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EZ: 2 A= #EA F99 tumor necrosis factor—a (TNF—
)9 T AE H7E 9% anti-TNF-e FAE o] 83 UAy
FAA Es f& 2 anti-TNF-o AIES A =&
1, 29 38 o] &3t WA F9dA EA S Blwstelth
5

2]
994 2w 3P A #H anti-TNF—ae Ao =

4
1
2

A7 anti-TNF-ae¢ FAE F  adalimumab, infliximab,
etanercept®] human TNF—a (hTNF— ), mouse TNF—a (mTNF-—
a)e°ll et 213288 Surface plasmon resonance (SPR) 2 #<¢15}%t}
9 et A Wy WgelA NHS7] ¢ Y maleimide”]
T8 3o A Ao WstE vlusialon, &4 Wy Ao A
X3t E SPRE vluwatgich. WP =
Gao® %A F ITLCE olgate] £ 4 A F7HE DA
DBA1/J mouse®& ©]£3}9] Collagen—induced arthritis model (CIA
model) & % % [*’GalGa—adalimumab 400 uCi=40 uCi/100 ul=
AbE3ste]l J4 +F (n=1), CIA group (n=3), ¥ CIA model with cold
blocking (CB group) (n=3)°lA 4A|%F, 24X%F, 72417, 120A]17F
FdE AlFsA 72474512 [P"Gal Ga—adalimumabitEE 7}
JFNA  #lsg o™,  inflamed pawolA CIA group?®} CB
group®l| A 2] ["Gal Ga—adalimumab?] 4] = 1A R =
|

e
Biofluorescence image (BF image) #H9S 935l9] FNR648—

oty
R
mlo
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g

A

adalimumab& FAF 3 1094# 71+ CIA group (n=2) ¥ CB group
(n=2)°l4 BF imageE #43ton, 10¢ Fo =4S AF s3I

AAF wR2AS & NI T AYFYY BYL o] Cy3=

ot



¥A 8k Cy3—adalimumab® 2 4&te] FNR648—adalimumab?]
AF 218k vkl
ATFA3: SPRAJA mTNF— e ol thet A3} w2 Kpik etanercept,
adalimumab Z+2} 475 pM, 4960 pMO=Z etanercept’} 7}
A= #9kom, infliximab& mTNF—eel st Fggo]
AN hTNF— e thst d&H3st= 2] Kpgk adalimumab, infliximab,
etanercept’} Z+ZF 358.2 pM, 583 pM, 934 pMOo & <¢Fo] £=A=
ARt F94th NHSY] 9 maleimide”] =< &3 <4 ¥d
< Kpe AIHE 1200 pM, 430 pMO.E maleimide”] & 48 310]
S =7F ok 3087 59t Maleimides E% 39
WA el Kp #t< adalimumab®] Kp 3tQl 358.2 pMe} A2l x}o]7}
g12dth. PD—-10 column®® A& § puritys °F 99%= FIH o
1:10 human serumelA] Al PP HAE A 2l oF 30%7}
ek A vkl Al [““Gal Ga—adalimumabell A 7F @
aWe Fa wWiEdHs A FAAE dEEdon, A dEo
AF S7he #EHEA At = dd W HFo AHAH S
UEst o™, o= AJZko] Aol wet F7HE AT CB o group©llA
HE Ao o]g ¥ #A-o] CIA groupell Bl A3 7F oA w2 A 9]
goly ¢t FNR648 —adalimumabs ©] €3t BF image°] A% Inflamed
paw: Normal paw B]&©°] CIA groupolA] =& <kAto] Felx]gl o}
SAAFALE HEEA g FFHEAANG AT v
Fo5 QW FNR648—adaimumab® AF 2 ex vivoz Fo® Cy3-—
adalimumab= 7% vh¢2eM = S8 F7HE o] UAA edgko
CIA group®l A= WAAE FHE&HFolA TNF—« 9 Wao] xS
ME A H = BFo] FRIES]

AE: Adalimumab®l maleimide”] & %¢ste] &g 388 o] 8&3slo] &



A 3 [*"Gal Ga—adalimumab©] 7}g AR 3w &40 glon F9

Aa FA A Fho, Mgl 2dA T0%=E Axek3ith. CIA

group? CB groupelAl A&3t [“Gal Ga—adalimumab SPECT/CT

2w g gdelx Cold—blockingell 98 A3 ags #ste] &
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A1ZdA  E

orgroit, Astwel sdom Qi dFwbgow odlHa o,
Wl G, $48 Q9lo] BE 488 2o 44w U (1,
2).

H FulE A #EdY] HEHAdYE Ve R St @ AER
ok=o] JHEE AL, 7Y A<l Aol nmtE AETA AAl (biologic
agent) % TNF—« inhibitor (3 FUYIARJIA-<L3} A A, Tumor
necrosis factor—« inhibitors) ©|t}. TNF—a+= o 2 A3 o] A
AAE = A9 ARlEFRRICRAN, ZHE kel AfelETRD 9

B

(A
=
M
:?LL
fol

ol

o] AF WMESY AAHS Fuete] d5S SEHAT A,
Azl FAS FAA BHEe &S doiltt. TNF—«

inhibitor= o]& s WeAa 9 3a A

m{m
=
o,
o
l
=
i3
fkﬂ
,%
Z,
T

a A ARAAR oAy AFolA 7S] & FrkEl A A Ao vEE-5HA]
o AT FrtEAs A SApelAA W W Ba X RolA F2
A5857E BT (3).

o]213t TNF— ¢« inhibitor+ adalimumab, infliximab, 1@ 1l

etanercept 7} & ©°]F9, adalimumabs A 3 & TNF-«

.-';r'\-\.-ll -Cl'l:l- 1_“ [’



rﬁ

ZE2%4, infliximab< A 1gG19 constant region® vF$-29]

