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Introduction

• The rate of anterior cruciate ligament (ACL) tears has 

increased over the past 20 years

• ~68.6 per 100,000 person-years

• Female tear rates are 2-8x higher than male counterparts

• Following ACL reconstruction, retear rates are similar between 

sexes

• Suggests an intrinsic difference in native male and female ACL 

tissue biology

• Hypothesis: There are sex differences in the 

composition of the ACL at the cellular and 

transcriptomic level that can help explain the 

increased female ACL tear rates



Methods – Isolation and scRNA-seq of ACL 

cells 

• Human ACL tissue from 4 males and 5 females

• Flow cytometry used to isolate live cells

• Single-cell RNA-seq performed via 10x Genomics

• Data processed using CellRanger, Freemuxlet, and Seurat



Results – ACL cell heterogeneity
• Five distinct celltypes identified

– Using expression of known canonical gene markers 



Results – Sex-based differences in ACL 

cells

• Similar cell type composition between male and female samples

• Differential gene expression observed in specific cell types across 

sexes



Results – ACL fibroblast heterogeneity
• ACL fibroblasts contain five unique subpopulations

– Including a PDGFRα+ / TPPP3+ ligament progenitor cell (LPC) population

LPC CD55 ACAN CHI3L2 NOTCH3



Results – In vitro characterization of  

TPPP3 expression in ACL
• TPPP3 expression detected by IHC staining in ACL tissue and cultured 

PDGFRα⁺ ACL cells



Results – Functional Capacity of LPCs
• LPCs show multipotent differentiation ability

• Evidence for fibrogenic, adipogenic, and chondrogenic potential



Results – Sex-based differences in LPCs

• ECM and collagen-related gene expression differs by sex

– Upregulation of rupture-associated genes in females

– Upregulation of ECM integrity and stemness-associated genes in males

• Key biological pathways differ by sex, including 

– Angiogenesis, collagen organization, apoptosis, and cell proliferation 



Characterization of ACL cell populations 

and sex-based differences
• Provides evidence for a cell-intrinsic explanation for increased ACL ruptures in females 
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