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We have demonstrated previously that high-dose methylprednisolone treatment induces
differentiation and apoptosis of leukemic cells in patients with different morphological
subtypes of acute myeloblastic leukemia (AML) in vivo. In the present study, we inves-
tigated the in vitro effects of high (10 ~* M) and low (10 “® M) concentrations of methyl-
prednisolone (MP) on freshly isolated bone marrow leukemic cells from nine newly di-
agnosed patients with AML by light and electron microscopy (EM) and agarose gel elec-
trophoresis. A marked increase in MP-induced apoptosis of leukemic cells, with a
maximum effect at 24 hr of exposure to both low and high concentrations of MP (10 M
and 1073 M), was demonstrated by light microscopy in cultures of four (three with AML-M1
and one with AML-M7) of the nine patients. In three cases, the increase in the number of
apoptotic cells induced by high-concentration MP was approximately twice that observed
when the lower concentration was used. A few apoptotic cells were detected in the
cultures from the other five patients. However, a typical DNA ladder pattern of apoptosis
was observed on gel electrophoresis of MP-treated leukemic cells from one patient (AML-
M1) after 2 hr of incubation with both high- and low-MP concentrations. In two patients,
a nonspecific DNA smear was observed only when high-concentration MP was used. The
increase in differentiated leukemic cells induced by MP was also dose dependent, and
was observed in cultures from all but one patient. Morphological features of apoptosis
and differentiation were also confirmed by EM studies. The results of the present study,
together with our previous clinical experience, suggest that MP, especially at high doses,
could have a significant role in the treatment of some AML patients by inducing apoptosis
and differentiation of leukemic cells. Am. J. Hematol. 60:255-259, 1999.
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INTRODUCTION eloid leukemic cells induced by GCs [4,5], high-dose
Apoptosis, or “programmed cell death,” is Considerewethylprednlsol'one (HDMP) (.20._30 mg/kg/day) has
a physiologic mechanism of cell death and differs frofd€€N Shown to induce differentiation of myeloid leuke-

necrosis by morphology and biochemistry [1]. SuppreSMic cells in vivo [6-9]. The latter has had remarkable anti-
sion of apoptosis has been implicated as an import fukemic effects in patients with various morphological

pathophysiological event f[hat gi_Ves rise to malignant digontract grant sponsor: Turkish Scientific Research Council; Contract
orders. Therefore, many investigators have attemptedgtant number: TUBITAK SBAG-1246; Contract grant sponsor: An-

find a therapeutic approach that would restore the phyga:a University Research Fund; Contract grant number: 95090032.
ologic mechanism of cell death in immortal cancer cells.