>

e TNF— e ol tigt &A1) variable regiongs ZASHA|7]l 7|v el Z &=
gAoltt (4-5). Recombinant DNAE ©]&3l AJAtst etanercepte
Ab 1gGle Fe H¢¢ TNF 4849 extracellular domain®! p75
G FAE 7 A FEAITE (6). olddt AESHAE AA=
methotrexate® <XFC® ot 7|9 AW =4 & FulEAokA

(Disease Modifying Anti—Rheumatic Drugs)E < DMARDs?¢]

P

194% molAL, AW BHEI 2o BAIM T 2E %L WY

oSS 95t UlAAEE &3k adalimumab® E}FZIQI TNF—-o W
AEZS HAEE H7EgE vl Qo) =3 W=, adalimumabol] &%
AeE FFst Ag o 9 UYAAHS FI FIFIARE =

adalimumab o 2 WS GAste] Flstglar, A7|A &Ad¥ TNF-«

FHBAE Ztas AT Bk QT (8).
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g% 2AS 2L uelx AESH S4o] 37 WA Frrh X3
A el A BE @ uE ARt S4o] vwA Adgsiths 2ol
At (9)

stehs ol &9t EA ol EHT (10). ol VEALlE+:=
azide—alkyne cycloaddition €& ©|&€3= A 9=, cyclooctynes
AFE- Aol T8l 59 FulE AFESA] @ol: ¥ = strain—promoted
alkyne—azide  cycloaddition reaction (SPAAC)E  ©]&3}¢
TSN BEetA A & = v (D). =3, HwA hekgk

WHoR vk FRe AF Hgetel ®A & 5 b Zo] 2

olof o] dAFoJME anti-TNF—o A AAQ ¥ 3}shs
o] g3t WA FALA EAE F3 in vivoR TNF-eo TdES

Ik HolemtAE JNEste, ol Fdl ¥E W] TNF-ao 2d

Ao AEEe A5Ae Blay st

A&t 8
¥ | I



A 2% O 3 Ed

1@ 8 9 Bas ¥4
AFeAl EHel AFEE anti-TNF- e &A= adalimumab
(Humira, Abbott Laboratories, Abbott Park, Illinois, USA), infliximab
(Remicade, Janssen Biotech, Horsham, PA), etanercept (Enbrel,
Immunex, Seattle) ©]t}. i FE $35}9] trastuzumab (Herceptin;
Genentech; South San Francisco, CA, USA.) ©] AFg¥HSY. ¢

93t 1 =2 FAWHEB}A (modification) = adalimumab =

s}e}

o

o] g-3lo F7Fx] whHol HlmE Tt A9 Fc portion 9 disulfide
bond ° aza—dibenzocyclooctyne —maleimide (ADIBO—Maleimide) &

=93t adalimumab—maleimide £}, A2 light chain & {29

i

NH2—terminal ©| NHS 715 Z=A17A W% adalimumab—NHS
B3l e[ 28 1], adalimumab—maleimide ¥ 2 WAl WA
ZQ94A  EAE Yste], PEG4  (Tetraethylene  glycol) 9}

NOTA (1,4,7—triazacyclononane—1,4,7 —triacetic acid) &

AFE-3Fod N3—-PEG4—-NOTA o 2€% °“Ga ¥ room temperature |4
1 A EFAAA BAM 994 BAE R (23 2] (12).
7 dA S FAS] TNF—-eaol Wt 3stes H7hekr] 918ke] Surface
plasmon resonance (SPR)S A| 3838}t

4



NHS-Click
on &0 =ClIC
5o L/ Fab fragment

" Papain Cleavage
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F (ab), fragment

Maleimide-Click

Isotype Determinants |
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STEP 1 : Using sulfhydryl & maleimide reactions

ADIB0-PEG4-Maleimide @Lmi,\&nm«,om«,n!,v\ﬁ;_
L o

STEP 2 : Azide-alkyne cycloaddition reaction (Click)

@,g\/\ug\/\gn\/\of\ﬂ\/\o/\,ny\/\;&— A_»lldQ'PEG"NOTA
o Reaction Condition
" pH=6,RT, 1hr

Azide-PEG4-NOTA

W H [~C00H
MO‘/\O/\’O\/\O/\’N \CII,/N N
: )
HoOC,__y

N
Antibody Labeling \\H/ooz




2. Surface Plasmon Resonance = ©|83F W3 anti—
TNF—a Ao 4% g% FH7}

128 W3y Ao dAe  H3HS  Surface  plasmon
resonance (SPR) & ©]&3lo] #4383 th mouse TNF—a (mTNF—-a;
Cat# T7539-50UG, sigma—aldrich, USA) % human TNF-«
(hTNF—@a; Cat# SRP3177—-50UG sigma—aldrich, USA)+ Sigma—
Aldrich (USA) ol 4 438kt 20mM Sodium acetate buffer pH 5.0
of & mTNF-—«¢ % hTNF-e¢ & A®ITtE opn| AEY WHS
o] g3t =T &Eol]= PEG  FH(Cat#: 13206061, (Reichert
Technologies, Depew, Ul=s F£)o] F23}tt.  adalimumab,
infliximab, etanercept 18]il trastuzumab& T4 EZZ ARE3slo] 7}
TNF-eol ozt 3xE Hriskglen, SR7500DCE o] &3t
SPREAE &3l mTNF—a¢ % hTNF—a W3t anti—-TNF—a %A 9
el B g Y AgEEs S8 (Reichert, NY, USA).

