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Aim: This research aimed at clarifying the intracellular effect of SERPINE1 in the progres-
sion of colon adenocarcinoma (COAD) and the underlying mechanism.
Methods: We obtained the expression profile of SERPINE1 in COAD via the Starbase 
database and verified it on COAD tissue samples through qRT-PCR and immunoblotting, 
respectively. Also, miRWalk, TargetScan and miRDB databases were adopted to generate the 
miRNA prediction that might target SERPINE1, and the gene target miR-148a-3p was 
confirmed using dual-luciferase assays. The effect of SERPINE1 and miR-148a-3p on 
COAD was further evaluated by cell experiments. MTT assay was used to detect the change 
of cell proliferation ability. The invasive and migratory capability of COAD cells was 
examined using transwell and would healing assays. Cell apoptosis was determined through 
flow cytometry. The expressions of genes and EMT-associated proteins were evaluated by 
qRT-PCR and immunoblotting. Further lucubration of the biological relevance of SERPINE1 
and miR-148a-3p was conducted using rescue experiments.
Results: We found that the expression quantities of SERPINE1 in COAD tissues and cell 
lines were higher than those in corresponding non-cancerous tissues and normal cells. When 
SERPINE1 expression is reduced, EMT process is inhibited, invasion and proliferation 
ability of COAD cells are obviously reduced, and apoptosis level is increased. Moreover, 
SERPINE1 was identified as the target gene of miR-148a-3p. When the expression of miR- 
148a-3p was enhanced, it was found that the expression of SERPINE1 was reduced. miR- 
148a-3p played the similar effect of si-SERPINE1 that suppressed the COAD progression. 
Additionally, we found out that SERPINE1 is validated in hindering the tumor healing effect 
of miR148a-3p in COAD, including cell growth and invasion.
Conclusion: Our study suggests that SERPINE1/miR-148a-3p axis has potential as prog-
nostic markers of COAD and provides reference for the development of new therapies.
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Introduction
Cancer is a common cause of death worldwide (8.97 million deaths) after ischemic 
heart disease.1 Colon adenocarcinoma (COAD) is a common malignant cancer, 
resulting in high mortality2 with a proportion of 5%.3 Currently, although many 
treatment approaches have increased the life quality of patients with COAD, the 
5-year survival rate is still poor,4,5 Late diagnosis and lack of effective therapeutic 
targets are the main obstacles to COAD treatment.6,7 Hence, reliable biomarkers 
and specific therapeutic targets affirmatively help improve diagnosis and decrease 
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death rate in COAD patients.8,9 Therefore, it is urgent to 
investigating the molecular mechanism of COAD tumor-
igenesis, which may provide new treatment targets and 
prognostic biomarkers.

SERPINE1 belongs to the serine protein kinase inhibi-
tor family, and its encoded protein that precluding the 
fibrinolysis process.10 Recent study reported that 
SERPINE1 was overexpressed in colorectal carcinoma as 
well as head and neck cancer, which indicated the patho-
logical correlation of SERPINE1 and colorectal 
tumorigenesis.11 Also, SERPINE1 has been reported as 
a pro-tumorigenesis factor and a member of EMT path-
way, which suggested that SERPINE1 enabling tumor cell 
growth and invasion.12,13 Some studies have also declared 
that the increase of SERPINE1 level in tumor and serum 
of COAD patients has a pathological association with poor 
prognosis, which can possibly be used as tumor or serum 
marker to more accurately determine the stage of COAD 
patients.14 Therefore, further exploration of the specific 
role of SERPINE1 in COAD would be of great help for 
improving COAD therapeutic approaches.

MicroRNAs (miRNAs) are currently considered as 
a key factor in cell differentiation, cell cycle and cell 
apoptosis by regulating mRNA, which is an important 
regulating factor of tumorigenesis.15 Many researchers 
have reported that aiming at miRNAs may be an alterna-
tive manner to block tumor progression. MiR-148a-3p 
participates in regulating various procedures in bladder 
carcinoma through preventing EMT, such as inhibiting 
migration and invasion.16 miR-148a-3p was predicted as 
the target miRNA of SERPINE1 by databases. 
Additionally, miR-148-3p is recognized as a tumor- 
suppressive miRNA which has an ability to preclude cell 
proliferation in laryngeal squamous cell carcinoma 
(LSCC).17 Hence, we hypothesized that miR-148a-3p 
might have a function inhibiting COAD, which could 
help further understand the mechanism of tumor progres-
sion, including cell growth and invasion in COAD.

