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Aim: To explore the expression and clinical significance of long noncoding RNA (lncRNA) 

gastric cancer-associated transcript 3 (GACAT3) in human colorectal cancer (CRC).

Methods: Expression of GACAT3 in CRC tissues and cell lines was measured using quantitative 

real-time PCR. CCK-8 and colony formation assays were used to assess the effect of GACAT3 

on CRC cell line proliferation. Transwell invasion and migration assays were performed to 

detect the effect of GACAT3 on CRC cell line invasion and migration. Bioinformatics predic-

tion, luciferase reporter assay, and pull-down assay were used to determine if miR-149 was 

a target of GACAT3. In addition, we also conducted colony formation assays and invasion 

assays to verify that GACAT3 promotes tumor progression through miR-149. Finally, in vivo 

tumorigenesis studies were used to demonstrate subcutaneous tumor growth.

Results: In the present study, we found that GACAT3 was highly expressed in CRC tissues 

and cell lines. Si-GACAT3 significantly decreased cell proliferation, motility, and invasiveness 

both in vitro and in vivo. We confirmed that downregulated GACAT3 significantly increased the 

expression of miR-149, and miR-149 binds to GACAT3 in a sequence-specific manner using 

luciferase reporter assays and pull-down assay. Further functional experiments indicated that 

GACAT3 could directly upregulate SP1 and STAT3 expressions by functioning as a competing 

endogenous RNA for miR-149, and consequentially, promoting CRC cell proliferation and 

invasion in vitro.

Conclusion: This study demonstrated that GACAT3 promotes tumor progression through com-

petitive binding to miR-149 and suggests a promising new strategy for anti-CRC therapy.
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Introduction
Worldwide, colorectal cancer (CRC) is the third most common cancer and the fourth 

most common cause of cancer-related death.1 Despite the diagnosis and therapeutic 

advances in CRC, a significant proportion of CRC patients experience recurrence and 

die within 5 years after surgical treatment of their primary tumor.2 Thus, it is necessary 

to elucidate the molecular mechanisms underlying CRC proliferation. In the past 

decades, intensive investigations identified a variety of molecular markers for CRC 

characterization and prognosis.3,4 Recently, evidences have suggested that various long 

noncoding RNAs (lncRNAs) also act as modulators in carcinogenesis and progression 

of human CRC and may serve as novel therapeutic targets.5–7

As a novel class of regulatory genes, lncRNAs (.200 nucleotides in length) have 

limited or no protein-coding capacity.8,9 Evidences suggest that lncRNAs play important 
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roles in a wide range of cellular processes, such as epithelial–

mesenchymal transition (EMT)10 and cell proliferation and 

migration.11

Studies indicate that lncRNAs are frequently aberrantly 

expressed in diverse human diseases, including various 

cancers.12,13 Several studies have revealed that lncRNAs can 

regulate gene expression at the transcriptional, posttranscrip-

tional, and epigenetic levels.14,15 A large number of lncRNAs 

may function by competing with endogenous RNA (ceRNA) 

for miRNA targets, thereby preventing a single miRNA or 

multiple miRNAs from binding to their proper regulatory 

targets.16,17 A growing body of evidences strongly suggest 

that several lncRNAs, such as linc-NeD12,5,18 HOTAIR,19 

and MALAT1,20 may function as ceRNAs, exerting essential 

roles in many biological processes.

Gastric cancer-associated transcript 3 (GACAT3), pre-

viously named as AC130710, has been officially named as 

GACAT3 now by the HUGO Gene Nomenclature Committee 

(HGNC).21 GACAT3 acts as a potential prognosis marker 

of GC.22 In GC cells, the expression of GACAT3 was sup-

pressed by miR-129-5p, a tumor suppressor downregulated 

in the GC cells.23 However, the functions of GACAT3 in 

CRC and the underlying mechanisms remain unknown. 

In the present study, we found that GACAT3 was highly 

expressed in CRC. Knockdown of GACAT3 inhibited the 

malignancy of CRC cells, including proliferation, motility, 

and invasiveness. Meanwhile, we found that downregu-

lated GACAT3 significantly increased the expression of 

miR-149. Bioinformatics, luciferase reporter assays, and 

pull-down assay confirmed that miR-149 binds to GACAT3 

in a sequence-specific manner. This suggests that GACAT3-

mediated derepression of miR-149 is a potential mechanism 

by which this lncRNA promotes cell proliferation in CRC.

