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Abstract
Laryngeal squamous cell carcinoma is one of the most common cancer-related causes of death
worldwide. Thus, there is a constant need for improvement in drug development to promote treatment of
this malignancy. In the present study, we identi�ed a natural phytochemical, Ursolic acid, as a potent
compound to counter laryngeal squamous cell carcinoma using HEp-2 cell line. Ursolic acid is capable of
impeding proliferation and provoking apoptosis of HEp-2 cells. Interestingly, these anti-proliferative and
proapoptotic effects is attributed to stimulation of ROS synthesis. In addition, we discovered that this UA-
induced ROS stimulation is linked to the activation of MAPKs, PI3K/Akt, NF-κB and STAT3 signaling
pathways. Our study characterized Ursolic acid as a potent anti-carcinoma drug with a multitargeting
strategy, which enable it a novel and plausible treatment to laryngeal squamous cell carcinoma.

Introduction
Head and neck squamous cell carcinoma (HNSCC) is the sixth most common cancer worldwide (1). And
laryngeal squamous cell carcinoma (LSCC) is one of the most common types of HNSCC, which also
ranked the second most common in the United States (2). Risk factors for larynx cancers in the incidence
and mortality vary in different parts of the world, yet are generally attributed to tobacco consumption,
alcohol abuse, and infection with human papillomavirus (3). Contemporary management for these
advanced malignancies is primarily total laryngectomy followed by adjuvant radiation therapy (4).
Nevertheless, owing to the concurrent functional de�cits and the incomplete clinical e�cacy as to these
treatments, there exists an unmet need for more therapeutic alternatives and reliable treatments for LSCC.

To date, researchers have obtained a growing interest in the effects of natural plant compounds in terms
of cancer therapy. Because for a long time epidemiological studies have found that there is a strong
correlation between health bene�ts and the intake of these phytochemicals derived from foods or
medicinal herbs (5). In addition, researchers have provided substantial evidence of these natural
compounds carrying anti-carcinogenic and free-radical scavenging properties (6). Most phytochemicals
have been evaluated for their effects based on in vitro or in vivo studies before clinical stages. Some
phytochemicals have already been utilized in clinical trials, such as Tamoxifen and Paclitaxel, which is
widely used for treating primary breast cancer and various types of malignant diseases, respectively (7,
8).

Ursolic acid (UA), or 3-β-hydroxy-urs-12-en-28-oic acid (Fig. 1A), is a naturally synthesized pentacyclic
triterpene acid, abundantly distributed in many fruits and vegetables (9). Data presented by previous
studies have demonstrated that, similar to some phytochemicals that have been applied in clinical
practice, Ursolic acid possess many pharmacologic bene�t including anti-carcinogenic, anti-in�ammatory,
antioxidant capacities, etc. (9). For example, in a variety of cell-line based experiments, UA functioned as
either an inhibitor to colorectal, lung and breast cancer cells (10–12) or a potentiator of oncolytic measles
virotherapy against breast cancer cells (13). Notably, in addition to in vitro research, its nanoparticle were
reported to suppress cervical tumors in a mouse xenograft mode (14). These studies laid ground work for
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our understanding of the feasibility of UA as a cure for certain types of cancer. However, the effect of UA
on LSCC has not been explored in previous work. Thus, in this work, we used an in vitro model to evaluate
UA’s capacity of �ghting against laryngeal carcinoma. And here we report that UA carries a potent anti-
proliferative and anti-carcinogenic ability against laryngeal cancer. We provide the proofs that UA
prevents the growth of HEp-2 cells and induces apoptosis by promoting ROS level. We also unveiled that
the mechanism of UA’s effect against LSCC is a multitarget strategy that involves a series of signaling
pathways, thereby providing the basis for discovering new natural compounds as effective treatment for
cancer therapy.

Materials And Methods

Reagents and cell culture
Ursolic acid (purity > 98%) and dimethyl sulfoxide (purity > 98%) were purchased from Aladdin (Shanghai,
China) and Sigma Aldrich (St. Louis, USA), respectively. UA powders were prepared as a 10 mg/ml stock
solution in DMSO for in vitro experiments. On the day of use, the stock solutions were diluted in DMSO to
the desired concentration.

