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HCRP1 downregulation promotes hepatocellular carcinoma cell
migration and invasion through the induction of EGFR activation and
epithelial-mesenchymal transition
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A B S T R A C T

Hepatocellular carcinoma related protein 1 (HCRP1), which is essential for internalization and
degradation of ubiquitinated membrane receptors, is downregulated in several tumors and strongly
affects the outcomes of cancer patients. It is reported the expression of HCRP1 is inversely related to
epidermal growth factor receptor (EGFR) in breast cancer and lead to resistance to cetuximab in ovarian
cancer. However, its exact mechanism in the progression of Hepatocellular carcinoma (HCC) remains
unknown. Herein, HCRP1 expression and its clinical significance were examined in 101 HCC patients
using immunohistochemistry. Cell proliferation, migration and invasion assays were conducted in HCC
cell lines. EGFR activation and degradation were then observed after EGF inducing in HCRP1 knockdown
HepG2 cells. In addition, we also detected whether epithelial-to-mesenchymal transition (EMT) was
involved in the malignancy promoted by HCRP1. The results showed that 59 of the 101 HCC cases
exhibited downregulation of HCRP1 expression (P < 0.01) as compared to 30 benign liver lesions and 20
normal liver tissues, all of which showed a high level of HCRP1. HCRP1 expression was significantly
related to age (P = 0.017), pathological grade (P = 0.003), tumor encapsulation (P = 0.037), recurrence
(P = 0.039) and death (P = 0.015), but unrelated to cirrhosis (P = 0.216), tumor size (P = 0.273), and distant
metastasis (P = 0.554). Lower HCRP1 expression was correlated with shorter RFS and OS (P < 0.001), and
decreased HCRP1 level is an independent prognostic marker in HCC patients (P < 0.05). Overexpression of
HCRP1 decreased and knockdown increased HCC cell proliferation, migration and invasion. HCRP1
depletion increased EGFR activation and inhibited EGFR degradation. EMT phenotype was promoted after
HCRP1 downregulation via increase of Snail and Twist1 and activation of Akt phosphorylation in HepG2
cells. Conversely, upregulation of HCRP1 in SMMC-7721 cells led to the opposite effect. In conclusion, our
study indicated that downregulation of HCRP1 is a valuable prognostic factor involved in EGFR regulation
and acquisition of the mesenchymal phenotype of HCC cells.
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1. Introduction

Hepatocellular carcinoma (HCC) is the sixth most common type
of primary liver cancer and the third leading cause of cancer-
related deaths worldwide [1]. Although various therapeutic
options are available, most HCC patients are diagnosed at the late
stage, largely due to high frequency of recurrence/distant
metastasis and lack of advanced diagnostic techniques [2].
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Therefore, identifying new predictive markers and understanding
the molecular genetic mechanisms underlying the metastasis of
HCC are critical.

HCC related protein 1 (HCRP1), also called VPS37A, is located at
8p22. It was isolated through positional candidate cloning via loss
of heterozygosity (LOH) analysis and acted as a subunit of
mammalian ESCRT-I, which plays an important role in mediating
receptor downregulation [3]. Several studies have shown that low
HCRP1 expression is an adverse prognostic predictor in patients
with oral and oropharyngeal cancer [4], and loss of its expression
can lead to cetuximab, a monoclonal antibody targeting epidermal
growth factor receptor (EGFR) resistance in ovarian cancer [5]. Our
previous study showed that decreased HCRP1 expression was an
independent prognostic predictor and an inverse relationship
between HCRP1 and EGFR expression was found in breast cancer
patients [6]. HCRP1 depletion could efficiently promote breast
cancer metastasis through upregulating EGFR signaling pathway
[7]. Few studies have mentioned that the HCRP1 gene is down-
regulated in HCC [3,8], however, very little is known about the
underlying function of HCRP1 protein in regulating cell growth and
invasion.

