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Antibodies
Field of the invention
The present invention relates to antibodies that bind p-amyloid peptide and in
particular human B-amyloid peptide. The present invention also concerns methods of

treating diseases or disorders characterised by elevated B- amyloid levels or p-

amyloid deposits, particularly Alzheimer's disease, with said antibodies,
pharmaceutical compositions comprising said antibodies and methods of
manufacture. Other aspects of the present invention will be apparent from the

description below.

Backqround of the inventlon
Alzheimer's disease (AD) is the most common cause of age-related cognitive

decline, affecting greater than 12 million individuals worldwide (Citron M (2002) Nat.

Neurosci 5, Suppl 1055-1057). The earliest stages of the disease are characterized

by a progressive loss of memory with associated cognitive decline and language and

behavioural deficits. ln the later stages of the disease, patients develop global

amnesia and have greatly reduced motor function. Death typically occurs 9 years

following diagnosis and is otten associated with other conditions, typically pneumonia

(Davis K.L. and Samules S.C. (1998) in Pharmacological Management of
Neurological and Psychiatric Disorders eds Enna S.J. and Coyle J.T. (McGraw-Hill,

New York pp267-316)). Gurrent therapies represent symptomatic approaches,

focussing on alleviating the cognitive impairment and ameliorating the behavioural

symptoms associated with the progressing disease aetiology. ln practice these

treatments provide only a short lived cognitive benefit with the level of cognitive

impairment reported only to last up to 2 years. The potential for a disease-modifying
therapy that slows and possibly halts the progression of the disease is enormous.

Such approaches would provide radical and sustained improvements to the quality of
life of patients and importantly their carers as well as reducing the huge overall

healthcare costs of this disease,

Glinical diagnosis of Alzheimer's disease is based upon a combination of physical

and mental tests which lead to a diagnosis of possible or probable Alzheimer's

disease. At post mortem the disease is confirmed by well characterised neurological

hallmarks in the brain, which include the deposition of Ap in parenchymal plaques

and cerebral vessels, intraneuronalformation of neurofibrillary tangles, synaptic loss

and loss of neuronal subpopulations in specific brain regions (Terry, RD (1991) J
Neural Trans Suppl 53:141-145).

A plethora of genetic, histological and functional evidence suggests that the p-

amyloid peptide (AF) is key to the progression of Alzheimer's disease (Selkoe, D, J.

(2001 ) Physiological Reviews 81: 741-766).

Ap is known to be produced through the cleavage of the beta amyloid precursor
protein (also known as APP) by an aspartyl protease enzyme known as BACEI (also
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Antibodies EMI otthe inventio The present invention relates to antibodies that bind 13-amyloid
peptide and in particular human 5-arnylcid peptide. The present invention also concerns
methods of treating diseases or disorders characterised by elevated p- arrtyloid levels or
pamyloid deposits, particularly Alzheimer's disease, with said antibodies, pharmaceutical
compositions comprising said antibodies and methods of manufacture. Other aspects of the
present invention will be apparent from the description below. 10 Background of the invention
Alzheimer's disease (AD) is the most common cause of age-related cognitive decline,
affecting greater than 12 million individuals worldwide (Citron M (2002) Nat. Neurosoi 5, Suppi
1055-1057), The earliest stages of the disease are characterized 15by a progressive loss of
memory with associated cognitive decline and language and behavioural deficits, in the later
stages of the disease, patients develop global amnesia and have greatly reduced motor
function. Death typically occurs 9 years following diagnosis and is often associated with other
conditions, typically pneumonia (Davis Kt, and Samules SC. (1998) in Pharmacological
Management of 20Neurological and Psychiatric Disorders eds Enna S.J. and Coyle J.T.
(McGraw-Hill, New York pp267-316)). Current therapies represent symptomatic approaches,
focussing on alleviating the cognitive impairment and ameliorating the behavioural symptoms
associated with the progressing disease aetiology. In practice these treatments provide only a
short lived cognitive), benefit with the level of cognitive 25impairment reported only to last up
to 2 years. The potential for a disease-modifying therapy that slows and possibly halts the
progression of the disease is enormous, Such approaches would provide radical and
sustained improvements to the quality of life of patients and importantly their carers as well as
reducing the huge overall healthcare costs of this disease. 30 Clinical diagnosis of Alzheimer's
disease is based upon a combination of physical and mental tests which lead to a diagnosis of
possible or probable Alzheimer's disease. At post modem the disease is confirmed by well
characterised neurological hallmarks in the brain, which include the deposition of A5 in
parenchymal plaques 35and cerebral vessels, intraneuronal formation of neurofibrillary
tangles, synaptic loss and :ass of neuronal subpopulations in specific brain regions (Terry, RD
(1991) J Neural Trans Suppi 53: 141-145). A plethora of genetic, histological and functionai
evidence suggests that the p- 40amyloid peptide (Af3) is key to the progression of Alzheimer's
disease (Selkoe, D, J. (2001) Physiological Reviews 81: 741-766).  known as 6-secretase,
Asp2 or Mernapsin-2) (De Strooper, (3. and Konig, G. (1999) Nature 402: 471472). In addition
to the parenchymal and vascular deposition, soluble oligomeric forms of Ap have been
postulated to contribute to the onset of AD and they may affect neuronal function initialiy by
impairing synaptic function (Lambert et. al, (1998) Proceedings of the National Academy of
Science, U.S.A. 95: 64486453). Although insoluble amyloid plaques are found early in AD and
in MCI, the 
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known as B-secretase, Asp2 or Memapsin-2) (De Strooper, B. and Konig, G. (1999)

Nature 402:471-472). ln addition to the parenchymal and vascular deposition,

soluble oligomeric forms of AB have been postulated to contribute to the onset of AD

and they may affect neuronal function initially by impairing synaptic function (Lambert

et. al. (1998) Proceedings of the National Academy of Science, U.S.A. 95 : 6448-

6453). Although insoluble amyloid plaques are found early in AD and in MCl, the

levels of soluble Ap aggregates (referred to as oligomers or AB-derived diffusible

ligands (ADDLs) are also increased in these individuals, and soluble Ap levels

correlate better with neurofibrillary degeneration, and the loss of synaptic markers

than do amyloid plaques (Naslund et, al. (2000) J Am Med Assoc 283: 1571-1577,

Younkin, S. (2001) Nat. Med. 1: 8-19). The highly amyloidogenic Ap42 and

aminoterminally truncated forms Aþx-42 are the predominant species of Ap found in

both diffuse and senile plaques (lwatsubo, T (1994) Neuron.13:45-53, Gravina, SA
(1995) J. Biol. Chem.270:7013-7016) The relative levels of Aþ42 appear to be the

key regulator of AB aggregation into amyloid plaques, indeed AB42 has been shown

to aggregate more readily that other Ap forms in vitro (Jarrett, JT (1993)

Biochemistry.32:4693*4697) and as such AB42 has been implicated as the initiating

molecule in the pathogenesis of AD (Younkin SG, (1998) J. Physiol. (Paris). 92:289-
292). Although Ap42 ís a minor product of APP metabolism, small shifts in it's
production are associated with large effects on Ap deposition therefore it has been

postulated that reduction oÍ Aþ42 alone may be an effective way of treating AD
(Younkin SG, (1998) J. Physiol. (Paris). 92:289-292) ln support of this, mutations in

the amyloid precursor protein (APP) and presenilin genes have been reported to
predominantly increase the relative levels of Aþ42 and therefore shortening the time
to onset of Alzheimer's disease (AD) (Selkoe D.J., Podlisny M.B, (2002) Annu. Rev.

Genomics Hum. Gemet, 3:67-99). lt should be noted however, that the rate of
deposition is also dependant on catabolism and Ap clearance.

Animal models of amyloid depoàition have been generated by overexpressing mutant

human transgenes in mice. Mice overexpressing single human APP transgenes

typically develop cerebral plaque-like p-amyloid deposits lrom 12 months of age
(Games D. et al., (1995) Nature 373:523-527; Hsiao K. et al., (1996) Science 274:

99-102)), while mice carrying both mutant human APP and presenilin-1 (PS-1)
transgenes typically develop cerebral plaque-like p-amyloid deposits as early as 2
months of age (Kurt M.A. et al., (2001) Exp.Neurol. 171:59-71; McGowan E. et al.,

(1 999) Neurolbiol. Dis, 6: 231-244.

It has become increasingly apparent that the transport of exogenous AB between the
central nervous system (CNS) and plasma plays a role in the regulation of brain
amyloid levels (Shibata, et al (2000) J Clin lnvest 106 : 1489-1499), with CSF Ap
being rapidly transported from CSF to plasma. Therefore active vaccination with Ap
peptides or passive administration of specific AB antibodies rapidly binds peripheral

Ap altering the dynamic equilibrium between the plasma, CSF and ultimately the
CNS. lndeed there are now a plethora of studies demonstrated both these
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levels of soluble A6 aggregates (referred to as oligorners or AO-derived diffusible ligands
(ADDLs) are a:so increased in these individuals, and soluble Api levels correlate better with
neurofibrillary degeneration, and the loss of synaptic markers 10than do amylold plaques
(Nasiund et, al. (2000) J Am Med Assoc 283: 1571-1577, Younkin, S. (2001) Nat. Med. 1:
8-19). The highly amyloiclogenic A642 and aminoterminally truncated forms Al3x-42 are the
predominant species of Ap found in both diffuse and senile plaques (lwatsubo, T (1994)
Neuron. 13:45-53, Gravina, SA (1995)J. Blot Chem. 270:7013-7016) The relative levels of
A642 appear to be the 15key regulator of Ap aggregation into amyloid plaques, indeed A1342
has been shown to aggregate more readily that other At forms in vitro (Jarrett, JT (1993)
Biochemistry.32:4693-4697) and as such A1342 has been implicated as the initiating
molecule in the pathogenesis of AD (Younkin SG, (1998) J. Physiol. (Paris). 92:289- 292).
Although A642 is a minor product of APP metabolism, small shifts in its 20production are
associated with large effects on Ap deposition therefore it has been postulated that reduction
of A1342 alone may be an effective way of treating AD (Younkin SG, (1998).J. Physic'''.
(Paris). 92;289-292) In support of this, mutations in the arnyloid precursor protein (APP) and
presenilin genes have been reported to predominantly increase the relative levels of A642 and
therefore shortening the time 25to onset of Alzheimer's disease (AD) (Seikoe D.J., Podlisny
M.B. (2002) Annu. Rev. Genomics Hum. Garnet, 3:67-99). It should be noted however, that
the rate of deposition is also dependant on catabolism and Ars clearance. Animal models of
amyloid deposition have been generated by overexpressing mutant 30 human 1ransgenes in
mice. Mice overexpressing single human APP transgenes typically develop cerebral
plaque-like 8-arnyloid deposits from 12 months of age (Games D. et al,, (1995) Nature 373:
523-527; Hsiao K. et 81,, (1996) Science 274: 99-102)), while mice carrying both mutant
human APP and presenilin-1 (PS-1) transgenes typically develop cerebral plaque-like
6-amylold deposits as early as 2 35months of age (Kurt MA et at., (2001) Exp.Neurol. 171:
59-71; McGowan E. et at., (1999) Neurolbioi. Dis, 6: 231-244. It has become increasingly
apparent that the transport of exogenous Ap between the central nervous system (CNS) and
plasma plays a role in the regulation of brain amyloid Levels (Shibala, et al (2000) J Clin
Invest 106: 1489-1499), with CSF AS being rapidly transported from CSF to plasma.
Therefore active vaccination with Ap peptides or passive administration of specific Ap
antibodies rapidly binds peripheral Ap altering the dynamic equilibrium between the plasma,
CSF and ultimately the GNS. Indeed there are now a plethora of studies demonstrated both
these  approaches can lower Ap levels, reduce Ap pathology and provide cognitive benefit in
various transgenic models of amyloidosis. Limited studies have also been conducted in higher
species. Caribbean vervet monkeys (16-10 years old) were immunised with Ap peptide over
10 months. Ap40 levels were elevated 2-5 fold in the plasma which peaked at 251d while the
CSF levels of Ap4o and A1142 were significantly decreased by 100d and returned towards
baseline thereafter. This reduction in CSF was accompanied by a significant reduction in
plaque burden (Lemere, CA (2004) Am J Pathology 165: 283-297). Similar increases in
plasma NI levels were also detected following immunisation of aged (15-20 year old) Rhesus
10Monkeys (Gandy, S (2004) Alzheimer Dis Assoc Disord 18 : 44:46. The first immune
therapy targeting brain amyloid was Elan/Meth's AN-1792, an active vaccine. This treatment
was terminated following the development of clinical signs consistent with
meningoencephalitis. Subgroup analyses suggested that 
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approaches can lower AB levels, reduce AB pathology and provide cognitive benefit

in various transgenic models of amyloidosis. Limited studies have also been

conducted in higher species. Caribbean vervet monkeys (f 6-10 years old) were

immunised with AB peptide over l0 months. AB40 levels were elevated 2-5 fold in

the plasma which peaked at251d while the CSF levels of AB40 and Ap42 were

significantly decreased by 100d and returned towards baseline thereafter. This

reduction in CSF was accompanied by a significant reduction in plaque burden

(Lemere, CA (2004) Am J Pathology 165 :283-2971. Similar increases in plasma Ap

levels were also detected following immunisation of aged (15'20 year old) Rhesus

Monkeys (Gandy, S (2004) Alzheimer Dis Assoc Disord 18:44:46.

The first immune therapy targeting brain amyloid was ElanM/yeth's AN-1792, an

active vaccine. This treatment was terminated following the development of clinical

signs consistent with meningoencephalitis. Subgroup analyses suggested that

treatment slowed the decline of cognitive function (Nature Clin Pract Neurol (2005)

1:34-85). Post-mortem analysis of patients also showed evidence of plaque-

clearance (Gilman S, et al, (2005) Neurology 64 (9) 1553-1562). Bapineuzumab

(AAB-001, ElanMyeth), a passive MAb therapy has been shown to significantly

improve cognition scores in a small phase I safety study.

Other diseases or disorders characterised by elevated B- amyloid levels or p-amyloid

deposits include mild cognitive impairment (MCl, Blasko I (2006) Neurobiology of

aging "Conversion from cognitive health to mild cognitive impairment and Alzheimer's

disease: Prediction by plasma amyloid bela 42, medial temporal lobe atrophy and

homocysteine" in press, e-published 19 Oct 2006), hereditary cerebral haemorrhage

with B-amyloidosis of the Dutch type, cerebral B-amyloid angiopathy and various

types of degenerative dementias, such as those associated with Parkinson's disease,

progressive supranuclear palsy, cortical basal degeneration and diffuse Lewis body

type of Alzheimer's disease (Mollenhauer B (2007) J Neural Transm e-published 23

Feb 2007, van Oijen, M Lancet Neurol, 2006 5:655-60) and Down syndrome (Mehta,

PD (2007) J Neurol Sci.254:22-7).

Summarv of the lnvention
ln an embodiment of the present invention there is provided a therapeutic antibody

which is an antibody or antigen binding fragment and/or derivative thereof which

binds p-amyloid peptide 1-12 (SEO lD No:15) with equilibrium constant KD less than

100pM but does not bind to p-amyloid peptide 2-13 (SEQ lD No:44), both

determinations being made in a surface plasmon resonance assay utilising peptide

captured on streptavidin chip .

ln another embodiment of the present invention there is provided a therapeutic

antibody which is an antibody or antigen binding fragment and/or derivative thereof

which binds B-arnyloid peptide 1-12 (SEO lD No:15) with equilibrium constant KD

less than 100pM and has an equilibrium constant KD for binding to B-amyloid peptide
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15treatment slowed the decline at cognitive function (Nature Clin Pract Neural (2006)
1:84-85). Post-mortem analysis of patients also showed evidence of plaque- clearance
(Gilman S. et al, (2005) Neurology 64 (0)1553-1562). Bapineuzumab (AAB-001, Elari/Wyeth),
a passive MAb therapy has been shown to significantly improve cognition scores in a small
phase 1 safety study. 20 Other diseases or disorders characterised by elevated p- arnyloid
levels or p-amyloiti deposits include mild cognitive impairment (MCI, Blasko I (2006)
Neurobiology of aging "Conversion from cognitive health to mild cognitive impairment and
Alzheimer's disease: Prediction by plasma arnyloid bete 42, medial temporal lobe atrophy and
25homocysteine" in press, e-published 19 Oct 2006), hereditary cerebral haemorrhage with
p-arnyloidosis of the Dutch type, cerebral P-amyloid angiopathy and various types of
degenerative dernentigis, such as those associated with Parkinson's disease, progressive
supranuclear palsy, cortical basal degeneration and diffuse Lewis body type of Alzheimer's
disease (Mollenhauer B (2007) J Neural Transrn e-published 23 30 Feb 2007, van Otjen. M
Lancet Neural. 2006 5:655-60) and Down syndrome (Mehta, PD (2007) JNeurol Sci.
254:22-7). Summary of the Invention  In an embodiment of the present invention there is
provided a therapeutic antibody 35which is an antibody or antigen binding fragment and/or
derivative thereof which binds ii-arnyloid peptide 1-12 (SEC) ID No:15) with equilibrium
constant KU less than 100pM but does not bind to p-arnyloid peptide 2-13 (SEG ID No:44),
both determinations being made in a surface plasmon resonance assay utilising peptide
captured on streptavidin chip. 40 in another embodiment of the present invention there is
provided a therapeutic antibody which is an antibody or antigen binding fragment and/or
derivative thereof which binds p-arnyloid peptide 1-12 (SEG ID No:15) with equilibrium
constant KD less than 10004 and has an equilibrium constant KU for binding to p-arnyloid
peptide  2-13 (SEQ ID No:44) which is 1000-fold greater than that for peptide 1-12 (SEQ ID
No:15), both determinations being made in a surface plasmon resonance assay utilising
peptide captured on streptavidin chip. 5In another embodiment of the present invention there
is provided a therapeutic antibody which is an antibody or antigen binding fragment and/or
derivative thereof which binds 13-amyloid peptide 1-12 (SEQ ID No:15) with equilibrium
constant KD less than 100pM and has an equilibrium constant KD for binding to 13-amyloid
peptide 2-13 (SEQ ID No:44) which is 10,000-Fold greater than that for peptide 1-12 (SEQ ID
10No:15), both determinations being made in a surface plasmon resonance assay utilising
peptide captured on streptavidin chip. In one aspect the surface plasmon resonance assay
utilising peptide captured on streptavidin chip is the Surface Plasrnon Resonance assay
described in the Example  15 below. In another aspect the surface plasmon resonance assay
utilising peptide captured on streptavidin chip is the Method AO) described under SPR
BiacoreTM Analysis below. In an alternative embodiment of the present invention there is
provided a therapeutic 20antibody which is an antibody or antigen binding fragment and/or
derivative thereof which binds 0-arnyloid peptide 1-40 with equilibrium constant KD less than
10nM but does not bind to B-arnyloid peptide 2-13 (SEQ ID No:44), both determinations being
made in the surface plasmon resonance assay described in Method B of the Examples below.
25 In another alternative embodiment of the present invention there is provided a therapeutic
antibody which is an antibody or antigen binding fragment and/or derivative thereof which
binds p-amyloid peptide 1-40 with equilibrium constant KD less than lOnM and has an
equilibrium constant KD for binding to 13-amyloid peptide 
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2-13 (SEQ lD No:44)which is 1000-fold greater than that for peptide 1-12 (SEQ lD
No:15), both determinations beíng made in a surface plasmon resonance assay
utilising peptide captured on streptavidin chip.

ln another embodiment of the present invention there is provided a therapeutic
antibody which is an antibody or antigen binding fragment andior derivative thereof
which binds B-amyloid peptide 1-12 (SEO lD No:15) with equilibrium constant KD
less than 100pM and has an equilibrium constant KD for binding to p-amyloid peptide
2-13 (SEQ lD No:44) which is 1 0,000-fold greater than that for peptide 1-12 (SEQ lD
No:15), both determinations being made in a surface plasmon resonance assay
utilising peptide captured on streptavidin chip.

In one aspect the surface plasmon resonance assay utilising peptide captured on

streptavidin chip is the Surface Plasmon Resonance assay described in the Example
below. ln another aspect the surface plasmon resonance assay utílising peptide
captured on streptavidin chip is the Method A(i)described under SPR BiacorerM
Analysis below.

ln an alternative embodiment of the present invention there is provided a therapeutic
antibody which is an antibody or antigen binding fragment and/or derivative thereof
which binds p-amyloid peptide 1-40 with equilibrium constant KD less than 1OnM but
does not bind to p-amyloid peptide 2-13 (SEQ lD No:44), both determinations being
made in the surface plasmon resonance assay described in Method B of the
Examples below.

ln another alternative embodiment of the present invention there is provided a

therapeutic antibody which is an antibody or antigen binding fragment and/or
derivative thereof which binds p-amyloid peptide 1-40 with equilibrium constant KD

less than 1OnM and has an equilibrium constant KD for binding to B-amyloid peptide
2-13 (SEO lD No:44) which is 1000-fold greater than that for peptide 1-12 (SEO tD

No:15), both determinations being made in the surface plasmon resonance assay
described in Method B of the Examples below.

ln another alternative embodiment of the present invention there is provided a
therapeutic antibody. which is an antibody or antigen binding fragment and/or
derivative thereof which binds p-amyloid peptide 1-40 with equilibrium constant KD
less than 1OnM and has an equilibrium constant KD for binding to B-amyloid peptide
2-13 (SEQ lD No:44) which is 10,000-fold greater than that for peptide 1-12 (SEe tD
No:15), both determinations being made in the sulace plasmon resonance assay
described in Method B of the Examples below.

ln an embodiment of the present invention there is provided a therapeutic antibody
which is an antibody or antigen binding fragment and/or derivative thereof which
binds B-amyloid peptide and which comprises the following CDRs:
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30 2-13 (SEQ ID No:44) which is 1000-fold greater than that for peptide 1-12 (SEQ ID No:15),
both determinations being made in the surface plasmon resonance assay described in
Method B of the Examples below. In another alternative embodiment of the present invention
there is provided a 35therapeutic antibody which is an antibody or antigen binding fragment
and/or derivative thereof which binds p-amyloid peptide 1-40 with equilibrium constant KD
less than lOnM and has an equilibrium constant KD for binding to13-amyloid peptide 2-13
(SEQ ID No:44) which is 10,000-fold greater than that for peptide 1-12 (SEQ ID No:15), both
determinations being made in the surface plasmon resonance assay 40described in Method B
of the Examples below. In an embodiment of the present invention there is provided a
therapeutic antibody which is an antibody or antigen binding fragment and/or derivative
thereof which binds p-amyloid peptide and which comprises the following CDRs:  CDRFII:
DNGMA (SEQ ID No:1) CDRH2: FISNLAYSIDYADTVTG (SEQ ID No:2) CORE-IS:
GTVVFAY (SEQ ID No:3) within a human heavy chain variable region originating from the
VH3 gene family and: CDRL1: RVSCISLLHSNGYTYLH (SEQ ID No:4) CDRL2: KVSNRFS
(SEQ ID No:5) CDRL3: SQTRHVPYT (SEC/ ID No:6) 10within a human light chain variabie
region originating from the amino acid sequence disclosed in GenPept entry CAA51135
(SEC) ID No:24). Throughout this specification, the terms "CDR", "CDRL1", "CDRL2",
"CDRL3", "CDRH1", "CDRH2", "00RH3" follow the Kabat numbering system as set forth in
15Kabat er al; Sequences of proteins of Immunological Interest N11-1, 1987. Therefore the
following defines the CDRs according to the invention: CDR: Residues CDRH1: 31-35D
CDRH2: 50-65 20 CORE-IS: 95-102 CDRL1: 24-34 CDRL2: 50-56 CDRL3: 89-97 25The VHS
gene family and related immenogiobulin gene nomenclature is described in Matsuda et at
(Journal of Experimental Medicine, 186:2151-2102, 1996) and Lefranc Lefranc (The
Immunoglobulin Factsbook. 2001. Academic Press: London). In a particular embodiment, the
human heavy chain variable region originates from: 30s A V gene selected from the following
subset of VH3 family members: VH3-48, 
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CDRHI: DNGMA (SEQ lD No:1)

CDRH2: FISNLAYSIDYADTWG (SEO lD No:2)

CDRH3: GTWFAY (SEQ lD No:3)

within a human heavy chain variable region origínating from the VH3 gene family

and:

CDRLI: RVSQSLLHSNGYTYLH (SEO lD No:4)

CDRL2: KVSNRFS (SEQ lD No:S)

CDRL3: SQTRHVPYT (SEO lD No:6)
within a human light chain variable regÍon originating from the amino acid sequence
disclosed in GenPept entry CAA51135 (SEQ lD No:24).

