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ABSTRACT: WISPs (Wnt-induced secreted proteins) are members of the CCN
(CTGF/Cyr61/Nov) family involved in fibrotic disorders and tumorigenesis.
They have a typical structure composed of four conserved cysteine-rich modu-
lar domains, but variants of CCN members lacking one or more modules, gen-
erated by alternative splicing or gene mutations, have been described in
various pathological conditions. WISP genes were first described as down-
stream targets of the Wnt signaling pathway, which is frequently altered in hu-
man hepatocellular carcinoma (HCC). In the present study, WISP mRNA
expression was analyzed by RT-PCR in four human HCC cell lines (HepG2,
HuH-6, HuH-7, HA22T/VGH). Our results show for the first time that WISP1,
WISP1v, and WISP3 are expressed in HCC cell lines. Moreover, we identified
two novel variants, generated by alternative splicing of WISP1 and WISP3, re-
spectively, named WISP1∆ex3-4 and WISP3vL. Overall, our study suggests
that WISP transcripts may have a role in the development of HCC, although
further studies are necessary to clarify the relative importance of the expres-
sion of wild-type WISPs, as well as of their novel variants, in this tumor type.
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INTRODUCTION

WISP proteins are members of the CCN family, which includes connective tissue
growth factor (CTGF/CCN2), cysteine-rich 61 (Cyr61/CCN1), and nephroblastoma
overexpressed (Nov/CCN3) proteins. They have been described as being involved in
several processes, such as apoptosis, mitosis, cell adhesion, the production of extra-
cellular matrix, and angiogenesis. Most important, they seem to have an unfavorable
role in human fibrotic and cancer disorders.1 WISPs have a typical structure com-
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posed of four conserved cysteine-rich modular domains, encoded by separate exons,
which share sequence similarities with the insulin-like growth factor binding pro-
teins (IGF-BPs), Von Willebrand factor type C (VWC), thrombospondin (THBS),
and the cysteine knots (CKs). The multimodular architecture of the CCN proteins,
along with the production of some of their truncated isoforms in tumors, raises in-
teresting questions regarding the participation of each individual module in the var-
ious biological properties of these factors. Their roles can in fact be different,
depending on the tumor and on the cell type.1

Accordingly, it has been shown that while the expression of CTGF/CCN2 induces
cell death,2 WISP1/CCN4 expression inhibits apoptosis induced by p533 and c-
myc.4 WISP3/CCN6 acts as an oncosuppressor gene in breast cancer,5 but it is on-
cogenic in colorectal cancer.6 In hormone-related tumors, such as carcinomas of the
uterus or breast, the activation by sex steroids of the Cyr61/CCN1, CTGF/CCN2,
and WISP2/CCN5 genes promotes cancer progression.7–9 However, in colorectal
cancer WISP2/CCN5 acts as an oncosuppressor gene.6 Importantly, the presence of
variants of the CCN proteins, lacking one or more modules and generated by alter-
native splicing or gene mutations, has been described in different pathological con-
ditions, including the development and progression of some tumor types.10–12 It
must also be said that among the members of the CCN family, the WISPs arouse par-
ticular interest in liver cancer, because their coding genes were first described as
downstream targets of the Wnt signaling pathway,6 which is one of the pathways
most frequently altered in human hepatocellular carcinoma (HCC).1

The aim of the present study was to shed more light on the role of WISPs in HCC,
starting from the examination, by reverse transcriptase–polymerase chain reaction
(RT-PCR), of the expression of their transcripts in four human HCC cell lines with
different origins, grades of differentiation, and genetic profiles.

MATERIALS AND METHODS

Cell Cultures

Four different human hepatoma cell lines (HepG2, HuH-6, HuH-7 and HA22T/
VGH) were used in this study. All cell lines were maintained in MEM (Sigma, Mi-
lan, Italy) supplemented with 10% heat-inactivated fetal calf serum (HyClone Eu-
rope), 1% L-glutamine, 1 mM sodium pyruvate, and 1% penicillin/streptomycin
solution (all from Sigma, Milan, Italy). Cells were grown as adherent cells in a hu-
midified atmosphere at 37°C in 5% CO2. They were subcultured after trypsinization
(with 0.05% trypsin/0.02% EDTA in phosphate-buffered saline solution from Hy-
Clone Europe) for 5 min at 37°C, washing, and resuspension in complete medium.
Cells with a narrow range of passage number were used for all experiments.

