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A B S T R A C T

The aberrant expression of ceroid-lipofuscinosis 3 (CLN3) has been reported in a variety of human malignancies.
However, the role of CLN3 in the progression and prognosis of hepatocellular carcinoma (HCC) remains un-
known. In this study, we found that CLN3 was frequently upregulated in HCC clinical samples and HCC-derived
cell lines and was significantly correlated with an APF serum level ≥20 μg/L, a tumour size ≥5 cm, multiple
tumours, and the absence of encapsulation. Kaplan-Meier showed that CLN3 upregulation predicted shorter
recurrence-free survival (RFS) and overall survival (OS) time in HCC patients. Cox regression analysis revealed
that CLN3 upregulation was an independent risk factor for RFS and OS. A functional study demonstrated that the
knockdown of CLN3 expression profoundly suppressed the growth and metastasis of HCC cells both in vitro and
in vivo. Mechanistic investigation revealed that the EGFR/PI3K/AKT pathway was essential for mediating CLN3
function. In conclusion, our results provide the first evidence that CLN3 contributes to tumour progression and
metastasis and offer a potential prognostic predictor and therapeutic target for HCC.

1. Introduction

Hepatocellular carcinoma (HCC) is the fifth most common malig-
nancy and the second leading cause of cancer-related deaths world-
wide, and its incidence continues to rise [1,2]. Although the treatments
for HCC have been greatly improved, the outcome of HCC is still un-
favourable, with an approximately 30% overall 5-year survival rate
after liver resection [3]. Although multiple tumour suppressor genes
and oncogenes that participate in HCC development and progression
have been identified [4,5], our knowledge of the cellular and molecular
pathways underlying HCC progression remains limited. Therefore, it is
necessary to elucidate the roles and action mechanisms of these genes
in HCC growth, invasion and metastasis.

CLN3 is a recently identified defective gene in juvenile Batten

disease, an inherited neurodegenerative childhood disease resulting
from the accelerated apoptotic death of photoreceptors and neurons
[6]. The CLN3 gene encodes a hydrophobic transmembrane protein,
which is involved in intracellular trafficking and regulation in neuronal
and non-neuronal cells [7–10]. Previous studies have indicated that
CLN3 has anti-apoptotic properties in NT2 neuronal precursor cells and
cancer cells [11,12]. In particular, previous studies have reported that
CLN3 mRNA and protein are abundantly expressed in various cancer
cell lines, including glioblastoma, neuroblastoma, and prostate,
ovarian, breast and colon cancer [13,14]. In addition, a series of
functional investigations have revealed that the knockdown of CLN3 by
RNA interference (RNAi) inhibits proliferation and/or induces apop-
tosis in several cancer cells [13,14]. However, the potential role of
CLN3 in HCC remains to be fully elucidated.

https://doi.org/10.1016/j.suronc.2018.12.003
Received 21 May 2018; Received in revised form 16 November 2018; Accepted 16 December 2018

∗ Corresponding author. Department of Gastrointestinal and Hernia Surgery and Yunnan Institute of Digestive Disease, The First Affiliated Hospital of Kunming
Medical University, 295 Xichang Road, Kunming, Yunnan Province, PR China. Tel.: 86 871 6532 4888; fax: 86 871 6533 6015.

∗∗ Corresponding author. Department of Gastrointestinal and Hernia Surgery and Yunnan Institute of Digestive Disease, The First Affiliated Hospital of Kunming
Medical University, 295 Xichang Road, Kunming, Yunnan Province, PR China.

∗∗∗ Corresponding author. Department of Gastrointestinal and Hernia Surgery and Yunnan Institute of Digestive Disease, The First Affiliated Hospital of Kunming
Medical University, 295 Xichang Road, Kunming, Yunnan Province, PR China.

E-mail addresses: juehuayu@gmail.com (J. Yu), kunhuawang1@163.com (K. Wang), 1677546296@qq.com (H. Luo).
1 These authors contributed equally to this work.

Surgical Oncology 28 (2019) 180–189

0960-7404/ © 2018 Published by Elsevier Ltd.

