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Malignant pleural mesothelioma (MPM) has a poor prognosis and is a treatment resistant tumor, which is
increasing in frequency throughout the world. The poor prognosis is due to the aggressive local invasiveness
rather than distant metastasis. In this study, we established a cell line of malignant mesothelioma from a
clinical specimen and assessed the relationship between the expression of MT1-MMP and the invasion ability
of that line, as well as the cultured cells of several other lines, using the simple method that we created
previously. We established a cell line from a clinical specimen from a patient with malignant mesothelioma.
We assessed the invasive activities of MPM cells in an easy-to-prepare double-layered collagen gel
hemisphere (DL-CGH) system that enabled us to visualize cell movements during invasion. To assess the role
of MT1-MMP in the invasive activity of MPM cells, we knocked down its expression by RNA interference
(RNAI). The invasion assay with DL-CGH revealed that a high expression of MT1-MMP in MPM cells was
associated with aggressive invasive activity. The RNAi of MT1-MMP indicated that the expression of MT1-
MMP might have a crucial role in the invasiveness of MPM cells. The MT1-MMP expression in MPM cells is
related to their capacity for locally aggressive spreading into the pleura and the surrounding tissues, and MT1-

MMP should be a suitable molecular target for the suppression of the invasiveness of MPM.

© 2010 Elsevier Inc. All rights reserved.

Introduction

Malignant pleural mesothelioma (MPM) has a poor prognosis and
is a treatment resistant tumor, which is increasing in frequency
throughout the world (Robinson et al., 2005). MPM is not likely to
metastasize distantly to other organs; its malignancy is due to its
locally aggressive spreading into the pleura and surrounding tissues
(Zhong et al., 2006; Pistolesi and Rusthoven, 2004).

It is said that the microenvironment (both cellular and extracellular
elements) of the local host tissue plays an important role in the process of
tumor cell invasion and that interaction between the ECM and tumor cells
is essential for the degradation of ECM by the tumor cells (Liotta and Kohn,
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* Corresponding author, Division of Thoracic Surgery, Kobe University Graduate
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2001). Matrix metalloproteinases (MMPs) are proteins that play an
important role in this process (Curran and Murray, 2000).

The MMP family consists of more than 25 structurally related, zinc-
dependent endopeptidases that are capable of degrading the
basement membrane and the ECM (Konstantinopoulos et al.. 2008).
Among the members of this family, MMP-2 and MMP-14 play
important roles in the MPM, and some epithelial malignant tumors
show the overexpression of MMP-14 (Atkinson et al,, 2007; Edwards
et al., 2003). MMP-14, which is known as a membrane-type matrix
metalloproteinase {MT-MMP), is mainly concentrated at the surface
of the cells (Sato et al., 1994; Takino et al., 2007), so it is possible that
MT1-MMP directly contributes to the degradation of the ECM.
Because of these characteristics we focused on MMP-14 (MT1-
MMP) as one of the potentially important factors that help MPM
spread directly into other organs. Moreover, various methods for in
vitro 3-D studies of cell invasion using a collagen gel have been
described (Albini et al., 1987; Nystrom et al., 2005; Duong et al,, 2005:
Takata et al., 2007), and we believe that these methods are very useful
for the assessment of the invasion ability of MPM.
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In this study, we established a cell line of malignant mesothelioma
from a clinical specimen. We then assessed the relationship between
the expression of MT1-MMP and the invasion ability of this
established cell line and other cell lines using the simple method
that we created previously (Takata et al.. 2007).

Materials and methods
Cell lines

The A549 (bronchiclo-alveolar carcinoma of lung) cell line was
obtained from the Health Science Research Resources Bank (Osaka,
Japan); the WI-38 cell line was obtained from the RIKEN Bioresource
Center (Tsukuba, Japan). NCI-H28 (pleural effusion), NCI-H2452
(epithelial mesothelioma) and MSTO-211H (biphasic mesothelioma)
were obtained from the American Type Culture Collection (Manassas,
USA). Cells were maintained in RPMI-1640 medium supplemented
with penicillin (100 U/mL), streptomycin (100 U/mL), and 10% bovine
calf serum.

Establishment of a cell line of malignant mesothelioma

A clinical specimen from a patient with malignant mesothelioma
was minced finely using scalpel or razor blade and digested in a cell
dispersion enzyme solution (EZ; Nitta Gelatin Inc., Osaka, Japan) for
2 h. The dispersed cancer cells were treated with ethylene-glycol-
tetra-acetic acid (EGTA)-trypsin and filtered through a 200-pm nylon
mesh. The cells were then incubated in a collagen-gel-coated flask
(CG-flask; Nitta Gelatin Inc., Osaka, Japan) containing a preculture
medium with 10% fetal bovine serum (FBS; PCM-1; Nitta Gelatin Inc,,
Osaka, Japan) at 37 °C in 5% CO, overnight. We collected the viable
cancer cells that adhered to the collagen gel and performed repeated
subculturing until fibroblasts and other normal cells had disappeared.

