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ed. 9, 1996)]°l| A Ztolt 5= QIt}. B3, thFeh Y717} Fe 3= A sk7] A8l
$F HEUo Fe 37 A2 9181 AL = k.

[50] Hodbg o nhghA g - oof) w2, A7) Fe ol A= ok @A Fe
L glol A 7H8E EU W ® Al 2= wllof] whE $228P, L234A, L235A, L235E, T299L
% P329GE A H T ORE] N | o4 ol wAl X e E3shs

Zlol .

[51] kg o] npekA gk el of|of) wh =, 7] Fe ol A= of Al Y A Fe
S| Qlel A 78 EU E B & Al 2~ "llof] & 8171 9] ofpn] x4k X $H-& 35
Zlo]th:

[52] (i) L234A 2 L235A,;

[53] (i) L234A, L235A 2 P329G;

[54] (iii) T299L;

[55] (iv) L234A, L235A 2 T299L;

[56] (v) S228P X L235E;

[57] (vi) S228P, L235E X T299L; ==

[58] (v) S228P X T299L.

[59] kg o] npekA gk el of|of) wh =, 7] Fe ol A= of Al Y A Fe
T Q) vl slsle] Hb7 7] (Half-life) 91788 $13F =712 ofu] =4l W ol &
g

[60] & 01, 7] Fe W ol A= of A& &4 Fe w1 el A 748 EU W H &
Al 2~ El o w2 M252, S254, T256, 1309, Q311, M428 X N434 = 1-4] ¥
O B NE AR = 1 ol 4ke] YA A ofn| Al A & FTEE e
AUTH

[61] Bk of upek Al gk & o o) wp =, AV] F=7FA Q1 ofv] =4t X 32 M252Y,
S254T, T256E, L309G, Q311R, M428L X N434S& T4 ¥ o 2L g Ae= 4=
AN

[62] kg o] npkA gk e of|of] wp =, A V] F7HA QL of | AL 2] 8H2- 517 9
ol =4k X 2HS 23 4 )

[63 (i) M252Y, S254T 2 T256E;

]
] (i) M428L 2 N4348;
[65] (iii) Q311R 2 M428L; ==
] (iv) L309G Z M428L.
]

X771 F714 Q1 o} v =4k %] 3+ FcRn(neonatal Fe receptor)©l] o g+ 24 3} 2
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[68]

[69]

[70]

[71]

[72]

[73]

[74]
[75]

[76]

[77]

el el & 274 ek} 53], $& pHell A FeRnoll thék - 7Fd A9 213} 5( binding
affinity) S U EFH AL, -2 pHOll A A2 2 02 W3ty A3t& YA &2
Hol A, 1= 719] 7|54 Wol A & xghgt)

Bk o] wleh Al 3F -3 o of) wh= W, AF7] Fe W o] A3= pH 5.6 W A
6.2(8F 2 81 A= pH 5.8 W #] 6.0)¢l A FeRnoll o g+ A 3} 71 3} & (binding
affinity) 7} ©FA & Fe vl 1 7 B] 18k 10% ©]7, 20% ©174, 30% ©17, 40%
ol 4}, 50% ©17d, 60% ©17, 710% ©17%, 80% ©17, 90% 17 Ei= 100% ©]7%
7, oFA8 | Fe S Q1 Bt 24)] o] 4, 34l o] 4, 41 o] A, 5] o] 4, 64
ol %, 7Hl o] 4, 8¥l) o]/, 9ul] o4, 108 o], 201) ]/, 304K ©] 4, 401 o] %
5040 ©]%, 60l o7, 7081 o]/, 80Hl o], 90Hl ©] A HEEi= 100H] oY F7HE

A
T 3

& Ha“jé/] Hlgh2 gk - of o) w2, 47| Fe Mol A= pH 7.0 WA
7.8(dF 2 6} A] = pH 7.2 W A] 7.6)°ll 4] FcRn(neonatal Fc receptor) . Z - E
&l 2] (dissociation) ] = A =7} of A & Fe =w| ¢l 3} vl ste] HA3A L
Aoz Wy X &g 4 )

2 kg o] A Ao wpE, o] A o) A= ok ¥ Fe HE+=
7] 7Nk B Fe W ol A &} vl alsto] oFAbAd = S, pH 5.8 WA
6.0)0l A = vl - S A9 A3t E A A 271 & E°], pH
700004 = sdet Y AAA 0B F5 e Lol Y g ARE
LU ST

kg o] npek Al gk el of|of] wp =, kg o] X 3HE Fe ol A = of A Y
G A Fe = 913} Bl asto] 5-7k7] (Half-life)7F 5 7HE Alo] k.

g o] X2 Fe WHol A o] whzkr] = oA Fe 5w Q13 vl aLsto] 10%
o], 20% ©17, 30% ©]7, 40% ©]7%, 50% ©17, 60% ©1%, 70% ©17, 80% ©7,
90% ©17 E3= 100% ©17¢ S 7 A, oF A ¥ Fe S Q] Bt 20 o]4, 3]
O]” 41l o]/, 5ul o], 6l o]/, 7rll o], 8l o]/, 9nl o] H= 101) o] A

E] E o}\q_
A, B kg o] X 3kgl Fe o] A= oA & 1)
.l

< UMVM A £01 FA = ZeERY A, ReE2d 944,
1) i) (minibody), =M1 @A), o1 5501 4 A, A ZA|, 7)) A,
A % A A (conjugate), AXHFA iz 1113} Al o] A o] o WA S

