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Immune checkpoint

Dexeéopment of a new treatment method against renal cancer using immune checkpoint
inhibitors

Eto, Masatoshi

2,800,000
CTLA-4
CTLA-4 molecule T
CTLA-4 MDSC
CTLA-4 PD-1 2

Recently, molecular targeted drugs including tyrosine kinase inhibitors (TKIs)
and mTOR inhibitors have clearly prolonged overall survival of patients with metastatic RCC (mRCC).
However, we have already known their limitations in the treatment of mRCC. To improve the antitumor
effects, we have established a murine model of renal cancer treatment where a combined treatment with a
TKI, sorafenib, and an immune checkpoint inhibitor, anti-CTLA-4 mAb is performed. Two possible mechanisms
have been considered. One is a blockade of negative signals via CTLA-4 molecules on T cells by
anti-CTLA-4 mAb. The other is an inhibition of immune supﬁressive genes, such as TGF-beta and IL-10, in
myeloid derived suppressor cells (MDSC) by sorafenib. We have also established a murine model of renal
cancer treatment where a combination therapy of two immune checkpoint inhibitors, anti-PD1 mAb and
anti-CTLA-4 mAb, is performed. A clinical application of this combination therapy is awaited.



B X C—19, F—19., Z—19 (GtaH)

dbe H=

1. WFERS SO 5

D RERERITETEEREEO TR EY S0
WCE SN, ZOBRBRALHAL NS T
X7, —H. BT A REEIETE LW
&z TV b, RN TIZIEM L T Mife
{ CTLA-4 (cytotoxic  T-lymphocyte
antigen-4)X° PD-1(programmed cell death
protein-D)ENFE XL, TNOEKHE LT
BT FIINAND Z & T TGRS
ZIPMz D ENh-TE-, &6l
@ molecule (Z%}9 % blocking ik % %
Z LT, THIEAFIEMEE S du, PulEERh R
DR IND I ERRIIN, AT/ —~ILB
WTCiEbt CTLA-4 Hiufk2? FDA 7 HEEIC
ENTWAN Engl J Med 363:711,2010), %
7281 PD-1 FLiROFUESE R B A= 3 07
a2 CnEno2H W (N Engl J Med
366:2455, 2012) . M HH 1 F 503 S D TR i
HINZES A Z & 5 Immune checkpoints BE.
EELEDNTHEHEIN TV S,

2. WO HBY

(1) 2 THERYEE & BT CTLA4 Hiikd 25\ bt
PD-1 HilkZ AT o~ U ABEET L &2AE
B L. PUIES R O IRIZ OV THGEET 5,
(2) 1 CTLA-4 Hii{k & it PD-1 Hifko 2 >0
Immune checkpoint fLERKZFHT 2~
AETIVHIER L, SRR O L O
AH =X RO THRFTT 5,

AMFIENT K0 B 7= 22 0F IR IE O & 7 VD3 il
M ENIIE, BHESCE DM OISR D EFR
JERASDOHEL WD HTHERITRE VY,

3. Mo kL

(1) FPRLEER2OO~ 7 ZABEET L
DL % B EITAT 50 0 THERY3E & Tmmune
checkpoint fEREZE (it CTLA-4 HUikH DX
ot PD-1 fufK) ZOFHT2ET L E 2 DD
Immune checkpoint FHEE3E (HT CTLA-4 Hiik &
PLPD-1 HUK) ZOFH T 5T NV EERRT 5,
HEMOH D in vivo DRI 72T — X HNiplt
UL, D% OIEERFETR in vitro OFHEE
TSI IR E R CTH D DT, Y OFEM
e EREEITV, FRIC X 2SR O
WA FHE T 5,

(2) 2 DOETNOMNE ., EERFTORE
Yuft, 7u—H A b A N U — TR
WEIT,

(3) 15 EIZBIT D effector MDD [EER
acquired immunity DMEFREEDHEREMENT 21T
Do

(4) FTH, -7 s L LTl
Z W X T WD MDSC (myeloid derived
suppressor cell) X4 FAERYEE & o B )3
WMESNTEBY, vURAET LV EBFEEFIC
B AEREICOWT BT T 5,

4. WA

(1) BxITET, D FENKY T T72=T L
Immune checkpoint PHLEESK T 5Pt CTLA-4 HLT
EOPFHDET VEFHNL L TWZD T, £D
EFNICBIT D AT = X LD 2 DT,
FEBHEE U o/ SERIC DWW TR Y812 T

