HUMANIZED ANTI-TNF-a ANTIBODY AND ANTIGEN-BINDING FRAGMENT (Fab) THEREOF AND
USE OF THE SAME FIELD OF THE INVENTION  The present invention relates to humanized
anti-human tumor necrosis factor-a (TNF-a) antibodies and antigen-binding fragments (Fabs) thereof
and use of the same. BACKGROUND OF THE INVENTION  The development and progression of
the autoimmune disease is a complex process due to imbalance in regulation of many active
cytokines. Tumor necrosis factor-a (TNF-a) has been shown to play an important role in immune
regulation among numerous cytokines. However, its overexpression has been demonstrated to be one
of the main cagsad ANIZIODANIDE TREISE NFIB APSOANTY X NI $NUB PRBIN ECERUICG IS ENpressing
TNF-a activity become one of the most successful therapies for the treatment of such diseases.
Indications which have been affab)y/EHEREQFeANMPIELORAaAMthritis, Crohn's disease,
plaque psoriasis, psoriatic arthritis, ankylosing spondylitis, ulcerative colitis, and juvenile idiopathic
arthritis, While a variety of other related diseases are subjected to clinical trails.  Currently, in
Europe w d& armaceutical anti-TNF-a antibodies and antibody-like Fc fusion
proteln ugs such as Remicade, have been available. But Remicade has a shorter half-life in vivo of
approximatelyQ Gyentniaddition raithaughiiRsilisadenasared RiRding &Rty rRieadiyifw@eg clinical
efficacy, as a chimeric antibody consisting of 1/3 of murine-derived sequences and 2/3 of

human-detivedi segquentesnaboding0%gnmkn% (Ghpatibatsod ppéascaet ilmnsame. response after
admlnlstratlon of Remicade, generall resultlng in the production of human anti-mouse antibodies
(HAMA), ORI {AE ) R 148 term application of the antibody. Accordingly, there is a
great need f any ant -TNF- 8ubo with h| [ det%E%e of thllnganlzatlon and maX|maI C{edltjced

gmda €SS10n une €asc 1 TOCES
proportion of e murln erlve ences O ecrease edegreeo murln OI’I In‘and allow safe

usage ineaAtne:diseas@atBMBMARn P £KAVMSRORIREE SPulAb N HEIARIZITE-AR-aNtDEEY jhiR geaft parts of
the complementary-determining regions (CDRS) of the variable regions (VH, VK) of a murine-derived
antibodyshtwithie playewiorkoegiondofmaimrevicusiguselestaddngmamantibogiekiie. rHsultant, atstibody
will consist mostly of human-derived sequences and be able to retain the selectivity of the starting
antibodyPSFIRtHRRS BRI forcthecspReraitdoerh - Rokeldhe theipretises YeHEPaM M IELIL IS8 S16f the
antlbody affln UMMAI?EOF THE INVE{\ITION Onerﬁgect of. th[e %Eesent inven | E |s to Prowde

use (0] harmace ticals su S1 activl ome ne [¢)
humanlze an(inﬁd/rhan timor hecrosis tactor-a FPNE-a)an i€S'and antigen-binding fragments

(Fabs) thgreadstharrifipibs abwvineh-fariunmnan (HnarfecEesvdacitn wiremPArabi&foppr¥en higher
than that of Remicade, a human-murine chimeric antibody. = The humanized anti-human tumor
necrosisthagthr-enCbiipasy aintibodiad outtinéikalbsobrovideddseihd ppesendinyantsnrcoimpridesisa heavy
chain variable region and a light chain variable region, wherein the amino acid sequence of the heavy
chain vaﬂéﬁl@%’@@&?‘ﬂ&ighﬂ%ﬂlﬁ?@% ?@N@aqddpeemlﬂfélgeaﬁaﬂ@lrﬂéﬁnwﬂmﬁérmuﬁBO&lafa
sequence o{ tcpglll ht chaln arl Q{ |on 1rfown in SEQ ID NO: 15, 9, 11, 7, 13 or 5in the

sequence Iasfflng And the first ammo aC|n Craesl ue of SEQ ID NO: 1 is Glu or Gin.

Currently, in European and American market, pharmaceutical anti-TNF-a antibodies and

antibody-like Fc fusion protein drugs, such as Remicade, have been available. But Remicade has
a shorter half-life in vivo of approximately 9 days. In addition, although Remicade has good
binding affinity, bioactivity, and clinical efficacy, as a chimeric antibody consisting of 1/3 of
murine-derived sequences and 2/3 of human-derived sequences, about 10% - 47% of patients
appear an immune response after administration of Remicade, generally resulting in the
production of human anti-mouse antibodies (HAMA), which affects the potency and long-term
application of the antibody. Accordingly, there is a great need for an anti-TNF-a antibody with
higher degree of humanization and maximally reduced proportion of the murine-derived

sequences to decrease the degree of murine origin and allow safe usage in treating diseases in
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The antibody is particularly selected from any one of the following a) to 1):  a) KS 10, having a heavy
chain variable region SHO1 with the amino acid sequence shown in SEQ ID NO: 1, and a light chain
variable region 5H08 with the amino acid sequence shown in SEQ ID NO: 15; b) K503, having a
heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID NO: 1, and a light
chain variable region SHO5 with the amino acid sequence shown in SEQ ID NO: 9;  ¢) KS06,
having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID NO: 1,
and a light chain variable region SHO6 with the amino acid sequence shown in SEQ ID NO: 11; d)
KS 12, haying.a heawyngisin oakle regionutdfiZingth the ambyaacid seguenge shawndn SEQ ID
NO: 3, and a light chain variable region SHO8 with the amino acid sequence shown in SEQ ID NO: 15;
e) K504 chewplegenhemde chainivgniebmsdGIOR Dld0 thevidrithdeangino sadid. Séquencashondeiv8EQ 1D
NO: 3, and a light chain variable region SHO5 with the amino acid sequence shown in SEQ ID NO: 9;
f) K507, ﬂa\hﬂggvalﬁ@aw dFF VaHaBRE FEgich BHIGY WHN YhE SRt aaia s agtiRte JRSWRSHIEEQ ID

NO: 3, aglqigolci%ht ain variable re bﬁn 5HO0 Witr%the amino a i% se (Cafnce ShO\ﬁln sinleScFiQxlDEO: 11;

W11l CONS1St MmosS uman-deriyve cquUENCes an € abI¢ 1o retain the
g) K502, havin aheavy chain variable region gH 5\%/|t the amino acid sequence shown in g QID

NO: 3, aid adighthalRusiaRRARgIGHAHOB Mithihe AMIRA IR SAAUANCHSRAWRIRSFERRINO: 5;
h) K508, having a heavy chain variable region 5H02 with the amino acid sequence shown in SEQ ID
NO: 3, and@dighthehainbedsialifmitegion 5SHO04 with the amino acid sequence shown in SEQ ID NO: 7;
i) KS 11, having a heavy chain variable region 5H02 with the amino acid sequence shown in SEQ ID
NO: 3, ant™ Xr%ﬁ@ﬁé%%@igﬂl‘ém? with the amino acid sequence shown in SEQ ID NO: 13;

) KS01, haviqg aorl])eeac\fyotfh[ﬁin variatgle rea{on Slg-l 1 with thﬁ amino 8%% Seguence shown in SEQ ID

NO: 1, and a fight Chain Variable Tegion SHOY with tHe AminG At S6qUance Shown Il SEG 1D NO: 5;

factor-a (TNF-a) antibodies and antigen-binding fragments (Fabs) thereof, the affinity of which
for human tumor necrosis factor-o is comparable to or even higher than that of Remicade, a
human-murine chimeric antibody.

The humanized anti-human tumor necrosis factor-o. (TNF-a) antibodies or the Fabs provided
in the present invention comprises a heavy chain variable region and a light chain variable region,
wherein the amino acid sequence of the heavy chain variable region is shown in SEQ ID NO: 1
or 3 in the sequence listing and the amino acid sequence of the light chain variable region is
shown in SEQ ID NO: 15, 9, 11, 7, 13 or 5 in the sequence listing, and the first amino acid
residue of SEQ ID NO: 1 is Glu or Gln.

The antibody is particularly selected from any one of the following a) to 1):

a) KS10, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO8 with the amino acid sequence shown in
SEQ ID NO: 15;

b) KS03, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO5 with the amino acid sequence shown in

SEQ ID NO: 9;



k) KS05, having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID
NO: 1, and a light chain variable region SHO4 with the amino acid sequence shown in SEQ ID NO: 7,
1) K509, having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID
NO: 1, and a light chain variable region 5H07 with the amino acid sequence shown in SEQ ID NO: 13;
wherein, the first amino acid residue of SEQ ID NO: 1 is Glu or GIn.  Another object of the present
invention is to provide a humanized anti-human tumor necrosis factor-a antigen-binding fragment
(Fab). The Fab comprises a heavy chain variable region, the amino acid sequence of which
corresponds ¢pRisemesiians heh2) SRR N Rodbh SHOE QiR (NQinadd R dREsQaBPERJIEERNY, and a
light chain variable region, the amino acid sequence of which corresponds to the positions 1-109 of
SEQ ID SER 3D HBHEQuD Nigeehnitheasebigargenistidgo withthantibodypqdodgenién shevimviention
consists of a heavy chain, in which the amino acid sequence of the constant region is identical to that
of the huth&hB R bélgf?heavy chain, and a light chain, in which the amino acid sequence of the
constant regipryis j9eniaal o ARG Duman ANYBeLK IOk ENAIC T heDEAN GhAIL GARStRnt
region of the descri ed anﬁboé:y r‘%ayabe a human-derived constant region o angxc asses (lgG, IgA,
IgM, IgEsIgPIBINUDEIasaes KaBbHER 2863 . S, Ja2ndafkilgA2k sagihedighnahain
constant region of the described antibody may be a human-derived light chain constant region of any
classes QEQMRN6Y. dGbclasses (A.1, X2, 22,24), or allotypes (Km (1), ion (2), ion (3)). The amino
acid sequence of the heavy chain constant ‘re%ion of the antibody is particularly shown in SEQ ID NO:

17 in the seqtidhe@Hdanipcahbemyy shatRo 4iblsserien S8R tyuhigis LRim 2 SEqHE R RBR R the
antibodyd iularly shown.in SEQ ID NO: 19 in th uence listing. _ .The amino acid sequence
oo He e S R RSN o S IR o QIS B80T ence
of said lightiigindgs shown in SEQ ID NO: 23 in the sequence listing. The amino acid residues at
positions 1-120 of SEQ ID NO: 21 correspond to the variable region of the heavy chain, and the amino
acid residues)dpositionnd 2 hets§ thenevhuarte sppod 36l tRercinstantregiandofethe ey ehain. The
amino acid residues at positions 1-109 of SEQ ID NO: 23 correspond to the variable region of the light
chain, ang théaMihodaehe re digtledainpuifblisragionoi (h avbitbe AR At do tAECEEH SEAN Y dlyion of
the Iightgﬁéiﬁlp%_f'ﬁt amino acid residue of SEQ ID NO: 21 is Glu or GIn.  The Fab provided in the
present invéntion consists of a heavy chain Fd fragment and a light chain; wherein said heavy chain

Fd fragment yyqludesiid andieldd andrsaigdidbtchsingnoridesm MK amcha igbiehaineansiairegion;
wherein the amino acid sequence of the CH1 is identical to that of the constant region CH1 of human
antibodySh€av th@irg, and thBghmihaiacidisbiguepos GHREdWightlehain moasthstqegion ssoseritical to
that of the constant region of human antibody light chain.
SEQ ID NO: 5;
h) KS08, having a heavy chain variable region SHO2 with the amino acid sequence shown in
SEQ ID NO: 3, and a light chain variable region SHO4 with the amino acid sequence shown in
SEQ ID NO: 7;
i) KS11, having a heavy chain variable region SHO2 with the amino acid sequence shown in
SEQ ID NO: 3, and a light chain variable region SHO7 with the amino acid sequence shown in
SEQ ID NO: 13;
7) KSO1, having a heavy chain variable region SHO1 with the amino acid sequence shown in

SEQ ID NO: 1, and a light chain variable region SHO3 with the amino acid sequence shown in

SEQ ID NO: 5;



The CH1 of the Fd fragment of the above Fab could be a human-derived constant region CH1 of any
classes (1gG, IgA, IgM, IgE, IgD) or subclasses (IgG1 , IgG2, 1gG3, 1gG4, IgMI, IgM2, IgAl, IgA2); the
light chain constant region of the above Fab may be a human-derived light chain constant region of
any classes (K or A.) or subclasses (A.1, A.2, A.3, AA), or allotypes (Km (1), Km (2), Km (3)). The
amino acid sequence of the CH1 is shown in SEQ ID NO: 33 in the sequence listing; the amino acid
sequence of the constant region in said light chain is shown in SEQ ID NO: 19 in the sequence listing.
In particular embodiments of the invention, the Fab is any one of the following bl) - b3):  bl) KS-7F:
the amino acd geasenEeRf MeNoavricRail.brRAEEHN HERNOWMIMIhSERIP N sejlidadhenseguance
listing; and the amino acid sequence of the light chain is shown in SEQ ID NO: 31 in the sequence
listing; SERRNKSFAL, thedaniplt abrdrsegumnc ecgfaaliHidaviticHainifragnaerd ssgitovenshv BEQ@ ID NO:
25 in the sequence listing; and the amino acid sequence of said light chain is shown in SEQ ID NO: 31
in the seﬁ%@ﬁ&hﬁ@ﬁﬂg; b3) KS-2E: the amino acid sequence of said heavy chain fragment is shown
in SEQ ID NQ:,25.in the.seqyence listing; and the ami id.sequence of said light chain is shown in
S 1o No: B e e B R B e
antigen-gnding fesmemt A0n antigan-Rinding fagsneste: wherein dhensntigescRindinaiagment A is a
Fab, a Fab', a F(ab')2, a Fv (variable region fragments of an antibody), a heavy chain variable region,
a light chdi vRrla0tel fegion, polypeptide fragments selected from the heavy chain variable region or

polypeptide fragments selected from the [ﬁ?t chain variable region, which are derived from the said
antibody; and"fEcihtieHBiRmRg feigrreitis 9§ SHAUH N (49514 0% heavy chain variable region,

a light chain yarigble region J%oe tide fragments selected from the heavy chain variable region or
B omemide OUBRE LR PN ERR IS RO OO T A AR MBAD e 0

Fab. Therahovacmentigned FaRiasreompasehf. ampairrab ligihphains and v, Ra%iAf heawechains
(referred to as Fd') which are slightly larger than Fd. Hydrolysis of IgG molecules by pepsin can
producertiy®i(die hfnagacehteyiviote odmprisesotvespeaths jatie fmsgioos |tk A LG BQDIENNGE AE
epitopes. Fd' cogrises about 235 of amino acid residues, encompassing VH, CH1, and a hinsg;e

, Which

region. F¥ S6i98iskS U Rghitchisincriifasie indigivnpdLy H8at LhHBWAEARIn (eibIE et A

are assogiated logethel via non. coyalsnt onds v ﬁ?ﬁ&&‘é’iﬁ@ﬂ;rﬁ@i%kfto‘%fgé@if?oﬁ‘és'%%ha‘ of
an intact a‘f‘ﬁlebo%y molecule, OV\Pnlng a single antigen-binding site. Fv includes ScFv (single-chain
antibodigg) s e}ﬁ@jgﬁlﬁ@ide-bond stabilized antibodies) etc. ScFv is a single peptide chain expressed
from VH and VL linked together by a piece of suitable oligonucleotide (a linker). DsFv is a
disulphide-bdre imtivoldii peavidedragrhent fenrivedeviaies pé ativelyyintradyu cinghohaley steine antd light
chain and heavy chain variable regions at a proper site. DsFv has been shown to be superior to ScFv
in both mwﬁ@cgﬁﬁifmg@bmpn is identical to that of the human antibody heavy chain, and a light

chain, in which the amino acid sequence of the constant region is identical to that of the human
antibody light chain.

The heavy chain constant region of the described antibody may be a human-derived constant
region of any classes (IgG, IgA, IgM, IgE, IgD) or subclasses (IgG1, 1gG2, 1gG3, 1gG4, IgM1,
IgM?2, IgA1, IgA2), and the light chain constant region of the described antibody may be a
human-derived light chain constant region of any classes (k or A) or subclasses (A1, A2, A3, A4), or
allotypes (km (1), km (2), km (3)).

The amino acid sequence of the heavy chain constant region of the antibody is particularly
shown in SEQ ID NO: 17 in the sequence listing; and the amino acid sequence of the light chain

constant region of the antibody is particularly shown in SEQ ID NO: 19 in the sequence listing.



