Int J Clin Exp Pathol 2018;11(7):3542-3550
www.ijcep.com /ISSN:1936-2625/1JCEPO076933

Original Article
Expression of PERK-elF2a-ATF4 pathway sighaling
protein in the progression of hepatic fibrosis in rats

Xin-Hua Luo®", Bing Han?*, Qu Chen?, Xiao-Ting Guo?, Ru-Jia Xie?, Ting Yang?, Qin Yang?

1Department of Infectious Diseases, Guizhou People’s Hospital, Guiyang, Guizhou, China; 2Department of Patho-
physiology, Guizhou Medical University, Guiyang, Guizhou, China. "Equal contributors.

Received March 29, 2018; Accepted May 15, 2018; Epub July 1, 2018; Published July 15, 2018

Abstract: Objective: This study aims to observe changes in the expression of the hepatic endoplasmic reticulum
stress PERK-elF2a-ATF4 signaling pathway protein in the progression of CCl,-induced hepatic fibrosis in rats. Meth-
ods: Male Wistar rats were sacrificed at the end of the 2™, 4", 8" and 12" weeks, respectively. A specific test was
performed to compare the pathological changes of hepatic tissues in the model and normal groups. Immunohisto-
chemical staining and Western blot were carried out to detect the expression of p-PERK, p-elF2a and ATF4 proteins
in the hepatic tissue group. Furthermore, real-time PCR was used to detect changes in the expression of ATF4 mRNA
in hepatic tissues. Results: In the eight-week and twelve-week hepatic fibrosis group, significant fibrosis hyperplasia
was identified in the livers of rats, and pseudo-lobules were also formed in the livers of rats in the twelve-week he-
patic fibrosis group. Immunohistochemical staining and Western blot results indicated that the expression levels of
p-PERK, p-elF2a and the ATF4 protein in the livers of rats were significantly increased from the 8" week compared
with the normal group (P<0.05). Real-time PCR results revealed that the expression of ATF4 mRNA was significantly
increased in hepatic tissues in the hepatic fibrosis group compared with the normal group (P<0.05), and this was
gradually enhanced as hepatic fibrosis progressed. Conclusions: CCI, can induce an increase in the expression of
the PERK-elF2a-ATF4 signaling protein in the development of hepatic fibrosis along with phosphorylation-mediated
activation, indicating that the activation of the PERK-elF2a-ATF4 signaling pathway may contribute to the onset and
development of hepatic fibrosis by regulating downstream target genes.
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Introduction

Hepatic fibrosis is a pathological process that
appears when the liver fibrillar connective tis-
sues present with abnormal hyperplasia, and
the extracellular matrix (ECM) is overloaded in
the liver. In severe cases, this can develop into
hepatic cirrhosis and even liver cancer [1].
Recent studies have found that endoplasmic
reticulum stress and mediated cell apoptosis
are correlated to many liver diseases, such as
viral hepatitis, alcoholic liver disease, non-alco-
holic fatty liver disease, drug-induced liver dis-
ease, acute liver failure and liver cancer [2].
Endoplasmic reticulum stress (ERS) is a subcel-
lular organelle pathological process that mani-
fests imbalance in the cellular endoplasmic
reticulum homeostasis or protein processing
and transportation disorders and physiological
function disorders, as part of the cell stress

defensive reaction. The Protein kinase R-like ER
kinase (PERK) signaling pathway is an unfolded
protein response (UPR) signal transduction pa-
thway in ERS and it’s the most widely research-
ed [3, 4]. Previous studies indicated that signifi-
cant ERS and hepatic cell apoptosis occurs in
liver cells in the process of carbon tetrachloride
(CCl,)-induced rat hepatic fibrosis, and that the
expression of GRP78 and CHOP proteins in the
liver of rats is obviously increased in the hepat-
ic fibrosis group [11, 12]. However, at present,
there are no reports on how to regulate the pro-
tein expression of CHOP after the expression of
GRP78 increases in the process of hepatic
fibrosis.

