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MULLIEHN MULLEHM

Low-hanging fruits Mariousy4eHHble “HeoyeBuaHbIe” Benku.
HeT cTporoii koppenaumm
reH/6enok/3abonesaHune

XOPOLLO N3YyYeHHbIe, HO “CNOXHble angd
paspaboTtynka” 6enku (UHmezpasibHble
cepreHmMuUHo8ble peyernmopsbl)

CnocoObl NoncKka HOBbIX MULLEHEN

CoBmMecTHbIe npoekTtbl ¢ HUU

KoMnneKkcHbIN aHanun3 curHanbHbIX

nyTem u ux B3amumoaencTBmu Moanepxka uccnefoBaHWUM, HaNPaBEHHbIX Ha
Banuaauuio MULLEHeN

reHoM+npoTeoM+3K30M+TPaHCKPMNTOM+UHTEpaK
TOM...+ “cumnTom” Novartis + Dana Farber Cancer Institute

ncnonb3oBaHMe HEeHOTUNNYECKNX KIEeTOYHbIX Merck + Harvard Medical School
TecToB, 8 M.Y. C ucriosib3osaHuem MKA k muweHsim
Co3paHue Hay4HbIX LLIEHTPOB

Prizer 2 Center for Technology Innovation
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Antigen category

Examples of antigens

Tumor types expressing antigen

Cluster of differentiation CD20 non-Hodgkin lymphoma
(CD) antigens CD30 Hodgkin lymphoma
CD33 Acute myelogenous leukemia
CcD52 Chronic lymphocytic leukemia
Glycoproteins EpCAM Epithelial tumors (breast, colon, lung)
CEA Epithelial tumors (breast, colon, lung)
gpA33 Colorectal carcinoma
Mucins Epithelial tumors (breast, colon, lung. ovarian)
TAG-72 Epithelial tumors (breast, colon, lung)
Carbonic anhydrase X Renal cell carcinoma
PSMA Prostate carcinoma
Folate binding protein Ovarian tumors
Glycolipids Gangliosides (e.g., GDZ, GD3, GM2} | Neuroectodermal tumors, some epithelial tumors
Carbohydrates Lewis-Y* Epithelial tumors (breast, colon, lung, prostate)
Vascular targets VEGF Tumor vasculature
VEGFR Epithelium-derived solid tumors
V3 Tumaor vasculature
a5p1 Tumor vasculature
Growth factors ErbB1/EGFR Glioma, lung, breast, colon, head and neck tumors
ErbB2/HERZ Breast, colon, lung, ovarian, prostate tumors
ErbB3 Breast, colon, lung, ovarian, prostate tumors
c-MET Epithelial tumors (breast, ovary, lung)
IGF1R Lung, breast, head and neck, prostate, thyroid, glioma
EphAd Lung, kidney, colon, melanoma, glioma, hematological malignancies
TRAIL-R1, TRAIL-R2 Solid tumors {colon, lung, pancreas) and hematological malignancies
RANKL Prostate cancer and bone metastases
Stromal and extracellular FAP Epithelial tumors (colon, breast, lung, head and neck, pancreas)
matrix antigens Tenascin Glioma, epithelial tumaors (breast, prostate)
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Monoclonal or
bispecific
antibodies

Cancer antigens

—

Cancer cell
over-expressing
cancer antigens

Natural killer
[NK] cell

e.g. Her-2/neu
EpCAM
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NMPOTUBOPAKOBBLIE AHTUTEJIA
FDA APPROVED

murine lgG2

low-grade, follicular, ar transformed NHL

Antibody Target FDA-Approved indication Mechanism of action
Trastuzumab (He rceptin‘) HERZ HERZ-positive breast cancer, as single agent or in combination with Inhibition of HER2 signaling;
humanized lgG1 (ErbB2) chemaotherapy for (i) adjuvant or (i) palliative treatment; HER2-pasitive ADCC

gastric or gastroesophageal junction carcinoma, as first-line treatment in

combination with cisplatin and capecitabine/5-FU
Bevacizumab {Auastin“) VEGF For the palliative treatment of colorectal cancer, non-squamous non-small Inhibition of VEGF signaling
humanized lgG1 cell lung cancer, glioblastorna, or renal cell carcinoma
Cetuximab (Erbitux")* EGFR In combination with radiation therapy for the initial treatment of locally or Inhibition of EGFR signaling;
chimeric human/murine IgG1 | (ErbB1) regionally advanced squamous cell cancer of the head and neck (SCCHN), | ADCC

