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This research project entitled "Development of a system for the production of
biologics for bio-industry in Thailand" was originally planed for a period of 3-year.
Unfortunately, the project was terminated and only supported for the first year.
Nevertheless, significant progress has been made in the first part of the project focusing
mainly on stable cell line generation. In this project, Humira® (adalimumab), one of the
top best-selling therapeutic antibodies globally, was used as a model of study. Essential
equipment for the development of cell line generation platform for use in biologics
manufacturing has been purchased to conduct this research for bio-industry in Thailand.
Firstly, the expression vectors to produce adalimumab using both transient expressing
system in HEK293 and stable expression system in CHO cells have been successfully
generated. For the generation of stably transfected CHO cells for long-term expression,
CHO-S was used and the method for selecting stable high-producing clone has been
established. In addition, purification of therapeutic antibody using protein A affinity
chromatography was demonstrated. Moreover, production of adalimumab from 3-L CHO
culture in a 5-L bioreactor, purchased from this grant, has been demonstrated.
Purification of adalimumab from a fraction of 3L culture media has also been conducted.
Therefore, it can be concluded that the first part of the biologic technology platform
for the production of therapeutic antibody, which include equipment, protocol and
trained personals, has been successfully established. This platform can be used as a
foundation for the generation of other biologics drug or further develop until the
production of master cell bank for GLP and GMP manufacturing of antibody for animal
testing and various steps of clinical trials, respectively. Notably, the technology and
knowledge obtained from this research projects have been transferred to other scientists
in the country via 3 intensive Biologic Workshops. The antibody generated from this work
can also be used as a valuable control for various cancer research; while the stable cell
line and the cell line generation technology that have been created from this work can
be used as the basis for the manufacturing of various biosimilars or therapeutic

antibodies, provided that appropriated venture capital and market plan are available.
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v v

FIMINAT LA INNITNTEA UNYNARDITITANUUUTUTIUEIT UAUAVAINVDINY WA AT

'
4 o a o w A o a

JodiaiidAydnUsensuileifediuiuviinues antigen N1agldlun1sasa monoclonal
antibody 31¢ IngUnAin1suan monoclonal antibody #ie antigen wsagviladinaasldny
Y 4?’ YR ] [ 1% o o af & a Ada a
gt e-& MTull TugatagdudalugandenisrunuaruilunnyvduasFadindnvany
¥iin (post-genomic era) ANudIAgylunsAnyITedeidludnisfnyinisvihauvedluumie
TUsAu (functional genomics ER) proteomics) (Eisenberg et al., 2000; Liu et al., 2002; Liu
and Marks, 2000; Rudert et al., 2000; Sapan et al., 2007; Sidhu, 2001; Siegel et al., 2000)
= a v I dy o < £ a [ al o 4 . o
FansivemalandusedfgnulusAudIwIuNIn n158319 monoclonal antibody 31174
= = o a a % ) aa Ny v o
wniveldluns@nwinisviuresusiunaeytanieugiu lagisn1snldeylutagdu 3
I3 My A& v RG] ~ v Y o o Y v =y~ o A a
Juldlile viedesldanlddnengann medednindreiu Jeladniswauinaia Iainssy
a a & = a a - wa a A v % Yo &
LOURAUBR FunNonFnuouAvaAliieYY dnnaudairuiiaeinis laulideddddninaass
917U lawnn1511 monoclonal antibody Nudnlnainnuluusuusslvlinaaudfimilouves
JJ‘LWEJ‘ (humanization) (Almagro and Fransson, 2008; Clark, 2000) tWelwaiuisaldlunis
U10nlsAn149°) (human therapy) §330ud monoclonal antibody Mi7ausldlun1ssnw
15AuLLSIa18UTELANDBNI1MU8WAL (Khandare and Minko, 2006; Schrama et al., 2006)
n15Uszendlyd monoclonal antibody titaldlunisshwilsatlduiuaslanuddguaslasy
a a o Y o= aa 9 aa a . ]
ANufviunn Ty sedudadunsainaglinalulagdulunisudn monoclonal antibody 7

Liigenuarsansan31isnis hybridoma fildeglutlagu



= a

walulaguaufvafuuitwa (Phage Display Antibody Techonology)
mﬂiuia§Mﬁaﬁﬁﬂiz%m§quﬂuﬂWiﬁﬁmmimLLauauaﬁLﬁawﬁm antibody iie
nsasaiassitasdnwualml Aeweluladiva Fel@Sudutudusd wemn (McCafferty
et al, 1990) Inglutuusndunisasdnendanes antibody mné’miﬁl@’]’%maﬂiw’fuﬁw
antigen W&1 TnevinIsuantLanizd1uve antibody fislu1iilun1ssufe @ Fab (Chang
et al,, 1991; Hoogenboom et al., 1991) nsoasradu antibody Lﬁuﬁmﬁﬁmwwﬁwﬁﬁ
weilun1sdu 13un9nd@au single chain variable fragments (form), scFv (McCafferty et al,,
1990) 34 antibody Li/ié’ﬁf%gﬂLLﬁ@ﬂUUIUiauﬁUﬂﬂqma’g“ﬁﬁﬂiaﬁ (plll) wurdAugnsaan
nsldpdamanilunisuan monoclonal antibody #1® antigen uatewila (Bugli et al., 2008;
Burton et al,, 1991; Cai and Garen, 1995; Clackson, 1991; Graus et al., 1997; Kramer et
al,, 2005; Lee et al, 2008; Shaw et al, 2008) uAdasrinusznsdfvenisldisnisiae

[

v ° Y o ¢ | = & q v & A . A a
Fowhnisnszdudninaassnoudulunmsdenan uazduduadsiifiianie antibody inan

v v . g v | 2 o & Ao & 4 & ° =
ﬂ’]iﬂiz@!‘UMEJ antigen cI/liﬁfj E]Eﬂq‘lﬁﬂmqllﬁnqllaqLiQUUULﬂuLﬂi@Q% ’]a’]ﬂ'ﬁﬂu’]LmﬂILﬂaﬂﬂqi

wanslusAuuuRmanlglun1sAnaeniagndn monoclonal antibody Afiauatunsaly

RGN IR PIRRPERG MR RN

a o

nsimuIndAAYlnsUssgnaldimalulagvinalunisnda monoclonal

<

o

. I a ] XY < 1 & a v o d’ll
antibody 1Juniunsnatguazlasuauaulaiduegnees Maluanuddedunugiu wasnis
Usggnalbdlugaaivnssumanalulagdaninad1usie) suduluiian o Teeun e
UnINe1AIansa1u1snas19Aa9u8e monoclonal antibody 31ndn 9 Lula Sun1snseau

[

aiiquiunneulddnsa (nonimmune library 38 naive library) (Marks et al., 1991) g4

9

4 Y W

a ‘dy a v v v 1 U dl ¥ U b’d‘ Vo a
yialansaUszgnaldlumiddelininniegimainanndainlasunisnssgugiiquiu
WneuraIEmi wmsgausaldlunisasne monoclonal antibody #ia antigen Haunnvila
a v al Y] . Ay £ Az o & YR
989015 L0991nAawes antibody Aas1eduiiludunuanudululanaunainssuu

Ay o o ¢ a ! . Ao oA Y& o =
AHAURUYRIERInUsTINYIA Inenud1 monoclonal antibody fnLaanulauTAMAINA
AodlauanTalun1sdu (affinity, Tuang 1-200 nM) LazdlAuTwIzla1zas (specificity)
quf’lﬁ'u monoclonal antibody Nd519910 hybridoma (Marks et al., 1991; Nissim et al,,
1994; Sheets et al., 1998; Winter et al., 1994)

woUAvaRANNTYIIIEAMAMNEIRDTIAMUTUNIZIIE WagAHAINNTlUNTTY

a4 (high specificity uag affinity) 1nfusienisldinalianieiugianssy ngldnannisiniu



TTwu1n1s (directed evolution) (Hoogenboom, 1997; O'Brien and Aitken, 2002) ¢ 7¥
wadaseg wenaniuds Sanunsoldmaluladdlunsusuussananifgugnuingusvasd
YBINITLEU 1 UAMNAINITALUNITTIU (function) /199 1WUN1INIEAUNTITAIT Y
aelutgaa (cell signaling) (Burtrum et al., 2003; Dauvillier et al., 2002; Gejima et al,,
2002; Kovaleva et al., 2006; Li et al., 2004; Paz et al., 2005; Piloto et al., 2005; Willemsen
et al., 2005) M‘%'ejmﬂﬁi’fu'juﬁaﬂizﬁ’\:uw%aﬁaﬂ’uga (agonist 138 antagonist) TUSAUNTD
wulgalnneglulgad (Rowley et al,, 2004; Xie et al., 1997) venantundagaldlunis
Aadon antibody Tivusoan1IZU0E1MTY dn1IznIa Ae nienuseiduluifideslusiy
(proteinase) (Kristensen and Winter, 1998; Pedersen et al., 2002) M%@ﬁﬁﬂ’n% reducing
(Proba et al,, 1998) 32uvi 15U VU A mantFimunzanlunislfiduenfnuilsn
(therapeutic use) (Almagro and Fransson, 2008; Benhar, 2007; Booy et al., 2006; Hale,
2006; Jolliffe, 1993; McCarron et al., 2005; Mitra et al., 2006; Reilly, 2006; Santos and
Padlan, 1998; Stowell, 2006) #SafAnaaIN (tag) (Buscombe, 2006; Carter and Merchant,
1997, Filpula, 2007; Howard and Kaser, 2006; Teillaud, 2005; Van de Wiele et al., 2004)
ileUszgndldluamAde g

msUszgndliueuivefusuudsiugnssudiddn uazilyarmanisnangedigelu
gt Aevaneviludum Aenslddmiums Iadenazinwilsn (therapeutic antibody)

[ I

= v = a a Al o ] a aa % I a _ao
"UUQQ{]T\]QUUNLL@umUaﬂﬂiﬂUﬂqiiﬂUqLLa'JWa']EJGUUW LAEHBNVAIYIDYNINYUANNIAIDYNIT

Y

nAaeIneAdiln (clinical trial) Tusnee lnganizlsauziss (Dillman, 2011) Tngguuuuves

v
v A

wouRvafusuwasiugnssuf teuldlutagiu Wureidu weufveffinguuuu (whole

(%

. . L a a ! o QA' a a ad g

immunoglobulin) wazd udIUwaUALBAKUUAIY Aakandtusun 1 lneduksuiuedfidy
AN TUAIULDURUDATUIALAN F2UTLNDUMYEAIUVDILDURAUDANTITAMNAINITALUNITTU
Auilmungey 817U LUU scFy, WU Fab, kasiuuidufediiwisulaandanilunsenagg

(%

wavanuy “iaUaiaany (Holliger and Hudson, 2005) Yefvussuouiveftuidnilie nanla
1 ¥ a a a a G a 2 = ¥ L% 6 14
NemgszuunsHanlusaulukuaiiise vie a6 awnsagnandy wasiludasasidmingla
a I a gj v % U Yal wva QI dg” d‘ ] Yal a 1

fAnd1 Bnnsdsanunsaususasiugnssulvliguantadmuvunuiaulaladnnainuaiy a1
Tdeuiu ansiSeuas vse woulwyd vilmdu bi- wse tri-specific (multimeric) antibody #5®
g oudve1vseansiaineg tenissnelsa LJuau (Sassoon and Blanc, 2013) 15en

[

a a A . . = 44' i . = ada £
LL@U@U@@EﬂLLUUL“aWUQW Conjugated antlbody Y4919 LYBUFDU toxin ‘Vii’amimeiui]‘Vlﬁ N



9n1571191U909L988 (cytotoxic agents) vl aldlunisfnuilsauzise dnanslulugua 2
NuITpagefngIteatulasenTIdelifessaunisldueuivesain awe Fadunweufved

AELAEINAILNTTULALYINA18LTD rotavirus Muanseanludnl vnlnlanandadumandnini

WOURUBA FaNMsAUAIITENUI1 unuslnatindieuivenegil awnsamununsia

\Wo rotavirus Feviliiinlsaviassassunsawazideunduluinle (Tokuhara et al,, 2013)

a o ‘:gl’ Y & ! o ¥ a ‘:gl’ o/ LY [ 1 1% v ] =
nan1sssiuansliiiuinenatvied TUlddesiunisidutie wasmenielsariodsiy G

Jutandrdglulssmasnaulas

VhH domain V-NAR domain Vv, domain

(~15 kDa) (~15 kDa) Cis kDa) Fab scFv
(~55 kDa) (~28 kDa)

9 &%

v ccn‘am &
(=15 kDa) = rl Bis-scFv Diabody
é *(Q (bispecific) {bispecific)
' { (~55 kDa) (~50 kDa)
N
Fab, Triabody
(bispecific) (trivalent)
(-110 kDa) ! (~75 kDa)

Fab, Minibody Tetrabody
(trispecific) (bivalent) (tetravalent) &
Camel Ig IgNAR (~165 kDa) (~75 kDa) (=100 kDa) 3

UM 1. uanslaseaietudiuuauivanuuunnge

AMLERILBURVEARUUANTU Yl 186 ‘UENﬁWngENQﬂﬁ’JEJUN (I3G), vosdninTenagguarauy
(Camel Ig) waz v83UaN2a1u (ISNAR) LLazﬁﬂwmz%uﬁaummLLauauaagﬂLLwﬁmq Taun wuu
Fab, scPv, Suanlaiuiien (single-domain VH) sUkuusngg fle VH, VhH, wag V-NAR
1A %uuauﬁuaﬁﬁﬂizﬂaumﬂﬁmaIaJLaqa (multimeric antibody) lauA bi-scFv,
diabodies, triabodies, tetrabodies (Holliger and Hudson, 2005)



Antibody

Specific for a tumor-associated
antigen that has restricted
expression on normal cells.'?

