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Abstract
Backgrounds: Hepatoblastoma (HB) is the most common pediatric liver tumor. Though Wnt/β-catenin
and Hippo cascades are implicated in HB development, there is no study on the crosstalk of β-catenin
and Hippo downstream effector TAZ in HB.

Methods: The expression of TAZ and of β-catenin in human HB specimens was assessed by
immunohistochemistry (IHC). The functional interplay between TAZ and β-catenin was tested through
delivering either an activated form of TAZ (TAZS89A) alone or co-delivering TAZS89A and an activated
form of β-catenin (∆N90-β-catenin) to mouse liver using sleeping beauty transposase via hydrodynamic
tail vein injection (SBT-HTVI). In addition, the role of transcriptional enhanced associate domain (TEAD)
factors, canonical Notch cascade, Yap, and the tumor modi�er heat shock transcription factor 1 (HSF1)
along TAZ/β-catenin-driven HB development was studied in vivo and vitro.

Results: Activation of TAZ often co-occurred with that of β-catenin in clinical specimens. While
overexpression of TAZS89A alone was unable to promote liver tumorigenesis, the concomitant
overexpression of TAZ and ∆N90-β-catenin induced the development of HB lesions exhibiting both
epithelial and mesenchymal features. Mechanistically, HB development driven by TAZ/β-catenin required
TAZ interaction with TEAD factors. Furthermore, TAZ/β-catenin overexpression induced HB development
in conditional Yes-associated protein knockout (Yap KO) mice, indicating that Yap activation is
dispensable in this model. Activation of the Notch signaling was observed in TAZ/β-catenin mouse
lesions, consistent with that reported in human HBs. Blocking of the canonical Notch cascade using the
dominant negative form of RBP-J (dnRBP-J) did not inhibit TAZ/β-catenin dependent HB formation in
mice, although suppressed the mesenchymal differentiation. Similarly, upregulation of HSF1 was
detected in TAZ/β-catenin lesions, but its inactivation did not affect HB development. In human HB cell
lines, silencing of TAZ resulted in decreased cell growth, which was reduced more substantially when TAZ
knockdown was associated with suppression of either β-catenin or YAP gene.

Conclusions: Overall, our study identi�es TAZ as a critical oncogene in HB development and progression.
Yap, Notch, and HSF1 are dispensable for TAZ/β-catenin induced HB development in mice. 

Background
Hepatoblastoma (HB) is a rare type of cancer, affecting ~ 1 to 2 people per million people [1]. It is the
most common type of pediatric liver cancer, and mainly occurs in children under 5 years of age. Recently,
studies from an international collaboration, Children's Hepatic tumors International Collaboration (CHIC),
have been able to stratify the staging of HB based on the clinical information [2]. These studies
established the guidelines for selecting the best treatment for HB patients. For primary HB, for instance,
surgical resection remains the best and radical therapy for HB. Furthermore, cisplatin-based treatment is
the standard chemotherapeutic strategy, and has been used both as adjuvant and neo-adjuvant settings
for HB patients [3]. While the long-term survival rate of children with localized HB is excellent, some
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patients are diagnosed with metastatic HB or have relapsed disease. These patients exhibit a poor
prognosis, with a 5-year survival rate of 30 to 40% [3, 4].

HB is considered to originate from primary hepatoblasts and/or hepatic stem cells[4]. Histologically, HB is
classi�ed into two major subgroups: epithelial and mixed epithelial/mesenchymal HB. The epithelial
subtype can exhibit the phenotype of fetal, embryonal, combined fetal/embryonal or undifferentiated
small cells. HBs in the mixed subtype display mesenchymal cells within the tumor lesions [5]. These HB
subtype is associated with aggressive growth, invasion, and resistance to chemotherapy [6].

The recent advance of genetics and genomics studies of human HBs provided mechanistic insights into
the molecular pathogenesis of this pediatric malignancy. In particular, cumulating evidence supports the
activation of the Wnt/β-catenin pathway as the driver oncogenic event in HB development. Indeed,
oncogenic/activating mutations of CTNNB1 gene, which encodes β-catenin protein, occur in 60–80% of
human HB samples[4]. Most of the mutations are N-terminal deletions or point mutations in Exon 3 of
CTNNB1 gene, leading to the stabilization and nuclear localization β-catenin. Once in the nucleus, β-
catenin binds to T-cell factor (TCF)/LEF transcription factors, with consequent induction of downstream
effectors, including c-MYC, Cyclin D1, and Glutamine Synthase (GS or GLUL), which have been all
implicated in tumor development. For instance, in a recent study, it was revealed that glutamine
synthetase (GLUL) maintains mTORC1 activation downstream of activated Wnt/β-catenin, underlying a
novel cell intrinsic regulation of the mTORC1 cascade by the Wnt/β-catenin pathway [7]. Besides
activating CTNNB1 mutations, inactivating mutations of APC, a major negative regulator of the Wnt/β-
catenin cascade, also occur in human HB [8], further supporting the pivotal role of the Wnt/β-catenin
pathway in this disease.

While activation of the Wnt/β-catenin cascade has been recognized as a major oncogenic event in HB,
this alteration alone has been proven to be insu�cient to promote HB formation in vivo. Consequently, it
has been suggested that a “second hit” is required to induce HB development in cooperation with
activated Wnt/β-catenin. In a recent investigation from our group, we found that activation of YAP, a
downstream effector of the Hippo tumor suppressor pathway, might represent a second important
oncogenic signal in HB [9] .The Hippo signaling is an evolutionary conserved cascade that regulates cell
size, metabolism, and growth[10]. In the liver, the Hippo pathway is implicated in modulating liver
regeneration, �brosis, and tumor development [11]. In mammalian cells, Hippo kinases, namely MST1
and MST2, phosphorylate and activate LATS1 and LATS2 kinases. LATS1/2 subsequently phosphorylate
YAP and its paralog TAZ. The phosphorylation of YAP and TAZ proteins results in their cytoplasm
translocation and degradation[10]. When the Hippo cascade is instead suppressed, YAP and TAZ are
unphosphorylated and, therefore, activated. Following activation, YAP and TAZ localize to the nucleus,
where they interact with TEAD DNA binding proteins, leading to the increased expression of their target
genes, such as CTGF, CYR61, and SURVIVIN [10]. Previously, we have shown the coordinated activation of
YAP and Wnt/β-catenin in ~ 80% of human HB samples [9]. In vitro, silencing of YAP inhibited the growth
of HB cell lines [9]. Importantly, co-expression of activated forms of YAP (YAPS127A) and β-catenin
(∆N90-β-catenin or β-cateninS45Y) synergizes to promote HB formation in mice (YAPS127A/β-catenin)
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[9],[12] .Mechanistically, we discovered that TEAD4 is the major TEAD family member in mouse and
human HBs, where it mediates YAPS127A/β-catenin driven HB formation [13].

