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Abstract 

 

A synergistic interaction between 

human epidermal growth factor 

receptor 2/neu and c-Jun N-terminal 

kinase promotes gastric cancer cell 

migration and invasion   

 

Yiseul Choi 

Department of Cancer Biology 

College of Medicine 

Seoul National University 

 

Purpose: Human epidermal growth factor receptor2 (HER2) is a crucial regulator 

of tumor progression, but the underlying molecular mechanisms remain unclear. 

Recent studies reported the association between HER2 and c-Jun N-terminal 

kinase (JNK) in breast cancer; however, little is studied in gastric cancer (GC). 

The present study investigated the relationship between HER2 and JNK in 

relation to the metastatic potential in GC cells. 

Methods: HER2-overexpressing human GC cell lines SNU-216 and NCI-N87 

were used. JNK activation was suppressed by treatment with SP600125 and 
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HER2 expression was silenced by RNA interference. Western blot and semi-

quantitative reverse transcription-PCR were used to detect the expressions of 

pHER2, HER2, pJNK, JNK and epithelial mesenchymal transition (EMT) markers. 

Cell growth was determined by crystal violet assay. Cell migration and invasion 

were assessed by a Transwell assay.  

Results: In both GC cell lines, pharmacological inhibition of JNK using 

SP600125 reduced cancer cell growth, migration, invasion and actin cytoskeleton 

organization. It also upregulated E-cadherin and downregulated Snail and 

Vimentin. HER2 silencing by lentivirus-mediated HER2 shRNA transfection 

blocked JNK activation. On the other hand, JNK inhibition reduced HER2 

expression at the protein and mRNA levels in GC cells. Moreover, JNK inhibition 

in HER2-silenced GC cells induced further decrease in GC cell growth, migration 

and invasion compared to HER2 silencing alone. 

Conclusions: The interaction between HER2 and JNK synergistically contributes 

to the GC cell growth and metastatic potential in HER2-overexpressing GC cells. 

Thus, JNK may be an attractive target for the treatment of GC patients with a 

HER2-overexpressing GC. 

 

 

 

Keywords: gastric cancer; HER2; JNK; metastatic potential; EMT  
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Introduction 

 

Gastric cancer (GC) is the fourth most common malignancy and the 

second leading cause of cancer death worldwide. Cases of GC in Eastern 

Asia account for half of the world total, and the highest estimated mortality 

rates are reported in those countries (Oh et al. 2015). Although metastasis 

is the main cause of the poor outcome of GC patients, the underlying 

molecular mechanisms responsible for GC metastasis still remain unclear.  

 

Human epidermal growth factor receptor 2 (HER2/neu/ERBB2) is a 

member of the epidermal growth factor receptor family of receptor tyrosine 

kinases (Matsui et al. 2005). HER2 is overexpressed in 6-35% of GC 

cases (Lin et al. 2000) and in 15-59% of advanced GC cases (Bang. 2012). 

Since previous studies demonstrated that HER2 overexpression 

contributes to tumor formation and progression of GC (Ko et al. 2015; 

Janjigian et al. 2015), targeting HER2 combined with chemotherapy has 
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been the first-line treatment for HER2-overexpressing advanced gastric 

cancer (Bang et al. 2010). However, chronic exposure to anti-HER2 

therapy eventually develop acquired resistance (Kim et al. 2014), 

indicating the importance of elucidating the molecular mechanism 

underlying this resistance in HER2-overexpressing GC.  

 

The c-Jun N-terminal kinases (JNK)/stress-activated protein kinase 

(SAPK) belong to the mitogen-activated protein kinase (MAPK) family 

(Xiao et al. 2012). JNK is activated by phosphorylation at Thr183 and 

Tyr185 by the upstream MAP2K protein kinases, and can translocate to 

the nucleus followed by regulation of transcription factors (Kyriakis and 

Avruch. 2001). Since JNK is involved in a diverse range of tumor-related 

functions, including proliferation, survival, tumorigenesis and metastasis 

(Bubici and Papa. 2014), the JNK signaling mechanisms in cancer cells is 

the subject of the intense ongoing research. Aberrant expression and 

activation of JNK have been found in a variety of different cancers, 
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including prostate cancer (Vivanco et al. 2007), hepatocarcinoma (Hui et al. 

2008), breast cancer (Han and Crowe. 2010) and esophageal squamous 

cell carcinoma (Qin et al. 2014). However, the role of JNK in tumor 

development and progression has been inconsistent depending on the 

cancer cell type and cell context (Khatalani et al. 2007; Ono et al. 2008; 

Wang et al. 2010; Wei et al. 2013; Chen et al. 2015; Sahu et al. 2015).  

