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Skullcapflavone I inhibits proliferation of human colorectal cancer cells via

down-regulation of miR-107 expression
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Colorectal cancer (CRC) is a common malignant tumor with high global increase and mortality. While Skullcapflavone I
has been reported to exert anti-tumor effect in several cancers, its role in CRC has not previously been investigated. Recent
studies have also demonstrated that microRNA-107 (miR-107) and tropomyosin alpha-1 (TPM1) are important regula-
tors of cancer cell proliferation, but it remains unclear if these are involved in regulating the effect of Skullcapflavone I on
CRC cells. This study therefore assessed the effects of Skullcapflavone I on CRC cell proliferation and investigated miR-107
and TPM1 regulatory effects on this process. The results showed that Skullcapflavone I significantly suppressed cell prolif-
eration and viability and down-regulated PCNA and Cyclin D1protein levels. It also down-regulated miR-107 expression
which then promoted TPM1 expression, but miR-107 over-expression abolished Skullcapflavone I anti-proliferative effects.
Furthermore, Skullcapflavone I inhibited the activations of MEK/ERK and NF-«B signal pathway activation by regulating
TPMI in HCT116 cells. These results demonstrated that Skullcapflavone I increased the expression of TPM1 by down-
regulating miR-107 and inhibiting the MEK/ERK and NF-«B signal pathways. It then inhibited HCT116 cell proliferation,
and therefore Skullcapflavone I may provide new methodology in colorectal cancer treatment.
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Colorectal cancer (CRC) is a common malignant tumor
of the gastrointestinal tract which develops in the colon
or rectum [1, 2]. The disease most often occurs in males,
especially in those between 40 and 70 years of age [3]. The
pathogenic mechanisms of CRC remain obscure, but may
be due to genetic and environmental factors such as obesity,
smoking, alcohol, red and processed meat, insulin resistance
and inflammatory bowel diseases [4, 5]. The clinical manifes-
tations include hematochezia, diarrhea, abdominal pain,
anemia and weight loss [6]. While the current treatment
is surgery, radiation therapy, chemotherapy and targeted
therapy [7], 5-year survival remains unsatisfactory. There-
fore, it is necessary to find more effective treatment for CRC.

Scutellaria baicalensis Georgi (S. baicalensis) is a tradi-
tional herbal medicine which has been widely used for
clinical treatment of respiratory tract infection, acute dysen-
tery, viral hepatitis and allergic and gynecological diseases
[8, 9]. Recent, studies have also demonstrated that flavones
constitute its active components [10], and that it has anti-
oxidant, anti-viral, anti-bacterial, anti-inflammatory and
anti-tumor properties [9, 11].

Skullcapflavone I's flavone attributes are anti-inflamma-
tory and anti-tumor ability. Although Chandrasekaran et al.
[12] found that Skullcapflavone I exhibited anti-inflamma-
tory effects by modulating different inflammatory media-
tors in J774A.1, HL-60 and RBL-2H3 cells [12] and Park
et al. [13] reported that Skullcapflavone I induced T-HSC/
Cl-6 cell apoptosis via activation of caspase-3 and caspase-9.
However, Skullcapflavone I's functional effects in CRC have
not been fully investigated.

The important miR-107 presence has been reported in
diseases. This includes Alzheimer’s and neuro-degenerative
diseases and cancers [14-16], and its tumor-promoting or
tumor-suppressing effect has been confirmed in many recent
studies [17, 18]. While miR-107 performs important roles in
regulating multiple biological processes in CRC has not been
investigated.

Tropomyosin alpha-1 chain (TPM1) is a tumor suppressor
in various cancers [19, 20], but its effect in CRC also remains
undetermined. Therefore, we investigated Skullcapflavone I's
influence in CRC and HCT116 cell regulation by miR-107
and TPM1. We then analyzed signal pathways of mitogen-
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activated protein kinase (MAPK) kinase (MEK)/extracel-
lular signal-regulated kinase (ERK) and nuclear factor kappa
B (NF-kB) for potential mechanisms; and our results are
expected to provide the basis for Skullcapflavone I clinical
treatment in CRC.

Materials and methods

Cell culture and treatment. Human colon carcinoma cell
line HCT116 was obtained from the American Type Culture
Collection (ATCC, Manassas, VA, USA). The cells were
cultured in Roswell Park Memorial Institute (RPMI)-1640
medium (Sigma, St Louis, MO, USA) supplemented with 10%
fetal bovine serum (FBS) at 37 °C in a humidified atmosphere
containing 5% CO,. Skullcapflavone I was purchased from
Sigma-Aldrich (Sigma, USA). Prior to use, Skullcapflavone I
was dissolved in DMSO and different concentrations of
Skullcapflavone I (5, 10, 15 and 20 pg/ml) were used to treat
HCT116 cells in following experiments. The cells were equally
treated with the same quantity of solvent DMSO as the control
and time was 24 h, except for the cells featured in Figure 1A.

