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ABSTRACT 

ABT-737, a BH3 mimetic, circumvents JNK-mediated upregulation of anti-

apoptotic molecules in cisplatin-treated non-small cell lung cancer 

 

Eun Young Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

(Directed by Professor Se Kyu Kim) 

 

A subset of non-small cell lung cancers (NSCLC), which do not have a druggable 

driver oncogene, are treated with cytotoxic chemotherapy, most commonly cisplatin, 

but clinical outcome is suboptimal. Tumors develop multiple resistance mechanisms 

and elevated levels of anti-apoptotic proteins triggered by a cisplatin-induced DNA 

damage response correlate with resistance. Here, we investigated the synergistic 

effects of a co-treatment with cisplatin and a BH3 mimetic, ABT-737, in both cell 

culture and in vivo NSCLC models. In A549 and H460 cells, there was a dose-

dependent phosphorylation of Jun N-terminal kinase (JNK) by cisplatin treatment, 
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followed by increased expression of anti-apoptotic molecules. Anisomycin, a JNK-

specific activator, increased the mRNA levels of anti-apoptotic molecules and 

SP600125, JNK-inhibitor, suppressed their expression, suggesting that the elevation 

of the anti-apoptotic molecules was mediated by JNK. ABT-737 displaced BCL-xL 

from mitochondria to the cytoplasm and induced oligomerization of BAK. 

Furthermore, ABT-737 released cytochrome c from mitochondria. ABT-737 itself 

showed cytotoxic effects and a combination of ABT-737 with cisplatin showed 

strong synergistic cytotoxicity. In a Lox-Stop-Lox (LSL) K-ras G12D mouse model, 

co-treatment with ABT-737 and cisplatin induced significant tumor regression. 

These findings reveal a synergistic cytotoxic and anti-tumor activity of ABT-737 

and cisplatin co-treatment in a preclinical model, and suggest that clinical trials 

using this strategy may be beneficial in advanced NSCLC patients. 

 

 

 

 

----------------------------------------------------------------------------------------------------- 

Key words: non-small cell lung cancer, apoptosis, cisplatin resistance, BH3 

mimetics, ABT-737  
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ABT-737, a BH3 mimetic, circumvents JNK-mediated upregulation of anti-

apoptotic molecules in cisplatin-treated non-small cell lung cancer 

 

Eun Young Kim 

 

Department of Medicine 

The Graduate School, Yonsei University 

(Directed by Professor Se Kyu Kim) 

 

I. INTRODUCTION 

Lung cancer is still a common and leading cause of cancer death worldwide. In the 

year 2012, 1,824,701 new lung cancer were diagnosed, and 1,590,000 patients died 

of this devastating disease worldwide.
1
 Non-small cell lung cancer (NSCLC), which 

does not have a druggable driver oncogene, is treated with cytotoxic chemotherapy, 

but clinical outcome is suboptimal.  

Cisplatin is still one of the most commonly used drugs for the treatment of NSCLC; 

however, its therapeutic benefits are limited because of multiple resistance 
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mechanisms.
2
 Post-target resistance, which is induced by mitogen-activated protein 

kinase (MAPK) activation, changes the expression of pro-apoptotic and anti-

apoptotic molecules.
2,3

 Activation of extracellular signal-regulated kinase 1/2 

(ERK1/2) mediates the degradation of BIM through the phosphorylation at Ser69 

and diminishes the cytotoxic effect of cisplatin.
4
 Increased Jun N-terminal kinase 

(JNK) activity leads to the translocation of AP-1 into the nucleus where it facilitates 

the expression of anti-apoptotic molecules.
2
 In particular, elevated levels of anti-

apoptotic proteins (BCL-w, BCL-xL, BCL-2, MCL-1) triggered by the cisplatin-

induced DNA damage response correlate with the drug resistance. 

