Recognition of Minor Histocompatibility Antigens on Lymphocytic and
Myeloid Leukemic Cells by Cytotoxic T-Cell Clones

By Dick van der Harst, Els Goulmy, J.H. Frederik Falkenburg, Yvonne M.C. Kooij-Winkelaar,
Simone A.P. van Luxemburg-Heijs, Henriette M. Goselink, and Anneke Brand

Clinical studies indicated an enhanced antileukemic effect
of allogeneic bone marrow transplantation (BMT), as com-
pared with autologous BMT. After allogeneic HLA-identi-
cal BMT, donor-derived cytotoxic T lymphocytes (CTLs) di-
rected at minor histocompatibility (mH) antigens on the
recipients, tissues can be shown. To evaluate the antileu-
kemic reactivity of mH antigen-specific CTLs, we analyzed
the expression of mH antigens on circulating lymphocytic
and myeloid leukemic cells. We show that the defined mH
specificities HA-1 through HA-5 and H-Y are present on
leukemic cells, indicating that mH antigen-specific CTLs

ONE MARROW transplantation (BMT) using alloge-
neic HLA-identical donors as a treatment modality for
hematologic malignancies is complicated by the occurrence
of graft-versus-host disease (GVHD). Despite the deleteni-
ous effects of GVHD, clinical studies indicate an associated
decreased leukemia relapse rate, commonly designated as
the graft-versus-leukemia (GVL) effect.'*

After allogeneic HLA-identical BMT, donor-derived
HLA class I-restricted minor histocompatibility (mH) anti-
gen-specific cytotoxic T lymphocyte (CTL) lines can be gen-
erated by stimulating mononuclear cells from the patient
post-BMT with irradiated mononuclear cells pre-BMT. > A
number of these CTL lines were cloned by limiting dilu-
tion.? CTL clones recognizing the HLA-A2-restricted mH
specificities HA-1, HA-2, HA-4, HA-S (frequencies in a ran-
dom healthy population: 69%, 95%, 16%, and 7%, respec-
tively), and H-Y, and an HLA-A l-restricted mH antigen-
specific CTL clone recognizing HA-3 (frequency: 88%) were
characterized. The mH antigens differ in their tissue expres-
sion. All mH antigens are expressed on mature blood cells,
whereas they are differentially expressed on normal hema-
topoietic progenitor cells and skin-derived cells.'®!'? We
have recently shown that mH antigen-specific CTLs may
cause BM graft rejection.'® Using these mH antigen-specific
CTL clones, we also showed antigen-specific growth inhibi-
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are capable of HLA class I-restricted antigen-specific lysis
of leukemic cells. Compared with interleukin-2—stimulated
normal lymphocytes, leukemic cells of lymphacytic origin
are less susceptible to T-cell-mediated cytotoxicity by the
HA-2 mH antigen-specific CTL and the anti—-HLA-A2 CTL
clone. A possible explanation for this phenomenon is im-
paired expression of the LFA-1 adhesion molecule. Our
study suggests that mH antigen-specific HLA class I-re-
stricted CD8* CTLs may be involved in the graft-versus-
leukemia reactivity after allogeneic BMT.

© 1994 by The American Society of Hematology.

tion of clonogenic myeloid leukemic cells.'* Recognition of
mH antigens on leukemic cells by mH antigen-specific
CTLs may explain the GVL effect of allogeneic HLLA-iden-
tical BMT. To study the recognition of mH antigens on cir-
culating leukemic cells of lymphocytic and myeloid origin,
the CTL clones specific for HA-1 to HA-S and the male mH
antigen H-Y were used.

We describe here the recognition of these mH antigens on
circulating lymphocytic and myeloid leukemic cells by mH
antigen-specific CTLs and hypothesize the participation of
these CTLs in the GVL effect of allogeneic BMT.

