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Brucea javanica oil emulsion suppresses tumor growth in human
cervical cancer cells through inhibition of the E6 oncogene and
induction of apoptosis
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Background: Brucea javanica oil emulsion (BJOE) is a traditional Chinese medicine with recognized
antitumor effects in various cancers, but the effects and mechanisms of action of BJOE against cervical
cancer need to be further studied. Herein, we investigated the effects of BJOE on the human papillomavirus
(HPV)16-expressing human cervical cancer line SiHa and explored the possible underlying mechanisms.
Methods: Cell viability and apoptosis of SiHa cells treated with BJOE were assessed by the MTT
[3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide] and annexin V-fluorescein isothiocyanate
(annexin V-FITC)/propidium iodide (PI) staining assays, respectively. Quantitative reverse transcription-
polymerase chain reaction and Western blot analyses were performed to assess the expression levels of the E6
oncogene and key signaling molecules involved in apoptosis. A subcutaneous xenograft nude mouse model
bearing SiHa cells was established and treated with BJOE through intraperitoneal injection. Tumor growth
was monitored, and immunohistochemical analysis was performed.

Results: BJOE exhibited substantial cytotoxic effects in SiHa cells and significantly suppressed tumor
growth in SiHa cell xenografts. BJOE inhibited E6 expression and induced apoptosis in vitro in a dose-
dependent manner. BJOE-induced apoptosis was characterized by activation of caspase-3 and cleavage of
poly(ADP-ribose) polymerase (PARP). Moreover, BJOE induced phosphorylation of extracellular-signal
regulated kinase (ERK) and inhibited the expression of nuclear factor-kappa B (INF-«B).

Conclusions: BJOE exerts a strong tumor-suppressive effect in SiHa cells i vitro and in vivo, likely caused
by E6 inhibition and apoptosis induction achieved through the ERK/mitogen-activated protein kinase
(MAPK) and NF-«B signaling pathways, supporting potential use of BJOE in cervical cancer treatment.
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Introduction

Cervical cancer is a major global public health problem,

ranking as the fourth most frequently diagnosed malignancy
and cause of cancer-related death in women (1). In China,

an estimated 106,430 new cases of cervical cancer and
47,739 deaths were expected in 2018, accounting for about
20% of global cases (2). A remarkable disparity in the
incidence and mortality from cervical cancer between low-
and middle-income countries (LMIC) and high-income
countries (HIC) has been observed, with about 85% of new
cases and 90% of deaths occurring in LMIC (1). Much of

this disparity is attributable to substantial differences in
prevention and treatment strategies.

Virtually all cervical cancer cases are caused by persistent
infection of human papillomavirus (HPV), with the
oncogenic HPV16 and 18 being the most prevalent types
in cervical cancer (3). Consequently, prophylactic HPV

vaccination against HPV16/18 of adolescent girls has been
introduced in many countries since 2006 to prevent cervical
cancer (4). This HPV vaccination strategy, along with

cervical cancer screening to identify precancerous lesions,

has been proven to reduce and potentially eliminate the
burden of cervical cancer in HIC effectively; yet in LMIC,

the access to HPV vaccination and cancer screening services
has been limited (5,6). The HPV vaccine was licensed
in 2016 in China; although various efforts have been
made, high costs and inadequate coverage form barriers
to the widespread use of HPV vaccines, especially in less
developed areas (7). Consequently, cervical cancer remains
a common disease with significant morbidity in Chinese
wormen.

HPVs infect the epithelial cells of the mucosa and skin
and are categorized as low-risk or high-risk, depending on

their oncogenicity. HPV16 is the predominant oncogenic

strain identified in cervical precancerous and cancerous
lesions. It is well recognized that after integration into

the host genome, the oncogenic activities of HPVs are
largely attributed to the viral E6 and E7 oncoproteins,
which act synergistically or independently to immortalize
and malignantly transform the host cells by inactivating
the tumor suppressors p53 and retinoblastoma protein
(pRb), respectively, thus leading to genomic instability,

aberrant apoptosis, and uncontrolled proliferation (8).

Continuous expression of E6 and E7 is critical to maintain
the malignant phenotype of HPV-positive cancer cells (9).

