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A B S T R A C T   

Small cell lung cancer (SCLC) is a type of high-grade neuroendocrine carcinoma. It initially responds to 
chemotherapy but rapidly becomes chemoresistant and it is highly proliferative. The prognosis in SCLC is poor. 
We have established a novel SCLC cell line, SCLC-J1, from a malignant pleural effusion in a patient with 
advanced SCLC. SCLC-J1 cells express ganglioside GD2, CD276, and Delta-like protein 3. RB1 is lost. 

These features of the new SCLC cell line may be useful in understanding the cellular and molecular biology of 
SCLC and in designing better treatment.   

1. Introduction 

Small cell lung cancer (SCLC) accounts for 15 % of all lung cancers 
[1]. It has an exceptionally high proliferative rate and metastasizes early 
[2] so that 80–85 % of patients present with extensive-stage disease on 
diagnosis [3]. While SCLC patients respond to initial chemotherapy, 
most relapse within 6 months, with median overall survival is about 
10–13 months [4]; only 6–7% of patients with SCLC are alive 5 years 
after diagnosis [5,6]. SCLC is strongly linked to tobacco carcinogens, 
with 98 % of cases arising in current or former smokers [2,7]. Chro-
mosomal rearrangements and a high mutation burden, including func-
tional inactivation of 2 tumor suppressor genes, TP53 and RB1, are 
frequent [2]. Furthermore, intratumoral heterogeneity of gene expres-
sion in SCLC leads to evolution from chemosensitivity to chemo-
resistance [8]. Although Immune-checkpoint inhibitors (ICI) have 
significantly improved outcomes for non-SCLC [9], ICI with etoposide 
plus platinum is effective in only a fraction of SCLC patients [4]. To 
improve prognosis in SCLC, we must better understand its cellular and 
molecular biology. 

Toward this end, working from a malignant pleural effusion in a 
patient with advanced SCLC, we have established the cell line SCLC-J1. 
We describe its chromosomal complement and complexly abnormal 

karyotype, with harbored mutations, and its expressed-antigen profile in 
which heterogeneous gene expression marks coexisting subpopulations. 
The tumor-specific antigens ganglioside GD2, CD276, and Delta-like 
protein 3 (DLL-3) are expressed, whilst RB1 is lost. Interrogation of 
SCLC-J1 has provided insights into SCLC biology that may permit better 
therapeutic targeting of tumor-specific antigens and minimizing intra-
tumoral heterogeneity. 

2. Materials and methods 

2.1. Clinical findings 

An asymptomatic 47-year-old Japanese man who had for 20 years 
daily smoked a pack of cigarettes in July 2018 underwent screening 
chest roentgenography. The left hilar contour was abnormal. Comput-
erized tomography (CT) found a left upper lobe lung lesion with pleural 
thickening and widespread thoracic lymphadenopathy (Fig. 1A). Posi-
tron emission tomography confirmed these findings and demonstrated 
extensive bone involvement (Fig. 1B). Microscopy of a CT-guided needle 
biopsy of the lung mass found SCLC (Fig. 1C). The patient was referred 
to our hospital for further evaluation and treatment. In August 2018, a 
cisplatin plus irinotecan regimen was initiated (28-day cycle of cisplatin, 
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Fig. 1. Clinical and histopathological findings at presentation (A–C) and upon relapse (D). (A) 23-mm solid nodule, upper lobe, left lung, computerized-tomography 
(CT) image. A large mass (75 mm greatest dimension) encircles the ascending aorta, with lymph-node enlargement (bilateral supraclavicular, left axillary, sub-
tracheal), left visceral pleural thickening, and scant left pleural effusion. (B) Widespread metastatic disease, positron emission tomography – CT image. Uptake is 
evident in the upper left lung, with a maximal standardized uptake value (SUV max) of 18.79, the left pulmonary hilus (SUV max 13.78), and the skeleton diffusely 
(SUV max 8.97–23.58). (C) Photomicrographs, lung needle biopsy specimen; all images original magnification 200x. Densely proliferated atypical cells with high 
nucleus: cytoplasm ratio (hematoxylin/eosin) on immunostaining expressed neural cell adhesion molecule (CD56) and synaptophysin. They did not express several 
leukocyte-associated antigens, the pan-cytokeratin AE1/AE3, the lung-adenocarcinoma marker thyroid transcription factor 1, or the squamous-cell carcinoma marker 
p40. (D) Left pleural effusion with mediastinal shift, chest roentgenogram, at relapse 7 months after presentation. 
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60 mg/m2, on day 1, with irinotecan, 60 mg/m2, on days 1, 8, and 15). 
However, disease progressed (Fig. 1D). Thoracentesis for palliation 7 
months after presentation, with cytologic study of fluid, found SCLC. 
Amrubicin monotherapy (40 mg/m2, every 3 weeks, on days 1 and 3) 
prolonged survival for 3 more months. Thereafter, at patient request, 
only end-of-life care was given, and death supervened. 

