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Original Article 
Downregulation of CD147 inhibits skin squamous cell 
carcinoma cell proliferation, migration, and invasion  
by inhibiting phosphorylation of ERK
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Abstract: Purpose: The aim of the current study was to investigate the effects of CD147 on skin squamous cell carci-
noma cells, examining related mechanisms. Methods: Normal human keratinocyte cell line (HaCaT) and human skin 
squamous cell carcinoma cell lines (HSC-5, SCL-1, and A431) were cultured. HSC-5 cells were transfected by CD147 
siRNA (CD147-siRNA group). The siRNA-Negative Control group and Blank group were set. Normal HSC-5 cells and 
cells of the CD147-siRNA group were cultured in 1640 medium containing 100 μmol/L U0126. They were named 
the U0126 group and CD147-siRNA + U0126 group, respectively. Moreover, qRT-PCR was used to detect CD147 
mRNA expression levels. Western blotting was performed to detect CD147, ERK, and p-ERK protein expression lev-
els. MTT assays, cell scratch tests, and Transwell experimentation were used to detect cell proliferation, migration, 
and invasion. Results: CD147 relative expression levels in skin squamous cell carcinoma cells were significantly 
upregulated (P < 0.01). Compared with the Blank group and siRNA-Negative Control group, p-ERK expression, as 
well as HSC-5 cell proliferation, migration, and invasion, were declined in the CD147-siRNA group, U0126 group, and 
CD147-siRNA + U0126 group (P < 0.05). Compared to the CD147-siRNA group and U0126 group, p-ERK expression, 
as well as HSC-5 cell proliferation, migration, and invasion, were decreased in the CD147-siRNA + U0126 group (P 
< 0.05). Conclusion: Downregulation of CD147 may inhibit proliferation, migration, and invasion of skin squamous 
cell carcinoma cells by inhibiting phosphorylation of ERK.
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Introduction 

Twenty percent of patients with skin malignan-
cies are diagnosed with skin squamous cell car-
cinoma. It is one of the most common skin 
malignancies [1]. Morbidity and mortality rates 
caused by skin squamous cell carcinoma have 
increased year by year [2]. Complete tumor 
excision, accompanied by chemotherapy or ra- 
diotherapy, is the most common treatment 
method for most skin squamous cell carcinoma 
patients. However, some refractory patients 
are at a risk of high metastasis and mortality 
[3]. 

Researchers have found that targeted therapy 
at the molecular level can achieve better thera-
peutic effects, to a certain degree [4, 5]. How- 

ever, the discovery of tumor specific biomarkers 
is still a challenge, especially for skin squamous 
cell carcinoma. Relevant molecular biomarker 
studies, concerning skin squamous cell carci-
noma, are rare. CD147, a membrane-bound gly-
coprotein, has been shown to play a role in pro-
moting the growth and metastasis of several 
types tumors, including prostate cancer and 
gastric cancer [6-9]. Chu et al. [10] demonstrat-
ed that upregulation of CD147 was positively 
correlated with invasion, metastasis, and TNM 
staging in gastric cancer patients. They con-
cluded that CD147 might be an indicator of 
tumor recurrence and prognosis in gastric can-
cer patients. Kaira et al. [11] showed that, in 
patients with pancreatic cancer, CD147 could 
form a complex with LAT1 and ASCT2. It was 
identified as a negative prognostic predictor in 
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pancreatic cancer. Yue et al. [12] suggested 
that CD147 expression levels were positively 
correlated with MMP-9, which has been corre-
lated with the development of cancers and 
relapse. Su et al. [13] revealed that CD147 
knockdown could suppress tumor growth of 
melanomas by downregulating GLUT-1 via 
PI3K/Akt pathways, providing a new therapeu-
tic regimen for melanoma treatment. It has also 
been found that CD147 also plays an important 
role in skin squamous cell carcinoma develop-
ment. They recommend CD147 as a biomarker 
and as a potential therapeutic target for skin 
squamous cell carcinoma [14, 15]. However, 
the specific mechanisms of CD147 in skin 
squamous cell carcinoma remain unclear. 

In the current study, the mechanisms of CD147 
on skin squamous cell carcinoma cells were 
examined. This study aimed to provide guid-
ance and a theoretical basis for the molecular 
treatment of skin squamous cell carcinoma, 
clinically.