The expression of E6 and E7 oncoproteins has been found
to alter multiple signaling pathways, among which the

phosphoinositide 3-kinase (PI3K)/AKT/mammalian target
of rapamycin (mTOR), Wnt, Notch, and Ras/Raf/mitogen-
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activated protein kinase (MAPK)/extracellular-signal

regulated kinase (ERK) signaling pathways already have
been studied as therapeutic targets in HPV-positive cervical

cancer. Targeted manipulation of the pathways that mediate

the effects of E6 and E7 represent a promising approach for
the treatment of cervical cancer.

Brucea javanica oil emulsion (BJOE), extracted from the

dry and ripe fruit of Brucea javanica with purified soybean
lecithin as an emulsifier, is a traditional Chinese medicine

product that has been used to treat chronic gastritis, colitis,
and cancers in China for centuries. BJOE has demonstrated
a favorable effect on radiotoxicity and quality of life in
patients receiving radiotherapy for advanced esophageal
cancer (10). Accumulating clinical studies indicate that
BJOE combined with conventional chemotherapy could
provide more beneficial effects than chemotherapy alone for
patients with various types of cancer, including lung, gastric,

and liver cancers (11-15). BJOE has been found to induce
cytotoxicity in HPV-positive cervical cancer cells selectively
by targeting the apoptosis mechanism (16), suggesting
its therapeutic potential for cervical cancer. However,

the amount of evidence is limited and the underlying
mechanisms have not been fully elucidated.

This study evaluated the i vitro effects of BJOE on the
viability and apoptosis of HPV16-expressing cervical cancer
cells as well as investigated whether BJOE can suppress
tumor growth in an i vive xenograft model. In addition,
we elucidated the mechanisms by which BJOE suppresses
cervical cancer cell growth. Specifically, we targeted genes
that are involved in apoptosis and inflammation.

Methods
Cell culture

The HPV16-expressing cervical carcinoma cell line SiHa

was obtained from the American Type Culture Collection
and cultured according to standard procedures. Briefly, the

cells were cultured in Dulbecco’s modified Eagle’s medium
(DMEM; Gibco) supplemented with 2 mM L-glutamine

and 10% fetal bovine serum (Gibco) and maintained in a
humidified atmosphere containing 5% CO, at 37 °C.

Cell viability assay

The inhibitory effects of BJOE against SiHa cells were
measured using the MT'T cell viability assay. To assess the
dose effect, SiHa cells were seeded on 24-well culture plates
at a density of 1x10° cells/mL and were treated with 0 (as
a control), 62.5, 125, or 250 pg/mL BJOE extract solution
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for 24 h. To assess the time effect, cells (1x10° cells/mL)
were treated with 250 pg/mL BJOE for 0 (as a control),
3,6,12, 0or 24 h in 5% CO, at 37 °C. Afterwards, the cells
were harvested, washed twice with phosphate-buffered
saline (PBS), and resuspended in PBS to a concentration of
1x10° cells/mL. The resuspended cells were seeded on 96-
well plates and incubated for 42 h before 20 pL of MTT
solution (5 mg/mL; Sigma Aldrich) was added to each
well. Then the cells were incubated for another 4 h. After
removal of the MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-
diphenyl tetrazolium bromide]-containing medium, the
cells were lysed with 150 pL of dimethyl sulfoxide (Sigma)
under shaking for 10 min. The absorbance was measured at
an optical density (OD) of 490 nm using a microplate reader
(Thermo Scientific, USA). Samples were measured in ten
replicates, and each experiment was repeated three times.

The percentage of cell inhibition was calculated using the
following formula: inhibitory rate (%) = (1- OD490 of the
experimental sample)/OD490 of the control sample x100.