2E AdeA #d W3R PBS, pH 7.4 7 AMSEoH,
25° CollA 3=t} etanercept (390, 781, 1560, 3120, 6250,
12500, 25000, 50000 pM), adalimumab (390, 781, 1560, 3120, 6250,
12500, 12500, 25000, 50000 pM) infliximab (50 nM, 500 nM, 1 uM),
Trastuzumab (500 nM, 1 uM, 2 uM)< analyte®Z mTNF—a F°l

30ul/min 5% ¢ Zrt}. adalimumab % etanercept® A3+

7



A= 8% Fof EAE AT}, etanercept (48.8, 97.6, 195.3, 390.6,
781.2, 1562.5, 3125, 6250, 12500, 25000, 50000 pM), adalimumab
(48.8, 97.6, 195.3, 390.6, 781.2, 1562.5, 3125, 6250, 12500, 25000,
50000 pM), infliximab (48.8, 97.6, 195.3, 390.6, 781.2, 1562.5, 3125,
6250, 12500, 25000, 50000 pM), trastuzumab (1000, 10000, 100000
pM)= hTNF—«¢ el 30 ul/mindEz 5% F¢F =3t HIH
g A+= adalimumab—maleimide ¢} adalimumab—NHSE ©]&-3}9
EYst 202 hTNF-ea oA A&t FA=3 mTNF-ae E+=
hTNF—-a¢ 232 0 G RUE SHE 3 2w =4E Wiz
B7FE AT Kp #2598 HAdS Fote] 44" Ka/Kde v&=
AArE el dHolg] Rde SCRUBBER-2E AM&3lo] wHEHow,

ojdel e Wl wel FAHATH (13).

"Ga =994 A F Purity ¥ stability test® radio thin—layer
chromatography (Radio—TLC)E &3lo] 333t} adalimumab=

o] g3&to]  A&qEOon  adalimumab—maleimide?} *’Ga—NOTA-

NG RLIE ESET P It g



PEG4—azideE room temperatureol* 10&3F &Fste] w4 & 9
PD—10 columng ©]&3dfo oz} & 0.1M citrate ¥ Instant Thin—
Layer Chromatography Silica Gel impregnated glass fiber (ITLC—
SG)E ©]&3ste] Radio—TLCE *I3gskqltt.  Stability testi= 1:10
Human serumellA H&std o™, Al 0.1M citric acidE ©]-&3}]
Radio—TLCE &s3ith. o3k 5 1AIZE, 4A13F 1Y, 294 7449

IS Azt

HEaed el T FEA 45 #E9d9 29 (collagen—induced
arthritis model & &= ERE fEsto] AREsiitt (14). wWHld
DBA1/] 7% male mouse? 1Y A2 7|7+ ¥ Bovine type II
collagens oA EAF 0.1 Mol €347 Complete Freund's adjuvant$}
Ko, ma NAR & FAE] (50 w/mouse) 13 W WSS
53 35 % booster injections 93k Bovine type II collagen
9 Tncomplete Freund's adjuvant Z3ES A8 7|AHFo 33}
FAH(50 pl/mouse) 3k TE Booster injection®] % vk~ oF 25
% inflamed paw©°l] 3 L4A AZtE HS (clinical severity
score) & B7FsITE (14). A7 F4] b4 S fle 495

0%, grhetel we| A AR FHel Yx AE 13



o)

w5

flo

Aoz FrstRar, 28 -48S #HEA A o2 ¥ inflamed paw®

G,

5. SPECT/CT imaging protocol & 4]

2% ESE SPECT/CT 2704 (Bioscan, Washington DC, WA,
USA)E  AFgstel  [“GalGa—adalimumab ~ SPECT/CT  d4&
5313901, 360° o] 32 projection®® acquisition time= 30x%=
Al ¥ 21tl (radius of rotation, ROR = 7.6 cm, 30 s/projection). Image

reconstructione InVivoScope (Bioscan, Washington, DC)< %3l
A&t 44 vk~ (n=1), CIA group (n = 3)°lA [GalGa—
adalimumab SPECT/CT scane Al3stqlth. T3t 5o]4 A3 oF&
stelsl7] Y3t 1mg free adalimumabg ©]§€3te] Cold—blocking
studyE Al3stgtt (CB group; n = 3). CB groupa [*"GalGa—
adalimumab 5o 1A]3} Al adalimumab 1lmgs 728 9SS F3)
ivE Folstglom, o] Qo= CIA groupd & W o = [GalGa-—
adalimumab SPECT/CT scane Al3JsSitt. oln|®] YL 1.5%

10



isoflurane &% A 8AIZF A8t w9 AE A7 §F mbE] @
50040 uCi/100 #L9] [*"GalGa—adalimumabs #2]d®-E& §3ho]
FAFste] Al B EH T SPECT/CTEY S FAF 5 443, 24413, 72417,
120213kl A5k, o] x] #2428 Syngovia (Syngo.via; Siemens
Medical Solutions, Erlangen, Germany) % PMOD 3.3 AXZE¢|o]=
olgstel wA P ROD ETE ARES] AF FASeH

tlo] &= %ID/gl 2 %7]E 3T

6. Biofluorescence image (BF image)

Adalimumabg Cy3 % FNR-648% ¥JxA 3F3ch. FNR648—
adalimumab< in vivo image©°l] AF£EH$l 9™, Cy3—adalimumab< in
vitro A ZA G ARG AT FA vk~ (n=1), CIA group
(n=2), CB group (m=2)°] 100 ug/100 ulx30ug® FNR648-
adalimumabs FTAF ¥, 4A17F, 25A1%F, 75412 544, 2 1094 47
oo 1.5% isofluranel.® w3 % IVIS Lumina I[IZ in vivo imageZ
Algskier. mheAE wiEFe oldlE dtal,  SECA WA E
#9313 01 excitation filter passband+ 620 nm, the emission filter

passband+ 670nmO. % A3} 31, Acquisition time< 1s, aperture

F/stop 202 Al@3slgtt. ZF o]m|%]+= Living Image® AZE¢o] Bl

J'A! _CI:I : 1_-_15



3% Agstel BHSGOH, ROIE AHEetel 7 vhge) o o

9] fluorescence efficiencyS =433 o] 1094 G4 29

F ANE FE], IFIFL A
7. 27 AN

paraformaldehyde& ©]&3Fo] 1 AHAIZl & pH 7.29 14% EDTA
(Sigma—Aldrich) 7} &€ XS o]gste] 4 Tolx 79 3+ &
A 3l3ts AYsidnt. & M3y B 22AS AFHSEe] paraffinel

A7) gle o) SRR H AN HHOE 4 um T HHE

307 &<t MAHsty F34d dAE fs] PBS Triton X—100& 5+
ol SEFY. o] PBS®E 33 A#sta 1A17F E<F RT TBSefA
10% 37 83, 1% BSAZE 4] So]4 HHAE Adstdtt. o]F Cy3-

ol %of3k 1

m[u

adalimumab< 1:100 in 1% BSACS = dilution 3sFo] AY
4 TColA WA QFHo]Addt & PBSE 584 33 A% I DAPI
staining %  mountinge AlFY3IAT. ©o]F  Zeiss LSM 800

A0
AR

o
o

FTxAAYA (Carl Zeiss) = AH&-3ho] W x4< =2

Fotct.

