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Garcinol inhibits esophageal cancer metastasis by suppressing
the p300 and TGF-β1 signaling pathways
Jing Wang1,2, Man Wu2, Dan Zheng2, Hong Zhang2, Yue Lv2, Li Zhang2, Hong-sheng Tan2, Hua Zhou1, Yuan-zhi Lao2 and Hong-xi Xu1,2

Metastasis causes the main lethality in esophageal cancer patient. Garcinol, a natural compound extracted from Gambogic genera, is
a histone acetyltransferase (HAT) inhibitor that has shown anticancer activities such as cell cycle arrest and apoptosis induction. In
this study, we investigated the effects of garcinol on the metastasis of esophageal cancer in vitro and in vivo. We found that
garcinol (5–15 μM) dose-dependently inhibited the migration and invasion of human esophageal cancer cell lines KYSE150 and
KYSE450 in wound healing, transwell migration, and Matrigel invasion assays. Furthermore, garcinol treatment dose-dependently
decreased the protein levels of p300/CBP (transcriptional cofactors and HATs) and p-Smad2/3 expression in the nucleus, thus
impeding tumor cell proliferation and metastasis. Knockdown of p300 could inhibit cell metastasis, but CBP knockdown did not
affect the cell mobility. It has been reported that TGF-β1 stimulated the phosphorylation of Smad2/3, which directly interact with
p300/CBP in the nucleus, and upregulating HAT activity of p300. We showed that garcinol treatment dose-dependently suppressed
TGF-β1-activated Smad and non-Smad pathway, inhibiting esophageal cancer cell metastasis. In a tail vein injection pulmonary
metastasis mouse model, intraperitoneal administration of garcinol (20 mg/kg) or 5-FU (20mg/kg) significantly decreased the
number of lung tumor nodules and the expression levels of Ki-67, p300, and p-Smad2/3 in lung tissues. In conclusion, our study
demonstrates that garcinol inhibits esophageal cancer metastasis in vitro and in vivo, which might be related to the suppression of
p300 and TGF-β1 signaling pathways, suggesting the therapeutic potential of Garcinol for metastatic tumors.
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INTRODUCTION
Esophageal cancer is the eighth most common cancer in the
world, and it has a poor prognosis and uneven geographic
distribution [1]. There are two dominant histological types of
esophageal cancer: esophageal adenocarcinoma and esophageal
squamous cell carcinoma (ESCC). Historically, ESCC has shown a
trend of increasing incidence in eastern Asia and Africa [2].
According to statistics from China, the United States and Europe,
the 5-year survival rate of esophageal cancer is generally less than
21% [3–5]. Furthermore, over 50% of patients present with either
unresectable tumors or radiographically visible metastases upon
the preliminary diagnosis of esophageal cancer [6]. Cancer
metastasis is the main cause of death among cancer patients
[7]. Although chemoradiotherapy is the standard therapy for
esophageal cancer and offers a statistically significant extension of
survival, the therapeutic benefit of this treatment is unsatisfactory
for most patients, and its potential for toxic effects should draw
attention [8–10]. Thus, it is crucial to find an improved treatment
strategy that impedes the development of this fatal disease.
Histone acetylation is an important protein modification.

Usually, histone modification acts on the N-terminus of histones,
altering gene transcription, translation and cell regulation [11, 12].
Histone acetyltransferases (HATs) and histone deacetylases

(HDACs) antagonize each other to maintain a dynamic balance
of histone acetylation levels and participate in gene expression
regulation [13]. p300/CBP is an important member of a group of
acetyltransferases that are ubiquitously expressed transcriptional
coactivators. The abnormal expression of p300/CBP leads to a
series of effects, such as the induction of tumor cell proliferation
and metastasis [14, 15], and affects the activities of downstream
pathways [15, 16]. While p300 is a closely related paralog of CBP,
the functions of p300 and CBP are different [17]. The high
expression of p300 is associated with poor prognosis and an
unfavorable impact on survival in non-small cell lung cancer
(NSCLC) [18] and ESCC patients [19]. Linc00460, which is
upregulated by CBP/p300 through histone acetylation, promotes
carcinogenesis in ESCC [20]. p300 and CBP may be new targets for
the treatment of cancer and metastasis [21, 22].
Transforming growth factor-β (TGF-β) signaling enhances