Apoptosis assay

The apoptotic effect of BJOE was measured using the
annexin V-fluorescein isothiocyanate (annexin V-FITC)/
propidium iodide (PI) apoptosis detection kit (Kaiji
Biotechnology, Nanjing, China), according to the
manufacturer’s recommendations. After treatment with

various doses of BJOE (0, 62.5, 125, or 250 pg/mL) for 24 h,

the adherent cells were detached by trypsin (Gibco) and
harvested by centrifugation at 1,000 g for 5 min. After being

washed with PBS and resuspended in 400 pL. of 1x binding
buffer, the cells were stained with 5 pL. of annexin V-FITC
for 15 min and 10 pL of ice-cold PI for 5 min, in sequence,
at room temperature in the dark. Flow cytometric analysis

was performed with an excitation wavelength of 488 nm and
an emission wavelength of 530 nm for annexin V-FITC and

575 nm for PI. Apoptotic cells were defined as positive for
annexin V-FITC (green fluorescence) and negative for PI
(red fluorescence), whereas necrotic cells were positive for

both types of staining.

Quantitative reverse transcription-polymerase chain
reaction (qRT-PCR)

After BJOE treatment for 24 h, the cells were washed
with PBS, detached with trypsin, and harvested by
centrifugation. Total cellular RNA was extracted with
the TRIzol-based total RNA extraction kit (Promega),
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according to the manufacturer’s instructions. For cDNA
synthesis, total RNA was reverse transcribed using a
PrimeScript RT Reagent kit with gDNA eraser (Takara
Bio, USA). HPV16 E6 mRINA expression was measured by
qRT-PCR using the SYBR Green master mix (Biotool) on a
BioRad real-time PCR detection system. A calibration curve

was obtained by serial dilution of the cDNA to optimize the
amplification protocol. The relative expression level of E6

mRNA was normalized to that of the housekeeping gene
B-actin and generated using the comparative cycle threshold

method. Samples were measured in four replicates, and each
experiment was repeated four times.

Western blot analysis

Cells were harvested after BJOE treatment, and total

protein was extracted using standard cell lysis buffer (BGI
Tech, Shenzhen, China). Total protein was measured using

a bicinchoninic acid kit (Thermo Scientific), according to
the manufacturer’s instructions. Cell lysates containing

equal amounts of total protein were loaded for sodium
dodecyl sulfate-polyacrylamide gel electrophoresis. The

separated proteins were transferred onto a polyvinylidene
fluoride (PVDF) membrane using the wet transfer method.

The PVDF membrane was then blocked with blocking
buffer containing 5% dry milk and 0.1% Tween-20 in Tris-

buffered saline and incubated overnight at 4 °C with one
of the following primary antibodies: caspase-3, cleaved
caspase-3, poly(ADP-ribose) polymerase (PARP), ERK, and
phospho-ERK (p-ERK), nuclear factor-kappa B (NF-«kB),
and p53 (Cell Signaling Technology, USA). After incubation
with the secondary antibody horseradish peroxidase (HRP)-
labeled goat anti-rabbit or goat anti-mouse immunoglobulin
G (IgG, 1:8,000, Santa Cruz Biotechnology, USA) for 1 h,
the bound antibodies were visualized by chemiluminescence
on radiographic films, and the blot density was quantified
using Image J software.

Subcutaneous xenograft model

A subcutaneous xenograft model of human cervical cancer
was established by subcutaneous injection of SiHa cells into
the back of 6-8-week-old nude mice. The tumors were

allowed to grow for 2 weeks. The nude mice were then

randomly assigned into the experimental or control group
(n=10 for each group), receiving an intraperitoneal injection

of BJOE extract (50 mg/kg/d) or 0.9% saline, respectively,
for 30 continuous days. The tumor size was monitored
every 3 days and was calculated using the following formula:
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tumor volume = (length x width’)/2. Three days after the
last injection, the mice were sacrificed and the tumor tissues
were harvested. All animal experiments were conducted in

accordance with the National Institutes of Health Guide
for the Care and Use of Laboratory Animals, and the

animal protocol was approved by the Ethics Committee of
Jinan University. The nude mice were purchased from the

Experimental Animal Center of Jinan University and were
maintained under specific pathogen-free conditions.

Tumor histology and immunobistochemistry (IHC)

The harvested tissues were fixed in 4% paraformaldehyde,
embedded, and sectioned for hematoxylin and eosin (H&E)
staining or IHC analysis. H&E staining was performed
using a standard procedure. For IHC analysis, tumor
sections were deparaffinized by xylene, rehydrated through
gradient ethanol to PBS, and permeabilized by microwave
irradiation before being subjected to antigen retrieval.

