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Research Article

Introduction
Oral squamous cell carcinoma (OSCC) is one of the most 
common cancers worldwide,1,2 and its global incidence is 
increasing, especially in Asia.3 In Taiwan, oral, oropharyn-
geal, and hypopharyngeal cancers ranked fourth among all 
cancers in men in terms of both incidence and mortality 
rate. Furthermore, oral, oropharyngeal, and hypopharyn-
geal cancers ranked fifth in terms of cancer deaths accord-
ing to the Taiwan Cancer Registry Annual Report in 2017. 

OSCC is also associated with high morbidity.4 Despite 
advances in treatment modalities such as surgery, radiation, 
and chemotherapy in recent years, the prognosis of OSCC 
patients remains poor.5 Some patients may suffer from 
severe side effects during conventional cancer treatments, 
which may delay or interrupt treatment. Therefore, new and 
effective therapeutic agents that are safe and exhibit mini-
mal toxicity could improve the quality of life of OSCC 
patients and are urgently needed.
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Abstract
Background: Oral squamous cell carcinoma (OSCC) is an aggressive cancer whose 5-year survival rate remains poor. 
San-Zhong-Kui-Jian-Tang (SZKJT), a Chinese herbal formula, has long been used in clinical practice as adjuvant therapy in 
cancers. However, its therapeutic effects and molecular mechanisms in OSCC remain unclear. Methods: We investigated 
the potential therapeutic effects and molecular mechanism of SZKJT in OSCC in tumor cell lines and in tumor xenograft 
mice and evaluated combined SZKJT and cisplatin treatment efficacy. In vitro-cultured OSCC cells were administered SZKJT 
at different doses or SZKJT plus cisplatin, and cell proliferation, colony formation assays, and cell cycle analysis were used 
to assess the effects on cancer cell proliferation and apoptosis. We also analyzed the effects of SZKJT on oral cancer cell 
line migration, the regulation of mitogen-activated protein kinase (MAPK) signaling, and epithelial-mesenchymal transition 
(EMT)-associated genes. The antitumor effects of SZKJT plus cisplatin were also tested in vivo using a tumor-bearing NOD/
SCID mice model. Results: The results showed that SZKJT effectively inhibited OSCC cell proliferation, induced cell 
cycle S phase arrest, and induced cell apoptosis. SZKJT also inhibited cell migration by modulating the MAPK signaling and 
epithelial-mesenchymal transition (EMT) pathway. Further exploration suggested that SZKJT affects OSCC by modulating 
ERK pathway; downregulating vimentin, fibronectin, and Oct-4; and upregulating E-cadherin. In vivo, SZKJT significantly 
inhibited tumor growth, and SZKJT and cisplatin exerted synergistic antitumor effects in model animals. Conclusions: 
SZKJT exerts antitumor effects in OSCC cells. Additionally, SZKJT and cisplatin exhibit synergy in OSCC treatment. These 
findings support the clinical usage of Chinese herbal formulas as adjuvant therapy with chemotherapy in cancer treatment.
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Systematic reviews have shown that traditional Chinese 
medicines (TCMs), such as Astragalus, ginseng, and tur-
meric, can enhance the efficacy of chemotherapy and radio-
therapy (RT) and reduce side effects after therapy via 
antioxidant, anti-inflammatory, immunomodulatory, and 
anticancer mechanisms.6,7 TCMs have also been shown to 
have a hepatoprotective effect during chemotherapy.8 One 
study investigated patients with nasopharyngeal carcinoma 
who received conventional cancer treatments combined 
with TCM and found reduced rates of adverse effects, 
improved performance, augmented immunostimulation, an 
enhanced tumor response, and increased survival rates com-
pared to those without TCM.9 Previous study showed that 
head and neck cancer patients who received conventional 
cancer treatments combined with TCM (to clear heat, sup-
plement yin, and boost qi) experienced less weight loss dur-
ing RT than those who only received conventional cancer 
treatments (the mean weight change was −5.43% in the 
study group and −7.63% in the control group, P = .016), and 
this effect was enhanced when patients received TCM for a 
longer duration (−3.77% vs −7.63%, P = .001). Compared 
to the control group, the study group also had significantly 
lower scores for “lack of appetite” on the M.D. Anderson 
Symptom Inventory (P = .002).10 In addition, in another 
study, we demonstrated that treatment with the TCM Gan 
Lu Yin during RT for head and neck cancer reduced the 
severity of xerostomia, and no impairment of hepatic or 
renal function was detected after TCM treatment.11

San-Zhong-Kui-Jian-Tang (SZKJT), a Chinese herbal 
formula, has been used to treat patients with various cancers 
in clinical practice for years. According to a report from Lin 
et al in 2015,12 the use of adjunctive TCM therapy improved 
survival outcomes in head and neck cancer patients, and 
SZKJT is a common prescription (named San Zhong Hui 
Jian Shang in Lin’s article). SZKJT consists of 17 species of 
medicinal herbs. Previous studies have revealed that SZKJT 
exerts antitumor effects against breast cancer, colon cancer, 
hepatic cancer, and pancreatic carcinoma.13-18 However, the 

effects and molecular mechanisms of SZKJT against oral 
cancer remain unclear as they have not yet been reported.

