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Purpose: Colorectal carcinoma (CRC) is among the most common causes of death. Recent 

studies have shown that both STAT3 and miR-572 contribute to CRC progression. STAT3 

plays an important role in miRNA expression. Moreover, MOAP-1, which is a pro-apoptotic 

protein that induces cell death or apoptosis, has a direct correlation with miRNA. Therefore, the 

current study is designed to explore whether miR-572 and STAT3 are involved in a common 

pathway and the role of MOAP-1 in this process.

Patients and methods: The expressions of STAT3, miR-572, and MOAP-1 in human CRC 

tissues and multiple cell lines were estimated by qRT-PCR or Western blot. MTT, transwell 

migration, and invasion assays were used to assess cell growth, migration, and invasion, 

respectively. Dual-luciferase reporter assay was applied to examine the association between 

miR-572 and MOAP-1.

Results: Elevated STAT3 levels were accompanied by increased miR-572 and decreased 

MOAP-1 levels in primary CRC specimens and cell lines. STAT3 promoted CRC cell growth, 

migration, and invasion via the upregulated expression of miR-572. Subsequently, miR-572 

inhibited MOAP-1 protein expression through an interaction with its 3′UTR.

Conclusion: Our study proposes a novel STAT3-miR-572-MOAP-1 pathway involved in 

the process of CRC progression, which might be a potential target for the development of new 

preventive and therapeutic approaches against human colorectal cancer.
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Introduction
Around the world colorectal carcinoma (CRC) is one of the most common and deadly 

malignant tumors. It has been ranked as the third malignancies both in China and in 

the USA, according to recent cancer statistics.1,2 Despite medical advancements in 

the past decade, nearly 50% of CRC patients have tumor recurrence resulting in a 

poor prognosis. The 5-year survival rate is 64.9% so far.3 The recurrence of CRC is 

assumed to be as a result of tumor invasion and metastasis. Therefore, it is of great 

significance to understand the molecular mechanism of CRC progression in order to 

develop therapeutic strategies to improve the prognosis of patients with CRC.

Components of JAK/STAT3, which include the oncogenic transcription factor 

STAT3, play a crucial role in mutiple pathways of physiological and pathophysi-

ological processes involved in tumor proliferation, invasion, and metastasis.4,5 In CRC, 

activation of STAT3 often positively correlates with tumor progression and a poor 

prognosis.6,7 miRNAs, a class of evolutionally conserved small non-coding RNA 

molecules (approximately 19–23 nucleotides), take part in post-transcriptional regula-

tion of gene expression.8 The modification in miRNA expression profiles represents 

a shared feature in all human cancers, indicating the importance of such variations 
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in carcinogenesis and tumor progression.9–11 Earlier reports 

revealed that STAT3 induces miRNA (eg, miR-182-5p and 

miR-21) expression.12,13 miR-572 contributes to human CRC 

cell proliferation by suppressing PPP2R2C expression and 

post-transcriptionally regulating suppressor of cytokine sig-

naling 1 (SOCS1) and p21.14,15 Moreover, MOAP-1 is a pro-

apoptotic protein that induces cell death or apoptosis. It can 

bind with Bax protein and trigger its activation.16 Recently, 

some studies have shown a direct correlation between miR-

NAs and MOAP-1.17,18 However, the status of MOAP-1 

expression in CRC has remained unknown up to now. Given 

the importance of miR-572 and STAT3 in CRC progression, 

we decided to explore whether they are involved in a common 

pathway and the role of MOAP-1 in this process.

In the current study, we described a putative miR-572 

binding site at the 3′UTR of MOAP-1 in the proposal of a 

key mechanism behind STAT3-mediated positive impact 

on CRC progression. Additionally, we explored whether 

STAT3 inhibited MOAP-1 expression through the upregu-

lation of miR-572, as well as the functional implication of 

this regulation.

Material and methods
crc tissue specimens
The study protocol was approved by the Ethical Committee of 

Tangdu Hospital of The Fourth Military Medical University, 

and written informed consent was provided by all the partici-

pants prior to surgery. The specimens were obtained from 

40 patients with CRC who underwent colorectal resection 

between January 1, 2016 and May 30, 2017. The tumor 

samples were confirmed by pathological examination, frozen 

in liquid nitrogen, and stored at -80°C until use.

cell lines and culture
Human CRC cell lines LS174T, SW620, HT29, LOVO, 

HCT116, and SW480 were obtained from American Type 

Culture Collection (ATCC, Manassas, VA, USA). The cells 

were cultured in RPMI-1640 (Thermo Fisher Scientific, 

Waltham, MA, USA) as per the manufacturer’s recommenda-

tions, with 10% FBS and 1% streptomycin in a humidified 

atmosphere of 5% CO
2
 at 37°C.

