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Background: Hepatocellular carcinoma (HCC) is one of the most important sanitary problems for its prevalence and poor
prognosis. To date, no information is available on the prognostic value of the ov-serpin SERPINB3, detected in primary liver cancer
but not in normal liver. The aim of the study was to analyse SERPINB3 expression in liver cancer in relation with molecular
signatures of poor prognosis and with clinical outcome.

Methods: Liver tumours of 97 patients were analysed in parallel for SERPINB3, TGF-b and b-catenin. In a subgroup of 67 patients
with adequate clinical follow-up, the correlation of molecular findings with clinical outcome was also carried out.

Results: High SERPINB3 levels were detectable in 22% of the patients. A significant correlation of this serpin with TGF-b at
transcription and protein level was observed, whereas for b-catenin a strong correlation was found only at post-transcription level.
These findings were in agreement with transcriptome data meta-analysis, showing accumulation of SERPINB3 in the poor-
prognosis subclass (S1). High levels of this serpin were significantly associated with early tumour recurrence and high SERPINB3
was the only variable significantly associated with time to recurrence at multivariate analysis.

Conclusions: SERPINB3 is overexpressed in the subset of the most aggressive HCCs.

Hepatocellular carcinoma (HCC) is one of the leading causes of
cancer-related death worldwide. The majority of the patients, who
are usually diagnosed at an advanced stage, still lack effective
treatment and have an extremely dismal prognosis. Hepatocellular
carcinoma nearly always develops in the setting of liver cirrhosis
and hepatitis B and C viral infections; alcohol abuse and metabolic
syndrome are the main risk factors (El-Serag and Rudolph, 2007;
Zhang and Friedman, 2012). Liver surgical resection, transplanta-
tion and percutaneous ablation are potentially curative therapies in

early stages of the disease, applicable to about one-third of the
patients (Llovet et al, 2003). The occurrence of tumour recurrence
is a frequent event in treated patients, and better stratification of
the disease stage, according to the risk of recurrence and survival,
remains a still unmet clinical need. Tumour molecular markers
predictive of recurrence might become a useful tool to allocate the
correct tumour stage that better reflects patient’s prognosis in
order to provide the best treatment choice to individual patients. In
addition, novel therapeutic approaches, especially for the adjuvant
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setting, could be supplied to selected patients, optimising the
expected results.

In the past years data about molecular mechanisms of liver
carcinogenesis, signal transduction pathways and potential ther-
apeutic targets have been accumulated, providing new encouraging
treatment options (Llovet and Bruix, 2008). A meta-analysis of
gene expression profiles in datasets from nine independent patient
cohorts across the world (Hoshida et al, 2009, 2010) allowed the
identification of molecular subclasses of HCCs correlated with
their histological, molecular and clinical features. In this setting,
transforming growth factor b (TGF-b) signalling associated with
Wnt target gene expression was identified as one of the most
important features of more aggressive HCCs. Wnt signalling is one
of the best characterised oncogenic pathways in HCC (Zucman-
Rossi et al, 2007), detected in B50% of the patients (Villanueva
et al, 2007). It is worth noting that cytoplasmic accumulation of
b-catenin (the principal downstream effector of Wnt canonical
activation) was found to be independent of b-catenin mutations in
the subclass of more aggressive tumours (Hoshida et al, 2009).
TGF-b is a polyfunctional regulator of cell growth and differentia-
tion, but sometimes has inhibitory functions (Pasche, 2001).
Overexpression of this cytokine has been found in hepatic tumours
and correlated with carcinogenesis, progression and prognosis
(Blobe et al, 2000; Bissell et al, 2001).

Microarray studies have shown transcriptional overexpression
of Smad4, the main effector of TGF-b signalling (Zhong et al,
2010), in a subset of HCCs (Shirota et al, 2001; Xu et al, 2001).
Recent data indicate that miR-146b-5p, which binds 30UTR of
SMAD4 and decreases TGF-b signalling (Geraldo et al, 2012), is
downregulated in several cancers (Bhaumik et al, 2008; Man et al,
2011), including HCC (Gramantieri et al, 2007).

