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Clinical Application of Phorbol Diester-induced Leukemic Cell Differentiation for the
Definite Diagnosis of Acute Leukemias
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Seventy-three patients with acute leukemias or chronic myelogenous leukemias in blast crisis
were evaluated as to the susceptibility of their lenkemic cells to differentiation induction by a
chemical agent, 12-O-tetradecanoyl phorbol-13-acetate (TPA). Leukemic cells of myeloid origin
treated with TPA showed monocyte-macrophage-lineage differentiation morphologically and
functionally, whereas those of lymphoid origin did not. We applied these differentiation phenom-
ena for the clinical diagnosis of three leukemia cases in whom it was difficult to determine whether
the lenkemic cells were of non-lymphoid or lymphoid origin, although all the regular diagnostic
procedures available had been performed. We successfully diagnosed these three cases by utilizing
the above differentiation phenomena. Furthermore, this technique was clinically beneficial as to
the choice of adequate chemotherapy in each of these leukemia cases. These findings confirm that
the responsiveness to TPA of lenkemic cells is of clinical usefulness for the definite diagnosis of
acute leukemias.
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Human myelogenous leukemia cell line cells
have the ability to differentiate into function-
ally mature cells when stimulated with various
chemical inducers.” 12 -O - Tetradecanoyl
phorbol - 13 -acetate (TPA)** is the most
potent inducer of the terminal differentiation
of human myelogenous leukemia cell lines
into macrophage-like cells.”® We previously
reported, in a study on 26 cases of fresh
leukemias, that myeloid leukemia cells cul-
tured with TPA became adherent to plastic
culture dishes, and then developed a macro-
phage-like morphology with long filamentous
bipolar processes or projections within 48 hr

*3 To whom all correspondence should be ad-
dressed.

*+ Abbreviations used: TPA, 12-O-tetradecanoyl
phobol-13-acetate; AML, acute myeloblastic leuke-
mia; APL, acute promyelocytic leukemia; ALL,
acute lymphoblastic leukemia; AMMoL, acute
myelomonocytic leukemia; AMol.,, acute mono-
cytic leukemia; CML-BC, chronic myelogenous
leukemia in blast crisis; FAB classification, French-
American-British classification.
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and also showed marked enhancement of their
phagocytosing ability.” On the other hand,
lymphoid leukemia cells did not show such
morphological or functional changes when
cultured with TPA.”

The recently established French-American-
British (FAB) classification scheme has been
valuable for the diagnosis of acute leuke-
mias.*” However, even though diagnostic
tests were performed carefully, we have some-
times experienced clinical difficulty in making
a differential diagnosis between myeloid and
lymphoid leukemias, and, consequently, in
making a suitable choice of chemotherapeutic
regimens.

In the present study, we investigated wheth-
er or not these characteristic changes could be
applied on a greater scale for fresh leukemia
cases, and furthermore, we discussed the ap-
plication of these phenomena for a differential
diagnosis in cases of fresh leukemias where it
was difficult to determine whether the leuke-
mic cells were of non-lymphoid or lymphoid
origin.
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MATERIALS AND METHODS

Patient Population Seventy-three leukemia pa-
tients took part in this study. Seventy cases could
be clearly diagnosed according to the FAB clas-
sification into 46 cases of acute myelogenous leu-
kemias, subclassified as AML(M1), AML(M2),
APL(M3), AMMOoL(M4) and AMoL(M5), 13 of
acute lymphoid leukemia (L1 and L2), and 11 of
chronic myelogenous leukemia in blast crisis
(CML-BC). In the other 3 cases it was difficult to
determine the leukemia subclasses conclusively at
the time of admission.

