
Research Article
Protein Acetylation Increased Risk of Fibrosis-Related
Liver Cancer

Yuan Li ,1 Yanyan Wang ,2 Zhaopu Song ,3 Kai Lu ,4 Wenwen Chen ,2

Yuanyuan Ma ,2 Hui Ding ,2 Xiaofang Li ,2 Xiuling Li ,2 and Suofeng Sun 2

1Department of Traditional Chinese Medicine,
TeTird Afliated Hospital Afliated of Henan University of Traditional Chinese Medicine, Zhengzhou, Henan 450003, China
2Department of Gastroenterology, Zhengzhou University People’s Hospital, Henan Provincial People’s Hospital, Zhengzhou,
Henan 450003, China
3Ruzhou Jingeng Rehabilitation Hospital, Ruzhou 467500, Henan, China
4Xinxiang Medical University, Xinxiang 453000, Henan, China

Correspondence should be addressed to Xiuling Li; zzlixiuling@aliyun.com and Suofeng Sun; sunsuofeng1982@yeah.net

Received 11 July 2022; Revised 27 September 2022; Accepted 10 October 2022; Published 23 January 2023

Academic Editor: Alamgeer Yuchi

Copyright © 2023 Yuan Li et al.Tis is an open access article distributed under the Creative Commons Attribution License, which
permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.

Objective. Te occurrence of liver fbrosis and fbrosis-related liver cancer is the reason for the increase in morbidity and mortality
worldwide. Transforming growth factor-β2 (TGF-β2) is an important mediator of chronic liver fbrosis.Tis study aims to fnd the
molecular mechanism that mediates HBV infection and induces TGF-β2 and verifes that CREB binding protein acetylation
mediates HBV infection and induces TGF-β2 expression. Methods. Te acetylated proteins were extracted from HepG2-NTCP
cells and HBV-infectedHepG2-NTCP cells. Te acetylated proteins were screened by modifcation enrichment technology and
database search. Protein annotation, motif analysis of modifcation sites, and protein function enrichment analysis of these
proteins were performed to roughly clarify the location and function of these acetylated modifcation proteins in cells. Acylated
proteins enriched in the TGF-β pathway were obtained by KEGG pathway enrichment analysis. Te efect of the selected
acetylated modifcation protein on the TGF-β pathway was verifed by experiments, that is, the target protein gene was knocked
out by siRNA, and the expression level of the TGF-β2 was detected by qRT-PCR. Results. Proteins were extracted from HepG2-
NTCP cells and HepG2-NTCP cells infected with HBV, and diferential acetylation modifcation proteins were screened. Te
target protein CREB binding protein was screened by modifcation enrichment technology and database search. Te aggregation
analysis of TGF-β pathway showed that CREB binding protein was acetylated at amino acid positions 434 and 439, and enriched in
the TGF-β signaling pathway. siRNA targeting CREB binding protein was transfected, and the expression of TGF-β2 in cells was
detected by qRT-PCR and western blot, respectively. It was verifed that HBV infection-inducedCREB-binding protein acetylation
regulated the high expression of TGF-β2. Conclusion. After HBV infection, CREBBP acetylation was up-regulated, which
promoted the high expression of TGF-β2.

1. Introduction

Liver fbrosis can develop into chronic hepatitis and cancer
of liver and was the main incentive of various liver diseases
[1]. Progressive liver fbrosis and tumors have many causes,
including non-alcoholic fatty liver disease, viral hepatitis,
alcoholism, autoimmune hepatitis, nonalcoholic steatohe-
patitis (NASH), and biliary tract diseases [2]. Liver fbrosis
was closely related to cancer. Te incidence of hepatocellular

carcinoma caused by liver cirrhosis is as high as 90%, which
makes cirrhosis a major risk factor for liver cancer. Te only
efective treatment of liver fbrosis was eliminating irritation
or liver transplantation. It was necessary to become potential
antiliver fbrosis treatment methods to reduce fbrosis and
the risk of liver cancer [3].

