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1,25(OH),D, and two stereoisomers of retinoic acid, all trans and 9-cis retinoic acid, are regulators
of cell proliferation and differentiation. The aim of this study was to evaluate the effects of a
combination of 1,25(OH),D, and retinoic acid (all trans or 9-cis) on proliferation and cell differen-
tiation of the human promyelocytic leukemia cell line HL60, and to test the reversibility of the
induced differentiation. Cell proliferation was inhibited as expected by 1,25(OH),D, and all trans
retinoic acid alone (IC, of cell survival was 4 x 107" M, 9 x 107*M and 9 x 10-’ M for 1,25(0OH),D,,
all trans and 9-cis retinoic acid, respectively). Combination of 1,25(OH),D; and either form of
retinoic acid resulted in a partially additive decrease in cell proliferation. 1,25(OH),D; induced a
monocytic differentiation (100%, CD14+ cells with 107’ M 1,25(OH),D,), while retinoic acid led to a
predominantly granulocytic differentiation (36 and 429, CD67 + cells with 10~¢ M all trans and 9-cis
retinoic acid, respectively). Additive effects on differentiation were observed upon combination of
subtherapeutical doses of the drugs, achieving a mainly monocytic population, demonstrating the
dominant role of 1,25(OH),D, in determining the direction of differentiation. The effects on
proliferation and differentiation of the solitary drugs were reversible, while the proliferation arrest
and differentiation induced by the combination persisted and even progressed after withdrawal of
the drugs. We conclude that 1,25(0OH),D, and retinoic acid (all trans or 9-cis) exert additive effects
on inhibition of proliferation and induction of cell differentiation of HL60 cells, leading to a
persistent differentiation, even after drug withdrawal.
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INTRODUCTION longing to the immune system. For this reason the

The classical role of the steroid hormone 1,25(0H),D, influence of 1,25(0H),D; on cell growth has been

. . . > examined. A vast amount of literature exists on the
on calcium homeostasis has long been recognized. This . . . .
. . in virro effects of 1,25(OH),D; on the proliferation and
hormone acts through an intracellular receptor leading

. . . . . > induction of differentiation of benign and malignant
to gene-regulating functions mediating various biologic

cells [2, 3].
responses. The rec.eptor hgs been cloned and fognd to The active form of vitamin D, 1,25(OH),D,, is an
belong to the steroid/thyroid hormone superfamily [1). important inhibitor of cell proliferation and stimulator
The 1,25(OH),D; receptors are not only present in P P

classical target tissues, regulating calcium homeostasis of cell differentiation, when added to the human
but are also found in ; wide variety of “non-classical” promyelocytic leukemia cell line HL60 [4-6]. Similar

. . . . . effects are observed with other substances, such as
target tissues, including normal or malignant kerati-

nocytes, breast cancer or prostatic cells and cells be- phorbol myristate acetate (PMA), dimethyl sulfoxide
Ve, P ¢ (DMSOQO), all trans retinoic acid and, as recently

} . i demonstrated, also 9-cis retinoic acid [{7-20]. Several of
Proceedings of the 1X International Congress on Hormonal Steroids, . .
Dallas, Texas, U.S.A., 2429 September 1994, these agents are already used in wvivo [21-33].
*Correspondence to R. Bouillon. 1,25(0OH),D, and retinoic acid are both hormones that
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achieve their effects through interactions with their
respective receptors, members of the same superfamily
of nuclear steroid hormone receptors [34-37]. Re-
cently, interactions between the vitamin D receptor
(VDR) and one of the retinoid receptors, retinoic X
receptor (RXR), have been described [38-39]. These
interactions, namely the formation of heterodimers
between activated VDRs and RXRs, are probably
important steps in the activation of intracellular path-
ways by 1,25(OH),D;. The presence of the natural
ligand for RXR, 9-c¢is retinoic acid, appears not to be
absolutely necessary to allow the heterodimer for-
mation, but seems to be a facilitating factor [38]. A first
aim of the present study was therefore to evaluate the
effects of combining 9-cis retinoic acid or all trans
retinoic acid with 1,25(OH),D, on cell proliferation and
differentiation of HL.60 cells.

