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Minor Histocompatibility Antigens HA-1-, -2—, and -4-, and HY-Specific
Cytotoxic T-Cell Clones Inhibit Human Hematopoietic Progenitor Cell Growth
by a Mechanism That Is Dependent on Direct Cell-Cell Contact

By W.A.F. Marijt, W.F.J. Veenhof, E. Goulmy, R. Willemze, J.J. van Rood, and J.H.F. Falkenburg

HLA-identical bone marrow transplantation (BMT) may be
complicated by graft-versus-host disease or graft rejec-
tion. Both complications are thought to be initiated by rec-
ognition of minor histocompatibility (mH) antigens by HLA-
restricted mH-antigen—specific T lymphocytes, Using
HLA-A2-restricted mH antigens HA-1—, -2~, and -4—, and
HY-specific cytotoxic T lymphocyte (CTL) clones, we stud-
ied the recognition by these CTL clones of interleukin-2
{IL-2)—stimulated T cells (IL-2 blasts), BM mononuclear
cells (BMMNCs). and hematopoietic progenitor cells
(HPCs). We showed that, when IL-2 blasts from the BM
donors who were investigated were recognized by the HA-
1-, -2~, and -4—, and HY-specific CTL clones, their
BMMNCs and HPCs were recagnized as well by these CTL
clones, resulting in antigen-specific growth inhibition of
erythrocyte burst-forming units (BFU-E), colony-forming
units-granulocyte {CFU-G), and CFU-macrophage (CFU-
M). The HA-2-specific CTL clone, however, inhibited BFU-
E and CFU-G growth from four donors to a lesser extent
than from two other donors. We further investigated
whether inhibitory cytokines released into the culture me-
dium by the antigen-specific stimulated CTLs or by stimu-

LA-IDENTICAL bone marrow transplantation
(BMT) is frequently complicated by acute graft-ver-
sus-host disease (GVHD). To decrease the incidence and
severity of acute GVHD, BM grafts are depleted of mature
T cells."? However, T-cell depletion is associated with an
increased incidence of graft rejection and graft failure.>*
Immunologically mediated graft rejection is thought to be
caused by residual immunocompetent recipient T cells that
recognize allo-antigens expressed on donor hematopoietic
progenitor cells (HPCs). After haploidentical or partially
matched unrelated BMT, these T cells may recognize HLA
class I or II antigens.”® After HLA genotypically identical
BMT or matched unrelated BMT, residual host T cells may
react with minor histocompatibility (mH) antigens ex-
pressed on donor cells.'® mH antigens are presented in the
context of HLA antigens to HLA class I or I restricted mH-
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lated BMMNCs were responsible for suppression of HPC
growth or whether this effect was caused by direct cell-
cell contact between CTLs and HPCs. HPC growth inhibi-
tion was only observed after preincubation of BMMNCs
and CTLs together for 4 hours before plating the cells in
semisolid HPC cuiture medium. When no cell-cell contact
was permitted before plating, neither antigen-stimulated
CTL nor antigen-nonstimulated CTLs provoked HPC
growth inhibition. Culturing BMMNCs in the presence of
supernatants harvested after incubation of BMMNCs and
CTL clones together for 4 or 72 hours did also not result in
HPC growth inhibition. Both suppression of HPC growth
and lysis of IL-2 blasts and BMMNCs in the ®'Cr-release
assay appeared to be dependent on direct celi-cell contact
between target cells and CTLs and were not caused by the
release of inhibitory cytokines into the culture medium by
antigen-specific stimulated CTlLs or by stimulated
BMMNCs. Our results show that mH-antigen—-specific
CTLs can inhibit HPC growth by a direct cytolytic effect
and may therefore be responsible for BM graft rejection
after HLA-identical BMIT.

© 1993 by The American Society of Hematology.

antigen-specific T cells.' 2 It is important to know whether
mH antigens expressed on human HPCs can be recognized
by mH-antigen—specific cytotoxic T lymphocytes (CTLs)
and by what mechanism such CTLs suppress HPC growth.
It might then be possible to anticipate or prevent the occur-
rence of graft rejection after HLA-identical BMT by resid-
ual recipient antidonor CTL.