Epithelial-to-mesenchymal transition (EMT) is a multiple
program in which epithelial cells are transmitted to mesenchymal
cells, which are considerably more prone to metastasis [9,10]. EMT
has been confirmed as a key step in initiating cancer cell migration
[11], but whether its progress is involved in HCRP1-induced cell
migration and invasion remains unknown. In this study, we
detected HCRP1 protein expression in HCC tissues after surgery
and HCC cell lines with varying invasiveness. Then, the relationship
between HCRP1 expression and common clinical pathological
parameters and survival was evaluated. In addition, we also
investigated the effects of HCRP1 silencing or upregulation on
migration/invasion as well as EGFR regulation and EMT-related
factors in HCC cells.

2. Materials and methods

2.1. Patients and tissue specimens

A total of 131 paraffin-embedded sections of liver samples and
their related clinical data were collected from the Department of
Pathology, Shandong Provincial Hospital, Shandong University
from January 2010 to December 2011. The data consisted of 101
cases of HCC, 10 cases of hepatocellular adenoma (HCA), 8 cases of
focal nodular hyperplasia (FNH), 12 cases of large regenerative
nodules arising in cirrhotic livers, and 20 specimens of normal liver
tissues from paracancer tissues (distance of 2 cm from cancer
tissues). The age of the patients ranged from 35 to 77 years. The
diagnoses were reviewed by two gastrointestinal pathologists
based on histology, clinical information, and other related data. The
cases were staged and graded according to the Cancer Staging
Manual (Seventh Edition) of the American Joint Committee on
Cancer [12]. None of the included cases were treated with
chemoembolization or systemic chemotherapy before surgery.
The patients were postoperatively followed up until January 2016.
Informed consent was obtained from all the participants of this
study, and the use of tissue specimens was approved by the
Research Ethics Committee of Shandong Provincial Hospital
Affiliated to Shandong University (Jinan, China).

2.2. Immunohistochemistry

For the immunohistochemical analyses of HCRP1 (Cat.# sc-
376978, Santa Cruz Biotechnology, USA), 4 mm-thick sections from
the formalin-fixed, paraffin-embedded tissues were used. The
samples were deparaffinized in xylene and rehydrated through a
graded series of ethanol washes. After the endogenous peroxidase
was inhibited and the antigen was retrieved (microwave irradia-
tion in 0.01 M citrate buffer at pH 6.0), the sections were incubated
with HCRP1 primary antibody at 4 �C overnight and then with
horseradish peroxidase (HRP)-conjugated secondary antibodies
(Dako Cytomation, Denmark). After washing, tissues were stained
for 5 min with 3,30-diaminobenzidine (DAB) chromogen and
counterstained with hematoxylin (Zhongshan Golden Bridge,
Inc), dehydrated and coverslipped. Negative controls were treated
without the primary antibody. For HCRP1 immunohistochemical
evaluation, a staining score value was calculated as the intensity of
cytoplasmic staining (negative: 0, weak:1, moderate:2, strong:3)
multiplied by the percentage of positve tumor cells (<10%:1, 11%–
50%: 2, >51%:3). The final staining score �3 was regarded as low
expression, and the score between 4 and 9 was regarded as high
expression.

2.3. Cell culture

Human HCC cell lines (SMMC-7721, Bel7404, and HepG2) and
normal liver cell line (L02) were purchased from Shanghai Institute
of Biochemistry and Cell Biology, Chinese Academy of Sciences and
maintained in Dulbecco’s modified Eagle’s medium (DMEM, high
glucose; Gibco-BRL, Grand Island, USA) supplemented with 10%
fetal bovine serum (FBS; Gibco-BRL, Grand Island, USA), 100 U/mL
penicillin, and 100 mg/mL streptomycin. The cells were cultured at
37 �C in a humidified atmosphere containing 5% CO2.