Materials & methods

Cell culturing

Normal human keratinocytes (HaCaT) and hu- 
man skin squamous cell carcinoma cell lines 
(HSC-5, SCL-1, and A431), purchased from 
American Type Culture Collection, were cul-
tured in 24-well plates with 1640 medium at a 
density of 1*104 cells per well, respectively. 
The 1640 medium consisted of fetal bovine 
serum by a volume fraction of 10%. These cells 
were incubated in a carbon dioxide incubator 
with 5% CO2 and 95% humidity at 37°C for 48 
hours.

Cell transfection

HSC-5 cells in the logarithmic growth phase 
were collected and inoculated into 6-well plates 
at a concentration of 1*105/L. A total of 1,000 
μL cell suspension was added into each well. 

After incubation in the incubator for 24 hours, 
they were transfected with CD147 siRNA or 
negative control plasmids using Lipofectamine 
2000. The sequence of CD147 siRNA was as 
follows: 5’-GATCCGTGACAAAGGCAAGAACGTCT- 
TCAAGAGAGACGTTCTTGCCTTTGTCATTTTTTG- 
GAAA-3’, 5’-AGCTTTTCCAAAAAATGACAAAGGC- 
AAGAACGTCTCTCTTGAAGACGTTCTTGCCT- 
TTGTCACG-3’. HSC-5 cells that were success-
fully transfected with CD147 siRNA were col-
lected and designated as the CD147-siRNA 
group. Furthermore, HSC-5 cells transfected by 
CD147 negative control plasmids were collect-
ed and named the siRNA-Negative control 
group. HSC-5 cells without any treatment were 
set as the Blank group. Cells in each group 
were seeded in 24-well plates at a density of 
1*104 cells per well. They were incubated in the 
carbon dioxide incubator with 5% CO2 and 95% 
humidity at 37°C for 48 hours.

U0126 treatment 

Normal HSC-5 cells and HSC-5 cells, success-
fully transfected with CD147 siRNA, were col-
lected and prepared as a cell suspension with 
1640 medium containing 30 μmol/L U0126 
(an ERK phosphorylation inhibitor). These cells 
were seeded in 24-well plates at a density of 
1*104 cells per well. They were incubated in the 
carbon dioxide incubator. They were named the 
U0126 group and CD147-siRNA + U0126 gro- 
up, respectively.

 RNA extraction and qRT-PCR detection

After incubation of 48 hours, the cells were col-
lected. Total RNA was extracted using the 
RNeasy Plus mini kit (Qiagen, Valencia, CA). The 
extraction procedure was carried out in strict 
accordance to kit instructions. RNA concentra-
tions and purity levels were detected. Moreover, 
the cDNA template was synthesized by reverse 
transcription. PCR amplification was conducted 
in a 20 μL reaction volume containing 1 μL 
cDNA template and 2 μL primers. Amplification 
conditions were as follows: Pre-denaturation at 
95°C for 10 minutes, denaturation at 95°C for 
10 seconds, annealing at 60°C for 20 secon- 
ds, and extension at 72°C for 34 seconds. The 
same reaction process was circulated 40 ti- 
mes. β-actin was used as an internal reference. 
Primer sequences of CD147 and β-actin are 
shown in Table 1. Data was analyzed using the 
2-ΔΔCt method.

Table 1. Primer sequences of CD147 and 
β-actin
Name of primer Sequences
CD147-F 5’-CCATGCTGGTCTGCAAGTCAG-3’
CD147-R 5’-CCGTTCATGAGGGCCTTGTC-3’
β-actin-F 5’-CTGGAACGGTGAAGGTGACA-3’
β-actin-R 5’-AAGGGACTTCCTGTAACAACGCA-3’
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 Western blot analysis 

