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Berberine inhibits colorectal tumor growth by suppressing
SHH secretion
Zhu-qing Shen1, Juan Wang2, Wen-fu Tan2 and Tao-min Huang1

Hedgehog plays an important role in a wide range of physiological and pathological conditions. Paracrine activation of Hedgehog
pathway in stromal cells increases the expression of VEGF, which promotes neovascularization in colorectal cancer and ultimately
the growth of colorectal cancer. Berberine (BBR) has anticancer activity. In this study we investigated whether BBR inhibited the
growth of colon cancer through suppressing the paracrine sonic hedgehog (SHH) signaling in vitro and in vivo. We showed that
BBR (1–10 μM) dose-dependently inhibited the secretion and expression of SHH protein in HT-29 and SW480 cells. BBR did not
influence the transcription of SHH, but promoted the degradation of SHH mRNA, thus decreased the SHH mRNA expression in the
colorectal cancer cells. In nude mice bearing HT-29 xenograft, oral administration of BBR (100 mg · kg−1 · d−1) or a positive control
drug GDC-0449 (100 mg · kg−1 · d−1) for 4 weeks markedly suppressed the growth of HT-29 tumor with BBR exhibiting a better
antitumor efficacy. The tumor growth inhibition caused by BBR or GDC-0449 was comparable to their respective inhibitory effect on
the mouse-specific Gli mRNA expression in the tumor. However, BBR (20 μM) did not affect the expression of human transcription
factor Gli1 mRNA in HT-29 and SW480 cells. In conclusion, BBR promotes the degradation of SHH mRNA in colorectal cancer cells,
interrupting the paracrine Hedgehog signaling pathway activity thus suppresses the colorectal cancer growth. This study reveals a
novel molecular mechanism underlying the anticancer action of BBR.
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INTRODUCTION
Hedgehog (Hh) is a type of segmented gene that was first
identified by genetic screens in Drosophila melanogaster [1].
Vertebrates have three homologous Hh genes: sonic Hh (SHH),
Indian Hh, and desert Hh [1–3]. In the absence of Hh ligand
binding, the patched (PTCH) receptor, which has 12 transmem-
brane domains, inhibits the activity of the SMO protein, which is
another receptor possessing 7 transmembrane domains, thereby
suppressing the transcription of downstream target genes [1, 4].
Upon binding by ligands, the inhibitory effect of PTCH on SMO is
relieved, subsequently eliminating the inhibitory effect of sufu
on GLI protein. This ultimately causes the translocation of the
transcription factor GLI into the nucleus to initiate the transcrip-
tion of target genes such as Gli1, Ptch1, twist1, and VEGF. Hh plays
an important role in a wide range of physiological and
pathological conditions, such as embryonic development, organ
formation, injury and repair, and tumor cell proliferation, survival,
angiogenesis, and metastasis [5].
It has been confirmed that Hh activity in colorectal cancer is

mainly promoted in a paracrine ligand-dependent manner [6–8].
Colorectal cancer cells show aberrant expression of Hh signaling
ligands. Hh ligands secreted by colorectal cancer cells activate
the Hh transcription factor Gli in stromal cells of colorectal
cancer tissues. The elevated Hh activity in stromal cells increases

the expression of VEGF, which further promotes neovasculariza-
tion in colorectal cancer and ultimately fuels the growth of
colorectal cancer.
Berberine (BBR), an isoquinoline alkaloid, is an active compo-

nent of numerous medicinal plants [9] and it comprises up to
2.58%–5.74% of the content of various tissues of Coptischinensis
Franch [10]. Accumulating evidence has shown that it also has
antitumor effects [9, 11]. Wang et al. reported that BBR could
potentially suppress the Hh pathway and Hh-dependent medullo-
blastoma growth by targeting the critical component Smo of the
Hh signaling pathway [12]. This study aimed to investigate
whether BBR can inhibit colon cancer growth by inhibiting
paracrine Hh signaling pathway activity.

MATERIALS AND METHODS
Reagents and antibodies
BBR (purity > 98%, B107341) was purchased from Aladdin; GDC-
0449 and Robotnikinin were purchased from Selleck, USA.
BAY11–8072 was purchased from Beyotime (Suzhou, China). The
ELISA kit was purchased from Abnova, Taipei (China); the dual-
luciferase reporter assay kit was purchased from Promega, USA.
The 8 × 3 Gli-binding luciferase reporter was a gift from Dr Hiroshi
Sasaki; the pRL-Renilla luciferase plasmid was purchased from
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Promega, USA, and the Lipo2000 liposome transfection kit was
purchased from Life Tech, USA. The SHH antibody was purchased
from Santa Cruz, USA, and the GAPDH antibody was purchased
from Bioworld.

