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A major challenge for cancer chemotherapy is the develop-
ment of safe and clinically effective chemotherapeutic agents.
With its low toxicity profile, sophocarpine (SC), a naturally
occurring tetracyclic quinolizidine alkaloid derived from
Sophora alopecuroides L, has shown promising therapeutic
properties, including anti-inflammatory, anti-nociceptive,
and antivirus activities. However, the antitumor efficacy of
SC and its underlying mechanisms have not been completely
delineated. In the present study, the inhibitory effect of SC
on head and neck squamous cell carcinoma (HNSCC) pro-
gression and possible mechanisms for this effect involving
microRNA-21 (miR-21) regulation were investigated. By cell
viability, Transwell, and wound healing assays, we show that
SC effectively inhibited proliferation, invasion, and migration
of HNSCC cells. Moreover, SC exerted its growth-inhibitory
effect via the downregulation of miR-21 expression by
blocking Dicer-mediated miR-21 maturation. Furthermore,
SC treatment led to the increased expression of PTEN and
p38MAPK phosphorylation as well as the reversal of epithe-
lial-mesenchymal transition (EMT), which was rescued by
ectopic expression of miR-21 in cells. Notably, SC dramati-
cally repressed tumor growth without observable tissue cyto-
toxicity in a mouse xenograft model of HNSCC. Our findings
offer a preclinical proof of concept for SC as a leading natural
agent for HNSCC cancer therapy.
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INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) is the sixth most
fatal malignancy worldwide, with approximately 650,000 new cases
and 350,000 HNSCC-related deaths occurring globally each year.1

Although great medical advances for HNSCC treatment have been
achieved in the past three decades, the overall survival rate of pa-
tients has not improved significantly due to second primary tumor
recurrence.2 Thus, understanding of the molecular events underly-
ing HNSCC progression may disclose novel therapeutic targets in
HNSCC.
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In recent years, natural agents with potential anti-tumor properties
have received greater attention in cancer prevention and treatment.
A number of natural agents originating from various sources, such
as microorganisms, fungi, and plants, have been used in the clinic
or in clinical trials.3 Classic examples of anti-cancer agents include
citarabine, the first drug from a marine source, and paclitaxel, which
is derived from a Chinese pacific yew plant. Other agents origi-
nating from microbial sources include doxorubicin, actinomycin
D, bleomycin, and mitomycin C.4 These drugs are characterized
by a variety of mechanisms comprising interference with tumor
angiogenesis, invasion, and metastasis, targeting cancer stem cells,
modulating epigenetic modifications, and mediating microRNA
expression.5

Sophocarpine (SC), a tetracyclic quinolizidine alkaloid, is one of the
most abundant active ingredients in Sophora alopecuroides L. Previ-
ous studies have shown that SC possesses a number of pharmacolog-
ical effects, including immuno-regulatory, anti-inflammatory, and
anti-nociceptive activities.6 Moreover, SC was found to alleviate hepa-
tocyte steatosis by activating the AMPK signaling pathway and to
preserve myocardial function from ischemia reperfusion via nuclear
factor kB (NF-kB) inactivation.7,8 However, the anti-tumor activities
of SC on HNSCC and its underlying mechanisms are less understood.

MicroRNAs (miRNAs) are small noncoding RNAs that regulate
gene expression through imperfect paring with their target mRNAs
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and thereby result in mRNA cleavage or translation inhibition. The
approximately 22-nt mature miRNAs were generated from the
transcription of primary miRNA (pri-miRNA) and then processing
of precursor miRNA (pre-miRNA) by the cleavage of the Drosha
and Dicer enzyme.9 miRNAs play crucial roles in a variety of
biological processes, from cell proliferation, differentiation, and
apoptosis to metabolism and senescence.10 In addition, the
abnormal expression profile of miRNAs is associated with different
kinds of human cancers, indicating that miRNAs may function as
oncogenes or tumor suppressors.11 miR-21 is one of the most
significantly overexpressed miRNAs in many different types of
human cancers, including breast cancers, gastric cancers, colon
cancers, and head and neck cancers.12 It has been reported that
miR-21 can promote the proliferation, invasion, and metastasis
of cancer cells by targeting several tumor suppressor genes,
including PTEN and PDCD4.13,14 Therefore, targeting miR-21
and modulating its activity may open a promising route for cancer
therapy.

