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RRAJRZ N 2016 F ¥ WA Y & G R R E BLUE R P 2 &
(Regulatory Science in 2016: Shaping the Future of Biological Medi-
cines ) » ZbET GG R A VR LB EHIHITAT (National Institute
for Biological Standards and Control, NIBSC) AsBEiRRIL 40 FHIEFTERE
SMERIERGbT & - SEZET RIS - FEAEREEE - bt
5% ) FR NG pR SR B Sm B AR Y S an AH BR T S8 3R 00 K i B B B - oAt
TEAERFEA (NGS) ~ 3 A IR s e S8 B R 25 7 B PR A 2 R
e AHBE T AR LB B R F A ME R M & VIR L - 280
o o PRERCHT ELAE RO MR S U S BB TR o WA I S S
MRS R RSO E E - A BN IRV 2 inhn B A8 7 A B B PR R, -
iR 35 L B AR ) S WSS, - AR ARRR T o B AE SR PR -
B HS 1 iE S AR ) S8 e T AH R e B AR BRI 5T - TRTTACE S B A i A
V2 BB E R )] > DIAREARACE B AR 2 B EHL TAF -
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FXMAER - EHERESFSEE YR BRI E R ES
HELRHES B P - RS ELREE H RifiA pIlE e S5 B - SEERE
SERBAERY 2015 FEORER) [ REERRE | > RIS CRISEAT Y S LR
MR & R R B B ARSI > tAERIRF&EA A
SFHVERIRR > SEAME ABIGRE > AR EA D EH IR RS - [FI
FETHEER A DR - BE L EEERE O S B BUF RS
JilE] > PREERE R RSFORE - HREARUERSF 0 > BB R AR AR R R
SEMYE

BEAh - PSRN TR R B o0 e B B2 2 BT Je e - BARRDUAGEEY)IRE
GEhtaE b MR ERTUER YT ESE - SRS AR Hmk
BHERNERET - BERPUS YR DM S R R B T AR A R Y S f B
Bl o P BERRDUAS I Shn 2 B E SRR - HBUERE TRE%
WEFLE - AR R GTRS A YAR DL 2 hn B R i 275 i an HAR DU
iR B e R - BERISREZ EE

DRI 75 0 3 B AR 8 o 7 WS 5 > RSB At Be) - B e 8 i B
RS 75 o3 BLA W) 2 b M T R e B AR BB IT - IR P A I E =
R g o B iR EgRE T 0 AR AR fn B iR <2 an BB T
F o RyBEIR - T RBIIS MRS, - AEIR200 2016 FrEAEY)
@ R AR B BLA S RSt € (Regulatory Science in 2016: Shap-
ing the Future of Biological Medicines ) sZfst & 4IEF R R EY)
PR LR AS HIFSE AT (National Institute for Biological Standards
and Control, NIBSC) AsBEWLEKIL 40 #EAEFTERE . BIFEIMERIER finhtaT
ik RN AR S EARDUIGEEY) - MRRERER - e ARG ARG
P LS LA 2 5 NIBSC B WHO 22 Collaborating Center @ HADL
AREF Ry WHO S ffg Bl (it e AR Py M B b BRYRZ I & 2 FZE H R

H
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P B R AR AR i BB R 98 AT (National Institute for
Biological Standards and Control » NIBSC) fHADIZKFF4E fy WHO ZE1T
B BRI oL -y WHO AEPMEARE B Bl 5 A2 2016 42 5 H 17
2 18 HF R mEEFmEREE (Royal College of Obstetrics and
Gynecologists) #¥ 2016 A7 B ARV & amoR AR B B B A AR E2 AT
» & NIBSC FsBEOURKIL 40 HEF Pt s BRI RS &5 > &
LA & S B A RS - WHO ~ EDQM ~ AEWZE MBS R - AT FCERE
BB AR 28 > 3PAEY 200 (iR BBIOMSE ~ 356 - FEE ~
HEESFHFR2EH7ZE -

NIBSC F] AR/ ELE VI L EUIRNY £ PR - & B ERECREYEE T
S T FH A R BSAEAE S th o 9096 LA #T 2 F NIBSC & B 2 vyl ik
[y - 21 4 PTiRER APk PR ZE S BRI S R AR YR L AT AT > [SIRF 3
T Rom 8 B2 2 Y5 7KEE » NIBSC BR TS HIL ST & oliE x40 5K
RS » BT REH AR TR T AN A 1E =0 Urd iR A
ETEPRER - A BTN L&A RN Y e E BT -

ATHFEFEIE MHRA 0T Dr. lan Hudson BESGSIE Ti8%% » %
Zh NIBSC #r{F Director Dr. Christian Schneider #E{7/Ez% - Dr.
Christian Schneider H 2016 4 4 H#EHE(T NIBSC #Y Director » Hi#f&E
AZEEE NIBSC #2% 40 FFARAVERR » S NIBSC 1EAY) &4 ey /A

(1) FRIrEIALERTES, ~ (2) BISEILEEER L - (3) ElEH
BEBHSE » li#EHH DR NIBSC HYBIRELETARIK 40 FEAVHARF AR AR KA
SENSIETE > WEIUEYE - (—) BEEIIISEEY) - EVIREANAR -