TGF-β2 always exists in all stages of the hepatic lesion
[4]. Te initial stage of the lesion induces hepatocyte apo-
ptosis and HSCs transdiferentiation into myofbroblasts
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after chronic injury. TGF-β2 also promotes HSC pro-
liferation and maintains myofbroblast phenotype, which is
the key to the formation of liver cirrhosis. TGF-β also plays
an important role in hepatocellular carcinoma; it acts as
a tumor suppressor at the early stage, but once tumor cells
gain the ability to overcome their cytostatic response, it
activates key tumor-promoting factors. Te role of cytokines
is conducive to malignant progression [5].

Various causes of liver disease lead to liver fbrosis
through a comprehensive signal network that regulates the
deposition of extracellular matrix. Te hepatitis B virus
(HBV) is still the leading cause of liver fbrosis in China [6].
More and more evidence indicates that HBV infection may
promote the production of transforming growth factor-β in
liver cells, which in turn activates hepatic stellate cells and
accelerates liver fbrosis [7, 8]. TGF-β is mainly produced by
activated macrophages in the liver, which stimulates the
activation of hepatic stellate cells (HSCs) into a myofbro-
blast-like phenotype [9, 10], promotes the diferentiation of
myofbroblasts, and stimulates the synthesis of extracellular
matrix and down-regulating the degradation of extracellular
matrix [11]. It is reported that TGF-β2 binds to the type II
receptor on the cell surface, then recruits the type I receptor.
TGF-βI receptor activates Smad2 and Smad3 proteins, and
the activated Smad2 and Smad3 proteins specifcally bind to
each other. Te binding protein complexes are phosphor-
ylated and then bound to Smad4 proteins, and then
transported to the nucleus to the binding to DNA, and
regulate the transcription of extracellular matrix genes in the
nucleus. In addition, studies have shown that Smad2 and
Smad3 may also participate in the general transcription
mechanism through direct interaction with p300 and
CREBBP, and may participate in the development of liver
fbrosis through the transcription of extracellular
matrix [12].

Te results have shown that CREB binding protein is
involved in many cellular processes and functions. CREB
binding protein interacts with a variety of transcription
factors, including CREB binding protein and a variety of
nuclear hormone receptors, to play the role of transcription
co-activator and histone acetyltransferase [13, 14]. Studies
have found that CREB binding protein is related to fbrosis,
inhibiting Wnt/β-catenin/CREB binding protein signal
transduction and reversing pulmonary fbrosis [15], Grap2
cyclin D interaction protein negatively regulates CREB
binding protein and inhibits fbroblast-like synovial cell
proliferation [13]. Currently, it was limited research on the
role of CREB-binding protein in liver fbrosis. Inhibition of
CREB binding protein/β-catenin can inhibit the formation
of liver fbrosis and promote the regression of liver fbrosis
[16]. In addition, CREB binding protein is involved in the
signal pathway of hypoxia-induciblefactor-1α (HIF-1α),
erythropoietin. Tese signaling pathways are activated
during cerebral ischemia and exert neuroprotection [17].
Everyone has gradually realized the important relationship
between TGF-β and fbrosis. Here, we have also proved that
HBV infection up-regulates the acetylation level of CREB
binding protein and induces high expression of TGF-β2
(Figure 1), which provides a new treatment for liver fbrosis.

Here, we report that the acetylation level of CREB
binding protein is signifcantly up-regulated in HBV-
infected hepatocytes and CREB binding protein mediates
liver fbrosis through the TGF-β pathway.

2. Materials and Methods

2.1. Protein Preparation. Te sample was sonicated three
times on ice using a high-intensity ultrasonic processor
(Scientz) in lysis bufer (8M urea, 1% Protease Inhibitor
Cocktail) (Note: For PTM experiments, inhibitors were also
added to the lysis bufer, e.g., 3 μMTSA and 50mMNAM for
acetylation). Te remaining debris was removed by centri-
fugation at 12,000 g at 4°C for 10min. Finally, the supernatant
was collected and the protein concentration was determined
with a BCA kit according to the manufacturer’s instructions.

