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FIG.9. Histologic analyses ofislet-transplanted graft liver. (A), (B) HE, (C)
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, (D) double stainings with insulin and TUNEL of the control and

DHMEQ-treated groups were performed. Encircled field indicates TUNEL-positive nuclei within insulin-stained islet cells of the control (C).
None of the TUNEL-positive nuclei within insulin-stained islet cells were observed in the DHMEQ-treated group (D). Original magnification,

%200. (Color version of figure is available online.)

accelerates diabetes in NOD mice [30]. Another group
has reported that A20 overexpression by NF-«B activa-
tion rescues f-cells from FADD-induced cell death [31].

To elucidate the mechanism underlying DHMEQ’s
prevention of islet apoptosis, we studied the up-
regulation of cytokines by NF-«xB activation because
islet-produced MCP-1 was negatively relevant to clini-
cal outcomes such as engraftment and insulin indepen-
dence [32] and played a role in insulitis by monocyte
accumulation [33], or because islet resident macro-
phages were thought to produce IL-1f in a variety of
stimuli that can stimulate NO production by g-cells
[34]. Our data indicated that DHMEQ significantly in-
hibited IL-18 (Fig. 3B) but only slightly inhibited MCP-
1; no significant difference was observed between the
control and DHMEQ-treated groups. We consider that
DHMEQ’s inhibitory effect on cytokine expression for
the reversal of diabetes would be weak.

We focused on NF-xB’s anti-apoptotic effect resulting
from its regulation of apoptosis genes. In addition to its
important proinflammatory role, NF-xB is a major
regulator of cellular apoptosis, but its role was highly
controversial [9-11]. Then, the pro-apoptotic gene Bax
is considered to be involved in the apoptosis of isolated
islets. The ratio of the Bax to the anti-apoptotic gene
Bcl-2 might play important roles in the deterioration
of insulin secretion and apoptosis after isolation [35—
37]. The inhibition of Bax expression might lead to
the prevention of apoptosis, the enhancement of islet
viability, and the reduction of islet mass to reverse

diabetes in mice [36]. So, we investigated Bax and
Bcl-2 in isolated islets. Bax was hyperexpressed by
the isolation procedure, and DHMEQ inhibited intrais-
let Bax without inhibiting Bel-2 expression after isola-
tion (Fig. 4). This means that the isolation procedure
tends to induce apoptosis in islets, and that DHMEQ
would contribute to the inhibition of islet apoptosis. An-
other report shows that Bax was regulated by NF-xB
through p53 and that the inhibition of NF-xB by a nu-
clear translocation inhibitor or by genetic manipulation
of IxkBa or IKK reduced apoptosis and lowered both cas-
pase 3 activity and p53 expression [38]. As is shown in
Fig. 6, DHMEQ inhibited caspase3/7 activity compared
with the control. Although the relation between NF-«B
and p53 in islets is not clear, DHMEQ might inhibit ap-
optosis by suppressing the caspase pathway through
p53 and Bax activity against NF-«<B. We considered
that the isolation procedure induced islets to activate
NF-«B and induced in them a tendency toward apopto-
sis by the pro-apoptotic gene Bax. DHMEQ would have
worked as not only an inhibitor of apoptosis genes, but
also as an anti-inflammatory agent to the isolation
procedure.

DHMEQ could achieve engraftment by donor pre-
treatment in marginal islet transplantation (Fig. 7).
Previously, we also reported that the inhibition of NF-
kB activation in graft liver would promote engraftment
by preventing an instant blood-mediated inflammatory
reaction (IBMIR) [39]. In this study, islet apoptosis in
the controls was nearly 10%, but graft failure was
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induced (Fig. 7). This finding suggests that donor
pretreatment with DHMEQ might contribute to IBMIR
inhibition.

We evaluated islet function in vivo by IPGTT, and the
AUC of the DHMEQ-treated group was significantly
smaller than that of the control group (Fig. 8B). Fur-
thermore, the insulin contents of the DHMEQ-treated
group were significantly higher than those of the con-
trol (Table 2). Additionally, islets in the DHMEQ-
treated grafts were preserved with smaller necrosis,
and no apoptosis was found (Fig. 9). This indicates
that DHMEQ by donor pretreatment could also contrib-
ute to the engraftment of islets in the liver and preserve
islet function by inhibiting islet apoptosis.

The cause of apoptosis in islets is not easy to identify,
and many NF-«B-dependent genes were considered to
be involved in the regulation of apoptosis in islets
[40], but their nature remains to be clarified.

In summary, NF-«B in islets was activated immedi-

ately after isolation, and DHMEQ, an inhibitor of NF-
kB nuclear translocation, inhibited NF-xB activation
and prevented apoptosis by down-regulating Bax dur-
ing isolation, thus improving the engraftment of synge-
neically transplanted islets into mouse liver. This
indicates that targeting of NF-«<B inhibition may be
a therapeutic strategy for improving islet transplanta-
tion. Other drugs would inhibit NF-xB by inactivation
of IxB kinase or phosphorylation of IkB. So, this inhibi-
tory reaction is not specific to NF-xB inhibition, and
large doses or gene manipulations are needed to show
the inhibitory reaction of NF-xB. However, DHMEQ
is specific to nuclear translocation of NF-«xB alone by di-
rectly attaching the NF-xB subunits, and DHMEQ is
not relevant to the phosphorylation of any protein. On
the other hand, other drugs, such as antioxidants, aspi-
rin, or pyrrolidine dithiocarbamate, also have reactions
to the whole body, and high doses would lead to adverse
effects. That is, NF-«B inhibition by these drugs is non-
specific. But, DHMEQ has never been reported to have
any adverse effects on small animals. DHMEQ is
a small molecular compound and is superior for drug
delivery. Thus, we could use it as an apoptosis inhibitor
before islet isolation by ductal injection. Further identi-
fication of effective treatments for NF-«B inhibition in
islet transplantation will be crucial for learning how
to prevent (-cell death and how to reduce islet mass to
achieve normoglycemia in IDDM.
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Abstract Unlike the case with some other solid tumors, whole genome array screening has not revealed prog-
nostic genetic aberrations in primary gastric cancer. Comparative genomic hybridization (CGH)
using bacterial artificial chromosome (BAC) arrays for 56 primary gastric cancers resulted in iden-
tification of four prognostic loci in this study: 6q21 (harboring FOXO3A; previously FKHRLI),
9932 (UGCG), 17q21.1~q21.2 (CASC3), and 17q21.32 (HOXB3 through HOXBY). If any one of
these four loci was deleted, the prognosis of the patient was significantly worse (P = 0.0019). This
was true even for advanced tumors (stage IIIA, IIB, or IV, n = 39) (P = 0.0113), whereas only 1 of
the 17 patients with less advanced tumors (stage IA, IB, or II; n = 17) died of disease after surgery.
Multivariate analysis according to the status of four BACs or pathological stage based on the Japa-
nese Classification of Gastric Carcinoma (stages 1A, IB, and II vs. stages IIIA, IIIB, and IV) demon-
strated that the BAC clone status was also an independent prognostic factor (P = 0.006). These
findings may help predict which patients with malignant potential need more intensive therapy,
or may point to new therapeutic approaches especially for advanced tumors. The parameter here
termed the integrated genomic prognostic biomarker may therefore be of clinical utility as a prog-
nostic biomarker. © 2010 Elsevier Inc. All rights reserved.

1. Introduction of surgery in some advanced cases. This may be, at least
in part, because the present systemic therapeutic approach
is unsatisfactory—for example, because of inadequate
criteria for deciding eligibility for adjuvant chemotherapy,
as well as the questionable efficacy of the chemotherapy it-
self. We need to know more about the disease to overcome
such problems, and to develop therapeutic strategies based
on the molecular and biological features responsible for the
clinical phenotype of gastric cancer [3—7].

Infection with Helicobacter pylori is now accepted as
definitely carcinogenic for gastric cancer, and its patho-
genic mechanism has been elucidated [8—10]. Nonetheless,
cardiac cancer of the stomach is increasing in both western
and eastern countries, and it seems to be associated with re-
flux esophagitis more than with H. pylori infection. It can
be postulated that gastric cancer arises from inflammatory
stimuli to the mucosa, regardless of their cause, which

