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Purpose: Cutaneous squamous cell carcinoma (cSCC) is the most common second basal 
cell carcinoma in our population. Wogonoside, the main in vivo metabolite of wogonin, 
possesses anti-inflammatory, anti-angiogenesis and anti-cancer activities. Nevertheless, the 
effectiveness of wogonoside therapy on cSCC has not been clarified.
Methods: In this study, we investigated the effects of wogonoside on cell proliferation, 
invasion, epithelial–mesenchymal transition (EMT) and cancer stem-like cell (CSC) proper-
ties of SCL-1 and SCC12 cell lines, and the effects on tumor formation in vivo. In vitro, cells 
were treated with 0, 25, 50 and 100 μM wogonoside for 48 h. In vivo, SCL-1 cells were 
subcutaneously injected into the right thigh of mice to form xenograft tumors. Animals were 
randomly divided into two groups (n=10): the control group and the 80 mg/kg wogonoside 
group.
Results: The results showed that wogonoside attenuated proliferation, invasion and EMT 
of SCL-1 and SCC12 cell lines, and enhanced the rate of apoptosis. Meanwhile, wogono-
side efficiently abolished the CSC traits of cSCC; the expression of CSC markers 
(ALDH1, SOX-2, Oct4 and CD44) and the percentage of CD133+ cells were remarkably 
downregulated. In addition, we found that wogonoside repressed the activation of both 
PI3K/AKT and Wnt/β-catenin pathways. In vivo, wogonoside significantly inhibited 
tumor formation.
Conclusion: The results indicated that wogonoside could attenuate cSCC by reducing EMT, 
invasion and CSC properties. The efficacy of intervention may be related to inhibition of the 
PI3K/Akt and Wnt/β-catenin pathways. These novel findings could furnish new ideas on the 
potential therapeutic application of wogonoside in cSCC cancellation and cancer 
intervention.
Keywords: cSCC, ALDH1, Wnt/β-catenin pathway, PI3K/AKT pathway, EMT

Introduction
Cutaneous squamous cell carcinoma (cSCC) is a common non-melanoma skin 
cancer associated with basal cell carcinoma.1–3 Its main feature is invasiveness, 
which always triggers metastasis. Despite considerable advances in cSCC therapy, 
the incidence of cSCC has been increasing in several countries in recent years.4 At 
present, the main curative approach is surgical resection. Radiotherapy and che-
motherapy are also typical treatments. However, most of these methods are 
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associated with side-effects and recurrences. Therefore, 
the selection of appropriate and effective therapeutic 
drugs is of important clinical significance.

The PI3K/AKT pathway plays an important role in 
cancer stem cells (CSCs), including the ability to maintain 
colony formation and proliferation.5,6 At the same time, 
targeting the PI3K/AKT pathway could drastically reduce 
the bulk tumor burden and slow down the metabolism of 
CSCs.6,7 The PI3K/AKT pathway is involved in the treat-
ment of a variety of squamous cell carcinomas.8,9 

Evidence revealed that the Wnt/β-catenin pathway 
initiated a variety of CSC aberrations. After activation of 
the Wnt signal, β-catenin is separated from the disruption 
complex and transferred into the nucleus, where it forms a 
complex with the T-cell factor/lymphoid enhancer and 
activates the transcription of downstream genes, including 
Cyclin D1, c-Myc, CD44 and ALDH.10 The Wnt/β-catenin 
pathway has also been confirmed as a carcinogenic path-
way and plays a key role in maintaining CSC activity. 
Research has shown that wogonoside has effects on both 
the PI3K/Akt and Wnt/β-catenin pathways.11,12

Scutellaria baicalensis georgi (Chinese name: 
Huangqin) is one of the most well-known herbs in tradi-
tional Chinese medicine (TCM), the root of which is 
included in the 50 fundamental herbs.13,14 Scutellaria bai-
calensis georgi is widely used in the traditional medical 
systems of China and Japan, and is generally used to treat 
many diseases and conditions, such as gingivitis, inflam-
mation, pneumonia, tumors and cancer.15–17 Wogonoside 
is a naturally bioactive flavonoid derived from the root of 
Scutellaria baicalensis georgi. Wogonoside possesses a 
variety of biological activities, including anti-inflamma-
tory, anti-angiogenesis and anti-cancer activities.18–20 

Although wogonoside is a potential cancer treatment 
drug, its therapeutic effect on cSCC has not been studied, 
and the relevant mechanism has not been elucidated. 
Therefore, this study aimed to investigate the suppressive 
effects of wogonoside on cSCC and its mechanism of 
action.

