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Developing effective tumor therapies by manipulating tumor microenvironment
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Tumor microenvironment critically effects on the proliferation of tumor
cells. In this study for developing effective method of tumor treatment, we changed property of
cancer associated fibroblast (CAF) to inhibit tumor growth and identify canine tumor endothelial
cells (TECs) to remove by immune responses. Fibroblast growth factor (FGF) 2 inhibits proliferation
of the tumor promoting CAF (TPCAF). Transfection of fgf2 gene into tumor cell line, CT26WT growing
in mouse lung resulted tumor cell-specific FGF2 expression, significant decrease the TPCAF, and
significant increase of the treated mice survival. By immunohistochemistry and flow cytometry canine

TECs were identified as CD31/VEGFR2/VE-cadherin/CD11b/TEM8 co-expressing cells. The co-expressing
cells isolated by cell sorting was macrophage-like and showed tube formation with less branching
points and loops, which is the property of TECs.



# X Cc—19, F-19—1 (@)

1. WFERHAE S WD 5
&SI 2R & U7 IREIE O -

{BEAFRIECIER DB FIRFIZ B W UL, M ~OEIRMER M ELTHnWDd o0, 7
FENRA D D7 O, EFRMEMOBE LD 2 LIEET by, BRHlaRER & o
PR T, 2 E CICEGMIEZFER & L C X 7208, BEE CIIhUR OB ST
V%  (Jhunjhunwala et al., Nat. Rev. Cancer 2021),

&5 /BB E I (cancer associated fibroblast: CAF) D% -

HEIS O FRVE Rl Cd D CAF 1%, BB edER! & SR ER o 2 FENFET 5, [
BRI/ EN 2D CAFD 9 B EBLITR 5000, B IaE5EA 1 2 (fibroblast
growth factor 2.FGF2) & R T A 74—V 7HFEKT B (TGFB) D2 >DH A hhA v
DT AURKIELTWD, T h, FGF2> TGFB D56 13, NEEHEER O HEFEAIH] S
#1% (Shirakihara et al., ENBO J 2011, Augsten, Front Oncol 2014)

O RABIE AN TR X — DR -

e85 D35 I L o TR ST RAES FEAN TR 2 —%, pH SR
Vv —%fEA 38R Y —4o (pHEZMY Ry —L4) 2E50hmElREEcsEs Lz
DTHDH, KX Z—=DPHIANIZIIAEND &, = FY—LANOE pHIZSE L TR Y
~— bl RV — ARG U COhEMICRE 2 Mg IS S5, 2hUc L, FEF
IZE VBB FEADREB L OB EN GO, SHIZ, R v—IIfa3SE T R&
7 = ) ORGSO BFMEIZ LV | EAIRNE G2 L o TH IEGHHM I R A4
T L BE T2 IEEMA R E A5 2 & 3T 5 (Yubaetal, J Control Release 2008) .
& JIEI A PN 2 A (tumor endothelial cel: TEC) D% -

TEC IXIEF 72 N HIRIZIX 72\ TEC FREAILE S T2 RBLL, 61, MENENRER
TZFME (VEGFR) R LEERTOZEME (EGFR) 78 & OFEELIIEH NGl &t~ T
FLHEICE VY (Hidaetal, Cancer Sci. 2013), L7=728 > T, TEC %4 2 Hr RA s A =
LTTEC ZrETHZ ENA[RE L B D,

2. WHEDRKY

FREFHNE R A B E 2. AR TIE, AR O X5 AR TRV 2% E LTz,

1) EERNOYA FIA L NT U RAEEET S L1250, CAF OFEAKETEDHMN?
2) NGO CAF OFEAZ 252 L2k v, JEEHILOBHE 2 Mf TX 502

3) MESIME NI (TEC) (2T DR GELIEER T ENTEZDHMN?