GA Fe G oje] A4 82 5

Kel
= .
Fe 5i9] Eiz o] & X ahahiz Eelqetol = o] whzhy] & Fofslah A,
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A A AMLDE AAS 5 A= AGAE on g} A DS oA
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%) TH(Maniatis, et al., Molecular Cloning, A Laboratory Manual, Cold Spring Harbor
Press, Cold Spring Harbor, N.Y., 1988; 2 Ausubel et al., In: Current Protocols in
Molecular Biology, John, Wiley & Sons, Inc, NY, 1994 ).
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[84]

[85]

[86]

[87]
[88]
[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]
[97]

[98]
[99]

2ol o] SRATE AAYE L ARAR S E3eh, 7]
W B AT AL e o) D AAAE PR s ol
ARSI

o
27k (transfected) == & A 7 gh(transformed) 2 5= 1214, o] = 2] A 9

BL

O 2
AL AL S A o ﬁdﬂﬂ‘/}‘:mﬂ 745 o v gt
B A Ao A fo] " A AZ S 4] & A7 (Transfected) 2
A

H

Q] (Transduced)S E§sl= & v &2 AF8-H )

o o (A = Al S A o v A sl = S E AR e
E%%% A, B vteEA et A= e A 2] A9 S9, EfsE ALY S
HEK?293 A| 3, HeLa A 3, ARPE-19 A| 3, RPE-1 A 3, HepG2 Al| 3%, Hep3B A| 3,
Huh-7 Al 3, C8D1a Al &, Neuro2A A| 3%, CHO Al| 3, MES13 A4 ¥, BHK-21 Al| 3
COS7 Al 3, COPS A 3, A549 A| 3, MCF-7 Al| 3, HC70 Al 3, HCC1428 A| X,
BT-549 M| 3 ,PC3 A| 3, LNCaP A| 3£, Capan-1 A| 3£, Panc-1 Al| 3£, MIA PaCa-2

A 32, SW480 Al 3£, HCT166 Al 3%, LoVo Al 3%, A172 Al 3£, MKN-45 A 3%, MKN-74
A 3, Kato-IIT 4| 3, NCI-N87 A| 3, HT-144 4| ¥, SK-MEL-2 A 3, SH-SY5Y A ¥,
C6 Al 3, HT-22 Al 3, PC-12 A 3, NIH3T3 Al £ 5& o] &3 4= it}

g o] A X A sH = gl E A E ot

g o] It E kefe] whE, E oy & St o] WA S E398k= o E Fe
L) Q1) vl nlsle] o] H g 7] (effector function)©] 7+A¥ Fc W ol A&
ekt Eelekol o] AU & ATt

0 7] Fe Mol A Fatehis Felqlehol 58 wshs AR AE Egoh
A &5 L38h= SFAELE &

b) 71

B of Az ol loj A, gA| o A A= o] I, HPLC, &0 n3F =
ol w3t 314 NA FEnE 1 3)(HPLC), 3% AR E Ty, B
ol&9| Z3E ot slo] £ & o, vieA 5} A| = Protein AE AFE-8F=

3oubg o] B ThE el b, B WS Y] opu] wAl X S EHEHE Fo
Ho| A& F stz Eeletol =, 47] G, 7] WAL A iz 4] Wl B
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(effector function)©]

ol Y 7|5

Bl

th 2t (subject)ol] Al Fo 8Fi= v
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= s
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_— =
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F,upol e iz Al
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7] Z 2 el

=

)
o

A= ot (el

LERH A,

[e)

=

= 0

3l A]

1 81+ A %= 2] ADCC(antibody dependent cellular cytotoxicity) Z/5= CDC

[&)
(Complement-Dependent Cytotoxicity)

4

&
LA

[104]
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ey

[109]
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=

[110]
[111]
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2, HE, 7Y o} 91, 71,
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Al A Gof el A
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O

|, F Al 2 A2k 5ol ARgE 5= Ut

of efAl ety £ E o] FoliF A7 oAl St 24 =2 A},
O AR R/ = 5ol A2 Sl o s vheFalE o slem, 4
Aol Fo =2 gAstaat b= whgo F ok ALk, Fof el
S5, A%, A, Akl A A H, A AV AR, A,
g AR A N EA HEiz o) Aol @Al AFEE = of = Ve 2 =2
§hoje] Ak g o] of opoll M 2 ke Xl AR )1 Aol uhet
H, Foll 71 2okl A Sl A A= 7l A= H A ek
=

=
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=
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=
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o =
o
ol
)
%

H o] #| o] SDS-PAGEZ & W EFIT]
A e] SEC-HPLC #4435 Yepdc)

% 3-8 Nivolumab (IgG4) Fe ©] 5 ¥ o] 4] ¢] SDS-PAGEZ # & 1} b it}

% 43= Nivolumab (IgG4) Fe ©] & ¥ o] 2] o] SEC-HPLC¥4] 2 35 vepdiot,

I 5% Rituximab (IgG1) Fc ©] 5 W o] A o] FcyRIMMa2}t o] 258 &4 271
Sa2atii=

%= 6a, 6b, 6¢, 6d, 6e+= Rituximab (IgG1) Fc ©] % ¥ o] A 2] FeyRIlla} 2]
AT E S e

%= 7a, 7b5= pH 6.0 2271 ol A Q1ZF FeRn} Fe o] & ¥l o A gke] Adte 4
= LB (5 7a: Rituximab 8] ¥ o] A 4F (YTE, LS, PFc29, PFc41) 2]
e 54 A3} I 7b: effector functione & ©] = TL mutatantE F7} = ¢ ¢
.