A second point of interest was the direction of
differentiation induced by the combination of
1,25(0OH),D; and retinoic acid (all trans or 9-cis).
Previous reports demonstrated that 1,25(OH),D; in-
duced monocytic, while retinoic acid mainly induced
granulocytic differentiation [4-7, 9]. The direction in-
duced by a combination of 1,25(0OH),D; and retinoic
acid will be a reflection of the priority of the intracellu-
lar action pathways.

Finally, the last aim was to study the reversibility of
the effects induced by 1,25(OH),D; and retinoic acid
alone or in combination. Due to incomplete differen-
tiation induced by each drug alone, a return to leukemic
cells can be observed in vitro and in vivo, necessitating
continuous application of the drugs to maintain their
effect [9,40]. Achieving terminal and irreversible
differentiation and growth arrest of the leukemia cells
by a harmless, short term treatment is therefore a
major goal in designing research and future treatment
strategies [41-57]. In the present study, we present
evidence for the achievement of prolonged differen-
tiation and growth arrest induced by a combination of
1,25(OH),D; and retinoic acid (all trans or 9-cis).

MATERIALS AND METHODS
Cell line and culture conditions

The human promyelocytic leukemia cell line, H1.60,
was obtained from the American Type Culture Collec-
tion (ATCC, Rockville, MD). Cells were seeded at
1 x 10°/ml in 80 cm? Falcon (Becton Dickinson, Erem-
bodegem, Belgium) tissue chambers in RPMI-1640
medium supplemented with 209, heat-inactivated fetal
calf serum (Gibco, Paisley, Scotland) and Gentamycin
50 pg/ml (Gibco, Paisley, Scotland). Final volume was
25 ml.

1,25(0OH),D; and 9-cis retinoic acid were a gift from
M. Uskokovic (Hoffman-La Roche, Nutley, NJ) and
all trans retinoic acid was purchased from Sigma (St
Louis, MO). These drugs were added to the cell culture
in ethanol (final concentration below 0.29,) simul-
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taneously at the start of the expcriments. Control
cultures treated with vehicle alone showed no evidence
of cell differentiation (data not shown). Cells were
incubated for 4 or 6 days for the reversibility tests in
a humidified atmosphere of 5%, CO, in air at 37°C.
After 4 or 6 days, the Falcon flasks were gently shaken
to loosen adherent cells. Cells were washed twice in
RPMI, consequently counted and assayed as described
below. In the reversibility experiments, cells were then
seeded at 2 x 10°/ml and incubated in the above de-
scribed medium and conditions in the absence of the
test-substances for another 48 or 96 h.

Cell proliferation assays

After 4 days of incubation and for the reversibility
assays after 6 days of incubation or 48 and 96 h after
withdrawal of the test drugs, the culture flasks were
gently shaken to loosen adherent cells and cells were
counted. T'rypan blue exclusion was used to distinguish
living cells. Cell proliferation was assessed by measur-
ing methyl[?’H]thymidine incorporation. Cells were
seeded at 1 x 10%/ml in the medium described above in
a 96-well microtiter plate in a final volume of 200 ul
per well. Triplicate cultures were performed. 1 uCi
methyl[?’H]thymidine (ICN, Asse, Belgium) was added
per well and cells were harvested after 7 h incubation
at 37°C, 5% CO,, on filter paper (Whatman 934AH,
Maidstone, U.K.) by a semiautomatic cell harvesting
system and their radioactivity was counted in a liquid
scintillation counter (Coulter electronics Ltd, Dun-
stable Beds, England).

NBT reduction assay

Superoxide production was assayed by NBT-
reducing activity. HL60 cells at 1 x 10° cells/ml were
mixed with an equal volume of freshly prepared sol-
ution of phorbol 12-myristate 13-acetate (200 ng/ml)
and NBT (4-nitroblue tetrazolium) (2 mg/ml) and in-
cubated for 30 min at 37°C. The percentage of cells
containing black formazan deposits was determined
using a hemacytometer.

