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{57 ABSTRACT

Monocional antibodies that recognize 3 stage-specific
antigen on immature human marrow cells are provided.
These antibodies are useful in methods of isolating cell
suspensions from human blood and marrow that can be
employed in bone marrow transplantation. Cell suspen-
sions containing human pluripotent lympho-hematopoi-
etic stem cells are also provided, as well as thersputie
methods employing the ceil suspensions.
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HUMAN STEM CELLS

The invention descnbed herein was made with Gov.
ernment support under a grant of award from the De-
partment of H{ealth and H{uman Services. The Govern.
mient has cerwin rights in this invention.

TECHNICAL FIELD

The piesent invention is direcied to cell populations
useful in bone marsow transplantation. as well as im-
mortal cells producing monoclonal antibodies to human
stem cells.

BACKGROUND OF THE INVENTION

Bone marrow transplantation is an effective therapy
for an increasing number of diseases. Graft Versus Host
Disease (GVHD), however, limits bone maryow trans-
plantation to recipients with HLA-ma1ched sibling do-

nors. Even then, approximately half of the allogenic :

bone marrow transplantation recipients develop
GVHD. Current therapy for GYHD is isnperfect and
the disease can be disfiguring and/or lethal. Thus. nsk
of GVHD restricts the use of bone marrow transplanta-
tion to patients with otherwice fatal diseas=s, such as
malignancics. severe aplastic anemis, and congential
immunodeficiency ststes. Less than 1000 bone marrow
transplantations per year are currently performed in the
United States. Many other patients bave diseases that
might be treated by marrow cell transpiantation (such
as sickle cell anemia) if GVHD were not such a serious
risk.

- The potential benefits from expanded use of bone
marrow transplantation have sumulated cesearch on the
cause and prevention of GVHD. 1t has been shown that
donor T lymphocytes cause GVHD in animals. Re-
moval of T lymphocytes ftom donor marrow inocula
(“grafts”) prevented the subsequent development of
GVHD in mice, dogs and monkeys. Similar trials in
humans with monoclonal antibodies against human T
lymphocytes are now in progress. Preliminary results,
however, suggest only attenuvation of GVHD, not s
cure. Similar results have been achieved with E-rosette
and soybean lectin depletion of T lymphoeytes. An-
other spprosch under investigation is the use of anti-T
lymphocyte monoclonal antibodies conjugated to tox-
ins, such as ricin.

A3 of yet, however, GVHD has not been prevented
or cured in bone martow recipients. A continuing need
exists, therefore, for new methods of combatting Graft
Versus Host Disease.

Donors of bone marrow are also faced with undesir-
sble procedures and riska. The current procedures for
harvesting bone marrow are expensive and painful.
Furthermore, the current donation procedure is accom.
panied by the risks associsted with anethesia, analgesia,
blood transfusion and possible infection. It would he
desirable, therefore, 10 improve the current method of
harvesting marrow from donors.

SUMMARY OF THE INVENTION

1t is an object of the present invention to reduce or
climinate GVHD associated with bone marrow trans.
plantation.

Another object of the present invention is to provide
monoclonal sntibodies that selectively bind immatuse
bone marrow cells.

H

0

50

63

2

A further abject of the pre<ent invention 18 to provide
s method for prepanng 3 cell popuiation useful for stem
cell transplantation that 1t enriched 1n immature mar.
row cells and substanually free of mature myeloid and
Iymphoid cells.

Yet snother object of the present invention is (0 pro-
vide s method of collecting donation useful for stem
cell transplantation that avoids the disadvaniages of
conventional masrow harvesting techniques.

Still another object of the present invention is t0
provide s therapeutic method of transplanting stem
cells that can extend the use of stem cell transplantation
of the treatment of non-(atal diseases.

These and other objects of the present invention are
schieved by one or more of the following embodiments.

In one embodiment. the present lavention provides &
monoclonal antibody that recognizes an antigen on
buman pluripotent lymphohematopoietic siem cells, bug
does not recognize an antigen on normsi. human mature
lymphoid and myeloid cells.

The present invention also provides a monoclonal
antibody to normal, immature human marrow cells that,
is stage-specific snd not lineage dependent. said anti-
body (8) recognizing an antigen on normal, human
blood or bone marrow (i) colony-forming ceils for
granulocytess monocytes (CFC-GM), (ii) colony-form-
ing cells for erythrocytes (tDFU-E), (iit) colony-forming
cells for eosinophils (CFC-Eo), (iv) multipotens colony-
forming cells (CFC-GEMM), and (v) immature lym-
phoid precursor cells: (b) recognizing an antigen on 8
maximum of about $% normal, human marrow cells
and 3 maximum of about 1% normal. human peripheral
blood cells; and (c) not recognizing an antigen on nor-
mal, matuie human myeloid and lymphoid cells.

The present invention also provides a monocional
antibody that recognizes the antigen recognized by the
antibody produced by the hybridoma deposited under
ATCC Accession No. HD-8483. )

The present invention further provides immortal cell
lines that produce the above antibodies.

In still another embodiment, the present invention
provides a method of producing a population of human
cells containing pluripotent lympho-hematopoietic stem
cells comprising: (a) providing s cell suspension from
human tissue, said tissue seiected from the group con-
sisting of marrow and blood; (b) contacting said ceil
suspension with a monoclonal actibody to immature
human marrow cells that is scage-specific zad not lin-
eage dependent, said antibody recognizes an antigen on
human pluripotent lympho-hematopoictic siem cells,
but does not recognize an antigen on mature, human
myeloid and lymphoid cells; and (c) separating and
recovering from said cell suspension the cells bound by
said antibody.

1n a further embodiment, the present invention pro-
vides s method of providing a population of human cells
containing pluripotent lympho-hematopoietic stem cells
comprising: (2) providing 2 cell suspension from human
tissue, said tissue sclected from the group consisting of
marrow and blood; (b) contacting 33id cell suspension
with a solid-phase linked monoclonal antibody to imma-
ture human marrow ceils that is stage-specific and not
lineage dependent, said antibody recognizes an antigen
on human pluripotent lympho-hematopoietic stem cells,
but does not recognize an antigen on mature human
myeloid and lymphoid cells: and (c) separating unbound
cefis from solid-phase linked monocional antibody after
said contacting: and (d) recovering bound cells from
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said solid-phase linked monoclonal anubody after seps-
rating sud unbound cells.

Yet another embodiment of the present invention
provides a suspension of human cells compnsing plunp-
otent lympho-hematopoietic stem cells subsuantisily
free of mature lymphoid and myeloid cells. as welil as
thesspeutic methods employing such a cell suspension.

DETALLED DESCRIPTION OF THE
INVENTION

The present invention provides s significant advance
in the art of bone marrow transplantation. An antigen
has been discovered ihst is expressed on imamtare,
vormal human marrow cells. inciuding plunpotent lym-
pho-hernatopoietic stem ceils (stemn ceils). Stem ceils
bave the ability to restore. when transplanted, the pro-
duction of hematopoietic and lymphoid cells to a pa-
tient who has lost such production due to, for example.
radiation therapy. Unlike other anugens to which
monoclonal antibodies have been developed, the anti-
gen disclosed herein is not expressed by mature myeloid
or fymphoid cells. yet appears on ail colony-forming
myeloid progenitors asxayed to date. The newly discov-
ered antigen 13 a stage-specific anuigen that appears on
bone marrow cells desirable for use in a bone marrow
transplant, yet is not expressed on the more masture
lymphoid cells which have been implicated a3 the cause
of Gralk Versus Host Disease. Futhermore, it has been
found that the newly discovered anfigen is not ex-
pressed on the peripheral blood celis that would be
uanecessary or unwanied for stem cell transplantation,
thus permitting the isofstion of stem ceifs (rom human
blood. The present invention also provides monoclonal
antibodies which facilitate the isolation of the desired
cells and make possible improved therapeutic tech-
niques that significanily contribute to the undersuanding
and prevention of Graft Versus Host Disease. The iso-
fated stem cells can also be employed to produce panels
of monoclonal antibodies to stem cells.

