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Abstract: Gastric cancer is the third most common cause of malignancy worldwide and the 

prognosis is poor due to drug resistance and molecular diversity of the disease. Therefore, 

development of novel therapies is required. Connective Tissue Growth Factor (CTGF) is 

involved in the extracellular matrix production, cell proliferation and migration which makes 

it a target for the treatment of disease. Nucleic acid-based therapies are used to reduce the 

expression of specific mRNA sequences. The purpose of this study was to reduce the migration, 

and proliferation of gastric cancer cells through the inhibition of CTGF expression. On this 

purpose, a novel locked nucleic acid GapmeR sequence was identified as an inhibitor of CTGF 

expression, and the effectiveness of the sequence was shown in the gastric cancer cells. The 

gastric adenocarcinoma cells were transfected with GapmeR and changes in gene expressions 

of CTGF and collagen type I (COL1A1) were studied by qRT-PCR. The CTGF protein levels 

and proliferation were studied by Western Blot analysis and Alamar Blue Assay. The sequence 

caused significant reductions in CTGF and COL1A1 mRNA levels and proliferation of cells. 

These results might lead to the development of delivery system towards gastric cancer cells by 

using this sequence. 
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1. Introduction 

Gastric cancer is the fifth most common diagnosed cancer and third most common 

malignancy globally. The primary cause of gastric cancer development is chronic 

Helicobacter pylori infection [1,2]. Depending on the metastatic property of the 

developed cancer, different treatment approaches such as chemotherapy, chemoradiation, 

fluoropyrimidines, platinums, taxanes, irinotecan or immunotherapy are being used [3].  

However, acquired drug resistance and the molecular and phenotypic diversity within 

tumors [4] cause the verification of prognosis among patients [5]. Therefore, 

identification of new targets, therapeutic agents and effective therapies are crucial 

towards developing alternative treatment strategies to improve the survival rate of gastric 

cancer patients.   

Connective tissue growth factor (CTGF) which is also known as cellular communication 

network factor 2 (CCN2), is a member of CCN family secretory proteins including 

cysteine-rich protein 61 (CCN1), nephroblastoma-overexpressed gene (CCN3), Wisp-

1/elm1 (CCN4), Wisp-2/rCop1 (CCN5) and Wisp-3 (CCN6) [6,7].  

Under normal physiological conditions, CTGF is involved in embryonic development, 

wound healing and tissue repair [8]. However, cancer research has revealed that, 

abnormal expression of CTGF leads to development and progression of tumors in various 
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tissues such as lung, prostate, and breast; through the induction of cell proliferation, 

migration, invasion and metastasis [9]. CTGF also supports fibrotic and inflammatory 

tumor microenvironment which induces malignancy and metastasis [10]. In the literature 

it is stated that the overexpression of CTGF in gastric cancer patients, led to a higher 

incidence of lymph node metastasis and lower cumulative 5-year survival rate [11].  

ECM proteins in tissue microenvironment play critical roles in cancer progression and 

invasion. The ability of cancer cells to leave the original tissue, invade and locate into the 

metastatic niches is known to be related to the extracellular matrix (ECM) composition 

and remodeling rate of the tumor microenvironment [12]. ECM remodeling at the tumor 

microenvironment takes place with the combined actions of increased levels of ECM 

remodeling enzymes (namely matrix metalloproteinases, MMPs), their tissue inhibitors 

and elevated collagen deposition. MMP proteins are known to be important mediators of 

ECM degradation and thus they contribute to the disruption of basement membrane and 

particularly the increased expression of MMP-9 in gastric carcinoma tissues is associated 

with the depth of cancer invasion [13]. In addition to MMPs, the expression of other ECM 

components such as collagen are elevated in gastric cancer tissues [14,15]. Abnormal cell-

cell adhesion, increased collagen expression leading to ECM stiffness, increased matrix 

metalloproteinase (MMP) activity inducing ECM disruption and remodeling result in 

cancer cell invasion [16].   

Studies performed by using gastric adenocarcinoma cells revealed that MMP-9 and 

collagen gene expressions are elevated in gastric cells and are related to CTGF expression 

[17]. The overexpression of COL1A1 in gastric cells is known to promote invasion and 

migration of the cells in addition to their increased proliferation rate. Moreover, miRNA 

associated suppression of these genes, inhibited their proliferation, invasion, and 

migration [17,18]. It is also demonstrated that, the inhibition of MMP-9 expression 

resulted in reduced migration, invasion and growth of gastric cancer cells [19]. Therefore, 

development of therapeutic approaches addressing the reduction of increased ECM 

proteins such as MMP-9 and COL1A1 might be promising for reducing migration, 

invasion and proliferation of gastric cancer cells.   

