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The accumulation of a large number of myofibroblasts is responsible for exaggerated and uncontrolled production of extracellular matrix during the
development and progression of pathological fibrosis. Myofibroblasts in fibrotic tissues are derived from
at least three sources: expansion and activation of
resident tissue fibroblasts, transition of epithelial
cells into mesenchymal cells (epithelial-mesenchymal transition, EMT), and tissue migration of bone
marrow– derived circulating fibrocytes. Recently, endothelial to mesenchymal transition (EndoMT), a
newly recognized type of cellular transdifferentiation, has emerged as another possible source of tissue
myofibroblasts. EndoMT is a complex biological process in which endothelial cells lose their specific
markers and acquire a mesenchymal or myofibroblastic phenotype and express mesenchymal cell
products such as ␣ smooth muscle actin (␣-SMA) and
type I collagen. Similar to EMT, EndoMT can be induced by transforming growth factor (TGF-␤). Recent
studies using cell-lineage analysis have demonstrated
that EndoMT may be an important mechanism in the
pathogenesis of pulmonary, cardiac, and kidney fibrosis, and may represent a novel therapeutic target
for fibrotic disorders. (Am J Pathol 2011, 179:1074 –1080;
DOI: 10.1016/j.ajpath.2011.06.001)

lar matrix in affected tissues. Elevated expression of
genes encoding matrix proteins is a common and characteristic feature of these conditions, and the resulting
fibrosis disrupts the normal architecture of the affected
organs, ultimately leading to their dysfunction and failure.11–13 Indeed, it is the persistent activation of fibroblastic cells regarding the production of extracellular matrix macromolecules that distinguishes controlled repair
such as that occurring during normal wound healing from
the uncontrolled fibrosis that is the hallmark of fibrotic
diseases. Because fibrotic diseases affect a wide
spectrum of organs and a large number of individuals,
their devastating effects cause an enormous burden on
health resources, with severe economic consequences. The usually progressive nature of these diseases and the current absence of effective treatment
compound the seriousness of the problem.
Although the etiology of the fibrotic disorders is quite
diverse, and their pathogenesis is variable and dependent on the causative agent or initiating event, a common
feature is the presence in affected tissues of large numbers of activated fibroblasts or myofibroblasts. These
cells play a prominent role in the fibrotic process and
display unique biological functions, including increased
production of fibrillar type I and type III collagens, initiation of expression of ␣-smooth muscle actin (␣-SMA), a
molecular marker of activated myofibroblasts, and reduction in the expression of genes encoding extracellular
matrix– degradative enzymes.14 –17 Regardless of the etiological event, the accumulation of activated fibroblasts
(myofibroblasts) in affected tissues and the persistence
of their elevated biosynthetic functions are crucial deterSupported by National Institutes of Health grant 5 R01 AR19616 to S.A.J.

The fibrotic diseases encompass a wide spectrum of
clinical entities including multisystemic diseases such as
systemic sclerosis,1,2 multifocal fibrosclerosis,3,4 sclerodermatous graft versus host disease in bone marrow
transplant recipients,5 and the recently recognized nephrogenic systemic fibrosis,6,7 as well as organ-specific
disorders such as pulmonary, liver, and kidney fibrosis.8 –10 Although their etiology and causative mechanisms are vastly different, they share the common feature
of disordered and exaggerated deposition of extracellu-
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minants of the extent and rate of progression of the fibrotic diseases, and of their clinical course, response to
therapy, prognosis, and mortality.
The origins of the mesenchymal cells responsible for
the exaggerated and uncontrolled production of collagen
and other extracellular matrix proteins in the fibrotic disorders have not been completely elucidated. Extensive
research studies have shown that these cells originate
from several sources, including expansion of resident
tissue fibroblasts, migration and tissue accumulation of
bone marrow– derived circulating fibrocytes, or from epithelial cells that have undergone epithelial to mesenchymal transition (EMT). More recent studies, however, have
demonstrated that endothelial cells are also capable
of undergoing endothelial to mesenchymal transition
(EndoMT) and that this transition might be an important
source of the mesenchymal cells participating in the fibrotic process. Here, the experimental evidence supporting the role of EndoMT in the pathogenesis of fibrotic
disorders will be reviewed.