Glucocorticoids (GCs), that are used extensively mesearch was conducted at Department of Pediatric Hematology,
lvmphoid malignancies Have been shown to induce C}-(ﬁ'lcettepe University and Department of Histology and Embryology,
ymp g B » e . ﬁ kara University.
death by apoptosis [2]. It is generally believed that con-
ventional doses of GCs have limited or no effect in pacorrespondence to: Dr. Gl Higstnmez, Hacettepe University
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However, in addition to several experimental studies thita: Turkey.
have demonstrated terminal differentiation of mouse mpeceived for publication 27 March 1998; Accepted 7 October 1998
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subtypes of AML, as reported by Hitnmez et al. [6-9]. Bromma 8800 ultratome. The cells were stained with
Recently, we have also demonstrated in vivo morphtead citrate and uranyl acetate, and were examined in a
logic evidence of apoptosis of differentiated myeloid leueol 100 CX Il (100kV) EM.
kemic cells in children with AML-M3 and AML-M4  To investigate DNA fragmentation, samples were ob-
following HDMP treatment [10]. However, we could nottained from the cultured BM cells at the same time in-
exclude the possibility of a direct apoptotic effect intervals as those used for the microscopic studies. DNA
duced by HDMP at the blast cell level. The aim of thextraction was performed using the previously described
present study was to evaluate the in vitro effects of difrethod of Panayiotidis et al. [11]. DNA ladders were
ferent concentrations (I& M and 10° M) of methyl- demonstrated by agarose gel electrophoresis and viewed
prednisolone (MP) on myeloid leukemic cells obtainedy transillumination under u.v. light (302 nm). In addi-
from newly diagnosed children with AML. tion, before initiation of treatment, p53 expression was
investigated in myeloid leukemic cells obtained from the
BM cultures of five patients (cases 5 to 9) using the FISH
MATERIAL AND METHODS method with a biotin-labeled p53 DNA probe (Oncor,
Fresh bone marrow (BM) leukemic cells were obp53 Cosmid/Chromosome 17 a-satellite D17Z1).
tained from nine newly diagnosed children with AML
(patient FAB subtypes; five M1, two M2, one M3, an%étESULTS
one M7). The samples were obtained before initiation
chemotherapy, and were immediately fractionated on Fi-Light microscopic examination revealed a marked in-
coll gradient, washed in RPMI 1640, and resuspendeddrease in apoptotic cells and a decrease in blast cells,
the same medium containing 10% fetal calf serum, 1@@arting after 2 hr of BM leukemic cell exposure to high
units of penicillin per ml and 0.1 mg streptomycin per mland low concentrations of MP (18 and 10°M) in
Cells were incubated at 37°C in an atmosphere of 58ur (cases 1, 5, 6, and 7) of the nine AML patients. The
CO,, 95% humidity, and were collected during the exmorphologic features of apoptosis consisting of chroma-
ponential growth phase. An improved Neubauer hemtin condensation, reduction of cell volume, and fragmen-
cytometer was used to confirm whether adequate nutation of nucleus were detected (Fig. 1). In addition, ul-
bers of cells had been obtained. The pure form of MP {fastructural findings of apoptosis, consisting of margin-
«-MP 21-hemisuccinate) was dissolved in sterile distion of nuclear chromatin, dilatation of endoplasmic
tilled water (Sigma Chemical Co, St. Louis, MO, catalogeticulum cisternae under the cell membrane, vacuoliza-
no. M3781). Thereafter, the cells were cultured with®L0 tion, and membrane-bound protrusions of the cytoplasm,
M and 10° M MP for up to 48 hr. were also seen (Fig. 2). An increase in the numbers of
The morphological features of apoptosis and differeapoptotic and differentiated cells was observed in cul-
tiation of myeloid leukemic cells were evaluated unddures after exposure to both concentrations of MP, with a
light, fluorescent, and electron microscopy (EM)maximum effect observed at 24 hr (Table I). The increase
Samples were obtained from cultures before (0) and 2,i6,apoptotic cells induced by high concentration of MP
12, 24, and 48 hr after exposure to ¥ and 10° M  (103M) in three patients (cases 5, 6, and 7) was approxi-
MP. The slides obtained from all samples were fixed imately twice that observed at the low MP concentration
methanol and stained with Wright stain for light micros¢107°M). A few apoptotic cells were detected in the other
copy. Hoechst 33258 stain, a DNA binding dye, was uséige patients (cases 2, 3, 4, 8, and 9). Two of these (cases
to assess apoptosis and differentiation under fluoresc8rdnd 9) had p53 mutation. A typical DNA ladder pattern
microscopy with an ultraviolet (u.v.)-absorbing barrieof apoptosis was seen on gel electrophoresis in one pa-
filter. Numbers of apoptotic and differentiated cells wergent (case 1), starting after 2 hr of incubation with both
determined with an Axioscope (Zeiss, Germany). A¥IP concentrations. Nonspecific DNA smears were de-
least 200 cells were counted on Wright-stained slidéscted in two patients (cases 5 and 6) after 6 hr of incu-
obtained from BM cultures. Apoptotic cells were identibation of leukemic cells with high-concentration MP.
fied by their characteristic condensed chromatin, frag- In all samples except one (from case 8), beginning at
mented nuclei, and apoptotic bodies. Morphologic& hr of incubation, there was an increase in the number of
changes suggesting differentiation of leukemic cells talifferentiated cells seen in both concentrations of MP.
ward mature granulocytes were also noted. For EM stuBixamination by light and EM revealed morphologic evi-
ies, the cells were washed with phosphate buffered salidence of differentiation of leukemic cells consisting pre-
and were fixed in 2% paraformaldehyde and 2.5% gladominantly of metamyelocytes and granulocytes (Figs. 1
taraldehyde in 0.2 M phosphate buffer (pH 7.2) at rooend 2). The increase in the number of differentiated cells
temperature for 2 hr. They were then treated with comas found to be greater after exposure to>10M MP
ventional EM techniques. After being embedded ianly. BM cells obtained from case 4 (AML-M3) revealed
Araldite 6005, thin sections were prepared using an LK8 five-fold increase in the number of differentiated cells
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Fig. 1. Apoptotic ( T) and differentiated ( ) cells after addition of 10 ~* M and 10~° M MP to myeloid leukemic cells
(magnification, x250—Wright stain).

