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MARKERS OF MULTIPLE HEMATOPOIETIC-CELL LINEAGES IN MULTIPLE MYELOMA

JjosHUA EpsteIn, D.Sc., Huiging Xia0, M.D., anD Xiao-YAN He, M.D.

Abstract Multiple myeloma is considered a cancer
of mature plasma cells. Recent studies, however, sug-
gest the possible involvement of early B cells and the ex-
pression of myelomonocytic antigens by myeloma cells.
Using flow cytometry, we searched for evidence of the
expression of genes specific for different hematopoietic
lineages by tumor cells in bone marrow aspirates from 27
patients with aneuploid multiple myeloma. In addition to
features characteristic of myeloma cells, we found evi-
dence of the frequent expression by myelomatumor cells
of the pre—B-cell antigen CALLA (common acute lympho-

IFFERENTIATION of hematopoietic progeni-
tor cells into lineages is accompanied by the acti-
vation of genes that regulate the expression of surface
antigens specific to each cell line and each stage of
differentiation. These antigens, known as surface
markers, are used in the diagnosis and classification of
hematologic neoplasias because they indicate the lin-
eage and stage of differentiation of the tumor cells.'
Multiple myeloma is a B-cell cancer, typically asso-
ciated with mature plasma-cell morphology and func-
tion. There is, however, increasing evidence of the
involvement of early B lymphocytes in myeloma.*®
Among the evidence for the presence of neoplastic
pre—B cells in myeloma is the expression of the pre-
B-cell antigen CALLA (common acute lymphocytic
leukemia antigen), often without cytoplasmic im-
munoglobulins, in the bone marrow of about 50 per-
cent of patients with myeloma,** the presence of
pre=B cells in peripheral blood,” and the differenti-
ation of CALLA-bearing lymphocytes to monoclonal
plasma cells with concordant isotypes.® More recent
studies have demonstrated the presence of myeloid
antigens on myeloma cells and found them to be asso-
ciated with a poor prognosis.® The presence of tumor
cells expressing myeloid antigens in this B-cell neopla-
sia suggests the involvement of other hematopoietic
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cytic leukemia antigen) (in specimens from 58 percent of
patients) and of megakaryocytic (88 percent), myelomon-
ocytic (65 percent), and erythroid (39 percent) surface
markers. The proportion of tumor cells expressingthe dif-
ferent markers varied among patients, from 2 to 100 per-
cent of recognizable tumor cells.

We conclude that cells of multiple lineages are in-
volved in myeloma — a finding that is consistent with the
hypothesis that there is a common primary neoplastic le-
sion for all hematologic cancers. (N EnglJ Med 1990;322:
664-8.)

cell lines and supports the hypothesis that there is a
common primary neoplastic lesion in all hematologic
cancers. To determine how frequently and to what
extent different hematopoietic lineages are involved in
plasma-cell myeloma, we measured the expression of
lineage-associated genes by tumor cells in bone mar-
row aspirates from patients with myeloma. We used
dual-parameter flow cytometry to identify the expres-
sion of megakaryocytic, myelomonocytic, and ery-
throid markers by aneuploid myeloma cells.

METHODS
Patients

We studied 27 patients with a diagnosis of DNA-aneuploid mye-
loma. All the patients gave informed consent, and the study was
approved by the human studies committee of the University of
Arkansas institutional review board. Twelve patients were studied
at the time of diagnosis, before the initiation of treatment, and six at
relapse. Seven patients with disease that was unresponsive to ther-
apy were studied after the end of treatment, and two who had
responded to treatment were studied between courses of chemother-
apy. Bone marrow aspirates treated with heparin were subjected to
Ficoll-Hypaque density separation (specific gravity, 1.077 g per
cubic centimeter). Light-density mononuclear cells collected from
the plasma—Ficoll-Hypaque interface were examined for ploidy and
monoclonal cytoplasmic immunoglobulin by DNA—-cytoplasmic im-
munoglobulin Row cytometry as previously described.”® Because
there were insufficient quantities of cells to perform all the cell
assays on specimens from all patients, the order of laboratory stud-
ies was randomly assigned so as to minimize inadvertent bias.

Reagents

The expression of myeloid, megakaryocytic, erythroid, and
lympisoid antigens by myeloma tumor cells was probed with mono-
clonal antibodies. Table | lists the antibodies used, the antigen and
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able 1. Probesfor the Expression of Lineage-Associated Genes.