Throughout this specification, the terms "CDR", "CDRL1", "CDRL2", "CDRL3',
"CDRH1', "CDRH2", 'CDRH3" follow the Kabat numbering system as setforth in
Kabat et al; Sequences of proteins of lmmunological lnterest NlH, 1987. Therefore
the following defines the CDRs according to the ínventíon:

GDR: Residues
CDRHI: 31-358
CDRH2: 50-65
CDRH3: 95-102
CDRLI: 24-34
CDRL2: 50-56
CDRL3: 89-97

The VH3 gene family and related immunoglobulin gene nomenclature is described in

Matsuda et al (Journal of Experimental Medícine, 188:2151-2162,1998) and Lefranc
& Lefranc (The lmmunoglobulin Factsbook, 2001. Academic Press: London).

ln a particular embodiment, the human heavy chain variable region originates from:
. A V gene selected from the following subset of VH3 family members: VH3-48,

vH3-21, VH3-11, VH3-7, VH3-13, VH3-74, VH3-64, VH3-23, VH3-39, VH3-
53, VH3-66, VH3-20, VH3-g & VH3-43

. A V gene selected from the following subset of VH3 family members: VH3-48,
vH3-21 & VH3-11

o The VH3-48 gene 
I

or an allele thereof,

The sequence in Genbank entry M99675 is an allele of the VH34B gene. M99675 is

a Genbank nucleotide sequence of a genomic piece of DNA including the two exons
that constitute the human heavy chain gene VH3-48 (SEO lD No:22) and encode the
variable region amino acid sequence given in SEQ lD No:21. ln a particular aspect
the human acceptor heavy chain framework is derived from M99675.
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VH3-21, VH3-11, VH3-7, VH3-13, VH3-74, VH3-64, VH3-23, VH3-38, VH3-- 53, VH3-66,
VHS-20. VH3-9 & VH3-43  A V gene selected from the following subset of VHS family
members: VH3-48, VH3-2I & VH3-11 35 The VH3-48 gene or an allele thereof. The sequence
in Genbank entry M99675 is an allele of the VH3-48 gene. M99675 is a Genbank nucleotide
sequence or a genornic piece of DNA including the two exons 40that constitute the human
heavy chain gene VH3-48 (SEQ ID No:22) and encode the variable region amino acid
sequence given in SEQ ID No:21. In a particular aspect the human acceptor heavy chain
framework is derived from M99675.  In order to construct a complete V-region a framework 4
has to be added to the geneline encoded V-gene M99675. Suitable framework 4 sequences
include that encoded by the human JH4 minigene (Kabat): YEDYINGOGIIVIVSS(SEQ ID
No:23) 5of which the initial four residues fall within the CDR3 region which is replaced by the
incoming CDR from the donor antibody. The skilled person appreciates that a germline V
gene and a J gene do not include coding sequence for the entirety of heavy chain coRa.
However, in the antibodies of 10the invention, the CDR3 sequence is provided by the donor
immunoglobulin. Accordingly, the combination of a VH gene such as VH3-48, a JH mlnigene
such as JF44, and a set of heavy chain CDRs, such as SEQ ID No:1, SEQ ID No:2 and SEQ
ID No:3 (assembled in a manner so as to mimic a mature, fully rearranged heavy chain
variable region) is sufficient to define a heavy chain variable region of the 15invention such as
that represented in SEQ ID No:26. 28, 30. The variable region encoded by Genpept ID
CAA51134 has the amino acid sequence given in SEQ ID No:24, 20 The light chain variable
region framework sequence known by the GenPept ID CAA51134 is the deduced amino acid
sequence of a fully rearranged light chain variable region and is identical to another amino
acid sequence with the same frameworks in the database: Genpept accession number
840356, and is described in Klein, R., at al., Eur. J. iminunol. 23 (12), 3248-3262 (1993). The
DNA coding 2.5sequence for CAA51134, accessible as Genbank Accesion No X72467, is
given as SEC:t ID No: 25. In a particular aspect of the invention the human acceptor heavy
chain framework is derived from M99675 and the 411d4 mlnigene and the human acceptor
light chain 30framework is derived from CAA51135, optionally containing one or more, such
as one to four, more particularly one to three, substitutions of amino acid residues based on
the corresponding residues found in the donor VH domain having the sequence: SEQ ID
No:17 and VLdomain having the sequence: SEQ ID No: 19 that maintain all or substantially all
of the binding affinity of the donor antibody for 0-arnytoid peptide. 
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ln order to construct a complete V-regíon a framework 4 has to be added to the

germline encoded V-gene M99675. Suitable framework 4 sequences include that

encoded by the human JH4 minigene (Kabat):

YFDWVGQGTLVWSS (SEO ¡D No:23)

of which the initial four residues fall within the GDR3 regíon which is replaced by the

incoming CDR from the donor antibody.

The skilled person appreciates that a germline V gene and a J gene do not include

coding sequence for the entirety of heavy chain CDR3. However, in the antibodies of

the invention, the CDR3 sequence is provided by the donor immunoglobulin.

Accordingly, the combination of a VH gene such as VH3-48, a JH minigene such as

JH4, and a set of heavy chain CDRs, such as SEQ lD No:1, SEQ lD No:2 and SEQ

lD No:3 (assembled in a manner so as to mimic a mature, fully rearranged heavy

chain variable region) is sufficient to define a heavy chain variable region of the

invention such as that represented in SEQ lD No:26, 28, 30.

The variable region encoded by Genpept lD C4451134 has the amino acid

sequence given in SEQ lD No:24.

The light chain variable region framework sequence known by the GenPept lD

CA451134 is the deduced amino acid sequence of a fully rearranged light chain

variable region and is identicalto another amino acid sequence with the same

frameworks in the database: Genpept accession number S40356, and is described in

Klein, R., et al., Eur. J. lmmunol. 23 (12),3248-3262 (1993). The DNA coding

sequence for C4A51134, accessible as Genbank Accesion No X72467, is given as

SEQ lD No:25.

ln a particular aspect of the invention the human acceptor heavy chaín framework is

derived from M99675 and the JH4 minigene and the human acceptor light chain

framework is derived from CAA51 135, optionally containing one or more, such as

one to four, more particularly one to three, substitutions of amino acid residues based

on the corresponding residues found in the donor Vn domain having the sequence:

SEQ lD No:17 and Vr_domain having the sequence: SEQ lD No: 19 that maintain all

or substantially all of the binding affinity of the donor antibody for B-amyloid peptide.

10

l5

20

PCTÆP20071052928

25

30

35

By 'substantially all of the binding affinity' is meant that the therapeutic antibody has

at most a ten-fold reduction in binding affinity compared to the donor antibody.

ln a more particular aspect the human acceptor heavy chain framework derived from

M99675 and JH4 has one to four amino acid residue substitutions selected from
positions 24,48,93 and/or 94 (Kabat numbering).

35 By 'substantially aft of the binding affinity is meant that the therapeutic antibody has at
most a ten-fold reduction in binding affinity compared to the donor antibody.    In a more
particular aspect, the human acceptor heavy chain framework derived from 40M99575 and
JH4 has one to four amino acid residue substitutions selected from positions 24, 48, 93 and/or
94 (Kattat numbering).  In a more particular aspect of the invention the human acceptor heavy
chain framework derived from M99675 and JI14 comprises the following residues for a
conservative substitute thereof): 0) 5 PositionResidue 93V 94 or 1000 PositionResidue 24V
93 94 15 or PositionResidue 48 20 93V 94    In one embodiment of the invention there is
provided a therapeutic antibody comprising a VH chain having the sequence set forth in SEC)
ID No:26, 28 or 30 and 25a Vt. domain having the sequence set forth in SEQ ID No:32. In
another embodiment of the Invention there is provided a therapeutic antibody, which antibody
comprises a heavy chain having the sequence set forth in SEO ID No:34, 36 or 38 and a light
chain having the sequence set forth in SEC) ID No:40. 30 
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ln a more particular aspect of the invention the human acceptor heavy chain

framework derived from M99675 and JH4 comprises the following residues (or a

conservative substitute thereof):

(i)

Posltion
93

94

or
(i¡ )

Position
24

93

94

or
(iii)

Position
48
93

94
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ln one embodiment of the invention there is provided a therapeutic antibody

comprising a Vn chain having the sequence set forth in SEQ lD No:26, 28 or 30 and

a Vr- domain having the sequence set forth in SEQ lD No:32.

ln another embodiment of the invention there is provided a therapeutic antibody,

which antibody comprises a heavy chain having the sequence set forth in SEO lD

No:34, 36 or 38 and a light chain having the sequence set forth in SEQ lD No:40.

ln another embodiment of the invention there is provided a pharmaceutical

composition comprising a therapeutic antibody according to the invention.

ln a further embodiment of the invention there is provided a method of treating a

human patient afflicted with a p-amyloid peptide-related disease which method

comprises the step of administering to said patient a therapeutically effective amount

of a therapeutic antibody according to the invention.

Use of a therapeutic antibody according to the invention in the manufacture of a

medícament for the treatment of a p-amyloid peptide-related disease is also
provided.
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in another embodiment of the invention there is provided a pharmaceutical composition
comprising a therapeutic antibody according to the invention. In a further embodiment of the
invention there is provided a method of treating a 35human patient afflicted with a I3-amyloid
peptide-related disease which method comprises the step of administering to said patient a
therapeutically effective amount of a therapeutic antibody according to the invention.    Use of
a therapeutic antibody according to the invention in the manufacture of a 40medicament for
the treatment of a 9-amyloid peptide-related disease is also provided.  In another embodiment
of the invention there is provided a process for the manufacture of a therapeutic antibody
according to the invention, which process comprises expressing polynucleoliide encoding the
antibody in a host cell. In another embodiment of the invention there is provided a
polynucleotide encoding a therapeutic antibody heavy chain comprising a VH chain having the
sequence set forth in SEQ ID No:26, 28 or 30.    In another embodiment of the invention there
is provided a polynucieotide encoding a 10therapeutic antibody light chain comprising a V,
domain having the sequence set forth in SEQ ID No:32.    In another embodiment of the
invention there is provided a polynucleotida encoding a therapeutic antibody heavy chain
having the sequence set forth in SEQ ID No:34, 36 15or 38, In another embodiment of the
invention there is provided a polynucleotide encoding a therapeutic antibody light chain having
the sequence set forth in SEQ ID No:40. 20In a more particular embodiment of the invention
there is provided a polynucleotide encoding a therapeutic antibody heavy chain, which
polynucleotide comprises the sequence set forth in SEQ ID No:35, 37, 39 or 42. In another
more particular embodiment of the invention there is provided a oelynucleotide encoding a
therapeutic antibody light chain, which poly/nucleotide comprises the sequence set forth in
SEQ ID No:41 or 43, In a particular embodiment the therapeutic antibody which is an antibody
or fragment and/or derivative thereof essentially lacks the functions of a) activation of
30complement by the classical pathway; and h) mediating antibody-dependent ceflular
cytotoxicity. In another embodiment of the invention there is provided an antibody or a
fragment       thereof comprising a Vry domain having the sequence: SEQ ID No:17 and a VL
35domain having the sequence: SEQ ID No: 19. In another embodiment of the invention there
is provided a polynucleotide encoding an antibody heavy chain or a fragment thereof
comprising a VH domain having the sequence SEQ ID No:17, in particular the poiynucleotide
of SEQ ID No:16. 40 
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ln another embodiment of the invention there is provided a process for the

manufacture of a therapeutic antibody according to the invention, which process

comprises expressing polynucleotide encoding the antibody in a host cell.

ln another embodiment of the invention there is provided a polynucleotide encoding a

therapeutic antibody heavy chain comprising a VH chain having the sequence set

forth in SEQ lD No:26, 28 or 30,

ln another embodiment of the invention there is provided a polynucleotide encoding a

therapeutic antibody light chain comprising a Vu domain having the sequence set

forth in SEQ lD No:32.

ln another embodiment of the invention there is provided a polynucleotide encoding a

therapeutic antibody heavy chain having the sequence set forth in SEQ lD No:34, 36

or 38.

ln another embodiment of the invention there is provided a polynucleotide encoding a

therapeutic antibody light chain having the sequence set forth in SEQ lD No:40'

ln a more particular embodiment of the invention there is provided a polynucleotide

encoding a therapeutic antibody heavy chain, which polynucleotide comprises the

sequence set forth in SEQ lD No:35, 37, 39 or 42-

ln another more particular embodiment of the invention there is provided a

polynucleotide encoding a therapeutic antibody light chain, which polynucleotide

comprises the sequence set forth in SEQ lD No:41 or 43'

ln a particular embodiment the therapeutic antibody which is an antibody or fragment

and/or derivative thereof essentially lacks the functions of a) activation of

complement by the classical pathway; and b) mediating antibody-dependent cellular

cytotoxicity.

ln another embodiment of the invention there is provided an antibody or a fragment

thereof comprising a Vn domain having the sequence: SEQ lD No:17 and a Vr-

domain having the sequence: SEQ lD No: 19.

ln another embodiment of the invention there is provided a polynucleotide encoding

an antibody heavy chain or a fragment thereof comprising a Vn domain having the

sequence sEo lD No:17, in particular the polynucleotide of sEQ lD No:18.

ln another embodiment of the invention there is provided a polynucleotide encoding

an antibody light chain or a fragment thereof comprising a Vr-domain having the

sequence SEO lD No: 19, in particular the polynucleotide of SEQ lD No:20.
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In another embodiment of the invention there is provided a polynucleotide encoding an
antibody light chain or a fragment thereof comprising a VI, domain having the sequence SEQ
ID No: 19, in particular the polynucleotide of SEQ ID No:20.  Detailed Description of the
Invention  1. Antibody Structures 11 Intact Antibodies  intact antibodies are usually
heteromultimeric glycoproteins comprising at least two heavy and two light chains. Aside from
igM, Intact antibodies are heterotetrameric glycoproteins of approximately 150K0a, composed
of two identical light (L) chains and two identical heavy (H) chains. Typically, each fight chain
is linked to a heavy chain by one covalent disulfide bond while the number of disulfide
linkages between 10the heavy chains of different imrnunoglobulin isotypes varies. Each heavy
and light chain also has intrachain disulfide bridges. Each heavy chain has at one end a
variable domain (VH) followed by a number of constant regions. Each light chain has a
variable domain (VE) and a constant region at its other end; the constant region of the light
chain is aligned with the first constant region of the heavy chain and the light 15chain variable
domain is aligned with the variable domain of the heavy chain. The light chains of antibodies
from most vertebrate species can be assigned to one of two types called Kappa and Lambda
based on the amino acid sequence of the constant region. Depending on the amino acid
sequence of the constant region of their heavy chains, human antibodies can be assigned to
five different classes, 1gA, 1gD, IgE, igG ngand 19M. IgG and lgA can be further subdivided
into subclasses, 1961, IgG2, IgG3 and IgG4; and 19,41 and IgA2. Species variants exist with
mouse and rat having at least!IgG2b. The variable domain of the antibody confers binding
specificity upon the antibody with certain regions displaying particular variability called
complementarity determining regions (CDRs). The more conserved portions of the 95variable
region are called framework regions (FR). The variable domains of intact heavy and light
chains each comprise four FR connected by three CDRs. The CDRs in each chain are held
together in dose proximity by the FR regions and with the CDRs from the other chain
contribute to the formation of the antigen binding site of antibodies. The constant regions are
not directly involved in the binding of the 30antibody to the antigen but exhibit various effector
functions such as participation in antibody dependent cell-mediated cytotoxicity
(ADCC),,phagocylosis via binding to Fey receptor, half-life/clearance rate via neonatal Fc
receptor (FcRn) and complement dependent cytotoxicity via the Gig component of the
complement cascade. The human IgG2 constant region lacks the ability to activate
complement 35by the classical pathway or to mediate antibody-dependent cellular
oytotoxicity. The IgG4 constant region lacks the ability to activate complement by the classical
pathway and mediates antibody-dependent cellular cytoloxicity only weakly. Antibodies
essentially lacking these effector functons may be termed :non-lytie antibodies, 40 1 1 1
Human antibodies  Human antibodies may be produced by a number of methods known to
those of skill in the art. Human antibodies can be made by the hybridorna method using
human myelorna or mouse-human heteronnyeloma cells has see Kozbor J.Immunol 133, 
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Detailed Description of the lnvention
1. Antibodv Structures
1.1 lntact Antibodies
lntact antibodies are usually heteromultimeric glycoproteins comprising at least two

heavy and two light chains. Aside from lgM, intact antibodies are heterotetrameric

glycoproteins of approximately 150KDa, composed of two identical light (L) chains

and two identical heavy (H) chains. Typically, each light chain is linked to a heavy

chain by one covalent disulfide bond while the number of disulfide linkages between

the heavy chains of different immunoglobulin isotypes varies. Each heavy and light

chain also has intrachain disulfìde bridges. Each heavy chain has at one end a

variable domain (Vn) followed by a number of constant regions. Each líght chain has

a variable domain (V¡) and a constant regíon at its other end; the constant region of

the light chain is aligned with the first constant region of the heavy chain and the light

chain variable domain is aligned with the variable domain of the heavy chain. The

light cfrains of antibodies from most vertebrate species can be assigned to one of two

types called Kappa and Lambda based on the amino acid sequence of the constant

region. Depending on the amino acid sequence of the constant region of their heavy

chains, human antibodies can be assigned to five different classes, lgA, lgD, lgE, lgG

and lgM. lgG and lgA can be further subdivided into subclasses, lgG1, lgG2, lgG3

and lgG4; and lgAl and lgA2. Species variants exist with mouse and rat having at

least lgG2a, lgG2b. The variable domain of the antibody confers binding specificity

upon the antibody with certain regions displaying particular variability called

complementarity determining regions (CDRs). The more conserved portions of the

variable region are called framework regions (FR). The variable domains of intact

heavy and light chains each comprise four FR connected by three CDRs. The CDRs

in each chain are held together in close proximity by the FR regions and with the

CDRs from the other chain contribute to the formation of the antigen binding site of

antibodies. The constant regions are not directly involved in the binding of the

antibody to the antigen but exhibit various effector functions such as participation in

antibody dependent cell-mediated cytotoxicity (ADCC), phagocytosis via binding to

Fcy receptor, halfJife/clearance rate via neonatal Fc receptor (FcRn) and

complement dependent cytotoxicity via the C1q component of the complement

cascade. The human lgG2 constant region lacks the ability to activate complement

by the classical pathway or to mediate antibody-dependent cellular cytotoxicity. The

lgG4 constant region lacks the ability to actívate complement by the classical

pathway and mediates antibody-dependent cellular cytotoxicity only weakly.

Antibodies essentially lacking these effector functons may be termed 'non-lytic'

antibodies.

1.1.1 Human antibodies
Human antibodies may be produced by a number of methods known to those of skill

in the art. Human antibodies can be made by the hybridoma method using human

myeloma or mouse-human heteromyeloma cells lines see Kozbor J.lmmunol 133,
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3001. (1984) and Brodeur, Monoclonal Antibody Production Techniques and Applications,
pp51-63 (Marcel Dekker Inc, 1987). Alternative methods include the use of phage libraries or
transgenic mice both of which utilize human V region repertories (see Winter G, (1994),
Annu.Rev.Immunol 12,433-456, Green LA. (1999), 5J.Imrnunol.methods 231, 11-23). Several
strains of transgenic mice are now avaiiable wherein their mouse imrnunoglobuiin ioci has
been replaced with human immurtoglobulin gene segments (see Tomizuka K, (2000) PNAS
97,722-727; Fishwild DM (1996) Nature Biotechnol. 1014,845-851, Mendez NU, 1997, Nature
Genetics, 15,146-156), Upon antigen challenge such mice are capable of producing a
repertoire of human antibodies from which antibodies of interest can be selected. Of particular
note is the Trimerarm system (see Eren R at al, (1998) Immunology 1593:154-161) where
human lymphocytes are transplanted into irradiated mice, the Selected Lymphocyte Antibody
System (SLAM, see Babcock at al, PNAS (1996) 93:7843-7848) where human (or other
species) lymphocytes are effectively put through a massive pooled in vitro antibody
generation procedure followed by der,onvulated, limiting dilution and selection procedure and
the Xenomouse hIM 20(Abgenix Inc). An alternative approach is available from Morphotek Inc
using the Morphodomalm technology, Phage display technology can be used to produce
human antibodies (and fragments thereof). see McCafferty; Nature, 348, 552-553 (1990) and
Griffiths AD at a/ (1994) 25EMBO 13:3245-3260. According to this technique antibody V
domain genes are cloned in frame into either a major or minor coat of protein gene of a
filamentous bactericpnage such as M13 or fd and displayed (usually with the aid of a helper
phage) as functional antibody fragments on the surface of the phage particle. Selections
based on the functional properties of the antibody result in selection of the 30gene encoding
the antibody exhibiting those properties, The phage display technique can be used to select
antigen specific antibodies from libraries made from human B cells taken from individuals
afflicted with a disease or disorder described above or alternatively from unimmunized human
donors (see Marks; JivIcil.Bio. 222,581-597, 1991). Where an intact human antibody is
desired comprising a Fe 35 domain it is necessary to redone the phage displayed derived
fragment into a mammalian expression vectors comprising the desired constant regions and
establishing stable expressing cell lines. The technique of affinity maturation (Marks;
Bioltechnol 10,779-783 (1992)) may be 40used to improve binding affinity wherein the affinity
of the primary human antibody is improved by sequentially replacing the H and L chain V
regions with naturally occurring variants and selecting on the basis of improved binding
affinities. Variants of this technique such as "epitope imprinting" are now also available see
WO 93/06213. See also Waterhouse; Nucl.Acids Res 21, 2265-2266 (1993).  1,2 Chimeric
and Humanised Antibodies The use of intact non-human antibodies in the treatment of human
diseases or disorders carries with it the now well established problems of potential
irrimurrogenicity especially upon repeated administration of the antibody that is the immune
system of the patient may recognise the non-human intact antibody as non-self and mount a
neutralising response. In addition to developing fully human antibodies (see above) various
techniques have been developed over the years to overcome these problems and generally
involve reducing the composition of non- 
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3OO1 , (1984) and Brodeur, Monoclonal Antibody Production Techniques and

Applications, pp51-63 (Marcel Dekker lnc, 1987). Alternative methods include the

use of phage libraries or transgenic mice both of which utilize human V region

repertories (see Winter G, (1994), Annu.Rev.lmmunol 12,433455, Green LL (1999),

J. lmmunol.methods 23'1, I 1 -231.

Several strains of transgenic mice are now available wherein their mouse

immunoglobulin loci has been replaced with human immunoglobulin gene segments

(see Tomizuka K, (2000) PNAS 97,722-727; Fishwild D.M (1996) Nature Biotechnol.

14,845-851, Mendez MJ, 1997, Nature Genetics, 15,146-156). Upon antigen

challenge such mice are capable of producing a repertoire of human antibodies from

which antibodies of interest can be selected,

Of particular note is the TrimerarM system (see Eren R ef a/, (1998) lmmunology

93:154-161) where human lymphocytes are transplanted into irradiated mice, the

Selected Lymphocyte Antibody System (SLAM, see Babcook et al, PNAS (1996)

93:7843-7848)where human (or other species) lymphocytes are effectively put

through a massive pooled in vitro antibody generation procedure followed by

deconvulated, limiting dilution and selection procedure and the Xenomouse llrM

(Abgenix lnc). An alternative approach is available from Morphotek lnc using the

MorphodomarM technology.

Phage display technology can be used to produce human antibodies (and fragments

thereof), see McCafferty; Nature, 348, 552-553 (1990) and Gritfiths AD ef a/ (1994)

EMBO 13:3245-3260. According to this technique antibody V domain genes are

cloned in frame into either a major or minor coat of protein gene of a filamentous

bacteriophage such as Ml3 or fd and displayed (usually with the aid of a helper

phage) as functional antibody fragments on the surface of the phage particle.

Selections based on the functional properlies of the antibody result in selection of the

gene encoding the antibody exhibiting those properties. The phage display

technique can be used to select antigen specific antibodies from libraries made from

human B cells taken from individuals afflicted with a disease or disorder described

above or alternatively from unimmunized human donors (see Marks; J.Mol.Bio.

222,581-597, 1991). Where an intact human antibody is desired comprising a Fc

domain it is necessary to reclone the phage displayed derived fragment into a

mammalian expression vectors comprising the desired constant regions and

establishing stable expressing cell lines.