qrT-Pcr
Trizol reagent (Thermo Fisher Scientific) was used to extract 

total RNA for miR-572, STAT3 or MOAP-1 mRNA studies. 

miRNA-specific TaqMan MiRNA Assay Kit (Thermo 

Fisher Scientific) was used to reveal the expression levels 

of miR-572. qRT-PCR was achieved using the SYBR 

green reagent with an ABI Prism™ 7000HT sequence 

detection system (Thermo Fisher Scientific). The relative 

expression was assessed by a comparative CT method and 

standardized to the expression of GAPDH and U6 small 

RNA, respectively. The primer sequences were as follows: 

STAT3, 5′-CAGCAGCTTGACACACGGTA-3′ (forward 

primer) and 5′-AAACACCAAAGTGGCATGTGA-3′ 
(reverse primer); MOAP-1, 5′-ACATGAAAATGGCTCCT 

TAGAC-3′ (forward primer) and 5′-GACACGAATAACAT 

CAAGTGCT-3′ (reverse primer); miR-572, 5′-GCCAGA 

TCTCTGAGGAAAGCAGGAGGAGG-3 ′  (forward  

primer) and 5′-GCCGAATTCTCGGCACAAATCTT 

CAGAGC-3′ (reverse primer); GAPDH, 5′-CAAGGTCAT 

CCATGACAACTTTG-3′ (forward primer) and 5′-GTC 

CACCACCCTGTTGCTGTAG-3′ (reverse primer). U6 

small RNA: 5′-CTCGCTTCGGCAGCACA-3′ (forward 

primer) and 5′-AACGCTTCACGAATTTGCGT-3′ (reverse 

primer).

mirna transfection and sirna treatment
Both hsa-miR-572 mimic (MISSION® microRNA Mimic) and 

hsa-miR-572 inhibitor (MISSION® Lenti microRNA Inhibi-

tor) were purchased from Sigma-Aldrich Co. (St Louis, MO, 

USA). The miR control and anti-miR control were obtained 

from Shanghai GenePharma Co., Ltd. (Shanghai, China). 

LS174T, SW620, HCT116, and SW480 cells were trans-

fected using X-tremeGENE™ HP-DNA transfection reagent 

(Hoffman-La Roche Ltd., Basel, Switzerland) according to 

the manufacturer’s guidelines. MOAP-1 siRNA (ID: 130305 

and 30053) and STAT3 siRNA (ID: 116558 and 116558) 

were acquired from Thermo Fisher Scientific. LS174T 

and SW480 cells were transfected using Lipofectamine® 

RNAiMAX Reagent (Thermo Fisher Scientific).

Western blot assay
Cells were washed with PBS, collected, and lysed with 

RIPA lysis buffer (Thermo Fisher Scientific). Qubit® Pro-

tein Assay Kit and Qubit® 2.0 Fluorometer (Thermo Fisher 

Scientific) were used to determine protein concentrations. 

Approximately 50 μg of total protein was subjected to 

10% SDS-PAGE gel and transferred to PVDF membranes 

according to the standard procedure. Membranes were 

blocked with 10% milk in TBST and incubated with pri-

mary antibodies against MOAP-1 ([Sigma-Aldrich Co.] 

SAB1407857, 1:1,000 dilution), STAT3 ([Cell Signaling 

Technology, Danvers, MA, USA] #12640, 1:1,000 dilution), 

p-STAT3 ([Cell Signaling Technology] #9145, 1:2,000 

dilution), GAPDH ([Proteintech®, Rosemont, IL, USA] 

60004-1-Ig, 1:10,000 dilution), and β-actin ([Sigma- 

Aldrich Co.] clone AC-15, 1:6,000 dilution) overnight, 
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followed by corresponding HRP-linked secondary antibody 

([Abbkine, Wuhan, China], 1:4 000 dilution) and visualized 

using a Pierce™ ECL Western blotting substrate (Thermo 

Fisher Scientific).

3′UTr luciferase reporter assay
Human wild-type MOAP-1 or its mutant with the puta-

tive miR-572-binding sites in the 3′UTR of MOAP-1 was 

synthesized and cloned downstream of firefly luciferase 

gene in the psiCHECK™-2 vector (Promega Corporation, 

Fitchburg, WI, USA). The LS174T and SW620 cells were 

cultured in 96-well plates and co-transfected with 400 ng 

of constructed luciferase reporter plasmids, 50 ng of renilla 

luciferase reporter vector (pRL-TK), and 20 nM of miR-572 

or control mimic using Lipofectamine™ 2000 (Thermo 

Fisher Scientific) as per the manufacturer’s instructions. 

