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SUMMARY

(FE8oF)

i

In the present study, we examined expression pattern of T—cell inhibitory molecules in patients
with chronic viral hepatitis before and after antiviral treatment. In addition, we stimulated
peripheral blood lymphocytes from patients infected by hepatitis B virus, hepatitis C virus or
human immunodeficiency virus with viral antigen peptide mixes in combination with blocking
antibodies against T—cell inhibitory molecules. Then, supernatants were collected and the
concentration of IFN—g and TNF—a was evaluated in T cell restoration assay. As a result,
different types of t—cell inhibitory molecules were responsible for T—cell exhaustion in each viral
disease. Initially, we wanted to identify the best drug candidate among TIM—-3, LAG—3 and
IL—10, however, we found that CD27—CD70 was the best drug candidate for antiviral activity.
Therefore, we developed recombinant form of soluble CD70 as a candidate material. Finally, we
validated antiviral activity of soluble CD70 in the in vitro infection model of hepatitis C virus and

evaluated its effect in a humanized mouse model system.
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Lz Ila‘luj

10 10 MIP1a
@M-CSF

=
MIP#b | 65 fEn-g

v
10° 10' 10? 10° 10t
APC-A

I8 11 TAE A2 AIEH e =l he

U FAFe g, 7+ 3X10570 9] v CHZY €Ak PBMCE 10% FBS/RPMI-1640 Hjj =] o]
FHA1Z H, FHoZ 1ug/mle] F=2 HCV NS3 TEHElo|= E3ds Hrlsta
z}zve] THE 9AQAA}F (PD-1, IL-10, TIM-3, CTLA-4, LAG-3) 23342 5ug/ml9)
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IFN- ¥ (pg/mi)

FEE VM H, 37C, CO2 F2ujdrlol g 72413 Fot wi st wide] £
W oAz GRS 2HHS H, Cytometrlc bead array (CBA)Z A Zujg} & IFN-y,
TNF-a, GM-CSF Ale|E7}R19] & S48t THRES 7le 3u< F7sit.
o 1 A3, anti-PD1 &4 <] T/H]_,i_ ] 35 B g SN dHEA dERhd
1, anti-Tim39} anti-IL10> 2} Zhol] w9 o & W3S UEET (28 12). o=
o=z BF

P

THAE AAEAS] 9887 7)ol wep 5SS oA & TRE F AdSS A4
S A= AT

s}, o] 23 u A A in vitrodld THE AAEAES] 7%
SRS W, THES 7ss JEAZ + Jom, I vhge ~

urgr\,_}u};_ AME HFoZ B3 Ao EA, ol & HAY 4 F sl TAHE
71535 AAPH e 71x27F He @it

42A 43A
2000 - 2000 -
= COIFN-g =~ CIFM-g
.g] R THF-a .g R THF-a
a 1500 4 2 1500 4
| = | =
o G
= 1000 4 = 1000 4
| |
g £
o 500 o 500
| = | =
o o
3] 3]
0 04
¥* ¥ N N vl
N & & &y N
Q° Q <~ &‘ i\ & & & & ¥
¥ ‘{5‘: ? % o ® ‘{5‘: ? % o
Treatment Treatment

29 12, T4 C8EY @2 2% 9] PBMCE HCV NS3 peptide mix® A4 WA
H

=
cﬂxl%ix}% Aesn 390 F AZ

anti-PD1, anti-IL10, anti-Tim3 59 A= TAE o I
NS 335t IFN-y¢} TNF-a9] =5 =43 23 4 2 43A F A} oA
anti-PD1S AJo] EF}O1S EH|leE THAE 758 3&E 17‘ HHH anti-IL10S 43A 3%}

-
o ek, 183l anti-Tim3+ 42A A A AT THE 7]5S IJEAZ. ol SAEE F
2 ZAFste THAE JAEAE AZ 895 ALS AAee 234

2}, o]#3t A¥S F 21 HCV WARARZ dFste] AP+ A, 5712 TR
ZAEepA (PD-1, IL-10, TIM-3, CTLA-4, LAG-3) % PD-1, IL-10, TIM-39] tthel] 9]
3 npoly A-5o] THRES 70| JEHS AH3AT. (11 13)

#01-22A(FH-y) #01-22A(THNF) #01-22A(GM-C5F)

2000 1000 500 -

' -
1500 *e i - E ] " g @
1000 - . J " E o : "E o .
. . * 2 0 .'. . 2 200 - . .

s00 4 [ ] ; - :. @ ] ) ., . .

