(&# 3]

EEHBERE0304E25

TRt 26 %3 A 4H

[ 1L K 2 9 e
ik M B B £ K

B

EEFBHRE B & =F

Y

BT ARBRRAREREEEICDONT

TR 25 F8 A8 BT THHEDH > TENEERHAEICOVTIE, EELTELX
ATELN,

BE. BRAROFILE, BRTFICHES BEEFBHRE~ADHREIZOVLTIL., BizFaE
ERRTIRICEAT 2R R UVEARBNDED S ECAHITKDEN. EHNICHREHREEL
RETBHELS>BENT 5,

anj
cu

%
(e
Y

EirMER KR IEIZTx 9 A Reduced Expression in Immortalized
Cells/Dickkopf-3 BEFREBT7T T/ T4 LAY A —FAHI\-&E
EFAEGERME

WIEEEE - 28 f— (ALURFREREERFHREMERERECTFERSE
i)



FHO0O304%2E
E Rk 26%3AH84H

fi] LLI 2K =7 fis e
mkk E F OB 2 K

EEFBERXEERREELREER
Bz FAEBRMEEREEIZ DT

TR 25 %8 A8 BT TREDH o B FERARMERMREEICDOLTIE, T
26 3 AABBREEFBHERM VMU E2SICLIYEEFBHRENSGERELTELXR
BOVEBHMSN-ECATHEN, HZBERARDERICH--TE, TRIZEE
L TEYICERET 5L B8BTS,

hs]ll]]
cu

1 TE&EEFAERBRERMEICET 5188
(PR 14 EXERSPE - EARBEETE 1 2. 2HRETRK 16 EXHEYE - B4
FEHELERE2E., —HREER 2 EXHEYE - EEFBHESTE2E)

2 [BEFAREREMAEICET HIEEICDONT]
(ER 1443 B 21 BT 13 XEIESE 1144 2 - B 55 0327001 EXHEI 2 EHEIRE
BERUVEEHBEREEREREAHEERELEN)

3 NEEFARBEMEICETIIEHOWETEICDOILNT]

(PR 16 £ 12 A 28 B+ 16 XRHRE 931 5 - HRE 1228003 S XHHFEAAERIRE
BREVEEFBEXEEEEEMFRREGEN)

(B%&)
http://www. mhlw. go. jp/general/seido/kousei/i-kenkyu/index. htm!#3

_38_



&y

N
VS el
v ey

BEFEHEEF 030455
BEBEBHRE 1403041 &
T g2 6 £3 A 4 H

i L K 2 fm B
mkk BT BEE K

HEBH
e}

I:a!

BERFHEBRZEVEOERFORHC L 2EYOSHREOERICHT 55
[CESKE—EERABOEXRITOVT GEBH)

T2 F8 A8 BT TERERFBEOH >-E—RERAREICOVT, BEETFHER
EMFOERFORGIC I DEMD L HRMEDHERICET HEE(FR 15 EEEFITH)
BAZFE 1 HOBREICEDE, OB YRBELE-OTEMT 5,



ABES 14—36V—

(BIIHEK)
0002

BiaFHBZEYWED | Reduced Expression in Immor.talize

BEOLH d Cells/Dickkopf—3 (REIC/Dkk—3) #EF
RRBTLIEEEEOBGETFRBRI L FTT ) VAR5 (Adv /h
REIC)

B FHEBEWED | BERRICBT 2 FOBRREEME L2ER, /%, EREROERED

B—EERAEONE WD IAES 5175

BLETFHEBRZAEYWED | IBERHROFTES BILRE LT CXER _TES& 15

HEEREOHIE

IBREER OAF  FILRFHRb

(1) Adv./hRE I CHEIRIZ. FHICEEE, BRHERECTHERRIC
Bk L., MRAOP 2 LXLVOERE (LT TP 2FERE] L), )
HNOHmREIZRET 5,

(2) HRREDOAd v,/ hRE I CIERORMME, FREOSEREZ,
P2 ERENOEZEF Y ERXY MNTITY9, Adv,/ hREICHR
EEOREE. P 2 ERENOHFEICBNTTD, BB, Adv)/
h RE I CHRRBEE I EOHEERZRBRREE B> CfhoP 2 L
~VKIRICER T D MER S A HAICIE. ZEICER LEABICANR
THEWT S,

3] Adv/hREICHEK (BREKLZET. ) 2EETIEITIL.
7 A JVADRIEE(0. 18%F L < 1X 0. 24% KREBEFREET b U U ARKIC
L OWBERLBEIREARATHELEICL S, UTHEL, ) 21To7
%, MILKERRECED b EREEDEEARE CITHIC ER
BEEMEEHRE L), ) IKREVEET S,

4 P2ERENOZEXYEXRy MATAdv/ hRE I CHlEE
ERTHRL, FIEORGEFHE LD (UUF TAdv./hRE
ICHRI LD, ) &, ZEICHEBAL, MILKEFREREZEBIV
R—CTZE (UF I[CTE] L), ) KELIZERL, EHOEA
FRZRgE, ERBEROTT 22— Mol bd7 31 A2 (LUF TEAE Y b
EV), ) KRET S, ’

(6) BMEMfETREICRE L EREICHTS5Ad v /hRE I CE®
#EIE, CTEIZBWT, RFMEET T, Adv/ hREICK%.:®
B LB LTS MIEAT 2 —7 2 BT, UICTHA FFIC
EARZRES 2 AWT, FKETE %250 2N UIEHMARTRER 1R
EEICEATDHZEICEVITS, BEAHOEEIFEEIZTY, Adv

_40_




/hRE I CERORHEEOZT 0 Wbz BhiEd 5, EAEAORED
Wi, BESh AN E ZEICRE D 5,

6] #BRE~DAAdvV,/ hRE I CEROEBEEKRTH, HBRE ORI EZM
15, UANRBEFHEOEDIC~Y 27 ROH Y L 25 L5
Fx. CTENL, BEH~OYEEILHIE & @I 72 BBE T2
VMEZE (UFEI MEZE] &), ) eB%T 5,