T

http://www.sciencedirect.com/science/journal/09607404
https://www.elsevier.com/locate/suronc
https://doi.org/10.1016/j.suronc.2018.12.003
https://doi.org/10.1016/j.suronc.2018.12.003
mailto:juehuayu@gmail.com
mailto:kunhuawang1@163.com
mailto:1677546296@qq.com
https://doi.org/10.1016/j.suronc.2018.12.003
http://crossmark.crossref.org/dialog/?doi=10.1016/j.suronc.2018.12.003&domain=pdf


In the present study, we examined both the mRNA and protein ex-
pression levels of CLN3 in HCC-derived cell lines and clinical samples
and analysed the correlation of CLN3 expression with clinicopathologic
features and patient survival in an HCC cohort. In addition, we explored
the potential role of CLN3 in the proliferation and metastasis of HCC
cells in vitro and in vivo. Our results provide the first evidence that
increased CLN3 expression contributes to the aggressive behaviours of
HCC cells and correlates with tumour progression and metastasis and
may serve as an independent unfavourable prognostic indicator for
HCC patients.

2. Materials and methods

2.1. Patients and specimens

The detailed clinicopathological characteristics of the patients are
listed in Table 1. The time of the surgery was used to calculate the time
to a given event. Overall survival (OS) was defined as the interval be-
tween surgery and the date of death. Recurrence-free survival (RFS)
was defined as the interval between surgery and the date of recurrence.

The OS and RFS were censored at the last follow-up visit (August 31,
2016) for surviving patients and those without recurrence. All patients
(100%, 192/192) had a hepatitis B virus background. Micro-metastases
were defined as tumours adjacent to the border of the main tumour that
could only be observed under a microscope. Tumour differentiation was
graded according to the Edmondson–Steiner grading system [15]. The
tumour stage was defined according to the Barcelona Clinic Liver
Cancer (BCLC) staging system [15]. An additional 50 HCC patients were
recruited between January 1, 2011 and September 30, 2013, and their
resected samples were subjected to RNA extraction for quantitative RT-
PCR.

2.2. Real-time qPCR analysis

Real-time qPCR was performed as described previously [16].
Briefly, total RNA was isolated from frozen specimens or cell lines using
TRIzol Reagent (Invitrogen). Reverse transcription (RT) was performed
using the RevertAid™ First Strand cDNA Synthesis Kit (Fermentas) ac-
cording to the manufacturer's instructions. After the RT reaction, the
cDNA template was quantitated using real-time PCR technology. PCR
was performed on an ABI Prism 7500 Sequence Detection System with
SYBR Premix Ex Taq™ II (Takara) using the 2−ΔΔCTmethod. Gene ex-
pression results were normalized to the internal control β-actin. The
primers used in this study are as follows: CLN3 forward, 5′-GGTGGAC
AGTATTCAAGGG-3′; reverse, 5′-CTTGGCAGAAAGACGAAC-3′; β-actin
forward, 5′-AATCGTGCGTGACATTAAGGAG-3′; reverse, 5′-ACTGTGTT
GGCGTACAGGTCTT-3′. Each sample was tested in duplicate.

2.3. Western blot analysis

Western blot assays were performed as described previously [17].
Briefly, tumour specimens or whole-cell extracts were prepared in lysis
buffer [Tris-HCl (20mM), pH 7.4, NaCl (150mM), glycerol (10%),
Nonidet P-40 (0.2%), EDTA (1mM), EGTA (1mM), PMSF (1mM), NaF
(10mM), aprotinin (5mg/mL), leupeptin (20mM), and sodium ortho-
vanadate (1mM)] and centrifuged at 12,000 g for 30min. The protein
concentrations were measured using the BCA assay. Immunoblotting
was performed using specific primary antibodies, and im-
munocomplexes were incubated with appropriate horseradish perox-
idase-conjugated or fluorescein-conjugated secondary antibodies and
then detected using an ECL kit (Santa Cruz Biotechnology) or an
Odyssey fluorescence scanner (Li-Cor, Gene Company). β-actin was
used as a loading control. The primary antibodies specific for CLN3,
phospho-EGFR (p-EGFR), p-AKT, p-ERK1/2, total-EGFR (T-EGFR), T-
AKT, T-ERK1/2 and PTEN were purchased from Abcam. The anti-β-
actin antibody was purchased from Santa Cruz Biotechnology.

