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Figure 3. Effect of 5-aza-dCyd and TSA treatment on RELN expression. (A) Demethylation of RELN in MKN1, MKN28 and TMK1 cells, before and after
exposure to 5 uM of 5-aza-dCyd at for 4 days, was analyzed by MSP as described in the legend to Fig. 2. PLC and M-DNA are as in Fig. 2. (B) Expression of
RELN determined by quantitative real-time RT-PCR in the MKN1, MKN28 and TMK(1 cell lines with or without treatment with 5-aza-dCyd (1 or 5 M) for

4 days and/or TSA (50 ng/ml) for 24 h.

We first assessed the methylation status of a subdomain
of the RELN CpG island (Fig. 2A) by MSP in the nine GC
cell lines lacking RELN expression. Seven of the nine cell
lines displayed exclusively methylated products, whereas
the MKN45 and AZ-521 cells yielded both methylated and
unmethylated products (Fig. 2B).

To confirm and quantify the methylation status of RELN
in these GC cell lines, we next assayed DNA methylation
levels of a subdomain of the RELN CpG island (Fig. 2A) by
the COBRA technique which involves bisulfite PCR followed
by restriction enzyme digestion. Consistent with the results
of MSP, the RELN CpG island was hypermethylated in all of
the nine GC cell lines and the MKN45 and AZ-521 cells
were partly unmethylated (Fig. 2C). Further analysis of the
PCR products by bisulfite-sequencing showed that the CpG
island is hypermethylated in two representative GC cell lines
(MKNI1 and MKN28) that lack RELN expression but not in a
non-tumor gastric epithelial tissue (SNT) (Fig. 2D). Taken
together, these data show that the RELN CpG island is
frequently hypermethylated in GC cells.

Role of DNA methylation and histone deacetylation in the
stlencing of RELN expression in GC cells. To investigate the
role of methylation of the RELN CpG island in silencing of
the RELN gene, we assayed the effect of demethylation of the
RELN CpG island on the expression of RELN mRNA. Three
of the GC cell lines that lack RELN expression (MKNI1,
MKN28 and TMK1) were therefore treated with 5-aza-dCyd,
a methyltransferase inhibitor, following which RELN mRNA

expression was assayed by quantitative real-time RT-PCR.
Demethylation of the RELN CpG island was observed by
PCR analysis (Fig. 3A) and was accompanied by restoration
of the expression of RELN mRNA in all three cell lines
(Fig. 3B). These data implied that methylation of the RELN
CpG island silences RELN mRNA expression.

We additionally observed elevated expression of RELN
mRNA after treatment with the histone deacetylase inhibitor,
TSA, and TSA treatment also enhanced expression of
RELN mRNA by 5-aza-dCyd in all three cell lines (Fig. 3B).
These findings suggested that histone deacetylation may also
contribute to transcriptional silencing of RELN.

Defective expression of the RELN protein in primary GC
tumors. To determine whether the silencing of RELN that was
observed in the GC cell lines was relevant for primary human
carcinomas, we compared the expression of the RELN protein
in 25 primary GC samples with that of the respective non-
tumor tissue by immunohistochemistry. The results of the
immunostaining of RELN are summarized in Table II, and
representative images are shown in Fig. 4. The RELN protein
was strongly expressed in the cytoplasm of all non-tumor
gastric epithelia (Fig. 4A-D). In contrast, expression of RELN
was weak or absent in GC tumors (Fig. 4E-H). For all of the
GCs, the expression of RELN was lower in the tumors than
in their non-tumor counterparts (Table II). When RELN was
detected in GC cells, it also localized in the cytoplasm.

To clarify the relationship between the level of the RELN
protein in GC tumors and various clinicopathological para-
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Table II. Expression levels of RELN protein in paired tumor
tissues and non-tumor tissues from 25 patients with GC.

RELN protein expression®

Tissue 2+ 1+ -
Non-tumor 25 (100%) 0 0
Tumor 0 15 (60%) 10 (40%)

a2+, strong; 1+, weak; -, absent.

meters, we correlated RELN expression with available clinical
data from the 25 patients. For this analysis the patients were
divided into two groups based on whether the expression of

the RELN protein was weak or absent (Table III). Absence of
RELN expression significantly correlated with advanced
tumor stage (stage III or [V).

Methylation of RELN in primary GC tumors. To determine
whether the methylation of the RELN CpG island observed in
GC cell lines also occurs in primary human carcinomas, we
assessed the methylation status of RELN in paired tumor
and non-tumor tissues from an additional 15 patients with
primary GC and in three normal gastric epithelial tissues by
COBRA. Twelve of the 15 patients were positive for H. pylori.
All 15 of the non-tumor gastric mucosal samples were from
patients that had endoscopically documented atrophic gastritis.
Methylation of RELN was observed in all 15 GC tumors and
in 12 of the 15 non-tumor gastric epithelial tissues, but not in
any of the three normal gastric epithelial tissues (Fig. 5A).
Although methylation of RELN was found in both GC tumors

Figure 4. Representative immunostaining of RELN in non-tumor gastric epithelia and in primary GC tumors. (A and B) Immunostaining (brown color) of
RELN in non-tumor gastric epithelia at low (A, x40) and high (B, x200) magnification. (C and D) Hematoxylin and eosin staining of the same specimens
shown in (A) and (B), respectively. (E-H) Immunostaining of RELN in primary GC tumors: intestinal type (E and F) and diffuse type (G and H). Expression
of RELN was weak (E and G) or absent (F and H) in primary GC tumors. Original magnification x200.
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Table I1I. Relationship between levels of expression of RELN
protein and clinicopathological features in 25 primary GCs.

RELN expression®
Features n 1+ - P-value®©
(n=15) (n=10)
Age
<70 12 7 5 0.89
>70 13 8 5
Gender
Male 17 12 5 0.13
Female 8 3 5
Histological type®
Intestinal type 13 9 4 0.28
Diffuse type 12 6 5
Stage (TNM)
Stage 111 17 13 4 0.01
Stage II/IV 8 2 6
Lymph node
metastasis
O] 12 9 3 0.14
+) 13 6 7

al+, weak; -, absent, ®Lauren's histological classification. %2 test.

] 2 3 4
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and in non-tumor tissues, the level of RELN methylation was
significantly higher in 13 of the 15 tumors when compared
with their non-tumor tissue counterparts (Wilcoxon signed-
rank test, P=0.001) (Fig. 5B). These findings are consistent
with the results of immunohistochemistry that indicate that
the expression of RELN is reduced in tumors compared with
their non-tumor counterparts.