. gg® i I o —'—: [ A - %
n-&*-‘-‘l“u o Loke 308 ol oe ale ooe n*’-tﬂ-gﬁﬁm

a8 13, 2524 TAE 24AAE 2] w}e TAZe] 753 %, 7z} 3X1057] 9] ¥}
(n=21) PBMCE 10% FBS/RPMI-1640 HjA|o| F#FA1Z 5, A= 1ug/mle] §=2]
HCV NS3 FE3glol= &3S Hrlela ztzte] TAE 9A0A (PD-1, IL-10,

_17_



TIM-3, CTLA-4, LAG-3) T33dAE 5ug/mle] T=2 H7Fs H, 37T, CO2 &2u] %7
AN 72A17 Bt vl vl By Alxujdas AFH I FH, cytometric bead
array (CBA)Z xﬂj{uﬁ kol Z [FN-y, TNF-a, GM-CSF A}o]E7}ele] kS Z45te] TA|
¥o] 7% IJES Prlslgde. 9% a8 IFN-y, 7Fed 28-S TNF-q, L% Iy
GM-CSF 75.4% Yetdle, 2+ 2doA e 95 E 2+7F 1) NS3 peptide mix only, 2)
NS3 mix & anti-PD-L1, 3) NS3 mix & anti-IL-10, 4) NS3 mix & anti-TIM-3, 5) NS3
mix & anti-CTLA-4, 6) NS3 mix & anti-LAG-3Z 37}sle] & Axs yehd,

vl o]# 3 715382 IFN-y, TNF-a, GM-CSF & multi-cytokine ®H3-02 UEeld. 7]
538 a9yt RE Ao BEREHA= FUATH F 50%9] Al FHolx I
7FAl molecule A}dolle ¥HgS Ho| ASEHAC E A ThedS YERIT & A
T3 F FH9I A7) AFHLe, &F PD-1, IL-10, TIM-3 55 BIACZ 3 X84
Hol HTEANE uf XFHS dFE Adste JFAAINER fiE & S A

o2 Z|yech
v}, HCV viral load

= A A 715 FE A3E HCV viral
load9} A¥A|o] £4% AHILF A3, Ve
kU Z

ol H=& HCV viral titer’} 1,000
2l

fou o

IU/mlEch Gt #25E oz wol, 229 zdepde 4w E3e niolg
~ g wge Bdol e Aoz vebkth (28 14)
Serum IFM-y
HCY RNA a1
(|U|,-m|_:| a-PD-L1 e-IL-10 o-Tim-3
patient #03 5.79x 10* l:‘ l:‘ l:‘
Chronic patient #32 104 x 10° 1 [0 O
hepatitis C patient #52 B.14x 102 H B B
patient #58 457 x 108 []

a9 14, &R TAE Z2ERJ0A] A mE THXE 75353 HCV viral load2}¢]
2. 4% HOV AR 2717168 TAE 7% 3% 9748 A98a 1 2
HE 8¢k vtx (L, 7135l gl A A2 ¥ (M, 715850 YEhd 4%
Z ey, o= 7—} 2=}l HCV viral loade} 7 1/]-15}‘44 4‘”‘-4 3z} F, HCV viral
load”} 1,000 IU/ml ©]3}81 A-(FAHE 52)0l A vk 7]% 3 Eo] #z5 1, 10,000
IU/ml ©]3Ql A-5-ol= %%QX] 1%%

2l v C¥ 3 (chronic hepat1t1s Q), &4 HCV Z+(occult HCV infection),

19] TAEZRHE B (memory after HCV exposure) &2 7o 4
Fatdet. 24 SASoA TAE JA-Ad AFS Aqg 23, 2 st o5
TFe e THE 7535 Ade Ui (2™ 15). |24, 24 gz F
7 ZFste TAZ JAFEAE Hdste Aol Wie Ta3dS & & IATH

T

0

<
o
oy
401«
N
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Chronic hepatitis C OccultHCV infection Memory after HCV exposure

IFN-y TNF-a IFN-y TNF-a IFN-y TNF-a
g 600 1000
E ] 800
o 300+ 580 00
= 500+ f 4004 ; L
E - a0 300
= 250-
£ 801 200
-
& i s04 150-
S / / % 1004
2 1 50-
s = — f—u od g
o
-+ -+ -+ Y -+ -+ -+ -+ -+ -+ -+ I
a-PDL1  adl-10 o-PDL1 aIL-10 aPD-L1 adlL10 oPDL1 olL-10 a-PDL1 o@dlL10 oPDL1  olL-10

a9 15 v C¥EY (Chronic hepatitis C), Z&54 HCV 7% (occult HCV infection),

HCV =% % 7|9 THEHHS B {7 (memory after HCV exposure)®] PBMCE ©]-8-3}
o TAEZ JA-AE A& /\] gt A3 anti-PD-L1°]4 anti-IL-10 A& o] 83} T
AE AAJDAES 2

S o, IFN-yU TNF-a A Ao] Z71d<S vehd. 18l w-g
& 7} xpeit kst e o 2 Yelhd.

ol. 3+H, G438t in vitro AT LS HIVEAS A A A18d A3, HCVEESA 9=
Oa Agold 23E Yehiddt. ofzxe] HCVRHE e @Ake] TAl oA 5714 9
ZAEA (PD-1, IL-10, TIM-3, CTLA-4, LAG-3) 3R E W3¢, 24 blocking
Ao A= PD-1, IL-10, TIM-3¢] blocking¥te] THEZE AFHLo=Z IEA|Z] ®vHH
HIVZFEA o A= o]e] T3t LAG-3Y blocking® THZ 3ES FE3%t ol
Z}7] & utolelx AZtuith A EsfoF & THE JAEAE AR &S YEWF
+ datac|t}. (ZLE 16)

