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Fenretinide inhibits the proliferation and migration of human liver
cancer HepG2 cells by downregulating the activation of myosin
light chain kinase through the p38-MAPK signaling pathway
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Abstract. N-(4-hydroxyphenyl)retinamide (4-HPR or
fenretinide), which is a synthetic analog of all-frans retinoic
acid (ATRA), effectively inhibits the growth of several types
of tumor cells; however, its molecular mechanism remains
unclear. We found that 4-HPR altered the morphology of
human liver cancer HepG2 cells and also inhibited their prolif-
eration and suppressed the colony formation in a dose- and
time-dependent manner. A wound healing assay revealed that
4-HPR significantly hindered HepG2 cell migration, and that
this was accompanied by the phosphorylation of p38-MAPK
(mitogen-activated protein kinase). Mechanistically, the
MAPK-specific inhibitor SB203580 attenuated the inhibitory
effects of 4-HPR on the migration of HepG2 cells. Moreover,
we also observed that 4-HPR inhibited the activation and
expression of myosin light chain kinase (MLCK) in HepG2
cells. Simultaneously, 4-HPR lowered the expression of
F-actin and promoted the expression of E-cadherin. ML-7, a
selective inhibitor of MLCK, significantly inhibited the migra-
tion of HepG2 cells while increasing the phosphorylation of
p38-MAPK and the expression of E-cadherin, and decreasing
the activation of MLCK and the expression of F-actin. In
conclusion, 4-HPR inhibited the proliferation and migration
of HepG2 cells, and p38-MAPK plays an important role in
regulating these 4-HPR effects by reducing the activation
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of MLCK. The present study suggests that 4-HPR may be a
potent antimetastatic agent.

Introduction

Human liver cancer, hepatoblastoma, is the most common
malignant liver tumor in pediatrics (1). Although surgical
excision of the tumor mass can be performed, challenges still
remain for patients with vascular invasion and metastatic
disease (2). Inhibition of metastasis is hence a key strategy for
liver cancer treatment, and the discovery of potential inhibitors
of metastasis could lead to improvements in therapy. Optional
therapeutic schemes and auxiliary substances have been
widely explored; however, only few are effective (3). Thus, the
development of new drugs is required for optimal treatment
with fewer complications.

All-trans retinoic acid (ATRA) has been effectively
used for inducing the differentiation of acute promyelocytic
leukemia cells (4); however, it does not cure patients with
liver cancer, as liver cancer requires nearly a 10 times higher
concentration than leukemic cells (5). Such high concentra-
tions are not suitable for clinical use due to several side
effects, including retinoic acid syndrome, skin dryness, and
liver damage. N-(4-hydroxyphenyl)retinamide (4-HPR or
fenretinide), an artificial variant of ATRA, exhibits markedly
different effects to ATRA. Presently, 4-HPR is considered to
be a drug with fewer side effects (6). Vaccari et al found that
4-HPR influences cell matrix interactions and blocks tumor
progression to locally invasive malignacy (7). 4-HPR was
found to reduce the incidence of breast cancer when used as
a chemoprevention agent (8) and prevented secondary breast
cancer in a phase III trial (9). Furthermore, 6 years later
Kang et al demonstrated that 4-HPR inhibited the invasion of
breast cancer cells (10). Similarly, Benelli et al demonstrated
that 4-HPR hindered the migration and invasion of prostate
cancer cells (11), and it has now entered clinical phase II
trials (12). In the present study, we compared the antiprolif-
erative effects of 4-HPR with ATRA on HepG2 cells, and


https://www.spandidos-publications.com/10.3892/or.2018.6436

ZHANG et al: 4-HPR INHIBITS THE PROLIFERATION AND MIGRATION OF HepG2 CELLS

explored the functions and mechanisms of 4-HPR in modu-
lating their migration capacity.

