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Anticancer Effects of Baicalein in Pancreatic Neuroendocrine
Tumors In Vitro and In Vivo
Ye Tian, MD,*† Liang Zhen, MS,‡ Jian’an Bai, MS,† Yumei Mei, MS,‡ Zheng Li, MS,‡
Aihua Lin, MS,§ and Xueliang Li, MD*
Objectives: Baicalein is a Chinese traditional medicine that inhibits
tumor migration and growth. Pancreatic neuroendocrine tumors (pNETs)
have a high incidence in China, but there are still no effective treat-
ments. The aim of our study was to investigate whether baicalein could
inhibit pNETs.
Methods: In vitro, we used BON1—a cell line of pNETs—to analyze the
apoptosis and migration and invasion after baicalein treatment via flow cy-
tometry and Western blot. In vivo, we used a xenograft tumors model to
evaluate the size of tumors after baicalein treatment. Western blot was used
to analyze the expression of apoptosis and migration-related protein.
Results: In vitro, the Cell Counting Kit 8 assay showed that baicalein
decreased BON1 viability, and flow cytometry demonstrated that baicalein
induced BON1 apoptosis and protein changes. In addition, baicalein
inhibited BON1 migration and invasion as shown via a Transwell assay.
In vivo, baicalein inhibited tumor growth and migration and also in-
creased apoptosis-related protein expression.
Conclusions: Baicalein could increase caspase-3 and Bax expression
and decrease survivin and Bcl-2 to induce apoptosis. It inhibits migration
and invasion by decreasing expression of vascular endothelial growth fac-
tor and matrix metalloproteinases 2 and 9.
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P ancreatic neuroendocrine tumors (pNETs) are a group of rare
neoplasms originating from the endocrine pancreas with in-

creased incidence and high risk. In the United States, there are
1000 cases reported per year.1 In a retrospective review of patients
with pNETs in China and the United States, insulinomas are the
most common tumors in Chinese patients relative to American pa-
tients. Nonfunctional tumors are significantly larger in Chinese
patients than in US patients and are mostly located in the head/
neck.2 However, pNETs still have long survival times and a much
better prognosis than exocrine adenocarcinomas of the
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pancreas.1,3 CgA is a marker of pNET, and it is increased in the se-
rum of pNETs patients4 and associated with tumor differentiation,
disease progression, and treatment efficiency.5 Surgical resection
and streptozocin-based chemotherapy are the most effective strate-
gies for pNETs. However, these conventional therapeutic
methods are also quite toxic with many adverse effects.

Survivin is a unique member of the inhibitor of apoptosis
protein family that plays a critical role in regulating apoptosis
and cell division.6 Its high expression has been shown in many tu-
mors, with low levels in most normal tissues.7,8 Survivin blocks
apoptosis by inhibiting the effector caspases9; therefore, survivin
activity is strongly activated in tumor cells. Moreover, high levels
of survivin are associated with cancer progress, drug resistance,
and patientsurvival.10 Survivin is overexpressed in pNETs, and
it can be used as a prognosis marker.11 Thus, survivin is an attrac-
tive molecular target for cancer gene therapy.

Baicalein (5,6,7-trihydroxy-2-phenyl-4H-1-benzopyran-4-
one,C15H10O5) is a traditional Chinese herbal medicine that is ex-
tracted from the roots of Scutellaria baicalensis. Baicalein has
been reported to have potent antitumor, anti-inflammation, and
antioxidation properties. Growing evidence has shown its antitu-
mor activity in a variety of human cancers by inducing cancer
cell apoptosis12–14 and suppressing migration and invasion.15–18

Baicalein can also be used as chemotherapy without severe ad-
verse effects because it does not cause chromosomal alterations
or mutagenesis.19 Baicalein is also affordable and is a promising
medicine for cancer treatment. However, to the best of our knowl-
edge, there are no reports about the effects of baicalein on pNETs.
Therefore, we tested the effects of treatment with baicalein on
pNETs and investigated the underlying mechanism. Our results
demonstrated that baicalein could induce pNET cell apoptosis,
which will inhibit its migration, invasion, and tumor growth.