(7) BIERGEITHAWEAE Yy NEOHBE, ROV —EEIZ, VAL
ADREREIT, EREEVEBRRICHEVEET S, £/, &l
RITA FEBFIZ, VANV ADORELRETY, BFATS, Zhbo
DA NADNEEZ CTEUSNDRIETIT O HEICIE, ZEICERL
ERBICANTERT D, WEEZOEBEERIIRZEERCRIERT
%, 2B, IBEENOZEZIZIHEPAT AV E—FRAWIEHBEIZLY
F5MC THE (1B 12 [E) AR 5,

8 Adv. /hRE I CHEOEEYR 24/ #RE 2 HENTEHET 5,
£/, Adv/ hRE I CREMENIZEANT ZBICKIZEN D 7 —F
NF 2T BEA LB AL, T OHEE 24 BRI, ULBERE L 0 HE
HENTHAFOAd v/ hREICHBRETHD Z LBHERTE S
ET, #BELEEATERT D, RESOHEBA THEBRE D —RIC
EIZE 2> B A DBIBGE KIBRIC HH 2 & 12iE, R-CHRE S & B/ N NBIC &
WD, TARIROH T EREDT A NV ARHTEHEE 25557 5,

(9) A=z T 2 EFHRMYM T OWEBRE OBIYS (WK, AR, RED
EFEEL VS, UTRL, ) &, VA NVAOREEITo 721, ER
REMEBRBICIEVEET D, VA NVAORELEBEELS O KR
TITH AT, ZEHEEEALERSICANTERT S, 28, R
s s UTERT 28R E O EOTHF WL, Adv,/ hRE
I CERDBHRWICET S, B ENREICE T LEGA I3RS %
HERCRXIERT 5,

10 BRI H2EHEHM S, HERE IS U CREMICHER L-BES
R OHBRE ORI 8 L8R ES1E, VAV ADORELEIT-
etk BEREEDEERRICEVERET S0, UIHaET s, v
ANV ADRECEEELSORIRTITH BAICIE., —BICBEHLES
AN TERT 5,

() EEICBTHHEREOFEEZKET T HRNC. HWHE O MR RS
DAdv,/ hREICHEETHLZLEHRTSH, Adv/ hRE
I CHARER SN & &ix, ARICBITHWBREOTHEELMET 5,

_41_




T HRE S DR~ D T OFE )b b+, BRICET 5 FmE
THiT, RS EEECREBERT S,

1) (BRI SRR BT IC, BTG e (B
MEMIEPREICH T 5 Reduced Expression in
Immor tk‘al ized Cells /Dickkopf—3&HE
FREAT T ) DA NVARY H—% ARG TR RER I+ 5
EHEFEE) 1R BRGNS ORI bA d v S h R
E I CHRHESNZEAITL, Eb a2 ERICRIT 2EE T L, (80
B FE TERROEEL D,

._42_







BB R e (BRBINERUREITEESE)
[EEREETE S A (BRI R, BIZIRATA ) IS A RIER B O A
7 7 F A L LT REIC/Dkk-3 #{nF1RH BRI FE

Rl e

[ BISZERA® AAZXT S % REIC/Dkk-3 BI5GB ER RIS

REiHE  ARE BILREREREEE SR SRR B
ERMEE  ElREREE  ERIR
BekARE  MIOREREE A
LR fF FELREWREE AT
feAxkmc RILRERE  Bi#
mA B EIREWEE B
=

REIC/Dkk-3(Reduced Expression in Immortalized Cells/Dickkopf-3) s{zF1&. LK
TRZE SN2 AMFEET TH L. TORETRIICLD . SUEESHE BFcBIF
BAAOERBT RN — Y AFEE EHREERIZEOHEELICL S THEFAT T
bl %F) 2 BT LEM L PAEEERLF THb, T D REIC/Dkk-3 Bz T #EHEL
1278 AEIREIRT A TH % REIC/Dkk-3 X HH T 7/ 7 4 W AT ¥ — (Ad-REIC)
A CTCERRITZE X RIS IR AR R E L TER L, ek, A2 HET 5. 3512,
POC (proof of concept) ZFEI L. R ZFERIICENT /27— % 2 ERET 5,

A. BFsEHM

BIALBR DS A%t 9 5 REIC/Dkk-3 (%
F & B BIEFREORRIIFE % £
T 5, BEMEOWE (HEKHEOHE)
AEEITURRAL R EL, BIEDRED
BIZAEIRIT Y BRA ¥ b ET D05
A EHT 5o

B. WiEHE
A BE L PRI PUE F R AT SR AT A
B# A1) A7 #FE BB A

_43_

il L. HE5EEOL NV E 4 BRI
FEL. SHOEELYERT 5, ML
LR - AR TR R
L. Mg ~—7— (PSA) BXUHT
SRR B W7 SRR . oA
Yo B9 RAT I TR 2 5 5. (&
R IRE R R E e T 2 & ok
-1 & LTHEMN. MEEBNOEEE L
T, [ BEFIERERTIEICET 54
B LU [EEERIZEICET 5 mEEsH] %
BFT 5,




C. WrsekE#

¥R 2BEIZHTTIC, ABTH. B
FEL BB TG Z1To/2, ZHUZX
Y ZEHE L 72 Vector dose level 1 ~4 (1 x
10° ~ 3 x 10%p) Tk, wa&lErBBi
RRER S, 1 x 10%p ~ 3 x 10%p 2%
5 LR O—EBIZ BT, BIRIERD
% R d AT AR S 7z, Dose level
3 (1 x 10%vp) Z5HE T2 58 (Gradel)
P SN LEGIDFRD bz, 5l E ki
&, BRIRBTZC 2 Hkfe - R L. T — 2 1%

