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Production of Di-diabody, a Tetravalent Bispecific Antibody Molecule
and its Anti-inflammatory Effects on the Target Proteins

Sun Ki Jung***' Chang Seon Ryu®', Sun Kyu Kim**, Jin Yeol Ma*** and Sang Kyum Kim**

*College of Pharmacy and Research Center for Transgenic Cloned Pigs, Chungnam National University, Daejeon 305-763, Korea
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Abstract — TNF-a and VCAM-1 play a pivotal role in the pathogenesis of rheumatoid arthritis, and the development of
drugs targeting these molecules has extended the therapeutical approaches to rheumatoid arthritis patients. Bispecific anti-
bodies combine the antigen-hinding sites of two antibodies within a single molecule and thus they are able to bind to two
different epitopes simultaneously. A specific bispecific antibody format termed “Di-diabody” was made for the efficient
approach to anti-inflammation. In this study, the DNA vector construct of Di-diabody was built up against two antigens,
VCAM-1 and TNF-a. For evaluating this Di-diabody as a bispecific antibody on the efficacy of anti-inflammation, the proteins
were analyzed according to each antigen binding affinity and cell based assay related separate molecules. The 7H/Humira
Di-diabody produced in this study interacted with its ligands, VCAM-1 and TNF-q, respectively. Also, this antibody exhibited
the similar functional activities as compared to 7H-IgG in respect to inhibition of hVCAM-1-induced cell adhesion and
Humira-IgG in respect to inhibition of TNF-a. induced cytotoxicity. Further study to elucidate the pharmacological sig-
nificance of the Di-diabody is warranted using experimental animals.

Keywords [] rheumatoid arthritis, TNF-alpha, VCAM-1, bispecific antibody, Di-diabody
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A

o s = Ak 7ke] Ajtell gl dojupAl frt. B=gk ths
o] o3== wlj7) <¢1x}Q)] TNF(tumor necrosis factor):= w1+
(monocyte)2} TH2)A|3E (macrophage) SollA] WEE= vt o
= 7R Al E7R] (eytokine) O = F2412] 4 A o7]= IL-
1(interleukin-1)¥} GM-CSF(Granulocyte macrophage-colony
stimulating factor, Z- AAE F2Y A=z Bds
S7IA HEE Tt i) Sl T3k s '

= o7 odgA QY

S Aol A H”té:rL(leukocyte)% A gl Tos ks
st g Maze) ol dAlellA] s Ae-S st e Atee
Z}2 © & random contact, rolling, arrest, transmigration &=
ek oS Feaf WM e WM EE Fsih? o)g

E BALe gl Yul AL A -2 E-2(cell adhesion
molecules, CAMs)2] oj2] Z3gtol| 9a 4~ ¥t} Integrin,
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995 9 501

ICAM(Intercellular adhesion molecule), VCAM
(Vascular cell adhesion molecule) 5-2] T2 A|3EH 22} o]
5t o) Fojgitt, o5 Wiz Ve oz ME g o
M Eoe] s agel Hofsh= selectintr, A 2Hardel Holst

selectin,

= integrin®-9} ICAM, VCAM £¢] Holggle Tog Ba
e}, o5 v ofgt AlEHzRe Wezkg 5 Ay Wk

oflel ool il T W kgl Fagk s shar
oh;} 5)

T A el g 3l A5 AlE ok 32l uhet
TNF-0 ‘58] Al|E7RIE oAllsk= @A, B A9} T A|322] A
MEE sk AR E7E F Atk o] F TNF-o2] €4
= Alshs A A =A7E 7P ARk o % ARgETE e,
& TNF-a FAZ A7 HA4 = $pF dA o sl
e, ojelgh gxjell A HAAEe] S Fdehs AE F
ofalo] AEFEIE TrA7e o] 5 wkan QIuksd o
2 e g gelA shue] AN Aslishs A= W R
the ohe oRI7IdS 7HE B8 324S5 BAlol 28k A
o] H2 WA ABA9 S % shte] defe] = 4 Sl

whebA, 2 Aol B, AT Ao W]l 7]l
TNF-a2] &A1 et TNF-a2] 2H-4-& JAlsh= ok 714,
A, ML 5o WM Z7} VCAM-13} 2H8-310 224 s A
XEE Tl 9% FHE olsdhs As oAk ok 71

o

& olgsto] TS AuAE FHE V"o‘il ole] thst T
T S Sk 2l BA o= sl o)F S8t olF
T A 915 shte] A= AT 7ti 78 3“’1
Oﬂ tiste] At = A vHE A LD bispecific FAE

