
Introduction

The incidence and prevalence of pre-malignant and malignant skin
lesions have been alarmingly increasing worldwide, creating a
major medical and economic problems. Squamous cell carcinomas
(SCCs) in particular, have rapidly increased in incidence during the
past several decades [1]. DNA damage, gene mutations and vari-
ous chemicals have all been implicated as etiologic factors in the
development of SCC. In addition, solid organ transplant recipients
(OTR) are a susceptible population due to the long-term immuno-
suppressant therapy [2]. SCC is the most common skin neoplasia

and may affect as much as 30–58% of transplanted recipients, 
usually exhibiting an aggressive course with metastasis [3]. Actinic
keratosis, which can eventually develop into invasive SCC, also
exhibits an increased incidence in the OTR patients [3]. Therefore,
prevention and management of skin cancer in OTR patients
become a priority in the field of dermatology and oncology.

Retinoids are the structural and functional analogues of vitamin
A with a wide range of biologic activities. Retinoids are active in
most tissues and have major impacts on both normal and diseased
skin [4]. Systemic retinoids, specifically acitretin, are effective, ther-
apeutic and chemopreventive agents for some non-melanoma skin
cancers. Lebwohl et al. [5] described a psoriatic patient developed
multiple SCCs after long-term treatment with psoralen plus ultra-
violet A and oral acitretin was administered to prevent the recur-
rence of skin cancer after surgical removal. Kuan et al. [6] 
successfully treated a patient who had multiple, extensive verru-
cous carcinomas with a single regimen of acitretin. Acitretin have
also shown to be effective in controlling and reducing actinic ker-
atosis [3] and preventing the development of SCC in OTR [2, 7].
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Abstract

Skin cancers are by far the most common human malignancies. Retinoids have shown promising preventive and therapeutic effects
against a variety of human malignancies. The aim of this study was to investigate the apoptosis-inducing effect of acitretin on human
skin squamous cell carcinoma (SCC) SCL-1 cells. We found that acitretin preferentially inhibited the growth of SCL-1 cells in a dose-
and time-dependent manner, but not of non-malignant keratinocyte HaCaT cells. This inhibition appeared to be due to induction of apop-
tosis as revealed by enzyme-linked immunosorbent assay. AnnexinV/propidium iodide assay and morphological observation confirmed
the pro-apoptotic effect of acitretin on SCL-1 cells. We further demonstrated that apoptosis was induced within 1–2 days and involved
activation of caspases-8, -9, -3 and poly (ADP-ribose) polymerase (PARP). Caspase-8 inhibitor effectively suppressed acitretin-induced
apoptosis whereas caspase-9 inhibitor did not. Acitretin increased the levels of CD95 (Fas), CD95-ligand and Fas-associated death
domain. Neutralizing ZB4 anti-Fas antibody significantly inhibited the apoptosis in SCL-1 cells induced by acitretin. These results sug-
gest that acitretin is able to induce apoptosis in skin cancer cells possibly via death receptor CD95 apoptosis pathway without affecting
the viability of normal keratinocyte.
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Some studies suggested that retinoid could be used as a chemo-
preventive and chemotherapeutic agent in various malignancies
because of its anti-proliferating effect through induction of cell
apoptosis [8–10]. Other hypotheses postulate that retinoids may
affect growth factors, down-regulate proto-oncogenes and
increase ceramides [11–13].

Apoptosis plays a critical role in carcinogenesis, its signalling
pathways include death receptor (extrinsic) and mitochondrial
(intrinsic) pathway [14]. The Fas (CD95)/Fas ligand (FasL; CD95L)
system is an important extracellular pathway. The binding of FasL
to the Fas receptor activates caspase-8 (an initiator caspase) via
Fas-associated death domain protein (FADD), and the two types of
cells have been defined. In type I cells, caspase-8 is sufficient to
ensure execution of the final steps of apoptosis through direct
activation of caspase-3 [15, 16]. In type II cells, activation of cas-
pase-8 leads to activation of mitochondria, which in turn results in
cleavage of caspases-9, -3 [17, 18]. On the other hand, in intrin-
sic pathway, caspase-9 (another initiator caspase) activates cas-
pase-3, contributing to apoptotic cell death [19, 20].