Mrated bo
D. Z%

Rk 25 4E FE L2 B\ T, Vector dose
level 174(1 x 10"~ 3 x 10*p) 12DV T,
FEILY FRA Y N THILEEWNIZIZT
MRTELRKRICH B, 7272, BHEN
7% — (1 x10%pH X033 x 10%p)
B5 BT, %# (Grade-l 2* 5 Grade-2)
PEIZEINTEBY ., 5%, K% E17
THEH) EEVSLELEZ OGN,
T, WEYRIZOVWTIE, BEE < —
71— MRRFIEAT 2 RIEL T2 LI
L., —HOEFIZBNTIZ—EDER)
PEAIFED BRI D 5o

AEBIUBET, FH25F12HF
TIZEF 22 FEEBNZ BV THENE Y S
N, BBOREEMEDPHER S N2,

F. #WifessE

1 ®CEEE

1) Ochiai K, Watanabe M, Azakami D,
Michishita M, Yoshikawa Y, Udagawa

C,Metheenukul P, Chahomchuen T,
Aoki H, Kumon H, Morimatsu M,
Omi T. Molecular cloning and tumour
suppressor function analysis of canine
REIC/Dkk-3 in mammary gland
tumours. Vet J. 2013 Sep;197(3):769-75.

2. FRFEE

1) A phase 1 / I study of reduced
expression in immortalized cells
(REIC/Dkk-3) gene therapy for
prostate cancer: Challenge to establish
as a cancer vaccine. Ariyoshi Y.,
Watanabe M. Sasaki K. Hirata T,
Tanimoto R.Kaku H.,Ebara S,
Watanabe T.Nasu Y.Kumon H. Asian
Pacific Prostate Society 2013, 2013 4E
4 H 13-16 H Melbourne, Australia

2) Adenovirus-mediated REIC-Dkk-3
gene therapy induces tumor antigen-
specific cytotoxic T-cell activation in
mouse cancer models. Ariyoshi Y.,
Hirata T. Watanabe M., Tanimoto R,
Sasaki K, Kaku H,, Ebara S, Watanabe
T, Nasu Y., Kumon H. 19th Annual
Meeting of Japan Society of Gene
Therapy, 2013 4F 7 A 46 H, Okayama

3) Analysis of combination therapy of
the adenovirus vector carrying REIC/
Dkk-3 (Ad-REIC) and the integrin
antagonist cilengitide. Simazu Y.,
Kurozumi K., Ichikawa T. Fuji K.,
Onishi M., Ishida J., Watanabe M.,
Nasu Y., Kumon H., Date I. 19th
Annual Meeting of Japan Society of
Gene Therapy, 2013 4£ 7 H 46 H,
Okayama



4) Immunomodulation and anti-cancer
activity of REIC/Dkk-3 protein. Huang
P., Watanabe M., Nasu Y. Kaku H,
and Kumon H. European Society of
Gene and Cell Therapy, 2013 4 10 A
25-28 H, Madrid, Spain

G. MUMH MO WMIE - BRI
B L



[EA @Rt 2B e (BEFMERLEATUsEEE)
(G MEETEDS A (EEE S R IE, BV IRDSA ) IS8T A kI E A A
7 7 F AR & LT O REIC/Dkk-3 {5 TG ER R

Rl e e

[ BN P B2 JE 1209 5 REIC/Dkk-3 #1516 & FR RT3

WHeoiasE  ERM— EILRERERE GRS Bl

FOFE— EIREREE B
AT  WIlRkERE B

gt 3=t

REIC/Dkk-3(Reduced Expression in Immortalized Cells/Dickkopf-3) 1= T ILIAKZT
g SNV ABEERFTH Y, COREFHEIUS L DHUERRIR (BFTIZBIT20°A
DR T R b=V AFRELGHEREREOEMALIZ LS THTHKAT 7 F L] ER)
DEEEN b HAE. REIC/Dkk-3 BET 2 &8 L 7208 A BB E 35 TH 5 REIC/
Dkk-3 BIZFHHRT 7/ 7 A VANT ¥ — (Ad-REIC) % HV7ZERRIIZEDS, BIAZERASA
G E L TERBSNT WS, RKuFEIE. M Rz E D EFNZ R LT AJ-REIC ##]
TIGERG LEet, BT HZETAILEAENETLHDTHY .. BEHBEEEDOK
WMo ERLIZmT /27— 5 2 EFET 5,

A BFEER Ad-REIC 85 & F W 72 FRIRBE I B »

i s 78 ek v 7 L2 % 5 Ad-REIC #4 T 5 CMV 7HE— ¥ — 25T
# % v 72 BRI E O FEREAGEIZ AV C Ad-REIC 84 % HRT 5,
&2 DIESEZ AT\, KER - WG % B
R

C. WrzekEi®
SR 25 SEFEICIX N EEIRT L,

B. gl T EANOHBIZIOWTIIEBYE (B

E~NOAFEEFEI M T, BILRZEA EFEBEREERER) LoBT, ERE
B LUERET L OM T4 OHEfEE B CHEEOEEPEMm S NIz, fH
2179 o GEETIREER PRI 28 E 5T M 5 EERE OLOZEE (CAG 7
WMEEZ2ER- 2L LR, T4 0% — % —® Ad-REIC #H|» 6., EE
Wige. b b EEEFEEICST 5 AR FEEIN TS CMV U E—

_46.__



¥ —® Ad-REIC BAI~DEHE) | BES
FEDOERIE) FHREFELET L
FERE LT, [EEMESEEICT 5
REIC/Dkk-3 #1x FIHEEIRIIZE] Th
B ARWFEDOERIZET 5 EOFH X % 5%
TL7: (BRE2EH -3 & LR,

D. Z%

ERIRITFE DS &\ ) Bl A & (L EHE
LY RRPENTIRTH B0, KEE, E
TOHFREZTTLIZZENL FI&KE,
WY REDEH 2 1305

E.
AN BEE F | 2 BRI B
R I 7R A ] 2 2T 54 5

F. Brgesesk

1. FSCHEE

1) Shien K, Tanaka N, Watanabe
M, Soh J, Sakaguchi M, Matsuo K,
Yamamoto HFurukawa M, Asano H,
Tsukuda K, Nasu Y, Huh NH, Miyoshi
S, Kumon H, Toyooka S.Anti-cancer
effects of REIC/Dkk-3-encoding
adenoviral vector for the treatment of

non-small cell lung cancer. PLoS One.
2014 Feb 3;9(2):e87900.