As a single agent for SCCHN patients with whom prior platinum-based

therapy has failed; Palliative treatment of pre-treated metastatic EGFR-

positive colorectal cancer
Panitumumab (Vectibix”)* EGFR As a single agent for the treatment of pre-reated EGFR-expressing, Inhibition of EGFR signaling
human IgG2 (ErbB1) metastatic colorectal carcinoma
Ipilimumab (Yervoy®) CTLA-4 For the treatment of unresectable or metastatic melanoma Inhibition of CTLA-4 signaling

| IgG1

Rituximab |{F{itl.ma|n‘i and cD20 For the treatment of CO20-paositive B cell non-Hodgkin lymphoma (NHL) ADCCG; direct induction of
Mabthera™) and chronic lymphocytic keukemia (CLL), and for maintenance therapy for apcptosis; COC
chimeric human/murine !@Gd untreated follicular CD20-positive NHL
Alemtuzumab (Campath™) cDs2 As a single agent for the treatment of B cell CLL Direct induction of apoptosis,
humanized IgG1 cDC
Ofaturnumgah (Arzemra™) ch20 Treatment of patients with CLL refractory to fludarabine and alemtuzumab ADCC; CDC
human lgG1
Gemtuzumab ozogamicin CDa3 For the treatment of patients with CD33-positive acute myeloid leukemia in | Delivery of toxic payload,
{Mylotarg®) first relapse who are 60 years of age or older and who are not considared calicheamicin toxin
humanized lgG4 candidates for other cytotoxic chemotherapy (withdrawn from use in June

2010)
Brantuximab vedatin CD30 Far the treatment of relapsed or refractory Hodgkin lymphoma and systemic | Delivery of toxic payload,
iAdcetris™) anaplastic lymphoma auristatin toxin
chimeric 1gG1

[ "Y-loritumomab Tiuxetan cD20 Treatment of relapsed or refractory, low-grade, or follicular B cell NHL; Delivery of the radic-isotope

(Zevalin®) Previously untraated follicular NHL in patients who achieve a partial or yitrium-90
murine lgG1 complete responsa to first-line chematherapy
H-Tositumomab (Bexxar®) | CD20 Treatment of patients with CD20 antigen-expressing relapsed or refractory | Delivery of the radio-isotope

indine-131: ADCC: direct
induction of apoptosis
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TUNbl MKA. MEXAHU3MbI OEUCTBUSA

Variable
Constant I I
Fc
Murine Chimeric Humanised Human
-omab —imab —zumah —umab
Antagonism Signalling nC ADCC Vehicle
IgG4 IgG lgGl IgGl lgG1
IgG1 : IgG2 ; 19G3 lgG2
IgG3 : [
lgh ' !

v

Prodrugs
Radionuclides
Toxins
Fluorophores

Complement

v v

v ¥ v

Matalizumah Muranomab Alemtuzumahb Alemtuzumab Mot used in MS
Daclizumah Rituximahb Rituximab Rituximab

