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Nutlin-3 reverses the epithelial-mesenchymal transition in
gemcitabine-resistant hepatocellular carcinoma cells
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Abstract. Nutlin-3, a small molecule regulator of the tumor
suppressor p53, targets the interaction between p53 and
murine double minute 2 (MDM?2) thereby promoting stabi-
lization of p53 and subsequent p53-dependent induction of
apoptosis and cell cycle arrest. Recent studies have demon-
strated that Nutlin-3 plays a critical role in regulating tumor
cell migration, invasion, metastasis, and drug resistance.
Although these studies identified various biological func-
tions of Nutlin-3, our understanding of the exact molecular
mechanisms of Nutlin-3-mediated antitumor activity remains
incomplete. In this study, we elucidated a role of Nutlin-3 in
reversing the epithelial-mesenchymal transition (EMT) in
gemcitabine-resistant (GR) hepatocellular carcinoma (HCC)
cells. We assessed the effect of Nutlin-3 treatment on cell
growth, migration, and invasion in both parental HCC cells
and GR HCC cells. Moreover, we detected the expression
of EMT markers in GR HCC cells treated with Nutlin-3 by
real-time RT-PCR and western blot analysis, respectively. We
found that Nutlin-3 inhibited cell migration and invasion in
the GR HCC cells. Additionally, Nutlin-3 treatment increased
E-cadherin protein levels, but decreased the protein levels of
vimentin, Snail and Slug in the GR HCC cells. Furthermore,
we found that Smad2 was highly expressed in the GR HCC
cells compared with their parental HCC cells, and Nutlin-3
treatment downregulated Smad?2 expression in the GR HCC
cells. Depletion of Smad2 retarded cell migration and regulated
the expression of EMT markers in GR HCC cells similarly to
Nutlin-3 treatment. Our findings highlight an important role of
Nutlin-3 in reversing EMT in GR cells through regulation of
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Smad2 expression, suggesting that Nutlin-3 could be a poten-
tial agent for the treatment of HCC patients with gemcitabine
resistance.

Introduction

Hepatocellular carcinoma (HCC) is the fifth most common
form of cancer worldwide (1). It is estimated that more than
35,600 new cases of HCC were reported and 24,550 people
died due to HCC in 2015 in the USA (2). Since most HCC
patients are diagnosed at a late stage, surgical resection and liver
transplantation fail to significantly increase the 5-year survival
rate (3). Chemotherapeutic drugs are useful for advanced stage
HCC patients, and clinical trials have revealed that advanced
HCC patients treated with sorafenib have extended median
survival by 3 months (4,5). One recent study demonstrated
that fluorouracil, leucovorin, and oxaliplatin (FOLFOX4)
treatment conferred some benefit to patients with advanced
HCC (6). Recently, one study validated gemcitabine and
oxaliplatin (GEMOX) as effective with manageable toxicity in
advanced HCC patients (7). However, due to the fact that many
patients develop drug resistance to standard chemotherapy,
these treatments often do not improve patient outcomes (8,9).
Therefore, it is important to develop new therapeutic agents to
increase drug sensitivity to chemotherapy and achieve better
treatment outcomes for HCC patients.

Emerging evidence has demonstrated that epithe-
lial-mesenchymal transition (EMT) is critically involved
in chemoresistance in human cancers including HCC (10).
It has been well documented that during the EMT process,
epithelial cells convert into mesenchymal cells due to loss of
epithelial cell-cell junction (11). Mechanistically, expression
of epithelial markers including E-cadherin and y-catenin is
downregulated, whereas the mesenchymal markers such as
vimentin, Twist, Slug, and Snail are upregulated. EMT-type
cells acquire enhanced migration and invasion leading to
more enhanced metastasis (12). In addition, there appears to
be a direct connection between EMT and the development
of drug resistance (13). For example, multiple studies have
revealed that gemcitabine-resistant (GR) cells acquired EMT
characteristics in pancreatic cancer and HCC cells (14-17).
Specifically, several signaling pathways have been identi-
fied to be involved in GR-mediated EMT including Notch-1,
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platelet-derived growth factor-D (PDGF-D), and hypoxia
inducible factor-la (HIF-1a) pathways (14-17). Thus, targeting
these pathways could reverse EMT and increase gemcitabine
sensitivity in human cancers. Therefore, in-depth investigation
of the molecular mechanisms governing GR-induced EMT
would aid the discovery of novel strategies for the treatment
of HCC patients.

