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Liver fibrosis is caused by chronic liver damage and results in 
the aberrant accumulation of extracellular matrix during disease 
progression. Despite the identification of the HAT enzyme p300 
as a major factor for liver fibrosis, the development of thera-
peutic agents targeting the regulation of p300 has not been 
reported. We validated a novel p300 inhibitor (A6) on the 
improvement of liver fibrosis using two mouse models, mice 
on a choline-deficient high-fat diet and thioacetamide-treated 
mice. We demonstrated that pathological hall-marks of liver 
fibrosis were significantly diminished by A6 treatment through 
Masson’s trichrome and Sirius red staining on liver tissue and 
found that A6 treatment reduced the expression of matricel-
lular protein genes. We further showed that A6 treatment im-
proved liver fibrosis by reducing the stability of p300 protein 
via disruption of p300 binding to AKT. Our findings suggest 
that targeting p300 through the specific inhibitor A6 has po-
tential as a major therapeutic avenue for treating liver fibrosis. 
[BMB Reports 2023; 56(2): 114-119]

INTRODUCTION

Fibrotic disease is an irreversible disease in which the excess 
deposition of extracellular matrix (ECM) leads to the replace-
ment of normal tissue with fibrous tissue (1). Fibrotic diseases 
have varied etiologies and pathologies across multiple organs 
and tissues, including the liver, lungs, skin, and kidney (2), but 
are commonly found in the final stages of chronic inflamma-
tory reactions within these tissues. The development and pro-

gression of fibrosis are regulated by signaling pathways asso-
ciated with inflammation and tissue regeneration, including 
pathogen-associated molecular patterns (PAMP), cytokines (IL13, 
IL21, and TGF-β1), chemokines (MCP-1 and MIP 1b), angio-
genic factors (VEGF), and growth factors (PDGF) (1-3).

Hepatic fibrosis is a leading cause of high morbidity and 
mortality worldwide (4). The fibrotic reaction is generated in 
response to many forms of chronic liver injury, such as alcohol 
consumption, viral hepatitis, non-alcoholic fatty liver disease, 
and cholesteric liver diseases (5). Recent studies on the pa-
thogenesis and treatment of liver fibrosis have focused on the 
molecular mechanisms driving the pathogenesis of liver fibrosis 
(6, 7). However, there are still no approved pharmacotherapies 
for liver fibrosis.

Epigenetic changes regulate physiology, embryogenesis, and 
tissue development and arise from alterations in DNA methyla-
tion, histone modifications, and microRNAs (8, 9). Epigenetic 
dysregulation is a common factor in the progression of human 
diseases (10-13), including fibrosis of the liver, kidney and lungs 
(14-16). Histone acetyltransferases (HAT) and histone deacetyl-
ases (HDAC) are critical regulators of epigenetic changes in 
normal and disease states (17, 18). One HAT protein, p300, is 
an E1A binding protein that acetylates specific lysine residues 
on histones and modulates the transcription of genes involved 
in cell growth, proliferation, survival (19, 20), and organ de-
velopment. p300 levels are commonly elevated across various 
fibrotic tissues (21-23), where this enhanced p300 activity 
promotes the transcription of maternal genes and results in 
increased collagen synthesis and fibrosis. Recent studies have 
demonstrated that loss of HDAC3 in the uterus increases p300 
recruitment to COL1A1 and COL1A2 genes, leading to the 
accumulation of endometrial fibrosis and the development of 
endometriosis (23). Drugs that target epigenetic regulation are 
currently being tested in clinical trials to alleviate the epigen-
etic dysregulation driving a wide variety of diseases (24).

