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Abstract
Background  Plasminogen activator inhibitor 2 (PAI2) has been shown to be associated with invasive phenotypes and prog-
nosis in hepatocellular carcinoma (HCC). However, its biological roles and underlying mechanisms in invasion of HCC have 
not been explored. The present study aimed to address the issues.
Methods  First, sub-lines in that PAI2 was stably overexpressed and silenced were established based on MHCC97H and 
BEL7402 cell lines, respectively. Wound-healing and transwell assays were applied to evaluate cell migration and invasion. 
Urokinase-type plasminogen activator (uPA) activity was measured using an ELISA kit. Real-time RT-PCR and western 
blotting were used to show gene expression at mRNA and protein levels. E2F1 expression in human specimens was deter-
mined by tissue microarray-based immunohistochemical staining.
Results  The sub-lines, MHCC97H-PAI2 and BEL7402-siPAI2, were successfully established. The two sub-lines carried 
much lower and higher migration and invasion powers, respectively, in contrast to the controls. In MHCC97H-PAI2 sub-line, 
intra-medium uPA activity was significantly decreased, while RB expression was obviously elevated, compared with the 
controls. The BEL7402-siPAI2 sub-line presented the opposite trend. To identify the role of RB/E2F1 pathway, we transiently 
overexpressed E2F1 in MHCC97H-PAI2 sub-line, and largely reversed the inhibitory effects of PAI2 on cell migration and 
invasion, through regulating multiple matrix metalloproteinases and epithelial–mesenchymal transition. In HCC specimens, 
E2F1 expression was much higher in tumor than in non-tumor tissues, and was significantly related to Edmondson–Steiner 
grade, overall as well as tumor-free survival.
Conclusions  Our data suggest that PAI2 inhibits invasive potential of HCC cells via uPA- and RB/E2F1-related mechanisms.

Keywords  Hepatocellular carcinoma · Plasminogen activator inhibitor 2 · Urokinase-type plasminogen activator · RB/
E2F1 · Prognosis

Introduction

Hepatocellular carcinoma (HCC) is a highly prevalent 
malignant neoplasm worldwide. Currently, HCC remains to 
carry a poor overall prognosis, based on its high ranking in 
the cancer-related death [1]. Although some favorable results 
of curative hepatic resection for extensively selected patients 
have been reported [2, 3], tumor recurrence was well known 
as a frequent event after surgery for HCC [1]. No doubt post-
resectional recurrence largely limits the long-term outcome 
of HCC [4]. Therefore, its underlying mechanisms are of 
large interest. Thus far, some recurrence-associated genes 
have been found, including those involved in cell invasive 
phenotypes, such as cell migration, motility and adhesion 
[5, 6], whereas some tumor biological factors, such as tumor 
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microenvironment, cancer stem cells (CSC) and epithe-
lial–mesenchymal transition (EMT), were also recognized 
to play important roles in invasive/metastatic proclivity of 
HCC [7–9]. However, novel clues are quite expected.

It has been well acknowledged that proteolytic degrada-
tion of extracellular matrix (ECM) is an important step in 
tumor invasion and metastasis [10]. In the process, urok-
inase-type plasminogen activator (uPA) system serves as 
a central player, proven by many investigations [11, 12]. 
Among the system, plasminogen activator inhibitor 2 (PAI2) 
is one of two serine protease inhibitors [13]. Thus far, PAI2 
was shown, by observations of different biological behav-
iors, to exert pro-oncogenic or anti-oncogenic function in 
different malignant tumors [14–18], indicating that it might 
have a unique molecular mechanism for an individual phe-
notype. In HCC, we previously found that PAI2 expression 
was much downregulated and was significantly associated 
with the absence of portal vein tumor thrombosis (PVTT), 
smaller tumor size and prolonged patient survival [19, 20]. 
These findings support the possible role of PAI2 as a nega-
tive regulator of invasion in HCC. However, its biologi-
cal roles, in particular its underlying mechanisms, remain 
unknown. Considering part nuclear location of PAI2 in HCC 
cells [20], and clues that retinoblastoma (RB) was protected 
by PAI2 [21, 22], whether RB was involved in them was of 
large interest.

The present study was designed to address the issues, 
based on invasion-related experiments in HCC cell lines.