TAZ/WWTR1 (WW Domain Containing Transcription Regulator 1) is a paralog of YAP, and has been
found to possess both distinct and redundant roles with YAP in tumorigenesis [14]. While previous
studies focused on YAP in HB pathogenesis, the functional role of TAZ in this tumor type has not been
de�ned to date. In this manuscript, we systematically investigated the expression and functions of TAZ in
HB using a comprehensive approach consisting in the analysis of human HB samples, HB cell lines, and
mouse models. Our data suggest that TAZ plays an oncogenic role in HB in cooperation with β-catenin. In
this tumor type, TAZ possesses common and distinct functions from YAP.

Materials And Methods
Human HB samples

Formalin-�xed, para�n-embedded tissues from a collection of 32 human HB samples were used for the
study. The HB specimens were collected at the Pathology Department of the Semmelweis University
(Budapest, Hungary) and the Institute of Pathology at the Medical University of Regensburg (Regensburg,
Germany). Clinicopathological features of the human HB samples are reported in Table 1. The study was
performed under the Institutional Review Board approval of the local Ethical Committee of the Medical
University of Regensburg and the Regional Ethical Committee of the Semmelweis University.

 

Plasmids and Reagents

The plasmids used in this study, including pT3-EF1α-ΔN90-β-catenin, pT3-EF1α-TAZS89A, pT3-EF1α-
dnRBP-J, pT3-EF1α-dnHSF1, pCMV-Cre, pCMV empty vector, and pCMV/sleeping beauty transposase,
were previously described in detail [9, 13]. The constitutively active form of TAZ (TAZS89A) was
purchased from Addgene (plasmid #24815) and the TEAD-binding de�cient form TAZS89AS51A was site
mutated using PCR; the two genes were then cloned into the pT3-EF5α plasmid via the Gateway cloning
technology (Invitrogen, Carlsbad, CA). All the plasmids for hydrodynamic injection were puri�ed with the
Endotoxin-Free Maxiprep kit (Sigma-Aldrich, St. Louis, MO). The pLKO.1 plasmid (empty vector control)
was purchased from Addgene (#10879).

 

Hydrodynamic Tail Vein Gene Delivery

FVB/N mice were purchased from Jackson Laboratory (Bar Harbor, ME); and Yap�ox/�ox mice  were
provided by Dr. Eric Olson from University of Texas Southwestern Medical Center, Dallas, TX [15]. The
hydrodynamic injection procedure has been described in detail in our previous studies [16-19] . Brie�y, to
determine the oncogenic potential of TAZS89A, 20μg of pT3-EF1α-TAZS89A, either alone or in
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combination with 20μg pT3-EF1α-ΔN90-β-catenin, were mixed together with pCMV/sleeping beauty
transposase at a ratio of 25:1 and injected into 6- to 8-week–old FVB/N mice via the lateral tail vein. To
investigate if the oncogenic potential of TAZ was based on TAZ transcriptional function, 20μg of pT3-
EF1α-TAZS89AS51A were introduced into adult FVB/N mice along with 20μg pT3-EF1α-ΔN90-β-catenin
and 1.6μg pCMV/sleeping beauty transposase. To block the Notch cascade, high doses of dnRBP-J (60 
μg) together with pT3-EF1α-TAZS89A (20 μg) and pT3-EF1α-ΔN90-β-catenin (20 μg) plasmids were
injected. In addition, to assess the importance of HSF1 in TAZ/β-catenin dependent HB formation, we
injected 20μg of pT3-EF1α-TAZS89A and 20μg of pT3-EF1α-ΔN90-β-catenin together with 60 μg of either
pT3-EF1α-dnHSF1 or pCMV empty vector. Finally, to study if YAP is required for TAZ-dependent HB
development, we injected 20μg of pT3-EF1α-TAZS89A and 20μg of pT3-EF1α-ΔN90-β-catenin, with 60 μg
of either pCMV-Cre or pCMV empty vector, as well as pCMV/sleeping beauty transposase into adult
Yap�ox/�ox mice. All mice used in the experiments were monitored continually and euthanized at speci�c
time points, as indicated in the main text, or when they became moribund. Mice were maintained and
monitored in accordance with protocols approved by the Committee for Animal Research at the University
of California, San Francisco (San Francisco, CA).

 

Histology, Immunohistochemistry, Assessment of Proliferation, Apoptosis, and Microvessel Density

Liver specimens were harvested and �xed in 10% formalin overnight at 4°C and embedded in para�n.
Hematoxylin and eosin (ThermoFisher Scienti�c, Waltham, MA) staining was conducted using a standard
protocol on human and mouse liver sections and slides analyzed by two expert liver pathologists (KE and
ME) in accordance with the criteria described before[9, 20]. Immunohistochemistry (IHC) was performed
according to our previous studies[9, 13]. Proliferation index was determined in mouse HB lesions by
counting Ki-67 positive cells on at least 3000 tumor cells per mouse sample. Apoptosis index was
determined in mouse HCC lesions by counting TUNEL positive cells on at least 3000 tumor cells per
mouse using the TumorTACSTM In Situ Apoptosis Detection Kit (Trevigen, Gaithersburg, MD), following
the manufacturer’s instructions. Assessment of microvessel density (MVD) was conducted as previously
reported [21]. Speci�cally, liver tumor samples from YAPS127A/∆N90-β-catenin and TAZS89A/∆N90-β-
catenin mice were subjected to immunostaining with the mouse monoclonal anti-CD34 antibody (Abcam,
United Kingdom). The tumors were �rst screened at low power (× 40) to identify the areas of highest
microvessel density (MVD). The four highest MVD areas for each tumor were photographed at high
power (× 200) and the size of each area standardized using the ImageJ software. Any brown-stained
endothelial cell or endothelial cell cluster was counted as one microvessel, irrespective of the presence of
a vessel lumen. MVD was expressed as the percentage (mean±SD) of the total CD34-stained spots per
section area (0.94 mm2). The primary antibodies used in the study are described in Table 2.