MATERIALS AND METHODS

Patients and preparation of leukemic samples. Leukemic sam-
ples (n = 24) were selected from patients expressing HLA-A1 and/
or HLA-A2, which are the HLA class I restriction molecules for
mH-specific CTL clones (ie, HLA-A1 for HA-3, and HLA-A2 for
HA-1, -2, -4, and -5 and H-Y). Six patients with acute myeloid leu-
kemia, 3 patients with chronic myeloid leukemia, 7 patients with
acute lymphocytic leukemia, and 8 patients with chronic lympho-
cytic leukemia (including B-prolymphocytic leukemia and hairy
cell leukemia) were tested. Leukemic samples from peripheral
blood were obtained after informed consent at diagnosis before
therapy. The cells were centrifuged over Ficoll-Isopaque (density,
1.077 g/mL) and the leukocytes in the interface were subsequently
stored in liquid nitrogen. In case of patients with a hairy cell leuke-
mia, spleens were used as a source of leukemic cells. Parts of these
spleens were minced, and leukocytes were obtained after Ficoll-Iso-
paque density centrifugation and subsequently stored in liquid ni-
trogen. The number of leukemic cells in all samples was more than
90% as measured by morphology, immunophenotyping, and/or cy-
togenetic analysis (data not shown).

mH antigen-specific CTL clones. Cytotoxic T-cell lines HA-1
through HA-5 and H-Y were obtained from 5 patients after alloge-
neic BMT as previously described.>” These T-cell lines were cloned
by limiting dilution, as described in detail.’ The CD8", T-cell recep-
tor a/8* CTL clones were expanded in culture medium, consisting
of RPMI 1640 (GIBCO, Grand Island, NJ) supplemented with 15%
selected human serum, 20 Cetus units (CU) recombinant interleu-
kin-2 (rIL-2)/mL (EuroCetus, Amsterdam, The Netherlands), 3
mmol/L glutamin, 50 ug/ml. gentamycin, and | ug/mL leukoag-
glutinin A (Pharmacia, Uppsala, Sweden). A feedermixture con-
taining irradiated allogeneic peripheral blood mononuclear cells
and patient’s irradiated pretransplant Epstein-Barr  virus-
transformed B-cell line was added. The mH antigen specificity was
shown by differential recognition of lymphocytes from various
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HLA-identical sibling pairs and population studies.” The clones
were stored in liquid nitrogen.

To study the recognition of mH antigens on circulating leukemic
cells, these mH antigen-specific CTL clones were used. CTL clones
with anti-HLA-A1 or anti-HLA-A2 specificity were used as con-
trols for the presence of the HLLA-class I restriction molecules in the
cell-mediated lysis (CML) assays. The day before the CML assay
was performed, the clones were thawed and cultured in RPMI 1640
(GIBCO), supplemented with 50 ug/mL gentamycin, 15% selected
human serum, and 20 CU rIL-2/mL (Eurocetus).

Preparation of target cells. Thawed leukemic cells were used in
all experiments. The leukemic cells were preincubated overnight
in RPMI 1640 (GIBCO), supplemented with 10% selected human
serum, 3 mmol/L L-glutamin, and 50 ug/mL gentamycin. To ob-
tain normal lymphocytes, leukemic cell suspensions were cultured
in culture medium as described above, supplemented with 0.1 ug/
mL phytohemagglutinin (Wellcome, Dartford, UK). After 3 days,
the cells were washed and expanded in culture medium in the pres-
ence of 20 CU rIL-2/mL (EuroCetus) for at least 3 days. The sus-
pensions used contained =90% CD3" IL-2-stimulated normal lym-
phocytes (data not shown).

CML. CML assays were performed using a standard 3'Cr-re-
lease assay. Briefly, target cells were incubated with 100 uCi
Na,*'CrQO, (Dupont NEN Products, Boston, MA) for 1 hourat 37°C
and washed. Then, 5 X 10? viable target cells were incubated with
CTL clones at different effector to target (E/T) ratios for 4 hours at
37°C. After incubation, the supernatant was collected and radioac-
tivity was measured in a gamma counter. Spontaneous release was
measured by incubating target cells in the absence of effector cells,
and maximum release was determined by lysing the target cellsina
Zaponin solution (Coulter Electronics, Luton, UK). The percent-
age of specific lysis was calculated as follows: ([experimental release
— spontaneous release]/[maximum release — spontaneous release])
X 100%.