Origin of Activated Fibroblasts/Myofibroblasts
in Fibrotic Tissues
The origins of activated fibroblasts in tissues affected by
a fibrotic process are diverse and may differ depending
on the affected organ and the initiating event. There are
three general mechanisms responsible for the tissue accumulation of activated fibroblasts. i) Proliferation and
activation of tissue resident fibroblasts or perivascular
and vascular adventitial fibroblasts in response to specific profibrotic cues originating from infiltrating inflammatory cells leading to a progressive evolution from quiescent fibroblasts to cells expressing a myofibroblast
phenotype.18 ii) Recruitment of fibroblast precursor cells
from bone marrow as a result of the local release of
activated chemokines. These bone marrow precursor
cells are fibrocytes, a unique cell population expressing
bone marrow cellular surface markers (CD34 protein)
and capable of production of fibroblastic proteins (type I
procollagen). These cells possess the ability to migrate
from the bloodstream in response to specific chemokine
gradients and localize in tissues undergoing pathological
fibrogenesis.19,20 iii) Transformation of epithelial cells to
myofibroblasts, a process known as EMT, which is induced by transforming growth factor ␤ (TGF-␤) and perhaps other polypeptides such as endothelin-1 (ET-1) or
insulin growth factor.21–23 Such EMT has been shown to
occur in the course of renal fibrosis, pulmonary fibrosis,
and liver fibrosis.24 –27

Endothelial-Mesenchymal Transition: A
Recently Identified Source of Activated
Mesenchymal Cells
Recently, EndoMT, another type of cellular transition, has
emerged as a possible mechanism in pathological fibrosis. EndoMT is a complex biological process in which
endothelial cells lose their specific endothelial cell mark-

Figure 1. Schematic illustration of the process of EndoMT in tissue fibrosis.
TGF-␤ secreted by tissue-infiltrating chronic inflammatory cells such as macrophages and lymphocytes initiates the transition of endothelial cells into
myofibroblasts. These mesenchymal cells of endothelial origin migrate into
the interstitium and participate in tissue fibrosis.

ers, such as vascular endothelial cadherin (VE cadherin),
and acquire a mesenchymal or myofibroblastic phenotype initiating expression of mesenchymal cell products
such as ␣-SMA, vimentin, and type I collagen. Besides
acquisition of an activated pro-fibrogenic phenotype,
these cells also become motile and are capable of migrating into surrounding tissues. Similar to EMT, EndoMT
can be induced by TGF-␤ as illustrated in Figure 1.
Although in the past EndoMT was believed to be a rare
phenomenon confined to embryonic development, its occurrence in the adult vasculature was demonstrated in
mature bovine vascular endothelium.28 These studies
showed that adult bovine endothelial cells with an endothelial-specific phenotype could differentiate into smooth
muscle cells. Initiation of transdifferentiation correlated
with the disruption of cell– cell contacts and was induced
by TGF-␤1. Thus, these pioneering studies showed that
mature bovine large vessel endothelial cells were able to
acquire a smooth muscle or myofibroblastic phenotype
via a transdifferentiation process initiated and driven by
TGF-␤1. Following these early studies, extensive experimental efforts were devoted to examine whether, in similarity with the participation of EMT in the pathogenesis of
tissue fibrosis, EndoMT may also play a role in pathological organ fibrosis. These studies took advantage of the
development of transgenic mice strains that allow endothelial cell lineage analysis based on the expression of
microscopically detectable cell markers under the control
of endothelial cell–specific gene promoters using the
Cre-LoxP recombination system as shown in Figure 2. As
described in greater detail below, endothelial cell lineage
analyses during the development of experimentally induced tissue fibrosis have demonstrated the participation of EndoMT in the pathogenesis of interstitial fibrotic
processes in various organs.

EndoMT in Cardiac Fibrosis
In a landmark study published in 2007, Zeisberg and
collaborators29 examined the role of EndoMT in the de-
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Figure 2. Endothelial cell lineage analysis in transgenic mice. The Tie 1
promoter is specific for endothelial cells and drives expression of the Cre
recombinase exclusively in endothelial cells and any endothelial lineage
cells. The Rosa 26 reporter construct drives expression of a marker (in this
illustration, LacZ) and contains two LoxP sites bracketing a stop codon.
When Tie 1-Cre mice are crossed with Rosa 26 mice, the Cre recombinase
exclusively expressed in endothelial cells and all cells of endothelial lineage
will cause excision and deletion of the stop codon bracketed by the LoxP
sites in the Rosa26 mice. As a result, all cells from endothelial origin will
become labeled with the LacZ marker (blue).