 

Western Blot Analysis
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Frozen liver tissues and cell pellets were homogenized in Mammalian Protein Extraction Reagent
(ThermoFisher Scienti�c) containing the phosphatase inhibitors. Protein concentration was determined
using the Bio-Rad Protein Assay kit (Bio-Rad, Hercules, CA) using bovine serum albumin as a standard.
Supernatants were denatured by boiling in Tris-Glycine SDS Sample Buffer (Life Technologies, Carlsbad,
CA) for Western blot analysis. Proteins were separated by SDS PAGE and transferred onto nitrocellulose
membranes (Life Technologies) by electroblotting. Membranes were blocked in 5% non-fat dry milk for 1
h and then incubated with proper primary antibodies (Table 2). Subsequently, membranes were incubated
with horseradish peroxidase-secondary antibodies (Jackson Immunoresearch Laboratories Inc., West
Grove, PA, USA) diluted 1:5000 for 30 min. Proteins bands were revealed with the Super Signal West
Femto (Pierce Chemical Co., New York, NY).

 

RNA extraction and quantitative real-time reverse transcriptase polymerase chain reaction (qRT-PCR)

Total mRNA from liver tissues and cells was extracted by using the Quick RNA Miniprep kit (Zymo
Research, Irvine, CA, USA). Next, mRNA expression of the genes of interest was detected by quantitative
real-time polymerase chain reaction (qRT-PCR) using validated Gene Expression Assays for human and
mouse genes (ThermoFisher Scienti�c; Table 3). PCR reactions were performed with 100 ng of cDNA of
the collected samples or cell lines, using an ABI Prism 7000 Sequence Detection System with TaqMan
Universal PCR Master Mix (Applied Biosystems). Cycling conditions were as follows: denaturation at 95°C
for 10 min, 40 cycles at 95°C for 15 s, and then extension at 60°C for 1 min. Quantitative values were
calculated by using the PE Biosystems Analysis software and expressed as N target (NT). NT = 2-ΔCt,
wherein the ΔCt value of each sample was calculated by subtracting the average Ct value of the target
gene from the average Ct value of the β- Actin gene.

 

Cell lines and In vitro study

The Hep293TT cell line was a kind gift of Dr. Gail Tomlinson (University of Texas Southwestern Medical
Center, Dallas, TX). The HepG2 cell line was purchased from ATCC (Manassas, VA). Both cell lines were
authenticated (Genetica DNA Laboratories, Burlington, NC) and tested clear of mycoplasma
contamination. They were maintained as described in our previous study and cultured at 37°C in 5% CO2
humidi�ed incubator. For knockdown studies in vitro, HepG2 and Hep293TT cell lines were transfected
with small interfering RNA (siRNA) against human TAZ (# s24789), β-catenin (# s436), and/or YAP (#
s20366) or scrambled siRNA (# s4390846, negative control; ThermoFisher Scienti�c) via using
Lipofectamine™ RNAiMAX Transfection Reagent (ThermoFisher Scienti�c) according to the
manufacturer’s instructions. Cell proliferation was assessed in HepG2 and Hep293TT cell lines at the 48-
hour time point using the BrdU Cell Proliferation Assay Kit (Cell Signaling Technology, Danvers, MA, USA).
As concerns apoptosis, it was determined in the same cell lines using the Cell Death Detection Elisa plus



Page 8/32

Kit (Roche Molecular Biochemicals, Indianapolis, IN, USA), following the manufacturer’ instructions. All
experiments were repeated at least three times in triplicate.

 

Statistical Analysis

All data are presented as mean ±SD for each group. Statistical differences between two groups were
determined using the U-tests embedded in the Prism 6 software version 6.0 (Graph Pad Software Inc., La
Jolla, CA). P < 0.05 was considered statistically signi�cant.

Results
Frequent activation of TAZ in human HB samples

First, we assessed the levels of TAZ protein in a collection of human HB specimens (n = 32) by IHC
(Figure 1). In non-tumorous surrounding liver, cytoplasmic and nuclear positive staining for TAZ was
limited to biliary cells, whereas hepatocytes showed either absent or faint cytoplasmic immunolabeling
for this protein, in accordance with previous data [22]. An equivalent staining pattern was detected for the
TAZ paralog, YAP, as well as for NOTCH2, a TAZ target. As expected, β-catenin protein was expressed in
the membrane of hepatocytes as well as in the membrane and cytoplasm of biliary cells. Noticeably,
strong cytoplasmic and nuclear immunoreactivity for TAZ was detected in most HB specimens (22/32;
68.7%). The frequency was lower than that found for nuclear β-catenin (27/32, 84.4%) and the TAZ
paralog YAP (26/32, 87.5%) but higher than nuclear NOTCH2 (19/32; 59.4%) in the same HB collection.
Concomitant nuclear immunoreactivity for TAZ and β-catenin was detected in 18 of 22 TAZ-positive
tumors (81.8%), while 15 of 22 (71.4%) human HB with TAZ activation displayed positive nuclear
immunolabeling for YAP and NOTCH2. No signi�cant association was found between the levels of TAZ,
β-catenin, YAP, and NOTCH2 with clinicopathologic features of the patients, including age, gender,
histology subtype, recurrence, or lung metastasis (data not shown).

 

Overall, the present data unravel the frequent activation of TAZ in human HB, which is frequently
associated with induction/overexpression of YAP, β-catenin, and NOTCH2.

 

Constitutively activated TAZ (TAZS89A) cooperates with oncogenic β-catenin to promote HB
development in mice

To elucidate the functional role of TAZ along HB pathogenesis, we investigated whether activated TAZ
can either induce liver carcinogenesis or cooperate with other oncogenes to promote HB formation in
mice. For this purpose, we hydrodynamically transfected the constitutively activated form of TAZ
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(TAZS89A) and the N-terminal deleted activated mutant form of β-catenin (∆N90-β-Catenin), alone or in
combination, in the mouse liver (Figure 2A). TAZS89A is a mutant form allowing TAZ to escape
phosphorylation-mediated degradation and, thus, leading to TAZ unrestrained activity [23].
Overexpression of TAZS89A alone did not lead to liver tumor formation in mice. Indeed, 21 weeks post
hydrodynamic injection, all mice appeared to be healthy. Accordingly, upon dissection, no tumor nodule
was detected. Subsequent histological evaluation revealed that the mouse liver was completely normal,
lacking any histological alteration (Figure 2B,C). As previous studies showed that overexpression of
∆N90-β-catenin alone does not lead to liver tumor development in mice but cooperates with other
oncogenes for cancer formation [24-26], this β-catenin mutant form was co-injected with TAZS89A in the
mouse liver (TAZS89A/∆N90-β-catenin mice) (Figure 2A). Noticeably, concomitant overexpression of
TAZS89A with ∆N90-β-catenin resulted in rapid liver tumor formation in TAZS89A/∆N90-β-catenin mice.
By 6 weeks post injection, 100% of the injected mice developed high liver tumor burden with palpable
abdominal mass and were euthanized based on our IACUC protocol (Figure 2B,D,E).  