In the literature it is stated that the knockdown of high CTGF expression in gastric cancer 

cells reduces MMP-9 expression in both mRNA and protein levels. Also, the restoring of 

CTGF levels through conditioned media reversed that reduction suggesting that MMP-9 

expression is correlated with CTGF levels in the cells [20].  

It is also known that collagen, being the main component in the ECM of tumors, is a 

substrate of MMPs and is also recognized as tumor-related gene [21]. Moreover, CTGF 

acts as a downstream mediator of TGF-β and increases the collagen type I deposition in 

tumor microenvironment [22]. The knockdown of COL1A1 was shown to be associated 

with low cell migration, invasion and proliferation of gastric cancer cells. Although not 

performed with gastric cancer cells, it is worth mentioning that the CTGF knockdown 

caused reduced COL1A1 expression in hepatocarcinoma spheroids [22]. In particular, 

CTGF overexpression in gastric cancer cells leads to enhanced cell migration and thus 

metastasis by inducing nuclear factor kappa-light-chain-enhancer of activated B cells 

(NF-κB) signaling pathway. In addition, the elevated collagen expression is known to be 

related with tumor enlargement in gastric cancer [23]. Taking all this information 

together, CTGF may be considered as a potential target for the treatment of gastric cancer. 

The purpose of the study is to reduce CTGF levels in gastric cancer cells so that the 

reduction might potentially lead to suppression of collagen and MMP expressions, thus 

ultimately reduce cell migration, invasion, and tumor enlargement.  
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The use of nucleic acids as therapeutics is an emerging field. Antisense oligonucleotide 

(AON) based therapies have been studied in several cancer states. There are also several 

clinical trials with these therapeutics [24]. The therapeutic action of AON relies on the 

ability of specific nucleic acid sequences to modulate the expression of target mRNA. 

AONs are single-stranded 16 to 21-mer long sequences which function either by 

degrading the mRNA (through RNase H activity), by modifying the splicing of mRNA 

or by sterically blocking the translation of mRNA.  The use of AON as it is, has some 

limitations such as poor cellular penetration, easy degradation by nucleases and possible 

toxicity due to degradation products of AONs which might possess antiproliferative 

effects [24,25]. Therefore, numerous modifications have been implemented to overcome 

these limitations. These modifications have led to the emergence of three different types 

of AONs known as the first, second and third generation AONs.  

The “Antisense locked nucleic acid (LNA) GapmeR” used in this study, falls under the 

category of third generation AONs. It is a 16 nucleotide long single-stranded antisense 

oligonucleotide that induces RNase H activity. The flanking regions (both 5' and 3') are 

modified with LNA and the central region is composed of LNA-free DNA nucleotide. 

The central region is responsible for inducing the RNase H activity and the LNA flanking 

regions increase the targeting efficiency. It has a fully phosphorothioate (PS) modified 

backbone to increase the resistance to enzymatic degradation.       

In this study, the custom designed and synthesized Antisense LNA GapmeR was 

investigated in terms of its effectiveness in suppressing CTGF expression in gastric 

cancer cells. The possible outcome of CTGF inhibition was also studied by analyzing 

COL1A1 and MMP-9 mRNA expressions along with the changes in the proliferation of 

gastric cancer cells.  

2. Material and Method 

2.1. Cell culture conditions 

Human gastric adenocarcinoma cell line, AGS (American Type Culture Collection, 

ATCC CRL-1739) was a kind gift from the laboratory of Prof. Nazlı Arda (Istanbul 

University, Turkey). This commercially available cell line which exhibits epithelial-like 

morphology was isolated in 1979 from the stomach tissue of a 54-year-old, Caucasian, 

female patient with gastric adenocarcinoma with no prior anti-cancer treatment. The cells 

were cultured under normal conditions (37 °C, 5% CO2) in RPMI medium, supplemented 

with 10% FBS, penicillin/streptomycin (1%) and 2 mM L-glutamine.  

2.2. GapmeR sequences and transfection studies 

The CTGF mRNA specific GapmeR sequence was custom designed by Qiagen with the 

product number LG00789631.  The scrambled negative control was also purchased from 

Qiagen (LG00000002). For the transfection studies, a commercially available 

transfection reagent, HiPerFect Transfection Reagent (HP) (Qiagen, Germany) was used 

with a fast forward transfection technique, as follows. 

