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miR-21 targets MMP-7 and promotes  
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Abstract: Objective: Perineural invasion (PNI) is a form of cholangiocarcinoma (CC) metastasis. This behavior is as-
sociated with poor clinical outcomes. Therefore, it is critical to identify novel interactions between nerves and cancer 
cells that support the process of PNI. Precious study has found that upregulated miR-21 and MMPs could increase 
tumor metastasis and invasion by its various targets in many cancer cells. In the present study, we assessed wheth-
er miR-21 promoted invasion and PNI of CC cells and explored its mechanisms. Methods: miR-21 was transfected 
into the CCLP1 cells to construct stable miR-21 transfected clones (miR-21/CCLP1). The miR-21/CCLP1 cells were 
transiently transfected into MMP-7 siRNA. Cell invasion and migration were detected by transwell migration assays 
and wound healing assay. Dorsal root ganglion (DRG) and miR-21/CCLP1 or miR-21/MMP-7 siRNA/CCLP1 cells 
were co-cultured for 7 days to construct in vitro coculture model of nerve invasion. miR-21/CCLP1 and scramble/
CCLP1 cells (2×105) in 3 μl volume of PBS were microscopically injected into the distal sciatic nerve, under the epi-
neurium to construct in vivo model of sciatic nerve invasion. Murine sciatic nerve tumors generated from miR-21/
CCLP1 and scramble/CCLP1 cells were assessed by magnetic resonance imaging (MRI). miR-21 expression was de-
tected by quantitative reverse transcriptase polymerase chain reaction (qRT-PCR); MMP-7 was detected by western 
blot assay. Results: miR-21 overexpression promoted invasion and migration in vitro by upregulation of MMP-7. In 
vitro nerve and cancer co-culture invasion assays of PNI demonstrated that cancer cell miR-21 expression facilitates 
PNI by upregulation of MMP-7. Sciatic nerve tumors generated from miR-21/CCLP1 cells grew more rapidly than 
those generated from scramble/CCLP1 tumors at week 6. Clinical evaluation at the time of surgical exploration 
confirmed the MRI findings, demonstrating thickened and infiltrated proximal sciatic nerves for the miR-21/CCLP1 
tumors, as compared with normal appearing proximal sciatic nerves in non-tumor bearing animals. Conclusions: 
miR-21 promotes CC invasion, migration and PNI though MMP-7-mediated signaling.
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Introduction

Cholangiocarcinoma (CC) is divided into three 
general categories: intrahepatic, hilar or distal. 
Although hilar CC remains the most common 
type, the incidence of intrahepatic cholangio-
carcinoma (IHCC) is rising and IHCC currently 
accounts for 20% of all CC [1]. Due to its diffi-
culty of diagnosis, vascular invasion, perineural 
invasion, intrahepatic metastasis, perihepatic 
lymph node metastasis and post-resection re- 
currence, the five-year survival rate is only 5%, 
and this survival rate had not vastly improved  
in past three decades [2].

CC via perineural invasion (PNI) is an extremely 
part during its genesis and development espe-

cially the early period. PNI is highly correlated 
with tumor volume, location, depth of invasive-
ness, angiogenesis and lymph node involve-
ment [1]. While the tumor perineural invasion  
is generated in cholangiocarcinoma, it indicat-
ed that the tumor is not only localized in the  
primary organ, but metastasis in distance or 
the tumor cell residue stays in abdominal cavi-
ty, the proportion of perineural invasion in CC  
is around 85-88%. Furthermore, it is quite hard 
to radical cure by the operation and the clini- 
cal prognosis is extremely bad [3].

PNI is actually a type of tumor local growth  
pattern. The perineural interspace invasion was 
the fifth dependent metastasis pathway to be 
discovered. In PNI, leap metastasis is possible, 
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CC could metastasize into liver via the neural 
interspace [4]. However, the possible mecha-
nisms of PNI in CC are not very clear. Under- 
standing the possible mechanisms, and searc-
ing for novel methods and targets to prevent 
perineural invasion in early-phase CC is the 
direction of effort.

miR-21 was one of the most frequently stu- 
died cancer-related miRNAs and dysregulated 
in most cancers by acting as oncogene [5]. Up- 
regulated miR-21 could increase tumor grow- 
th, metastasis and invasion and reduce sensi-
tivity to chemotherapy by its various targets [6]. 
Cancer patients with higher expression of miR-
21 always had a worse prognostic outcome. In 
cholangiocarcinoma cells, over-expression of 
miR-21 significantly promoted cell migration, 
invasion and xenografts growth, whereas con-
trary phenomenon was observed in mir-21 in- 
hibitor group [7]. In addition, miR-21 was found 
to be higher expressed in PNI tumors than non-
PNI tumors [8].