velopment of experimentally induced cardiac fibrosis. For
this purpose, they used two strains of transgenic mice.
One of these strains consisted of mice in which the endothelial cell–specific promoter Tie 1, encoding a tyrosine kinase receptor that is exclusively expressed in
endothelial cells, is used to mark irrevocably endothelial
cells with the lacZ marker. The second strain consisted of
FSP1-GFP transgenic mice in which green fluorescent
protein is expressed under control of the promoter for the
fibroblast-specific protein FSP1. Cardiac fibrosis was induced in these mice either by aortic banding or by heterotopic cardiac allograft rejection. In addition, in vitro
studies were performed in human coronary artery endothelial cells. In these studies, the authors conclusively
demonstrated that cardiac fibrosis is associated with the
emergence of fibroblasts originating from endothelial
cells. Furthermore, they showed that TGF-␤1 induced
endothelial cells to undergo EndoMT since there was a
significant reduction in EndoMT-derived mesenchymal
cells in aortic banded Smad3⫹/⫺ transgenic mice in
which the TGF-␤ response is blunted due to the deficiency of Smad3. They also showed that recombinant
human bone morphogenic protein 7, a TGF-␤ antagonistic protein, allowed preservation of the endothelial cell
phenotype, and that its systemic administration significantly inhibited EndoMT and the progression of cardiac
fibrosis in mouse models of pressure overload and
chronic allograft rejection. These studies showed that
from 27% to 35% of fibroblasts present in the fibrotic
myocardium of mice with aortic banding originated from
endothelial cells.
Goumans et al30 recently reviewed the role that TGF-␤
plays in cardiac fibrosis and emphasized the important
role of the growth factor in mediating EndoMT. The authors noted that the generation of mesenchymal cells
from endothelial cells by this process appears to recapitulate the transdifferentiation of endothelial cells that
leads to the formation of cardiac valves during embryonic
development. They also pointed out that in cardiac fibro-

sis, EndoMT represents the most important contributor to
the generation of fibrotic tissue, and they suggested that
EndoMT may act as a profibrotic switch in cardiac fibrosis as well as in other fibrotic disorders and that this
process may represent a novel target for the prevention
of tissue fibrosis.
In another study, Widyantoro et al31 showed that endothelial cell– derived ET-1 promotes cardiac fibrosis in
diabetic hearts through stimulation of EndoMT. Streptozotocin-induced diabetes mellitus resulted in increased
cardiac ET-1 expression, and it was shown that the elevated ET-1 levels promoted severe cardiac fibrosis and
heart failure through the accumulation of fibroblasts via
EndoMT. All of these features were abolished in hearts
from transgenic mice with endothelial cell–specific ET-1
deletion. Other studies showed that small-interfering
RNA–targeted ET-1 gene silencing in cultured human
endothelial cells ameliorated the high glucose–induced
phenotypic transition of endothelial cells and their subsequent acquisition of a fibroblast phenotype through the
inhibition of TGF-␤ signaling. These results provide
strong evidence that diabetes mellitus–induced cardiac
fibrosis is associated with the emergence of fibroblasts
originating from EndoMT and that this process is initiated
and/or stimulated by ET-1. These results further suggested that targeting EndoMT induced by endothelial
cell– derived ET-1 might be beneficial in the prevention of
diabetic cardiomyopathy.

EndoMT in Kidney Fibrosis
The transition of renal epithelial cells into myofibroblasts
in renal fibrosis has been intensively investigated, and
numerous studies have demonstrated the contribution of
EMT to the pool of activated fibroblasts responsible for
interstitial kidney fibrosis in several experimental models
as well as in some human diseases15,25,27 although
some recent studies have raised doubts about the
occurrence of this process in vivo.32 Recently, EndoMT
has emerged as another potentially important mechanism in the development and progression of pathological kidney fibrosis. In 2008, Zeisberg et al33 demonstrated that EndoMT contributes to the accumulation of
activated fibroblasts and myofibroblasts in fibrotic kidneys. These authors examined the contribution of EndoMT in three mouse models of chronic kidney disease:
unilateral ureteral obstructive nephropathy, streptozotocin-induced diabetic nephropathy, and a model of Alport
renal disease. The transition of endothelial cells to activated fibroblasts or myofibroblasts was assessed by the
expression of FSP-1 and ␣-SMA in cells carrying the
endothelial lineage–specific cell surface marker CD-31.
Approximately 30% to 50% of fibroblasts in the fibrotic
kidneys were found to co-express the endothelial marker
CD31 along with FSP-1–specific and ␣-SMA–specific
markers of fibroblasts and myofibroblasts, respectively.
Endothelial lineage tracing further demonstrated that EndoMT was an important mechanism contributing to the
accumulation of activated fibroblasts and myofibroblasts
in kidney fibrosis.

