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INTRODUCTION 
 

As the fourth most prevalent cancer, colorectal cancer 

(CRC) leads to a large number of cancer-associated 

deaths around the world [1]. Most patients are 

diagnosed with CRC at advanced stages due to lack of 

an effective diagnostic biomarker for timely screening 

[2]. Cancer progression and metastasis have been the 

major factors of CRC-induced deaths. Although some 

improvement has been made on the therapeutic 

methods, such as surgery, radiotherapy, chemotherapy 

and immunotherapy, the prognosis of CRC patients is 

far from satisfactory [3]. Therefore, it is urgently 

needed to understand the molecular mechanism 

underlying CRC progression. 

 

In the past decades, it has been identified that noncoding 

RNAs (ncRNAs) are produced by the vast majority of 

mammalian genome [4]. Long noncoding RNA 

(lncRNA) is a novel type of ncRNAs and characherized 

by more than 200 nucleotides in length and the lack of 

protein-coding potential [5]. Emerging evidence 

indicated that lncRNAs act essential functions in human 

cancers through regulating various biological processes, 

such as cell growth, metastasis, stemness, and survival 

[6, 7]. Accumulating studies demonstrated that lncRNAs 

could be classified into many subgroups, such as anti-

sense and long intergenic ncRNA [8]. LncRNAs exert 

functions via several mechanisms, such as serving as 

sponge and scaffold [9, 10]. Quite a number of lncRNAs 

are found to be aberrantly expressed in cancer. For 
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Abnormal expression of long noncoding RNA (lncRNA) is involved in human cancers, including colorectal cancer 
(CRC). However, their functional mechanism is largely unknown. In this study, we explored the roles of lncRNA 
SOCS2-AS1 in modulating CRC progression. We showed that SOCS2-AS1 was lowly expressed in CRC tissues and 
cells. SOCS2-AS1 downregulation predicted a poor prognosis in patients with CRC. SOCS2-AS1 overexpression 
significantly suppressed CRC cell proliferation, colony formation, EdU incorporation, cell-cycle, migration and 
invasion in vitro while SOCS2-AS1 knockdown led to an opposite phenotype. SOCS2-AS1 overexpression 
inhibited CRC growth and metastasis in vivo. Mechanistically, we discovered that SOCS2-AS1 was positively 
correlated with SOCS2 expression in CRC tissues. SOCS2-AS1 contributes to SOCS2 expression through 
restraining miR-1264. Additionally, we showed that SOCS2 silencing abrogated the suppressive effects of 
SOCS2-AS1 overexpression. Taken together, our results identified a novel regulatory loop in which SOCS2-
AS1/miR-1264/SOCS2 axis suppresses CRC progression. 
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example, lncRNA HOTTIP is upregulated in ovarian 

cancer and promotes tumor growth and migration [11]. 

LncRNA SNHG16 upregulation enhances bladder 

cancer cell proliferation, migration and invasion through 

targeting miR-98/STAT3 pathway [12]. Thus, the 

relationship between lncRNA and CRC progression 

requires to be investigated. 

 

SOCS2-AS1 is a poorly defined lncRNA. Only one 

report indicated that SOCS2-AS1 contributes to prostate 

cancer cell proliferation [13]. This present study 

revealed that SOCS2-AS1 was downregulated in CRC 

tissues and cells. SOCS2-AS1 overexpression inhibited 

CRC growth and metastasis and vice versa. Our data 

demonstrated that SOCS2-AS1 promotes SOCS2 

expression through sponging miR-1264. In conclusion, 

our findings discovered that SOCS2-AS1 is a novel 

anti-cancer lncRNA to inhibit CRC progression through 

regulating miR-1264/SOCS2 pathway, suggesting that 

SOCS2-AS1 may be a potential therapeutic target. 