Cells were collected 48 h after transfection, and the luciferase 

activity was scrutinized using Dual Luciferase Reporter 

Assay System (Promega Corporation). Renilla luciferase 

activities were used as the internal control for the normaliza-

tion of luciferase activity.

cell proliferation assay
Cells were plated in 96-well plates. Cell growth was tested 

using a standard MTT assay and cells were counted with trypan 

blue (0.04%, Sigma-Aldrich Co.) by a hemocytometer.

cell migration and invasion assay
Cell migration assay was performed using a transwell system 

according to the manufacturer’s instructions (Corning 

Incorporated, Corning, NY, USA). Briefly, transfected cells 

were trypsinized, and 1×105 cells were seeded into the upper 

chamber with serum-free option-MEM. The lower chamber 

was filled with 800 μL medium containing 10% FBS as a 

chemo-attractant. After incubation for 24 h, cells on the 

bottom side of the filter were fixed with 5% formaldehyde 

for 20 min and stained with 0.1% crystal violet solution. 

The numbers of cells in five randomly selected fields were 

calculated under a light microscope. For the invasion assay, 

the capacity of cell invasion was measured using Matrigel 

matrix-coated Boyden chambers (Corning Incorporated) 

according to the company’s instructions. The rest of the 

experiment was performed as transwell migration assay.

statistical analysis
For statistical analyses, we used SPSS (version 16.0; SPSS 

Inc., Chicago, IL, USA). All of the data were depicted as the 

mean ± SD. Each error bar indicated the variation between the 

means of three independent experiments. The comparisons 

between two groups or among more than two groups were 

analyzed using Student’s t-test or ANOVA. Spearman’s 

correlation analysis was used to determine the relation-

ship between STAT3 and MOAP-1 mRNA levels, and 

P-value ,0.05 was considered to be statistically significant.

Results
elevated sTaT3 levels were accompanied 
by increased mir-572 and decreased 
MOaP-1 levels in primary crc 
specimens and cell lines
In exploring the relevance of this proposed regulation, 

40 cases of frozen human CRC tissues were analyzed. 

As shown in Figure 1A, there was a negative correlation 

(P=0.0005) between STAT3 and MOAP-1 mRNA levels. 

Likewise, there was a markedly inverse expression of 

miR-572 and MOAP-1 protein in several human CRC cell 

lines (Figure 1B).

sTaT3 upregulated mir-572 in crc 
cell lines
When the LS174T cells were transfected with a constitutively 

activated mutant of STAT3 (STAT3-CA), the expression 

level of miR-572 was increased (Figure 2A). Additionally, 

when serum-starved LS174T cells were treated with a ligand 

for STAT3 activation, EGF (Sigma-Aldrich Co.), miR-572 

expression was upregulated, as shown in Figure 2C, thus sug-

gesting that STAT3 activation positively regulated miR-572 

expression. In contrast, inhibition of STAT3 by siRNA or 

a STAT3 inhibitor, WP1066 (Sigma-Aldrich Co.), signifi-

cantly reduced miR-572 expression levels in SW480 cells 

(Figure 2B and D).

mir-572 promoted crc cell growth, 
migration, and invasion
In order to find out whether miR-572 stimulated an oncogenic 

phenotype of tumor cells, we performed overexpressed or 

reduced function assays in CRC cells using an miR-572 

mimic or inhibitor. Overexpression of miR-572 resulted 

in a significantly increased viability of LS174T cells in an 

MTT assay (Figure 3A). In contrast, as shown in Figure 3B, 

miR-572 inhibition significantly reduced cell growth com-

pared with the control group, as measured by an MTT 

assay. Moreover, to determine whether miR-572 controlled 

the ability of tumor cell migration and invasion, transwell 

migration and invasion assays were performed. The results 

exhibited that miR-572 was able to promote LS174T cells’ 

migration and invasion (Figure 3C). Conversely, the ability 
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of migration and invasion in SW480 cells was significantly 

reduced by the inhibition of miR-572, as demonstrated in 

Figure 3D.

mir-572 downregulated MOaP-1 
expression
The counter relationship between miR-572 and MOAP-1 

mRNA levels implied that miR-572 might decrease MOAP-1 

expression. To prove this speculation, we transfected LS174T 

and SW620 cells with miR-572 mimic and measured 

MOAP-1 expression levels by Western blot. The results indi-

cated that MOAP-1 expression was decreased significantly 

in these two cell lines, as clearly shown in Figure 4A and B. 