Immunohistochemistry

Immunohistochemistry was performed to detect the MT1-MMP
expression in paraffin sections, and tissue microarray samples were
analyzed immunohistochemically. The MT1-MMP primary antibody
(MAB3328, Chemicon International a Serologicals Company) was
diluted 1:100 in a blocking solution before use. This diluted primary
antibody was added to the tissue sections and incubated overnight at
4 °C. Antigen—antibody complexes were detected by the avidin-biotin
peroxidase method (Vectastain Elite ABC Kit, Vector Laboratories, Inc.,
Burlingame, CA) and diaminobenzidine tetrahydrochloride reagents
(DAKO EnVision™/HRP, Dako, Japan). Sections were counterstained
with hematoxylin.

Western blotting

Cultured cells washed with PBS™ were lysed with 100-pl Laemmli
sample buffer, and 10 i of these samples were analyzed by SDS-PAGE.
Then, the separated bands were transferred to nitrocellulose
membranes (Amersham Biosciences Corp.). After washing the
membranes with PBS-T, they were blocked for 30 minutes (5% skim
milk, diluted by PBS-T). Following 2 rinses with PBS-T, membranes
were incubated (1 hour, room temperature) with the primary
antibody for MT1-MMP (MAB3328, Chemicon International a Ser-
ologicals Company), which was diluted 1:500 with 5% BSA/PBS-T.
After washing with PBS-T, membranes were incubated (30 minutes,
room temperature) with the secondary peroxidase-labeled sheep
anti-mouse Ig whole antibody (Amersham Biosciences Corp.), which
was diluted 1:5000 with PBS-T. Membranes were then washed with
PBS-T and visualized using the luminoimage analyzer LAS-3000(Fuji
film Inc, Tokyo, Japan) treated with a detection kit (Amersham
Biosciences Corp.).

As a control assay, we performed Western blotting using the same
membranes. The primary antibody was directed against B-actin
(#AB6276, Abcam, Cambridge, UK), and the secondary antibody was
peroxidase-labeled sheep anti-mouse Ig whole antibody (Amersham
Biosciences Corp.).

Preparation of double-layered collagen gel hemispheres

Acid-soluble collagen I (Nitta Gelatin Inc., Osaka, Japan), tenfold
concentrated Ham's F-12 medium, and reconstruction buffer (2.2-g
NaHCO; + 4.77-g HEPES in 100 ml of 0.05-N NaOH) were mixed at a
volume ratio of 8:1:1 and then seeded with cultured cells at a density
of 3.0x10° cells/ml. Five microliters of the mixture, containing
3.0 10% cells, were dropped onto a plastic dish. Once the mixture
had gelled, a second 30-pl drop of collagen was placed exactly on the
top of the first gel drop, encapsulating it completely. The gel
hemisphere was then submerged in medium and cultured. Cells
were then stained with neutral red, and the gel was allowed to dry.
The invasive activity of the cells was evaluated by measuring the
expansion of red stain into the outer collagen layer.

RNA interference (RNAi) in WI38 and established mesothelioma cells

RNAi was performed with commercially available siRNAs (HP-
validated siRNA for MT1-MMP; Qiagen GmbH, Hilden, Germany) and
a non-silencing control siRNA (target sequence; AAT TCT CCG AAC
GTG TCA CGT, Qiagen GmbH) according to the manufacturer's
instructions. Briefly, 24 ul of transfection reagent (Hiperfect; Qiagen
GmbH) was suspended in 200y of serum-free culture medium
containing 6 pg siRNA. After a 10-minute incubation at room
temperature, the mixture was added to WI38 and established
mesothelioma cell culture (60-mm-round dish with 4-ml culture
medium containing 10% fetal bovine serum and antibiotics mentioned
above) grown to 60% confluence; the final concentration of the siRNA
was 100 nM. After 24 hours (at 37 °C, 5% CO,), these cells were
suspended in phosphate buffered saline (PBS) and the cell density
was calculated to prepare for the encapsulation of the cells in DL-CGH.

Time-lapse motion picture

A Moticam 2000 digital microscopy system (Shimadzu Rika Corp.,
Tokyo, Japan) was used to create motion pictures of cell invasion. The
camera head was set at the position of the eyepiece on an inverted
microscope (CKX31; Olympus Corp., Tokyo, Japan), and the entire
microscope was then installed in a 37 °C, 5% CO, incubator without
humidity (to prevent dew formation in the instruments). A DL-CGH
prepared in the well of an ordinary 6-well plastic culture plate was
submerged in proper medium,; the residual 5 wells were filled with
water to maintain humidity inside the plate. Cells were observed
microscopically using a 10x objective lens, and the camera was
operated from a personal computer running the Moticam 2000
software to capture and display images of living cells. Recording
initiated 24 hours after DL-CGH culture continued for 96 hours.
Images were captured automatically every 20 minutes, with 288
consecutive images stored as 800x 600 pixel JPEG files. Using the
Windows Movie Maker software (Microsoft Corp., Redmond, WA), we
created a 30-second movie (saved as a WMV file) that displayed 288
consecutive images for 0.125 seconds each.

Result

Establishment of a cell line of malignant pleural mesothelioma from
clinical specimen

We established an MPM cell line from a clinical specimen. To prove
that these cells indeed were MPM, we sent samples of them to the
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department of pathology in our hospital and requested an immuno-
histochemical analysis with calretinin, D2-40, CAMS5.2, and AE1/AE3,
which are useful markers of MPM (Mimura et al., 2007). While D2-40
was not identified, calretinin, AE1/AE3 and CAMS.2 were stained
(Fig. 1). Thus, these cells were proved to be MPM immunochemically,
and we had obtained a primary culture of MPM cells.

