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Abstract
Background PCSK9 has been found to be closely related to the occurrence and development of a variety of
tumors. However, the concrete role of PCSK9 and its relationship with HCC development is largely unknown.

Methods The expression levels of PCSK9 in HCC tissues and HCC cell lines were determined by quantitative
real-time polymerase chain reaction (qRT-PCR), western blot and immunohistochemistry assays. The effects
of PCSK9 expression on HCC biological traits were investigated by overexpressing and downregulating PCSK9
protein in vivo and in vitro. The mechanism by which PCSK9 mediates the depolymerization of the GSTP1
dimer and the phosphorylation of the JNK signaling pathway was further investigated.

Results PCSK9 is downregulated in human HCC tissues. HCC cell proliferation, cell cycle phase distribution
and apoptosis were inhibited by PCSK9 in vitro. PCSK9 suppresses tumor growth and metastasis of HCC in
vivo. PCSK9 interacts with GSTP1 and promotes the depolymerization of the GSTP1 dimer and inactivation of
the JNK signaling pathway. Furthermore, low PCSK9 protein expression in primary HCC tissues correlated with
worse clinical outcomes.

Conclusions PCSK9 inhibits HCC cell proliferation, cell cycle phase distribution and apoptosis by interacting
with GSTP1 and suppressing the JNK signaling pathway, suggesting that PCSK9 might act as a tumor
suppressor and may serve as a therapeutic target for the treatment of HCC.

Background
Hepatocellular carcinoma (HCC) is one of the most frequent malignant tumors and is characterized by an
insidious onset, rapid progression, and high mortality rates. In recent years, the management of hepatitis virus
carriers and therapeutic advances, including curative hepatectomy, liver transplantation, local treatment,
radiation, and molecular targeted therapy, have provided great bene�ts to patients with HCC. However, the �ve-
year survival of small HCC and advanced HCC is still approximately 60% and 10%, respectively. High
aggressiveness, metastasis and recurrence are the key points of poor prognosis. Therefore, it is critical to
elucidate the molecular mechanisms underlying HCC progression and develop novel treatment strategies.

Protein convertase subtilisin/Kexin type 9 (PCSK9) is a member of the family of pre protein invertases, which
encode secretory serine proteases composed of a signal peptide, pre domain, catalytic domain and C-terminal
rich cysteine histidine carboxyl domain. Its well-known function is to regulate the posttranscriptional
degradation of LDLR (low-density lipoprotein receptor) protein by binding with LDLR and promoting LDLR
translocation to acidic organelle endosomes or lysosomes. PCSK9 promotes the degradation of LDLR, which
leads to a decrease in the cholesterol uptake ability of cells, an increase in LDL-C levels and
hypercholesterolemia. In addition, PCSK9 has been reported to play an important role in a variety of biological
processes, including the in�ammatory response, immune response, metabolism, cell cycle, and apoptosis[1-3].
A previous study reported that PCSK9 expression in HCC tissues is lower than that in paracancerous
tissues[4], and our previous study found that Chinese kiwifruit root extract had the effect of inhibiting the
development of hepatocarcinoma cells, and PCSK9 is the key molecule of the Chinese herbal extract to inhibit
the proliferation of liver cancer cells[5]. In addition, PCSK9 has been found to be closely related to the
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occurrence and development of a variety of tumors, including melanoma, prostate cancer, and lung cancer. [6-
8] However, the concrete role of PCSK9 and its relationship with HCC development is largely unknown.

In this study, we investigated the expression of PCSK9 in HCC cell lines and tumor samples. We explored how
HCC growth was related to changes in PCSK9 expression in vitro and in vivo. Using tissue microarrays (TMAs)
in HCC samples, we determined the relationship between PCSK9 expression and clinicopathological
parameters to evaluate its prognostic signi�cance.

Methods
Tissue specimens and tissue microarray (TMA)

mRNA and protein samples of human HCC tissues (n=48) and matched adjacent nontumor samples (n=48)
were collected from patients who had undergone curative hepatectomy at Zhongshan Hospital A�liated with
Fudan University.

Preparation of TMA was performed as described[9]. Primary HCC samples for TMA were obtained from 241
postoperative patients with HCC whose 10-year follow-up data were available at Zhongshan Hospital
A�liated with Fudan University. The study was approved by the Zhongshan Hospital Research Ethics
Committee. Follow-up procedures were described previously[9].