Increased expression and activity of various 
matrix metalloproteinases (MMPs), most nota-
bly MMP-7 and -9, are associated with tumor 
invasion and metastasis in malignant neopla- 
sms, including intrahepatic cholangiocarcino-
ma [9-11]. Unlike MMP-9, which is expressed  
in both the carcinoma and tumor stromal cells 
of intrahepatic cholangiocarcinoma, MMP-7 is 
mainly expressed in malignant cholangiocytes 
[11], suggesting its intrinsic value as a hepa- 
tobiliary tumor cell marker. MMP-7 was also 
seen to be more frequently expressed in inva-
sive non-papillary cholangiocarcinomas than  
in the papillary type showing a lesser depth of 
tumor invasion and infrequent metastasis [11]. 
Other study has reported that high MMP-7 ex- 
pression seems to correlate with tumor lym-
phatic metastasis, PNI, higher malignancy and 
less favorable prognosis in CC patients [9].

Martin et al. has reported that increased ex- 
pression of miR-21 enhanced the invasive po- 
tential of melanoma cell lines through TIMP3 
inhibition [12]. Liu et al. has reported that miR-
21 induces tumor angiogenesis through tar- 
geting PTEN, leading to activate AKT and ER- 
K1/2 signaling pathways, and thereby enhan- 
cing HIF-1α and VEGF expression [13]. In laryn-
geal squamous cell carcinoma (LSCC), miR-21 
is involved in the cell migration and tumorige-
nicity via the regulation of MMP-2 expression 

[14]. Similarly, MMP-7 expression was inhibited 
by miR-21 in glioma although the molecular 
mechanisms remain unclear [15].

In the present study, we use miR-21 overex-
pressing CC cells to determine if miR-21 can 
promote migration and invasion of CC cells in 
vitro. We use DRG as part of an in vitro co-cul-
ture assay with CC cells as a model of PNI. We 
used in vivo model of sciatic nerve invasion to 
study the role of miR-21 on PNI. In this study, 
we identified a new role of miR-21 in PNI and 
revealed the underlying mechanisms. These re- 
sults indicated that miR-21 promotes invasion 
and PNI via activation of MMP-7 signals.

Materials and methods

Cell culture

Human cholangiocarcinoma (CCA) cell lines, 
HuCCT1, CCLP1, TFK1 and noncancerous chol-
angiocyte cell line (H69) were purchased from 
Gibco Invitrogen (Auckland, New Zealand). The 
H69 cells were cultured in Bronchial Epithelial 
Cell Basal Medium (Lonza, Walkersville, MD) 
with supplemental growth factors in BEGM 
SingleQuot Kit and 10% heat-inactivated FBS. 
Other cells were cultured in RPMI-1640 medi-
um containing 10% FBS were cultured at 37°C 
in a humidified atmosphere containing 5% CO2. 

Stable transfection

miR-21 expression and scramble control lenti-
virus particles with enhanced green flurescent 
protein (eGFP) were purchased from GeneCo- 
poeia (Rockville, MD). The CCLP1 cells were 
transduced with miR-21 expressing lentiviral 
particles or scramble control overnight. After 
72 hr, the medium was replaced with fresh 
medium containing puromycin for selection and 
the subsequent cultures were continued in the 
presence of 1 μg/ml puromycin. After the cells 
reached confluence, total RNA was extracted 
and quantitative reverse transcription polyme- 
rase chain reaction (qRT-PCR) was performed 
to verify the levels of miR-21.

siRNA transfection

(miR-21/CCLP1 and scramble/CCLP1) cells 
(2×105 cells per well) were plated in 6-well 
plates and allowed to grow overnight. 2 nM 
MMP-7 siRNA or scramble siRNA and 5 μl 
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Lipofectamine™ 2000 (Invitrogen, Carlsbad, 
CA) were diluted in OPTI-MEM (Invitrogen, 
Carlsbad, CA) to a total volume of 250 μl. The 
diluted siRNA and Lipofectamine™ 2000 were 
mixed and incubated at ambient temperature 
for 20 minutes. The cells were washed with 
serum-free DMEM medium, and then the dilut-
ed siRNA mix was added to the 6-well plates  
for 6 hours, after which the mix was replaced 
with growth medium and cultured for another 
48 h.