Expression of MT1-MMP in a clinical sample of MPM

To establish whether MT1-MMP was expressed in the MPM
specimen we performed immunohistochemistry on the clinical
samples of the MPM patient, following the technique described in
Materials and methods (Fig. 2). We show the difference between
normal cell structures and tumor cells in Fig. 2a. MT1-MMP was
strongly expressed in the tumor cells, especially at the edge of the
cells (Fig. 2b). In contrast, MT1-MMP was not expressed in the normal
vascular endothelial cells.

Relationship between the MTI-MMP expression and the ability to
invade, using cancer cells and normal fibroblasts

Western blotting was performed to determine if MT1-MMP was
expressed in the cell lines of lung adenocarcinoma, fibroblasts and
MPM (among them, the MPM cell line established in our laboratory).
We detected a strong expression of MT1-MMP in WI38 and the
established MPM cell line. But the expression of MT1-MMP was very
weak in A549, the cell line of lung adenocarcinoma and NCI-H28, one
of the acquired MPM cell lines. In the other MPM cell lines (NCI-
H2452 and MSTO-211H), the expression of MT1-MMP was moderate
(Fig. 3).

Then, we performed invasion assays with these cell lines using DL-
CGH. A549 and NCI-H28, which showed a weak expression of MT1-
MMP, showed only a minimal tendency to invade into the outer layer
of collagen gel, whereas the other 4 cell lines, in which a strong
expression of MP1-MMP was observed, showed a high tendency of
invasion (Fig. 4). These invasive cells spread by extending their
podocyte into the outer layer (time lapse).

Calretinin

a

Fig. 2. Result of immunohistochemistry for MT1-MMP using surgical specimens of
malignant pleural mesothelioma. Tumor cells expressed MT1-MMP strongly, but the
normal vascular endothelial cells did not. (b) Especially, MT1-MMP was more
expressed at the edge of the tumor cells than the inner area.

Fig. 1. Cell line established from a sample of malignant pleural mesothelioma. Calretinin, D2-40, CAM5.2, and AE1/AES were examined as useful markers of MPM. While D2-40 was

not stained, calretinin, AE1/AE3 and CAM5.2 were stained.
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Fig. 3. Western blotting for MT1-MMP and [3-actin. We detected a strong expression of MT1-MMP in WI38 and the established MPM cell line. The expression of MT1-MMP was very
weak in A549, the cell line of lung adenocarcinoma, and NCI-H28, one of the acquired MPM cell lines. In the other MPM cell lines (NCI-H2452 and MSTO-211H), the expression of

MT1-MMP was moderate.

Inhibition of MT1-MMP in the MPM cells and fibroblasts

We performed Western blotting to check if we could inhibit MT1-
MMP in WI38 and the established MPM cell line, both of which
showed wide spreading in the DL-CGH. The blotting showed about a
50% reduction in the expression of MT1-MMP protein relative to cells
transfected with control siRNAs (Fig. 5).

In order to determine their invasive potential cells, transfected
with inhibitory RNAs were embedded within the inner layer of DL-
CGH and incubated for several days, after which we observed how the
cells stained with neutral red. Cells of the established MPM cell line
transfected with MT1-MMP RNAi showed only a slight invasion into
the outer layer relative to the normal or control RNAi-transfected cells
(Fig. 6). We also obtained similar results using WI38 cells (data not
shown).

e

Discussion

In cell culture to establish a primary culture from a clinical
specimen is one of the most difficult techniques, so many attempts
result in failure. In this study, we succeeded in establishing the MPM
cell line with the technique described in Materials and methods.

This is the first study to analyze the invasive activity of cell lines
established from clinically resected specimens, with the aim of
eventual clinical application. DL-CGH made it possible to visualize
the invasive activity of the cells precisely, and the procedure would be
useful for deciding a therapeutic strategy and predicting the clinical
outcome. Also, the combination of DL-CGH and RNAIi treatment of
MT1-MMP revealed that the protein was a good candidate for a
molecular target that would control the invasive activity of the cancer
cells.

Fig. 4. Invasive activity of malignant mesothelioma cell lines assessed by DL-CGH. NCI-H28, which showed a weak expression of MT1-MMP, showed no tendency to invade the outer
layer of collagen gel, whereas the other 3 cell lines showed a high tendency to invade the outer layer.
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Fig. 5. Western blotting after transfection with siRNA for MT1-MMP. The blotting
showed about a 50% reduction in the expression of the MT1-MMP protein relative to
cells transfected with control siRNAs.

