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ABSTRACT

BALB/c mice were immunized with uninduced K562 erythroleukemia
cells and hybridomas were isolated after fusion of immune spleen cells
to P3/NS1 murine myeloma cells. One selected hybrid, designated 101,-

30, secreted an antibody of subclass immunoglobulin G2a which was
specific for hematopoietic cells. Analysis of 10L-30 binding by comple
ment-mediated cytotoxicity, indirect immunofluorescence, solid-phase

radioimmummssay, and mixed hemadsorption assay indicated that the
10L-30 antigen was expressed on the myeloid cell lines K562, KG-1A,
KG-1, some B- and T-lymphoid cell lines, and all normal human periph
eral blood T-Iymphocyte samples tested, but was absent on the more
differentiated myeloid cell lines III -60, ML-2, ML-3, and normal blood
granulocytes. Induction of erythroid differentiation in hemin-treated KS62
cells caused a 10-fold reduction in 101-30 binding. Human erythroid and

granulocytic progenitor cells, platelets, erythrocytes, and reticulocytes
were nonreactive, as were a variety of nonhematopoietic human tumor
cell lines. Freshly isolated leukemic bone marrow samples from patients
with MS (2 of 5), M6 (2 of 2), acute lymphoid leukemia (9 of 14), and
chronic myeloid leukemia in lymphoid blast crisis (1 of 1) were 10L-30
positive. The combined evidence indicates that the 101-30 antigen is a
normal, hematopoietic-specific differentiation antigen which is strongly

expressed on both immature cells of the myeloid lineage and more
generally in lymphoid ontogeny. The 101,-30 antigen may be a useful

marker of both normal and leukemic hematopoietic differentiation.

INTRODUCTION

Within the past 10 years cell culture systems suitable for the
study of human erythroid differentiation from early cellular
progenitors (1, 2), as well as continuous human cell lines with
erythroid characteristics (3, 4), have been developed. We have
attempted to use the murine monoclonal antibody technique
(5) to identify differentiation antigens on K562 erythroleukemia
cells which might also be present on human hematopoietic
progenitors or their descendants in cell culture. The feasibility
of this approach has been documented (6, 7). The potential
usefulness of monoclonal antibodies for both the purification
of hematopoietic progenitor cells and as molecular probes for
identification of discrete stages of early hematopoietic differ
entiation was the impetus for this study. In the course of this
work we have identified a hematopoietic-specific differentiation
antigen which is preferentially expressed on immature cells of
the myeloid lineage and found generally throughout lymphoid
ontogeny.

MATERIALS AND METHODS

Cell Culture
All human cell lines were maintained at 37Â°C,in an atmosphere of

95% air, 5% CO2, in RPMI 1640 supplemented with 10% heat-inacti-
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vated fetal bovine serum (single lot) and penicillin-streptomycin
(G1BCO, Grand Island, NY). Sources of hematopoietic cell lines were
K562 (D. Chui, McMaster University); KG-1 A and KG-1 (H. P.
Koeffler, UCLA); HL-60 (G. Browman, McMaster University); ML-2,
ML-3, and BALL (J. Minowada, Roswell Park Memorial Institute);
RPMI 8402, Molt-4, and JM (J. Pauly, Roswell Park Memorial Insti
tute); CEM, Daudi, Raji, and U937 (American Type Culture Collec
tion); GM 3638 (Human Genetic Mutant Cell Repository).

Hybridomas

BALB/c mice were given injections i.p. three times at weekly inter
vals with 1 x IO7 washed, viable K562 cells. Three days following the
final injection a single-cell suspension of splenocytes was prepared and
fusion to P3/NS1 myeloma cells was performed as previously described
(8).

Screening of Hybridomas

Ten days after fusion, supernatants from wells containing hybrido
mas were sampled aseptically, diluted 1/5. and assayed for reaction
with poly-L-lysine-glutaraldehyde-attached KS62 cells using a solid-
phase '"I-protein A (New England Nuclear, Lachine, Quebec, Canada)

direct radioimmunoassay (9). Parallel culture supernatants were as
sayed for reaction with nonhematopoietic cells by using the mixed
hemadsorption assay (8) and KB cells as targets.

Quantitative Adsorption Analysis by Indirect Radioimmunoassay

One humlrcd-Ãilaliquots of hybridoma tissue culture supernatants
were adsorbed with varying numbers of cells at room temperature for
1 h, followed by incubation at 4"( ' overnight (8). Cells used for adsorp

tions were unfixed and freshly washed with phosphate-buffered saline.
The dilution of hybridoma tissue culture supernatant chosen for ad
sorptions was 2 doubling dilutions above that which exhibited half-
maximal binding in direct solid-phase radioimmunoassay irrvw.vKS62
cells. All antibody dilutions were in phosphate-buffered saline contain
ing 0.2% gelatin and 0.02% sodium azide. The adsorbed supernatant
was separated from adsorbing cells by centrifugation at 12,000 x g, for
2 min in a Brinkman mini-centrifuge. Supernatants were then assayed
for residual activity against K562 cells by solid-phase RIA.3