%= 82 Nivolumab (IgG4) Fc ©] 5 ¥ o] 4| &] FeyRIlla®}2] 434 =4
Sa2atii=

%= 9a, 9b, 9c = Nivolumab (IgG4) Fc Double Variants 2] FeyRIIa®}2] A 33 &

%= 12 Rituximab (IgG1) Fc ©]
%= 2% Rituximab (IgG1) Fc ©]

iy Y iy

BN
o

e

T



14

WO 2022/265331 PCT/KR2022/008336

[134]

[135]

[136]

[137]

[138]

[139]

[140]
[141]
[142]

[143]
[144]

A A& YeEPA TS 9a @ & 9b: SPTL, SPLETLO] 712 =¥
o] A 52 KD Zk; & 9¢c: WT, LS, PFc29, PFc412] KD %h).

% 10a, 10b+= Rituximab (IgG1) Fc ©] 5 o] A {H¢] ADCC Assay 2 25
Y EFATHE 10a: original form ¥} LALAPG &= ¢1¥ o] form©] H| 1l; %= 10b: original
form¥} TL &1 ¥ o] form&| B xl).

% 11a, 11b%= Rituximab (IgG1) Fc o] 5 ¥ o] A {19 CDC Assay 235
eI THE 11a: original formZ} LALAPG &= ¢1# o] form©] H| 1l; %= 11b: original
form¥} TL &1 ¥ o] form&| B xl).

% 125 Nivolumab (IgG4) Fc o] % ¥ o] A {k2] pH6.00 A1 2] hFcRn 2 315 &
=4 gk A5 VERIT

5= 132 Nivolumab (IgG4) Fe o] ¥l o] A (19| pH7.4°| A4 ©] hFcRn 2318 &
=4 gk A5 VERIT

%= 14 Nivolumab (IgG4) Fc ©] <5 ® o] 4| & 9] Effector Silencing Effect <}
(ADCC Assay) 2 Z}& LEFATE,
o] A& 93 P

ol &}, AA] o & F-3fo] £ & vl S A 3] A et
dE oA B Aoz
QA of) upe} &k

(E Ar

S

A A

A Al 4] 1: Rituximab (IgG1) 3} Nivolumab (IgG4) 9 28 7] & A A Fe
H o] A Construct A 2 2L A4t

7}. Rituximab (IgG1) Fe ©] 5 ¥ ©] 2| Constructs A 2}

Rituximab wild type, YTE, LS, pFc29, pFc41 ¥ o] 4| o] Z+2F LALA
(L234A,L235A) LALAPG (L234A, L235A, P329G), TL (T299L), LALATL (LL234A,
L235A, T299L) & <1 o] 7} 52 ¢) ® Rituximab Fc ¥ ©] A & & pcDNA3 .4
vector(Thermo Fisher Scientific, 14697)E ©|-8-3} 9] Heavy chain?} Light chain

constructE 591 3Fo] & 25% 9] WMol A& A &5t T (£ 1).
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[145] [3E1]

SEQID Hol A o] & HE7] F7F o] | Effector-silent ¥ ©]
NO
1 Rituximab WT -
2 Rituximab-YTE YTE
3 Rituximab-LS LS
4 Rituximab-PFc29 PFc29
5 Rituximab-PFc41 PFc41
6 Rituximab-LALA WT LALA
7 Rituximab-YTE_LALA YTE
8 Rituximab-LS_LALA LS
9 Rituximab-PFc29 LALA PFc29
10 Rituximab-PFc41_LALA PFc41
11 Rituximab-LALPG WT LALPG
12 Rituximab-YTE_LALPG YTE
13 Rituximab-LS_LALPG LS
14 Rituximab-PFc29 LALP PFc29
G
15 Rituximab-PFc41 LALP PFc41
G
16 Rituximab-TL WT TL
17 Rituximab-YTE_TL YTE
18 Rituximab-LS_TL LS
19 Rituximab-PFc29 TL PFc29
20 Rituximab-PFc41 TL PFc41
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[151]

[152]

21 Rituximab-LALATL WT LALATL

22 Rituximab-YTE _LALAT YTE
L

23 Rituximab-LS_LALATL LS

24 Rituximab-PFc29 LALA PFc29
TL

25 Rituximab-PFc41 LALA PFc41

TL

k7] S 7F Aol A 7k A 2H-8 VA A 7] ol A FTF =<

}. Rituximab (IgG1) Fc ©]F ¥ oA 4@ A

Rituximab wild type-S- H] 323+ Fc ¥ o] 4| 25l o} 3l] Expi293F expression system
(Thermo Fisher Scientific, A14527)& 2838} &AM oA LAA] H& 3}t

