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All-trans Retinoic Acid– and N-(4-hydroxyphenil)-Retinamide–Induced Growth
Arrest and Apoptosis in Orbital Fibroblasts in Graves’ Disease

Daniela Pasquali, Antonio Bellastella, Vittorio Colantuoni, Patrizia Vassallo, Giulio Bonavolontà,
Valentina Rossi, Antonio Notaro, and Antonio A. Sinisi

n this study, we evaluated by reverse transcription-polymerase chain reaction (RT-PCR) the expression pattern of retinoic

cid receptors (RAR) �, �, and � and cellular retinoic acid binding protein-I (CRBP-I) genes in 12 primary cultures of fibroblasts

F) from orbital tissue of Graves’ ophthalmopathy (GO) patients. We also studied the in vitro effects of all-trans retinoic acid

RA) and N-(4-hydroxyphenil)-retinamide (4HPR), a less toxic and better tolerated synthetic derivative of RA, on cell mor-

hology, growth, apoptosis, and cyclic adenosine monophosphate (cAMP) accumulation. All primary cultures expressed RAR

, �, �, and CRBP-I. FGO treated with RA and 4HPR (10�7 mol/L) presented morphologic changes and significantly inhibited

ell growth after 72 hours. At 96 hours of drug exposure, apoptosis was detected in 15% and 50% of RA- and 4HPR (10�7

ol/L)-treated cells, and p53 protein increased in cell lysates. 4HPR induced a 70% decrease of Bcl-2 protein. After 30 minutes

f RA and 4HPR (10�7 mol/L) exposure, a 20% decrease of basal cAMP accumulation was seen, and forskolin cAMP-induced

ncrease was abolished. The expression of RAR �, �, �, and CRBP-I in primary cultures of FGO indicates that they are targets

or retinoids. Moreover, we show that RA and 4HPR are able to induce morphologic changes, inhibition of cell growth, and

poptosis in FGO exerting their effects through RAR-modulated pathways. The rapid inhibition of cAMP accumulation

ndicates that a novel nonclassic retinoid pathway may also be involved. Finally, the potent in vitro effects of 4HPR, a retinoid

erivative with fewer adverse reactions in vivo, could justify further investigations on a clinical application of retinoids in GO.
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RAVES’ OPHTHALMOPATHY (GO) is an autoim
mune disorder characterized by increased orbital

ose volume and swelling of extraocular muscles and ac
ion of fibroblasts (F) with glycosaminoglycan (GA
eposition.1,2 Despite recent progresses, the complex
athogenesis is still under debate. It seems that F are
ffector cells in GO, responsible for the connective tis
emodeling, and are a rich source of inflammatory mediat3

n emerging concept is that F are not homogeneous, but r
onsist of subsets, capable of producing regulatory med
hat control regional inflammatory responses.2,4 Medical treat
ent of GO remains an important problem. In severe a

orms of the disease, high-dose glucocorticoids are use
ontrol symptoms and signs, but orbital radiotherapy or or
ecompression represents the mainstay of treatment.5 All- trans
etinoic acid (RA), the biologically active form of vitamin
egulates the growth and differentiation of a wide variety of
ypes and plays a crucial role in the physiology of vision an
orphogenic agents during embryonic development.6-8 RA and

ts synthetic analogs exhibit potent antiproliferative act
ormalization of differentiation and anti-inflammatory act

ies, which appear to account for their therapeutic effec
yperproliferative disorders, such as promyelocytic leukemia

nflammatory diseases.9-16 These therapeutic effects are achie
y the ability of RA to regulate complex programs of g
xpression in target cells by binding to nuclear receptors, th
eceptor (RAR)�, �, and�, which are ligand-dependent transc
ion factors. Homeostasis of RA is maintained by developmen
egulated vitamin A metabolism enzyme systems and by ret
inding proteins. They are involved in extracellular and intra

ular transport and metabolism of retinoids, including the re
inding protein (RBP), cellular retinol binding protein typ
CRBP-I), and type II (CRBP-II) and 2 cellular RA bindi
roteins.17,18 A synthetic retinoid with minimal toxicity and fa
orable pharmacokinetics during long-term administration to
ients in clinical trials, such as 4-hydroxyphenyl-retinam

