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1. Introduction

1.1. Background: Why Multi-dimensional CQA Assessment Matters
CHEESM(mADbs), 2H-2fE EEH(ADCs), OIS SHM & XM &A 24E2 Fofdt B2 50|
o2 ¢y I X|2o| YN R X2 FIULL SHX/BH 0

HIO|RSF@EA, 819 = 3, A S)0 mat 22 7|S0| DMt Betots S8 A

SHle Thadt 318 B 0%

Of 4 & XHBiomacromolecule)O|Ct.

o =
Ct. O|F 2t43 OI3H 71 floi M= A7t X1I'-H01I*1 THSE 47HK] Y At O o HiE
otsfiOf

@ T*=H H¥E U MEZefA MH (Structural Identity & Subclass Profiling)
o HILsiokF st=7F2: EXl= Heavy chainil Light chainO| ClEIE Ay ol
Ch. £3] ADCHE = (Payload)2 /ML Z 20l 382 AKX &M =7t &AL H
dE fIHo| Ack

ot S8: gH 179 Fc FX(Heavy chain)@t Light chain(k E& A type)0| FAZ
of A=A, He 38 =0 = WCH7t BIHX|X| @RUA=XIE 'Fingerprint' HEHZ §*| ZIEHSEo| 2|

@ BN A% 593 (Target Binding Kinetics)
ol @7tslof st=712: X e =X OlfF= YM=ZL Aot 5N CHEE . HER2)O| HESHAH 2T
St M= E XpEHSHE ZAO|CH

A

—

SH: thedl "2ty 20 80, L0t WEA 21(k,), S0t HS| B X=X
s

Kp)E FH=sI0] Ao MA| K2 Zs(Efficacy)= HF OF3sH7| 0]

~

® FcRn Z% Y 24E3 0= (Pharmacokinetics / Endosomal Recycling)

ol E7tsl ok fE7|'?: Udh CHEHAS MZ W2 SO07tH =& (Endosome)l| A4 S (pH 6.0)

. SHX|BF &M= FcRn =8M|Qt Agsto mu|E|X| QFn CHAl M Z=
S (pH 7.4 KM)C>§ TEE0 Moz FOpZiCt

ot 55 M7t tHd(pH 6.0)M M= FcRnOfl Z3HA 21, Sd(pH 7.4)0M= 23] BOX|=

'pH 29X HAHLISE MOUE ZFJA=X 2QIst0f, ot £ F7|8 283 = MU €5 grd

7|(Half-life)& Ol F5t7| f/=0|LCt.

@ MY o5 Z=2atA> (Effector Functions via FcyR Panel)

o HIIsHoF Bt=Tt2: SN BEHO| 25 A QO|E, Fc S92 S ML HAME(NK cell,
Macrophage) 9| Fcy T8 (FyR)E X=53t0] AMZE ZF AFZAIZICHADCC/ADCP %8).
st BHREe| SN Ch M (Polymorphism, Of: CD16a V158 vs. F158)0f 2} &7 A Zatxl
Cf,



W7t BH: 630| FoyR S8K WL Chet 2B NS HfS0], AT AX BX KL
N BMGMEE Yoit 28Hoz S¢
7| figolct,

(RX8 U B o4 KO)S AH S0}

1.2. Methodological Synergy: Classic SPR vs. Multi-array SPR
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1.2.1. The Enduring Charm & Value of Classic SPR
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1.3. Solution & Study Purpose: The iMSPR-PleX Workflow
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2. Materials and Methods

2.1. Reagents and Antibodies

e Model Antibody: Trastuzumab (Herceptin®)2 22 THZ ALESIRA2H, 50 nM ~ 5 uM
Heol s 2 FH|K[QUALCE.

e Target Antigen: Recombinant Human HER2/ErbB2 Protein (ACROBiosystems)2 Single
Cycle Kinetics (SCK) &440f 2-&3tRACt.

e Receptors: Protein A, G, L, Human FcRn/Beta-2-microglobulin heterodimer, Human Serum
Albumin (HSA), ¥ 6% 2| Recombinant Human FcyR Panel—CD16a (V158/F158), CD16b,
CD32a (H131/R131), CD32b—%& AHSSIRULY.

e Running Buffers: Standard SPR Running Buffer (HBST+ pH 7.4) & Low pH Endosomal
Buffer (HBST+ pH 6.0).