Linker

Attaches the cytotoxic agent
to the antibody. Newer linker
systems are designed to

be stable in circulation and
release the cytotoxic agent
inside targeted cells.™

Cytotoxic agent
Designed to kill target cells when

internalized and released.* %

References: 1. Carter P et al. Cancer ). 2008;14(3):154-169. 2. Senter PD. Curr Opin Chem Biol.
2009;13(3):235-244. 3. Polson AG et al. Cancer Res. 2009;69(6):2358-2364.

(http://www.onclive.com/ media/_upload_image/ADC-elements-large.jpg)

gﬂﬁ 2. d2uUsznaunrnes Y84 Antibody-Drug Conjugate (ADC) dwsusnunlsausis

° I3 r.! [ a Ay ° ) . A a Y o &
nalnnsviangwaduese liud o) weufvefdesdtmieiu antigen MAgtasiulsnusisa §9
laifl vselidinluadund o) fansdusurhatewad (cytotoxic agent) iasinwadugise
wasngniinlunelulargnuauaaseanin m) faLau (linker) 5811319 cytotoxin agent

. | i o = r = i i
wag antibody aedaigeulnly szgnesniuulinmuilesgluszuulvaieulusine uiay

Unvaesansiiumawadianiziilanlulumadnas

[y 4

Yanannu (Biologics)

[

FndnAeuat (Biologics) Av 81 %50 HANAUNNIAITUNNENNENNFITTIN %3990

aa

Fudruueadedldin (U.S. Food and Drug Administration) 14U Wisia 1UsAu danadauedn

Y ' a [y ¢ . . [ v A P a a =l I a = 1
AIDYNNANANUN Biologic laun Indu Lden DUYAU ‘Vﬁ’e]‘EJ'ﬂ‘Vill‘] VIWULMMGLUW@WG]UWQ@QWQQIU

IS a v 13

U234 (Birch and Racher, 2006; Dolinar and Reilly, 2013). audnsiuaidulnagudnsae

recombinant DNA technology #silviusenvsenguidvaiunsondneinudasnisiveldly

L]

[y v 1 o S a [y ¢ 1 [ 1Y % Ao a v
ﬂqiiﬂﬂqiiﬂlﬂﬂﬂqﬁﬁ]%wqg YIBINANN UNA1IN LU USIUIANTTU “NllﬁVlﬁ‘U(ﬂiﬂllﬂﬁ’eN bbe

PAINNUAENTURNST Fre1a111508 Generic version @9138A31 Biosimilar 98nu1ke kA5

1A o

glunangnasnszdiaiioy ilvignaunsaidnfieeUisdnunnnls insgdunuluniwde
anras lanang g usEniumamulunguanamnssueUssiaviuindy uenainildall
Biobetters §a1d1 recombinant drugs NUSULASTY W BLiuUsEaNS Anlun1sshen vsed

o & - & & au v a & .
AMUUABANYUINTU YIYUAUAINITOINTNTUATANATBILATUAIIIAEITU (Dolinar and



Reilly, 2013; Ventola, 2013)

IS I =2

finsUszanan1sitnain Biologics 1wl 2025 axflyar1die 400 WA USHEanTT

[

wenntlaiin1suszanansiiulaveanaInseuy expression vectors dyaA1Useann 317.1

auseggansyilul 2020 (httpy//www.grandviewresearch.com) Wagiin1suseanansi

[

Tuvauell Maslinsvaunganmalulagdinimainnit 650 wia wagunnndi 1,500 vila o
Tuszrinsnisnageunienain Jelnedrulugualtazsidulululrausueuivedfldlunissnw
15ae139 Fanstasgivlpvesedsziaviliinarinliaiudesnisvesssuunisuaslululauea
a a é’ ] 1 d‘ 1 U
woURUDANINUUDY DL LUNY
| Al a N v ¢ @ a . a &
wnasnlelun1sndnanstiduginans A mammalian cells Wazlwuaditsy uananil
v a ! d‘ d‘ a 1 [ a . . . .
mLmaﬂau‘mﬁhﬂummamﬁuurm 91 transgenic models, avian, insect, Wa¢ transgenic
animals (Frenzel et al,, 2013) syuulusaslen gnldlunisndnlusiusgadneilidanis
YUIUNTLAYU glycosaccharides Lo d@15TIA NEIUNINA 98 YUIUNIT posttranslational
modifications i alinaulalusiinie asludsdasly animal hosts lun1suan snda0E1

[

191 CHO cells G uwad dgnldiduwadidadauluniswdnlusfvegrqunsvaslusedu

gRAMNITULAE SEAUNBIUURNIS (Chusainow et al., 2009; Frenzel et al., 2013) iinean

(%
3

~ U VYl A o & AY 1A 1% U & =2
quaauaqﬂqiﬂﬂiUmﬂﬂﬂqﬂ Lll@uquULaENLLU'ULL%?uaaﬂiu@qﬂqiﬂlumaﬂ@Uigﬂ@UsU@QaGm iNOb

(%
Y

LinsUuieulfauyud dnvadianunsondauagvaslusiuoanguanwadluuiinuigs wasd
JULUUYBY glycosylation Aaneiuayed Feaunsayledesiunisnseiussuugiinuiuves
AUae lufinadrades wazluvilinisidnen (clearance of a drug) L ulueg1333m159
(Jenkins et al., 2009; van Beers and Bardor, 2012; Zhu, 2012) laglunisudaldsaulalely
U3urasunlu animal host 9uudiosunsnduveslusiufiaularinlululaslulouvesivad
Weliguveslusiunaulaausamuviunalalugaauaiilalussezen wagluusunauuni
& = & & ax 1 & s
gawe wenaNdnsmaneimuzanesemsiasutenayisniioms wasidegann
a a a Yo (% gj dygj k4 s a a
aunsaLiunananlusiulalwuiu (Hacker et al., 2008) Nillvunaunsas1vwaainanluseiu
Tildluvsunags Wudussundanudidgunn Jagiuiissuunisdadensadivainnaie iy
5¥UU DHFR, GS Wag S¥UUNSARLERNUAIUBATY (metabolic selection systems) L1Judu
(Fan et al,, 2012)
Wieth TululpueasusivelUimizidesludsufnsnl svindanalanaud 1-15 ¢/L &9

aa A

nsbanandniias drundafnannisiauivadladnigsnduseansam Sudenisesniuy
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YUY vector N1SM10IMSIAELYBNIMLENaALaTNITAIVANNTEUIUNITHER (Huang et al,,

v S Y v A

2010) Wwmanzau eg13lsiniuanuinmdivesnalulaguss animal hosts Gsidadinfe
o A o a a vy a0 Y o= w a v
ausadadenlaauninuasandalusAulageusssuAvinngy fudasndnneldaniey
i @ U Y a ° v & = o & v [ [ a = a a a
Mvngaundalanandng audsdndusesinuuiulassuunsnaniomuyseansam
Tunsudalusivveaaniindnliganndundngy dvarewalulagnanunsaldlunisusus

Uszansn1nuad animal cells vivaldlunisuanlusiunaulagniiag 19y N15698 8710

homologous recombination A 287§ adeno associated virus (FAAV) ) W@ 3§ 9 @11150

wanideudulauanil s allele poase @i lwavuiunisid 19varuiu (Luo et al, 2012;

Schultz and Chamberlain, 2008) kagise41un15IIBYIIRAANSNA18WLEAE35 Directed

12
aa A o

evolution %38 random mutagenesis uA3svinlsilAnN1sNawsTU LUUT LidanTle (L.
Meuris et al, 2014) 8n35ndeildlunisudlodlunde 33 Zinc finger nucleases (ZFNs) Fadl
WanNN15AEI8 UTEULYRY CRISPR/Cas9 wiUsyansnmuazanusinizaina (Gaj et al,
2013; Pattanayak et al., 2011).

AeN1SUSUUTIRRIUY SEuUNSHaAkeUAUBAtY animal host L aldlunisude

[
=€ = 1

a a [y Y yal a a a d‘ <
LLE]UG]‘UE]@]‘U?ULLG\QWUﬁqﬂﬁiuiﬁuﬂigamﬁﬂqwuagmaG]NE‘WI?N‘?J‘Ll mmmmau%uaz%wu

Y

Usglevisauseina viesuianiseaumaluladdinin 35lasisuauide uaswau iieasng

A

JYUUNISHER therapeutic antibody NUsEaANSanas wieldluussimalnedeluluouinn
d' v ) Y = Iy Yy 1 A a a a & o |
wagtielisyrvuniluaunsantanissnwlaegnadivsednsam siangn Snviadaenate

WuATEgNveIUsTnAliog uddusalume

ANSWAIUINISHANTINAANUNAULUUVBIIASINISIVY: Adalimumab

a

Adalimumab daduedaing Mdulululaaueateufiued (monoclonal antibody)
WU human IgG1 (Immunoglobulin G1) fgv3 anti-TNF-alpha wagldsnunlsagiundies
#a18l9A WU rheumatoid arthritis wag psoriatic arthritis mmaﬁ'lﬁaﬂ adalimumab t¥uen
Funuululasinsisel msweniinantumnanmaluladnsudnueufivefuuiame davh

[ d‘

TAnAUAD Greg Winter tasusisialutvaaivadl Tuilled 2018 8nis enillidieenvisn

Y

Y Y

geanlud a.a. 2013 uaviiddgfe Ansdnsenditnueeigluudinausdt a.e. 2016 Feause
a [y a o 1 = . . N g
AR luaNvuEree1TITNgAAIEAG (biosimilars) 1@

s Y v adgy a . I cala Yo P a a a
wadid U uildudn Adalimumab Wuwaafifesldtuunndigalunisndn weuived
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fi Chinese hamster ovary cells (CHO cells) Lilossananainnna 1y iuwaduuiuasy

Ay @

(suspension cells) MiamsadedluiiifeduasigiinsivanysenouNutuoulag RFsdu
#uuseneu (chemically-defined serum-free medium) wananilunsuan Humira® My
adalimumab auwuu 8914 CHO cells Tunisudnmiaiuiu feduiieliaiunsailseuiisu

