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Abstract 

Small Cell Lung Cancer (SCLC) is an aggressive disease with early metastasis and poor prognosis. Etoposide and cisplatin/carboplatin are 

used in the first-line treatment of SCLC. Amrubicin is the only established second-line treatment for SCLC only in Japan but not in western 

world. Therefore, there is a severe need for active agents for second-line treatment of therapy-resistant SCLC. Currently, paclitaxel has shown 

a degree of cytotoxic activity against SCLC only in phase II studies. This research aims to establish human SCLC cell lines resistant to cisplatin 

and evaluate the efficacy of paclitaxel on established cisplatin-resistant cell lines. I cultured human SCLC cell lines N417 and H82 and treated 

with different concentrations of cisplatin and performed WST-8 assay for comparing effectiveness of cisplatin and paclitaxel. Parental N417 

cells were serially passaged (>50 times) to establish the cisplatin-resistant subline N417/CDDP; however, H82 cells were highly sensitive 

towards cisplatin. Although we did not obtain H82-derived resistant cell line, parental H82 cells started to show sensitivity from 0.3 μM and 

we evaluate cell viability with 0.5 μM cisplatin-treated H82 cells for comparing. We found cisplatin decrease the cell viability only for parental 

N417 and H82 cell lines but not for N417/CDDP and 0.5 μM cisplatin-treated H82 cell line, but paclitaxel showed a stronger response not only 

in parental cell lines but also in cisplatin-resistant and cisplatin-treated cell lines. 
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Introduction

Small cell lung cancer (SCLC) is a type of lung cancer that has a 

high growth fraction, rapid doubling time, early development of 

extensive metastases and an initial response to chemotherapy and 

radiation [1]. SCLC is prevalent in 15% of patients diagnosed with 

lung cancer and develops from neuroendocrine precursor cells. At the 

time of initial diagnosis, about 10–25% of patients have brain 

metastases; an additional 40–50% will acquire them as their disease 

progresses [2]. Currently, platinum (cisplatin or carboplatin) plus 

etoposide, including programmed death ligand 1-targeted immune 

checkpoint inhibitors (atezolizumab or durvalumab), is the preferred 

first-line treatment for metastatic SCLC [3]. Unfortunately, though 

the rapid and high responses to initial therapy, a multifocal relapse is 

often occurred and limits on the efficacy of first-line therapies for 

many patients with SCLC [4]. There are very few drugs which are 

identically established for generating remission in relapsed SCLC [5]. 

Amrubicin is a drug for second-line therapy that has shown 

superiority in effectiveness to topotecan in a Japanese population but 

was not considered superior in a study of western patients [6]. In this 

situation, it is a great need for new active agents in the setting of 

second line treatment for therapy-resistant in first-line therapy. 

Moreover, establishing of such drugs may lead to the development of 

more potent first-line regimens. For this reason, it appears important 

to determine which tumor patients are sensitive to and resistant to the 

cytotoxic drugs utilized during the induction phase of their cancer [7]. 

A variety of solid malignancies, such as testicular, ovarian, head 

and neck, colorectal, bladder and lung cancers, are treated with 

platinum-based medications, most notably cisplatin [8]. Cisplatin is a 

key drug with high anticancer activity for the systemic treatment of 

SCLC. The cytotoxic mechanism of cisplatin is triggered by its 

interaction with DNA to generate adducts that cause programmed cell 

death or apoptosis [9]. One hand, paclitaxel is an antimicrotubular 

agent which inhibit mitotic spindle assembly and only has shown a 

degree of activity in small phase II studies in small-cell lung cancer 

[6,7]. It was originally derived from the bark of the Pacific yew tree 

and can be partially synthesized from the precursor 10-

deactylbaccatin III, derived from the needles of the European yew [2]. 

Paclitaxel binds to tubulin to stabilize the microtubule and inhibit its 

disassembly, ultimately leading to cell death by apoptosis. The 

clinical use of paclitaxel is limited by tumor resistance, risk of 

hypersensitivity reactions and toxicity [10]. With a response rate of 

29%, single-agent paclitaxel has shown an activity among patients 

with SCLC resistant to cyclophosphamide, doxorubicin and etoposide 

in a clinical trial [7]. Moreover, paclitaxel is considered to have 

cytotoxic activity against several drug-resistant tumors such as 
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platinum- resistant ovarian cancer and anthracycline-resistant breast 

cancer. In a previous study, almost 40% of acquired cisplatin-resistant 

cells were not resistant to paclitaxel and only 28% shows 

hypersensitivity to paclitaxel, suggesting that patients with cisplatin-

resistant cancers can benefited from paclitaxel treatment because as 

developing resistance to one drug can be different to other drugs 

[11,12]. 

