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Several techniques are available for the serological analysis
of antigenic determinants on human hematopoietic progemtor
celis (HPC). However, techniques for the recognition of cellu-
larly defined antigens on such progenitor cells have not yet
been descnbed. We therefore developed an in vitro cellular
cytotoxicity assay, with bone marrow cells as target cells. In
this assay specific cytotoxic T lymphocyte (CTL) lines are
used as effectors for cell-mediated cytolysis of bone marrow
mononuclear cells that express the antigens for which the
CTLs were primed in a mixed lymphocyte culture. As a model
we used CTL hnes against HLA-A2 or -B7 determinants. By
using effector-target ratios varying from 1:2 to 4:1, 4 hr of
incubation of these CTL lines with bone marrow mononuclear
cells from HLA-A2 or -B7 positive donors resulted in a specific
dose-dependent growth nhibition up to 100% of myeloid
(CFU-GM), erythroid (BFU-E), and multipotential (CFU-GEMM)
HPC. In contrast, no intubition of HPC was observed using
mononuciear bone marrow cells from HLA-A2 or -B7 negative
individuais as target cells. Expenments in which cell-cell con-
tact was prevented showed that the antigen-specific lysis of
HPC was dependent on intimate cell-cell contact between
effector-CTLs and bone marrow target cells. Our resuits show
that this cell-mediated cytotoxicity assay can be used as a
sensitive and specific tool for the study of cellularly defined
antigens on human hematopoietic progenitor cells.

INTRODUCTION

HE STUDY of polymorphic antigenic determinants

on human HPC 1s relevant not only for the analysis

of differentiation and regulation of hematopoesis (1-7)
but also for allogeneic bone marrow transplantation. In
allogeneic bone marrow transplantation cell-mediated 1m-
munity agamst polymorphic determinants probably plays
an mmportant role 1 vivo. For mnstance, T lymphocytes of
the recipient may recognize certain polymorphic antigenic
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determinants on HPC of the donor, leading to an immune-
mediated rejection of the bone marrow graft (8-11). In
particular, after removal of the immunocompetent T lym-
phocytes from the bone marrow graft to prevent acute
graft-versus-host disease, an increase 1n graft rejections has
been observed (11-15). Donor HPC may be killed mn vivo
mn a cell-mediated lysis by residual, relatively radiation-
resistant recipient T lymphocytes that are not kidled by
donor T lymphocytes (16). Therefore, since T lymphocyte
depletion of the bone marrow graft 1s increasingly apphed
n allogeneic bone marrow transplantation, the mapping
of polymorphic determinants on HPC 1s of major impor-
tance. The expression of antigenic determnants on HPC
has been studied using serological techmques such as the
complement-dependent cytotoxicity assay (2, 3, 17) and
fluorescence-activated cell sorting (1, 3, 4, 18, 19)

However, unfil now, no 1n vitro assay has been available
to investigate cellularly defined antigens on human HPC
Such an assay 1s obligatory to detect polymorphic antigenic
determinants that cannot be recogmzed serologically (20,
20

In the present study we have developed a cell-mediated
cytotoxicity assay for the detection of antigenic determi-
nants on human hematopoietic progenitor cells. As a
model we used CTL lIimes against several HLA class I
antigens

MATERIALS AND METHODS
Establishment of Cytotoxic T Lymphocyte (CTL) Lines

CTL lines agamst HLA-A2 or -B7 determinants were estab-
hished as previously described (22) Brefly, standard mxed lym-
phocyte cultures were established by incubating HLA-A2 or -B7
negative responder cells at a concentration of 5 X 10° cells/ml
with HLA-A2 or -B7 posttive rradiated (15 Gy) simulator cells
at a concentration of 5 X 10° cells/ml for 6 days in RPMI plus
15% serum (1e, HEPES-buffered RPMI 1640 with 15% pre-
screened pooled human AB serum supplemented with 0 1% gen-
tamycin and 10 mum L-glutamine), at 37°C 1n an atmosphere of
5% CO, The effector T lymphocytes were harvested and further
expanded for 3-5 days at a concentration of 10° cells/ml mn a
medium consisting of 20% T cell growth factor (Biotest, Offen-
bach, Germany) 1n RPMI plus 15% serum at 37°C 1n an atmos-
phere of 5% CQO, The established CTL lines were then cryopre-
served at a concentration of 107 cells/ml 1n a medium consisting
of 70% RPMI, 20% human AB serum, and 10% dimethylsulfox-
ide and stored in hquid nitrogen Before use the CTL hines were
thawed for 1 mun 1n a 37°C water bath, diluted 1n RPMI plus 50%
serum, washed once n the same medium, and further expanded
for 3-5 days at a concentration of 10° cells/ml in 20% T cell
growth factor in RPMI plus 15% serum at 37°C 1n an atmosphere
of 5% CO, The cytotoxic reactivity and antigemic specificity of
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the CTL lines were tested using a standard Cr*'-release assay (22)
Surface marker analysis of CTL lines was performed using an
indirect immunofluorescence techmque with murnine monoclonal
antibodies and a fluorescence activated cell sorter (FACS analyzer,
Becton-Dickinson | )ytometry Sy , M View,
CA){(23) The expression of antigenic determinants on the effector
cells was studied with monoclonal antibodies against the T cell
markers CD3 (OKT3, Ortho Diagnostic Systems, Rantan, NJ),
CD4 (Leu 3a, Becton-Dickinson Monoclonal Center Inc , Moun-
tain View, CA), and CD8 (leu 2a, Becton-Dickinson), the B cell
markers Leu 12 (Becton-Dickinson) and Bl (Coutter Clone, Coul-
ter Immunology, Hialeah, FL), and HLA-DR (Becton-Dickinson),
as well as using 2 monoclonal antibody recognizing the mterleu-
kin-2-receptor (TAC Becton-Dickinson)