 

Microscopically, small cluster of cells could be visualized as early as ~1.5 weeks post injection in the liver
of TAZS89A/∆N90-β-catenin mice (Figure 3A). Positive immunoreactivity for Myc Tagged-∆N90-β-
catenin and TAZ antibodies con�rmed that tumor cells originated from the injected plasmids (Figure
3B,C), while immunolabeling for Ki67 implied active cell proliferation (Figure 3D). The �rst tumor nodules
were visible in TAZS89A/∆N90-β-catenin mice by 3 weeks post injection (Figure 3E). Tumors quickly
occupied nearly completely the liver parenchyma by 6 weeks post injection (Figure 3F).

 

Histologically, most of the lesions consisted of small cells with prominent nuclei, similar to those
described in YAPS127A/β-catenin mice [9, 12], and resembling human fetal or crowded fetal HB (Figure
3G,H). Nonetheless, a second, distinct tumor entity was appreciable in the liver parenchyma of TAZS89A/
∆N90-β-catenin mice. Indeed, besides the “pure” hepatoblast-like lesions, many tumors displayed a mixed
phenotype, consisting of an epithelial (hepatoblast) and a mesenchymal component, with the latter being
characterized primarily by cells with spindle morphology (Figure 3J,K). To the best of our knowledge, this
is the �rst reported mouse model showing features of epithelial and mesenchymal differentiation.
Following this interesting observation, we sought to determine the molecular characteristics of the two
tumor entities by using IHC (Figure 4). As expected, both types of lesions displayed immunoreactivity for
Myc Tagged-∆N90-β-catenin and TAZ antibodies, implying their origin from the injected constructs.
Increased levels of the injected constructs were con�rmed by Western blot analysis (Supplementary
Figure 1). In addition, immunoreactivity for hepatocellular markers (hepatocyte nuclear factor 4 alpha or
HNF-4α, forkhead box A1/A2 or FOXA1/A2, CCAAT Enhancer Binding Protein Alpha or CEBPA, and
glutamine synthetase or GLUL) was signi�cantly more pronounced in hepatoblast-like lesions.
Furthermore, levels of the progenitor markers CD44v6, NANOG, CD10, and EPCAM as well as the
cholangioblastic markers cytokeratin 7 and 19 (CK7 and CK19) were higher in the epithelial lesions.
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Levels of the GATA binding factor 4 (GATA4), whose expression is frequently upregulated in human HB
with mesenchymal features[27], were strongly induced in both tumor entities. The mesenchymal part of
the lesions, on the other hand, showed higher levels of stromal and angiogenesis-related markers, such as
ERG, CD34, alpha-smooth muscle actin (α-SMA), and CD56/NCAM1, whereas immunoreactivity for the
epithelial marker E-Cadherin (CDH1) was lost in the same mesenchymal lesions (Supplementary Figure
2).

 

Furthermore, by real-time RT-PCR, we found that livers of TAZS89A/∆N90-β-catenin mice exhibited
signi�cantly higher levels than wild-type livers of glypican 3 (Gpc3), alpha-fetoprotein (Afp), Cited1, Dlk1,
and Gata4 genes (Supplementary Figure 3), whose upregulation in human HB is well established [27, 28] .
As expected, mRNA expression of β-catenin (glutamine synthetase or Glul, Axin2, and TBX3) and TAZ
(connective tissue growth factor or CTGF, Cysteine-Rich Heparin-Binding Protein 61 or Cyr61, Jagged 1,
Notch1, Notch2, and Hes1) canonical targets was more elevated in TAZS89A/∆N90-β-catenin livers when
compared with the wild-type counterpart (Supplementary Figure 4).

 

TAZS89A/∆N90-β-catenin induced hepatoblastoma requires an intact TAZ interaction with TEAD
transcription factors

TAZ is a transcriptional activator and it interacts with TEAD DNA binding proteins to induce downstream
gene expression. Nonetheless, TAZ is also known to have functions independent of its binding to TEAD
factors [10, 11, 29]. Thus, we sought to investigate whether TAZS89A/∆N90-β-catenin induced HB
development requires an intact TAZ/TEAD interaction. To address this issue, we generated the
TAZS89AS51A plasmid for hydrodynamic transfection. The S51A mutation prevents TAZ from binding to
TEAD proteins [29]. Therefore, we co-expressed TAZS89AS51A and ∆N90-β-catenin plasmids into the
mouse liver (Figure 5A). All TAZS89AS51A/∆N90-β-catenin mice appeared to be healthy and were
harvested at 5-8 weeks post injection (Figure 5B). Grossly, no tumors nodules were detected on the mouse
liver. Subsequent histological analysis revealed that the liver tissues of TAZS89AS51A/∆N90-β-catenin
mice was completely normal, and the liver weight/body weight ratio of these mice was equivalent of that
of wild-type, un-injected liver (Figure 5C,D). Altogether, the present data demonstrate that TEAD proteins
are required for TAZ driven HB development in mice.

 

Commonalities and differences between TAZS89A/∆N90-β-catenin and YAPS127A/∆N90-β-catenin
lesions

Previously, we reported that the activated form of Yap (YAPS127A), the other oncogenic transducer of the
Hippo signaling, cooperates with ∆N90-β-catenin to induce HB formation in vivo [9]. Thus, we compared
the liver tumors developed in TAZS89A/∆N90-β-catenin and YAPS127A/∆N90-β-catenin mice.
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Histologically, “pure” hepatoblast-like lesions were undistinguishable between the two models. However,
mesenchymal lesions were absent in YAPS127A/∆N90-β-catenin mice (Supplementary Figure 5A). At the
cellular level, the rates of proliferation, apoptosis, and angiogenesis (microvessel density; MVD) were
compared between the epithelial lesions from TAZS89A/∆N90-β-catenin and YAPS127A/∆N90-β-catenin
mice. No signi�cant differences were observed in the rates of proliferation and MVD between the two
mouse models, whereas apoptosis was signi�cantly lower in TAZS89A/∆N90-β-catenin mice
(Supplementary Figure 5B-D).