 

RESULTS 
 

SOCS2-AS1 was downregulated in CRC 
 

According to TCGA data, SOCS2-AS1 expression was 

observed to be downregulated in CRC tissues compared 

to normal tissues (Figure 1A). To confirm it, qRT-PCR 

was performed to analyze SOCS2-AS1 expression in 

CRC tissues and paired normal tissues. Results showed 

that SOCS2-AS1 level was decreased in CRC tissues 

(Figure 1B), which was validated by ISH analysis 

(Figure 1C). SOCS2-AS1 expression was also down-

regulated in CRC cell lines compared with FHC cells 

(Figure 1D). Moreover, it was observed that SOCS2-

AS1 high expression was correlated with a high survival 

rate in CRC patients (Figure 1E). 

 

SOCS2-AS1 overexpression inhibited CRC 

proliferation, migration and invasion 

 

To explore the function of SOCS2-AS1, we generated 

SOCS2-AS1 overexpressed HCT116 and SW480 cell 

lines (Figure 2A). Through CCK8 and colony formation 

assays, we observed that SOCS2-AS1 overexpression 

inhibited proliferation and colony formation of HCT116 

and SW480 cells (Figure 2B, 2C), suggesting that 

SOCS2-AS1 represses CRC proliferation. EdU staining 

further validated above conclusion (Figure 2D). 

Moreover, we found that SOCS2-AS1 overexpression 

led to more cells arrested in G0/G1 phase (Figure 2E), 

indicating that SOCS2-AS1 upregulation impairs cell-

cycle progression. Additionally, transwell assay was 

performed and results showed that SOCS2-AS1 ectopic 

expression resulted in decreased numbers of cell 

migration and invasion (Figure 2F, 2G). 

 

 
 

Figure 1. SOCS2-AS1 was downregulated in CRC. (A) Expression of SOCS2-AS1 in CRC and normal tissues according to TCGA data. GEPIA 
tool (http://gepia.cancer-pku.cn/detail.php) was used to analyze TCGA data. (B) Relative expression of SOCS2-AS1 in CRC and corresponding 
normal tissues was analyzed by qRT-PCR. (C) Analysis of SOCS2-AS1 level in CRC tissues and paired normal tissues by in situ hybridization 
(ISH). (D) Relative expression of SOCS2-AS1 in CRC cell lines. (E) Overall survival rate was plotted based on SOCS2-AS1 expression levels in CRC 
tissues. *P<0.05. 

http://gepia.cancer-pku.cn/detail.php
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SOCS2-AS1 knockdown contributed to CRC 

progression 

 

To further validate the roles of SOCS2-AS1 in CRC, 

two siRNAs were also used to knock down SOCS2-AS1 

(Figure 3A). Similarly, CCK8 and colony formation 

assays demonstrated that SOCS2-AS1 knockdown 

enhanced cell proliferation and promoted colony 

formation (Figure 3B, 3C). Transwell assay also 

indicated that more migrated and invaded cells were 

observed in si-SOCS2-AS1 group (Figure 3D, 3E). 

 

SOCS2-AS1 promoted SOCS2 expression through 

sponging miR-1264 
 

To investigate the functional mechanism of SOCS2-

AS1, we used TANRIC tool (https://ibl.mdanderson.org/ 

tanric/_design/basic/summary.html) and performed 

bioinformatics analysis to search target genes which are 

correlated with SOCS2-AS1 level in CRC tissues. We 

found out five candidates (CCDC14, CCDC150, 

LOC221442, SLC30A4 and SOCS2) which are 

positively correlated with SOCS2-AS1 expression. 

Nevertheless, we only observed that SOCS2-AS1 

knockdown inhibited SOCS2 expression (Figure 4A), 

suggesting that SOCS2 may be the target of SOCS2-

AS1. TCGA data using GEPIA tool also indicated that 

SOCS2-AS1 and SOCS2 expressions were positively 

correlated in CRC tissues (Figure 4B), which was 

validated by qRT-PCR (Figure 4C). SOCS2-AS1 was 

mainly expressed in the cytoplasm (Figure 4D), 

implying SOCS2-AS1 may be a ceRNA. Through 

bioinformatics analysis using miRDB, we only found 

that both SOCS2-AS1 and SOCS2 had the response 

element with miR-1264 (Figure 4E). According to the 

results from luciferase reporter assay, we found that 

miR-1264 mimics suppressed the activity of SOCS2-

AS1-wt and SOCS2-wt (Figure 4F, 4G), indicating miR-

1264 interacted with SOCS2-AS1 and SOCS2. RNA 

pulldown and RIP assays further validated the results  

of luciferase reporter assay (Figure 4H, 4I). 

