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The extract of the seeds of Psoralea corylifolia Linn. (P corylifolia) have been shown
to display anti-tumor activity. However, the prospects of the active compounds from
this plant in the treatment of oral squamous cell carcinoma (OSCC) remains unclear.
In the present study, the antitumor effects of psorachromene, a flavonoid extracted
from the seeds of R corylifolia, were investigated using cells and animal models of
OSCC; the downstream regulatory mechanisms were also elucidated. The results
showed that psorachromene significantly repressed cell proliferation, migration, and
invasiveness and increased the toxic effects of chemotherapeutic agents against OSCC
cells. The repressive effects of psorachromene were attributable to the inhibition of
EGFR-Slug signaling, and the induction of G2/M arrest and apoptosis in the OSCC cells.
Additionally, we found that psorachromene induced the expression of tumor suppressor
long non-coding ribonucleic acid (RNA) growth arrest-specific transcript 5 (GAS5) and
the activation of its downstream anticancer mechanisms. Animal experiments also
showed noticeable inhibition of tumor growth, without significant physiological toxicity.
The findings indicate that psorachromene displays anti-tumor activity in OSCC, and
warrants further investigation as a potential agent for clinical application.

Keywords: psorachromene, oral squamous cell carcinoma (OSCC), long non-coding RNA, growth arrest-specific
transcript 5 (GAS5), epidermal growth factor receptor (EGFR)

INTRODUCTION

Oral cancer is the eleventh most common malignancy worldwide (1). In Taiwan, more than 4,700
people are diagnosed with oral cancer each year, and ~2,200 people die from it. Among all types of
oral cancer, oral squamous cell carcinoma (OSCC) is the most common, with an incidence of ~90%
(2). Smoking, drinking alcohol, and chewing tobacco or betel seeds are risk factors for OSCC (3-5).
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Currently, the mainstay treatment for OSCC is surgical resection,
with adjuvant chemotherapy or radiotherapy (6, 7). In addition,
epidermal growth factor receptor (EGFR) and cyclooxygenase-2
(COX-2) inhibitors are also used in the treatment of OSCC (8, 9).
However, the benefits of these therapies remain sub-optimal, and
their side effects have a considerable impact on patients’ quality
of life. Therefore, oral cancer research continues to focus on the
development of effective new treatment methods with minimal
side effects.

Cancer-causing gene mutations are one of the major causes
of OSCC (10-12). Previous studies have shown that over 75%
of OSCC shows epidermal growth factor receptor (EGFR; also
known as ErbB1 or HERI1) overexpression; EGFR expression
has shown a significantly positive association with the degree
of malignancy (13-15). Therefore, inhibiting the growth of
cancer cells by EGFR signaling inhibition is one of the current
treatment strategies for OSCC (16, 17). Various EGFR inhibitors
including anti-EGFR monoclonal antibodies (cetuximab and
panitumumab) and small-molecule EGFR tyrosine kinase
inhibitors (gefitinib, afatinib, and erlotinib) have been developed,
and have demonstrated efficacy in OSCC (16, 18-20). However,
only the monoclonal antibody cetuximab is currently approved
for the treatment of OSCC; it has demonstrated significant
inhibition of the progress of OSCC, with extension of survival
(21, 22). Unfortunately, for reasons that are not fully clear, only
~50% of patients respond to cetuximab (23, 24).

Traditional Chinese medicine (TCM) has long been used
for the treatment of diseases in Asian countries (25, 26).
Unlike Western medicine, TCM provides effective treatment
options with relatively milder adverse effects (27-29). However,
differences in the quality of TCM therapeutics and the levels of
active ingredients usually result in variable therapeutic effects
(30). In order to achieve more stable therapeutic effects, the active
ingredients of many traditional Chinese medicinal materials have
been purified and identified (31-33). The identified compounds
can be used at lower doses with more specific therapeutic efficacy.
Currently, many compounds extracted from TCM therapeutics,
e.g., artemisinin, curcumin, resveratrol, and paclitaxel, which are
used in the treatment of cancer have shown good efficacy (34-38).
Among them, paclitaxel, camptothecin, and vinblastine, have also
been approved for the treatment of various cancers, including
lung cancer, liver cancer, and oral cancer (39).

Psoralea corylifolia L. is a TCM herb that is commonly
used in Asian countries for the treatment of bacterial
infections, inflammation, and cancer (40-44). P. corylifolia
L. contains flavonoids such as bavachin, isobavachalcone, and
neobavaisoflavone; polyphenols such as psoralidin, psoralen, and
isopsoralen; and benzene ring compounds such as backuchiol; in
addition, the herb has been found to have biological activity and
various therapeutic effects (42). Psorachromene is an isoflavone
component isolated from the fruit kernels of P. corylifolia L.
(45). A few studies have investigated the mechanism of action
of psorachromene. Recent reports indicate that psorachromene
has anti-inflammatory effects that may inhibit inflammatory
reactions caused by inducible NO synthase (iNOS) and cyclo-
oxygenase (COX) expression induced by bacterial infection
(46). However, there have been no studies on its anticancer

effects. In this study, we investigated the anticancer activity
of psorachromene in oral cancer, and studied its downstream
regulatory mechanisms.

MATERIALS AND METHODS

Cell Lines and Culture Media

SAS is a human tongue squamous cell carcinoma cell line
from the Japanese Collection of Research Bioresources (Tokyo,
Japan) (47). OECML1 is a Taiwanese human gingival squamous
carcinoma cell line; its derivation has been described in a previous
study (47). Both cell lines were cultured in Dulbecco’s modified
Eagle’s medium (DMEM) containing 10% fetal bovine serum
(FBS), 1.2 g/L sodium bicarbonate, 0.5mM sodium pyruvate,
and 2.5 mM L-glutamine. The culture media, FBS, and chemical
compounds were purchased from Life Technologies (Grand
Island, NY, USA). The cells were cultured at 37°C in a humidified
5% CO, incubator.

Reagents and Antibodies

The crude materials of the P. corylifolia seed were purchased
from Chuang Song Zong Pharmaceutical Co., Ltd (Kaohsiung,
Taiwan). The dried seeds of P. corylifolia were infused in
ethanol and were filtered to obtain the crude extract. The crude
extract was partitioned in n-hexane/water (1:1). The n-hexane
soluble extract was then fractionated by column chromatography
on silica gel, eluting with n-hexane: ethylacetate to isolate
psorachromene. The purity of psorachromene was determined
by nuclear magnetic resonance analysis. Antibodies against
vimentin, E-cadherin, slug, cleaved-PARP (cl-PARP, Asp214),
and caspase 9 were obtained from Cell Signaling (Temecula, CA,
USA). Antibodies against EGFR and $-actin were purchased from
Santa Cruz Biotechnology (Santa Cruz, CA, USA). Prestained
protein marker and TOOLSmart RNA extractor were purchased
from BIOTOOLS (New Taipei City, Taiwan). The cisplatin and
doxorubicin were purchased from Sigma-Aldrich (St. Louis, MO,
USA), and the reagents for gel electrophoresis were purchased
from Bio-Rad (Berkeley, CA, USA).