metastasis to promote malignancy during cancer development,
and the mechanism remains unclear [23]. TGF-β mediates cell
metastasis through Smad-mediated transcription regulation [24]
and non-Smad pathways. The protein level and acetylation ability
of p300 are also increased after TGF-β1 stimulation. TGF-β1
enhances the transcription of epithelial-mesenchymal transition
(EMT)-related genes by activating transcription factors.
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Natural compounds play a leading role in the development of
anticancer drugs. Recent studies have indicated that some of the
natural compounds that target HATs, especially p300, exhibit
anticancer activity [25–27]. For instance, allspice extracts and Rosa
rugosa methanol extract inhibit both p300 and CBP activity and
reduce prostate cancer cell growth [28, 29].
Garcinol, which is extracted from Garcinia yunnanensis Hu [30],

is regarded as a potent inhibits or HATs, especially p300 [31]. Anti-
inflammatory, antioxidation, antitumor, and other activities of
Garcinol have been reported [32–34]. Garcinol can reverse the
EMT to mesenchymal-epithelial transition via the Wnt signaling
pathway in breast cancer [35]. Garcinol can alter the expression
and acetylation of the tumor suppressor p53, which results in
growth arrest in breast cancer [36]. However, the mechanism by
which Garcinol inhibits cell metastasis requires further research,
and the process by which p300 mediates downstream signaling
and influences cell metastasis has not been reported.
In the present study, we provided evidence that Garcinol

inhibits cell migration and invasion by suppressing p300,
but not its paralog CBP, and the silencing of p300 can decrease
EMT marker protein levels. The TGF-β1-related pathway is
also suppressed by Garcinol, and p-Smad2/3, which forms a
complex with p300 in the nucleus, is decreased after Garcinol
treatment, suggesting that Garcinol is a potent antitumor
metastasis drug candidate for preventing and treating esopha-
geal cancer.

MATERIALS AND METHODS
Plant material
Garcinol was obtained from G. yunnanensis Hu as previously
described [37]. Its structure was determined by 1H-NMR and 13C-
NMR spectral analysis, and the purity of Garcinol was more than
98% based on HPLC analysis. This compound was prepared by
dissolving in dimethyl sulfoxide (DMSO), and the final concentra-
tion of DMSO was adjusted to 0.1% (v/v) in the culture media.
DMSO was the control in all cases.

Cell culture
The human esophageal cancer cell lines KYSE150 and KYSE450
were provided by the Fudan University Shanghai Cancer Center.
The cells were maintained in a humidified atmosphere containing
5% CO2 at 37 °C. These cells were cultured in RPMI-1640
(Invitrogen, NY, USA) with 10% fetal bovine serum (FBS, Invitrogen,
NY, USA), 100 U/mL penicillin, and 100 mg/mL streptomycin
(Invitrogen, NY, USA).

Wound healing assay
A total of 1.5 × 105 cells were seeded into 24-well culture plates.
When the cells reached 80%–90% confluence, a scratch was made
through the confluent monolayer with a sterile plastic pipette tip.
The cells were incubated in fresh complete medium at 37 °C with
or without Garcinol and TGF-β1. The migration distance of the
cells was monitored and imaged under an Olympus microscope
IX83 (Tokyo, Japan).

Transwell and matrigel invasion assays
Cell migration and invasion were determined using a transwell
chamber (Corning, NY, USA) with a pore size of 8 μm. For the
migration assay, 5 × 104 cells were seeded in FBS-free medium in
the upper chamber, and complete medium was added to the
lower chamber. For the invasion assay, a total of 2 × 105 cells
were plated in serum-free medium in the upper chamber of a
Matrigel-coated transwell, and complete medium was added to
the lower chamber. After incubation for 24 h at 37 °C, the cells
on the upper surface of the chamber were removed using
cotton swabs, and then, the migrated cells on the bottom
surface were fixed in ethyl alcohol and stained with crystal

violet. The membrane was scored under a light microscope in
five random fields.