 

A previous study (Han and Creowe. 2010) revealed an association 

between HER2 and JNK in HER2-overexpressing breast cancer cells with 

respect to cancer cell proliferation and survival; however, there has been 

no such report on this association for any other cancer. In the present 

study, we extended previous studies to confirm the role of JNK in the 

metastatic potential in HER2-overexpressing GC cells (SNU-216 and NCI-

N87) and investigated the association between HER2 and JNK in relation 

to cancer cell migration and invasion. 
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Materials and methods 

 

Cell culture  

Human GC cell lines SNU-216 and NCI-N87 were purchased from the Korean 

Cell Line Bank (Seoul, Korea). Cells were cultured in RPMI1640 (Life 

Technologies, Grand Island, NY, USA) supplemented with 10% fetal bovine 

serum (FBS), 2 mg/mL sodium bicarbonate, 100 U/mL penicillin, and 100 μg/mL 

streptomycin (Life Technoloiges) at 37 °C in a humidified 95% air and 5 % CO2 

atmosphere. 

 

Pharmacological inhibition of JNK 

Cells were seeded and allowed to attach for 24 h. To inhibit endogenous JNK 

activity, cancer cells were treated with the indicated concentrations of a specific 

JNK inhibitor SP600125 (Cell Signaling Technology, Beverly, MA, USA), 

dissolved in dimethylsulfoxide (DMSO).   
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Western blot 

Cell lysates were prepared in 100-200 μL of 1 x sodium dodecyl sulfate (SDS) 

lysis buffer [125 mM Tris-HCl (pH 6.8), 4% SDS, 0.004% bromophenol blue, and 

20% glycerol]. Protein contents were measured using BCA Protein Assay 

Reagent (Pierce, Rockford, IL, USA). Equal amounts of proteins were separated 

on an 8% discontinuous SDS-polyacrylamide gel and electrophoretically 

transferred to PVDF membranes (Millipore Corporation, Billerica, MA, USA) 

blocked with 5% nonfat dry milk in phosphate-buffered saline (PBS)-Tween 20 

(0.1%, v/v) for 1 h. The membranes were then incubated at 4°C overnight. The 

primary antibodies used were against phospho-JNKThr183/Tyr185 (1:1000, Cell 

Signaling Technology), JNK (1:1000, Cell Signaling Technology), phosphor-

HER2 Tyr1221/1222 (1:1000, Cell Signaling Technology), HER2 (1:1000, Cell 

Signaling Technology), E-cadherin (1:1000, BD Biosciences, San Jose, USA), 

Snail (1:1000, Santa Cruz Biotechnology), Vimentin (1:1000, Neomarkers) and β-

actin (1:1000, Santa Cruz Biotechnology). Horse-radish peroxidase-conjugated 

anti-rabbit IgG (1:4000, Santa Cruz Biotechnology) or anti-mouse IgG (1:4000, 
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Santa Cruz Biotechnology) was used as a secondary antibody. Enhanced 

chemiluminescence was used to detect the immunoreactive proteins. Equal 

protein loading was confirmed by β-actin. 

 

Assessment of cell growth 

SNU-216 (1 x 104 cells/each well) and NCI-N87 cells (5 x 104 cells/each well) 

were seeded into 24-well plates and were allowed to grow for 48 h. Cell numbers 

were measured indirectly using the method reported by Kim et al. (Kim et al. 

1994). Briefly, cells were stained with 0.2% crystal violet aqueous solution in 20% 

methanol for 10 min, dissolved in 10% SDS, transferred into 96-well plates, and 

the absorbance was measured at 570 nm using an ELISA reader (Bio-Rad, 

Hercules, CA, USA). 

 

Cell invasion and migration assay 

A 24-well Insert System with an 8 μm pore size polyethylene terephthalate 

membrane was purchased from BD Biosciences. Transwell inserts were coated 
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with Matrigel, followed by rehydration with medium for 2 h. Ten percent FBS-

containing medium was placed in the lower chambers to be used as a 

chemoattractant. SNU-216 cells (1 x 104 cells/insert) or NCI-N87 cells (5 x 104 

cells/insert) in 300 μL volume of 1% FBS-containing medium. After incubation for 

48 h at 37°C, non-invasive cells were removed with a cotton swab. Non-invasive 

cells were removed from the top of each insert with a cotton swab. Invasive cells 

on the bottom surface of the insert were stained with 0.2% crystal violet in 20% 

methanol for 30 min and were photographed with an inverted microscope. 

Stained cells were lysed with 10% SDS for 30 min, and absorbance was 

measured at 570 nm using an ELISA reader (Bio-Rad) as described previously. 