The newly discovered antigen has been designated
My-10. This antizen was identified by a monocional
antibody raised against the KG-1a human leukemic ceil
line. The KG-1A cell line arose as a spontaneous tissue
culture variant from the KG-1 myeloblastic leukemic
ceil fine derived from a patieat with non-lymphocytic
leukemia Sce Koeffler et al, (1978) Science 200: 1153;
Koefller et al.. (1980) Blood 561 265. Both the KG-1a
and KG-! leukemic cell lines are available from Dr.
D:*:.d Golde, at the University of California, Los An-

The My-10 antigen is expressed a3 a cell-surface anti-
gen on the KG-1a and KG-! cell lines. The antigen is
immunoprecipitated from extracts of these cell lines as ®
protein of approximately 115 kD (kilodalton) apparent
molecular weight. The My-10 antigen is also expressed
on a sumber of fresh acute Jenkemia (both lymphoid
and non-lymphoid) biast cell specirnens.

My-10 is expressed on very few normal human pe.
ripheral blood cells or marrow cells. Assayy detect
My-10 antigen on & maximum of about 5% of the nor-
maj human marrow ceils and 3 maximum of about 1%
of normal human peripheral blood cells. Varions asuay
techniques have been employed to test for the presence
of the My-10 antigen and those techaiques have not
detected any appreciable number (i.e., not significantly
above background) of normal, mature human myeloid
and lymphoid cells in My-10-positive popuiations. In-
deed, the ability to detect My-10 antigen diminishes
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rapidly as blast cells difTerenuiate into mature myeloid
and lymphoud cells.

The indirect immune sdherance (“panning™) tech.
nique is an appropriate assay (o separate the rare My. 10
positive normal human bone marrow cells from the
predomunant My-10-negative marrow celis. Over 50%
of the My-10-positive marrow cells found by this tech-
nique are blast celis of heterogenecous morphology.
Only rarely are progranulocytes, promonocytes and
more msture granulocytic of monocytic cells found in
the My-10-positive cell fracton. Confirming results
with even higher purity of isolated My-10-positive cells
are achieved with immune rosetting and fluorescence-
activated cell sonting (FACS),

The My-10 antigen is expressed on colony-forming
cells of all marrow or blood cells lincages tested to date.
For example. over %0% of the colony-lorming celis-
granulocytesmonocyte (CFC-GM) are 1solated in the
My-10-posidve fraction obuained by panning marrow
cells. Like CFC-GM. the colony-forming cells for pure
colonies of eosinophils (CFC-Eo) are My-10-positive.
Large crythroid colony-forming prcgenitor cells
(BFU-E) are also almost uniformly My-10-positive.
Mixed multipotent colony-lorming cells (CFC-
GEMM) ajso express the cell surface antigen, My-10.
Oaly about half of the presumably more differentiated
progenitors of smailer erythroid colonies (“CFU.E.
like™) were in the My-10-positive population obtained
by panning. Erythroid ceils more mature than erythroid
blasts are uniformly My-10-negative. These results indi-
cate that the cell surface My-10 expression decreases
sharply between the farge, immature BFU-E stage and
the Iatier stages of erythroid maturation.

My-10 anugen is also found on immature lymphoid
precursor cells. These immature lymphoid cells can be
identified. for example, by detecting the presence of
nociear terminal deoxynucleotidyl transferase (TdT) as
described by Bollum, (1979) Blood 54: 1203. Approxi-
mately 5-30% of My-10-positive marrow cells have
been found to be TdT-positive in several experiments.
Less than 1% of the My-10-negative marrow cells wete
TdT-positive.

Thus, My-10 is a stage-specific antigen that is detect-
able on normal. human marrow or blood colony-form-
ing cells and immature lymphoid precusor ceils, but not
on normal, mature human lymphoid and myeloid cells.
The antigen is not lineage dependent, but appesrs on a
spectrum of lympho-hematopoietic progenitor cells.

Anti-My-10 antibodies are extremely useful in hema-
topoietic resesrch because anti-My-10 sntibodies labet
the lympho-hematopoetic progenitor cell subset more
specifically that any previously described antibody. An
anti-My-10 antibody recognizes an antigen on the smail.
est percentage of more mature marrow cells reported
and allows the isolation of reiatively pure populations of
immature Jympho-hematopoietic cells in a single step.
My-10-positive marrow cells recovered with anti-My-
10 antibody can be an appropriate conurol normal cell
population 10 compare with Jeukemic blast cells and to
use in studies on the mechanisms of action of cells,
factors and genes which regulate hemstopoietic cell
proliferation and differentiation. The near 100% recov-
ery of most in vitro colony-forming cells in the My-10-
positive marrow cell subpopulation indicates that My.
10-negative accessory cells are not necessary for the
growth and differentation of these progenitor celis
Anti-My-10 antibodies also have important therapeutic
application because they sllow the recovery of hemsto-



4,714,680

5
poietic stem cell-ennched. mature lymphocyte-depleted
cell populsuoas for use in human stem cell transpianta.
tion.

Anti-My-10 antibody is unique in that it recognuzes an
antigen on the progemutor cells CFC.GM, BFU-E,
CFC-Eo, and GFC-GEMM. but does not recogruze an
antigen on mawre, humsa myeloid or lvmphoid cells.
Anti-My-10 sanbody also precipitates a protein form an
extract of many human leukemic cells (e.g., KG-1 or
KG-1a cells), snd is generaily found ta selectively bind
¢ maximum of about 5% normal. human marrow cells
and a maximum of about (% normal, humaa penpheral
tlood cells.

Monoclonal anti-stem cell antbodics can be pro-
duced readily by one skilled in the are The general
methodology for making monocional antibodies by
hybridomas is now well knows 10 the art. See. e.g.. M.
Schreier et al, Hybridoma Technigues (Cold Spring
Harbor Laboracory 1980%. Hammerling et al., AMono-
clonal Antibodies and T-Cell Hybndomas (Elsevier Bio-
medical Press [981); Kennett et al., Monocional Antibed-
ies (Plenum Press 1980). Immontal, antibody-sccreting
cell lines can also be produced by techniques other than
fusion, such as direct transformation of B-lvmphocytea
with oncogenic DNA or EBV. Several antigen sources
can be used, if desired. o challenge the normal B-lym-
phocyte population that is later converted to an immor-
taJ cell line.

For example, the KG-1a or KG-1 cell lines (prefeta-
bly the KG-1a cell line) can be used as an immunogen to
challenge the mammal (e.g.. mouse, rat, hamster, etc.)
used as a source for normal B-lymphocytes. The anu-
gen-stimulated B-lymphocytes are then harvested and
fused 10 an immortal cell linz or transformed into an
immortal cell line by any appropriate technique. A
preferred hybridoma producing a monocional anti-My-
10 antibody is produced by challenging a mouse with
the KG-1s cell line and fusing the recovered B-lym-
phocytes with aa immortal mouse plasmacytoms cell.
Antibody-producing immortal cells can be screened for
anti-stem cell antibody production by selecting clones
that are strongly reactive with the KG-1a or KG-1
celis, but not resctive with granulocytes from a panei of
human donors. Antibodies produced by clones which
show those properties can then be screened for the
additional properties of anti-siem cell antibodies.

