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The main and the most serious consequence of ir-
radiation of the exposed subjects is the occurrence of
various types of leukemias. The leukemogenic effect
of ionizing radiation was first described by von Jagie
et al. in 1911 [1].

The incidence and timing of leukemia occurrence can
be predicted from the data on the survivors of the atomic
bombings at Hiroshima and Nagasaki [2, 3], who were
exposed under quite different circumstances to radiation
doses generally much higher than the Chernobyl victims
who are receiving continuous irradiation. Striking diffe-
rences have been suggested in the types of leukemias

occurring in irradiated cervical cancer patients, adult Japa-
nese atomic-bomb survivors, and British spondylitics [4].

In general, acute leukemias are diagnosed and clas-
sified according to the morphological and cytochemical
characteristics of malignant cells [5,6]. Such studies are
imprecise and are not specific for determination of the
cellular origin of the leukemic cells. Now it is clearly
recognized, that immunologic identification of leukemic
cells of unknown origin is possible using highly specific
monoclonal antibodies (MoAbs) and flow cytometric
analysis. This has made it possible to classify lympho-
cytic malignancies into T, B, non-T, non-B, and un-
classifiable leukemias and lymphomas [7–10]. Each of
these unclassified types of leukemia is of lymphoid stem
cell, myeloid [11–18], or megakaryocytic cell lineage
[19–26]. Here we report the immunological classifica-
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tion of a heterogeneous group of acute lymphoblastic
leukemias, and acute myelogenous, myelomonocytic,
and megakaryocytic leukemias by means of flow cy-
tometry and cytoplasmic immunofluorescence using a
panel of MoAbs.

MATERIALS AND METHODS
Diagnosis and samples . Initial leukemia diagno-

sis was establised on the basis of examination of pe-
ripheral blood and bone marrow smears, prepared with
May-Grunwald-Giemsa and myeloperoxidase (MPO)
stains. The morphological criteria for the acute lym-
phocytic leukemias (ALL) were based on the FAB clas-
sification [6]. Seventy patients were diagnosed as ALL,
in all cases the cells were both MPO and Sudan-black
negative. Fifteen patients whose blasts did not express
either T- or B-cell antigens but did express myeloid-
and monocyte-related surface antigens and MPO pro-
tein, as detected by OKM1(CD11b) and anti-MPO
MoAbs [17,18], were isolated for further analysis. An-
other six cases whose blasts expressed monocyte- and
platelet-related surface antigens, as detected by OKM6
and J15(CD41) MoAbs [27], also were isolated for fur-
ther analysis.

Cell separation . Mononuclear cells were isolated
from heparinized peripheral blood and/or bone marrow
by a density-gradient technique (Ficoll-sodium metri-
zoate d = 1.077 g/cm 3), washed twice with culture me-
dium RPMI 1640, and resuspended in the same medi-
um. Subsequently, the cells were used for either flow
cytometric analysis or cell culture, as described below.

MoAbs.  The characteristics and specificities of the
MoAbs used are shown in the Table 1, according to
cluster designation (CD). Most of the MoAbs listed in
the Table 1 were obtained either commercially or
through the courtesy of Ortho Diagnostic Systems K.K.
(Tokyo), Japan Coulter Co. (Tokyo), and Fujisawa
Pharmaceutical Co. (Osaka). Tp40 [28] and Ta60b were
obtained from Dr. R. Ueda (Aichi Cancer Center,
Nagoya). Tac was obtained from Dr. T. Uchiyama (First
Department of Internal Medicine, Kyoto University);
OKM1 was obtained from Dr. Goldstein (Ortho Phar-
maceutical Co., Raritan, NJ) [26] and J15 was obtained
from Prof. A.J.Mc Michael (Nuffield Deparmtnet of Clini-
cal Medicine).