Although two major apoptotic pathways have been well defined
in mammalian cells, the involvement of these two apoptotic path-
ways in acitretin-induced apoptosis has not been previously
reported. Therefore, this study was to investigate the apoptosis-
inducing effect of acitretin on human SCC cell line SCL-1 and
HaCaT cells.

Materials and methods

Antibodies and reagents

Antibodies to caspase-3 (sc-7272), -9 (sc-8355), Fas (sc-715), FasL 
(sc-834) were purchased from Santa Cruz Biotechnology (Santa Cruz, CA,
USA), and antibodies to human FADD, PARP, from NeoMarkers (Fremont,
CA, USA). Fluorescein isothiocyanate (FITC)-conjugated anti-human Fas
antibody (DX2) and antibodies to caspase-8 (551242) were purchased from
BD PharMingen (San Diego, CA, USA), antibodies to neutralizing Fas (ZB4),
from Upstate Biotechnology (Waltham, MA, USA). Trizol was obtained from
Invitrogen (San Diego, CA, USA), and Z-IETD-FMK (caspase-8 inhibitor)
and Z-LEHD-FMK (caspase-9 inhibitor) from Santa Cruz Biotechnology.

Cell culture and acitretin treatment

SCL-1, a human SCC cell line [21, 22], as well as HaCaT, a spontaneously
immortalized human keratinocyte cell line [22, 23], were originally pro-
vided by N.E. Fusenig (German Cancer Research Center, Heidelberg,
Germany). Cells were grown in Dulbecco’s modified Eagle’s medium
(DMEM) medium (Hyclone, South Logan, UT, USA) supplemented with
10% heat-inactivated foetal calf serum (Hyclone), 100 U/ml penicillin and
100 U/ml streptomycin in 75-cm2 tissue culture flasks (BD PharMingen).
Acitretin was obtained from Chongqing Huapont Pharm. Co., LTD.
(Chongqing, China), diluted in dimethylsulfoxide (DMSO) (Sigma, St
Louis, MO, USA) and stored in light-protected vials at –80�C. Subsequent

dilutions were made in normal culture medium with a final DMSO concen-
tration of 0.05%. The control was supplied with DMSO of a final concen-
tration of 0.05%.

Assay for cell viability

Cell viability was determined by the 3-(4, 5-dimethylthiazol-2-yl)-2, 
5-diphenyl-2H-tetrazolium bromide (MTT) cell proliferation assay. Briefly,
SCL-1 cells and HaCaT cells were seeded at a density 3000 cells per well
in 96-well tissue culture plates (BD PharMingen). After 24 hrs, cells were
treated with five different concentrations of acitretin; control cultures
received DMSO (0.05%). At designated time points after treatment, the
cells were treated in sequence with MTT (Sigma) and DMSO. The
absorbance was measured at 490 nm. Cell viability was expressed as the
percentage of exposed cells to controls.

Determination of DNA fragmentation by ELISA

The cytoplasmic histone-associated DNA fragments were measured in
SCL-1 cells and HaCaT cells using the Cell Death Detection ELISA (Roche
Diagnostics, GmbH, Germany). Briefly, acitretin-treated cells were lysed
and centrifuged at 200 � g for 10 min. at 4�C. Twenty microlitres of the
resulting supernatant were added to a streptavidin-coated microplate, fol-
lowed by incubation with immunoreagent (containing anti-histone and
anti-DNA) under moderate shaking for 2 hrs. The wells were then washed
three times and 100 �l substrate solutions added and incubated for 15 min.
at room temperature. The absorption was measured at 405 nm using an
ELISA reader. All experiments were performed in duplicate and were
repeated at least three times.