2. FEERFE

1) AAREICIZ LB HENAT 7 F 1k
SR

ERR A RHEIEUC BT 2 BEEE TS AN
PRINS VN

~ M EEEE (ATA - FREE) —
& i f—

_4’7._

M LR RfbEeE 70 = 7 b
~ R EIEDS A O BIETIE# —
oA TR T A
PHL254E9 A 1 H
fila>r~_ryyarery—, @b

. FEIR EME O HEE - BERIRTT

FoEeL



. tHEARDOHITICEHT 5—ER



EEE

PEvas

WFIERROTATICE T 5 —8%K

sEAhO |

e ZA fes o3
EEHERA WLY A MVE Py =% 22 H AR 44 HIARHL | HAREE | =
MERS
FERERA WL A MIVE FREEH BE | =T | HHRE
Ochiai K, Watanabe M, Molecular cloning and tumour | Vet J. 197(3) 769-75 2013
Azakami D, Michishita M, | suppressor function analysis of
Yoshikawa Y, Udagawa canine REIC/Dkk-3 in mammary
C, Metheenukul P, gland tumours.
Chahomchuen T, Aoki H,
Kumon H, Morimatsu M,
Omi T.
Shien K, Tanaka N, Anti-cancer effects of REIC/Dkk- | PLoS One. 9(2) e87900 2014

Watanabe M, Soh J, Vet J.
Sakaguchi M, Matsuo K,
Yamamoto H, Furukawa
M, Asano H, Tsukuda K,
Nasu Y, Huh NH, Miyoshi
S, Kumon H, Toyooka S.

3-encoding adenoviral vector for
the treatment of non-small cell
lung cancer.

_49_




V. R OTIITH - Bl



The Veterinary Journal 197 (2013) 769-775

- Content!

lists available at SciVerse ScienceDirect
The Veterinary

' www.elsevie

Molecular cloning and tumour suppressor function analysis of canine

REIC/Dkk-3 in mammary gland tumours

CrossMark

Kazuhiko Ochiai **, Masami Watanabe P, Daigo Azakami®, Masaki Michishita ¢, Yasunaga Yoshikawa d
Chihiro Udagawa @, Pornphimon Metheenukul ¢, Thippayarat Chahomchuen ¢, Hiroshi Aoki?,

Hiromi Kumon ®, Masami Morimatsu f, Toshinori Omi?

 Department of Veterinary Nursing and Technology, School of Veterinary Science, Nippon Veterinary and Life Science University, Tokyo 180-8602, Japan
5 Department of Urology, Graduate School of Medicine, Dentistry and Pharmaceutical Sciences, Okayama University, Okayama 700-8558, Japan

¢ Department of Veterinary Pathology, School of Veterinary Science, Nippon Veterinary and Life Science University, Tokyo 180-8602, Japan

4 Laboratory of Veterinary Biochemistry, School of Veterinary Medicine, Kitasato University, Aomori 034-8628, Japan

€ Department of Veterinary Technology Faculty of Veterinary Technology, Kasetsart University, Bangkok 10900, Thailand

" Division of Disease Model Innovation, Institute for Genetic Medicine, Hokkaido University, Sapporo 060-0815, japan

ARTICLE INFO ABSTRACT
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REIC/DKkk-3, a member of the human Dickkopf (Dkk) family, plays a role as a suppressor of growth in sev-
eral human cancers. In this study, the tumour suppression function of canine REIC/Dkk-3 was investi-

gated. The full-length open reading frame of the canine REIC/Dkk-3 homologue was cloned and the

Keywords:
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Mammary gland tumours
REIC/Dkk-3

Tumour suppressor gene

tissue distribution of REIC/Dkk-3 mRNA was determined, along with the subcellular localisation of the
REIC/Dkk-3 protein in canine cancer cell lines. Expression of REIC/Dkk-3 was lower in mammary gland
tumours and in canine mammary carcinoma cell lines than in normal mammary gland tissue. Overex-
pression of REIC/Dkk-3 induced apoptosis in canine mammary carcinoma cell lines. These results show
that expression of REIC/Dkk-3 is downregulated in canine mammary tumours and that one of the func-

tions of this gene is induction of apoptosis.

© 2013 Elsevier Ltd. All rights reserved.

Introduction

The gene encoding ‘Reduced expression in immortalised cells’
(REIC) is a tumour suppressor gene identical to the Dickkopf-3
(Dkk-3) gene (Tsuji et al., 2000). REIC/Dkk-3 is ubiquitously ex-
pressed in normal cells in mice and humans, whereas its expres-
sion is significantly downregulated in cancer cells (Zhang et al,,
2010). We and other investigators have previously shown that
overexpression of REIC/DKk-3 selectively induces apoptosis in mul-
tiple cancer cell lines, but not in normal cells (Hsieh et al., 2004;
Abarzua et al., 2005; Kashiwakura et al., 2008; Mizobuchi et al,,
2008; Sakaguchi et al., 2009).

Endoplasmic reticulum (ER) stress-induced signalling is acti-
vated during REIC/Dkk-3-induced apoptosis (Sakaguchi et al.,
2009). ER stress plays a role in the induction of apoptosis and oc-
curs when specific glycosylated proteins are overexpressed and
protein folding and secretion are impaired (Herr and Debatin,
2001). The GRP78 protein (also called BiP), which is associated
with protein folding in the ER and is a key signalling molecule of
ER stress (Shen et al.,, 2002), is upregulated during REIC/Dkk-3-in-

* Corresponding author. Tel.: +81 422 4151.
E-mail address: kochiai@nvlu.ac.jp (K. Ochiai).

