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 Li et al.: Phellinus igniarius on Oral Squamous Cell Carcinoma Cell

To explore the influence and possible mechanism of extracts from Phellinus igniarius (expanded 
program on immunization) on oral squamous cell carcinoma cell proliferation, migration and invasion. 
CAL27 cells were treated with expanded program on immunization or transfected with microRNA-
655-3p. Furthermore, transfected CAL27 cells were exposed to 600 μg/ml expanded program on 
immunization. Proliferation, migration and invasion were assessed using 3-(4,5-dimethylthiazole-2-yl)-
2,5-diphenyltetrazolium bromide and Transwell. Matrix metallopeptidase 2, matrix metallopeptidase 9 
and proliferating cell nuclear antigen protein levels were monitored using Western blot. After various 
doses of expanded program on immunization, cell viability, migration, invasion, proliferating cell nuclear 
antigen, matrix metallopeptidase 2 and matrix metallopeptidase 9 protein levels were reduced, but 
microRNA-655-3p content was enhanced in a dose-dependent way. Meanwhile, increased microRNA-655-
3p might diminish cell proliferation, migration and invasion. Beyond that, microRNA-655-3p knockdown 
overturned high-dose expanded program on immunization-mediated tumor development repression. 
Expanded program on immunization could hinder oral squamous cell carcinoma cell development via 
modulating microRNA-655-3p.
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As a prevalent clinical malignancy, Oral 
Squamous Cell Carcinoma (OSCC) has a low 5 
y survival rate due to local invasion and cervical 
lymph node metastasis[1,2]. During recent years, 
chemotherapeutic drugs and other conventional 
treatments have toxic side effects and most 
patients are prone to develop drug resistance, 
thereby reducing the effectiveness of treatment[3,4]. 
Accordingly, finding safe and effective therapeutic 
drugs has become a priority in OSCC treatment. 
Convincing evidence has indicated that the active 
ingredients of traditional Chinese medicine have 
antioxidant, anti-inflammatory and anti-tumor 
effects, but the specific mechanism has not been 
clarified[5,6]. Of note, Phellinus igniarius (PI) 
is the fungus of the family Hymenochaetaceae, 
whose main components include polysaccharides, 
polyphenols and other active ingredients[7]. 
Further research suggested that Extracts from 

PI (EPI) have anti-tumor effects[8], but their 
influences on the biological behavior of OSCC 
remain unknown. Micro Ribonucleic Acids 
(miRNAs) are small non-coding single-stranded 
RNA molecules, which can participate in the 
occurrence and development of multiple tumors[9]. 
Recent reports have described that miR-655-3p, a 
well-known tumor-suppressor miRNA, partakes 
in the modulation of different human tumors[10,11], 
containing OSCC[12]. Yet, no report has presented 
whether miR-655-3p is a potential target for EPI-
mediated OSCC development. Hence, this project 
is designed to investigate whether EPI can affect 
OSCC properties via regulating miR-655-3p.
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MATERIALS AND METHODS

Reagents:

CAL27 cells were purchased from Bioshhy 
(Shanghai, China) and PI was provided by 
Jiekangtang Pharmaceutical Industry (Bozhou, 
China). Dulbecco's Modified Eagle Medium 
(DMEM) medium, Fetal Bovine Serum (FBS), 
trypsin, and 3-(4,5-Dimethylthiazol-2-yl)-2,5-
Diphenyl tetrazolium bromide (MTT) reagent 
were acquired from Beyotime (Shanghai, China). 
Invitrogen (Carlsbad, California, United States of 
America (USA)) offered Lipofectamine™ 3000 
transfection reagent. Solarbio (Beijing, China) 
supplied Trizol reagent. Tiangen (Beijing, China) 
provided reverse transcription and fluorescent 
quantitative Polymerase Chain Reaction (qPCR) 
reagents. Transwell chamber and Maribel were 
respectively supplied by Corning Costar (Corning, 
USA) and BD Biosciences (Franklin Lakes, New 
Jersey, USA). miR-Negative Control (NC), miR-
655-3p mimics, anti-miR-NC and anti-miR-655-
3p were provided by Ribobio (Guangzhou, China). 
Rabbit anti-human Matrix Metallopeptidase 
(MMP) 2, MMP9, and Proliferating Cell Nuclear 
Antigen (PCNA) antibodies together with Horse 
Radish Peroxidase (HRP)-labeled goat anti-rabbit 
Immunoglobulin G (IgG) secondary antibodies 
were supplied by Cell Signaling Technology (CST) 
(Danvers, Massachusetts, USA).

