
MiR-182 regulates invasion and metastasis of pancreatic cancer

9278	 Int J Clin Exp Pathol 2017;10(9):9273-9283

used qPCR to detect the expression of the gene 
in order to confirm its effectiveness. The ex- 
pression of miR-182 in the miR-182-mimic gr- 
oup was significantly higher than that in the NC 
group (Figure 3A), indicating that miR-182-mim-
ic can significantly increase the expression of 
miR-182.

Relationship between DAPK1 and miR-182 
was detected by luciferase reporter gene

The results of previous experiments showed 
that the expression of miR-182 changes with 
DAPK1, and it was predicted that DAPK1 may 

interact directly with miR-182. In order to verify 
whether miR-182 target the 3’UTR of DAPK1, 
we stained DAPKl-siRNA with miR-182 into pan-
creatic cancer HS766T cells. Luciferase report-
er gene results showed (Figure 3B) that DAPK1 
significantly inhibited luciferase activity in miR-
182. The results show that DAPK1 binds spe-
cifically to the 3’UTR of miR-182.

Transwell and scratch tests showed that miR-
182 overexpression of DAPK1 could restore 
pancreatic cancer cell invasion and migration

Transwell results showed that the invasive abil-
ity of pancreatic cancer cells in LV5-DAPK1 + 

Figure 2. A. WB was used to detect the expression of DAPK1 after treated with LV5-DAPK1. B. qPCR was used to 
detected the expression of miR-182 after treated with LV5-DAPK1. C. Effect of LV5-DAPK1 on the invasion ability 
of HS766T cells were detected by Transwell matrigel invasion assays. D. Effect of LV5-DAPK1 on the HS766T cells 
migration ability were detected by wound healing assays. Error bars represent standard error. *P < 0.05.
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miR-182-mimic group was significantly higher 
than that in LV5-DAPK1 group; the difference 
was statistically significant (P < 0.05). The 
results of scratch test showed (Figure 3D) that 
the migration ability of pancreatic cancer cells 
in LV5-DAPK1 + miR-182-mimic group was sig-
nificantly higher than that in LV5-DAPK1 group 
at different time points 24 h, 48 h and 72 h (P 
< 0.05). The overexpression of miR-182 after 
overexpression of DAPK1 could restore the 
ability of invasion and migration of pancreatic 
cancer cells.

Overexpression of DAPK1 and overexpres-
sion of miR-182 after cytoskeleton-associated 
protein changes

The results of previous experiments showed 
that DAPK1 and miR-182 played an important 
role in the invasion and migration of pancreatic 
cancer cells, and the invasion and migration of 
cells involve changes in cell adhesion, degrada-
tion of extracellular matrix and changes of cell 
morphology. The cytoskeleton was constantly 
changing to complete. It was speculated that 

Figure 3. A. qPCR was used to detect the expression of miR-182 after treated with miR-182-mimic; B. Luciferase 
report gene detects miR-182 the direct target of DAPK1; C. Transwell matrigel invasion assays were used to detect 
whether the effect of invasion ability could recover after treated with LV5-DAPK1 and miR-182-mimic. D. Wound 
healing assays were used to detect whether the effect of migration ability could recover after treated with LV5-
DAPK1 and miR-182-mimic. Error bars represent standard error. *P < 0.05.
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DAPK1 may result in cytoskeleton remodeling 
and cell migration and invasion. WB test results 
showed that the expression of ROCK-1 and 
RhoA protein in LV5-DAPK1 group was signifi-
cantly lower than that in NC group (P < 0.05). 
The protein expression of ROCK-1 and RhoA 
was significantly restored after adding miR-
182-mimic (P < 0.05).

Cytoskeleton phalloidin staining showed (Fi- 
gure 4B) that the expression of F-actin in LV5-
DAPK1 group was significantly decreased com-
pared with LV5-DAPK1 + miR-182-mimic group, 
the formation of cell membrane wrinkles was 
significantly reduced, and the formation of 
pseudopodia was significantly reduced.

Effect of DAPK1 and overexpression of miR-
182 on tumor growth examined by subcutane-
ous tumor formation in nude mice

Tumor growth in nude mice (Figure 5A): the 
tumor size of LV5-DAPK1 + miR-182-mimic 

group was significantly increased compared 
with LV5-DAPK1 group, the difference was sta-
tistically significant (P < 0.05). Comparison of 
tumor weight and volume (Figure 5B, 5C): the 
tumor volume and weight of LV5-DAPK1 + miR-
182-mimic group were significantly increased 
compared with LV5-DAPK1 group; the differ-
ence was statistically significant (P < 0.05).

