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Moduliation of Growth Factor Receptors on Acute Myeloblastic Leukemia Cells by

Retinoic Acid
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The effects of retinoic acid (RA) on the proliferation of acute myeloblastic leukemia (AML) cells
were studied. AML samples were divided into three groups. Namely, RA stimulated blast colony
formation by AML samples in group A and inhibited that by the samples in group B, regardless of
added growth factors. For the samples in group C, RA inhibited the colonies formed by granulocyte
colony-stimulating factor (G-CSF) but stimulated those by granulocyte macrophage CSF (GM-CSF),
To investigate the mechanism involved, the effects of RA on growth factor receptors on AML cells
were examined by flow cytometry using fluorclabeled ligands, For the samples in groups A and B, RA
affected neither G-CSF receptor (GR) nor GM-CSF receptor (GMR). For the samples in group C,
exposure to 10~7 M RA for 1 day clearly increased GMR, but did not affect GR, This finding supports
the hypothesis that the increase of GMR is one of the causes of the stimulative effects of RA on cells

cultured with GM-CSF in group C.
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Retinoic acid (RA) induces neutrophilic differentia-
tion of acute promyelocytic leukemia (APL) cells,™?
which have a rearranged retinoic acid receptor (RAR) a
gene.” However, the effects of RA on the proliferation of
normal hemopoietic cells and acute myeloblastic leuke-
mia (AML) cells are little known. We showed that RA
had three types of effects on the colony formation by
AML cells.” Namely, for some samples, RA stimulated
the colony formation regardless of added growth factors.
For other samples, RA inhibited it regardless of the fac-
tors. In a third group, RA inhibited the colonies formed
by granulocyte colony-stimulating factor (G-CSF), but
stimulated those by granulocyte macrophage colony-
stimulating factor (GM-CSF). We supposed that RA
might induce the production of some growth factors in
AML cells, but attempts to detect such factors were un-
successful. Interestingly, we found that RA inhibited the
colony formation of normal bone marrow cells exposed
to G-CSF and stimulated that of cells exposed to GM-
CSF.¥ Therefore, the third type of response of AML cells
to RA may reflect that of normal hemopoietic cells.

In this paper, in order to clarify the mechanism of the
findings described above, we examined the effects of RA
on growth factor receptors of AML cells.

MATERIALS AND METHODS

Blast cells Fresh leukemic cells were obtained with in-
formed consent from eight AML patients, each assigned
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a unique identifying number. The clinical data of the
patients are summarized in Table 1. Leukemic blast cells
were separated from the peripheral blood by two Ficoll-
Hypaque centrifugations, as described previously.” Cells
were cultured immediately or preserved until use in
liquid nitrogen in the presence of 50% fetal calf serum
(FCS), 10% dimethylsulfoxide and a-minimal essential
medium (MEM).

Cell lines Four cell lines were used. OCI/AMIL-4,
OCI/AML-5 and OCI/AML-6 were established from
the peripheral blood of AML (FAB M4) patients, These
lines are growth-factor responsive and their character-
istics were reported previously.*” NB4 is a factor-inde-
pendent cell line established from APL (FAB M3) cells
with t(15;17) by Lanotte et al®

RA and growth factors All-trans-RA (Sigma Chemical,
St. Louis, MO) was prepared just before use in 100%
ethanol and diluted into growth medium at desired con-
centrations. The final concentration of ethanol in the
cultures did not affect cell growth. All the procedures
involving RA were performed in subdued light and cul-
ture plates containing RA were covered with aluminium
foil.

Recombinant human G-CSF and GM-CSF were gifts
from Drs. S. Clark and G. Wong (Genetics Institute,
Cambridge, MA). G-CSF and GM-CSF were used at
final concentrations of 100 and 500 units/ml respectively,
which supported optimal growth of AML cells.

Cell culture assay Cells were plated in 96-microwell
plates (Linbro, Flow Lab, McLean, VA) in 0.1 ml of
a-MEM containing 20% FCS, 0.8% methylcellulose



with G-CSF or GM-CSF or without added CSF, in the
absence or presence of increasing concentrations (107°
to 107° M) of RA. The cells were incubated in a moist
atmosphere at 37°C with 59 CQu. After 5-7 days, colo-
nies containing more than 20 cells were counted using an
inverted microscope.