(=) TR EREE AR E (Precision Medicines) ~ (=) Embds

(M9) SeiERA (Advanced Therapies) > fHEANZS EBEHHEEEAIT



FE (—)  ERDURREEY) - L WRRRIRK

1975 FFERberRd (Hybridoma) FEffrayfdth » B4z BEARIIARNT—ARZE
WY > BEEAYIRGEY - BEARDUAGSEY R E Ll - BB EEY) 2 B
HE4EREBLEH /N BERRTAG A - FHBLE  BRPTIS 2 E EK
MR HEAETES (murine mAb)  JE ARG HBFEG ERESRIE - Kt
ZERMP RN ZE R EE - BHSERARNEHR I - Sl
Chimeric mAb, Humanized mAb, Human mAb %5 = 4H B Fk $1 88
(Recombinant mAb)  Humanized mAb W75 Hi R E B0 2 2 B AR
Human mAb RISEHE RIS B LSRR RIS - FHRNIEANRER R
K KIEFARBEMRP IS E ANBRE 2 RIEE - BARSH 0% > Fr—
REVEERRDUAS BUEROT (E S RIS EE Y S Ry L A IS HLE A A
B R - HATZ BRI K B RS e iR i G R -
fRIZ M S A 4H &k (WHO ) Bl PR JE S A 4% %4 (International
Nonproprietary Name, INN) Hyan#4JF Rl - BEARGUAGEEY)H a2l o G 6l
EFHE, Substem A, Substem B MIFE - FRMELL mab UFREEDL

fiz > Substem B HEFARIURRELNVANR (TR -

a rat

axo (pre-sub-stem} . rat-mouse
e [ hamster
i [ primate
0 | mouse
u | human
xi [ chimeric
-Xizu- | chimeric-humanized
u ' humanized

(from WHO/EMP/RHT/TSN/2014.1)



Substem A MERIEEEHE (AIFFE)

-bla)- bacterial
-cfi)- cardiovascular
-flu)- fungal
-grio)- skeletal muscle mass related
growth factors and receptors
-kfi)- interleukin
-1fi)- immunomodulating
-nfe)- neural
-sfo)- bone
-toxfa)- toxin
-t{u)- tumour
-v(i)- viral

In principle, a single letter, e.g. -b- for bacterial is used as substem A.
Whenever substem B starts with a consonant (e.g. x or z), to avoid
problems in pronunciation, an additional vowel indicated in the table,
e.g. -ba- is inserted.

(from WHO/EMP/RHT/TSN/2014.1)

F AR E & ARG S5 2 i en 48l oy > 55 2 » Chimeric
mAb @7$4 k5 ~ximab > Humanized mAb @44k ~zumab > Human mAb &4k
~umab ° WHO 2014 =5 2 ap 4R Al K 2 72 AR TR SpRbURS B ]
%1% (Variable domain) V region #{T545347 > Chimeric mAb 2%
FIEE ¥4 Rl IR ASRE 2 ¥k » 1 Humanized mAb 2 Fp3lEES4S A
R ETAWNG ) Pkl

Tl Ry E i R b PR B B A S P B Bk bR SR - B
Al e PR Sl e LA PG B i dm Y B AR DU RS B (R R &R (B 2 TG Bt
e o (HH TEAT LB > PUieEEY1E &%) (Antibody-Drug conjugates,
ADCs ) B FESAS (Bispecific antibodies) i Bk RS
SEY IR S B B PR AT Bl EL ar BR A G - DURG S8R S Y4
Ml EE Y B E— IS TP E &Y - (e e B A HES » IR
HATBHEE SR, - SR REEREARPUIRNE e s+ L RS ER R HUR
Gefin - HARMHTTLURE 6 R £ -



expectations and combinations antibodies in the clinic in any indication

1

—

anlibody format diversity and inferconnections  preclinical number of artibedies in the clinic

[onase 1, 2 00 3 08 Bpprownl B stown by
vk 10 light shading)

e hispacites

Comert Ozevon o= brrrucsbogy

The antibody landscape.

The & site of the Tigune [‘expeciations and ComDrations’] shows tha dversly A9¢ MeroONeclions of 1he 1ermal corcanls availacha for aibody
crug discovery. t also shows oJdr exzectatiar an the contribution of each foemat to the total field of antisedy tharapoutics i1 tho Pey 1o mid-term
future. Tre nght 5% of the figure (amtizedies N the cinc n ary irdcaton’) shows the antbody Rrocusts in Cinca cevelapment, all ndicatians,
as of Masch 20°6, civdac per fomat concep: Fhase 12 studes wera groupes with Phase 2, Phase 2/3 stucies wem groupad with Phase 3
Mut-szecihics: mixtures of 2 or mone antibody malecaies. Fragments: antbody bindrg domains wehout Fe or less than' “ul ‘ength. Molecules
an Do Ut engineerad 10 MSrove 107 NELaNca in vivo hat-lfe. Corjugatas othar antibodias conugated win radiclatels, cylo<res or othar
Nese: antibedy crup corjugates, ACC, are excluded “om the groap. Bispecfcs: cuwl targeting oy a snge melecule, othe” a fapment ar a regular
WG ADC antbedy crug corjugates 19G: PG moecuies, cassc Ig0 subcasses and Fe ergresres vadants. Data wae made avalaba by Jance
Roichert, Meip/Awww.anhbodynosiety angl.

(from Current Opinion in Immunology 2016, 40:vii - xiii)

7réH Genmab A EEHUSEHMETRH IS 2 onfiilTF & © DuoBody®&il
HexaBody® = H:rf DuoBody®Fifla-F- & Al 2 B i3 2 A2 A R S Mt
fg (Bispecific antibodies) o EERFEMHTREE —E AR TR ks
WTES TR B PRIV E —EDiAS Fab SRS (scBv) o @b
B B GG SR Y o (o H W] [E] A S — it B A A [E] Y PR R E B AL
(Epitope ) &5& © DuoBody®Hfl - & EHE = (EEA B - #EHEE R
AR FEFE A RRE < R R N 1eGl Hid8 (GFUITE) -

10



IgG1-K409R IgG1-F405L

[0<Y
S
4~
ek
.-
-

F Y(eg.24)

. 3

X+Y (e.g. 48)

E

72
+ g’ ))("Y
Controlled exchange
reaction in mixing grid

creenior best
bispecific antibody

X*Y (e.g. 576)

The simple post-production exchange reaction employed by the DuoBody platform
allows for generation of bispecific antibody Ilibraries. X and Y represent
antibody libraries. X+Y is the number of productions to be performed, and X*YV is
the number of different bispecific combinations that i1s generated during the
discovery process.