Methods
Patient samples
Twenty-six human CRC and their adjacent noncancerous 

tissues were collected from patients who underwent surgery 

for CRC at the Tumor Tissue Bank of Central Hospital of 

Cangzhou. There was no radiotherapy or chemotherapy prior 

to the operation. The adjacent noncancerous tissues were 

5 cm from the edge of tumor. The diagnoses of these CRC 

and noncancerous tissues were verified by pathologists. All 

of the experimental protocols were conducted in accordance 

with the approved guidelines, and the study was approved by 

the Institutional Research Committee of Cangzhou Medical 

College. Written informed consent was provided by all 

the patients.

cell culture and transfection
The following cell lines were obtained from the Cell Bank 

of the Chinese Academy of science: FHC, HT29, HCT116, 

SW480, LoVo, and 293T. Cells were cultured in Dulbecco’s 

Modified Eagle’s Medium, Iscove’s modified Dulbecco’s 

medium, or F-12K medium supplemented with 10% fetal 

bovine serum (FBS), 100 U/mL penicillin, and 100 mg/mL 

streptomycin (GIBCO, Carlsbad, CA, USA) in humidified 

air at 37°C with 5% CO
2
. Cell transfections were performed 

using the Lipofectamine 3000 kit (Thermo Fisher Scientific, 

San Jose, CA, USA) according to the manufacturer’s 

instructions.

Vector construction
GACAT3 gene inhibitor plasmid and the respective empty 

vector plasmids were purchased from GeneCopoeia™ 

(Rockville, MD, USA). The target sequence of si-GACAT3 

is 5′-GGAUGAGAUGAUGAGGAUUTT-3′. The target 

GACAT3-wild and GACAT3-mutant gene expression plas-

mids (p-GACAT3′-UTR-wt and p-GACAT3′ UTR-mut) were 

purchased from GeneCopoeia (Rockville, MD, USA). MiR-149 

gene inhibitor plasmid was purchased from GeneCopoeia 

(Rockville, MD, USA) and its target sequence is 5′-AATTC

AAAAAAGGGAGGGACGGGGGCTGT GC-3′.

rna extraction and quantitative 
real-time Pcr analysis
Samples were immediately frozen in liquid nitrogen after 

surgical dissection. Total RNA was extracted using TRIzol 

Reagent (Thermo Fisher Scientific, San Jose, CA, USA) 

according to the manufacturer’s protocol. RNA quantity 

was measured by the Nano Drop ND-2000 spectropho-

tometer (optical density 260 nm, Nano Drop, Wilmington, 

DE, USA), and RNA integrity was assessed using standard 

denaturing agarose gel electrophoresis. The expression of 

GACAT3 lncRNA from tissue samples or the cultured cells 

was quantified according to the manufacturer’s instructions 

using SYBR Premix EX Taq™ II kit (TaKaRa, RR820A) on 

the ABI Prism 7500 (Applied Biosystems, Foster City, CA, 

USA). MiRNA was harvested using the PureLink™ miRNA 

Isolation Kit (Thermo Fisher Scientific), and miRNA expres-

sion was quantified by TaqMan MicroRNA Assay Kit. The 

relative expression levels of mRNA/lncRNA and miRNA 

were determined using the 2−ΔΔCT method with human glyc-

eraldehyde 3-phosphate dehydrogenase (GAPDH) and U6 

snRNA as internal controls, respectively. The sequences of 

the primers used in the study are shown in Table S1. Each 

experiment was performed in triplicate.
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Western blot assay
Tissue samples and the treated cells were lysed in Radio 

Immunoprecipitation Assay (RIPA) buffer (Thermo Scientific, 

Rockford, IL, USA) and Protease Inhibitor (Thermo Fisher 

Scientific, Waltham, MA, USA). The total protein (30 μg) 

in equal concentration was separated by 10% SDS/PAGE 

gels and transferred to a polyvinylidene fluoride (PVDF) 

membrane (Millipore Corporation, Billerica, MA, USA). 

The PVDF membranes were blocked and incubated with 

the primary antibodies at 4°C overnight. The membranes 

were then incubated with horseradish peroxidase-conjugated 

secondary antibody for 1 h at room temperature. All blots 

were visualized using an enhanced chemiluminescence 

(ECL) substrate kit (Amersham Biosciences, Little Chalfont, 

United Kingdom) and an ECL detection system (Amersham 

Biosciences). The antibodies used were rabbit anti-GAPDH 

(1:1,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA) 

and rabbit anti-STAT3 (1:500; Abcam, Cambridge, UK).