Migration assays were performed the same way as the invasion assays, using 

transwell compartment except that Matrigel was not included (Zhang et al. 2013). 

 

Immunofluorescence staining 

SNU-216 cells (1 x 104 cells/well) were cultured on 4-well chamber slide 

(Thermo Scientific, Rockford, IL, USA). After 24 h, cells were fixed with 4% 
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paraformaldehyde for 10 min, and blocked with 5% normal donkey serum 

containing 0.5% Triton X-100 for 5 min. Cells were incubated overnight at 4°C 

with mixture of the following primary antibodies: rabbit anti-HER2 (1:200; Cell 

Signaling Technology) and mouse anti-pJNK (1:200, Santa Cruz Biotechnology). 

Alexa fluor-555-conjugated anti-rabbit IgG (1:200, Life Technologies) and -488-

conjugated anti-mouse IgG (1:200, Life Technologies) were used as secondary 

antibodies. To examine whether JNK inhibition reorganizes cytoskeleton, 

filamentous actin (F-actin) was visualized. Cells were incubated with 165 nM 

Alexa Fluor-633-conjugated phalloidin (Invitrogen, Carlsbad, CA, USA) for 10 min, 

followed by DAPI staining. Immunofluorescence was observed under a 

fluorescence microscope as described previously (Yoon et al. 2013). 

 

Lentivirus-mediated shRNA silencing of HER2 

Lentiviral particles containing non-targeting shRNA or HER2 shRNA were 

purchased (Sigma, St. Louis, MO, USA). The sequence of HER2 shRNA was 5’-

CCGGTGTCAGTATCCAGGCTTTGTACTCGAGTACAAAGCCTGGATACTGAC
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ATTTTTG-3’. The control shRNA particles contain four base pair mismatches 

within the short hairpin sequence to any known human or mouse gene. Viral 

infection was performed by incubating GC cells in the culture medium containing 

lentiviral particles for 12 h in the presence of 5 μg/mL Polybrene (Santa Cruz 

Biotechnology). Pooled puromycin (2 μg/mL)-resistant cells were used for further 

analysis. 

 

Semi-quantitative reverse transcription-polymerase chain reaction (SQ 

RT-PCR) 

To quantify mRNA levels of HER2, we used a highly sensitive SQ RT-PCR 

method, as previously described (Ko et al. 2015). Total RNAs were isolated using 

TRIzol (Invitrogen) and 1 μg RNA was reverse-transcribed at 48°C for 30 min. 

Complementary DNAs were amplified over 20 PCR cycles (denaturation at 94°C 

for 30 s, annealing at 52°C for 30 s, and extension at 70°C for 30 s) in a reaction 

mixture containing 5 μCi (α-32P)dCTP (NEN, Boston, MA, USA). The resulting 

PCR fragments (5 μl) were electrophoresed on a 2% agarose gel at 100 V in 1 X 
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TAE, and the gels were dried and autoradiographed. Primer sequences were 5’-

GGGAGAGAGTTCTGAGGATT-3’ and 5’-CGTCCGTAGAAAGGTAGTTG-3’ for 

HER2 and 5’-ACACCTTCTACAATGAGCTG-3’ and 5’-CATGATGGAGTTGAAG 

GTAG-3’ for β-actin. 

 

Statistical analysis 

Data were analyzed using GraphPad Prism software for Windows 7 (version 

4; GraphPad Software, San Diego, CA, USA) and the significances of the results 

was determined by the two-tailed Student’s t-test. P values of < 0.05 were 

considered statistically significant for all statistical analyses. 
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Results  

 

JNK activation was pharmacologically inhibited by treatment with 

SP600125 

Since HER2 protein expression in GC cell lines varied, GC cell lines SNU-216 

and NCI-N87 showing a high level of HER2 expression were selected. In order to 

observe the role of JNK in HER2-overexpressing GC cells, cells were treated with 

a specific JNK inhibitor SP600125 for 24 h. Western blot confirmed that JNK 

activation (manifested by pJNK expression) was inhibited in both GC cell lines in 

a dose-dependent manner (Fig. 1).  

 

Pharmacological inhibition of JNK reduces the cell growth, migration and 

invasion  

Since the effects of JNK on cell growth (Shibata et al. 2008; Ohsawa et al. 2010; 

Hong et al. 2015) and metastatic potential in GC have been inconsistent (Fu et al. 

2007; Mishra et al. 2010; Li et al. 2012), we first confirmed the effect of JNK on 
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GC cell growth. Treatment of GC cells with SP600125 for 48 h decreased cell 

growth by 68% in SNU-216 and by 54% in NCI-N87 compared to control cells 

(Fig. 2a, d). These findings indicate that JNK activation induces cell proliferation 

in HER2-overexpressing GC cells. 

