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Abstract: Increasing evidences have suggested that microRNAs (miRNAs) act a critical role in tumor initiation, pro-
gression and metastasis. Deregulated expression of miR-217 has been identified in various tumors. However, the 
expression and role of miR-217 in the development of cutaneous squamous cell carcinoma (cSCC) remain un-
clear. In our study, we showed that miR-217 expression was upregulated in the cSCC tissues compared to adjacent 
non-tumor samples. We also demonstrated that miR-217 expression was upregualted in the cSCCcSCC cell lines. 
Overexpression of miR-217 promoted cSCCcSCC cell growth, cell cycle and invasion. We identified Polymerase I and 
Transcript Release Factor (PTRF) as a direct target gene of miR-217 in the SCC13 cell. In addition, PTRF expres-
sion was downregulated in the cSCCcSCC tissues. Moreover, we demonstrated that there was a significant inverse 
correlation between miR-217 and PTRF expression in the cSCCcSCC. Furthermore, overexpression of PTRF could 
rescue miR-217’s oncogenic effect on cSCC. Therefore, these results suggested that upregulation of miR-217 could 
contribute to development of cSCCcSCC through targeting PTRF.
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Introduction

Cutaneous squamous cell carcinoma (cSCC)  
is the 2nd most common skin cancer and is 
responsible for about 20% of the skin tumor-
associated mortalities yearly [1-4]. The inci-
dence of cSCC has been increased during the 
past years [5, 6]. Despite the advances in ther-
apeutic approaches such as surgery, chemo-
therapy and radiotherapy, the prognosis of the 
cSCC remains unsatisfactory [7-10]. This can-
cer is often aggressive and multiple, with in- 
creased metastasis and recurrences [11-14]. 
Thus, it is crucial to identify more molecules  
in cSCC development and find more new tar-
gets for treatment strategies of cSCC.

MicroRNA (miRNA) is a category of highly con-
served, endogenously expressed small non-
coding RNA molecules that induces mRNA 
cleavage or represses gene translation th- 
rough binding to the 3’UTR of target mRNAs 
[15-19]. Increasing studies have demonstra- 
ted that miRNAs are deregulated in various 
tumors such as gastric cancer, hepatocellular 

carcinoma, breast cancer, bladder cancer and 
cSCC [10, 20-22]. miRNAs act pivotal roles in 
tumor initiation and progression due to their 
function as tumor suppressors or oncogenes 
[15, 23, 24]. miRNAs participate in various  
cell biological processes such as cell develop-
ment, proliferation, apoptosis, invasion, migra-
tion and differentiation through regulating their 
target genes [16, 25-27]. 

In our study, we examined the expression of 
miR-217 and polymerase I and transcript re- 
lease factor (PTRF) in cSCC tissues and cell 
lines using qRT-PCR. We found that miR-217 
was upregualted in cSCC tissues and cell lines 
and overexpression of miR-217 promoted cSCC 
cell growth, cell cycle and invasion.

Materials and methods

Tissue sample and cell line cutltured and tran-
fection

CSCC tissues and adjacent non-tumor samples 
were obtained from cSCC patients undergoing 
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surgery at our department and Peking University 
Cancer Hospital. Our study was approved by 
the Peking Union Medical Hospital Institutional 
Review Board and in accordance with the De- 
claration of Helsinki Principles. Written inform- 
ed consent was collected from each patient. 
Four cSCC cell lines (Tca8113, A431, SCC13 
and HSC-5) and human benign epidermal kera-
tinocyte cell line (HaCaT) were purchased from 
the Cell Bank of the Chinese Academy of Sci- 
ences and cultured in the DMEM (Dulbecco’s 
modified Eagle medium) supplemented with 
fetal bovine serum (FBS), streptomycin and 
penicillin. MiR-217 mimics and scramble mim-
ics were purchased from the Ambion (TX, USA) 
and tranfected to the cells by using the Lipo- 
fectamine 2000 (Invitrogen L, CA, USA) follow-
ing to manufacturer’s protocol. 

Western blot

Total protein was isolated from cell or tissue  
by using the RIPA Lysis Buffer (Beyotime,  
China). Total protein was electrophoresed th- 
rough 12% SDS gels and then transferred to 
the PVDF membrane (Millipore). Membrane 
was then blotted with individual primary anti-
bodies (PTRF and GAPDH, Abcam, 1:2000). 
The band was visualized using the ECL (en- 
hanced chemiluminescence) system following 
to the instructions of manufacturer. 