Western blot

Total protein extracts were separated by 10- 
12% SDS-PAGE, and electro-transferred to po- 
lyvinylidene fluoride membranes. Anti-MMP-7 
(1:200, Cell Signaling Technology) and anti-β-
actin (1:1000, Abcam, Cambridge, UK) anti- 
bodies were diluted in PBS/T (PBS/tween; 5% 
milk powder) and incubated with the mem-
branes at 4°C overnight. The appropriate sec-
ondary antibody was applied (1:2000, horse-
radish peroxidase-conjugated anti-mouse and 
anti-rabbit) at room temperature for 1 h. Im- 
munoreactive proteins were visualised by en- 
hanced chemiluminescence (Amersham Bio- 
science, Hangzhou, China).

MMP-7 expression measured by ELISA

The amount of MMP-9 secreted into the cell 
culture supernatant was measured with an 
ELISA kit (Guangzhou, China) as the manufac-
ture’s instruction. The optical density at 450 
nm was measured with a plate reader.

RNA extraction and quantitative real-time PCR 
(qRT-PCR)

Total miRNA was isolated using the mirVana 
miRNA isolation kit (Ambion). miRNA was ex- 
tended by a poly(A) tailing reaction using  
the A-Plus poly(A) polymerase tailing kit (Cell 
Script). cDNA was synthesized from miRNA  
with poly(A) tail using a poly(T) adaptor primer 
and qScriptTM reverse transcriptase (Quanta 
Biogenesis). The expression level of miR-21 
was quantified with the SYBR Green qRT-PCR 
kit (Ambion) using an miRNA-specific forward 
primer and a universal poly(T) adaptor reverse 
primer. The expression of miR-21 was defin- 
ed based on the threshold (Ct), and the rela- 
tive expression levels were calculated as 2-[(Ct of 

miR-21) - (Ct of U6)] after normalization with reference 
to the expression of U6 small nuclear RNA.

Matrigel invasion assay

The Boyden chamber technique (transwell anal-
ysis) was performed. Briefly, the 8-μm pore  
size filters were coated with 100 μl of 1 mg/ml 
matrigel (dissolved in serum-free RPMI1640 
medium). 600 μl of RPMI1640 medium con-
taining 10% FBS was added to the lower cham-
bers. Forty-eight hrs post-transfection, homo-
geneous single cell suspensions (1×105 cells/
well) were added to the upper chambers and 
allowed to invade for 24 hrs at 37°C in a CO2 
incubator. Cells remaining attached to the up- 
per surface of the filters were carefully removed 
with cotton swabs. Migrated cells were stained 
with 0.1% crystal violet for 10 min at room tem-
perature and examined by light microscopy. 
Quantification of migrated cells was performed 
according to the manufacturer’s instruction.

Wound healing assay

Cells were seeded into 6-well plates and cul-
tured in standard media until confluence. The 
media was discarded and a wound was simu-
lated by creating scratches across the plate 
using a 200-µl pipette tip. The plates were 
washed twice with serum-free media and the 
cells observed and photographed using mi- 
croscopy to ensure that there were sufficient 
cells t the leading edge of the wound. The cells 
were then grown in serum-free medium for 24 
hrs before final images were acquired. Migration 
rates were calculated by measuring the dis-
tance traveled toward the center of the wound.

In vitro coculture model of nerve invasion 

Harvested DRG were each implanted in the 
center of a 15-μL drop of growth factor-deplet-
ed Matrigel in a six-well plate with glass bot-
tom. At day 7 after DRG implantation, miR-21/
CCLP1, scramble/CCLP1 and miR-21/MMP-7 
siRNA CCLP1 (5×104) cells were added to the 
media around the DRG. 6 d after the cells were 
added, plates were examined on an Axiovert 
200 M microscope (Carl Zeiss), and images 
were acquired using a Photometrics Coolsnap 
ES camera (Photometrics). Software (Meta- 
Morph 7.7.4; Molecular Devices) was used to 
outline and quantify the areas within the DRG 
invaded by cancer cells.
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In vivo model of sciatic nerve invasion

Nude athymic mice were anesthetized with  
isoflurane and their right sciatic nerves were 
surgically exposed. Ten mice were distributed 
randomly into two groups. miR-21/CCLP1 and 
scramble/CCLP1 cells (2×105) in 3 μl volume of 
PBS were microscopically injected into the dis-
tal sciatic nerve, under the epineurium, using a 
10-μl Hamilton syringe. Additional mice under-
went sciatic nerve injection with PBS as non-
tumor bearing controls. The sciatic nerve inner-
vates the hind limb paw muscles. Sciatic ner- 
ve function was measured using the following 
the (a) sciatic neurological score, which grades 
hind limb paw response to manual extension of 
the body, from 4 (normal) to 1 (total paw paraly-
sis); and (b) sciatic nerve function index, which 

measures the spread width between the first 
and fifth toes of the hind limbs. These mea-
sures were normal in all mice immediately after 
surgical implantation of the cancer cells.