Cell lines and cell culture
The HT-29, SW480, and NIH3T3-Light2 cell lines were purchased
from ATCC (American Type Culture Collection). All these cells were
routinely cultured according to the manufacturer’s instructions.

Quantitative reverse transcription–polymerase chain reaction
analysis
Total RNA was extracted from cells or xenografted HT-29 tumors
using TRIzol reagent (Takara; Dalian, China) following the
manufacturer’s protocol. The primers used in this experiment
were synthesized by Beijing Dingguo Co., Ltd. The sequences are
as follows:
hGUSB: Forward: 5′-TGGTTGGAGAGCTCATTTGGA-3′,
Reverse: 5′-GCACTCTCGTCGGTGACTGTT-3′,
hSHH: Forward: 5′-CAAGCAGTTTATCCCCAATGTG-3′,
Reverse: 5′-TCACCCGCAGTTTCACTC-3′,
hGLI1: Forward: 5′-ATCCTTACCTCCCAACCTCTGT-3′,
Reverse: 5′-AACTTCTGGCTCTTCCTGTAGC-3′,
mGusb: Forward: 5′-CTGCCACGGCGATGGA-3′,
Reverse: 5′-ACTGCATAATAATGGGCACTGTTG-3′,
mGli1: Forward: 5′-GCAGTGGGTAACATGAGTGTCT-3′,
Reverse: 5′-AGGCACTAGAGTTGAGGAATTGT-3′.

Western blotting analysis
HT-29 and SW480 cells were harvested for Western blotting
analysis of the expression of SHH according to the standard
procedure. The blotting of GAPDH was used as a loading control.

Dual-luciferase assays
Cells transfected with the respective luciferase plasmids and
Renilla-TK construct were seeded into 48-well plates. After various
treatments were performed as indicated, the luciferase activities
were detected using a dual-luciferase assay kit according to the
manufacturer’s instructions (Promega) with a luminometer (Mole-
cular Devices; Sunnyvale, CA). The firefly luciferase values were
normalized to the Renilla luciferase values.

ELISA assay
Conditioned medium from HT-29 and SW480 cells was collected
after the indicated treatment and stored at −80 °C until the assay
was performed. According to the manufacturer’s instructions, SHH
levels in the supernatants of the two colorectal cancer cell lines

were detected with an SHH (N-terminal) (human) sandwich ELISA
kit (Abnova, Taipei, China).

HT-29 xenograft model
Healthy BALB/c nude mice were purchased from Beijing
Huafukang Biotechnology Co., Ltd (Beijing HFK Bio-Technology;
Beijing, China). HT-29 cells were harvested and allografted
subcutaneously into the right and left flanks of athymic nude
mice. The well-developed tumors were harvested, cut into 10-
mm3 fragments and inoculated subcutaneously into the right
flank of athymic nude mice using a trocar. When the tumor
volume reached 200 mm3, the mice were randomly divided into
control and treatment groups (n= 8). The control group was
given equivalent amounts of vehicle containing 0.5% CMC-Na,
and the treatment groups were given BBR (100 mg · kg−1 · d−1, ig)
or GDC-0449 (100 mg · kg−1 · d−1, ig) for 4 weeks. The volume of
the tumors was measured every 3 days using a microcaliper. The
tumor volume (V) was calculated by using the following formula:
V= [length (mm) × width2 (mm2)]/2. The individual relative tumor
volume (RTV) was calculated as follows: RTV= Vt/V0, where Vt=
the volume measured each day and V0= the volume at the
beginning of the treatment. All animal experimental protocols in
this study were preapproved by the Animal Care and Use
Committee of Fudan University and performed according to
institutional policies.

Statistical analysis
All data were expressed as the mean ± SD and analyzed by the
statistical analysis software SAS 9.2. The data were statistically
analyzed by one-way analysis of variance (ANOVA), and multiple
comparisons between the groups were performed using Dun-
nett’s method. P < 0.05 was considered statistically significant.