Previous studies have implicated the p53 pathway as an
essential regulator of EMT and drug resistance (18-20). For
instance, p53 inactivation in breast cancer cells promoted
EMT and increased the susceptibility to 3-bromopyruvate (18).
Lin et al also identified that p53 modulated NF-«kB-mediated
EMT in head and neck squamous cell carcinoma (19). Another
study identified that targeting ephrin-B2 might enhance the
therapeutic potential of DNA-damaging chemotherapeutic
agents in human tumors harboring mutant p53 (20). It is well
established that p53 is negatively regulated by the murine double
minute 2 (MDM2) oncoprotein (21). Thus, it was logical to
develop small molecules that selectively disrupt the interaction
between MDM2 and p53, leading to a restoration of p53 function
in tumor cells with wild-type p53 (22). To this end, Nutlin-3 was
identified as a selective inhibitor of the p53-MDM?2 interaction
and exhibited antitumor activities in a variety of human malig-
nances (23). By activating the p53 pathway, Nutlin-3 enhances
cellular apoptosis and inhibits cell growth (24). Recent studies
indicate that Nutlin-3 also exerts its anticancer functions partly
through negative regulation of migration, invasion and drug
resistance (25-27), however further studies are required to fully
understand the molecular mechanisms driving Nutlin-3-induced
inhibition of tumorigenesis.

Here we report that Nutlin-3 inhibited cell migration and
invasion in GR HCC cells, which acquired EMT features.
Moreover, to further define the mechanisms behind the
tumor-suppressive functions of Nutlin-3, we identified that
treatment with Nutlin-3 led to upregulation of E-cadherin and
downregulation of mesenchymal markers including vimentin,
Snail and Slug in GR HCC cells. Mechanistically, our results
revealed that Smad2 was upregulated in GR HCC cells
compared with their parental cells, and that Nutlin-3 inhibited
the expression of Smad2 in GR HCC cells. Consistent with
this notion, depletion of Smad2 suppressed cell migration and
regulated the expression of EMT markers in GR HCC cells.
These results indicate that Nutlin-3 could reverse EMT in GR
HCC cells, providing the rational for the use of Nutlin-3 as a
potential treatment for HCC patients.

Materials and methods

Cell culture, reagents and antibodies. Human HepG2 and
SMMC-7721 cell lines were cultured at 37°C in 5% CO,
in Dulbecco's modified Eagle's medium (DMEM; Gibco,
Gaithersburg, MD, USA) supplemented with 10% fetal bovine
serum. HepG2 GR and SMMC-7721 GR cell lines were
established in our laboratory as described previously (14).
Gemcitabine, [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltet-
razolium bromide] (MTT), and Nutlin-3 were obtained from
Sigma (St. Louis, MO, USA). Antibodies against vimentin and
E-cadherin were obtained from Abcam. Antibodies against
Snail, Slug, Smad2, and GAPDH were obtained from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).
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MTT assay. Cells were seeded at equal densities into 96-well
culture plates and incubated overnight. Cells were then treated
with the indicated concentrations of Nutlin-3 for 48 h. MTT
assay was conducted as previously described (28). Cell growth
inhibition curves were generated using the cell survival rates.
The concentrations of Nutlin-3 including IC30, IC50, and IC70
were calculated and used in the subsequent experiments.