Additionally, we found that miR-1264 level was 

increased after SOCS2-AS1 knockdown (Figure 4J). And 

SOCS2 expression was suppressed by miR-1264 mimics 

 

 
 

Figure 2. SOCS2-AS1 overexpression inhibited CRC proliferation, migration and invasion. (A) SOCS2-AS1 expression was 
upregulated in HCT116 and SW480 cells after transfection with SOCS2-AS1 overexpressing vector. (B, C) CCK8 and colony formation assays 
were performed to determine CRC cell proliferation. (D) Cell proliferation was evaluated by immunofluorescence staining with EdU. (E) Cell-
cycle status of CRC cells were analyzed by FACS. (F, G) Transwell assay was performed to analyze cell migration and invasion. *P<0.05. 

https://ibl.mdanderson.org/tanric/_design/basic/summary.html
https://ibl.mdanderson.org/tanric/_design/basic/summary.html
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(Figure 4K). Furthermore, we observed that miR- 

1264 inhibitors reversed the effects of SOCS2-AS1 

knockdown on SOCS2 expression (Figure 4L), indicating 

that SOCS2-AS1 promotes SOCS2 expression through 

sponging miR-1264. 

 

SOCS2-AS1 suppressed CRC progression through 

promoting SOCS2 expression 
 

TCGA data from GEPIA and UALCAN tools indicated 

that SOCS2 was downregulated in CRC tissues 

compared to normal tissues (Figure 5A, 5B), which was 

demonstrated by qRT-PCR (Figure 5C). IHC staining 

also suggested that SOCS2 was lowly expressed in  

CRC tissues (Figure 5D). Consistently, SOCS2 was 

downregulated in CRC cell lines (Figure 5E). To 

investigate whether SOCS2-AS1 affects CRC progres-

sion through SOCS2, we carried out CCK8, colony 

formation and transwell assays. Results indicated that 

SOCS2 knockdown reversed the suppressive roles of 

SOCS2-AS1 overexpression on CRC proliferation and 

metastasis (Figure 5F–5I). 

 

In vivo effects of SOCS2-AS1 overexpression on 

CRC growth and metastasis 

 

To further reveal the roles of SOCS2-AS1 in vivo, 

xenograft assay and metastasis assay were carried out. 

As shown, SOCS2-AS1 overexpression inhibited tumor 

volumes and weights (Figure 6A, 6B). And the Ki67 

positive tumor cells were fewer in si-SOCS2-AS1 group 

(Figure 6C). Obviously, SOCS2-AS1 and SOCS2 

expressions were still higher in tumor tissues of si-

SOCS2-AS1 group (Figure 6D, 6E). Numbers of 

metastatic tumor tissues in liver of si-SOCS2-AS1 

group was decreased compared to that in NC group 

(Figure 6F). Thus, SOCS2-AS1 overexpression sup-

presses CRC growth and metastasis in vivo. 

 

 
 

Figure 3. SOCS2-AS1 knockdown contributed to CRC progression. (A) SOCS2-AS1 expression was decreased after transfection with 
SOCS2-AS1 siRNAs. (B, C) CCK8 and colony formation assays were conducted to estimate cell proliferation. (D, E) Transwell assay was 
performed to analyze cell migration and invasion. *P<0.05. 
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DISCUSSION 
 

How lncRNAs regulate CRC progression still remains 

undefined. In this study, we identified that lncRNA 

SOCS2-AS1 was lowly expressed in CRC tissues and 

cell lines. Moreover, SOCS2-AS1 low expression was 

related with a low survival rate in CRC patients. Gain-of-

function assays and loss-of-function assays demonstrated 

 

 
 