Ustekinumab

Infliximab

www.biocad.ru
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Rituximab Infliximab and Adalimumab Tocilizumab
Blocking of TNF ligand- receptor Blocking of IL6 receptor- ligand
ADCC by macrophages interaction interaction

and NK

Signalling leading
to apoptosis

Infliximab or
adalimumab

Rituximab

Soluble TNF ligand

Complement-mediated lysis

1 1 I

B-knetouHaa numdpoma. PeBmaTouaHbIi apTpuT, PeBMaTOMAHDbINA apTpwmT,
Nnerikemua, peBMaToOMAHbIA apTpUT ncopuas, 6onesHb KpoHa ncopuas, 6onesHb KpoHa
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rl/l6pVI,D,OMbI, TpaHCreHHble XXUBOTHbIE

w  OucnnenHble metoabl: oaroBbIv U KNETOYHbIWM Ancnien, 6eckneTouHble CUCTEMBI

Table 1 Comparison of major technology platforms for therapeutic antibody discovery

Platforms Main applications Major advantages Key disadvantages FDA approved therapeutic antibodies
Hybridoma  Generate hits and research Mature technology and Potential [ Orthoclone, Zevalin, Bexxar \

reagents cost effective immunogenicity
Humanization Generate therapeutic Well established and Not fully human ReoPro, Rituxan, Simulect, Remicade, Erbitux, Adcetris,

candidates low cost antibodies Zenapax, Synagis, Herceptin, Mylotarg, Mabcampath,
Xolair, Actemra, Avastin, Tysabri, Lucentis, Soliris,
Cimzia, Perjeta
FPhage display Generate hits and Large library size ~ Not all antibodies express Humira and Benlysta
therapeutic candidates (> 10E10) and robust  well in Escherichia coli \ J
screening; ftl]Iy human and Tequire engineering
antibodies

Yeast display Improve affinity and Eukaryotic host; Relatively small library None

stability targeted sorting by size

FACS

Transgenic Generate therapeutic High affinity fully Technology accessibility | Vectibis, llaris, Simponi, Stelara, Arzerra, Prolia, Yervoy
Rodents candidates human antibodies

www.biocad.ru 1 2
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TPAHCIEHHBIE
XNBOTHDbIE

M 1990 — nepeble TpaHCreHHble MbILLKW
(XenoMouse)

1 TpaHcreHHble MbilwK: SCID + NoKyCkl
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HSC (hematopoietic stem cells)
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METOAbI AUCIMNEA > OOVMH MONEKYNAPHbLIM KOMMANEKC AHK X NPOOYKT 3KCMNPECCUU
NrEHA (OOHOBPEMEHHAA PABOTA C OHK N BEJNIKAMW)

Gene » Panning
library

‘ Na

oiv I Ay

| e — |
‘ nmmM@@

www.biocad.ru 1 5
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UmmyHu3ayus mbiwel, KpOJIUKO8, JlaMbl.
CuHmemud4eckas u npupoOHasi HaueHble Fab

6ubnruomeku aHmumesn 4yesoeekKa
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iiii [

MaxkcumanibHOE CTPYKTYpHOE Pa3HOOOpa3nue aHTUTEN
Oxozo 10'° peniepryap Ha ocrose 2 VH and 2 VI ueneii Bricokas cnenu@uyHOCTh, OHMOIOTHUeCKas CTAOMABHOCT U MEHbIIIAs

MMMYHOT€HHOCTb B CPABHEHUU C CHHTETUYECKUMU aHTUTEIaMU
VnydimeHHass cTaOMIbHOCTD, SKCIIPECCUsT | i p

() () 8 (v
YHUDHUIMPOBAHHBIH TM3alH KAH/IUIATOB B CPABHEHHH C Nmmynnbie 6ubmmoTexu okoio 10° permepryap (paroBbIX TUCTUICHHBIX
IPUPOTHBEIMU AHTUTEIAMU OnOIHOTEK.