In the present study, we demonstrated that SC was capable of inhib-
iting the proliferation, migration, and invasion of HNSCC cells
through the blockage of Dicer-catalyzed miR-21 maturation and
the involvement of the p38MAPK signaling pathway. Furthermore,
SC efficiently led to the reversal of epithelial mesenchymal transition
(EMT) in cancer cells and suppressed the growth of HNSCC cancer
in vivo. Our results indicate that SC could be a potential lead com-
pound for HNSCC treatment by targeting miR-21 expression.

RESULTS
SC Inhibits HNSCC Cell Proliferation, Invasion, and Migration

The anti-tumor activities of SC were determined in UM-SCC-22B
and UM-SCC-47 cell lines. First, the cells were treated with different
concentrations of SC (Figure 1A) for 48 hr, followed by analysis of cell
viability using the CCK-8 assay. As shown in Figure 1B, SC showed a
dose-dependent inhibition of cell proliferation. The half maximal
concentration (IC50) of SC in UM-SCC-22B or UM-SCC-47 cells is
1.067 mM or 1.536 mM, respectively.

Subsequently, we detected the impact of SC on the invasion of UM-
SCC-22B and UM-SCC-47 cells by Transwell assays. The crystal vio-
let-stained cells on the bottom surface of Transwell were washed and
quantified at an optical density (OD) of 595 nm. The invasion rates of
SC-treated cells were lower than the rates of DMSO-treated cells in a
dose-dependent manner (Figure 1C). The same repression tendency
of cell migration can also be observed in the wound scratch assay
after increased concentrations of SC treatment (Figure 1D). Taken
together, these results suggested that SC exhibited promising inhibi-
tory activities on tumor cell proliferation, migration, and invasion.

SC Downregulates miR-21 Expression in HNSCC Cells

Accumulating evidence suggests that natural agents exert their anti-
tumor activities via many different mechanisms, one of which is
through modulating miRNAs expressions. So we tried to figure out
whether miRNAs could be involved in the response of tumor cells
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treated by SC. Several known oncogenic or tumor-suppressive
miRNAs,15 including miR-15a, miR-34a, miR-10a, let-7a, miR-21,
miR-99a, miR-9, miR-124a, and miR-155, were chosen to test.
Real-time PCR was performed to examine the miRNA expression
profiles in both SC-treated and untreated HNSCC cells (Figures 2A
and 2B). Interestingly, compared with untreated cells, some of the
tested miRNAs were downregulated, whereas some miRNAs were
virtually unchanged in SC-treated cells. Of note, among the nine
miRNAs screened, miR-21 exhibited a most strongly decreased
response to SC treatment in both of the cell lines. To exclude the pos-
sibility of nonspecific modulation on miR-21 by SC, we treated the
cells with another ten natural agents and found that these drugs
had no obvious effect on miR-21 expression using a real-time PCR
assay (Figure S1A). These results indicated that SC preferentially
decreased miR-21 expression in HNSCC cells.

To further determine the effect of SC on miR-21 expression level,
UM-SCC-22B and UM-SCC-47 cells were stimulated with different
concentrations of SC (1 mM, 2 mM, and 4 mM) for 24 hr, and then
real-time PCR was performed. As shown in Figure 2C, treatment
with SC decreased miR-21 expression level in a dose-dependent
manner, suggesting that SC could indeed downregulate miR-21
expression in HNSCC cells. What is more, combination treatment
with miR-21 mimics and SC rescued the inhibitory effect on tumor
cell viability (Figure 2D), invasion (Figure 2E), and migration (Fig-
ure 2F) induced by 4 mMSC alone. Taken together, these data indicate
SC could inhibit HNSCC cell proliferation, invasion, and migration
via downregulating miR-21 expression.

SC Represses miR-21 by Blocking Dicer Processing

On the basis of the inhibitory effect of SC on miR-21 expression, we
would like to evaluate whether pre-miR-21 or pri-miR-21 expression
was changed. As shown in Figure 3A, the expression level of pre-miR-
21 increased in a dose-dependent manner after SC treatment in both
of the cell lines, suggesting that SCmight repress miR-21 by hindering
the cleavage of pre-miR-21 to mature miRNA by Dicer. To further
validate the hypothesis, we monitor the perturbation of Dicer pro-
cessing pre-miR-21 to mature miR-21 in an in vitro Dicer-blocking
assay. The pre-miR-21 was incubated with Dicer in the presence of
increased concentrations of SC or absence of SC. As shown in Fig-
ure 3B, SC led to a dose-dependent reduction in miR-21 maturation,
indicating that SC might bind to pre-miR-21 and thereby prevent
Dicer processing. Moreover, SC treatment resulted in a dose-depen-
dent reduction of pri-miR-21 expression, suggesting that SC upregu-
lates pre-miR-21 by repressing pri-miR-21 expression (Figure S1B).