Here, we lucubrated the specific function of intracellu-
lar SERPINE1 on COAD and the detailed mechanisms of 
its pro-tumorigenic ability. We discovered that SERPINE1 
was negatively associated with the prognosis of COAD 
patients. After SERPINE1 was silenced, EMT process was 
obviously inhibited, invasion ability of COAD cells 
decreased, apoptosis was promoted, and cell proliferation 
was inhibited. MiR-148-3p is positively correlated with 
the prognosis of COAD patients, and SERPINE1 is tar-
geted to exert its anti-tumor effect. Therefore, we have 

proposed a theory that miR-148-3p targets SERPINE1, 
thus inhibiting EMT process and COAD progression.

Materials and Methods
Bioinformatics Analysis
TCGA is a central repository of multidimensional experi-
mental cancer data, comprising data pertaining to >30 
types of human tumors. We obtained the expression profile 
of SERPINE1 in COAD and corresponding non-cancerous 
tissues via the Gene Expression Profiling Interactive 
Analysis (Starbase) tool (http://starbase.sysu.edu.cn/ 
index.php) based on TCGA database.

We used miRWalk, TargetScan and miRDB databases 
to predict miRNAs that may target SERPINE1.

Patients and Tissue Samples
A total of 10 pairs of colorectal carcinoma tissues and 
adjacent normal tissues from patients with COAD who 
had undergone resection between 2004 and 2013 in the 
Second Affiliated Hospital of Jiaxing University. All sam-
ples were immediately frozen and ground using liquid 
nitrogen, and subsequently stored under −80°C till RNA 
extraction. The study was approved by the Ethics 
Committee of Jiaxing University and conducted in accor-
dance with the Declaration of Helsinki, and all subjects 
signed informed consent.

Cell Culture
Human COAD cell lines (SW480, RKO, HT29 and 
HTC116) (American Type Culture Collection, Manassas, 
VA, USA) and NCM460 human colon epithelial (the 
Second Affiliated Hospital of Jiaxing University) were 
cultured in DMEM medium (Gibco, USA) containing 
10% fetal bovine serum (FBS; Gibco) at 37°C and 5% 
CO2. The NCM460 cell lines was approved by the Ethics 
Committee of Jiaxing University.

Total RNA Extraction and qRT-PCR
Human colorectal cancer tissues and colorectal cell lines 
were collected to extract the RNA for continual experi-
ment. In order to lyse cells and avoid RNA lysis, 1 mL 
Trizol reagent (Invitrogen, Carlsbad, CA, USA) was added 
to cell and tissue suspension. Reverse transcription 
reagents (Thermo Scientific, Waltham, MA, USA) were 
utilized to completed cDNA synthesis. Additional chloro-
form at room temperature was added to the mixture, then 
added isopropanol to centrifugate to get RNA precipitate. 
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Real-time qPCR of SERPINE1, miR-148-3p and EMT- 
related transcripts was conducted through an ABI ViiA 7 
sequence detection system (ABI, Carlsbad, CA, USA) and 
a SYBR Premix Ex Taq™ II kit (TaKaRa Bio, Inc., Shiga, 
Japan) based on the manufacturer's instruction. The tran-
scription level was calculated by 2−ΔΔCt method.18

Small Interfering RNA Transfection and 
pcDNA3.1 Transfection
Small interfering RNA targeting SERPINE1 (si- 
SERPINE1), the control sequences (si-NC), miR-148a-3p 
mimics and its corresponding negative control (NC) were 
synthesized by Genepharma (Shanghai, China) and were 
then amplified and transfected into COAD cells to con-
struct a SERPINE1 knockdown cell line. Simultaneously, 
the negative control shRNA was also co-incubated with 
SW480 or HCT116. Conversely, pcDNA3.1-SERPINE1 
was applied for the up-regulation of SERPINE1, of 
which blank pcDNA3.1 was utilized as related negative 
control. Additionally, miR-148a-3p upregulated cell line 
was constructed by transfecting miR-148a-3p mimics to 
SW480 for the continual experiments.

