
Abstract. Retinoids are used for treatment of acute promyelo-
cytic leukemia (APL). Am-80, Tamibarotene, binds to retinoic
acid receptor alpha (RARα) more specifically than all-trans
retinoic acid. We studied the tumor cell suppressive effects
of Am-80, with respect to cytotoxicity and growth inhibition
using eight myeloid and lymphoid malignant cells in culture
(HL-60, HL-60R, K-562, Kasumi-1, MEG01, Raji, U266B1,
and U937). The effects of Am-80 were examined during 9
days of incubation with 10-7-10-5 M of Am-80 in culture
medium, which was changed every 3 days. HL-60 were the
only cells sensitive to Am-80-induced cytotoxicity; the latter
reached more than 95% after 9 days of incubation, and death
was primarily through apoptosis. The total mass of RARα in
HL-60 was significantly greater (p<0.006) than in ATRA-
resistant HL-60 (HL-60R) as well as all of other cells tested.
However, in all cells excluding HL-60, Am-80 induced time-
and dose-dependent cell growth inhibition without noticeable
cytotoxicity. TGF-ß2 was released into the media containing
cells incubated with Am-80 for 3 days. A dose-dependent
increment of phosphorylation of Smad-2 was also detected.
The relative amount of secreted TGF-ß2 correlated with the
growth inhibition rates in all cells tested excluding HL-60,
and with the total mass of RARα in the cells (p=0.0137). Our
results indicate that Am-80-induced cell-type non-specific
growth inhibition is mediated by TGF-ß2, where the total
mass of RARα could be an important regulatory factor in
hematologic malignant cells.

Introduction

Vitamin A acts like a hormone, and is involved in ontogeny,
morphogenesis and cell differentiation (1). The growth and

differentiation of various tissues are regulated by vitamin A
metabolite retinoic acid (RA) (2). Three types of RA receptors
(RARs) and retinoid X receptors (RXRs) localized in the
nuclei have been described so far; α, ß, and γ, and RAR
and RXR form a dimeric construction (3). RA promotes
differentiation of myeloid precursor cells in the hematopoietic
system (4), and all-trans retinoic acid (ATRA) has been used
for treatment of acute promyelocytic leukemia (APL) with
chromosomal translocation t(15;17) (5-7) or t(11;17) (8).
Such translocation induces the formation of chimeric genes
of RARα and promyelocytic leukemia (PML) or promyelocytic
leukemia zinc finger (PLZF), by which transcription is
constitutively prohibited, results in cessation of post-promyelo-
cytic differentiation and uncontrolled growth. Treatment with
retinoids (also known as differentiation-inducing therapy)
leads to apoptosis of APL cells through differentiation.
However, in the past, HL-60 were used as APL cells, but
these cells neither possess chromosomal translocation (9) nor
PML/RARα (10). However, it is also well known that ATRA
induces differentiation and apoptosis of the cells.

It has been reported that treatment with ATRA results in a
high complete remission rate of relapsed or unresponsive
APL patients after chemotherapy (11-13). However, one
problem arising from ATRA treatment is the appearance of
tolerance to the drug and relapse of the disease (14). One
reason for the development of tolerance is thought to be the
formation of cellular retinoic acid-binding protein (CRABP)
(15,16), which eventually reduces the effect of ATRA. 

Kagechika et al (17) developed a new synthetic retinoid,
Am-80, which was subsequently approved as a drug for
relapsing or refractory APL in 2005 in Japan. The specific
binding activity of Am-80 to RARα is greater than ATRA
(17,18), and results in 10-fold increase in tumor cell
differentiation. Moreover, Am-80 has a low affinity to
CRABP (19). On the other hand, several recent studies
indicated that retinoids can be used also against malignant
tumors other than APL (20). However, the mechanisms of
the selective action of Am-80 on tumor cells remain obscure.
In the present study, we investigated the effect of Am-80 on
cell growth using eight types of cultured myeloid and
lymphoid malignant cells, and determined the growth
suppression mechanisms of Am-80.
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Materials and methods

