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ABSTRACT 

Establishment of a new therapeutic strategy targeting cancer stem like cells 

in refractory gastric cancer acquired Trastuzumab resistance 
 

Da Hyun Jung 
 

Department of Medicine 

The Graduate School, Yonsei University  
 

(Directed by Professor  Jie-Hyun Kim) 
 

 

 

Background: Trastuzumab is the only approved target agent for the first-line treatment of 

HER-2 positive gastric cancer, but trastuzumab resistance is a major problem in clinical 

practice. To comprehend the mechanism of trastuzumab resistance, I focused on cancer 

stemness and Wnt/ß-catenin signaling pathway and how it influences the phenotypes and 

behaviors of trastuzumab-resistant gastric cancer cells.  

Methods: Trastuzumab-resistant NCI-N87 cells (NCI-N87R) were established in vitro 

from human gastric cancer cell line NCI-N87 by dose-escalating, repeated trastuzumab 

treatment for one year. I investigated the phenotypes of NCI-N87R, including Wnt 

signaling pathway activity. Gastric cancer organoid cells were incubated with complete 

media or Wnt3a-depletion media, and their resistance to trastuzumab were compared. 

Results: NCI-N87R exhibited stemness and epithelial-mesenchymal transition (EMT) like 

phenotypes, along with decreased levels of epithelial marker E-cadherin and increased 

levels of mesenchymal markers Vimentin and Snail. They also showed increased Wnt 

signaling pathway activity. When NCI-N87 cells were incubated in Wnt3a conditioned 

media, their Wnt signaling pathway activity and resistance to trastuzumab increased. 

Gastric cancer patients-derived organoid incubated in Wnt3a-depletion media were more 

susceptible than in complete media to dose-dependent inhibition of cell viability by 

trastuzumab.  

Conclusions: Trastuzumab-resistant gastric cancer cells exhibit EMT-like phenotype and 
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trastuzumab resistance was promoted by Wnt/ ß-catenin signaling pathway. Wnt/ß-catenin 

pathway is a key signaling to trastuzumab resistance in gastric cancer cells. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                                   

Key words : Wnt, gastric cancer, trastuzumab, resistance, epithelial to 

mesenchymal transition 
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I. INTRODUCTION 

The incidence of gastric cancer is high in Eastern Asia 1. Although the prognosis of 

patients with early gastric cancer is favorable, that for patients with advanced gastric cancer 

is still problematic 2. Human epidermal growth factor receptor 2 (HER2) is a target gene in 

the treatment of gastric cancer 3. According to the ToGA trial, the addition of trastuzumab 

to platinum-based chemotherapy for HER2-positive advanced gastric cancer has 

demonstrated improvements in the survival of patients receiving this combination therapy 

3. Amplification of the HER2 gene is observed in approximately 20% of patients with 

gastric cancer, 4-9 and a high HER2 level is a poor prognostic factor 10,11. Likewise, in breast 

cancer, HER2 overexpression induces aggressive tumor behavior 12,13. The mechanism by 

which signaling pathways contribute to the aggressive characteristics of HER2-

overexpressing breast cancer is mediated by a small subset of cancer stem cells (CSCs) that 

display stemness properties 14,15. Despite the significant clinical benefit of trastuzumab, its 

positive response rate for HER2-positive gastric cancer was reported to be only 

approximately 47% 3. Trastuzumab resistance was found to be caused by the deletion of 

phosphatase and tensin homolog deleted on chromosome 10 (PTEN, a tumor suppressor) 

and the activation of PI3K pathway 16-19. In addition, upregulation of insulin-like growth 

factor receptor (IGFR) and hetero-dimerization of IGFR/HER-220, and accumulation of 

truncated HER-2 receptor (p95HER-2) have been identified to be involved in trastuzumab 
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resistance 21. Recent evidence has shown that CSCs may be resistant to chemotherapy and 

radiation. A number of genes and signaling pathways that regulate CSCs in gastric cancer 

have been identified. In a previous study, Wnt expression in gastric cancer was shown to 

have a strong association with HER2 overexpression 22. For this reason, I focused on Wnt 

signaling pathway and how it influences the phenotypes and behaviors of trastuzumab-

resistant gastric cancer cells. My study aims to understand the mechanisms leading to 

trastuzumab resistance in HER2-overexpressing gastric cancer.  