2.2. Protein Diferential Modifcation Analysis. Te dithio-
threitol was added to the protein solution to a fnal con-
centration of 5mM and reduced at 56°C for 30min. Ten
add iodoacetamide to make the fnal concentration 11mM,
and incubate for 15min at room temperature in the dark.
Finally, the urea concentration of the sample is diluted to less
than 2M. Add pancreatin at a mass ratio of 1 : 50 (pan-
creatin: protein) and digest overnight at 37°C. Ten add
pancreatin at a mass ratio of 1 :100 (pancreatin: protein) and
continue enzymatic hydrolysis for 4 h. Te signal abundance
corresponding to the modifed site in each sample was
detected by mass spectrometry [18]. According to the
strength of the modifed peptide, strength of the modifed
peptide in each sample was obtained by nonstandard
quantitative calculation.

2.3.Modifcation andEnrichment. Dissolve the peptide in IP
bufer solution (100mM NaCl, 1mM EDTA, 50mM Tris-
HCl, 0.5% NP-40, pH 8.0), transfer the supernatant to the
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Figure 1: Schematic diagram of the signal transduction pathway.
HBV infection up-regulates the acetylation level of CREB binding
protein and induces high expression of TGF-β2.
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acetylated resin that has been washed in advance medium
(antibody resin item number PTM104, from Hangzhou
Jingjie Biotechnology Co., Ltd., PTM Bio), placed on a 4°C
rotating shaker, gently shake and incubate overnight. After
the incubation, the resin was washed 4 times with IP bufer
solution and twice with deionized water. Finally, use 0.1%
trifuoroacetic acid eluent to elute the resin-bound peptides,
eluting three times, collecting the eluent, and vacuum freeze
and drain. After draining, follow the instructions of C18
ZipTips for desalination, vacuum freeze draining, and then
use for LC/MS analysis.

2.4. Motif Analysis. Soft MoMo (motif-x algorithm) was
used to analyze the model of sequences constituted with
amino acids in specifc positions of modify-21-mers (10
amino acids upstream and downstream of the site, but
phosphorylation with modify-13-mers that 6 amino acids
upstream and downstream of the site) in all protein se-
quences. And all the database protein sequences were used as
background database parameters. Te minimum number of
occurrences was set to 20. Emulate original motif-x was
ticked, and other parameters with default.

2.5. Histological Analysis and Immunohistochemistry.
Parafn sections of human liver tissues were prepared by
hematoxylin-eosin (H & E) staining. Te parafn sections
were subjected to immunohistochemical detection of TGF-β2
and observed under a microscope (Olympus BX51, Japan).
Image J software was used to quantitatively analyze TGF-β2.

3. Results

3.1. Sample Repeatability Test. Repeatability experiments
were used to verify the validity of the experiment. Compared
with the control group, the experimental group was trans-
fected with HBV-expressed HBsAg (Figure 2(a)). Te ef-
fectiveness of this experiment is proved by using three
statistical analysis methods: principal component
analysis(Figure 2(b)), Pearson correlation (Figure 2(c)), and
relative standard deviation (Figure 2(d)).

3.2. Analysis of Acetylated Modifed Proteins. Trough
protein motif analysis of the proteins expressed by hepa-
tocytes after HBV infection, the acetylated modifed proteins
were screened. Totally, 450158 secondary spectra were got by
mass spectrometry. Te secondary spectra of MS were re-
trieved from the protein theory database. Te number of
available efective spectra was 70922, and the utilization rate
of spectra was 15.8%. A total of 16487 peptides and 5958
acetylated peptides were identifed by spectral analysis. We
have identifed 6065.0 acetylation modifcation sites on
2595.0 proteins, of which 4168.0 sites on 1988.0 proteins
have quantitative information (Figure 3(a)). Trough pro-
tein diferential modifcation analysis, 22 acetylation sites
were up-regulated in HBV-transfected liver cancer cells, 77
acetylation sites were down-regulated, and 20 acetylation-
modifed proteins were up-regulated. Te levels of two

acetylated modifed proteins were down-regulated
(Figure 3(b)). Figure 2(c) shows the distribution of these
diferential proteins in the volcano map of diferential
modifcation sites (Figure 3(c)).