For gene expression studies, HP (3 µL) was diluted in OptiMemTM Reduced Serum 

Medium (100 µL) and then mixed with AON sequences (10 µM, 1.5 µL). The mixture 

was incubated for 10 min for complete complexation of AON sequences with HP. 

Meanwhile, AGS cells (1.2x105 cells) were seeded in 12 well plates. At the end of 

incubation, the HP-AON complexes were added onto the cell suspension within the 12 

well plates and the medium was completed to 500 µL with a 1:1 (v/v) OptiMemTM: RPMI 
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full medium. Gene silencing was monitored at 48 h, post transfection. Cells that are not 

treated with any type of AON were used as a control group for the experiment.  

For protein expression analysis studies, HP (12 µL) was diluted in OptiMemTM medium, 

mixed with AON (10 µM, 6 µL) and incubated for 10 min. The HP-AONs complexes 

were added dropwise onto AGS cell suspension (6x105 cells) in 6-well plates. The final 

volume was completed to 2.5 mL with 1:1 (v/v) OptiMemTM and RPMI full mediums. 

The cells that were not treated with AON sequences were used as a control group for the 

experiment.  

2.3. Gene expression studies 

In order to determine the efficiency of AON sequence to knockdown CTGF gene 

expression and the indirect effects of CTGF downregulation on the AGS cells, 

quantitative real time PCR (qRT-PCR) was performed (CFX96 Touch Real Time PCR 

System, BioRad). The primer pairs used for the study are given in Table 1.  

Table 1. qRT-PCR primer pairs and the amplicon sizes 

 Primers (5' - 3')  Sequence Amplicon 

Size (bp) 

CTGF 
Forward GAAGAGAACATTAAGAAGGGCAAA 97 

Reverse ATGTCTTCATGCTGGTGCAG 

Collagen 

Type I 

Forward GTTGTGCGATGACGTGATCTGTGA 110 

Reverse TTCTTGGTCGGTGGGTGACTCTG 

MMP 9 
Forward CGTCTTCCAGTACCGAGAGA 124 

Reverse GCAGGATGTCATAGGTCACG 

GAPDH 
Forward TGCACCACCAACTGCTTAGC 87 

Reverse GGCATGGACTGTGGTCATGAG 

  

On day 2, the RNA was isolated (NucleoSpin RNA isolation kit, Macherey Nagel) and 

converted to cDNA (OneScript Plus cDNA Synthesis Kit, ABM) according to 

manufacturer’s protocols. For qRT-PCR analysis BlasTaq™ 2X qPCR MasterMix 

(ABM, Canada) was used with primers given (6 pmol). The qRT-PCR cycling conditions 

for all the primers were as follows: 95°C, 10 min initial denaturation, followed by 

denaturation at 95°C 15 s and annealing-extension 65°C 60 s for 35 cycles.  

The reaction was terminated with melt curve analysis (65°C-95°C; 1°C/1 cycle).   The 

fold changes of CTGF, COL1A1 and MMP9 was calculated by normalization to GAPDH 

as an internal control using the 2-ΔΔCt relative expression equation:  

ΔCt (treated) = Ct (target gene) – Ct (ref. gene) (1) 

ΔCt (control) = Ct (target gene) – Ct (ref. gene) (2) 

ΔΔCt = ΔCt (treated) – ΔCt (control) (3) 

Target normalized to reference gene and relative to control                            

(Fold Change) = 2-∆∆Ct 

(4) 

2.4. Western blotting  

72 h post-transfection, the cells were washed with cold PBS, scraped in RIPA buffer 

supplemented with PMSF (1 mM) and incubated for 30 min at +4°C with constant 

shaking. The resultant suspension was centrifuged 10000 rpm for 10 min at +4°C and the 

protein concentration was measured from the supernatant by BCA method. For western 
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blot analysis, equal amounts of protein sample were separated in SDS-PAGE (4% 

stacking-12% separating gel). The samples were run at 75V for 90 min and transferred to 

nitrocellulose membranes using Trans-Blot Turbo Transfer System (Bio-Rad, USA). The 

membranes were blocked with 5% skim milk (1h at RT) and incubated at +4°C overnight 

with CTGF primary antibody (Proteintech, 25474-1AP; 1/1000), washed with TBS-T. 

The membranes were then incubated with HRP-conjugated anti-rabbit secondary 

antibody (1/2000 at RT) and finally visualized with ECL reagent (SignalFireTM, CST) 

using gel documentation system (GelDoc EZ System, Bio-Rad). The intensity of the 

protein bands was analyzed using Image Lab 6.1 Software. 