Mitogen-activated protein kinases (MAPKs) are highly
conserved signaling pathway proteins, playing vital roles in
deciding cell fate (13,14). p38-MAPK is activated by different
stimuli, including chemical agents, cytokines and oxidative
stress (13-15). Sustained activation of p38-MAPK induces
cell death (14,16). 4-HPR-induced sustained activation of
p38-MAPK, accompanied by cell apoptosis, has been reported
in several types of tumors, including neuroblastoma, HeLa,
T-cell leukemia/lymphoma cells (17-19); however, HepG2
cells were reported to be resistant to the apoptotic effect of
4-HPR (20). Whether 4-HPR influences the p38-MAPK
pathway in HepG2 cells remains unclear.

Myosin light chain kinase (MLCK) is a crucial
Ca**/calmodulin-dependent effector, and controls the
migration of smooth- and non-muscle cells through the
phosphorylation of Serl9 and Thrl8 on myosin light chains
(MLC) (21). Previous studies have reported that both MLCK
and activated myosin II are abundant in the lamellar protru-
sive structures of certain cell types during migration (22,23).
Several studies have revealed p38-MAPK pathway links in
the tumor cells treated with 4-HPR, and also some researches
have found that MLCK is involved in the migration of tumor
cells; however, the underlying mechanism that explains how
these factors influence liver cancer is still unknown.

Therefore, we hypothesized that 4-HPR inhibits the
proliferation and migration of liver cancer cells via MLCK
and p38-MAPK signaling. This study was aimed to provide
an experimental basis for the further application of 4-HPR in
liver cancer therapy.

Materials and methods

Cell lines and major reagents. The human liver cancer cell line
HepG2 (24) was obtained from the American Type Culture
Collection (ATCC; Manassas, VA, USA). HyClone Dulbecco's
modified Eagle's medium (DMEM,; low glucose) was purchased
from GE Healthcare Life Sciences (Logan, UT, USA). Fetal
bovine serum (FBS) was purchased from Tianhang Biological
Technology (Hanzhou, Zhejiang, China). Primary antibodies:
Rabbit antihuman monoclonal MLCK (cat. no. ab92721) and
E-cadherin (cat. no. ab40772), mouse anti-human mono-
clonal F-actin (cat. no. ab205) were obtained from Abcam
(Cambridge, MA, USA); rabbit anti-human monoclonal
phosphpho-p38 MAPK (cat. no. 4511), mouse anti-human
monoclonal phospho-MLC (cat. no. 3675) were purchased
from Cell Signaling Technology (Danvers, MA, USA); rabbit
anti-human polyclonal MLC (cat. no. 15354-1-AP), mouse
anti-human monoclonal GAPDH (cat. no. 60004-1-Ig) were
obtained from Proteintech Group (Wuhan, Hubei, China);
rabbit anti-human polyclonal p38 MAPK (cat. no. sc-7149)
and mouse antihuman monoclonal (3-actin (cat. no. sc-47778)
were obtained from Santa Cruz Biotechnology (Santa Cruz,
CA, USA). All secondary antibodies (cat. nos. AP124P and
AP132P) were obtained from Millipore (Billerica, MA,
USA). Western blot primary antibody diluent was obtained
from Beyotime Institute of Biotechnology (Beijing, China).
Enhanced chemiluminescence reagent Plus (ECL) reagents
were purchased from Thermo Fisher Scientific (Waltham,
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MA, USA). 4-HPR was obtained from MedChem Express
(Deer Park, NY, USA). ATRA and ML-7 was purchased from
DC Chemicals (Shanghai, China). SB203580 was obtained
from Selleck Chemicals (Houston, TX, USA). 4-HPR, ATRA,
ML-7 and SB203580 were dissolved in a small amount of
dimethyl sulfoxide (DMSO) before addition to the complete
cell culture medium. MTS was purchased from Promega
(Madison, WI, USA).

