(1-180) did not, The Tax-CDC37(1-200) complex was translocated
to the nucleus, whereas Tax-CDC37(1-378; wild type) stayed in
the cytoplasm (Figure 4d). Collectively, these findings suggested
the direct involvement of CDC37 for Tax stabilization.
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An oral administration of 17-DMAG to ATL model mice induced
blockade of aggressive proliferation and multiple tissue invasions
of transformed lymphocytes and improved survival rate

The demonstration that 17-DMAG has profound effects on
Tax stability and the fact that it is water soluble suggested that
this compound could be tested in a recently developed preclinical
model of ATL2*8 :

SCID mice were injected with 2x 10° Lck-Tax cells intra-
peritoneally and treated for 5 consecutive days per week for
2 weeks with saline alone or with 17-DMAG in saline at 5 or
15 mg/kg. Mice were euthanized 21 days after cell inoculation. The
blood smear indicated apparent reduction of Lck-Tax cells with
increasing doses of 17-DMAG to saline controls (Figures 5a, e and
i), although the quantitative cell counts were not obtained. The
white pulp in greatly enlarged spleens (splenomegaly) of control
mice was markedly expanded with. red pulp compression
(Figure 5b), and the livers and lungs of saline control mice were
characterized by extensive perivascular infiltrations with Lck-Tax
cells (Figures 5¢ and d). These pathologies were progressively
reduced in mice treated with 17-DMAG (spleen, Figures 5f and j;

- liver, Figures 5g and k; and lung, Figures 5h and 1),

We then determined the survival improvement through
17-DMAG oral administration with another freclinical ATL
8 were injected
with 1x 10° HTLV-1-producing JEX cells (details are- described
in Supplementary Information), and 2 weeks after’ inoculation,
each 4 of these mice (8 in total) were treated 20 times with 15 or
25 ma/kg of 17-DMAG for 4 weeks (as shown in Supplementary
Figure 4), whereas the remaining 6 mice received saline only.
The percentage of CD25-positive T cells, proviral load and the
number of human leukocytes in peripheral blood were monitored.
Four. of eight 17-DMAG-treated mice died within 8 weeks post
inoculation probably because of high drug dosage, but other
four mice (50%) survived more than 20 weeks, whereas all the
saline-treated controls died withih 12 weeks post inoculation.
The average survival period of controls and 17-DMAG-treated
subjects were 833 and 14.75 weeks, respectively. However, the
survival periods of 17-DMAG-treated subjects could be extended
because four subjects were sacrificed at 24 weeks post inoculation
for pathological examination (Supplementary Figure 4). The numbers
of HTLV-Tinfected human leukocytes in peripheral blood of
17-DMAG-treated subjects were also 5-10 times fewer than those
of saline controls (Figures 6b and c).

Additive effects for growth arrest and apoptosis induction by
concormitant 17-DMAG/Nutlin-3a treatment against ATL cells

The standard chemotherapy against ATL, named as leukemia
study group 15 (LSG15), is currently employing the combination
of four different anticancer drugs that frequently brings
serious side effects to patients.*® We previously demonstrated that
a novel MDM-2-antagonizing/p53-stabilizing drug, Nutlin-3a, induces

)

<

Figure 6. Improved survival and suppression of the growth of
HTLV-1-infected T cells by 17-DMAG oral treatment. (a) Kaplan-
Meier survival curvée of HTLV-1-infected huNOG mice. All mice have
reconstituted human immune system by the transplantation of
hematopoietic stem cells (huNOG) and have received 1 million JEX
cells, which produce HTVL-1 infectious virus (see the details in
Supplementary Figure 4). JEX/huNOG mice received 17-DMAG by
oral administration for 4 weeks (2-6- weeks post inoculation,
five times/week) at the ddsage of 25mg/kg (orange line) and
15 mg/kg (pink line). Control mice received the same volume of PBS.
{b) The percentage of CD25-positive T cells, PVL and the number of
HTLV-T-infécted cells in peripheral blood of infected mice are shown.

. Upper panel represents the results from 17-DMAG-treated (25 mg/kg)

mice; lower panel represents those of control mice. (c) Same
experiments with 17-DMAG (15 mg/kg, upper panel) and PBS control
{lower panel). PBS, phosphate buffered saline; PVL, proviral load.
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the senescent death to ATL cells*' We then examined the additive
anti-ATL effects of 17-DMAG and Nutlin-3a. Suboptimal dose of
17-DMAG (0.1 um) or Nutfin-3a (1 pum) alone did not induce sufficient
apoptotic or growth-arrest activities to ATL cell lines. However, the
combined use of both induced significant growth suppressive and
apoptotic properties (Figure 7), suggesting the possible combina-
tional use of these drugs for further clinical studies.

DISCUSSION

HTLV-1 is the etiologic agent of ATL. Current studies indicate
that worldwide there are more than 20 milfion HTLV-1 carriers
and that 5% of these carriers will develop ATL.*? The current
standard for treatment of acute- or lymphoma-type ATL in
Japan is CHOP or its modified regimen LSG15; however, the

responses to this treatment regimen are limited to 31.1% of

patients with 2-year survivals.®® As malignant cells from
relapsed patients are also resistant to other chemotherapeutic
interventions, novel strategies for treatment of ATL are urgently
required:

-In this study, we demonstrated the significant inhibitory effects
of 17-DMAG on Tax-mediated NF-xB signaling in vitro and ex vivo,
The most striking observations obtained in vitro were
{a) 17-DMAG-induced Tax degradation that resufted from inhibit-
ing the formation of the Tax-IKK-HSP90/CDC37 ternaty complex
(Figures 1a-d); (b) induction of growth suppression and apoptosis
of ATL cells while having little or no effect on normal PBLs
(Figures 2a and b). We also found that the stability of Tax was
heavily dependent on the CBD of CDC37 (Figures 4a and b).

GA-dependent NF-xB downregulation in ATL cells was reported,
and inhibition of autophagic activity seemed to affect
the conversion of p100 (NF-kB2 precursor) to active p52.3%
We observed this time 17-DMAG-dependent Tax degradation
and its blockade by AICAR and 3-MA (autophagy inhibitors) but
not by the proteasome inhibitor MG-132 (Figure 1d), suggesting the
direct involvement of the autophagosome on Tax metabolism in
cells. This issue should further be investigated with ubiquitylation-
deficient mutants Tax>**! or the autophagy-deficient cells.**

The CBD of CDC37 has been reported to bind preferentially to a
specific glycine-rich motif — GXGXXG.* Indeed, Tax has a similar
motif in its N terminus. CBD played crucial roles in stabilizing -
Tax and Tax-CDC37 complex formation (Figures 4c and d).
CBD-containing mutants of CDC37 seemed to enhance the
machinery responsible for Tax degradation as we did not detect
any decrease in Tax levels in response-to an siRNA knockdown of
CDC37 (Supplementary Figure 5). Interestingly, the Tax-destabilizing
CDC37(N200) translocated Tax to the nucleus, whereas wild-type
CDC37 stayed with Tax in the cytoplasm (Figure 4d), and it implies
that this translocation could be related to the Tax destabilization.
For the future, it would be worth trying to identify a chemical
compound that mimics the structure of CBD and could function as
an inducer of Tax degradation. HSP90 and its co-chaperone’s
involvement in multiple signaling cascades, especially, in cancer cells,
has been reported.*®*’ Indeed, 17-DMAG also suppressed NF-kB
signaling mediated by other activators NIK, MEKK1, AKT, TAB2 and
IKKa/B (data not shown). We also found that 17-DMAG treatment
induced Tax degradation; potentially 17-DMAG treatment may also
have led to the destabilization of other NF-«B signaling activators.
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Figure 7. Additive anti-ATL cell effects by the combined dosage of 17-DMAG and Nutlin-3a. (a) ATL cell lines C8166, MT4, ED and ATL4 were
treated with either suboptimal single dose of 17-DMAG (0.1 um, black circles) and Nutlin-3a (1 pm, white circles)* or both (white triangles) for 3
days and harvested for caspase-3/7 assays (a) or CCK'8 assays (b) as described in Figure 2. Each untreated cell's value was set as 1. (¢) Each
caspase-3/7 (apoptotic) value was divided by CCK-8 (growth arrest) value to manifest the additive effects (see the Discussion section). CCK-8,