 

Immunohistochemistry assays

The slides were probed with primary antibodies against PCSK9 (1:100, Abcam, Cambridge, MA, USA) and then
incubated with horseradish peroxidase–conjugated IgG (1:500; Invitrogen), and the proteins in situ were
visualized with 3,3’-diaminobenzidine. The staining extent was determined as previously reported[10].

 

Cell culture

The human HCC cell lines HepG2 and Huh7 were purchased from the Cell Bank of the Institute of
Biochemistry and Cell Biology, China Academy of Sciences, Shanghai, China. The HCC cell lines MHCC-97H
and MHCC-97L were established at the Liver Cancer Institute[11]. Cells were cultured in Dulbecco’s modi�ed
Eagle’s medium (DMEM) supplemented with 10% (v/v) fetal bovine serum (Gibco, BRL, USA), 10 µg/mL
streptomycin sulfate and 100 µg/mL penicillin G. All cells were incubated at 37°C in a humidi�ed atmosphere
containing 5% CO2.

 

Total RNA isolation and quantitative real-time quantitative PCR

Total RNA was isolated from HCC cells and HCC tissues with TRIzol reagent (Invitrogen, CA, USA) according to
the manufacturer’s protocol. Complementary DNA was synthesized using the Reverse Transcription Reagent
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Kit (TaKaRa, Shiga, Japan) from 500 ng of RNA. All primers are shown in Supplementary Table 1. Real-time
qRT-PCR analysis was performed using an ABI7500 real-time �uorescent measurement system (Applied
Biosystems, USA) and a PCR ampli�cation kit (TaKaRa, Japan). Values were derived from at least three
independent experiments performed in duplicate and normalized to β-actin expression. The 2-△△Ct method
was used for the data analysis[12].

 

Western blot

The procedures were performed as described[13]. Preparation of nonreducing PAGE gel and protein sample
was as follows: preparation of the nonreducing gel was according to the second part of the concentrated
rubber and separation gel preparation scheme, without adding SDS. After the protein was extracted, it was
diluted with 5× nondenaturing and nonreducing buffer in a 4:1 ratio without boiling and directly added to the
sample hole of the nonreducing PAGE gel. The antibodies used for western blotting included PCSK9 and
GSTP1 (Abcam, Cambridge, MA, USA).

 

Cell viability assays

HCC cell viability was assessed using CCK-8 assays (Cell Counting Kit-8, Dojindo, Japan). The procedures
were performed as described[5].

 

Cell cycle analysis and Annexin V apoptosis assay

The procedures were performed as described[14].

 

Coimmunoprecipitation (Co-IP) and mass spectrometry (IP/MS)

The procedures were performed as described[10, 15]. The antibodies used in Co-IP included anti-PCSK9 mAb,
anti-GSTP1 mAb, and anti-IgG (Abcam, Cambridge, MA, USA).

 

Immuno�uorescence staining

HCC cells grown on coverslips were �xed with 3% paraformaldehyde at 4°C overnight. To block the
nonspeci�c binding of antibodies, cells were then incubated with 3% bovine serum albumin for 30 min at
room temperature. After that, cells were incubated with primary antibodies against PCSK9 (1:100, Abcam,
Cambridge, MA, USA) and GSTP1 (1:100, Abcam, Cambridge, MA, USA) at 4°C overnight. Cells were then
probed with secondary antibodies and incubated at room temperature for another 2 h. Cells were then
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mounted with ProLong gold antifade reagent with 4',6-diamidino-2-phenylindole (Life Technologies) and
immediately observed under a �uorescence microscope.

 

Nude mice and metastasis assay

HCC cells (1.2 × 108 cells in 0.1 ml of phosphate-buffered saline) were injected subcutaneously into the dorsal
left �ank of eight-week-old male Balb/c nude mice. These mice were randomly divided into four groups before
injection. After the tumors were visible, the tumor size was measured every week until 4 weeks. The nude mice
were killed, and the subcutaneous tumor was stripped and cut into tumor tissue blocks of 1 mm × 1 mm ×
mm size as the tumor source for subsequent orthotopic liver planting. The mice inoculated with tumor blocks
were sacri�ced after eight weeks, and the number of metastatic tumors was assessed by double-blinded
evaluation.