Cell culture and morphologic observation after drug
treatment. Cells were seeded in 6-well plates, and cultured in
DMEM supplemented with 10% FBS, penicillin (100 U/ml)
and streptomycin (100 pg/ml). The plates were incubated at
37°C with 5% CO, in a humidified atmosphere. When the cell
density reached 40-50% confluency, the cells were treated
with 4-HPR or ATRA at 5 or 10 uM or with DMSO alone for
48 h. Cell morphology was imaged using a microscope (Leica
DMI3000B; Leica Microsystems, Wetzlar, Germany).

Cell viability assay. Cells (5x10° cells/well) were plated in
96-well plates, and then treated with 4-HPR or ATRA (5 or
15 uM) at different time intervals (24-72 h), or persistently
treated with a dose range of 1-25 uM of 4-HPR or ATRA for
48 h at 37°C. Following treatment, MTS (20 pl/well) was added
to each well and incubated for 1 h at 37°C. Optical density
(OD) values were measured at 490 nm using a Microplate
reader (ELX800; BioTek, Winooski, VT, USA) at 37°C. Cell
inhibition rate=(0D490 of the cell control group-OD490 of
the experimental group)/OD490 of the cell control group.

Plate colony formation assay. When the cells were in
logarithmic growth, they were plated in 6-well plates. After
culturing overnight, the cells were treated with 4-HPR or
ATRA (5 or 10 uM) for 48 h, and were then collected as
single cell suspensions. Approximately, 2,000 cells/wells were
plated into a fresh 6-well plate, and the plate was incubated
for approximately 10 days. When the colonies were clearly
visible with the naked eye, the medium was discarded and
the cells were washed twice with phosphate-buffered saline
(PBS), fixed with 4% paraformaldehyde, and then stained with
1% crystal violet. In five random visual fields, the colonies
containing =50 cells were counted by an inverted microscope
(Leica DMI3000B; Leica Microsystems) for each well.

Wound healing assay. The migratory ability of the HepG2
cells was determined by the wound healing assay. Cells were
seeded in 12-well plates. When the growth reached 95%
confluency, the cell monolayer was scratched with a steril-
ized 200-ul pipette tip, and then the cells were washed thrice
with PBS. Furthermore, two concentrations (5 and 10 yuM) of
4-HPR or ATRA were added to the cell culture medium. The
migration rate of cells was determined by observation under
a microscope at different time intervals (0, 24, and 48 h).
The nick distance of the wound was measured by Image-Pro
Plus software 6.0 (Media Cybernetics, Inc., Rockville, MD,
USA).

Western blot analysis. Cells were treated with 4-HPR or
ATRA (5 or 10 uM) for 48 h. Total cellular proteins were
extracted with lysis buffer (Tris-HCI, pH 7.14, 150 mM NaCl,
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Figure 1. Effect of 4-HPR on the morphology of HepG2 cells. The changes in cell morphology were observed when HepG2 cells were treated with different
concentrations of 4-HPR or ATRA for 48 h, and cells were photographed using Leica DMI3000B microscope (magnification, x10). 4-HPR, fenretinide; ATRA,

all-trans retinoic acid.

1 mM EDTA, 1% Triton X-100,0.1% SDS, 1 mM leupeptin and
1 mM PMSF) on ice for 30 min. All the samples were mixed
with loading buffer, and then boiled for 5 min. The proteins
were separated by 8-12% sodium dodecyl sulfate-poly-
acrylamide gel electrophoresis (SDS-PAGE). Furthermore,
the proteins were transferred to polyvinylidene difluoride
(PVDF) membranes, and blocked with 5% nonfat dry milk
in Tris-buffered saline Tween-20 (TBST) buffer (20 mM
Tris-HCI, pH 7.6, 150 mM NaCl, and 0.05% Tween-20) for
2 h at room temperature. The membranes were then incubated
in WB primary antibody diluent with the indicated primary
antibodies: MLCK (1:8,000), phospho-MLC (1:1,000), MLC
(1:1,000), phospho-p38 (1:1,000), p38 (1:1,000), F-actin (1:500),
E-cadherin (1:4,000), GAPDH (1:50,000), B-actin (1:1,000),
respectively overnight at 4°C. Thereafter, the membranes were
incubated with the corresponding horseradish peroxidase
(HRP)-conjugated secondary antibodies (diluted with TBST
containing 5% non-fat dry milk) for 2 h at room temperature,
and detected by chemiluminescence using an ECL kit. Specific
complexes were revealed by enhanced chemiluminescence
(Clinx Science Instruments, Shanghai, China). The image data
were quantified using Quantity One software 4.6.2 (Bio-Rad
Laboratories, Inc., Hercules, CA, USA).