Discussion

This is the first report that RELN is silenced in GC by aberrant
promoter hypermethylation and we have demonstrated this
silencing by a number of approaches. Thus, all nine GC
cell lines assayed lacked the expression of RELN mRNA.
Furthermore, methylation assays of GC cells by MSP,
COBRA, bisulfite-sequencing and 5-aza-dCyd and TSA drug
treatment, indicated that a CpG island in the 5' promoter
region of RELN, is hypermethylated. Methylation of the
RELN CpG island was found not only in GC cell lines but
also in all 15 primary GCs examined. Moreover, the
expression of the RELN protein was weak or absent in
primary GC tumors and RELN expression level was
significantly reduced in tumors compared with their non-
tumor counterparts. Our data further suggest that silencing of
RELN is associated with the progression of GC since the
absence, rather than the weak expression, of RELN
significantly correlated with a more advanced stage of
primary GC. The combined results indicate that methylation

5 L 7 3 9 10

NT T NI T NT

T NI T NY T
W

NIY T NT T NT'T NF T NT T

Methylationfevel (%) 38 72 26 &1 27 43 27 87 4 74 27 26 22 52 21 43 28 7S 20 02

11 12 13 14

15

L .
NT-T NT T NT T NT T NT T PLCONA NS1NS2NS3

Methylationlevel (%} 6 25 7 32

80

20

Mathylation lovel of RELN (%)

a0 24 15 3 8 14 O 100 Qo 9

P=0.001

NT

T

Figure 5. Analysis of RELN methylation in paired tumor and non-tumor tissues. (A) COBRA of RELN in paired tumor (T) and non-tumor (NT) tissues from
15 patients with primary GC and from three normal gastric epithelia (NS). The arrow and arrowheads indicate undigested products (U, unmethylated DNA)
and digested fragments (M, methylated DNA), respectively. Methylation levels of RELN were determined as described in Materials and methods and are
expressed as a percentage of the methylated DNA (M-DNA) positive control value. The value obtained for normal peripheral lymphocytes (PLC) was used as
the baseline (0%). (B) Plot of the methylation levels of RELN in paired tumors (T) and non-tumor tissues (NT) from 15 patients with primary GCs. The level
of RELN methylation was significantly higher in tumors when compared with their non-tumor tissue counterparts (Wilcoxon signed-rank test, P=0.001).
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of the RELN promoter contributes to the silencing of the
RELN gene and that silencing of the RELN gene plays a role
in GC tumor progression. However, the number of primary
GC samples examined in this study was relatively small.
Furthermore, it was not possible to directly determine the
correlation between levels of expression and methylation of
RELN in primary GCs due to the small amount of total RNA
that was obtained from the biopsy samples. Therefore,
further studies using a larger number of primary samples are
required to clarify the exact relationship between methylation
and RELN expression in primary GCs. _

Interestingly, methylation of RELN was also observed in
most of the non-tumor gastric epithelial tissues examined,
although levels of RELN methylation in non-tumor gastric
epithelial tissues were lower than those observed in GC
tumors. All of the non-tumor gastric mucosa showed atrophic
gastritis, and most of the patients from whom the samples
were taken were infected with H. pylori, the major cause of
chronic gastritis which leads to atrophic changes in the
gastric mucosa (26). Most GCs arise on a background of
atrophic gastritis (27). These findings suggest that methylation
of RELN occurs in precancerous atrophic gastritis and is
enhanced during the development and progression of GC.

Our immunohistochemical analyses, combined with the
histological examinations, suggested that RELN is expressed
mainly in the pepsinogen-secreting chief cells of gastric
epithelia. The physiological function of RELN in the
stomach is currently unclear but is an important issue for
future studies.

To date, varying levels of RELN expression have been
reported in cancers. High expression of RELN was reported
in 87.5% of esophageal cancers (28) and in 39% of prostate
cancers (29). Conversely, the expression of RELN was
reported to be only focal or completely absent in 72% of
pancreatic cancers in which the RELN promoter was
hypermethylated (14). Although the functional role of RELN
in tumorigenesis remains largely unknown, knockdown of
RELN in pancreatic cancer cells by small interfering RNA
resulted in enhanced cell mobility, invasiveness and colony-
forming ability (14). These findings suggest the possibility
that the loss of RELN might enhance cell metastasis. Clearly
further studies are required to fully understand the role of
RELN in tumorigenesis.

In conclusion, the expression of RELN is lost or highly
reduced by aberrant promoter hypermethylation in GCs.
Although the exact mechanism by which RELN contributes
to tumorigenicity remains to be elucidated, the data presented
in this study, together with the recent finding that the VLDLR
gene, whose product functions as the receptor for RELN,
is also epigenetically silenced in GC (9), clearly suggest
that disruption of the RELN pathway is involved in gastric
carcinogenesis.
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Infrequent Amplification of JUN in Hepatocellular Carcinoma
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Abstract. Aim: To determine whether JUN (the oncogene
encoding c-Jun protein) is amplified and overexpressed in
hepatocellular carcinoma (HCC). Materials and Methods:
DNA copy number aberrations were investigated using a
high-density oligonucleotide microarray. DNA copy numbers
were determined by fluorescence in situ hybridization.
Genomic DNA and mRNA were quantified using real-time
quantitative PCR. Results: A novel amplification was found
at the chromosomal region 1p32-31 in a JHH-2 HCC cell
line within which JUN is amplified and overexpressed.
However, no copy number gain of JUN (>2-fold) was
observed in 34 primary HCC tumors. Rather, a loss of JUN
(<0.5-fold) was seen in 13 (38%) out of the 34 tumors and
expression of JUN was significantly lower in 26 (70%) out
of the 37 HCC tumors compared with their nontumorous
counterparts. Conclusion: Although JUN was amplified and
overexpressed in JHH-2 HCC cells, amplification and
overexpression of JUN may be rare in primary HCCs.

Hepatocellular carcinoma (HCC) is the fifth most common
malignancy in men and the eighth most common in women
worldwide and is estimated to cause approximately half a
million deaths annually (1). Although the risk factors for
HCC are well characterized, the molecular pathogenesis of
this widespread type of cancer remains poorly understood (2).
Amplification of DNA in specific chromosomal regions
plays a crucial role in the development and progression of
human malignancies, specifically when proto-oncogenic
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target genes within those amplicons are overexpressed. To
identify genes potentially involved in HCC, we investigated
DNA copy number aberrations in human HCC cell lines
using high resolution single nucleotide polymorphism (SNP)
arrays (3-5). We found that a novel amplification at the
chromosomal region 1p32-31 occurs in HCC cell line and
that the human oncogene JUN, which lies within the 1p32-31
amplicon, is amplified and overexpressed.

The oncogene JUN encodes the protein c-Jun, a component
of the AP-1 transcriptional complex which regulates a wide
range of cellular processes, including cell proliferation, death,
survival and differentiation (6-8). JUN is the cellular homologue
of v-Jun, the transforming oncogene of the avian sarcoma virus
17 (9, 10). Many experimental approaches have indicated that
JUN plays an important role in carcinogenesis. Thus, JUN can
transform mammalian cells, when coexpressed with an activated
oncogene such as Ras or Src (11). Furthermore, transgenic mice
expressing JUN develop osteosarcoma in cooperation with c-
Fos (12). Recently, several lines of evidence have suggested that
JUN is implicated in human cancer, including highly aggressive
sarcomas (13), Hodgkin lymphomas (14) and acute myeloid
leukemia (15). Amplification of JUN has also recently been
described in highly aggressive sarcomas (13) and malignant
pleural mesotheliomas (16). Most important in terms of this
study, JUN also appears to be crucial for initiation of HCC
development in a mouse model (17).

