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H1. Top selling biologic drugs (Huggett and Lahteenmaki, 2012)

Name Production cell lines zgégllavr-grigwli)(illfi()sr?sl)e S
Humira (adalimumab) Chinese hamster ovary 7.932
Enbrel (etanercept) Chinese hamster ovary 7.367
Rituxan (rituxan) Chinese hamster ovary 6.772
Remicade (infliximab) Mouse myeloma (NSO) 6.751
Avastin (bevacizumab) Chinese hamster ovary 5.968
Herceptin (transtuzumab) Chinese hamster ovary 5.924
Neulasta (pegfilgrastim) Escherichia coli 3.952
Lucentis (ranibizumab) Escherichia coli 3.769
Avonex (interferon beta-1a) Chinese hamster ovary 2.687
Rebif (interferon beta-1a) Chinese hamster ovary 2.354




BT GAE PUTE CHO AZZE 2531 e A 4
AR E Ol 285 AEst: #ol vt

9 wjEg ARstapgol Wasic
} £740] o] 571551A] o

ARRZEA] LABAHS E

p

QHAtE R ool B

a g
ool 2ol gouf, o] T 2 50 FEEC] 9MAl 55
a

X|lgt o] WAL H]L, L=,

o =

_|>4 rlr
£ K
ul
it
S ©
ol
ok
9
i)
u

o
o ulgY LEY A AZLS Ay J ol% 7bsa 3 A CHO AlZEE Y
RE 7129 =FRo| ofgt o] AR D ek,

IE

HJSL‘_L_,_O,L‘o?,ij

ool of wbgobet Zh AA ﬂi-??Oﬂ At Z2=AAS Jigstoior ot mebA 2ol

ol L
T X

il 3

31X} transcriptome, translatome, proteom 5& WASH= -omics A|AEIAE

5}
B2t NZo] SAAE A ZAASH= targeted engineering®] T o] Atds| Al
tf. o]&& &0l CHO M=ZF9] £ AE sl PAtEl= X =5d A9 4

=
e Ae SARAel AxYolYn BaPS o o5 s ANE 9L & Yo U A
)

v A
ulol e AlAsloletn & 4 izick (7).

Genomics Glycosylation patterns °
. o g a3
YW e ° kS o 21

a6 al ?a? bﬂg 'S

\ a3

Q 00 0% py

O O o

oo Q % b2

(¢} 1,\ °

o °a6

4

Intensity

Protein
production

Metabolomics

Transcrlptomlcs/ f

Intensity

Elution time

Current Opinion in Biotechnology

1. A A AHE5HS 0] 83 CHO MZ %9 dX|Yo]d (Kildegaard et al., 2013)

A A AAY thdet A4+ 7oA CHO genome2 37| ¢eh W2 A7F A== le
o, genome JHE O]&eh O B4 ®Y 3 S8 7ol JHEEHI Qlot. diEAQl Gz

= 0]=29] GT-life sciences?t £=9] BGI-Shenzheny} gHAtstoy CHO-K1 AN|ZZF9] genome
sequences YolUATH (Xu et al.,, 2011). ¥5JXl CHO genome IH Atg= 221Q14t0f
databaseS 1E3[0] P 222 ALGEA 7 24 o83 2 A FUL o] FuS 7|yt
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=t} (Hammond et al., 2012). st CHO ANZz%9] 7|¥9l Female Chinese hamster
(Cricetulus griseus)®] genomeg sequencesto] 12 HE Sefst thofrst CHO Mz 5359 X}
o|dEeS THste 4 NZAXZ9] oJs|e} o] &0 =go] 2 4 AA st (1H2) (Lewis et
al., 2013).
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122, CHO N|ZFE5719] mutation landscape (Lewis et al., 2013)

A AR Agerg vig oz g @2 A(omics) FE 3 4 7|e2 &5 AlZFe AV, Al
Z AT, AR B2 detE S B9 "§MS n8go 2 X 2|(high-throughput) 7Hs
3 orEql=dl, L 7142 transcriptome, translatome, proteome 5 GAIAF Wd o] chokst
DAl AL oot A& oE AmEd, WA i £AQ A2 v Alel butyrate A
2] A] CHO ANz oA transcrlptomel‘} proteomics’} Q7| WH5t=A] ArmEOoA AJak/do]
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3. Targeted engineering®] =<



CHO AMZ#9°] genome©| HA|HA O& et Pilo] =HWol= Fof= targeted
engineering©|t}. Targeted engineering® 74-% Yst= SHAALC] A7|A <yt QoW 1 S XX}

Sol4 2% knockout & & Q13 genome 9 stz o FFAAE So|Ho=
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down regulationft 7}s3iE ¥FH o]Al genome’ite] {AAFE mutationA|AA 7152 &
| AgosA & o 9PA0lL SAshl S5 SAAE glof 1 ang 2 4 9t ol
HIH O meganuclease, zinc finger nuclease (ZFN), transcriptional activator like
effector nuclease (TALEN) 59 £AM=z HIsigt=d, e Y= =280 £2
CRISPR/Cas9 7]&<S 0]&3F engineeringo] w@o] AIsiwz]ly Qi (I2&3). CHO M=o 7
ZFN7} %417]o] knockoutS E& oz oro] »dom GS, DHFR, FUTS, Bax, Bak S-AA}
o] knockout EHojAl g3t HQITE (Cost et al., 2010; Liu et al., 2010: Malphettes et al.,
2010; Santiago et al., 2008). fAAL Y] Foll= ofAl CHO AMzof Al=gh o7} gledl,
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123, (a) ZFN, (b) TALEN, (c) CRISPRQ] H]|n
(Puchta and Fauser, 2014)

C}QFst targeted engineering 714 %04 & CRISPR/Cas9 7|&& Hr} 7HH3}1 H]8o]
oA F]AlIQ] Htof] TWo] At&E v 9l=d|, Wlot=Z29] The Novo Nordisk Foundation Center
for Biosustainabilityo]|A+= CHO-K1 genomeWo] ¢JX|5t= single guide RNAs (sgRNAs)S



AASt ol 4~ Ql= CRISPYZh= web?|§HQ] bioinformatics & 735ttt o] & 5
27,553719] RAXtO] E5h= 1,970,449709] B AVIMEE THAAL Qo0 genome /J9]
off-target sitest H7|s}o] CRISPR/Cas9 7]&9] Al8S % ¢ $£o|st TtEo]x9ct
(Ronda et al., 2014).
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