2.4. Immunohistochemistry

The immunohistochemistry of paraffin-embedded tissue sections
was performed as described previously [16]. Briefly, the sections were
deparaffinized and rehydrated. The endogenous peroxidase activity was
blocked with 3% H2O2 for 10min. Antigens were retrieved with citrate
buffer (10mM, pH 6.0) for 15min at 100 °C in a microwave oven. After
blocking, the sections were incubated with a primary anti-CLN3 anti-
body (Abcam, ab192473, 1:200) at 4 °C overnight in a moist chamber,
followed by incubation with an anti-rabbit peroxidase-conjugated sec-
ondary antibody (Santa Cruz) at room temperature for 30min. Finally,
the visualization signal was developed with diaminobenzidine (Dako),
and the slides were counterstained with haematoxylin. The stained
sections were analysed by two experienced researchers. The im-
munohistochemistry score (IRS) mainly depended on the intensity of
the staining. Representative images of the immunohistochemistry
scores are shown in Fig. 1F, and the scoring results from four images of
each tissue, which included two repetitions analysed by two re-
searchers, were averaged in the last step. An IRS of moderate and strong

Table 1
Clinical characteristics of the 192 HCC patients based on the protein level of
CLN3.

Feature CLN3 χ2 P-value

High Low

All cases
Age, y 0.508 0.559
≥55 54 36
<55 56 46
Gender 0.187 0.665
Male 100 73
Female 10 9
HBsAg 0.45 0.837
Positive 96 68
Negative 14 14
AFP, μg/L 71.839 < 0.001
≥20 66 8
<20 44 74
Tumour size, cm 9.468 0.002
≥5 58 25
<5 52 57
Tumour number 5.631 0.018
Single 36 30
Multiple 74 52
Vascular invasion 0.310 0.578
Absent 63 30
Present 47 52
Capsular formation 12.557 < 0.001
Absent 95 53
Present 15 29
Liver cirrhosis 0.626 0.429
Absent 60 40
Present 50 42
Edmondson-Steiner grade 0.656 0.418
I-II 89 70
III-IV 21 12
BCLC Stage 0.051 0.821
A 42 30
B+C 68 52
TNM Stage 95.666 < 0.001
I 110 30
II-III 0 52

The results were considered statistically significant at P < 0.05. Patients
(n=110) whose tumour tissue immunohistochemistry score (strong and
moderate) were included in the high-expression group, and the remaining
patients comprised the low-expression group Pearson's Chi-square tests were
used for the correlation analysis between the expression levels of CLN3 and
clinical features. The results were considered statistically significant at
p < 0.05.
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was used to define tumours with high CLN3 expression, and an IRS of
(negative and weak) was used to indicate tumours with low CLN3 ex-
pression.

2.5. Reagents

Dimethyl sulfoxide (DMSO), crystal violet, the EGFR tyrosine kinase
inhibitor AG1478 and the PI3K-specific inhibitor LY294002 were all
purchased from Sigma-Aldrich.

2.6. Cell lines and cell culture

The indicated hepatocellular carcinoma cell lines (SMMC-7721,
HCC-LM3, Huh7, HepG2, and Hep3B) and normal liver cell lines (THLE-
3) were purchased from the Cell Bank of Type Culture Collection of
Chinese Academy of Sciences (Shanghai, China). All cell lines were
maintained at 37 °C in a humidified incubator containing 5% CO2 in
Dulbecco's modified Eagle's medium (DMEM) or RPMI-1640 supple-
mented with 10% heat-inactivated foetal bovine serum and passaged
every 2–3 days to maintain logarithmic growth.

2.7. Lentivirus infection and transient transfection

Lentiviral vectors containing human CLN3 short-hairpin RNA
(shCLN3 1 or shCLN3 2) or scrambled non-targeting shRNA (Scramble)
were prepared by the Genechem Company (Shanghai, China). A
scramble non-targeting shRNA was used as a control. Lentivirus infec-
tion experiments were performed as described previously [16]. Briefly,
the cells were infected with the indicated virus at a multiplicity of in-
fection (MOI) of 10 in the presence of polybrene (8mg/mL) for 8 h.
Twenty-four hours later, the supernatant was replaced with fresh
medium. After infection, stable colonies were selected in medium
containing 3 μg/mL puromycin for 2–3 weeks. The expression of CLN3
in the infected cells was validated by qPCR and western blot assays. For
plasmid transfection experiments, the cells were transiently transfected
using PEI (Polyplus; AFAQ) as described previously [16], and the ex-
pression of AKT in the transfected cells was validated by western blot
assay (Fig. S2).