HepG?2 cell treatment with p38-MAPK and MLCK inhibitors.
The pharmacological inhibitors of the p38-MAPK signaling
pathway (SB203580, 25 M) and MLCK (ML-7, 20 uM)
were used in combination with 4-HPR or ATRA (10 uM)
to investigate the role of p38-MAPK and MLCK in
4-HPR/ATR A-induced inhibition of HepG2 cell migration.
Thereafter, wound healing assay and western blot analysis
were used to measure the migration distances and protein
levels in the cells.

Statistical analysis. Results are expressed as means + stan-
dard deviation (SD). The data were assessed by one-way

ANOVA using SPSS 10.0 software (SPSS, Inc., Chicago,
IL, USA). P-values <0.05 were considered as statistically
significant.

Results

4-HPR alters the morphology of HepG2 cells. In a previous
study, Yang et al (20) found that HepG2 cells were resistant to
the apoptotic effect of 4-HPR after 24 h treatment; however,
4-amino-2-trifluoromethyl-phenyl retinate (ATPR), another
ATRA derivative, has been observed to inhibit HepG2 cell
proliferation after 48 h of culture in our laboratory (25).
Based on this report, we chose two concentrations of 4-HPR
(5 and 10 gM) to treat HepG2 cells for 48 h. Changes in the
cell morphology and any inhibitory effects were examined by
microscopy. The cells congregated neatly and closely in the
solvent (DMSO) control (Fig. 1); however, after treatment with
a low concentration of 4-HPR, the cell density and cell-to-cell
contact was reduced. In the high concentration group, cell
density was remarkably reduced, and the cell morphology was
altered into a slender shape containing more filopodia when
compared with the vehicle control (Fig. 1). These changes
could be associated with cell migration after 4-HPR treatment.
Cell density was reduced only slightly in the high concentra-
tion ATRA group, and was not accompanied by any noticeable
change in the cell morphology.

4-HPR inhibits the proliferation of HepG2 cells. A cell
viability assay was used to probe the effects of 4-HPR and
ATRA on the proliferation of HepG2 cells. Cell viability was
distinctly inhibited in a dose- and time-dependent manner by
4-HPR (Fig. 2A and B). At the same concentration, the inhibi-
tory effect of 4-HPR was more intense than that of ATRA
(P<0.05). In addition, there was no obvious difference between
the cell control and the DMSO control group. Based on the
aforementioned data, the DMSO control, and an incubation
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Figure 2. Effects of 4-HPR on the proliferation of HepG2 cells. Cells were incubated with the indicated concentrations of 4-HPR or ATRA for the indicated
times. (A) The dose-effect of 4-HPR on HepG2 cell viability was measured by cell viability assay. (B) The time-effect of 4-HPR on HepG2 cell viability was
determined using cell viability assay. (C) Colony formation map and mean numbers of colonies. All values are presented as mean + SD. n=6, "P<0.05 compared
with the control group; “P<0.05 compared with the ATRA group. 4-HPR, fenretinide; ATRA, all-trans retinoic acid.
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Figure 3. Effect of 4-HPR on the migration ability and expression of p38-MAPK in HepG2 cells. HepG2 cells were treated with 4-HPR or ATRA at different
concentrations for 48 h. (A) The treatment suppressed the migration of HepG2 cells. (a) Migration image. (b) Analysis of the migration rate. Calculation
method: Relative migration ratio=(start distance-end distance)/start distance. All values are presented as mean + SD. n=6. 24 h: “P<0.05 compared with the
cell group; 48 h: "P<0.05 compared with the cell group. (B) (a) Western blot analyses revealed that the phosphorylation of p38 was significantly increased.
Lane 1, cell control; lane 2, DMSO; lane 3, 5 uM ATRA; lane 4, 10 uM ATRA; lane 5, 5 uM 4-HPR; and lane 6, 10 uM 4-HPR. (b) Analysis of contrast gray
value. All values are presented as mean + SD. n=3. "P<0.05 compared with the DMSO group; *P<0.05 compared with the ATRA group. 4-HPR, fenretinide;