In cold target inhibition experiments, nonradioactive (cold)
target cells and *'Cr-labeled (hot) target cells at different cold/hot
ratios were incubated with effector cells at fixed E/T ratios. In these
assays, lymphocytic leukemic cells positive for the HLA class I re-
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striction molecule HLA-A2, but lacking the mH antigen as deter-
mined on corresponding IL-2-stimulated normal lymphocytesin a
SICr-release assay using the mH antigen-specific clones described
above, were used as controls for steric hindrance.

To determine the influence of expression of adhesion molecules
on CML of IL-2-stimulated normal lymphocytes, blocking studies
were performed. Target cells were incubated with radioactive chro-
mium as described above, and 5 X 10° viable target cells per well
were subsequently incubated with saturating amounts of mono-
clonal antibodies against CD11a or CD18 (LFA-1 complex; Central
Laboratory for the Blood-transfusion Service CLB, Amsterdam) for
30 minutes at 37°C. As a control, target cells with no antibodies
added were run in parallel. Afterwards, the target cells were incu-
bated for 4 hours at 37°C with the HA-2 mH antigen-specific CTL
clone at an E/T ratio of 5:1. Thereafter, the supernatant was col-
lected and radioactivity was measured using the procedure pre-
viously described.

Immunofluorescence. To estimate the number of HLA-A2 mol-
ecules on leukemic cells and I1.-2-stimulated normal lymphocytes,
viable cells were incubated with saturating amounts of CR11-351
(an anti-HLA-A2/A28 monoclonal antibody; courtesy of Dr S.
Ferrone, New York Medical College, New York, NY) for 30 min-
utes at 4°C, washed, subsequently incubated with Goat-antimouse/
fluorescein isothiocyanate (FITC) (Becton Dickinson, Mountain
View, CA) for 30 minutes at 4°C, and washed. To analyze the ex-
pression of adhesion molecules, leukemic cells or IL-2-stimulated
normal lymphocytes were incubated with monoclonal antibodies
against CD11a and CD18 (LFA-1 complex) and CD54 (ICAM-1;
Immunotech, Marseille, France) for 30 minutes at 4°C, washed, in-
cubated with goat-antimouse/FITC for 30 minutes at 4°C, and
washed. Control samples were stained with the conjugate only. Fi-
nally, the cells were fixed in 1% paraformaldehyde before analysis
on a FACScan flow cytometer (Becton Dickinson).

To ensure identical instrument settings and sensitivity for com-
parison of separate experiments, latex beads with calibrated
amounts of FITC molecules (Flow Cytometry Standards Corp, Re-
search Triangle Park, NC) were run before each experiment. Results
are given as median fluorescence from the fluorescence histograms
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Fig 1. Expression of mH antigens on leukemic cells as compared with corresponding IL-2—stimulated normal lymphocytes. Reactivity of
mH antigen-specific CTL clones with lymphocytic leukemias (A) and myeloid leukemias (B}, as compared with the corresponding IL-2—
stimulated normal lymphocytes (8). Effector to target ratio in the experiments is 5:1. Results are given as the percentage of specific lysis
(mean + SD if more than 4 patients whose IL-2—stimulated normal lymphocytes showed expression of that particular mH antigen; other-
wise, when less than 4 patients showed expression of the relevant mH antigen on IL-2—stimulated normal lymphocytes, mean values). All
patients were tested at least in duplicate experiments to eliminate variations between the cytotoxicity assays performed on different days.
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Table 1. Comparison Between IL-2—Stimulated Normal Lymphocytes and Corresponding Leukemic Cells in Their Susceptibility to Lysis by
mH Antigen-Specific CTL Clones and an Anti-HLA-A2 CTL Clone at Different Effector to Target (E/T) Ratios