4HPR) is active in the prevention and treatment of a variety of
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y

r

umors in animal models19 and in clinical trials.20-23 Different
tudies have demonstrated that RA has inhibitory effects on
agen and hyaluronate accumulation in cultured human skin F24,25

mith25 demonstrated that confluent F cultures treated with
ccumulated less [3H]GAG than those without the compoun
nother study demonstrated that RA leads to an accumulati
yaluronate in the superficial layers of epidermis by stimulatin
ynthesis in keratinocytes.24 Because the phenotype of orbita
ppears to be distinct from that of other types of F,2 the effect o
etinoids in this subset of F is unknown. In this report, we d
nstrated by reverse transcription-polymerase chain reaction
CR) that primary cultures of orbital F derived from GO pati
xpressed RARs and CRBP-I gene transcripts. Moreove
howed that RA and 4HPR are able to inhibit growth and in
poptosis in a p53-dependent manner in these F.

MATERIALS AND METHODS

rigin of Tissues and Cell Cultures

Orbital connective tissue was obtained from 12 patients with
uring orbital decompression surgery. The diagnosis was bas
ndocrine and ophthalmologic criteria, including laboratory dete
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nation of hormones and antibodies and imaging study (ultrasonogra-
phy, computerized tomography, or magnetic resonance scan) of orbits.
The patients (9 women, 3 men; aged 31 to 68 years), currently euthy-
roid, had never been treated with steroids or had been off therapy for
over 6 months. Tissue explants were minced and placed directly on
plastic culture dishes for incubation with the appropriate medium in a
humidified incubator (37°C, 5% CO2). F were allowed to proliferate in
modified Eagle medium (MEM) supplemented with L-glutamine, 10%
(vol/vol) fetal bovine serum (FBS), and antibiotics (GibcoBrl, Life-
Technologies, Milan, Italy) as previously described.26 F were used for
experimental protocols at first-second culture passage, and at least 4
cell cultures from GO tissue specimens deriving from 4 different GO
patients were used in experiments, which were repeated at least 3 times.

mRNA Isolation and RT-PCR

Total RNA was isolated from the cell cultures at first passage. Total
RNA was recovered with TRIzol (Invitrogen, Milan, Italy). Residual
DNA was removed by RNase free DNase I treatment (Promega, Flo-
rence, Italy). RT-PCR was performed as previously described.26 RNAs
were reversely transcribed using 5 �g total RNA after annealing with
0.2 nmol/L oligo (deoxythymidine) for priming of cDNA in the pres-
ence of reverse transcriptase (Superscript; Invitrogen, 200 U, Milan,
Italy) at 37°C for 1.5 hours. The reaction was stopped by incubation at
95°C for 5 minutes. To obtain a negative control for the amplification
reactions, we performed a RNA transcription without adding reverse
transcriptase. Complementary DNA (400 ng cDNA) obtained by RT of
RNAs was amplified in the total volume of 50 mL Tris HCl 10 mmol,
1.5 mmol MgCl2, 50 mmol KCl pH 8.3, and 100 ng of 5� to 3� end
primers. To evaluate variability in the expression of RARs and
CRBP-I, a semiquantitative PCR was performed in which these genes
were amplified with glyceraldehyde 3-phosphate dehydrogenase
(GAPDH) as previously described.27 Briefly, before performing semi-
quantitative PCR, the number of cycles was chosen in the middle of the
exponential phase of the reaction separately for each gene type. To
establish the number of cycles, GAPDH was amplified at 15, 22, 32,
and 40 PCR cycles, RAR �, �, and � were subjected to 25, 32, and 40
amplification cycles in separate experiments (data not shown). PCR
conditions were as previously described, and the reaction consisted of
32 cycles of amplification for RAR �, �, and � and 22 cycles for
GAPDH. The specific primers for GAPDH were added to the PCR
reaction after the first 10 cycles. The levels of mRNAs, quantified by
densitometry scanning of the amplification products electrophoresed on
agarose gels, are expressed as ratio between the density of each gene
products and coamplified GAPDH. We used oligonucleotide sequences
for RAR �, RAR �, RAR�, CRPB-I, and GAPDH as previously
described.27 PCR products were then separated on a 1.2% agarose gel
containing ethidium bromide using 100-bp DNA ladder (Gibco BRL,
Life Technologies, Milan, Italy) as size marker.