A mouse hybridoms producing monocional anti-My-
10 antibody was deposited with the American Type
Culture Collection (ATCC), 12301 Parklawn Drive,
Rockville, Md. 20852, on Jan. 23, 1984, and assigned
ATCC Accession No. HB-3483. The present invention
encompasses in a preferred embodiment any mono-
cional antibody that recognizes the My-10 antigen, i.c..
the antigen recognized by antibody from the hyhridoma
ATCC HB-8483. In another preferved embodiment, the
present invention contemplates monocional antibodies
that correspond 1o the monocional antibody produced
by ATCC HB-8483 and, in a particulasly preferred
embodiment, the ATCC HB-8433 antibody. One anti-
body corresponds 10 another antibody if they both ree.
ognize the same or overlspping antigen binding tites as
demonstrated by, for example, a binding inhibition as-
say. :

An alternstive to the sbove method of producing
monocional anti-stem cell anubodies employs the

My-10 antigen directly as an Immunogen. The mono-
clonal antibody produced by hybridoma ATCC HB.
8483 can be readily employed to precipitate the My-10
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sntigen. For example. Mv-10 anugen can be immuno-
precipitated from cell extracis of the KG-1a or KG-1
cell lines. or since My-10 is expressed by many other
acute leukemic cells, the antigen can be obtained from
cell extracts from these sources as well. The precipi-
tated antigen can be used as an immunogen in place of
the KG-la or KG-1 cell line in the sbove method, By
applicatioa of any of the sbove methods, one skilled in
the art can readily produce a panel of monocional anti-
stem cell and anti-My- 10 anubodies.

Another alternsuve is 10 use an anti-My-10 antibody
in the producuon of monocional antibodies that recog-
nize difTerent antigens on stem cells and the immature
marrow cells. The cells isolated from blood and mar.
row with anti-My-10 anubody can be used as an Immu.
nogen, as described above. 1o produce a panel of mono-
clonal antibodies sgainst stem cells and immature mae-
row cells. The production of such antisstem cell anti.
bodies is greatly facilitated by the use of substantislly
pure populations of lympho-hematopoietic precursor
cells provided by the anu-My-10 2nubody as an immu-
nogen. The specificities of such antibodies can be deter-
mined readily through routine screening by one skilled
in the ant. Thus. additional stage-specific. lineage inde-
pendent antigens (and antibadies 1o these antigens) can
be identified by those of skill in the art.

As indicated sbove, one application for monoclonal
antibodies to stage-specific, lineage independent anti
gens on stem cells is the isolation of a highly enriched
source of stem cells for human bone marrow transplan.
tation. Such sources of stem cells can prevent or attenu-
ate Graft Versus Host Disease. Anti-stem cell mono-
clonal antibodies (e.g., anti-My-10 antibody) can also be
used 10 isolate stem cells for autologous reinfusion, for
example, in the treatment of antigen-negative (e.g., My-
10-negative) Jeukemise or other malignancies.

The present invention contempiates any method em-
ploying monoclonal antibodies to separate stem cells
from mature lymphocvtes In the marrow or blood.
Generally, a cell suspension prepared from human tis.
sue containing cells (i.e.. marrow or blood cells) is
brought into contact with monocional antibody (e.g.,
anti-My-10 antibody) (i) to immature marrow cells that
is stage-specific. and not linexge-dependent: (ii) that
tecognizes an antigen or normal, human stem cells; and
(iii) that does not recognize an antigen on normal, msa-
ture human myeloid and lymphoid cells. Cells which
have been bound by the monocional antibody are then
separated from unbound cells by any means known to
those skilled in the art.

Various methods of separating antibody-bound cells
from unbound cells are known. For example, the anti-
body bound to the ceil {or an anti-isotype antibody) can
be labeled and then the cells separated by a mechanical
ceil sorter that detects the presence of the label
Fluorescence-activated cell sorters are well known in
the art. In one preferred embodiment, the anti-stem ceil
antibody is attached to » solid support. Various solid
supports are known to those of skill in the art, including,
but not limited to agarase beads, polystyrene beads,
hollow fiber membranes and plastic petri dishes, Cells
that aze bound by the aniibody can be removed from
the cell suspension by simply physically separating the
solid support from the ceil suspension. Preferred proto-
cols, however. will be descnbed.

Selective cytapheresis can be used to produce a2 cell
suspension from human bone marrow or blood contain-
ing pluripotent lymphohematopocitic stem cells. For
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exarople, marrow can be harvested from a donor (the
patient in the case of an sutologous transplant; a donor
in the case of an allogensc transplant) by any sppropn-
ste means. The marrow can be processed as desued.
depending tmamly upon the use intended for the recove
ered cells. The suspension of marrow cells is allowed to
physicaily contact, for exsmple, 3 solid phase-linked
monoclonal antibody thst recognizes an antigen on the
desired cells. The solid phase-linking can comprise, for
instance, adsotbing he antibodies 10 & plasue, aitrocel-
lulose or other surface. The antibodies can also be ad-
sorbed on to the walls of the large pores (sufficiently
large to permit low-through of cells) of a hollow (iber
membrane. Altermauvely, the antibodies can be cova-
lently linked 1o a surface or bead. such as Pharmacia
Sepharose 6MB macrobeads ®. The exact conditions
and duration of incubation for the solid phase-linked

. antibodies with the maryow cell suspension will depend

upon several factors specific 10 the system employed.
The selection of appropnate conditions. however, is
well within the skiil of the art.

The unbound cells are then eluted or washed away
with physiologic bufler after allowing sufficient time
for the stem cells to be bound. The unbound marrow
cells can be recovesed and used for other purposes or
discarded after appropriste testing has been done to
eosure that the desired separation had been achieved.
The bound cells are then scparated from the solid phase
by any sppropniate method, depending mainly upon the
oature of the solid phase and the antibody. For example,
bound cells can be eluted from a plastic petri dish by
vigorous agitation. Alternatively, bound cells can be
eluted by enzymatically “nicking™ or digesting s en-
Tyme-sensitive “spacer” sequence between the solid
phase and the antibody. Spacers bound 10 agarose beads
are commercially available from., for example, Phar.
macis.

The eluted, enriched fraction of cells may then be
washed with 2 bufer by centrifugation and cither cryo-
preserved in a viable state for later use sccording to
conventional technology or immediately infused intra-
venously into the transpiant recipient.

In a particularly preferred embodiment, stem cells
can be recovered directly from blood using essentially
the sbove methodology. For example, blood can be
withdrawn directly from the circulatory system of a
donor and percolated continuously through a device
(eg. 2 column) conuining the solid phase-linked mono-
clonal antibody to stem cells and the stem cell-depleted
blood can be returned immediately to the donor's circu-
latory system using, for example, 2 conventional hems-
phetesis machine. When a sufficient volume of blood
bas been processed to allow the desired number of stem
cells to bind to the column, the patient is disconnected.
Such s method is extremely desirable because it allows
fare peripheral blood stem cells to be harvested from a
very large volume of blood. sparing the donor the ex-
pense and pain of harvesting bone marrow and the
associated risks of anesthesia, analgesia, blood transfu-
sion, and infection. The duration of aplasia for the trans-
plant recipient following the martow transplant can
also be shortened since. theoretically, unlimited num-
bers of blood stem cells couid be collected without
significant risk to the donor.

The sbove methods of treating marrow or blood cell
suspensions produce a suspension of human cells that
contains pluripotent lympho-hematopoietic stem celis,
but substantially free of mature lymphoid and myeloid
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cells. The cell suspension also contains subsuantially
only cells that express the My-10 antigen and can re-
store the production of lymphoid and hemstopcietic
cells to 8 human patient that has lost the ability to pro-
duce such cells because of, for exarople, radistion treat-
ment. By definition. a cell population thst can restore
the production of hematopoietic and lymphoid cells
contains pluripotent lympho-hematopoietic stem celis.

The above cell populstions containing human plurip-
otent 1ympho-hematopoetic stem cells can be used in
therapeutic methods such as stem cell transplantation as
well as others that are readily appatent to thase of skill
in the an. For example, such cell populations can be
administered directly by LV. to & patient requiring a
bone marrow transplant in an amount sufficient to re-
coastitute the patient’s hematopoietic and immune sys-
tem. Precise. effective quantities can be readily deter-
mined by those skilled in the art and will depend, of
course, upon the exact condition being treated by the
therapy. In many applications, however, an amount
containing approximately the same numbert of stem cells
found in one-half to one fiter of aspirated marrow
should be adequate.