AW TIE, FER OB 2 RS 57280 RN OEEIZB W T, B Bl X
) CAF ORERE AT HZ LI o TEEAZBE T HZ LN TE 0 Emat Lz, Fi-,
A XD TEC Z[RIEDEE L T, s DIER & 72D TEC Fr M0 T3 e b &~ 7 A[EEEIC
A XNZBWTHREETHENE I hERet LT,

3. WHEDTTIE
1) JEGHR/NRELT O CAF OB X DIRHIR DO

O~ A Fgf2 (fgf2) BETFOMER  BEROBERRS|Z b L IC S 74 ~—Za&EIL, v U &
IEMHAEY > NEkD mRNA 725 RT-PCRIZ L W ~ 7 R fgf2 @ cDNA # g L7, ThE 7 1
—= U7 U CHSEER A R L T2tk FBLTT A X K pecDNA IZFLAIA A 72 (pcDNA-fgf2)
YESL L 7= pcDNA-fgf2 % CHO #lfEIZE A L C RT-PCR 3 L UMM L2412 X - T FGF2 ®
A=, 2> hr—/L L LTpeDNA 77 A X RO A% E A L 7= CHO (control-CHO)
(DWW TCRBRIZH T2,

QAN A~D fgf2 DE AN . ~ 7 ARG CTH 5 CT26.WT Z 6%~ 7 AZFIRN 5
LTS AR S S, B~ 2571 e LTHW, £72, B8 AIIL, EviE
ANZhE & IR SR SRR S D N T s 8 AR Z -, JESEHIEE G 11 B %
(2, AR E AR THNE L7z pcDNA-fgf2 (fgf2 #% 5-8%) % 7213 pcDNA (control % 5-#f)
ZERIRNE G- L, £ 0 2 HIZIHiZ2 88 U CHREHER LS K > T FGF2 O3B 25~ 7=,

@fgf2 DE AT X DIEFENFE L CAF OFEFE~DOFE : @ L [FFEIC FGR2 Bt LU= v
ha— VBRI T2, CT26WT 235 L7- 2 B Dl FEABK THNE LZZEnENn
D% 7 HZ L5 BIEFIRNEE ST D18 21T -7, TEEMIafk 5% 60 HZ = KK
A hE LTEFRIZE > TREDREZTHE Lz, /-, FEEOIREEZ 7 B Z L1 4 BT



W, ZD 3 ARSI A2 BRI L TR LTI L > T CAF OFEE A~ B LT~z
2) A X TEC D[EIES B

OA X TEC ~— U — DR : A X OIEF IR L O~ 85 (FLBYES;, M58 R
7V R, EMERAME, mERE) oS L~ ) VEESRT T o o al A VT
Nz~ — % —CTd % CD31 & vascular endothelial growth factor receptor (VEGFR) 2,
X't h @ TEC ~—%—"T& % tumor endothelial marker (TEM) 1 35 X (X TEM8 D3 HL % 4
FERARAL 2T L > TR,

@A X TEC Doy BER L OVRHEMENT « A X PEEALRE (FLARMES, EvE Al 8 MR, & W
fE 2 A, AR AIAREE 1 MIR) Zuitk, =7 77— PALE CE S - BB O s B 5%
A)ficiE Ok A O TS B EE AR 2 8RB U | BESURIRR 0 BV E (2 K- C CD31 I MEMIRE 2 B =R i
EieiintER (CD31 Biiia/ym) 247, Z OMRERIzOWT, NEMd~——T
» 5 VEGFR2. VE-cadherin, TEC ~— 4 —To D TEM8, w7/ 0 77— <—h—Th >
CD1lb OFHEZ 7 a—H A F X FU— (FCM) I[ZX>THTL., b DfERICESNT
TEC %58 L7z, 0L 7ZMific W T~ b U Z L To tube IBRET v A 12 K- Tl
ﬁ/’& Hb%ﬂﬂf\f;o

4. WFTEARE

1) MEE NS O CAF DWW Xk BB %
DOkt - 1 control-CHO  fgf2-CHO

D484 bp @ cDNA N7 m—=r 7 &h, ZOH _
FLEFNIE# O Fgf2 o, D & —F L7=, RT-PCR Actin
BLOBLE I FGR2 Hiik % W T 0 b P Yethalc