Luciferase activity analysis

The 3’-UTR of PTRF containing the miR-217- 
binding sites and its mutant was cloned into 
pLUC vectors. Cells were cultured in the 96-well 
plate after transfection. Cell was co-transfect-
ed with the pLUC-PTRF or mutant pLUC-PTRF 
and miR-217 mimic or scramble, along with 
Opti-MEM and Fugene HD. The luciferase acti- 
vities were evaluated by using the dual lucifer-
ase reporter analysis system (Promega, USA).

Cell proliferation, cell cycle, and cell invasion 
assay

For cell proliferation assay, the cells were plat-
ed on the 96-well plate and treated with the 
CCK8 (Cell Counting Kit-8, Dojindo, Japan). The 
absorbance at 450 nm was evaluated by using 
the microplate reader. The cell proliferation was 
measured for 0, 24, 48 hours respectively. To 
evaluate the cell cycle, flow cytometry was 
used. The cell was fixed in the ethanol before 

staining with the propidium iodide and RNase  
A and then measured by usig the FACScan.  
For cell invasion assay, cells seeded in the 
24-transwell of upper Matrigel-coated mem-
brane with no-serum medium. Ten percent of 
FBS was added to the lower medium. The in- 
vasive cell was fixed with formaldehyde and 
then dyed with crystal violet and counted.

RNA extraction and qRT-PCR

Total RNAs, including miRNA, were extracted 
from the cells or tissues using the TRIzol (In- 
vitrogen, USA). To determin the expression of 
the miR-217 and PTRF, qRT-PCR was perform- 
ed using the SYBR PCR Kit on the ABI 7300 
real-time PCR system. The primer sequences 
used in our study were described as follow- 
ing: PTRF, forward 5’-CGGGAACAGGGCAACA- 
TCTA-3’ and reverse 5’-TGTGTCCCTTCTTTCT- 
GC-3’ and GAPDH forward 5’-TTGTGATGGGT- 
GTGAACCACGAGA-3’ reverse 5’-CATGAGCCCT- 
TCCACAATGCCAAA-3’.

Statistical analysis

Data are present as the mean ± SD (standard 
deviation). Statistical significance for different 
groups was determined by the Student’s t-test 
or one-way ANOVA. P-value less than 0.05 were 
indicated to be statistically significant.

Result

MiR-217 is upregulated in cSCC tissues

To study the expression of miR-217 in cSCC, we 
analyzed 15 paired cSCC tissues and adjacent 
non-tumor tissues by qRT-PCR. As shown in the 
Figure 1A, miR-217 expression was upregulat-
ed in the cSCC tissues. Moreover, the expres-
sion of miR-217 was significant higher in the 
cSCC tissues than in adjacent non-tumor tis-
sues (Figure 2B).

PTRF is downregulated in cSCC tissues

As shown in the Figure 2A, PTRF expression 
was downregulated in the cSCC tissues. More- 
over, the expression of PTRF was significantly 
lower in the cSCC tissues than in adjacent non-
tumor tissues (Figure 2B). In addition, we dem-
onstrated that there was a significant inverse 
correlation between miR-217 and PTRF expres-
sion in the cSCC (Figure 2C).
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Overexpression of miR-217 promotes cSCC cell 
growth, cell cycle and invasion miR-217 expres-
sion was upregualted in the cSCC cell lines 
(Tca8113, A431, SCC13 and HSC-5) than in the 
human benign epidermal keratinocyte cell line 
(HaCaT) (Figure 3A). Moreover, the expression 
of miR-217 in the SCC13 cells was increased 
following transfection with miR-217 mimic com-
pared with the scramble parental cells (Figure 
3B). Ectopic expression of miR-217 increased 
the cSCC cell line SCC13 cell proliferation 
(Figure 3C). We also found that the express- 
ion of cyclin D1 was upregulated in the SCC13 
cell following transfection with miR-217 mimics 
(Figure 3D). In addition, overexpression of miR-
217 promoted the SCC13 cell cycle (Figure 3E). 

Furthermore, ectopic expression of miR-217 in- 
creased the SCC13 cell invasion (Figure 3F and 
3G).