Therefore, overexpression of JUN following amplification
may contribute to the initiation or progression of cancer,
including HCC. In this study, based on the findings of the
SNP-array analysis, we determined if JUN is indeed
amplified and overexpressed in primary HCC tumors.

Materials and Methods

Cell lines and tumor samples. A total of 21 liver cancer cell lines
(HCC-derived HLE, HLF, PLC/PRF/5, Li7, Huh7, Hep3B,
SNU354, SNU368, SNU387, SNU398, SNU423, SNU449,
SNU475, JHH-1, JHH-2, JHH-4, JHH-5, JHH-6, JHH-7, Huhl,

4989
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and the hepatoblastoma line HepG2) were obtained from the
Health Science Research Resources Bank (Osaka, Japan) and the
American Type Culture Collection (Manassas, VA, USA) and
were examined as described previously (3). All cell lines were
maintained in Dulbecco’s modified Eagle’s medium supplemented
with 10% fetal calf serum. Paired tumor and nontumor tissues
were obtained from 37 HCC patients who underwent surgery at
the Hospital of Tokyo Medical and Dental University. All
specimens were frozen immediately in liquid nitrogen and stored
at —80°C until required. Genomic DNA was isolated using the
Puregene DNA isolation kit (Gentra, Minneapolis, MN, USA) and
total RNA was obtained using Trizol reagent (Invitrogen,
Carlsbad, CA, USA). Thirty-four tumor samples were available
for DNA analyses, and 37 paired tumor and nontumor samples
were available for mRNA analyses. Prior to the study, informed
consent was obtained and the study was approved by Ethics
Committees.

SNP array. DNA copy number changes were analyzed by the
GeneChip Mapping 100K array (Affymetrix, Santa Clara, CA,
USA), as described previously (3). Copy number changes were
calculated using the Copy Number Analyzer for Affymetrix
GeneChip Mapping Arrays (CNAG; http://www.genome.umin.jp;
(18).

Fluorescence in situ hybridization (FISH). FISH was performed
using three bacterial artificial chromosomes (BACs), RP11-
1040N24, RP11-63G10 and RP11-960H15 as probes (Invitrogen),
as described previously (3). The BACs were selected based on their
homology to locations in the human genome according to the
database provided by the UCSC (http://genome.ucsc.edu/).

Real-time quantitative PCR. Genomic DNA and mRNA were
quantified using a real-time fluorescence detection method, as
described previously (3). The primers used were as follows: JUN DNA
forward; 5’-CAGGTGGCACAGCTTAAACA-3’, reverse: 5'-
TTTTTCTCTCCGTCGCAACT-3’; JUN mRNA forward: 5°-
CCCCAAGATCCTGAAACAGA-3’, reverse: 5’-CCGTTGCTGGA
CTGGATTAT-3". These primers were designed using Primer3Plus
(http://www.bioinformatics .ni/cgi-bin/primer3plus/ primer3plus.cgi) on
the basis of sequence data obtained from the NCBI database
(http://www.ncbi.nlm.nih.gov/). Endogenous controls for mRNA and
genomic DNA levels were GAPDH and long interspersed nuclear
element 1 (LINE-1), tespectively.

Statistical analysis. All statistical analyses were performed using
SPSS 15.0 software (SPSS Inc., Chicago, IL, USA). The Wilcoxon
signed-rank test was used to compare JUN mRNA levels between
tumorous and non-tumorous tissues. P-values of <0.05 were
considered significant.

Results

Detection of 1p32-31 amplification in a JHH-2 HCC cell line
by array analyses. Twenty HCC cell lines were screened for
DNA copy number aberrations using Affymetrix GeneChip
Mapping 100K array analysis. One of the 20 cell lines, JHH-
2, exhibited a high-level copy-number gain that is indicative
of gene amplification within the chromosomal region 1p32-

4990

31 (Figure 1A). The estimated extent of the region of
amplification was 3.9 Mb. This chromosomal region lies
between the Affymetrix markers SNP_A-1693528 and
SNP_A-1722104 and contains 27 known or predicted
protein-coding genes including JUN (Figure 1B). To confirm
amplification of JUN, we performed FISH analyses on JHH-
2 cells using the BACs RP11-1040N24, RP11-63G10 and
RP11-960H15 as probes. The BAC RP11-63G10, which
contains JUN, generated an amplified FISH signal (Figure
1D). In contrast, neither of the BACs RP11-1040N24 or
RP11-960H15, which correspond to chromosomal regions
outside of the amplicon, showed an amplified signal (Figure
1C and E).

DNA copy number and expression of JUN in liver cancer
cell lines. Amplification of JUN was further determined by
assay of the DNA copy number of JUN in 21 liver cancer
cell lines (20 HCC cell lines and the hepatoblastoma line
HepG2) by real-time quantitative PCR. For this analysis,
the copy number values were normalized by assigning the
copy number of genomic DNA derived from normal
lymphocytes a value of 1. Copy number changes were
counted as gains or losses if the copy number value for a
given tumor cell was >2.0 or <0.5, respectively. A copy
number gain-of-JUN was observed in 3 out of the 21 cell
lines: JHH-2, JHH-7 and PLC/PRF/S (Figure 2A). Loss of
JUN was observed in 1 out of the 21 cell lines: Huh7
(Figure 2A).

A common criterion for the designation of a gene as a
putative target of amplification is that its gene amplification
leads to its overexpression (19). To determine whether gene
amplification leads to overexpression of JUN, we assayed the
mRNA level of JUN in the same 21 liver cancer cell lines by
real-time quantitative PCR. JUN mRNA was overexpressed
in 2 out of the 3 cell lines (JHH-2 and JHH-7 but not
PLC/PRF/5) that had copy number gains of the JUN gene
(Figure 2B). These findings suggested that JUN could be the
target of the 1p32-31 amplicon.

DNA copy number and expression of JUN in primary HCC
tumors. To determine if the amplification and overexpression
of JUN that was observed in HCC cell lines was relevant to
primary human carcinomas, we first determined the copy
number of JUN in 34 primary HCCs using a similar method
to that used for the HCC cell lines. No copy number gain of
JUN (>2-fold) was observed in any of the tumors. Instead, a
loss of JUN (<0.5-fold) was seen in 13 (38%) out of the 34
tumors (Figure 3A).