Protein motif analysis calculates the regular trend of the
amino acid sequence in the region where the acetylation
modifcation site occurs by counting the rules of the amino
acid sequence before and after all acetylation modifcation
sites in the sample. Tis analysis can fnd the sequence
characteristics of modifcation sites, and thus speculate or
determine the enzymes related to modifcation (Figure 4(a)).
In addition, gene ontology also explains the biological efects
of proteins from three perspectives: biological process, mo-
lecular function, and cell composition. Most of the proteins
corresponding to acetylation modifcation sites are distrib-
uted in cells and participate in cellular processes. Exerting
molecular functions such as binding, structural molecular
activity, transcription factor activity, catalytic activity, and
molecular function modifer (Figure 4(b)). Among them, 39
proteins were distributed in the cytoplasm, accounting for
44.83%, 34.48% in the nucleus, and the rest in mitochondria,
plasma membrane, extracellular, and so on (Figure 4(c)).

3.3. Functional Enrichment Analysis of Proteins Corre-
sponding to Diferent Acetylation Modifcation Sites. Te
bubble chart of the enrichment distribution in the GO
classifcation shows that the diferential protein has ace-
tyltransferase activity, hormone receptor activity, and DNA
binding function in the transcription regulatory region
(Figure 5(a)) (protein function: peptide-lysine-N-
acetyltransferase activity, histone acetyltransferase activity,
peptide-N-acetyltransferase activity, activating transcription
factor activity, N-acetyltransferase activity, N-
acyltransferase activity, p53 binding, core promoter proxi-
mal DNA binding, nuclear hormone receptor binding,
hormone receptor binding, sequence-specifcdouble-
stranded DNA binding, RNA polymerase II regulatory re-
gion DNA binding, transcription coactivator activity,
double-stranded DNA binding, nucleic acid binding tran-
scription factor activity, chromatin binding, sequence spe-
cifc DNA binding, transcription regulatory region DNA
binding, nucleic acid binding regulatory region, regulatory
region DNA binding). Te enrichment distribution of the
proteins corresponding to the diferential acetylation
modifcation sites in the KEGG pathway shows that two
interesting proteins are enriched in the TGF-bate signaling
pathway (P< 0.002) (Figure 5(b)). Diferential acetylation
modifcation sites correspond to protein enrichment dis-
tribution in protein domain classifcation. Te bubble chart
shows that diferential proteins are enriched in CBP/p300
atypical loop domains and CBP/p300 histone acetyl-
transferase domains (Figure 5(c)).

3.4. Cluster Analysis of Proteins Corresponding to Diferential
Acetylation Modifcation Sites. According to its diferential
modifcation multiples, it is divided into 4 parts, called Q1 to
Q4. Q1 (<0.500), Q2 (0.500∼0.677), Q3 (1.5∼2.0), and Q4
(>2.0). Diferential proteins are strongly enriched in the
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“transcriptional coactivator activity” molecular functions in
the cluster analysis heat map of GO classifcation
(Figure 6(a)) and in the TGF-β signaling pathway of the
KEGG pathway (Figure 6(b)). Te diferentially modifed
proteins are enriched in the CBP/p300 atypical loop domain
and CBP/p300 histone acetyltransferase domain
(Figure 6(c)), and the diferential modifcation multiples are
all greater than 2.0.