Indirect immunofluorescence testing.  Cells
(2 x 105) were incubated with 10 ml of MoAbs for 45 min
at 4°C, washed twice with medium RPMI 1640 to re-
move unbound antibody, and then incubated with flu-
orescein-isothiocyanate–conjugated (FITC-conjuga-
ted) F(ab’)2 fragments of sheep antimouse immuno-
globulin (Ig) reactive with γ or µ heavy chain (Tago,
Burlingame, CA) for 30 min at 4°C. After incubation,
the cells were again washed twice and analyzed by
flow cytometry. To determine the extent of nonspecific
binding of the FITC-conjugated F(ab’)2 fragments of
antimouse Ig, the cells were reincubated with either me-
dium or nonreactive MoAbs. The percentage of posi-
tive-fluorescing cells was adjusted by subtracting the
percentage of nonspecific fluorescing cells (usually less
than 1.0%), as described previously [29, 30].

An indirect cytoplasmic immunofluorescence test
was carried out by previously described method [31].

Flow cytometric analysis . Fluorescent positive
cells were analyzed in a fluorescence-activated cell
sorter (FACS IV or FACS Vantage, Becton Dickinson,
San Jose, USA) with a focused 488-nm argon laser
(Spectra-Physics, Mountain View, USA). Red cells and
monocytes were excluded by means of gating for cell
size. Fluorescent signals above 520 nm were identified
for the single color analysis of 10,000 cells. A minimum
of 200,000 cells were analysed in the multi-color ana-
lysis.

RESULTS AND DISCUSSION
Acute lymphoblastic leukemia of B-cell lineage.

Leukemic cells from 46 patients with non-T-cell ALL
were identified by negative reaction to the monoclonal
antibodies T6 (CD1), T11 (CD2), T1 (CD5), Leu9, Tp40
(CD7), T3 (CD3), T4 (CD4), and T8 (CD8). Reactivity of
these cells was evaluated with B-cell-associated (OKIa1
(HLA-DR) and J-5 (CD10)) and B-cell-restricted
[cytoplasmic(cy) CD79a, cyCD22 B4 (CD19) and B1

Table 1. Monoclonal antibodies used in this study
Cluster

Designation(CD)
Monoclonal Antibodies Distribution

CD1 T6, OKT6 Thymocyte
CD2 T11, OKT11, Leu5b Pan-T
CD3 T3, OKT3, Leu4 Pan-T
CD4 T4, OKT4A, Leu3a T helper(Th1, Th2)
CD5 T1, OKCLL, Leu1 Pan-T
CD7 Leu9, Tp40 Pan-T
CD8 T8, OKT8, Leu2a T suppressor/cytotoxic

TCR-1(Ti;WT31) Pan-T
TiγA T cell

δTCS1 T cell
δTCR-γ/δ T cell

CD11b Mo1, OKM1, Leu15 G/M suppressor
NK/K(C3bi)

CD11c LeuM5 G/M, Hairy cell
CD13 MY7 G/M
CD14 Mo2, MY4, LeuM3 Monocyte
CD16 Leu11, OK-NK NK/K, granulocyte(Fcγ)
CD33 MY9 G/M
CD34 HPCA-2 Stem cell
CD56 NKH-1(N901) Pan-NK(NCAM)
CD57 Leu7 NK,T
CD9 BA2 Common-ALL
CD10 J5, OKBcALLA, BA3 Common-ALL
CD19 B4 Pan-B
CD20 B1 Pan-B
CD22 B3 Pan-B
CD23 Leu20 B subset, Eosinophil (FcεRII)
CD24 OKB2, BA1 Pan-B
CD21 B2, OKB7 Mature-B(CR2)
CD36 OKM5(M8) G/M, TSP-R

OKM6 Monocyte, platelet
CD41 J15, P2, HPL2 GPαIIb
CD42 AN51 GPIba
CD25 IL-2R1, Tac, Ta60b Activated T & B

Ia, OKDR HLA-DR
CD38 OKT10, AT13/5 Precursor cells, Plasma cells

Thymocytes, Activated T & B
PCA-1 Plasma cell

CD71 OKT9 Transferrin R
CD79a HM57 Pan-B cell
CD114 LMM741 G-CSFR
CD115 2-4A5-4 c-fms, M-CSFR
CD117 95C3 c-kit, S-CSFR
Note: G - granulocyte; M - monocyte; NK - natural killer cell; K - killer cell.