Morphologic Evaluation

The cells from primary monolayers were detached with trypsin-
EDTA and seeded in 60-mm culture dishes to grow at 70% to 80%
confluence. Cells were starved for 24 hours in MEM without fetal calf
serum (FCS) and incubated in 1% FCS-supplemented medium in the
presence of RA or 4HPR 10�7 and 10�8 mol/L or solvent (control
cells) up to 96 hours. RA and 4HPR stock solutions were dissolved in
ethanol, and the final ethanol concentration in the experimental medium
per plate was 0.001%. The same amount of solvent was added to the
control cells during the experimental protocol The solvent had no effect
on cell morphology.Morphology was assessed using an inverted mi-
croscope (Nikon Duofot, Nikon, Japan).

Cell Proliferation Assay

Cell proliferation was evaluated with the tetrazolium salts (MTT)
method (Roche, Milan, Italy). As previously described,26,27 the cell
proliferation kit is a colorimetric assay (MTT based) for the nonradio-
active quantification of cell proliferation and viability. Only metabol-
ically active cells cleave MTT to form a formazan dye detected by
ultraviolet (UV) absorption (the absorbance spectrum is between 550
and 600 nm. Cells were seeded in microtiter plates in a final volume of
100 �L complete culture medium at a concentration of 2 � 103

cells/well and grown for 24 hours at 37°C, 5% CO2. Cells, starved for
24 hours in MEM without FCS, were incubated in 1% FCS-supple-
mented medium in the presence of RA or 4HPR 10�8 mol/L, 10�7

mol/L, and 10�6 mol/L, or solvent (control cells) for up to 96 hours.
The final ethanol concentration, used as solvent, in the experimental
medium per plate was 0.001%. The same amount of solvent was added
to the control cells during the experimental protocol. A total of 10 �L
of the MTT solution was then added to each well, and plates were
further incubated for 4 hours. Next, 10 �L of solubilization solution
was added to each well, and plates were kept overnight in the incubator
according to the manufacturer protocol. The absorbency was read at
550 nm using a microtiter plate reader.

Apoptosis Detection

The In Situ Cell Death Detection Kit (Roche) (TdT-mediated dUTP
nick-end labeling [TUNEL]) was used to detect apoptosis and quantify
DNA strand breaks in individual cells. The cell monolayers were grown
directly on sterilized slides (Superfrost; Carlo Erba, Milan, Italy),
starved for 24 hours in MEM without FCS, then incubated in 1%
FCS-supplemented medium in the presence of RA or 4HPR 10�8, 10�7

mol/L, or solvent (control cells) up to 96 hours. The slides were then
fixed in buffered paraformaldehyde, permeabilized with triton-X and
labeled with TUNEL reaction mixture according manufacturer instruc-
tions. Samples were analyzed using a Leitz Diaplan microscope (Eynst
Leitz, Wetzlar, Germany) equipped with epifluorescence. A negative
control (obtained by incubating a slide with labeled solution without
terminal transferase) and a positive control (obtained by treating a slide
with DNAase I solution) were included in each assay run.