2.4. Immunoblotting

Proteins were separated by SDS-PAGE and transferred to
polyvinylidene fluoride membranes (Millipore, Bedford, MA,
USA). After blocking in 5% nonfat milk for 1 h at room temperature,
the membranes were incubated overnight with primary antibodies
against HCRP1 (Cat.# ab85843, Abcam, USA), MMP2 (Cat.# 4022,
Cell Signaling, Beverly, MA, USA), MMP9 (Cat.#2270, Cell Signaling,
Beverly, MA, USA), p-EGFR (Cat. #3777, Cell Signaling, Beverly, MA,
USA), EGFR (Cat. # 4267, Cell Signaling, Beverly, MA, USA), E-
cadherin (Cat.# 3195, Cell Signaling, Beverly, MA, USA), vimentin
(Cat.# 5741, Cell Signaling, Beverly, MA, USA), Snail (Cat.# 3879,
Cell Signaling, Beverly, MA, USA), Twist-1 (Cat.# 49254, Cell
Signaling, Beverly, MA, USA), p-ERK (Cat.# 9106, Cell Signaling,
Beverly, MA, USA), ERK (Cat.# 9107, Cell Signaling, Beverly, MA,
USA), p-Akt (Cat.# 121789, Cell Signaling, Beverly, MA, USA), Akt
(Cat.# 2966, Cell Signaling, Beverly, MA, USA) and b-actin (Cat.#
A1978, Sigma-Aldrich, USA) at 4 �C. Then, the membranes were
incubated for 1 h at 4 �C with the appropriate HRP-conjugated
secondary antibodies (Cat.# 111-035-003, Jackson ImmunoRe-
search Inc, PA, USA for HCRP1; Cat.# 7074, Cell Signaling, Beverly,
MA, USA for the other primary antibodies). Protein expression
levels were detected via enzyme-linked chemiluminescence
(Pierce, Rockford, USA).

2.5. Real-time quantitative polymerase chain reaction (qPCR)

Total RNA was extracted using an RNA Isolation Plus Kit (Cat.
#9108, Takara, Dalian, China) according to the manufacturer’s
instructions. The extracted RNA was then reverse-transcribed to
cDNA using PrimeScript1 RT Master Mix (Cat.# DRR036A, Takara,
Dalian, China) at 37 �C for 15 min, 85 �C for 5 s, and then 4 �C. qPCR
was performed for HCRP1 (50CGTGGACCCGAGGAGGATGA30,
50TGAGACAC TCGCTCAGCTTCTTG30, E-cadherin (50AAAGACCAAG
TGACCACCTTAGAG30, 50GAAACAGCAAGAGCAGCAGAAT30), vimen-
tin(50GGAGCCCGCTGAGACTTGAA30, 50TGCTGTCCCGCCGATT
GAGG30), Snail(50AGATGAGGACAGTGGGAAAGG30, 50TGAAGTA
GAGGAGAAGGACGAAGGAG30), Twist1(50TCGACTTCCTCTACCA



Table 1
HCRP1 expression in different liver diseases by histopathology.

HCRP1 expression, n (%)

Disease Group Patients, n High Low P-value

HCC 101 59 (58.4) 42 (41.6) <0.001**
HCA 10 10 (100) 0 (0)
FNH 8 8 (100) 0 (0)
Cirrhosis 12 12 (100) 0 (0)
Normal liver 20 20 (100) 0 (0)

x2 test was used to calculate the statistical significance of the variables. **Overall P-
value of HCC. P < 0.01 between HCC and HCA, HCC and FNH, HCC and Cirrhosis, HCC
and normal liver, individually. HCRP1, Hepatocellular carcinoma related protein 1;
HCA, hepatocellular adenoma; FNH, focal nodular hyperplasia; Cirrhosis, large
regenerative nodules arising in cirrhotic livers.
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GGTCCTCC30, 50GAGCCGCTCGTGAGCCACATA30) and GAPDH (50

ACAGTCAGCCGCATCTTC30, 50CTCCGACCTTCACCTTCC30) in a 10 mL
reaction volume using the SYBR1 PremixEx TaqTM (Cat.# RR420A,
Takara, Dalian, China) and ABI7900HT Real-Time PCR System (Life,
Singapore). The thermal cycle conditions were: one cycle at 95 �C
for 30 s, 40 cycles of amplification at 95 �C for 5 s, followed by 60 �C
for 30 s. The mRNA level was normalized to the geometric mean of
GAPDH (conserved gene) mRNA to control the variability in
expression levels, and the results were analyzed using the DDCt
method.

2.6. Lentiviral vector infection

A lentiviral vector that expressed a constitutively active form of
HCRP1 (HANBIO, Shanghai, China) was transfected into SMMC-
7721 cells via standard infection at a multiplicity of infection of 100
for 24 h. An empty lentiviral vector (HANBIO, Shanghai, China) was
used as the negative control. The stably expressed clones were
selected in media with puromycin dihydrochloride (Cat. #P9620
Sigma-Aldrich, MO, USA) for two weeks.