Recent data from our group have shown that the expression of
TGF-b can be increased by the ov-serpin SERPINB3 (Turato et al,
2010). This molecule is frequently upregulated in several
malignancies of epithelial origin (Takeshima et al, 1992;
Cataltepe et al, 2000). In the liver, SERPINB3 and its isoform
SERPINB4, previously known as squamous cell carcinoma antigen
(SCCA), are undetectable in normal hepatocytes, but their
expression progressively increases in chronic liver diseases
(Beneduce et al, 2005), dysplastic nodules (Guido et al, 2008)
and HCC (Pontisso et al, 2004; Trerotoli et al, 2009), suggesting
that they may be involved in relatively early events of
hepatocarcinogenesis, although their specific role(s) have not been
defined yet (Biasiolo et al, 2012). In vitro studies have shown that
SERPINB3 protects neoplastic cells from apoptotic death induced
by several kinds of stimuli (Vidalino et al, 2009). Recent data have
revealed that SERPINB3 induces epithelial-mesenchimal transition
(EMT) and cell proliferation associated with dowregulation of
E-caderin, and increased b-catenin expression (Quarta et al, 2010).
In addition, this serpin has been found in the majority of
hepatoblastomas, where the highest levels were found in tumours
of more advanced stage (Turato et al, 2012). To date, no
information is available on the prognostic role of SERPINB3 in
HCC. The aim of the present study was to analyse the expression of
this serpin in human HCC in relation to TGF-b and b-catenin
expression and to clinical outcome.

MATERIALS AND METHODS

Patients and samples. In total, 97 out of 279 patients with HCC
undergoing surgical resection as first-line therapy (without any
pre-operative anticancer treatment and distant metastases),
evaluated at the Hepatobiliary Surgery and Liver Transplantation
Unit of the Padua University Hospital between January 2004 and
December 2010, were included in the study. All the patients met

the following inclusion criteria: (1) HCC diagnosis based on
AASLD radiological criteria (Bruix et al, 2005, 2011) or histology,
when appropriate, (2) written informed consent and (3) patient’s
eligibility for radical therapies according to published schedules
(Bruix et al, 2001; Cillo et al, 2004). After discharge, the patients
were followed up regularly, with monthly clinical and laboratory
assessment, and US and CT scan and/or MRI every 3rd and 6th
month, respectively. When HCC recurrence was noted, the
patients were further treated with the most appropriate procedure,
including repeated resection, percutaneous/laparoscopic/toraco-
scopic ablation, chemoembolisation or liver transplantation (Cillo
et al, 2007).

Tumour tissue samples were collected at the time of surgical
resection and part was formalin fixed and paraffin embedded,
whereas the remaining part was immediately frozen at � 80 1C for
further analysis. A subgroup of 67 patients was also considered
for the prognostic study on the basis of the following criteria:
(a) tumour tissue adequate for molecular analysis; (b) confirmed
pathologic diagnosis and surgical radicality; (c) complete response
to therapy at 1 month CT scan; and (d) complete clinical-
pathological and follow-up data.

Baseline characteristics of these patients are reported in Table 1.

Real-time PCR analysis in liver tumours. mRNA expression of
SERPINB3, TGF-b1and b-catenin was assessed in parallel by real-
time PCR in the 97 frozen liver tumours collected at the time of
surgery.

Total RNA was extracted using RNeasy Mini Kit (Qiagen
GmbH, Hilden, Germany) according to the manufacturer’s
instructions. After determination of the purity and the integrity
of total RNA, real-time amplification of SERPINB3 and TGF-b was
carried out as previously described (Turato et al, 2010), whereas for
b-catenin amplification the following set of primers was used:
sense, 50-TGGTGCCCAGGGAGAACCCC-30; reverse 50 TGTCAC
CTGGAGGCAGCCCA-30.