Wound healing assay. HepG2 GR and SMMC-7721 GR
cells were cultured in 6-well plates and grown to confluency.
After cells converged almost 100%, monolayers of cells were
scratched with yellow pipette tips. Then the cells were washed
with PBS and medium was added with different concentra-
tions of Nutlin-3. The scratched area was photographed with
a microscope at 0 and 20 h, respectively, to observe the cell
motility ability.

Transwell migration and invasion assays. The migration assay
was carried out in chambers without matrix gel and the inva-
sion assay was performed in a chamber with 50 ul matrix gel.
Briefly, the HepG2 GR and SMMC-7721 GR cells were seeded
in the upper chamber with 200 ul serum-free medium and
the indicated concentrations of Nutlin-3 and 500 gl complete
medium in the lower chamber with the same concentration
of Nutlin-3. After incubation for 24 h, the membrane of the
chamber was immobilized with methanol and strained with
1% crystal violet. Cells were counted and photographed with
a microscope.

Cell attachment and detachment assays. For the attachment
assay, HepG2 GR and SMMC-7721 GR cells, treated with
the indicated concentrations of Nutlin-3, were seeded in
24-well plates at 5x10* cells per well. Unattached cells were
removed after a 1-h incubation, and the attached cells were
counted after 0.25% trypsinization. The data are presented as
a percentage of the attached cells compared to total cells. For
the cell detachment assay, after a 24-h incubation, the cells
were incubated with 0.05% trypsin for 3 min to detach the
cells. Culture medium was then added to inactivate the trypsin
and the detached cells were collected. The remaining cells
were incubated with 0.25% trypsin to detach and counted. The
data are presented as a percentage of the detached cells to total
cells.

Real-time RT-PCR. Total RNA from the HepG2 GR and
SMMC-7721 GR cells treated with Nutlin-3 was isolated with
TRIzol or with the RNeasy Mini kit and RNase-free DNase
set according to the manufacturer's protocols. RNA was
reversed-transcribed into cDNA by RevertAid First Strand
cDNA Synthesis kit (Thermofisher Scientific, Inc.) according
to the manufacturer's protocol. The primers used in the PCR
reactions are listed in Table I. The expression of GAPDH
was used as internal control. RT-PCR amplifications were
performed as previously described (28).

Western blot analysis. Harvested cells were washed by PBS
and lysed with protein lysis buffer, and protein concentra-
tions were measured by Bradford assay reagent. Equal
amounts of protein were separated by sodium dodecyl
sulfate (SDS)-polyacrylamide gel electrophoresis (SDS-PAGE)
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Figure 1. Nutlin-3 inhibits cell proliferation and alters the morphology of GR HCC cells. (A) MTT assay was performed in parental HCC cells (HepG2 and
SMMC-7721) and gemcitabine-resistant HCC (GR HepG2 and GR SMMC-7721) cells after treatment with the indicated concentrations of Nutlin-3 for 48 h.
(B) Cell morphology as observed by microscopy in the HCC and GR HCC cells treated with IC70 Nutlin-3 (NT) for 48 h.

Table I. Primer sequences used for RT-PCR.

Name Sequence

E-cadherin  Sense: 5'-GAAGTGTCCGAGGACTTTGG-3'
Antisense: 5'-CAGTGTCTCTCCAAATCCGATA-3'

Vimentin Sense: 5'-TGTCCAAATCGATGTGGATGTTTC-3'
Antisense: 5'-TTGTACCATTCTTCTGCCTCCTG-3'

Slug Sense: 5'-CATGCCTGTCATACCACAAC-3'
Antisense: 5-GGTGTCAGATGGAGGAGGG-3'

Snail Sense: 5'-CGGAAGCCTAACTACAGCGA-3'
Antisense: 5'-GGACAGAGTCCCAGATGAGC-3'

GAPDH Sense: 5'-CAGCCTCAAGATCATCAGCA-3'

Antisense: 5-TGTGGTCATGAGTCCTTCCA-3'

and then transferred onto polyvinylidene fluoride (PVDF)
membranes. The membranes where incubated with the primary
antibody at 4°C overnight. After washing with TBS-Tween-20,
the membranes were incubated with the secondary anti-
body conjugated to HRP at room temperature for 1 h. The
membranes were washed again in TBS-Tween-20, and protein
was detected by electrochemiluminescence (ECL) assay.

