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Abstract. Relapse and drug resistance are the main causes 
of mortality in patients with small‑cell lung cancer (SCLC). 
Intratumoral heterogeneity (ITH) is a key biological mecha‑
nism that leads to relapse and drug resistance. Phenotypic 
plasticity is an important factor that leads to ITH in SCLC, 
although its mechanisms and key regulatory factors remain to 
be elucidated. In the present study, cell proliferation and cell 
switch assay were measured using trypan blue. Alamar Blue was 
used to test drug sensitivity. Differential genes were screened 

by RNA sequencing. Reverse transcription‑quantitative PCR 
and western blotting were performed to assess the expressions 
of CSF2/p‑STAT3/MYC pathway related molecules, neuro‑
endocrine (NE)/non‑neuroendocrine (non‑NE), transcription 
factors and drug‑related targets. The present study found 
that SCLC cell line NCI‑H69 exhibited adherent (H69A) and 
suspensive (H69S) phenotypes, which could switch back and 
forth. The two phenotypic cells had significant differences in 
cellular NE and non‑NE characteristics, drug sensitivity and 
expression of drug‑related targets. RNA sequencing showed 
that granulocyte‑macrophage colony‑stimulating factor [i.e., 
colony‑stimulating factor 2 (CSF2)] was the main differen‑
tially expressed gene between the two phenotypes and that 
H69A cells highly expressed CSF2. The inhibition of CSF2 
promoted the transformation from H69A to H69S, increased 
drug sensitivity and NE marker expression and decreased the 
non‑NE marker expression in H69A. The STRING, Pathway 
Commons and Reactome databases showed a potential regula‑
tory relationship between CSF2 and phosphorylated signal 
transducer and activator of transcription 3 (p‑STAT3)/MYC. 
p‑STAT3 and MYC expression was higher in H69A cells than 
in H69S cells and CSF2 silencing inhibited their expression. 
Taken together, these results indicated that CSF2 may regulate 
the phenotypic plasticity of SCLC through the phosphorylated 
STAT3/MYC pathway, thereby limiting the transformation 
between cell clones with different phenotypes and changing the 
sensitivity of specific cell clones to targeted drugs. Targeting 
CSF2 may be a potential therapeutic strategy to overcome 
drug resistance in SCLC treatment by influencing ITH.

Introduction

Small‑cell lung cancer (SCLC) accounts for ~15% of all lung 
cancers and is one of the most lethal diseases with a 5‑year 
survival of 1‑5% in extensive‑stage (ES)‑SCLC (1‑3). Most 
patients with SCLC are sensitive to platinum‑based first‑line 
chemotherapy, although a number of patients develop drug 
resistance and rapid relapse  (4), which is attributed to the 
presence of cell heterogeneity in SCLC and the patients 
eventually succumb (5). Intratumoral heterogeneity (ITH) is 
a characteristic of different tumor cell clones from the same 
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tumor tissue. ITH is also reflected by genetic, functional 
and phenotypic differences. SCLC presents with different 
growth patterns: The more common ‘classic’ subtype, which 
grows predominantly as spherical aggregates of floating cells 
and the ‘variant’ subtype, which grows as loosely adherent 
aggregates or as a more tightly adherent monolayer in cell 
culture (6). Expression profiling of these distinct populations 
suggests that the floating phenotype has the more typical 
epithelial neuroendocrine (NE) features, whereas the 
adherent phenotype has a more non‑neuroendocrine (non‑NE) 
expression profile  (6,7). The paracrine signaling pathway 
regulates the crosstalk between NE and non‑NE that can 
change tumor cell behavior (8,9). SCLC subtypes are defined 
by four transcription regulators: Achaete‑scute homologue 1 
(ASCL1; also known as ASH1) for SCLC‑A, neurogenic 
differentiation factor 1 (NeuroD1) for SCLC‑N, POU class 2 
homeobox  3 (POU2F3) for SCLC‑P and YES‑associated 
protein 1 (YAP1) for SCLC‑Y (10). SCLC‑A and SCLC‑N 
are NE subtypes and SCLC‑Y and SCLC‑P are non‑NE 
subtypes (11). The phenotypic difference in SCLC is the key 
factor that leads to the formation of ITH, but its biological 
function and mechanism are unclear and require clarification.

Phenotypic plasticity, which is the ability of cells to change 
from one phenotype to another, is a mechanism responsible for 
phenotypic differences. In the formation of ITH, phenotypic 
plasticity is the source of ITH formation and the mechanism 
that leads to differences in drug sensitivity and acquired drug 
resistance (10). Treatment‑induced stress or hypoxia has an 
important role in NE transformation (10,12,13), which can 
promote breast cancer, pancreatic cancer and other tumor cells 
to adapt to an environment that influences epithelial‑mesen‑
chymal transition (EMT) (13,14). In NE cells, MYC upregulates 
NOTCH2, Hes1, Hes6 and Jag2 expression and activates Notch 
to dedifferentiate tumor cells, thereby promoting a temporal 
shift in SCLC from SCLC‑A to SCLC‑N to SCLC‑Y (15). In 
this process, cells change from ‘classic’ (i.e., NE) tight, round, 
spherical aggregates to ‘variant’ (i.e., non‑NE) chain‑link 
amorphous cell colonies. Regulating MYC expression may 
alter cell fate, morphology and drug sensitivity (15).

Granulocyte‑macrophage colony‑stimulating factor 
(GM‑CSF), also called colony‑stimulating factor 2 (CSF2), is 
secreted by different types of cells (e.g., activated T cells, B 
cells, macrophages, mast cells, vascular endothelial cells, fibro‑
blasts and a wide variety of cancer cell types) and is primarily 
involved in immune activation and regulating the function of 
inflammatory cytokines. Under appropriate stimulation, CSF2 
is also secreted by a number of nonimmune cells (16) and it 
regulates the growth, invasion and migration of tumor cells 
such as human melanoma, skin cancer and colorectal cancer 
in an autocrine or paracrine manner (11,17,18). One report (19) 
demonstrates that myeloid‑derived suppressor cells (MDSC) 
can upregulate MYC expression by inducing the CSF2/phos‑
phorylated signal transducer and activator of transcription 3 
(p‑STAT3) signaling pathway to promote epithelial ovarian 
cancer cell stemness. The inhibition of STAT3 can signifi‑
cantly reduce cell adherence ability (20) and the expression 
of EMT‑related proteins and the non‑NE marker CD44 (21). 
However, whether CSF2, p‑STAT3 and MYC are involved 
in the phenotypic plasticity of SCLC is unclear. The aim of 
the present study was to identify the biological function and 

mechanism of CSF2 in regulating SCLC phenotypic plasticity 
and to verify whether CSF2 regulated SCLC phenotypic plas‑
ticity through p‑STAT3/MYC signaling pathway to drive ITH 
and cause relapse and drug resistance.