siRNA transfection
The siRNA fusion genes were transfected into KYSE150 cells by
Lipofectamine RNAiMAX (Invitrogen, NY, USA), as instructed by the
manufacturer. After 24 h of incubation, the cells were subjected to
functional evaluations. p300 siRNA (p300-1, 5′-CAGGUAUGAUGAA
CAGUCCAGUAAA-3′ and 5′-UUUACUGGACUGUUCAUCAUACCUG-
3′; p300-2, 5′-CAGAGCAGUCCUGGAUUAGTT-3′ and 5′-CUAAUCCA
GGACUGCUCUGTT-3′; p300-3, 5′-GGAUUCGUCUGUGAUGGCUGUU
UAA-3′ and 5′-UUAAACAGCCAUCACAGACGAAUCC-3′), CBP siRNA
(CBP-homo-2004, 5′-GGAGCCAUCUAGUGCAUAATT-3′ and 5′-UUA
UGCACUAGAUGGCUCCTT-3′; CBP-homo-2209, 5′-GAGGUCGCGU
UUACAUAAATT-3′ and 5′-UUUAUGUAAACGCGACCUCTT-3′), and
negative control siRNA (5′-UUCUCCGAACGUGUCACGUTT-3′ and
5′-ACGUGACACGUUCGGAGAATT-3′) were purchased from
GenePharma.

Western blotting assay
Cells were lysed in RIPA buffer, 1 mM phenylmethanesulfonyl
fluoride (PMSF) and protease inhibitor cocktail. The cell extracts
were resolved by SDS-PAGE and transferred onto polyvinylidene
difluoride membranes. After blocking nonspecific binding with
TBS/T (0.1%) containing 5% nonfat milk for 1 h at room
temperature, the membranes were probed with the following
antibodies: p300 (sc-585, Santa Cruz, CA, USA), CBP (7389, CST, MA,
USA), p-Smad2/3 (8828, CST), E-cadherin (3195, CST), vimentin
(5741, CST), p-Src (6943, CST), p-AKT (9271, CST), p-MEK (9154,
CST), snail (3879 P, CST), α-tubulin (sc-5286, Santa Curz Biotech-
nology, Santa Curz, CA), and GAPDH (2251, Abcam, Cambridge,
UK). Following incubation with horseradish peroxidase-conjugated
anti-mouse (074-1806, KPL, MD, USA) or anti-rabbit secondary
antibodies (474-1506, KPL), the protein bands were visualized
using ECL Blotting Detection Reagents (54-61-00, KPL). The
densities of the immunoreactive bands were evaluated using an
ATTO Densitograph Software Library CS analyzer (ATTO instru-
ments, Tokyo, Japan).

MTT assay
The cells were treated with various concentrations of Garcinol
for 24 h. At the end of the incubation period, 10 μL of 3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) solu-
tion was added to each well of a 96-well plate for 4 h at 37 °C, and
then 150 μL of dimethyl sulfoxide (DMSO) was added to dissolve
the purple crystals. The optical densities were measured at
570 nm, and cell viability was normalized as a percentage of the
control.

RNA isolation and quantitative RT-PCR
Total RNA isolation was performed using TRIzol reagent (R0016,
Beyotime, Jiangsu, China) following the manufacturer’s protocol. A
total of 2 μg of total RNA was reverse transcribed using the
PrimeScript RT Reagent Kit (DRR037A, TaKaRa, Beijing, China). qPCR
analysis was performed in a Veriti Thermal Cycler (Applied
Biosystems, MA, USA) using SYBR Green master mix (TOYOBO,
Osaka, Japan). The human gene primers used in the qPCR reactions
were as follows: p300, 5′-AGGGGCAACAAGAAGAAACC-3′ and 5′-
AACAATGGGCAGGGA-3′; CBP, 5′-CATCTTCCCAACACCTGA-3′ and
5′-GTCCCCTTCCACTTTCTT-3′; and 18S, 5′-GTAACCCGTTGAAC
CCCATT-3′ and 5′-CCATCCAATCGGTAGTAGCG-3′.