Accordingly, miR-572 inhibitors increased MOAP-1 expres-

sion levels in HCT116 and SW480 cell lines, as revealed in 

Figure 4C and D.

mir-572 silenced MOaP-1 by targeting 
its 3′UTr
To determine whether MOAP-1 was a target of miR-572, 

TargetScan prediction software was used to scan the 3′UTR 

of the human MOAP-1 gene in search of an miR-572 binding 

site. The seed sequence of miR-572 indicated complete 

complementarity to a target site of the MOAP-1 3′UTR 

(Figure 5A). By using 3′UTR luciferase reporter assay in 

LS174T (Figure 5B) and SW620 cells (Figure 5C), we vali-

dated that the activity of luciferase cloned with a wild-type 

MOAP-1 3′UTR was dramatically reduced by miR-572, 

while its activity was unaffected in the clone with a mutation 

in the putative 3′UTR target site (Figure 5B and C). These 

results proposed that miR-572 blocked MOAP-1 expression 

through binding to its 3′UTR sequence.

sTaT3 induced crc progression via an 
mir-572-MOaP-1 pathway
In order to estimate whether STAT3 induced CRC cell 

growth, migration, and invasion via miR-572-MOAP-1 

pathway, we first assessed the consequences of targeting 

STAT3 in cell growth (Figure 6). Interestingly, although 

cell growth in SW480 cells with STAT3 knockdown was 

significantly reduced, the proliferative potential of these cells 

was restored after miR-572 mimics or MOAP-1 siRNA was 

transfected (Figure 6B). In a similar way, we observed that 

the abilities of cell migration and invasion in SW480 cells 

with STAT3 knockdown were notably reduced. Neverthe-

less, these inhibition effects were rescued after miR-572 

mimics or MOAP-1 siRNA transfection (Figure 6C and D). 

Collectively, these results showed that there might be an 

miR-572-MOAP-1 pathway involved in STAT3-induced 

CRC cell growth, migration, and invasion.

Discussion
STAT3-induced transcription of protein-coding genes has 

been widely studied in human cancers. Nevertheless, the 

role of STAT3 in the transcription of non-protein-coding 

Figure 1 elevated sTaT3 levels were accompanied by increased mir-572 and decreased MOaP-1 levels in human primary colorectal carcinoma (crc) specimens and 
cell lines.
Notes: (A) The correlation between sTaT3 and MOaP-1 mrna levels was determined by qrT-Pcr in 40 cases of frozen crc tissues (P=0.0005). (B) levels of mir-572 
were inversely related to MOaP-1 protein in human crc cell lines ls174T, sW620, hT29, lOVO, hcT116, and sW480. relative mir-572 levels and MOaP-1 protein levels 
were determined by qrT-Pcr and Western blot, respectively.
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genes, such as miRNAs, is rarely studied. miRNAs are 

essential for the development of the malignant phenotype in 

CRC.19–21 Recent studies have provided increasing evidence 

that STAT3 plays an important role in miRNA expression. 

To name a few, STAT3 induces miR-182-5p to promote 

glioma tumorigenesis.12 STAT3-regulated exosomal miR-21 

enhances angiogenesis and participates in neoplastic processes 

of transformed human bronchial epithelial cells.13 STAT3 

regulates stemness, tumorigenesis, and migration of lung-

derived brain metastasis cells through miR-21 activation.22 

These findings propose that STAT3 and miRNAs are coop-

eratively involved in tumor initiation and progression.

In the present study, we provided proof that the activa-

tion of miR-572 is induced by STAT3. We speculated that 

STAT3 binds in miR-572 promoter regions, as it is important 

for transcriptional induction of miR-572. In support of this 

speculation, is the result that STAT3 activation by EGF 

treatment resulted in the upregulation of miR-572. On the 

other hand, inhibition of STAT3 by siRNA or WP1066 

markedly reduced the expression levels of miR-572, signify-

ing that STAT3 and miR-572 were necessary for CRC cell 

growth, migration, and invasion. Our study further supported 

that STAT3 performs a key role in the regulation of miRNAs 

in human CRC.