The following examples are provided to illustiate
specific embodiments of the present invention. The
exaroples are included for illustrative purposes only and
are not intended to limit the scope of the present inven-
tion.

EXAMPLE 1

DEVELOPMENT OF AN ANTI-MY-10
MONOCLONAL ANTIBODY

The monoclonal antibody, anti-My- 10, was produced
by hybridizing SP-2 plasmacytoma cells with spieno-
cytes from a BALB/c)] mouse which had been repest.
edly immunized with viable KG-la cells. Four to
twelve week old BALB/cJ female mice were obtained
from the Jackson Laboratories (Bar Harbor, Me.), and
utilized for development and production of monocional
antibodies. KG-1a cells were obtained from Dr. D.
Golde (UCLA).

Antibody secreting hybridomas were produced by
fusion of mouse plasmacyioms cells with splenocyies,
using the techniques of Kohler and Milstein, (1979)
Nature 256: 495, as modified by Fazekas de St. Groth
and Scheidegger, (1980) J. /mmunol Methods 35:1. A
BALB/¢) female mouse was hyperimmunized by intra.
peritoneal injections (four injections over s four month
period) of approximately 10 million washed, viable
KG-1a cells in saline: the fourth of these injections was
five day? pror to fusion. Three and four days prior to
fusion, the mouse was boosted intrsvenously with
KG-1a cells. Then, the mouse spleen cells were fused
with non-immunoglobulin-producing SP-2/0-AGl4
(SP-2) mouse plasmscytoms cells and cultured in HAT
medium. Fazekas de St. Groth and Scheidegger, (1980)
J. Immunol Methods 35:1. Hybridomas were sssayed,
and the anti-My-10-producing clone was selected for
binding to KG-1a cells, but not 10 human peripherat
blood granulocytes. The hybridoma cells were sub-
cloned at least twice. Nest spent hybridoma culture
supemnate was used as the souvrce of antibody, under
conditions (determined in preliminary experiments)
sufficient to saturate binding sites on KG-1a cells. The
insotypes of all hybridoms- and plasmacytoma-derived
antibodies used were determined as previously de.
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scnibed. Civin and Banquengo, (198)) J. Immunol.
Methods 61:1.

By two weeks, macroscopic colonies were observed
in all 48 cultures; the cuiture supernates were tested 1n
indirect immunofluorescence assays on KG-la cells, as
well a3 on granulocytes from several normal donors.
Four of these initial culture supemates were strongly
reacuve (at least five times background) with KG-la
cells, but did not react with granulocytes from any
donor tested. The hybridoma culture producing the
anti-My-10 monoclonsl anubody was cloned in soft
sgurose. Civin and Banqueriga, (198%) J Immunol
Methods 61:1. Anti-My-10 was shown ta be an 1gG 1
(Kappa) antibody, by enzyme-linked immunosorbent
asy, Civin and Bangengo, (1983)J. /mmunol Methods
61:1, using isotype-specific anubodies (Zyvmed Labora-
tories. Burlingame, Calif.). The thricecloned hy-
bridoma producing monocional anti-My-10 antibody is
available from the Amencan Type Culture Collection
under ATCC Accession No. HB-3483.

EXAMPLE I

EXPRESSION OF MY.10 ANTIGEN ON
MYELOID CELL LINES AND NORMAL
HUMAN BLOOD AND MARROW CELLS

Cell lines were obtrined and cultured as previously
described. Strauss et al., (1983) Blood 61:1222. In addi-
tion, the recently described HEL human erythroleuke-
mia cell line (Martin and Papsyannopoulou. (1982) Sci-
ence 212 1133) was generously provided by Dr. T.
Papayannopoulou (Seattle, Wash.), and was cultivated
similarly.

Hepannized (20 units/ml) peripheral blood was ob-
tained from normal laboratory volunteers, and cell
types were scparated by scveral techniques. Platelets,
tred blood cells and peripheral blood mononuclear cells
(PBMC) were separated as descnbed previously (Civin
et al, (1981) Blood 57: 342; Strauss et al., (1983) Blood
61: 1222) over Histopaque-1077 ® (Sigma. St. Louis,
Mo.). Since Todd et al., (1981) /. Immunol 126; 1438,
bad pointed out that monocyles may adsorb platefet
fragments during conventional PBMC preparation as
above, defibrinated (rather than hepannized) hlood
samples were used when monocytes were to be evaly.
ated. Lymphocytes or monocyles in a mixed population
of PBMC could be separately analyzed for flourescence
by first selecting a “lymphocyte tegion” or “monocyte
region,” on the basis of forward and right angle light
scatter {(HolTman and Hansen, (1981) fac J. Immuno-
pharmac 3: 249) using {low cytometry (Spectrum I
cytofluorograph; Ortho Diagnostics, Raritan, N.J.). In
other studies, the monocytes/macrophages in PBMC
preparations (1 million cells/od complete growth me.
dium) were labelled by incubstion (37° C., 5% CO2, 45
min.) with 100 million/ml latex microspheres (Dow
Diagnostics, Indianapolis, 1d.). ARer washing, phago-
cytic mononuclexar cells were identified microscopicaily
(at lesst 3 besds/cell).

To obtain eariched T- and B-lymphocyte popula-
tions, PBMC (S million/ml camplete growth medivm)
were first depleted of monocytes and macrophages by
incubation (37° C., 8% CO2, 90 min.) in plastic petri
dishes (Falcon, Osxnard, Calif). The nonadherent
PBMC were then washed and fractioned using sheep
erythrocyte (E)-rosette formauion. Jondal et af., (1972)
J. Exp. Med 136: 207. To isolate peripheral blood

granulocytes. mononuclear cells were first removed by
Histopaque-1077® density gradient centrifugauon.
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The ceils beneath the interface of the fiest gradient were
washed once. snd granulocytes were then sepsrasted
from red cclls by dextran sedimentation. Small numbers
of residual red cells did not wnterfare with later analysis
of antibody binding to leukocytes: if large numbers
(greater than 259%) of red cells were present. they were
lysed osmotically. Crowley et al., (1980} ~New Eng. J.
AMed. 302: 1162, }

Marrow was aspirated from posterior iliac crests into
alpha medium (M.A. Bioproducts, Walkersville, Md.)
containing preservative-(tee hepanin (100 units/mi Pan-
beprin ®; Abbott, Chicago. 11.). Excess cells obtained
from donor marrow harvested for allogeneic marrow
uansplantation, or marrow cells {rom normal volune
teers wete utilized. Diluted marrow samples were cen-
trifuged over Histopaque-1077 ®. The interface cells
were washed, suspended in complete growth medium,
and incubated (37° C., 5% CO2) in petri dishes for at
least 90 min. to remove plastic-adherent cells. The low
density, plastic nonsdherent marrow cells were washed
at least once again prior 10 use. Leukemic blast cells
were obtained {rom patient diagnostic marrow samples
as previously described. Civin et al., (1981) Blood $T:
842,

The antibodies 12 (Nadler et al., (1981) Prog. Hema.
tol X1I: 187-225, ant-HLA-DR), cALLa (Ritz et al,
(1980) Naiure 283: 583, anticommon scute lymphoblas.
tic leukemia antigen), Mo2 (Todd et al. (1981) J.
Immunol 126: 1438, monocyte-specific), T11 (Kamoun
etal, (1981) ). Exp. Med. 15): 207; Howard et al., (1981)
J. Immunol 126: 2117, anti-sheep red blood cell recep-
tor of T-cells), and B! (Nadler et al.. (1981) Prog. Hema-
tol X1I: 182-225, anu-pan B-cell) were generously pro-
vided by Dr. L. Nadler (Sidoey Farber Cancer Center,
Boston, Mass.) and Dr. K. Kortwright (Coulter Diag-
nostics, Hialeah, Fla). The antilen-1 monoclonal anti-
body (Engleman et at., (1981) Proe. Natl Acad Jei USA
78: 1891) was generously provided by Dr. R. Levy
(Stanford, PaJo Alto, Calif). The MOPC 2! IgG '}
(Kappa) mouse myeloms protein, produced by
PI%6).AGS cell line (American Type Tissue Collec-
tion, Rockville, Md.) and having no known specificity,
was utilized as a ncgative control antibody (culture
sypernate). The 28/43/6 monocional santibody, which
binds to lymphocytes from all donors tested (Strauss et
2l (193)) Blood 61: 1222), was used as 8 positive con-
trol.