In conclusion, acetylated proteins were diferentially
expressed in HBV-infected HCC cells, and the corre-
sponding proteins at diferent modifcation sites were highly
enriched in the TGF-β signaling pathway. In the domain
classifcation of diferential modifcation proteins, the strong
aggregation was concentrated in the CBP/p300 atypical
cyclic domain; diferentially modifed proteins have tran-
scriptional regulatory functions.
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Figure 2: Using immunofuorescence and sample repeatability experiments to verify the validity of the experiment. (a) Con. 1–3 are the
untransfected HBV group and HBV.1-3 are the transfected HBV group. (b) Principal component analysis (PCA). (c) A heat map drawn by
calculating Pearson’s correlation coefcient between all samples. (d) RSD of the modifed quantitative value among replicate samples.
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3.5. Enrichment of Diferentially Acetylated Protein CREBBP
in TGF-β Pathway. CREB binding protein is enriched in the
TGF-β signaling pathway. Further enrichment analysis of
the TGF-β signal transduction pathway, as shown in Table 1,
the CREB binding protein was acetylated at amino acid
positions 434 and 439 and was enriched in the TGF-β signal
transduction pathway.

3.6. HBV Infection Up-Regulates CREBBP Expression and
InducesHighExpression of TGF-β2. Te TGF-β2 expression
level gradually increased within 3 days after the HepG2-
NTCP cell line was transfected with HBV, and it was
positively correlated with HBsAg (Figure 7(a)). After
preventing HBV infection, the expression level of TGF-β2
will decrease (Figure 7(b)). In addition, HepG2-NTCP
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Figure 3: Screening of acetylated modifed proteins through protein motif analysis of the proteins expressed by hepatocytes after HBV
infection. (a) Statistical graph of the results of mass spectrometry data. (b) Columnar distribution of the number of modifed proteins and
modifed sites. (c) Volcano plot of diferentially modifed site.

Journal of Oncology 5



A
5

Distance
10

0

Position
Upstream
Downstream
Modification site

0

–5

C
D
E
F
G
H
I
K
L
M
N
P
Q
R
S
T
V
W
Y

(a)

cellular process 82

85

84

59

56

Ce
llu

la
r C

om
po

ne
nt

55

47

14
10

2

M
ol

ec
ul

ar
 F

un
ct

io
n

80

35

10

9

8

6

4

0 25 50
Number of proteins

75

68

68

63

50

49

39

28

27 Bi
ol

og
ic

al
 P

ro
ce

ss

26

24

23

15

single–organism process

metabolic process

biological regulation

response to stimulus

cellular component organization...

localization

multi–organism process

multicellular organismal process

developmental process

immune system process

signaling

other

cell

organelle

membrane–enclosed lumen

macromolecular complex

extracellular region

membrane

cell junction

supramolecular complex

other

binding

catalytic activity

molecular function regulator

structural molecule activity

transcription factor activity...

other

nucleic acid binding transcrip...

G
O

 te
rm

s n
am

e

(b)

4
2 2 2

39

8

30

cytoplasm (44.83%)

nucleus (34.48%)

mitochondria (9.2%)

cytoplasm, nucleus (4.6%)

plasma membrane (2.3%)

extracellular (2.3%)

other (2.3%)

(c)

Figure 4: Analysis of acetylated modifed proteins. (a) Heat maps of all upstream and downstream amino acids of the identifed acetylation
modifcation sites. (b)Te statistical distributionmap of the protein corresponding to the diferential acetylationmodifcation site in the GO
secondary classifcation. (c) Te subcellular structure location distribution map of the protein corresponding to the diferential acetylation
modifcation site.

6 Journal of Oncology



peptide–lysine–N–acetyltransferase activity

peptide N–acetyltransferase activity

N–acyltransferase activity
N–acetyltransferase activity

histone acetyltransferase activity

activating transcription factor binding

p53 binding
core promoter proximal region DNA binding

nuclear hormone receptor binding
hormone receptor binding

sequence–specifc double–stranded DNA binding
RNA polymerase II regulatory region DNA binding

transcription coactivator activity
double–stranded DNA binding

nucleic acid binding transcription factor activity
chromatin binding

sequence–specifc DNA binding
transcription regulatory region DNA binding

regulatory region nuclcic acid binding
regulatory region DNA binding

3 4
Log2 Fold enrichment

Protein number

P value

0.006

0.004

0.002

2
3
4
5

(a)