AnnexinV/propidium iodide (PI) assay by flow
cytometry

Apoptotic cells were quantified by annexinV-FITC and PI double staining
using a staining kit from Roche Diagnostics. Briefly, SCL-1 cells and HaCaT
cells were treated with either DMSO or retinoids dissolved in DMSO for the
designated times, and then 1.0 � 106 cells were washed with ice-cold phos-
phate buffer saline (PBS) and resuspended with 100 �l binding buffer. Two
microlitres FITC-conjugated annexinV and 2 �l PI were added to the resus-
pended cells and incubated for 15 min. in the dark. The cells were then
resuspended in 0.5 ml of binding buffer and analysed by flow cytometry.

Apoptotic morphological changes

Ultrastructural changes in cell apoptosis were determined by transmission
electron microscopy. Briefly, treated and control cells in 75-cm2 flasks
were trypsinized, washed with PBS, fixed in 2.5% glutaraldehyde in 0.15 M
sodium cacodylate buffer for 30 min., post-fixed in 1% aqueous osmium
tetroxide for 30 min. and embedded in Epon-Araldite. Thin sections were
stained with uranyl acetate and lead citrate and examined under a Philips
300 electron microscope (Philips, Eindhoven, the Netherlands) at 90 kV.
Micrographs were taken randomly for both acitretin-treated and control
cultures and were blindly examined by an independent pathologist.
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Detection of proteins by Western blotting

Cells were washed with PBS and then suspended in an extraction buffer
(20 mM Tris-Cl, pH 7.4, 100 mM NaCl, 1% NP-40, 0.5% sodium deoxy-
cholate, 5 mM MgCl2, 0.1 mM phenylmethylsulfonyl fluoride, 0.1 mM
 pepstatin A, 0.1 mM antipain, 0.1 mM chymostatin, 0.2 mM leupeptin, 
10 �g/ml aprotinin, 0.5 mg/ml soybean trypsin inhibitor and 1 mM benza-
midine) on ice for 15 min. Lysates were spun down at 14,000 rpm for 20
min. Protein concentration was determined using the BCA Protein Assay
Reagent (Pierce Chemical Company, Rockford, IL, USA). Equal amounts of
cell extracts were resolved on SDS-polyacrylamide denaturing gels, trans-
ferred onto nitrocellulose membranes (Schleicher & Schuell, Dassel,
Germany) overnight at 4�C. The membrane was blocked in Tris-buffered
saline containing 2% non-fat dry milk (Bio-Rad, Hercules, CA, USA) and
0.05% Tween 20 (Merck-Schuchardt, Hohenbrunn, Germany) for 1 hr and
probed with an appropriate primary and horseradish peroxidase-conju-
gated secondary antibody. Protein bands were visualized using an
enhanced chemiluminescence system (Amersham Pharmacia Biotech,
Piscataway, NJ, USA).

Real-time PCR analysis

Real-time PCR was performed to assess Fas and FasL expression in SCL-
1 cells. Briefly, total RNA was extracted from treated or untreated SCL-1
cells using Trizol reagent. Two micrograms of total RNA were reversely
transcribed with TIANscript M-MLV transcriptase (Tiangen Biotechnology,
Beijing, China) using random primers. The quantification of apoptosis-
related genes was carried out in triplicate for each gene. Primers for Fas
receptor were sense, 5�-AAGTGACTGACATCAACTCC-3�; and antisense,
5�-CCACTTCTAAGCCATGTCC-3�, amplicon size was 270 bp. Primers for
the FasL were sense, 5�-ACATGAGGAACTCTAAGTATCCC-3�; and anti-
sense, 5�-CAAAATTGACCAGAGAGAGC-3�, amplicon size was 174 bp.
Primers for �-actin (house keeper gene) were sense, 5�-TCATCACCATTG-
GCAATGAGC-3�; and antisense, 5�-CAGCACTGTGTTGGCGTACAGGT-3�,
amplicon size was 158 bp. The optimal PCR reaction was established
using the Real Master Mix (SYBR Green) PCR Kit (Tiangen Biotechnology)
according to the manufacturer’s instructions. A relative quantification
analysis (two standard curves method) was carried out with Rotor Gene
3000 software, version 6.0 (Corbett Research, Mortlake, Australia). The
ratio of a target DNA sequence to a reference �-actin sequence in samples
from untreated cells was served as a ‘calibrator’. The results are
expressed as a normalized ratio.