Bioinformatics prediction and luciferase 
reporter assay
The potential miRNA binding sites of GACAT3 predicted 

by computer-aided algorithms were obtained from 

microRNA.org target program (www.microRNA.org). 

Two luciferase reporters containing the wild-type (WT) 

GACAT3 (psiCHECK2-GACAT3-WT) or mutant GACAT3 

were generated to analyze the interaction between GACAT3 

and miR-149. Mutant GACAT3 contained a mutation 

site (psiCHECK2-GACAT3-MU) abolishing targeting by 

miR-149. CRC cells were cotransfected with 500 ng of the 

luciferase construct along with miR-149 and miR-149 con-

trol. At 48 h posttransfection, luciferase activity assays were 

performed with the Secrete-Pair™ Dual Luminescence Assay 

Kits (GeneCopoeia). The results were obtained from three 

independent experiments performed in duplicate.

Pull-down assay with biotinylated Dna 
probe
Pull-down assay was performed as reported.24,25 The 

GACAT3 pull-down probe sequence was 5′-AAGACTGA 

GGCCGACTGAGCCAGA-3′, and the random pull-down 

probe sequence used as negative control was 5′-AAGACT 

GAGGCCGACTGCAAATCA-3′.

cell proliferation assays
We used the Cell proliferation Reagent Kit I (3-(4,5- 

dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide 

[MTT]; Roche) to assess the ability of cell proliferation 

according to the manufacturer’s instructions. The colony 

formation assay was performed as reported.26

cell migration and invasion assays
In the migration assays, 1×104 cells at 48 h after transfection 

were placed into the upper chamber of an insert in serum-

free medium (8-μm pore size, Millipore Corporation). For 

the invasion assays, 1×105 cells in serum-free medium were 

placed into the upper chamber coated with Matrigel (Sigma-

Aldrich Co.). Medium containing 10% FBS was added to the 

lower chamber. The cells remaining on the upper membrane 

were removed after incubation for 24 h, and the cells that 

had migrated or invaded through the membrane were stained 

with 0.1% crystal violet, imaged, and counted using an IX71 

inverted microscope (Olympus, Tokyo, Japan). All experi-

ments were independently repeated three times.

animal studies
For the subcutaneous xenograft model, 5×106 cells (stably 

transfected with p-GACAT3-inhibitor and control vectors) 

were suspended in 100 μL of PBS and then subcutaneously 

injected into the upper right flank region of each mouse. 

After 32 days, mice were sacrificed, and tumors were 

harvested and weighted. All of the experimental protocols 

were conducted in accordance with American Association 

for the Accreditation of Laboratory Animal Care guidelines 

and were approved by the Ethics Committee of Cangzhou 

Medical College.

statistical analysis
All data were presented as the mean ± SD and evaluated 

using SPSS 22 (SPSS Inc., Chicago, IL, USA). All statistical 

analyses were performed using ANOVA or a two-tailed 

Student’s t-test to compare data. Differences were considered 

statistically significant at P,0.05.

Results
long noncoding rna gacaT3 is highly 
expressed in crc tissues and cell lines
In order to investigate the role of GACAT3 in CRC tumori-

genesis, we evaluated the expression of GACAT3 in 26 paired 

CRC tissues and adjacent normal tissues by quantitative real-

time PCR (qRT-PCR). As shown in Figure 1A, compared 

with the adjacent normal mucosa tissues, the expression of 

GACAT3 was higher in 24 of 26 paired CRC specimens 

(P,0.001). Meanwhile, we detected the expression of 

GACAT3 in the CRC cell lines HT29, HCT116, SW480, 

LoVo, and normal colorectal epithelium cell line FHC. 
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The expression of GACAT3 was also significantly upregu-

lated in four CRC cell lines compared with the normal 

colorectal epithelium cell line (Figure 1B).

Knockdown of gacaT3 inhibited cell 
proliferation in vivo and in vitro
To evaluate the roles of GACAT3 in CRC, we knocked 

down GACAT3 with si-GACAT3 in HT29 and LoVo cells 

and convinced that GACAT3 expression was significantly 

reduced in CRC cell lines by qRT-PCR (Figure 2A). The 

effect of GACAT3 on the proliferation of CRC cells was 

examined using the MTT assay. The results revealed that 

the ability of proliferation was suppressed with si-GACAT3 

in both HT29 and LoVo cells (Figure 2B and C). Similarly, 

GACAT3 knockdown significantly decreased the clone 

formation activity in cell lines (Figure 2D and E).