In this study, we aimed to investigate the potential thera-
peutic effects and molecular mechanisms of SZKJT in 
OSCC both in vitro in tumor cell lines and in vivo in tumor 
xenograft mice and evaluate the efficacy of combined 
SZKJT and cisplatin treatment.

Materials and Methods

Preparation of SZKJT Extract

SZKJT consists of Scutellaria baicalensis Georgi, 
Gentiana scabra Bunge, Trichosanthes kirilowii Maxim., 
Phellodendron chinense C.K.Schneid., Anemarrhena 
asphodeloides Bunge, Platycodon grandiflorus (Jacq.) 
A.DC., Laminaria japonica Aresch., Bupleurum chinense 
DC., Glycyrrhiza uralensis Fisch., Sparganium stolon-
iferum (Graebn.) Buch.-Ham. ex Juz., Curcuma phaeocau-
lis Valeton, Forsythia suspensa (Thunb.) Vahl, Pueraria 
lobata (Willd.) Ohwi, Paeonia lactiflora Pall., Angelica 
sinensis (Oliv.) Diels, Coptis chinensis Franch., and 
Cimicifuga dahurica (Turcz.)Maxim.. The above herbal 
drugs were mixed with the ratio of 4.0 : 2.5 : 2.5: 4.0 : 2.5 : 
2.5 : 2.5 : 2.5 : 1.5 : 1.5: 1.5 : 1.5 : 1.5 : 1.0 : 1.0 : 1.0 : 0.5 
in order. The composition of SZKJT was shown in 
Supplemental Table S1. SZKJT extract was prepared fol-
lowing standard procedures according to the Taiwan Herbal 
Pharmacopeia (second edition). The herbal material was 
extracted by Chuang Song Zong Pharmaceutical Co., Ltd. 
under Good Manufacturing Practice (GMP) conditions. 
Each herb used to prepare the SZKJT extract was examined 
for heavy metals, pesticides, and microorganisms according 
to standard procedures established by the government of 
Taiwan. The crude drugs used to prepare SZKJT consisted 
of 17 herbal drugs weighing a total of 34 g. These herbs 
were decocted with boiling water, filtered, and extracted to 
11.8 g. The final preparation was stored at ‒20°C until use. 
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The quality of the herbs was monitored by high-perfor-
mance liquid chromatography (HPLC).

HPLC analysis was carried out on a Waters 2690 separa-
tion module (Waters Co., MA, USA) using a Waters 2996 
photodiode array detector. Compounds were separated on a 
Cosmosil 5C18 AR II column (4.6 ′ 250 mm, 5 μm) and main-
tained at 30°C. The operating conditions were as follows: 
detection wavelength, 254 nm; flow rate, 1.0 mL/min; col-
umn temperature, 30°C; injection volume, 20 μL. The gradi-
ent for elution consisted of eluents A and B (A: 0.03% H3PO4 
in H2O; B: MeOH) and followed the following profile: 0 to 
110 minutes, from A: 90% and B: 10% to A: 10% and B: 
90%. Four batches of SZKJT were prepared and measured 
separately to identify phytochemical constituents. Baicalin 
(TFDA) at 98.58% purity, berberine chloride (USP) at 100% 
purity, puerarin (TFDA) at 99.38% purity, and gentiopicro-
side (NIFDC) at 96.90% purity were obtained as reference 
standards. We used a UV detection wavelength of 254 nm to 
detect gentiopicroside, puerarin, berberine, and baicalin. The 
relative retention times compared to that of puerarin for gen-
tiopicroside, puerarin, berberine, and baicalin were 0.809, 1, 
1.470, and 2.189, respectively.

Cell Culture

Cell lines (SAS, OC3, and OEC-M1 cells) were incubated 
in Roswell Park Memorial Institute (RPMI) 1640 medium 
(Thermo Fisher Scientific, USA) or Dulbecco’s modified 
Eagle’s medium (DMEM; Gibco, USA) containing 10% 
fetal bovine serum and penicillin-streptomycin (Gibco, 
USA). SAS cell line was derived from a poorly differenti-
ated squamous cell carcinoma from human tongue primary 
lesion. OC3 cell line was established from an OSCC in a 
long-term betel chewer who did not smoke.19 The OECM-1 
human OSCC cell line was derived from surgical resection 
of a primary tumor of a Taiwanese male patient.20 All cells 
were maintained as monolayers at 37°C in an atmosphere 
containing 5% CO2/air.

3-(4,5-Dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide (MTT) Cell 
Proliferation Assay

The effect of SZKJT was tested in OSCC cell lines by MTT 
assay. Cells were treated with (1) no drugs (control),  
(2) SZKJT at different doses (31.25, 62.5, 125, 250, 500, or 
1000 μg/mL), (3) 2.5 μM cisplatin, (4) 2.5 μM cisplatin with 
SZKJT at different doses (31.25, 62.5, 125, 250, 500, or 
1000 μg/mL) (5) PD98059 (50 μM), or (6) PD98059 
(50 μM) with SZKJT at different doses (31.25, 62.5, 125, 
250, 500, or 1000 μg/mL) for 48 hours in a 96-well cell cul-
ture plate. This was followed by the addition of MTT solu-
tion (5 mg/mL) into each well. After incubation for 1 hour at 
37°C, DMSO was added to each well, and the absorbance at 

540 nm was measured with a multiwall spectrophotometer 
(SpectraMax M2; Molecular Devices, USA).