a9 16. HIVZSEAAI A 2] dysfunctional

= HCVD:0 o THE zdelde] vt we THE
I IFN-g 75359 dd. HIVESE 3212 PBMC

2000+ M . TNF = . . —2 0o =
" £ gag peptide mixZ A& FTHA
& 4500 anti-PD-L1,  anti-11-10,  anti-Tim-3,

o i

1000 anti-CTLA-4, anti-LAG-359] A2 TA|
5°°'H . 0 I X JAEAES Adstn 3 F AE
e A Ae Hse] IFN-y¢ TNF-ad ¥EE
& P P s _ _ -
NS 43¢ Ay, 2 —"i‘rx}Oﬂ/ﬂ~ LAG-3&

blockdtl& ol AolE7I)lE EHIsh= T
Axe] 715e IAEAH
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A4d 5L o

_[E

4 FREQ HR

1. T/NK AXx 843} EZ =24 soluble CD70 &=

7h 2 AL A Bxe CIdnteld s, B ARIolE L, Q1 A Hntol Y
2 5o g3t vk A &A vloly A 7Y Xgf0 2 AeE £ JdE THE/NKAE
g9 x4d o] AleF Jdoln.

o oolgldk B ol 1-22hd =l FE TIM-3, LAG-3, IL-10 59 +&
© 2 jko} I blocking EHE Hpo]l# 2-5o] TAHEZY NKAME ZH
oot 2 AR, Sl AFe TAE gA-Ad AlFS S8 TIM-3,
59 F8&AE blocking 3t¥ nHio]# 2-5o] TAHES] &/do] F7HgHe
O e EE SACA dBEHA YEuA skt o] whet
AL 2 A3 CD27-CD70S MEE Zdedler TZsqit

2}, CD27< 120KDa type I transmembrane glycoprotein® = T cell®] i3 dF B
cell, NK cello|A] &3t Q. CD272 T cello| Al & €& 2 costimulatory #A}0]
o CD279] =+ CD708.ZA] type Il transmembrane protein®]il T cells, B
cells, dendritic cellsolA] F= HEdHEAT. T cells?yt B cellsdl A= Ag receptor
signaling®]l &3] @do] =¥, activated DCsollA] Tdo] F7lETh whehA],
CD70-CD27 A% DColl &3t T cell activationo] F83 9GS & Aoz A7ty

3 o CD27& NK cellso| M= W& sla lomw, o1 vy o] CD563 A 9]

Aol CD27+ subset®} CD27- subset®Z 311, 7|eXo2ZE o2tk CD27+
subset> T2 AlO|EFIQI #H] 7]5S Ho|il, CD27- subset2 cytotoxicity 7]5<

el (¥ 17)

O

=

AZS Z=HEeA
NA A
LAG-3, IL-10
#Es o
= ZEEA S

=

18 17. NKAMZ A CD273 CD562] &3 <kAr

2. NK M2 &43} EZ=Z X soluble CD70 H<

7Fh B AFE 2 CD70% soluble formo 2 A &3} CD27+ subset NK cellsS 5-©] %
o7 &3t AT cytotoxicityol] WE FFS HAE A IFN-g¢ 22
cytokine #HIE STHAAI S Z A host damageE ZF°|HA Hlolg =9 F24S AT
F A Aoz s oo wel, soluble CD70S Fe-§% AMZF ez
A Zsle] CD27+ NK cells9] activator2 28§ 4 A=A ARy, 1 Ay,
CD27& &% CD27+ NK cells®] &43l= IFN-g ZHE X313, cytotoxicityoll =
AES FA gtk =3 EHlE IFN-g& HCVY F21& JAs4Ah

U F8 AFESRE a9y, B ApHo] AFF soluble CD70= NKA 2o & AF
atn 1 A% e NKA XA CD27 wd W43 FARSFATh 183l NKAZ
o] )3}t soluble CD709] ZA3$+LS soluble CD27¢ &As}el] A& o], soluble CD709]
NKA Z A Bdsts CD270l Addd oz Agsts ¢ & AU (27 18)
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c soluble CD70
unstained Fc-control soluble CD70 + soluble CD27 soluble CD27
; ; ] o

0.1

anti-myc-AlexaFluor-488

23 18. NKA|3Eo] 3}t soluble CD70 Ad5. NKA|XE ] soluble CD70S ZA$HA| 7]

PFoZ ANS o 1 P NKAZA ] CD27 &d g vl fAMSHA YE}

UH, o]#1g AL soluble CD272] EA)3tol] ALetA. ©]& soluble CD70°] NKA| X o
A dsteE CD27oll delF oz AYFHS A

t}. Soluble CD70%= IL-120 <j3l] #Hl== [FN-go &S IA FFAIHoH, o] a3+
& ZF-9-g AAE YER AL IFN-go] mRNA 4% S7HAZAT 283 olejgh &3
+ anti-CD70 Ab©]u} soluble CD279l 2] “Fa]=lo] ©]2]3t ®k-g-o] soluble CD703%}
CD279] Aol 9§ AdS vl FQeqtt &FAIRE, NK cellsell soluble CD70 &