Bonbwoe 4yucno cmabusnbHbIX, 8bICOKOCNTEUUPUYHBIX,
HeUMMYHO2€eHHbIX meparneemu4ecKux kKaHoudamoe
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1 Bo3MOXHble ) )
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d Microbial surface display
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% [lepsoe

2 MAT Ha 3Tanax

6I/IC|'|€L|,|/|Cb|/|L|e — MCCﬂeﬂ,OBaHMM

ckoe MAT

Tumor cell T cell
gpcaM = Catumaxomab w3

Macrophage, NK cell or dendritic cell

Anti-CDI6 scFv Anti-HER2/neu scFv

www.biocad.ru

o

KnuHunyeckue nccrnegoBaHua Ha
paHHUX cTaanax bucneundonyeckmx
aHtuten CD3+: CD19, CEA, CD20,
gp100

KnnHunyeckne nccnegoBaHua Ha
paHHUX cTaanax bucneundonyeckmx
aHTuTen “oaHOTUNHBLIX OenkoB”:
EGFR-HERS, HER2-HERS3, Ang2-
VEGFR, IL-4-IL12

[Nonck onTUManbHON TEXHOMOMN
co3gaHust bucneundnyeckmx Monekyn
Ha OCHOBE MOSIHOPA3MEPHbIX aHTUTEST
N UX JOMEHOB
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YBeauuenue 3pGeKTUBHOCTH
AddunnocTs 1 b

JIeYeHHUs] U CHUKEHHe pPHCKa
cenu@uuHOCT, | ME—) P
BO3HUKHOBEHMS MOOOYHBIX
3¢ dexToB

CHI/DKeHI/Ie I/lMMyHOFeHHOCTI/l
YBenuenue

TePMOAMHAMMYECKOM
cTa0MJIBLHOCTH, PACTBOPUMOCTH U
YCTOHYMBOCTH K arperauuu

4

YMeHbIIeHHe YHCJIa TOOOYHBIX
3¢ ¢eKToB, YBeINYCHUE
3¢ PeKTUBHOCTH JeYCHUS

||

YBesinueHue ypoBHA

NPOAYKIMHU
u ctaomiabHocTu 11D

N

MonynupoBanue 3¢ ¢eKTopHbIX
cBoiictB ADCC, CDC, ADCP 3a
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9 S|mp|e — a Comp|ex

HanpaBneHHas rymaHum3auusA - orpaHmyeHHoe
4MCno BapuaHToB

m  CDR-grafting

n  SDR-grafting

w  Resurfacing

m Superhumanization

“  Human-string content optimization
PaHAOMHaﬂ rymaHm3auunsa — 6onblioe ynicno
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pasHoobpasus
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e E—
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2 YBenudeHue NPOAYKTUBHOCTH OnTtumanbHasa gosa

—N

m CosgaHue [T1O Bpems nonyxumsHum

a1 XpaHeHue [T1O % MIMMyHOreHHOCTb
CtabunbHOCTb Arperauus

NpenckasaHuve: CnoxHo obecneyunTb OLEHKY B
BbICOKONPOU3BOAUTENBHOM hopmaTte

FepmnanHuHr
3aBUCUT OT YCMNOBUN KyNbTUBUPOBAHWUS KNETOK,

Monck n aHann3 KOHCEHCYCOoB OUUCTKN

Moaudumkaumm: - HanpaBneHHbIN To4eYHbIV MyTareHe3 U3BECTHbIX CanToB,

5 CHMXalLWmxX arperaunto 6enkos
BHeceHue cTabunusnpyrowmx MyTauum:

“coneesblie mocmuku”, S-S cessu MpUYMHbI U peLIeHns:

AnuMmunHauma HexenatesnlbHbIX aMUHOKUCIIOT: B3anmopgenctBue 6enkoB B HeHaTUBHOM popme —
3apsiKeHHbIe aMUHOKUCIOMbI 8 2u0poghobHoOM s0pe 4YeM Bbille CTabUNbHOCTL, TEM MEHbLLE arperauus >
KapkacHou Yacmu yBelrinyeHume CcTabunbHOCTH

CymmapHbIN NOAXOA: aHaNN3 CUKBEHCOB — aHanm3 B3anmopencTBme 6enkoB B HATUBHOM COCTOSIHUM