Cell Counting Kit 8. :
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We have determined the therapeutic effects of 17-DMAG on
two different ATL model systems through its oral administration.
First, we tested 17-DMAG induced prevention of Lck-Tax
infiltration in SCID mice, and 5 and 15mg/kg of oral
administration of 17-DMAG for 2 weeks reduced 74% and 83%
of Lek-Tax cells, respectively; splenomegaly or massive infiltration
of Lck-Tax cells into livers and lungs was also significantly
reduced (Figure 5). In all experiments, 17-DMAG mice did not
show any body weight losses or inactiveness compared with
saline controls,

We then switched to another ATL model experiment JEX/
huNOG, which has humanized immune environment in NOG
mice and has inoculated HTLV-1-producing Jurkat cells. With oral
administration of both 15 and 25mg/kg 17-DMAG to JEX/
huNOG, four of eight mice survived more than 20 weeks,
whereas saline controls died within 12 weeks (Figure 6a).
17-DMAG treatment also reduced the number of HTLV-1-infected
cells in peripheral blood, suggesting that 17-DMAG treatment
could intervene the clonal T-cell development to ATL (Figure 6b).
Although this preliminary experiment did not provide statistically
significant survival rates, efficacy of this treatment is indeed highly
expected. It is necessary 16 find the optimized conditions suppres-
sing the ATL cell proliferation without any serious side effects. '

Tax has pleiotropic effects on intra-cellular or inter-cellular
signalings including mitotic checkpoint d;sruptxon, aberrant cell-
cycle progression®®™° and altered chemotaxis.>’ The present ATL
treatment protocols target the cytoskeletons or DNA replications
with multiple doses of anticancer drugs (called as LSG15), and
significant side effects by this treatment have been frequently
recognized.*® We have recently demonstrated the potential uses
of molecularly targeted inhibitors of ATL cell proliferation, such
as a MDM-2 ubiquitin ligase inhibitor Nutlin-3a*' or CXCR4
antagonist AMD3100.°! Nutlin-3a induces growth arrest and
senescent-cell death of ATL cells at the 10 um concentration, but
normal PBLs are also significantly affected.*’ The combined use of
17-DMAG (0.1 um) and Nutlin-3a (1 um), suboptimal concentration
for single use, significantly enhanced both apoptotic and growth
suppressive effects (Figures 7a and b). This concurrent effects can
be manifested with the division of caspase-3/7 values by Cell
Counting Kit 8 values (Figure 7¢). Besides Nutlin-3a, we also tested
the efficacy of 17-DMAG plus LSG15 (without predonisolone;
Supplementary Figure 6). Unlike the results of 17-DMAG/Nutlin-3a,
17-DMAG/LSG15 did not show any clear additive effects probably
because LSG15 affects cell-cycle progression with a wide range of
spectrum, but the effects of Nut in-3a are specifically restricted to
P53 stabilization.

It remains to be seen whether 17-DMAG is effective for ATL
patients’ treatment; elsewhere Hertlein et al® have reported
17-DMAG's clinical application against chronic lymphocytic
‘leukemia. Perhaps in future studies, 17-DMAG and other new
drugs with novel anti-ATL activities such as Nutlin-3a, AMD3100 or
a monoclonal anti-CCR4 antibody (KW-0761)>% will provide more
effective and less toxic ATL therapy.
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ARTICLE INFO ABSTRACT

Pancreatic cancer is a highly lethal disease with a poor prognosis; the molecular mechanisms of the
development of this disease have not yet been fully elucidated. N-myc downstream regulated gene 2
(NDRG2), one of the candidate tumor suppressor genes, is frequently downregulated in pancreatic cancer,
but there has been little information regarding its expression in surgically resected pancreatic cancer
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Keywords: specimens. We investigated an association between NDRG2 expression and prognosis in 69 primary
NDRGZ resected pancreatic cancer specimens by immunohistochemistry and observed a significant association
Ez‘g::‘;:fh;‘;:gg‘;‘g between poor prognosis and NDRG2-negative staining (P = 0.038). Treatment with trichostatin A, a his-

tone deacetylase inhibitor, predominantly up-regulated NDRG2 expression in the NDRG2 low-expressing

Pancreatic cancer

Prognostie factor cell lines (PANC-1, PCI-35, PK-45P, and AsPC-1). In contrast, no increased NDRG2 expression was observed

after treatment with 5-aza-2’ deoxycytidine, a DNA demethylating agent, and no hypermethylation was
detected in either pancreatic cancer cell lines or surgically resected specimens by methylation specific
PCR. Our present results suggest that (1) NDRG2 is functioning as one of the candidate tumor-suppressor
genes in pancreatic carcinogenesis, (2) epigenetic mechanisms suich as histone modifications play an
essential role in NDRG2 silencing, and (3) the expression of NDRG2 is an independent prognostic factor

in pancreatic cancer.
© 2013 Elsevier Inc. All rights reserved.

and early systemic dissemination. The molecular basis for these
characteristics of pancreatic cancer is incompletely understood.

N-Myc downstream regulated gene 2 (NDRG2) is a member of
NDRG gene family that is highly expressed in many normal tissue
types, including brain, spinal cord, skeletal muscle, heart, and sal-
ivary gland [3-5]. NDRG gene family members share 53-65%
homologous amino acid sequences with each other. Each member
has a distinct tissue specificity of expression and may be intimately
involved in cell proliferation, differentiation, development, and
stress responses [6].

NDRG2 has been reported to be a candidate tumor suppressor
gene, and its expression is downregulated in a number of primary

1. Introduction

Pancreatic cancer is a highly lethal disease; few patients are
diagnosed at a state early enough for curative treatments. It is
the fourth most common cause of cancer death worldwide {1],
and the long-term prognosis remain poor with a 5-year survival
rate of less than 5% after the initial diagnosis [2]. One of the major
hallmarks of pancreatic cancer is its extensive local tumor invasion

Abbreviations: NDRG2, N-myc downstream regulated gene 2; 5-aza-dC, 5-aza-2’
deoxycytidine; TSA, trichostatin A; qRT-PCR, quantitative reverse transcription

polymerase chain reaction; cDNA, complementary DNA; AU, arbitrary unit; B2M,
B2-microglobulin; MSP, methylation-specific PCR; HDAC, histone deacetylase.
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tumors developed in organs of brain and meninges [4,7,8], liver
[9,10], pancreas [10], esophagus {11}, stomach [12], colorectum
[6,13,14], kidney {6}, thyroid [15], oral cavity [16], prostate {17},
gallbladder {18}, blood {19}, and lung [20). NDRG2 is reported to
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suppress proliferation and metastasis, and expressional inactiva-
tion of NDRG2Z may play an important role in carcinogenesis
[4,9,11,12,21,22]. Several possible mechanisms, including pro-
moter hypermethylation [7-9,13,16,23] and/or repression by
MYC [4.11,14,15,24], are responsible for such expressional sup-
pression. However, the precise mechanisms that lead to inactiva-
tion of NDRG2 rémain largely unknown, and role of NDRG2 in
human carcinogenesis is not yet well understood.