RESULTS
BBR inhibits SHH secretion from both HT-29 cells and SW480 cells
HT-29 cells and SW480 cells have been well documented to
exhibit aberrant expression of SHH, which can activate Hh
signaling pathway activity in stromal cells in colorectal cancer
tissues in a paracrine manner [13, 14]. We then used these two
colorectal cancer cell lines to determine whether BBR may
influence the secretion of SHH. ELISA analysis showed that BBR
treatment could significantly inhibit the secretion of SHH into the
conditioned medium of HT-29 cells and SW480 cells in a dose-
dependent manner (Fig. 1a, b). Furthermore, conditioned medium
collected from HT-29 cells treated with BBR exhibited a decreased
ability to provoke Hh activity in NIH3T3-Light2 cells (Fig. 1c), as

Fig. 1 BBR inhibits SHH secretion from both HT-29 cells and SW480 cells. ELISA analysis of SHH protein production in HT-29 cells (a) or
SW480 cells (b). Cells were treated with various concentrations of BBR for 48 h. c Gli-luciferase activity analysis in NIH3T3-Light2 cells after
treatment for 36 h with various supernatants that were collected from HT-29 cells after treatment with the compounds for 48 h. The data are
expressed as the mean ± SD, n= 3. ###P < 0.001 vs. HT-29 supernatant; *P < 0.05, **P < 0.01, ***P < 0.001 vs. con.
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revealed by a dual-luciferase reporter assay. However, conditioned
medium collected from HT-29 cells treated with GDC-0449, an
antagonist of SMO, and Robotnikinin, an inhibitor of SHH protein
signaling transduction, was unable to influence Gli-induced
luciferase activity, which served as a negative control. These
observations indicated that BBR may reduce the secretion of SHH
ligands from colorectal cancer cells and consequently inhibit
paracrine Hh activity.

BBR suppresses the expression of SHH in colorectal cancer cells
Having determined that BBR may decrease the secretion of SHH
from colorectal cancer cells, we continued to investigate its
mechanisms. Western blotting analysis showed that BBR signifi-
cantly inhibited the expression of SHH protein in a dose-dependent
manner (Fig. 2a, b, e, f) and a time-dependent manner (Fig. 2c, d, g,
h). Furthermore, we also observed that BBR obviously decreased the
expression of SHH mRNA in a dose-dependent (Fig. 2i, j) and time-
dependent manner (Fig. 2k, l). The results suggest that BBR
decreases SHH secretion by downregulating SHH expression.

BBR is unable to influence SHH transcription in colon cancer cells
To determine whether BBR downregulates SHH mRNA expression by
acting at the transcriptional level, we used a SHH promoter-driven
firefly luciferase vector to detect the effect of BBR on the
transcription of SHH. Dual-luciferase analysis revealed that
BBR had no effect on SHH-luciferase activity, while BAY11-7082, a
small molecule that can block SHH transcription [15], obviously

Fig. 2 BBR suppresses the expression of SHH in colorectal cancer cells. Western blotting analysis of SHH protein in HT-29 cells (a, c) or
SW480 cells (b, d) after treatment with various concentrations of BBR (a, b) or various times (c, d) as indicated. e–h Quantitative analyses of
a–d. i–l RT-qPCR analysis of SHH mRNA expression as indicated. The data are expressed as the mean ± SD, n= 3. #P < 0.05, ##P < 0.01, ###P <
0.001 vs. BBR (0 µM); *P < 0.05, **P < 0.01, ***P < 0.001 vs. con.

Fig. 3 BBR was unable to influence SHH transcription in colon
cancer cells. Dual-luciferase analysis of SHH promoter activity in
SW480 cells after treatment with or without BBR (10 µM) or BAY11-
7082 (20 µM) for various times. The data are expressed as the
mean ± SD, n= 3. **P < 0.01; ***P < 0.001 vs. con; #P < 0.05, ###P <
0.001 vs. SHH.
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decreased SHH promoter-driven luciferase activity (Fig. 3), indicating
that BBR may decrease SHH mRNA expression by acting at the
posttranscriptional level.

BBR reduces the stability of SHH mRNA
To further explore the mechanism of the inhibition of SHH mRNA
expression by BBR, we tested the effect of BBR on the stability of
SHH mRNA in HT-29 colon cancer cells by indirectly analyzing the
mRNA half-life following transcription inhibition with actinomycin
D (ACD). We found that treatment with BBR obviously decreased
the SHH mRNA half-life (Fig. 4), suggesting that BBR decreases
SHH mRNA expression in colorectal cancer cells by promoting the
degradation of mRNA.