Gastric cancer is one of the most common malignant
solid tumors in the world, and is especially prevalent in
East Asia, with >500,000 new patients each year, and
>400,000 deaths. In Japan, ~50,000 people die of this
disease every year, even now in the 21st century, despite
successful early detection, skillful surgery with lymph
node dissection, and intensive clinical follow-up with
monitoring of serum tumor markers and use of gastrointes-
tinal endoscopy, computed tomography, or positron emis-
sion tomography for local and distant metastasis [1,2].
During post-operative observation, we may have to face
hepatic or peritoneal metastasis within a couple of years
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E-mail addresses: ntomioka@sapporo-shaho.jp (N. Tomioka) or might result in acquisition and accumulation of genomic
ozaki-m@med.hokudai.ac.jp (M. Ozaki). aberrations in cancer stem cells [11—13]. The hypothesis
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of cancer stem cell could also apply to gastric cancer i
[14,15]; however, the predominant cancer cells in clinical Ala—~coco—~«
lesions seem to have certain aberrations already [16,17]. a
In fact, we do not know whether the genomic status of © 8 —eocnmgn
the gastric cancer stem cell itself is normal or not. 5 0
Even though genetic and epigenetic effects on tumor cells gl Zlravw—0oy
or the cancer stem cell itself still remain to be elucidated, here
we analyzed extracted DNA from frozen and dissected » +|{ee—"marg
primary gastric cancer samples with array comparative ; oS
genomic hybridization (CGH) [18—20] to identify the < L= N
genomic aberrations crucial to patient survival status. uleee—~oag
‘E aloe~eans
2. Materials and methods ;:",
2 O n—=NO
2.1. Specimens “lo<)= -
Frozen tumor tissue samples of 56 primary gastric cancers 2.1 jle-<c~vgq
were obtained from the Tissue Bank of Hokkaido University cg
Graduate School of Medicine, Department of General g
‘Surgery. All surgical specimens in this study were collected 3 E |jgae—-—=evz

in our University hospital from 1999 to 2004 with the

. . s . QO = 2~ 0
consent of the respective patients. Clinicopathological char- g § + oo
P . - . c @
acteristics are given in Table L Adjuvaqt chemotherapy was ks g loaoc—ocwr
not given to patients with stage I or II disease, except in one
case at the patient’s request. Low-dose FP therapy (i.e., 5- - f|loe—emeosgq
fluorouracil—cisplatin) was given to 5 of the 12 patients with 'é. g
. . . <
stage ITIA or IIIB tumor, resection A or B (i.e., no residual FE |lga =~z
tumor), based on the final findings of curative potential of
. . . . o
gastric resection [1], as well as to 7 of the 27 pat‘lents with Elecoooadn
tumor stage IV at their request. Advanced gastric cancers
without adjuvant systemic chemotherapy predominate in R Flooooco~«
this patient cohort. £ .
]
2.2. Extraction of DNA %n E1 Rl
e
. » . ‘é‘ o,
DNAs were extracted using QIAamp DNA tissue kits 2 fl ccocoam

(Qiagen, Valencia, CA) from tumor blocks sliced at 200 um
and dissected under magnification. Every fifth slide was
stained with hematoxylin and eosin, so that a pathologist
could confirm the presence of tumor cells in the samples.

s
0
0
0
1
0
5
6

Ss

2.3. Array CGH and data processing

mp
0
2
1
0
0
0
3

The array CGH target slide consists of 4,015 BAC
clones printed in duplicate (MacArray Karyo 4K; Macro-

Depth of tumor invasion®

b pap, papillary adenocarcinoma; tub, tubular adenocarcinoma (moderately to well differentiated); por, poorly differentiated adenocarcinoma; sig, signet-ring cell carcinoma; muc, mucinous

2 m, mucosa or muscularis mucosae; sm, submucosa; mp, muscularis propria; ss, subserosa; se, serosa; si, invasion of adjacent structures.
adenocarcinoma.

Abbreviations: Adj Tx, adjuvant systemic chemotherapy; DOD, dead of disease; Doner, dead of other causes; F, female; M, male.

g

z

E .
gen, Seoul, South Korea) on aminosilane-coated slide §‘ dle~eoeoo~
(CMT-GAPS2 coated slides; Corning, Corning, NY). The = coooooo
Macrogen BAC library is an original library based on the s - -
genome of Koreans established in 2000 by Seo of Seoul E Sleavnaga
National University. The average length of insertion is g 8| Llv-~omang
~100 kb. = )

Test and sex-matched reference DNAs (500 ng each) §o %

were labeled by the random primer method (Bioprime 2 folemveovrng
DNA labeling kit; Invitrogen, Carlsbad, CA) for ~16 hours. _ & B
The probe solution was heated to 70°C for 10 minutes to - gy <m F
denature the DNA, then incubated for 60 minutes at 37°C &0 gslfeoEERE

© Resection A, no residual disease with high probability of cure; resection B, no residual disease but not fulfilling criteria for “resection A”; resection C, definite residual disease.
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to block repetitive sequences. The array slides were pre-
treated with salmon sperm DNA in hybridization solution
for 30 minutes at room temperature and were mounted on
the slide processor (GeneMachines HybStation; Genomic
Solutions, Ann Arbor, MI). Hybridization was performed
for 40—72 hours on the slide processor with continuous
agitation. After a washing, images were acquired with
a GenePix 4000A system (Axon Instruments, Sunnyvale,
CA), and data analysis was performed using MacViewer
(Macrogen) [21,22]. Further statistical analyses were per-
formed with the assistance of biostatistics collaborators
(M.T.) at our institution.

The power of sensitivity and ability to distinguish read-
outs of the MacArray Karyo 4K array is so great that
the threshold for the detection of aberration gain or loss
is = 0.1 (log, ratio). The basic process is also documented
at the Macrogen website (http://www.macrogen.com/eng/
biochip/karyochip_process.jsp).

2.4. Real-time quantitative polymerase chain reaction

DNA was extracted from frozen dissected primary
samples using a GenElute mammalian genomic DNA mini-
prep kit (Sigma—Aldrich, St. Louis, MO). The presence of
a deletion of interest was detected by real-time quantitative
polymerase chain reaction (gPCR) using a QuantiTect
SYBR Green PCR kit (Qiagen, Valencia, CA) and LightCy-
cler system for real-time PCR (Roche Applied Science,
Indianapolis, IN). For the AIMI1 (6q21), RGS3 (9q32),
CASC3 (17q21.1), and ITGB3 (17921.32) genes, gene-
specific primers were designed (Table 2). Each PCR reac-
tion contained 10 pL of PCR mix, 100 ng DNA, 1 uL of
each primer, and distilled deionized water to a final volume
of 20 pL. Thermal cycling conditions included a prelimi-
nary run of 15 minutes at 95°C. Cycle conditions were
40 cycles of 94°C for 15 seconds, 60°C for 20 seconds,
and 72°C for 30 seconds.

3. Results

3.1. Genomic biomarkers for prognosis of primary
gastric cancers

First, 91 BAC clones with significant copy number
aberrations (P < 0.05) were selected from 4,015 clones

Table 2
Primers for quantitative polymerase chain reaction

through Cox proportional hazard analysis for 31 primary
samples with confirmed apparent predominant composi-
tion of >50% cancer in the dissected area of the samples.
Box plot and jitter plot analysis for these 91 BAC clones
in patients with favorable (n = 15) or unfavorable prog-
noses (n = 16) were performed (data not shown). These
two prognostic groups (Fig. 1) were selected by computer
analysis to yield the greatest significance of the difference
repeatedly for overall survival after surgery (i.e., the
smallest P-value by log-rank test: P = 0.0082 x 107°).
Of these, 11 BAC clones were identified as including
prognostic loci with significant differences between the
groups (P < 0.005), and 19 clones with lesser but still
significant differences between the groups (P < 0.05)
(data not shown). Survival rates and curves were also
analyzed and evaluated on each of these 30 BAC clones
separately by log-rank test, resulting in a final selection
of four clones as the most reliable and informative prog-
nostic biomarkers in this study (Fig. 2). These clones were
significantly underrepresented in tumors with an unfavor-
able prognosis.

3.2. Genomic biomarkers and clinicopathological
prognostic factors for primary gastric cancers

The candidate genes and sequences identified on or
flanking the selected BAC clones are listed in Table 3.
The first of the four selected clones (#1415) spans 96.7
kb in 6g21. This region contains FOXO3A (previously
FKHRLI) flanked on either side by PRDMI [23], AIMI
[24], NR2E] [25], and CDC40. The second clone (#2004)
spans 96.4 kb in 9q32 and harbors UGCG [26], SUSDI
[27].] and ROD1, flanked on either side by TXN, TXNDCS,
and CDC26 [28], POLE3 [29], and RGS3 [30]. The third
clone (#3184) spans 102.0 kb in 17g21.1~q21.2 and
harbors CASC3 [31], flanked by CDC6 [32], RARA [33],
GJC1 [34], TOP2A [35], and IGFBP4 [36] on the telomeric
side of this clone. The fourth clone (#3215) spans 93.9 kb
in 17q21.32 and harbors HOXB3, HOXB4, HOXBS,
HOXB6, and HOXB7 [37—40], and HOXB8 and HOXB9,
flanked on either side by CDC27 [41], ITGB3 [42],
TBKBPI [43], TBX21 [44], PNPO [45], CBXI [46], SKAP1
[47], and UBE2Z [48] and B4GALNT? [49].