Methods:

Preparation of EPI: EPI preparation was 
implemented as previously described[13]. After 
drying, slicing, grind, PI was filtered through a 
40-mesh sieve and weighed 100 g. Following the 
addition of 2 l of 95 % ethanol; for reflux extraction 
for 1 h, the filtrate was collected and subjected to 
2 l of 95 % ethanol for reflux extraction for 1 h. 
After being concentrated at 45° under reduced 
pressure, the collected filtrate was dried to give 
a 95 % ethanol extract, which was diluted with 
Dimethyl Sulfoxide (DMSO) at a concentration of 
150, 300 and 600 μg/ml.

Cell treatments: 1×104 CAL27 cells at the 
logarithmic growth stage were routinely in DMEM 
medium exposed to different doses of EPI for 24 h, 
namely as the 150 μg/ml EPI, 300 μg/ml EPI and 
600 μg/ml EPI groups. Simultaneously, normal 
cultured CAL27 cells were recorded as the NC 

group. Based on the Lipofectamine method, miR-
NC or miR-655-3p were introduced into CAL27 
cells, generating miR-NC or miR-655-3p groups. 
Meanwhile, the study performed transfection of 
anti-miR-NC or anti-miR-655-3p in CAL27 cells, 
followed by addition with 600 μg/ml EPI for 24 h, 
terms as 600 μg/ml EPI+anti-miR-NC or 600 μg/
ml EPI+anti-miR-655-3p group.

MTT assay: After being collected, 3×103 CAL27 
cells were added with 20 μl MTT solution at 37° 
and 5 % Carbon dioxide (CO2) for 4 h. Following 
centrifugation at 3000 r/min for 5 min, the 
supernatant was discarded, 150 μl DMSO was 
added, and incubated for 5 min by oscillating 
against the light. The absorbance value (A value) 
was assessed by an enzyme labeling instrument at 
490 nm.

Transwell assay: In migration experiment, CAL27 
cells in each group were prepared into single-cell 
suspension (2×105 cells/ml), which was added to 
the upper chamber (200 μl/well). 600 μl medium 
containing 10 % FBS was introduced into lower 
counterpart, which was cultured in the incubator 
for 24 h and stained for 15 min. Migration number 
was observed under a microscope. In invasion 
experiment, Matrigel matrix gel diluent was added 
to the upper chamber (40 μl/well) and incubated. 
The follow-up assay procedure was the same as for 
cell migration assay.

Real Time-qPCR (qRT-PCR): RNA from 
CAL27 cells was extracted using a Trizol reagent. 
Reverse transcription system was as follows; 
deoxyribonucleic Acid (DNA) buffer 2 μl, 10×King 
RT buffer 2 μl, Fast King RT enzyme mix 1 μl, 
FQ-RT primer mix 2 μl, RNA (2 μg), RNase-Free 
double-distilled Water (ddH2O) supplement system 
to 20 μl. Reaction conditions at 42° for 15 min and 
95° for 3 min. Then, complementary DNA (cDNA) 
template was used for qRT-PCR amplification and 
ABI Step OnePlus fluorescence quantitative PCR 
was used to detect gene relative expression.