In the present study using immunohistochemistry, we found a
significant association between poor prognosis and suppressed
expression of NDRG2 in primary pancreatic cancer. Furthermore,
NDRG2 gene expression was up-regulated by histone deacetylase
inhibitor in pancreatic cancer. It is notable that this histone modi-
fication has never previously been demonstrated in suppression of
NDRG2 expression in human cancer. These findings suggest that
NDRG2 is likely to be a novel prognostic marker and important
indicator for a possible role of NDRGZ in pancreatic cancer.

2. Materials and methods

2.1. Tissue specimens

A total of 69 pancreatic cancer tissues obtained from surgically
resected specimens at Tohoku University Hospital (Sendai, Miyagi,
Japan) during the period from 1997 to 2006 were analyzed. The
clinical and histopathological characteristics of the pancreatic can-
cer patients are summarized in Table 1. Staging followed the TNM
Classification of Malignant Tumor (6th edition) [25]. None of the
patients had received any preoperative adjuvant therapy. The re-
sected tissue specimens from these patients were fixed in 10% for-
malin and embedded in paraffin. Written informed consent was

Table 1 ! .
Relationship between NDRG2 expression and clinicopathological features of pancre-
atic cancer patients.

NDRG2 eXpression P-value

Positive Negative

n=18 n=>51
Gender
Male 14 32 0.24

. Female i 4 19
Age (mean, years) 612 64.0 0.25
Tumor size® (mm) : 383 42.3 045
UICC Stage
I 2 2 0.70
i 6 21
il 6 16
v 4 12
¢

Differentiation
Wel 2 1 0.14
Mod 15 41
Por 1 9
Lymph node metastasis
NO 6 18 0.88
N1 12 33 -
Lymphatic invasion
Absent -3 5 0.61
Present 15 46
Venous invasion )
Absent 0 4 0.22
Present 18 47
Intrapancreatic neural invasion
Absent 2 0.77
Present 17 49

2 Average longitudinal diameter. |
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obtained from all patients. The study was approved by the Ethics
Committee of Tohoku University School of Medicine.

2.2. Tissue array analysis and immunohistochemistry

A tissue array consisting of 69 paired pancreatic cancer and
their corresponding normal tissues was constructed using TISSUE
MICROPROCESSOR (AZUMAYA, Tokyo,” Japan). Each paraffin-
embedded block was cored out at a diameter of 3 mm, and the
cored columns were re-embedded in paraffin. For further analyses,
4 pm slide sections were prepared. The immunohistochemical as-
say was done by the avidin-biotin—-peroxidase method described
previously [26]. Rabbit polyclonal anti-NDRG2 (1:3000, Atlas Anti-
bodies AB, Stockholm, Sweden) and anti-rabbit (1:1000, Amersham
Biosciences, Little Chalfont, UK) secondary antibodies were used.
Immunoreactivity was evaluated by two pathologists. NDRG2
immmunoreactivity was detected in both the cytoplasm and the
plasma membrane. Normal epithelial cells showed expression of
NDRG2 in all specimens. NDRG2 immunoreactivity was defined
by comparison the signal intensities of'normal and cancerous tis-
sues; strong, moderate, and weak designations denote signals with
cancerous tissue that were stronger, similar, or weaker than the
normal tissues, respectively. When no NDRG2 signal was detected,
we defined the tumor-as negative.

2.3. Cell lines analyzed in this study

Nine human pancreatic cancer cell lines (PANC-1, PCI-35, PK-
45P, AsPC-1, BxPC-3, PK-1, MIAPaCa-2, PK8 and PK9) and two colo-
rectal cancer cell lines (Clone A and LS174T) were used. These cell
lines were also used in our previous studies and were maintained

as described {27,28].
2.4. RNA and DNA extraction

Total RNAs from cultured cells were extracted using RNeasy
Mini Kit (Qiagen, Valencia, CA), and their concentrations were
determined using a NanoDrop ND-1000 Spectrophotometer
(NanoDrop Technologies, Wilmington, DE). Genomic DNAs from
cultured cells were extracted using DNeasy Blood & Tissue Kits
(Qiagen) according to the manufacturer's instructions, and their
concentrations were measured with a NanoDrop ND-1000 Spectro-
photometer. All the processes were carried out according to the
manufacturers' instructions.

2.5. Quantitative reverse transcription PCR (qRT-PCR)

Each aliquot. of 2 pig total RNA was reverse transcribed to syn-
thesize ¢cDNA using a High Capacity ¢cDNA Reverse Transcription
Kit (Applied Biosystems, Foster City, CA) according to the manufac-
turer’s instructions. qRT-PCR analyses were performed using an
ABI PRISM 7000 Sequence Detection System (Applied Biosystems)
following the manufacturer's instructions. Expression of f2-micro-
globulin (B2M) was used as the internal control {23]. The nucleo-
tide sequences for primers, probes, and PCR conditions are listed
in Table 2. Amplifications were carried out in the 15 pl reaction
mixtures according to methods described previously [30]. The
expression ratios of NDRG2/B2M were calculated and used for char-
acterization. Each experiment was performed in triplicate.

2.6. 5-Aza-2'-deoxycytidine (5-aza-dC) and trichostatin A (ISA)
treatment :

Cells were seeded at a density of 2 x 10° cells per 100 mm dish
and were maintained for 72 h while replacing the culture medium
containing 1 uM 5-aza-dC (Sigma, St. Louis, MO) every 24 h. Subse-



104 A. Yamamura et al. / Biochemical and Biophysical Research Communications 441 (2013) 102~107

Table 2
Nucleotide sequences of the primers and probes.

Forward primer (5'-3')

Reverse primer (5'-3') Probe (5'-3') Annealing PCR  Product
temperature (°C) cycles size (bp)

gRT-PCR -
NDRG2 GAAGATGCAGTGGTGGAATG TCAGCTTGCCTGGCTGAGT ~ TTCCTCAAGATGGCTGACTCCGG 60
B2Mm* TTTCAGCAAGGACTGGTCTTT CCAAATGCGGCATCTTCAAAC CTGAAAAAGATGAGTATGCCTGCCGTGTG 60
MSP
Methylation GTTTGCGGGAAGTTCGAGTC CCGCCGACCCGACTAACG 70
specific primer
Unmethylation ~ GTGGGTTTGTGGGAAGTTTGAGTTG CCACCCACCAACCCAACTAACA 70

specific primer

30 109
30 7

35 134

30 142

? Nucleotide sequences for B2M primers and probe were previously reported by Ogawa et al. [28].