Materials and methods

Cell culture. The human SCLC cell line NCI‑H69 was 
purchased from Cell Resource Center at the Institute of 
Basic Medical Sciences of the Chinese Academy of Medical 
Sciences/Peking Union Medical College (Beijing, China). 
NCI‑H69 exhibited adherent (H69A) and suspensive (H69S) 
phenotypes. H69S cells in the supernatant were separated by 
centrifugation (200 x g for 5 min at 22‑24˚C) for cell passaging. 
H69A cells had to be detached by treatment with 0.02% 
ethylenediaminetetraacetic acid (EDTA; MilliporeSigma) for 
subcultivation. The two of them of them were cultured in RPMI 
1640 medium, supplemented with 10% fetal bovine serum and 
100 U/ml penicillin and streptomycin (all from Gibco; Thermo 
Fisher Scientific, Inc.) at 37˚C in a 5% CO2 incubator.

Cell transfection. CSF2 shRNA short hairpin (sh) RNA and 
negative control were synthesized by Genechem, Inc. The 
CSF2 shRNA sequence was: 5'‑CCC​AGA​TTA​TCA​CCT​TTG​
AAA‑3'. The negative control sequence was non‑targeting 
sequence: 5'‑TTC​TCC​GAA​CGT​GTC​ACG​T‑3'. Brief ly, 
1x106 cells (H69A) per well were seeded in 6‑well plates the 
day before transfection. After 24 h, the cells were resuspended 
in 100 µl of Buffer R, then gently mix with 5 µg of negative 
control or CSF2 shRNA; 100 µl of the cells mixed with nega‑
tive control or CSF2 shRNA complexes were pipetted into the 
3 ml Buffer E2. The Neon System (Thermo Fisher Scientific, 
Inc.) was used for electroporation; 1,300 V/20 ms/2 pulses 
were used for electroporation at 22‑24˚C. After 48 h, the cells 
were used for the subsequent experiments.

Ribonucleic acid extraction and library preparation. Total 
RNA was extracted by using TRIzol® reagent (Thermo Fisher 
Scientific, Inc.), following the manufacturer's procedure. A 
total of 3 µg RNA per sample was used as the input material 
for preparation of the RNA‑Seq library. mRNA was purified 
from total RNA by using poly‑T oligo‑attached magnetic 
beads. Fragmentation was carried out using divalent cations at 
22‑24˚C in NEB Next First Strand Synthesis Reaction Buffer 
(5X; New England BioLabs, Inc.). First strand complemen‑
tary deoxyribonucleic acid (cDNA) was synthesized using a 
random hexamer primer and M‑MuLV and Solutions Reverse 
Transcriptase (RNase H). Second‑strand cDNA synthesis 
was subsequently conducted by using DNA polymerase I and 
RNase H. The remaining overhangs were converted to blunt 
ends via exonuclease/polymerase activities. After adenylation 
of the 3' ends of the DNA fragments, NEBNext Adaptor (New 
England BioLabs, Inc.) with hairpin loop structures were 
ligated to prepare for hybridization. To select cDNA fragments 
of preferentially 250‑300 bp in length, the library fragments 
were purified with the AMPure XP system (Beckman Coulter, 
Inc.). Then 3 µl of USER Enzyme (New England BioLabs, Inc.) 
were thereafter used to generate size‑selected, adaptor‑ligated 
cDNA at 37˚C for 15 min, followed by 5 min at 95˚C before 
polymerase chain reaction (PCR). PCR was conducted using 
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Phusion High‑Fidelity DNA polymerase, universal PCR 
primers and an Index (X) primer. Finally, the PCR products 
were purified (AMPure XP system; Beckman Coulter, Inc.) 
and the quality of the library was evaluated on the Agilent 
Bioanalyzer 2100 system (Agilent Technologies, Inc.).

Quality control and read mapping to the reference genome. 
Quality score (Q)20, Q30 and the guanine‑cytosine (GC) 
content of the clean data were calculated. All downstream 
analyses were based on clean data of high quality. The 
reference genome and gene model annotation files were 
downloaded directly from the genome website (https://www.
gencodegenes.org/human/releases.html). Paired‑end clean 
reads were aligned to the reference genome using STAR 
v20201 (https://github.com/alexdobin/STAR). STAR was 
selected as the mapping tool because it can generate a more 
precise database of uniquely mapped reads, compared to other 
mapping tools.

Quantification of gene expression level. Cufflinks v2.2.1 
(https://github.com/cole‑trapnell‑lab/cufflinks) was used to 
count the number of reads assigned to each gene. The frag‑
ments per kilobase of transcript sequence per millions (FPKM) 
of each gene were then calculated, based on the length of the 
gene and the read count mapped to this gene. The calculation 
of FPKM took into account the effect of sequencing depth and 
gene lengths for the reads count. This is the most used method 
for estimating the level of gene expression.

Differential expression analysis. Differential gene expres‑
sion analysis was conducted using Cufflinks v2.2.1. The 
resulting P‑values were adjusted by using the Benjamini and 
Hochberg approach to control the false discovery rate (22,23). 
A P‑value of 0.05 and an absolute fold change (FC) of 
1.5 were set as the thresholds for a significant differential 
expression. Gene Ontology (GO) and Kyoto Encyclopedia 
of Genes and Genomes (KEGG) enrichment analyses of 
differentially expressed genes (DEG) was implemented by the 
cluster Profiler R package (https://mirrors.tuna.tsinghua.edu.
cn/CRAN/bin/windows/base/old/4.0.3/) in which gene length 
bias was corrected. GO terms with a corrected P‑value <0.05 
were considered significantly enriched by DEG. KEGG is a 
database resource for understanding high‑level functions and 
utilities of a biological system such as the cell, the organism 
and the ecosystem, based on molecular‑level information, 
especially large‑scale molecular datasets generated by genome 
sequencing and other high throughput experimental tech‑
nologies (http://www.genome.jp/kegg/). The cluster Profiler R 
package was used to test the statistical enrichment of differen‑
tial expression genes in the KEGG pathways.