The purpose of this study was to evaluate the efficacy of 

paclitaxel, whether it can be considered as a non-cross-resistant agent 

to cisplatin-resistant small cell lung cancer. 

Materials and Methods 

Cell culture 

Two human small lung cancer cell lines, NCI-N417 (N417) and 

NCI-H82 (H82), were obtained from the American Type Culture 

Collection (ATCC, Manassas, VA, USA) and used as parental cell 

lines. The N417 cell line was isolated from the lungs of a patient with 

small cell lung cancer and the H82 cell line was derived from the 

pleural fluid of a patient with small cell lung cancer. For passage, 

2.5×105 or 5×105 cells were seeded into T-25 tissue culture flasks. 

The cells were cultured in RPMI-1640 (Fujifilm Wako Pure Chemical 

Industries, Osaka, Japan) growth medium supplemented with 10% 

fetal bovine serum and incubated at 37°C in a humidified incubator 

with 5% CO2. Paclitaxel and cisplatin were diluted with Phosphate-

Buffered Saline (PBS). 

Establishment of cisplatin-resistant human cell line 

To establish cisplatin-resistant SCLC cell lines, N417 cells were 

cultured in T-25 tissue culture flasks in the continuously presence of 

cisplatin. The drug concentration was gradually increased by 

approximately 3-fold when the cell growth interval from seeding to ≥ 

70% confluence was less than 6 days without obvious changes in the 

cell shape and increasing the number of floating cells after passage. 

The cells were confirmed to proliferate after the concentration of 

cisplatin was increased; otherwise, they were cultured with cisplatin 

at the same concentration used in the previous step. 

Cell viability assay 

Cultured cells were seeded in 96-well tissue culture plates (5000 

cells/well) with 200 μL of medium per well. Cell viability was 

determined by the WST-8 assay using the Cell Counting Kit- 8 

(Dojindo, Kumamoto, Japan), according to the manufacturer’s 

instructions. Absorbance was measured at 450 nm using a Tecan 

Sunrise microplate reader (Tecan, Männedorf, Switzerland). To 

determine the relative cell viability, the absorbance of the samples 

was divided by that of the vehicle control. 

Results 

Cultured cells of parental and cisplatin-resistant N417 cell 

lines 

To compare the sensitivity of cisplatin-resistant and parental 

N417 to cisplatin, we established cisplatin-resistant cell line, 

N417/CDDP from parental N417. There seems different condition of 

cells between the parental cell-seeded flask and drug-treated flasks 

because of the continuous treatment of cisplatin. For observing the 

drug response towards cells, the cells were passaged and treated at 

least 2-3 times for each concentration. The initial concentration was 

1 μM which was increased by determining cell proliferation rate and 

condition. The cells were passaged 55 times to establish cisplatin-

resistant N417/CDDP cell line (Figure 1). 

 

Figure 1: Different cell condition after passaging into flask. A. 

Parental N417 cell confluency after passaging. B. Established 

cisplatin resistant N417/CDDP cell line. 

Comparison of cisplatin sensitivity between parental N417 

and cisplatin-resistant N417/CDDP 

To compare the sensitivity of cisplatin-resistant and parental 

N417 lines to cisplatin, we established cisplatin-resistant cell line, 

N417/CDDP from parental human N417 cell line. We can observe 

from the graph that cisplatin shows effectiveness on parental N417 

cell line but not on cisplatin-resistant N417/CDDP cell line. We 

evaluated the cell viability. Parental cells N417 started to show drug 

effectiveness from 3 μM whereas if we observe the same drug 

concentration effect in cisplatin- resistant cell line we found that there 

seems not much effectiveness for the same drug concentration 

towards resistant cells. Cell viability didn’t change as much as 

parental cell line (Figure 2). 

 

Figure 2: Cell viability of human SCLC cell line parental N417 

and established cisplatin resistant N417/CDDP cell line determined 

using WST-8 assay. Results represent the mean ±SD. (A) Viability of 

N417 cells treated with indicated concentrations of cisplatin for 120h. 

(B) Viability of N417/CDDP cells with same drug concentration and 

treatment time. 

Comparison of paclitaxel sensitivity between parental 

N417 and cisplatin-resistant N417/CDDP 

We also performed the WST-8 assay of paclitaxel towards 

parental N417 and cisplatin-resistant N417/CDDP for evaluating the 

effectiveness comparing to cisplatin. Here we found that paclitaxel 

shows not only effectiveness against parental cells, but also cisplatin-

resistant cells compared to cisplatin effectiveness against cisplatin-

resistant cells. From the graph of parental N417 cell line, the drug 

started to show effective response from 8 nM and similar response 

with the same drug concentration against cisplatin-resistant cell line. 