In the current study, 30 μmol/L U0126, known 
as an ERK phosphorylation inhibitor, was used 
to treat normal HSC-5 cells and HSC-5 cells 
that were successfully transfected with CD147 
siRNA. ERK and p-ERK protein relative expres-
sion levels in HSC-5 cells of each group were 
determined by Western blotting. First, the total 
protein of cells was extracted after incubation 
for 48 hours. Protein concentrations were 
determined with the BCA kit. A total of 30 μL 
protein was electrophoresed on 12% SDS-
polyacrylamide gels. The protein was then 
transferred onto PVDF membranes using the 
wet method. The membranes were blocked 
with 5% fat-free dry milk in TBST for 1 hour. The 
primary antibody (mouse anti-human CD147 
monoclonal antibody, mouse anti rabbit E-cad- 
herin, MMP-9, ERK, and p-ERK, 1:1000, Abcam, 
UK) was added to incubate for 12 hours at 4°C. 
Next, TBST was used to wash the membranes 3 
times. HRP-labeled goat anti-mouse IgG sec-
ondary antibody (1:5000, Beijing Zhongshan 
Jinqiao Biotechnology Co., Ltd., China) was then 
added for 1 hour of incubation at room temper-
ature. Finally, chemiluminescence was used to 
visualize CD147 proteins and β-actin was used 
as a reference.

MTT assays

For cells in each group, a total of 20 μL MTT (5 
mg/mL, Sigma) was added to each well after 
incubation for 24, 48, 72, and 96 hours, respec-
tively. The upper liquid was discarded after 
another 4 hours of incubation. Afterward, 150 
μL DMSO was added to each well and lightly 
shaken until the crystals dissolved completely. 
Absorbance values (OD495 value) of each well 
were measured at 495 nm. Cell proliferation 
ability was determined according to OD495 va- 
lues.

Cell scratch testing

HSC-5 cells of each group were treated with 
serum-free 1640 medium for 24 hours. They 
were then collected and seeded in 6-well plates 
at a density of 5*105/mL cells per well, respec-
tively. After 72 hours of incubation, a scratch 
was made by pipettes and the floating cells 
were cleared out with PBS. A total of 2 mL of 
1640 medium containing 10% fetal bovine 
serum was added into each well. These cells 

were still incubated in a 5% CO2 incubator for 
12 hours. Cell migration ability was evaluated 
according to the scratch wound healing rate. 
Scratch wound healing rate was calculated by 
the following formula: scratch wound healing 
rate = (initial scratch wound width-scratch wo- 
und width after 12 h)/initial scratch wound wi- 
dth*100%.

Transwell experiment

HSC-5 cell invasion ability levels of each group 
were determined through Transwell experimen-
tation. Cells suspended in serum-free 1640 
medium were placed on the top of Matrigel-
coated polycarbonate Transwell filters at a den-
sity of 5*105/mL cells. Medium supplemented 
with serum was used in the bottom chamber. 
After incubation for 48 hours, cells invading to 
the bottom of the membranes were fixed for 10 
minutes with 100% methanol. Air-drying was 
performed before staining with DAPI. Further- 
more, the number of cells penetrating the mem-
branes was counted under a microscope, aim-
ing to assess cell invasion ability.

Statistical analysis

Present data was processed with SPSS 18.0 
statistical software. Data are expressed as 
mean ± SD and were analyzed by one-way anal-
ysis of variance, followed by Tukey’s post-hoc 
testing, comparing the means. P < 0.05 indi-
cates that differences are statistically signifi- 
cant.

Result

Upregulation of CD147 in skin squamous cell 
carcinoma cells

Compared with HaCaT cells, relative expression 
levels of CD147 mRNA and proteins in HSC-5, 
SCL-1, and A431 were all significantly upregu-
lated (P < 0.01). Relative expression levels of 
CD147 mRNA and proteins in HSC-5 cells were 
the highest (Figure 1A, 1B). Therefore, HSC-5 
cells were selected for subsequent studies.

Downregulation of CD147 in HSC-5 cells by 
siRNA transfection

After transfection, CD147 mRNA and protein 
relative expression levels in the CD147-siRNA 
group were significantly lower than those in the 
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Blank group and siRNA-Negative Control gro- 
up (P < 0.01) (Figure 2A, 2B), suggesting that 
siRNA transfection successfully inhibited CD- 
147 expression in HSC-5 cells.