 

At the molecular level, TAZS89A/∆N90-β-catenin and YAPS127A/∆N90-β-catenin tumors expressed Afp
and Gpc3 genes at similar levels. In addition, YAPS127A/∆N90-β-catenin mouse malignant lesions
expressed EpCam at higher levels, whereas TAZS89A/∆N90-β-catenin tumors displayed higher levels of
HB markers Dlk1 and Cited1 as well as of the Glul hepatocellular marker. TAZS89A/∆N90-β-catenin
tumors also exhibited the highest mRNA expression of the Gata4 transcription factor (Supplementary
Figure 6). By immunohistochemistry, we found that levels of hepatocellular markers HNF-4α, FOXA2,
FOXA1, CEBPA (the last two not shown), were equivalent in the two models. In contrast, GLUL protein was
expressed homogeneously in TAZS89A/∆N90-β-catenin malignant lesions, whereas only patchy
immunoreactivity for this protein was detected in YAPS127A/∆N90-β-catenin corresponding lesions. No
differences were detected in the levels of the progenitor markers CD44v6, and CD10 as well as the
cholangioblast markers CK7 and CK19 in the two models, whereas staining intensity for EPCAM was
signi�cantly stronger and more homogeneous in YAPS127A/∆N90-β-catenin tumors (Supplementary
Figure 7), in accordance with real-time RT-PCR data.

 

Finally, we determined the levels of two transcription factors, whose role in liver cancer is becoming more
and more relevant, namely nuclear factor erythroid 2 like 2 (NFE2L2/NRF2) and heat shock factor
transcription factor 1 (HSF1) in TAZS89A/∆N90-β-catenin and YAPS127A/∆N90-β-catenin tumors[30-
32]. Levels of NRF2, its regulator Kelch like ECH associated protein 1 (Keap1), and those of its target
NAD(P)H quinone dehydrogenase 1 (Nqo1), were upregulated in both mouse models, without statistical
differences between the two cohorts, when compared with wild-type mice (Supplementary Figure 8). In
striking contrast, a robust overexpression of HSF1 was observed only in TAZS89A/∆N90-β-catenin
mouse lesions both via RT-PCR and IHC (Supplementary Figure 8). Altogether, the present data indicate
the existence of common and distinct features between TAZS89A/∆N90-β-catenin and YAPS127A/
∆N90-β-catenin tumors.

 

HSF1 is dispensable along TAZS89A/∆N90-β-catenin dependent hepatoblastoma development
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Following the interesting �nding of upregulation of HSF1 exclusively in TAZS89A/∆N90-β-catenin
tumors, we assessed the levels of HSF1 in human HB specimens by IHC to determine a possible role of
HSF1 in this tumor type. Of note, HSF1 was ubiquitously (32/32, 100%) upregulated and localized in the
nucleus of HB cells in the collection examined (Supplementary Figure 9), whereas low/absent
immunoreactivity for HSF1 was detected in corresponding surrounding non-tumorous livers.
Subsequently, the effect of HSF1 inactivation was investigated in the TAZS89A/∆N90-β-catenin mouse
model. Speci�cally, to achieve this goal, we co-injected TAZS89A and ∆N90-β-catenin plasmids with a
dominant negative form of HSF1 (dnHSF1) in the mouse liver via hydrodynamic gene delivery (these
mice will be referred to as TAZS89A/∆N90-β-catenin/dnHSF1) (Figure 6A). This approach was found to
be highly effective in completely suppressing liver carcinogenesis driven by either AKT or c-Myc
protooncogene in mice [33, 34]. Unexpectedly, HSF1 inactivation neither affected HB development (Figure
6B) nor changed the histopathological features of TAZS89A/∆N90-β-catenin mice (Figure 6C). At the
microscopical level, in fact, both epithelial and mesenchymal features were retained by HB lesions
developed in TAZS89A/∆N90-β-catenin/dnHSF1 mice (Figure 6C). Furthermore, no signi�cant differences
were detected in liver/body weight ratio between TAZS89A/∆N90-β-catenin and TAZS89A/∆N90-β-
catenin/dnHSF1 mice (Figure 6D).

 

Taken together, the present data indicate that TAZS89A/∆N90-β-catenin HB development does not
primarily depend on HSF1 in mice.

 

Loss of endogenous YAP does not affect TAZS89A/∆N90-β-catenin driven hepatoblastoma formation

Next, we asked whether activated YAP and TAZ have redundant and/or distinct roles in HB formation.
First, we evaluated the levels of YAP, the TAZ paralog, in HB lesions from TAZS89A/∆N90-β-catenin mice.
We found that, while total protein levels of YAP in TAZS89A/∆N90-β-catenin lesions were equivalent to
those in wild-type livers (Supplementary Figure 1), nuclear accumulation of YAP (a sign of its activation)
was detected in TAZS89A/∆N90-β-catenin HB lesions (Figure 7). Subsequently, we investigated whether
TAZS89A/∆N90-β-catenin overexpression was able to promote HB development in mice in the absence
of endogenous YAP protein. For this purpose, we applied conditional Yap KO (Yap�ox/loxf) mice[15].
Speci�cally, we hydrodynamically injected TAZS89A/∆N90-β-catenin plasmids together with pCMV-Cre
plasmids into Yap�ox/�ox mice (TAZS89A/∆N90-β-catenin/Cre). As the control, TAZS89A/∆N90-β-catenin
plasmids were mixed with pCMV empty vector and co-injected into Yap�ox/�ox mice (TAZS89A/∆N90-β-
catenin/pCMV) (Figure 7A). We found that both cohorts of mice developed liver tumors and were required
to be euthanized by 10 to 12 weeks post injection (Fig. 7B and 7D). Histologically, HB lesions were
detected in TAZS89A/∆N90-β-catenin/pCMV and TAZS89A/∆N90-β-catenin/Cre injected mice,
consisting of both the epithelial and the mesenchymal component (Fig. 7D). Importantly, while
cytoplasmic and nuclear staining of YAP could be detected in TAZS89A/∆N90-β-catenin/pCMV HB cells,
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no YAP expression was found in TAZS89A/∆N90-β-catenin/Cre HB cells. Instead, positive YAP staining
was readily observed in the surrounding normal liver tissues as well as stromal cells within the HB lesions
(Fig. 7D). Loss of YAP expression in TAZS89A/∆N90-β-catenin/Cre tumor tissues was further validated
by Western blotting (Fig. 7C).

 

Overall, the present data indicate that activated TAZ induces HB formation in the absence of the
endogenous YAP.