ATRA, all-trans retinoic acid.

time of 48 h were chosen for further studies. A plate colony
formation assay was used to assess the colonizing ability of
HepG2 cells in vitro. After 10 days of culture, the density and
size of the colonies were both reduced in a dose-dependent

manner by 4-HPR (P<0.05); however, they were only changed
slightly at the high concerntration of ATRA compared with
the control group (P<0.05). The mean numbers of colonies in
the 4-HPR group were lower than those in the ATRA group
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Figure 4. Effect of 4-HPR and SB203580 on the migration of HepG2 cells. The cells were treated with 4-HPR or ATRA (10 ;#M) alone, or in combination with
SB203580 (25 M), for 48 h. 4-HPR or ATRA joining with SB203580 significantly accelerated the migration of HepG2 cells. Calculating method as Fig. 3.
All values are presented as mean = SD. n=6. 24 h: “P<0.05 compared with 4-HPR group; 48 h: “P<0.05 compared with 4-HPR group and *P<0.05 compared
with ATRA group. 4-HPR, fenretinide; ATRA, all-trans retinoic acid; SB, p38-MAPK inhibitor SB203580.

(P<0.05), which was consistent with the morphological change
and cell viability analyses (Fig. 2C).

4-HPR hinders the migration of HepG2 cells. We investigated
the effect of 4-HPR and ATRA on the migration of HepG2
cells using a wound healing assay. 4-HPR inhibited the migra-
tion of HepG2 cells (Fig. 3A) in a dose-dependent manner
(P<0.05, compared with the control), consistent with the data
from the cell proliferation assay. 4-HPR inhibited cell migra-
tion at two concentrations of 5 and 10 uM (P<0.05, compared
with the control), whereas ATRA only produced inhibition at
10 uM (P<0.05, compared with the control).

4-HPR increases the activation of p38-MAPK in HepG2
cells. Treatment of cells with 4-HPR increased the phos-
phorylation of p38 (p-p38) in a dose-dependent manner, and
the expression of p38 was also increased in the high concen-
tration group, as revealed by Western blot analysis (P<0.05,
compared with the control). ATRA also slightly increased
the phosphorylation of p38 (p-p38) (P<0.05, compared with
the control); however, the increased levels elicited by 4-HPR
were much higher than those produced by ATRA (P<0.05)
(Fig. 3B). These results indicated that 4-HPR may inhibit the
migration of HepG2 cells through the p38-MAPK signaling
pathway.

p38-MAPK inhibitor reverses the inhibitory effect of 4-HPR
on HepG2 cell migration. To determine whether 4-HPR
inhibits HepG2 cell migration via p38-MAPK signaling,
the cells were pretreated with the p38-MAPK inhibitor
SB203580 for 1 h, and then exposed to 4-HPR (10 xM) for
48 h. 4-HPR-induced inhibition of migration was abrogated
by the presence of the SB203580 at both 24 and 48 h (P<0.05,
compared with 4-HPR alone) (Fig. 4). These data indicate that
4-HPR stimulates p38 activity leading to migration inhibition
in the liver cancer cells.