Studies on ERS signal transduction reveal that
when ERS occurs in cells, highly expressed ERS
protein, glucose regulated protein 78 (GRP78),
can phosphorylate, dimerize and even activate
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PERK signaling protein [5, 6], and activated
PERK signaling protein can specifically phos-
phorylate and activate the 51 serine of the
eukaryotic translation initiator factor 2« (elF-
2a). Phosphorylated elF2a further induces the
transcription of activating transcription factor 4
(ATF4) downstream, allowing the latter to acti-
vate the CCAAT/enhancer-binding protein hom-
ologous protein (CHOP); and the increased ex-
pression of these proteins can cause cell apop-
tosis [7, 8]. In ERS endoplasmic reticulum st-
ress, UPR can also induce the protein expres-
sion CHOP via other signaling pathways, but
PERKelF2a-ATF4 is necessary [9, 10]. There-
fore, this study observed changes in the expres-
sion of the ERS pathway PERK-elF2a-ATF4 sig-
naling proteins in the development of hepatic
fibrosis caused by CCl, and investigated its
potential roles in the pathogenetic mechanism
of hepatic fibrosis.

Materials and methods
Main reagents

CCl, (pure; Chengdu Jinshan Chemical Reagents
Co., Ltd., Chengdu, China); Phosphorylated pro-
tein kinase R-like ER kinase (PERK), eukaryotic
translation initiator factor 2a (elF2a), and acti-
vating transcription factor 4 (ATF4) antibody |
(Beijing Biosynthesis Biotechnology Co., Ltd.,
Beijing, China); B-Actin antibody (Wuhan Boster
Biological Technology Co., Ltd.); TRIzol kit (Invi-
trogen, USA); Reverse transcription kit (Ferm-
entas, USA); 2x SYBR green | kits (Applied Bi-
osystems, USA); the B-Actin and ATF4 primers
were designed and synthesized by TaKaRa
Bioengineering (Dalian) Co., Ltd. The primer
sequence was as follows: internal reference
B-actin: upstream primer 5-TCCTCCTGAGCGC-
AAGTACTCT-3’, downstream primer 5’-GCTCAG-
TAACAGTCCGCCTAGA-3’; ATF4: upstream prim-
er 5-CCCAAACCTTATEACCCACCT-3’, downstr-
eam primer 5’-gCTgTCTTETTTTgCTCCATCTT-3..

Groupings and treatment

A total of 56 healthy male Wistar rats (180+20
g, provided by the Laboratory Animal Center of
Guizhou Medical University) were included in
this study. After one week of feeding, these ani-
mals were randomly divided into two groups:
the normal group (n=28) and the hepatic fibro-
sis group (n=28). In the hepatic fibrosis group,
rats were subcutaneously injected with newly
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prepared 40% CCl, peanut oil solutions (3 I/kg)
every three days for the convenience in estab-
lishing the model. In the normal control group,
rats were subcutaneously injected with peanut
oil solutions in equal doses. Seven rats from
each group were sacrificed by femoral artery
bleeding at the end of the 29, 4 8" and 12"
weeks, respectively. Before the rats were sacri-
ficed, all of the rats were weighed. Represe-
ntative sections were collected from the left
liver lobe of all rats, and the wet liver weight
was measured. The left lobe of the liver colle-
cted from each rat was cut into 3-mm? sized
sections and fixed in 4% neutral formalin. Re-
maining liver tissues were stored at -80°C for
western blot and real-time PCR detection.

Measurement of the hepatic index

Hepatic index (%) = liver weight/body weight
x100%

Pathomorphological observation of hepatic
tissues

Hepatic tissues were routinely embedded in
paraffin, cut into slices, and stained with hema-
toxylin and eosin (H&E). Under a lighted micro-
scope, liver pathological changes were obse-
rved; and the semi-quantitative analysis of the
degree of collagen fiber hyperplasia was car-
ried out with reference to the fibrosis staging
method.

Detection of the protein expression of p-PERK,
p-elF2a and ATF4 by immunohistochemical
staining

This procedure was performed using the strep-
tavidin-biotin complex (SABC) method, accord-
ing to the kit’s instructions. In the negative con-
trol group, antibody | was replaced by phosphate
buffered saline (PBS) solution. Five samples of
each type were extracted and observed under
a high-power microscope to detect for cyto-
plasm stained into pale brown cells, which was
described as positive. The number of positive
cells and the total number of cells were count-
ed, and the percentage (%) of positive cells was
calculated.