AaauUANILAll Tneanirae9da glycosylation pattern 581919 adalimumab inGnLeiu

a &

Humira® MJusuwuy 39a7514 CHO cells Tun1sidudumuuaInsunIsHmuINSLUILNITHER

no X
Tulassm el
§ v v a [ o o U o [ a v [y
wonanwaati1viumdutadedragaeonnudusalunisndauas nswaun
expression vector AilAuddgy \esaniinasenisuansesnvesdundsainiidigiwadian
11U (Transfection) Taglun1sWmun expression vector dUadeidesaileds taun twnwlneds

a =

. . 0o v A & a aay =
70U (signal peptide) 819 URLOULD (DNA sequence) UBILBUAUDANADINTITNERN TINDITU

2°

TdAnLdan positive clone 1lun1slaueudlulefn (antibiotic drug) way Sundnananis

=p_

AntdonlAau WazNUTLIMYBY copy number 1838UIABINTT (gene amplification system)

d95U CHO cells & amplification system #&n¢ 2 sguu tawn 53Uy DHFR (dihydrofolate

reductase) afiun15ly methotrexate (MTX) k¥ 58UU GS (glutamine synthetase) Afiun1s

14 methionine sulphoximine (MSX)

v A

Wein1sAnEenIwaa I UIUNIANNTEl WagN1SNAIL expression vector L&D

[% ' [
1Y Y

[y A . =~ " P o a a v
Jupoudalufe transfection Feiawuy physical tag chemical Tunisurwanadnfidutoid

| sala

s v v Py a a a A A Av | I Q1 a o
FYAALITUIU LW@NEW]LL@U@‘U@@Vﬁ@IUi@umW@QﬂWi EJEJNl‘JﬂG]’]ﬂJbﬂ“U‘VJﬂL“Uaai/mwmamﬂm@u

L4 =

= o & o A s A a Y o .
19 ANUUIINUUADIUAITAALADNLYARNUNANFUAALDULD Iﬂﬂﬂﬁi‘mﬁaﬂmﬂm antibiotic

resistant gene waz/ue gene amplification system ten cell pool ﬁmamwuauaméfq\‘i

=

fan nouthluAndanu high producing single clone wiolaaulAvINi@NITaNEALOUAUDA

Leig e (high titer) USuauaufvadae 1 Lwadly 1 Tu (specific productivity ¥38 qP;
a a = ° a a o %

pg/cell/day) agdAIU L@DYT NIANUFLLEANDRABATTELLIAINSHAATAIUAL] (clone

stability) eilvangiglunsdanden Ine3sidenan uazlideinisiatesiionsogunsalfivay

A . . . 1 =3 aaday = =~ v a a

Ao limiting dilution ag1slsAnuAsUidelds As Tdauazisssuuin Yszansninnis

Y- | a ° o & 12 o 901 P XY | a .
Andenlaauneln e1adndusesingvatgseuiielviiulainlalaaunen (monoclonality)



UNN 3

AT HUNISIAY

Anwruwaatdntnu (expression host) MuUNIEHY

=

IMN1SEUANTEYAIINUNAIMITVINTG ITeNlATuNsARuiiedam cell
line Mnunzanlunsidulwas anv1u SMSUNAILOUAUDA NS T INANA T TUSEAU

weeUURn1s wavanunsadilussseanswinlusyivgaaivnssuselulalusuiam

ATSWAIUN expression vector

?5;1‘!1"7'@

M3AUMN BBNUUY FalATgviTuveILoUAUBATIFoINIHAR TeUsznausey @ Heavy chain
ey Light chain 989 adalimumab (Humira) tag Trastuzumab (Herceptin) (ioudush

WIBULigU) WI1uU3En GeneART, Thermo Fisher Scientific tag GenScript, USA Tagliiinag

o . . [ . o 6
i1 codon optimized Tiinzauluns expression lulgaadn

it

M3¥A expression vector Fiianzan LA pcDNA 3.4 uaz pCHO 1 ievinisadns
expression vector @1%5UN15WaR adalimumab 2 Usgian fis n) 1d5zuu bi-vector 1ag A3
nmes pcDNA 3.4 $1uau 2 Juiter@n heavy chain wa lisht chain §1915UMSKARKUY
transient expression Tu Expi293 cells uaz ¥) 5¢UU mono-vector Tngldnames pCHO1 i
fiviaBues heavy uav light chain agieriuly vector 1Agd kARIUANMIEY 2 promoter el
1 stable expression Tu CHO-S cells Fsluszuu mono-vector 4 ladns vector 2 wuu e
finsadusumistudn heavy chain (HC) U lisht chain (LC) uanainthuda daldadns
expression vector dwfuldushamuaunismaassdn 2 viiafe Vector MnanlusAuFosa
EMGFP wazsanen Herceptin® (Trastuzumab) wilesfusiuieuiiou it vector il
a¥1atuaiianun LUyhN13ns19aeUANNABIRIY automated DNA sequencing wag DNA

analysis software
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d . . [ a £
NITINARALDUAUDALUU Transient expression LLﬂZﬂ'\'ﬁVI'ﬂﬁUiE!VIﬁ

NISHARUaUAUIATY Expi293 cells

Tuduusnlgvinnnsm ratio Aanzauwes H-chain waz L-chain Tagviins transfect
vector H-chain wag L-chain #15i8u adalimumab L“E’Jjﬂgj Expi293 1ae Ratio Fldszni19 HC:
LC umnsinafuldun 1:2, 1:2.5, 1:3 wa 1:4 Ingld ExpiFectamine 293 transfection reagent 7
\Ju cationic lipid-based tfudoting DNA g cell ¥8997N transfection 1 1 ¥insLAY
Enhancer Wuriwad wasidnsdedn 67 Yu laswoufivefazesnannsaduiegluomaiios
wad anduthaniiufinruga 1300xg Wuna 15wl iilerfiudau supematant fiogduun
U3u1eu DNA 71 transfect asavinfuU3uaswwadiild enfaegnagy foensundn 1eG fewadd
fU3ums 2 mlvleleeld DNA 2 e Fsanunsavihnisasivaeulsunaueuivefiindaldme
75 SDS-PAGE wag ELISA

W& nle ratio MwwIvauves H-chain way L-chain &3 ¥1n15wan adalimumab

Wag trastuzumab lagN1S transfect vector 1418 Expi293 cell USuns 25 ml 31nduin

wouRvaRninanlaluYliusgvislutuneusioly

nsiueuAveRTiugnsdaensas FPLC
1gG ansnsaviliuiavislalagldnadu Hi-Trap Protien A 1 mL (GE healthcare, UK)

Faslusvansamalunssuiu 1sG 16 Sunoussd

1) N1 Pump wash purified Te3rUUAAE deionized water (DI water) 7
NAUN13NTBS 9T RIS Pump wash purified Tane A 19U 1xPBS buffer uay B 1u
elution buffer (0.1M glycine-HCLl; pH3.5)

2) surnlngldlusunsuvennies AKTA (GE healthcare, UK) dfisnuasiden
A8 sample flow: 1 mU/min, Method base: sample pump, Flow path: injection vavle,
Alam pressure: 0.5 mPa Mnthwhnsing Hi-Trap Protien A column ffuieSes

3)  d1eneduiidae DI water 5 mlr1uany sample 9101w nAYY pause
Wae DI Wu 1XPBS buffer uazdnselusnuszanm 5 ml

a) 1ane sample Taaslu tube 9 supernatant 7 Ldu191nn15HAR

WOUAUBA (NF09628 0.45 um) AeA auto zero Liolwa1 OD 1u 0 udaluan sample U

& = « SR 1% = &
column ULABUNUA LU E]I'Via@ sample LRI D9EInA1 OD VLTJ@’JEJ A1NVDELFAAINAVILNAUY
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[

EunsvA1 OD Suasliu lnesyninadilvan sample dlnsaaIoslmiinisiiu fraction @

Y

¥

fraction MAulatiAie Flow through WluIAs189e875 SDS-PAGE Lilonsiuaaun1sduves
a a o % 6
woURUDANUABAN
5) nayu pause Wil anganisinan sample waatudsunasn sample 1Uu
1xPBS buffer Us11915 20 ml 9um1 OD agt1lng 0 viseaud 0 91ntiunaly pause 8nASY
6) L5 UVINNS elute WBUAUDA LABANISH 9A 1 Gradient: 100% B,

Fractionation: 20 ml (1iU fraction a¥ 1 ml) wagtiivu tube Muansfia (peak) voslUsiu B

'
a Q‘ A

fraction ffuanil Aeueufivedfiiunisiliuians ifesnasasanetimesildluns
elute 1UsAu fanudunse awnsavilsnans (neutralized) Aagn15i@ 1M Tris-HCL (pH
8.5) nouthetelUinsesidagds SDS-PAGE viali medan Hi-Trap Protien A fianusath
navaldludle laefevinnis Regenerate column #2e 0.1M glycine-HCL (pH 2.5) Uszana
5 ml ndeantiu pump #ae DI water wé’qmm‘?uﬁmwnﬂaw Tdaslu 20%ethanol Uou
srdsliedadivian 20% ethanol il lumennasuazaodul Mntuihnsnenneduioan
udnhluifudnunitgnmgil 4°C

7 msiaenudutuvesteudvediingnls lnensinanisganaussi

AMUEIAAY 280 Ululung AetATed nanodrop Wieinluldlunisieszrlutunsussld

A1SATIVFIUNTSTUYEY antibody fialusaudunuie Aae35 ELISA

ABNIINIINTIFDUNITIVVY adalimumab tag trastuzumab selusAuLlimue
#2678 ELISA Sdumeussil
1) %1113 immobilized target A28 TNFa. (GenScript, USA) way ErbB2
USunes 0.2 uae 0.84 pe muasu fiazanely PBS 100 pl aslulunquuas 96-well plate 11

WINAUINUIUFIDEI9NADINISHINSAATIZN Taedl 2% MPBS (2%skimmed milk in PBS) &

Humira® 81 Herceptin wag Expi293 cell Lﬁué”suﬂimuqm (background) TnsA15¥11n15

a

nAdeuLUUaegT (duplicate) Wioaugnsies Ununuwau wasunilaamgll 4°C 1uian 1

Y

=

Ay
2) ¥4 target wazAnunUaaaluy 2% MPBS (USu1ms 200 pl) Uaurnviay

v o & vod a v & o - 9 1Y) I o
waanaalingungiiviesdunat 1 Falue tedeaiu (block) Msduuuulidiimig (non-

]

specific binding)
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3)  ahisensiiegluvay wddwhe PBS 3 seu Aewihnaifiu adalimumab
(2 pg) trastuzumab (1 pg) &1 Humira® (0.25 pg) 81 Herceptin® (1 pg) way Expi293 cell

Usuns 100 pl Inunvgu wdassiielinigaungiienduiian 1 Halus

Y

4)  ahisensiioglungy udrdrssae PBST (PBS + 0.05% Tween20) 3 50U
waImusen1sa1slagly PBS 2 sau
5) \fia ProteinA-HRP fiti0979 1:5,000 witly PBS U3u1ms 100 pl asluus

Yy 1 vwd a v [ Y
az‘lﬁqm LL@’JU%JI?VIQQAWW&JMENLUHL’J@’] 1 SU'QIN\‘]

Y

6) @198 PBST 3 58U WA2a7149A8 PBS 2 58U NouAuans ABTS Usuns

a

100 pl wennsitalinie Ngaumgiviesuszanas 15-30 Wi

7)  9IMsIRAIANLTNYRIEINULASETATulagn1381uen OD (optical

density) fnewp3ed ELISA micrpplate reader fimuenindy 405 uiluwns

ANstagwas CHO-S

nslaBaad CHO-S axidasly 125ml-shake flask lu incubator shaker fivualsdl
gaunnil 37°C Ussnaues CO, 7i 8% WAZQNIUEINEAIINLTY 150 rpm warldormsidoaed
fiuszneusie 8mM L-glutamine (Thermo Scientific, cat no.25030081) lu Gibco™
CDFortiCHO (Thermo Scientific, cat no.A1148301) #89371n1N52UUNNS transfection Ay ld
1% anti-clumping solution (Thermo Scientific, cat no. 0010057DG) ivadluemsides
waddhadiu dmdunsuszdiu clone stability agldenmsidsseadiusznaudae 8mM L-
glutamine wag 1% anti-clumping solution Tu Gibco™ Dynamis (Thermo Scientific, cat

no. 1IVG5-A26615-01)

mMsasaieUszdiue productivity

n15UseduA productivity PMMITBEUYATUUY 5 T
T wadiSuduiinrududu 3x10° cells/ml U3ums 30 ml luemmsiasawadinmun
wWEfiu supernatant Wialdssasu 5 Fu Wierhnsieeimusinaueuivedinan
19 fea5 ELISA

n15UsduA productivity PMNITBEUTATHUY fed-batch

THwaaiBudunaNUduTy 3x10° cells/ml Usuns 30 ml Tua1siagasadNnnvium
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13