 

Statistical analysis

Statistical analysis was performed with SPSS 19.0 statistical software (SPSS Inc., Chicago, IL, USA). Kaplan-
Meier analysis was used for survival analysis, and the log-rank test was chosen to compare the differences.
The Pearson χ2 test or Fisher’s exact test was employed to compare qualitative variables, while Student’s t-
tests were used for quantitative variables. A Cox proportional hazards model was adopted for multivariate
analysis. The level of signi�cance was set at P<0.05 for all tests.

Results
PCSK9 is downregulated in human HCC tissues

We �rst determined the PCSK9 mRNA and protein levels in 48 cases of human HCC tissues and in adjacent
nontumor samples by qRT-PCR, western blot analysis and immunohistochemistry. PCSK9 expression was
decreased in most (34 vs. 14) HCC samples relative to nontumor samples (Fig. 1A, 1B and 1C). PCSK9
expression was further assessed in various HCC cell lines with different metastatic potentials (HCCLM3,
MHCC97H, MHCC97L, Hep3B, HepG2, and Huh7) and the immortal normal liver cell line (HL-7702) (Fig. 1D
and 1E). We found that the expression of PCSK9 was lower in the LM3 and 97H cell lines with relatively high
malignancy than in the HepG2 and Huh7 cell lines with relatively low malignancy and immortalized
hepatocyte lines. These results suggest that PCSK9 is downregulated in the process of hepatocarcinogenesis
and development.

PCSK9 suppresses HCC cell proliferation, cell cycle phase distribution and apoptosis in vitro

To elucidate the biological function of PCSK9 in HCC development, lentivirus-mediated overexpression and
knockdown of PCSK9 in HCC cells was performed. The expression of PCSK9 is relatively low in 97H cells and
high in HepG2 cells. Therefore, we conducted stable PCSK9 overexpression in 97H cells (97H-PCSK9) and
successful knockdown of PCSK9 in HepG2 cells (HepG2-shRNA-PCSK9) (Fig. 2A).
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The proliferation of transfected cells was investigated using a CCK-8 kit. High expression of PCSK9 in 97H
cells was associated with a slower growth rate compared to the respective control, whereas cells transfected
with anti-PCSK9 shRNA grew faster than the control in HepG2 cells (Fig. 2B). We further determined whether
the altered growth rate is associated with the cell cycle and cell apoptosis. PI staining showed that the cell
cycle was arrested in G1 phase, with 66.6% of 97H-PCSK9 cells in G0/G1 versus 51.9% of control cells (P
<0.05) (Fig. 2C). In contrast, PCSK9 knockdown in HepG2 cells signi�cantly promoted the cell cycle, with
46.6% HepG2-shRNA-PCSK9 cells in G0/G1 versus 56.6% of control cells (P <0.05) (Fig. 2C). Annexin V/PI
assays showed a signi�cant apoptosis rate increase in 97H-PCSK9 cell lines compared to the respective
control, whereas HepG2-shRNA-PCSK9 cells showed a lower apoptosis rate than that of the control (Fig. 2D).
In addition, we detected the expression levels of proliferation markers, apoptosis markers and cell cycle
proteins. Western blot analysis showed that overexpression of PCSK9 signi�cantly inhibited the expression of
proliferating cell nuclear antigen (PCNA), cyclin D1, cyclin D3 and Bcl-2 and increased the expression of Bax,
Bid and cleaved caspase-3, whereas PCSK9 knockdown resulted in the opposite effect (Fig. 2E).

Effects of PCSK9 on tumor growth and metastasis of HCC in vivo

97H cells stably expressing PCSK9 or control vector were injected subcutaneously into nude mice. Palpable
tumors formed within 2 weeks. Tumor volume was measured each week, and mice were sacri�ced 5 weeks
after tumor cell implantation. The average tumor volume of 97H cells stably transfected with PCSK9 was
0.902±0.081 cm3, which was signi�cantly smaller than tumors in the control group (1.572±0.102 cm3; P <
0.01) (Fig. 3A). The average tumor volume of HepG2 cells stably transfected with shRNA-PCSK9 was
0.815±0.068 cm3, which was signi�cantly smaller than the tumors in the control group (0.407±0.032 cm3; P <
0.01) (Fig. 3A).

To further determine the effects of PCSK9 on tumor growth and metastasis, we isolated the tumor xenografts
above and implanted them into the livers of nude mice to establish orthotopic models. After 8 weeks, the
average volume of 97H-PCSK9 orthotopic tumors was noticeably smaller than that of the control group (Fig.
3B). In addition, the total number of lung metastasis lesions in the 97H-PCSK9 group was much lower than
that in the control group (Fig. 3C). These results suggested that PCSK9 appears to act as a tumor suppressor.

