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Administrated dose/patient

Cytokines ‘ Enzymes Therapeutic
(G-CSF, IFN, EPO) | antibodies

|
|

10 g/kg 100 g/kg 1 mg/kg 10 mg/kg

Amount of drug products required for patients/year

Product Company Dose/year (g) No. patients Demand in 2002 (kg)

Erbitux® ImClone/BMS/Merck 6.0 5000
Rituxan® IDEC/Genentech/Roche 4.3 60,000
Herceptin® Genentech/Roche 3.5 26,000
Enbrel® Immunex/AHP 2.8 100,000
Remicade® Centocor/J&J 100,000
Cerzyme® Genzyme 0 3100

Epogen®/Procrit® Amgen/J&J ).0 500,000




Table 2 | Microorganisms against which antibody has been used to target human diseases*

Microorganism

Bacillus anthracis
Bordetalla pertussis
Clostridium tetani
Clostridium botulinum
Cryptococcus neoformans
Cryptospondium parvum
Enterovirus

Group A streptococci

Hepatitis B virus

Measles virus
ycobactenum tuberculosis

Ne.'ssem men:ng.vt‘;d.'s

Parvovirus

Rabies virus

Respiratory syncytial virus (RSV)

Streptococcus pneumoniae
Varicella—zoster virus
Variola major

Disease in humans

Anthrax

Whooping cough

Tetanus

Botulism

Cryptococcosis
Cryptosporidiosis
Gastrointestinal-tract infections

Several ilinesses including sore throats,
necrotizing fascitis

Hepatitis B

Measles

Tuberculosis

Meningitis

Aplastic anaemia

Rabies

RSV infection

Pneumonia

Shingles, chickenpox, pneumonia
Smallpox

References

“This is not a complete list.




AHTUTEJIO - BENOK CbIBOPOTKU KPOBW, BbIPAGATbIBAIOLMACA B
OTBET HA BBEOEHWE AHTUIEHA, KOMMIIEMEHTAPHbIA «CBOEMY»
AHTUTEHY U CMNOCOBHbIA CMNELUU®UYECKM C HUM CBA3LIBATbLCH.

AHTUIEH - NIOBAA CYBCTAHLUA, KOTOPAA CINIOCOBHA
CBA3bIBATbCSA C AHTUTEJTAMMW.



AHTUTEHHAA OETEPMUHAHTA (SIMNMAUTOIN) - ®PATMEHT CTPYKTYPbI
AHTUTEHA, C KOTOPbIM CBA3bLIBAETCA AHTUTEIO.

FATTEH - HU3BKOMONEKYNAPHOE COEAMHEHUE, HE OBNAOAIOLLEE

AHTUTEHbIMMU CBOUCTBAMW, HO BbI3bIBAIOLLEE BbIPABOTKY
AHTUTEN NPU KOHBIOITALUU C BEJIKAMMU .



dAb
(MW 150 KD) (MW 11-15 KD}

TRENDS in Biotechnolo gy

Figure 1. A human IgG molecule has both variable and constant regions. An |gG contains two variable regions leach composed of a Vy and ¥V, domain) that confer antigen-
binding specificity on the antibody, and an Fe fragment in the constant region that recruits the effector functions of the immune system. Conventional recombinant anti-
body fragments contain ona antigen-binding Va=Vo painng. At ~57 kDa, a Fab fragment comprizes a WVu-Cal polypeptide disulphide-bondad to a Vi -C polypaptide. At
~-27 kDa, a scFv fragmant contains only the Vy domain fused to the WV, domain via a polypaptida linker. By contrast, the domain antibody, ordAb, of 11-15 kDa is aither an
isolated antibody Vg domain [2], as shown here, or an isolated antibedy V, domain [15]. Each dAb thus containg threa of the six naturally cecurring complemantarity deter-
mining ragicns (CORs) from a Vg -V, pairing. The side chains of the CORs ara highlighted in red.
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Mouse monoclonal antibodies
Kohler & Milstein'®

Bettrmann/Corbis

Rituximab (Rituxan)
Basiliximab (Simulect)

César Milstein, who together with Georges ' Infliximab (?g:nb::::,ge)

Kohler reported the creation of hybridomas

to produce mAbs'. Milstein’s decision not to

patent the discovery, for which both Milstein and

Kohler received the Nobel Prize in Physiology or Trastuzumab (Herceptin)