Materials and Methods
Materials
Wogonoside (purity >98%) was purchased from Langze 
Pharmaceutical Co. Ltd (Nanjing, China) and the solvent 
was dimethylsulfoxide (DMSO). The chemical structure of 
wogonoside is shown in Figure 1A. RPMI medium, fetal 
bovine serum (FBS), streptomycin double antibody and 

trypsin were purchased from Kaixin Bioengineering 
Co. Ltd.

Cell Culture
SCL-1 cells and SCC12 cells (Ginny Ginson Material 
Technology Co. Ltd) were cultured in RPMI-1640 medium 
with 10% serum, 0.1 mg/mL streptomycin and 100 U/mL 
penicillin in a cell culture chamber under 90% air and 5% 
CO2 at 37°C. When 90% of the cells had adhered to the 
wall, they could be subcultured once in 2–3 days. The 
logarithmic growth cells were taken for experiments.

Animal Models
Twenty BALB/c nude mice (male, 7–8 weeks old) were 
provided by the Animal Center of Luoyang Central 
Hospital affiliated to Zhengzhou University. All mice had 
free access to food and water under feeding conditions, at 
25±3°C with 55–60% humidity under a 12-h light/dark 
cycle. After a week of adjustment, mice were divided 
into two groups (n=10): control group and 80 mg/kg 
wogonoside group (intragastric administration, dosing fre-
quency once every other day).11 A week later, SCL-1 cells 
were subcutaneously injected into the right thigh to form 
xenograft tumors. Survival curves was continuously mea-
sured within 25 days after injection. Tumor weight was 
determined on the 25th day after injection. After experi-
mentation, mice were killed by intraperitoneal injection of 
pentobarbital sodium (200 mg/kg body weight). Tumors 
were collected for subsequent testing in vivo.

The animal experiments in the present study were 
carried out according to the Guidelines for the Care and 
Use of NIH Experimental Animals and approved by 
Luoyang Central Hospital affiliated to Zhengzhou 
University (LYZX0037).

Cell Viability Assay and Cell Proliferation
The cytotoxicity of wogonoside on SCL-1 and SCC12 
cells was examined by Cell Counting Kit-8 (CCK-8; 
Sigma-Aldrich, USA). Cells were seeded at a density of 
5×103 cells/well into 96-well plates (Corning, New York, 
NY, USA). After 24 h of culture, the cells were treated 
with different concentrations of wogonoside (25, 50 and 
100 μM) for 48 h in an incubator at 37°C with 5% CO2. 
Next, CCK-8 was added and the cells were incubated for 4 
h under the same conditions. Each group consisted of five 
parallel wells. Afterwards, 10 μL/well of CCK-8 dye (5 
mg/mL) was added, and then the plate was incubated at 
37°C for an additional 4 h in a 5% CO2 atmosphere. Then, 
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the absorbance at 450 nm was measured by a microplate 
reader (GENios; Tecan, Männedorf, Switzerland).21

Inhibition ratio ð%Þ ¼ ½ðAcontrol � AtreatedÞ=Acontrol� � 100 

Colony Formation Assay
For colony formation assays, 5×103 SCl-1 cells and 
SCC12 cells were each seeded in triplicate to six-well 
plates overnight. After 10 days of culture, visible cells 
were washed with phosphate-buffered saline (PBS), fixed 

with methanol and then stained with Giemsa. Colonies 
with N50 cells were counted.22

Immunofluorescence Assay
To estimate the changes in vimentin level in SCL-1 cells 
and SCC12 cells treated with wogonoside, an immuno-
fluorescent assay was conducted. Cells were seeded onto 
small glass dishes and transfected with wogonoside. Then, 
cells were fixed with 4% paraformaldehyde for 30 min, 
permeabilized with 0.5% Triton X-100 for another 30 min 
and blocked overnight at 37°C with 5% BSA in TBST.