BH3-only proteins can inhibit anti-apoptotic proteins. Several small molecules that 

mimic the action of the BH3-only proteins have been developed. These BH3 

mimetics function by inserting the BH3 domain into the hydrophobic groove of the 

pro-survival BCL-2 proteins, which inhibits the functional activity of these anti-

apoptotic proteins and thus allows for the activation of BAX and BAK.
5
 In general, 

most of the BH3 mimetics show a biochemical affinity for specific anti-apoptotic 

BCL-2 proteins and this is linked to their ability to kill specific cells. 

Inactivating BCL-2 family proteins might overcome the resistance against cisplatin-

mediated apoptosis and may improve clinical outcomes. Several trials have been 

performed using small-molecule BH3 mimetic compounds, such as ABT-737, ABT-

263, AT-101, GX15-070, and TW-37, with limited success.
6
 We hypothesize that a 

combination of ABT-737 with cisplatin would overcome the cisplatin resistance 
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caused by JNK activation.  

In this study, we investigated the effect of ABT-737 when combined with cisplatin 

in NSCLC cells and a K-ras mutant mouse models. The synergistic effect of this 

combination was evaluated by the Chou-Talalay Combination Index method. In vivo 

activity was evaluated by micro-CT and showed this combination was effective for 

NSCLC treatment. 
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II. MATERIALS AND METHODS 

 

1. Cell lines, chemicals, and antibodies 

A549 cells were purchased from the ATCC (Manassas, VA, USA). H460 cells were 

obtained from the Korean Cell Line Bank (Seoul, Korea). Antibodies, unless 

otherwise stated, were obtained from Cell Signaling Technology (Danvers, MA, 

USA). ABT-737 was purchased from the AdooQ
TM

 Bioscience (Irvine, CA, USA). 

 

2. Immunoblotting 

Cells were harvested on ice using 2 LSB lysis buffer containing protease and 

phosphatase inhibitors (Sigma‑Aldrich). After sonication, 30–50 mg of lysate was 

separated by gel electrophoresis on 7.5 to 12% polyacrylamide gels and transferred 

onto nitrocellulose membranes (Bio-Rad Laboratories, Inc., Richmond, CA, USA). 

The expression level of each protein was measured using ImageJ 

(http://rsbweb.nih.gov/ij/) and quantified relative to that of β-actin. 

 

3. real time-PCR (RT-PCR) 

The RT-PCR was performed as described elsewhere.
7
 Total RNA was extracted 

using TRI reagent
®
 (Ambion, Austin, TX, USA). Quantitative RT-PCR analysis was 

performed using TaqMan
®
 Gene Expression assay reagents and the StepOnePlus™ 
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Real-Time PCR system (Applied Biosystems, Carlsbad, CA, USA) using an 

inventoried primer-probe set. (http://bioinfo.appliedbiosystems.com/genome-

database/gene-expression.html). 

 

4. Mitochondrial cytochrome c release assay 

Cells were harvested and suspended in cell permeability buffer and incubated on ice 

for 10 minutes. Cell disruption was performed by pipetting and vortexing. The 

homogenates were spun at 700 g for 10 min at 4 °C. The supernatants were 

transferred to a fresh tube and spun at 13,000 g for 10 min at 4 °C. The supernatants 

(cytosolic fraction) were transferred to a new tube and the mitochondrial pellets 

were resuspended in cell permeability buffer. After sonication, lysates were 

resolved on a 15% polyacrylamide gel, and analyzed by immunoblotting using a 

mouse anti-cytochrome c antibody. 

