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Summary. Differentiation induction therapy provides an 
alternative for treatment of acute myeloid leukaemia 
(AML) patients who are either unsuitable for or unrespon- 
sive to conventional cytotoxic chemotherapy. The effect of 
a triple combination of retinoic acid (RA) + actinomy- 
cin D (Act-D) + dimethylformamide (DMF) on differen- 
tiation of blasts from 24 AML patients was studied. Non- 
adherent mononuclear cells were seeded at a concentra- 
tion of 5 x 105 cells/ml in 24-well tissue-culture plates con- 
taining RPMI 1640 culture medium with 20% fetal calf 
serum, 10% autologous serum and 10% 5637-conditioned 
medium and incubated with 10 -6 M retinoic acid, 5 nM 
actinomycin D and/or  100 mM dimethylformamide alone 
and in combination with each other for 6 days at 37 ° C in 
a humidified incubator and an atmosphere containing 
5% CO2. The triple combination of 10 -6 M retinoic acid 
+ 5 nM actinomycin D + 100 mM dimethylformamide 
induced 90% of the blasts from 22 of the 24 AML patients 
to differentiate. The combination of N-methylformamide 
(a compound similar to dimethylformamide) with cycio- 
phosphamide significantly increased the in vivo activity 
with no concomitant increase in its reversible hepatotoxi- 
city. Since several polar compounds related to dimethyl- 
formamide, e.g. hexamethylene bisacetamide and N-me- 
thylformamide, are currently undergoing phase II clinical 
trials, it may be feasible to combine one of these with 
retinoic acid and/or  actinomycin D in the treatment of 
AML patients. 

Introduction 

Acute myeloid leukaemia (AML) arises from a neoplastic 
transformation at the stem-cell stage, leading to an arrest 
of myeloid cell differentiation [6]. The leukaemic cells fail 
to differentiate, remain in the proliferative pool and rapid- 
ly accumulate [23]. Nevertheless, leukaemic cells have not 
completely lost their potential to differentiate [13]. Human 
myeloid leukaemic cell lines have been reported to dif- 
ferentiate after exposure to numerous differentiating 
agents [7]. Differentiation induction therapy has been 
proposed for AML patients who are either unsuitable for 
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or unresponsive to conventional cytotoxic chemother- 
apy [8] as well as for patients with myelodysplastic syn- 
dromes [11]. 

At a concentration of 10 -6 M, retinoic acid has been 
shown to induce the differentiation of 90% of HL-60 
human promyelocytic leukaemia cells and 80% of U-937 
human monoblastic leukaemia cells [17]. Moreover, 
10 -6 M retinoic acid has been reported to induce partial 
differentiation of blasts from some AML patients in 
primary culture [1, 9, 16], an effect which was markedly 
enhanced by its combination with DNA synthesis in- 
hibitors [4, 9]. At a concentration of 5 n M, actinomycin D 
has been reported to induce differentiation of 80% of 
HL-60 human promyeiocytic ieukaemia cells, 50% of K562 
human erythroleukaemic cells and 45% of ML-I human 
myeloblastic ieukaemia cells [18]. In addition, 5 nM ac- 
tinomycin D has been shown to stimulate the differentia- 
tion of normal human marrow myeioid progenitor cells 
[10]. At a concentration of 100 mM, dimethylformamide 
has been reported to induce differentiation of 85% of 
HL-60 human promyelocytic leukaemic cells [2] and to 
stimulate the differentiation of immature, normal human 
marrow myeloid cells [12]. 

Since the heterogeneity of leukaemic cells can limit the 
effectiveness of a single differentiating agent, it is of clini- 
cal importance to seek combinations of more than one dif- 
ferentiating agent that can act on different portions of the 
leukaemic population to induce maximal differentiation 
[9]. In the present study, the response of AML blasts to 
10 -6 M retinoic acid, 5 nM actinomycin D and/or  
100 mM dimethylformamide alone and in combination 
with each other in primary culture was examined. The 
results show that the triple combination of 10 -6 M retinoic 
acid + 5 nM actinomycin D + 100 mM dimethylfor- 
mamide induced differentiation of 90% of the blasts from 
22 of 24 AML patients on day 6 of primary culture. 