12
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HolEl+= IBM SPSS ver. 27 (IBM Co., Armonk, NY, USA).

LEZEOE AMESIY] BA #4189t CIA group® CB group 3F

[°“"Ga] Ga—adalimumab 3 al & g Ak o] FNR648—
adalimumabil &5 Wlwst7]  $&] Independent t—test WA=

Algstlth. Pogtol 0.05 wwkel Ag-ol sAFOoR FoF Zlow

Aeshe v,

13



Al 37 2 3

1. Etanercept, infliximab, adalimumab® human
TNF—a¢ % mouse TNF— ¢l 3t 23 H3=

Etanercept (Kp = 934 pM), infliximab (Kp = 583pM), adalimumab
(Kp = 358.2pM)< hTNF—-¢ o =2 A8 S BRI (Table 1, 19
3). Sdladalimumab> ©& AAZET hTNF—e st Kp 7} Yo}
Ast 3wz 38) oA =AUtk mTNF—a 9 74-$ etanercept®}
adalimumab<> mTNF— ¢ | %2 A% JF=E HAA N infliximab
mTNF—¢ o st A s=s A8 Holx] Astrh (Table 2, 19
4). etanercept: adalimumab®ll B]& mTNF—ea ol thal] 10w %2 4

o AIEE BT

14



Table 1. Kinetic analysis of human TNF— « with antibodies interaction

Target: human TNF— «

Analyte ka M 's™) Kd (s Kp (pM)
Etanercept 5.97E° 5.58E71 934
Adalimumab 3.92E° 1.40E°* 358.2
Infliximab 4.30E° 2.50E7* 583
Trastuzumab *

* Association was not observed

15



[Adalimumab K,:358.2pM) 5 (Etarnercept Ky:934 pM)
. Maadens ﬁn"““w0w,l)~';mf..f ’- .
(Infliximab Ko: 583pM) [Trastzumab)

[2¥ 3] Flow chart of affinity test for human TNF—«a with

=

Surface Plasmon Resonance. Human TNF— ¢ & PEG chipell 114

S adalimumab (A), etanercept (B), infliximab (C), %

trastzumab (D)& £FS Sty FH131%ct. Adalimumab,

AneH,

+

etanercept, infilximab o A Kps T3k

trastzumabol A= A o] ##E X Lkt

16
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Table 2. Kinetic analysis of mice TNF— ¢ with antibodies interaction

Target: mouse TNF— «

Analyte Ka M !'s™) Kd (s™) Kp (pM)
Etanercept 1.19E° 5.67E7* 474
Adalimumab 3.39E° 0.0014E~* 4350
Infliximab *

Trastuzumab *

* Association was not observed

17



[Adalimumab K:4.96nM]

T e T Racan

R

[Infliximab]

[72¥ 4] Flow chart of affinity

Plasmon Resonance.

AE | N‘J‘J\'-E'h“‘f:&wx.-

o 0 20 0 w0 e

[Etarnerce;;f Kp:475 pM]

N
it

.f“Vx‘f;:-N‘ T A .‘21':.
\ S ead] "w‘“‘i&ff‘ W&N
v A Y™

Mouse TNF—-a &

e

[Trastzumab]

test for mouse TNF— «¢ with surface

PEG chip o 248 3,

adalimumab (A), etanercept (B), infliximab (C), % trastzumab (D) &

LS Fsly T390 th. Adalimumab, etanercept oA Kp & T8

T d9 o infliximab ¥ trastzumab oA = Ago] 2w %] 9kgkr)
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2. M= a9 TNF—qo] t3t 43 :3l: vlw

hTNF— @ o ti$t adalimumab—maleimide®] Kp (430 pM)&= ®
& 2] adalimumab® Kp (358.2 pM) &} A8t} adalimumab—NHS
9] Kpe 1200 pMO.® adalimumab—maleimide®] A3 ZI3}%7} 304)
7VF 3tk (Table 3). Mouse TNF—ao©] ©3lt etanercept—
maleimide®] Kp &= WE 9] etanercept®] Kpot (462.3 pM) 2} FAF

ato], Al Wd Fox A3 et 3A WAskA gkt
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Table 3. Comparison of the modified TNF—«¢ and free—form
antibody affinity

Analyte Ka M 's™ Kd(™H  Kp (M)  Target
Adalimumab 3.92F° 1.40E™* 3582 *hTZIF_
Adalimumab= 1.15E° 4.96E7° y30  DINEZ
maleimide a
Adalimumab— 4 5 hTNF—
IS 6.26E 7.52E 1200 )

*hTNF— a, human TNF— «
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3. % W QA

of.