Immunofluorescent staining
A total of 5 × 104 cells were grown on glass coverslips overnight
and treated with or without 15 μM Garcinol in a culture of 5 ng/mL
TGF-β1 for 2, 6, and 12 h. The cells were fixed with 4%
paraformaldehyde, washed with PBS for 5 min three times, and
then permeabilized using 0.3% Triton X-100 in PBS. After
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Fig. 1 a Chemical structure of Garcinol. b KYSE150 cells were scratched and treated with different concentrations of Garcinol for 24 h and
then monitored by a microscope. c KYSE150 cells were incubated with different concentrations of Garcinol for 24 h, and migrating and
invading cells were stained with crystal violet. d The number of migrating or invading cells was counted in each group in three independent
experiments. e, f KYSE150 and KYSE450 cells were seeded in 96-well plates, and the cells were incubated in different concentrations of
Garcinol for 24 h. g KYSE150 cells were incubated in 0, 5, 10 and 15 μM Garcinol for 24 h, and the effects of Garcinol on the protein expression
levels of p300, CBP, E-cadherin, vimentin, and snail were detected by Western blotting (n= 5). h The mRNA levels of p300 and CBP were
detected by RT-PCR after Garcinol or C646 treatment. *P < 0.05, **P < 0.01

Garcinol inhibits cancer metastasis by targeting p300
J Wang et al.

84

Acta Pharmacologica Sinica (2020) 41:82 – 92



Fig. 2 a, b KYSE150 cells were transfected with control siRNA, siRNAs (1, 2, and 3) targeting p300 or siRNAs (761, 2204, 2209) targeting CBP for
24 h and analyzed by Western blotting (n= 5) and RT-PCR. c KYSE150 cells were transfected with siRNA targeting p300 (2), siRNA targeting
CBP (2209) or a mixture of siRNAs targeting p300 and CBP for 24 h and then treated with or without 10 μM Garcinol and analyzed with a
wound healing assay at 24 h. d KYSE150 cells were transfected with siRNA targeting p300 (2), siRNA targeting CBP (2209) or a mixture of
siRNAs targeting p300 and CBP. Twenty-four hours after transfection, the cells were seeded into a chamber and treated with or without 10 μM
Garcinol for 24 h, and then the migrating cells were stained with crystal violet. e KYSE150 cells were transfected with siRNA targeting p300 (2),
siRNA targeting CBP (2209) or a mixture of siRNAs targeting p300 and CBP for 24 h. The cells were seeded into Matrigel-coated chambers and
treated with or without 10 μM Garcinol for 24 h, and the invading cells were stained with crystal violet. f, g The number of cells in the Transwell
assay (d) and the Matrigel invasion assay (e) was counted for each group in three independent experiments. The relative protein levels were
normalized to GAPDH by using ImageJ software (n= 5). The data are presented as the means ± S.D. *P < 0.05, **P < 0.01
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permeabilization, the cells were blocked with 5% bovine serum
albumin for 1 h and then incubated with a p-Smad2/3 antibody
(diluted 1:500) overnight. The coverslips were washed with PBS
and then incubated with a Cy3-labeled goat anti-rabbit IgG
secondary antibody (diluted 1:500; Beyotime) for 1 h. The cover-
slips were then washed and mounted using 4′6-diamidino-2-
phenylindole, and images were obtained using an Olympus
microscope.

Cytosol/membrane fractionation
KYSE150 cells were treated with or without Garcinol for 6, 12, and
24 h. Nuclear and cytoplasmic protein extractions were obtained

using the Nuclear and Cytoplasmic Protein Extraction Kit
(Beyotime). A protease and phosphatase inhibitor cocktail was
added to the protein extract.

Pulmonary metastasis assay in mice
Briefly, 5-week-old male BALC/c nude mice were purchased from
the Experimental Animal Center of the Chinese Academy of
Science (Shanghai, China) and maintained in a pathogen-free
environment. The experimental procedures were approved by the
Shanghai University of Traditional Chinese Medicine Committee
on the Use of Live Animals for Teaching and Research. The mice
were intravenously injected with 1 × 106 KYSE150 cells via the tail