2.2. Instrumentation and Sensor Chips

d
2 Ao BE MSXE EML2 jcluebiol iIMSPR-PleX systems Z&38I0] 3| ALt

e Maximultix-ATD ProAGL: Protein A, Protein G, Protein L Array (Structural Identity &
Target Kinetics)

e Maximultix-ATD FcRn: Human FcRn, Human Serum Albumin (HSA) Array (Endosomal
Recycling & PK Prediction)

e Maximultix-ATD FcR23: CD16a (V/F), CD16b, CD32a (H/R), CD32b, HSA Array (Effector
Functions Panel ADCC/ADCP)

2.3. Data Processing and Kinetic Analysis

+5& 2E SPR MM HO|HE icluebio PlexOS Analysis SoftwareS AME3H0] 2AE|ALCH
Double Reference &4 S X8R} 2 M, Target Kinetics HIO|E{ £ 1:1 Langmuir binding model 2,

FcRn S FeyR Z% OIO|E{ & Steady-state affinity model2 Sl Kp 22 =&AL



3. Results and Discussion

3.1. High-Throughput Structural Identity Assessment and Subclass Profiling via ProAGL Multi-array
Sensor Chip

Protein A, Protein G, Protein LO| C}&S O{O|2 AN IHE Y= Maximultix-ATD ProAGL AIA{ & 1t
iIMSPR-PleX A|AEZ ZAgsto], T 132 FQ(Single Injection, 10&2)H 22 FHH| 2] Heavy/Light

=+ T
chain ¢l §d % F=H AFEE ME5=s HAE=2RE YBSIALL

Table 1. Quantitative Binding Parameters (Rn., and Kp) and Relative Ratios across 11 Antibodlies

Sample / Run | PA Rnax PA Ko (M) | PG Riax | PG Ko (M) PL Rmax  PL Kb (M) PG/PA (%) PL/PA (%) Subclass

Pembrolizumab 743 1.3x10° 651 6.2x107° 69 14x10%  87.6% 9.3% Low k
Avelumab 1133 3.5x10"2 798 8.0x10° 7 — 70.4% 0.6% A-type
Nivolumab 1121 1.3x107° 734 1.1x107° 121 1.3x10®%  65.5% 10.8% Low k
Bevacizumab 804 8.8x10" 667 5.6x1010 342 14x10°  82.9% 42.5% High k
Trastuzumab 977 3.7x10'2 666 4.2x10° 449 4.2x10'° 68.2% 46.0% High k
Enhertu 1337 2.1x10"° 844 1.0x10° 633 6.4x10"° 63.1% 47.3% High k (ADC)
Enhertu Similar 1231 3.7x102 782 8.2x10° 582 4.2x10'° 63.5% 47.3% High k (ADC)
Rituximab 958 47x100 786 1.1x10° 97 14x10%  82.0% 10.1% Low k
Tesidolumab 522 39%x10712 439 1.1x10% |5 — 84.1% 1.0% A-type

hlgG 623 3.8x10"? 514 1.5x100 157 6.7x10°  82.5% 25.2% Polyclonal
Bedinvetmab 661 3.8x1012 281 6.9x10° 5 — 42.5% 0.8% Canine (A)

PA: ProteinA, PG: ProteinG, PL: ProteinL
3.1.1. High-Precision Structural Bioequivalence: Trastuzumab vs. Enhertu vs. Enhertu Similar

Trastuzumab(@ & CtHE23HA)), Enhertu(Trastuzumab EX ADC 22|X|E), 12|11 Enhertu
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Conjugation) 378 0|20 = &X 112 Fc X Light chain X FXR7t 2AH5IH 2EEHS HE
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e Light Chain (k-type) &Ml #+Z= 4&7d: Trastuzumab, Enhertu, Enhertu Similar 25
Protein L 2% HIS0| ZtZt 46.0%, 47.3%, 47.3%= =93] Holdt XM LX| YV <
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Figure 1. Relative Binding Fingerprints across 11 Therapeutic Antibodies. Protein A normalized relative binding



ratios (PA = 100) on Protein G and Protein L arrays of the Maximultix-ATD ProAGL chip.

3.2. Target Binding Kinetics Analysis via In-chip Triplicate Single Cycle Kinetics (ProAGL Chip)

3.2.1. Antibody Capture Standardization & Baseline Drift Observation

HER2 HA1tQ| Kinetics =42 +&3t7| &, Maximultix-ATD ProAGL MME BEHHO| 2 X
50nM Trastuzumaba F5t0 17 2}5tRALCE,
Quantitative Capture Level: 3702| =& & 0{2[0] AZH0|M ==El Trastuzumab Capture 42 =

T 487.1 + 34.0 RU (Spot 1: 505.8 RU, Spot 8: 507.6 RU, Spot 11: 447.8 RU)Z O #3st1
=2 MALdE LIEHRICE

O| O|M|3t dissociation drift A&0| A|ZtHC 2 Hots| 2
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Figure 2. Real-time Sensorgram of Trastuzumab Capture and Dissociation Drift on ProA Array. Real-time
sensorgrams overlay across In-chip triplicate spots (Spot 1, Spot 8 Spot 11), showing highly reproducible
capture levels (mean 487.1 + 34.0 RU) and slight dissociation baseline drift prior to HER2 antigen injection.