Western blot: Total protein from CAL27 cells was 
prepared using 500 μl Radioimmunoprecipitation 
Assay (RIPA) buffer. 50 μg protein samples were 
taken for Sodium Dodecyl Sulphate-Polyacrylamide 
Gel Electrophoresis (SDS-PAGE) transmembrane 
and blocked for 2 h. After incubation with MMP2 
(1:800), MMP9 (1:800), PCNA (1:1000), and Beta 
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Fig. 1: Western blot analysis of PCNA protein expression

(β)-actin (1:2000) at 4° for 24 h, the member was 
added with secondary antibody (1:300). ImageJ 
software analyzed gray values.

Statistical analysis:

Statistical Package for the Social Sciences (SPSS) 
21.0 was employed to analyze data, which were 
expressed as (x̄±s). The t-test and one-way analysis 
of variance was used for comparison. Difference 
were deemed significant when p<0.05.

RESULTS AND DISCUSSION

According to the data illustrated in fig. 1 and Table 
1, cell proliferation and PCNA protein levels were 
reduced after EPI treatment in dose-dependent 
manners (p<0.05). As displayed in fig. 2 and Table 

2, migration and invasion number, and MMP2 
and MMP9 protein levels were decreased after 
EPI exposure in concentration-dependent ways 
(p<0.05). Data exhibited that miR-655-3p was 
upregulated in EPI-induced CAL27 cells in a dose-
dependent ways (p<0.05) as shown in Table 3. As 
presented in fig. 3 and Table 4, cell proliferation, 
PCNA, MMP2 and MMP9 protein levels, and the 
numbers of migration and invasion were obviously 
declined in the miR-655-3p group vs. the miR-NC 
group (p<0.05).

Results from fig. 4 and Table 5 exhibited that cell 
proliferation, PCNA, MMP2 and MMP9 protein 
levels, and migration and invasion numbers were 
reduced in the EPI+anti-miR-655-3p group relative 
to the EPI+anti-miR-NC group (p<0.05). 

Group PCNA A value

NC 0.91±0.08 1.128±0.10

150 μg/ml EPI 0.75±0.07* 0.943±0.07*

300 μg/ml EPI 0.57±0.04* 0.725±0.07*

600 μg/ml EPI 0.42±0.04* 0.613±0.06*

F 112.779 80.875

p 0.000 0.000

Note: *p<0.05, relative to NC group

TABLE 1: EFFECTS OF VARIOUS DOSES OF EPI ON CAL27 CELL PROLIFERATION (x̄±s, n=9)
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Fig. 2: Western blot assessed MMP2 and MMP9 protein expression

Fig. 3: Western blot detected MMP2, MMP9 and PCNA protein expression

Group Migration number Invasion number MMP2 MMP9

NC 218±18.16 172±12.58 0.88±0.07 0.75±0.07

150 μg/ml EPI 181±17.03* 149±12.37* 0.72±0.07* 0.65±0.05*

300 μg/ml EPI 152±13.67* 102±8.71* 0.58±0.05* 0.48±0.04*

600 μg/ml EPI 114±8.19* 73±6.09* 0.42±0.03* 0.38±0.03*

F 80.051 170.117 105.091 100.485

p 0.000 0.000 0.000 0.000

Note: *p<0.05, relative to NC group

TABLE 2: EFFECTS OF EPI ON CAL27 CELL MIGRATION AND INVASION (x̄±s, n=9)

Group miR-655-3p

NC 1.00±0.10

150 μg/ml EPI 1.38±0.11*

300 μg/ml EPI 1.78±014*

600 μg/ml EPI 2.24±0.19*

F 131.167

p 0.000

Note: *p<0.05, relative to NC group

TABLE 3: EPI TRIGGERED EFFECT ON miR-655-3p (x̄±s, n=9)
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As a highly prevalent malignancy worldwide, 
the incidence of OSCC is expected to rise, with 
a projected increase of >40 % by 2040[14]. Due to 
the unique advantages of anti-tumor, traditional 
Chinese medicine extracts have attracted extensive 
attention in OSCC treatment[15]. Overwhelming 
evidence suggested that numerous miRNAs might 
partake in modulating the biological behaviors 
of OSCC cells via interaction with target genes, 
offering a possibility of miRNAs as a target for 
OSCC[16,17]. Yet, whether miRNAs may be potential 
targets for OSCC treatment with traditional 
Chinese medicine has not been elucidated.

