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Abstract

Background & Aims: The deubiquitinase CYLD removes (K-63)-linked polyubiquitin chains from proteins involved in NF-kB,
Wnt/ß-catenin and Bcl-3 signaling. Reduced CYLD expression has been reported in different tumor entities, including
hepatocellular carcinoma (HCC). Furthermore, loss of CYLD has been shown to contribute to HCC development in knockout
animal models. This study aimed to assess subcellular CYLD expression in tumor tissues and its prognostic significance in
HCC patients undergoing liver resection or liver transplantation.

Methods: Subcellular localization of CYLD was assessed by immunohistochemistry in tumor tissues of 95 HCC patients
undergoing liver resection or transplantation. Positive nuclear CYLD staining was defined as an immunhistochemical (IHC)
score $3. Positive cytoplasmic CYLD staining was defined as an IHC score $6. The relationship with clinicopathological
parameters was investigated. Cell culture experiments were performed to analyze subcellular CYLD expression in vitro.

Results: Cytoplasmic CYLD expression was observed in 57 out of 95 (60%) HCC specimens (cytuCYLD+). Nuclear CYLD
staining was positive in 52 out of 95 specimens (55%, nucCYLD+). 13 out of 52 nucCYLD+ patients (25%) showed a lack of
cytoplasmic CYLD expression. nucCYLD+ was associated with prolonged overall survival in patients after resection or liver
transplantation (P = 0.007). 5-year overall survival rates were 63% in nucCYLD+ vs. 26% in nucCYLD- patients. Nuclear CYLD
staining strongly correlated with tumor grading (P,0.001) and Ki67 positivity (P = 0.005). nucCYLD+ did not prove to be an
independent prognostic parameter. In vitro, Huh7, Hep3B and HepG2 showed reduced CYLD levels compared to the non-
malignant liver cell line THLE-2. Induction of CYLD expression by doxorubicin treatment led to increased cytoplasmic and
nuclear expression of CYLD.

Conclusions: Expression of nuclear CYLD is a novel prognostic factor for improved survival in patients with HCC undergoing
liver resection or transplantation.
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Introduction

Hepatocellular carcinoma (HCC) is the third most common

cancer-related cause of death in both sexes worldwide [1,2]. In

unresectable HCC, prognosis of patients is poor, with only limited

treatment options. Thus, there is a need to identify new targets for

diagnosis and treatment of the disease [3].

Ubiquitination controls the half-life of proteins, but also acts as

modulator of the enzymatic activity or interaction of proteins.

Ubiquitination is a dynamic process that can be counterbalanced

by deubiquitinating enzymes such as Cylindromatosis (CYLD).

CYLD has initially been identified as a tumor suppressor gene

mutated in familial cylindromatosis, an autosomal-dominant

predisposition to multiple tumors of skin appendages [4]. In
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addition, dysregulation of CYLD has been demonstrated in

various other cancer entities [5]. CYLD removes lysine (K-63)-

linked polyubiquitin chains from proteins regulating signaling

pathways involved in cancer development and progression.

Various deubiqitinating enzymes are predominantly localized in

the nucleus and have been identified to target histones, influencing

chromatin structure and downstream DNA-based processes [6].

CYLD was shown to be located in the cytoplasma and, upon

stimulation, translocates to the perinuclear region where it binds to

the IkB family member Bcl-3 and removes K63-linked poly-

ubiquitin chains, thus preventing nuclear translocation of Bcl-3-

p50 and Bcl-3-p52 complexes [7]. Recently, a small zinc-binding

B box domain within the core of USP domain, contributing to

nuclear localization of CYLD, was identified [8]. However, the

precise function of nuclear CYLD still remains elusive. Cytoplas-

mic CYLD acts as a negative regulator of NF-kB activation by

deubiquitination of TNF receptor-associated factor (TRAF)-2/-6

and NF-kB essential modulator (NEMO) [9]. Little is known

about the relevance of deubiquitinating enzymes for HCC

development. We and others observed decreased levels of CYLD

mRNA and protein in human HCC tissues [10,11]. In addition, a

negative correlation between CYLD and oncogenic c-MYC

expression has been described [12]. In CYLD knockout mouse

models, a central role of CYLD for liver injury and hepatocar-

cinogenesis was demonstrated. Liver-specific deletion of "full-

length" CYLD, accompanied by expression of an ablated CYLD

splice variant, resulted in chronic liver injury and profoundly

increased sensitivity towards carcinogen-induced liver cancer [13].

Deletion of full-length CYLD resulted in spontaneous HCC

development in another murine model [14]. Moreover, downreg-

ulation of CYLD was shown to contribute to apoptosis resistance

of human HCC cells [11]. However, the exact role of CYLD in

human HCC development and progression remains unclear.

In early stages HCC is curable by liver transplantation, surgical

resection or local ablation [15], but most patients present with

locally advanced and/or metastasized HCC at first diagnosis.