Previously, we have shown the recognition of human
HPCs by HA-3 and HY-specific CTL lines.'>!* Expression
of HA-1, -2, -4, and -5 could not be clearly shown, although
at high effector:target (E:T) ratios and after prolonged incu-
bation times partial inhibition of HPC growth was ob-
served. However, it has been shown that increased E:T ra-
tios result in increased antigen-nonspecific inhibition of
HPC growth.'’ Based on these results, we concluded that
mH antigens may be differentially expressed on human
HPCs. Recently, we showed the recognition of clonogenic
leukemic precursor cells by HA-1~, -2, -4, and -5-specific
CTL clones.'® Furthermore, we have reported the recogni-
tion of HPCs by an mH-antigen-specific CTL line.!” This
CTL line appeared to recognize a large panel of unrelated
HLA-A2-positive individuals in a pattern analogous to the
distribution of the mH antigen HA-2 expression in the popu-
lation.'® We therefore hypothesized that the lack of recogni-
tion by the HA-2—specific CTL line in the previous study'
may have been caused by relatively low frequencies of the
respective mH-antigen—specific CTLs to ensure a sufficient
E:T ratio to inhibit HPC growth. The recent cloning of the
mH antigen HA-1—, -2~ -4, and -5-, and HY-specific CTL
lines'® provided us with sensitive cellular reagents to rein-
vestigate the expression of mH antigens on HPCs in more
detail.

Conflicting reports have been published about the mecha-

Blood, Vol 82, No 12 (December 15), 1993: pp 3778-3786



MH AG-SPECIFIC CTL AND HPC GROWTH IN INHIBITION

HA-4

Fig 1. Recognition of different target cells from
one donor by the HA-4-specific CTL clone using
three E:T ratios {{{0] 0.3:1, {7} 1:1, [8] 3:1}). BFU-E,
CFU-G, and CFU-M were tested in the HPC growth
inhibition assay, and IL-2 blasts and BMMNCs in

the ¥ Cr-release assay. CFQJ"M

nism of HPC growth suppression by effector cell popula-
tions. For instance, CTLs may produce a variety of cyto-
kines on antigen-specific stimulation by target cells.!®*
Alternatively, CTLs may stimulate target BM mononuclear
cells (BMMNCs) to produce cytokines. Thus. incubation of
CTLs with BM target cells may result in HPC growth inhibi-
tion caused by a suppressive effect of cytokines, as reported
by other investigators.?® On the other hand, celi-cell con-
tact between CTLs and antigen-positive target cells leads to
CTL stimulation, resulting in direct target cell death. 2
We and others have illustrated that cell-cell contact is im-
portant to obtain HPC growth inhibition, suggesting that
the suppression may be caused by target cell lysis.** How-
ever, Bunjes et al®® showed that both recipient peripheral
blood lymphocytes (PBLs) collected after BM graft rejection
as well as supernatants harvested after incubation of recipi-
ent PBLs in medium alone or in the presence of concanava-
lin A (con A) suppressed HPC growth.

In this study, we describe, using the HLA-A2-restricted
mH antigen HA-1~, -2~, and -4-, and HY-specific CTL
clones, the recognition of these mH antigens on interleukin-
2 (1L~2) blasts, BM cells, and HPCs. We show that antigen-
speeific growth inhibition of HPCs requires direct cell-cell
contact between HPCs and CTLsand is not caused by secre-
tion of HPC growth-inhibitory cytokines by antigen-specifi-
cally stimulated CTLs or activated target cells,

MATERIALS AND METHODS

Collection of cells.  Normal human BM was obtained, afier in-
formed consent, from donors for BMT by aspiration from the poste-
rior iliac crests. BMMNCs and PBLs were isolated and cryopre-
served as described.'” PBLs were thawed immediately before use
and resuspended in RPMI plus [5% pooled human serum (RPMI
plus serumj. BMMNUCs were thawed, washed, and cultured for 18
hours in RPMI plus {5% human serum before use.