2.2. Specimen collection and maintenance in culture 

This study was approved by the Ethics Committee of Juntendo Uni-
versity and adhered to the tenets of the Declaration of Helsinki. Written 
informed consent was obtained from the patient. At thoracentesis, 500 
ml of pleural fluid was collected in a sterile bottle. After 40 μm EASY-
strainer filtration (Greiner, Kremsmünster, Austria), 50 ml was centri-
fuged and the supernatant was discarded. The pellet was then re- 
suspended in 5 ml of Roswell Park Memorial Institute 1640 medium 
(RPMI) (Thermo Fisher Scientific, Waltham, MA) supplemented with 10 
% fetal bovine serum (FBS) (Gibco Life Technology, Carlsbad, CA) and 1 
% penicillin/streptomycin/glutamine (PSG) (Thermo Fisher Scientific), 
transferred to a 25 cm2 T25 tissue culture flask (TPP, Trasadingen, 
Switzerland) and incubated at 37 ◦C in room air supplemented with 5 % 
CO2. The remaining pleural fluid was frozen for future analysis. Three 
days after, floating cells and adherent cells coexisted in the flask. Half of 
the supernatant (2.5 ml), with floating cells was removed, mixed with 1 
ml of ACK erythrocyte lysing buffer (Lonza, Basel, Switzerland), and 
centrifuged. The pellet was re-suspended, washed twice in PBS (PH 7.4), 
mixed with 5 ml of RPMI supplemented with 10 % FBS and PSG, and 
placed in a new T25 flask for culture under the conditions described 
above (Passage 1). Tumor cells thereafter grew steadily with more than 
90 % cell viability as assessed by trypan-blue dye exclusion testing. 

We separately cultured floating cells and adherent cells in different 
T25 flasks from passage 2, with fresh media fed twice a week. When 
confluence was observed in adherent cells, half of the medium, with 
floating cells, was collected and centrifuged. the pelleted cells were 
seeded into a new T25 flask with 10 ml of fresh RPMI supplemented with 
10 % FBS and PSG. Adherent cells were treated with 1 ml of 0.05 % 
trypsin-EDTA solution (Thermo Fisher Scientific) and seeded into a new 
T25 flasks in aliquots of half of the cells in 10 ml of fresh RPMI sup-
plemented with 10 % FBS and PSG. Both the floating and the adherent 
cells proliferated stably in T25 flasks with >100 passages for more than 
2 years, allowing us to infer that these cells were immortalized and 
constituted a cell line. We named the cell line SCLC-J1. 

By phenotype, 2 sublines of SCLC-J1 existed, floating and attached; 
we hypothesized that these 2 cell subtypes were effectively the same. We 
assessed SCLC-J1 cells by flow cytometry, karyotyping, and 
immunostaining. 

2.3. Calculation of growth rate 

To determine the doubling time, 5 × 106/10 ml of SCLC-J1 floating 
cells were seeded into a new T25 flask, pipetted vigorously, and counted 
using a Bürker hemocytometer (Erma, Saitama, Japan). The trypan-blue 
dye exclusion test was used to determine cell viability. Cells were 
counted every 2 days for 2 weeks. The logarithmic portion of the growth 
curve was used to calculate the doubling time. 

2.4. Cytogenetic analysis 

Chromosomal G-band analysis of 50 metaphase SCLC-J1 floating 
cells was conducted using standard techniques (SRL, Tokyo, Japan). 