PCSK9 interacts with GSTP1

To explore the mechanism underlying PCSK9 inhibition of HCC cell development, IP/MS was conducted to
identify key factors associated with PCSK9 in 97H cells transfected with the PCSK9 vector and Huh7 cells
with naturally high levels of PCSK9. The PCSK9 protein complex was immunoprecipitated by anti-PCSK9
mAb, with anti-IgG as a control to rule out nonspeci�c precipitation. The coprecipitated proteins were
visualized by silver staining after electrophoresis and subjected to amino acid sequence identi�cation by
mass spectrometry analysis. One identi�ed factor turned out to be glutathione S-transferase Pi 1 (GSTP1)
(Fig. 4A). To validate the interaction between PCSK9 and GSTP1, coimmunoprecipitation using GSTP1
antibody was also performed, suggesting that PCSK9 could in turn coimmunoprecipitate with GSTP1, as
revealed by western blotting (Fig. 4B). Similar results were validated in Huh7 cells (Fig. 4D). Moreover,
coexpressed PCSK9 and GSTP1 were found to colocalize in 97H-PCSK9 cells (Fig. 4C).
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PCSK9 promotes the depolymerization of the GSTP1 dimer and inactivation of the JNK signaling pathway

GSTP1 plays an important role in the regulation of the Jun N-terminal kinase (JNK) signaling pathway and
participates in cell proliferation, the cell cycle, and apoptosis, among other processes. To determine the role of
GSTP1 in the tumor-suppressive property of PCSK9, we detected the protein expression of GSTP1 and JNK
signaling activity. No signi�cant differences in the expression level of GSTP1 were found, whereas
phosphorylated JNK and phosphorylated c-Jun were downregulated by the overexpression of PCSK9 (Fig.
5A). Previous studies have shown that monomer GSTP1 has a higher activity of binding JNK protein than
dimer GSTP1 and can inhibit the phosphorylation of JNK protein and its downstream signaling pathway
activity[16]. We found that the level of GSTP1 dimer in 97H-PCSK9 cells was signi�cantly lower than that in
97H-mock cells, while the content of GSTP1 monomer was signi�cantly increased, indicating that PCSK9
overexpression can promote the depolymerization of GSTP1 dimer (Fig. 5B). We further examined the binding
of GSTP1 to JNK and found a signi�cantly higher level of JNK protein coprecipitated by anti-GSTP1 in 97H-
PCSK9 cells than in 97H-mock cells (Fig. 5C), suggesting that PCSK9 protein promotes the transformation of
GSTP1 from dimer to monomer and enhances the binding ability of GSTP1 with JNK protein.

Low PCSK9 protein expression in primary HCC tissues correlated with worse clinical outcomes

IHC on a tissue microarray was performed to measure PCSK9 protein levels in HCC samples from 241
postoperative patients with HCC whose 10-year follow-up data were available. Except for 6 samples damaged
during array preparation, the remaining 235 samples were analyzed. All HCC samples could be strati�ed into
either the high PCSK9 level (PCSK9-hi) or low PCSK9 level (PCSK9-lo) groups according to IHC staining
scores. Comparisons of clinicopathologic pro�les between patients with HCC with PCSK9-hi and PCSK9-lo are
shown in Supporting Table S1. The PCSK9-lo group displayed signi�cantly worse overall survival (OS)
(median OS: 64.2 months versus 83.2 months; Log-rank=4.237, p=0.04) and recurrence-free survival (RFS)
(median RFS: 26.5 months versus 46.6 months; Log-rank=10.498, p=0.001) compared to the PCSK9-hi group
(Fig. 6).

A high AFP level, high CA199 level, BCLC stage, and absent tumor encapsulation were found to be associated
with worse OS and RFS in univariate analysis (Table 1). To further assess the correlation between the PCSK9
level and other risk factors, a Cox proportional hazards analysis was performed, which indicated that a low
PCSK9 level was an independent risk factor for worse OS (hazard ratio=2.025, 95% CI: 1.384-2.961, p=0.000)
and shortened RFS (hazard ratio=1.749, 95% CI: 1.034-2.958, p=0.037) (Table 1).