The status for each of these four clones, along with well-
known clinicopathological factors such as tumor thickness,

Gene (location) Forward primer (5’ to 3')*

Reverse primer (5' to 3') Product size (bp)

AIM1 (6921) ttettttagGGGGCACACAG

RGS3 (9q32) CCTGCAAGTCGACACATGAC
CASC3 (17q21.1) TGGGAGTCCTCCACAAAGAG
ITGB3 (17q21.32) CTGTGTGACTCCGACTGGAC
GAPDH gecteactecttttgcag AC

USP21 ACCCCATGTTACGACCTCTG

GGAGTCGATCCACTTTCCAG 205
GGGCCAGGATGATGTAGTTG 243
TTCCACAGGCCTAAAACCAG 202
TTAAAGGTGCAGGCATCTGG 191
TTCTAGACGGCAGGTCAGGT 243
ACAGACTTGGAACGGGCTAA 205

* Uppercase letters represent the sequence in exon, and lowercase letters represent the sequence in intron.
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surgery (Jowest P-value by log-rank test = 0.082 x 1075,
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lymphatic or venous invasion, lymph node metastasis, and
terminal staging, all had significant influences on survival,
even when univariate analysis was applied (Table 4). If any
one of these four clones was lost (i.e., if an integrated
genomic prognostic biomarker was positive), prognosis
for the patients with tumors having such genomic aberra-
tions remained significantly less favorable in the 31 patients
with confirmed predominant cancer composition (P =
0.0004) (Fig. 3A). Furthermore, in the 24 patients with
advanced tumors from among these 31 patients (stage I1IA,
1IB, or IV, n = 24 vs. stage I or I, n = 7), these biomarkers
could distinguish tumors with a further unfavorable prog-
nosis (P = 0.0127) (Fig. 3B). Even for all 56 patients taken
together, or the 39 patients with advanced tumors among all
the 56 patients, the integrated genomic prognostic
biomarker could again distinguish tumors with a less favor-
able prognosis (P = 0.0019 for the total group and P =
0.0113 for the subset with advanced tumors).

There were no statistically significant differences between
patients with favorable vs. unfavorable prognosis on the basis
of the BAC biomarkers regarding clinicopathological prog-
nostic and therapeutic factors, with the exception of lymph
node metastasis (Table 5). Multivariate analysis for the
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osl #2004 clone : 9932 |

Survival rate
2

p=0.0264

0t Deletion: n=5

N n

0 L1

0 % 50 8 70
Months (m)

#3215 clone : 17q21.32 |

Normal: n=24 T

Survival rate
2

o3t p=0.0004 ]

02 E

0.1 1
Deletion: n=7

c0 19 20 30 40 5 60 70

Months (m)

Fig. 2. Survival curves of gastric cancer patients for normal vs. deletion groups at four candidate loci.



N. Tomioka et al. | Cancer Genetics and Cytogenetics 201 (2010) 6—14

10

“ewourored omsed Arewrd 1o siayrewolq onsougoid 9q 0) pauruLalep AdM (S[ZE PUB ‘P]TE 00T ‘STHT) SAUOD INOJ ASAYY,
W Bupjuey “sa Qg 2y uo uonedo sajeatpur ad4) rendar “sa oejpjog JuroYIUSIS 9q 0) PUNOJ 2S0Y) AIE saduanbas pue sauad papodar ayy,
JUEDYIUFIS JOu ‘SN {AWOSOWOIYD [BIDYIME [BLRIOR] ‘DY SUOUDINIGqY

S6YOr6YY 9L6SISYY  S0669¥810°T— SN LT6LIE609'0  TE1ThLI 9lTe#
ZS9:ANZ ‘6ZSLO0I00-WN ‘IOHdSOHd ‘SIAY ‘TLOND ‘TINTVOFL ‘1d97401
dID "$ANS ZZALN ‘TOSdLY ‘TOD0DTVD ‘OTILL ‘SIGXOH “(LLLZESAY) EGHOLID ‘DVHd ‘9ZEFHFSD
‘69XOH ‘89XOH ‘L4XOH ‘9°9XOH ‘SAXOH ‘Y9IXOH ‘€4XOH F0£960tY Y6ETOOPY  LTPIP99SH E— TLO6LERIOO  TE1ThLI JSITe#
69XOH ‘84XOH ‘L4XOH ‘99XOH ‘SIXOH ‘t9XOH ‘€9XOH 88LITIvY SSE8B6EY 81608L590°€— 1€LTE8TFO0  TETThLI vITe#
(1dVOS Ajsnoiaad)
[dVYS “TIXNS ‘IX8D “(08£00174 Se®) I'TZHAN ‘TZd0D ‘(FIT 19-MS/NO Sele) £dVHSYTD
‘(rav.Ly Lisnownaid) TSTHAd ‘OdNd ‘TdS ‘TNNDS ‘9FDNNT ‘01 TN ‘LTd4SO “17XGL ‘Id94L
‘TANdY "SddAdN ‘SS806008 ‘SSLL900d “LSH10L1D ‘0ZISKLXY ‘€GOLI ‘FIAN ‘LZDAD ‘08920940
€98+91Th T8096€TF  TLLITEL9Y'O— SN LT6LSTSIL'O  TE1ThbLI CITeH
0rT86SE 1071.85€ L6S8LO09Y T— SN 100¥1€T6€°0 T1ThbLr L8IEH
Fd 401
VZdOL ‘LELFT ‘IDfD VIV 9166Z85€ LE]STLSE LTY988661 ¥ — 8TY6TTII00 1'1gbL1 981¢#
92aD £PESLISE 089€LSSE 69796£676'1— STTOIETIO0 1'12bL1 SRICH
CAdIM TTAADIVY €ISV 0085£95€ SLLEESSE T6SSPECEY S— 6265815000 1'12bL1 JP8IEH
6£LS9SSE 81199t5¢€ T8Y06818S°CT— SN 60£00L6S0°0 1'1gbL1 €81¢cH
TSPOSHSIT 0SOTSESTT  S00089S61'€— SN 9T1L9LT80°0 zebe 900T#
ESDY “ERMO6D €AT0d ‘AVTY ‘SAHAH ‘A4dSE ‘[E4AM ‘EQTANY ‘tAd¥d ‘9700 ‘IVIEYTS
‘(pL90vVIY K1sno1aoxd) CrdgN.1 ‘SIdgNA ‘TVIEDTS ‘L#8TLSOA “(ZSLTESTV) 60141062 ‘FIFOSIOG
‘LEAAZ 999Z094D ‘TVIFITS ‘E10LIINY ‘OILSTINV ‘081060 ‘SS6IVVIN (0Z0ISINY) LF /106D
PLOLKODE ‘TIASH ‘TAOY PEIEETHII ¥T8090¥IT  6LSTIOLLT ¥— SLI9I¥STO0 zebe S00TH#
1oy ‘1asns voon
I'TIZ19IVq Sene) SZOIVNA ‘624060 “(Harg LT K1snowaxd) 1y91d ‘8pANZ ‘$9E0VVIN TIZHO
06¥9L0€1 1 8E1086TIT  STY0ITETL'9— $8000¥910°0 ebe  POOTH
(zoqa fisnotaard) [yvdT NSNW ‘SOANXL ‘NXL
1€8EV61T1 CLEVSSITT LSS8PIS'E— SN +97980811°0 zebe £00TH#
80186L011 18616901 | LTEYO'T— SN 1ZESHPI0 1zby 9Ip1#
0rOAD “TASVM “94dD ‘#4187 ‘(TVIIN Kisnotaaxd) [ 7vOIN ‘ZAdIS ‘#91AD ‘INSHS ‘TONAY
(I'TIHNA fisnotaaid) veOxX0d 8EEPRI601 £19L80601 S8686LT— 98998¢0°0 1tby  Sivi#
132V
EXNS ‘THAZIN P1L859801 L¥6895801 9TTLE— 1292L10°0 1zbo PivI#
IWLSO ‘€92S FIWIS d90S ‘TSSAd
I'1S¥0 ‘IdIPNIY ‘TWIV 99+002L01 899L01L01 SEToEEE— 7922LE0°0 1zbo ClPI#
SOLY ‘INA¥d ‘dTd¥d
796628501 SELLILSOT L1T8L6'1— SN 29ST+S1°0 1Zbg 48248
aU{M ve mc_v_:mc 10 uo saduanbas pue sauan) n5 ._uzo ovd an ‘1Ie)s U<m~ n ON[BA-4 SNd07T dlr ovd

SAUO[O DV Paroafas Ayl Funjuey 1o uo pajedo] sasuanbas pue souad aeprpued jo Lrewwng

€ J1qeL



N. Tomioka et al. | Cancer Genetics and Cytogenetics 201 (2010) 6—14 1

Table 4

Univariate analysis of clinicopathological and genomic biomarkers on prognosis in 56 primary gastric cancer patients

Prognostic factors Criteria N P HR 95% CI

Depth of tumor invasion <sm vs. <mp 11 vs. 45 0.016 11.671 1.570—86.771
Lymph or venous invasion —vs. + 11 vs. 45 0.018 11.346 1.528—84.231
Lymph node metastasis — vs. + 17 vs. 39 0.003 6.119 1.820—20.567
Stage <II vs. IIA< 17 vs. 39 0.002 24.113 3.259—-185.913
Integrated genomic prognostic marker negative vs. positive 31 vs. 25 0.003 3.338 1.489—7.482
6q21 normal vs. deleted 50 vs. 6 0.001 4.966 1.947—-12.667
9q32 normal vs. deleted 49 vs. 7 0.052 2.513 0.992-6.370
17q21.1 normal vs. deleted 42 vs. 14 0.051 2.192 0.995-4.829
17q22.32 normal vs. deleted 45 vs. 11 0.015 2.841 1.223—6.604

Abbreviations: CI, confidence interval; HR, hazard ratio; mp, muscularis propria; sm, submucosa.

integrated genomic prognostic biomarker and pathological
stages based on the Japanese classification of gastric carci-
noma (stage 1A, IB, or I vs. stage ITIA, ITIB, or IV) revealed
the former as an independent prognostic factor (P = 0.006)
(Table 6). Regarding the numbers of deceased patients who
had had advanced tumors (stage IIIA, IIIB, or 1V), signifi-
cantly more patients with unfavorable tumors died (P =
0.0409), whereas for the patients with less advanced tumors
(stage IA, IB, or II), survival after surgery tended to be
equally good, even for the patients with tumors positive for
the integrated genomic prognostic biomarker (P > 0.05,
not significant) (Table 7).