HLA tpes of BM donors The HLA types of the BM donors
were donor 1 A1/2, B8/35, C4/7, DR3/8, DQ2; donor 2: Al/2,
B8&/15, C3/7, DR3/4. DQ2/3: donor 3: A1/2, BI17/35, C4/6, DR/
8, DQ3; donor 4: A1/2, B8/40, C2/7, DR3/4, DQ2/3: donor 5: A2,
B15/40, C2/3, DRS/7/11, DQ2/3/7, and donor 6: A2/28, B37/53.
C4/6, DR9/13, DQ1/3.
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HCrrelease ussay,  Target cells were either BMMNCs or recom-
binant 1L-2 (riL-2)-stimulated 1 cells (JL.-2 blasts) that were gener-
ated by culturing 107 PBLs in 10 mL RPMI plus 15% serum and
0.2% phytohemagglutinin (PHA: Difco Laboratories, Detroit, MI)
for 3 days. The cells were then washed and further cultured in the
absence of PHA in medium consisting of RPMI plus 15% serum
and 300 1U r1L-2/ml (T-cell culture medium). After 2 1o 3 days of
culture, the cells were used as targets in a *'Cr-rolease assay,

HA«1-, <2, and -4-, and HY-specific CTL clones, generated as
described,'® and HLA-A1- and -A2-specific CTL clones were cul-
tured in T-cell culture medium. They were used as effector cells 7
days after stimulation with irradiated (50 Gy) Epstein-Barr virus
(EBV)-transformed lymphoblastoid cell lines (EBV-LCLs) derived
from the original stimulator cells and allogeneic PBLs. Eighteen
hours before use. fresh Tocell culture medium was added to the
CTL clones in the absence of feeder cells. Standard 'Cr-release
assays were performed as described® at E:T ratios of 2:1, 1. and
0.3:1.

HPC growth inlibition assay. BMMNCs were depleted of T
cells by 2-aminocthylisothiouroniumbromide~-pretreated sheep red
blood cells as described.? A quantity of 1.25 X 10° BMMNCs in 0.1
mL HPC culture medium consisting of IMDM supplemented with
30 vol% blood group AB heparin plasma and 0.5% bovine serum
albumin (BSA), 0.47 g/L transferrin, and § X 10* mol/L. mercap-
tocthanol was mixed with 0.1 mL of HPC culture medium contain-
ing CTLs at E:T ratios of 2:1, 1:1, and 0.3:1. CTLs were irradiated
(20 Gy) before use to prevent colony formation by these cells. The
cell mixture was centrifuged (1,000g for 15 seconds) to establish
direct celi-cell contact between CTLs and BMMNCs and then incu-
bated for 4 hours in a fully humidified atmosphere of 5% CO, at
37°C. After incubation. the cells were resuspended at a final vol-
ume of 1.4 mL of HPC culture medium supplemented with glycosi-
lated recombinant granulocytc-macrophage colony-stimulating
factor ('GM-CSF; Sandoz Lid, Basel, Switzerland) at a final con-
centration of 10 ng/mL., rlL-3 (Sandoz) at a final concentration of
50 ng/mL., 2 IU of recombinant erythropoietin (Cilag AG Interna-
tional, Zug, Switzerland), and methylcellulose at a final concentra-
tion of 1.3%. Subscquently, 1.15 mL of this suspension was plated
in 30-mm plastic dishes, incubated in a fully humidified atmo-
sphere of 5% CO, and 37°C, and cultured for 18 days. The number
of erythrocyte burst-forming units (BFU-E). ¢olony-forming units-
granulocyte (CFU-G), and CFU-macrophage (CFU-M). defined as
cell aggregates of more than 20 cells, were scored on day 18 under
an inverted microscope. To establish the necessity for direct cell-cell



