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Colorectal cancer occurs throughout the world but is most
common in developed countries. Cancer progression is
believed to be driven by genetic mutations in this complex
condition. Risk factors for developing colorectal cancer
include a genetic family history, long-term ulcerative colitis,
and colonic polyps. The use of baicalin has been reported to
be clinically efficacious against colon tumors in Asian
countries despite an unclear mechanism of action. Several
cancers have been found to be biologically dependent on
the specificity protein 1 (sp1) transcription factor family. We
hypothesized that baicalin may exert its chemotherapeutic
effects by sp1 downregulation. Using the SW480 human
colorectal cancer cell line, we investigated the physiological
properties of baicalin. Our experiments were designed
toward clarifying three goals: (a) to determine the mRNA
expression profile of transcription factors in colorectal
cancer patients using a microarray-based analysis; (b) to
determine the effects of baicalin on the sp1 transcription
factor with western blotting and reporter cell assays; and
(c) to contrast the effects of mithramycin-A (an sp1
transcription factor inhibitor) and baicalin using western

blotting and reporter cell assays. Both baicalin and
mithramycin-A downregulated sp1 expression, attenuated
SW480 cell proliferation, and increased cell apoptosis.
Baicalin inhibited sp1 expression and led to SW480
apoptosis, thus clarifying the effect of this traditional
Chinese medicine compound in the treatment of colon
cancer. Anti-Cancer Drugs 30:153–158 Copyright © 2018
The Author(s). Published by Wolters Kluwer Health, Inc.

Anti-Cancer Drugs 2019, 30:153–158

Keywords: baicalin, cell apoptosis, colorectal cancer, specificity protein 1,
SW480 cells

aGMU-GIBH Joint School of Life Sciences, Guangzhou Medical University,
bDepartment of medicine, LiWan District Hospital of Chinese Medicine and
cDepartment of Pharmacy, The Second Affiliated Hospital of Guangzhou Medical
University, Guangzhou, People’s Republic of China

Correspondence to Wei Du, MSc, Department of Pharmacy, The Second
Affiliated Hospital of Guangzhou Medical University, Guangzhou 511436,
People’s Republic of China
Tel: + 86 020 3710 3235; fax: + 86 020 3710 3099;
e-mail: neptunemichael@163.com

Received 2 August 2018 Revised form accepted 7 October 2018

Introduction
Colorectal cancer causes the death of about 700 000

patients each year, and is thus the fourth-most deadly

cancer worldwide, with the incidence being the highest in

developed countries. Countries such as China, currently in

the midst of rapid economic development, are likely to wit-

ness a spike in the number of colorectal cancer diagnoses in

the near future [1]. Traditional and complementary medicine

may offer an alternative therapeutic approach for this deadly

condition.

Traditional Chinese medicine (TCM) has its roots deep in

philosophy, which are reflected in its treatment principles,

making it uniquely suited for the management of complex

conditions. TCM uses a diverse range of medicinal plants for

clinical treatment and has been subjected to rigorous scien-

tific scrutiny. These medicines form an untapped pool of

potential chemotherapeutic agents for a variety of conditions

[2]. Well-documented ethno-pharmacological information in

addition to robust knowledge on these herbs may serve as

guideposts for modern pharmacological research.

Specificity protein 1 (sp1) is a transcription factor expressed

throughout the body that drives the activation of oncogenes

necessary for tumor progression, metastasis, and survival [3,4].

A myriad of cancers, including colorectal cancer, have been

found to have high levels of sp1, a finding that is also asso-

ciated with worse clinical outcomes [5]. Therefore, it can be

hypothesized that sp1 can be targeted for new treatment

options with respect to colorectal cancer [6]. In addition, bai-

calin is a keyTCM ingredient that has been used for centuries

in China for its anti-tumor and anti-inflammatory properties.

This study examines the in-vitro effects of baicalin on a

human colorectal cancer cell line (SW480 cells), with a

special focus on the sp1 transcription factor. The following

results provide scientific evidence to support the develop-

ment of baicalin as a chemoprophylactic and chemother-

apeutic agent in managing colorectal cancer.