EPI can promote apoptosis in gastric cancer cells 
and also has anti-tumor effects[18,19]. Here, EPI could 
reduce OSCC cell viability in a concentration-
dependent manner. A recent report indicated 

that increased PCNA could boost OSCC cell 
proliferation and migration[20]. In this research, with 
the increase in the doses of EPI, the level of PCNA 
protein decreased, implying that EPI can hinder 
OSCC cell proliferation. Beyond that, MMP2 and 
MMP9 belong to matrix metalloproteinase, and 
their increased expression levels can expedite 
OSCC cell metastasis[21]. Herein, EPI could reduce 
the migration and invasion ability of OSCC 
cells, and constrain MMP2 and MMP9 protein 
expression, suggesting that EPI could retard OSCC 
cell migration and invasion.

Enhanced miR-655-3p might inhibit retinoblastoma 
cell metastasis[22]. Meanwhile, miR-655-3p is 
down-regulated in hepatocellular carcinoma, and 
it’s up-regulation can inhibit the progression of the 
tumor[11]. Furthermore, some literature exhibited 

Group miR-655-3p Migration number Invasion 
number MMP2 MMP9 PCNA A value

miR-NC 1.00±0.09 215±17.52 175±14.28 0.86±0.07 0.76±0.07 0.92±0.09 1.124±0.09

miR-655-3p 2.57±0.21* 124±10.05* 91±8.02* 0.41±0.04* 0.36±0.03* 0.46±0.04* 0.643±0.05*

t 20.615 13.516 15.386 16.745 15.757 14.012 14.016

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: *p<0.05, relative to miR-NC group

TABLE 4: INFLUENCES OF miR-655-3p ON CAL27 CELL MALIGNANT BEHAVIORS (x̄±s, n=9)

Group miR-655-3p Migration 
number

Invasion 
number MMP2 MMP9 PCNA A value

600 μg/ml EPI+anti-miR-
NC 1.00±0.10 111±9.73 75±7.05 0.43±0.03 0.37±0.02 0.40±0.03 0.617±0.06

600 μg/ml EPI+anti-miR-
655-3p 0.46±0.05* 231±19.86* 157±12.38* 0.78±0.07* 0.79±0.07* 0.94±0.08* 1.179±0.07*

t 14.49 16.278 17.267 13.787 17.307 18.961 18.287

p 0.000 0.000 0.000 0.000 0.000 0.000 0.000

Note: *p<0.05, relative to EPI+miR-NC group

TABLE 5: ANTI-miR-655-3p MIGHT ABATE EPI-EVOKED EFFECTS ON CAL27 CELL PROLIFERATION, 
MIGRATION AND INVASION (x̄±s, n=9)

Fig. 4: Western blot determined MMP2, MMP9 and PCNA expression
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that miR-655 might impede OSCC proliferation 
and invasion through different pathways[12,23]. 
In this paper, the expression of miR-655-3p was 
increased in OSCC cells after treatment with 
EPI. Elevated miR-655-3p could diminish OSCC 
cell proliferation, migration and invasion, while 
its inhibition could antagonize the repression of 
EPI on OSCC cell proliferation, migration and 
invasion. These findings disclosed that EPI could 
exert anti-OSCC effects by accelerating miR-655-
3p expression.

In summary, EPI could dwindle the development of 
OSCC cells via boosting miR-655-3p expression. 
Apart from that, miR-655-3p might be a potential 
target of EPI for the treatment of OSCC and might 
provide a new direction for the development of 
therapeutic drugs for OSCC. However, it needs 
to be further investigated whether EPI could play 
an anti-OSCC role via regulating other genes or 
signaling pathways.
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