2.5. Immunocytochemistry 

Cultured floating cells at attached-cell confluence were collected 
from the flask, centrifuged, washed twice in PBS (pH 7.4) and fixed with 
4 % paraformaldehyde for 4 h at room temperature. They again were 

washed in PBS, with centrifugation, and were transferred to 70 % 
ethanol, mechanically stabilized in agar, and as a pellet processed into 
paraffin. Sections at 4–5 μm were routinely stained with hematoxylin 
and eosin and immunostained (Ventana BenchMark GX, Roche Di-
agnostics, Rotkreuz, Switzerland) using an anti-human ganglioside GD2 
rabbit polyclonal antibody (1:50 dilution; #1963, Matreya, State Col-
lege, PA) and biotin-conjugated secondary antibody with dia-
minobenzidine as chromogen (iVIEW DAB Detection Kit, Roche 
Diagnostics) and hematoxylin as counterstain. SCLC-J1 floating cells 
incubated with antibody diluent without secondary antibody served as 
negative control. 

2.6. Antibodies 

Allophycocyanin (APC)-conjugated anti-human GD2, phycoerythrin 
(PE)-conjugated anti-human CD56, APC-conjugated anti-human CD276, 
APC-conjugated anti-human programmed death ligand 1 (PD-L1), APC- 
conjugated anti-human HLA class I antigens (HLA-A, B, C) (all BD Bio-
sciences, San Jose, CA) and PE-conjugated goat IgG anti-human DLL3 (R 
& D Systems, Minneapolis, MN) were used to label cells for flow 
cytometry. 

2.7. Flow cytometry and analysis 

Flow cytometry was carried out on BD FACSCallibur or BD LSRFor-
tessa equipment (both BD Biosciences). The acquired data were 
analyzed with FlowJo software 10.5.3 (Tree Star, Ashland, OR). Propi-
dium iodide was used to gate in live cells in all analyses. Isotypes were 
used to interpret all flow cytometry data. 

2.8. Targeted deep sequencing and data analysis 

To investigate the genomic characteristics of SCLC-J1 and if primary 
SCLC cells of the pleural effusion and the established cell line, SCLC-J1, 
differed genetically, we analyzed by target sequencing the primary cells, 
i.e., cells frozen immediately after thoracocentesis, as well as both 
floating and adherent subtypes of SCLC-J1. TP53 and RB were 
sequenced using an in-house panel for lung-cancer – associated genes. 
Primers for targeted sequencing were designed using Ion AmpliSeq 
software (Thermo Fisher Scientific). Overall library preparation was 
carried out using an Ion Chef System (Thermo Fisher Scientific) ac-
cording to the manufacturer’s instructions. Barcoded libraries were 
generated from 20 ng of DNA per sample using an Ion AmpliSeq Chef 
Solutions DL8 Kit (Thermo Fisher Scientific). Two premixed pools were 
used to generate the sequencing libraries. Clonal amplification of the 
libraries was carried out by emulsion PCR. Library concentration was 
determined using an Ion Library TaqMan Quantitation Kit (Thermo 
Fisher Scientific). Library aliquots were sequenced on an Ion S5 
Sequencer using an Ion 540 Chip and an Ion 540 kit–Chef Kit (Thermo 
Fisher Scientific). 

The sequenced data were processed on standard Ion Torrent Suite 
Software (Thermo Fisher Scientific). Raw signal data were measured 
using Torrent Suite version 4.0. (Thermo Fisher Scientific). The pipeline 
consisted of signaling processing, base calling, quality score assignment, 
read alignment to human genome 19 reference (hg19), mapping quality 
control, and coverage analysis. Single-nucleotide variants and indels 
(insertions and deletions) were annotated on the Ion Reporter Server 
System (Thermo Fisher Scientific). 

The variants were assessed in silico for likely effects using DDIG-in 
software V.9/13/2020 [10] and PROVEAN protein program V.1.1.3 
[11]. 
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3. Results 

3.1. Cell line established from pleural effusion at relapse 

Adherent and floating cultured-cell sublines coexisted (Fig. 2A). 
These 2 sublines proliferated stably. By some criteria, a cell line can be 
considered established after >30 passages [12]. However, SCLC-J1 has 
been cultured for >100 passages. Cell viability of both the sublines have 
always been >90 %. Growth kinetics were assessed by cell counting, 
with results charted to permit calculation of the population doubling 
time (~64.5 h; Fig. 2B). 