Invasion occurs within a tumor-host microenvironment, where
stroma and tumor cells exchange enzymes and cytokines that mod-
ify the local extracellular matrix, stimulate migration, and promote
proliferation and survival (Liotta and Kohn, 2001). It has been re-
ported that the presence of fibroblasts is essential in cancer inva-
sion (Olumi et al., 1999; Che et al., 2006; Gaggioli et al., 2007). The
fibroblast itself is a benign mesenchymal cell that has no malignancy.
Nevertheless, if fibroblasts interact with cancer cells, they play an
important role in the tumor cell malignancy. In lung cancer, patients
with small-sized bronchiolo-alveolar carcinoma (BAC) of the lung, in
which cancer cells spread on the internal surface of alveoli but do not
infiltrate interstitially, have a better prognosis than patients with
BAC containing actively proliferating fibroblasts; in the latter case,
cancer cells invade frequently into micro-vessels (Noguchi et al.,
1995). In our study, WI38 cells (a fibroblast cell line) showed the
overexpression of MT1-MMP, which indicates that fibroblasts are
essential for degenerating the ECM and making tracks and scaffolding
for the cancer cells. Not only fibroblasts but also some mesenchymal
cells show the overexpression of MT1-MMP. Previous reports have
stated that malignant mesothelioma cells produced a broad spectrum
of MMPs, which might play an important role in cell invasion (Liu
et al,, 2001), and that the overexpression of MT1-MMP was observed
in malignant mesothelioma (Sivertsen et al, 2006). In the in vitro
experiments in this study, we observed that the level of MT1-MMP
expression in established MPM cells was elevated and that these cells
showed active invasion in the assay with DL-CGH.

Cancer-cell migration is typically regulated by integrins, matrix-
degrading enzymes, cell-cell adhesion molecules and cell-cell com-
munication (Fried! anc Wolf, 2003). Although some tumor cells show
sustained protease-independent migration resulting from a flexible
amoeba-like shape change (Wolfet al., 2003), it is said that MT1-MMP

normal

Control siRNA

is the key enzyme in the proteolytic macropatterning of collagen-rich
ECM to generate space for the cell masses (Wolf et al, 2007) and
that matrix degradation requires MMPs targeted to invadopodia
(Sakurai-Yageta et al., 2008). In this study, we were able to establish
that the invasive cells spread into the outer layer of the collagen gel by
extending their podocyte (dendritic migration). Wolf et al. reported
that HT1080 fibrosarcoma showed a spindle-shaped elongation of
the cell body for invasion into 3-D collagen matrices (Wolf et al,
2003). We observed a similar phenomenon using the MPM cells and
fibroblast. Thus, it is possible that the dendritic migration of

mesenchymal cells (such as MPM) results from the overexpression
of MT1-MMP.

In conclusion, the overexpression of MT1-MMP in MPM cells is
associated with spreading into the surrounding matrix. Furthermore,
MT1-MMP expressed in fibroblasts is involved in making a scaffold for
the invasion of malignant tumor cells. Thus, we suggest that the
degree of MT1-MMP expression is associated with the capacity for
locally aggressive spreading into the pleura and the surrounding
tissues and that MT1-MMP will be a molecular target for suppressing
the invasion of MPM.

Appendix A. Supplementary data

Supplementary data to this article can be found online at
doi: 10.1016/j.yeximp.2010.10.008.
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DNA damage response pathways are important for maintaining
genomic stability. The oncogenic phosphatase Wip1 plays a crucial
role in DNA damage response by inhibiting several cell cycle pro-
teins, including p53. Although Wip7 gene amplification has been
reported in various primary tumors, including lung cancer, its bio-
logical significance for survival of primary lung tumor patients
remains unclear. We investigated the expression of Wip1 in cancer
epithelial cells immunohistochemically in 84 consecutive resected
cases of lung adenocarcinoma. Increased Wip1 expression was
observed in 54 (64.3%) of the 84 cases. Wip1 expression was found
to be correlated significantly with two clinicopathological factors:
vy-H2AX expression, and invasion to the pulmonary vein. A univari-
ate analysis and log-rank test indicated a significant association
between Wip1 expression and lower overall survival rate
(P =0.019 and P =0.0099, respectively). A multivariate analysis
also indicated a statistically significant association between
increased Wip1 expression and lower overall survival rate (hazard
ratio, 4.3; P = 0.026). The Ki67 index level was higher in the Wip1-
positive group than in the negative group (P < 0.04, Mann-Whit-
ney U-test). Moreover, in a subgroup analysis of only stage |
patients, increased Wip1 expression was also significantly associ-
ated with a lower overall survival rate (P = 0.023, log-rank test).
These results indicate that the increased expression of Wip1in can-
cer epithelial cells has significant value for tumor progression and
the clinical prognosis of patients with primary lung adenocarci-
noma. (Cancer Sc¢i 2011; 102: 1101-1106)

C ellular DNA is constantly exposed to various environmen-
tal and endogenous mutagenic insults. To maintain geno-
mic integrity and prevent cancers caused by these potentially
mutagenic events, a sophisticated array of damage sensors, sig-
naling molecules, and repair functions have evolved. Among the
key sensors of DNA damage are the phosphoinositide-3-kinase-
related kinase family. which includes ATM (ataxia-telangiecta-
sia mutated), ATR (ataxia-telangiectasia and Rad3-related), and
DNA-PK.; (DNA-dependent protein kinase catalytic sub-
unit)."® A direct role for the ATM/ATR-initiated damage
response gathways in cancer prevention has been recently deter-
mined.®® Human pre-neoplastic lesions from a variety of dif-
ferent human cancers were shown to express various markers
reflecting responses to DNA damage response, including acti-
vated and phosphorylated ATM, Chk2, p53, and H2AX.C
In particular, phosphorylated H2AX (called y-H2AX) plays a
crucial role in recruiting DNA damage response factors to dam-
age sites for accurate DNA repair and is considered a specific
and sensitive molecular marker of DNA damage and repair.®~"
Interestingly, late-stage tumors often show loss of these DNA
damage response markers, suggesting that a decrease in the
activity of DNA damage response pathways may contribute to
cancer progression.
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Wild-type p53-induced phosphatase 1 (Wipl), also called
PPMI1D, is a member of the magnesium-dependent serine/threo-
nine protein phosphatase (PPM) family.®® These proteins, whose
defining member is PP2Ca, are present in both prokaryotes and
eukaryotes.”” The human Wipl gene was first identified as a
transcript induced by ultraviolet and ionizing radiation in a p53-
dependent manner."™ To date, Wip1 has been shown to dephos-
phorylate at least six proteins, ATM, Chk1, Chk2, p53, p38, and
Mdm?2.*" A number of studies have shown that the Wip1 phos-
phatase is a key integrator of a response that attenuates signaling
through the ATM and ATR pathways and negatively regulates
the stress-responsive p38 MAPK pathway."'"’ Furthermore, sev-
eral reports recently showed that Wipl directly dephosphoryl-
ated y-H2AX, which might result in attenuating the DNA
damage response.!'>'® Thus, Wip1 is considered to be an inhib-
itor or homeostatic regulator of the DNA damage response that
facilitates the return of cells to a normal pre-stress state follow-
ing DNA damage repair.