Figure 4. SOCS2-AS1 promoted SOCS2 expression through sponging miR-1264. (A) qRT-PCR analysis for indicated genes.  
(B) Expression correlation between SOCS2-AS1 and SOCS2 in CRC tissues according to TCGA data. GEPIA tool (http://gepia.cancer-
pku.cn/detail.php) was used to analyze TCGA data. (C) qRT-PCR was used to expression correlation between SOCS2-AS1 and SOCS2 in CRC 
tissues. (D) Subcellular location of SOCS2-AS1 was determined by qRT-PCR. (E) Predicted binding sites among SOCS2-AS1, miR-1264 and 
SOCS2 through miRDB tool (http://mirdb.org/). (F, G) Luciferase reporter assays were carried out to validate the interactions among SOCS2-
AS1, miR-1264 and SOCS2. (H) RNA pulldown assay was conducted to confirm the interaction between SOCS2-AS1 and miR-1264. (I) RIP assay 
was used to confirm the interaction between SOCS2 and miR-1264. (J) SOCS2-AS1 knockdown promoted miR-1264 level. (K) miR-1264 mimics 
inhibited SOCS2 expression. (L) SOCS2-AS1 knockdown inhibited SOCS2 expression through miR-1264. *P<0.05. 

http://gepia.cancer-pku.cn/detail.php
http://gepia.cancer-pku.cn/detail.php
http://mirdb.org/
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that SOCS2-AS1 inhibited CRC cell proliferation, 

migration and invasion in vitro and in vivo. In terms  

of mechanism, SOCS2-AS1 was found to facilitate 

SOCS2 expression through acting as a ceRNA for  

miR-1264. The present work illustrated the novel 

function and mechanism of SOCS2-AS1 in CRC 

progression. 

 

Mounting studies have showed that lncRNAs play 

critical roles in cancer pathology and may be potential 

targets for diagnosis and prognosis [14]. Several 

lncRNAs are reported to regulate CRC progression. For 

example, LINC00483 contributes to CRC growth and 

invasion through affecting FMNL2 expression [15]. 

Lnc-kcna3 upregulation suppresses CRC cell pro-

liferation, migration and invasion through negatively 

regulating YAP1 level [16]. In addition, lncRNA PiHL 

affects CRC progression through regulating P53 

stability [17]. SOCS2-AS1 was proven to enhance 

prostate cancer growth [13]. Nevertheless, the function 

and mechanism of SOCS2-AS1 in CRC is unclear. In 

our study, we found that SOCS2-AS1 expression was 

downregulated in CRC tissues through TCGA data and 

qRT-PCR analysis. And high SOCS2-AS1 expression 

was associated with high survival rate. Moreover, 

through CCK8, colony formation, EdU staining and 

transwell assays, we demonstrated that SOCS2-AS1 

inhibited CRC proliferation, migration and invasion in 

vitro. Moreover, SOCS2-AS1 upregulation repressed 

CRC growth and liver metastasis in vivo. Our findings 

demonstrated that SOCS2-AS1 acts as a new tumor 

suppressor in CRC. 

 

 

 

Figure 5. SOCS2-AS1 suppressed CRC progression through promoting SOCS2 expression. (A) Expression of SOCS2 in TCGA data 
through GEPIA tool (http://gepia.cancer-pku.cn/detail.php). (B) Expression of SOCS2 in TCGA data through UALCAN tool 
(http://ualcan.path.uab.edu/analysis.html). (C) qRT-PCR analysis of SOCS2 expression in CRC tissues and normal tissues. (D) IHC analysis for 
SOCS2 expression in CRC tissues and paired normal tissues. (E) Expression levels of SOCS2 were determined in CRC cell lines by qRT-PCR.  
(F, G) CCK8 and colony formation assays were utilized to estimate cell proliferation. (H, I) Transwell assay was conducted to test cell migration 
and invasion. *P<0.05. 

http://gepia.cancer-pku.cn/detail.php
http://ualcan.path.uab.edu/analysis.html
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Growing numbers of works have indicated that 

lncRNAs are involved in ceRNAs by sponging miRNAs 

[9, 12]. For instance, HULC overexpression promotes 

liver cancer development and invasion via sponging 

miR-372 [18]. LncRNA H19 contributes to breast 

cancer cell growth and stemness through modulating 

let-7 [19]. Additionally, lncRNA RP4 acts as a ceRNA 

for miR-7-5p to regulate CRC progression [20]. At 

present, whether SOCS2-AS1 could work as a ceRNA 

remains unknown. Our results suggested that SOCS2-

AS1 was expressed in the cytoplasm of CRC cells. 