Figure 1 Wogonoside suppressed proliferation of SCL-1 and SCC12 cells. (A) Chemical structure of wogonoside. (B) Effect of wogonoside on the viability of SCL-1 and 
SCC12 cells, detected by the CCK-8 assay. (C) Proliferation of SCL-1 and SCC12 cells, detected by the clonal formation assay. (D) Apoptosis rates of SCL-1 and SCC12 
cells, detected by flow cytometry. (E) Western blot assay for the detection of relative protein levels of apoptotic proteins (Ki67, PCNA, Bcl-2 and Bax). *p<0.05 vs control.
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After being pretreated with primary antibody vimen-
tin (#5741, CST) at 4°C overnight, cells were incubated 
with Alexa Fluor® 594 secondary antibody (1:2000, cat. 
no. Z-25307; Thermo Fisher) and stained with 4,6-dia-
midino-2-phenylindole (DAPI) (1:1000, cat. no. D9564; 
Sigma-Aldrich) at room temperature for 3 h. 
Subsequently, the cells were washed with PBS and 
analyzed by confocal microscopy (LSM 510 Meta; 
Zeiss, Oberkochen, Germany). The experiment was 
independently repeated in triplicate.

Transwell Assay
The invasive capacity of SCl-1 cells and SCC12 cells was 
analyzed by a transwell assay. Matrigel was diluted with 
serum-free RPMI-1640 medium, then applied to the middle 
bottom of the upper chamber and air-dried at room tempera-
ture for later use. After incubating for 24 h with serum-free 
medium, cell suspension was added into the upper chambers 
(200 mL per chamber). The lower chambers were filled with 
600 μL medium containing 10% FBS. After incubation at 37° 
C for 24 h, the chambers were removed and washed twice with 
PBS. The residual cells were cleared using cotton buds. After 
fixation with 95% alcohol and staining with crystal violet, cells 
were examined under a microscope (Leica, Germany) and the 
average number of invasive cells was recorded. The experi-
ments were independently repeated in triplicate.

Microtube Formation Assay
SCL-1 and SCC12 cells were each retreated with wogono-
side at different concentrations (25, 50 and 100 μM) for 48 
h. Matrigel was mixed with serum-free RPMI-1640 medium 
precooled to 4°C in a ratio of 1:1. The mixture was laid on 
the bottom of a 24-well plate, 300 μL per hole, and cured in 
an incubator at 37°C with 5% CO2 for 30 min. The SCL-1 
and SCC12 cells treated with wogonoside were inoculated 
into the above-mentioned gelatinized 24-well plate after 
adjusting the concentration to 1.2×105/mL in serum-free 
RPMI-1640 medium. The microtubule structure was 
observed every 4 h. Five visual fields were randomly taken 
under the microscope (100×). Microvision Saisam software 
was used to analyze the images, and the microtubule-like 
structures were counted, with five visual fields per hole. The 
experiments were independently repeated in triplicate.

Tumorsphere Formation Assay
The method is described in previous research literature.23 

In brief, cells were inoculated into an ultra-low-attachment 
24-well plate at a density of 5×103 cells/well with the 

addition of fresh medium every 2 days. Three concentra-
tions of wogonoside (25, 50 and 100 μM) were used to 
interrupt SCL-1 and SCC12 sphere-forming cells and 
0.1% DMSO was used as the control. After culturing for 
7 days, the tumorspheres of each concentration were 
imaged with a microscope (d >50 μm).

Flow Cytometry
Following treatment with each concentration of wogonoside, 
the numbers of CD133+ cells in sphere-forming cells were 
measured, referring to the previous report.23 In brief, the 
detection of CD133+ cells was performed according to the 
manufacturer’s protocol and measured by flow cytometry 
analysis.

TUNEL Assay
The prepared paraffin sections were dewaxed, rehydrated 
and washed. Then, the sections were incubated with 
TUNEL reaction mixture (Roche Diagnostics, 
Indianapolis, IN, USA) according to the manufacturer’s 
instructions. Apoptotic cells were detected by fluorescence 
microscopy (Olympus, Japan).

Immunohistochemistry
The expression of vimentin, VEGF and SOX-2 in the nude 
mouse model was evaluated by immunohistochemistry. 
After dewaxing, rehydration and repair, sections were 
sealed with 5% normal goat serum for 1 h and co-incu-
bated with the primary antibodies vimentin (#5741, CST), 
VEGF (#2479, CST) and SOX-2 (#3728, CST) overnight 
at 4°C. Then, sections were treated according to the man-
ufacturer’s instructions and analyzed by microscopy.