Materials and methods

Establishment of PAI2 stably overexpressed 
and silenced sub‑lines, and transient overexpression 
of E2F1

The sub-lines in that PAI2 were stably overexpressed and 
silenced were established, based on two HCC cell lines with 
different invasive power, i.e. MHCC97H and BEL7402. The 
cell lines, obtained from the Cell Bank of Chinese Academy 
of Sciences Shanghai Institute of Cell Biology (Shanghai, 
China), were cultured in Dulbecco’s modified Eagle medium 
with 10% fetal bovine serum (FBS, Hyclone, Thermo Fisher 
Scientific Inc, Waltham, MA), 100 U/mL penicillin and 
10 mg/mL streptomycin at 37 °C with 5%CO2 at a humidi-
fied atmosphere. In the first, PAI2 cDNA was amplified by 
polymerase chain reaction (PCR) and then sub-cloned into 
the pcDNA3.1 vector (Invitrogen, Carlsbad, CA, USA). On 
the other hand, four PAI2 siRNA sequences (no. 1, sense: 
AAG​GUA​UCC​CUA​UUU​UUG​AAG​CCU​GUCUC, anti-
sense: AAC​UUC​AAA​AAU​AG GGA​UAC​CCC​UGU​CUC; 
no. 2, sense: CAG​AGA​ACA​ACC​AGA​UUG​A, antisense: 
UCA​AUC​UGG​UUG​UUC​UCU​G; no. 3, sense: GCG​CAC​

ACC​UGU​ACA​GAU​G, antisense: CAU​CUG​UAC​AGG​
UGU​GCG​C; no. 4, sense: GCG​CAC​ACC​UGU​ACA​GAU​
GAU​GUA​C, antisense: GUA​CAU​CAU​CUG​UAC​AGG​
UGU​GCG​C) were used. Scrambled sequences were used 
as the controls. Following, the duplexes were inserted into 
the vector pcDNA6.2 (Invitrogen); the recombinant lentivi-
ruses were packaged using the pLent6.31 expression system 
for overexpression and the pLenti6.2 miR RNAi expression 
system for knockdown (Invitrogen). For overexpression of 
E2F1, the E2F1 coding sequences were first amplified and 
inserted into pcDNA3.1 vector (Invitrogen), according to the 
method previously described [23]. Then, transient transfec-
tion was performed using the Lipofectamine 3000 reagent 
(Invitrogen).

Real‑time reverse transcription‑polymerase chain 
reaction (RT‑PCR)

After RNA extraction using TRIzol reagents (Invitrogen) 
and reverse transcription with a High Capacity RNA-to-
cDNA Kit (Applied Biosystems, Foster City, CA), qRT-PCR 
was performed with All-in-One qRT-PCR Mix (GeneCo-
poeia, Rockville, MD, USA) on the ABI 7900HT Fast Real-
Time PCR System (Applied Biosystems). The used primers 
were as follows: PAI2, 5′-AAC​CCC​AGG​CAG​TAG​ACT​
TC-3′ (forward), 5′-ACA​GCA​TTC​ACC​AGG​ACC​AT-3′ 
(reverse); RB, 5′-ACC​CAG​AAG​CCA​TTG​AAA​TC-3′ (for-
ward), 5′-TCT​GGG​TGC​TCA​G ACA​GAA​G-3′ (reverse); 
E2F1, 5′-CAT​CCC​AGG​AGG​TCA​CTT​CTG-3′ (forward), 
5′-GAC AAC​AGC​GG TTC​TTG​CTC-3′ (reverse); MMP9, 
5′-CTT​TGG​ACA​CGC​ACGAC-3′ (forward), 5′-CCA​CCT​
GGT​TCA​ACT​CAC​T-3′ (reverse); MMP14, 5′-TGG​ACT​
GTC​AGG​AAT​GAG​GAT-3′ (forward), 5′-CAT​AGG​TGG​
GGT​TTT​TGG​GT-3′ (reverse); MMP15, 5′-GCT​GCT​CC 
TGG​TGC​TTCT-3′ (forward), 5′-CTG​AGG​CAG​GTA​GCC​
ATA​AAG-3′ (reverse); GAPDH, 5′-CAT​CTT​CTT​TTG​CGT​
CGC​CA-3′ (forward), 5′-TTA​AAA​GCA​GCC​CTG​GTG​
ACC-3′ (reverse). GAPDH was served as a housekeeping 
gene. All reactions were repeated in triplicates.

