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SERPINAI | Inhibits Metastasis in Hepatocellular
Carcinoma by Suppressing MEK/ERK Signaling
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Purpose: By using integrative RNA sequencing analysis, we identified a novel tumor
suppressor, serpin family A member 11 (SERPINAII), which is a serine proteinase inhibitor
that belongs to the serpin superfamily. However, the function of SERPINAII in hepatocel-
lular carcinoma (HCC) remains unclear. The aim of this study was to investigate the role and
molecular mechanism of SERPINA1I in HCC.

Methods: Gene expression patterns of SERPINAII were analyzed in tissue samples of HCC
patients by qRT-PCR. In vitro and in vivo experiments were performed to characterize the
function and molecular mechanism of SERPINAII in the tumor metastasis capacity.

Results: SERPINA1] was downregulated in approximately 50% of HCC and significantly
associated with metastasis and poor outcome of patients. Functional study demonstrated that
SERPINAII could inhibit cell growth, cell migration and tumor metastasis. Mechanistic
investigations suggested that SERPINA11 accelerated urokinase-type plasminogen activator
(uPA) degradation to suppress extracellular signal-regulated kinase (ERK1/2) phosphoryla-
tion, and thereby subdued metastatic capabilities of HCC cells.

Conclusion: SERPINA1I plays an important tumor suppressive role in HCC, with possible
use as a biomarker and an intervention point for new therapeutic strategies.
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Introduction
Hepatocellular carcinoma (HCC), the fifth most commonly malignancies, ranks as
the second leading cause of cancer-related deaths across the globe.' Patients are com-
monly diagnosed at the advanced stage and lose the curative surgery opportunity. The
majority of patients have an extremely poor prognosis with a median survival of only 6
months, primarily because of high metastatic and recurrent rate.” Similar to other solid
tumors, it is believed that HCC development is a multi-step process which involves the
accumulation of multi-genetic and epigenetic alterations.* In order to identify new
sensitive and specific molecular prognostic markers and therapeutic targets, we per-
formed RNA sequencing (RNA-Seq) on three pairs of matched HCC and their non-
tumorous counterparts.”® Downregulation of serpin family A member 11 (SERPINAII)
was detected in all three HCC tumor tissues compared with adjacent non-tumor tissues.
SERPINA11 is a serine proteinase inhibitor belonging to the serpin superfamily,
which share a highly conserved tertiary structure with three beta sheets, eight or nine o-
helices, and a reactive center loop (RCL) in the C-terminal segment.” ® Although some
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non-inhibitory serpins act as chaperones involved in transport,

storage and other roles, '*'?

the majority of the serpins are
inhibitors of serine proteases through a suicide substrate-like
mechanism.'> The RCL of inhibitory-type serpins contains
aunique primary sequence that acts as lure for serine proteases
to inhibit its enzymatic activity."* Serpins, distributed in tissues
throughout the body, participate in intracellular and extracel-
lular physiological processes, such as inflammation, blood
clotting, immune function, tumor suppression, cancer metas-
tasis, remodeling of the extracellular matrix (ECM)."*"”
Recently, downregulation of SERPINAII was found to be
correlated with later stages in HCC.'® However, the molecular
function of SERPINA1I in HCC remains obscure.

In the present study, in vitro and in vivo functional
assays demonstrated the tumor-suppressive effects of
SERPINAII in HCC. Its molecular mechanism in HCC

progression was also investigated.

Materials and Methods

Tissue Specimens and Cell Lines

A total of 155 paired HCC tumor and nontumorous surgical
specimens were harvested at Sun Yat-sen University Cancer
Center (Guangzhou, China). All patients were diagnosed
with primary HCC and had not received preoperative treat-
ments. All clinical samples used in this study were authorized
by the Institute Research Ethics Committee at Sun Yat-sen
University Cancer Center. The study was conducted in accor-
dance with the Declaration of Helsinki. The HCC cell lines
QGY-7703 and PLC8024 were obtained from the Institute of
Virology, Chinese Academy of Medical Sciences (Beijing,
China). The HCC cell lines HepG2, Hep3B, SMMC7721,
QGY-7701, BEL-7402 and Huh7 were purchased from
Collection of Authenticated Cell Cultures
(Beijing, China). The cells were cultured in high-glucose
DMEM supplemented with 10% fetal bovine serum (FBS).