Cell Viability Assays

Cell viability was determined using the sulforhodamine B
(SRB) assay by staining with trypan blue, as described
previously (48, 49).

Terminal Deoxynucleotidyl Transferase
dUTP Nick End Labeling (TUNEL) Assay

The apoptotic status of the treated cells was determined
using a DeadEnd™ Fluorometric TUNEL Assay Kit (Promega,
Madison, WI) according to the manufacturers’ protocol. In
summary, the SAS cells were treated with psorachromene
(50 M) for 24h and were then subjected to a terminal
deoxynucleotidyl transferase dUTP nick end labeling (TUNEL)
assay. The apoptotic cells (DAPI and TUNEL double stained
cells) were enumerated using a fluorescence microscope
(magnification, x100). Cells in five different microscopic
fields/dish were analyzed for each experiment.
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Western Blotting

Cells were washed twice with phosphate-buftered saline (PBS),
lysed in 200 L of RIPA lysis buffer (Biotools Co. Ltd., Taiwan)
containing protease inhibitors, and incubated on ice for 10 min.
The samples were then centrifuged at 12,000 rpm for 30 min
at 4°C, and the protein-containing supernatants were collected.
The protein concentrations were determined using the Bio-Rad
protein assay, and western blotting was performed as described
previously (49).

Phenotypic Analysis for Clonogenic,
Migration, and Invasion Ability

The clonogenic, migration, and invasion assays were performed
as described previously (47).

Cell-Cycle Analysis

Cells were trypsinized, washed twice, and incubated in PBS
containing 0.12% Triton X-100, 0.12 mmol/L EDTA, and 100
mg/mL ribonuclease A. Propidium iodide (50 pg/mL) was then
added to each sample, and they were kept at 4°C for 20 min.
Cell cycle distribution was then analyzed using flow cytometry
(Beckman Coulter Epics Elite, Beckman, Inc.).

Whole-Transcriptome Sequencing
RNA extraction and whole-transcriptome sequencing was
performed as described in a previous study (25).

Detection of IncRNA GAS5

RNA from the cells were isolated using a RNeasy mini
kit (QIAGEN, Gaithersburg, MD, USA), according to the

manufacturer’s instructions. Two micrograms of RNA sample
were subjected to reverse transcription (RT) using the reverse
transcription kit (Applied Biosystems, Foster City, CA,
USA). The expression of IncRNA GAS5 was detected by
quantitative polymerase chain reaction (PCR) using the
TaqMan gene expression assay (Applied Biosystems, Foster City,
CA, USA), as described previously (50). Glyceraldehyde
3-phosphate dehydrogenase (GAPDH) was used as an
internal control.

RNA Interference (RNAI)

Human IncRNA GAS5 were downregulated using a mixture
of four small interfering RNAs (siRNAs) (ON-TARGETplus
SMARTpool; Dharmacon, Lafayette, CO) as previously described
(50). In summary, the four siRNAs targeting IncRNA GAS5
(GenBank accession no. NR_002578.2) covered the following:
nucleotides 385-403 from the start codon (IncRNA GAS5-1:
AGGCAGACCUGUUAUCCUA), nucleotides 248-266 (IncRNA
GAS5-2: UGGAUGACUUGCUUGGGUA), nucleotides 567-
585 (IncRNA GAS5-3: GAUGGAGUCUCAUGGCACA),
and nucleotides 301-319 (IncRNA GAS5-4:
AGGUAUGGAGAGUCGGCUU). Transfection was performed
using the Dharmafect 1 transfection reagent (Dharmacon)
according to the manufacturer’s instructions.

In vivo Tumor Xenograft Study

The in vivo antitumor activity of psorachromene against SAS cells
was studied using 6-week-old nude BALB/c nu/nu male mice.
SAS cells (5 x 10°) were subcutaneously implanted in the right
flank of the mice on day 0. The mice were then randomized
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on day 7 into vehicle control and treatment groups of six
animals each. Psorachromene and cisplatin were administered
intraperitoneally thrice weekly, with 100 pL of psorachromene
(25 mg/kg of body weight), cisplatin (2 mg/kg), or an equal
volume of dimethyl sulfoxide (DMSO), which served as a
control. The tumor volume was evaluated every 2 days using
calipers, based on the following formula: tumor volume =
length x width?/2. Their body weights and food consumption
were also determined to evaluate apparent signs of toxicity.
The tumor-bearing mice were weighed and sacrificed on day
22 for assaying the tumor biology. All animal experiments
were performed in accordance with the guidelines for the
Animal Care Ethics Commission of the Chang Gung Memorial
Hospital, under an approved animal protocol (IACUC approval
no. 2018031301).

Immunohistochemistry

The tumors were fixed in formalin and embedded in paraffin.
Consecutive 2-pwm-thick sections were obtained from the
paraffin-embedded tissue blocks, and were floated onto glass
slides. The slide-mounted tissue sections were subjected to
immunohistochemical staining as described previously (51).

Statistics

All data have been presented as means £ standard deviations
(SD). The Students ¢-test was employed for comparison, and
all analyses were performed using the Statistical Package for the
Social Sciences version 12.0 (SPSS, Inc.). Differences between the
variables were considered significant for p-values of > 0.05.

RESULTS

Psorachromene Inhibited the Growth of
OSCC Cells and Promoted Their Apoptosis

Psorachromene is a flavonoid extracted from the seeds of P.
corylifolia L. (Figure 1A). In this study, we treated OSCC cells
and human fibroblast cell lines with different concentrations
of psorachromene and analyzed the cell proliferation status
using Sulforhodamine B (SRB) assay to determine whether
psorachromene has inhibitory activity on OSCC. The results
showed that psorachromene could significantly inhibit the
growth of SAS and OECMI cells starting from concentrations
of 25uM; the inhibitory effect became more significant with
increasing psorachromene concentrations (Figure 1B). Similar
results were obtained on the trypan blue staining assay.
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FIGURE 2 | Inhibition of cell cycle progression and promotion of apoptosis in OSCC cells by psorachromene. (A,B) Effect of psorachromene on cell cycle progression
in SAS and OECM1 cells. The cells were treated with vehicles or different concentrations of psorachromene for 24 h. Cell cycle distribution was analyzed by flow
cytometry. (C) SAS cells were treated with or without psorachromene, and cell apoptosis was determined using a terminal deoxynucleotidyl transferase dUTP nick
end labeling (TUNEL) assay. Green punctate staining (white arrows) represents TUNEL-positive cells. Apoptotic cells were identified as DAPI and TUNEL
double-stained cells. Magnification: 100x . Quantitative results seen in (D). (E) Western blot analysis showing the effect on caspase 9 and PARP activity in OSCC cells
after 48 h of psorachromene treatment. *p < 0.05, **p < 0.01, **p < 0.001.
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Psorachromene significantly inhibited the growth of SAS and
OECMI1 cells in a dose dependent manner. However, no
inhibitory effect was observed on the growth of human fibroblast
cell line HFB (Figure 1C). This indicated that psorachromene
selectively inhibits the growth in OSCC cells without significant
toxicity to normal cells. We also evaluated the impact of
psorachromene on the colony forming ability of OSCC. The
results showed significant inhibitory activity in a dose-dependent
manner. At a concentration of 50 LM, psorachromene inhibited
the colony forming ability of OSCC cells by more than 90%
(Figures 1D,E), confirming its inhibitory activity on the growth
of OSCC cells.