Indirect immunoflvorescence assays 10 measure bind-
ing of monoclonal antibodies 1o cells were performed as
previously described. Civin et al., (1981) Blood 57: 842;
Strauss et al., (1983) Blood 61: 1222. Binding was ans.
lyzed cither by standard phase and fluorescence micros-
copy and/or by flow microfluorometry.

Large quantities of cell surface My-10 antigen (indi-
rect immunofluorescence assay) were detected by flow
microfluorometry and other methods on KG-1a cells.
The anti-My-10-labelled KG-12 cell popuistion was
even (slightly) more intensely fluorescent than the (pos-
itive control) 28/431/6-labeiled sample (Table 1). In
contrast, when the other cell fines were labelled with
anti-My-10. neither the fluosescence histograms nor the
derived values were greatly different from the negative
control (MOPC 21) profile. (Daudi snd K-562 cells
were not detectably labelled with the positive control
28/43/6 anuibody. This is consisient with the thesis that
this anbody detects a framework epitope of the HLA-
A.B molecule, since HLA-A.B is not expressed on
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Dsudl or K0362 ceils. Strauss et al.. (1983) Blood 61:
1222). In this expenment, Daudi cells appeared slightly
positive for MY.10. However, in other expenments, ail
of these cell lines (except KG-1a) were clearly negative
for anu.-My-i0-binding. The same conclusions were $
reached when whole viable cells were tested by en-

12
MOPC 21 and 15.6 with 28/43/6. 2.1, of anti-My-10-
treated marzow cells were more fluorscent than the 99.9
percentile ceil treated with MOPC 2{. FACS Il oscullo-
scope fluorescence vs. light scatter “dot plots” of these
marrow cells at two FACS II laser voltage setungs
were made.

TABLE

My-(0 Antigen Expresvon on Human Levkemse Cell Lanes:

Denved Populanon Fluocescence*

MOPC 11 11/43/6

(Negruve Controll Ant-My-10 [Posiive Controf?

Mesa Percemt Mean Percent Mesn Pereent

Flooteascence  Bright Flowescence Bright  Fluarescence Brght

Intensity’®  Celh**® Intewty Celts {nsentrty Cells

KG-la 12 (107} 100 9% [ 2] e
u-7 t3 {io e 1?7 (1A ] v
Davdi 1.0 (AL s 12 [} 1
ML-} al {100 1.0 13 (1] ”
MOLT.) 10 (108 Le i 50 77
HEL t.9 {10 1) b1} 122 n
L0 9 {t01 (K] ] n0 |
X-362 1 {10} 23 » Ly H

*Valves denved (rom Mnograme

micrasy of M ence. See Durand. (1951 Criomery J: 191

**Normalued svean pop

*=*Tercret of ceiis brghier than S0UR prreenmie fivoracence wih acgrve control (MOPC 21) monoc ioned

entrhody
TABLE 2
My-10 Anuigen Expresmon on Blood and KG-1 Cells: *
Derived Populstvon Fluorexcence®
MOPC 21 Anti-MY-10 1874376

Mens Percent Mean Percem Mean Percem

Flvotescence Bright Fluotescence Brgiv  Fluorescence  Bright

lotenany Cells Intermty Celly Inenmsy Cells

Lymphocyies 0) {10%] [ 3] (1) ND** ND

Granviocyten (1] {104 0 [} NO ND
Monocytes 1.4 [104 [X ] [} ns ] g

KG-1 [1] {104 0 3 54 "

*Volurs ¢rnved from havogramm and calcelsted o« m Toble (.

"Mt gone.

2yme-linked immunoassays (EIA), and when purified
anti-My-10 was used rather than tissue culture super- 40
nate.

Table 2 shows FACS fluorescence data of isolated
peripheral blood granulocytes. plastic-adherent mono-
cytes (36% monocytes by Wright-Giemsa stain), and
nomadherent “lymphocytes” (66% Ilymphocytes by
Wright-Giemsa suin) afier reaction with anti-My-10.
No specific fluorescence was detected. In severa] addi-
tional immunoffuorescence and EIA assays, anti-My-10
did not lsbel peripheral blood granulocytes,
mononuclear cells (including E-rosette-positive and
E-rosette-negative cells, and Istex dead-lsbeiled phago-
cytic cells, analyzed individually), red cells. or platelets
from any of 9 normal human blood donors.

Low-density, plastic-nonadherent. marvow cells from
normal human donors were analyzed for cell surface
expression of My-10 antigen by indirect immunofluores-
ence using visual microscopic detection. A smasil, but
definite (1.39% mean) subpopulation of marrow cell was
fluorescent over MOPC 21 background in eight experi-
ments. A small subpopulation of My-10-positive mas-
row leukocytes was also identified by flow cytometry.
KG-1s ceils, tested in the same experiment, are shown
for comparison. In both the KG-1a cells and the My-10-
positive mastow ceils, there is cellular heterogeneity
with regard to My-10 antigen cell surface density, from 6$
near background to off-scale at these instrument set-
tings. Mean fluorescence inteasity of the anu-My-10-
treated marrow cells was 1.2, compared to 0.8 with
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EXAMPLE 111

MORPHOLOGIC AND CYTOCHEMICAL
PHENOTYPE OF MY.10-PANNED MARROW
CELLS

The technique of Engleman et al., Proe. Natl Acad.
Sci USA 78: 1981, was utilized as previously described.
Strauss et al., (1983) Blood 61: 1222, Briefly, to non-tis-
sue culture-treated plastic petri dishes (Lab-Tek, Naper-
ville, 11; 60 mm) was added § ml of sterile Tris buffer
(0.IM. pH 9.2) conuining 20 ug/ml affinity-purfied
goat anti-mouse IgG antidbody (Kirkegaard & Perry).
After 45 minutes (22° C.), the dishes were rinsed three
times with Hank’s balanced salt solution (HBSS), then
once with HBSS containing 0.2% Bovine serum albu.
min (BSA), and stored (4° C.) in the latter medium.
Immediately prior (o use, dishes were washed with

* HBSS containing 0.2% BSA.

Plastic-nonadherent, low density marrow leukocytes
were sdjusted to $ million/mt in HBSS containing 0.2%
BSA and incubated (30 min., 22° C.) with an equal
volume of spent hybridoma supernste (conditions of
antibody excess, as determined in prefiminary expeni-
ments). Cells were then washed twice in cold HBSS
contsining 0.2 BSA. Ten million cells in 2 ml of the
same cold medium were placed in a goat-anti-mouse
Ig-coated petri dish at 4° C. The dish was rocked gently
after one hour. and sfier two hours, the unbound cells
wete harvested by rocking and gentie pipetting with
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three 2 ml volumes. The bound cells were released by 3
rinses wath vigorous pipettng.

Only 1.7-2.2% of the normal human low density,
plastic nonadberent, bone marrow cells bound to the
My-10 panning plates in these four expeniments. Cell
fractions were then cytocentrifuged and stuned for
morphology (Table ). The small My-[0-positive mat-
row ceil fraction contined many undifferentiated dlast
cells (Table 3). Sraall numbers of progranulocytes. more
mature granulocytic cells, and lymphoid cells were also
observed in this cell fraction. These rexuits wete con.
firmed by analysis of doubie esterase cytochemical
stins of the cell fractions (Table 4) which suggested the
presence of both monoblasts (nonspecific esterase-posi-
lwe) end myeloblasis (NASD chlotoscetate esterase.
positive).