2.7. Small interfering RNA (siRNA) interference

HepG2 cells (1 �105) were seeded onto 6-well plates in
triplicate. After overnight incubation, the cells were transfected
with various concentrations of HCRP1 siRNA (HANBIO, Shanghai,
China). Lipofectamine 2000 (Cat. # 11668-019, Invitrogen,
Carlsbad, CA, USA) and Opti-MEM (Cat. # 31985062, Gibco) were
used for transfection according to the manufacturers’ protocols.
The intracellular green fluorescence could be easily observed
under a fluorescence microscope (Zeiss, Oberkochen, Germany)
when siRNA was successfully delivered into the cells.

2.8. Cell proliferation assay

Cell proliferation was measured with a Cell Counting Kit-8
(CCK-8; Dojindo, Japan), and the cells were seeded onto 96-well
microplates at a density of 5 �103 cells per well. After 1–7 days of
culture at 37 �C with 5% CO2, absorbance at 450 nm was measured
with a plate reader. Each group contained six wells, and the
measurement was repeated thrice.

2.9. Cell migration and invasion assays

The migration capability of cells was evaluated using Boyden
dual chamber assay with 8 mm pore-size membranes (BD
Biosciences, New Jersey, USA) in 24-well plates. A total of
3 � 104 cells were suspended in medium without serum and then
added to the upper chamber, while serum-positive media was
added in the bottom chamber as chemo-attractant. After incuba-
tion with 5% CO2 for 48–72 h at 37 �C, non-migrating cells on the
upper side of the insert membrane were removed with cotton
swabs, and the insert was fixed in methanol and stained with
hematoxylin and eosin. The number of cells was counted in five
random mid-power fields and the mean was calculated.

For the invasion assay, Boyden dual chamber assay was
performed as described above with several modifications. Briefly,
40 mL growth factor-reduced Matrigel (BD Biosciences, New Jersey,
USA) was added on the transwell chamber membranes for 4 h at
37 �C, and assays similar to cell migration assays were subse-
quently performed.

2.10. EGFR activation

To investigate the relationship between HCRP1 depletion and
EGFR signaling pathway, EGF (100 ng/mL, Cat.# cyt-217, East
Brunswick, NJ USA), a growth factor could specifically bind to EGFR
was treated at different setting time to detect EGFR phosphoryla-
tion and expression in HepG2 cells.

2.11. Statistical analysis

All statistical analyses were performed using SPSS 15.0 (IBM,
Armonk, NY, USA). The relationship between the expression of
HCRP1 and other markers as well as the clinicopathological
characteristics of the patients were evaluated using chi-squared
test. Analysis of Recurrence-free survival (RFS) and overall survival
(OS) were conducted with the Kaplan-Meier method and the log-
rank test. Univariate and multivariate Cox regression analyses were
performed to investigate the differences in all possible death risk
factors. The Student's t-test was applied to evaluate the differences
in groups as appropriate and the significance level and the
statistical significance was determined at p < 0.05 (two-tailed).

3. Results

3.1. HCRP1 expression was extremely reduced in HCC

We first detected the expression of HCRP1 in 101 HCC tissues,10
HCA tissues, 8 FNH tissues, 12 large regenerative nodules arising in
cirrhotic livers, and 20 specimens of normal liver tissues from
peritumoral tissues via immunostaining. All the benign liver
lesions showed a high level of HCRP1, whereas 59 of the 101 HCC
cases exhibited downregulation of HCRP1 expression (P < 0.01,
Table 1, Fig. 1A). To further investigate the endogenous expression
of HCRP1 in HCC cells, we detected the mRNA and protein levels in
three HCC cell lines (SMMC-7721, Bel7404, and HepG2) and human
normal liver cell line (L02) via qPCR and western blot analysis,
respectively. The results demonstrated that HCRP1 expression was
significantly lower in HCC cell lines than in normal liver cells
(Fig. 1B, C), which was similar to the results of the tissues. Among
the HCC cell lines, HepG2 and SMMC-7721, which exhibited high
and low expressions of HCRP1, respectively, were chosen for
further research.