2.5. Effect of AON on the proliferation of AGS cells 

AGS cells (104 cells/well) were seeded on 24 well plates. The cells were transfected with 

scrambled and CTGF AON sequences by using HP as described in section 2.2. The cells 

were incubated for 48 h and effect of AON sequences on the cell proliferation was 

observed by Alamar Blue Cell Viability Assay. For analysis, the cells were washed twice 

with PBS, colorless DMEM containing 10% Alamar Blue Solution was added to each 

well and incubated (1.5 hours at 37°C under 5% CO2). The OD values (570 nm and 595 

nm) of the individual wells were used to calculate percent reduction. Data is represented 

as percent viability calculated with respect to percent reduction of the positive control.  

2.6. Statistical analysis  

All qualitative data presented were expressed as mean ± standard deviations. Statistical 

analyzes were carried out using GraphPad Prism (GraphPad Software 8.0.2). Statistical 

differences between the groups were determined using one-way ANOVA with Tukey 

post-hoc analysis. Statistical significance was expressed as p <0.05 *. 

3. Results and Discussion 

3.1 Gene expression studies 

 

In this study, a novel GapmeR sequence was studied for its efficiency in inhibiting CTGF 

mRNA in gastric cancer cells. For this intent, the GapmeR sequence targeted specifically 

to CTGF mRNA was administered to AGS cells with a transfection reagent (HiPerFect 

Transfection Reagent, Qiagen). As negative control a scrambled GapmeR sequence was 

used to eliminate the nonspecific inhibitory effect of the GapmeR presence on gene 

expression. The fold changes of both scrambled and CTGF targeted GapmeR sequences 

were calculated with respect to TCPS (tissue culture polystyrene) control group, where 

none of the GapmeR sequences or HiPerFect Reagent were applied. The changes in the 

gene expressions of the groups were studied with qRT-PCR technique and analyzed by 

2-ΔΔCt  relative quantification method (Figure 1). The primer pairs used for the study are 

provided in Table 1.  

 

48 h post transfection, statistically significant reduction was observed in CTGF mRNA 

levels. The fold change of CTGF mRNA was 0.36 ± 0.05 leading to 64% inhibition. In 

addition, the scrambled GapmeR sequence did not lead to any reduction in the fold change 

of CTGF mRNA. This result shows that the inhibition of CTGF mRNA in CTGF GapmeR 

administered cells was not a nonspecific reduction. The suppression in CTGF levels is 

due to the GapmeR sequence used specifically against CTGF [26].  

 

After confirming the reduction in CTGF mRNA levels in gastric cancer cells, the ultimate 

effect of CTGF inhibition on the expression of ECM components, such as COL1A1 and 

MMP9 gene expression levels were also studied by qRT-PCR technique. COL1A1 
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mRNA expression was also found to be significantly reduced (80%) by the treatment with 

the CTGF GapmeR (AON) sequence. The fold change of Col1A1 mRNA was found to 

be 0.20 ± 0.06. This result is very important for this study, because COL1A1 is closely 

related to tumor regulation, functioning as an oncogene [27,28]. Many studies confirmed 

that, in different kinds of cancers, COL1A1 is associated with the metastatic ability, 

invasion and proliferation of cancer cells and the same results were observed with gastric 

cancer cells. For instance, the downregulation of COL1A1 through miRNA resulted in 

reduction in cell invasion and migration capability in gastric cancer cells. In addition, in 

the same study, siRNA mediated knockdown of COL1A1 caused reduced cell viability 

and proliferation [29]. It is known that the increased COL1A1 levels activate the TGFβ 

signaling and thus ultimately leads to increased migration and invasion. Therefore, the 

suppression of COL1A1 might be advantageous in reducing the migration of gastric 

cancer cells. In addition, CTGF, being the downstream mediator of TGFβ, is known to 

induce the migration of gastric cancer cells, which can be reversed by RNAi induced 

knockdown of CTGF. Taking the information about the involvement of CTGF in cell 

migration and the effect of COL1A1 expression in cell invasion, migration and 

proliferation of gastric cancer cells, finding effective therapeutic agents acting on CTGF 

and COL1A1 can be considered as an advantageous treatment strategy.  In this study, the 

GapmeR mediated suppression of CTGF also resulted in inhibition in COL1A1 

expression. This result can be considered as a good starting point to further explore the 

response of the cells to this reduction. Therefore, further studies such as wound healing 

assay and Matrigel-coated invasion assays [30] are required to observe the effectiveness 

of the inhibition of these mRNA levels on migration and invasion. 