Tagluiudi 3 uway 5 WLauﬂqiﬂaaalﬂiquaﬂﬁL?:ENLsziaé‘171" ag/l dmsulutudl 7 W
Funglad 6 ¢/l uasldsaeadaunsu 14 Tu niediwadmeninnda 50% (% cell
viability < 509%) Ineivualiifinsduiiufiedns supernatant TuSuii 3, 5, 7, 10, 12
ey 14 WiensiinssdmuSunaneufivefingals feds ELISA ﬁqﬁiﬁﬁﬂmidu
Lﬁuéhashwiau@mq‘[m‘lui’uﬁ 3,5 uag 7

n15UseduA productivity 977‘)7‘)75&5%181\7!62{3?37(4&1/1/ fed-batch d’mﬁ“’m‘?gumau clone

stability assessment
T wadiSuduiinrududu 3x10° cells/ml U3ums 30 ml luemmsiasawadiinmun

warluiui 3 Hunglaa 5 ¢/l 9nUwAY supernatant lutuil 7 Wievin1siAsIzYin

USuauauRuafnasle f1e3s ELISA

N199LAT1ZIRIUS UL adalimumab NNanlaain CHO cells 728735 ELISA

(% 1%
a v

35 ELISA ldluuddel dUunauagusil Wn Protein A (GenScript, cat no.

GSZ02201) USu1@s 100 pl iadaufinii udaluunaznquues flat-bottom 96-well plates
(Invitrogen, cat no. 44-2404-21) Lagv1n135UY (incubate) ﬁqmmﬁ g°C WWunanlidaunin
12 #7139 wag Protein A druifuazgnazdnseansaenisly PBST (0.05% Tween 20 in PBS)
311915 200 pl Tuwsiasviau 91u7u 3 AS3 2Nt blocking buffer (1% BSA in PBST) g
ag 200 pl uavUnfigaumaivieaduiat 1 4alus Inefinisdsdiuiuves blocking buffer us
aEvquUAIY PBST 913U 3 p31 Aouflazifuioss (Feasieansazans PBS fisnsdnd
WNgeL) V3o TNAITIE (Humia® fiauidududineg) nquas 100 pl uazUnignmgiivies
Hunan 1 dalus andudnsusasuaquse PBST $1u1u 3 asa udafiu Peroxidase AffiniPure

F@ab")2 fragment goat anti-human 1gG (H+L) HRP (Jackson Immuno Research

Laboratories, cat no. 109-036-088) wquay 100 pl uazUnfigumgiivieaiuia 1 42lus de

Y

[

drufiuveslauAvafilazgnyzd1aeanaly PBST 91U 3 AT fouivziiualsazaty TMB
(3,3',5,5-tetramethylbenzidine) solution (Thermo Scientific, cat no. 34028) vauag 100
ul wazvnluiiiin fgaumglivies iunia 20 il neuivziiu 2M H,S0, nauay 50 pl Lile

aaa ¢ Y o Y N Qll N v M
MQ@UQWJU’]L@UW&I LL@’JUWI‘U’Jmﬂ’mﬁ@@ﬂauuawmmm’mau 450 UWIULNGW AIYLAT B

Microplate reader (Sunrise™, Tecan) Tagn1sAuIMnIUIu18dv03 adalimumab Nudnla
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N39A1 titer 91AENITAIUIUIINNTINUINTFIUKUY four parameter logistic (4PL) #i7¢
1Usun3u GraphPad Prism version 8 @51 specific productivity %38 gP 3ggnaAIuIN
muannslage1foan titer uaz integral viable cell density (IVCD) iomUSunaunauivadd
nanlaluniieilansuse 1 wea Tu 1 u

Waii38 ELISA ldSausfudein checkerboard titration Aeuiluld iewAany
Fuduflunzauves Protein A wa labelled detection antibody wWenwATaaINNITMIY

¥ v -dl .
AUVUTUNANEHUVRIFTUIN5F 1Y (Humira®)

N13AALENI high producing single clone

1% '
v d

o oA . . | a Qll A o
TunoauN1IAALan high producing single clone wislAauLAINTAE

[

WARG
Lazarane 8198 uazdnulatainluslanneaves Freedom™ CHO-S™ kit user guide
(Thermo Scientific, cat no. A13696-01, Publication no. MAN0003505) %ﬁmmmaqﬂiﬁmm
STt 3 Tnefiduneuinamit expression vector fitanndusn 2 win Téun LCHC wag HCLC
(E‘U‘ﬁl 11) AifiBuves LC waz HC 904 adalimumab 5918 control vector #5181 EMGFP
nsadaeeulesl Ecorl il alUd suainwanadianuuatnay (circular plasmid DNA) w8 uw
anadinanenss (inearized plasmid DNA) foufl agthud aznatad afLd wiat 1ig 1ead
(transfection) CHO-S Tuusazuaian (;J‘U‘ﬁ 4) Inefy FreeStyle ™ MAX reagent (Thermo
Fisher Scientific, cat no. 16447100) Fadu transfection wuu lipid-based reagent #d3ATU
181 48 Fle ¥nTIAsIzeiv transfection efficiency anWanarfitiEy EmGFP W CHO-
S cells Ingldwadln Flow cytometry wasdiasnginaUsurnaes adalimumab findals Tae
1938 ELISA aute 4

antutnanadfild expression vector WUy LCHC wazwuy HCLC %1013
Faudan cell pools flanusardnuaufiueflése puromycin $3ufU methotrexate (MTX) 7
Adiudiusingg (3U 5) lunsdnidonseudl 1 (selection phase 1) azwtseenidu 2 ngu fe
mjmﬁlﬁ puromycin 10 pg/ml $3uU MTX 10 nM (e cell pool Fo LCHC-1 10P/100M uas
HCLC-1 10P/100M) wagnauitléd puromycin 20 pg/ml $amifu MTX 20 nM (@ cell pool e
LCHC-2 20P/200M W@y HCLC-2 20P/200M) n1eudsa1niiseaddl % cell viability 11nn3n

90% 2£111n153LATIEUMIUS UYL adalimumab NRa#le 3N sd sawadidulian 5 Ju
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ndsniuazidignisdnidonseudl 2 (selection phase 2) Fsazusoonidu 2 nqudes fe
nduﬁlﬁ puromycin 30 pg/ml 334U MTX 500 nM (e cell pool #a LCHC-1 30P/500M,
LCHC-2 30P/500M, HCLC-1 30P/500M Wag HCLC-2 30P/500M) wagngadilsl puromycin 50
ug/ml 32U MTX 1000 nM (fle cell pool §8 LCHC-1 50P/1000M, LCHC-2 50P/1000M,
HCLC-1 50P/1000M wag HCLC-2 50P/1000M) dlowwadd % cell viability 1101121 90% 2%
¥n13IAs1EsI USines adalimumab Findnls arnnisideamaduun fed-batch Wunan 14
Su (vdetiosndn 14 Fu fueadmennnit 50 %) Wieuszdiui cell pool la § productivity
NIDTLAUNINERGD 1 L%aégqﬁq@ wWiethludadenim high producing single clone Agly
NMSAALABENMA high producing single clone a¥1475 limiting dilution Tu 96-well
olate Tngvimsidonaeadlifinumnuduseagadwindu 4.5 cells/ml aanduliun 200
ul adluusigviquitinuualy (mquitdfudes C lusufl 4) favmn 16 plates Tnsfinisidss
TuANITUING BUWUY static culture turian 18 Sunouiinisuszdusaud 1 (Primary
screening) #9833 ELISA 1l vl e27 a131506@n adalimumab légsgasiuau 100
clones usn 9nduilaaud samand i uUsnanazyiinsUssiiuseudt 2 (secondary
screening) mﬂmﬂ?;jmmaﬁl,ﬂunm 5 Julu 6-well plate dedadenmiaawdendiden
productivity a3an 5 dufuLIn TUvhnsUseiiiusoudt 3 (tertiary screening) 9MnNsIABILYAd
Tu 125ml-shake flask wuu fed-batch tduran 14 Tu mmijuiﬁawﬁm $13u 2 clones ifl
fin productivity gean 2 Susiuusnazgnusziiuamaliaselunisudnuouiued (clone

stability assessment) laudisnisagunugun 7



19

Cellbanking
id DNA+
FreeStyle™ MAX
Oell poolsg 1-"- Tr ion Plasmid DNA
*selection and amplification (Host: CHOS cell ine) Generation
with Puromycin & Methotrexate
(Phase I, II; Totol 8 poois)
“ullslml High producing f l_;'w::
pool(s) selection
i : ~3 weeks
? - - I Clone Isolation from the pool
Limiting Dilution Cell banki
dng WED o T

. ?—‘!—— == W',‘ ~7 weeks

o b Stability Test
oo Bl I : -4 Clone Scale-up & Screening 62 generations)
cells/well |85 er - 'szdoncs
WV =N 000000
Seroey sesese |, @@@ A \ - ?-’H"H i
$25808 190G~ /- 7 Sl X -
Top 92 clones Top 6 clones Top 2 clones

JUN 3. uaunmasUTunauNsAnLaanlAauAgINdiawwangLazianes

CHO-S cells /R
> 5 passages -

Day 0; CHO-S cells
Seeding;5x10° cells/mL for 30 mL

!

Day 1;
Seeding to new flask; 1x10° cells/mL for 30 mL

<
<}

P

B

&

B
.\'/I <
[

=z
o
=
=2
o
]

& performed transfection ___ v
(50 pg of plasmid DNA*+ FreeStyle™ MAX)

<«

L\’\
D‘e 8
w

LC-HC group HC-LC group GFP group
(control)
4
Incubate for 48 hours
4

Collect supernatant for

checking protein titer and transfection efficiency

gil‘ﬁ q. a*gtlmim'%au CHO-S cells Lag transfection
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After transfection for 48 hrs

Selection phase 1

LCHC-1 LCHC-2 HCLC2
[10P/100M] [20P/200M] [20P/200M]
Selection phase 2 Selection phase 2

LCHC-1 LCHC-1 LCHC-2 LCHC2
[30P/300M] [SOP/1000M] | [30P/S00M] [50P/1000M]

HCC2  Hele2
[30P/500M]  [SOP/1000M]

N\ = Day 17
_ Scale-up Harvest
‘ to assess production
Day 5; Harvest Tel niary l
to assess production [ Choose top 6 clones ] _ S P = Puromycin {ug/ml)
) P Screening in 125ml-Shake flask M = Methotrexate (nM)

5UN 5. a@gUdunaun1sAaidan high producing single clone

/ N \
A (\ ( pes w PBS CBS [ pes w\ PBS. 1{ PBS)(PBS )( @(ves ) PBS PBS )
d (c ) ¢ ](\\//vl c ) PBS\I
‘,' (e C) Cw/C (C , Pas|

p> 1 LrNrs 7 \/\ = PBS=200plof PBS

\ /

c /c /‘ ¢) \_‘c _/\"“5' = C=cells 0.9 cells/well/200 pl

o

.~:\ \‘-—& = Sl - A A i N
w /( )| C)\ C \\/ kj\PBS)

4 .
=i X ‘/-' N /‘\ /“\
F(Ppes ) C \H C J( C n C I ) )(C}(U >(PBS|
\ J\ /
W/ \“, N/ 7P VAN -
e /" oV P
c(pes\ ) c"\c|c=(c“ .c)c:;:pss.
\_,/ Ry . A \_/ ._,/ P e S WA A
B\ O A A [ \( AT
H Kpss )( pBs )( pBs ]{ pes ) [ pes w b 1 PBS PBS )(vss) PBS (PBS \{-'pes )
NG NS NG NG / NG LY \ 4

JUN 6. uwugla 96-well plate dmSunisdnianlaauiagaieds limiting dilution
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“Research cell bank”
P1

Add glucose= 5 g/L

4

!