Transfection. Cells were seeded in 6-well plates and trans-
fected with control siRNA or Smad2 siRNAs (GenePharma,

Shanghai, China) using Lipofectamine 2000 as previously
described (28).

Statistical analysis. All statistical analyses were conducted
using SPSS17.0. Student's t-test was performed to evaluate
statistical significance. Results are presented as mean + SD.
P<0.05 was considered as statistically significant.

Results

Nutlin-3 inhibits cell proliferation and alters the morphology
of GR HCC cells. To determine whether Nutlin-3 inhibits cell
proliferation in HCC cells, we performed MTT assays following
Nutlin-3 treatment. We found that Nutlin-3 significantly inhib-
ited cell proliferation in both the HepG2 and SMMC-7721
cells (Fig. 1A). Moreover, we observed that Nutlin-3 also
suppressed cell proliferation in both the GR HepG2 and GR
SMMC-7721 cells (Fig. 1A). Our results indicate that HCC
cells are more sensitive to Nutlin-3 treatment compared with
GR HCC cells (Fig. 1A). Specifically, IC30, IC50 and IC70
of Nutlin-3 in the GR HepG2 cells were 5, 18 and 70 uM,
respectively. Whereas the IC70 of Nutlin-3 was 25 yM in the
HepG2 cells, suggesting that HepG2 cells were more sensitive
to Nutlin-3 treatment (Fig. 1A, left panel). Similar results were
observed in the SMMC-7721 cells (Fig. 1A, right panel). IC30,
IC50 and IC70 of Nutlin-3 in the GR SMMC-7721 cells were 40,
59 and 80 uM, respectively. In subsequent experiments, we used
IC30 and IC70 to explore the function of Nutlin-3 in the GR
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Figure 2. Nutlin-3 suppresses the motile activity of the GR HCC cells. (A) Wound healing assays to compare the migratory potential of GR HepG2 and GR
SMMC-7721 cells that were treated with IC70 of Nutlin-3. NT, Nutlin-3. (B) Migration assay to measure the migratory capacity in GR HCC cells treated with
IC70 of Nutlin-3 for 24 h. (C) Invasion assay in GR HCC cells treated with IC70 Nutlin-3 for 24 h. (D) Cell attachment and detachment assays in GR HCC cells

treated with IC70 Nutlin-3. "P<0.05, “"P<0.01 vs. control.

HCC cells. Our previous study demonstrated that GR HCC cells
acquired an EMT phenotype (14). In line with this report, we
observed the morphological change of GR HCC cells, which is
indicative of EMT, such as increased pseudopodia, and longer,
narrower and a more disperse morphology (Fig. 1B). Moreover,
we found that Nutlin-3 treatment reversed this EMT pheno-
type (Fig. 1B). Specifically, in GR HCC cells, pseudopodia were
reduced and cells became ovoid and clustered during growth
following Nutlin-3 treatment (Fig. 1B). These results indicate
that Nutlin-3 may regulate GR-induced EMT in HCC cells.

