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Bulk RNA sequencing measures average gene expression across an entire tissue 

sample, obscuring the substantial heterogeneity that exists between individual 

cells within that same tissue, a limitation that single-cell RNA sequencing was 

specifically developed to overcome by profiling transcriptomes at single-cell 

resolution. This capability has proven especially consequential in oncology, 

where intratumoral heterogeneity, the coexistence of genetically and 

transcriptionally distinct cell subpopulations within a single tumor, is now 

recognized as a major driver of treatment resistance and relapse, phenomena that 

bulk sequencing approaches are structurally unable to resolve [1]. Building on 

this capability, computational frameworks have recently been developed to 

integrate single-cell transcriptomic data directly with pharmacological response 

profiles, allowing identification of drug-sensitive and drug-resistant cellular 

subpopulations within a single tumor sample and, in principle, enabling selection 

of therapy tailored to the specific cellular composition of an individual patient's 

tumor rather than to the tumor's bulk-averaged molecular subtype alone [2]. 

Beyond oncology, single-cell profiling has begun to reveal previously 

unrecognized immune cell subsets and cellular circuits relevant to inflammatory 

and autoimmune disease, including specific cytotoxic and regulatory T-cell 

populations implicated in the immunopathogenesis of IgG4-related disease and 

related conditions, findings that would not have been detectable using 

conventional bulk immune-cell characterization methods [3]. Despite this 

substantial scientific promise, single-cell sequencing has, to date, seen only 
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limited direct translation into routine clinical diagnostics, a gap attributed 

principally to the technology's remaining technical complexity, per-sample cost, 

and the absence of standardized, regulatory-grade analytical pipelines 

comparable to those already established for bulk sequencing-based clinical tests 

[4]. Continued development of streamlined, cost-effective single-cell workflows, 

together with prospective studies directly linking single-cell-derived treatment 

selection to clinical outcomes, represents the most immediate priority for 

translating this technology from a predominantly research tool into routine 

precision-medicine practice. 
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