MRI assessment of in vivo perineural invasion

Murine sciatic nerve tumors generated from 
miR-21/CCLP1 and scramble/CCLP1 cells were 
assessed by magnetic resonance imaging 
(MRI). After the mice were anesthetized with 
isoflurane, sciatic nerves were localized by a 
scout fast spin echo scan in three orienta- 
tions, followed by a coronal T2-weighted fast 
spin-echo image. Images were used to visually 
assess the caliber of the sciatic nerve as it 
courses proximal to the primary tumor inject- 
ion site. Sciatic nerve invasion length based  

Figure 1. miR-21 promoted cell migration and invasion in CCLP1 cells. A. miR-21 level was measured by real-time 
RT-PCR in HuCCT1, CCLP1, TFK1 and H69 cells. B. miR-21 levels was detected in the stable miR-21 and scramble 
control lentivirus particles transfected CCLP1 cells; C. The cell motility was detected using wound healing assay 
in CCLP1 cells transfected with miR-21. D. The cell invasion was detected Transwell chambers assay. *P<0.01, vs 
control.
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on MRI imaging was assessed. Images showing 
a thickened sciatic nerve were analyzed with 
Image J.

Immunohistochemistry

All tumors was fixed in 10% buffered formalin 
(Biochemical Science Inc, Shanghai, China). 
Tissue sections were cut at (4 µm). Following 
incubation with the MMP-7 primary antibody, 
sections were thoroughly rinsed in wash buffer 
and subsequently incubated in peroxidase cou-
pled secondary antibody (30 min). After, sec-

tions were washed in buffer and immunode- 
tection was performed by treatment with the 
chromogenic 3-3 diaminobenzidine (DAB) solu-
tion. Finally sections were counterstained with 
hematoxylin, dehydrated by submerging in a 
series of ethanol, fixed in xylene, mounted and 
coverslipped.

Statistical analyses 

A Student t test was used for statistical analy-
sis as appropriate. All P values were calculated 
using two-sided tests. Differences were consid-

Figure 2. miR-21 facilitates invasion and migration of CCLP1 cells by activating MMP-7 in vitro. A. MMP-7 expression 
was detected by western blot assay; B. MMP-7 level was detected by ELISA assay; C. The cell motility was detected 
using wound healing assay in CCLP1 cells transfected with miR-21/MMP-7 siRNA. D. The cell invasion was detected 
Transwell chambers assay. *P<0.01, vs control.
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ered statistically significant if the P value was 
less than 0.05. Error bars in the graphs repre-
sent 95% confidence intervals.

Results

MiR-21 inhibits migration and invasion of 
CCLP1 cells in vitro

miR-21 expression was detected in human 
cholangiocarcinoma (CCA) cell lines, HuCCT1, 
CCLP1, TFK1 and noncancerous cholangiocyte 
cell line (H69) by qRT-PCR. The lest miR-21 ex- 
pression was shown in the CCLP1 cells (Figure 
1A). So we used CCLP1 cells for further study.

miR-21 was stably transfected into CCLP1 cells. 
The level of miR-21 was detected using qRT-
PCR in miR-21 transfected cells. The results 
showed that miR-21 expression increased 59 
fold compared to the untreated or scramble 
transfected CCLP1 cells (Figure 1B).

Next, we measured the cell motility and in- 
vasion capacities in CCLP1 cells transfected 
with miR-21. The wound healing assay show- 
ed that miR-21 promoted the cell motility in 
CCLP1 cells (Figure 1C). Consistent with this, 
overexpression of miR-21 enhanced the inva-
sion in CCLP1 cells (Figure 1D). Taken toge- 
ther, our findings miR-21 is involved in promot-
ing cell migration and invasion in CCLP1 cells.