Assays for Fas

The expression of cell surface Fas was measured by immunofluorescence
flow cytometry. After various treatments, a total of 1.0 � 106 cells was col-
lected by centrifugation, and washed twice with ice-cold PBS containing
1% bovine serum albumin. Cells were then incubated with 100 �l of FITC-
conjugated anti-Fas antibody or control mouse IgG-FITC antibody for 
40 min. at 4�C. After incubation in the dark, cells were washed twice and
resuspended in ice-cold PBS. Immunofluorescence staining of cell surface
Fas was analysed by flow cytometry. For Fas inhibitor assay, neutralizing
ZB4 anti-Fas antibody was added at 1 �g/ml 10 min. before treatment with
acitretin for 24 hrs. Apoptosis was analysed by the ELISA assay as
described above.

Inhibition of caspase activity

SCL-1 cells that were induced to undergo apoptosis were cultured in the
presence or absence of caspase inhibitors that bind to the active site of
their respective protease. The following caspase inhibitors were used: Z-
IETD-FMK (caspase-8 inhibitor), Z-LEHD-FMK (caspase-9 inhibitor).
Inhibitors were dissolved in DMSO at a concentration of 10 �M and diluted
with normal culture medium to a final concentration of 10 nM. Cells were
pre-incubated with caspase inhibitors for 10 min. at 37�C before adding
acitretin (1 � 10�5 M) for 24 hrs at 37�C. Control cells were incubated in
DMSO diluted 1:2000 in culture medium for 48 hrs at 37�C and 5% CO2. At
the end of incubation, floating cells and attached cells were combined and
analysed for apoptosis by the ELISA assay.

Statistical analyses

All statistical analyses were performed using Excel software (Microsoft,
Redmond, WA, USA). Data are presented as median, analysed using the
Mann-Whitney U test or Kruskal–Wallis H test. P-values less than 0.05
were considered statistically significant.

Results

Effects of acitretin on the cell proliferation 
of cell line SCL-1

We investigated the effects of acitretin on cell proliferation in SCL-
1 and HaCaT at five different concentrations of acitretin for 3 days
and 10�5 M of acitretin for 1, 3, 5 days using a MTT assay (Fig. 1A
and B). The results showed that acitretin inhibited cell growth of
SCL-1 in a dose- and time-dependent manner. In contrast,
acitretin exhibited a few inhibitory effects on the proliferation of
HaCaT cells, indicating that acitretin showed less toxicity to non-
malignant keratinocytes.

Effects of acitretin on apoptosis in SCL-1 cells

The induction of apoptosis was determined by the Cell Death
Detection ELISA, and the results showed acitretin induced apopto-
sis of SCL-1 cells in a dose- and time-dependent manner (Fig. 2A
and B). However, the pro-apoptotic effect of acitretin on HaCaT
was much less prominent than that on SCL-1. AnnexinV and PI
double staining were performed to confirm the above findings in
cultured SCL-1 cells and HaCaT cells incubated with either vehicle
or acitretin for 1, 2 and 3 days. AnnexinV-positive apoptotic cells
were found to increase time dependently in acitretin-treated SCL-
1 cells, consistent with the results of ELISA (Fig. 2C and D).
Ultrastructural changes were examined to further confirm the
apoptosis. Under transmission electron microscopy, the nucleus



J. Cell. Mol. Med. Vol 13, No 9A, 2009

2891© 2008 The Authors
Journal compilation © 2009 Foundation for Cellular and Molecular Medicine/Blackwell Publishing Ltd

of SCL-1 cells treated with acitretin for 5 days showed features of
apoptosis, including disappeared villi on cell membrane, nucleus
shrinkage, dense aggregation and margination of chromatin. In
control group, SCL-1 cells displayed normal morphology with rich
villi on the cell membrane, normal shape of nucleus and nuclear
chromatin which evenly distributed.