Cells and reagents. HL-60 and HL-60R were obtained from
RIKEN Inc. (Tokyo, Japan), and Kasumi-1, K562, Meg01,
MOLT3, Raji, U266B1, and U937 were from American Type
Culture Collection (VA, USA). Am-80 was kindly provided
by TMRC Inc. (Tokyo). RPMI medium 1640, Iscove's-
modified Dulbecco's medium (IMDM), and PSN antibiotic
mixture were from Invitrogen Japan Inc. (Tokyo). We also
purchased the following items from the indicated suppliers.
Fetal bovine serum (JRH Biosciences, Lenexa, KS), culture
flasks (BD Bioscience Inc., Tokyo), FACS Flow™ (BD
Bioscience Co., Tokyo), rabbit anti-human RARα and ß
antibodies and mouse anti-human RARγ antibody (Santa
Cruz Biotechnology, Santa Cruz, CA), rabbit anti-human
Smad2 antibody (Zymed Laboratories Inc., San Francisco,
CA), anti-Smad2 [pT8] phosphospecific antibody (BioSource,
Camarillo, CA), mouse anti-human p53 antibody (Santa
Cruz Inc.), HRP-labeled donkey anti-rabbit IgG antibody
(Abcam plc, Cambridge, UK), PE-labeled anti-mouse IgG
antibody (Rockland, PA), PE-labeled anti-rabbit IgG
antibody (Dako Japan, Kyoto, Japan), ECL Advance
Western Blot Detection Kit (GE Healthcare Biosciences
Japan, Tokyo), DAPI: 4',6-Diamidino-2-phenylindole
(Sigma-Aldrich, Tokyo), 7-aminoactinomycin D (7-AAD,
Invitrogen Japan), Guava ViaCount™, Guava Nexin™, Guava
MutliCaspase™, and Guava TUNEL™ (GE Healthcare
Biosciences Japan), human TGF-ß2 Immunoassay (Quantikine,
R&D Systems, Minneapolis, MN), polyvinylidene fluoride
(PVDF) (Bio-Rad, Hercules, CA), and chemiluminescent
reagent (ECL Advance, GE Healthcare Biosciences Japan).

Cell culture. Cells were cultured in T-75 culture flasks with
10 ml of media, i.e., RPMI-1640 or IMDM, containing 10%
FBS under an atmosphere of 5% CO2 95% air in a humid
atmosphere. Cells were subcultured every 3 days to prevent
them reaching a confluence of cell density more than 1x107

cells/flask. Cells were constantly maintained in the best
condition, and cell viability was monitored by ViaCount
reagent at each subculture. If cell viability decreased 15%
from the common condition, cells were discarded, and
culture was restarted. For analysis of cell growth, cells were
initially cultured at 5x105 viable cells/10 ml in each flask
containing 50 μl of 200 time concentrated Am-80 in ethanol,
2x10-5 M for 10-7 M, 2x10-4 M for 10-6 M, 2x10-3 M for 10-5 M,
and 8x10-3 M for 4x10-4 M, or ethanol vehicle alone. After
incubation for 3 or 6 days, the cell number was counted and
the viable cell density determined using ViaCount reagent.
The total cell number was adjusted to 5x105 cells/10 ml/flask.
The cells were again treated with the same concentration of
Am-80 and cultured for a total of 9 days. 

Flow cytometric analysis of RAR expression. After incubation
in the medium, cells were harvested and centrifuged at
1300 rpm for 5 min. They were then fixed with 1% para-
formaldehyde/0.01 M PBS (pH 7.3) for 1 h in ice. After
fixing, cells were washed twice with 0.01 M PBS (pH 7.4),
and treated with -20˚C cooled 70% ethanol for membrane
permeabilization, and thereafter stored under -20˚C at a
density of 3x106 cells/ml. Cells in ethanol at a density of

3x105 cells/100 μl were transferred into three polystyrene
tubes as a set of measurement for 1st and 2nd antibody
combination of -/-, -/+ and +/+, and 1 ml of PBS was added
to each tube. After centrifugation, cells were washed three
times with 0.5% FBS containing FACS Flow. Cells were
incubated with 10-times diluted rabbit antibody against human
RARs α, ß or γ for 1 h in ice. After washing three times
with 0.5% FBS containing FACS Flow, cells were then
incubated with 200-times diluted PE-conjugated anti-rabbit
or 165-times diluted PE-conjugated anti-mouse antibody
for 15 min in ice. After washing three times with 0.5% FBS
containing FACS Flow, total sample volume was adjusted
to 500 μl. Next, 5 μl of 200 μg/ml 7-aminoactinomycin D
(7-AAD) (Molecular Probes, Eugene, OR) was added, and
the cells were incubated for 10 min at room temperature.
After centrifugation, 500 μl of FACS Flow was added to
the samples, and intracellular expression of retinoid receptors
was measured by Guava PCA™ (GE Healthcare Biosciences
Japan) based on a flow cytometry technique. The median value
of fluorescence intensity was used, and relative expression
value was calculated using following formula: relative expres-
sion value = {[(+/+) - (-/+)] / (-/-)}. 

Analysis of apoptosis. Apoptotic cells were analyzed by three
different assays, and analytical methods were followed as
described by the manufacturers with minor modifications.
Nexin assay is based on the detection of phosphatidylserine
(PS) on the outer surface of the plasma membrane. Early in
the apoptotic pathway, PS is translocated from the inner to
the outer surface of the cell membrane, to which Annexin V
can readily bind. MultiCaspase assay is based on the detection
of activated caspase enzymes (caspase-2, -8, -9 and -10),
which initiate the apoptotic cascade. The assay uses a
fluorochrome-conjugated inhibitor of caspases (SR-VAD-
FMK), which binds covalently to multiple caspases activated
during the process of apoptosis. Terminal deoxynucleotidyl
transferase (TdT)-mediated dUTP-biotin nick end-labeling
(TUNEL) assay is based on the detection of degradation
products of chromatin structures and nuclear DNAs by
activated nucleases. TdT catalyzes the incorporation of Br-
DU residues into the fragmented DNA at 3'-hydroxy ends by
nicked end-labeling. Apoptotic cells were analyzed by
computer-assisted specific software connected to the flow
cytometer Guava PCA. 