NTIBODY ANTIGEN LINEAGE SOURCE* ASSAY

CDIO Lymphoid, Coulter Direct
3 myeloid
 it-1 GPIIWIlla Megakaryocytic Coulter Direct
bl CD11b Myelomonocytic, Coulter Direct
T-cell subset
ly9 CD33 Myeloid Coulter Indirect
b CA-| 26-kd Antigen Plasma cells Coulter Indirect
fy b39 Glycophorin A Erythroid Griffin Indirect

¥ *Coul ter denotes Coulter Immunology, Hialeah, Fla.; the antibody 10 glycophorin A was a
kgit from Dr J. Griffin OF the Dana—Farber Cancer Institute, Boston

E lineage they recognized, their source, and whether direct or indirect
= immunofluorescence assays were employed. All the monoclonal
antibodies were used under the conditions recommended by the
uppliers. Isotype controls were obtained from the same sources and
used under identical conditions.

Flow Cytometry

All stadies were carried out with use of dual-parameter flow
fcytometry - Initially, flow cytometry was used to determine the phe-
tnotype of aneuploid cells. Aliquots containing 0.5to 1.0x 10® mono-
Bnuclear ce 1ls were reacted with fluoresceinisothiocyanate—conjugat-
fed m onoclonal antibodies, washed, and fixed in 70 percent ice-cold
ethanol for | to 14 hours. The cells were then washed, treated with
ibonuclease, counterstained with propidium iodide, and analyzed
flan a FACScan flow cytometer (Becton Dickinson) as previously
escribed? When fluorescein isothiocyanate-conjugated antibody
. was not available, a second antibody, fluorescein isothiocyanate-
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conjugated rabbit antimouse immunoglobulin (Dako), was used in
an indirect assay. To identify coexpression of surface antigens and
cytoplasmic light chain, cells were reacted with monoclonal anti-
bodies and fixed as described above, then reacted with phycoer-
ythrin-conjugated goat antihuman light-chain F(ab’), fragments
(Tago). To analyze the coexpression of nonlymphoid and plasma-
cell-specific antigens, cells were reacted with the purified mono-
clonal antibody PCA-I and then with phycoerythrin-conjugated
goat antimouse immunoglobulin, blocked with normal mouse
serum, and finally reacted with the second fluorescein isothiocya-
nate-conjugated monoclonal antibody. FOr each sample, isotype-
matched and, when indicated, opposite-light-chain controls were
run simultaneously. In each case, overlap of emission spectra was
compensated for electronically with use of the proper control
samples.

RESULTS

The results of our analysis of the expression of
lymphoid, megakaryocytic, erythroid, and myelomon-
ocytic antigens by DNA-aneuploid myeloma tumor
cells are illustrated in Figure 1. In addition to react-
ing with the anti-CD10 antibody J-5, cells in the hy-
perdiploid compartment also expressed the glycopro-
tein IIb-IIla complex (GPIib/I11a), CDIlb, and
CD33. The reactivity with anti-glycophorin A was
questionable. The different antigens were expressed
independently, as illustrated in Figure 1B, where
hypodiploid myeloma cells expressing GPIIb/I11a
showed no reactivity with the anti-CD1lb reagent
Mol. Table 2 summarizes the results of phenotype
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Figure 1. Multilineage Antigen Expression in Aneuploid Myeloma.

A= Panel A shows, tumor cells, identified by their hyperdiploid DNA content, reacted positively with antibodies against CALLA (11 percent

»  Positive), GPlib/Illa (10 percent),CD33 (57 percent),and CDIIb (13 percent). Reactivity with antibody to glycophorin A was inconclu-

sive. The results for isotype-matched controls are shown in the top row. The abscissa indicates the degree of red fluorescence o

- Propidium iodide as an indicator of DNA content. The ordinate indicates the frequency of green fluorescence of fluorescein isothiocya-

& Nate as an indicator of the phenotype. Hypodiploid tumor cells (Panel B, although they expressedthe megakaryocyticantigen GPIib/illa,
did not react with the anti-CD11b antibody Mol.
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analyses of cells from all 27 patients. Expression
of CDIO was recorded in samples from 58 percent,
GPIIb/IIIa in 88 percent, CDI 1b in 65 percent, and
glycophorin A in 39 percent of the patients studied.
The proportion of myeloma tumor cells expressing
the different markers varied from patient to patient;
CALLA was detected in a mean (=SD) of 1510
percent (median, 9 percent; range, 5 to 31 percent),
GPIIb/I11a in 53%+37 percent (median, 32 percent;
range, 7 to 100 percent), CDIIb in 38+34 percent
(median, 20 percent; range, 5 to 100 percent), and
glycophorin A in 27+36 percent (median, 7 percent;
range, 2 to 98 percent). In addition to these antigens,
CD33 was expressed by tumor cells from all four pa-
tients examined.