Effects of acitretin treatment on caspase 
activation

Since caspases play a pivotal role in the apoptosis signalling path-
way [24, 25], we examined the activation of caspases-8, -9, -3 by
both active and inactive forms using Western blot analysis. An
active fragment of caspase-8 occurred 12 hrs after acitretin treat-
ment, this fragment increased time dependently, whereas the cor-
responding caspase-9 and caspase-3 active fragments occurred
24 hrs after acitretin treatment (Fig. 3A). To confirm the presence
of active caspase-3 in acitretin-treated cells, the cleavage of PARP
was determined. After treatment with acitretin for 24 hrs, the full-
length form of the PARP protein (116 kD), a substrate for caspase-
3, was degraded into the cleaved form (85 kD; Fig. 3A). These
results suggest that acitretin-induced apoptosis is associated with
the activation of caspases-8, -9, -3 and caspase-8 may be the first
caspase activated by acitretin in SCL-1 cells.

In order to confirm the role of caspases in acitretin-induced
apoptosis, Cell Death Detection ELISA was performed with
inhibitors of caspases-8 and -9. These caspase inhibitors, when
used alone, did not exert any effect on the apoptosis of SCL-1
cells. However, combined treatment with inhibitor of caspase-8

effectively blocked acitretin-induced apoptosis in SCL-1 cells,
whereas with inhibitor of caspase-9 failed to do so (Fig. 3B). These
results indicate that acitretin-induced apoptosis is dependent on
the activation of caspase-8.

Induction of cell surface Fas protein and mRNA
expressions of Fas/FasL during acitretin-induced
apoptosis

The fact that caspase-8 inhibitor was found to block acitretin-
induced apoptosis dramatically in SCL-1 cells encourage us to fur-
ther investigate whether the cell surface Fas receptor is affected by
acitretin with flow cytometric analysis using an anti-Fas mono-
clonal antibody. The results revealed that the level of the cell sur-
face Fas receptor was significantly increased in acitretin-treated
cells compared with the untreated controls (Fig. 4). Accordingly,
the results with relative quantification analysis also demonstrated
that both Fas and FasL mRNAs increased at 12 hrs after the addi-
tion of acitretin and continued to increase substantially in a time-
dependent manner (Fig. 5, Table 1).

Effects of acitretin on protein expressions in Fas
apoptotic signalling pathway

To be sure whether acitretin affects the death receptor apoptotic
pathway, we checked the status of Fas, FasL and FADD proteins.
The results shown in Fig. 6 demonstrate the significantly
increased levels of Fas, FasL, FADD in a time-dependent manner

Fig. 1 Effects of acitretin on cell growth of SCL-1 cells. (A) SCL-1 cells and HaCaT cells were treated with acitretin at five different concentrations for
3 days. (B) SCL-1 cells and HaCaT cells were treated with 10�5 M of acitretin for various times. Cell proliferation was assessed by MTT assay. Cell
viability was estimated from the equation: % of cell viability 	 100 � At/Ac, where At and Ac are the absorbencies in treated and control cultures,
respectively. Data are shown as median of three different independent experiments (each with three cultures).
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just after 12 hrs exposing to acitretin, and these changes were well
matched to the appearance of the active caspase-8 fragment 
(Fig. 3A), presumably as a result of Fas/FasL binding. The results
indicated that acitretin increased the levels of both Fas and FasL,

which could initiate death signalling. To further test this possibility,
we examined the effects of ZB4, an antagonistic Fas-antibody, on
apoptosis in acitretin-treated cells by disturbing Fas–FasL interac-
tion. As shown Fig. 7, ZB4 alone did not exert any effect on the