Quantification of TGF-ß2 secreted in media. A serum-free
growth medium (AIM V medium, Invitogen Japan) was
initially used, however, cell viability could not be maintained
in this medium during 3-day incubation period, which resulted
in low cell viability. Therefore, a minimum level of FBS (1%)
was added to each medium, and the medium alone without
cells was used as a background level of TGF-ß2 in FBS.
Cells at 1x106/5 ml medium were incubated with 1x10-5 M,
2x10-5 M or 4x10-5 M concentration of Am-80 or vehicle
alone for 3 days. After incubation, the medium was collected
and acidified with 1 N HCl to activate latent formed TGF-ß2.
The concentration of TGF-ß2 in the medium was measured
by an enzyme-linked immunosorbent assay (ELISA) kit.
Secreted TGF-ß2 in the medium was expressed as ng/106

viable cells.
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Western blotting. After incubation with/without Am-80 for
3 days, cells were washed three times with PBS, and viable
cells at density of 1x106 were dissolved in 50-μl sample
buffer and sonicated. ß-mercaptoethanol (2 μl) added to
20 μl of cell lysate (2x104 cells), was incubated for 10 min at
90˚C. The cell lysate was applied to a lane of 8.2% poly-
acrylamide gel, and electrophoresed at 200 V/15 mA for 1 h.
The gel was attached to PVDF and blotted at 100 V/350 mA
for 1 h. After blotting, PVDF was soaked in 2% blocking
reagent containing PBS with Tween-20 for 1 h, then incubated
with rabbit anti-human Smad 2 antibody (x333 dilution) or
rabbit anti-human pSmad 2 (phospho T8) antibody (x1000
dilution) at 20˚C for 1 h. After extensive washing with PBST,
PVDF was incubated with HRP-labeled anti-rabbit antibody
(x7500 dilution) at room temperature for 1 h. After washing,
chemiluminescent reagent was spread on the PVDF. PVDF
was exposed to X-ray film and developed. 

Statistical analysis. All data were expressed as mean ± SEM
unless otherwise indicated. Identical experiments were

performed at least twice, and similar results were obtained.
Differences between groups were examined for statistical
significance using the Student's t-test and one-way analysis
of variance (ANOVA). A p<0.05 denoted the presence of a
statistically significant difference.

Results

Effects of Am-80 on cell death and growth. Am-80 at 10-7-
10-5 M significantly reduced the total cell number of HL-60
incubated for 9 days (Fig. 1A), and increased the number
of dead cells in a time-dependent manner (Fig. 1A). In
contrast, Am-80 did not increase the number of dead cells
when incubated with HL-60R (Fig. 1A), although it
significantly reduced the total cell number (Fig. 1A). Am-80
also inhibited the cell growth of other cells (Raji, U937,
K562, U266, MEG01, and Kasumi-1) but had no cytotoxic
effect on these cells (Fig. 1B). 

With regard to the effect of Am-80 on apoptosis, it induced
apoptosis of HL-60 cells as evident by condensation of nuclear

INTERNATIONAL JOURNAL OF ONCOLOGY  31:  397-404,  2007 399

Figure 1. Effects of Am-80 on cell growth and cytotoxicity in different cells. Eight different cells derived from myeloid and lymphoid malignant cells were
cultured for 9 days in growth media containing 0, 10-7, 10-6 and 10-5 M of Am-80. Cell number was always adjusted to 5x105 cells/10 ml/flask every 3 days by
changing the culture medium. A, Total cell number (left) and dead cell number (right) of HL-60 and HL-60R during 9 days of incubation with Am-80. B, Total
cell number of Raji, K-562, MEG01, U937, U266, and Kasumi-1 during 9 days of incubation with Am-80. Data are mean ± SEM of three experiments.
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chromatin stained by DAPI, and formation of small nuclear
fragments, i.e., apoptotic bodies (Fig. 2). However, no such
changes were noted when Am-80 was added to cultures of
HL-60R (Fig. 2). Incubation of HL-60 with 10-5 M for 9 days
resulted in the appearance of cells positive for annexin V,
activated caspases and TUNEL. These results indicated that
HL-60, but not other tested cells (HL-60R and K562),
undergo apoptosis when treated with Am-80 (Fig. 2). 