2.7.1. Cell proliferation assay
The cell proliferation assay was performed using Cell Counting Kit-8

solution (Dojindo Laboratories) according to the manufacturer's in-
structions. Briefly, the cells were seeded at a density of 4×103/well

Fig. 1. Frequently increased expression levels of CLN3 in HCC cell lines and human HCC tissues. (A) Relative expression levels of CLN3 mRNA in THLE-3 and
HCC-derived cell lines were determined by real-time qPCR. Gene expression results were normalized to the internal control β-actin. (B) Protein expression levels of
CLN3 in THLE-3 and HCC-derived cell lines were determined by western blot assay. β-actin was used as a loading control. (C–D) Relative expression levels of CLN3
mRNA in 50 paired human primary HCC tissues and adjacent nontumour tissues were determined by real-time qPCR. Gene expression results were normalized to β-
actin. (T, tumour tissues; N, adjacent nontumour tissues) (E) CLN3 protein expression in paired tumour and adjacent nontumour tissues was determined by western
blot assay. (F) Representative immunohistochemical expression patterns of CLN3 in cancerous and adjacent normal mucosa tissues are shown. (Magnification, upper
panel,× 200; lower panel,× 400) (H) Percentage of cases with different staining intensities of CLN3 in the tumour or adjacent nontumour tissues in the study cohort
(*p < 0.05;**p < 0.01;***p < 0.001).
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onto 96-well plates and treated with 10 μL/well of the Cell Counting
Kit-8 solution, and the cell viability was measured at the indicated
times. The optical density of the well was measured at 450 nm using a
microplate reader.

2.8. Colony-formation assay

The cells were trypsinized to generate a single-cell suspension, and
500 cells/well were seeded onto 6-well plates. The dishes were returned
to the incubator for 14 days, and the colonies were fixed with methanol
for 1 h at room temperature and then stained with 0.5% crystal violet
for an additional 1 h.

2.9. Cell migration and invasion assay

Migration and invasion assays were performed as described pre-
viously [16]. Briefly, the cells were trypsinized, centrifuged, and re-
suspended in serum-free medium followed by plating into the upper
chamber at a density of 2×105/well. Complete medium (700 μL) was
added to the lower chamber as a chemoattractant. After incubation for
16–18 h for the migration assay or 20–24 h for the invasion assay, the
cells were fixed in methanol and stained with 0.1% crystal violet. The
cells on the upper surface of the chamber were removed by wiping with
a cotton swab, and migration and invasion were determined by
counting the cells that migrated to the lower side of the chamber using
a microscope at× 100 magnification. Six random microscopic fields
were counted per chamber in each group, and these experiments were
repeated at least three times.

2.10. In vivo xenograft and metastasis tumour assays

The xenograft tumour model was performed as described previously
[16]. Briefly, six-week-old nude mice, purchased from the Animal
Center of Kunming Medical University, were subcutaneously injected in
the lateral flanks with the indicated cells at a density of 2×106. Tu-
mour development was observed weekly with a calliper, and the tu-
mour volume was calculated using the following formula: larger dia-
meter× (smaller diameter) 2/2. For the lung metastatic model, nude
mice were injected through the tail vein with the indicated cells at a
density of 1× 106. The mice were sacrificed at ten weeks post injection.
The lungs of each mouse were separated and fixed for H&E staining,
and lung metastatic foci were detected under a microscope. All animals
were housed in cages under standard conditions, and the animal ex-
periments were conducted according to national and international
guidelines and approved by the Kunming Medical University Care Fa-
cility.