Nutlin-3 suppresses motility in GR HCC cells. To explore
whether Nutlin-3 suppresses the motility of GR HCC cells, we
performed wound healing assays to investigate the migration
of GR HepG2 and GR SMMC-7721 cells following Nutlin-3
treatment. Our results from the wound healing assays demon-
strated that Nutlin-3 markedly decreased cell migration in both
the GR HepG2 and GR SMMC-7721 cells (Fig. 2A). To further
validate this finding, migration and invasion assays were
conducted to measure the cell migratory and invasive activity
of the GR HCC cells treated with Nultin-3. We observed that
Nutlin-3 significantly inhibited the migration (Fig. 2B) and

invasion (Fig. 2C) in the GR HCC cells. Cell detachment and
attachment are associated with cell motility, therefore we
measured the cell attachment and detachment in the GR HCC
cells following Nutlin-3 treatment. As demonstrated in Fig. 2D,
Nutlin-3 treatment suppressed both cell attachment and detach-
ment in the GR HepG2 and GR SMMC-7721 cells. Altogether,
Nutlin-3 treatment may inhibit motility in GR HCC cells.

Nutlin-3 reverses EMT to MET in GR HCC cells. To further
identify whether Nutlin-3 regulates specific EMT molecules
in GR HCC cells, we measured the expression of markers
of epithelial and mesenchymal phenotypes using RT-PCR
and western blot analysis, respectively. Our RT-PCR results
indicated that Nutlin-3 treatment increased E-cadherin
mRNA levels, but decreased several mesenchymal markers at
the mRNA level including vimentin, Snail and Slug in both
GR HepG2 (Fig. 3A) and GR SMMC-7721 cells (Fig. 3B).
Importantly, our western blot analysis confirmed that the
protein level of E-cadherin was increased, whereas the expres-
sions of vimentin, Snail and Slug were downregulated in the
GR HCC cells following Nutlin-3 treatment (Fig. 3C). These
observations indicated that Nutlin-3 reversed EMT to MET
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Figure 3. Nutlin-3 reverses EMT to MET in GR HCC cells. (A and B) RT-PCR was conducted to detect the mRNA levels of E-cadherin, Slug, Snail, and
vimentin in (A) GR HepG2 and (B) GR SMMC-7721 cells treated with Nutlin-3. “P<0.05, “P<0.01 vs. control. (C) Western blot analysis was conducted to
measure the abundance of E-cadherin, Snail, Slug, and vimentin proteins in the GR HCC cells treated with Nutlin-3.
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Figure 4. Activation of Smad?2 is observed in GR HCC cells. (A) Western blot analysis was conducted to detect the expression of Smad2 in GR HCC cells.
(B) Quantitation of results from panel A. “P<0.01 vs. control. (C) Western blot analysis was conducted to detect Smad2 expression in GR HCC cells treated
with Nutlin-3. (D) Quantitative results are illustrated for panel C. "P<0.05, “P<0.01 vs. control.

phenotype, suggesting that Nutlin-3 could be a potential treat-  we measured the expression of Smad2 by western blot analysis.
ment agent to target GR-triggered EMT in HCC cells. We found higher expression of Smad2 in GR HepG2 and

GR SMMC-7721 cells compared with their parental control
Activation of Smad?2 is observed in GR HCC cells.Since Smad2  cells (Fig. 4A and B), suggesting that Smad2 might be involved
was previously reported to be involved in the EMT process (29),  in GR-induced EMT in HCC cells. It has been reported that
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Figure 5. Depletion of Smad?2 reverses EMT to MET in GR cells. (A) Western blot analysis of Smad2 in GR HCC cells transfected with different Smad2
siRNAs. (B) Quantitation of results from panel A. "P<0.05, “P<0.01 vs. control. (C) Western blot analysis of the expression of E-cadherin, vimentin, and Snail
in GR HCC cells treated with Smad2 siRNA1. (D) Quantitative results are illustrated for panel C. "P<0.05, “P<0.01 vs. control.

Nutlin-3 prohibited EMT through blocking the phosphoryla-
tion of Smad2 in human cancer cells (30). Therefore, we
determined whether Nutlin-3 inhibits GR-mediated EMT in
HCC cells via targeting Smad2. Consistent with the previous
report (29), our western blot analysis revealed that Nutlin-3
inhibited the expression of Smad?2 in both the GR HepG2 and
GR SMMC-7721 cells (Fig. 4C and D), indicating that Nutlin-3
suppressed GR-induced EMT partly through inhibition of
Smad2 in HCC cells.