Inhibition of p-ERK expression by silencing 
CD147

There were no statistically significant diffe- 
rences in relative expression of ERK among the 
Blank group, siRNA-Negative Control group, 
CD147-siRNA group, U0126 group, and CD147-
siRNA + U0126 group (P > 0.05). However, p- 
ERK relative expression levels of the CD147-
siRNA group, U0126 group, and CD147-siRNA + 
U0126 group were significantly declined, com-
pared with the Blank group and siRNA-Negative 
Control group (P < 0.01). In addition, compared 
to the CD147-siRNA group and U0126 group, 
relative expression of p-ERK in the CD147-
siRNA + U0126 group was significantly lower (P 
< 0.05) (Figure 3). Present results indicate that 

p-ERK expression in HSC-5 cells was inhibited 
through silencing CD147.

Downregulation of CD147 could inhibit HSC-5 
cell proliferation through inhibiting expression 
of p-ERK

MTT assays showed that, at 48-96 hours, the 
OD495 value of CD147-siRNA group was signifi-
cantly lower than that of the Blank group  
and siRNA-Negative Control group (P < 0.05). 
CD147 silencing may inhibit the proliferation of 
HSC-5 cells. At the same time, significantly 
lower OD495 values in the U0126 group were 
found, compared with the Blank group and siR-
NA-Negative Control group at these three time 
points (P < 0.05). Results suggest that the pro-
liferation of HSC-5 cells was also inhibited by 
inhibition of p-ERK. In addition, at 72 hours and 
96 hours, the OD495 value of the CD147-siRNA + 
U0126 group was not only much lower than 
that of the Blank group and siRNA-Negative 

Figure 1. Relative expression of CD147 in cells. A. Relative expression of CD147 mRNA in cells by qRT-PCR; B. Rela-
tive expression of CD147 protein in cells by Western blot. *P < 0.01 compared with expression of CD147 in HaCaT 
cells.

Figure 2. Downregulation of CD147 in HSC-5 cells by siRNA transfection. A. Relative expression of CD147 mRNA in 
each group by qRT-PCR; B. Relative expression of CD147 protein in each group by Western blot. *P < 0.01 compared 
with the Blank group or siRNA-Negative control group.
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Control group (P < 0.05), but also significantly 
lower than that of the CD147-siRNA group and 
U0126 group (P < 0.05). Present results sug-
gest that downregulation of CD147 inhibited 
HSC-5 cells proliferation by inhibiting p-ERK 
expression (Figure 4).

Downregulation of CD147 could inhibit HSC-5 
cell migration through inhibiting expression of 
p-ERK

Cell scratch test results showed that cell wound 
healing rates were significantly lower in the 

compared with the Blank group and siRNA-Neg-
ative Control group (P < 0.05). Moreover, com-
pared with the CD147-siRNA group and U0126 
group, the cell wound healing rate of the CD147-
siRNA + U0126 group dramatically declined (P 
< 0.05) (Figure 5A). In addition, expression of 
E-cadherin, a migration-associated protein, 
was also detected. Results revealed that the 
change trend of E-cadherin relative expression 
was completely opposite to the change trend of 
cell wound healing rates of each groups (Figure 
5B). The above data indicates that downregula-
tion of CD147 could inhibit HSC-5 cell migration 
ability levels through inhibiting expression of 
p-ERK.

Downregulation of CD147 could inhibit HSC-5 
cell invasion through inhibiting expression of 
p-ERK

Transwell assays were performed to explore the 
effects of CD147 on the invasive abilities of 
HSC-5 cells. Compared with the Blank group or 
siRNA-Negative Control group, significantly de- 
creased invasive cell numbers were found in 
the CD147-siRNA group (P < 0.05), suggesting 
that downregulation of CD147 could inhibit 
HSC-5 cell invasion. Results also showed that 
invasive cell numbers of the U0126 group were 
obviously lower than those of the Blank group 
or siRNA-Negative Control group (P < 0.05). 
Downregulation of p-ERK showed significant 
inhibitory effects on invasion ability levels of 
HSC-5 cells. Furthermore, invasive cell num-
bers of the CD147-siRNA + U0126 group were 

Figure 3. Inhibition of p-ERK expression by silencing CD147. *P < 0.01 com-
pared with the Blank group or siRNA-Negative Control group. #P < 0.05 
when compared with the CD147-siRNA group or U0126 group.

Figure 4. Downregulation of CD147 inhibited HSC-5 
cell proliferation through inhibiting p-ERK expres-
sion. *P < 0.05 compared with the Blank group or 
siRNA-Negative Control group. #P < 0.05 compared 
with the CD147-siRNA group or U0126 group. 