Zow AP W FN-g2 %Hl% # =3t F3 k. Soluble CD70-2 IL-12 ©]9)
o= poly(l:C)l HHE S 1, CD16< &% A=l 9§ IFN-g
wHldle 9 FA o (29 19)

A « B

,4
>,
2
lo

O

-

IFN-y (pg/ml)

& 2
g 8
i

IFN-y (pg/mi)
&~ @
8 £
(=] (=]

IF N-y (pg/ml)
g g
=1 =1

e 2000 2000
0 0
L2 - - + + + + i — L4z - + + + + +
Fc-control - - - + - - E E E  soluble CD70 Fe-control - + - i
solubleCD7T0 - + - 4+ # E soluble CD7T0 - P T -
anti-CD7T0 - = | . soluble CD27 - + o+
IL-12
< BODDD ek 500 ’—\ 500
=
< % s0000 g 400 g 400
ExX 300 < 100
£ 40000 2 2
3 > 200 > 200
= =
& o 20000 £ i e
-
== 0 1] 1]
IL-12 - + + + poly(l:C) + anti-CD16 -+ + o+
Fc-control - - + - Fec-control - Fc-control - - 4
soluble CDT0 - - . + solubleCD7T0 - - - 0+ soluble CDTD - + *
anti-CD70 + anti-CD70 - +

]

1% 19. Soluble CD70¢] NKAXZ 9] IFN-g #Hlo PlX]= G

2}. Soluble CD70¢] NKAIZ¢ IFN-g <#Hlo| 7m|X& Q&S intracellular cytokine
staining® & FA}stAth 1 23}, soluble CD70-2 IL-129] &XA)3}o] CD56bright NK
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Az A [FN-go) 44< /MR AT AEEA] 0172 CD107aE Z7HA]
A W, (1F 20)

A CD565%" NK cells B CD56%™ NK celis
T 1 r T

mock 027 0.34 0.14 0.28

IL-12 ]tn 0.08 0.46 /\
IL-12
044 0.32
+ Fc-control )tﬂ 0.22 /\
IL-12 38.80 0.55 2,086
+ soluble CD70

IFM-y CD107a IFN-y CD107a

031

0.29

Ot

1% 20. Soluble CD70°] NKAIEZ 9] IFN-g #Hlo WX+ &S #7713 intracellular

cytokine staining

vl T2 =2, soluble CD70°] NK cell®] cytotoxicity S %7]—/\]7]E7<] skl sl B gkt
K562 A|XEE target cell2 AM&$ A, IL-128 502 AYPS o, oF 20%9]
cytotoxicity®] F7F7F UARAATH, soluble CD700] 9§t 7} cytotoxicity #ZE= A
ororth (2 21) T3, M EFQ Huh-75 cellS ©]&3 AFoME IL-12 A
of 93 cytotoxicity7} o}F FA FT7FEIAIT, o7]A = soluble CD709 <8 7}
cytotoxicity = #2E A &hTh (1™ 21) ©] A} Z, soluble CD70S &3+ CD27 A}

=2 NK cell9] cytotoxic activitys =314 &= A= & T AU

K562 Huh7.5
A
100 100
g 30 §r 0 —s— mock
z = —=— 112
= 60 < 60 —— 12+Fc
&€ a4 “E- a0 —»— IL12+CD70Fc
?," 20 w0
D G b] L) T
1: '10 1:1 1:5 1:10
Target Effector Target : Effector

19 21. Soluble CD70¢] NKA|XZ9] cytotoxicityoll V|2|+= &

vk g4, soluble CD70°] NK cell®] MEF2S S7HAI7I=A] S| Bt IL-155 ©

502 AYFPS ), CD56bright NKAZA A= ¢ 90% 18] CD56dim NKA|Z

e 2k 70% 9 AE7F 218 34|, soluble CD700 93 F712 Q1 AlXZ2e &

ZE A ektth (2’ 22) o] A E, soluble CD70S F3+ CD27 A=< NK cell9]
o

& Al
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Total NK CD5gtmet NK CD564™ NK

79 138 74

ﬂ

LA N

s | || el

68.4 n 953 A 663

IL-15 '
+ soluble CD7T0

CFSE

a

713 22. Soluble CD70°] NKA|EZ9] A EZ2d] vz AJF

3. Soluble CD709] gujolei~ &4 S

7} NK cells2 %8 #H¥E [FN-g= & AANEZE 47|17 E sHAR AHH o
2 viral replications YAst= A% FP st wefA] soluble CD70S o] &3k
[FN-g #H] FX2 virusE A Se £ 99| F ok gty cytotoxicity
o] 4 &37F 8171 W Z°l host damage g§lo] &Hlelg|s A5 YERE Aoz 7]
= A weEkx, HCV in-vitro replication A]2HlS o] &3} soluble CD70¢] 3}k
olgl 2~ BHE AWHEUT

. JFH-1 HCVE Huh-7.50] 791711, 0|2 IL-129} soluble CD702.2 8 NK
cell#} co-culture@ S wi, IL-129+HS ZJE]HP NK celli#ol] Bt f9olstA HCVY
titer7} 7HA%S BAS AT EFH anti-CD70 blocking antibodyE * & 3F ol A=
viral titer 747} YERA] gkt (2™ 23A). WA, soluble CD70°] 23k Eo]F
Ql viral clearance 77} A5 € F AAT ©]# 3t viral clearance= soluble
CD705 At oAl #Hl=+= IEN-go <3 vlE#AAE RIow (23 23D),
IFN-g& T3t 522 A3 A vusyd vugdls o, 1 ol v#Hs virus
replication®] A EE FFAstAT (L 230).