Even after curative surgery or local ablation, long-term survival

remains limited due to high incidence of intrahepatic recurrence.

Identification of prognostic biomarkers would help to identify

patients at high risk for recurrence. Here we show for the first time

that lacking nuclear expression of the deubiquitinase CYLD in

HCC tumor tissues strongly correlates with poor outcome of

patients.

Patients and Methods

Patients’ cohort and immunohistochemistry
All experiments were done in accordance with the governmen-

tal and institutional guidelines of the ICH-GCP (according to the

principles expressed in the Declaration of Helsinki) and were

performed under the written approval by the local ethics

committee of the Medical Faculty of Heidelberg University

(206/2005). For the evaluation of CYLD expression, a tissue

microarray (TMA) was established including HCC samples of 95

patients, corresponding tumorous liver tissues and normal liver

samples as previously described [16]. Briefly, representative tissue

blocks were selected as donor blocks for the TMA. Sections were

cut from each block and stained with hematoxylin and eosin.

Representative regions were chosen from each of the HCC and

normal liver tissue samples. One cylindrical core tissue specimens

per tumor block (diameter 0.6 mm) was punched from these

regions and arrayed into the recipient paraffin block using a

semiautomatic system (Beecher Instruments, Silver Spring, Mary-

land, USA). TMA slides were dewaxed and rehydrated using

xylene and a series of graded alcohols, followed by heat-induced

antigen retrieval using citrate buffer (pH 6). Staining was

performed with a NovoLink Min Polymer Detection System

(Leica Microsystems, Wetzlar, Germany) according to the

manufacturer’s instructions. For CYLD detection a polyclonal

rabbit anti-CYLD antibody (Abcam, ab137524), for Ki67 staining

a monoclonal rabbit anti–Ki67 antibody (Bethyl Laboratories, Inc,

Montgomery, USA, IHC-00375) was used. Unspecific binding was

excluded by omitting the primary antibody. For the immunohis-

tochemical, semiquantitative assessment of CYLD expression, the

product of the scores of staining intensity and quantity of

immunoreactive tumor cells was calculated as previously described

[17]. Briefly, the final immunohistochemical score (IHS; ranging

from 0 to 12) was obtained by multiplication of the intensity and

the quantity score. To investigate the relationship between CYLD

expression and survival, patients were grouped into two categories.

Patients with a CYLD expression under the median expression

value were assigned to the low-expression group. Patients with an

expression level larger than or equal to the median value were

assigned to the high-expression group. This procedure, which

results in size-balanced patient groups, was independently applied

to cytoplasmic and nuclear CYLD expression. For nucCYLD

expression, levels $3, and for cytuCYLD expression, levels $6

were considered as high, respectively. Two pathologists indepen-

dently assessed expression values. Sections were re-examined in

case of disagreement.

All patients were treated at the University Hospital in

Heidelberg, Germany, between 1998 and 2013. Decision for liver

transplantation was made based on imaging findings in a

multidisciplinary tumor board according to the national guidelines

and the German Transplant Act, which are based on the Milan

criteria and EASL guidelines [18]. The histological grade of tumor

differentiation was assigned the Edmondson Grading System [19].

Figure 1. Survival of HCC patients after liver surgery according
to subcellular CYLD expression. Kaplan-Meier analysis (N = 95) for
overall survival (OS) of patients receiving liver resection, for the
following subgroups: (nucCYLD+/cytuCYLD2, nucCYLD+/cytuCYLD+, nuc-
CYLD2/cytuCYLD+ and nucCYLD2/cytuCYLD2 (P = 0.06). Positive nuclear
(nucCYLD+) and cytoplasmic (cytuCYLD+) CYLD staining was defined as an
immunohistochemical score (IHS) $3 for nucCYLD+ and $6 for cytuCYLD+

(IHS ranging from 0 to 12, obtained by multiplication of the intensity
and the quantity score).
doi:10.1371/journal.pone.0110591.g001

Nuclear CYLD Expression in Human HCC
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Cell culture experiments
The immortalized liver cell line THLE-2, the hepatoblastoma

cell line HepG2 and the HCC cell lines Huh7 and Hep3B were

purchased from ECACC. Cells were cultured in DMEM

(Invitrogen, Karlsruhe, Germany), supplemented with 10% fetal

calf serum (FCS, Biochrom, Berlin, Germany), 1% Pen/Strep

(PAA Laboratories, Pasching, Austria), 1% HEPES and 1% L-

Glutamine (Cambrex, Verviers, Belgium). Cells were cultivated at

37uC with 5% CO2. Doxorubicin was purchased from Sigma-

Aldrich (Hamburg, Germany).

For immunhistochemical staining 2.56106 cells were seeded in

12-well plates on cover glasses (18 mm diameter). After treatment,

cells were fixed with 4% PFA and stained for CYLD (same

procedure used for the TMA staining, dilution 1:50, 1 h

incubation). Hematoxylin and eosin (H&E) staining were per-

formed according to standard procedures. Images were captured

using an inverted microscope.