Cell Death Assay

Cells were treated with (1) no drugs (control) or (2) SZKJT 
at different doses (62.5, 125, 250, 500, 1000, or 2000 μg/mL) 
for 48 hours in 6-cm dishes. Dead cells were counted as 
Annexin V and propidium iodide positive cells by a FITC 
Annexin V Apoptosis Detection Kit (Invitrogen, USA) using 
a flow cytometry (Attune NxT; Invitrogen, USA), and the 
data were analyzed with FlowJo software (Tree Star, Inc.).

Cell Cycle Analysis

Cells were treated with no drugs or SZKJT at different 
doses for 24 hours in 6-cm dishes. The cells were harvested 
and washed with cold PBS. The cells were then fixed in 
70% ethanol overnight, stained with 50 μg/mL propidium 
iodide (Sigma-Aldrich, USA) on ice for 20 minutes and 
subjected to flow cytometry analysis. The DNA content of 
the cells was used to classify the cells into presynthetic 
growth phase (G0/G1), S-phase, and postsynthetic growth 
phase/mitosis (G2/M).

Colony Formation Assay

A total of 300 to 800 cells were plated in 6-well cell culture 
plates and then treated with SZKJT at different concentra-
tions. The cells were allowed to grow for 10 to 14 days, after 
which the colonies were fixed, stained with 0.5% crystal 
violet and counted.

Wound Healing Assay

The ability of the cultured cells to migrate was evaluated by 
wound healing assay using ibidi culture inserts (ibidi GmbH, 
Germany). Cells were pretreated with SZKJT at different 
concentrations (55 μg/mL SZKJT for SAS cells, 250 μg/mL 
SZKJT for OC3 cells, and 405 μg/mL SZKJT for OEC-M1 
cells) for 24 hours, and the living cells were then seeded in 
6-well culture plates with a 2-well culture insert at a density 
of 3 × 104 cells per well for 16 hours of culture in medium 
without SZKJT treatment. A defined, cell-free gap was gen-
erated by removing the insert, and the cells were washed with 
PBS to remove nonadherent cells. The area of the cell-free 
gap was monitored at the indicated times (0, 4, and 6 hours) 
with a light microscope. We then quantified the areas in 3 
fields per well using ImageJ for analysis. These experiments 
were performed independently 3 times.

Transwell Migration Assay

Transwell migration assay was performed in a migration 
chamber with an 8-μm pore size polycarbonate membrane 
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(Corning, Merck, USA). Cells were pretreated with differ-
ent doses of SZKJT for 24 hours. And then, living cells were 
harvested and re-seeded in the upper chamber for migration 
in the medium without SZKJT treatment. After incubation 
for 24 hours, a cotton swab was used to remove non-
migrated cells in the upper chamber and the filter from 
each treatment was individually stained with 2% crystal 
violet. Migrated cells adherent to the underside of the filter 
were stained and photographed and then counted under a 
light microscope (×200).

Immunoblot Assay

Cells were treated with the control or SZKJT at different 
doses for 24 hours in 10-cm dishes. The cells were then har-
vested, and the proteins were extracted. The cell lysates were 
separated on a 10% SDS-PAGE gel, after which the proteins 
were transferred onto a PVDF membrane and blocked with 
skim milk for 1 hour. Then, the membrane was incubated 
with a specific antibody against the targeted protein over-
night at 4°C. An HRP-labeled specific secondary antibody 
was applied at room temperature for 1 hour. The expression 
levels of p-ERK, p-JNK, p-p38, cleaved PARP, vimentin, and 
fibronectin were analyzed by incubation with specific anti-
bodies (Cell Signaling, USA) and then detected with an 
enhanced chemiluminescence detection kit (PerkinElmer, 
USA). The membrane was exposed to X-ray film. We then 
quantified the signals using ImageJ analytical software.

Quantitative Reverse Transcription PCR

For quantitative reverse transcription PCR (qPCR), first-
strand complementary DNA was synthesized from 1 μg of 
total RNA using random hexamers (GeneDirex, Germany) 
and SuperScript III RT (Invitrogen, USA). The sequences 
of the primers were as follows: Vimentin-F (5′- AGATG 
GACAG GTTAT CAACG −3’′), Vimentin-R (5′ GCACT 
TGAAA GCTGT TTCT-3′), Fibronectin-F (5′-GGCAA 
CTCTG TCAAC GAAG-3′), Fibronectin-R (5′-GCACT 
GGCAC AACAG TTTA-3′), E-cadherin-F (5′-TGACC 
ACCTT AGAGG TCAG-3′), E-cadherin-R (5′-GCAGC 
AGAAT CAGAA TTAGC-3′), Oct-4-F (5′-GAGAA 
GGATG TGGTC CGAG-3′), Oct-4-R (5′-ACTGG TCCCC 
CTGAG AAA-3′), TBP-F849 (5′-TGCTC ACCCC ACCAA 
CAATT TAG-3′), and TBP-R969 (5′-CTGGG TTTGA 
TCATT CTGTA GATTA A -3′).