Trypan blue staining assay. HCT116 cells (1x10° cells/
well) were seeded in 96-well plates and treated with 5, 10, 15
and 20 pg/ml of Skullcapflavone I at 37°C and 5% CO,. They
were then stained with 0.4% trypan blue (Invitrogen, CA,
USA) and cell were counted by Countess Automated Cell
Counter (Invitrogen) after 6, 12, 24, 36, 48 and 72 h.

CCK-8 assay. CCK-8 (Dojindo Molecular Technologies,
Gaithersburg, MD) assay examined cell viability. Briefly,
HCT116 cells (5x10° cells/well) were seeded in 96-well plates
and treated with different concentrations of Skullcapflavone I
(5, 10, 15 and 20 pg/ml) for 24 h, 10 ul CCK-8 solution was
then added to the culture medium to continue incubating for
1h at 37°C in humidified 95% air and 5% CO,. The optical
density (OD) was measured at 450 nm by Microplate Reader
(Bio-Rad, CA, USA).

Cell transfection. MiR-107 mimic and mimic control
were synthesized by GenePharma Co. (Shanghai, China). The
TPM1 expression vector was constructed by sub-cloning the
full-length TPM1 sequence into pEX-2 plasmids (GenePh-
arma). TPMI1 targeted small interfering (siRNA) was also
synthesized by Genepharma. For transfection, HCT116 cells
were cultured in 6-well plate for 24 h at 37°C and trans-
fected with miR-107 mimic, pEX-TPM1 or si-TPM1 expres-
sion vectors. All cell transfections were implemented by
lipofectamine 3000 reagent (Life Technologies Corporation,
Carlsbad, CA, USA) according to manufacturer instructions.

Real-time quantitative PCR (RT-qPCR). Total RNA
was extracted from HCT116 cells using Trizol reagent (Life
Technologies Corporation, Carlsbad, CA, USA) according to
manufacturer instructions. Sample 50ng RNA was reverse
transfected to complementary DNA (cDNA) by Transcriptor
First Strand cDNA Synthesis Kit (Roche, USA), and
RT-qPCR was performed with Tagman MicroRNA Reverse
Transcription Kit and Tagman Universal Master Mix II with

the TagMan MicroRNA Assay. Data was normalized to U6
(Applied Biosystems, Foster City, CA, USA) and measured
by 2-44¢T [21].

Western blot. Total protein from HCTI116 cells was
extracted by radio immune precipitation (RIPA) lysis
buffer (Beyotime Biotechnology, Shanghai, China) supple-
mented with protease inhibitors (Roche, Basle, Switzer-
land). The concentrations of these proteins were measured
by BCA™ Protein Assay Kit (Pierce, Appleton, WI, USA).
Bio-Rad Bis-Tris Gel system then performed Western blot
assay according to manufacturer instructions. Proteins
(20 ug) were added to the 10% sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred onto a polyvinylidene fluoride (PVDEF)
membrane. Subsequently, primary antibodies of prolifer-
ating cell nuclear antigens were prepared in 5% blocking
buffer and incubated with the membrane at 4 °C overnight.
These were: PCNA, ab152112, dilution of 1:500), Cyclin
D1 (ab61758, dilution of 1:500), TPM1 (ab7785, dilution
of 1:100), phosphorylated (p)-MEK (ab78123, dilution of
1:2000), MEK (ab131517, dilution of 1:500), phosphor-
ylated (p)-ERK (ab214362, dilution of 1:100), ERK
(ab196883, dilution of 1:500), phosphorylated (p)-IxBa
(ab92700, dilution of 1: 500), IkBa (ab32518, dilution of
1:1000) and B-actin (ab8227, dilution of 1:1000), (all from
Abcam, Cambridge, UK) After washing, the membranes
were incubated with horseradish peroxidase (HRP)-conju-
gated goat anti-rabbit IgG (ab205718) at 1:2,000 at room
temperature for 1h. Blots were finally examined by ECL
system (Amersham Pharmacia, Piscataway, NJ, USA) and
quantitative band analysis was accomplished by Image Lab™
Software (Bio-Rad, Shanghai, China).

