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D2E7(Adalimumab, HUMIRA) V, (SEQ ID NO:2)

EVAQLVESGGGLVQPGRSLRLSCAASGFTFDDYAMHWVRQAPGKGLEWVSAITWNSGHIDYADSVEGR
FTISRDNAKNSLYLQMNSLRAEDTAVYYCAKVSYLSTASSLDYWGQGTLVTVSS

D2E7 (Adalimumab, HUMIRA) V, (SEQ ID NO:4)

DIQMTQSPSSLSASVGDRVTITCRASQGIRNYLAWYQQKPGKAPKLLIYAASTLQSGVPSRFSGSGSGT
DFTLTISSLQPEDVATYYCQRYNRAPYTFGQGTKVEIK

FIG. 1A
Antibody Chain | CDR No. Sequence SEQ ID NO.
Heavy 1 DYAMH 5
Heavy 2 AITWNSGHIDYADSVEG 6
Heavy 3 VSYLSTASSLDY 7
Light 1 RASQGIRNYLA 8
Light 2 AASTLQS 9
Light 3 QRYNRAPYT 10

FIG. 1B
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WT amino
position | kabat acid beneficial mutations in V,_
L1-1 24 R
L1-2 25 A
L1-3 26 S
L1-4 27 Q
L1-5 28 G Fa 12 VP wWPe y#®
L1-6 29 |
L1-7 30 R |20 Tabe \sabe
L1'8 31 N Aabc, Dac, Eac, Gabc, Labc, Mabc, Qabc, Rabc, -I-abc
L1-9 32 Y
L1-10 33 L
L1-11 34 A
L2-1 50 A e e Vi
L2-2 51 A
L2-3 52 S
L2-4 53 T D"
L2-5 54 L
L2-6 55 Q
L2-7 56 S
L3-1 89 Q
L3-2 90 R G?
L3-3 91 Y
L3-4 92 N F2P¢ M2, W Y©
L3-5 93 R L3, N3, W2 Y2
L3-6 94 A
L3-7 95 P
L3-8 96 Y
L3-9 97 T Y©

FIG. 2
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WT amino
position | kabat acid beneficial mutations in Vy
H1-1 31 D s¢
H1-2 32 Y AY c? K9 M RY s9 VO
H1-3 33 A
H1-4 34 M
H1-5 35 H c’, D% EY, 84 T1°
H2-1 50 A
H2-2 51 |
H2-3 52 T AY GY N
H2-4 52a W A FY HY, LY M Ve
H2-5 53 N G®
H2-6 54 S De, L®
H2-7 55 G
H2-8 56 H
H2-9 57 | Ke'
H2-10 58 D LY
Aef, Cef, Eef, Fef, Gef, Hef, Ief, Kef, Lef, Me, Nef,
H2-11 59 Y Q®, R, ¥ v& we
H2-12 60 A \%
H2-13 61 D N’
H2-14 62 S
H2-15 63 % DY, L', M*, Q°, T
H2-16 64 E F*' He, K&, R, T, w¥
Aef, Cef, Eef, He, Ief, Kef, Lef, Mef, Nef, Pef, Qef,
H2-17 65 G Ref, Sef, -I-ef, Yef

FIG. 3A
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WT amino
position | kabat acid beneficial mutations in Vy
H3-1 95 V G¢ RY, W
H3-2 96 S
H3-3 97 Y
H3-4 98 L T, V¢
H3-5 99 S
H3-6 100 T Ve
H3-7 100a A
H3-8 100b S
H3-9 100c S K9, we, ye
H3-10 | 100d L
H3-11 101 D Ve
H3-12 102 Y