Medicine in 1984, contributed to the rapid and Palivizumab (Synagis)
wide dissemination of mAb technology. e Gemtuzumab (Mylotarg)
- Alemtuzumab (Campath)
Omalizumab (Xolair)
Efalizumab (Raptiva)
Bevacizumab (Avastin)

Phage display synthetic antibodies

L ———————
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Figure 2 | Schematic model of antibody action by Immune mechanisms.
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Reduced damage to host
from inflammatory response

activity

Antibody-dependent |
cell cytotoxicity

Generation of axidants

X

o

-

Variable regicns

Immunomedulation
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Activation of
complement

Yy

Virus and toxin
neutralization

Figure 1 | The different biclogical effects of antibodies. Toxin and virus neutralization, complement activation and direct
antimicrobial functions such as the gereration of oxidants ars independant of other compaonents of the host immune system,
whereas antibody-dependent cellular cytotoxicity and opscenization depend on other host cells and mediators.




Tumor antigen Active

Passive

Cancer-

Immunotherapy
MHC Class |I

+ ¥ " ,
_I?E‘e‘:'s Antibodies

Cytokines IL-1, IL-6, TNFa,

IL-2, IFNy, IL-4, GM-CSF Granu!oc yie

® ADCC
@ coc % ‘

Complement lysis NK ceil

Figure 1. Cancer Immunotherapy. The whole
spectrum of passive and active cancer im-
munotherapy is summarized. Active cancer
immunotherapy comprises tumor antigen
uptake by APCs (1), epitope (peptide) pres-
entation to CD4™ T cells (2), cytokine release
(3), B cell activation (4), and antibody pro-
duction (5), leading 1o lysis of tumer cells in-
cluding different (passive) alternatives like
ADCC (8), CDC (7) or unspecific attack by
cytotoxic T lymphocytes (8).
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(MW 150 kD) (MW 11-15 KD

TRENDS in Biotechnology

Figure 1. A human |gG maolecula has both variable and constant regions. An Ig G contains two variable regions (each composed of a Vy and V, domain) that confar antigen-
binding specificity on the antibody, and an Fc fragment in tha constant region that recruits the effector functions of the immune system. Conventional recombinant anti-
body fragmants contain one antigan-binding Va=V painng. At ~57 kDa, a Fab fragment comprisas a Vy=Cx1 polypaptida disulphide-bondad to a Vi -Cy, polypaptida. At
=27 kDa, a scFw fragmant contains only the Vy domain fused to the Ve domain via a polypaptida linkar. By contrast, the domain antibody, or dAb, of 11-15 kDa is either an
isoclated antibody Vy domain [2], as shown harg, or an isclated antibody V, domain [15]. Each d Ab thus contains three of the six naturally ccocurring complemantarity datar-
mining ragions (CORs ) from a Vy -V pairing. The side chains of tha CORs ara highlighted in red.
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Figure 7. Flexibility of the relative orientations of the domains w ithin the Fab fragment. (a) Three Fab fragments were
superimposed by a least- -squares fit of the structurally least variable C” positions mthm the Fv part (indicated in white)
to illustrate the Ilexlbllll\ of the variable/constant domain interface. (b) Plot of the distance between the centers of
gravity of Vi and Cyl versus the distance between the centers of gravity of Vi and Cy. Only the structurally conserved C*
positions (indicated by a gray background in Figure 6) were “used for the calculation of the center of gravity. The
observed anti-correlation is e\plamed by a twist around the C 1l1/Cy. pseudo 2-fold axis. (c) Limited “9\lbllll\ of the
Vu/ Vi and of the Cyl/Cy interface, demonstrated by structurally aligning the Vi and C;. domains, respectiv. el\ From
the comparison of (a) and (c), it becomes apparent that Viy/ Vi and Ciy1/C are each mov ing as a unit.
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(MW 150 kD) (MW 11-15 kD)

TRENDS in Biotechnology

Figure 1. A human |gG molecule has both variable and constant regions. An lgG contains two variable regions (each composed of a Vy and V, domain) that confar antigen-
binding spacificity on the antibody, and an Fc fragment in the constant region that recruits the effector functions of the immune systam. Conventional recombinant anti-
body fragments contain one antigen-binding Va=V_ painng. At —~57 kDa, a Fab fragment comprisas a Va-Cal polypaptide disulphide-bondad to a Vi -Cy polypaptida. At
=27 kDa, a scFw fragmant contains only tha Vg domain fused to the V. domain via a polypaptida linkar. By contrast, tha domain antibody, or dAb, of 11-15kDa is either an
isolated antibody Vy domain (2], as shown harg, or an isclated antibody V, domain [15]. Each dAb thus contains three of thae six naturally cccurring complemantarity detar-
mining ragions (CORs ) from a Vy-V pairing. The side chains of the CORs are highlighted in red.