The technique of affinity maturation (Marks; Bio/technol 10,779-783 (1992)) may be

used to improve binding affinity wherein the atfinity of the primary human antibody is

improved by sequentially replacing the H and L chain V regions with naturally

occurring variants and selecting on the basis of improved binding affinities. Variants

of this technique such as "epitope imprinting" are now also available see WO

93/06213. See also Waterhouse; Nucl.Acids Res 21 ,2265-2266 (1993).
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10human amino acid sequences in the intact therapeutic antibody whilst retaining the relative
ease in obtaining non-human antibodies from an immunised animal e.g. mouse, rat or rabbit.
Broadly two approaches have been used to achieve this. The first are chimaeric antibodies,
which generally comprise a non-human (e.g. rodent such as mouse) variable domain fused to
a human constant region. Because the antigen-binding site of an antibody is localised within
the variable regions the chirnaeric antibody retains its binding affinity for the antigen but
acquires the effector functions of the human constant region and are therefore able to perform
effector functions such as described supra Chimaeric antibodies are typically produced using
recombinant DNA methods. DNA encoding the antibodies (e.g. cDNA) is 20isolated and
sequenced using conventional procedures (e,g by using oligonucleotide probes that are
capable of binding specifically to genes encoding the H and L chain variable regions of the
antibody of the invention, e.g. DNA of SEQ.I.D.NO 18 and 20 described supra). Hybridoma
cells serve as a typical source of such DNA. Once isolated, the DNA is placed into expression
vectors which are then transfected into 25host cells such as E.Coll, COS cells, OHO cells,
PerC6 cells or myeloma cells that do not otherwise produce immunoglobulin protein to obtain
synthesis of the antibody. The DNA may be modified by substituting the coding sequence for
human L and H chains for the corresponding non-human (e.g. rnurine) H and L constant
regions see e.g. Morrison; PNAS 81, 6851 (1984). Thus another embodiment of the invention
30there is provided a chimaeric antibody comprising a Vi.r domain having the sequence:
SEC) ID No:17 and a VE. domain having the sequence: SEC) ID No: 19 fused to a human
constant region (which maybe of a IgG isotype e.g. IgG1) The second approach involves the
generation of humanised antibodies wherein the 35 non-human content of the antibody is
reduced by humanizing the variable regions. Two techniques for humanisation have gained
popularity. The first is humanisation by CDR grafting. CDRs build loops close to the antibody's
N-terminus where they form a surface mounted in a scaffold provided by the framework
regions, Antigen-binding specificity of the antibody is mainly defined by the topography and by
the 40 chemical characteristics of its CDR surface. These features are in turn determined by
the conformation of the individual ODRs, by the relative disposition of the CDRs, and by the
nature and disposition of the side chains of the residues comprising the DDRs. A large
decrease in immunogenicity can be achieved by grafting only the CORs of a non-human (e.g
murine) antibodies ("donor antibodies) onto a suitable  human framework ("acceptor
framework") and constant regions (see Jones at el (1986) Nature 321,522-525 and Verhoeyen
M eta! (1988) Science 239, 1534-1536). However, CDR grafting per se may not result in the
complete retention of antigen- binding properties and it is frequently found that some
framework residues of the donor antibody need to be preserved (sometimes referred to as
'backmutations") in the humanised molecule if signiflcant antigen-binding affinity is to be
recovered (see Queen Get a/ (1989) PNAS 86, 10,029-10,033, Co, M eta! (1991) Nature 351,
501- 502). In this case, human V regions showing the greatest sequence homology (typically
60% or greater) to the non-human donor antibody maybe chosen from a 10database in order
to provide the human framework (FR). The selection of human FRs can be made either from
human consensus or individual human antibodies. Where necessary key residues from the
donor antibody are substituted into the human acceptor framework to preserve CDR
conformations. Computer modelling of the antibody maybe used to help identify such
siructuraily important residues, see 15 W099148523. Alternatively, humanisation maybe
achieved by a process of 'tveneering". A statistical anaiysis of unique human and murine
immunoglobulin heavy and light chain variable regions revealed that the precise patterns of
exposed residues are 20different in human and murine antibodies, and most individual
surface positions have a strong preference for a small number of different residues (see
Padian E.A. at al; (1991) Malmmunol.28, 489-498 and Pedersen J.T. ef. ef (1994) J.Mol.Siol.
235; 959973), Therefore it is possible to reduce the ininnunogenicity of a non-human Ey by
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1.2 Ghimaeric and Humanised Antibodies
The use of intact non-human antibodies in the treatment of human diseases or

disorders carries with it the now well established problems of potential

immunogenicity especially upon repeated administration of the antibody that is the

immune system of the patient may recognise the non-human intact antibody as non-

self and mount a neutralising response. ln addition to developing fully human

antibodies (see above) various techniques have been developed over the years to

overcome these problems and generally involve reducing the composition of non-

human amino acid sequences in the intact therapeutic antibody whilst retaining the

relative ease in obtaining non-human antibodies from an immunised animale.g,

mouse, rat or rabbit. Broadly two approaches have been used to achieve this. The

first are chimaeric antibodies, which generally comprise a non-human (e.9. rodent

such as mouse) variable domain fused to a human constant region. Because the

antigen-binding site of an antibody is localised within the variable regions the

chimaeric antibody retains its binding affinity for the antigen but acquires the effectór

functions of the human constant region and are therefore able to perform effector

functions such as described supra. Chimaeric antibodies are typically produced

using recombinant DNA methods. DNA encoding the antibodies (e.9. cDNA) is

isolated and sequenced using conventional procedures (e.9. by using oligonucleotide

probes that are capable of binding specifically to genes encoding the H and L chain

variable regions of the antibody of the invention, e.g. DNA of SEQ.I.D.NO 18 and 2Q

described supra). Hybridoma cells serve as a typical source of such DNA' Once

isolated, the DNA is placed into expression vectors which are then transfected into

host cells such as E.Coli, COS cells, CHO cells, PerC6 cells or myeloma cells that do

not otherwise produce immunoglobulin protein to obtain synthesis of the antibody.

The DNA may be modified by substituting the coding sequence for human L and H

chains for the corresponding non-human (e.9. murine) H and L constant regions see

e.g. Morrison; PNAS 81, 6851 (19S4). Thus another embodiment of the invention

there is provided a chimaeric antibody comprising a Vn domain having the sequence:

SEQ lD No:17 and a Vrdomain having the sequence: SEQ lD No: 19 fused to a

human constant region (which maybe of a lgG isotype e.g. lgGl) .

The second approach involves the generation of humanised antibodies wherein the

non-human content of the antibody is reduced by humanizing the variable regions.

Two techniques for humanisation have gained popularity. The first is humanisation

by CDR grafting. CDRs build loops close to the antibody's N-terminus where they

form a surface mounted in a scaffold provided by the framework regions. Antigen-

binding specificity of the antibody is mainly defined by the topography and by the

chemical characteristics of its CDR surface. These features are in turn determined

by the conformation of the individual CDRs, by the relative disposition of the CDRs,

and by the nature and disposition of the side chains of the residues comprising the

CDRs, A large decrease in immunogenicity can be achieved by grafting only the

CDRs of a non-human (e.9. murine) antibodies ("donor" antibodies) onto a suitable
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produces antibodies that are close to human germline in sequence (A.Ifertito-M 35Advancing
Protein Therapeutics January 2007, San Diego,California). It will be apparent to those skilled
in the art that the term "derived" is intended to define not only the source in the sense of q
being the physical origin for the material but also to define material which is structually
identical to the material but which does 40not originate from the reference source. Thus
"residues found in the donor antibody" need not necessarily have been purified from the donor
antibody. It is well recognised in the art that certain amino acid substitutions are regarded as
being "conservative". Amino acids are divided into groups based on common side-  chain
properties and substitutions within groups that maintain all or substantially au of the binding
affinity of the therapeutic antibody of the invention are regarded as conservative substitutions,
see the following Table 1: Table 1.3 Bispacific antibodies A bispecific antibody is an antibody
derivative having binding specificities for at ieast two different epitopes and So forms part of
the invention, Methods of making such antibodies are known in the art. Traditionally, the
recombinant production of 10bispecific antibodies is based on the coexpression of two
immunoglobufin H chain-L chain pairs, where the two H chains have different binding
specificities see Milstein eta!, Nature 305 637-530 (1983), W093/08829 and Traunecker et ai
EMBO, 10, 1991, 3655-3659. Because of the random assortment of H and L chains, a
potential mixture of ten different antibody structures are produced of which only one has the
15desired binding specificity. An alternative approach involves fusing the variable domains
with the desired binding specificities to heavy chain constant region comprising at least part of
the hinge region. CH2 and CH3 regions. It is preferred to have the CH1 region containing the
site necessary for light chain binding present in at /east one of the fusions. DNA encoding
these fusions, and if desired the L chain 10are inserted into separate expression vectors and
are then cotransfected into a suitable host organism. It is possible though to insert the coding
sequences for two or all three chains into one expression vector. In one preferred approach,
the bispecific antibody is composed of a H chain with a first binding specificity in one arm and
a HL chain pair, providing a second binding specificity in the other arm, see 25W094/04690.
See also Suresh eta? Methods in E-nzyrnology 121, 210, 1985. Delivery of therapeutic
proteins to the brain has been hampered by the presence of the blood brain barrier (BBB).
Where it is desired to deliver an antibody of the invention or antibody fragment of the invention
across the BBB various strategies 30 have been proposed to enhance such delivery where
needed. In order to obtain required nutrients and factors from the blood, the BBB posseses
some specific receptors, which transport compounds from the circulating blood to the brain.
Studies have indicated that some compounds like insulin (see Duffy KR eta! 35(1989) Brain
Res. 420:32-38), transferin (see Fishman LB et al (1987) J.Neurosci 18:299-304) and insulin
like growth factors 1 and 2 (see Pardridge WM (1986)  
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human framewOrk ("acceptor framework") and Constant regions (see Jones ef a/

(19S6) Nature 321,522-525 and Verhoeyen M et al(1988) Science 239, 1534-1536)'

However, CDR grafting per se may not result in the complete retention of antigen-

binding properties and it is frequently found that some framework residues of the

donor antibody need to be preserved (sometimes referred to as 'backmutations") in

the humanised molecule if significant antigen-binding affinity is to be recovered (see

Queen C et at(1989) PNAS 86, 10,029-10,033, Co, M et a/ (1991) Nature 351, 501-

502). ln this case, human V regions showing the greatest sequence homology

(typically 60% or greater) to the non-human donor antibody maybe chosen from a

database in order to provide the human framework (FR). The selection of human

FRs can be made either from human consensus or individual human antibodies.

Where necessary key residues from the donor antibody are substituted into the

human acceptor framework to preserve CDR conformations. Computer modelling of

the antibody maybe used to help identify such structurally important residues, see

wo99/48523.

Alternatively, humanisation maybe achieved by a process of "veneering". A

statistical analysis of unique human and murine immunoglobulin heavy and light

chain variable regions revealed that the precise patterns of exposed res¡dues are

different in human and murine antibodies, and most individual surface positions have

a strong preference for a small number of different residues (see Padlan E.A. eú a/;

(1991) Mol.lmrnunol,28, 489-498 and Pedersen J.T. et al (1994) J.Mol.Biol. 235; 959-

973). Therefore it is possible to reduce the immunogenicity of a non-human Fv by

replacing exposed residues in its framework regions that differ from those usually

found in human antibodies. Because protein antígenicity can be correlated with

surface accessibility, replacement of the sufface residues may be sufficient to render

the mouse variable region "invisible" to the human immune system (see also Mark

G.E. ef a/ (1994) in Handbook of Experimental Pharmacology vol'l 13: The

pharmacology of monoclonal Antibodies, Springer-Verlag, pp1 05'1 34). This

procedure of humanisation is referred to as "veneering" because only the surface of

the antibody is altered, the supporting residues remain undisturbed. Further

alternative approaches include that set out in WO04/006955 and the procedure of

HumaneeringrM lKalobios) which makes use of bacterial expression systems and

produces antibodies that are close to human germline in sequence (Alfenito-M

Advancing Protein Therapeutics January 2007, San Diego,Califomia)'

It will be apparent to those skilled in the art that the term "derived" is intended to

define not only the source in the sense of it being lhe physical origin for the material

but also to define material which is structually identical to the material but which does

not originate from the reference source. Thus "residues found in the donor antibody"

need not necessarily have been purified from the donor antibody.

It is well recognised in the art that certain amino acid substitutions are regarded as

being "conservative". Amino acids are divided into groups based on common side-
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Endocrine Rev.7:314-330 and Duffy KR et al (1986) Metabolism 37:136-140) traverse the
BBB via receptor-mediated transcytosis. Receptors for these molecules thus provide a
potential means for therapeutic antibodies of the invention to access the brain using so -called
"vectored" antibodies (see Pardridge WM (1999) Advanced Drug Delivery Review
36:209-321). For example, an antibody to transferrin receptor has been shown to be
dynamically transported into the brain parenchyma (see Friden PM at al (1991) PNAS
88:4771-4775 and Friden PM at a/ (1993) Science 259:373-377). Thus one potential
approach is to produce a bispecilic antibody or bispecific fragment such as described supra
wherein a first 10specificity is towards and a second specificity towards a transport receptor
located at the BBB e.g. a second specificity towards the transferrin transport receptor. 1.4
Antibody Franments In certain embodiments of the invention there is provided therapeutic
antibody which 15is an antigen binding fragment. Such fragments may be functional antigen
binding fragments of intact and/or humanised and/or chimaeric antibodies such as Fab, Fd,
Fab', F(ab')2, Fv, Scffv fragments of the antibodies described supra. Fragments lacking the
constant region lack the ability to activate complement by the classical pathway or to mediate
antibody-dependent cellular cytotoxicity. Traditionally such 20fragments are produced by the
proteolytic digestion of intact antibodies by e.g. papain digestion (see for example. WO
94(29348) but may be produced directly from recombinently transformed host cells. For the
production of ScFv, see Bird et al :( 1968) Science, 242. 423-426. in addition, antibody
fragments may be produced using a variety of engineering techniques as described below. Ey
fragments appear to have lower interaction energy of their two chains than Fab fragments. To
stablise the association of the VH and VL domains, they have been linked with peptides (Bird
eta!, (1988) Science 242, 423426, Huston eta!, PNAS, 85, 5879-5883), disulphide bridges
(Glockshuber eta!, (1990) Biochemistry, 29, 301362-1367) and "knob in hole mutations (Zhu
at al (1997), Protein Sci., 6, 781-788), ScFs/ fragments can be produced by methods well
known to those skilled in the art see Whitlow at a/ (1991) Methods companion Methods
Enzymoi, 2, 97-105 and Huston et al (1993) int.Rev.immunol 10, 196-217. ScFy may be
produced in bacteriai cells such as E. Coll but are more typically produced in eukaryotic ceiis,
35One disadvantage of ScFv is the monovelency of the product, which precludes an
increased avidity due to polyvalent binding, and their short half-life. Attempts to overcome
these problems include bivalent (ScFV)2 produced from ScFV containing an additional C
terminal cysteine by chemical coupling ( Adams eta! (1993) Can.Res 53, 4026-4034 and
McCartney et al (1996) Protein Eng. 8, 301-314) or by spontaneous site-specific dimerization
of ScFv containing an unpaired C terminal cysteine residue (see Kipriyanov et a/ (1995) Coil.
Biophys 26, 137-204). Alternatively, ScFy can be forced to form inultimers by shortening the
peptide linker to between 3 to 12 residues to form "diabodies", see Holliger eta! PNAS (1994
90, 6444-6448. Reducing the linker still further can resuit in ScFV timers ("triabodies",  see
Kent eta! (1997) Protein Eng, 10, 423-433) and tetramers ("tetrabodies", see Le Gall et al
(1999) FEES Lett, 453, 164-168). Construction of bivalent ScFV molecules can also be
achieved by genetic fusion with protein dirnerizing motifs to form "rniniantibodies" (see Pack
et el (1992) Biochemistry 31, 1579-1564) and "rninibodies" (see Hu at at (1996), Cancer Res,
58,3055-3081). ScFv-Sc-Fv tandems ((ScFV)2) may also be produced by !inking two ScFiv
units by a third peptide. linker, see Kurucz eta! (1995) J,Immcl.154, 4576-4582, Bispecific
diabodies can be produced through the noncovalent association of two single chain fusion
products consisting of VH domain from one antibody connected by a short linker to the V,
10domain of another antibody, see Kipriyanov at al (1998), int.J.Can 77,763-772. The stability
of such bispecitic diabodies can be enhanced by the introduction of disulphide bridges or
"knob in hole" mutations as described supra or by the formation of single chain diabodies
(ScDb) wherein two hybrid ScFy fragments are connected through a peptide linker see
Kontermann eta! (1999) J.ImmunolMethods 226 1 79-  15188. Tetravalent bispecific
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chain properties and substitutions within groups that maintain all or substantially all of

the binding affinity of the therapeutic antibody of the invention are regarded as

conservative substitutions, see the following Table 1:

Table I
Side chain

Hydrophobic

neutral hydrophilic

Acidic

Basic

residues that influence chain

orientation

aromatic

1.3 Bisoecific antibodles
A bispecific antibody is an antibody derivative having binding specificities for at least

two different epitopes and also forms part of the invention. Methods of making such

antibodies are known in the art. Traditionally, the recombinant production of

bispecific antibodies is based on the coexpression of two immunoglobulin H chain-L

chain pairs, where the two H chains have different binding specificities see Millstein

ef a/, Nature 305 537-539 (1983), WO93/08829 and Traunecker ef al EMBO, 10,

1991, 3655-3659. Because of the random assortment of H and L chains, a potential

mixture of ten different antibody structures are produced of which only one has the

desired binding specificity. An alternative approach involves fusing the variable

domains with the desired binding specificities to heavy chain constant region

comprising at least part of the hinge region, CH2 and CH3 regions. lt is preferred to

have the CH1 region containing the site necessary for light chain binding present in

at least one of the fusions. DNA encoding these fusions, and if desired the L chain

are inserted into separate expression vectors and are then cotransfected into a

suitable host organism, lt is possible though to insert the coding sequences for two or

all three chains into one expression vector. ln one preferred approach, the bispecific

antibody is composed of a H chain with a first binding specificity in one arm and a H-

L chain pair, providing a second binding specificity in the other arm, see

wo94/04690. See also suresh ef a/ Methods in Enzymology 121, 210, 1986.

Delivery of therapeutic proteins to the brain has been hampered by the presence of

the blood brain banier (BBB). Where it is desired to deliver an antibody of the

invention or antibody fragment of the invention across the BBB various strategies

have been proposed to enhance such delivery where needed.

ln order to obtain required nutrients and factors from the blood, the BBB posseses

some specific receptors, which transport compounds from the circulating blood to the

brain, Studies have indicated that some compounds like insulin (see Duffy KR ef a/

(19S9) Brain Res, 420:32-38), transferin (see Fishman JB ef al(1987) J.Neurosci

18:299-304) and insulin like growth factors 1 and2 (see Pardridge WM (1986)
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bispecific molecules have been created by the fusion of bispecific single chain diabodies (see
Alt eta!, (1999) FEBS Lett 454, 90-94, Smaller tetravalent bispecific 20molecules can also be
formed by the dimerization of either ScEv-ScFy tandems with a iinker containing a
helix4pop-helix motif (DiBi miniantibodies, see Muller et al (1998) FEES Lett 432, 45-49) or a
single chain molecule comprising four antibody variable domains (VH and Vt.) in an
orientation preventing intrarnolectiiar pairing (tandem diabody, see Kipriyanov et at, (1999)
'1.,101.Siol. 293, 41-58).Bispecific 25F(abi)2 fragments can be created by chemical coupling
of Fab fragments or by heterodimerization through leucine zippers (see Shalaby at at, (1992)
J.Exp.Med. 175, 217-225 and Kostelny eta! (1992), J.Immunol. 148, 1547-1553). Also
available are isolated VH and V,. domains, see use. 248,516; US 6,291,156; use, 172,197. 30
15 Heteroconitioate antibodies  Heteroconjagate antibodies are derivatives which also tOrili
an embodiment of the present invention. Heteroconjugate antibodies are composed of two
covalently joined antibodies formed using any convenient cross-linking methods. See US
4,676,980. 35 1.6 Other Modifications. The interaction between the Pc region of an antibody
and various Fc receptors (FcyR) is believed to mediate the effector functions of the antibody
which inciude antibody-dependent cellular cytotoxicity (ADCC), fixation of complement,
40phaaocytosis and half-life/clearance of the antibody. Various modifications to the Fc region
of antibodies of the invention may be carried out depending on the desired effector property.
In particular, human constant regions which essentially lack the functions of a) activation of
complement by the classical pathway; and h) mediating antibody-dependent cellular
cytotoxicity include the IgG4 constant region, the IgG2  constant region and I9G1 constant
regions containing specific mutations as for example mutations at positions 234, 236, 236,
237, 297, 318, 320 and/or 322 disclosed in EP0307434 (W08807089), EP 0629 240
(W09317105) and WO 2004/014953. Mutations at residues 235 or 237 within the CH2 domain
of the heavy chain constant region (Kabat numbering; EU Index system) have separately
been described to reduce binding to FtyRI. FcyRil and Fc-yRill binding and therefore reduce
antibody-dependent cellular cytotoxicity (ADCC) (Duncan et al. Nature 1988, 332; 553-564;
Lund at al. J. Immunol. 1991, 147; 2657-2862; Chappel et al PNAS 1991, 88; 9036-9040;
Burton and Woof, Adv. imrnunol. 1992, 51;1-84; Morgan et al., 10Immunology 1995, 86;
319-324; Hezareh et al., J. Viral 2001, 75(24); 12161- 12168). Further, some reports have
also described involvement of some of these residues in recruiting or mediating complement
dependent cytotoxicity (CDC) (Morgan at al., 1995; Xu et al, Cell imrnunot. 2000; 200:16-26;
Hezareh et al, J. Viral. 2001, 75(24); 12161-12168). Residues 235 and 237 have therefore
both been 15mutated to alanirte residues (Brett et al, Immunology 1997, 91; 346-353;
Bartholomew et al. Immunology 1996, 85; 41-48; and W09958679) to reduce both
complement mediated and FcyR-mediated effects. Antibodies comprising these constant
regions may be termed 'non-lytic antibodies. 20One may incorporate a salvage receptor
binding epitope into the antibody to increase serum half life see US 5,739,277. There are five
currently recognised human Fey receptors, FcyR (I), RoyRita, FcyRIlb, Pc-yr-011a and
neonatal FcRn. Shields eta!, (2001) J.BiolChern 276, 6591-6604 25demonstrated that a
common set of 1961 residues is involved in binding all Fc-yRs, 
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Endocrine Rev.7:314-330 and Duffy KR ef a/(1986) Metabolisrn 37:136-140)

traverse the BBB via receptor-mediated transcytosis. Receptors for these molecules

thus provide a potential means for therapeutic antibodies of the invention to access

the brain using so -called "vectored" antibodies (see Pardridge WM (1999)

Advanced Drug Delivery Review 36:299-321). For example, an antibody to

transferrin receptor has been shown to be dynamically transported into the brain

parenchyma (see Friden PM ef a/ (1991) PNAS 88:4771-4775 and Friden PM et a/

(1993)Science 259:373-377). Thus one potential approach is to produce a

bispecific antibody or bispecific fragment such as described supra wherein a first

specificity is towards and a second specificity towards a transport receptor located at

the BBB e.g. a second specificity towards the transferrin transport receptor.

1.4 Antibodv Frqqments
ln certain embodiments of the invention there is provided therapeutic antibody which

is an antigen binding fragment. Such fragments may be functional antigen binding

fragments of intact and/or hurnanised and/or chimaeric antibodies such as Fab, Fd,

Fab', F(ab')2, Fv, ScFv fragments of the antibodies described supra. Fragments

lacking the constant region lack the ability to activate complement by the classical

pathway or to mediate antibody-dependent cellular cytotoxicity. Traditionally such

fragments are produced by the proteolytic dígestion of intact antibodies by e'g'

papain digestion (see for example, WO 94129348) but may be produced directly from

recombinantly transformed host cells. For the production of ScFv, see Bird et al;(
1988) Science,242,423-426.ln addition, antibody fragments may be produced using

a variety of engineering techniques as described below.

Fv fragments appear to have lower interaction energy of their two chains than Fab

fragments. To stablise the association of the V¡ and Vr- domains, they have been

linked with peptides (Bird et al, (1988) Science 242, 423-426, Huston ef a/, PNAS,

85, 5879-5883), disulphide bridges (Glockshuber et al, (1990) Biochemistry, 29,

1362-1367) and "knob in hole" mutations (Zhu et a/ (1997), Protein Sci., 6, 781-788).

ScFv fragments can be produced by methods well known to those skilled in the art

see Whitlow et al (1991) Methods companion Methods Enzymol, 2,97-105 and

Huston ef a/ (1993) lnt.Rev.lmmunol 10, 195-217 . ScFv may be produced in

bacterial cells such as E,Coli but are more typically produced in eukaryotic cells.