To verify the potential binding site of pre-miR-21 on Dicer that SC
acts on, a wild-type and two-point-mutated pre-miR-21 oligos
(Mut1 and Mut2) were synthesized (Figure 3C) and then transfected
into the cell lines for real-time PCR assay. Compared with the control
groups, the expressions of pre-miR-21 were increased in all the trans-
fected groups. However, upregulation of mature miR-21 was detected
only in the wild-type group but not in the Mut1 or Mut2 groups
compared with control (Figure 3D). These results suggest that the



Figure 1. SC Inhibited HNSCC Cell Growth In Vitro

(A) The chemical structure of SC. (B) UM-SCC-22B and UM-SCC-47 cells were treated with increased concentrations of SC for 48 hr. Cell viabilities were evaluated by the

CKK-8 assay. (C) Cells were treated with different concentrations of SC for 24 hr and fixed in 95% ethanol and stained with a 4 g/L crystal violet solution. The invaded cells

were counted in five randomly selected areas under a 100�microscope field. Scale bars, 100 mm. (D) The cells were treated as previously, and the wound healing assay was

performed tomeasure the cell migration abilities. Scale bars, 50 mm. Data are shown asmean ± SD of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001

compared with DMSO control.
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point mutations of Dicer-binding sites on pre-miR-21 hindered Dicer
cleavage of pre-miR-21 to mature miR-21.

To further investigate whether SC inhibit miR-21 expression via
specific blockage of Dicer processing, we employed Block-iT Dicer
siRNA pools kits against Dicer (si-Dicer, ThermoFisher) to knock-
down the expression of Dicer in UM-SCC-22B and UM-SCC-47 cells
(Figure 3E). Moreover, the mature miR-21 expression was decreased
in si-Dicer transfected cells (Figure 3F). However, combination SC
with si-Dicer treatment did not induce a synergetic repression of
miR-21 expression, indicating that SC downregulates miR-21 via
Dicer functional processing.

P38MAPK Is Involved in SC-Mediated Tumor Cell Progression

Inhibition

Given that PTEN is one of the miR-21-validated targets with a vital
role in HNSCC,14,16 we investigated the expression levels of PTEN
after SC treatment. As predicted, SC significantly increased PTEN
Molecular Therapy Vol. 25 No 9 September 2017 2131
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Figure 2. SC Downregulated miR-21 Expression in HNSCC Cells

(A and B) UM-SCC-22B (A) or UM-SCC-47 (B) cells were treated with SC (4 mM) or DMSO for 24 hr. Real-time PCRwas then performed to determine the relative expression of

the indicated miRNAs. (C) Cells were treated with increased concentrations of SC, and the relative miR-21 expression level was detected using real-time PCR assay. (D–F)

The cells were treated with DMSO control (Ctrl), SC (4 mM), RNA negative control (NC), miR-21 mimics (100 nM), or SC with NC or miR-21 mimics (100 nM) for 24 or 48 hr.

Then, the relative cell viabilities (D), cell invasion abilities (E), and cell migration abilities (F) were determined using the CKK-8 assay, Transwell assay, and wound healing

assays, respectively. Data are shown as mean ± SD of three independent experiments. *p < 0.05 and **p < 0.01 compared with DMSO control.
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protein expression levels in both UM-SCC-22B and UM-SCC-47
cells (Figures 4A and 4B). Moreover, SC upregulated the protein
expression of PCDC4, which is also found to be a miR-21 target (Fig-
ure S2).13 We next examined the mechanisms for SC-induced down-
regulation of miR-21 and inhibition of tumor cell progression. MAPK
kinases, including p38, JNK, and ERK, can be activated in response to
a wide variety of stimuli in cancers;17 we therefore asked whether
MAPK signal pathways are involved in the mediation of tumor pro-
gression induced by SC.

As shown in Figures 4A and 4B, SC treatment activated the phosphor-
ylation of p38MAPK but not ERK or JNK, indicating that the
p38MAPK pathway may be involved in the function of SC. To further
explore the effect of p38MAPK pathway mediating the process of cell
viability, migration, and invasion induced by SC, the p38MAPK spe-
cific inhibitor SB203850 was added in cells in combination with SC
and then cell viability (Figure 4C), invasion (Figure 4D), and migra-
tion (Figure 4E) assays were performed. The inhibition in cells with
SC treatment is partially rescued when SB203850 treatment is com-
bined with SC. Furthermore, the decreased expression level of miR-
21 induced by SC was also relieved after blocking the p38MAPK
2132 Molecular Therapy Vol. 25 No 9 September 2017
signal pathway by SB203850 (Figure 4F). Together, these data indi-
cate that SC can repress the cancer cell viability, invasion, and migra-
tion through the p38MAPK signal pathway.