E

Probability of survival

1.0
09
0.8
0.7
0.6
0.5
04
03

0.2

0.1
00

NDRG?2 positive
NDRG2 negative mmmm

P=0.038

n
TR, __m=S1
——
0 10 20 30 40 50 60
Months '

Fig. 1. (A)~(D) Results of representative immmunohistochemical analyses of NDRGZ. (A) Strcjng immunoreactivity was observed in the cytoplasm and.plasma membranes of
non-neoplastic pancreatic duct ( x400 magnification), and pancreatic ductal adenocarcinoma with moderate (B), weak (C), and negative (D) staining (<200 magnification). (E)
Results of the Kaplan~Meier method indicate a poor overall survival rate of pancreatic cancer patients with negative NDRG2 expression (P = 0.038). Solid and dotted lines

denote prognoses of NDRG2-positive and -negative patients, respectively.
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. Fig. 2. Expression of NDRG2 in human pancreatic cancer cell lines by qRT-PCR.
Triplicate experiments were done, and the relative expression levels were normal-
ized by the control B2M expression (arbitrary units, AU). (A) Results of 9 pancreatic
cancer cells are shown. (B) Results of the four low-expressing cells are shown after
5-aza-dC and/or TSA treatments. TSA treatment up-regulated NDRG2 expression.
*P<0.01.

quently, cells were treated with 1pM 5-aza-dC or 1pM TSA
(Wako, Osaka, Japan) for another 24 h. In TSA only treatment,
2 x 10° cells were plated in a 100 mm dish, and 1 UM TSA was
added and cultured for 24 h. All these cells were harvested for
gRT-PCR analysis.

2.7. Methylation specific PCR (MSP)

Each aliquot of 2 pg genomic DNA was modified with sodium
bisulfite using an Epitect Bisulfite Kit (Qiagen) according to the
manufacturer’s instructions. The nucleotide sequences of primers
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for MSP are shown in Table 2. MSP analyses were done by methods
described previously [31}, and the PCR products were analyzed on
3% agarose gels. Clone A (low NDRG2 expressing cell line) and
LS174T (high NDRG2 expressing cell line) were used as methylated
and unmethylated control cells, respectively.

2.8. Statistical analysis

The Chi-square test was used to examine the correlation be-
tween NDRG2 expression and clinicopathological factors. Survival
curves were plotted using the Kaplan-Meier product-limit method,
and differences between survival curves were tested using the log-
ranktest. The gene expression levels before and after 5-aza-dC
and/or TSA treatments were analyzed by t-test. These statistical
analyses were calculated using JMP v9.0 software (SAS Institute
Inc., Cary, NC), and results were considered statlstlcally significant
when P <0.05.

3. Results

3.1. NDRG2 negative staining correlated wzth pOoOT prognosis in
primary pancreatic cancer

We investigated the expression level of NDRG2 in surgically re-
sected paired cancerous and corresponding normal tissues by
immunohistochemical examination. Typical examples are shown
in Fig. 1A-D. The spatial distribution of NDRG2 was mainly con-
fined to the cytoplasm and plasma membrane with moderate to
strong staining in noncancerous pancreatic ductal cells (Fig. 1A).
According to the immunohistochemical results, of the 69 pancre-
atic cancer specimens examined, one exhibited a moderate NDRG2
expression in tumor cells (Fig. 1B),- 17 specimens were weak

~ (Fig. 1C), but no tumor showed stronger NDRG2 expression than -

normal tissue. The remaining 51 tumors were negative, as shown
in Fig. 1D. One moderate and 17 weakly staining tumors were cat-
egorized as positive NDRG2 staining (18/69, 26.1%), and 51 tumors
(73.9%) were negative. No significant associations were observed in
clinicopathological features between positive and negative stain-
ing groups (see Table 1). However, the Kaplan-Meier analysis indi-
cated a significant association (P = 0.038) between poor prognosis
and negative NDRG2 expression in pancreatic cancer patients
(Fig. 1E).

3.2. Restoration of NDRG2 expression after 5-aza-dC and/or TSA
treatment

To determine whether epigenetic silencing contributes to

- suppression of the NDRG2 transcription, we analyzed in vitro stud-

ies using pancreatic cancer cell lines. The mRNA expressions of”
NDRG2 in 9 pancreatic cancer cell lines were determined by

PCI-35

 MIA PaCa-2

Fig. 3. MSP analyses in pancreatic cancer cell lines. Results of methylation- and unmethylation-specific PCR are indicated by M and U, respectively. All of the cell lines showed

unmethylation with one exception: MIA PaCa-2 was partially methylated.
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qRT-PCR analyses and found that different cell lines showed differ- -

ent levels of NDRG2 expression (Fig. 2A). PANC-1, PCI-35, PK45P,
AsPC-1 and BxPC-3 showed strong repression, and relatively high
expression was observed in PK-9. Results of Western blot analyses
correlated well with those of qQRT-PCR (data not shown). We se-
lected four pancreatic cancer cell lines (PANC-1, PCI-35, PK45P
and AsPC-1) with strong repression of NDRG2 for further analyses.
These cells were treated with a demethylating agent, 5-aza-dC,
and/or a histone deacetylase (HDAC) inhibitor, TSA; results are
shown in Fig 2B. Although no increased NDRG2 expression was ob-
served after the 5-aza~dC treatment alone, TSA treatment signifi-
cantly up-regulated NDRG2 expression. These results suggest that
histone modification is one of the main causes for the decreased
NDRG2 expression.

3.3. Promoter hypermethylafion was not involved in the decreased
NDRG2 expression

It has been reported that hypermethylation is one of the main
cause of suppressed expression of NDRG2 in glioblastoma {7],
meningioma [8}, hepatocellular carcinoma [9], colorectal cancer
[13] and oral squamous-cell carcinoma [16]. We also analyzed
other types of cancer cell lines using bisulfite modified sequencing
analyses and found that colon cancer cell lines Clone A and LS174T
showed methylated and unmethylated CpG islands, respectively
(data not shown). Using these cell lines as controls, we studied
the methylation status in pancreatic cancer. All the pancreatic can-
cer cell lines were unmethylated except for MIA PaCa-2, which was
partially methylated (Fig. 3). We further analyzed MSP using
paired resected normal and cancerous pancreatic tissues from 22
pancreatic cancer patients. As expected,.all of the specimens
showed the unmethylated pattern, although one was partially
methylated (data not shown). These results suggest that the tran-

scriptional repression of NDRG2 does not mainly depend on’

hypermethylation.

4. Discussion

Pancreatic cancer is a highly malignant gastrointestinal tumor.
Only surgery with adjuvant chemotherapy can achieve a long-term
perspective in patients with localized tumors. However, even un-

der optimal treatment conditions, the 5-year survival rate do not .

exceed 25% [32]. To improve that situation, investigation of new
therapeutic agents for pancreatic cancer treatment is essential.

Recently, an accumulation of evidence has indicated that the
NDRG2 gene downregulated in various cancers. In pancreatic can-
cer, however, little evidence has been reported {10}, and no study
on an association with prognosis has been reported to date. We
demonstrated that NDRG2 expression was significantly reduced
and found a significant association between poor prognosis and
suppressed expression in pancreatic cancer. As there were no dif-
ferences, including chemotherapeutic status, between the NDRG2
positive and negative groups, the expression of NDRG2 is likely
to be an independent prognostic factor in pancreatic cancer.