TABLE I. In Vitro Effects of MP on Myeloid Leukemic Cells*

Apoptotic Cells Differentiated Cells Blasts
(%) (%) (%)
After MP After MP After MP

p53 — — —
Cases FAB Age/sex status Pretreatment 10°MP 10°MP Pretreatment 10° M 10°MP Pretreatment 10°MP 10°°MP
1 M1 16/F NS 0 74 68 6 14 6 92 12 26
2 M2 9/F NS 0 9 4 2 16 7 98 75 89
3 M1 6/M NS 0 6 4 1 8 5 99 86 91
4 M3 14/F NS 0 3 4 4 25 5 96 72 91
5 M1 15/F WT 0 24 14 3 14 10 97 62 76
6 M1 15/M WT 1 23 12 4 14 8 95 63 80
7 M7 9/M WT 0 25 12 3 12 8 97 63 81
8 M1 12/M M 0 4 0 6 8 6 94 88 93
9 M2 7IM M 0 4 3 7 20 10 93 76 90

*MP, methylprednisolone; WT, wild type p53; M, mutant p53; NS, not studied.
#Percent of apoptotic, differentiated, and blast cells obtained 24 hr after addition of MP.
PMP concentration in culture.

after 24 hr of incubation with I8 M MP (Table I). The scribed by Blewitt et al. [12]. These investigators ob-
nuclear findings of apoptosis and differentiation wergined a marked cytolethal response with high-dose ste-
also confirmed by Hoechst stain. Interestingly, after 6 hoid in all the cell lines they tested. In contrast, this effect
of incubation in 10° M MP, platelet-producing cells was observed with low-dose steroid only in a sensitive
were detected on light microscopic examination of a Bimphoid cell line. A massive lethal effect was also dem-
sample from a case with AML-M7 (Fig. 3). onstrated in human myeloid leukemic cells exposed to a
suprapharmacologic dose of MP (M) by Bird et al.
[13]. More recently, dexamethasone-induced apoptosis
DISCUSSION has been demonstrated in an AML cell line with a t(8;21)

Morphological changes resembling apoptosis in cuthromosome translocation [14].
tures of human lymphoblastoid cell lines exposed to low We have shown that addition of both low (£f0v) and

(10°M) and high (10°M) doses of steroid were de-high (10°® M) concentrations of MP to myeloid leukemic
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Fig. 2. Electron micrographs of case 1 (A) differentiated
cell with indented nucleus and well-developed granular en-
doplasmic reticulum (GER) ( T) and azurophil granules ( )
(magnification, x7,200 ) and (B) apoptotic cell with con-
densed fragmented nuclear pieces (N) 12 hr after addition of
10~% M MP. Note irregular cell surface with villous projec-
tions (magnification, x14,000). (C) condensation and mar-
gination of chromatin in nucleus. In the cytoplasm, big
vacuoles (V) and dilated cisternae of GER ( T) under the plas-
malemma and adjacent to big vacuoles (V) are noticed after
24 hr incubation with 10 =3 M MP (magnification, x7,200).

Fig. 3. Platelet producing cells 6 hr after addition of 10 =M
MP (case 7 with AML-M7) (Wright stain, magnification x250).

cells from four (three AML-M1, one AML-M7) of nine
AML patients resulted in a dose-dependent, marked in-
crease in apoptotic cell numbers (Table I). However, only
a few apoptotic cells were detected in the cultures of
samples from the other five patients, two of whom had
p53 mutation. The tumor suppressor gene wild-type p53
has been shown to be involved in the control of apoptosis
in some murine myeloid leukemic cells [15]. Mutant p53
suppressed the apoptosis by diminishing the effects of
deregulated c-myc [16]. The expression of mutant p53 in
human myeloid leukemic cells may be associated with
suppression of MP-induced apoptosis. Further studies are
required to clarify the relationship between the expres-
sion of p53 mutation and MP-induced apoptosis in pa-
tients with AML.

In the present study, a DNA ladder pattern was dem-
onstrated in both concentrations of MP-treated BM cells
in only one patient (case 1) in whom the highest number
of apoptotic cells was detected after exposure to MP.
Although DNA fragmentation is considered a character-
istic feature of apoptosis, apoptotic cell death with char-
acteristic cytoplasmic morphologic features can also oc-
cur in enucleated cells [17]. In addition, Ormerod et al.
[18] showed that DNA can be cut into larger (30 kbp)
rather than smaller (180 bp) fragments, resulting in DNA
smear instead of a DNA ladder on gel electrophoresis.
This could be the reason for the DNA smearing observed
in two of our patients. Ormerod et al. suggested that the
DNA fragmentation might be characteristic but not nec-
essary for identifying apoptosis, and that microscopy
should always be carried out to support the diagnosis of
apoptosis. Apoptosis has been shown in vitro to be the
common mode of cell death in differentiated human my-
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eloid leukemia cell lines (HL-60 and P39) induced by5. Sugiyama K, Hozumi M, Okabe J. Induction of differentiation of
all-transretinoic acid (ATRA) [19 20] However. the ad- Rauscher virus-induced mouse myeloid leukemic cells with a factor(s)
dition of ATRA t I ltur l,)'[ il’.] d from fl‘, h BM in ascitic fluid and inhibitors of nucleic acid and protein synthesis.