In Vivo Drug Toxicity Test

Six- to 8-week-old C57BL/6 mice were purchased from the 
National Laboratory Animal Center in Taiwan. The animals 
were housed with food and water under the regulations of 
the Animal Care Committee of Chang Gung University. 
The protocol was approved by the Institutional Animal 
Care and Use Committee of Chang Gung University 

(IACUC approval No. CGU107-194). The in vivo toxicity 
of SZKJT was tested using these mice. The mice were ran-
domly assigned to control (250 μL of PBS, oral) and SZKJT 
(5.2 g/kg SZKJT, oral) treatment groups (N = 3-8 in each 
group). The drug or PBS was given 3 times a week for 
3 weeks. The body weight of the mice was recorded twice 
per week. The levels of aspartate transaminase (AST), ala-
nine aminotransferase (ALT), creatinine, albumin, and glu-
cose were measured, and a complete blood count and 
differential count of white blood cells were obtained before 
(Day 0) and after (Day 21) treatment.

Xenograft Model and In Vivo SZKJT and 
cisplatin treatment

Six- to 8-week-old male NOD/SCID mice were purchased 
from the National Laboratory Animal Center in Taiwan. The 
animals were housed with food and water under the regula-
tions of the Animal Care Committee of Chang Gung 
University. The protocol was approved by the Institutional 
Animal Care and Use Committee of Chang Gung University 
(IACUC approval No. CGU107-194). The animals were 
maintained in a specific pathogen-free environment with a 
12-hour light-dark cycle at 22°C to 24°C and 50% humidity. 
Meloxicam (1-2 mg/kg, subcutaneously, SC) would be given 
to the mouse for pain control. For mild pain, we would pro-
vide Meloxicam and the mouse would be re-evaluated every 
24 hours. For moderate pain, the mouse would be re-evalu-
ated every 8 to 12 hours after Meloxicam given, and if there 
was no improvement for 3 consecutive times, the mouse 
would be euthanized. If the mouse suffered from severe pain 
and could not be relieved 4 hours after Meloxicam given, the 
mouse would be euthanized. The mice in our experiments 
did not suffer from any mild to severe pain and therefore 
mice did not use Meloxicam. SAS cells (5 × 105) were sub-
cutaneously injected into the right or left flank of NOD/
SCID mice in a volume of 100 μL. Tumor size and the body 
weights of the mice were measured throughout the experi-
mental period with calipers, and tumor volume was calcu-
lated according to the following formula: tumor volume 
(mm3) = L×W2/2, where L is the length and W is the width. 
When the tumors reached an average volume of 200-300 
mm3, the animals were assigned randomly to experimental 
and control groups. For the SZKJT experiments, the tumor-
bearing mice were randomly assigned to 4 groups: the  
(1) vehicle control (300 μL of sterile water/day, oral, 5 times 
per week), (2) cisplatin (5 mg/kg/day, intraperitoneal injec-
tion, 1 time per week), (3) SZKJT (5.2 g/kg/day, oral, 5 
times per week), and (4) SZKJT (5.2 g/kg/day, oral, 5 times 
per week) combined with cisplatin (5 mg/kg/day, intraperi-
toneal injection, 1 time per week) groups. The treatments 
were given for 4 weeks. The tumor volume was measured 
with a caliper biweekly, and a tumor growth curve was cal-
culated. After 28 days of treatment, the mice were sacrificed 
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under adequate anesthesia, and the tumor weights were 
recorded. The tumor growth curves of the vehicle control 
and different treatment groups were compared. The resid-
ual tumors were processed and imbedded in formalin for 
further pathological analysis. Hematoxylin & eosin (H&E) 
staining of paraffin-embedded mouse xenograft tumor sec-
tions was performed. Immunohistochemical (IHC) staining 
of a consecutive series of 4-μm sections was performed. 
Tissue sections were subjected to antigen retrieval using 
Bond epitope retrieval solution 2 in a Bond-Max automated 
immunostainer (Leica Biosystems) and stained with antibod-
ies against Ki67 and p-ERK. The remaining steps were per-
formed in accordance with standard procedures.

Statistical Analyses

The results of the in vitro and in vivo experiments are 
expressed as the mean ± SEM. Between-group comparisons 
were performed with the nonparametric Mann-Whitney U 
test for 2 groups. A P value <.05 was considered to indicate 
statistical significance, and all results were compared against 
the vehicle group.

Results

Phytochemical Analysis

The chromatogram of SZKJT obtained by HPLC is shown 
in Figure 1. Four major peaks corresponding to SZKJT 
were identified by HPLC fingerprinting. These peaks cor-
responded to gentiopicroside, puerarin, berberine, and 
baicalin, which were identified by comparison with the 
corresponding reference standards. The relative amounts 
(mg/g) of gentiopicroside, puerarin, berberine, and baicalin 
in SZKJT were 3.16 ± 0.03, 11.66 ± 0.04, 2.79 ± 0.01, and 
41.30 ± 0.27, respectively.