RAR protein expression. Next, we used immunohistochemistry-
based flow cytometry to examine protein expression of the
total mass of RARs α, ß and γ in cells incubated under
normal growth conditions. The total mass of RARs α and ß
was greater (40-60 times) than that of RARγ (Fig. 3). The
expression levels of RARs α and ß were similar in various
cells. However, the expression levels of RARα (p<0.05) and
RARγ (p<0.05) were significant higher in HL-60 possessed
than in HL-60R and other cells depicted in Fig. 3. 

Growth inhibition by Am-80. Growth inhibition of cells
incubated with different concentrations of Am-80 was
calculated: total cell density in cells incubated with Am-80
relative to that of cells incubated with ethanol vehicle alone.
With the exception of HL-60, Am-80 inhibited the growth of
all cells in a time-dependent manner (Fig. 1). Table I shows
the percentage of growth inhibition induced by Am-80 after
9 days of incubation. Table I shows that Am-80 induced a
dose-dependent increase of growth inhibition in all tested
cells, with a mean value at 10-7, 10-6 and 10-5 M Am-80 of
about 35, 40 and 60%, respectively. There was no significant

relationship between RARα mass and growth inhibition or
dead cell number in the cells incubated with Am-80 for 9 days
(data not shown).
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Figure 2. Cell death induced by Am-80. HL-60 incubated with 10-5 M of Am-80 for 9 days showed condensation of nuclear chromatin and small nuclear
fragments stained by DAPI, i.e., apoptotic bodies (top, upper: phase-contrast microscopy). However, no such changes were found in HL-60R. HL-60,
HL-60R and K562 incubated with Am-80 were assessed for appearance of cells positive for annexin V, activated caspases and TUNEL. Am-80 induced
apoptosis of HL-60, and the extent of apoptosis was about 5 times that of other cells. In comparison, Am-80 only had a weak apoptotic activity (<10%)
against HL-60R and K562 cells.

Figure 3. Protein expression of RARs α, ß and γ. Cellular protein expression
of total mass of RARs was examined under normal growth conditions by flow
cytometry. HL-60 possessed significantly greater amounts of RARs α and γ
(p<0.05) than HL-60R and other cells. Data are mean ± SEM of three
experiments. *p<0.05.
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Am-80-induced TGF-ß2 secretion. To clarify the role of
TGF-ß2 in the inhibitory effects of Am-80, we used cells
incubated in serum-free media. However, such cells could
not be maintained. Therefore, we changed the experimental

protocol to shorten the incubation period to 3 days and
increased the concentration of added Am-80 to 1, 2, and
4x10-5 M. In all cells exposed to Am-80, TGF-ß2, including
both active and latent forms, was secreted by the cells, and
such secretion was AM-80-dose-dependent in K562, MOLT3,
Raji, and U937, and weakly in other cell types (Fig. 4).

Intracellular signal transduction of TGF-ß2. Among the cells
sensitive to Am-80 with regard to growth inhibition and
TGF-ß2 secretion, we selected Raji cells to examine the
signal transduction for TGF-ß2. Raji cells were incubated
with 1, 2, or 4x10-5 M concentrations of Am-80 for 3 days
and then subjected to Western blotting to analyze Smad-2
and phosphorylated Smad-2. Fig. 5 shows the bands of
Smad-2 and phosphorylated Smad-2 (pSmad-2). The density
of pSmad-2 relative to Smad-2 increased in Am-80 dose-
dependent manner, and was 3-times greater than the control
culture (no Am-80). These results indicate that phosphorylation
of Smad activated the intracellular signal of TGF-ß2. 

Relationship between increased TGF-ß2 secretion and cell
growth inhibition. To correlate the increased TGF-ß2 secretion
with Am-80-induced growth inhibition, we expressed cell
growth inhibition in the presence of different concentrations
of Am-80 as percentage value relative to the vehicle alone
(Table II). With the exception of U266 and TGF-ß2, Am-80
induced a dose-dependent inhibition of cell growth, with
Raji, U937, and K562 being the most sensitive cells (Table II).
Regression analysis showed that the amount of secreted
TGF-ß2 correlated significantly with the Am-80-induced cell
growth inhibition (p=0.0272) (Fig. 6, bottom panel).

Relationship between TGF-ß2 secretion and total mass of
RARα. The amount of secreted TGF-ß2 by all cells except
HL-60, correlated significantly with the total mass of RARα
(p=0.0137) (Fig. 6, top panel). 
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Table I. Growth inhibition by Am-80.
–––––––––––––––––––––––––––––––––––––––––––––––––

Am-80 (M)
–––––––––––––––––––––––––––– RARα

Day-9 10-7 (%) 10-6 (%) 10-5 (%) expression
––––––––––––––––––––––––––––––––––––––––––––––––– 
HL60R 32.0±19.8 33.3±6.2 62.8±4.9 72.3±7.3