To determine the mechanism of inhibition of OSCC, we
further compared the cell cycle progression between cells
treated and not treated with psorachromene. Those treated with
psorachromene were found to have been arrested in the G2 phase,
their numbers in the sub-G1 phase were significantly higher
compared to the control group (Figures 2A,B). These findings
suggested that psorachromene inhibits cell cycle progression
and promotes cell apoptosis. The results of the TUNEL assay
also demonstrated that the number of apoptotic cells in
the psorachromene treatment group were significantly higher
compared with the control group (Figures 2C,D). Furthermore,
the results of western blotting analysis confirmed the activation
of caspase-9 and the cleavage of poly (ADP-ribose) polymerases

(PARPs) by psorachromene, indicating that it promotes cell
apoptosis by activating apoptosis-related proteins (Figure 2E).

Psorachromene Inhibits the Migration and

Invasiveness of OSCC

Invasion and metastasis are the major contributors to the
refractory nature of cancer. We conducted a wound-healing
assay to evaluate whether psorachromene may affect cell
migration; this was performed to further evaluate the potential
of psorachromene in inhibiting metastasis and invasiveness in
OSCC cells. The results showed that at a concentration of
25uM, psorachromene significantly inhibited cell migration
ability, and the inhibitory effects increased with the concentration
of psorachromene. At a concentration of 75 uM, psorachromene
inhibited the migration ability of SAS and OECM cells by
51.3 and 19.1%, respectively (Figures 3A,B). Furthermore, the
invasion assay demonstrated that psorachromene may inhibit
cell invasion by up to 83.7% at a concentration of 75pM
(Figures 3C,D).

Psorachromene Inhibits
Epithelial-Mesenchymal Transition (EMT)
Epithelial-mesenchymal transition (EMT) is an important
process in cancer cell metastasis, that weakens intercellular
adhesions and facilitates metastasis. To determine whether
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psorachromene regulates EMT when inhibiting OSCC migration
and invasion abilities, we performed western blotting to analyze
the effects of psorachromene on EMT associated proteins.
The results indicated that the expression of EMT-promoting
proteins such as vimentin and slug was significantly lower
in psorachromene-treated cells compared with the control
group. However, the expression of E-cadherin did not change
significantly (Figures 3E,F), suggesting that psorachromene may
inhibit OSCC migration and invasion by inhibiting EMT.

Slug is a downstream gene regulated by the EGFR signaling
pathway. We also evaluated whether psorachromene affects
EGEFR expression, and found its expression in psorachromene-
treated cells to be significantly lower compared to the control
group (Figures 3E,F). The results indicated that psorachromene
may inhibit the expression of slug, and the progression of EMT
by downregulating EGFR expression.

Psorachromene May Enhance the
Therapeutic Effects of Cisplatin and
Doxorubicin on OSCC

Cisplatin and doxorubicin are the commonly used
chemotherapeutic drugs in the treatment of OSCC (52—
54). In order to determine whether combining psorachromene

with these drugs may improve their therapeutic effects on OSCC,
we administered psorachromene, cisplatin, and doxorubicin
alone, or in combination to the OSCC cells; we also evaluated
its inhibitory effects on the growth of these cells. Cisplatin and
doxorubicin alone had an inhibitory effect on OSCC; however,
combination with psorachromene significantly enhanced the
inhibition of OSCC. Compared to cisplatin or doxorubicin alone,
the combination with psorachromene enhanced the toxicity on
OSCC cells by up to 3.3-fold (Figures 4A,B). The combination
index also demonstrated the additive effect of psorachromene in
combination with cisplatin and doxorubicin (Table 1).

Psorachromene Inhibits Tumor Growth in
Mice

The anticancer effects of psorachromene in vivo were verified
using a mouse xenograft model; the effects of psorachromene
on tumor growth in mice were similar to those of the
cell experiments. The tumor growth rate was significantly
reduced in mice treated with psorachromene. After 2 weeks of
administering the drug, the tumor volume in the psorachromene-
treated group was reduced by ~75.5% compared with the
control group (Figures 5A,B), and the tumor inhibitory effect
was equivalent to that of the cisplatin-treated group (84.6%).
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In addition, there were no significant differences in body
weight between the psorachromene-treated and control groups
(Figure 5C), indicating that psorachromene may not have
significant physiological toxicity.

In addition, we analyzed the expression of EGFR and EMT-
related proteins including slug, vimentin, and E-cadherin in
murine tumor tissues using immunohistochemical staining,
and found that psorachromene may significantly inhibit the
expression of EGFR and EMT-promoting proteins (Figure 5D).
The results of this experiment were identical to those of cellular
experiments, suggesting that psorachromene may inhibit EMT.

Psorachromene May Inhibit the Activation
of Signaling Pathways Associated With
Cell Growth and Extracellular Structure

Organization

To understand its anticancer mechanisms of action, we treated
SAS and OECML1 cell lines with psorachromene, and performed
whole-transcriptome sequencing to identify the genes and
signaling pathways that may be regulated by psorachromene.
Heatmap analysis showed that after psorachromene treatment,
gene expression was significantly altered compared with the
control group (Figure 6A). We further performed ingenuity
pathway analysis, and found that psorachromene mainly
regulates the LKB1 and ErbB/EGFR signaling pathways
(Figure 6B), affects the energy metabolism of cells, and the
composition and generation of the extracellular matrix, thereby
inhibiting their growth and metastasis.