Western blotting
Protein extraction and preparation of total, nuclear and

cytoplasmic extracts were performed as previously described

[20,21]. Protein concentration was determined by Bradford

protein assay (Bio-Rad, Munich, Germany). SDS-PAGE and

Western blotting were performed according to standard proce-

dures. Immunodetection was performed using the following

primary antibodies: CYLD (E-4), IkB-a (C-21) (both Santa Cruz

Biotechnology, Heidelberg, Germany), HDAC1 (Cell Signaling,

Frankfurt, Germany) and a-Tubulin (Sigma-Aldrich, Munich,

Germany).

Statistical Analysis
Overall survival was calculated from the date of surgery (OS,

event = death by any cause). Survival time was ‘‘censored’’ for

patients who did not experience an event. Those parameters not

available for the analysis are depicted as ‘‘NA’’ (not available).

Recurrence free survival (RFS) was not included in the study due

to limited availability of recurrence data.

The relationship between staining index score and patient’s age

and gender, Edmonson grading, tumor size, vascular infiltration,

viral hepatitis, bilirubin, serum AFP and Child-Pugh score was

tested using a Chi-square test and quantified by the Spearman’s

rank correlation coefficient. Cox regression models were applied to

assess the influence of explanatory variables on overall survival.

For each endpoint, explanatory variables with univariate (Cox

regression) probability only values ,0.1 were included into a

multiple Cox regression model. Hazard ratios were calculated to

quantify prognostic effects. The Kaplan-Meier method was used to

depict overall survival rates and differences assessed by log-rank

test. All analyses were performed using SPSS 20 (IBM, NY, USA).

P values ,0.05 were considered statistically significant.

Results

CYLD expression in human HCC tissues
Downregulation of the deubiquitinase CYLD has been

described as a frequent event in human HCC [10,11]. In addition,

CYLD deletion led to HCC development in murine knockout
models [13,14]. However, only little is known about subcellular

CYLD localization and its association to the outcome of HCC

patients. In order to assess CYLD expression, we analyzed 95

HCC tissue samples (N = 67 derived from liver resection, N = 28

from liver transplantation, respectively). Patients’ characteristics

concerning etiology, gender, and tumor stage are listed in Table 1.

Subcellular CYLD expression was assessed (Fig. 1 and 2A, upper

Figure 2. Nuclear CYLD expression in correlation to tumor
grading in human HCC tissues. (A) Representative staining of
positive and negative nuclear CYLD expression in HCC specimens. 10-
and 40-fold magnification (nucCYLD+; upper left and nucCYLD2, upper
right panel). Representative staining of corresponding Ki67 expression
in HCC specimens. 10-fold magnification (lower panels). (B) Nuclear
expression of CYLD (IHS score 0–12) in HCC (G1 = 13, G2 = 54, G4 = 25
G4 = 3) and normal liver tissues (N = 7) correlated to grading (Spearman
correlation coefficient: 20.423, P,0.001). (C) Nuclear expression of
CYLD related to the ratio of Ki67 positive nuclei in HCC (nucCYLD+;
N = 47; nucCYLD2; N = 41) and normal liver tissues (N = 7) (Spearman
correlation coefficient: 20.271, P = 0.006).
doi:10.1371/journal.pone.0110591.g002

Nuclear CYLD Expression in Human HCC
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panels). 70 patients (74%) showed high nuclear and/or cytoplas-

mic CYLD expression, referred as totalCYLD+. In 25 patients

(26%), only minor or absent CYLD expression was detected, both

nuclear and cytoplasmic, referred as totalCYLD2. 52 patients

(55%) showed positive nuclear staining for CYLD (nucCYLD+).

Among them, 39 (75%) were also positive for cytoplasmic

expression (nucCYLD+/cytuCYLD+, Fig. 1). There was a positive

correlation between nucCYLD+ and cytuCYLD+ (P = 0.001). To

figure out differences in CYLD expression between patients

treated with resection or transplantation, we compared subcellular

CYLD expression in these two groups. CYLD expression levels for

patients treated with resection or transplantation were similar

(data not shown).

Correlation of CYLD with clinicopathological features
CYLD expression in HCC samples (both nuclear and cytoplas-

mic) was correlated with various clinicopathological features

(Table 1). Median age of patients was 63 (611.7) years

(male:female ratio 3.5:1). 40% of patients had liver cirrhosis due

to viral hepatitis B or C. Most patients had Child-Pugh score A

(77%, B: 12%). No correlations between viral hepatitis or Child-

Pugh score with nuc/cytuCYLD expression were observed.
cytuCYLD+ had a significant correlation with vascular invasion

(Table 1, P = 0.01) and serum AFP (Table 1, P = 0.02). In

contrary, nucCYLD+ was not significantly associated with vascular

invasion or serum AFP, but had a significant correlation with

tumor grading (Table 1). Strikingly, the IHS for nuclear CYLD

expression inversely correlated with both tumor grading (Spear-

man correlation coefficient 20.423, P,0.001, Fig. 2B) and Ki67-

positivity (Spearman correlation coefficient 20.272, P = 0.005,

Fig. 2C). In normal liver tissue (N = 7), median IHS for nuclear

CYLD expression was 12. In HCC samples, the median score was

9 in G1 samples vs. 0 in G3/4 samples (Fig. 2B). 32% of the

samples with a positive nuclear CYLD staining compared to 53%

of negative samples showed a nuclear positivity of Ki67 defined as

$1 Ki67-positive HCC cells per visual field, range 1–50 (data not

shown).