Indirect Immunofluorescence

One hundred /<]of washed tissue culture cells (2 x It) ml in RPMI
plus 0.3% albumin) were incubated with 100 Â¿ilundiluted hybridoma
tissue culture supernatant for 1 h at room temperature. After two
washes the cell pellet was resuspended in 100 ^1 of a 1/5 dilution of
fluorescein isothiocyanate rabbit anti-mouse antiserum (Miles Labora
tories, Rexdale, Ontario, Canada) for 30 min at 20Â°C.After two washes

the cell pellet was resuspended in 2 drops of phosphate-buffered saline,
pH 7.2, containing 30% (v/v) glycerol and read immediately by using a
Zeiss photomicroscope with epifluorescence attachment. Reactivity of
human bone marrow samples with 101. 30 was assayed by using sheep
anti-mouse IgG-fluorescein isothiocyanate F(ab')2 fragment with no

cross-reaction to human IgG (Cappel Laboratories, Cochranville, PA).
Bone marrow cells were concentrated by Ficoll-Hypaque (Pharmacia,
Dorval, Province of Quebec, Canada) density centrifugation (10) before
analysis by indirect immunofluorescence.

3The abbreviations used are: RIA, radioimmunoassay; IgG, immunoglobulin
G; CPU, colony-forming unit; CML, chronic myeloid leukemia.
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Complement-mediated Cytotoxicity of Hematopoietic Progenitor Cells

One hundred fil of washed bone marrow cells (l x 106/ml Â¡nRPM1
plus 0.3% albumin) were incubated with protein A-Sepharose-purified
10L-30 or L243 anti-HLA-DR (American Type Culture Collection)
monoclonal antibody (250 f/g/ml) for l h at room temperature. Lo-Tox
rabbit complement (Cedarlane Laboratories, Hornby, Ontario, Canada)
was added to a final concentration of 20% (v/v) for 30 min at 37Â°C.

Marrow cells were then washed and plated in methylcellulose cultures
containing either erythropoietin (Connaught Laboratories, Willowdale,
Ontario, Canada) or human placental-conditioned medium at 37Â°Cfor

14 days as previously described (11). Complement-mediated cytotox-
icity of peripheral blood lymphocytes by using 10L-30 or OKT3 (Ortho
Diagnostics, Toronto, Canada) was performed in an identical manner.

Fractionation of Human Blood Cells

Erythrocytes. RBC were prepared by centrifugation of heparinized
peripheral blood at 400 x g for 10 min. Bufty coat cells, plasma, and
platelets were removed after each of three saline washes.

Granulocytes. Equal volumes of heparinized whole blood and dex-
tran-dextrose solution (6% Pharmacia dextran, M, 204,000 in saline,
and 5% dextrose in water) were mixed and allowed to settle at unit
gravity in 15-x 120-mm culture tubes. The erythrocyte-depleted super
natant fluid was collected every 5 min for 30-60 min. Pooled leukocytes
were collected by centrifugation at 400 x g for 10 min. Granulocytes
were separated from mononuclear cells and platelets by Ficoll-Hypaque
density centrifugation (10) of the leukocyte fraction. Residual erythro-
cytes in the granulocyte pellet were lysed using 0.15 M NH4C1, 10 mM
KHCO3, and 1.0 HIM disodium EDTA (pH 7.0) for 5 min at 20Â°C.
"Granulocytes" were more than 95% polymorphonuclear leukocytes as

judged by May-Griinwald staining.
Peripheral Blood Lymphocytes. Mononuclear cells (lymphocytes and

monocytes) were isolated by Ficoll-Hypaque density centrifugation of
heparinized peripheral blood. Peripheral blood lymphocytes free of
monocytes were prepared by the nylon wool column technique (12).

Platelets. Platelet-rich plasma was prepared from 15 ml of fresh
blood containing acid-citrate dextrose by two centrifugations for 3 min
at 1000 x g. Platelets were enumerated by Coulter Counter and were
used for quantitative adsorptions as previously described.

RESULTS

Strategy for Selection of Hematopoietic-specific Hybridomas.
A single cell suspension of mouse splenocytes was fused with
P3/NS1 myeloma cells and plated in four 96-well microtiter
trays (Falcon Plastics, Oxnard, CA). After 10 days, 99% of the
wells exhibited cell growth, many containing 2 to S hybrids. All
wells with hybridomas contained antibodies to K562 cells as
assayed by solid-phase RIA. Consequently, 10 hybrids were
selected on the basis of weak or negative antibody production
to the non-hematopoietic tumor cell KB, as detected by mixed
hem adsorption assay. Subsequently, 7 of the 10 hybridoma
antibodies were found to react strongly with fetal calf serum
proteins by direct solid-phase RIA and were discarded. The
remaining 3 hybrids were subcloned by limiting dilution in 96-
well microtiter trays and those subclones with desirable growth
characteristics coupled with high anti-K562 antibody titer were
studied further. One twice-subcloned hybridoma, designated
10L-30, secreted an IgG2a antibody which bound to K562 but
not Raji or HL-60 cells on direct RIA and was chosen for
detailed analysis.