Smeared or cyrocentrifuged preparations of whole or
separated marrow cells or colonies were stained either
with Wright.-Giemss stain, or with a double-esterase
(alpha-naphthyl) acetate and naphthol AS-D chloroace-
tate esterases) cytochemical suin and Mayers Hema-
toxylin countersuin for difTerentia} counung. or with
other cytochemical suins (Yam et o, (1971) Am. J.
Clin. Path $5: 283).

TABLE 3}

Differennal Blowd Counts® of
My-10-Asnigen-Poritive va. Negatve Marrow Cells

Maerow Cells

Unseparsied . My-10-Neg  Mv.10-Poy

Esp Exp Ezp Esp Eap FEap
! ]

yove b 1 ] )
Blsm cells H 2 ? s [
Fromyciocyres [} [} ? 3 S 1
Myeio-Neouro*® $3 LI B ¢ b
Bosopbilt/Eosnophils ] [} | I | ] 1
Momnocytes 1] b} 4 1 ) 0
Lymphocyes 23 T M8 1 6
Plasmacyres 1 | [ [ ! 1
Erythrodiase 3 1 ] ) ] 0
Marrow Cells
Umeparsied | My:10-Neg My-10.Ton
Ezp Exp Esxp Esxp Exp Exp
) [ ) 4 3 )
Blast cetls 1] 0 ] [ Y) o8
fromydocyies . W 10 15 e 1
Mydlocnes 4 7on [ . Q
Metamyeiocytes 23 2 ) H 7 ]
Band forms { o 12 o 16 0
Segmented newtrophils 36 1 [} [} 3 [
Rasophils [} ? } [} b [
[} [ 3 0 ? 0
Monaocytes [} 3 0 2 ! ]
Lympbocyres 3 3 » a n 16
es ° 0 | [} 1 [ 1
hroblass:

Orthochroowsophilie ? 12 2 20 ] [}
Buophific t ] 2 1 [} 0
Polychromatophilie 2 0 0 1 [} 1
Proetythtoblests [ 2 t [ [ 4

*Percent of p emse JOO Wreght cethy

TABLE ¢

Cytopiasmec Esterase Content of
My-10-Antigen-Posive ve. Negative Marrow Cells®

Marrow Cells

Unseparsted  My-10.Neg Mv-10-Pos
Esp Exp Ezp Exp Ep Enp
] 4 3 ] 3 ¢

Naphthoi AS-D

38
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TABLE é<continued

Crroptaamec Enerase Content of
My:10- Anuigen-Posttive vy Negstive Muvow Cefh®
Marrow Cells

Unseparated My 10-Neg Mv-10-Pos.
Esp Esxp Ezp Exp Eap Exp
3 q ) 4 ] [

Chioroecriate [ ] 3 Q1 » 1
eyteruse-powuve
Alphs nsphiiyl
scetate
Diffusely Suined t ] 1 0 [] ]
Focally $tained ) -] H ] H -]
Unstuned 12 62 T 0 33 "
*Percem of 200 ceits dt. Dase lor b} a0g & ore from e

t1perwncns dowineed by the wme nuwrers m Toble §
so"Nompeeriic rerase ©

EXAMPLE IV

ANTI-MY-10-IMMUNE ROSETTING HUMAN
MARROW CELLS

Previously described procedures (Goding, (1976) /.
Immunol Methods 10: 61: Parish and McKenzie, (1978)
J. Immunol Methods 20: 173) wesre modified as de-
scribed below. Human O-negativé red cells were puri.
fied from heparinized fresh whole blood by centrifugs-
tion (300 x g 30 min., 22° C.) over Mono-Poly-Resolv.
ing Medium (Flow Laboratories, McLean, Va). The
leukocyte-free, erythroid ceil peifet was washed five
times in sterile 0.9% NaCl (4° C.. J00 x g. |0 min.} and
stored 16 hours as a 109 suspension in isotonic saline
(4° C.). Affinity-purified goat anti-mouse 1gG (Kirkeg.
aard and Perry). and protein A-sepharose column
(Pharmacia. Piscataway, N.J.) -purified (Ey et al,
(1978) Immunochem 15: 429) monoclonal antibody (an-
ti-My-10, MOPC 21, or 18/43/6) in isotonic saline were
centrifuged (15.600 X g. 30 min., 4° C.) to remove mac.
ro-aggregates immediately prior to use. Immune red
cells were prepared by the dropwise addition of 0.5 mi
0.01% chromic chloride to a (4° C.) suspension containe
ing 350 ul isotonic saline, 50 ul freshly washed packed
red cells, and SO ul antibody (1 mg/mb). After five min.
(22° C.), an equal volume nf phosphate-buflered saline
{PBS) containing 0.1% sodium azide was added to stop
the reaction. The immune ted cells were washed by
centrifugation, transferred to s fresh test tube, then
washed again and resuspended 1o a 10% suspension in
PBS containing 0.1% sodivm azide and 10% [etal bo-
vine serum (FBS). All manipulations were under aseptic
conditions. The immune red cells were kept at 4° C.
until use later that day.

In the dir~ct immune rosctting procedure, one million
low density, pl wtic-nonadhesent masrow cells in 100 vl
PBS contaning. 0.1% sodium azide and 10% FBS were
mized with 30 ul immune red cell suspension. After
gentle centrifugation (200 X g, $ min., 4° C.), cells were
mixed gently, then kept at 4° C. for one hour. Next, 3 ml
of HBSS conuining 0.2% bovine serum albumin was
added. Aliquots were cytocentrifuged and stained for
morphological analysis. To the residual volume, one
drop of 1% gentian violet was added. and wet mounts
were prepared and counted.

For the indirect immune rosetting procedure, cells
were first incubated with centnfuged McAb (60 min., 4°
C.), washed twice, then rosetted with goat-anti-mouse
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IgG-coated red cells as 1n the procedure for direct ro-
settes.

1.5-3% of nucieated marrow ceils were My-10-posi-
tive by these assays. Morphologic analysis of cytocen-
trifuged rosetted preparations indicated that few mature
cells formed rosettes and that the predominant My-10-
positive cells were blast cells (Table ). altbough not ali
blast ceils were My.10-positive (by either panning or
immune rosetting).

TABLE 3

ARt-My-10 immene Roseting-Humen Masvow Cells:
Differemml Nuclesied Cell Counts®

Amti-My-10-Rosetiing

Murow Cells®®
Indicect
Direct Assav  Assav Whole Marvow
Bisst Cells un 0% 0%
Promyelocyres 1 (] 10
Myelocyres -] ) 13
Metarayciocyies [ 1 16
Band forom and seg. n ] L}
mented pevuopiis
Monocyies [} 0 15
Lymphocytes ] 1 179
Onthochromatophiic ? ? L]
sormoblasts
Polychromaiophdic 0 ] 3
wormoblasts
Unidentfiable**? 19 17 9

*Baned wpoe X0 cxll cownt rovndedl. Whole marrow wes Wden s the firm XX
suciuneed cctis sars on the Moy ect ano-My- 10 teat shde. wivetivet rOVTTRd Or WL
**1n oret mowns from (s Li%of crtls forwved drrecy My~
10 romavian. ans ] 0% lormmed mcwect ang-My- (0 rotertes Comrwmon rerehs wmng
MOPC 2 costrol rostses were 0™ [duect and mderect ), and ey 13/41/6 rosrnm
were 100% (¢wect and sdweert )
*~"Morptoiogy oy rosctred ery Y

EXAMPLE V

EXPRESSION OF MY-10 BY HUMAN MYELOID
COLONY-FORMING CELLS FOR
GRANULOCYTES AND MONOCYTES

(CFC-GM)

Normal marrow cell fractions obtained as above were
assayed for CFC.GM in serusolid sgar cuitures.

