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Background: The impact and potential molecular mechanisms of SST in the occurrence and

development of GC have not been determined.

Materials and Methods: Two pairs of sgRNA and reporter were designed according to

targeting sequence of SST gene for double-nicking. Plasmids were transfected into 293T for

selecting sgRNAwith higher cutting efficiency. The subline which has knocked-out SST gene

were selected by FACS and verified by sequencing and expression level. Moreover, the

migration and invasion ability was evaluated by wound healing and transwell after knocking

out SST. Besides, the protein expression of SEMA5A and KLF2 were observed by Western

blotting and LSCM. Last, we detected the expression levels of SST, SEMA5A, and KLF2 in

GC tissues by Western blotting.

Results: The results revealed that the new subline 1E9, which had knocked out SST gene,

was established by CRISPR/Cas9. In addition, the knockout of SST in GC cells markedly

increased migration and invasion ability. The results also demonstrated that the knockout of

SST increased the expression of SEMA5A and KLF2. The expression level of SST was

decreased in GC tissues, and its decrease was associated with overexpression of SEMA5A

and KLF2.

Conclusion: SST plays an inhibitory role in the migration and invasion of GC cell BGC823.

The protein expression levels of SEMA5A and KLF2 were enhanced in GC cells and tissues

lacking SST expression.
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Introduction
Gastric cancer (GC) is the fifth most common cancer with 8.2% mortality in the

world.1 Despite many improvements in the treatment of this disease, the survival

rate remains poor, especially for patients accompanying with lymphatic metastasis.2

Therefore, a better understanding of the molecular mechanisms underlying the

progression and tumour metastasis of GC is of great importance for its therapies.

GC is a type of tumour that is relatively sensitive to hormones, such as thyroid

hormones.3 Somatostatin (SST), a cyclic peptide hormone, affects growth hormone

secretion, gastrointestinal tract movement, and blood flow in the digestive tract.4

SST also affects the occurrence and development of cancer. SST and chemokine

CXCR4 may represent a promising therapeutic strategy in pancreatic

adenocarcinoma.5 There are also some new SST analog drug could target the

pancreatic cancer.6 Besides, SST also contributes to quiescence of stem cells and
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inhibition of proliferation of colon cancer.7 Some research

show that the expression of SST has a certain correlation

with the occurrence and development of GC.4,8 However,

the role and function mechanism of SST on GC have not

clarified. To explore the role of genes in cancer, genome-

editing technology was applied for the purpose of gene

knockout or mutation. Compared to zinc finger nucleases

(ZFNs) and transcription activator-like effector (TALE)-

nucleases (TALENs), the CRISPR/Cas9 system performs a

highly site-specific double-strand break, which means

more precise gene knockout.9

Semaphorin 5A (SEMA5A) is a member of the

Semaphorin family identified as an axonal guidance fac-

tor during the development of the central nervous

system.10 However, growing evidence indicates that

SEMA5A is expressed in many tissues besides the ner-

vous system and has additional functions. Noticeably,

certain SEMAs have been found to play a regulatory

role in tumourigenesis and the process of tumour

formation.11,12 KLF2 is a member of the Krüppe-like

factors (KLFs), a large family of DNA-binding transcrip-

tional regulators13 that play important roles during the

growth and differentiation processes of epithelial cells.14

The KLFs family members have been considered as

tumour suppressors in cancer for their inhibitory effects

on cell proliferation.15 While it has been reported that

KLF2 plays different roles in cancer according to differ-

ent tissue and pathways.16 Few investigations and studies

have been performed on the potential roles and expres-

sion of SEMA5A and KLF2 in human tumours includ-

ing GC.

This study detected the expression of SST, SEMA5A, and

KLF2 in GC, indicating that SEMA5A and KLF2 may inter-

relate with SST during the development of GC.