3780

A HLA~A1

% tysia or P
% growth
inhibitioa/
a
100 ¢
80 j
i

80 «

]

2

erery
S g,

0T

v
52

Yo
et
A
Gt

SR
Uity
P

e

Liai

.;_
o hr
o

v

AN
TR
z\:
Nvaan
{uh_a_},_ [
i

o

R=
+
H
H
H
+
N
%

% lysis or
% growth 7
inhibitioa

i

&
100 ¢

80

et e 8 3

5

=

»
<
e
-
[
e
SR 570
AN

o
=3
ey
FE
Feioi

R
i

¥

it
w43

S

i
3N
.,
b
H

v
B
2
:
»

dm
oM

LS I

Fig 2. Recognition by the HLA-AT- and -A2-specific CTL clones of
(1) BMMNCs and {i9) IL-2 blasts (tested in the *'Cr-release assay and
expressed as a percentage of lysis) and on ({3} BFU-E, {81} CFU-G,
and (M) CFU-M (tested in the HPC growth inhibition assay and
expressed as a percentage of growth inhibition relative to HPC
growth of untreated control BMMNCs). E:T ratio shown is 2.1,

contact between CTLs and BMMNCS, and to exclude the possiinl-
iy of antgen-nomspecific imhibtion of HPC growth caused by the
presence of CTLs in the semisolid culture medium, CTLs and
BMMNCs were separately preincubated for 4 hours and maxed im-
mediately before plating.

To analyze whoether soluble factors, secreted dunng the imcuba-
tion perind. were responsible for antigen-specific HPC growth inhi-
bution, three different protocols were used. Firt, 3 % 10% irradiated
BMMNCsand | x 10* irradiated CTLs were incubated for cither 4
ot 72 hours in HPC culture medium 1n a fully humidificd atmo-
sphere consisting of 3% CO, at 37°C, Subsequently, supernatants of
this cell mistare were added to 5 X 10* BMMNCs from the same
BM donor and, after 18 days of culture, BFU-E, CHFU-G. and CFU-
M colonies were scored, Second. irradiated BMMNCs were added
to C"T'Ls and meubated for 4 hours. Subsequenty. these antigen-
specific stimutated CTLs were added 10 nonyrradiated BMMNCy
from the same donor immediatehy before plating and, after 18 dass
of culture, BFU-E, CFU-G, and CFU-M colomes weie scored. To
control for cell crowding effects, BMMNCy and € T'Ls were mcu-
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bated for 4 hours, irradiated BMMNCS from the same donor were
added, the cell mixture was plated, and, after 18 days of culture,
BFU-E, CPULG, und CFU-M colonies were scored. Third, 10 en-
clude the possehitits of HPC growth inhibition caused by labile fac-
tors, inmadiated antigen-positive BMMNCy, irradiated antigen-spe-
cific CTLs, and nonitradiated antigen-negative BMMNCs were
wcubated for 4 hours, plated, and, atter 18 day<of cultwie, BFU-F,
CEU-GLand CFUSM colonies were scored. Alternativels irradiated
antigen-specic CTT s and antigen-negative BMMNCs were incu-
bated for 4 hours, plated. and, after 18 days of culture, BFU-E,
CEFU-GL and CFU-M colomies were scored Asa control forantigen-
specific HPC growth mhibiton, nonrradiated  antigen-posttive
BMMNCS and trradiated antigen-speetfic CTT « were meubated for
4 hours, plated, and. after 18 days of culture, BFULE, CFULG, and
CHLUAM colonies were scored.