]xl——,:;]_oﬂq_ ]‘— _‘]:_ Ho] 1;]_% _%_7(4 1:\:‘— epltope’— E}\]oﬂ ok
& wAslslo] Ao AusA B4 SIAE WHoE 5
7he A8 ZakE 7|oie 5 9ok o)2i%t bispecific A9

3 FoA, S EAIEAA afﬁ%] T 3 B AE A=
8h4 gAdo] st Ba¥ Di-diabodyE 34 oz A
33T}, Di-diabody:= 2003% ImcloneAle] Zhu AA7+& e <
& FA Az 71EE olgslo] AEgom o] gz
< g9l Agee AESHH 4o SHelA divalent bispecific
diabody BT} B &9 Ao WAL ole] E ol
A1 TNF-02} VCAM-1S SAloll A& 4= Q)& bispecific &
Q1 Di-diabodyE 314} AT 7145 ARgslo] Al%ksta, &
BT VT F7hE FEl A58 FA oS Thsdel dis A
Tk

>
I
0z
I

Alet
Al A|OF=-2 Sigma(St. Louis, MO)llA T-¢lslgom &2}
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AESE 1l AL AYESof| AR = Al9FE-2 AbCam(Cambridge,
UK), Amresco(Solon, OH), Beckon Dickinson BioSceince
(Flankin Lakes, NJ), Invitogen(Carlsbad, CA), New England
Biolabs(Berverly, MA)®}, PromegaMadison, WI), R&D
Systems(Minneapolis, MN)Z5-E] 318} tt. & A-olli= o
oo gAlg AxF wudo] A14¥ 2k Antimyc mAb
(Invitrogen, P/N 46-0709), human VCAM-1/Fc(R&D Systems,
862-VC), human VCAM-1(R&D systems, 809-VR), human
TNF-a(Abcam, ab9642), human IgG kappa(Sigma, 15154),
anti-human Fc-HRP(Thermo Scientific, 31413), BD Pharmigen
mouse anti-human CD106(BD Bioscience, 555645) 5= &<
o] Agt FA W in vito Fs TS FAsHs ©] ARESISITH

MIZHH 2k

E]—HWZ] /\g}\].,_ HOH CHO E ,pﬂ:ll._zrg HHo]:g].oﬂx;].(ATCC
Manassas, VA). Chinese Hamster Ovary Cell(CHO) w2l
AR 7S o] E-8-¥t), CHO-S Al¥5+= CHO-K1&
L Gujok 224171 Ao ® CD-CHO(®nvitrogen, Carlsbad, CA)
v =] o] 8 mM L-glutamine(Invitrogen, Carlsbad, CA)¥} 100X
hyperxanthine(HT, Invitrogen, Carlsbad, CA) 100X anti-anti
(Invitrogen, Carlsbad, CAYS 71510l 5 vlleksidct. In vitro
2% G AHEE MIEFE L9298 U937¢] AATHATCC,
Manassas, VA). L929+ murine fibroblast 4| % RPMI 1640
(Roswell Park Memorial Institute medium, Invitrogen Carlsbad,
CA) wi#]°ll 10% FBS2} 100X anti-antis d7}sko] H-2F wjok

FTE U937 M- A|EZe] 2% F (human promonocytic
leukocyte), RPMI 1640 #i#]°l| 10% FBSE 371501 F-7% A
B2 -2 ekl

Di-diabody2| |%X 224

g 917 VCAM-13} & QIZF TNF a2 bispecific I A2t
3] 93l 718 R scFves AlAS & FEA A2 Wy
bispecific & AZ-E XYt FEAEAM 2] 2d He2
= diabody7} Fcell fusion®l 3 E(VA-VyB-Cy2-Cy3, Vi B-
VyA)?! Di-diabodyES #4x S293F3ith. Di-diabody2] 53
o] %= diabody FEHS! V4AV, BT VBV, AClA A &
VCAM-1 &A1 7H, 11C clone, B= & TNF-o &A1Q! humira
7F =, AR A42Ee] scFv JHlE T30 E PCRe 35t
ATt