We found that histone modification is one of the main mecha-
nisms for downregulating the NDRG2 expression in pancreatic can-
cer, and no such mechanisms have previously been reported to
control NDRG2 expression. Histone modification has emerged as
. acritical component of an epigenetic indexing system demarcating
transcriptionally active chromatin domains. In general, while in-
creased histone acetylation is associated with open and active
chromatin and increased transcription, deacetylated histones are
associated with condensed chromatin and transcriptional repres-
sion [33]. Histone deacethylases (HDACs) remove acethyl groups
from histones, thereby inducing chromatin condensation and

transcriptional repression [34]. Eighteen HDACs have been identi-

_fied in humans, and they are subdivided into four classes based on

their homology to yeast HDACs, their subcellular localization and
their enzymatic activities [35]. In pancreatic cancer, high HDAC 1
expression together with HIF1a were associated with poor progno-
sis in a series of 39 pancreatic carcinomas [36]. Class I- and class II-
selective HDAC inhibitors both synergize in inducing growth arrest
and death of pancreatic cells {37]. Other research has also in-
creased our understanding of HDAC function in pancreatic cancer
[38]. At least 12 different HDAC inhibitors are undergoing clinical
trials as monotherapies or in combination with other adjuvant
therapies such as retinoic acid, paclitaxel, gemcitabine, or radiation
in patients with various hematologic and solid tumors of the lung,
breast, kidney, or bladder as well as with melanoma, glioblastoma,
leukemia, lymphomas, and multiple myeloma [39,40]. In pancre-
atic cancer, promising results have been shown using sub-
eroylanilindehydroxamic acid (SAHA), butyrate, and some other
HDAC inhibitors in experimental studies {38,41]. TSA induced G2
arrest and apoptosis in human pancreatic cancer cell lines with
mutated TP53 by induction of CDKN1A [42]. Synergistic enhance-
ment of the cytotoxicity of TSA with proteasome inhibitor has also
been reported [43]. Our present results that NDRG2 expression is
suppressed mainly by histone-mediated mechanisms and that sup-
pression of NDRGZ2 correlates with poor prognosis may provide
some valuable clues for the clinical management of patients with
pancreatic cancer utilizing a HDAC inhibitor. ’

The present study indicates that NDRG2 is likely to be a tumor
suppressor gene, reinforcing the data previously reported. In addi-
tion, we have demonstrated that inactivation of NDRG2 associates
with poor prognosis in pancreatic cancer. Furthermore, we con-
clude that epigenetic silencing, such as histone modification, might
be the major cause of the frequent loss of NDRG2 expression, Fur-
ther studies elucidating NDRG2 function will provide a unique and
powerful tool for developing novel and useful applications for
diagnosis and treatment of patients with pancreatic cancer.
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The development of oral squamous cell carcinoma (0SCQ) is a
~ multistep process that requires the accumulation of genetic alter-
ations. To identify genes responsible for OSCC development, we
performed high-density single nucleotide polymorphism array
~ analysis and genome-wide gene expression profiling on OSCC

tumors. These analyses indicated that the absent in melanoma 2
(AIM2) gene and the interferon-inducible gene 16 (IF/16) mapped
to the hematopoietic interferon-inducible nuclear proteins. The

200-amino-acid repeat gene cluster in the amplified region of .

chromosome 1923 is overexpressed in' OSCC. Both AIM2 and
IFI16 are cytoplasmic double-stranded DNA sensors for innate
immunity and act as tumor suppressors in several human cancers.
Knockdown of AIM2 or IFI16 in OSCC cells results in the
suppression of cell growth and apoptosis, accompanied by the
downregulation of nuclear factor kappa-light-chain-enhancer of
activated B cells activation. Because all OSCC cell lines have
reduced p53 activity, wild-type p53 was introduced in p53-
deficient OSCC cells. The expression of wild-type p53 suppressed
cell growth and induced apoptosis via suppression of nuclear
factor kappa-light-chain-enhancer of activated B cells activity.
Finally, the co-expression of AIM2 and I[FI16 significantly
enhanced cell growth in p53-deficient cells; in contrast, the
expression of AIM2 and/or IFI16 in cells bearing wild-type p53
suppressed cell growth. Moreover, AIM2 and IFI16 synergistically
enhanced nuclear factor kappa-light-chain-enhancer of activated
B cells signaling in p53-deficient cells. Thus, expression of AIM2
and IFI16 may have oncogenic activities in the OSCC cells
that have inactivated the p53 system. (Céncer Sci 2012; 103: 782-
790)

O ral squamous cell carcinoma is commonly found in low-
income communities. This cancer mainly affects older
men; 90% of cases are in men over 45 years old who have
been exposed to risk factors including tobacco and/or alcohol
(International Agency for Research on Cancer [IARC] 2004).
OSCC is the sixth most.common cancer worldwide and affects
approximately 270 000 people each year.") The incidence and
rate of mortality from OSCC are rising in several regions of
Europe, Australia and Asia, including Japan. Despite recent
progress in OSCC diagnosis and therapy, the Sgea’r survival
rate has not improved in more than two decades.’

Oral carcinogenesis is a multifactorial cascade involving
numerous genetic changes that affect the activity of oncoge-

Cancer Sci | April 2012 | vol. 103 | no.4 | 782-790

nes, tumor suppréssor genes and other classes of disease-
related genes. Chronic exposure to -carcinogens, such as
tobacco, causes genetic changes in the epithelial cells of the
oral mucosa. The activation of the C0X-2,"¥ epidermal
growth factor receptor,” and cyclin D1 oncogenes and the
inactivation of the pl6 and p53 tumor suppressor genes have
also been reported in OSCC.®™ In addition to tobacco

.smoke exposure, chronic alcohol use and chronic inflamma-

tion- can both induce genetic alterations.”” The causative
agent of cervical cancer, HPV is also reportedly associated
with héad and neck cancers, including. OSCC.® Compared to
HPV-negative cases, HPV-positive OSCC have an intact pl6
gene and wild-type p53, and harbor frequent genetic altera-
tions of the pl6 and p53 genes.®'® The HPV oncoproteins
E6 and E7 exploit' the ubiquitin-proteasome system to
degrade and functionally inactivate negative cell-regulatory
proteins, including members of the pl110 (Rb) family and
p53; this process may primarily contribute to HPV-induced
carcinogenesis.

The innate -immune system provides nonspecific protection
and enhances the adaptive immune response against a variety
of pathogens, including HPV. The IFI16 and AIM2 proteins
were recently found to be innate immune sensors for cytosolic
dsDNA. Upon sensing dsDNA, the IFI16 protein induces the
expression of IFEN-B,Y? whereas the AIM2 protein forms an
inflammasome that promotes the secretion of interleukin-
1B.Y® Both IFII6 and AIM2 belong to the HIN-200 gene
family found on human and mouse chromosome 1; they are
positively regulated by type I and II INF and have been
described as regulators of cell proliferation, differentiation,
apoptotic and inflammatory processes.’® The overexpression
of IFI16 in cells inhibits cell proliferation by potentiating the
p53/p21- and Rb/E2F-mediated inhibition of cell-cycle
progression, and IFI16 downregulation contributes to oncogen-
esis. 1319 Also, AIM2 expression suppresses cell proliferation
and tumorigenicity of human breast cancer cells.!” Therefore,
it has been proposed that AIM2 and IFI16 function as tumor
SUppIessor genes.

To identify genes involved in OSCC tumorigenesis, OSCC
tumors were submitted to genomic analysis by high-density
SNP array analysis. A number of amplified or deleted genomic
regions in OSCC cells were identified, and a series of genes in
the genetically altered regions were selected by expression
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profile analysis. Of these genes, the NIH-200 gene family
locus on chromiosome 123 was frequently amplified, and
AIM2 and IFII6 in the NIH-200 gene family were highly
expressed in most OSCC tumors. Although AIM2 and IFII6
were reported to be tumor suppressors, the expression of
AIM?2 and IFI16 enhanced the cell growth of OSCC cell lines.
Here we describe a mechanism by which AIM2 and IF116 may
be functioning as oncogenes in OSCC.

Materials and Methods

Materials and Methods are given in Data S1 and Data S2 in
the supporting information.