]

1

i

i - Cryopreserved cell: Every 20 generations
| (Freeze at P5, P10, and P15)

i

|

1
= (=) s |
Day 0 Day 3 Day 7 - At least 5 vials of each clone !

seeding density & Harvest for checking \ Y
2x10°viable cells/mL protein titer - e e -
+100 nM MTX Passage to new flask
P2
Add glucose =5 g/L
==3 @ =
Day 0 Day 3 Day 7
seeding density 3 Harvest for checking
2x10°viable cells/mL passage to new flask protein titer
+100nM MTX
P3 s — P18
Add glucose = 5 g/L =
(= [y
(=] pay 7
Day 0 Day 0 Day 3 Harvest for checking
seeding density seeding density protein titer
2x10%viable cells/mL ~ 2x10°viable cells/mL
+ 100 nM MTX +100 nM MTX

gﬂﬁ 7. agﬂ%’umaumsﬁﬂ clone stability assessment

nswanuwauRuafly Bioreactor
Fumeuasunusuil 8 nanafte Iéin1smaaosiieadindn adalimumab ély
O ok 1A saludensnaunn 5 &a3 828 ActiPro medium (GE Life Science, cat no,
SH31037.01) USu191s 3 a3 laeidinisiiiu supplement 7a (GE Life Science; SH31026.01)
wag supplement 7b (GE Life Science, cat no. SH31027.01) Vlﬂi'UL§lu§ﬂLLm'1ui'uﬁl 3 19y
1A 13 Tu lnedinsaiuang Uil Wiey wazel po, wazlain1siasieriniTunnves
wouRUORTINAR LS ANULTUIRINgLAa waluiily uazianiemn

na9ATU 13 Ju 11 supernatant Alalurilaianadudusnndu (concentrate)
waziUd suaisazaredwiies (buffer exchange) 101 PBS A28 Vivaflow 200 crossflow

vV v

device (Sartorius, cat no. VF20P0) 53181 vt iiwauf uafu3 dnsid 096 us e HiScreen

= o

MabSelect PrismA 1x4.7mL (GE Lifesciences, cat no. 17549815) Favdumaila Protein

A affinity chromatography
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Y a

a ) =1 o ) a ° =
E‘U‘Vl 8. aiﬂ%uﬁaunqilaﬂqLelfaaﬂl‘lJﬂ\TViaJﬂslluqﬂ 5 a9 Llagﬂqiﬂ11ﬁUiﬁﬂﬁ

9
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NaN1578

Anwminwadidrduiimaneas

mﬂmiﬁuﬁu%’aaﬂalﬁa%’mm cell line finzay dsldidonwadidntnu 2 via
Lo A Expi293 (Thermo Scientific, USA) @115 Utransient expression system iag CHO-S
(Thermo Scientific, USA) d1w3u stable expression system Liielddmsunanen woufived

Tulasans3aed Inens 2 cell line Tasuni1seankuy Waunlrausandnentuseau GMP 1a

N33R expression vector §1MSUNAAENITITNY

WUt expression vectors fildaZstuainlasinsise ndanldimsinszias
U DNA LieBudu uasiiameinanugndend fauanduzul 9-11 Buiemungnaiuau
WUU monocistronic 1ag vector d1msulelusguy transient expression Qﬂa%ﬁﬂu vector
pcDNA 3.4 Tngasradunuu bi-vector Aoty vector @S H-chain wag L-chain &1%su
W@ adalimumab (;JiJ‘ﬁ 9) wag trastuzumab (;Jﬂﬁ 10) Tuguves expression vector il
J¥UU stable expression Qﬂa’%ﬂﬂu vector pCHO1 WUy mono-vector ﬁ@ﬁ‘ﬁﬂﬁu H-chain
uag L-chain 7 A1unaulay promoter 2 ¥iln lnefin1sadudu H-chain way L-chain Tild
promotor 7 kane1afy i o3 suiisunnuauisalunisude adalimumab #ae CHO-S

cells WU stable expression (U1 11) daulUsAuesuas EmGrP AldidulsAumunuly

N3 transfection Qﬂa%ﬁﬂu vector pCHO1 wag pcDNA 3.4 ﬁﬂLLﬁ@ﬂugUﬁ 12
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€MV enhancer Ndel =) AmgR promoter

Amgi promater M prometer
T ECoRY (s m—
o TSk pepos AmoR
’ \\\\
S N\ /
\ /
/ I\
\%; Hinge regien /
5 \
PCONAI4_AdaliH7HC [ E 9CDNAT 4 AdaliLILe i
: ST ¥
! | 2
Agel Giwen /
/ o
R /& s
SOIATSEn N\ A& / HSYTK Boh(A) siaricl
\ o 2 &
<. ;
~. 2 5440 paly(A) sicral
&%ﬁ & T - N s ¥
L L A — Y
CRKonR -
SV4D promocer SV4Q promoter

5UN 9. 52UU Bi-vector dmiunan Adalimumab

Wa@n3 pcDNA 3.4 vector WUU monocistronic 1M5un15uan adalimumab Tusguy bi-vector

Muwvadu vector H-chain wag L-chain Lile express Tu Expi293 cells WUU transient

expression
M erhar Nael ol proms w
Amgh prrmotes N promatar
— Econt camnd promoter
e e i a0 gdon
S
‘;V Nhet
/ @ BawWl
5 -
p(ﬂ"u.lii‘p:fm.|m § PCONAIA_ O+ SpLlMervi
: &
&
3
\
o 4
HOESHATI '\ £ / S T DA gl
v an e
2 6 ¢ o o &
‘Hr,?’% & ¥ — V40 pote(A) wgnal \ e &
L L . oo
Kank -
o

gﬂﬁ 10. S¥UU Bi-vector d1%SUNA® Trastuzumab

WaM3 pcDNA 3.4 vector luU monocistronic @1MUNITHEAR trastuzumab Tuszuu bi-vector
Muwvadu vector H-chain wag L-chain ile express Tu Expi293 cells WuU transient

expression
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Vectors used for transfection in CHO-S

7 =

L g4 of et

|
i

PEHDL,0_AdaIILILC+HIHC
oty

T el N
Sy

e

aom wa
on

THGRES etd memet ez o)
SUNTI It Pt DS xteteratin

Adalimumab LCHC Adalimumab HCLC

gﬂﬁ 11. Mono-vector Mglun1swan adalimumab

a9 expression vector LUU mono-vector M3 H- wag L- chains 9049 adalimumab ﬁgﬂ
AuAulay 2 promoter Nuannaeiy dwsuldlunisudaweuiivefainwad CHO-S Tussuy

stable expression system

Control Vectors

premorer
\moR S o o) e / &
\.(\
e F4
{
/ {
PSS |
Aget (e i
A o
13 PEONAZ.A_EmGEP LS
st 3,- “ 14
4 N
/ YT poly(A) signnl -
% NEY L P
SWTERTAYRE N\ e o

U 12. Vector Aquay Nl¥nanlUSALITDES EMGFP

LMY Expression vector Tu pPcDNA 3.4 iiag pCHO1 Vector FldnanTusiudouas EmGFP i

T Jusuuseunu (control vector) Tusuidel
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N1SNARUDURAUBALLUU transient expression

NITAIAA IUTAUIANTERTI H-chain 4ag L-chain
Tun1swan adalimumab WUU transient expression 910 Expi293 cells Wi Tuduwsn
Fo9YNN1IMdnd1uYeY vector M19@S19 heavy chain s light chain ALWUNEEL WaNTS
TATILAUTINUROUAYDA AIFUN 13 wazAnuaansatunsduiudvneg Asgun 14 wanslv
< Y 1 . { . . = { a a ad a Y [ ¥
WiNINdnaIue9 heavy chain s light chain dnanoUsunuuaufveAindnlaiLantey

witlnadouaInsalunsduiuidmunewansneiu nanlaainnisneaesiazuin dnadiu

vector U84 H-chain &g L-chain ﬁmmzamﬁqﬂummﬁm antibody Ao# 1:3

mswdn AdalimumAb Tu Expi293 cell

kDa —_—

. vary ratio H:L,

£33

1 = <
;; o - 1 = Marker
69 —— — N — 2 = Adalimab 1gG 1:2 harvest 6 days
57 — G e —— - $=H 3 = Adalimab 1gG 1:2.5 harvest 6 days
51 2 4 = Adalimab 1gG 1:3 harvest 6 days
a1 5 = Adalimab 1gG 1:4 harvest 6 days
27 6 = Adalimab IgG 1:2 harvest 7 days
24 & —-——-—-- = | 7 = Adalimab 1gG 1:2.5 harvest 7 days

8 = Adalimab 1gG 1:3 harvest 7 days

21 9 = Adalimab 1gG 1:4 harvest 7 days
16 10 = cell harvest 7 days

- —_— — — i ——

sUl 13. SDS-PAGE LansHAasAT1d7UTY Heavy Wag Light Chain fon1skanuaufuad

SDS-PAGE w&n3 heavy chain e lisht chain 989 adalimumab Tinanld 90 HEK293 cells

1N transfect A8 vector Y84 heavy chain Uag light chain M138n5EU g 9 Ay

ELISA MY-AdalimumAb binding to protein A

Peroxidase substrate
(ABTS) [
ELISA AdalimumAb IgG @ 30 min 28-12-18

14
E Anti-Human-HRP 5
il W 1%8SA
,"_m_ \ B Protein A
,‘»’u:"' Adalimumab
W ,

0D 405nm
o -
D ® e

e
=

AdaMab1:2 AdaMab1:25 AdaMab1:3  AdaMab1:4 Cell
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5UN 14. ELISA uaninadns1diudu Heavy uag Light Chain sian1suanuaufiuaf

WaRINA ELISA Wiatigumnuanunsatunisaunuitvuneg (TNF-o) 984 adalimumab Ainanlka
91N HEK293 cells #1gn transfect Ag vector 89 heavy chain ag light chain fifldnsau

g 9 U

a\

a 0 £
NSHAALIUAUDALAZNSIIN LAUSENS

q

189970 transfect HEK293 cell U 6-7 Juwal 19911015 msizaiusunay adalimumab

Y o

LAy trastuzumab NMA99DNU1NNLYAR 92875 ELISA Taeld Protein A #3908 nUMaN A4
Y

q

1%

wandluzudl 15 anduldvihueuivedliuiqniuindudae Protein A column lngldiaTos
FPLC wagyhnansavaeunsvhliiudgnise SDS-PAGE Tuan1ig reducing Sausufvefass
2 band AnTu na@e I band H-chain Yu1AUsEIaL 50 kDa uaw band L-chain 11
Uszuiu 25 kDa ﬁauamiugﬂﬁ 16 Nan15InANULTNTUYDS adalimumab uag trastuzumab
arunsouldldeuan yield lunisudnld de 280 uay 420 me/l mudsiy a1ny
adalimumab uag trastuzumab TanlsgnilunaaeumsduiuTsiudmneseds ELISA

Aaandlugun 17 wan1svageunuILeuiveffingsliainseuuiinaunduunil a1unsadu

Aulushudwanelaiyiguvindueaunuy A Humira® was 81 Herceptin® mnuansiu

Adalimumab ua: Trastuzumab 7inanlu Expi293 cell

Peroxidase substrate ELISA Ab produced from HEK203 agalnstprotoin A @30 min 05-02-19
(ABTS )
‘ 25

2]
Anti-Human-HRP i
,§ 1 mEANFES |
5 " 1 WPrcwie A
- 8 J
08
oH
]

2 - B :
Adalimumab/ MY_Trasnzuma  MY_Assmumas 2-mL Erp HEK ced

w5 am
(TT?{W Trastuzumab MY_AdamumAb
Y Protein A

UM 15. Wa ELISA uansusuavas adalimumab uag trastuzumab findalaain

Expi293 cells wuUU transient expression system
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Asvin Adalimumab uas Trastuzumab TWusansshe Protein A

| MY_Adalimumab

M {FT s P \ {S FT P\ P HEK
kDa Yields (mg/L)

Adalimumab Trastuzumab

4
pth 280 420

M = Marker
S = supernatant 20 uL w
FT = Flow through 20 uL o~
P = Purified Antibody 1 ug
o o ) a £
5U# 16. Wan13vi1 adalimumab wag trastuzumab 1%u3gns lne SDS-PAGE
Wana fraction sineelunisvieufvefliu3ans M; AccuProtein Chroma-l marker (Enzmart
Biotech, Thailand), S; Supernatant, FT; Flow through, P; purified antibody Fauwau

WaURUBA heavy Waw light chain Uszaa 50 wag 25 kDa ANa1AU

ELISA checking AdalimumAb binding activity against TNF alfa

3.5
Peroxidase substrate £ 3 .
* (ABTS ) 0 2.5 m 2%MPBS
e £
B O1s5
1
5

. y_ 0.2ug TNF
- A alfa
Protein A-HRP 0.