MiR-217 directly targets PTRF expression

We searched the potential targets of miR-217 
using the TargetScan tool and identified PTRF 
as a potential target of miR-217 (Figure 4A). As 
shown in Figure 4B, miR-217 overexpression 
inhibited the luciferase activity of the wild-type 
vector (WT PTRF 3’UTR) but not the mutant  
vector (Mut PTRF 3’UTR) (Figure 4B). More- 
over, overexpression of miR-217 suppressed 
the PTRF expression in the SCC13 cell (Figure 
4C and 4D).

Figure 1. MiR-217 is upregulated in cSCC tissues. A. The expression of miR-217 in the 15 paired cSCC tissues and 
adjacent non-tumor tissues was measured by using qRT-PCR. B. The expression of miR-217 was significant higher 
in the cSCC tissues than in adjacent non-tumor tissues.

Figure 2. PTRF is downregulated in cSCC tissues. A. The expression of PTRF in the 15 paired cSCC tissues and 
adjacent non-tumor tissues was measured by using qRT-PCR. B. The expression of PTRF was significant higher in 
the cSCC tissues than in adjacent non-tumor tissues. C. The expression of PTRF was inversely correlated with the 
expression of miR-217 in the cSCC tissues.
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Figure 3. Overexpression of miR-217 promotes cSCC cell growth, cell cycle and invasion. A. miR-217 expression in the cSCC cell lines (Tca8113, A431, SCC13 and 
HSC-5) and human benign epidermal keratinocyte cell line (HaCaT) was determined by using qRT-PCR. B. The expression of miR-217 in the SCC13 cell after treated 
with miR-217 mimic was measured by using qRT-PCR. C. Overexpression of miR-217 increased the SCC13 cell proliferation. D. Elevated expression of miR-217 pro-
moted the cyclin D1 expression in the SCC13 cell. E. Overexpression of miR-217 promoted the SCC13 cell cycle. F. miR-217 overexpression increased the SCC13 
cell invasion. G. The relative invasive cells were shown. *P<0.05, **P<0.01 and ***P<0.001.
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Overexpression of PTRF could rescue miR-
217’s oncogene effect on cSCC

PTRF expression was lower in the cSCC cell 
lines (Tca8113, A431, SCC13 and HSC-5) than 
in the human benign epidermal keratinocyte 
cell line (HaCaT) (Figure 5A). PTRF expression 
in the SCC13 cells was increased following 
transfection with PTRF vector compared with 
the control vector parental cells (Figure 5B and 
5C). We rescued PTRF expression in the miR-
217 overexpressing SCC13 cell by transfect- 
ing PTRF vector. The proliferation of miR-217 
overexpressing SCC13 cells was partially de- 
creased after treated with PTRF vector (Figure 
5D). Moreover, overexpression of PTRF sup-
pressed cell cycle in the SCC13 cells overex-
pressing miR-217 (Figure 5E). In addition, ecto-
pic expression of PTRF suppressed cell inva-
sion in the SCC13 cells overexpressing miR- 
217 (Figure 5F and 5H).

Discussion

In our study, we showed that miR-217 expres-
sion was upregulated in the cSCC tissues. We 
also demonstrated that miR-217 expression 
was upregualted in the cSCC cell lines (Tca- 
8113, A431, SCC13 and HSC-5) than in the 
human benign epidermal keratinocyte cell line 
(HaCaT). Overexpression of miR-217 promoted 
cSCC cell growth, cell cycle and invasion. We 
identified PTRF as a direct target gene of miR-
217 in the SCC13 cell. In addition, we demon-
strated that the PTRF expression was downreg-
ulated in the cSCC tissues. Moreover, we dem-
onstrated that there was a significant inverse 
correlation between miR-217 and PTRF expres-
sion in the cSCC. Furthermore, Overexpression 
of PTRF could rescue miR-217’s oncogenic ef- 
fect on cSCC. Therefore, these results suggest-
ed that upregulation of miR-217 could contrib-
ute to development of cSCC.