(from http://www.genmab.com/duobody/technology)

FIFRZRHY Fab BAC#ai8iR » DuoBody®HRfTREREA IEH 2 1961 4ht#
EADIRE > #%bike Fo EIBATE/ERIANAE (Effector cells) &herahEait
e FOE B R HITIRE - BRI T R ATRERY H Y - HIHEEYEh 82
FRPEELIER 1ol —H¢ - BF SR REbUe H Al EAER IR Mg (T
&) -

CDC Pharmacokinetics

: -‘.‘
037,
& et gy ‘T’

g

rarmal IgG1
bispecific 161

normal 1gG1
bispecthc IgG1

ysis(36) ——=
concentration ——s

antibody concentration ——e antibody concentration —— time ——

Bispecific 1gGl molecules have a similar ability to induce complement-dependent
cytotoxicity (CDC; left panel) and antibody-dependent cellular cytotoxicity
(ADCC; middle panel) as wild-type [gGl. The clearance rate of bispecific [gGl In

mice 1s similar to the clearance rate of regular 1gGl (right panel).

(from http://www.genmab.com/duobody/technology)
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EE TR LA HRE S T o DURRSCERIR AR — (B N ERAY N R AR
(Hexamer ) » S {E#EI2EHAHAHIRGHY Fo domains [AIHYIEI(ELS &2k EE
F) o AR A TR B G ARy 56 —(ER oy Cl S aHmE LS
RN —HEGRISE—ER sy - e S e - RS EEIURL
HRIEEE GV IR SVHESIREIE R LR > BEEIHESE LT -

- Hexamerization on the C1qdocking &

Xay
a¥a
L

[eG bound to cell surface antigens (1) associates into hexameric platforms (2).
This forms the optimal structure for binding of the first component of the
complement system, Cl (3).

(from http://www.genmab.com/hexabody/Technology)

FEWPUSTIAGHY Fo domains AIMEAINEAGHVIZA - IR G H
A 400 e ) i B R BB MR 4E A B (Complement -dependent cytotoxicity,
CDC) HYRLAR » LERIAs HexaBody FeffHyALRE o HexaBody® Feffq P& A [FHF
OREE B RS RE I IR R MPUIS ISR ) - s Rdlr B AR e AE
P FEE B R M R I 2 T T -

AN - A DTSR IE RIS - Dike IS S (AT E D - ZJERHE
SEFTHYEER o WAS S ESHTAYRDET - DUREFETR K

12



. Bindlng . Effect . Conjugate

Turw yo
\Qh! m ceo erne

Whﬂ new: Cy'os, g mae
!) ‘; Under
Multi Cell construction

Cor ety o tar Whlri L
x

ner
\h'rm s new: hiTing more than one vmn M T
ool mith 6ne product leosslics and ShAoT:

(from Current Opinion in Immunology 2016, 40:vii-xiii)

2. BRIV SR B s

AW 2 YRR R - YRR R A L RS RN
[F] - $5 {5 A o A g B[R] SRR 2 A W) (D8 A ] g B [ i 4 4 58
7 > NI E LU LSRR TGS HAE YIRS - TR DASE Ry
ELgeMERFFE (Comparibility studies) ZREEHAHENE 284 REEAE
MRS B S, (Reference product ) ML B E A EEBMERT 72 56
TEEHIREE R T » EARE AR BT S 5 M & T 2 M EER 77
o SEEREHY R B SRR ~ THEEME TS - SRR fE] ZAH
M > DUBCOR B 73 7 i PRELEE RSB ME MR I 0 &R} o A E RS & N
VIR R A R E N B R[5 A S S S A WA (S 28 1A AE
[HZ A5 -
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Different focus between originator
and biosimilar development

I I

; ;
\ £ -\
iy -\

<

%ld.

Major gosl is to Macr goal is o determine smianty,
determine the cinical effect Establstmwnt of e scienific bridoes o
the dirical experecce of the ongrator

Analical methods provide the most sensitve
wols 10 sstablah Tis scerdfic bridge

(from Dr Martin Schiestl’ s presentation)

A YRS RN EHAERHZE (Somatropin) 2
AEVIEIAEEE Omint rope » SAREAARERI B S RIHA T (Filgrastim)
ZAEMMEEINESE Zarxio » HoyFE0HIAA 22KDa Bl 18.8KDa » FEH'E
GERESYITECEEAY > MHERZ T > B 150KDa AYEEARIRSZEYI R AR TZ »
AME T 4R R AR - A2 e B R TR A ARSI A [F) R 2 PR
FERAE A o R BERR TR AR WA (AR B i B 228 B o B R Y S B L
MRS T VR S A — ) - AR SR - EER R EEEY LI
E o R LEMNE - AVENE > SR A YR E R ER o B £
R oy Z R BR B e PR AH E] - FLEb i =12 (B 6 (40 glycosylation »
oxidation ~ deamidation %) ®JAAHE - HLHIRH ERIEEHAZRN S
HME et - —RERBIES SRS BB T AES

overall glycan profile ~ site-specific glycosylation pattern &

14



W ] 2 = R e A I AR L e ahadiy - S S
LRI o IS RSN E B A G > ANERRGUAS I (U1 4%
mnZ AV & BENSH Eam g IS AR Y > AIREfR®
BO NSRS N 7 2 At 2 8 - RETADIERIRE/
KBRS ACGE I HAR (M - RIaZ AR VAR DL S Sl & R P 4 -