Day 12-14 CFC-GM were assayed in triplicate in
semi-solid agar with 5% placenua-conditioned medium
(Pike and Robinson, (1970) J. Cell Physiol 76: 17; Bur-
gess et al, (1977) Blood 49: $73) exactly as described
previously (Strauss et al.. (1983) Blood 61: 1222). Day {4
multilineage colonies (Fauser and Messner. (1979) Blood

s

10

0

s

40

53: 102; Nakahata et al., (1982) Blood 59: 857; Iscove, et ¢

sl (1974) /. Cell Phyriol 83: 309) were assaved in qus-
druplicate in medivm containing 0.96% methylcellu-
lose, 5% placentaconditioned medium, and ) unit/ml
erythropoietin (Connavght, Torronto, ONT). Colony
number was 8 linear function of total cells plated. It
should be noted that, in most experiments, cells were
pisted st several dilutions 10 obtain countable pixtes
(20-200 colonies). This was particularly important with
My-10-positive cell fractions, which were enriched in
coloay-forming ceifs. In addition, mixed fincage colo-
nies were not scored on plates with more than 100 total
colonies per plate, to avoid scoring superimposed colo-
nies a3 products of a single colony-lorming cell.
Colonies were counted in situ using s dissecting mi-
croscope (50-830 X) or inverted phase microscope
(200X and gross colony and ceilular morphology was
tecorded. Representative colonies were plucked using a

Pasteur pipette. Suined cytocentrifuge preparations
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wete analyzed for confirmation of cell type(s) within
the colonjes.

Less than 10% of the CFC-GM were detected in the
My-10-negative cell fraction, and the My-10-positive
cell fracuon was several-fold enriched for CFC-GM.
compared to unfractionsted marrow or control JgGl
(MOPC 21)-bound marrow cells (Table 6). However,
only spprozimately 40% of the CFC-GM of the initial
marrow sampie were recovered in the My-10-positive
cell population. This might be expisined by mechanical
injury to the My-10-positive cells or by partition of an
sccessory cell type Sharkis et al., (1981) In Gesshwin
and Merchant (eds), Immunologic Defects in Laboratory
Animals (Plenum, N.Y.) 1: 79; Strauss et af, (1983)
Blood. in presm

Mwuvow cdl fractions obtained by My-10-paaning
were 2ls0 cultured in medium containing methylcellu-
lose. As in agarcultures, CFC-GM were almost totally
depleted from the My-10-negative fraction (Tables 7,8).
In the experimenm shown in Table 7, the My-10-positive
fraction was approximately 30-fold enriched in CFC-
GM in this 30% of the initial CFC-GM (the {ull recov-
ery of CFC-GM in this experiment contrasted with
yields of CFC.GM in agar cuftures described sbove).
CFC-GM colony subtypes (granulocyte, monocyte vs.
granulocyte/monocytes (date not shown) smail vs.
large colonies) were found in similar proportions in the
My-10-positive and control cell populations.

Pure erythroid colonies were enumersted at Day 14
in the same panned martow ceil fractions (methyicel-
lulose-containing cultures, Table 7, 8). Pure erythroid
colonies were several-fold enriched in the My-10-posi.
tive fraction. but some ervthroid colonies were sisu
present in the My-10-negative ceil populations. It was
noted that ail of the large (more than 200 cells) ery-
throid colonies with the microscopic charactenstics of
BFU-E (muitiple hemoglobinized clusters of cells form-
ing s lsrge colony) were My-10-positive. Though small
(less thaz 200 cell) erythroid colonics (enumersted on
day 14, but with the morphology of CFU-E in that they
were composed of only s single cluster of hemoglobi-
nized cells) were enriched in the My-10-bound fraction.
substantial numbers of small erythroid colonies were
My-10-bound.

Smaller numbers of pure eosinophilic colonies were
observed in these methylcellulose-containing marrow
cultures. The pure eosinophilic colonies (CFC-Eo)
were depleted in the My-10-negative fraction and en-
riched in the My-10-positive fraction (Tadle 7, 8). Over
80% of CFC-Ec were My- 10-positive by this methodol-
ogy. Even smaller numbers of mixed eosinophilic-ery-
throid colonies (CFC.EEo) were observed, all in the
My-10-positive ceil population (Table 1, 8)

TABLE 6

CFC.GM (agn cuftures) in My-10-Panned Normal
Human Marrow Cells

MOPC 21 My-10
Unb B Unboend  Bowmd

Recovered "e % ne %
Viable Cells®
CFC-GM per SN 25)**** ND* X= nALN
109 Cella®®
Recovered 4190 ND 192 p
CFC-GM***
B. Averseed Data: (¥ ewrerrmenes?
Recovered IMNEN%  N=H% E=N% «2HN%
Visble Cells
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TABLE 6-<contunued

CFC-GM (agar cuttvres) in My+10-Pannes Normal
Hyman Merrow Celly

MOPC 21 My.10

Usboung Bound Unboune Bound

CFCGM m ot 00K £00N Sl
Eanchmem t1

CIrcGMm (100%) % NL))% N
Recovery s

*Valum rrevesem (1GP3) X (viabie ool sowvtey @ fracuoni/(oveus ceil gty
wentad wwh McAd)

SCArthoene ot (£ Raviard drveuon) of M leat WPHCae ScverTuRaNcue
(rounded)

*++Prodect of (CFCGM/10M celti) % (nurmeer of vabie orils ® frscuos

S50 Similes resuits Cbtned Wik eniracnioneted suTow celis.

1 Net done.

11 (CFCOM per 107 ettt m pvrn crll frcooe VICFCGM per 10° cets m
MOPC-11-enbound fracuon for thet crperument) Mean T | sastnrd ervor of ihe
mevn (SEM)

WY (100%) ¥ (Recaversd CFC CM m pives (racucai(Recovered CFCGM @
MOoPrc ord fs o thee exp Memn £ | SEM.

1518 The MOPC 3} Bovae frcion wot large enowgh 10 permu platmng for
CTC.GM on only T of theae 9 espernments (n Joth of thewe crreriments and o &
sdgronal tiperriwea, 80 CFCGM colones grew om the pines.

TABLE 7
Colomes m Methyiceiiniose Cuflure After Panning
(yngle erpenmentt
MOPC 2t My.10
Unbound Bound Unbound Bound

Recovered [ 13 1% "% %

Viable Cells™:

Large ¢ CFCOM:

Per 10 Cells*® SX£6) NODn Hel) 160X 2130)
escovery*s® 410 ND n 4900

Swall ! CFC-GM:

Per 10° Cells 106=1" ND H=D 165002400

1900 ND s 109%0

Large t _Erythrow:

Per 10’ Celle <N ND N0 1450022000

Recovery an NO [} 4130

Small v _Erythroid:

Per 10° Cells 1A= ND NI 1970024900

Recovery ' 190 ND nw 1%

CFC-EEo 11t .

Per 10° Cells X+t) NO L0 00y

Recovery 168 ND 0 199

CFC.Eo M

Per 10° Cells 1z ND e  ITIsM

Recovery 10%0 ND 1 1200

s, 00, s o%use » Toblv &
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EXAMPLE VI

FACS 1l SORTING OF MY-10-TREATED
MARROW CELLS

Under aseptic conditions. normal low density. nonad-
herent marrow cells were incubated with centnfuged
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anti-My-10. washed, then reacted with centrifuged,
fluorescein-conjugated, anti-mause 1gG (as above for
analytical indirect immunofluorescence). After wash.
ing, the cells were anaivzed and sorted on the bass of
fluorescence intensity (FACS I1). “My-10-bright" cells
were defined as more than 50 channels fluorescence
intensity (1.93% of toal My-10-trested cells; in con-
trast, 0.05% of the MOPC-2l-treated cells were
brighter than $0 channet units). The FACS 1] was ad-
justed to deflect anti-My-{0-treated cells with fluores.
cence intensity {ess than JO chanaeis into the “My-10-
dull™ fraction (97.14% of toual sorted cells). A “win-
dow” of cells between 30-30 channels fluorescence
intensity (0.93% of toul My-10-treated cells) was dis-
carded to minimize overlap. The My-10-bright fraction
consisted almost enurely of morphologically-defined
blast cells (Table 9) Cylochemical assays suggested that
the FACS-separated My«10-positive blast ceils were
heterogeneous, containing at least monoblasts and mye-
foblasts (confirming cytochemical studies on panned
My-10-positive cells).