Western blot

Total protein was extracted from hepatic tis-
sues, and the concentration of the total protein
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Table 1. The level of liver index in the rats of each group (X %s)

stream primers, and

12.5 pl of 2x SYBR

Group Cases Liver index (mg/g) Degree of hepatic fibrosis mean rank Green | supplement-

0 LI iv v W ed with DEPC H,0),
2W normal group 7 3.85+0.385 5 0 0 0 0 0O 8.0 and the reaction con-
2W HF group 7 4.84+0.495 1 21 1 0 0 O 19.54 dition was: 50°C for
4W normal group 7 3.81+0.175 4 1 0 0 0 0O 10.3 two minutes, 95°C
4W HF group 7 5.16+0.34» O 00 1 2 20 32.3% for 10 minutes, 95°C
8W normal group 7 3.78+0.44 2 300 0 00O 14.9 for 15 seconds, and
8W HF group 7 598069 0 0 0 2 2 1 0 30.3% 60°C for one minute,
12W normal group 7 3441020 3 2 0 0 0 O O 126 with the last two st-
12W HF group 7 59430554 0 0 0 0 1 3 1 36.1% eps repeated 40 ti-

4P<0.01 vs normal group; 2P<0.01 vs two weeks hepatic fibrosis group; °P<0.01 vs four weeks

hepatic fibrosis group; *P<0.05 vs four weeks hepatic fibrosis group.

was detected using the BCA method. Each well
was coated with 120 ug of the samples and
separated by 10% SDS-PAGE electrophoresis.
The membrane was transferred and washed by
tris-buffered saline (TBS), then antibody | was
added and the membrane was sealed for incu-
bation for one hour at room temperature
(p-PERK: 1:200, p-elF2a: 1:250, ATF4: 1:200,
and B-actin: 1:100). Then, the membrane was
shaken and placed in a refrigerator at 4°C over-
night. The next day, the membrane was washed,
antibody Il marked by HRP (1:5,000) was added
and them membrane was incubated for one
hour at room temperature. Next, the membrane
was developed using the ECL chemilumines-
cence method, and the X-ray film was exposed.
The stripes obtained were scanned and ana-
lyzed by the gel image analysis system. The
relative expression level of the target proteins =
gray value of the target proteins/gray value of
the B-Actin protein.

Real-time PCR detection and analysis

The TRIzol method was used to extract the total
RNA of rat livers for quantification and reverse
transcription, and to synthesize cDNA, as fol-
lows: The total volume of the reaction system
was 25 pl (1 pg of total RNA, 4 ul of 5x PCR
buffer, 2 pl of 10 mmol/L of dNTP, 1 ul of 10
umol/L of Oligod (T), 1 ul of RNase inhibitor,
and 1 ul of MMLV reverse transcriptase supple-
mented with DEPC H,0), and the reaction condi-
tion was: 25°C for 10 minutes, 48°C for 60 mi-
nutes, and 95°C for five minutes. The total vol-
ume of the real-time PCR reaction system was
25 ul (4 ul of the reverse transcription product,
1.0 pl of the 10 pymol/L upstream and down-
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mes. With B-actin as
the internal referen-
ce, the 22°T method
was used to calcu-
late the relative mRNA expression of ATF4 in rat
hepatic tissues in each group. All samples were
coated in three wells, respectively.

Statistical analysis

All the data were analyzed using SPSS 19.0 sta-
tistical software. The results of the pathological
semi-quantitative method were detected using
the Wilcoxon rank sum test. The comparison of
the mean among multiple groups was per-
formed using one-way ANOVA (for equal vari-
ances, the least significant difference [LSD]
method was used; for variance heterogeneity,
Games Howell method was used), with an
inspection level of a=0.05. A P-value <0.05 was
considered statistically significant.

Results

Changes in the hepatic index of rats in each
group

As shown in Table 1, the hepatic index of rats in
the two-week hepatic fibrosis group was a little
higher than that of the rats in the two-week nor-
mal control group, but the difference was not
statistically significant (P>0.05). The hepatic
index of rats in the four-week hepatic fibrosis
group, eight-week hepatic fibrosis group, and
twelve-week hepatic fibrosis group was higher
than that in the normal group (P<0.01). Fu-
rthermore, the hepatic index of the rats in the
eight-week hepatic fibrosis group increased
more significantly than that of the rats in the
four-week hepatic fibrosis group (P<0.05).
Moreover, the hepatic index of the rats in the
twelve-week hepatic fibrosis group slightly
decreased compared with the rats in the eight-
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Figure 1. Liver tissue of the rats in the control and hepatic fibrosis groups
(HE, x200). A: 4-week snormal group; B: 4-weeks hepatic fibrosis group; C:
12-weeks normal group; D: 12-weeks hepatic fibrosis group.

week hepatic fibrosis group. The difference was
not statistically significant (P>0.05).