SZKJT Inhibited OSCC Cell Proliferation and 
Induced Cell Death

The potential antitumor effects of SZKJT in vitro were first 
tested in the SAS, OC3, and OEC-M1 cell lines by MTT and 
colony formation assays. The results showed that SZKJT 
inhibited proliferation in the OSCC cell lines in a dose-
dependent manner (Figure 2A). The IC50 values for SZKJT 
were 53.7 μg/mL for SAS cells, 249.5 μg/mL for OC3 cells, 
and 405.8 μg/mL for OEC-M1 cells. In the colony formation 
assay, SZKJT also effectively inhibited colony formation in 
the SAS, OC3, and OEC-M1 cell lines (Figure 2B-D).

Given the significant inhibitory effect of SZKJT on 
OSCC cell proliferation, we next determined whether 
SZKJT could alter cell cycle progression. We measured the 
DNA content of SAS and OC3 cells treated with SZKJT at 
the indicated concentrations for 24 hours using PI staining 

and flow cytometry (Figure 3A). As shown in Figure 3B 
and C, SZKJT significantly increased the proportion of 
OSCC cells that were arrested in S phase, and the propor-
tion of both SAS and OC3 cells in G2/M phase was 
decreased, especially in the high-dose treatment groups.

In addition, the effect of SZKJT on cell death in the 
OSCC cell lines was evaluated. SAS, OC3, and OEC-M1 
cells were treated without (0 μg/mL) or with SZKJT at dif-
ferent doses (62.5-2000 μg/mL) for 48 hours. Compared 
with the control treatment, treatment with 500 μg/mL 
SZKJT significantly increased the proportions of dead SAS 
cells by 42.23% (Figure 4A) and OC3 cells by 56.03% 
(Figure 4B) at 48 hours. Furthermore, SZKJT treatment sig-
nificantly increased the proportion of dead OEC-M1 cells 
(Supplemental Figure S1). Treatment with SZKJT for 
48 hours was found to have a dose-dependent effect on cell 
death in the 3 oral cancer cell lines. Poly(ADP-ribose) poly-
merase (PARP), a member of the PARP enzyme family, is 
an abundant DNA-binding enzyme that detects and signals 
DNA strand breaks.21 The presence of cleaved PARP1 is 
one of the most commonly used diagnostic tools to detect 
cell death in many cell types.22 In our experiment, the level 
of cleaved PARP was upregulated in SZKJT-treated SAS 
(Figure 4C). These results indicated that SZKJT not only 
suppresses OSCC cell growth but also inhibits cell prolif-
eration and cell cycle progression. Additionally, SZKJT 
was found to induce cell death in OSCC.

SZKJT Attenuated OSCC Cell Migration

The ability of OSCC cells to migrate was evaluated by 
wound healing assay and transwell migration assay after 

Figure 1. The chromatogram for SZKJT was obtained by 
HPLC analysis. HPLC chromatogram for SZKJT (upper panel) 
containing 4 major peaks that were identified by comparing 
retention times with those of the corresponding standards 
(lower panel).
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Figure 2. Inhibitory effects of SZKJT on the proliferation of OSCC cell lines. (A) Dose–response curves showing the cytotoxic 
effects of treatment with the SZKJT for 48 hours in SAS, OC3, and OEC-M1 cells, as assessed by MTT assays. The results are 
expressed as the percent cell proliferation relative to the proliferation of the control. Representative images and numbers of colonies 
formed by SAS (B), OC3 (C), and OEC-M1 (D) cells treated with SZKJT at different concentrations are shown. The results were 
obtained from 3 independent experiments. ***P < .001; **P < .01; *P < .05.
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SZKJT treatment. In the wound healing assay, SAS and 
OC3 cells were pretreated with SZKJT for 24 hours in the 
complete medium, and the cells were then reseeded in a 
6-cm plate with a 2-well insert for attachment and grown 

to confluence. A defined, cell-free gap was generated by 
removing the insert, and the area of the cell-free gap was 
monitored at the indicated times (4 hours and 6 hours). As 
shown in Figure 5A and B, SZKJT treatment significantly 

Figure 3. Analysis of the cell cycle distribution after SZKJT treatment. (A) Representative cell cycle distributions of SAS (upper 
panel) and OC3 (lower panel) cells treated with SZKJT at different doses. (B) The average percentages of SAS (left panel) and OC3 
(right panel) cells in G1, S, and G2/M phases of the cell cycle are shown. (C) Fraction of cells at different phases. The results were 
obtained from 3 independent experiments. **P < .01; *P < .05.
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Figure 4. SZKJT induced OSCC cell death. Flow cytometry analysis of OSCC cells treated with a control or SZKJT at different 
concentrations (125, 250, 500, 1000, or 2000 μg/mL) for 48 hours. Quantification of cell death in SAS (A), and OC3 (B) cells by 
Annexin V-FITC/PI staining. The bar diagram shows the percentages of dead cells. The results were obtained from 3 independent 
experiments. ***P < .001; *P < .05. (C) Levels of the cleaved form of PARP in SZKJT-treated SAS cells were determined by western 
blotting.
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Figure 5. Effects of SZKJT treatment on the migration of SAS and OC3 cells. Representative images of cultured SAS (A) and 
OC3 (B) cells during the wound healing assay at 0, 4, and 6 hours after gap formation are shown, and the relative cell-free gap areas 
(%) were calculated. ***P < .001; **P < .01; *P < .05. Transwell migration assay of SAS (C) and OC3 (D) cells, and their relative 
quantitation results. Data were represented in triplicates. **P < .01; *P < .05.
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inhibited the migration of SAS and OC3 tumor cells 
compared with migration in the control cells. Furthermore, 
the inhibitory effects of SZKJT on OSCC cell migration 
were dose- and time-dependent.