Preparation of Leukemia Cells Heparinized pe-
ripheral blood or a bone marrow aspirate was
obtained from each patient at the time of admis-
sion. Mononuclear cells were isolated by the Ficoll-
Hypaque gradient centrifugation technique. The
cells were suspended in RPMI 1640 medium (Flow
Lab., McLean, Virginia) supplemented with 10%
heat-inactivated fetal calf serum (FCS; Common-
wealth Serum Lab., Melbourne) in plastic culture
dishes (No. 3003; Falcon, Oxnard, California),
followed by incubation for 2 hr at 37° in a
humidified atmosphere of 5% carbon dioxide.
Then the non-adherent cells were collected, washed
twice with FCS-containing RPMI 1640 medium
and resuspended at the density of 2X 10° cells/ml
in culture dishes (No. 3002; Falcon). Ninety
percent or more of these cells were leukemic, as
judged by morphological assessment after staining
with Wright-Giemsa solution, and the viability of
the cells determined by the erythrosine B dye exclu-

sion test was consistently 989 or more. The cells
were incubated for 24 hr at 37° in a humidified
atmosphere of 5% carbon dioxide. TPA (Sigma,
§t. Louis, Missouri) was added to the culture
dishes to the final concentration of 16.2nM.
Morphological and Functional Analyses after TPA
Induetion After 24 hr incubation of the cultures,
the morphology and cell adherence to plastic cul-
ture dishes were examined under an inverted mi-
croscope. Cells were gently scraped off a dish with
a rubber policeman, and the viable cells were
counted by means of erythrosine B dye exclusion.
For morphological assessment of cells, cytospin
smear preparations of the cells were prepared with
2 Shandon Cytospin centrifuge (Shandon Southern
Products Ltd., UK) and stained with Wright-
Giemsa solution. Specific and non-specific esterase
double-stainings'® were simultaneously performed
on the cytospin preparations.

Phagocytic activity was determined by counting
the number of cells that phagecytosed more than
one yeast particle,'""

Other Tests As diagnostic procedures, the follow-
ing cytochemical stainings in addition to the regu-
lar Wright-Giemsa and esterase double stainings
were performed: myloperoxidase, periodic acid-
Schifft (PAS) and acid phosphatase. Terminal
deoxynucleotidyl transferase (TdT) activity was
assayed by the biochemical method.™ Sheep eryth-
rocytes were used for the E rosette-formation
assay, and cell surface membrane immunoglobulins
were investigated by using FITC-labeled rabbit
anti-human immunogiobulin. Surface antigens re-

Table I. Cell Adherence and Phagocytic Activity Induced by TPA in Leukemic Cell Subtypes

Cell adherence (%)

Phagocytic activity (%)"

Leunkemia cell type

(No. of cases) Total adherent

Projection-

Control TPA-treated

cells forming cells
Acute leukemia
—
Myeloid (46) 71.3*+5.12 1 17.9+2.8 1 5.2+1.1 22.31+2.64
% *
Lymphoid (13) 02x22 | 0.0+0.01 1.0+0.4 22105
CML-BC
— &
Myeloid (5) 83.2%6.0 10.6£3.2 4,2+2.5 21.8*4.7
-r l—_*—'l
Mixed (4) 29.919.2 % 0.7£0.2 % 3.0x1.5 151141 %
Lymphoid (2) 45106 0.0 iO.OJ 3.0x0.8 5.8X0.6

a) Cell adherence was assayed after 24 hr incubation of the cells with 16.2nM TPA., Control cultures showed

no apparent cell adherence to plastic dishes.

b} Phagocytic activity in the control cultures before TPA treatment was compared with that in the

TPA-treated cultures incubated for 24 hr.
¢) Meantstandard error of mean,
* P< 0,01 (paired rtest).
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active with established monoclonal antibodies, The myeloid leukemia cells cultured with
such as OKIal, OKMI (Ortho Pharmaceutical ~ TPA became adherent to plastic culture
Corp., Raritan, New Jersey) and J5 (CALLA;  dishes, and developed a macrophage-like mor-
Coulter Immunolgy_, l-_{ialelh,_Florida), were ob- phology with long filamentous bipolar pro-
served by lhe_ indirect immunofluorescence cesses or projections within 24 hr (Table 1,
mcthad, Fig. 1A, 1B and 1C). Cytochemical staining
of preparations demonstrated that these cells
treated with TPA were induced to differenti-
ate along the monocyte-macrophage lineage.
Furthermore, these myeloid leukemic cells
cultured with TPA showed marked en-
hancement of their phagocytosing ability
(Table I). There was no significant difference
in the intensity of phagocytic activity or cell
adherence induced by TPA among the
myeloid leukemia subclasses (M1 M5, FAB

RESULTS

Effect of TPA on Leukemia Cells Leukemic
cells incubated with TPA for 24 hr in suspen-
sion cultures showed a slight decrease in cell
number compared to the control cultures
without TPA, and the cell viability in both the
treated and control cultures was consistently
greater than 85%.