Materials and methods
Baicalin and mithramycin-A were procured from Sigma-

Aldrich (St Louis, Missouri, USA). The annexin V-FITC

and CCK-8 kits for detecting apoptosis were obtained from

Beyotime (Shanghai, China), the RNAiso Plus reagent kit and

the PrimeScript RT reagent kit (Perfect Real Time) were

obtained from TAKARA, BIO (Kusatsu, Japan), whereas anti-

sp1, anti-C-PARP, anti-C-caspase-3, and tubulin antibodies
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were obtained from Cell Signaling Technology (Danvers,

Massachusetts, USA).

Gene expression profiling and network analysis of

colorectal cancer patients

The gene expression profiles of patients with colorectal

cancer were identified from the PubMed GEO datasets

using the keywords ‘colorectal cancer’ and ‘gene expression

profiling’. Four datasets were finally selected among the

Pubmed GEO datasets (GSE4107, GSE24514, GSE32323,

GSE73883). Subsequent GEO2R analysis was carried out

to enable inter-dataset comparisons. Gene expression dif-

ferences were expressed as fold-change ratios that were

calculated from values obtained from both the colorectal

cancer and healthy control groups. Gene symbols (IDs) and

fold-change values were entered into the FunRich software

[7] to identify pathways related to canonical signal trans-

duction. Gene promoter sequences were searched for

transcription profiles using the Binding Motif Search. The

FunRich analytic software was also used to carry out a

transcription factor binding site analysis.

Cell cultures

SW480 cells were obtained from Guangzhou Medical

University, which in turn sourced the cell line from the

American Type Culture Collection (Manassas, Virginia,

USA). SW480 cells were maintained under standard

conditions (37°C in 5% atmospheric CO2) and cultured in

DMEM medium (Gibco, Grand Island, New York, USA)

containing 10% fetal bovine serum (Gibco). Cell passage

was performed every 2–3 days.

Cell proliferation measurement by the CCK-8 assay

Cells were quantified before inclusion in a suspension

containing 5×104 cells/ml. Then, 100 μl of cell suspension
was stored in a 96-well culture plate at a concentration of

5× 103 cells per well. The plate was then placed in an

incubator with 5% CO2 for 24 h at 37°C. In the meantime,

baicalin solutions were diluted with complete medium to

concentrations of 50, 100, 200, and 400 μg/ml. Then, 100 μl
of these baicalin concentrations were added to their allo-

cated wells. An equal amount of dimethyl sulfoxide was

used for the control group. The 96-well cell culture plate

was then placed back in the 5% CO2 incubator at 37°C for

Fig. 1

sp1 as a determinant transcription factor of colorectal cancer during the analysis of four datasets. (a) GSE4107 gene expression according to; (b)
GSE24514 gene expression according to; (c) GSE32323 gene expression according to; (b) GSE73883 gene expression according to. P<0.001.
sp1, specificity protein 1.
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an additional 48 h. Cell staining was performed by first

adding 10 μl of CCK-8 to each well, before allowing the

cells to grow for 3 h. The cells were then mixed gently for

10min with a shaker. To calculate the rate of cell inhibition,

each well was read with a microplate reader at an absor-

bance wavelength of 450 nm. Experiments to determine

cell proliferation were conducted using similar methods.

Annexin V-FITC/PI double-staining method to detect cell

apoptosis

To determine the rate of cell apoptosis, cells were harvested

during the logarithmic phase, and then dissociated and

inoculated into a six-well plate. The cells were then left to

incubate overnight. The respective baicalin concentrations

were added to the wells the following day, with the addition

of either 50 μg/ml of mithramycin-A or a control solution.

The cells were then allowed to incubate further for 48 h

before being rinsed twice with PBS and centrifuged for

5min at 2000 rpm. Collected cells were standardized at a

concentration of 5×105 cells per sample. Specifically, 500 μl
of binding buffer, 10 μl of propidium iodide, and 5 μl of
annexin V-FITC were mixed into the cells and blended

evenly. The resultant cell mixture was then allowed to stand

in a dark room for 10–20min. The rate of cell apoptosis was

quantified with flow cytometry.