After incubation in 3% hydrogen peroxide for 20 min to
block endogenous peroxidases and washing with PBS,

the sections were blocked with 10% normal goat serum
at room temperature for 30 min and then incubated with
primary antibody overnight at 4 °C. After washing with

PBS, the sections were incubated with the corresponding
HRP-labeled secondary antibody (goat-anti-rabbit or
goat-anti-mouse IgG) at room temperature for 30 min.
After washing with PBS, the sections were visualized with
diaminobenzidine and counterstained with hematoxylin.
Three areas were randomly selected from each section, and

positive staining was quantified in terms of the integrated
OD using Image-Pro Plus 5.0 software.

Statistical analysis

Data are expressed as the mean = standard deviation (SD).
The chi-squared test was used for comparing categorial
data. One-way analysis of variance followed by Duncan’s

multiple range test was used for comparing measurements
between groups. A P value <0.05 was considered statistically

significant. All tests were performed using SPSS statistical
software, version 17.0 (SPSS Inc., Chicago, IL, USA).

Results

BFOE suppresses cell viability and induces apoptosis in
SiHa cells in vitro

To evaluate the cytotoxic effects of BJOE, we analyzed the
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cell viability and apoptotic cell populations (Figure I). As
shown in Figure 14, BJOE inhibited the proliferation of
SiHa cells in a dose-dependent manner. The cell viability
was significantly decreased by 52.3% in SiHa cells treated
with 250 pg/mL BJOE for 24 h, compared with untreated
cells. In SiHa cells treated with 250 pg/mL BJOE, the
inhibitory effect of BJOE on cell viability was time-
dependent, with the decrease more pronounced after 12 h
(Figure 1B). Annexin V-FITC/PI staining is generally used

to distinguish apoptotic and necrotic cells from normal
live cells. As shown in Figure 1C,D, BJOE increased the

apoptotic and necrotic cell population in a dose-dependent
manner, with a greater than 3.5-fold increase in the number
of apoptotic cells among cells treated with 250 pg/mL
BJOE for 24 h, compared with untreated cells. These

results clearly indicate that BJOE inhibited the proliferation
and induced the apoptosis of SiHa cells. The effects were

dose-dependent, and the lowest dose tested (62.5 pg/mL)
appeared to be effective for induction of apoptosis.

B7OE inbibits mRNA expression of E6 and recovers p53
expression in SiHa cells

The most prominent function of the viral E6 oncoprotein
is to bind, ubiquitinate, and degrade p53, which is a critical
tumor suppressor that regulates growth arrest and apoptosis,
depending on the severity of DNA damage (9). To evaluate
the effects of BJOE on E6-mediated p53 inactivation,

we measured the expression of E6 and p53 in SiHa cells
treated with various doses of BJOE by qRT-PCR (Figure 2)

and Western blot analysis (Figure 34,B), respectively. A
significant dose-dependent decrease was observed in E6
expression at the transcriptional level; meanwhile, p53
protein expression was significantly increased in BJOE-
treated cells compared with untreated cells, with the most
significant increase of p53 expression in cells treated with

a high dose of BJOE (250 pg/mL). These results indicate
that the activity of p53 in HPV16-expressing SiHa cells was
restored by BJOE treatment.

BFOE suppresses the protein expression of NF-xkB in
SiHa cells

The NF-kB signaling pathway is a key mediator of
inflammatory and immune responses to some viral
infections. In addition, NF-«B activation triggered by the
HPV16 E6 oncoprotein is known to cause abrogation of
apoptosis (17). Moreover, constitutive NF-«xB activation
has been reported in cervical intraepithelial neoplasia and
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Figure 1 Effects of BJOE on the viability and apoptosis of SiHa cells. (A) The percentage of cell viability as determined by the MTT assay.
SiHa cells were treated with various doses (0, 62.5, 125, and 250 pg/mL) of BJOE for 24 h. Mean + SD, *, P<0.05; **, P<0.01, compared
with 0 pg/mL BJOE at 24 h. (B) Inhibitory rates of SiHa cells as determined by the MTT assay. SiHa cells were treated with 62.5 pg/mL
BJOE for various time periods (0, 3, 6, 12, and 24 h). Mean = SD, *, P<0.05; **, P<0.01, compared with BJOE treatment at baseline (0 h). (C)
Representative cytometric dot plots showing annexin V-FITC and PI staining of SiHa cells treated with various doses of BJOE for 24 h. (D)