National

Quantitative Real-Time Reverse

Transcription Polymerase Chain Reaction
Total RNA was extracted from cultured cells or clinical tissues
using TRIzol (Invitrogen, Carlsbad, CA, USA), and was
reverse transcribed with random primers using a PrimeScript®"
reagent Kit (Promega, Madison, WI, USA) according to the
manufacturer’s instructions. Quantitative real-time reverse
transcription polymerase chain reaction (QRT-PCR) was per-
formed with SYBR Green SuperMix (Roche, Basel,
Switzerland) and detected by ABI 7900HT Fast Real-Time
PCR System (Applied Biosystems, Foster City, CA, USA).

The expression level was normalized against endogenous
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for
tested genes. Supplementary Table S1 provides a list of the

primer sequence used in this study.

Lentiviral-Mediated SERPINAI |

Overexpression and Knockdown

Lentiviral construct containing the full length SERPINAI1
(GeneCopoeia, Germantown, MD, USA) was packaged
into 293FT cells using the ViraPower Mix (Invitrogen,
Carlsbad, CA, USA) according to the manufacturer’s
instructions. QGY7701 and BEL7402 cells were stably
transfected with SERPINA1l-expressing lentivirus or len-
tiviral vector plus 10 mg/mL polybrene (Sigma, St Louis,
Missouri, USA). To establish SERPINAII knockdown
cells, short hairpin RNAs (shRNA) in lentivirus against
SERPINAII (Genepharma, Shanghai, China) were stably
transduced into Huh7 cells. The sequences of the two
shRNAs against SERPINAII are as follows: shRNA1: 5'-
CACCGGACACGTTCATGGTTCTTGCCGAAGCAAG-
AACCATGAACGTGTCC-3"; shRNA2: 5'-CACCGGA
CAGCATCAAGGAGCTTTACGAATAAAGCTCCTTG-
ATGCTGTCC-3'. The scramble shRNA (Scr)-transfected
cells were used as negative controls.

Cell Growth and Foci Formation Assays
For cell growth assay, cells were seeded at a density of 1x10°
cells per well in 96-well plate. The cell growth rate was
measured by Cell Counting Kit-8 (Dojindo Laboratories,
Kumamoto, Japan). For foci formation assay, 1x10° cells
were seeded in each well of a six-well plate. Surviving colo-
nies (>50 cells per colony) were counted with crystal violet
staining after 2 weeks of culture. Experiments were performed
in triplicate and repeated three times.

Tumor Formation Assay in Nude Mice
Animal care and experiments were performed according to the
institutional standard guidelines approved by the Committee
of the Use of Live Animals at Sun Yat-sen University Cancer
Center. For 7701 lines group, SERPINAII- and vector-
transfected cells (4 x 10°) were subcutaneously injected into
the right and left dorsal flank of mice, respectively. For 7402
lines group, SERPINA1I- and vector-transfected cells (3.5 x
10°) were subcutaneously injected into the right and left dorsal
flank of mice, respectively. Three weeks after the injection,
mice were killed with 80 mg/kg pentobarbital, followed by
tumor dissection.
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Cell Motility and Invasion Assay

For cell motility assay, cells were added to the upper
chambers (Corning Costar, Corning, NY, USA) in serum-
free medium. Medium containing 10% FBS served as the
attractant in the lower chamber. The migrated cells were
fixed, stained with crystal violet and counted under micro-
scope. Invasion assay was performed with Matrigel
Invasion Chamber (BD Biosciences, Franklin Lakes, NJ)
and the procedures were similar to the migration assay.
The experiments were repeated thrice.

In vivo Metastasis Assay

Female BALB/c nude mice at 4-6 weeks were randomly
divided into several groups (six mice for 7402 lines group
and five mice for 7701 lines group) and inoculated with
SERPINAII- or vector-transfected cells (1 x 10°) via the
lateral tail vein. After 8 weeks, mice were killed with 80
mg/kg pentobarbital. Following euthanasia, livers and
lungs were harvested, fixed and embedded in paraffin for
further H.E. staining. The intrahepatic and pulmonary
metastatic nodules were carefully counted.