1090-0233/$ - see front matter © 2013 Elsevier Ltd. All rights reserved.
http://dx.doi.org/10.1016/j.tvjl.2013.04.024

duced apoptosis (Kashiwakura et al., 2008). In addition, induction
of caspase-dependent apoptosis by REIC/Dkk-3 is regulated by
JNK phosphorylation, along with ER stress (Abarzua et al., 2005;
Kashiwakura et al., 2008).

In a previous study, we demonstrated that REIC/Dkk-3 plays a
role in monocyte differentiation and tumour regression (Watanabe
et al., 2009). Intratumoral administration of REIC/Dkk-3 suppresses
tumour growth, resulting in an accumulation of dendritic cells
(CD11c*) and cytotoxic T cells (CD8"), and enhanced the anti-can-
cer activity of splenocytes. Mouse and human studies have shown
that REIC/Dkk-3 induces tumour-specific apoptosis and enhances
anticancer immunity (Sakaguchi et al., 2009; Watanabe et al.,
2009), and its activity is currently being tested in clinical trials in
human cancer patients.’

A tumour suppressor function of REIC has not been investigated
in dogs previously. There is only a predicted sequence of the REIC/
Dkk-3 homologue in dogs on the ERL database.? Although REIC/
Dkk-3 is a secreted protein (Tsuji et al., 2000), secreted peptides
are not identified within the predicted sequence of canine REIC/

! See: http://clinicaltrials.gov/ct2/show/NCT01197209?term=REIC%2FDkk-
3&rank=1,
2 See: http:/fwww.genome.gov/11008069.
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Dkk-3. The elucidation of the structure and tumour suppressor func-
tions of canine REIC/Dkk-3 may help to establish novel therapeutic
strategies for treating canine mammary gland tumours.

Mammary tumours are common in female dogs, as well as in
women, and there are some molecular and biological similarities
between canine and human mammary tumours (Moe, 2001;
Egenvall et al., 2005; Rivera and von Euler, 2010; DeSantis et al.,
2011). In this study, we investigated the structure and tumour sup-
pressor function of canine REIC Dkk-3. We postulated that, due to
its strong tumour suppressor function, REIC/Dkk-3 may be suitable
as a new therapeutic agent for canine mammary tumours. We
cloned the full-length open reading frame (ORF) of canine REIC/
Dkk-3 and investigated the tissue distribution of REIC/Dkk-3
mRNA and the subcellular localisation of the REIC/Dkk-3 protein
in canine cancer cell lines. In addition, we examined the expression
of REIC/Dkk-3 protein in canine mammary tumours and in normal
mammary glands. To confirm the tumour suppressor function of
REIC/Dkk-3, we investigated whether the expression of REIC/Dkk-
3 in canine mammary tumour cell lines induces apoptosis.

Materials and methods
cDNA cloning and sequencing of canine REIC/Dkk-3

Canine REIC/Dkk-3 was amplified by PCR using the following oligonucleotide
primers: cREIC/Dkk-3F (5'-ATGCGGCGGCTCGGGGGCACCCTGCTGTGC-3') and cRE-
IC/DKkk-3R primer (5'-CTAAATCTCTCCTCCTTCCAGCA-3'). The primers were de-
signed from the sequences of the canine EST database® (GenBank DN376871.1)
and the predicted sequence of canine REIC/Dkk-3 homologue (GenBank
XM_534060.2).

RNA was obtained from canine total brain RNA (Biochain) and reverse tran-
scribed using SuperScript I (Life Technologies). PCR amplification was performed
using PrimeSTAR (Takara) and dATP was added to the PCR products using a 10x
A-attachment kit (Toyobo). PCR products were cloned into pGEM-T Easy (Promega).
The sequences were determined for at least five independent clones (ABI 3100; Ap-
plied Biosystems). Nucleotide and amino acid (aa) sequences were analysed and
compared with the canine predicted sequence and human and mouse sequence
with Genetyx software.

Tissue samples

With permission from the Ethics Committee, we obtained tissue samples from
the Department of Veterinary Pathology, School of Veterinary Science, Nippon Vet-
erinary and Life Science University (approval number 11-50, date of approval 27
May 2011). The study included three samples from mammary tubulopapillary car-
cinomas, two from mammary solid carcinomas and three from non-neoplastic
mammary gland tissues. The tissue samples for immunoblot analysis were stored
at —70 °C, whereas the tissue samples for histopathological examination were fixed
in formalin, dehydrated in alcohol, embedded in paraffin wax, sectioned and stained
with haematoxylin and eosin. All the samples were classified by veterinary pathol-
ogists according to the WHO classification (Misdorp et al., 1999).

Cell lines and culture

Madin-Darby canine kidney cells (MDCK) and 293T cells were purchased from
the American Type Culture Collection (ATCC). Six canine mammary carcinoma cell
lines (CIP-p, CIP-m, CHM-p, CHM-m, CNM-p and CNM-m) were kindly provided by
Dr N. Sasaki, Laboratory of Veterinary Surgery, University of Tokyo, Japan; these cell
lines were established from primary mammary tumours of three dogs that also had
metastatic lesions (Uyama et al.,, 2006). The cell lines were maintained in RPMI
1640 (Wako) supplemented with 10% fetal bovine serum, 100 U/mL penicillin
and 100 pg/mL streptomycin (Life technologies), and incubated at 37 °C in an atmo-
sphere containing 5% CO,,

Tissue distribution of REIC/Dkk-3 mRNA

Reverse transcriptase (RT)-PCR reactions were performed using total RNA from
~24 tissues obtained from the Dog Tissue Total RNA Panel (Zyagen). PCR amplifica-
tion of canine REIC/Dkk-3 was performed using the following primers: 5'-ATGA-
GACCAACACGGAAACC-3' and 5-CTAAATCTCTCCTCCTTCCAGC-3'. Hypoxanthine
phosphoribosyltransferase (HPRT) and B-glucuronidase (GUSB) were used as RT-
PCR controls (Brinkhof et al., 2006).