To validate the function of GACAT3 in vivo, HT29/

sh-Con and HT29/sh-GACAT3 cells were subcutaneously 

injected into BALB/c-nu/nu mice. The effects of GACAT3 

on tumor growth in nude mice were reflected by growth 

curves. The growth curves showed that GACAT3 pro-

mote the growth of tumor (P,0.05, Figure 2F). Also, the 

weight of tumors in the HT29/sh-Con group was obviously 

greater than that in the HT29/sh-GACAT3 group (P,0.05, 

Figure 2G).

Knockdown of gacaT3 inhibited cell 
migration and invasion in vitro
To investigate whether GACAT3 has a direct functional 

role in regulating the invasion and migration of CRC cells, 

we performed the invasion and migration assay. The results 

demonstrated that downregulation of GACAT3 significantly 

decreased the abilities of HT29 and LoVo cells to invade 

(Figure 3A and B). Similarly, migration of HT29 and LoVo 

cells was decreased following knockdown of GACAT3 

(Figure 3C and D). These results indicate that GACAT3 could 

promote the migration and invasion of CRC cells.

gacaT3 is a target of mir-149
Recent studies have suggested that lncRNA may function as 

a ceRNA or a molecular sponge in modulating the functions 

of miRNA. In order to screen out the miRNA associated with 

lncRNA, we performed the bioinformatics analysis, dual-

luciferase reporter assay, and pull-down assay.

First, the results of bioinformatics analysis (miRanda) 

of miRNA recognition sequences revealed that four miRNA 

binding sites were presented in GACAT3 cDNA, and they 

are miR-1207-5p, miR-149, miR-3649, and miR-3689b 

(Figure 4A). Meanwhile, we detected the expression of four 

potentially targeted miRNAs following the overexpression of 

GACAT3, and the results demonstrated that the expression 

level of miR-149 was significantly reduced and associated 

with the overexpression of GACAT3 (Figure 4B). Second, 

we found si-GACAT3 significantly increased the expression 

of miR-149 in HT29 and LoVo cells (Figure 4D, P,0.05). 

To investigate whether GACAT3 was a functional target of 

miR-149, we performed the dual-luciferase reporter assay. 

The results showed that the luciferase intensity of miR-149 

was decreased in the GACAT3-Mut group (P,0.05; 

Figure 4C and E). Furthermore, we performed inverse 

pull-down assay to determine whether GACAT3 could 

target miR-149. As indicated in Figure 4F, miR-149 was 

precipitated by GACAT3 probe. Taken together, our results 

demonstrated that miR-149 could directly bind to GACAT3 

at the miRNA recognition site.

Knockdown of miR-149 significantly 
reversed the inhibitory effects of 
si-gacaT3 on colorectal cells
Although we have confirmed that GACAT3 is a target 

of miR-149, the role of miR-149 in GACAT3-induced 

Figure 1 gacaT3 expression is elevated in crc tissues and cell lines.
Notes: (A) The expression of gacaT3 was detected by qrT-Pcr in 26 clinical crc samples compared to those in adjacent normal tissue samples. (B) gacaT3 
expression in four crc cell lines hT29, hcT116, sW480, and loVo was higher compared with the normal colorectal epithelium cell line Fhc. *P,0.05.
Abbreviations: crc, colorectal cancer; gacaT3, gastric cancer-associated transcript 3; qrT-Pcr, quantitative real-time Pcr.
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promotion on colorectal cells remains unknown. As shown 

in Figure 5A, anti-miR-149, markedly downregulated 

miR-149 expression in HT29 and LoVo cells transfected 

with si-GACAT3 (P,0.01). Figure 5B and C showed that 

knockdown of miR-149 in HT29 and LoVo cells, which 

stably transfected with si-GACAT3, significantly reversed 

si-GACAT3-induced inhibitory effects on cell clone forma-

tion and invasion. Furthermore, anti-miR-149 significantly 

increased the expression of SP1 inhibited by si-GACAT3 

(Figure 5D). Meanwhile, Figure 5E and F showed that anti-

miR-149 significantly increased the expression of STAT3 

inhibited by si-GACAT3. Altogether, our study demonstrated 

that GACAT3 promotes cell carcinogenesis of CRC through 

miR-149-mediated SP1 and STAT3 signaling (Figure 5G).