In addition, Wipl is regarded as an oncogenic phosphatase
because of the above noted functions. Indeed, amplified levels
of Wipl have been found in cancer cell lines of the lung, breast,
pancreas, bladder, liver, and meninges, and neuroblasto-
mas.“‘“é) Moreover, a number of human primary tumors (e.g.,
breast adenocarcinoma, ovarian clear cell adenocarcinoma, neu-
roblastoma, and pancreatic adenocarcinoma) contain amplified
WipI gene and high levels of Wipl protein, which appear to cor-
relate with poor prognosis for cancer patients.”'*~'® However, it
is still unknown whether Wipl overexpression affects the sur-
vival of primary lung carcinoma patients. In this study, we ana-
lyzed the expression of Wipl by immunohistochemistry in
surgically resected human primary pulmonary adenocarcinoma
tissue from 84 patients. We also investigated whether Wipl
expression in tumor tissues influenced the outcome of these
patients.

Materials and Methods

Collection of samples and patient data. Eighty-four patients
(46 males, 38 females) examined and treated at Kobe University
Hospital (Kobe City, Japan) between 2001 and 2003 for lung
adenocarcinoma were evaluated for this study. The study was
approved by the Regional Ethics Committee for Clinical
Research of Kobe University and conducted according to the
principles in the Declaration of Helsinki. All patients gave dated
and written informed consent. Primary tumors and adjacent non-
neoplastic lung tissue were obtained at the time of surgery.
Peripheral portions of resected lung carcinomas were sectioned,
evaluated by a pathologist, and used for immunohistochemistry
(IHO).
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All patients were consecutively enrolled in this study.
Detailed clinical and demographic information, prognostic fac-
tors, and disease progression were collected retrospectively.

Immunohistochemistry. Formalin-fixed paraffin-embedded speci-
mens were sectioned in 5 pm-thick slices and sections were
deparaffinized with xylene and rehydrated with ethanol. Antigen
retrieval was carried out by placing specimens in Dako REAL
Target Retrieval Solution (Dako, Glostrup, Denmark) at 98°C
for 20 min. Rabbit anti-human Wipl polyclonal antibodies
(1:100; Santa Cruz Biotechnology, Santa Cruz, CA, USA) and
rabbit anti-human phospho-histone H2AX (S139) polyclonal
antibodies (5 pg/mL; R&D Systems, Minneapolis, MN, USA)
were used as the primary antibodies for detection of Wipl and
v-H2AX, respectively. The Dako EnVision/HRP Universal
(DAB) kit (Dako) was used for endogenous peroxidase block-
ing, treatment with a secondary antibody against anti-rabbit and
anti-mouse immunoglobulin antibody, and the visualization of
HRP. Hematoxylin staining was used as the counterstain. Photo-
graphs of immunohistochemical stained sections were taken by
a camera mounted on a Keyence BZ-8000 digital microscope
(Keyence, Osaka, Japan).

Detection of EGFR gene mutation. Genomic DNA of tumor
cells was successfully extracted from 19 paraffin-embedded tis-
sue specimens.®? EGFR gene (exons 18-21) of the DNA sam-
ples was investigated by the peptide nucleic acid-locked nucleic
acid PCR clamp method.®"

Classification of immunohistochemically stained patterns.
Immunochemically stained sections were classified by light
microscopy. For the assessment of the protein expression of
Wipl, samples were classified as Wipl-positive if the ratio of
stained cells in total epithelial cancer cells of a tumor tissue was
more than 10%; if samples contained <10% stained cells, they
were classified as Wipl-negative. Ten percent was used as the
cut-off value because of the statistical advantage in this study.
For evaluation of y-H2AX expression, the cut-off value (the
ratio of stained cells in total epithelial cancer cells) was set at
3% to obtain high sensitivity for detecting DNA damage. Sam-
ple classification was done independently by two pathologists
(C.O. and Y.H.) in a blind manner. Ki67 (MIB-1) index (Ki67
expression ratio) and tumor protein p53 (TP53) expression were
determined by the Division of Diagnostic Pathology, Kobe
University.
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Statistical analysis. All statistical analyses were carried out
using Stata software version 10.1 (Stata, College Station, TX,
USA). Baseline characteristics were reported as percentages for
categorical variables and means for +SD for continuous vari-
ables. Fisher’s exact or Student’s t-test were used to examine
the association between Wipl expression and various clinico-
pathological parameters. For survival analyses, we used the
Kaplan—Meier method, and statistical significance between sur-
vival curves was assessed by the log-rank test. Overall survival
(OS) and relapse-free interval (RFI) were determined from the
date of surgery to the time of death or relapse, respectively. The
Cox proportional hazards model was used to examine the associ-
ation between the OS and the RFI and potential prognostic fac-
tors. Data were censored at the time of last visit. Significant
variables from the univariate analysis were entered into the Cox
hazard model analysis. Probability values <0.05 were considered
statistically significant in all analyses.