K562 23.7±5.3 28.8±4.2 67.5±5.4 93.0±5.0

Kasumi-1 27.9±5.1 23.2±3.2 33.4±10.3 80.0±12.3

Meg01 59.2±3.5 47.8±12.0 75.7±1.1 89.0±5.2

MOLT3 3.7±11.7 2.7±0.43 50.0±5.4 82.3±11.9

Raji 20.6±7.4 37.2±8.1 67.9±3.9 99.0±3.5

U266 54.5±4.3 54.7±2.2 65.4±1.6 66.3±2.2

U937 36.7±7.8 46.9±10.6 72.8±7.0 110.3±5.9

mean ± SE 
(n=3)

––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 4. Am-80 stimulates TGF-ß2 secretion. To quantify TGF-ß2 secreted
by cells treated with Am-80, we modified the experimental protocol by
limiting the incubation period to 3 days and the concentration of Am-80
used to 1, 2, and 4x10-5 M. TGF-ß2 concentration in the medium (pg/106

cells) increased in all cells, and an apparent dose-dependent increment was
found in K562, MOLT3, Raji, and U937. Data are mean ± SEM of three
experiments.

Figure 5. Intracellular signal transduction of TGF-ß2. Since Raji cells are
sensitive to growth inhibition when incubated with Am-80, they were used
in this experiment. Raji cells incubated with different concentrations of
Am-80 for 3 days were subjected to Western blot analysis for Smad-2 and
phosphorylated-Smad-2 (pSmad2). The ratio of pSmad relative to Smad-2
increased dose-dependently.
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Discussion

The present study used eight different hemotologic malignant
cultured cells, which originated from myeloid and lymphoid
tissues, and showed that Am-80 is cytotoxic to human
leukemia HL-60 cells. However, no such effect was noted in
cells resistant to ATRA, namely HL-60R, which harbor a
mutated RARα gene (21), suggesting that Am-80 and ATRA
act through a similar cytotoxic mechanism. HL-60 is widely
used as an APL cell in many studies. However, recent criteria
for APL is restricted to cells that possess chromosomal
translocations, especially t(15:17) (9), which forms PML/
RARα (10). In cells harboring t(15;17), it is shown that
ATRA restores PU.1 expression, a transcription factor for
normal hematopoiesis (22). However, no such translocation
has been found in HL-60. Alternatively, Altucci et al (23)
indicated that the mechanism of ATRA-induced cell death in
APL is related to a paracrine production of tumor necrosis
factor-related apoptosis-inducing ligand (TRAIL). However,
the precise mechanism of retinoid-induced cytotoxicity in
HL-60 is still uncertain. 

It is well known that HL-60 have similar features to APL
cells, especially in terms of differentiation induced by ATRA
(24). The present study showed that HL-60 contained the
largest protein mass of RARα among eight different types
of cells, which may explain the selective induction of cyto-
toxicity and differentiation in HL-60 by Am-80 and ATRA
(25).

Growth inhibition is a well-known effect of retinoids in
cultured cells, and previous studies suggested the involve-
ment of intranuclear retinoid receptor in this effect. Am-80
suppressed the cell growth of all cells used in our study,
although the extent of growth inhibition varied among the
cells. Am-80 was developed as a RARs α- and ß-specific
synthetic retinoid (17,18), and thus its binding activity to
other retinoid receptors might be negligible. Interestingly, the
growth inhibition rate induced by 10-5 M Am-80 after a 3-day
incubation correlated with RARα expression rate, but no such
relation was found with RARs ß and γ. A previous gene
transfer study (21) to convey normal RARα gene to HL-60R
indicated that ATRA can induce differentiation of HL-60R
with normal RARα, thus suggesting that ligand-induced
activation of RARα is sufficient to induce differentiation
in HL-60. Moreover, it has been shown that inhibition of
anchorage-dependent growth in an estrogen-receptor positive
carcinoma cell line treated with retinoid correlated with
binding to RARα, but not to its antagonist (26). RARα may
therefore act as a cell-growth regulating transcription factor
through differentiation in tumor cells. 

TGF-ß is one of the most important cytokines involved
in cell growth regulation, and therefore controls biological
homeostasis in different tissues. In oncogenesis, failure of
response to TGF-ß due to abnormality of the receptor or
signal transduction is thought to be the underlying cause of
abnormal proliferation acquired by malignant cells (27).
Previous studies reported that retinoids stimulate the production
of TGF-ß in variety of cells including HL-60 (28) and U937
(29). As expected, production of TGF-ß2 increased in the
present study in all cells incubated with the RARα-specific
retinoid Am-80. 
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Table II. Secretion of TGF-ß2 and growth inhibition by
Am-80.
––––––––––––––––––––––––––––––––––––––––––––––––– 

Am-80 (x10-5 M)
–––––––––––––––––––––

Day-3 vs. vehicle alone (%) 1 2 4
–––––––––––––––––––––––––––––––––––––––––––––––––
HL60R TGF-ß2 100.9 109.1 177.5