Depletion of Smad2 reverses EMT to MET in GR cells. To
determine whether Smad2 plays a key role in GR-mediated
EMT, we depleted Smad2 using specific siRNAs in the GR
HepG2 cells. Western blot analysis was used to detect the
efficacy of multiple Smad2 siRNAs on the downregulation
of Smad2 in the GR HCC cells. We found that all three
Smad2 siRNAs significantly depleted Smad2 expres-
sion (Fig. 5A and B). Smad2 siRNA1 was then used for our
subsequent studies. To confirm whether depletion of Smad2
regulates GR-induced EMT, we measured the expression of
EMT markers by western blot analysis in the GR HCC cells
transfected with Smad2 siRNAI. Our results demonstrated
that depletion of Smad2 upregulated E-cadherin protein levels,
but downregulated the protein levels of vimentin and Snail in
the GR HepG?2 cells (Fig. 5C and D). These findings suggest
that depletion of Smad2 resulted in the reversal of EMT to
MET in GR HCC cells.

Depletion of Smad?2 inhibits migration and invasion in GR
cells. To further characterize the reversal of EMT by deple-
tion of Smad2, we measured cell motility capacities by wound
healing, migration and invasion assays. Our wound healing
assay results showed that Smad2 depletion led to a decrease
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Figure 6. Depletion of Smad?2 inhibits the migration and invasion of GR
cells. (A) Wound healing assay of GR HepG2 cells transfected with Smad2
siRNA. (B) Migration assay of GR HepG?2 cells after Smad2 siRNA transfec-
tion. (C) Invasion assay in GR HepG2 cells after Smad2 siRNA treatment.
(D) Cell attachment and detachment assays in GR HepG2 cells treated with
Smad2 siRNA. "P<0.05 vs. control.

in the number of cells migrating across the wound (Fig. 6A).
In further support of this finding, depletion of Smad?2
suppressed cell migration and invasion in the GR HCC
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cells (Fig. 6B and C). In addition, we also performed the cell
detachment and attachment assays following Smad?2 depletion.
We observed that GR HepG2 cells depleted of Smad2 displayed
reduced detachment and attachment capacity (Fig. 6D). Taken
together, our data demonstrated that downregulation of Smad2
retarded cell motility capacities in GR HCC cells, and provides
a potential mechanism by which Nutlin-3 suppresses tumor
cell growth and metastasis.

Discussion

In this study, we identified that Nutlin-3 reversed EMT to
MET in GR HCC cells in part through downregulation of
Smad2. Previous results demonstrated that Nutlin-3 selec-
tively inhibited cell proliferation and enhanced apoptosis
by activating the p53 pathway in human cancers including
HCC (24). For example, it has been reported that Nutlin-3
enhanced the growth inhibition by doxorubicin and potenti-
ated the apoptotic effects of doxorubicin in HepG2 cells
via the disruption of p53-MDM2 binding (31). Moreover,
Nutlin-3 was found to inhibit cell proliferation and induce
G,/G, phase-arrest through downregulation of cyclin DI,
cyclin E, CDK2, CDK4, PCNA and E2F-1 and upregula-
tion of p21 and p27 in human HCC cells (32). Furthermore,
Shi et al discovered that Nutlin-3 induced apoptosis through
downregulation of phospho-Ser392-p53 in HCC cells (33).
Recently, they further identified that Nutlin-3 significantly
increased the expression levels of interferon-y-inducible
protein 16 (IF116) and partially redistributed IF116 protein to
the cytoplasm in SMMC-7721 cells (wild-type p53), but not
in Huh-7 (p53 mutant) and Hep3B (p53-null) cells, suggesting
that Nutlin-3 controlled the subcellular localization of IF116
in a p53-dependent manner (34). Nutlin-3 was further reported
to potentiate the antiproliferative activity of gefitinib and
lapatinib in cancer cells (30). In line with these findings, we
found that Nutlin-3 inhibited cell proliferation in GR HepG2
and GR SMMC-7721 cells.