The housekeeping genes HPRT1 and glyceraldehyde-3-phosphate
dehydrogenase were amplified in parallel in all amplification sets.
mRNA amounts were calculated according to the threshold
cycle of individual genes and their relative expression was
quantified by serial dilutions of the amplified products compared
with external standard curves of the reference genes containing
known amounts of each gene product. The results were
expressed as a relative ratio of the target to the housekeeping
gene using the Light Cycler Relative Quantification software 4.05
(Roche Diagnostics, Monza, Italy).

Samples were run in triplicate, and mRNA expression was
generated for each sample. Specificity of the amplified PCR
products was determined by melting curve analysis and confirmed
by agarose gel electrophoresis and ethidium bromide staining.

Analysis of miRNA 146b-5p. miRNA 146b-5p was assessed by
qRT-PCR in HepG2 cells stably transfected with the human
SERPINB3 gene or with the empty vector alone as control,
obtained as previously described. (Quarta et al, 2010). The 67
frozen tumour samples from the patients resected for HCC were
also studied for miRNA 146b-5p. Briefly, 10 ng of total RNA was
reverse transcribed using a TaqMan MicroRNA Reverse Tran-
scription kit (Applied Biosystem, Foster City, CA, USA) and miR-
146b-5p expression was detected in the cDNA product, using
specific TaqMan MiRNA Assay (Applied Biosystem), according to
manufacturer’s instruction. PCR amplification was carried out
using the CFX96 Real-Time instrument (Bio-Rad Laboratories Inc,
Hercules, CA, USA) and U6 small nuclear 2 RNA (RNU6B) was
used for normalisation of the results. Samples were run in triplicate
and fold changes were generated for each sample by calculating
2�DDCt (Livak and Schmittgen, 2001).
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Immunohistochemistry. Five-micrometre-thick paraffin-embedded
sections from tumour samples were deparaffinised, rehydrated,
immersed in 10mM l� 1 sodium citrate buffer, pH 6 and
microwave heated for 4–5min cycles at 750W. After rinsing,
endogenous peroxidase activity was inactivated with 3% H2O2.
Sequential sections were then incubated overnight at 4 1C with
specific anti-SERPINB3 monoclonal antibody (1 : 20, SCCA-1
clone 8H11, Santa Cruz Biotechnology, Santa Cruz, CA, USA),
anti-TGF-b1 monoclonal antibody (1 : 300, TGFb1 clone 3C11,
Santa Cruz Biotechnology) and anti-b-catenin monoclonal
antibody (1 : 500, b-catenin clone N1N2-2, GeneTex, Irvine,
CA, USA). After incubation with the primary antibody,
immunostaining was performed using the ready-to-use,
peroxidase-conjugated EnVision reagent (DakoCytomation,
Carpinteria, CA, USA). For quantitative analysis, 10 images of
representative fields of 9 HCC samples (5 with low SERPINB3
mRNA expression and 4 with high SERPINB3 mRNA
expression) were captured by Leica Qwin Plus v3 software
(Cambridge, UK), under a CCD camera connected to a Leica
microscope (Microsystem Imaging Solutions Ltd, Cambridge,
UK). The average sum of intensities and stained-area percentage

of each sample was calculated using ImageJ software (http://
rsb.info.nih.gov/ij). Negative controls, obtained by replacing
primary antibodies with PBS, were always run in parallel.

Statistical analysis. The primary end point of the present study
was to assess the association of SERPINB3 with TGF-b1 and
b-catenin expression in liver tumours of surgically resected
patients. In addition, clinical significance of SERPINB3 in tumour
samples was assessed by analysing its expression in relation to time
to recurrence, where early recurrence was defined as HCC
reappearance within 24 months from radical resection. Values
for continuous variables were presented as medians (ranges) and
values for categorical–nominal variables as frequencies (%).

For subgroup comparisons, quantitative variables were
compared using Wilcoxon rank sums tests and categorical
variables were compared using w2 or Fisher’s exact tests.

