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A decellularized flowable placental connective tissue matrix supports cellular functions of human tenocytes 
in vitro
Anna Gosiewska 
Celularity Inc., USA

Statement of the Problem: Tendon healing is a slow and 
complex process that cannot restore the structure and 
function of the native tendon. Flowable connective tissue 
matrices (CTMs) may promote tendon healing, given their 
structural and biochemical extracellular matrix components, 
minimally invasive properties, and capacity to fill irregular 
spaces. Due to variations in processing procedures, 
however, not all flowable CTMs are equivalent. The purpose 
of this study is to evaluate the effects of flowable, placental 
CTMs on the cellular activities of human tenocytes. 
Decellularization, the removal of cells, cell fragments, and 
DNA from CTMs has been shown to reduce the host’s 
inflammatory response. Therefore, the authors hypothesize 
that a decellularized flowable CTM (DF-CTM) will provide a 
more cell-friendly matrix to support tenocyte function.

Methodology and Theoretical Orientation: Three human, 
flowable, placental CTMs were selected for comparison: (1) a 
minimally manipulated non-viable cellular particulate (MM-
CTM); (2) a liquid matrix (L-CTM); and (3) a decellularized 
flowable CTM (DF-CTM). Outcome variables included 
tenocyte adhesion, proliferation, migration, phenotype 
maintenance, and inflammatory response. Adhesion and 
proliferation were evaluated using cell viability assays and 
tenocyte migration using a transwell migration assay. Gene 
expression of tenocyte markers and pro-inflammatory 

markers were assessed using quantitative polymerase 
chain reaction. Phenotypic markers included scleraxis (SCX), 
tenascin-C (TNC), type I collagen (COL1A1), type III collagen 
(COL3A1), and decorin (DCN). Inflammatory markers 
included interleukin 8 (CXCL8), tumor necrosis factor (TNF), 
transforming growth factor beta 1 (TGFβ1) and beta 3 
(TGFβ3), and matrix metallopeptidase 1 (MMP1).

Findings: Although MM-CTM supported significantly more 
tenocyte adhesion than DF-CTM (p = 0.004), tenocyte 
proliferation was significantly higher on DF-CTM than MM-
CTM and L-CTM (p < 0.001). Unlike MM-CTM, tenocyte 
migration was higher for DF-CTM than the control (p = 
0.005). In tenocytes cultured on DF-CTM, gene expressions 
(SCX, TNC, COL1A1, and COL3A1) significantly increased over 
time (p < 0.001). Conversely, in tenocytes cultured on MM-
CTM, gene expressions remained unchanged (SCX and TNC, 
p ≥ 0.102) or significantly decreased over time (COL1A1 and 
COL3A1, p ≤ 0.018). DCN expression increased over time 
for both CTMs (p < 0.001). Compared with MM-CTM, DF-
CTM diminished the effects of TNF-α, significantly reducing 
the expression of CXCL8 (p = 0.024) and MMP1 (p < 0.001). 
Over time, tenocytes cultured on MM-CTM promoted the 
expression of CXCL8 and MMP1, while DF-CTM promoted 
the expression of antifibrotic growth factor TGFβ3.
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