Human larynx epidermoid carcinoma cells (HEp-2, ATCC, US) were cultured in Roswell Park Memorial
Institute 1640 (RPMI-1640, Gibco, USA) containing 10% fetal bovine serum (FBS, Hyclone, USA) and 100
units/ml penicillin streptomycin (Gibco, USA). Cells were cultured under an atmosphere of 5% CO2 at 37
˚C in a humidi�ed incubator. Before the drug treatment, cells were cultured in phenol red-free DMEM
(Gibico) with 10% charcoal-stripped FBS (Biowest, Spain) for three days. Then, cells were switched to the
fresh phenol red-free DMEM with 0.2% charcoal-stripped FBS and cultured for 24 hours.

Cell viability assay
Cell viability was analyzed by Cell Counting Kit-8 (CCK8, Beyotime, Shanghai, China) according to the
manufacturer's protocols. Cells were seeded and cultured at a density of 5 × 103 /well in 100 µL of
medium into 96-well microplates (Corning, USA). Then, the cells were treated with various concentrations
of UA (0, 5, 10, 15, 20 and 25 µg/mL). After treatment for 24, 48 or 72 hours, 10 µL of CCK-8 reagent was
added to each well and then cultured for 2 hours. All experiments were performed in triplicate. The
absorbance was analyzed at 450 nm using a microplate reader (Bio-Rad, Hercules, CA, USA) using wells
without cells as blanks. The proliferation of cells was expressed by the absorbance.

Clonogenic growth assay
HEp-2 cells in the logarithmic growth phase were prepared and pre-treated with indicated concentrations
of UA or vehicle (DMSO) in 6-well plates for 24 or 48 h. Then prepare the agaroses: the 0.6%- and 1.2%-
agaroses were dissolved in a 65°C water bath, and 0.5 mL 1.2% agarose was added to equal volume 2 ×
DMEM with 20% FBS and 2% P/S at 0.6% �nal-concentration. This DMEM-agarose mixture was
immediately poured into another 6-well plates and cooled to the room temperature. Next, cell medium
containing UA or vehicle were removed and cells were washed by PBS twice. 1000 treated cells per well



Page 4/14

were rapidly suspended in equal volume 0.6%-agarose and immediately transferred onto the base
agarose layer. After the agarose solidi�ed, the plates were placed into an incubator at 37° C with 5% CO2
for 2 weeks and then stained with 0.5 mg/mL MTT. The numbers of colonies containing 50 cells or more
were counted.

Cell cycle distribution analysis
HEp-2 cells were plated in 6-well plates and allowed to attach 24 h, and then treated with or without TC24
for 24 h. Only adherent cells were harvested and then washed twice with ice-cold PBS. Having been �xed
gently in 4% paraformaldehyde (PFA) overnight at 4 ℃, cells were washed with ice-cold PBS twice. Then
�xed cells incubated with 10% saponin and 1 mg/ml 2-phenylindole dihydrochloride (DAPI) in PBS at
room temperature for 30 min. Cell cycle analysis was measured by a �ow cytometer (Beckman Coulter,
USA) with 10,000 events per sample and analysis by Flowjo software (Tree Star, OR).

Measurement of mitochondria membrane potential
Measurement of MMP were conducted using Mitochondrial Membrane Potential Assay Kit with JC-1
(Beyotime Biotechnology, China). For �ow cytometry, cells were harvested and then stained with 10 µg/ml
JC-1 at 37 ℃ for 20 min in a 5% CO2 humidi�er incubator. After incubation, cells were washed twice with
JC-1 staining buffer to remove the non-speci�c background staining. Then cells were detected by a �ow
cytometer (Beckman Coulter, USA) with 10,000 events per sample and analysis by Summit 4.3 software
(Beckman Coulter, USA).

Cell apoptosis analysis
Cell apoptosis was tested with Annexin V-PE/7-AAD Apoptosis Detection Kit (Vazyme, China). The cells
treated with vehicle or UA were stained using Annexin V and 7-amino-actinomycin according to the
manufacturer's instructions. Then, samples were immediately analyzed using �ow cytometry (Beckman
Coulter, USA).