Table 2

Selected examples of mutation strategies to evolve antibodies

Affinity gain/affinity (Kp) Display

In vitro mutagenesis
Targeted
CDR walking
Site directed mutagenesis
CDR target hotspot

Random
Error prone PCR

Chain shuffling

Combined in vitro mutagenesis

Error prone PCR and DNA shufiling

Site directed and chain shuffling

Error prone PCR and site directed mutagenesis
Error prone PCR and site directed mutagenesis
Chain shuffling and DNA shuffling

[Il yino mulugem‘.\l.\

Bactenal mutator cells (mutD35)
Mammalian mutator

Cells

Transgenic mice (XenoMouse)

Combined in vivo and in vitro multagenesis
Yeast mating driven chain shuffle and error

prone PCR and shuffle

gpl20

Myelin axonal growth inhibitor
CD22

Parathyroid hormone

CD22

Anthrax toxin
Streptavidin
HBV preSl

Hapten 2-phen-Yloxalazol-5-one

GCN4

av3

Botulinum neurotoxin

Neural cell adhesion molecule
Ep-Cam

Hapten 2-phenyl-5-oxazolone
IgG mab

Protein A

IL-8

Undisclosed

Streptavidin

420 X 10 15 pM
§Xtol uM

7 X to 0.8 nM
30X to 2 uM
14 X to 6 nM

200 X to 21 pM
10.7 X t0 3.2 nM
6.5 X to 520 nM*
320 X 1.1 nM

500 X to 5 pM
90 X to 300 pM
37 X 10 23 pM
85 X 10 2.28 nM
15X 04 nM

100 X to 3.2 nM
5.8 nM”

0.32 nMb

610 ftM

4 pM

6.8 X to 6 nM

Phage

Secreted

Phage

Ribosome display
Phage

Bacterial
Yeast
Phage
Phage

Ribosome display
Phage

Yeast

Phage

Phage

Phage

Cell surface
SLAM
SLAM

Yeast display

Ko

" Apparent affinity not based on a2 monomeric interaction.
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Fig. . Schematic representation of a whole IgG molecule (A) and different fragments that have been engineered (B-K). The diabody shown in (D) is
a homodimer but can also be made in a heterodimer form when V-domains from two different antibodies are used.
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Table 1. Frequency of germline family usage and corresponding types of canonical structures

Canonical structure Chosen HuCAL canonical
Frequently used germline genes prediction structures

Family usage
Subfamily (%) Locus DP name Usage (%) CDRI1 CDR2 CDR1 CDR2

1-69 DP-10 : H2-2 H2-2
VHI 19 1-18 DP-14 H1-1 H2-3 Hi-1 H2-3
102 DP-8 '
VH2 2 - - - H2-1
323 DP-47 H2-1
VH3 34 3-30.3 DP-46 3 - H2-3
348 DP-51 : H2-4
4-34 DP-63 5
VH4 12 . H2-1
DP-71 '
5-5 DP-73
19 - H2-2

14 2 DP-74
: DFPK9

DPK1
DPK15

DPK22

DPK21
DPK24

DPL5

DPL2

DPL11
14

DPL12
Vi3 2 2 DPL23 ; 11
12
Vi4-10 £ 13
14

The human immunoglobulin germline subfamilies are listed logothor with their percentage usage as calculated by comparison
with rearranged sequences. The percentage usage is determined from using the initial database of rearranged sequences with 1006
entries. The p(‘rwntane usage calculated from thv upclat(\d database with "‘4hﬂ entries is given in Figure 2. The most troquonth, used
germline genes according to our analysis are also given (locus name as well as DP nomenclature, see Tomlinson ef al. (1992) for Vi,
Cn\ et al (]99—1] for Vi, and Williams ef al. []9%] for V4) together with their corresponding usage (derived from analysis of the
smaller database). For details of the calculation, see the text. The canonical conformations that are present in each subfamily are
shown together with the canonical conformations that have been chosen for HuCAL design. The canonical structure nomenc lature is
according to Chothia ef al. (1992) for Vi, Tomlinson ef al. (1995) for Vi, and Williams et al, (1996) for Vi.
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Figure 3 | Efficacious combination strategies involving immunostimulatory mAbs.
A scheme of combinatorial therapeutic strategies with immunostimulatory
monoclonal antibodies (mAbs) for cancer, in clinical and preclinical development.
The status of each treatment oreach combination (two-headed arrows) is referred to

by the colourcode. &, anti.




o ® O
Coracia = X wapk D

HERZ2 pas

Figure 1 Trastuzumab res ce: 1 nd novel agents.