Fig. 1. Representative morphological changes of leukemic cells treated with TPA (inverted microscopic
observation, *200). Each photo shows the morphology after incubation with 16.2nM TPA for 24 hr. A,
a case of acute myelomonocytic leukemia (M4); B, a case of acute myeloblastic leukemia (M1); C, a case
of acute myeloblastic leukemia (M2); D, a case of acute lymphoblastic leukemia (L1). The lower right
photo in each case (a, b, ¢ and d) shows the control culture without TPA. Marked macrophage-like
morphological changes with long filamentous bipolar processes or projections were observed in each
myeloid Jeukemia case.
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classification), and - properties, such as cell
adherence, the formation of bipolar processes
or projections and phagocytic activity, did not
always parallel each other.

The lymphoid leukemia cells cultured with
or without TPA showed neither significant
morphological changes nor phagocytic activ-
ity enhancement (Table 1 and Fig. 1D). In
some cases, cell aggregates were observed
with the TPA-treated lymphoid leukemia
cells. However, in one exceptional case of
acute lymphoblastic leukemia, leukemic cells
showed adherence to plastic culture dishes,
but there was neither projection-formation
nor phagocytic activity.

The above-mentioned characteristic
changes were also observed in leukemic cells
from CML patients in blast crisis (Table 1).
In the mixed type of crisis, in which the blast
cells consist of both myeloid and lymphoid
cells morphologically, the appearance of both
projections and cell aggregates was observed.
The percentage of these cells showing phago-
cytic activity was intermediate between the
values obtained for the myeloid and lymphoid
crises of CML (Table I).

Studies on the Differentiation Phenomena in
Three Leukemia Cases Where It Was Diffi-
cult to Determine the Leukemic Cell Lineages
Case 1 (J.T.) A 25-year-old women, com-
plaining of general fatigue and a pale face,
was admitted to our hospital. On admission,
her peripheral white blood cell count was
79,400/mm’, and 97.29% of the cells were
blast cells. A bone marrow aspirate also
showed marked hypercellularity with 95.8%
of blast cells. We first diagnosed this case as
AMoL(MS3) morphologically on the basis of
the FAB classification. Histochemically,
about 3% of the blast cells were found to be
weakly peroxidase-positive, PAS-negative and
weakly alpha-naphthyl butyrate esterase-posi-
tive. Because of the hyperleukocytic stage of
leukemia, an immediate treatment was needed
for this case. We applied a chemotherapeutic
regimen including BH-AC (N*-behenoyl-1-3-
p-arabinofuranosylcytosine, an N*-acyl deriv-
ative of cytosine arabinoside),"”’ aclacino-
mycin (ACM, a newly synthesized anthra-
cycline antibiotic),'’ 6-mercaptopurine (6-
MP) and prednisolone (PSL). In the mean-
time, we demonstrated that the leukemic cells