miR-21 facilitates CCLP1 invasion and migra-
tion by activating MMP-7 in vitro

To investigate the potential mechanism of miR-
21 on invasion and migration of CCLP1 cells, 
we examined the MMP-7 expression in CCLP1 
cells and supernatant by western blot and 
ELISA assay. We show that the MMP-7 was sig-
nificantly increased in miR-21 stably transfect-
ed CCLP1 cells (miR-21/CCLP1) compared to 
the scramble transfected cells and untreated 
cells (Figure 2A, 2B). Targeting MMP-7 by siRNA 
in the miR-21/CCLP1 cells significantly inhi- 
bited MMP-7 expression in the miR-21/CCLP1 
cells by western blot and ELISA assay (Figure 
2A, 2B). The wound healing assay showed that 
targeting MMP-7 by siRNA inhibited cell moti- 
lity and invasion in the miR-21/CCLP1 cells 
(Figure 2C, 2D), suggesting that miR-21 facili-
tates CCLP1 invasion and migration by activat-
ing MMP-7.

miR-21 facilitates perineural invasion by acti-
vating MMP-7 in vitro

We performed DRG co-culture assays to asse- 
ss for PNI in vitro. DRG harvested from miR-21/
CCLP1 cells exhibit progressive cancer cell in- 
vasion along DRG neuritis in the 6th days com-
pared to the scramble/CCLP1 harvested DRG 
(Figure 3). However, DRG harvested from miR-
21/MMP-7 siRNA/CCLP1 cells demonstrate di- 
minished invasion along DRG neurites in the  
6th days (Figure 3). Furthermore, the area of 
nerve invasion was significantly reduced in the 
miR-21/MMP-7 siRNA groups compared with 
the miR-21 groups and scramble groups (Figure 
3). These results demonstrate that miR-21 faci- 
litates perineural invasion by activating MMP-7 
in vitro.

MiR-21 expression facilitates prostate cancer 
perineural in vivo

We next assessed the contribution of CCLP1 
expression in PNI using a murine in vivo model 
of sciatic nerve invasion. Sciatic nerve tumors 
generated from miR-21/CCLP1 cells grew more 
rapidly than those generated from scramble/
CCLP1 cells, and untreated tumors at week 5. 
MRI imaging of miR-21 tumors showed thick-
ened sciatic nerves at week 5 extending proxi-
mal to the primary tumors towards the spinal 
cord, consistent with PNI (Figure 4A). In con-
trast, MRI imaging of control tumors showed 
preservation of thin proximal sciatic nerves at 
week 5 (Figure 2A), similar to those of normal 
mice lacking any tumor (Figure 4A). Clinical 
evaluation at the time of surgical exploration 
confirmed the MRI findings, demonstrating thi- 
ckened and infiltrated proximal sciatic nerves 
for the miR-21 tumors at week 5 (Figure 4B), as 
compared with normal sciatic nerves in non-
tumor bearing animals (Figure 4B). Our immu-
nohistochemistry analysis showed that miR- 
21 significantly upregulated MMP-7 express- 
ion within tumors (Figure 4C).

Discussion

PNI is an ominous clinical problem where can-
cer cells are found to track and invade along 
nerves, often extending toward the central ner-
vous system, which permitting unpredictable 
cancer progression beyond the expected ana-
tomic extent of a tumor mass, making complete 
surgical resection more difficult and requiring 
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large radiation fields designed to cover the 
affected nerves [16]. PNI may also cause sig-
nificant morbidity, inducing paralysis, pain, or 
paresthesias of the affected nerves [17]. PNI 
has been implicated as a poor prognostic fac-
tor in many cancer types, including squamous 
cell carcinoma of the head and neck, cancer of 
the prostate, and colorectal and pancreatic 
cancers [18-22]. In a large series of hilar and 
intrahepatic CC, Endo and colleagues showed 
that the presence of PNI was significantly as- 
sociated with reduced OS [23]. Fisher et al. 
have demonstrated that the presence of PNI 
was found to be significantly associated with  
a worse prognosis, even after accounting for 
other known adverse factors, such as large 
tumour size, multiple tumours, positive resec-
tion margin, poor differentiation and LN invol- 
vement [24]. However, the precise molecular 
mechanisms underlying PNI remain unclear. 
Most current theories suggest that reciprocal 
signaling and interactions occur between can-
cer cells and the nerve microenvironment in- 
duce this event [17, 25]. 

Sousa et al. [26] has recently reported that 
presence of PNI was associated with low miR-

199b levels. In addition, miR-21 levels were 
high whereas miR-100 and miR-125b levels 
were low in HNSCC compared to the resec- 
tion margins. The increase of miR-21 and the 
reduction of PTEN levels contribute to cancer 
growth and spread. Prueitt et al. has reported 
that nineteen microRNAs were found to be 
higher expressed in PNI tumors than non-PNI 
tumors [27]. Furthermore, miR-21 and miR-224 
are located in malignancy-associated chromo-
somal regions that were found to have an in- 
creased gene expression in human prostate 
cancer [8]. From the studies above, we sug-
gested that overexpression of miR-21 contrib-
uted to cancer invasion.