Also fallen within the claimed scope of the invention is a gene encoding any one of the following
proteins A) - C): A) the said antibody; B) the said Fab; C) the antigen-binding fragment Aor B. The
coding sequences of the heavy chain variable regions of both the antibody and the antigen-binding
fragment A are shown in SEQ ID NO: 2 or 4 in the sequence listing. The coding sequences of the light
chain variable regions of both the antibody and the antigen-binding fragment A are selected from one
of SEQ ID NOs: 16, 10, 12, 8, 14, and 6 in the sequence listing. The coding sequences of the heavy
chain variable regions of both the Fab and the antigen-binding fragment B correspond to positions

1-360 of any BRauenks R SeudBcbOYSsatd feAS 2R PESHIHNG in30BR@ TSRO 1D INP 126 by ibkce

sequence listing. The coding sequences of the light chain variable regions of both the Fab and the
antigen-bitdigigafrdgheeanBic awels ponditos pafsitiohdi g8 2and anylsequencEer BEQID MOs: the, 10, 12,
8, 14, 6, 32 and positions 1-327 of SEQ ID NO: 30 in the sequence listing.  In above sequences,
both SEESIEFRES i8tiagq T amunedts Hictibirdds Pamtienail o8 EENENB N 82 h20riesPedd anthe 6 have

327 nucleati es. .The f;%jiqgesequgnce of(m heav chaicp constant re%ion of t ¢ %{Pﬂge\f isfshown
in SEQ ID'NO: 185h the se&uer%lgé/ Icl:st%ng;%lnd teea(%g?nacéeéﬁseln%eeso the' |t(i:1 ite alln constant region

of the aniipRAYJISISHONE dBnSES? 1E2iDICH 2B MRy SARAUE AR ISHNG. acidl REiGAHIRG [RAAUSACE @fcthe CH1
region of the Fab is shown in SEQ ID NO: 34 in the sequence listing; the coding sequence of the light
chain coostai® régidFOof 2R e Fads posh dovichin BEQ KD b2 0finhth & gequencealistiftg. aminaheid
embodiment of the present invention, the coding sequence of the heavy chain of the antibody is

particulaifyiShowh RPSEDSIDIRB D haplecs Bsthsoe IreaRb drsdPaefubrdéett aheifgienain of

the antibody is particularly showg,i DNO: inl@e sequence listing. The coding sequence of
the said Fa %@%ﬁf %ﬁéegyfldtﬁeeogﬁg%iﬁg%él% f &ﬁ(&:ls)r “7F: the coding sequence of the heavy chain

fragment of tirg.Hakp ﬁ%@%iﬂ%é&l\i@&%ﬂ g sa0uengRdistingiamd g.ardiNtequsmnce of
the light chain of the Fab is shown in SEQ ID NO: 32 in the sequence listing;  ¢2) KS-7A: the coding

sequencehahthebheawpat dien fnagment o fithgrieabiis kldeswM imB8ECH DaNsaR6 lighthehsmgmehcdedisting;
and the coding sequence of the light chain of the Fab is shown in SEQ ID NO: 32 in the sequence
listing; Vk and a light chain constant region; wherein the amino acid sequence of the CHI is identical to

that of the constant region CH1 of human antibody heavy chain, and the amino acid sequence of

said light chain constant region is identical to that of the constant region of human antibody light

chain.

The CHI1 of the Fd fragment of the above Fab could be a human-derived constant region
CHI1 of any classes (IgG, IgA, IgM, IgE, IgD) or subclasses (IgG1, 1gG2, 1gG3, 1gG4, IgMI1,
IgM?2, 1gA1, IgA2); the light chain constant region of the above Fab may be a human-derived
light chain constant region of any classes (k or A) or subclasses (A1, A2, A3, A4), or allotypes (km
(1), xm (2), xm (3)).

The amino acid sequence of the CHI is shown in SEQ ID NO: 33 in the sequence listing;
the amino acid sequence of the constant region in said light chain is shown in SEQ ID NO: 19 in
the sequence listing.

In particular embodiments of the invention, the Fab is any one of the following b1) - b3):

b1l) KS-7F: the amino acid sequence of the heavy chain fragment is shown in SEQ ID NO:

27 in the sequence listing; and the amino acid sequence of the light chain is shown in SEQ ID NO:

31 in the sequence listing;



c3) KS-2E: the coding sequence of the heavy chain fragment of the Fab is shown in SEQ ID NO: 26 in
the sequence listing; and the coding sequence of the light chain of the Fab is shown in SEQ ID NO: 30
in the sequence listing.  While the nucleotides at positions 1-360 and 360-1350 of SEQ ID NO: 22
correspond to the mentioned variable region nucleotides of the heavy chain and the constant region
nucleotides of the heavy chain, respectively; the nucleotides at positions 1-327 and 328-642 of SEQ ID
NO: 24 correspond to the mentioned variable region nucleotides of the light chain and the constant
region nucleotides of the light chain, respectively. A still another object of the present invention is to
provide the falipwing genpticinatesialsefEac06IRINAMNEE @i FRCABRINAMAACIArBED Bregpmbinant
cell line, a recombinant virus or an expression cassette comprising the gene set forth above. The
recombigantvketsyisacpriokaryoticlaohe ukanpotiv expressionfvectol bt dxpressingwhambliboly, the
Fab, or the antigen-binding fragment. The recombinant bacterium is an Escherichia coli harboring the
gene setYOiAEBdNE saEtecliiBRant cell line is a transgenic cell line or fusion cell line, wherein the
transgenic cellli 1 he a mammal cell line into which said gene encoding the hu i .
ant-human P b e R B R e e A A ORI
present yantipnsbasheensiiansiarresh MeiRrably Ehi@neelblingidon A9l inenand swliesithereof,
the fusion cell line is hybridoma cells which can secrete the humanized anti-human tumor necrosis
factor-a diQilSdy thentipredeahithegpresent invention. The recombinant virus is a recombinant
adenovirus or a recombinant adeno-associated virus, etc, which carries the gene set forth above. The
expression cAs¥iti@n8thepHRIACH e R PTRHiEh IMETHRS hie @1rain SRt Fobind g Bas 8 dd v stream
as follows; a promater; the coding gene.of the antibody, or the Fab, ar the antigen-binding fragment of
which tha HEnSLHISUaR & RLled By kst e de et X me FB B e e e or
transformed vkl ecOPARYREIYT CAMAIHOG N6 aRdNg apne clibsi@niedy athemath4 the
antigen-binding fragment, the corresponding proteins can be expressed, thus obtaining the antibody or
Fab, or theiabligerebindipg Ypagndentragnesaidskblestedelfromythe Anagykahyoticvesiibkndegiay also be a
prokaryotic cell, including, but not limited to a mammal cell, a bacterium, a yeast, an insect cell, etc.

There aRPYRGRIEGFrapethrstasis Boms thsdfghfahrifgerdable iseotaimmenphessider wibirem 883, cHO,
SP20, NSOd, C(t)?s dB_HK {hPer 6 ce_ltl)s f&atc. Ihere a{erariOLg Bmethgé%,f?or trei;nsfecttlinac_%a cﬁz-lli[1
1 (flrﬁitélg(f e -anfigen-binding r%%men 1s,.a a a at , d \itia eavy chai

includinggs’?bufilﬁo o, eléctroporationt liposome-mediated transfection; calcitim
phosphatgrimsdiated transiaationigteariafePFEIRIADIB VR fok S¥RIRRIRG N RAtodyiHhedab, or the
antigen-binding fragment is as follows: performing gene amplification with the recombinant vector in a
stably trahsiiectadhblstagdnnoonpdypeprnideehsegnthete xpiessiofrdevehoflitie rdedminnablepredein, For
example, a MIER-deficient host cell is transfected stably with a recombinant vector comprising a
dihydrofdBtehrag e @Ry, saithiiten methotrexate (MTX) can be added into the cell culture
medium at a n entration suffﬁf@,gilncrease the COé)Q{{nol%q} er of the recombin tvect%r in the host
eFa g

above-mentione S CO osed of a { aims an all. ol neavy cnains
cell.  After the Expréssion of t or 198PEomprisihg the combination of ¢oding gent séqliences,

an enzymerlinkee IMmUHoIERent a8sRN,(ELSANM PINSIRESAXS CRNJRS Merd IR dslesping the

concentration of the protein in the culture medium. For the Fab fragments, they can be purified with an
affinity chraimeatatiraplnb UisiingeRkoteiwGEhanthip@G rotel isicaralk thusified dvithd@oaffinitytigenic
chromatography using Protein A.  Also fallen within the claimed scope of the invention is the use of

the antibipPss-the EaBPEsthabaigen-pirmieerasihianiduss tsacqaImas BREntrg didticinthichiaes:

region. Fv consists of a light chain variable region (Vi) and a heavy chain variable region (Vp),
which are associated together via non-covalent bonds. Fv has a molecular weight of about one
sixth that of an intact antibody molecule, owning a single antigen-binding site. Fv includes ScFv
(single-chain antibodies), DsFv (disulphide-bond stabilized antibodies) etc. ScFv is a single
peptide chain expressed from Vi and V| linked together by a piece of suitable oligonucleotide (a

linker). DsFv is a disulphide-bond immobilized Fv fragment formed via respectively introducing



dl) preparation of a medication for preventing and/or treating diseases associated with human tumor
necrosis factor-a, or  d2) preparation of a product for neutralizing the human tumor necrosis factor-a,
or d3) preparation of a kit for qualitatively or quantitatively detecting the human tumor necrosis
factor-a. Wherein the disease associated with human tumor necrosis factor-a is a disease caused by
increase in human tumor necrosis factor-a, preferably rheumatoid arthritis, autoimmune uveitis,
Crohn's disease, plaque psoriasis, psoriatic arthritis, ankylosing spondylitis, ulcerative colitis, or
juvenile idiopathic arthritis. A still another object of the present invention is to provide a

pharmacgidticphcampasition camarisiahauxilianimatesials Rppactive mnerdignispyherin thenactive
ingredients includes at least one of the following materials: the antibody, the Fab, the antigen-binding
fragmenshthenge e sapet ithe geeletin ipettebialdsed fbrityabolveaatahdythe auxiliary material is an
pharmaceutically acceptable carrier or excipient. The active ingredients in the pharmaceutical
composition MY GHI§HE LY e StithedrsnBOPhHfbBRIREIARdYE maIStEREE T Ay Ot Ut fie
antigen-;;(%ﬂgivrdrclll fra leergtigpez_e-mentioned, or any one of the genes above-mentioned, or any one of
the genetic matérials above-mentioned.  Also fallen within the claimed scope of the invention is the

use of any ong afdbadoliewiag. BaiasalsdFipamenhaf disenses aaaeriated WiB human tumor
necrosis factor-a: the antibody, the Fab, the antigen-binding fragment, the gene, the genetic material,

and the pharfiteceadiogl sopgposition et herty athoue.variiide disgase albotiated auiibdilynad theor
necrosis factor-a is caused by increase of human tumor necrosis factor-a, preferably autoimmune

uveitis, HELEFERMBRAFREICIghES dwasd PRl Nortaid, Bebriatt st ig e seyne

spondyits, cerative golis, oLiuenie Jdionalhic atbrits, Descrion o e Accompanying rawings
Fig.1 sho etection of the bioac Ivity 0 he umanized aE) In the suﬁpressmn of -a by ELISA.
fragment A are selected from one of SEQ ID NOs: 16, 10, 12, 8, 14, and 6 in the sequence listing.
The coding sequences of the heavy chain variable regions of both the Fab and the antigen-binding
fragment B correspond to positions 1-360 of any sequence of SEQ ID NOs: 2, 4, 28 and positions
1-360 of SEQ ID NO: 26 in the sequence listing. The coding sequences of the light chain variable
regions of both the Fab and the antigen-binding fragment B correspond to positions 1-327 of any
sequence of SEQ ID NOs: 16, 10, 12, 8, 14, 6, 32 and positions 1-327 of SEQ ID NO: 30 in the
sequence listing.
In above sequences, both SEQ ID NO: 2 and 4 have 360 nucleotides; while all of SEQ ID
NO: 6, 8, 14, 10, 12, and 16 have 327 nucleotides.
The coding sequence of the heavy chain constant region of the antibody is shown in SEQ ID
NO: 18 in the sequence listing; and the coding sequence of the light chain constant region of the
antibody is shown in SEQ ID NO: 20 in the sequence listing.
The coding sequence of the CHI region of the Fab is shown in SEQ ID NO: 34 in the
sequence listing; the coding sequence of the light chain constant region of the Fab is shown in
SEQ ID NO: 20 in the sequence listing.
In the embodiment of the present invention, the coding sequence of the heavy chain of the
antibody is particularly shown in SEQ ID NO: 22 in the sequence listing; the coding sequence of

the light chain of the antibody is particularly shown in SEQ ID NO: 24 in the sequence listing.
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Fig.2 shows detection of the bioactivity of the humanized Fab in the neutralization of TNF-a by a L929
cytotoxicity experiment. Fig.3 shows the binding analysis of KS10 to the antigenic TNF-a from different
species.  Fig.4 shows the scores for treatment of the experimental rats having rheumatoid arthritis
with KS 10. From left to right, there is the normal group, the negative group, the model group, the
KS10 5mg/kg group, the KS10 10mg/kg group, and the KS10 20mg/kg group.  Fig.5 shows the effect
of KS10 on the IL-113 levels in articular synovial fluid/tissues of the experimental rats with rheumatoid
arthritis. From left to right, there is the normal group, the negative group, the model group, the KS10

smg/kg grougntheHipd edMnedkd erouRd 08 e K SIO-2 e adiw @IRkp1 ) - ¢39.6 shows the effect of

KS10 on the IL-6 levels in articular synovial fluid/tissues of the experimental rats with rheumatoid
arthritis. FromlleKS3e/Fgthg tldreg saipenorofdhgtmapy tHeundgetiveng b ulys ffrd moblevgroupEth8XS10
5mg/kg group, the KS10 10mg/kg group, and the KS10 20mg/kg group. Examples  The following
example%%f Do deesdersetsH indaRaREnS FHRIGE AR Lakt B oalrHIE Feb iR MUnless
specially %Igtﬁgl\%e %peﬁilrglseentgln@eefg uqs_ set forth below are all conventional ones. Unless otherwise
stated, the éxperimenta materials Used irthe examples are all purchasable from common shops of

biochemical roagents The @dantitatjvenas saysiRdis (Qlioning Sxanpies wereReseImedsotiplicate,
and the results are the average values.  Grafting of CDRs of the heavy and light chains of a

humanizZs6 a2iii Nie-sequtitvo disfisige aditabtech dmg agemasis dytiRCRh aeithiscré 8wty tai srabtaw fibrary
described in the invention were accomplished by conventional gene recombination technologies and
immunoldgiR AP PiniquR E888LEBEF Altti8n-antibody interaction, and the detailed experimental

procedures a 2ps: are documented in "Molecular Cloning: a Labaratory Manual”. 3r g%t , by
Toseph Sambror e e e B S Dot
was obtagagdbynmRUtipeHE Nalkes AlianrticabdpngiiuéRidrhintetha arftyyare RRRNRaE Pilsm 5,
while generating the result graphs. Example 1: Expression of the Fab of the humanized anti-TNF-a
antibodySital 1Mo ioftits satigitye lisimhis example, three Fabs of humanized anti-TNF-a antibodies

(the Fab consists of the heavy chain Fd fragment and the Ii%ht chain of the antibody) are involved,
namely KS_é@nkegh? Rugﬁat]ggs_ﬂ:posmons 1-360 and 360-1350 of SEQ ID NO: 22 correspond to the

mentioned variable region nucleotides of the heavy chain and the constant region nucleotides of
the heavy chain, respectively; the nucleotides at positions 1-327 and 328-642 of SEQ ID NO: 24
correspond to the mentioned variable region nucleotides of the light chain and the constant region
nucleotides of the light chain, respectively.

A still another object of the present invention is to provide the following genetic materials: a
recombinant vector, a recombinant bacterium, a recombinant cell line, a recombinant virus or an
expression cassette comprising the gene set forth above.