SC Inhibits Epithelial Mesenchymal Transition by Regulating

miR-21 Expression

Recent studies have shown that miR-21 can promote EMT in a variety
of malignancy tumors, including cholangiocarcinoma and breast can-
cer.18–20 Therefore, we try to figure out whether SC exerts its effects on
EMT via modulating miR-21 in HNSCC. To this end, the protein and
mRNA expression of EMT markers were investigated in UM-SCC-
22B and UM-SCC-47 cells. As shown in Figures 5A–5D, SC clearly
decreased the expression of mesenchymal marker Vimentin and
increased the expression of epithelial marker E-cadherin at both pro-
tein and mRNA levels, as determined by western blot (Figures 5A and
5B) and real-time PCR assays (Figures 5C and 5D). In contrary, over-
expression of miR-21 by transfection with miR-21 mimics reversed
the protein and mRNA expression of Vimentin and E-cadherin
markers while combining with SC treatment. Consistent with these
results, similar expression changes of Vimentin and E-cadherin
were also observed in the immunofluorescence assay following



Figure 3. SC Inhibited miR-21 by Blocking Dicer Processing

(A) UM-SCC-22B or UM-SCC-47C cells were treated with increased concentrations of SC and the relative pre-miR-21 expression level was detected using real-time PCR

assay. (B) 32P-labeled pre-miR-21was incubated with recombinant Dicer enzyme in the absence or presence of increased concentrations of SC (1, 2, and 4 mM) for 90min at

37�C. Then, the samples were run in PAGE gel and exposed to a phosphor screen. (C) The secondary structure of pre-miR-21. The pink bases indicated the mature miR-21

duplex, and the red dotted box indicated the Dicer-binding site on pre-miR-21. Two point mutants of pre-miR-21 RNA oligos were synthesized and shown. The asterisk base

(a or c) indicated the mutated base. (D) Real-time PCR was performed to detect the relative expressions of pre-miR-21 and mature miR-21 in cells transfected with wild-type

(WT) and two mutant pre-miR-21 RNA (Mut1 and Mut2). (E) Western blot was performed to detect the Dicer expression after transfection with siRNA pools against Dicer (si-

Dicer) in cells. Actin was used as the loading control. (F) Real-time PCR detected the mature miR-21 expressions in cells transfected with si-Dicer alone or in combination with

SC. Data are shown as mean ± SD of three independent experiments. *p < 0.05, **p < 0.01, and ***p < 0.001 compared with control.
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treatment with SC only or with miR-21 (Figures 5E and 5F). In sum-
mary, these results suggest that SC inhibits EMT of head and neck
cancer cells by modulating miR-21.

SC Inhibits Tumor Growth in UM-SCC-22B Xenografts

The in vivo antitumor effect of SC was further investigated by the
development of the UM-SCC-22B xenograft nude mice model. The
tumor-bearing mice were intravenously injected with SC (5 mg/kg)
or PBS every other day. Tumor volume was measured every 3 days,
and tumor weights were determined at autopsy. Throughout the
tumorigenic period, the tumor growth in the SC-treated group grew
significantly slower than that in the PBS-treated group (Figure 6A;
p < 0.01). After 21 days, the tumor weights generated from the SC
group were significantly decreased compared with those generated
from the PBS-treated group (Figure 6B). Moreover, miR-21 expres-
sion level from SC-treated tumors was significantly lower than that
from control tumors, which is consistent with in vitro results (Fig-
ure 6C). No significant body weight loss (Figure 6D) or alanine
aminotransferase (ALT) (Figure 6E) and aspartate aminotransferase
(AST) (Figure 6F) changes were observed in the treated group during
the overall survival time, suggesting no discernible organ toxicities
were caused by SC treatment.