Fig. 2.
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Morphological changes of leukemic cells from three acute leukemia cases in which the clinical
diagnosis was difficult 10 make (inverted microscopic observation, * 200). A, case 1; B, case 2; C, case 3.
Leukemic cells were treated with 16.2nM TPA for 24 hr. The lower right photo in each case (a, b and ¢)
shows the control culture without TPA. In cases 2 and 3, marked macrophage-like morphological changes
with long filamentous bipolar processes or projections were observed.
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in bone marrow, obtained from this patient at
the time of admission, showed neither cell
adherency to plastic culture dishes nor acqui-
sition of phagocytic activity after treatment
with TPA in culiure (Fig. 2A, 3A and 3B).
In Wright-Giemsa-stained preparations, the
TPA-treated cells showed no morphological
changes when compared with non-treated
cells. When cytochemical and biochemical ex-
aminations were performed again in this case,
the results were as follows: alpha-naphthyl
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butyrate esterase, for which the leukemic cells
were weakly positive, was not inhibited by
sodium fluoride. Surface antigens that reacted
with established monoclonal antibodies such
as OKIal and JS(CALLA) were found to be
present in the leukemic cells according to the
indirect immunofluorescence method, and
93.0% of the leukemic cells were TdT ac-
tivity-positive. Finally, we changed the diag-
nosis in this case from AMoL to ALL(L2),
and we obtained complete remission in this
case by applying a chemotherapeutic regimen
including r-asparaginase (L-asp), daunoru-
bicin (DNR), vincristine (VCR), BH-AC and
PSL, which has been widely used for the treat-
ment of adult ALL" (Fig. 4).

Case 2 (F.K.) A 5l-year-old man, complain-
ing of fever, was admitted to our hospital. On
admission, his peripheral white blood cell
count was 22,000/mm’ with 62.5% of blast
cells. A bone marrow aspirate showed moder-
ate cellularity with 95.4% of blast cells, We
diagnosed this case as ALL(L2) morphologi-
cally according to the FAB classification. On
histochemical examination, about 3% of the
lenkemic cells were found to be weakly
peroxidase-positive and weakly alpha-naph-
thyl butyrate esterase-positive. We demon-
strated that these leukemic cells in the culture
with TPA changed to adherent cells with long
filamentous projections, acquired phagocytic
activity (Fig. 2B, 3C and 3D), and showed
a macrophage-like morphology on Wright-
Giemsa staining. Further biochemical exami-
nations revealed that these leukemic cells were

Fig. 3. Effects of TPA on cell adherence and
phagocytic activity in three leukemia cases. A, B,
case 1; C, D, case 2; E, F, case 3. A, C and E, the
effect of TPA on cell adherence in each case. The
empty columns show the percentages of total ad-
herent cells cultured with TPA for 24 and 48 hr.
The shaded columns show those of long filamen-
tous projection-forming cells. The control culture
without TPA in each case did not show any cell
adherence to the culture dish bottom. B, D and F,
the effect of TPA on phagocytic activity in each
case, The shaded columns show the percentages of
phagocytosing cells after culture with TPA for 24
and 48 hr. The empty columns show those of cells
cultured without TPA. In cases 2 and 3, marked
enhancement of phagocytic activity was observed
after TPA treatment.
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Fig. 4. The time courses of clinical responses to the successful chemotherapeutic regimens
administered after changes of clinical diagnosis on the basis of differentiation-induction by TPA.
The shaded area represents blast cells. Abbreviations used are as follows: CR, complete remission;
NCC, nuclear cell count, Other abbreviations were described in the text.
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positive as to surface antigens that reacted
with monoclonal antibodies such as OKlal
and OKM1, and negative as to J5(CALLA).
Finally, we changed the diagnosis in this case
from ALL to AML(M1), and applied a
chemotherapeutic regimen including BH-AC,
ACM, 6-MP and PSL, which has been re-
ported to be an effective treatment for acute
myelogenous leukemias.'® We obtained com-
plete remission in this case after this treat-
ment, as shown in Fig. 4.

Case 3 (M.E.) An 18-year-old man, com-
plaining of fever, general fatigue and retinal
bleeding, was admitted. On admission, his
peripheral white blood cell count was
107,000/mm’ with 95.0% of blast cells, of
which about 3% were peroxidase-positive. We
first diagnosed this case as ALL(L2) morpho-
logically according to the FAB classification.
Further studies demonstrated that these
leukemic cells in culture changed to adherent
cells with long filamentous processes and ac-
quired phagocytic activity (Fig. 2C, 3E and
3F), when treated with TPA. Cytochemical
and biochemical examinations were per-
formed again, and revealed that the weak
activity of alpha-naphthyl butyrate esterase in
leukemic cells was completely inhibited by
sodium fluoride, and that the leukemic cells
were negative as to E-rosette formation and
had no surface immunoglobulins. TdT activ-
ity was absent. We finally changed the diag-
nosis in this case from ALL to AMoL (M35),
and instead of the initial ALY therapy com-
bined with VCR and PSL, we applied a reg-
imen including cytosine arabinoside, DNR,
6-MP and PSL, which has also been reported
to be an effective regimen for acute myeloge-
nous leukemias.'” Marked cytoreduction was
observed, but the patient died of a cerebral
hemorrhage due to thrombocytopenia.