In the present study, the expression of miR-21 
in several CC cell lines was determined using 
qRT-PCR. miR-21 expression was significantly 
increased in all 3 CC cell lines compared with 
normal cholangiocyte cell line (H69). We subse-
quently found that overexpression of miR-21 
significantly suppressed CC cell invasion and 
migration in vitro. 

We next hypothesized that miR-21 signaling 
may play a role in CC PNI. To identify miR-21 

Figure 3. miR-21 facilitates perineural invasion by activating MMP-7 in vitro. Dorsal root ganglia (DRG) and cancer 
co-culture assay of PNI permits the assessment of interactions between cancer and nerve cells. Coculture of murine 
DRG with miR-21/CCLP1, scramble/CCLP1 and miR-21/MMP-7 siRNA/CCLP1 cells in Matrigel permits assessment 
of the degree of PNI by day 6. The mean total area of invasion is compared between three groups (P<0.05; t test).
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involved in PNI, we performed a chemokine 
screen of explants of murine DRG, which con-
tain primarily neurons and glial cells. DRG ex- 
plants in Matrigel sprout axonal-like projects 
which are analogous to tiny nerves, which in  
co-cultures with cancer cells serve as a model 
that recapitulates PNI. Our study found that  
the area of nerve invasion by the miR-21 over-
expressing CCLP1 cells was increased by 62% 
as compared with the scramble transfected 
CCLP1 cells by day 6 of the co-culture assay. 

These results demonstrate that miR-21 expres-
sion facilitates both CC cell migration and peri-
neural invasion.

We next assessed the contribution of miR-21  
in PNI using a murine in vivo model of sciatic 
nerve invasion. The results showed that mice 
injected with scramble/CCLP1 tumors main-
tained intact sciatic nerve function over 6 
weeks, and miR-21/CCLP1 tumors developed 
progressive, complete, ipsilateral hind limb pa- 

Figure 4. miR-21 facilitates CCLP1 perineural invasion in vivo by magnetic resonance imaging. A. MRI T2 weighted 
images were taken of mice under anesthesia to visualize the proximal sciatic nerve to assess for PNI. The MRI image 
of a mouse injected with miR-21/CCLP1 shows a thickened sciatic nerve (arrow) coursing proximal to the injected 
tumor mass in the sciatic nerve at week 5 after injection. In contrast, the right sciatic nerve of a mouse injected with 
scramble/CCLP1 demonstrates tumor at the sciatic nerve injection local site, but a nearly normal proximal sciatic 
nerve caliber (arrow) at week 5 after injection. B. At the time of animal sacrifice, sciatic nerve tumors and the proxi-
mal sciatic were surgically exposed. PBS or scramble injected sciatic nerve appears thin and shiny at week 5 after 
injection. A miR-21/CCLP1 sciatic nerve tumor shows evidence of proximal sciatic nerve invasion and thickening 
(arrow) consistent with PNI. C. The immunohistochemistry results showing MMP-7 in xenograft tumors formed by 
implanting miR-21/CCLP1 cells.
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ralysis over 6 weeks. MRI imaging has the same 
results as above. From the studies above, we 
suggested that overexpression of miR-21 con-
tributed to cancer PNI.

Previous study has found that miR-21 is in- 
volved in the cell migration and tumorigenicity 
of laryngeal squamous cell carcinoma (LSCC) 
via the regulation of MMP-7 expression [14]. In 
the present study, we found that overexpres-
sion of miR-21 induced MMP-7 upregulation by 
western blot and ELISA assay, and targeting 
MMP-7 inhibited miR-21 induced cell invasion 
and PNI in vitro. It is suggested that miR-21 tar-
gets MMP-7 and promotes perineural invasion 
of cholangiocarcinoma.

In conclusion, we have demonstrated that miR-
21 is significantly upregulated in CC cells. miR-
21 overexpression can promote cell migration, 
invasion and PNI in vitro and in vivo. Further- 
more, miR-21 functions at least partially by up- 
regulating MMP-7. Such investigation elucidat-
ing these mechanisms may facilitate for the 
optimal design of future therapeutic strategies 
intended to disrupt these interactions.
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