Recent studies have reported that p300 is also a crucial 
factor in the pathogenesis and progression of liver fibrosis (16, 
25). Although p300 plays a critical role in the development of 
liver fibrosis, more research is needed to identify therapeutic 
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Fig. 1. The level of p300 during liver fibrosis. (A) Schematic showing the timeline of animal experiments for the CD-HFD model. (B) 
Representative photomicrographs of Sirius red staining, MTS, and immunohistochemistry (IHC) analysis of p300 in liver tissues from mice 
on ND and 1, 2, 4, 6, and 8 weeks after CD-HFD. (C) Quantification data of histological staining images (n = 5) by ImageJ software. 
Data are represented as mean ± SEM, *P ＜ 0.05, ***P ＜ 0.001, and ****P ＜ 0.0001 by ordinary one-way ANOVA test. (D) The mRNA 
expression level of p300 in the liver of mice after 4 weeks of ND and CD-HFD (n = 5). ns = not significant. (E) Co-immuno-
fluorescence of p300 and αSMA in mouse liver tissue at 8 weeks of ND and CD-HFD. (F) Western blot analysis of p300, αSMA, and 
Col1a in CD-HFD-induced mouse liver tissue. β-actin was used as the sample loading control.

agents that can efficiently alter p300 function and expression.
The present study revealed that treatment with a p300-spec-

ific inhibitor, A6, significantly reduced liver fibrosis and ma-
tricellular proteins in two mouse models. In addition, the ex-
pression levels of fibrosis marker genes were significantly re-
duced by A6 treatment compared to vehicle. In hepatic stellate 
cells, the binding of p300 to AKT and stabilization of p300 
protein were diminished by A6 treatment. Together, our results 
demonstrate the potential of p300 as a major therapeutic target 
for liver fibrosis and propose the novel p300 inhibitor A6 as a 
promising therapeutic agent for liver fibrosis.

RESULTS

Protein levels of p300 are increased during liver fibrosis in 
mice on CD-HFD
We investigated the expression levels of p300 in the liver 
during the progression of liver fibrosis in male mice on a 
choline-deficient, high-fat diet (CD-HFD). We generated liver 
fibrosis in C57BL/6 mice and sacrificed at 1, 2, 4, 6, and 8 
weeks after starting CD-HFD (Fig. 1A). The CD-HFD-induced 
fibrous liver showed collagen accumulation over this timeframe, 
as visualized by Sirius red and Masson’s trichrome staining 
(MTS) (Fig. 1B, C). Within 4 weeks, the level of p300 protein 
in the liver of mice on CD-HFD was significantly increased 
compared to mice on a normal diet (ND). However, we de-
tected no difference in p300 mRNA levels across these groups 
(Fig. 1D). After 8 weeks of CD-HFD, we detected increased 
levels of p300 localized to sites of increased fibrosis through 
immunofluorescence (IF) staining of p300 and αSMA, a marker 
of activated myofibroblasts (Fig. 1E). Similarly, western blot 
analysis verified that p300 protein levels increased simultan-

eously with αSMA and type I collagen (COL1A) during the 
progression of liver fibrosis due to CD-HFD (Fig. 1F). These 
results show that p300 expression increases during the pro-
gression of liver fibrosis.