For some samples, cells were cultured in suspension
under the same conditions described above. After 5-7
days, cell numbers were counted.

Receptor assay The difference in the ligand-binding
capacity of G-CSF receptor (GR) and GM-CSF receptor
{GMR) on the cells untreated and treated with RA was
examined. Leukemic cells were cultured in a-MEM con-
taining 209 FCS with or without 1077 M RA for 1 day.
The cells were washed twice in RFD1 wash buffer (R
and D systems, Minneapolis, MN) and incubated with 1
sg/mi of phycoerythrin(PE)-conjugated G-CSF or GM-

Table I.  Clinical Data of the AML Patients
Patient No.  FAB classification ~ WBC (/ul)  Blast cells (%)
328 M4 4,600 39
276 M2 47,500 23
440 M2 30,100 91
272 M2 22,300 28
365 M1 19,200 81
520 M2 82,300 25
232 M2 124,000 56
417 M1 5,000 36

Growth Factor Receptors and Retinoic Acid

CSF (R and D systems) for 60 min at 4°C, according to
the manufacturer-and Lehn et al® As a control, strepto-
avidin-PE was used. The cells were washed and analyzed
by FACScan (Becton Dickinson, Mountain View, CA)
using the Consort 30 system program. To check the
specificity of the binding of PE-conjugated CSF, we con-
firmed that the pretreatment of the cells with a 100-fold
molar excess of unlabeled CSF blocked the binding of
PE-conjugated CSF to the cells.

We confirmed that there was no significant difference

in morphological appearance, viability, or cell density
between the cells treated with 107 M RA for 1 day and
untreated cells.
Detection of mRNA for GM-CSF receptor Total cellu-
lar RNA was extracted from cells by the acid-phenol
technique,'? and Northern blot analysis was performed
according to the standard method.'"” The probe was
Kpnl-EcoR1 fragment of human GMR « chain ¢cDNA (a
gift from Dr. D. P. Gearing).'

In order to detect faint mRNA, reverse-transcriptase
polymerase chain reaction (RT-PCR) was done. The first
strand cDNA was synthesized from 1 ug of total RNA
using Moloney-mouse leukemia RT and oligo(dT)s
primer (Clontech Inc., Palo Alto, CA). The cDNA was
amplified by 34 cycles of PCR using Tag polymerase.
The primers were oligonucleotides with the antisense
sequence of GMR a chain cDNA 131-147, and with the
sequence of 676-660." As a control, 25 cycles of PCR
using G3PDH primers (Clontech Inc.) were done. The
PCR products were electrophoresed on an agarose gel,

Table II.  Effects of Retinoic Acid on Colony Formation of AML Cells
_ Colony number per well
Growp  goient No. No CSF G-CSF GM-CSF
Control RA Control RA Control RA

A 328 00 0+0 709 110X 149 11+2 3159

B 276 25%3 419 201+27 42+ 69 120£15 75199
440 0x0 00 214 6+19 66+38 4659
272 0x0 00 102 609 50+4 34+ 49
OCI/AML-4 5+1 1409 7F1 2+19 99+12 20439
OCI/AML-5 g+2 0+ 70x£9 4+09 11115 15229
OCI/AML-6 0x0 0*o 2842 4119 25+3 5119
NB4 30141 31t3@ 31437 25149 308 +44 2949

C 365 0£0 0+0 466 33149 4916 81+ 109
520 5+1 4+ 14911 90+99 22+4 7099
232 11+3 4+29 41+6 1139 66+5 130L£ 184
417 0xo 0+0 70+6 244 133 29149

Values indicate colony number formed by blast cells without added growth factor or with G-CSF or
GM-CSF, in the absence or presence of 1077 M RA. Cells from patients, OCI/AML-4, OCI/AML-5,
OCI/AML-6, and NB4 cells were plated at the density of 10%/well, 4 X 10°/well, 2 X 10%/well, 10*/well,
and 3X10%/well, respectively. Values show mean+8D of five wells, Samples were divided into three

groups according to the response to RA.

«) Significantly different from the control (P< 0.05).
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stained with ethidium bromide, transferred to a nylon
membrane, and hybridized with a labeled GMR probe
described above. We confirmed that the number of cycles
used did not reach the plateau level of PCR products.
Statistics Data are shown as mean®SD. Group data
were compared by using Student’s t test. Calculated P
values of less than 0.05 were regarded as significant.