The length of the follow-up after resection was calculated from
the date of the operation to the date of the patient’s death or of the
latest follow-up. Time to recurrence was defined from the date of
the operation to the date of HCC recurrence, and latest follow-up
and patient death before recurrence were considered as censor

Table 1. Clinical-pathological and molecular characteristics of the 67 patients who underwent surgical resection for hepatocellular carcinoma included in
the study

Variable Total (n¼67)
Low-value SERPINB3

(n¼52)
High-value SERPINB3

(n¼15) P
Age (years), median (range) 65 (41–84) 66 (41–80) 60 (47–84) 0.3026

Females 17 (25%) 15 (29%) 2 (13%) 0.3203

Relevant comorbiditiesa 27 (40%) 21 (40%) 6 (40%) 1.0000

HCV positive 28 (42%) 23 (44%) 5 (33%) 0.5584

HBV positive 10 (15%) 7 (13%) 3 (20%) 0.6814

History of alcohol abuse 26 (39%) 20 (38%) 6 (40%) 1.0000

Clinically relevant portal hypertension 31(46%) 25 (48%) 6 (42%) 0.7699

Child–Pugh B 14 (21%) 10 (19%) 4 (27%) 0.4977

Platelets (109 l� 1) 131 (51–412) 129 (51–348) 132 (72–412) 0.6464

Albumin (g l� 1) 38 (24–47) 38 (24–47) 39 (30–46) 0.8758

Total bilirubin (mmol l�1) 18.9 (5.0–110.7) 19 (5–45) 16 (7–110.7) 0.8427

INR 1.18 (0.91–1.83) 1.12 (0.98–1.41) 1.21 (0.91–1.83) 0.5408

Creatinine (mmol l�1) 73 (45–112) 71 (45–108) 80 (51–112) 0.0482

Naþ (mmol l� 1) 137 (131–148) 139 (131–143) 138 (133–148) 0.2042

MELD 9 (6–19) 9 (6–13) 9 (7–19) 0.2042

Alpha fetoprotein (mg l�1) 19 (2–67463) 18 (2–6743) 29 (5–3731) 0.9522

BCLC Ab 40 (60%) 34 (65%) 6 (43%) 0.1335

Pathologic diameter of the largest nodule (mm) 40 (13–190) 40 (13–190) 50 (25–170) 0.2223

Pathologic number of nodules 1 (1–9) 1 (1–9) 1 (1–4) 0.4626

Multinodular HCC 15 (22%) 11 (21%) 4 (27%) 0.7284

Vascular invasion 36 (54%)
Macroscopic 5 (8%) 4 (8%) 1 (7%) 1.0000
Microscopic 31 (46%) 24 (46%) 7 (47%) 1.0000

Poorly differentiated grade 27 (40%) 22 (44%) 4 (27%) 0.3717

Intraoperative data

Operative time (min) 200 (75–405) 200 (75–405) 190 (110–290) 0.8908
Blood loss (ml) 500 (0–2500) 425 (0–2500) 750 (0–2400) 0.3495

Abbreviations: BCLC¼Barcelona Clinic Liver Cancer; HBV¼ hepatitis B virus; HCV¼ hepatitis C virus; INR¼ international normalised ratio; MELD¼model end-stage liver disease score. The
value in bold is statistically significant (Po0.05).
aAs relevant extra-hepatic comorbidities, the presence of chronic or acute heart failure, severe obstructive or restrictive respiratory disease and severe neurological damages were included.
bBCLC classification according to imaging results.
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points. The overall time to recurrence curves were calculated using
the Kaplan-Meier technique and compared using the log-rank test.

Univariate and multivariate logistic regression analysis was
carried out to identify clinical and/or molecular predictors of early
tumour recurrence. For univariate analysis, variables collected in
our prospective database were considered (Table 1). As for liver
function variables, we preferred to consider only complex variables
(i.e. Child–Pugh class, model end-stage liver disease score) with
respect to single laboratory values or clinical signs, as these scores
are more commonly used for clinical decision.