CD147-siRNA group than the 
Blank group and siRNA-Nega-
tive Control group (P < 0.05), 
indicating that HSC-5 cell mi- 
gration ability levels were sig-
nificantly inhibited by silenc- 
ing of CD147. Also, significantly 
declined cell wound healing 
rates were found in the U0126 
group, compared with the Bl- 
ank group and siRNA-Negative 
Control group (P < 0.05), indi-
cating that downregulation of 
p-ERK had significant inhibito-
ry effects on migration abilities 
of HSC-5 cells. Moreover, cell 
wound healing rates of the 
CD147-siRNA + U0126 group 
were significantly decreased, 
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Figure 5. Downregulation of 
CD147 inhibited HSC-5 cell 
migration through inhibiting 
p-ERK expression. A. Cell 
scratch testing to detect the 
migration of cells in each 
group; B. Western blot to de-
tect E-cadherin expression 
of cells in each group. *P 
< 0.05 compared with the 
Blank group or siRNA-Nega-
tive Control group. #P < 0.05 
compared with the CD147-
siRNA group or U0126 group. 

Figure 6. Downregulation 
of CD147 inhibited HSC-5 
cell invasion through inhib-
iting p-ERK expression. A. 
Transwell experiment to de-
tect the invasion of cells in 
each group; B. Western blot 
to detect MMP-9 expres-
sion of cells in each group. 
*P < 0.05 compared with 
the Blank group or siRNA-
Negative Control group. 
#P < 0.05 compared with 
the CD147-siRNA group or 
U0126 group. 

not only lower than those of the Blank group 
and siRNA-Negative Control group (P < 0.05), 
but also lower than those of the CD147-siRNA 

group and U0126 group (P < 0.05) (Figure 6A). 
The change trend of MMP-9 relative expression 
was in accord with the change trend of invasive 



CD147 expression in skin squamous cell carcinoma

12083 Int J Clin Exp Med 2019;12(10):12077-12085

cell numbers of each group (Figure 6B). Present 
results suggest that suppression of CD147 
inhibited HSC-5 cell invasion ability levels th- 
rough inhibiting p-ERK expression.

Discussion

In the current study, the mechanisms of CD147 
on skin squamous cell carcinoma cells were 
studied. Results demonstrated that expression 
of CD147 in skin squamous cell carcinoma ce- 
lls was upregulated. Downregulation of CD147 
was shown to inhibit the proliferation, migra-
tion, and invasion of HSC-5 cells by inhibiting 
expression of p-ERK. Moreover, downregulation 
of CD147 may promote E-cadherin expression 
and inhibit MMP-9 expression by inhibiting p- 
ERK. 

CD147 is an important influencing factor in 
tumor cell growth, development, differentiati- 
on, and progression. It has been considered a 
novel target for antitumor therapy [16]. Chu et 
al. found that CD147 overexpression increased 
the risk of invasion and metastasis in gastric 
cancer, an independent prognostic factor of 
gastric cancer overall survival rates, as well as 
disease-free survival rates [10]. Xu et al. also 
revealed that, in colorectal cancer tissues, 
CD147 was upregulated. This aggravated the 
invasion abilities of tumors. More importantly, 
their research indicated that the ability of 
CD147 to promote invasion ability was acted on 
through MAPK/ERK signaling pathways [17]. 
Consistent with these studies, present results 
also suggest that expression of CD147 in skin 
squamous cell carcinoma cells was upregulat-
ed, further confirming the role of CD147 in 
malignant neoplasms and providing a theoreti-
cal basis for treatment of skin squamous cell 
carcinoma at the molecular level. 