After bioinformatics analysis, we found that SOCS2-

AS1 may target miR-1264. We demonstrated the direct 

interaction between miR-1264 and SOCS2-AS1 

through luciferase reporter assay and RNA pulldown 

assay. MiR-1264 is a functionally unclear miRNA. 

Our study for the first time suggested that miR-1264 

was regulated by SOCS2-AS1 and contributed to CRC 

progression. 

 

We also found that SOCS2 may be a target of miR-

1264. Through luciferase reporter assay and RIP assay, 

we demonstrated the relationship between SOCS2 and 

miR-1264. SOCS2, a suppressor of cytokine signaling, 

has been reported to be tumor suppressor in various 

cancers. For example, SOCS2 downregulation promotes 

prostate cancer proliferation and metastasis [21]. 

SOCS2 is a tumor suppressor to inhibit proliferation and 

invasion of human laryngeal squamous cell cancer [22]. 

Additionally, downregulation of SOCS2 leads to 

enhanced proliferation and reduced apoptosis in lung 

cancer [23]. However, how SOCS2 affects CRC 

progression remains uninvestigated. In our study, we 

found that SOCS2-AS1 was positively correlated with 

SOCS2 level in CRC tissues. Moreover, we found that 

SOCS2 expression was inhibited by miR-1264. 

Additionally, we demonstrated that SOCS2-AS1 

facilitates SOCS2 expression through acting as the 

ceRNA for miR-1264. Finally, we showed that 

inhibition of SOCS2 rescued the growth and metastasis 

of CRC cells. Therefore, SOCS2 is a tumor suppressor 

in CRC. 

 

Taken together, our findings provided the first evidence 

that SOCS2-AS1 promotes CRC progression through 

facilitating SOCS2 expression by sponging miR-1264. 

And our results also suggested that SOCS2-AS1 may be 

a novel therapeutic target. 

 

 
 

Figure 6. In vivo effects of SOCS2-AS1 overexpression on CRC growth and metastasis. (A) Tumor volumes were measured every 
week. (B) Tumor weights were determined after 5 weeks. (C) Ki67 expression was analyzed by IHC in tumor tissues. (D) Expression of SOCS2-
AS1 in tumor tissues was measured by ISH. (E) Expression of SOCS2 was evaluated by IHC. (F) Number of metastatic foci in liver was analyzed. 
*P<0.05. 
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MATERIALS AND METHODS 
 

Patients’ tissues 

 

95 CRC samples and their adjacent normal tissues were 

obtained from The First Affiliated Hospital of Wenzhou 

Medical University. All tissues were stored in liquid 

nitrogen until used. The study was approved by the 

ethics committee of The First Affiliated Hospital of 

Wenzhou Medical University. And written informed 

consent was collected from each patient. 

 

Cell culture and transfection 

 

All human CRC cell lines and human normal colorectal 

epithelial cell line FHC were obtained from the 

American Type Culture Collection. Cells were cultured 

using Dulbecco’s modified Eagle’s medium (DMEM) 

with 10% fetal bovine serum. SOCS2-AS1 full-length 

was inserted into the expression vector pLenti-Glll-

GMV-GFP-2A-Puro (Applied Biological Materials, 

Canada) for SOCS2-AS1 overexpression. Small 

interfering RNAs (siRNAs) targeting SOCS2-AS1 (#1: 

5’-UUAUCACUCAUCAUUUCAGAA-3’; #2: 5’-

GACCUGUAUGGUCAUUAUCACUC-3’) or SOCS2 

(5’-UAUAUUCUUCCAAGUAAUCUU-3’), miR-1264 

mimics, miR-1264 inhibitors and negative controls were 

obtained from GenePharma (China). These plasmids 

were transfected into cells using Lipofectamine 2000 

(Invitrogen, USA) according to the manufacturer’s 

instructions. 