‘We next further assayed the mRNA level of JUN in paired
tumor and nontumor tissues from 37 HCC patients (Figure
3B). The expression of JUN was significantly lower in 26
(70%) of the tumors compared with their nontumorous
counterparts (Wilcoxon signed-rank test; p=0.002).
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Figure 1. Map of the amplicon at 1p32-31 in the JHH-2 cell line. A, Copy number profiles for chromosome 1 in JHH-2 cells. Copy number values were
determined by SNP array analyses. B, The position of the Affymetrix SNP probes, the JUN gene and the three BACs chosen as probes for the FISH
experiment based on the UCSC genome database (htip:/igenome.ucsc.edul) is shown. C-E, Representative images of FISH on metaphase chromosomes
from JHH-2 cells using the following BAC probes: RP11-1040N24 (C), RP11-63G10 (D) and RP11-960H15 (E). RP11-63G10 shows an amplified
signal (arrow; D), while RP11-1040N24 and RP11-960H15 show one copy and two copies per cell, respectively (arrowheads; C and E).

Discussion

In the present study, we show that JUN is amplified and
overexpressed in the JHH-2 HCC cell line. This cell line is
derived from a Japanese HCC patient who was seronegative
for hepatitis B virus (HBV) surface antigen (20).
Furthermore, a copy number gain of JUN (>2-fold) was
observed in 3 out of the 21 liver cancer cell lines (including
JHH-2) that were tested and 2 of these 3 cell lines (JHH-2
and JHH-7) also showed enhanced mRNA expression of
JUN. However, no copy number gain of JUN was observed
in 34 primary HCC tumors that were examined. In fact, loss
of JUN (<0.5-fold) was seen in 13 (38%) out of the 34
tumors. This loss of JUN in primary HCCs is consistent with
previous studies that identified a frequent loss of DNA in
HCCs at the chromosomal location where JUN resides
(1p32-31) in comparative genomic hybridization and DNA
microarray studies (21, 22). These findings suggest that
amplification of JUN is rare in primary HCCs. However, the
number of primary tumor samples examined in this study

was relatively small. Further analysis of a greater number of
primary samples is required to confirm the status of JUN
amplification in primary HCCs.

The overall levels of the JUN protein product c-Jun are
regulated by transcriptional and translational mechanisms and
fine-tuning is achieved by post-translational modification,
primarily by phosphorylation (23). Our analysis focused on
JUN mRNA levels and further study is required to determine
the mechanism and functional significance of the regulation
of c-Jun protein levels in HCC. Real-time quantitative PCR
analyses of primary HCC samples showed that expression of
JUN mRNA is lower in tumors than in their nontumorous
counterparts. These data are consistent with the fact that JUN
is usually not overexpressed in human tumors (7). However,
the low level of JUN in tumors does not necessarily imply
that JUN does not have oncogenic potential in HCC. Several
lines of evidence demonstrate a liver-specific function of JUN
for cell survival and cell-cycle progression. JUN is essential
for normal hepatogenesis during embryonic development (24,
25). Differentiated hepatocytes also require JUN for cell-cycle
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Figure 2. DNA copy number and expression of JUN in liver cancer cell lines. A, DNA copy number of JUN in 21 liver cancer cell lines (20 HCC
cells and one hepatoblastoma line HepG2) and four different peripheral blood lymphocyte samples (normal cell controls) was evaluated by real-time
quantitative PCR with reference to LINE-1 controls, Values are normalized such that the average copy number in genomic DNA derived from normal
lymphocytes has a value of 1 (solid horizontal line). A value greater than the cut-off value of 2, which represents a twofold increase in copy number
over that of normal lymphocytes, was.used to determine copy number gain and is shown as a broken line. A value less than the cut-off value of 0.5,
which represents one half of the copy number of normal lymphocytes, was used to determine copy number loss and is shown as a dotted line. B,
Relative expression levels of JUN in 21 liver cancer cell lines, as evaluated by real-time guantitative PCR, are shown. The results are presented as
a ratio between the expression level of JUN and a reference gene (GAPDH) to correct for variation in the amount of RNA.
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Figure 3. DNA copy number and expression level of JUN in primary HCC tumors. A, The copy number of JUN in 34 primary HCC tumors and four
normal peripheral blood lymphocyte samples was determined as described in the Materials and Methods Section. B, The relative expression of JUN
in paired tumor (T} and nontumor tissues (NT) from 37 patients with primary HCC was determined as described in the Materials and Methods Section.

progression since conditional knockout of JUN in adult livers
reduced the proliferation capacity of hepatocytes after partial
hepatectomy, a strong inducer of cell-cycle reentry (26).
However, the exact mechanism by which JUN contributes
to tumorigenicity remains to be elucidated. JUN is located at
the end of cellular signaling cascades that include oncogenes
that are important for human tumorigenesis (7). The terminal
position of JUN in cellular signaling pathways make JUN a
participant in numerous and diverse mechanisms of
oncogenesis. In order to fully understand the role of JUN in
HCC it is therefore important to clarify the network of

downstream target genes of JUN in HCC. Although our
examination did not demonstrate the amplification of JUN in
primary HCCs, the data presented in this work clearly show
JUN amplification and overexpression in JHH-2 HCC cells.
The JHH-2 cell line therefore provides an efficient tool for
analyses of the relationship between JUN and oncogenesis.
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Defective expression of polarity protein PAR-3 gene (PARD3)
in esophageal squamous cell carcinoma

K Zen', K Yasui', Y Gen', O Dohi', N Wakabayashi!, S Mitsufuji!, Y Itoh', Y Zen?
Y Nakanuma?, M Taniwaki®, T Okanoue'* and T Yoshikawa'

! Department of Molecular Gastroenterology and Hepatology, Graduate School of Medical Science, Kyoto Prefectural University of
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’Department of Molecular Hematology and Oncology, Graduate School of Medical Science, Kyoto Prefectural University of
Medicine, Kyoto, Japan and *Department of Hepatology, Saiseikai Suita Hospital, Suita, Japan

The partition-defective 3 (PAR-3) protein is implicated in
the formation of tight junctions at epithelial cell-cell
contacts. We investigated DNA copy number aberrations
in human esophageal squamous cell carcinoma (ESCC)
cell lines using a high-density oligonucleotide microarray
and found a homozygous deletion of PARD3 (the gene
encoding PAR-3). Exogenous expression of PARD3 in
ESCC cells lacking this gene enhanced the recruitment
of zonula eccludens 1 (Z0O-1), a marker of tight junctions,
to sites of cell-cell contact. Conversely, knockdown
of PARD3 in ESCC cells expressing this gene caused
a disruption of ZO-1 localization at cell-cell borders.
A copy number loss of PARD3 was observed in 15%
of primary ESCC cells. Expression of PARD3 was
significantly reduced in primary ESCC tumors compared
with their nontumorous counterparts, and this reduced
expression was associated with positive lymph node
metastasis and poor differentiation. Our results suggest
that deletion and reduced expression of PARD3 may be a
novel mechanism that drives the progression of ESCC.
Oncogene (2009) 28, 2910-2918; doi:10.1038/onc.2009.148;
published online 8 June 2009

Keywords: PAR-3; PARD3; esophageal squamous cell
carcinoma; homozygous deletion; tight junction; meta-
stasis