AT A VIR U 22 i B 222 B P MR 720 - FERE ] &t H as
BN ITE AT TORAZ ATELE AT - i 077D AR
RRIATE AR - AR VB E 2= 22 - B e eR ay T T B oy AT
Ry - —bgas CRME R ORI Z EERTE - (0 e 5 S b
G RN AR P Y SRR R B8 2 T - x OSBRI - i HIOERS
B (MR) ~ I EEE AT HP RO EE B (Fourier transform infrared
spectroscopy, FT-IR ) - Z o s & ( Circular dichroism
spectroscopy, CD spectroscopy ) ~ & Jn X #'E ¢ £ ( Hydrogen/

deuterium exchange mass spectrometry) ZFEFHINE BRSOt -

BRGNS i B 225 S Y L E R SR NME FE ELFE Fab 4t
RS S IIRE MR - thAEE Fe-#EH (W44 %] Fe gamma
receptors (FcgR) ~ neonatal Fc receptor (FcRn)Ed#fif%) AYThAREM:FF
fiti o A S 574 > A REESEIRE (Surface plasmon
resonance ) ~ Microcalorimetry ~ B¢ Classical scatchard analysis
FoRDMEERETNE M - EHNT - &5 HNE (Binding
kinetics) 3 o S5ZHLLEE 7y M 5 /A #E 1T Fab A B IhAE (140 ¢
Neutralization of soluble ligand - Receptor activation or
blockade) ~ #1 Fc AHEHZh&E (540 : ADCC ~ CDC ~ Apoptosis ~ Al

Complement activation) AYELEIMAERHSE -

EYETERY EE B AT RS R B Ay N E RIS A T LA [B] B 0] & 4
T TTE o BN A AW EERY AT T A A ROK > RN D B R
YR DIMESE LA 2 E S L 2 U N2 R > R ] FRFE ot HL B — Bl R

W
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BUEZ M 070k - ARIB & AE AT D7 VAR & SR A T 2 (18 T B 2 o0 B DA
e YRR AR -

FEMER > < 5 BB M E g D& oA BCE At ) B M o i AR
FERE » —fEE IR — AT A ERYEEHRS (Variant) » ZHEL— 25
gy A D7 A #EAT X XEE Y 0 W EE 7 S E B 7& (Ton exchange
chromatography » 1EC) ~ ZEEEE L (Isoelectric focusing, IEF) -~ Fl
E4NEEK (Capillary electrophoresis, CE)  RAHEHTRENE L ES
I TTE AR T AWM R S HERE 2 ZRER (Glycan
variants) ARl - AERASEERIALUEYDEE T T AR S S
BAEAYEN - DHEIL SRR SR A4 -

FErE S ARBEA SIS oy - JARAS AR E VENIE B A TR & T 2
SRR A 2 EEESHT ST - WA RE sl BR i i = 2 R e LU A
WA ZAAYE S AR - AHEEYR U SEEL A HERS YA 4P
FrEAYI 2 e BRSFEnak At et HRR L2 EAPE
WV - TES TR R SRR EREE o SRR HEGE A L R PR A
A o DUE R L S EIVEERE o ARV ISR 2 S aREE A
5] > W 2 SAEARRE A 4E ) RN TR AN [E] - S AR A R A Sy ERRe it
WHFE ATRESL ARG AR B - (B RS RARARRR HY A P T oA - HASE
REESHE Z A ArE B L EEER -
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The biosimilar must match the reference product in all relevant
structural and functional attributes (mAb example)

Primary structure e.g.:
= LGS i~tact mass NVR
+ LCMS stunts CO scectroncogy
* Pepice repong FliR
impurities and related
substances e.g.:
CEX cEF acdcbasic viriarts Glyco.yuuon
+ LG gytaton NPHPLCMS) Ngyoe™s
* Pepiie repon; desm Zeio” « AEX Ngycans
¢ codisbo®, muadon, gyten « MALDITOF Nghcars
+ SECFFFIAUC myregaion o HPAECPAD Ngytans
« MALOHTOF C-ghpcars
Biological activity e.g.: + HPAECPAD sk mods
« Bnaing assay * RPMPLC shab: 000
v ADOC asany
« COC assay =
» Combined cata from
cmmmon of attributes: ~60 different attributes
Evieuades Lo WVEA, maher-aion aigor®ra : ;
o Crocks red AaE Ga Yor COrsisI" Oy « Attributes “M
+ Takes 30000 OF HOYITTe afects of measured by more than
comtealorn of sl budes 150 sccous! mmm
(redundancy)

(from Dr Martin Schiestl’ s presentation)

52 - BErpiie eV OIS e RSB T > RS LR Nl

TEYHEDEEN 28 2 B LR - DURG SRR E i
ERFELEEENTFE AT (Z0EED) - B AT &S R DR E TR IR A i PR R
ZRIERIIN o AP (L4 2 FRER PR BN e A 35 e & A g e i B
af o IWEMEE 8% > EEERZETILEM G H 2
48 7 PK/PD reZ=tE 2 MU - N AeiERe BRI LR W # 2 PK/PD K %
PR M Z EE T e R EE HAY o TR R AR ES S A R Z B
o FF S ITT IR S TR Y T e S B R PR S T R s R (A
N o FEAHER R o AT F S RIS i SRR I SR - PRI
PEECHRICARR - DU IR E 2 FREE PR B b R e
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The clinical relevance of molecular attributes is well
understood: efficacy example for an antibody

AnalyScal methods (examples)

Amino acid Same as the reference product pepide maps with high resol.tion M3
smquence (AAS must be identce’) ardd GUBNGNg

Folding, disulphide Misfoldrg can decreme targel  CD spechrascagy. H-D-Exchange, FT-IR, X-ray,
bridges tinding/etloctor functions 10 and 2 D NMR, peptide mapping

C-terminal Lysine Genoraly no cfioct AEX, CZE

Deamiciation, Mmurpﬂ tinding in some CEX, Pagein-IEX. RP-HPLC, Papain-HIC,
BoAsp, oxidation poptde map, MS