Western blot analysis

For the preparation of western blot analysis, 3× 104 cells

were plated into six-well plates and left to stand for 24 h

to allow the cells to adhere to the well membranes. Cells

were then immersed in different baicalin concentrations

before adding 50 μg/ml of mithramycin-A or a control

solution. The plates were then left to incubate for 48 h.

A pyrolysis buffer was added to the protein samples to

dilute them to a standardized concentration.

SDS-PAGE electrophoresis was carried out with the

protein samples mixed with an equal amount of sample

loading buffer first mixed in a test tube and cooled on ice

after heating for 5 min at 95–100°C. The protein samples

were electrophoresed for 30 min at 80 V in a spacer gel

and for 80 min at 60 V in the separation gel. The sepa-

rated proteins were then transferred onto a poly-

vinylidene fluoride membrane, which was then exposed

to a solution containing 5% skim milk powder for 1 h at

room temperature. Next, primary antibodies (1 : 1000)

were added to the membranes at a concentration of

0.1 ml/cm2, before they were incubated overnight on a

shaker at 4°C. The next day, the proteins were washed

with tris-buffered saline and tween 20 and subjected to

four 10 min long filtrations. Secondary antibodies with

horseradish peroxidase were then added to the mem-

branes, which were shaken and incubated for 1 h at

room temperature. The membranes were subjected to

four final TBST washings, each 10min long. Finally,

electro-chemi-luminescence solution was added to the

membranes in a dark room and the exposure time was

adjusted to achieve high-quality images.

Fig. 2

Baicalin inhibits SW480 cells growth and decreases the expression of sp1 in SW480 human colon cancer cells. Cells were treated with DMSO or
50–400 µg/ml baicalin for 24 and 48 h. (a) The photograph of inhibition effects of baicalin on the growth of SW480 cells. (b) Inhibition rate of baicalin,
cell proliferation was measured using the CCK-8 kit, as described in ‘Materials and methods’ section. (c) Baicalin decreased the protein expression of
sp1 in SW480 human colon cancer cells. Each bar represents the mean ±SD of three independent experiments. P<0.05 for comparison with the
control cells without baicalin treatment. (d) qPCR analysis of sp1 mRNA expression in different SW480 cells groups. Data are presented as the
mean ±SD. ***P<0.001 for indicated comparison. sp1, specificity protein 1.
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RNA extraction and qRT-PCR analysis

Total RNA was isolated from SW480 cells using the RNAiso

Plus reagent kit (Takara). Total RNA (500 ng) was used for

reverse transcription using a PrimeScript RT reagent kit

(Takara). The resulting complementary DNA was analyzed

by qPCR performed with SYBR reagent using the

LightCycler 480 PCR system (Roche, Rotkreuz, Switzerland).

GAPDH expression was used for normalization. The sequen-

ces of used primers were as follows: sp1 (forward: 5′-tggcagcag
taccaatggc-3′, reverse: 5′-ccaggtagtcctgtcagaactt-3′), GAPDH

(forward: 5′-ctgggctacactgagcacc-3′, reverse: 5′-aagtggtcgttgagg
gcaatg-3′).

Statistical analysis

SPSS software (IBM, Armonk, USA) was used to carry

out all statistical analyses. Results are presented as

mean ±SD and were calculated using the two-tailed t-test
method.

Results
Specificity protein 1 is a central mediator of colorectal cancer

The top ten transcription factors were selected from each

of the four gene expression datasets derived from the

FunRich analysis (Fig. 1).

sp1 was found to be a central mediator of colorectal

cancer.

Baicalin inhibits growth and downregulates specificity

protein 1 in SW480 cells

In this study, different concentrations (50–400 µg/ml) of

baicalin inhibited the growth of SW480 cells over 48 h

(Fig. 2a and b). Both western blot analysis and qPCR data

showed that baicalin could attenuate sp1 expression in a

dose-dependent manner in contrast to the control group

(Fig. 2c and d).

