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ABSTRACT Antiserum to a glycoprotein antigen com-
plex of 23,000 and 30,000 dalton subunits (p23,30), isolated
and purified from a human lymphoblastoid B cell line, was
shown to be highly specific for human bursal-equivalent-pro-
cessed (B) cells, reactive with 15-20% of human Null cells,
but completely unreactive with human thymus-processed (T).
cells. The p23,30 antigen is widely distributed on chronic
lymphatic leukemic cells, 85% of acute lymphatic leukemic
cells, all acute myelogenous leukemic cells, but not on chron-
ic myelogenous leukemic cells. A rabbit antiserum specific
for normal human thymocytes has also been prepared; it is
reactive only with precisely that subset of acute lymphatic
leukemic cells (15%) whose members do not have p23,30 on
their surfaces.

Insight into the cellular origin and differentiation pathways
for a variety of lymphoid neoplasms has resulted from re-

cent studies identifying normal lymphocyte differentiation
antigens and receptors -on the surface of these neoplastic
cells (1-5). For example, it is well recognized now that the
majority of cases of chronic lymphatic leukemia (CLL) and
most of the lymphoblastic lymphomas bear surface immuno-
globulin, Fc, and complement receptors, and thus point to a

bursal-equivalent-processed (B) cell origin for these neo-

plasms. Moreover, recent studies published while the present
paper was in preparation have indicated that a human B-
cell-specific alloantigen is expressed on cells of approximate-
ly 80% of cases of acute lymphoblastic leukemia (ALL) (6).
In contrast, thymus-processed (T) lymphocyte receptor for
sheep erythrocytes is present on blast cells from a minority
of patients with ALL, and on the neoplastic cell associated
with the Szezary syndrome (5, 7, 8). However, since the B-
cell-specific antigens are expressed on certain T lympho-
cytes and stimulated T cells, their presence on a subset of
ALL cases does not clearly associate this subgroup with a B
cell origin (9).

Recently, a glycoprotein antigen complex of 23,000 and
30,000 dalton subunits (p23,30) was isolated and purified
from a human lymphoblastoid B cell line and was used to
prepare an antiserum (anti-p23,30) which has been shown to
be highly specific for human B cells, but to be completely
unreactive with both T cells and human T cell lymphoblas-
toid lines (10, 11). Moreover, this antiserum does not recog-
nize known HLA components, B2 microglobulin, or other
surface components that are associated with human B cells,
including the Fc receptor, complement receptor, or surface

Abbreviations: CLL and ALL, chronic and acute lymphatic leuke-
mia, respectively; CML and AML, chronic and acute myelogenous
leukemia; B cell, cell processed by a bursal equivalent; T cell, cell
processed by the thymus; ALS, anti-lymphocyte serum; NRS, nor-

mal rabbit serum.
t Present address: Department of Pharmacology, University of Mas-
sachusetts Medical Center, 55 Lake Ave. North, Worcester, Mass.

immunoglobulin. This antibody (anti-p23,30) apparently
recognizes a unique antigen on B lymphocytes that is proba-
bly the human counterpart of murine Ia antigens (12, 13). In
the present, study, the distribution of this antigen on a vari-
ety of other normal and leukemic human cells of both lym-
phoid and myeloid origin has been explored.

Evidence will be presented showing that p23,30 antigen is
widely distributed on CLL cells, 85% of ALL cells and,
unexpectedly, on all acute myelogenous leukemic cells
(AML) but not on chronic myelogenous leukemic cells
(CML). A heterologous antiserum specific for normal human
thymocytes has also been prepared; it is reactive only with
precisely that subset of ALL cells (15%) whose members do
not have p23,30 on their surfaces.

MATERIALS AND METHODS
Patient Material. Peripheral blood and bone marrow

were obtained from 46 patients with the hematologic diag-
nosis of leukemia seen at the Sidney Farber Cancer Center,
the Children's Hospital Medical Center, or the Peter Bent
Brigham Hospital in Boston. Blood was obtained prior to in-
troduction of therapy and all patients were diagnosed on the
basis of general clinical features and cytologic evaluation of
both peripheral blood and bone marrow specimens.

Cell Preparation. Heparinized blood and bone marrow
samples were collected and the lymphocytes and blast cells
were purified on Ficoll-Hypaque density sedimentation
(14). Normal lymphocytes, normal bone marrow cells, and
leukemic cells were stored frozen at -196° at a controlled
rate of freezing in 10% dimethylsulfoxide and 20% serum. In
addition, whenever possible fresh unfrozen Ficoll-Hypaque-
sedimented normal and leukemic cells were examined. Nor-
mal bone marrow samples were obtained from patients in
the course of their evaluation for nonhematologic malignan-
cies.