3.3. Validation of these four loci by real-time gPCR

In the gPCR analysis, a ratio near 0.5 indicates deletion
at the locus. The primers worked for that purpose for 56
primary gastric cancers. The sample GC_35 has no deletion
in any of the four loci; by contrast, sample GC_36 has dele-
tion in 6921, GC_57 in 9q32, GC_54 in both 17q21.1 and
17¢21.32 (Fig. 4). The results of real-time qPCR by repre-
sentative four genes for the loci were compatible with array
CGH data.
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4. Discussion

Four significant prognostic loci were identified by our
statistical analysis of BAC array data of 31 tumors, which
segregated all 56 tumors into two groups with significantly
more favorable or unfavorable prognosis. These biomarkers
enabled us to predict the malignant potential of the tumors
and patient course after surgery.

The prognostic locus 6g21 contains FOXO3A, which
encodes an important regulator of apoptosis and the cell
cycle that physically interacts with the transcription factor
RUNX3 [50—52]. This is a candidate tumor suppressor
frequently lost in gastric cancer cells; it acts on the
promoter site for regulating Bim activation essential for
the induction of this pathway of apoptosis. AIMI [24]
encodes the absent in melanoma 1 protein, a novel non-
lens member of the Py-crystallin superfamily, which is
associated with tumorigenicity.

The prognostic locus in 9q32 harbors the UGCG; this
gene encodes UDP-glucose ceramide glucosyltransferase
[26] essential for embryonic development and the differen-
tiation of keratinocytes by regulating cell-to-cell or cell-to-
matrix interactions, the loss of which might confer
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Fig. 3. Survival curves of gastric cancer patients for positive vs. negative integrated genomic prognostic biomarker. (A) All 31 patients with tumors
confirmed, apparent predominant composition of >50% cancer. (B) Subset of 24 patients with tumor of stage 1IIA, I1IB, and IV from among these 31

patients.



Table 5

Two groups segregated by the integrated genomic prognostic biomarker in 56 primary gastric cancer patients

Lymph Venous Lymph node
metastasis

Histological
typing”

Depth of tumor

invasion®

Outcome

Adj Tx

Resection®

Stage

invasion

invasion

Sex

Genomic

Patients,
no.

prognostic
group

IIIA TIIB IV Alive DOD Dgper

IA IB II IIA IIIB IV AorB C

+

+

si pap tub por sig muc —

sm mp SS se

M m

F

10
13

1 11 21
16

6

18
21

20 13

20
22

0.0634

, adjuvant systemic chemotherapy; DOD, dead of disease; Dyyer, dead of other causes; F, female; M, male.

m, mucosa or muscularis mucosae; sm, submucosa; mp, muscularis propria; ss, subserosa; se, serosa; si, invasion of adjacent structures.

11

2

14
16

12

3

11

10 21 7
9

31

Favorable
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18

12

19

0.3955

15 3 2 5

4

0

16 3 0

Unfavorable 25

P-value

0.0027

0.7881

0.1758

0.401

0.0448

0.292

0.328

0.7843

Abbreviations: Adj Tx

a
b

; tub, tubular adenocarcinoma (moderately to well differentiated); por, poorly differentiated adenocarcinoma; sig, signet-ring cell carcinoma; muc, mucinous

pap, papillary adenocarcinoma

adenocarcinoma.

¢ Resection A, No residual disease with high probability of cure; resection B, No residual disease but not fulfilling criteria for “resection A”; resection C, Definite residual disease.

Table 6
Multivariate analysis of clinicopathological prognostic factors and
genomic biomarker in 56 primary gastric cancer patients

Prognostic

factors Criteria N P HR 95% CI

Stage <II vs. 17 vs. 39 0.002 29.644 3.458—247.689

<IIIA

Integrated negative 31vs.25 0.006 3.306 1.400—7.804
genomic Vs,
prognostic positive
biomarker

infiltrating potential. It also contains the CDC26 gene [28],
encoding a subunit of an anaphase-promoting complex that
regulates cell division, the loss of which might accelerate
proliferation. The RGS3 gene [30], which is a regulator
of G protein signaling 3, might inhibit the silencing of
G protein signaling downstream of SDF-1—CXCR4,
thereby promoting cell migration.

The locus in 17q21.1 harbors CASC3 (cancer suscepti-
bility candidate 3) [31], which encodes a component of
a conserved protein complex that is essential for mRNA
localization in flies and for nonsense-mediated mRNA
decay in mammals. GJCI [34], located just telomeric to
this clone, encodes a gap junction gamma-1 protein,
a member of the connexin family essential for gap junction
interactions with the second PDZ domain of ZO-1, which is
the epithelial tight-junction scaffolding protein associated
with CagA, a factor secreted by H. pylori. This can result
in compromising the integrity of gastric epithelial cells
by disrupting junction-mediated functions and could
thereby contribute to carcinogenesis.

The locus 17q21.32 harbors the HOXB3—9 cluster,
members of which are associated with many malignant
tumors. For example, HOXB7 [37—40] is expressed at
a considerably lower level in several malignancies.
CDC27 [41] encodes a key functional component of the
anaphase-promoting complex or cyclosome (APC/C),
which could contribute to cell transformation. ITGB3 (in-
tegrin beta 3) [42] regulates apoptosis and adhesion. SKAP]
(src kinase associated phosphoprotein 1, 55 kDa) [47]
enhances integrin-mediated adhesion to both fibronectin
and the ICAM-1 protein, so that downregulated SKAPI
might contribute to tumor cell dispersion. Other possibly
relevant genes also flank either side of this clone.

Table 7
Differential distribution of the numbers of deceased primary gastric cancer
patients

Stage, no. dead of disease/all classified

patients
Genomic Deceased
prognostic patients, Group 1 Cienp
group no. 1A 1B I oA 1B 1V
Favorable 9 07 03 03 2/6 1/1 6/11
Unfavorable 18 173 0/0 0/1 172 2/3 14/16
P = 0.0631 P = 0.0409




N. Tomioka et al. { Cancer Genetics and Cytogenetics 201 (2010) 6—14 13

Ratio

AIMI RGS3 CASC3 ITGB3
© & % & © 3 v oa
/] 7 7 7 7 /

& & § & § ¢ & ¢

Fig. 4. Quantitative polymerase chain reaction results for representative
genes in the four prognostic loci. Gastric cancer sample GC_35 has no
deletion, but sample GC_36 has deletion in 6921 (AIM1), GC_57 has dele-
tion in 9932 (RGS3), and GC_54 has deletion in both 17q21.1 (CASC3)
and 17q21.32 (UTGB3).

Depending on whether the remaining wild-type allele is
somatically inactivated, lack of the molecules discussed
here may or may not contribute to poorer prognosis.
Genomic data are not always directly correlated with
mRNA expression status, but these nonrandom events seen
at the whole-genome level might be associated with
phenotype.

In the present study, patients in the unfavorable prog-
nosis group with less advanced tumors could be cured by
surgery, but significantly more patients with advanced
tumors died. Patients with tumors with loss at any one of
the four loci identified here (6q21, 9932, 17q21.1, and
17q21.32) have a clearly less favorable prognosis. Thus,
by applying the prognostic biomarkers identified here, we
could predict which advanced tumors had a worse malig-
nant potential. This could be a useful indicator of those
patients needing more intensive or new therapeutic
approaches.

Further study of the biological implications of these data
in terms of the mechanism of acquisition of malignant
potential in gastric cancer could lead to improving prog-
nosis or developing better treatments [33].
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ABSTRACT

Background/aims New human adenovirus (HAdV)-54
causes epidemic keratoconjunctivitis (EKC) and is
virologically close to and has occasionally been detected
as HAdV-8. Taking HAdV-54 into account, we re-
determined HAdV type in EKC samples to determine its
epidemiology in Japan, and examined the virological
features of HAdV-54.

Methods HAdV type was re-determined in 776
conjunctival swabs from Japan and 174 from six other
countries, obtained between 2000 and 2009. Using 115
HAdV strains obtained before 1999, trends regarding
HAdV-8 and HAdV-54 were also determined. In addition,
immunochromatography (IC) kit features, DNA copy
numbers and viral isolation of HAdV-54 in samples were
evaluated.

Results Recently, HAdV-37 and HAdV-54 have been the
major causative types of EKC in Japan. HAdV-54 has
been isolated each year since 1995, whereas HAdV-8
has become less common since 1997, although it
remains the most common cause of EKC in the six other
countries investigated where HAdV-54 is yet to be
detected. HAdV-54 is comparable to other EKC-related
HAdV types in terms of IC kit sensitivity and DNA copy
numbers, although HAdV-54 grows more slowly on viral
isolation.