FIG. 3B
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titration of human TNFa on cell
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anti-idiotype binding to cell-surface expressed
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WT- TNF-a-
AA WT | AA Mutant | CDR position 1H11 ER ER
D GAC | D GAT CDR-H1 1 0.29 1.47
A GCC | A GCG CDR-H1 3 0.06 1.64
A GCC | A GCT CDR-H1 3 0.4 1.33
H CAC | H CAT CDR-H1 5 0.14 1.46
A GCG | A GCT CDR-H2 1 0.3 1.08
| ATC || ATT CDR-H2 2 0.08 1.23
T ACG | T ACT CDR-H2 3 0.44 1.36
N AAC | N AAT CDR-H2 5 0.27 1.63
G GGC | G GGG CDR-H2 7 0.16 1.46
G GGC | G GGT CDR-H2 7 0.07 1.27
H CAC | H CAT CDR-H2 8 0.19 1.38
| ATA || ATT CDR-H2 9 0.01 1.85
A GCA | A GCT CDR-H2 12 0.02 1.47
A GCA | A GCG CDR-H2 12 0.02 1.11
S AGC [ S TCT CDR-H2 14 0.01 1.57
S AGC [ S TCG CDR-H2 14 0 1.58
S AGC [ S AGT CDR-H2 14 0.07 1.14
V GTG |V GTT CDR-H2 15 0.04 1.52
E GAA | E GAG CDR-H2 16 0.13 1.72
G GGA | G GGT CDR-H2 17 0.02 1.29
G GGA | G GGG CDR-H2 17 0.02 1.44
S AGC [ S AGT CDR-H3 2 0.12 1.27
L CTC | L CTT CDR-H3 4 0.07 1.43
L CTC | L TG CDR-H3 4 0.02 1.43
L CTC [ L CTG CDR-H3 4 0.02 1.50
S TCA [ S TCG CDR-H3 5 0.2 1.45
S TCA [ S TCT CDR-H3 5 0.01 1.40
S TCA [ S AGT CDR-H3 5 0.04 1.39
T ACA | T ACT CDR-H3 6 0.08 1.14
A GCT | A GCG CDR-H3 7 0.27 1.22
S TCC [ S AGT CDR-H3 8 0 1.53
S TCC [ S TCG CDR-H3 8 0.02 1.53
S TCC [ S TCT CDR-H3 8 0.46 0.92
S AGC [ S TCG CDR-H3 9 0 1.63
S AGC [ S AGT CDR-H3 9 0.14 1.19
L CTA | L TG CDR-H3 10 0 1.34
Y TAC | Y TAT CDR-H3 12 0.34 1.34
1H11 TNF-a | Neutral binding
to TNF-a
average 0.12 1.40 1.21-1.59
SD 0.13 0.19

FIG. 9
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1 2 3 4 5 6 7 8
VL VL VL VL VH VH VH VH
CDR1-1 CDR1-9 CDR2-6 CDR3-7 CDR2-1 CDR2-9 CDR2-17 CDR3-8
R24 Y32 Q55 P95 A50 157 G65 $100b
VL VL VL VL VH VH VH VH
CDR1-2 CDR1-10 CDR2-7 CDR3-8 CDR2-2 CDR2-10 CDR3-1 CDR3-9
A25 L33 S$56 Y96 151 D58 V95 $100¢c
VL VL VL VL VH VH VH VH
CDR1-3 CDR1-11 CDR3-1 CDR3-9 CDR2-3 CDR2-11 CDR3-2 CDR3-10
S26 A34 Q89 T97 T52 Y59 S96 L100d
VL VL VL VH VH VH VH VH
CDR1-4 CDR2-1 CDR3-2 CDR1-1 CDR2-4 CDR2-12 CDR3-3 CDR3-11
Q27 A50 R90 D31 W52a A60 Y97 D101
VL VL VL VH VH VH VH VH
CDR1-5 CDR2-2 CDR3-3 CDR1-2 CDR2-5 CDR2-13 CDR3-4 CDR3-12
G28 A51 Y91 Y32 N53 D61 L98 Y102
VL VL VL VH VH VH VH
CDR1-6 CDR2-3 CDR3-4 CDR1-3 CDR2-6 CDR2-14 CDR3-5
129 $52 N92 A33 S54 $62 S99
VL VL VL VH VH VH VH
CDR1-7 CDR2-4 CDR3-5 CDR1-4 CDR2-7 CDR2-15 CDR3-6
R30 T53 R93 M34 G55 V63 T100
VL VL VL VH VH VH VH
CDR1-8 CDR2-5 CDR3-6 CDR1-5 CDR2-8 CDR2-16 CDR3-7
N31 L54 A9%4 H35 H56 E64 A100a

FIG. 10




WO 2014/047222 PCT/US2013/060480

13/25

- AR, PR ¢

TR RYIIL |

Y R, Dty

caneaskilieny
RN e

ottt Lot

TR AN AR AR

il ey

e o oo QBTN
B g ST "i.'d'l‘!ﬁ?‘y AAAAA

e
[ NN, SO

ind N
A eI \MWV::N\AE‘ (R, S RIRRE A A N KA
o PR NS Y I R xRty | T DI R A :