X v, fgf2 A L7~ CHO (fgf2-CHO) T FGF2 control-CHO fgf2-CHO
DOIBNFRD Hvlz, ZiZxt LT control-CHO XYY .
TIX FGF2 ORBUIRRD Lo (M 1) 2Ry AT Y

@CT26.WT fili~ 7 A fgf2 £ 7z1F control 24 2.7, =7 " -
H# Wiz R L CFGR2 ORBL AL = A, R N
RS D FGF2 BLIT fgf2 # G RECR N T P P P Gl Q7
control B¢ 5-8F & b U CHEICHMN L2 (X 2), JET S S g~ 1 .
— 57, MG JE P OO 1B ARG O FGF2 F8 BLIXMIAELC

BWTHED LN, (%)

P<0.01

FIEEERE
75 (n=4)

50

HH

25

B AMNE R OFGF2FEIR AR

controf&5EE foria 5B

controi 58 fgfl21858f

fgf2 1 5-# & control # 5-HE D474 iz L7z 3
EZAH, TURKRA U MIBWT fgf2 58 w0
DAEFHRIT 60% Tdh - 7-DITxf L. control o
HREOEFFRIT 20% ThHhHoT-, 7. fgf2 $& 80y
ﬁﬁﬁi control B¢ 5-8f & bl U CAGFERNF E 07 60%

Wbkl (K3), =612, EEHMRANOE =9 :
BHEHER CAF O~ —H—Th D a-SMA [Pt #%7
MR DOEAIL. FGR2 BElIcBW Ty hr—L 9
ﬁktti)& Lfﬁf \—{Bz./)\ L"Cl/\f: ( 4)0 o0 controf& 58

faf21% 558

P <0.05
n=10

20%

0 10 20 30 40 50 60
BAMBR S HROBE



DAPI

&
~

controi% 58

Fof2i%58¢

a-SMA

T T EL R
J (n=4)

DRAMIER Da-SMAFSIRAH

controi% 58 Fgf2i%5E%

VI EX VY., FGF2 iEfn & AEARNICEB W TSI ~EA L CRISEDLZEI2LD., %)
BT CAF DAL 2 FEGFEEERNIC AR L, Z Ul X > THEEOKREZMHHI T 5 Z &0

IRENT,
2) A X TEC D[RIEL B -

DA X DFE x O 5
B K OVIE 7 7L R A o0 18
B C BT D s LR
b1z L v CD31. TEM1 B
LY TEM8 D3 23~
=& 2 A A XD EEHLRE
TIL, &2 TO~—H—013%
BLTWkE, skl
T, EFALRMEBE I
TEM1 5 L O TEM8 D3sH,
NIRBD LN o Ty A X
fEEALRRIC B 1 5 TEML
B L TEM8 @ % B X
DC31 O¥Hl L —E T HE
FTR&H B0, TEML &
TEM8 DIEHINEITH E D
—EF Lghot-, 22T
HE PR AIZ L - T
Cd31 & TEM1, CD31 &
TEMS8 DO FEBLE DEIfR %
7 A, CD31 &
TEMS % LR B £ <
BOLNDLDITK LT,

CD31 & TEM1 % L3
JZig & A ERBOD BN
MoTo, WIZ TEC (ZE%

Nuclei VEGFR2 TEMS Merge

X5

Apocrine
Adeno-
carcinoma

Malignant
Melanoma

Hemangio-
sarcoma

Mammary
Gland
Carcinoma

Normal
Mammary
Gland

Hl4 % VEGFR2 # 1% T CD31 BL N TEM8 & » =& thikifetar B2l 2 A,
H@“fﬂﬁk BT, CD31. VEGFR2 X1 TEM8 Z 43 E-4 AN < 380 b7,