Antibodies and Western Blot Analysis

Western blot analysis was performed according to the
standard protocol with antibodies against SERPINAI11
(Sigma, St Louis, Missouri, USA), uPA (Abcam,
Cambridge, UK), Phospho-MEK, Phospho-p42/44MAPK,
Phospho-p90RSK, Phospho-Elk, p42/44MAPK (Cell
Signaling Technology, Danvers, MA), and GAPDH
(Santa Cruz Biotechnology, Santa Cruz, CA, USA).

ELISA Assay for SERPINAI |

Cells were cultured in serum-free medium for 24 hr, then
the medium was collected and centrifuged for 5 minutes at
1000 RPM at 4°C. The supernatant was concentrated by
centrifugation using an Amicon®™ Ultra filter (10K
MWCO). Then, 100 pL ultrafiltrate was added to each
well to test the concentration of SERPINAII using the
ELISA kits (CUSABIO, Wuhan, China) according to the
manufacturer’s instructions. The optical densities were
measured at 450 nm. Experiments were performed in
triplicate and repeated three times.

Immunohistochemistry (IHC)

The tissue slides were first deparaffinized and rehydrated,
and then blocked with 3% H,O, for 10 min at room
temperature. Antigen retrieval was performed by high-

pressure-cooking the samples in a 10 mM citrate buffer
(pH 6.0) for 4 min. Slides were blocked with 5% normal
goat serum for 30 min at room temperature and then
incubated in monoclonal antibody against SERPINAII at
4°C overnight. The Envision detection system (Dako,
Agilent Technologies, Inc., Santa Clara, CA, USA) was
used for color development followed by Mayer’s hematox-
ylin counterstaining.

Octet Red System

Recombinant protein of SERPINA11 and uPA were pur-
chased from Novoprotein Scientific Inc. (Shanghai, China)
and Sino Biological Inc. (Beijing, China), respectively.
The purified human protein of SERPINA1l contained
a Fc tag while uPA contained a His tag. The Octet Red
System (ForteBio, Menlo Park, CA, USA) was carried out
following the manufacturer’s instructions. SERPINAT11
was immobilized to the SA sensor and increasing concen-
trations (0, 13.6, 27.2, 54.4, 108.7 and 217.4 nM) of uPA
were run through the protein-coated biosensors. Octet Red
System Data Analysis software was used to analyze the
association rate, dissociation rate and affinity constant.

Cycloheximide Chase Assay

HCC cells were pretreated with 10 pM cycloheximide
(Sigma-Aldrich, St. Louis, MO, USA) for 10 min, fol-
lowed by an incubation with or without recombinant
SERPINAI1 (10 ng/mL). The cell extracts from 0, 2, 6,
12 hr treatment groups were assessed by Western blotting
to determine the expression of uPA.

Statistical Analysis

SPSS standard V.16.0 (SPSS, Inc., IL, USA) was used for
data analysis. Results were presented as means + SD of
three independent experiments. The Student’s f-test was
used for statistical comparisons of two independent
groups. The disease-specific survival time of HCC patients
with different SERPINA11 expression levels was analyzed
by Kaplan—Meier analysis with Log rank tests. The corre-
lation between SERPINAI11 expression and clinicopatho-
logical characteristics of HCC patients was explored by
Pearson y2 test. Spearman correlation was used to assess
the relationship between SERPINA11 and uPA expression.
Univariable and multivariable Cox proportional hazard
model with a forward stepwise procedure was used to
estimate the survival hazard. P values of <0.05 were
considered statistically significant.
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Results
Downregulation of SERPINAI [ is