Discussion
In this study, we demonstrated that PCSK9 was expressed at a lower level in HCC tissues than in adjacent
nontumor samples. In vivo and in vitro experiments suggested that PCSK9 inhibited HCC cell proliferation and
lung metastasis. Further analysis showed that PCSK9 interacts with GSTP1 and promotes the
depolymerization of the GSTP1 dimer and inactivation of the JNK signaling pathway. Moreover, a positive
correlation between PCSK9 protein expression and clinical outcomes was validated. These data suggest that
PCSK9 might act as a tumor suppressor in HCC.
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Previous studies reported that the PCSK9 protein can induce the degradation of many lipid-related protein
receptors and other proteins, including low-density lipoprotein receptor (LDLR), very-low-density lipoprotein
receptor (VLDLR)[17], apoE receptor 2[17], CD36 protein[18], and CD81[19]. It has also been reported that
PCSK9 is related to various biological pathways, such as the in�ammatory response, immune response,
metabolism, cell cycle and apoptosis[20-22], suggesting that PCSK9 is a multifunctional protein. However,
only a few studies have reported the relationship between PCSK9 and cancer[6, 8]. One study on HCC reported
a decrease in PCSK9 expression in human HCC tissues but did not clarify the speci�c signi�cance of low
PCSK9 expression levels in the carcinogenesis and development of HCC[4]. Our study has demonstrated, for
the �rst time, that PCSK9 can interact with GSTP1, affect JNK phosphorylation levels, and inhibit HCC
proliferation, which is of great signi�cance for further understanding the function of the PCSK9 protein and
suggests that PCSK9 may serve as a therapeutic target for patients with HCC. Additionally, whether the
function of PCSK9, as an important gene regulating the intracellular transport and degradation of LDLR
membrane protein, is affected by GSTP1 protein has not been reported. Further study on the effect of GSTP1
on the PCSK9/LDLR signaling pathway is of great signi�cance for further understanding cell cholesterol
metabolism.

GSTP1 is an important subtype of human GSTs that can reduce the excessive ROS and oxygen free radicals
produced in organisms through catalytic mechanisms and maintain the balance of oxidation-reduction in
organisms. GSTP1 also regulates the MAPK-dependent cell cycle, proliferation, apoptosis, the in�ammatory
response, DNA damage repair and other biological processes through ligand binding properties[23-24]. JNKs
are members of the mitogen-activated protein kinase (MAPK) family. Under the pressure or stimulation of
reactive oxygen species, radiation, in�ammatory factors, growth factors, etc., JNK serine/tyrosine kinase
activity is activated, which promotes the phosphorylation of downstream substrates (such as c-Jun, c-Fos,
and ATF2) and further promotes the formation of an activated protein-1 (AP-1) transcription complex[25-26].
In the tumor environment, cancer cells undergo proto-oncogene transformation, and the JNK signaling
pathway is usually activated and plays an important role in carcinogenesis and progression[27-29]. GSTP1 is
a natural inhibitor of the JNK signaling pathway through binding to the carboxyl terminal negative charge
region of the JNK protein[14, 16, 30]. Compared with the GSTP1 dimer, the GSTP1 monomer has higher JNK
protein binding activity. While cells are stimulated by reactive oxygen species, chemicals, in�ammatory
factors, etc., GSTP1 crosslinks to form dimers or polymers, relieving the inhibition of JNK and activating the
JNK signaling pathway[31]. Increased expression of GSTP1 has been found in most tumor tissues and is
closely related to tumorigenesis and development. In the present study, PCSK9 interacts with GSTP1 to affect
JNK signaling pathway activity and thus affects the biological function of HCC cells, which is consistent with
previous studies of GSTP1. On the other hand, our results showed that the activation of GSTP1 is also
regulated by the PCSK9 protein, which opens up a way for us to further explore the functions of GSTP1.

In conclusion, the collective �ndings from our study show for the first time that PCSK9 acts as a tumor
suppressor gene in HCC. The mechanistic link among PCSK9, GSTP1, and JNK signaling indicates that
PCSK9 is a potential therapeutic target for HCC development and metastasis.
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Table 1. Univariate and Multivariate Analysis of Factors Associated With Overall Survival
and Time To Recurrence in HCC Patients

Features Overal survival Disease-free survival
Univariate

P value

Multivariate Univariate

P value

Multivariate
Hazard
Ratio

95%
CI

P
value

Hazard
Ratio

95%
CI

P
value

Age (≤54 vs.>54
years)

0.202     NA 0.242     NA

Gender (female
vs. male)