Western Blot Analysis
Cells were collected after 48 h of pretreatment with 
wogonoside. After rinsing, cells were treated with radio-
immunoprecipitation assay lysis buffer, dissolving the 
protease inhibitors. Western blotting was performed 
according to the previous literature.19 The primary anti-
bodies were as follows: Ki-67, PCNA, E-cadherin, N- 
cadherin, fibronectin, VEGF, MMP-9, MMP-14, CD44, 
Bcl-2, Bax, SOX-2, ALDH1, Oct4, AKT, p-AKT, β-cate-
nin, p-β-catenin, Actin, STAT3, p-STAT3, p65, p-p65, 
vimentin and CD133+. They were all obtained from 
Santa Cruz Biotechnology (USA). The relative protein 
level was analyzed by ImageJ software. The experiments 
were independently repeated in triplicate.
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Statistical Analysis
Data are shown as mean ± SD. Multiple comparisons of 
parametric data were measured by one-way ANOVA, fol-
lowed by Bonferroni’s multiple test between group pairs 
(SPSS 21.0; IBM Corp.,). p<0.05 was considered statisti-
cally significant.

Results
Wogonoside Suppressed Proliferation of 
SCL-1 and SCC12 Cells
The toxicity of wogonoside on SCL-1 and SCC12 cells 
was detected by the CCK-8 assay. Figure 1B shows that 
100 μM and 200 μM wogonoside inhibited the cell viabi-
lity of SCL-1 and SCC12 cells significantly. Thus, con-
centrations of 25, 50 and 100 μM wogonoside were used 
in subsequent experiments. Compared with the control 
group, different concentrations of wogonoside signifi-
cantly suppressed the colony formation rate of SCL-1 
and SCC12 cells (Figure 1C), and improved their apopto-
sis rate (Figure 1D). Western blot assay further confirmed 
the interventional role of wogonoside on SCL-1 and 
SCC12 cells. From Figure 1E, it can be seen that, com-
pared with the control group, the levels of PCNA and Ki67 
were significantly reduced in SCL-1 and SCC12 cells 
treated with wogonoside. It is worth noting that the ratio 
of Bcl-2/Bax was decreased after wogonoside treatment 
(Figure 1E). These results suggest that wogonoside sup-
pressed the proliferation of SCL-1 and SCC12 cells, and 
improved their apoptosis rate.

Wogonoside Inhibited the Epithelial– 
Mesenchymal Transition (EMT) of SCL-1 
and SCC12 Cells
In this study, TGF-β was used to induce EMT of SCL-1 
and SCC12 cells. As shown in Figure 2A, compared with 
the control group, high concentrations of wogonoside pre-
vented EMT in both cell lines. Therefore, wogonoside 
obviously restrained the morphological epithelial and 
mesenchymal transformation. Then, the expression levels 
of EMT marker proteins were detected by Western blot. 
After treatment with wogonoside, the levels of N-cadherin 
and fibronectin were significantly downregulated in both 
SCL-1 and SCC12 cells compared with the control group. 
Meanwhile, the level of the epithelial marker protein E- 
cadherin was increased by wogonoside (Figure 2B). To 
confirm the effect of wogonoside on EMT of SCL-1 cells, 

the content of vimentin was detected by immunofluores-
cence. As illustrated in Figure 2C, wogonoside treatment 
obviously downregulated the number of vimentin-positive 
puncta in both cell types. Hence, these observations imply 
that wogonoside effectively inhibited the EMT of SCL-1 
cells.

Wogonoside Attenuated the Athletic 
Ability of SCL-1 and SCC12 Cells
In the transwell assay, SCL-1 and SCC12 cells were treated 
with three concentrations of wogonoside (25, 50 and 100 
μM) for 48 h. After wogonoside treatment, the invasive 
ability of cells was decreased (Figure 3A). In the microtubule 
formation assay, wogonoside suppressed the formation of 
microtubule-like structures (Figure 3B). With wogonoside 
treatment, the levels of VEGF, MMP-9 and MMP-14 were 
obviously downregulated in both SCL-1 and SCC12 cells 
(Figure 3C). These results suggest that wogonoside affects 
the athletic ability of SCL-1 and SCC12 cells.