Frequently Detected in HCC

Our previous RNA-seq data showed that SERPINA1l was
downregulated in all three tested HCC tissues.'” We first
validated this finding in TCGA datasheet. The results demon-
strated that SERPINA 1l expression was significantly lower
in tumor tissues than that in normal liver tissues (Figure 1A).
The expression pattern of SERPINAII was subsequently
tested in 155 pairs of primary HCCs samples collected at
Sun Yat-sen University Cancer Center (SYSUCC) by qRT-
PCR. The results showed that SERPINA 1] was significantly
downregulated in 75 of 155 (48.4%) of HCC tissues com-
pared with their nontumor counterparts (defined as >2-fold
change; P < 0.001, paired Student’s ¢ test; Figure 1B, left
panel). The average level of SERPINA 11 expression in tumor
specimens was dramatically lower than that in nontumor
specimens (2.62 versus 5.21, P < 0.001, paired Student’s
t-test; Figure 1B, right panel). Consistently, downregulation
of SERPINA11 protein was detected in 6 of 10 randomly
selected HCC tissues by Western blotting and IHC
(Figure 1C and D). The expression levels of SERPINA11
in eight HCC cell lines and one immortalized liver cell line
MIHA were also tested by Western blotting. Downregulation
of SERPINAI11 was detected in 4 of 8 HCC cell lines
(SMMC7721, QGY7701, QGY7703, BEL7402) compared
with MIHA (Figure 1E).

SERPINAI | Downregulation is
Associated with HCC Metastasis and

Poor Prognosis

To determine clinical significance of SERPINA1I in HCC, the
association of SERPINA1I with clinical-pathological features
from 155 HCC patients was statistically analyzed. The results
showed that the low expression of SERPINAII was signifi-
cantly correlated with tumor size (P = 0.037), the complete-
ness of the tumor encapsulation (P = 0.035) and metastasis and
recurrence (P = 0.024, Table 1). To address the prognostic
significance of SERPINA1I in HCC, Kaplan-Meier analysis
and Log rank test were performed. As shown in Figure 1F,
resected HCC patients with low SERPINAII expression had
poorer overall survival (OS) than those with high SERPINA11
expression (P = 0.020, Log rank test). TCGA database also
suggested that disease-free survival rate of HCCs with low
SERPINAII expression were significantly lower than those
with high SERPINA11 expression (P = 0.0054, Log rank test,

Figure 1G). Moreover, multivariate Cox regression analysis
showed that SERPINA 11 expression was an independent prog-
nostic factor for resected HCC patients (P = 0.043, Table 2).
These results imply that SERPINA 11 plays an important role in
the pathogenesis of HCC. Further, we evaluated the clinical
significance of SERPINA1I in HCC patients with or without
Hepatitis B virus (HBV) infection. The results showed that the
low expression of SERPINAII was significantly correlated
with metastasis and recurrence in HBsAg positive cases (P =
0.013, Supplementary Table S2), while tumor size in HBsAg
negative cases (P = 0.032, Supplementary Table S3). In
a stratified survival analysis according to the HBV infection,
no significant difference in OS was observed in patients with
or without HBV infection (Supplementary Figure 1A).

SERPINAI | has Tumor-Suppressive Ability
To determine the tumor-suppressive potential of SERPINA1I
in HCC, SERPINA1l was cloned into a lentiviral vector and
stably transfected into two HCC cell lines, BEL-7402 and
QGY-7701. Empty vector-transfected cells were used as con-
trols. The enhanced expression of SERPINAI1 in stable trans-
fectants was confirmed by gqRT-PCR and Western blotting
(Figure 2A and B). Ectopic secretion of SERPINAII in con-
ditional medium was determined by ELISA assay (Figure 2C).
Compared with control cells, the ectopic expression of
SERPINAI1I effectively suppressed cell growth rate (P <
0.05, Student’s ¢ test, Figure 2D) and foci formation frequency
(P <0.01, Student’s t-test, Figure 2E). To explore the in vivo
tumor suppressive capacity of SERPINA11, SERPINAII sta-
bly expressing BEL-7402 (SER11-7402) and QGY-7701
(SER11-7701) cells were subcutaneously injected into nude
mice, while Vec-7402 or Vec-7701 cells were used as controls.
Consistent with in vitro results, tumor formation in nude mice
was markedly dampened in SERPINA11-expressing cells (P <
0.05, Student’s t-test, Figure 2F).