 

Next, to determine the effects of JNK activation on the cell motility and invasion 

in GC cells were determined by transwell migration assay. We found that 

SP600125 treatment for 48 h significantly suppressed the cancer cell migration 

by 43% (P = 0.0288) in SNU-216 cells and by 38% (P = 0.0033) in NCI-N87 cells 

(Fig. 2b, e) compared to control cells. Consistently, cell invasion assay showed 

that JNK inhibition decreased cancer cell invasion by 49% (P = 0.005) in SNU-

216 cells and by 43% (P = 0.0132) in NCI-N87 cells (Fig. 2c, f) compared to 

control cells.  

 

JNK inhibition regulates the expressions of epithelial-mesenchymal 

transition (EMT) markers 
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In the initial steps of metastasis of carcinoma cells, epithelial cancer cells change 

their phenotype to mesenchymal phenotype and become motile and invasive by 

a process called EMT (Guarino et al. 2007). This process includes 

downregulation of epithelial markers and upregulation of mesenchymal markers 

(Guarino et al. 2007). In the present study, Western blot showed that the 

expression of the representative epithelial marker E-cadherin was enhanced, 

whereas the expressions of mesenchymal markers Snail and Vimentin were 

reduced after SP600125 treatment for 24 h (Fig. 3a, c). These results indicate the 

stimulatory role of JNK in the EMT in GC cells. To further confirm these results, 

we examined actin organization because actin-dependent membrane protrusions 

are regarded as a critical determinant of EMT (Shankar et al. 2010). Staining of 

F-actin with FITC-conjugated phalloidin revealed the presence of many filopodia-

like extensions containing actin-rich bundles in control cells with a more 

elongated shape, whereas they were absent or less obvious in SP600125-treated 

cells with cuboidal morphology (Fig 3b, d).  
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Crosstalk between HER2 and JNK exists in GC cell lines  

We previously reported that HER2 downregulation in GC cell lines decreased 

cancer cell growth, migration and invasion as well as EMT markers (Ko et al. 

2015). We found consistent results in present study (data is not shown). Then, 

we investigate the relationship between HER2 and JNK. First, we determined the 

effect of HER2 silencing on JNK activation (manifested by pJNK expression) and 

expression. Western blot showed that JNK activation and expression were 

markedly reduced in HER2 shRNA transfectants compared to control shRNA 

transfectants (Fig. 4a, d). On the other hand, Western blot and RT-PCR analysis 

showed that the expressions of HER2 protein and mRNA were substantially 

decreased by treatment with SP600125 (Fig. 4b, e).  

 

In addition, double immunofluorescence staining for pJNK and HER2 was 

performed. We found that, in both cell lines, control cells with pJNK staining in the 

nucleus (Fig. 5a, i) showed strong immunofluorescence at the plasma membrane 

(Fig. 5b, j). After SP600125 treatment, which drastically reduced the nuclear 
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immunofluorescence for pJNK (Fig. 5e, m), reduced the immunofluorescence for 

HER2 at the plasma membrane to a negligible level (Fig. 5f, n). These results 

indicate that there is a positive reciprocal regulatory loop between JNK and HER2. 

 

JNK inhibitor exerts synergistic effect when combined with HER2 shRNA 

transfection 

The above results showed that both HER2 and JNK enhanced metastatic 

potential in GC cells and that a positive-crosstalk exists between HER2 and JNK. 

Fig. 6a showed that the combination of HER2 silencing and pharmacological 

inhibition of JNK markedly reduced the expressions of pHER2 and pJNK. To 

investigate whether combination of these two molecules has synergistic effects 

on GC cell malignancy, we examined the effect of double inhibition of these 

molecules on the cell growth, migration and invasion (Fig. 6b-d). Cell growth 

curves (Fig. 6b) showed that HER2 silencing and JNK inhibition reduced cell 

number to similar extent (63% reduction in HER2 silencing and 70% reduction in 

JNK inhibition, respectively), which was further suppressed by inhibition of both 
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molecules (91% reduction in control). Furthermore, the cell migration capacity 

decreased by 49% in cells treated with SP600125, and by 47% in HER2 shRNA 

transfected cells compared with control cells. The combination of HER2 down-

regulation and JNK inhibition showed lower migration capacity (61% lower than 

that of the control) than those with suppression of either alone (P < 0.005) (Fig. 

6c). Similar results were shown in the invasion assay (63% lower invasion ability 

in the combined treatment than that of the control) (Fig. 6d). Consistent results 

were shown in the experiments using NCI-N87 cells (Fig. 6e-h). 
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Figure 1. 