Transfection 37 A& Expi293F A 3£ & 2x106cells/mLo] ¥ =5
A thaf ket o vF S A =7} 2.9x106cells/mLo] ¥ 270 mLo] %o 2
ko] A EE5 18]35t Opti-MEM1 Bl A (Thermo Fisher Scientific, 31985070)
15 mLell heavy chain¥} light chain®] transfection ratioS 1:1=2 3}] &= 300 ug2]
plasmid DNAE- 4] 31, t}& Opti-MEM1 | %] 15 mLel] ExpiFectamine293
transfection reagent (Thermo Fisher Scientific, A14524) 0.81 mL-& 2+7} 410] 5%
&<+ ¥, DNAE 412 Opti-MEM1 ¥ A & ExpiFectamine293 transfection
reagent= 41 Opti-MEM1 #l| #]of] 2k 41 o] 20 -3 Aol F=Avk7h vl 2] 1] &
270 m12] Expi293F¢ll ¥ o] =31, shaking CO, incubator (INFORS HT, multitron
standard)l| 4] 37°C, 125 rpm, 8% CO,Z71 .2 || &3} t}. 204 I+ ¥ Enhancerl
2.5 mL, Enhancer2 25 mL-& F7}& ¥ o]520] F= 300 mL2] %2 & shaking CO,
incubatorol] 4 37°C, 125 rpm, 8% CO,Z=71 0.2 5A 7k ¢] w3t T 4] H 2] 5} o]
R i i g

Hhe] A5 912 HiTrap MabSelect SuRe column (GE healthcare, #11003495)S-
- 2Fsk AKTA prime plus (GE healthcare, 11001313)E ©]-8-3}¢] affinity
chromatography & =8 3} aL, A5 N 300 mL2 w4 3 mLe| 52 S8 FU
Elution buffer (100 mM citrate buffer, 5 % Sucrose, pH3.0)E %@ 3 mL| £5 =5
mL2 671 9] fraction©. & Elutiond}al 2~4 fractione 3] <=3} t}. 30K Amicon ultra
centrifugal filter (Millipore, UFC903024)E ©| -85l HF %] S & pH 7.49] 1xPBS
buffer (ThermoFisher, 10010031) % buffer® B} FHA 553 = WHO R
ool dS A sk ek A Wil E S SDS-PAGES} SEC-HPLCH-A] 2
Tt 92 %ol = FAE FREUY (=1 H 2).
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[153] t}. Nivolumab (IgG4) Fc ©] 5 " | A Constructs A 2}

[154]  Nivolumab wild type, YTE, LS, pFc29, pFc41 ¥ o] 2| o] Z}Z}; SPLE (S228P,
L235E), SPLETL (S228P, L235E, T299L), SPTL (S228P, T299L) = ¢4 H o] 7}
%= %] ¥ Nivolumab Fc ¥ 0] A & -& pcDNA3.4 vectorE ©|-835}¢] Heavy chain¥}
Light chain constructE =% 5F0] = 208 2] Ho| A& A|2}3FA T} (3 2).

[155] [3E2]

SEQ ID NO Hol A o] & w71 Z7F | Effector-silent ¥ ©]

H o]

26 Nivolumab WT -

27 Nivolumab-YTE YTE

28 Nivolumab-LS LS

29 Nivolumab-PFc29 PFc29

30 Nivolumab-PFc41 PFc41

31 Nivolumab-LALA WT SPLE

32 Nivolumab-YTE_SPLE YTE

33 Nivolumab-LS_SPLE LS

34 Nivolumab-PFc29_SPLE PFc29

35 Nivolumab-PFc41 SPLE PFc41

36 Nivolumab-SPLETL WT SPLETL

37 Nivolumab-YTE_SPLETL YTE

38 Nivolumab-LS_SPLETL LS

39 Nivolumab-PFc29_SPLETL PFc29

40 Nivolumab-PFc41 SPLETL PFc41

41 Nivolumab-SPTL WT SPTL

42 Nivolumab-YTE_SPTL YTE

43 Nivolumab-LS_SPTL LS

44 Nivolumab-PFc29 SPTL PFc29

45 Nivolumab-PFc41 SPTL PFc41

[156]

[157] 2}. Nivolumab (IgG4) Fc ©] 5 W o| A & A A

[158] Nivolumab Wild typee H| 33t Fc ¥ o] A 20¢]| t &l ExpiCHO expression
system (Thermo Fisher Scientific, A29127)2 &-835}o] FE M EZ A LA
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[159]

[160]

[161]
[162]

[163]
[164]

[165]
[166]

[167]
[168]
[169]

sl g

Transfection 5} #'d ExpiCHO A 3£ & 3x10¢cells/mLo] ¥ =5 A )
Hlj ok &FSd a1 vhS-d A R 7} 6x106 cells/mLo] = 200 mLe] %O 7 2o
M3 E 1] 85I TF OptiPRO SFM Wl 4] (Thermo Fisher Scientific, 12309050) 8
mLol| heavy chain¥} light chain®] transfection ratioE 1:12 3} % 300 ug2]
plasmid DNAE 41 31, T} & OptiPRO SFM W ] 7.4 mLol] ExpiFectamineCHO
transfection reagent (ThermoFisher, A29129) 0.64 mLE 22 A 23 = R & 2
24 o] vl 2] 58] 3 200 ml] ExpiCHO®N Y o] =31, shaking CO, incubator®l] 4]
37°C, 125 rpm, 8% CO,Z=71 0. & W %3} 31t} 204 7+ ¥ ExpiCHO Enhaner 1.2 mL,
ExpiCHO Feed 32 mL& F7F2 Yo F 32°C, 125 rpm, 5% CO,Z= 71 0.2

W F&har, 5U 3 #7124 0 2 ExpiCHO Feed 32 ml-S U] Wof 14 Al k3 &
%@%aaﬂMEwWA}wq

+&l s -2 HiTrap MabSelect SuRe column (GE healthcare, 11003495)<

A28 AKTA prime plusE ©]-8-3}9] affinity chromatography & <=3 5} 31 T},
oM 300 mLE ¥ 3mLe] 52 =251t} Elution buffer (100 mM citrate
buffer, 50 mM NaCl, 5% Sucrose, pH3.0)E w3 3 mLe| 52 5mLA 671 ¢
fraction©. 2 Elutiond} 31 2-4 fractions #| =3} %1 TF. 30K Amicon ultra centrifugal
filter (Millipore, UFC903024)E ©] &3] & &4 © = pH 7.42] 1xPBS buffer
(ThermoFisher, 10010031)% bufferE vl FHA 5Z8= Wi o2 A s
A A AatE @8-S SDS-PAGE®} SEC-HPLC YA & =3 5}
95%°17d =58 A& GRS (523 H 4).