Emerging evidence has revealed that Nutlin-3 could be a
useful tool to overcome chemoresistance in human cancer. For
example, it has been demonstrated that Nutlin-3 could reverse
P-glycoprotein-mediated multidrug resistance in neuroblas-
toma and rhabdomyosarcoma cell lines (35). Moreover, one
study showed that Nutlin-3 sensitized neuroblastoma cells
to doxorubicin through upregulation of E2F1 and p73 (36).
Similarly, Nutlin-3 activated the p53 pathway and inhibited
tumor growth in chemoresistant neuroblastoma cells (37).
Notably, Nutlin-3 was considered as a potent enhancer
of DR5-selective TRAIL variant D269H/E195R-induced
apoptosis in cancer cells (38). Additionally, cisplatin further
enhanced Nutlin-3 and DR5-mediated apoptosis (38). Nutlin-3
was also identified to overcome arsenic trioxide resistance and
inhibit tumor metastasis via activation of p73 and enhancing
mutant p53 degradation mediated by arsenic trioxide in HCC
cells (26). These reports indicate that Nutlin-3 is involved in
regulating drug resistance of cancer cells. A number of studies
havev validated that EMT is associated with drug resis-
tance (10). Indeed, in this study, we observed that GR HCC
cells acquired EMT features. Importantly, Nutlin-3 reversed
EMT, leading to inhibition of migration and invasion in GR
HCC cells. Mechanistically, Nutlin-3 treatment increased
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E-cadherin expression and downregulated the expression of
vimentin, Snail, and Slug in GR HCC cells.

It has been previously demonstrated that TGF-f trig-
gers EMT via governing Smad family expression. One
study showed that Nutlin-3 could abolish the decreased in
E-cadherin levels induced by TGF-f1 in cancer cells (30).
Furthermore, this same group found that Nutlin-3 suppressed
EMT by inhibition of phosphorylation of Smad2/3, leading
to decreased motility of cancer cells (30). Since Smad2 has
previously been shown to play an oncogenic role in HCC cells,
inhibition of Smad2 could be a potential strategy for treating
HCC (39,40). Consistent with this notion, we also identified
that Nutlin-3 inhibited the expression of Smad2 in GR HCC
cells. Strikingly, depletion of Smad2 inhibited cell migration
and invasion in GR cells and regulated EMT marker expres-
sion, indicating that Nutlin-3 may reverse GR-mediated EMT
partly via downregulation of the Smad2 pathway.

Nutlin-3 exerts its antitumor activity in a p53-dependent
manner. In tumors carrying a wild-type p53, Nutlin-3 prevented
p53 protein degradation leading to maintained activation of
p53, and subsequent induction of p21 and Bax expression,
which are regulated by p53. However, multiple studies also
found that Nutlin-3 inhibited cell growth and enhanced apop-
tosis in a pS3-independent manner. For instance, Zheng et al
reported that Nutlin-3 disrupted the p73-MDM?2 interaction
in Huh-7 (p53 mutant) and Hep3B (p53-null) HCC cells and
subsequently activated the apoptotic pathway, leading to the
increased chemosensitivity to doxorubin (31). This group
further found that Nutlin-3 suppressed cell growth and induced
G,/G, cell cycle arrest in p53-mutant and p53-null HCC
cells (32). Similarly, Nutlin-3 was reported to induce apoptosis
in Huh-7 cells (33). These reports argued that Nutlin-3 could
have anticancer effects against human cancer cells regardless
of p53 status. Collectively, Nutlin-3 could be an attractive
agent for the treatment of HCC and offers new prospects to
overcome chemoresistance. Without a doubt, further in-depth
investigation is required to explore the molecular mechanism
of Nutlin-3-mediated tumor growth inhibition.
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