Notch signaling pathway

Protein number

Melanogenesis
JAK–STAT signaling pathway

Renal cell carcinoma
TGF–beta signaling pathway

Long–term potentiation
Tyroid hormone signaling pathway

Prostate cancer
Glucagon signaling pathway

Wnt signaling pathway
FoxO signaling pathway

Adherens junction
Tuberculosis

HIF–1 signaling pathway
MicroRNAs in cancer

Kaposi sarcoma–associated herpesvirus infection
cAMP signaling pathway

Hepatitis B
Infuenza A

Pathways in cancer

P value

0.006
0.008

0.004
0.002

2
3

(b)
Figure 5: Continued.

Journal of Oncology 7



3 4 5 6 7
Log2 Fold enrichment

Protein number

Zinc finger, TAZ–type

Nuclear receptor coactivator, CREB–bp–like, interl...

CREB–binding protein/p300, atypical RING domain

Coactivator CBP, KIX domain

CBP/p300–type histone acetyltransferase domain

Nuclear receptor coactivator, interlocking

Zinc finger, ZZ–type

Quinoprotein alcohol dehydrogenase–like superfamily

Bromodomain

Enhancer of polycomb–like, N–terminal

PWWP domain

Zinc finger, PHD–finger

Zinc finger, PHD–type

Zinc finger, FYVE/PHD–type

P value

0.02

0.01

2
3
4
5

(c)

Figure 5: Functional enrichment analysis of proteins corresponding to diferent acetylation modifcation sites. (a) Diferential acetylation
sites corresponding protein GO enrichment distribution bubble diagram. (b) Bubble pattern of enrichment and distribution of proteins
corresponding to diferential acetylation modifcation sites in the KEGG pathway. (c) Enrichment and distribution of bubbles in protein
domain classifcation corresponding to diferential acetylation modifcation sites.

peptide-lysine-N-acetyltransferase activity

Molecular Function

histone acetyltransferase activity
chromatin binding
transcription coactivator activity
sequence-specific DNA binding
double-stranded DNA binding
sequence-specific double-stranded DNA binding
core promoter proximal region DNA binding
purine nucleoside binding
ribonucleoside binding
chemoattractant activity
bile acid binding
cytokine activity
intramolecular oxidoreductase activity
steroid binding
nucleoside phosphate binding
small molecule binding
nucleotide binding
ribonucleotide binding
purine ribonucleoside binding
isomerase activity
drug binding
calcium ion binding
lipid binding
cell adhesion molecule binding
carbohydrate derivative binding
purine nucleotide binding
cadherin binding
protein heterodimerization activity

nucleoside binding
structural molecule activity
adenyl ribonucleotide binding 

purine ribonucleotide binding

ATP binding

protein dimerization activity

RNA binding
enzyme binding

adenyl nucleotide binding

nucleic acid binding
adenyl deoxyribonucleotide binding
purine deoxyribonucleotide binding
dATP binding
TPR domain binding
nitric-oxide synthase regulator activity
virion binding
unfolded protein binding
MHC class II protein complex binding
MHC protein complex binding
ubiquitin protein ligase binding
ubiquitin-like protein ligase binding

1.5
1
0.5
0
-0.5
-1
-1.5

Q Category
Regulated.Type

Q2
Q3
Q4

Q1
Sample

(a)