Fig. 3 a KYSE150 cells were transfected with siRNA targeting p300, siRNA targeting CBP or a mixture of siRNAs targeting p300 and CBP for the
indicated times. The protein levels of p300 at 24 h and 48 h were detected by Western blotting (n= 5). b Cell viability and the number of cells
were analyzed using trypan blue dye staining. The number of cells was counted for each group in three independent experiments (n= 3).
c KYSE150 cells were transfected with siRNA targeting p300 (2), siRNA targeting CBP (2209) or a mixture of siRNAs targeting p300 and CBP for
24 h; p300, CBP, E-cadherin, vimentin, and snail levels were analyzed by Western blotting. d KYSE150 cells were transfected with siRNA
targeting p300, siRNA targeting CBP or a mixture of siRNAs targeting p300 and CBP and then treated with Garcinol for 24 h; p300, CBP,
E-cadherin, vimentin, and snail levels were analyzed by Western blotting (n= 5). The relative protein levels were normalized to GAPDH by
using ImageJ software. e, f KYSE150 cells were transfected with siRNA targeting p300 or siRNA targeting CBP and then treated with Garcinol
for 24 h. The mRNA levels of p300 and CBP were analyzed. *P < 0.05, **P < 0.01
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vein. After the injection of the tumor cells, the mice were
randomly divided into three groups and received an intraper-
itoneal injection of saline, Garcinol or 5-fluorouracil (5-FU) once
every two days for five weeks.

HE staining and immunohistochemistry
After 35 days of treatment, the mice were sacrificed, and the lungs
were immediately removed and fixed in 10% neutral buffered
paraformaldehyde at 4 °C for 48 h. Selected samples were
embedded in paraffin, sectioned and stained with hematoxylin
and eosin. The p300, p-Smad2/3, and Ki-67 primary antibodies
were used at 1:100 dilutions. The sections were finally mounted
with DPX mountain (317616, Sigma, MO, USA) for histological
analysis.

Statistical analysis
Statistical comparisons were performed using Student′s t test and
repeated-measures one-way ANOVA followed by post hoc
Dunnett′ s test with GraphPad Prism 5 software (GraphPad, CA,
USA). Values of P < 0.05 were considered significant. All of the
results are expressed as the means ± SD, and the experiments
were repeated three times independently.

RESULTS
Garcinol inhibits metastasis in ESCC cells
Previous studies showed that Garcinol has the ability to inhibit
metastasis in several cancer cell lines, such as HT-29 and PANC-1
cells [38, 39]. Therefore, we examined whether Garcinol affects
metastasis in ESCC cells. In the wound healing assay, Garcinol
inhibited KYSE150 cell migration at a concentration of 5 μM
(Fig. 1b). The inhibitory effects of Garcinol on migration and
invasion were investigated using Transwell and Matrigel assays. As
shown in Fig. 1c, the number of migrating and invading KYSE150

cells was decreased after treatment with 5, 10, and 15 μM Garcinol,
and the compound C646, a commercial p300 inhibitor, was
applied as a positive control. The number of migrating and
invading cells was counted in Fig. 1d. To eliminate the possibility
that the suppression of cell metastasis by Garcinol may be due to
the inhibition of cell proliferation, we examined the cytotoxicity of
Garcinol in KYSE150 and KYSE450 cells using the MTT assay.
Fig. 1e, f shows that 15 μM Garcinol did not suppress cell
proliferation, suggesting that Garcinol suppresses cell metastasis.
We next determined how Garcinol influences the metastatic
signals. As shown in Fig. 1g, Garcinol decreased the protein levels
of p300 and CBP in a dose dependent manner. In addition, we
observed that Garcinol upregulated the EMT-related protein E-
cadherin and downregulated vimentin and snail. The mRNA levels
of p300 and CBP were not affected by Garcinol treatment (Fig. 1h).
These results suggest that Garcinol inhibits metastasis in ESCC
cells.