Glycation mwmhm Bororate atinky, LCMS, peptide map
Glycosylation: Nwmyhndmmto ZAB-NP-HPLC, ESI-MS, sxoglyoosdase
Fucosylation digestion, MALDI TOF/TOF, peptice map
Glycosylation: mxummu 2AB-NP.HPLC, ESI-MS,

Marnose X righer ADCC digetion, MALDI TOF/TOF, poptics map
Glycosylation: thou salyiation wads o lower NPHPLC, WAX, HPAEC, RP+PLC after DMB-
Sialylation labelng, mass spoctrometry

Glycosytation: repomed  2AB-NP.HPLC, ESIMS,
Galactose :mm n sorve cases  digestion, MALDI TOF/TOF, pepltice map

(from Dr Martin Schiestl’ s presentation)

The clinical relevance of molecular attributes is well
understood: immunogenicity example

Attribute (example) Potantisl effect Anahtical methods (examples)

Amino acid sequence Defnes the product Ornthogonal peptde maps with high resclson
must be identcal MS and MS/MS sequencing

AQoregates Cortan types potertially  SEC, FFF, MALLS, DLS, AUC, imaging
MIMUNODEreC raihods, partide characierzston

Folding, disulphide Mistlded variacts CD spectroscopy, H-D-Exchengs, FTIR, X-

bridges potentialy immunogenic  ray, 10 and 2 D NMR, popSde mapping

Degradation Potentialy mmunogenicif RP-HPLC, CEX, Papair-HIC, Papair-IEX,
not natural % body peptide map, MS

Hoat cell proteins Adjuvant ofiect or compiex  ELISA, mass spectromesry
formaton

Leachables/extractables Acdjuvant efiect or effect on HPLC with fighly senstive dotoctons, mass
fadirg'aggregation specraTeiry

Glycosylation: met Mcdmm‘wn

Galactose-01,3-Galactose cotuxmad patets ESIMS, dgestion, MALD!

mmwumm anOF . peplide map

Giycosylation: Nm Potentially mmunogonic NP-HPLC, WAX, HPAEC, RP-HPLC afor
neuraminic acid DAB-abeling, mass sowctrometty

(from Dr Martin Schiestl’ s presentation)



FE (D) T RHEEBHGERE (Precision Medicines)
1. A BRI AT

PFEARBPR R ERF (Next Generation Sequencing, NGS) Hiffy
RN - HEid s S a8 » IS T9%
B2 R lo B SR EL N BG R ST 38 I - Ry B2 B = s B
FRF S AR Ze RN G A 5 B RS R R i 2 AR A
g% > FEREAE R (L BRI PROL SRS - o0 (8 S e i =\ - KiEfe
VAR - ERRIE B DA 0 2 7 B S Y (R AU i
2R E e A AR eSS - FREICERE - REBE O EEE
i DRI 2 BFEHEA - (A AR LEESARFPIIER - &
FREHE T LS RIS - S & ST N 8L Bk - Wi
LS sk o IR IR SR A AR B 220N H R B3
TSRV B EE -

BB 2B R il A B AR RS (Biomarker ) AYREARSEIR - (g
Pt & rEmE2Hr (Companion diagnostics) f¥5s HATH&E68 3% >
B —  INMERSN2ET R R IR P H 2 B T AERE 2 S
MMEBREZ %0 ABITEER 7Y ISR BRI T i e BRI a8 &
THEEY) » FIEERCEEYIRRS SRR SE - B CEAHE A LB R i

HEEFY NGS f ot SR ARSI E 2 528 - AHRH Z Al AL
B OK R B oA B B AR B A5 B B R Z PREK © RS > NGS HY
RO - ERRIER RSN - TNE S B L ER R s
PREK - B 7 — A2 B R R Bl B R~ BRUE - IR T
EE T AMERSE > NOS VBB Bl S © EHER B RERE (BEF
BAVIEE ) ~ BUREH B ITERHAE Z BN - HRISEEE

PR BIAEBRER & TE S5 I 5B NGS EFIHAHE Re2 Br<Bis Z MHERTES | - HATE
Bl

19



* NGS WHESERC A2 2 T AERA RE e P R B R B ok, -

© RIS L AR (BB ERIURER) AR
o NS MR SERERORREN SOP U » s AR
HE AR RHY - EHER NGS LA (TS S

- ERRNFEEETEOEERREREET  AREREES
1 NGS AV BTSN A T B B BR S I AR » LARE(RHRHIAE
FYBER -

- JERItmEEWEET A - e EREEEE e -

. NEERZENSHYE

Bt T AR LB 2 750K HHRAE IR B IR Y
[1lumina AEEAZEE] NIST #yAEIL2EYE (Reference materials)
et Rl E ) » 55 » NIBSC 2 — gt Ak 4H 4% (WHO) ARl
BRI PEAEE AR - R BN — (L ERS S N2 B ARG DNA 251
B o MR 2 NS DNA 25 YE 210K B 5 R ITTAVARRERE
HHEEHL - RECEAHRIE ] BE B R 288 - WHO BRISARE mnll IR T (A
BT R sl 2 EHIRAE - 2 L ER IE R A B B s 2 SRR i
> BCBERTAE R ~ St AR IE N BREJIH - NIBSC E2# 1L Fragile X
Syndrome gDNA ( Ist International Genetic Reference Panel ) M
Haemophilia A, Intron-22 inversion, gDNA ( 1st International
Genetic Reference Panel ) FEEFEEERELEL - LIEH Bl - ZIELEM
EHEE 4 TEES > SRk 1 06/186 Male normal, 06/200 Female
normal, 06/204 Female carrier, 07/116 Male affected » &7 fZAE M
& 20-30 g REHEZIE genomic DNA - &8I [EREEFITHEREHE N R
pEEfE PCR (Long-distance PCR) Bimg Jjs&%67% (Southern blot) Zad
& o [EAh > NIBSC thBUMET 2 G TH Aatia 2 BT - 40 THLA-
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DRB! Genotyping Reference Panels ; & o