Extraction of Cellular RNA and RT-PCR

Total RNA was extracted from all cell lines in the presence of TRIzol reagent (In-
vitrogen, Milan, Italy) according to the manufacturer’s instructions. Total RNA was
then used for RT-PCR analyses using WISP-specific primers and β-actin as a control
for mRNA quality. Both cDNA synthesis and PCR were performed using the SU-
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PERSCRIPT One-Step RT-PCR method (Invitrogen, Milan, Italy). First-strand cD-
NAs were obtained after 30 min at 55°C. Following inactivation at 94°C for 2 min,
PCR amplification was performed under the following reaction conditions: 94°C for
45 s, 60°C for 45 s, 72°C for 1 min, for a total of 35 cycles, and a final extension at
72°C for 10 min. All PCR products (10 µL) were analyzed by electrophoresis on
1.5% agarose gel stained with ethidium bromide and photographed.

The sequences of primers used in the RT-PCR were as follows:

WISP1-31F (forward): 5′-AGAGGTGGTCGGATCCTCTG-3′;
WISP1-1234R (reverse): 5′-CAGGCATTGGGTTAGTCCCC-3′;
WISP1-717R: 5′-TCCACCTCACCCACAGCATGTGC-3′;
WISP1-912R: 5′-GCCAGACACTTCTTCCCTGCGTGC-3′;

WISP2-70F: 5′-CCAACTGCACCTCGGTTCTATC-3′;
WISP2-1037R: 5′-TGGACCCAAGCTAAAGTGTTGC-3′;

WISP3-1F: 5′-CACGGTCCCAGCGACATGCA-3′;
WISP3-559F: 5′-AACCATTACTACAGCAGCTTTCAAC-3′;
WISP3-943R: 5′-GATACAGCATCTCTTATCCAAGCAT-3′;
WISP3-1095R: 5′-CCCATTTGCTTGGTTTTACAG-3′.

Sequence of RT-PCR Products

The RT-PCR products were purified by chromatography and sequenced using the
dye terminator cycle sequencing kit (Perkin Elmer, Foster City, CA) and an ABI 373
sequencer (Perkin Elmer). Analysis of the nucleotide sequences was performed with
Chromas version 1.6 software (Technelysium Pty. Ltd., Halensvale, Australia).

RESULTS

To characterize the types of WISP transcripts expressed by the HCC (HepG2,
HuH-6, HuH-7 and HA22T/VGH) cell lines, we first isolated total RNA and then an-
alyzed the expression of WISP mRNA by a specific RT-PCR procedure. As an initial
screening, we used different forward and reverse primers specific for the coding re-
gions of WISP1/CCN4 and WISP3/CCN6 (FIGS. 1 and 2) or WISP2/CCN5 (not
shown). As shown in FIGURE 3A, we observed the expression of the expected normal
transcript of WISP1/CCN4 (1204 bp) only in the HuH-6 and HA22T/VGH cell lines.
In these cells there were also two shorter transcripts of 943 and 750 bp, respectively.
Sequence analysis of the purified 943-bp fragment revealed that this variant lacks
exon 3 and consequently is identical to the splicing variant that had already been de-
scribed in scirrhous gastric carcinoma and cholangiocarcinoma and referred to as
WISP1variant (WISP1v).10,11 The 750-bp fragment appeared to be a novel shorter
variant, which we named WISP1∆ex3-4. In fact, the sequence analysis of its ampli-
fied product revealed that this transcript lacks both exons 3 and 4. Furthermore, the
presence of WISP1v and of the novel WISP1∆ex3-4 transcript was confirmed using
a RT-PCR assay, in which the reverse primers (WISP1-717R and WISP1-912R, re-
spectively, FIG. 1) were based on the sequences resulting from the joining of exons
2 and 4 for WISP1v and of exons 2 and 5 for WISP1∆ex3-4 (data not shown).

With regard to the possible translation of the mRNAs into proteins, in the case of
WISP1v the joining of exons 2 and 4 did not cause any shift in the reading frame.
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Therefore, the predicted truncated protein lost only the second VWC module (FIG.
1). On the other hand, the joining of exons 2 and 5 in the WISP1∆ex3-4 splice variant
caused a frameshift at residue 117 that led to a premature stop 38 residues down-
stream. Consequently, the predicted protein retained only the first module, IGF-BP
(FIG. 1). 

We also analyzed the four HCC cell lines for the expression of WISP2/CCN5
mRNA using a specific pair of primers, but none of the cell lines expressed such a
transcript (data not shown).

In the case of WISP3/CCN6, using primers WISP3-1F and WISP3-1095R
(FIG. 2), only HuH-6 and HuH-7 cells expressed the expected regular form of WISP3
mRNA (1095 bp), together with a longer transcript, which we named WISPvariant
long (WISP3vL) (data not shown). Thereafter, to better define the position where the
insertion occurs we used in the RT-PCR experiments a different pair of primers
(WISP3-559F and WISP3-943R respectively, FIG. 2). Also in this case, together with
the expected fragment of 384 bp we found a longer transcript of 448 bp (FIG. 3B).
The sequence analysis of the amplified 448-bp fragment revealed that it results from
the insertion of a new exon of 64 bp between exons 4 and 5 (FIG. 2). This insertion
caused a frameshift at residue 197, leading to a premature stop 22 residues down-

FIGURE 1. Schematic representation of WISP1 gene, mRNA transcripts, and predict-
ed proteins. The positions of the primers are indicated.
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stream. Therefore, the predicted truncated protein lacked both the third module (TH-
BS) and the fourth module (CK) (FIG. 2). Deletion of one nucleotide in the repetitive
sequence (A)9 in exon 4 (WISP3(A)8) has been reported to be present in 31% of MSI-
H colorectal carcinomas.12 In our study, sequence analyses of both WISP3 and
WISP3vL fragments revealed the presence of the normal (A)9 sequence in HCC cells
(data not shown).