Binding of Idi 30 to Human Myeloid Cell Lines. The results
of the preliminary direct RIA binding studies were confirmed
and extended by quantitative adsorption analyses with a panel
of human myeloid cell lines. The pattern which emerged from
these studies indicated that 10L-30 bound to an antigen present
on myeloid cell lines blocked at an early stage of differentiation,

i.e., K562, KG-1A, and KG-1 (Table 1), but was absent from
the more fully differentiated cell lines ML-2, ML-3, and HL-
60. This pattern of reactivity was supported by experiments
with K562 cells induced to differentiate with 0.05 HIM hemin
for 5 days. Hemin-induced K562 cells exhibited an 8- to 9-fold
increase in hemoglobin content as measured by a modified
benzidine-peroxide hemoglobin assay (13), coupled with a strik
ing 9- to 10-fold reduction in binding of the 10L-30 antibody
(Fig. 1; Table 1). Thus, it appeared that the 10L-30 antigen was
expressed early in human myelopoiesis.

Binding of 10L-30 to Normal Human Myeloid Tissues. Since
the K.562 cell line has previously been shown to express cell
surface antigens characteristic of the granulocytic, erythrocytic,
and megakaryocytic cell lineages (3, 14), purified populations
of human polymorphonuclear leukocytes, erythrocytes, and
platelets from a number of individuals were used for quantita
tive adsorption analyses of 10L-30 antibody binding. Data in
Table 2 illustrates that the 10L-30 antigen is not present on
mature myeloid elements of either umbilical cord or adult
peripheral blood.

If the 10L-30 antibody recognizes an early, normal myeloid

Table I Quantitative analysis oflOL-30 antibody binding to human
hematopoietic cell lines

CelllineK562K562

+heminKG-1
AKG-1HL-60HL-60

+TPAÂ°ML-2ML-3CEMRPMI

8402Molt-4JMCM

3638BALLDaudiRajiHematopoietic

typeMyeloidleukemiaT-lymphoidleukemiaB-lymphoidleukemiaImmuno-
fluorescence Relative antigen

reaction"density/celr++++

1000++++
110++++

130++
7555<5<5++++

265+
5515ND**

145015'

<5<5

U937 Monocytic
leukemia

" Indirect Â¡mmunofluorescence using fluorescein isothiocyanate rabbit anti-
mouse IgG. Results are expressed as follows: ++++, 75-100% positive cells;
+++, 50-74% positive cells; ++, 25-49% positive cells; +, 10-24% positive cells;
-, <2% positive cells.

* Relative antigen density was determined by quantitative adsorption of 101,

30 antibody followed by radioimmunoassay. Data are the means of at least two
experiments for each cell line.

' TPA, 12-0-tetradecanoylphorbol-13-acetate; ND, not determined.
'' Fluorescein isothiocyanate rabbit anti-mouse IgG cross-reacted with human

surface immunoglobulin.

Fig. 1. Effect of hemin induction of K562 cells on 1(II. 3(1antigen expression.
Uninduced K562 cells (O) and K562 plus 0.05 mM hemin (â€¢)were cultured for
5 days and quantitative adsorptions were performed as described in "Materials
and Methods." Points, mean of three experiments; bars, SE.
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Table 2 Quantitative analysis ofIOL-30 antibody binding to normal
differentiated myeloid cells

Table 4 Quantitative analysis of 10L-30 antibody binding to human peripheral
blood lymphocytes

Cell type Relative antigen density/cell"

K562
Polymorphonuclear leukocytes (5)*

Erythrocytes, adult (8)
Reticulocytes, adult (3)'

Erythrocytes, umbilical cord (2)
Platelets (3)

1000
<5
<5
<5
<5
<5

" Oetermined by quantitative adsorption of 10L-30 antibody followed by

radioimmunoassay.
b Numbers in parentheses, number of samples.
f Adult peripheral blood samples contained 12.S, 5.0, and 6.0% reticulocytes.

Table 3 Absence of the 10L-30 antigen on human marrow progenitor cells

TreatmentNone

Complement only
Control antibody^

+ complement
10L-30only
10L-30 + complement
L243 only
L243 + complementBurst-forming

unit, erythroid-
derivedcolonies"29

Â±552
Â±3

39Â±630

Â±5
51 Â±5
33 Â±5
13Â±4CFU-granulocyte

macrophage-derived
colonies"52

Â±11
73 Â±16
28Â±648

Â±1254
Â±12

58 Â±13
6Â± 1

Â°Data are the means Â±SE of 14-day erythroid and granulocytic colonies/10*

cells plated in two and three experiments . Marrow samples were from three
unrelated individuals.

b Control antibody 140.240 (8). All antibodies were of subclass IgG2a purified
to homogeneity by protein A-Sepharose chromatography and used at 250 jig/ml.
L243 is an anti-HLA-DR reagent (48).

differentiation antigen, it should bind to human bone marrow
cells. Analysis of 11 normal marrow specimens by indirect
immunofluorescence indicated that a mean of 5.0 Â±1.5% (SE)
of all bone marrow mononuclear cells reacted with 10L-30.
This evidence was supported by quantitative adsorption-RIA
analysis using bone marrow mononuclear cells from four other
individuals, mean relative 10L-30 antigen density being 7.5 Â±
1.5. By extrapolation, the combined data suggested that a low
number of bone marrow cells strongly expressed the 10L-30
antigen.