o} NK celle] ##8]g IFN-g9] viral replication 94| E3E A Ao =2 gRls}7] 5?4
o], anti-IFN-g blocking antibody$} anti-IFN-a/b blocking antibodyE ©]-&3}o 4
sttt 1 23}, HCV replication SA| &3+ anti-IFN-g blocking antibody -JBH
Soldoz AsfES #FESAT (L™ 23B). Co-culture supernatantE ©]-83F] NK
cello &g+ HCV-infected Huh-7.5 cells®] killings A& Ay}, [L-128 Ag
ol = cytotoxicity7} 5718t AT, soluble CD709] ¢t F7}4 Q1 cytotoxicityd] &

=0o
.

m[o —.~ mﬂ

ol
-

nol'
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Ve BERFHA gdtt (2¥ 23E). wElA, soluble CD700.2 #FA13lE NK cellS
viral replications B #HZA o2 AA|stHtt. ESH, o] viral replication HA|= &3}

H NK cellol A #8]¥ [FN-go] Z7Fo] 93k Ao]n, NK cell cytotoxicityol] 23+ A

o] olds & & AT
A B =*p<0.01, *p<0.05
£33
ki M5
E 105 = . Ef 10 - Mx
=2 28 I
Eg 107 - gg 107
£z EE
g5 2=
10¢ - 10¢
NKcells - + + + + + NKeells + + + + + - - -
Wiz - + + + + + iz + + + - - - - -
Fc - - - + - - K- + - - - - - -
ERMORG = = v e ke ok CD7OFc - - + 4+ + - - -
Anti-CcD70 - - - - - 4 wlFN-y - - - + - - + -
alFN-af - - - - + - - +
IFN-y - - - - - + + +
= D
10% 4 2000
- —"
EE E 6000
=8 ‘g
gg“”' 2 4000
' s
= B 2000
S
105 - 0
NKecells + + + - - - MKeells + + + +
ma + + + - - - ne - + + -+
Fc - + < = - F Fc - = + =
CDFOFc: - - + = - - CD7OFc - - +
FN-y(ng/ml) - - - 1 5 10
E
100
NS
= 80 NS
< o 1
‘w60
= [
.LE 40
E. 20
[7:)
0
Lz - + + + + +
e = & s % v o=
CD70Fc - - TERRETRt
alFNy - - - g
a-IFM-af - - - - - 4+
19 23. Soluble CD70¢] HCV Z@A Lol wX]= <3k
Soluble CD70-2 NKA|XZ 9] cytotoxicityx F7FAI7]1 A ¥ WA, IFN-g
THIE 53 -HCV &35 AgZ o2 F7MAA HCV S45 JAF

3, TIM-3, LAG-3, IL-10¢] blocking®t} CD27-CD70 %4
ool g kg (5

CD272 A=< = 3l

3 NKAE)S BS & 288 5 doks A4

= A soluble CD70 T 28

T

2%
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4. Soluble CD709] in vivo 7}
7}. Soluble CD70¢ Z4& in vivodlA H7}st7] 18] <Q1ZFs; wl-$-2(humanized
mouse) S ©] &3t MNP S STk oS s A7HE wh-o) 12 20 ngs &
% & soluble CD70 20 ug¥ W3t EFWE FASIAL 24417 ol &3 W9

IFN-g 552 ELISAEZ =33ttt 2 23, IL-12 @5 Fof o Bl IL-12 +
soluble CD70 M3 FoFolX &3 IFN-g9 F=7} ¢ =4 Yelgoh (28 24) 9]
+= soluble CD709] in vitro A3 Z 39} FA}SE 2 xbo]ty,
400 -
Humice
T 300 IL-12 : 20 ng/mouse
'g CD70Fc:20 ug/mouse
. 200 1 Injection route : IP
= Injection volume : 100ul
= 100 - Sacrifice : 24 hours after injection
D A
c,o& . &
&
RV

% 24. 2178} w20 A soluble CD702] F¢J7F @3 [FN-g sl vX= 93

o
o
e
off
e

>
o
filo
of
ol
O
2
2
R

= 1 BIA| o4 total NKAIEZS} CD56bright NKA| 32
A TR AEZsd B AIUE 9id wASe] BESs AR 23,
= Fo] 7o H|&) IL-12 + soluble CD70 W3 Folol A F93 Wt &

ATk (L"” 25) o]y 3 ZAF= soluble CD709] in vitro A3 279} Tr/\P

TotalNK  CDE6brioht NK TotalNK  CD56brient NK
“‘L — PBS
NKp46 \I Granzyme B \ — IL12(20 ng/imouse}
) A — IL-12 + CD70Fc (20 ug/mouse)
TRAIL | Perforin I\
J )
!