7}

Adalimumab—maleimide®} °’Ga—azide—PEG4—NOTAS] YA
FYLA X ¥ PD-10 Columnl.® AE ¥ Radio—TLC=ZE A]syst
Ao 99%elde] w55 RAW[ITH 5] A A 1A 7HA=
T S Blou, 297 Al e /bYAdE 7ol T0% 7 =9

FEE= AT 1™ 6].
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[7¥ 5] Radio—TLC chromatogram. azide—PEG4—NOTA-%"Ga,
adalimumab—maleimide, iTLC—SG, 0.1M citric acid. °’Ga peak (A)7}
click chemistryE ©¢]£€3}l9 adalimumab¥ A¥& O =2 EX & &0
2 o]Fsl= o] #EHEY. PD-10 column® o33 & 99%9 +=%7}

gl
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1 A2t

-

o

4 A|ZE
pZ N Fd
48 A|Zt = M

=™ e

[22 6] 1:10 human serum®lA] [(7GalGa—adalimumab®] 1A 7}, 44
ZF, 24 A1 D A8AIZE A Y] b4 AR 48AIFF Fof oF 35%9] A

7F B E A
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4. AA wkg-~9 [°"Gal Ga—adalimumab SPECT/CT
27 4 [%"Ga] Ga—adalimumab # 3%
Ee dollAd 1204 37bA] Al Eom, H| 504
WA AL WART Ad 7247 FAAA olElA} EARA.
A w2 oA = AA e ARG o] TrellA s Esto] WiEEE
Aol #AHoH, Axs F WPoRol wid e FHEEHT
braind| A& FH3 AHAS77F BEEA &gk ow, heartd lung?]
A3 = AlZrol Zholl whey FHAske= Zlo] #AE Y. anterior paw 3

hind paw?®| #del| HFHS7h= FHEA kot AZko] Aol ket

E2 A 0 F humeral head, distal femur, proximal tibia “22] 1l spine®]
AHAS7H7F FZE AT 950] 9l anterior paw, hind pawel] 53 ot
AHS7te B&EHA From ) wrist, ankle jointoll:= °k7re] F7p7f
B oy FEe gk 43 SR AA4EAS (219 7, 8].
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4 h 24 h 72 h 120 h

(2% 7] A4 vp$2o) A Al&@sk Al7ko] W [*“Gal Ga—adalimumab
SPECT/CT Q7. 4AIZF G2l 2Wl W oz wjEs = WAk

g 72A7hA =Zede] AFHASIPE FElel dEE,

D

FAFE BEEY, pawd HATIE FREA 4ok 12043t

A

=

)
X
o
l

HALso] A E o] #FEY. (L, liver; H, heart; B, bowel;

-

K, kidney; G, growth plate)
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Brain Heart Lung Liver Spleen Kidney Bowel Spine Growth Growth Hind  Ant.

plate_K plate_S Paw  Paw

(27 8] Azt 2 4 vl AeA SPECT/CT eflA

[“Ga)l Ga—adalimumab ¥ 7],
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5. CIA group % CB group?d [°“GalGa—adalimumab

SPECT/CT 427 % ["GalGa—adalimumab 3

CIA group °A%E Al HE Gk WA 9 2GS S5 Aol
HRE AT 2E 9, 10]. A vk A F=o T HHTE AlREo
Zroll whel F7vet= A gz o®, CIA groupdlAs ZAa ©uko
AHE A upS2of v v, #4 =9 9 inflamed paw? AL
ugl Frbshe A7o]l #BEREY AF T 9 spined AIHE

24hel| A HAE Holil fHAsteE S ®Sow, inflamed paw %}
Non—inflamed paw?] A# & 23t 2o]7} A== 3o}

CB group? 413 patterne CIA groupd H|523E SFAFS B o
Adoz e AHHE HATE CIA groupel wHs] F=dd Ul
spine® AHS7HF FEHRFY[2H 9, 10]. CIA group®lA inflamed
paw? AlFHE CB groupel Hlal anterior pawolAE  4A 7
24X kAo F-ol Al 3k 01| hind pawell A& 24A1 Ao 2] 51HA]
=R 11]. 2447kl anterior paw+ss 3.04¥], hind paw+
2479 AF AelE B 7 RS BEF 72A %t Fost

ZFol & HolA ekgttt.
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%ID/g
80

CIA group

Cold-blocking group

(2% 9] #Ed wdo|x Aol wE  [*Gal Ga—adalimumab
SPECT/CT (CIA group) % cold—blocking [*’Ga]Ga—adalimumab
SPECT/CT (CB group) @4, ¢k, CIA group; stgt, CB group. 447+

JArol A CIA group> 42¥ W Fo 7 wjEH s WAlso] #&EL, CB

groupoAl= ARlCoR HiEYHE WAk #EE. 7 OOF BT 24
A 7k Aol A inflamed paw® FH il AFHE77F #EE. Awrdo® CB

group? WAlso] vtA #EET (H, heart; K, kidney; L, liver; B,

bowel)
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R
8 40
E m4h
20 - m24h
10 | u72h
04
S & © & S @ S ¢ b3 2 & & & K
F ¥ ¥ & & & R ‘}é"’” Q\fo\“" & S & o;@“
& &S
(OO
B 80
70 4
60 4
50 -
>
8 40
SN mdh
20 4 m24h
10 4 m72h
0
S & © > & & & &
IS RO Pt i N A e
& o & ¢ ¢
(238 10] Alzbel e #dd 2d (A), % cold—blocking *3

o)

#HEQ 2 (B) SPECT/CT ol &% [*'Gal Ga—adalimumab ¥
I3 (Growth plate_K, growth plate of knee joint; Growth plate_S,

growth plate of shoulder joint; HP, hind paw; AP, anterior paw)
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4h 24 h 72h
— C|A_AP .CB_AP
B 80

70
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50
40
30
20
10

4h 24h 72h

s C|A_HP s CB_HP

(28 11] #4G Edo|A cold—blocking o5 W& anterior paw
(A) % hind paw (B)9 [°"Ga]lGa—adalimumab 2] A]zte] wE& A3
Hlw. (AP, anterior paw; HP, hind paw; CIA, collagen—induced

arthritis group, CB, Cold—blocking collagen—induced arthritis group)
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6. FNR648—adalimumab-< o] &3t in Vivo
biofluorescence image

CB group ¥ CIA group®lA =5 #AAo o]s H #AA A3

N

Z717 Yebdth, AHAR HuE 98k normal pawil ol it

inflamed paw®] 3L vE vlwsgitt [19 12].

o)

CB group®lA CIA group®l Hl3] AFH7} w2 FAo] #AzFG o

sAACR FostA= &k (" 13]. 1047k4] 29 5 AA=

Z89a, FE8 AANM 94 CIA group ¥ CB group9

"

A Aol 7h B,
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Radiant Efficiency
( secjcm?, sr)
pW/fcm?