 

5. Cell death, MTT assay and drug combination study 

To measure cell death, cells were treated with the indicated dose of ABT-737 and 

cisplatin for 48 h, then stained with annexin-V and propidium iodide (PI) and 

analyzed using a FACSCanto II flow cytometer (Becton
®  

Dickinson, Franklin Lakes, 

NJ, USA). The effect of treatment on cell proliferation was assessed by the MTT 

assay. Briefly, 5  10
5
 cells per well were treated with either ABT-737 (0–80 μM), 

cisplatin (0–160 μM), or a combination of both drugs at fixed concentration ratios 

http://bioinfo.appliedbiosystems.com/genome-database/gene-expression.html
http://bioinfo.appliedbiosystems.com/genome-database/gene-expression.html
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of 1:0.5, 1:1, and 1:2 (cisplatin:ABT-737). After 48 h, MTT was added at a final 

concentration of 0.5 mg/mL, and cells were incubated for an additional 2 h at 37 °C. 

Formazan complexes were dissolved in DMSO, and absorbance was measured at 

550 nm with a spectrophotometer (Thermo Scientific, Rockford, IL, USA). The 

effect of combining the therapies was evaluated with a combination index (CI) 

previously proposed by Chou-Talalay using CompuSyn software (CompuSyn).
8
 

 

6. Immunocytochemistry 

Cells (5 × 10
5
) were plated in 6-well plates containing a sterilized coverslip. On the 

following day, cells were fixed with 4% formaldehyde in PBS, incubated in 

blocking solution containing 5% BSA in PBS, and then incubated with anti-

cytochome c and anti-BAK antibodies for 16 hours. On the following day, the cells 

were washed, and anti-rabbit IgG (Alexa Fluor 488 conjugate) secondary antibodies 

were added. Mitochondria were stained with MitoTracker®  Red CMXRos (red). 

The nuclei were counterstained with DAPI (blue) (1:1,000) in PBS and imaged 

using an LMS 710 confocal microscope (Carl Zeiss, Oberkochen, Germany). 

Images were acquired using ZEN 2012, Version 8,0,0,273 imaging software (Carl 

Zeiss, Oberkochen, Germany). 
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7. Mouse imaging 

LSL K-ras G12D mice were obtained from the NCI mouse repository 

(http://mouse.ncifcrf.gov/), bred, and genotyped according to the supplier's 

guidelines. This animal study was approved by our Institutional Animal Care and 

Use Committee, following the guidelines of the American Association for the 

Assessment and Accreditation of Laboratory Animal Care. AdCre virus was 

obtained from the Gene Transfer Vector Core of the University of Iowa (Iowa City, 

IA, USA). LSL K-ras G12D mice inhaled 5  10
7
 PFU AdCre virus at eight weeks 

after birth,
9
 24 ± 2 weeks after AdCre particle inhalation, a micro-CT was taken 

using a small animal eXplore Locus microCT (GE Healthcare, Little Chalfont, UK) 

under isoflurane anesthesia (45 μm resolution, 80 kV, 450 μA current). The mice 

were categorized into three groups according to tumor burden (mild, moderate, or 

severe), and then randomized within the same severity group to receive either 

vehicle (30% polyethylene glycol, 5% TWEEN 80, and 65% of a 5% dextrose 

solution in distilled water), ABT-737 (50 mg/kg, i.p., daily), cisplatin (5 mg/kg, i.p., 

weekly), or a combination of both drugs for two weeks. Treatment response was 

evaluated by CT image analysis. To measure the area of tumor, first, three 

representative CT images per mouse were selected at the upper, middle, and lower 

levels of the lung. Then, the tumor area was quantified in pixels using Adobe 

Photoshop (Adobe Systems, San Jose, CA) and Paint.Net (dotPDN, LLC, Kirkland, 

WA) software. Change of tumor area (%) was estimated by (Pixelbefore – 

Pixelafter)/Pixelbefore  100 at each level, summated, and then calculated. 
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8. Immunohistochemistry (IHC) 

Mice were sacrificed after the second micro-CT and expression of activated 

caspase-3 was analyzed by IHC using the LABS
®
2 System (Dako, Carpinteria, CA, 

USA) according to the manufacturer's instructions. Briefly, sections were 

deparaffinized, rehydrated, immersed in H2O2 methanol solution, and then 

incubated overnight with primary antibodies against activated caspase-3 in antibody 

diluent (Dako) at a 1:100 dilution. Sections were incubated for 10 minutes with 

biotinylated linker and processed using avidin/biotin IHC techniques. 3,3′-

Diaminobenzidine (DAB) was used as a chromogen in conjunction with the Liquid 

DAB Substrate kit (Novacastra, UK). 

