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Copper Loading Induces PERK/elF2a Endoplasmic Reticulum Stress

Signaling Pathway-Mediated Hepatocyte Apoptosis and Its Intervention
by Salubrinal
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Abstract The Wilson’ s disease is an autosomal recessive copper metabolism disorder — with liver
damage as the most common clinical manifestations. However, the molecular mechanism of hepatocyte
damages caused by copper accumulation is unclear. In this study, copper sulfate was used to simulate the
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copper overload of hepatocytes in vitro. The abundance of protein kinase R-like endoplasmic reticulum
kinase (PERK) and p-elF2a proteins in hepatocytes was measured by Western blotting, and the effect of
specific elF2a phosphorylation inhibitor Salubrinal on hepatocytes apoptosis, caspase-3 activity and C/
EBP homologous protein ( CHOP) mRNA transcription induced by copper overload were investigated
respectively. The rate of hepatocytes apoptosis was tested by flow cytometry, the caspase-3 activity in
hepatocytes was measured by colorimetric assay, and the CHOP mRNA level in hepatocytes was measured
by real-time PCR. The results of this study are as follows: (1) The copper overload hepatocytes showed
a time dependent increase in the expression of PERK and p-elF2a protein (P <0.05, P<0.01). (2)
Compared with the control group, copper overload-cultured hepatocytes in 24 h significantly increased the
hepatocytes apoptosis rate (P < 0.01), enhanced caspase-3 activity, increased transcription CHOP
mRNA. And adding specific elF2a phosphorylation inhibitor Salubrinal could inhibit the process. (3)
Compared with the control group, copper overload promoted the expression of PERK and p-elF2a proteins
in hepatocytes. After adding the specific elF2a phosphorylation inhibitor Salubrinal, it could not inhibit
the expression of PERK proteins in hepatocytes (P > 0.05), but it could significantly inhibit the
expression of p-e[F2a proteins in hepatocytes ( P <0.01). This study showed that copper overloaded
hepatocytes can induce the endoplasmic reticulum stress of hepatocytes. Moreover, the mechanism of
hepatocytes apoptosis is closely related to the activation of endoplasmic reticulum stress PERK/elF2a
signaling pathway. Salubrinal has the effect of interfering this signaling pathway and inhibiting the

apoptosis of hepatocytes.
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Fig.1  Effects of 300 pmol/L cupric sulfates on the
expression of PERK and p-elF2« proteins of hepatocytes

at different time periods 300 pwmol/L copper sulfate

was used to culture hepatocytes for 0, 12, 24, 48 hours.
(A) Detection of the expression of PERK and p-elF2a
proteins by Western blotting; ( B) Gray scale scanning
values for the protein expression of the image. * P <0. 05, ™
P <0.01, compared with the 0 h PERK group.” P <
0.05,"P <0.01, compared with the 0 h p-elF2a group
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Fig.2 Effects of Salubrinal on the apoptosis of copper
overload hepatocytes
Salubrinal of 40 wmol/L for 1 hour in the copper + Salubrinal

Pretreatment of hepatocytes with

group and Salubrinal group. The four groups continued to
cultivate hepatocytes for 24 hours, and then the hepatocyte
apoptosis was detected by flow cytometry 24 hours later. ™ P
< 0.01, compared with the control group;™ P < 0.01,
compared with copper group
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Fig. 3
Caspase-3

The effect of Salubrinal on the activity of
in copper overload hepatocytes
Pretreatment of hepatocytes with Salubrinal of 40 pmol/L
concentration for 1 hour in the copper + Salubrinal group
and Salubrinal group. The four groups continued to cultivate
hepatocytes for 24 hours, and the caspase-3 activity of
hepatocytes was detected by the colorimetric method 24
hours later. ™ P <0. 01, compared with the control group ;**

P <0.01, compared with the copper group
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A, W Fig. 4,
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Fig. 4 The effect of Salubrinal on CHOP mRNA
transcription in copper overload hepatocytes
Pretreatment of hepatocytes with Salubrinal of 40 pmol/L
concentration for 1 hour in the copper + Salubrinal group and
Salubrinal group. The four groups continued to cultivate
hepatocytes for 24 hours, and then the transcriptional level
of CHOP mRNA 24 hours later was detected by RT-PCR. ™
P <0.01, compared with the control group;*™ P < 0.01,
compared with the copper group
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Fig. 5 The effect of Salubrinal on the expression of
PERK and p-elF2a proteins in copper overload
hepatocytes Pretreatment of hepatocytes with Salubrinal
of 40 pmol/L concentration for 1 hour in the copper +
Salubrinal group and Salubrinal group. Four groups
continued to cultivate hepatocytes for 24 hours, and the
expression of PERK and p-elF2a proteins 24 hours later was
detected. (A) Detection of the expression of PERK and p-
elF2a proteins by Western blotting. (B, C). Gray scale
scanning values for the protein expression of the image
(A). ™P<0.01, compared with the control group;* P <
0. 01, compared with the copper group
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