DiscussioN

We have presented evidence of the useful-
ness for the clinical diagnosis of fresh acute
leukemias of observing the susceptibility of
leukemic cells to monocyte-macrophage line-
age differentiation induced by TPA, as deter-
mined in a study on 73 patients with fresh
leukemias. The results of this large-scale study
confirmed our previous finding that TPA-
treated myeloid leukemic cells became adher-
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ent to the subsiratum, developed a macro-
phage-like morphology with long filamentous
bipolar processes or projections, and acquired
phagocytic activity.” It is well recognized that
myeloid leukemia cells have the capacity to
differentiate along a monocyte-macrophage
lineage in response to stimulation with
TPA.'*2 In addition, some acute undifferen-
tiated leukemia (AUL) cells also exhibited the
monocytic differentiation phenomenon when
induced with TPA.*" In our present study, we
showed that the TPA-induced differentiation
occurred within a shorter incubation period
when compared with that observed in other
studies. This indicates its usefulness for
making a differential diagnosis as to whether
leukemic blasts are of non-lymphoid or lym-
phoid origin in a shorter time after admission
for each leukemia patient, and consequenily
for making a suitable choice of chemothera-
peutic regimens for acute leukermias.

We should emphasize that two patients,
cases 2 and 3, at first diagnosed as having
ALL according to the FAB classification,
were finally diagnosed as having acute
myelogenous lenkemia, and one patient, case
1, was finally determined o have ALL instead
of AML, on the basis of the cell-differentia-
tion phenomena in addition to precise cyto-
chemical observations, i.e. cell sorter analyses
using established monoclonal antibodies such
as OKlIal, OKMI1, OKMS5 and J5, and some
hematologically specific stainings for detect-
ing enzymatic activities of myeloperoxidase,
acid and alkaline phosphatases, specific and
non-specific esterases, and PAS-positivity.
Furthermore, in cases 1 and 2, complete re-
mission was obtained with suitable chemo-
therapy after diagnostic reevaluation of the
leukemic cell origin. Case 3, which we
reported on partially elsewhere,” also re-
sponded to the chemotherapy selected after
reevaluation of the cell origin of his leukemic
blasts.

It has also been reported that some lym-
phoid leukemia or hairy cell leukemia cells
show cell adherence or projection-formation
in response to TPA,”>*" and some lymphoid
leukemia cells showed lymphoid differentia-
tion phenotypically induced by TPA.*? In
the present study, leukemic blasts from one
case with ALL showed cell adherency to the
substratum but did not exhibit either pro-
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jection-formation, morphological changes or
phagocytic activity. A more precise investiga-
tion is now in progress.

Our conclusion is that observation of the
response to exposure of leukemic cells to TPA
for a short time might be valuable for evaluat-
ing their cell lineage, i.e. lymphoid or non-
lymphoid, and this might allow a guicker and
better choice of chemotherapies for acute leu-
kemias. Further studies must be performed to
clarify the possible mechanisms of cell
differentiation-induction by various chemical
inducers and biological response modifiers,
and to apply such differentiation-induction to
the therapy of acute leukemias.

ACKNOWLEDGMENTS

The authors are grateful to Dr. S. Sakamoto,
Department of Hematology, Jichi Medical School,
for valuable advice during this work, and to Ms N.
Kuroo for secretarial assistance in preparing the
manuscript. This work was supported in part by a
Grant-in-Aid from the Ministry of Education, Sci-
ence and Culture, Japan.

{Received Oct. 5, 1987/Accepted Dec. 19, 1987)

REFERENCES

1) Koeffler, H. P. Induction of differentiation
of human acute myelogenous leukemia cells:
therapeutic implications. Blood, 62, 709-721
(1983).