Similarly, we preferred to consider only BCLC (Barcelona Clinic
Liver Cancer) stage A vs B–C (corresponding to within and beyond
Milan criteria) with respect to radiologic size and number of
nodules as separate covariates. For molecular variables, a cutoff
value greater than median was defined as ‘high mRNA expression’
and was considered as a dichotomous categorical variable,
compared with the remaining cases, which were defined as ‘low
mRNA expression’.

For multivariate analysis, only variables achieving a significant
result in univariate analysis were included.

All statistical calculations were performed using JMP software
(1989–2003 SAS Institute Inc., Cary, NC, USA).

Association of SERPINB3 expression with molecular HCC
classification was evaluated by analysing the previously reported
data set (NCBI Gene Expression Omnibus accession number
GSE10186) (Hoshida et al, 2009). The molecular subclasses,
S1 (TGF-b/WNT activation), S2 (MYC/AKT activation, AFP
positivity) and S3 (preserved hepatocyte function), were deter-
mined by using the nearest template prediction algorithm
(Hoshida, 2010) implemented in GenePattern genomic analysis
toolkit (www.broadinstitute.org/genepattern). Samples with prediction
confidence P-value o0.05 were evaluated for the association.

RESULTS

Molecular profiles in liver tumours. Among the 97 HCC samples
analysed, high mRNA levels were detected in 22% of the patients

for SERPINB3, in 48% for TGF-b1, and in 51% for b-catenin,
respectively, with different relative levels in individual cases.
Higher levels of TGF-b1 expression were found in tumour samples
positive for SERPINB3, compared with negative samples
(Figure 1A) and a positive correlation between the expression of
the two molecules was also observed (Figure 1C), whereas
b-catenin did not show any correlation at transcription level with
the other molecular markers (Figure 1B and D). Different findings
were detected at protein level, where a marked overlap of
SERPINB3, TGF-b1 and b-catenin was observed. As shown in
Figure 2 (panel B), in serial sections of cases with high SERPINB3
mRNA, a strong reactivity for cytoplasmic SERPINB3, TGF-b1
and also for b-catenin was observed by immunohistochemistry.
The scenario was markedly different in cases with low SERPINB3
mRNA, where significantly lower expression of the three
molecules was detected by quantitative analysis, and b-catenin
was typically located in the nucleus, as shown in the example of
Figure 2 (panel A).

Transcriptome data meta-analysis. The above results were in
agreement with the data of transcriptome meta-analysis. This
approach identified molecular subclasses of HCC, S1, S2 and S3
(Hoshida et al, 2009), where the subclass S1 was characterised by
the activation of TGF-b and WNT pathways, EMT-like phenotype
and more disseminative clinical phenotype, evidenced as more
frequent early tumour recurrence. HCC tumours with outstand-
ingly high SERPINB3 expression were indeed accumulated in the
S1 subclass (Figure 3), suggesting that SERPINB3 may contribute
to the S1-like molecular and clinical phenotypes in the subset of S1
tumours.

Modulatory effect of SERPINB3 on miR-146b-5p. Because
of the central role of Smad4 in the TGF-b signalling pathway
(Rooke and Crosier, 2001; Shi and Massague, 2003), we
hypothesised that modification of miR-146b-5p, involved in
TGF-b/SMAD signalling pathways, may contribute to TGF-b
modulation mediated by SERPINB3. In keeping with this
hypothesis, miR-146b-5p was 2.04 fold downregulated in
SERPINB3-transfected cells (Figure 4A) and these features were
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Figure 1. SERPINB3, TGF-b1 and b-catenin mRNA in human HCCs. TGF-b1 (A) and b-catenin (B) mRNA were analysed by real-time PCR in relation
to the presence (SERPINB3þ ; N¼44) or absence (SERPINB3� ; N¼ 53) of SERPINB3 mRNA. The y axis represents the relative mRNA amount of
the normalised genes, calculated by dividing the non-normalised values by the housekeeping genes and expressed as arbitrary units. The analysis
was performed with Mann–Whitney test. In the lower panels correlation of SERPINB3 with TGF-b1 (C) and b-catenin (D) mRNA in the same HCC
sample are depicted.
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confirmed in human HCCs, where downregulation of miR-146b-5p
was significantly more consistent in SERPINB3-positive tumours,
compared with SERPINB3-negative cases (Figure 4B).