Materials and Methods
Patients and Specimens
A total of five pairs of human GC and normal tissues were

obtained from Henan Cancer Hospital (Zhengzhou, Henan,

China). All samples were obtained with patients’ informed

consents.

Cell Lines and Culture
293T and GC cell line BGC823 was purchased from the

Chinese Academy of Science cell bank (Shanghai, China).

293Twas cultured in DMEMmedium (HyClone, USA) with

10% fetal bovine serum (BI, Israel) and 1% penicillin-

streptomycin (Solarbio, China) at 37°C containing 5%

CO2° BGC823 was cultured in PRIM 1640 medium

(HyClone, USA) with 10% fetal bovine serum and 1%

penicillin-streptomycin at 37°C containing 5% CO2°

Plasmid Construction and Transfection
Six pairs sgRNA targeting exon 1 of gene SSTwere designed

using the website http://crispr.mit.edu, and 2 pairs of reporters

containing sgRNAs and TAAwere designed by NTI (Table 1).

Then, the sgRNA linked to px330 which expresses Cas9,17

and the reporters linked to pmCherry-EGFP. Figure 1A shows

the schematic diagram of pmCherry-EGFP-reporter. Target

plasmids were extracted after px330-sgRNA or pmCherry-

EGFP-reporter transfecting competent E. coli DH5

α(TAKARA, Dalian, China) and was detected by 0.8% agar-

ose gel to confirmwhether plasmids were constructed success-

fully. Cells were cultured in 24-well plate overnight. 0.8 μg
plasmid were transfected with 2 μL Lipofectamine 2000

reagent (Invitrogen, USA) according to the manufacturer’s

instructions.

Flow Cytometry and Fluorescence-

Activated Cell Sorting (FACS)
The cells were digested and resuspended in cold PBS. The

fluorescence intensity of transfected cells was measured

using the Accuri C6 (BD, CA, USA), and data were ana-

lyzed using FACS Calibur (BD, CA, USA). The isotype

controls were used to set the gates for positive and negative

populations. Targeted single cells were sorted by FACSAria

(BD, CA, USA) and cultured in PRIM-1640 with 20% FBS.

Sequencing
DNA of cells was extracted and then analysed by PCR.

Primers were designed according to the target sequence,

then PCR product was extracted from the gel for sequen-

cing. Forward Primer: CTTTAGGAGCGAGGTTCGGA;

Reverse Primer: AGGACTGAGCATCCCTTAGG.

Immunocytochemistry
Cells were grown on cover glasses and fixed with 4%

paraformaldehyde for 20 mins at room temperature,

permeabilized with 0.5% Triton X-100 for 10 mins and

blocked with goat serum for 20 mins. After that, cells

were incubated with primary antibody SST (ab183855,

Abcam, 1:100) overnight. Cells were then washed with

PBST and incubated with HRP-IgG secondary antibody

at 37°C for 20 mins, followed by coloration with 3,3-
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diaminobenzidine (DAB), kept at room temperature

without light for approximately 1 min and the coloration

ended with distilled water. After haematoxylin staining,

slides were dehydrated with sequential ethanol washes

of 1 min each starting with 50%, 75%, followed by 80%

and finishing with a 100% ethanol wash. Slides were

sealed and imaged by microscope.

Wound-Healing Assay
Cells were plated in 12-well plates and incubated to a density

of 80%. Then, cells were scratched with 200 μL pipette tips

and washed twice with PBS softly. Serum-free medium was

applied to culture cells for 48 hrs. The wound areas were

imaged by microscope (Olympus, Tokyo, Japan) at 0 hrs, 24

hrs and 48 hrs. We measured the scratch area by Image J, and

calculated the wound-healing percentage. Wound-healing

percentage = scratch area at 0h�scratch area at 24h or 48h
scratch area at0h �100.