Western Blotting
Cells were collected and lysed in lysis buffer on ice for 30 
min. Subsequently, the protein concentration was deter-
mined using ultraviolet spectrophotometer (Thermo 
Scientific, Waltham, MA, USA). Proteins solution was 
then added loading buffer and boiled for 5 min to be 
fully denatured and transferred onto polyvinyldifluoride 
membranes (Bio-Rad Laboratories USA) after separated 
on SDS-PAGE. The membranes were immersed with the 
diligent of SERPINE1, miR-148a-3p and EMT-related 
proteins’ antibodies, and then observed using an enhanced 
chemiluminescence reagent (Thermo Scientific, Waltham, 
MA, USA).

Dual-Luciferase Assay
The wild-type SERPINE1-1 3ʹ-UTR (WT) was amplified 
by RT-PCR and cloned into the psiCHECK-2 vector. Site- 
Directed Mutagenesis kit (Invitrogen, Carlsbad, CA, USA) 
was adopted to generate SERPINE1 site mutation, and 
then constructed mutated SERPINE1 (Mut) reporter plas-
mid in the same way. The SERPINE1-related plasmid and 
the control plasmid were then co-transfected with miR- 
148a-3p mimics or inhibitor into SW480 cells. Then dual- 
Luciferase Reporter Assay System (Promega Corporation, 

Madison, WI, USA) was utilized to examine the luciferase 
activity.

Transwell Invasion Assay
The 24-well Transwell chamber (8 μm; Corning 
Incorporated, Corning, NY, USA) was used for the inva-
sion assays. Cells transfected for 48h were collected, and 
the cell concentration was adjusted to 105 cells/mL. One 
hundred microliters of cell suspension was inoculated in 
transwell chamber. Twenty-four hours after seeding, the 
invasive ability of cancer cells was determined by the 
number of invasive cells that stained with crystal violet 
and photographed under a microscope.

Cell Viability Examination Through MTT 
Assay
Cells (SW480) were planted in 96-well plate for 5000 
cells/100 μL per well. After 48 h of transfection, the 
excess medium was sucked out, then 80 μL of fresh 
medium was added, 20 μL of MTT was added and cultured 
for 4 h. Finally, the OD values were measured at A495 nm 
and A630 nm by enzyme-linked universal microplate 
spectrophotometer.

Flow Cytometry for Apoptosis Assay
The cells were incubated with si-SERPINE1 and miR- 
148a-3p mimics for 6 hours. Then, the transfected cells 
grew in fresh medium for 72 h. 5×105 transfected cells 
were collected and subsequently suspended in 100 μL 
buffer. Add 5μL annexin V and 5μL 7-AAD and incubate 
in dark at 25°C for 15min. Finally, add 400 μL of com-
bined buffer, place it on ice (keep away from light), and 
were tested using flow cytometry within 1h.

Wound Healing Assay
Wound healing assay is a method to detect cell migration 
in vitro, which is widely used in the measurement of cell 
migration ability in vitro. HCT116 and SW480 cells in 
logarithmic growth phase were collected, and the cell con-
centration was adjusted to 3×105 cells/mL, and inoculated 
into 6-well plate for 24 h of incubation in the incubator. After 
the cells formed monolayer fusion, the cells were scratched 
with sterile 10 μL of pipette tip perpendicular to the hori-
zontal line in each hole. Mark the horizontal line evenly on 
the back of 6-hole plate with marking pen and ruler. The 
width of the scratch was recorded. ImageJ software was used 
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to measure the scratch area at different times, and GraphPad 
software was used to draw and analyze the results.

Statistical Studies
The results’ data were expressed as mean of triplicate 
measurements plus standard deviation (SD). Statistically 
significant differences in different groups were evaluated 
by Student’s t test through SPSS (13.0) or GraphPad Prism 
7.0. P < 0.05 means statistically significance.

Ethics Approval and Consent to 
Participate
All clinical procedures are in accordance with current 
clinical guidelines and regulations. This study was per-
mitted by the Ethics Committee of the Second Affiliated 
Hospital of Jiaxing University.

Results
SERPINE1 is Highly Expressed in COAD
The results of Starbase database showed that SERPINE1 
was highly expressed in COAD (Figure 1A). Real-time 
qPCR and Western blot were then conducted to verify the 
expression of SERPINE1 in COAD tissue samples from 
10 patients. Consistent with the consequence in Starbase 
database, the expression level of SERPINE1 in 10 COAD 

tissue was higher than that in the corresponding non- 
cancerous tissues (Figure 1B and C).