BO3MOXHbIX CTPYKTYp — CO3AaHme 6ubnmnorek 3a cyeT rmapodobHbIX y4acTkoB > U3MEHeHue

onTnMarbHbIX BapnaHTOB U X CKPUHUHT o
N30IJINIEKTPUNYHECKON TOYKU

www.biocad.ru
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BICCAD

Biopharmaceutical Company
OueHka apPUHHOCTU K aHTUreHy - MmaTypauus
Hecneunduyeckoe cBa3biBaHME, KPOCC-PEaKTUBHOCTb

KOHKypeHTHbIN aHanus
PyHKUMOHASbHbIE KINETOYHbIE TECTbI: NPONUdEepaTMBHbLIN TECT,

aroHn3am, aHtaroHmsm, nHtepHanmsauma, ADCC, CDC

¥

KoHBepTauunsa B nonHopasmepHbin goopmat ans Fab-kanongatos
[MpenckasaHme canToB NOCTTPAHCAALMOHHbIX Mogudukaumn (PTM)

OueHKa nNoTeHUManbHOM NMMYHOreHHOCTHY nocnefoBaTenbHOCTEN N =
['YmMaHn3aunsa nocnenosaTeribHOCTEN

3meHeHne bapMakOKMHETUYECKMX MOoKa3aTernen

OueHka cTaburibHOCTH, repManHuHL

OueHkKa arperaumMoHHON CrNOCOBHOCTU, UBMEHEHNE U303NEKTPUYECKON TOYKM

OnTnmMmnsaumsa ypoBHSA 9KCNPeCCUn reHoB (CUCTEMbI SKCIPECCUN, KONMUUHOCTD,
cuna NpoMoTOPOB, SHXaHCcepbl, MeTabonuyeckas MmognuKkauma KIeToYHbIX
NUHWA U T.N.)

KopoH-onTnmmnsaums

www.biocad.ru



BICCAD ONTUMU3ALUUNA KAHOUOATOB

Biopharmaceutical Company

n Standart =———————————) 9 |nnovations

UcxopHan

UcxopHan
ouobnuoTeka

ouobnuoTeka

CKPWUHUHr '
Cy6-

‘ |:> 6ubnuo OnHa
Texa XapaKTepucTuKa

Kangunpart

In silico
aHanus

Nn-U4unKnoB

‘ caMbIX
‘ CTaOUNbHbIX

CKPWUHUHr
Heckonbko

MNyn 61Mbnno KNnoYeBbIX
KaHAMOaToB Teka XapaKTepucTuk

AnAa Bbloopa

JINOEP (onTMManbHbIM NO BCEM nMaepP
XapaKkTepucTukam)

26



BICCAD Upstream process development

Biopharmaceutical Company

Transfection

Isolation of top clones

Clone 1
“»  Clone2 _
Selection clonal .
cell lines Clone 3
Clone Pix

Feeding strategy

- . optimization
ﬁ Clone 1 + feeding strategy A
- - Clone 2 + feeding strategyB <« =

Culture process
Scale-up optimization

Clone 3 + feeding strategy C

Robotized
DOE

27
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BICCAD Downstream process development

Biopharmaceutical Company

1. Affinity capture: MabSelect SuRe

Viral inactivation (low pH)

2. Polishing step: Capto adhere

Viral filtration
Ultrafiltration / Diafiltration

Final product 2 8
01.12.12 28



BICCAD

Biopharmaceutical Company

BHeapeHue HOBbIX
TEXHONOrMKU, NOUCK
M co3faHue
MULLEHEN

» CoTpyaHu4ecTBO C
BY3amu P® no noncky
KagpoB, NOAroTOBKe
cneunanncros,
BEAEHNIO COBMECTHBbIX
Hay4HbIX NPOEKTOB

> CoOCTBEHHBIN
Hay4HbIN LEeHTP
“nonHoro umkna”

» [MonyyeHue n
Banuaaums aHTUreHoB
B TPaH3WUEHTHbIX
kynetypax (CHO,
HEK293)