In addition, we employed another UM-SCC-22B xenograft mouse
model, which was previously developed by our group with cell
line engineering with a luciferase reporter containing three repeats
of miR-21 target sites at the 30 UTR of the reporter.21 The in vivo
effect of SC on miR-21 expression was monitored over time in a
noninvasive manner using bioluminescence imaging. 48 hr after
intravenous administration with SC, the luminescence signal was
significantly increased, suggesting SC greatly inhibited miR-21
expression in vivo (Figures 6G and 6H). Furthermore, immunohis-
tochemistry (IHC) staining showed that the expressions of Ki-67
and Vimentin decreased, whereas E-cadherin expression levels
were simultaneously increased in the SC-treated group compared
with the DMSO-treated control group (Figure 6I). Taken together,
our results indicate miR-21 contributed an important role in the
anti-tumor effects of SC. The mechanism of SC on the inhibition
Molecular Therapy Vol. 25 No 9 September 2017 2133
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Figure 4. P38MAPK Signaling Is Involved in SC-Mediated Tumor Cell Inhibition

UM-SCC-22B (A) or UM-SCC-47 (B) cells were treated with SC (4 mM) or DMSO for 48 hr. Western blot assay was performed to detect the expressions of the indicated

proteins or phosphated proteins. Actin was used as the loading control. (C–F) The cells were treated with DMSO, SC (4 mM), SB203850 inhibitor (10 mM), or SCwith DMSO or

inhibitor (10 mM) together. Then, the relative cell viabilities (C), cell invasion abilities (D), cell migration abilities (E), and miR-21 expression level (F) were determined using the

CKK-8 assay, Transwell assay, wound healing assay, and real-time PCR assay, respectively. Data are shown as mean ± SD of three independent experiments. *p < 0.05,

**p < 0.01, and ***p < 0.001 compared with control.
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of HNSCC tumor growth by targeting miR-21 is illustrated in
Figure 7.

DISCUSSION
In the present study, we demonstrate that SC could efficiently inhibit
HNSCC cell proliferation, invasion, and migration in a dose-depen-
dent manner. Moreover, we showed that SC downregulated miR-21
expression by specifically blocking Dicer processing pre-miR-21 to
mature miR-21, which is involved in the activation of phosphorylated
p38MAPK. By targeting miR-21, SC then upregulates PTEN, one of
the miR-21 target genes, and results in the repression of EMT as
well as cell growth in HNSCC cells (Figure 7). This implies SC could
be a potential miR-21 small-molecule inhibitor and could be used for
HNSCC cancer therapy.

Natural products from a variety of natural sources, including micro-
organisms, animals, and plants, have become the foundation of the
2134 Molecular Therapy Vol. 25 No 9 September 2017
treatment of human diseases since ancient times.22 To date, it is re-
ported that more than 600 natural products exhibit pharmaceutical
activity and many of them possess anti-tumor activity.3 Natural
compounds could be used clinically alone or in combination with
standard antitumor agents or other natural products. Etoposide,
paclitaxel, and vincristine are drugs originating from plant sources.
Doxorubicin, mitomycin C, and actinomycin D are classic examples
of microbia-derived compounds. Other agents from marine sources,
such as Trabectedin (ET-743, Yondelis) and Ara-C (cytarabine, Cyto-
sar-U), have been entered clinical trials for treating liposarcoma or
different forms of lymphoma and leukemia.23 SC is a natural com-
pound originating from the foxtail-like sophoraherb. Recent studies
have shown that SC exhibited anti-inflammatory activity on acetic-
acid-induced vascular permeability, xylene-induced mouse ear
edema, and carrageenan-induced rat paw edema in mice.6 Another
study has found that SC could attenuate non-alcoholic steatohepatitis
via inhibition of inflammatory cytokines in rats.24 Zhang25 also found



Figure 5. SC Suppressed EMT by Modulating miR-21 Expression

UM-SCC-22B (A) or UM-SCC-47 (B) cells were treated with SC (4 mM) alone or in combination with miR-21 mimics (100 nM) for 48 hr. Western blot assay was performed to

determine the protein expression of vimentin or E-cadherin. Actin was used as the loading control. (C and D) Real-time PCR assay was performed to determine the mRNA

expression level of vimentin or E-cadherin in both cells. (E and F) Confocal microscopy was used to visualize the vimentin and E-cadherin expression in UM-SCC-22B cells after

the same treatment as in (A) and (B). All scale bars, 200 mm. Data are shown as mean ± SD of three independent experiments. *p < 0.05 and **p < 0.01 compared with control.
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that SC exerted its anti-cachectic effects probably via the inhibition of
production of tumor necrosis factor alpha (TNF-a) and interleukin-6
(IL-6) in murine macrophages. However, few studies have been car-
ried out to explore the anti-tumor activities and the mechanisms of
SC. In this study, we found that SC could efficiently repress HNSCC
cell proliferation, invasion, and migration in a dose-dependent
manner (Figures 2D–2F). Moreover, SC could remarkably inhibit
tumor growth in UM-SCC-22B xenografts (Figures 6A and 6B),
providing a promising direction for the anti-tumor effect of SC in
HNSCC.