NKGIC | il NKG2D
Y

A AA CDZ? Jj\ |

1 l

NKp30 ]\\ JL coiseb | | J\\
P 1

o 2\

A

NKp44 Fas i
‘

' / /AN

oA soluble CD702] Foi7} Al X
2 A Ee i A= dF

CD158a

_l:: b’
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ofof[ 2| 7|0 =

EH
1l
0
H1
)|.
=]
o
Bl

AR AR, HURERER O A4 AR @

7b. A wlel#l s zFol A TIM-3, LAG-3, IL-10RS] & EA4 79: 100%
. TIM-3, LAG-3, IL-109] TAHI2ZE A 713 3F7: 100%

t}. TIM-3, LAG-3, IL-10 blocking &3} H7} Al 2&: 100%

2t vlol ¥ 2 9 E S TIM-3, LAG-3, IL-10 blocking®] in vitro &2 37} 100%
ot AR EZA TIM-3, LAG-3, IL-10 blocking %7} <]¢] ¥z 100%
vt In vivooll A& 7153 blocker &X.: 100% (soluble CD70)
Al T CEEE A TAIEZE ©]&3 in vitro &5 7k 100%

T Aol Abgol EXE JAA Al A3} vheAE o] &sto] HUL
of. T4 CYtH HWAZ ©] 43 in vivo &% H7k 100%

H Aol Abgol FXE JAMA Al A3} v AE o] &dte] HIt

2 AAREH AE@Aste] 7|za7 2 FEAF7E P

W, @A AEZUAS A7rt EAsEA gkt B d7dAe] dEHew
Yoz Fd AMEAAst A7ried 7S] I AMEZAEASt AT 84
of =& Zoz 7dEt

o E=3, B A7dAs AZEYgE 72d7E JsEeR Fuske 49T
Ae AYa glo, olf g A7l F2 AT mdE BHAd F o g, 2
TE B3t v wlelglz Tl T/NKAZS 545 #9835t A T/NKA
24 71 A M2 o3 7ukE rEs R, & A7E Sl dEd A/
=2 I RS
& A €

o r
it
N
k=)
£ 1
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Ho& ATdAntel &
A1 AFAE &g 74

1. vhol 9219} 7bs A

7h B AAAN FREAZ HHF soluble CD700] WidiM e =EFRY oy} 53 S
98 F2 AEiolth ol& Z8&shd NKAxZ9 2435 fEste] wh4d niojs
A AR mleleAlers AR 5 3le Aotk dve HCV A55Hoz A
SHAIRE, o= vl &olstAl HBV B HIV Yo R A35< e 5 s A<
ok #A ARAEke] TbsAde TSl oY AlkIAET o= Folth

2. BAR S 99

7h @A AAA A oF 19 7T Wo] HCVe, oF 39 53¢k wo] HBVel|, 18]a oF
47 o] HIVell Zaso] e dde 18T o, & dA7ddse s3RagH o
Z e 2 gvi7k e Aoz riuEn. 53] oA w2 HEE AYE
HBV 3 HCV Rz 9 ool wh& b3t 9 2okl 7193-S udd o, 2 A
34 7ldEs v F AR JdEn FAHoR, dSEAAE ATl Tud
Aol M=y bEse] AbS 8l AAA Bl oF 2% 620199oE o HEoE
EL A0F YERRTH2003d 5€ HAEAER).

U @A Futolda AzA AAANZ FRE 20059 1749399 222 20154 o) &
707699 W 2o FRE JAT AoZ AGHTBT 7T B 1214, Z7HEH
F3t JAATFAH). ©]F F 50%E HBV % HCV 59 ztdutelei X5 AI7F 244
sta v aela, AT EE AFHoR Frhsta gl7) Wi, & A7HANt 7
SHOZ o] QAleF AR oot A3 BAH RIIAE FETE Ao
7 e
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Med A7 LetdolM &t siefdts7 =82
Ad H2 AT TF

1. vlo]dy A A A PD-1¢] 4%

7h PD-1L TAIZ Hdol Bdshes A £84 F el PD1CAE T F79 3
=7} QEH B7 familyol £3tE PD-L1, PD-L27} 2]7h=¢]

U PD-12 = A%etH, SH2 REZE 33 14713l & 4 (phosphatase) ¢!
SHP-1, SHP-2E immunoreceptor-tyrosin-based switch motif (ITSM)2.2 A3kt T
Aze) A A5g AT 288 RN ELE THE $8A(TCR)S] o3
s 2438 NeE Aad

ot} WA mloly 2 9] wpolyx-Eo] TAHXEA PD-19] 98 74 LCMV 7Y
o9 wdlo A Hgog FAFAS(1). v LCMV ZgollAE, v HCV 724
oANA  wiolejx-Fo] CD8 TAH|Eo|A PD-1°] FHEd=ol AAe™, HCV-50|
PD-l1high THIXE 7]%5°] A3t ANS(24). A7t PD-1/PD-L19] H52H&S

] P

5

AaPE W £ESHsH, AExEls, 2 A)EIFI(IFN-y TNF-a) 4733}
AE 7150l 355U (2-4)

2}, PD-lhigh 7153 TAZE 719 THAEY A7 HeHolAd 2= CDI27 @do]
woton, TAHE k3 u}ﬂﬂ CD574 %?ﬂ 1 =S (24). PD-1highCD127low
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o
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l-l {
AU Y