CD-HFD-induced mouse liver fibrosis is improved by 
p300-specific inhibitors
We previously reported that binding to acetyl-CoA, a p300 
substrate, was comparable between A6 and a conventional 
p300 inhibitor, C646 (26). Furthermore, A6 demonstrated anti- 
fibrotic activity in TGF-β1-stimulated lung fibroblasts and in 
bleomycin-induced murine lung fibrosis in vivo. In this study, 
we examined whether the inhibition of p300 activity by A6 or 
C646 ameliorated the CD-HFD-induced liver fibrosis in mice. 
One week after starting the mice on CD-HFD, we intraperi-
toneally injected either A6 or C646 3 times a week for 4 
weeks (Fig. 2A). We first assessed liver damage in the mice by 
measuring the serum levels of aspartate aminotransferase (AST) 
and alanine transaminase (ALT; n = 5 for each group). Serum 
AST and ALT levels were significantly reduced by both p300 
inhibitors compared to vehicle (Fig. 2B). In addition, the in-
crease in size and weight of the liver and body weight of the 
mice due to 4 weeks of CD-HFD were significantly restored by 
A6 treatment compared to vehicle (liver weight/body weight, 
P ＜ 0.05; body weight, P ＜ 0.05; n = 5 for each group; Fig. 2C 
and Supplementary Fig. 1). We next verified the anti-fibrotic 
effect of p300 inhibitors on CD-HFD-induced mouse liver fi-
brosis. The p300 inhibitor-treated mice exhibited a significant 
decrease in the intensity of Sirius red staining (C646, P ＜ 
0.05; A6, P ＜ 0.01), MTS (A6, P ＜ 0.05), and expression levels 
of αSMA (A6, P ＜ 0.01) in the liver of mice fed a CD-HFD 
(Fig. 2D, E). Similarly, western blot analysis verified that p300, 
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Fig. 2. Amelioration of CD-HFD-induced liver fibrosis by p300 
inhibitors. (A) Experimental design to investigate the effects of p300 
inhibitors on CD-HFD-induced mouse liver fibrosis. Mice were fed 
CD-HFD for one week prior to treatment. Vehicle (0.01% DMSO 
100 μl), C646 (5 mg/kg), or A6 (5 mg/kg) was administered intra-
peritoneally 3 times a week for an additional 3 weeks (n = 5). 
(B) Serum levels of AST and ALT after 4 weeks of CD-HFD, with 
or without p300 inhibitors (n = 5). (C) Average ratio of liver weight 
to body weight of mice on CD-HFD after treatment with vehicle, 
C646, or A6 (n = 5). (D, E) Representative photomicrographs (D) 
and percentages (E) of Sirius red staining, MTS, and IHC analysis 
of αSMA in mice liver tissues with or without p300 inhibitors at 
4 weeks after CD-HFD (n = 5). (F) West-ern blot analysis of p300, 
αSMA, and COL1A in mice liver tissues with or without p300 in-
hibitors at 4 weeks after CD-HFD. β-actin was used as the sample 
loading control. (G) RT-qPCR expression analysis of fibrosis marker 
genes ACTA2 (αSMA), TNC, Col1a1, Col3a1, and CTGF in the mice 
liver with or with-out p300 inhibitors at 4 weeks after CD-HFD. 
Data are represented as mean ± SEM, *P ＜ 0.05, **P ＜ 0.01, 
***P ＜ 0.001, and ****P ＜ 0.0001 by ordinary one-way ANOVA 
test.

Fig. 3. Improvement of TAA-induced liver fibrosis by p300 inhibi-
tors. (A) Experimental design to investigate the anti-fibrotic effects 
of p300 inhibitors on TAA-induced mouse liver fibrosis. Vehicle 
(0.01% DMSO 100 μl), C646 (5 mg/kg), and A6 (5 mg/kg) were 
administered intraperitoneally 3 times a week for 2 weeks in TAA- 
injected mice (n = 5). Saline was used for control. (B) Serum AST 
and ALT levels of TAA-treated mice with or without p300 inhibi-
tors (n = 5). (C) Average ratio of liver weight to body weight of 
TAA-injected mice with vehicle, C646, or A6 (n = 5). (D, E) Re-
presentative photomicrographs of liv-er tissues (D) and percentages 
(E) of Sirius red staining, MTS, and IHC analysis of αSMA from 
TAA-treated mice with or without p300 inhibitors (n = 5). (F) 
Western blot analysis of p300, αSMA, and COL1A in liver tissues 
from mice treated with TAA with or without p300 inhibitors. β-actin 
was used as the sample loading control. (G) RT-qPCR expression 
analysis of fibrosis marker genes ACTA2(αSMA), TNC, Col1a1, 
Col3a1, and CTGF in the liver of TAA-treated mice with or without 
p300 inhibitors at 2 weeks after TAA injection. Data are represented 
as mean ± SEM, *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001, and 
****P ＜ 0.0001 by ordinary one-way ANOVA test.