Reverse transcription‑quantitative (RT‑q) PCR. Cells were 
seeded in a 6‑well microplate at a density of 5x105  cells 
per well. Total RNA was extracted using the RNA mini kit 
(Qiagen, Inc.) according to the manufacturer's protocols and 
the optical density (OD) 260/280 nm ratio was >1.95. Reverse 
transcription was conducted using a reverse transcription 
kit (Takara Bio, Inc.). The samples were analyzed by using 
RTqPCR on a LightCycler 480 system (Roche Diagnostics) 
with the SYBR Green Master mix kit (Takara Bio, Inc.) 

with the following conditions: 95˚C for 3 min, followed by 
40 cycles at 95˚C for 30 sec, 57˚C for 30 sec and 72˚C for 
30 sec. Glyceraldehyde‑3‑phosphate dehydrogenase (GAPDH) 
mRNA was used to normalize the relative amount of mRNA. 
The following primers were used: vascular endothelial growth 
factor receptor (VEGFR): forward, 5'‑ACC​ATA​CCT​CCT​
GCG​AAA​CC‑3' and reverse, 5'‑CGG​GGA​CAC​CAT​TAG​
CAT​GA‑3'; platelet‑derived growth factor receptor (PDGFR): 
forward, 5'‑GAG​ACT​GTT​GGG​CGA​AGG​TT‑3' and reverse, 
5'‑TGG​GTG​GTC​ACT​CCT​CAG​AA‑3'; fibroblast growth 
factor receptor (FGFR): forward, 5'‑TCA​GAT​GCT​CTC​CCC​
TCC​TC‑3' and reverse, 5'‑ACG​GGG​TTT​GGT​TTG​GTG​
TT‑3'; stem cell factor receptor (c‑Kit): forward, 5'‑ACT​TGG​
AGC​CTG​CAC​CAT​T‑3' and reverse, 5'‑CTA​TCG​CTG​CAG​
GAA​GAC​TC‑3'; Aurora B: forward, 5'‑ACC​TGC​ACC​ATC​
CCA​ACA​TC‑3' and reverse, 5'‑ATG​ATC​GTG​GCT​GTT​CGC​
TG‑3'; colony‑stimulating factor 1 receptor (CSF1R): forward, 
5'‑TAT​GTC​AAA​GAC​CCT​GCC​CG‑3' and reverse, 5'‑AAG​
GAG​TAG​TTG​GTG​TGG​CG‑3'; and GAPDH: forward, 
5'‑ACC​ACA​GTC​CAT​GCC​ATC​AC‑3' and reverse, 5'‑TCC​
ACC​ACC​CTG​TTG​CTG​TA‑3'. The relative quantification of 
the PCR product was calculated, using the 2‑ΔΔCq method (24).

Drug sensitivity assay. The drug sensitivity assay was assessed, 
by using Alamar Blue reagent (cat. no. DAL1100; Invitrogen; 
Thermo Fisher Scientific, Inc.). H69A and H69S cells were 
seeded in 96‑well plates at a density of 6,000 cells per well and 
incubated at 37˚C with 5% CO2 for 48 h in various concentra‑
tions of cisplatin (range, 0‑10 µg/ml; Selleck, Inc.), etoposide 
(range, 0‑16 µg/ml, Selleck, Inc.), anlotinib (range, 0‑6 µg/ml; 
Chia Tai Tianqing Pharmaceutical Group Co., Ltd.), CS2164 
(range, 0‑10 µg/ml; Shenzhen Chipscreen Biosciences Co., 
Ltd.) and RAD001 (range, 0‑20 µg/ml; Selleck, Inc.) to obtain 
the inhibitory concentration values.

Cell proliferation and cell switch assay. H69A and H69S cells 
were seeded in a 24‑well microplate at a density of 1x104 cells 
per well. For the cell proliferation assay, cells were cultured 
for 48 h and then stained with 0.4% trypan blue for 1 min 
at 22‑24˚C. Countstar (ALIT Biotech Co., Ltd.) was used to 
count cell numbers. For the cell switch assay, adherent cells 
and cell suspensions were collected from H69A cells and 
H69S cells, respectively, after being cultured for 24 and 48 h, 
respectively. They were then stained with 0.4% trypan blue 
for 1 min at 22‑24˚C. The number of cells was counted using 
Countstar. The rate of adherent cells to suspensive cells is the 
number of adherent cells/(number of adherent cells + number 
of cells in the suspension). The ratio of cells in suspension 
to adherent cells=number of cells in suspension/(number of 
adherent cells + number of suspensive cells).

Western blotting. Cells were harvested and total proteins were 
extracted using RIPA lysis buffer containing the protease 
inhibitor phenylmethylsulfonyl fluoride and a cocktail (Roche 
Applied Science). The supernatant was then transferred to 
another tube after centrifugation at 15,000 x g at 4˚C for 
15 min. The concentration of the protein samples was quanti‑
fied using a BCA protein assay kit (Takara Bio, Inc.). The lysate 
was mixed with 5X sodium dodecyl sulfate (SDS) loading 
buffer (BioTeke, Inc.) and heated to 95˚C for 5 min. From the 
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total protein, 50 µg was separated using SDS‑polyacrylamide 
gel electrophoresis (SDS‑PAGE) on 10% gels and transferred 
to a polyvinylidene fluoride membrane and then blocked in 
5% nonfat milk at 22‑24˚C for 1.5 h. It was then incubated 
overnight at 4˚C with the following primary antibodies: 
Anti‑synaptophysin (anti‑SYP; 1:1,000 dilution; cat. no. 4329; 
Cell Signaling Technology, Inc.), anti‑CD44 (1:1,000 dilution; 
cat. no. 3578; Cell Signaling Technology, Inc.), anti‑ASCL1 
(1:1,000 dilution; cat. no. ab211327; Abcam), anti‑NEUROD1 
(1:1,000 dilution; cat. no.  ab213725; Abcam), anti‑YAP1 
(1:1,000 dilution; cat. no. 4912; Cell Signaling Technology, 
Inc.), anti‑POU2F3 (1:200 dilution; cat. no.  sc‑293402; 
Santa Cruz Biotechnology, Inc.), anti‑p‑mammalian target 
of rapamycin (mTOR; 1:500 dilution; cat. no.  2971; Cell 
Signaling Technology, Inc.), anti‑mTOR (1:500 dilution; cat. 
no. 2972; Cell Signaling Technology, Inc.), anti‑CSF2 (1:1,000 
dilution; cat. no. ab56712; Abcam), anti‑p‑STAT3 (1:1,000 
dilution; cat. no.  9145; Cell Signaling Technology, Inc.), 
anti‑STAT3 (1:1,000 dilution; cat. no. 9131; Cell Signaling 
Technology, Inc.) anti‑MYC (1:1,000 dilution; cat. no. 9402; 
Cell Signaling Technology, Inc.) and anti‑GAPDH (1:1,000 
dilution; cat. no.  ab9485; Abcam). Membranes were then 
washed and incubated with the corresponding secondary 
antibodies: Goat antirabbit immunoglobulin G (IgG; 1:3,000 
dilution; cat. no. ab6721; Abcam) and goat antimouse IgG 
(1:3,000 dilution; cat. no. ab6728; Abcam) for 1 h at 22‑24˚C. 
An enhanced chemiluminescent (ECL) kit (MilliporeSigma) 

was used to detect the proteins. Protein band intensities were 
quantified by using Quantity One software (version 4.6.9, 
Bio‑Rad Laboratories, Inc.).