. o . mmtll s . —
MY-Ada MY-Ada Humira 0.25  HEK293 cell
supernatant Purified ug

00 o= " ELISA Trastuzumab against ErbB2
&y Adalimumab/

Trastuzumab

.
>3
x
.
w
1% -

w |

TNF o/ ERbB2

Ind
«

= 1%BSA

OD 405 nm
& s

0.83 ug
ErbB2

N

=)
o

o I I [ |
MY _Trastu MY_Trastu Herceptin 1 ug HEK293 cell
supernatant purified 1 ug

UM 17. Wa ELISA 4anIn159uva9 adalimumab uag trastuzumab sia TUsAulmung

nswan1zimunzanlun159 ELISA twannu3unee antibody

Tun1sUssgndldisnas ELISA e ¥ausuna antibody Tiuiugiu feudndudas

911 checkerboard titration ('gﬂﬁl 18) oAUt Uiz auves Protein A (62.5 - 500
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ng/ml) Laz labelled detection antibody (198219 1:5000 %3® 1:10000) UnNLLBAINY2

al

Arandudufiomnzanvesasnsgiu Sslueiddeild Humia® (0 - 500 ng/ml) 21n3U
19 azdiulganiield Protein A innnududu 62.5 ng/ml ilawflsutuarudududu aglven
binding ratio mﬂﬁqm 9@ binding ratio mmsaﬁwmaﬂmamiﬁwmms@@ﬂﬁuLLmﬁlﬁmﬂ
vauilifl Humira® seeAIn1sganduLatluvguduqfid Humi® nuduturieg
Faupnanduduues Protein A fwmnzauie 62.5 ng/ml dsuarududuilvnzaudmdu
labelled detection antibody Aensideanaueufiuermesmsidru 1:5000 (3Ufl 20) 1osan

=

AAMUDUTUVDY Humira® Wieanu Wedinslaueudueffidesans 1:5000 agilaAn binding

ratio YNAILBINSITLEURUDAMLI®ANG 1:10000

Checkerboard titration (TMB-ELISA)

Plate layout 5 ) 7 8 ) 10 1 12

Protein A (ng/ml) 500 500 500 500 500 500 500 500 500 500 500 500

Humira conc. (ngimL) 500 250 125 625 3125 15625 78125 390625 1953125 076563 0488281 0

Protein A (ng/mL) 25 250 250 250 250 250 250 250 250 250 250 250

nd Ab = 15000 Humira conc. (ng/ml) 500 250 125 625 3125 15.625 78125 390625 1953125 0.976563 0488281 0
Protein A (ng/mL) 125 125 % 125 125 15 15 1% 15 125 1% 125

Humira conc (ng/ml) 500 250 125 625 3125 15.625 78125 390625 1953125 0976563 04838281 0

Protein A {ng/mL) 625 625 625 | 625 625 625 625 625 625 625 625 625

Humia éone. hg/mL) §00 250 125 . 625 3125 15625 78125 390625 1953125 0.976663 0488281 0

Protein A {ngimL) 500 500 | 500 500 500 500 500 50 500 00 500 500

Humira conc. (ngimL) 500 | 260 126 628 3125 15625 78125 390625 1953125 0976563 0488281 0

Protein A (ngimL) 250 20 250 250 250 250 250 250 250 20 250 250

Humira conc. (ng/mL) 500 260 125 625 3125 15625 78125 390625 1953125 0.976563 0488281 0

Znd Ab = 110000 =5 tein A (ngimL) 125 A% 125 1% 125 15 125 125 15 1% 125 125
Humira cone. (ngimL) 500 250 25 625 3125 15625 78125 390625 1953125 0.976563 0488281 0

Protein A (ng/mL) 525 625 625 625 625 625 625 625 625 625 625 625

Humira cone (ng/ml) 500 250 125 625 3125 15.625 78125 390625 1953125 0976563 0488281 0

gﬂﬁ 18. Wa Checkerboard Titration

uNUANLERIANTLTUYedlUsAusee ilalu checkerboard titration [eWaIUNIG ELISA T

fAnumngaudnsunIsIAs1EmIUsSINal adalimumab ANanLe

Relationship between Log conc. Humira and binding
raio at various conc. of Protein A (PA)

Relationship between Log conc. Humira and binding
raio at various conc. of Protein A (PA)

80 4 80 -
70 70 -
° 60 - 60 -
= o
e 50 £ 50+
£ 40 | —8—PA 500 ng/ml ; 40 4 4= PA 500 ng/mL
2 " —8—PA 250 na/ml 5 5 —8—PA 250 ng/ml
[} 4 4
—a—PA 125 ng/mL 5 i PA 125 ng/mL
—»—PA 62.5 ng/mL 20 1 ——PA 62.5 ng/mL
10 A
R Y

Log concentration of Humira

| Labelled detection antibody 1:5000

Log concentration of Humira

I Labelled detection antibody 1:10000

JUN 19. nMsmanududuiivunzauves Protein A flddmIuas ELISA
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Relationship between Log conc. Humira and binding
ratio at various conc. of detection antibody

80 -

70 4

60 -
50
40 1 -e-Dilute 1:5000

-=-Dilute 1:10000

Binding Ratio

-0.5 0 0.5 1 1.5 2 2.5 3
Log concentration of Humira

JUN 20. nMsmARUdNtuvUIzaNYas detection antibody MlddmIUIT ELISA

msﬁ'ﬂLﬁaniﬂaulﬁ'mﬁwﬁmwuﬁuaﬁhﬂ%mmﬁqaLLazﬁmeaﬁas
waansdmanalindudngwad 1uan 48 F2lus 22in1531As =9I transfection
efficiency 31nn15U8U EMGFP 191g CHO-S cells #3835 Flow cytometry Wi aUszLiy
Uszdvisamnsthwanadinfudhgwadluanngiidivun Feluaiseiinuiniian transfection
efficiency MU 40.5% mmamﬁmiwﬂugﬂﬁ 21 flensu 48 F3luamds transfection 9z
Li’fﬂ@jﬂizmuﬂﬁﬁmtﬁamauﬁ 1 Uag 2 MUAIRU AIUNISITANULTNTUIBY puromycin kag
MTX finnadudusineg uagiinnsiiesieimuiana adalimumab findnldluusaz cell pool
fewufiaefinisdniden cell pool #ifie titer wazen productivity lﬁqaﬁfjm Tnefnan1siAsIzi
AgUT 22 way 23 Fawanismaaeunudn cell pool fiATian Ae HCLC2 50P/1000M lng
d1u150Nan adalimumab 1 32.58 mg/l wazilAn productivity 0.24 pg/cell/day 21nn15
A9 fed-batch Juan 12 Yu safu cell pool 5&1zgﬂﬁﬂi‘ﬂﬁ’mﬁaﬂmiﬂaulﬁmﬁw?ﬁ

limiting dilution sialy
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Transfection efficiency in CHO-S cells (06.02.2020)
CHO-S cells (Non-transfected group)

All Events - CHO-S R1 - CHO-S R2 - CHO-S R3 - CHO-S
o 1000 100 —
= =
S s o
S R2: 91.561% Sw0.R3: 100.000% S R4: 0.106%
", . o i v
ey v 9
000 oon
1000 L %0 1000 W oW w0 W W W W o e e W
FSC:H (1073) FSC-A (1073) PI - PE-Texas Red™-H GFP - FITC-H
pCHO1.0_EmGFP transfected CHO-S cells
All Events - CHO-S GFP R1 - CHO-S GFP R2 - CHO-S GFP R3 - CHO-S GFP
" 100 1000 o
o
& a
) 5 z
S R2: 87.798% “wo!R3: 100.0009 e
b 4 = . o
2 RN b ‘ /
2 ‘ 0
1
oom 0001 e . o
1000 ocot 0 1000 WK W oW o w W W 0w W W
FSC-H (1073) FSC-A (1073) Pl - PE-Texas Red™-H GFP - FITC-H
GFP_TF CHO-S cells Experiment: GFP TF efficiency
b POs G Ghoscre
PG R1:40493% Maoscr Time Recorded: 16:58:20
z - Name Gate X Paameter Y Parameter Count %Total %Gated
“
Sa [l Al Events Al Events N/A NA 19,991 100.000 100.000
[ Rl Rl FSCH SSCH 13,670 68.381 68384
§ =, Br R2 FSC-A FSCH 12,002 60.037 87.708
rs R3 YL2H FSCH 12,002 60.037 100.000
> (. Clrs R4 BLIH 4,860 24311
Al

0 W W W W W W
GFP - FITC

5UN 21. Wan153ATIEN transfection efficiency 31nA1 GFP signal A7835 Flow

“Transfection efficiency = 40.493%”

cytometry
Titer after 48 hrs transfection Productivity after 48 hrs transfection
03 - _— 010 ———
= 0.08
=, 018 h 0.07
P = 0.06 0.05
E 3
" ' 0.04
goa 4 -y
% 0.02
0.0 0.00
LC-HC HC-LC LC-HC HC-LC

JUT 22. Wan15IATIEYIN titer wae productivity a4 transfection 48 alus
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Selection Cell pool Titer (mg/L) (pg/c:::l'/day) 35 mmTiter (mg/L) 0.3
LCHC110P/100M | 5.81 0.12 _ 22 —*—aP (pg/cell/day)
LCHC2 20P/200M 5.79 0.11 = 0.2
phase 1 £ 20
HCLC1 10P/100M 3.37 0.08 T
HCLC220P/200M | 3.76 0.10 £ 1o 0.1
LCHC1 30P/500M = 10.02 0.09 ;
LCHC150P/1000M  6.52 0.05 0 11l s 00
LCHC2 30P/500M 16.93 0.15 g g g g g b= g b= § b g b=
ohase 2 LCHC2 50P/1000M  11.32 0.10 S8 £ 283888888 8 8
HCLC130P/500M  18.46 0.14 & & 8 8 & & g &z & ¢
HCLC150P/1000M  17.92 0.15 g 888 gsgsosgd
HCLC2 30P/500M = 28.81 0.21 9 3223935335 2¢g 39
HCLC2 50P/1000M  32.58 0.24