Di-diabody EHHZE ditS /St SEM= Hik

CHO-S A|&32] 79, transfection A CD-CHO(Invitrogen,
Carlsbad, CA) ¥i=] ¢l 1.5x10° cel/m/= VCD(viable cell density)
£ 2= CHO-S cell ¢F 100 m/= k&2 t}. Transfection &
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o oF 25~3x10° celym/= A}k Al3EZ 1% DMSO(Sigma, St.
Louis, MO)7} £¢19)+= CD-CHO HiAIZ 2.1x10° cel/m/e] 2
T2 FhlEd) 8% CO,, 37°C, 100 rpm HiE7 oA 3AI7F &
Qb wjekskalct. 7S AHEske] 3,000 rpmel| A 1533t
A E2E 3 v, RPMI 1640(w/2.5% FBS)(Invitrogen,
Carlsbad, CA) W% 100 mell &E8ISITE. 500 m! Ellen Meyer-
flaskel] SN XS B3 Uk, DNA/PEl(polyethyleneimine)
Egtel 10 miE 78It 5% CO,, 37°C, 100 rpm HiF71o]]
A 4XZF E<F vjekEkgith, CD-CHO HiA] 100 mis 3 7Fskar,
8% CO,, 37°C, 110 rpm HiF7]ollA 3~42 “F<t wekstalct.
DNA/PEI 345 A|zg Alelli= 717te] DNAE OPTI-MEM
I reduced serum media(Invitrogen, Calsbad, CA)°ll ¥o] 3]
=t PEIl mgm/)< 7t DNA o] qulj2 Wi =3ks19ict.
oA 108 2 uljekel § Ao vlE 9E 4 nE FH)

sict.

el rPA BN ¥ =5

Assay JAX|Foll theliii= AKTA purifier(GE Healthcare,
Piscataway, N))& ©]8-5}%1 © recombinant Protein A(rPA)
column< rProtein A FF(Hitrap 5m//min, GE Healthcare,
Piscataway, NJ)& AR50}, Equilibration buffer(50 mM Tris-
HCI, 100 mM NaCl, pH 7.4)% 338 1S 72 3 njjokd A
% loadingslal rPA resinll Fc fusion proteing Z3|3I3AT).
o] % elution buffer(50 mM Na-Citrate, pH 3.0)%Z pH %<&
o] xAE TS 82310] A5 Y3 neutralization buffer
(1M Tris-HCl, pH 9.0)2 pH 7.0~8.00.% Z5}A7 22 v
s Ak WS ARESISIT column We EE A71E
93l elution bufferE AFE-3}7] %ol washing buffer(50 mM
Na-Citrate, pH 5.005 AH&-3t3lth AAl€ @A o] 552
Amicon Ultra-15 centrifugal filter unit(Millipore, Billerica,
MA)E AH&-3I3iT.

Di-diabody®lli= human Fc7} Az o] gloem= & A%
ELISA®l= human Fes #HE8 & 3= TAIE ARSIl &
VCAM-1 A& tha4]+= human VCAM-1(w/o hFc, R&D
systems, Minneapolis, MN)& well & 1.5 pug/mi, 100 WE
coatingdlal 4°Col] 16417} wjslitt, ©]F 1% BSA(Amresco,
Solon, OH)7} 21+ PBS(Sigma, St. Louis, MO)Z 2A|3F
blockingst ©]%- Al5E well & 100 We ¥ $ 37°CollA] 24
7F Bjkslich & 3A|2 HRP-conjugated anti-human Fc
mAb(Thermo Scientific, Rockford, ILyS 1: 40,0000 % 343}
o well T 100 m/E Eal 37°CollA 2213+ vieFst & TMB
(Sigma, St. Louis, MO)Z A15}5IT}, & TNF-o A gl dlis)

/1= recombinant human TNF-o(Abcam, Cambridge, UK)S
1.5 ug/ml, 100 W= coatingdtal A 25 A3 & AEIA=Z
HRP-conjugated anti-human Fc mAb(Thermo Scientific,
Rockford, IL)S 1:40,00022 3|43t well & 100 ws Eal
37°Col 2AIRF wiekst 3 TMB 2 2¥slgiek, v g8 PBST
(W/0.05% Tween 20)Z 53] washings}Ath Al5= AAE
SIS ARSI R EE R BEo] 470 12 SNsl] AN
spict.