Correlation of CYLD expression with outcome
N = 95 patients were eligible for survival analysis. For patients

undergoing HCC resection or liver transplantation the 1-/3-/5-

year survival rates were 79/68/50% for patients with totalCYLD+,

and 77/50/30% and for those with totalCYLD2, respectively (log-

rank: P = 0.1, HR 1.6, data not shown).

In total, 3 variables were found to be significantly associated

with overall survival (OS) in univariate Cox regression analysis

(Table 2): a) a tumor diameter less than 5 cm (P = 0.007,

HR = 0.4), b) AFP under 8 IU/ml (P = 0.015, HR 0.4) and c)

negative nuclear CYLD expression (nucCYLD2 = IHS#3,

P = 0.02, HR = 2.1). Strikingly, positive nuclear CYLD was a

favourable prognostic factor for patients with HCC after surgery.

In the multiple Cox regression analysis, tumor size and CHILD

score were independent prognostic factors (P = 0.01, HR = 0.34

and P = 0.04, HR = 0.4, Table 3). nucCYLD+ did not prove to be

an independent prognostic parameter (P = 0.27, Table 3). cytu
CYLD2 patients showed non-significant differences for overall

survival compared to the cytuCYLD+ group (IHS,6, P = 0.6,

Fig. 3B, HR = 1.2, respectively) Importantly, nucCYLD+ was

significantly associated with improved OS in Kaplan-Meier

analysis (nucCYLD+: 1-/3-/5-year OS rates 81/73/63% vs.
nucCYLD2: 75/50/26%, P = 0.007, Fig. 3A). The analysis was

repeated with patients divided according to their surgical

procedure (liver resection vs. liver transplantation). Patients in

the nucCYLD+ group after liver resection showed a non-significant

Table 3. Multivariate Cox regression analysis of CLYD expression and clinical/laboratory/histopathological features for the
prediction of overall survival (OS).

Multivariate

Variables (N) N* HR (95% CI) Global P value

CHILD

A (53) 21 0.4 (0167–0.97) 0.04

B/C (15) 9 (Ref.)

grading

1–2 (47) 17 0.7 (0.296–1.698) 0.44

3–4 (21) 13 (Ref.)

nucCYLD

negative (27) 16 1.56 (0.71–3.41) 0.27

positive (41) 14 (Ref.)

tumor size

,5 cm (32) 8 0.34 (0.14–0.797) 0.01

.5 cm (36) 22 (Ref.)

vascular invasion

negative (29) 9 1 (0.392–2.68) 0.96

Positive (39) 21 (Ref.)

serum AFP

,8 IU/ml (38) 12 0.4 (0.17–1) 0.07

.8 IU/ml (30) 18 (Ref.)

CI, confidence interval; HR, hazard ratio. N = 95; N*: Number of uncensored patients (patients who experienced the event).
doi:10.1371/journal.pone.0110591.t003
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differences for OS, compared to the nucCYLD2 group (nucCYLD+:

1-/3-/5-year survival rates 77/64/59% vs. nucCYLD2: 75/50/

20%, P = 0.1, Fig. 4A). In patients after liver transplantation,
nucCYLD+ was associated with longer OS compared to
nucCYLD2, and a log-rank test confirmed significance (nucCYLD+:

1-/3-/5-year survival rates 94/94/77% vs. nucCYLD: 73/55/

41%, P = 0.04, Fig. 4B). Analyzing CYLD expression in all

subgroups (nucCYLD+/cytuCYLD2, nucCYLD+/cytuCYLD+,
nucCYLD2/cytuCYLD+ and nucCYLD2/cytuCYLD2), no signifi-

cant differences for overall survival were detected by the Kaplan-

Meier approach. Among the subgroups, nucCYLD+/cytuCYLD2

had the most favourable 5-year survival rate (P = 0.06; Fig.1).

Subcellular CYLD expression in HCC cell lines
To assess subcellular CYLD expression in vitro, total, cytoplas-

mic and nuclear CYLD expression levels in the non-malignant

liver cell line THLE-2, the HCC cell lines Hep3B, Huh7 and in

the hepatoblastoma cell line HepG2 were analyzed. Total and

cytoplasmic CYLD expression was low in all 3 malignant cell lines

compared to THLE-2 cells. Nuclear CYLD expression levels were

hardly detectable, with no differences between the non-malignant

liver cell line and liver cancer cells (Figure S1).