Granulocytes, red cells, and phytohemagglutinin-induced
T cell blasts were prepared by previously described tech-
niques (15). Single cell suspensions from normal human thy-
muses and fetal liver were prepared, Ficoll-Hypaque puri-
fied, and washed as above.

Preparation of Antisera. p23,30 antigen and rabbit anti-
serum to this antigen were described in a previous paper (10,
1 1).

Antisera to a single population of acute lymphoblastic
cells were raised by injecting two rabbits intravenously with
3 X 106 lymphoblasts from B.K., a patient with ALL. The
injections were repeated 14 days later and the animals were
bled on day 21. Anti-lymphocyte serum (ALS) was raised in
rabbits injected with 3 X 106 Ficoll-Hypaque-purified nor-
mal human mononuclear cells. Each rabbit received two in-
jections spaced 14 days apart and was bled on day 21.
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All antisera were heated at 56° for 30 min. Antibodies to
B.K. cells and normal lymphocytes were absorbed with AB
erythrocytes, fetal liver cells, and CLL cells. The absorptions
were carried out at a 3:1 serum:packed cell ratio and were
performed at 40 on a rotary shaker for 60 min at 4°. Anti-
body to p23,30 required no further absorption except where
specifically indicated in the text.
Immunofluorescence Analysis. Binding of anti-B.K.,

ALS, and p23,30 was studied primarily by indirect immu-
nofluorescence using fluorescein-conjugated goat anti-rabbit
Fc which had been previously digested with pepsin and
fractionated on Sephadex G-150 to remove undigested mate-
rial. The goat Fab2 fluoresceinated anti-rabbit Fc was passed
through a human IgG-Sepharose column to remove cross re-
active antibody to human IgG. Immunofluorescent staining
was carried out at 40 on cell populations and analysis of flu-
orescence-staining cells was performed with a Becton-Dick-
enson fluorescence-activated cell sorter (FACS-i1), the output
of which can provide a histogram of the number of positive
fluorescent cells stained against the intensity of fluorescence.
Detailed methodology, analysis, and cell separation capabili-
ties of the FACS-1 were described previously (16). In brief, 3
X 106 cells were reacted with appropriate antibodies or nor-
mal rabbit serum controls for 30 min at 40, washed three
times with minimal essential medium containing 5% fetal
calf serum, stained with fluoresceinated Fab2 goat anti-rab-
bit Fc, washed three times again, and analyzed at room tem-
perature. All sera were centrifuged at 100,000 X g for 20
min prior to use. The instrument was gated to exclude red
cells and the intensity of fluorescence was recorded for each
cell. Background fluorescence was determined by analyzing
appropriate negative controls, which, as described above, in-
cluded normal rabbit serum plus fluoresceinated goat anti-
rabbit serum or fluoresceinated goat anti-rabbit serum
alone. The percentage of specifically labeled cells as well as
a fluorescence profile of the labeled cells was obtained by
comparing the number of cells giving fluorescence signals
above background. In addition, a histogram plotting cell
number versus intensity of fluorescence was obtained.

Separation of B, T, and Null Lymphocytes from Periph-
eral Blood. Highly purified populations of human T, B, and
Null cells were isolated by methods which have been de-
scribed previously in detail (15, 17, 18).

RESULTS
Distribution of p23,30 antigen on normal human cells
The binding of rabbit anti-p23,30 antibody to the surface of
various cell populations was investigated by indirect immu-
nofluorescence on a the fluorescence-activated cell sorter
utilizing fluoresceinated goat Fab2 absorbed with human Ig
and specific for rabbit Fc as the developing reagent. Binding
curves plotting fluorescence intensity versus cell number
(40,000 cells counted) are shown with human peripheral
lymphocytes in Fig. 1A. Approximately 20% of human pe-
ripheral lymphocytes bind p23,30 antibody. In 25 patients
studied, the binding varied between 15 and 25% and was
consistent with the complement-mediated lysis data (10).