Collection of Bone Marrow

Normal human bone marrow of donors for bone marrow
transplantation was obtaned, after informed concent, by aspira-
tion from the postenor ihiac crests The cells were collected 1n
Hanks balanced salt solution with 100 unsts/m] of preservative-
free hepann The marrow suspension was diluted in RPMI 1640
with 5% FBS (Gibco, Grand Island, NY) and centnifuged over
Ficoll-tsopaque (1 077 g/cm?, 1,000 g, 20 min, 20°C) The inter-
phase cells were collected, washed twice in RPMI pius 5% FBS,
and resuspended 1 the same medium For cryopreservation, bone
marrow mononuclear cells at a concentration of 107 cells/ml were
suspended 1n a medium consisting of 70% RPMI, 20% FBS, and
10% dimethylsulfoxide and frozen in a computer-controled
freezer (Cryoson, Middenbeemster, The Netherlands) as previ-
ousty described (2) Immediately before use the cells were thawed
for | mmn 1n a 37°C waterbath, diluted 1n HEPES-buffered RPMI
plus 20% FBS at 0°C, washed once mn the same medium, and then
washed again in RPMI plus 15% serum The cells were resus-
pended 1n RPMI plus 15% serum at a concentration of 5 X 10°
viable cells/mi

Cell Medrated Cytotoxicity Assay

A quantity of | 25 X 10° bone marrow cells in 0 25 ml RPMI
plus 15% serum was mixed with an equal volume of this medium
containing CTLs The effector-target cell ratios vaned from I 8 to
16 1 The cell mixture was centnfuged {1,000 g, 15 sec) to establish
cell-cell contact between CTLs and bone marrow cells and then
incubated for 4 hr in a fully humdified atmosphere of 5% CO, at
37°C After incubation, the cells were washed once in RPMI plus
[5% serum and resuspended 1n a-modified Eagle's mimmal es-
sential medwum (Flow Laboratones, Irvine, Scotland) with 20%
FBS, and subsequently cultured for CFU-GM, BFU-E, and CFU-
GEMM As a control to estabhish the necessity of cell-cell contact
between CTLs and bone marrow cells, and to exclude the possi-
bility of nonspecific inlibition of hematopoietic progenitor cell
growth due to the presence of cytotoxic cells n the semisold
culture medium CTLs were added to bone marrow celis imme-
diately before plating All CTLs were irradiated (20 Gy) before
use to preveat colony formation by these cells

CFU GM

A quantity of 10° bone marrow cells was cultured 10 1 ml
medium ¢ 20% FBS (Reh Kaukak L), 20%
lcukocyte-conditioned medium (24), 20% a-modified Eagle's
minimal essential medium, and 40% methyiceliulose 2 25% i a
fully humidified atmosphere of 5% CO; at 37°C in 35-mum plastic
dishes CFU-GM cotomes defined as granulocytic, monocytic, or
eosinophilic aggregates of more than 20 cells were scored on day
10 under an 1nverted microscope
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BFU-E

A quantty of 10° bone marrow cells was cultured n 1 mi of
medium contaiming 20% FBS (Rehatwin), 20% leukocyte-condi-
toned medium, 5% 107° M 2-mercaptoethanol, 5% Iscove’s mod-
ified Dulbecco’s med, 5% d d bovine serum albumin
(Sigma, St Louts, MO), 5% human transfernn, and 40% meth-
yicellulose 2 8% wath | umt/ml erythropoietin (Connaught step
I, Toronto, Canada) tn 35-mm plastic dishes 1n a fully humidi-
fied atmosphere of 5% CO, at 37°C The number of BFU-E was
scored on day 14