From comparing our observation of drug effectiveness towards 

parental and cisplatin-resistant cell line, cisplatin did not affect to 
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resistant cell line N417/CDDP, but paclitaxel showed effective 

response against N417/CDDP (Figure 3). 

 

Figure 3: Cell viability of human SCLC cell line parental N417 

and established cisplatin resistant N417/CDDP cell line determined 

using WST-8 assay. Results represent the mean ±SD. (A) Viability of 

N417 cells treated with indicated concentrations of paclitaxel for 72h. 

(B) Viability of N417/CDDP cells with same drug concentration and 

treatment time. 

Cultured cells of parental and cisplatin-treated H82 cell 

lines 

For establishing cisplatin-resistant H82/CDDP cell line, we 

started cisplatin treatment to parental H82 cell line from 0.1 μM and 

gradually increase and observe that cells started to show sensitivity 

within 0.3 μM drug concentration and the growth rate of cells were 3 

times slower than N417 cell line. We treated the cells at least 3 times 

with same drug concentration before increasing. For sensitivity 

towards cisplatin, we can increase drug concentration up to 0.5 μM. 

When we tried to increase drug concentration from 0.5 μM to 0.7 μM 

we found dead cells floating inside the flask for cisplatin high 

sensitivity. In 0.5 μM CDDP treated flask, we found better condition 

of cells comparing to 0.7 μM CDDP treated flask. Considering the 

condition of cells, it was hard to obtain cisplatin-resistance cell line 

H82/CDDP from parental H82 (Figure 4). 

 

Figure 4: Different cell condition after passaging into flask. A. 

Parental H82 cell confluency in flask after passaging. B. 0.5 μM 

cisplatin treated H82 cell line. 

Comparison of cisplatin sensitivity between parental H82 

cell line and cisplatin-treated 0.5 μM H82 cell line 

For H82 cell line, we also performed cell viability assay for 

comparing the paclitaxel and cisplatin effectiveness. In these 

experiments, we can see that in parental H82 cell line cisplatin started 

to show effective response from 0.3 μM. The cells changed the cell 

shape and showed sensitivity response. For evaluating the effect of 

cisplatin on cisplatin-treated cells we perform cell viability assay with 

the maximum drug concentration 0.5 μM H82 cell line and similarly 

compare the cell viability. In this case, we observed that, cisplatin 

shows effective response on parental cell line from 0.3 μM but for 

drug treated cells effective response starts from 3 μM, which indicates 

that cisplatin shows not much effective response to 0.5 μM cisplatin 

treated cells comparing to parental cells (Figure 5). 

 

Figure 5: Cell viability assay of parental H82 cell line determined 

by WST-8 assay. Results represent the mean ± SD. (A) Viability of 

H82 cells treated with indicated concentrations of cisplatin for 120h. 

(B) Viability of H82 cells treated with indicated concentrations of 

cisplatin for 72h. 

Comparison of paclitaxel effectiveness between parental 

H82 cell line and cisplatin-treated 0.5 μM H82 cell line 

Evaluating the paclitaxel effectiveness on parental H82 and 0.5 

μM cisplatin treated H82 cell line we performed similar cell viability 

assay with same drug concentration and treatment time as previous 

experiments. For paclitaxel treatment, the cells started to show 

sensitivity from 16 nM, in parental H82 cell line and for 0.5 μM 

cisplatin treated cells the effective response starts also from 16 nM 

which can also confirm the effective response of paclitaxel against 

parental H82 cell line (Figure 6). 

 

Figure 6: Cell viability assay of H82 cell line determined by 

WST-8 assay. Results represent the mean ± SD. (A) Viability of H82 

cells treated with indicated concentrations of cisplatin for 120h. (B) 

Viability of 0.5 μM cisplatin-treated H82 cells treated with indicated 

concentrations of paclitaxel for 72h. 

Discussion 

One of the major problems in the management of SCLC is relapse 

due to drug resistance. Generally, the mode of action of cisplatin 

involves the generation of DNA lesions, followed by activation of the 

DNA damage response and induction of mitochondrial apoptosis [3]. 

Although the mechanisms of cisplatin sensitivity in our cell lines were 

not determined, differences in cisplatin sensitivity and mechanisms 

may be due to the mode of action of cisplatin and several factors 

associated with cisplatin resistance have been previously reported. 