Table 2ZA. Antibody Capture Levels (Immobilization) across In-Chip Triplicate Spots

Baseline (RU) Dissociation (RU) Immobilization Level (RU)

Spot 1 1.1 506.9 505.8
Spot 8 0.8 5084 507.6
Spot 11 0.9 448.7 4478

Mean + SD (n=3) — — 487.1 £ 34.0



Note: Baseline window = 1.4 ~ 3.9 s, Dissociation window = 161.3 ~ 164.7 s.
3.2.2. Quantitative Target Kinetic Parameters (HER2 SCK)

TrastuzumabO| ¢HEst =FC =
Cycle Kinetics (SCK) 7|2 A
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¢ k, (Association Rate): (5.7 + 3.4) x 10* M's""

e ky (Dissociation Rate): (5.2 + 0.99) x 104 s

e Kp (Equilibrium Affinity): (1.2 £ 0.70) x 108 M (12 £ 7.0 nM)
¢ Rya: 51 £5RU

e Fitting Quality: 1:1 Langmuir binding model & Z1t & AZO|A x2 = 0.01 RU2S|
=4 X HMeghdg LIEHSC
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Figure 3. HERZ2 Single Cycle Kinetics (SCK) Sensorgrams and 1:1 Langmuir Fitting. In-chip triplicate SCK
sensorgrams (red lines) and corresponding 1:1 Langmuir kinetic model fittings (black lines) for HER2 antigen

binding onto captured Trastuzumab surface.

Table 2B. Kinetic Parameters (k; ku Kp Rma) for Trastuzumab-HERZ Interaction (In-Chip Triplicate SCK)



X2 (RU?)

Spot 1 9.6 x 104 4.1 x 104 43 x 10° 48 0.01

Spot 8 3.1 x 104 5.6 x 10+ 1.8 x 108 57 0.01
Spot 11 45 x 10* 6.0 x 10 1.3 x 108 48 0.01
Mean * SD (n=3) (5.7 = 3.4)x104 (5.2 £ 0.99)x104 (1.2 £ 0.70)x10°8 51 +5 0.01 + 0.00

3.2.3. Methodological Discussion: ProA Capture Baseline Drift & Industry Benchmarks

+5E HER2 Kp 24((1.2 £ 0.7) x 108 M)O| M 117 (Amine coupling) HAIQ| EHHX((10° ~ 10710
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3.3. Assessment of pH-Dependent FcRn Binding and Pharmacokinetic (PK) Prediction via
Maximultix-ATD FcRn Chip

Maximultix-ATD FcRn MAMES 283510 A=E S pH6.0) X T4 EH SH(pH 74) =AY
a

M Trastuzumab®| FcRn 28 XSE=E In-chip 38H=(FcRn 1, 2, 3)2 2 FY LIt Lt
3.3.1. Acidic Binding (pH 6.0) vs. Physiological Release (pH 7.4)

e pH 6.0 (Endosomal Recycling): 37 &% H# Kp = 757.8 nM (FcRn1: 469.2 nM, FcRn2:
694.3 nM, FcRn3: 1.11 uM)Z LIEILHO] Zot 4td 2 S =25t Ut

e pH 7.4 (Blood Circulation): 2% SE0| &MZ|X| 20t Kp = ND (Not Determined)S 7|

E5I ALY,
e PK Mechanism Verification: 5 pHO|A{ 2| 2Tt di2| 22X 232 Saf, ML 7
g3 vtz 7|(Long half-life)E Z7823l& pH-dependent FcRn recycling 7|32 d3XH2&2

2USSHALY.
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Figure 4. Steady-State Affinity Fitting Curves for Trastuzumab-FcRn Interaction at pH 6.0 and pH 74.
Representative steady-state binding curves demonstrating strong acidic affinity at pH 6.0 (mean Kp = 757.8

nM) and complete absence of binding at physiological pH 7.4 (Kp = ND).