Statistical analysis. Graphpad statistical software
completed statistical analysis, with data expressed as mean
+ standard deviation (SD). One-way analysis of variance
(ANOVA) was performed to analyze p-values, and p-value
less than 0.05 was statistically significant. All experiments
were repeated three times.

Results

Skullcapflavone I inhibited HCT116 cell proliferation.
To explore the effect of Skullcapflavone I on cell prolifera-
tion of HCT116 cells, the proliferation rate was detected by
trypan blue staining assay after treatment with different
concentrations of Skullcapflavone I (5, 10, 15, and 20 pg/ml).
Figure 1A highlighted that Skullcapflavone I decreased the
living cell numbers at 36, 48 and 72 h in a dose-dependent
manner. The significant difference appeared at 72 h treat-
ment (p<0.05 or p<0.01). The results in Figure 1B revealed
that cell viability was statistically suppressed by Skullcap-
flavone I at 15 and 20 pug/ml compared to controls (p<0.05).
20 ug/ml of Skullcapflavone I then treated HCT116 cells in
following experiments. Western blot results showed that the
protein levels of PCNA and Cyclin D1 were notably reduced
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Figure 1. Skullcapflavone I inhibited cell proliferation of HCT116 cells. A) The proliferation rate was significantly reduced by Skullcapflavone I in a
dose-dependent manner at 72 h treatment time. B) Cell viability was suppressed by Skullcapflavone I; C) The protein levels of PCNA and Cyclin D1
were reduced by Skullcapflavone I. Data is presented as the mean + SD of three independent experiments; * p<0.05; ** p<0.01; *** p<0.001.

by Skullcapflavone I (p<0.001, Figure 1C); thus indicating
that Skullcapflavone I inhibited HCT116 cell proliferation.
Skullcapflavone I down-regulated miR-107 expres-
sion. The expression level of miR-107 in HCT116 cells was
detected by RT-qPCR after treatment with 20 pg/ml Skull-
capflavone I. Figure 2 showed that Skullcapflavone I signifi-
cantly reduced the expression level of miR-107 compared
to controls (p<0.01); thereby confirming Skullcapflavone I
reduced miR-107 expression in HCT116 cells.
Skullcapflavone I suppressed cell proliferation by down-
regulating miR-107. We established that Skullcapflavone I
suppressed miR-107 expression, and therefore consider
that miR-107 is involved in regulating HCT116 cell prolif-
eration. To prove this, miR-107 mimic and mimic control
were transfected into HCT116 cells to regulate miR-107
expression. Figure 3A showed that miR-107 expression was
prominently increased in miR-107 mimic-transfected cells
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Figure 2. Skullcapflavone I down-regulated the expression of miR-107.
HCT116 cells were treated with 20 ug/ml of Skullcapflavone I for 24 h.
RT-qPCR assay revealed that the expression level of miR-107 was signifi-
cantly decreased by Skullcapflavone in HCT116 cells. Data is presented as
the mean * SD of three independent experiments; ** p<0.01.
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Figure 3. Skullcapflavone I suppressed cell proliferation by down-regulating miR-107. HCT116 cells were transfected with miR-107 mimic and mimic
control. A) The expression level of miR-107 was significantly up-regulated by miR-107 mimic; B) cell viability was promoted by Skullcapflavone I +
miR-107 mimic compared with Skullcapflavone I + mimic control. Data is presented as the mean * SD of three independent experiments; ** p<0.01;

% p<0.001.

A

TPV — -
B-catin  HE— e —
\ » ¢
o“\‘o 00&‘0 l o
¢ ‘«{\ ‘?}\Q
(0\ (‘\\

TPM1
B-catin  MEG_G —
si-NC si-TPM1
150+
*%
;\? *
= 1004
=y T
8
Z 504 T
3
0 -
o AR\ W
o o® 4 R\1
[ N X9 A
o qO“G\ SN
*\)\\ (\a 40‘\
) \\c,o? Qx\ﬁ
o g

B TPMA s i S
B-actin — — —
\ N £\
0 )
o™ K\@,d‘e o 1&‘“\\
N Q
\>\\°$Q “\-\‘(\\ 6(\ AN
o * x
3
‘\,asl ‘\a“o“
e*"\\o v&\\&
C 4
2
z, .
[0} -
_E 3 - *
-
2 4
(7]
@ T
2 14
-
o
[]
© 0
3 0'3\ X R
00‘\ ,‘\@lo ¢ 00“ 6‘ (‘\\
N N
RN S
o \ ‘\e\"
o
\\0'69\’6 \GaQ\\@l
W \\
o