Consistent with the wound healing assay, the transwell 
migration assay also demonstrated that SZKJT treatment 
resulted in decreased migratory ability of SAS and OC3 
cells (Figure 5C and D) through the porous membrane.

Vimentin, Fibronectin and Oct-4 Were 
Downregulated, and E-cadherin was 
Upregulated by SZKJT

The epithelial–mesenchymal transition (EMT) process is 
an important biological pathway in cancer progression in 
which benign tumor cells progress to malignant cells. A 
previous study showed a significant correlation between 
high vimentin-K14 expression and poor prognosis in oral 
cancer patients.23 Additionally, together, vimentin and 
β4 integrin can be used to predict the prognosis of oral 
cancer.24 Fibronectin was found to promote single-cell 
migration in highly invasive OSCC by modulating cell 
adhesion and signaling.25 In addition, fibronectin was 
demonstrated to be an important biomarker and therapeutic 
target for the treatment of OSCC, particularly for 5-FU 
resistance.26 The expression of vimentin and fibronectin, 
both of which are essential positive regulators of EMT in 
OSCC, was tested in SAS cells after SZKJT treatment by 
qPCR and western blot analysis. As shown in Figure 6A 
and B, the levels of vimentin and fibronectin were down-
regulated after the treatment of SAS cells with 250 μg/mL 
SZKJT, as determined by qPCR analysis. The western 
blot results also showed that SZKJT attenuated the 
expression of vimentin and fibronectin in SAS cells 
(Figure 6E and F). Moreover, expression of the epithelial 
marker E-cadherin was increased in SZKJT-treated SAS 
cells (Figure 6C). Furthermore, when the expression of 
octamer-binding transcription factor 4 (OCT4), a marker 
of cancer stem-like cells (CSCs), which may contribute 
to cancer progression and chemoresistance,27,28 was 
tested, the data showed that SZKJT also inhibited Oct-4 
expression (Figure 6D).

The Level of p-ERK was Downregulated by 
SZKJT

Activation of the mitogen-activated protein kinase (MAPK) 
pathway, which includes p-ERK, p-JNK, and p-p38, in SAS 
cells was evaluated to elucidate the molecular mechanism 
by which SZKJT affects cell proliferation and apoptosis in 
OSCC. Western blot analysis showed that SZKJT inhibited 
the phosphorylation levels of ERK in a concentration-
dependent manner (Figure 7A and B). To further demon-
strate the effect of SZKJT on MEK/ERK pathway, an ERK 

inhibitor PD98059 was used. The proliferation ability of 
SAS was inhibited when the cells were treated with PD98059 
alone. Further, the combined treatment of PD98059 and 
SZKJT resulted in a more significant reducing proliferative 
activity in SAS cells (Figure 7C).

SZKJT and Cisplatin Had Synergistic Anticancer 
Effects in OSCC

Chemotherapy is still widely used in the early stages of 
OSCC or after cancer surgery. We then analyzed the poten-
tial synergistic effects of SZKJT and cisplatin in OSCC. 
Cells were treated with a control, 2.5 μM cisplatin alone, or 
2.5 μM cisplatin and SZKJT at different doses for 48 hours 
and then assessed with an MTT assay. The results showed 
that cisplatin and SZKJT had a synergistic inhibitor effect 
on cell proliferation in SAS cells (Figure 8A), OC3 cells 
(Figure 8B), and OEC-M1 cells (Supplemental Figure S2). 
This effect was dose-dependent and more pronounced in 
SAS cells.