Table 3. Steady-State Affinity Parameters for Trastuzumab-FcRn Interaction (pH 6.0 vs pH 7.4)

Assay Condition / Spot Rmax (RU) Kp (M / nM) x? (RU?) R? Ko Mean (n=3)
FcRn1 (pH 6.0) 50 469.2 nM 0.82 0.99 —

FcRn2 (pH 6.0) 102 694.3 nM 17.27 0.97 —

FcRn3 (pH 6.0) 166 1.11 uM 41.19 0.97 —

FcRn (pH 6.0 Summary) = = = = 757.8 nM

FcRn1 (pH 7.4) 0 ND 3.47 -0.00 —

FcRn2 (pH 7.4) 18 ND 2.91 0.81 =

FcRn3 (pH 7.4) 130769423 ND 26.46 0.71 —

FcRn (pH 7.4 Summary) — — — — ND (No Binding)

3.4. Multiplexed Effector Function Profiling via Maximultix-ATD FcR23 Chip
659| Al FeyR IjEO0| HE| 0f20|2 D™=l Maximultix-ATD FcR23 MAE S &83}0], C

SH
13|9] 24 2{(2 602)2 2 In-chip 38tE Xtz HO|HAMES #=53I%CH

3.4.1. ADCC / ADCP Allotypic Polymorphism Profiling

e CD16a ADCC Allotypes: V158 O|&X|(Mean Kp = 588.6 nM)7t F158 O|&X||(Mean Kp =
1.769 uM) CHH| oF 38} =2 ZAFHZS E0f, LT ADCC Ctdd Bt3d Xt0|E Y=

TE ot Lt

e CD32a ADCP Allotypes: H131 O|&X|(Mean Kp = 1.546 pM)7t R131 O|&H|(Mean Ky =
2421 uM) CiH] 2f 158 =2 Ttz E LIEFRUCE

e (CD16b & CD32b: CD16b= Mean Kp = 26.12 uM, XA +=8X2 CD32be 5.637 uM2|

ofst ZY EME AT

Table 4. Multiplexed Steady-State Kinetic Parameters across 6 Fcy Receptor Subtypes (FcR23 Chip)

Ligand / Subtype Spot 1 Kp Spot2 Kp |Spot3 Ko Mean Kp (n=3) Target Function / Relevance

CD16a V158 (High) 896.1 nM 451.8 nM 4179 nM 0.588 uM Primary ADCC Mediator

CD16a F158 (Low) 1.975 uM 1.958 uM 1.374 uM 1.769 pM Allotype ADCC Comparison



Ligand / Subtype

Spot 2 Kp

Spot 3 Kp

Mean Kp (n=3)

Target Function / Relevance

CD16b

CD32a H131

CD32a R131

CD32b

12.45 uM

1.753 uM

2.654 uM

5.637 M

58.12 uM

1.624 UM

2.488 M

ND

7.799 uM

1.260 UM

2121 uM

ND

26.12 pM

1.546 uM

2.421 pM

5.637 uM (n=1)

Neutrophil Activation

Primary ADCP Mediator

Allotype ADCP Comparison

Inhibitory Fc Receptor



4. Conclusion & Regulatory Impact

4.1. Breakthrough Value: Classical SPR vs. icluebio iMSPR-PleX
Table 5. Breakthrough Value: Classical SPR vs. icluebio iMSPR-PleX

Hn 2= (Key 7| =Y ME SPR icluebio iIMSPR-PleX AKX X AH S O™ (Key

Metrics) (Classical SPR) Workflow Benefits)

£ 28 (20 ~ 30A|ZF O]
24 28 A N T 5A|ZH O|Lf 2 £ &E 80% 04 HAH ©H
S)
49 MY =% +8HYE % 6~87 & T 37He| Pre-made H oY v g Ioigt M
HAE 7j9 O™/l =H &7 =3  Zero Method H i ZA| 2{Y (Pre-formatted
(Optimization) A AQ Development Array)
Ct&Q| Precious EHl/+=& x7| Mek A32|d 9 ADC 4
A:'.'% _ﬁE%t |'c>_ | t=} 1'/‘!‘0 1 mL DI‘E‘_l‘ (E‘.-_’.\_Eo* _+_E) _I - = Io x o
N 2R HME =HH
O| 0| E: siM -Chi ipli ZA X olEzlel =
40| E{ XjHHAM inter-assay WS4 Zx In-Chip Triplicate SA| = FDA/ICH Q6B Xl Z}o|E2}Ql J
(Precision) = Al &=

4.2. Regulatory Impact & Strategic Value

Oj= FDA 5 ICH Q6B 7I0|=2tQl2 HIO|A|2 JiE R oA 2|%fEZ Batch-to-Batch & &

7t Al CHZHQI 715 HOlH HMES ¥AB| 278t ULt icluebio2| iIMSPR-PleX ZZ2 Ch

2 ZH|2t Pre-made MAE Ofg0] ZTYTUCE [FX AT — Target Affinity — PK 0|5 —

Effector Function] 22 O|0{X|= Full Characterization TI§7|X|E Et &F Tt 2bMTICE Ol= THA|

dop ARRISOIZ Y HRS HI|HoR sjHss L RAD S2 MBI SAI0), Fobt
n

=
0|2 7|0l 7t d&stn Heer 22Y A 52 U8 £F482 HITHCh

_'_
Ry
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