RESULTS

Effect of RA on blast colony formation Blast cells from
patients and cell lines were tested in clonogenic assay.
Table IT shows the mean colony numbers formed without
added factors or with G-CSF or GM-CSF, in the absence
or presence of RA. The table contains the colony number
only at 1077 M RA because this concentration has a suffi-
cient effect on colony formation.” As we had reported
previously,” the samples could be divided into three
groups according to the effects of RA on their colony
formation, Group A: RA increased the colony number
regardless of added growth factor {Pt. 328). Group B:
RA decreased the colony number regardless of the factor
(Pts. 276, 440, 272 and all the cell lines tested). Group C:
RA decreased the colony number in the presence of
G-CSF, but increased it in the presence of GM-CSF
{Pts. 365, 520, 232, 417).

To confirm the finding in group C, cells were cultured
in suspension for 6 days and cell numbers were counted.
Fig. 1 shows the results from pt. 365. The outcome was
the same as that in colony assay.

Pt. 365

control

RA

k!
100 1

1 0’
Flow cytometric analysis of blast cells from pt. 365, pt. 520 and OCI/AML-6, untreated (upper
column) or treated with 1077 M RA for 1 day (lower column). Cells were incubated with PE-streptoavidin as

Fig. 2.

acontrol (- + +), PE-G-CSF (-----
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Pt. 520
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Effect of RA on GM-CSF receptor The ligand-binding
capacity of receptors was examined by flow cytometry
using fluorolabeled ligands. Fig. 2 shows typical histo-

Cell number{ X 10%/ml)

10 107 10°

RA(M)

Fig. 1. Retinoic acid dose-response curve for blast cells
from patient No. 365 cultured (2 10° cells per ml) with GM-
CSF (®) or G-CSF (O) in suspension. After 6 days, the cell
number was counted. a, b: P<0.05, compared to the value
without added RA in the presence of GM-CSF or G-CSF,
respectively.
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}, or PE-GM-CSF (—).



Table IIIL.
Treated with RA
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Mean Values of Histograms for PE-conjugated CSF-binding to the Cells Untreated or

Mean values of fluerescence intensity

Patient No.

Group Cell lines Control Treated by RA
Control G-CSF GM-CSF Control G-CSF GM-CSF
A 328 15.0 53.6 453 17.7 60.0 40.2
B 276 9.7 27.1 31.6 11.7 27.7 25.5
440 8.1 23.5 20.7 9.2 26.5 25.0
272 5.2 24.0 25.3 4.0 21.3 24.1
OCI/AML-4 10.1 10.2 15.4 11.9 12.4 16.0
OCI/AML-5 11.2 14.3 17.3 12.4 14.6 16.5
OCI/AML-6 23.2 104.2 96.7 21.6 100.2 98.7
NB4 27.4 42,8 kYN 28.8 40.4 41.8
C 365 38 8.5 7.2 3.5 7.0 13.1
520 14.8 22.0 24.4 14.8 20.8 34.3
232 20.8 61.0 48.2 23.3 61.4 66.3

Cells were untreated or treated with 1077 M RA for 1 day, washed, incubated with PE-streptoavidin
(as a control), PE-G-CSF or PE-GM-CSF, and analyzed by FACScan. Mean values were obtained by
using the Consort 30 system program. Cells from pt. 417 were not examined.

grams of the distribution of GMR quantity on cells
untreated or treated with RA. For the cells from pts. 365
and 520, which belonged to group C, GMR was in-
creased by RA treatment, but GR was not increased. In
QCI/AML-6 cells, which belonged to group B, RA treat-
ment affected neither GMR nor GR.

For the other samples, the mean values calculated by

the Consort 30 program are shown in Table ITT instead of
the histograms. In accordance with the results described
above, RA increased GMR, but not GR, on the cells in
group C. GMR and GR of cells in groups A and B were
not markedly affected by RA.
Effect of RA on GM-CSF receptor mRNA To see
whether the increase of GMR by RA involved increase of
expression of the GMR gene or not, mRNA from cells
untreated and treated with RA was examined. As others
had reported,’'® the mRNA of GMR a chain was
barely detectable by Northern analysis (data not shown),
Therefore, we used a semi-quantitative RT-PCR to com-
pare the relative amounts of GMR a mRNA, Fig. 3
shows the PCR products from pt. 365’s cells, in which
GMR was increased by RA according to flow cytometry.
As the amounts of the PCR products generated from un-
treated and treated cells by control primers were similar
(lanes A and B, approximately 1,000 bp), it seemed that
the concentrations of the cDNA samples were almost the
same. The amounts of PCR products generated from
the two samples by GMR @ primers were almost equal
(lanes C and D, approximately 550 bp). Therefore, it
seemed that the amounts of GMR ¢ mRNA in the two
RNA samples were almost equal. The same result was
obtained from the cells from pt. 520 (data not shown).