MATERIALS AND METHODS

Cell Culture
BON1 cells were preserved in our laboratory and grown in

Dulbecco modified Eagle medium (Hyclone, Tauranga, New
Zealand) supplemented with 10% fetal bovine serum (Gibco,
Thermo Fisher Scientific, Waltham, Mass), 100 U/mL penicil-
lin, and 100 μg/mL streptomycin (Hyclone) in a 5% CO2 hu-
midified incubator at 37°C.

Reagents
Baicalein (purity 99.8%) was purchased from the National

Institute for the Control of Pharmaceutical and Biological
Products (Beijing, China). Monoclonal antibodies to survivin,
caspase-3, vascular endothelial growth factor (VEGF), matrix
metalloproteinase 2 (MMP-2), MMP-9, Bax and Bcl-2 were
purchased from Abcam Inc (Cambridge, Mass).

Cell Viability Assay
Cell viability assay was measured with Cell Counting Kit 8

(CCK-8; Beyotime Biotechnology, Inc, Beijing, China). Briefly,
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cells were seeded in a 96-well microplate, and baicalein was
added at different concentrations. Twenty-four hours after stim-
ulation, the cell viability was measured by CCK-8 according to
the manufacturer’s instructions.

Apoptosis Assays
Apoptotic cells were determined with an annexin V–

fluorescein isothiocyanate (FITC) apoptosis detection kit (BD
Biosciences, San Jose, Calif ) according to the manufacturer’s
instructions. Briefly, cells were incubated with baicalein for 24
and 48 hours. Apoptotic cells were analyzed with flow cytometry.

Cell Migration Assay
Briefly, approximately 1 � 105 cells were seeded onto a

Matrigel-coated polycarbonate membrane insert in Transwell
chambers (Costar, Cambridge, Mass) and maintained in serum-
free media. Meanwhile, different concentrations of baicalein were
added to the treatment groups; untreated cells served as controls.
Twenty-four hours after stimulation at 37°C, migrated cells were
fixed by 4% paraformaldehyde and stained with 0.1% crystal vio-
let. Five fields of viewwere collected for each chamber at random,
and the number of cells was counted under a microscope.

Western Blot
Cells were lysed by radio immunoprecipitation assay, and

the lysate was centrifuged at 12,000g at 4°C for 20 minutes.
Protein concentration was quantified using the BCA protein assay
kit (Qiagen, Valencia, Calif ). Protein was separated via sodium do-
decyl sulfate–polyacrylamide gel electrophoresis and transferred
onto a nitrocellulose membrane. After blocking with 5% nonfat
milk at room temperature for 1 hour, the membrane was incubated
with primary antibodies diluted in blocking solution overnight at
4°C. After washing the blot in tris-buffered saline with Tween 3
times, secondary antibodies conjugated with horseradish
FIGURE 1. Baicalein inhibits survivin expression on BON1 cells. A, Cell C
BON1 cells; 50 to 150 μM baicalein reduced the cell viability. ***P < 0.0
was used to detect the toxicity of baicalein on H9 cells; 125 and 150 μM
compared with the control group. C, Western blotting of survivin levels
(***P < 0.001). Con indicates control.
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peroxidase (Abcam) were incubated for 2 hours at room tempera-
ture. After 3 rounds of washing in TBST, the protein bands were
detected via an enhanced chemiluminescence detection system.

Animals and Xenografts
Female nude mice were purchased from Nanjing Medical

University Animal Center. Animal care followedNanjingMedical
University guidelines, and research was approved by Nanjing
Medical University Animal Center. For tumor implantation,
1 � 106 BON1 cells were administrated into the head of the
pancreas. Baicalein treatment began 2 weeks later, and the treat-
ment group received baicalein (10 mg/kg per day) intrahepatically
for 7 weeks.20 After 9 weeks, the mice were killed, and the pri-
mary tumors were collected. Tumor volume was then calcu-
lated as length � width2/2.21

Statistical Analysis
All data are expressed as the mean ± SEM. Statistical analy-

sis was performed with GraphPad Prism Vision 5.0 (GraphPad
Software, La Jolla, Calif ). The significance of differences be-
tween experimental groups and controls were assessed using
Student’s t-test and 1-way analysis of variance. P < 0.05 indi-
cates a statistically significant difference.
RESULTS

Baicalein Inhibited BON1 Viability and
Down-regulated Expression of Survivin in
BON1 Cells