Radiant Efficiency
¢ pisecfcm ’[sv)
uwWjcm?

[Z7% 12] FNR648—adalimumabs ©|€3%t in vivo biofluorescence
image (BF image) (10 days after p.i.). (A), (C) #4 A w922 BF
image % FNR648—-adalimumab #3%, (B), (D) Cold—blockings A
st vh-~9 BF image % FNR648—adalimumab 3. Normal
paw % inflamed paw©°l] Region of interest (blue box)E& 17
inflamed paw: normal paw ratioE T3ttt (L, lung; H, heart; Li,

liver; S, spleen; K, kidney; B, bowel)
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Inflamed:Normal paw ratio
N

0
25h 75h S Day 10 Day
e C|A Cold blocking
(2" 13] #4d w»9~A 9 cold—blocking < A3+ A=A

-9~ oA inflamed paw: normal paw ratio of FNR648 —adalimumab
accumulation. 5 ¥ o]Fe] A} ol7} U= AE AFT F o
ZEAA FodE Felyx ettt (CIA, collagen—induced arthritis

model)
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7. Immunofluorescence staining= ©|&3% TNF—«
staining in control and CIA mouse

Control ¥ CIA model®lA4 DAPI, 1:1000 Cy3—adalimumab< ©]
&3t confocal imageEd ZFsATh A vk olu|X| A= in

vivo staining ¥ ex vivo staining B4 TNF—a #HZ©°] v|lu&d &

o138 14], CIA modeldlA = 3 W AAFH HEsE Wed A
Yo TNF—a W&ol #2531, Fusion GAelA wdd F97F o

)

= 2ol #EEAT 1™ 15].
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[Z2¥ 14] Control mouse©l A Immunofluorescence stainings ©|-&3%k
TNF— e« staining. (A) DAPI nucleus staining, (B) in vitro= A] 33t
Cy3—adalimumab staining, (C) FNR648—adalimumab FA} & A3 %

ex vivo image (p.. 10 days) (D) fusion image. (B, Bone; Syv,

Synovium; JC, Joint space)
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o

[29 15] CIA mouse°l” Immunofluorescence stainings ©|&

TNF— o staining. In vitro 2 ex vivo imageo] TNF—a 23S

o

Qg 4 lom, fusion Q7oA AALS AT 4 St (A) DAPI
nucleus staining, (B) in vitro® A &%t Cy3—adalimumab staining, (C)

FNR648—adalimumab FA} 3 Al&% ex vivo image (p.i. 10 days) (D)

fusion image. (B, Bone; Syv, Synovium; JC, Joint space)
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# ATeME TNF-ao 34 A A F42 7ids st
etanercept, infliximab, adalimumab®] human % mouse® TNF- «
st 243 35 SPRS Folod AFH SR Bws 2w, mouse
TNF—¢q o t3t A3%3l5+= etanercept’}, human TNF— o ts]A =

adalimumab©] 7F3 A3 57 =88 Folsu)

Etanercept, adalimumab, infliximab® AT E 2 HA O 7 H|
WA= A vk o] ATl wEHE, AR A Blue ofy AL
etanercept®} adalimumab®] mTNF—e o] A% X3}%7} Qlgo] Hil
® v} ¢loeH, adalimumab® mTNF— e ol st A3 X3}5%= hTNF—
el Bl& stgol EuHgdn (15-16). #2 o
mTNF— ¢ o] #&etA g0l AUty (15). o]t A5 ngo
@A vheAE U oR e T= AEelMs TNF-e inhibitor®
etanercept’} 2ol Yk (17-18). ¥4y, Etanercept
membrane—bound TNF—a¢ (memTNF—-«a) ol& &322 Amai
7} Sl=ol #ER1EY memTNF—«e 7} 8 X" B2l & &+ Qle A
£ "oy, A4 SolA = adalimumab©] TNF— e« inhibitor® $-41%4
o2 Ty g} vk thde] TNF—o 2d gelol%, A7 e

¢l TNF— ¢ 2 dee] uz}, etanercept ¥ adalimumab® A4S %
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=Y 3ot o] &3 AW TR EA #A 9 T FARIRA %

O
_|_,

Lo AR EE glst o, adalimumabs AFE-3ke] H3E 4

i
5
&,
o
=,
(@R
@
~
il
b
n:E
=
3
ot
o

HgeM 49 W3 Er BEH= A
< EQlskgitt. w3k Wy vy ¥, adalimumab-—maleimide= 430pM
2 A3 57t $ vlusdd NHS7|E o] g3t s o)
maleimideE ©|-&%t @A WY WHol vls] WE F 307t A
st welxl= Zlo] FHIth (Adalimumab—maleimide
Kp :430pM vs Adalimumab—NHS Kp:1200 pM) ©]+= binding site®]]
711gk 2o % Azt e, NHS7IE Z=9iste] %4 & wel= NH; site?}
A Hnkel WHSHA WAS] antigen binding sitedl = Aol A4
T AE ¥hdo), maleimide”’] & =Y E wjol= Fc portion?] disulfide
bond®l site—specific binding®] 7}&3dted olol ule} Az} F gk

= "A= Jdor AZEd (9).