Knock Down of SERPINE1 Repressed 
EMT-Mediated Metastasis of COAD Cells
SERPINE1 expression level measured using qRT-PCR in 
human colorectal cancer cell lines (SW480, RKO, HT29 and 
HTC116) were significantly higher than that in NCM460 cells 
(Figure 2A), and SW480 and HCT116 were discovered as the 
highest SERPINE1 expressed cell line and was utilized in the 
following experiments. To study the specific function of 
SERPINE1 on COAD, we established SW480 and HCT116 
cells stably knocking down SERPINE1 through lentiviral 
infection and the transfection efficiency was measured using 
qRT-PCR and Western blot assay (Figure 2B and C). 
Additionally, MTT assay was exerted to estimated cell viability 
of SERPINE1 knocking down cells. Results showed that 
knockdown of SERPINE1 could significantly decrease cell 
growth of HCT116 and SW480 (Figure 2D).

Next, the migratory and invasive capability was detected 
through transwell assay and wound healing assay. Compared 
with control cells, suppressive cell invasive capacity was 
exhibited in cells of si-SERPINE1 group (Figure 2E). 
Similarly, decreased wound healing ratio in si-SERPINE1 
transfected HCT116 and SW480 cells suggested the alleviated 
cell migration in COAD (Figure 2F). Previous studies have 

Figure 1 Retrospective analysis of SERPINE1 expression in colorectal cancer tissues and normal tissues. (A) Data analysis shows that SERPINE1 is in higher expression 
quantities in cancer samples using Starbase database. Results of qRT-PCR (B) and Western blot (C) indicated that SERPINE1 was overexpressed in colorectal tumor tissues 
than in adjacent normal tissues.
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Figure 2 Knockdown of SERPINE1 resulted in slower cell growth and weaker invasive ability of COAD cells. (A) The mRNA expression level of SERPINE1 in different 
COAD cell lines. Si-SERPINE1-transfected cell line showed lower SERPINE1 expression in mRNA level (B) and protein level (C, D). Cell viability became weaker in 
SERPINE1 knockdown cell lines. (E) Transwell assay was performed to reveal that si-SERPINE1 weaken invasive ability of COAD. (F) The results of wound healing assay 
indicated that down-regulation of SERPINE1 inhibited migration ability of COAD cells. (G) Knockdown of SERPINE1 promoted cell apoptosis in COAD. ***p<0.001, 
**p<0.01, *p<0.05 compared with corresponding negative control.
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reported that EMT has anti-apoptosis effect.19,20 Therefore, 
we also detected the apoptosis of the above cells with flow 
cytometry. We found that after SERPINE1 knocking down, 
apoptosis of SW480 and HCT116 cells synchronously 
increased. The experimental consequence demonstrated that 
knocking down SERPINE1 led to higher cell apoptosis rate 
both in HCT116 and SW480 cells (Figure 2G).

Epithelial-mesenchymal transition (EMT) is pathologi-
cally associated with the invasion and metastasis of cancer 
cells,21,22 and is recognized as a crucial factor for cell 
metastasis.23 The expressions of E-cadherin, N-cadherin and 
vimentin proteins were estimated to examine whether 
SERPINE1 affected EMT in COAD cells.24 As depicted in 
Figure 3A–D, knockdown of SERPINE1 decreased 
N-cadherin and 'vimentin and increased E-cadherin expression 
in SW480 and HCT116 cells detected by qRT-PCR and immu-
noblotting (Figure 3A–D), which indicated that SERPINE1 
has the ability to enhance COAD cell invasion via promoting 
the EMT procedure. Thus, we considered that knockdown of 
SERPINE1 inhibits EMT-mediated metastasis of COAD cells.

miR-148a-3p Was Confirmed as 
a Directly Target of SERPINE1
miRWalk, TargetScan and miRDB databases were 
adopted to give an intersection prediction of the 
miRNAs, which indicated that miR-148a-3p might 
directly target SERPINE1. The binding site of 
SERPINE1 and miR-148a-3p was shown in 
Figure 4A. Luciferase reporter assays further verified 
that SERPINE1 is a direct target of miR-148a-3p 
(Figure 4B). Subsequently, the concrete relevance 
between miR-148a-3p and SERPINE1 was determined 
through qRT-PCR and immunoblotting assay, and the 
results demonstrated that overexpression of miR-148a- 
3p using miR-148a-3p mimics induced lower-than- 
usual mRNA and proteins quantities of SERPINE1 
both in HCT116 and SW480 cells (Figure 4C and 
D). These consequences indicated that SERPINE1 is 
negatively regulated by miR-148a-3p, thereby mediat-
ing the developed progress of COAD.