SERPINAI| Suppresses HCC Metastasis

Since downregulation of SERPINAII has been significantly
associated with HCC metastasis, its potential effects on cell
migration and invasion were further investigated by both
in vitro and in vivo assays. Cell migration and invasion assays
revealed that SERPINA11 significantly hampered cell motility
and invasiveness, compared with the control cells, respectively
(P <0.01, Figure 3A). To further validate the in vivo suppres-
sive effect of SERPINA1I on tumor metastasis, SERPINAII-
expressing or empty vector-transfected cells were injected into
the tail vein of nude mice. Eight weeks after injection, tested
mice were sacrificed, and the metastatic nodules formed in the

7 6 2 https:

Dove!

Journal of Hepatocellular Carcinoma 2021:8


https://www.dovepress.com/get_supplementary_file.php?f=315634.docx
https://www.dovepress.com
https://www.dovepress.com

Dove Song et al

A TCGA B
*x sysucc
0 [T . " c sysucc
. .% .% K%
1 %‘ %40 .'o::.o‘. 0q0®
2 %15
= <10
o o
o x 5
i W
7] 7]
) o 0
24 2 3
L 8 5
[0 [0}
['4 © N | HCC
0 Normal Hce orma
Normal
Cc D

L L [ mm m

N TNTNTNTNT
SERPINAT! e = o s — =
GAPDH e e

H6 H7  H8 H9  H10
—

mr

NTNTNTNTNT

SERPINATT  em e @@ — @Be
capoH [ ——

Normal

E < E S 8 «
aNNRKRK Q9
<3IBEOEER . 3
I389=s00gs =
= I I awnwd0CmI
SERPINATI ww wwwwew = = @
GAPDH  ——————
F sysucc G TCGA
1.0 1.0
High SERPINA11 expression
08 (n = 80) 08
5 _g High SERPINA11 expression
2 n=182
S 06 3 0.6 ( )
3 8
g 04 8 04-
> @©
(@] Q !
Low SERPINA11 expression 3 ;
0.2 (n=75) 0.2 Low SERPINA11 expression
(n=182)
0.0] P=0.020 0.04 P=0.0054
0 20 40 60 8 100 0 20 40 60 80 100 120
Time (months) Time (months)

Figure | SERPINAI | is frequently downregulated in HCCs. (A) RNA sequencing expression of SERPINA/ | was analyzed based on TCGA data. TPM, transcripts
per million. *¥, P < 0.01, one-way ANOVA. (B) The expression of SERPINA[/| was tested in 155 pairs of primary HCCs and their adjacent normal tissues
collected at Sun Yat-sen University Cancer Center (SYSUCC) by qRT-PCR. Expression of GAPDH was used as an internal control. *¥, P < 0.01, paired Student’s
t-test. (C) SERPINAII protein level was detected in 10 randomly selected HCC tissues by Western blotting. (D) Representative of SERPINAI | expression in
normal liver tissues and HCC tissues detected by immunostaining with anti-SERPINAI | antibody (brown). (E) Western blot analysis of the expression of
SERPINAI | in one immortalized HCC cell line (MIHA) and eight HCC cell lines. GAPDH was used as an endogenous control. (F and G) Kaplan—Meier analysis
showed that low expression of SERPINAI| was related to poorer survival of HCC patients in both SYSUCC cohort (P = 0.020, Log rank test) and TCGA
database (P = 0.0054, Log rank test).

lungs and livers were counted. Less pulmonary metastatic =~ However, no visible metastatic nodule was observed in the
nodules were observed in mice injected with SER//-7402 or  livers of mice (data not shown). Histologic study confirmed
SER11-7701 cells, compared with the mice injected with con-  that the nodules on the surfaces of mice lungs were metastatic
trol cells (3.4+1.60 vs 0 + 0, P < 0.01 for 7402; 6.4+ 1.97 vs  tumors (Figure 3C). These results suggest that SERPINAII
1.0£0.63, P < 0.01 for 7701, Student’s t-test, Figure 3B). effectively impedes HCC metastasis in vitro and in vivo.
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Table | Association of SERPINAI | expression with Clinicopathological Features in HCCs

Clinical Features Cases SERPINAI | Expression P value
High Level (%) Low Level (%)

Age (years old) 0.438
<60 121 60 (49.6%) 61 (50.4%)
>60 34 20 (58.8%) 14 (41.2%)

Gender 0.795
Male 139 71 (51.1%) 68 (48.9%)
Female 16 9 (56.2%) 7 (43.8%)