3.2. HCRP1 expression correlated with clinical parameters and
survival

To further explore the role of HCRP1 in HCC, a set of well-known
clinicopathological factors was studied. As shown in Table 2,
HCRP1 expression was significantly related to age (P = 0.017),
pathological grade (P = 0.003), tumor encapsulation (P = 0.037),
recurrence (P = 0.039) and death (P = 0.015), but unrelated to
cirrhosis (P = 0.216), tumor size (P = 0.273), and distant metastasis
(P = 0.554).

A Kaplan–Meier curve of RFS and OS, stratified using the HCRP1
expression level, was plotted (Fig. 2), and the log-rank test



Fig. 1. Expression of HCRP1 in different liver diseases and normal liver tissues by immunohistochemical staining. (A, a) high HCRP1 expression in the well differentiated HCC;
(b) low expression in the moderate differentiated HCC; (c and d) low HCRP1 expression in the poor differentiated HCC; (e) high HCRP1 expression in the poor differentiated
HCC; (f) high HCRP1 expression in the normal liver tissues; (g) high HCRP1 expression in the HCA; (h) high HCRP1 expression in the FNH; (i) high HCRP1 expression in the
cirrhosis liver lesions. (original magnifiation in a, b, d, e, f, g and h, 400�; original magnifiation in c and i, 200�). (B) Western blot analysis of HCRP1 expression in L02, SMMC-
7721, Bel-7404 and HepG2 cells. (C). qPCR analysis of HCRP1 expression in L02, SMMC-7721, Bel-7404 and HepG2 cells. *** P < 0.001.
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presented significant differences between the low and high
expression groups (x2 = 9.959; P = 0.005 for RFS; x2 = 8.583,
P = 0.003 for OS). The five-year survival rates were 43.1% � 6.5%
and 67.4% � 7.1% in the low and high expression groups,
respectively. In the univariate survival analyses, HCRP1, histologi-
cal grade, tumor size, tumor encapsulation, and distant metastasis
were significantly associated with OS, whereas patient age and
cirrhosis did not exhibit any significant correlation. Multivariate
survival analysis using the Cox proportional hazards model was
then performed for all the significant factors found in the
univariate analysis (Table 3). Low HCRP1 expression, as well as
high histological grade and capsule involvement, were associated
with poor OS, thereby suggesting that decreased expression of
HCRP1 could be an independent prognostic marker in HCC.

3.3. HCRP1 inhibits in vitro cell growth and migration/invasion in HCC

To verify whether HCRP1 modulates cell growth, CCK8 assay
was performed. The knockdown and overexpression of HCRP1
were achieved with HCRP1-specific siRNA and HCRP1 lentiviral
vector in HepG2 and SMMC-7721 cells, respectively. Empty vectors
were used as negative control. As shown in Fig. 3A, the knockdown
and expression of HCRP1 in HepG2 cells could effectively boost cell
growth, whereas elevated HCRP1 expression in SMMC-7721 cells



Table 2
Correlation of HCRP1 with clinicopathological factors (n = 101).

Factor Total HCRP1
Expression

r P-value

Low High

All case 101 59 42
Age at surgery
�50 72 36 36 0.237 0.017*

<50 29 22 7

Hepatocirrhosis
Yes 61 32 29 0.124 0.216
No 40 26 14

Pathological Grades
I 17 6 11 �0.295 0.003**

II 62 34 28
III 22 18 4

Tumor Size
<3 cm 26 13 13 �0.110 0.273
3–5 cm 29 16 13
>5 cm 46 29 17

Capsule involved
Yes 45 31 14 �0.208 0.037*

NO 56 27 29

Distant metastasis
Yes 29 18 11 �0.060 0.554
No 72 40 32

Recurrence
Yes 72 46 26 �0.206 0.039*

No 29 12 17

Death
Yes 47 33 14 �0.241 0.015*

No 54 25 29

* P < 0.05.
** P < 0.01.

Table. 3
Univariate and multivariate survival analysis of influencing factors (n = 101).