Conclusions EKC due to HAdV-54 can result in
epidemics; therefore, it should be accurately diagnosed
and monitored as an emerging infection worldwide.

INTRODUCTION
Epidemic keratoconjunctivitis (EKC) is a conta-
gious conjunctivitis associated with community-
acquired infection.! ? In Japan, EKC affects
approximately 1 million patients annually and
epidemics are carefully monitored by the National
Surveillance Center. Moreover, nosocomial EKC
infections often occur, resulting in severe outbreaks
in ophthalmology wards and necessitating the
restriction of clinical practices, such as the
postponement of eye surgery, the early release of
inpatients from hospital and the closure of
ophthalmology wards. These restrictions may also
have an economic impact on medical institutions
involved; therefore, nosocomial infection has
become a serious social problem in Japan.® *

EKC is caused by human adenovirus (HAdV).
HAdVs belong to the genus Mastadenovirus of the

family Adenoviridae and are classified into seven
species, A to G (HAdV-A to HAdV-G).25 Adenoviral
conjunctivitis is mainly caused by HAdV-3 (in
HAdV-B), HAdV-4 (in HAdV-E), and HAdV-8,
HAdV-19a and HAdV-37 (in HAdV-D). Among
these, HAdV-4, HAdV-8, HAdV-19a and HAdV-37
are known to cause EKC. Recently, two new HAdV
types that cause EKC were identified and named
HAdV-53 and HAdV-54.°"° HAdV-54 was first
isolated from a nosocomial EKC infection in Japan
in 2000, and was reported as a novel HAdV sero-
type on the basis of neutralisation tests (NT) and
the low identity of the nucleotide sequences in
hexon loop one and two, which contain the NT
epitope, compared with all other HAdV types.S
Thereafter, this strain was numbered HAdV-54
from the analysis of the complete genome
sequence.” ' Since 2000, HAdV-54 has often caused
EKC in Japan, but it has not yet been isolated in
countries other than Japan. HAdV-54 was found to
be weakly reactive to HAdV-8 antiserum by NTand
the nucleotide sequence of the genome appeared
similar to that of HAdV-8.5 ° Therefore, it has
occasionally been detected as HAdV-8.° In brief,
taking HAdV-54 into account, we re-typed conjunc-
tival samples from EKC patients obtained after 2000
by phylogenetic analyses of the partial hexon
sequences. As a result, we found that most HAdV-54
strains had been mistyped as HAdV-8, suggesting
that HAdV-54 might have caused EKC before 2000
in Japan and more recently in other countries.

To prevent outbreaks, ophthalmologists require
a rapid and accurate diagnostic test, and the
detection of HAdV from conjunctival swabs by
methods such as immunochromatography (IC) kit,
PCR and viral isolation are extremely useful for the
diagnosis of EKC. However, detection by these
methods depends on the viral load in the samples.
Moreover, the sensitivity of IC kits and growth
speed of HAdV varies between HAdV type.'!
Currently, the detailed virological features of
HAdV-54 remain unknown.

In this study, taking the possible mistyping of
HAdV-54 into account, we re-determined the
HAdV type in clinical samples obtained from EKC
patients between 2000 and 2009 in Japan to
determine the exact epidemiology of EKC in Japan.
This was then compared with the epidemiology of
EKC in six other countries. In addition, we re-typed
HAdV strains that were identified as HAdV-8 by
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NT between 1990 and 1999, and determined the trends
regarding these two HAdV types. Moreover, the virological
features of HAdV-54 were compared with those of other EKC-
related HAdV types.

MATERIALS AND METHODS

Sample collection from EKC patients between 2000 and 2009
We collected 776 conjunctival swabs for DNA analysis from
patients with EKC in Japan and 174 from other countries
between 2000 and 2009. Among the samples obtained in Japan,
573 swabs were collected from nine eye clinics treating cases of
sporadic infection, and the other 203 samples were from 29
medical institutions that treated outbreaks of nosocomial
infection in different parts of Japan. The 174 swabs obtained
outside Japan were collected from cases of sporadic infection in
six countries: 12 swabs from the USA, 28 from Saudi Arabia, 30
from Nepal, 12 from Vietnam, 10 from Bangladesh and 82 from
Austria. The samples were scraped from the lower palpebral
conjunctiva using a cotton swab and stored at —80°C until use.

HAdV strains detected as HAdV-8 between 1990 and 1999

To determine when HAdV-54 first appeared, as well as delineate
the transition from HAdV-8 to HAdV-54, a total of 115 HAdV
strains, which were identified as HAdV-8, were collected in
Japan between 1990 and 1999. All strains were identified as
HAdV-8 by NTwith serotype-specific antiserum purchased from
the American Type Culture Collection (Manassas, VA, USA).

DNA extraction

Viral DNA was extracted from 100 pl of each virus solution or
eye swab using a Sumitest EX-R&D kit (Medical & Biological
Laboratories, Nagano, Japan) according to the manufacturer’s
instructions. The extracted DNA was then suspended in 100 pl
of Tris/EDTA (TE) buffer (10 mM Tiis, 1 mM EDTA, pH 8.0).

Phylogeny-based classification for HAdV typing

For HAdV typing, nucleotide sequences in the partial hexon
were amplified and subjected to phylogenetic analysis as
described previously.'? The nucleotide sequences of the PCR
products were determined using a CEQ 2000XL DNA analysis
system with a DyeTerminator cycle sequencing kit (Beckman
Coulter, Fullerton, California, USA) and compared with those of
all 52 serotypes and HAdV-54 using SINCA (Fujitsu Limited,
Tokyo, Japan). HAdV-53, a novel recombinant HAdV, was
clustered with HAdV-37 according to the above phylogenetic
analysis. For the typing of HAdV-37 and HAdV-53, the nucleo-
tide sequences in the fibre knob was amplified and subjected to
phylogenetic analysis as described previously.” HAdV-37 and
HAdV-53 formed clusters with HAdV-37 and HAdV-8
prototypes, respectively. The evolutionary distances were esti-
mated using Kimura’s two-parameter method,'® and unrooted
phylogenetic trees were constructed using the neighbour-joining
method." Bootstrap analyses were performed with 1000
resamplings of the data sets.'

Detection of HAdV antigen by IC kit

Adenocheck IC kits (Santen Pharmaceutical, Osaka, Japan)'!
were used in this study. Among the sporadic samples from
Japan, 70 samples were used for the IC kit evaluation.
Conjunctival swabs were extracted with 500 pl of mucolytic
agent provided by the manufacturer. An aliquot of the extract
(200 pl) was filtered and dropped into the IC kit device. Both the
test-tube and filter were provided by the manufacturer. The IC
kit indicated a positive result when two lines appeared in the

Br J Ophthalmol 2011;95:32—36. doi:10.1136/bjo.2009.178772

device. When only one line appeared in the control area of the IC
kit, the result was considered to be negative.

Detection and quantitation of HAdV DNA by real-time PCR
HAdV DNA copy numbers in samples were quantified by
real-time PCR using ABI PRISM 7000 (Foster City, USA) as
described previously.'> The detection limit of this real-time PCR
was 10 copies/pl.

Viral isolation

Among the sporadic samples from Japan, 102 samples were used
for viral isolation. Swabs for viral isolation were placed in 0.5 ml
of Dulbecco’s Modified Eagle Medium (DMEM) (Life Technol-
ogies, Rockville, Maryland, USA) and stored at —80°C until use.
Swab solution (100 pul) was added to A549 cells and incubated at
37°C. Cell cultures were maintained in DMEM containing
50 pg/ml of gentamicin, 0.5 pg/ml of fungizone and 10% fetal
calf serum. The cultures were observed daily for the cytopathic
effects (CPEs) of HAdV for up to 35 days with blind passage.
The blind passage was carried out once per week. When no CPE
was observed by the fourth blind passage, the cultures were
considered to be CPE-negative.

Statistical analysis
Statistical significance was evaluated with Student t test and
p<0.05 was considered significant.

RESULTS

Phylogeny-based classification of samples collected from
sporadic infection cases in seven countries

HAdV DNA was detected by PCR from all 573 and 174 sporadic
infection samples obtained in Japan and other countries,
respectively. The relative proportions of HAdV types for each
country are shown in figure 1. Among the samples obtained in
Japan, 40, 19, 19, 270, 66 and 159 swabs were identified as
HAdV-4, HAdV-8, HAdV-19a, HAdV37, HAdV-53 and HAdV-54,
respectively. The main causative types of EKC were HAdV-37
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Figure 1 The relative proportions of human adenovirus (HAdV) types
isolated from conjunctival swabs from patients with sporadic epidemic
keratoconjunctivitis (EKC) obtained between 2000 and 2009 in Japan,

the USA, Saudi Arabia, Nepal, Vietnam, Bangladesh and Austria.
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and HAdV-54. The number of samples containing HAdV-8, the
original agent for EKC, was low in Japan. On the other hand,
among the samples obtained in the other six countries, 139 of
the 174 samples were identified as HAdV-8, and HAdV-8
was the major causative agent for EKC in all six countries. No
HAdV-53 or HAdV-54 strains were identified.