 

Figure 1. Hypothesis diagram 

 

 

II. MATERIALS AND METHODS 

1. Gastric cancer cell line and culture  

Gastric cancer cell lines including MKN28, MKN45, MKN74, SNU216, SNU484, NCI-

N87, and AGS were selected and obtained from the Korean Cell Line Bank. All cells were 

cultured in RPMI 1640 medium supplemented with 10% FBS, at 37 ° C under 5% CO2 in 

a humidified incubator.  
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2. Establishment of trastuzumab-resistant gastric cancer cell lines 

I used Western blot to detect the HER-2 expression in all seven gastric cancer cell lines, 

including MKN28, MKN45, MKN74, SNU216, SNU484, NCI-N87, and AGS. SNU216 

and NCI-N87 cells showed the highest levels of HER-2 expression (Figure 2a). To 

simulate the in vivo mode of resistance, I exposed SNU216 and NCI-N87 cells by stepwise 

exposure to increasing doses of trastuzumab over a year. SNU216 cells were unable to 

produce resistant cells. NCI-N87 cells grew steadily in medium containing trastuzumab 

and were successfully sub-cultured, earning the name NCI-N87R. Figure 2b shows the 

evidence of trastuzumab resistance of NCI-N87R cells by the cell viability assay, while 

inhibition of trastuzumab on cell viability increased in a dose-dependent manner in NCI-

N87 cells.  

 

Figure 2. (a) SNU216 and NCI-N87 cells showed the highest levels of HER-2 expression. 

(b) Trastuzumab resistance of NCI-N87R cells revealed by cell viability assay while SNU 

216 cells were unable to produce resistant cells. 

 

3. Cell viability assay 

At a density of 3-7.5 × 103 cells per well, cells were seeded in 96-well plates, incubated 

overnight at 37 °C, and then exposed to various concentrations of trastuzumab for 72 hours. 

Each well received a 50 μl aliquot of 3-(4,5-dimethylthiazol-2yl)-2,5-diphenyltetrazolium 

bromide (MTT) solution (Sigma-Aldrich, St. Louis, MO, USA), and incubation was carried 

out 37 °C for an additional 4 hours. After removing the medium, 150 μl of dimethyl 
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sulfoxide (DMSO) was added to each well and mixed. A VersaMax Microplate Reader 

(Molecular Devices, Sunnyvale, CA, USA) was used to measure absorbance at 540 nm.  

 

4. Spheroid Colony Formation Assay 

RPMI 1640 serum-free medium, 20 ng/mL human recombinant epidermal growth factor 

(Invitrogen, Carlsbad, CA, USA), 20 ng/mL human recombinant basic fibroblast growth 

factor (Invitrogen), and supplements B-27 and N2 were added to the trypsin-EDTA-isolated 

NCI-N87 and NCI-N87R cells before they were seeded in each well of an ultralow-

attachment 96-well plate (Corning Life Sciences, Acton, MA, USA). Every four days, 20 

μL of the medium were replaced. Each well was looked at under a light microscope after 

5, 14 and 21 days and the spheroid cells’ size were measured and compared with those of 

wild-type cells.  

 

5. Western Blotting Analysis 

Whole cells were centrifuged at 15,000 rpm for 10 minutes at 4 ° C after being lysed in 

RIPA lysis buffer for over 45 min. Using a Bradford assay kit (Bio-Rad Laboratories, 

Hercules, CA, USA) or BCA protein assay kit (Thermo scientific, Rockford, MR, USA), 

the supernatant's protein concentration was determined. Each sample's 30 g of denatured 

protein was then transferred to a PVDF membrane (Millipore, Billerica, MA, USA) after 

being separated on a 10 percent SDS-PAGE gel. 5 percent skim milk or BSA was used to 

block the membrane for 1 hour at RT. After that, the membrane was incubated overnight at 

4 °C with rabbit anti-HER2 (1:1,000; #2165; Cell Signaling Technology, Danvers, MA, 

USA), rabbit anti-polycomb complex protein BMI-1 (BMI1) (1:500; #ab135713; Abcam, 

Cambridge, UK), rabbit anti-octamer-binding transcription factor 4 (Oct4) (1:1,000; #2750; 

Cell Signaling Technology, Massachusetts, USA), rabbit anti-Snail (1:500; #3895; Cell 

Signaling Technology, Massachusetts, USA), and rabbit anti-GAPDH (1:2,000; #2118; 

Cell Signaling Technology, Massachusetts, USA) primary antibodies. The membrane was 

incubated for 1 hour at RT with HRP-conjugated anti-rabbit or anti-mouse IgG (1:5,000; 
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#7074S or #7076S; Cell Signaling Technology, Massachusetts, USA) secondary antibodies 

after being washed with wash buffer (10 mM Tris-HCl, 70 mM NaCl, and 0.05 percent 

Tween 20). The membrane was then washed triple with wash buffer for ten minutes, and 

ECL (Amersham Biosciences, GE Healthcare, Arlington Heights, IL, USA) was used to 

detect it.  