Results

Wip1 expression in epithelial cancer cells of human lung
adenocarcinoma. The expression of Wipl was examined in 84
lung adenocarcinomas and the adjacent normal lung tissues by
IHC using anti-human Wipl polyclonal antibodies. In normal
lung tissues, the expression of Wipl was not detected (Fig. 1A).
In some tumor tissues, Wip!l expression was observed in cancer
cells (Fig. 1B-D). The frequency of Wipl-stained samples was
64.3% of all samples examined (54/84).

Relationship between Wip1 expression and clinicopathological
characteristics of patients. For assessment purposes, we
regarded specimens as Wipl positive if 10% or more cancer
cells within a tumor were strongly stained; all other specimens
were regarded as negative. Based on this, 54 specimens were
classified as Wipl positive (64.3%) and 30 specimens as Wipl
negative (35.7%).

The relationships between Wipl-positive cases and various
clinicopathological characteristics at the time of surgery are
shown in Table 1. Expression of y-H2AX was observed in 38 of
84 specimens (45.2%). Increased expression of Wipl was
significantly associated with y-H2AX expression (P < 0.001)
and cancer invasion to the pulmonary vein (P = 0.019).
Wipl expression was not significantly related to age (P = 0.59),

Fig. 1. Immunohistochemical analysis of expression
of oncogenic phosphatase Wip1 in epithelial cancer
cells of human primary lung adenocarcinoma. (A)
Wip1-negative normal lung tissue. (B) Wip1-
negative tumor tissue. Cancer cells were not
stained. (C,D) Wip1-positive tumor tissues. Cancer
cells were diffusely stained. Scale line = 100 um
(magpnification, x200).
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Table 1. Association between increased expression of oncogenic phosphatase Wip1 and clinicopathologic characteristics in 84 patients with
lung adenocarcinoma
Wip1
Variable Total P-value
Negative Positive

No. patients (%) 84 30 (35.7) 54 (64.3) NA
Age in years, mean = SD (range) 67.3 £ 9.1 (42-81) 68.0 + 8.5 (49-80) 66.9 + 9.5 (42-81) 0.59*
Gender

Male/female 46/38 19/11 27/27 0.26
T factor

T1/T2/73/T4 45/31/3/4t 20/10/0/0 25/21/3/4 0.17
N factor

NO/N1/N2/N3 59/8/15/1% 24/3/3/0 35/5/12/1 0.49
M factor

MO/M1 82/1% 30/0 52/1 1.0
Stage

I/1i/71, IV 56/10/17+ 24/3/3 32/7/14 0.14
P factor

0/1/2/3 56/14/10/4 23/4/3/0 33/10/7/4 0.43
PA invasion

Negative/positive 67/15% 26/3 41/12 0.24
PV invasion

Negative/positive 47/35% 22/7 25/28 0.019
LY invasion

Negative/positive 50/32% 2277 28/25 0.058
TP53 expression

Negative/positive 45/39 16/14 29/25 1.0
v-H2AX expression

Negative/positive 46/38 25/5 21/33 <0.001

*P-value by Student’s t-test. Fisher's exact test was used for statistical analysis. tOne sample missing. ¥Two samples missing. LY, lymphatic duct;

NA, not applicable; PA, pulmonary artery; PV, pulmonary vein.

gender (P = 0.26), TNM stage (P = 0.14), T factor (P = 0.17),
P factor (P = 0.43) according to the criteria of the International
Staging System for Lung Cancer, lymph node metastasis (0.49),
distant metastasis (P = 1.0), cancer invasion to the pulmonary
artery (P = 0.24) or the lymphatic ducts (P = 0.058), or TP53
expression (P = 1.0). EGFR mutation was detected in 6 of 19
samples (31.6%). Wipl expression was not significantly related
to EGFR mutation (three samples with EGFR mutation in nine
Wipl-negative samples and 3 in 10 Wipl-positive samples;
33.3% and 30.0%, respectively; P = 1.0).

Increased expression of Wip1 related to poor patient
prognosis and proliferation of cancer cells. Using the data col-
lected from 84 study patients, we evaluated their prognosis and
its relationship to the expression of Wipl. We examined the OS
of Wipl-negative and Wipl-positive groups and found a statisti-
cally significant difference between the two groups using the
log-rank test (P = 0.0099). As shown, survival of Wipl-nega-
tive patients was greater than that observed for Wipl-positive
patients (Fig. 2). Moreover, using the Mann—Whitney U-test,
the Ki67 index level was higher in the Wipl-positive group than
in the negative group (Fig. 3). The median Ki67 index was 6%
and 10% in Wipl-negative and Wipl-positive tumors, respec-
tively. A univariate analysis indicated that among clinicopatho-
logical factors, tumor classification, lymph node metastasis, and
increased Wipl expression correlated with outcome (Table 2).
Further assessment using the Cox multivariate analysis indicated
that gender (male), lymph node metastasis, and increased Wipl
expression were statistically significant predictors for OS
(Table 2).