 

9. Statistical analysis 

Independent sample t-tests were used for univariate analysis of continuous variables. 

Difference of tumor area change among groups was analyzed by Mann-Whitney U 

test. SPSS software (v. 18; SPSS, IL, USA) was used for statistical analysis. All 

statistical analyses were two-tailed and p-values of less than 0.05 were interpreted 

to indicate statistical significance. 
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III. RESULTS 

 

1. Cisplatin induced phosphorylation of JNK and increased expression of anti-

apoptotic molecules. 

JNK activation is one of major mechanisms affecting the expression of 

mitochondrial pro- and anti-apoptotic proteins. To confirm that the phosphorylation 

of JNK is mediated by cisplatin treatment, NSCLC cell lines, A549 and H460, were 

treated with various doses of cisplatin for 24 h using pH2AX Ser139 as a marker of 

cisplatin-induced DNA double strand breakage. After cisplatin treatment, expression 

of JNK increased and reached a peak after about 24 h followed by a decrease (Fig. 1, 

A and B). Together with JNK activation, the levels of anti-apoptotic molecules 

increased (Fig. 1C). To confirm cisplatin-induced JNK activation in an in vivo 

system, eight-week-old LSL K-ras G12D mice were infected with 5 × 10
7
 PFU 

AdCre virus by inhalation. After confirmation of tumor formation, 34 ± 2 week-old 

wild type and AdCre-infected K-ras mice were treated with 5 mg/kg of cisplatin for 

one, two, or four days (Fig. 1D). Phosphorylation of JNK and expression of anti-

apoptotic molecules was increased in a time-dependent manner in cisplatin-treated 

LSL K-ras mice. This trend was not observed in wild type mice. 



12 

 

 

Figure 1A. A549 and H460 cells were treated with the indicated dose of cisplatin for 

24 h and phosphorylation of JNK was evaluated by immunoblotting. 

 

Figure 1B. A549 and H460 cells were treated with 10 and 30 μM of cisplatin for 0, 

1, 2 days and phosphorylation of JNK was evaluated by immunoblotting. 

 

Figure 1C. A549 and H460 cells were treated with 10 and 30 μM of cisplatin for 24 
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h and expression of anti-apoptotic molecules were evaluated by immunoblotting.  

 

 

 

Figure 1D. 32-week-old LSL K-ras G12D or wild type mice were treated with 5 

mg/kg cisplatin i.p., and sacrificed at the indicated day after injection. 

Phosphorylation of SAPK/JNK and expression of anti-apoptotic molecules were 

evaluated by immunoblotting using whole lung lysates. Actin was used as a loading 

control. 
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2. JNK mediated cisplatin induced elevation of anti-apoptotic molecules. 

First, to confirm the increase of anti-apoptotic molecules after cisplatin treatment 

due to JNK activation, A549 and H460 cells were treated with a JNK-specific 

activator, anisomycin, for the indicated time. JNK activity was elevated while ERK 

activity was not affected (Fig. 2 A).  

 

Figure 2A. A549 and H460 cells were treated with anisomycin for the indicated 

time. Phosphorylation of JNK and ERK was evaluated by immunoblotting. 