 

6. Immunofluorescence Staining of E-Cadherin and β-Catenin  

NCI-N87 and NCI-N87R cells labeled with rabbit monoclonal antibodies against E-

cadherin (1:1,000; #sc-7870; Santa Cruz Biotechnology, Dallas, TX, USA) and β-catenin 

(1:50; #sc-7199; Santa Cruz Biotechnology). An FITC-labeled secondary antibody was 

used to detect the bound antibodies. The cells were observed under a laser-scanning 

confocal microscope after the nuclei were stained with 1 g/mL DAPI (Sigma-Aldrich, St. 

Louis, MO, USA) (LSM 780; ZEISS, Oberkochen, Germany). 

 

7. Luciferase Assay 

NCI-N87 and NCI-N87R cells were transfected with pTA-Luc and TCF/LEF luciferase 

reporter vectors (Promega, Madison, WI, USA). Cells were co-transfected with the 

TopFlash firefly luciferase reporter vector and pRL-SV40-Renilla luciferase vector 

(Promega) and incubated for 72 hours to detect Wnt signaling pathway activity, The dual-

luciferase reporter method (Promega) was then used to determine the relative luciferase 

activity 

 

8. Organoid culture 

Clinical samples for organoid establishment and biologic analyses were obtained from 

patients at Gangnam Severance Hospital with informed consent after study approval by the 

ethical committees (IRB 3-2018-0209). Gastric cancer specimens were collected by 

surgical resection or biopsy. Surgical specimens were washed with phosphate-buffered 

saline (PBS) and minced into 1-mm3 fragments. The fragments were digested with 
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CollgenaseⅠ (Sigma-Aldrich, St. Louis, MO, USA) at 37°C for 1 hour, and undigested 

pellets were separated by pressing with a plastic stick. Before plating, collected epithelia 

were washed with PBS supplemented with 1% bovine serum albumin to inactivate 

digestive enzymes. Advanced Dulbecco’s modified Eagle’s medium/F12 was 

supplemented with antibiotic/antimycotic, 10 mM HEPES, 2 mM GlutaMAX, 1 × B27 

(Thermo Fisher Scientific) for basal culture medium. Complete medium was prepared by 

supplementing the basal culture medium with the niche factors. Plated organoids were 

maintained in a 37°C incubator with 5% CO2, and media were changed every 3–4 days. 

 

9. Statistical analysis 

All statistical analyses were performed using SPSS 26.0. To determine the difference 

between subgroups, one-way ANOVA was used. A statistically significant difference was 

defined as a P value < 0.05. 

 

 

III. RESULTS 

1. Trastuzumab-resistant gastric cancer cells exhibit stemness and EMT-like 

phenotypes 

To evaluate the stemness of trastuzumab resistant gastric cancer cells, parental NCI-N87 

cells and NCI-N87R cells were cultured in suspension for 21 days. Both types of cells 

produced nonadherent spherical colonies known as spheres. Compared with NCI-N87 cells, 

NCI-N87R cells demonstrate significantly larger sphere size and higher cell counts of 

spheres larger than 50 μm (Figure 3a). In order to confirm EMT, I evaluated the expression 

of E-cadherin. E-cadherin was downregulated in NCI-N87R cells, as confirmed by 

immunofluorescence. Stem cell markers including CD44s, CD54, BMI1, OCT4, Vimentin 

and Snail were significantly upregulated in NCI-N87R cells compared to their parental 

cells, according to Western blot analysis (Figure 3b). These results suggest that 

trastuzumab-resistant gastric cancer cells have stemness and molecular characteristics with 
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EMT cells. 

 

Figure 3. (a) NCI-N87R cells had significantly larger sphere size and higher cell counts of 

spheres larger than 50 μm than NCI-N87 cells (*P <0.05, **P <0.01, ***P <0.005). (b) E-

cadherin was downregulated in NCI-N87R cells, as confirmed by immunofluorescence 

compared with parental cells. Stem cell markers including CD44s, CD54, BMI1, Oct4, 

Vimentin and Snail were significantly upregulated in NCI-N87R cells compared with 

parental cells, according to Western blot analysis.  