Introduction

Esophageal cancer is the sixth leading cause of cancer
mortality worldwide (Enzinger and Mayer, 2003). Of the
two main histological subtypes of esophageal cancer,
squamous cell carcinoma is prevalent worldwide, although
the incidence of adenocarcinoma has been increasing in
North America and Europe (Vizcaino et al., 2002).
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Inactivation of tumor suppressor genes is critical to
the development and progression of human malignan-
cies. Much effort has been put into finding homozygous
deletions in cancer cells in the expectation that they
harbor tumor suppressor genes. Suppressor genes that
have been identified partly from homozygous deletions
include CDKN2A4 (Kamb et al., 1994), PTEN (Li et al.,
1997) and SMAD4 (Hahn et al., 1996). The recent
introduction of high-density oligonucleotide micro-
arrays designed for typing of single nucleotide poly-
morphisms (SNPs) facilitates high-resolution mapping
of chromosomal amplifications, deletions and losses
of heterozygosity (Mei et al., 2000; Zhao et al., 2004).

Cell polarization and the formation of cell-—cell
junctions are coupled processes that are essential to
tissue morphogenesis (Macara, 2004). Loss of cell—cell
adhesion and cell polarity is commonly observed in
advanced tumors and correlates strongly with their
invasion into adjacent tissues and the formation of
metastases (Wodarz and Néthke, 2007).

It has become apparent that polarity is largely
regulated by a conserved set of proteins referred to as
partition-defective (PAR) proteins (Kemphues et al.,
1988; Macara, 2004; Suzuki and Ohno, 2006). These
proteins were first identified in the zygote of Caenor-
habditis elegans, where they specify the anterior-poster-
ior body axis. They are also essential for asymmetric cell
division in Drosophila melanogaster. The mammalian
homologs of the C. elegans polarity proteins have
evolutionarily conserved functions in the establishment
of cell polarity in various cell types. One of these
homologs, PAR-3, contains one self-oligomerization
domain in the N terminus, three PDZ protein interac-
tion domains and one atypical protein kinase C (aPKC)-
binding domain (Izumi et al., 1998; Joberty et al., 2000;
Lin et al., 2000; Assémat et al., 2008). These domains
enable PAR-3 to form a conserved protein complex with
PAR-6 and aPKC (Macara, 2004; Suzuki and Ohno,
2006). In mammalian epithelial cells, this PAR-3~PAR-
6-aPK.C complex assembles at tight junctions, where it
is necessary for the establishment of apico-basal
polarity.

Thus, deletion of PAR protein genes in tumor cells
may disrupt cell polarity and adhesion. To identify the
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genes that are potentially involved in human esophageal Copy number and expression of PARD3 in ESCC cell
squamous cell carcinoma (ESCC), we investigated DNA lines
copy number aberrations in ESCC cell lines using high- We analysed the DNA copy number and expression
resolution SNP arrays. We show that the gene encoding  level of PARD3 in 20 ESCC cell lines and normal
human PAR-3 protein, PARD3, is homozygously  lymphocytes and in esophageal epithelial cells as a
deleted in ESCC cells, and that this deletion affects the  control (Figure 2). Comparison with normal esophageal
formation of tight junctions in these cells. Furthermore, epithelial cells showed lower expression of PARD3 in 18
we show that reduced expression of PARD3 is  of the 20 ESCC cell lines (Figure 2b). The absence of the
associated with the aggressiveness of primary ESCC ~ PARD3 gene in the KYSE30 and KYSE270 cell lines
tumors. was confirmed by real-time quantitative reverse tran-
scription (RT)-PCR and immunoblot analyses. These
assays did not detect the expression of PARD3 mRNA
Results and the PAR-3 protein, respectively (Figures 2b and c).
» Analyses of the cell lines by real-time quantitative
Identification of homozygous deletion of PARD3 RT-PCR and immunoblot indicated varying expression
To identify genes potentially involved in ESCC, we  levels of PARD3 mRNA, and three forms of the
screened for DNA copy number aberrations in 20 ESCC ~ PAR-3 protein with molecular weights of 180, 150 and
cell lines by Affymetrix GeneChip Mapping 250K array 100 kDa, respectively (Figures 2b and c).
analysis. Of the 20 cell lines screened, KYSE30 and
KYSE270 cells exhibited homozygous deletions at the
chromosomal region 10p11 (Figure l1a). The estimated  PAR-3-dependent recruitment of ZO-1 to sites of celi—cell
extent of the common region of deletion was ~280kb  contact in ESCC cells
between the markers SNP_A-2051960 and SNP_A-  To determine whether the deletion of PARD3 leads to
1867256, which includes a single gene PARD3 (Supple-  defective tight junction formation in ESCC cells, we
mentary Figure S1). The extent of the shortest region of ~ determined the effect of PARD3 deletion on the
overlap of homozygous deletions was narrowed down to subcellular localization of zonula occludens 1 (ZO-1),
exons 3-22 of PARD3 by genomic PCR analyses a marker of cellular tight junctions (Stevenson et al.,
(Figures 1b and c). 1986). For this purpose, we compared the colocalization
a
C
5 PARD3
avo :
E2 exon2
38
+
§ g exon3 g3
- on R
b 33.5 34.0 34.5 35.0 355  eyxon24
position along | 1 L i 1
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252423 2221 4 3 2 1 e gREY
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Figure 1 Homozygous deletion of PARD3 in ESCC cell lines. (a) Chromosome 10 cytoband map and copy numbers determined by
Affymetrix GeneChip Mapping 250K arrays of KYSE30 and KYSE270 cells. Arrows indicate the loci for homozygous deletions at
position 10p11. (b) Map of 10p11 encompassing the region that is homozygously deleted in K’YSE30 and KYSE270 cells. The position
of the Affymetrix SNP probes, the two genes (VRP! and PARD3) and the exons of PARD3 is shown according to the UCSC genome
database 2006 (http://genome.ucsc.edu/). Horizontal arrows indicate the regions homozygously deleted in KYSE30 and K'YSE270 cells
as determined by genomic PCR analyses (see panel ¢). The horizontal white closed arrow indicates the minimal common region of
deletion. (¢) PCR analysis of each exon of the PARD3 and NRPI genes using a genomic DNA template derived from six ESCC
cell lines.
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Figure 2 Copy number and expression level of PARD3 in 20 ESCC cell lines. (a) The copy number of PARD3 in 20 ESCC cell lines as
measured by real-time quantitative PCR with reference to the LINE-1 control. Values are normalized such that the copy number in
genomic DNA derived from normal lymphocytes has a value of 1. (b) Relative expression levels of PARD3 in 20 ESCC cell lines and
normal esophagus as evaluated by real-time quantitative reverse transcription (RT)-PCR. The results are presented as the expression
level of each gene relative to a reference gene (ACTB) in order to correct for variations in the amount of RNA. (¢) Immunoblot
analyses of protein levels of PAR-3 in the indicated cell lines. f-Actin was used as an internal control.

of PAR-3 and ZO-1 by immunofluorescence in two
PARD3-expressing cell lines (T.T and TE-4) with
that in two cell lines lacking PARD3 (KYSE30 and
KYSE270). ZO-1 colocalized with PAR-3 at sites of
cell-cell contact in T.T and TE-4 cells (Figure 3a). In
contrast, ZO-1 was only weakly observed at sites of cell-
cell contact in KYSE30 cells and was barely detected in
KYSE270 cells (Figure 3a), despite the fact that the
Z0-1 protein could be detected by immunoblotting in all
cell lines (Figure 3b). As expected, the expression of

Oncogene

PAR-3 was not detected in KYSE30 or KYSE270 cells
(Figure 3a).