Correlation of SERPINB3 with HCC recurrence after surgical
resection. In order to evaluate the potential relevance of
SERPINB3 in the clinical setting, the association between high

levels of SERPINB3 and time to recurrence was examined in the
previously described subgroup of 67 patients.

Using 24 months as the cutoff value, all the recurrences were
divided into early recurrences (p24 months), which are
commonly regarded as a true metastasis owing to dissemination
of the primary tumour cells, and late recurrences (424 months),
which are considered more likely to be de novo liver tumours
occurring in a cirrhotic background (Imamura et al, 2003; Hoshida
et al, 2008). As shown in Figure 5A, significantly higher levels of
SERPINB3 were detected in liver tumours of patients with early
recurrence. The levels of TGF-b showed a similar trend, although
the similarity of median values of the two groups did not allow to
reach a statistically significant difference. (Figure 5B). In agreement
with these findings, Kaplan–Meier curves of time to recurrence
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Figure 2. Immunohistochemical analysis in human HCCs. Representative example of immunohistochemistry for SERPINB3, TGF-b1 and b-catenin,
counterstained with hematoxylin, in serial sections of HCC specimens showing low SERPINB3 mRNA (A) or high SERPINB3 mRNA (B). Original
magnification are reported. (C) Graphical representation of the quantitative analysis of each staining expressed as the mean of percentage of
positive parenchyma staining per area in analysed tumour samples. Bars represent s.d. values. *Po0.0001 (HCCs with low SERPINB3 mRNA vs
HCCs with high SERPINB3 mRNA).

(U)
30 000

5000

0
Subclass
Patient no. 29 22 46

S3S2S1

S
E

R
P

IN
B

3 
ex

pr
es

si
on

Figure 3. SERPINB3 expression and human HCC molecular subclass.
SERPINB3 expression level according to molecular subclass of HCC.
SERPINB3 expression levels were extracted from publicly available
transcriptome dataset (NCBI Gene Expression Omnibus accession
number GSE10186) (n¼97). Samples are ordered according to
previously reported molecular subclasses of HCC determined by a
meta-analysis of the following transcriptome datasets: S1 (activation of
TGF-b/WNT pathways, EMT-like disseminative phenotype), S2
(MYC/AKT activation, AFP positivity) and S3 (preserved hepatocyte
function) (Hoshida et al, 2009).
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according to SERPINB3 expression confirmed a lower recurrence-
free survival in patients with high expression of the serpin,
compared with patients with low or undetectable levels of the
serpin in the resected tumour (Figure 6).

Molecular and clinical variables in relation to tumour
recurrence. In a univariate logistic regression model, among
all considered variables, including the clinical and histological
data described in Table 1 and the molecular variables (high
mRNA levels of SERPINB3, TGF-b and b-catenin), high
SERPINB3, Child B class and BCLC B–C showed a significant
association with early recurrence (Table 2). At multivariate
analysis, only high SERPINB3 retained a statistically significant
result, as reported in Table 2.

DISCUSSION

The molecular mechanisms leading to HCC are still largely
unknown. Hepatocarcinogenesis is a multistep phenomenon and
during the progression phase activation of cellular oncogenes,
overexpression of growth factors, and inactivation of tumour
suppressor genes, possibly telomerase activation, may contribute to
the development of the neoplastic phenotype. Alterations in gene

expression patterns typical of different stages of growth, cell cycle
progression, disease initiation and responses to environmental
stimuli provide important clues to this complex process
(Al-Sukhun and Hussain, 2003; Theodorescu, 2003).