EndoMT in Fibrotic Diseases 1077
AJP September 2011, Vol. 179, No. 3

Figure 3. Demonstration of endothelial cell– derived fibroblasts in fibroblast cultures established from lung parenchyma of mice with bleomycin-induced pulmonary fibrosis.
Fibroblast cultures were established from lungs from mice
injected intratrachealy with either normal saline or bleomycin. When the cultures reached confluency, they were
stained with X-Gal to identify the cells from endothelial
lineage. Note the absence of X-Gal–staining cells in the
cultures from saline-injected control mice (A) in contrast
with the marked abundance of X-Gal–staining fibroblasts in
the cultures from bleomycin-injected mice (B). The inset in
A shows the percentage of X-Gal–positive cells in four separate samples of cultured fibroblasts from saline-injected
mice (SLF) compared to eight separate samples of fibroblasts
cultured from bleomycin-injected mice (BLF). *P ⬍ 0.05.
C and D show sequential staining of a fibroblast culture from
bleomycin-injected mice with X-Gal (C) followed by immunocytochemistry for the mesenchymal cell markers type I
collagen (red) and ␣- SMA (green). The arrows indicate
cells positive for X-Gal, type I collagen, and ␣-SMA, whereas
the arrowheads indicate cells positive for X-Gal and type
I collagen. Reproduced from Hashimoto et al.36 with
permission.

Several other studies have confirmed the occurrence
of EndoMT in various animal models of kidney fibrosis.
For example, a recent study by Li et al34 demonstrated
that EndoMT contributes to the early development of renal interstitial fibrosis in streptozotocin-induced diabetic
mice independently of microalbuminuria. Subsequently,
the same investigators35 examined whether blockade
of EndoMT would reduce the early development of
streptozotocin-induced diabetic nephropathy. In this
latter study, EndoMT was induced in a mouse pancreatic microvascular endothelial cell line in the presence of
advanced glycation end-products and in an endothelial
lineage–traceable mouse line by administration of advanced glycation end-products. Activation of the TGF-␤
pathway was assessed by study of phosphorylated
Smad3 and TGF-␤ blocking studies used a specific inhibitor of Smad3 (SIS3). These results demonstrated that
advanced glycation end-products induced EndoMT in
the microvascular endothelial cells in vitro and in the
transgenic mice in vivo and that this process was mediated by Smad3 activation. TGF-␤ pathway inhibition with
SIS3 abrogated EndoMT, reduced renal fibrosis, and retarded progression of nephropathy. These results confirmed that EndoMT is a novel pathway leading to fibrotic
development in diabetic nephropathy and suggested
that blockade of EndoMT using inhibitors of the TGF-␤
pathway, such as, for example, the specific Smad3 inhibitor SIS3, may provide a new strategy to retard the
progression of diabetic nephropathy and other fibrotic
processes.

EndoMT in Experimentally Induced
Pulmonary Fibrosis
Hashimoto et al36 performed studies to evaluate whether
endothelial cells could represent a source of interstitial

fibroblasts involved in the development of pulmonary fibrosis. They examined bleomycin-induced lung fibrosis
in double-transgenic mice in which LacZ was stably expressed in endothelial cells and in any cells originated
from an endothelial cell lineage. Morphological evaluation of lungs from the transgenic mice following endotracheal injection of bleomycin showed severe pulmonary
fibrosis with the areas of fibrotic involvement containing
large numbers of LacZ-positive fibroblasts indicative of
their endothelial origin. To directly demonstrate the presence of endothelial cell– derived fibroblasts, lung fibroblasts from either saline-injected control mice or from
mice that received bleomycin injections were isolated
and cultured. LacZ detection revealed that approximately
16% of lung fibroblasts in the cultures from bleomycintreated mice were endothelial cell derived. Immunocytochemical staining for type I collagen and ␣-SMA showed
that some cells from the bleomycin-treated mice expressed LacZ, type I collagen, and ␣-SMA, conclusively
demonstrating that they originated from endothelial cells
(Figure 3). To explore the underlying mechanisms, the
effects of activated Ras and TGF-␤ on a microvascular
endothelial cell line were analyzed. Combined treatment
with activated Ras and TGF-␤ caused a significant loss of
endothelial-specific markers while inducing strong de
novo mesenchymal phenotypes with a 20-fold increase in
fibronectin expression and a 10-fold increase in collagen
I expression. The altered expression of these markers in
the microvascular endothelial cells with activated Ras
persisted after withdrawal of TGF-␤ both in vitro and in
vivo, indicative that the phenotypic change was a permanently acquired trait and was not reversible. These findings conclusively showed that lung endothelial cells
could give rise to significant numbers of activated fibroblasts through EndoMT in the bleomycin-induced lung
fibrosis model.
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EndoMT in Other Fibrotic Diseases
Idiopathic portal hypertension is a noncirrhotic presinuosidal portal hypertension disorder of unknown etiology.
Histopathologically, idiopathic portal hypertension is
characterized by fibrotic narrowing of smaller portal veins
with prominent portal fibrosis. In a recent study, the possibility that EndoMT of portal vein endothelium via TGF␤/Smad activation may also be involved in portal venopathy was examined.37 The results showed enhanced
expression of phosphorylated Smad2 (pSmad2) in venous endothelium of smaller portal veins in idiopathic
portal hypertension, which was associated with colocalization of either the endothelial cell marker CD34 and the
fibroblast protein product, S100A4 or of CD34 and type I
collagen. The authors concluded that such conversion of
portal vein endothelial cells into cells expressing a myofibroblastic phenotype may be responsible for exaggerated periportal-venous deposition of collagen and other
fibrous tissue proteins, and may cause portal venous
obliteration in idiopathic portal hypertension.