L1929 cytotoxicity assay

AEZ 10 nMFE] 422 A= wjR]o)] EAlslo] 96 well plate
o 100 W #5-313ict. 2 ng/mie] TNF-a& 7} wellell 50 p/ ol
0.5 ng/mio] A dto] A2elx 303 HiFsISitE. L929 Al2ES
2 1x10°cellym/ 5% =(RPMI 1640 w/10% FBS+1 pg/ml
Actinomycin D[Sigma, St. Louis, MO]) <H0]3}%] 50 pis =
SILE 22417F JEE 5% CO,, 37°C uieF]ollA] whekakit).
WST-1(Roche, Switzerland)= 20 W 3d7Fskar 24]7F wljekst 5
ELISA Reader®(450/690 nm, Molecular Devices, Sunnyvale,
CA) 73St

Antigen-U937 cell adhesion assay

Human VCAM-1 39S 96 well platel] 2 pg/ml 552 &
T8kl 16713E, 4°CellA wjeaiSitt. o1& 1% BSA7F okl
PBS §9107 247+ A-2of|A blockings}ith. &8-S #|A 5kl
CFSE(Carboxyfluorescein succinimidyl ester)(Invitrogen, Calsbad,
CAY} 2Pl U937 AIE(RPMI media, w/1% FBS) 1x10° cell
FE 100 W B35 37°C 164 B¢t kS wjekalich
260 e WA 2 A E A9 581 200 g2 plates F7o]
A ARSI, Welle] 848 AASKAL 150 pi] lysis buffer
(0.1% SDS, 50 mM Tris-HCl, pH 8.5 F7}sto] 15% 1t 2
204 vkt vIE & 352X 7] (Molecular Devices,
Sunnyvale, CA)Z (485~530nm) =&ttt A= 833 bl
79 CFSEZ 5uM FE2 5% Hjeksly 1X PBSE 34
washingd & FcR 21AlE 93] human serum(Sigma, St.
Louis, MO)©.& 5x10° cells/m/ 5% 15%-7F blockingFi. Hj
A £ washingsto] 4 AR AXE FHlSHT

=8} Di-diabody &2 XM=

AR Az 718 ARE31o] cross-over® scFv polypeptide
chain Y& WA 9531, 31X -9 (hinge region)= IgG2)
Cy2-Cy3 domain®] N el A7t Bgh thE & 2] v}
A2 cross-over®! scFv polypeptideE Cy2-Cy3 domain®]]
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SN2 FelE #gsko] bispecific diabody-Cy2-Cy3 fusionS:
THESITE. o] st 7 7112 diabody-Cpy2-Cy3 fusion®] FAE
CHO &= AETFolA FAlell wdshA stol, hingest Cy2-Cy3
7} AR diabody-Cyy2-Cy3 ©12AZ AT A=ke A%
& 2+= DNA sequencings &3l @714 gs RIsigion,
FEAET transfection O] 5 vk o] Z7e] gglel] of
3+ A3t 2/ ELISAS 53l ] whijdo] W s silsisict.
HH|E Di-diabody M2 aHa! ZEt &4 &l
CHO-S ¥le¥ 5~ rPA A= &3l #5% 7H, 11C Di-diabody
A= Z42ke] 999l hVCAM-13F hTNF-ool| th3t &2 4
o] 2ol5 FYU sollA ELISAZ ER1skict. ghele]
3t A9 affinity 57> BiaCore(Biomolecular Interaction
Analysis) SPR Technology 52| W o2 Jgket zke &4}
= Zl0] ANkHoL|Y £ Aol = g 5 ¥ ELISAYIA
o] ub =15 apAslsle] ATl AEE Aol nlmsigin) o
¢ hVCAM-1¢]l th$t A3 7H-IgGell vl 11C/Humira
Di-diabody = 3+t =2 w9t o™ 7H/Humira Di-diabody+=
7TH-IgGe} frAkeh 3l 23S RIsIGITHFig. 1). 3 VCAM-
S Q) 7He) thalxl:= IgG FefelA] Di-diabody 3=
Negwloj = grelel dist 23S Helr] o fARRS: st

—— TH IgG
1.6 4| =— = — 11CIgG
— —B—— higG
== == == Humira
1491 ....... Aeeeeee 7H/Humira Di-diabody (  __ &
——O—-—  11C/Humira
o 121
©
~ 101
2
0.8
<
[a]
O 06
0.4
0.2
0.0 = —
T T T T T T T
10 107 102 10! 10° 10! 10?
Concentration(nM)