To determine the increase in anti-apoptotic molecules at the transcriptional level 

after cisplatin treatment, A549 and H460 cells were treated with cisplatin for 6 and 

16 h and expression of anti-apoptotic molecules was evaluated by real time PCR 

(RT-PCR) (Fig. 2 B). The levels of the anti-apoptotic molecules increased and 

reached a peak at 6 h after treatment after which they decreased. Among them, Bcl-

w levels increased more than the other molecules. To determine whether the 

elevation was mediated by JNK, A549 and H460 cells were treated with the JNK-

specific activator, anisomycin, and evaluated using the same methods (Fig. 2 C). 
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After anisomycin treatment, levels of Bcl-w and other anti-apoptotic molecules were 

increased in a similar manner to the changes after cisplatin treatment. These 

findings suggest that the elevation of the anti-apoptotic molecules was mediated by 

JNK. To further confirm that increased expression of Bcl-w is mediated by JNK 

activation, a JNK specific inhibitor, SP600125 was used and the effect on Bcl-w was 

evaluated by RT-PCR. When cisplatin-treated cells had been pretreated with 

SP600125, the increase in the levels of the anti-apoptotic molecules was blunted 

(Fig. 2 D). These findings suggest that the increase in Bcl-w levels is caused by 

cisplatin-mediated JNK activation.  
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*p<0.05 by Student’s t-test  

Figure 2B. A549 and H460 cells were treated with cisplatin with the indicated dose 

for the indicated time. Expression of anti-apoptotic molecules was evaluated by real 

time PCR. 
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*p<0.05 by Student’s t-test  

Figure 2C. A549 and H460 cells were treated with anisomycin with the indicated 

dose and for the indicated time. Expression of anti-apoptotic molecules was 

evaluated by real time PCR. 
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*p<0.05 by Student’s t-test  

Figure 2D. A549 cells were treated the JNK-specific inhibitor SP600125 combined 

with cisplatin with the indicated dose. Expression of anti-apoptotic molecules was 

evaluated by real time PCR. 

 

3. BH3 mimetics bypass the cisplatin-induced elevation of anti-apoptotic 

molecules. 

The BCL-2 family inhibitor ABT-737 induces cytochrome c release from purified 

mitochondria and promotes conformational changes in BAX that are associated 

with apoptosis.
10

 To determine whether the elevation of the BCL-2 family proteins 

was suppressed using ABT-737, NSCLC cells were treated with cisplatin, ABT-737, 

or a combination of both drugs, and cell death was evaluated. First, to identify the 

baseline effects of the ABT-737, A549 cells were treated with ABT-737, and 
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subcellular fractionation was performed. Cytochrome c was released from the 

mitochondria and accumulated in the cytosol after ABT-737 treatment in a dose- 

and time-dependent manner (Fig. 3 A). Confocal microscopy revealed that ABT-737 

induced BAX/BAK-dependent cytochrome c release, and this effect was maintained 

when combined with cisplatin treatment (Fig. 3 B). This was further confirmed via 

immunoblotting (Fig. 3 C). 

 

Figure 3A. A549 cells were treated with ABT-737, and subcellular fractionation was 

performed. COX IV was used as a mitochondrial marker. 

 

Figure 3B. Immunofluorescence staining of BAK and cytochrome c. Treatment 
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with ABT-737 induced significant co-localization of BAK with the mitochondria 

combined with aggregation. Cytochrome c release after ABT-737 treatment was 

visualized. Mitochondria were stained with MitoTracker®  Red CMXRos (red), and 

BAK and cytochrome c were visualized with a Alexa-488 conjugated secondary 

antibody (green). The nuclei were counterstained with DAPI (blue).  

 

Figure 3C. A549 cells were treated with cisplatin, ABT-737, or a combination of 

both drugs and subcellular fractionation was performed. 

 

4. Synergy of cisplatin and BH3 mimetics. 

As demonstrated by immunoblotting and flow cytometric analysis of cell death, the 

combination of cisplatin and ABT-737 potentiated the cytotoxic effects of cisplatin 

(Fig. 4, A and B). To determine whether the increase in cell death was the 

synergistic effect of the two drugs, a tetrazolium-based colorimetric assay (MTT 

assay) was performed. The CI–F(a) and Dose–F(a) curves generated from the MTT 

assay results demonstrated a strong synergism in A549 cells and a synergism in 

H460 cells when combination therapy was used (Fig. 4 C and Table 1). 
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Figure 4A. A549 and H460 cells were treated with cisplatin with/without ABT-737 

for 48 h and cell death was evaluated by immunoblotting. 