Electrophoresis and Western Blot Analysis

P53 and Bcl-2 protein level was evaluated by Western blot analysis
of protein extracts made from 3 different strains of F. For electrophore-
sis and Western blot analysis, the cells were harvested after a few
minutes of incubation with phosphate-buffered saline (PBS) containing
0.2 mmol/L EDTA, centrifuged, and the pellets containing 10�6 cells
were resuspended in 1:1 vol/vol of denaturing lysis buffer (2 times)
containing 0.25 mol/L Tris-HCl pH 6.8, 5% sodium dodecyl sulfate
(SDS), 8 mol/L urea 10 mmol/L EDTA, 0.1mol/L 1,4-dithiothreitol
(DTT). The cell lysates were centrifuged for 10 minutes at maximum
speed (7,000g) at room temperature to separate DNA, after which the
supernatant was boiled for a few minutes before loading on gels.
Protein concentrations were normalized and equal volumes of samples
were loaded on the gels. Electrophoresis was performed on 12%
polyacrylamide (1:40 mono-/bis acrylamide) containing SDS, accord-
ing to standard SDS-polyacrylamide gel electrophoresis (PAGE) pro-
cedures. After separation on gel, proteins were electrophoretically
transferred overnight to 0.45-�mol/L nitrocellulose sheets for Western
blot analysis in transferring buffer containing 20% methanol, 10 g/L
glycine, 4 g/L Tris, and 0.2 g/L SDS. Nitrocellulose reactive groups
were then blocked with Western blot buffer (3 g/L Na2HPO4, 0.3 g/L
NaH2PO4, 12 g/L NaCl, 0.05% Nonidet P-40, 0.05% Tween-20) con-
taining 4% nonfat dried milk (Blocker; BIORAD, Rome, Italy) and 1%
bovine serum albumin (BSA) (pH 8.0). After 1 hour of incubation with
blocking solution at room temperature, the sheets were briefly washed
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with Western blot buffer (pH 8.0), incubated overnight, and shaken at
4°C with primary antibodies diluted in Western blot buffer contain-
ing 1% nonfat dried milk and 0.25% BSA (pH 8.0). For p53 we used
the p53 PAN 122 (Roche) at 2 �g/mL working concentration and for
Bcl-2 immunoreaction the monoclonal antibody (Roche) at a work-
ing concentration of 1:800. At the end of incubation, blots were
washed once for 15 minutes and 3 times for 5 minutes with Western
blot buffer (pH 8.00). The antibody reaction was revealed by incu-
bating it for 45 minutes at room temperature with horseradish
peroxide-coupled antigoat or antimouse IgG serum (Amersham,
Milan, Italy), 1:10,000 diluted in Western blot buffer (pH 8.0)
containing 1% nonfat dried milk and 0.25% BSA, followed by a
washing cycle (as above) and using chemiluminescent substrate
(ECL, Amersham) according to the manufacturer’ s instructions.
Visualization was obtained by autoradiography.

Cyclic Adenosine Monophosphate Accumulation

Confluent F monolayers in 6-well plates (Costar, Milan, Italy)
were starved for 24 hours in medium without FCS and then shifted
to medium supplemented with 1% FCS and phosphodiesterase in-
hibitor. The cells were treated with forskolin 10�5 mol/L, RA and
4HPR 10�7 and 10�8 mol/L or forskolin plus RA and 4HPR at the
indicated doses. After 30 minutes, cultures were interrupted by
adding cold 70% ethanol. After overnight incubation in ethanol, the
supernatant was collected, centrifuged, and dried. The extracts were
reconstituted with the appropriate buffer and processed for cyclic

adenosine monophosphate (cAMP) assay using a RIA kit (Amer-
sham).

Statistical Analysis

The data are reported as mean � SE from at least 3 separate
experiments performed in triplicate. The means were compared using
analysis of variance.

