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研究成果の概要（和文）：組織プラスミノーゲンアクチベーター（tPA）は脳卒中患者の治療に使用される酵素
です。間葉系幹細胞は、腫瘍床を含む様々な組織の幹細胞を増殖させることができます。我々は、tPAが骨髄お
よび腫瘍細胞床内の間葉系幹細胞を増殖させることができることを示す。我々は、ｔＰＡレベルを制御すること
が造血幹細胞の増殖および腫瘍細胞の増殖を調節し得ることを提案する。

研究成果の概要（英文）：Tissue plasminogen activator (tPA) is an enzyme used for the treatment of 
stroke patients. Mesenchymal stem cells can expand stem cells in various tissues, including the 
tumor bed. We show that tPA can expand mesenchymal stem cells within the bone marrow and the tumor 
cell bed. We propose that controlling tPA levels can regulate hematopoietic stem cell expansion and 
tumor cell growth. 

研究分野：造血

キーワード： 間葉系幹細胞

  １版

令和

研究成果の学術的意義や社会的意義
骨髄および腫瘍細胞ニッチにおけるＭＳＣの動員または拡大を調節することにおける線維素溶解因子の重要な役
割を強調している。造血幹細胞ならびに癌幹細胞の増殖におけるＭＳＣの役割を実証する研究と一緒に、我々
は、線維素溶解因子が臨床現場での造血幹細胞の増殖に有用であり得ることを提案する。 ＭＳＣを動員するそ
れらの能力のために癌患者に与えられる線維素溶解因子は、腫瘍細胞増殖を支持するかもしれない。
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１．研究開始当初の背景 
Mesenchymal stromal cells (MSCs) constitute a crucial subset of BM stromal cells. They 
are plastic-adherent multipotent cells, characterized by their ability to give rise to 
colony-forming unit-fibroblasts (CFU-Fs) and to differentiate into osteogenic, adipogenic, 
and chondrogenic lineages. Aside from the BM, MSCs exist in various connective tissues 
such as fat, muscle, skin, and placenta. They make up 0.001% to 0.01% of human adult BM 
cells and can be localized in perivascular spaces. Plasmin is generated by cleavage of the 
proenzyme plasminogen (Plg) by urokinase-type plasminogen activator (uPA) or 
tissue-type plasminogen activator (tPA). Activation of plasmin or MMPs cannot only 
accelerate local ECM degradation but can also lead to the activation/inactivation of 
chemo-/cytokines, receptors, and other proteases. 
 
２．研究の目的 
The purpose of the study was to examine the potential of fibrinolytic factors like tPA for the 
expansion of mesenchymal stem cells 
 
３．研究の方法 
We examined the effect of tPA on the expansion of mesenchymal stem cells using mice. 
Recombinant tPA was given to wildtype mice to show its effects on MSC expansion. In 
addition, mice deficient in tPA or its downstream target plasminogen (Plg) were used to 
demonstrate how lack of these fibrinolytic factors affects the mesenchymal stem cell 
content in vivo. In vitro co-culture systems were implemented to demonstrate the 
mechanism of mesenchymal stem cell expansion.  
 
４．研究成果 
Here, we observed that by activating plasminogen and matrix metalloproteinase-9, tPA 
expands murine bone marrow–derived CD45−TER119−Sca-1+PDGFRα+ mesenchymal 
stromal cells (PαS-MSCs) in vivo through a crosstalk between PαS-MSCs and endothelial 
cells. We show that deletion of the endogenous inhibitor of tPA, PAI-1 enahnces MSC 
expansion within the BM. Mechanistically, tPA induces the release of Kit ligand from 
PαS-MSCs, which activates c-Kit+ endothelial cells to secrete MSC growth factors: 
platelet-derived growth factor-BB (PDGF-BB) and fibroblast growth factor 2 (FGF2). In 
synergy, FGF2 and PDGF-BB upregulate PDGFRα expression in PαS-MSCs, which 
ultimately leads to PαS-MSC expansion (Dhahri et al. Blood 2016; Reference 1). 
In a related study, we demonstrate that tumor derived tPA enhances the recruitment of 
MSC within the growing melanoma tumor in vivo (Salama et al. FASEB 2019; Reference 
2). 
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