The recombinant vector is a prokaryotic or eukaryotic expression vector for expressing the
antibody, the Fab, or the antigen-binding fragment. The recombinant bacterium is an Escherichia
coli harboring the gene set forth above. The recombinant cell line is a transgenic cell line or
fusion cell line, wherein the transgenic cell line can be a mammal cell line into which said gene
encoding the humanized anti-human tumor necrosis factor-a antibody, or Fab, or antigen-binding
fragment thereof in the present invention has been transferred, preferably CHO cell line, or 293
cell line and sublines thereof; the fusion cell line is hybridoma cells which can secrete the

humanized anti-human tumor necrosis factor-o antibody mentioned in the present invention. The

8



1. Construction of expression vectors for KS-2E, KS-7A, and KS-7F (1) Obtaining the sequences of
light and heavy chains  From mice immunized with human TNF-a (R & D Co., Catalog Number:
210-TA-050), hybridoma cells were obtained and subjected to monoclonal screening, and then total
RNA was extracted and used as a template from which the nucleotide sequences for the heavy chain
variable region were amplified by PCR using the general primers P1: 5
'“GCGAATTCAGGTSMARCTGCAGSAGTCWGG-3', P2:
5-TGAGGAGACGGTGACCGTGGTCCCTTGGCCCCAG-3' and the nucleotide sequences for the light
chain vagiablgpiaehen weresamplibach il GReHsingdhe ge R BIMR8dRR-associated virus, etc,
5-GACATTCTGMTSACMCAGMCTCC-3', P4: 5-GTTAGATCTCGAGCTTGGTCCC-3'. The gel slices
comprisingithe doamgts bt iigtare st vernshexbised dreresovenyo vesagtiplified prYduotslefihe Whhthand
heavy chains of the antibody were each inserted into the vector pMD18-T (TaKaRa Co., Catalog

Numberitsiyeeiheen dragiaate SIomewsisansosipunsiyesimiadiole U g et drfo IRt

nucleotide sGAUGACES fgrré%eﬁaﬁf‘é’lytﬁ‘é‘dn't'%*éﬁ%@r%‘s VRIARIG ERIONHORINE ANLBAMY, (2} Gonstruction

of the humanized Fa omparison of amino acid eqtence similarity etweenpttl}]e resultant ight

chain vagiahie prgiRieanadnedightehain variable region of a humanized antibody, between the

resultant heavy chain variable region and the heavy chain variable region of a humanized antibody

were perforniéd.hbkiecsBgsionod siredl arnitiessierecdearithe ccsepbnatel y aatigBLASTsing the coding

(http://www.ncbi.nlm.nih.gov/igblast/) and IMGT (ImMunoGeneTics, IMGT: litt '//WWW|ingt0I‘g§. On the
A

basis of #iaesfdhanialheduithe Sabastbbasian myKirsEqeRatt Srfirirresoho ke iGAE 8fd heavy
chains was cho as the template for the humanized antibody.. The resultant heavy chain varjable
region VET e e s B R s T TR Rl
number: MO Raving hiober, serusRGefNBariyrald yhecrestltaridiaht chaimyariatiedregipn VK
was grafted into the framework region of the human antibody IGKV6-21*01 (Accession number:
X63399)nvawing achighbrgequeneesistilariipsect Aflératoufideccyelesvadanutatigns indmenhlicaln
original hea\% chain fragments (Fd) and light chains, the combinations of variousgliﬁht chains and

heavy cRafUrAgEists gl WerdnSaiess iMostsd gecidh SR GPAlbdd PRT2BE K ardatr
Specifically, pr various DNAs for the light chains with the restriction. endonuclease sites BamHI
R Uy b Rt St e i o ol
restrictiof) @RdppueisRIH sisaNAtRnEPAL FeRRCUNRY At RSP RdmE M e N aUasaf BNA were
separately cloned into the vector pTLR (a modified pET22b (+) vector) between the corresponding
restriction endqmneicledievaite fyrthapricssustidesDNAdyfah¢Habight thaimseare béndisgrfedginetvsen the
restriction endonuclease sites BamHI and EcoRl, various DNAs for the heavy chain fragments (Fd)

were insEHeH batiEumine featrinplifisatontufddbe SrORIBAMAGCRAG!, tesithbhgInsisiedrhetion of

several Ealp xprepeion veciors (pduding dhrce bab expicssion yeclors which express K926, KS-7A
and KS-7F, respec?lve(l)y). ariols ¢ inations of ¢ e}hgh cham&and the H’eavy ceﬁ‘alnpilragments

(Fd) memigprciaRavs ingvdedhe thregnkRbrak 8k, Kl Fa 8RBl Ttb%@mimrﬂﬁigiﬁqyence of
the heavy chain fragment of the KS-2E is shown in SEQ ID NO: 25 in the sequence listing, the
nucleotidiéghsdguiehcerthiercoki SBIHBRNN indSE«€ HxiNQreR6teaMIltiE camirmddid sequkencedlafulinedight
chain of the KS-2E is shown in SEQ ID NO: 29 in the sequence listing, the nucleotide sequence
thereof iSSAMPNAINASEEFERION ST THENA iR KERS $b¢ GemcaUNhSE MRy etRanbiRaymeritbithe
KS-7A is,show irhSEQ ID NO: 25 in the sequence listing, the nucleotide sequence thereof is shown in
SEQ ID m&:% ,an'd the amino acid sequence of the light chain of the KS-7A is shown in SEQ ID NO:
3linthe SeQHﬁ@FQﬂEStE}%réEk‘?dﬂUSP%@€F§€%&9@§G t@@&ﬁﬂfsﬁ%gsnﬁwrbéﬁﬁﬁgéi@ NOc&#n I@eggnino
acid sequence of the heavy chain fragment of the KS-7F is shown in SEQ ID NO: 27 in the sequence
listing, thequantestide segumadmitbérenhimshamwminaSiQ) (ELNQA) 28, amhdrthssaysinenabid seduence of
the light chain of the KS-7F is shown in SEQ ID NO: 31 in the sequence listing, the nucleotide
sequencee BB e S8R SR Of thapetgp in theiieiamsdisracEdiiie fHEEMARG thepEM22b (+)
vector tq obtain.the ahove-mentioned pTLR vector was_as follows: firstly, a DNA segment (abbreviated
o the 105 B St e S TS K T A b e ) T e
synthesizegh, Whiglh &0 TIRUSEHHERTINENCER QiR Al 7 Promoter, a lactose operator, and a ribosomal
binding site (RBS), with the restriction endonuclease sites Sall and Notl located at each end; then,
PET22b (+) vector (the product from Novage Co., USA) and the T-L-R DNA sequence were digested
separately with both Sall and Notl restriction endonucleases, then ligated together by T4 DNA ligase,
and transformed; at last, the single colony was pick&d out by conventional method and sequenced to
screen the properly modified vector.



2. Prokaryotic expression of KS-2E, KS-7A, and KS-7F  The E. coli strain Top10 was transformed
separately with the constructed Fab expression vectors above-mentioned (including three Fab
expression vectors which express KS-2E, KS-7A, and KS-7F, respectively), and then was plated onto
a 2-YT plate (peptone 1.6%, yeast extract 1%, NaC1 0.5%, and agar powder 1.5%) with
chloramphenicol. Next day, the plate with a suitable colony density was selected to pick out several
single colonies. For each positive colony, eight single colonies were picked and put in a 96-well deep
well plate and induced with IPTG for expression. Each single colony was added into a tube with 6 ml of
2-YT liquid medidmikemans hohixrasiceptractidtn angidMac ho &%) containinedghiarampasnicol
and shaken at 250 rpm and at 37C for 12 hours. 0.2 pl of the bacterial suspension was pipetted from
each tube drdibtagesidnrelingritoginer- ¥iTtlpl @mevioh bhilgeaetpheritooll for storage. 5 ml of the bacterial
suspension was inoculated into 500 ml of the chloramphenicol-containing 2-YT liquid medium and
cultured at 386, BEOHHPOnti G0BEH Fihder P e Y e ReAURB AN e EEiF © Hiinal
concentration qlfH%OIpM in.aorder to induce the expression of various Fabs with an induction time of 3

m necrosis factor-o., or . .
hours. A?tuert e Induced expression was completed, the culture medium was centrifugated at 5100

rpm and 10Cqforpl ninuiest 4 pesuReshataiiaas Hiscaidesh andshebagieiialiprecipitate was
resuspended completely with 40 ml of pre-chilled TES solution; 66 ml of pre-chilled TES diluted to 20%
with H20 soldfiorpwasragaincddaddtirito theatesuspenaedbactetia¢lsolidieriiagdhincbivated toméce for 40
minutes, followed by centrifugation at 13000 rpm, 4C for 10 minuts. After centrifugation, the
supernafsitoiidadietted, which is a periplasmic extract containing Fab proteins (KS-2E, KS-7A or
KS-7F proteig), The periglasmic extract was,desalted by passing.through a G-25 (GE Co.,
7-0034-01) AR PSSt e Ly R 5 S e
with an eguilileatiomselition 620 aMRhasRhateRYTRLIPHEBladnd REAdhe.HisiRsRNPla A
loaded. After the sample loading, the column was washed with the equilibration solution sequentially,
and therCetinied diisescity platiuapselidion pedution §8HriNe GhykidGinpkiRiE)yithe @heaed feastlons avere
collected and the pH of the eluted fractions was rapidly adjusted to 7.0 by previously adding 1.0 M
Tris-HC W6 ety itidHHe fraction collection tubes before the collection, the volume ratio of the
Tris buffer to the.eluted fraction 1:9. The.collected liquid comprises the pratein of interest. Purity
of the protei il AL B AR S o b e TR ol SO v
determinggh frisalyadRgi Rt -saM0RIR Was e Uhprekags daret sfere datvethbrdiEs O hiainieg &rab
proteins with higher purity (including three proteins, KS-2E, KS-7A, and KS-7F). 3. Determination of
the bioabthsityof HIh2 FlKSHRA nanctiKS-te d)tBindintgafsbytief the deurhanizedizginsito hlgeachy
ELISA  Fab proteins which bind to TNF-a were screened by the following steps: an ELISA Plate was
coated vitH 1o Bt umsHidetfietPiNELRYR &0 &6, aH{inby RURTBE 2 20-rhuossredcalubstrate
per well; & 2-fold serial didtions of JOM ofhe Fab proteins (prenared n siep 2, cluding three
proteins, KEPIE KETK ang’igg)-‘??j) were added And then incudated, & goa an%- uman C- ?;ltppa
secondagyariibagy JabelethwithiRQssaradish Rermidaneni Rt acE ny CRHAIOMNUMREE HERARY Was
added, and finally TMB was added for development and 2 M sulfuric acid was introduced to stop the
reaction ftimnebs dbtecrmiringled, akhmroteins thiodimgtabbid-racrhionoddimgaty sueclbhtberaaring
process, three Fabs with higher activity were obtained: KS-2E, KS-7F, and KS-7A, these proteins
totally coRises MY iferEARSAHS (VHO1 and VHO2, the amino acid sequence of VHO1 is shown in
SEQ ID NO: 25 and.the nucleotide sequence thereof is shown in SEQ ID NO: 26: the amino.acid
seaence of SHo A A T E S S SIS RS Sen e o e Se0
ID NO: 28) @nwio ifferemt MKaK03. a0 NKOR: ihe AMInRARI0 seenee oF YKOR imabawyn in SEQ
ID NO: 29 and the nucleotide sequence thereof is shown in SEQ ID NO: 30; the amino acid sequence
of VKOS tisesRahwhit S @dEbINOn S franddine thacheotidthseguetcentheriabf dadiowphinceuticaNO: 32
(Table 1).  The test result of the binding capacity of the humanized Fab to TNF-a by ELISA was
illustratetPRAPRLOT b feshitbAdfcates that the three humanized Fabs obtained above have an antigen
affinity simila,t)to 1at of the F.ap ér?ﬁgr%%gt of Remicader, a hymtan_-murine chimeric antibpggmwherein
the EC50 for bin |1r51€]ats)? RS27A 8N “EY6 %Hrémﬁ\rl'ﬁgao%ss&ﬁé)ﬁgrloc 1ato lenflrg%s?rggmen "of the
human-mm&b@@;%%%g%&@m@%&ﬁ%@@ -uveitis, theumatoid arthritis, Crohn’s disease,
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Table 1 Fabs of humanized anti-TNF-a antibodies Fab fragmentVHVK KS-2EVH01VKO03
N/AVH02VKO03 KS-7FVHO01VKO05 KS-7AVHO02VKO05 Note: N/A indicates that the Fab fragment was not
designated due to the poorer activity.  Table 2 EC50 for binding of the Fabs of humanized
anti-TNF-a antibodies to TNF-a in ELISA assay SampleECso (nM) Remicade Fab3.324 KS-2E6.659

plaque psoriasis, psoriatic arthritis, ankylosing spondylitis, ulcerative colitis, or juvenile
idiopathic arthritis.

Description of the Accompanying Drawings

Fig.1 shows detection of the bioactivity of the humanized Fab in the suppression of TNF-a
by ELISA.

Fig.2 shows detection of the bioactivity of the humanized Fab in the neutralization of TNF-a
by a L.929 cytotoxicity experiment.

Fig.3 shows the binding analysis of KS10 to the antigenic TNF-a from different species.

Fig.4 shows the scores for treatment of the experimental rats having rheumatoid arthritis
with KS10. From left to right, there is the normal group, the negative group, the model group, the
KS10 5mg/kg group, the KS10 10mg/kg group, and the KS10 20mg/kg group.

Fig.5 shows the effect of KS10 on the IL-1f levels in articular synovial fluid/tissues of the
experimental rats with rtheumatoid arthritis. From left to right, there is the normal group, the
negative group, the model group, the KS10 Smg/kg group, the KS10 10mg/kg group, and the
KS10 20mg/kg group.

Fig.6 shows the effect of KS10 on the IL-6 levels in articular synovial fluid/tissues of the
experimental rats with rtheumatoid arthritis. From left to right, there is the normal group, the
negative group, the model group, the KS10 Smg/kg group, the KS10 10mg/kg group, and the
KS10 20mg/kg group.

Examples

The following examples are provided for better understanding of the invention, and not to
limit the invention. Unless specially stated, the experimental methods set forth below are all
conventional ones. Unless otherwise stated, the experimental materials used in the examples are
all purchasable from common shops of biochemical reagents. The quantitative assays in the

following examples were performed in triplicate, and the results are the average values.
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KS-7A3.027 KS-7F/740 Note: The data in table 2 were the average values of the experiments in
triplicate. 2. Detection of the bioactivity of the humanized Fabs in the suppression of TNF-a by a
L929 cytotoxicity experiment.  Furthermore, the bioactivity of the three humanized Fabs above
(KS-2E, KS-7F and KS-7A) in the neutralization of TNF-a was verified by a cellular biology experiment,
a L929 cytotoxicity assay. In this experiment, Ix iO4 L929 cells in logarithmic growth phase were
seeded in DMEM (10% FBS, Gibco) media in a 96-well plate. After 24 hours, 0.5 ng/ml TNF-a of
human origin (R & D Co., Catalog Number : 210-TA-050) and 0.5g/ml actinomycin D (Huka) were
added. The aeflgwmgredvisre siteHowearpuRss o thRthtesriw manizesk& alhs MRBtionadmigye and
the Fab fragment of the control antibody Remicade was individually added into each group, the cells
were culsuredifotahothiegedsiroby > FRnaliv, strecviabilitynofatidibelts deasrdmdlyzen witkhra @OKSe kit
(Dojindo Laboratories). The result is shown in Fig. 2 and indicates that the three humanized Fabs

mention e ABBYENEA PG R IBISA ARty BT WHRERISD<KF RRAlrifsiARITIIEIANbpFal HHRN KBS tivity of
KS-7A in the,neutralization. of TNF-a is_superioy tp t f the Fab fragment of the human-murine
chimericArebuiy el ol S SRR RS NRL TR AT SIS IS e
experim@pts AeffednedinduplicatelonifXampis FalegnNMEetion ofsialiinity ymrugatigadibrasy, for the
CDR3 of the Fab of the humanized anti-TNF-a antibody In order to further increase the affinity of the
Fab fragheemis: dfrthe abdvemhertigpeedbumhanibedkantis i sharftibodynto cherpitigens abtaffedity
maturation library was separately constructed for the heavy chain VH02 CDR3 and for the light chain
VK05 CORIRIEH@Pre¥ditnt vo st b SHize 2ha-PReodyAthougpear Lk é’D‘P"\I%l?egions

of the heav %lgintﬁenrdeslilgpt ch%isn are the most important region for the binding of an antibody to an

antigen,%:er ormﬁ1g a site-sattration mutagenesis on the CDR3 region and then screening may lead to
pdeUCti‘E}z%Efé antibgsish biohrr _flinilytHeas it fRRatHHILANGL @ SHEbYA AP A dTUetRALHESIS
library for the heavy chain and light chain CDR3s, a series of primers for site-directed mutagenesis
were destgaetivitiyd used in a PCR reaction. The resultant products amplificated from the PCR reaction
were mixed together in an identical degeneracy proportion of the primer series and cloned into the

expression vEtiBisiGr P Eatherai@iuph diped gt AN BatitiiRpdess éruERB e e Sitelirected
mutagenesis librar e light chain, CDR3 was performed as follows:. performing a PCRwith the
Primer & oS b et iR . e o5) W TR LA R 2,
(5'-CCGRATACEHS KRGETTTCACTTCCAGATTGG-3') and using a light chain DNA as the template to
produce DNA products of interest, then cloning the DNA products into a Fab expression vector,
conducting ele€irntiamsfen ahexplatsigntoesiabiistkibie BitkSdiracted KbtaGenesis library for the light
chain CDR3. The Primer 5 series comprise the mutant site in CDR3, and totally include 19 primers
listed in Table(3) SYaRiREissetunreeitel digbtiad hentagkaiBsis library for the heavy chain CDR3 was

performed as.follows: performing.a PCR with utant Primer 7 series and the h hai
onmsttoam el b e R R B R T e A
heavy chaiiBdvh 2811 e tempiaiade Rredusr NAPRRAUeIs R RiResicthen alepingadneNARroducts

into a Fab expression plasmid, conducting electrotransfer and plating to establish the site-directed

mutagermsischidat arydfarstie eavymoplain GHOR3vAe BrimecZseleseqoenpeiséahehmbitanty sitenin CDR3,
and totally include 22 primers listed in Table 4. From the finally established mutagenesis library for the
light and"AE&RA? ch&iBENantiVEReF-a iUy Fays withhighesitgnditly cagaeritto the@atigerPTNF-a (R

&D Co.,g %ﬁ&iﬂ%&fgﬂ@&i@%ﬂ%ﬁé@%@% W&L 3,':“;creening the heavy chain mutants Jo obtain

two heavy chain variable regions w igher activity, namely SHO1 and 5H02; and screening the light

chain mytafEnQERGKCHCHINA LT v TPRIRTE B Atgher ROt MuBRBIRY L1104,
51105, 51106, 5HO07 and 5HO08.
the light chain variable region were amplified by PCR using the general primers P3:

5-GACATTCTGMTSACMCAGMCTCC-3, P4: 5-GTTAGATCTCGAGCTTGGTCCC-3'". The
gel slices comprising the bands of interest were excised for recovery. The amplified products of

the light and heavy chains of the antibody were each inserted into the vector pMD18-T (TaKaRa
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Table 3 Primer 5 serials for site-directed mutagenesis in the light chain CDR3 Designation Sequence
Primer 5-1Q1 GCAACCTACTACTGCNBKCAGAGCCATAGCTGG Primer 5-1Q2
GCAACCTACTACTGCDAKCAGAGCCATAGCTGG Primer 5-1Q3
GCAACCTACTACTGCCATCAGAGCCATAGCTGG Primer 5-2Q1
GCAACCTACTACTGCCAGNBKAGCCATAGCTGGCCG

Co., Catalog Number: D101C). The single colonies were separately picked out and sequenced to
identify the nucleotide sequences for the heavy and light chains variable regions of the antibody.
(2) Construction of the humanized Fab
Comparison of amino acid sequence similarity between the resultant light chain variable
region and the light chain variable region of a humanized antibody, between the resultant heavy
chain variable region and the heavy chain variable region of a humanized antibody were
performed. The sequence similarities were searched separately in IgBLAST

(http://www.ncbi.nlm.nih.gov/igblast/) and IMGT (ImMunoGeneTics, IMGT:

http://www.imgt.org). On the basis of the searching results, an antibody with higher sequence
similarities to both the light and heavy chains was chosen as the template for the humanized
antibody. The resultant heavy chain variable region VH was grafted into the framework region of
the human antibody IGHV3-15%07 (Accession number: M99406) having higher sequence
similarity, and the resultant light chain variable region VK was grafted into the framework region
of the human antibody IGKV6-21*01 (Accession number: X63399) having a higher sequence
similarity.