Growth inhibition 19.4 14.2 62.0

K562 TGF-ß2 156.7 188.9 275.8

Growth inhibition 6.2 4.5 36.0

Kasumi-1 TGF-ß2 96.8 100.1 123.3

Growth inhibition 1.3 3.4 20.5

Meg01 TGF-ß2 85.8 128.5 121.5

Growth inhibition 9.8 33.3 42.3

MOLT TGF-ß2 112.8 124.5 147.0

Growth inhibition 2.5 2.7 29.9

Raji TGF-ß2 180.9 218.4 321.4

Growth inhibition 44.4 47.2 69.4

U266 TGF-ß2 113.5 130.5 112.0

Growth inhibition 22.3 25.0 18.8

U937 TGF-ß2 160.3 187.4 279.3

Growth inhibition 24.5 21.0 52.4

mean of 

triplicated

data
––––––––––––––––––––––––––––––––––––––––––––––––– 

Figure 6. Relationship between TGF-ß2 secretion and total mass of RARα

and growth inhibition. Top: the total mass of RARα correlated significantly
(p=0.0137) with the relative amount of TGF-ß2 in the media. Bottom: the
relative amount of TGF-ß2 secreted (in reference to that by the vehicle
control) correlated significantly with Am-80-induced growth inhibition
(p=0.0272).
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Han and coworkers indicated previously that changes
induced in RARα by ATRA in human bronchial epithelial
cells correlate directly with TGF-ß2 (30). In the present study,
we measured the amount of TGF-ß2 secreted in the media,
which included both active and latent forms. The amount
correlated significantly with the extent of Am-80-induced
growth inhibition among the cells. On the other hand, the
amount of TGF-ß2 secreted varied widely among cells.
Therefore, we normalized the amount of secreted TGF-ß2
relative to that induced by ethanol vehicle alone. The results
showed that Am-80-induced growth inhibition correlated
with TGF-ß2 (Fig. 6), suggesting that Am-80-induced growth
inhibition is mediated through secreted TGF-ß2. Furthermore,
we also demonstrated a direct correlation between RARα
expression level and TGF-ß2 secreted by the cells. 

Activation of latent-form TGF-ß, latency-associated
peptide (LAP) and latent-TGF-ß binding protein (LTBP)
requires various catabolic enzymes including plasmin (31)
and thrombospondin-1 (32). In the present study, we could
not detect the active form of TGF-ß2, probably due to the
presence of serum in the culture media, which was added to
maintain cell viability in a prolonged incubation study; serum
may hinder the measurement of a trace amount of the active
form of TGF-ß2. Nevertheless, it is likely that cells incubated
with Am-80 may have a better chance to respond to TGF-ß
secreted and activated by them.

After binding of TGF-ß to its receptor, Smad bound to the
intracellular domain of receptor protein is phosphorylated
and liberated, and then acts as a transcriptional signal onto the
target gene in the cell nucleus, which leads to cell differentiation
and growth suppression (33). Our results showed increases
in phosphorylated Smad in cells incubated with Am-80,
indicating that intracellular signals initiated by TGF-ß2 is
activated in the cells when treated with Am-80. On the other
hand, Cordenonsi et al (34) reported that Smad2 incorporates
with p53, a tumor suppressive gene, to synergistically activate
TGF-ß-induced transcription. However, we could not find any
change in p53 in cells treated with Am-80 (data not shown). 

In conclusion, we examined the effects of Am-80 using
cultures of malignant cells that originated from myeloid and
lymphoid tissues. Am-80 exhibited a cytotoxic effect on HL-60
cells but not other cell types. On the other hand, Am-80
inhibited the cells growth of all cells tested, and this effect was
mediated through TGF-ß2 secretion in an autocrine/paracrine
manner. These results indicate that Am-80 induces growth
inhibition in a cell-type non-specific manner, and such effect
seems to be mediated through TGF-ß2. Our results suggest
that Am-80 could be potentially useful therapeutically to
induce cell growth inhibition as an antitumor agent.

Acknowledgments

The authors are indebted to Miss Emiko Ushijima for the
excellent technical assistance throughout this investigation.
This study was supported in part by a scientific grant from
TMRC Inc., Tokyo, Japan. 

References

1. Oren T, Sher JA and Evans T: Hematopoiesis and retinoids:
development and disease. Leuk Lymphoma 44: 1881-1891, 2003.

2. Sonneveld E and van der Saag PT: Metabolism of retinoic acid:
implications for development and cancer. Int J Vitam Nutr Res
68: 404-410, 1998.

3. Pemrick SM, Lucas DA and Grippo JF: The retinoid receptors.
Leukemia 8: 1797-1806, 1994.

4. Rusten LS, Dybedal I, Blomhoff HK, Blomhoff R, Smeland EB
and Jacobsen SE: The RAR-RXR as well as the RXR-RXR
pathway is involved in signaling growth inhibition of human
CD34+ erythroid progenitor cells. Blood 87: 1728-1736, 1996.