-
—

2K
2w

Nfz bl Z A, CD4 B T AMlfR. CDS ot T i

futklc Y T 7 = =7 L H CTLA-4 HiRDHEA

BV TERLBELEBLTWE (TR,

Sorafenib — + — +
CTLA-4 Ab — - + +
. > - -l’~ -
S L B
(&} et gt X B
© T s S P SR
o ST 3 " g
o <, N e 3 :
R — ———s
£ P )
R — —
% 120 — - E 4 - -
g i g 60 * &
8 e . I 3 —» N
E=3 - = -
g o g 40 >
= 40 —a = A
* i 20 - -
- + & 2
=
ENE = 8 , i
Sorafenib - + —_ + Sorafenib — 4 — +
CTLA-4 Ab — — - + CTLA-4 Ab — - - -

(2) WIZHFHERISE & Bt CTLA-4 HLiROOFH
D AT =K% MDSC |ZHE S %224 T TRt L
7o W~ 7205 MDSC ZEFRLTY I 7
=7 L 24 WRILERER L C e BEE (s 1
DFBL% real time PCR analysis TEMNT L
2L 2 A, TGF-B, IL-10 ZZ L ETHLUT
DEEMHZEEFORBIMNMET LTV
(FED.,

Q
S

~
o

@
=]

N

Relative mRNA

expression (%)

o

IL-10 IDO1 IDO2
[[cControl [l Sorafenib 0.125uM [l Sorafenib 0.5uM

TIE D FEERIEEIZ L D MDSC 12T D5
MRS+ O FEBLIH 2 OF IS L D hL
JEBGIROHEIRO —~RTH D Z LRRIN

7

(3) IT in vitro IZI1F % MDSC DEEREFRHT
%?\/V’Gﬁ%%ﬂ@ﬁﬂﬂiﬁ%%ﬁﬁﬁ L7z (F

o

Arg1

TGF-3 COX2

CcD8 T cell

— 25

S = 20

=

g s 15

S O

| ———

o © 10

€D x=

£ x 5
~—

= 5

+

Sorafenib

+
CTLA-4 Ab —

-+
— -
CcD8 T cell + MDSC
P = 0.037

N
o]

Al A
o o

*H incorporation
(4]

(x 10 CPM)

(o]

Sorafenib
CTLA-4 Ab

|+
+
1



Naive mouse 7>5 CDS [tk T flifim 2 £2He L C
L CD3 HLik & H CD28 Fifk %z [EAHL L7z 7 L
— b CHI X H AT LIC T MDSC A Lk
#HLAEWES, FBRIORT LYY T 722
7Pt CTLA-4 iR %Iz TH F DRI A
RITRO BN/enoT-, — ., FEIIRT X
AN FDEEFRRAIZ MDSC Z N2 5 & FRFE O
X 912 CD8 B T AR oD HEFE 1AM S 5 A3,
FIIZY T 7 ==7 LH CTLA-4 HiikZ Nz
HI LT, TOMFENIMFREIND Z EDRE
Nz, ZORRIZYTAD vivo DET LT
RENTZY T 7 2=7 LH CTLA-4 RO P
AR E2rR—+r+25H0TH 5,

4) EXYD TRIOATI=ALNEZZ 6
7=,

Not activation

Activation

CDA4Tcell
Dendritic cell

) )
D80 wss
*T6F-8
MDSC ‘:K”’

Arginase |, IDO,COX21T

(D8O

CD86

TGF-8
Arginasel, 1DO,\ IL-10
cox2

Sorafenib  Inhibition

T IR AE O CD8 B T HIARIZ BV Tk
MDSC 225 CTLA-4 T LT=BAD T T F DA
V. MDSC 23FEAET 2 TGF-B. IL-10 21X L
ETHRIEIMEI R A NI A DORBETIE
PAEDBHE SN TWD, £ ZI2Hl CTLA-4 #it
KEG5+252 LT CTLA-4 ZHh L-ADY
TFANT ey S, EbIYT 7=
PG4 % Z LT MDSC WNPEELET D TCF-B.
TIL-10 FEDMBEMEIRY A NI A o OEADN
SN A Z & T, CD8 BEME T MR EMEAL
NFEIND EEZ N (CLEEISCHRO) .,
(5) 2 5@ Immune checkpoint FHLEIE (Hi
CTLA-4 Hifk & 51 PD-1 HUik) ZOFHT 55
IWEAERRICH RSN LTz, TR & 9 I2ht
CTLA-4 UK & HT PD-1 FUA D H % fFFH L 7=
FEIC B W Tl b I AR ORE /N 23R T2,