Garcinol inhibits metastasis in a manner that is dependent on the
downregulation of p300
To investigate whether Garcinol affects metastasis by inhibiting
p300 and CBP, we evaluated p300/CBP levels upon Garcinol
treatment in KYSE150 cells. siRNAs targeting p300 and CBP were
transfected into KYSE150 cells, and the protein levels and mRNA
levels of p300 and CBP were decreased (Fig. 2a, b). p300-1 siRNA,
p300-2 siRNA, and CBP-2209 siRNA were selected for subsequent
experiments. The wound healing assay showed that the knock-
down of p300 inhibited the migration of KYSE150 cells, but the
knockdown of CBP did not (Fig. 2c). The Transwell and Matrigel
assays showed similar effects of p300 and CBP siRNA as the
wound healing assay. As shown in Fig. 2d, e, the number of
migrating and invading cells was further decreased after
treatment with 10 μM Garcinol. The statistical analysis of migrating
and invading cells is shown in Fig. 2f, g. Thus, the expression of

Fig. 4 a, b KYSE150 and KYSE450 cells were treated with or without Garcinol for 24 h, and E-cadherin, snail, p-Stat3, p-Src, p-AKT, p-Smad2/3,
p-MEK, p-S6, and GAPDH proteins were separated and analyzed by Western blotting (n= 5). c KYSE150 cells were transfected with siRNA
targeting p300, siRNA targeting CBP or a mixture of siRNAs targeting p300 and CBP and treated with or without Garcinol for 24 h. p-Stat3, p-
Src, p-AKT, p-Smad2/3, p-MEK, and GAPDH levels were analyzed by Western blotting (n= 5). The relative protein levels were normalized to
GAPDH by using ImageJ software
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p300 is related to the mobility of KYSE150 cells, and the
antimetastatic effect of Garcinol may depend on the down-
regulation of p300.
We next determined the detailed mechanism of the effect of

p300 against metastasis and detected the related changes in
proteins after siRNA transfection. The protein levels of p300 and
CBP were decreased after transfection with p300 and CBP
siRNAs for 24 h and 48 h, and the cell numbers were counted
(Fig. 3a, b). The results indicated that the knockdown of
p300 suppressed cell growth at 48 h. The expression of the
EMT marker was also regulated by p300 and CBP siRNAs. The
knockdown of p300 increased the protein level of E-cadherin
and decreased the protein level of snail, while the knockdown of
CBP did not influence the expression of E-cadherin but
decreased the protein level of snail (Fig. 3c). The expression of
the EMT marker decreased after p300 knockdown or Garcinol
treatment (Fig. 3d). Taken together, our results indicate that
p300 is essential for the mediation of KYSE150 cell metastasis
and that Garcinol inhibits metastasis by downregulating the
expression of p300.

The mRNA levels of p300 and CBP were also determined in
p300 and CBP knockdown cells after Garcinol treatment. The
expression of p300 mRNA was lower after Garcinol treatment than
after vehicle treatment in p300 or CBP knockdown cells (Fig. 3e).
However, the expression of CBP mRNA did not change in
p300 knockdown cells after Garcinol treatment (Fig. 3f). Garcinol
further decreased the expression of p300 mRNA after the
knockdown of p300. These data indicate that the metastatic
inhibition by Garcinol may be related to the expression of p300
but not CBP.

Garcinol inhibits TGF-β1-induced metastasis in ESCC
p300 and p-Smad2/3 can form a complex in the nucleus and
activate downstream metastasis signaling [40]. As shown in Fig. 4a,
b, the activation of some protein kinases, including p-Stat3, p-AKT,
p-Src, p-Smad2/3, p-MEK, and p-S6, was decreased upon Garcinol
treatment in both KYSE150 and KYSE450 cells. The knockdown of
p300 increased the protein level of p-Stat3 and decrease the
protein level of p-MEK at the same time, but 15 μM Garcinol
reversed the expression of p-Stat3 (Fig. 4c).

