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ABSTRACT: A patient with acute leukemia and her
family including four HLA-identical siblings were ana-
lyzed to select a donor who was not only HLA- but also
munor histocompaubility (mH) antigen compatible for al-
logeneic bone marrow transplantation (BMT) The HLA-
A2 restricted mH antugen-specific HA-1, -2, -4, and -5
cytotoxic T-lymphocyte (CTL) clones were used to type
the family members for expression of these mH anugens
The patient and one HLA-identical sibling were compati-
ble for these mH antigens This sibling was selected as
the bone marrow donor The panent engrafted promptly
but developed acute and chronic graft-versus-host dis-
ease To study the presence of other mH anugen dispari-
ties between recipient and donor, host-versus-graft CTL
lines and clones were generated by sumulation of recipi-
ent peripheral blood lymphocytes (PBLs) with donor
bone marrow cells, and graft-versus-host CTL lines were
generated after BMT by sumulation of PBLs of donor
origin with recipient bone marrow cells These CTL lines
were cytotoxic to cells from the bone marrow donor and

ABBREVIATIONS

aGvHD acute graft-versus-host disease
BMMNC bone marrow mononuclear cell
BMT bone marrow transplantation
CTL cytotoxic T lymphocyte

EBV Epstein—Barr virus

GvH graft versus host

HvG host versus graft

IL-2 interleukin 2

LCL lymphoblastoid cell line
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from the recipient, respectively, and to cells from several
other family members T-cell hines, generated from the
patient after BMT by sumulation of recipient-derived
PBLs with donor bone marrow cells, exhibited no specific
cytotoxicity to donor or recipient cells Chimerism stud-
tes after BMT revealed that the PBLs and T-cell lines
generated after BMT were of donor origin CTL lines
that were generated from PBLs from the three other
HLA-idenucal siblings 1n this famuly by samulation with
HLA-tdentical donor bone marrow cells also exhibited
cytotoxicity to cells from several famuly members OQur
results show that 1n addition to compaubility for HA-1,
-2, -4, and -5 between the recipient and the donor, other
mH anugen disparities existed between all HLA-1dentical
siblings, illustrating the high degree of polymorphism of
mH antigens and therefore the difficulty of finding mH
antigen-compatible donotr—recipient pairs even when
more than one HLA-identical sibling 1s present within a
famuly Human Immunology 37, 221-228 (1993)

Leuko-A leukoagglutinin-A

mH minor histocompatibility

MHC major histocompatibility complex

PCR polymerase chain reaction

PBL peripheral blood lymphocyte

PHA phytohemagglutinin

RFLP restriction fragment-length polymorphism
TCGF T-cell growth factor
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TABLE 2 Reactivity of reapient derived a donor bone marrow CTL lincs

and clones
Specific lysis i *'Cr releasc assay of IL 2 blasts from
Effector Donor  Rec Sib 3 Sib 4 Sth 5 Sib 6 Sib 7 Sib 8 M ther

cells act ac ac ac ac ad ad b1 o
CIL line I +++ - +++ - ++4
CTL hnel A ++t+ - + 4t +++ + o +++ 144
CTLhne i B ++ ++ ++ ++ -
Clone 10787 +++ - - +t - ++

« Effector—target rauo 20 1
4 See Table 1 notes

See Table 1 notes

4 Effectcr target rano 5 1

clones with the same speafiaty CTL clone 10E8 15 a
representative example of these clones that recognized
cells from the bone marrow donor and from siblings 4
and 7 Phenotypic analysis of the clones by FACS scan
ning, using antu-CD3, -CD4, and CD8 monoclonal an
ubodies (Becton-Dickinson, Mountain View CA
USA) showed that they were CD3*CD8' These
results show that CTL lines can be generated with var
ous mH antigen speaficiies from pre BMT recipient
PBLs by sumulatton with donor BMMNCs

Recogniton of cells from family members by GvH CTL
lines ‘Table 3 shows that the CTL lines generated from
PBLs collected at several intervals after BMT and sumu
lated with 1rradiated reciptent pretransplant BMMNCs
differenually recognized cells from other family mem
bers, which suggested the presence of different mH
antigen specificiies 1n the GvH CTL lines

Recognition of cells from family members by the stbling 3 4
and S—antidonor CTL lines CTL lines were generated
from PBLs from three other HLA identical sibhings by
stimulation with irradiated donor BMMNCs Table 4

TABLE 3 Reacuvity of GvH CTL lines

shows that these CTL hines differenually recognized
cells from other family members CTL linc 4—nudonor
only lysed to a bmited extend EBV LCLs trom the do
not but not IL 2 blasts