We have already shown that knockdown of CYLD increased the

resistance towards chemotherapy [22]. Here, we observed

induction of CYLD expression after chemotherapy with doxoru-

bicin, which is frequently used for transarterial chemoemboliza-

tion in HCC patients. The following analysis of subcellular CYLD

expression 6 and 12 h after doxorubicin treatment revealed

increased total, cytoplasmic and nuclear CYLD expression levels.

This indicates a predominate role of increased CYLD protein

translation rather than enhanced nuclear shuttling (Figure S2A, B).

We additionally analyzed the TMA data and correlated cytoplas-

mic and nuclear CYLD expression. In cases with a cut-off value

.3, nucCYLD was also increased (Figure S2C). Immunohistolog-

ical CYLD staining of HepG2 and Huh7 cells showed increased

CYLD levels after doxorubicin treatment and additionally

revealed induction of CYLD expression in nucleoli (Figure S3).

Figure 3. Overall survival of HCC patients with positive CYLD expression. (A) Overall Survival (OS) in patients with positive (nucCYLD+;
N = 48) and negative nuclear CYLD expression in HCC tissues (nucCYLD2; N = 40; P = 0.007). (B) OS in patients with positive (cytuCYLD+, N = 55) and
negative cytoplasmic CYLD expression (cytuCYLD2; N = 33; P = 0.6).
doi:10.1371/journal.pone.0110591.g003

Figure 4. Correlation of CYLD expression with outcome after liver resection vs. liver transplantation. (A) Kaplan-Meier analysis for
overall survival (OS) of patients receiving liver resection with positive (nucCYLD+, N = 33) and negative nuclear CYLD expression (nucCYLD2; N = 29;
P = 0.1). (B) OS of patients receiving liver transplantation with positive (nucCYLD+; N = 16) or negative nuclear CYLD expression (nucCYLD2; N = 11;
P = 0.04).
doi:10.1371/journal.pone.0110591.g004
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Discussion

In the present study, the clinicopathological relevance of the

deubiquitinase CYLD was assessed in a series of 95 human

hepatocellular carcinoma (HCC) samples, obtained from patients

undergoing resection or liver transplantation as treatment of early

stage HCC. Our key finding is a strong correlation of nuclear

CYLD expression with overall survival of HCC patients.

Importantly, nuclear CYLD inversely correlated with both tumor

grading and Ki67 positivity in HCC patients.

Originally, CYLD has been described as a tumor suppressor

gene in a rare tumor disease, called familial cylindromatosis

(Brooke-Spiegler Syndrome) [4]. In recent studies, downregulation

of CYLD has been described in various other malignancies,

including HCC [10,11]. A reduced copy number of the CYLD

gene was observed in more than 30% of human HCCs caused by

chronic hepatitis C [23].

Suppression of CYLD is known to trigger oncogenic signaling,

such as NF-kB, Wnt/ß-catenin and Bcl-3. However, the exact role

of CYLD in cancer development is not fully understood. In

murine knockout models, we and others revealed a central role of

CYLD for hepatocarcinogenesis [12,13,14]. Activation of NF-kB

signaling and chronic inflammation are discussed to trigger HCC

development in mice lacking hepatic CYLD expression [9,10].

CYLD has been shown to be regulated at both transcriptional

and post transcriptional level [24]. This opens up opportunities

for targeting CYLD expression in human HCC. Constitutive

activation of the Ras-Raf-MEK-ERK (MAPK; mitogen-activated

protein kinase) signaling pathway is the major upstream signaling

mechanism responsible for constitutive expression of the CYLD

transcription inhibitor Snail1 [5]. We have already shown that

CYLD expression in HCC cells can be triggered by the

multikinase inhibitor sorafenib, by inhibition of Raf-1, as well as

by blockage of the pro-survival kinases MEK and EGFR and

identified the recovery of CYLD expression as an interesting

approach for overcoming HCC resistance [22].

So far, the pathophysiological role of subcellular CYLD

localization remains elusive. Various deubiqitinating enzymes

are predominantly localized in the nucleus. Nuclear DUBs

regulate major cellular processes such as gene expression, DNA

repair and DNA replication. Deubiquitination of chromatin

substrates impacts these processes at several levels, directly by

altering protein stability (K-48) and localization (K-63-linked

polyubiquitination) [6]. Nuclear USP7 has been shown to

deubiquitinate forkhead box-containing transcription factor 4,

provoking its nuclear export and hence its inactivation [25].