Fig 1. RAR �, �, and � mRNA levels in 4 representative samples of retro-orbital F in primary culture from 4 patients affected by GO. (A)

Patient 1 (lanes 1 through 3), patient 2 (lanes 4 through 6); (A1) Patient 3 (lanes 1 through 3) , patient 4 (lanes 4 through6). M: 100-bp DNA size

marker; lanes 1 and 4 (A, A1): 495-bp products of RAR �; lanes 2 and 5 (A, A1): 400-bp products of RAR �; lanes 3 and 6 (A, A1): 736-bp products

of RAR � ; lanes 1 through 6 (A, A1) 876-bp products of GAPDH. (B) Quantification of relative RAR �, �, and � mRNAs in FGO. The RAR �, �, and

� bands were normalized to GAPDH mRNA control. Each column represents the mean � SE of 3 separate experiments. *P < .007.

Fig 2. CRBP-I mRNA levels in retro-orbital F in primary culture

from patients affected by GO. CRBP-I and GAPDH mRNAs in 6 FGO

from 6 representative patients. M: 100-bp DNA size marker; lanes 1

through 6: 340-bp products of CRBP-I, 876-bp products of GAPDH.
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RESULTS

RAR �, �, �, and CRBP-I Are Expressed in F From Orbital
Tissues From Patients Affected by GO

All primary cultures of F obtained from orbital tissues (F)
from patients affected by GO studied expressed RAR �, �, and
� (Fig 1) and CRBP-I (Fig 2). The level of the transcripts
analyzed by semiquantitative RT-PCR of RAR � and � was
clearly higher than RAR� mRNA (P � .007) (Fig 1B), while
no significant differences were found in CRBP-I expression in
different samples.

FGO Treated With RA and 4HPR Present Morphologic
Changes, Growth Arrest, and Different Degrees of Apoptosis

FGO were incubated for up to 96 hours with RA and 4HPR
at 10�8, 10�7, and 10�6 mol/L. Morphologic changes were
observed after 48 hours of 4HPR 10�7 mol/L treatment and

after 72 hours of RA 10�7 mol/L exposure in FGO (Fig 3).
Cells became thinner and more oblong, with the presence of
cytoplasm extensions projecting from their surface; the cyto-
plasm contained numerous vacuoles (Fig 3). The effect of
4HPR (10�7 mol/L) on cell morphology was achieved faster
than RA (10�7 mol/L) treatment (48 hours v 72 hours) (Fig 3).
The dramatic changes on the morphology observed after 72
hours of RA and 4HPR 10�7 mol/L treatment were reversed 48
hours after drug washout (data not shown), and the cells re-
turned to a morphology similar to the control cells. FGO treated
with RA or 4HPR 10�8, 10�7, and 10�6 mol/L for 48, 72, and
96 hours showed a significant decrease of cell growth after 72
hours when treated with RA and 4HPR 10�7, and 10�6 mol/L
(P � .01 and P � .005 v untreated controls) (Fig 4). The arrest
of cell growth was present for up to 96 hour of drug exposure
(Fig 4). RA and 4HPR at lower doses (10�8 mol/L) did not

Fig 3. Change in the mor-

phology of F from a patient af-

fected by GO in primary culture

after 48 hours of 10�7 mol/L RA

or 4HPR treatment and after 72

hours of RA 10�7 mol/L. (A) Un-

treated FGO. (B) FGO treated

with RA 10�7 mol/L for 48

hours. (C) FGO treated with

4HPR 10�7 mol/L for 48 hours.

(D) FGO treated with RA 10�7

mol/L for 72 hours (phase con-

trast, 320 �).

Fig 4. RA- and 4HPR-induced

growth inhibition of F from GO

patients in primary culture. The

cells were seeded at 2,000 cells

per well and treated with RA or

4HPR at 10�8, 10�7, and 10�6

mol/L for 48, 72, and 96 hours.