on o 0 cell cultures obtain€d from Iresh BV ¢acer res 1979;39:1056. )
cells of 9 AML-M3 patients C_“d not result in apoptosis g Hicsonmez G, @soylu S Tuncer AM, Ertuk G, Ozbek N, Karadeniz
[21]. In contrast, treatment with HDMP has been shown N. Direct morphological evidence of high-dose methylprednisolone-
to induce apoptosis of leukemic cells in vivo in children induced maturation of leukemic cells in children with acute nonlym-
with AML [10] and myelodysplastic syndrome [22]. phoblastic leukemia. Exp Hematol 1991;19:232.

Ani - - - . 7. Higstnmez G, Tuncer AM, Gler E, Tan E, Tekelidly M. The po-

n increase in the number of differentiated leukemic : . . .

lls beqan 2 hr after the addition of both concentrations tential role of high-dose methylprednisolone on the maturation of leu-
ce ) g 5 . - kemic cells in children with acute promyelocytic leukemia (APL). Exp
of MP in all patients except case 8. The difference in the Hematol 1993;21:599.
observed increase in differentiated cells associated with Hicstnmez G, Q@soylu S Tuncer AM. Differentiation of myeloid
the high vs. the low concentration of MP was not as leukemic cells induced by high-dose methylprednisolone in patients
remarkable as that for the apoptotic cells. This could be with acute myeloblastic leukemia and its therapeutic potential. Leuk

. . . . Res 1991;15:537.
attributed to the disappearance of differentiated cells that i rimez 6. Tuncer AM,, 6tin M, Gimrik F, Kara A, Yalan S.

have already undergone apoptosis. However, sampleSyiorphologic evidence of in vivo differentiation in acute myeloblastic
obtained from an AML-M3 patient (case 4) showed a leukemia. Acta Haematol 1993;90:214. )

five-fold increase in differentiated cells in high-doséo. Hicstnmez G, Erdemli E, Tekelidg M, Tuncer AM, Qzbek N, @&tin
compared with low-dose MP. Interestingly, in one pa- M, Cotter TG. Morphologic evidence of apoptosis in childhood acute

. . B . myeloblastic leukemia treated with high-dose methylprednisolone.
tient with AML-M7 (case 7), platelet budding from 2. Lymph 1996:22:91.

meQa_karyocyteS wa; detected after 6 hr of mCUb_at'onllﬂ Panayiotidis P, Ganeshaguru K, Jabbar SAB, Hoffbrand AV. Interleu-
the high concentration of MP only. Further studies are «in-4 inhibits apoptotic cell death and loss of the bcl-2 protein in
needed to evaluate the effect of MP on the maturation of B-chronic lymphocytic leukemia cells in vitro. Br J Haematol 1993;

leukemic cells in patients with AML-M7. 85:439.
12. Blewitt RW, Abbott AC, Bird CC. Mode of cell death in human
lymphoid cells by high and low doses of glucocorticoid. Br J Cancer
CONCLUSIONS 1983;47:477.
] ) 13. Bird CC, Robertson AMG, Read J, Currie AR. Cytolethal effects of
This study demonstrates that high and low concentra- glucocorticoids in human lymphoblastoid cell lines. J Pathol 1977;
tions of MP can induce apoptosis and differentiation of 123:145. _ S
human myeloid leukemic cells in vitro. Greater number: Miyoshi H, Ohki M, Nakagawa T, Honma Y. Glucocorticoids induce

p . . P ... apoptosis in acute myeloid leukemia cell lines with a t(8;21) translo-
of apoptotic and differentiated cells were associated with 2.~ =" | 2 10972145,

the incubation of hlgh'dose MP. These results point E@ Yonish-Rouach E, Resnitzky D, Lotem J, Sachs L, Kimchi A, Oren M.

the importance of clinical use of HDMP in patients with  wild-type p53 induces apoptosis of myeloid leukemic cells that is

AML. inhibited by interleukin-6. Nature 1991;352:345.
16. Lotem J, Sachs L. Regulation by bcl-2, c-myc and p53 of susceptibility
to induction of apoptosis by heat shock and cancer chemotherapy
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