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Abstract: Plasminogen activator inhibitor-1 (PAI-1) has been found to affect a number of important cell processes and therefore 
abnormal expression of PAI-1 has been associated with a number of diseases and disorders. Understanding the transactivation of PAI-1 
may result in identifying novel therapeutic targets.
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Plasminogen activator inhibitor-1 (PAI-1) is a 46-kDa 
single chain glycoprotein containing 402 amino 
acids. PAI-1 belongs to the serine protease inhibitor 
(SERPIN) family and is the primary physiologic 
inhibitor of the plasminogen activators (uPA and tPA). 
Through its inhibition of the plasminogen activators, 
PAI-1 can affect a number of cellular processes for 
example migration, adhesion, intracellular signalling, 
proliferation and apoptosis.1 Abnormal expression of 
PAI-1 therefore is a significant causative factor in the 
progression of a number of diseases and disorders 
(for example arteriosclerosis, thrombosis, and fibrosis) 
as well as being a biomarker for poor prognosis for a 
number of conditions.2,3 Therefore understanding the 
controls of PAI-1 transcription may result in a number 
of therapeutic options.

TGF-β1 signalling in endothelial cells utilizes the 
heteromeric receptor complex, which comprises of 
TGFβRII and the activin receptor like kinases (ALK1/
ALK5). In endothelial cells TGF-β1 binding can bind 
to the ALK1 receptor resulting in the phosphorylation 
of the receptor Smads 1/5 which causes endothelial 
cell proliferation and migration. Whereas TGF-β1 
binding to the ALK5 receptor complex results in the 
phosphorylation of the receptor Smads 2/3 which 
results in the inhibition of endothelial cell proliferation 
and migration. PAI-1 has been identified as an early 
TGF-β1 response gene and, has been shown to be an 
ALK-5 specific target.4 TGF-β1 phosphorylates both 
Smad and non-Smad pathways in vascular, epithelial 
and endothelial cells and recent studies have shown 
that TGF-β1 causes the transactivation of EGFR in 
non-human cells.5

Higgins et al6 in their recent study confirmed that 
in human cells TGF-β1 plays an important role in 
tubular differentiation as the use of a pan-neutralizing 
antibody prevented this differentiation. They further 
showed that pharmacological inhibitors targeted 
against EGFR and the MEK/ERK signalling pathway 
prevented the TGF-β initiated tubular differentiation. 
The use of pharmacological inhibitors however has 
been identified as being potentially non-specific as 
they can alter other signalling pathways.7 Higgins 
et al6 demonstrated that PAI-1 expression is elevated 
when T2 cells are cultured on Matrigel and they further 
showed that the blocking of PAI-1 (using a genetic 
approach) prevented the formation of a stable highly 
branched tubular network. This was also identified 

in human endothelial cells using blocking antibodies 
against PAI-1.

PAI-1 has been shown to affect cell survival being 
anti-apoptotic in several cell systems,8–10 protecting 
endothelial cells from FasL mediated programmed 
cells death.11 Higgins et al6 demonstrated that T2 cells 
could be protected from serum deprivation by the 
addition of the stable 14-1b recombinant PAI-1 protein 
but not bovine serum albumin. This PAI-1 dependent 
pro-survival was associated with the phosphorylation 
of ERK as the pro-survival effect was prevented with 
the use of MEK inhibitors (PD98059 or U0126).

Pharmacological inhibitors (AG1478 and GM6001) 
reduced ERK phosphorylation and PAI-1 expression. 
However phosphorylation of Smad2 was retained, 
with these inhibitors, indicating that PAI-1 expression 
is through the MEK/ERK signalling pathway and not 
the canonical Smad pathway. Higgins et al showed 
through molecular methods that TGF-β mediated 
PAI-1 expression required EGFR. As with other 
studies12,13 they showed that EGFR is phosphorylated 
in response to TGF-β at Y845 though interestingly 
they demonstrated that TGF-β phosphorylated reduced 
numbers of EGFR compared to EGF in HMEC-1 
cultures. The reduced number of phosphorylated EGFR 
indicates that only a subset of EGF receptors may be 
phosophorylated by TGF-β and indicate an existence of 
some form of control on EGFR in response to TGF-β1. 
This potential control is further highlighted by the 
transient nature of EGFR phosphorylation compared 
to the phosphorylation of Smad2. Other studies have 
demonstrated that the Y845 is the src kinase target 
residue in human endothelial cells and therefore 
implicates a src member in EGFR transactivation. 
Recently this Src has been identified as pp60c-src12,14 
as TGF-β failed to stimulate expression of PAI-1 in 
mouse embryonic fibroblasts deficient in src family 
kinases but PAI-1 could be restored when the cells 
where engineered to re-express pp60c-src12 (Fig. 1).