Pathological changes in the liver of rats in
each group

After the hepatic tissues of the rats in each
group underwent H&E staining, it was found
that the hepatic cells of the rats in the normal
group exhibited a radial arrangement with the
central veins as the center in a normal struc-
ture. There was no collagen proliferation in the
mesenchyme without inflammatory cell infiltra-
tion. The hepatic cords of rats in the four-week
hepatic fibrosis group were arranged chaotical-
ly. Hepatic cells exhibited significant fat-like
changes. Fiber connective tissue proliferation
was observed in the portal area and the hepat-
ic lobules, and the hepatic cords of the rats in
the twelve-week hepatic fibrosis group were
arranged chaotically with massive fiber connec-
tive tissue proliferation. Different-sized round
or oval pseudolobules formed around the
hepatic tissue, as shown in Figure 1. According
to Wang Baoen’s staging method, it was found
by rank sum analysis that early hepatic fibrosis
formed at the 4" week after the rats were sub-
cutaneously injected with CCl,. The degree of
fibrosis at the 12" week group after subcuta-
neous injection was significantly aggravated
compared with the normal group, the four-week
hepatic fibrosis group and the eight-week
hepatic fibrosis group (P<0.01), as shown in
Table 1.
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The hepatic tissues of rats in
each group underwent immu-
nohistochemical staining and
were observed under a light
microscope. Pale-brown stai-
ned particles were observed
in the cytoplasms of the liver
cells and were described as
positive cells. The p-PERK and
p-elF2a proteins were posi-
tively expressed in the cyto-
plasm. When the semi-quanti-
tative method was used to
count the percentage of posi-
tive cells, it was found that
there was almost no positive
p-PERK and p-elF2a protein
expression in the hepatic tis-
sues of rats in each normal control group. In
the four-week hepatic fibrosis group, the posi-
tive protein expression of p-PERK and p-elF2a
increased in the liver cells of the rats and were
mainly distributed around the fibrous septum.
Compared with the rats in the four-week normal
group, the increase in positive expression was
statistically significant (P<0.05), as shown in
Figure 2. In the eight-week hepatic fibrosis
group, the protein expression of p-PERK and
p-elF2a in the cytoplasm of liver cells was more
significant than that in the normal control
group, two-week hepatic fibrosis group, and
four-week hepatic fibrosis group. The difference
was statistically significant (P<0.01), and most
of these exhibited a strong positive expression.
In the twelve-week hepatic fibrosis group, the
p-PERK and p-elF2a protein in the liver cells of
the rats widely exhibited a strong positive
expression. The difference in percentage of the
positive expression among this group, the nor-
mal control groups and the other hepatic fibro-
sis groups was statistically significant (P<0.01).

The expression of ATF4 protein in the liver of
rats in each group

The hepatic tissues of the rats in each group
were subjected to immunohistochemical stain-
ing and observed under a lighted microscope.
Pale-brown stained particles were observed in
the cytoplasm of the liver cells, and they were
described as positive cells. The positive protein
expression of AFT4 was mainly distributed in
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Figure 2. The expression of p-PERK, p-elF2a, ATF4 protein in liver of rats (SABC, x200).
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Figure 3. The expressions of p-PERK, p-elF2a and ATF4 proteins in the livers of the rats. C2: 2-week normal group;
C4: 4-week normal group; C8: 8-week normal group; C12: 12-week normal group; M2: 2-week hepatic fibrosis group;
M4: 4-week hepatic fibrosis group; M8: 8-week hepatic fibrosis group; M12: 12-week hepatic fibrosis group.