4-HPR decreases the expression of MLCK and phosphoryla-
tion of MLC in HepG?2 cells, and a p38-MAPK inhibitor had an
inverse effect. Since myosin light-chain kinase (MLCK) plays
a crucial role in cell migration and metastasis, we investigated
the expression of this protein, as well as its substrate (MLC)

and product (p-MLC). This revealed that 4-HPR markedly
reduced the expression of MLCK and the phosphorylation of
MLC (p-MLC), and also decreased the expression of MLC
(P<0.05, compared with the control) (Fig. 5A). Concomitantly,
4-HPR inhibited the expression of F-actin and increased the
expression of E-cadherin (P<0.05, compared with the control)
(Fig. 5B). ATRA reduced the expression of p-MLC (P<0.05,
compared with the control); however, it caused no obvious
change in the MLCK levels. 4-HPR reduced the expression
of MLCK and the phosphorylation of MLC to a much greater
extent than ATRA (P<0.05). However, when the cells were
pretreated with SB203580, p-MLC and F-actin were upregu-
lated and E-cadherin was downregulated when compared to
4-HPR or ATRA treatment alone (P<0.05) (Fig. 5C and D).
These observations fit well with the wound healing assay data
presented above.

Reduction of MLCK activation inhibits the migration of
HepG?2 cells. To verify the association between HepG2
migration and the MLCK signaling pathway, a wound
healing assay was performed using ML-7 (a specific
inhibitor of MLCK) in the culture medium. After treatment
with ML-7 for 24 or 48 h, the migration rate of HepG2 cells
was suppressed when compared with the control (P<0.05)
(Fig. 6). Moreover, the group treated with both 4-HPR and
ATRA combined with ML-7 exhibited greater inhibition
rates than the group treated with 4-HPR or ATRA alone
(P<0.05) (Fig. 6).

ML-7 increases the phosphorylation of p38 and inhibits
the activation of MLCK in HepG?2 cells. The underlying
mechanism, that is, the nature of the signaling pathway tied
to MLCK repression and p38-MAPK activation after 4-HPR
treatment, remained unclear. Therefore, we investigated the
protein expression after ML-7 treatment (Fig. 7A-C). ML-7 not
only inhibited the activity of MLCK by reducing the expres-
sion of p-MLC, but also activated p38-MAPK by enhancing
the expression of p-p38 in HepG2 cells (P<0.05, compared
with the control). ML-7 also altered the expression of F-actin
and E-cadherin, and ML-7 combined with 4-HPR or ATRA
further increased the levels of p-p38 compared to 4-HPR or
ATRA alone (P<0.05).
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Figure 5. Effect of 4-HPR and SB203580 on the expression of MLCK,
E-cadherin, F-actin and phosphorylation of MLC. (A) After treatment of the
HepG2 cells with 4-HPR or ATRA at different concentrations for 48 h, the
protein expression of MLCK and phosphorylation of MLC in HepG2 cells
were decreased. Moreover, the protein expression of MLC was decreased
by 4-HPR. Lane 1, cell control; lane 2, DMSO; lane 3,5 uM ATRA; lane 4,
10 uM ATRA; lane 5,5 yuM 4-HPR and lane 6, 10 uM 4-HPR. All values are
presented as mean + SD. n=3, "P<0.05, °P<0.05 compared with cell control;
7P<0.05, °P<0.05 compared with ATRA group. (B) The protein expression of
E-cadherin was increased and F-actin was decreased in HepG2 cells. Lane
1-6, same as in A. All values are presented as mean + SD. n=3, "P<0.05,
#P<0.05 compared with cell control. (C) SB203580 was used with 4-HPR
or ATRA to treat HepG2 cells. Phosphorylation of MLC were evidently
increased. Lane 1, ATRA+SB; lane 2, ATRA; lane 3, 4-HPR; lane 4,
4-HPR+SB. All values are presented as mean = SD. n=3, "P<0.05 compared
with the ATRA group; “P<0.05 compared with the 4-HPR group. (D) The
protein expression of E-cadherin was decreased and F-actin was increased.
Lane 1-4, same as in C. All values are presented as mean + SD. n=3. "P<0.05,
4P<0.05 compared with the ATRA group; *P<0.05, °P<0.05 compared
with the 4-HPR group. 4-HPR, fenretinide; ATRA, all-trans retinoic acid;
S$B203580, p38-MAPK inhibitor.