 

 

 

 

 

 

Figure 1. Effect of pharmacological inhibition of JNK in GC cell lines SNU-

216 and NCI-N87 cells. Cells were treated with various concentrations of 

SP600125 (SP) for 24 h. Protein expressions of pJNK and total JNK were 

determined by Western blot. 
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Figure 2. 
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Figure 2. Effect of pharmacological inhibition of JNK on cell growth, 

migration and invasion in GC cell lines. GC cells were cultured in the 

presence or absence of SP600125 (SP). a, d Cells were treated with SP600125 

(SP) (20 μM for SNU-216 and 30 μM for NCI-N87) for 48 h. Cell growth was 

analyzed using crystal violet assay on the indicated times, and absorbance was 

measured at 570 nm. b, e The effect of treatment with SP (20 μM for SNU-216 

and 30 μM for NCI-N87) on the cell migration was analyzed after plating for 48 h 

by Transwell migration assay. c, f The effect of treatment with SP on the cell 

invasion was analyzed 48 h after plating by cell invasion assay. Results were 

calculated as percentages relative to control cells. Each bar represents the mean 

± SD (n = 4 per each group). * P < 0.05 vs control cells. 
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Figure 3.  

 

Figure 3. Effect of JNK inhibition on EMT marker expressions and actin 

cytoskeleton organization. SNU-216 and NCI-N87 GC cells were treated with 

SP600125 (SP) for 24 h. a, c The effect of SP (20 μM for SNU-216 and 30 μM for 

NCI-N87) treatment for 24 h on EMT marker expressions were analyzed by 

Western blot for E-cadherin, Snail and Vimentin. b, d Changes in the 

organization of the actin cytoskeleton. Cells were stained with Alexa Fluor 633-

conjugated phalloidin to visualize F-actin (red), and the cell nuclei were visualized 

by DAPI staining (blue). Photographs were taken with a fluorescence microscope 

(x 400 magnification).  
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Figure 4.  

 

Figure 4. The relationship between HER2 and JNK in GC cell lines. SNU-216 

cells (a, b) and NCI-N87 cells (c, d) were transfected with HER2 shRNA (a, c) or 

treated with SP600125 (SP) (b, d). a, c The effects of HER2 shRNA transfection 

on expressions of pHER2, HER2, pJNK and JNK were determined by Western 

blot. b, d The effects of SP treatment (20 μM for SNU-216 and 30 μM for NCI-

N87) on the expressions of pJNK, pHER2 and HER2 were determined by 

Western blot (WB) and the expression of HER2 were determined by RT-PCR. 
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Figure 5. 
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Figure 5. Immunofluorescence staining showing the effect of SP600125 on 

HER2 expression. SNU-216 cells (a-h) and NCI-N87 cells (i-p) were cultured 

with vehicle control (DMSO) or SP600125 (SP). The effect of JNK inhibition on 

the subcellular localization of HER2 was observed by double 

immunofluorescence staining for pJNK (green) and HER2 (red). 4’,6’-diamidino-

2-phenylindole (DAPI) staining was performed for nucleus (blue). (x 400 

magnification). 
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Figure 6. 
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Figure 6. Synergistic effects of HER 2 and JNK on metastatic potential of 

GC cells. SNU-216 (a-d) and NCI-N87 (e-h) GC cell lines were transfected with 

either control shRNA (shCtrl) or HER2 shRNA (shHER2). Then, cells were 

treated with vehicle control (DMSO) or SP600125 (SP) (20 μM for SNU-216 and 

30 μM for NCI-N87). a, e Transfected cells were treated with SP for 24 h. Protein 

expression of pHER2 and pJNK were determined by Western blot. b, f 

Transfected cells were treated with SP for 48 h after plating. Cell growth rates 

were analyzed using the crystal violet assay on the indicated times, and 

absorbance was measured. c, g Transfected cells were treated with SP for 48 h 

after plating. Effect of interaction of HER2 and JNK on cell migration capacity was 

evaluated by Trans well migration assay. d, h Transfected cells were treated with 

SP for 48 h after plating. Effect of interaction of HER2 and JNK on cell invasion 

capacity was evaluated by cell invasion assay. Results were calculated as 

percentages relative to control cells. Each bar represents the mean ± SD (n = 4 

per each group). * P < 0.05 vs control cells. 
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Discussion 

 

Understanding the oncogenic signaling pathways may lead to the development of 

therapeutic strategies for cancer treatment. Although the pivotal role of HER2 in 

gastric cancer progression has been shown, the link between HER2 and JNK has 

not been validated in gastric cancer. This is the first study, to the best of our 

knowledge, to show the association between HER2 and JNK and their 

significance in the cell growth and metastatic potential in gastric cancer cells.  