[°“Gal Ga—adalimumab SPECT/CTollA inflamed paw? 3=
24X 7 A o 7V FTbelkal T2A 3 el FrAske FAe] #EE T o]
+ cold form® adalimumab®® blocking= AP Al 1 HFH7F 7
o)A HadtE Jlom Sold AHFde &I ql3lth. BF image
ol A inflamed paw®l normal paw WH] AFH7} Z7lgo] #FH
TAA s sk Zatelov, 9Al cold—blockings 3t
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ol st FAAH R Aol Y1 FALe] EA H ojujx] &
AP e zpole] st RAow FHI B ¢ Atk [67GalGa—
adalimumab SPECT/CTA = 54Alo] g<1s] Wy 42 AAl AH7F 7

agtell B8l BF image oA = 10974 = AAlel] vlwa 5335 &4

o] goly it} o] EA 9 ¢rAA 4 FBAA L A wlEF A (o]
mE dEo] g Zow AZdrh o AFelA £ in vitro A

Bt A [*"Gal Ga—adalimumab® 294 70% 4 E7kA 9 kAo &
A g o] ATt SPECT/CT olu| Ao 5do] o= WAbso] A

o] HEol HA ok, AdelM = HgAd ol

"

A g

o

ged = AA
oh, FESH olux] 24 wHol, SPECT/CTw 7 WX %ID/ge AA
A= whal o2 o]Fo] A O BE imaging®l| A+ Inflamed: Normal paw
ratios °|&3sle] Hlwste], A4 o2 =& background activity 7}
I AolE Fole Hel 43 T Fer AT, AT Aol A,
oA = ko 5deols HAH ¢ MofX= AE estd, FF

109 o)%9] F7} 77} ey Ao Azt

AA w9 Ao A#E  [“Ga] Ga—adalimumab SPECT/CTellA

o

O BE D HF Aol A5 WA WA S 240

il

#FZE Stk Adalimumab 2 = FAEHA F7] wFel, o] HA+=
[“"Ga] Ga—adalimumab©] °¢}d unbound form¢ ®“Ga¢] g&&o = 34
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3k 4= 9lt}. Robert G et al. ©] W3xst = ¢35}, bone metabolism

o] et o7 whgroM s F weke] YGa AFH7F =50 Bad vl
AL, ole FF FAVE s W I AU A sitta RaEglth

(19). o] Ao AgH vleAs= R oF 3-4/1gE3 o= s 3
& FHo &35, CIA group @ CB group? 2% dZo] vty A=

1

it

ok Wl M3 WiAbs HH Z7b Aaduk$ Aol nlE] vkon A

o

l‘i
2

| el 7 ebA] kar 24X 7 7bA] Z7hskth Ak A 7o) By

8%

o

Feoln s 240 BRe) 9ge A4S Aow B

2

ohool et AR 1Al W AHT7E 232 PET/CTAAM A

3
)
=2
)
o
>
ofo
i
Ir
N
=
-3
>
kit
Ry
i
e
DX
oY,
o
s
=
i,
=
30
o
(S
T

-
|
G
i)
l
ol
>~
Do
o
o
1
)
K3
>
Jo
A
i,
N
=
rlr
my
v=)
-
|
oty
i,
N
)
olr
oX
©

-9~ =0}, bone metabolism¢] #& =& JFH TolA FZHo] =
F Arh oly3t 274 ZYoly AAe] wel mhgAoa HAeH o7

el AAEE sgEelM s 2 dojuA e 2.

g8y, o] AFeA AdelHE 22 NOTA: Ga¥ log
stability constant value 7} 30.98%1 w|-%- Fg & Q1 FHA] E3t=S A
sk (22), Ca2+, Mg2+ 9 Zn2+ 5o] A= dd o
T kA EAS AWt (23). =3 Gad} NOTA 3= ~¥o=

0§ WA AR S FEEE B4l 9lo] (23), boneo] FFH free
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“Gao] “Ga—NOTA #=elx Pz Felse] vghrl s o
Htt. ““Ga—adalimumabo] w2~ Aol A w2 F2]H o], free “'Ga
o] dolog WEHAY (21), 7] PD-10 column oJ#& &34 &
%2 free Ga o] FAH O Feel HATI AolRE e F5

& 5 Ao, o] BEe #5 27 ATs) Be® Aow Az

WY PPN AE A vhpielNE TNF-a7t A9 A&HA

¢k om, CIA groupvh5-2 oA & G50l e FE Hash WA=
TFHO T FAFSE FENR648—adalimumab® X2} in vitroZ 5Folsh

Cy3—adalimumabellAl Wl TNF—a7} d#GS ®oh ovt, 1 Aes
=R ool ex vivo GA 2 in vitro GA EFo|A Non—specific
activity &} vlustls W AFH o AE7F tha SUhEo] Axdo] dEE
Atk o= ofE7HA ThsAdel Sl dHl, AAR AR ST A
xoto] Y AE7E ofs HolAu, EAE 9N AE7E AsiA
Non—specific binding®| =7}t o] 5] A 5 Ut} (24). o] A
M= ex vivo F4S Yal FoJ¥ FNR648—adalimumab® A& 3}

ol T3] o] FAAA Kk AIFEC] 3o, FHA olF2 ThsAd ol
=

FruEl A A AAA oy YESTH AAE o] L3t in vivo E EF
AS G243t o= A= ke H8 Ho gty (25-28). 1
TNF— ¢« EHY oju]d A+ infliximab % adalimumab< ©]-&3}
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AYEATH25, 29-31). LA AFEL YFE P"TcE o] §3to] WA}
A FAE Y 18y, A A ZE infliximab % adalimumab< intact

[gGE AAA W37)7F oF 257k Hol wiz7]7b 64171 P Te

2+ background activity 7} |4 AAE A o} ojujAef SHATF At}

olgidt S FEE] 935t antibody fragmentE ©]§3F oju|A H

HEo] A=Y QAT antibody fragmentS Al 1x9] 7

_

=o] FQ3stal o] d fragmentE: YA sHA thgow ABAatete 21 ESh
A9 VlewEe oE AAoltt (32). ¥ Av= &Y sghE o] &3t
o] Wkgt7)17F 78.3 A7kl 9'GaS adalimumabel ®#] dlow, A
3% W3E ZUEY o A9 Z WA flo]l ““Ga—adalimuabiA]

g stz 2 99t vk

a3y, oluA EHAQl inflamed paw 7]+°% Z} groupd 12704

TRz A3 AbgHE [“Gal Ga—adalimumab®] 24 7FA] QHg A
o] 7T0% 0.2 Yrolr] WA FARLZA] A7) Q= Ao = Ayzten), &