αSMA, and COL1A protein levels decreased in mice liver 
tissues with p300 inhibitors at 4 weeks after CD-HFD (Fig. 2F). 
The reduction of fibrosis after treatment with p300 inhibitors 
was further verified by quantification of mRNA levels of fibro-
sis markers, actin alpha 2, smooth muscle(αSMA) (ACTA2; 
C646, P ＜ 0.05; A6, P ＜ 0.001), tenascin C (TNC; A6; P ＜ 0.01), 
collagen type 1, alpha 1 (Col1a1; A6, P ＜ 0.05), collagen type 
3, alpha 1 (Col3a1; A6, P ＜ 0.05), and connective tissue growth 
factor (CTGF; A6, P ＜ 0.05) (Fig. 2G). However, there was no 
detectable change in mRNA levels of p300, regardless of diet 
or the administration of p300 inhibitors (Supplementary Fig. 
2). These results show that liver fibrosis induced by CD-HFD is 
ameliorated by the selective reduction of p300 expression and 
activity.

TAA-induced mouse liver fibrosis is ameliorated by 
p300-specific inhibitors
To further validate the broad anti-fibrotic effects of p300 inhi-
bitors in liver fibrotic diseases of various etiologies, we utilized 
a second method for generating fibrosis across various animal 
tissues (27). Instead of feeding mice a CD-HFD, the thioace-
tamide (TAA) model induces fibrosis in murine livers through 
daily intraperitoneal injection of TAA for 2 weeks. We started 
intraperitoneal injections of A6 or C646 two days after the first 
TAA injection and continued p300 inhibitor administration 3 
times a week for 2 weeks (Fig. 3A). Similar to the results of the 
CD-HFD-induced liver fibrosis mouse model, serum AST and 
ALT levels were significantly reduced by p300 inhibitors com-
pared to vehicle (Fig. 3B). The increase in the ratio of liver 
weight to body weight of the mice due to the TAA-induced 
fibrosis was significantly restored by treatment with C646 (P ＜ 
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Fig. 4. Suppression of pro-fibrotic responses in TGF-β1-stimulated LX2 cells via disruption of AKT interaction by p300 inhibitor. (A) Wes-
tern blot analysis of p300 and αSMA in TGF-β1-stimulated LX2 cells with or without p300 inhibitors. (B) RT-qPCR analysis of expression 
of p300 and αSMA in TGF-β1-stimulated LX2 cells with or without p300 inhibitors. (C) Representative photomicrographs and percentages 
of Sirius red staining in TGF-β1-stimulated LX2 cells with or without p300 inhibitors (n = 5). (D) Western blot analysis of fibrosis marker 
proteins, COL1A, CTGF, FN, TNC, and Periostin, in TGF-β1-stimulated LX2 cells with or without p300 inhibitors. (E) RT-qPCR expression 
analysis of fibrosis marker genes, COL1A1, COL3A1, CTGF, and FN in TGF-β1-stimulated LX2 cells with or without p300 inhibitors. (F) 
ChIP assay using IgG or anti-p300 antibody in TGF-β1-stimulated LX2 cells with or without p300 inhibitors. Data are represented as mean 
± SEM, *P ＜ 0.05, **P ＜ 0.01, ***P ＜ 0.001, and ****P ＜ 0.0001 by ordinary one-way ANOVA test. (G) Immunoprecipitation 
assay using anti-HA or anti-Myc antibodies in LX2 cells (co-transfected Myc-AKT and HA-AKT). β-actin was used as the sample loading 
control.