In addition, the current study examined the me- 
chanisms of CD147 in skin squamous cell carci-
noma cells. Results showed that downregula-
tion of CD147 could exert inhibitory effects on 
skin squamous cell carcinoma cell proliferati- 
on, migration, and invasion by inhibiting expres-
sion of p-ERK. Furthermore, downregulation of 
CD147 may also promote E-cadherin expres-
sion and inhibit MMP-9 expression by inhibiting 
p-ERK. E-cadherin is a migration-related pro-
tein. Downregulation of this protein will lead to 
increased tumor cell migration ability levels 
[18]. MMP-9 can increase the invasive ability of 

tumor cells [19]. Upregulation of E-cadherin 
and downregulation of MMP-9 provide inhibito-
ry effects on tumor cell migration and invasion. 
In this research, inhibition of CD147 was shown 
to upregulate E-cadherin and downregulate 
MMP-9. Relevant mechanisms were through 
inhibiting p-ERK expression. Moreover, p-ERK, 
as one of the crucial factors in tumor progres-
sion, can be accumulated in the nucleus. Ex- 
tracellular stimuli can be transferred from the 
cell surface to the nucleus by p-ERK during the 
process of intracellular signal transduction [20, 
21]. The function of activated ERK pathways 
has been examined in many cancers, such as 
renal cell carcinoma, lung cancer, breast can-
cer, and colorectal carcinoma [22-24]. Zhao et 
al. researched the impact of p-ERK on non-
small cell lung cancer. They found that p-ERK 
expression was an independent prognostic fac-
tor leading to poor prognosis. Its overexpres-
sion was closely related to histological type and 
tumor differentiation. They concluded that p- 
ERK is a prognostic marker for non-small cell 
lung cancer [25]. Vicent et al. [26] further con-
firmed that upregulation of p-ERK could be 
used as a sign of advanced and invasive non-
small cell lung cancer. The current study found 
that CD147 silencing and the use of U0126 
could both obviously decrease relative expres-
sion levels of p-ERK. Under the dual impact of 
CD147 silencing and U0126 using, more signifi-
cant declines of p-ERK relative expression lev-
els occurred and significant inhibitory effects of 
HSC-5 cell proliferation, migration, and inva-
sion were found. Results suggest that the 
impact of CD147 on HSC-5 cells was through 
acting on the expression of p-ERK. Xu et al. [27] 
revealed that, in colorectal cancer, high expres-
sion of CD147 could activate MAPK/ERK sig-
naling pathways. They explained that CD147 
could promote expression of p-ERK in colorec-
tal cancer cells and ERK inhibitor abrogated 
CD147-induced invasion and migration. Xiao 
and colleagues demonstrated that, in hepato-
cellular carcinoma, ERK signaling pathways 
might be activated in CD147-induced cell mi- 
gration [28]. The current study was consistent 
with previous studies, suggesting that down-
regulation of CD147 could exert an inhibitory 
effect on skin squamous cell carcinoma cell 
proliferation, migration, and invasion by inhibit-
ing expression of p-ERK. This article first ex- 
plored the mechanisms of CD147 in skin squa-
mous cell carcinoma, providing important guid-
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ing significance for the clinical treatment of 
skin squamous cell carcinoma at a molecular 
level.

The current study had some limitations. First, 
only HSC-5 cells were selected for subsequent 
studies. HSC-5 cells had the highest CD147 
mRNA and protein relative expression levels. 
Therefore, using HSC-5 cells for follow-up stud-
ies would be more representative and persua-
sive. In addition, follow-up studies could not be 
performed on all cell lines due to limitations of 
laboratory conditions. Thus, only HSC-5 cells 
were selected for subsequent studies. In future 
studies, tests concerning the other two cell 
lines will be conducted. Second, the current 
study only showed phosphorylation of ERK to 
be the mechanism of CD147 mediated HSC-5 
cell proliferation and invasion. This study could 
not implement the other parts of MAPK signal-
ing pathways because of limitations of labora-
tory conditions. 

In conclusion, the current study investigated 
the effects of CD147 on proliferation, migra-
tion, and invasion of skin squamous cell carci-
noma cells. Results showed that downregula-
tion of CD147 could inhibit proliferation, migra-
tion, and invasion of skin squamous cell carci-
noma cells through inhibiting expression of 
p-ERK. The current study may provide impor-
tant guiding significance, laying a theoretical 
foundation for clinical targeted therapy of skin 
squamous cell carcinoma.

Disclosure of conflict of interest

None.

Address correspondence to: Hui Liu, Department of 
Surgery of Chinese Medicine, The First Hospital of 
Hunan University of Chinese Medicine, No. 95, 
Shaoshan Middle Road, Changsha 410007, Hunan 
Province, China. Tel: +86-0731-85369057; E-mail: 
liuhui25290@163.com

References

[1] Li L, Tian YL, Shi CF, Zhang H and Zhou Z. Over-
expression of CD200 predicts poor prognosis 
in cutaneous squamous cell carcinoma. Med 
Sci Monit 2016; 22: 1079-1084.