JUN 23. Wan15IATIEYINM titer uae productivity §113U selection phase 1 uag 2

TunisAnatdanlaauLd 82910 cell pool HCLC-2 50P/1000M 291/ 838 limiting
dilution T 96-well plate @19ziin1sUsziliulaauLReI5aUN 1 (primary screening) 3MNYiuT
= % 1 a i A o a . A v v ax
fwaduingey nan1suszidunudi Wevihnmegeumusuna adalimumab Usesiueigis
ELISA fiu Protein A & 1snua 90 clones Ma1u15axan antibody o Asuandlugun 24 uas
dethlaawwmariluviinisvenesuiueagain 96-well plate 1Uu 24-well plate uay 6-well

o o A o o oA e{' e{' . o oA
plate A1uE1RU LilRYININ1TARLEDATAAULA-ITOUT 2 (Secondary screening) NANISAALADN
| % ¢ & ° 9 Ql' I a A a
wudnlagadidu 91U 69 clones ALARIMINTUT 25 1nUUEDNLAES 6 clones NIWER
weuAvedlaanvisAnienluseui 3 (Tertiary screening) luaniziifeaadlu 125ml-
shake flask wan133As12AluIUN 26 wansliiiui lnaw 4-G8 Wulnauhedfifngnainnis

ndenlAauAeInaeds imiting dilution Tulasen15338ll Aedlen titer waz productivity g4

ign auunalglaau 2-G9

Y] Ao oA Y aa wa a . Y = o &
naIIINNARERNLA clone NTAMALUAAIUNITNGS adalimumab wad F9Ums 2 laau
fanvhnsvegeuauiataslunisuan (clone stability assessment) 1usduau 15 passages
=) d - . a ¢ v ~ Y @ J
NIBDNYULNINY 60 generations mamiumwwmuamiugﬂw 27 wansliiuinlaau 4-G8
Y a

way 1Aau 2-G9 daidu stable single clone Wl p9a1nUSunauaufuannanladusunu

AuYNAkazlitaaniI1 70% TUuannIuSuAUNSNAEaU

g & A ° ' a o oA v a a o N av v
NIULN @uqiﬂaUL@ gIN ﬂﬂLa@ﬂl@lu 11JL‘LJ3‘EJUL‘VIEJUHUI@@UL® EJ’J‘Vllﬁmﬂ

1oUURN15v04 collaborator A1 SUNY Useineanigewusni (UM 28) wuin laawnesly

aP (pg/cell/day)
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Y

3]

il
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11A1 maximum viable cell density (VCD), IVCD, titer waz@1 productivity 6N

N1 wedlA1 doubling time WagninlaawReIaNRIURURNTA SUNY

ry—

H””Hllnlu

ELISA with Protein A

Primary Screening (in 96-well plate)
Total = 90 clones

Fositive control (Green color] | -  Humira® 5 and 15 ng/mL

285 and medium (CO FortiCHO+L-gutamine|
Two samples from well with no growth of clone: P16-E8 and P15-D8

Negative color (Red color)

NOTE:
- All supernatant samples were diluted for 4 times with PBS and load Into each well for 100 pL
- Each clone shows different confluency

it
‘~fi“G:

16ig228

gﬂﬁ 24. wanmsdaideniaawfeasaudl 1 (Primary screening) Tu 96-well plate

Secondary Screening
Total = 69 clones

gﬂﬁ 25. wan1sAndaninawieasaufl 2 (Secondary screening) Tu 6-well plate

Titer (mg/L)

~
o

@
=]

w
=)

=
=

w
1=

"~
=1

=3

o

14-D2

4-G8

Tertiary screening

4 0.6
Titer qP
o (me/L) (pg/cell/day)
14-D2 18.90 0.12
104 _
§ 4-G8 63.25 0.55
{0338 -
= 1-B9 14.58 0.10
o
1027 2-G9 4175 0.32
il 5-84 27.85 0.14
6-G7 8.16 0.05
0.0

1-89 2-G9 5-84 6-G7

ETiter (mg/L) =-o-qP (pg/cell/day)
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Titer (mg/L)

qP (pg/cell/day)

#

34

SUTl 26. wanisAndaninawdienseudi 3 (Tertiary screening) Tu 125ml-shake flask

Clone stability for 15 passages

30 - W—“_V
20
107 g P, e —-
- — . —= = —
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Passage number
10
0.8 -
0.6
04 -

] T e e -,

0.0 -
1 2 3 4 S 6 7 8 9 10 11 12 13 14 15

Passage number

-G8 =o=2-G9

27. wansnagauAualaualunisnan adalimumab vaslaau 4-G8 uaz 2-G9



(a

)
E
@ -e- Clone
D 1%107 -= Clone
o = .
> = T -}\ - Clone
z ,
c /
S 5x1054 *
= W
o
@
]
‘>—‘ 0 ] L] T Ll ) Ll 1 T T ) ) Ll
O a AV P00 Wb P GO S P P
Time in culture (hours)
(c)
vCD
= 4x107
§ - 2-G9
8 a0 - “8-14-68
\ e 5B4
.ﬁ. ’/ b
§ e A,
§ 1x107 / '\
k-] N
© - ~
S 0 T T T T L T .l
o 3 5 7 10 12 14
Days
(e)
0.15 40
30
> 0.10+ o
3 3
3 20 2
L H
o
2 0.05- <
=10
0.00~ -0
K > o
<8 ) 3
o° c}oo o\oo
(g)
0.8 - 20
- 0.6 15
-
: 3
3 0.4- L10 2
s z
g A
0.2+ =5
0.0+ -0
2-G9 4-G8 5-B4

35

—_—
o
-~

8x107=

9 E z -e Clone 9
14 5 ex107- “wa = Clone 14
16 = P o + Clone 16
E o
B 4x1074
°
<
a 2x1074
(5]
=
0 | P ETER P PR | L |
1 2 3 45 8 7 8 9 1011 12
Days
(d)
IvCD
2x10%+
oz -« & 2-G9
= s
E  1.5x10 » - 4GB
s / e 5B4
© /
2 qx10 g —
g g
o /
5x107
2 4
0 T
T T 1 T T T T
0 3 5 7 10 12 14
Days
(f)
10+
B_
m Q -y
P > 6
=3 Doubling time £
-
2_
0-
Clone 9 Clone14  Clone 16
(h)
80
) 4 60
d
m P g’
. . = 40
E3 Doubling time 5
ﬁ 204
0-
2-G9 4-G8 5-B4

JUT 28. Wisuisuamuandasiieg vadlaaupednaadenld Aulaauainiesufjianisau

ANSNANLLAUAUBALY Bioreactor

Tun1suankaufvafuUsuIauNTUlugsnvWIe 5 anstu TaTn15IAsIERIUSUNM
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veswonlutionazuanandiduunivelar (metabolites) MLAnT usenINA Bawaa Laz
Ysuaunglaa (5UN 29) wenwmiieannisusuna adalimumab Axdala (5UN 30) :ndut
LoURUDANHENANYIIAUTANTEI8 Protein A chromatography kagn3IadULaURLDAT LA

#18 SDS-PAGE (5Uf 31)

16 16

14 11 N
: <
S 12 12 B
g 10 10 £
£ °
= 3 g8 ®
T
- ge 3
5 6 6 9
E o
E 4 - 4 3
g | A 7 ¥

0 0

2 3 A 5 6 7 8 9 10 11 12 13
Day
—8— Ammonia (mmole/L) —®—Glucose (g/L) Lactate conc. (g/L)

JUN 29. USunaunglag wadluiile uazuanianluusaziu

Bioreactor sample

N /‘\\/“\\ ][
—_— z
= " 80 3
T
£s N[ 2
£ 2 - 708
- }‘ X
1 I{ - 60
o0l e m T [ | - 50
2 3 4 5 6 7 8 S 10 11 12 13

Day

[—conc of produced protein  —e—%Cell viability

gﬂﬁ 30. U3y adalimumab finanld waz % cell viability Tuusaz3u
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- Gel12.5%
Peak 1 Peak 2
a - Load sample 20 pL/well
'——‘Slnx?‘!‘ Fow _5\'1911! j’;’;‘ 150 kDa
fnlegy v UVGO1 BASENHEdted (1)
A
b Peak 2
Non-reducing
0 Peak 1 .
n condition
0| | ’
\ o
fof SR iz \
» / I\
10 \»\__ o ~__z_" X —
: e .
10
2N
€ 50 kDa
4D
o Reducing
[} . ] ® 8 Ed 100 120 w0 150 e
condition
No Peek name Retention Aea Height 25 kDa
mi "mAY
1 171 10798.0500 1972088
2 6188 5268% 16093
3 7968 171.3050 39921
4 16098 61416 5044

sUl 31. n15 purify antibody #ndal#a1n bioreactor

WAAIHANISLY Protein A affinity chromatography Tun1svinlit adalimumab in@aladaanu
UIEd
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NN 5

A3UNAN15398 2AUTIUHE LazUalauauuL

d3UNan15AY

91nHan1533e aguledn Tassmsidbiiuszauanudnsalunistamn expression
vector fiauseldinan adalimumab wﬁmuu transient expression system LLagLlluu stable
expression system 1aglun1snanuy stable expression system Tu CHO-S cells ladins

1y aa o P e{' a . a a I~ =
W%UWUﬁﬂﬁiﬂmLaaﬂIﬂaumEJ’JVlmm’mNa@ adalimumab 1éﬂ,u‘ljill']quqLLagﬂJﬂqquaﬂ{Lu

[

a a a & o § v a ad a Y a £ =~ ] .
NMITNARNYLDURNUBDA ilmwﬂaﬂmm%ﬂmwumuamwNﬁ@lﬂUiEj‘VlﬁMﬂﬂJUI@EJﬂ’lﬂ% Protein A

1 a

affinity chromatography wanainil 1asen153984 d3lavnasindn adalimumab Tudsnsin
YWIA 5 03 ienaaauTTUUNINERlUUSINMEe Sutslunseuiun sy iikeuRvenaingala

U 3 895 USANSUINTY

v I

Faduing 1dulawaun walulaggiu (platform technology) g anunesIud
[ ¢ ad ° [y a a al . . 1%
ATNEUN 15N17 (protocol) KagyARINT d1MTUNNTNANLILBUAUBA (therapeutic antibody) 9

o < & t4 k% a M A [ 1 = 14
ﬁ']Liﬁ]sL‘L!LU@W]‘ULLa? mmammm@mwlﬂmammau NIDNRUINBYBA VL‘Uf\]‘L!ﬂ\‘]ﬂ'ﬁﬁi'N

=

master cell bank LBN1SNAREIUSEUU GLP kag GMP [iiavinn1snnasstudnd wazlusseu

aa Y o1 gj dy Ya o Y 1 = (3 Y 1 d‘ a é{ 1 [
addalasioly el f37ulanrenen walulad wagesrni1uinne 4 MAaTu Hun1sin

Biologics Workshop lUiaa e a%q

anUseNa

a . A & a v S Ao A (Y% a & 1
A15WA® adalimumab WLUUEJ']‘?I'J’JG]OUU&WJU@@UV]ENEJ"Iﬂ PUYDU LIUAILANTITNN

q

waaanUumzay 39lulasen1939sily Expi293 Tun1sud@niluu transient expression

WesnansondaueuivedtuUsaigunnneagldussiiun1suanieanves expression

L3 LY

vector Nlsaanuuuiuunlaegnasinidi wazaiusaliinsiziauau TRl 999U IwauRUaA

9

A a X vy A o a o A . Aaa

MuAnUULNlARe Litednaulafniden expression vector AR 31nNsRNKUUNTtUFULUY
A4 9 lnelanizinues signal peptide 38 algorithm Nldeanuuuatsu DNA oilauging
HAALBUAUBALUU transient expression ag@1uNsaNanLouAUed launlussAunils Lag

WEaneRaNIsANYIgVENITInIMUeRY wissuuiilimunzandmsunisnaniouiveniite
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=Y

nswasluszozenidudununn &9 sadenswdnlussivgeainnssy Wesanlunisndnus

a

azAseglaUSvekeuAvef WL IutinuaNTRveLouRUATINGALY a1auansineiu
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BiOlOgiCS R&I (Updated)
Workshop/Seminar @ SUT  s§qgués

Wednesday 9", May 2018
Morning Session : Protcin biologics as therapeutics
8:30-9:00 : Registration
9:00-10:00 : Overview

Vaccine & Monoclonal antibodics
10:00-10:30 : Coffee Break
10:30-12:00 : Mammalian cell culture and bioprocessing

CHQ cell 6ptimisation

Honorable Guest Lecturer

Prof. Dr. Susan Sharfstein 12:00 - 13:00 : Lunch
Colleges of Nanoscale Science & . . . 3 . :
v ety Afternoon Session : Non-protein biologic therapeutics

1(":” 'Pn.l'm_\r!mic e e 13:00 - 14:30 : CAR-T cells and other cell therapics
Albany, New York

USA. 14:30-15:00 : Refreshments

15:00 - 16:30 : Peptide, Nucleic Acids, and Carbohydrates
Onsite registration fee : 500 Thai Baht