Psorachromene Exerts Anticancer Effects
by Inducing the Expression of Long
Non-coding RNA GAS5

Previous studies have confirmed that long non-coding RNAs
(IncRNAs) play an important role in cell physiological regulation,
and drug responses. To understand the role of IncRNAs in
the anti-OSCC mechanisms of action of psorachromene, we
analyzed the previously-mentioned transcriptome sequencing
data, and found that 12 IncRNAs demonstrated a higher than
2-fold change in expression after psorachromene treatment,
compared to the control group (Figure6C). Among these
IncRNAs, growth arrest-specific transcript 5 (GAS5) has recently
been discovered to suppress cancer. It has been shown to
inhibit the growth and metastasis of OSCC by regulating
the miR-21/PTEN axis. To confirm the regulatory relation
between psorachromene and GAS5, we performed real-time
reverse transcriptase-PCR to determine the expression of GAS5
in OSCC cells. The results indicated that the expression of
GAS5 in SAS and OECM1 cells treated with psorachromene
was significantly higher than that of the control group
(Figure 6D); this indicates that psorachromene may inhibit the
growth and metastasis of OSCC by inducing GAS5 mediated
anticancer mechanisms.

We performed a rescue assay to further verify the mentioned
conditions. The results showed that psorachromene significantly
inhibited the growth and migration of OSCC cells. After
silencing GAS5 expression, we found that the inhibitory

TABLE 1 | The combination index.

PC (1M) DOX (M) cl
SAS 25 0.05 0.68011
25 0.1 0.50582
50 0.05 1.04119
50 0.1 0.84218
OECM1 25 0.05 0.79836
25 0.1 1.18195
50 0.05 1.51916
50 0.1 1.84227

PC (1M) CIS (uM) cl
SAS 25 25 0.99174
25 50 0.63005
50 25 0.96329
50 50 0.75840
OECM1 25 5 1.93719
25 25 0.84726
50 5 0.84689
50 25 0.76593

effects of psorachromene on OSCC cells were attenuated
(Figures 7A-D); this indicated that the anti-OSCC action of
psorachromene is partly achieved by regulating the IncRNA-
GASS5 anticancer pathway.

DISCUSSION

Psorachromene is a flavonoid component of P. corylifolia
L., accounting for 0.0016% of the total extract from the
seeds of P. corylifolia L (55). Current understanding on the
biological functions of psorachromene is limited. Only a
few studies have reported on its anti-inflammatory activity,
which may inhibit inducible nitric oxide synthase (iNOS)
and COX expression induced by lipopolysaccharide (LPS),
thereby inhibiting inflammatory reaction (46). However, no
studies have evaluated its anticancer effects. In this study, we
investigated the inhibitory activity of psorachromene on OSCC,
and found that it significantly inhibited the growth, migration,
and invasiveness of OSCC cells, and suppressed EMT by inducing
the expression of IncRNA-GAS5. The results of our animal
experiments also showed that it may significantly inhibit the
growth of tumor cells and the expression of EMT-associated
proteins. To the best our knowledge, this is the first study to
demonstrate that psorachromene regulates IncRNAs to exert its
antitumor effects.

Previous studies have shown that ~80% of OSCC over-
express EGFR; this leads to uncontrolled cell growth and
enhances the metastatic ability of the cells (13, 56). It also
enhances the resistance of OSCC to chemotherapeutic drugs
including, cisplatin, 5-fluorouracil (5FU), and doxorubicin
(57-59). Previous studies have also confirmed that the
use of the EGFR inhibitor gefitinib in combination with
cisplatin enhanced the therapeutic effects of the latter on
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OSCC (20). This study demonstrated similar results. In
addition to the inhibition of EGFR expression, psorachromene
has synergistic activity with cisplatin and doxorubicin in
the treatment of OSCC, with no significant physiological
toxicities. ~Therefore, psorachromene has considerable
potential for use as a therapeutic adjuvant in the treatment
of OSCC.

To identify the genes and anticancer signaling pathways
that may be regulated by psorachromene, we performed whole-
transcriptome sequencing that examined the gene expression
profiling of psorachromene in treated and untreated cells.
The results showed that psorachromene mainly regulates the
expression of genes associated with cell growth, extracellular
matrix composition, and inflammation, among others, thereby
inhibiting the growth and metastasis of OSCC cells; this was
consistent with the results observed on cell functional assay.
The inhibitory effect of psorachromene on the Erb-1 pathway
indicates that it has considerable potential in the treatment of
cancers that overexpress EGFR (including cancers of the breast
and liver); it may also synergize with other anticancer drugs to
enhance their therapeutic efficacy.

This study revealed that psorachromene induces IncRNA-
GAS5 expression, which is a known anticancer IncRNA, and
participates in the regulation of many important physiological
processes, including cell growth, apoptosis, cell cycle progression,
and EMT (60, 61). The low expression of GAS5 is closely
related to the poor prognosis and chemoresistance of many
cancers (62-65). Overexpression of GAS5 could enhance
the inhibitory effect of Gefitinib on EGFR phosphorylation
and its downstream signaling activation, while enhancing
the sensitivity of lung cancer cells to EGFR-TKI (66). In
addition, the chemotherapeutic drug, Lapatinib, can also
enhance the response of breast cancer cells to trastuzumab
by inducing GAS5 expression (67). Some studies have also
suggested that GAS5 is significantly downregulated in OSCC
cells, and that GAS5 expression may inhibit the growth
and metastasis of OSCC by regulating the miR-21/PTEN
axis (68). In this study, we found that psorachromene may
induce GAS5 expression. It is speculated that the inhibitory
effects of psorachromene on OSCC are partly attributable
to GAS5-mediated anticancer mechanisms. Moreover, this
result also shows the potential of psorachromene as a
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therapeutic adjuvant that enhances the sensitivity of cancer
cells to chemotherapeutic drugs by inducing the expression
of GAS5.

Previous studies have demonstrated that long non-coding
RNAs are involved in the regulation of a wide range of
gene expression or protein stability. However, recent studies
have shown that GAS5 does not regulate EGFR expression
(66). We speculate that psorachromene regulates GAS5 and
EGFR expression through two independent mechanisms;
however, the detailed regulatory mechanism is yet to be
delineated. In addition, the results of whole-transcriptome
sequencing analysis showed that numerous IncRNAs are
also regulated by psorachromene; the role of these IncRNAs
in the anticancer mechanisms of psorachromene warrant
further research.

In cell cycle analysis related to psorachromene treatment,
the distribution of cell cycle between SAS and OECMI1 cells
is quite different. The inhibitory effect of psorachromene on
SAS cells is better than that of OECM1. We speculated that
the anti-OSCC effect of psorachromene may be induced by
specific receptors. The genetic background difference between

cells leads to the differences in receptor expression, which affect
the anti-OSCC effect of psorachromene. However, the receptor
that is targeted by psorachromene to achieve its anticancer
mechanism and its detailed downstream regulation mechanism
still need to be clarified to improve the clinical applicability
of psorachromene.