1434
800

1434 =
800 =
634 *

303
279

bp

Fig. 3. Ethidium bromide-stained gel containing RT-PCR
products (upper) and after Southern blotting to GM-CSF
receptor @ chain probe (lower). First strand ¢cDNA was syn-
thesized from total RNA of blast cells (pt. 365) untreated
(lanes A and C) or treated with RA (lanes B and D). PCR
was performed using G3PDH primers as a control (lanes A
and B) and GM-CSF receptor @ primers (lanes C and I3).
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DISCUSSION

We have studied the effects of RA on the proliferation
of AML cells (not APL). In some blast populations,
blasts growing with GM-CSF were stimulated by RA
while the same cells growing with G-CSF were inhibited
by RA. As a possible mechanism of this phenomenon, we
have found that RA increased GMR on the cells which
showed the response described above, We therefore tried
to examine the induction of GMR ¢ mRNA by RA.
Unfortunately, Northern blot analysis with total cellular
RNA failed to detect a clear band of GMR mRNA. As
the amount of samples available was limited, we used a
semi-quantitative RT-PCR method to compare the rela-
tive amounts of GMR a mRNA in the cells untreated
and treated with RA, but no significant difference was
recognized in the amounts of PCR products from the two
samples. Therefore, the increase of GMR may not have
occurred through the induction of GMR & chain mRNA
but through an increase of translation or a prolongation
of the half life, although this may require confirmation,
as the method we used was not suitable to detect a small
difference of quantity. Otherwise, the increase of GMR
may have occurred through the induction of GMR 3
chain'? mRNA, which was not examined in this study.

To examine the receptors, we used flow cytometry with
fluorolabeled ligands. This method can not measure
either the number of receptors or the binding affinity, for
which Scatchard analysis'® with radiolabeled ligand
would be required. Therefore, we do not know whether
the increase of binding capacity of GM-CSF was due to
an increase of the number of receptor molecules or to an
increase of affinity. However, this method can measure
the distribution of the amount of receptor on cells in a
sample which seems to consist of heterogeneous cells.
Moreover, as this method needs a relatively small num-
ber of cells, it was suitable for examining our specimens.

As shown previously” and in this paper, RA stimu-
lated colony formation by some AML cell samples regard-
less of added factor, but samples which showed this kind
of response were very rare (only one was available in
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this study). In this sample, RA did not increase either
GR or GMR. Some other mechanism may cause the
stimulative effect of RA on this sample.

The proliferation of nine cell lines among those we
have examined so far was suppressed by RA regardless of
added growth factors.’® OCI/AML-6 cells were derived
from blast cells from pt. 417. The proliferation of
OCI/AML-6 cells was suppressed by RA, although that
of the original cells cultured with GM-CSF was stimu-
lated by RA. The mechanism of the effect of RA on fresh
blast cells seems to be different from that on cell lines.

In this experiment, we have focused on the AMIL
samples whose proliferation was stimulated by RA
during GM-CSF stimulation. Because normal hemo-
poietic precursor cells in bone marrow showed the same
pattern of response to RA,” normal precursor cells may
have the same mechanism as that of AML sampiles in this
group. We tried to enrich the precursor cells in normal
bone marrow using anti-CD34 antibody, but could not
get a clear result in receptor assay because the obtained
cells were few and the binding capacity was weak.

It has been reported that RA has various effects on
cells because RA-RAR complex works as a transcrip-
tional factor for various genes.!” It was also reported that
RA increased mRNA for epidermal growth factor (EGF)
receptor in fetal rat lung cells through other protein
synthesis,'"™ although the mechanism was not fully estab-
lished. We have found three types of response of AML
cells to RA. This diversity may be due to differences
of target genes of RA-RAR complex as a transcrip-
tional factor. Further investigation of the target genes is
required.
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