Wogonoside Attenuated the Stem Cell 
Characteristics of SCL-1 and SCC12 
Cells
As shown in Figure 4A, stable tumorspheres of SCL-1 and 
SCC12 cells were formed under three concentrations of 
wogonoside treatment. Compared with the control group, 
wogonoside treatment obviously suppressed the formation 
of tumorspheres, while the average diameter of spheres 
and number of spheres per 100 cells were reduced signifi-
cantly (Figure 4A and B). The expression levels of CSC 
markers, CD44, CD133+, SOX, ALDH1 and Oct4, were 
analyzed to further characterize spherical cells. The per-
centage of CD133+ cells was decreased dramatically after 
wogonoside treatment (Figure 4C). The expression of 
CD44, SOX, ALDH1 and Oct4 all declined obviously in 
SCL-1 sphere-forming cells in the wogonoside treatment 
groups compared with the control group. Meanwhile, the 
relative protein level of each marker protein was also 
downregulated significantly with increasing wogonoside 
concentrations (Figure 4D). Together, these results suggest 
that wogonoside attenuated the stem cell characteristics of 
SCL-1 and SCC12 cells.

Wogonoside Suppressed the Activities of 
Wnt/β-Catenin and PI3K/Akt Pathways
It has been documented that wogonoside mediates several 
cancer processes by inhibiting the activities of several 
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pathways, of which Wnt/β-catenin and PI3K/Akt are the 
two most common.12,24 In this study, we explored the 
effects of wogonoside on four pathways, namely Wnt/β- 
catenin, PI3K/Akt, STAT3 and NF-κB/p65, to determine 
the wogonoside inhibition pathway in cSCC. As shown in 
Figure 5A and B, the expression levels of p-PI3K, p-Wnt, 
p-β-catenin and p-AKT protein in the wogonoside group 
were significantly lower than those in the control group, 
while the expression levels of p-STAT3 and p-p65 protein 
did not change (Figure 5A and B). As shown in Figure 5C, 
wogonoside could partially counteract the effects of Akt 
agonist 8-cpt (200 μM) and β-catenin agonist skl2001. In 

order to further confirm the effect of wogonoside, we 
verified the effect of wogonoside on EMT, cell stem char-
acteristics and invasion of SCL-1 cells (Figure 5D–F). The 
results are consistent with those in Figure 5C.

Wogonoside Inhibited Tumor Formation 
In Vivo
As shown in Figure 6A, the sizes of tumor tissue in the 80 
mg/kg wogonoside group were significantly smaller than 
in the control group. Compared with the control group, the 
mean weight of tumor in the 80 mg/kg wogonoside group 
was reduced markedly (Figure 6B). As shown in Figure 

Figure 2 Wogonoside inhibited the EMT of SCL-1 and SCC12 cells. (A) Typical pictures of EMT. (B) Western blot assay for the expression levels of labeled proteins (E- 
cadherin, N-cadherin and fibronectin) in SCL-1 and SCC12 cells. (C) Immunofluorescence detected vimentin puncta in both SCL-1 and SCC12 cells. *p<0.05 vs control, 
#p<0.05 vs TGF-β-treated group.
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6C, the Kaplan–Meier curve shifted obviously to the right. 
This result revealed that wogonoside treatment increased 
the survival rate of nude mice. As shown in Figure 6D, 

wogonoside treatment had no effect on the weight of mice. 
The results indicate that wogonoside had no toxic effect on 
nude mice and inhibited tumor growth in vivo. The 

Figure 3 Wogonoside attenuated the athletic ability of SCL-1 and SCC12 cells. (A) Typical pictures of cells from the transwell assay and invasive cells per field. (B) 
Ultrastructural changes of microtubules in SCL-1 and SCC12 cells and number of nodes/HPF. (C) Western blot assay for the expression of marked proteins (VEGF, MMP-9 
and MMP-14). *p<0.05 vs control.
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TUNEL experiment results showed that the percentage of 
apoptotic cells was upregulated dramatically compared to 
the control group (Figure 6E). As shown in Figure 6E, the 
percentage of SOX-2, one of the most basic stem cell 
genes, was downregulated significantly in the 80 mg/kg 
wogonoside group compared with the control group. 
Similarly, compared with the control group, the percen-
tages of VEGF and vimentin were downregulated 
obviously in the 80 mg/kg wogonoside group (Figure 
6E). As shown in Figure 6F, the effect of wogonoside on 
EMT-related proteins in vivo was consistent with that in 

vitro. As shown in Figure 6G, the phosphorylation of p- 
AKT/AKT and p-β-catenin/β-catenin was reduced signifi-
cantly. These results suggest that wogonoside inhibited the 
activities of the Wnt/β-catenin and PI3K/AKT pathways.