Patients and methods 

Cell preparation. Samples of 5 -1 0  ml heparinised 
peripheral blood were obtained from each of 24 AML 
patients [6 AMyL (MI), 6 AML (M2), 3 APL (M3), 
5 AMMoL (M4) and 4 AMoL (M5)] at the time of diag- 
nosis before therapy. Only specimens containing >70% 
blasts were studied. Mononuclear cells were isolated by 
layering over FicolI-Hypaque (density, 1.007) and cen- 
trifugation for 25 min at 600 g. Non-adherent mono- 
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Table !. Effect of 10 -6 M retinoic acid, 5 nM actinomycin D and/or 100 mM dimethylformamide alone and in combination with each 
other in primary culture on AML cell survival 

Differentiating Agent Concentration Viable cells (n)  a 
( x 105/ml) 

Control - 8.9 .92.8 
Retinoic acid (RA) 10 -6 M 7.24-_ 1.6 
Actinomycin D (Act-D) 5 nM 6.3_ 1.2 
Dimethyiformamide (DMF) 100 mM 6.4-92.5 
RA + Act-D 10 -6 M +  5riM 5.8+1.9 
RA + DMF 10 -6 M + 100 mM 6.1 +!.7 
Act-D + DMF 5 nM + 100 mM 5.5+2.7 
RA + Act-D + DMF 10 -6 M + 5 nM + 100 mM 5.3+2.3 

a The initial viable cell count on day 0 was 5 x 105 cells/ml 

nuclear cells were obtained by two cycles of incubation in 
plastic tissue-culture plates, each for 1 h at 37°C in a 
humidified incubator and an atmosphere containing 5% 
CO:. The viability of cells was > 96% as determined by the 
trypan blue exclusion test. These cells were composed of 
> 94% blast cells as judged by morphological examination 
of Hyel-Romanowsky-stained cytocentrifuge smears on 
day 0. 

Cell culture. Non-adherent mononuclear cells were cultured 
at a concentration of 5 x 105 cells/ml in 24-well tissue-cul- 
ture plates containing RPMI 1640 culture medium with 20% 
fetal calf serum, 10% autologous serum and 10% 5637-con- 
ditioned medium, which was prepared as previously 
described [15]. Cells were then incubated with 10 -6 M 
retinoic acid, 5 nM actinomycin D and I00 mM dimethyl- 
formamide alone and in combination with each other for 
6 days at 37 ° C in a humidified incubator and an atmos- 
phere containing 5% CO2. A control culture containing 
neither retinoic acid, actinomycin D nor dimethylformami- 
de was also set up under otherwise identical conditions. 

Assessment of differentiation on day 6. Using Hyel- 
Romanowsky stain, we morphologically prepared the 
cytocentrifuge smears on day 6 of primary culture; at least 

200 cells were scored for morphological maturation. The 
dual esterase staining of cytocentrifuge smears on day 6 
was carried out as previously described [27]; at least 200 
cells were scored for both chloroacetate esterase- and 
butyrate esterase-positive cells. The nitroblue tetrazolium 
dye-reducing test was carried out as previously described 
[9], and at least 200 cells were scored for the presence of in- 
tracellular blue-black formazan deposits. 

Results 

After 6 days of primary culture, the viability of cells in 
both control and treated cultures was >74%. Incubation 
for the entire 6 days with 10 -6 M retinoic acid, 5 nM ac- 
tinomycin D and 100 mM dimethylformamide alone and 
in combination with each other did not reduce their 
growth by > 40%. Spontaneous differentiation after 6 days 
of primary culture was found in control cultures of only 3 
(1 M2, I M3, I M4) of the 24 AML patients studied. 
Evidence for the ieukaemic origin of these differentiated 
cells included the correlation of specific types of mature 
cells appearing in primary treated cultures on day 6 with 
the FAB subtype of their AML blasts and the appearance 
of Auer rods in the differentiated cells of treated cultures 
in one case (Table I). 
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Fig. I, FAB subtypes of acute myeloid leukaemia. Response of AML blasts to I H.M retinoic acid (RA), 5 nM actinomycin D (Act-D) 
and/or I00 m M dimethylformamide (DMF) alone and in combination in primary culture. Morphologically mature cells include mature 
granulocytes and monocytes 
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Fig. 2. FAB subtypes of acute myeloid leukaemia. Response of AML blasts to 1 ~M RA, 5 nM Act-D and/or  100 I.tM DMF alone and in 
combination in primary culture (esterases + ve cells). Symbols are the same as those shown in Fig. I 
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Fig. 3. FAB subtypes of  acute myeloid leukaemia. Response of AML blasts to 1 ItM RA, 5 aM Act-D and/or  100 IxM DMF alone and in 
combination in primary culture (nitroblue tetrazolium dye-reducing cells). Symbols are the same as those shown in Fig. 1 