Fig. 5 a KYSE150 cells or b KYSE450 cells were induced with 5 ng/mL TGF-β1, treated with or without 10 μM Garcinol for 24 h and analyzed by
a wound healing assay. c, d KYSE150 and KYSE450 cells were induced with 5 ng/mL TGF-β1 and treated with different concentrations of
Garcinol for 24 h; E-cadherin, snail, p-Stat3, p-Src, p-AKT, p-Smad2/3, p-MEK, p-S6 and GAPDH proteins were separated and analyzed by
Western blotting (n= 5). The relative protein levels were normalized to GAPDH by using ImageJ software. The data are presented as the
means ± SD
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Fig. 6 a KYSE150 cells were induced with 5 ng/mL TGF-β1 and treated with or without 15 μM Garcinol for 6 h or 12 h; nuclear and cytosolic
proteins were separated using a Nuclear-Cytosol Extraction Kit, and the protein expression levels of p300, p-Smad2/3, lamin A/C and α-tubulin
were analyzed by Western blotting (n= 5). b KYSE150 cells were induced with 5 ng/mL TGF-β1 and incubated with 15 μM Garcinol for 24 h;
nuclear and cytosolic proteins were separated using a Nuclear-Cytosol Extraction Kit, and the protein expression levels of p300, p-Smad2/3,
lamin A/C and β-tubulin were analyzed by Western blotting (n= 5). c KYSE150 cells were induced with 5 ng/mL TGF-β1 and treated with or
without 15 μM Garcinol for the indicated times, and then images were acquired with a fluorescence microscope with a 60× objective. The
scale bars represent 10 μm. The relative protein levels were normalized to GAPDH by using ImageJ software
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TGF-β1 can mediate EMT by suppressing the phosphorylation
and acetylation of Smad2 and Smad3 in cancer cells [40].
Therefore, we evaluated the expression of proteins downstream
of TGF-β1 after Garcinol or p300 siRNA treatment. Garcinol
inhibited cell migration with or without TGF-β1 treatment in
KYSE150 and KYSE450 cells (Fig. 5a, b). After TGF-β1 simulation for
24 h, Garcinol decreased the protein levels of vimentin, snail,
p-Smad2/3, p-Stat3, p-Src, p-AKT, p-MEK, and p-S6 in KYSE150 and
KYSE450 cells (Fig. 5c, d). We then determined whether Garcinol
can inhibit cell metastasis by inhibiting the nuclear expression of
p-Smad2/3. The expression of p-Smad2/3 in the nucleus was
decreased in a time- and dose-dependent manner after treatment
with Garcinol (Fig. 6a, b). Immunofluorescence staining showed
that the expression of p-Smad2/3 was lower after Garcinol

treatment for 2, 6, and 12 h (Fig. 6c). Taken together, our data
suggest that Garcinol can inhibit TGF-β1-induced metastasis in
ESCC.

Garcinol inhibits pulmonary metastasis in mice
To explore the metastatic inhibition effect of Garcinol in vivo, we
used a mouse model of pulmonary metastasis induced by tail vein
injection. After KYSE150 cells were injected, the mice were
randomly divided into three groups and administered vehicle,
Garcinol, or 5-FU via intraperitoneal injection (n= 7 in each
group). Thirty-five days after cell injection, the mice were
sacrificed, and pulmonary metastasis was examined by HE and
immunohistochemistry staining. As shown in Fig. 7a, lung tumor
nodules were observed in the control group, whereas both

Fig. 7 Garcinol inhibits pulmonary tumor metastasis in mice. a Six-week-old male nude mice were injected into the tail vein with 1 × 106

KYSE150 cells. After injection, the mice were divided into three groups: the vehicle group, the Garcinol-treated (20mg/kg per 2 days) group
and the 5-FU-treated (20mg/kg per 2 days) group (n= 7 in each group). Representative examples and HE staining of lungs from each group
after 5 weeks. b Quantitative analysis of metastatic nodes in lung. *P < 0.05, **P < 0.01. c Lung weight, as analyzed after treatment. *P < 0.05,
**P < 0.01. d Immunohistochemical staining for Ki-67, p300 and p-Smad2/3 in lung tissues. e Body weights were analyzed every two days
throughout the experiment
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Garcinol and 5-FU reduced the number of tumor nodules. The
quantitative analysis is shown in Fig. 7b; the number of nodules in
the Garcinol- and 5-FU-treated groups was significantly decreased
compared with that in the vehicle group. The weight of the lungs
in the Garcinol and 5-FU treated groups was decreased compared
to that in the vehicle group (Fig. 7c). Ki-67 is a marker of cell
proliferation, and the inhibition of Ki-67 expression leads to the
suppression of proliferation. After Garcinol or 5-FU injection, the
expression of Ki-67 was lower than that after vehicle injection, as
was 5-FU (Fig. 7d). Consistent with the in vitro experiments,
Garcinol did not have significant effects on the weight of the mice
(Fig. 7e) or other tissues. After Garcinol or 5-FU injection, the levels
of p300 and p-Smad2/3 were also decreased in the lung tissues
(Fig. 7d). In summary, our study indicates that Garcinol is an
interesting natural compound that affects non-Smad and Smad
pathways in esophageal cancer cells.