Fig. 2 Effects of acitretin on apoptosis in 
SCL-1 cells. (A) SCL-1 cells and HaCaT cells
were treated with acitretin at five different
concentrations for 3 days. (B) SCL-1 cells and
HaCaT cells were treated with 10�5 M of
acitretin for various times. To determine and
quantify the induction of apoptosis by
acitretin in the SCL-1 cells and HaCaT cells,
20 �l of cell lysate was used for Cell Death
Detection ELISA kit. DNA fragmentation was
quantified at 405 nm. Data are shown as
median of three different independent experi-
ments. (C and D) SCL-1 cells (C) and HaCaT
cells (D) were cultured with 10�5 M acitretin
for 0, 24, 48 and 72 hrs. The cells were then
stained with annexinV-FITC and PI labelling
and were analysed by flow cytometry. The
percentage of cells in each window is indi-
cated. The percentage of annexinV-positive
apoptotic cells in SCL-1 cells and in HaCaT
cells both dramatically increased in a time-
dependent manner. Three independent exper-
iments were performed with similar results.
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apoptosis of SCL-1 cells; however, acitretin-induced apoptosis
was effectively suppressed if the cells were pre-treated with ZB4
for 1 hr followed by concurrent treatment with acitretin and ZB4.
These data suggested that the apoptotic pathway associated with
Fas–FasL interaction is involved in acitretin-induced apoptosis.

Discussion

Acitretin, the second generation of retinoids, was reported to
exhibit anti-tumour activity in actinic keratosis, verrucous carcino-
mas, SCC without significant side effects or toxicity [2, 3, 5, 6].
However, the mechanism of its anti-carcinogenic effect is not fully
understood. In this report, we demonstrate for the first time that
acitretin-induced apoptosis in skin SCC cell line SCL-1 via
CD95/CD95L apoptotic signalling pathway.

We found that SCL-1 cells were sensitive to the growth
inhibitory effects of acitretin, which correlated with apoptosis

induction. The apoptosis induction was further confirmed by
annexinV/PI assay and apoptotic changes in morphology under
electron microscope. Because caspases are central components in
apoptotic signalling pathways [25, 26, 27], the involvement of
caspases was examined. Among the caspases, caspases-3, -8 and
-9 have been shown to play important roles in apoptosis [28], and
caspase-3 is a key executioner involved in apoptosis. Caspase-3
activity is controlled by upstream regulators, such as caspase-9 or
caspase-8, which modulates the mitochondria- and death recep-
tor-dependent pathway, respectively [29]. Acitretin activated cas-
pases-3, -8 and -9, it is plausible that both the mitochondrial and
the death receptor pathways might be activated by acitretin.
However, in our study, the inhibitor of caspase-9 had no signifi-
cant effect on acitretin-induced apoptosis, indicating that intrinsic
pathway did not play the major role in the apoptosis. Caspase-8
inhibitor effectively suppressed acitretin-induced apoptosis,
implying that acitretin-induced apoptosis is dependent on the
extrinsic pathway because caspase-8 is primarily activated during
the death receptor apoptotic pathway. To determine whether the

Fig. 2 Continued.
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Fig. 3 Effects of acitretin on caspase activation. (A) Time course of caspases-8, -9, -3 and PARP cleavage in acitretin-treated SCL-1 cells. Cells were
cultured with 10�5 M acitretin for the indicated times, and then the cells were harvested. Twenty micrograms cell extracts were resolved by 7.5%
SDS-polyacrylamide denaturing gels and analysed by Western blotting with specific antibodies for activation of caspases-9 and -3 and cleavage of the
caspase-3 substrate PARP. Immunoblotting of the same membranes with antibodies to �-actin was used to control for loading. The results represent
one of three independent experiments, which yielded similar results. (B) Cells were treated for 48 hrs with 10�5 M acitretin alone or the caspases-8
and -9 inhibitors (see ‘Materials and methods’) respectively, or the combinations of acitretin with each of the above caspase inhibitors. The SCL-1
cells were harvested and analysed for apoptosis by the Cell Death Detection ELISA. Cells treated with DMSO were used as control. Data are shown as
median of three independent cultures in one representative experiment. The experiment shown is representative of three independent experiments
showing similar results. *P < 0.01 versus untreated cells. **P 
 0.01 versus untreated cells. #P < 0.01 versus acitretin-treated cells. # #P 
 0.01 
versus acitretin-treated cells.
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death receptor pathway is really involved in acitretin-induced
apoptosis, we evaluated the status of the cell surface Fas receptor,
which is a representative member of the death receptor family, is
affected by acitretin-treated cells. Interestingly, the expression of
Fas on the plasma membrane was significantly increased 48 hrs
after acitretin treatment. Corresponding to the appearance of the
active caspase-8 fragment (Fig. 3A), similar changes were also
detected by quantitating both mRNA and protein for Fas receptor
using RT-PCR and Western blot (Figs 5 and 6, Table 1); these
results indicate that the apoptotic pathway related to Fas seems to
be involved in acitretin-induced apoptosis.