T RLIRAERE T X CD31 D IEE DI H3ER
L/Ltm*%b 54 X TEC D¥Bl~—H—& LT,

776

QMRS 2> 520 EfE L 7= CD31 & EAMuIC

Wb (X5),
CD31, VEGFR2 35 LT TEM8 AvR&Eh

BiF5 TEML B L TEM8 ORBAZFH/1-L =

7 HEPE R R 3\ T CD31 FELM A TEML 2 e 3E MR35 /X370 1% Th -

T2 M3,

TEMS Z R EHII-4 2 /X 15%d - 7= (X 6), Z ¢ CD31 & TEM8 % :3g3 -4

HffaE ) —T 4 LTI LT LT A v/ n 77 —UREDIBRETH -7 (M 7).,
FIT, Rvrmu7y7— /%@w‘ﬁﬂ’ﬂﬁ>TECT3§)57ﬁi’\77ﬂ77 UTHDINEMEND DT

?53)07_\

CD31 Gt AE s> il 2> T TEC |
MAE N ~—H—Td 5 VE-cadoherin, 77 n7y—v (F

ERBT L MENK~—H—T&H 5 VEGFR2,
BHEK) ~— b —T&H 5 CD1lb D

HHL L TEM8 DB &~



X 6 &7

CD31*TEM8* CD31*TEM8-
' k]
- » »
= ‘@
L ) »9
L ] ‘
TNk S — . = ¥ 9 i
10° 100 10° 100 10
CD31 CD31

8 EIT/RT L o ic, M AMEICI VT VEGFR2 FEEL AL 4 C VE-cadoherin % 38 5,
L T\ 7= (double positive ; DP), Z#uZxf L C VEGFR2 FEFBLAALIL 4T VE-cadoherin %
FEBLL T o7 (double negative : DN), DP #fifids K O DN #ifalZ->v T CD11b 35 &
NTEM8 OR Bl aHi=L Z A, X8 FRII/RT X HIZ, DP #MidiL CD1lb ¢, TEMS 385
LTCWe, Z3UZx LT DN #ifaix CD1lb & TEM8 £ FBLL TWrinote, Y —T 47
\Z& > T DP#lfd Lt DN ML Z 0Bt L TIEEZFHT-E A, K9 ITRT X9, DP e
IR T~ 07 7 —V[BEETH - 7-DI2k LT, DN T/ VTV v REREED I RE
Tdhotz, — N, IEFMEDISAHEL7- CD31 FEMM (NEC) (X. DP #ifus DN Hifad
HOKE ST, DPAlEE & DN & b2 Ak ETH-T-, I, X101
RTEIIC, < MU F N EOREEICBOT DP HIIIET = — 7 2Bk L CIMEREEZ 1~ L
7273, DN flfT T = —T Z R L7z odz, L L7225, DP MO T = —7 1%,
~ 7 A TEC TOHAE & Ak, A X EFHWNEHMAL (NEC) DIEAKT = — 7 & ik L T branching
point 2=° loop N H BN 7o Tz, Tz, MEREOAR T EiERAMHECEMEILR
JEIEIZ ST G [FIEEDTEEE & B F = — 7 TE R BE 2 7> DP MR 4B S 47z,

8 9
CD31*cells from
"
10*s ) normal vessel
1- - DP cells DN cells (NEC)
o 1o DP
L
[URST)
w
= 3
10* S
o o A
EEEN R & e
10 1w 1w 1w’ 10t
VE-cadherin '
10ty 10%y
3 3 NEC DP
10y 10°4 -
© © ] X 10
2 = .4t
TTjRLE] 10°y
= E E|
10'y 10y
o . — - . 10°
o 64 128 192 256 64 56
10° 10
RN
] | Py iks AN
2 =]
E=]
= T P<0.001 P<0.001
a 1 ) 1 140 120
lD}E - » ¥ aE 10 é “l!)‘ 120 100
3 1 c
0P ——— . . 10° . . - . © 100
o 64 128 192 2% 0 64 128 192 256 o »n 80
o a
FSC FSC £ 80 o
e 9 60
e 60 ©
o °
Qo = 40
T
o
F o2 2
0 0
NEC DP NEC DP

L FIZ kv . VE-cadherin/VEGFR2/ CD11b/TEMS8 34 A X TEC # & L CRIE L
77o FFIZCTEM8 X, B b &~ R[FEKE TEC KM T CTH Y | SOIEIRIE DA LIREN) &
hHEEDbNS,