We also analyzed the RFI rate for increased Wipl expression.
In our study, the RFI rate in patients positive for increased Wip!
expression was notably lower than that in the negative group
(P = 0.013, log-rank test; data not shown). Univariate analysis
of RFI also indicated that increased Wipl expression correlated
with outcome (P = 0.018, hazard ratio; 2.9, 95% CI; 1.2-7.2).
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Fig. 2. Kaplan—Meier plot of the overall survival rate in 84 patients with
lung adenocarcinoma, and its relationship to expression of oncogenic
phosphatase Wip1. P-value determined using the log-rank test.

Increased expression of Wip1 also related to poor patient
prognosis in stage | lung adenocarcinoma. In the stage I cases,
32 (57.1%) and 24 (42.9%) patients were classified as Wipl
positive and Wipl negative, respectively (Table 1). A survival
analysis that included only stage I patients revealed that the
overall survival curve for the Wipl-positive group was lower
than the Wipl-negative group. The log-rank test showed that
the difference was statistically significant (P = 0.023) (Fig. 4).

Discussion

In the present study, we carried out IHC staining of human pri-
mary adenocarcinoma tissue specimens to detect the protein

Cancer Sci | May 2011 | vol. 102 | no.5 | 1103

© 2011 Japanese Cancer Association



P<0.04
]
80 - .
60 . B
g »
T 40
5 :
X
20 -
0 .
Wip1 negative Wip1 positive
n* 30 54
Median 6% 10%

Fig. 3. Ki67 index (%) in lung adenocarcinoma samples and its
relationship to the expression of oncogenic phosphatase Wip1. P-
value determined using the Mann-Whitney U-test. *n, number of
lung tumors.

Table 2. Univariate and multivariate analysis of the association
between the overall survival of 84 patients with lung adeno-
carcinoma and prognostic factors, by Cox proportional hazard models

Hazard 9.5%
Variable : Confidence P-value
ratio .
interval
Univariate
Age 1.0 1.3-14.6 0.93
Gender (male versus female) 0.51 0.21-1.3 0.14
T factor (T1<) 2.9 1.2-7.1 0.021
LN (negative versus positive) 3.8 1.6-8.9 0.002
PV invasion {negative 2.2 0.92-5.1 0.077
versus positive)
Wip1 (negative versus positive) 4.3 1.3-14.6 0.019
Multivariate
Age 1.0 0.97-1.1 0.42
Gender {male versus female) 0.31 0.11-0.84 0.031
T factor (T1<) 2.2 0.81-5.9 0.12
LN (negative versus positive) 3.4 1.3-9.2 0.015
PV {negative versus positive) 0.63 0.21-1.9 0.42
Wip1 (negative versus positive) 4.3 1.2-15.6 0.026

LN, lymph node metastasis; PV, invasion to pulmonary vein.

expression of oncogenic phosphatase Wipl and observed the
increased expression of Wip!l in tumor tissues, but not in normal
lung tissues. The increased Wipl expression was associated sig-
nificantly with lower overall survival rate of lung adenocarci-
noma patients. To our knowledge, this is the first study to detect
protein expression of Wipl in lung adenocarcinoma and to
report that Wipl expression might be a useful prognostic marker
for lung adenocarcinoma patient survival.

Using IHC staining, increased Wipl protein expression was
observed in 64.3% (54/84) of lung adenocarcinoma specimens
but was not detected in adjacent non-neoplastic lung tissues
(Fig. 1). In order to define the effects of increased Wipl expres-
sion on the prognosis of patients with lung cancer, a prognostic
analysis was carried out on follow-up data. The results of the
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Fig. 4. Kaplan-Meier plot of the overall survival rate in 84 patients
with lung adenocarcinoma and its relationship to expression of
oncogenic phosphatase Wip1 in stage | patients. P-value determined
using the log-rank test.

survival analysis showed that the OS rate in patients positive for
increased Wipl expression was notably lower than that of the
Wipl-negative group (Fig.2). These findings indicate that
increased Wip!l expression negatively affects the clinical course
and that increased Wip1 expression is correlated with malignant
behavior of tumors. Our Cox multivariate analysis indicated that
increased Wipl expression, gender (male), and lymph node
metastasis were significant prognostic predictors. It has been
reported that once lung adenocarcinoma was resected com-
pletely, women survived longer than male patients.*® Further-
more, a prognostic analysis that included only stage I cases
revealed that the OS rate of the Wip1-positive group was signifi-
cantly lower than that of the Wipl-negative group. These find-
ings suggest that increased Wipl expression may be used as
a reference index for molecular staging of patients with a high
risk of death who are likely to benefit from intensive adjuvant
therapy.