0.01) or A6 (P ＜ 0.01) compared to vehicle (Fig. 3C and 
Supplementary Fig. 3). In addition, p300 inhibitors significant-
ly alleviated the progression of TAA-induced fibrosis and 
significantly reduced the elevated protein and mRNA levels of 
mouse liver fibrosis markers (Fig. 3D-G). However, there was 
no significant change in mRNA levels of p300, regardless of 
TAA injection or the administration of p300 inhibitors (Supple-
mentary Fig. 4). Similarly, western blot analysis verified that 
p300, αSMA, and COL1A protein levels decreased in liver 
tissues from mice treated with TAA with p300 inhibitors (Fig. 
3F). In both CD-HFD and TAA models, selective inhibition of 
p300 activity effectively suppresses the progression of liver 
fibrosis.

p300 inhibitors suppress TGF-β1-induced pro-fibrotic 
response by interfering with interactions between AKT and 
p300
Hepatic stellate cells play a critical role in liver development 
and fibrosis (28). Previous works have implicated p300 func-
tion in stellate cell differentiation and secretion of ECM (25). 
To elucidate the molecular mechanism for the therapeutic 
effect of p300 inhibitors on liver fibrosis, the human hepatic 
stellate cell line (LX2) was treated with TGF-β to in-duce a 
fibrotic response. When LX2 cells were stimulated by TGF-β1, 
the protein and gene expression levels of αSMA increased, but 
this effect on αSMA levels was significantly reduced by the 
addition of p300 inhibitors (Fig. 4A, B). Treatment with the 
p300 inhibitors after TGF-β1-induced fibrosis also significantly 
decreased the elevated collagen levels within the cell matrix 
(Fig. 4C) and ameliorated the TGF-β1-induced increases in 

fibrosis marker proteins, COL1A, CTGF, fibronectin (FN), TNC, 
and periostin (Fig. 4D). As expected, the mRNA levels of 
fibrosis marker genes COL1A1, COL3A1, CTGF, and FN were 
significantly reduced in TGF-β1-treated LX2 cells by p300 
inhibitor treatment compared with control (Fig. 4E). Since 
p300 is recruited to the COL1A1 and COL1A2 genes to in-
crease collagen expression (23), we investigated whether the 
recruitment of p300 to the collagen gene is affected by p300 
inhibitors via the chromatin immunoprecipitation (ChIP) assay. 
When p300 inhibitors were applied to TGF-β1-treated LX2 
cells, the recruitment of p300 to the collagen gene was 
significantly reduced (C646, P ＜ 0.05; A6, P ＜ 0.01 on 
COL1A1 gene and A6, P ＜ 0.05 on COL1A2 gene; Fig. 4F).

AKT is activated during fibrosis through upstream signal 
cascades that include TGF-β and PDGF, a platelet-derived 
growth factor (29, 30). Previous studies have shown that p300 
interacts with activated AKT in fibrotic hepatic stellate cells 
(25). In addition, AKT phosphorylation of Ser1834 on p300 is 
important for regulating the stability and catalytic activity of 
p300 (25, 31). Therefore, we examined whether disrupting the 
interaction between p300 and AKT could be contributing to 
the reduction in p300 protein levels after selective p300 in-
hibition. Immunoprecipitation of p300 from TGF-β1-stimulated 
LX2 cells confirmed that the binding affinity of p300 with AKT 
was decreased by the addition of p300 inhibitors in TGF-β1 
treated stellate cells (Fig. 4G). These results suggest that inhi-
biting the enzymatic activity of p300 induces the dissociation 
of p300 from AKT and leads to suppression of TGF-β1-induced 
pro-fibrotic responses. 
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DISCUSSION 

Hepatic fibrotic disease has a high prevalence worldwide and 
generally progresses to cirrhosis with high mortality (4). Liver 
fibrosis pathogenesis can be initiated by many diseases, but 
current studies aim to elucidate the underlying molecular 
mechanisms. Recent efforts have focused on the regulation of 
histone acetylation by HATs and HDACs in the progression of 
fibrotic disease (32, 33). Normally, the HAT enzyme p300 ac-
tivates gene transcription by inducing acetylation of histone 
tails (19). Under conditions that promote fibrosis, p300 induces 
the expression of fibrosis-related genes, such as collagen, CTGF, 
TNC, and FN (22, 34). In this study, we demonstrated that 
selective inhibition of p300 alleviates liver fibrosis pathology 
and pro-fibrotic gene expression in two different mouse models 
and a hepatic stellate cell line.