Figure 4. MiR-217 directly targets PTRF expression. A. There are 7 sequential bases between PTRF gene 3’UTR 
and 5’ of human miR-217. B. miR-217 overexpression inhibited the luciferase activity of the wild-type vector (WT 
PTRF 3’UTR) but not the mutant vector (Mut PTRF 3’UTR). C. miR-217 overexpression suppressed the PTRF protein 
expression in the SCC13 cell. D. miR-217 overexpression suppressed the PTRF mRNA expression in the SCC13 cell. 
*P<0.05. 
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Figure 5. Overexpression of PTRF could rescue miR-217’s oncogene effect on cSCC. A. PTRF expression in the cSCC cell lines (Tca8113, A431, SCC13 and HSC-5) 
and human benign epidermal keratinocyte cell line (HaCaT) was determined by using qRT-PCR. B. The mRNA expression of PTRF was measued by qRT-PCR. C. The 
PTRF vetor promoted the protein expression of PTRF in the SCC13 cell. D. The proliferation of miR-217 overexpressing SCC13 cells was partially decreased after 
treated with PTRF vector. E. The cyclin D1 expression in the SCC13 cell was determined by qRT-PCR. F. Overexpression of PTRF suppressed cell cycle in the SCC13 
cells overexpressing miR-217. G. Ectopic expression of PTRF suppressed cell invasion in the SCC13 cells overexpressing miR-217. H. The relative invasive cells were 
shown. *P<0.05 and **P<0.01.
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Previous studies suggested that miR-217 play- 
ed an important role in the initiation and pro-
gression of tumors such as gastric cancer, 
breast cancer, glioma, epithelial ovarian can- 
cer and osteosarcoma [28-32]. For example, 
Zhang et al [33] demonstrated that the miR-
217 expression was upregulated in the breast 
tumor tissues and high expression of miR-217 
was correlated with the triple negative subtype, 
highly histological grade and advanced tumor 
stage. Overexpression of miR-217 increased 
the breast cancer cell proliferation and cell 
cycle. Li et al [34] demonstrated that miR-217 
was downregulated in the clear cell renal cell 
carcinoma and ectopic expression of miR-217 
promoted clear cell renal cell carcinoma cell 
proliferation and migration. In addition, Shen et 
al [35] showed that miR-217 expression was 
downregulated in the osteosarcoma tissues 
and cell lines and overexpression of miR-217 
suppressed the osteosarcoma cell invasion 
and proliferation through targeting WASF3 ex- 
pression. However, there are no published lit-
erature about the role and function of miR- 
217 in the cSCC. In this study, we studied  
the role and function of miR-217 in the cSCC. 
We showed that miR-217 expression was up- 
regulated in the cSCC tissues. We also de- 
monstrated that miR-217 expression was up- 
regualted in the cSCC cell lines (Tca8113, 
A431, SCC13 and HSC-5) than in the human 
benign epidermal keratinocyte cell line (HaCaT). 
Overexpression of miR-217 promoted cSCC cell 
growth, cell cycle and invasion. These results 
suggested that miR-217 might act as a poten-
tial oncogene in the development of cSCC.

Previous studies showed that PTRF acted a  
crucial role in the development of cancer includ-
ing prostate cancer, glioblastoma, lung cancer, 
rhabdomyosarcoma and breast cancer [36-41]. 
Previous report reported a lack of PTRF expres-
sion in the prostate tumor, and ectopic expres-
sion of PTRF in the prostate cancer cells inhib-
ited prostate tumor metastasis and grow- 
th [37]. In addition, Nassar et al [42] demon-
strated that overexpression of PTRF decreased 
lymphatic vessel and blood densities in the 
orthotopic tumors. Their results suggested that 
absence of PTRF contributed to tumour metas-
tasis and progression through enhancing the 
lymphangiogenesis and angiogenesis potential 
of the prostate cancer cells. Wang et al [43] 
showed that PTRF expression was downregu-

lated in the colorectal cancers and downre- 
gulatd expression of PTRF was correlated to  
the advanced stage of colorectal tumor. Ecto- 
pic expression of PTRF suppressed colorectal 
tumor cell colony growth and proliferation. In 
this study, we identified PTRF as a direct tar- 
get gene of miR-217 in the SCC13 cell. In addi-
tion, we demonstrated that the PTRF expres-
sion was downregulated in the cSCC tissues. 
Moreover, there was a significant inverse cor-
relation between miR-217 and PTRF expression 
in the cSCC. Furthermore, Overexpression of 
PTRF could rescue miR-217’s oncogenic effect 
on cSCC. 

In conclusion, we observed that miR-217 ex- 
pression was upregulated in the cSCC tissues. 
Overexpression of miR-217 promoted cSCC cell 
growth, cell cycle and invasion through inhibit-
ing PTRF expression. Therefore, these results 
suggested that upregulation of miR-217 might 
contribute to the development of cSCC through 
inhibiting PTRF expression.
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