Discussion
Scutellaria baicalensis georgi is a common TCM herb with 
a long history and a broad spectrum of cancer treatment 
applications. Wogonin, one of major active components of 
Scutellaria baicalensis georgi, has exhibited anti-cancer-
ous and outstanding tumor-inhibitory properties.25–27 

Figure 4 Wogonoside attenuated the stem cell characteristics of SCL-1 and SCC12 cells. (A) Representative pictures of tumorspheres and diameter of spheres in each 
group. (B) Number of spheres per 100 cells. (C) Flow cytometry for the determination of CD133 activities. (D) Western blot assay for the expression of stem cell marker 
proteins (CD44, SOX2, ALDH1 and Oct4). *p<0.05 vs control.
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Wogonin has been confirmed to exert anti-metastatic 
effects in several solid tumors, such as hepatocellular 
cancer, melanoma and breast cancer.28–30 Wogonoside, a 

main in vivo metabolite of wogonin, possessed the same 
anti-metastatic effect on breast cancer.20 Although the anti- 
metastatic effect of wogonoside was confirmed, the 

Figure 5 Wogonoside suppressed the activities of Wnt/β-catenin and PI3K/Akt pathways. (A and B) Western blot assay detected the expression of pathway proteins. (C–F) 
Wogonoside partially counteracted the activation of Akt and β-catenin by agonists in vitro. *p<0.05 vs control.
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potential mechanism of wogonoside has not been clearly 
elucidated. Meanwhile, whether wogonoside possessed 
anti-metastatic effects on cSCC was not reported. In the 
present study, we determined the inhibitory effects of 
wogonoside on cSCC and revealed its possible 
mechanism.

The ability of clonal proliferation is a typical feature of 
tumor cells. It has been reported that wogonin can effec-
tively inhibit the proliferation of tumor cells, which is 
consistent with our experimental results.31 The results 
indicated that wogonoside inhibited cell proliferation by 
decreasing the expression levels of Ki67 and PCNA in 

Figure 6 Wogonoside inhibited tumor formation in vivo. (A) Sizes of the tumor tissue. (B) Mean weight of tumor. (C) Kaplan–Meier curve of nude mouse model. (D) 
Wogonoside had no toxic effect on mice. (E) Results of immunohistochemical analysis. (F) Effect of wogonoside on EMT in vivo. (G) Western blot assay for the expression 
of pathway proteins (AKT, p-AKT, β-catenin and p-β-catenin). *p<0.05 vs control.
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SCL-1 and SCC12 cells. The ratio of Bcl-2/Bax is one of 
the key indicators for characterizing apoptosis. When the 
Bcl-2/Bax ratio decreases, it suggests the occurrence of 
apoptosis.32 Li et al found that wogonoside caused apop-
tosis of Bel-7402, a cell line separated from hepatocellular 
carcinoma, by regulating Bax/Bcl-2.33 Therefore, it is 
speculated that the suppression of SCL-1 and SCC12 cell 
proliferation may be related to the apoptosis induced by 
the wogonoside treatment.

EMT is an indispensable part of embryonic develop-
ment and organogenesis. EMT is currently considered to 
be one of the key and initial links in the invasion and 
metastasis of tumor cells.22,34,35 EMT is generally recog-
nized as a key factor in the dissociation of cancer cells 
from primary tumors and subsequent infiltration into 
blood vessels.36 During the process of EMT, cells lose 
their epithelial traits, including cell adhesion and polar-
ity, and obtain a mesenchymal morphology and the abil-
ity to migrate. Biochemically, cells switch off the 
expression of epithelial markers such as the adherens 
junction protein E-cadherin, and turn on mesenchymal 
markers including vimentin and fibronectin.37,38 Wei et 
al found that wogonoside could inhibit the occurrence of 
EMT.39 Similarity, the present study showed that wogo-
noside downregulated the expression of fibronectin, N- 
cadherin and vimentin, and upregulated the expression of 
E-cadherin, both in cells and in a mouse model. The 
results indicated that wogonoside suppressed the EMT 
process of cSCC both in vitro and in vivo.