 

2. Trastuzumab-resistant gastric cancer cells exhibit increased activity of Wnt 

signaling pathway 

As trastuzumab-resistant gastric cancer cells showed EMT-like phenotype change, I 

analyzed the activity of the Wnt signaling pathway, well known signal transduction 

pathway that plays a crucial role in EMT. Previous report showed that the expression of 

Wnt3 activated Wnt/ β-catenin pathway and promoted EMT-like phenotype in trastuzumab 

resistant breast cancer cells and other study showed that activation of Wnt/ β-catenin 

contributed to trastuzumab resistance in gastric cancer 23,24. Therefore, I analyzed using 

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis to identify altered 
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pathways in trastuzumab resistant NCI-N87 cells. The output data (Gene Expression 

Omnibus Series accession number GSE 77346) was used to determine recurrent copy 

number changes. Thirteen genes that are part of the Wnt pathway were either up- or 

downregulated ≥2-fold in trastuzumab resistant NCI-N87 cells compared with parental 

NCI-N87 cells (Figure 4).  

 

Figure 4. KEGG pathway analysis in trastuzumab resistant NCI-N87 cells using 

GSE77346 

 

TCF/LEF reporter kit was used to assess the activity of the Wnt signaling pathway. NCI-

N87R cells showed significantly higher activity of the Wnt signaling pathway compared to 

that of parental cells (Figure 5a). Likewise, nucleus β-catenin expression was evident and 

significantly upregulated in NCI-N87R cells compared with parental cells in 

immunofluorescence staining (Figure 5b). 

 



９ 

 

 

Figure 5. (a) NCI-N87R cells showed significantly higher activity of the Wnt signaling 

pathway compared with that of parental cells (*P < 0.05). (b) Nucleus expression of β-

catenin was significantly upregulated in NCI-N87R cells compared with parental cells in 

immunofluorescence staining. White arrows denote nucleus expression of β-catenin (****P 

< 0.0001). 

 

3. Gastric cancer cells incubated in Wnt3a conditioned media exhibit increased 

activity of Wnt signaling pathway 

The activity of Wnt signaling pathway, which is important role in EMT, was found to be 

increased in trastuzumab-resistant gastric cancer cells. Next, I investigated whether Wnt 

signaling pathway can be activated when parental gastric cancer cells are incubated in 

Wnt3a conditioned media. When the NCI-N87 cells which were incubated in Wnt3a 

conditioned media (NCI-N87_WNT), a significantly increased activity of the Wnt 

signaling pathway was evident (Figure 6a). In immunofluorescence staining, NCI-

N87_WNT cells showed markedly higher levels of β-catenin expression than NCI-N87 

cells (Figure 6b). Additionally, E-cadherin was downregulated in NCI-N87_WNT cells, 

and this was similar to that of NCI-N87R cells (Figure 6c). 
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Figure 6. (a) NCI-N87_WNT cells showed significantly increased activity of the Wnt 

signaling pathway (***P <0.005). (b) NCI-N87_WNT cells showed markedly higher levels 

of nucleus β-catenin expression than NCI-N87 cells. White arrows denote nucleus 

expression of β-catenin (***P <0.005). (c) E-cadherin was downregulated in NCI-

N87_WNT cells, and this was similar in NCI-N87R cells. 

 

4. Gastric cancer cells incubated in Wnt3a conditioned media acquired trastuzumab 

resistance 

Gastric cancer cells incubated in Wnt3a conditioned media showed increased activity of 

the Wnt signaling pathway and decreased E-cadherin expression level, like trastuzumab- 

resistant gastric cancer cells. I, nextly compared the trastuzumab resistance ability of each 

cell by trastuzumab concentration by cell viability assay. NCI-N87_WNT cells showed 

lower inhibition of cell proliferation than the NCI-N87 cell (the parental cells without 

conditioned Wnt media) (Figure 7). 
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Figure 7. NCI-N87_WNT cells showed lower inhibition of cell proliferation than parental 

cells (***P <0.001, ****P <0.0001). 

 

5. Wnt signaling pathway affected trastuzumab resistance of gastric cancer in a 

patients-derived organoids  

Next, I investigated whether Wnt signaling pathway affected trastuzumab resistance on cell 

viability in a patients-derived organoid. Organoid cells were incubated in Wnt3a-depletion 

media and evaluated cell viability by stepwise exposure to increasing doses of trastuzumab. 