16 16 0 11

Tsukamoto Masaya Kimura Kazuto Yoshida Takumi Sugiura Kikuya Hatoya Shingo 21

Canine induced pluripotent stem cells efficiently differentiate into definitive endoderm in 3D 2022

cell culture conditions using high-dose activin A

Regenerative Therapy 502 510
DOl

10.1016/j .reth.2022.10.002

Watanabe Shunichi Takagi Ayaka Yuba Eiji Kojima Chie Dei Nanako Matsumoto Akikazu 37

Tanikawa Jun Kawamura Tetsuya De?Silva Nadeeka H. lzawa Takeshi Akazawa Takashi Kanegi

Ryoji Hatoya Shingo Inaba Toshio Sugiura Kikuya

In vivo transfection of cytokine genes into tumor cells using a synthetic vehicle promotes 2023

antitumor immune responses in a visceral tumor model

The FASEB Journal 233228
DOl

10.1096/fj .202202036R

KANEGI Ryoji HATOYA Shingo KIMURA Kazuto YODOE Kyohei NISHIMURA Toshiya SUGIURA Kikuya 69

KAWATE Noritoshi INABA Toshio

Generation, characterization, and differentiation of induced pluripotent stem-like cells in the 2023

domestic cat

Journal of Reproduction and Development 317 327
DOl

10.1262/jrd.2022-038

Tsukamoto Masaya Kimura Kazuto Yoshida Takumi Tanaka Miyuu Kuwamura Mitsuru Ayabe Taro 19

Ishihara Genki Watanabe Kei Okada Mika lijima Minoru Nakanishi Mahito Akutsu Hidenori

Sugiura Kikuya Hatoya Shingo

Generation of canine induced pluripotent stem cells under feeder-free conditions using Sendai 2024

virus vector encoding six canine reprogramming factors

Stem Cell Reports 141 157

DOl
10.1016/j .stemcr.2023.11.010




Sakai Kosei Kanegi Ryoji Nabetani Tomoyo Tanaka Toshiyuki Shimamura Shunsuke Shimada 8

Terumasa Sugiura Kikuya Hatoya Shingo

Mesenteric lymph node abscesses due to <i>Escherichia coli</i> in a cat 2022

Veterinary Medicine and Science 1611 1616
DOl

10.1002/vms3.840

RAMANAYAKE MUDIYANSELAGE Tharanga MR FUJIWARA Daisuke MICHIGAMI Masataka WATANABE Shunichi 84

YE Zhengmao UEDA Atsuko KANEGI Ryoji HATOYA Shingo FUJII lkuo SUGIURA Kikuya

Generation of molecular-targeting helix-loop-helix peptides for inhibition of the interaction 2022

between cytotoxic T-lymphocyte-associated protein 4 and B7 in the dog

Journal of Veterinary Medical Science 1101 1107
DOl

10.1292/jvms.21-0318

Kimura Kazuto Tsukamoto Masaya Yoshida Takumi Tanaka Miyuu Kuwamura Mitsuru Ohtaka 88

Manami Nishimura Ken Nakanishi Mahito Sugiura Kikuya Hatoya Shingo

Canine induced pluripotent stem cell maintenance under feeder- free and chemically- defined 2021

conditions

Molecular Reproduction and Development 395 404
DOl

10.1002/mrd.23478

Kojima Chie Koda Takayuki Nariai Tetsuro Ichihara Junji Sugiura Kikuya Matsumoto Akikazu 21

Application of Zwitterionic Polymer Hydrogels to Optical Tissue Clearing for 3D Fluorescence 2021

Imaging

Macromolecular Bioscience

2100170 2100170

DOl
10.1002/mabi .202100170




Mitani Kosuke Ito Yuki Takene Yukio Hatoya Shingo Sugiura Kikuya Inaba Toshio

238

Quality of life-improving effect of autologous ex vivo expanded cytotoxic and opioid-producing
lymphocytes for dogs with cancers

2021

Veterinary Immunology and Immunopathology

110292 110292

DOl
10.1016/j .vetimm.2021.110292

YOSHIDA Takumi ALAM Md Emtiaj HANAFUSA Keisuke TSUJIMOTO Yasunori TSUKAMOTO Masaya KANEGI 68

Ryoji INABA Toshio SUGIURA Kikuya HATOYA Shingo

Effects of the preservation medium and storage duration of domestic cat ovaries on the 2022

maturational and developmental competence of oocytes in vitro.