The My-10-positive fraction contsined essentially all
of the colony-forming cells, snd was more than 50-fold
enriched for these progenitor ceil types (Table 10). 18%
of the My-10-positive ceils formed colonies detectable
in this culture system. These FACS results are in agrees
ment with the results using the panning methodology,
except that FACS spparently yielded 3 population of
My-10-positive cells that was more enriched in primi-
tive and elonogenic cells.

TABLE 9

Cytochermcal Analvan of FACS-Separsied
My-10-Antiasen-Povtive Pnmmyve Cells®

Percent

Primitive Cells

Cytochemcaily
Cytocheancal Stain Positive®®
Peroudase H%
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EXAMPLE VlI

IMMUNQPRECIPITATION OF A
RADIOLABELLED KG-1A ANTIGEN BY
ANTI-MY-10

Vectorial labelling of the plasma membrane of intact
cells with 125 I-iodide. followed by immunoprecipits.
tion with SA-bound monocions! antibody, SDS-PAGE
wnalysis, and visualization of antigen by autorsdiogra-
phy, was utilized to identify the KG-1a membrane pro-
tein detected by anti-My-10D. Under reducing s well
a4 non-reducing conditions, My-10 anugen had an Mr of
spproximately 115 kD, indicating the absence of disul-
fide-linked oligomers.

KQ-1a cells were radiolabelled vectonally within 125
l-iodide using the method of Hubbarg and Cohn ((1972)
4. Cell Biol $5: 390). Briefly, 20 million cells in exponen-
tia} growth were washed four times 1n 10 mM Hepe-
$—0.15M NaCl buffer, pH 7.4 (Buffer A). The cell
pellet was resuspended in one mi of Buffer A containing
0.05M glucose, 40 pl of (100 TU/mi) lactoperoxidase
(Calbiochem-Behring. San Diego, Calill), snd 2.5 ul of
freshly prepssed (1 mg/mi) glucose oxidase {Millipore
Corp., Freehold, N.J.). 0.5-1 mC-1 of 125 l.iodide
(New England Nuclear, Boston, Mass.) was added, and
the cell suspension was incubated at 22° C. for 20 mun-
utes with gende sgitation. Then 10 ml of Bufler A con-
taining 4 mM KI and 0.1% glucose was sdded 1o stop
the reaction. After four washes with Buffer A. the cell
peilet was resuspended in 500 ul of disruption buffer (10
mM EDTA, and 50 ug/mi Leupeptin {Sigma}) for 20
minutes on ice with penodic vortexing. The cell extract
wss then centrifuged (10 minutes, 15.600 xg, 4° C.),
and the supernate used for immunoprecipitation.

Immunoprecipitation wss performed essentislly as
dexcribed by Lampson, in AMonocione! Antibodies
395-397 (Kennett, et al. 1980). For each monocional
antibody to be tested. 300 ul of 10% fixed, whole. pro-
tein A-bearing Cowan sirain Staphylococei (SA; Calbi-
ochem-Behring) was washed three tirges by centrifugs-
tion (15,600 X g, $ min., 4° C.) in Lampson, wash buffer
(WB) (0.1M phosphate.bufler saline, pH 3.6, containing
0.1% BSA, 0.02% NaN3, 0.5% NP40,0.1% SDS). The
SA peilet was then resuspended to the initial volume
with goat anti-mouse 1gG serum (Kierkegastd and
Perry, Gaithersburg, Md.) and incubated 12-18 hrs. at
4' C. The SA-IgG complex was washed seven times in
WB and suspended with monocional antibody (hy-
bridoma cultuse supernate) ta 10% (v/v). Afier 40 min-
utes incubation (22° C.), the SA-IgG-monocional anti-
body complex was washed three times in WB and resus.
pended to the initial volume in WB. To this complex.
80-120 ul of cell extract was added, followed by incubs-
tion at 4* C. for 12-18 hours. The SA-1gG-monoclonal
antibody complex was then washed three times in WB
and resuspended in 50 ul of WB plus 25 ul of Lsemmli
(1970) Narure 227: 680) sample bufler (0.0625M Tris
HCL pH 6.8, conuining 12.5% glycerol, 1.25% 2.mer-
captoethanol, 3% SDS and ImM EDTA), boiled for
two minutes, centrifuged (15, 600 X g, $ min.), and the
supemate harvested for analysis by SDS-polyacryla-
mide gel electrophoresis.

The samples were analyzed on 10% SDS-polvacryia.
mide gels under reducing conditions according to the
method of Laemmli (1970) Nature 227: 680). After elec-
trophoresis. the gel was stsined with Coomassie brilliant
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blue, destained. dried onto filter paper and exposed 10
X-ray AR film (Kodak, Rochester, N.Y.) st —~70° C.

EXAMPLE VIl

REACTIVITY OF ANTI.MY-10 WITH
DIAGNOSTIC SPECIMENS FROM PATIENTS
WITH ACUTE LEUKEMIA

Initial disgnostic marrow specimens {tom Johns Hop-
kims Oncology Center patients found 1o have jevkema.
with at Jeast 80% marrow blast celis, were tested with
these antibodies by indirect immunofluorescence. Spec-
imens which contained at least 20% Nuorescent cells
(over background) were counted a3 “positive” for that
antigen (Strauss et al., (1983) Blood. in press). The
My-10 antigen was expressed on blast ceils from sp-
proximately 3J0% of the acute fcukemia specimens, both
lymphocytic and nonlymphocytic, but on none of the
few chronic leukemia specimens tested. including two
specsmens of chronic myelogenous leukemis (CML) in

“myeloid™ blast crisis or other specimens tested (Table
11).
TABLE 11
Rescuviy of Patients’ Masrow® Leukeme
Blast Cells With Ant-My.10

Percem

Positive
Discase*® Specimens®*®
Acste Nonlymphocyne Levkerms A% (18/63)
Acwe Lymphocync Leukemma 1% (10/31)
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HLA-DR-pontive. cALLs.negauve n
T-cell (lew-f o T -posrtive) (o3)
Chrome Lymphocviic Levkems o /10
Qhrome Mvelogenous Leutemm o% (o))
Myeiodlasic crisis 1)
Basophilic blast cnats o
Untrested chrome phase [ 741}
Mycoms fungodes®® o% /1)
Lymphoma |
Noa-T. non-8 ) o% o/
Bcell (41}
Usndilerenuated carcrnoms % /Yy
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Since varistions will be apparent 1o those skilled in
the art. it is intended that this invention be limited only
by the scope of the appended claims.

1 claim:

1. A suspension of human cells comprising pluripo-
tent lympho-hematopoietic stem cells substantially (ree
of mature lymphoid and myeloid cells.

2. The cell suspension of claim 1 further comprising
colony-lorming ceils for granuiocytes/monocytes (CC-
GM), colony-forming cells for erythrocytes (BFU-E),
colony-forming cells for eosinophils (CFC-Eo), mul-
tipotent colony-forming cells (CFC-GEMM), and im-
mature lymphoid precursor cells.

3. The cell suspension of claim 1 substantially free of
cells without a cell-surface antigen recognized by the
momocional antibody produced by the hybridoma de-
posited undesr ATCC Accession No. HB-8483.
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4. A suspension of human ceils from blood compnis-
ing plunipotent lympho-hematopoictuc stern cells sub.
stantially (ree of msture lymphoid and myeloid cells.

$. A suspension of human ceifs from marrow or blood
comprising cells having a cell-surface antigen recog-
nized by \he sanubody produced by the hybridoma de-
posited under ATCC Accession No. HB-8433 and sub-
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stantially fcee of cells that do not have 1 cell-surface
antigen tecogruzed by said antibody. said suspension
having the ability 10 resiore the production of lymphold
and hematopoietic cells to a huroan lscking said produc.
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