The concentrations of psorachromene in P. corylifolia
L. are not high; in addition, it has a simple structure.
Therefore, psorachromene is mainly synthesized chemically
for commercial formulations. Structural modifications may
be introduced in the future to increase its anticancer activity
and intracellular availability. In this study, we demonstrated
the potential anticancer activity of psorachromene using
cell and animal experiments; we also found that it affects
certain relevant regulatory pathways. The small-molecule
compounds that are commonly used in clinical practice
only block specific carcinogenic pathways; in contrast,
psorachromene has a wide range of targets. In addition,
the animal experiments did not demonstrate significant
differences in physiological toxicity compared to these
molecules. In view of these findings, psorachromene holds
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promise as a new therapeutic agent for OSCC. Further
studies with larger sample sizes are needed to validate
our findings.

DATA AVAILABILITY STATEMENT

The data for this manuscript has been uploaded to: https://www.
ncbi.nlm.nih.gov/bioproject/PRJNA562818.

ETHICS STATEMENT

The animal study was reviewed and approved by Animal Care
Ethics Commission of the Chang Gung Memorial Hospital
(IACUC approval no. 2018031301).

AUTHOR CONTRIBUTIONS

C-YC, T-HW, and Y-LL contributed to the conception and
design of the study. C-YC, T-HW, Y-LL, C-CC, T-MS, and J-HL

performed the experiments and statistical analyses. T-HW and
C-YC prepared the first draft of the manuscript. All authors
contributed to manuscript revision and have read and approved
the submitted version.

FUNDING

This work was partially supported by the Ministry of Science and
Technology, Taiwan (grant MOST 107-2314-B-182A-140-MY3)
and the Chang Gung Medical Research Program of Taiwan (grant
CMRPG3H1001 and CMRPF1H0012).

ACKNOWLEDGMENTS

The authors would like to thank the staff of the
Tissue Bank and Genomic Medicine Core Laboratory
at the Chang Gung Memorial Hospital, Lin-Kou,
Taiwan for the excellent tissue processing and data

analysis support.

Frontiers in Oncology | www.frontiersin.org

10

November 2019 | Volume 9 | Article 1168


https://www.ncbi.nlm.nih.gov/bioproject/PRJNA562818
https://www.ncbi.nlm.nih.gov/bioproject/PRJNA562818
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Psorachromene Suppresses OSCC

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

. Ghantous Y, Abu Elnaaj I. Global incidence and risk factors of oral cancer.

Harefuah. (2017) 156:645-9.

. Bagan J, Sarrion G, Jimenez Y. Oral cancer: clinical features. Oral Oncol.

(2010) 46:414-7. doi: 10.1016/j.oraloncology.2010.03.009

. Nagler R, Dayan D. The dual role of saliva in oral carcinogenesis. Oncology.

(2006) 71:10-7. doi: 10.1159/000100445

. Chen YJ, Chang JT, Liao CT, Wang HM, Yen TC, Chiu CC, et al.

Head and neck cancer in the betel quid chewing area: recent
advances in molecular carcinogenesis. Cancer Sci. (2008) 99:1507-14.
doi: 10.1111/j.1349-7006.2008.00863.x

. Zygogianni AG, Kyrgias G, Karakitsos P, Psyrri A, Kouvaris J, Kelekis N,

et al. Oral squamous cell cancer: early detection and the role of alcohol and
smoking. Head Neck Oncol. (2011) 3:2. doi: 10.1186/1758-3284-3-2

. Huang SH, Oullivan B. Oral cancer: current role of radiotherapy

and chemotherapy. Med Oral Patol Oral Cir Bucal. (2013) 18:e233-40.
doi: 10.4317/medoral.18772

. Gharat SA, Momin M, Bhavsar C. Oral squamous cell carcinoma:

current treatment strategies and nanotechnology-based approaches for
prevention and therapy. Crit Rev Ther Drug Carrier Syst. (2016) 33:363-400.
doi: 10.1615/CritRevTherDrugCarrierSyst.2016016272

. Hamakawa H, Nakashiro K, Sumida T, Shintani S, Myers JN, Takes RP, et al.

Basic evidence of molecular targeted therapy for oral cancer and salivary gland
cancer. Head Neck. (2008) 30:800-9. doi: 10.1002/hed.20830

. Agnihotri NS, Astekar M. The role of novel prognostic markers PROX1 and

FOXC2 in carcinogenesis of oral squamous cell carcinoma. ] Exp Ther Oncol.
(2018) 12:171-84.

Choi S, Myers JN. Molecular pathogenesis of oral squamous cell
carcinoma: implications for therapy. J Dent Res. (2008) 87:14-32.
doi: 10.1177/154405910808700104

Ramos-Garcia P, Ruiz-Avila I, Gil-Montoya JA, Ayen A, Gonzalez-Ruiz L,
Navarro-Trivino FJ, et al. Relevance of chromosomal band 11q13 in oral
carcinogenesis: an update of current knowledge. Oral Oncol. (2017) 72:7-16.
doi: 10.1016/j.oraloncology.2017.04.016

Lindemann A, Takahashi H, Patel AA, Osman AA, Myers JN. Targeting the
DNA damage response in OSCC with TP53 mutations. ] Dent Res. (2018)
97:635-44. doi: 10.1177/0022034518759068

Kimura I, Kitahara H, Ooi K, Kato K, Noguchi N, Yoshizawa K, et al. Loss of
epidermal growth factor receptor expression in oral squamous cell carcinoma
is associated with invasiveness and epithelial-mesenchymal transition. Oncol
Lett. (2016) 11:201-7. doi: 10.3892/01.2015.3833

Xie X, Wang Z, Chen E Yuan Y, Wang J, Liu R, et al. Roles of FGFR in oral
carcinogenesis. Cell Prolif. (2016) 49:261-9. doi: 10.1111/cpr.12260

Huang SE Chien HT, Cheng SD, Chuang WY, Liao CT, Wang HM. EGFR copy
number alterations in primary tumors, metastatic lymph nodes, and recurrent
and multiple primary tumors in oral cavity squamous cell carcinoma. BMC
Cancer. (2017) 17:592. doi: 10.1186/s12885-017-3586-9

Soria JC, Felip E, Cobo M, Lu S, Syrigos K, Lee KH, et al. Afatinib
versus erlotinib as second-line treatment of patients with advanced
squamous cell carcinoma of the lung (LUX-Lung 8): an open-label
randomised controlled phase 3 trial. Lancet Oncol. (2015) 16:897-907.
doi: 10.1016/S1470-2045(15)00006-6

Fujiwara T, Eguchi T, Sogawa C, Ono K, Murakami ], Ibaragi S, et al.
Carcinogenic epithelial-mesenchymal transition initiated by oral cancer
exosomes is inhibited by anti-EGFR antibody cetuximab. Oral Oncol. (2018)
86:251-7. doi: 10.1016/j.oraloncology.2018.09.030