Western blotting

Extracted total proteins (80 μg/lane), after protein concen-
tration measurement by a BCA protein assay kit (Pierce), 
were subjected to sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) and then transferred to a poly-
vinylidene difluoride (PVDF) membrane (Millipore, Bill-
erica, MA, USA). After blocking by 5% non-fat dry milk, the 
membranes were incubated overnight at 4 °C with primary 
antibodies for PAI2, RB, E2F1, MMP9, MMP14, MMP15, 
E-cadherin, N-cadherin, Vimentin, GAPDH and β-actin 
(Abcam, Cambridge, UK). The subsequent incubations with 
horseradish peroxidase-conjugated secondary antibodies 
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were performed at room temperature. Protein bands were 
detected by enhanced chemiluminescence reagents (Merck, 
Darmstadt, Germany). GAPDH or β-actin was used as the 
loading control. All blots were repeated three times.

Wound‑healing assay

Cells were seeded in six-well plates. When 80% confluence 
was reached, cell layers were scratched using 200-μL pipette 
tips. After a culture of 24 h, the wound closure was observed 
by microscopy. For cells with E2F1 overexpression, the 
experiments were started 72 h after plasmid transfection. 
All assays were repeated in triplicates.

Transwell invasion analysis

Transwell inserts (pore size: 8.0 μm, Corning, Chelmsford, 
ST, USA) and extracellular matrix (ECM) gel (Sigma-
Aldrich, St. Louis, MO, USA), that was coated under 
surface of the membrane, were used. In brief, 500 μL of 

medium with 20% FBS was added to the lower chamber. 
Cells (5 × 104/well) were re-suspended in serum-free media 
and seeded to the upper chamber. After an incubation of 
24 h at 37 °C, cells on the upper surface of the membrane 
were removed. Invaded cells were fixed with methanol and 
stained with crystal violet. Finally, the cells were counted 
in five random fields at a magnification of × 200. The results 
were derived from three independent experiments.

Cell proliferation assay

Cell proliferation was determined using the Cell Count-
ing Kit-8 (CCK8, Dojindo, Kumamoto, Japan). Cells were 
seeded at 4.0 × 103 cells/well in 96-well microplates. After 
cultures of 0 h, 24 h, 48 h and 72 h, fresh DMEM and 10 μL/
well CCK-8 solution were replaced. Then, the plates were 
incubated at 37 °C for 2 h. Finally, the absorbance at 450 nm 
was measured.

Fig. 1   Establishment of PAI2 stably overexpressed and silenced sub-
lines. a Significantly enhanced and decreased PAI2 mRNA expres-
sion in MHCC97H-PAI2 sub-line and four BEL7402-siPAI2 sub-

lines; b significantly enhanced and decreased PAI2 protein expression 
in MHCC97H-PAI2 sub-line and four BEL7402-siPAI2 sub-lines. 
***p < 0.001
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Measurement of uPA activity in the cell medium

uPA activity was measured by a uPA Activity Assay Kit 
(Millipore, Billerica, MA, USA) according to the manufac-
turer’s instructions. Briefly, a standard curve was first gener-
ated. Then, the mixture of cell medium and assay buffer was 
incubated with chromogenic substrate. The optical density 
(OD) value of each well was measured using a standard 
microplate reader (405 nm). The two measured OD values of 
the same well were averaged to form the final one. The rela-
tive uPA activity was calculated based on the standard curve.

Patients, tissue microarray construction 
and immunohistochemistry

The study group consisted of 149 curatively resected 
patients with HCC. The inclusion criteria were as fol-
lows: (1), histologically confirmed diagnosis; (2), no neo-
adjuvant therapy; (3), with matched tumor and adjacent 
non-tumor samples; (4), with complete follow-up data. 
There were 125 (83.9%) male and 24 (16.1%) female. 

Ages ranged 26–76 years (median 50 years). Seventy-four 
patients (49.7%) had tumor size larger than 5 cm. The 
follow-up terms were 42–2077 days (median 445 days).

Tissue microarray (TMA) construction was in accord-
ance to the previous report [24].

The rabbit anti-human E2F1 monoclonal antibody 
(Abcam) and a two-step staining kit (EnVision™ + kit, 
Dako, Denmark) were adopted for immunohistochemical 
staining. In brief, 4-µm-thick slides were mounted, depar-
affinized and rehydrated, followed by autoclave antigen 
retrieval and blockage of endogenous peroxidase with 3% 
hydrogen peroxide. Slides were then incubated with the 
primary antibody (1:50) overnight at 4 °C. A horseradish 
peroxidase (HRP)-labeled secondary antibody was subse-
quently used. Diaminobenzidine was applied as a chromo-
gen. Finally, slides were counterstained with hematoxylin. 
Pre-immune rabbit serum at the same dilution functioned 
as the negative control.