RESULTS

mdl antigens HA-1, 220 and -4, and 113 are expressed on
HPC In Fig 1. a representative example of the dose-de-
pendent lvsis of BMMNCs and [1-2 blasts and growth inhi-
bition of HPCs by the mil antigen HA-d-specific CTL.
clone is shown, CFUSM and CFU-G growth inhibition was
still maaxtmal at low E:T rativs, ilustrating the high sensitiv-
ity of this assuy. Incuch experiment, IL-2 blasts, BMMNCs,
and HPCs from a single BM donor were used as target cells,
and the HLA-A 1- and ~A 2w HA-1- <2~ and -4-, and HY-
spectfic CTL clones as eflector cells in BT ratios of 24, {01,
and 0.3:1. Results obtained with an BT ratio of 211 are
displayed in Figs 20 30 and 4. BMMNCs, 112 blasts, BFU-E,
CFU-G, and CFU-M from all six BM donors tested wore
recognized by the HLA-A2- (Fig 2B). and m antigen HA-
2-specific CTL clones (Fig 3B). All target cells from donors
1.2, 3, and 4 were recogaized by the HLA-Al-specitic CTLL
clone (Fig 2A) The miT antigen HA-E=specific CTL clone
recognized all target cells from donors 1, 2, 3. and 6 (Fig
3A) All target cells from donors 4, 5. and 6 were recogniced
by the mi antigen FIA-4- and HY -specific CTL clones, the
fatter also recognizing all target cells from donor 2 (Fig 3C
and D), Target cells from donor 1 could not be tested by
these two CTL clones. The recognition of {1.-2 blasts by the
HLA-AT-and ~A2~, mi antigens HA-l-and -4- and HY-
specific CTL clones correlated with the recognition of
BMMNCs. BFULE, CFU-G. and CFU-M by these CTL
clones. The highly yuc HLA-AT- and {A-l-specific CTL
clones showed Himited antigen-nonspecific HPC growth -
hibition in some HI A-Al~ or HA-1-negalive donors {do-
nors 5 and 6 and donors 4 and 3, respectively), whereas no
significant Tysis of therr 1L-2 blasts and BMMNCs was de-
tected. Recognition of target cells from the HI A-AL~puosi-
uve donors | through 4 by the H A-A f-specific CTL clone
{Fig 2A) and from the HLA-AZ2~positive donors | through 6
by the HLA-A2-specific CTL clone (Fig 2B) provided the
positive controls for the agsavs. The negative controls were
formed by effector-target cell combinations of which the
target cell lacked cither the HLA restriction clement or the
mH antigen. eg, donors 5 and 6 in Fig 2A, donors 2and 3 in
Fig 3C, and the female donor 3 in g 3D.

The HA-2-speaific CTL clone recognized 11-2 blasts.
BMMNCs, BFU-E, CFU-G. and CFU-M from all donors
(Fig 3By, However, BFU-E and CFU-G from donors 3
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Fig 3. Recognition by the
HA1~, -2-, and -4-, and HY-
specific CTL clomes of (I}
BMMNC, () IL-2 blasts, (L)
BFU-E, () CFU-G, and (8} CFU-
M. For details see legend to Fig
2.

through 6 were recognized 1o a lesser extent. The overall
percentage lysis of BMMNCs from the donors by the
HA-2-specific CTTL clone was also tower than the pereent-
age lysis of BMMNCs by the other CTL clones. HPCs from
donors 3 through 6 were clearly recognized by other CT1L
clones whenever they expressed the appropriate antigen.
Impaired expression of the HLA-AZ2 restriction molecule on
11PCs of the HA-2-positive individuals appeared not to be
an explanation for the diminished or absent recognition. as
shown by the high pereentage of growth inhubition of HPCy
from donors 3 through 6 by the HLA-A2-specific C11.
clone (Fig 2B).