WT
controls

Y

RO

e IR e BT e I LA
O RO hOA. IR N0 e !
| :
3 b3 H
2 A%
a
o K e o e e e AR e

FIG. 11



WO 2014/047222 PCT/US2013/060480

14/25

> VH

SN KRR

SR

(AR SRR

SROTINN Y
H

et o o il Lo L L ailow

D e

LR TR e |

{ TS Tare )
|

N

%

b} b2
1 3 PR
o Pty




WO 2014/047222 PCT/US2013/060480

15/25

FIG. 13A-D
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FIG. 14A-D
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Avg 1H11 ER in
AA CDR position 1H11 ER position TNFa-ER
A CDR-H1 2 5.22 5.69 1.37
A CDR-H1 2 6.21 5.69 1.32
C CDR-H1 2 11.17 5.69 1.22

CDR-H1

0.03

5.69

1.32

CDR-H1

4.37

5.69

Z=Z

CDR-H1

8.40

5.69

R CDR-H1 2 8.02 5.69 1.65
R CDR-H1 2 6.88 5.69 1.46
R CDR-H1 2 10.28 5.69 1.45
S CDR-H1 2 7.32 5.69 1.65
S CDR-H1 2 9.20 5.69 1.44
S CDR-H1 2 6.28 5.69 1.28
V CDR-H1 2 9.34 5.69 1.41
V CDR-H1 2 6.44 5.69 1.28

WT binding to TNFa: 1.21 —1.60
WT binding to 1H11: 0.00 —0.25

FIG. 16



1H11: Avg ER by position
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10F8: avg ER by position
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Variant Notation 37440 23709 90814 84111 Average | SD

WT WT 1.67 -1.16 0.00 -0.44 0.02 1.20
VL-SS VL-SS -2.90 3.79 0.35 -0.33 0.23 2.76
VL R30T VL4 8.44 26.36 18.92 11.19 16.23 8.08
VH Y591 + VL-S§S VH16-8S 0.13 1.60 -0.66 -0.46 0.15 1.02
VH Y59R + VL-§S | VH20-§S -1.23 2.82 -1.08 1.24 0.44 1.95
VH V63D + VL-§S | VH24-§S -0.77 -0.37 -0.69 -0.54 -0.59 0.18
VL G28F VL1 3.15 15.50 0.69 0.22 4.89 7.19
VL G28V VL2 -5.29 10.13 -0.71 -0.07 1.01 6.51

VL G28Y VL3 -1.46 8.33 -0.16 0.00 1.68 4.48
VL N31D VL5 -0.46 13.13 0.56 1.32 3.64 6.37
VL N31L VL6 3.77 10.88 1.19 1.68 4.38 4.48
VL N31T VL7 3.43 8.70 1.04 0.88 3.51 3.65
VL AS0T VL9 1.77 15.45 0.01 -0.19 4.26 7.51

VL T53D VL10 0.00 3.77 -1.25 -0.50 0.51 2.24
VL N92F VL11 5.96 24.50 4.50 4.41 9.85 9.80
VL N92Y VL12 7.62 22.66 6.17 6.19 10.66 8.03
VL R93L VL13 2.14 17.92 1.19 1.92 5.79 8.09
VL R93N VL14 1.79 15.93 1.22 1.48 510 7.22
VH D31S + VL-SS | VH1-SS 3.20 25.37 2.20 1.63 8.10 11.53
VH Y32A +VL-SS | VH2-SS 8.88 31.91 4.01 2.69 11.87 13.62
VH Y32R + VL-SS | VH3-SS 11.81 52.68 5.85 3.80 18.54 | 23.02
VH Y328 + VL-SS | VH4-SS 7.34 25.95 4.08 2.21 9.90 10.91
VH H35E + VL-SS | VH6-SS 0.99 20.58 0.07 0.23 5.47 10.08
VH H35T + VL-SS | VH7-SS 14.67 33.27 2.20 10.15 15.07 13.18
VH T52A + VL-SS§ | VH8-SS -1.98 18.61 0.64 0.86 4.53 9.48
VH T52G + VL-SS | VH9-SS 2.32 24.96 1.61 1.36 7.56 11.60
VH 157K + VL-§S VH10-§S -2.69 8.43 -1.23 -0.42 1.02 5.03
VH Y59A + VL-SS | VH12-§S -2.32 4.80 -1.31 -1.09 0.02 3.23
VH Y59C + VL-§S | VH13-§S -4.39 4.37 -1.01 -0.49 -0.38 3.61