Discussion

Long-chain non-coding RNA is a widely-used 
functional transcript. With the development of 
genomic large-scale transcriptomics, 80% of 
the mammalian genome has been found to be 
regulated by lncRNA [12]. Previously, most peo-
ple ignored the function of lncRNA, more and 
more investigations have shown that lncRNA 
and protein coding genes are closely related. 
LncRNA size is generally from 200 nt-100 kb, 
no obvious open reading frame [13]. It has been 
found that lncRNA HOTAIR (HOX antisense RNA) 
can affect the metastasis of breast cancer by 

Figure 4. A. Expression of 
RhoA and ROCK-1 were 
detected by Western blot. 
B. Phalloidin was used to 
label the F-actin. Original 
magnification, 400 × . Error 
bars represent standard er-
ror. *P < 0.05.
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changing the chromatin structure of transcript 
recently [14]. LncRNA SPRY4-IN1 can promote 
the invasion and metastasis of melanoma cells 
[15]. These results indicate that lncRNA has 
been gradually accepted as a transcript with 
specific function, and that the abnormal expres-
sion of lncRNA is closely related to the progres-
sion of the tumor. In this investigation, 60 cases 
of pancreatic cancer specimens were detected 
by PCR, and the expression of lncRNA DAPK1 
was significantly increased in pancreatic can-
cer tissues. The expression of DAPK1 gradually 
decreased with the progression of the tumor. 
The expression of DAPK1 was negatively corre-
lated with tumor differentiation and lymph node 
metastasis, suggesting that DAPK1 plays a role 
in tumor suppressor gene in pancreatic cancer. 
Furthermore, we detected the invasion and 
migration ability of pancreatic cancer cells after 
overexpression of DAPK1. It was found that the 
invasion and migration ability of pancreatic 
cancer cells were significantly decreased, indi-

cating that DAPK1 also played an important 
role in the invasion and migration of pancreatic 
cancer cells.

In the early investigation of lncRNA, the investi-
gators found that lncRNA regulation of gene 
expression may depend on the physical loca-
tion of the lncRNA target gene and moderately 
act in a cis-acting manner [16]. Later research-
ers have found that lncRNA can also regulate 
protein coding genes and affect the biological 
function of related proteins by transcription, 
promotion, inhibition, reverse binding protein 
coding gene transcripts, etc. lncRNA can also 
be combined with miRNA at the same time, 
thus lifting the relevant miRNA on the down-
stream target gene negative regulation [17]. 
The expression of miR-182 was detected by 
overexpression of DAPK1 in this investigation. 
The expression of miR-182 was decreased 
after expression of DAPK. Further detection of 

Figure 5. Effect on tumorigenesis after overexpression DAPK1 and miR-182 in vivo. A. Comparison of the tumor size 
of nude mice. B, C. Compare the volume and weight of the tumor in nude mice.
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luciferase reporter gene revealed that DAPK1 
specifically binds to 3’UTR of miR-182, which 
affects the biological function of pancreatic 
cancer cells.

We added miR-182-mimic on the basis of over-
expression of DAPK1 in order to clarify whether 
miR-182 can restore pancreatic cancer cell 
invasion and migration ability. It was found that 
the invasion and migration ability of pancreatic 
cancer cells were significantly restored after 
the addition of miR-182-mimic.

The Rho protein family is an important regulator 
of cytoskeletal actin [18]. Previous experimen-
tal results showed that DAPK1 and miR-182 
could affect the invasion and migration of pan-
creatic cancer cells. The first step in the ability 
to metastasize tumor cells was to reduce tumor 
cell adhesion, enhanced cell motility, and then 
infiltrated the surrounding tissue and distant 
metastases. We speculate that DAPK1 and 
miR-182 may activate the signal pathway of the 
relevant cytoskeleton by regulating the ROCK-
1/Rho family protein and promote the invasion 
and migration of pancreatic cancer cells. WB 
test results and phalloidin labeled cytoskeleton 
confirmed the above results.

In this investigation, the expression of DAPK1 
and miR-182 in pancreatic and paracancerous 
tissues was detected by using qPCR, and the 
interaction between DAPK1 and miR-182 was 
further investigated, the role of DAPK1 and 
miR-182 in the process of invasion and migra-
tion of pancreatic cancer cells was further 
investigation. Researches have shown that 
DAPK1 is down-regulated in pancreatic cancer, 
whereas miR-182 is upregulated in pancreatic 
cancer, and DAPK1 interacts directly with miR-
182. DAPK1 can target the invasion and migra-
tion of pancreatic cancer by miR-182. DAPK1 
can regulate the expression of ROCK-1 and 
RhoA, and it can affect the change of cytoskel-
eton, which indirectly indicates that ROCK-1/
RhoA signaling pathway plays an important role 
in the regulation of miR-182 on the biological 
function of pancreatic cancer cells by DAPK1. It 
suggests that DAPK1 and miR-182 may be 
involved in the invasion and migration of pan-
creatic cancer cells and may be a marker for 
predicting the progression, prognosis and mon-
itoring of pancreatic cancer.
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