The results were expressed as

the A550 of MTT-derived

formazan developed by un-

treated control (C) and treated

cells. Each column represents

the mean � SE of 3 separate

experiments, *P < .01; **P <
.005.
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decrease significantly cell growth. At 96 hours of drug expo-
sure, nuclear fragmentation indicating programmed cell death
by TUNEL was detected in 15% and 50% of RA and 4HPR
(10�7 mol/L)-treated cells (Fig 5).

p53 and Bcl-2 Protein Levels During RA and 4HPR
Treatment

To test if the p53 pathway was functionally activated during
RA and/or 4HPR treatment, we determined whether p53 was
present in FGO and whether its level increased after RA (10�7

mol/L) and 4HPR (10�7 mol/L) administration. In untreated
FGO, a faint band was recognized by the monoclonal p53
antibody. After 72 hours of RA and 4HPR (10�7 mol/L)
treatment, there was a selective increase in the labeling of the
band representing the wild-type p53. Moreover, 4HPR induced
a 70% decrease of Bcl-2 protein (Fig 6).

RA and 4HPR Effects on cAMP Accumulation

RA and 4HPR treatment for 30 minutes induced a 20%
decrease of basal cAMP accumulation and abolished forskolin
cAMP-induced increase (Fig 7).

DISCUSSION

RAR �, �, and � transcripts were found in cultured orbital
F from GO-affected subjects, showing that they are potential
target for retinoids. Moreover, the presence of CRBP-I
transcript in FGO demonstrated that these cells are able to
metabolize retinoids. Retinoids modulate the growth
and differentiation of several normal and malignant epithe-
lial cell types in vitro and in vivo.15 We found for the first
time that retinoids inhibit cell growth and induce pro-
grammed cell death in orbital F from GO acting on p53
and Bcl-2 protein expression level, suggesting that RAR
are functional. 4HPR, a less toxic synthetic derivative of
RA, has been used in the prevention and treatment of a
variety of tumors both in vivo and in vitro.20-23 4HPR
induced cell growth inhibition and apoptosis in all RA-
sensitive, as well as RA-resistant cells, demonstrating a
wider spectrum of potency over RA. We demonstrated that
4HPR is able to inhibit FGO growth and induce programmed
cell death in a more effective way than RA in a p53-
dependent manner. 4HPR induced a downregulation of the
antiapoptotic Bcl-2 protein expression, resulting in an in-
creased sensitivity of these cells to apoptotic stimuli. Be-
cause 4HPR binds poorly to the RAR, the issue of whether
4HPR exerts its biologic effects via classical retinoic recep-
tor pathways remains unclear. Recent data suggest that
4HPR acts, at least in part, via the RAR�28 that we detected
in orbital F from GO. RA and 4HPR treatment for 30
minutes decreased cAMP accumulation induced by forskolin
in FGO, suggesting an alternative mechanism of action of
retinoids in these cells. Specific nongenomic effects occur
within a few minutes and are mediated by steroid-selective
membrane receptors.29,30 At this time, it is difficult to es-
tablish that the inhibition of cAMP accumulation seen in our
cell system induced by RA and 4HPR could be linked to the
effect on cell growth. Many events may occur in the length
of time between these effects, but it is intriguing to think
about the possible link and intracellular cooperation from

Fig 5. Effect of RA and 4HPR on apoptosis induction in F from GO

patients in primary culture. FGO were treated with 10�7 mol/L RA

and 4HPR for 96 hours. After treatment, apoptosis was detected by

the TUNEL method. Values represent the mean of 3 independent

experiments performed in duplicate (� SE).

Fig 6. Western blot analysis of p53 and Bcl-2 protein expression in

F from patients affected by GO cell lysates before (C) and after 72

hours of 10�7 mol/L RA and 4HPR treatment. Protein concentrations

were normalized and equal volumes of samples were loaded on the

gels.

Fig 7. RA- and 4HPR-induced inhibition of forskolin (FK)-

stimulated cAMP accumulation in F from patients affected by GO.