Organoids with conditioned media were more susceptible to dose-dependent inhibition of 

cell viability by trastuzumab than organoids with complete media (Figure 8). 
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Figure 8. (a) Representative immunohistochemical analysis of the HER2 in patients-

derived organoid. (b) Gastric cancer organoid cells incubated in Wnt3a-depletion media 

were more susceptible to dose-dependent inhibition of cell viability by trastuzumab than in 

complete media (***P <0.001). 

 

 

IV. DISCUSSION 

I established the trastuzumab-resistant gastric cancer cell lines using NCI-N87 cells, and 

demonstrated the stemness and EMT-like phenotypes in trastuzumab resistant gastric 

cancer cells. In addition, I confirmed that trastuzumab-resistant gastric cancer cells exhibit 

increased activity of Wnt signaling pathway and when parental gastric cancer cells are 

incubated in Wnt3a conditioned media, parental gastric cancer cells showed the same effect 

which is a significantly increased activity of the Wnt signaling pathway.  



１３ 

 

 

Figure 9. Result diagram 

The theory that abnormal CSCs participate in tumor invasion as well as tumorigenesis 

explains the causes of cancer recurrence and anticancer drug resistance. In this study, using 

trastuzumab-resistant gastric cancer cells, I demonstrated the CSC activity and the 

signaling pathway that was associated with the expression of stem cell- and EMT-related 

genes in the trastuzumab-resistant cells.  

Trastuzumab, one of the most effective anti-HER2 antibodies for breast and gastric cancer 

and has been used in clinical therapy for long time, but the development of resistance is a 

major obstacle to trastuzumab-based treatment in both HER2-overexpressing breast and 

gastric cancers. Although numerous trastuzumab resistance mechanisms have been 

proposed for breast cancer, it is unclear whether similar mechanisms apply to gastric cancer. 

Therefore, it is crucial to understand the mechanisms and identify the phenotype of 

trastuzumab resistance in gastric cancer for the development of novel therapeutic 
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approaches. 

In the current study, trastuzumab-resistant cells were obtained in vitro from human gastric 

cancer cell lines NCI-N87 through repeated, dose-escalating trastuzumab treatment. 

Trastuzumab-resistant gastric cancer cells showed higher level of stemness and EMT 

characteristics. Trastuzumab resistant cells showed obvious acquisition of the 

mesenchymal morphology, decreased levels of epithelial marker and increased levels of 

mesenchymal markers. Self-renewal (forming spheres), increased clonogenicity, and 

tumorigenicity were also observed in trastuzumab resistant gastric cancer cells. EMT can 

trigger reversion to CSC. CSC, which can initiate tumorigenesis and have a high metastatic 

potential tend to be resistant to chemotherapeutic agents 16. These findings suggest that 

prolonged trastuzumab treatment induces stemness and EMT-like phenotype in gastric 

cancer cells, leading to trastuzumab resistance.  

Through EMT induction, pathophysiological conditions such as tissue injury or 

tumorigenesis can cause differentiated cells to acquire a multipotent stem cell-like 

phenotype. This could be similar to developmentally regulated EMT signaling pathways 

like Wnt, Notch, and Hedgehog, which are responsible for both normal and CSC renewal 

and maintenance 25,26. Wnt is a highly conserved signaling pathway that plays a critical role 

in controlling embryonic and organ development, as well as human cancer progression 

including breast cancer, colorectal cancer, ovarian cancer and prostate cancer 27. Recently 

rapid developing genome-wide sequencing and gene expression profile analyses have 

demonstrated that Wnt signaling is involved mainly in the processes of cancer proliferation 

and metastasis. The most recent studies have indicated that Wnt signaling is crucial in 

breast cancer immune microenvironment regulation, stemness maintenance, therapeutic 

resistance and phenotype shaping 28-30. Wu Et al. showed Wnt3 overexpression in 

trastuzumab-resistant breast cancer cells activates Wnt signaling pathway that leads to 

transactivation of EGFR and promotes EMT-like transition 31. The EMT-like transition in 

cancer cells could promote tumor invasion and metastases, as well as mediate drug 

resistance. Data from my current study also indicated that trastuzumab-resistant gastric 
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cancer cells exhibit increased activity of Wnt signaling pathway. Additionally gastric 

cancer cells incubated in Wnt3a conditioned media exhibit increased activity of Wnt 

signaling pathway and trastuzumab resistance. I also investigate how Wnt signaling 

pathway affected trastuzumab resistance on cell viability in a patients-derived preclinical 

model. Organoid cells from HER-2 positive gastric cancer patients which were incubated 

in Wnt3a-free media were more susceptible to dose-dependent inhibition of cell viability 

by trastuzumab than parental cells. In several types of tumors, preclinical data of which the 

agents targeting the Wnt pathway were used accumulated. Zhi et al22 demonstrated that 

salinomycin could effectively kill CSCs in gastric cancer 32. Lu et al23 showed that 

salinomycin inhibited Wnt signaling by inducing ionic changes that interfere with the 

phosphorylation of the Wnt coreceptor lipoprotein receptor-related protein 6 (LRP6) 33. 