Hepatocellular carcinoma is one of the most aggressive cancers,
with poor prognosis (Sherman, 2010). Tumour resection may offer
an opportunity to improve the long-term survival in early detected
patients (Cillo et al, 2007); however, with current diagnostic
approaches, only B10–20% of HCC patients are eligible for
resection (Bruix et al, 2011). Early tumour recurrence is one of the
major factors influencing patient survival (Marrero, 2013);
however, clinical and molecular features to be used as prognostic
parameters in clinical practice are still lacking. Several reports
indicate that liver tumours characterised by progenitor cell
signatures tend to have worse prognosis (Villanueva et al, 2010).
In agreement with these findings, the proteinase inhibitor
SERPINB3 has been recently described to be overexpressed in
human hepatoblastoma, especially in those with more advanced
stage (Turato et al, 2012). In HCC, both SERPINB3 and SERPINB4
isoforms have been identified (Pontisso et al, 2004), but no
information on the relationship between the expression of these
serpin isoforms and clinical outcome is available yet. Recent
findings indicate that, upon target recognition, novel structural
aspects of the serpin family members have been identified, leading
to non-inhibitory functions, such as chaperone, tumour modula-
tion or transport function (Silverman et al, 2010).
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molecular variable TGF-b1 (B), which was found significantly correlated
at transcription level with SERPINB3, is reported. Central bars represent
mean and external bars represent s.e. Statistical analysis was performed
using unpaired t-test with Welch’s correction.
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Figure 6. Kaplan–Meier curves of time to recurrence according to
SERPINB3 expression. Patients with high (4median value) expression
of SERPINB3 showed shorter recurrence-free survival, compared with
patients with low or undetectable levels of SERPINB3. Statistical
analysis was performed using log-rank (Mantel–Cox) test.

Table 2. Univariate and multivariate analysis of clinical, histological and
molecular variables associated with time to recurrence

Variable
Univariate

HR (95% CI), P
Multivariate

HR (95% CI), P
Age 0.99 (0.96–1.03), 0.7167

Female gender 1.24 (0.62–2.75), 0.5525

Relevant comorbiditiesa 0.90 (0.48–1.64), 0.7370

HCV positive 1.19 (0.56–2.12), 0.5550

HBV positive 0.97 (0.42–1.97), 0.9279

History of alcohol abuse 0.91 (0.49–1.65), 0.7676

Clinically relevant portal
hypertension

1.63 (0.89–2.96), 0.1131

Child–Pugh B 2.12 (1.01–4.13), 0.0479 1.62 (0.71–3.37), 0.2387

MELD 0.99 (0.85–1.15), 0.9905

BCLC B-Ca 1.87 (1.01–3.46), 0.0472 1.61 (0.85–3.02), 0.1434

High SERPINB3 mRNA 2.10 (1.10–3.86), 0.0268 2.30 (1.14–4.46), 0.0214

High TGF-b1 mRNA 1.03 (0.86–1.21), 0.7731

High b-catenin mRNA 1.18 (0.89–1.23), 0.8815

Alpha fetoprotein
(log 10mg l�1)