However, CYLD has been described to be mainly located in the

cytoplasma and the perinuclear region [26,27]. Our study

illustrates reduced nuclear CYLD expression in liver cancer cell

lines. A correlation of CYLD mRNA and protein expression was

described in previous studies [10]. Doxorubicin, which is a

common agent used for transarterial chemoembolization proce-

dures in HCC, induced CYLD expression in various subcellular

compartments, including nucleoli. In addition, subcellular CYLD

localization might be influenced by genetic alterations. In

HEK293 cells, mutated, but not wildtype CYLD appeared in

the nucleus. Overexpression of CYLD carrying a mutation of the

small zinc-binding B box domain within the core of CYLDs USP

domain led to nuclear accumulation of CYLD. Mutated CYLD

showed equal DUB activity and specificity [8]. Our study showed

that CYLD is able to locate in the nucleus. Further studies are

required to elucidate the precise role of the b box domain and to

uncover the molecular functions of nuclear CYLD. In HCC, it is

still not known how subcellular CYLD localization is regulated.

This is the first study to present nuclear CYLD expression and

its correlation with the outcome of HCC patients. Recently, it was

reported that low CYLD mRNA and protein expression was

paralleled by poor survival. In 76% of the HCC cases (N = 70, all

patients undergoing resection) positive CYLD protein expression

was described [28]. In our study, 74% out of 95 patients had

positive nuclear and/or cytoplasmic expression. 41% out of 95

patients were positive for both nuclear and cytoplasmic CYLD

expression (cyto/nucCYLD+). We observed a significant association

of cytuCYLD and nucCYLD positivity. However, 25% of HCC

tissues with positive nuclear CYLD expression were lacking

cytoplasmic expression. Interestingly, a lack of nuclear CYLD

expression correlated with poor differentiation (evaluated by

Edmonson grading) and higher Ki67 positivity. It is well known

that increased proliferation, indicated by high levels of Ki67

positive cells, is associated with earlier HCC recurrence after

resection [29,30,31]. In addition, poor differentiation is associated

with vascular invasion and unfavourable prognosis [32,33]. It is

not known, however, whether increased proliferation or poor

differentiation might influence nuclear CYLD expression or vice
versa. An inverse correlation of CYLD protein expression with

mitotic activity (as assessed by the MIB1-index), but not with

tumor stage, has been reported by others in human HCC [12].

Resection of HCC remains the mainstay of treatment in

patients with limited tumor size, normal bilirubin levels and the

absence of portal hypertension [34]. However, liver transplanta-

tion is widely accepted as a curative therapeutic approach in well-

selected patients with early stage HCC [35]. After liver transplan-

tation, the 5-year survival rate was 63% in our study. Similar

survival data after liver transplantation have been reported by

other centers [36,37]. Following tumor resection 5-year survival

rate was 31%. Other known well-defined factors, such as tumor

size and Child-Pugh score, were confirmed as independent

prognostic factors in patients after HCC resection or liver

transplantation in our study [38]. The inferior survival rates after

resection compared to transplantation, underline the clinical

benefit of transplantation in selected patients [39].

Importantly, positive nuclear CYLD expression was significant-

ly associated with improved OS in the cohort of resected and

transplanted patients. So far, adjuvant treatment approaches are

not established after curative surgery of HCC. Since the present

retrospective study identifies a subgroup of patients with improved

OS after curative resection and liver transplantation (nucCYLD+),

nuclear CYLD expression might be an interesting biomarker for

prospective clinical trials in the adjuvant setting after HCC

surgery.

So far, the functional role of nuclear CYLD remains unclear.

We cannot exclude that nuclear expression of CYLD might be an

early event in HCC development, which disappears upon tumor

progression, or CYLD simply changes its subcellular location.

Further insights into the regulation of subcellular CYLD

expression would help to evaluate the pathophysiological contri-

bution of CYLD localization to hepatocarcinogenesis and HCC

progression.

In conclusion, we identified nuclear CYLD expression as a

prognostic parameter for patients undergoing surgery in HCC

patients. Thus, nuclear CYLD is a promising novel marker to

predict outcome of HCC patients, and might help to identify

patients with a reduced risk of recurrence after resection or

transplantation.
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Supporting Information

Figure S1 Low CYLD expression in HCC cell lines.
Western blot analysis of basal CYLD expression levels in total,

cytoplasmic and nuclear cell extracts derived from THLE-2 (non-

malignant liver cell line), HepG2, Huh7 and Hep3B cells. Tubulin

served as a loading control for total and cytoplasmic fractions,

HDAC1 for nuclear fractions.

(TIF)

Figure S2 Subcellular CYLD expression in HCC cells
after doxorubicin treatment and in TMA specimens. (A)

HepG2 and (B) Huh7 cells were treated with doxorubicin for 6

and 12 h (1 mM). Western blot analysis of CYLD expression in

total, cytoplasmic and nuclear cell extracts (upper panel). Analysis

of CYLD expression in total, cytoplasmic and nuclear cell extracts

from HCC cells 12 h after doxorubicin treatment on the same gel

(lower panel). Tubulin served as loading control for total and

cytoplasmic fractions, HDAC1 for nuclear fractions. (C) Boxplot

summarizing nuclear expression of CYLD (IHS 0–12) within

categories of cytoplasmic expression (IHS 0–12) in HCC patients.