The cells were treated with FK 10-5 mol/L with or without RA and

4HPR 10�7 mol/L for 30 minutes. Each column represents the

mean � SE of 3 separate experiments, *P < .01; **P < .005 v

FK-stimulated cAMP accumulation.
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different signaling pathways probably induced by the same
ligand.

In conclusion, these results shows that retinoids may
modulate GO orbital F growth and differentiation acting on
the cell morphology and apoptosis, and on cAMP produc-
tion. These antiproliferative effects of RA and 4HPR in FGO

may suggest a possible therapeutic use of retinoids in GO
even if more studies in vitro and in vivo are necessary.

ACKNOWLEDGMENT

We thank Dr Joseph Sepe for editing this manuscript.

REFERENCES

1. Wiersinga WM, Prummel MF: Pathogenesis of Graves’ ophthal-
mopathy. Current understanding. J Clin Endocrinol Metab 86:501-503,
2001

2. Smith TJ: Orbital fibroblasts exhibit a novel pattern of responses
to proinflammatory cytokines: Potential basis for the pathogenesis of
thyroid-associated ophthalmopathy. Thyroid 12:197-203, 2002

3. Heufelder AE, Joba W: Thyroid-associated eye disease. Strabis-
mus 8:101-111, 2000

4. Koumas L, Smith TJ, Phipps RP: Fibroblast subsets in the human
orbit: Thy-1� and Thy-1- subpopulations exhibit distinct phenotypes.
Eur J Immunol 32:477-485, 2002

5. Bartalena L, Pinchera A, Marcocci C: Management of Graves’
ophthalmopathy: Reality and perspectives. Endocr Rev 21:168-199,
2000

6. Hofmann C, Eichele G: Retinoids in development, in Sporn MB,
Roberts AB, Goodman DS (eds): The Retinoids: Biology, Chemistry,
and Medicine. New York, NY, Raven, 1994, pp 387-441

7. Giguere V: Retinoic acid receptors and cellular retinoid binding
proteins: Complex interplay in retinoid signaling. Endocr Rev 15:61-
79, 1994

8. Eichele G: A vital role for vitamin A. Nat Genet 21:346-347,
1999

9. Borrow J, Goddard AD, Sheer D, et al: Molecular analysis of
acute promyelocytic leukemia breakpoint cluster region on chromo-
some 17. Science 249:1577-1580, 1990

10. Collins SJ, Robertson KA, Mueller L: Retinoic acid-induced
granulocytic differentiation of HL-60 myeloid leukemia cells is medi-
ated directly through the retinoic acid receptor (RAR-alpha). Mol Cell
Biol 10:2154-2163, 1990

11. Lotan R, Francis GE, Freeman CS, et al: Differentiation therapy.
Cancer Res 50:3453-3464, 1990

12. de The H, Lavau C, Marchio A, et al: The PML-RAR alpha
fusion mRNA generated by the t(15;17) translocation in acute promy-
elocytic leukemia encodes a functionally altered RAR. Cell 66:675-
684, 1991

13. Kakizuka A, Miller WH Jr, Umesono K, et al: Chromosomal
translocation t(15;17) in human acute promyelocytic leukemia fuses
RAR alpha with a novel putative transcription factor, PML. Cell
66:663-674, 1991

14. Hong WK, Itri LM: Retinoids and human cancer, in Sporn MB,
Roberts AB, Goodman DS (eds): The Retinoids: Biology, Chemistry,
and Medicine. New York, NY, Raven, 1994, pp 597-630

15. Evans TR, Kaye SB: Retinoids: Present role and future potential.
Br J Cancer 80:1-8, 1999

16. Minucci S, Nervi C, Lo Coco F, et al: Histone deacetylases: A
common molecular target for differentiation treatment of acute myeloid
leukemias? Oncogene 28:3110-3115, 2001

17. Beato M: Gene regulation by steroid hormones. Cell 56:335-
344, 1989

18. Gudas LJ, Sporn MB, Roberts AB: Cellular biology and bio-
chemistry of the retinoids, in Sporn MB, Roberts AB, Goodman DS
(eds): The Retinoids: Biology, Chemistry, and Medicine. New York,
NY, Raven, 1994, pp 443-520