After multiple cycles of mutations in the human original heavy chain fragments (Fd) and
light chains, the combinations of various light chains and heavy chain fragments (Fd) were
inserted into the vector pTLR (a modified pET22b (4) vector). Specifically, prepare various
DNAs for the light chains with the restriction endonuclease sites BamHI and EcoRI respectively
at each end, and various DNAs for the heavy chain fragments (Fd) with the restriction
endonuclease sites Nofl and Xhol respectively at each end. The two groups of DNA were
separately cloned into the vector pTLR (a modified pET22b (+) vector) between the
corresponding restriction endonuclease sites, that is, various DNAs for the light chains were
inserted between the restriction endonuclease sites BamHI and EcoRI, various DNAs for the

heavy chain fragments (Fd) were inserted between the restriction endonuclease sites Notl and

13



Primer 5-2Q2 GCAACCTACTACTGCCAGDAKAGCCATAGCTGGCCG Primer 5-2Q3
GCAACCTACTACTGCCAGCATAGCCATAGCTGGCCG Primer 5-3S1
GCAACCTACTACTGCCAGCAGBDKCATAGCTGGCCGTTC Primer 5-3S2
GCAACCTACTACTGCCAGCAGVCTCATAGCTGGCCGTTC Primer 5-3S3
GCAACCTACTACTGCCAGCAGAWKCATAGCTGGCCGTTC Primer 5-4H1

Xhol, resulting in construction of several Fab expression vectors (including three Fab expression
vectors which express KS-2E, KS-7A, and KS-7F, respectively).

Various combinations of the light chains and the heavy chain fragments (Fd) mentioned
above include the three Fabs, KS-2E, KS-7F, and KS-7A. The amino acid sequence of the heavy
chain fragment of the KS-2E is shown in SEQ ID NO: 25 in the sequence listing, the nucleotide
sequence thereof is shown in SEQ ID NO: 26, and the amino acid sequence of the light chain of
the KS-2E is shown in SEQ ID NO: 29 in the sequence listing, the nucleotide sequence thereof is
shown in SEQ ID NO: 30. The amino acid sequence of the heavy chain fragment of the KS-7A is
shown in SEQ ID NO: 25 in the sequence listing, the nucleotide sequence thereof is shown in
SEQ ID NO: 26, and the amino acid sequence of the light chain of the KS-7A is shown in SEQ
ID NO: 31 in the sequence listing, the nucleotide sequence thereof is shown in SEQ ID NO: 32.
The amino acid sequence of the heavy chain fragment of the KS-7F is shown in SEQ ID NO: 27
in the sequence listing, the nucleotide sequence thereof is shown in SEQ ID NO: 28, and the
amino acid sequence of the light chain of the KS-7F is shown in SEQ ID NO: 31 in the sequence
listing, the nucleotide sequence thereof is shown in SEQ ID NO: 32.

The detailed procedure for modifying the pET22b (+) vector to obtain the above-mentioned
pTLR vector was as follows: firstly, a DNA segment (abbreviated to the T-L-R DNA sequence,
shown in SEQ ID NO: 35 in the sequence listing) was artificially synthesized, which comprises
the sequences of a T7 promoter, a lactose operator, and a ribosomal binding site (RBS), with the
restriction endonuclease sites Sal/l and Notl located at each end; then, pET22b (+) vector (the
product from Novage Co., USA) and the T-L-R DNA sequence were digested separately with
both Sall and Notl restriction endonucleases, then ligated together by T4 DNA ligase, and
transformed; at last, the single colony was picked out by conventional method and sequenced to
screen the properly modified vector.

2. Prokaryotic expression of KS-2E, KS-7A, and KS-7F
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GCAACCTACTACTGCCAGCAGAGCNBKAGCTGGCCGTTCACC Primer 5-4H2
GCAACCTACTACTGCCAGCAGAGCDAKAGCTGGCCGTTCACC Primer 5-4H3
GCAACCTACTACTGCCAGCAGAGCCAGAGCTGGCCGTTCACC Primer 5-551
GCAACCTACTACTGCCAGCAGAGCCATBDKTGGCCGTTCACCTTC Primer 5-5S2
GCAACCTACTACTGCCAGCAGAGCCATVCTTGGCCGTTCACCTTC Primer 5-5S3
GCAACCTACTACTGCCAGCAGAGCCATAWKTGGCCGTTCACCTTC

The E. coli strain Topl0 was transformed separately with the constructed Fab expression
vectors above-mentioned (including three Fab expression vectors which express KS-2E, KS-7A,
and KS-7F, respectively), and then was plated onto a 2-YT plate (peptone 1.6%, yeast extract 1%,
NaCl 0.5%, and agar powder 1.5%) with chloramphenicol. Next day, the plate with a suitable
colony density was selected to pick out several single colonies. For each positive colony, eight
single colonies were picked and put in a 96-well deep well plate and induced with IPTG for
expression. Each single colony was added into a tube with 6 ml of 2-YT liquid medium (peptone
1.6%, yeast extract 1%, and NaCl 0.5%) containing chloramphenicol and shaken at 250 rpm and
at 37°C for 12 hours. 0.2 pl of the bacterial suspension was pipetted from each tube and
transferred onto the 2-YT plate with chloramphenicol for storage. 5 ml of the bacterial suspension
was inoculated into 500 ml of the chloramphenicol-containing 2-YT liquid medium and cultured
at 33°C, 300 rmp until ODggy reached 0.6. IPTG was then added into the medium to a final
concentration of 50 uM, in order to induce the expression of various Fabs with an induction time
of 3 hours. After the induced expression was completed, the culture medium was centrifugated at
5100 rpm and 10°C for 15 minutes. The supernatant was discarded and the bacterial precipitate
was resuspended completely with 40 ml of pre-chilled TES solution; 66 ml of pre-chilled TES
diluted to 20% with H,O solution was again added into the resuspended bacterial solution and
incubated on ice for 40 minutes, followed by centrifugation at 13000 rpm, 4°C for 10 minuts.
After centrifugation, the supernatant was collected, which is a periplasmic extract containing Fab
proteins (KS-2E, KS-7A or KS-7F protein). The periplasmic extract was desalted by passing
through a G-25 (GE Co., 17-0034-01)) column. A Protein G (GE Co., 17-0618-04) prepacked
column was prepared, equilibrated with an equilibration solution (20 mM phosphate buffer, pH
6.5), and then the protein sample was loaded. After the sample loading, the column was washed
with the equilibration solution sequentially, and then eluted directly with an elution solution (0.1
M Gly-HCl, pH2.5). The eluted fractions were collected and the pH of the eluted fractions was

rapidly adjusted to 7.0 by previously adding 1.0 M Tris-HCI buffer (pH 9.0) into the fraction
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Primer 5-6W1 GCAACCTACTACTGCCAGCAGAGCCATAGCHNKCCGTTCACCTTCGG C Primer
5-6W2 GCAACCTACTACTGCCAGCAGAGCCATAGCNGTCCGTTCACCTTCGG C Primer 5-6P1
GCAACCTACTACTGCCAGCAGAGCCATAGCTGGNDKTTCACCTTCGG CAGC Primer 5-6P2
GCAACCTACTACTGCCAGCAGAGCCATAGCTGGDCTTTCACCTTCGG CAGC Table 4 Primer 7
serials for site-directed mutagenesis in the heavy chain CDR3 Designation

collection tubes before the collection, the volume ratio of the Tris buffer to the eluted fractions
was 1:9. The collected liquid comprises the protein of interest. Purity of the protein was assayed
by SDS-PAGE and protein concentrations in the protein samples were determined. Finally, the
protein sample was subpackaged and stored at -80 C, thus obtaining Fab proteins with higher
purity (including three proteins, KS-2E, KS-7A, and KS-7F).

3. Determination of the bioactivity of KS-2E, KS-7A, and KS-7F

1) Binding assay of the humanized Fabs to TNF-a by ELISA

Fab proteins which bind to TNF-a were screened by the following steps: an ELISA plate
was coated with 100 ng of human-derived TNF-a (R & D Co., Catalog Number: 210-TA-050) as
a substrate per well; a 2-fold serial dilutions of 40 nM of the Fab proteins (prepared in step 2,
including three proteins, KS-2E, KS-7A, and KS-7F) were added, and then incubated; a goat
anti-human C-Kappa secondary antibody labeled with horseradish peroxidase (Sigma Co.,
Catalog Number: K3502) was added, and finally TMB was added for development and 2 M
sulfuric acid was introduced to stop the reaction, thereby determining the Fab proteins binding to
TNF-a. According to such a screening process, three Fabs with higher activity were obtained:
KS-2E, KS-7F, and KS-7A, these proteins totally comprises two different VHs (VHO1 and VHO?2,
the amino acid sequence of VHOI is shown in SEQ ID NO: 25 and the nucleotide sequence
thereof is shown in SEQ ID NO: 26; the amino acid sequence of VH02 is shown in SEQ ID NO:
27 and the nucleotide sequence thereof is shown in SEQ ID NO: 28) and two different VKs
(VKO3 and VKOS5, the amino acid sequence of VKO3 is shown in SEQ ID NO: 29 and the
nucleotide sequence thereof is shown in SEQ ID NO: 30; the amino acid sequence of VKOS is
shown in SEQ ID NO: 31 and the nucleotide sequence thereof is shown in SEQ ID NO: 32
(Table 1).

The test result of the binding capacity of the humanized Fab to TNF-a by ELISA was
illustrated in Fig.1. The result indicates that the three humanized Fabs obtained above have an

antigen affinity similar to that of the Fab fragment of Remicade, a human-murine chimeric
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Sequence Primer 7-1IN1 GTATTACTGCAGCCGTNBKTACTACGGCAGCACC Primer 7-1N2
GTATTACTGCAGCCGTBAKTACTACGGCAGCACC Primer 7-1N3
GTATTACTGCAGCCGTAAATACTACGGCAGCACC Primer 7-2Y1
GTATTACTGCAGCCGTAATNBKTACGGCAGCACCTACG Primer 7-2Y2
GTATTACTGCAGCCGTAATVAKTACGGCAGCACCTACG

antibody, wherein the ECsy for binding of KS-7A and KS-7F to the TNF-a is superior to that of

the Fab fragment of the human-murine chimeric antibody Remicade (table 2).

Table 1 Fabs of humanized anti-TNF-o antibodies

Fab fragment VH VK

KS-2E VHO1 VKO3
N/A VHO02 VKO3
KS-7F VHO1 VKOS5
KS-7A VHO02 VKO05

Note: N/A indicates that the Fab fragment was not designated due to the poorer activity.

Table 2 ECsy for binding of the Fabs of humanized anti-TNF-a antibodies to TNF-a in

ELISA assay
Sample ECs (nM)
Remicade Fab 3.324
KS-2E 6.659
KS-7A 3.027
KS-7F 2.740

Note: The data in table 2 were the average values of the experiments in triplicate.

2. Detection of the bioactivity of the humanized Fabs in the suppression of TNF-a by a L.929
cytotoxicity experiment.

Furthermore, the bioactivity of the three humanized Fabs above (KS-2E, KS-7F and KS-7A)
in the neutralization of TNF-a was verified by a cellular biology experiment, a L929 cytotoxicity
assay. In this experiment, 1x10* L929 cells in logarithmic growth phase were seeded in DMEM
(10% FBS, Gibco) media in a 96-well plate. After 24 hours, 0.5 ng/ml TNF-a of human origin (R
& D Co., Catalog Number : 210-TA-050) and 0.5pg/ml actinomycin D (Fluka) were added. The
cells were divided into four groups, and the three humanized Fabs mentioned above and the Fab
fragment of the control antibody Remicade was individually added into each group, the cells

were cultured for another 24 hours. Finally, the viability of the cells was analyzed with a CCK8

17



Primer 7-3Y1 GTATTACTGCAGCCGTAATTACNBKGGCAGCACCTACGATTA C Primer 7-3Y2
GTATTACTGCAGCCGTAATTACVAKGGCAGCACCTACGA TTAC Primer 7-401
GTATTACTGCAGCCGTAATTACTACNHKAGCACCTACGA TTACTG Primer 7-402
GTATTACTGCAGCCGTAATTACTACHGKAGCACCTACGA TTACTG Primer 7-5S1
GTATTACTGCAGCCGTAATTACTACGGCBDKACCTACGA TTACTGGGC Primer 7-5S2

kit (Dojindo Laboratories). The result is shown in Fig. 2 and indicates that the three humanized
Fabs mentioned above can exert the bioactivity of efficaciously neutralizing TNF-a, wherein the
bioactivity of KS-7A in the neutralization of TNF-a is superior to that of the Fab fragment of the
human-murine chimeric antibody Remicade. The data in Fig. 2 are the average values * standard

deviation from the experiments performed in triplicate.

Example 2: Construction of an affinity maturation library for the CDR3 of the Fab of
the humanized anti-TNF-o antibody

In order to further increase the affinity of the Fab fragments of the above-mentioned
humanized anti-TNF-o antibody to the antigen, an affinity maturation library was separately
constructed for the heavy chain VH02 CDR3 and for the light chain VKOS5 CDR3 in an
expression vector of the humanized anti-TNF-o antibody Fab. Since CDR3 regions of the heavy
chain and light chain are the most important region for the binding of an antibody to an antigen,
performing a site-saturation mutagenesis on the CDR3 region and then screening may lead to
production of an antibody with higher affinity. For the construction of a site-saturation
mutagenesis library for the heavy chain and light chain CDR3s, a series of primers for
site-directed mutagenesis were designed and used in a PCR reaction. The resultant products
amplificated from the PCR reaction were mixed together in an identical degeneracy proportion of
the primer series and cloned into the expression vector for the Fab of the humanized anti-TNF-a
antibody. Construction of the site-directed mutagenesis library for the light chain CDR3 was
performed as follows: performing a PCR with the Primer 5 series and the light chain downstream
primer 6 (5'-CGGAATTCCGTACGTTTCACTTCCAGATTGG-3') and using a light chain DNA
as the template to produce DNA products of interest, then cloning the DNA products into a Fab
expression vector, conducting electrotransfer and plating to establish the site-directed
mutagenesis library for the light chain CDR3. The Primer 5 series comprise the mutant site in

CDR3, and totally include 19 primers listed in Table 3. Construction of the site-directed
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GTATTACTGCAGCCGTAATTACTACGGCVCTACCTACGATTA CTGGGC Primer 7-5S3
GTATTACTGCAGCCGTAATTACTACGGCAWKACCTACGATTA CTGGGC Primer 7-6T1
GTATTACTGCAGCCGTAATTACTACGGCAGCNDKTACGATTA CTGGGCCC Primer 7-6T2
GTATTACTGCAGCCGTAATTACTACGGCAGCBCTTACGATTA CTGGGCCC Primer 7-7Y1
GTATTACTGCAGCCGTAATTACTACGGCAGCACCNBKGATTA CTGGGGCCAGG Primer 7-7Y2
GTATTACTGCAGCCGTAATTACTACGGCAGCACCVAKGA TTACTGGGGCCAGG

mutagenesis library for the heavy chain CDR3 was performed as follows: performing a PCR with

the mutant Primer 7 series and the heavy chain downstream primer 8
(5'-CCGCTCGAGGCGCTCACGGTCAGGGTGGTGCCCTG-3') and using a heavy chain DNA
as the template to produce DNA products of interest, then cloning the DNA products into a Fab
expression plasmid, conducting electrotransfer and plating to establish the site-directed
mutagenesis library for the heavy chain CDR3. The Primer 7 series comprise the mutant site in
CDR3, and totally include 22 primers listed in Table 4. From the finally established mutagenesis
library for the light and heavy chains, anti-TNF-a antibody Fabs with higher binding capacity to
the antigen TNF-a (R & D Co.,) were selected on the basis of the ELISA result. Screening the
heavy chain mutants to obtain two heavy chain variable regions with higher activity, namely
SHO1 and SHO2; and screening the light chain mutants to obtain six light chain variable regions

with higher activity, namely SHO3, SH04, SHOS, SHO6, SHO7 and SHOS.