To further confirm that the absence of PAR-3 was the
cause of the aberrant localization of ZO-1 in the
KYSE30 and KYSE270 cells, we determined whether
transfection of PARD3 into these cells could restore ZO-
1 localization to tight junctions. After transfection, the
expression of PAR-3 (molecular weight, 180kDa) in
the PARD3-transfected KYSE30 and KYSE270 cells
was detected by immunoblotting analysis (Figure 4a).
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Figure 3  Effect of PARD3 deletion on the subcellular localization of ZO-1. (a) Subcellular localization of PAR-3 and ZO-1 in PAR-3-
expressing (T.T, TE-4) and non-expressing (K YSE30, KYSE270) cells. The cells were doubly stained with anti-PAR-3 (green) and anti-
ZO-1 (red), and were viewed with a confocal laser scanning microscope. PAR-3 and ZO-1 colocalized at cell-cell borders in the T.T
and TE-4 cells. The nuclear staining observed with anti-PAR-3 in the K’YSE30 and KYSE270 cells is probably nonspecific because of
the absence of PARD3. Original magnifications, x 1000. (b) Immunoblotting analyses of ZO-1 and P-actin, used as an internal control,
in 11 ESCC cell lines.
Immunocytochemistry showed that, in addition to a (Figure 4a). Suppression of the PAR-3 expression by
diffuse staining, PAR-3 could now be detected in a siRNA caused a disruption of localization of ZO-1 at
linear manner "at cell-cell borders in the PARD3-  cell-<ell borders (Figure 4b), although the total level of
transfected KYSE30 and KYSE270 cells, in which it 70-1 was unchanged (Figure 4c). Taken together, these
colocalized with ZO-1 (Figure 4b). Transfection of  findings suggest that PAR-3 promotes the recruitment
PARD3 led to a stronger staining of ZO-1 at sites of  of ZO-1 to sites of cell-cell contact.
cell-cell contact compared with control-transfected cells
(Figure 4b). This was despite the fact that the total level
of ZO-1 was the same in PARD3 and control  PAR-3 and cell migration .
transfectants (Figure 4c). Knockdown of the PARD3  To investigate the role of PAR-3 in cell motility, we
expression in T.T cells was carried out using RNA  performed a monolayer wound-healing assay in
interference (RNAi). After treatment of T.T cells with ~ knockdown T.T cells. Knockdown of the PARD3
small interfering RNA (siRNA) targeting PARD3, we  expression was conducted as described above. Wound
observed a decrease in the PAR-3 protein level relative ~ closure was shown to be unchanged among PARD3
to that observed for cells receiving negative control  siRNA-treated cells, negative control siRNA-treated
siRNA, transfection agent alone or left untreated  cells and untreated cells (Supplementary Figure S2).
Oncogene
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Figure 4 Effect of enforced expression of PARD3 or knockdown of PARD3 expression on the subcellular localization of ZO-1.
KYSE30 and KYSE270 cells were transfected with the PARD3 expression vector or with an empty vector (EV). T.T cells were treated
with siRNA targeting PARD3, control siRNA, transfection agent (lipofectamine) alone or left untreated. (a) Immunoblot analysis of
PAR-3. Analysis of B-actin served as an internal control. (b) Subcellular localization of PAR-3 and ZO-1 in transiently transfected
cells. The cells were doubly stained with anti-PAR-3 (green) and anti-ZO-1 (red), and were viewed with a confocal laser scanning
microscope. Original magnification, x 1000. (¢) Immunoblot analyses of ZO-1 and an internal control, B-actin.
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This suggests that the suppression of PAR-3 may not
affect cell migration.

Analysis of PARD?3 defects in primary tumors

To determine whether the loss of PARD3 observed
in KYSE30 and KYSE270 carcinoma cell lines
was relevant to primary carcinomas in humans, we
first determined the DNA copy number of PARD3
in 40 primary ESCC tumors (Figure 5a). For this
analysis, the values were normalized such that the
copy number in genomic DNA derived from
normal lymphocytes was given a value of 1. Copy
number changes were counted as losses if the results of
the analysis for a given ESCC tumor were <0.7
(Berggren et al., 2003). Using these parameters, a
copy number loss of PARD3 was observed in 6 (15%)
of the 40 tumors.

We then further quantified the mRNA levels of
PARD3 in the available paired tumor and nontumor
tissues from 33 ESCC patients (Figure 5b). Patient and
tumor characteristics are summarized in Supplementary
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Figure 5 Copy number and expression level of PARD3 in primary
ESCC tumors. (a) The copy number of PARD3 in each of 40
primary ESCC tumors was determined as described in Figure 2a.
Values are represented as the meanzs.d. of three independent
experiments. Asterisks indicate tumors with a loss (<0.7) of
PARD3. The copy number of normal lymphocytes served as a
control. (b) The relative expression of PARD3 in paired tumor (T)
and nontumor tissues (NT) from 33 patients with primary ESCCs
was determined as described in Figure 2b. P-values of <0.05 were
considered significant.
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Table S2. The expression of PARD3 mRNA was
significantly reduced in 23 (70%) of the 33 tumors when
compared with their nontumorous tissue counterparts
(Wilcoxon signed-rank test, P=10.017). To clarify the
relationship between the expression level of PARD3 and
various clinicopathological parameters, we correlated
the PARD3 expression level with clinical data that was
available for 28 of the patients. For this purpose, tumors
were divided into one of two groups based on reduction
in PARD3 levels: tumor tissue (T) <nontumor tissue
(NT), or not reduced (T=NT). Reduced expression of
PARD3 was significantly associated with a younger age
(< 65 years), positive lymph node metastasis and poor
differentiation (Table 1). These findings suggest that
reduced expression of PARD3 is important not only for
cancer cell lines but also for the tumorigenic properties
of primary tumors.
Discussion
Homozygous deletions have been useful in the
positional cloning of a number of tumor suppressor
Table 1 Relationship between clinicopathological features and levels
of expression of PARD3 in 28 primary ESCCs
Characteristics PARD3 P-value*
T<NT T=NT
(n=18) (m=10)
Age (years)
<65 11 2 0.037
>65 7 8
Gender
Male 14 8 0.891
Female 4 2
Tumor diameter {(cm)
<3cm 6 7 0.062
>3cm 12 3
Stage
I/i1 8 7 0.194
v 10 3
T classification
T1/T2 8 7 0.194
T3/T4 10 3
N status
NO 5 7 0.031
N1 13 3
M status
Mo 15 10 0.172
M1 3 0
Histological differentiation
Well/moderate 11 10 0.023
Poor 7 0
Abbreviations: ESCC, esophageal squamous cell carcinoma;
NT, nontumor tissue; T, tumor tissue.
ay2-Test.
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genes (Friend et al, 1986; Kamb et al, 1994
Hahn et al., 1996; Li et al., 1997). A putative tumor
suppressor is believed to lie on the chromosomal region
10p in ESCC (Aoki et al., 1994). In this study, using high-
density SNP arrays, we identified a novel homozygous
deletion at the chromosomal region 10pl1 in 2 out of 20
ESCC cell lines. Subsequent detailed analyses narrowed
down the extent of the shortest region of overlap of the
homozygous deletions to exons 3-22 of the gene PARD3.
Recently, homozygous deletion of PARD3 has been
reported in two lung cancer cell lines (Nagayama et al.,
2007).