Fig. 1 -rhVCAM-1 binding affinity of purified 7H/Humira Di-
diabody and 11C/Humira Di-diabody in CHO-S culture.
The purified Di-diabodies and parental IgGs were first
incubated with rhVCAM-1 (1 ug/ml) coated in microplates,
followed by incubation with HRP-conjugated anti-hFc
antibody. 7H/Humira Di-diabody binds to human VCAM-1
with the similar activity as 7H-IgG parental form. In the
case of 11C/Humira Di-diabody, it had low binding activity
rather than those of both 7H-IgG and 7H/Humira Di-
diabody. Antigen binding activities, ranked in descending
order are as follow: 7H-IgG=7H/Humira Di-diabody >11C/
Humira Di-diabody>11C-IgG. Data shown represent the
mean+S.D. of triplicate samples.
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Fig. 2 — rhTNF-a binding affinity of purified 7H/Humira Di-diabody
and 11C/Humira Di-diabody in CHO-S culture. The purified
Di-diabodies and parental IgGs were first incubated with
rhTNF-o. (1 mg/m/) coated in microplates, followed by
incubation with HRP-conjugated anti-hFc antibody. Both of
7H/Humira Di-diabody and 11C/Humira Di-diabody bind to
human TNF-o. with the similar activity as Humira-IgG

parental form. Data shown represent the mean+S.D. of
triplicate samples.

St o] Ayl= hispecific TAFS] Z3HS- olFo|FEA|g)slo] 1gG-
like ¥7F PEl= FAFES F7M7IH, oHaseeAQl SHo]
W0} T5e 1gGe FARH fAE < ek malfe) o
|8t} vhH el minibody HEflA] & AgHES glon) Al
& Aol 9= 11C clone®] 7%, EolsA% Di-diabody
Hel7}t 1gG FelRtt VCAM-1¢] djst A% &/do] B} 945}
9t} o]+ 11C clone?] 739 Di-diabody FENE /NP O EH
IgG HHHT} A% o] 7dEE adE B

T3t F% % humira®] variable regions 712 Di-diabody+=
7HS} 11C7F hVCAM-1 &lel] vt dgh &4do] vz Zlof 1t
3l & hTNF-aoll et A3 232 FARES: ZRIsIITHFg. 2).
o] A7= 3} TNF &9 humira®] 7%, IgGolA] Di-diabody
= A 1o] erF W T TNF-aol thet Agteo] fA|ES
HAT},

71032 A&l bispecific &A|Q! Di-diabody:= parental &
AR 1gG FENe} AFst 3 A3teS 7R 2422 hele|
s 510 AYHE 7= As Gl

Anti-TNF-o MZEY Ssks 24

1929 cytotoxicity assayi= hTNF-a2} mouse fibroblast cell
lineQl L929 cells E&staL o710l FAE sE=HEE A2sto]
ok 3 1929 A|Z] cytotoxicityS WST-1 HulZ 3 =43}

o] A9 F3b5S FARIITHY R4 th %791 Humira-IgG
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Fig. 3 — Anti-TNF-a. cytotoxicity neutralizing effect of bispeicifc
antibodies, 7H/Humira Di-diabody and 11C/Humira Di-
diabody. The OD value of 450 nm, which reflected metab-
olically active cells by WST-1, increased proportionally
when L1929 cells were exposed to increasing amounts of
both Humira and bispecific Di-diabodies. Both 7H/Humira
Di-diabody and 11C/Humira Di-diabody showed the similar
neutralizing activity in TNF-a induced 1929 cytotoxicity as
Humira-IgG parental form. DD means Di-diabody. Data
shown represent the mean=S.D. of triplicate samples.

o] H]3}| Di-diabody2] 7d-%-, & VCAM-19] clone®l “&3glo]
7H, 11C 254 Humira-IgGe} A hTNF-o 53Fs2 &

18k thFig. 3). ol TNF-o &g 4¢3 =7 ELISAcIAM ¢}
o], the 9] Ll asle] A Felrh WdgEol= TNF-
ool st e AgEo] FAH in vitro B3N NESAT F
oM E fARE 28 7 ZloR Bl

VCAM-10i| CHet M= E& Xalils =4
hVCAM-1 Z-gof T3t leukocytedl U937 MEF2] 42 A
s Al 96 well plated] &-¢121 hVCAM-12- 200 ng/100 pl/
well coatingg}al $H. &AE 6, 60, 600 nM *]2]3+ 3~ CFSE &
& 3AE U937 AEE A olgA 2k AEE 8l
slo] PR 8= FFe 575l Tt leukocyte
ko] GAe) AR Asse S o= o] Aol |
= XPJ Al AAH o2 W E = VCAM-10] tijsh wiEgdte] #
S M TEHRgOlA ME EQ] EAF 1 9RO R WS,
VCAM Fee GAE AgerowA mMdTo] VLA-494e] vt
S5 A&t assay EA o) ThY kA thx o 7= BD
Pharmingen mouse anti-human CD106(BD Bioscience, 555645)
& AFgEIRlom, ol VCAM-IO] 470 ATk ek,

1O 2.