The reaction of 10L-30 antibody with normal bone marrow
cells might be explained by the presence of a low number of T-
lymphocytes in marrow mononuclear cells. To indirectly ad
dress this question and further support the presence of the 10L-
30 antigen on immature normal myeloid cells, quantitative
adsorption analyses were performed by using myeloid cells
derived from hematopoietic cell cultures. Briefly, human pe
ripheral blood null cells depleted of T-lymphocytes were iso
lated and cultured in methylcellulose cultures containing (v/v)
human placental-conditioned medium as previously described
(11). In three experiments cells harvested at 11 and 15 days
postplating exhibited relative 10L-30 antigen densities of 39.2
and 8.1, respectively, i.e., antigen density was 4- to 5-fold
greater on day 11 versus day 15. The 10L-30 antigen is either
not expressed or is expressed at very low antigen density on the
hematopoietic progenitor cells burst-forming unit, erythroid,
and CFU-granulocyte macrophage, however (Table 3). In con
clusion we believe that the combined weight of evidence derived
from experiments with human myeloid cell lines, bone marrow
cells, peripheral blood cells, and cultured myeloid progenitors
strongly indicates that the 10L-30 antigen is expressed very
early in normal myelopoiesis.

Binding of 1111-30Antibody to Human Lymphoid Cell Lines
and Tissues. Screening of several human T-lymphoid cell lines
for binding to 10L-30 revealed a heterogeneous pattern of
reactivity (Table 1). In general, however, "immature" T-cell

CelltypeK562

PBL-1*PBL-2PBL-3PBL-4PBL-SPBL

(mean Â±SE)Relative

antigendensity/cell"1000745333541546

Â±10
" Determined by quantitative adsorption of 10L-30 antibody followed by

radioimmunoassay. PBL were freshly prepared and nonadherent to nylon wool.
* PBL, peripheral blood lymphocytes.

Table 5 Relative complement-mediated cytotoxicity oflOL-30 antibody for
human lymphocytes versus a known pan-T monoclonal antibody

Incubation Temperature
CC)Individual"4'C2037ABCABCABCAntibody

+complementOKT386818994929197837110L-30939336929174869389CON*202272256

Mean percentage
of lysis Â±SE

87 Â±3 88 Â±2 3 Â±1

Â°Cells were freshly prepared peripheral blood lymphocytes nonadherent to
nylon wool. After a 1-h incubation with antibody at room temperature, 20%
(v/v) rabbit complement was added at 37Â°Cfor 30 min. Cytotoxicity was moni

tored microscopically in the presence of 20% (v/v) trypan blue.
* CON, control monoclonal antibody 140.240 of IgG2a subclass.

lines (15, 16) such as CEM and RPMI 8402 had a relatively
high 10L-30 antigen density, whereas T-cell lines blocked at a
more mature stage of differentiation, e.g., Molt-4 and JM,
exhibited lower 10L-30 antigen density. Remarkably, partially
purified mature T-lymphocyte populations from five human
peripheral blood samples also bound 10L-30 antibody with a
mean antigen density of 46 Â±10 (Table 4). Further analysis of
normal peripheral blood T-cells by complement-mediated cy
totoxicity demonstrated that the 10L-30 antibody reacted with
88.6% of peripheral blood lymphocytes nonadherent to nylon
wool, a figure closely comparable to OKT3-mediated cytotox
icity with the identical cell populations (Table 5). These results
indicate that the 10L-30 antigen is neither a polymorphic
antigen, as it has been found on peripheral blood samples from
eight unrelated normal individuals, nor is it related to HLA-
DR determinants, as DR antigens are expressed on a small
minority of quiescent T-cells (17). Thus, it appears that the
10L-30 antigen occurs on both mature T-lymphocytes and
earlier stages of T-lymphoid differentiation.

The B-lymphoid and monocytic cell lineages were generally
non- or weakly lOL-30-positive with the exception of the cell
line GM 3638 (Table 1). Both the monocytic cell line, U-937,
and normal human peripheral blood monocytes (analyzed by
flow cytometry) were nonreactive with 10L-30 antibody. Fur
ther experimentation with B-cell lines blocked at earlier stages
of differentiation are necessary before any general statements
concerning 10L-30 antigen expression in B-lymphoid ontogeny
can be made.

Monoclonal Antibody 101.-30 Is Specific for Hematopoietic
Cells. The reaction of 10L-30 antibody with adherent nonhe-
matopoietic cell lines of normal and tumor origin was deter
mined by using the mixed hemadsorption assay. The evidence

4256

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/16/4254/2428021/cr0470164254.pdf by guest on 19 M

ay 2023



HEMATOPOIETIC-SPECIFIC ANTIGEN ON K562 CELLS

presented in Table 6 demonstrates that 10L-30 antibody does
not bind to normal fibroblasts, a variety of carcinomas, neuro
blastoma, glioblastoma, or melanomas. Thus, the 10L-30 anti
gen is neither commonly distributed on tumor cells of diverse
type nor is it present on other nonhematopoietic cells.