Figure 4. Skullcapflavone I promoted TPM1 by down-regulation of miR-107. HCT116 cells were transfected with miR-107 mimic and mimic control.
A) The protein level of TPM1 was notably down-regulated in miR-107 mimic-transfected cells; B and C) the protein level of TPM1 was significantly re-
duced by Skullcapflavone I + miR-107 mimic compared to Skullcapflavone I + mimic control. HCT116 cells were transfected with si-TPM1 and si-NC,
and D) TPM1 silencing decreased the protein level of TPM1 in HCT116 cells; E) cell viability was increased by Skullcapflavone I + si-TPM1 compared
to Skullcapflavone I + si-NC. Data is presented as the mean + SD of three independent experiments; * p<0.05, ** p<0.01.
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compared to the mimic control group (p<0.001); thus exhib-
iting a well transfection efficiency and that miR-107 mimic
use was appropriate for following experiments. HCT116
cell viability was then examined by CCK-8. While this was
obviously decreased by Skullcapflavone I (p<0.001), viability
was increased by miR-107 over-expression (p<0.05). When
co-treated with Skullcapflavone I and miR-107 mimic, cell
viability was significantly enhanced compared to the Skull-
capflavone I + mimic control group (p<0.01, Figure 3B). This
confirms that Skullcapflavone I inhibits HCT116 cell prolif-
eration by down-regulating miR-107.

Skullcapflavone I promotes TPM1 by down-regulating
miR-107. TPM1 has been reported a tumor suppressor in
several diseases through regulating cell proliferation [22, 23].
However, the effect of TPM1 on CRC has not been investi-
gated, so we examined the relationship between Skullcapfla-
vone I, miR-107 and TPM1 in HCT116 cells. The miR-107
mimic and mimic controls were transfected in HCT116 cells,
and the TPM1 protein level examined. Figure 4A revealed
miR-107 over-expression notably down-regulated TPM1
protein level compared to mimic controls. After treatment
with 20 pug/ml Skullcapflavone I for 24h, TPM1 protein
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level was measured by Western blot; and Figures 4B and C
highlighted that Skullcapflavone I + miR-107 mimic notably
reduced TPM1 protein level compared to Skullcapflavone I +
the mimic control group; thus establishing that Skullcapfla-
vone I could promote TPM1 by down-regulating miR-107 in
HCT116 cells.

To further explore the effect of TPM1 on cell prolifera-
tion of HCT116 cells, the expression vectors of si-TPM1
and si-NC were transfected into HCT116 cells. Western blot
showed that TPM1 protein level was obviously reduced in
si-TPMI-transfected cells (Figure 4D). CCK-8 assay then
identified that TPM1 silencing significantly increased cell
viability in Skullcapflavone I-treated HCT116 cells (p<0.05,
Figure 4E), suggesting that TPM1 silencing reversed the
inhibitory effect of Skullcapflavone I on cell viability.

Skullcapflavone I blocked MEK/ERK and NF-xB
signal pathways by regulating TPM1. The MEK/ERK and
NF-«B signaling pathways are important mediators of cell
proliferation [24], so Western blot assessed their effect on
HCT116 cells transfected with pEX-TPM1 and its controls.
Figure 5 showed that TPM1 over-expression remarkably
decreased the protein levels of phosphorylated MEK, ERK

Il Control I pEX WM pEX-TPM1
1.5
2
z’ **k%* *%*
£ T |
E 10|l - i—l L
©
[
(=]
'F»
o 0.5
T
®
I
12
p-MEK MEK p-ERK ERK
Il Control PEX Bl pEX-TPM1
1.5
=
(2] *k%*
c
2 p
£ 1.0- T |
©
c
(=]
)
o 0.51 I
2
©
©
= 1 B
0.0' T T
IkBa p-lkBa

Figure 5. TPM1 blocked MEK/ERK and NF-¢B signal pathways. HCT116 cells were transfected with pEX-TPM1 and its control. A) The protein levels of
MEK/ERK signal pathways factors were suppressed by over-expression of TPM1; B) the protein levels of NF-kB signal pathway factors were suppressed
by over-expression of TPM1. Data is presented as the mean + SD of three independent experiments; ** p<0.01; *** p<0.001.
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Figure 6 Skullcapflavone I inhibited the activations of MEK/ERK and NF-
kB signal pathways by regulation of TPM1. HCT116 cells were transfect-
ed with si-TPM1 and si-NC, and then treated with Skullcapflavone I (20
ug/ml) for 24 h. A) The protein levels of MEK/ERK signal pathway factors
were suppressed by Skullcapflavone I, and TPM1 silencing reversed the
effect of Skullcapflavone I on MEK/ERK signal pathways; B) the protein
levels of NF-kB signal pathway factors were inhibited by Skullcapflavone
I, and TPM1 silencing reversed the effect of Skullcapflavone I on NF-xB
signal pathway. 1-control, 2- Skullcapflavone I. 3- Skullcapflavone I + si-
NC, 4- Skullcapflavone I + si-TPM1.