A number of recent reports indicate that Wipl overexpres-
sion in mouse embryonic fibloblasts and transgenic mice pro-
motes  cell transformation and  accelerated  cancer
progression.'4**?%  Furthermore, Wipl-disrupted mice are
resistant to mammary cancer, and even when tumors form in
such mice, their tumor cells have a lower proliferation poten-
tial."® It has been suggested that the effects of Wipl overex-
pression might be due to its dephosphor%/lation of p38, p53, and
regulators of p53 (ATM, Chkl, Chk2).!'" Although the direct
downstream effector of Wipl leading to tumor progression is
still unclear, we consider it more likely that increased Wipl
expression contributes to cell proliferation. For this reason, we
examined the relationship between increased Wipl expression
and cell proliferation. As an indicator of cell proliferation, we
used the Ki67 (MIB-1) expression index (determined by pathol-
ogists in the Division of Diagnostic Pathology, Kobe Univer-
sity). Using the Mann—Whitney U-test, the Ki67 index level
was higher in the Wipl-positive group than in the negative
group (Fig. 3). Moreover, the size of tumors (mm?) was slightly
greater in the Wipl-positive group than in the negative grou
(P = 0.062, Mann—-Whitney U-test, median; 12.0 vs 8.4 mm’,
data not shown). In the stage I patients, the Ki67 index levels
tended to be higher in the Wipl-positive group than in the neg-
ative group (P = 0.084, Mann—-Whitney U-test, data not
shown). In our study, increased expression of Wipl was signifi-
cantly associated with cancer invasion to the pulmonary vein
(P = 0.019) and tended to be related to cancer invasion to
the pulmonary lymphatic vessel (P = 0.058; Table 2). These

doi: 10.1111/].1349-7006.2011.01898.x
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results suggest that increased Wipl expression may enhance
cancer cell proliferation and tumor progression, resulted in can-
cer invasion to the tumor vessels.

Multiple studies showed that continuous formation of DNA
double-strand breaks might contribute to increased genomic
instability, leading to tumorigenesis, because of breach of a bar-
rier Ssuch as DNA damage response including p53 activa-
tion).**?>2%) In this study, IHC staining of y—HZAX protein
was carried out to detect presence of DNA damage in the tumor
tissues and y-H2AX expression was observed in 38 of 84 sam-
ples (45.2%; Table 1). Interestingly, our result showed that
increased expression of Wipl was significantly associated with
v-H2AX expression (P < 0.001). In the presence of DNA dam-
age (mdlcated by v-H2AX expression), Wipl expressxon mlght
be activated in the process of DNA damage response( It is
still unknown whether increased Wipl expression results from
genomic instability or not, and further studies will be required to
substantiate these notions.

Alterations of the p53 tumor suppressor gene are the most
common genetic chanoes found in human mahonanmes includ-
ing lung cancer.?” Although a number of clinical prognostic
studies of p53 mutations in lung cancer have been reported,
using either IHC or molecular analysis, their effects on survival
are unclear. Most studies suggest that the prognosis of patients
with mutanons in p53 are poorer than those devoid of such alter-
atxons,( however, others have reported an opposite relation-
ship.®~” In our study, overexpression of mutated p33 was
observed in 39 of 84 (46.4%) lung adenocarcinoma specimens
(Table 1). However, the presence of mutated p53 did not signifi-
cantly affect the overall survival rate (P = 0.85, data not
shown). It was previously reported that only one of eight pri-
mary breast tumors with elevated levels of Wipl showed p53
mutations and that Wipl overexpression correlated with a poor
prognosxs despite the absence of p53 mutations in the same
tumor.'*® In our studies (using THC staining) we did not observe
any association between increased Wipl expression and p53
mutations in lung adenocarcinoma (Table 1). Recently, it has
been reported that activating mutations of EGFR are present in a
subset of pulmonary adenocarcinomas and also prognostic for
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survival benefit.®"*? In this study, EGFR mutation was

detected in 6 of 19 lung adenocarcinomas (31.6%) and increased
Wipl expression was not significantly related to EGFR mutation
(three samples with EGFR mutation of nine Wipl-negative sam-
ples and 3 of 10 Wipl-positive samples; 33.3% and 30.0%,
respectively; P = 1.0). These results suggest that Wipl expres-
sion itself was not directly related to development of EGFR
mutation.

It has been recently reported that p38c MAPK is essential for
both proliferation and differentiation of lung stem and progeni-
tor cells, and that the downregulauon of p38a might result in
human lung tumorigenesis.®> According to these results, p38
MAPK that is dephosphorylated by Wipl can negatively regu-
late the action of EGFR in the proliferation and self-renewal of
lung stem and progenitor cells. Interestingly, p38 protein expres-
sion was approximately three times lower in human lung tumor
samples than that found in normal lung tissues. Thus, p38
dephosphorylation, resulting in upregulation of EGFR, might
explain why Wipl enhances the progression and malignancy of
lung adenocarcinoma. Although the downstream factor(s) in the
Wipl pathway that can explain the relationship between
increased Wipl expression and poor prognosis of lung adenocar-
cinoma patients is presently unknown, dephosphorylation of
p38, p53, and y-H2AX by Wipl may contribute importantly to
tumorigenesis and tumor progression. Thus, Wipl might be a
new lung cancer therapy target.

In conclusion, our results suggest that increased Wip!l expres-
sion in cancer cells in primary lung adenocarcinoma plays an
important role in the progression of lung adenocarcinoma and
acts as a negative factor for the prognosis of patients. These
results suggest that increased expression of Wipl can be used as
a reference index of molecular staging to select patients at high
risk of death as well as relapsed patients who may benefit from
intensive adjuvant therapy.
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