Statistical analysis. All data were analyzed by SPSS 17.0 
(SPSS, Inc.) and Origin 2021 (Origin Software, Inc.) statistical 
software. Statistical data are presented as the mean ± standard 
deviation. The Student's t‑test was used to compare the means 
between two groups, whereas one‑way ANOVA was used to 
compare the means among three or more groups. Dunnett's 
test for all comparisons are against a single control and Tukey's 
test for all groups are compared to one another. P‑values were 
based on two‑tailed statistical analysis. P<0.05 was considered 
to indicate a statistically significant difference.

Results

SCLC cell line NCI‑H69 grows in two distinct phenotypes. 
To explore the phenotypic plasticity of SCLC from the same 
clone, the classic SCLC cell line NCI‑H69 was cultured and 
the adherent cells termed ‘H69A’ and the suspended cells 
termed ‘H69S.’ H69A cell growth presents as a monolayer with 
a mesenchymal morphology that resembles variant non‑NE 
human SCLC cells, whereas H69S cells have an aggregated 
growth pattern (Fig. 1A). In general, tumor cells go through 
anti‑anchorage death. To address whether suspended cells had 
the ability to survive, cell proliferation was tested at 48 h and 

Figure 1. Two distinct phenotypes of SCLC cell line NCI‑H69. (A) The arrows indicated the bright‑field images of H69A and H69S cells. Magnification, x200. 
(B) H69A and H69S cells were cultured for 48 h and then stained with trypan blue. Cell proliferation was analyzed using Countstar. (C) H69A and H69S cells 
were each cultured for 24 and 48 h and then stained with trypan blue. Adherent cells and suspended cells were collected. Cell numbers were counted using 
Countstar. (D) H69A and H69S cells were collected and western blotting was used to detect the expression of SYP and CD44. GAPDH was the internal stan‑
dard. (E) Quantitative analysis of (D): H69A was the control (100%). Data are presented as the mean ± standard deviation of three independent experiments. 
(F) Western blotting was used to detect the expression of ASCL1, NEUROD1, POU2F3, YAP1 and GAPDH. (G) Quantitative analysis of (F): H69A was the 
control (100%). Data are presented as the mean ± standard deviation of three independent experiments. *P<0.05. SCLC, small cell lung cancer; SYP, synap‑
tophysin; ASCL1, achaete‑scute homologue 1; NEUROD1, neurogenic differentiation factor 1; POU2F3, POU class 2 homeobox 3; YAP1, YES‑associated 
protein 1. 
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no differences found between the two types of cells (Fig. 1B). 
This finding indicated that the suspended cells did not share 
the same mechanism of anoikis. To elucidate the relationship 
between adherent and suspended morphology, the cell switch 
assay was used to test whether the two cell subtypes could 
switch back and forth. The results were that H69A and H69S 
could transform into each other with a transformation rate 
from H69A cells to H69S cells and from H69S cells to H69A 
cells of 53.72% vs. 35.72% after 24 h incubation and 46.98% 
vs. 36.06% after 48 h incubation. This finding indicated that 
adherent cells may possess a stronger ability to migrate than 
do suspended cells (Fig. 1C). The detection of NE character‑
istics and molecular subtypes of adherent and suspended cells 
showed that the expression level of the non‑NE marker CD44 
was higher and the expression level of the NE marker SYP was 
lower in adherent cells than in suspended cells (Fig. 1D and E). 
H69A and H69S cells strongly expressed ASCL1, but ASCL1 
expression was higher in H69S cells than in H69A cells. YAP1 
and NEUROD1 expression was lower than that of ASCL1 in 
H69A and H69S cells. Furthermore, the expression of POU2F3 
was faint in the two cell phenotypes (Fig. 1F and G).

Suspended and adherent cells possess heterogeneity with 
respect to cytotoxicity. Resistance has been attributed to 
SCLC heterogeneity and a main contributor to ITH is the 
emergence of multiple clones with genetic variations during 
tumor progression (25). Therefore, the sensitivity of H69A and 
H69S to drugs commonly used clinically for SCLC was tested. 
Commonly used chemotherapy drugs and targeted drugs that 

have positive results or are receiving greater attention in 
clinical trials were chosen. H69A and H69S cells were treated 
with the indicated concentrations of cisplatin, etoposide, anlo‑
tinib, CS2164 and RAD001 for 48 h. Inhibitory concentration 
values were determined by using a cell viability assay in the 
two cell lines (Fig. 2A‑E). Dose‑dependent cell survival was 
observed in H69A and H69S cells. The inhibitory effects 
of a single drug on the two SCLC cell lines increased with 
increasing drug concentration. However, the cytotoxic effects 
of anlotinib, CS2164 and RAD001 were enhanced in H69S 
cells, compared to H69A cells. The IC50s of anlotinib, CS2164 
and RAD001 were 3.09, 3.8 and 17.46 µg/ml, respectively, for 
H69A and 2.18, 2.09 and 8.48 µg/ml, respectively, for H69S.

Expression of the targeted receptors for anlotinib, CS2164 
and RAD001 is higher in the SCLC suspension cells. As 
the cytotoxicity of anlotinib, CS2164 and RAD001 differed 
between the H69A and H69S cells, the mechanisms involved 
were explored. Anlotinib and CS2164 are multitarget inhibi‑
tors; therefore, the target receptors VEGFR, PDGFR, FGFR, 
c‑Kit, AuroraB and CSF1R were tested (Fig. 3A). The expres‑
sion of VEGFR, FGFR and CSF1R was much higher in H69S 
than in H69A by 7.38, 7.55 and 2.92‑fold, respectively. The 
levels of the RAD001 targets (p‑mTOR/mTOR) were also 
higher in H69S cells than in H69A cells (Fig. 3B and C). Based 
on these results, it was hypothesized that the levels of targeted 
receptors against anlotinib, CS2164 and RAD001 could have 
an important role in the different cytotoxic responses between 
the two SCLC cells phenotypes.