One disadvantage of ScFv is the monovalency of the product, which precludes an

increased avidity due to polyvalent binding, and their short half-life. Attempts to

overcome these problems include bivalent (ScFv')2 produced from ScFV containing

an additional C terminal cysteine by chemical coupling ( Adams ef a/ (1993)

Can.Res 53, 40264034 and McCartney et a/ (1995) Protein Eng. 8, 301-314) or by

spontaneous site-specific dimerization of ScFv containing an unpaired C terminal

cysteine residue (see Kipriyanov et a/ (1995) Cell. Biophys 26, 1 87-2O4).

Alternatively, ScFv can be forced to form multimers by shortening the peptide linker

to between 3 to 12 residues to form "diabodies", see Holliger et aIPNAS (1993), 90,

6444-6448. Reducing the linker stillfurther can result in ScFV trimers ("triabodies",
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while FctRII and Fc-yRill utilize distinct sites outside of this common set. One group of IgG1
residues reduced binding to ail FcyRs when altered to alanine: Pro-238, Asp-265, Asp-270,
Aso-297 and Pro-239. All are in the igG C1-12 domain and clustered near the hinge joining
CH1 and 01-12. While Fc-yRt utilizes only the common set of 30igG1 residues for binding.
FoyR11 and FcyRill interact with distinct residues in addition to the common set. Alteration of
some residues reduced binding only to Fc7R11 (act. Arg-292) or FcyRill (e.g. Giu-293). Some
variants showed improved binding to FcyRlior FoyRill but did not affect binding to the other
receptor (e.g. Ser-267Ala improved binding to FeyR11 but binding to FcyRill was unaffected).
Other variants 35exhibited improved binding to FcyRII or Fc-S111 with reduction in binding to
the other receptor (e.g. Ser-298Ala improved binding to FcyRill and reduced binding to
FcyRII). For Fc/Rilla, the best binding igG1 variants had combined aianine substitutions at
Ser-298, Glu-333 and Lys-334. The neonatal FeRn receptor is believed to be involved in
protecting Igt3 molecules from degradation and thus enhancing serum 40half life and the
transcytosis across tissues (see Junghans R. P (1997) Immunclifes 16. 29-57 and Ghetie
eta/r000) Annu.Revimmunol. 18, 739-766). Human 1g01 residues determined to interact
directly with human FeRn includes i1e253, Ser254, Lys288, Thr307, 01n311, Asn434 and
His435.  The therapeutic antibody of the invention may incorporate any of the above constant
region modifications. ln a particular embodiment, the therapeutic antibody essentially lacks the
functions of a) activation of complement by the classical pathway; and b) mediating
antibody-dependent celiular cytotoxicity. In a more particular embodiment the present
invention provides therapeutic antibodies of the invention having any one (or more) of the
residue changes detailed above to modify half-lifefclearance and/or effector (unctions such as
ADCC and/or complement dependent cytotoxicity and/or 10complement lysis. in a further
aspect of the present invention the therapeutic antibody has a constant region of isotype
human IgG1 with alanine (or other disrupting) substitutions at positions 235 (e.g. L235A) and
237 (e.g. G237A) (numbering according to the EU 15scheme outlined in Kobel. Other
derivatives of the invention include glycosylation variants of the antibodies of the invention.
Glycosylation of antibodies at conserved positions in their constant regions is known to have a
profound effect on antibody function, particularly effector 20functioning such as those
described above, see for example, Boyd eta! (1996), Motimrnunol. 32, 1311-1318.
Glycosylation variants of the therapeutic antibodies of the present invention wherein one or
more carbohydrate moiety is added, substituted, deleted or modified are contemplated.
introduction of an asparagine-Xserine or asparagine-X-threortine motif creates a potential site
for enzymatic 25 attachment of carbonhydrate moieties and may therefore be used to
manipulate the glycosylation of an antibody. In Raju eta! (2001) Biochemistry 40, 8888-8876
the terminal sialyation of a ThIFIR-IgG immunoadhesin was increased through a process of
regalactosylation and/or resialylation using beta-1, 4-gatactosyltransfenace and/or alpha, 2,3
slalyttransferase. Increasing the terminal sialylation is believed to increase 30the half-life of
the immunoglobulin. Antibodies, in common with most glycoproteins, are typically produced in
nature as a mixture of Oycoforms. This mixture is particularly apparent when antibodies are
produced in eukaryotic, particularly mammalian cells. A variety of methods have been
developed to manufacture defined glycoforms, see Zhang eta! Science (2004), 303, 371,
Seam et al, Science, (2001) 35291, 2344, Wacker et of (2002) Science, 298 1790, Davis eta!
(2002) Chem.Rev, 102, 579, Hang et at (2001) Acc.Chem.Res 34, 727. Thus the invention
concerns a plurality of therapeutic antibodies (which maybe of the IgG isotype, e.g. IgG1) as
described herein comprising a defined number (e.g. 7 or less, for example 5 or less such as
two or a single) glycoform(s) of said antibodies. 
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see Kortt ef a/ (1997) Protein Eng, 10, 423433) and tetramers ("tetrabodies", see Le

Gall ef a/ (1999) FEBS Lett, 453, 164-168). Construction of bivalent ScFV molecules

can also be achieved by genetic fusion with protein dimerizing motifs to form

"miniantibodies" (see Pack ef al(1992) Biochernistry 31, 1579-1584) and

"minibodies" (see Hu ef a/ (1996), Cancer Res. 56, 3055-3061). ScFv-Sc-Fv

tandems ((ScFV)z) may also be produced by linking two ScFv units by a third peptide.

linker, see Kurucz et a/ (1995) J.Irnmo|.154,45764582. Bispecific diabodies can be

produced through the noncovalent association of two single chain fusion products

consisting of VH domain from one antibody connected by a short linker to the Vr-

domain of another antibody, see Kipriyanov et al(1998), lnt.J.Can 77,763-772. The

stability of such bispecific diabodies can be enhanced by the introduction of

disulphide bridges or "knob in hole" mutations as described supra or by the formation

of single chain diabodies (ScDb) wherein two hybrid ScFv fragments are connected

through a peptide linker see Kontermann ef a/ (1999) J.lmmunol.Methods 226 179-

188. Tetravalent bispecific molecules are available by e.g. fusing a ScFv fragment to

the CH3 domain of an lgG molecule or to a Fab fragment through the hinge region

see Coloma et al (1997) Nature Biotechnol. I 5, 159-163. Alternatively, tetravalent

bispecific molecules have been created by the fusion of bispecific single chain

diabodies (see Alt ef a/, (1999) FEBS Lett 454, 90-94. Smaller tetravalent bispecific

molecules can also be formed by the dimerízation of either ScFv-ScFv tandems with

a linker containing a helix-loop-helix motif (DiBi miniantibodies, see Muller ef a/

(1998) FEBS Lett 432, 45-49) or a single chain molecule comprising four antibody

variable domains (V¡ and V¡) in an orientaiion preventing intramolecular pairing

(tandem diabody, see Kipriyanov et al, (1999) J.Mol.Biol. 293, 41-56). Bispecific

F(ab')2fragments can be created by chemical coupling of Fab'fragments or by

heterodimerization through leucine zippers (see Shalaby et al, (1992) J.Exp.Med.

175,217-225 and Kostelny et a/ (1992), J.lmmunol. 148,1547-'1553). Also available

are isolated V¡ and Vr- domains, see US 6, 248,516; US 6,291,158; US 6,172,197.

1.5 Heteroconiuqate antibodies
Heteroconjugate antibodies are derivatives which also form an embodiment of the

present invention. Heteroconjugate antibodies are composed of two covalently
joined antibodies formed using any convenient cross-linking methods. See US

4,676,980.

1.6 Other Modlfications.
The interaction between the Fc region of an antibody and various Fc receptors

(FcyR) is believed to mediate the effector functions of the antibody which include

antibody-dependent cellular cytotoxicity (ADCC), fixation of complement,

phagocytosis and half-life/clearance of the antibody. Various modifications to the Fc

region of antibodies of the invention may be carried out depending on the desired

effector property. ln particular, human constant regions which essentially lack the

functions of a) activation of complement by the classical pathway; and b) mediating

antibody-dependent cellular cytotoxicity include the lgG4 constant region, the lgG2
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Derivatives according to the invention also include therapeutic antibodies of the invention
coupled to a non-proteinaeous polymer such as polyethylene glycol (PEG), polypropylene
glycol or polyoxyalkylene. Conjugation of proteins to PEG is an estabiished technique for
increasing half-life of proteins, as well as reducing  anfigenicity and immunogenicity of
proteins. The use of PEGylation with different molecular weights and styles (linear or
branched) has been investigated with intact antibodies as well as Fab fragments, see
Koumenis I.L. et ei (2000) int.J.Pharrnacet.d. 198:8395. A particular embodiment comprises
an antigen-binding fragment of the invention without the effector functions of a) activation of
complement by the classical pathway; and b) mediating antibody-dependent cellular
cytotoxicity; (such as a Feb fragment or a scFv) coupled to PEG. 10 2, Production Methods
Antibodies of the present invention may be produced in transgenic organisms such as goats
(see Pollock at al (1999). J.Immunol,Methods 231:147-157), chickens (see Morrow KJJ
(2000) Genet,Ena.News 20:1-55), mice (see Pollock at at 'bier) or plants (see Doran PM,
(2000) Curr.Opinion Biotechnol. 11, 199-204, Ma JK-10 (1998), 15Nat.Med, 4; 501-606, Baez
J at al, BloPharm (2000) 13: 50-54, Stoger E et al; (2000) Plant Mol.Biol. 42:583-590).
Antibodies may also be produced by chemical synthesis. However, antibodies of the invention
are typically produced using recombinant cell culturing technology well known to those skilled
in the art. A polynuc,leotide encoding the antibody is isolated and inserted into a replicabie
vector such as a plasmid for 20further propagation or expression in a host cell. One useful
expression system is a glutamate synthetase system (such as sold by Lanza Biologics),
particularly where the host cell is CHO or NSO (see below), Polynucleotide encoding the
antibody is readily isolated and sequenced using conventional procedures (e.g.
oligonucleotide probes). Vectors that may be used include plasmid, virus, phage,
transposons, minichromsoines of which plasmids are a typicai embodiment. Generaily such
vectors further include a signal sequence, origin of replication, one or more marker genes, an
enhancer element, a promoter and transcription termination sequences operably linked to the
light and/or heavy chain polynucleotide so as to facilitate expression. Polynucieolide encoding
the light and heavy chains may be inserted into 30separate vectors and introduced (e.g. by
transformation, transfection, electroporation or transduction) into the same host cdi
concurrently or sequentially or, if desired both the heavy chain and light chain can be inserted
into the same vector prior to such introduction. 35It will be immediately apparent to those
skilled in the art that due to the redundancy of the genetic code, alternative polynucleotides to
those disclosed herein are also available that will encode the polypeptides of the invention.
2.1 Signal seeeences  40Antibodies of the present invention maybe produced as a fusion
protein with a heterologous signal sequence having a specific cleavage site at the N terminus
of the mature protein. The signal sequence should be recognised and processed by the host
cell. For prokaryotic host cells, the signal seouence may be an alkaline phosphatase,
penicillinase, or heat stable enterotoxin l leaders. For yeast secretion  the signal sequences
may be a yeast invertase leader, a factor leader or add phosphates& leaders see e.g.
W090/13646. In mammalian cell systems, viral secretofy leaders such as herpes simplex gD
signal and native imrnunoglaibulin signal sequences (such as human la heavy chain) are
available. Typically the signal -ssequence is ligated in reading frame to polynuclectide
encoding the antibody of the invention. 2.2 Origin of replication  Origin of replications are well
known in the art with pf3R322 suitable for most gram -  10 negative bacteria, 2s plasmid for
most yeast and various viral origins such as SV40, polyorna, adenovirus, VSV or BPV for
most mammalian cells. Generally the SV40 origin of replication component is not needed for
integrated mammalian expression vectors. However the 5V40 on may be included since it
contains the early promoter. 152.3 Selection marker 
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constant region and lgGl constant regions containing specific mutations as for

example mutations at positions 234,235, 236,237 , 297, 318, 320 andlor 322

disclosed in EP0307434 WO8807089), EP 0629 240 WO9317105) and WO

20041014953. Mutations at residues 235 or 237 within the CH2 domain of the heavy

chain constant region (Kabat numbering; EU Index system) have separately been

described to reduce binding to FcyRl, FqRlland FcyRlll binding and therefore

reduce antibody-dependent cellular cytotoxicity (ADCC) (Duncan et al. Nature 1988,

332; 563-564; Lund et al. J. lmmunol. 1991, 147;2657'2662; Chappel et al. PNAS

1991, 88; 9036-9040; Burton and Woof, Adv. lmmunol. 1992, 51;1'84; Morgan et al.,

lmmunology 1995, 86; 3'19-324; Hezareh et al., J. Virol, 2001 ,75 (24);12161-

12168\. Further, some reports have also described ínvolvement of some of these

residues in recruiting or mediating complement dependent cytotoxicity (CDC)

(Morgan et al., 1995; Xu et al., Cell. lmmunol. 2000; 200:16-26: Hezareh et al., J.

Virol. 2001 ,75 (24);12161-12168). Residues 235 and 237 have therefore both been

mutated to alanine residues (Brett et al. lmmunology 1997, 91; 346-353;

Bartholomew et al. lmmunology 1995, 85; 41-48: and WO9958679) to reduce both

complement mediated and FcyR-mediated effects. Antibodies comprising these

constant regions may be termed 'non-lytic' antibodies.

One may incorporate a salvage receptor binding epitope into the antibody to increase

serum half life see US 5,739,277.

There are five currently recognised human Fcy receptors, FqR (l), FcyRlla, FqRllb,
FcyRllla and neonatal FcRn. Shields et al, (2001) J.Biol.Chem 276,6591-6604

demonstrated that a common set of lgGl residues is involved in binding all FcyRs,

while FcyRll and FqRlll utilize distinct sites outside of this common set. One group

of lgGl residues reduced binding to all FcyRs when altered to alanine: Pro-238, Asp-

265, Asp-270, Asn-297 and Pro-239. All are in the lgG CH2 domain and clustered

near the hinge joining CH1 and CH2. While FcyRl utilizes only the common set of

lgGl residues for binding, FcyRll and FcyRlll interact with distinct residues in addition

to the common set. Alteration of some residues reduced binding only to FcyRll (e.9.

Arg-292) or FcyRlll (e.9. Glu-293). Some variants showed improved binding to

FcyRllor FcyRlll but did not atfect binding to the other receptor (e.9. Ser-267Ala

improved binding to FcyRll but binding to FcyRlll was unaffected). Other variants

exhibited improved binding to FcyRllor FcyRlllwith reduction in binding to the other

receptor (e.9. Ser-298Ala improved binding to FcyRlll and reduced binding to FcyRll).

For FqRllla, the best binding lgGl variants had combined alanine substitutions at

Ser-298, Glu-333 and Lys-334. The neonatal FcRn receptor is believed to be

involved in protecting lgG molecules from degradation and thus enhancing serum

half life and the transcytosis across tissues (see Junghans R.P (1997) lmmunol.Res

16.29-57 and Ghetie et a/ (2000) Annu,Rev.lmmunol. 18, 739-766). Human lgGl
residues determined to interact directly with human FcRn includes lle253, Ser254,

Lys288, Thr307, Gln31 1, Asn434 and His435.
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Typical selection genes encode proteins that (a) confer resistance to antibiotics or other toxins
e.g. ampicillin, neomycin, methotrexate or tetracycline or (b) complement auxotrophic
deficiencies or supply nutrients not available in the complex media or (c) combinations of
both. The selection scheme may involve arresting growth of the host 20cells that contain no
vector or vectors. Cells, which have been successfully transformed with the genes encoding
the therapeutic antibody of the present invention, survive due to e.g. drug resistance
conferred by the co-delivered selection marker. One example is the DHFR-selection system
wherein transforrnants are generated in DHFR negative host strains (eg see Page and
Sydenharn 1991  25 Biotechnology 9: 64-68). In this system the DIIFR gene is co-delivered
with antibody polynucleotide sequences of the invention and DHFR positive cells then
selected by nucleoside withdrawal. If required, the DHFR inhibitor methotrexate is also
employed to select for transforrnants with DHFR gene amplification. By operably linking
DHFR gene to the antibody coding sequences of the invention or functional derivatives
30thereof, DHFR gene amplification results in concomitant amplification of the desired
antibody sequences of interest. CHO cells are a particularly useful cell line for this
DHFRimethotrexate selection and methods of amplifying and selecting host cells using the
DHFR system are well established in the art see Kaufman R.J. et al J.Moi.Biol, (1982) 159,
601421, for review, see Werner RG, Noe W, Kopp  35 K,Schiuter M," Appropriate mammalian
expression systems for biopharmaceuticals", Arzneimittel-Forschung. 48(8):870-80, 1998
Aug. A further example is the glutamate synthetase expression system (Bebbington et al
Biotechnology 1992 Vol 10 p169). A suitable selection gene for use in yeast is the trpl gene;
see Stinchcomb eta! Nature 282, 38, 1979. 40 24 Promoters Suitable promoters for
expressing antibodies of the invention are operably linked to DNA/pelynucleotide encoding the
antibody. Promoters for prokaryotic hosts include phoA promoter, Beta-lactamase and lactose
promoter systems, alkaline  phosphatase, tryptophan and hybrid promoters such as Tao,
Promoters suitable for expression in yeast cells include 3-phosphoglycerate Iciness or other
glyoolytic enzymes e.g. enolase. glyceralderhyde 3 phosphale dehydrogenase, hexokinase,
pyruvate decarboxylase, phosphofructekinase, glucose 6 phosphate isornerase, 3-
phosphoglycerate mutase and giticokinase, Inducible yeast promoters include alcohol
dehydrogenase 2, isocytochrome C, acid ptiosphatase, metallothionein and enzymes
responsible for nitrogen metabolism or maltose/galactose utilization. Promoters for expression
in mammalian cell systems include RNA polyrnerase II promoters including viral promoters
such as poiyoma, fowipnx and adenoviruses 10(e.g. adenovirus 2), bovine papilloma virus,
avian sarcoma virus, cytomegaiovirus (in particular the immediate early gene promoter),
retrovirus, hepatitis B virus, actin, rous sarcoma virus (RSV) promoter and the early or late
Simian virus 40 and non-viral promoters such as EF-lalpha (Mizushima and Negate Nucleic
Acids Res 1990 18(17):5322. The choice of promoter may be based upon suitable
compatibility with the host cell used for expression. 23 Enhancer element Where appropriate,
e.g. for expression in higher eukaroytics, additional enhancer elements can included instead
of or as well as those found located in the promoters 20described above. Suitable mammalian
enhancer sequences include enhancer elements from globin, elastase, albumin, fetoprotein,
rnetaiiothionine and insulin. Alternatively, one may use an enhancer element from a
eukaroytic cell virus such as 6V40 enhancer, cytomegalovirus early promoter enhancer,
poiyoma enhancer, baculoviral enhancer or murine IgG2a locus (see W004(009823). Whilst
such 25enhancers are lypicaliy located on the vector at a site upstream to the promoter, they
can also be located elsewhere e.g. within the untranslated region or downstream of the
polydenalytion signal, The choice and positioning of enhancer may be based upon suitable
compatibility with the host cell used for expression.. 302,6 PolyadernplatloniTermlnation  ln
eukaryotic systems, poiyadenylation signals are operably linked to polynucleotide encoding
the antibody of this invention. Such signals are typically placed 3' of the open reading frame.
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The therapeutic antibody of the invention may incorporate any of the above constant

region modifications.

ln a particular embodiment, the therapeutic antibody essentially lacks the functions of

a) activation of complement by the classical pathway; and b) mediating antibody-

dependent cellular cytotoxicity. ln a more particular embodiment the present

invention provides therapeutic antibodies of the invention having any one (or more) of

the residue changes detailed above to modify half-life/clearance and/or effector

functions such as ADCC and/or complement dependent cytotoxicity and/or

complement lysis.

ln a further aspect of the present invention the therapeutic antibody has a constant

region of isotype human lgGl with alanine (or other disrupting) substitutions at

positions 235 (e.g. L2354) and 237 (e.9. G237A) (numbering according to the EU

scheme outlined in Kabat.

Other derivatives of the invention include glycosylation variants of the antibodies of

the invention. Glycosylation of antibodies at conserved positions in their constant

regions is known to have a profound effect on antibody function, particularly effector

functioning such as those described above, see for example, Boyd ef a/ (1996),

Mol. lmmunol. 32, 1311 -1 31 8. Glycosylation variants of the therapeutic antibodies of

the present invention wherein one or more carbohydrate moiety is added,

substituted, deleted or modified are contemplated. lntroduction of an asparagine-X-

serine or asparagine-X-threonine motif creates a potential site for enzymatic

attachment of carbonhydrate moieties and may therefore be used to manipulate the

glycosylation of an antibody. ln Raju et al(2001) Biochemistry 40, 8868-8876 the

terminal sialyation of a TNFR-lgG immunoadhesin was increased through a process

of regalactosylation and/or resíalylation using beta-1, 4-galactosyltransferace and/or

alpha, 2,3 sialyltransferase, lncreasing the terminal sialylation is believed to increase

the half-life of the immunoglobulin. Antibodies, in common with most glycoproteins,

are typically produced in nature as a mixture of glycoforms. This mixture is

particularly apparent when antibodies are produced in eukaryotic, particularly

mammalian cells. A variety of methods have been developed to manufacture defined

glycoforms, see Zhang ef al Science (2004), 303, 371, Sears ef a/, Science, (2001)

291,2344,Wacker et al(2002) Science, 298 1790, Davis et al(2002) Chem.Rev,

102, 579, Hang ef al (200'l) Acc.Chem.Res 34, 727 . Thus the ínvention concerns a

plurality of therapeutic antibodies (which maybe of the lgG isotype, e.g. lgGl ) as

described herein comprising a defined number (e.g. 7 or less, for example 5 or less

such as two or a single) glycoform(s) of said antibodies.

Derivatives according to the invention also include therapeutic antibodies of the

invention coupled to a non-proteinaeous polymer such as polyethylene glycol (PEG),

polypropylene glycol or polyoxyalkylene. Conjugation of proteins to PEG is an

established technique for increasing half-life of proteins, as well as reducing
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35 genes or retroviral long terminal repeats. In yeast systems non-limiting examples of
polydenylationitermination signals include those derived from the phosphoglycerate klnase
(PCK) and the alcohol dehydrogenase I (ADH) genes. in prokaryotic system polyadenylation
signals are typicaily not required and it is instead usual to employ shorter and more defined
terminator sequences. The choice of 40polyadenylationitermination sequences may be based
upon suitable con-spafibliity with the host cell used for expression. 2,7 Other
methods/elements for enhanced yields  In addition to the above, other features that can be
employed to enhance yields include chromatin remodelling elements, introns and host-cell
specific codon modification. The codori useage of the antibody of this invention thereof can be
modified to accommodate codon bias of the host cell such to augment transcript and/or
product yield (eg Hoekema A et al Mol Cell Biol 1987 7(8):2914-24). The choice of coclons
may be based upon suitable cornpatibty with the host cell used for expression. 2.8 Host cells
10Suitable host celis for cloning or expressing vectors encoding antibodies of the invention
are prokaroytic, yeast or higher eukaryotic cells. Suitable prokaryotic cells include eubacteria
e.g. enterobacteriaceae such as Escherichia e.g. E.Coli (for example ATCC 31,446; 31,537;
27,325), Enterobacter, Erwin/a, Klobsiella Protons, Salmonella e.g. Salmonella typhimunam,
Serratia e.g. Serrana marcesoans and 15Snipeita as well as Bacilli such as asublitis and
B.ficheniforn3is (see DO 266 710), Pseudornonas such as Raeruginose and Streptornyoes.
Of the yeast host cells, Saccharonyces carevisiae, schitesaccharomycas pornlae,
Kluyveromyces (e,g, ATCC 16,045; 12,424; 24178; 56,500), yarrowia (EP402, 226), Pinata
P8SibliS (EP183, 070, see also Pang at al J.Biolechriol, 108 (2004) 185-192), Canc.&la, 20
Trichoderma reasin (EP244, 234), Penicillin, To&pen/Slum and Aspergillus hosts such as
An/du/ens and An/get are also contemplated. Although Prokaryotic and yeast host cells are
specificaliy contemplated by the invention, typically however, host cells of the present
invention are vertebrate cells. 25Suitable vertebrate host cells include mammalian cells such
as COS-1 (ATCC No.CRL 1650) COS-7 (ATCC CRL 1651), human embryonic kidney line 293
PerC6 (Croce11), baby hamster kidney cells (BHK) (ATCC, CRL.1632), 6HK570 (ATCC NO:
CRL 10314), 293 (ATCC NO,CRL 1573), Chinese hamster ovary cells CHO (e.g. CHO-K1,
ATCC NO; CCL 61, OHM minus CHO cell line such as 0044 (Urlaub 30at, Somat Cell Moi
Genet (1986) Vol 12 pp555-566), particularly those CHO cell lines adapted for suspension
culture, mouse sertoli cells, monkey kidney cells, African green monkey kidney cells (ATCC
CRL-1587), HELA cells, canine kidney cells (ATCC CCL 34), human lung cells (ATCC CCL
75), Hap 02 and myeloma or lymphoma cells e.g. NSO (see US 5,807,715), 992/0, YO. 35
Thus in one embodiment of the invention there is provided a stably transformed host cell
comprising a vector encoding a heavy chain and/or light chain of the therapeutic antibody as
described herein. Typically such host cells comprise a first vector encoding the light chain and
a second vector encoding saki heavy chain. 40 Such host cells may also be further
engineered or adapted to modify quality, function and/or yield of the antibody of this invention
. Non-limiting examples include 
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antigenicity and immunogenicity of proteins. The use of PEGylation with different

molecular weights and styles (linear or branched) has been investigated with intact

antibodies as well as Fab'fragments, see Koumenis I'L. ef a/ (2000)

lnt.J. Pharmaceut. 1 98:83-95. A particular embodiment comprises an antigen-binding

fragment of the invention without the effector functions of a) activation of complement

by the classical pathway; and b) mediating antibody-dependent cellular cytotoxicity;

(such as a Fab fragment or a scFv) coupled to PEG.