Binding of KII-30 Antibody to Leukemic Bone Marrow Cells.
Since the 10L-30 antibody binds to a low proportion of normal
bone marrow cells, it was thought that it might be a useful tool
for the classification of human leukemias. Over a period of 18
months, 43 human leukemic marrow samples were analyzed
for reactivity with the 10L-30 antibody by indirect immunoflu-
orescence, and the results are summarized in Table 7. As
anticipated from previous results, a high proportion of T-
lymphoid leukemias (OKT11 positive) were reactive with 10L-
30, as were 2 of 6 non-T acute lymphoid leukemia samples.
The only myeloid leukemias which appeared to consistently
express the 10L-30 antigen were French-American-British (18)
classes M5 and M6. In addition to reacting with M6 erythro-
leukemic marrow cells, it is also of interest that the sole marrow
from a patient with CML in lymphoid blast crisis had 80%
101. .10 positive cells. In the latter leukemia and in the two
erythroleukemias studied the conventional T-lymphoid-specific
marker OKT11 was at background levels. Thus, it appears that
the 10L-30 monoclonal antibody recognizes a unique antigenic
determinant which is sometimes expressed in MS acute myeloid
leukemia and may be consistently present on M6 erythroleu-
kemia cells and CML cells in lymphoid blast crisis. The 101
30 antigen may therefore be a useful marker for the study of

Table 6 Quantitative analysis oflOL-30 antibody binding to human
nonhematopoietic celllinesCell

line"KS62C003

WI-38
IMR-90KBHT-29

MCF-7A549SHSY5YLN229CACL

78-4
CACL 79-3Reciprocal

tiler by mixed
Cell type hemadsorptionassayErythroleukemiaAdult

fibroblast
Embryonic fibroblast
FetalfibroblastOral

carcinoma
Colon carcinoma
Breast carcinoma
LungcarcinomaNeuroblastoma

GlioblastomaMelanoma

Melanoma64<8

<8<8<8<8<8

<8<8

<8<8<8

" Nonhematopoietic cells were obtained as in Liao et al. (8).

Table 7 Indirect immunofluorescence reactivity of IOL-30 monoclonal antibody
with human leukemic bone marrow cells

Type Samples Positive*

Acute myeloid leukemia
(French-American-British type)

Ml
M2
M3
M4
MS
M6

Total

Chronic myeloid leukemia
Lymphoid blast crisis

Acute lymphoid leukemia
T
Non-T

Total

8
6
1
6
5
2

28

1

8
6

14
" Greater than 15% positive cells.

the pathology and diagnosis of these leukemias.
Preliminary Characterization of the IOL-30 Antigen. Visuali

zation of lOL-30-labeled K562 cells by indirect immunofluo
rescence suggests that the 1OL-30 antigen is primarily associ
ated with the cytoplasmic membrane. Antibody-blocking stud
ies performed by coincubation of IOL-30 antibody with K562
extracts followed by direct radioimmunoassay indicate that the
antigen does not shed into the culture medium, is insoluble in
1% n-butyl alcohol and 1% Triton X-100 but is soluble in 1%
taurocholic acid (19). Intense efforts to isotopically label the
IOL-30 antigen using I2'I and [35S]methionine followed by
immunoprecipitation with the IOL-30 antibody have failed,
although quantitative adsorption analyses have revealed that
more than 95% of the antigen is removed from the K562 cell
surface by treatment with 0.1% trypsin at 37Â°Cfor 2 min.

Similarly, the IOL-30 antibody-blocking ability of taurocholate-
solubilized K562 cells is destroyed by trypsin under conditions
which do not destroy the IOL-30 antibody. We therefore believe
that the 1OL-30 antigen is a membrane-associated protein.

DISCUSSION

The K.562 cell line was originally derived from a patient with
chronic myelogenous leukemia in blast crisis (20). The presence
of the Philadelphia chromosome in each of the erythroid,
granulocytic, and megakaryocytic cell lineages in the majority
of patients with CML led to the hypothesis that CML origi
nated via a transformation event in the pluripotent hemato-
poietic stem cell. Evidence for karyotypic markers in lympho
cytes of CML patients is less well accepted however, and while
K.562 cells have previously been shown to possess myeloid (20),
erythroid (3), and megakaryocytic markers ( 14), our data rep
resent one of the first examples of an antigenic marker common
to normal lymphoid cells and K562 cells (21). The expression
of the IOL-30 antigen on mature T-lymphocytes from 5 indi
viduals, immature (15,16) T-lymphoid cell lines plus its absence
on a variety of nonhematopoietic human tumor cell lines sug
gests that it is a normal hematopoietic-specifk antigen. The
differential expression of the IOL-30 antigen on human myeloid
tumor cell lines and its absence on mature granulocytes and
platelets precludes its being related to HLA antigens (22), the
human transferrin receptor (23-25), or Fc receptor (26). Thus
we feel that the IOL-30 monoclonal antibody recognizes a
nonpolymorphic, hematopoietic-specific differentiation antigen
which is normally expressed in lymphocyte ontogeny. In addi
tion, there is recent evidence of T-lymphoid antigen expression
in two recent cases of CML in blast crisis (27, 28), and simul
taneous or sequential expression of lymphoid and myeloid
phenotypes in four cases of acute leukemia (29). Whether K562
cells express the IOL-30 antigen and perhaps other lymphoid
characteristics in a normal or abnormal (30) way is yet to be
determined.