» VMMyHunsauus
KMBOTHBIX 1 co3gaHne
OnbnuoTek reHoB

www.biocad.ru

Nouck kaHanaaToB Ha
BblOpaHHYI0 MULLEHb

Mcnonb3oBaHve metoaa
daroBoro aucnnes ons
novcka Fab c Bblcokomn
apUHHOCTBLIO U3
6ubnnoTek pasnuyHon
npvpoabl

Mcnonb3osaHue
CUMHTETUYECKNX, HAaNBHbIX
N UIMMYHHbIX 6G1BnMoTek
ONd noucka aHTuTen

MakcumanbHas
aBTomaTtmsaums
NPOLIECCOB CKPUHUHIa
KaHOWOAaTOB aHTUTEn

KneTo4HbI anucnnen Ha
KrneTkax MmiekonuTatoLmx

OnTuMmnsaumua KaHgupaToB

KOHBepTaLI,VIFl B NOJIHOpa3MepHbIe
aHTuTena n 3KCnpeccua B KrneTkax
MnekonnTarLwmnx

[aHenb KNEeTOYHbIX TECTOB ANs
OLEHKHN (byHKLI,VIOHaJ'IbeIX CBOWCTB
aHTuTen

Mcnonb3oBaHne MeToaoB
HanpaBfieHHOro MyTareHesa Ans
rymMaHusauum n matypauuu
aHTuten

Co3gaHne KOMBMHATOPHbIX U
paHOOMHO MOAMULNPOBAHHbIX
6ubnuoTek 1 BoIGOP Ny4yLLINX
KaHOuaaToB

Bubnuoteka Fc-cparmeHTOB s
N3y4YeHusi 1 U3MEHEHNS
appekTopHbIX cBOMCTB AT

CosgaHue bucneumnduryeckmx
AHTUTEN, XMMEPHbIX 6enkos

Co3pnaHue TexHomnorum
npousBoACcTBa

Co3zaaHne MHTerpaTuBHbIX
BbICOKOKOMMIAHBIX BEKTOPOB Ans
NONy4YeHUs KNEeTOUYHbIX MUHUI
NpoayLeHTOB

VIHXWHUPUHT KNETOYHbIX JIMHUIA ANs
yBenuyeHus Boixoaa benka (cekpeuus,
nponudepaums, MUKOUHXUHUPUHT,
MeTabonMYECKNA UHXUHUPUHT)

KogoH-onTMmmnsaums reHoB

lNonck onTMManbHbIX CUCTEM
aKcnpeccun

DOE - ontumunsaumsa cnocoba
KynbTUBUPOBAHUS

Co3pgaHwe yHuKarnbHbIX KynbTypanbHbIX
cpen, copbeHTOB ANs O4YUCTKU GenKkos

MakcumanbHas aBTomaTusaums
PYTUHHbIX NPOLLECCOB BblAeneHna n
aHanmsa



Bubnunoteku reHos

Knetku (MKN)

benku

. HauBHble o

. NMMyHHble

. CuHTeTUYECKNE

*  KombuHaTopHble

. Moct- )
CceNleKUMOHHbIe

reHos

[eHOMm

JK30M ceToB *

TpaHcKpuntTom °

Monn-AT
* [lpoTteom
MeTtabonom

TexH.
nogAaeprKKa

NHTerpauma npoueccos
XpaHeHue 1 onepaumu
AAHHbIMUK

MNepenaya AaHHbIX

AHanus

NaHbIX

AnropuTtmeil
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CTpyKTypa 6enKkos

MaTtypauua u rymaHusauma

MpepckasaHue ctabunbHoctu, PTM,
arperauuu

KoaoH-onTMmusaumsa reHoB

[Aun3aiiH akcnepMmeHTOB

AHanus nocnepgoBaTenbHocTen, bUbAMOTEK U
reHomos

MpunoxeHns ana yaaneHHoro Agocryna u
KOHTpoAs
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