Therefore, the combination of Wnt inhibitors with trastuzumab has potential as an effective 

therapeutic strategy to reduce CSC activity in HER2-overexpressing gastric cancer.  

My study revealed that trastuzumab-resistant gastric cancer cells exhibit EMT-like 

phenotype by promoting Wnt signaling pathway. Because most of cancers are 

heterogenous, future efforts to find new treatment option for improving patient survival 

will undoubtedly need to consider the plasticity of cancer cells. EMT induction and the 

emergence of CSCs relate to the plasticity, as well as drug resistance. Several key signaling 

pathways, including Wnt, which are known inducers of EMT and promoters of stem cell 

maintenance, contribute to this process 34. 

 

 

V. CONCLUSION 

I demonstrated that Wnt signaling pathway may be a target for trastuzumab-resistant 

gastric cancer, and Wnt signaling pathway inhibitors combined with trastuzumab may 

provide a promising strategy for patients with trastuzumab refractory gastric cancer. 

Further research is required to understand trastuzumab-resistant mechanism for 

individualized and precise gastric cancer treatment. 



１６ 

 

REFERENCES 

1. Bray F, Ferlay J, Soerjomataram I, Siegel RL, Torre LA, Jemal A. Global cancer 

statistics 2018: GLOBOCAN estimates of incidence and mortality worldwide for 

36 cancers in 185 countries. CA Cancer J Clin 2018;68:394-424. 

2. Wagner AD, Grothe W, Haerting J, Kleber G, Grothey A, Fleig WE. Chemotherapy 

in advanced gastric cancer: a systematic review and meta-analysis based on 

aggregate data. J Clin Oncol 2006;24:2903-9. 

3. Bang YJ, Van Cutsem E, Feyereislova A, Chung HC, Shen L, Sawaki A, et al. 

Trastuzumab in combination with chemotherapy versus chemotherapy alone for 

treatment of HER2-positive advanced gastric or gastro-oesophageal junction 

cancer (ToGA): a phase 3, open-label, randomised controlled trial. Lancet 

2010;376:687-97. 

4. Yano T, Doi T, Ohtsu A, Boku N, Hashizume K, Nakanishi M, et al. Comparison 

of HER2 gene amplification assessed by fluorescence in situ hybridization and 

HER2 protein expression assessed by immunohistochemistry in gastric cancer. 

Oncol Rep 2006;15:65-71. 

5. Fassan M, Mastracci L, Grillo F, Zagonel V, Bruno S, Battaglia G, et al. Early 

HER2 dysregulation in gastric and oesophageal carcinogenesis. Histopathology 

2012;61:769-76. 

6. Fassan M, Pizzi M, Realdon S, Balistreri M, Guzzardo V, Zagonel V, et al. The 

HER2-miR125a5p/miR125b loop in gastric and esophageal carcinogenesis. Hum 

Pathol 2013;44:1804-10. 

7. Park YM, Cho E, Kang HY, Kim JM. The effectiveness and safety of endoscopic 

submucosal dissection compared with endoscopic mucosal resection for early 

gastric cancer: a systematic review and metaanalysis. Surg Endosc 2011;25:2666-

77. 



１７ 

 

8. Marx AH, Tharun L, Muth J, Dancau AM, Simon R, Yekebas E, et al. HER-2 

amplification is highly homogenous in gastric cancer. Hum Pathol 2009;40:769-

77. 

9. Jin MH, Nam AR, Bang JH, Oh KS, Seo HR, Kim JM, et al. WEE1 inhibition 

reverses trastuzumab resistance in HER2-positive cancers. Gastric Cancer 

2021;24:1003-20. 

10. Jorgensen JT, Hersom M. HER2 as a Prognostic Marker in Gastric Cancer - A 

Systematic Analysis of Data from the Literature. J Cancer 2012;3:137-44. 