Table 2. Induction of differentiation of human AML blasts in primary culture (n = 24 patients) 

Differentiating agent Morphologically P" Esterases P Nitroblue P 
mature cells + ve cells tetrazolium dye- 
(%) a (%) b reducing cells (%) 

Control(none) 13.2+!1.5 - 16.2+15.6 - 11.4_+ 9.3 - 
Retinoic acid (RA) 10 -6 M 43.7::t:32.6 <0.001 48.8-+ 12.7  <0.001 43.6-+34.5 <0.001 
Actinomycin D (Act-D) 5 nM 18.3 + 12.0 NS 23.8+ 13.2 NS 18.7+ 11.6 NS 
Dimethylformamide (DMF) 100 mM 19.5+ 11.6 NS 18.9__. 11.8 NS 18.1 -+ 10.9 NS 
RA + Act-D 51.1+32.9 <0.001 53.4+37.2 <0.001 49.6-+31.7 <0.001 
RA + DMF 50.6+32.8 <0.001 53.5+37.1 <0.001 46.3+32.0 <0.001 
Act-D + DMF 42.2±24.9 <0.001 48.6±29.7 <0.001 33.6-+23.7 <0.001 
RA + Act-D + DMF 89.6± 7.5 <0.0001 89.9+ 6.1 <0.0001 84.8+ .4.9 <0.0001 

a Including metamyelocytes, mature granulocytes and monocytes 
b Including chloroacetate and butyrate esterases + ve cells 
* t-Distribution test in comparisons with controls; NS, not significant 

After  6 days of  pr imary  culture, 10-6 M retinoic acid 
increased the number  of  morphologica l ly  mature  cells, 
esterase + ve cells and  ni t roblue tetrazolium dye-reducing 
cells from only 13.2%+11.5%, 16.2%+ 15.6% and 
11.4%+9.3% in control  cultures to 43.7%+32.6%, 

0 + o 48.8%+ 12.7% and 43.1K0_34.5K0, respectively (Fig. ! - 3 ) .  
The response of  A M L  blasts to l0 -6 M retinoic acid in 
pr imary culture varied among the 24 patients studied. 
Whereas most A M L  blasts from patients with acute 
promyelocyt ic  leukaemia (APL)M3 and acute myelo- 

monocyt ic  leukaemia ( A M M o L ) M 4  were induced  to dif- 
ferentiate after 6 days o f  pr imary  culture with 1 0 - 6 M  
retinoic acid, those from patients with acute mye |oblas t ic  
leukaemia (AML)M2 and acute monoblas t ic  leukaemia  
(AMoL)M5 showed only part ia l  matura t ion  and  those 
from patients with acute myeloblas t ic  leukaemia  
(AML)MI  were resistant (Fig. 1 -3 ) .  