WE-0] VLA-4ol| Agtste] Azt Adlls-s 7H= Ao
)20 ox zo 7 = ghgde] sk A7} 9= human

IgGE ARSIl ool thet B33 A5 715 4kl 0% 3l

Fig. 4 — Adhesion inhibition of 7H/Humira and 11C/Humira Di-
diabody between VCAM-1 and lymphocytes; U937.
Adhesion of U937 on an antigen was investigated in 96-well
plates pre-coated with rhVCAM-1. Number of adherent
cells per well was determined using a fluorescent assay
(OD with linear correlation to number of adherent cells
labeled by CFSE). 7H/Humira Di-diabody inhibited U937
adhesion against hVCAM-1 at the similar level as a
compared to 7H-IgG, not 11C/Humira Di-diabody. BD
antibody is used for positive control that binds to VLA4 of
U937 in this assay system. Three independent experiments
of triplicate samples were done and results are shown as
mean=+S.D.

S Aoz Frlegley. Y tlx-e 6nMe] B 5
TAME 80%2] Al ss RAAh(Fig 4). THS 735, 1gGS} Di-
diabody”} 60 nM o)/l 60%2] AallEe] s 83T
11C9] 7%, 600 nM 554 Di-diabody Z"8-S- 40%2] A3
5= 7L, 1gG EeME 20%2] Adllso] SAE ) 5ol
ST, 11C IgGe BE srolA] A 2k Assoe] whoL),
Di-diabody FElZ H73 Alo]l 600 nM o1 arswelld Al
42 Adllsol IgG FejRTh 2] oY S Bl o]&A
11C/Humira Di-diabody®] 78-¢-, 3= Feje] My ow &/d2)
MAETE Bk Al 12 Asee] /92 7H/Humira Di-
diabody=7H-IgG>11C/Humira Di-diabody>11C-IgG%] A=
1=t

AE# o7 7H/Humira Di-diabody= 7H-IgG¥} H|wa}o] Al
SO fAkste], @A FelrF wiEE
% & VCAM-19] in vitro 8742 A¥XH& Al X5

k.

Z;I 6H L

TR Aol BE

=
—

£ 52 542 TNF-agt VCAM-1& FAlel A1E 4= 3l
+= bispecific @1 Di-diabody F-12F A3 7168 AMSS1]
Azstar, Az A0 s IS Frkehs Aol A

A9 a3t 22 dEs mESlth
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1. & VCAM-13} & TNF-o°l tfdt Di-diabody &35 £
b A7 712 AR ol & S8l scFv A ElE
ol-g3lo], TEAE WS 93 Di-diabody F-AAS S=2d5}
ATt V4AV BO] cross-over scFvel VBV A-Cy2-Cy39l
cross-over scFv-Fc®] 342 %25 A&t om, A= &
VCAM-1%, B & TNF-0?! humiraE ARS-3FIC} ol2f 3t
A2} WAL o)F oA gkE] o] ML el Di-diabody <]
bispecific &5 Akl Ax2THE 2= YA EZTA
CHO-Sel| transfection®]7]aL, Di-diabody2] AARS $Ja}o] wjjok
3IGATh, Hijokolo]] Hu)El )= Protein A affinity columns A}
|3to] Attt

2. %4419 Di-diabodyE AME-310] in vitro S-s-& SRIsISAT
34, 7H/Humira Di-diabody2] VCAM-17} TNF-oell thsh &l
A5ee ELISAZ Z4519]t}h. 2 27}, 7H/Humira Di-diabody
= parental IgG &A1) 7H-IgG2} Humira-IgGe] &4 23
o AR gRlErlth. =4, VCAM-13 U937 AlEe] A%
A&l A2 SIe= in vitro E5 assayolls] 7H/Humira Di-
diabody= 7H-IgGo} fAkeE A2 2 Aslsg vehlom,
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