 

Canonical Notch signaling is not required for TAZS89A/∆N90-β-catenin HB development in vivo

Mounting evidence indicate the Notch pathway as a downstream effector of the Hippo cascade in liver
cancer [35-37]. In addition, NOTCH2 has been found to be consistently overexpressed in human HB [38].
 Furthermore, our present data indicate the upregulation of members of the Notch pathway (Jag1, Notch1,
Notch2, and Hes1) in the lesions of TAZS89A/∆N90-β-catenin mice. Thus, we investigated whether the
canonical Notch signaling is required for TAZS89A/∆N90-β-catenin driven HB formation in vivo. For this
purpose, we hydrodynamically injected TAZS89A/∆N90-β-catenin plasmids together with the dominant
negative form of RBP-J (dnRBP-J; these mice will be referred to as TAZS89A/∆N90-β-catenin/dnRBP-J)
that has been shown to effectively inhibit the canonical Notch cascade (Figure 8A) [37, 39]. Additional
mice were injected with TAZS89A/∆N90-β-catenin with pT3 empty vector as control (TAZS89A/∆N90-β-
catenin/pT3). We found that all mice develop high liver tumor burden and were required to be euthanized
around 6 to 9 weeks post injection (Figure 8B-D). Histologically, HB lesions could be appreciated in both
cohorts of mice. However, overexpression of dnRBP-J in the livers of TAZS89A/∆N90-β-catenin mice led
to the disappearance of the mesenchymal compartment of HB lesions (Figure 8C), indicating that the
Notch pathway might contribute to the differentiation toward a mesenchymal phenotype of TAZS89A/
∆N90-β-catenin HB lesions.

 

Overall, our study indicates that Notch signaling is activated in TAZS89A/∆N90-β-catenin tissues and
in�uences the tumor cell differentiation. However, Notch activation is dispensable in TAZS89A/∆N90-β-
catenin driven HB development.

 

TAZ cooperates with β-catenin and YAP for the growth of human HB cells in vitro

The �ndings in human and mouse HB specimens support a major role of TAZ in HB formation. To further
investigate the relevance of TAZ activation in this tumor type, we examined whether TAZ expression is
required for human HB cell growth in vitro. Thus, we silenced TAZ in two human HB cell lines (HepG2 and
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Hep293TT cells) using speci�c siRNA against TAZ (Supplementary Figure 10, 11). Of note, TAZ
knockdown resulted in a decrease of cell proliferation and induction of apoptosis in the two HB cell lines.
These anti-growth effects were increased when the two cell lines were concomitantly subjected to TAZ
and β-catenin silencing. At the molecular level, suppression of TAZ did not affect β-catenin and YAP
mRNA and protein levels, whereas β-catenin knockdown resulted in downregulation of TAZ and YAP.

 

Finally, we assessed whether TAZ and YAP have redundant roles in human HB cells. For this purpose, we
silenced TAZ and YAP genes using speci�c siRNAs, either alone or in combination, in HepG2 and
Hep293TT cell lines (Supplementary Figure 12, 13). We found that concomitant knockdown of TAZ and
YAP resulted in a signi�cantly more pronounced growth restraint when compared with the silencing of
either TAZ or YAP alone. At the molecular level, knockdown of TAZ did not affect the levels of YAP,
whereas silencing of YAP triggered upregulation of TAZ. These �ndings suggest the existence of a
compensatory mechanism triggering upregulation of TAZ when YAP is suppressed in HB cells.

Altogether, the present data indicate that TAZ acts in concert with β-catenin and YAP to induce HB growth
in vitro.

Discussion
HB is the most frequent pediatric tumor of the liver [1]. The cellular and molecular mechanisms
underlying HB development and progression remain poorly delineated. Recently, a body of evidence has
unraveled the crucial role in this disease of the Wnt/β-catenin signaling, which is aberrantly activated
virtually in all cases [4, 7, 8]. Nonetheless, overexpression of oncogenic forms of β-catenin does not
su�ce to induce HB formation in mice, implying the need of additional alterations to drive HB
development. Recently, we showed that β-catenin cooperates with the YAP protooncogene, a downstream
effector of the Hippo pathway, to induce rapid HB formation in the mouse liver [9]. These data, together
with the �ndings of simultaneous activation of β-catenin and YAP in human HB specimens [9], strongly
support the functional importance of the Hippo pathway in this disease. In the present study, we further
investigated the role of the Hippo signaling in this tumor type by focusing on the YAP ortholog, TAZ. First,
we showed the frequent activation of TAZ in human HB specimens, suggesting an important role of TAZ
in this tumor type. Furthermore, we demonstrated that the activation of TAZ synergizes with oncogenic β-
catenin to induce HB formation in mice, thus recapitulating the effects of combining YAP and β-catenin
overexpression in the mouse liver. Nonetheless, some important differences occur between TAZS89A/
∆N90-β-catenin and YAPS127A/∆N90-β-catenin HB lesions. In particular, histopathological analysis
revealed that HB lesions from TAZS89A/∆N90-β-catenin display the presence of a mesenchymal
component, which is instead absent in corresponding lesions from YAPS127A/∆N90-β-catenin mice.
Although the molecular reason(s) for this histopathologic difference between the two HB models is not
clear, our data suggests that the Notch pathway plays a major role in this phenomenon. Indeed,
suppression of the canonical Notch cascade via the use of a dnRBP-J was accompanied by the
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disappearance of the mesenchymal phenotype in TAZS89A/∆N90-β-catenin HB lesions. Additional
studies are needed to better de�ne the molecular mechanisms and the speci�c Notch targets involved in
this event.

Another gene speci�cally upregulated in TAZS89A/∆N90-β-catenin tumors was the HSF1 transcription
factor, whose oncogenic role in liver cancer is well-established [15, 32, 33]. Unexpectedly, inactivation of
HSF1 in TAZS89A/∆N90-β-catenin mice had no effect on HB development. Previously, we showed that
blockade of HSF1 activity using the same strategy is able to completely suppress hepatocarcinogenesis
driven by either AKT or c-Myc overexpression in mice[15, 33]. These contrasting data suggest that the
addiction to HSF1 is presumably oncogene- and context dependent in cancer. Similarly, by conducting
loss of function experiments using Yap�ox/�ox conditional knockout mice, we discovered that inhibition of
YAP neither suppresses nor delays HB development in TAZS89A/∆N90-β-catenin mice. These in vivo
�ndings, together with in vitro data showing an additive anti-growth effect of simultaneous silencing of
TAZ and YAP in human HepG2 and Hep293TT HB cell lines, indicate that the functions of TAZ and YAP
might only partly overlap in this tumor entity, at least in mice. In addition, preliminary results from our
group indicate that concomitant overexpression of YAPS127A and TAZS89A in the mouse liver does not
su�ce to drive tumor development (Calvisi et al., unpublished observation). The latter observation
suggests that YAP and TAZ are not able to trigger liver tumor initiation alone or in combination, at least
by the hydrodynamic gene delivery method. However, these �ndings do not exclude a collaborative (and
non-redundant) role of the two protooncogenes in driving tumor progression. Further studies using TAZ
and YAP conditional knockout mice should be conducted to address this important issue.