 

Figure 4B. A549 cells were treated with cisplatin with/without ABT-737 for 48 h 

and cell death was evaluated using flow cytometry after Annexin V and PI staining. 



22 

 

Figure 4C. F(a)-dose and F(a)-CI curve for A549 and H460 cells treated with 

cisplatin with ABT-737. A549 and H460 cells were treated with different ratios of 

cisplatin to ABT-737 (1:0.5, 1:1, and 1:2) for 48 h, and cell viability was determined 

using the MTT assay. Combination index (CI) was estimated by CompuSyn 

software. 

Table 1. CI index of combination study. CI values at F(a)=0.5, 0.75, and 0.9. 

    F(a)   

 cisplatin : ABT-737 0.5 0.75 0.9 

 1:1 0.29  0.18  0.11  

A549 1:0.5 0.23  0.11  0.06  

 1:2 0.25  0.15  0.09  

 1:1 0.81  0.60  0.46  

H460 1:0.5 1.03  0.88  0.77  

 1:2 1.16  0.87  0.68  
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5. Combination effect of cisplatin and BH3 mimetics in animal model. 

To validate the effect of combination treatment in vivo, 34 ± 2 week-old mice that 

had been infected with AdCre by inhalation were randomly treated with vehicle, 

cisplatin (5 mg/kg, i.p., weekly), ABT-737 (50 mg/kg, i.p., daily), or a combination 

of both drugs (Fig. 5 A). Response was measured by micro-CT (Fig. 5 B). 

Statistically significant reductions in tumor size occurred in the combination 

treatment group (P = 0.029; Mann–Whitney U test) (Fig. 5 C). Lung tissues were 

harvested and analyzed by immunohistochemistry (Fig. 5 D). Activated caspase-3 

was strongly increased in the combination groups. In summary, we observed a 

significant tumor reduction after two weeks in LSL K-ras G12D mice following 

combined treatment with cisplatin and ABT-737 compared to treatment with vehicle 

or either agent alone. To determine the toxicity of ABT-737, mouse body weight 

was measured daily. Weight loss in the combination group was not significantly 

different compared to the monotherapy groups; combination treatment with 

cisplatin and ABT-737 is thus a tolerable treatment (Fig. 5 E and Table 2). 
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Figure 5A. Treatment schedule of LSL K-ras G12D mouse study. 

 

Figure 5B. 34 ± 2-week-old LSL K-ras G12D mice underwent micro-CT and were 

randomized according to lung tumor severity. Mice were treated with vehicle, 

cisplatin, ABT-737, or combination of both drugs for two weeks. The treatment 
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response was evaluated by comparing micro-CT images taken before and after 

treatment. 

 

Figure 5C. Waterfall plot showing tumor response after two weeks of treatment. 

Each column represents one individual mouse. P-value was obtained by Mann-

Whitney U test.  
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Figure 5D. H&E and activated caspase-3 immunohistochemical analysis of the 

lungs of treated mice. DAB was used as a chromogene. (E) Change of mouse body 

weight during treatment.  

 

 

Figure 5E. Change of mouse body weight during treatment.  
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Table 2. Change of mouse body weight during treatment. 

Treatment group change of body weight (g) (mean) SD p* 

Vehicle 0.67 0.76 0.391 

Cisplatin -0.63 2.56  

ABT-737 -0.38 1.89  

Combination -2.5 3.24  
*p by one-way ANOVA 
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IV. DISCUSSION 

Targeted treatment strategies, which focus on the genetic variation of a specific 

gene, are of limited use in the treatment of NSCLC because of the intratumor 

heterogeneity, and rarely induce remission in NSCLC patients. These findings 

suggest that a more general strategy for treating the cancer is a more appropriate 

approach to cure NSCLC, which shows evolving diversity with cancer progression. 