the cytoplasm. The semi-quantitative method
was used to count the percentage of positive
cells. No positive AFT4 protein expression was
found in hepatic tissues of rats in each corre-
sponding normal group. In the two-week hepat-
ic fibrosis group and the four-week hepatic
fibrosis group, a weak positive expression of
AFT4 was observed in the liver cells of the rats,
but its difference from the corresponding nor-
mal group was not statistically significant
(P>0.05), as shown in Figure 2. In the eight-
week hepatic fibrosis group, a strong positive
expression of p-elF2a was found in the cyto-
plasm of liver cells, and the significance of this
expression was more than that of the normal
group, two-week hepatic fibrosis group, and
four-week hepatic fibrosis group. The differenc-
es were statistically significant (P<0.01). The
p-elF2a protein in the liver cells of the rats in
the twelve-week hepatic fibrosis group widely
exhibited a strong positive expression, and the
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significance of this expression was more than
that of the normal group, two-week hepatic
fibrosis group, and four-week hepatic fibrosis
group. The difference was statistically signifi-
cant (P<0.01), but the differences from the
eight-week hepatic fibrosis group were not sta-
tistically significant.

Analysis results on the expression of p-PERK,
p-elF2a and ATF4 proteins by western blot

The protein expression of p-PERK and ATF4
was detected in hepatic tissues of rats in each
group, but there was almost no p-elF2a expres-
sion detected in the hepatic tissues of the rats
in the normal group. Since the 2" week of he-
patic fibrosis, the protein expression of p-PERK
and p-elF2a in the hepatic tissues of the rats in
the hepatic fibrosis groups increased com-
pared with that in the normal control group, and
this significantly increased as the time to estab-
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Table 2. The expression of hepatic fibrosis p-PERK, p-elF2a, ATF4 protein and ATF4 mRNA in each

group (mean s, n=7)

Group p-PERK (%) p-elF2a (%) ATF4 (%) ATF4 mRNA

2W normal group 7.48+3.38 1.02+0.56 35.04+9.75 86.85+16.68
2W HF group 10.50+£2.91 2.60+0.59 43.21+£13.51 63.31+25.29
4W normal group 9.63+6.51 2.49+1.11 22.76+6.77 79.031£34.55
4W HF group 44.71+8.90" 52.03+5.55%" 50.40+18.64 195.48+22.42%"
8W normal group 7.78+1.30 2.50+0.59 33.42+7.75 84.45+44.35
8W HF group 71.13+11.96~"# 68.03+6.08%"# 113.14+30.28%*# 291.43+83.49%"
12W normal group 7.25%£2.91 2.21+0.90 37.16+7.36 77.88+43.18
12W HF group 85.488+9.844#° 71.35+8.16%"# 151.024£30.405"#° 461.54+139.374"#

4P<0.01 vs normal group; #4P<0.05 vs normal group; “P<0.01 vs two weeks hepatic fibrosis group; #P<0.01 vs four weeks

hepatic fibrosis group; °P<0.01vs eight weeks hepatic fibrosis group;

lish the model passed and the degree of hepat-
ic fibrosis was aggravated. In the four-week
hepatic fibrosis group, the protein expression of
p-PERK and p-elF2a in the liver of rats signifi-
cantly increased compared with the corre-
sponding normal control group. In the two-week
and four-week hepatic fibrosis groups, the pro-
tein expression of ATF4 in the liver of the rats
slightly increased compared with the normal
group, but the differences were not statistical-
ly significant. Compared with the two-week
hepatic fibrosis group and the four-week hepat-
ic fibrosis group, the expression of p-PERK,
p-elF2a and ATF4 proteins in hepatic tissues
significantly increased (P<0.05) (Figure 3).

Real-time PCR analysis results on ATF4 mRNA
expression

The expression of ATF4 mRNA was detected in
the livers of the rats in each group. There were
no significant differences in the ATF4 mRNA
expression in the livers of the rats between the
two-week hepatic fibrosis group and the corre-
sponding normal group (P>0.05). In the four-
week, eight-week, and twelve-week hepatic
fibrosis groups, the mRNA expression of ATF4 in
the livers of the rats gradually increased as the
time to establish the model passed. This was
significantly higher than that of the control
group (P<0.05 or P<0.01), and significantly
higher than that of the two-week hepatic fibro-
sis group (P<0.01). In the twelve-week hepatic
fibrosis group, the expression of ATF4A mRNA in
the hepatic tissues of the rats was significantly
higher than that of the rats in the 2M, 4t
(P<0.01), and 8t (P<0.05) weeks of the hepatic
fibrosis model, as shown in Table 2.
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*P<0.05 vs eight weeks hepatic fibrosis group.