Table 3 Primer 5 serials for site-directed mutagenesis in the light chain CDR3

Designation Sequence

Primer 5-1Q1 GCAACCTACTACTGCNBKCAGAGCCATAGCTGG

Primer 5-1Q2 GCAACCTACTACTGCDAKCAGAGCCATAGCTGG

Primer 5-1Q3 GCAACCTACTACTGCCATCAGAGCCATAGCTGG

Primer 5-2Q1 GCAACCTACTACTGCCAGNBKAGCCATAGCTGGCCG

Primer 5-2Q2 GCAACCTACTACTGCCAGDAKAGCCATAGCTGGCCG

Primer 5-2Q3 GCAACCTACTACTGCCAGCATAGCCATAGCTGGCCG

Primer 5-3S1 GCAACCTACTACTGCCAGCAGBDKCATAGCTGGCCGTTC

Primer 5-352 GCAACCTACTACTGCCAGCAGVCTCATAGCTGGCCGTTC

Primer 5-353 GCAACCTACTACTGCCAGCAGAWKCATAGCTGGCCGTTC

Primer 5-4H1 GCAACCTACTACTGCCAGCAGAGCNBKAGCTGGCCGTTCACC

Primer 5-4H2 GCAACCTACTACTGCCAGCAGAGCDAKAGCTGGCCGTTCACC

Primer 5-4H3 GCAACCTACTACTGCCAGCAGAGCCAGAGCTGGCCGTTCACC

Primer 5-5S1 GCAACCTACTACTGCCAGCAGAGCCATBDKTGGCCGTTCACCTTC

Primer 5-552 GCAACCTACTACTGCCAGCAGAGCCATVCTTGGCCGTTCACCTTC

Primer 5-553 GCAACCTACTACTGCCAGCAGAGCCATAWKTGGCCGTTCACCTTC

Primer 5-6W1 GCAACCTACTACTGCCAGCAGAGCCATAGCHNKCCGTTCACCTTCGG
C

Primer 5-6W2 | GCAACCTACTACTGCCAGCAGAGCCATAGCNGTCCGTTCACCTTCGG
C

Primer 5-6P1 GCAACCTACTACTGCCAGCAGAGCCATAGCTGGNDKTTCACCTTCGG
CAGC

Primer 5-6P2 GCAACCTACTACTGCCAGCAGAGCCATAGCTGGDCTTTCACCTTCGG
CAGC
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Primer 7-8D1 GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACNBKTA CTGGGGCCAGGGC
Primer 7-8D2 GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACHAKTA CTGGGGCCAGGGC
Primer 7-8D3 GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGAATA CTGGGGCCAGGGC
Primer 7-9Y1 GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGATNB
KTGGGGCCAGGGCACC Primer 7-9Y2
GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGATVA KTGGGGCCAGGGCACC

Table 4 Primer 7 serials for site-directed mutagenesis in the heavy chain CDR3

Designation Sequence

Primer 7-1N1 | GTATTACTGCAGCCGTNBKTACTACGGCAGCACC

Primer 7-1N2 | GTATTACTGCAGCCGTBAKTACTACGGCAGCACC

Primer 7-1N3 | GTATTACTGCAGCCGTAAATACTACGGCAGCACC

Primer 7-2Y1 | GTATTACTGCAGCCGTAATNBKTACGGCAGCACCTACG

Primer 7-2Y2 | GTATTACTGCAGCCGTAATVAKTACGGCAGCACCTACG

Primer 7-3Y1 | GTATTACTGCAGCCGTAATTACNBKGGCAGCACCTACGATTA
C

Primer 7-3Y2 | GTATTACTGCAGCCGTAATTACVAKGGCAGCACCTACGA
TTAC

Primer 7-4G1 | GTATTACTGCAGCCGTAATTACTACNHKAGCACCTACGA
TTACTG

Primer 7-4G2 | GTATTACTGCAGCCGTAATTACTACHGKAGCACCTACGA
TTACTG

Primer 7-5S1 | GTATTACTGCAGCCGTAATTACTACGGCBDKACCTACGA
TTACTGGGC

Primer 7-552 | GTATTACTGCAGCCGTAATTACTACGGCVCTACCTACGATTA
CTGGGC

Primer 7-5S3 | GTATTACTGCAGCCGTAATTACTACGGCAWKACCTACGATTA
CTGGGC

Primer 7-6T1 | GTATTACTGCAGCCGTAATTACTACGGCAGCNDKTACGATTA
CTGGGCCC

Primer 7-6T2 | GTATTACTGCAGCCGTAATTACTACGGCAGCBCTTACGATTA
CTGGGCCC

Primer 7-7Y1 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCNBKGATTA
CTGGGGCCAGG

Primer 7-7Y2 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCVAKGA
TTACTGGGGCCAGG

Primer 7-8D1 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACNBKTA
CTGGGGCCAGGGC

Primer 7-8D2 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACHAKTA
CTGGGGCCAGGGC

Primer 7-8D3 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGAATA
CTGGGGCCAGGGC

Primer 7-9Y1 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGATNB
KTGGGGCCAGGGCACC

Primer 7-9Y2 | GTATTACTGCAGCCGTAATTACTACGGCAGCACCTACGATVA
KTGGGGCCAGGGCACC

Example 3 Expression of the high-affinity Fab of the humanized anti-TNF-a antibody
and the activity assay
This example relates to two humanized anti-TNF-a antibody Fabs with the designations of

FAOI1 and FAO2 respectively. The amino acid sequence of the light chain variable region of FAO1
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Example 3 Expression of the high-affinity Fab of the humanized anti-TNF-a antibody and the activity
assay This example relates to two humanized anti-TNF-a antibody Fabs with the designations of
FAO1 and FAO2 respectively. The amino acid sequence of the light chain variable region of FAOL is
shown in SEQ ID NO: 15 in the sequence listing (the nucleotide sequence thereof is shown in SEQ ID
NO: 16 in the sequence listing), the amino acid sequence of the light chain constant region thereof is
shown in SEQ ID NO: 19 in the sequence listing (the nucleotide sequence thereof is shown in SEQ ID
NO: 20 in the sequence listing), the amino acid sequence of the heavy chain variable region of heavy
chain Fdfragment becenb iNehewminmSEQuiady Qsuh in(the seuurrra dsing {theeuclectigRsaguence
thereof is shown in SEQ ID NO: 2 in the sequence listing), the amino acid sequence of heavy chain
constantStEQidP Gl {itere di¢ssshampeini SEQ, | NONIBE ivithecseguenck listihghftihbanu clootias
sequence thereof is shown in SEQ ID NO: 34 in the sequence listing). The amino acid sequence of the

light chaiR&IHAMEPEGLAEIBADSEQHEWN G S- A BINEs e enisUag e 8UREr T GRRSotide
th f is sh i NQ: 10.in th nce |isti th [ id f th
sequencg NGER s'ﬁo%v%“%]ﬁeée'% NG tnggﬁﬁ%@?ﬁﬁt‘ h%)aml%oag‘c'%%@hgeﬁ%%%eﬁlce ortne

light chain constant region t of is shown in e sequence li e nucleotide

sequencg:theranhisvanawe ik Qf IR NP Fihe.sarHe neelisingoheiAING Bridcenusnee of the
heavy chain variable region of heavy chain Fd fragment thereof is shown in SEQ ID NO: 1 in the

sequencedisting (ikengucheotiddcstidoexngectiverdofrésSovioim SEQHQ NONDirthe heqegneectisting),
the amino acid sequence of heavy chain constant region CH1 thereof is shown in SEQ ID NO: 33 in
the sequéEENishng AL ML RESHARCE S trehte dh et &5wirih SEGhEeRICS i} dBnce
listing). opstruction and expression of the high-affinity Fab of the humaniz -TNF-a,antibody
The procids 1 B et s Ao e SRS A S TR SRR S e
exampleyle RYASQNEMIAS. thechamnoansliohiehainsrahthadwa fahsafilbe huganizes foiTNF-a
antibody mentioned above were separately inserted into the corresponding sites in the pTLR vector to
obtain theh@xpriessidh Nedory pi- he ddgabriar 1403 @ndnpEla@iZE abqiemEAD2rdediloshimgrntive 3Qtocol set
forth in example 1, FAO 1 and FAQ2 proteins with higher purity were obtained. 2. Detection of the
bioactivi%ﬁﬁielﬂighlaﬁi?ﬁa»@%shéflﬁgé RPN AMHCRNARSS SATROHFNT BBy PeRNiE B tREIYD29

cytotoxicity experiment, th umanized anti-TNF-a antibody Fabs (FAQ land FA02) mentioned
QBXre())(p 1? SIRO(YPO}“[;%&%C iVI tyf?ﬁré §et%e|:%u§nce hS%ILlﬁ (tﬁe ﬁuc(leé%e sequence [ - Lf.he

above were ana yze e e proce e'IS the same as i example

resultant QRAD L AL TIVRES: NP4 e seftwaie IRIARNRRE Rris 2itP ealraie FhoBedRedfsyits are

shown in table 5, which indicate that the activities of FAO1 and FAQ2 are more potent than that of the
Fab fragmenblefiRenicddeantitody . FiiafrlebBiodetivitl) isfstivevh im 8RR FéOs Inithbensuratization of
TNF-a Gﬁg?ﬂ% (the nucleotide sequence thereof is shown in SEQ ID NO: 2 in the sequence listing), the
amino acid sequence of heavy chain constant region CHI thereof is shown in SEQ ID NO: 33
in the sequence listing (the nucleotide sequence thereof is shown in SEQ ID NO: 34 in the
sequence listing).
1. Construction and expression of the high-affinity Fab of the humanized anti-TNF-a
antibody
The process for constructing the two Fabs of the humanized anti-TNF-a antibody was the
same as example 1. DNAs encoding the heavy and light chains of the two Fabs of the humanized
anti-TNF-a antibody mentioned above were separately inserted into the corresponding sites in the
pTLR vector to obtain the expression vectors pFAO1Fab for FAOl1 and pFAO2Fab for FAO2.

Following the protocol set forth in example 1, FAO1 and FAO2 proteins with higher purity were

obtained.
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EC50 (nNI) Remicade Fab 3.184 FA01 /582 FA02 /870 Note: The data in table 5 were the average
values of the experiments in triplicate. Example 4 Expression of the 1gG of the humanized anti-TNF-a
antibody and detection of its activity 1. Construction of the recombinant expression vector for the
humanized anti-TNF-a antibody IgG

2. Detection of the bioactivity of the high-affinity Fabs of the humanized anti-TNF-a
antibody

By means of the L929 cytotoxicity experiment, the two humanized anti-TNF-o antibody
Fabs (FAOland FAO02) mentioned above were analyzed for the bioactivity. The detailed
procedure is the same as in example 1. The resultant OD4so values were input the software
GraphPad Prism 5 to calculate ECsy. The results are shown in table 5, which indicate that the

activities of FAO1 and FAQ2 are more potent than that of the Fab fragment of Remicade antibody.

Table 5 Bioactivity of the humanized Fabs in the neutralization of TNF-a

Group ECs, (nM)
Remicade Fab 3.184
FAO1 2.582
FAO02 2.870

Note: The data in table 5 were the average values of the experiments in triplicate.

Example 4 Expression of the IgG of the humanized anti-TNF-o antibody and detection of
its activity
1. Construction of the recombinant expression vector for the humanized anti-TNF-a
antibody IgG

DNA fragments encoding the two heavy chain Fd fragments (comprising SHO1 and SH02
respectively) and six light chains (comprising SHO3, SHO5, SHO4, SH06, SHO7 and SHO8
respectively) obtained in examples 1 and 2 were mutually combined in a way as shown in table 6,
assembled together with the DNA fragment for IgG1 Fc constant region by overlap extension
PCR, then inserted into the expression plasmid pcDNA3.1(+) by recombination. CHO cells were
transfected with the constructed recombinant expression plasmids and the full-length humanized
antibodies were expressed.

The detailed protocol is described as follows: (1) DNA fragments for the light chains were

directly inserted into the eukaryotic expression vector pcDNA3.1(+) by recombination. The
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DNA fragments encoding the two heavy chain Fd fragments (comprising SHO1 and SHO2
respectively) and six light chains (comprising SH03, SHO5, SH04, SH06, SHO7 and SHOS8
respectively) obtained in examples 1 and 2 were mutually combined in a way as shown in table 6,
assembled together with the DNA fragment for IgG1 Fc constant region by overlap extension PCR,
then inserted into the expression plasmid pcDNA3.1(+) by recombination. CHO cells were transfected
with the constructed recombinant expression plasmids and the full-length humanized antibodies were
expressed. The detailed protocol is described as follows: (1) DNA fragments for the light chains
were dirgstiyvinsepahiniodfie aukanatic expresaot YeReGrDALBIH Ty (esombketierrd be
following primers were designed: 5-TGAAAGCTTATGGAAATTGTGCTGACTCAGTCTC-3'
(therestridtionendoericieimse site Hend e lngrenderlirgd); HindIll being underlined);
5-AATCTCGAGTCAACACTCTCCCCTGTTGAAGCT-3' (the restriction endonuclease site Xhol being

underlinéaﬁé@mg‘%ﬁ‘é?%ﬁﬁ%%@%?&ﬁ%% Lhplifisd J5rHiiias \Fareisinges dijested
i he I GRBINCISR MG CARA e ok 6 P S IRLEgLSSL e

product from igate arge fragments of pc w een double
digestedjwith decsamevanzimnessiicidn R igasse (21 NAReomenisdordbechadwy khainoneeded to
be assembled together with the DNA fragment for IgG1 Fc constant region by overlap extension PCR,
and insexteld Xifid thiROIEBINABEL frodoytrécombibiddidrn.5 'sAC TEEA @TA TIE CASGTTGBRBC of
TGGTGGAGTC TGGGG-3 ‘(the restriction endonuclease site Kpol being underlinec‘jé)‘; _
5-GATAERREEE T hsectsnbcheesecetcicenTaeTscecls BNA ligase. (2)

'“GATG CTTGGTGC T AGCGGAGC TCACGGTCA TGGTGCCC-37.5 -AATC
ToGAG TR A A e e A R RS o i g
underlinggty  The assemblediBERyPodusiSVRIRidRURIR digiestadnith the restictinmendopygpase
Kpol (R0142L, the product from NEB Co.,) and Xhol (R0146L, the product from NEB Co.,), then
inserted retonthnaxpression plasAIdIEEGRCA RGN A Reen T oUble@deE (NG hGHE(dame
enzymes by recombination, and identified by restriction analysis and sequencing to obtain the proper

recombifEit§ion Thendeprsiih velifors favls disiibdicfsiind)? wind GBSt TN GedS dnce to

the proc i I S € I in.variable regions of
S0 (G R ot RE A T oy T, S RSB SE ahown in 220 10
NO: 2 in Aar-grgnercedistiaasiaa astentide equencs ot ReeHioenL3OLINDIIAACE  aathencode the
heavy chain variable regions shown in SEQ ID NO: 1 (the first amino acid being Glu); all of DNA
sequencAs6nddinG ha' havysohaionenibineclegosis of /BB H{Gunylek 508 (G akS051¢d i) RK506
(Gin), K509 (Gin), and KS10 (Gin) are shown in SEQ ID NO: 2 in the sequence listing, wherein the
nucleotidECSEgerEE deHdsifisRsicd Wb hedpuipismerdetic a0 Aebad e lsLreRain

variable regio hown,j O:.1 (the first. ami cid being Gin); all pf DNA sequences
enconing b Faat e e e S S ek S Rl 1 i RPEER shown
in SEQ ﬁa’é&%ﬁ&lﬁé@)ﬁh&ﬁ?@%ﬂﬁ%'ﬂt[‘geéﬂ@&W@%éﬁ%&“@ﬁmlﬁ@hﬂé@ﬁ%ﬁs@g'&Q%ﬁ@i%ﬁ)ﬂﬂ In
SEQ ID NO: 3; all of DNA sequences encoding the light chain variable regions of KS01 (Glu), KS01
(Gin) andnd 5@hafieshpventiic G QDN Oarfl iseghensaguendedisting aogkercodbtimisght chain variable
regions shown in SEQ ID NO: 5; all of DNA sequences encoding the light chain variable regions of