Transwell Assay
Transwell chambers (Corning, NY, USA) were precoated

with diluted matrigel (1:4, BD Biosciences, USA) and

incubated at 37°C for 2 hrs. Cells (5×104 cells per well)

without serum were added to the upper chamber, and the

lower chamber was filled with 750 μL completed PRIM-

1640 medium containing 15% FBS. The chambers were

incubated at 37°C for 24 hrs. Then, the invaded cells were

counted after staining with crystal violet and imaged by

microscope (Olympus, Tokyo, Japan).

Western Blotting
Total protein was lysed in RIPA (Solarbio, Beijing, China)

and quantified by BCA assay kit (Solarbio, Beijing,

China). Then, proteins were separated by 12% SDS-

PAGE and transferred to PVDF (Millipore, USA). After

being blocked by 5% nonfat milk for 2 hrs at room

Table 1 Sequence of sgRNA and Reporter

Notes: The blue bases are the stop codon sequence, and the yellow bases are the sticky end, among them the red bases are the base modified at the end.
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temperature, the membranes were incubated with primary

antibody overnight at 4°C.Primary antibody included SST

(ab183855, Abcam, 1:1000), SEMA5A (AF5896, R&D, 1

μg/mL), KLF2 (ab20359, Abcam, 1:500) and β-actin

(4970, CST, 1:1000). Then, the membranes were incubated

with appropriate secondary antibody for 2 hrs at room

temperature. At last, protein bands visualized using ECL

reagent (Beyotime, Shanghai, China).

Figure 1 Construction of plasmids and selection of suitable sgRNA. (A) Schematic diagram of pmCherry-EGFP-reporter. (B) Carrying out electrophoresis after

the vectors px330-SST-sgRNA were digested by enzyme. In-line 6, a band appeared at approximately 8500 bp. Lines 1, 2, 3, 4, 5, and 7, three bands appeared. The

results showed that the recombinant vectors were circular and successfully constructed. (C) Carrying out electrophoresis after the vectors pmCherry-EGFP-SST-

reporter were digested by restriction enzyme. In-line 3, a band appeared at approximately 5400 bp, Lines 1 and 2, three bands appeared. The results showed that

the recombinant vectors were circular and successfully constructed. (D) The vectors pmCherry EGFP-SST-reporter and px330-SST-sgRNA were co-transfected

into 293T cells. As shown by fluorescence microscope and flow analysis, the amount of cells with green fluorescent expression represents the efficacy of sgRNA.
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Immunofluorescence
Immunofluorescence was performed as described below.

Cells were fixed with 4% paraformaldehyde for 20 mins at

room temperature, permeabilized with 0.5% Triton X-100

for 10 min and blocked with 1% bovine serum albumin–

phosphate-buffered saline with Tween 20 for 2 hrs. After

that, cells were incubated with primary antibodies KLF2

(MAB5466, R&D, 20μg/mL) and SEMA5A (AF5896,

R&D, 10μg/mL) overnight. Then, the cells were washed

with PBST and incubated with Donkey Anti-Mouse IgG

(Alexa Fluor 647, Abcam) and Donkey Anti-Sheep IgG

(Alexa Fluor 488, Abcam). All images were captured with

a laser scanning confocal microscope (Olympus).

Statistical Analysis
Significance tests were performed using GraphPad Prism

5.0. The statistical significance of differences between the

groups was determined using two-tailed Student’s t-test.

P<0.05 was considered significant.

Results
CRISPR/Cas9 Double-Nicking Vectors

Were Constructed
After successful construction, the vectors were digested

by the restriction enzymes BbsI and EcoRI, then the

product was electrophoresed on agarose gels. As seen in

Figure 1B, vector px330 only appeared as a band of

approximately 8500 bp (Line 6), px330-SST-sgRNA1 to

px330-SST-sgRNA6 (Lines 1, 2, 3, 4, 5, 7) appeared as

three bands, indicating that the recombinant vector was

circular, that is, the vectors were successfully established.