(TIF)

Figure S3 Immunohistochemical CYLD staining of
HCC cells. Representative pictures of H&E and CYLD staining

of untreated and doxorubicin treated HepG2 (left panels) and

Huh7 cells (right panels). Magnification 100x, scale bar 30 mm.

Arrows indicate nucleoli.

(TIF)

Author Contributions

Conceived and designed the experiments: SW TU HSB. Performed the

experiments: SW TU NW JL KB TL NK CE. Analyzed the data: SW TU

NW JL KB TL FP. Contributed reagents/materials/analysis tools: HSB DJ

KB PS NK CE. Wrote the paper: SW TU BCK JL KB PS KHW.

References

1. Venook AP, Papandreou C, Furuse J, de Guevara LL (2010) The incidence and

epidemiology of hepatocellular carcinoma: a global and regional perspective.

Oncologist 15 Suppl 4: 5–13.

2. Siegel R, Naishadham D, Jemal A (2012) Cancer statistics, 2012. CA

Cancer J Clin 62: 10–29.

3. Breuhahn K, Gores G, Schirmacher P (2011) Strategies for hepatocellular

carcinoma therapy and diagnostics: lessons learned from high throughput and

profiling approaches. Hepatology 53: 2112–2121.

4. Bignell GR, Warren W, Seal S, Takahashi M, Rapley E, et al. (2000)

Identification of the familial cylindromatosis tumour-suppressor gene. Nat Genet

25: 160–165.

5. Massoumi R, Kuphal S, Hellerbrand C, Haas B, Wild P, et al. (2009) Down-

regulation of CYLD expression by Snail promotes tumor progression in

malignant melanoma. J Exp Med 206: 221–232.

6. Atanassov BS, Koutelou E, Dent SY (2011) The role of deubiquitinating

enzymes in chromatin regulation. FEBS Lett 585: 2016–2023.

7. Massoumi R, Chmielarska K, Hennecke K, Pfeifer A, Fassler R (2006) Cyld

inhibits tumor cell proliferation by blocking Bcl-3-dependent NF-kappaB

signaling. Cell 125: 665–677.

8. Komander D, Lord CJ, Scheel H, Swift S, Hofmann K, et al. (2008) The

structure of the CYLD USP domain explains its specificity for Lys63-linked

polyubiquitin and reveals a B box module. Mol Cell 29: 451–464.

9. Glittenberg M, Ligoxygakis P (2007) CYLD: a multifunctional deubiquitinase.

Fly (Austin) 1: 330–332.

10. Hellerbrand C, Bumes E, Bataille F, Dietmaier W, Massoumi R, et al. (2007)

Reduced expression of CYLD in human colon and hepatocellular carcinomas.

Carcinogenesis 28: 21–27.

11. Urbanik T, Kohler BC, Boger RJ, Worns MA, Heeger S, et al. (2011) Down-

regulation of CYLD as a trigger for NF-kappaB activation and a mechanism of

apoptotic resistance in hepatocellular carcinoma cells. Int J Oncol 38: 121–131.

12. Pannem RR, Dorn C, Ahlqvist K, Bosserhoff AK, Hellerbrand C, et al. (2013)

CYLD controls c-MYC expression through the JNK-dependent signaling

pathway in hepatocellular carcinoma. Carcinogenesis.

13. Urbanik T, Boger RJ, Longerich T, Becker K, Ehrenberg KR, et al. (2012) Liver

specific deletion of CYLDexon7/8 induces severe biliary damage, fibrosis and

increases hepatocarcinogenesis in mice. J Hepatol 57: 995–1003.

14. Nikolaou K, Tsagaratou A, Eftychi C, Kollias G, Mosialos G, et al. (2012)

Inactivation of the deubiquitinase CYLD in hepatocytes causes apoptosis,

inflammation, fibrosis, and cancer. Cancer Cell 21: 738–750.

15. Carr BI (2004) Hepatocellular carcinoma: current management and future

trends. Gastroenterology 127: S218–224.

16. Tschaharganeh DF, Chen X, Latzko P, Malz M, Gaida MM, et al. (2013) Yes-

associated protein up-regulates Jagged-1 and activates the Notch pathway in

human hepatocellular carcinoma. Gastroenterology 144: 1530–1542 e1512.

17. Macher-Goeppinger S, Bermejo JL, Wagener N, Hohenfellner M, Haferkamp

A, et al. (2011) Expression and prognostic relevance of the death receptor CD95

(Fas/APO1) in renal cell carcinomas. Cancer Lett 301: 203–211.

18. European Association For The Study Of The L, European Organisation For

Research And Treatment Of Cancer (2012) EASL-EORTC clinical practice

guidelines: management of hepatocellular carcinoma. J Hepatol 56: 908–943.

19. Edmondson HA, Steiner PE (1954) Primary carcinoma of the liver: a study of

100 cases among 48,900 necropsies. Cancer 7: 462–503.