Since in many cases only a fraction of the aneuploid
cells reacted with the various antibodies, it was im-
portant to identify the coexpression of characteristi-
cally myeloma-associated and nonlymphoid markers.
Figure 2 shows the results of such a study in a
patient with marked marrow plasmacytosis (88 per-

Table 2. Expression of Lineage-AssociatedGenes by Myeloma
Tumor Cells.

PATIENT CATEGORY ANTIGEN

CDIO GPllb/lila CDlIb GLYCOPHORIN A

no. expressing antigen/no. studied

Studied at diagnosis 1/12 11712 7112 3/10
Studied at relapse 2/4 3/5 25 3/5
Resistant* 3/6 1 6/7 26
Othert 272 212 22 12
Total 14/24 23126 17/26 9/23
*Patients with discase that was unresponsiveto studied after ended.
‘tPatients who responded b treatment who were studied b courses Of chemotherapy.

cent of plasma cells) whose hyperdiploid tumor cells
expressed both PCA-1 and GPIIb/IIIa. Although
PCA-I was expressed by 83 percent and GPIIb/111a
by 20 percent of the cells (Fig. 2A), both antigens were
present in 16 percent of all cells (Fig. 2B). Similarly,
Figure 3 shows the coexpression of cytoplasmic kappa
light chain and megakaryocytic, myelomonocytic, and
erythroid antigens in bone marrow cells from a patient
with substantial marrow plasmacytosis (90 percent
of cells) and a high proportion of cells (88 per-
cent) containing cytoplasmic immunoglobulin-kappa.
Cytoplasmic immunoglobulin-kappa was coexpressed
with GPI1b/111a, glycophorin A, and CDI1b by 10,
22, and 16 percent of cells, respectively.

DiscussionN

To evaluate the possible involvement of several he-
matologic cell lineages in this B-cell neoplasia, we ana-
lyzed the expression by myeloma tumor cells of genes
that are specific for hematopoietic cell lines and for
particular stages of differentiation. The expression of
such markers has been a useful tool in the classifica-
tion of hematologic cancers. The close association
between the unexpected expression of lineage and dif-
ferentiation markers and the clinical features of some
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Figure 2. Coexpression of Plasma-Cell Antigen (PCA-1) and
Megakaryocytic Antigen (GPlib/illa) in a Patient with Myeloma.

In the correlated DNA—-phenotype analysis (Panel A), hyper-

diploid cells expressed GPlib/lila and PCA-1. Panel B shows
contour plots representing the density distribution of cells ma-
lyzed for the expression of PCA-1-and GPlib/ttla. The fower right-

hand section represents calis that wara raactad with antibodies 0 '

-

both antigens. Within the lower right-hand section, PCA-1—posi-

tive, GPlib/llla-negative cells are represented in the upper left
quadrant, PCA-t-negative, GPlIb/lla-positive cells in the lowet
right quadrant, and PCA-1—positive, GPIlb/llla-positive cefis in
the upper right quadrant. The lower left quadrant shows

negative for both PCA-1 and GPlib/illa. The upper left-hand see
tion shows cells reacted with the isotype-matched control e

munoglobulins for both antibodies. The upper right-hand and jow- 18
er left-hand sections show the results for individualcontrols. Both - 3§

antibodies were IgM. PE denotes phycoerythrin. and FITG
fluorescein isothiianate.
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proportions of tumor cells found to
express the different antigens.
In a similar study of patients

®

.
E

with myeloid leukemia, the associ-
ation of lineage-specific antigens
with specific cytogenetic anomalies

was used to demonstrate the neo-

plastic involvement of morphologi-
cally normal lineages, suggesting

E 7
@ Control @;&m @@Mm @

Log Fluorescence Intensity (FITC)

Figure 3. Density Distributionof Cells from a Patient with a Kappa-Expressing Diploid
MyelomaAna:jlyzed for the Expression of Monomorphic Cytoplasmic Immunoglobulin
and Myelomonocytic, Megakaryocytic,and Erythroid Antigens.

