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Experimental Analyses:
Choline uptake kinetics were evaluated in NCI-H69 and NCI-H82 cells 
using [³H]choline uptake assays.
Expression of NNCS-related genes (CTL1/SLC44A1, FLVCR1, ChAT, 
BuChE, and VAChT) was quantified by qRT-PCR and immunofluorescence.
Cell viability and caspase-3/7 activity were assessed following cholinergic 
stimulation or treatment with the choline transport inhibitors Amb4269951 
and Amb4269675.
Computational and Clinical Analyses: 
Single-cell RNA-seq datasets were analyzed using Seurat to identify 
transporter-expressing tumor populations and lineage associations.
Prognostic significance was evaluated in the SCLC UCologne 2015 cohort 
(n=77) using Kaplan-Meier and multivariable Cox regression analyses.
Key findings were independently validated in the GSE149507 cohort 
(n=18).

Small cell lung cancer (SCLC) is an aggressive neuroendocrine malignancy 
characterized by rapid tumor growth, early dissemination, and poor clinical 
outcomes. Although initial responses to platinum-based chemotherapy are 
common, most patients eventually develop treatment-resistant disease, 
highlighting the need for novel therapeutic strategies (Kim et al., 2025).
Recent evidence indicates that SCLC harbors a functional non-neuronal 
cholinergic system (NNCS), in which acetylcholine acts as an autocrine 
growth factor (Inazu et al., 2013). However, the biological significance of 
choline transport, the rate-limiting step for acetylcholine synthesis, remains 
poorly understood in SCLC.
Choline transporter-like protein 1 (CTL1/SLC44A1) and FLVCR choline 
and heme transporter 1 (FLVCR1) are major choline transporters that may 
coordinate cholinergic signaling, tumor proliferation, and metabolic 
adaptation. We hypothesized that CTL1 and FLVCR1 establish a targetable 
metabolic dependency that promotes SCLC progression.
Objective: To determine the biological, clinical, and therapeutic significance 
of CTL1/FLVCR1-mediated choline transport in SCLC through functional 
studies, single-cell transcriptomics, survival analyses, independent cohort 
validation, and pharmacological inhibition.
Hypothesis: CTL1/FLVCR1-dependent choline transport drives a poor-
prognosis, neuroendocrine-proliferative SCLC subtype and represents a 
therapeutically actionable vulnerability.

Kaplan-Meier Survival Analysis – Small Cell Lung Cancer (sclc_ucologene_2015)
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Effect of cholinergic systems on cell viability in H69 cells

Functional cholinergic machinery is highly active in SCLC.

RESULTS

CTL1 and FLVCR1 are enriched in a neuroendocrine-proliferative tumor compartment.

DISCUSSION AND CONCLUSION

The non-neuronal cholinergic system represents a lineage-
associated metabolic dependency in SCLC. CTL1 and FLVCR1 are 
highly expressed, co-localized, and functionally active in 
neuroendocrine-proliferative tumor cells, where they support 
cholinergic signaling and tumor growth. Their co-overexpression 
identifies a clinically aggressive subgroup characterized by poor 
survival, immune-desert features, and reproducible transcriptomic 
alterations across independent cohorts. Pharmacologic inhibition of 
choline transport suppresses cell viability and induces apoptosis, 
highlighting CTL1/FLVCR1-mediated choline transport as a promising 
therapeutic target for refractory SCLC.

     TAKE-HOME MESSAGE
     CTL1 and FLVCR1 define a biologically distinct, poor-prognosis 
SCLC subtype characterized by neuroendocrine proliferation, immune 
exclusion, and dependence on choline transport.
     Targeting CTL1/FLVCR1-mediated choline transport represents a 
novel and actionable therapeutic strategy for refractory SCLC.
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