2. Production Methods
Antibodies of the present invention may be produced in transgenic organisms such

as goats (see Pollock ef a/ (1999), J.lmmunol.Methods 231:147-157), chickens (see

Morrow KJJ (2000) Genet.Eng.News 20:1-55), mice (see Pollock et al ibid) or plants

(see Doran PM, (2000) Curr.Opinion Biotechnol.11,199-204, Ma JK-C (1998)'

Nat.Med. 4; 601-606, Baez J ef a[ BioPharm (2000) 13: 50-54, Stoger E et al: (2000)

Plant Mol.Biol, 42:583-590). Antibodies may also be produced by chemical synthesis.

However, antibodies of the invention are typically produced using recombinant cell

culturing technology well known to those skilled in the art. A polynucleotide encoding

the antibody is isolated and inserted into a replicable vector such as a plasmid for

further propagation or expression in a host cell. One useful expression system is a

glutarnate synthetase system (such as sold by Lonza Biologics), particularly where

the host cell is CHO or NSO (see below). Polynucleotide encoding the antibody is

readily isolated and sequenced using conventional procedures (e.9. oligonucleotide

probes). Vectors that may be used include plasmid, virus, phage, transposons,

minichromsomes of which plasmids are a typical embodiment. Generally such

vectors further include a signal sequence, origin of replication, one or more marker

genes, an enhancer element, a promoter and transcription termination sequences

operably linked to the light and/or heavy chain polynucleotide so as to facilitate

expression. Polynucleotide encoding the light and heavy chains may be inserted into

separate vectors and introduced (e.9. by transformation, transfection, electroporation

or transduction) into the same host cell concurrently or sequentially or, if desired both

the heavy chain and light chain can be inserted into the same vector príor to such

introduction.

It will be immediately apparent to those skilled in the art that due to the rèdundancy

of the genetic code, alternative polynucleotides to those disclosed herein are also

available that will encode the polypeptides of the invention,

2.1 Siqnal sequences
Antibodies of the present invention maybe produced as a fusion protein with a

heterologous signal sequence having a specific cleavage site at the N terminus of the

mature protein. The signal sequence should be recognised and processed by the

host cell. For prokaryotic host cells, the signal sequence may be an alkaline
phosphatase, penicillinase, or heat stable enterotoxin ll leaders. For yeast secretion
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expression of specific modifiying (ea alycosylation) enzymes and protein folding chaperones.
2.9 gall Culturing Methods. Host cells transformed with vectors encoding the therapeutic
antibodies of the invention may be cultured by any method known to those skilled in the art.
Host cells may be cultured in spinner flasks, shake flasks, roller bottles, wave reactors (eg
System 1000 from wavebiotech,corn) or hollow fibre systems but it is preferred for large scale
production that stirred tank reactors or bag reactors (eg Wave Biotech, Somerset, New Jersey
USA) are used particularly for suspension cultures. Typically Me stirred tankers are adapted
for aeration using e.g. spargers, baffles or low shear 10impellers. For bubble columns and
airlift reactors direct aeration with air or oxygen bubbles maybe used. Where the host pelts
are cultured in a serum free culture media this can be supplemented with a cell protective
agent such as plaronic F-68 to help prevent cell damage as a result of the aeration process.
Depending on the host cell characteristics, either microcarriers maybe used as growth
substrates for 15anchorage dependent cell lines or the cells maybe adapted to suspension
culture (which is typical). The culturing of host cells, particularly vertebrate host cells may
utiiise a variety of operational modes such as batch, fed-batch, repeated batch processing
(see Drapeau et a/ (1994) cytotechnology 15: 103-109), extended batch process or perfusion
culture. Although recombinantly transformed mammalian host 20cells may be cultured in
serum-conlaining media such media comprising fetal call serum (FCS), it Is preferred that
such host cells are cultured in serum -free media such as disclosed in Keen eta! (1995)
Cytofechnology 17:153-163, or commercially available media such as ProCHO-CDM or
UltraCHOTM (Cambrex NJ, USA), supplemented where necessary with an energy source
such as glucose and 25synthetic growth factors such as recombinant insulin. The serum-free
culturing of host cells may require that those cells are adapted to grow in serum free
conditions. One adaptation approach is to culture such host cells in serum containing media
and repeatedly exchange 80% of the culture medium for the serum-free media so that the
host cells learn to adapt in serum free conditions (see e.g. Scharfenberg K eta! 30 (1995) in
Animal Cell technology: Developments towards the 21st century (Beuvery E.C. et al eds),
pp619-623, Kluwer Academic publishers), Antibodies of the invention secreted into the media
may be recovered and purified from the media using a variety of techniques to provide a
degree of purification 35suitable for the intended use. For example the use of therapeutic
antibodies of the invention for the treatment of human patients typically mandates at least
95% purity as determined by reducing SOS-PAGE, more typically 98% or 99% purity, when
compared to the culture media comprising the therapeutic antibodies. In the first instance, cell
debris from the culture media is typically removed using centrilugation 40followed by a
clarification step of the supernatant using e.g. microfiltration, ultrafiitration and/or depth
filtration. Alternatively, the antibody can be harvested by microfiltration, ultrafiltration or depth
filtration without prior centrifugation. A variety of other techniques such as dialysis and gel
electrophoresis and chromatographic techniques such as hydroxyapatite (HA), affinity
chromatography (optionally invoiving  an affinity tagging system such as polyhistidine) and/or
hydrophobic interaction chromatography (HIC, see US 5, 429,746) are available. In one
embodiment, the antibodies of the invention, following various clarification steps, are captured
using Protein A or G affinity chromatography followed by further chromatography steps 5such
as ion exchange and/or HA chromatography, anion or cation exchange, size 
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the signal sequences may be a yeast invertase leader, cr factor leader or acid

phosphatase leaders see e.g. WO90/13646. ln mammalian cell systems, viral

secretory leaders such as herpes simplex gD signal and native immunoglobulin

signal sequences (such as human lg heavy chain) are available. Typically the signal

sequence is ligated in reading frame to polynucleotide encoding the antibody of the

invention.

2.2 Oriqin of replication
Origin of replications are well known in the art with pBR322 suitable for most gram-

negative bacteria, 2p plasmid for most yeast and various viral origins such as SV40,

polyoma, adenovirus, VSV or BPV for most mammalian cells. Generally the SV40

origin of replication component is not needed for integrated mammalian expression

vectors, However the SV40 ori may be included since it contains the early promoter.

2.3 Selection marker
Typical selection genes encode proteins that (a) confer resistance to antibiotics or
other toxins e.g. ampicillin, neomycin, methotrexate or tetracycline or (b) complement

auxotrophic deficiencies or supply nutrients not available in the complex media or (c)

combinations of both. The selectíon scheme may involve arresting growth of the host

cells that contain no vector or vectors. Cells, which have been successfully

transformed with the genes encoding the therapeutic antibody of the present

invention, survive due to e.g. drug resístance conferred by the co-delivered selection

marker. One example is the DHFR-selection system wherein transformants are
generated in DHFR negative host strains (eg see Page and Sydenham 1991

Biotechnology 9: 64-68). ln this system the DHFR gene is co-delivered with antibody

polynucleotide sequences of the invention and DHFR positive cells then selected by

nucleoside withdrawal. lf required, the DHFR inhibitor methotrexate is also employed

to select for transformants with DHFR gene amplification. By operably linking DHFR

gene to the antibody coding sequences of the invention or functional derivatives

thereof, DHFR gene amplification results in concomitant amplification of the desired

antibody sequences of interest. CHO cells are a particularly useful cell line for this

DHFR/methotrexate selection and methods of amplifying and selecting host cells

using the DHFR system are well established in the art see Kaufman R.J. et al

J.Mol.Biol. (1982) 159, 601-621, for review, see Werner RG, Noe W, Kopp

K,Schluter M," Appropriate mammalian expression systems for biopharmaceuticals",

Azneimittel-Forschung. 48(8):870-80, 1998 Aug. A further example is the glutamate

synthetase expression system (Bebbington et al Biotechnology 1992 Vol 10 p169). A

suitable selection gene for use in yeast is the trpl gene; see Stinchcomb ef al Nature

282,38,1979.

2.4 Promoters
Suitable promoters for expressing antibodies of the invention are operably linked to

DNA/polynucleotide encoding the antibody. Promoters for prokaryotic hosts include
phoA promoter, Beta-lactamase and lactose promoter systems, alkaline
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exclusion chromatography and ammonium sulphate precipitation. Typically, various virus
removal steps are also employed (e.g. nanofiltration using e.g. a DV-20 filter). Following these
various steps, a purified (typically monoclonal) preparation comprising at ieast lOrrig/mlor
greater e.g. 100mg/m1 or greater of the antibody of 10the invention is provided and therefore
forms an embodiment of the invention. Concentration to 100mgimlor greater can be generated
by ultracentrifugation. Suitably such preparations are substantially free of aggregated forms of
antibodies of the invention. 15Bacterial systems are particularly suited for the expression of
antibody fragments. Such fragments are localised intracellularly or within the periplasma.
Insoluble perlplasmic proteins can be extracted and refolded to form active proteins according
to methods known to those skilled in the art, see Sanchez eta! (1999) J.Biotechnol. 72, 13-20
and Cupit PM of a! (1999) Lett Appl Microbial, 29, 273-277. 20 1 Pharmaceutical
Compositions  Purified preparations of antibodies of the invention (particularly monoclonal
preparations) as described supra, may be incorporated into pharmaceutical compositions for
use in the treatment of human diseases and disorders such as 25those outlined above.
Typically such compositions further comprise a pharmaceutically acceptable (le, inert) carrier
as known and called for by acceptable pharmaceutical practice, see e.g. Remingtons
Pharmaceutical Sciences, 16th ad, (1930), Mack Publishing Co. Examples of such carriers
include sterifised carrier such as saline, Ringers solution or dextrose solution, buffered with
suitable buffers 30such as sodium acetate trihydrate to a pharmaceutically acceptable pH,
such as a pH within a range of 5 to 8. Pharmaceutical compositons for injection (e.g. by
intravenous, intraperitoneal, intradermal, subcutaneous, intramuscular or intraportal) or
continuous infusion are suitably free of visible particulate matter and may comprise from 1 mg
to log of therapeutic antibody, typically 5rng to 1 g, more specifically 5rng 35to 25mg or 50mg
of antibody. Methods for the preparation of such pharmaceutical compositions are well known
to those skilled in the art. In one embodiment, pharmaceutical compositions comprise from
img to log of therapeutic antibodies of the invention in unit dosage form, optionally together
with instructions for use. Pharmaceutical compositions of the invention may be lyophilised
(freeze dried) for 40 reconstitution prior to administration according to methods well known or
apparent to those skilled in the art. Where embodiments of the invention comprise antibodies
of the invention with an igG1 isotype, a cnelator of metal ions including copper, such as citrate
(e.g. sodium citrate) or EDTA or histidine, may be added to the pharmaceutical composition to
reduce the degree of metal-mediated degradation of  antibodies of this isotype, see
EP0612251. Pharmaceutical compositions may also comprise a solubiliser such as arginine
base, a detergent/anti-aggregation agent such as polysorbate 80, and an inert gas such as
nitrogen to replace vial headspace oxygen. Effective doses and treatment regimes for
administering the antibody of the invention are generally determined empirically and are
dependent on factors such as the age, weight and health status of the patient and disease or
disorder to be treated, Such factors are within the purview of the attending physican,
Guidance in selecting 10appropriate doses may be found in e.g. Smith eta! (1977) Antibodies
in human diagnosis and therapy, Raven Press, New York but will in general be 1mg to leg, in
one embodiment, the dosing regime for treating a human patient is tmg to lg of therapeutic
antibody of the invention administered subcutaneously once per week or every two weeks, or
by intravenous infusion every 1 or 2 months. Such a dosage 15corresponds to
0.014-140mg/kg, such as 0.014-14ringlkg. Compositions of the present invention may also be
used prophylatically. 4. Clinical uses. It will be appreciated that diseases characterised by
elevated p-amyloid levels or 8- arnyloid deposits include Alzheimer's disease, mild cognitive
impairment, Down's syndrome, hereditary cerebral haemorrhage with p-amyloidosis of the
Dutch type, cerebral 8-amyloid angiopathy and various types of degenerative dementias, such
as those associated with Parkinson's disease, progressive supranuclear palsy, cortical basal
degeneration and diffuse Lewis body type of Alzheimer's disease. 
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phosphatase, tryptophan and hybrid promoters such as Tac. Promoters suitable for

expression in yeast cells include 3-phosphoglycerate kinase or other glycolytic

enzymes e.g. enolase, glyceralderhyde 3 phosphate dehydrogenase, hexokinase,

pyruvate decarboxylase, phosphofructokinase, glucose 6 phosphate isomerase, 3-

phosphoglycerate mutase and glucokinase. tnducible yeast promoters include

alcoholdehydrogenase 2, isocytochrome C, acid phosphatase, metallothionein and

enzymes responsible for nitrogen metabolism or maltose/galactose utilization.

promoters for expression in mammalian cell systems include RNA polymerase ll

promoters including viral promoters such as polyoma, fowlpox and adenoviruses

(e.g. adenovirus 2), bovine papilloma vírus, avian sarcoma virus, cytomegalovirus (in

particular the immediate early gene promoter), retrovirus, hepatitis B virus, actin, rous

sarcoma virus (RSV) promoter and the early or late Simian virus 40 and non-viral

promoters such as EF-lalpha (Mizushima and Nagata Nucleic Acids Res 1990

1g(17):5322. The choice of promoter may be based upon suitable compatibility with

the host cell used for exPression.

2.5 Enhancer element

Where appropriate, e.g. for expression in higher eukaroytics, additional enhancer

elements can included instead of or as well as those found located in the promoters

described above. Suitable mammalian enhancer sequences include enhancer

elements from globin, elastase, albumin, fetoprotein, metallothionine and insulin.

Alternatively, one may use an enhancer element from a eukaroytic cell virus such as

sV40 enhancer, c$omegalovirus early promoter enhancer, polyoma enhancer,

baculoviral enhancer or murine lgã2a locus (see wo04/009823). Whilst such

enhancers are typically located on the vector at a site upstream to the promoter, they

can also be located elsewhere e,g. within the untranslated region or downstream of

the polydenalytion signal. The choice and positioning of enhancer may be based

upon suitable compatibility with the host cell used for expression.'

2.6 Polvadenvlation/Termination
ln eukaryotic systems, polyadenylation signals are operably linked to polynucleotide

encoding the antibody of this invention. such signals are typically placed 3' of the

open reading frame. ln mammalian systems, non-limiting example signals include

those derived from growth hormones, elongation factor-1 alpha and viral (eg sv40)

genes or retroviral long terminal repeats. ln yeast systems non-limiting examples of

polydenylation/termination signals include those derived from the phosphoglycerate

kinase (PGK) and the alcoholdehydrogenase 1 (ADH) genes' ln prokaryotic system

polyadenylation signals are typically not required and it is instead usual to employ

shorter and more defined terminator sequences. The choice of

polyadenylation/termination sequences may be based upon suitable compatibility

with the host cell used for expression.

2.7 Other methods/elements for enhanced vields
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Most preferably, the disease characterised by elevated p-amyloid levels or p-arnyioid deposits
is Alzheimer's disease. Although the present invention has been described principally in
relation to the 30treatment of human diseases or disorders, the present invention may also
have applications In the treatment of similar diseases or disorders in non-human mammals.
Examples Methods Blacoren/Biecore 3000a device that allows measurement of real time
kinetics of molecular interactions using SPR SPR(surface piasmon resonance) - physical
phenomenon employed by Biacoren instruments for measurement of mass changes on
sensor chip CM5Biasoren sensor chip with general purpose surface coated with a
carboxymethylated dextran matrix 10 ELISAenzyme linked immunosorbent assay SRUSRU
OINDTM Biosensof technology allowing to monitor label-free biochemical interactions Integra
CL 1000Mini-bioreactors sold by IBS Integra Biosciences FMATfluorometric microvolume
assay technology (Applied 15Biosysterns) A6:8200Applied Biosysterns 8200 fluorescence
macro confocat cellular detection system for FMAT FPLCFast protein liquid chromatography
ProSepA HiTrapProtein A columns for FPLC sold by GE Healthcare 20 Materials
DM50climethylsulphoxide HEPESN-(2-hydroxyethyl)piperazine-V-(2-ethanesialionic acid) 
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ln addition to the above, other features that can be employed to enhance yields

include chromatin remodelling elements, introns and host-cell specific codon

modification. The codon useage of the antibody of this inventíon thereof can be

modified to accommodate codon bias of the host cell such to augment transcript

and/or product yield (eg Hoekema A et al Mol Cell Biol 1987 7(8):2914-24)' The

choice of codons may be based upon suitable compatibility with the host cell used for

expression.

2.8 Host cells
Suitable host cells for cloning or expressing vectors encoding antibodies of the

invention are prokaroytic, yeast or higher eukaryotic cells. Suitable prokaryotic cells

include eubacteria e.g. enterobacteriaceae such as Escherichia e.g. E.Coli (for

example ATCC 31,446;31,537; 27,325), Enterobacter, Erwinia, Kebsiella Proteus,

Salmonella e.g. Salmonetla typhimunum, Serratia e.g. Serratia rnarcescans and

Shigelta as well as Bacilli such as B.subfilrs and B.licheniformis (see DD 266 710),

Pseudomonas such as P.aeruginosa and Streptomyces. Of the yeast host cells,

S a cc h a ro myce s c e rev i siae, SChl2os acc h a ro myce s p om b e, Kl uyve romyces (e. g.

ATCC 1 6, 045; I 2,424; 2417 8; 56, 500), yarrowia (EP 402, 226), Pich i a Pasfon's

(EP183,070, see also Peng etalJ.Biotechnol. 108 (2004) 185-192), Candida,

Trichoderma reesia (8P244,234), Penicillin, Tolypocladium and AspergtT/us hosts

such as A,nidulans and A.niger are also contemplated.

Although Prokaryotic and yeast host cells are specifically contemplated by the

invention, typically however, host cells of the present invention are vertebrate cells.

Suitable vertebrate host cells include mammalian cells such as COS-1 (ATCC

No.CRL 1650) COS-7 (ATCC CRL 1651), human embryonic kidney line 293, , PerC6

(cruceil), baby hamster kidney cells (BHK) (ATCC CR1.1632), BHK570 (ATCC NO:

CRL 10314), 293 (ATCC NO.CRL 1573), Chinese hamster ovary cells CHO (e.9.

CHO-K1, ATCC NO: CCL 61, DHFR minus CHO cell line such as DG44 (Urlaub ef

a/, Somat Cell Mol Genet (1986) Yol12 pp555-566), particularly those CHO cell lines

adapted for suspension culture, mouse sertoli cells, monkey kidney cells, African

green monkey kidney cells (ATCC CRL-1587), HELA cells, canine kidney cells

(ATCC CCL 34), human lung cells (ATCC CCL 75)' Hep G2 and myeloma or

lymphoma cells e.g. NSO (see US 5,807,715), Sp2/0, Y0.

Thus in one embodiment of the invention there is provided a stably transformed host

cell comprising a vector encoding a heavy chain and/or light chain of the therapeutic

antibody as described herein. Typically such host cells comprise a first vector

encoding the light chain and a second vector encoding said heavy chain.

Such host cells may also be further engineered or adapted to modify quality, function

and/or yield of the antibody of this invention . Non-limiting examples include

expression of specific modifiying (eg glycosylation) enzymes and protein folding

chaperones.

2t

l0

l5

PCTnP20071052928

25

30

35

40

25EDTAethylenediarninetetraacetic acid Iris HCItris-(hydroxymethyl)aminomethane
hydrochloride NaCIsodium chloride Tween-20polyoxyethylenesorbitan monolaurate
BSAbovine serum albumin 50PBSphosphate buffered saline PFAparaformaldehyde
IMSindustrial methylated spirit DAB3,3'diaminoberizidine DMEMdulbecco's modified eagle's
medium 35FCSfetal calf serum Opti-MEMmodified eagle's medium based medium by
Invitrogen/Gibco Lipofectarninecationic lipid based cell transfection agent sold by
InyitrogenifGibco Transtasttiposornal franstection agent sold by Promega 40Versenemetal ion
chelating agent (ethylenediaminetetraacetic acid) Giutainaxstable form of glutamine added to
culture medium (dipeptide L- Ananyi-L-Giutamine supplement) Histocleartissue clearing agent
WO 20071113172PCPEP204)71052928 1-IBS--EP bufferGeneral purpose Biacorerm buffer
containing 0.01M HEPES pH7.4. 0.15M Had, 3rnM EDTA, 0.005% Surfactant P20
GrTherktion of mouse monoclonal antibody 2E7 Mouse monoclonal antibody 2E7 was
generated from a conventional immunisation of mice. Mice were immunised with soluble or
aggregated 8-arnyloid 1-40 and 1-42 formulated in Freund's adjuvant. Following final boost
without adjuvant, splenocytes were fused with rnyeloma cells. Fused cells were grown in
96-well plates from which 10hybridoma supernatants were screened for potential leads.
Selected antibody 2E7, 
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Host cells transformed with vectors encoding the therapeutic antibodies of the

invention may be cultured by any method known to those skilled in the art. Host cells

may be cultured in spinnerflasks, shake flasks, roller bottles, wave reactors (eg

System 1000 from wavebiotech.com) or hollow fibre systems but it is preferred for

large scale production that stirred tank reactors or bag reactors (eg Wave Biotech,

Somerset, New Jersey USA) are used particularly for suspension cultures. Typically

the stirred tankers are adapted for aeration using e.g. spargers, baffles or low shear

impellers. For bubble columns and airlift reactors direct aeration with air or oxygen

bubbles maybe used. Where the host cells are cultured in a serum free culture

media this can be supplemented with a cell protective agent such as pluronic F-68 to

help prevent cell damage as a result of the aeration process. Depending on the host

cell characteristics, either microcarriers maybe used as growth substrates for

anchorage dependent cell lines or the cells maybe adapted to suspension culture

(which is typical). The culturing of host cells, particularly vertebrate host cells may

utilise a variety of operational modes such as batch, fed-batch, repeated batch

processing (see Drapeau et al(1994) cytotechnology 15: 103-109), extended batch

process or perfusion culture. Although recombinantly transformed mammalian host

cells may be cultured in serum-containing media such media comprising fetal calf

serum (FCS), it is preferred that such host cells are cultured in serum -free media

such as disclosed in Keen et at (1995) Cytotechnology 17:153-163, or commercially

available media such as PToCHO-CDM or UltraQ¡Qru (Cambrex NJ, USA),

supplemented where necessary with an energy source such as glucose and

synthetic growth factors such as recombinant insulin. The serum-free culturing of

host cells may require that those cells are adapted to grow in serum free conditions.

One adaptation approach is to culture such host cells in serum containing media and

repeatedly exchange 80% of the culture medium for the serum-free media so that the

host cells learn to adapt in serum free conditions (see e.g. Scharfenberg K ef a/

(1gg5) in Animal Cetl technology: Developments towards the 21st century (Beuvery

E.C. ef al eds), pp619-623, Kluwer Academic publishers).