Tumor metastasis is the leading cause of cancer-related 
death, in which infiltration plays a critical role. During the 
infiltration, tumor cells first lose their intercellular junc-
tions, then degrade, remodel and adhere to the surrounding 
extracellular matrix (ECM), and finally migrate to distant 
places via the ECM.40 VEGF is a highly specific pro- 
vascular endothelial growth factor that promotes increased 
vascular permeability, ECM degeneration, vascular 
endothelial cell migration, proliferation and angiogenesis. 
It has been reported that wogonin inhibited the autocrine 
secretion of VEGF in endothelial cells, and suppressed the 
secretion of VEGF and restrained angiogenesis in tumor 
cells.41 We found that wogonoside was able to suppress 
invasion and microtubule formation in SCL-1 and SCC12 
cells. Simultaneously, abnormal expression of MMP-9, 
MMP-14 and VEGF in SCL-1 and SCC12 cells led to 
enhanced invasion and weakened ability to form 
microtubules.

CSCs are considered as rare tumor cells with the ability 
to continuously self-renew and differentiate.23 In our 
study, wogonoside inhibited the formation of tumorspheres 
and the percentage of CD133+ dramatically. On the other 
hand, wogonoside decreased the expression of CD44, 
SOX2, ALDH1 and Oct4. Collectively, wogonoside 
repressed the CSC-like properties of cSCC.

Numerous studies have shown that wogonoside exerts 
different anti-tumor effects by regulating different pathways. 
Han et al found that wogonoside inhibited the growth of 
human colon cancer cells via the PI3K/AKT/mTOR/ 
p70S6K signaling pathway and induced mitochondria- 
mediated autophagy-associated apoptosis.12 Huang et al 
reported that wogonoside suppressed angiogenesis in breast 
cancer by inhibiting the Wnt/β-catenin pathway.11 Xiao et al 
found that wogonoside had a growth-inhibiting effect on T- 
acute lymphoblastic leukemia through the STAT3 pathway.42 

Sun et al reported that wogonoside activates NF-κB by 
inhibiting the PI3K/Akt pathway, thereby preventing the 
development of colitis-associated colorectal cancer and the 
progression of colon cancer in an inflammation-related 
microenvironment.24 On the other hand, pathways related 
to cSCC have also been investigated by researchers. Ci et 
al found that downregulation of kynureninase inhibited pro-
liferation of cSCC and restrained the PI3K/AKT pathway.43 

Li et al reported that microRNA-374 affected the prolifera-
tion, migration, invasion and apoptosis of cSCC cells by 
targeting Gadd45a through the p53 signaling pathway.44 

However, the mechanism of wogonoside on cSCC has not 
been clarified. We found that phosphorylation of AKT and β- 
catenin was significantly reduced by wogonoside treatment, 
while it had little effect on STAT3 and p65. In addition, 
wogonoside can partially counteract the activation of Akt 
and β-catenin by agonists in vitro. The PI3K/AKT signaling 
pathway is regulated by multiple factors and steps. It has 
been reported that phosphorylation of Ser473 of AKT acti-
vates various downstream factors and further regulates var-
ious biological activities of cells.9 These data suggest that 
wogonoside can reduce the phosphorylation of AKT and β- 
catenin in SCL-1 and SCC12 cells, presumably by delaying 
the activation of the PI3K/AKT and Wnt/β-catenin signaling 
pathways to delay the process of cSCC. Experiments in vivo 
illustrated that 80 mg/kg wogonoside suppressed tumor 
growth and shifted the overall survival line to the right. 
Compared to the control, 80 mg/kg wogonoside obviously 
enhanced the percentage of apoptotic cells and decreased the 
percentage of vimentin, VEGF and SOX-2. We speculate 
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that these outcomes are related to regulation of the PI3K/Akt 
and Wnt/β-catenin pathways by wogonoside.

Conclusion
Wogonoside could inhibit the proliferative capacity, EMT 
process, invasion and microtubule-forming abilities of 
SCL-1 cells; moreover, wogonoside could inhibit the 
stem cell characteristics of SCL-1 cells in vitro. 
Wogonoside also inhibited tumor formation in a nude 
mouse model in vivo. The main mechanism may involve 
inhibition of the PI3K/AKT and Wnt/β-catenin signaling 
pathways. Therefore, wogonoside may be a promising 
cSCC therapeutic.

Abbreviations
cSCC, cutaneous squamous cell carcinoma; CSC, cancer 
stem cell; TCM, traditional Chinese medicine; DMSO, 
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mesenchymal transition; ECM, extracellular matrix.
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