Figure 3 Knockdown of SERPINE1 suppressed EMT in COAD cells. (A) Up-regulation of E-cadherin in SERPINE1 knockdown cells. (B) Down-regulation of N-cadherin in 
SERPINE1 knockdown cells. (C) Down-regulation of vimentin in SERPINE1 knockdown cells. (D) Western blot of EMT-related proteins revealed down regulation of 
SERPINE1 inhibited EMT procedure. ***p<0.001, **p<0.01 compared with corresponding negative control.
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miR-148a-3p Directly Targets SERPINE1 
to Inhibit EMT-Mediated COAD Cell 
Metastasis, and Hindered Cell 
Proliferation by Potentiating Apoptosis 
via Silencing STAT3
In order to examine the specific role of miR-148a-3p in 
COAD cell metastasis, we constructed stable miR-148a-3p 
overexpressing cells by transfecting miR-148a-3p mimics 
into SW480 and HCT116 cells. The cell viability using 
MTT assay exhibited that COAD cells (HCT116 and 
SW480) with high quantity of miR-148a-3p resulted in 

significant reduction of cell viability when compared 
with mimics NC group (Figure 5A), which indirectly 
elucidated the inhibitory function of miR-148a-3p in cell 
growth of COAD.

Next, we examined the function of miR-148a-3p on the 
invasive ability of COAD cells (HCT116 and SW480) using 
transwell assay. The results showed that cell invasion was 
reduced both in SW480 and HCT116 cells with miR-148a-3p 
overexpression (Figure 5B). Moreover, the research conse-
quence of wound healing assay showed that overexpression 
of miR-148a-3p led to conspicuous alleviation of wound 
healing ratio both in HCT116 and SW480 cells (Figure 5C), 

Figure 4 SERPINE1 was negatively regulated by miR-148a-3p. (A) A binding site of miR-148a-3p was predicted on SERPINE1 sequence. (B) Dual-luciferase assay indicated 
that there was a direct binding between miR-148a-3p and SERPINE1. qRT-PCR (C) and Western blot (D) determined lower SERPINE1 expression in miR-148a-3p 
overexpressed cells. ***p<0.001 compared with negative control.
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Figure 5 MiR-148a-3p suppressed the progression of COAD cells. (A) Overexpression of miR-148a-3p significantly reduce COAD cell growth by MTT assay. (B) Result of 
transwell assay indicated that invasive ability has been weaken in miR-148a-3p up-regulated COAD cells. (C) Wound healing assay detected lower cell migration in miR-148a- 
3p overexpression group. (D) Flow cytometry verified the augmented cell apoptosis in miR-148a-3p up-regulated COAD cells. ***p<0.001, **p<0.01 compared with 
negative control.
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which indirectly illustrated miR-148a-3p weaken cell migra-
tion ability of COAD. Besides, cell apoptosis alteration with 
miR-148a-3p overexpression was detected by flow cytome-
try. The consequences demonstrated that overexpression of 
miR-148a-3p promoted COAD cell apoptosis (Figure 5D).

Consistently, up-regulation of miR-148a-3p induced 
increased E-cadherin, and decreased E-cadherin and vimen-
tin expression in SW480 and HCT116 cells (Figure 6A–D). 
Moreover, we selected one of the typical tumor regulatory 
proteins STAT3 that closely participates in the tumorigenic 
process. Our finding showed that overexpression of miR- 
148a-3p resulted in down-regulation of phosphorylation of 
STAT3 with no alteration of total STAT3, which indicated 
that miR-148a-3p was capable to suppress the activation of 
STAT3 and thereby hindered the progress of COAD.

Consequently, we speculated that after miR-148a-3p 
targeted inhibition of SERPINE1, EMT process is 

inhibited, resulting in simultaneous increase of apoptosis 
and inhibition of cell proliferation. Also, our findings show 
that miR-148a-3p inhibits EMT-mediated metastasis in 
COAD by directly targeting SERPINE1.