 

Two key survival pathways downstream of HER2 included the 

phosphatidylinositol 3-kinase (PI3K)/Akt pathway and the MAPK pathway 

(Gschwantler-Kaulich et al. 2016). Among these pathways, PI3K/Akt pathway has 

gained much attention for the development of an alternative target for anti-HER2 

cancer therapy (Chakrabarty et al. 2013). However, the interest has been 

diverged to the JNK pathway in experiments using breast cancer cells. JNK, 

which belongs to MAPK family, has shown to promote cell survival in HER2-
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overexpressing breast cancer cells (Han and Crowe. 2010). Moreover, the 

current study by Gschwantler-Kaulich et al. (2016) reported that JNK mediated 

the anti-HER2 drug resistance in HER2-overexpressing breast cancer cells. 

These results suggested that JNK plays a central role in the HER2 signaling in 

HER2-overexpressing breast cancer cells. 

  

Metastatic tumor relapses are characterized by rapid proliferating, drug-

resistant cancers (Chakrabarty et al. 2013). With respect to gastric cancer, 

implications of JNK in HER2-overexpressing gastric cancer cell growth have 

been inconsistent. JNK activation increased the gastric cancer cell survival in 

BCG-823 cells (Xia et al. 2006), whereas it decreased the cell survival in SGC-

7901 cells (Xiao et al. (2012). In the present study, we confirmed that JNK, like 

HER2, increased the cell growth of SNU-216 and NCI-N87 gastric cancer cells 

with HER2 overexpression, which is consistent with the finding of Xiao et al. 

shown in breast cancer cells. 
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In previous studies, the role of JNK in HER2-overexpressing gastric cancer 

cells still remains elusive. Wang et al. (Wang et al. 2010) reported that JNK 

induced gastric cancer cell migration and invasion were increased by JNK in 

SGC7901 cells, whereas they were suppressed in SNU-216 cells (Jung et al. 

2013). Thus, the role of JNK in GC cell metastasis needs to be further elucidated. 

 

Previously, Ko et al. (Ko et al. 2015) showed that HER2 increased cell 

migration, invasion in vitro and metastasis of two HER2-overexpressing gastric 

cancer lines (SNU-216 and NCI-N87) in nude mice. However, the association 

between HER2 and JNK in these cell lines has not been determined. In the 

present study, we investigated implications of JNK activation in HER2-

overexpressing gastric cancer cell lines. We found that the pharmacological 

inhibition of the JNK by SP600125 resulted in decreased migration and invasion 

ability in both gastric cancer cell lines. Furthermore, analyses of the EMT marker 

expressions and actin organization revealed that JNK inhibition suppressed the 

expressions of mesenchymal markers (Snail and Vimentin) and increased E-
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cadherin expression accompanied by appearance of epithelial morphology. Thus, 

these results indicate that JNK might contribute to acquisition of malignant 

phenotype of GC cells through promotion of EMT. Our data provide evidences for 

the role of JNK in the regulation of metastatic potential in GC cells through the 

modulation of mesenchymal phenotype.  

 

The success of future trials of combination anti-HER2 therapy will depend on 

the selection of molecular biomarker selection. Major survival pathways 

downstream of HER2 included phosphatidylinositol 3-kinase (PI3K)/Akt pathway 

and MAPK pathway (Gschwantler-Kaulich et al. 2016). Among these pathways, 

PI3K/Akt pathway has gained much attention for the development of an 

alternative target for anti-HER2 cancer therapy (Chakrabarty et al. 2013). 

However, the interest has been diverged to the JNK pathway. JNK, which 

belongs to MAPK family, has shown to promote cell survival in HER2-

overexpressing breast cancer cells (Han and Crowe. 2010). Moreover, the 

current study by Gschwantler-Kaulich et al. (Gschwantler-Kaulich et al. 2016) 
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showed that JNK was inhibited in lapatinib-sensitive HER2-overexpressing breast 

cancer cells, but not in the lapatinib-resistant cancer cells.  

 

In the present study, we investigated the role of JNK in HER2-

overexpressing gastric cancer cell lines. The pharmacological inhibition of the 

JNK by SP600125 resulted in decreased migration and invasion ability in HER2-

overexpressing gastric cancer cell lines. Furthermore, analyses of the EMT 

marker expressions and actin organization revealed that JNK inhibition 

suppressed the expressions of mesenchymal markers (Snail and Vimentin) and 

increased E-cadherin expression accompanied by appearance of epithelial 

morphology. Thus, these results indicate that JNK might contribute to acquisition 

of malignant phenotype of GC cells through promotion of EMT. Our data provide 

direct evidence for the role of JNK in the regulation of metastatic potential in GC 

cells through the modulation of mesenchymal phenotype.  