CTL E/T NL LY NL MY
HA-1 n=>5 n=4
10:1 94+6 7115 799 64 + 20
5:1 85+8 NS 65+ 19 69+19 NS 52+17
2.5:1 74 +£13 58 +23 51%20 45+ 14
1.2:1 69+7 NS 45 + 21 49 + 28 NS 36+ 15
HA-2 n=9 n=4
10:1 67+12 20+ 11 70+7 66+2
5:1 66+ 12 P <.001 157 62+8 NS 48+ 6
2.5:1 53+12 139 48 £ 10 46+ 5
1.2:11 37+13 P<.001 7+4 39+18 NS 29+10
HA-3 n=>5 n=5
10:1 86+12 68 + 16 88 + 10 85+ 19
5:1 79+ 11 NS 65+ 17 83+ 10 NS 7917
2.5:1 NT NT 76 £+ 6 58 + 10
1.2:1 62+9 NS 63+ 15 51+15 NS 43 +13
HLA-A2 n=11 n=6
10:1 74 +19 58+ 17 74+5 64+ 10
5:1 79+8 P <.001 65+ 15 73+10 NS 60+ 16
2.5:1 77 +£10 44 + 14 58+ 14 54 + 11
1.2:1 56 + 10 P<.001 34+10 51+ 15 NS 43 +£13

Values represent the percentage of specific lysis (mean + SD).

Abbreviations: n, number of patients positive; NS, not significant (paired values at E/T 5:1 and 1.2:1); NT, not tested, NL, normal lymphocytes; LY,

lymphocytic; MY, myeloid.

in arbitrary units on a 4-decade logarithmic scale derived from the
fluorescence detectors using the Consort-30 software (Becton Dick-
inson).

RESULTS

Expression of mH antigens. We compared lysis of leu-
kemic cells and IL-2-stimulated normal lymphocytes de-
rived from the same individual by mH antigen-specific CTL
clones and CTL clones recognizing the HLA restriction
molecules HLA-A1 and HLA-A2. Results are given in Fig
1A (lymphocytic leukemias) and Fig 1B (myeloid leuke-
mias). All mH antigens present on IL-2-stimulated normal
lymphocytes could also be detected on the corresponding
leukemic cells. These results also show that mH antigen-spe-
cific CTLs can lyse lymphocytic and myeloid leukemic cells.
IL-2-stimulated normal lymphocytes or leukemic cells
from HLA-A 1-positive patients were lysed only by the HA-
3 mH antigen-specific CTL clone (HLA-A1 restricted), and
IL-2—stimulated normal lymphocytes and leukemic cells
from patients typing HLA-A2 were recognized only by the
HA-1, HA-2, HA-4, HA-5, and H-Y mH antigen-specific
CTLs (results not shown).

Compared with IL-2-stimulated normal lymphocytes,
leukemic cells of lymphocytic origin appeared to be less sus-
ceptible to lysis by the HA-2 mH antigen-specific CTL clone
and the HLA-A2 CTL clone. This is shown in Table 1, in
which lysis by the HA-1, HA-2, HA-3, and HLA-A2 CTL
clones at different effector to target ratios is given.

Cold target inhibition. Cold target inhibition experi-
ments with the HA-2 mH antigen-specific CTL clone and
the anti-HLA-A2 CTL clone were performed to analyze the

observed differences in susceptibility to CML between IL-2-
stimulated normal lymphocytes and lymphocytic leukemic
cells. For this purpose, the HA-2 mH antigen-specific CTL
clone was further expanded. Results from representative ex-
periments are given in Fig 2. Cold IL-2-stimulated normal
lymphocytes inhibit lysis of radiolabeled IL-2-stimulated
normal lymphocytes by the HA-2 mH antigen-specific CTL
clone and the anti~-HL.A-A2 CTL clone in a dose-dependent
manner (Fig 2A and B). The decreased sensitivity to lysis by
the HA-2 mH antigen-specific CTL clone and the HLA-A2
CTL clone of lymphocytic leukemic cells as compared with
that of the corresponding IL-2-stimulated normal lympho-
cytes is confirmed by these studies. However, cold leukemic
cells are less effective in inhibiting lysis of radiolabeled IL-
2-stimulated lymphocytes by the CTL clones used. These
studies confirm the decreased sensitivity to lysis by the HA-2
mH antigen-specific CTL clone and the anti-HLA-A2 CTL
clone of lymphocytic leukemic cells as compared with that
of the corresponding IL-2-stimulated normal lymphocytes.