HBsAg 0.483
Negative 21 9 (42.9%) 12 (57.1%)
Positive 134 71 (53.0%) 63 (47.0%)

AFP (pg/L) 0.259
<400 90 50 (55.6%) 40 (44.4%)
2400 65 30 (46.2%) 35 (53.8%)

Cirrhosis 0.347
No 36 16 (44.4%) 20 (55.6%)
Yes 119 64 (53.8%) 55 (46.2%)

Tumor size (cm) 0.037
<5 78 47 (60.3%) 31 (39.7%)
>5 77 33 (42.9%) 44 (57.1%)

Microsatellite formation 0.853
Absent 116 59 (50.9%) 57 (49.1%)
Present 39 21 (53.8%) 18 (46.2%)

Tumor encapsulation 0.035
Complete 46 30 (65.2%) 16 (34.8%)
None 109 50 (45.9%) 59 (55.1%)

Vascular invasion 0.122
Absent 122 67 (54.9%) 55 (45.1%)
Present 33 13 (39.4%) 20 (60.6%)

Metastasis and recurrence 0.024
Negative 73 45 (61.6%) 28 (38.4%)
Positive 82 35 (42.7%) 47 (57.3%)

Note: Statistical significance (P < 0.05) is shown in bold.

Knockdown of SERPINAI | Promotes
HCC Growth and Metastasis

To further confirm the tumor-suppressive ability of
endogenous SERPINAII, RNA interference (RNAi)
was used to knock down SERPINAII expression in
Huh7 cells with high endogenous SERPINAII expres-
sion. qRT-PCR and Western blot analysis demonstrated
that the introduction of two specific short hairpin RNAs
(shRNA) against SERPINAII could dramatically reduce
SERPINA1I expression (Figure 4A). Knockdown of

SERPINAII enhanced the cell growth rate, foci forma-
tion efficiency, and the abilities of migration and inva-
sion (Figure 4B-D).

SERPINAI | Prohibits Cell Metastasis
Through Accelerating Urokinase-Type
Plasminogen Activator (uPA) Degradation

SERPINAI1 is a member of the serpin superfamily and its
conserved structure suggests that SERPINA11 may have
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Table 2 Cox Proportional Hazard Regression Analyses for Overall Survival
Clinical Features Univariate Analysis Multivariate Analysis
HR (95% CI) P value HR (95% CI) P value
Age 0.918 (0.521-1.617) 0.767 - -
Gender 1.998 (0.867—4.606) 0.104 - -
HBsAg 1.247 (0.621-2.504) 0.535 - -
Cirrhosis 0.607 (0.362-1.017) 0.058
Tumor size 1.719 (0.840-2.768) 0.063
AFP 2.162 (1.368-3.415) 0.001 2.054 (1.190-3.547) 0.010
Microsatellite Formation 1.998 (1.250-3.192) 0.004 2.009 (1.107-3.648) 0.022
Tumor encapsulation 0.536 (0.295-0.975) 0.041 0.777 (0.357-1.691) 0.524
Vascular invasion 4.792 (2.942-7.803) 0.001 1.712 (0.948-3.093) 0.075
Metastasis and recurrence 9.892 (6.983-14.502) 0.001 7.828 (6.573-12.639) 0.531
SERPINAI | expression 1.864 (1.092-3.181) 0.022 1.273 (1.081-2.875) 0.043

Note: Statistical significance (P < 0.05) is shown in bold.
Abbreviations: HR, hazard ratio; Cl, confidence interval.

the serine proteinase inhibitor activity.® uPA, a well-known
mediator of tumor cell invasion,'” could be inhibited by
serpin  family: SERPINEI,
SERPINB2, SERPINAS, SERPINE2 and SERPINI1.2*2*
We first explored the potential relationship between
SERPINAI11 and uPA in HCC cell lines. Interestingly,
protein expression of uPA was strongly negatively corre-
lated with SERPINA11 (Figure 5A). Moreover, the protein
levels of uPA were significantly decreased in SERPINA1I-

transfected cells compared with vector-transfected cells,

several members of

while the RNA expression levels were not obviously
affected (Figure 5B; Supplementary Figure 1B).
Conversely, knockdown of SERPINAII in Huh7 cells
yielded opposing effects without impacting uPA RNA

expression (Figure 5B; Supplementary Figure 1C). In
addition, we verified the interaction
SERPINAI11 and uPA by Octet Red System (Figure 5C).
The KD (affinity constant) value for the binding of
SERPINA11 to uPA was 1.13x10™® Mol. The high affinity
of uPA for SERPINA11 implies that SERPINA11 may act

as a new serine proteinase inhibitor to uPA.