HAdV types in nosocomial infections in Japan

HAdV DNA was detected by PCR from all 203 samples from 29
medical institutions treating outbreaks of nosocomial EKC
infection. All samples from each individual medical institution
showed an identical HAdV type. HAdV-4, HAdV-19a, HAdV37,
HAdV-53 and HAdV-54 were the causative HAdV types of
nosocomial infection in two, two, twelve, four and nine insti-
tutions, respectively (figure 2). The relative proportions of
HAdV types causing nosocomial infection in each institution are
shown in figure 2. HAdV-37 and HAdV-54 frequently caused
nosocomial infections in Japan, but no nosocomial infections
were caused by HAdV-8.

The trends for HAdV-8 and HAdV-54 between 1990 and 2009
in Japan

Among the 115 HAdV strains obtained between 1990 and 1999,
85 were identified as HAdV-8 and 30 as HAdV-54. In addition to
the 88 samples of sporadic infection obtained between 2000 and
2009, we determined the trends for these two HAdV types
between 1990 and 2009. The numbers of HAdV-8 and HAdV-54
strains isolated for every 5-year period are shown in figure 3.
During the initial 5-year period, every sample was identified as
HAdV-8. However, HAdV-8 has become far less common since
1997: only one strain was isolated in 2001 and three in 2003.
Finally, no HAdV-8 strains have been detected since 2004. In
contrast, HAdV-54 was first identified from 12 samples in 1995,
and has been detected each year since then. During the first and
second 5-year periods (1990—1999), 30 samples of HAdV-54 had
been mistyped as HAdV-8. Seventy-six of the 80 samples
(95.5%) obtained from 2000—2009 were HAdV-54-positive.

IC kit sensitivity and quantitation of HAdV DNA

Among the 70 samples tested, 36 and 46 were found to be IC kit-
and PCR-positive, respectively. Of the 46 PCR-positive samples,
eight contained HAdV-3, 22 contained HAdV-37 and 16
contained HAdV-54 according to the phylogeny-based classifica-
tion of PCR products in the partial hexon gene.”> Among these
PCR-positive samples, 36 and 10 were IC kit-positive and

HAdV-4
HAdV-19a

Figure 2 The relative proportions of human adenovirus (HAdV) types
isolated from samples from cases of nosocomial infection obtained from
medical institutions between 2000 and 2009 in Japan.
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Figure 3 The trends for human adenovirus (HAdV)-8 (white bars) and
HAdV-54 (black bars) for every 5-year period from 1990 to 2009 in
Japan.

-negative, respectively. All PCR-negative samples were also IC-kit
negative. The sensitivity of the IC kits and DNA copy numbers
for each HAdV type are shown in table 1. The IC kit sensitivity
for each HAdV type was calculated as the number of IC kit-
positive samples/the number of real-time PCR-positive samples.
There were no statistically differences in IC kit sensitivity or copy
number between HAdV-3, HAdV-37 and HAdV-54.

The observation of CPE during viral isolation

CPEs were observed during tissue culture in 68 of the 102
samples. Among these samples, HAdV-3, HAdV-4, HAdV-19a,
HAdV-37 and HAdV-54 were identified in five, four, five, 41 and
13 samples, respectively, by phylogeny-based classification.’? No
HAdV-8 was detected. CPEs were observed in 44 of 68 samples
(66.7%) during primary culture, in 18 samples (27.3%) during
first passage, in two samples (3.0%) during second passage, and
in two samples (3.0%) during third passage. No CPE was
observed during the fourth passage. All samples containing
HAdV-3, HAdV-4 and HAdV-19 showed CPEs during primary
tissue culture. Blind passage was required for 37% of samples
containing HAdV-37 and 64% containing HAdV-54 strains. On
average, the CPE was detected at 4.4 days for HAdV-3, 7.0 days
for HAdV-4, 4.8 days for HAdV-19, 9.0 days for HAdV-37, and
11.5 days for HAdV-54. Statistically significant differences were
shown between HAdV-54 and HAdV-3, HAdV-19 and HAdV-37,
and between HAdV-37 and HAdV-3 (figure 4).

DISCUSSION

Since HAdV-54 was first reported in 2000 in Japan, the inci-
dences of sporadic and nosocomial EKC due to HAdV-54 were
26.3% and 31.0%, respectively; together with HAdV-37,
HAdV-54 has recently been the main cause of EKC in Japan.
HAdV-54 had caused EKC in 1995, but it was mistyped as
HAdV-8 in the 1990s. Since 1995, a number of cases of EKC

Table 1 HAdV DNA copy numbers and sensitivity of IC kit for EKC
samples

HAdV No.of No. of copies/l Sensitivity of
type samples Minimum Maximum Mean IC kit (%)
HAdV-3 8 1.52x10°  4.26x10°  2.05x10°  75.0
HAdV-37 22 1.07x10°  2.27x10®°  3.95x10" 818
HAdV-54 16 277x10°  1.98x10°  1.41x10° 812

EKC, epidemic keratoconjunctivitis; HAdV, human adenovirus; IC, immunochromatography.
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have been caused by HAdV-54 each year. Interestingly, as the
incidence of EKC due to HAdV-54 has increased, that due to
HAdV-8 has fallen. HAdV-8 was first isolated in 1955 and has
been regarded as the original causative agent of EKC.'
Thereafter, HAdV-19a and HAdV-37 were found as causative
agents of EKC,"” *® but HAdV-8 remained the predominant
HAdV serotype isolated in association with EKC in many
countries.? 1”722 In this study, HAdV-8 was seen to commonly
still cause EKC in the six other countries investigated. Origi-
nally, not only HAdV-8, but also HAdV-4, HAdV-19a and
HAdV-37, were often isolated from patients with EKC in
Japan. Due to the occurrence of multiple HAdV types, the
incidence of EKC might be much higher than in other countries
and outbreaks were common. EKC outbreaks due the onset of
new genome types or in which nucleotide polymorphisms
were observed in the genome of the responsible HAdV type
have been reported.”® ** Moreover, intermediate HAdV types
produced by recombination between different HAAV types
have also led to EKC epidemics.” ® Outbreaks due to these
genomic variations, substitutions and recombinations might
result in the appearance of new HAdV types. HAdV-54 was
found to be close to the HAdV-8 strain over the entire
genome® % therefore, HAdV-54 might have evolved from
HAdV-8, and the incidence of HAdV-8 might have fallen due to
this evolutionary change.

HAdV-54 was not identified in any of the six countries studied
except Japan. However, HAdV-54 might cause EKC epidemic
worldwide in the future. The HAAV typing from clinical
samples, particularly ocular samples, is necessary as HAdV-54
cannot be detected by NT because of an absence of serotype-
specific antiserum. Currently, phylogeny-based classification
using the partial hexon gene is the only method for the detection
of HAdV-54.° 12 A standard method for the detection of HAdV-
54 should be established and made public as soon as possible.

HAdV-3-, HAdV-37- and HAdV-54-positive samples showed
the almost same HAdV copy numbers and IC kit sensitivities. As
we previously reported, similar results were obtained for other
EKC-related HAdV types (HAdV-4, HAdV-8 and HAdV-19a),* 11
indicating that HAdV-54 could be detected by conventional IC
kits and/or PCR systems. However, HAdV-54 requires a longer

Br J Ophthalmol 2011;95:32—36. doi:10.1136/bj0.2009.178772

period until the appearance of CPEs and is slower growing than
HAdV-3, HAdV-4, HAdV-19a and HAdV-37 during viral isola-
tion. HAdV-8 could not be isolated in this study, and it is also
known to be slow %rowing, requiring a number of passages
during viral isolation.”® Thus, suspected EKC samples should be
cultured as long as possible and with multiple blind passages for
the isolation of HAdVs.

In conclusion, the new HAdV-54 type is likely to be the cause
of EKC epidemics and should be monitored worldwide as an
emerging virus. Moreover, the evolution of and mutations in the
HAdV genome might lead to the appearance of other new HAdV
types and further outbreaks of EKC. EKC-related HAdVs should,
therefore, be carefully monitored in the future.
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Smoky solution to pressure problems:
Fick's Ophthalmotonometer

That raised eye pressure can damage the eye and affect vision
was known long before a method to measure eye pressure was
devised. The first attempt to measure the intraocular pressure
was by Albrecht von Graefe in 1862. In 1857 he had introduced
the ‘Iridectomy’ operation, the first effective surgical treatment
of glaucoma, for the relief of pressure in the eye and wanted to
determine the pre- and postoperative eye pressure measurements
to assess the effect of his operations. His experimental impres-
sion tonometer was not a success nor were a number of subse-
quent instruments designed by Frans Donders who was the first
to use the term ophthalmotonometer in 1863. Hermann Snellen,
Henri Dor and others were also unsuccessful. The first impres-
sion tonometer for general use, which worked by indenting
a part of the globe, was invented by Hjalmar Schiotz in 1905.