Lack of donor specific recognition by post BMI antidono
bone marvow I cell lincs To investigate the prescace of
residual potcnual donor dirccted CTLs in the periph

eral blood of the rccipient after BMT PBLs collccted
on days +14 +19 +27 440 +60 and +180 were
stmulated with irradiatcd donor BMMNCs T cell incs
gencrated from PBLs collected on days F14 +19 4 27

and +40 werc nerther cytotosic for cells from the recip

tent nor for cclls from the boac marrow donor Cyto

toxicity aganst EBV LCLs but not 1L 2 blists from rc

apient and bone marrow donor were deeccred 1 che
T cell lincs generated from PBLs collected on days +60
and +180 and that had been sttmulated with donor
BMMNCs only The obscrved cytotoxiaty was not do

nor specific however since autologous cclls ilso were
recogmized (data not shown) Dctermination of e on

g of the T cell lines generated after BMT showed that
they all were donor derived (Lig 1)

Speatfic lysis in 5 Cr release assay of IL 2 blasts frm

Effector Donor Rec Sih 3 Sib 4 Sib S Sib 6 Sib 7 Sib 8 Mc¢ her
cells” act ac ac ac ac ad ad bd l
CTL line +28 - ++ ++ 4+ +++ +++ + + 4+ '
CTL line +105 - + ++ - N
CTL hine +183 - Ft R ++ - v N
CTL bine +365 - ++ + + - _ .
¢ Effector—target ratio 20 1

# See Tabte 1 notes
See Table | notes
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TABLI 4 Rcacnvity of sibling 3, 4, and S—anudonor CTL lines

Spectfic Jysisan * Croredcse vy of is trom

Donor Ree sib 3 Sib ¢ Sib S Sib ¢ Sib 7 Sih 8 Mother
12 LBV iLz 1BV L2 ik 2 it 2 2 112 12 L2
blises ECTs blises LCLs blsts Hlasts blasts blases blasts blasts blasts
o «lly ! ac W W a a A Wl ad bd b
CT e 3 o donor i [N T4 R ND/ 44 FAd
CT1 hine 4 & donor t - ND
CTI hoe 5 @ donor Pe [ +44 - + ND ++

THfcceon cee rat
*See ible | nowes
See Dable 1 aotes
INot e

DISCUSSION

HLA wdenacal BMT may be complicated by severe
aGvHD or gratt rejecnion despite opumal matching for
HLA dass 1 and 11 antigens { 1-71 Both complicauons
are thought o be the result of the recognicton of mH
antigens by .immunocompetene T lymphocytes from do-
nor o recipient orgin, respectively {2013 Minor his-
tocompanbtlity antigens are thought to be peptides de
rived from cellular protans {26} char e bound 1n the
groove of major htstocompaubidity complex (MHC)
molecules This MHC molccule—pepade complen can
be rccognized by allorcactive T lymphocytes (27} Con-
sequently, matching for mH anueens beeween donor

TIGURE 1 RILP analysis adapred for PCR amplification,
of PBLs from the bone matrow donor and che reapient, and
of the posteransplant wtdonor bone marrow T cell lines The
bands 1cpresent PCR amplificd DNA - Fracki marked + arc
digested with the restriction eazyme Ava il and tracks marked

we undigested Lracks I and 2 are donor cddl derved and
produce only one band, whercas f1acks s and 4 are reapent
ccll dertved and produce two bands when digested with Avall
(track 4) Recpient and donor cedls were collected before
BMT TIracks 5--16 are derived from rcaipient post BMT ant
donor BMMNC T «clf lincs, gencrited from rcapiene PBLs
collected 14~180 days aftcr BMT

and recipient may decrease che incidence and severity of
aGvHD and graft rejection

In mice, more than 50 mH genes have been described
28] In humans, several authors have described mH
antigen speatfic CTLs 1o patients after muiuple blood
transfusions and bone marrow and kidney transplanta-
tion {2, 29-32} Mapping of the gene loa has been
successful only for the male mH anugen H Y, both in
humans and mice 33, 34}, and for MTF, a mouse mH
antigen encoded by mutochondrial DNA [35] If the
polymorphism of immunogenic human mH antgens 1s
as excended 4s 1n mice, the chances of Ainding donor—
rceprent pairs identcal for both major and minor histo-
compatibility antigens may be limited