and IxBa (p<0.01 or p<0.001), but had no effect on the
normal substances. Figure 6 further highlighted that Skull-
capflavone I significantly down-regulated the protein levels
of phosphorylated MEK, ERK and IxBa, and that TPM1
silencing reversed the blocking effect of Skullcapflavone I
on these signal pathways. This indicated that Skullcapfla-
vone I blocked the MEK/ERK and NF-«B signal pathways by
modulating TPM1 in HCT116 cells.

Discussion

Herein, we established that Skullcapflavone I suppressed
cell proliferation and down-regulated PNCA and Cyclin
D1 protein levels. Skullcapflavone I also inhibited miR-107
expression, promoted TPM1 expression by down-regulating
miR-107 and then blocked the MEK/ERK and NF-«B signal
pathways by regulating TPM1 in HCT116 cells.

Traditional herbs are used as adjunct therapy in the treat-
ment of cancer, including CRC [25]. It has been suggested
that Spica Prunellae (EESP) induces CRC cell apoptosis and
suppresses cell proliferation and tumor angiogenesis [26].

Liang et al. then reported that Sophoridine (SRI) extracted
from Saphora alopecuroides L seeds exerted anti-CRC effects
by inhibiting cell viability and increasing apoptosis in SW480
cells [27]. In addition, although Skullcapflavone I and II are
bioactive components of S. baicalensis and are reported to
inhibit cell proliferation in prostate cancer and hepatocel-
lular carcinoma cells [28, 29], Skullcapflavone I influence on
CRC cells proliferation remains unclarified.

Herein, we determined that Skullcapflavone I suppresses
cell viability and the expression of cell-cycle associated
factors, thus exerting an anti-proliferative effect on CRC cells.

Abundant studies have indicated that miR-107 is involved
in the development of various cancers [30, 31], and also that it
has an important role in cell proliferation [32]. For example,
Liu et al. recorded that miR-107 promoted colon cancer cell
proliferation by targeting prostate apoptosis responde-4
(PAR4) [33]. Feng et al. then found that miR-107 reduced
cyclin-dependent kinase 6 (CDK6) expression, suppressed
cell proliferation and induced cell cycle G1 arrest in gastric
cancer cells [34]. Herein, Skullcapflavone I down-regulated
miR-107 expression and miR-107 over-expression abolished
this anti-proliferation of Skullcapflavone I on HCT116 cells.

Further, TPM1 is a member of the highly conserved tropo-
myosin (Tm) family which is widely distributed in actin-
binding proteins for striated and smooth muscle contrac-
tion [35]. Recent study also demonstrated that TPM1 was a
tumor suppressor inhibiting breast cancer cell growth in vitro
[36], and Zhu et al. identified TPM1 as a potential target of
miR-21 and recorded that TPM1 over-expression suppressed
MCEF-7 breast cancer cells anchorage-independent growth
[37]. Finally, although Jiang et al. demonstrated that miR-107
promoted osteosarcoma cell proliferation by regulating TPM 1
[24], this process had not been investigated in CRC cells.

We therefore assessed the regulatory relationship of Skull-
capflavone I, miR-107 and TPM1 in HCT116 cells and estab-
lished that Skullcapflavone I increased TPM1 protein level
by down-regulating miR-107. This confirmed that Skullcap-
flavone I inhibited cell proliferation by TPM1 and miR-107
regulation.

MEK/ERK and NF-«B are key mediators in the occurrence
and development of various cancers [38, 39]. For example,
Chow et al. reported that Raf265 suppressed CRC tumor
growth by inactivating the MEK/ERK pathway [40]. Raina
et al. then determined that silibinin suppressed CRC growth
and progression by interfering with NF-xB activation [41].
We obtained similar results demonstrating that Skullcapfla-
vone I blocked the MEK/ERK and NF-kB signal pathways by
regulating TPM1 and thereby affecting CRC cell proliferation.

In conclusion, our combined results demonstrated that
Skullcapflavone I inhibited cell proliferation by regulating
miR-107 and TPM1 in HCT116 cells. These findings may
well supply the theoretical foundation for CRC research and
contribute to establishing a new method for CRC treatment.
Finally, further studies into Skullcapflavone I effects should
prove advantageous.
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