SZKJT Inhibited Tumor Growth in a Xenograft 
Mouse Model

We then further assessed the toxicity of SZKJT in vivo 
using immune-competent C57BL/6 mice. As shown in 
Figure 9A, there was no difference in body weight in the 
mice treated with SZKJT compared with the control group. 
The levels of ASL, ALT, glucose, creatinine, and albumin 
were comparable in the control and SZKJT-treated groups 
(Figure 9B and C). The complete blood counts and differen-
tial counts of white blood cells, including neutrophils, lym-
phocytes, monocytes, eosinophils, red blood cells, and 
platelets, of the control and SZKJT-treated groups were 
within normal ranges (Figure 9D). Finally, we tested the 
antitumor activity of SZKJT in tumor-bearing mice. NOD/
SCID mice were SC inoculated with SAS cells for tumor 
growth for approximately 3 weeks, and the mice were then 
randomly assigned to control (300 μL of sterile water/day, 
oral, 5 days per week), cisplatin (5 mg/kg, intraperitoneal 
injection, once per week), SZKJT (5.2 g/kg/day, oral, 5 days 
per week) and SZKJT (5.2 g/kg/day, oral, 5 days per week) 
with cisplatin (5 mg/kg, intraperitoneal injection, once per 
week) groups (Figure 10A). After 4 weeks of treatment, the 
mice were sacrificed and dissected, and the residual tumors 
were weighed and further processed. The volumes of the 
inoculated tumors were calculated twice per week. As 
shown in Figure 10B and C, treatment with SZKJT only or 
cisplatin only partially inhibited tumor growth and reduced 
tumor weight compared with those of the control groups. 
When a combination treatment with SZKJT and cisplatin 
was applied, the antitumor effect was more pronounced 
(Figure 10B and C). In addition, H&E and Ki67 staining 
showed that combined cisplatin and SZKJT treatment 
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Figure 6. Regulatory effects of SZKJT on EMT-associated genes. The bar diagram shows the relative expression of vimentin (A), 
fibronectin (B), E-cadherin (C), and Oct-4 (D) after 250 μg/mL SZKJT treatment in SAS cells, as determined by qPCR analysis. 
***P < .001; **P < .01. Levels of the vimentin (E) and fibronectin (F) in SZKJT-treated SAS cells were determined by western blotting.
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Figure 7. SZKJT attenuated the activation of ERK in OSCC. (A) SAS cells were treated with SZKJT (0, 250, 500, or 1000 μg/mL) for 
24 hours, and the total-cell lysates were then subjected to western blotting to analyze the indicated total and phosphorylated forms 
of ERK and p38. (B) The bar diagram shows relative protein expression (fold change). (C) SAS cells were treated with a control, 
PD98059 (50 μM) alone or PD98059 (50 μM) with SZKJT at different doses (31.25, 62.5, 125, 250, 500, or 1000 μg/mL) for 48 hours 
and assessed by MTT assay. The results are expressed as the percent cell proliferation relative to the proliferation of the control.

inhibited tumor cell growth in the SAS cell-derived xeno-
grafts (CDXs). P-ERK levels were also reduced by com-
bined cisplatin and SZKJT treatment, as shown by IHC 
staining (Figure 10D).

The Single Compound Baicalin or Berberine 
Significantly Inhibited SAS Cell Proliferation

We further tested the potential antitumor effects of the 4 
major peak compounds in SZKJT (Figure 1). The single 
compound baicalin (Supplemental Figure S3A) or berberine 

(Supplemental Figure S3B) significantly inhibited SAS cell 
proliferation. However, gentiopicroside and puerarin did not 
exert obvious antitumor effects in vitro (data not shown).

Discussion

Chinese herbal formulas have been used as complementary 
therapies for cancer in clinical practice for a long time, and 
their effects are more comprehensive than single herbal for-
mulations. To better understand the effects and safety of a 
common Chinese herbal formula used in the clinic, the aim 
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Figure 8. Concurrent treatment with SZKJT enhanced the 
therapeutic efficacy of cisplatin in OSCC cell lines. Cells were 
treated with a control treatment, 2.5 μM cisplatin, or 2.5 μM 
cisplatin with and SZKJT at different doses for 48 hours and then 
assessed by MTT assay. The results are expressed as the percent 
cell proliferation relative to the proliferation of the control. 
Cisplatin and SZKJT synergistically inhibited proliferation in the 
SAS (A) and OC3 (B) cell lines. ***P < .001; **P < .01.

of this study was to characterize the potential effects and 
molecular mechanisms of SZKJT in OSCC. Our results 
showed that SZKJT treatment was effective in inhibiting 
SAS, OC3, and OEC-M1 cell proliferation and inducing 
cell apoptosis. SZKJT promoted oral cancer cell cycle arrest 
in S phase and decreased the proportion of cells in G2/M 
phase. SZKJT treatment also inhibited the migration of 
OSCC cells. Further, we proposed the effective dual ther-
apy of cisplatin and SZKJT that can reduce the dosage of 
each single drug in oral cancer. Combination treatment 
with cisplatin and SZKJT synergistically inhibited cell 
proliferation, especially in SAS cells. SZKJT at the dose 
of 31.25 μg/mL combined with cisplatin 2.5 μM exerted 
significant synergistic effects against SAS cell prolifera-
tion. Since 31.25 μg/mL of SZKJT is beneficial for combi-
nation therapy against OSCC, we used the dose range of 
0 to 100 µg/mL to detect the cytotoxicity of SZKJT in 

normal cells (SG cells). In SG cells, there is only 10% cell 
death upon 50 μg/mL SZKJT treatment by MTT assay 
(Supplemental Figure S4). Although greater cytotoxicity of 
SZKJT at higher concentrations in SG cells might be 
expected, the cytotoxicity of SZKJT was significantly higher 
in SAS cells than in normal cells. However, we did not 
observe toxic side effects of SZKJT on mice model as there 
was no difference in body weight in the mice treated with 
SZKJT compared with the control group. The hepatic and 
renal function of mice were comparable in the control and 
SZKJT-treated groups and the hemograms were within nor-
mal ranges in both groups. In an in vivo experiment, SZKJT 
also inhibited tumor growth, and a synergistic antitumor 
effect was demonstrated in an animal model.

The main ingredients of this formula that exert antitumor 
activity may be berberine and baicalin according to their anti-
tumor potential demonstrated in our in vitro MTT assay and 
other previous studies.29-34 Since the anticancer effects of ber-
berine and baicalin have been studied widely in various 
human cancer cells, further in-depth investigation about the 
effects and underlying mechanisms of berberine and baicalin 
in treating OSCC did not conduct. In addition, the longer 
peak compounds within an herbal formula are not necessarily 
the main ingredients with antitumor effects. The active com-
pounds within SZKJT can be further explored in the future.