One of the hallmarks of cancer cells is their ability to resist cell death using various 

strategies to circumvent the apoptotic pathway.
11

 Loss of function of TP53 tumor 

suppressor, which induces apoptosis of critically damaged cells,
12

 decreased 

function of proapoptotic factors (BAX, BIM, and PUMA),
4
 and elevation of 

antiapoptotic regulators (BCL-2, BCL-xL, and BCL-w)
11

 are frequently observed 

mechanisms that contribute to evasion of the apoptotic pathway. Based on these 

findings, BH3 mimetics seemed to be promising therapeutics; however, the success 

of treatment strategies with BH3 mimetics alone in cancer was modest.
13

 

The aberrant regulation of the apoptotic pathway is an inherent characteristic of the 

cancer cells, but it can also be induced by drug treatment. Platinum-based 

chemotherapeutic agents have been extensively used for the treatment of solid 

tumors, and the mechanism of resistance against these agents has been extensively 

studied.
2-4

 Increased activity of MAPK, classified as a post-target resistance 

mechanism, was clearly observed in a dose- and time-dependent manner in our in 

vitro and in vivo experiments. The effect of increased ERK1 and JNK activities on 
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the cisplatin sensitivity differs between different studies, and recent review papers 

concluded that, depending on the experimental setting, increased MAPK activity 

can either increase
2,14-17

 or decrease sensitivity
18,19

 to the cisplatin treatment. 

However, previous reports were based mostly on cell culture assays using cancer 

cells while the results from in vivo systems are very limited. The JNK inhibitor 

SP600125 was not able to induce cell death in the MTT assay even when using 

concentrations of up to 80 µM but it potentiated the cytotoxic effect of cisplatin 

when both agents were combined (data not shown). These findings suggest that the 

change of BCL-w and BCL-XL expression induced by JNK inhibitor does not 

influence cell survival, but when combined with cytotoxic stress, the change in the 

levels of anti-apoptotic molecules significantly influences the cell fate.  

The advantages of combination chemotherapy include the emergence of synergistic 

interaction effects, the ability to overcome of multidrug resistant clones, and the 

reduction of the drug dose with a concomitant diminished toxicity to healthy 

tissues.
20,21

 The general principles of cancer drug combinations are to (1) use drugs 

with non-overlapping toxicities so that each drug can be administered at near-

maximal dose, (2) combine agents with different mechanisms of action and minimal 

cross-resistance in order to inhibit the emergence of broad spectrum drug resistance, 

(3) preferentially use drugs with proven activity as single drugs, and (4) administer 

the combination at early-stage disease and at a schedule with a minimal treatment-

free period between cycles, but still allowing the recovery of sensitive target tissues. 
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Based on this classical principle, co-treatment with cisplatin and BH3 mimetics 

would be an optimal combination regimen for the treatment of NSCLC.    

Thrombocytopenia is one of major adverse effects of the ABT-737 treatment.
22

 In 

this study, significant thrombocytopenia was observed in 30% of mice treated with 

the ABT-737 and cisplatin combination regimen. This suggests that significant 

bleeding events could develop with repeated treatment with the combination 

regimen, and that further studies on the dosing and treatment schedules are required. 