K503 (Glu), KBOFt@iediid RS0 dfs dotitiieBEanirRle /105 tRECBEGH SRcRRSEHG @ntP ehtode the

light chain varjable regions shown,i ID NO: 9; all of DNA sequences encoding the light chain
variable TS S BT ot e i T M B RS e e
listing angkgnqesls)thesighichainkasablr TeRions @ssf %06"}@1@9 JRING1 @ o NARegwences
encoding the light chain variable regions of K506 (Glu), K506 (Gin) and K507 are shown in SEQ ID
NO: 12 iRERelPeyOende listingjand-eiisonle (the tiglit ctidirnsapriabdenr egidiensHedvbein SEQAPaND: 11;
all of DNA sequences encoding the light chain variable regions of K509 (Glu), K509 (Gin) and KS 11
are showAPASOheawichaia ikl segiencehistihiy MQRLRDEE iHehkdHsErRineasidbRte§idhs shown

in SEQ ID,NO: 13: all of DNA [ ding the light chai i ' lu),
K510 (G A A B TR A S B T T HE Bt g R kg i
variable kegiona fowRde RERKND: kinPhiAisRavEEA SRsedRG e neny shairsonsiapisegion

of the eighteen antibodies is shown in SEQ ID NO: 18 in the sequence listing and encodes the heavy
chain coswsfanicecliiangs dwieiin (eEdBAND: EquENAaspqtienad SncodaghthelightaehaithdOAsiant
region of the eighteen antibodies is shown in SEQ ID NO: 20 in the sequence listing and encodes the
light chain constant region shown in SEQ ID NO: 138 2. Expression and purification of the full-length
humanized anti-TNF-a IgG antibody



The light chain recombinant plasmids and the heavy chain recombinant plasmids obtained in Step 1
were co-transfected into CHO cells to express the full-length humanized antibodies. After the
corresponding plasmids in the combination as shown in table 6 were co-transfected stably into CHO
cells respectively by a conventional method, twelve of the corresponding recombinant full-length
antibodies were secreted into the supernatant of the cell culture. The supernatant was purified to
obtain the corresponding full-length IgG antibody. The detailed steps of purification are as follows: 1)
Chromatographic filler Mabselect Sure (the product from GE Co.,), Superdex 200 (the product from

GE Co.,h2) Bidbae theAlinity @guilinatinn Rufters (BB Q-8B 30dum hygioaen ahpsrhatesddsd mL/L;
0.2 M sodium dihydrogen phosphate: 17.5 mL/L; 2M sodium chloride: 75 mL/L; add ultrapure water,
stir fully &a):naik ofedNetdljsestuphtesitndoNngodiel e dimyd cbridevern 4l hggirogerf ’BORAAE $647. K503,
Affinity elution buffer: NaC1l 2.922§%/?I1_, sodium acetate anhydrous 0.49 g/L, add 2 9 mL/L glacial acetic

acid, pH§%Q§’.é§§&fkirﬁﬁﬂ .Iéé,%% W@Jﬁé.E@.M%@'_ %Fé’é‘ﬁé‘%c‘i’d%ﬁ@?é%?ﬂﬂﬁ% Yn-place
(CIP) buffer. 1M.S@ é%%ﬁxgagxfgwﬁgg%@%ﬁé! S‘!taﬁgo?g)}/) ersF‘e‘a&%%g ﬁh LS l'llag'_@,% ngfgﬁ%eﬁnz M

sodium ﬁyalrogen phosphate: sodiuim ogen phosphate: sodium

chloride:, Z54mi/ks 26kb Lirapsise veater b0 fuliganamixwed. 26iuss ok witeMrsodiing hydiexide or
1M hydrogen chloride to 6.8.

sequence listing and encode the light chain variable regions shown in SEQ ID NO: 5; all of DNA
sequences encoding the light chain variable regions of KS03 (Glu), KS03 (Gln) and KS04 are
shown in SEQ ID NO: 10 in the sequence listing and encode the light chain variable regions
shown in SEQ ID NO: 9; all of DNA sequences encoding the light chain variable regions of
KS05 (Glu), KS05 (GIn) and KSO8 are shown in SEQ ID NO: 8 in the sequence listing and
encode the light chain variable regions as shown in SEQ ID NO: 7; all of DNA sequences
encoding the light chain variable regions of KS06 (Glu), KS06 (Gln) and KS07 are shown in
SEQ ID NO: 12 in the sequence listing and encode the light chain variable regions shown in SEQ
ID NO: 11; all of DNA sequences encoding the light chain variable regions of KS09 (Glu), KS09
(GIn) and KS11 are shown in SEQ ID NO: 14 in the sequence listing and encode the light chain
variable regions shown in SEQ ID NO: 13; all of DNA sequences encoding the light chain
variable regions of KS10 (Glu), KS10 (Gln) and KS12 are shown in SEQ ID NO: 16 in the
sequence listing and encode the light chain variable regions shown in SEQ ID NO: 15. DNA
sequence encoding the heavy chain constant region of the eighteen antibodies is shown in SEQ
ID NO: 18 in the sequence listing and encodes the heavy chain constant region shown in SEQ ID
NO: 17; DNA sequence encoding the light chain constant region of the eighteen antibodies is
shown in SEQ ID NO: 20 in the sequence listing and encodes the light chain constant region
shown in SEQ ID NO: 19.
2. Expression and purification of the full-length humanized anti-TNF-a IgG antibody

The light chain recombinant plasmids and the heavy chain recombinant plasmids obtained in

Step 1 were co-transfected into CHO cells to express the full-length humanized antibodies. After
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3) Preparation of the sample (clarifying filtration) Centrifugation: the sample was centrifugated at
5000-6000 rpm for 10-15 minutes. Filtration: after centrifugation, the supernatant from the sample was
filtered with the H7 (0.45 + 0.2 pm) filter. 4) Affinity chromatography  Install the AKTA purification
system and an affinity chromatography column (Mabselect or Mabselect Sure). Wash with 2 column
volumes of ultrapure water. Wash with 5 column volumes of affinity equilibration buffer until the
baseline is stable, and inject the sample. After the injection of sample, wash with 5-10 column volumes
of affinity equilibration buffer. Then the column was eluted with affinity elution buffer, fractions
correspanglipgHapoadina)prahsatnanee peakinkhsd /ny&EEiaolseias velted willy baadugamnolume
sequentially. The column was eluted with 3 column volumes of affinity regeneration buffer. Wash with
affinity eoilicitiorlbuféepdaiaahe biyal gy Qleaminpthcd, witth & ob |t novalspred g MabskleottCIP
buffer or Mabselect Sure CIP buffer. Wash with 3 column volumes of affinity equilibration buffer until

the baselitl! 8 &fa B PAfEHYETih S BitthiRDdNmiBRcETAaplIRe Feler Uinif tHE D HEATRE I8 S le.
Wash with 3.column volumes of 20% ethanaql, and store the affinity chromatography: col . 5) Gel
Fitation Eh e e B B e Bt e
filtration ghrgmatiedraphy column. Adjust the flow rate to 5 ml/min, wash with 1 column volume of
ultrapure water, and wash with 2 column volumes of Superdex 200 column chromatography
equilibration sp{thiomatguphthéiflow rate to 2.5 ml/min, the collected fractions corresponding to affinity
chromatograg/% peaks were subjected to pH value adjustment and injected directly onto the column.

After sampleYiBealert, Biréhreirhi e s ipairades o e olmadhrs dat SHasify kquilibration

solution, and2 cﬁll%% the interest peak at 280 nm. Continue to wash with 1 column volume. The
chromatographic column was stored with 0.01 M NaOH. 3. Detection of the activity of the humanized

anti-TNF-a aptigedy égd1ibrddolbnanizes snto DNIr-a antibadips JaG-abipiaed ¥ step 2 were fested for
their bioactivity of neutralizing TNF-a by the L929 cytotoxicity experiment (the detailed manipulation
was dessvibeoh idileydogele dhotpieresliltant D420 vaddesnaleraltaiiediathc adgutlthesofiweee
GraphPad Prism 5 to calculate EC50. EC50 values of the twelve humanized anti-TNF-a antibody 1gG

for suppr&iHgREbIBAEIvRY SANFRIWETS dhdlviokitabieydroride ras e indeasenthierde to

bioactivitjes éthe humanized anti-TNF-a antibodies are considerably increased and the KS10 has the
highest bioactivity. Thus, a further investigation of antibody activity was carried out largely on KS 10.

Affinity elution buffer: NaCl 2.922g/L, sodium acetate anhydrous 0.49 g/L, add 2.9 mL/L
glacial acetic acid, pH3.4-3.6.

Affinity regeneration buffer: 5.8 mL/L glacial acetic acid, pH3.0.

Affinity Clean in-place (CIP) buffer: 1M sodium hydroxide 100mL/L.

Gel filtration chromatography solution (PBS): 0.2 M sodium hydrogen phosphate: 82.5
mL/L; 0.2 M sodium dihydrogen phosphate: 17.5 mL/L; 2M sodium chloride: 75 mL/L; add
ultrapure water, stir fully and mix well, adjust pH with 1 M sodium hydroxide or 1M hydrogen
chloride to 6.8.

3) Preparation of the sample (clarifying filtration)

Centrifugation: the sample was centrifugated at 5000-6000 rpm for 10 -15 minutes.

Filtration: after centrifugation, the supernatant from the sample was filtered with the H7
(0.45 + 0.2 um) filter.

4) Affinity chromatography
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Table 6 High-affinity humanized anti-TNF-a antibody 1gG antibodyVHVK KS01SHOISHO3
KS02SHO2SHO3 KS03SHOISHO5 KSO4SHO2SHO5 KS05SHOISHO4 KSO06SHOISHO6
KS07SHO2SH06 KS08SHO2SHO4 KS09SHOISHO7

Install the AKTA purification system and an affinity chromatography column (Mabselect or
Mabselect Sure). Wash with 2 column volumes of ultrapure water. Wash with 5 column volumes
of affinity equilibration buffer until the baseline is stable, and inject the sample. After the
injection of sample, wash with 5-10 column volumes of affinity equilibration buffer. Then the
column was eluted with affinity elution buffer, fractions corresponding to the major absorbance
peak at 280 nm were collected, eluted with 1 column volume sequentially. The column was
eluted with 3 column volumes of affinity regeneration buffer. Wash with affinity equilibration
buffer to a neutral pH. Clean in-place with 5 column volumes of Mabselect CIP buffer or
Mabselect Sure CIP buffer. Wash with 3 column volumes of affinity equilibration buffer until the
baseline is stable. Wash with 3 column volumes of ultrapure water until the baseline is stable.
Wash with 3 column volumes of 20% ethanol, and store the affinity chromatography column.

5) Gel filtration chromatography

Install the AKTA explorer purification system and a Superdex 200 gel filtration
chromatography column. Adjust the flow rate to 5 ml/min, wash with 1 column volume of
ultrapure water, and wash with 2 column volumes of Superdex 200 column chromatography
equilibration solution. Adjust the flow rate to 2.5 ml/min, the collected fractions corresponding to
affinity chromatography peaks were subjected to pH value adjustment and injected directly onto
the column. After sample injection, elute the column with the Superdex 200 column
chromatography equilibration solution, and collect the interest peak at 280 nm. Continue to wash
with 1 column volume. The chromatographic column was stored with 0.01 M NaOH.

3. Detection of the activity of the humanized anti-TNF-a antibody IgG

12 humanized anti-TNF-a antibodies IgG obtained in step 2 were tested for their bioactivity
of neutralizing TNF-a by the L929 cytotoxicity experiment (the detailed manipulation was
described in example 1), the resultant ODyso values were obtained and input the software
GraphPad Prism 5 to calculate ECsg. ECso values of the twelve humanized anti-TNF-a antibody

IgG for suppressing the bioactivity of TNF-a were shown in table 7. The results indicate that the
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KSIOSHOISHOS8 KS IISHO2SHO7 KSI2SHO2SHOS8 Table 7 Bioactivity of the full-length humanized
anti-TNF-a antibody in the neutralization of TNF-a GroupECso (hM) KS01 (Glu)0.081 KS01
(GM)0.087 KS020.109 KS03 (Glu)0.087 KS03 (GM)0.093

bioactivities of the humanized anti-TNF-a antibodies are considerably increased and the KS10

has the highest bioactivity. Thus, a further investigation of antibody activity was carried out

largely on KS10.
Table 6 High-affinity humanized anti-TNF-a antibody
IgG antibody VH VK
KSO01 SHO1 SHO3
KS02 SHO02 SHO3
KS03 SHO1 SHO5
KS04 SHO02 SHO5
KSO05 SHO1 SH04
KS06 SHO1 SHO06
KSO07 SHO02 SHO06
KSO08 SHO02 SH04
KS09 SHO1 SHO7
KS10 SHO1 SHO8
KS11 SHO02 SHO7
KS12 SHO02 SHO8

Table 7 Bioactivity of the full-length humanized anti-TNF-o antibody in the neutralization

of TNF-a
Group ECsy nM)
KSO1 (Glu) 0.081
KSO1 (Gln) 0.087
KS02 0.109
KS03 (Glu) 0.087
KS03 (Gln) 0.093
KS04 0.126
KSO05 (Glu) 0.051
KSO05 (Gln) 0.064
KS06 (Glu) 0.059
KS06 (Gln) 0.068
KS07 0.100
KS08 0.113
KS09 (Glu) 0.036
KS09 (Gln) 0.032
KS10 (Glu) 0.028
KS10 (Gln) 0.025
KS11 0.059
KS12 0.136
Remicade 0.174

Example 5 Kinetic assay of KS10 (Glu) binding to hTNF-a
hTNF-a (R & D Co., 210-TA-050) and NHS-LCLC-biotin (Catalog Number: 21338,

purchased from Thermo-fisher Co.,) were mixed uniformly at a molar ratio of 1: 3 and kept at
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KS040.126 KS05 (Glu)0.051 KS05 (GM)0.064 KS06 (Glu)0.059 KS06 (GM)0.068 KS070.100
KS080.113 KS09 (Glu)0.036 KS09 (GM)0.032 KSIO (Glu)0.028 KSIO (GM)0.025

room temperature for 1 hour. Then, the remaining NHS-LCLC-biotin was removed by a PD-10
desalting column (Catalog Number: 17-0851-01, purchased from GE Co.,). The final conjugate
products obtained were 50 pg/ml of biotin-hTNF-a.

The kinetic parameters of KS10 binding to hTNF-a were determined by Octet RED 96
system (ForteBio Co.,) in the Octet technology platform, the experimental procedure was
configured according to the instruction manual of the instrument. 50 pg/ml biotin-hTNF-a was
bound to Streptavidin biosensor (SA);) via Loading; the appropriate range of the antibody
concentration was determined by a pilot trial to be as follows: 6000 nM, 2000 nM, 666.7 nM,
222.2 nM, 74.1 nM and 24.7 nM. Remicade was used as a positive control and PBS (pH 7.4) was
used as a blank control. The result (in table 8) shows that KD value of KS10 is less than that of
Remicade, which suggests that the affinity of KS10 to hTNF-a is higher than that of the
human-murine chimeric antibody Remicade.

Furthermore, the binding affinity of KS10 to chimpanzee TNF-o (with the amino acid
sequence shown in SEQ ID NO: 36 and the nucleotide sequence shown in SEQ ID NO: 37),
rhesus TNF-o (with the amino acid sequence shown in SEQ ID NO: 38 and the nucleotide
sequence shown in SEQ ID NO: 39), mouse TNF-o (mTNF-a) (Catalog Number: CYT-252,
purchased from PROSPEC), and human TNFP (Catalog Number: CYT-224, purchased from
PROSPEC) was determined. According to the affinity evaluation criteria of the Octet RED 96
system, the displacement distance of the lightwave due to binding of an antigen to an antibody
reflects indirectly the affinity between the two substances, the longer the displacement distance of
the lightwave is, the higher the affinity is. The result (Fig.3) shows that KS10 binds very strongly
to the human TNF-q, also significantly to the chimpanzee TNF-a, weakly to the rhesus TNF-a,
rarely to the mouse TNF-a and the human TNFp. Therefore, it is confirmed that the antibodies
provided in the invention have a specific binding ability after humanization.