Cisplatin causes DNA-cisplatin adducts and DNA damage and 
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inactivates the tumor-suppressive protein TP53, followed by 

activation of the DNA damage response and induction of 

mitochondrial apoptosis. ERCC1 is a protein that forms with ERCC4 

and incises DNA on the 5’ side of bulky lesions, such as cisplatin 

adducts. ERCC1 expression is negatively correlated with cisplatin 

response in multiple human cancers. One of the copper transporters, 

CTR1 is a major influx transporter that plays an important role in 

mediating the uptake of platinum compounds. Cisplatin uptake is 

mediated by CTR1 in both yeast and mammals. Cells with increased 

CTR1 expression exhibited increased platinum accumulation and, in 

most instances, increased sensitivity to cisplatin. Additionally, MRP2 

is overexpressed in several cisplatin-resistant cell lines. MRP2 

expression levels affect the efficacy of cisplatin regimens in 

esophageal squamous cell carcinoma and hepatocellular carcinoma 

[5]. 

Only a few drugs that can be used in combination with platinum-

based drugs are effective in SCLC treatment. N417 cells were 

passaged more than 50 times to establish the cisplatin-resistant cell 

line N417/CDDP, but an H82-derived cisplatin-resistant cell line has 

not yet been established. We found that the parental H82 cell line was 

much more sensitive to cisplatin than the parental N417 cell line and 

it was difficult to obtain a cisplatin-resistant cell line from the H82 

cell line because cells started to show sensitivity within 0.3 μM. 

Comparing the cell viability assay of parental H82, N417, 0.5 μM 

cisplatin treated H82 and cisplatin-resistant N417/CDDP, we observe 

the cell viability and found that paclitaxel shows much more 

effectiveness for not only parental N417, H82 cells but also and 

cisplatin-resistant N417/CDDP and 0.5 μM cisplatin-treated H82. 

Although cisplatin is the first-line treatment for SCLC, it is not 

sufficiently effective for therapy-resistant SCLC. In this study, we 

observed effective responses to paclitaxel treatment in the cisplatin-

naïve parental cell lines N417 and H82, cisplatin-resistant 

N417/CDDP cells and cisplatin-treated H82 cells. In conclusion, we 

have considered paclitaxel as a candidate drug for cisplatin-resistant 

SCLC. 

Subsequently, it is planned to establish cell lines resistant to other 

platinum-based drugs (carboplatin and etoposide) to evaluate the 

efficacy of paclitaxel against these drug-resistant cell lines. In 

addition, animal experiments using a xenograft mouse model would 

be useful for measuring the in vivo paclitaxel activity in human SCLC 

tumors [13,14]. 

Conclusion 

Small cell lung cancer (SCLC) remains one of the most 

aggressive malignancies, with rapid relapse and poor survival 

outcomes largely driven by resistance to platinum-based 

chemotherapy. In this study, we established a cisplatin-resistant 

SCLC subline (N417/CDDP) and confirmed the high intrinsic 

sensitivity of H82 cells to cisplatin. Comparative analyses showed 

that cisplatin effectively reduced viability only in parental N417 and 

H82 cells, whereas resistant and cisplatin-treated cells were 

unaffected. By contrast, paclitaxel consistently demonstrated robust 

cytotoxic activity not only in parental N417 and H82 cells but also in 

cisplatin-resistant and cisplatin-treated cell populations. These results 

provide clear experimental evidence that paclitaxel retains efficacy in 

the context of cisplatin resistance, underscoring its potential as a 

candidate drug for second-line therapy in refractory SCLC. 

The clinical implications of these findings are twofold. First, they 

highlight paclitaxel as a promising alternative to currently limited 

second-line options, particularly in regions where amrubicin is 

unavailable. Second, they underscore the broader value of drug 

repositioning approaches to overcome chemo resistance in aggressive 

cancers. While our study focused on in vitro models, in vivo 

validation will be critical to confirm the translational relevance of 

these results. Future work should evaluate paclitaxel activity in 

xenograft mouse models of both parental and cisplatin-resistant 

SCLC, alongside the development of resistant models to additional 

platinum-based agents such as carboplatin and etoposide. Such 

studies will be essential to determine whether the in vitro efficacy of 

paclitaxel can translate into durable therapeutic benefits in patients. 

In summary, by demonstrating paclitaxel’s sustained cytotoxic 

activity in both parental and cisplatin-resistant SCLC cells, this work 

identifies paclitaxel as a strong candidate for overcoming therapy 

resistance in SCLC. These findings provide a preclinical foundation 

for further translational research and offer renewed momentum 

toward improving treatment outcomes in this highly lethal disease. 
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