Variables Univariate analysis Multivariate analysis

HR 95% CI P-
value

HR 95% CI P-value

Age at surgery 1.191 0.618–
2.295

0.601 – – –

Cirrhosis 1.462 0.824–
2.597

0.194 – – –

Histological grade 2.115 1.316–
3.397

0.002** 1.686 1.031–
2.757

0.037*

Tumor Size 1.460 1.005–
2.122

0.047* 1.252 0.853–
1.837

0.252

Capsule involved 2.688 1.488–
4.854

0.001** 2.008 1.096–
3.676

0.024*

Distant
metastasis

1.876 1.040–
3.390

0.037* 1.524 0.831–
2.801

0.173

HCRP1 0.407 0.217–
0.762

0.005** 0.521 0.274–
0.991

0.047*

* P < 0.05.
** P < 0.01.
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demonstrated the opposite effect. A transwell assay was
performed to determine whether HCRP1 regulated the migration
and invasion of HCC. The results confirmed that HepG2 cells
transfected with HCRP1-siRNA exhibited significantly increased
migration and invasion as compared to the control groups(Fig. 3B).
MMP2 and MMP9 proteins, which play important roles in
promoting cancer cell migration and invasion, were evaluated
by western blot analysis, which showed that their levels were
significantly higher in HCRP1-silenced HepG2 cells than in the
Fig. 2. Kaplan–Merier survival curve of recurrence free survival and overa
control groups. In contrast, HCRP1-infected SMMC-7721 cells
exhibited opposite results (Fig. 3C). These data confirmed that the
depletion of HCRP1 could promote HCC cell proliferation,
migration and invasion in vitro.

3.4. HCRP1 knockdown facilitates EGF-induced EGFR activation and
inhibits EGFR degradation

HCRP1 is known as a subunit of mammalian ESCRT-I which is
vital in the sorting and down-regulation of EGFR, and we found
HCRP1 depletion could affect EGFR activation and degradation in
breast cancer cells. To further make clear the role of HCRP1 on
regulating EGFR activity in HCC, we evaluated phosphorylation
status of EGFR in HCRP1 knockdown HepG2 cells upon EGF
stimulation and the results showed the level of p-EGFR was
significantly increased in HCRP1-silenced HepG2 cells at 3 and
5 min time point than in the control groups (Fig. 4A), suggesting
HCRP1 reduction could efficiently trigger the EGF-EGFR signaling
activation.

We also detected the effects of HCRP1 on EGFR degradation in
HepG2 cells transfected with HCRP1 siRNA which were treated
with EGF for 0–3 h. Western blot results showed that the EGFR level
were remarkably higher in HCRP1-silenced HepG2 at 2 and 3 h
(Fig. 4B), indicating knockdown of HCRP1 could play an important
role in suppressing EGFR degradation in HCC cells.
ll survival according to HCRP1 expression in HCC patients. P < 0.001.



Fig. 3. HCRP1 inhibits in vitro cell growth and migration/invasion in HCC. HepG2 and SMMC-7721 cells were transfected with HCRP1 siRNA and infected with HCRP1 lentiviral
vector, respectively. (A). Cell growth curve measured by CCK8 assay. (B). Effects of HCRP1 on migration and invasion in HepG2 and SMMC-7721 cells were evaluated by using
transwell chamber assays as described before. The bar graphs show the number of cells migrated or invaded in five fields for each experimental group as an average,
corresponding to the upper fiures. Statistical analysis was carried out with Dunnett's-test. Each point indicates the mean of spectrometric absorbance � SEM of three
independent experiments.* P < 0.05, ** P < 0.01. (C) MMP2 and MMP9 protein levels assessed by Western blot analysis. b-actin served as control for sample loading.
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3.5. Decreased HCRP1 expression promotes EMT by activating p-Akt in
HCC

EMT is a key step in tumor progression that particularly
involves changes in cell–cell and cell–matrix interactions. To
Fig. 4. HCRP1 knockdown promotes EGF-induced EGFR activation and suppresses EGFR 