A few studies have suggested an association of
PARD3 with tumors (Fang and Xu, 2001; Zitzelsberger
et al., 2004), and PARD3 was reported to be amplified in
radiation-transformed neoplastic retinal pigment epithe-
lial cell lines (Zitzelsberger et al., 2004). Also, various
splicing transcripts of PARD3 are expressed in primary
hepatocellular carcinomas, and the expression of exon
17b deleted PARD3 variants is downregulated in these
carcinomas compared with the surrounding nontumor-
ous liver tissues (Fang and Xu, 2001). However, the
biological function of PARD3 and its clinical signifi-
cance for cancer are poorly understood. In this study, a
gain of PARD3 copy number (defined as twice the level
of normal DNA) was observed in only 1 of the 20 ESCC
cell lines tested (TE4 cells) and in none of the 40 primary
ESCC tumors analysed. Conversely, a loss of PARD3
was detected in 15% of the primary ESCC tumors
examined, and a reduced expression of PARD3 mRNA
was found in primary ESCC tumors compared with
their nontumorous counterparts. The reduced expres-
sion of PARD3 was associated with aggressive ESCC
phenotypes, such as positive lymph node metastasis and
poor differentiation. To validate these results at the
protein level, we unsuccessfully tried to carry out the
immunohistochemical analysis of PAR-3 on formalin-
fixed and paraffin-embedded sections of primary ESCC
specimens. We assume that the anti-PAR-3 antibody is
not suitable for formalin-fixed and paraffin-embedded
sections. Further studies in more numerous primary
samples and studies using immunohistochemistry
are needed to determine the clinical importance of
PAR-3 in ESCC.

PAR-3 has been implicated in the formation of
normal tight junctions at epithelial cell-cell contacts
(Joberty et al., 2000; Macara, 2004; Chen and Macara,
2005; Suzuki and Ohno, 2006). PAR-3 plays the role of
a scaffold in the recruitment of proteins, such as PAR-6
or aPKC, that are involved in the formation of these
junctions (Assémat et al, 2008). In agreement with these
data, our immunocytochemical analyses showed that
PAR-3 colocalized with the tight junction component,
Z0-1, at sites of cell-cell contact in T.T and TE-4 cells
that express PARD3. Unexpectedly, ZO-1 was weakly
detected at sites of cell-cell contact in KYSE30 cells that
lack PARD3. On the other hand, ZO-1 was barely
detected in KYSE270 cells, which also lack PARD3.
Exogenous expression of PARD3 resulted in the
recruitment of ZO-1 to sites of cell-cell contact in
KYSE30 and KYSE270 cells without affecting the

ncogene

expression level of ZO-1. Conversely, knockdown of
PARD3 in T.T cells that express this gene caused a
disruption of localization of ZO-1 at cell-cell borders.
Taken together, these findings suggest that PAR-3
promotes the recruitment of ZO-1 to sites of cell-cell
contact, although it may not always be essential for
this localization of ZO-1. The finding that PARD3
affects the formation of tight junction in ESCC
cells might partially explain the observed association
between the reduced expression of PARD3 and positive
lymph node metastasis, and between poor differentia-
tion of primary ESCCs. However, our wound-healing
assay did not show any effect of PAR-3 on cell
migration. Further functional studies are needed to
determine the implication of PAR-3 in ESCC invasion
and metastasis.

Our finding that PAR-3 is important, but not
essential, for tight junction formation and ZO-1 recruit-
ment are in partial agreement with previous observa-
tions. The targeted disruption of the mouse PAR-3 gene
(Pard3) results in embryonic lethality with defective
epicardial development (Hirose et al., 2006). Pard3-
deficient epicardial progenitor cells do not form
epicardial cysts from which the epicardium is derived.
These cells show defects in the localization of PAR-6
and aPKC to the apical domain, but a normal
localization of ZO-1 to cell—cell junctions. Interestingly,
not all epithelial cells are affected in the Pard3-deficient
embryo, which may be due to the proposed functional
redundancy of PAR-3 and the PAR-3-related protein
PAR-3L/PAR-3} (Gao et al., 2002; Kohjima et al.,
2002). The function of PAR-3 has also been examined in
MDCK II canine epithelial cells (Chen and Macara,
2005). In that study, withdrawal of calcium from the
medium caused rapid loss of cell-cell junctions, which
could be reversed by the re-addition of calcium (a
calcium switch experiment). The normal relocalization
of tight junction components at cell-cell contacts within
30min after re-addition of calcium was profoundly
delayed in cells lacking PAR-3, although tight junctions
could eventually form even without re-expression
of PAR-3.

The exact mechanism by which PAR-3 modulates
tight junctions and contributes to tumorigenicity
remains to be elucidated. Besides PAR-6 and
aPKC, PAR-3 also interacts with other proteins
such as 14-3-3, LIMK?2 and the Rac-specific guanine
nucleotide exchange factor STEF/Tiaml (Humbert
et al., 2006, Assémat et al., 2008). Moreover, recent
studies have shown that the PAR-3-PAR-6-aPKC
complex associates with the tumor suppressor VHL
(von Hippel-Lindau protein) or with PTEN (phospha-
tase and tensin homologue deleted on chromosome ten)
(Wodarz and Nithke, 2007), suggesting potential
mechanisms by which PAR-3 might modulate
tumorigenicity. Although the mechanism of PAR-3
function in tumors remains to be eclucidated and
the findings must be verified in a larger sample
number, the data presented in this work clearly suggest
a role for PAR-3 deletion in the tumorigenesis
of ESCC.
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Materials and methods

Cell lines and primary tumors

The ESCC cell lines TE-1, TE-S5, TE-9, TE-15 and EC-GI-10
were obtained from RIKEN Bioresource Center (Tsukuba,
Japan); T.T, T.Tn, KYSE30, KYSE70, KYSE110, KYSE140,
KYSE150, KYSE220 and KYSE270 were from Japan Health
Sciences Foundation (Osaka, Japan); and TE-4, TE-6, TE-§,
TE-10, TE-11 and TE-14 were from Cell Resource Center for
Biomedical Research, Tohoku University (Sendai, Japan). All
cell lines were maintained in Dulbecco’s modified Eagle’s
medium supplemented with 10% fetal bovine serum. Genomic
DNA was isolated from the cell lines with the DNeasy Mini
Kit (Qiagen, Tokyo, Japan).