To determine the effect of baicalein on BON1 cells, cells
were incubated with various concentrations (50–150 μM) of
baicalein for 24 hours, and cell viability was measured by
CCK-8. Figure 1A shows that cell viability was inhibited by
ounting Kit 8 assay was used to detect the toxicity of baicalein in
01 compared with the control group. B, Cell Counting Kit 8 assay
baicalein reduced the cell viability (%). **P < 0.01, ***P < 0.001

12, 24, and 48 hours after baicalein treatment on BON1.
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baicalein in a concentration-dependent manner. To exclude the
cytotoxicity of high-dose baicalein, we used H9 human T lym-
phocytes as controls. The H9 cell viability was measured with
CCK-8 via the same treatment as BON1. Low concentrations
of baicalein did not affect the viability of H9, but high concen-
trations (125–150 μM) of baicalein inhibited the viability of H9
cells (Fig. 1B). At 100 μM, the viability of BON1 was clearly
inhibited, but there was no effect on H9 cells. To understand
whether baicalein could depress the expression of survivin on
BON1, we stimulated BON1 with 100 μM baicalein for 12, 24,
and 48 hours. Next, a Western blot was used to analyze the
survivin expression, and the results confirmed that the
expression of survivin was depressed in a time-dependent manner
(Fig. 1C). Quantitative analysis showed that the level of survivin
was decreased significantly 12 hours after stimulation; the
survivin was almost completely inhibited 24 and 48 hours after
stimulation (Fig. 1C).

Baicalein Promoted BON1 Cell Apoptosis
To determine the effect of baicalein-induced apoptosis in

BON1 cells, BON1 cells were stimulated by 100 μM baicalein
FIGURE 2. Baicalein promotes BON1 apoptosis. A, BON1was stimulated
annexin V–FITC and propidium iodide then analyzed by flow cytometry
Western blot, and the results are also presented. *P < 0.05, **P < 0.01, *
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for 3, 6, 12, 24, and 48 hours. These were then stained with
annexin V–FITC/propidium iodide and determined by flow cy-
tometry (Fig. 2A). The analysis was repeated twice, and the
result showed that the apoptotic rates were gradually increased
with time (Fig. 2A). Next, to confirm the proapoptotic role of
baicalein in pNETs, we analyzed the expression of caspase-3
after baicalein stimulation. The Western blot result demonstrated
that caspase-3 levels increased with stimulation time (Fig. 2B).

Baicalein Inhibited BON1 Cell Invasion
ATranswell assay was used to evaluate the invasion ability

of BON1 cells after baicalein treatment. Our results showed
that invasion ability of BON1 was inhibited by baicalein in a
time-dependent manner. Twenty-four hours after treatment
by baicalein, invasion of 50% BON1 was inhibited; 48 hours
after treatment, most cell invasion was inhibited (Fig. 3A). To
further understand the mechanism of baicalein inhibition on
BON1 cells, a Western blot was used to examine the variation
of protein expression. The levels of Bcl-2 VEGF, MMP-2, and
MMP-9 all decreased with time after baicalein treatment. However,
with 100 μMBaicalein for different time, and cells were stained with
. B, The expression of activated caspase-3 was detected with
**P < 0.001. Con indicates control.
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FIGURE3. Baicalein inhibited BON1migration and invasion. A,Migration activity of BON1 treatedwith 100 μMbaicalein for 24 and 48 hours
was measured by Transwell assay. Cell migration number is presented. B, The protein levels of Bax, Bcl-2, VEGF, MMP-2, and MMP-9 were
analyzed by Western blot, and quantification assay of Western blot results is also presented. *P < 0.05, **P < 0.01, ***P < 0.001.
Con indicates control.
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the level of Bax was increased after baicalein treatment (Fig. 3B).
These results indicated that baicalein inhibited BON1 invasion
by down-regulating the expression of VEGF, MMP-2, and MMP-
9, which confirmed that baicalein induced BON1 apoptosis via
Bcl-2 and Bax pathways.