DISCUSSION
p300 and CBP function as transcriptional cofactors and HATs. The
high expression of p300 is associated with poor survival in
esophageal cancer patients, and p300 has been an important drug
target in cancer research [41]. In this study, we found that Garcinol
may be an active metastatic inhibitor in esophageal cancers.
Garcinol may be an effective inhibitor of tumor metastasis, and its
effect was investigated by using wound healing, Transwell
migration and invasion assays. Our data also suggested that
Garcinol inhibits p300 and CBP without downregulating their
mRNA levels (Fig. 1h). Our further studies indicated that Garcinol
inhibits TGF-β1 signaling pathways, including Smad and non-
Smad pathways. Phosphorylated Smad2 and Smad3 are asso-
ciated with Smad4, translocate to the nucleus and act as
transcription factors [42]. Garcinol treatment leads to a decrease
in p-Smad2/3 and p300 in the nucleus, which causes the
downregulation of EMT markers.
p300 and CBP have multiple functional domains that accom-

modate diverse protein–protein interactions to enable a large
number of disparate transcription factors [43]. Although p300/CBP
have been implicated in cancer development, the specific
mechanisms have been less precisely defined [44]. Research has
shown that p300 promotes proliferation, migration, and invasion
in NSCLC [45]. The overexpression of p300 is a poor prognostic
factor in breast cancer, prostate cancer, hepatocellular carcinoma,
and esophageal squamous cell carcinoma [46–48]. In our previous
studies, we found that Garcinol has a potential effect on p300 and
CBP, leads to p-Stat3, p-Src and p-AKT downregulation, and
inhibits EMT functions and characteristics. Then, we investigated
the role of p300/CBP in inhibiting ESCC metastasis, and the results
indicated that p300, but not CBP, has an antimetastatic effect. We
also made an attempt to overexpress p300 to explore its effect.
However, due to the high molecular weight of p300, it was difficult
to obtain sufficient effective and convincing experimental results;
we will try to verify the results in the future. In our animal study,
compared to the positive control 5-FU, Garcinol inhibited
pulmonary metastasis (Fig. 7).
TGF-β1 stimulation results in the phosphorylation of the (Serine-

Serine-X-Serine) SSXS motif of Smad2 and Smad3, which leads to
nuclear translocation [49]. Both Smad2 and Smad3 directly
interact with p300/CBP in the nucleus [50]. In this study, we
determined that the phosphorylation of Smad2 and Smad3 can be
suppressed by Garcinol, which can also decrease the p300 protein
level in the nucleus. This activity of p300/CBP is considered a novel
target for the prevention of EMT and fibrosis [51]. TGF-β1 can
upregulate the acetyltransferase activity of p300 in some sensitive
ESCC cells, in which Garcinol inhibits the stimulation of p300
activity by TGF-β1 [49]. The results suggested that the regulation
of TGF-β1 signaling by Garcinol is also important for the
chemoprevention of invasion and metastasis in cancer. Thus, our

findings highlight that p300/CBP and Smad2/Smad3 in the TGF-β1
signaling pathway are essential components for the regulation of
the TGF-β1-induced transcriptional activation of EMT markers in
human ESCC cells (Fig. 6).
In conclusion, we demonstrated that Garcinol can inhibit p300

and p-Smad2/3 in the nucleus to block the transcription of
metastasis-related genes. We also found that the knockdown of
p300 can downregulate p-MEK and p-S6, which are related to EMT.
Garcinol can also suppress Smad and non-Smad pathways, which
are activated by TGF-β1. Thus, Garcinol decreases EMT marker
gene expression by inhibiting the TGF-β1 pathway and p300. As a
result, our findings reveal a new mechanism by which Garcinol
inhibits cell metastasis through the inhibition of p300 and p-
Smad2/3 activity in human ESCC cells.
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