EGF for 0, 1, 3, 5 min, the relative expression of p-EGFR/EGFR was significantly higher in H
HCRP1 siRNA cells were stimulated with EGF for 0–3 h. EGFR expression was higher in
mean � SEM. * P < 0.05; ** P < 0.01.
verify whether EMT participated in promoting malignant behav-
ior in HCRP1-mediated HCC cell progression, we observed the
mRNA and protein levels of several representative markers of
EMT, E-cadherin, vimentin, Snail and Twist1 after intervention of
HCRP1 expression in HCC cell lines. As shown in Fig. 5A, B, E-
degradation. (A) HepG2 and HepG2 HCRP1 siRNA cells were treated with 100 ng/mL
epG2 HCRP1 siRNA cells than control cells after 3 and 5 min. (B) HepG2 and HepG2

 HepG2 HCRP1-siRNA cells than control cells after 2 and 3 h. Data are showed as



Fig. 5. HepG2 and SMMC-7721 cells were transfected with HCRP1 siRNA and infected with HCRP1 lentiviral vector, respectively. HCRP1, EMT phenotype marker E-cadherin
and Vimentin protein levels and mRNA levels assessed by Western blot (A) and qPCR (B) analysis, respectively. EMT key transcription factors Snail and Twist1 protein levels
and mRNA levels assessed by Western blot (C) and qPCR (D) analysis, respectively. (E) An increased phosphorylation of Akt in HepG2-HCRP1 siRNA cells and a decreased
phosphorylation of Akt in SMMC-7721-HCRP1-infected cell were shown by Western blot analysis. b-actin served as control for sample loading.
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cadherin expression was enhanced, whereas vimentin was
downregulated in SMMC-7721 HCRP1(+) cells. Significantly
reduced levels of Snail and Twist1 were also found in SMMC-
7721 HCRP1(+) cells, while the opposite effect was observed in
HepG2 HCRP1 siRNA cells. These results indicated that the loss of
HCRP1 efficiently induced EMT progression in HCC in vitro and
may regulate EMT of ICC cells through two transcriptional
factors Twist1 and Snail. Moreover, increased phosphorylation
of Akt in HepG2-HCRP1 siRNA cells and decreased phosphoryla-
tion of Akt in SMMC-7721 HCRP1(+) cells were observed (Fig. 5C),
indicating that the PI3K-Akt pathway might be involved in this
EMT, whereas the ERK pathway was inactivated during this
process.

4. Discussion

HCRP1, located in a high-frequency LOH region of chromo-
some 8p22-23, is known to be downregulated in several tumors
and predicts worse outcome [3–5]. We provided previously the
fact that decreased expression of HCRP1 was significantly
correlated with increased short-term survival of breast cancer
patients by enhancing EGFR phosphorylation [6,7]. Although two
studies have reported that HCRP1 may be involved in inhibiting
HCC cell growth [3,8], whether its protein level is a predictor
remains unknown and the underlying mechanism has not yet
been explored.
In this study, we detected the protein level of HCRP1 in 101 HCC
cases of which 59 presented decreased expression, which is
consistent with the results of Lai [8]. Furthermore, we first
observed the HCRP1 protein level in other common benign liver
mass lesions, such as HCA, FNH, and large regenerative nodules
arising in cirrhotic livers. Surprisingly, all the benign cases were
strongly positive for HCRP1 by immunostaining and none
demonstrated HCRP1 expression depletion, indicating that low
expression of HCRP1 protein could be used as a surrogate marker in
differentiating HCC from benign liver lesions in routine clinical
practice, especially in the fine-needle aspiration samples. In
accordance with the tissue findings, the mRNA and protein levels
were significantly reduced in HCC cell lines as compared to L02
cells, and the most aggressive cell line (SMMC-7721) exhibited the
lowest expression level. Downregulation of HCRP1 is an indepen-
dent prognostic factor in oropharyngeal and breast cancers [4,6]. In
the present study, patients with decreased HCRP1 expression had
significantly shorter RFS and OS. In addition, both univariate and
multivariate survival analyses strongly indicated that reduced
expression of HCRP1 in HCC was a prognostic factor for reduced
survival. Moreover, HCRP1 expression was significantly related to
young age as well as high pathological grade, capsule invasion,
recurrence, and death. Notably, we found that the low expression
rates of HCRP1 were 35.3%, 54.8%, and 81.8% for histological grades
I, II, and III, respectively. The expression of HCRP1 tends to be
significantly lost as tumor differentiation becomes increasingly
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poor. The findings also suggest that downregulation of HCRP1 may
play an important role in promoting malignant progression of liver
cells.