@ Aol A7 F7heb free TGaSAA WRO) A Yol 9
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ZAow AZtEM, g wdke] YGadl HdF FUIE el weol ole

REWA HH F7} Bkl @A AT o] AFeIME F2ua

Fl
¢

& BAeIA ARSe] 1 GFL Arssgor), phes Bl BAY
FelA TGat 1 WA BWE EAFE A0

=
cold blocking test® SolA4F o5 2o, &5 Aol of
o]&

AZA o7 o] AFoAE adalimumabel g S o] 8&3do]
maleimide”] & Tt ¥4 3 [“Gal Ga—adalimumab> A3 3%
o] ¢ao] glo] ®AI7F HUth CIA group? CB groupold A& 3t
[°’Gal Ga—adalimumab SPECT/CT 94 4 in vivo &% GAtelA
Cold—blockingell 2Jst A3 ZAAaE &Qlste] Sold AFHE =<l
[“Gal Ga—adalimumab SPECT/CTS ©]&3% TNF—¢ 23 H7td+
of &84 7ks/dol Aaa AAFSEATE 124 in vitro *FEAdo] 2L A

T0%% Azt old W free "Ga?] & Ttk 4 ATl HHE A

f
2y

& PP @A Fol TAS] FF Mol BeF Ao A
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Abstract

In vivo Assessment of TNF— @ Expression by
SPECT/CT Antibody Imaging Using Click
Chemistry in Mice Models of Rheumatoid

Arthritis

Min Young Yoo
College of Medicine, Department of Nuclear Medicine
The Graduate School

Seoul National University

Purpose: Molecular imaging of the tumor necrosis factor—a (TNF—
@) has the potential to predict therapeutic response to biologic
treatment in rheumatoid arthritis. In order to develop radio—
immuno—tracer for TNF— a, we investigated radiolabeling methods,
and distribution of radiolabeled anti— TNF— & antibodies in collagen

induced mouse model.

Methods: Affinity of adalimumab, infliximab, and etanercept to human
TNF—a (hTNF—@a) and mouse TNF—a¢ (mTNF-a) were
investigated by surface plasmon resonance (SPR). The changes in
binding affinity during the antibody modification in methods of click
chemistry were investigated. After the modified antibody was labeled
with ®’Ga, purity and stability tests in 1:10 humen serum were
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performed using radio thin—layer chromatography. After induction of
collagen—induced arthritis model (CIA model) using DBA1/J mouse,
[°"Gal Ga—adalimumab SPECT/CT was performed in normal mouse
(n=1), CIA group (n = 3), and CIA model with cold blocking group
(CB group, n = 3) after 4 hours, 24 hours, 72 hours, and 120 hours
of 400 uCi+40 uCi/100 ul [°"GalGa—adalimumab injection. The
distribution of [*’Ga] Ga—adalimumab up to 72 hours was investigated
in each group, and the intakes of [*’GalGa—adalimumab in the CIA
group and the CB group in the inflamed paw were compared. For in
vivo fluorescence 1maging, FNR648—adalimumab and Cy3-—
adalimumab were created using click chemistry. In vivo fluorescence
images were taken in the CIA group (n=2) and CB group (n=2) until
the 10 days after injection of FNR648 —adalimumab, and tissues were
harvested on day 10. After decalcification, the harvested inflamed
paw was stained with Cy3—adalimumab and compared with in vivo

FNR648 —adalimumab staining by confocal microscopy

Results: The Kp values of binding affinity of etanercept and
adalimumab for mMTNF—«a were 475 pM and 4960 pM, respectively.
Etanercept showed the highest binding affinity for mTNF— «, while
infliximab showed no affinity for mTNF—«. The Kp values of the
binding affinity for hTNF—a were 358.2pM, 583pM, and 934pM for
adalimumab, infliximab, and etanercept, respectively. In modified
antibodies, adalimumab—maleimide was 30 times superior in binding
affinity than adalimumab—NHS (K = 430 pM and Kp = 1200 pM,
respectively). The Kp value of the adalimumab—maleimide was not
difference as the Kp value of adalimumab of 358.2pM. After PD—10
column filtration, the result of purity test was 99%. In stability test,
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bout 30% was degraded on the second day.

In normal mouse, [*’Gal Ga—adalimumab was excreted through the
liver and urine. Increased [*’Gal Ga—adalimumab in normal paw was
not observed. But there were increased radioactivity in the end of
long bones and vertebrae, which increased over time. Inflamed paws
of CB group showed significantly lower [*’GalGa—adalimumab uptake

than in that of the CIA group.

In biofluorescence imaging using FNR648 —adalimumab, the ratio of
inflamed paw: normal paw was higher in the CIA group than CB group,
but no statistical significance was observed. In normal mouse, there
was no accumulation of FNR648—adalimumab and Cy3—adalimumab
in paws. In inflamed joint of CIA group, accumulations of FNR648—
adalimumab and Cy3—adalimumab with consistency were observed

with infiltration of immune cells

Conclusion: [°"Gal Ga—adalimumab radiolabeled by click chemistry
using maleimide—ADIBO showed excellent performance in binding
affinity and purity test, but the result of stability test was 70% on the
second day. [°"GalGa—adalimumab SPECT/CT scan and
biofluorescence image showed specific uptakes to TNF— ¢ and were
blocked by co—injection of the cold antibodies. These results suggest
that [°"GalGa—adalimumab SPECT/CT has the potential to be used
for molecular imaging of the tumor necrosis factor— a, but it is

necessary to improve limitations such as stability.

Keywords : Rheumatoid arthritis, SPECT/CT, tumor necrosis factor—
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