Figure 2. Different drug sensitivities in suspended cells and adherent cells. H69A cells and H69S cells were treated with different concentrations of (A) cisplatin 
(0, 0.25, 0.5, 1, 3, 5, 8 and 10 µg/ml), (B) etoposide (0, 0.25, 0.5, 1, 3, 5, 8, 12 and 16 µg/ml), (C) anlotinib (0, 0.5, 1, 1.5, 2, 3, 4 and 6 µg/ml), (D) CS2164 (0, 1, 
2, 2.5, 3, 4, 6 and 10 µg/ml) and (E) RAD001 (0, 1, 2, 4, 6, 8, 10 and 20 µg/ml) for 48 h. Cell viability was tested using Alamar Blue reagent. All experiments 
were repeated three times. *P<0.05, vs. adherent group. 
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Treatment‑induced stress may induce different subtypes of 
SCLC interconversion. To investigate whether the selective 
pressure of therapy would change the SCLC subtypes, these 
cells were treated with RAD001, anlotinib and CS2164 indi‑
vidually or in combination with chemotherapy [cisplatin + 
etoposide (EP)]. For RAD001, anlotinib and CS2164, low‑ and 
high‑concentration experimental groups, respectively, were 
established. The results were that, after 48 h of drug treatment, 
YAP1 expression was not significantly altered in low‑concen‑
tration monotherapy‑drug group in H69A and H69S cells 
(Fig. 4A, C, E and G). The high concentration of RAD001 
and the combination treatment group reduced YAP1 by 16 and 
17% respectively in H69A and more significantly (41 and 51%, 
respectively) in H69S (Fig. 4A and C). The high concentration 
of CS2164 increased YAP1 in H69A cells by 48%, which was 
significantly higher than that in H69S cells (30%). However, 
the combination treatment group did not clearly change YAP 
expression in H69A and H69S cells (Fig. 4E and G). In both 
phenotypes, ASCL1 expression was not significantly altered 
in the low‑concentration monotherapy group of RAD001 
or anlotinib (Fig. 4A, B, E and F), but was decreased in the 
high‑concentration monotherapy group (anlotinib 12% and 
CS2164 5%), which was lower than that in H69S (43 and 48%; 
Fig. 4E and F). NEUROD1 expression was increased 14% in 
high‑concentration of CS2164 group in H69A, but decrease 
14% in H69S. Moreover, the high concentration of CS2164 
combined with EP reduced NEUROD1 by 7% in H69A and 
more clearly by 33% in H69S (Fig. 4E and H). None of the 
drugs significantly altered the expression of POU2F3 in the 
two phenotypes. These results suggest that RAD001, anotinib 
and CS2164 alone or in combination with EP affect the expres‑
sion of ASCL1, YAP1 and NEUROD1 with a significant 
difference between the two phenotypes (Fig. 4A‑H).

CSF2 is the main DEG between SCLC adherent and 
suspended phenotype cells. To explore the molecular mecha‑
nism of phenotypic plasticity driving ITH, RNA‑seq‑based 
transcriptome profiling analysis was conducted in the H69A 

and H69S cells and differential expression analysis (expression 
fold, >1.5) was conducted. In total, 404 DEGs were identified. 
The heat map analysis indicated that 50.5% of the genes were 
upregulated and 49.5% were downregulated (Fig. 5A). The GO 
analysis indicated that these genes were significantly enriched 
in the nucleosome assembly, chromatin, growth factor activity, 
protein heterodimerization activity and enzyme activator 
activity function (Fig. 5B‑D). KEGG analysis indicated that 
these genes were enriched in dysregulated transcriptional 
signaling pathways in cancer and in the IL‑17 signaling pathway 
(Fig. 5E). These results suggested that DEGs were involved 
in certain cellular activities associated with types of cancer. 
Next, the DEGs enriched in KEGG (P<0.05) were selected 
and the differential genes further screened with log2 (FC)>1.5 
or log2 (FC)<‑1.5. CSF2 was the only qualified differential 
gene [P=0.039, log2 (FC)=‑1.7796]. CSF2 was significantly 
enriched in adherent cells, compared to suspension cells. To 
verify the results of RNA sequencing, the expression levels of 
the CSF2 gene and proteins in H69A and H69S were detected 
by using RT‑qPCR and western blotting. The expression levels 
of the CSF2 gene and protein in H69A were higher in H69A 
cells than in H69S cells (Fig. 5F‑H). These results suggested 
that CSF2 was a major differential gene in SCLC cells of the 
same clone with different phenotypes.

CSF2 silencing promotes the transition from the adherent 
phenotype to the suspended phenotype and from the non‑NE 
type to the NE type. CSF2 is involved in the growth, invasion 
and migration of various tumors such as human melanoma, 
skin cancer and colorectal cancer (8‑9,12). To explore whether 
CSF2 regulates phenotypic transformation in SCLC, CSF2 
was silenced by electroporation in H69A. RT‑qPCR and 
western blotting verified that the cell model was successfully 
constructed (Fig. 6A‑C). It was found that, compared to the 
control group, the conversion rate of adherent cells to suspen‑
sion cells increased by 79.57% and cell activity decreased 
by 24.42% after 48 h of CSF2 silencing (Fig. 6D and E). 
Furthermore, compared to the control cells, the NE marker 

Figure 3. Expression of receptors targeted by anlotinib, CS2164 and RAD001 in H69S cells and H69A cells. H69A and H69S cells were collected. 
(A) Reverse‑transcription quantitative PCR analysis of VEGFR, PDGFR, FGFR, c‑Kit, Aurora B and CSF1R mRNA levels were assessed using the 2‑ΔΔCq 
method. (B) Phosphorylated mTOR/mTOR were tested by using western blotting. GAPDH was used as the internal standard. (C) Quantitative analysis 
of (B): H69A was the control (100%). Data are presented as the mean ± the SD of three independent experiments. *P<0.05. VEGFR, vascular endothelial 
growth factor receptor; PDGFR, platelet‑derived growth factor receptor; FGFR, fibroblast growth factor receptors; c‑Kit, stem cell factor receptor; CSF1R, 
colony‑stimulating factor 1 receptor; mTOR, mammalian target of rapamycin; p‑, phosphorylated. 
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SYP increased by 36% and the non‑NE marker CD44 
decreased by 28% in CSF2 knockdown cells (Fig. 6F and G). 
This finding suggested that the regulation of CSF2 affected the 
conversion of adherent cells from the same clone to suspension 
cells, thereby decreasing the number of non‑NE SCLC cells 
and increasing the number of NE‑type SCLC cells.

Inhibition of CSF2 increases cell drug sensitivity and the 
conversion of the non‑NE type to the NE type. The CSF2 
inhibitor butoconazole nitrate was used to explore the effects 
of CSF2 on the phenotypic plasticity of SCLC. H69A was 
treated with butoconazole 24 and 48 h following treatment. 