3.2. Complex chromosomal abnormalities, SCLC-J1 cells 

Various chromosomal abnormalities were detected in SCLC-J1 
floating cells (Fig. 2C), with 37 (-Y, del [2](q?), der (3; 15) (q10; 
q10), der (6; 13) (p10; q10), − 8, add (10) (p11.2), − 12, − 13, add (14) 
(p11.2), − 15, − 16, add (17) (p11.2), − 18, add (19) (p13), − 20, der (20) 

t (1; 20) (q21; q13.1)ins (20; ?) (q13.1; ?), add (21) (p11.2), − 22, 
+marker 1, +marker [29/50] most frequent (Fig. 2D). 

3.3. Tumor-specific antigen expression, SCLC-J1 cells 

We analyzed cell surface antigen expression patterns of both floating 
and adherent SCLC-J1 sublines. Flow cytometric analysis revealed that 
most cells expressed GD2 (floating 86.6 %, adherent 88.2 %), CD56 
(floating 99.9 %, adherent 96.1 %), and CD276 (floating 80.4 %, 
adherent 85.9 %). Fewer cells expressed DLL-3 (floating 63.7 %, 
adherent 76.7 %) (Fig. 3A). SCLC-J1 cells expressed programmed-death 
ligand 1 (floating 17.9 %, adherent 12.9 %) and strongly expressed HLA 
class I antigens (floating 99.7 %, adherent 99.9 %) (Fig. 3A). Tumor- 
specific antigen expression did not differ substantially between 
floating and adherent SCLC-J1 cells (Fig. 3A). 

Fig. 2. Characterization of SCLC-J1 cells and cell line. (A) Phase-contrast light micrographs. Original magnification [x] 100. Inverted microscopy of floating and 
adherent subtypes of SCLC-J1 cells. (B) Proliferation curve of SCLC-J1 cells in culture. (C) Chromosomal counts, SCLC-J1 cells. Fifty cells in metaphase were 
evaluated. (D) Karyogram of most frequent complex chromosomal abnormalities detected in SCLC-J1 floating cells. 
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3.4. SCLC-J1 cells express immunocytochemically demonstrable GD2 

Immunocytochemical study of SCLC-J1 floating cells (Fig. 3B) 
showed that SCLC-J1 cells very closely resembled primary tumor cells 
on diagnosis (cf. Fig. 1C). Immunostaining also demonstrated GD2 
expression by SCLC-J1 cells (Fig. 3B). 

3.5. Targeted sequencing confirms RB1 mutation in SCLC-J1 cells 

We confirmed that 99.75 % of SCLC-J1 adherent cells and 99.75 % of 
SCLC-J1 floating cells harbored the RB1 mutation c.652 T > G (p. 
Leu218Val); 40.14 % of primary tumor cells harbored it (Table 1). No 
TP53 mutation was observed in either primary cells or SCLC-J1 cells. In 

Fig. 3. Tumor-specific antigen expression on SCLC-J1 cells. (A) Floating and adherent subtypes of SCLC-J1 cells: Flow cytometric analysis of cell surface markers 
GD2, CD56, DLL3, CD276, PD-L1, and HLA-A, -B, and –C. (B) Immunocytochemical assessment, SCLC-J1 cells; anti-GD2 antibody. 
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primary cells, proportions harboring ARID1B, ARID2, and SETD2 mu-
tations were 42.29 %, 66.27 %, and 29.58 %, respectively (Table 1). 
After more than 100 passages, approximately 100 % of SCLC-J1 cells, in 
both adherent and floating sublines, harbored these mutations. 

In silico analyses using PROVEAN and SIFT predicted deleterious 
effects for the variants identified in RB1, ARID1B, ARID2, SETD2, NF1, 
CDK6, and CDK4 (Table 1). 

4. Discussion 

We successfully established a cell line, SCLC-J1, from pleural- 
effusion fluid in a patient with clinically advanced SCLC. On light mi-
croscopy of sections of an agar-embedded block of cultured cells, the 
cells resembled those sampled from lesional tissue at initial 
presentation. 

In culture, SCLC-J1 cells formed floating clusters, a typical growth 
pattern of SCLC in liquid milieu [12]. Floating-subline cells grow as 
rounded clusters. They may die when dispersed into a single-cell sus-
pension. This was reflected in reduced growth for a week after trypsin 
treatment and passage, with recovery thereafter. The population 
doubling time of this line (64.5 h) is similar to those of other reported 
SCLC cell lines [13]. 