 

Since we wondered whether there is a reciprocal regulatory loop between 
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JNK and HER2 in GC, we further analyzed the effect of HER2 silencing on the 

JNK activation. We found that HER2 downregulation suppressed JNK activation 

(manifested by pJNK expression). In turn, JNK inhibition was accompanied by 

decreases in the expression of HER2 and pHER2. These results suggest that 

JNK controls and is controlled by HER2, and that there is a positive cross-talk 

between HER2 and JNK in GC cells. 

 

Although targeted therapies may offer enhanced efficacy and improved 

selectivity, mostly their effects are not durable when they are used alone. For this 

reason, combination therapies are often needed to effectively treat many tumors. 

In the present study, we found that the combination of HER2 silencing and JNK 

inhibition further reduced migration and invasion of gastric cancer cells compared 

to inhibition of each molecule. Therefore, HER2 and JNK seems to act in a 

synergistic manner in modulating migration and invasion of gastric cancer cells.  

 

In conclusion, the present study found that JNK activation in HER2-
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overexpressing gastric cancer cell lines increased cell growth, migration and 

invasion as well as EMT markers. In addition, the interaction between HER2 and 

JNK, which showed positive crosstalk, synergistically contributes to the GC cell 

growth and metastatic potential in HER2-overexpressing GC cells. Given the 

importance of HER2 overexpression in the gastric tumor development and 

progression, the identification of JNK as an important downstream component of 

HER2 oncogenic signaling pathway represents an important finding. Further 

experiments using anti-HER2 drug-resistant gastric cancer cells and animal 

studies might give evidence that this pathway could serve as a useful target for 

therapeutic strategies for treatment of HER2-overexpressing gastric 

cancer.attractive as therapeutic strategies in gastric cancer (Chen et al. 2010). 

HER2 is of particular interest as a drug target in GC therapy because it has been 

shown to be amplified and/or overexpressed in a subset of gastric cancers (Chen 

et al. 2010). However, due to development of acquired drug resistance, 

alternative therapeutic targets are needed to effective treatment of HER2-

overexpressing GC patients. Understanding HER2 signaling pathways may lead 
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to the development of therapeutic strategies for cancer treatment. In present 

study, we investigated the relationship between HER2 and JNK in terms of 

proliferation and metastatic potential of GC cells. To the best of our knowledge, 

this is the first study to show the association between HER2 and JNK in GC. 

 

Major survival pathways downstream of HER2 included phosphatidylinositol 

3-kinase (PI3K)/Akt pathway and MAPK pathway (Gschwantler-Kaulich et al. 

2016). Among these pathways, PI3K/Akt pathway has gained much attention for 

the development of an alternative target for anti-HER2 therapy (Chakrabarty et al. 

2013). However, the interest has been diverged to the JNK pathway. JNK, which 

belongs to MAPK family, has shown to promote cell survival in HER2-

overexpressing breast cancer cells (Han and Crowe. 2010). Moreover, a recent 

study (Gschwantler-Kaulich et al. 2016) showed that JNK was inhibited in 

lapatinib-sensitive HER2-overexpressing breast cancer cells, but not in the 

lapatinib-resistant cells. These results indicate that lapatinib-induced apoptosis in 

HER2-overexpressing breast cancer cells is mediated through JNK inhibition.  
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Metastatic tumor relapses are characterized by rapid proliferating, drug-

resistant cancers (Chakrabarty et al. 2013). With respect to GC growth, the 

implication of JNK has been inconsistent (Chen et al. 2002; Xia et al. 2006; 

Shibata et al. 2008; Xiao et al. 2012). Previously, in vitro studies (Chen et al. 

2002; Xiao et al. 2012) showed that JNK activation decreased the cell survival in 

GC cell lines (MGC80-3, SGC-7901). In contrast, JNK activation increased the 

survival in GC cell lines BCG-823, MKN-45 and AGS (Xia et al. 2006). Moreover, 

Shibata et al. (Shibata et al. 2008) observed that loss of JNK decreased the 

tumorigenesis of gastric tumor in mice. Thus, the role of JNK in GC still remains 

elusive. In the present study, we confirmed that JNK, like HER2, increased the 

GC cell growth, which is consistent with the finding of Han and Crowe (Han and 

Crowe. 2010).  