 

qRT-PCR 
 

Total RNA was isolated using Trizol reagent following 

the manufacturer’s instructions. cDNA was synthesized 

by using the High-Capacity cDNA Reverse 

Transcription Kit (Applied Biosystems, Foster City, 

CA, USA). qPCR was carried out through SYBR Green 

Real-Time PCR MasterMix (Toyobo, Osaka, Japan). 

GAPDH was the normalized control. Relative 

expression was determined according to the 2−ΔΔCT 

method. Primer sequences were as follows: SOCS2-

AS1 (Forward: 5’-CCATACAGGTCAACTTTTCCAC 

CAC-3’ and reverse: 5’-CCAACCTCAGCTCTGCTC 

TCTT-3’), SOCS2 (Forward: 5’-AACCGCTCTACA 

CGTCAGCA-3’ and reverse: 5’-TGGTAAAGGCAG 

TCCCCAGA-3’) and GAPDH (Forward: 5’-GGTGG 

TCTCCTCTGACTTCAACA-3’ and reverse: 5’-GTG 

GTCGTTGAGGGCAATC-3’). 

 

CCK8 assay 
 

CCK8 assay was conducted to analyze proliferation. 

1000 cells were seeded into 96-well plates and cultured 

for described hours. Then CCK8 solution was added 

and incubated for 2 hours. The absorbance at 450 nm 

was determined for each sample. 

 

Transwell assay 
 

Cell migration and invasion were evaluated through 

transwell assay. In brief, cells were seeded into the 

upper chamber (only pre-coated by Matrigel for 

invasion assay) with 200 μl serum-free medium. The 

lower chamber was inoculated with 600 μl medium 

containing 10% FBS. Cells were cultured for 24 hours. 

Then migrated or invaded cells were fixed with 

methanol and stained with 0.1% crystal violet. TCell 

numbers were determined using a light inverted 

microscope. 

 

Luciferase reporter assay 
 

The SOCS2-AS1 or SOCS2 sequence containing wild-

type (WT) or mutant (Mut) response element with miR-

1264 was inserted into pmirGLO Vector (Promega, 

Madison, WI, USA) to generate pmirGLO-SOCS2-AS1-

WT, pmirGLO-SOCS2-AS1-Mut, pmirGLO-SOCS2–

WT and pmirGLO-SOCS2-Mut vectors. Then luciferase 

vectors and miR-1264 mimics were transfected into 

HCT116 cells using Lipofectamine 2000 and cultured 

for 48 hours. The relative luciferase activity was 

determined through a Dual-Luciferase Reporter Assay 

Kit (Promega). 

 

Xenograft assay and in vivo metastasis assay 

 

5-week-old BALB/c-nude mice were randomly divided 

into two groups. For xenograft assay, HCT116 cells 

(5 × 106 cells) were subcutaneously implanted in right 

flank of BALB/c-nu mice (n=5 per group). Tumor 

volumes were measured every week. And tumor 

weights were determined after 5 weeks. Tumor tissues 

were subjected to paraffin embedding and used for 

hematoxylin and eosin (H&E) staining. For liver 

metastasis in vivo, HCT116 cells (3 × 106/0.2 ml PBS) 

were injected into nude mice through the tail vein. Two 

months later, the lungs were isolated and metastasis was 

analyzed. All animal experiments were approved by the 

ethics committee of The First Affiliated Hospital of 

Wenzhou Medical University. 

 

RNA immunoprecipitation assay (RIP) 

 

RIP assay was carried out using An EZ Magna RNA 

immunoprecipitation Kit (Millipore, USA) based on the 

manufacturer’s guidelines. Briefly, cells were lysed 

through RIP lysis buffer and incubated with anti-AGO2 

or IgG for 2 h and further incubated with Magnetic 

beads for another 2 h. Then immunoprecipitated RNA 

was extracted and analyzed by qRT-PCR. 
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Statistical analysis 

 

All analyses were performed using GraphPad Prism 6 

(GraphPad, USA) software and results were expressed 

as the mean ± standard deviation (SD). Student’s t test 

or one-way ANOVA was used for analyses of statistical 

differences. Kaplan–Meier method and the log-rank test 

were used to analyze overall survival rate. P < 0.05 was 

considered statistically significant. 
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