Quantification of the percentage of apoptotic cells treated with various doses of BJOE for 24 h. Mean = SD, ***, P<0.001, compared with

0 pg/mL BJOE at 24 h. BOJE, Brucea javanica oil emulsion; FITC, fluorescein isothiocyanate; PI, propidium iodide.
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Figure 2 Relative expression of E6 mRNA in SiHa cells treated
with various doses (0, 62.5, 125, and 250 pg/mL) of BJOE for 24 h.
The relative expression level of E6 mRNA was determined by
qRT-PCR. Mean = SD, **, P<0.01, compared with no treatment.

BOJE, Brucea javanica oil emulsion; SD, standard deviation.
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cancer, and it has been associated with tumor invasion,
progression, and metastasis (18). In this study, NF-«xB
expression in response to BJOE treatment was assessed

by Western blot analysis. As shown in Figure 3C, NF-xB
expression was significantly decreased in a dose-dependent
manner upon BJOE treatment. This result indicates that
NF-«B activation in SiHa cells was reversed by BJOE

treatment.

BFOE activates caspase-3 and cleaves PARP in SiHa cells

Apoptosis is commonly mediated by the sequential
activation of caspases, which execute apoptosis through

the cleavage of several key proteins necessary for cell
survival (19). Cleavage of PARP by caspase-3 is generally

considered a hallmark of apoptosis, so we evaluated the
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Figure 3 Effects of BJOE on the protein levels of apoptosis-related genes in SiHa cells. (A) Western blot images of the caspase-3, cleaved
caspase-3, PARP, NF-kB, p53, ERK, and p-ERK proteins in SiHa cells treated with various doses (0, 62.5, 125, and 250 pg/mL) of BJOE
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24 h. (H) Western blot images of the p-ERK protein in SiHa cells treated with various doses (0, 10, and 20 pM) of U0126, with and without
BJOE treatment for 24 h. BOJE, Brucea javanica oil emulsion; PARP, poly(ADP-ribose) polymerase; NF-kB, nuclear factor-kappa B; ERK,
extracellular-signal regulated kinase; p-ERK, phospho-ERK; SD, standard deviation.
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activation status of caspase-3 and the expression of cleaved
PARP by Western blot analysis (Figure 3D,E). Caspase-3

activation is achieved by proteolytic cleavage of the
inactive 32-kDa proenzyme into an active 17-kDa subunit

(Figure 3A4). As shown in Figure 3D, BJOE induced the
dose-dependent activation of caspase-3, which led to the
cleavage of PARP. These results clearly indicate that BJOE
can induce apoptosis via a caspase-3-dependent mechanism
in SiHa cells.

BFOE induces phosphorylation of ERK in SiHa cells

The ERK/mitogen-activated protein kinase (MAPK)
signaling pathway is well known for its role in apoptosis,
and activation of ERK1/2 has been implicated in p53-
mediated apoptosis in cervical cancer cells (20). Due to
the complexity of the ERK/MAPK signaling pathway,
both antiapoptotic and proapoptotic functions of ERK1/2
have been reported in response to a wide range of stimuli
and by transcriptionally regulating the activity of anti-
and proapoptotic molecules (21). Since BJOE inhibited
E6 expression and activated p53 expression in SiHa cells,
we explored whether BJOE modulates ERK activity
by Western blot analysis. As shown in Figure 3FG,

the expression of total ERK was not affected by BJOE
treatment, but a dose-dependent increase of phosphorylated

© Translational Cancer Research. All rights reserved.
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ERK, an active state of ERK, was observed. Next, we
investigated the involvement of the ERK/MAPK signaling
pathway in E6-mediated apoptosis by inhibiting the
upstream kinase mitogen-activated protein kinase kinase
(MEK)1/2 activity through its specific and potent inhibitor,
U0126. The increased phosphorylation of ERK induced by

BJOE treatment was substantially inhibited by U0126, in
a dose-dependent manner (Figure 3H), but U0126 did not
significantly alter the mRNA expression of E6 (Figure 4).
The phosphorylated ERK levels were significantly greater
in BJOE-treated cells as compared to untreated cells

after exposure to 10 pM UO0126, indicating that an ERK-
dependent mechanism mediates BJOE-induced apoptosis.