Our present data might also have potentially important therapeutic implications for this aggressive
disease in humans. Indeed, the �ndings from mouse models and cell lines suggest that concomitant
targeting of the Wnt/β-catenin and Hippo pathways using speci�c inhibitors might be highly detrimental
for HB growth. Unfortunately, these two signaling cascades are not easily druggable and no effective
drugs against them are commercially available. A possible strategy would be the use of Tankyrase
inhibitors, which are able to suppress both oncogenic pathways and recently provided encouraging
results for the treatment of hepatocellular carcinoma [40, 41].

Conclusions
In summary, our �ndings for the �rst time support a critical oncogenic function of TAZ in the development
of HB as well as its collaborative role with the β-catenin signaling pathway in this aggressive disease.
Further studies using the TAZS89A/∆N90-β-catenin mouse model would be necessary to elucidate the
mechanisms of such cooperation and might provide a deeper understanding of the molecular
mechanisms underlying the pathogenesis of human and its treatment.

Abbreviations
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HB: hepatoblastoma; TEAD: transcriptional enhanced associate domain; HSF1: heat shock transcription
factor 1; dominant negative form of HSF1 (dnHSF1); IHC: immunohistochemistry; SBT-HTVI  sleeping
beauty transposon/transposase via hydrodynamic tail vein injection  dnRBP-J  dominant negative form
of RBP-J CHIC  Children's Hepatic tumors International Collaboration TAZ/WWTR1  WW Domain
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protein; Nqo1: NAD(P)H quinone dehydrogenase 1.
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Tables

Table 1. Clinicopathological features of human hepatoblastoma patients
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Variables  

No. of patients 32

Male 18
Female 14
Age (years) 4.0±2.6
 

Tumor morphology

 

Fetal 14
Embryonal 8
Mixed

Small undifferentiated

8

2

 
Recurrence  
Yes 12
No 20
Lung metastases  
Yes 10
No 22

 

Table 2. Primary antibodies used for immunohistochemistry (IHC) and Western blot analysis

(WB)
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Antibody name Use Concentration Company Catalogue No.

CK19 IHC 1:400 Abcam Ab133496

CK7 IHC 1:400 Abcam Ab181598

Hnf-4α IHC 1:100 Abcam Ab181604

Ki-67 IHC 1:100 Bethyl IHC-00375

E-cadherin IHC 1:100 Cell Signaling Technology 3195

Myc-tag IHC; WB 1:100; 1:1000 MMCRI Vli01

Vimentin IHC 1:1000 Abcam Ab92547

Desmin IHC 1:200 Abcam Ab15200

V5-tag IHC 1:100 Abcam Ab95038

Yap IHC; WB 1:100; 1:1000 Cell Signaling Technology 14074

α-SMA IHC 1:400 Abcam Ab5994

 
TAZ/WWTR1 IHC 1:100 Sigma-Aldrich AMab90730

 

TAZ IHC 1:100 BD Biosciences 560235

Yap/Taz WB 1:1000 Cell Signaling Technology 8418

Notch2 IHC 1:50 Cell Signaling Technology 5732

FOXA1 IHC 1:400 Abcam Ab170933

FOXA2 IHC 1:200 Abcam Ab108422

CEBPA IHC 1:100 Cell Signaling Technology 8178

GLUL IHC 1:500 BD Biosciences 610517

CD44v6 IHC 1:100 ThermoFischer Scientific MA1-81995

Nanog IHC 1:100 Abcam Ab214549

CD10 IHC 1:100 Abcam Ab256494

GATA4 IHC 1:100 Abcam Ab84593

EPCAM IHC 1:100 Abcam Ab221552

ERG IHC 1:100 Abcam Ab92513

CD34 IHC 1:150 Abcam Ab8158
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NCAM1/CD56 IHC 1:400 Cell Signaling Technology 99746

HSF1 IHC 1:100 Cell Signaling Technology 12972

β-Catenin IHC; WB 1:100; 1:1000 BD Biosciences 610153

GAPDH WB 1:10000 EMD Millipore AB2302

β-Actin WB 1:5000 Santa Cruz Biotechnology sc-10731

 

Table´3. Validated Gene Expression Assays used for real-time qRT-PCR experiments
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Name Catalog number

Mouse Afp Mm00431715_m1

Mouse GPC3 Mm00516722_m1

Mouse Dlk1 Mm00494477_m1

Mouse Cited1 Mm01235642_g1

Mouse Epcam Mm00493214_m1

Mouse Gata4 Mm00484689_m1

Mouse Nanog Mm02019550_s1

Mouse Vim Mm01333430_m1

Mouse Des Mm00802455_m1

Mouse Axin 2 Mm00443610_m1

Mouse Glul Mm00725701_s1

Mouse Tbx3 Mm01195726_m1

Mouse Ctgf Mm01192933_g1

Mouse Cyr61 Mm00487498_m1

Mouse Jag1 Mm00496902_m1

Mouse Notch1 Mm00627185_m1

Mouse Notch2 Mm00803077_m1

Mouse Hes1 Mm01342805_m1

Mouse Nrf2 Mm00477784_m1

Mouse Keap1 Mm00497268_m1

Mouse Nqo1 Mm01253561_m1
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Mouse Hsf1 Mm01201402_m1

Mouse β-Actin Mm00607939_s1

Human TAZ Hs00210007_m1

Human YAP Hs00902712_g1

Human HSF1 Hs00232134_m1

Human β-Actin Hs01060665_g1

 

 

Figures

Figure 1
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Representative immunohistochemical patterns of β-catenin, TAZ, YAP, and NOTCH2 proteins in human
normal liver and hepatoblastoma. Upper panel: normal liver, lower panel: hepatoblastoma (fetal subtype).
Magni�cation: 200x; scale bar = 100 μm.

Figure 2

Overexpression of a constitutively activated TAZ (TAZS89A) form is unable to trigger tumor development
alone but cooperates with oncogenic β-Catenin to induce HB development in mice. (A) Scheme of the
experiments conducted. (B) Survival curves of TAZS89A and TAZS89A/∆N90-β-catenin mice. (C,D) Gross
and microscopic images of TAZS89A and TAZS89A/∆N90-β-catenin mouse livers. Note the normal
histologic features of the TAZS89A-only injected liver (C), whereas almost the whole parenchyma of
TAZS89A/∆N90-β-catenin mice is occupied by tumor lesions (D). (E) Liver weight/body weight ratio of
normal (wild-type) livers as well as TAZS89A and TAZS89A/∆N90-β-catenin mice (n=5 for each mouse
group examined). Statistical signi�cance: ** P <0.01 vs wild-type and TAZS8A mice. Original
magni�cation: 100x in C and 40x in D; scale bar: 100 μm in C and 500 μm in D. Abbreviations: H&E,
hematoxylin and eosin staining; SB, sleeping beauty transposase; w.p.i, weeks post injection.