Rigre o Kdgtact Venue : C2-124, Academic 2 Building

Prof.Montarop@gmail.com

Register : email @ mylabsu@gmail.com or call +66 44 223358 (3358
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THAI-AUSTRALIA COLLABORATION 17~ 19 DECEMBER 2018 - GRAND SUKHUMVIT HOTEL BANGKOK , THAILAND

Biologics Workshop

From Bench to Bedside — Biologic Medicines

Prof. Stephen Mahler
National Biologics Facility,
Queensland, Brisbane,
Australia

Dr. Martina Jones

. , . | National Biologics Facility,
The workshop will include all topics related to biologics research from bench g censiand, Brisbane

to bedside. Day 1 workshop will cover introduction to biotechnology and Australia
biopharmaceuticals, therapeutic modalities of biologic medicines, safety
issues and immunogenicity of biologics, discovery of biologics, analytical
techniques, biologic production process, best bio-manufacturing practice,
biosimilars, and regulatory issues. Day 2 will cover advanced manufacturing
of biologics both upstream and downstream processing, process economics,
NBF and ARC Training in Australia, biologic expression systems, and CHO
cells. Day 3 is the site visit of two biologics manufacturing facilities in
Thailand, i.e.,, KMUTT, Bangkhuntien campus and, Mahidol University, Salaya Dt Esteban Marcellin

campus. Email to mylabsut@gmail.com for more detail: Register at QR code fatimdBllopics Faciity,
Queensland, Brisbane,

Australia

Prof. Montarop Yamabhai
School of Biotechnology, Suranaree
University of Technology, Thailand

AIBN o (4 SETCELS Z PNA

—— e

@ THE UNIVERSITY
- OF QUEENSLAND

AUSTRALIA

- :4%
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Free Course at

. December
Aims 2018.
1. To teach participants about the disco .
and production of recombinant antibedy, upport: This course is funded by SUT
for therapeutic and diagnostic purpases. to promote the potential of
2. To enable participants to contintie their Thai researchers on advanced
B, work antibody ‘technigues in agricultural and
engineering and production ‘industrial biotechnology.
3. T? esta‘blish a network of scientists on Study plan: Teachers will be experts from
biologic research Australia and Thailand. The
When: 1 December 2018 ill be conducted
in English. Since most

co
Wh G n@@\m Hotel and ﬁt

ere: ra mvit Hotel an A ur staffs are Thai, so the

Suranare ﬂé;m'n n[u‘aﬂ aéxperimen‘tal parts will be
conducted in Thai / English

Participants will get certificate
after if they pass the exit
exam and fulfil the
requirements of the course.

Fee: Ten full scholarship including
registration fee, travel, room
and food will be provided for
10 selected participants.
Announcement of successful
participants will be on Wed, 5 Apply; scan QR code to apply
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I— Thai-Australia Workshop

From Bench to Bedside - Biologic Medicines
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Day I: Monday 17 December 2018 - An Overview of Biologic Medicines

8:30am Opening Ceremony, Group Picture Nares Damrongchai
8:50-9:00am Welcome and Introductions Montarop Yamabhai
9:00-9:30am Introduction to Biotechnology and Martina Jones

Biopharmaceuticals - Part I [1]

9:30-10:00am Introduction to Biotechnology and Stephen Mahler
Biopharmaceuticals - Part II [2]

10:00 - 10:30am Therapeutic Modalities for Biologic Stephen Mahler
Medicines [3]

Morning Coffee/Tea Break: 10:30 - 11:00am

11:00-11:30pm Safety Issues and Immunogenicity of Stephen Mahler
Biologics [4]

11:30-12:00pm Discovery of Biologics [5] Martina Jones

12:00-12:45pm Analytical Techniques - Characterizing Stephen Mahler
Biologics and Process Analytical
Technology [6]

Lunch Break 12:45 - 1:45pm

(Lunch talk by Bang Trading 1992 Co. Ltd : End to end solutions to transform
biomanufacturing" by Tanya Lewanowitsch, Senior Business Development Manager-
Enterprise Solutions, GE Healthcare Life Sciences)

1:45-2:30pm Biologics Production Processes [7] Esteban Marcellin

2:30-3:00pm Biologics Manufacturing - Best Practice [8] Stephen Mahler
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Afternoon Coffee/Tea Break 3:00-3:30 pm
3:30-4:15pm Biosimilars [9] Martina Jones
4:15 -5:00pm Regulatory Issues Panel Discussion with
Thai FDA Wittawat
Viriyabancha
5:00-5:30 pm General Discussion followed by All Participants

Certificate Giving Ceremony
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Day II : Tuesday 18" December 2018 - Biologic Manufacturing

8:30 - 9:00 am

9:00-9:30am

9:35-10:30am

11:00am-12:00 pm

12:00pm -12:30

2:00pm -2:30pm

2:30pm - 3:00pm

300—345})1]'1

3:45 4.00pm

4:00-4:30pm

Registration

Upstream processing - Bioreactor
operation [10]

Downstream Processing [11]

Morning Coffee/Tea Break 10:30-11:00am

Advanced Manufacturing of Biologic
Medicines - Introduction [12]

Process Economics [13]

Lunch Break 12:45 -1:45pm

National Biologics Facility and ARC
Training Centre for Biopharmaceutical
Innovation, University of Queensland,
Brisbane [14]

Industry-sponsored Demonstration slot I

Afternoon Coffee/Tea Break 3:00 -3:30 pm

CHO and other Biologic Expression
Systems [15]

Thailand Biologics Network

General Discussion

Certificate Giving Ceremony

Esteban Marcellin

Stephen Mahler

Esteban Marcellin

Stephen Mahler

Martina Jones

Montarop
Yamabhai

Montarop
Yamabhai

All participants

All participants
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Day III : Wednesday 19* December 2018 - Site Visit

745am Bus departure for site visit (TBA)
9.00-11:.00am 1+t site : Visit Biologics Facility @ Salaya
Campus, Mahidol University
Lunch Break 11:00-12.00am
12:00-2:00pm Go to KMUTT Bangkhuntien
2:00-4:00pm 2nd site . Visit NBF, Bangkhuntien,
KMUTT
4:00pm Certificate Giving Ceremony
End of The workshop

Short course participants continue to SUT ¢ransportation has been arranged)

Participants
who register
for site visit

Participants
who register
for site visit

Participants
who register
for site visit

Participants
who register
for site visit

A\

4
19
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THAI-AUSTRALIA-USA COLLABORATION 25-26 NOVEMBER 2019 - SURANAREE UNIVERSITY OF TECHNOLOGY , THAILAND

Biologics Workshop

]l

=~ Manufacturing of Therapeutic Proteins

*

Prof. Trent Munro
National Biologics Facility,
Queensland, Brisbane,
Australia

The second workshop on biologics research after the first Thailand-Australia
Biologics Workshop (from bench to bedside), is a 2-day workshop, which will Dr. Olivier Laurent

be held during Monday, 25- Tuesday, 26 of November, 2019. The aim of this Vice President, Development

year workshop is to focus on issues essential for GMP manufacturing of @ Dauntless Pharmaceuticals,
therapeutic proteins, especially therapeutic antibody. The workshop is divided
into 2 parts, the first day is a series of lectures and the second day is the
demonstration of the production platform developed in the molecular
biotechnology laboratory (MY Lab) at SUT, NBF, Australia, and other
companies, as well as in-dept discussion with experts in the fields from USA,
and Australia regarding manufacturing of therapeutic antibody. Registration
for a certificate is possible.

Prof. Montarop Yamabhai
A A > l l I rl | School of Biotechnology, Suranaree
1 2 3 University of Technology, Thailand

DEMONSTRATION &
DISCUSSION

Running a 5-10 L
Bioreactors

@ THE UNIVERSITY
OF QUEENSLAND
o AUSTRALIA

AI B Australian Institute for
Bioengineering and Nanotechnol

TUsunsa Biologics Workshop S o
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The 2" Thailand Biologics Workshop:
Manufacturing of Therapeutic proteins
25 — 26 November 2019"
@ Suranaree University of Technology, Nakhon Ratchasima, Thailand
Session I: Monday 25" November 2019"
Introduction: From genes to clinical trials
Time Program Speaker
9.00-9.15 Opening ceremony presided by TCELS director and
group pictures
9.15-9.30 Introduction Montarop Yamabhai

9.30-10.30 - Overview of therapeutic proteins/antibodies Trent Munro
- What to consider to make biosimilars or new biologics
Morning coffee/tea break 10.30 — 10.45
10.45-12.00 - Cell line development with GMP compliant Trent Munro
- Process development: Upstream processing

Lunch time 12.00 — 13.00

13.15-14.15 Process development: Downstream processing Olivier Laurent
Afternoon cliee/tea mak 14.15 - 14.30
14.30 —15.30  Product development Olivier Laurent

- Release and stability testing

- Formulation

- Primary container and device
15.30 - 16.15 Quality control and regulatory considerations Olivier Laurent
16.15-16.45 Q&A

*This is a tentative program, the precise subject title, course content and speaker may be changed,
but the core contents will be as indicated.
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Session I1: Tuesday 26™ November 2019°

Laboratory Workshop
Time Program
9.00-9.15 Introduction to the hands-on workshop
9.15-9.45 Demonstration of lab-scale production in MY Lab SUT
9.45-10.45 - Demonstration of various types of bioreactors
- Sample collection and testing (experiments)
Morning coffee/tea break 10.45 — 11.00
11.00-12.00  Demonstration of lab-scale purification
Lunch time 12.00 — 13.00
13.00 — 14.00 - Sample collection and analysis (results and discussion)
- Discussion about possible factors affecting the quality of biologics
Afternoon coffee/tea break 14.00 — 14.15
14.15-15.00  Presentation of MY Lab Antibody Production Platform
15.00 —15.30 - General discussion

- Certificate giving ceremony

* The laboratory session will be conducted by Prof. Montarop Yamabhai and her Staffs. In addition,
the two experts, Prof. Trent Munro and Dr. Olivier Laurent will be available to discuss and answer
all relevance questions all day during the second day workshop.
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Session I: Monday 25" November 2019"
Introduction: From genes to clinical trials

Time
8.15-9.00
9.00 -9.13

9.15 -10.30

10.45-11.30

11:30-12:00

13.00 —14.15

14.45 - 15.30
1530 -16.30

16.30 - 17.00
18.30

Program
Registration
Opening ceremony presided by TCELS director and
Vice Rector for Research, Innovation, and Technology
Development and group pictures
Overview of Biologics Development: timeline and
activities
Morning coffee/tea break 10.30 — 10.45
Analytical Development for biologics. release
specifications and stability
Drug Substance Manufacturing — Cell line development
Lunch time 12.00 — 13.00
Drug substance manufacturing
- Upstream Processing

- Downstream Processing

Aﬁenﬂdﬂ‘.bre&“S —14.45

Speaker

Olivier Laurent &
Trent Munro

Olivier Laurent

Trent Munro

Trent Munro

Drug Product Development and Manufacturing
Biosimilars

- What to consider to make biosimilars

- Regulatory considerations

Q&A - Day 2 Lab Brief

Workshop dinner Party @ Krua 9x9

Olivier Laurent
Trent Munro &

Olivier Laurent
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Time Program
8.45-9.00 Registration
9.00-10.30 Morning section
- Station I: Antibody acquisition
- Station II: Expression vector construction
- Station III: Transient and stable expression
Morning coffee/tea break 10.30 — 11.00
11.00 — 12.00  Private discussion with experts (need to be booked available time before)
Lunch time 12.00 — 13.15
13.15-14.45  Afternoon section
- Station IV: Up-scaling production to SL-bioreactor and sample analysis
- Station V: Small scale purification

Afternoon ¢

15.15-16.00  Purification process
16.00 — 16.30  Certificate giving ceremony

” The laboratory session will be conducted by Prof. Montarop Yamabhai and her Staffs. In addition,
the two experts, Prof. Trent Munro and Dr. Olivier Laurent will be available to discuss and answer
all relevance questions all day during the second day workshop. Please book your time for private
discussion with our staffs.
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