The observation that IL-2-stimulated normal lympho-
cytes are more susceptible to target cell lysis than the corre-
sponding leukemic cells is further shown in the titration
curves in Fig 2C and D.

Immunofluorescence. To explain the decreased suscep-
tibility of lymphocytic leukemic cells to lysis by the HA-2
mH antigen-specific CTL clone and the anti-HLA-A2 CTL
clone, we analyzed the expression of the HLA restriction
molecule and cellular adhesion molecules. First, the num-
ber of HLA-A2 molecules on IL-2-stimulated normal lym-
phocytes and the corresponding leukemic cells from 9 pa-
tients with lymphocytic leukemias was quantified by
immunofluorescence using a flow cytometer. Results (in ar-
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bitrary units, see Table 2) for IL-2-stimulated normal lym-
phocytes are 93 + 29 (mean + SD) and for lymphocytic leu-
kemic cells are 85 + 60. These results indicate that there are
no statistical differences in the number of HLA-A2 mole-
cules on normal lymphocytes as compared with that on
lymphocytic leukemic cells.

Second, the number of CD11a/CD18 (LFA-1) and CD54
(ICAM-1) adhesion molecules on IL-2-stimulated normal

= E 2
A3 06 261 121 08 0.3 0.%: 081
E/T ratio

lymphocytes, lymphocytic leukemic cells from 2 patients,
and a myeloid leukemic cell was quantified. Results (in ar-
bitrary units) are given in Table 3. The CD11a/CD18 ex-
pression of lymphocytic leukemic cells is clearly impaired as
compared with those of IL-2-stimulated normal lympho-
cytes and the myeloid leukemic cell. There are no differ-
ences between IL-2-stimulated normal lymphocytes and
the leukemic cells in the expression of VLA-1 and CD49B



1064

Table 2. Comparison of the Expression of the HLA-A2 Molecule on
Lymphocytic Leukemic Cells as Compared With the Corresponding
IL-2—Stimulated Normal Lymphocytes

Patient Leukemic IL-2—-Stimulated

No. Diagnosis Celis Normal Lymphocytes
1 T-ALL 134 100

2 T-ALL 42 69

3 T-ALL 77 131

4 B-ALL 30 98

5 B-ALL 46 133

6 B-ALL 38 79

7 PLL 95 57

8 HCL 234 110

9 HCL 69 56

Results, obtained using an HLA-A2-specific monoclonal antibody and
aflow cytometer (as described in Materials and Methods), are in arbitrary
units.

Abbreviations: T-ALL, T-acute lymphoblastic leukemia; B-ALL, B-
acute lymphoblastic leukemia; PLL, prolymphocytic leukemia; HCL, hairy
cell leukemia.

(both negative) and CD49D (expressed in uniform quanti-
ties on all cells tested).

Blocking studies. To determine the importance of im-
paired expression of CDI11a/CDI18 on susceptibility to
CML, blocking studies were performed. IL-2-stimulated
normal lymphocytes from 2 patients were used as targets for
the HA-2 mH antigen-specific CTL clone with and without
the addition of monoclonal antibodies against CD11a or
CD18. The results are given in Table 4. Blocking of CD11a
but in particular of CDI18 inhibits lysis by this particular
CTL clone, emphasizing the importance of these adhesion
molecules.