2) Huberman, E. and Callahan, M. F. Indue-
tion of terminal differentiation in human pro-
myelocytic leukemia cells by tumor-pro-
moting agents. Proc. Natl Acad. Sci. USA,
76, 1293-1297 (1979).

3) Rovera, G., Santoli, D. and Damsky, C.
Human promyelocytic leukemia cells in cul-
ture differentiate into macrophage-like cells
when treated with a phorbol diester. Proc.
Natl Acad. Sci. USA, 76, 2779-2783 (1979).

4y Koeffler, H. P., Bar-Eli, M. and Territo, M.
Heterogeneity of human myeloid leukemia
cell response to phorbol diester (Abstr).
Blood, 54 (Suppl. 1}, 174a (1979).

5) Takeda, K., Minowada, J. and Bloch, A.
Kinetics of appearance of differentiation-
associated characteristics in ML-1, a line of
human myeloblastic leukemia cells, after
treatment with 12-O-tetradecanoylphorbol-
13-acetate, dimethylsulfoxide, or 1-8-D-ara-
binofuranosylcytosine. Cancer Res., 42,5152~
5158 (1982).

79(3) 1988

6) Ohta, M., Furukawa, Y., Ide, C., Akiyama,
N., Utakoji, T., Miura, Y. and Saito, M.
Establishment and characterization of four
human monocytoid leukemia cell lines
(JOSK-I, -8, -M and -K) with capabilities of
monocyte - macrophage - lineage differentia-
tion and constitutive production of inter-
leukin-1. Cancer Res., 46, 3067-3074 (1986).

7) Ohta, M., Saito, M., Suda, K., Sakamoto, §S.,
Kitagawa, S., Miura, Y. and Takaku, F.
Differentiation of human leukemia cells and
its usefulness for clinical diagnosis. Leuk.
Res., 7, 363-374 (1983). '

8) Bennett, J. M., Catovsky, D., Daniel, M. T.,
Flandrin, G., Galton, D. A. G., Gralnick, H.
R. and Sultan, C. Proposals for the clas-
sification of the acute leukaemias. Br. J.
Haematol, 33, 451458 (1976).

9) Bennett, J. M., Catovsky, D., Daniel, M. T.,
Flandrin, G., Galton, D. A. G., Gralnick, H.
R. and Sultan, C. The morphological classi-
fication of acute lymphoblastic leukaemia:
concordance among observation and clinical
correlations. Br. J. Haematol., 47, 553-561
(1981).

10) Li,C. Y. Lam, K. W, and Yam, L. T. Ester-
ases in human leukocytes. J. Histochem. Cyto-
chem., 21, 1-12 (1973).

11) Kitagawa, S., Ohta, M., Nojiri, H,
Kakinuma, K., Saito, M., Takaku, F. and
Miura, Y. Functional maturation of mem-
brane potential changes and superoxide pro-
ducing capacity during differentiation of
human granulocytes. J. Clin. Invest.. 73,
1062-1071 (1984).

12) Hida, K., Sakamoto, §., Kano, Y.,
Tsuboyama, A., Suda, K. and Takaku, F.
Identification of TdT positive cells by indi-
rect immunoflorescence technique and its ap-
plication for the diagnosis of hematological
disorders. Acta Haematol. Jpn., 44, 1028-
1036 (1981).

13) Aoshima, M., Tsukagoshi, S., Sakurai, Y.,
Oh-ishi, J., Ishida, T. and Kobayashi, H.
N*-Behenoyl- 1-5-p-arabinofuranosylcytosine
as a potential new antitumor agent. Cancer
Res., 37, 2481-2486 (1977).

14) Oki, T., Matsuzawa, Y., Yoshimoto, A.,
Numata, K., Kitamura, I., Hori, 8§,
Takamatsu, A., Umezawa, H., Ishizuka, M.,
Naganawa, H., Suda, H., Hamada, M. and
Takeuchi, T. New antitumor antibiotics, ac-
lacinomycines A and B. J. Antibiot., 28, 830—
834 (1975).

