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Fig. 1. Endothelial-to-mesen-
chymal transition (EndMT). Bio-
mechanical or biochemical injury 
to the lumenal endothelial cells ig-
nites a cascade of TGF-β signaling, 
instigating maladaptive EndMT tran-
sition of these vascular cells to prolif-
erative smooth muscle–like cells within 
the neointima. The formation of neointimal 
hyperplasia contributes to the pathogenesis 
of cardiovascular disease by narrowing the di-
ameter of native or grafted arterial or venous 
vessels. Therapeutic targeting of the TGF-β
signaling prevented aberrant transition of the 
stressed lumenal endothelial cells into nonvas-
cular entities, sustaining their vascular cell fate 
and shielding them against the emergence of 
pathological neointimal hyperplasia (3). 

insight into the cellular processes at play af-
ter coronary bypass may lead to pharmaco-
logical interventions that improve long-term 
function of the graf .

In their study, Cooley et al. used lin-
eage tracking to identify the cellular origin 
of neointimas that undermine coronary 
bypass longevity. By specif cally labeling 
endothelial cells in donor mice and then 
graf ing veins to arteries of unlabeled re-
cipient mice, the authors showed that endo-
thelial derivatives made up the majority of 
the neointima. T ey also demonstrated that 
neointimal thickness was reduced in the 
context of TGF-β signaling inhibition. Ac-
tivation of TGF-β signaling in endothelial 
cells within the graf  promoted EndMT via 
signaling ef ectors Smad2/3 and the down-
stream transcriptional ef ector Slug (Fig. 1). 
In this way, they not only identif ed endo-
thelium as the cell of origin for neointima, 
they also def ned a signaling mechanism 
that mediates cellular transition.

T is study is an important milestone in 
the understanding and application of surgi-

cal interventions for car-
diovascular disease and 
raises questions as to the 
etiology of neointimal hy-
perplasia in other contexts 

(3). Specif cally, patients 
undergoing percutaneous an-

giography of en exhibit massive neointima 
formation that ultimately requires coronary 
bypass graf ing. In these patients, mechani-
cal disruption of lumenal endothelium may 
induce inf ammatory processes that result 
in EndMT. Hence, these “noninvasive” pro-
cedures must balance ef ective clearance of 
atherosclerotic plaques with minimal dis-
ruption of lumenal endothelium and may 
be improved by inhibiting TGF-β.

T e phenomenon of EndMT also has 
broad implications in the appreciation of 
f brotic processes of organs other than the 
heart. Endothelial cells provide paracrine 
cues, known as instructive angiocrine sig-
nals, that are essential for tissue homeosta-
sis and organ regeneration (8). Considering 
the extent to which EndMT accounts for ex-
pansion of neointima, it is also possible that 
this phenomenon contributes to f brotic le-
sions downstream of organ/tissue damage 
and wound healing. Indeed, EndMT may 
undermine organ function not only via re-
duced vascular perfusion but also by shif -
ing of a constructive endothelial angiocrine 
signaling milieu to a maladaptive paracrine 
prof le provided by mesenchymal cells and 
their derivatives. T us, EndMT has broader 
implications for organ failure and wound 
healing and may be an important thera-
peutic target for regenerative medicine ap-
proaches.

One unresolved issue in the study by 
Cooley et al. (3) is that it is unclear whether 
the lumenal endothelial cells that undergo 

EndMT completely lose the vas-
cular cell fate to acquire true peri-
vascular smooth muscle or mesen-
chymal cell fate. Going by the data 
provided, it seems that the cells 
undergoing EndMT may have the 
molecular signatures of interme-
diate cells, with both vascular and 
mesenchymal cell prof les. Wheth-
er over time microenvironmental 
cues and specif c induction of par-
ticular transcription factors con-
solidate mesenchymal cell fate and 
completely erase vascular identity 
is not known and will require fur-
ther investigation.

CLINICAL APPLICATIONS
Toward translation, Cooley and colleagues 
examined transplanted vessels from patients 
af er graf  failure. In the case of early graf  
failure, transitional cells that expressed both 
endothelial and smooth muscle markers 
were present in the intimal space, whereas 
graf s that failed at later stages showed neo-
intimal thickening but absence of endo-
thelial markers in the perivascular region. 
Previous studies have pointed toward the 
transdif erentiation of endothelial cells to 
mesenchymal derivatives and identif ed 
TGF-β signaling as an inductive inf uence 
underlying this transition; however, no 
group, to our knowledge, has examined the 
role of EndMT in human pathology. T e 
experiments by Cooley et al. corroborated 
EndMT f ndings in the mouse graf  model 
and af  rmed that EndMT underlies the 
neointimal thickening af er human coro-
nary bypass graf s.

Furthermore, by looking at the EndMT 
mechanism in vivo in mice, the authors for-
mulated a promising therapeutic strategy for 
mitigating restenosis of human graf s (Fig. 
1). Specif c deletion of Smad3 in the graf  
or immersion in TGF-β1 neutralizing an-
tibody signif cantly reduced the degree of 
neointimal thickening af er interpositional 
transplant (3). On the basis of these data, it 
is conceivable that administration of anti-
bodies or small-molecule inhibitors of the 
TGF-β signaling pathway may reduce or 
prevent restenosis of coronary bypass graf s. 
Indeed, combination of commonly used pro-
cedures—including traditional coronary by-
pass surgery with percutaneous angiography 
and drug- or antibody-eluting stents—may 
be a practical and ef ective means of increas-
ing the longevity of graf s in patients with 
coronary or peripheral vascular disease.
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