 

Since cancer invasion and metastasis requires the action of matrix metalloproteinases 

(MMP), reduction in the MMP levels can be considered as a powerful impact of the 

therapeutic reagent. Alteration in MMP-9 levels was chosen as a parameter to be analyzed 

in the present study because of its importance in invasion in addition to the direct effect 

of CTGF on MMP-9 levels and activity [31]. The transfection of AGS cells with CTGF 

targeting AON sequence, however, did not cause any inhibition in MMP 9 levels. This 

was an interesting result, as mentioned before, the direct effect of inhibition of CTGF in 

gastric cancer cells resulted in the reduction in MMP-9 levels as determined by qRT-PCR 

and western blot analysis.  The unsuccessful inhibition of MMP 9 in AGS cells might be 

due to AON dose used for the study. The proliferation of cells during experiments 

ultimately may lead to reduction in the AON concentration per cell, therefore by 

increasing the dosing, effective MMP9 inhibition might be observed. Moreover, time 

course studies might be performed to determine whether the unsuccessful mRNA 

suppression is because of insufficient dose, or due to RNA turnover.  
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Figure 1. Fold changes of CTGF, collagen (Col1A1) and MMP9 mRNA expression after administration 

of GapmeR sequence. TCPS: TCPS control; Scrambled AON: Treatment with scrambled AON sequence, 

CTGF AON: Treatment with CTGF AON sequence. The fold changes are given as mean ± STDEV 

(p<0.05 *) 

3.2 Western blotting 

 

The effect of CTGF GapmeR AON on the CTGF protein levels were also studied by 

western blot technique (Figure 2). The CTGF band intensity was normalized to the 

corresponding band intensity of β-actin. With respect to TCPS control group, a 44% of 

inhibition in CTGF protein levels was observed, when the AGS cells were treated with 

the GapmeR AON sequence. The achievement of reduction in CTGF protein levels 

implies that the amount of AON administered to AGS cells was sufficient to suppress 

both the CTGF mRNA and protein levels.  

 

 

Figure 2. CTGF protein expression of AGS cells after treatment with CTGF GapmeR AON sequence.    

β-actin serves as loading control. I: TCPS Control, II: Treatment with scrambled AON sequence, III: 

Treatment with CTGF AON sequence. 

 

3.3 Effect of AON on the proliferation of AGS cells 

 

It is known that abnormal expression of CTGF in different types of tumors such as 

prostate cancer, gliomas, breast cancer is also observed in gastric cancer, and it leads to 

increased cell proliferation along with increased migration and metastasis. Therefore, it 

is important to observe reduced proliferation of gastric cancer cells following CTGF 

GapmeR AON treatment. The proliferation ability of the AGS cells were studied with 

Alamar Blue Cell Viability Assay. It can be clearly observed from Figure 3 that, with the 

treatment of cells with CTGF GapmeR AON, the proliferation of the cells reduced 

significantly (by 50%) when compared to TCPS. More importantly, the scrambled AON 
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did not cause reduction in cell viability, revealing that the reduction in AGS cell 

proliferation with CTGF AON administered group is not through the toxicity of the 

GapmeR presence, but through the inhibition in abnormal CTGF expression in gastric 

cancer cells. There are studies in the literature suggesting the possible reason for reduced 

gastric cell proliferation due to CTGF inhibition. Cyclin D1 levels, one of the regulators 

of cell cycle, in addition to the c-Myc levels were found to be correlated with the 

overexpression of CTGF and thus the proliferation [32]. Therefore, suppressing CTGF 

levels might reduce the proliferation, however further studies are needed to understand 

the background of reduced cell proliferation with suppression of CTGF in AGS cells. 

 

 
Figure 3. % viability of AGS cells treated with GapmeR sequences. (p<0.001***) 

 

4. Conclusion 

In summary, the custom designed CTGF GapmeR AON, used in this study is highly 

effective in inhibiting the CTGF mRNA expression in gastric cancer cells. The reduction 

is also followed by the reduced expression of collagen from the AGS cells, which might 

be the indicator of reduced ECM production. The CTGF reduction was also observed in 

the protein levels and caused significant suppression in the proliferation of AGS cells. 

Further studies with mentioned GapmeR sequence on gastric cancer cell proliferation, 

migration and invasion, may lead to the development of alternative effective ways for 

reversing the tumor enlargement, invasion and metastasis.   
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