Discussion

Patients with liver cancer often have unfavorable prognoses
and short lifespans due to early metastasis (26). The process
of metastasis involves tumor cell escape, migration, invasion
of the basement membrane, and growth at new locations (27).
Knowledge concerning the circumstances that favor liver
cancer cell metastasis will aid in finding treatment options that
can control the growth and metastasis of liver cancer.

4-HPR is a known retinoid analog that is active against
several types of tumors that arise via different ontological
mechanisms (28). A phase II clinical study in adults with
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Figure 6. Effect of 4-HPR and ML-7 on the migration of HepG2 cells.
After treating HepG2 cells with 4-HPR, ATRA or ML-7 (20 M) alone,
or in combination, for 48 h, the treatment blocked the migration of HepG2
cells. Calculation method as described in Fig. 3. All values are presented as
mean = SD. n=6. 24 h: “P<0.05 compared with the DMSO group; *P<0.05
compared with the 4-HPR group and °P<0.05 compared with the ATRA
group; 48 h: #P<0.05 compared with the DMSO group, 2P<0.05 compared
with the 4-HPR group and °P<0.05 compared with the ATRA group. 4-HPR,
fenretinide; ATRA, all-trans retinoic acid; ML-7, a specific inhibitor of
MLCK.

prostate cancer revealed good compatibility with 4-HPR (29),
and similar results were obtained in a neuroblastoma in a
phase I study in children (30). Antitumor activity of 4-HPR
was also observed in medulloblastoma (31), human pancreatic
cancer (32), chronic myeloid leukemia (33), and in a lung
cancer xenograft mouse model (34). Moreover, Sogno et al
reported that 4-HPR is effective in inhibiting angiogen-
esis (35).

In our study, we compared the effect of 4-HPR with ATRA.
4-HPR potently inhibited the growth of and colony formation
of HepG2 cells, and suppressed cell migration. Compared
with ATRA, the inhibitory effect of 4-HPR on cell growth
and colony formation was achieved at a lower concentration
(5 uM). We observed that the ICy, of HepG2 cells was approxi-
mate 12.5 uM in the cell viability assay. Notably, pediatric
neuroblastoma patients who received oral doses of 4-HPR
achieved a blood serum concentration of 12.9 uM (30). Thus,
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Figure 7. Effect of 4-HPR and ML-7 on the expression of MLCK, E-cadherin, F-actin and phosphoryled MLC and p38. (A) ML-7 was used to treat HepG2
cells. The phosphorylation of MLC was evidently decreased. In addition, the protein expression of MLC was decreased by ML-7 combined with 4-HPR or
ATRA. All values are presented as mean = SD. n=3, "P<0.05,°P<0.05 compared with DMSO group. (B) Phosphorylated (p)-p38 was increased by ML-7. All
values are presented as mean + SD. n=3, "P<0.05 compared with DMSO group, “P<0.05 compared with ATRA group and *P<0.05 compared with 4-HPR group.
(C) The protein expression of E-cadherin was increased and F-actin was decreased by ML-7. All values are presented as mean = SD. n=3, "P<0.05, "P<0.05
compared with DMSO group. For A-C: Lane 1, DMSO; lane 2, ML-7; lane 3, ATRA; lane 4, ATRA+ML-7; lane 5, 4-HPR; lane 6, 4-HPR+ML-7. 4-HPR,

fenretinide; ATRA, all-trans retinoic acid; ML-7, a specific inhibitor of MLCK.

the effective concentrations of 4-HPR in HepG2 cells implies
that 4-HPR may be a candidate for liver cancer therapy. When
HepG2 cells were treated with 4-HPR for only 24 h, a signifi-
cantly slower migration of the cells was observed; however,
no effect could be detected using ATRA for the same amount
of time. ATRA required much higher concentrations and
longer incubation times to achieve the same inhibition rates
as 4-HPR. These results indicate that much lower amounts of
4-HPR are required for growth suppression and migration of
liver cancer cells, and hence, the drug may be applied clini-
cally with less toxicity.