It is of great promise to employ natural products for cancer therapy,
not merely because of their toxicity compared with conventional che-
motherapeutics, but also because they can target multiple signaling
pathways.26 It is advantageous because tumor transformation and
progression is a multi-stage process that is involved in more than
one signaling pathway. This can explain why most typical mono-mo-
dality therapy fails in cancer therapy because the specific drug usually
targets only one single gene in a signaling pathway. The MAPK fam-
ily, including p38MAPK, ERK, and JNK, has been shown to play a
vital role in the mediation of various cellular functions triggered
by environmental stress, growth factors, and chemotherapeutics.27

Increased activity of MAPKs, especially p38MAPK, and their involve-
ment in regulating tumor progression make them promising targets
for cancer therapy. Our results demonstrated that the p38MAPK,
but not JNK or ERK, signaling pathway is required for the inhibition
of tumor cell proliferation, invasion, and migration by SC. Combi-
nation treatment with SC and the p38MAPK-specific inhibitor
SB203850 rescued the SC-induced repression of cell viability,
invasion, and migration (Figures 4C–4E). In contrast, a recent study
reported that SC could exert anti-tumor effects in hepatocellular
carcinoma, partly by suppressing the activity of the AKT/GSK-3b/
b-catenin axis signaling pathways.28 In addition, Gao et al.29 showed
that SC exhibited anti-inflammatory effects in lipopolysaccharide
Molecular Therapy Vol. 25 No 9 September 2017 2135
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Figure 6. SC Inhibited UM-SCC-22B Xenografted Tumor Growth in Nude Mice

Tumor-bearing xenografted mice were intravenously treated with SC (5 mg/kg) or saline every other day for 3 weeks. Tumor volumes (A), tumor weights (B), and mice body

weights (D) were monitored after treatment. (C) MiR-21 expression level was detected in the tumor tissues at autopsy using real-time PCR assay. (E and F) ALT and AST

content frommice blood was analyzed. (G and H) After SC treatment for 48 hr, bioluminescence imaging was performed tomonitor the luminescence activity from the tumor-

bearing xenografted mice developed by luciferase reporter expressing UM-SCC-22B cells. Representative bioluminescence images and the luciferase reporter scheme are

shown. (I) Representative photomicrographs of immunohistochemistry are shown to detect Ki-67, vimentin, or E-cadherin expression on tumor sections after SC treatment.

Scale bars, 50 mm. Data are shown as mean ± SD of three independent experiments. **p < 0.01 compared with control.
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(LPS)-induced mouse monocyte macrophage cells via inhibition of
p38MAPK and JNK pathways and downregulation of NF-kB activity.
Song et al.8 reported that SC alleviated hepatocyte steatosis by acti-
vating the AMPK signaling pathway. Li et al.7 demonstrated that
SC could protect myocardial injury from ischemia reperfusion in
rats via NF-kB inactivation and downregulation of JNK and p38.
These findings suggest that SC could modulate multiple signaling
pathways involving its different biologic functions.

Because natural products exert their anti-tumor effects by targeting
numerous signaling pathways and miRNAs could regulate diverse
biological processes, such as proliferation, invasion, metastasis, and
tumorigenesis, it is believed that miRNAs may function in the regu-
lation response toward natural products. Various studies have docu-
2136 Molecular Therapy Vol. 25 No 9 September 2017
mented the specific modulation of miRNA expression profiles
following treatment with natural agents, including isoflavone, curcu-
min, indole-3-carbinol, 3,30-diindolylmethane, and others, which
may result in the increased drug sensitivity of cancer cells and thereby
repression of tumor growth.30 In the present study, we investigated
the miRNAs involved in the SC inhibition of tumor cell proliferation,
invasion, and metastasis. We found that SC repressed miR-21 expres-
sion by specifically blocking Dicer processing of pre-miR-21 to
mature miR-21 in a dose-dependent manner (Figures 3A and 3B).
Furthermore, overexpression of miR-21 in cells rescued the inhibition
of cell proliferation, invasion, and metastasis (Figures 2D–2F) as
well as EMT phenotype (Figure 5) induced by SC. On the basis of
these observations, we indicated that SC could be a potential miR-
21 inhibitor for cancer therapy. Similar with our findings, two small



Figure 7. Scheme for Illustrating the Mechanism of SC on HNSCC Cell

Growth Inhibition

SC inhibits miR-21 expression via specific blockage of Dicer processing of pre-miR-

