD1
(ref 7), (5) group Five System8, and (6) sex and chromosomal
patterns For none of these Systems could we demonstrate a
difference between either donor and patient before transpianta-
tion or between sibling 3 versus 4 and 5 which correlated with
the CML results

To investigate whether the recognition of the minor antigen
HA' is HLA-restncted, as is the response to H-Y in HLA-A2-

positive female aplastic anaemia patients9, a random panel
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Fig. 1 Pattern of lysis in CML in the patient's family The
patient s cytotoxic effector cells (see legend to Table 1) were tested
against his family members F, father, M, mother, Ρ (2), patient,
D (6), donor, 3, 4 and 5 are sibhngs haploidentical to the patient
The % lysis (which represents the mean value of six expenments)
at one effector target cell ratio (50 1) is shown a, b, c, d Dehneate

parental haplotypes

analysis was performed The cytotoxic effector cells, that is,
patient's post-transplantation penpheral blood lymphocytes
sensitized in vitro with pre-transplantation patient's lym-
phocytes were tested in the CML assay against more than 150
randomly chosen unrelated healthy individuals The results
(Table 2) showed an almost complete association with the
HLA-A2 determinant but in addition, lysis of target cells which
carried either the HLA-B27 or the HLA-Bw62 antigen was
also found All antigens belong to the HLA genotypes of donor
and patient, that is, they are 'seif antigens These results suggest
that the response to the minor antigen is restncted to these
'seif HLA antigens The panel study also showed that the minor
antigen is found at a high frequency in the random population,
95 5% of the HLA-A2-positive, 20% of theHLA-B27-positive
and 60% of the HLA-Bw62-positive panel donor cells tested
showed sigmficant lysis (Table 2)

The occurrence of an HLA-A2 vanant in the patient's family
seems unhkely to explain these results because cytotoxic Τ
lymphocytes specific for an HLA-A2 vanant10 did not lyse the
patient's cells (pre- and post-transplantation) or those of his
family (data not shown) Prehminary biochemical analysis
showed no chemical differences between the patient's lym
phocytes before and after transpiantation (H Ploegh, personal
communication)

To further investigate the cytotoxic determinant, family
studies were performed by assaying target cells derived from
relatives of HLA-A2-positive panel members The cytotoxic
determinant segregated in 12 famihes with the haplotype carry-
mg the HLA-A2 antigen Furthermore, in two HLA A/C
cross-over famihes, the target determinant segregated with the
HLA-A2 antigen One example of such a family is shown in
Fig 2 Consequently, the minor transpiantation antigen which
is seen in association with the HLA-A2 antigen shows both
a high frequency in the panel and in the family analysis
and a codominant inheritance Only five HLA-A2-positive
individuals, whose lymphocytes were not lysed, have been
found so far, two from the family of the patient (Fig 1) and
three HLA-A2-positive panel members (Table 2) Family
studies of non-HLA-A2-, but HLA-B27- or HLA-Bw62-posi-
tive panel members have still to be performed

An attempt was made to identify whether or not the minor
transpiantation antigen which is recognized in association with
HLA-A2 is distinct from those recognized by HLA-Bw62



Table 1

Target cells

Patient (pre transplantation)
Patient (post-transplantation)
Bone marrow donor
Unrelated individual
Unrelated individual
Unrelated individual
Unrelated individual

% Lysis obtained with

2
2
2
3
1
2
2

Α

31
32
11

post transplantation effector cells of patient HA

27
27
27
27

8
51

7

HLA
Β

62
62
62
40
44
62
27

phenotypes
C

1
1
1

2 3

3
2

DR

1 4
1 4
1 4
4
3 7
1 2
2 6

SB

4 4
4 4
4 4

% Lysis

+59

- 3
+5
- 7

+26
+35

The effector cells (phenotype HLA-A2, A2, B27, Bw62, Cwl, Cw3, DR1, DR4, SB4) used throughout this study were patient's post-
transplantation penpheral Wood lymphocytes (that IS donor cells) sensitized in vitro for 6 days with pre-transplantation patient s lymphocytes
These effector cells were tested against randomly selected panel and family donors (see also Table 2, Figs 1, 2) as target cells The CML assay
used has been previously descnbed in detail Cytotoxicity in Tables 1-3 and Figs 1, 2 the amount of Isotope released from the (51Cr-labelled
target cells) was determined and calculated according to methods descnbed earlier16 All expenments were repeated at least twice at six effector
to target ratios Lysis at only one effector target ratio (50 1, that is, 2 5 χ 105 5 χ 103) is shown in this table Positive and negative assignment
was made on the basis of a 10% specific Cr release value Standard errors of the means of tnphcates were always less than 5% No lysis occurred
when responder cells were tested against the relevant target cells after the following cultures a, patient s post transplantation lymphocytes as
responder cells with the donor cells as stmiulator cells, b, donor cells as responder cells with patient's post-transplantation lymphocytes as stimulator
cells, and c, donor cells as responder cells with the patient s pre transplantation lymphocytes as stimulator cells