3 See: http://www.ncbi.nlm.nih.gov/dbEST/index.html.

Transfections and immunostaining

To generate haemagglutinin (HA)-tag fusion proteins, the Sall/EcoRI fragment of
REIC/Dkk-3 cDNA was cloned into the pMACS Kk.HA (C) vector (Miltenyl Biotech)
(Fig. 1a). Immunocytochemical staining for REIC/DKk-3 in CHM-p cells overexpress-
ing REIC/Dkk-3 was performed by co-staining for the ER using the ER-ID Red Assay
Kit (Enzo Life Sciences). Cells were plated and cultured to 30-40% confluency in
LabTek chambers (Nalgene) and were transfected with the pMACS Kk.HA (C) vector
containing HA-Tagged canine REIC/Dkk-3 by FuGENE HD (Promega). Forty-eight
hours after transfection, the cells were fixed with 4% paraformaldehyde in
100 mM phosphate buffer and blocked with 5% normal goat serum in phosphate
buffered saline (PBS). The cells were incubated with polyclonal anti-HA antibodies
(1:100 dilution) (561, MBL) overnight at 4 °C and then with fluorescein isothiocya-
nate-conjugated anti-rabbit secondary antibody (Molecular Probes) for 1 h. To stain
the nuclei, the cells were incubated with Hoechst 33342 (Dojindo) for 15 min at
room temperature. The fluorescent staining was visualised under a fluorescence
microscope system (BZ-9000; Keyence).

Immunoblot analysis

293T cell monolayers were cultured to 80% confluence on 6-well plates and the
cells were transfected as described above. The cells were lysed in ice-cold radioim-
munoprecipitation (RIPA) buffer (Nacarai Tesque) and incubated for 15 min at 4 °C.
Canine tissue was homogenised in ice-cold RIPA buffer. Insoluble fragments were
removed by centrifugation at 16,000 g for 10 min at 4 °C and supernatants were
stored at —80 °C. Protein concentrations were determined using a Protein Assay
Bicinchoninate kit (Nacarai). Extracted protein (~10 pg) was mixed with 6x loading
buffer, consisting of 450 mM Tris pH 6.8, 45% sucrose, 5% pB-mercaptoethanol, 15%
sodium dodecyl sulphate (SDS) and bromophenol blue, and separated by electro-
phoresis on 12% SDS-polyacrylamide gel electrophoresis gels (Bio-Rad). Proteins
were electro-transferred onto polyvinylidene fluoride membranes in 25 mM Tris,
192 mM glycine and 20% methanol. Following transfer, membranes were biocked
with 10% non-fat dry milk and 6% glycine in Tris-buffered saline containing 0.1%
Tween-20 and were developed with rabbit polyclonal anti-human REIC/Dkk-3 anti-
body (10365-1-AP, Proteintech) and antibodies specific for caspase-3 (9962, Cell
Signaling Technology), cleaved-caspase-3 (9961, Cell Signaling Technology) and
B-actin (sc-69879, Santa Cruz). Horseradish peroxidase-conjugated secondary anti-
bodies and the electrochemiluminescence (ECL) Pro substrate kit (Perkin Elmer)
were used for the detection of antibody-bound proteins. Densitometric analysis
was performed and the REIC/Dkk-3-to-p-actin ratio was calculated using Image ]
software (version 1.44).4

Apoptosis assay

To examine the in vitro induction of apoptosis after treatment, CIP-p cells were
seeded in flat-bottomed 6-well plates and incubated for 24 h. Cells were then trea-
ted with the control adenovirus (Ad), Ad-LacZ or Ad-human (h) REIC/DKkk-3 at the
indicated multiplicity of infection (MOI) in serum-free medium (500 pL) for 2 h,
then the medium was exchanged with fresh complete medium (2 mL). After further
incubation for 72 h, Hoechst 33342 stock solution was added to the medium to a
final concentration of 2 pg/mL and the cells were incubated in the dark for
10 min (Kawasaki et al., 2009). Apoptotic cells were identified on the basis of the
presence of highly condensed or fragmented nuclei using fluorescence microscopy.
Apoptotic cells were counted in five different fields under a microscope; 100 celis
were evaluated in each field.

Statistical analysis

Student’s ¢ test was used to compare the difference between the mean values. P
values <0.05 were considered to be statistically significant.

Results
Cloning and structural analysis of canine REIC/Dkk-3

The ORF of canine REIC/Dkk-3 cDNA determined in this study
(GenBank AB733648) had 1047 base pairs (bp) and was predicted
to code for 348 aas. The full length ORF of canine REIC/Dkk-3 was
213 bp and 71 aas longer than the predicted sequence of canine
REIC/Dkk-3 (GenBank XM_534060.2, ORF: 834 bp, 277 aas). This
discrepancy is due to a missense mutation accompanied by a stop
codon in XM_534060.2 (positions 200-202), which is located be-
tween the first and second ATGs of AB733648 (Fig. 1a). Therefore,

4 See: http://rsh.info.nih.gov/ij.



K. Ochiai et al./The Veterinary Journal 197 (2013) 769-775 771

a cREIC/Dkk-3F
1tATG] 29 ATG
: REIC/Dkk-3R
DN376871.1 | -
101 TAG I TAG
XM _534060.2 B = ]
'30§ : Primers for RT-PCR
AB733648
1048
Sali-l-b Primers for Sall/EcoRl (L-EcoRi
......................... fragment of REIC/Dkk-3 s
CMYV promoter HA-Tag
pMACS Kk.HA (C)

b canine 1 MRRLGGTLLCLLLAAAVPTAPAPAPTAPPAPAEAGPALSYPQREATLNEMFREVEELMED
Human 1 MORLGATLLCLLLARRVPTAPAPAPTATSAPVKPGPALS Y PQEEATLNEMFREVEELMED
Mouse 1 MORLGGILLCTLLARAVPTAPAPSPTVIWTPAEPGPALNY POQEEATLNEMFREVEELMED