Measurement of Intracellular ROS
Intracellular ROS in HEp-2 cells were assayed using the dye 2,7-dichlorofuorescein diacetate (DCFH-DA,
Sigma). For fow cytometry, cells were incubated with 10 µM DCFH-DA in serum and phenol-free medium
at 37 ℃ in dark for 30 min. Cells were collected and washed twice with ice-cold PBS, and then were
analyzed by �ow cytometer mentioned above.

Western blot
Cells were washed twice with cold PBS, lysed in RIPA buffer (20 mM tris, pH 7.5, 150 mM NaCl, 1 mM
EDTA, 1 mM EGTA, 1% v/v Triton X-100, 2.5 mM sodium pyrophosphate, 1 mM-glycerolphosphate, 1 mM
Na3VO4, 1 mM NaF, 1 mM PMSF) at 4℃, and then sonicated for approximately 3 min. An aliquot of 20
µg of total protein was electrophoretically separated using 10% Tris-tricine gels and then transferred to
PVDF membranes. Membranes were incubated overnight at 4℃ with indicated antibodies. The primary
antibodies used include: anti-Bcl2, anti-Bax, anti-phospho-p65, anti-STAT, anti-phospho-STAT, anti-p38,
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anti-phospho-p38, anti-ERK and anti-phospho-ERK (1:1000) from Cell Signaling Technology (USA), and
anti-p65, anti-β-actin (1:3000), anti-p65, anti-Caspase3 (1:1000), anti-caspase9 (1:1000) were purchased
from ABclone (Wuhan, China).

Statistical Analysis
All assays were repeated at least three times. Data shown are presented by means ± S.D. for at least one
representative experiment. Statistical analysis was performed using one-way analysis of variance
(ANOVA), followed by Bonferroni’s ad post-hoc tests. P-value less than 0.05 was considered to indicate
statistical signi�cance.

Result

1. Ursolic acid inhibited the growth of HEp-2 cells
To investigate the role of Ursolic acid (Fig. 1A) in human laryngeal carcinoma, we introduced HEp-2 cell
line as an in vitro model for following research. We �rstly examined whether UA treatment is capable of
impeding the growth HEp-2 cells. With CCK8 assay, we found UA reduced the amount of HEp-2 cells in a
dose-depended manner after 24 h treatment (Fig. 1B). At the concentration of 25 µg/mL (5.47 µmol/L),
the amount of living cells was reduced 43.09% ± 2.44% in UA-treated group compared to vehicle-treated
control, and the half inhibitory concentration was around 20 µg/mL (4.38 µmol/L, 53.75% ± 1.11%). In the
experiment that HEp-2 cells were incubated with UA for 48 h and 72 h, we observed similar trends of
growth inhibition to Hep-2 cells in a dose-dependent manner (Supplementary data.1). Meanwhile, we
employed chlorogenic growth assay to further examine if UA would show inhibition effect on the growth
of HEp-2 cells in a longer period. Have being exposed to indicated concentrations of UA or vehicle for 24
or 48 h, MTT-stained HEp-2 cell clones in the agaroses were found lessened notably, as colony numbers
of HEp-2 cells with UA treatment were reduced to 34.74% ± 2.41% of control at 24 h and 17.97% ± 3.71%
at 48 h (Fig. 1C). These results suggest UA has a signi�cant negative effect on HEp-2 cell growth.

To further investigate UA’s blocking effect to cell proliferation, we tested UA’s effect on cell cycle
distribution of HEp-2 cells by �ow cell cytometry. We also observed a dose-dependent changes in cell
cycle distribution when indicated concentrations of UA was incubated with HEp-2 cells for 24 hours. As
within the 20 µg/mL treated group, the proportion of G2/M phase cells shifts to (8.92% ± 0.53%)
compared to control (24.06% ± 1.02%) (Fig. 1D). This result indicates that UA could inhibit the growth of
HEp-2 cells via interfering with cell cycle progression. Together, above data unfolds the antiproliferation
pro�le of UA on HEp-2 cells.