Flow cytometry

The presence of cell surface markers was evaluated
by a broad panel of monoclonal antibodies: CD14,
HLADR (Becton Dickinson, Erembodegem, Belgium),
CD36, CD67, CD71 (Serotec, Oxford, England) and
CD24 (Janssen Pharmaceuticals, Geel, Belgium).
CD14 and HLADR were studied as markers for mono-
cytic differentiation. CD14 seems to be one of the most
monocyte specific antigens and is mainly expressed on
mature monocytes and macrophages. It seems to play
a role in T cell activation as an adhesion molecule.
Another important molecule for T cell activation by
monocytes and macrophages, that is upregulated when
differentiation towards monocytes occurs, is the class 11
HLADR molecule, playing a crucial role in Ag presen-
tation. As specific granulocyte surface markers, we used
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Fig. 1. Dose-dependent inhibition of proliferation and stimulation of differentiation of HL60 cells by

1,25(0H),D; (O), all trans (/) and 9-cis retinoic acid (A). HL60 cells (1 x 10°/ml) were incubated for 4 days

with increasing concentrations of the test drugs. Cells were counted and NBT reducing capacity was assayed.
All experiments were performed at least 3 times and mean values + SD are shown.

CD24, present on B cells and granulocytes, and
CD67, a maturation (and activation) marker for gra-
nulocytes.

After 4 or 6 days of incubation with the differentiat-
ing agents and 48 and 96 h after withdrawal), cells were
washed twice with ice cold PBS and incubated for
20 min at 4°C with the monoclonal antibodies. Conse-
quently cells were washed twice with ice cold PBS and
fixed with 19, paraformaldehyde. Cells were analysed
on a Facsstar Plus flowcytometer (Becton Dickinson,
Erembodegem, Belgium).

Morphology

Cytospins were made, using a cytocentrifuge and
slides were stained with May-Griinwald-Giemsa.
Slides were scored by 2 independent investigators by
light microscopy.
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RESULTS

Effect of 1,25(0H),D;, all trans and 9-cis retinoic acid
on cell growth

A first parameter of cell growth was the number of
living cells (recognized by trypan blue exclusion) re-
maining in culture. These data [Fig. 1(a)] clearly
demonstrate the existence of a dose-dependent inhi-
bition of cell survival after incubation with
1,25(0H),D,, all trans and 9-c¢is retinoic acid alone
(ICs, was 4 x 107" M, 9 x 10°*M and 9 x 10~" M for
1,25(0H),D;, all trans and 9-cis retinoic acid, respect-
ively). An additive effect by combining 1,25(0OH),D,
and one of both forms of retinoic acid was observed
[Fig. 2(a)]. These data were completely paralleled by
the data of thymidine incorporation (data not shown),
illustrating inhibition of active cell proliferation. Both
forms of retinoic acid were slightly more active than
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Fig. 2. Partial additive effect of 1,25(OH),D, and retinoic acid (all trans or 9-cis) on cell proliferation and

differentiation of HL60 cells. HL60 cells (1 x 10°/ml) were incubated for 6 days with 1,25(OH),D, (10~*M) or

retinoic acid (1077 M) (all trans or 9-cis) alone, or with a combination of both drugs. Again cell count,

thymidine incorporation and NBT reduction was performed. Experiments were performed in 3-fold and mean

values + SD are shown. @, control; (O, 1,25(0H),D;; A, 9-cis; A, all trans; V7, 1,25(OH),D, and 9-cis; and V¥,
1,25(OH),D, and all trans retinoic acid.
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1,25(OH),D; in inhibiting cell proliferation and clear
additive effects could be seen upon combination of
either form of retinoic acid with 1,25(0OH),D,. Combi-
nation of both retinoic acid isomers alone and of all 3
drugs together had no supplementary additive effect
(data not shown). True effects on cell proliferation had
to be distinguished from direct toxic effects.

To assess reversibility of the effects on cell prolifer-
ation, HL60 cells were incubated for 6 days with
1,25(0OH),D, and/or retinoic acid and cell proliferation
was evaluated at 0, 48 and 96 h after withdrawal of the
drugs. Cell count as well as thymidine incorporation
[Fig. 3(a and b)] clearly demonstrated reversibility of
the growth arrest induced by 1,25(OH),D; or retinoic
acid alone (increase of cell proliferation in 96 h after
withdrawal of 1,25(OH),D, is 2.5-fold and of all trans
and 9-cis retinoic acid was 3.1- and 4-fold, respect-
ively), while a full, irreversible growth arrest and even
decrease in cell number was achieved by combining
1,25(OH),D; and retinoic acid (all trans or 9-cis) (a
reduction in cell number of 50 or 309, was observed
with the combination of 1,25(OH),D; and all trans or
9-cis retinoic acid, respectively).