3. REBEYIRRE (Liquid biopsy) MHEAWFS

DA fE 2 B iR 8 o e R B AUE e Rciior i 4 - DL
NGS e HITEER I R = a4 e ARG ER DNA 5 B - R {EER SR DNA
(Circulating tumor DNA , ctDNA) EEAMHE FEEHVRCE - BI{E R
INEINRIRAS 52258 - RN AE 35 3R - HAGERAERE DNA B ] & AR
sC (Biomarker) ERfRFEEESD » TN AT IR BHIFEE GRS TR - FHEUN e
YIH - HESsa R R « Ot AT AN 2 R > I EATAR
FR RT3 R - SR TSRS - TR A ZIRES AR Y fH R
BHFERR R T AR AR B R S S FR B RS

4. KBMRE (Metabolic phenotyping) S3ArHERAIASE

R B RO R R T R E AT o P R iR B H Ak P B>
) RN S Wi e B AR Y& SRR RHROE R - (AR
RISy AHBRAH e IR B G P S e - RSB YIRE SMZH R ARG EE

(Systems medicine) EHZAYIZ - #HE SRS EEE T
B NSRS BRI A TER N B RS E & Bl 2 2201 o R AUEH
WAL 2 AHBRL TRl & GC-MS, UPLC-TOF-MS, NMR, CE-MS % - Hpi
BT 2e B = B BB B 0 248 (Real time MS-based tissue
diagnostics ) [EIfEAY » HHEANY B E HIEBLTAMERCEIFF BN - 2
H RTHHEEL -

FE (=) - EEbTE
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1. FEEHIbTEE RS

DITRG B2 AERIACER - e PR T % B R i 5 WO
DI N B 2 A RN BRI T2 - R i B A a0 2 B IEL
R o BEEHOR RGN BT IR - EEEE A EER - AT AR N A
AEHERE > TR AE BTS2 -

MBEARGE 2 B R R B N S LRI L sk & s v > T
AR TV B e B S8 - R [E| PS4 e AR A A e e
INREGE M o BEE AR 5 fnl 2R R R T B AR T s Y 38 e » [ m) e
E% (Reverse vaccinology) CL/& H Rl i E2MEE 0 F25RNS - BIIFE HN
FeARFPFILEE T - BRI AR SR E 2 E0E - BIEA

TSRt BIPUR - RS AR URRER - BIE KBRS
IRFfE] - TRRMER IR B AS » SEEE 2015 4 5 HA#EYABRL) HE
FFEfE 2 B USRI 2 SRR HRZ Professor Rino Rappuoli ZEAFIA
[ I R SRS IS 2 e i R A B S R R R S A BUBEER
FPUEEMEA R 2 g - HAbT s e SR T

o RN GERE AN R - (T i S RIS IR e T 245 1
mHE2 (Structural Vaccinology) > EIF|HAEMGEREEE NG H AR
EIIZHIE -

o BRAEYIEE (Synthetic biology) HVMEEINCERI NS M ZiHEE - 48
LEEREERE (Viral vector) BEWEHE - IRAE A HEMERE
SHERRAHEEE S > 40 SAM (Self Amplifying Messenger RNA) F&ih

ity iy P SRS

o FEEIINTEE HARC RGBSR R EITR R MW - R4 S ik
FlfZE N BTEVIRFEIEREEDERR - AEAE ~ PTZ0EERE - #
B RS TR IO TR A e e Ay S f 22 ]
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2010

Reverse Vaccinology
MenB, GBS, G

1990

ugation

Recombinant DNA
Flanat

Empirical Approach

(%8 Professor Rino Rappuoli FE#H7)

Reverse Vaccinology a genomic approach
for a Meningococcus B vaccine

¥

Eryess )0 potential vaccine candidates i

recombinant
proteins

350 proteins successfully expressed

In silico vaccine in E.coli

candidates
91 novel su!ce—exposed

proteins identified

28 novel proteins
have bactericidal

activity
L T ¢ ; v, v

%g‘ I ;’ﬁ ‘ VACC:E CAN:IDATES

(fHE Professor Rino Rappuoli f&#)
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2. BrEUNGLRER R

THF A4S (WHO) 7Y 2015 4 9 H EARRERIRFREE 2/ NSRBI
F o 2k HATERP T R BRI ER A 5 — B N SRR 3 AR ik
ZFAT o B R e & S BRIR RN FERB SR - 8 R S M ek T B
(Oral polio vaccine, OPV) FIRES[REZ/INGURGERE - H 2011 4 9 HilE
PEAARTE(E/ N B E S (Inactivated Polio Vaccine, IPV) - FH
TS R INGURRER B TARER » WHO 5188 = (8 DI AR S M R e 5 e SR e i
Wi{E (OPV1 i OPV3) » DU TR [ AR M/ N G RREE s 1 % A S B T B B0 v
DTARRS [/ N SRRERE

NIBSC t 2 BRI/ N B s bt e% - Bl

o EIVNSERCBR IRV EER > Ate TPV R RS B RS RE TN
e F AR 2 by - BRI O R e AR AR

o FIAZERTREG KBS /NG ERHE 2 JEWESEA (virus-like
particles,VLPs) -~ Hin[AMEERFEHEE - HEMERTET AL
R EBENEE > NAENEKE GRS - FEE/ NERBERRER
5 -