Antibodies of the invention secreted into the media may be recovered and purified

from the media using a variety of techniques to provide a degree of purification

suitable for the intended use. For example the use of therapeutic antibodies of the

invention for the treatment of human patients typically mandates at least 95% purity

as determined by reducing SDS-PAGE, more typically 98% or 99% purity, when

compared to the culture media comprising the therapeutic antibodies. ln the first

instance, cell debris from the culture media is typically removed using centrifugation

followed by a clarification step of the supernatant using e.g' microfiltration,

ultrafiltration and/or depth filtration. Alternatively, the antibody can be harvested by

microfiltra¡on, ultrafiltration or depth filtration without prior centrifugation. A variety of

other techniques such as dialysis and gel electrophoresis and chromatographic

techniques such as hydroxyapatite (HA), affinity chromatography (optionally involving
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which was obtained from the immunisation with soluble p-amyloid 1-40, was of murine IgG2a
isotype and had beta-amyloid binding activity in the efflux assay described below and an
affinity of 36.1 pM for beta-amyloid 1-40 when measured by Biacore, Method A(i) (Table WA).
l5 Epitope Mapping of 2E7 In order to finely map the binding of antibody 2E7 to the p-amyloid
peptide, a peptide set (A) was utilised. Peptide set (A) consisted of a set of 31 12-mer
overlapping 20peptides covering the complete sequence of the p-amyloid 1-42 peptide. Each
sequential peptide was initiated at the sequential amino acid within the S-arnyloid peptide,
thus shifting the sequence covered between sequential peptides by a single amino acid. All
peptides in set (A) contained a 3 amino add C-terminal linker (glycine-serine-glycine) and a
terminal biotinylated lysine residue. In addition, all 25peptides except peptide AI31
DAEFRHDSGYEVGSGK-biotin (SEQ ID No:15) were N-terrninally acetylated. A second set of
peptides (set (13)) consisted of sequential one amino acid 0-terminai deletions f10111 a
peptide containing amino acids 1 to 10 of the p-amyloid sequence. AU peptides in set (B)
contained a 3 amino acid 0-terminal linker (glycine-serine-glycine) and a terminal biotinylated
lysine residue, but with 30additional glycine and serine residues to replace for deleted
8-amyioici amino acids (Table 2). Thus all peptides in set (B) are of the same length. Table 2
Sequences of blotinylated peptides (set (B) that 35contained truncated N-terminal fragments
of 8-arnyioid DAEFRHDSGYGSGGSK-biotin(SEQ ID No:7) DAEFRHIDSG-GSGSGSK-biotin
(SEQ ID No:8) DAEFRHDS-GSGGSGGK-biotin (SEG ID No:9) 40
DAEFRHD--GSGGSGGSK-biotin (SEQ ID No:10) DAEFRH--GSGGSGGSGK-blotin (SEQ ID
No:11) DAEFR--GSGGSGGSGSK-biotin (SEQ ID NO:12) DAEF--GSGGSGGSGGSK-hiolin
(Sat ID No:13) DAE--GSGGSGGSGGSGK-biotin (SEQ ID No:14)  Monitoring the binding of
2E7 to ff-arnyloid derived peptides using Optical Blosensors 95-well SRLI BindiM
streptavidin-coated plates (SRU Biosystems) were washed with 5PBS containing 1% DM60 to
remove glycerol and preservative. A volume of 50ul/well was left to equilibrate to room
temperature to provide a constant base line. Biolinylaled peptides were diluted to approx.
0.3tigimi in PBS containing 1% DIVISO and Soul of each added to wells and incubated for
approximately 1h. Replicate wells were prepared using different sectors of the plate and at
least one no-peptide control 10 well was used in each sector to reference subtract the data.
After peptide capture the plate was washed with PBS containing 1% DMSO, leaving 50u1 of
fresh buffer per well to provide a new base line on the reader. No decay of peptide from the
surface was seen. The buffer was then replaced with 40u1/well buffer containing test antibody
at 20-64nM. for 2 hours. It was found that antibody 2E7 only bound to the peptide 15
encompassing amino acids 1-12 of the 6-amyloid peptide in peptide set (A) (peptide A131,
SEQ ID No:15) This result implies that the aspartio add at residue 1 is critical for binding to
this peptide. In order to further characterise the binding site of antibody 2E7, peptide set (B)
was 20utilised. Using SRU BINDTm biosensor methodology antibody 2E7 showed negligible 



wo20071173172

an aff¡nity tagging system such as polyhistidine) and/or hydrophobic interaction

chromatography (HlC, see US 5,429,746) are available, ln one embodiment, the

antibodies of the invention, following various clarification steps, are captured using

Protein A or G affinity chromatography followed by further chromatography steps

such as ion exchange and/or HA chromatography, anion or cation exchange, size

exclusion chromatography and ammonium sulphate precipitation. Typically, various

virus removal steps are also employed (e.9. nanofiltration using e.g. a DV-20 filter).

Following these various steps, a purified (typically monoclonal) preparation

comprising at least 1Omg/ml or greater e,g. 100m9/ml or greater of the antibody of
the ínvention is provided and therefore forms an embodiment of the inventíon.

Concentration to 100m9/ml or greater can be generated by ultracentrifugation,

Suitably such preparations are substantially free of aggregated forms of antibodies of

the invention.

Bacterial systems are particularly suited for the expression of antibody fragments.

Such fragments are localised intracellularly or within the periplasma, lnsoluble

periplasmic proteins can be extracted and refolded to form active proteins according

to methods known to those skilled in the art, see Sanchez et al(1999) J.Biotechnol.

72, 13-20 and Cupit PM ef a, (1999) Lett Appl Microbiol, 29, 273-277.

3. Pharmaceutical Gompositlons
Purified preparations of antibodies of the invention (particularly monoclonal
preparations) as described supra, may be incorporated into pharmaceutical

compositions for use in the treatment of human diseases and disorders such as

those outlined above. Typically such compositions further compríse a

pharmaceutically acceptable (i.e. inert) carrier as known and called for by acceptable

pharmaceutical practice, see e.g. Remingtons Pharmaceutical Sciences, 16th ed,

(1980), Mack Publishing Co. Examples of such carriers include sterilised carrier

such as saline, Ringers solution or dextrose solution, buffered with suitable buffers

such as sodium acetate trihydrate to a pharmaceutically acceptable pH, such as a pH

within a range of 5 to 8. Pharmaceutical compositons for injection (e.9. by

intravenous, intraperitoneal, intradermal, subcutaneous, intramuscular or intraportal)

or continuous infusion are suitably free of visible particulate matter and may comprise

from 1mg to 109 of therapeutic antibody, typically 5mg to 19, more specifically Smg

to 25mg or 50mg of antibody. Methods for the preparation of such pharmaceutical

compositions are well known to those skilled in the art. ln one embodiment,
pharmaceutical compositions comprise from 1mg to 109 of therapeutic antibodies of
the invention in unit dosage form, optionally together with instructions for use.

Pharmaceutical compositions of the invention may be lyophilised (freeze dried) for
reconstitution prior to administration according to methods well known or apparent to
those skilled in the art. Where embodiments of the invention comprise antibodies of
the invention with an lgGl isotype, a chelator of metal ions including copper, such as

citrate (e.9. sodium citrate) or EDTA or histidine, may be added to the
pharmaceutical composition to reduce the degree of metal-mediated degradation of
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binding to the peptides encompassing amino acids 1-3 and 1-4 of the p-arryioid peptide (SEC)
ID No:14 and 13). Binding to a peptide encompassing amino acids 1-7 of the ff-amyloid
peptide (SEQ ID No:10) was comparable to the peptide encompassing amino acids 1-12 of
the p-arryloid peptide (from peptide set (A)). 25Binding to peptides encompassing amino acids
1-5 or 1-6 of the p-arnyloid peptide(SEQ ID No: 12 or 11) was observed, but was weaker (as
measured by stabiSty after an additional washing step) than the binding to the peptide
encompassing amino acids 1-7 of theff-amyloid peptide (SEQ :D No:10). 30Thus it has been
shown that only residues 1-7 of the 6-amyloid peptide are required for full binding as
measured using this methodology. Surface Plasmon Resonance assay In addition to the
experiments described above, the Biacore/M 3000 optical biosensor 35was used to monitor
the binding of 26' antibody to selected ff-arnylold sequence derived peptides. Binding was
measured by injecting test antibodies at up to 64n1v1 for 5 minute over peptides captured on
separate streptavidin chip surfaces (130-230 RU (resonance units)). A running buffer
(FIBS-EP) containing 0.01M I-IEPES pH7.4, 0.15M NaCl, 3mM EDTA and 0.005% Surfactant
P201m at 25C was used at a flow 40rate of 20uffrnin, All runs were double referenced against
a blank streptavidin surface and blank injections. Analysis was carried out using the
Btacoreilm analysis software BlAevaluationIm version 4.1. Results from selected peptides in
set (A) further confirmed the SRU BINDIm derived data indicating that 2E7 bound only to The
peptide encompassing amino acids 1-12 (SEQ ID No:15) of theff-amyloid peptide  with an
apparent equilibrium constant KD of approximately 50pM. Under the same conditions, 2E7 did
not bind to the peptide encompassing amino acids 2-13 of the parnyloid peptide, Peptide
A02-13AEPRHDSGYEVHGSGK-biotin (SEC) ID No:44) The experimental method and
conditions used allowed the detection of high but also lower affinity molecules - in the same
experimental setup, by contrast to 2E7, another antibody recognising an N-terrninal epltope of
the p-arnyloid peptide was shown to bind the 2-13 peptide (SEQ ID No:44) with an apparent
KD of 7rtkil. 2E7 did 10not bind to a selection of peptides in set (A) from mid regions of the
p-arnyloid peptide. In a separate experiment the 6-arnyiold 1-40 peptide was captured via its
N-terminal aspartio add residue that had been biotinylated. This peptide was captured onto a
BlacoreTm streptavidin coated chip as previously described. Antibody 2E7 injected at 65MM
for 1 minute could not bind this peptide. Therefore, it is concluded 15 that the previously
descibed N-terminal binding site was masked by the linker and capture method, thus further
confirming the extreme N-terminus as containing the core binding site Binding to Cell
Expressed Amviold Precursor Protein (APP  (3-Amyloid is composed of peptides formed by
proteolytic cleavage of a type I tracsmerribrane, precursor protein named amyioid precursor
protein (APP). As APP has a large extraceiiular domain, binding to this protein could
potentially initiate an antibody-dependent cellular cytotoxicity reaction (ADCC). 25 To
characterise binding of antibody to cell-surface fuil length APP an FMATRI ABI8200 based
assay was utiiised. Transfection of HEK293T cells with wild type APP DNA HEK293T cells are
maintained in DIMEM F12 medium containing 10% (viv) rcs and 30 lx Giutamax. Cells are
seeded in 75cm2 tissue culture flasks and grown to 60-80% confluency (18-24 h) prior to
transfection: For transfection, 9 ug of DNA, (either wild type APP DNA (in PCDNA3.1
(Invitrogen) vector), or vector only controls), is mixed with 0.3 ml of Opti-MENITM media. 30uf
LipoiectamineTm transfectian agent is mixed with 0.3m1 Opti-MEMThI media and the two
mixtures pooled. The pooled mixtures are 



wo 20071173172

antibodies of this isotype, see EP0612251 . Pharmaceutical compositions may also

comprise a solubiliser such as arginine base, a detergenUanti-aggregation agent

such as polysorbate 80, and an inert gas such as nitrogen to replace vial headspace

oxygen.

Effective doses and treatment regimes for administering the antibody of the invention

are generally determined empirically and are dependent on factors such as the age,

weight and health status of the patient and disease or disorder to be treated. Such

factors are withín the purview of the attending physican, Guidance in selecting

appropriate doses may be found in e.g. Smith et al(1977) Antibodies in human

diagnosis and therapy, Raven Press, New York but will in general be lmg to 109. In

one embodiment, the dosing regime for treating a human patient is 1mg to 19 of

therapeutic antibody of the invention administered subcutaneously once per week or

every two weeks, or by intravenous infusion every 1 or 2 months. Such a dosage

corresponds to 0.014-140m9/kg, such as 0.014-14m9/kg, Compositions of the
present invention may also be used prophylatically.

4. Glinical uses.

It will be appreciated that diseases characterised by elevated Þ-amyloid levels or B-

amyloid deposits include Alzheimer's disease, mild cognitive impairment, Down's

syndrome, hereditary cerebral haemorrhage with p-amyloidosis of the Dutch type,

cerebral p-amyloid angiopathy and various types of degenerative dementias, such as

those associated with Parkinson's disease, progressive supranuclear palsy, cortical

basal degeneration and diffuse Lewis body type of Alzheimer's disease.

Most preferably, the disease characterised by elevated B-amyloid levels or B-amyloid
deposits is Alzheimer's disease.

Although the present invention has been described principally in relation to the

treatment of human diseases or disorders, the present invention may also have

applications in the treatment of similar diseases or disorders in non-human

mammals.
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35 incubated at room temperature for 30 min prior to the addition of a further 4.8 ml of
Opti-MEINTm media. The final mixture is added to the cells (post washing with OptiMEMI'l
media) for 5 h and 6 ml of 10 % (v/v) newborn calf serum in DMEM is then added. 48hrs post
transfection, supernatant is removed and the monoiayer washed in versene, and then 3m1 of
verseneTM chelating anent is added to each flask, 40incubated for Firnins at 37C, and the
detached cells pelleted at 200g for 5mins. I'he resultant cell pellet is gently resuspended in
1m1 of assay buffer (2% heal treated serum, 0.5% BSA, 0.1% NaN3 in PBS pH7,4, filtered
through a 0.2urn filter) to create a single cell suspension.  FMATTm A318200 based assay
Test antibodies (2E7, LN27 (Zymed) mouse IgG to extracellular domain of APP as a positive
control, and an antibody 3210 which recognises the x-40 form of the pamyloid peptide as a
negative control) were diluted to 10pgIrril in sterile filtered assay buffer (2% heat treat serum,
0.5% BSA, 0.1% NaN3 in PBS pH7.2) in a polypropylene plate, and then a further six serial
1:1 dilutions were performed down the plate. Assay buffer only was used as a blank, 50u1 of
a suspension of HEK293T cells transfected with wild type APP DNA (Experiment 1:10,000
cells; Experiment 2: 20,000 cells) was added to each well of a 96 well plate, to which Sul of
each of the toantibody solutions were added to duplicate wells. 50u1/well of F-MATIm blue
anti mouse IgG stock, (antibody is labelled using F-MATTm blue moriofunctional reactive dye
kit from AB!, 4328403), diluted 1:500 (Experiment 1) and 1:1000 (Experiment 2) in assay
buffer, was then added to each well and the plate briefly shaken and left to settle for thr. The
plate was then read using the ABI 8200 fluorescence macro 15confocal cellular detection
system (Applied Blosystems). Derived counts data were then interpreted using EXCeITM
spreadsheet software. Briefly, mock transfected counts were subtracted from the rut/ length
APP transfecteci cell counts to obtain a specific signal for each antibody. Two antibody
concentrations 20that were on the linear part of the curve were chosen (1,25 and 0.63ug/m1)
and the background corrected derived counts at these concentrations expressed as the
percentage of the LN27 antibody binding, and averaged over the two antibody concentrations.
The resultant data is described in Table 3 (% of L.N27 binding SE) 25Thus, within this assay
system, the binding of 2E7 to cell surface APP is indistinguishable from that of the negative
control antibody G210. Table 3 30 .gfil254(1.9.1gArnApArrAgyapr Protein Derlved PeptIgg
The previously described etditope mapping studies have shown that antibody 2E7 binds to the
extreme N-terminus of the 3-amyloic1 peptide, with the aspartic acid residue at position I
being essential for binding. This suggests that the antibody 35recognises a 'nee epitope
formed by cieavage of APP at the p-secretase site. This observation would suggest that
antibody 2E7 should not recognise adjacent APP  peptide sequence. To test this hypothesis
an APP peptide (Peptide APP1, SEC) ID No: 16) was synthesised which included residues
1-7 of the ff-amylold peptide and the five adjacent APP derived amino acids. Thus peptide
APP1 contained contiguous amino acids from position 5 N-terminal to the BACE-1 cleavage
site to position 7 C-terminal to the BACE-1 cleavage site and was N-terminaily acetylated.The
ability of antibody 2E7 to bind to the APP derived peptide APP1 and the ff-amyloid 1-12
peptide (peptide A131) was compared using BiacoreTM methodology (as previously
described for epitope mapping). Antibody 2E7 showed high affinity binding to the p-amyloid
peptide Ap-1 , which contains the basic epitope 101-7. However, no binding was observed to
the APPI peptide which also contains the 



wo 20071113172

Examples
Methods
Biacoreu/Biacore 3000

SPR

cMs

10 ELISA

SRU

lntegra CL1000

FMAT
15

ABi8200

FPLC

ProSepA HiTrap
20

a device that allows measurement of real time kinetics

of molecular interactions using SPR

(surface plasmon resonance) - physical phenomenon

employed by Biacoreru instruments for measurement of

mass changes on sensor chip

Biacoreu sensor chip with general purpose surface

coated with a carboxymethylated dextran matrix

enzyme linked immunosorbent assay

SRU BlNDrr¡ Biosensor technology allowing to monitor

label-free biochemical interactions

Mini-bioreactors sold by IBS lntegra Biosciences

fluorometric microvolume assay technology (Applied

Biosystems)

Applied Biosystems 8200 fluorescence macro confocal

cellular detection system for FMAT

Fast protein liquid chromatography

Protein A columns for FPLG sold by GE Healthcare
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Materials
DMSO

HEPES

EDTA

Tris HCI

NaCl

Tween-20

BSA

PBS

PFA

IMS

DAB

DMEM

FCS

Opti-MEM
Lipofectamine

25

30

dimethylsulphoxide
N-(2-hydroxyethyl)pi perazine-N'-(2-ethanesulfonic acid )
ethylenediaminetetraacetic acid

tris-(hydroxymethyl)aminomethane hydrochloride

sodium chloride
polyoxyethylenesorbitan monola urate

bovine serum albumin
phosphate buffered saline
paraformaldehyde

industrial methylated spirit
3,3'diaminobenzidine
dulbecco's modified eagle's medium
fetal calf serum
modified eagle's medium based medium by lnvitrogen/Gibco

cationic lipid based cell transfection agent sold by

lnvitrogen/Gibco
liposomaltransfection agent sold by Promega

metal ion chelating agent (ethylenediaminetetraacetic acid)
stable form of glutamine added to culture medium (dipeptide L-

Ananyl-L-Glutamine supplement)
tissue clearing agent

35

Transfast
40 Versene

Glutamax

Histoclear

25

basic ftamyloki derived sequence 1-7. Peptide AO/DAEFRHDSGYEVGSGK-biotin SEC ID
No:15 APP1AcNH-SEVKMDAEFRHDGSGK-biotin SEG ID No:16 15A combination of FMArm
based cellular binding and BiacoreTM based peptide mapping has been utilised to show that,
in these formats, 2E7 has no binding affinity for the full length APP protein. Given that the
aspartic acid residue at position 1 of the ff-amyloid peptide is required for binding, it is
concluded that 2E7 only recognises the 'neck N-terminus of ff-amyloid and hence should not
bind cell surface expressed 20 APP. In vivo Biological Activity 112' B-Arnviold Efflux Model A
number of published studies have shown that 13-amyloid antibodies can form 25complexes
with p-amyloid peptide in the bloodstream. It is argued that this sequestration of peripheral
p-arnyloid allows for further efflux of CNS arnytold into the bloodstream (DeMattos RB, PNAS
(2001), 98(15); 8850-8855). An acute pharmacodynamic model was developed to screen
antibodies for their ability to complex with brain derived 11-amyloid peptide in the
bloodstream. 30 Anaesthesia (4% isoflurane) was induced in male C57/BLE3J mice and
maintained (1.5% isoflurane) in 100% oxygen. Animals were then placed in a stereotaxic
frame. Following midline incision along the sagittal suture a bore hole was drilled through the
skull and a guide cannula was inserted into the lateral cerebral ventricle (co- 35ordinates
anterioposterior (AP) 4).5mrn, lateral (L) +0.7mm, ventral (V) -2.5mm), A further two bore
holes were drilled through the skull into which cortical screws were placed, The cannut.1 was
anchored in place by cyanoacryiate gel and the incision was sutured around the
cyanoacrylate gel headcap. Post-operatively the mice received 0.3m1 saline subcutaneously
and were placed in a warm environment to 40recover from anaesthesia. On recovery of the
righting reflex, mice were housed singly and received 5 days standard post-op care. No
procedures were permitted for a further 5 days or until pre-operative body weight was
regained. Following recovery, cannula placement was verified by the angiotensin II drinking
response. Each mouse received an intracerebroventricular (ICY) administration (50) of 10Ong
angiotensin II  (AB) (made up in 0,9% saline). Following administration of All, water intake was
observed for 15 minutes, Mice with a positive dipsogenic response to Al! (sustained drinking)
were included in the studies, which commenced no sooner than five days Post All injection,
On the day of study the mice were placed for 5-10 minutes in a warm environment to induce
vasodilation, necessary for ease of infection into the tail vein. Test antibody (800pg) or PBS
vehicle (dose volume no greater than lOrri/ per kg body weight) was injected via the tail vein
and mice were returned to their individual cages post- 10injection. At exactly one hour post tail
vein injection, mice were slowly ICV iniected (24 per minute) with 2ng (11.tOi) of
P25beta-amyloid 1-40 (Amersham Siosciences, UK) in a dose volume of 5g1. At exactly four
hours post ICV dose, 50pi of trunk blood was collected and the radioactivity level measured
on a scintillation counter. 15Mice that had been injected into the tail-vein with 2E7 (nt=8 per
treatment group) 
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HBS-EP buffer

Generation of mouse monoclonal antlbodv 2E7
Mouse monoclonalantibody 287 was generated from a conventional immunisation of
mice. Mice were immunised with soluble or aggregated p-amyloid 1-40 and 1-42
formulated in Freund's adjuvant. Following final boost without adjuvant, splenocytes
were fused with myeloma cells, Fused cells were grown in 96-well plates from which
hybridoma supernatants were screened for potential leads. Selected antibody 2E7,

which was obtained from the immunisation with soluble p-amyloid 140, was of
murine lgG2a isotype and had beta-amyloid binding activity in the efflux assay
described below and an affinity of 36.1 pM for beta-amyloid 1-4O when measured by
Biacorero, Method A(i) (Table 10A).

Epitope Mappinq of 2E7

ln order to finely map the binding of antibody 287 to the B-amyloid peptide, a peptide

set (A) was utilised. Peptide set (A) consisted of a set of 31 12-mer overlapping
peptides covering the complete sequence of the B-amyloid 1-42 peptide. Each
sequential peptide was initiated at the sequential amino acid withín the B-amyloid
peptide, thus shifting the sequence covered between sequential peptides by a single
amino acid. All peptides in set (A) contained a 3 amino acid C-terminal linker
(glycine-serine-glycine) and a terminal biotinylated lysine residue. ln addition, all
peptides except peptide AP1 DAEFRHDSGYEVcSGK-biotin (SEO lD No:15) were
N{erminally acetylated. A second set of peptides (set (B)) consisted of sequential
one amino acid C-terminal deletions from a peptide containing amino acids 1 to 10 of
the B-amyloid sequence. All peptides in set (B)contained a 3 amino acid C{erminal
linker (glycine-serine-glycine) and a terminal biotinylated lysine residue, but with
additional glycine and serine residues to replace for deleted B-amyloid amino acids
(Table 2). Thus all peptides in set (B) are of the same length.