Discussion

To date, the mechanism of hepatic fibrosis
remains unknown. As research progresses on
the pathogenetic mechanism of hepatic fibro-
sis, wide attention has been given on the roles
of subcellular levels, such as endoplasmic retic-
ulum and mitochondrial injuries, in the patho-
genetic mechanism of hepatic fibrosis. ERS is a
series of reactions in a cell caused by endo-
plasmic reticulum homeostasis disorder, which
is part of the cellular defensive response.
These reactions can be induced by misfolded
protein aggregation, Ca?* exhaustion and lipid
synthesis disorders through corresponding sig-
naling pathways [13]. Our previous studies
have revealed that the expression of ERS pro-
tein GRP78 in liver cells significantly increased
when CCI, was induced in the onset of hepatic
fibrosis [11], and the expression of ERS-related
CHOP and TRB3 proteins and genes also signifi-
cantly increased. These changes were positive-
ly correlated to the apoptosis rate of liver cells
in the study rats, which indicated that ERS may
promote apoptosis in liver cells by regulating
the expression of downstream signal CHOP and
TRB3 proteins [12]. However, there are no
reports on how to regulate the mechanism of
CHOP and TRB3 through ERS protein GRP78 in
liver cells when hepatic fibrosis occurs.

PERK is a type | trans-membrane protein kinase
located in the endoplasmic reticulum mem-
brane. As described in previous studies, when
cells undergo ERS, the GRP78 in cells would be
separated from the PERK proteins in cells and
be transferred to unfolded proteins. Separated
PERK proteins could be phosphorylated and

Int J Clin Exp Pathol 2018;11(7):3542-3550
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activated, and phosphorylated PERK proteins
are dimerized to further phosphorylate eukary-
otic translation initiator factor 2« (elF2a) pro-
tein and activate the gene and protein expres-
sion of ATF4, and this in turn activates the
PERK-elF2a-ATF4 signaling pathway and induc-
es the gene and protein expression of CHOP
[14]. Some studies have indicated that p-PERK/
elF2a/ATF4 is a signaling pathway necessary
for regulating the protein expression of CHOP
[15]. In vitro experiments have revealed that
the silent PERK gene could significantly in-
crease the vitality of liver cells under the ERS
state and reduce their apoptosis rate, indicat-
ing that the GRP78/p-PERK/elF2a/ATF4/CHOP
signaling pathway is an important pathway for
ERS to induce apoptosis in liver cells [16].
However, there are no reports on whether this
signaling pathway is activated in the develop-
ment of hepatic fibrosis, as well as the roles
of its activation on target proteins in the
downstream.

In this study, we found that as the tCCl, su-
bcutaneous injection extended, the degree of
hepatic fibrosis continuously was aggravated,
and the hepatic index and histopathological
grade of hepatic fibrosis continuously increas-
ed. This indicates that 40% CCl, subcutaneous
injection may cause hepatic fibrosis in rats and
is consistent with the results of previous stud-
ies. The expression of p-PERK and p-elF2a pro-
teins in the hepatic tissues of rats in the four-
week hepatic fibrosis group significantly incre-
ased compared with the normal control group,
and the expression of p-PERK and p-elF2a pro-
teins was obviously increased as the hepatic
fibrosis was aggravated. The difference was
statistically significant. This proves that the
GRP78/p-PERK/elF2 signaling pathway is acti-
vated in the development of hepatic fibrosis,
and this signaling pathway is continuously acti-
vated in the overall development of hepatic
fibrosis and is closely correlated to the progres-
sion of fibrosis. In addition, this study indicated
that the time pattern for the increased expres-
sion of p-PERK and p-elF2a proteins was con-
sistent with that of the increased protein ex-
pression of GRP78 and CHOP in the liver of rats
with hepatic fibrosis [12]. This indicates that in
the hepatic fibrosis process caused by CCl,,
early liver cells of hepatic fibrosis undergo ERS,
and the GRP78 protein increased by ERS in
liver cells rapidly phosphorylates type | trans-
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membrane protein kinase PERK in the endo-
plasmic reticulum membrane and further phos-
phorylates elF2a downstream, which activates
the downstream gene transcription regulated
by the GRP78-PERK-elF2x signaling pathway.