Results

Higher expression of AIM2 and IFI16 with frequent amplifica-
tion at 123 in 0SCC. To identify novel genes responsible for
tumorigenesis in OSCC, we performed high-density SNP array
analysis on 28 OSCC tumor samples using an Affymetrix
Human Mapping 250K Sty Array (Affymetrix, Santa Clara,
CA, USA). The most frequent gains involved segments of
chromosomes 1, 3q, 5p, 6p, 7p, 8q, 9q, 14, 15, 16, 17, 19, 20
and 22, whereas the most frequent losses involved segments of
chromosomes 3p, 4, 5q, 8p, 10p, 18q and 21q (Fig. S1). Of
these, 77 were amplified and ranged in size from 0.3 to
49.3 Mb, and four were found to be deleted and ranged in size
from 0.2 to 0.6 Mb, in more than 14 of 28 OSCC tumor sam-
ples (Table S1).

To select candidate genes within the regions with altered

copy numbers, we analyzed a data set from the NCBI Gene
Expression ~ Omnibus  (http://www.ncbi.nlm.nih.gov/geo/),
which contained the gene expression data of four oral tissue
samples from healthy volunteers and 16 tumor samples from
OSCC patients."® Of the genes in the amplified regions, 27
were expressed at more than two-fold higher levels (P < 0.01)
(Table S1-1). However, no genes that were downregulated
more than two-fold were identified in the deleted region (Table
S1 2). Interestingly, 15 of the 27 candidates were previously
reported to be cancer-related genes. The genes linked to OSCC
included keratin 19, lectin, galactoside-binding, soluble, 1 and
IF116.%°Y Furthermore, five of the 27 upregulated genes
were also found to be IFI genes, including IFI6, IFI35, AIM2,
IFI16 and bone marrow stromal cell antigen-2. Among them,
-the AIM2 and IFII6 genes are located within the HIN-200
gene cluster on 1q23 and have been identified as a new family
of innate immune DNA sensors for intracellular DNA called
AIM2-like receptors."? Because chronic inflammation and
infection contribute to the development of several types of
cancer, we analyzed the HIN-200 gene cluster locus on 1q23.

Based on the SNP array analysis from 28 OSCC cases, four
members of the HIN-200 family, along with other 19 genes,
were located in the 1.3-Mb common region of amplification at
1923 (Fig. 1a). The expression profiles showed that IFI16 and
AIM?2 are highly expressed in OSCC, but no significant differ-
ences in the expression levels of the other 21 genes, including
rayeloid cell nuclear differentiation antigen (MNDA) and pyrin
and HIN domain family, member 1 (PYHIN), were observed
between the OSCC and control oral tissues (Fig. S2a—c). Using
semi-quantitative and quantitative real-time PCR, we con-
firmed statistically significant higher expression of AIM2 and
IFI16 in tumor samples from OSCC patients and OSCC cell
lines (P < 0.05) (Figs 1b—e, S2d). Moreover, the expression of
AIM2 was significantly higher in the group with metastasis
(N1) than in that without metastasis (NO) (P < 0.05). To con-
firm the relationship between genomic amplification and
mRNA expression levels of AIM2 and IFII6, a scatter plot
.was used to evaluate the correlation between the two variables

Kondo et al.

in 20 OSCC tumor samples and eight cell lines. As shown in
Figure 1(f), we found weak but positive correlations between
the DNA copy numbers and mRNA expression levels for the
two genes. Although a few cases did not show gene amplifica-
tion or overexpression of the AIM2 and IFIIG genes, the
majority of cases presented gene amplification and high
expression of these two genes. Thus, in the HIN-200 family of
genes, AIM2 and IFI116, are overexpressed in OSCC, and this
overexpression is frequently accompanied by gene amplifica-
tion. .

High expression of AIM2 and [FI16 enhanced cell growth by
preventing apoptosis in OSCC cells. An important inflamma-
some component, AIM2 senses poteritially dangerous cytoplas-
mic DNA and regulates caspase-1 activation.! Cytoplasmic
overexpression of AIM?2 also reportedly reduces cell prolifera-
tion and increases susceptibility to cell death in transfected
murine fibroblasts. To determine whether the high expression
levels of AIM2 or IFI16 have an effect on OSCC cell growth,
we introduced an shRNA expression vector against AIM2
(shAIM2), IFI16 (shIFI16) or luciferase (shLuc) as a control
into the human OSCC cell line SAS. SAS cells expressing the
shRNA for either AIM2 (SAS/shAIM2) or IFI16 (SAS/
shIFI16) had decreased growth rates relative to control-trans-
fected cells (SAS/shLuc) (Fig. 2a,b). Notably, downregulation
of both AIM2 and IFI16 expression had the most significant
effect on growth inhibition. Similar effects were obsefved in
the HSC4-OSCC cell line (Fig. S3). Next, apoptosis and cell
cycle were investigated by flow cytometry with propidium
iodide (PI) and Annexin V, respectively. The cell cycle pro-
files of SAS/shAIM2 and SAS/shIFI16 cells were not signifi-
cantly different from those of the control SAS/shLuc cells, but
the SAS/shAIM2 and SAS/shIFI16 cells exhibited a higher
percentage of cell death (sub-Gl population) than the SAS/
shLuc cells (Figs 2c, S4). In the SAS/shAIM2 and SAS/
shIFI16 cells, the percentage of cells that bound Annexin V
increased approximately 10- and 3-fold, respectively, com-
pared with. the SAS/shLuc cells (Fig. 2d). These data suggest
that high expression of AIM2 and IFI16 enhances cell survival
by preventing OSCC cells from entering apoptosis.

Activation of NF-xB signaling by AlVi2 and IFI16 in OSCC. Once
bound to the DNA in the cytoplasm, AIM2 activates both NF-
«B and caspase-1," and cytosolic DNA also triggers NF-kB
activation by IFI116."® To clarify the mechanisms by which
constitutive expression of AIM2 and/or IFI16 prevent apopto-
sis in OSCC cells, we studied caspase-1 and NF-xB for con-
stitutive activation in OSCC. Initially, the SAS-OSCC cell
lines transfected with the shLuc, shiFI116 or shAIM2 vectors
were examined for the expression of cleaved caspase-1 by
immunoblot analysis using a cleaved caspase-1 specific anti-
body. Cleaved caspase-1 was not detected in any of these cell
lines but was detected in the human acute monocytic leukemia
cell line (THP-1) transfected with poly deoxyadenylic-deox-
ythymidylic acid (poly[dA:dT]) as a positive control (Fig.
S5a). The cleaved form of caspase-1 was also not detected in
seven of the eight OSCC cell lines except for HSQ89 (data not
shown). In addition, the treatment of SAS-OSCC cells with -
poly(dA:dT) had no effect on caspase-1 cleavage (Fig. S5b),
suggesting that dsDNA could not trigger the formation of the
AIM? inflammasome in OSCC cells.