Two senior pathologists who had no prior information 
for follow-up data (Z.Y.L. and W.X.Z.) evaluated the stain-
ing, using H-score [25], a staining evaluation method that 

Fig. 2   Changes of migration and invasion in PAI2 stably overexpressed and silenced sub-lines. a Wound-healing assays in MHCC97H-PAI2 and 
BEL7402-siPAI2 sub-lines; b transwell invasion analyses in MHCC97H-PAI2 and BEL7402-siPAI2 sub-lines. ***p < 0.001
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was widely used [26, 27]. The median H-score in tumor 
tissues was selected as the cut-off value.

Statistical analyses

The comparison of continuous variables was performed 
using the student t test or Mann–Whitney U-test. The sur-
vival curves were got by the Kaplan–Meier method and 
compared by the log-rank test. Multivariate Cox regression 
(proportional hazard model) was adopted to identify inde-
pendent prognostic indicators. Statistical software package 
SPSS11.5 (SPSS Inc, Chicago, IL, USA) was used for all 
the analyses. A p value less than 0.05 was defined as sta-
tistically significant.

Results

Successful establishment of PAI2 stably 
overexpressed and silenced sub‑lines

As shown in Fig. S1, the highly invasive HCC cell line, 
MHCC97H, had much lower PAI2 expression than the 
lowly invasive one, BEL7402. Therefore, sub-lines in that 
PAI2 were stably overexpressed and silenced were estab-
lished on the basis of MHCC97H and BEL7402, respec-
tively. Real-time RT-PCR and western blotting found sig-
nificantly increased and decreased PAI2 mRNA and protein 
expression in MHCC97H- and BEL7402-based sub-lines 
(Fig. 1), suggesting successful establishment. In four PAI2 
silenced sub-lines, the lowest PAI2 expression was present 
in BEL7402-siPAI2-3 (Fig. 1). Thus, it was subjected to 
further experiments.

Fig. 3   Mechanistic explorations 
for the impacts of PAI2 stably 
overexpression and silence on 
cell migration and invasion. 
a Cell medium uPA activity 
measurements; b RB mRNA 
and protein expression detected 
by real-time RT-PCR and west-
ern blotting. ns not significant; 
***p < 0.001
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PAI2 inhibits migration and invasion of HCC cells

The wound-healing assay that reflects cell migration showed 
that MHCC97H-PAI2 cells migrated remarkably slower 
than its vector control, while faster migration was observed 
in BEL7402-siPAI2 sub-line compared with the control 
(Fig. 2a). The less and more invaded MHCC97H-PAI2 and 
BEL7402-siPAI2 cells, in contrast to controls, were also 
revealed in the transwell invasion analyses (Fig. 2b). These 
results indicated the inhibitory role of PAI2 for migration 
and invasion of HCC cells. However, there seemed to be a 
slight impact of PAI2 on cell proliferation, but not statisti-
cally significant (Fig. S2, p > 0.05).

PAI2 inhibits uPA activity and increases RB protein 
expression in HCC cells

For the underlying mechanisms of PAI2-mediated inhi-
bition of invasive potential of HCC cells, we first meas-
ured uPA activity in established sub-lines. It was shown 
that uPA activity was markedly declined and elevated in 
MHCC97H-PAI2 and BEL7402-siPAI2 cells, respec-
tively, compared with controls (Fig. 3a). To explore the 
other possible mechanism, RB expression at mRNA and 
protein levels was detected. It could be clearly found that 
MHCC97H-PAI2 and BEL7402-siPAI2 cells had higher 
and lower RB protein expression, but not its mRNA level, 
than controls, respectively (Fig. 3b). These data suggested 
that PAI2 might exert its inhibitory role through multiple 
mechanisms.