between

It has been reported that serine proteinase inhibitor can
bind uPA to form a stable serpin-protease complex, which
not only inhibits the proteolytic activity of uPA, but also
promotes the endocytosis and degradation of uPA.'*>2¢ In
light of a strong negative correlation between SERPINAT11
and uPA in HCC cell lines and the decreased protein level of
uPA in SERPINAII-expressing cells, we examined the
decay rate of uPA in HCCs by cycloheximide (CHX)
chase assay. Incubation of 7402 and 7701 cells with

recombinant SERPINA11 (rSERPINA11) at 10 ng/mL nota-
bly decreased the half-life of uPA (Figure 5D). Our results
indicate that SERPINA 11 suppresses cell metastasis through
accelerating uPA degradation in HCC cells.

SERPINAI| Inhibits Cell Metastasis by
Suppressing MEK/ERK Signaling

The uPA system promotes tumor metastasis not only by
breaking down the ECM,'? but also by activating divers
signal pathways.?” It has been reported that binding of
uPA to uPAR can activate MEK/ERK, p38 MAPK and
PI3K/Akt signaling pathways.?’>° To further gain
insight into detail mechanism by which SERPINAII
inhibits cell metastasis in HCC, we analyzed the effects
of SERPINAII expressing or knockdown on the activa-
tion of uPA downstream signaling pathways. The results
showed that the phosphorylation levels of MEKI1/2,
ERK1/2, Elkl were SERPINAII-
expressing cells but were increased in SERPINAII-

decreased in

knockdown cells (Figure 5E). Increased expression of
phosphorylated p90RSK was detected in SERPINAII-
knockdown Huh7 cells compared with their control
cells (Figure 5E). However, phosphorylated p90RSK
could not be detected in neither 7402 nor 7701 cells.
These results suggest that SERPINAII influence cell
migration and invasion via suppressing uPA downstream
MEK/ERK signaling pathway.

Discussion
SERPINAII belongs to the serpins superfamily and is
predicted to own a serine proteinase inhibitor activity for
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Figure 2 SERPINAI | suppresses HCC growth in vitro and in vivo. (A-B) The enhanced expression of SERPINA[| was confirmed by qRT-PCR and Western blotting in
SERPINAI |- or vector-transfected cells. The data are represented as the mean # s.d. of three independent experiments. **, P < 0.01, Student’s t-test. (C) ELISA assay showed
secretion of SERPINAI | in culture medium. **¥, P < 0.01, Student’s t-test. (D) XTT assay showed the cell growth rate was inhibited in SERPINAI I-transfected cells in XTT
assay. *, P < 0.05, Student’s t-test. (E) The foci formation ability was suppressed in SERPINA| [-transfected cells compared with the vector-expressed cells. The results are
expressed as the mean * s.d. from three independent experiments. **, P < 0.01, Student’s t-test. (F) Representative images of tumors formed in nude mice injected with
SERPINAI |- or vector-transfected cells. Tumor weights are summarized in dot charts. Bars, SD. **, P < 0.0, Student’s t-test.

its conserved protein structure.”® SERPINAII is highly
expressed in the liver, implying it may have some impor-
tant roles in maintaining the normal physiological function
of liver®' Our RNA-Seq results demonstrated that
SERPINAII was downregulated in HCC tumor tissues
compared with their corresponding non-tumor tissues.
Consistent with the RNA-Seq profiling data, downregula-
tion of SERPINAI1I in RNA and protein level was detected
in HCC tissues. Moreover, correlation of clinicopathologi-
cal data showed that downregulation of SERPINAII was

significantly associated with HCC metastasis and poor
outcome for resected HCC patients. Further investigation
may be needed to determine the clinical significance of
SERPINAII in unresectable cases. All these data suggest
that SERPINA1I is an important tumor suppressor gene in
HCC development and progression.