:‘f: * %k . * &k *k*********k: * % . :‘k. . ****.********:&************
Canine 61 TQHKLRSAVEEMEAREAARKTS-EVNLANLPSSYHNETNTETRVGNNTIHVHRETHKVTN
Human 61 |TQHKLRSAVEEMEAREARRKASSEVNLANLPPSYHNETNTDTKVGNNT IHVHRETHKI TN
Mouse 61 TQHKLRSAVEEMEAEEAAAKTSSEVNLASLPPNYHNETSTETRVGNNTVHVHQEVHKITN
F ok vk vk ke ke ek o v Sk e ok ok W ke e : d ok ok ok ok ok '*:& .. ook %ok ok . e T * : EE : * k& 3 ¥ : £ H * ¥
Canine 120 NQTGRTVFSETVITSVGDEEGKKSHECIIDEDCGPTRYCQFASFEYTCQOSCRDQOTLCTR
Human 121 NQTGOMVFSETVITSVGDEEGRRSHECIIDEDCGPSMYCQFASFQYTCQPCRGORMLCTR
Mouse 121 NQSGQVVFSETVITSVGDEEGKRSHECIIDEDCGPTRYCQFSSFKYTCQOPCRDQOMLCTR
**:-}c: ***************::************: ****:**:*kr*.**.*: * ok ok k
Canine 180 DGECCGDQLCVWGHCAKTATRGGNGTICDNORDCOPGLCCAFORGLLEFPVCTPLPVEGEL
Human 181 DSECCGDQLCVWGHCTKMATRGSNGTICDNQRDCQPGLCCAFORGLLFPVCTPLEVEGEL
Mouse 181 DSECCGDQLCAWGHCTQKATKGGNGTICDNQRDCOPGLCCAFQRGLLFPVCTPLPVEGEL
* . :ﬁ-*******.fi**: : * * s * . kihkkkrhhkhhkxhhkdkhhkhhxTahnhdhixhthdhhkx &k &
Canine 240 CHDPASRLLDLITWELEPDGALDRCPCASGLLCQPHSHSLYYVCKPAFMGSRGEDGESPYV
Human 241 CHDPASRLLDLITWELEPDGALDRCPCASGLLCQPHSHSLVYVCKPTFVGSRDODGEILL
Mouse 241 CHDPTSQLLDLITWEL“PECALDRCPCASGLLCQPHS‘ISLVYMCI’PAFVGSHDHDI‘]ESQT
kkik :&A‘Ak}\k}(**s\i ER R R R i I P O I e L I 2P x*i A k* . K .
Canine 300 PREAPSEYEDGSFIEEVRQELENLERSLSVEMALGEPDAPSELLEGGE-I 348
Human 301 PREVPDEYEVGSFMEEVRQELEDLERSLTEAMALREPAAAAAALLGGEEL 350
Mouse 301 PREAPDEYEDVGFIGEVRQELEDLERSLAQEMAFEGP-APVESLGGEEET 349

?\‘**‘*'iﬂk* .*: ‘k**‘k}?**:*****: *-):'k: L * k Kk K

Fig. 1. Cloning strategy and sequence alignments of canine REIC/Dkk-3. (a) Alignment of nucleic acid sequence identified in this study (AB73348) with the expressed
sequence tag (EST) sequence (DN376871.1) and the predicted canine REIC/Dkk-3 sequence (GenBank XM_534060.2). The identical sequences are indicated in black boxes. The
putative start codons (1st and 2nd) and the stop codon are indicated with dotted line. The sequence that was different from the sequence identified in this study and in the
EST database, including the stop codon, is indicated with a grey box. The primers that were used for cloning and sequencing (cREIC/Dkk-3F and R) and subcloning into the
PMACS Kk.HA (C) vector (the primers were attached to Sall or EcoRI site) to generate the haemagglutinin (HA)-tagged fusion protein and for RT-PCR examination are indicated
by arrows. (b) Comparison of the amino acid (aa) sequence of canine REIC/Dkk-3 identified in this study (AB733648) with human REIC/Dkk-3 (NP_056965) and mouse REIC/
Dkk-3 (NP_056629). The predicted aa sequence was aligned using ClustalW. ** —’ Single fully conserved aa. ‘: — Conservation of the strong amino group. ‘. —' Conservation of
the weak amino group. The signal peptide sequence that was predicted using the SignalP software is underlined. The N-terminal containing 78 aas that induced apoptosis in

human prostate cancer cell lines is in a box. The potential binding site of human dynein light chain, Tctex-1 is indicated in boldface.

the position of the start codon of XM_534060.2 corresponds to the
second ATG of AB733648 (Fig. 1a). A putative secretion signal se-
quence was present in the sequence we identified, suggesting that
canine REIC/DKk-3 is a secreted protein (Fig. 1b). The canine REIC/
DKk-3 Protein shows 85% and 82% homeclogy with the human and
murine REIC/Dkk-3 proteins, respectively. Canine REIC/Dkk-3 in-
cludes a putative secretion signal sequence and an aa sequence
motif [E-X-G-R/K-R/K-X-H], previously identified as the Tctex-1-
binding domain of dynein intermediate chain (Fig. 1b) (Ochiai
et al,, 2011). Canine REIC/Dkk-3 has a well-conserved stretch of

78 aas at the N-terminus, which is sufficient to induce apoptosis
in human prostate cancer cell lines (Abarzua et al., 2008). There-
fore, we hypothesised that canine REIC/Dkk-3 can induce apoptosis
in cancer cells.