2.11. Statistical analysis

The data are presented as the mean ± standard error of the mean
(SEM) unless otherwise indicated. Pearson's chi-square test or Fisher's
exact test was used to analyse the relationship between CLN3 expres-
sion and the clinicopathologic features. The Mann-Whitney U test was
used to compare CLN3 levels between groups. Kaplan-Meier analysis
with log-rank test was used to assess patient survival between sub-
groups. A Cox proportional hazards regression model was applied for
the univariate and multivariate analysis of the effect of each variable on
survival. The statistical significance of differences was determined
using one-way ANOVA in multiple groups, with the Tukey-Kramer
multiple comparison test for post hoc comparisons. A prognostic com-
bination model was constructed using the significant variables from the
Cox multivariate analysis. All statistical analyses were carried out using
SPSS PASW Statistics 18.0 software (SPSS, Inc., Chicago, IL), and a p
value < 0.05 was considered statistically significant.

3. Results

3.1. Frequently increased expression levels of CLN3 in HCC cell lines and
human HCC tissues

We first examined the mRNA and protein expression levels of CLN3
in several human HCC-derived cell lines (SMMC-7721, HCC-LM3,
Huh7, HepG2, and Hep3B) and the normal liver cell line THLE-3. Real-
time quantitative polymerase chain reaction (qPCR) and western blot
analyses revealed that both the mRNA and protein expression levels of
CLN3 were markedly increased in all five HCC cell lines examined when
compared to the THLE-3 cells (Fig. 1A and B). Then, we detected CLN3
mRNA expression in 50 paired primary HCC tissues and corresponding
adjacent nontumour samples. The RT-PCR results showed that the re-
lative expression of CLN3 mRNA was significantly higher in the can-
cerous tissues than in the adjacent non-cancerous tissues (Fig. 1C,
p < 0.001), and 88% (44/50) of the HCC tissue specimens tested
showed a higher expression level of CLN3 mRNA when compared to
that in their matched non-cancerous counterparts (Fig. 1D). Similar
results were also observed in the western blot analysis (Fig. 1E). To
further determine the protein phenotypic expression patterns of CLN3
in HCC clinical samples, immunohistochemical analysis was performed
in 192 paired paraffin-embedded HCC specimens. Each pair consisted of
cancerous and adjacent non-cancerous tissues derived from the same
patient. The representative immunostainings of CLN3 protein (nega-
tive, weak, moderate, strong) in HCC tissues are shown in Fig. 1F. The
immunohistochemical data clearly showed that the immunoreactive
score (IRS) values of CLN3 were significantly higher in tumour tissues,
and positive staining for CLN3 was detected in 82.8% (159/192) of the
cancerous samples. Among these samples, 26.0% (50/192), 31.3% (60/
192) and 25.5% (49/192) of the cases showed strong, moderate, and
weak staining for CLN3 protein, respectively. In striking contrast,
among the adjacent normal mucosa tissues examined, 67.7% (130/192)
of the cases showed positive staining, 36.5% (70/234) showed weak
staining, 20.8% (40/192) showed moderate staining, and 10.4% (20/
192) showed strong staining for CLN3 (Fig. 1G). These findings in-
dicated that CLN3 expression is frequently upregulated in HCC.

3.2. CLN3 upregulation is associated with aggressive clinico-pathological
traits

Next, we analysed the association between the protein level of CLN3
and the clinicopathological characteristics in the 192 patients cohort
(Fig. 1F). The patients were divided into two groups according to dif-
ferences in the immunohistochemistry scores of the tumour tissues.
Patients with a tumour tissue immunohistochemistry score (moderate
and strong) were assigned to the high-expression group (110 patients),
and the remaining patients were assigned to the low-expression group
(82 patients). We found that high CLN3 expression was more frequently
observed in HCC patients with APF serum levels ≥20 μg/L
(P < 0.001), tumour sizes≥ 5 cm (P=0.002), multiple tumours
(P= 0.018), and the absence of encapsulation (P < 0.001) (Table 1).
Collectively, these findings indicated that upregulated CLN3 expression
may be linked to the malignant progression of HCC.