Discussion
Recently, many large-scale gene expression studies of tumor 

samples have revealed that many lncRNAs are misregulated in 

multiple cancers,27–29 including CRC.30 For example, lncUBC1 

is associated with poor prognosis and facilitates cell prolif-

eration, migration, and invasion in CRC.31 Meanwhile, lncRNA 

NEAT1 impacts cell proliferation and apoptosis of CRC 

via regulation of Akt signaling.32 Moreover, the novel lncRNA 

TUSC7 could inhibit proliferation by sponging miR-211 in 

CRC.33 In this study, we found that lncRNA GACAT3 is 

significantly overexpressed in CRC tissues and correlated 

with the proliferation and invasion of CRC cells, indicating 

that GACAT3 plays an important role in CRC implicating the 

potential application of GACAT3 in the treatment of CRC.

Figure 2 Knockdown of gacaT3 inhibited cell proliferation in vivo and in vitro.
Notes: (A) The si-GACAT3 or control was transfected into the CRC cell lines. GACAT3 levels were decreased significantly after transfection in HT-29 and LoVo cells. 
*P,0.05. (B, C) MTT assay was performed to determine the proliferation of hT29 and loVo cells. gacaT3 silencing notably inhibited the cell proliferation. *P,0.05. 
(D, E) colony formation ability was also inhibited by si-gacaT3 in hT29 and loVo cells. *P,0.05. (F) Knockdown of GACAT3 in CRC cells significantly inhibits tumor 
growth in a mouse xenograft model, *P,0.05 compared with control. (G) Tumor weights of corresponding mouse xenograft models, *P,0.05 compared with control.
Abbreviations: crc, colorectal cancer; gacaT3, gastric cancer-associated transcript 3; MTT, 3-(4,5-dimethythiazol-2-yl)-2,5-diphenyl tetrazolium bromide.
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Figure 3 Knockdown of gacaT3 inhibited cell migration and invasion in vitro.
Notes: (A, B) Knockdown of gacaT3 decreased cell invasion by Transwell assay in hT-29 and loVo cells. *P,0.05. (C, D) Knockdown of gacaT3 decreased cell 
migration by Transwell assay in hT-29 and loVo cells. *P,0.05.
Abbreviation: gacaT3, gastric cancer-associated transcript 3.
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Figure 5 regulation of crc cell clone formation, invasion, and the expression of sP1 and sTaT3 by gacaT3 requires mir-149.
Notes: (A) expression levels of mir-149 were detected through qrT-Pcr in hT29 and loVo cells transfected with control, si-gacaT3, or anti-mir-149. (B) colony formation 
assay and invasion assay (C) were performed in hT29 and loVo cells transfected with control, si-gacaT3, or anti-mir-149. (D) expression levels of sP1 were determined 
in hT29 and loVo cells transfected with control, si-gacaT3, or anti-mir-149. (E, F) expression levels of sTaT3 were determined in hT29 and loVo cells transfected with 
control, si-gacaT3, or anti-mir-149. (G) lnc gacaT3 promotes crc cell carcinogenesis via mir-149-mediated regulation of sP1 and sTaT3 signaling. *P,0.05.
Abbreviations: CRC, colorectal cancer; GACAT3, gastric cancer-associated transcript 3; qRT-PCR, quantitative real-time PCR; SP1, specificity protein 1.
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Previous researches have convinced that high expression 

of GACAT3 was first found in gastric cancer,22 and its expres-

sion level was significantly associated with poor prognosis. 

Overexpressed GACAT3 showed extensive potentials in 

cell proliferation, migration, and invasion through differ-

ent mechanisms. For example, upregulated expression of 

GACAT3 enhanced cell proliferation in gastric cancer by 

inhibiting the relative expression of miR-129-5P. Besides, 

GACAT3 promotes gastric cancer cell proliferation through 

the IL-6/STAT3 signaling pathway.34 Similarly, in our study, 

highly expressed GACAT3 was found in CRC tissues and 

cell lines, as compared with adjacent histologically normal 

tissues and cell lines.