As the drug concentration and time increased, cell activity 
gradually decreased in a dose‑ and time‑dependent manner 
(Fig. 7A and B). The maximum non‑effect dose or minimum 
toxic dose (7 µg/ml for 24 h and 3 µg/ml for 48 h) at two 
timepoints was selected to test the inhibitory effect of 
butoconazole on CSF2. It was found that CSF2 decreased 
markedly by 30% after 7 µg/ml of butoconazole treatment 
for 24 h (Fig. 7C and D). H69A cells were then treated with 
butoconazole nitrate (7  µg/ml for 24  h) combined with 
anlotinib, CS2164, or RAD001. The results were that, as 
the combined drug concentration increased, the cell activity 
gradually decreased in a dose‑dependent manner (Fig. 7E‑G). 

Figure 4. Alternative transcriptional genetic subtypes in H69A and H69S cells. (A) H69A and H69S cells were treated with RAD001 (1 or 8 µg/ml), cisplatin 
(1 µg/ml) + etoposide (2 µg/ml), or in combination for 48 h. The cells were then harvested and subjected to western blotting analysis using the indicated 
antibodies. (B‑D) Quantitative analysis of (A): mock‑treated H69A cells were used as the control. Data are presented as the mean ± the SD of three independent 
experiments. (E) For 48 h, H69A and H69S cells were treated with cisplatin (1 µg/ml) + etoposide (2 µg/ml), anlotinib (0.5 or 2 µg/ml), CS2164 (0.5 or 2 µg/ml), 
cisplatin (1 µg/ml) + etoposide (2 µg/ml) + anlotinib (0.5 or 2 µg/ml) and cisplatin (1 µg/ml) + etoposide (2 µg/ml) + CS2164 (0.5 or 2 µg/ml). Western blotting 
analysis was used to detect the expression of ASCL1, NEUROD1, POU2F3 and YAP1. GAPDH was used as the internal standard. (F‑H) Quantitative analysis 
of (E): mock‑treated H69A cells were used as the control (100%). Data are presented as the mean ± standard deviation of three independent experiments. 
*P<0.05. EP, cisplatin (1 µg/ml) + etoposide (2 µg/ml); ASCL1, achaete‑scute homologue 1; NEUROD1, neurogenic differentiation factor 1; POU2F3, POU 
class 2 homeobox 3; YAP1, YES‑associated protein 1; RAD‑1, RAD001 1 µg/ml; RAD‑2, RAD001 8 µg/ml; An‑1, anlotinib 0.5 µg/ml; An‑2, anlotinib 
2 µg/ml; CS‑1, CS2164 0.5 µg/ml; CS‑2, CS2164 2 µg/ml.
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Figure 6. CSF2 silencing inhibits the transformation from the adherent phenotype to the suspension phenotype. H69A was transfected with CSF2 shRNA. 
(A) The mRNA level of CSF2 was determined using reverse‑transcription quantitative PCR. (B) CSF2 protein expression was detected by using western blot‑
ting. (C) Quantitative analysis of (B): H69A cells transfected with the control plasmid was used as the control (100%). Data are presented as the mean ± standard 
deviation of three independent experiments. (D) The conversion rate from the adherent phenotype to the suspended phenotype was detected by using trypan 
blue staining. (E) Cell viability was detected by using Alamar Blue. (F) The levels of SYP, CD44 and GAPDH were detected by using western blotting 
(*P<0.05, vs. the control group). (G) Quantitative analysis of (F): H69A cells transfected with the control plasmid were used as the control (100%). Data are 
presented as mean ± standard deviation of three independent experiments (*P<0.05). CSF2, colony‑stimulating factor 2; sh, short hairpin; SYP, synaptophysin. 

Figure 5. CSF2 is the main difference gene between the adherent and the suspended SCLC phenotypes. H69A and H69S were detected with RNA sequencing. 
(A) Heat map representation of 404 differentially expressed genes. The significantly enriched GO annotations in (B) Biological Process, (C) Cellular 
Components and (D) Molecular Function analysis of 404 differentially expressed genes. (E) KEGG pathway analysis of 404 different genes. (F) H69A and 
H69S cells were collected and CSF2 mRNA levels were evaluated with reverse‑transcription quantitative PCR by using the 2‑ΔΔCq method. (G) CSF2 was tested 
by using western blotting. GAPDH was used as the internal standard (*P<0.05, vs. the adherent group). (H) Quantitative analysis of (G): H69A was used as the 
control (100%). Data are presented as the mean ± standard deviation of three independent experiments (*P<0.05). SCLC, small cell lung cancer; GO, Gene 
Ontology; KEGG, Kyoto Encyclopedia of Genes and Genomes. 
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Compared with anlotinib, CS2164 and RAD001 alone, the 
combination increased the cell sensitivity to the three drugs 
(IC50: 4.76 µg/ml vs. 3.46 µg/ml, 5.67 µg/ml vs. 4.57 µg/ml 
and 23.11 µg/ml vs. 8.23 µg/ml, respectively). H69A cells were 
then treated with low or high concentrations of butoconazole 
nitrate. The two concentrations of drugs significantly inhibited 
CSF2 (34% vs. 35%), CD44 (33% vs. 36%) and YAP1 (46% vs. 
49%). A high concentration of butoconazole nitrate strongly 
increased SYP (59%), but SYP did not change significantly 
in the low‑concentration group (Fig. 7H and I). These results 
suggested that the inhibition of CSF2 increased the sensitivity 
to drug treatment and contributes to the transformation of 
SCLC from the non‑NE type to the NE type.

CSF2 regulates phenotypic transformation through 
p‑STAT3/MYC. To further explore the molecular mechanism 
by which CSF2 can regulate the phenotypic plasticity of SCLC, 
the present study searched for proteins that could interact with 
CSF2 through the STRING database. A total of 25 identified 
proteins were analyzed. CSF2 and STAT3 had a close protein 
interaction relationship (Fig. 8A). By analyzing the Reactome 
database, it was found that MYC had a regulatory relationship 
with STAT3 (Fig. 8B). The Pathway Commons and STRING 
databases were then searched to analyze the relationship 
between CSF2, STAT3 and MYC. A regulatory relationship 
was found between CSF2, STAT3 and MYC (Fig. 8C and D). 
One report (15) demonstrates that MYC activation induces a 