3.3. Relationship between CLN3 expression and HCC patient prognosis

We further analysed the association between the protein levels of
CLN3 and the prognosis of HCC patients after hepatectomy. We found
that the CLN3 high-expression group had significantly poorer RFS
(P < 0.001, Fig. 2A) and poorer OS (P < 0.001, Fig. 2B). Subgroup
analysis revealed that among patients with a tumour sizes< 5 cm (126
patients), the difference in RFS and OS between the CLN3 high- and
low-expression groups still existed (P < 0.001, P= 0.001, Fig. 2C and
D). Further analysis indicated that of the patients who were AFP-ne-
gative (118 patients, the CLN3 high-expression group had significantly
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poorer RFS (P < 0.001, Fig. 2E) and poor OS (P < 0.001, Fig. 2F).
Univariate analysis indicated that among the clinicopathological char-
acteristics, the CLN3 expression level, presence of microvascular inva-
sion, tumour diameter ≥5 cm, multiple tumours, and the absence of
capsule formation were correlated with RFS and OS (Table S1). Fur-
thermore, multivariate Cox regression analysis indicated that the CLN3
expression level, presence of microvascular invasion, tumour diameter
≥5 cm, and multiple tumours were independent risk factors for RFS
and OS in HCC patients (Table 2).

3.4. Knockdown of CLN3 suppresses the proliferation and tumour growth of
HCC cells in vitro and in vivo

Given that increased CLN3 expression in HCC is a common mole-
cular incident and correlated with aggressive tumour characteristics,
we hypothesized that depletion of CLN3 can exert inhibitory effects on
HCC development and progression. To test this hypothesis, we con-
structed stable CLN3-depleted cell models in two human HCC cell lines,
SMMC7721 and HCCLM3, which have high levels of endogenous CLN3,
using two lentivirus-mediated shRNAs targeting CLN3. The efficacy of
the knockdown of CLN3 expression was confirmed by RT-PCR (Figs.
S1A and S1B) and western blot analysis (Figs. S1C and S1D). The Cell
Counting Kit-8 assay showed that the depletion of CLN3 resulted in a
significant decrease in the proliferation rate in both SMMC7721 and
HCCLM3 cells (Fig. 3A). In addition, CLN3 downregulation greatly
impaired the colony-formation ability in each cell line (Fig. 3B). To
verify the in vivo consequences of CLN3 knockdown, SMMC7721 con-
trol or CLN3-depleted cells were injected subcutaneously into the dorsal
flank of nude mice, and tumour growth was monitored. As shown in
Fig. 3C and D, the mice injected with CLN3-depleted cells showed

significantly reduced xenograft tumour growth compared with those
injected with control cells. These results indicate that CLN3 plays a
positive role in HCC proliferation.

3.5. The knockdown of CLN3 inhibits the invasion and metastasis of HCC
cells in vitro and in vivo

To determine the role of CLN3 in the motility of HCC cells,
Transwell migration and Matrigel invasion assays were performed in
CLN3-depleted and control cells. The Transwell migration assay de-
monstrated that silencing endogenous CLN3 expression markedly sup-
pressed the migratory capabilities of SMMC7721 and HCCLM3 cells.
Consistently, CLN3-silenced cells displayed significantly reduced in-
vasive potential through Matrigel compared with the control cells
(Fig. 4A and B). We further evaluated the effects of CLN3 down-
regulation on HCC cell metastasis in vivo using an experimental lung
metastasis model. SMMC7721 control or CLN3-silenced cells were in-
jected into the lateral tail vein of nude mice to induce lung metastasis.
Ten weeks later, fewer and smaller micrometastatic lesions were de-
tected microscopically in the lungs of mice inoculated with CLN3- de-
pleted cells than in those of mice inoculated with control cells (Fig. 4C
and D). Moreover, mice injected with CLN3-depleted cells had a sig-
nificantly longer survival time compared with mice injected with con-
trol cells (Fig. 4E). Collectively, these findings suggest that CLN3 is
essential for the invasive and metastatic potential of HCC cells both in
vitro and in vivo.

Fig. 2. Relationship between CLN3 expression and HCC patient prognosis. (A and B) Postoperative RFS and OS among all HCC patients. (C and D) Postoperative
RFS and OS among HCC patients with a tumour size < 5 cm. (E and F) Postoperative RFS and OS among HCC patients with an AFP < 20 ng/μL. Statistical
significance was assessed by two-sided log-rank tests (*p < 0.05;**p < 0.01;***p < 0.001).

Table 2
Multivariate analysis of the risk factors for RFS and OS.