HPC growth  ininbition depends on direct  cell-cell
contacl - Table | and Figs 4 and 3 show the results of the
experiments performed 1o investigate whether direor cell-
cell comact was necessary 10 inhibit HPC growth or whether
cytokines produced by antigen-specifically stimulated CTL
or activated target cells were responsible for suppression of
HPC growth. Supernatants harvested after 4 hours (g 4A
and B: row IV) or 72 hours (Table 1) of incubation of eflec-
tor and target cells did not inhibit HPC growth. Preincubat-
mg CTLs and BMMNCs separately before plating, thus
avoiding  antigen-specific  stimulation, inhibited HPC
growth only to a limited extent (Fig 4A and B; row 1). CT1L
that were antigen-specifically stimulated by preincubation
with irradiated BMMNCs and were mixed immediately he-
fore plating with nonirradiated BMMNCs did not inhibit
HPC growth either (Fig 44 and B: row 1), However. only
afier CTLs and BMMNC s were preincubated for 4 hours
was significant antigen-specific HPC growth inhibition ob-
served (Fig 4A and B: row 11); the addition of irradiated
BMMNCs 1o control for cell-crowding effects did not influ-
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ence HPC growth inhibition. Figure 5 shows that incuba-
tion for 4 hours of the HLA-A2-restricted HA-2-specific
CTLswith (Fig S, row [y orwithout (Fig 5. row 1) THA-2-pos-
itive irradiated BMMNCs and HLA-A2-negative nonirra-
digted BMMNCs did not mduce HPC growth inhibition,
Incubation of nonirradiated HA-2-positive BMMNCs with
irradiated HA-2-spectdic CTLs for 4 hours resulted in al-
most complete HPC growth inhibition (g 5. row {11
These results itlustrate that HPC growth inhibinon by HTLA
class 1 and mil-antigen-specific CT1L clones 15 not caused
b soluble factors released into the culture medivm but that
direct cell-cell contact between HPCs and CTls is required.

DISCUSSION

In this report, we show the recognition of mH antigens on
I1-2 blasts. BMMNCs, and HPCs by the HLA-A2-re-
stricted mlil antigen HA~1~ -2—. and ~4~, and {{Y-specitic
C'TL clones. Previously, we reported the recognition of hu-
man HPCs by CTL lines spectfic for the HLA-A L-restricted
mH antigen HA-3 and the HLA-A 1, A2-, or B7-restricted
miluantigen HY, but not by the 1A~ -2~ -4~ and -5-spe-
cific CTL lines.” ' In that report, recognition of HIPCs by
HA1~, -2, -d~. und -5-specific CTL lines could only be
detected to a limited eatent using high BT ratios. resulting
in significant antigen-nonspectfic HPC growth inhibition.
This antigen-nonspecific suppression of HPC growth may
have been caused by high conventrativns of cytokings pro-
duced by the large number of CTLs present in the cultures,
thus inducing decreased sensitivity and specificity of the
cellular assay. AU HPC growth inhibition assays in these
studics were performed using CTL lines. CTL lines may
consist of multiple clones with different specificities result-
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Fig 4. Direct cell-cell contact-dependent HPC growth inhibition
by HLA-AZ~ [A} and HA-1-specific (B) CTL clones. (1) BMMNCs and
CTLs were preincubated separately and mixed immaediately before
plating. (1] BMMNCs and CTLs were first preincubated together for
4 hours and then irradisted BMMNCs were added as a control for
cell-crowding effects. Thereafter, the cell suspensions were cultured
for HPC growth, (1) liradiated BMMNCs were incubated with CTLs
for 4 hours and then nonirradiated BMMNCs were added and the
coll suspensions were cultured for HPC growth, {1V} CTLs were
incubated with BMMNCs in HPC culture medium for 4 hours,
whereafter the supernatants were harvested, added to BMMNCs
from the same donor, and cultured for HPC growth, Bars represent
the mean of two experiments. E;T ratio is 2:1. {13} BFU.E; (8) CFU-G;
(W} CFU-M.

g in a “dilution™ of the relevant CTL clone and. conse-
quentlv.oan alower EJT ratio. This “dilution™ results appar-
ently not in decreased lysts or recogoition when the target
cell suspension is relatively bomogencous, as is the case with
11.-2 blasts. However, HPCs as target cells do not only occur
at a low frequency of 1% wy BM cell suspensions (500 colo-
nies formed by 5 X 104 plated BMMNCs) but are also mixed
with 99U BM cells expressing the relevant antigen and thus
functioning as “cold targets.” ‘The HA-3— und the HY -spe-
cific CTL hnes studied previously were hughly cviotoxic,
and this may have compensated for the low E:T ratios. Us-
ing the HA-1=, -2 and -d-_and HY-specific CTL clones'
instead of CTL lines. the sensitivity of the assay appeared to
be significantly improved. Recognition of {1.-2 blasts and
BMMNCs from the donors tested in the *'Crerelease assay
by the ml-antigen-specific CTL clones was associated with