Indirect fluorescent binding studies were then carried out
with separated T, B, and Null cell populations (Table 1). All
human B cells stained with p23,30 antibody strongly in dilu-
tions of the antisera as great as 1/1000 (Fig. 1B). In contrast,
T cells did not stain with any of the dilutions of p23,30 anti-
body tested (Fig. IC). The Ig-negative sheep erythrocyte ro-
sette negative Null cell population, on the other hand, was
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FIG. 1. Fluorescence-activated cell sorter analysis of unsepar-

ated peripheral blood lymphocytes (A), B lymphocytes (B), or T
lymphocytes (C) reacted with anti-p23,30 or normal rabbit serum
(NRS) and developed with fluoresceinated goat Fab2 anti-rabbit
Fc. The abscissa represents the relative intensity of fluorescence
and the ordinate represents the number of cells counted per chan-
nel. For each analysis 40,000 cells were counted.

heterogeneous, since approximately 15-20% of this cell pop-
ulation stained.
The distribution of p23,30 antigen on phytohemagglu-

tinin-induced T cell blasts, thymocytes, normal bone mar-
row granulocytes, and fetal liver cells was investigated. In all
cases tested no significant staining was noted.

Distribution of p23,30 antigen on leukemic cells
In seven patients tested, all CLL cells bound anti-p23,30
antibody and the intensity of fluorescence was either equal
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Table 1. Reactivity* of anti-p23,30 and anti-B.K.
with normal, leukemic, and related tissues

Antisera

Cell source Anti-p23,30 Anti-B.K.

B cells (normal) 25/25 0/25
T cells (normal) 0/25 0/25
Null cells (normal) 12/12
Thymocytes 0/3 3/3
Normal marrow 0/5 0/5
ALL 21/24 3/24
AML 10/10 0/10
CLL 7/7 0/7
CML 0/2 0/2

*Data are presented as number of samples positive/number of
samples tested.

to or greater than that obtained with normal B cells (Fig. 2).
The reactivity of p23,30 antibody on acute lymphoblastic

leukemic cells is illustrated in Fig. 3. Of the 24 ALL patients
analyzed, strong staining was found in 21 with p23,30 anti-
body in dilutions of 1/150 or greater. Three patients with
cytologically indistinguishable acute lymphoblastic cells
were totally nonreactive with p23,30 antibody. On the other
hand, both anti-p23,30-positive and -negative ALL cells
stained strongly and were indistinguishable when tested
with ALS, a polyvalent anti-lymphocyte serum. More im-
portant, precisely those three patients who were p23,30 neg-
ative, including B.K., reacted with anti-B.K. antibody (Fig.
4) (Table 1). Anti-B.K. antibody was unreactive with
p23,30-positive cells and, of all the normal cells tested, only
the thymocyte population tested were specifically stained
(Table 1).
Ten cases of acute myelogenous leukemia were analyzed

with p23,30 antibody and all stained strongly (Table 1). The
staining pattern, as shown in Fig. 5, was similar to that ob-
tained with normal B cells and p23,30-positive ALL and
CLL cells. In these instances, as with other leukemic cells, no
discernible differences in staining patterns were obtained
using either peripheral blood blasts or bone marrow blasts. It
should be emphasized that normal bone marrow had maxi-
mally 1-2% cells which stained and that the specificity of
this staining was not certain, since similar staining profiles
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FIG. 3. Fluorescence-activated cell sorter analysis of acute

lymphatic leukemic (ALL) cells reacted with anti-p23,30 serum or
normal rabbit serum and developed with fluoresceinated goat Fab2
anti-rabbit Fc.

were obtained with normal rabbit serum. In addition, two
patients with chronic myelogenous leukemia and one patient
with plasma cell myeloma were analyzed and their cells
were unreactive with either anti-p23,30 or anti-B.K. anti-
bodies.
Absorption of p23,30 antibody with leukemic cells
The reactivity of anti-p23,30 antibody with all CLL, AML,
normal B cells, and 85% of ALL cells suggested the possibili-
ty that either a single antigen on all cells or several different
antigens were recognized by anti-p23,30. To resolve these
possibilities, differential absorptions with CLL, AML, and
ALL cells were undertaken. A panel of ALL, AML, and B
cells was used as test cells. Separate absorptions of 1 ml of a
1/20 dilution of anti-p23,30 with 5 X 108 ALL cells (twice),
5 X 108 AML cells (twice), or 5 X 108 CLL cells (twice)
markedly diminished staining with the test panel of ALL,
AML, or normal B cells. Fig. 6 illustrates the staining pattern
obtained with anti-p23,30 on ALL cells prior to and fol-
lowing absorption with AML, CML, CLL, or ALL cells.
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FIG. 2. Fluorescence-activated cell sorter analysis of chronic

lymphatic leukemic (CLL) cells reacted with anti-p23,30 or normal
rabbit serum and developed with fluoresceinated goat Fab2 anti-
rabbit Fc.