Variable RFS OS
P HR 95% CI P HR 95% CI

Tumour diameter, > 5 cm vs. ≤5 cm <0.001 1.930 1.930 4.297 0.008 1.729 1.156 2.586
Tumour number, multiple vs. Negative 0.009 1.651 1.914 2.400 0.013 1.639 1.889 2.421
Microvascular invasion, Present vs. Absent <0.001 2.838 1.988 4.052 <0.001 2.842 1.927 4.190
CLN3 expression, High vs. Low 0.025 1.484 1.051 2.095 0.025 1.550 1.056 2.277
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3.6. The EGFR/PI3K/AKT pathway plays a critical role in mediating CLN3
function

We next sought to explore the signalling mechanisms responsible for
mediating the effects of CLN3 knockdown on cell growth and motility.

Interestingly, the activation of EGFR was markedly suppressed in CLN3-
depleted cells upon EGF stimulation (Fig. 5A). Additionally, the phos-
phorylation levels of AKT were also significantly decreased in CLN3-
silenced cells compared with control cells in response to EGF stimula-
tion. No substantial changes were observed in the levels of PTEN or

Fig. 3. Knockdown of CLN3 suppresses the proliferation and tumour growth of HCC cells in vitro and in vivo. (A) Cell viability of SMMC7721 or HCCLM3 cells
infected with lentivirus expressing Scramble or shCLN3 1 or shCLN3 2 was determined by the Cell Counting Kit 8 assay. Plots are presented as the mean ± SEM of
data from three independent experiments. (B) The effects of CLN3 knockdown on the proliferation of SMMC7721 or HCCLM3 cells were assessed by the colony-
forming assay. Representative results are shown in the left panel. Plots in the right panel are presented as the mean ± SEM of data from three independent
experiments. (C) Xenograft tumour model assays. SMMC7721 control or CLN3-depleted cells (2×106) were subcutaneously injected into the lateral flanks of nude
mice. Subcutaneous xenografts from each group were excised from nude mice (n=4). (D) The growth curves of xenograft tumour volumes. Plots are presented as the
mean ± SEM (*p < 0.05; **p < 0.01; ***p < 0.001).
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ERK1/2 phosphorylation between CLN3-depleted and control cells. In
addition, the pretreatment of cells with an EGFR-specific tyrosine ki-
nase inhibitor (AG1478) not only effectively blocked the activity of
EGFR but also eliminated the distinct activation of AKT signalling be-
tween CLN3-depleted and control cells, indicating that CLN3-mediated
AKT activation occurs mainly downstream of EGFR activation (Fig. 5B).

Importantly, the pretreatment of cells with AG1478 as well as
LY294002, a specific inhibitor of PI3K, profoundly suppressed the
proliferative and invasive potential of SMMC7721 cells and diminished
the differences in the proliferation and invasion between CLN3-de-
pleted and control cells (Fig. 5C and D). To further determine whether
impaired AKT signalling is required for the CLN3 depletion-mediated

Fig. 4. Knockdown of CLN3 inhibits the invasion and metastasis of HCC cells in vitro and in vivo. (A) The effects of CLN3 knockdown on the migration and
invasion of SMMC7721 or HCCLM3 cells were determined by the Transwell migration assay and Matrigel invasion assay, respectively. Representative results are
shown. (B) Plots for panel A are presented as the mean ± SEM of data from three independent experiments. (C) Lung metastasis tumour model assays. A total of
1×106 SMMC7721 control or CLN3-depleted cells were injected into the tail vein of nude mice (n=8). Ten weeks post inoculation, the mice were sacrificed, and
metastatic tumour colonies in the lung were examined microscopically. Representative images of H&E staining of lung metastatic nodules in each group are shown.
(Magnification, left panel,× 100; right panel,× 200) (D) The number of metastatic nodules in the lungs of each group is presented as the mean ± SEM. (E) Kaplan-
Meier curves for overall survival of mice in each group. The p-value was determined using the log-rank test (*p < 0.05; **p < 0.01; ***p < 0.001).
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inhibition of HCC cell growth and invasion, SMMC7721 cells were
transiently transfected with control vector or the myr-AKT (the con-
stitutively active form of AKT) plasmid. As shown in Fig. 5E and F,
activation of AKT signalling by the ectopic expression of myr-AKT
significantly reversed the reduced tumour cell proliferative and in-
vasive capabilities induced by CLN3 knockdown. These results reveal a
critical role for the EGFR/PI3K/AKT pathway in the CLN3-facilitated
growth and invasiveness of HCC cells.

