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Introduction 
LT-HSCs are rare cells capable of self-renewal and long-term reconstitution of all hematopoietic 

lineages, playing a key role in transplantation and gene therapy. Despite advances in ex vivo expansion protocols, 
identifying and quantifying functional LT-HSCs after culture remains a major challenge. Surface markers often 
lose specificity under culture-induced changes, making xenotransplantation the gold standard for functional 
validation. This study proposes the use of gene and protein co-expression analyses to identify more robust and 
stable markers associated with LT-HSC enrichment. 

Methods 
CD34+ cells mobilized from peripheral blood (4 biological replicates) were cultured for seven days in 

StemSpan SFEM II medium supplemented with cytokines and various combinations including the small 
molecule UM171. Cell viability and proliferation were monitored on days 2, 5, and 7. Subsequently, FACS sorting 
was performed to isolate populations enriched for LT-HSCs based on CD34, CD45RA, CD90, and EPCR 
expression. Samples were constructed with different proportions of the CD34+CD45RA–CD90+EPCR+ 
immunophenotype (0%, 5%, 10%, 20%, and 50%). In parallel, fresh CD34+ cells (also 4 biological replicates) were 
sorted based on CD34, CD38, CD45RA, and CD90 expression, generating samples with varying levels of 
enrichment for the CD34+CD38–CD45RA–CD90+ phenotype (0%, 2.5%, 5%, 10%, and 25%). Total RNA (RIN > 8) 
was extracted and used to construct bulk RNA sequencing libraries using the Illumina Stranded mRNA Prep kit. 
For cultured samples, protein content was also extracted and analyzed by LC-MS/MS in collaboration with 
LNBio-CNPEM. Co-expression analyses will be performed using the WGCNA package in R to identify modules 
associated with the LT-HSC phenotype. 

Results 
Extraction and quantification protocols were standardized and validated, enabling the processing of both 

fresh and cultured samples for transcriptomic and proteomic profiling. Flow cytometry revealed that the UM171-
containing culture condition significantly increased the proportions of CD34+CD45RA–, CD45RA–CD90+, and 
CD90+EPCR+ populations, suggesting greater LT-HSC enrichment. All RNA samples exhibited suitable quality and 
purity for sequencing. Proteomic analysis identified 5,703 proteins with high consistency across samples. 

Discussion 
The application of WGCNA will enable the identification of co-expression modules whose eigengenes 

correlate with LT-HSC enrichment, offering a more comprehensive approach compared to individual gene 
analysis. Integration of transcriptomic and proteomic datasets will allow the identification of central (hub) genes 
within modules associated with the LT-HSC phenotype, potentially serving as functional markers under diverse 
culture conditions. 

Conclusion 
Gene and protein co-expression network analysis appears to be a promising strategy to overcome the 

limitations of traditional surface markers, enabling the definition of more stable molecular targets for the 
identification and functional quantification of LT-HSCs. The data generated may support the development of 
improved culture protocols and clinical applications involving hematopoietic stem cells. 
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