=]
= 1l

A Al ¢ 2: Rituximab (IgG1)¥} Nivolumab (IgG4) ¥ ¢ 28 7] 2 A A Fe
W o] A 2] FeyRIMMa$t FcRn 238 &4

7}. Rituximab (IgG1) Fc ©] 5 ¥ o] A 2] FeyRIMla 288 &7

FcyRIIIa?} Rituximab variant®] 232 & 524 3F7] 913F], Biacore T200
“I 1] (GE healthcare, 28975001)E ©] 83} FcyRIIaE ligand = capture 3}©]
A%t SA4 S AT (2 5).

*FeyRIMMa2be] 232 =4 23} LALA, TL, LALATL, LALAPG ¥ o| A &2
KD #to] ALt A g5& A= Age o] dA 3] ZaH3dSS <l
SHAIRE LALA S| 7 -olli= A sk 32 B o, PG ¥o|7 #71E = ¢
LALAPG ¥ o] Aol A= Ao & o] YFEFA] eF gkt TL Wol Al 2] -9 A3t
elo] YEhL}A] @grom® ALAM |7} 371E =¥ LALATL
Hol Ao A= F7F4 9 Ajhe Ay #Es 5 ¢l (2 6).

nm}&r X
f{'m}&l-rl

o oo

L}, Rituximab (IgG1) Fe ©]| 5 ¥ o] A 2] FcRn 28 &34
FcRn3} Rituximab-Fe variant®] A 3te -2 =4 317] 9 35F4], Biacore T200
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[170]
[171]
[172]

[173]

[174]
[175]

[176]

[177]

[178]

[179]

Z}H](GE Healthcare, 28975001)& ©|-83} <] Rituximab-Fc variantE- ligand = CM5
chip (GE Healthcare, BR100012)°1| captured}te] 232 =42 ¥ 33t}
Endosome pH¢! pH 6.0 22710 4] A 32 2 =7 ¢+ A3}, Rituximab i B] o] 7]
& (YTE, LS, PFc29, PFRc41)9] A3 e o] /g i), Tdh, dr gt Houka-&
e 9= 9= X 58 218 7] 2} (effector function)-S & ©] = TL mutatantS
9818 ol 5 18] A5} ] mwate] AT o] 15 ek (5 7).

t}. Nivolumab (IgG4) Fc ©] 5 W o] A ¢] FeyRIIIa 2¢ 8 &4

FcyRIMTa2} Nivolumab (IgG4) Fe o] &= ¥ o] A o] A3+ A s17] ¥3}9],
Biacore T200 “¢H] & ©]-8-3} ] FcyRIlla% ligand = capturedte] A3He 548
s (12 8).

FeyRIa%le] 23 &7 23, 7| <& Nivolumab Mol A 52 YTES
A 2] 8314 FeyRIaol] o gk A7t o] o] =A% ol ol= & nelon
SPTL, SPLETLo] 5712 = ® Wo| A &2 KD gto] AatE A &S de=
At o] d A3 A LEW o] 7} 712 9] ¥l SPLETL W o] Aol A 1=
F7HAQI A A S HEE 5 I THE 9a E 529b). FeyRIlla$}2]
HAE YTEE A28l WT, LS, PFc29, PFc410 4 L e o, 258 o]
stol A KD #h& 543 7 $1UTH (& 90).

A A 3: Rituximab (IgG1) Fe ©] 5 W o| A 7H9] FA &4 A E54 (ADCC)
R BA Y EH A X EA (CDC)9 B4 2to] &<l
7} ADCC (Antibody-Dependent Cellular Mediated Cytotoxicity) Assay &2
Rituximab (IgG1) Fc ¥ ©] A] 9] original form ¥} LALAPG, TL &1 ¥ o] 7} F=7}¢
o] % Wol A ko] ADCC Hb-3-74d & Wl nl8l7] ¢ 8ko] CD20°] et 4 o=
18] 5] 3= Raji cel(ATCC, CCL-86)2 target cell 2 A1 A alo] 238 2 a5} o).
ADCC assay A ] =3 &< ol Raji cell-S 96 well white plate®l] Z}2}2] welloll
1.25x10#2] Al 3427} 50 7} 5 assay buffer?]] cell numberE 7| 53191 cells2
seedingslal, Al g &4 (original, LALAPG, TL)-€ assay bufferol] & i1-5 %=
ug/mL, 1/3 dilution, 10 point7} %] 55, cells©] seeding e 96 well white plate©]]
=] 2] 8} T}, Effector cell S N A A A 7] A 7 o] A= A =] A, Effector
cell¥} target cell 2] B]£o] 25:10] ¥ 5= 96 well white platecl] #] 2] 3 & CO,
incubator (37°C, 5 % CO, Z=71)o| A 64 {H& <t §E-3- A| ZATh A ko] 7 7=
plate E- 7] U] ©] EnSpire (Perkin Elmer) “¢H] & €83} o] Luminescence fold&
S4sto 2 A kS 733 Th =744 7 Rituximab (IgG1) original form-
ADCC HF-g-7d o] oF 50 fold o] 5} & 2215 = ¥FH, LALAPG & <1 % o] form(%=
10a)7 TL & W o] form+2 ADCC RE-g-AJ o] A3 gli= A= G ¥ AT (&=
10b).
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[180]
[181]