Table 8 kinetic parameters of KS10 binding to hTNF-a
Class of the KD (M) kon (1/Ms) kdis (1/s)
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KS 1 10.059 KS120.136 Remicade0.174 Example 5 Kinetic assay of KS10 (Glu) binding to hTNF-a
hTNF-a (R & D Co., 210-TA-050) and NHS-LCLC-biotin (Catalog Number: 21338, purchased from
Thermo-fisher Co.,) were mixed uniformly at a molar ratio of 1. 3 and kept at room temperature for 1
hour. Then, the remaining NHS-LCLC-biotin was removed by a PD-10 desalting column (Catalog
Number: 17-0851-01, purchased from GE Co.,). The final conjugate products obtained were 50 gg/m1
of biotin-hTNF-a.  The kinetic parameters of KS10 binding to hTNF-a were determined by Octet RED
96 system (ForteBie-Co)-n-the-Octettechnologyplatform;the-experimental-precedure was
configured accordingtethe-in lon-pAanYat-ef the-instrument-—50-ggimlbigtin-hTNF-a was bound
()
to Streptavidin blose@%r %%A) ) via LO% @@,1 he appropg ﬁ)ﬁange of ﬂﬁ)?@ jpody concentration was
determined by a pifottriatto be as foltows: 6000 v, 2000 vt 666.7 iV, 222.2Tivt; 74.1 nM and 24.7
nM. Remicatietwd® usédaanaypositivie lcoritrak adilRB&n{phl; Znd kwias tisedsas@idolanistaontrol. The
result (in table 8) shows that KD value of KS10 is less than that of Remicade, which suggests that the

affinity oEKaDleShT Bt oRBAL (Cler: BethumamENFeninducstiatmadeb of yreamaiaist

Furthermogﬁ tthe binding affinity of KS10 to chimpanzee TNF-a (with the amino acid sequence shown
in SEQ 15} B 36 and the nucleotide sequence shown in SEQ ID NO: 37), rhesus TNF-a (with the

amino acid sgaHeReEewl ReTR1) NR:B8aad M amMalantide.seeuerqsishewmn 1003E9) 16 NO:
39), mouse TNF- a(mTNng)g(Catalogg?Numlger CYTIqﬂZSZ purchased from(I\(DgléOSPEC) arﬁ(g)human

TNFp (CatalogeNushheSPE Yrhd22 Aalf unalkaset Hatinfe RRIQ SRE b dw as: ditesiido d.8qc oreingstal the
affinity evaluation criteria of the Octet RED 96 system, the displacement distance of the lightwave due
to bindin§hsfiak arfigesbrareshtiioti r@ﬂ%téﬁﬁdﬁ@bﬂ?‘lﬂ@%ﬁﬁlwt@e‘ﬂi@e@ﬁ% WA ddpstamsss, the

longer the dlsplace ent distance of the Il%htwave the h| rlthe c’;{lf'flplt}[ IS. T§1e releult\g?Rﬁ:B} shows
that KS EBindsVe ri/f (r)grrllél 1fﬂenheﬁman %PS%DSIQI’] icant r?o Ou(I?hlmm Yeé

weakly 1R §18 resus. A Fstolgrely ke meusenidits aﬁ%\ﬂpﬂb@ henan ANBR. EE?B% o'f ithe
confirmed that the antlboées provided in the invention have a specific binding abllity a
humanizatjennablead kingith pasametecanddSiBdizbineing 07h TNbrd ldsseitbEd PﬁEg/(dg/)) except
the ones in the normal group. Before modeling, the rats in the dose groups were administered by
tail vein injection with three different doses of KS10 (5 mg/kg, 10 mg/kg and 20 mg/kg), and the
rats in the negative control group and model control group were injected by tail vein with equal
volumes of physiologic saline. Fifteen minutes later, 0.5 mg/ml hTNF-a (R & D Co., Catalog
Number : 210-TA-050) (dissolved with 1% BSA, with an injection volume of 60 pl/rat) was
injected with a 1 ml syringe into the joint cavity of the left ankle of the rats in the three KS10
dose groups and the model control group to induce acute arthritis (modeling of the single foot)
and an equal volume of 1% BSA was injected into the joint cavity of the left ankle of the rats in
the negative control group. Successful injection was indicated by gradual swelling of the bilateral
depressions of the joint cavity. The rats in the normal group were not subjected to the
above-mentioned injection.
18 hours after the model was established, the degree of swelling at the left ankle joint of the
rats in each group were scored individually in accordance with an modified gradation criteria of 0

— 4 as follows: 0: no redness and swelling; 1: redness and/or swelling only at the ankle joint; 2:

redness and swelling at the ankle joint and swelling at plantar; 3: redness and swelling at the
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kon (1/Ms)kdis (Us) 28 antibody Remicade KS 10 8.12E-12 2.18E-12 1.95E+04

ankle joint and plantar; 4: redness and swelling at the ankle joint, plantar and the surface of foot
[Reference: R O Williams, M Feldmann, and R N Maini. Anti-tumor necrosis factor ameliorates
joint disease in murine collagen-induced arthritis. Proc Natl Acad Sci U S A. 1992 October 15;
89 (20): 9784-9788]. 20 hours after the model was established, joint synovial fluid was drawn.
The soft tissues around the joint were separated, homogenized, centrifugated and froze together at
-70°C. The levels of IL-1p and IL-6 were determined with a rat ELISA kit (IL-1f being purchased
from R & D Co., Catalog Number: RLB0O; IL-6 being purchased from R & D Co., Catalog
Number: R6000B).

According to the scores (Figure 4), it is shown that the three dosages of KS10 can alleviate
significantly the hTNF-a-induced redness and swelling of the joints of the rats and antagonize
significantly the development of the hTNF-a-induced rheumatoid arthritis. It is shown in the
cytokine assay that the three dosages of KS10 can lower significantly the levels of IL-Ip (Fig.5)
and IL-6 (Fig.6) in the synovial fluid and in the soft tissues around the joint, which indicates that
KS10 can block completely the increased levels of IL-1B and IL-6 induced by TNF-a and serves
as the direct evidence for the anti-human TNF-a action of KS10.

Example 7: Treatment effect of KS10 (Glu) on the human TNF-o-induced rat model of
uveitis

40 healthy lewis rats were randomized into the normal group, the model group, the negative
control group, and the KS10 group. The rats were injected intraperitoneally with 10% chloral
hydrate (a dosage of 0.35 ml/kg). After the rats were anaesthetized, 10 pl of physiologic saline
was injected (using a 30 G1/2 needle) into the vitreous through the flat part of the ciliary muscle
of each rat in the model and the negative control groups, 10 pl of KS10 solution at a
concentration of 4 mg/ml (formulated with PBS) was injected in the same way into each rat in the
KS10 group. Thirty minutes later, 10 pl of hTNF-o (about 0.5 mg/ml) was injected
intravitreously into each rat in the model and KS10 groups, and 10 pl of 1% BSA was injected

intravitreously into each rat in the negative control group. 24 hours and 48 hours after the model
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4.69E+04 1.58E-07 1.02E-07  Note KD is the affinity constant; kon is the binding constant; and kdis
is the dissociation constant. Example 6: Effect of KS10 (Glu) on the human TNF-a-induced rat model
of rheumatoid arthritis  Seventy-two Sprague Dawley rats (laboratory animal license: SCXK
(Sichuan) 2008-24) of 4-6 weeks old, SPF grade, half male and half female, and body weight of
140-180 g were used. The rats were acclimated for one week and then randomized into six groups
with 12 rats per group, namely, normal group, negative control group, model control group, 5 mg/kg
group of KS10, 10 mg/kg group of KS10, and 20mg/kg group of KS10. At the beginning of the
experiment sathinRAY JRUR WIS ANARSIhetiEethwitieLORehierd) hy drte Sbhma/kalic exappt the
ones in the normal group. Before modeling, the rats in the dose groups were administered by tail vein
injectionanithctheale diffeters Yl odessob i@ k01 (G imglsg cldradgtk thahtt@0um g hantith éeatdl ifBthe
negative control gro and model control group were injected by tail vein with equal volumes of

physiologiBighiv SehaniMfteiRidr My Gat8ImE ﬁ'mi’ar gmogzbfefbor eAndisNarsHEy Invest
210-TA- t ) t f60 t ted with [
N A A S P o SRR e 6

syringe into joint cavity o tsin t ree K810 doseé grou e model
control gipuR tRyingaGaiacHe ah g nedeling &@&E@@B&lﬁ‘efﬁ’i@ﬁ ahctanapahiyolune abiXaBSA
was injected into the joint cavity of the left ankle of the rats in the negative control group. Successful
injectionpwps; ihdéoatedttby prady ainssveltinlgaofhitre: bilddae ral G2k seiens Giftithre gbmttaavityhabifeerats in
the normal group were not subjected to the above-mentioned m{lectlon 18 hours after the model

was estaplisisbhetHdHeg e Brsive AR R the ReYaR kI le PHHeEateriRhaRds YretlEere Eesred

individually_in accordance wit madified. gradation criteri 0.- 4.as follows: ess and
sweling L e e LT S e e e e B e B e o
and swelling ptplaptag Jedad E@ﬁ%ﬁﬁﬂlﬁ\%@img @ﬁdhﬁd@ﬁ{@? d@dﬂ‘l@l@ Rlantanifickaelpass.angiswelling
at the ankle joint, plantar and the surface of foot [Reference: R 0 Williams, M Feldmann, and R N
Maini. Artbtefoheeeedsis Vabtananslioratiedjdint dipeesetad nusipprestiagensingpoeehartittisn Proc
Natl Acad Sci U S A. 1992 October 15; 89 (20): 9784-9788]. 20 hours after the model was establlshed,
joint synewéﬁﬂam e g AU RHae S PASSHIOE w&&hmwfsﬁlﬁm@g%@ﬁéﬂra&@asm%ﬁ%ée%

centrifuga froze to at -70t. The.levels of IL-1 d IL 6 W term Wlth arat
i s s T S e R s gt e i el
from R & D Goyp16-81al8gNUHPRE BGEPRYing ﬁ@%&quagmmlﬁe%@é (g e dheitdsrabown that the

three dosages of KS10 can alleviate significantly the hTNF-a-induced redness and swelling of the
joints of the rats and antagonize significantly the development of the hTNF-a-induced rheumatoid
arthritis. It is shown in togogptokine assay thahtheftéy er-dasages 4f ishbfsaad wer significantly the
levels of IL-113 (Fig.5) and IL-6 (Fig.6) in th@shinpv@hfiuiganshin the soft tissues around the joint,
which indicates that KS10 can block completely the increased levgls of IL-113 and IL-6 induced by
TNF-a and serves as théodiielct evidence fordd®.&dti-human TNB@.attion of KS 10. Example 7:
Treatment effect of KSNeg¢@iug on the hum@POFNB7a-induced PatBmidieél of uveitis

Model 3.5£0.971 3.78+1.202

KS10 2.5+0.971* 1.55+2.422%

Note: * indicates *P<0.05, compared to the model group (X + SD,
n=10)

Industrial application

By the mutagenesis of a CDR-grafted antibody, the present invention effectively overcomes
the defect that the affinity of an antibody is impaired by the conventional method for humanizing
an antibody (in which the complementary determinant region (CDR) of a murine-derived
antibody variable region (VH, VK) is directly grafted into the framework region of a human
antibody), finally obtains a humanized antibody similar to the initial antibody. The Fabs and IgG

antibodies provided in the present invention have a considerably increased degree of
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40 healthy lewis rats were randomized into the normal group, the model group, the negative control
group, and the KS10 group. The rats were injected intraperitoneally with 10% chloral hydrate (a
dosage of 0.35 ml/kg). After the rats were anaesthetized, 10 pl of physiologic saline was injected
(using a 30 G1/2 needle) into the vitreous through the flat part of the ciliary muscle of each rat in the
model and the negative control groups, 10 pl of KS10 solution at a concentration of 4 mg/ml
(formulated with PBS) was injected in the same way into each rat in the KS10 group. Thirty minutes
later, 10 pl of hTNF-a (about 0.5 mg/me was injected intravitreously into each rat in the model and
KS10 graupsnaadoh0 Rbofol Y &SEswasiiiegte d dntiavidieewplyiinéaerehdahndhe ngaatiye gantrol
group. 24 hours and 48 hours after the model was established by the first administration, the rats
were anaesttietipesinobseovedeuend brehasl ithkamting taridhrecored raspectivblycTlheuscooihgRenteridayas
referred to the literature [Fleisher LN, Ferrell JB, Smith MG, McGahan MC. Lipid mediators of tumor
necrosisMEoneUiifdes st N BRI OPAFAINRIARS $e9ra 581catio%2 e e4ag- 8t dhtf#itterately
revised: Q3.1 IYPRIARA,0 2 RS HRSIASIDIR i SlINLNBSIAIVA, 21 fe eGSR
contracte pupl? -1 (0: normal pupﬁ; © contracte puplﬁ; anterior chamber exudation O- (61 no
exudatiop Rfuantedanahaplelads slightexudatinnsafanissiyahambre:4iwe@Riexugdationg@nterior
chamber), caligo pupillae or posterior synechia 0-2 (0: no synechia; 1: synechia at either site; 2:
synechiad¢obicsitdsitis. The scoring result is shown in table 9 and indicates that KS10 can
significantly lower the score of the uveitis evaluation criteria, which is represented by suppressing iris
hyperaemia, fibrin exudation, and caligo pupillae or posterior synechia, increasing intraocular
transparency. Thus, it has been shown that KS10 exerts a significant antagonistic effect on the
hTNF-a-induced uveitis. Table 9. Scores of KS10 for treating the human TNF-a-induced uveitis in the
rat model Group Time after the model was established by the first administration 24h 48h Normal

32



0.880.834 0.380.518 Negative 0.900.737 0.380.744 Model 3.50.971 3.781.202 KSIO 2.50.971*
1.552.422*

CLAIMS

1. A humanized anti-human tumor necrosis factor-o. antibody or antigen-binding fragment
Fab thereof, comprising a heavy chain variable region and a light chain variable region, wherein
the amino acid sequence of the heavy chain variable region is shown in SEQ ID NO: 1 or 3 in the
sequence listing; the amino acid sequence of the light chain variable region is shown in any one
of SEQ ID NOs: 15,9, 11, 7, 13, and 5 in the sequence listing, and the first amino acid residue of

SEQ ID NO: 1 is Glu or Gln.

2. The antibody of claim 1, characterized in that said antibody is any one of the following a)
to I):

a) KS10, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO8 with the amino acid sequence shown in
SEQ ID NO: 15;

b) KS03, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO5 with the amino acid sequence shown in
SEQ ID NO: 9;

¢) KS06, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO6 with the amino acid sequence shown in
SEQ ID NO: 11;

d) KS12, having a heavy chain variable region SHO2 with the amino acid sequence shown in
SEQ ID NO: 3, and a light chain variable region SHO8 with the amino acid sequence shown in
SEQ ID NO: 15;

e) KS04, having a heavy chain variable region SHO2 with the amino acid sequence shown in
SEQ ID NO: 3, and a light chain variable region SHOS5 with the amino acid sequence shown in
SEQ ID NO: 9;
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Note: * indicates *P<0.05, compared to the model group (X SD, n=10) Industrial application By the
mutagenesis of a CDR-grafted antibody, the present invention effectively overcomes the defect that
the affinity of an antibody is impaired by the conventional method for humanizing an antibody (in which
the complementary determinant region (CDR) of a murine-derived antibody variable region (VH, VK) is
directly grafted into the framework region of a human antibody), finally obtains a humanized antibody
similar to the initial antibody. The Fabs and IgG antibodies provided in the present invention have a
considerably increased degree of humanization (up to over 95%) and are confirmed experimentally to
have an affinffykayod hipagtiviticaiildate erRverbighes anvhated e ueansaquEine sbwetic
antibody Remicade, better neutralizing effect on human TNF-a, and be more efficacious in treating the
diseasesSE&sRiAOd vithd NFEgh; phefe rediyblesapancidifnthvitls (leusoimmame sevpitis;eGlohwisidisease,
plaque psor|a5|s soriatic arthritis, ankylosing spondylitis, ulcerative colitis, or juvenile idiopathic

arthritis. SER 1B A humanized anti-human tumor necr05|s factor-a antibody or antigen-binding
fragment Fab t }f&rﬁﬁ’f cvolrlp ri |n ﬁ‘E]‘elz%llv‘%am \éarla ne:CIa?‘n ;w%?g c(i aln variab e re |on
wherein the §Pn|no acid tence of th eavy “chain varia Ie reglon IS shown mqg?é 11 or3in

the SeQ@QQM@Jh@n@@'HQ@%ﬁEQMW@ Rkibe Yaschainiariablp regipRitsheWAJIR Ry one of
SEQ ID NOs: 15, 9, 11, 7, 13, and 5 in the sequence listing, and the first amino acid residue of SEQ ID

NO: 1isSHQ 8P BB. 5; 2. The antibody of claim 1, characterized in that said antibody is any one of the

following a) to 1);  a) KS 10, having a heavy chain variable region SHO1 with the amino acid
sequence sh@/\’%ﬁ?fgs@@“lé NV, AN HaMRIERSHPD ANy B BRIDS HithsasecassnBostdn

Sequencgl:iy %%IB%E%A a hglt cﬁhm variable region SHO4 with the amino acid sequence shown in
SEQ ID NO: 7,

1) KS11, having a heavy chain variable region SHO2 with the amino acid sequence shown in
SEQ ID NO: 3, and a light chain variable region SHO7 with the amino acid sequence shown in
SEQ ID NO: 13;

J) KSO1, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO3 with the amino acid sequence shown in
SEQ ID NO: 5;

k) KSO05, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO4 with the amino acid sequence shown in
SEQ ID NO: 7;

1) KS09, having a heavy chain variable region SHO1 with the amino acid sequence shown in
SEQ ID NO: 1, and a light chain variable region SHO7 with the amino acid sequence shown in
SEQ ID NO: 13;

the first amino acid residue of SEQ ID NO: 1 is Glu or Gln.