DISCUSSION

After BMT, donor-derived mH antigen-specific CTL ac-
tivity directed against the recipient can be shown in particu-
lar but not exclusively in patients with chronic GVHD. A

Table 3. Expression of Adhesion Molecules CD11a/CD18 (LFA-1
Complex) and CD54 {(ICAM-1) on IL-2—-Stimulated Normal
Lymphocytes and Leukemic Cells From Patients KA (Diagnosis:
Prolymphocytic Leukemia), Ml (Diagnosis: Acute
Lymphocytic Leukemia), and MA (Diagnosis: Acute
Myeloid Leukemia, FAB AML-M2)

Patient M| Patient KA Patient MA
NL Leuk NL Leuk NL Leuk
Control 5 8 6 6 3 8
CD11a 66 14 96 38 83 90
CD18 42 9 56 14 35 30
VLA-1 7 8 6 8 8 6
CD498 5 7 6 9 4 6
CD49D 26 19 31 20 29 18
CD54 7 10 12 15 6 27

Results are given in arbitrary fluorescence units. Control refers to the
use of the GAM/FITC conjugate alone.
Abbreviations: NL, normal lymphocytes; Leuk, leukemic cells.

VAN DER HARST ET AL

Table 4. Influence of Impaired Expression of CD11aor CD18 on
IL-2—Stimulated Normal Lymphocytes From Patients KA
{Diagnosis: Prolymphocytic Leukemia) and Ml {Diagnosis:
Acute Lymphocytic Leukemia) Through Blocking
by Monoclonal Antibodies

Target Addition % Lysis

NL {patient
KA) Control 42
Anti-CD11a 17
Anti-CD18 7
NL {patient M} Control 52
Anti-CD11a 17
Anti-CD18 6

Effector is the HA-2 mH antigen-specific CTL clone at an E/T ratio of
5:1. Control denotes lysis without the addition of monoclonal antibodies
to CD11a or CD18. Values represent the percentage of specific lysis.

number of mH antigens have been characterized. CTL
clones specific for the male mH antigen H-Y and the non-
sexlinked mH antigens HA-1, HA-2, HA-3, HA-4, and HA-
5, which are recognized in a classical HLA class I-restricted
fashion, have been generated.”® Using the latter clones, we
show in this study that circulating leukemic cells of lympho-
cytic and myeloid origin express the defined mH antigens
that are present on the patient’s IL-2-stimulated normal
lymphocytes. Therefore, mH antigen-specific CTL clones
are capable of exerting potent HL.A-restricted antigen-spe-
cific lysis of circulating leukemic cells. Recently, we have
also shown that mH antigen-specific CTLs can inhibit
growth of myeloid clonogenic precursor cells in an antigen-
dependent HLA class I-restricted fashion.!* Herewith, our
data further support the notion that the antirecipient reac-
tivity after allogeneic BMT includes also leukemic myeloid
precursor cells and circulating leukemic cells, and thus may
provide an explanation for the GVL effect of allogeneic
transplantation.

Compared with IL-2-stimulated normal lymphocytes,
leukemic cells of lymphocytic origin are less susceptible to
CML by the HA-2 mH antigen-specific CTL clone, as is
shown in Table 1 and Fig 1.

However, it should be noted that IL-2-stimulated normal
lymphocytes are T lymphocytes, whereas most leukemic
lymphocytes are either of B- or T-cell origin. This decreased
susceptibility is most pronounced when HA-2 mH antigen-
specific lysis of IL-2-stimulated normal lymphocytes and
lymphocytic leukemic cells is compared, a phenomenon
that did not occur for myeloid leukemic cells.

To analyze this decreased susceptibility to lysis, cold
target inhibition experiments were performed. The results
from these studies confirm that IL-2-stimulated normal
lymphocytes are preferentially lysed by these two clones as
compared with IL-2-stimulated normal lymphocytes, be-
cause cold lymphocytic leukemic cells in increasing cold/
hot ratios hardly inhibit lysis of hot [L-2-stimulated normal
lymphocytes (Fig 2). Again, this decreased susceptibility
does not exclusively apply for the HA-2 mH antigen-specific
CTL clone, because comparable results were obtained with
the anti-HLA-A2 CTL clone recognizing the HLA class |
restriction molecule (Table 1).
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Absence of the HLA restriction molecule leads to escape
from lysis by mH antigen-specific CTLs and CTLs recogniz-
ing the HLA restriction element.!* We therefore enumer-
ated the number of HLA-A2 molecules on the cell surface
of IL-2-stimulated normal lymphocytes and lymphocytic
leukemic cells from 9 patients. The results show that in all
cases the HLA-A2 molecule was present (Table 2) and that
there are no differences between IL-2-stimulated normal
lymphocytes and lymphocytic leukemic cells in the expres-
sion of HLA-A2.

