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New therapeutic strategy for non-small cell lung cancer by REIC gene therapy
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REIC is down-regulated in many human cancer cells and is considered to
function as a tumor suppressor. REIC-expressing adenovirus vector (Ad-REIC) induces endoplasmic
reticulum (ER) stress and cancer-specific apoptosis in human cancers. We examined the therapeutic
impact of Ad-REIC on non-small cell lung cancer and malignant pleural mesothelioma. We examined the
direct anti-tumor effect of Ad-REIC gene therapK on non-small cell lung cancer and malignant
pleural mesothelioma cell lines in V|tro and the distant bystander effect using immunocompetent
mouse allograft models with bilateral flank tumors. Ad-REIC treatment showed antitumor effect in
many lung cancer and malignant pleural mesothelioma cell lines in vitro. In an in vivo model,
Ad-REIC treatment inhibited the growth not only of directly treated tumors but also distant
untreated tumors. Ad-REIC treatment not only had a direct antitumor effect but also an indirect
bystander effect through stimulation of the immune system.

REIC



(EGFR) ALK
60-70%
EGFR ALK
REIC
REIC
(Ad-REIC)
REIC

(Abarzua et al Cancer Res 2005,

Kashiwakura et al Cancer Res 2008) NK

(Sakaguchi
et al J Biol Chem 2009, Watanabe et al Int
J Oncol 2009)

Ad-REIC
Ad-REIC

Ad-REIC EGFR

GRP78 CAR

Ad-REIC

Ad-REIC

AdRECEISZIE RS T A | EERESTERE
§8§2 3252783539383 §333%33235333¢8¢
W |6 3E 853 R8: 8385300 ca8Eeges
TEEEEER T eI EE N g
X [? 4 g
hFy— A [ B |
GRP78ERH FEIH {5 =1 1B =1
cAREE R & | =& 3 s | &
. Ad-REIC
GRP78 -CAR Ad-REIC
GRP78 ~CAR
Ad-REIC
(1)Ad-REIC
GRP78
GRP78  Ad-REIC
(2REIC
Ad-REIC
®
Ad-REIC
(1)Ad-REIC
REIC
JNK GRP78
Ad-REIC

MOI




Ad-LacZ

Ad-REIC

30 1 *
2
©
+ 20+
(1 4
—
n
£ 10-
o
o
<
0-
Ad-LacZ Ad-REIC
Ad-REIC
(Shien et al PLoS One
2014 )
A549 H1299
N o© NoQ
« &8 = 4 &
= 2 2 = I <
REIC/Dkk-3 . .
GRP78 —_ - o
JNK - e—— — .o - -
p-JNK o -
Actin | == = = - - -

A549 H1299 REIC
INK GRP78
(Shien et al PLoS One 2014
)
20 MOl 100 MOl 200 MOI
N2 N8 N e
w w w
S S S
9 T s T T
< < < < < <
REIC/Dkk-3 ] ' ‘
GRP78 — -
JNK - - - -
p-JNK - - -
Actin - e - e
H460  Ad-REIC MOI
(Shien

et al PLoS One 2014 )

(2)REIC

Ad-REIC
Ad-REIC

-+ PBS

- - Ad-LacZ

E ‘+ Ad-REIC

E

4]

E

=

S

T

5]

5

=

0+ T T T T T d
0 4 8 12 16 20 24
Days after treatment
A549
Ad-REIC Ad-REIC
(Shien et al PLoS One
2014 )
®)
Ad-REIC
REIC REIC

A Contralateral Ipsilateral

untreated treated

Immunocompetent mouse
Allograft model (AB12 or KLN205)

Day 1 8 22
" ‘.‘ "‘ Sacrifice

Subcutaneous Treatment

injection of PBS/LacZ/REIC

AB12 cells

KLN205 cells

Ad-REIC
(Suzawa et al Anticancer Res 2017 )



AB12

Ipsilateral Contralateral

o
=3
=1
=3

-»-PBS
-=LacZ
4000 REIC

-»-PBS
-=-LacZ
REIC

Tumor volume (mm?3)
»n w
=3 =3
=3 =3
& &
Tumor volume (mm?3)

_.
8
o 8

*
0 5 10 15 20 25 0 5 10 15 20 25
Days Days

KLN205

Ipsilateral Contralateral

2000
20001  pgs

= LacZ
REIC

-»-PBS
-= LacZ
REIC

1500 1500

1000.

Tumor volume (mm?3)
o
=3
o

Tumor volume (mm?)
™
o =3
=3 o
o o

0 0.
0 5 10 15 20 25 0 5 10 15 20 25
Days Days

. REIC (Suzawa et al

Anticancer Res 2017 )

2
Suzawa K, Shien K, Peng H, Sakaguchi M,

Watanabe M, Hashida S, Maki Y, Yamamoto
H, Tomida S, Soh J, Asano H, Tsukuda K,
Nasu Y, Kumon H, Miyoshi S, Toyooka S.
Distant Bystander Effect of REIC/DKK3
Gene Therapy Through Immune System
Stimulation in Thoracic Malignancies.
Anticancer Res  2017;37:301-307.
http://ar.iiarjournals.org/content/3
7/1/301.1long

Shien K, Tanaka N, Watanabe M, Soh J,
Sakaguchi M, Matsuo K, Yamamoto H,
Furukawa 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. PL0S One 2014;9: e87900.
doi: 10.1371/journal .pone.0087900.

REIC/Dkk-3

69
2006 9 30
REIC
116
2016 4 15

Shinichi Toyooka, Ken Suzawa, Kazuhiko
Shien, Masakiyo Sakaguchi, Masami
Watanabe, Peng Huang, Kei Namba,
Hidejiro Torigoe, Hiroki Sato, Junichi
Soh, Hiromasa Yamamoto, Yuho Maki,
Kazunori  Tsukuda, Shuta Tomida,
Yasutomo Nasu, Hiromi Kumon,
Shinichiro Miyoshi. The proof of
concept of REIC/Dkk-3 gene therapy for
thoracic malignancies. 10th AACR-JCA
Joint Conference on Breakthroughs in
Cancer Research: From Biology to
Therapeutics. 2016 2 18

REIC/DKk-3 ; 56
2015 11
26
Ken Suzawa, Kazuhiko Shien, Masakiyo
Sakaguchi, Masami Watanabe, Shinsuke
Hashida, Junichi  Soh, Hiromasa
Yamamoto, Yuho Maki, Kazunori Tsukuda,
Yasutomo Nasu, Hiromi Kumon,
Shinichiro Miyoshi, Shinichi Toyooka.
Adenovirus-mediated REIC/Dkk-3 gene
therapy shows indirect antitumor
effects on thoracic malingnancies.

74 . 2015 10

9 .

Ken Suzawa, Kazuhiko Shien, Peng Huang,
Masakiyo Sakaguchi, Mototsugu

Watanabe, Shinsuke Hashida, Junichi
Soh, Hiromasa Yamamoto, Yuho Maki,
Hiroaki Asano, Kazunori Tsukuda,
Yasutomo Nasu, Hiromi Kumon,
Shinichiro Miyoshi, Shinichi Toyooka.
Distant bystander effect of REIC/Dkk-3
gene therapy through immune system
stimulation in a murine model of
thoracic malignancies. 16th World
Conference on Lung Cancer. 2015 9
8




o 0
o 0
@

TOYOOKA, Shinichi

30397880

@
SOH, Junichi

90559890
YAMAMOTO, Hiromasa

40467733