Effects of 1,25(0H ),D;, all trans and 9-cis retinoic acid
on cell differentiation

Expression of cell surface markers. A broad panel of
cell surface markers were used to determine the nature
and extent of differentiation induced by the different
substances.

A. Verstuyf et al.

As Fig. 4 demonstrates, 1,25(OH),D; induced a dose
dependent monocytic differentiation (CD14 expression
in 1009 of cells incubated with 10~ M 1,25(OH),D;),
whereas retinoic acid mainly induced granulocytic
features, also with, however, some monocytic charac-
teristics (14/16% CD14 and 36/429%, CD67 positive
cells induced by 10°¢M all trans[9-cis retinoic acid,
respectively). The direction of differentiation induced
by the combination 1,25(OH),D; and retinoic acid (all
trans or 9-cis) was clearly dominated by 1,25(0OH),D,,
since CD14 was present on almost 1009%, of cells, but
here again granulocytic characteristics were present,
especially in the combination of 1,25(OH),D; and 9-cis
retinoic acid (Table 1).

Reversibility of the induced differentiation was
tested, by analyzing HL.60 cells, preincubated for 6
days with 1,25(0OH),D, andjor RA, 0, 48 and 96 h after
withdrawal of the drugs or their combination. Differen-
tiation induced by 1,25(0OH),D; and retinoic acid alone
proved to be reversible, especially the monocytic differ-
entiation by 1,25(0OH),D, alone (Fig. 5). The presence
of CD14, the main monocytic marker, decreased in
1,25(0OH),D; incubated cells (1078 M) from 91%, (0 h)
to 23%, (96 h after withdrawal) paralleled by the disap-
pearance of HLADR (99 at Oh to 29 at 96h after
withdrawal). The granulocyte markers on the retinoic
acid treated cells also decreased, but to a lesser extent
(13/31%, CD67 positive cells and 8/289%, CD24 positive
cells at O h for all trans and 9-cis retinoic acid, respect-
ively, was reduced to 10/189%, CD67 positive and
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Fig. 3. Reversibility of proliferation arrest and differentiation induced by 1,25(OH),D, or retinoic acid or a

combination of both drugs. Cell count, thymidine incorporation and NBT reducing capacity are shown. @,

control; O, 1,25(0OH),D;; A, 9-cis; A, all trans; V, 1,25(OH),D; and 9-cis; and ¥, 1,25(0H),D, and all trans

retinoic acid. Combinations of 1,25(0OH),D, and retinoic acid (all trans or 9-cis) induce irreversible growth
arrest and end stage differentiation.
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Fig. 4. Cell surface markers induced by 1,25(OH),D, or retinoic acid (all trans or 9-cis ). HL60 cells (1 x 10°/m1})

were incubated for 4 days with 1,25(OH),D, (O), all trans (A) and 9-cis retinoic acid (A) in increasing

concentrations. The number of differentiated cells increased with increasing concentrations of either drug.

1,25(0OH),D, induced preferentially monocytic markers, while retinoic acid induced granulocytic or mixed
features.

3/159%, CD24 positive cells at 96 h after withdrawal of
the drugs). A remarkable and consistent finding was
that after withdrawal of retinoic acid (all trans as well
as 9-cis), the weak CD14 expression that was already
present after 6 days incubation, increased to a consider-
able level (6/26%, CD14 positive cells at the moment of
withdrawal of all trans [9-cis retinoic acid, respectively,
increased to 19/359%, positive cells 96 h after with-
drawal).