Intraperitoneal injection of BJOE inbibits subcutaneous
cervical cancer xenograft growth

To further evaluate the tumor-suppressive effects of BJOE
in vivo, we established a nude mouse model harboring
SiHa cell xenografts. SiHa cell xenografts were found to
develop in 80% of the grafted mice. In the control mice
injected with 0.9% saline, the tumors grew significantly
faster and larger as compared with the BJOE-treated
mice (Figure 5A,B). As a result, the mean tumor weight
in mice injected with BJOE was significantly reduced to
less than half of that of the tumors in the control mice
by 30 days after BJOE injection (Figure 5C). Consistent
with the iz vitro results, IHC analysis of the tumor tissues

revealed that the proteins p53 and phosphorylated ERK
were significantly expressed in the BJOE-treated mice

as compared with the untreated mice (Figure 6). Taken
together, these results support that BJOE treatment
suppresses cervical cancer growth iz vive, which is
achieved partly through induction of p53- and ERK-
mediated apoptosis.

Discussion

Suppression of apoptosis is central to carcinogenesis;
therefore, targeting apoptosis is a viable and promising
therapeutic option for cancer treatment. Most
chemotherapeutic agents act as apoptosis inducers to
inhibit the growth of cancer cells, but chemoresistance
remains a major challenge in cancer therapy. Acquired
resistance to apoptosis is a major mechanism allowing
cancer cells to evade conventional chemotherapies, and a
variety of molecular mechanisms have been implicated in

the development of resistance to apoptosis in cancer cells
(19,22,23). Over the last few decades, considerable advances
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have been made to develop novel therapeutic agents to prime
and reactivate the apoptotic machinery in cancers resistant
to conventional therapies (19). BJOE, a traditional Chinese
medicine mainly comprised of oleic acid and linoleic acid,
has been reported to exert a broad spectrum of antitumor
activities by interfering with pathways involved in apoptosis,
cell-cycle control, and angiogenesis (24,25). Intriguingly,
the clinical use of BJOE in combination with conventional
chemotherapy has improved the efficacy without increasing
complications in some cancers, suggesting a synergistic

effect of BJOE with some chemotherapeutic agents (11-15).

But no clinical application in cervical cancer has previously
been reported, largely due to limited evidence of BJOE

effectiveness in cervical carcinogenesis. Our results provide

compelling evidence that BJOE is capable of inhibiting
cervical tumor growth iz vitro and in vive. The mechanism

underlying the tumor-suppressive effects of BJOE in SiHa
cells involves, at least partly, induction of apoptosis that is
blocked by HPV16 E6 expression. The apoptotic effect of

BJOE observed in cervical cancer cells in this study has been
reported in other cancer types (25-29).

SiHa cells contain the integrated HPV16 genome,

© Translational Cancer Research. All rights reserved.

which encodes three oncogenes (ES, E6, and E7) that can
transform normal cells into cancer cells when expressed

independently. The HPV16 E6 oncoprotein has well-

described roles in cervical carcinogenesis by interfering with
cell-cycle control and apoptosis through controlling p53

degradation (30). Inactivation of p53 by E6 is transient; and

reduction of E6 expression in cervical cancer cells results
in reactivation of p53 and restoration of apoptosis (31).
Our results are supportive of this mechanism, showing that
E6 expression was reduced by BJOE treatment in a dose-
and time-dependent manner in SiHa cells. Consequently,
reactivation of p53 induced by BJOE treatment led to
suppressed cell viability and enhanced apoptosis in SiHa
cells; in addition, it inhibited tumor growth in SiHa cell
xenografts. These results suggest an antagonistic role for
BJOE in HPV-induced cervical carcinogenesis through
targeting the E6 oncogene iz vitro and in vivo.