The top and bottom rows represent cells reacted with anti-kappa and anti-lambda light
chains, respectively. Within each panel, the upper left quadrant contains cells that
reacted with the ordinate antibody, the lower right quadrant cells that reacted with the
abscissa antibody, and the upper right quadrant cells that reactedwith both antibodies
and hence coexpress the two antigens. Cells that reacted with neither antibody are
shown in the lower left quadrant. PE denotes phycoerythrin, and FITC fluorescein

isothiocyanate.

hematologic tumors indicates that at least in some
instances, the expression of these genes may have a
role in the evolution of disease and should not be dis-
missed as an aberration, coincidental to the neoplasia
or reflecting a loss of regulatory control associated
with malignant transformation. The expression of
pre-B-cell and myeloid antigens by myeloma cells
has prognostic implications,>*? and the expression of
CALLA led to the understanding of pre—B-cell in-
volvement in a disease typically seen as a tumor of
mature B cells.%%*¢ The expression of megakaryocytic
and erythroid genes, in addition to lymphoid and mye-
loid genes, by myeloma cells is now being reported
by investigators using DNA ploidy, cytoplasmic im-
munoglobulin content, and the presence of a plasma-
cell-specific antigen as three independent markers of
myeloma tumor cells.

Although it was not the purpose of this study to
elucidate the prognostic implications of our findings,
the presence of the different markers appears to be
unrelated to the disease stage. The observed frequen-
¢y of “lineage infidelity” reflected by the expression
of multilineage-associated genes by myeloma cells in
this study (39to 81 percent) suggests that this phe-
Nomenon is common. The absence of multilineage
Involvement in some patients probably reflects the
low density of antigen presentation — below the lev-
el that can be detected by the available methods —
on the surface of myeloma plasma cells. This phe-
Domenon is best exemplified by the My9 antibody;
o reactivity was detected when the fluorescein iso-

OCyanate-conjugated reagent was used, but mye-
loma’ cells expressing CD33 were readily detected in

1 four bone marrow samples studied with the more
Sensitive indirect method. Differences in the sensitiv-
1ty of the methods may also account for the varying

5

that a multipotent hematopoietic
progenitor cell was involved in the

disease.” In contrast, the coexpres-
sion of typical myeloma-cell fea-
tures and nonlymphoid antigens
might be interpreted as ruling out
the presence of megakaryocytes
and myeloid and erythroid cells in
the DNA-aneuploid cell compart-
ment; this suggestion is compatible
with the apparently normal hema-
topoiesis observed in patients with
myeloma. Rather, it suggests that
the primary neoplastic lesion in
plasma-cell myeloma occurs in an
early hematopoietic progenitor ca-
pable of differentiation into the various lineages. This
hypothesis is supported by a previous report of re-
arrangements of T-cell receptor gamma-chain genes
and invariant chain expression in myeloma.'*'* It is
still possible that, as observed in the study of myeloid
leukemia,”” different lineages may bear yet unidenti-
fied genetic abnormalities associated with myeloma.
Taken together, all the studies reporting lineage and
differentiation infidelity and multilineage involvement
in hematologic cancers could imply the existence of a
common neoplastic progenitor for all hematologic tu-
mors, with further events determining the phenotypic
presentation of the disease.

The involvement of multiple lineages provides clues
for mapping the sequence of the transforming events
in terms of the development of the hematopoietic sys-
tem. The high incidence of multilineage involvement
in myeloma as well as other hematologic cancers could
validate the sequential model of lineage commitment
during hematopoietic development' by suggesting
that the neoplastic cells express genes representing the
“stations” they have traversed during differentiation
and lineage commitment. The coexpression of various
lineage-associated genes by tumor cells could suggest
that cells with less stringent differentiation, which are
likely to be present in small numbers and for short
periods during normal hematopoietic development,
are immortalized by the neoplastic transformation.
Alternatively, cells bearing neoplastic lesions could
have lost the linkage between lineage commitment
and the expression of surface molecules that deter-
mine microenvironmental interactions (¢.g., homing),
resulting in the many manifestations of each hemato-
logic cancer.

We are indebted to Dr. Bart Barlogie for his interest in and
support of this work.
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