Cell viability is a vital predictor of survival in HCC patients [13].
To verify whether the proliferation of HCC cells can be regulated
by HCRP1, we selected SMMC-7721 and HepG2 (with endogenous
low and high expression of HCRP1 respectively) cells as
counterparts, and then upregulated and downregulated HCRP1
expression, respectively. The results of the CCK8 assay demon-
strated that a reduction in HCRP1 expression in HepG2 cells
significantly promoted cell viability, whereas the upregulation of
HCRP1 expression efficiently inhibited cell proliferation in
SMMC-7721 cells. The results were consistent with the finding
of Xu [3], who determined that upregulating the expression of
HCRP1 in SMMC-7721 cells could significantly reduce the number
of colonies through an anchorage-independent growth assay. Our
study also confirmed that HCRP1 was essentially a growth-
inhibitory protein.

Hepatocellular carcinoma (HCC) is known to frequently
metastasize to various organs. Therefore, the capabilities of
HCRP1 in HCC invasion and migration were detected. We knocked
down HCRP1 expression in HepG2 cells via siRNA transfection and
found that the migration/invasiveness of transfected cells in-
creased significantly via transwell chamber assays, whereas
elevated HCRP1 expression in SMMC-7721 cells exhibited the
opposite effect. MMP2 and MMP9 are the most important secreted
matrix metalloproteinases (MMPs) for enhancing tumor metasta-
sis in breast, gastric and colorectal cancers [14–16]. We observed
the expressions of MMP2 and MMP9 after silencing HCRP1
expression in HepG2 cells, and found that both proteins were
highly upregulated. In contrast, atopic HCRP1 expression in
SMMC-7721 cells exhibited the opposite result. This finding
indicated that HCRP1 deletion might play a role in enhancing MMP
expression, and consequently facilitate HCC cell migration/
invasion.

It has been shown that EGFR is involved in regulating cell
growth in a variety of solid tumor types and the activated form p-
EGFR is correlated with increased tumor growth and invasion as
well as poor prognosis [17] To the best of our knowledge, EGFR is
activated in 40–70% of HCC and correlates with pathogenesis and
worse outcome of HCC [18]. HCRP1, a subunit of mammalian
ESCRT-I which is essential for lysosomal sorting of EGFR for
degradation, as we observed before, its depletion could effectively
inhibit EGFR degradation in breast cancer, whereas, it has not yet
been fully investigated in HCC. In the present work, we found that
knockdown of HCRP1 could efficiently enhance EGF induced EGFR
activation and counteract EGFR degradation in HepG2 cells,
indicating HCRP1 maybe a key factor in regulating EGFR
degradation and might be considered as a potential target
modulator in EGFR therapeutically area.

EMT, which is crucial for enhancing the invasiveness and
metastasis of cancer cells, can be triggered by variations in tumor
microenvironment, inflammatory mediators, and protein prod-
ucts produced by the tumor cells [19,20]. HCRP1 has not been
reported to be involved in regulating EMT and function in human
cancers. In this study, after the downregulation of HCRP1 in
HepG2 cells, the epithelial marker E-cadherin was significantly
decreased, whereas the mesenchymal marker vimentin was
increased. Snail and Twist1, which are well-known for their
ability to trigger EMT through repression of E-cadherin, were also
increased after depletion of HCRP1 expression. Recent studies
have reported that Ras/ERK and PI3 K/AKT signaling could be
involved in the regulation of EMT programs [21]. In our work,
knockdown HCRP1 efficiently increased phosphorylation of Akt in
HepG2 cells whereas the phosphorylation level of ERK remained
unchanged. Herein, our data suggested that HCRP1 may be
involved in Akt activation pathways in EMT, however, this still
needs further investigation.

In summary, our data indicated that HCRP1 was significantly
associated with the recurrence and metastasis of HCC, and was an
independent predictor of DFS and OS. Moreover, downregulation
of HCRP1 could promote EGFR activation and EMT in HCC, and
also migratory and invasive abilities, by activating the Akt
signaling pathway. These results may provide novel prognostic
and predictive factors for HCC as well as guidelines for designing
HCRP1-targeted therapeutic strategies against HCC.
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