SERPINE1 Reversed the Effect of 
miR-148a-3p on the Development of 
COAD Cells
Exploration of the concrete modulatory relation of miR- 
148a-3p and SERPINE1 in COAD was continued by 
examining the rescue experiments. MiR-148a-3p was 
given to both HCT116 and SW480 cells to establish the 
overexpression of miR-148a-3p and down-regulation of 
SERPINE1, since we have determined that SERPINE1 
was down-regulated when miR-148a-3p was overex-
pressed. Also, pcDNA3.1-SERPINE1 was co-treated with 

Figure 6 miR-148-3p inhibited EMT and STAT3 signaling in COAD cells. miR-148a-3p leaded to the higher level of E-cadherin (A) and lower levels of N-cadherin (B) and 
vimentin (C) examined by qRT-PCR in HCT116 and SW480 cells. (D) miR-148a-3p contributed to higher E-cadherin, lower N-cadherin and vimentin, and suppressed the 
phosphorylation of STAT3 by Western blot. ***p<0.001, **p<0.01, *p<0.05 compared with NC group.
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miR-148a-3p to further up-regulate the quantity of 
SERPINE1 in COAD. Depicted in Figure 7A was the 
transfection efficiency of 4 groups, which elucidated the 
successful cell transfection both in HCT116 and SW480 
cells. Immunoblotting assay was also performed to deter-
mine the SERPINE1 expression level and found that miR- 
148a-3p mimics treated group led to SERPINE1 reduction, 
while further transfection of pcDNA3.1-SERPINE1 con-
verses the result to high quantity of SERPINE1 
(Figure 7B).Subsequently, we estimated cell invasion of 
COAD of these four groups by transwell assay. Consistent 
with our speculation, miR-148a-3p mimics treated group 
presented lower cell invasion while up-regulation of 
SERPINE1 reversed the effect of miR-148a-3p 
(Figure 7C). Cell viability was also determined using 
MTT assay in HCT116 and SW480 cells, and our results 
showed that solo miR-148a-3p mimics led to obvious 
lower cell viability versus co-treatment of miR-148a-3p 
mimics and pcDNA3.1-SERPINE1 group (Figure 7D). 
Further, related biological mechanism of this effect was 
examined using FCM, and we found that overexpression 
of miR-148a-3p induced higher apoptosis rate versus 
negative control. Yet overexpression of SERPINE1 could 
reverse the effect of miR-148a-3p and suppressed cell 
apoptosis (Figure 7E). Next, further study the mechanism 
of cell invasion was conducted using qRT-PCR and 
Western blot. The results of these two assays altogether 
illustrated that miR-148a-3p mimics led to up-regulation 
of E-cadherin and down-regulation of N-cadherin as well 
as vimentin both at mRNA and protein levels in HCT116 
and SW480 cells, while overexpression of SERPINE1 
presented the opposite expression situation (Figure 8A 
and B).

Collectively, these consequences illustrated that 
SERPINE1 would reverse the tumor suppressive effect of 
miR-148a-3p, involving cell growth and invasion.

Discussion
Adenocarcinoma is the main precancerous disease of col-
orectal cancer, accounting for 85% - 90% of all precancer-
ous diseases in colorectal cancer. Most colorectal cancer 
was in middle and late stage when diagnosed, so early 
diagnosis is very important for the treatment of colorectal 
cancer.25

SERPINE1, also known as Plasminogen activator inhi-
bitor 1 (PAI-1), is recently recognized as a promoting 
factor of various cancers, including esophageal cancer, 
prostate cancer and gastric cancer.26–28 Current researches 

identified SERPINE1 as a participant in tumor cell pro-
gression, involving proliferation, metastasis and invasion. 
Previous studies have shown that SERPINE1 is associated 
with poor prognosis of COAD patients,14 which may pro-
mote tumor growth through EMT pathway.29 However, the 
mechanism of intracellular SERPINE1 in COAD progres-
sion has not been determined. Therefore, identifying the 
specific mechanism of SERPINE1 in COAD might help 
discover novel approaches to improve COAD therapy and 
prognosis.