 

Initial studies of JNK examined their ability to induce the phosphorylation of 

several transcription factors, such as the oncogene c-Jun. However, recent 

evidence indicates that JNK have conserved their evolutionary role in cell 
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movement, cytoskeleton rearrangement and migration. The ability of tumor cells 

to migrate from the primary tumor to surrounding tissues is a prerequisite for 

metastasis. JNK promotes increased motility of multiple cell types including tumor 

cells (Ono et al. 2008). Although findings reported here support a role for JNK in 

GC metastasis, the mechanism by which this pathway is activated in GC have 

not been elucidated. To address the underlying molecular mechanism involved in 

the JNK pathway implicated in cancer cell motility, we used migration and 

invasion assay in the HER2-overexpressing GC cells. The inhibition of the JNK 

by treatment with SP600125 resulted in a decreased migration and invasion 

ability in GC cells. Furthermore, analyses of the EMT marker expressions and 

actin organization revealed that SP600125 treatment suppressed the 

expressions of mesenchymal markers (Snail and vimentin) and increased E-

cadherin expression, with induction of epithelial morphology. In addition, these 

phenotypic changes were attenuated by inhibition of JNK activation. Thus, these 

results indicate that JNK might contribute to acquisition of malignant phenotype of 

GC cells through promotion of EMT. Our data provide direct evidence for the role 
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of JNK in the regulation of metastatic potential in GC cells through the modulation 

of mesenchymal phenotype.  

 

Previous ours (Ko et al. 2015) showed that HER2 increased GC cell 

migration and invasion. However, the role of JNK in HER2-mediated cell motility 

is less defined. Since we wondered whether there is a reciprocal regulatory loop 

between JNK and HER2 in GC, we further analyzed the effect of HER2 silencing 

on the JNK activation. We found that HER2 downregulation suppressed JNK 

activation (manifested by pJNK expression). In turn, JNK inhibition was 

accompanied by decreases in the expression of HER2 and pHER2. These results 

suggest that there is a positive cross-talk between HER2 and JNK in GC cells. 

 

Although targeted therapies may offer enhanced efficacy and improved 

selectivity, mostly their effects are not durable when they are used alone. For this 

reason, combination therapies are often needed to effectively treat many tumors 

(Yoon et al. 2010). In the present study, we found that the combination of HER2 
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silencing and JNK inhibition further reduced migration and invasion of gastric 

cancer cells compared to inhibition of each molecule. Therefore, HER2 and JNK 

seems to act in a synergistic manner in modulating migration and invasion of 

gastric cancer cells.  

 

In conclusion, the present study identified HER2/JNK as a signaling pathway 

responsible further migration and invasion in GC for the first time. Given the 

importance of EMT in the tumor development in the progression the identification 

of JNK as a key regulator of HER2-induced EMT represents an important finding. 

Further studies might give evidence that this pathway could serve as a useful 

target for therapeutic strategies for regard to EMT reversion.  
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 문 초  

 

적: 위암에  피 장인자2 (epidermal growth factor receptor2, EGFR2, 

HER2)의 과 현은 위암에  악 도 가  초래하므  HER2는 위암 

환자에  임상적 효과  나타내는 유일한 치료 적이다. 그러나 획득  

내 으  인하여 치료 효율의 향상은 제한 어 있다. c-Jun N-terminal kinase 

(JNK)는 위암에  과 현 어 있으나 아직 지 확실한 능은 알 져 있지 

않다. HER2  JNK의 이 유 암에  보고 어 있으므  본 연 의 

적은 HER2를 과 현하는 위암 포주들인 SNU-216과 NCI-N87 포들을 

사 하여 JNK가 위암 포의 장, 이동  침윤에 미치는 향을 확인하고, 

HER2 의 을 찰함으  위암환자의 치료제 개 에 유 한 자적 

전을 규 하고자 하 다.  

 

: SNU-216과 NCI-N87 위암 포주  JNK 저해제인 SP600125  

처리하여 JNK의 활 을 억제시켰고, HER2 shRNA 이입으  HER2의 현을 

감 시켰다. Western blot  시행하여 HER2, phospho-HER2 (pHER2), JNK, 

phospho-JNK (pJNK), E-cadherin, Snail  Vimentin의 단  현 변화  

찰하 다. 포수의 찰을 위하여 Crystal violet assay  시행하 고, 

포의 이동과 침윤 찰을 위하여 Transwell migration assay  invasion 

assay  시행하 다. 
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결과: 위암 포들에  HER2  JNK는 위암 포의 장과 전이능을 

가시켰으  상호작 을 통하여 그 효과  상승시키는 관련성을 나타내었다. 

또한, 이들은 E-cadherin의 현을 감 시키고 Snail과 Vimentin의 현은 

가시켰으 , 형태학적으  간엽 포  유사한 변화  유 시켰다. 

 

결 : 위암 포에  JNK는 HER2  유사하게 포 장  전이능의 가  

초래하 으 , HER2 의 상호작 을 통하여 이러한 능이 상승효과  

나타내었다.  
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