19. Pienta KJ, Nguyen NM, Lehr JE: Treatment of prostate cancer
in the rat with the synthetic retinoid fenretinide. Cancer Res 53:224-
226, 1993

20. Costa A: Breast cancer chemoprevention. Eur J Cancer 4:589-
592, 1993

21. Giandomenico V, Andreola F, Rodriguez de la Concepcion ML,
et al: Retinoic acid and 4-hydroxyphenylretinamide induce growth
inhibition and tissue transglutaminase through different signal trans-
duction pathways in mouse fibroblasts (NIH 3T3 cells). Carcinogenesis
20:1133-1135, 1999

22. Thaller C, Shalev M, Frolov A, et al: Fenretinide therapy in
prostate cancer: Effects on tissue and serum retinoid concentration.
J Clin Oncol 18:3804-3808, 2000

23. Merritt G, Aliprandis ET, Prada F, et al: The retinoid fenretinide
inhibits proliferation and downregulates cyclooxygenase-2 gene ex-
pression in human colon adenocarcinoma cell lines. Cancer Lett 164:
15-23, 2001

24. Tammi R, Ripellino JA, Margolis RU, et al: Hyaluronate accu-
mulation in human epidermis treated with retinoic acid in skin organ
culture. J Invest Dermatol 92:326-332, 1989

25. Smith TJ: Retinoic acid inhibition of hyaluronate synthesis in
cultured human skin fibroblasts. J Clin Endocrinol Metab 70:655-660,
1990

26. Pasquali D, Rossi V, Prezioso D, et al: Changes of tissue
transglutaminase activity and expression during retinoic acid-induced
growth arrest and apoptosis in primary cultures of human epithelial
prostate cells. J Clin Endocrinol Metab 84:1463-1469, 1999

27. Pasquali D, Vassallo P, Esposito D, et al: Somatostatin receptors
genes expression, and inhibitory effects of octreotide on primary cul-
tures of orbital fibroblasts from Graves’ ophthalmopathy. J Mol Endo-
crinol 25:63-71, 2000

28. Liu G, Wu M, Levi G, et al: Inhibition of cancer cell growth by
all-trans retinoic acid and its analog N-(4-hydroxyphenyl) retinamide:
A possible mechanism of action via regulation of retinoid receptors
expression. Int J Cancer 78:248-254, 1998

29. Brann DW, Hendry LB, Mahesh VB: Emerging diversities in the
mechanism of action of steroid hormones. J Steroid Biochem Mol Biol
52:113-133, 1995

30. Lu D, Giguere V: Requirement of Ras-dependent pathways for
activation of the transforming growth factor beta3 promoter by estra-
diol. Endocrinology 142:751-759, 2001

1392 PASQUALI ET AL


	All-trans Retinoic Acid– and N-(4-hydroxyphenil)-Retinamide–Induced Growth Arrest and Apoptosis in Orbital Fibroblasts in Graves’ Disease
	MATERIALS AND METHODS
	Origin of Tissues and Cell Cultures
	mRNA Isolation and RT-PCR
	Morphologic Evaluation
	Cell Proliferation Assay
	Apoptosis Detection
	Electrophoresis and Western Blot Analysis
	Cyclic Adenosine Monophosphate Accumulation
	Statistical Analysis

	RESULTS
	RAR  ,  ,  , and CRBP-I Are Expressed in F From Orbital Tissues From Patients Affected by GO
	FGO Treated With RA and 4HPR Present Morphologic Changes, Growth Arrest, and Different Degrees of Apoptosis
	p53 and Bcl-2 Protein Levels During RA and 4HPR Treatment
	RA and 4HPR Effects on cAMP Accumulation

	DISCUSSION
	ACKNOWLEDGMENT
	REFERENCES