5. Huang ME, Ye YC, Chen SR, Chai JR, Lu JX, Zhoa L, Gu LJ
and Wang ZY: Use of all-trans retinoic acid in the treatment of
acute promyelocytic leukemia. Blood 72: 567-572, 1988.

6. Chen SJ, Wang ZY and Chen Z: Acute promyelocytic
leukemia: from clinic to molecular biology. Stem Cells 13: 22-
31, 1995.

7. Mandelli F, Diverio D, Avvisati G, Luciano A, Barbui T,
Bernasconi C, Broccia G, Cerri R, Falda M, Fioritoni G,
Leoni F, Liso V, Petti MC, Rodeghiero F, Saglio G, Vegna ML,
Visani G, Jehn U, Willemze R, Muus P, Pelicci PG, Biondi A
and Lo Coco F: Molecular remission in PML/RAR alpha-
positive acute promyelocytic leukemia by combined all-trans
retinoic acid and idarubicin (AIDA) therapy. Gruppo Italiano-
Malattie Ematologiche Maligne dell'Adulto and Associazione
Italiana di Ematologia ed Oncologia Pediatrica Cooperative
Groups. Blood 90: 1014-1021, 1997.

8. Chen Z, Guidez F, Rousselot P, Agadir A, Chen SJ, Wang ZY,
Degos L, Zelent A, Waxman S and Chomienne C: PLZF-RAR
alpha fusion proteins generated from the variant t(11;17)
(q23;q21) translocation in acute promyelocytic leukemia inhibit
ligand-dependent transactivation of wild-type retinoic acid
receptors. Proc Natl Acad Sci USA 91: 1178-1182, 1994.

9. Hu ZB, Ma W, Uphoff CC, Lanotte M and Drexler HG:
Modulation of gene expression in the acute promyelocytic
leukemia cell line NB4. Leukemia 7: 1817-1823, 1993.

10. Miller WH Jr, Kakizuka A, Frankel SR, Warrell RP Jr, De
Blasio A, Levine K, Evans RM and Dmitrovsky E: Reverse
transcription polymerase chain reaction for the rearranged
retinoic acid receptor alpha clarifies diagnosis and detects
minimal residual disease in acute promyelocytic leukemia. Proc
Natl Acad Sci USA 89: 2694-2698, 1992.

11. Fenaux P, Wang ZZ and Degos L: Treatment of acute
promyelocytic leukemia by retinoids. Curr Top Microbiol
Immunol 313: 101-128, 2007.

12. Shen ZX, Shi ZZ, Fang J, Gu BW, Li JM, Zhu YM, Shi JY,
Zheng PZ, Yan H, Liu YF, Chen Y, Shen Y, Wu W, Tang W,
Waxman S, De The H, Wang ZY, Chen SJ and Chen Z: All-
trans retinoic acid/As2O3 combination yields a high quality
remission and survival in newly diagnosed acute promyelo-
cytic leukemia. Proc Natl Acad Sci USA 101: 5328-5335,
2004.

13. Fenaux P, Chevret S, Guerci A, Fegueux N, Dombret H,
Thomas X, Sanz M, Link H, Maloisel F, Gardin C, Bordessoule D,
Stoppa AM, Sadoun A, Muus P, Wandt H, Mineur P,
Whittaker JA, Fey M, Daniel MT, Castaigne S and Degos L:
Long-term follow-up confirms the benefit of all-trans retinoic
acid in acute promyelocytic leukemia. European APL group.
Leukemia 14: 1371-1377, 2000.

14. Wang Z, Sun G, Shen Z, Chen S and Chen Z: Differentiation
therapy for acute promyelocytic leukemia with all-trans retinoic
acid: 10-year experience of its clinical application. Chin Med J
112: 963-967, 1999.

15. Zhou DC, Hallam SJ, Lee SJ, Klein RS, Wiernik PH, Tallman MS
and Gallagher RE: Constitutive expression of cellular retinoic
acid binding protein II and lack of correlation with sensitivity to
all-trans retinoic acid in acute promyelocytic leukemia cells.
Cancer Res 58: 5770-5776, 1998.

16. Cornic M, Delva L, Castaigne S, Lefebvre P, Balitrand N,
Degos L and Chomienne C: In vitro all-trans retinoic acid
(ATRA) sensitivity and cellular retinoic acid binding protein
(CRABP) levels in relapse leukemic cells after remission
induction by ATRA in acute promyelocytic leukemia.
Leukemia 8: 914-917, 1994.

17. Kagechika H, Kawachi E, Hashimoto Y, Himi T and Shudo K:
Retinobenzoic acids. 1. Structure-activity relationships of
aromatic amides with retinoidal activity. J Med Chem 31:
2182-2192, 1988.

18. Hashimoto Y, Kagechika H, Kawachi E, Fukasawa H, Saito G
and Shudo K: Correlation of differentiation-inducing activity
of retinoids on human leukemia cell lines HL-60 and NB4. J
Cancer Res Clin Oncol 121: 696-698, 1995.