Fig. 4   Impacts of E2F1 transient overexpression on cell migration 
and invasion in PAI2 stably overexpressed sub-line. a Significantly 
enhanced E2F1 mRNA and protein expression after E2F1 transient 
overexpression in MHCC97H-PAI2 sub-line; b changes of migra-
tion after E2F1 transient overexpression in MHCC97H-PAI2 sub-

line; c changes of invasion after E2F1 transient overexpression in 
MHCC97H-PAI2 sub-line; d significantly enhanced mRNA and pro-
tein expression of MMP9, MMP14 and MMP15 after E2F1 transient 
overexpression in MHCC97H-PAI2 sub-line. *p < 0.05, ***p < 0.001
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Transient overexpression of E2F1 reverses 
PAI2‑mediated inhibition of migration and invasion 
of HCC cells

To confirm the RB-related mechanism of PAI2, we 
transiently overexpressed E2F1 in MHCC97H-PAI2 
cells. After overexpression (Fig. 4a), cells carried faster 
migration and more intensive invasion than control cells 
(Fig. 4b, c), thus reversing the PAI2-mediated inhibition 
of cell migration and invasion. For relative mechanisms, 
MMP9, MMP14 and MMP15 expressions at mRNA and 
protein levels were elevated (Fig. 4d). In addition, E-cad-
herin was downregulated, while N-cadherin and Vimentin 
were upregulated, indicating the induction of EMT (Fig. 
S3).

E2F1 is overexpressed in HCC and predicts poor 
prognosis

Immunohistochemical staining E2F1 was highly expressed 
in tumor tissues, in contrast to non-tumor ones (Fig. 5a–c, 
p < 0.001). The E2F1 H-score was significantly higher in 

Edmondson–Steiner grade III–IV tumors than in grade I–II 
ones (Fig. S4, p = 0.006).

Using the median tumoral H-score (67.5) as the cut-off 
value, high E2F1 expression in tumor tissues was signifi-
cantly associated with poor overall and tumor-free survival 
(Fig. 5d, e; Table 1, p = 0.0157 and 0.0478, respectively). In 
multivariate Cox regression test, E2F1 expression was very 
close to have statistical significance (Table 2, p = 0.050 and 
0.084).

Discussion

Tissue invasion/metastasis has been well known as one of 
cancer hallmarks [28]. During the complex process, proteo-
lytic degradation of ECM, a key modulator of the hallmarks 
[29], plays a crucial role [10]. Among factors involved in 
ECM proteolysis, uPA, binding with its receptor, effec-
tively converts plasminogen to active plasmin, thus promot-
ing the proteolytic cascade [11, 12]. As one of two specific 
inhibitors of uPA activity, PAI2 was thought to block the 
cascade, thus being a tumor suppressor [13]. However, 
PAI2 was found to prevent plasmin generation and its 

Fig. 5   E2F1 expression in hepatocellular carcinoma. a High E2F1 
expression in tumor tissue (original magnification × 200); b low 
E2F1 expression in non-tumor tissue (original magnification × 200); 
c comparison of H-scores of E2F1 between tumor and non-tumor 

tissues (Mann–Whitney U-test; p < 0.001). d Overall survival of 
patients with high and low tumoral E2F1 expression (Log-rank test; 
p = 0.0157), e tumor-free survival of patients with high and low 
tumoral E2F1 expression (Log-rank test; p = 0.0478)
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metastasis-suppressive effects in brain metastasis from lung 
and breast cancers [16], although its anti-invasive/metastatic 
and anti-chemoresistant activities were also revealed in other 
malignancies [14, 15, 17, 18]. Therefore, its biological roles 
and molecular mechanisms are complicated, especially for 
different phenotypes in different cancer types. In HCC, the 
current data focused on downregulated expression of PAI2 
and its prognostic significance [19, 20], but its biological 
roles and molecular mechanisms remain unclear.

In the present study, we showed that PAI2 inhibits migra-
tion and invasion, but not proliferation, of HCC cells, on the 
basis of established PAI2 stably overexpressed and silenced 
MHCC97H-PAI2 and BEL7402-siPAI2 sub-lines. The 
results provide a mechanistic explanation for the previously 
found negative association between PAI2 expression and 
PVTT, an important marker of invasion/metastasis in HCC 
[20]. Because PAI2 is a specific inhibitor of uPA activity, 
an uPA-related mechanism was first considered. The find-
ings that uPA activity was markedly declined or elevated in 
MHCC97H-PAI2 or BEL7402-siPAI2 cells, in contrast to 
controls, prove the inhibitory effect of PAI2 on uPA activity, 
that was previously found [30, 31]. Therefore, direct inhibi-
tion of uPA activity seems to be one of relative molecular 
mechanisms. Clinically, high uPA activity was shown to be 
closely related to unfavorable phenotypes and recurrence in 
HCC [32]. We here preliminarily suggest a novel therapeutic 
strategy.