Previous in vitro and in vivo studies have shown that 
SZKJT exhibits antitumor activity against many other types 
of cancer by targeting many different molecules.13-18 
Because the MAPK signaling pathway is important for can-
cer proliferation, differentiation, apoptosis, angiogenesis, 
invasion, and metastasis, we evaluated the effects of SZKJT 
on this pathway. We found that SZKJT decreased the pro-
tein levels of p-ERK but not p-JNK and p-p38 in SAS cells. 
Elevated ERK expression has been detected in various can-
cers and represents an attractive target for the development 
of anticancer drugs.35 SZKJT was also found to increased 
cleaved PARP levels, as shown by western blot analysis, 
which could explain its ability to induce apoptosis.

Vimentin and fibronectin are important markers of can-
cer metastasis and can predict poor prognosis in oral can-
cer.23-26 Vimentin and E-cadherin are tightly controlled 
during EMT through multiple signal transduction pathways. 
Upregulation of vimentin and downregulation of E-cadherin 
are 2 of the most critical cellular events during EMT.36 Our 
results showed that vimentin and fibronectin were down-
regulated, while E-cadherin was upregulated, in SZKJT-
treated SAS cells. The expression of vimentin, an 
intermediate filament protein, is increased in various can-
cers37 and related to the migration and invasion of cancers. 
Vimentin was shown to interact with p-ERK and protect it 
from dephosphorylation by cell signaling.38 Vimentin also 
promotes invasion and migration via activation of the ERK 
and Rac1 signaling pathways.39 In OSCC, high vimentin 
and low E-cadherin levels are associated with an increased 
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Figure 9. In vivo drug toxicity test. Mice were randomly assigned to the control (250 μL of PBS, oral) group or SZKJT (5.2 g/kg, oral) 
group. SZKJT was given 3 times a week for 3 weeks. The body weights of the mice were recorded once per week. Blood samples 
were obtained from the mice before and after SZKJT treatment. (A) Curves showing the body weights of the control (250 μL of PBS, 
oral, N = 6) group and SZKJT (5.2 g/kg, oral, N = 6) group are provided. The levels of ASL, ALT, glucose (GLU) (B), creatinine, and 
albumin (C) and complete blood counts and differential counts (D) of the mice (N = 3-8) are shown.
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Figure 10. The antitumor effects of SZKJT in the xenograft mouse model. (A) The time course of the experiments. NOD/SCID 
mice were SC inoculated with SAS cells and then randomly assigned to the control, SZKJT (5.2 g/kg), cisplatin (5 mg/kg), and SZKJT 
(5.2 g/kg) plus cisplatin (5 mg/kg) groups. A detailed protocol is provided in the Materials and Methods section. (B) The volumes of 
the inoculated tumors before and after treatment were calculated after measurement of the tumors. (C) The tumor weights on the 
endpoint day are shown. (D) H&E and IHC staining for Ki67 and p-ERK in the control, SZKJT, cisplatin, and SZKJT plus cisplatin 
groups, with their quantitation of expression. ***P < .001; *P < .05.
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rate of recurrence, distant metastasis, and poor survival.40 
Fibronectin, an extracellular matrix protein, is upregulated 
under pathological conditions, which ultimately promotes 
tumorigenesis, metastasis, and therapy resistance.41 In addi-
tion, Oct-4, an important regulator of stemness in head and 
neck squamous carcinoma, and high Oct-4 expression and 
poor survival were found to be significantly correlated in 
patients with head and neck cancer.42 The results herein 
demonstrated that SZKJT inhibited the expression of Oct-4. 
Furthermore, our results clearly show that the activity of 
SZKJT against oral cancer is mediated via ERK pathway 
and that SZKJT decreases EMT in OSCC.

Common side effects of cisplatin include gastrointestinal 
upset (which may lead to poor appetite and subsequent 
body weight loss), renal toxicity, and myelosuppression. 
The above side effects can influence patient quality of life 
and interfere with conventional cancer treatments. In our 
animal experiments, no body weight loss was observed in 
the mice after SZKJT treatment. All the mice showed nor-
mal renal and liver function, and blood cell counts were 
within normal ranges after SZKJT treatment. Since no drug 
toxicity was observed in the model mice, SZKJT can be 
used as a complementary treatment with cisplatin in the 
future in patients who cannot tolerate the side effects of cis-
platin at a typical dose.

Conclusion

In conclusion, this study first demonstrates the antitumor 
effect of SZKJT against OSCC both in vitro in tumor cell 
lines and in vivo in a tumor xenograft mouse model. We also 
explored the possible mechanisms of SZKJT against OSCC 
and found that it modulates the ERK pathway; downregu-
lates vimentin, fibronectin, and Oct-4; and upregulates 
E-cadherin. We also provide evidence of the synergistic 
effects of SZKJT and cisplatin both in vitro and in vivo. 
Thus, this study provides evidence supporting the medical 
use of SZKJT for oral cancer treatment. We hope to apply 
these results to the clinic in the future to help reduce the side 
effects of conventional cancer treatments and improve the 
quality of life and prognosis in patients with OSCC.
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