Journal of Reproduction and Development 160 164
DOl

10.1262/jrd.2021-084

Michigami Masataka Ramanayake Mudiyanselage Tharanga M. R. Suzuki Miho Ishizako Hirotsugu 17

Notsu Kunpei Sugiura Kikuya Fujii Ikuo

New Class of Drug Modalities: Directed Evolution of a De Novo Designed Helix?Loop?Helix Peptide 2022

to Bind VEGF for Tumor Growth Inhibition

ACS Chemical Biology 647 653
DOl

10.1021/acschembio.1c00940

Watanabe Shunichi Yuba Eiji Akazawa Takashi Wijewardana Viskam Kakihara Yuka Azuma Ayaka 40

Hagimori Kenji Kanegi Ryoji Hatoya Shingo Inoue Norimitsu Inaba Toshio Sugiura Kikuya

Potent adjuvant effect elicited for tumor immunotherapy by a liposome conjugated pH-sensitive 2022

polymer and dendritic cell-targeting Toll-like-receptor ligand

Vaccine 1448 1457
DOl

10.1016/j -vaccine.2022.01.048




HATOYA Shingo KANEGI Ryoji NABETANI Tomoyo O0JI Shoko [IZAWA Takeshi HIRAI Satoshi SUGIURA
Kikuya

85

Atypical hypoadrenocorticism with intact zona glomerulosa of the adrenal cortex after long-term 2023

observation: a case report of a dog

Journal of Veterinary Medical Science 9 13
DOl

10.1292/jvms.22-0322

Watanabe Shunichi Takagi Ayaka Yuba Eiji Kojima Chie Dei Nanako Matsumoto Akikazu 37

Tanikawa Jun Kawamura Tetsuya De?Silva Nadeeka H. lzawa Takeshi Akazawa Takashi Kanegi

Ryoji Hatoya Shingo Inaba Toshio Sugiura Kikuya

In vivo transfection of cytokine genes into tumor cells using a synthetic vehicle promotes 2023

antitumor immune responses in a visceral tumor model

The FASEB Journal 233228
DOl

10.1096/fj .202202036R

KANEGI Ryoji HATOYA Shingo KIMURA Kazuto YODOE Kyohei NISHIMURA Toshiya SUGIURA Kikuya 69

KAWATE Noritoshi INABA Toshio

Generation, characterization, and differentiation of induced pluripotent stem-like cells in the 2023

domestic cat

Journal of Reproduction and Development 317 327
DOl

10.1262/jrd.2022-038

Tsukamoto Masaya Kimura Kazuto Yoshida Takumi Tanaka Miyuu Kuwamura Mitsuru Ayabe Taro 19

Ishihara Genki Watanabe Kei Okada Mika lijima Minoru Nakanishi Mahito Akutsu Hidenori

Sugiura Kikuya Hatoya Shingo

Generation of canine induced pluripotent stem cells under feeder-free conditions using Sendai 2024

virus vector encoding six canine reprogramming factors

Stem Cell Reports 141 157

DOl
10.1016/j .stemcr.2023.11.010




165

2022

165

2022

164

2021

164

2021




164

164

2021

Watanabe S, Yuba E, Hatoya S, Inaba T, Sugiura K

Manipulation of tumor microenvironment by cytokine-gene transfection elicits therapeutic effects in a visceral tumor model

50

2021

(Hatoya Shingo)

(40453138) (24405)

(Akazawa Takashi)

(80359299) (84409)

(Yuba Eiji)

(80582296) (24405)