In 1888, Adolf Fick introduced a tonometer that used a spring
action with a flat plate applied to the temporal sclera (figure 1).
The pressure in the spring varied according to the applanation of
the plate. Apart from the inherent inaccuracies of this method
the observer had difficulty in knowing when the plate was
applanted on the sclera. F Oswalt, a French ophthalmologist,
recognised the difficulty of viewing the plate at the same time as
reading the deflection on the scale. He devised a rather unusual
solution comprised of a triangular shaped piece of glass that was
smoked and placed behind a scraper, which was attached to the
lever extending from the plate (figure 2). When applanation had
been achieved a thin line was scratched into the smoke deposit
on the glass terminating at a point in line with the pressure
marked on the scale. The instrument shown on the cover
illustrates this modified Fick’s tonometer. The instrument was
made by Charles Verdin of Paris.

Figure 1 The Fick ophthalmotonometer which was used to applanate
the sclera to measure intraocular pressure.
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Figure 2 The Fick Oswalt ophthalmotonometer where a smoked glass
plate was incorporated to facilitate reading of the pressure value.

Adolf Fick (1829—1901) was a physiologist, born in Kassel and
is perhaps best known for Fick’s Law for the diffusion of matter,
proposed in 1855. He held the Chair of Physiology at the
University of Zurich in 1856 and then moved to Wurzburg
where he held the Chair of Physiology until 1898. He is not to be
confused with his nephew of the same name, Adolf Eugen Fick,
who invented the contact lens.

The name Fick (the uncle Fick but referenced as Fick RA in
some publications)," 2 is also intimately tied in with the ‘Imbert-
Fick law’ which states that ‘the pressure (T) inside a sphere filled
with liquid and surrounded by an infinitely thin membrane can be
measured by the counter pressure (P) which just flattens the
membrane. The law presupposes that the membrane is without
rigidity and elasticity: T=P/A (Ais a constant)’.3 It is contended
that this is not really a ‘law’ but was ‘invented by Hans Gold-
mann (1899—1991) to give his newly marketed tonometer (with
the help of the Haag-Streit Company) a quasi scientific basis; it is
mentioned in the ophthalmic and optometric literature, but not

in any books of physics’.3 4
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Osteopontin (OPN) is elevated during the progression of experimental autoimmune uveoretinitis (EAU)
in C57BL/6 (B6) mice. Furthermore, EAU symptoms are ameliorated in OPN knockout mice or in B6 mice
treated with anti-OPN antibody (M5). Recently, OPN has been shown to promote the Th1 response not only
in the extracellular space as a secretory protein but also in cytosol as a signaling component. Thus, we
attempted to reduce OPN in both compartments by using a small interfering RNA (siRNA) targeting the OPN
coding sequence (OPN-siRNA). EAU was induced in B6 mice by immunization with human interphotor-

:;%’;N rzlr-:::rion eceptor retinoid-binding protein (hIRBP) peptide sequence 1-20. The OPN- or control-siRNA was admin-
EAU istered with hydrodynamic methods 24 h before and simultaneously with immunization (prevention
OPN regimen). When plasma OPN levels were quantified following siRNA administration with the prevention

regimen, the level in the OPN-siRNA-treated group was significantly lower than that in the control-siRNA-
treated group. Accordingly, the clinical and histopathological scores of EAU were significantly reduced in
B6 mice when siRNA caused OPN blockade. Furthermore, TNF-a, IFN-y, IL-2, GM-CSF and IL-17 levels in the
culture supernatants were markedly suppressed in the OPN-siRNA-treated group, whereas the proliferative
responses of T lymphocytes from regional lymph nodes against immunogenic peptides was not significantly
reduced. On the other hand, the protection was not significant if the mice received the OPN-siRNA treatment
on day 7 and day 8 after immunization when the clinical symptoms appeared overt (reversal regimen). Qur
results suggest that OPN blockade with OPN-siRNA can be an alternative choice for the usage of anti-OPN
antibody and controlling uveoretinitis in the preventive regimen.

© 2009 Elsevier Ltd. All rights reserved.

RNA interference
uveitis

1. Introduction ophthalmia, birdshot retinochoroidopathy, Vogt-Koyanagi-Harada's

disease, and Behget's disease (Caspi et al., 1988). EAU is induced by

Experimental autoimmune uveoretinitis (EAU) is an animal
model of human endogenous uveoretinitis, including sympathetic
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immunization with a retinal antigen (Ag), e.g., interphotoreceptor
retinoid-binding protein (IRBP), or by the adoptive transfer of retinal
Ag-specific T lymphocytes (Mochizuki et al., 1985; Caspi et al., 1986;
Gregerson et al., 1986). EAU induced with immunization of retinal Ag
now represents not only Th1 but also Th17-cell-mediated ocular
diseases. A massive inflammatory infiltration composed primarily of
mononuclear cells causes a rapid and irreversible destruction of
photoreceptor cells (Jiang et al., 1999; Silver et al., 1999; Caspi, 2003;
Amadi-Obi et al., 2007; Luger et al., 2008). It has been demonstrated
that the augmentation of the Th2 response and T regulatory cytokine
production and down-regulation of the Th1 response can mitigate
inflammation and protect against the development of EAU (Saoudi
et al,, 1993; Kezuka et al., 1996; Caspi, 2002).
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Osteopontin (OPN), also known as early T lymphocyte activation 1
(Eta-1), a secreted phosphoglycoprotein (SPP), contains the arginine-
glycine-aspartic acid (RGD) integrin-binding sequence that is found in
many extracellular matrix (ECM) proteins (O'Regan and Berman,
2000). OPN mediates adhesion and migration of a number of different
cells types (O'Regan and Berman, 2000). OPN is widely produced by
a variety of inflammatory cells, including T cells, macrophages, NK
cells, and NKT cells (Denhardt et al., 2001; Diao et al., 2004, 2008) and
induces interleukin-12 (IL-12) and IFN-y production and inhibits IL-10
expression (Ashkar et al., 2000). Moreover, the intracellular isoform,
OPN-i is now considered to promote the Th1 response through type I
interferon production (Shinohara et al,, 2006; Cantor and Shinohara,
2009). OPN has therefore been considered to act as a cytokine
contributing to the development of Th1-mediated immunity and
diseases and is anticipated to be a therapeutic target for controlling
these diseases.

Indeed, recent studies, including ours, indicate that OPN possesses
an aggravating role in EAU (Hikita et al., 2006; Kitamura et al,, 2007),
as had already been demonstrated in experimental autoimmune
encephalomyelitis (EAE) (Ashkar et al.,, 2000; Chabas et al., 2001),
anti-type Il collagen antibody-induced arthritis (Yumoto et al., 2002;
Yamamoto et al., 2003), and autoimmune hepatitis (Diao et al., 2004;
Saito et al., 2007). Furthermore, we demonstrated that a specific
antibody (M5) reacting to the SLAYGLR sequence, a newly exposed
binding site, within OPN by thrombin cleavage, significantly
suppressed clinical and histopathological scores of EAU in mice
(Kitamura et al., 2007).

RNA interference (RNAI) is a powerful tool for silencing gene
expression, by which double-stranded RNA (dsRNA) triggers the
sequence-specific degradation of messenger RNA. In particular,
small interfering RNAs (siRNAs), 21-23 nucleotide-length frag-
ments (Elbashir et al., 2001; Hannon, 2002; Xie et al., 2006), have
been shown to be of great value in decreasing the expression of the
target gene by in vivo administration (Song et al,, 2003; Nakamura
et al., 2004; Schiffelers et al., 2005; Khoury et al., 2006).

In the present study, we applied siRNA targeting to an OPN
coding sequence (OPN-siRNA) to inhibit OPN function by reducing
OPN expression. We demonstrate the remarkable efficacy of OPN-
siRNA to prevent EAU in mice.

2. Materials and methods
2.1. Experimental animals

6- to 8-week old female C57BL/6 (H-2P; B6) mice were obtained
from Japan SLC (Shizuoka, Japan). All studies were conducted in
compliance with the Statement for the Use of Animals in Ophthalmic
and Vision Research by the Association for Research in Vision and
Ophthalmology (ARVO, Rockville, MD) and with the Hokkaido
University Committee for Animal Use and Care.

2.2. Reagent

hIRBP (human interphotoreceptor retinoid-binding protein)
peptide sequence 1-20 (GPTHLFQPSLVLDMAKVLLD) was purchased
from Sigma-Genosys Japan (Ishikari City, Hokkaido, Japan). Purified
Bordetella pertussis toxin (PTX) was purchased from Sigma-Aldrich (St.
Louis, MO) and complete Freund's adjuvant (CFA) and Mycobacterium
tuberculosis strain H37Ra were purchased from Difco (Detroit, MI).

2.3. Immunization
To analyze the cell proliferative response, hIRBP1_2o (100 pg)

was emulsified in CFA (1:1 v/v) and a total of 50 pl of the emulsion
was injected subcutaneously (s.c.). To induce EAU, hIRBPi-3o

(200 pg) was emulsified in CFA (1:1 v/v) containing 2.5 mg/ml M.
tuberculosis H37Ra. A total of 200 pl of the emulsion was injected
s.c. concurrent with immunization, 0.1 pg of PTX in 100 pl phos-
phate-buffered saline (PBS) was injected intraperitoneally (i.p.) as
an additional adjuvant (Kezuka et al., 1996).