Recent studies have utilized p300 inhibitors, including arti-
ficial (C646) and natural compounds (Plumbagin, Curcumin, 
and Gacrcinol), for the treatment of fibrosis (15, 24). However, 
these compounds inhibit other HAT enzymes in addition to 
p300. Furthermore, the inhibitory activity of these compounds 
does not reach levels sufficient for therapeutic efficacy. There-
fore, we introduced a novel p300 inhibitor, A6, as a treatment 
for hepatic fibrosis. Previous studies have shown that A6 has 
high anti-fibrotic activity in TGF-β-induced lung fibroblast cells 
and bleomycin-induced mouse lung fibrosis models (26). We 
demonstrate that both A6 and C646 significantly suppress mouse 
liver fibrosis induced by either CD-HFD or TAA. Intriguingly, 
we observed that A6 treatment was more effective than C646 
in alleviating serum AST and ALT levels. Similarly, A6 was 
previously shown to be more effective than C646 in pulmo-
nary fibrosis. A6 has many pharmacokinetic advantages over 
C646, including a longer half-life with a higher steady-state 
volume of distribution and a higher total plasma clearance rate 
than C646 (26). Additional studies will be needed to evaluate 
the relative efficacy of A6 compared to other p300-specific 
inhibitors.

To elucidate the molecular mechanism for the therapeutic 
effect of p300 inhibitors on liver fibrosis, we induced a fibrotic 
response in the human hepatic stellate cell line, LX2. In this 
study, the expression levels of fibrosis-related genes increased 
in TGF-β-induced LX2 cells and significantly decreased in 
A6-treated cells compared to TGF-β-treated cells alone. Com-
pared to C646, treatment with A6 more significantly suppressed 
TGF-β-induced pro-fibrotic gene expression in LX2 cells. The 
superior effects of A6 in mouse liver fibrosis, for both in vivo 
and in vitro models, suggest that A6 has therapeutic potential 
across multiple fibrotic diseases where p300 modulates disease 
progression.

AKT-related signaling pathways are activated in multiple 
fibrotic diseases and phosphorylation by AKT has been shown 
to regulate p300 function and stability (25, 35). To determine 
whether p300 inhibitors reduce the binding affinity between 
AKT and p300, we treated TGF-β-stimulated LX2 cells with A6 

or C646. Treatment with these p300 inhibitors greatly reduced 
both the protein binding between p300 and AKT and the 
protein levels of p300. Future studies will need to address 
whether p300 inhibition affects AKT activity and also how 
disrupting the interaction with AKT leads to destabilization of 
the p300 protein. Because we did not detect any changes in 
p300 mRNA levels across treatments, proteasomal degradation 
by USP7, which is known to interact with p300, may be 
responsible for regulating p300 protein levels (36). Additional 
studies will be necessary to clarify the relationship between 
p300 function and stabilization during the development of 
liver fibrosis.

In conclusion, we demonstrated that A6, a p300 selective 
inhibitor, suppresses the progression of murine liver fibrosis 
induced by CD-HFD or TAA treatment. We also show that 
inhibition of p300 activity disrupts the interaction between 
p300 and AKT and suppresses TGF-β1-induced pro-fibrotic 
responses. These results suggest that selective inhibition of 
p300 by A6 has therapeutic potential in treating fibrosis of the 
liver and other organs.

MATERIALS AND METHODS

Detailed information on Materials and methods is available in 
the supplementary section.
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