3. A humanized anti-human tumor necrosis factor-a antigen-binding fragment Fab,
comprising a heavy chain variable region and a light chain variable region, wherein the amino

acid sequence of the heavy chain variable region corresponds to positions 1-120 of SEQ ID NO:
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b) K503, having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID
NO: 1, and a light chain variable region SHO5 with the amino acid sequence shown in SEQ ID NO: 9;
¢) K506, having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID

NO: 1, and a light chain variable region 5H06 with the amino acid sequence shown in SEQ ID NO: 11;
d) KS 12, having a heavy chain variable region 5H02 with the amino acid sequence shown in SEQ ID
NO: 3, and a light chain variable region 5HO8 with the amino acid sequence shown in SEQ ID NO: 15;
e) K504, having a heavy chain variable region 5H02 with the amino acid sequence shown in SEQ ID

NO: 3, apyl ¢ higblioRain yauisbleaeaoNBHE5 Wil tgRIINAAGE SRINSNES SOV UBSES 1R NO: 9;
f) KS07, having a heavy chain variable region SHO2 with the amino acid sequence shown in SEQ ID
NO: 3, ahghadigin chaableaxaiie cegopoB#Q6 peithithe &MASKHGEQUE0CE khoprsinaBEQ ICYNO: 11;
g) K502, having a heavy chain variable region 5HO2 with the amino acid sequence shown in SEQ ID
NO: 3, atidSE YA BB e ABERSR i4B8: with the amino acid sequence shown in SEQ ID NO: 5:
h) K508, having a heavy chain variable region 5H02 with the amino acid sequence shown in SEQ ID
NO: 3, and a light chain variable region 5H04 with the amino acid sequence shown in SEQ ID NO: 7;

i) KS 11, having g haavyshstivianiakie regignabR withiie amnina iiid SAUeNsE SR dRasEQ 1D
NO: 3, and a light chain variable region 5H07 with the amino acid sequence shown in SEQ ID NO: 13;

j) KS01, inawvmnghat e amynohain segadiecrefibn Sheddnivitigitmei aundimsi cadicbgbguen de siravyndmBEQ 1D
NO: 1, and a light chain variable region 5HO3 with the amino acid sequence shown in SEQ ID NO: 5;
k) KSO05 SHBVARG SR 0y ErAimanasitady sl SHieN! Ghaine hiih shs dmseqeihsssn S EQ ID

NO: 1, and, & I9nEGhaIN YRIARIP (A PHOAMIRING BMINQ ALESCIHRRGR SR WAIRLREQ 1D NO: 7;

5. The antibody of claim 1, 2 or 4, characterized in that the amino acid sequence of the
constant region in said heavy chain is shown in SEQ ID NO: 17 in the sequence listing; and the
amino acid sequence of the constant region in said light chain is shown in SEQ ID NO: 19 in the

sequence listing.

6. The antibody of any one of claims 1, 2, 4 and 5, characterized in that the amino acid
sequence of said heavy chain is shown in SEQ ID NO: 21 in the sequence listing; and the amino
acid sequence of said light chain is shown in SEQ ID NO: 23 in the sequence listing, wherein the

first amino acid residue of SEQ ID NO: 21 is Glu or GIn.

7. The Fab of claim 1 or 3, characterized in that said Fab consists of a heavy chain fragment
consisting of said heavy chain variable region and a heavy chain constant region CH1 and a light
chain consisting of said light chain variable region and a light chain constant region, wherein the
amino acid sequence of said CH1 is identical to that of the constant region CHI1 of the human
antibody heavy chain, and the amino acid sequence of said light chain constant region is identical

to that of the constant region of the human antibody light chain.
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1) K509, having a heavy chain variable region SHO1 with the amino acid sequence shown in SEQ ID
NO: 1, and a light chain variable region 5HO7 with the amino acid sequence shown in SEQ ID NO: 13;
the first amino acid residue of SEQ ID NO: 1is Glu or GIn. 3. A humanized anti-human tumor
necrosis factor-a antigen-binding fragment Fab, comprising a heavy chain variable region and a light
chain variable region, wherein the amino acid sequence of the heavy chain variable region
corresponds to positions 1-120 of SEQ ID NO: 27 or positions 1-120 of SEQ ID NO: 25 in the
sequence listing, the amino acid sequence of the light chain variable region corresponds to positions
1-109 of SEQ 1P @ap3drResitions: 1 10% @b Skfd i Nfa: @8 inihe sedueqeenlistitgaid GHThe
antibody of claim 1 or 2, characterized in that said antibody consists of a heavy chain in which the
amino aslbsaqueid@ tDthdcoistathaegiornseitientigaind thataofittreahslhsagetrain cotistantsagion of
the human antibody, and a light chain in which the amino acid sequence of the constant region is
identical" &8 Hat i ARHERTH DetdRYEQITR N EHR s ieHEBaYSings. The antibody of claim 1,
2 or 4, characterized in that the amino acid sequence of the constant region in said heavy chain is
shown in SEQ ID NO: 17 in the sequence listing; and the amino acid sequence of the constant region
in said light chadahewadinSE R IPINRLR ke SetienreHiBiRGny ofe dhe@mliRGHy obany one of
claims 1, 2, 4 and 5, characterized in that the amino acid sequence of said heavy chain is shown in
SEQ ID bA2: 21 in the sequence listing; and the amino acid sequence of said light chain is shown in
SEQ ID NO: 23 in the sequence listing, wherein the first amino acid residue of SEQ ID NO: 21 is Glu
orGIn.  7.0&Eal ofaamine 3Fid, SeAuFactet Asi iReihat it Ea8ReMdistidra Retky BRdPiragment

consisting, of édsheuae\% chainyariaole redion and ?ehee%‘?% %t?%'ﬁ‘dcﬁf}%t%lfgfe%'%ﬁo%ﬁ% a&‘Eq;‘ ht
chain cons&mg of Sai ﬁght chain variable region and a light chain constan region, wherem the amino
acid seqnenca of gridekdhds lidgnsical to that of the constant region CH1 of the human antibody heavy
chain, and the amino acid sequence of said light chain constant region is identical to that of the
constant regio?) iStHé\htmamiantivatlyelightchaefinaid [BaThehhabfozobairid siBemin GioadeNioed in
that the amino acid sequence of said CH1 is shown in SEQ ID NO: 33 in the sequence listing; and the
amino acil 8d§tsrgecBetb it stat e g s iR ah S Hsh s ErocR P& e

Eg({usg)ﬁ%(gggjrﬂgﬁ %eTstggulggge%fS 1II%’j;m 3, 7 or 8, characterized in that the Fab is any one of the following

b3) KS-2E: the amino acid sequence of said heavy chain fragment is shown in SEQ ID NO:
25 in the sequence listing; and the amino acid sequence of said light chain is shown in SEQ ID

NO: 29 in the sequence listing.

10. A antigen-binding fragment A derived from the any antibodies of claims 1, 2, 4, 5 and 6
or a antigen-binding fragment B derived from the any Fabs of claims 1, 3, 7, 8 and 9,
characterized in that the antigen-binding fragment A is a Fab, a Fab', a F(ab'),, Fv, a heavy chain
variable region, a light chain variable region, polypeptide fragments selected from the heavy
chain variable region or polypeptide fragments selected from the light chain variable region; the
antigen-binding fragment B is a Fab', a F(ab'),, Fv, a heavy chain variable region, a light chain
variable region, polypeptide fragments selected from the heavy chain variable region or

polypeptide fragments selected from the light chain variable region.
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hi) KS-7F: the amino acid sequence of said heavy chain fragment is shown in SEQ ID NO: 27 in the
sequence listing; and the amino acid sequence of said light chain is shown in SEQ ID NO: 31 in the
sequence listing;  b2) KS-7A: the amino acid sequence of said heavy chain fragment is shown in
SEQ ID NO: 25 in the sequence listing; and the amino acid sequence of said light chain is shown in
SEQ ID NO: 31 in the sequence listing;  b3) KS-2E: the amino acid sequence of said heavy chain
fragment is shown in SEQ ID NO: 25 in the sequence listing; and the amino acid sequence of said light
chain is shown in SEQ ID NO: 29 in the sequence listing.  10. A antigen-binding fragment A derived
from the any antipgelies iddaitnmy ode 4f hapehRias a pntiganbinging fragment B derived from the any
Fabs of claims 1, 3, 7, 8 and 9, characterized in that the antigen-binding fragment A is a Fab, a Fab', a
F(ab"2, Fv, ahdavanchaity veri@ble iregigrona {igblaohaih Yatidblende@ion, polypeptide fragments
selected from the heavy chain variable region or polypeptide fragments selected from the light chain
variable regidh:hsd &htigdRIBHRRY #ag éﬁ‘i‘lﬂlﬁ’ls?a3F bg 402, Fv, a heavy chain variable region,

a light chain yvariable region. polypeptide fragments selected from the heavy chain variable region or
polypeptide fr é&rﬁeaﬁgéggaé%bqgﬁgr%ﬁg%eg ﬁslgSF%rPc%%ﬁnvgﬁh ﬁe% region. 11. A gene encoding any one of
the proteins A) - C) as follows: A) the antibody set forth in any one of claims 1, 2, 4, 5, and 6; B) the
Fab set forth in any one of claims 1, 3, 7, 8, and 9; C) the antigen-binding fragments set forth in claim
10. 12. Thégdre gkotairh ddincHdradterizedimdhattthe tediodisegagnoes0dihbabeany ctimin
variable regions of both the antibodies set forth in any one of claims 1, 2, 4, 5, and 6 and the

antigen-Bitdblg Rt RLBihsraniiPedismstoiard AN MSEITHING: 3-6b it ELEce
listing; the coding sequences of the light chain yariable regigns of bo ntipodies set forth in any
e o o T R Y e

any one Qe IRINSSikQolthgl doBeAd ABH fdNi Hhe GRAkSRREISHBLons KiereRring Samanges of

the heavy chain variable regions of both the Fabs set forth in any one of claims 1, 3, 7, 8, and 9 and
the antigenfonidimgafragment Bastsfortd, ih, daimd1® oot bspotigdo-poditigrisags360 of smyfatieiof SEQ
ID NOs: 2, 4, 28 and 26 in the sequence listing; the coding sequences of the light chain variable

regions SFHBHAAE EM¥E FBYANH AMFGHEPOY Oiidfs 10-3 27 88l harfl® dmtheredistigeHstifing

fragment B s tf%l;gl in claim 10 cqrrespond to positions,1-327 of any 9 of21§ Ql s: 16, 10, 12,
o6 3o Ah g Qe CHIRERONG ARASLIONPE Ro bR SPYARTE PO Db g e

coding sggugncaehthe heayy ghaip consfanheegien of heiatinadihissiows ik [BINP: (18 in the
sequence listing; and the coding sequence of the light chain constant region of the antibody is shown
in SEQ I&»iNGpa(d io theisegu&rded hting;one of SEQ ID NOs: 2, 4, 28 and 26 in the sequence listing;

the coding sequences of the light chain variable regions of both the Fabs set forth in any one of

claims 1, 3, 7, 8, and 9 and the antigen-binding fragment B set forth in claim 10 correspond to

positions 1-327 of any one of SEQ ID NOs: 16, 10, 12, 8, 14, 6, 32 and 30 in the sequence listing.

13. The gene of claim 11 or 12, characterized in that the coding sequence of the heavy chain
constant region of the antibody is shown in SEQ ID NO: 18 in the sequence listing; and the
coding sequence of the light chain constant region of the antibody is shown in SEQ ID NO: 20 in
the sequence listing;

the coding sequence of the CH1 of the Fab is shown in SEQ ID NO: 34 in the sequence
listing; and the coding sequence of the light chain constant region of the Fab is shown in SEQ ID

NO: 20 in the sequence listing.

37



the coding sequence of the CH1 of the Fab is shown in SEQ ID NO: 34 in the sequence listing; and
the coding sequence of the light chain constant region of the Fab is shown in SEQ ID NO: 20 in the
sequence listing.  14. The gene of any one of claims 11-13, characterized in that the coding
sequence of the heavy chain of the antibody is shown in SEQ ID NO: 22 in the sequence listing; and
the coding sequence of the light chain of the antibody is shown in SEQ ID NO: 24 in the sequence
listing; the coding sequence of the Fab set forth in any one of claims 3, 7, 8, and 9 is one of the
following cl) - ¢3):  cl) KS-7F: the coding sequence of the heavy chain fragment of the Fab is shown
in SEQ ID N®4 26hin dhe seatsnes listiogimod the cadingiegauenceaf the dight chalnatihss fiab is
shown in SEQ ID NO: 32 in the sequence listing;  c2) KS-7A: the coding sequence of the heavy
chain framaentlofithe Fabaigibhdwis shSEQHIDBOIR & D: th isahasngectistinigtingichtietioodidgng
sequence of the Ié?ht chain of the Fab is shown in SEQ ID NO: 32 in the sequence listing;  c3)

KS-2E: tHaeddmef g lighicannbiheariberkis AumdnosQD B rtHRSHIUSELS ¥FR): 26 in the

sequence “Sﬂqu‘gééd}% the geging seaugnce ofdng ight chail of e 2 is,showy ip SERLIRNQ: 30 in
the sequence listing. 357 Eenetic matenals as follows: ° a recombinant véctor, a recombinant
bacteriupigwagosbinant cell line, a recombinant virus or an expression cassette comprising the gene
set forth in any one of claims 11-14.  16. The genetic material of claim 15, characterized in that the
recombinant el dtcx- 1§ atlpr ckdnyp tieqormgkar yiaticee xp dssiomagestior ¢o thexpre ssihg wha s aicKFHD),
antibody, or antigen-binding fragment; the recombinant bacterium is an Escherichia coli harboring said

gene; theEcshibifatewnipiiing mamhibaredngnedrach Aldhs i gdrineidhsda datsrandy,

preferab% '_Iilgﬁﬁu QQ% 8{628%3 %ggeaﬁlsqhtlhe sublines thereof; the recombinant virus is a recombinant
adenovirus or a recombinant adeno-associated virus carrying said gene. 17. Use of the antibody

set forth in agy)q0s: A ClaRS din g sérendhBreh Ondheyiahisetfariininamy P8 RfeRIMeIsEQ 1p8 and 9,
or the antigen-binding fragment set forth in claim 10, or the gene set forth in any one of claims 11-14,
or the ge¥etiematbdabgetiorthsimglaind 1 opdi@goequence of the light chain of the Fab is shown in
SEQ ID NO: 32 in the sequence listing;
c3) KS-2E: the coding sequence of the heavy chain fragment of the Fab is shown in SEQ ID

NO: 26 in the sequence listing; and the coding sequence of the light chain of the Fab is shown in

SEQ ID NO: 30 in the sequence listing.

15. Genetic materials as follows:
a recombinant vector, a recombinant bacterium, a recombinant cell line, a recombinant virus

or an expression cassette comprising the gene set forth in any one of claims 11-14.

16. The genetic material of claim 15, characterized in that the recombinant vector is a
prokaryotic or eukaryotic expression vector for expressing the said Fab, antibody, or
antigen-binding fragment; the recombinant bacterium is an Escherichia coli harboring said gene;
the recombinant cell line is a mammal cell line into which said gene has been transferred,
preferably CHO cell line, or 293 cell and the sublines thereof; the recombinant virus is a

recombinant adenovirus or a recombinant adeno-associated virus carrying said gene.
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dl) preparation of a medication for preventing and/or treating diseases associated with human tumor
necrosis factor-a, or  d2) preparation of a product for neutralizing the human tumor necrosis
factor-a, or  d3) preparation of a kit for qualitatively or quantitatively detecting the human tumor
necrosis factor-a.  18. A pharmaceutical composition, comprising auxiliary materials and active
ingredients, wherein the active ingredients include at least one of the following materials: the antibody
set forth in any one of claims 1, 2, 4, 5, and 6, the Fab set forth in any one of claims 1, 3, 7, 8 and 9,
the antigen-binding fragment set forth in claim 10, the gene set forth in any one of claims 11-14, and

the genetic matarial sehfosthibolaien (bae iyt b puxiiary materad is, atharapseutizalln
acceptable carrier or excipient.  19. Use of any one of the following materials in the treatment of
diseasesugssociatfedamith humandtandd?, meciesim figetobiad the faagibedyssefdohtmiclamy dheoflslaims 1,
2,4, 5, and 6, the Fab set forth in any one of claims 1, 3, 7, 8 and 9, the antigen-binding fragment set

forth in c1&M SEHIQHB ety Bt Rfrtfrimah] - bhebihagrnstic mmpierishsetHertieinatizith Atertal € &torth in

claim 15 or 16, and ihe Rhatpaceulial campasiion seHIOMMIN AN A iscA% ThERs.a" lgim 17 or
claim 19, chara%cperlgeé in that the said disease associated with humair tumor Recrosis factor-a is a
disease gamar o iNasse alimas tumor necrosis factor-a, preferably rheumatoid arthritis,
autoimmune uveitis, Crohn's disease, plaque psoriasis, psoriatic arthritis, ankylosing spondylitis,
ulcerative colifl$ powppragoil@idippathic fartheitisalizing the human tumor necrosis factor-a, or

d3) preparation of a kit for qualitatively or quantitatively detecting the human tumor

necrosis factor-a.

18. A pharmaceutical composition, comprising auxiliary materials and active ingredients,
wherein the active ingredients include at least one of the following materials: the antibody set
forth in any one of claims 1, 2, 4, 5, and 6, the Fab set forth in any one of claims 1, 3,7, 8 and 9,
the antigen-binding fragment set forth in claim 10, the gene set forth in any one of claims 11-14,
and the genetic material set forth in claim 15 or 16; and the auxiliary material is a

pharmaceutically acceptable carrier or excipient.

19. Use of any one of the following materials in the treatment of diseases associated with
human tumor necrosis factor-a: the antibody set forth in any one of claims 1, 2, 4, 5, and 6, the
Fab set forth in any one of claims 1, 3, 7, 8 and 9, the antigen-binding fragment set forth in claim
10, the gene set forth in any one of claims 11-14, and the genetic material set forth in claim 15 or

16, and the pharmaceutical composition set forth in claim 18.

20. The use of claim 17 or claim 19, characterized in that the said disease associated with
human tumor necrosis factor-a is a disease caused by increase of human tumor necrosis factor-a,
preferably rheumatoid arthritis, autoimmune uveitis, Crohn’s disease, plaque psoriasis, psoriatic
arthritis, ankylosing spondylitis, ulcerative colitis, or juvenile idiopathic arthritis.
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