DISCUSSION

Hepatocarcinogenesis is considered a typical “multistep” process in which differ-
ent genomic alterations occur, accompanied by the aberrant expression of growth
and survival factors. Among the several oncogenic pathways that have been impli-
cated in the malignant transformation of liver cells, one of the most frequently al-
tered is the Wnt/β-catenin pathway, owing to mutations of the β-catenin or Axin
genes.13

The CCN (CTGF/Cyr61/Nov) proteins constitute a family of regulatory factors
involved in many processes related to cell proliferation and differentiation. An in-
creasing body of evidence indicates that abnormal expression of the CCN proteins
is associated with tumorigenesis.1 Among the CCN members, the WISPs are of par-

FIGURE 2. Schematic representation of WISP3 gene, mRNA transcripts, and predict-
ed proteins. The positions of the primers are indicated.
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ticular interest in liver cancer, because their coding genes were first described as
downstream targets of the Wnt/β-catenin signaling pathway.6

Previous studies have shown that the wild-type forms of WISP1 and WISP3, to-
gether with their variant forms (WISP1v and WISP3(A)8, respectively) can be ex-
pressed in various human tissues and cell types.6,10–12 The alternative transcripts
lead to the production of truncated proteins, which retain different modules of the
original structure.

In an attempt to identify genetic defects that could contribute to HCC develop-
ment, we studied the expression of WISP mRNAs in four HCC cell lines. They had
different differentiation grades and origins. HuH-7, a well-differentiated cell line, is
derived from an HBV-negative HCC. HA22T/VGH is a poorly differentiated hepato-
ma cell line, which contains HBV integrants. HuH-6 and HepG2 are two well-dif-
ferentiated hepatoblastoma-derived cell lines with activating mutations of the β-
catenin gene.14,15 In particular, HepG2 cells express high levels of a mutated β-cate-
nin molecule of about 73 kDa, as well as a 92-kDa wild-type form; while HuH-6
cells have a point mutation in exon 3 of the β-catenin gene, which results in the sub-
stitution of glycine for valine at codon 34. HA22T/VGH (Cervello et al., unpub-
lished data) and HuH-715 cells express only the wild-type form of β-catenin.

The human HCC cell lines of this study expressed different WISP transcripts. Ex-
pression of WISP1/CCN4 was observed only in HuH-6 and HA22T/VGH. In these
cells there was also the already-described variant WISP1v,10,11 together with a novel
shorter variant, WISP1∆ex3-4. Sequence analysis revealed that WISP1v lacks exon
3, while WISP1∆ex3-4 lacks both exons 3 and 4. With regard to WISP3/CCN6, only

FIGURE 3. RT-PCR analysis of WISP1 and WISP3 mRNAs expression in human HCC
cells. Total RNA was isolated, and RT-PCR was performed as indicated in MATERIALS AND

METHODS using a specific pair of primers for WISP1 and WISP3 transcripts. Marker =
100 bp.
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HuH-6 and HuH-7 expressed wild-type WISP3 mRNA, together with a longer tran-
script, WISP3vL. Sequence analysis of WISP3vL revealed that it results from the in-
sertion of a new 64-bp exon between exons 4 and 5. Overall, these results suggested
that WISP mRNA expression in HCC is not related to the grades of cell differentia-
tion or to the origin of the cells. Moreover, WISP expression was independent of the
presence of an activated Wnt/β-catenin signaling, as in HA22T/VGH and HuH-7,
suggesting that other pathways may also be involved in the control of WISP gene
transcription in HCC cells.

In the case of WISP2/CCN6, none of the cell lines expressed its mRNA. This
result may be in agreement with a recent study on the rat orthologue of WISP2/
CCN6, which described the loss of expression of this gene after cell transformation
and suggested that it may act as a negative regulator of growth or even as a tumor
suppressor.16

Overall, we suggest that WISP transcripts, like other CCNs, may play a role in
hepatocarcinogenesis. Further investigation should confirm the expression of these
molecules in primary human HCC tissues as well as providing a better understanding
of their differential functions and modes of regulation. Further analyses of the novel
WISP alternative splicing variants described here would be helpful in this respect.
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