It was found that by observing the protein and
MRNA expression of ATF4 in the development
of hepatic fibrosis, the ATF4 protein in the liver
of rats increased in the four-week hepatic fibro-
sis group, but the difference was not statisti-
cally significant. In the eight-week hepatic fibro-
sis group, the protein expression of ATF4 in the
liver of rats was significantly higher than that of
rats in the normal group and four-week hepatic
fibrosis group. As time passed, the expression
of ATF4 protein in the liver of the rats in the
hepatic fibrosis group significantly increased
compared with that in the normal group and
four-week hepatic fibrosis group. In the two-
week hepatic fibrosis group, the mRNA expres-
sion of ATF4 in the liver of the rats was signifi-
cantly higher than that of the rats in the normal
control group; and the difference was statisti-
cally significant. As time passed, the mRNA
expression of ATF4 in the liver of the rats in the
hepatic fibrosis group was significantly higher
than that of the rats in the control group and
the two-week hepatic fibrosis group. In this
study, phosphorylated elF2a selectively acti-
vated ATF4 gene transcription and protein syn-
thesis, inducing the protein expression of ATF4,
to gradually increase in hepatic tissues of the
rats with hepatic fibrosis as the time to estab-
lish the model was extended. Furthermore, the
time point when the protein expression of ATF4
in the hepatic tissue of the rats with hepatic
fibrosis was later than that for the increased
mMRNA expression of ATF4. Hence, the activa-
tion of the GRP78/p-PERK/elF2a signaling pa-
thway increases the expression of ATF4A mRNA,
and subsequently increases the protein expres-
sion level of ATF4.

This study revealed that the increment in the
expression of p-elF2a in the liver of the rats in
the twelve-week hepatic fibrosis group was not
as significant as that of the rats in the eight-
week hepatic fibrosis group (P>0.05). Some
studies have found that phosphorylated elF2«
selectively increased the mRNA expression of
ATF4 when ERS persistently existed, and ATF4
induced the expression of CHOP. The latter
induced the expression of the growth arresting
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and DNA-damage-inducing protein 153 (GAD-
D34). The expression of GADD34 is related to
dephosphorylated elF2a, which forms a nega-
tive feedback loop [16, 17]. This may be one
reason why the protein expression level of
p-elF2« in the liver of the rats in the twelve-
week hepatic fibrosis group was not significant-
ly increased compared with protein expression
level of p-elF2a in the eight-week hepatic fibro-
sis group.

In conclusion, this study indicates that ERS in
the liver cells plays an important role in the
pathogenetic mechanism of hepatic fibrosis.
ERS in liver cells regulates the protein expres-
sion of CHOP molecules downstream by acti-
vating the PERK-elF2a-ATF4 signaling pathway,
promoting the apoptosis of liver cells, and par-
ticipating in the onset and development of
hepatic fibrosis.

Acknowledgements

We are particularly grateful to all the people
who have given us help on our article. This work
was supported by the National Natural Science
Foundation of China (No: 81160064).

Disclosure of conflict of interest
None.

Address correspondence to: Qin Yang, Department
of Pathophysiology, Guizhou Medical University, 9
Beijing Road, Yun yan District, 550004, Guiyang,
China. Tel: +86 851 86910068; Fax: +86 851
86910068; E-mail: yangqin1179@163.com

References

[1]  Wu FL, Liu WY, Van Poucke S, Braddock M, Jin
WM, Xiao J, Li XK, Zheng HM. Targeting endo-
plasmic reticulum tress in liver disease. Expert
Rev Gastroenterol Hepatol 2016; 10: 1041-
52.

[2] Malhi H, Kaufman RJ. Endoplasmic reticulum
stress in liver disease. J Hepatol 2011; 54:
795-809.

[3] Zhang W, Chen L, Shen Y, Xu J. Rifampicin-in-
duced injury in LO2 cells is alleviated by 4-PBA
via inhibition of the PERK-ATF4-CHOP pathway.
Toxicol In Vitro 2016; 36: 186-96.