Fas death receptor can be activated to undergo oligomerization
by binding its ligand FasL, then the activated Fas recruits the
adapter molecule FADD by the death domain, and procaspase-8
into a complex resulting in activated caspase-8. We demonstrated
that FasL levels were increased in SCL-1 cells during the treatment
with acitretin by RT-PCR and Western blotting (Figs 5 and 6, Table 1).
In addition, up-regulation of Fas, FasL and FADD during acitretin
treatment corresponded to activation of caspase-8 (Figs 3A and 6).
These results suggest that signalling by the CD95/CD95L system
may play an important role in the induction of apoptosis of SCL-1
cells by acitretin. The involvement of the Fas-mediated pathway in
acitretin-induced apoptosis was corroborated by further investigat-
ing the effects of neutralizing ZB4 anti-Fas antibody on acitretin-
induced apoptosis by disturbing the Fas–FasL interaction. ZB4 was
found to inhibit the apoptosis induced by acitretin in SCL-1 cells,
suggesting that Fas receptor–ligand interaction was involved in
acitretin-induced apoptosis pathway.

In CD95/CD95L apoptotic signalling, the mitochondrial activa-
tion-mediated pathway is required in type II cells [30, 31].
Activation of caspase-8 induces the release of cytochrome c from
the mitochondria [18]. Cytochrome c, with the help of apoptotic
protease activating factor-1, activates caspase-9 and in turn acti-
vates caspase-3 [32], which is also transmitted in type I cells [33].
Because mitochondrial pathway is obligatory in mediating the Fas

signalling in type II cells, any damage to mitochondrial pathway
can only inhibit Fas-induced apoptosis in these cells, but not type
I cells [34]. In this study acitretin substantially induced the activa-
tion of caspase-9; however, caspase-9 inhibitor failed to affect
acitretin-induced apoptosis, whereas caspase-8 inhibitor or ZB4
effectively suppressed acitretin-induced apoptosis. From these
findings, we conclude that activation of caspase-9 is triggered by
Fas and acitretin enhances a type I CD95/Fas-mediated apoptotic
signalling pathway in SCL-1 cells.

Skin cancers are by far the most common human malignancies
[35], although the surgical removal is the major therapeutic
modality, but it is practically limited in treating multiple lesions.
Particularly in OTR patients with the high risk of transition from
pre-malignant to malignant cutaneous lesions, the therapeutic
options are limited to the local excision, cryotherapy, topical
chemotherapeutic agents and radiotherapy [36]. The presence of
multiple cancerous lesions makes it difficult to effectively treat
cutaneous malignancies at the same time by dermatosurgery.
Therefore, the preventative or suppressive modalities have been
recommended in the population with high risk of SCC, and also
with actinic keratosis, verrucous carcinomas. Oral retinoids,
specifically acitretin, have been shown to have chemosuppressive
effects against skin cancers in OTR [2]. Several uncontrolled tri-
als, case reports and a few small controlled trials have supported
the use of oral acitretin for chemoprevention of skin cancer in this
population [7, 37, 38]. For instance, Bavinck et al. [39] reported
that 2 of the 19 patients (11%) developing two SCCs in the treat-
ment group as opposed to 9 of the 19 patients (47%) in the
placebo group developed 18 new skin cancers (15 SCCs, 1 Bowen’s
disease, 2 basal cell carcinomas-BCCs). The difference was signif-
icant both in terms of number of patients developing skin cancers
and in terms of number of lesions developing. To date, retinol and
the retinoids are the only compounds proved to be effective for
chemoprevention of skin carcinogenesis [13]. In this study, acitretin
remarkably inhibited cell proliferation of skin SCC cells by the