2.4. Evaluation of EAU

Clinical assessment by funduscopic examination of the cho-
rioretinal inflammation was carried out every 3 or 4 days from day
7 after immunization (Namba et al., 2000). The severity of EAU was
graded 0-4 as described previously (Thurau et al., 1997). Briefly, the
clinical scoring was based on vessel dilatation, the number of vessel
white focal lesions, vessel white linear lesions and hemorrhages,
and the extent of retinal detachment.

For the histological assessment of EAU, eyes were enucleated on
day 21 after immunization. Removed eyes were fixed in 4%
paraformaldehyde for an hour and transferred into 10% phosphate-
buffered formaldehyde until processing. Fixed samples were
embedded in paraffin and 5 pm sagittal sections were cut near
the optic nerve head and stained with hematoxylin and eosin. The
severity of EAU in each eye was scored on a scale of 0-4 as
described previously (Caspi et al., 1988). In brief, no change was
scored as 0. Focal non-granulomatous, monocytic infiltrations in
the choroid, ciliary body, and retina were scored as 0.5. Retinal
perivascular infiltration and monocytic infiltration in the vitreous
were scored as 1. Granuloma formation in the uvea and retina,
occluded retinal vasculitis, along with photoreceptor folds, serous
retinal detachment, and loss of photoreceptors were scored as 2. In
addition, the formation of granuloma at the level of the retinal
pigmented epithelium and the development of subretinal neo-
vascularization were scored as 3 and 4 according to the number and
the size of the lesions.

2.5. Preparation of OPN- and control-siRNA

OPN- and control-siRNAs were purchased from B-Bridge (Sun-
nyvale, CA, USA). The sequences of sense and anti-sense strands of
each siRNA were as follows: mouse OPN-RNAi-5/239: 5'-GCCAUGA
CCACAUGGACGAATAT-3' (sense), 5'-UCGUCCAUGUGGUCAUGGCAT
dT-3 (anti-sense), control-siRNA pair, as designed to avoid specific
sequences in mice; 5-ACUCUAUCUGCACGCUGACUU-3’ (sense),
5/-GUCAGCGUGCAGAUAGAGUUU-3’ (anti-sense) (Saito et al.,
2007). The siRNAs were deprotected, annealed and desalted.

2.6. In vivo treatment of mice with siRNA

Synthetic siRNAs were delivered in vivo using a modified hydro-
dynamic transfection method (Song et al., 2003), in which 50 g of
either OPN- or control-siRNA dissolved in 1 ml PBS was rapidly
injected into the tail vein. Mice were treated with two injections of
either OPN- or control-siRNA, 24 h before and simultaneously with
the immunization (prevention regimen). Another group of mice was
treated with two injections of either OPN- or control-siRNA on day 7
and day 8 after the immunization (reversal regimen).

2.7. Plasma OPN level

To quantify OPN concentration in plasma from EAU mice treated
with either OPN-siRNA or control-siRNA, mice were deeply anes-
thetized with ether, and then blood was collected transcardially
before immunization and on days 3, 7, 10, 14, 21, and 28 after
immunization. All blood samples were collected in the presence of
EDTA to avoid cleavage by thrombin in vitro, centrifuged to remove
cells and debris, and stored at —80 °C. OPN concentration in plasma
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samples (n = 24 mice) was quantified by an enzyme-linked
immunosorbent assay (ELISA) kit for mouse OPN (Immuno-
Biological Laboratories Co. Ltd., Takasaki, Japan) according to the
manufacturer’s protocol.

2.8. T cell proliferative responses

T cells obtained from B6 mice that had been primed with
hIRBP120 were cultured with Ag-presenting cells (APC) and
hIRBP;_3¢ as described elsewhere (Kitamura et al., 2007). In brief,
T cell-enriched fraction was prepared as Nylon wool non-adherent
cells by passing dispersed cells of draining lymph nodes from
hIRBP;1_20-primed mice over nylon wool column. Then the
T-enriched fraction (5 x 10°/well) were co-cultured with mito-
mycin-C (MMC)-treated splenocytes as APC (5 x 10°/well) and
hIRBP1_20 peptide at the indicated concentration in serum-free
medium (RPMI 1640 medium), 10 mM Hepes, 0.1 mM non-
essential amino acids, 1 mM sodium pyruvate, 50 pg/ml genta-
micin sulfate, supplemented with 0.1% bovine serum albumin, and
ITS + 1 liquid media supplement [2 pg/ml insulin from bovine
pancreas, 1.1 pg/ml iron-free transferrin, 1 ng/ml sodium selenite,
100 pg/ml bovine serum albumin, and 1 pg/ml linoleic acid]
(Sigma Chemical Co.). Cells in 96-well flat-bottomed plates were
incubated for 64 h at 37 °C in 5% CO> in air, pulsed with 18.5 kBq of
[*H]-thymidine (Perkin Elmer Japan, Tokyo) per well during the
last 16 h of incubation, and then were harvested. Incorporation of
[3H]—thymidine was quantified with a direct B-counter (Packard,
Meriden, CT), and the data were presented as the mean counts per
minute (CPM) minus the background (medium alone; ACPM)
(Kitamura et al., 2007).

2.9. Quantification of cytokine

Cytokine concentrations in each culture supernatant were
quantified with either BD™ Cytometric Bead Array kit (BD Biosci-
ence, San Diego, CA, USA) (Cook et al., 2001) or FlowCytomix™
multiplex kit (Bender MedSystems GmBH, Vienna, Austria). In brief,
as for CBA set-up, 50 pL samples or known concentrations of
standard samples (0-5000 pg/ml) were added to capture beads
conjugated with Ab for each cytokine followed by an addition of
anti-cytokine Ab-phycoerythrin (PE) reagent (detection reagent).
The mixture was then incubated for 2 h at room temperature in the
dark, and washed to remove unbound detection reagent. As for
FlowCytomix, 25 pL samples or known concentrations of standard
samples (0-20 000 pg/ml) were added to capture beads conjugated
with Ab for each cytokine followed by an addition of biotinylated
anti-cytokine Abs and the mixture was incubated for 2 h at room
temperature in the dark. After washing, the beads were incubated
with streptavidin-PE for 2 h at room temperature in the dark, and
washed to remove unbound detection reagent. Data acquisition
was performed with FACS Calibur flow cytometer (BD Bioscience)
and analyzed on a computer (CBA software 1.1; BD Bioscience or
FlowCytomix Pro2.2 software). Amounts of IFN-y, TNF-o. and
Interleukin (IL)-1a, -2, -4, -5, -6, -10, -17, and granulocyte macro-
phage colony-stimulating factor (GM-CSF) were quantified.

2.10. Statistical analysis

Data are presented as mean =+ SD in clinical and histopatho-
logical scoring and as mean + SEM in analyses of cell proliferation
and cytokine production. Statistical analysis of EAU scoring was
performed using the nonparametric Mann-Whitney U-test. Anal-
yses of cell proliferation and cytokine production were performed
using two-tailed Student’s t-test. P values < 0.05 were considered
statistically significant.
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Fig. 1. Persistence of inhibition of plasma OPN level following in vivo siRNA treatment
during EAU. EAU was induced in B6 mice. These mice were treated with OPN-siRNA
(O) or control-siRNA (@) with hydrodynamic methods 24 h before and simulta-
neously with immunization. Blood was collected transcardially before immunization
and on days 3, 7, 10, 14, 17 and 21 after immunization from each group of mice. All
blood samples were collected under EDTA, centrifuged to remove cells and debris, and
stored at —80 °C until used. Plasma levels of OPN were measured by sandwich ELISA.
The results are presented as mean =+ standard deviation. Statistical significance was
determined using two-tailed Student’s t-test (**, P < 0.01, *, P < 0.05). Data are
representative of two separate experiments with the same result.

3. Results

3.1. OPN-siRNA treatment inhibited the increase
of OPN plasma level during EAU

We demonstrated that the plasma concentration of OPN
elevated from the basal level (4-5 ug/ml) over time after IRBP;_2q,
peaked around 14 d, and then gradually waned (Kitamura et al.,,
2007), suggesting that plasma OPN concentration correlates well
with disease development. First, we quantified the plasma OPN
level to examine whether administration of OPN-siRNA could
actually reduce the OPN level in vivo. To this end, we introduced
siRNA twice at 24 h before and at the same time of IRBP;_5g
immunization. In the control-siRNA-treated group, OPN concen-
tration in plasma again peaked around 2 wk, thus reproducing our
previous results. On the other hand, in the OPN-siRNA-treated
group, the OPN concentration in plasma was not elevated from the
basal level during EAU. In comparison with that of the control
group, plasma concentration of OPN upsurge was significantly
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Fig. 2. Clinical score of EAU in mice treated with OPN-siRNA, 24 h before and simulta-
neously with the immunization. EAU was induced in B6 mice, These mice were treated
with OPN-siRNA (O) or control-siRNA (@ ). Funduscopic examination was carried out
every 3 or 4 days from day 7 after immunization. The results are presented as mean clinical
score for all eyes of each group of mice (9 mice per group) =+ standard deviation. Signifi-
cance was determined using Mann-Whitney U-test (**, P < 0.01, *, P < 0.05).