4. Discussion

Hepatocarcinogenesis is a complex process characterized by in-
creases in the expression of several factors that influence the survival of
cancer cells by promoting cell proliferation and metastasis [18–20].
HCC is still one of the most dreadful human malignant diseases due to
tumour recurrence and metastasis after surgical resection [21–25]. The
histopathological and molecular features that lead to HCC initiation
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and progression are still poorly understood [23–25]. Therefore, a better
understanding of the molecular mechanisms underlying the pathogen-
esis of the disease is warranted to identify biomarkers for prediction
and intervention.

In the present study, we reported that CLN3 protein expression was
upregulated in HCC tissues and HCC-derived cell lines and was sig-
nificantly correlated with several important clinicopathologic para-
meters, including tumour size ≥5 cm, absence of encapsulation, and
vascular invasion. Higher expression of CLN3 protein predicted poorer
RFS and OS and was an independent unfavourable prognostic indicator
for HCC patients. Previous studies indicated that AFP-negative patients
with tumour sizes< 5 cm are generally considered to have a better
prognosis than AFP-positive patients with tumour sizes> 5 cm
[26–29]; however, many of these patients still experience early disease
recurrence and poor OS. Therefore, a precise biomarker for HCC is
needed to predict the prognoses of patients with a smaller tumour size
who are AFP negative. In our study, we found that within these po-
pulations, the high-expression group still had significantly poorer RFS
than the low-expression group. Thus, the findings of the present study
suggest that measuring CLN3 protein levels may enable clinicians to
identify early stage disease patients who face a worse prognosis than
other patients with early stage disease. Therefore, CLN3 may thus have
prognostic value because it may allow clinicians to distinguish between
early stage patients with a high risk of recurrence and early stage pa-
tients with a low risk of recurrence. The significant correlations be-
tween CLN3 expression in tumours and aggressive clinical behaviours
and poor prognosis of HCC patients prompted us to investigate whether
CLN3 plays a functional role in HCC progression and dissemination.
Indeed, CLN3 knockdown markedly suppressed HCC growth and me-
tastasis both in vitro and in vivo. We further demonstrated that the
EGFR/PI3K/AKT pathway was essential for mediating CLN3 action. Our
results suggest a possible role for CLN3 in the development and pro-
gression of HCC.

EGFR and PI3K/AKT signalling have been implicated in the tu-
mourigenesis, invasion and metastasis of cancer, including HCC
[30–33]. Interestingly, we found that the knockdown of CLN3 markedly
suppressed the phosphorylation levels of EGFR and AKT upon EGF
stimulation and that the CLN3-dependent activation of AKT was mainly
mediated through EGFR. This observation prompted us to further de-
termine whether EGFR/PI3K/AKT signalling is involved in mediating
the oncogenic property of CLN3 in HCC. As expected, the blockade of
EGFR as activation and PI3K/AKT signalling by their respective phar-
macological inhibitors eliminated the discrepant capacities in pro-
liferation and invasion between control and CLN3-knockdown cells;
conversely, the activation of AKT signalling by the ectopic expression of
myr-AKT effectively reversed the inhibitory effects of CLN3 knockdown
on HCC cell proliferation and invasion. Thus, our data reveal that CLN3
facilitates HCC progression, at least in part, through an EGFR/PI3K/
AKT-dependent pathway. However, the mechanism by which CLN3
activates the EGFR/PI3K/AKT pathway and contributes to the patho-
genesis and progression of HCC remains to be elucidated. Further stu-
dies are needed to validate the robustness of our findings before clinical

translation and provide better insight into the molecular events in-
volved in CLN3- mediated cancer progression and metastasis.

In summary, we report here, for the first time, that upregulated
CLN3 expression correlates with the disease progression and un-
favourable postoperative prognosis of patients with HCC. CLN3 plays a
key role in HCC proliferation and metastasis and could be a useful
prognostic biomarker for this malignancy. In addition to its prognostic
value, our findings provide additional rationale for the potential utility
of CLN3-targeted therapy in the treatment of HCC.
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