Both 5 n M  act inomycin D and 100 m M  dimethyl form-  
amide  were weak inducers o f  d i f ferent ia t ion o f  human 
A M L  blasts in pr imary culture (Figs. i - 3 ) .  The blasts 
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from patients with AMoL(M5) were the only FAB subtype 
to respond to these two agents with partial differentiation, 
an effect that was enhanced by their combination only in 
this particular subtype (Figs. 1-3). Whereas the addition 
of either 5 nM actinomycin D or I00 m M  dimethylfor- 
mamide to retinoic acid-treated cultures containing blasts 
from patients with AML(M2) and AMoL(M5) increased 
the number of morphologically mature cells, esterase + ve 
cells and nitroblue tetrazolium dye-reducing cells to 
63.1%+9.9%, 67.1%+ 12.0% and 61.3%+ 12.5% and 
44.0% + 3.5%, 47.9% + 5.1% and 37.0% _+ 2.8%, respectively, 
the blasts from patients with AML(MI) remained resistant 
(Figs. 1-3). Not only did the triple combination of 10 -6 M 
retinoic acid + 5 nM actinomycin D + 100 mM dimethyl- 
formamide induce maximal differentiation of > 85% of the 
blasts from all patients with AML(M2), APL(M3), 
AMMoL(M4) and AMoL(M5), but it also more sig- 
nificantly increased the number of morphologically ma- 
ture cells, esterase + ve cells and nitroblue tetrazolium 
dye-reducing cells in cultures containing blasts from four 
of the six AM L(M 1) patients to 90.1% + 6.8%, 93.2% + 4.1% 
and 84.0%+ 6.7%, respectively (Figs. 1-3). 

Table 2 shows a statistically significant difference in 
the number of morphologically mature cells, esterases 
+ ve cells and nitroblue tetrazolium dye-reducing cells be- 
tween control and retinoic acid-treated cultures on day 6. 
This statistically significant difference did not increase 
after the addition of 5 nM actinomycin D or I00 mM 
dimethylformamide alone to retinoic acid-treated cultures 
but was profoundly increased by the addition of both 
5 nM actinomycin D and 100 mM dimethylformamide 
(Table 2). 

Discussion 

The major finding of the present study is that the triple 
combination of retinoic acid + actinomycin D + di- 
methylformamide induced differentiation in >90% of 
blasts from 22 of the 24 AML patients studied after 6 days 
of primary culture. The exact mechanism of action of these 
differentiating agents is still unknown. One explanation is 
that such agents act on different stages of the differentia- 
tion process and can therefore produce by complementa- 
tion the stimulus required for maximal differentiation. 

Some reports recently suggested a two-step model for 
inducing terminal differentiation by which the process of 
myeloid cell differentiation can be resolved into early 
events leading to precommitment and late events leading 
from precommitment to commitment and cell maturation 
[26, 28]. Whereas early events anteceding precommitment 
regulate growth arrest, late events subsequent to precom- 
mitment regulate the choice of a specific differentiation 
lineage [29]. The results of several preliminary reports have 
shown an excellent response to retinoic acid given alone 
only in APL patients [25]. This drug showed a striking ad- 
vantage over conventional cytotoxic chemotherapy for 
APL patients; instead of destroying leukaemic cells and 
causing the release of procoagulant factors from the 
azurophilic granules into the circulation, which usually 
results in disseminated intravascular coagulopathy (DIC), 
retinoic acid induced leukaemic cell differentiation in 
APL patients and thus avoided the release of such 
coagulant factors during therapy [25]. 

Francis et al. [5] recently reported that seven AML and 
MDS patients who failed to respond to single-agent dif- 
ferentiation therapy showed a clinical response after treat- 
ment with retinoic acid + DNA synthesis inhibitor, sug- 
gesting that such a combination may be more effective 
than single-agent differentiation therapy. Since the com- 
bination of N-methylformamide (a compound similar to 
dimethylformamide) with cyclophosphamide significantly 
increased the in vivo activity with no concomitant increase 
in its reversible hepatotoxicity [21], it may be feasible to 
combine polar compounds related to dimethylformamide, 
e.g. hexamethylene bisacetamide and N-methylformami- 
de, with retinoic acid and/or  actinomycin D in phase II 
clinical trials in AML patients. 

High-dose retinoic acid has been given for up to 
4 years in AML patients in remission, with no significant 
clinical or biochemical toxic effects [22]; this was believed 
to involve a metabolic adaptation through increasing the 
biliary excretion of retinol metabolites as the liver retinol 
concentration increases [14, 20]. Since the treatment of 
myeloid leukaemic cells with a combination of differentia- 
tion inducers and low-dose antileukaemic drugs has been 
reported to suppress the emergence of differentiation- 
resistant cells [19], the triple combination of retinoic acid 
+ actinomycin D + dimethylformamide may be benefi- 
cial as an effective maintainance therapy for AML patients 
in remission. 
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