To verify the role of GACAT3 in CRC cell lines, HT29 

and LoVo cells were transfected with GACAT3 siRNA and 

GACAT3 scramble, respectively. Downregulated GACAT3 

was identified to suppress cell proliferation in HT29 and 

LoVo cells through MTT assay and the colony formation 

assay. The above results suggest that GACAT3 is higher 

expressed in CRC tissues and cell lines, and overexpressed 

GACAT3 promotes cell proliferation. Having identified that 

GACAT3 promoted the proliferation of CRC cells in vitro, 

we further explored the effect of GACAT3 in vivo. Down-

regulated expression of GACAT3 was found to significantly 

suppress tumor growth in si-GACAT3 model mice. The 

above results indicated that GACAT3 siRNA inhibits CRC 

growth in vivo. Meanwhile, Transwell assays were conducted 

to verify whether GACAT3 played an important role in 

migration and invasion of CRC. The result suggested that 

both the migration and invasion abilities of CRC cells were 

largely suppressed by GACAT3 siRNA.

GACAT3 has been identified to possess oncogenic roles 

in tumor growth and metastasis, and it acts as a potential 

biomarker and therapeutic target in many types of human 

cancers. In accordance, overexpressed GACAT3 was 

detected in human CRC tissues and cell lines in this study. 

However, the underlying mechanism of GACAT3 in CRC 

is less well characterized. Thus, it is of a great significance 

to get a better understanding of the mechanism of GACAT3 

in CRC. In this study, we revealed that GACAT3 regulates 

the growth and metastasis of CRC by targeting miR-149 for 

the first time.

Emerging evidence confirmed that lncRNA can act as 

endogenous miRNA sponges and competitively bind to 

miRNAs to regulate their expression.35,36 To confirm whether 

GACAT3 serves as an miRNA sponge, we performed the 

bioinformatics analysis. The results showed that there was 

a binding site for miR-149 on GACAT3, and the expression 

of miR-149 was negatively correlated with GACAT3. Mean-

while, the level of miR-149 was upregulated by GACAT3 

siRNA in HT29 and LoVo cells. Furthermore, luciferase 

activity assay showed that the intensity of fluorescence 

signal was largely weakened by miR-149 mimic in lncRNA 

GACAT3 WT group. Furthermore, the reverse pull-down 

assay verified that miR-149 can directly bind to GACAT3. 

Therefore, we are the first to prove that GACAT3 can directly 

be combined with miR-149.

Recently, an increasing number of researches revealed that 

miRNAs acted as tumor suppressors or oncogenes in many 

human cancers.37–39 Previous studies proved that miR-149 

was downregulated in human cancers,40 and miR-149 inhibits 

non-small cell lung cancer cells EMT by targeting FOXM1.41 

Other research showed that miR-149 inhibits proliferation 

and cell cycle progression through the targeting of ZBTB2 in 

human gastric cancer.42 Subsequently, miR-149 was identi-

fied to offset the role of GACAT3 on the viability and motility 

of CRC cells. Furthermore, we have detected the expression 

of specificity protein 1 (SP1, Sp1) as a target of miR-149.43 

Meanwhile, we demonstrated that the expression of STAT3 

inhibited by si-GACAT3 was reversed by anti-miR149. 

These above results indicate that GACAT3 regulates the 

proliferation and migration of CRC by targeting miR-149.

Conclusion
We found that GACAT3 was overexpressed in CRC tissues 

and cell lines. Downregulated GACAT3 was verified to 

suppress cell proliferation and migration in CRC cell lines. 

Further researches revealed that miR-149 was a direct target 

of GACAT3. Moreover, GACAT3 siRNA was verified to 

suppress CRC growth in vivo. Our research is the first to 

reveal the possible link between miR-149 and GACAT3 in 

CRC. The GACAT3–miR-149 pathway provides a new sight 

for CRC treatment.
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Table S1 The sequences of primer used for qrT-Pcr

Gene Forward primer (5′–3′) Reverse primer (5′–3′)

gacaT3 cTTccggagcaggTcTgagT cTTTcccTgcagagaccagT
mir-1207–5p gTTagggcaggTgggaTg TgTaTgcggcTggTaagTag
mir-149 ggcTcTggcTccgTgTcTT cagTgcagggTccgaggTaTT
mir-3649 acacTccagcTgggagggaccTgagTg TggTgTcgTggagTcg
mir-3689b TgcggcTgggaggTgTgaTaT gTgcagggTccgaggT
sP1 TggcagcagTaccaaTggc ccaggTagTccTgTcagaacTT
gaPDh gTcaacggaTTTggTcTgTaTT agTcTTcTgggTggcagTgaT

Abbreviations: GACAT3, gastric cancer-associated transcript 3; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; qRT-PCR, quantitative real-time PCR; SP1, specificity 
protein 1.
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