A large number of murine monoclonal antibodies have been
raised against or have been shown to bind to K562 erythroleu-
kemia cells (7, 31-34). The IOL-30 monoclonal antibody is
unique to all of the above in defining an antigen present on
both mature peripheral blood T-cells and K562 cells, but not
on fully differentiated cells in the myeloid series.

Although the antigenic characterization of hematopoietic
stem and progenitor cells is in its infancy (35-38), evidence is
available both for and against the coexpression of antigens on
lymphoid cells and human hematopoietic progenitor cells. The
anti-T-cell monoclonal antibodies OKT3 (39), T101 (40),
17F12 (41), and MBG6 (42) are unreactive with human hema-
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topoietic progenitor cells. Conversely, a monospecific anti-T- 7-
cell antisera (43) and two T-cell-reactive murine monoclonal
antibodies, RFB-1 (44, 45) and MLR-2 (46), all strongly inhib- 8.
ited colony formation by the committed human myeloid pro
genitor cell CFU-C. Recent work (45) using fluorescence-acti- 9.
vated cell sorting has demonstrated that the RFB-1 antigenic
determinant is also present on the human hematopoietic pro- I0
genitors burst-forming unit, erythroid, CFU-erythroid, and
CFU-granulocyte-erythroid-monocyte-megakaryocyte. Thus, n-
the latter three antibodies and 10L-30 recognize antigens which
are commonly expressed in both lymphoid and myeloid ontog- 12.
eny.

There are many potential uses for murine monoclonal anti- 13.
bodies in the study of human hematopoiesis. These include: (a)
purification of hematopoietic progenitors by using monoclonal 14
antibodies combined with fluorescence-activated cell sorting,
panning, or immune rosette techniques; (/>) analysis of cell
surface antigenic changes during normal hematopoietic differ
entiation in vitro; (c) classification of leukemias according to
type and stage of differentiation; (d) selectivecytolysis/cytotox-
icity of leukemic cells either in vitro or in vivo(47). Our data
indicate that the 10L-30 antigen has potential value as a general "'â€¢
hematopoietic-specific but lineage-nonspecific antigenic
marker. The 10L-30 antigen is stage specific in the myeloid
lineage as it appears to be present only at very early stages of
myelopoiesis. Notably, it is not stage specific in lymphoid
ontogeny, although current evidence suggests that it may be n.
more strongly expressed early in T-lymphoid ontogeny. Data lg
on the expression of the 101,30 antigen in leukemic bone
marrow samples indicates that the 101.30 antigenic marker is
expressed in T-cell leukemia, T-lymphoma, some B-lympho- 19
mas, M5 and M6 leukemias, and CML in lymphoid blast crisis.
Of particular interest was a recently studied neoplastic bone
marrow which was unclassifiable according to the French-
American-British classification scheme (18), did not react with 21.
a panel of commercially available T-, B-, and myeloid-specific
monoclonal antibodies but was 52% positive in indirect im- 22.
munofluorescence studies with the 101, 30 monoclonal anti
body. Further categorization of 10L-30 antibody reactivity with 23
a variety of human leukemic bone marrows will determine its
value in the diagnosis of leukemia and as a tool in experimental
hematology.

ACKNOWLEDGMENTS

20.

24.

25.

26.
We would like to thank Drs. R. Ban-, G. Browman, D. Clini, H. P.

Knottier, J. Minowada, and J. Pauly for kindly donating cells and cell
lines. 27.

REFERENCES
28.

1. Clarke, B. J., and Houstnan, D. E. Characterization of an erythroid precursor
cell of high proliferative capacity in normal human peripheral blood. Proc. 29.
Nati. Acad. Sci. USA, 74:1105-1109, 1977.

2. Ogawa, M., Crush, O. C., O'Dell, R. F., HarÃ¡,H., and MacEachern, M. D.

Circulating erythropoietic precursors assessed in culture: characterization in
normal men and patients with hemoglobinopathies. Blood, 50: 1081-1092, 30.
1977.

3. Gahmberg, C. G., and Anderson, L. C. KS62â€”a human leukemia cell line
with erythroid features. Semin. Hematol., /*: 72-77, 1981. 31.

4. Martin, P., and Papayannopoulou, T. HEL cells: a new human erythroleu-
kemia cell line with spontaneous and induced globin expression. Science
(Wash. DC), 216: 1233-1235. 1982.

5. Kohler, G., and Milstein, C. Continuous cultures of fused cells secreting 32.
antibody of predefined specificity. Nature (Lond.), 236:495-497, 1977.

6. Papayannopoulou, T., Brice, M., Yokochi, T., Rabinowich, P. S., Lindsley, 33.
D., and Stamatoyannopoulos, G. Anti-HEL cell monoclonal antibodies rec
ognize determinants that are also present in hematopoietic progenitors.
Blood, 63: 326-334, 1984. 34.