20. Vick B, Weber A, Urbanik T, Maass T, Teufel A, et al. (2009) Knockout of

myeloid cell leukemia-1 induces liver damage and increases apoptosis

susceptibility of murine hepatocytes. Hepatology 49: 627–636.

21. Urbanik T, Kohler BC, Boger RJ, Worns MA, Heeger S, et al. (2010) Down-

regulation of CYLD as a trigger for NF-kappaB activation and a mechanism of

apoptotic resistance in hepatocellular carcinoma cells. Int J Oncol 38: 121–131.
22. Urbanik T, Kohler BC, Boger RJ, Worns MA, Heeger S, et al. Down-regulation

of CYLD as a trigger for NF-kappaB activation and a mechanism of apoptotic
resistance in hepatocellular carcinoma cells. Int J Oncol 38: 121–131.

23. Hashimoto K, Mori N, Tamesa T, Okada T, Kawauchi S, et al. (2004) Analysis

of DNA copy number aberrations in hepatitis C virus-associated hepatocellular
carcinomas by conventional CGH and array CGH. Mod Pathol 17: 617–622.

24. Massoumi R Ubiquitin chain cleavage: CYLD at work. Trends Biochem Sci 35:
392–399.

25. van der Horst A, de Vries-Smits AM, Brenkman AB, van Triest MH, van den
Broek N, et al. (2006) FOXO4 transcriptional activity is regulated by

monoubiquitination and USP7/HAUSP. Nat Cell Biol 8: 1064–1073.

26. Garcia-Santisteban I, Zorroza K, Rodriguez JA (2012) Two nuclear localization
signals in USP1 mediate nuclear import of the USP1/UAF1 complex. PLoS

One 7: e38570.
27. Massoumi R, Podda M, Fassler R, Paus R (2006) Cylindroma as tumor of hair

follicle origin. J Invest Dermatol 126: 1182–1184.

28. Hiroki Kinoshita HO, Toru Beppu, Akira Chikamoto, Hiromitsu Hayashi,
Katsunori Imai, et al. (2013) CYLD downregulation is correlated with tumor

development in patients with hepatocellular carcinoma. Molecular and Clinical
Oncology.

29. D’Errico A, Grigioni WF, Fiorentino M, Baccarini P, Grazi GL, et al. (1994)
Overexpression of p53 protein and Ki67 proliferative index in hepatocellular

carcinoma: an immunohistochemical study on 109 Italian patients. Pathol Int

44: 682–687.
30. Watanabe J, Kushihata F, Honda K, Sugita A, Tateishi N, et al. (2004)

Prognostic significance of Bcl-xL in human hepatocellular carcinoma. Surgery
135: 604–612.

31. Nakanishi K, Sakamoto M, Yamasaki S, Todo S, Hirohashi S (2005) Akt

phosphorylation is a risk factor for early disease recurrence and poor prognosis
in hepatocellular carcinoma. Cancer 103: 307–312.

32. Abdel-Wahab M, El-Husseiny TS, El Hanafy E, El Shobary M, Hamdy E
(2010) Prognostic factors affecting survival and recurrence after hepatic resection

for hepatocellular carcinoma in cirrhotic liver. Langenbecks Arch Surg 395:

625–632.
33. Nanashima A, Tobinaga S, Kunizaki M, Miuma S, Taura N, et al. (2010)

Strategy of treatment for hepatocellular carcinomas with vascular infiltration in
patients undergoing hepatectomy. J Surg Oncol 101: 557–563.

34. Llovet JM, Bru C, Bruix J (1999) Prognosis of hepatocellular carcinoma: the
BCLC staging classification. Semin Liver Dis 19: 329–338.

35. Hoffmann K, Hinz U, Hillebrand N, Radeleff BA, Ganten TM, et al. (2011)

Risk factors of survival after liver transplantation for HCC: a multivariate single-
center analysis. Clin Transplant 25: E541–551.

36. Yao FY, Ferrell L, Bass NM, Watson JJ, Bacchetti P, et al. (2001) Liver
transplantation for hepatocellular carcinoma: expansion of the tumor size limits

does not adversely impact survival. Hepatology 33: 1394–1403.

37. Kornberg A, Kupper B, Tannapfel A, Buchler P, Krause B, et al. (2012) Patients
with non-[18 F]fludeoxyglucose-avid advanced hepatocellular carcinoma on

clinical staging may achieve long-term recurrence-free survival after liver
transplantation. Liver Transpl 18: 53–61.

38. Kikuchi LO, Paranagua-Vezozzo DC, Chagas AL, Mello ES, Alves VA, et al.
(2009) Nodules less than 20 mm and vascular invasion are predictors of survival

in small hepatocellular carcinoma. J Clin Gastroenterol 43: 191–195.

39. Llovet JM (2004) Treatment of Hepatocellular Carcinoma. Curr Treat Options
Gastroenterol 7: 431–441.

Nuclear CYLD Expression in Human HCC

PLOS ONE | www.plosone.org 9 October 2014 | Volume 9 | Issue 10 | e110591


