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ABSTRACT
Fibrosis, the deadly pathological manifestation of an abnormal tissue remodeling in any organ due to excessive collagen deposition, is
associatedwith awide variety of organ failure-related human diseases. Chronic stress or repeated injury in a particular organ induces abnormal
molecular signals that lead to super-activation of matrix protein producing fibroblasts, excessive matrix proteins accumulation, loss of
physiological tissue architecture or elasticity, and ultimately leading to organ failure. There is no effective therapy for fibrosis. Factor
acetyltransferase p300 (FATp300), amajor epigenetic regulator that acetylates specific lysines in histones and transcription factors, is essential
for elevated collagen synthesis and the levels of FATp300 are significantly elevated in different fibrotic tissues. Pharmacological inhibition of
FAT activity of p300 is associated with decreased collagen synthesis by fibroblasts in tissues and amelioration of organ fibrosis. Therefore,
FAT-free p300 is superior for physiological tissue repair and must be exploited as a viable therapeutic target against multi-organ fibrosis.
J. Cell. Biochem. 115: 1486–1489, 2014. © 2014 Wiley Periodicals, Inc.
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Healthy tissue architecture and function in every organ is
largely controlled by extracellular matrix composed of

different matrix proteins like collagens. However, unnecessary
synthesis and deposition of matrix proteins by hyperactive
fibroblasts in injured or harassed tissues lead to the development
of fibrosis—the major cause of organ failure-related mortality in
humans [Hayden, 2011]. Although there have been great strides in
advancing fibrosis research in the past several decades, there has yet
to be an effective and safe therapy, underlining the urgency to
illuminate novel targets and subsequently develop anti-fibrotic
therapeutics.

Numerous studies over decades explicitly establish the pivotal
role of transforming growth factor-beta (TGF-b) during physiologi-
cal wound healing as well as pathologicalfibrogenesis in heart, lung,
kidney, liver, skin, and bone marrow [Border and Noble, 1994].
However, systemic blocking of TGF-b signaling as a therapeutic
approach for fibrosis is uncertain because TGF-b also controls
cellular growth, tumorigenesis as well as immunity [Wahl, 1994].
Therefore, targeting extreme downstream factor(s) essential for
amplification of profibrotic signaling in hyperactive fibroblasts to
normalize matrix protein synthesis will be a viable approach to
control fibrogenesis. In the late 1990s, several studies recognized the
significance of epigenetics, a method of alteration of gene
expression without affecting DNA sequences, in initiation and
progression of different human diseases [Arrowsmith et al., 2012],

and became a hot topic of biomedical research. In order to
understand the epigenetic regulation of fibrogenesis, a novel project
on the role of factor acetyltransferase p300 (FATp300), an epigenetic
regulator, in extracellular matrix protein synthesis was initiated
15 years ago and demonstrated that an elevated level of FATp300 in
fibroblasts leads to an increased synthesis of collagen, the major
extracellular matrix protein in most fibrotic tissues [Ghosh
et al., 2000]. Importantly, FATp300 is essential for sensitizing the
fibroblasts to profibrotic cytokine TGF-b and stimulation of collagen
synthesis via physical and functional interaction with Smad
signaling molecules along with chromatin histone and transcription
factor modification by acetylation in the transcription initiation
complex formed on collagen gene promoter [Ghosh et al., 2000,
2001, 2004, 2009, 2013; Bhattacharyya et al., 2005] (Fig. 1). The
stimulatory effect of FATp300 on collagen synthesis is specific
because first, FATp300 interacting adenovirus E1A protein, but not
E1Amutant which cannot interact with FATp300, completely blocks
elevated collagen synthesis and E1A fails to blunt TGF-b-induced
collagen synthesis in the presence of excess FATp300; second,
FAT-free p300 fails to augment collagen synthesis in response to
profibrotic signal [Ghosh et al., 2000]; and third, profibrotic signal
fails to induce matrix protein synthesis in FATp300-deficient
fibroblasts or FAT inhibitor-treated fibroblasts even in the presence
of FATp300-related CREB-binding protein (CBP) [Ghosh et al., 2000,
2013; Bhattacharyya et al., 2005]. Interestingly, profibrotic signal
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stimulates the expression of FATp300, and increased FAT activity of
p300 acetylates histones on collagen gene promoter to create a
relaxed chromatin suitable for transcription, and thus amplify
profibrotic responses andfibrogenesis [Ghosh et al., 2000, 2009, 2013;
Bhattacharyya et al., 2005]. An increased acetylation of a specific
lysine residue in profibrotic transcription factor by FATp300 and
increased activity of acetylated transcription factor may also
contribute to increased expression of matrix protein collagen.