21 to mature miRNA, which is involved in the phosphorylation of p38MAPK. By

targeting miR-21, SC then upregulates PTEN, one of the miR-21 target genes,

which results in the inhibition of EMT as well as cell viability, migration, and invasion

in HNSCC cells.
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molecules, streptomycin31 and AC1MMYR2,32 have been shown to
interact with pre-miR-21 and inhibit Dicer-mediated processing
pre-miR-21 to generate mature miR-21. In contrast, a diazobenzene
derivative compound was found to decrease the production of pri-
mary miR-21 without affecting downstream mature miR-21 process-
ing by Dicer.33 Although these small molecule compounds are proven
to effectively inhibit miR-21 activity, it is worthy to note that the rela-
tive poor in vivo biocompatibility, low water solubility, and high
toxicity limit their efficacy as anti-tumor agents for cancer therapies.
Therefore, the natural product SC is a much more potent miR-21 in-
hibitor for prevention and/or treatment of cancers.

In conclusion, we identified a potential miR-21 inhibitor, SC, which
shows remarkable repression of HNSCC cell proliferation, invasion,
and metastasis, not only through involvement of the p38MAPK
signaling pathway, but also through reversibility of the EMT process.
Furthermore, SC exhibited robust in vivo antitumor efficacy without
any visible toxicity or organ damage to normal tissues, which
strengthens its promise as an anticancer agent for HNSCC treatment
in the future clinic.

MATERIALS AND METHODS
Reagents and Materials

SC was purchased from Sigma-Aldrich. The signal pathway inhibitors
SB203850 were purchased from Beyotime Biotechnology. miR-21
mimics and precursor miR-21 oligos were synthesized from Shanghai
GenePharma. The sequences of miR-21 mimics are as follows: 50-uag
cuuaucagacugauguuga-30 (forward strand); 50-caacaccagucgaugggc
ugu-30 (reverse strand). The sequences of precursor miR-21 are as fol-
lows: 50-ugucggguagcuuaucagacugauguugacuguugaaucucauggcaa cac
cagucgaugggcugucugaca-30. The siRNA pools for Dicer knock-
down were generated from Block-iT Dicer kits (Thermo Fisher Sci-
entific), which provide highly effective siRNAs pools for Dicer
knockdown.
Cell Lines and Transfection

The UM-SCC-22B and UM-SCC-47 cells were purchased from Cell
Bank of Chinese Academy of Sciences. Cells were cultured in
DMEM and supplemented with 10% fetal bovine serum (FBS) and
1% glutamine. miRNA mimics or siRNAs were transfected with Lip-
ofectamine RNAiMAX (Invitrogen) according to the manufacturer’s
protocols.

Real-Time PCR

Total RNA was extracted from tissues or cultured cells with TRIzol
(Invitrogen) for miRNA or mRNA analysis. To determine the level
of mature miRNA, we used a stem-loop RT primer. Total RNA was
polyadenylated using a stem-loop-based First Strand Synthesis kit
(BioTeke Corporation) according to the manufacturer’s product
manual. Then, real-time RT-PCRwas performed with a SYBR Premix
Ex Taq miRNA kit (TaKaRa) in accordance with the manufacturer’s
instructions. U6 small nuclear RNA was used as an internal control
for miRNA detection. Actin was used as control for detecting other
genes. All measurements were performed three times. All primer se-
quences are listed in Table S1.

Western Blot

The cells were harvested and lysed in RIPA lysis buffer (Beyotime
Biotechnology) at room temperature for 10 min. The supernatants
were collected, and the protein concentrations were determined us-
ing a BCA protein assay kit (Beyotime Biotechnology). Then, equal
amounts of protein extracts (20 mg) were loaded in the SDS-PAGE
gel and then transferred to polyvinylidene difluoride (PVDF) mem-
branes. After blocking with 5% BSA for 1 hr at room temperature,
the transferred membranes were incubated with primary antibodies
for 1 hr at room temperature, and then incubated with the second-
ary antibodies for another 1 hr. Finally, the immunoreactivity
was detected using the ECL detecting instrument (GE Healthcare
Bio-Sciences). The primary and secondary antibodies were pur-
chased from Santa Cruz Biotechnology. The protein bands were
quantified using ImageJ software and normalized to the signal in-
tensity of actin.

Cell Viability Assay

The cell viability effect of SC was determined using a cell counting
kit-8 (CKK8, Beyotime Biotechnology) according to the manufac-
turer’s protocols. Briefly, cells were seeded in a 96-well plate (5 �
103 cells/well) and treated with different reagents for another 48 hr.
Then, 10 mL of CKK-8 was added to each well for 4 hr and the absor-
bance at 450 nmwasmeasured with a microplate reader (Synergy HT,
Biotech). The OD values were determined to reflect the viable cell
population from each well.