The combination of 1,25(0OH),D; and retinoic acid
induced an irreversible and even progressing differen-
tiation. However, after drug withdrawal, a change
in surface markers could be observed, with a switch
from a mainly monocytic (100/929%, CD14 positive
cells and 21/649, CD67 positive cells at withdrawal of
all trans[9-cis retinoic acid, respectively) to a cell
population expressing mixed cell surface markers
(CD67 presence increased to 80/76%, of all trans(9-cis

Table 1. Cell surface marker analysis of HL60 cells

1,25(0H),D,  all trans RA 9-cis RA  1,25(0H),D,+  1,25(0H),D, +
Control (1078 M) (107" M) (107" M) all trans RA 9-cis RA
CD14 341 91 +8 6+3 26+3 100+ 1 92+1
HLADR 341 945 743 17+ 2 18+6 40 +2
CD24 S5+1 8+2 8+1 28 +8 28+9 57 +8
CD67 4+1 8+3 13+3 31+4 21+2 64+3

HL60 cells (1 x 10°/ml) were incubated for 6 days with 1,25(OH),D, (10-8 M), all trans (10-7 M), 9-¢is retinoic
acid (10-"M) and a combination of these drugs. After 6 days cells were washed and incubated with a panel
of monoclonal antibodies. Analysis was performed on a Facstar Plus. 1,25(0H),D; induced monocytic
differentiation, both isomers of retinoic acid induced a mainly granulocytic differentiation (with also some
monocytic characteristics) and the combination of 1,25(OH),D, and the retinoic acids induced a mainly
monocytic differentiation, and also, especially with 9-cis retinoic acid, important granulocytic characteristics.

Mean values + SD are shown.



436

a
(a) HLA DR
100
80 |—
¥
ﬁ
< 60—
(&}
L5
k<
£
40
0 : S —
0 48 9
C
(c) CD24
100
80 |-
=
Z 60
Q
Q
Q
i
€ 4| /
— 1
0 . *
0 48 96

Time after withdrawal (h)

A. Verstuyf et al.

(® CDl14
T '\
| T
80 |—
60 |—
40 |-
°l /I\I
I
L3 3 ;
: 0 48 96
(d) CD67
100 |-
80 |—
60 |-
40 |-
2
—
H——=
0 33—
0 48 96

Time after withdrawal (h)

Fig. 5. Reversibility of differentiation induced by 1,25(OH),D, or retinoic acid (all trans or 9-cis). Cells were
analyzed with a spectrum of monoclonal antibodies after 6 days of incubation with either drug, alone or with
a combination of drugs. Analyses were also performed 48 and 96 h after withdrawal of the original drugs. @,
control; O, 1,25(0H),D,; A, 9-cis; A, all trans; ¥V, 1,25(OH),D; and 9-cis; and ¥, 1,25(0OH),D, and all trans
retinoic acid. Cell surface markers induced by 1,25(0OH),D; alone, disappeared quickly after withdrawal of the
drug. Also the granulocytic markers induced by retinoic acid diminished after withdrawal, with, however, an
increase in CD14. After incubation with the combination of 1,25(OH),D, and retinoic acid (all trans or 9-cis),
cell surface markers remained present and even increased after withdrawal of the drugs, suggesting
irreversible and even progressing differentiation.

retinoic acid incubated cells 96 h after withdrawal of
the drugs).

Functional differentiation of HL60 cells. The func-
tional capacity of the HL60 cells was tested via the
NBT reduction test. This test is rather aspecific, since
granulocytes as well as monocytes will stain positive.

Figure 1(b) demonstrates the dose dependent induction
of functional differentiation by 1,25(OH),D, and
retinoic acid (all trans or 9-cis retinoic acid) and
Fig. 2(b) also shows additive effects here between
1,25(0OH),D, and retinoic acid. NBT reducing activity
was increased from 65, 81 and 88%, with 1,25(OH),Ds,
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all trans and 9-cis retinoic acid alone, respectively, to
100% or upon combination of 1,25(OH),D, with all
trans retinoic acid or 9-cis retinoic acid. In Fig. 3(c)
the persistence of this functional maturation induced
by a combination of 1,25(OH),D, and retinoic acid
is demonstrated. While the NBT reducing capacity of
the drugs alone was lost (from 65 to 4% for
1,25(0OH),D; and 81/889%, to 19/219, for all trans [9-cis
retinoic acid, respectively), almost all cells incubated
with the combination maintained a full functional
capacity.