KEGG pathway

Adherens junction
Prostate cancer
Thyroid hormone signaling pathway
Glucagon signaling pathway
Hepatitis B
Tuberculosis
influenza A
Notch signaling pathway
TGF-beta signaling pathway
Long-term potentiation
Melanogenesis
JAK-STAT signaling pathway
Kaposi sarcoma-associated herpesvirus infection
Wnt signaling pathway
FoxO signaling pathway
MicroRNAs in cancer
Renal cell carcinoma
Human papillomavirus infection
cAMP signaling pathway
Human T-cell leukemia virus 1 infection
Cell cycle
HIF-1 signaling pathway
Pathways in cancer
Huntington disease
Glycosphingolipid biosynthesis - lacto and neolacto series
Ascorbate and aldarate metabolism
Estrogen signaling pathway
Fluid shear stress and atherosclerosis
Type I diabetes mellitus
PPAR signaling pathway
Glycolysis/Gluconeogenesis
Non-homologous end-joining
Fructose and mannose metabolism
beta-Alanine metabolism
Pentose phosphate pathway
IL-17 signaling pathway
Antigen processing and presentation
Alcoholism
Systemic lupus erythematosus
Endocrine and other factor-regulated calcium reabsorption
Viral carcinogenesis
Pathogenic Escherichia coli infection
Leukocyte transendothelial migration
Ribosome
Thyroid hormone synthesis

1.5

1

0.5

0

-0.5

-1

-1.5

Q Category

Q1
Q2
Q3
Q4

Sample

Regulated.Type

(b)
Figure 6: Continued.

8 Journal of Oncology



cells were transfected with knockdown CREBBP in 24
wells, transfected for 48 hours, infected with HBV at a cell
density close to 100%, and then harvested 5 days after
infection to measure intracellular TGF-β2. Te mRNA
level is reduced (Figure 7(c)). At the same time, compared
with normal liver tissues, TGF-β2 is highly expressed in
liver cancer tissues associated with liver fbrosis induced
by HBV infection (Figures 7(d) and 7(e)). Te above
results indicate that acetylation of CREB binding protein
mediates the expression of TGF-β2 induced by HBV
infection.

4. Discussion

Te hepatitis B virus causes liver damage by involving he-
patocytes, macrophages, and hematopoietic stem cells in
a complex process [19, 20]. Among the various cytokines
related to liver fbrosis, TGF-β has been proven to be the
most important [21]. Previously, it was believed that TGF-β
can be secreted by hepatocytes and macrophages to activate
hepatic stellate cells [22]. Increasing evidence shows that
transforming growth factor-β mainly transmits signals
through Smad [23]. In addition, there are reports that Smad
helps β-catenin transport to the nucleus of hematopoietic

stem cells and initiates the expression of fbrosis genes [24].
Te research of antifbrotic drugs is still a top priority. We
found that HBV infection can promote the increase of
CREBBP acetylation level and highly enrich in TGF beta
pathway through acetylation-modifed proteomics de-
tection. In recent years, etiological treatment, anti-
infammatory and liver protection, inhibition of hepatic
stellate cell activation and proliferation, reduction of ex-
cessive production of extracellular matrix, and acceleration
of ECM degradation have become important means to in-
hibit the development of liver fbrosis [25]. However, there is
no report on the molecular biology of acetylation-related
fbrosis.

Diferential proteins are strongly enriched in the
“transcriptional coactivator activity” molecular functions in
the cluster analysis heat map of GO classifcation and in the
TGF-β signaling pathway of the KEGG pathway. Te dif-
ferentially modifed proteins are enriched in the CBP/p300
atypical loop domain and CBP/p300 histone acetyl-
transferase domain. Finally, through cell experiments and
immunohistochemistry of liver cancer tissue samples, it was
verifed that HBV infection caused the increase of TGFbeta
expression and the high expression of TGFbeta in liver
cancer tissue. However, there is no report on the molecular
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Figure 6: Cluster analysis of proteins corresponding to diferential acetylationmodifcation sites. (a)–(c) Clustering analysis heat map based
on GO classifcation, KEGG pathway, and protein domain enrichment.
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biology of acetylation-related fbrosis. Our study elucidated
the new molecular mechanism of fbrosis-related liver
cancer caused by HBV infection from the protein modif-
cation level. So far, most antifbrotic drugs are still in the
preclinical research stage. In the clinical research stage, there
are also some drugs with obvious antifbrotic efects, good
safety, and good tolerance. It is believed that with in-depth
research on the pathogenesis of liver fbrosis and the con-
tinuous advancement of new drug development, it will be
possible to reverse liver fbrosis.
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