FLUORESCENCE IN TENSI TY
FIG. 4. Fluorescence-activated cell sorter analysis of acute

lymphatic leukemic (ALL) cells from case B.K. with anti-p23,30
serum, anti-B.K. serum (thymocyte specific), or normal rabbit
serum and developed with fluoresceinated goat Fab2 anti-rabbit
Fc.
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FIG. 5. Fluorescence-activated cell sorter analysis of acute my-

elogenous leukemic (AML) cells with anti-p23,30 or normal rabbit
serum and developed with fluoresceinated goat Fab2 anti-rabbit
Fc.

Similar studies were performed with AML, CLL, and B cells
as the test cells. No unique leukemia-specific antibody could
be demonstrated, since extensive absorption with ALL,
CLL, and AML cells removed reactivity with all other leu-
kemic cells as well as normal B cells. In contrast, absorption
with 2 X 108 (twice) fetal liver cells (not shown) or CML
(Fig. 6) did not reduce the staining appreciably.

DISCUSSION
Previous studies have indicated that normal tissue antigens
can be expressed on human leukemic cells and under certain
circumstances these antigens help define the cellular origin
of the leukemic cell. In the present studies we have demon-
strated with the use of several antisera that antigens present
on normal thymocytes and B cells are distributed on distinct
subclasses of acute lymphatic leukemic cells and that normal
B cell antigens can be found on a wide variety of leukemic
cells of both lymphocytic and myeloid origin.

It was found that antibody p23,30 prepared against a non-

HLA, nonimmunoglobulin cell surface antigen complex de-
rived from a human B cell lymphoid line reacted strongly
with approximately 20% of normal human peripheral lym-
phocytes. The reactivity of unseparated cell populations
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FIG. 6. .Fluorescence-activated cell sorter analysis of acute

lymphatic leukemic (ALL) cells with anti-p23,30 serum (unab-
sorbed), anti-p23,30 serum absorbed (abs), twice in all cases, with
5 X 108 AML cells, anti-p23,30 serum absorbed with 5 X 108 CML
cells, anti-p23,30 serum absorbed with 5 X 108 CLL cells, and anti-
p23,30 serum absorbed with 5 X 108 ALL cells, all developed with
fluoresceinated goat Fab2 anti-rabbit Fc.

could be totally accounted for by the presence of the p23,30
antigen on all of peripheral B cells and approximately 15%
of the Null cell subset. No specific staining of the T cell sub-
set could be demonstrated. That only 15% of the Null cell
population reacted with this antisera is of interest, since ear-
lier studies from our laboratory demonstrated a functional
similarity between the Null and B cell subsets and, further,
it was shown that a subset of Null cells were capable of dif-
ferentiating into B cells as measured by the development of
both surface immunoglobulins and immunoglobulin produc-
tion (19). Of the other normal cells tested, it was not possible
to demonstrate the presence of p23,30 antigen on normal
thymocytes, fetal liver cells, mature granulocytes, or red
cells. In addition, several T cell lines and nonlymphoid ma-
lignant cell lines were also unreactive. In contrast, all long
term B cell lines tested were positive (10).

In view of the strong reactivity of anti-p23,30 with both
circulating B cells and a subset of Null cells destined to dif-
ferentiate into B cells (unpublished), it was not surprising
that chronic lymphatic leukemic cells were strongly reactive
with anti-p23,30. Studies from several laboratories have
shown that CLL cells maintain many of the characteristics
of B cells-that is, the presence of variable quantities of sur-
face immunoglobulins, Fc, and complement receptors. The
p23,30 antigen appears to be an important constituent of the
plasma cell membrane of the B cell which is distinct from
f2-microglobulins, Fc, and complement receptors (10, 11).
Thus, the presence of this antigen on CLL cells defines yet
another surface antigen relating this class of leukemic cells
to normal B cells.
The finding that p23,30 antibody reacted strongly with