Promoter

DHFR/__ h B11 L Chain

AMP Expression cassette

Promotar
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B11 H Chain antigen fusion

Heavy chain

Light chain

Antigen (e.g. ova)

Figure 1 Tllustration of a genetically engineered ATV, The illustration shows an example of an expression plasmid for generating an
ATV using OVA as a model antigen. The plasnud was transfected into mammalian cells and the ATV punfied by affimty
chromatography. The ATV and the parental anti-MR mAb were separated by gel electrophoresis and stained with Coomasie Blue.
DHFR, dihydrofolate reductase; AMP, ampicillin; NEO, neomycin; OVA, ovalbumin.
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Table |. Targets for which cocktails of mAbs have shown
increased efficacy in in vitro and in vivo preclinical testing
Target Number of Increased Clinical Refs
mAbs in potency testing
miixture In vitro _In vive  phase

Viruses

HIV ¥

respiratory ¥

syncytial

virus

wasicular

stomatitis

wirus

Mewcastla

disease virus

harpas

simplax virus

hapatitis B

wirus

hepatitis C

wirus

rubella virus 2

La Crosse 2

wirus

mbias virus 2

Soluble molecules

botulinum 3

toxin

IL-6

IFM-2ecx r r [30]
tetanus toxin r g

HGF r ¢ [32)
Prneumolsyin @ 3 < 7 [33]
Celkbound molecules

HERZ'neu 2-3 r i [5,34]
CD20=CD22 2 : r (8]
EGF-R = 2 g 3 [35)
VEGF-R

TRENDS in Batechnology CO4 x TNFa 2 ' % [36]
Iscluble)

IL-1R = TNF= 2 4 r [36]
Izoluble

Figure 2. Manufacturing of cocktails of human mADbs. (a) Polyclonal cell bank
producing up 10 25 bivalent mAbs. (b} Clonal call lines producing cocktaills of 3-5
mADS, consisting of bivalenmt and bispecific species. {¢c) Multiple clonal cell lines roman mumbers.

sach producing single bivalent mAbs that are mixed to form a cocktail. (d) Abbrevations: EGF-A, epldermabgrowth-lastor reseptor; HGF, hepatooyte

Antibody cockiails that are in early phases of clinical trisls are indicated by

) : s d } o | 1 AgH f growth factor: HIV, human immu nodeficlensy vrus: IFN, intarferon: IL-1, inter
ransgenic animals producing human polyclonal antibodies in serum consisting o \aukin- 12 IL-8, interleukin-&: TNF, tumor nacrosis factor: VEGF-R, vassular endo-

specific colored) and non-specific fgrey) IgG molecules. thelisl-growth-factor reeaptor.
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Fig. 1. lgA-Fab fragmems ‘unmask’ CholP |phosphorylicholine) from behind the
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terial binding o epithalial cells through the receptor for platslet-actvatng factor
{rPAFL. lal Host 1gAl recognizes and binds to capsular polysacchande (PnPSh
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Table 1. Currently approved mAbs for treating cancer and mAbs tested in Phase lll clinical trials®

Isotype”/origin  Target Mab names Conjugated Cancer type Approved
m.']‘ﬂ HER2/neu lrastuzumab (Her 1®)  No Breast cancer Yes (US)
higG1 VEG Bevacizumab No Breast cancer, rectal cancer Phase Il

renal cell carcinoma, non-small

cell lung cancer
higG1 CD33 Zamyl No Acute myelogenous leukemia Phase Il
; hlgG1 CD52 f‘«b-r'd uzumab (Campath®) Nc Chronic lymphatic leukemia Yes (US]
hlgG1 CD22 pratuzumab Non-Hodgkin lymphoma Phase Il
higG4 CD33 Gemtuzumab (Mylotarg®)  Yes (cali-cheamicin) ~ Acute myelogenous leukemia Yes (US)
clgG1 GFR Cetuximab Colorectal cancer Yes (Switzerland|
clgGl CD20 Rituximab (Rituxan®) NG Non-Hodgkin lymphoma Yes (US)
clgG1 JNA-associated  Cotara fes (™) Glioma Phase |l

migG2a -p-CAN Edrecolomah Colorectal cancer Yes (German
N Sm

mlgG2a litomomab \all cell lung cancer Phase Il
mlgG2a 020 ?w:w,-;|ti.1;-v,r1’r".f:r (Bexxar®) Yes (")) N ;_m-lu:_u,ig_;kw lymphoma Yes

migG1 CEA CeaVac No Colorectal cancer Phase lll
migG1 CD20 Ibritumomab (Zevalin™) Yes (Y Non-Hodgkin lymphoma Yes (US)
migG1 CA125 OvaRex No Ovarian carcinoma Phase Il