MARIJT ET AL

growth mhibition of HPCs trom the same donor. In some
instances, the 1L-2 blasts ay well as the BMMNCs and HPCs
were not recognized by the mB-antigen-speeific CTL
clones, suggesting that these donors fached oapression of the
mll antigen on their Iy mpho-hematoposetic cells. However,
the HA-2-specific CFL clone 1ecognized BRU-E and CFU-
G from donors 3 thiough 6 1o a lesser extent. Lysis of
BMMNCs from all donors by the HA-2-specific CTLs was
Tower as well This was not caused by diminished sensitivity
to lysis of BMMNCs, BEU-E, and CFU-G fiom these do-
nors, as these targets were clearly recognized by other CTL
clones, eg, HA-4 - and HY-specific UTLs, Duereased ex-
pression of the HLA-A2 restriction element was thercfore
also not an eaplanation for ths lack of HPC growth inhibi-
tron, as was further shown by the effective inhibition of
HPC growth of the same donors by the anti-HLA-A2
CTI s. Van der Harst et al®! observed that the HA-2-specific
CTL clone recognized Iy mphocytic leukemia cells tess well.
They found that these target cells exhibited low surface ex-
pression of the adbhewion mokecules CDHW/CDIE com-
pared with target cells that were well recognized, Low sur-
face expression of adhesion molecules was probably not an
eaplanation for the low percentage of growth wnhibition of
BIFU-T, and CFU-G 10 our study because cach donor was
analysed with all mil-anngen~specthic CTL clanes. The
other mH-antigen~spectfic CTL clones were capable of in-
ducing strong growth inhibition of BFU-E and CIFU-G from
donors 3 through 6. Alternatively, the HA-2-specitic CTY

clone may he more sensuinv e to impaired adhesion molecule
interaction. Decreased recognition of BFU-E and CTU-G
from these donors by the HA-2-speaific CTL clone may
huve been caused by a namber of other factors either acting
alone av i combination, Frst, it maght be velated to differ-
entiation and/or maturation of HPCs, resulting in cither a
loss of HA-2 eapression on cells of ery throid and granulo-
eytie lincage or an mcrease of eaprossion on lvmphocytes
and macrophages. Differential expression of mH antigens
on cells from varous tissues has recently been shown by de
Bueger et al.* HA-{ and -2 could only be detected on cells
ol lymphocytic origin and monocytes and not on keratino-
cyvtes, melunocytes, dermal fibroblasts, kidney eputhelial
cells, and endothehal cells. Second. eapression of HA-2 may

be lower on different cell 1y pes hecause ol competition with
other cell-type-spueeific peptides {or binding to HLA mole-

Table 1 Absence of HPC Growth inhibition After Incubation of
BMMNCs With Supernatant Harvested After incubation of mH-
Antigen—Specific CTLs With mH-Antigen~Positive BMMNCs

CTls BMMNCs % HPC Colony Growth
$pectia Positive
for for BFUE CFU-G CFU-M
HA 1 HA 1 89 11 175
HA-2 HA-2 99 88 132
HA 4 HA-4 88 88 102

Values are supernatant mduced HPC growth as a percentage of con-
trot HPC growth Control HPC growth was obtained by culturing ot
BMMNCs in the presence of IL-3, GM-CSF, and erythroporetin Besults
represent the mean of two expenments
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Fig 5 Direct cell-cell contact-dependent HPC
growth infubition by HA-2-specific CTL clone Ir-
radiated HA-2-positive BMMNCs, HLA-A2-restricted
HA-2-specific CTLs, and nonirrachated HLA-A2-
negative BMMNCs were incubated for 4 hours, 80
plated, and cultured for HPC growth (row I}
Alternatively, HA-2-specific CTLs and noniradiated 60
HLA-A2-negative BMMNCs were incubated for 4
hours, plated, and cultured for HPC growth (row I}
As a control for antigen-specific HPC growth in-
hibition, nonirradiated antigen-positive BMMNCs