FE (M) = feEsE (Advanced Therapies)
1. BRGRE
R e E EAE BBt EE R ESRE T 10 SR Er e
W2ei% » FREON 2012 A S —(EERUEHEEET Glybera  JEEERE
B T IS E O HEEEEE= (lipoprotein lipase deficiency, LPLD) B
FEHEEYE > MR B n] DI R VB R R i B B AR R B T - R EESRER
FLIR e st F P B R B AH B R i A T RE Y 1IE s R R 24 A8 E4HAEAY AL
Rfg+ - BESRIEFHENER - 2 RIFHIEE DR afmEmm - Byl
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ST ARG RA S RERIBR - 2Rt $HEHEE B RRAINTST -

RRBFEE TR E A —#Ee (Vector) SAREIEZLRS > HAIER
T HERPRS R E B HRHERE R4 B HIREERE 2o
R HRR P 5 (Adeno-associated virus » AAV) ~ AR B G0 5 50 AG
(Lentiviral vector B¢ HIV vector) % » BENEEMYEEER » BITHZ
EHUHE BRI E R ITAYEES -

HLib B — RN (R AP - BEC ATHI S B CHVANEE SR8
RrdiRE (BAR AL 2 B ARIRERES ) Ja5% - EEAHEERE B
R B RE RS R B B R AR ERS e - A —HARA
R EA BRI AT FE B A 78 m 75 % » Professor Mary Collins
WCTERIRZE 25 i al B RAEZL M - AR ELE TS A E AR
HIEHE RS (gene-delivery vectors) > MFEER4LREEFIMT (gene-editing
technologies) #¢2& AFREEPRIEM - 55 HHASRHEIE m] BE 2408 A WY ik
R EELI T -

H A B Ry A HITHY A A G 8 152 1 (2 CRISPR/Cas9  (Clustered,
Regularly  Interspaced, Short Palindromic  Repeats/CRISPR-
Associated Protein 9) $Zffiy » CRISPR/Cas9 /& RNA 5[& Cas9 f%F&NHE
¥ BRI TAR ARG - BEZETEROIY 2013 A BHiASRE - (Hif
REFERB S TREM: - R H RIS EA T A RN wiE g T A > 2E
Duke A%£2 Dr. Charles A. Gersbach WZEEBATHAF]A CRISPR/Cas9 7
flrpeEhiics B A MK AAZESHE (Duchenne muscular dystrophy, DMD)
/INEREIHLA AR KL TiRE > BHRLT CRISPR/Cas9 it GE 25
BRI RTREN: - EA AR A T AL BT T ARSI 5T » R2KH]
SEEART T IESERE (Huntington's disease) ZFEEE—JLRZES itk >~
R B R o (EAERH < PR ORRRESE (off-target effect ) BIATAE
G BT A E M BRI 20 e 1 S AR B S A

HH R RAVE R NE g L - ZRD A A PR
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PSR RN E RS 7 - N H A2 A — (S A5 7A ] LU N E A 2
Hifi_E R B B I S e H A% b s EE BRI 4R

BT E R B BRARR G REE ~ /LB B 25 S R M 51
REMERE S EREH S ER =TT AR ILOIROR - Kt
BT E R i E RS AR E A LT A HE R A R Y 0 GSK A
BUER T FARE ST 2 #k8% (Injectable vectors) AR TTLLIHE
TR R Z A VB SRS o i a A AR BRI L B T AR Rt A
E

. HIFER

A H BERr AR AIZE T 5T - A B A A TE SRR AR YRR ARG > 8K
DT o (ERrAHHE A R ST Ry B PR AR B R S A T

P B4 4 B B (E s I 23 ( International Stem Cell Banking
Initiative, ISCBI) ZHHMIFE NIBSC HYZEEIFH4MAEE &R E 2 4
FERERE - SRR = BRAEAE - A B E B A A A =
MUEARE T SNV AIE, - @ BA L BIREAE - G asrdiitA
[~ FHES T RIS - BEKE 24 EERECITRAEYES 0 £
BT U B 52 - BB/ NN R T IR 2 A
REERAHREGE R TERR 2 B R B BRPR LG, - WA RGIUE T 2 RERr 4R K Y
GEL-L=JiEr vty SN i W ONE Y MV B -t s DR O e
Fi%EfE (donor selection) ~ 4H&%AHL (tissue procurement ) ~ AHAEA
& (cell banking) ~ f&7F (preservation) ~ f@Mll (testing) ~ {7

(storage) A% (shipment) FHEE{EHHE -

EFEERAIRL IR ER Y 2011 SFESERMI AR B AR 38 (HEE=E
125 {EAEREREERAEREL 11 (& iPS 4HAffk - DL T i tedipt e B
SLHEMEER - RSBARAVIZEISERIEE » B AR RIS
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EFRRIF BRI E R AN - REHBIITZE MR -

FEEERATHEE (UK Stem Cell Bank, UKSCB) Bu4HpEifseAyEiE &
MR FRHEEHTE 2 A SRR AR o N7 S S R R P (LR R E P A A A
PR o TR tB A B AR — 0 [5IRt S R SEE A tH FRELA
R ZIERFEENBUREES - MRS TEr AR 7R 2 R L
512 > 41: International Stem Cell Initiative 3 (ISCI-3) SZaPfdizE
A NEERHU USRS teratoma assay ZAI{THERASE » teratoma assay H
A Ry NI RERp4liE (hPSCs ) HYZREMESF(LEEE ‘gold standard
— WIREEILARINEER T A - B AT HEER B R B B L A AR 1B
ZRERTTE - LR E A -