Figure 7. The effect of CSF2 inhibitors on drug sensitivity and the conversion of the non‑NE phenotype to the NE phenotype. H69A cells were treated with 
different concentrations of butoconazole nitrate (0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 and 11 µg/ml) and cell viability was detected with Alamar Blue after treatment for 
(A) 24 h and (B) 48 h. (C) H69A cells treated with 3 and 7 µg/ml butoconazole nitrate. The cells were collected after treatment for 24 and 48 h. The expression 
of CSF2 and GAPDH were analyzed by using western blotting. (D) Quantitative analysis of (C), mock‑treated H69A cells were used as the control (100%). Data 
are presented as the mean ± standard deviation of three independent experiments. (E) H69A cells were treated with butoconazole nitrate (7 µg/ml) combined 
with anlotinib (0, 0.5, 1, 1.5, 2, 3, 4 and 6 µg/ml), (F) CS2164 (0, 1, 2, 2.5, 3, 4, 6 and 10 µg/ml) and (G) RAD001 (0, 1, 2, 4, 6, 8, 10 and 20 µg/ml) for 24 h. 
Cell viability was tested by using Alamar Blue. (H) H69A cells were treated with butoconazole nitrate (3 and 7 µg/ml) for 24 h. Western blotting was used to 
detect the expression of CSF2, SYP, CD44, YAP1 and GAPDH. (I) Quantitative analysis of (H), mock‑treated H69A cells were used as the control (100%). Data 
are presented as the mean ± standard deviation of three independent experiments. *P<0.05. CSF2, colony‑stimulating factor 2; NE, neuroendocrine; CSF2, 
colony‑stimulating factor 2; SYP, synaptophysin; YAP1, YES‑associated protein 1.
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shift in SCLC from ASCL1+ to NEUROD1+ to YAP1+ states 
by reprogramming the NE fate. The CSF2/p‑STAT3 signaling 
pathway promotes epithelial ovarian cancer cell stemness by 
upregulating MYC (19). Therefore, it was hypothesized that 
CSF2 regulates phenotypic plasticity in SCLC through the 
p‑STAT3/MYC pathway. The expression of CSF2, p‑STAT3 
and MYC was detected in H69A and H69S cells and it was 
found that they were more highly expressed in H69A cells than 
in H69S cells (Fig. 8E and F). CSF2 silencing significantly 
reduced the expression of p‑STAT3 and MYC in H69A cells 
(Fig. 8G and H). These results suggested that CSF2 regulates 
the phenotypic plasticity of SCLC through p‑STAT3/MYC.

Discussion

Optimal SCLC treatment has been a challenge for clinicians 
for nearly three decades. SCLC initially responds well to plat‑
inum‑based first‑line chemotherapy, although drug resistance 
development usually recurs rapidly  (26). The main reason 
is that the biological characteristics of SCLC have not been 
clearly identified, including tumor cell origin, tumor evolution 

and ITH. In practice, the present study found that SCLC cells 
have genetic differences and phenotypic differences. However, 
few studies have investigated the biological function and 
mechanism of phenotypic differences, thus, the objective of 
the present study.

Intertumor heterogeneity can be studied by microscopic 
dissection, differences between different tumor sites and 
samples from different sources (27,28). However, ITH, espe‑
cially exploration of the function and mechanism of ITH from 
the same clone source, currently lacks appropriate research 
models. Single‑cell sequencing is an effective means to 
study clonal evolution and ITH (15,29). However, single cells 
are difficult to obtain and sequencing is difficult and costly. 
Lin et al (30) established two epidermal growth factor receptor 
(EGFR) mutant SCLC cell lines from patients with lung 
adenocarcinoma after failed treatment with the EGFR‑tyrosine 
kinase inhibitor (TKI). They revealed that these SCLC cell 
lines had two different phenotypes: suspensive and adherent. 
These two phenotypic cells came from the same origin and 
could switch back and forth. Compared with suspended cells, 
adherent cells had higher non‑NE characteristics and invasion 

Figure 8. CSF2 regulated phenotypic transformation through p‑STAT3/MYC. (A) The STRING database was used to search for proteins that interact with 
CSF2. Known interactions are indicated with edges of pink (i.e., experimentally determined) and deep sky blue (i.e., database obtained). Predicted interactions 
are indicated with edges of green (i.e., gene neighborhood), blue (i.e., gene co‑occurrence) and red (i.e., gene fusions). Edges of yellow indicate text‑mining. 
Edges of black indicate co‑expression. Edges of light purple indicate protein homology. (B) The Reactome database was used to analyze the regulatory relation‑
ship between MYC and STAT3. (C) The Pathway Commons database was used to analyze the relationship between CSF2, STAT3 and MYC. The relationship 
of binding (deep sky blue), expression (pink) and modification (orange) are shown. (D) The STRING database was used to analyze the regulatory relationship 
between CSF2, STAT3 and MYC. (E) The levels of CSF2, p‑STAT3 and MYC in H69A and H69S cells were tested with western blotting. (F) Quantitative 
analysis of (E): H69A was the control (100%). Data are presented as the mean ± standard deviation of three independent experiments. (G) H69A was transfected 
with CSF2 shRNA and the expressions of CSF2, p‑STAT3, STAT3 and MYC were detected by using western blotting. (H) Quantitative analysis of (G): H69A 
cells transfected with control plasmid were used as the control (100%). Data are presented as the mean ± standard deviation of three independent experiments. 
*P<0.05. p‑STAT3, phosphorylated signal transducer and activator of transcription 3; CSF2, colony‑stimulating factor 2. 
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capacity (30). The present study found that the adherent and 
suspended phenotypes of the SCLC cell line NCL‑H69 could 
undergo phenotypic switching and were characterized by 
specific heterogeneity such as biogenic preference, NE char‑
acteristics, cell drug sensitivity and drug target expression. 
Therefore, NCI‑H69 may be a simple and feasible model for 
exploring the phenotypic plasticity driving ITH.

In non‑small‑cell lung cancer (NSCLC), DNA‑level driver 
gene mutation typing such as EGFR, anaplastic lymphoma 
kinase (ALK) and ROS proto‑oncogene 1 (ROS1) promotes 
the long‑term survival of patients with NSCLC and lays the 
foundation for gene‑based mutational screening of SCLC (31). 
Unlike NSCLC, which has clear driving mutations, SCLC 
is extremely complex with significant heterogeneity in 
growth pattern, origin, genome expression and copy number 
changes (5,32). SCLC has obvious characteristics from the 
standpoint of DNA mutations such as the mutation of P53 
and RB deletion, although these DNA gene mutations cannot 
be used as targets to develop specific targeted drugs or used 
as features to distinguish between subtypes (33,34). Recent 
studies (35,36) have demonstrated that several key transcrip‑
tion factors have an important role in the occurrence and 
development of SCLC through RNA sequencing and that 
SCLC can be classified, based on transcriptional regulators. 
Different SCLC subtypes have unique therapeutic vulner‑
abilities (37‑40). Through RNA sequencing, the present study 
identified CSF2, an important target that drives the phenotypic 
transition of SCLC and affects the sensitivity of multiple 
targeted drugs.