[4] Liu Z, Shi Q, Song X, Wang Y, Wang Y, Song E,
Song Y. Activating transcription Factor 4 (AT-
F4)-ATF3-C/EBP homologous protein (CHOP)
cascade shows an essential role in the ER
stress-induced sensitization of tetrachloroben-

3549

(8]

)

(10]

(11]

[12]

(13]

(14]

(15]

zoquinone-challenged PC12 cells to ROS-me-
diated apoptosis via death receptor 5 (DR5)
signaling. Chem Res Toxicol 2016; 29: 1510-8.
Dally S, Monceau V, Corvazier E, Bredoux R,
Raies A, Bobe R, del Monte F, Enouf J. Com-
partmentalized expression of three novel sar-
co/endoplasmic reticulum Ca2+ATPase 3 iso-
forms including the switch to ER stress,
SERCA3f, in non-failing and failing human
heart. Cell Calcium 2009; 45: 283-90.

Tardif KD, Waris G, Siddiqui A. Hepatitis C vi-
rus, ER stress, and oxidative stress. Trends Mi-
crobiol 2005; 13: 1592-1620.

Ventoso |, Sanz MA, Molina S, Berlanga JJ,
Carrasco L, Esteban M. Translational resis-
tance of late alphavirus mRNA to elF2alpha
phosphorylation: a strategy to overcome the
antiviral effect of protein kinase PKR. Genes
Dev 2006; 20: 87-100.

Rosenwald IB, Pechet L, Han A, Lu L, Pihan G,
Woda B, Chen JJ, Szymanski |. Expression of
translation initiation factors elF-4E and elF-
2alpha and a potential physiologic role of con-
tinuous protein synthesis in human platelets.
Thromb Haemost 2001; 85: 142-51.

Guo G, MengY, Tan W, Xia Y, Cheng C, Chen X,
Gu Z. Induction of apoptosis coupled to endo-
plasmic reticulum stress through regulation of
CHOP and JNK in bone marrow mesenchymal
stem cells from patients with systemic lupus
erythematosus. J Immunol Res 2015; 2015:
183738.

Zhang W, Chen L, Shen Y, Xu J. Rifampicin-in-
duced injury in LO2 cells is alleviated by 4-PBA
via inhibition of the PERK-ATF4-CHOPpathway.
Toxicol In Vitro 2016; 36: 186-96.

Wen JJ, Xie RJ, Han B, Yang T, Qian C, Yang Q.
Morphology of endoplasmic reticulum and ex-
pression of GRP78 in rat fibrotic liver. Chinese
Journal of Pathophysiology 2011; 27: 2210-
2213.

Du XC, Han B, Xie RJ, Zou H, Yang Q. Changes
of endoplasmic reticulum stress-related mole-
cule CHOP and TRB3 in rat fibrotic liver. Chi-
nese Journal of Pathophysiology 2013; 29:
906-912.

Mahdi AA, Rizvi SH, Parveen A. Role of endo-
plasmic reticulum stress and unfolded protein
responses in health and diseases. Indian J Clin
Biochem 2016; 31: 127-37.

Sidrauski C, Walter P. The transmembrane ki-
nase Irel is a site-specific endonuclease that
initiates mMRNA splicing in the unfolded protein
response. Cell 1997; 90: 1031-9.

Cao J, Yang ZX, Shen W, Yao L. Construction of
shRNA eukaryotic expression vectors targeting
PERK gene and effect of PERK gene knock-
down on apoptosis in endoplasmic reticulum
stress-induced LO2 hepatocytes. Chinese Jour-
nal of Pathophysiology 2011; 27: 2376-2381.

Int J Clin Exp Pathol 2018;11(7):3542-3550


mailto:yangqin1179@163.com

(16]

3550

Protein expression in rats with hepatic fibrosis

Reid DW, Tay AS, Sundaram JR, Lee IC, Chen Q,
George SE, Nicchitta CV, Shenolikar S. Comple-
mentary roles of GADD34- and CReP-Contain-
ing Eukaryotic initiation factor 2a phosphatas-
es during the unfolded protein response. Mol
Cell Biol 2016; 36: 1868-80.

[17] Akai R, Hosoda A, Yoshino M, Iwawaki T. Con-
stitutive role of GADD34and CReP in cancella-
tion of phospho-elF2a-dependent translation-
al attenuation and insulin biosynthesis in
pancreatic cells. Genes Cells 2015; 20: 871-
86.

Int J Clin Exp Pathol 2018;11(7):3542-3550