Thus, impaired expression of this restriction molecule ap-
pears not to be the mechanism responsible for decreased ly-
sis of lymphocytic leukemic cells as compared with corre-
sponding IL-2-stimulated normal lymphocytes. This is in
concordance with the observation that there are no differ-
ences in susceptibility to lysis by the HA-1 and HA-3 mH
antigen-specific CTL clones between IL-2—stimulated nor-
mal lymphocytes and leukemic cells, indicating that im-
paired expression of the HLA restriction element is un-
likely.

We recently showed that hairy cell leukemias lack expres-
sion of CD11a, and that induction of CD11a/CD18 (LFA-
1) and CD54 (ICAM-1) enhances susceptibility to T-cell-
mediated cytotoxicity.'* Therefore, we quantified the num-
ber of CD11a/CD18 and CD54 adhesion molecules on IL-
2~stimulated normal lymphocytes, lymphocytic leukemic
cells, and a myeloid leukemic cell. The expression of
CD11a/CD18 is impaired on the lymphocytic leukemic
cells of both patients tested as compared with IL-2-stimu-
lated normal lymphocytes. This may contribute to the de-
creased susceptibility of lymphocytic leukemic cells to lysis
by this particular mH antigen-specific CTL clone and the
anti-HLA-A2 CTL clone, as compared with 1L-2-stimu-
lated normal lymphocytes and myeloid leukemias.

To determine the influence of impaired expression of ad-
hesion molecuies on CML, we investigated whether block-
ing of CDI1 1a or CD18 on IL-2-stimulated normal lympho-
cytes would lead to decreased susceptibility to lysis by the
HA-2 mH antigen-specific CTL clone (Table 4).

These results again underscore the importance of cellular
adhesion molecules in the process of T-cell-mediated cyto-
toxicity.'>'s Alternatively, the decreased susceptibility of
lymphocytic leukemic cells to CML by the HA-2 mH anti-
gen-specific CTL clone and the HLA-A2-specific CTL
clone could be caused by the physiology of the clones them-
selves as well as by the post-BMT donors from whom these
clones were derived.

In conclusion, we have shown that circulating leukemic
cells of both lymphocytic and myeloid leukemic origin are
susceptible to antigen-specific HLA class I-restricted lysis by
mH antigen-specific CTL clones, indicating that mH anti-
gen-specific CTLs may play a role in the antileukemic effect
of allogeneic BMT. Leukemic cells of lymphocytic origin
are less susceptible to T-cell-mediated cytotoxicity by par-
ticular CTL clones as compared with IL-2—stimulated nor-
mal lymphocytes. This decreased susceptibility is not the re-
sult of impaired expression of the HLA class I molecule but
may be explained by impaired expression of the LFA-1 ad-
hesion molecule, although it cannot be ruled out that this
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phenomenon is caused by unique properties of the clones
used.

Antirecipient mH antigen-specific reactivity can be
shown in patients with and without clinical GVHD, as we
have recently shown.® Therefore, the presence of mH anti-
gen-specific CTLs in vivo need not imply the existence of
GVHD. This is in concordance with our recent observation
that mH antigens are differentially expressed on keratino-
cytes,'” indicating that mH antigen-specific CTLs need not
necessarily damage keratinocytes because the latter may
lack the mH antigen recognized by these CTLs. Therefore, it
is conceivable that antirecipient mH antigen-specific CTLs
exert antileukemic reactivity without affecting GVHD
target organs. Thus, donor-derived mH antigen-specific
CTLs recognizing the recipients’ leukemic cells but not nor-
mal host cells (in contrast to the clones we presently used)
could possibly be applied as adjuvant immunotherapeutic
agents in the treatment of leukemia.
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