66 Ýêñïåðèìåíòàëüíàÿ îíêîëîãèÿ 22, 64-72, 2000 (Ìàðò)

(CD20)] monoclonal antibodies. Five subgroups of non-
T-cell ALL could be recognized by the expression or
coexpression of antigens for OKIa1, B4 (CD19), J-5
(CD10), B1 (CD20) MoAbs, and cytoplasmic cyCD79a,
cyCD22 or cell-surface immunoglobulin. Leukemic cells
from all patients studied expressed the HLA-DR(Ia) an-
tigen; more than half expressed common ALL antigen
(CALLA), which is detectable by J5 or BA3 (CD10) Mo-
Abs; and approximately one-half expressed the antigen
detected by B1 (CD20) MoAb. The first subgroup (HLA-
DR and CD34)+ contained 7 of the 36 patients tested
(stem cell leukemia). All of the five cases tested in this
subgroup were My10 (CD34) antigen positive. The sec-
ond subgroup (HLA-DR, CD19, cyCD79a and cyCD22) +

included five patients (pre-pre-pre-B ALL) (Fig. 1). The
third subgroup (28 patients) coexpressed HLA-DR,
CD19, cyCD79a and CALLA (CD10) (Fig. 2). In this sub-

group, the majority of patients demonstrated a strong
HLA-DR, cyCD79a and cyCD22 antigen expression and
moderate CD19 and CALLA expressions. The fourth
subgroup (two patients) expressed CD20 antigen in ad-
dition to antigens for HLA-DR, CD19, and CD10. The
cyCD79a and cyCD22 antigens were also positive. This
subgroup was defined not only by CD20 but also by cy-
toplasmic ì heavy chain expression. The fifth subgroup

Fig. 1.  Flow cytometric analysis of Pre-pre-pre B ALL

Fig. 2. FCM analysis Pre-pre B (CALLA) + ALL
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(four patients) expressed cell-surface heavy-chain im-
munoglobulin in addition to weak reaction to HLA-DR,
CD20, and CD19 antigens. This subgroup was defined
by the presence of heavy-chain immunoglobulin. All
cases diagnosed as L3 type ALL fell into this fifth group.
These cases previously had been histologically diag-
nosed as malignant lymphoma, small noncleaved cell
(SNC), or Burkitt’s lymphoma. A weak reaction with anti-
IL-2R MoAb (CD25) also was found in this group. High
or moderate expression of myc oncogene were also
found [32]. Gene rearrangement of immunoglobulin
heavy chain (IgJH) was observed in all the cases in this
B-cell lineage leukemias. No gene rearrangement of
TcRβ(Cβ) could be found.

Acute lymphoblastic leukemia of T-Cell lineage.
The leukemic cells from 23 patients with non-B leuke-
mia were evaluated for reactivity with a panel of T-cell-
associated OKT9 (CD71), OKT11(CD2), OKT1 (CD5),
T4 (CD4), and T8 (CD8) and T-cell-restricted
[T3 (CD3), TcRα/β, TcRγ/δ, T6 (CD1), and cyCD3] mono-
clonal antibodies. Five subgroups of non-B ALL could
be recognized by the expression or coexpression of
antigens for HLA-DR, cyCD3, Tp40, Leu 9 (CD7), T11
(CD2), T1 (CD5), T6 (CD1), T3 (CD3), T4 (CD4), and
T8 (CD8) MoAbs. Leukemic cells from all patients stu-
died expressed CD7 antigen, and more than half ex-
pressed CD71antigen, known as transferrin receptor.
The T-cell-restricted antigen, which is detectable by
the CD3 monoclonal antibody, was found in 5 of 23 pa-
tients. The first subgroup (HLA-DR, CD38 and CD34)
included 7 of 23 patients tested. All patients in this group
were recognized as having stem cell leukemia. The
second subgroup (three patients) expressed CD7,
cyCD3, CD38 antigens in addition to HLA-DR antigen
(pre-T-cell ALL) (Fig. 3). All three patients in this group
were positive for Tp40 and Leu9 (CD7) MoAbs. The
third and largest subgroup (eight patients) coexpressed
HLA-DR, CD7, CD38, cyCD3 and CD71. The HLA-
DR expression in this group (early T-cell ALL) was
weaker than in the second subgroup. All of the cases
in the second and third subgroups were positive for
cytoplasmic TdT. The fourth subgroup (three cases)
coexpressed CD1, CD2, CD3, CD4, CD5 and CD8. In
this subgroup (common thymocyte ALL), all patients
demonstrated strong CD1 antigen expression. The fifth
subgroup (two patients) expressed CD2, CD5, CD3,
and either CD4 or CD8. This subgroup did not express
CD1 antigen and was considered to have ALL of ma-
ture thymocyte origin because of the expression of
TcRα/β(TCR1).