INTERNATIONAL JOURNAL OF ONCOLOGY  31:  397-404,  2007 403

397-404  4/7/07  11:11  Page 403



19. Tamura K, Kagechika H, Hashimoto Y, Shudo K, Ohsugi K and
Ide H: Synthetic retinoids, retinobenzoic acids, Am80, Am580
and Ch55 regulate morphogenesis in chick limb bud. Cell Differ
Dev 32: 17-26, 1990.

20. Okuno M, Kojima S, Matsushima-Nishiwaki R, Tsurumi H,
Muto Y, Friedman SL and Moriwaki H: Retinoids in cancer
chemoprevention. Curr Cancer Drug Targets 4: 285-298, 2004.

21. Mehta K, McQueen T, Neamati N, Collins S and Andreeff M:
Activation of retinoid receptors RAR alpha and RXR alpha
induces differentiation and apoptosis, respectively, in HL-60
cells. Cell Growth Differ 7: 179-186, 1996.

22. Mueller BU, Pabst T, Fos J, Petkovic V, Fey MF, Asou N,
Buergi U and Tenen DG: ATRA resolves the differentiation
block in t(15;17) acute myeloid leukemia by restoring PU.1
expression. Blood 107: 3330-3338, 2006.

23. Altucci L, Rossin A, Raffelsberger W, Reitmair A, Chomienne C
and Gronemeyer H: Retinoic acid-induced apoptosis in leukemia
cells is mediated by paracrine action of tumor-selective death
ligand TRAIL. Nat Med 7: 680-686, 2001.

24. Shiohara M, Dawson MI, Hobbs PD, Sawai N, Higuchi T,
Koike K, Komiyama A and Koeffler HP: Effects of novel RAR-
and RXR-selective retinoids on myeloid leukemic proliferation
and differentiation in vitro. Blood 93: 2057-2066, 1999.

25. Nagy L, Thomazy VA, Shipley GL, Fesus L, Lamph W,
Heyman RA, Chandraratna RA and Davies PJ: Activation of
retinoid X receptors induces apoptosis in HL-60 cell lines. Mol
Cell Biol 15: 3540-3551, 1995.

26. Dawson MI, Chao WR, Pine P, et al: Correlation of retinoid
binding affinity to retinoic acid receptor alpha with retinoid
inhibition of growth of estrogen receptor-positive MCF-7
mammary carcinoma cells. Cancer Res 55: 4446-4451, 1995.

27. Miyazono K, Suzuki H and Imamura T: Regulation of TGF-beta
signaling and its roles in progression of tumors. Cancer Sci 94:
230-234, 2003.

28. Falk LA, De Benedetti F, Lohrey N, Birchenall-Roberts MC,
Ellingsworth LW, Faltynek CR and Ruscetti FW: Induction of
transforming growth factor-beta 1 (TGF-beta 1), receptor
expression and TGF-beta 1 protein production in retinoic acid-
treated HL-60 cells: possible TGF-beta 1-mediated autocrine
inhibition. Blood 77: 1248-1255, 1991.

29. Taipale J, Matikainen S, Hurme M and Keski-Oja J: Induction
of transforming growth factor beta 1 and its receptor expression
during myeloid leukemia cell differentiation. Cell Growth
Differ 5: 1309-1319, 1994.

30. Han GR, Dohi DF, Lee HY, Rajah R, Walsh GL, Hong WK,
Cohen P and Kurie JM: All-trans-retinoic acid increases
transforming growth factor-beta2 and insulin-like growth factor
binding protein-3 expression through a retinoic acid receptor-
alpha-dependent signaling pathway. J Biol Chem 272: 13711-
13716, 1997.

31. Sato Y, Okada F, Abe M, Seguchi T, Kuwano M, Sato S,
Furuya A, Hanai N and Tamaoki T: The mechanism for the
activation of latent TGF-beta during co-culture of endothelial
cells and smooth muscle cells: cell-type specific targeting of
latent TGF-beta to smooth muscle cells. J Cell Biol 123:
1249-1254, 1993.

32. Ribeiro SM, Poczatek M, Schultz-Cherry S, Villain M and
Murphy-Ullrich JE: The activation sequence of thrombo-
spondin-1 interacts with the latency-associated peptide to
regulate activation of latent transforming growth factor-beta. J
Biol Chem 274: 13586-13593, 1999.

33. Heldin CH, Miyazono K and ten Dijke P: TGF-beta signalling
from cell membrane to nucleus through SMAD proteins. Nature
390: 465-471, 1997.

34. Cordenonsi M, Dupont S, Maretto S, Insinga A, Imbriano C and
Piccolo S: Links between tumor suppressors: p53 is required for
TGF-beta gene responses by cooperating with Smads. Cell 113:
301-314, 2003.

JIMI et al:  RARΑ MEDIATE Am-80-INDUCED CELL GROWTH INHIBITION404

397-404  4/7/07  11:11  Page 404