MUC1 Pemtumomab ‘es (Y) Ovarian carcinoma

"Abbreviations: CEA, carcino-embryonic antigen; clg, chimerized lg; EGFR, epithelial growth factor receptor; Ep-CAM, epithelial cell adhesion m  HER2/neu, EGFR2:
iumanized Ig; mAbs, manoclonal antibodies; mig, mouse lg; MUC1, human mucin 1 (episialin) VEGF, vascular endothelial growth factor

iman complement: mlgG2a, mlgG2b, migG3, migM, hlgG1, higG4, higM.
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Figure 2, Strategies to improve monoclonal antibody (mAb}-mediated immunotherapy of cancer. (a) Engineering of a mAb to mprove complemeant-activating properties.
(b) Blocking the effect of membrane-bound complement regulatory prote mCRPs) with a bispecific mAb directed against a tumor antigen (Ag) and a mCRP, (¢) Over-
whelming the effect of mCRP, by: (i) a 3 1jug \ vating protein [e.g actor (CVF) or C3b]; (ii) a cocktail of mAbs directed against
multiple epitopes of Y gainst the tumor-specific mAb; and (iv) mAbs directed against deposited complement frag
ments (iC3b), (d) Enhancing the CR3-dependent cellular c xicity (CR3-DCC) of iC3b-opsonized tumor 3 by priming leukocyte CR3 with soluble B-glucan. (e) Downre-

gulating the expression of mCRP or increasing the expre E ssociated antigens with cytokines or gene therapy
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Figure 1 | Categories of moneclonal antibody cancer therapeutics entering clinical study
during 1980-1989, 1990-1999 and 2000-2005. The 'Other category includes bispecific mone-
clonal antibodies (mAbs) (13 products), primatized mAbs (2 products) and mAbs of unknown cateqgory
(7 products).




Table 2 | Targets of anticancer monoclonal antibodies in clinical study

Target All Murine Chimeric Humanized Human Immunoc-
mAbs*  mAbs mAbs mAbs mAbs conjugated mAbs
(any category)

B Immunctoxin bl '

antigen

O Radiclabell=d S

avp3
CAIX
CDs
CD19
CDz20
CD22
CD30
CD33
CD40
CD44Vé
CD55
CD56
CEA
CTA1
CTLA-4
EGFR
EpCAM
FAP
GDz2
GD3
HER2

HLA-DR10
(MHC Iy

IGF1R
IL-6
LEWISY
Muci
PSMA
TAG-72
TALe
TRAILRZ
VEGF
VEGFRZ

F Unknown
Anticancer mAb category target

Total 163 59 19 44 24 79
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*All monaclonal antibodies (mAbs) include murine. chimeric, humanized, human. bispecific and primatized mAbs,

Figure 2 | Modes of action for immunoconjugate A e, b D 800 Ch oy e e

A, carcinoemb ry s CTL, o T lymphocyte-

. ) ciated = EGFR, epid lgrowth factor eptor; EpCAM, epith c le
cancer therapeurtics in clinical study, 1980- e e R e .

antigen-DR: IGF LR, insulin-like growth factor 1 receptor: IL. interleukin: MU

o X s = T s | membrane antiger: TAL6. tumour-associated antigen L6: TAG-T2, tumaour-a: ]
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VECFRZ, vascular endothelial arowth factor receptor 2.




Type of mAb

Murine

[britumomalb tuxetan
(CD20) lgG1x”
T 1 ..,|1’.1

Chimeric

Cetuximab (EGFR);

lgGlk
Ritiximab (CD20)
lgGlk

Humanized Human

Trastuzumab (ERBB2); Faritumumab (ECGFR);
lgGlx lgG2

Bevacizumab (VEGF): lg(G1

Alemtuzumab (CDS2) laGlk

Cemtuzumab ozogamicin
(CD33) loGan”

I
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