To lucubrate the SERPINE1 expression level in 
COAD, we utilized TCGA database for expression ana-
lyses and found that SERPINE1 is highly expressed in 
COAD. Then, further detecting of the expression level of 
SERPINE1 in COAD clinical tissues were performed 
through qRT-PCR and Western blotting, confirming that 
SERPINE1 expression in COAD tissues is higher than that 
in corresponding non-cancerous tissues.

In order to verify the role and mechanism of 
SERPINE1 in COAD progression, we further carried out 
Real-time qPCR, Western blot, transwell invasion assay, 
MTT assay, flow cytometry and other experiments. 
Investigation certified that SERPINE1 could promote cell 
proliferation through preventing apoptosis of COAD. 
Also, evidences prove that SERPINE1 plays an active 
role in the accelerating cell invasion of COAD via activat-
ing EMT by examining EMT-related proteins through 
Western blot. Knockdown of SERPINE1 gene inhibited 
EMT process, reduces cell invasion and proliferation abil-
ity and promotes cell apoptosis.

Recently, miR-148a-3p is found as a modulating factor 
in various cancer including gastric cancer,30 laryngeal squa-
mous cell carcinoma31 and colon tumor.32 The exact func-
tion of miR-148a-3p in regulating tumor progression has 
some nuances in different oncology. For example, by direct 
targeting c-Met, miR-148a-3p preclude metastasis of malig-
nant epithelial ovarian carcinoma (EOC).33 When miR- 
148a-3p serves as a tumor suppressor in EOC, it obviously 
showed similar function in osteosarcoma,34 overexpression 
of miR-148a-3p significantly reduced cell growth and pro-
moted apoptosis. To further illustrate the function of miR- 
148a-3p in COAD, we next study whether miR-148a-3p 
also presents similar tumor repressing effect in promoting 
apoptosis and preventing cell invasion. Here, SERPINE1 
has been discovered as the direct target of miR-148a-3p 
through dual-luciferase assay, which suggested that miR- 
148a-3p is also a specific factor modulating cell progression 
of COAD. Further exploration of miR-148a-3p in the 
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Figure 7 SERPINE1 reversed the effect of miR-148a-3p. (A) qRT-PCR assay demonstrated down-regulation of SERPINE1 in miR-148a-3p mimics group and overexpression 
of SERPINE1 in pcDNA3.1-SERPINE1 group. (B) Result of Western blot indicated similar effect of qRT-PCR. (C) Transwell assay presented lower invasion in solo miR-148a- 
3p overexpression group while up-regulation of SERPINE1 presented the opposite condition. (D) Cell viability by MTT indicated that SERPINE1 promoted proliferation of 
COAD cells that weakened by miR-148a-3p mimics. (E) Flow cytometry assay demonstrated SERPINE1 reduced apoptosis of COAD cells that strengthened by miR-148a-3p 
mimics. The four groups: (1) NC; (2) miR-148a-3p mimics; (3) miR-148a-3p mimics+pcDNA3.1; (4) miR-148a-3p mimics+pcDNA3.1-SERPINE1. ***p<0.001, **p<0.01 
compared with mimics NC. ###p<0.001, ##p<0.01 compared with miR-148a-3p mimics+pcDNA3.1-SERPINE1 group.
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Figure 8 SERPINE1 reversed the effect of miR-148a-3p induced lower activation of EMT process at mRNA (A) and protein (B) levels. ***p<0.001, **p<0.01 compared with 
mimics NC. ###p<0.001, ##p<0.01 compared with solo miR-148a-3p mimics+pcDNA3.1-SERPINE1 group.
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process of cell growth and invasion illustrated that miR- 
148a-3p can directly target SERPINE1 and exert its anti- 
cancer effect by inhibiting EMT process. The rescue experi-
ments also demonstrated this consequence (Figs.7 and 8). 
Additionally, in this study, we discovered that miR-148a-3p 
also partakes in suppressing the activation of STAT3 from 
Western blot assay. Consequently, we draw a conclusion 
that miR-148a-3p/SERPINE1 axis is a novel regulatory 
factor in COAD, which provides new strategy for COAD 
therapeutic methods and early diagnosis.

Conclusion
In conclusion, our research shows that miR-148a-3p inhi-
bits EMT-mediated COAD progression by directly target-
ing SERPINE1. SERPINE1 and miR-148a-3p have the 
potential to be prognostic markers of COAD and provide 
reference for the development of new therapies, but further 
experiments are needed to confirm this point.
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