Page 27/32

Figure 3

Histopathological characterization of liver lesions developed in TAZS89A/∆N90-β-catenin mice. (A)
Hematoxylin and eosin (H&E) staining of a TAZS89A/∆N90-β-catenin mice mouse liver 1.5 weeks after
hydrodynamic tail vein injection. Altered cells characterized mainly by nuclei of various size form little
clusters in the liver parenchyma. These cells express the Myc-tagged β-catenin (B) and TAZ (C) proteins,
indicating their origin from injected constructs, and are actively proliferating (D; as indicated by nuclear
immunoreactivity for the proliferation marker Ki67). (E) By 3 weeks post injection, nodules of altered cells
are appreciable throughout the liver. These nodular lesions occupy most of the liver surface by 6 weeks
post injection (E). (F) Lesions appear composed of small cells with prominent nuclei and a high
nuclear/cytoplasmic ratio, resembling human fetal and crowded fetal hepatoblastomas. (G) At higher
magni�cation, the small size of tumor cells (T) when compared to normal hepatocytes (N) can be
appreciated. (J) Intriguingly, together with the epithelial component shown in (F), many tumors displayed
the presence of a mesenchymal part, characterized by the presence of spindle cells and a stroma
component. (K) Within the spindle and stromal cells, epithelial/hepatoblast-like cells can be appreciated
(indicated by arrows). Original magni�cations: 200x in A,B,C,D,G,J; 40x in E and F; 400x in H and K.
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Figure 4

Molecular characterization of liver lesions developed in TAZS89A/∆N90-β-catenin mice by IHC. Staining
patterns of the epithelial (E) and the mesenchymal (M) component are shown in each picture. Original
magni�cation: 200x.
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Figure 5

Transcriptionally active TAZ is required for hepatocarcinogenesis in association with oncogenic β-
catenin. (A) Scheme of the experiment. (B) Survival curve of TAZS89A/∆N90-β-catenin and
TAZS89AS51A/∆N90-β-catenin mice. TAZS89AS51A overexpression results in the induction of TAZ-
dependent effects that are independent of its binding to TEAD transcription factors. (C) Impairment of
TAZ-TEAD binding by TAZS89AS51A inhibits TAZS89A/β-catenin carcinogenesis in the mouse liver. (D)
Liver weight/body weight ratio of wild-type as well as TAZS89A/∆N90-β-catenin and TAZS89AS51A/
∆N90-β-catenin mice. Original magni�cation: 200x in C. Abbreviations: H&E, hematoxylin and eosin
staining; SB, sleeping beauty transposase.
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Figure 6

Inactivation of HSF1 does not impair liver carcinogenesis in TAZS89A/∆N90-β-catenin mice. (A) Study
design. (B) Survival curve of TAZS89A/∆N90-β-catenin and TAZS89A/∆N90-β-catenin/dnHSF1 mice.
The dnHSF1 construct is a dominant negative version of HSF1 that suppresses HSF1 activity. (C)
Absence of any effect on tumor development in TAZS89A/∆N90-β-catenin/dnHSF1 mice. Tumors from
TAZS89A/∆N90-β-catenin/dnHSF1 mice display the presence of the epithelial and mesenchymal
component. Homogeneous immunohistochemical staining for the V5-tagged dnHSF1 construct
throughout the lesions indicates the effective transfection of dnHSF1 in the tumor cells. (D) Liver
weight/body weight ratio of wild-type as well as TAZS89A/∆N90-β-catenin and TAZS89A/∆N90-β-
catenin/dnHSF1 mice. Original magni�cation: 200x in C. Abbreviations: H&E, hematoxylin and eosin
staining; SB, sleeping beauty transposase.
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Figure 7

Deletion of Yap does not affect liver carcinogenesis in TAZS89A/∆N90-β-catenin mice. (A) Study design.
Brie�y, Yap�ox/�ox conditional knockout mice were subjected to hydrodynamic tail vein injection of
either TAZS89A/∆N90-β-catenin/pCMV (control) or TAZS89A/∆N90-β-catenin/Cre plasmid. (B) Survival
curve of TAZS89A/∆N90-β-catenin/pCMV and TAZS89A/∆N90-β-catenin/Cre mice. (C) Western blot
analysis showing the effective Cre-mediated deletion of Yap in the liver of TAZS89A/∆N90-β-catenin/Cre
mice. (D) Liver lesions from TAZS89A/∆N90-β-catenin/pCMV or TAZS89A/∆N90-β-catenin/Cre mice are
morphologically undistinguishable, both consisting of an epithelial and a mesenchymal component. As
expected, TAZS89A/∆N90-β-catenin/pCMV livers display nuclear accumulation of Yap in the lesions
(upper panel), which is instead lost in corresponding lesions from TAZS89A/∆N90-β-catenin/Cre mice. In
the latter mice, Yap cytoplasmic immunoreactivity is preserved in the non-neoplastic liver surrounding the
tumors (lower panel). (D) Liver weight/body weight ratio of wild-type as well as TAZS89A/∆N90-β-
catenin/pCMV and TAZS89A/∆N90-β-catenin/Cre mice. Original magni�cation: 200x in C. Abbreviations:
H&E, hematoxylin and eosin staining; SB, sleeping beauty transposase.
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Figure 8

Inactivation of the Notch cascade abolish the mesenchymal component of liver tumors, without
impairing carcinogenesis, in TAZS89A/∆N90-β-catenin mice. (A) Study design. Brie�y, wild-type mice
were subjected to hydrodynamic tail vein injection of either TAZS89A/∆N90-β-catenin/pT3 (control) or
TAZS89A/∆N90-β-catenin/dnRBP-J plasmid. dnRBP-J is the dominant negative form of the
transcriptional coactivator RBP-J, whose overexpression effectively inhibits the canonical Notch cascade.
(B) Survival curve of TAZS89A/∆N90-β-catenin/pT3 (control) or TAZS89A/∆N90-β-catenin/dnRBP-J
mice. (C) Liver lesions from TAZS89A/∆N90-β-catenin/dnRBP-J mice consist only of an epithelial
component. Homogeneous immunohistochemical staining for the V5-tagged dnRBP-J construct
throughout the lesions indicates the effective transfection of the dnRBP-J plasmid in the tumor cells. (D)
Liver weight/body weight ratio of wild-type as well as TAZS89A/∆N90-β-catenin/pT3 (control) or
TAZS89A/∆N90-β-catenin/dnRBP-J mice. Original magni�cation: 40x (upper panel) and 200x (lower
panel) in C. Abbreviations: H&E, hematoxylin and eosin staining; SB, sleeping beauty transposase.