To assess NF-xB activation in OSCC, we measured IxBo
protein in eight OSCC cell lines and 10 primary OSCC tumors
by immunoblot analysis. We observed significantly higher lev-
els of phosphorylated IxBa and lower levels of total IxBol in
most OSCC cell lines and primary tumor samples compared to
control gingival tissues (Fig. 3a). This result suggests that NF-
kB signaling is often activated in OSCC. To confirm this
hypothesis, four OSCC cell lines (HSQ89, HSC3, HSC4 and
SAS) were treated with various concentrations of the NF-xB
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inhibitor Bay 11-7082 for 48 h and examined for cell viability.
" In three of the four cell lines (not HSQ89), cell viability was
inhibited by Bay 11-7082 treatment, although the effect varied
among the cell lines (Fig. 3b). To determine whether the
observed cell death was due to apoptosis, two cell lines, SAS

and HSC3, treated with or without Bay 11-7082 were stained

with Annexin V/PI and analyzed by flow cytometry. Over 90%
of the OSCC cell lines underwent apoptosis 48 h after treat-
ment with 10-uM Bay11-7082 (Figs 3c, S6). Moreover, there
was a dose-dependent increase in the total IxBo and decrease

784

without metastasis; N1, with metastasis.

in the phosphorylated IxkBo levels after exposure to 1-10-pM
Bay11-7082 (Fig. 3d). To determine whether high expression
of AIM2 and/or IFI16 contributes to the constitutive NF-xB
activation in OSCC, SAS cells were transfected. with either
shIFI16 and/or shAIM2 vectors and analyzed for IxBo expres-
sion. As expected, the SAS cells treated with shIFI16, shAIM2
or both shRNA significantly increased protein levels of phos-
phorylated-IxBo. and reduced the total IxBa levels compared
with control cells transfected with shLuc and parental cells
(Fig. 3e). The reduction of NF-kB activation by shIFI16 or

doi: 10.1111/].1349-7006.2012.02211.x
© 2012 Japanese Cancer Association
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Restoration of p53 function inhibits constitutive NF-xkB activa-
tion in OSCC cells. Studies have reported that the overexpression
of HIN-200 proteins can decrease cell proliferation and block cell
cycle progression at the G1-S phase transition.™ It has been
shown that IFI16-mediated growth arrest is partly dependent on

shAIM2 was also confirmed by NF-xB-dependent luciferase
reporter activity assay (Fig. 3f). The overexpression of IFI16
and AIM2 may enhance IkBa kinase activity and promote the
degradation of IxBo and NF-xB activation, leading to the
acceleration of cell growth in OSCC cells.
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the function of p53.'> Because a high frequency of mutations in
p53 was noted in OSCC,*® we determined whether p53 dys-
function results in abrogation of the growth suppressive
effects of AIM2 and IFI16 in OSCC cells. Initially, we

determined. the expression and genomic alterations of p53 in -

eight OSCC cell lines. All cell lines showed p53 point muta-
tions (Table S2-1, Doc. S2) and five (Ca9-22, HSC4,

HSQ89, SAS and Sa3) expressed a detectable level of )pS3
* protein, including a truncated form of p53 (Fig. 4a).?%*" In
primary OSCC samples, five out of 11 tumors had abnor-
mally high expression levels and/or point mutations of p53
(data not shown) (Table S$2-2). We introduced the wild-type
p53 expression vector into the SAS cell line and confirmed
that the expression of wild-type p53 decreased the growth
rate of SAS cells (Fig. 4b,c). The percentage of Annexin V-
positive cells significantly increased in wild-type p53-trans-
fected cells (Fig. 4d), indicating that this p53-mediated
growth suppression of SAS cells is associated with apoptosis.

It has been reported that p53 regulates glucose metabolism
through the NF-kB pathway, and both basally expressed and
genotoxicity-activated p53 inhibits the activity of IxB kinase
and the transcriptional activity of NF-xB.?® Therefore, we
determinied whether p53 could inhibit NF-xB activation in
OSCC cells. A significant increase in the IkBo protein level
and a decrease in phosphorylated IxBoa were observed when
SAS cells were transfected with wild-type p53 (Fig. 4e). Wild-
type p53 also inhibited the basal NF-xB reporter activity of
SAS cells (Fig. 4f). These data suggest that constitutive activa-
tion of the NF-xB pathway in OSCC is partly due to a loss of
p53 function.

The overexpression AIM2 and IFI16 synergistically promotes
cell growth only in the absence of functional p53. To determine
whether a lack of functional pS53 is associated with the
growth-promoting effect of AIM2 and IFI16 in OSCC cells,
we transfected human lung cancer H1299 cells, which lack
endogenous p53,** with various combinations of the AIM2,
IFI16 and p53 expression vectors. The transfection of AIM2,
IF116, or p53 alone had no significant effect on the growth
rate of H1299 cells (Fig. 5a,b). However, co-transfection of
AIM2 and IFI16 strongly promoted cell proliferation with
increased  IkBa phosphorylation. Strikingly, the growth-
promoting effect of AIM2 and IFI16 was abrogated in the
presence of wild-type p53. To further confirm these results,
we performed cell proliferation assays using the human mam-
mary tumor cell line MCF-7 expressing wild-type p53, which
has been used to study the role of IFIl6 in p53-dependent
apoptosis.®> Transfection with either' or both of the AIM2
and IFI16 expression vectors retarded the growth rate of
MCF-7 cells. The shRNA inhibition of p53 expression caused
a slight increase in cell growth rate (Fig. 5¢,d). Importantly,
co-transfection of AIM2 and IFI16 with a shRNA expression
vector for p53 led to an approximately two-fold higher prolif-
eration rate with significant upregulation of phosphorylated
IxBo. Thus, the simultaneous high expression of AIM2 and
IFI16 confers a proliferative advantage in cells with function-
ally inactive p53, in part, through the activation of NF-xB
signaling.

Finally, we examined whether co-expression of both AIM2
and IFI16 can activate NF-xB in an OSCC cell line. Very low
expression levels of AIM2 and IFI16 and a low level of NF-xB
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Fig. 3. Activation of NF-xB signaling in oral squamous cell carcinoma (0SCQ). (a) The levels of total and phosphorylated (Ser32/36) inhibitor of
kappa B alpha (IxBa) were examined in two normal gingival tissue samples, eight OSCC cell lines (Ca9-22, Ho1u1, HSC2, HSC3, HSC4, HSQ89, SAS
and Sa3) and 10 OSCC primary tumors by Western blot analysis. (b) Four OSCC cell lines were treated with various concentrations of Bay 11-7082
for 48 h, and viable cell numbers were counted by MTT assay. The results are shown as percentages of the values obtained from the control Bay
11-7082-free culture. The data are shown as the means + SD of triplicate samples. (c) The percentage of apoptotic cells was measured by FACS
after Annexin V/P! staining in untreated and 10-uM Bay 11-7082-treated SAS and HSC3 cell lines at 48 h. (d) Levels of phosphorylated IxBa and
total IkBa in the HSC4 cell line treated with the indicated concentration of Bay 11-7082 for 48 h were examined by Western blot analysis. (e) The
SAS cell transfectants described in Figure 2 were examined for the levels of phosphorylated IxBa and total IxBa by.Western blot analysis. (f) The
SAS cell transfectants were co-transfected with the NF-xB-Luc reporter and an internal control Renilla luciferase (pRL-TK) plasmid. After 36 h,
luciferase activities were measured with a dual-luciferase reporter assay system. The data are shown as mean * SD of triplicate transfections, and
statistical analysis used the Student’s t-test. NF-xB, nuclear factor‘kappa-light-chain-enhancer of activated B cells.
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Fig. 4.