CFU-GEMM

A quantity of 10° bone marrow cells was cultured in 1 ml
medium contaning 30% ABQO-compatible human heparnn
plasma, 7 5% phytohemagglut Teukocyte d d me-
dium (25), 5% 10~ M 2-mercaptoethanol, 5% deionized bovine
serum albunun, 5% human transfernn, 5% Iscove’s modified
Dulbeceo’s medium, and 40% methyleellulose 2 8% with 1 umt/
ml erythropostetin (25%) 1n 35-mm plastic dishes mn a fully
humdified atmosphere of $% CO; at 37°C CFU-GEMM, defined
as colones containing at least both erythrod and myeloxd cells,
was scored on day 14-18

Calculations

100% growth was defined as the number of colonies cultured
from 10° untreated bone marrow monc cells The by
of cotonies in these cultures was always within the normal range
for our laboratory (CFU-GM 182 £ 5 (mean + SE), BFU-E 121
+ {2, CFU-GEMM 16 % 1) In cellular cytotoxicity assays the
percentages of surviving HPC were calculated by dividing the total
number of colonies by the number of colonies 1n the untreated
control cultures

RESULTS
Characterization of CTL Lines

Table | shows the cytotoxic reactivity and antigemc
specificity of the established CTL lines as tested against
phytohemagglutinin-stimulated peripheral blood lympho-
cytes of HLA-A2 or HLA-B7 positive or negative donors
In the Cr*'-release assay at an effector-target ratio of 10-1
the ant1-A2.CTL line caused a 77 + 4% lysis of A2-positive
target cells and showed no reactivity (8 + 1% lysis) against
A2-negative target cells The anti-B7-CTL hine, using the
same effector-to-target ratio, caused 92 + 7% lysts of B7-
positive target cells and 12 = 3% lysis of B7-negative target
cells As 1s shown n Table 1, surface marker analysis of
the CTL Iines showed that most of these cells were acti-
vated cytotoxic T lymphocytes

Cellular Cytotoxicity Assay on Bone Marrow Cells

Pilot stuches using the anti-A2-CTL line (Fig 1) showed
that tncubation of these CTLs with A2-negative bone
marrow cells did not mfluence plating efficiency of CFU-
GM up to an effector-target ratio of 4.1 Control expen-
ments using noncytotoxic PHA blasts showed simular re-
sults There was no inhibition of CFU-GM growth after
incubation of PHA blasts with bone marrow cells up to a
ratio of 8:1

When the anti-A2 CTLs were incubated with A2-posi-
tive bone marrow, mhibrtion of CFU-GM growth could
be detected 1n a dose-dependent manner at effector-target

VOOGT ET AL



EFFECTOR/ TARGET RATIO

Table 1 C of Cy T-L Lines, Using a Celi-Medlated Lympholysis Assay Against PHA-Stimulated Peripheral Blood
Lymphocytes
% Lysis of Target Cells
Responder Stimutator Marker Analysis
HLA Phenotype HLA Phenotype A2 positive A2 negative {% positive cefis)
B7 negative B7 positive
Anti A2 CTL line A3 A1l A2 774 81 CD394 CD875CD4 23
835 851 B51 DREBTAC 18811
Leu122
Antl B7 CTL fine Al A3 Al A3 123 927 CD3-94 CD8 69 CD4 12
B8 835 B7 B8 DR 85 TAC 25 B1 1
Leu123
* Values are means + SE of five experiments Effector target cell ratio 101
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Figure 1 Growth of CFU GM after incubation of bone mairow cells
with the anti A2-CTL line or in biasts at
various eftector-target ratios Black ban, A2 -positive bone marrow
cells incubated with the anti-A2-CTL line (n = 3), stippled bars, A2-
negative bone marrow cells Incubated with the ant-A2-CTL line (n =
3), white bars, bone marrow cells with phy
biasts (n = 3) Growthis exp asap of
in untreated control samples (means + sE)

imal growth

ratios from 1 2 upward Therefore, 1n further experiments
effector-target ratios varying from 1 2 to 4 1 were used

As shown n Fig 2, by using effector-target ratios varymg
from 1 2t0 4 1 the ant1-A2-CTL line effectively inhibited
the growth of CFU-GM, BFU-E, and CFU-GEMM of A2-
positive bone marrow donors but not of A2-negative in-
dividuals By using the same effector target ratios, incu-
bation of the bone marrow cells with the antt-B7-CTL lime
(Fig 3) resulted 1n a significant intubition of hematopoetic
progenttor cell growth of B7-positive but not B7-negative
ndividuals Adding the CTLs to the bone marrow cell
culture at an effector-target ratio of 4 1 without incubation
before plating did not result tn inhibition of hematoporetic
progenitor cell growth (Table 2)