Cohen RB. Current challenges and clinical investigations of epidermal growth
factor receptor (EGFR)- and ErbB family-targeted agents in the treatment of
head and neck squamous cell carcinoma (HNSCC). Cancer Treat Rev. (2014)
40:567-77. doi: 10.1016/j.ctrv.2013.10.002

Brands RC, Muller-Richter UD, De Donno E Seher A, Mutzbauer G,
Linz C, et al. Co-treatment of wild-type EGFR head and neck cancer
cell lines with afatinib and cisplatin. Mol Med Rep. (2016) 13:2338-44.
doi: 10.3892/mmr.2016.4786

Khalil A, Jameson MJ. The EGFR inhibitor gefitinib enhanced the response of
human oral squamous cell carcinoma to cisplatin in vitro. Drugs R D. (2017)
17:545-55. doi: 10.1007/540268-017-0204-x

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rabinowits G, Haddad RI. Overcoming resistance to EGFR inhibitor in head
and neck cancer: a review of the literature. Oral Oncol. (2012) 48:1085-9.
doi: 10.1016/j.oraloncology.2012.06.016

Lopez-Verdin S, Lavalle-Carrasco J, Carreon-Burciaga RG, Serafin-Higuera
N, Molina-Frechero N, Gonzalez-Gonzalez R, et al. Molecular markers of
anticancer drug resistance in head and neck squamous cell carcinoma: a
literature review. Cancers. (2018) 10:E376. doi: 10.3390/cancers10100376
Perri E, Longo E Ionna E Caponigro F. Recent results of cetuximab use in
the treatment of squamous cell carcinoma of the head and neck. Onco Targets
Ther. (2009) 2:243-50. doi: 10.2147/OTT.S6056

Naruse T, Yanamoto S, Matsushita Y, Sakamoto Y, Morishita K, Ohba S, et al.
Cetuximab for the treatment of locally advanced and recurrent/metastatic
oral cancer: an investigation of distant metastasis. Mol Clin Oncol. (2016)
5:246-52. doi: 10.3892/mc0.2016.928

Chen CY, Chen CC, Shieh TM, Hsueh C, Wang SH, Leu YL, et al.
Corylin suppresses hepatocellular carcinoma progression via the inhibition of
epithelial-mesenchymal transition, mediated by long noncoding RNA GAS5.
Int ] Mol Sci. (2018) 19:E380. doi: 10.3390/ijms19020380

An W, Lai H, Zhang Y, Liu M, Lin X, Cao S. Apoptotic
pathway as the therapeutic target for anticancer traditional chinese
medicines. Front Pharmacol. (2019) 10:758. doi: 10.3389/fphar.2019.
00758

He DY, Dai SM. Anti-inflammatory and immunomodulatory effects of
paeonia lactiflora pall., a traditional chinese herbal medicine. Front.
Pharmacol. (2011) 2:10. doi: 10.3389/fphar.2011.00010

Ji L, Tong X, Wang H, Tian H, Zhou H, Zhang L, et al. Efficacy
and safety of traditional chinese medicine for diabetes: a double-
blind, randomised, controlled trial. PLoS ONE. (2013) 8:56703.
doi: 10.1371/journal.pone.0056703

Jiao L, Dong C, Liu J, Chen Z, Zhang L, Xu J, et al. Effects of Chinese medicine
as adjunct medication for adjuvant chemotherapy treatments of non-small cell
lung cancer patients. Sci Rep. (2017) 7:46524. doi: 10.1038/srep46524

Zhang A, Sun H, Wang X. Potentiating therapeutic effects by enhancing
synergism based on active constituents from traditional medicine. Phytother
Res. (2014) 28:526-33. doi: 10.1002/ptr.5032

Xu L, Zhao W, Wang D, Ma X. Chinese medicine in the battle
against obesity and metabolic diseases. Front Physiol. (2018) 9:850.
doi: 10.3389/fphys.2018.00850

Jiang Z, Gao W, Huang L. Tanshinones, critical pharmacological
components in Salvia miltiorrhiza. Front Pharmacol. (2019) 10:202.
doi: 10.3389/fphar.2019.00202

Zhu H, Liu C, Hou J, Long H, Wang B, Guo D, et al. Gastrodia
elata blume polysaccharides: a review of their acquisition, analysis,
modification, and pharmacological activities. Molecules. (2019) 24:E2436.
doi: 10.3390/molecules24132436

Ye MX, Li Y, Yin H, Zhang J. Curcumin: updated molecular mechanisms and
intervention targets in human lung cancer. Int ] Mol Sci. (2012) 13:3959-78.
doi: 10.3390/ijms13033959

Terlikowska KM, Witkowska AM, Zujko ME, Dobrzycka B, Terlikowski SJ.
Potential application of curcumin and its analogues in the treatment strategy
of patients with primary epithelial ovarian cancer. Int ] Mol Sci. (2014)
15:21703-22. doi: 10.3390/ijms151221703

Hong M, Tan HY, Li S, Cheung E Wang N, Nagamatsu T, et al. Cancer stem
cells: the potential targets of Chinese medicines and their active compounds.
Int ] Mol Sci. (2016) 17:E893. doi: 10.3390/ijms17060893

Houh YK, Kim KE, Park S, Hur DY, Kim S, Kim D, et al. The effects of
artemisinin on the cytolytic activity of natural killer (NK) cells. Int ] Mol Sci.
(2017) 18:E1600. doi: 10.3390/ijms18071600

Slezakova S, Ruda-Kucerova J.
and its  derivatives.  Anticancer
doi: 10.21873/anticanres.12046

Cragg GM, Pezzuto JM. Natural products as a vital source for the discovery
of cancer chemotherapeutic and chemopreventive agents. Med Princ Pract.
(2016) 25(Suppl 2):41-59. doi: 10.1159/000443404

Kim YJ, Lim HS, Lee J, Jeong SJ. Quantitative analysis of Psoralea
corylifolia Linne and its neuroprotective and anti-neuroinflammatory effects
in HT22 hippocampal cells and BV-2 microglia. Molecules. (2016) 21:E1076.
doi: 10.3390/molecules21081076

Anticancer
Res.

activity of artemisinin
(2017)  37:5995-6003.