Previously, we have shown that, prior to BMT, rccipt-
ent—antdonor cytotoxicity was demonstrated 10 seven
of ten HLA-1dentical donor—reciptent pairs [211 In the
prescnt study, we show thart although donor and recip:
ent were matched for the mH anugens HA-1, -2, -4,
and -5, additional cytotoxic reactivity aganst other, as
yet undcfined, mH antigens was present between these
two sibliags, both in the GvH and the HvG directions
The duferences in rccogmtion patterns between the
HvG narent line and tts sublines and betwcen the GvH
lines generated at different ume intervals after BMT

don rec 414 +19 +27 +40 +60 +180

145 bp-
72 bp-

N T R R S S
Track 2 34 05 6 7 8 9 10 1112

13

+ -
14 15

+
16
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may reflect differences 1n the frequencies of the various
mH antigen-specific CTL clones present in the CTL
lines The differential reactvity of the post-BMT GvH
CTL lines may reflect in vivo sensitization of donor T
cells against mH anugens These mH antigens may be
sequentially expressed on recipient stumulator cells,
e g, due to sequential infections by pathogens that up-
regulate expression of various self-mH anugens In ad-
dition, when PBLs from the three other HLA-identical
siblings were sumulated with irradiated donor
BMMNCs, CTL lines were generated that also recog-
nized mH antigens expressed on cells from family mem-
bers These results lustrate muluple mH anugen dis-
pariues between the HLA-1dentical family members

Despite the presence of host—antidonor cytotoxic re-
activity prior to BMT, no graft rejection occurred No
residual recipient cells were demonstrated in peripheral
blood and bone marrow collected from the recipient by
chimerism studies after BMT These findings were 1n
accordance with the inability to generate recipient—anti-
donor CTL lines from posttransplant PBLs, suggesting
that no functional alloreactve reciptent T lymphocytes
were present after BMT These findings can be ex-
plained by the eradication of recipient-immunocompe-
tent T cells by the conditioning regimen [36, 37}, by
theur suppression by T cells from the graft {3], or by the
posttransplant immunosuppressive therapy {38} Un-
complicated engraftment despite 1n vitro HvG reacniv-
sty prior to BMT agrees with a previous report {21} 1n
which we describe that, in seven of ten HLA-1dentical
donor—recipient pairs, reciptent—antidonor CTL lines
were generated before BMT None of these pauents
showed signs of graft fallure or graft rejection

GvHD was not prevented by matching for expres-
sion of the mH antigens HA-1, -2, -4, and -5, suggesting
that also 1n the GvH direction additional mH antigen
disparities were present between donor and reciprent
Our 1n vitro results with T-cell lines, generated by stim-
ulation of PBLs collected at several intervals after BMT
with reciptent pre-BMT BMMNCs, paralleled the 1n
vivo observed GVH reactvity Van Els et al [39] could
not demonstrate a clear correlation between the nc-
dence of GyHD and the ability, or inabiity, to generate
antithost CTL lines after BMT Together the results re-
ported here and those by Van Els et al indicate that
most donor—recipient pairs are mH antigen disparate,
but that there 15 not necessanly a relation berween the
ability, or snability, to generate CTL hines that lyse re-
apient or donor cells and the occurrence of GvHD or
graft rejection

Presently, matching for mH antigens 1s not feasible
due to their number and polymorphism Quanutative,
more than merely qualitative, differences 1n mH anu-
gen-spectfic T-cell responses between recipients and

FAT Mungocoal

their potential donors may be correlated with graft re
jection or GVHD Quanatauve differences may be ests-
mated by using hminng diluton assays to detcrmine
CTL or T-helper-cell precursor frequencies as has been
described 1 unrelated HLA-matched donor—recipicnt
pairs or allogeneic responder—stumulator pairs by
Kaminski et al {40, 41}and Deacock et al {421, respec-
uvely Adapting these protocols to the specific situation
of HLA-identical sibling BMT, e g, by using BMMNCs
as sumulator cells, may produce valuable 1nformation

In conclusion, we have analyzed the mH anugen dis-
parity between HLA-dentical and -nonidentcal family
members of a paticnt with leukemia, and the possibility
of finding a sibling bone marrow donor who was both
HLA and mH antigen compatible In addition to com-
patbility for the mH anugens HA-1, -2, -4, and -5 be-
tween bone marrow donor and recipient, disparity for
muluple other mH antigens was demonstrated both 1a
the HvG and the GvH directions (TL lines were gen-
erated from PBLs from three othcr HLA idenucal sib
lings by sumulation with donor BMMNC s, also recog
niztng mH antgens expressed on cells from family
members Donor—anureapsent, but no residual recipt
ent—anudonor, reactvity was demonstrated at several
mtervals after BMT In view of these findings, hinding
donor—recipient pairs that are HLA and mH antgen
dentical 15 unlikely Quantitative, more than mercly
qualttauve, differences in the immune responses to mH
antigens between recipients and their potenual donors
may more likely determine the incidence or seventy of
GvHD or graft rejecton following HI A-identical
BMT
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