and/or HLA-B27 Cold target cell Inhibition studies (Table 3)
and the T-cell clone analyses (data not shown) showed
unequivocally that the HLA-A2-, B27- and Bw62-restncted
T-cell subsets were all separate Nevertheless, we have as yet
no data to indicate whether or not the non-HLA antigen which
is seen in association with HLA-A2 is the same as those Seen
in association with HLA-B27 and HLA-Bw62

Our data suggest that we have defined an HLA-restncted
minor histocompatibility antigen(s) that might be similar to that
descnbed earlier in mice23 We have called this antigen HA
The restncting elements were the HLA-A and the HLA-B
antigens of the patient's lymphocytes The non-HLA deter-
minant remains unidentified at present, but we assume that the
parents are both heterozygous for this antigen with a high gene
frequency, the bone marrow donor and sibhng 3 (Fig 1) being
homozygous for the allele ΉΑ' which has a gene frequency of
±0 07 lf HLA-A2 is present

Graft-versus-host reactions are mediated by subpopulations
of donor Τ cells and can be attributed to non-MHC antigens
For example, penpheral blood lymphocytes of two female
aplastic anaemia patients showed HLA-restncted H-Y kilhng
in a CML assay These observations argue for the mfluence of

Table 2 Analysis of HLA restncted anti-HA antigen lysis
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72
3
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HLA-A2 ,
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2
13

cells
typing for

HLA-A2 ,
B27 ,
Bw62+

11
6

HLA-A2 ,
B27~,
Bw62"

0
47

The level of lysis obtained against the HLA-B27- and HLA Bw62-
positive target cells was always lower than that obtained against HLA-
A2 positive target cells Target cells carrying more than one restncting
element are not included in this table

the male H-Y antigen as a non-MHC minor transplantation
antigen91112 In agreement with this, sex-mismatched bone
marrow grafts do less well than sex-matched grafts especially
lf the donor is a female" The possible role of the MNSs blood
group antigen System on the occurrence of graft-versus-host
disease has been reported by Sparkes et al14 Elkins et ali%

descnbed the recogmtion of a human minor alloantigen after
in vitro Stimulation with allogeneic cells of lymphocytes derived
from a multi-transfused patient

We beheve that our findings might be of importance in the
understanding of the biological role of non-HLA transplanta-

Table 3 Competitive Inhibition expenments

Ό labelled
target cells

HLA A2 , Bw62 B27

HLA A2',Bw62 , Β27

— ' HLA A2 , Bw62+ B27

Cold Inhibitors
added 1° l y s l

None +99
HI Α A2+, Bw62 , Β27 +39
HLA A2 , Bw62\ B27 +99
None +97
HLA A2',Bw62 , Β2"7 +26
HLA A2 , Bw62 ,B27 + +95
None +58
Hl Α Α2 , Bw62+ B27 +19
HLA A2\Bw62 , Β27 +55
HLA A2 , Bw62 B27 f +54

Fig. 2 Segregation pattern of the HLA-restncted minor histo
compatibility antigen in an HLA A/C cross-over family The '/o

lysis at only one effector target cell latio (SO 1) is shown

Patient s cytotoxic effector cells (see legend to Table 1) were tested
against target cells that were positive for only one of the restncting
HLA antigens but which were all positive for the minor antigen HA
The inhibitoiy capacity of non labelled target cells carrying only one
of the lestncting elements plus the minor antigen was measured The
ratio labelled unlabelled taiget cells was 10 1 The % lysis of
effector taiget ratio of 50 1 is shown The competitive Inhibition
piotOLol has bten descnbed in detail1'1



tion Systems and in lts management in organ transplantation.
The fact that the cytotoxic Τ lymphocytes described here were
found in a patient suffering from severe acute graft-versus-host
disease suggests that incompatibility for the HA antigen might
have had a role in the induction of the disorder. At present,
however, it is possible, using cytotoxic T-cell lines derived from
patient's 6-day effector cells, to type for the strong cytotoxic
minor histocompatibility antigen HA before grafting. Serotyp-
ing for HLA with alloimmune sera (together with mixed lym-
phocyte culture between donor and recipient) appears to be
insufficient to determine all the cell interactions dependent on
HLA, and CML typing with cytotoxic Τ lymphocytes induced
after in vivo priming might provide important Information.
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