The lymph node biopsy diagnoses from the third to
the fifth subgroups indicated malignant lymphoma and
lymphoblastic cell lymphoma (LBL), with one excep-
tion. That case was diagnosed as diffuse, mixed small-
and large-cell (DM) type, with a CD8 + surface pheno-
type according to the classification of the Working For-
mulation. None of the cases tested in this study ex-
pressed either myelomonocytic-related antigens, which
are detectable by OKM1 (CD11b), My7 (CD13), My4,
Mo2 (CD14), C3D-1(CD15), My9 (CD33), and OKM5

(CD36) MoAbs, or any megakaryocyte-platelet anti-
gens, which are detected by OKM6, 5F1 and OKM5
(CD36), AN51 (CD42), and Plt-1 J15, P2, HPL2
(CD41). In addition, none reacted to PCA-1, which
recognizes plasma cells. A few cases coexpressed
CD7, CD33, and CD34. There was no correlation be-
tween morphological criteria of the FAB classification
and the subclasses of leukemia, established by means
of immunophenotypic analysis in this study, on the same
line as described previously [27].

Gene rearrangement of TcR β using Cβ probe was
observed in all of the T-cell lineage leukemias. No gene
rearrangement of IgJH was detected.

Most of the T ALLs in our study were histologically
diagnosed as malignant lymphoma of the LBL type. The
only exception was one case that was diagnosed

Fig. 3. Flow cytometric analysis of Pre-T ALL



68 Ýêñïåðèìåíòàëüíàÿ îíêîëîãèÿ 22, 64-72, 2000 (Ìàðò)

as diffuse mixed-cell type (DM). All of our cases of LBL
followed the usual pattern of showing some early leu-
kemic changes. In addition, the patients with LBL clini-
cally did less well than those with B ALL despite having
received the same chemotherapy regimen. LBL is rec-
ognized as being a high grade malignancy. Therefore,
it is quite obvious that we have to pay much attention
to ALL with the T-cell phenotype, both diagnostically
and chemotherapeutically. For example, several mon-
oclonal antibodies have been applied for serotherapy
of ALL [33-35] and in the purging of malignant and
T-cells at the time of bone marrow transplantation [36-
39]. Therefore, complete identification of cell-surface
antigens by means of monoclonal antibodies in all ALLs
is important from the standpoint of prognosis and the-
rapy, especially if any form of therapy using MoAbs is
contemplated. Practically, we are treating patients with
malignant lymphoma of B-cell type using humanized
CD20 MoAb (rituximab).

It is a well-known fact that ALL is a malignant disease
with clonal expansions of either B- or T-cells. The utili-
zation of MoAbs for the identification or characterization
of heterogeneous ALLs should, therefore, permit not only
the definition of these tumors as of B- and T-cell origin
but also the determination of their state of differentiation
and relationship to their normal counterparts, the B- and
T-lymphoid cells. In addition, accurate diagnosis of ALLs
with monoclonal antibodies should contribute substan-
tially to the development of an effective form of therapy
for their cure [40, 41]. The existence of blastic NK cell
leukemia/lymphoma remains to be elucidated.