[182]

[183]

[184]
[185]

[186]
[187]

[188]

1}. CDC (Complement-Dependent Cytotoxicity) Assay 4]

Rituximab (IgG1) Fc ©| % ¥ o] 4| 9] original form¥} LALAPG, TL mutant2] CDC
WA & Bl askr] fate], CD20°] ?Fd 4] o & w9l ¥ 3= Raji cell 2 target cell &
A A&l Al R 38EH T}

CDC assay Al g =3 &< ol Raji cell (ATCC, CCL-86)< 96 well V-bottom plate
(Corning, 3894)°l] Z+7+ 2] welloll 1.2x1042] Al 527} & 0] 7} 55 assay buffer©]]
cell numberE A3+ cellsg seedingdlal, A g &2 (or1g1na1 LALAPG, TL)-&
assay buffer®ll #3115 % 1 ug/mL, 1/3 d11ut10n 10 points7} ¥ 55, cells©]
seeding¥! 96 well V-bottom plate (Corning, 3894)°l] =] &] s} =20l A 15+ &<t
HE-5-Al 71 T}, Complement (Quidel, A112)E- deepfreezeroll A 7 U o] A w2 7]
=0l A, 2.5%2] 8§ o] ¥ =5 96 well V-bottom plate®l] #| 2] 3}o] CO, incubator
(37°C, 5% CO,Z 71, Eppendorf, GALAXY 1708)0ll A 1A] 7F&¢F vk-2- A1 71 ¢}
AlZko] 74 7= H plate S 7 W] o] 300 g 536 <F centrifugation-g- 5~ 3] 31 /d5- <)
50 uL-S 3l A 22 96 well flat-bottom plate (Corning, 3635)°1l % Ul
Cytotox96 reagent (Promega, G1780) 50 uL& 2} wellel] %o ‘Zr.]_ 3075
HE-S- A 71 3 A gFo] 7 3% H stop reagent 50 uL S W o A HE-§-& FAA] 7] 41,
ELISA plate reader (Molecular Device, VersaMAX)"3H| & %"% 0}04 optical
densityat= A 3F3A T

=4 A 3} Rituximab (IgG1)2] Original form-> CDC HF-g-2d o] ¢F 50% ©]3}2]
cytotoxicity ® 2H1 == ¥FH, LALAPG & 1 ¥ 9| form(= 11a)¥} TL & ¥ 9]
form(% 11b) CDC Hh-g-7d o] A3 §li= A o= 2l s .

A A] ¢] 4: Nivolumab (IgG4) Fe¢ ©| 5 ¥ o] A ¢] pH -dependent 2] & hFcRn
4348 54

*hFcRnZ} Nivolumab-Fe double variants&] 2318 S =431 7] ¢35}, Biacore
T200 “¢H] & o] &3} t}. Anti-idiotype Ab capture method & A}-8-31¢] anti
Nivolumab antibody (BIORAD, HCA299)E 314 % Nivolumab- Fc duble variants&
ligandZ CMS5 chip®ll F 160 RU level 2 capturedto] 2 3= 54 -8 7238315t

A3E 542 hFcRnE analyte 2 1000 nM 5520l A 124 8] A&l & 6
points 2 4] 31.25 W #] 1000 nM -1-3tol| 4 %135} T}, Endosome pHS! pH 6.0
ZANA A7E S %7@ s ﬁﬂr Nivolumab thH] ¥ o] | 3& (LS, PFc29,
PFc4l)oll #5gh HArkg-& Vet = = A =58 28712} (effector
function)S % ©] = TL mutatantE % % §F Fc o] 5 o] A of| A 2] A gl= o]
=m0l vl s 2 A g T (5 12). & A marketol] A ¥ Xencor®] LS ©] %
ol A o] 73, thzarell thH] pH6.091 X FeRnho| A gzl gk o] 7H Fk o)
physical pHS! 7.40 A o] &t & aff 2] ghol 74 szl A& 4 2] 7} ¥ A kvt

5 13). B2 3o A Bary wlol]l k= o] ¥ A 3R] & A A A
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[189]
[190]

[191]

[192]

[193]
[194]

[195]

[196]

[197]

ghol| A o] RHk7] Zh a7t o S, = W o] A| pFe299) pFedlol] Bl 3l A A
L Aol dSHAT thxa o 4§ pH740 A o Z&4 &= 7H

21 4| endosome ] pH 6.0l A 2] A 3= o] |5 oFs]] o] gk A

7F AR g oS T 4 S

A Al o 5: Nivolumab (IgG4) Fc o] 5 o[ A 7t A o]E2 AL 54
(ADCC)®l A ¢] Effector Silencing &3 &2l

Nivolumab (IgG4) Fc F o] A &9 TL &AW o7} 718 o] F W o] A {19
ADCC(Antibody-Dependent Cellular Mediated Cytotoxicity) BF-8-/3 -5 H| nl &} 7]
#35lo] hPD-1-& #+& A 71 Raji cell (Raji-hPD-1 cell, Invivogen, raji-hpd1)<
target cell = M A she] 238 =& E) o).