Molecular Mechanisms of EndoMT
In contrast to the extensive studies focused on the molecular mechanisms of EMT, there is a paucity of information regarding EndoMT, and few studies have examined the intimate mechanisms involved in the EndoMT
process. A recent study examined the in vitro conversion
of endothelial cells derived from mouse embryonic stem
cells into mural mesenchymal cells under the influence of
TGF-␤2.38 These studies demonstrated that TGF-␤2
treatment of the endothelial cells induced their expression of mesenchymal cell markers, including ␣-SMA,
transgrelin, and calponin, and reduced the expression of
the endothelial cell marker claudin 5. The crucial role of
TGF-␤2 in this process was confirmed using a TGF-␤
receptor kinase inhibitor that inhibits activated TGF-␤.
Subsequent studies concluded that Snail1, a zinc finger–
containing transcription factor that has been implicated in
EMT, also mediates the actions of endogenous TGF-␤
signals that induce EndoMT.38 In a related study, it was
shown that human dermal microvascular endothelial
cells treated with TGF-␤2 were capable of undergoing
EndoMT with the appearance of mesenchymal cells also
coexpressing endothelial cell–specific markers. Subsequent characterization of these mesenchymal cells indicated that they displayed markers of multipotential stem
cells including STRO-1 and were capable of undergoing
subsequent differentiation into osteoblasts, chondrocytes, and adipocytes under appropriate in vitro culture
conditions.39
The source or sources of TGF-␤ and related proteins
capable of initiating the EndoMT process have not been
studied. Several possible sources could be proposed,
including circulating inflammatory cells attaching to the
endothelium or penetrating into the subendothelial
space, other inflammatory cells present in the perivascular milieu, or latent TGF-␤ molecules produced by other
mesenchymal cells that are sequestered in the extracel-

lular matrix of the subendothelial or perivascular connective tissue.
We recently examined the mechanisms involved in the
induction of EndoMT by TGF-␤ in primary cultures of
murine pulmonary endothelial cells. Our studies also
examined the intracellular transduction pathways involved in this process.40 We confirmed the occurrence of
EndoMT following TGF-␤1 treatment and demonstrated
that the downstream signaling pathway initiated by
TGF-␤1 resulted in strong up-regulation of the transcriptional repressor Snail1. This effect appeared to be quite
specific since transcript and protein levels of Snail2, the
other member of this family of transcription factors, were
not affected. Snail1 causes potent inhibition of E-cadherin gene transcription in cultured cells41 and plays an
important role in the process of EMT.42,43 Our observations that TGF-␤1 also induced Snail1 expression in
pulmonary endothelial cells confirm previous EMT
studies44 and indicate that EndoMT and EMT share
similar molecular mechanisms.
The intracellular signaling studies we performed
showed that TGF-␤1–induced EndoMT occurred independently of Smad2/3 activation and represented, therefore, a non-Smad pathway of TGF-␤ signaling. Furthermore, we demonstrated that this non-Smad pathway
involves the participation of important kinases, including
the c-Abl protein kinase (c-Abl), protein kinase C␦ (PKC␦), and glycogen synthase kinase 3␤ (GSK-3␤). Our observations of the crucial role of GSK-3␤ are in agreement
with recent studies on the regulatory mechanisms of EMT
demonstrating that phosphorylation of specific serine