Tumor‑associated endothelial cells have been reported to 
secrete cytokines to promote angiogenesis by increasing the 
expression of cell adhesion molecules (41). CSF2‑dependent 
phosphorylation of JAK2 and STAT3 recruitment are impor‑
tant in tumor angiogenesis and vascularization  (42,43). In 
gliomas, CSF2 can activate antiapoptotic and proangiogenic 
pathways to promote tumor progression by activating STAT‑3 
transcription factor or increasing VEGF/VEGFR expres‑
sion (44‑48). Primary and metastatic lung cancers are by far 
the commonest type of malignant tumor driven by secreted 
ectopic CSF2 (25,49‑51). Microarray data show that CSF2 
is enhanced in SCLC, but not in NSCLC (42). In the present 
study, compared with the SCLC suspension phenotype, CSF2 
was expressed at a higher level in adherent SCLC. CSF2 
regulated the p‑STAT3/MYC signaling pathway to inhibit cell 
transformation from the adherent type to the suspension type, 
which was of the same origin in SCLC. Inhibition of CSF2 
weakened cell adhesion ability, increased the conversion of 
adherent phenotypic cells to suspended phenotypic cells and 
increased the sensitivity of multitarget TKIs with anti‑vascular 
functions. CSF2 is an important target for regulating ITH 
driven by phenotypic plasticity in SCLC and overcoming drug 
resistance.

mTOR inhibitors are a targeted therapy approved by the 
US Food and Drug Administration for some types of cancer, 
such as NSCLC, breast cancer and pancreatic neuroendocrine 
neoplasms (52). RAD001, a mTOR inhibitor, unfortunately 
did not improve outcomes in SCLC clinical trials. This 
finding may be related to the fact that previous clinical 
trials did not stratify the enrolled patients (53,54). Anlotinib 
is a multitarget TKI against VEGFR, FGFR, PDGFR and 

c‑Kit and it suppresses proliferation and induced apoptosis 
of tumor cells (55,56). Our ALTER1202 study showed that 
anlotinib monotherapy prolonged progression‑free survival 
and overall survival (OS) in a third‑line or later treatment 
for extensive SCLC (57). Thus, the China Food and Drug 
Administration approved anlotinib for clinical practice. As 
stated earlier, whether different SCLC subtypes may achieve 
different treatment effects with anlotinib is unclear. CS2164 is 
a highly selective multikinase inhibitor with potent activities 
against VEGFR, PDGFR, c‑Kit, Aurora B and colony‑stim‑
ulating factor 1 receptor (58) and it inhibits tumor growth 
by targeting certain key pathways such as tumor mitosis, 
angiogenesis and the inflammatory microenvironment of the 
tumor. A Phase I clinical study (59) of CS2164 demonstrates 
an acceptable safety and favorable pharmacokinetic profile 
with potential antitumor activity. The current study used 
three targeted drugs, RAD001, anlotinib and CS2164, which 
have been marketed or included in clinical studies. It was 
found that the sensitivity to the three drugs was different in 
SCLC with different phenotypes, although both phenotypes 
belonged to the SCLC‑A subtype. Even if patients with SCLC 
belong to the same molecular subtype, differences may exist 
in antitumor effects. Further stratification of SCLC patients 
is necessary before treatment.

YAP1 can be activated by the HIPPO signaling 
pathway (33), is highly expressed in non‑NE SCLC (60) and 
defines a distinct subtype with a T‑cell inflamed phenotype in 
SCLC (61). As a cytokine, CSF2 is primarily involved in the 
regulation of immune activation and inflammatory factors 
in the tumor microenvironment (62,63). The present study 
found that the inhibition of CSF2 reduced non‑NE expression 
and YAP1 expression. It was hypothesized that CSF2 directly 
regulated the tumor itself and regulated the phenotypic plas‑
ticity of SCLC through the tumor microenvironment. The 
authors of the present study are conducting research in this 
area. A high level of YAP1 is reported to promote multidrug 
resistance (4). In the present study, YAP1 expression was 
the significantly changed following treatment with multiple 
chemotherapy or targeted drugs. Compared with H69S cells, 
H69A cells treated with high concentrations of RAD001 had 
a significantly decreased expression of YAP1. However, high 
concentrations of CS2164 had a clearly increased expres‑
sion of YAP1. Therefore, how to select drugs and doses to 
suppress ITH‑driven drug resistance is worth considering 
when determining the existence of ITH. Ireland et al (15) 
showed that MYC activates Notch signaling during NE 
dedifferentiation in SCLC on a conserved trajectory from 
SCLC‑A to SCLC‑N to SCLC‑Y. Their study suggested that 
the SCLC‑A, SCLC‑N and SCLC‑Y subtypes are different 
stages of the progressive evolution of SCLC and that the 
regulation of MYC expression changes cell fate, morphology 
and drug sensitivity.

Other studies show that the CSF2/p‑STAT3 signaling 
pathway upregulates MYC expression and enhances the 
stemness of epithelial ovarian cancer cells  (19). Inhibition 
of STAT3 significantly reduces cell adhesion capacity (20) 
and the expression of the non‑NE marker CD44 (21). The 
present study also found that CSF2, p‑STAT3 and MYC may 
be involved in the regulation of cell phenotypic plasticity. 
CSF2 inhibition decreased p‑STAT3 and MYC expression 
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and promoted the conversion of adherent cells with relatively 
low ASCL1 expression and relatively high YAP1 expression 
to suspension cells with a relatively high ASCL1 expression 
and relatively low YAP1. Furthermore, because few studies 
exist on ITH‑driven drug resistance, additional studies are 
warranted to verify the results in clinical specimens such as 
organoids and we are conducting such research.

In conclusion, the present study confirmed that SCLC with 
different phenotypes of the same clone can switch between 
phenotypes and exhibit heterogeneity in cellular viability, 
drug sensitivity, NE/non‑NE characteristics and other aspects. 
CSF2 is an important target for regulating phenotypic plas‑
ticity, which drives ITH. Targeting CSF2 can drive SCLC 
from the adherent phenotype to the suspended phenotype 
through the p‑STAT3/MYC pathway, thereby making cells 
more anchored to the suspended phenotype and increasing the 
expression of the NE marker and the sensitivity of anlotinib, 
CS2164 and RAD001. The present study identified novel path‑
ways involved in restricting phenotypic plasticity and reducing 
ITH of SCLC, which is essential for the development of new 
therapies to control drug resistance and relapse in SCLC.
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