In addition, as shown in Figure 1C, the vector pmCherry-

EGFP appeared as a band of approximately 5400 bp

(Line 3), pmCherry-EGFP-SST-reporter1-2 (Line 1–2)

appeared as three bands, owing to the change of the

last base in the cohesive end of the reporter; therefore,

the recombinant vector would be circular, similar to

px330-SST-sgRNA. These results indicated that the vec-

tors were successfully constructed. To seek out the

sgRNA with highest cutting efficiency from three

pairs of sgRNAs at two different cleavage sites, we

transfected sgRNA1 or sgRNA2 or sgRNA3 and repor-

ter1; sgRNA4 or sgRNA5 or sgRNA6 and reporter2 into

293T cell. According to the amount of EGFP expression

in cells, sgRNA1 and sgRNA5 had the highest cutting

efficiency and were selected for next experiments

(Figure 1D).

Sublines Were Obtained by FACS and

Verified
After FACS, target single cells were cultured until they

formed monoclonal cell populations (Figure 2A). The

monoclonal cell genome was extracted and amplified

by PCR, and the PCR product was subjected to agarose

gel electrophoresis. As seen in Figure 2B, the PCR

product of BGC823 was approximately 330 bp, and

the PCR product of the sublines appeared with differ-

ent bands. In-line 9, a band appeared at approximately

240 bp, while in other lines two bands appeared at

approximately 240 bp and 330 bp or none. This result

indicated that when the sgRNA guided Cas9 to double-

cleave, it would cut off approximately 90 bases, the

subline 1E9 (Line 9) was composed of homozygous

cells and SST gene was successfully knocked out.

Lines, where two bands appear, may be due to hetero-

zygous cells (Figure 2B). The sequencing results of the

1E9 PCR product showed that approximately 90 bases

were deleted compared with BGC823 PCR product.

The deletion site was identical to the targeted knockout

site, indicating that SST gene target site was deleted,

and the frame shift mutation was caused (Figure 2C).

Furthermore, the expression of SST in BGC823 and

1E9 was also explored via immunocytochemistry and

Western blotting. The results indicated that the

obtained subline 1E9 had no SST expression

(Figure 2D and E).

SST Inhibits the Invasion and Migration of

Gastric Cancer
As invasion and migration are two key hallmarks of

cancer,18 we performed transwell and wound-healing

assays to determine the effect of SST on the invasion

and migration ability of GC cells. The results showed

that 1E9 promotes invasion and migration ability than

BGC823 (Figure 3A and B). These data revealed 1E9

that knocking out SST enhanced the ability of GC

cells to invade and migrate, indicating that SST could

influence GC carcinogenesis by inhibiting cancer cell

invasion and migration.

Expression of SST Negatively Correlates

with SEMA5A and KLF2
To further investigate the potential mechanism by which SST

inhibits the progression of GC, immunofluorescence, and
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Western blotting was performed to detect the expression of

SEMA5A and KLF2. For immunofluorescence, laser scan-

ning confocal-microscopy was used to observe the fluores-

cence. In GC cells, SEMA5A was expressed in the nucleus

andKLF2 localized to the nucleus and cytoplasm. The results

of the immunofluorescence showed that the expression of

SEMA5A and KLF2 was significantly higher in subline 1E9

compared to BGC823. The results of Western blotting were

consistent with the immunofluorescence (Figure 4A and B).

We also detected the expression level of SST in five pairs GC

and normal tissues. It showed that the expression of SST is

decreased in GC. While the expression of SEMA5A and

KLF2 was higher in GC compared to normal tissues

(Figure 4C). Taken together, these results provide evidence

that SST may negatively interrelate with SEMA5A and

KLF2 during the occurrence and progression of GC.