ADCC assay A g 73] @< o] Raji-hPD-1 cell S 96 well white plate (Thermo
Fisher Scientific, 136101)°l] Z+2+2] welloll 1.25x1042] M| E 427} 507} 5 5 assay
bufferel] cell nurnber-g AlG31o] cells seedingslal, Al =2 (o] 5 Wol A &)
assay bufferell # 31-5% 1 ug/mL, 1/3 dilution, 10 p01nt7} ] X E, cells®©] seeding
96 well white plate Oﬂ =] &) 8 T}, Effector cell 2 N A 2 4 & 7)o A 71 o]
A= A =] A, Effector cell#} target cell®] H| 0] 25:10] ¥ %= 96 well white
plateol] = 2] &+ 3 CO, incubator (37°C, 5% CO, Z 7)ol A 64 5k vk-g At}
Al Zkol 74 3= plateE 7] W ©] EnSpire (Perkin Elmer) 8] & &-8-3}]
Luminescence fold= =4 g0 224 A3} 318 =389t} =42 7} Nivolumab
(IgG4)°ll =) ¥ ZF original form ¥ o] A & 2] ADCC HH-5-4-2 o]t =2 A9
a9 glao 2 SRI% AL, original form IgG4 (W o] A & E ol v w| 5}
HolE ADCC &35 TL B W o] =]lH o] % Wol A & elo] X ADCC
wh-3-/d o] £ 3] gloj A= Ao E GRIEATHE 14).

A Ao 6: Wtz 7] Z7 9} WG 2272 A A Nivolumab (IgG4) TL YA o] A o
)3+ hFeRn Tg 7}-$-2 ¢F5 3}

HL7E7] Z7F W o] 91 LS, PFc29, PRcd1 3} W ol 218 7] zho] A gju]= A o=
RHa15 o] 1= TL(T299L) &1 ¥ o]l & =8l A 21¥ 1gG4 7] HE Nivolumabe©l]
o 3le] 913k FcRn Tg 7H$-2= (Jackson Lab., JAX#004919)5 o] -&-&}o] & FHk77]
ak/\hg_ﬂr = H] 74 = o}oﬂ E}

Fc W ol A & ¥ g3k 45 2] Nivolumabol] th&l <13t FeRn Tg 7}-5-2= 24nk2](Z;
& 67 A 6mg/kgS LV (WA W2 F-ALS facial vein®ll A 7] A E k) &
(F 123] - 05,2,8,24,72hr (0, 1,4, 12, 72hr), 7, 14, 21, 28, 35, 42, 49 day)°ll A
Aol g oll-g o] 835Fe] ELISARE 5 544 3+ 3 Phoenix WinNonlin™ (Certara,
ver.8.1.0).2. = non-compartmental analysis (NCA) 2! A| &} 91T}, ELISA %412 31 &
T3l AEE 4F 9] oFE T HFE ARSI T (3E 3).

1 A3}, 1gG4 @A) 91 Nivolumabell = H &5 wh7k7] ¥ o] 4| (LS, pFc299}
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[198]

[199]
[200]
[201]

[202]

[203]

[204]
[205]

pFc41)ell TL (T299L) 57} &= o] & ¢ ¢k | o] 4| 5 XenCore 2| LS mutants 2]
A0 TL 227} Mol &3 ub7ky| 7} th 2 B o) o] 7H 4% o] Zol B9t}

o]= pH 7.4 (Z2§ 110l A o] sl 2]7F o & F WHol A B} Ao 4 o= ¥ %] &g
27h B0l E]lo] 02 oA Bebd Aol V]e1F Ao 2 RSt e,
pFc299} pFe41 - ¥ o] 2| = IgG4 backbone =Y Al TL F=7F ®l o] A =4 5lol| A
immune effector silencing & 75 =t &} A 7] 21 §H7H7] & obd A
AN S (3 3yt

[3£3]

Antibody* [ Antigen | Animals Half-Life® (days) AUC? Clearance®

per (d*ug/mL) (mL/d

Group /kg)
Mean | SD | Fold® (Mean | SD |Mean | SD
WT-TL | PD-1 6 7.4 1.8 1.0 |506.7 |132.1 [12.24 | 3.36
LS-TL | PD-1 6 6.53 | 2.8 | 0.88 [418.2 | 947 |14.64 | 3.6
pF29-TL | PD-1 6 106 | 7.5 1.4 |552.3 [212.2 [11.52 | 2.88
pF41-TL | PD-1 6 8.7 1.8 1.2 |513.5 |141.8 [12.24 | 3.36

hFcRn Tg 7}-$-22 & ©]-8 % Nivolumab Fc & <1 ¥ o] H] 2] PK ¥4

“The Fc region of anti-PD1 Ab (Nivolumab) for the Fc engineered version. Dose
level and route : single i.v.infusion at 6 mg/kg.

PHalf-life, area under the curve (AUC), and clearance were computed for individual
animals using noncompartment methods and are reported as the mean and standard
deviation (SD).