[2] Wu J, Lu WY and Cui LL. Inhibitory effect of cur-
cumin on invasion of skin squamous cell carci-
noma a431 cells. Asian Pac J Cancer Prev 
2015; 16: 2813-2818.

[3] Martorell-Calatayud A, Jimenez OS, Mojarrieta 
JC and Barona CG. Cutaneous squamous cell 
carcinoma: defining the high-risk variant. Actas 
Dermosifiliogr 2013; 104: 367.

[4] Rasool M, Malik A, Manan A, Arooj M, Qazi MH, 
Kamal MA, Sheikh IA, Gan SH, Asif M and 
Naseer MI. Roles of natural compounds from 
medicinal plants in cancer treatment: struc-
ture and mode of action at molecular level. 
Med Chem 2015; 11: 618-28.

[5] Cherdyntseva N, Litviakov N, Ivanova F, Den-
isov E, Gervas P and Cherdyntsev E. The mo-
lecular aspects of personalized anticancer 
treatment. Physics of Cancer: Interdisciplinary 
Problems & Clinical Applications 2016; 23-8.

[6] Liang YX, Lu JM, Mo RJ, He HC, Xie J, Jiang  
FN, Lin ZY, Chen YR, Wu YD and Luo HW. E2F1 
promotes tumor cell invasion and migration 
through regulating CD147 in prostate cancer. 
Int J Oncol 2016; 48: 1650.

[7] Hu C, Dong X, Wu J, Xiao F, Shang J, Liang L, 
Yuan Y, Luo D, Li Q and Qian S. CD147 overex-
pression may serve as a promising diagnostic 
and prognostic marker for gastric cancer: evi-
dence from original research and literature. 
Oncotarget 2017; 8: 30888.

[8] Kendrick AA, Schafer J, Dzieciatkowska M, 
Nemkov T, D’Alessandro A, Neelakantan D, 
Ford HL, Pearson CG, Weekes CD and Hansen 
KC. CD147: a small molecule transporter ancil-
lary protein at the crossroad of multiple hall-
marks of cancer and metabolic reprogram-
ming. Oncotarget 2017; 8: 6742.

[9] Qin H, Rasul A, Li X, Masood M, Yang G, Wang 
N, Wei W, He X, Watanabe N and Li J. CD147-
induced cell proliferation is associated with 
Smad4 signal inhibition. Exp Cell Res 2017; 
358: 279-289. 

[10] Chu D, Zhu S, Li J, Ji G, Wang W, Wu G and 
Zheng J. CD147 expression in human gastric 
cancer is associated with tumor recurrence 
and prognosis. PLoS One 2014; 9: e101027.

[11] Kaira K, Arakawa K, Shimizu K, Oriuchi N, 
Nagamori S, Kanai Y, Oyama T and Takeyoshi I. 
Relationship between CD147 and expression 
of amino acid transporters (LAT1 and ASCT2) 
in patients with pancreatic cancer. Am J Transl 
Res 2015; 7: 356-363.

[12] Han YH, Gao B, Huang JH, Wang Z, Guo Z, Jie 
Q, Yang L and Luo ZJ. Expression of CD147, 
PCNA, VEGF, MMPs and their clinical signifi-
cance in the giant cell tumor of bones. Int J Clin 
Exp Pathol 2015; 8: 8446.

[13] Su J, Gao T, Jiang M, Wu L, Zeng W, Zhao S, 
Peng C and Chen X. CD147 silencing inhibits 
tumor growth by suppressing glucose trans-
port in melanoma. Oncotarget 2016; 7: 64778-
64784.

mailto:liuhui25290@163.com


CD147 expression in skin squamous cell carcinoma

12085 Int J Clin Exp Med 2019;12(10):12077-12085

[14] Frederick JW, Sweeny L, Hartman Y, Zhou T 
and Rosenthal EL. Epidermal growth factor re-
ceptor inhibition by anti-CD147 therapy in cu-
taneous squamous cell carcinoma. Head Neck 
2016; 38: 247-52.