2. Ursolic acid induced apoptosis of HEp-2 cells
In addition to anti-proliferative effect, we investigated whether the cell viability of HEp-2 cells was also
in�uenced by cell apoptosis of HEp-2 initiated by UA. It is well documented that a decline in the
mitochondria membrane potential would induce a cascade of apoptotic pathway, hence a hallmark for
early cell apoptosis (15). So, we �rst detected the alteration of this indicator by JC-1 staining and
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subsequent �ow cytometry analysis. Interestingly, we discovered only 20 µg/mL UA treatment increased
the ratio of JC-1 aggregates over JC-1 monomers by 1.02-fold (Fig. 2A) compared with vehicle-treated
control, whereas other concentrations of UA appeared to be insu�cient to in�uence this index. Above all,
this result still indicates the occurrence of early apoptosis of HEp-2 cells under maximum indicated
concentration of UA.

Then, we assessed the UA’s effect on the progression of apoptosis using Annexin V/7-ADD which stains
cell membrane and intracellular DNA, respectively. The �uorescence was then measured by �ow
cytometry. Contrary to the data from JC-1 staining assay, UA treatment increased early apoptotic cells in
a concentration-dependent manner (Fig. 2B). Among 20 µg/mL UA treated group, 40.85% ± 4.11 HEp-2
cells (early apoptotic 19.47% ± 5.09 and late apoptotic 21.38 ± 3.34, respectively) were in the apoptotic
state. The data from both cytometry analysis demonstrate that HEp-2 cell apoptosis is attributed to UA
treatment.

Meanwhile, it has been well established that lowering ratio of Bcl-2 (anti-apoptotic)/ Bax (pro-apoptotic)
level and elevating cleavage of Caspase protein family marks the key events of intrinsic apoptosis
progression (15). Therefore, we adopted Western Blot assay to further explore the molecular changes in
HEp-2 cells during UA-induced apoptosis. We observed that Bcl-2 level was downregulated dose-
dependently by UA treatment, while Bax level was up-regulated correspondingly. As to the change of
Caspase protein, it was observed that UA treatment increased the amount of cleaved form of both
Caspase3 and Caspase9 and in turn, decreased pro-cleaved form of both. Taken together, these data
demonstrated that treatment of UA could lead to activation of intrinsic apoptosis pathway in HEp-2 cells.

3. UA increased ROS synthesis by inhibition of multiple
signaling pathways in HEp-2 cells
UA’s effect on growth inhibition and apoptosis activation has been noted in previous studies obtained in
other cell lines. However, the descriptions of mechanism through which UA exerts these effects are not
consistent among previous studies. The level of reactive oxygen species (ROS) has been established to
have strong correlations with cell proliferation and apoptosis (16). We reason that the antiproliferative
and apoptotic effect of UA mentioned in former results might also be ROS-mediated. So, using a cellular
ROS assay kit, we measured the ROS level in UA-treated HEp-2 cells by �ow cytometry analysis. It was
found ROS level in 20 µg/mL UA-treated group was signi�cantly higher (3.16 ± 0.29-fold) than control
group (Fig. 3A). And this ROS elevation was in a concentration-dependent manner, which implies UA’s
stimulating effect on ROS production in HEp-2 cells.

Cellular ROS production was not regulated by a single mechanism (16). Therefore, to determine the
underlying mechanism, we chose several canonical signaling pathway candidates including MAPKs, NF-
κB, PI3K/Akt and STAT-JAK, and assayed the phosphorylation status of each pathway’s key molecule in
UA-treated HEp-2 cell lysates. Using Western Blot assay, we �rst checked MAPK pathway, which is
comprised of ERK, p38 and JNK signaling. We discovered that three members of this pathway were all
dephosphorylated under 20 ug/mL UA treatment, yet to distinct degree (Fig. 3B. p-ERK/t-ERK ,0.304 ± 
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0.097; p-JNK/ t-JNK, 0.477 ± 0.084; p-p38/t-p38, 0.223 ± 0.078-fold to control). Next, we detected UA’s
effect on other growth and apoptosis related signaling pathways. Phosphorylation level of PI3K/Akt was
downregulated markedly under 20 ug/mL UA treatment (Fig. 3C, 0.395 ± 0.068-fold to control). STAT-JAK
family member STAT3 was also dephosphorylated signi�cantly (Fig. 3C, 0.293 ± 0.073-fold to control).
For NF-κB signaling, phosphorylation level of its core component p65 was decreased to 0.408 ± 0.079-
fold of control (Fig. 3C). Collectively, these results illustrate the mechanism of UA’s effect on HEp-2 cells
was related to activation of multiple signaling pathways, which mediates ROS-induced growth inhibition
and cell apoptosis.