Abnormal expression of PAI-1 has been associated 
with a number of conditions and the understanding 
of the specific controls of PAI-1 transcription is 
therefore important. The paper therefore by Higgins 
et al6 confirms that human epithelial and endothelial 
cells require TGF-β to transactivate EGFR and the 
MEK-ERK signalling pathways for PAI-1 expression 
and these pathways may allow new novel therapeutic 
targets to be considered.

http://www.la-press.com


A commentary on “TGF-β1-induced expression of the anti-apoptotic PAI-1

Cell Communication Insights 2009:2 15

publish with Libertas Academica and 
every scientist working in your field can 

read your article 

“I would like to say that this is the most author-friendly 
editing process I have experienced in over 150 

publications. Thank you most sincerely.”

“The communication between your staff and me has 
been terrific.  Whenever progress is made with the 
manuscript, I receive notice.  Quite honestly, I’ve 
never had such complete communication with a 

journal.”

“LA is different, and hopefully represents a kind of 
scientific publication machinery that removes the 

hurdles from free flow of scientific thought.”

Your paper will be:
• Available to your entire community 

free of charge
• Fairly and quickly peer reviewed
• yours!  you retain copyright

http://www.la-press.com

Disclosures
The authors report no conflicts of interest.

References
 1. Dellas C, Loskutoff DJ. Historical analysis of PAI-1 from its discovery to 

its potential role in cell motility and disease. Thromb Haemost. 2005;93: 
631–40.

 2. Durand MK, Bødker JS, Christensen A, et al. Plasminogen activator 
inhibitor-1 and tumour growth, invasion, and metastasis. Thromb Haemost. 
2004;91:438–49.

 3. Di Filippo C, Falsetto A, DePascale V, et al. Plasma levels of t-PA and 
PAI-1 correlate with the formation of experimental post-surgical peritoneal 
adhesions. Mediators Inflamm. 2006;(4):1390.

 4. Goumans MJ, Valdimarsdottir G, Itoh S, Rosendahl A, Sideras P, 
ten Dijke P. Balancing the activation state of the endothelium via two 
distinct TGF-β type I receptors. EMBO J. 2002;21:1743–53.

 5. Vinals F, Pouyssegur J. Transforming growth factor β1 (TGF-β1) promotes 
endothelial cell survival during angiogenesis via an autocrine mechanism 
implicating TGF-α signalling. Mol Cell Biology. 2001;21:7218–30.

 6. Higgins SP, Samarakoon R, Higgins CE, Freytag J, Wilkins-Port CE, 
Higgins PJ. TGF-β1-induced expression of the anti-apoptotic PAI-1 protein 
requires EGFR signalling. Cell Communications Insights. 2009;2:1–11.

 7. Daub H, Weiss FU, Wallasch C, Ullrich A. Role of transactivation of 
the EGF receptor in signalling by G-protein-coupled receptors. Nature. 
1996;379:557–60.

 8. Romer MU, Larsen L, Offenberg H, Brunner N, Lademann UA. Plasminogen 
activator inhibitor 1 protects fibrosarcoma cells from atoposide-induced 
apoptosis through activation of the PI3K/AKT cell survival. Neoplasia. 
2008;10:1083–91.

 9. Lademann UA, Romer MU. Regulation of programmed cell death 
by plasminogen activator inhibitor type 1 (PAI-1) Thromb Haemost. 
2008;100:1041–6.

10. Schneider DJ, Chen Y, Sobel BE. The effect of plasminogen activator 
inhibitor type 1 on apoptosis. Thromb Haemost. 2008;100:1037–40.

11. Bajou K, Peng H, Laug WE, et al. Plasminogen activator inhibitor-1 
protects endothelial cells from FasL-mediated apoptosis. Cancer Cell. 
2008;14:324–34.

12. Samarakoon R, Higgins SP, Higgins CE, Higgins PJ. TGF-B1- induced 
plasminogen activator inhibitor-1 expression in vascular smooth muscle 
cells requires pp60c-src/EGFRY845 and Rho/ROCK signalling. J Mol Cell 
Cardiology. 2008;44:527–38.

13. Kutz SM, Higgins CE, Samarakoon R, et al. TGF-beta1 induced PAI-1 
expression is E box/USF- dependent and requires EGFR signalling. Exp 
Cell Res. 2006;312:1093–105.

14. Samarakoon R, Higgins CE, Higgins SP, Higgins PJ. Differential requirement 
for MEK/ERK and SMAD signalling in PAI-1 and CTGF expression in 
response to microtubule disruption. Cell Signal. 2009;21:986–95.

TGFβRII

Plasma membrane

Nuclear membrane

Smad
2/3

Smad
4

EGFR

PAI-1

P

PP

Src

ERK

ALK5

Figure 1. Diagrammatic representation of TGF-β1 induced PAI-1 expression.
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