Figure 4. Schematic diagram showing the putative TGF-␤ signaling pathways involved in EndoMT in pulmonary endothelial cells. Following ligandinitiated activation of the Smad-independent TGF-␤ pathway, there is phosphorylation of GSK-3␤ mediated by PKC-␦ and the cAbl nonreceptor kinase.
Phosphorylation of GSK-3␤ at serine 9 (ser9) causes its inhibition, which then
allows Snail1 to enter the nucleus. Nuclear accumulation of Snail1 results in
marked stimulation of Snail1 expression, which then leads to acquisition of
the myofibroblast phenotype with stimulation of ␣-SMA. The inhibition of
GSK-3 ser9 phosphorylation by specific inhibition of PKC-␦ with rottlerin, or
the specific inhibition of c-Abl activity with imatinib, allows GSK-3␤ to
phosphorylate Snail1, targeting it for proteosomal degradation and thus,
effectively abolishes the acquisition of the myofibroblastic phenotype and
the fibrotic response. Modified from Li and Jimenez.40
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residues in GSK-3␤ can result in inactivation of the
kinase, which in turn induces the nuclear accumulation
of Snail1. The nuclear accumulation of Snail1 results in a
profound increase in the expression of its corresponding
gene and, at the same time, in stabilization of the protein.45,46 These events result in a marked increase in the
transcriptional effects of Snail1 and eventually in the expression of mesenchymal cell–specific proteins such as
␣-SMA. In contrast, in the absence of GSK-3␤ phosphorylation, the GSK-3␤ kinase is active and induces the
proteosomal degradation of Snail1, thus abrogating endothelial cell transition into a mesenchymal phenotype.
Figure 4 illustrates the TGF-␤–activated pathways that
are involved in EndoMT in murine pulmonary endothelial
cells, emphasizing the pathway that involves the phosphorylation of GSK-3␤ mediated by PKC␦ and cAbl. Of
substantial importance is our observation that the inhibition of GSK-3␤ phosphorylation by specific inhibition of
PKC-␦ with rottlerin or the specific inhibition of c-Abl
activity with imatinib effectively abolished the acquisition
of the myofibroblastic phenotype, and therefore, it is expected that these interventions may cause a potent abrogation of the fibrotic response initiated by the EndoMT
process. Although rottlerin is not a specific inhibitor of
PKC-␦, the level of specificity for PKC-␦ inhibition at the
concentrations used in this study is very high. Furthermore, the role of PKC-␦ was confirmed using specific
PKC-␦ small-interfering RNA.40

Concluding Remarks
The studies reviewed here provide strong evidence for
the prominent participation of EndoMT in the generation
of activated myofibroblasts during the development of
tissue fibrosis in a wide spectrum of fibrotic diseases.
However, it is essential to point out that all these studies
except for the study on idiopathic portal hypertension37
describe results from animal models. Thus, the results
discussed in this review will need to be further validated
in other human clinical pathological conditions. Furthermore, the studies discussed in the review used cell lineage analysis that was based on the assumption that
gene expression directed by the Tie-2 promoter is highly
specific for endothelial cells and should not occur in any
other cell type. Thus, some caution is necessary for interpretation of the results in the unlikely circumstance that
Tie-2 expression proves to occur in other cell types besides endothelial cells. The studies reviewed here further
suggest that a greater understanding of the molecular
mechanisms involved in the EndoMT process and the
subsequent pharmacological blockade of this pathway in
fibrotic disorders40 may represent a novel therapeutic
approach for these devastating diseases. The feasibility
of this approach has recently been supported by the
demonstration that pharmacological inhibition of c-Abl
kinase and protein kinase C delta, two kinases intimately
involved in the EndoMT process, resulted in abrogation of
EndoMT in vitro.40

Future Directions
The participation of EndoMT in the pathogenesis of various fibrotic disorders requires confirmation and validation from further studies of human clinical pathological
conditions. Such confirmation should lead to a change in
the paradigm of the origin of cells involved in the fibrotic
process. Furthermore, identification of the source or
sources of TGF-␤ and other active ligands that are capable of initiating the EndoMT process should also be of
great value to provide cellular targets amenable of therapeutic interventions. Future efforts should also be devoted to further understanding of the molecular mechanisms and the regulatory controls involved in this
process. These efforts would eventually lead to the development of novel therapeutic approaches for these incurable and often devastating disorders.
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