The Anti-pNET Effect of Baicalein In Vivo
To determine whether baicalein could inhibit pNET in vivo,

mice treated with baicalein at10 mg/kg per day for 7 weeks
had decreased tumor growth (Fig. 4A). The tumor volume of
the control group (mean ± SEM) was 173.7 ± 5.426 mm3, and that
of the baicalein-treated group was 24.83 ± 3.005mm3. The tumor
volumes of baicalein treatment decreased significantly
(P < 0.001). Western blot analysis demonstrated that Bcl-2
was inhibited, and Bax increased. The expression of survivin was
obviously down-regulated (P < 0.05) relative to the untreated
group. This indicated that baicalein promoted pNET apoptosis in
vivo. We also used Western blotting to analyze protein expression
of MMP-2 and MMP-9 in mice following baicalein treatment.
© 2017 The Author(s). Published Wolters Kluwer Health, Inc.
Our results showed that baicalein decreased MMP-2 and MMP-9.
In summary, these data suggest that baicalein is a potential
tool to induce pNET apoptosis and inhibit migration and
invasion (Fig. 4C).

DISCUSSION
Recently, baicalein was shown to be a bioactive flavonoid

from Scutellaria radix that can induce tumor cell apoptosis and in-
hibit its migration.22–24 Various studies demonstrated that 15 to
50 μM baicalein could promote pancreatic cancer cell apoptosis
via down-regulation of the antiapoptotic protein Mcl-1, and
60 to 80 μM baicalein could inhibit cell growth by attenuating
CDC2 kinase activity.12,14 Baicalein was shown to retard tumor
cell migration by inhibiting MMP-2 and MMP-9 activity.16,25

However, no studies have yet investigated the effects of
baicalein on pNETs. In our study, we explored the mechanisms
of baicalein in inhibiting pNETs. To the best of our knowledge,
this is the first study on the function and mechanism of action
of baicalein in pNETs.
www.pancreasjournal.com 1079
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FIGURE 4. Baicalein abolished tumorigenesis of pNETs in mice. A, BON1 xenograft tumors from the treatment experiment. Mice were killed
7 weeks after baicalein treatment. B, The tumor volumes were calculated according to the following formula: volume = length� width2/2. C,
The protein obtained from primary tumors in mice with or without baicalein treatment. The levels of Bax, Bcl-2, VEGF, survivin, MMP-2, and
MMP-9 were analyzed byWestern blot, and quantification assay of Western blot results is also presented. *P < 0.05, **P < 0.01, ***P < 0.001.
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We used flow cytometry and Western blot to demonstrate
that baicalein potently induced BON1 cell apoptosis as a model
of pNET. The Transwell assay proved that baicalein decreased
BON1 migration and invasion. To further confirm the antitumor
effects of baicalein, we used an animal xenograft model, which
also showed that baicalein could inhibit tumor growth in vivo. In
summary, baicalein is a potential medicine for pNETs.

Matrix metalloproteinases are unregulated in some ma-
lignant tumors and play critical roles in tumor cell metastasis
and invasion.26,27 Matrix metalloproteinases 2 and 9 have im-
portant roles in pNET metastasis.28,29 Consistent with these
findings, our results also showed that the antimetastatic prop-
erties of baicalein were due to lower MMP-2 and MMP-9
expression levels.

The activation of caspase-3 plays a significant role in cell ap-
optosis including tumor cells. However, most tumor cells can
block apoptosis, and thus understanding the mechanisms of apo-
ptosis is critical for the prevention and treatment of various types
of cancers. Generally, apoptosis is mediated via an extrinsic path-
way (death receptor–mediated pathway) and an intrinsic pathway
(mitochondrial-mediated pathway). Bcl-2 is encoded by the Bcl-2
gene and exerts antiapoptosis effects. Bax—the Bcl-2-associated
X protein—belongs to the Bcl-2 gene family and promotes
1080 www.pancreasjournal.com
apoptosis.30 In our study, baicalein down-regulated the expres-
sion of Bcl-2 and up-regulated the Bax expression. This led to
the cleavage of caspase-3 and caused BON1 cell apoptosis.
Other research has shown that baicalein could not affect the ex-
pression of Bax and Bcl-2 in A549 cells in lung cancer strains.
However, baicalein could increase the expression of tBID and
release cytochrome c into cytosol. This led to apoptosis via a
mitochondrial pathway in A549 cells.31

Survivin connects with caspase activation and cell apopto-
sis through a variety of stimuli.32 Survivin inhibition increases
caspase-dependent apoptosis and shows significant antitumor
activity in multiple tumor cells in vivo and in vitro.33 In our study,
baicalein significantly inhibited the expression of survivin and de-
creased the expression of survivin-activated caspase-3.
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