DISCUSSION

Our results indicate that the cell-mediated cytotoxicity
assay can be used to investigate the expression of celtularly
defined antigenic determinants on hematopoietic progen-
1tor cells

Using CTL lines against HLA-A2 or -B7 determinants,
we demonstrated that these CTL hnes effectively and
specifically inhibited the growth of CFU-GM, BFU-E, and
CFU-GEMM from A2- or B7-positive bone marrow do-

LYSIS OF HUMAN HEMATOPOIETIC PROGENITOR CELLS
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Flgure 2 Growth of CFU-GM, BFU-E, and CFU-GEMM after incy
bation with the anti-A2-CTL line at various etfscior-isrget ratica Closed
symbols, A2-positive bone marrow calls, apen symbols, u»mym
isone marrow cells Growth is exp! as a p
growth In the untreated control samples (mum * SE)

nors, respectrvely, whereas no such inhibitton was observed
after treatment of bone marrow cells from A2- or B7-
negative imdividuais Since relatively low effector-target
ratios resulted 1n an almost complete speaific inhibition of
hematopoletic progenitor cell growth, this assay appears to
be highly sensitive, aithough at the highest effector-target
ratios some nonspecific inhtbition occurred

This cell-mediated cytotoxicity assay may be particularly
useful 1n studying the expression of minor transplantation
antigens that cannot be recogmzed serologically (21, 21)
These antigens probably play a majyor role in the etiology
of graft-versus-host disease after allogeneic bone marrow
transplantation and may conceivably play a role in graft
fatture which can occur after T lymphocyte depletion of
the bone marrow graft (11-15) Although several patho-
phystological mechanisms may be responsible for this graft
faillure, most cases are probably due to immunologic rejec-
tion of the transplant by the host (11, 13) This view 1s
supported by the fact that the mcidence of graft failure
after T lymphocyte depletion of the bone marrow graft
can be reduced by more intensive immunosuppressive
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EFFECTOR/ TARGET RATIO
Figure 3 Growth of CFU-GM, BFU-E, and CFU-GEMM after incu-
bation with the antl-B7-CTL line at various effector-target ratios Closed
symbols, B?-positive bone marrow celis, open symbols, B'l-neglllvo
bone marrow cells Growth is exp asa
growth in the untreated control samples {means  SE)

Table 2 Growth of Human Hematopoletic Progenitor Cells in the
Presence of Antigen Specific CTLs with or without incubation before

Culture
Incubation CTLs Added to No of
with CTLs Culture Medium Experiments
CFU-GM L 91+ 6° 18
BFUE LE 88+ 10 7
CFU-GEMM 11 99 £ 21 6

" Values oxpressed as percentage of maximal colony growth in controf
cultures (means + SE) Results using the anti A2 and anti B7-CTL lines
were pooled Effector target cell ratio 4 1

regimens (11, 15, 26-28) Analysis of the nature of the
effector cells involved, their interaction with bone marrow
target cells, and the target determinants that are recognized
in this process require the establishment of an 1 vitro
model The technique described here may be very useful
for this purpose Since the semisolid culture medium pre-
vents cell-cell contract between the effector cells and the
bone marrow target cells, 1t 1s possible, using this assay, to
differentiate between processes that are dependent on cell-
cell contact and other cell-dependent phenomena medi-
ated by soluble factors Particularly in coculture studies
investigating the mfluence of certain cell populations on
growth of HPC, it may be important to distinquish between
these processes (29) The assay opens the possibility of
studying whether cell-mediated bone marrow graft rejec-
tion 1s restricted to polymorphic antigenic determinants or
1s due to nonspecific NK-cell-medsated lysis of HPC

In a murie model of graft rejection 1t was recently
shown that the rejection process, as detected 1n vive by
proliferative spleen colony assays, could be studied 1n vitro
using an assay stmlar to the techmique described here (30)
Incubation of bone marrow target cells with spleen-denved
effector cells in vitro resulted 1n a specific growth inhibition
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of HPC, similar to the inhibition of HPC observed in vivo
These data indicate that this i vitro assay 1s analogous to,
and thus a useful model for, the 1n vivo situation It 1s to
be expected that the cell-mediated cytotoxicity assay we
have described here will be suntarly useful in studying the
mechanisms underlying cell-mediated bone marrow graft
rejection tn humans

We conclude that this cell-mediated cytotoxicity assay
can be used as a sensitive and specific tool for the analysis
of the expression of cellularly defined polymorphic anti-
gens on hematopoietic progemtor cells and that this assay
can be apphed to study the mechanmisms of celi-mediated
graft rejections in allogeneic bone marrow transplantation
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