4258

Young, N. S., and Hwang-Chen, S. P. Anti-K562 cell monoclonal antibodies
recognize hematopoietic progenitors. Proc. Nati. Acad. Sci. USA, 78:7073-
7077, 1981.
Liao, S-K., Clarke, B. J., Kwong, P. C., Brickenden, A., and Dent, P. B.
Melanoma-specific oncofetal antigen defined by a mouse monoclonal anti
body. Int. J. Cancer, 30: 573-580, 1982.
Brown, J. P., Tamerius, J. S., and Hellstrom, I. Indirect '"I-labelled protein
A assay for monoclonal antibodies to cell surface antigens. J. Immunol.
Methods, 31: 201-209, 1979.
Movimi, A. Isolation of mononuclear cells and granulocytes from human
blood. Scand. J. Clin. Lab. Invest., 21:77-89, 1968.
Harvey, A. R., Kaiser, J., and Clarke, B. J. Monocytes direct T-lymphocyte
stimulation of human peripheral blood granulocyte-macrophage colony for
mation. Br. J. Haematol., 58:129-136, 1984.
Julius, M. N., Simpson, E., and Herzenberg, L. A. A rapid method for theisolation of functional thymus-derived murine lymphocytes. I-'.ur.J. Immu

nol., 3:645-649, 1973.
Clarke, B. J., Brickenden, A. M., IvÃ©s,R. A., and Chui, D. H. K. Effects of
modulators of erythropoiesis on the hemoglobinization of human erythroid
cell cultures. Blood, 60: 346-351, 1982.
Gewirtz, A. M., Burger, D., Rado, T. A., Benz, E. J., and Hoffman, R.
Quantitative expression of platelet glycoproteins by the human leukemia cell
line K562. Blood, 60: 785-789, 1982.
Minowada, J., Sagawa, K., Lok, M. S., Jubonishi, I., Nakagawa, S., Tatsami,
E., ( Â»inuma. T., and Goldblum, N. A model of lymphoid-myeloid cell
differentiation based on the study of marker profiles of 50 human leukemia-
lymphoma cell lines. In: B. Serrou and C. Rosenfeld (eds.), International
Symposium on New Trends in Human Immunology and Cancer Immunol
ogy, pp. 188-199. Paris, France: Doin Editeurs, 1980.
Minowada, J., Minato, K., Srivastava, B. I. S., Nakazawa, S., Kabonishi, L,
Tetsumi, E., Ohnuma, T., Ozer, H., Freeman, A. I., Henderson, E. S., and
Gallo, R. C. A model scheme of human hematopoietic cell differentiation as
determined by leukemia-lymphoma study: T-cell lineages. In: B. Serrou et al.
(eds.), Current Concepts in Human Immunology and Cancer Immuno-
modulation, pp. 75-84. Amsterdam: Elsevier/North-Holland Biomedicai
Press, 1982.
Greaves, M. F., Verbi, W., Festenstein, H., Papasteviadis, C., and Hayward,
A. la like antigens on human T ceils. Eur. J. Immunol., 9: 356-362, 1979.
Bennett, J. M., Catovsky, D., Daniel, M. T., Flandrin, G., Gallon, D. A. G.,
Gralnick, H. R., and Sultan, C. Proposals for the classification of the acute
leukemias. French-American-British (FAB) Co-operative Group. Br. J. Hae
matol., 433:451-458, 1976.
Letarte, M., and Falk, J. Biochemical and immunologie heterogeneity of la
glycoproteins isolated from a chronic lymphocytic leukemia. J. Immunol.,
128: 217-223, 1982.
Lozzio, C. B., and Lozzio, B. B. Human chronic myelogenous leukemia cell-
line with positive Philadelphia chromosome. Blood, 45: 321-334, 1975.
Ichiki, A. T., Lozzio, C. B., Bamberger, E. G., and Wast, C. J. Characteri
zation of a K562 cell subline expressing lymphocyte markers. Am. Assoc.
Cancer Res., 75:771, 1984.
Brown, G., Biberfield, P., Christensson, B., and Mason, D. Y. The distribu
tion of HLA on human lymphoid, bone marrow and peripheral blood cells.
Eur. J. Immunol., 9: 272-275, 1979.
Lehman, D., Trucco, M., Bottero, L., Lange, B., Pessano, S., and Rovera,
G. Monoclonal antibody that detects expression of transferrin receptor in
human erythroid precursor cells. Blood, 59: 671-678, 1982.
Sutherland, R., Delia, D., Schneider, C., Newman, R., Hemshead, J., and
Greaves, M. Ubiquitous cell surface glycoprotein on human cells is prolifer
ation-associated receptor for transferrin. Proc. Nati. Acad. Sci. USA, 78:
4515-4519,1981.
Trowbridge, I. S., and Omary, M. B. Human cell surface glycoprotein related
to cell proliferation is the receptor for transferrin. Proc. Nati. Acad. Sci.
USA, 78: 3039-3043, 1981.
Fleit, H. B., Wright, S. D., and Unkeless, J. C. Human neutrophil Fc receptor
distribution and structure. Proc. Nati. Acad. Sci. USA, 79:3275-3279,1982.
Griffin, J. D., Tantravahi, R., Cammellos, G. P., Wisch, J. S., Reinherz, E.
L., Sherwood, G., Beveridge, R. P., Daley, J. F., Lane, H., and Schlossman,
S. F. T-cell surface antigens in a patient with blast crisis myeloid leukemia.
Blood, 61: 640-644, 1983.
Neame, P. B., Soamboonsrup, P., Benger, A., and Brain, M. C. T-cell surface
antigens in blast crisis of CML. Blood, 63: 970-971, 1984.
Neame, P. B., Soamboonstrup, P., Browman, G., Barr, R. D., Saeed, N.,
Chan, B., Pai, M., Benger, A., Wilson, W. E. C., Walker, I. R., and McBride,
J. A. Simultaneous or sequential expression of lymphoid and myeloid phe-
notypes in acute leukemia. Blood, 65: 142-148, 1985.
Marie, J. P., Izaguirre, C. A., Civin, C. L, Mirro, J., and McCulloch, E. A.
Presence within single K562 cells of erythropoietic and granulopoietic differ
entiation markers. Blood, 58: 708-711, 1981.
Bettelheim, P., Paletta, E., Majdic, O., Godner, H., Schwarzmeier, J., and
Knapp, W. Expression of a myeloid marker on TdT-positive acute lympho
cytic leukemia cells: evidence by double-fluorescence staining. Blood, 60:
1392-1396, 1982.
Madjic, O., Liszka, K., Lutz, D., and Knapp, W. Myeloid differentiation
antigen defined by a monoclonal antibody. Blood, 58: 1127-1133, 1981.
Abramson, C. S., Kersy, J. H., and LeBien, T. W. A monoclonal antibody
(BA-1) reactive with cells of human B lymphocyte lineage. J. Immunol., 126:
83-88, 1981.
Bernstein, I. D., and Self, S. Joint report of the myeloid section of the second