Function of p53 is inhibited in oral squamous cell carcinoma (OSCC) cells. (a) Detection of p53 protein levels in two normal gingival tis-

sues and in eight OSCC cell lines (Ca9-22, Hotu1, HSC2, HSC3, H5C4, HSQ89, SAS and Sa3) by Western blot analy515 (b) SAS cell lines stably trans-
fected with either empty vector or wild-type p53 expression vector (FLAG-p53wt) were examined for expression of p53 by Western blot using an
anti-p53 antibody (Ab-6). (c) Transfectants were sub;ected to cell growth analysis using the MTT assay. The data are shown as the mean + SD of-
triplicate samples. The statistical analysis was done using the Student’s t-test. (d) The percentage of apoptotic cells was quantified by Annexin-V/
Pl staining. () Control vector and p53 transfectants were examined for levels of phosphorylated inhibitor of kappa B alpha (IxBa) and total IxBo
by Western blot analysis. (f) The cells were co-transfected with NF-xB-Luc and pRL-TK. After 36 h, luciferase activities were measured. The data

are presented as in Figure 3(f). NF-xB, nuclear factor kappa-light-chain-enhancer of activated B cells.

activation were found in HSQ89 with p53 mutation. Although
transfection of either AIM2 or IFI16 alone did not have a signifi-
cant effect on NF-xB activation and cell growth, co-transfection
of AIM2 and IFI16 resulted in accelerated cell proliferation, a
decrease in total IxBa, and an increase in phosphorylated IxBo
(Fig. 5e,f). This result suggests that co-expression of AIM2 and
IFI16 activates NF-kB signaling in OSCC cells. Taken together,
these results suggest that co-expression of AIM2 and IFI16 can
promote cell proliferation through activation of NF-xB signaling
pathway in the absence of p53.

Discussion

The oral cav1ty contains some of the most varied and extensive
flora in the entire human body. A member of a group of DNA-
based viruses, HPV infects the skin and mucous membranes
within the human body. Infection with HPV 16 and 18 increases

Kondo et al.

the risk of oral cavity cancer and oropharyngeal cancer.' ")

Because the interferon-inducible AIM2 and IFI16 genes act as
innate immune sensors for cytosolic double-stranded DNA,(%!1®
the expression of AIM2 and/or IFI16 might be activated by
recurrent infections in the oral cavity. In this study, we showed
that constitutive high expression levels of AIM2 and IFII6,
along with other interferon-inducible genes, were associated
with genomic alterations in OSCC. Upregulation of a series of
interferon-inducible genes and enhancement of interferon-sig-
naling pathways has previously been reported in OSCC by pro-
tein expression analysis using tandem mass spectromeiry or by
mRNA expression’ proﬁle analysis using a DNA _micro-
array.%2”) The expression of the interferon-inducible gene is an
important characteristic of OSCC. Moreover, OSCC cells were
shown to become resistant to IFN-B-mediated inhibition of cell
growth.®® The constitutive expression of the interferon-induc-
ible genes may affect the development of OSCC, and the expres-
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Fig. 5. Expression of AIM2 and IFI16 confers growth-strmu!atmg effects on transformed cells'in the absence of wild-type p53. (a) The growth of
human lung cancer H1299 cells after transfection with various combinations of AIM2, IFI16 and wild-type p53 (SN3-p53wt) expresswn vectors
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sion ‘of a subset of the interferon-inducible genes may arise as a
result of genomic alterations.

Although the AIM2 and IF116 genes were thought to be tumor
suppressors in a series of cancers, high expression levels of AIM2
and IFI16 enhanced the cell growth and prevented apoptosis in
OSCC. In normal aged human cells, increased levels of the IFI16
protein reportedly contribute to senescence-associated cell
growth arrest partly through the p53/p21CIP1 and Rb/E2F path-
way and upregulation of IFI16 expression by p53. This is a part of
a component of the positive feedback loop between p53 and
JF116.® Because the loss of p53 and/or IFI16 function in cells
has been suggested to contribute to defects in cellular senescence-
associated cell growth arrest, we speculate that dysregulated
IFI16 function together with the loss of p53 function can contrib-
ute to the development of OSCC. This study demonstrated that
the co-expression of AIM2 and IFI16 synergistically activates
NF-xB signaling, and the activation of NF-xB in OSCC is also
dependent on p53 inactivation, Future studies will determine the
precise activation mechanisms of NF-xB signaling and/or the
transcriptional activity of IFI16 in OSCC with inactivated p53.
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Clinical significance of CADM1/TSLC1/IgSF4 expression
in adult T-cell leukemia/lymphoma |

S Nakahata', Y Saito’, K Marutsuka®, T Hidaka®, K Maeda®*, K Hatakeyama®, T Shiraga™, A Goto', N Takamatsu', Y Asada®,
A Utsunomiya’, A Okayama®, Y Kubuki®, K Shimoda®, Y Ukai®, G Kurosawa® and K Morishita’

INTRODUCTION

Adult T-cell leukemia/lymphoma (ATLL) results from infection with
human T-lymphotropic virus type 1 (HTLV-1)."? Following HTLV-1
infection, 2.1 to 6.6% of HTLV-1 carriers will develop ATLL, and
most of the ATLL patients will die within a year? An estimated 10-20
million people worldwide are infected with HTLV-1, and HTLV-1
is endemic in southwestern Japan, the island of Kyushu, Africa, the
. Caribbean Islands and South America* ATLL cells are mainly
derived from activated helper T cells with the CD3 ™, CD4*, CD8~
and CD257 (also known as interleukin 2 receptor alpha (IL-2Re))
cell surface markers.? A fraction of ATLL cases have been shown to
also express forkhead box P3 (FOXP3), which is a master gene for
regulatory T cells (T-reg), suggesting that some cases of ATLL may
originate from HTLV-1-infected T-reg cells>® For diagnosis,
identification of mono- or oligoclonal provirus integration events
by Southern blot analysis is one of the definitive markers for ATLL.
In addition to viral integration, ATLL cells with multi-lobulated
nuclei (called ‘flower cells’) have been frequently seen in leukemia
cells in the peripheral blood of ATLL patients. Hypercalcemia and
high levels of either serum lactate dehydrogenase (LDH) or soluble
IL-2Ra. (sIL-2Ra) have been found to be unfavorable markers for
ATLL; however, these markers are not specific for the diagnosis
of ATLL.® ,

The developmental steps of ATLL after HTLV-1 infection have
remained obscure for 30-40 years. HTLV-1 Tax is thought to be an
important viral protein that functions in the maintenance of HTLV-
1-infected lymphocytes;>'® however, expression of Tax protein

set of markers for disease
AL

was not detected in over 70% of ATLL cases because of genomic
deletion and/or DNA methylation.'’"'* Recently, HTLV-1 basic
leucine zipper (HBZ) was found to be constitutively expressed in
ATLL cells and was shown to interact with JUN and CREB2 to
regulate Tax expression.'*'® HBZ also promotes CD4* T-cell
proliferation in transgenic mice;'® therefore, HBZ has important
roles and functions not only in maintaining the virus life cycle but
also in the maintenance of the HTLV-1-infected cells that
contribute to disease pathogenesis. Although HBZ is expressed
in the majority of ATLL cells, only 5% of HTLV-1 carriers develop
ATLL, suggesting that additional factors besides viral infection are
required for the development of ATLL.

To identify additional pathogenic factors or novel surface
markers for ATLL, we collected gene expression profiles for acute-
type ATLL. Using a comprehensive DNA microarray gene
expression analysis, we recently demonstrated that cell adhesion
molecule 1 (CADM1/TSLC1/IgSF4) is a novel cell surface maker for
ATLL."”” CADM1 was initially isolated as a tumor suppressor for
lung cancers by genomic analysis. CADM1 expression is reduced
in a variety of cancers by promoter methylation and is associated
with poor prognosis and enhanced metastatic potential.’® By
contrast, we identified that high expression of CADM1 has an
important role in enhanced cell-cell adhesion to the vascular
endczt?elium, tumor growth and the organ infiltration of ATLL
cells.

In this study, we developed various antibodies for CADM1 to
be used as diagnostic tools for identifying ATLL leukemia cells.
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