Paired tumor and nontumor tissues were obtained during
upper gastrointestinal endoscopic inspection from 40 ESCC
patients who underwent biopsy for diagnostic purposes at the
Hospital of Kyoto Prefectural University of Medicine (Kyoto,
Japan). All biopsy specimens were immediately frozen in liquid
nitrogen and stored at —80 °C until required. Genomic DNA
and total RNA were isolated from primary samples with the
AllPrep DNA/RNA Mini Kit (Qiagen). All tumor samples
were available for DNA analyses, and 33 paired tumor and
nontumor samples were available for mRNA analyses. Before
the study, informed consent was obtained and the study was
approved by ethics committees.

Array analysis

Array analyses were carried out with the GeneChip Mapping
250K Sty array (Affymetrix, Santa Clara, CA, USA) according
to the manufacturer’s instructions. In brief, 250 ng of genomic
DNA was digested with a restriction enzyme (StyI), ligated to
an adaptor and amplified by PCR. Amplified products were
fragmented, labeled by biotinylation and hybridized to the
microarrays. Hybridization was detected by incubation with
streptavidin—phycoerythrin conjugates, followed by scanning
of the array, and analysis was carried out as described earlier
(Kennedy et al., 2003). Copy number changes were calculated
using the Copy Number Analyzer for Affymetrix GeneChip
Mapping Arrays (CNAG; http://www.genome.umin.jp;
Nannya et al., 2005).

PCR analysis

Conventional PCR was performed using Ex Taq DNA
Polymerase (Takara, Otsu, Japan) as described by the
manufacturer. Genomic DNA and mRNA were quantified
with a real-time fluorescence detection method as described
earlier (Inagaki e al.,, 2008). Total RNA derived from normal
human esophageal epithelial cells was purchased from Ambion
(Austin, TX, USA). Single-stranded ¢cDNAs were generated
from total RNAs using QuantiTect Reverse Transcription Kit
(Qiagen). Primers used for genomic PCR and RT-PCR are
listed in Supplementary Table Si1. Endogenous controls for
mRNA and genomic DNA levels were ACTB and the long
interspersed nuclear element 1 (LINE-1) (Zhao et al., 2004),
respectively.

Immunoblotting

Immunoblots were prepared according to the previously
reported methods (Yasui er al., 2001). Cell lysates (20ug
protein per sample) were separated by SDS-polyacrylamide
gel electrophoresis using 10% acrylamide gels. The anti-PAR-3
polyclonal antibody was obtained from Upstate Biotechnology
(Lake Placid, NY, USA), the anti-B-actin monoclonal anti-
body from Sigma-Aldrich (Tokyo, Japan) and the anti-ZO-1
monoclonal antibody from Zymed (South San Francisco, CA,
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USA). The anti-PAR-3, anti-ZO-1 and anti-B-actin antibodies
were used for immunoblotting at dilutions of 1:500, 1:250
and 1:5000, respectively. For secondary immunodetection,
anti-rabbit or anti-mouse immunoglobulin (Ig) (Amersham,
Tokyo, Japan) was diluted 1:5000. Protein binding was
detected using the ECL system (Amersham).

Transient expression of PARD3

The full-length human PARD3 ¢cDNA (clone ID: I0H62499)
was obtained from Invitrogen (Carlsbad, CA, USA) and was
subcloned into pcDNA3.2/V5-DEST vector (Invitrogen) to
generate a mammalian expression vector. The PARD3
expression vector, or an empty vector, was transfected into
KYSE30 and KYSE270 cells using the Effectene Transfection
Reagent Kit (Qiagen) according to the manufacturer’s
instructions. After 48h incubation, the cell lysates were
analysed by immunoblotting for detection of the expression
of PAR-3 protein,

RNAi

Small interfering RNA duplex oligoribonucleotides targeting
PARD3 (5¥-AAUGAUGGGUGUACGCAUGGCUUGG-3)
and control (non-silencing) siRNA duplexes were synthesized
by Invitrogen in order to investigate the role of PAR-3 in ZO-1
localization and cell motility. The siRNAs were delivered into
T.T cells using Lipofectamine RNAIMAX (Invitrogen),
according to the manufacturer’s protocol.

Immunofluorescence microscopy

KYSE30 and KYSE270 cells were transfected with the PARD3
expression vector or the empty vector. T.T cells were
transfected with either siRNA targeting PARD3 or negative
control siRNA. After 24 h incubation, the cells were collected,
reseeded on glass slides and incubated overnight. The cells
were fixed with 3.7% formaldehyde, permeabilized with 0.2%
Triton X-100 and incubated with phosphate-buffered saline
containing 1% bovine serum albumin. The cells were then
treated with a mixture of anti-PAR-3 and anti-ZO-1 antibodies
at a dilution of 1:500 and 1:100, respectively, for 1 h at 37°C.
The second antibodies used were a mixture of fluorescein
isothiocyanate-conjugated anti-rabbit Ig (Cappel, Aurora,
OH, USA) and rhodamine-conjugated anti-mouse Ig (Cappel)
for the detection of PAR-3 and ZO-1, respectively. Samples
were examined using a confocal laser scanning microscope
(SV1000; Olympus, Tokyo, Japan).

Monolayer wound healing assay

T.T cells were transfected with either siRNA targeting
PARD3 or negative control siRNA, or left untreated. After
24h, cells in Dulbecco’s modified Eagle’s medium with
1% fetal bovine serum were seeded on glass slides and
allowed to adhere overnight. Wounds were scratched into
the cell monolayer using a sterile 200-pl pipette tip, rinsed the
cells with phosphate-buffered saline and added Dulbecco’s
modified Eagle’s medium containing 10% fetal bovine
serum with mitomycin C (0.5pg/ml, Nacalai Tesque,
Kyoto, Japan). Mitomycin C blocks mitosis and thus
allows analysis of cell migration in the absence of cell
proliferation. Cells were allowed to migrate into the wound
over a period of 24h before fixation. Wound widths were
measured in three randomly selected regions at 0, 12 and 24h
after wounding. Cells were stained with Giemsa stain (Nacalai
Tesque, Kyoto, Japan). Experiments were repeated at least
three times.
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Statistical analysis

Statistical analyses were carried out using SPSS 15.0 software
(SPSS, Chicago, IL, USA). ¥* or Wilcoxon signed-rank test
was used. P-values of <0.05 were considered significant.
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