Fig. 4 Evaluation of Fas receptor protein expression on the cell surface. After incubating for 48 hrs, SCL-1 cells with normal culture medium (con-
trol) or with acitretin (10�5 M) were stained with FITC-conjugated anti-Fas-specific antibody. Fas receptor protein expression on the cell surface was
analysed by flow cytometry. For the sake of clarity, we used antimouse IgG-FITC antibody as the negative control. The percentages of FITC-positive
cells are indicated. Three duplicate experiments were performed with similar results.
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Fig. 5 Results of mRNA amplified by
real-time PCR. Total RNA was purified
from SCL-1 cells treated with 10�5 M
acitretin for 0, 6, 12, 24, 36 and 
48 hrs. Two micrograms of total RNA
were reversely transcribed and the
levels of Fas, FasL and �-actin mRNA
were determined by real-time PCR. A
relative quantification analysis (two
standard curves method) was carried
out. The ratio of a target DNA
sequence to a reference �-actin
sequence in samples from untreated
cells was served as a ‘calibrator’.
Figures are representative of three
independent experiments.

Table 1 Relative quantification of Fas, FasL mRNA expression in SCL-1.

Values shown are median (interquartile range), analysed using Kruskal–Wallis H test.
*P < 0.05, comparing Fas mRNA level in various times of 10�5 M acitretin-treated SCL-1 cells.
**P < 0.05, comparing FasL mRNA level in various times of 10�5 M acitretin-treated SCL-1 cells.

Gene Ratio of mRNA level

0 hr 6 hrs 12 hrs 24 hrs 36 hrs 48 hrs

Fas 1* 0.87* 5.91* 8.05* 13.47* 18.52*

(1–1) (0.80–0.95) (4.12–5.91) (6.64–8.96) (11.05–16.02) (16.03–21.98)

FasL 1** 0.91** 6.96** 10.47** 16.93** 47.09**

(1–1) (0.83–1.04) (4.87–8.69) (8.54–11.97) (13.06–20.57) (40.22–53.37)
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induction of apoptosis, while maintaining the minimal toxicities to
the cell growth and a few apoptotic effects of non-malignant ker-
atinocytes, indicating that the effects of acitretin are specific to
neoplastic cells derived from keratinocytes.

In summary, our findings demonstrate that acitretin is a potent
inducer of apoptosis in human cutaneous SCC cell line SCL-1, and
enhance a type I CD95/Fas-mediated apoptotic signalling pathway,
provide biologic insight into the clinical results of acitretin in skin
SCC. Our results suggest that further studies on the potential of
this retinoid for prevention and therapy of skin SCC and the paral-
lel clinical application are warranted.
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Fig. 6 Effects of acitretin on the
expression of Fas, FasL and FADD
proteins in SCL-1 cells. Cells were
treated with 10�5 M acitretin for the
indicated times, and then the cells
were harvested. 20 �g cell extracts
were resolved by 7.5% SDS-poly-
acrylamide denaturing gels and
analysed for Fas, FasL, FADD by
Western blotting with anti-Fas, FasL
and FADD antibodies. As control,
antibodies to �-actin were used for
loading equal amount of specimens.
The experiment shown is representa-
tive of three independent experiments
showing similar results.

Fig. 7 Fas–FasL interaction-depend-
ent apoptosis by acitretin in SCL-1
cells. SCL-1 cells were treated with 
1 �g/ml ZB4 for 10 min., then acitretin
(10�5 M) was added, following by
incubation for an additional 24 hrs.
The cells were then analysed for
apoptosis by the Cell Death Detection
ELISA. Data are shown as median of
three independent cultures in one
representative experiment. The
experiment shown is representative
of three independent experiments
showing similar results. *P < 0.01
versus untreated cells. **P 
 0.01
versus untreated cells. #P < 0.01 ver-
sus acitretin- treated cells.
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