Cytogenetic investigation of SCLC-J1 cells found a heterogenous 
population with complex karyotypes, consistent with the high tumor 
mutational burden known to characterize SCLC [14]. On this basis, one 
may expect that strong cytotoxic T cell responses can be induced against 
SCLC [5,15]. Immunotherapeutic approaches are thus proposed as 
effective for targeting tumor-specific antigens in SCLC [16]. We 
demonstrated that SCLC-J1 expresses the antigens GD2, DLL-3, and 
CD276. GD2 is a disialoganglioside specifically expressed on tumors 
from neuroectodermal origin, including SCLC. It reportedly has impor-
tant roles in SCLC cell proliferation [17, 18]. It appears to participate in 
cell signaling but its function in normal cellular physiology has not been 
fully elucidated and understood [17]. It is considered a tumor-associated 
antigen and therefore is a valuable primary target for cancer immuno-
therapy. In several clinical trials, chimeric antigen receptor T (CART) 
cells directed against GD2 antigen were efficacious in high-risk neuro-
blastoma patients [19,20]. DLL3, a Notch ligand, inhibits activation of 
the Notch pathway [21]; it is directly regulated by achaetescute 
homolog-1, which is involved in pulmonary neuroendocrine cell 
development [22]. DLL3 is overexpressed on the cell surface in SCLC and 
other high-grade neuroendocrine tumors, whilst normal tissues have 
low expression or none [23]. DLL3-specific treatments for SCLC are 
being developed, such as antibody-drug conjugates [24], bispecific T 
cell engager immuno-oncology therapy [25] and CART therapy [26]. 

CD276 (B7–H3) is a type I transmembrane glycoprotein belonging to the 
immunoglobulin superfamily. The extracellular domain of human 
B7–H3 differs between its two isoforms, 4IgB7-H3 and 2IgB7-H3 [27]. 
B7–H3 is expressed on the cell surface in various solid tumors [28,29], 
including SCLC [30]. Clinical trials of B7–H3 – directed therapies such as 
CART therapy against recurrent or refractory glioblastoma 
(NCT04077866) and pediatric glioma (NCT04185038) are under way 
[28]. Pre-clinical screening trials of such approaches using SCLC-J1 
cells, which express all three of these target antigens, may be valuable. 

Representative genes that exhibit somatic mutation in SCLC are TP53 
and RB1; ~90 % of SCLC cell lines harbor TP53 mutation with or 
without mutation in RB1 [31]. On cataloguing somatic mutations in 
SCLC-J1 cells, we identified an RB1 mutation. The frequency of this RB1 
mutation rose from 40.14 % of tumor cells at presentation to 99.75 % of 
SCLC-J1 cells after many passages in culture (Table 1). Selection for 
RB1-mutated populations during culture appears likely. Target 
sequencing also revealed ARID1A, ARID1B, and ARID2 mutations in 
SCLC-J1 cells (Table 1). These genes encode the subunits of the 
ATP-dependent chromatin remodeling complex [32]. This complex 
shifts and restructures nucleosomes, contributing to epigenetic regula-
tion [33]. Other genes in SCLC frequently undergo epigenetic modifi-
cation [2] and several therapeutic strategies have targeted these changes 
[2]. Enhancer of zeste homolog 2 (EZH2), a master regulator of tran-
scription, affects DNA methylation via upregulation of DNA methyl-
transferases [34]. Loss of RB1 is associated with increased expression of 
EZH2 in SCLC [35]. EZH2 is strongly expressed in most SCLC and a 
histone modification placed by EZH2 is related to multiple chemo-
resistance including resistance to cisplatin [36]. Inclusion of an EZH2 
inhibitor with standard cytotoxic reagents may prevent development of 
chemotherapy resistance in SCLC [37]. The EZH2 inhibitor tazemetostat 
upregulated GD2 expression in several cancers [38]. Combination 
therapy using epigenetic modifiers and targeted molecular immuno-
therapy thus appears within reach. 

We have established from a malignant pleural effusion and charac-
terized in terms of growth properties, cytologic appearance with 
immunocytochemical expression of selected antigens, and somatic mu-
tations a new SCLC cell line, SCLC-J1. This new cell line holds promise in 
exploring both immunologic and genetics-based treatment for clinically 
advanced SCLC. 
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