cells from 21 of 24 patients with acute lymphoblastic leuke-
mia was unanticipated in view of the widely held assump-
tion that most childhood leukemias were either T cell or un-
differentiated cell disorders. The intensity of staining with
p23,30 antibody with acute lymphoblastic leukemic cells
was equal to or greater than that found with the normal B
cells. The three p23,30-negative cases, however, were totally
unreactive even though they were cytologically indistin-
guishable from cells obtained from p23,30-positive patients.
Moreover, both p23,30-positive and -negative cells were
equally reactive with anti-ALS. Of greater importance was
the observation that the p23,30-negative ALL patients were
reactive with both anti-B.K. antisera (thymocyte specific) as
well as with an anti-T cell serum (unpublished). In contrast,
the p23,30-positive patients were completely unreactive
with either of these sera. Thus, all acute lymphoblastic leu-
kemic cells could be accounted for as either having B or T
cell surface markers. Similar results were obtained by Fu et
al. with still another set of reagents capable of reacting with
B cells. Their results showed that the majority of CLL cells
and acute lymphoblastic cells stained with these B cell allo-
antisera. On the other hand, T cells and sheep erythrocyte
rosette-positive ALL cells were unreactive (6). Their anti-
bodies were thought to be directed at a human Ia antigen,
and were capable of inhibiting mixed lymphocyte cultures
(MLC). Similarly, anti-p23,30 antiserum is B-cell-specific,
inhibits mixed lymphocyte cultures, and, perhaps of greater
importance, p23,30 is structurally related to murine Ia anti-
gens (10-13). In contrast, Greaves et al. showed that most
ALL patients reacted with an antibody which was neither T-
nor B-cell-specific (20). How their leukemia-specific anti-
gens are related to p23,30 or other B cell alloantisera re-
mains to be defined. However, it is clear that as the hetero-
geneity of the. lymphoid system as defined by cellular probes
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and functional assays becomes more fully appreciated, fur-
ther distinctions of subsets of ALL cells may be defined.

Perhaps the most important and least anticipated observa-
tion was the demonstration that anti-p23,30 reacted with all
of the acute myelocytic leukemic cells tested, despite the
fact that it was unreactive with normal bone marrow, ma-
ture granulocytes, CML cells, or a single instance of plasma
cells. One could argue that the finding of the p23,30 antigen
on 85% of ALL and all AML cells reflects a B cell derivation
of these leukemias, as the retention of B cell surface immu-
noglobulins, Fc, and complement receptors on CLL cells in-
dicates a B cell origin of these tumors.

Alternatively, one could view the p23,30 antigen as an
early differentiation antigen. Under these circumstances the
presence of this antigen on most childhood and adult leuke-
mia cells may reflect merely an early stage of cell surface
differentiation. The entire hematopoietic system develops
from stem cells which appear first in the yolk sac and then,
in most species, in fetal liver and in bone marrow. These
cells can, in an appropriate microenvironment, differentiate
into more mature myeloid, erythroid, or lymphoid cells.
Cells migrating from the bone marrow into the thymus ma-
ture along the T cell line, develop T cell antigens, and, per-
haps in man, lose p23,30 antigen, whereas those migrating
into a bursal equivalent differentiate into B cells. The B cell
can further differentiate in an appropriate cellular environ-
ment into mature plasma cells. The presence of p23,30 on
human peripheral blood B cells may suggest that these cells
also are at an early stage of cell surface differentiation. In
support of this view is the evidence that peripheral B cells
have both IgD and IgM as their major classes of surface im-
munoglobulins (21, 22), surface markers characteristically
found during earlier stages of B cell differentiation. The
failure to detect p23,30 antigen on normal bone marrow
cells would be consistent with this suggestion, since the ma-
jority of the cells analyzed are more fully differentiated.
This latter point is emphasized by the absence of this anti-
gen on cells from two patients with chronic myelogenous
leukemia and the intriguing finding that the single myeloma
cell population analyzed was also negative.

Another interpretation of the above findings would be
that anti-p23,30 is recognizing different antigens on myeloid
and lymphoid cells. However, absorption studies make this
interpretation unlikely, since absorption of anti-p23,30 anti-
sera with ALL, AML, and CLL cells removed antibody not
only for the homologous absorbing cells but for other leuke-
mic cells and B cells as well. Thus, it would appear that the
anti-p23,30 serum reacts with similar, if not identical, anti-
gens distributed on the populations tested. Thus, one must
assume that AML represents a disorder of B cells or may ex-
press derepressed B cell antigens, or one may take the more
likely view that p23,30 antigen is retained on undifferentiat-
ed stem cells destined to differentiate into both myeloid and
lymphoid cells and that such antigens are retained by B
cells.

Finally, the fact that the functional and structural behav-
ior of p23,30 is analogous to that of murine Ia antigens raises

the possibility that Ia antigens may play a role in cell differ-
entiation of a wide variety of cells which are not necessarily
limited to the lymphoid system.
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