MPO-negative acute myelogenous leukemia.
Peripheral and/or bone-marrow blasts from 5 patients
with acute unclassifiable leukemia (AUL) expressing the
myeloid-related cell-surface antigen (CD11b, CD33)
were isolated for further analysis. Despite a lack of MPO
activity, one patient’s blasts contained cytoplasmic Auer
rods (first case). The circulating blasts from another pa-
tient expressed MPO while maintaining the same sur-
face phenotype during 20 months of clinical follow-up
(second case). In addition, the blasts from three pa-
tients demonstrated both myelomonocytic and mono-
cyte-specific surface antigen (third case), whereas the
remaining twelve patients, who expressed My7, MCS2
(CD13), and/or My9 (CD33), lacked any monocyte-
specific antigen detectable by MoAbs Mo2, My4, and
Leu M3 (CD14). The first and the second cases even-
tually were diagnosed as acute myelogenous leukemia
(Fig. 4) and the third case - as acute myelomonocytic
leukemia (Fig. 5) by means of immunophenotypic anal-
ysis using flow cytometry (FACS Vantage). In addition,
the presence of MPO precursor protein was identified
in the cytoplasm of blast cells from ten patients with
AUL by means of a cytoplasmic immunofluorescence
test and flow cytometry using a MoAb, MA1 [42]. Our
study indicated that non-T, non-B AUL expressing
CD11b and CD33 antigens include acute leukemias
which are unequivocally identifiable as being of either
myeloid or myelomonocytic origin. However, further in-
vestigations, including immunophenotypic and cyto-

plasmic analysis, ultrastructural cytochemistry, gene
analysis with molecular probes (tests applicable to
myeloid leukemia cells, e.g. PML/RARα for M3 AML
(Fig. 6)), and protein expression (oncogenes, suppres-
sor oncogenes, etc.) are necessary to determine the
actual origin of blasts and to recognize the differentia-
tion stages of the various types of leukemic cells from
patients with undifferentiated forms of leukemia [17, 18].
Among them, one patient’s blasts showed deletion of
p16/CDKN2 [43], which regulates cell growth.

Later, this entity which I termed as MPO negative
AML [17, 18] was classified as AML-M0 by the FAB
group [44]. Existence of biphenotypic leukemia also
remains to be elucidated.

Acute megakaryoblastic, pro-megakaryocytic,
and megakaryocytic leukemia with differentiation.
Among AULs, six cases were found of acute mega-

Fig. 4.  Flow cytometric analysis of acute myelogenous leuke-
mia. MPO-negative AML (FAB, M0 AML)
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detected by AN51 (CD42), and by J15, P2 and HPL2
(CD41), respectively (first case), whereas the three
patients almost completely lacked GPIb cell-surface
antigen. The remaining two patients’ blasts lacked HLA-
DR antigen (third case). Hence, the former was diag-
nosed as immature (pro) megakaryocytic leukemia, the
second as acute megakaryoblastic leukemia, and the
latter as acute megakaryocytic leukemia with differen-
tiation from the viewpoint of immunophenotypic analy-
sis.

These leukemic blasts did not express both T-cell
lineage antigens, which are detectable by monoclonal
antibodies, T6 (CD1), T11 (CD2), T3 (CD3), T4 (CD4),
T1 (CD5), Tp40, Leu9 (CD7), and T8 (CD8), and B-cell
lineage antigens, which are detectable by MoAbs B4
(CD19), B1 (CD20), B2 (CD21), and J5 (CD10). De-
tails of this evidence have been published elsewhere
[45-53].

Expression and point mutation of p53 suppres-
sor oncogene in myelodysplastic syndrome.  Re-
cently, a suggestion has been seen of an increased
tendency of myelodysplastic syndrome (MDS) among
atomic-bomb survivors. MDS is a group of clonal pro-
liferative disorders of the bone marrow characterized
by dyshematopoiesis and peripheral blood cytopenias.

Fig. 6.  Flow cytometric analysis of acute myelogenous leukemia
(AML M3). Overexpression of RARα (retinoic acid receptor α)
protein is prominent

karyocytic leukemia, demonstrated by the presence of
megakaryocyte-platelet-related cell-surface antigens
(CD41 and CD42) detected by flow cytometry and
MoAbs, in addition to both PPO activity, shown by ul-
trastructural cytochemistry, and the emergence of dif-
ferentiation antigens while these leukemic cells were
being cultured. The blasts of one patient possessed
both platelet GPIb and GPIIb/IIIa cell-surface antigens

Fig. 5.  Flow cytometric analysis of acute myelogenous leuke-
mia. MPO-negative AML (FAB, M4 AML)
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MDS is presumed to be a preleukemic state, and ap-
proximately 40% of patients with MDS develop leuke-
mias.