Morphology

Cytospin samples, stained with May-Griinwald
Giemsa confirmed the direction and extent of differen-
tiation of the HIL.60 cells induced by the different
substances and their combinations (Fig. 6). The
HL60 cells differentiate towards monocytes with
1,25(0OH),D, and granulocytes with retinoic acid.
Combinations of 1,25(OH),D; and retinoic acid induce
mainly monocytic characteristics. After withdrawal
of the drugs, 1,25(OH),D; or retinoic acid treated
cells regain the leukemic phenotype and cell divisions
appear more frequently. Cells in the combined treat-
ment group remain well differentiated, with mixed
phenotypes appearing, and apoptotic cells can be
seen.

DISCUSSION

Promyelocytic leukemias are characterized by a
differentiation arrest at an immature, still proliferating
cell stage [9, 11, 27, 29]. Treatment perspectives there-
fore not only include (new) cytostatic drugs but more
interestingly differentiation-inducing agents [4-20].
Clinical results with these differentiating drugs are
encouraging [21-33], but their application remains
limited mainly through their toxicity, especially after
long term treatment [9]. This long term treatment is
necessary to maintain cell differentiation and to prevent
the return to the original malignant state. Combination
of several of the differentiating agents could increase
their efficacy in inducing terminal, irreversible differ-
entiation and growth arrest of the leukemic cells and
allow for dose reduction, thereby decreasing their side
effects.

In the present study, we investigated the effects of
combining 1,25(0OH),D; and retinoic acid (all trans or
9-cis) on the human promyelocytic leukemia cell line,
HIL.60.

1,25(0H),D;, the active form of vitamin D, and
retinoic acid both achieve their cellular effects through
interaction with their proper receptors that are mem-
bers of the steroid/thyroid hormone superfamily
[34-37]. This family not only includes the vitamin D
receptor (VDR) and retinoic acid receptor (RAR), the
receptors for 1,25(OH),D; and af/ rrans retinoic acid,
respectively, but also the retinoic X receptor (RXR)
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(the true receptor for 9-c¢is retinoic acid), the thyroid
receptor and other steroid hormone receptors. A major
part of the cellular effects of 1,25(0OH),D; is mediated
through interactions between the activated VDR and
the RXR [38, 39]. 1,25(OH),D, can indeed work along
two distinct pathways, the first being through the
formation of homodimers between 2 activated VDRs,
that will then bind to DNA and initiate a cascade of
cellular events. Recently, however, a second and more
generally used pathway has been described, whereby
the activated VDR forms a heterodimer with an RXR
and then interacts with vitamin D responsive elements
in the DNA, leading to gene transcription (e.g. 0s-
teopontin). The presence of the natural RXR ligand,
9-¢1s retinoic acid, is not absolutely necessary to allow
heterodimer formation, but seems to be a permissive
factor [58-60]. The main point of interest of our study
was therefore to examine whether the presence of
this ligand would modify the intracellular action of
1,25(0H),D;.

We found indeed an additive effect between
1,25(0OH),D, and 9-cis retinoic acid on proliferation
and differentiation of HL60 cells, but also all trans
retinoic acid potentiated the actions of 1,25(OH),D,.
These experiments do not allow us to draw any
conclusions on the exact mechanisms of interaction
between 1,25(OH),D; and both forms of retinoic
acid. Indeed, the observed potentialization of the
1,25(0OH),D, effect by retinoic acid could just be the
result of the independent action of both substances
through their own receptor, but the stimulation of
heterodimer formation (VDR-RXR) by the presence of
the natural ligand for RXR, 9-cis retinoic acid, could be
an important additional factor. This is suggested
mainly by the fact that addition of 9-¢is retinoic acid
potentiates the 1,25(0OH),D;-effect more efficiently
than all trans retinoic acid. A/l trans retinoic acid can
namely also interact with the RXR, but only after
isomerization into 9-¢is retinoic acid. Additional exper-
iments are needed to elucidate the importance of those
intracellular interactions.

Previous reports on combinations of all trans retinoic
acid and 1,25(OH),D; in leukemia are conflicting, with
some reports demonstrating either synergism [61] or no
additive effect, depending on the cell line used [62-64]
while others even showed clear antagonism [64]. The
additive effect of 1,25(OH),D; and retinoic acid on
differentiation observed in our experiment contradicts
the results of Oberg et al. [64]. In these experiments,
preincubation of HL60 cells with all trans retinoic acid
antagonized the differentiating action of 1,25(OH),D,.
This antagonism could be explained, as the authors
suggest, by the downregulation of VDR by all trans
retinoic acid. In our experiments, however, both drugs
were added simultaneously, thus allowing for direct
interactions. The importance of simultaneous addition
to observe additive and even synergistic effects between
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retinoic acid and 1,25(OH),D, was also described by
others [62].