Another useful method for evaluating the efficacy of this new regimen is to 

determine if the treatment prolongs survival. For this purpose, a few mice treated 

with the combination regimen have been monitored for their overall survival. All 

mice have survived up to now (five months), and this indicates that additional 

methods to test the efficacy of the combination treatment, such as observation of 

progression free survival with repeated imaging, may be required.   
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IV. CONCLUSION 

In conclusion, we investigated the changes in the levels of anti-apoptotic molecules 

mediated by cisplatin-induced JNK activation in depth. Additionally, we found that 

co-treatment with BH3 mimetics could help to bypass cisplatin resistance. The 

modulation of the apoptotic pathway, which determines the cell fate of damaged 

cells, with BH3 mimetics would be an effective way to overcome the barriers in 

NSCLC treatment caused by intratumoral heterogeneity.  
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ABSTRACT (IN KOREAN) 

비소세포폐암에서 BH3 유사 약물인 ABT-737과 cisplatin의 병용 

투여로서 세포 고사 촉진을 통한 새로운 폐암 치료법 개발 

 

<지도교수 김세규> 

연세대학교 대학원 의학과 

김 은 영 

 

Cisplatin을 비롯한 platinum계 항암 약물은 비소세포폐암을 비롯하여 

고형암의 치료에 가장 광범위하게 사용되고 있으며 비용-효과적인 측면

에서 가장 유리한 항암 화학 약제 중 하나이나, 내성 발생으로 인해 치

료 효과가 기대에 미치지 못하고 있다. Cisplatin 투여로 인한 DNA 손상

은 항고사 단백 (anti-apoptotic proteins)의 발현을 증가시키며 이로 

인해 약제 저항성이 발생하게 된다. platinum계 약제 저항성을 극복하기 

위한 전략으로 세포 고사 촉진 및 억제 방해 전략의 중요성이 대두되고 

있으며, 이에 BH3 유사 약물인 ABT-737 약제와 cisplatin의 병합 요법의 

항종양 효과를 폐암 세포주와 폐암 동물 모델을 통해 확인하고자 본 연

구를 계획하였다. 
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먼저, cisplatin 처리 시 Jun N-terminal kinase (JNK) 활성화로 인하여 

항고사 단백의 발현이 상승함을 확인하였으며, cisplatin 처리로 인한 

이러한 항고사 단백의 상승이 JNK 활성 때문일 것이라는 가설을 확인하

기 위해 JNK specific activator인 anisomycin과 cisplatin을 각각 처리

하였을 때 항고사 단백의 발현이 전사 단계에서 증가함을 확인하였고 그 

증가 패턴이 서로 유사한 경향을 보였다. JNK inhibitor 투여 시에는 항

고사 단백의 발현이 억제됨을 관찰하여, cisplatin에 의한 항고사 단백 

발현 증가가 JNK 활성에 따른 것임을 확인하였다. 

이에, cisplatin 투여로 인한 항고사 단백 발현 증가를 억제할 수 있는 

BH3 유사 약물인 ABT-737을 선택하여 cisplatin 병합 효과를 폐암 세포

주에서 평가하였다. ABT-737은 세포의 미토콘드리아 내 BAX/BAK의 소중

합체화(oligomerization)을 유도하여 미토콘드리아로부터 사이토크롬 c 

(cytochrome c)를 방출하여 세포사를 유도하는 약물로, ABT-737과 

cisplatin 병용 처리 시 세포사가 증가하며 두 약제 간 상승 효과 

(synergistic effect)가 있음을 확인하였다. 병용 요법의 효과를 생체 

내에서 확인하기 위해 AdCre virus를 흡입시켜 폐암을 유발한 Lox-Stop-

Lox K-ras G12D 마우스에 ABT-737과 cisplatin을 병용 투여하여 유의미

한 종양 크기 감소 효과를 확인하였다.  

본 연구 결과는 비소세포폐암의 치료에 있어 ABT-737과 cisplatin 병용 

요법을 통한 항고사 경로의 촉진이 효과적인 전략임을 시사하며, 진행성 

비소세포폐암 환자의 치료에 유용하게 응용될 것으로 사료된다. 

------------------------------------------------------------------- 

핵심되는 말: 비소세포폐암, 세포 고사, 시스플라틴 저항성, BH3 유사 

약물, ABT-737 