The main antitumor activity of 4-HPR is the induction
of apoptosis by retinoic acid receptor-dependent or -inde-
pendent mechanisms (8,36). 4-HPR also reduces the plasma
concentrations of retinol and retinol binding protein (37). To
determine whether the cytotoxic effect of 4-HPR in HepG2
cells is due to the induction of apoptosis, we analyzed the
expression levels of proteins involved in this process; however,
we found no marked changes in such proteins upon 4-HPR
treatment (data not shown). A previous report is consistent
with our results (20); hence, the mechanism of 4-HPR action
might be different in HepG2 cells. The p38-MAPK pathway
has been reported to mediate various cellular behaviors that
are closely related to tumor initiation and progression (38).
Nevertheless, the regulation of p38-MAPK in tumor develop-
ment is complicated and controversial, involving responses of
various cells and cancer types (39). In this study, we found that
4-HPR inhibited the migration of HepG2 cells by significantly
inducing the activation of p38-MAPK. When the p38-MAPK
inhibitor SB203580 was added to the culture system preceding
4-HPR treatment, the inhibitory effect on migration was

ameliorated. This allows for the preliminarily conclusion that
4-HPR inhibits the migration of HepG2 cells via stimulation
of the p38-MAPK pathway.

MLCK confers the rat pituitary adenoma cells with a slow
and directional motility (40), and phosphorylation of MLC
markedly improves the invasion and migration ability of
gastric cancer cells (41). Leiomyosarcoma patients with high
expression of MLCK or p-MLC have shorter life spans than
the patients with low expression of these proteins (42). In our
study, treatment of HepG2 cells with 4-HPR for 48 h resulted
in the downregulated expression of MLCK. Simultaneously,
the expression of MLCK and p-MLC were significantly
suppressed. When the activation of MLCK was inhibited
by ML-7, cell migration was retarded and accompanied by
reduced p-MLC levels. In addition, ML-7 in combination with
4-HPR or ATRA enhanced the inhibitory effect on the migra-
tion of HepG2 cells, compared to 4-HPR or ATRA alone.
E-cadherin and F-actin play important roles in tumor cell
migration (43,44). E-cadherin protein levels often decrease
and F-actin levels increase in aggressive tumor cells (45,46).
4-HPR downregulated the expression of F-actin and upregu-
lated the expression of E-cadherin in HepG2 cells.

Based on our results, 4-HPR decreased the proliferation
and migration of HepG2 cells in association with activation of
p38-MAPK and inhibition of MLCK. We measured the protein
expression of MLCK and p-MLC after SB203580 pretreat-
ment and found that p-MLC increased compared to 4-HPR
treatment alone. Meanwhile, in cells treated with ML-7 and
4-HPR, p-p38 was upregulated compared to treatment with
4-HPR alone. These results provide evidence of a reciprocal
cross-talk between MLCK and p38-MAPK.
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Erk-MAPK governs the cell movement via p-MLC (47).
We also found an altered expression of p-p38 preceded that
of p-MLC after 4-HPR treatment (data not shown). Thus, we
presently believe that 4-HPR generates its effects on HepG2
cells via inhibiting MLCK activation through the p38-MAPK
signaling pathway. The exact mechanism of HepG2 cell
migration involving p38-MAPK via p-MLC, however, needs
to be further investigated.

Collectively, the present study using the HepG2 cell line
demonstrated a marked potential effects of 4-HPR on liver
cancer. 4-HPR potentially inhibits the biological behaviors
involved in liver cancer metastasis, and may be an alternative
therapeutic agent for its prevention. Despite these findings,
further studies on the specific targets of 4-HPR in these
signaling pathways are required, as well as therapeutic experi-
ments using in vivo models are warranted.
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