Discussion
To investigate the effect of SST on the development of GC,

most previous studies determined the clinical significance of

SST and the SST receptor (SSTR) on GC cell by measuring

the expression level of SST and SSTRs in GC tissue

Figure 2 Establish of cells knocking out SST gene. (A) The monoclonal cell population had formed. (B) Performance of electrophoresis after PCR, with the results showing

that the PCR product appears as different bands. In-line 6, a product of BGC823 cells appears as a single band at 330 bp. In-line 9, a product of 1E9 subline appears as a single

band of 240 bp. (C) The PCR product of the 1E9 was sequenced. Red part has the same bases as BGC823, and the blue one represents the deletion of bases compared to

BGC823 cells. (D) The protein levels of SSTwere detected by immunofluorescence in BGC823 and 1E9. (E) The protein levels of SSTwere detected by Western blotting in

BGC823 and 1E9.
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samples.19,20 There is less evidence on molecular mechan-

isms for the development of SST in GC. RNA interference

(RNAi) has been used in the study of mechanism.21

Furthermore, because of the presence of off-target effects

and low-efficiency, RNAi technology could cause non-spe-

cific silencing.22 Compared to the new generation of genetic

editing technology, CRISPR/Cas9, RNAi blocks protein pro-

duction by blocking mRNA, while CRISPR/Cas9 works at

an earlier step in the process of cellular protein production,

genetically modifying at the DNA level to prevent the tran-

scription and translation of DNA. CRISPR/Cas9 can perform

site-specific knockout and insertion of genes compared to

ZFN and TALEN gene-editing systems. In this experiment,

we designed two pairs of sgRNAs to bind two different sites

of the target sites to reduce off-target activity and improve

specificity,23 and we used a modified Cas9 endonuclease to

create a double nick system; in addition, we designed multi-

ple pairs of sgRNAs for preliminary screening. All these

steps further improved the efficiency and accuracy of the

gene knockout.

We performed single cell sorting using FACS to ensure

the monoclonality of the cells. The homozygous monoclonal

sublines were verified using sequencing. The immunocyto-

chemistry and Western blotting results showed 1E9 cells

expressed no SST protein, indicating that after knocking

out, the gene sequence was frame shifted and the encoded

protein was altered. Furthermore, the invasion and migration

abilities of 1E9 subline were significantly increased com-

pared to BGC823 cells, indicating that knocking out SST

gene has a certain influence on the invasion and migration

of GC cells. Invasion and migration are important features of

malignant tumors. The findings reveal that SST can inhibit

the invasion and migration of GC cells. Besides, the expres-

sion of SST in GC tissues is decreased significantly com-

pared to normal tissues. All results show that SST plays a

certain inhibitory role in the development of GC.

A previous study has shown that KLF2 inhibits the

growth and migration of GC cells by inducing the expres-

sion of PTEN at both mRNA and protein levels. KLF2 also

significantly inhibits AKT-mTOR signalling downstream of

Figure 3 The migration and invasion abilities of 1E9 were higher than BGC823. (A) Cells were plated and wounded. Photographs were taken after 0, 24, and 48 hrs

(***P<0.001 according to the two-tailed t test, scale bar 100 μm). (B) The number of invaded cells was counted in three random fields. Representative images of invaded cells

were shown (***P<0.001 according to the two-tailed t test, scale bar 40 μm). Data are presented as mean±s.d. from three independent experiments.
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PTEN. The AKT-mTOR signalling pathway inhibits cell

proliferation and promotes apoptosis to some extent.24,25

SEMA5A may mediate the invasion and metastasis of GC

cells by activating TGFβ1 and relying on ERK1/2 to upre-

gulate the expression of uPA and MMP-9.26 Studies have

confirmed that the combination of different elements of

KLF2 causes different downstream signaling to play differ-

ent roles for tumor cells.27 In our experiments, knocking out

SST gene promoted the migration and invasion of GC cells.

Meanwhile, the protein expression levels of SEMA5A and

KLF2 were enhanced in GC cells and tissues lacking SST

expression. It can provide some evidence about the relation-

ship between SST and SEMA5A or KLF2 during the occur-

rence and progression of GC.
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