°Fold half-life=half-life (double variant in Nivo) / half-life (Nivo-single variant
(IgG4+TL))
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AT

[ -3 1] G A Fe ®ol A& E3al= o] eto]| =2 A, 7] Fe W ol A=
oFA) & (wild type) A| Fe L=w| Q1o 4] 7k EU W ¥ & A] 2~ ¥l (Kabat EU
numbering system)°l] WhE S$228, L.234, .235, T299 ¥ P329=% -4 ¥l
oo BB AR = 1 ol Ake] Al A of | Al x| $HE g,
ok 8 A Fe v <13} H] 1l 8}o] FeyRIMaol thét A2 o] ZHAd Z1 &
5% 0= 3=, e Etol =

773 2] Al 13kl 2hof A, 7] Fe ®l ol A= oFA & 814 Fe L 17 H] st
ADCC (Antibody-Dependent Cellular Mediated Cytotoxicity)7F 74 ¥ A&
Exog O}L Z g Eglol =

[ -3} 3] Al 138l Lo A, AF7] Fe ® o] A= ok 3 A Fe w913 v aLsho
CDC (Complement-Dependent Cytotoxicity)7F 7FA ¥ A& &7 O & 3=,
Ze el =

773 4] Al 1 8ol Qo A, A7) Fe Wol A= of A E 3} A Fe Zn| Q1o A 748F EU
W8 A 28] w2 §228P, L234A, L235A, L235E, T299L 2 P329G =
TAE O R2HE A= 1 o] opv] 4k X8-S E3teheE AlE
5% 0= 3=, e Etol =

77~ 5] Al 4 8ol Qo A, A7) Fe Wol A= of A& 3} A Fe Zm| Q1o Al 748 EU
W A 2" W 517] 9 ofu| Al X 8hs Edteh= sle B0
sh=, EY] ol =
(i) L234A 2 L235A;
(i) L234A, L235A 2 P329G;
(iii) T299L;
(iv) L234A, L235A 2 T299L;
(v) $228P 2 1.235E;
(vi) $228P, L235E % T299L; FE3=
(v) S228P 2 T299L.

73 6] Al 1 8ol Qo A, A7) Fe Wol A= of A E 3} A Fe Zn| Q1o A 748F EU
Wul g Al 2l w2 M252, $254, T256, 1309, Q311, M428 X N434 %
TAE PO RFE AN = 1 o] YoM ofu| Ak X gk SR
F3hete= Al SR 0 E St el =

[ +3 7] A 6 8ol 9o A, A7) F=71A ¢l oju] AL i] 3+-S M252Y, S254T, T256E,
L309G, Q311R, M428L 2 N434SE T-AH Lo 21 E Aelyi= R4S
E;ﬂ ) ?._ 3}1:_ i‘j/] rﬂ]E]_o] =

7% 8] Al 7 8ol oA, A7l F7EA QL ol 4k

x| gH-& SL‘—?} 3l= AL EA o7 s, Z8 e

(i) M252Y, S254T 2 T256E;
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4% 9]

[7d-7-8F 10]

[7d -8 11]

[7d -8} 12]
[7d -8 13]

[7d -8} 14]
[7d7-8F 15]
[7d7-8 16]
[7d -8} 17]
[7d7-8F 18]

[7d7-8F 19]

[7d -8} 20]

[7d7-8F 21]

[7d -8} 22]

(778} 23]

(ii) M428L 2 N434S;
(iii) Q311R @ M428L; HE=
(iv) L309G 2 M428L.

Al 8 goll AAof A, 371 Fe ol A= oA 84| Fe k2w <134 1] Lsto
7] (Half-life)7F 571 A1S 53 22 3=, 2| flEtol =
Al 1 8ol AofA, 7] FH A= IgG F AR Ae 5 0= =

e eto] =
ﬂ06“1“ﬁﬁ/w7gGﬂﬂ 1eG1 B 1pG4 3791 A&
Ex o g 3l Za|HElo| =

A1 o] Felqeto] =8 st

A 1290 944 37 Bl el Al w2 A,
=) e} 5.

Qe A e 590w ok A

A 1o Ee A B E Y s S

A 149 WAHEAS E s N8,

A 15 @l v & matel s SRAR,

A 13l Felgietol =, 4] el ebol =8 IR stz AR B
47 SRS Eohehiz WE S Tobehiz opA oty 2

A 17 ol 911 A, 7] AT 2 YL GBS FAHH O FHE
A% 5H 02 bz, AR 2y

A 18 3ol oI, 37] FA S 2L Fe wrl91e] o] el

TA TS &

7] & (effector function) A8 A& 573 o

A 19 el ol 7] FAlsHA A2

Exog o}__ ok a4 A&

Sh716] WA S Fabehs o4 Fe wul 213} ] i sho] o] g
|5

5 (effector function)©] A% Fc ol 2| & E3lsl= &2 Elo]| =9

1 3 2
b) A7) 54 E) e el R e Helo| =& 3425 ¢
719 @A & L& ofA E 3 vl aste] o] HE 7] F(effector
W

@ﬂ 3ﬂ%ﬂ%ﬂﬂ5
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22 skt (subject) o Al T8k DA E 3k, o E
715 (effector function)©] 7+AH Fc W o] A o] A EHY,
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Peak Retention time Peak area % Area

Nivolumab_SPLE 7.188 1298899 98.90

Nivolumab_LS_SPLE 7.187 1263869 97.60

Nivolumab_pFcd1_SPTL 7.283 645775 99.21
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. Kon Koe Kp Fold
Variant Name (1/nM*s) (1ls) (nM) Ko
Nivo (WT)-TL 0.0000024 0.011 4,583 1.0

Nivo-LS-TL 0.000728 0.160 206 22
Nivo-pFc29-TL 0.000759 0.399 525 8.7
Nivo-pFc41-TL | 0.000694 0.446 642 7.1
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