Functional studies in vitro and in vivo depicted that
SERPINAIlI dampened HCC cell growth, motility, and
invasiveness. Serine proteases are the second largest
family of proteases and have long been associated with
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tumor invasion, angiogenesis, and metastases.'®'7?° uPA-
mediated plasmin generation through extracellular matrix
is an important proteolytic event in cancer cell
invasion.?’*>3? Moreover, recent evidence indicates that
the uPA system is involved in cancer cell invasion through
plasmin independent mechanisms.?’° Serine proteinase
inhibitors can bind uPA to form a serpin-protease covalent
complex, and subsequently associate with low-density

lipoprotein receptor (LDLR) proteins, leading the uPA-

uPAR complex to be endocytosed and degraded.?-%3? It

has been found that the degradation of uPA is in parallel
with increased expression of SERPINEI (the serine pro-
teinase inhibitor E1) in endometrial stromal cells.** In the
present study, we elucidated that SERPINA11 could bind
uPA and act as a serine proteinase inhibitor to accelerate
uPA degradation.

HCC has high rates of intrahepatic metastasis. It is well
known that the uPA system is involved in cancer cell
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Figure 5 SERPINAI | suppresses MEK/ERK signaling via accelerating the degradation of uPA. (A) Western blotting analyzed the expression of uPA and SERPINAI | in MIHA
and eight HCC cell lines. GAPDH was used as an endogenous control. (B) The protein levels of uPA were detected in SERPINA| | overexpression or knockdown cells. (C)
Real-time association and dissociation analysis of SERPINAI | to uPA by Octet Red System. SERPINAI | was immobilized to the Octet Red system (SA sensor) and uPA
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SERPINAI | -treated and control cells. GAPDH was used as a loading control. (E) The phosphorylation levels of MEK1/2, ERK1/2, Elkl, p90RSK were compared by Western

blot analysis. GAPDH used as a loading control.

invasion through degrading the extracellular matrix.>>*

uPA is overexpressed in HCC, which leads to invasiveness
and metastasis.>’ >’ uPA and uPAR convert plasminogen
into the active plasmin to activate metalloproteinases
(MMPs), then degrade the ECM.** Here, we analyzed the
activity of MMP-2 and MMP-9 in SERPINA11l-expressing
cells and found that there was no difference between
SERPINAII expression cells and control cells (data not
shown). It reminds us that there might be an alternative
mechanism to explain the effect of SERPINA1I-mediated
uPA deficiency on HCC metastasis. Moreover, recent evi-
dence suggests that the uPA system effects migration, adhe-
sion and metastasis in plasmin-independent ways, which
activate various intracellular signaling molecules such as

the serine kinase Raf, the tyrosine kinase Src and MEK/
ERK.?***#! Consistently, our results showed that the phos-
phorylation levels of MEKI1/2, ERKI1/2, Elkl were
decreased in SERPINAII-expressing cells, indicating that
SERPINA11 metastasis-suppression function was executed
through accelerating uPA degradation to impair the down-
stream MEK/ERK signaling pathway.

HBYV is one of the most prominent risk factors for HCC
genesis and development. Our study showed that the low
expression of SERPINAI1I was significantly correlated with
recurrence and metastasis in HBsAg positive HCCs, but not
in HBsAg negative HCCs. Interestingly, Hepatitis B spliced
protein (HBSP), a protein involved in HBV persistence and
pathogenesis, found to

was interact with cathepsin
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B (CTSB) to enhance the migration and invasion of hepa-
toma cells via activation of MMP-9 and uPA.** Thus, we
speculated that SERPINA11 might has more important
metastasis-suppression role in HBsAg positive HCCs.

Conclusions

Collectively, our findings reveal that SERPINAII is
a novel tumor suppressor gene, which inhibits tumor
metastasis by accelerating the degradation of uPA and
thereby hindering MEK/ERK activity in HCCs. Further
characterization of SERPINA1l may lead to identify
a biomarker and intervention point for new therapeutic
strategies to patients with HCCs.
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