Frontiers in Oncology | www.frontiersin.org

November 2019 | Volume 9 | Article 1168


https://doi.org/10.1016/j.oraloncology.2010.03.009
https://doi.org/10.1159/000100445
https://doi.org/10.1111/j.1349-7006.2008.00863.x
https://doi.org/10.1186/1758-3284-3-2
https://doi.org/10.4317/medoral.18772
https://doi.org/10.1615/CritRevTherDrugCarrierSyst.2016016272
https://doi.org/10.1002/hed.20830
https://doi.org/10.1177/154405910808700104
https://doi.org/10.1016/j.oraloncology.2017.04.016
https://doi.org/10.1177/0022034518759068
https://doi.org/10.3892/ol.2015.3833
https://doi.org/10.1111/cpr.12260
https://doi.org/10.1186/s12885-017-3586-9
https://doi.org/10.1016/S1470-2045(15)00006-6
https://doi.org/10.1016/j.oraloncology.2018.09.030
https://doi.org/10.1016/j.ctrv.2013.10.002
https://doi.org/10.3892/mmr.2016.4786
https://doi.org/10.1007/s40268-017-0204-x
https://doi.org/10.1016/j.oraloncology.2012.06.016
https://doi.org/10.3390/cancers10100376
https://doi.org/10.2147/OTT.S6056
https://doi.org/10.3892/mco.2016.928
https://doi.org/10.3390/ijms19020380
https://doi.org/10.3389/fphar.2019.00758
https://doi.org/10.3389/fphar.2011.00010
https://doi.org/10.1371/journal.pone.0056703
https://doi.org/10.1038/srep46524
https://doi.org/10.1002/ptr.5032
https://doi.org/10.3389/fphys.2018.00850
https://doi.org/10.3389/fphar.2019.00202
https://doi.org/10.3390/molecules24132436
https://doi.org/10.3390/ijms13033959
https://doi.org/10.3390/ijms151221703
https://doi.org/10.3390/ijms17060893
https://doi.org/10.3390/ijms18071600
https://doi.org/10.21873/anticanres.12046
https://doi.org/10.1159/000443404
https://doi.org/10.3390/molecules21081076
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

Wang et al.

Psorachromene Suppresses OSCC

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Li CC, Wang TL, Zhang ZQ, Yang WQ, Wang YF, Chai X, et al. Phytochemical
and pharmacological studies on the genus psoralea: a mini review. Evid Based
Complement Alternat Med. (2016) 2016:8108643. doi: 10.1155/2016/8108643
Zhang X, Zhao W, Wang Y, Lu J, Chen X. The chemical constituents and
bioactivities of Psoralea corylifolia Linn.: a review. Am ] Chin Med. (2016)
44:35-60. doi: 10.1142/S0192415X16500038

Hung YL, Fang SH, Wang SC, Cheng WC, Liu PL, Su CC, et al. Corylin
protects LPS-induced sepsis and attenuates LPS-induced inflammatory
response. Sci Rep. (2017) 7:46299. doi: 10.1038/srep46299

Alam E Khan GN, Asad M. Psoralea corylifolia L.: ethnobotanical,
biological, and chemical aspects: a review. Phytother Res. (2018) 32:597-615.
doi: 10.1002/ptr.6006

Choi YH, Yon GH, Hong KS, Yoo DS, Choi CW, Park WK, et al.
In vitro BACE-1 inhibitory phenolic components from the seeds of Psoralea
corylifolia. Planta Med. (2008) 74:1405-8. doi: 10.1055/s-2008-1081301

Kim DH, Li H, Han YE, Jeong JH, Lee HJ, Ryu JH. Modulation
of inducible nitric oxide synthase expression in LPS-stimulated BV-2
microglia by prenylated chalcones from Cullen corylifolium (L.) medik.
through Inhibition of I-kappaBalpha degradation. Molecules. (2018) 23:E109.
doi: 10.3390/molecules23010109

Chen CY, Chiou SH, Huang CY, Jan CI, Lin SC, Hu WY, et al. Tid1 functions
as a tumour suppressor in head and neck squamous cell carcinoma. J Pathol.
(2009) 219:347-55. doi: 10.1002/path.2604

Chen CY, Yang SC, Lee KH, Yang X, Wei LY, Chow LP, et al. The antitumor
agent PBT-1 directly targets HSP90 and hnRNP A2/B1 and inhibits lung
adenocarcinoma growth and metastasis. | Med Chem. (2014) 57:677-85.
doi: 10.1021/jm401686b

Chen CY, Jan CI, Pi WC, Wang WL, Yang PC, Wang TH, et al. Heterogeneous
nuclear ribonucleoproteins Al and A2 modulate expression of Tid1 isoforms
and EGFR signaling in non-small cell lung cancer. Oncotarget. (2016)
7:16760-72. doi: 10.18632/oncotarget.7606

Wang TH, Chan CW, Fang JY, Shih YM, Liu YW, Wang TV, et al
2-O-Methylmagnolol upregulates the long non-coding RNA, GAS5, and
enhances apoptosis in skin cancer cells. Cell Death Dis. (2017) 8:e2638.
doi: 10.1038/cddis.2017.66

Chen CC, Chen CY, Ueng SH, Hsueh C, Yeh CT, Ho JY, et al. Corylin increases
the sensitivity of hepatocellular carcinoma cells to chemotherapy through long
noncoding RNA RAD51-AS1-mediated inhibition of DNA repair. Cell Death
Dis. (2018) 9:543. doi: 10.1038/s41419-018-0575-0

Chu Q, Amano O, Kanda Y, Kunii S, Wang Q, Sakagami H. Tumor-specific
cytotoxicity and type of cell death induced by gefitinib in oral squamous cell
carcinoma cell lines. Anticancer Res. (2009) 29:5023-31.

Sivanantham B, Sethuraman S, Krishnan UM. Combinatorial effects of
curcumin with an anti-neoplastic agent on head and neck squamous cell
carcinoma through the regulation of EGFR-ERK1/2 and apoptotic signaling
pathways. ACS Comb Sci. (2016) 18:22-35. doi: 10.1021/acscombsci.5b00043
Iocca O, Farcomeni A, Di Rocco A, Di Maio P, Golusinski P, Pardinas
Lopez S, et al. Locally advanced squamous cell carcinoma of the head
and neck: a systematic review and Bayesian network meta-analysis of
the currently available treatment options. Oral Oncol. (2018) 80:40-51.
doi: 10.1016/j.oraloncology.2018.03.001

Khushboo PS, Jadhav VM, Kadam V], Sathe
corylifolia  Linn.-“Kushtanashini.”  Pharmacogn Rev.
doi: 10.4103/0973-7847.65331

Sarkis SA, Abdullah BH, Abdul Majeed BA, Talabani NG.
Immunohistochemical expression of epidermal growth factor receptor
(EGFR) in oral squamous cell carcinoma in relation to proliferation,
apoptosis, angiogenesis and lymphangiogenesis. Head Neck Oncol. (2010)
2:13. doi: 10.1186/1758-3284-2-13

Psoralea
4:69-76.