01 A 740; 2w, PD-1 Hhﬁ_—% xﬂLH CD8 TH]E ARl o) FEFS we A
o2 AZHE (o). 71]‘4'7} PD-1/PD-L1¢] Aot w2 Aor] 9L HCV-Eo] CD8 T
ME] 715E HFAAA, FelA 2 CD8 THEE 28 A Z=(6). AW
o ME HE T AAStE violy=-5o] CD8 THEES Aol FFo A3l
= a7t slE

. HCV 54 79 71e PD-19] 9% IA] A5 A. 53], PD-1 ¢33} §4 HCV
ATt BA 2H o] BFolA e HZ ATE
o2 FYPF = Ao FA7 #ZE= HCV-5o| CD8 TH X PD-10] =z
Hof AL, HCV7} JETFoz 3BE ZAfde PD-1 Tdo] FHAL(7,8). 3
ol% 3 eITo|Ad = FA HCV 7 ] PD-19] #do] HCV 7+ Ao}
Ats 285 WHS0)

Ah w5 CH e HeA mdeA, 7+ ¢ PD-1 ¥ A=
real-time PCRZ A &3 23, & PD-1 mRNA #do] w4
A= AL 93S(10)

of. ¥k HCVZ oA HCV-59°] CD8 TH(ES PD-1 dH2 THE oIFEZS 3|7
&AW o](escaping mutation)©] TASEA =W TFAFH(7). o]= HCV-5°] CD8 TAHXZ
o] PD-19 #H&do] THE FE&A(TCR)S AHZ AS5S FalA FAHH, o=
g A& wholels ZHACA PD-19] #Hdrdoe] BAAoE #HFAHE olfFE AW

51 2~ o)
g"‘l‘})\'ﬁ‘

s
4 HCV 4
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2} obF Ho| AY WAS Fojdta, HCVE #EA7 AWA e PD-1 23S =3
gt AF7E AR, o] AFollA HCVel e d HAMA e HCV-5o] CD8 THXES i
Yol B, o]= adenovirus/DNA HCV NS3-NS5 Al Afor AR Ay}
7F ekl S-(11)

2t ol BlE] WAlS Fod HIA e HCV-Eo] CD8 THIEE PD-1S AA ¢y
st e m IFN- M wHlsol o =%s. o Az} XS, 2+ W PD-1, PD-L19
mRNA #¥ A o270 Hlsﬁ S B IWMAANA FY3HA F%S. o] Oﬂ?
Ao w2 PD-13% PD-L19] w& o] wiile] o3k F4 HCV 7Y &
EAZQ AZoln, WAl o3 HCVE A|AoA PD-1/PD-L1 A&¢] 7HeFo] HCV-
£o] CD8 THIE S} Futolelx 75 X4 7I948ls + U=

al, ©]

,d
&
>4

=i

=~
o

2. vpol# & ol CTLA-4¢] 4E

7}, CTLA-4+= F2A 02 533 THAXE HZEAS (costimulatory) 2% CD28% 454
% (homologous). 12|31 CTLA-42] &dAL A3 THZNA F71E o] U3(12)

. CTLA4E Be 711 T3 T-AE oA 715S F33. CTLA-4= CD80%
CD86x} A3t CD283 B7 ®¥A9 Aza8& AAHo= AT Adrl,
CTLA-4+= SHP-2¢} 22 QIAF7b-3] & 4 (phosphatase) & 4&$ksle] TCRol| &3 &
43t Az s A

o ¥ LOMV 2 mhe2 mdlolA CTLA4S A93S o TAE 750 3254
£ QAR AS AT WA HCV FGeNA CTLA4S] G&o] Fasthe 2

]
gt v CE 9 @Ae) xAdA #2d HCV-5°| CD8 TAl %+ PD-1 ¥4 ofy
3 +. PD-13%} CTLA-49] §A] & (co-expression) %t

of F&Fo v HEFoME BEHJoY, 2N HEz s A &
£ AWolA T8 w2 nlojgiA-Eo] CD8 TAHESY FAF o]z}

AEE v
v} PD-1+CTLA-4+ HCV-EO] TAZE A48 715347t A%0&(6). PD-1+CTLA-4+
HCV-5eo] TH 2= PD-1¥ CTLAA4 7§i—a— Al At S welwt 7lso] &

Hla, Az ARE Adds we 18R XeS(18) HCV-5°| CD8 TA =
o] 7lee BAJ/AIA AR o]&sle= AFo2ZAM o FF JA FEAE A
Aeshe Aol Wad

3. ulolgl 2 ol TIM-3¢] g
7} Tim-3-S Y] Thl CD4 TAXY E3 FAZA FAHAS(14). Tim-39F 2
=2 galectin9 A}o]9] & 282 Thl MxEe] MEALE FZ3skal Thl Axe] ¥