Tissue distribution and cell localisation of canine REIC/Dkk-3

The tissue distribution of canine REIC/Dkk-3 mRNA was investi-
gated by RT-PCR in 24 normal canine tissues. As previously re-
ported in humans (Tsuji et al, 2000), REIC/Dkk-3 mRNA was
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Fig. 2. Subcellular localisation of canine REIC/Dkk-3. Co-localisation of REIC/Dkk-3 and endoplasmic reticulum (ER) was examined by double immunofluorescence staining
and imaged using fluorescence microscopy. Images in green, red and blue show the subcellular localisation of the haemagglutinin (HA) tag alone, or HA-tagged REIC/Dkk-3,
ER and nuclei, respectively. The areas of overlap between the REIC/Dkk-3 and ER are shown in yellow in the overlay image. The image merging was performed using BZ-

Merge
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Analyzer software (Keyence). Bar = 50 pm.
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Fig. 3. Expression of REIC/Dkk-3 protein in canine cell lines and mammary gland tumours. (a) To test the cross-reactivity of anti REIC/Dkk-3 antibodies for the canine protein
immunoblotting was performed in 293T cells that were transfected with an empty haemagglutinin (HA)-tagged vector alone (emp) or HA-tagged canine REIC/Dkk-3. B-Actin
was used as a reference protein for normalisation for protein loading. (b) Expression levels of canine REIC/Dkk-3 protein were determined by immunoblot analysis of normal
canine mammary glands and canine mammary gland cancer-derived cell lines. B-actin was used as a loading control. (c) Protein levels of REIC/Dkk-3 were analysed in three
normal mammary glands (controls), three tubulopapillary mammary carcinomas and two solid mammary carcinomas by Western blot analysis. The results shown are
representative of three independent experiments. All immunoblots were performed on independent membranes, although reprobing was not performed.
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Fig. 4. Induction of apoptosis in canine mammary gland tumour cell lines due to overexpression of REIC/Dkk-3. (a) Induction of apoptosis in CIP-p cells after Ad-hREIC/Dkk-3
treatment was examined using Hoechst 33342 staining. Cells were infected with 50 multiplicities of infection (MOIs) of Ad-LacZ, Ad-REIC/Dkk-3 or control vector alone and
incubated for 72 h. (b) Percentages of apoptotic CIP-p cells at 48 and 72 h after treatment with Ad-hREIC/Dkk-3 at different MOIs. A total of five different fields were examined
under a microscope to determine the apoptotic rate. A statistically significant difference was observed between Ad-hREIC/Dkk-3 and the control Ad-LacZ treatment (*
P <0.05). (c) Western blot analysis for the indicated proteins in CIP-p cells treated with Ad-REIC/Dkk-3. The extracellularly secreted REIC/Dkk-3 was detected in the culture

supernatant 48 h after transfection. Bar = 50 pm.

ubiquitously expressed in all canine tissues that were examined
(see Appendix A: Supplementary Fig. 1). The REIC/Dkk-3 protein
exhibited a punctate localisation pattern in the cytoplasm when
examined by immunostaining (Sakaguchi et al., 2009); our previ-
ous studies showed that the REIC/Dkk-3 protein is predominantly
localised to the ER in human and murine cells (Zhang et al.,
2010; Ochiai et al., 2011). We therefore performed co-staining
experiments for ER and REIC/Dkk-3 in a canine cell line which
was transiently transfected with HA-tagged canine REIC/Dkk-3.
REIC/Dkk-3 was mainly localised around the ER in canine cells

(Fig. 2).

Expression of REIC/Dkk-3 protein in canine mammary gland tumour
cell lines and tissues

Since antibodies recognising canine REIC/Dkk-3 are not avail-
able, we first performed immunoblotting in 293T cells transfected
with canine REIC Dkk-3 using antibodies that detect the HA-tagged
canine REIC/Dkk-3 protein (Fig. 3a). Bands of the same size were
detected with anti-HA antibody and anti-human REIC-Dkk-3 anti-
bodies, confirming that the antibodies against human-REIC/Dkk-3
can detect canine REIC/Dkk-3. Next, we examined REIC/Dkk-3
expression in normal canine mammary glands and in various cell
lines derived from canine mammary gland tumours. In the normal
canine mammary gland, the REIC/Dkk-3 protein was detected as a
single band ~60 kDa by immunoblot analysis. In contrast, REIC/
DKkk-3 protein was barely detectable in six canine mammary grand
cancer cell lines, nor in MDCK cells (Fig. 3b). Consistent with this
observation, the levels of canine REIC/Dkk-3 protein were lower

- 55

in canine mammary tubulopapillary carcinomas than in normal
mammary gland tissue (P < 0.05) (Fig. 3c). A solid mammary carci-
noma also showed reduced expression of REIC/DKk-3.

Apoptosis of canine mammary gland tumour cell lines induced by
overexpression of REIC/Dkk-3

To examine a possible use of REIC/Dkk-3 as a tool for targeted
gene-based therapy for canine mammary gland tumours, we over-
expressed REIC/Dkk-3 in cancer cells by using a replication-defi-
cient adenovirus vector. Within a few days after infection, most
of the tumour cells had detached from the bottom of the culture
vessels (Fig. 4a). Hoechst 33342 staining confirmed that apoptotic
cells were frequently observed in Ad-hREIC/Dkk-3-treated CIP-p
cells. The extent of apoptosis 72 h after treatment at MOIs of 10
and 50 was 42.0% and 98.6%, respectively. Significant induction
of apoptosis was observed in Ad-hREIC/Dkk-3-treated cells, unlike
that observed in control cells treated with Ad-LacZ (P<0.05)
(Fig. 4b). These results confirmed that human REIC/Dkk-3 overex-
pression induced apoptosis in canine mammary gland cancer cells,
suggesting that Ad-hREIC/Dkk3 may be useful as a new therapeutic
agent for canine tumours.

Next, we determined whether REIC/Dkk-3-induced apoptosis in
CIP-p cells was caspase-dependent. The intra- and extracellular
levels of REIC/Dkk-3 protein increased in transfected CIP-p cells,
but not in cells infected with the Ad-LacZ vector alone (Fig. 4c).
Infection of CIP-p cells with Ad-REIC/DKk-3 did not alter the levels
of caspase-3, but increased the expression of cleaved caspase-3
(Fig. 4c).