1.16 (0.88–1.49), 0.2772

Macroscopic vascular
invasion

0.97 (0.39–3.24), 0.9563

Microscopic vascular
invasion

1.59, (0.88–2.89), 0.1218

Poorly differentiated
grade

1.14 (0.61–2.08), 0.6767

Operative time 1.00 (0.99–1.01), 0.5319

Blood loss 1.00 (0.99–1.00), 0.3822

Abbreviations: BCLC¼Barcelona Clinic Liver Cancer; CI¼ confidence interval;
CRPH¼ clinically relevant portal hypertension; HBV¼hepatitis B virus; HCV¼ hepatitis C
virus; HR¼hazard ratio; MELD¼model end-stage liver disease score. The values in bold are
statistically significant (Po0.05).
aBCLC classification according to imaging results.
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Regarding SERPINB3, previous studies have reported that mice
transgenic for SERPINB3 showed higher liver regenerative
potential compared with wild-type mice, suggesting a role of this
protein in promoting cell growth and proliferation (Villano et al,
2010). We have indeed recently reported that SERPINB3 is highly
expressed in hepatic stem/progenitor cell compartment of both
fetal and adult livers (Villano et al, 2014). In addition, this serpin is
able to induce cell proliferation in human HepG2 cells and to
trigger EMT (Quarta et al, 2010), a physiological process involved
in embryogenesis that has been proposed to contribute also to
increased invasiveness of cancer cells and to the development of
metastasis and cancer progression (Thiery, 2003). In keeping with
these data, HepG2 cells genetically manipulated to overexpress
SERPINB3 produced increased number of colony formation in soft
agar, compared with controls (Quarta et al, 2010). The present
study has been addressed to assess the relationship of SERPIRNB3
with molecular markers of the subclass of liver tumours with poor
prognosis (the S1 subclass) in HCCs, where TGF-b signalling
associated with Wnt target gene expression was typically
upregulated (Hoshida et al, 2009). SERPINB3 was found to be
overexpressed in 22% of the HCCs, and in this subset a significant
increase of TGF-b1 at both transcription and protein level was
observed. These features were associated with a remarkable
increase of cytoplasmic expression of b-catenin, without any
correlation at RNA level, suggesting a post-transcriptional
modulatory effect of this serpin on this Wnt target protein. By
contrast, liver tumours with low/undetectable levels of SERPINB3
showed not only low TGF-b expression, but also low b-catenin
with prevalent nuclear localisation. It is worth noting that two
different Wnt-related molecular classes have been recently
identified: (a) the CTNNB1 class, characterised by upregulation
of liver-specific Wnt-targets, nuclear b-catenin and glutamine-
synthetase immunostaining, and enrichment of CTNNB1 mutation
(Chiang et al, 2008), and (b) the Wnt-TGFb class, associated with
TGF-b activation, cytoplasmic b-catenin staining, vascular inva-
sion, satellitosis and greater risk of early recurrence after surgical
resection (Lachenmayer et al, 2012).

As regards TGF-b, a direct correlation of SERPINB3 on the
transcription and translation of this cytokine has been reported in
the present study in liver tumours. In addition, in SERPINB3-
positive cases a concomitant reduction of miR-146b-5p has been
detected, in keeping with the finding of an in vitro model. As this
miRNA is implicated in TGF-b pathway downregulation and
human hepatocarcinogenesis (Borel et al, 2012; Geraldo et al,
2012), the presented results support a multiple effect of SERPINB3
leading to increased TGF-b signalling by an increased production
of this cytokine and by downregulation of miR-146b-5p miRNA
that targets SMAD4, the main effector of TGF-b pathway.

Transforming growth factor-b has emerged as a major micro-
environmental factor playing a role in HCC progression. In fact, in
spite of its activity in the early phase of tumorigenesis as tumour
suppressor, mediating growth arrest and apoptosis, in end-stage
tumours it appears to take on the opposite role, where it promotes
metastasis through different mechanisms (Padua and Massague,
2009). The paradoxical role of TGF-b in cancer is believed to be a
consequence of the context dependence of the TGF-b signalling
pathway on tumour cells (Giannelli et al, 2011; Morris et al, 2012).
One of the most typical effects associated with the presence of TGF-
b in tumoral cells is the enhancement of Wnt signalling by
increasing the intracellular pool of b-catenin (Fischer et al, 2007).

In vitro experiments have shown previously that SERPINB3
determines morphological modifications characterised by elongated
shape and decrease of desmosomal junctions associated with a
remarkable accumulation of b-catenin and E-cadherin downregula-
tion (Quarta et al, 2010). The findings of the present study support
the central role of SERPINB3 in upregulation of TGF-b associated
with cytoplasmic b-catenin accumulation, the molecular profile that

characterises HCCs at poor prognosis. Indeed, high expression of
SERPINB3 in liver tumours was significantly associated with early
tumour recurrence, showing a better prognostic significance,
compared with clinical and histological variables.
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