11. Lei YY, Huang JY, Zhao QR, Jiang N, Xu HM, Wang ZN, et al. The 

clinicopathological parameters and prognostic significance of HER2 expression in 

gastric cancer patients: a meta-analysis of literature. World J Surg Oncol 

2017;15:68. 

12. Slamon DJ, Clark GM, Wong SG, Levin WJ, Ullrich A, McGuire WL. Human 

breast cancer: correlation of relapse and survival with amplification of the HER-

2/neu oncogene. Science 1987;235:177-82. 

13. Slamon DJ, Godolphin W, Jones LA, Holt JA, Wong SG, Keith DE, et al. Studies 

of the HER-2/neu proto-oncogene in human breast and ovarian cancer. Science 

1989;244:707-12. 

14. Korkaya H, Paulson A, Iovino F, Wicha MS. HER2 regulates the mammary 

stem/progenitor cell population driving tumorigenesis and invasion. Oncogene 

2008;27:6120-30. 

15. Magnifico A, Albano L, Campaner S, Delia D, Castiglioni F, Gasparini P, et al. 

Tumor-initiating cells of HER2-positive carcinoma cell lines express the highest 

oncoprotein levels and are sensitive to trastuzumab. Clin Cancer Res 

2009;15:2010-21. 

16. Yang Z, Guo L, Liu D, Sun L, Chen H, Deng Q, et al. Acquisition of resistance to 

trastuzumab in gastric cancer cells is associated with activation of IL-

6/STAT3/Jagged-1/Notch positive feedback loop. Oncotarget 2015;6:5072-87. 



１８ 

 

17. Li G, Zhao L, Li W, Fan K, Qian W, Hou S, et al. Feedback activation of STAT3 

mediates trastuzumab resistance via upregulation of MUC1 and MUC4 expression. 

Oncotarget 2014;5:8317-29. 

18. Jin MH, Nam AR, Park JE, Bang JH, Bang YJ, Oh DY. Resistance Mechanism 

against Trastuzumab in HER2-Positive Cancer Cells and Its Negation by Src 

Inhibition. Mol Cancer Ther 2017;16:1145-54. 

19. Yoshioka T, Shien K, Takeda T, Takahashi Y, Kurihara E, Ogoshi Y, et al. Acquired 

resistance mechanisms to afatinib in HER2-amplified gastric cancer cells. Cancer 

Sci 2019;110:2549-57. 

20. Nahta R, Yuan LX, Zhang B, Kobayashi R, Esteva FJ. Insulin-like growth factor-I 

receptor/human epidermal growth factor receptor 2 heterodimerization contributes 

to trastuzumab resistance of breast cancer cells. Cancer Res 2005;65:11118-28. 

21. Ozkavruk Eliyatkin N, Aktas S, Ozgur H, Ercetin P, Kupelioglu A. The role of 

p95HER2 in trastuzumab resistance in breast cancer. J BUON 2016;21:382-9. 

22. Stewart J, James J, McCluggage GW, McQuaid S, Arthur K, Boyle D, et al. 

Analysis of wntless (WLS) expression in gastric, ovarian, and breast cancers 

reveals a strong association with HER2 overexpression. Mod Pathol 2015;28:428-

36. 

23. Wu Y, Ginther C, Kim J, Mosher N, Chung S, Slamon D, et al. Expression of Wnt3 

activates Wnt/β-catenin pathway and promotes EMT-like phenotype in 

trastuzumab-resistant HER2-overexpressing breast cancer cells. Mol Cancer Res 

2012;10:1597-606. 

24. Liu W, Yuan J, Liu Z, Zhang J, Chang J. Label-Free Quantitative Proteomics 

Combined with Biological Validation Reveals Activation of Wnt/β-Catenin 

Pathway Contributing to Trastuzumab Resistance in Gastric Cancer. Int J Mol Sci 

2018; Jul 6;19(7):1981. 



１９ 

 

25. Huber MA, Kraut N, Beug H. Molecular requirements for epithelial–mesenchymal 

transition during tumor progression. Current opinion in cell biology 2005;17:548-

58. 

26. Malanchi I, Peinado H, Kassen D, Hussenet T, Metzger D, Chambon P, et al. 

Cutaneous cancer stem cell maintenance is dependent on β-catenin signalling. 

Nature 2008;452:650-3. 

27. Xu X, Zhang M, Xu F, Jiang S. Wnt signaling in breast cancer: biological 

mechanisms, challenges and opportunities. Molecular Cancer 2020;19:165. 