In view of our previous finding that PAI2 expression 
partly located in nuclei of HCC cells [20], and literatures 
concerning PAI2 protection of RB [21, 22], another RB-
related mechanism was speculated. We first revealed remark-
ably elevated and declined RB protein level, not mRNA one, 
in MHCC97H-PAI2 and BEL7402-siPAI2 cells, respec-
tively, indicating PAI2 protection of RB protein, rather than 
transcriptional regulation. According to the interaction 
between RB and E2F1, this might decrease the release of 
the latter. It was already known that RB loss and E2Fs were 
proto-oncogenic in HCC [33, 34], and E2F1 was involved in 
migration and invasion of HCC cells [35, 36]. Our transient 
overexpression of E2F1 largely rescued the invasion inhibi-
tory role of PAI2 and upregulating MMP9, MMP14 and 
MMP15, three cancer invasion promoters as direct targets 

Table 1   Univariate analysis for overall and tumor-free survival of 
HCC after curative resection

HCC hepatocellular carcinoma, HBsAg hepatitis B surface antigen, VI 
vascular invasion, TNM Tumor node metastasis, AFP α-fetoprotein, 
E2F1 E2F transcription factor 1
Bold numbers indicate the p values less than 0.05, which are defined 
as statistically significant

Variables n Overall survival Tumor-free sur-
vival

Median p value Median p value

Age 0.8257 0.8835
 > 60 years 31 713 403
 ≤ 60 years 118 992 558

Gender 0.3622 0.9398
 Male 125 992 496
 Female 24 496 347

HBsAg 0.3353 0.3054
 Positive 122 806 465
 Negative 26 1147 1023

Tumor size 0.0721 0.0628
 > 5 cm 74 620 372
  ≤ 5 cm 75 1018 620

Tumor number 0.0631 0.3531
 Solitary 114 992 496
 Multiple 34 389 403

VI 0.0014 0.1748
 Present 81 434 405
 Absent 66 1922 645

TNM stage < 0.0001 < 0.0001
 I–II 94 1178 815
 III–IVA 55 364 127

Edmondson–Steiner grade 0.9130 0.6687
 I–II 81 837 465
 III–IV 68 903 620

AFP 0.3146 0.1157
 High (> 20 ng/mL) 92 682 403
 Normal 45 1005 867

E2F1 0.0157 0.0478
 High 74 435 310
 Low 75 1147 620

Table 2   Multivariate analysis 
for overall and tumor-free 
survival of HCC after curative 
resection

HCC hepatocellular carcinoma, HR hazard ratio, CI confidence interval, TNM Tumor node metastasis, VI 
vascular invasion, E2F1 E2F transcription factor 1
Bold numbers indicate the p values less than 0.05, which are defined as statistically significant

Variables Overall survival Tumor-free survival

HR 95% CI p value HR 95% CI p value

TNM stage 2.039 1.191–3.491 0.009 2.557 1.659–3.941 < 0.001
VI 1.607 0.914–2.826 0.100
E2F1 1.601 0.999–2.565 0.050 1.465 0.950–2.258 0.084
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of E2F1 [37], in HCC. Also, EMT was induced, same as 
reported [35]. Therefore, the PAI2–RB–E2F1 pathway might 
be a novel mechanism of PAI2 inhibition for HCC invasion. 
Subsequent results that E2F1 expression largely reversed 
the inhibitory effects of PAI2 on HCC cell migration and 
invasion provided further confirmative evidence.

Some papers investigated expression and prognostic 
significance of E2F1 in HCC [38, 39]. However, these 
ones were limited by smaller sample sizes, especially for 
prognostic analysis [39]. In the present study enrolling 
more specimens, E2F1 expression in tumor tissues was 
much higher than that in non-tumor ones. Furthermore, 
tumoral high E2F1 expression was positively associated 
with histological grade, poor overall and tumor-free sur-
vival. Although being close to multivariate significance, 
E2F1 remains to be a promising predictor of poor survival 
and recurrence, basically supporting our in vitro experi-
ments and the work by Chen et al. [39].

However, this study has some limitations. First, the 
results have not been confirmed in vivo. Second, only one 
PAI2 stably overexpressed or silenced sub-line was used, 
respectively. Finally, imperfect multivariate prognostic 
analysis might be attributed, as least in part, to sample 
size that was increased but not sufficient. These will be 
improved in further studies.

Conclusions

Taken together, our data indicated that PAI2 inhibits inva-
sive potential of HCC cells via uPA- and RB/E2F1-related 
mechanisms.
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