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Long-term hematopoietic stem cells (LT-HSCs) are essential for the maintenance of 
adult hematopoiesis due to their self-renewal capacity and multipotent differentiation 
potential​1,2. However, culturing these cells remains a challenge, as surface markers 
commonly used to identify fresh LT-HSCs lose their reliability after cultivation​3,4. 
Although xenotransplantation remains the gold standard for functional validation, it is 
a time-consuming and costly method. Nevertheless, it remains unclear which genes 
are essential to the identity of LT-HSCs, regardless of their state—fresh or cultured​⁵. 
This study aimed to identify gene co-expression modules associated with LT-HSCs 
by analyzing public transcriptome datasets using the Weighted Gene Co-expression 
Network Analysis (WGCNA) approach. Over 40 publicly available studies were 
screened, and five were selected based on strict criteria, including adequate sample 
numbers, subpopulation separation, and functional validation through 
xenotransplantation. Two of these studies included fresh LT-HSCs, while three 
involved cells cultured under conditions known to result in higher or lower enrichment 
of LT-HSCs. The selected datasets were carefully curated and organized to ensure 
quality and suitability for analysis. Subsequently, co-expression networks were 
individually constructed using the WGCNA approach. The overlap of 
LT-HSC-associated modules across the selected studies revealed a set of 69 
common genes. Among these, HLF, EPCR, and FGD5 had previously been 
described in the literature for their roles in HSC biology, reinforcing the consistency 
of our findings⁶⁻⁹. In addition, several novel candidate genes were identified that may 
represent promising targets. To investigate whether these genes were indeed 
associated with LT-HSC-enriched conditions, their combined expression was 
summarized using the first principal component (eigengene) and correlated with 
experimental conditions indicating higher or lower LT-HSC enrichment in 
independent datasets. This analysis revealed a strong association across all 
datasets evaluated. These findings suggest that the co-expression pattern of the 
identified genes can be used to recognize LT-HSCs, even in cultured contexts where 
traditional surface markers are no longer reliable. This study contributes to 
advancing our understanding of LT-HSC biology and lays the groundwork for future 
applications in compound screening, drug discovery, and the improvement of ex vivo 
expansion protocols. 
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