28. Harper KL, Sosa MS, Entenberg D, Hosseini H, Cheung JF, Nobre R, et al. 

Mechanism of early dissemination and metastasis in Her2+ mammary cancer. 

Nature 2016;540:588-92. 

29. Malladi S, Macalinao DG, Jin X, He L, Basnet H, Zou Y, et al. Metastatic latency 

and immune evasion through autocrine inhibition of WNT. Cell 2016;165:45-60. 

30. Wang X, Jung Y-S, Jun S, Lee S, Wang W, Schneider A, et al. PAF-Wnt signaling-

induced cell plasticity is required for maintenance of breast cancer cell stemness. 

Nature communications 2016;7:1-13. 

31. Wu Y, Ginther C, Kim J, Mosher N, Chung S, Slamon D, et al. Expression of Wnt3 

Activates Wnt/β-Catenin Pathway and Promotes EMT-like Phenotype in 

Trastuzumab-Resistant HER2-Overexpressing Breast Cancer CellsWnt3 Promotes 

EMT and Acquired Resistance to Trastuzumab. Molecular Cancer Research 

2012;10:1597-606. 

32. Zhi QM, Chen XH, Ji J, Zhang JN, Li JF, Cai Q, et al. Salinomycin can effectively 

kill ALDH(high) stem-like cells on gastric cancer. Biomed Pharmacother 

2011;65:509-15. 

33. Lu D, Choi MY, Yu J, Castro JE, Kipps TJ, Carson DA. Salinomycin inhibits Wnt 

signaling and selectively induces apoptosis in chronic lymphocytic leukemia cells. 

Proc Natl Acad Sci U S A 2011;108:13253-7. 



２０ 

 

34. Singh A, Settleman J. EMT, cancer stem cells and drug resistance: an emerging 

axis of evil in the war on cancer. Oncogene 2010;29:4741-51. 

 

 



２１ 

 

ABSTRACT(IN KOREAN) 

트라스투주맙 내성을 획득한 난치성 위암에서 암줄기양 세포를 

표적으로 하는 새로운 치료 전략 수립 

 

<지도교수 김지현> 

 

연세대학교 대학원 의학과 

 

정다현 

 

 

 

배경: 트라스투주맙은 HER-2 양성 위암의 1차 치료제로 승인된 유일한 표적 

약제이나 트라스투주맙 내성을 보이는 경우 위암 치료의 큰 난관이 되고 있다. 

트라스투주맙 내성의 기전을 이해하기 위해 Wnt/ß-카테닌 신호전달 경로와 

이것이 트라스투주맙 내성 위암 세포의 표현형 및 행동에 미치는 영향에 

초점을 맞추어 연구하고자 하였다. 

방법: 인간 위암 세포주 NCI-N87에 실험적으로 트라스투주맙의 용량을 

증량하며 반복 처리하여 트라스투주맙 내성 세포인 NCI-N87R을 확립하였다. 

그리고, Wnt 신호 전달 경로 활동을 포함하여 NCI-N87R의 표현형을 

조사하였다. 게대가 위암 오르가노이드 세포를 완전배지 또는 Wnt3a 

고갈배지에 함께 배양하고 트라스투주맙에 대한 내성을 비교하였다. 

결과: NCI-N87R은 상피 마커인 E-cadherin의 발현 감소 및 간엽 마커인 

Vimentin 및 Snail의 발현 증가와 함께 줄기세포능 및 상피-간엽 이행(EMT) 

유사 표현형을 나타냈다. 그리고 Wnt 신호전달 경로를 활성화 시켰다. 

트라스트주맙 내성이 없는 위암 세포를 Wnt3a 조절 배지에서 배양하였더니 

Wnt 신호 경로가 활성화되고 트라스투주맙에 대한 내성이 증가하였다. 또한 
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위암 환자 유래 오르가노이드를 Wnt3a 고갈배지에서 배양하였을 때 완전 

배지에서 배양했을때보다 트라스투주맙을 처리하였을 때 용량 의존적으로 

세포 생존성이 감소하는 것을 알 수 있었다. 

결론: Trastuzumab 내성 위암 세포는 상피-간엽 이행 유사 표현형을 나타내며 

trastuzumab 내성은 Wnt/ß-catenin 신호 전달 경로에 의해 촉진된다. 

Wnt/ß-카테닌 경로는 위암 세포에서 트라스투주맙 내성에 대한 핵심 신호 

경로이다.  
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