Discussion
Natural products have been recognized in therapeutic drugs for many years as an essential source of
active substances. Among them, Ursolic acid has already been exhibited as a strong anti-carcinoma
candidate by mounting evidence. Nevertheless, the effect of UA on LSCC remains uncovered. In this
study, we thoroughly investigated UA’s role in the activity of countering LSCC from two aspects in a
laryngeal carcinoma cell line. On one hand, we discovered that Ursolic acid potently inhibited HEp-2 cell
proliferation using cell viability assay and clonogenic growth assay. By cell viability assay, we �nd 20
µg/mL, or 4.38 µmol/L UA is su�cient to hinder cell growth of HegG2 by half. This concatenation is close
to that of some clinical drugs like tamoxifen used in cell-line models (17). We further veri�ed this anti-
proliferating effect was via checking G2 and M phase arrest in cell cycle progression, which indicates a
cellular molecular change at G2/M phase was implicated. This antiproliferative pro�le is also exempli�ed
by Lin’s (18) and Yang’s (19) report. Moreover, Lin’s team proved that suppression of Cyclin B1 could be
the regulator of the cell cycle arrest caused by UA in colon adenocarcinoma cells (19).

On the other, we exploited multiple methods to investigate the apoptosis pro�le of HEp-2 cells. Apoptosis
is regulated by two major pathways, the extrinsic pathway which is mediated by the transduction of
extracellular death ligand signaling, and the intrinsic pathway, also referred to as the mitochondrial
pathway, which is governed by a caspase cascade (20). And herein, we observed a substantial increase in
Annexin V- or JC-1-stained positive cells, which demonstrates the �ipped membrane during apoptosis
occurred in HEp-2 cells that had been exposed to UA for 24 h. This cytometry data preliminarily con�rmed
UA induced apoptosis of HEp-2 through mitochondrial pathway. We further veri�ed this mechanism by
detecting primary molecules in intrinsic apoptosis pathway cascade. Intrinsic apoptosis cascade is
mediated by antagonism between prosurvival and proapoptotic members of the Bcl-2 family and
subsequent Capspase family (21). Our data showed treatment with UA decreased prosurvial Bcl-2 level
and augmented proapoptotic Bax level. And this molecular change allowed downstream cleavage of the
apoptotic initiator, Caspase3 and Caspase9 protein. Together, these data veri�ed UA induces HEp-2
apoptosis via an intrinsic pathway.

In order to determine the molecular mechanism of UA on cell growth inhibition and apoptosis, we turned
our interested into intracellular ROS level, which we believe is likely to be affected by the addition of UA,
because ROS plays a pivotal role in mediating these two phenomena (16). We proved that ROS synthesis
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was markedly stimulated by UA in HEp-2 cells. This �nding is also exempli�ed in the work undertaken in
other cells (22–24), indicating the elevation of ROS level induced by UA in vitro might be more common
than expected. However, this �nding is inconsistent with results from in vivo experiments, as Ursolic acid
inhibits interactive NOX4/ROS in liver �brosis mice (23), reduced ROS production stimulated by LPS in
ApoE−/− mice (25) and ROS accumulation in C. elegans serotonin-de�cient mutants (26). The
controversy of UA’s effect on ROS regulation between in vitro and in vivo data might be due to the
difference of malignancy of the cell types and the diversity of pharmacokinetics process. More work
needs to be done to explain the controversies found in vitro and in vivo models.

In addition, in attempt to identify the exact mechanism for the increase of ROS synthesis stimulated by
UA in HEp-2 cells, we analyzed a class of typical signaling pathways such as ERK, JNK, p38, PI3K/Akt,
NF-κB and STAT/JAK signaling, as they are all reported to mediate ROS-induced cell damage (27).
Interestingly, we found that it is not a mere but all signaling pathways that are strongly impeded, which
indicates the underlying mechanism is attributed to a strategy of multitarget inhibition. This theory can
be evidenced by some previous �ndings. Kim reported that UA inhibits JAK2/STAT3 pathway in colorectal
cancer cells (28). Prasad has long established UA inhibits JNK signaling (24). And Li found PI3K/Akt and
NF-κB pathway was inhibited in vitro and in vivo respectively (25, 29). Besides, Park �nds that Wnt/β-
catenin is the mediator in the apoptosis in prostate cancer cells (30). Although above reports elaborated
versatile mechanisms from various cellular signaling pathways, none of them analyzed the UA’s
antiproliferative and proapoptotic pro�le from a multitarget perspective. Yet our �nding is consistent with
Lin’s work, which exhibits UA’s multitarget feature in a cancer angiogenesis model (31). Given that these
signaling pathways have extensive crosstalks to each other and interacts with other molecules as well
(32), it is believed that a wider range of screening for signaling pathways is demanded to further verify
the certain mechanism.