Baicalin induces apoptosis in SW480 cells

The apoptotic effect of baicalin (100 and 400 µg/ml) was

investigated in SW480 cells by flow cytometry analysis

(Fig. 3a and b). Caspase-3 cleavage and poly ADP-ribose

polymerase cleavage are markers of apoptosis; baicalin

could increase C-caspase-3 and C-PARP protein expres-

sions in a dose-dependent manner (Fig. 3c).

Specificity protein 1 inhibitor induces apoptosis in

SW480 cells

As an sp1 transcription factor inhibitor, mithramycin-A was

confirmed by western blot analysis (Fig. 4b). Moreover,

Fig. 3

Baicalin induces SW480 human colon cancer cell apoptosis. (a) Baicalin induces SW480 human colon cancer cell apoptosis by flow cytometry methods.
(c) The expression of apoptosis proteins PARP cleavage and caspase-3 cleavage was determined by western blot analysis of whole-cell lysates. Each bar
represents the mean±SD of three independent experiments. P<0.05 for comparison with the control cells without baicalin treatment.
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treatment of SW480 cells with 50 µg/ml mithramycin-A for

48 h also induced apoptosis by flow cytometry analysis

(Fig. 4c and d).

These data confirm that the baicalin-mediated apoptotic

effect of SW480 cells was accompanied by down-

regulation of the sp1 transcription factor.

Discussion
The existing literature suggests that sp1 is responsible for
the induction of several genes implicated in a variety of

cell proliferation and survival mechanisms [8]. Past sp1
siRNA experiments have shown that suppression of sp1
could induce apoptosis and attenuate the growth of colon

cancer stem cells [9].

Thus, sp1 appears to be a central mediator that deter-

mines the progression of colorectal cancer [10]. Patients

with this malignancy were observed to have abnormally

elevated sp1 protein levels [11]. This is reflected in the

current study [12], where we showed that colon cancer

tissues had markedly higher sp1 levels in contrast to

healthy tissues. In addition, our findings highlight that

sp1 transcription factor targeting may serve to guide the

synthesis of novel approaches in treating colon cancer.

Interestingly, baicalin is a Chinese herbal medicine used

commonly for its anti-inflammatory and anticancer properties.

Our study showed that baicalin could induce apoptosis and

downregulate sp1 expression in SW480 colon cancer cells.

Moreover, mithramycin-A, an sp1 inhibitor, was also found to

induce apoptosis and downregulate sp1 expression in SW480

cells. Apoptosis is a common phenomenon across multi-

cellular organisms and represents the process of programmed

cell death.

Apoptosis may be triggered by intrinsic mitochondrial-

mediated factors or extrinsic death receptor pathway-

facilitated factors [13]. These two mechanisms ultimately

converge, resulting in caspase-3 cleavage, the formation

of apoptotic bodies, and DNA fragmentation. The life-

cycle of a cell is determined by the balance between

proapoptotic and antiapoptotic protein expressions [14].

The protein survivin functions as an inhibitor of apop-

tosis in cells, and its aberrant overexpression is a common

feature of several malignancies, including colorectal

cancer [15]. The transcription factor sp1 can bind to GC-

rich SP sites in the survivin gene promoter region,

allowing it to regulate any remaining expression [16].

Taken together, our findings suggest that baicalin-induced

apoptosis may be achieved by inhibiting the expression of sp1
in SW480 cells. Such a mechanism supports the development

of baicalin as a chemoprophylactic and chemotherapeutic

agent in managing colorectal cancer.

Fig. 4

(a, b) sp1 inhibitor mithramycin-A inhibits SW480 cells growth and decreases the expression of sp1, (c, d) mithramycin-A induces SW480 human
colon cancer cell apoptosis. Each bar represents the mean±SD of three independent experiments. P<0.05 for comparison with the control cells
without baicalin treatment. sp1, specificity protein 1.
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