100 ~

40
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HA-2

% growth inhibition

and antigen-specific CTLs were Incubated for 4 207
hours, plated, and cultured for HPC growth (row Hil)

T~ ) L
T S L7
7 ) LS

Bars represent the results of one experiment at an 0
E T ratio of 3 1. ({3} BFU-E, (&} CFU-G, (&} CFU-M

cules Third, expression of HA-2 may depend on expression
of another gene product, comparable with expression of the
Lews blood group antigens on erythrocytes being depen-
dent on the secretor genes

It has been postulated that HPC growth inhibition by
antigen-specific effector cells 1s mediated by cytokines se-
creted into the culture medium and not by target cell lysis
after cell-cell contact between effector and target cells Anti-
gen-specific CTLs produce interferon-y and tumor necrosis
factor-8, factors that are mhibitory for HPC growth 343
However, they may also produce GM-CSF and IL-2, -3, -4,
-5, and -6, of which GM-CSF, IL-3, and IL-5 are potent
stumulators of HPC growth 3° IL-4 enhances G-CSF-1n-
duced CFU-G growth, but 1s mhibitory for CFU-M
growth *! In the present study, supernatants containing cy-
tokines presumably produced by antigen-specific stimu-
lated CTLs that were harvested after incubation periods of 4
or 72 hours were shown not to be inhibitory for HPC
growth Additionally, antigen-specific siumulated CTLs did
not inhibit HPC growth when direct cell-cell contact was
omutted by preincubating CTLs and BMMNC:s separately
before mixing and plating the cell suspensions Even stimu-
lation of CTLs by irradiated BMMNCs or stimulation of
BMMNCs by CTLs and the likely subsequent production or
alteration of production of cytokines induced no HPC
growth inhibiion both of antigen-positive BMMNCs and of
antigen-negative BMMNCs Recognition of target cells by
CTLs after establishing direct cell-cell contact will result in
direct target cell death 22 The mhibitory effect on HPC
growth by the CTLs appeared to have taken place during the
4-hour 1ncubation period, and 1s thus likely to be similar to
the lytic effect of the CTL clones on the *'Cr-labeled mature
BMMNCs In contrast to the 3'Cr-release assay, the HPC
growth nhibition assay measures functional capacity of
HPCs, present at low frequency in BMMNCs, and may be a
better reflection of the 1n vivo situation

BM graft rejection after HLA-1dentical BMT 1s thought to
be caused by mH-antigen—specific CTLs These CTLs have
been 1solated from recipient PBLs 1n some cases and were

it i

ihbitory for donor HPC growth in vitro after establishing
cell-cell contact (Mamt et al, manuscript submutted) 10284
Because of recognition of HPCs by all mH-antigen—specific
CTLs tested so far and the high probability of mH antigen
disparity between HLA-identical siblings,*** many BM
graft recipients are hkely to be at high nisk for BM graft
rejection Eradication of residual recipient antidonor CTLs
by the conditioning regimen and possibly by the posttrans-
plant tmmunosuppression 1s essential for engraftment, ex-
cept perhaps 1 homozygotic twin transplantation.

In conclusion, we have shown the expression of the mH
antigens HA-1, -2, and -4, and HY on IL-2 blasts,
BMMNC s, and HPCs We showed that, for HPC growth
mhibition, direct cell-cell contact between HPCs and CTLs
dunng the premcubation period 1s required, and that this
suppression 1s not caused by secreted cytokines BM graft
rejection after HLA-1dentical BMT may therefore be caused
by a direct cytotoxic effect of recipient CTLs that recognize
mH antigens expressed on donor HPCs
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