The p53 gene, frequently mutated in various malig-
nant neoplasms including colon, lung, breast, and liver
carcinomas [54], has been shown to function as a tu-
mor-suppressor gene. As for hematologic malignan-
cies, alterations of the p53 gene are found in blast cells
of patients with chronic myelogenous leukemia in blast
crisis [55–59] and in acute myelogenous leukemia [60,
61]. These findings prompted us to study a possible
role for p53 in the development or progression of MDS,
and we studied p53 mutations in four highly conserved
regions in 20 patients with MDS.

Bone marrow samples from 20 patients, 1 with re-
fractory anemia (RA), 6 with RA with excess of blasts
(RAEB), 2 with RAEB in transformation (RAEB in T),
and 1 with chronic myelomonocytic leukemia (CMMoL),
were collected. Bone marrow mononuclear cells were
isolated by a density gradient technique as described.

High expression of p53 protein using monoclonal
antibody PAb240, thought to recognize abnormal p53,
and flow cytometer was observed in 6 of 20 MDS pa-
tients.

The DNA regions of p53 gene containing exons 5-
9 were amplified by the polymerase chain reaction
(PCR) with simultaneous incorporation of 32P-labeled
dCTP. Single-strand conformation polymorphism
(SSCP) analysis showed an abnormal mobility-shift
pattern in five cases. These p53 DNA fragments were
cloned and sequenced by the dideoxy chain termina-
tion method in an automated DNA sequencer
(ABI373A). Sequencing of five DNA samples with ab-
errantly migrating fragments showed mutations in all
cases, involving exons corresponding to the abnormally
migrating region in SSCP analysis. They were at codons
175 CGC(Arg) → CAC(His), 245 GGC(Gly) →
GAC(Asp), 273 CGT(Arg) → CAT(His), 274 GTT(Val)
→ CTT(Leu), and 328 TTC(Phe) → TC(frame shift) (Ta-
ble 2). The G to A transition at codon 273 has been
found frequently in various malignant tumors.

Three (out of five) patients with point mutation
developed overt leukemia. Three out of four patients
who are atomic-bomb survivors had p53 point muta-
tions (Table 2) and died within 2 months after diagno-
sis. The abnormal karyotype was found in these ca-
ses; however, no abnormality of 17p13, location of the
p53 gene, was found. Seven out of ten patients with
MDS developed overt leukemia, and three of them
(43%) had a p53 point mutation. On the basis of these
findings, we suggest that p53 gene mutation plays an
important role in leukemogenesis [62–65].

CONCLUSIONS
The use of MoAbs for identification or characte-

rization of heterogeneous AULs should, therefore, per-
mit us not only to define these tumors of lymphoid,
myeloid, and megakaryocytic cell origin but also to iden-
tify accurately the state of differentiation and their rela-
tionship to their normal counterparts, the lymphoid,
myeloid, and megakaryocytic cells. In addition, accu-
rate diagnosis of AULs with monoclonal antibodies
should facilitate provision of effective therapies for AULs
by means of various clinical applications.

We had co-investigated with the Vitebsk Research
Institute of Radiation Medicine, Belorussia, the human
health of the Chernobyl accident recovery workers. At
present, we found 6 patients with AML among
5441 clean-up workers. The incidence is extremely
higher than that of control group. Surprisingly, all of the
6 patients were the firemen who, unfortunately died
within one year after the diagnosis.We are now co-in-
vestigating with Prof. D.F. Gluzman (R.E. Kavetsky In-
stitute for Experimental Pathology, Oncology and Ra-
diology) and established Japanese—Ukrainian Leuke-
mia/Lymphoma Study Group (JULSG) in 1998. We are
also co-investigating with Prof. V.I. Klymenko (Ukrai-
nian Center for Radiation Medicine). We expect to ob-
tain results that should contribute to the early diagno-
sis of hematological disorders and an effective form of
therapy for the victims of the Chernobyl accident.
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