MDSC

] 1p<0. 01
1 p<0. 05
5 W04 o '
E n
= T e
w1 :
2 150 ;
=
_ $
s 1
= ¢ .
$ | 4 ‘_L i
CTLA-4Ab - + -
PD-1Ab - - +

AT = ALIZONWT bIRT 2 D | ISR
U RERIZOW T AR L O fFH O
e L [ARRIT, CD4 Bk T HEA@, CD8 BG: T
AR A2 HT CTLA-4 HUR & H1 PD-1 HFUADHFH]
FIZBWTHRHEZREL T CREERT
— %), Flo, Q) TRLETMIEMT »~ &
ANZEBWTH MDSC (2 & D CDS Bk T Mo
G IX BT CTLA-4 HUik & FT PD-1 Huik z
2D LTRSS Z ERREINT GR%
F5—#), (2 TR L7 real time PCR
analysis & 72 MDSC OREREMATIC DUV T
XU ERAEIRIT 21T > TR Y | 5%IT L%
FLOTHmXIERDOTETH D,

©®F~ 1L MDSC DfEHT 2 i sd TV < AR T,
RO REIZBIT S MDSC DENREE TR D L
Db LBz, fE A& BEEEORMMmIZ
BIF D MDSC OEIG Z T L=, BAEEIC
¥31F % MDSC % Lymphoprep density gradient
media (Axis—Shield, Oslo, Norway) % fif /i
LT PBMC ZpHEL 722, 7m—H% A F A b
J —{Z T CD14+HLA-DR low/— monocytes D
fraction |Z MDSC & < FFET 5 Z EHURE
NTWDDT, @ population (T DVTRE
fliL7z (FRIEE:) &z A, BEEEOFRM
TR A &t LT MDSC OFEIGNAFEIC
ERLTWBZ EnRENTE (TRITE),

Healthy donor

o Tube_032 - All Events
50

HLA-DR-PE
HLA-DR-PE
PE-A

0t 10° 012 10 10

Patient with RCC

0 W 10' 1 10°
FITC-A FITC-A
CD14-FITC CD14-FITC

P=0.035

6]
o

o

% of CD14 (+) HLA-DR (Low/-)
SN W A
S & o

o

cells in CD14 (+) cells

RCC patients

SIZBLIRZR & LB RER L IS BRI L
7= 3 N/4 ANH1C CD14+HLA-DR low/- monocyte
DENEPEEIRD LT, UL EORRIT
B RE OHLEEIRIBIZ 1T D MDSC O E E:
ERTHOTHD (L@) .

Healthy donors

Nk

5. E7pdEIam L
(WFFEEE . WFZEoHE R OEHERT 788 12
ES 7Y

UGdEssamsc) GG 4 1F)

(D Motoshima T, Komohara Y, Horlad H,
Takeuchi A, Maeda Y, Tanoue K, Kawano Y,
Harada M, Takeya M, Eto M. Sorafenib
enhances the antitumor effects of
anti—CTLA-4 antibody in a murine cancer




model by inhibiting myeloid-derived
suppressor cells, Oncol Rep. @i A.
Vol. 33, No. 6. 2015, pp. 2947-2953
DOI: 10.3892/0or. 2015. 3893.

@ Motoshima T, Komohara Y, Horlad H,
Tsukamoto H, Fujita M, Saito Y, Tanoue K,
Kasejima Y, Sugiyama Y, Kawano Y,
Nishimura Y, Takeya M, Eto M. CXCL10 and
CCL2 mRNA expression in monocytes 1is
inversely correlated with the HLA-DR lower
fraction of monocytes in patients with
renal cell carcinoma, Oncol Lett, & A .
Vol. 11, No. 3. 2016, pp. 1911-1916

®Ma C, Komohara Y, Ohnishi K, Shimoji T,
Kuwahara N, Sakumura Y, Matsuishi K,
Fujiwara Y, Motoshima T, Takahashi W,
Yamada S, Kitada S, Fujimoto N, Nakayama
T, Eto M, Takeya M. Infiltration of
tumor—associated macrophages is involved
in CD44 expression in clear cell renal cell
carcinoma, Cancer Sci, &#ifH. Vol. 107,
No. 5, 2016, pp. 700-707

DOT: 10.1111/cas. 12917.