VH Y59F + VL-SS§ | VH14-§S -1.51 7.70 -0.01 -0.23 1.49 4.19
VH Y59H + VL-§S | VH15-§S -0.38 6.28 -0.49 -0.04 1.34 3.30
VHY59L + VL-SS | VH18-§S -0.74 5.37 -1.39 -0.48 0.69 3.14
VH Y59M + VL-§S | VH19-§S 0.58 2.92 -1.25 -0.53 0.43 1.82
VH Y59S + VL-SS | VH21-§S -2.89 6.58 -1.41 -1.08 0.30 4.26
VH Y59V + VL-§S | VH22-§S -1.52 4.05 -1.24 0.20 0.37 2.56
VH Y59W + VL-SS | VH23-§S -1.16 8.76 1.03 -0.24 210 4.53
VHV63L + VL-SS | VH25-§S -0.41 7.1 -0.45 -0.10 1.54 3.72
VH G65A + VL-SS | VH26-§S -2.74 6.44 -1.32 -0.31 0.52 4.07
VH G65E + VL-SS | VH27-§S -2.55 8.87 -0.38 -0.46 1.37 5.10
VH G65L + VL-SS | VH28-§S -2.94 1.80 -1.25 -1.10 -0.88 1.97
VH G65M + VL-SS | VH29-§S -2.30 3.73 -0.30 -1.12 0.00 2.62
VH G65Q + VL-SS | VH30-SS -1.54 5.57 1.01 -0.46 1.14 3.13
VH G65R + VL-§S | VH31-§S 3.27 7.88 -0.47 -0.14 2.63 3.88

Fig. 20A
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Variant Notation 37440 23709 90814 84111 Average | SD

VH G65S + VL-SS | VH32-SS -1.77 5.59 -1.30 -0.46 0.51 3.43
VH V95R + VL-§S | VH33-§S -1.47 9.95 -0.32 0.35 213 5.27
VH V95W + VL-SS | VH34-§S 26.86 59.72 63.70 37.73 47.00 17.63
VH L98T + VL-SS VH35-§S 22.01 43.07 13.08 8.65 21.70 15.29
VH L98V + VL-SS | VH36-5§S 9.75 45.57 6.23 3.32 16.22 19.75
VH T100V + VL-SS | VH37-§S 4711 61.75 60.87 42.04 52.94 9.89
VH D101V + VL-8S | VH38-§S 0.93 13.57 -0.32 0.55 3.68 6.61

VH Y32K + VL-SS | VH39-§S 13.28 35.32 6.92 4.34 14.97 14.08
VH Y32V +VL-SS | VH40-§S 7.07 19.62 217 1.36 7.56 8.43
VH H35C + VL-SS | VH41-§8S 2.04 24.36 0.94 0.77 7.03 11.57
VH H35S + VL-§S | VH42-§S 3.09 30.19 4.08 1.16 9.63 13.76
VH V995G + VL-SS | VH43-§S 29.10 53.62 18.01 13.00 28.43 18.09
G28I 5.05 15.84 -0.10 6.93 8.14
G28W 3.54 14.89 -0.05 6.13 7.80
R30I 18.99 44.28 8.46 23.91 18.41
R30V 19.04 40.09 10.16 23.10 15.37
N31E 10.69 29.20 3.37 14.42 13.31
N31G 6.16 19.35 1.03 8.85 9.45
V31R 5.80 13.38 0.78 6.65 6.35
A50V 2.15 15.98 -0.01 6.04 8.68
RI3W 6.25 28.88 2.34 12.49 14.33
VH-Y32K 36.31 24.20 30.26 8.56
VH-Y32V 21.20 13.50 17.35 5.44
VH-H35C 12.70 19.40 16.05 4.74
VH-H35S 13.99 22.56 18.28 6.06
VH-V95G 34.70 38.58 36.64 2.75
DP10 99.82 84.18 95.33 71.54 87.72 12.63

Fig. 20B
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fold

VH VL ADADb bridging affinity affinity pM
WT WT 5 100 83 +/-10
WT SS 0.4 82 150
Y32K/T100V SS 28 142 61
Y32K/V95G/T100V | SS 24 122 71
Y32K SS/R30T 45 55 130
Y32K SS/R30I 48 50 149
V95G/T100V SS 15 25 335
Y32M SS 0 21 411
VI5W R30I 95 23 379
VI5W R30T 97 0 >10,000

FIG. 22