. NIBSC FESCERFEI EINAT
NIBSC HVERSEFeHEAE  fE ROEI TR » TE SRR AT - #rdl
REE BRI AH 45 AR S ARV EE PR IE A T > HE T BTSRRI
T
o FROMEERE S - Rt R EIAE S W A e 2 iR
o FRMLE ¢ WEBILEE 2 7 A LRSS Y B IR e R Y A
M BRES A S DNA (Plasmid DNA) » FRAHREE %% 58 ( Adeno-

associated virus, AAV) > MEJEE#EEE (Lentiviral vectors) Fl%E:
RIS 4MEE (Genetically-modified cells) HYEE M

o MEFTHISE ¢ S1F T BEWPLE R 2 AF 2 S A 2 AR T s B i RO
AE » i NIBSC RE#EIIA BEMNERGE & m 2 miE S8 - 24
FIFEFF - ZH > NIBSC LT & 2 A ) B TE R 2 Sy 22 4
M o
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o AEFEAAEE (UK Stem Cell Bank, UKSCB) : EEHMZE 5 T ES
AHAEEL iPS AHAEAAE(LILORGE - DARRML B TES] RAFAVAHAERR - PRt
BHFEA - TR ELEE g S i f TR PRI I -

« NIBSC ZEXHHE B L EHER= (0fficial Medicine Control
Laboratories, OMCL) ARUGIFRAELEIE - Z 48450 H 0V E$T ¥ B
(i Z BB A an - ET T AR AR ZE A A B 7 VAR 2 T AR A B T
{F

* NIBSC 7R2: BB EE /B B e e A Z B & (European Medicines
Agency Committee for Advanced Therapies, EMA/ CAT) Y LAEJ5
Z - E BRI EEONY AR A E s 5 [BLBER -
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O~ 5 K2 &

1 EARDUBGEE K BEIR TR AR YR (DU B ST R A AL R L A A B Y 3%
RS NIEZEm PR SR - TEI AR Rl 2 AH b St g B == e HE
XK Z o E B BARAS ] E B

2. W= B R e Y F B AR g Y e e - —Sh e IR E R AR Yt
AP B 2 S i LB MERAST - WS T 1S5 BRI Sl 4 P I e
FPoll SRR 126 < oo b - x JEEESHE - RO R (NR) ~ #1r
B AT AR EEE % (Fourier transform infrared spectroscopy,
FT-IR) FERNEL B 2 ot - FRERMY 57 4R T AH B R i 2% e B
&R -

3. TERBFPRIECERF (Next Generation Sequencing, NGS) Fiflghy
MG Hsim ROV R AYTE I E AR - IRy R
B2 B R o B S LN RS R Se 0T 38 R - (R (SE AR E e ilc a2
By ARERIERIPSEL - TNEARLERE 220 Ry H AT B8 VB I 2
FESE - BT GRR EAERAR i R L A -

4. BEEDEETHYHES BAEYIREEC (Biomarker ) HYPEGESEIR - (1 ¥ 445
SEE o2 (Companion diagnostics) B/ H AIHTSEGH % 2 i
B2 — JMERSNCETE R (R FERET T H R - a2
{E BB - H BN S8R 7 RS R BRI RL 2 55 e i /R BRI
SEMEEEY) > NIFEEEEEY IR SRR > RHERE LB E i
HEN A R E AR i s B E A -

5 R NGS il e R BB M 2 28 > MR Z AT AR ~ HEY
TR RBAE ITE B E R A5 B £ E TR 2 PRk - R4 - NGS HHRZ
MFHEEED - BIRERRFEE RN TE S B e 2
PR - B T — e EmEs AR Bl BT - BT - IR
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10.

THEFESTAMERSN > NGS HAEE | EHERMRERE (BEFEF
SEVIRENESE T ) ~ BB HEL TSR HE 2 IR TR > B
IR SR 32 -

AT AR K IRl (NGS) FREERIE R 2 il g e - AL il
AR LB 7K > AH RS R M P IR a R IR B R Y
PEEERIRIEFIRIER K - R NGS V& 2 HIREEE LS E R AR (E 2
R B RE R R R S5 -

LA NGS #Hilfm HfiEEEHERS DNA (Circulating tumor DNA , ctDNA) B2
AHEEAENRR  HEBEIFRAMEZEEEY R (Liquid
biopsy) BRAJEKAEYIESS (Biomarker) ERfGEEESN - 78] FHFA B H]
FEE ARG R - e Y R - HorlliHa b R A2 ~ o ma et
B AMEZ R BT AR ROt S mepzh - 45 I SEMRTT - B
(EAHBARHFE R R AT AR AR B R A SR S e B R - PRy AR i L AERA 2%
B .

R AR SRR R O R E R o i SR EaH 4 B = 1Y
&) - RN EE W A& R - (SR
RIS BRI ST IR B s e - A YR i Z AERAR T B &
GC-MS, UPLC-TOF-MS, NMR, CE-MS % - H mifc#rit 7 Tk e 1 RN &
MZ4 (Real time MS-based tissue diagnostics) > FHEEHAYSEEH]
BT AMERUE IR B - 2 HATaPkER - IR TR R AR 4
B .

b e BN e S RS R R B AR P a3 - #E R [ 2 AR5
ELE T - ERETENE RS IENE N2 E0E - BIRER " &%k
M BUR - fE S e A R URAVRER - B8 KRR ERE
ELE H AT e b 28 oRig 2 8 - HHRASS R/ NME SRR -

AL AR E NG R Eae (e & AU FE A EE RS - H AT
T &R BB E A L BIROR - RSO B R A4
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11.

12.

FERIAEAL T ARV A FR 220y - AV BRI B Rt B 4G 5 2 S
(Injectable vectors) i Ry A] AR EE B iaT o] Z A8 hn kit
o35 ik A FH BE R LR AR i th 2 A N -

EOTERIRIE R 2 N reardlipE G ik 2 B S S E RO R R
PRI - SHRrdlpER R AR R G AR R R AR S ME S R %
PIREA:

SEZET & - FREHERDUIGEEY) - FEREEEE - b RO A 8
e H RS B R B B R MRS L R B S B A R SIS R I 1L
SOREE » ERRTE RV S EIR B 2 BRI &5 - AR
W B R SR RS U7 5 B PR R, -
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