Protein kinase activities are critical for eukaryotic cells
in response to a variety of extracellular stress conditions,
including viral infection. ERK1/2 and NF-«B are critical
signaling transduction molecules that are involved in
cellular response to stress conditions and have been
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Figure 6 Effects of BJOE on p-ERK and p53 protein expression in the xenograft nude mouse model. Immunohistochemical staining images

of (A) p-ERK expression and (B) p53 expression in representative tumor tissues from nude mice bearing SiHa cells after treatment with and

without BJOE for 30 days, respectively. Scale bar: 50 pm. BOJE, Brucea javanica oil emulsion; ERK, extracellular-signal regulated kinase;

p-ERK, phospho-ERK.

implicated in affecting drug sensitivity in tumors (32-34).
Previous studies have indicated that suppression of ERK2
increases the resistance of cervical cancer cells to cisplatin
through enhancing cisplatin-induced NF-xB activation
(35,36). Brusatol, a bioactive component of BJOE, has been
found to protect against ulcerative colitis via suppressing the
NF-«B signaling pathway in a rat model (37). Inhibition of
NF-«B translocation has been associated with the apoptotic
effect of BJOE in colon cancer cells iz vitro (38). Our results

demonstrated that BJOE induced the phosphorylation of
ERK and inhibited the expression of NF-kB. These results,
along with previous findings that BJOE improves the
efficacy of chemotherapy in non-small cell lung cancer (11),

suggest that BJOE possibly increases the chemotherapy
sensitivity of cervical cancer cells via the ERK/MAPK and
NF-«B signaling pathways. Future studies are needed to

test this hypothesis.
In this study, we explored the mechanisms driving BJOE-

© Translational Cancer Research. All rights reserved.

induced apoptosis and subsequent tumor suppression.
Our results indicate that BJOE-induced apoptosis is partly
dependent on the activation of caspase-3. Caspase-3 is well
recognized as a proapoptotic molecule in drug-induced
apoptosis of tumor cells. However, increased activation of
caspase-3 has been detected in HPV16-expressing cells,
despite downregulation of p53 (39). The HPV E6 and

E7 oncoproteins have been found to activate rather than
suppress activation of caspase-3 to induce viral genome

amplification upon differentiation (40). These seemingly
paradoxical results indicate that caspase-3 activity is

dependent upon the cell type and stimuli and suggest the
involvement of p53-independent apoptotic pathways in E6-

induced apoptosis. In the present study, using Western blot
and IHC analyses, we identified a few targets for BJOE-
induced apoptosis in SiHa cells (Figure 3), supporting
the potential broad-spectrum antitumor effects of BJOE.
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However, it is not clear whether these signaling molecules
modulated by BJOE to exhibit apoptotic effects also play
a significant role in diverse cervical cancer cell lines. More

studies are needed to evaluate the importance of these
signaling molecules in cervical carcinogenesis.

The present study has several limitations. First, only one
cervical cancer cell line, SiHa, was analyzed in vitro and
in vivo. Therefore, whether the findings are generalizable
to other cervical cancer cells are uncertain. Second,

no systematic analysis was performed to evaluate the
pharmacokinetic profile of BJOE. The optimal dose for

safety and efficacy remains to be determined. Lastly, the

present study only assessed several key signaling molecules
related to apoptosis. More studies are needed to explore

possible activities and mechanisms behind the antitumor
effects of BJOE.

In conclusion, our results indicate that the tumor-
suppressive effects of BJOE in HPV16-expressing SiHa

cells are mediated through inhibition of E6 expression and
induction of apoptosis, which occurs through the regulation

of various signaling pathways. Our iz vitro and in vivo

results provide a compelling rationale for further research
into the clinical use of BJOE alone or as an adjuvant to
chemotherapeutic agents for cervical cancer treatment.

Preclinical validation of BJOE use in various cervical cancer
models as well as molecular biology research for better
understanding of the underlying mechanisms would be an
invaluable sequel to this study.
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