Table 2

Sequences of biotinylated peptides (set (B) that
contained truncated N-terminal fragments of p-amyloid

PCTÆP20071052928

General purpose BiacorerM butfer containing O.O1M HEPES
pH7.4,0.15M NaCl, 3mM EDTA, 0.005% Surfactant P20
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DAEFRHDSGYGSGGSK-b|otIn (SEQ lD No:7)
DAEFRHDSc--cSGScSK-biotin (SEQIDNo:8)
DAEFRHDS--cScGScGK-biotin (SEQIDNo:9)

40 DAEFRHD--GSGGSGGSK-b|oIIn (SEQ lD No:10)
DAEFRH--GSGGSGGSGK-b|oIIn (SEO lD No:11)
DAEFR--GSGGSGGSGSK-biotin (SEO lD No:12)
DAEF--GSccSccScGSK-biotin (SEQ lD No:13)
DAE--GSGcSGGSGGSGK-biotin (SEO lD No:14)
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showed a statistically significant increase in the radioactive signal (counts per minute - CPM)
in 50u1 of trunk blood compared with the CPM signal detected in vehicle injected mice - (CPM
- vehicle; 13393 t 496.2 vs. 2E7 4387.9  980.3; ANOVA:F(2,13) = 4.97, p<0.05. Post-hoc
LSD: p=0,01 2E7 vs. vehicle [post-hoc 20Duncans: p=0.02 2E7 vs, vehicle]. In two further
studies with 2E7 conducted with the identical protocol, similar ' increases in arnyloid efflux into
blood when compared with vehicle injected controls were observed (CPM blood: Vehicle 352
+1- 113 versus 2E7 2397 +I- 353, and 25Vehicle 1281 41- 312 versus 2E7 5291 +/- 885;
ANOVA with post-hoc LW test p<0.001 vs. vehicle), Transgenic CNS Darnyloid Lowering
Models 30 1.p-Arnyield Load followine 4 week dosina of 2 month old TASTPM mice Male and
female TASTPM transgenic mice (double-mutant APPswe x PS1.1vI146V, Howlett DR (2004)
Brain Research 1017 (1-2) 130-136) aged between 81 and 85 days at the start of the study
and were singly housed. Equal numbers of mice were assigned to each treatment group
(N=12 per group) and were randomized according 35to gender and age. Treatment groups
comprised the following; A: MOPC21 (antibody with unknown specificity. Holton at al (1987)
J.Immunol 139(9) 3041-3049, negative contra), B: 2E7 (test antibody). All antibodies were
dissolved in PBS and were dosed by the intraperitoneal route. Irrespective of animal weighl,
300ug of antibody was administered, Animals were dosed twice weekly for four weeks. One
40day after the final dose, animals were euthanased by overdose with sodium pentobarbital.
Brains were dissected and hemisected. Hernisected brain samples were collected into
pre-weighed 2m1eppendorim tubes and snap frozen. Samples were subsequently thawed,
reweighed and 1m1 of 5M guanidine HCI containing Complete protease inhibitorTM tablets
(E3oehr1nger Mannheim) added, before the  samples were homogenized and incubated at
4C for >90 min with constant agitation. Samples were then diluted 1 in 10 into assay buffer
(50mM Tris HCI, pH7A, 150mM NaCI, 0.05% Tween-20 1% BSA), vortexed and spun at
20,000G for 20 mins at 4C. The supernatant was removed and added as triplicate samples to
the assay plate. The levels of A1340 and AP42 were measured using a sensitive plate based
10electrochernilurninescent immunoassay (BioVerisTM) employing C-terminal specific p-
amyloid antibodies (to Ap40 or Api42) labelled with (Magni specific label to facilitate detection
(BioverisTM) used to capture either A340 or A342, along with a blotinylated N-terrninal
specific Ail antibody. Antibody-AP complexes were captured with streptavidin coated beads
that bind blotinylated antibodies (Dynabeadem , Dynal) 15incubated overnight at room
temperature with vigorous mixing and assayed in a BioVeriirm M8 photodetectcir. Standard
curves were constructed using human AP40 and AP42 peptides in assay buffer containing the
required concentration of Guanidine HO, Data was analysed using Excel RobosageTM
statistical analysis software and Ap levels expressed as prnolefg tissue. In this paradigm,
treatment with 2E7 antibody reduced CNS AP42 load by 37% (p<0.001). and CNS AP40 by
23% (p<0,001). In subsequent studies under similar experimental conditions, 2E7 antibody
reduced 
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Monitoring the binding oÍ 287 to B-amyloid derived peptides using Optical

Biosensors
g6-well SRU BindrM streptavidin-coated plates (SRU Bíosystems) were washed with

PBS containing 1o/o DMSO to remove glycerol and preservative. A volume of

SQul/well was left to equilibrate to room temperature to provide a constant base line .

Biotinylated peptides were diluted to approx. 0.3u9/ml in PBS containing 1% DMSO

and 50ul of each added to wells and incubated for approximately t h. Replicate wells

were prepared using different sectors of the plate and at least one no-peptide control

well was used in each sector to reference subtract the data. After peptide capture the

plate was washed with PBS containing l% DMSO, leaving 50ul of fresh buffer per

well to provide a new base line on the reader. No decay of peptide from the surface

was seen. The buffer was then replaced with 4Oul/well buffer containing test antibody

at 20-64nM .Íor 2 hours. lt was found that antibody 2E7 only bound to the peptide

encompassing amino acids 1-12 of the B-amyloid peptide in peptide set (A) (peptide

Ap1, SEQ lD No:15) This result implies that the aspartic acid at residue 1 is critical

for binding to this peptide.

ln order to further characterise the binding site of antibody 2E7, peptide set (B) was

utilised. Using SRU BINDTM biosensor methodology antibody 2E7 showed negligible

binding to the peptides encompassing amino acids 1-3 and 14 of the B-amyloid
peptide (SEQ lD No:14 and 13). Binding to a peptide encompassing amino acids 1-7

of the p-amyloid peptide (SEO lD No:10) was comparable to the peptide

encompassing amino acids 1-12 of the p-amyloid peptide (from peptide set (A)).

Binding to peptides encompassing amino acids 1-5 or 1-6 of the B-amyloid
peptide(SEQ lD No:12 or 11) was observed, but was weaker (as measured by

stability after an additionalwashing step) than the binding to the peptide

encompassing amino acids 1-7 of the B-amyloid peptide (SEQ lD No:10)'

Thus it has been shown that only residues 1-7 of the p-amyloid peptide are required

for full binding as measured using this methodology.

Surface Plasmon Resonance assay
ln addition to the experiments described above, the Biacorelu 3OOO optical biosensor

was used to monitor the binding of 2E7 antibody to selected p-amyloid sequence

derived peptides. Binding was measured by injecting test antibodíes at up to 64nM

for 5 minute over peptides captured on separate streptavidin chip surfaces (130-230

RU (resonance units)). A running buffer (HBS-EP) containing 0.01M HEPES pH7.4,

0.15M NaCl, 3mM EDTA and 0.005% Surfactant P2OrM at 25"C was used at a flow

rate of 2Qul/min. All runs were double referenced against a blank streptavidin surface

and blank injections. Analysis was carried out using the Biacorero analysis software

BlAevaluationrM version 4.1. Results from selected peptides in set (A) furlher
confirmed the SRU BINDTM derived data indicating that 2E7 bound only to the

peptide encompassing amino acids 1-12 (SEO lD No:15) of the p-amyloid peptide
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25CNS A342 load by 38% (Study 1, males only), 22% (Study 2, non-significant) and 39%
(Study 3, males, p=0.001) and 13% (Study 3, females, non-significant) when compared to
PBS treated animals. In these studies 2E7 also reduced CNS A1140 by 18% (Study 3, males,
p=0.017) and offered a non-significant reduction in CNS Apeto by 25% (Study 1, males only),
<1% (Study 2) and a non-significant increase of 3% 30(Study 3, females) when compared to
PBS treated animals. 2.Bamvlold Load following 4 month dosing of 4 month old TASTPM
mice  Briefly, 4 month old TASTPM transgenic mice were dosed 300pg of antibody once or
twice weekly via an intraperitonial (i.p.) route_ After 4 months of dosing CNS 35 amylold
levels were measured by ELISA and plaque load was measured by immunottistochernistry.
Between the ages of 4 and 8 months, the CNS p-amythici load increases exponentially and
consequently, plaque pathology rapidly develops (Howlett DR (2004) Brain Research 1017
(1-2) 130436). 40Mice were aged between 120 and 128 days at the start of the study and
were singly housed. Similar numbers of mice were assigned to each treatment group (N=20 or
21 per croup) and were randomized according to gender and age. Treatment groups
comprised the following: A: PBS (vehicle) dosed twice weekly, B: 2E7 dosed once weekly, C:
2E7 dosed twice weekly, D: PBS dosed once weekly. A 300 microgram  dose (79 microlitres
volume) of 2E7 was administered via the :ntraperitoneal route. Vehicle treated animals
received the same volume of PBS. Animals were dosed for eighteen weeks, TASTPM mice
are liable to suffer spontaneous seizures and as a result a number of animals died during the
course of the study. Final numbers were sas follows A; 4 females, 9 males; 18: 5 females, 8
males; C: 4 females. 9 males; D; 2 females, 9 males, Two or four days after the final dose
(equal numbers per group) animals were euthanased by overdose with sodium pentobarbital.
A tail tip sample From each mouse was taken for confirmation of the genotype. Brains were
dissected and hernisected. The right hemisphere was fixed by immersion in 4%
paraformaidehyde and processed for histology, The left hemisphere was collected into
pre-weighed 2m1eppendorrm tubes, frozen on dry ice and stored at -80t for subsequent
analysis of arnylold content. Prior to analysis, samples were thawed, reweighed and lml of 5M
guanidine HCI containing Complete protease inhibitorTm tablets (Boehringer Mannheim)
added, before the samples were homogenized and 15incubated at 4C for >90 min with
constant agitation. Samples were then diluted In 10 into assay buffer (50mM Tris HCI, pH7.4,
150mM NaCi. 0.05% Tween-20+ 1% BSA), vortexed and spun at 20,000G for 20 mins at 4C.
The supernatants were diluted a further 1:1000 and added as tripiic,ate samples 20to the
assay plate. The levels of Ap40 and A1342 were measured as for the 4 week dosing study.
An analysis of variance was used with treatment, sex and dosing schedule included 25in the
model as fixed effects, All of the interactions between the three factors were also included.
There were no significant differences between the two dosing schedules (once or twice
weekly). With this experimental design, firstly it could be assessed if there were any significant
differences between the dosing schedules and secondly, as there were no such significant
differences, data from the two dosing 30schedules could be combined, thus increasing the
power of the experiment by doubling the number of mice in the analysis.    In this paradigm,
treatment with 2E7 antibody reduced CNS A1.342 load by 22.5% (p=0.0152). Levels of CNS
Ap40 were also towered by 12.1%, but this figure did not 35reach statistical significance
(pm0,118). A complex immunohistochemical analysis of these samples was performed to
define the area of brain tissue showing plaque pathology. Sections were taken from the cortex
at the level of the caudate and from the cortex at the level of the hippocampus. 40Adjacent
sections were stained with either an A1140 or Ap42 specific antibody or alternatively with the
arnyloid stain Congo Red. Using image analysis software, the area of the section stained for
plaque was expressed as a percentage of the total section area. 
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with an apparent equilibrium constant KD of approximately 50pM. Under the same

conditions, 2F7 did not bind to the peptide encompassing amino acids 2-13 of the B-

amyloid peptide.

Peptide Aþ2-13 AEFRHDSGYEVHGSGK-bIoIIn (SEO lD No:44)

The experimental method and conditions used allowed the detection of high but also

lower affinity molecules - in the same experimental setup, by contrast lo 2.E7,

another antibody recognising an Nterminal epitope of the B-amyloíd peptide was

shown to bind the 2-13 peptide (SEQ lD No:44) with an apparent KD of 7nM. 2E7 did

not bind to a selection of peptides in set (A) from mid regions of the p-amyloid

peptide. ln a separate experiment the p-amyloid 1-40 peptide was captured via its N-

terminalaspartic acid residue that had been biotinylated. This peptide was captured

onto a BiacorerM streptavidin coated chip as previously described. Antibody 2E7

injected at 66nM for 1 minute could not bind this peptide. Therefore, it is concluded

that the previously descibed N{erminal binding site was masked by the linker and

capture method, thus further confirming the extreme N-terminus as containing the

core binding site

Blndinq to Cell Expressed Amvloid Precursor Protein (APP)

B-Amyloid is composed of peptides formed by proteolytic cleavage of a type I

transmembrane precursor protein named amyloid precursor protein (APP). As APP

has a large extracellular domain, binding to thís proteín could potentially initiate an

antibody-dependent cellular cytotoxicity reaction (ADCC).

To characterise binding of antibody to cell-surface full length APP an FMATTM

ABl8200 based assay was utilised.

Transfection of HEK293T cells with wild tvpe APP DNA

HEK293T cells are maintained in DMEM F12 medium containing 10 % (v/v) FCS and

1x Glutamax. Cells are seeded in 75cm2 tissue culture flasks and grown to 60-80 %
confluency (18-24 h) prior to transfection, For transfection, 9 ug of DNA, (either wild
type APP DNA (in PCDNA3.1 (lnvitrogen) vector), or vector only controls), is mixed

with 0.3 ml of Opti-MEMTM media. 3Oul LipofectaminerM transfectíon agent is mixed

with 0.3mlOpti-MEMTM media and the two mixtures pooled. The pooled mixtures are
incubated at room temperature for 30 min prior to the addition of a further 4,8 ml of
Opti-MEMTM media. The final mixture is added to the cells (post washing with Opti-
MEMrM media) for 5 h and 6 ml o'f 10 o/o (v/v) newborn calf serum in DMEM is then
added. 48hrs post transfection, supernatant is removed and the monolayer washed
in versene, and then 3ml of VersenerM chetating agent is added to each flask,
incubated for Smins at 37C, and the detached cells pelleted at 2009 for 5mins. The
resultant cell pellet is gently resuspended in 1ml of assay buffer (2o/o heal treated
serum, 0.5% BSA, 0.1% NaNo in PBS pH7.4, filtered through a 0,2um filter) to create
a single cell suspension.
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After fixation, the PFA-immersed half brains were coronally cut in a brain matrix into 6 x 2mrn
thick sections. These 2rtirri sections will be referred to as sections A to F, A being the most
rostml and F the most caudal. Sections A, B & C and 0, E & F were placed in separate
ernheddlno cassettes numbered for each animal. Cassettes were held in PFA until ready for
processing and embedding. Embedding was undertaken on a CitadeiTM 1000 (Shandon)
tissue processor. Ail tissues received the following processing regimen:- 70% IMS -1 hr
10100%1MS - 3 x 1 hr 100% ethanol - 2hr 100% isobutyi alcohol; 1 x 2hr; 1 x 1.5hr
HistoclearTM - 2 x 1.5hr Paraffin wax 2 x 2hr i 5 On completion of the processing cycle, the
wax impregnated tissue sections were transferred to molten-paraffin wax filled base moulds
and embedded utilising a Histocentrelm (Shandon) paraffin embedding system. Tissue was
embedded such that sections A, B & C went into one mould; 10, E & F into a second mould.
This was 20carried out for all sets of sections ie. each hemisected brain resulted in two wax
blocks of three sections each. Sections were placed in the moulds such that the caudal
surface of each piece became the future cutting surface. Care was taken to ensure that each
section was pushed well down in the mould so that microtorning of each would occur in
parallel. The perforated processing cassette was then carefully placed 25 onto each mould
which was then topped up with molten wax. Embedded blocks were then cooled on the
refrigerated plate until they could be removed from the moulds. Blocks were stored at room
temperature until required for microtoming. Blocks were cut at random and 5 micron sections
floated onto prelabelled gelatine coated slides (Superfrosem, Ere Scientific Company) slides.
Two sections were floated onto each 30slide, Wherever possible, consecutive sections were
mounted and slides were numbered consecutively from 1 to 25. Fifty sections (25 slides) were
taken from each block. Slides were dried on a hot plate and then stored at room temperature
until required. 35Immunohistochernistry was undertaken on sets of 30 slides. On each slide,
the top section was labelled with an A1340 antibody (330, rabbit polyclonal recognising x-40
arryloid), the lower section with the A642 antibody, 20:310, monoclonal antibody recognising
x-42 fi-arnyloid. A minimum of 5 sections per antibody per block were labelled. 40 Labelling
was carried out as follows. Following dewaxing through Histociear and graded alcohols,
sections were immersed in 85% formic acid for 8 minutes and then blocked in 0.3% hydrogen
peroxide for 30 minutes to block endogenous peroxidases. Antibodies 030 and 20310 were
both applied overnight at 1:1000 diiutions, sections  being left at 4t. Development of the
sections was with the respective biotinylated anti rabbit and anti-mouse secondaries, Colour
development was accomplished with a diaminobenzidine tetrahydrochloride staining Kit
(DABTM, Vector Labs). Sections were briefly counterstained with Mayer's hematoxylin before
being dehydrated, cleared and cover-slipped. Sections were left to dry for at least 48 hours
before microscopy. Images were captured on a Leica DIARBTm microscope equipped with
digital camera. Images were analysed using Owirt.rm software (Leica) and results presented
as % of the section area 
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FMATTM ABlS2oo based assa)¡

Test antibodies (2E7, LN27 (Zymed) mouse lgG to extracellular domain of APP as a

positive control, and an antibody G210 which recognises the x-40 form of the B-

amyloid peptide as a negative control) were diluted to 1Opg/ml in sterile filtered assay

buffer (2%healtreat serum,0.5o/o BSA, 0.1% NaNg in PBS pH7.2) in a polypropylene

plate, and then a further six serial 1:1 dilutions were performed down the plate.

Assay buffer only was used as a blank. 50ul of a suspension of HEK293T cells

transfected with wild type APP DNA (Experiment 1: 10,000 cells; Experiment 2:

20,000 cells) was added to each well of a 96 well plate, to which 5ul of each of the

antibody solutions were added to duplicate wells. 5Oul/well of F-MATTM blue anti

mouse lgG stock, (antibody is labelled using F-MATTM blue monofunctional reactive

dye kit from ABl, 4328/,08). diluted 1:500 (Experiment 1) and 1:1000 (Experiment 2)

in assay buffer, was then added to each well and the plate briefly shaken and left to
settle for thr. The plate was then read using the ABI 8200 fluorescence macro

confocal cel I ular d etection system (Ap plied Biosystems).

Derived counts data were then interpreted using ExcelrM spreadsheet software.

Briefly, mock transfected counts were subtracted from the full length APP transfected

cell counts to obtain a specific signalfor each antibody. Two antibody concentrations

that were on the linear part of the curve were chosen (1.25 and 0.63u9/ml) and the

background corrected derived counts at these concentrations expressed as the
percentage of the LN27 antibody binding, and averaged over the two antibody

concentrations. The resultant data is described in Table 3 (o/o of LN27 binding *SE)

Thus, withín this assay system, the binding o'f 2ET to cell surface APP is

indistinguishable from that of the negative control antibody G210.

Table 3
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LN27

Bindino to Amvloid Precursor Protein Derlved Peotlde
The previously described epitope mapping studies have shown that antibody 2E7

binds to the extreme N-terminus of the p-amyloid peptide, with the aspartic acid

residue at position 1 being essential for binding. This suggests that the antibody
recognises a 'neo' epitope formed by cleavage of APP at the p-secretase site. This
observation would suggest that antibody 287 should not recognise adjacent APP

G210

35

Experiment
1

287

100.0 r 7.1

5.5 r 1.3

Experiment
2

9.9 r 3.7

100,0 r 4.7

2.0 È 1.6

2.2 x 1.4

29

10that was labelled by the AP antibody. An analysis of variance was used with treatment, sex
and dosing schedule included in the model as fixed effects. All of the interactions between the
three factors were also included. There were no significant differences between the two
dosing 15schedules (once or twice weekly). With this experimental design, firstly we could
assess if there were any significant differences between the dosing schedules and secondly,
as there were no such significant differences, data from the two dosing schedules could be
combined, thus increasing the power of the experiment by dotibiing the number of mice in the
analysis. 20 In this paradigm, treatment with 2E7 antibody reduced plaque pathology as
measured with an antibody recognising Ap42. Plaque pathology was reduced by 27.1%
(p=0,0026) in the cortex at the level of the hippocarnpus and 43% (p<0.0001) in the cortex at
the level of the caudate. Plaque pathology was also reduced when 25measured with an
antibody recognising A40. Plaque pathology was reduced by 16.6% (p=0.0421) in the cortex
at the level of the hippocampus and 17.3% (p-=0.0342) in the cortex at the level of the
caudate. No evidence of microhaemorrhage as determined by Paris' Prussian Blue) was
30observed in any mice from this study treated with vehicle or 2E7. This method visualises
ferric iron (iron is an essential constituent of the oxygen-carrying haemoglobin found in red
cells) by producing an insoluble blue compound. All levels of brain from all animals were clear.
35 Cowl/Hon models Following the 4 month dosing o14 month old TASTPM mice as
described above, these mice were tested in two models of cognition: the object recognition
assay and the fear conditioning assay, 40Object recognition assay  The object recognition
assay exploits the animals' natural propensity to explore novel objects and relies on the
animals' ability to recall an object which had been explored previously (familiar object). Eight
month old TASTPM mice have been reported to demonstrate a deficit in the ability to
distinguish between novel and familiar objects  (Howlett et al., 2004) indicating impaired
cognitive performance in these animals. In this study, however, 8 month-old TASTPM mice
treated with vehicle failed to demonstrate cognitive impairment i.e. they were able to
distinguish between novel and familiar objects. There was therefore no window to investigate
any potential therapeutic effect restating from treatment with 2E7. Fear conditioning assay
The tear conditioning model was designed to test the animals' ability to correlate a previous
painful stimulus with a contextual or cued signal and recall this when 10presented with the
same context or tone following Xh delay. In this study 8-month old TASTPM mice treated with
vehicle (once or twice weekly) exhibited a deficit in contextual differentiation indicative of
cognitive impairment in these animals, This deficit was unaffected by treatment with 2E7 when
administered once of twice weekly 15 



wo 200711t3172

pept¡de sequence. To test this hypothesis an APP peptide (Peptide APP1, SEQ lD

No:16)was synthesised which included residues 1-7 of the p-amyloíd peptide and

the five adjacent APP derived amino acids. Thus peptide APPl contained

contiguous amino acids from position 5 N-terminal to the BACE-1 cleavage site to

position 7 C-terminalto the BACE-1 cleavage site and was N-terminally

acetylated.The ability of antibody 287 to bind to the APP derived peptide APPl and

the B-amyloid 1-12 peptide (peptíde AB1)was compared using BiacorerM

methodology (as previously described for epitope mapping). Antibody 2E7 showed

high affinity binding to the B-amyloid peptide Ap-1 , which contains the basic epitope

1-7. However, no binding was obseryed to the APPI peptide which also contains the

basic p-amyloid derived sequence 1-7.

Peptide AB1 DAEFRHDSGYEVGSGK-b|oI|n SEQ lD No:15

APPI AcNH-SEVKMDAEFRHDGSGK-b|oI|n SEQ lD No:16

A combination of FMATTM based cellular binding and BiacorerM based peptide

mapping has been utilised to show that, in these formals,2ET has no binding affinity

for the full length APP protein. Given that the aspartic acid residue at position 1 of the

B-amyloid peptide is required for binding, it is concluded that 287 only recognises the
'neo' N-terminus of p-amyloid and hence should not bind cell surface expressed

APP.

ln vivo Bioloqical Activitv
l12s B-Amvloid Efflux Model
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A number of published studies have shown that p-amyloid antibodies can form

complexes with B-amyloid peptide in the bloodstream. lt is argued that this

sequestration of peripheral p-amyloid allows for further efflux of CNS amyloid into the
bloodstream (DeMattos RB, PNAS (2001),98(15);8850-8855). An acute
pharmacodynamic modelwas developed to screen antibodies for their ability to
complex with brain derived p-amyloid peptide in the bloodstream.