β

β

β

β

Figure 2 sTaT3 upregulated mir-572 expression in colorectal carcinoma cell lines.
Notes: (A) The levels of mir-572 expression in ls174T cells transfected with a constitutively activated mutation of sTaT3 (sTaT3-ca) or empty vector (control). (B) The 
levels of mir-572 expression in sW480 cells transfected with sisTaT3 and sicontrol. (C) The levels of mir-572 expression in serum-starved ls174T cells treated with 
egF (50 ng/ml) or without egF (control). (D) The levels of mir-572 expression in sW480 cells treated with WP1066 (10 μM) or without WP1066 (control). The levels of 
mir-572 were determined by qrT-Pcr after transfection with sTaT3 or sisTaT3 for 24 h, or after treatment with egF or WP1066 for 30 min. The protein levels of sTaT3 
(A and B), or sTaT3 and p-sTaT3 (C and D) are shown at the top center of corresponding figures. *P,0.05; **P,0.01.
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Figure 3 mir-572 promoted colorectal carcinoma cell growth, migration, and invasion.
Notes: The proliferation of ls174T cells (A) transfected with mir-572 mimic (20 nM) or with control and sW480 cells (B) transfected with mir-572 inhibitor (multiplicity 
of infection =5) or with control was analyzed by MTT assay. ls174T cells (C) transfected with mir-572 mimic (20 nM) or with control and sW480 cells (D) transfected with 
mir-572 inhibitor (multiplicity of infection =5) or with control were subjected to transwell migration or invasion assays. *P,0.05; **P,0.01.

The roles of miR-572 in carcinogenesis and tumor pro-

gression remain controversial. Growing evidence suggests 

that miR-572 is an oncogene in ovarian cancer14,15 and 

nasopharyngeal carcinoma.23 Wang et al reported that the 

serum level of miR-572 is significantly increased in the 

patients with renal cell carcinoma.24 Whereas, in stage 

T2–T3N0 CRC patients who underwent resection and 

adjuvant chemotherapy, miR-572 is downregulated in 

patients with distant metastases.25 miR-572 is one of the 

commonly downregulated miRNAs in recurrent prostate 

cancer samples in comparison to non-recurrent tumors.26 

Furthermore, it is significantly downregulated in basal cell 

carcinoma tissues compared with normal skin.27 In view of 

these contradictory results, we performed overexpressed or 

reduced function assays using miR-572 in multiple CRC 

cell lines. Our study showed that miR-572 promoted CRC 
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β

β

β

β

Figure 4 mir-572 downregulated MOaP-1 protein expression.
Notes: The protein levels of MOaP-1 were determined by Western blot after transfection with mir-572 mimic (20 nM) or control in ls174T (A) and sW620 (B) cells, 
or after transfection with mir-572 inhibitor (multiplicity of infection =5) or control in hcT116 (C) and sW480 (D) cells. β-actin was used as loading control. scanning 
densitometry of immunoblotting for each panel was measured (lower). *P,0.05; **P,0.01.

cell growth, migration, and invasion, which proposed that 

miR-572 stimulated an oncogenic phenotype of CRC cells.

Initially, MOAP-1 was described as a pro-apoptotic pro-

tein that binds with multiple members of the Bcl-2 family, 

including Bax.28,29 It is involved in Bax mitochondrial 

translocation and activation.16 It is reported that the abilities 

of miR-25 to promote cell proliferation and to inhibit apop-

tosis are attributable to its suppressed effect on MOAP-1 

in lung cancer.17 Moreover, miR-1228 supports cell growth 

after it is attenuated by overexpressed MOAP-1 in breast 

cancer.18 MOAP-1 is also a tumor suppressor protein linked 

to the RASSF1A protein.30 Our study first established that 

MOAP-1 expression is promoted by miR-572 inhibitor. 

Given the biological function and mechanism of miRNAs, 

we speculated that the mechanism in inhibition of MOAP-1 

expression might be attributed to miRNA regulation at 

the post-transcriptional level. To this end, we performed 

3′UTR luciferase reporter assay and validated that miR-572 

blocked MOAP-1 expression through binding in its 3′UTR 

sequence.

Conclusion
This study proposed a STAT3-miR-572-MOAP-1 pathway 

involved in the process of CRC progression. The activation 

of STAT3 upregulates miR-572 expression and successively 

reduces MOAP-1 through interaction with its 3′UTR, result-

ing in a positive impact on CRC cell growth, migration, and 

invasion. Therefore, our study provides a potential novel 
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′

′

′

′

′

Figure 5 mir-572 inhibited MOaP-1 expression.
Notes: (A) sequence of mir-572 and the predicted mir-572-binding site at MOaP-1 3′UTr. Dual-luciferase reporter assay was applied in ls174T (B) and sW620 (C) cells 
after co-transfection with established luciferase reporter vectors (including wild-type [WT] or mutated [MUT] MOaP-1 3′UTR) and miR-572 or miR-control. *P,0.05.

Figure 6 (Continued)
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target for the development of new therapeutic agents for 

human CRC.
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