15) Amadori, S., Montuoro, A., Meloni, G,
Spiriti, M. A. A, Pacilli, L. and Mandelli, F.
Combination chemotherapy for acute lym-
phocytic leukemia in adults: results of a

357



16)

17)

18)

19)

20}

358

M. OHTA, ET AL,

retrospective study in 82 patients. Am., J.
Hematol., 8, 175-183 (1980).

Kimura, K., Ohno, R., Amaki, 1., Hattori,
K., Hirota, Y., Hoshino, A., Ichimaru, M.,
Ito, M., Kimura, I., Mackawa, T., Masaoka,
T., Nakamura, T., Ogawa, M., Oguro, M.,
Ohta, K., Osamura, 8., Shimoyama, M.,
Takaku, F., Uzuka, Y. and Yamada, K.
Treatment of acute myelogenous leukemia
in adults with N*-behenoyl-1-8-D-arabino-
furanosylcytosine. Cancer, 56, 1913-1917
(1985).

Ohno, R., Hirano, M., Imai, K., Koie, K.,
Kamiya, T., Nishiwaki, H., Ishiguro, J,,
Uetani, T., Sako, F.,, Imamura, K. and
Yamada, K. Daunorubicin, cytosine ara-
binoside, 6-mercaptopurine riboside and
prednisolone (DCMP) combination chemo-
therapy for acute myelogenous leukemia in
adults. Cancer, 36, 1945-1949 (1975).
Koeffler, H. P., Bar-Eli, M. and Territo, M.
Phorbol diester-induced macrophage differ-
entiation of leukemic blasts from patients
with human myelogenous leukemia. J. Clin.
Invest., 66, 1101-1108 (1980).

Pegoraro, L., Abrahm, J., Cooper, R. A,,
Levis, A., Lange, B., Meo, P. and Rovera, G.
Differentiation of human leukemias in re-
sponse to 12-Q-tetradecanoyl-phorbol - 13-
acetate in vitro. Blood, 55, §59-862 (1980).
Polliack, A., Leizerowitz, R., Korkesh, A.,
Gurfel, D., Gamliel, H. and Galili, U. Expo-
sure to phorbol diester (TPA) in vitro as an
aid in the classification of blasts in human
myelogenous and lymphoid leukemias: in

21)

22)

23)

24)

25)

26)

vitro differentiation, growth patterns, and
ultrastructural observations. 4m. J. Hem-
atol,, 13, 199-211 (1982).

Shkolnik, T., Schlossman, 8. F. and Griffin,
J. D. Acute undifferentiated leukemia: in-
duction of partial differentiation by phorbol
ester. Leuk, Res., 9, 11-17 {1985).
Castagna, M. and Rochette-Egly, C. Tumor-
promoting phorbol diester induces substrate-
adhesion and growth inhibition in lym-
phoblastic cells. Cancer Lett, 6, 227234
(1979).

Lockney, M. W., Golomb, H. M. and
Dawson, G. Unique cell surface glycopro-
tein expression in hairy cell leukemia: effect
of phorbol ester tumor promoters on surface
glycoproteins, cell morphology, and adher-
ence. Cancer Res., 42, 3724-3728 (1982).
Nadler, L. M., Ritz, J., Bates, M, P., Park, E.
K., Anderson, K. C, Sallan, §. E. and
Schlossman, 8. F, Induction of human B cell
antigens in non-T cell acute lymphoblastic
leukemia. J. Clin. Invest, 70, 433442
(1982).

Delia, D., Greaves, M. F., Newman, R. A.,
Sutherland, D. R., Minowada, J., Kung, P,
and Goldstein, G. Modulation of T leukemic
cell phenotype with phorbol ester. Ine J.
Cancer, 29, 23-31 (1982).

LeBien, T. W., Bollum, F. J., Yasmineh, W.
G. and Kersey, J. H. Phorbol ester-induced
differentiation of a non-T, non-B leukemic
cell line: model for human lymphoid progen-
itor cell development. J. Immunol, 128,
1316-1320 (1982).

Jpn. J. Cancer Res. (Gann)