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/16/4254/2428021/cr0470164254.pdf by guest on 19 M

ay 2023



HEMATOPOIETIC-SPECIFIC ANTIGEN ON K562 CELLS

international workshop on human leukocyte differentiation antigens. In: E.
L. Reinherz, B. F. Haynes, L. M. Nadler, and I. D. Bernstein (eds.),
Leukocyte Typing II, Vol. 3, pp. 1-25. New York: Springer-Verlag, Inc.,
1986.

35. Fitchen, J. H., Foon, K. A., and Cline, M. J. The antigenic characteristics of
hematopoietic stem cells. N. Engl. J. Med., 305: 17-25, 1981.

36. Fitchen, J. H., LeFevre, C., Ferrane, S., and Cline, M. J. Expression of la-
like and 111A A.H antigens on human multipotential hematopoietic progen
itor cells. Blood, 59: 188-190, 1982.

37. Robinson, J., Sieff, C, Delia, D., Edwards, P. A. W., and Greaves, M.
Expression of cell-surface HLA-DR, HLA-ABC and glycophorin during
erythroid differentiation. Nature (Lond.), 289:68-71, 1981.

38. Sieff, C., Bicknell, D., Caine, G., Robinson, J., Lam, G., and Greaves, M. F.
Changes in cell surface antigen expression during hemopoietic differentia
tion. Blood, 60:703-713, 1982.

39. Kung, P. C., Goldstein, G., Reinherz, E. L., and Schlossman, S. F. Monoclo
nal antibodies denning distinctive human T cell surface antigens. Science
(Wash. DC), 206: 347-349, 1979.

40. Taetle, R., and Royston, I. Human T-cell antigens defined by monoclonal
antibodies: absence of T65 on committed myeloid and erythroid progenitors.
Blood, 56: 943-946, 1980.

41. Greenberg, P., Grossman, M., Charron, D., and Levy, R. Characterization

of antigenic determinants on human myeloid colony forming cells with
monoclonal antibodies. Exp. Hematol. (Copenh.), 9: 781-787, 1981.

42. Bastin, J. M., Granger, S.. Tidman, N., Janossy, G., and Mi-Michael. A. J.
.. Recognition of a human T-lymphocyte differentiation antigen by an IgM

monoclonal antibody. Clin. Exp. Immunol., 46: 597-606, 1981.
43. Chiao, J. W., Pakwa, R. N., and Good, R. A. Human T lymphocytes and

myeloid colony forming cells share common antigens. Exp. Hematol. (Co
penh.), S: 6-15, 1980.

44. Bodger, M. P., Francis, G. E., Delia, D., Granger, S. M., and Janossy, G. A
monoclonal antibody specific for immature human hematopoietic cells and
T-lineage cells. J. Immunol., 127:2269-2274, 1981.

45. Bodger, M. P., Izaguirre, C. A., Blacklock, H. A., and Hoffbrand, A. V.
Surface antigenic determinants on human pluripotent and unipotent hema
topoietic progenitor cells. Blood, 61: 1006-1010, 1983.

46. Bacigalupo, A., PodestÃ , M., Frassoni, F., Marmont, A., Risso, M., and
Corte, G. A monoclonal antibody to antigens expressed on MLR-activated
T cells inhibits granulocyte macrophage colony formation. J. Immunol., 127:
2415-2421,1981.

47. Ritz, Jâ€žand Schlossman, S. F. Utilization of monoclonal antibodies in the
treatment of leukemia and lymphoma. Blood, 59:1-11, 1982.

48. Lampson, L. A., and Levy, R. Two populations of la-like molecules on a
human B cell line. J. Immunol., 125: 293-299, 1980.

4259

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/16/4254/2428021/cr0470164254.pdf by guest on 19 M

ay 2023