In conclusion, we characterized the natural-occurring compound Ursolic acid as a potent indictor to LSCC
in HEp-2 cell model. Through a body of signaling activation and ROS stimulation, it suppresses LSCC cell
growth and provokes LSCC apoptosis. We hold that this compound may be a promising candidate for
clinical application, as its multitarget strategy represent a novel and effective approach to hinder LSCC.

Abbreviations
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UA        Ursolic acid

LSCC Laryngeal squamous cell carcinoma

ROS Reactive oxygen species

MMP Mitochondria membrane potential

MAPK Mitogen-activated protein kinase

ERK Extracellular regulated protein kinase

JNK c-Jun N-terminal kinase

NF-κB Nuclear factor kappa-B

STAT3 Signal transducer and activator of transcription 3
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Figure 1

Ursolic acid inhibited the growth of HEp-2 cells. (A) Chemical structure of Ursolic acid. (B) CCK8 assay for
UA’s effect on HEp-2 cell viability. HEp-2 cells were incubated with DMSO or indicated concentrations of
UA for 24 h and then stained with CCK8 The absorbance was read at 450 nm by a microplate reader. (C)
HEp-2 cells seeded to 6-well plates and incubated with DMSO or indicated concentrations of UA for 24 h
or 48 h. weeks, and then transferred to agarose for 2 more weeks’ culture. Having being stained with MTT,
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the plates were captured using a camera. (D) HEp-2 cells were treated indicated concentrations of UA for
24 h and then �xed with paraformaldehyde. Fixed cells were stained by DAPI and analyzed by �ow
cytometer. Histogram shows cell proportion of different cell cycle phases. All above assays were
performed in triplicate. Results represent the mean ± S.D. from three independent experiments.
Differences with *P < 0.05 and **P < 0.01 are considered statistically different and signi�cant.

Figure 2

Ursolic acid promoted apoptosis of HEp-2 cells. HEp-2 cells were treated with DMSO or indicated
concentrations of UA for 24 h in all following experiments. (A) After treated with UA, HEp-2 cells were
harvested and then stained with 10 μg/ml JC-1. Measurement of mitochondria membrane potential was
determined by early apoptotic cell amount measured by �ow cytometer. (B). HEp-2 cells were harvested
and then stained using an Annexin V-APC/7-ADD kit. The total amount of early and late apoptotic cells
was measured by �ow cytometer. (C) HEp-2 cells were harvested, lysed, and then subjected to Western
Blot. β-actin was used as the internal control. Histograms shown were quanti�cation to each assay. All
above assays were performed in triplicate. Results represent the mean ± S.D. from three independent
experiments. Differences with *P < 0.05 and **P < 0.01 are considered statistically different and
signi�cant.

Figure 3
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ROS production and cell signaling were affected by Ursolic acid. HEp-2 cells were treated with DMSO or
indicated concentrations of UA for 24 h in all following experiments. (A) HEp-2 cells were incubated with
10 μM DCFH-DA in serum for 30 min and then collected for measurement of intracellular ROS using �ow
cytometer. (B) MAPK signaling was inhibited by UA. After UA treatment, HEp-2 cells were harvested and
lysed. The amount of phosphorylated and total ERK, p38 and JNK was measured by Western Blot. β-actin
was used as the internal control. (D) NF-κB and STAT-JAK signaling was inhibited by UA. The amount of
phosphorylated and total STAT3 and p65 was measured by Western Blot. The western blots are
representative of at least three independent experiments. Histograms were shown as the mean ± S.D. of
at least 3 independent experiments. Differences with *P < 0.05 and **P < 0.01 are considered statistically
different and signi�cant.
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