FATp300 not only augments profibrotic matrix protein synthesis
[Ghosh et al., 2000]; several studies recognized the involvement of
FATp300 in different antifibrotic pathways including antifibrotic
action of IFN-g-activated Stat1a, anti-diabetic drug-activated
PPAR-g, growth regulator p53, dibutyryl-cyclic AMP (Bt2cAMP),
and AMP-activated protein kinase (AMPK) [Ghosh et al., 2001,
2004, 2009; Schiller et al., 2010; Lim et al., 2012]. Interestingly, each
of these antifibrotic agents suppresses profibrotic signal-induced
matrix protein collagen synthesis by a common molecular
mechanism that is via interaction and sequestration of FATp300
from active transcriptional complex formed on collagen gene
promoter and thus decreases lysine acetylation in chromatin
histones and collagen synthesis. However, these cellular repressors
or its agonists fail to prevent induced collagen synthesis in the
presence of excess FATp300 strongly signifying the essential
contribution of FATp300 in elevated matrix protein synthesis
[Ghosh et al., 2000, 2001, 2004, 2009]. In addition, p53 or PPAR-g

deficient fibroblasts produce excessive matrix proteins due to
increased interaction of FATp300 with Smad-containing transcrip-
tional complex [Ghosh et al., 2004, 2008, 2009]. Consistent with
these original observations at the cellular level, recent animal studies
demonstrate that pharmacological inhibition of p53 activity [Dagher
et al., 2012] or p53 gene deficiency [Sutton et al., 2013] is associated
with severe fibrosis in animal models of kidney injury. Similarly,
while PPAR-g-deficiency in fibroblasts is associated with increased
susceptibility to bleomycin-induced murine skin fibrosis [Kapoor
et al., 2009], antidiabetic drug rosiglitazone-activated PPAR-g
prevents bleomycin-induced murine skin fibrosis [Wu et al., 2009]
and angiotensin II-mediated hypertension-induced rat cardiac
fibrosis [Hao et al., 2008]. Collectively, these studies unequivocally
support the original notion [Ghosh et al., 2000, 2001] that disruption
of active Smad-FATp300 complex formation on collagen gene
promoter using a druggable compound or small peptide will be a
viable approach to halt initiation and progression of fibrogenesis in
different injured or chronically stressed organs (Fig. 1).

The clinical significance of FATp300 in fibrogenesis is evidenced
by elevated levels of FATp300 in fibrotic skin and fibroblasts derived
from systemic sclerosis patients [Bhattacharyya et al., 2005; Ghosh
et al., 2013], and in the ventricular tissues derived from heart failure
patients (akg, unpublished). Similarly, elevated FATp300 is
associated with increased levels of acetylated histone positive nuclei
and elevated collagen deposition in hypertension-induced murine

Fig. 1. Mode of action of FATp300 in profibrogenic pathway: FATp300 as a potential target for fibrosis therapy. Vascular injury (reparative) or stress (reactive)-induced
sustained/repetitive inflammation causes imbalance of pro- and anti-fibrotic cytokines that leads to enhanced profibrotic signaling. Profibrotic TGF-b signaling significantly
augments the levels of FATp300 via activation of ERK-MAPK-EGR1 pathway and activates Smad pathway via phosphorylation of Smad2/3 by TGFbRI kinase. Acetylation of
histones and transcription factors in collagen gene regulatory elements by FAT activity of p300 as well as physical interaction of FATp300 with activated Smads contribute to
excess synthesis of major matrix protein collagen that leads tofibrosis. Inhibition of FAT activity of p300with small molecule inhibitors [1] or disruption of physical interaction of
FATp300 with Smads using small peptide [2] will be an ideal approach to control fibrogenesis.
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model of cardiac fibrosis (akg, unpublished). FATp300 is also
significantly elevated during “endothelial-to-mesenchymal transi-
tion” a biological process that contributes to cardiac fibrogenesis in
adults [Ghosh et al., 2010, 2012]. Moreover, FATp300 is elevated in
human glomerulonephritis [Kassimatis et al., 2006] and left ventricle
derived from myocardial infarction-induced heart failure animal
model [Sunagawa et al., 2011]. Based on these seminal observations,
it is reasonable to propose that fibrogenesis is an epigenetic event
and FATp300 is a budding biomarker of fibrogenesis. The feasibility
of FATp300 as a therapeutic target of fibrogenesis has been
supported by the observations that hypertension reducing drug
enalapril reduces the level of FATp300 and myocardial infarction-
induced perivascular and interstitial fibrosis signifying the contri-
bution of FATp300 in cardiac fibrogenesis [Sunagawa et al., 2011].
Similarly, turmeric derivative curcumin-mediated inhibition of
p300-FAT activity is associated with reduced hypertension-induced
cardiac hypertrophy, fibrosis, and improved heart function in an
animal model [Morimoto et al., 2008]. Moreover, the red grape-
derivative anti-inflammatory resveratrol-induced deacetylase
sirtuin 1 reduces cardiac hypertrophy and cardiac fibrosis via
downregulation of FATp300 [Kuno et al., 2013] further supporting
the potential link between FATp300 and organ fibrogenesis.
Therefore, neutralization of elevated p300-FAT activity using small
molecule inhibitor is a viable approach to normalize excess matrix
protein synthesis in harassed organs and amelioration of organ
fibrosis (Figs. 1 and 2).

Collective experimental evidence of the past decade present a
paramount role of elevated FATp300 in organ fibrosis and its
potentiality as a therapeutic target for treatment of patients at risk of
developing organ fibrosis. The biggest challenge in this passage to
fibrosis therapy is the identification of a safe druggable small
molecule inhibitor of p300-FAT activity or small peptide that
diminish increased interaction of FATp300 to transcriptional
complex on collagen gene promoter and to test its efficacy in
preclinical studies using a large cohort of animal models of organ
fibrosis. Based on the promising preclinical outcomes including its
excellent bioavailability, cell permeability, and target specificity;
safest and most potent small molecule compound or peptide will be
eventually used in human clinical trials involving patients with a
wide variety of chronic stress or repeated injury-associated fibrosis
in multiple organs.
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