@®Maeda Y, Kawano Y, Wada Y, Yatsuda J,
Motoshima T, Murakami Y, Kikuchi K,
Imamura T, Eto M. CbaR is frequently
expressed 1in metastatic renal cell
carcinoma and plays a crucial role in cell
invasion via the ERK and PI3 kinase
pathways. Oncol Rep. #&#ef . Vol. 33. No.
4, 2015, pp. 1844-1850

DOI: 10.3892/0or. 2015. 3800.

(Fa%R) Gt1ath)

2014

OF24 ;5 102 8] B ARIMR IR FERES
%%%(ﬁ%)% m% meﬁﬁh%
B~ 7 AT T VIZEBIT S Sorafenib & i
CTLA-4 FUROFRIZ X 21BN FR OB |
FEEHH ; 20144 4 H 24 B, FEREFT ;
L JE R AR

QFa4 ; # 13 BIRAETSRE, BRE
(ﬁ%)% G I mh\%%ﬁﬁ,
Enhanced anti-tumor effects of

anti-CTLA-4 antibody and anti-PD-1
antibody to kidney cancer model in mice. .
FBREHH ;2014 9 A 27 B, ERGHT;
I R

@%4 5 % 66 7 B ARWIRIFHRS, 78
xE RF) 4 hE %%\%%ﬁ%,
Sorafenib enhances the anti-tumor e ects of
anti-CTLA-4 antibody in a murine cancer
model by inhibiting myeloid-derived
suppressor cells. . BFFH A ; 2014 4 11
A 7R, RBEREGHT; MLREEH

@Fa4 ;5298 3 — o v N WIRARFRHFE
¥ERE KK 4 1l EE. BRIEE
Enhanced anti-tumor effects of
anti-CTLA-4 antibody and anti-PD-1
antibody to kidney cancer model in mice. .
FERFEHH ;201494 A 12 H, HBERET;
AY =T ANy TR A

OF=4 ;2014 7 A U HWIREGEFFE, 5
xzE F) 4 xh %M\%%ﬁ%,
Enhanced anti-tumor effects of
anti-CTLA-4 antibody and anti-PD-1
antibody to kidney cancer model in mice. .
FEREHH ;201445 7 18 H, FRLHAT ;
TAVH, A—F K

2015 4E ¥

O©F24 ;5 103 Al H ARIBREFFHFERE
HERE RF) 4 0F mh\%ﬁﬁ%,
RO B E B 2R HIE R = e
A NHIBOMEAT | BERFEHAH ; 2015 4 4
A 21 B, BRGFT ; A)IRESRT

DFE4 ;5 74 BB RBFEERES, BRE
(ﬁ%)% m% mh\%ﬁﬁ%, R e
JEEBE ISR T D R IMENHIPE R = o R
Mo fiEtT, 3$R4EH H ;2015 4 10 H 10 H.,
I AR L ET

@4 ; 67 [F179 A AW RAFHR . F6
%%(ﬁ%)% TokE SRR BRIEE
CXCL10 and CCL2 mRNA expression in
circulating  monocytes 1s  inversely
correlated with the HLA-DR lower faction
of monocytes in patients with renal cell
carcinoma FEFHH ;2015411 H 6 A,
FEFIGPT 5 @ i VA AE R i

(XF) G 0 )

(PEEIA PEHE)
OHRERDL G0 1)

AR
I
MEFIE -
TR -
FSNE
HFEFEH H -
ESPaPARAIN

OBfHRIL G 0 )

VoY
LR
MEFIE -
Fl¥A -
iR
BASHEA A



ERNsO5] -

(Z o)
AR i D

6. WFFEHHAK

(D) WFgefzFs
L% 1Ef# (ETO, Masatoshi)
JUNKRY: - =5 (GR) WFZERE (WF%Ept) -
Bz
WrgeE3&5 : 90315078

(2) WFge sz

JLE 24 (MOTOSHIMA, Takanobu)
REAR K « [EETMERPL - B
W7e& %5 60726355

(3) L HERFTEA