Wound Scratch Assay

Cells were treated with different reagents as indicated; then, cell layers
were scratched using a 20-mL sterile pipette tip to form wound gaps.
Cells were captured to record the wound width as 0 hr time point.
Cells were cultured in serum-free medium and then photographed
after 24 hr to record the cell migration wound.
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Transwell Assay

Cell invasion was detected using Transwell chambers (8-mmpore size;
Millipore). In brief, 600 mL of complete mediumwas added to the bot-
tom chamber, transfected cells were suspended in serum-free me-
dium, and 200 mL of cell suspension (containing 4 � 104 cells) was
placed in the upper chamber. After 24 hr, the cells on the top surface
of the membrane were mechanically removed using a cotton swab,
and the cells on the bottom surface of the membrane were fixed in
95% ethanol and stained with 4 g/L crystal violet solution. Cells
adhering to the bottom surface of the membrane were counted in
five randomly selected areas under a 100 � microscope field. Each
experiment was repeated three times. All data were normalized
with a control chamber that contains cells with no treatment.

Immunofluorescence and Immunohistochemistry Assay

Immunofluorescence staining was performed using antibodies
against E-cadherin and Vimentin (1:500 dilutions; Cell Signaling
Technology), and the cells were visualized under Leica confocal
microscopes. For the immunohistochemistry assay, tissue sections
were incubated with specific antibodies against Ki-67, E-cadherin,
and Vimentin (1:500 dilutions; Cell Signaling Technology) overnight
at 4�C. Cells were visualized using a light microscope.

Dicer Blocking Assay
32P-50 end-labeled RNA (�50 ng) was incubated in 10 mM NaCl
(pH 7.5), 1 mMMgCl2, and 10mM sodium cacodylate buffer in a total
volume of 10 mL. Then, the mixture was heated at 95�C for 5 min for
denaturing, followed by cooling to 37�C. A different concentration of
SC was then added and incubated for 30 min, followed by addition of
0.5 U of recombinant Dicer enzyme (Amsbio). The reaction was
performed at 37�C for 90 min, and stopped by the Dicer stop buffer
(Amsbio). Then, the sample was run in a 15% denaturing PAGE
after the addition of loading dye. Finally, the gel was exposed to a phos-
phor screen and the image was visualized using the Typhoon trio
phosphoimager.

Mice Blood Analysis

Whole blood (200 mL) from mice was harvested in EDTA-coated
tubes via cardiac puncture of anesthetized mice. Samples were
analyzed for ALT and AST using an ALT activity assay kit or AST ac-
tivity assay kit (Sigma) according to the manufacturer’s protocols.

Animal Studies

All animal experiments were performed with the Guild for the Care
and Use of Laboratory Animals according to animal protocols
approved by Xidian University and Forth Military Medical Univer-
sity. Xenografted tumor models were prepared by injection of 1 �
107 UM-SCC-22B cells suspended in PBS into a nude mouse
(n = 5). After tumors reached a volume of about 100 mm3, SC
(5 mg/kg) was intravenously injected into mice. For the anti-tumor
therapy studies, tumor-bearing mice (n = 5) intravenously received
5 mg/kg of SC every other day, whereas the control group of mice
(n = 6) received saline only. After injection for 21 days, mice were
sacrificed to harvest tumors. Tumor growth measurement was calcu-
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lated as LW2/2, where L indicates the long diameter and W indicates
the short diameter.

For in vivo bioluminescence imaging, xenografted tumor models
were developed by injection of 1� 107 UM-SCC-22B cells expressing
luciferase reporter genes into the nude mice (n = 5). After tumors had
grown up to about 200 mm3, the animals were given SC intravenously
(5 mg/kg). At 0 and 48 hr after treatment, the animals were injected
with substrate D-luciferin (150 mg/kg) and were then anesthetized
with 2% isoflurane for bioluminescence imaging. The images were
taken using a Xenogen LuminaP system for 5min. The luminescence
intensity was expressed as p/s/cm2/sr using Living Image software 4.1
(Xenogen).

Statistical Analysis

All data are presented as mean ± SD. The differences between means
were analyzed with a t test. All statistical analyses were performed us-
ing SPSS version 17.0 (IBM), and all figures were generated using
GraphPad Prism 5.01 (GraphPad Software). p < 0.05 was considered
statistically significant.
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