BBR inhibits the growth of HT-29 tumors in vivo through the Hh
paracrine pathway
Having demonstrated that BBR may decrease the stability of SHH
mRNA and consequently the secretion of SHH from colorectal
cancer cells, we sought to determine whether these observations
may somehow reflect the inhibition of tumor growth in vivo. We
engrafted HT-29 tumors into nude mice. BBR administered by
daily gavage for 4 weeks exhibited better efficacy in inhibiting
the growth of HT-29 cells in vivo than GDC-0449 (Fig. 5a).

The tumor growth inhibition elicited by administration of BBR
or GDC-0449 was comparable to their respective inhibitory
effects on mouse-specific Gli mRNA expression (Fig. 5b). How-
ever, we observed that BBR failed to influence the expression of
human Gli1 mRNA in HT-29 (Fig. 5c) and SW480 cells (Fig. 5d).
GANT-61 [16–18], an antagonist of Gli, served as a positive
control. Hence, these data demonstrated that BBR may inhibit
the growth of HT-29 cells by decreasing paracrine Hh activity in
HT-29 cancer cells.

DISCUSSION
Secretion of SHH in some cancer cells facilitates the activity of the
Hh signaling pathway in stromal cells, which ultimately promotes
the proliferation of tumors [19]. BBR is a traditional Chinese herbal
medicine that has been used to treat diarrhea and enteritis for
many years [11, 20, 21]. Recent studies have shown its inhibitory
effects in various tumors [22–25]. Previous reports about its
antitumor mechanisms showed that they were associated with
senescence [26], sterol regulation [27], or the Wnt signaling
pathway [28]. However, the mechanism of the effects of BBR on de
novo SHH in colorectal cancer cells is still far from clear.
In this study, we showed that BBR decreased the secretion of

SHH from two colorectal cancer cell lines, HT-29 and SW480.
Mechanistically, we further found that BBR inhibited the protein
and mRNA expression of SHH in HT-29 and SW480 cells in a dose-
dependent and time-dependent manner. However, BBR did not
influence the transcription of SHH, as SHH promoter activity was
not inhibited by this compound. Moreover, we discovered that BBR
suppressed SHH secretion through a posttranscriptional regulation
mechanism, as it reduced the stability of SHH mRNA. Interestingly,
Kong et al. verified that BBR could lower cholesterol levels through
a posttranscriptional mechanism that stabilized mRNA [29], which
suggests the versatile characteristics of BBR. Zhu et al. demon-
strated that BBR inhibits colon cancer cell proliferation via the
SCAP/SREB-1 pathway [27] at high concentrations. However, BBR
had minimal effect on colon cell growth in our study. The
contradictory results may be attributed to the different carcinoma
cell lines that were used or the differences in the concentrations
used by the two independent studies. In this context, we could not
rule out the possibility that BBR indirectly inhibited SHH, which
remains to be investigated in further studies.
In conclusion, these results strongly support our hypothesis that

BBR may inhibit colon tumor growth by inhibiting the paracrine
Hh pathway in vivo and therefore shed light on the novel
therapeutic mechanism of BBR for HT-29 tumor intervention.

Fig. 4 BBR reduces the stability of SHH mRNA. RT-qPCR analysis of
the mRNA expression of SHH in HT-29 cells after treatment with ACD
(10 µM) with or without BBR (20 µM) for the indicated times. The
data are expressed as the mean ± SD, n= 3. *P < 0.05; **P < 0.01;
***P < 0.001 vs. ACD.

Fig. 5 BBR inhibits the growth of HT-29 cells in vivo by inhibiting the Hh paracrine pathway. a Assessing the growth of HT-29 tumors
in nude mice administered the vehicle control (0.5% CMC-Na), GDC-0449 (100 mg · kg−1 · d−1) or BBR (100 mg · kg−1 · d−1) by daily gavage for
4 weeks. The RTV for the indicated days is shown as the mean ± SD for each group of mice (n= 8). b RT-qPCR analysis of mouse Gli1 mRNA
expression in tumors presented in a. RT-qPCR analysis of human Gli1 mRNA expression in HT-29 (c) or SW480 (d) cells after treatment with
compounds for 48 h. The data are expressed as the mean ± SD, n= 3. #P < 0.05 vs. GDC-0449; *P < 0.05, **P < 0.05, ***P < 0.001 vs. vehicle
control; &P < 0.05, &&&P < 0.001 vs. con.
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