Confirming previous findings [4-7], the direction of
the induced differentiation was mainly monocytic for
1,25(0OH),D,;. The differentiation induced by the
retinoic acids was mainly granulocytic, but, especially
when using higher doses of 9-¢is retinoic acid, mono-
cytic characteristics also arose. The induction of mixed
monocytic/granulocytic features on HL60 cells by
retinoic acid has already been observed previously,
since it has been demonstrated that retinoic acid could
induce the c-fms (monocyte colony-stimulating factor
receptor) gene in HLL60 cells [65]. After withdrawal of
retinoic acid from the culture supernatant, this mono-
cytic differentiation direction became even more appar-
ent. Upon combination of 1,25(0OH),DD; and retinoic

A. Verstuyf et al.

acid (all trans or 9-cis), the main direction of differen-
tiation was clearly monocytic. Others have also demon-
strated this predominance of 1,25(OH),D; over retinoic
acid in determining the direction of differentiation
[62, 63]. This monocytic differentiation may be a gain
in clinical applications of retinoic acid in the treatment
of promyelocytic leukemias, since the most severe
complication of treatment with retinoic acid is the
“retinoic acid syndrome”’, characterized by a pulmon-
ary leukostasis, coinciding with a rapid increase in the
number of mature granulocytes [66, 67].

The most important advantage of the combined use
of 1,25(OH),D; and retinoic acid is that the achieved
differentiation stage is persistent, with even pro-
gression of differentiation to more mature stages and
cell death, after removal of the drugs from the culture

(b)

(d)

Fig. 6(a—f )—legend opposite
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Fig. 6. Morphology of HL60 cells incubated with 1,25(OH),D, (10~® M) or retinoic acid (all trans or 9-cis,
1077 M) or a combination of both drugs. Cells were stained with May-Griinewald-Giemsa ( x 1250) after 6 days
incubation and 48 and 96 h after withdrawal of drugs. The original leukemic cells (a) differentiate towards
monocytes with 1,25(OH),D, (b) and granulocytes with retinoic acid (c¢). Combinations of 1,25(OH),D, and
retinoic acid induce mainly monocytic characteristics (d and e). After withdrawal of the drugs, 1,25(OH),D,
(f) or retinoic acid (g) treated cells regain the leukemic phenotype and cell divisions appear more frequently.
Cells in the combined treatment group remain well differentiated, with mixed phenotypes appearing (h and
i), and apoptotic cells (j) can be seen.

medium. This progression of differentiation, even days
after withdrawal of the initial drugs, can probably be
explained by the achievement of a certain differen-
tiation stage, where cytokine production arises enabling
further differentiation [68]. Irreversible differentiation
of leukemic cells by a safe and short term treatment is
the final goal in the treatment of leukemic patients. Up
to now, this final differentiation could only be main-
tained through long term and repetitive administration
of drugs (e.g. retinoic acid) [9]. Upon withdrawal,
frequent recurrences are noted, indicating that
leukemic cells still persisted in the bone marrow. Also
in vitro it has been proved previously that the effects of
differentiating agents such as 1,25(OH),D; and retinoic
acid are reversible, partly because of true reversion of
more differentiated cells to less differentiated cells and
partly due to overgrowth by remaining undifferentiated
leukemic cells [9]. A combination of differentiating
agents, however, may provide a solution.

In conclusion, these data demonstrate that a combi-
nation of 1,25(OH),D; and retinoic acid (all trans or
9-cis) leads to an additive inhibition of proliferation of
HL60 cells and more importantly, induction of persist-

ent differentiation towards monocyte like cells. After
removal of the hormones, cell growth does not recur
and differentiation progresses even further. Clinical
application in myeloid leukemias could be considered,
especially by wusing new synthetic analogs of
1,25(0H),D,, with less calcemic effects and even more
potent differentiating capacities [69-71].
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