0.905     NA 0.514     NA

Hepatitis B
history: yes vs. no

0.776     NA 0.321     NA

HbeAg (positive
vs. negative)

0.159     NA 0.119     NA

Liver cirrhosis:
yes vs. no

0.039 1.928 1.133-
3.281

0.015 0.115     NA

AFP (<400
vs.≥400 ng/ml)

0.000     NS 0.000 0.486 0.275-
0.861

0.013

Preoperative ALT
(<75 vs.≥75U/L)

0.001     NS 0.551     NA

BCLC stage (A vs.
B/C/D)

0.000 0.490 0.335-
0.717

0.000 0.000 0.559 0.327-
0.958

0.034

Tumor
encapsulation (yes
vs. no)

0.008 1.718 1.166-
2.531

0.006 0.035     NS

Microvascular
invasion (yes vs.
no)

0.171     NA 0.008     NS

Tumor
differenciation(I/II
vs. III/IV)

0.710     NA 0.523     NA

CA199 (<37
vs.≥37 U/mL )

0.000 0.560 0.335-
1.297

0.027 0.005     NS

PCSK9 level (low
vs. high)

0.001 2.025 1.384-
2.961

0.000 0.040 1.749 1.034-
2.958

0.037
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Figure 1

PCSK9 is downregulated in human HCC tissues. (A, B, C) Relative PCSK9 mRNA and protein levels were
signi�cantly decreased in HCC tissues compared with adjacent nontumor tissues (n=48). (D) Relative PCSK9
mRNA levels in different HCC cell lines and the immortal normal liver cell line. (E) PCSK9 protein levels in
different HCC cell lines and the immortal normal liver cell line. Data represent the mean ± SD of triplicate
samples; *P 0.05, **P 0.01.



Page 14/18

Figure 2

Effects of PCSK9 on cell proliferation, cell cycle phase distribution and apoptosis. (A) PCSK9 overexpression
in 97H cells and successful knockdown of PCSK9 in HepG2 cells were con�rmed by western blot and qRT-
PCR. (B) Cell growth of 97H and HepG2 cells was signi�cantly changed after knockdown and overexpression
of PCSK9. (C) Representative results from cell cycle analysis by �ow cytometry after propidium iodide (PI)
staining. (D) Representative results from apoptosis analysis by �ow cytometry after dual staining by Annexin
V and propidium iodide (PI) staining. (E) Western blot examination showed the expression levels of
proliferation markers (PCNA), apoptosis markers (Bcl-2, Bax, Bid and cleaved caspase-3) and cell cycle
proteins (cyclin D1, cyclin D3, and CDK4). Data are expressed as the mean ± SD of three independent
experiments, each performed in triplicate. *p < 0.05, **p < 0.01.
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Figure 3

Effects of PCSK9 on tumor growth and metastasis of HCC in vivo. (A) The average subcutaneous tumor
volumes were plotted against days. (B) Macroscopic images of isolated liver tumors of 97H-GFP and HepG2-
GFP. Statistical analysis using repeated-measures analysis of variance is indicated. (C) Macroscopic images
of lung tissue with metastatic foci of 97H-GFP and HepG2-GFP by using an in vivo imaging system.
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Figure 4

PCSK9 interacts with GSTP1. (A) Coimmunoprecipitation of PCSK9-binding proteins followed by mass
spectrometry identi�ed GSTP1 as a PCSK9-binding protein. (B) The presence of PCSK9 and GSTP1 in the
immunoprecipitation products was con�rmed by western blotting using speci�c antibodies. (C)
Immuno�uorescence staining analysis showed that PCSK9 colocalized with GSTP1 in the cytoplasm. (D) The
interaction between PCSK9 and GSTP1 was further veri�ed in Huh7 cells.
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Figure 5

PCSK9 promotes the depolymerization of the GSTP1 dimer and the activity of the JNK signaling pathway. (A)
The expression of GSTP1 and JNK signaling activity were detected by western blot. (B) The level of GSTP1
dimer in 97H cells was detected under nonreducing conditions. (C) The binding ability of GSTP1 to JNK by
coimmunoprecipitation.

Figure 6

Correlation between the expression of PCSK9 protein and clinical outcomes. (A) Overall survival between
patients with HCC in the PCSK9-hi and PCSK9-lo groups. (B) Recurrence-free survival between patients with
HCC in the PCSK9-hi and PCSK9-lo groups.
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