[e)
=
L ®H Hbelgf s A Al Tim-39] J&2 A Foll HIV ZHolA &5 3=(15). HIV

o 79 SN Tim-3+ CD8 THAZ7} 2715 Qa TAZ7 &S Tim3 &
o] wpolel2 7(viral titer)2t= o FHBAE, CD4 THE Fob= Wi o] &4
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t}. Tim-32 L= HIV-5°] CD8 THIEE 715322 ZlE YeEldon Tim-39
AteS HIV-5o] CD8 TAIXZS 7]%& 3EAZ(@15). ©|F, Tim-3Y 7] ¥4
HCV ZgolM= AFEA2(16). Tim-37} 7]%5°] #3tE HCV-5o°] CD8 TA Eol|A
FEFE A, Tim3+ CD8 TAEE Fd¥o|CD127lowCD5%highZA w4 HCV 7
@A PD-1+ CD8 TAHI X9 P H TL3A=(24)

2}, Tim3+PD-1+ HCV-5¢] CD8 TAlZ+= 432
& 83, Tim-39] AT F2413} INF-y
CD8 TAHIZ9] 7|53 <l FESZE o]

vl Tim-39] 9&-& X3 HCV/HIV 4] ZAdME AFEHAS. HCV 7w =
$-o] vl HCV/HIVZE A9 " 7499 Tim3+PD-1++ HCV-5©] CD8 TAH 3
o 2 Tim-3/PD-1 SA Hdol 7+ &4 ABABAZE ANS(17). Tim-3 =
PD-1 29, & F s} vo 2% Tim3+PD-1+ HCV-5o] CD8 TH XY 7|5S =
3] 3 EAZ # Atte Aol FlE. TP FAE Tim3+PD-1+ £ F-> HCV-59]
CD8 TA| oA HIV-5°] CD8 TAHE Ht} @Werom, o] HZ & nHpolg|A-5o
THEZ A9 MZ T2 ol (impairment)E < 7|3

M orlr _TL oh‘,

4. vtolH = A T E JAE FE&AY 9
7h WA mlol s HPA] THIEY 7es dt¥FX4(downregulation)d & U= 7FeAd
o] e E HE FAES FA7] A m
o] LCMV e A A7 Edol X 3 H(18)
1}. PD-1, LAG-3, 2B4, CD160, CTLA-4, PIR-B 18|31 GP49B £ % A}
0] &ld. agar o]F Y AFolA AAE EAEe BT $H sl WA
A g A EAEY] FATRC] A F5ES #do] sl EEAS(19)
o} 7V ol TAIEZS] PD-1, 2B4, CD160, KLRG1, LAG-3 Z18]3l CTLA-49] A%
do] "W HCV ZholA d7HA0). ool AAlE F8AISe] AL
HCV-5¢] CD8 TAHZA #AFHUTL o]& @& FF CD127 Hd #d AU+

icroarray 9} gene expression profiling

(

5. FA AT o P A
7} wbAd LCMV 2ol A PD-10] THE 7|59t #d e A4 842 932
olgi 2, ulo]yA-Eo] CD8 THIEY AA F&AS5°] UellE ohadst 7)50]

HCV, HBV ¥ HIV ﬂoﬂaﬂr 2o 27t UMJ npo] 2] 2 7103011*1 Z9A A

=

N
e

ANReBR, %*ﬂ]#%xﬂ«l x}%% ?l*é Hholg & e f71A4 1 A sl A2
v #HZo 3 Aol SIvel #E®E macaques ] A W(in vivo
antibody”} YElH= Aw &35 H7135(22). PD-19] e WY ukgS S04
Aom npoly s JrtE AES] AAAZHL HEE sFE9 AES dFHAT(22)
o a2y A el g F8A AdS AAl A A& HsiMe 2 7t
A BTV FAEES agsof & g Aol PD-L1-/- vh¢-29] ®HJ LCMV
AL A Wty & wFd AHFHolge AS HIoW@1), ol

<

PD-1/PD-L1°] n}o]&

2
R
Q
]
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T83the S 9 53], HCVY 799 A THE 985 Tl 1 &40
dojup= Zoz &ex Jerz THEZE wilste 1t 42 dAd F&AES
AggFoza o ofstd F gloly ol AWAQ HHo=E olojd F U=(23)

2} olm] AFT Az o], 2] IAEL FA HCV AP ZRE FEsta JAA
FEAES ¥ FELE LA, YA gxpoM = gAY F&As0] Ao
A, TAIRZS 7]so] HIHew L4dH7hs T SAZ XA &, webA
w4 HCV 29 x7]9] AAd £AE9] atde] vty GAIZY oS & 5 US
Aolgte 7hs S L soF ¢

uh 3HH, HIoe FEY A|Ys|AES] 93] PD-1 blocker (anti-PD-1 Ab HE+&
anti-PD-L1 Ab)®] tAFTEFE S g & 14 Alde] s EAtds Bt AN
3, Hao] wpEw Rzbgo] glowMx & avE Jeldtt (New Eng ] Med
2012). stA|¥F o}&74A] wiolel s AZto|o] 82 HA il Yt

v 22jal HZols g-vbolels 5o] TAIEY NKAIES] gh-nlojejs S-S X147

X N =
7] f13) THIZE A EA=9] blockingt® ¥+ ol e}, co-stimulatory 84|55 agonist
g °]&3to] A=ste UdE 1y EHe ™ot
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