NS.
(2010)

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

Yamano Y, Uzawa K, Saito K, Nakashima D, Kasamatsu A, Koike H, et al.
Identification of cisplatin-resistance related genes in head and neck squamous
cell carcinoma. Int J Cancer. (2010) 126:437-49. doi: 10.1002/ijc.24704
A, Mccullough M, Cirillo N. Glucocorticoids
chemotherapeutic effectiveness on OSCC cells via glucose-dependent
mechanisms. J Cell Physiol. (2019) 234:2013-20. doi: 10.1002/jcp.27227

Maji S, Shriwas O, Samal SK, Priyadarshini M, Rath R, Panda S,
et al. STAT3- and GSK3beta-mediated Mcl-1 regulation modulates TPF
resistance in oral squamous cell carcinoma. Carcinogenesis. (2019) 40:173-83.
doi: 10.1093/carcin/bgy135

Ma C, Shi X, Zhu Q, Li Q, Liu Y, Yao Y, et al. The growth
arrest-specific transcript 5 (GAS5): a pivotal tumor suppressor long
noncoding RNA in human cancers. Tumour Biol. (2016) 37:1437-44.
doi: 10.1007/s13277-015-4521-9

Celentano reduce

Ghaforui-Fard S, Taheri M. Growth arrest specific transcript 5
in tumorigenesis process: an update on the expression pattern
and genomic variants. Biomed Pharmacother. (2019) 112:108723.

doi: 10.1016/j.biopha.2019.108723

Pickard MR, Williams GT. Regulation of apoptosis by long non-coding RNA
GASS5 in breast cancer cells: implications for chemotherapy. Breast Cancer Res
Treat. (2014) 145:359-70. doi: 10.1007/s10549-014-2974-y

Guo L], Zhang S, Gao B, Jiang Y, Zhang XH, Tian WG, et al. Low
expression of long non-coding RNA GASS5 is associated with poor prognosis
of patients with thyroid cancer. Exp Mol Pathol. (2017) 102:500-4.
doi: 10.1016/j.yexmp.2017.05.008

Yang Y, Shen Z, Yan Y, Wang B, Zhang J, Shen C, et al. Long non-coding
RNA GASS5 inhibits cell proliferation, induces G0/G1 arrest and apoptosis,
and functions as a prognostic marker in colorectal cancer. Oncol Lett. (2017)
13:3151-8. doi: 10.3892/01.2017.5841

Avgeris M, Tsilimantou A, Levis PK, Tokas T, Sideris DC, Stravodimos K, et al.
Loss of GAS5 tumour suppressor IncRNA: an independent molecular cancer
biomarker for short-term relapse and progression in bladder cancer patients.
Br ] Cancer. (2018) 119:1477-86. doi: 10.1038/s41416-018-0320-6

Dong S, Qu X, Li W, Zhong X, Li P, Yang S, et al. The long
non-coding RNA, GAS5, enhances gefitinib-induced cell death in
innate EGFR tyrosine kinase inhibitor-resistant lung adenocarcinoma
cells with wide-type EGFR via downregulation of the IGF-1R
expression. J Hematol Oncol. (2015) 8:43. doi: 10.1186/s13045-015-
0140-6

Li W, Zhai L, Wang H, Liu C, Zhang J, Chen W, et al. Downregulation of
LncRNA GAS5 causes trastuzumab resistance in breast cancer. Oncotarget.
(2016) 7:27778-86. doi: 10.18632/oncotarget.8413

Zeng B, Li Y, Jiang F, Wei C, Chen G, Zhang W, et al. LncRNA GAS5
suppresses proliferation, migration, invasion, and epithelial-mesenchymal
transition in oral squamous cell carcinoma by regulating the miR-
21/PTEN axis. Exp Cell Res. (2019) 374:365-73. doi: 10.1016/j.yexcr.2018.
12.014

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2019 Wang, Leu, Chen, Shieh, Lian and Chen. This is an open-access
article distributed under the terms of the Creative Commons Attribution License (CC
BY). The use, distribution or reproduction in other forums is permitted, provided
the original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice.
No use, distribution or reproduction is permitted which does not comply with these
terms.

Frontiers in Oncology | www.frontiersin.org

12

November 2019 | Volume 9 | Article 1168


https://doi.org/10.1155/2016/8108643
https://doi.org/10.1142/S0192415X16500038
https://doi.org/10.1038/srep46299
https://doi.org/10.1002/ptr.6006
https://doi.org/10.1055/s-2008-1081301
https://doi.org/10.3390/molecules23010109
https://doi.org/10.1002/path.2604
https://doi.org/10.1021/jm401686b
https://doi.org/10.18632/oncotarget.7606
https://doi.org/10.1038/cddis.2017.66
https://doi.org/10.1038/s41419-018-0575-0
https://doi.org/10.1021/acscombsci.5b00043
https://doi.org/10.1016/j.oraloncology.2018.03.001
https://doi.org/10.4103/0973-7847.65331
https://doi.org/10.1186/1758-3284-2-13
https://doi.org/10.1002/ijc.24704
https://doi.org/10.1002/jcp.27227
https://doi.org/10.1093/carcin/bgy135
https://doi.org/10.1007/s13277-015-4521-9
https://doi.org/10.1016/j.biopha.2019.108723
https://doi.org/10.1007/s10549-014-2974-y
https://doi.org/10.1016/j.yexmp.2017.05.008
https://doi.org/10.3892/ol.2017.5841
https://doi.org/10.1038/s41416-018-0320-6
https://doi.org/10.1186/s13045-015-0140-6
https://doi.org/10.18632/oncotarget.8413
https://doi.org/10.1016/j.yexcr.2018.12.014
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org
https://www.frontiersin.org/journals/oncology#articles

	Psorachromene Suppresses Oral Squamous Cell Carcinoma Progression by Inhibiting Long Non-coding RNA GAS5 Mediated Epithelial-Mesenchymal Transition
	Introduction
	Materials and Methods
	Cell Lines and Culture Media
	Reagents and Antibodies
	Cell Viability Assays
	Terminal Deoxynucleotidyl Transferase dUTP Nick End Labeling (TUNEL) Assay
	Western Blotting
	Phenotypic Analysis for Clonogenic, Migration, and Invasion Ability
	Cell-Cycle Analysis
	Whole-Transcriptome Sequencing
	Detection of lncRNA GAS5
	RNA Interference (RNAi)
	In vivo Tumor Xenograft Study
	Immunohistochemistry
	Statistics

	Results
	Psorachromene Inhibited the Growth of OSCC Cells and Promoted Their Apoptosis
	Psorachromene Inhibits the Migration and Invasiveness of OSCC
	Psorachromene Inhibits Epithelial-Mesenchymal Transition (EMT)
	Psorachromene May Enhance the Therapeutic Effects of Cisplatin and Doxorubicin on OSCC
	Psorachromene Inhibits Tumor Growth in Mice
	Psorachromene May Inhibit the Activation of Signaling Pathways Associated With Cell Growth and Extracellular Structure Organization
	Psorachromene Exerts Anticancer Effects by Inducing the Expression of Long Non-coding RNA GAS5

	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	Acknowledgments
	References