[15] Sweeny L, Dean NR, Frederick JW, Magnu- 
son JS, Carroll WR, Desmond RA and Rosen-
thal EL. CD147 expression in advanced cuta-
neous squamous cell carcinoma. J Cutan 
Pathol 2012; 39: 603-609.

[16] Lian C, Guo Y, Zhang J, Chen X and Peng C. 
Targeting CD147 is a novel strategy for antitu-
mor therapy. Curr Pharm Des 2017; 23: 4410-
4421. 

[17] Xu T, Zhou M, Peng L, Kong S, Miao R, Shi Y, 
Sheng H and Li L. Upregulation of CD147 pro-
motes cell invasion, epithelial-to-mesenchymal 
transition and activates MAPK/ERK signaling 
pathway in colorectal cancer. Int J Clin Exp 
Pathol 2014; 7: 7432.

[18] Liu L, Xu Z, Zhong L, Wang H, Jiang S, Long Q, 
Xu J and Guo J. Enhancer of zeste homolog 2 
(EZH2) promotes tumour cell migration and in-
vasion via epigenetic repression of E-cadherin 
in renal cell carcinoma. BJU Int 2016; 117: 
351.

[19] Zhen Y, Liu J, Huang Y, Wang Y, Li W and Wu J. 
miR-133b inhibits cell growth, migration, and 
invasion by targeting MMP9 in non-small cell 
lung cancer. Oncol Res 2017; 25: 1109.

[20] Yoshitaka F, Mikito I, Yoko T, Keiji K, Kazuyuki K 
and Kenichi S. Prognostic value of RKIP and 
p-ERK in gastric cancer. J Exp Clin Cancer Res 
2012; 31: 1-8.

[21] Xu B, Wang N, Wang X, Tong N, Shao N, Tao J, 
Li P, Niu X, Feng N and Zhang L. MiR-146a sup-
presses tumor growth and progression by tar-
geting EGFR pathway and in a p-ERK-depen-
dent manner in castration-resistant prostate 
cancer. Prostate 2012; 72: 1171.

[22] Ling T, Song X, Xin S, Ning W, Ying Q and Sun  
Z. ART3 regulates triple-negative breast can- 
cer cell function via activation of Akt and ERK 
pathways. Oncotarget 2016; 7: 46589-46602.

[23] Wei Z, Ma W, Qi X, Zhu X, Wang Y, Xu Z, Luo J, 
Da W, Guo W and Li X. Pinin facilitated prolif-
eration and metastasis of colorectal cancer 
through activating EGFR/ERK signaling path-
way. Oncotarget 2016; 7: 29429-29439.

[24] Cerezoguisado MI, Zur R, Lorenzo MJ, Risco A, 
Martínserrano MA, Alvarezbarrientos A, Cuen-
da A and Centeno F. Implication of Akt, ERK1/2 
and alternative p38MAPK signalling pathways 
in human colon cancer cell apoptosis induced 
by green tea EGCG. Food Chem Toxicol 2015; 
84: 125-132.

[25] Zhao S, Qiu ZX, Zhang L and Li WM. Prognostic 
values of ERK1/2 and p-ERK1/2 expressions 
for poor survival in non-small cell lung cancer. 
Tumour Biol 2015; 36: 4143-50.

[26] Vicent S, Lópezpicazo JM, Toledo G, Lozano 
MD, Torre W, Garciacorchón C, Quero C, Soria 
JC, Martínalgarra S and Manzano RG. ERK1/2 
is activated in non-small-cell lung cancer and 
associated with advanced tumours. Br J Can-
cer 2004; 90: 1047-1052.

[27] Xu T, Zhou M, Peng L, Kong S, Miao R, Shi Y, 
Sheng H and Li L. Upregulation of CD147 pro-
motes cell invasion, epithelial-to-mesenchymal 
transition and activates MAPK/ERK signaling 
pathway in colorectal cancer. Int J Clin Exp 
Pathol 2014; 7: 7432-7441.

[28] Xiao W, Zhao S, Shen F, Liang J and Chen J. 
Overexpression of CD147 is associated with 
poor prognosis, tumor cell migration and ERK 
signaling pathway activation in hepatocellular 
carcinoma. Exp Ther Med 2017; 14: 2637-
2642.