Anaesthesia (4% isoflurane) was induced in male C57IBLOJ mice and maintained
(1.5o/o isoflurane) in 100% oxygen. Animals were then placed ín a stereotaxic frame.
Following midline incision along the sagittal suture a bore hole was drilled through
the skull and a guide cannula was inserted into the lateral cerebral ventricle (co-

ordinates anterioposterior (AP) -0.Smm, lateral (L)+0.Zmm, ventral (V) -2.5mm). A
further two bore holes were drilled through the skull into which cortical screws were
placed, The cannula was anchored in place by cyanoacrylate gel and the incision

was sutured around the cyanoacrylate gel headcap. Post-operatively the mice
received 0.3m1 saline subcutaneously and were placed in a warm environment to
recover from anaesthesia. On recovery of the righting reflex, mice were housed
singly and received 5 days standard post-op care, No procedures were permitted for
a further 5 days or until pre-operative body weight was regained. Following recovery,
cannula placement was verified by the angiotensin ll drinking response. Each mouse
received an intracerebroventricular (lCV) administration (5pl) of 100n9 angiotensin ll
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4 Month dosing of 6 month old TASTPM mice  This study involved the administration of 2E7
(300ug 1.p. twice weekly) to TASTPM mice for 4 months, starting at 3 months of age. Control
animals received IgG2A in PBS. As described above, brains were dissected and hemisected,
The right 20 hemisphere was fixed by immersion in 4% paraformaldehyde and processed for
histology. The left hemisphere was collected into pre-weighed 2m1eppendorrim tubes, frozen
on dry ice and stored at -80t for subsequent analysis of arnyloid content. 25A prelim nary
analysis of a single section from each of a random selection of brain samples (rr=6 vehicle,
n=7 2E7 treated group) by IHC was undertaken using the same general protocol as above.
Statistical analysis (Students West) shows that there was a significant decrease in A42 plague
load in thalamus (71.9%. p=0.007) and in thalamus + cortex + hippocampus (54.1%, p=0.022)
in mice dosed with 2E7 30but no significant change in AP40. For biochemical measurement of
brain Ap40 and A1342, samples were processed and measured as above (dilution factor
1:10,000). A1342 was significantly decreased (p=0.01) by 29.9% in mice dosed with 2E7
(n=12 control. nii--18 treated). A1340 35concentrations were also decreased (22.6%) but this
decrease failed to reach statistical significance (p=i0.052). Cloning of Hvbridoma Variable
Regions  40 Variable  Region Segmegoes Total RNA was extracted from 2E7 hybridoma cells
and heavy and light variable domain cONA sequences were then generated by reverse
transcription and poiymerase chain reaction (RT-PCR). The forward primer for RT-PCR was a
mixture of degenerate primers specific for linurine irnmunogiobulin gene leader-sequences
and the reverse primer was specific for the antibody constant regions, in this case murine
isotypeigG2a for the heavy chain and murine kappa for the light chain. Primers were designed
according to the strategy described by Jones and Bendig (BiorTechnoiogy 9:85, 1991).
RT-PCR was carried out in duplicate for both V-region 5sequences to enable subsequent
verification of the correct V-region sequences. The V-region products generated by RT-PCR
were cloned (Inviirogen TA Cloning Kit) and sequence data obtained. 2E7 \ Ai Amino Acid
Sequence (KO ID No:17) 10
EVKLVESGGGLVQPGGSLKLSCAVSGFTESDNGMAWVRQAPRKGREWJAFISNLA
YSIDYADTVTGRFTISRDNAKNTLYLEMSSLRSEDTAMYYCVSGTWFAYWGOGTLV TVSA
2E7 Vt; DNA Sequence (BEG ID No.18)
GAGGTGAAGCTGGIGGAGICTGGGGGAGGCTTAGTGCAGCCTGGAGGGICCC
TGAAACTCTCCTGTGCAGTCTCTGGATTCAOTICAGTGACAACGGAATGGCGT
GGGITCGACAGGCTCCAAGGAAGGGGCCTGAGTGGATAGCGTTCATTAGTAAT
TMOCATATAGTATCGACTACGCAGACACTGTGACGGGCCGATTCACCATCTCT
AGAGATAATGCCAAGAATACCCTGTACCIGGAAATGAGCAGICTGAGGTCTGAG 20
GACACGGCCATGTACTATTGIGTAAGCGGGACCTGG1I I GCTTACTGGGGCCAA
GGGACTCTGCyTCACTGTCTCTGCA    2E7 V, Amino Acid Sequence (SEG ID No:19)
DVVI_TOTPLSLPVSLGDGASISCRVSQBW-ISNGYTYLI-1VVYLQKPGOSPKLLIYKVS 25
NRESGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQTRFIVPYTEGGGTKLEIK 2E7 V,
DNA Sequence ((SEG ID No:20)
GATGTTGTGCTGACCCAAACTCCACTCTCCCTGCCTGTCAGTCTTGGAGATCAA
GCCTCCATCTCTTGCAGAGTTAGTCAGAGCCtill ACACAGTAATGGATACACCT 30
ATTTACATTGGTACCTGCAGAAGCCAGGCCAGTCTCCAAAGCTCCTGATCTACA
AAGTTTCCAACCGA ; ; ; I CTGGGGICCCAGACAGOTTCAGTGGCAGTGGATCAG
GGACAGAII1CACACTCAAGATCAGCAGAGTGGAGGCTGAGGATCTGGGAGTT TA; ;
CTGCTCTCAAACTAGACATGITCCGTACACGTTCGGAGGGGGGACCAAG
CTGGAAATAAAA 
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(All) (made up in 0,9% saline). Following administration of All, water intake was

observed for 15 minutes. Mice with a positive dipsogenic response to All (sustained

drinking) were included in the studies, which commenced no sooner than five days
post All injection.

On the day of study the mice were placed for 5-10 minutes in a warm environment to

induce vasodilation, necessary for ease of injection into the tail vein. Test antibody
(600rrg) or PBS vehicle (dose volume no greater than 1Oml per kg body weight) was

injected via the tail vein and mice were returned to their individual cages post-

injection. At exactly one hour post tail vein injection, mÍce were slowly ICV injected
(2pl per minute) with 2ng (1pGi) of ll25beta-amyloid 1-40 (Amersham Biosciences,

UK) in a dose volume of 5pl. At exactly four hours post ICV dose, 50pl of trunk blood
was collected and the radioactivity level measured on a scintillation counter.

Mice that had been injected into the tail-vein with 2E7 (n=6 per treatment group)

showed a statistically significant increase in the radioactive signal (counts per minute

- CPM) in 50pl of trunk blood compared with the CPM signal detected in vehicle
injected mice - (CPM - vehícle: 1339.7 x 496.2 vs. 287 4387.9 + 980.3;

ANOVA:F(2,13) = 4.97, p<0.05. Posþhoc LSD: p=9.91 2E7 vs. vehicle [posthoc
Duncans: p=0.02 287 vs, vehiclel).

ln two further studies with 2E7 conducted with the identical protocol, similar
increases in amyloid efflux into blood when compared with vehicle injected controls
were observed (CPM blood: Vehicle 352 +l- 113 versus 2E7 2397 +/- 353, and

Vehicle 1281 +l- 312 versus 287 5291 +/- 885; ANOVA with post-hoc LSD test
p<0.001 vs. vehicle).

Transqenlc GNS B-Amvloid Lowerinq Models
1. B-Amvloid Load followino 4 week doslno of 2 month old TASTPM mice
Male and female TASTPM transgenic mice (double-mutant APPswe x PS1.M146V,
Howlett DR (2004) Brain Research 1017 (1-2) 130-136) aged between 61 and 65
days at the start of the study and were síngly housed. Equal numbers of mice were
assigned to each treatment group (N=12 per group) and were randomized according
to gender and age. Treatment groups comprised the following: A: MOPC21
(antibody with unknown specificity, Holton et al (1987) J.lmmunol 139(9) 3041-3049,
negative control), B:2E7 (test antibody). All antibodies were díssolved in PBS and
were dosed by the intraperitoneal route. lrrespective of animal weight, 300u9 of
antibody was administered, Animals were dosed twice weekly for four weeks. One
day after the final dose, animals were euthanased by overdose with sodium
pentobarbital. Brains were dissected and hemisected. Hemisected brain samples
were collected into pre-weighed 2ml eppendorfrM tubes and snap frozen. Samples
were subsequently thawed, reweighed and 1ml of 5M guanidine HCI containing
Complete protease inhibitorrM tablets (Boehringer Mannheim) added, before the
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35 Complementarily Determining Regions (CDRs) are underlined in the amino acid
sequences. Cloning and Expressioni of  2E7 Chimera 40A chimeric 2E7 antibody (2E7c)
consisting of the parent murine V regions grafted on to human IgG1 (Fc mutated (_235A,
G237A)) for the heavy chain or human C kappa regions for the Sght chain was generated in
order to express recombinant antibody material that could be used to confirm the correct
cloning of functional murine V regions. DNA encoding 2E7 murine heavy and light chain V
regions and endogenous  murice signal sequences was cloned in frame into the mammalian
expression vectors RLD-bshe (for the heavy chain) and RLN-behe (for the light chain) already
containing human constant regions (IgG1 Fc mutated (L236A, 0237A) or human C kappa,
respectively). 5 Elements of RLD-bshe expression vector for heavy chain expression: Base
PairsDescription of DNA segment 0 - 1014Promoter (SV40iRSV) 1015 - 2442Antibody heavy
chain 2443 - 2765Poly A 2766 - 3142BC Promoter 3239 - 3802HER 3803 -4162Poly A 4163 -
6322Total backbone 5077 - 5937 (complementaryBeta lactarnase strand) (position of
elements and overall size of vector given above are for illustration purposes only and will
depend upon the size of the antibody chain insert) 10Elements of RLN-bshe expression
vector For light chain expression: Base PairsDescription of DNA segment - 1014Promoter
(SV4OIRSV) 1015- 1731Antibody light chain 1732 2051Poly A 2388 - 2764BG Promoter 
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samples were homogenized and incubated at 4"C for >90 min with constant

agitation.

Samples were then diluted 1 in l0 into assay buffer (50mM Tris HCl, pH7.4,150mM

NaCl, 0,05% Tween-20+ 1% BSA), vortexed and spun at 20,0O0G for 20 mins at

4"C. The supernatant was removed and added as triplicate samples to the assay

plate.

The levels of AB40 and AB42 were measured using a sensitive plate based

electrochemiluminescent immunoassay (BioVerisrM) employing C-terminal specific p-

amyloid antibodies (to Ap40 or Aþ42) labelled with OritagrM specific label to facilitate

detection (BioVerisrM) used to capture either Ap40 or AP42, along with a biotinylated

N-terminal specific Ap antibody. Antibody-AB complexes were captured w¡th

streptavidin coated beads that bind biotinylated antibodies (DynabeadsrM, Dynal)

incubated overnight at room temperature with vigorous mixíng and assayed in a

BioVerisrM M8 photodetector. Standard curves were constructed using human Ap40

and AB42 peptides in assay buffer containing the required concentration of
Guanidine HCl. Data was analysed using Excel Robosagett statistical analysis

software and Ap levels expressed as pmole/g tissue.

ln this paradigm, treatment wilh 2E7 antibody reduced CNS AP42 load by 37%
(p<0.001). and CNS AB40 by 23% (p<0.001).

ln subsequent studies under similar experimental conditions, 287 antibody reduced

CNS AP42 load by 38% (Study 1, males only),22o/o (Study 2, non-significant) and

39% (Study 3, males, p=0.001) and 13o/o (Study 3, females, non-significant)when
compared to PBS treated animals. In these studies 2E7 also reduced CNS AB40 by

18% (Study 3, males, p=0.017) and offered a non-significant reduction in CNS AP40

by 25o/o (Study 1, males only), <1% (Study 2) and a non-significant increase of 3%

(Study 3, females) when compared to PBS treated animals.

2. B-Amvloid Load followinq 4 month ddsinq of 4 month old TASTPM mlce
Briefly, 4 month old TASTPM transgenic mice were dosed 300¡rg of antibody once or
twice weekly via an intraperitonial (i.p.) route- After 4 months of dosing CNS p-

amyloid levels were measured by ELISA and plaque load was measured by

immunohistochemistry. Between the ages of 4 and I months, the CNS p-amyloid

load increases exponentially and consequently, plaque pathology rapidly develops
(Howlett DR (2004) Brain Research 1017 (1-2) 130-136).

Mice were aged between 120 and 128 days at the start of the study and were singly
housed. Similar numbers of mice were assigned to each treatment group (N=20 or 21

per group) and were randomized according to gender and age. Treatment groups

comprised the following: A: PBS (vehicle) dosed twice weekly, B:287 dosed once
weekly, C:287 dosed twice weekly, D: PBS dosed once weekly. A 300 microgram
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2774 - 3568Neomycin 3589 - 3878Poly A 3877 - 8063Iota! backbone 5077 - 5937
(complementaryBeta lactemase strand) (position of elements and overall size of vector given
above are for illustration purposes only and will depend upon the size of the antibody chain
insert) Clones with correctly cloned VH and V, sequences were identified and plasmids
15prepared for expression in suspension culture CI-40 cells. Expressed 2E7c antibody was
purified from call culture supernatant by protein A chromatography on a FPLC system, and
then tested for binding to Ai3 by ELISA and SPR using Biacorelm technology. The results
indicated that the correct 2E7 mouse V regions were cloned and expressed, resulting in a
functional antibody with similar characteristics to the 20parent murine antibody 2E7. Light
Chain Humanisation A human acceptor sequence with the Genpept ID CAA51135 (SEG ID
No:24) and Genbank Accesion No X72467, which had 77% identity on the amino acid level
25(including CDRs) was selected as the acceptor framework, Construct Ll is a graft of the
murine CDRs from the 2E7 VL domain into this acceptor framework.  Heamehain
Humanisation  Human sequence Genbank accession No M99675 (SEQ ID No:21) an allele of
the VH3-48 gene with 74% identity on the amino acid level (including CDRs 1 and 2) to the
2E7 mouse variable heavy region was selected as the human heavy chain 5acceptor
Framework together with the human J1-14 minigene. Three humanised variable heavy chain
variants were designed based on the M99675 sequence and JE14. H1 is a graft of the murine
CDRs using the Kabat definition with two additional framework back mutations at positions 93
and 94. H2 and H3 were both derived from H1, hut incorporated one additional framework
mutation which were different in each 10construct; (positions 24 and 48 respectively; see
Table 4), Table 4 ConstructTemplateResidueHumanMouse frameworks(Kabatii) H1M99675
and93,94A and RV and S JH4respectivelyrespectively 
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dose (79 microlitres volume) oÍ 287 was administered via the intraperitoneal route.

Vehicle treated animals received the same volume of PBS. Animals were dosed for

eighteen weeks. TASTPM mice are liable to suffer spontaneous seizures and as a

result a number of animals died during the course of the study. Final numbers were

as follows A: 4 females, 9 males; B: 5 females, I males; C: 4 females, 9 males; D: 2

females, 9 males. Two or four days after the fìnal dose (equal numbers per group)

animals were euthanased by overdose with sodium pentobarbital. A tail tip sample

from each mouse was taken for confirmation of the genotype. Brains were dissected

and hemisected. The right hemisphere was fixed by immersion in 4%

paraformaldehyde and processed for histology. The left hemisphere was collected

into pre-weighed 2ml eppendorfrM tubes, frozen on dry ice and stored at -80'C for

subsequent analysis of amyloid content. Prior to analysis, samples were thawed,

reweighed and lmlof 5M guanidine HCI containing Complete protease inhibitorrM

tablets (Boehringer Mannheim)added, before the samples were homogenized and

incubated at 4'C for >90 min with constant agitation.

Samples were then diluted 1 in 10 into assay buffer (50mM Tris HCl, pH7.4,150mM

NaCl, 0.05% Tween-2O+ 1% BSA), vortexed and spun at 20,000G Tor 20 mins at

4"C. The supernatants were diluted a further 1 :1000 and added as triplicate samples

to the assay plate.

The levels of AB40 and AB42 were measured as for the 4 week dosing study.

An analysis of variance was used with treatment, sex and dosing schedule included

in the model as fixed effects. All of the interactions between the three factors were

also included. There were no significant differences between the two dosing

schedules (once or twice weekly). With this experimental design, firstly it could be

assessed if there were any significant differences between the dosing schedules and

secondly, as there were no such significant differences, data from the two dosing

schedules could be combined, thus increasing the power of the experiment by

doubling the number of mice in the analysis.

ln this paradigm, treatment with 2E7 antibody reduced CNS AB42 load by 22.5o/o

(p=0.0152). Levels of CNS AB40 were also lowered by 12.17o, but this figure did not

reach statistical significance (p=0.1 18).

A complex immunohistochemical analysis of these samples was performed to define
the area of brain tissue showing plaque pathology. Sections were taken from the

cortex at the level of the caudate and from the cortex at the level of the hippocampus.
Adjacent sections were stained with either an Ap40 or Aþ42 specific antibody or
alternatively with the amyloid stain Congo Red. Using image analysis software, the
area of the section stained for plaque was expressed as a percentage of the total

section area.
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H2H124AV H3H148\II Construction of Humardsed Heavy and Light Chain DNA 15Humanised
V regions were synthesised de 110V0 by build up of overlapping oligos and PCR
amplification. Restriction sites for cloning into mammalian expression vectors RLD-bshe and
RLN-bshe and human immunoglobulin signal sequences derived from the chosen human
acceptor frameworks were included. The DNAs encoding the humanised V regions (H1 (SEG
ID NO:27), H2 (SEG ID NO:29), H3  20 (SEC) ID NO:31), L1 (SEC) ID NO:33)) together with
signal sequences and restriction sites were then cloned in frame into mammalian expression
vectors: H1. H2 and H3 into RLD-bshe to generate DNA encoding three full length human
IgG1 Fc mutated heavy chains each containing mutations L235A and G237A, full length H1
(SEC) ID NO:35), full length H2 (SE0 ID NO:37) and full length H3 (SEQ ID NO:39); L1 was
25cloned in frame into RLN-bshe containing the DNA encoding human kappa constant region
to generate DNA encoding a kilt length human kappa light chain (SE0 ID NO:41).
Rentesentative Ettafiapiesof Expression Of Humansed Heavy an 30 Antibody Combinations
CHOKI cells were transiently transfected at small scale with all combinations of humanised
light and heavy chain DNA constructs: +H1, Li +H2, L1-+H3 (SEG ID Nos: 35 + 41, 37 + 41,39
+ 41) in 6-well plates. CHOK1 cells passaged In DMEM F12, with 5% ultra ow IgG foetal
bovine serum and 2rnM alutamine were grown to 35confluency in 6-well plates, The confluent
cells were transfected with a total of 7.5 og DNA: 30 ug Transfast lipid (Promega) in Optimem
Glutamax medium (Invitrogen). Transfected cells were incubated at 370C with 5% CO2( At 72
hours supernatants were harvested and assayed for antibody concentration and then tested
for binding  to human Al3 by ELBA, Humanized Ll combined with the three humanized heavy
chains all expressed complete anybody that bound to human Humanized antibodies were also
expressed in large scale transient CHOK1 cell transfections using liposomal delivery of DNA
(eg TransFast (Promega)) and expression in culture bottles. For optimization of expression
levels in transient transfections a heavy to light chain expression vector DNA ratio of 1:6 was
used. Material from transient transtection was purified using ProSepA columns or FPLC with
ProSepA HiTrap columns. 10 Assessment of 2E7 Humanised Variants MIA Hal and H3 Ll
Binding RASA 2E7 Hi Li, Hal and H3L1 humanised variants were assessed for binding to
human 15 ARS peptide (140) biotinylated at the C terminus, The chimeric 2E7 was used as a
reference, Tables 5j show results with various batches of purified material from large scale
transient transfections. Table 5 ELISA MAb EC so 6191fuli Standard Error Ap binding 
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After fixation, the PFA-immersed half brains were coronally cut in a brain matrix into

6 x 2mm thick sections. These 2mm sections will be referred to as sections A to F, A

beingthemostrostraland Fthemostcaudal. SectionsA, B &Cand D, E & Fwere
placed in separate embedding cassettes numbered for each animal, Cassettes were

held in PFA until ready for processing and embedding.

Embedding was undertaken on a GitadelrM 1000 (Shandon) tissue processor. All

tissues received the following processing regimen:-

70%lMS-1hr
100ololMS-3x1hr
100% ethanol - 2hr

100% isobutylalcohol; 1x2hr 1 x 1.Shr

HistoclearrM -2x1.1hr
Paraffinwax-2x2hr

On completion of the processing cycle, the wax impregnated tissue sections were

transferred to molten-paraffin wax filled base moulds and embedded utilising a

HistocentrerM lshandon) paraffin embedding system. Tissue was embedded such that
sectionsA, B& Cwent intoone mould; D, E & Fintoasecond mould. Thiswas
carried out for all sets of sections ie. each hemisected brain resulted in two wax blocks
of three sections each. Sections were placed in the moulds such that the caudal
surface of each piece became the future cutting surface. Care was taken to ensure
that each section was pushed well down in the mould so that microtoming of each

would occur in parallel. The peÍorated processíng cassette was then carefully placed

onto each mould which was then topped up with molten wax. Embedded blocks were
then cooled on the refrigerated plate until they could be removed from the moulds.

Blocks were stored at room temperature until required for microtoming. Blocks were
cut at random and 5 micron sections floated onto prelabelled gelatine coated slides
(Superfrostrt, Erie Scientific Company) slides, Two sections were floated onto each
slide. Wherever possible, consecutive sections were mounted and slides were
numbered consecutively from 1 to 25, Fifty sections (25 slides)were taken from each
block. Slides were dried on a hot plate and then stored at room temperature until
required.

lmmunohistochemistry was undertaken on sets of 30 slides. On each slide, the top
section was labelled with an AB40 antibody (G30, rabbit polyclonal recognising x-40 p-

amyloid), the lower section with the Ap42 antibody, 20G10, monoclonal antibody
recognising x-42 B-amyloid. A minimum of 5 sections per antibody per block were
labelled.

Labelling was carried out as follows. Following dewaxing through Histoclear and
graded alcohols, sections were immersed in 85% formic acid for I minutes and then
blocked in 0.3% hydrogen peroxide for 30 minutes to block endogenous peroxidases.
Antibodies G30 and 20G10 were both applied overnight at 1:1000 dilutions, sections

i4

t0

15

20

PCT/8P20071052928

25

30

35

40

2E7c Chimera 0.033 0.00144  1-11L1 0.035 0.00142  H2L 1 0.048 0.00202  H3L1 0.044
0.00105   Table 6  ELISA MAb EC so (pgirnI) Standard Error Af3 binding 2E7c Chimera 0.043
0.00183 
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being left at 4"C. Development of the sections was with the respective biotinylated anti

rabbit and anti-mouse secondaries, Colour development was accomplished with a

diaminobenzidine tetrahydrochloride staining kit (DABrM, Vector Labs). Sections were

briefly counterstained wíth Mayer's hematoxylin before being dehydrated, cleared and

cover-slipped.

Sections were left to dry for at least 48 hours before miøoscopy. lmages were

captured on a Leica DMRBTM microscope equipped with digital camera, lmages were

analysed using QwinrM software (Leica) and results presented as % of the section area

that was labelled by the AB antibody.

An analysis of variance was used with treatment, sex and dosing schedule included

in the model as fixed effects. All of the interactions between the three factors were

also included. There were no significant differences between the two dosing

schedules (once or twice weekly). With this experimental design, firstly we could

assess if there were any significant differences between the dosing schedules and

secondly, as there were no such significant differences, data from the two dosing

schedules could be combined, thus increasing the power of the experiment by

doubling the number of mice in the analysis.

ln this paradigm, treatment with 2E7 antibody reduced plaque pathology as

measured with an antibody recognising A942. Plaque pathology was reduced by

27.1o/o (p=0.0026) in the cortex at the level of the hippocampus and 43o/o (p<0.0001)

in the cortex at the level of the caudate. Plaque pathology was also reduced when

measured with an antibody recognising A840. Plaque pathology was reduced by

16,6Yo (p=0,0421) in the cortex at the level of the hippocampus and 17.3Yo

(p=0.0342) in the cortex at the level of the caudate.

No evidence of microhaemorrhage (as determined by Perls' Prussian Blue) was

observed in any mice from this study treated with vehicle or 2-E7. This method

visualises ferric iron (iron is an essential constituent of the oxygen-carrying

haemoglobin found in red cells) by producing an insoluble blue compound. All levels

of brain from all animals were clear,
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Following the 4 month dosíng of 4 month old TASTPM mice as described above,
these mice were tested in two models of cognition: the object recognition assay and

the fear conditioning assay.

40 Obiect recoqnition assav
The object recognition assay exploits the animals' natural propensity to explore novel

objects and relies on the animals' ability to recall an object which had been explored
previously (familiar object). Eight month old TASTPM mice have been reported to

demonstrate a deficit in the ability to distinguish between novel and familiar objects

35

H1L1 0.051 0.00164  H2L1 0.044 0.00191  H3L1 0.055 0.00094   Table 7  EUSA tvlAb EC e
(.891ml) Standard Error Ap binding 2E7c Chimera 0.044 0.00169  H1L1 0.047 
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(Howlett et al,, 2004) indicating impaired cognitive performance in these animals. ln

this study, however, 8 month-old TASTPM mice treated with vehicle failed to

demonstrate cognitive impairment i.e. they were able to distinguish between novel

and familiar objects. There was therefore no window to investigate any potential

therapeutic effect resulting from treatment with 287.

Fear conditionino assav
The fear conditioning model was designed to test the animals'ability to correlate a
previous painful stimulus with a contextual or cued signal and recall this when
presented with the same context or tone following Xh delay. ln this study 8-month old
TASTPM mice treated with vehicle (once or twice weekly) exhibited a deficit in

contextual differentiation indicative of cognitive impairment in these animals. This
deficit was unaffected by treatment with 2E7 when administered once of twice weekly

4 Month doslnq of 6.month old TASTPM mlce
This study involved the administration of 2E7 (300u9 i.p. twice weekly) to TASTPM
mice for 4 months, starting at 3 months of age. Control animals received lgG2A in
PBS. As described above, brains were dissected and hemisected. The right
hemisphere was fixed by immersionin 4o/o paraformaldehyde and processed for
histology. The left hemisphere was collected into pre-weighed 2ml eppendorfrM
tubes, frozen on dry ice and stored at -80'C for subsequent analysis of amyloid
content.

A preliminary analysis of a single section from each of a random selection of brain
samples (n=6 vehicle, n=7 2ET treated group) by IHC was undertaken using the
same general protocol as above. Statisticalanalysis (Student's t-test) shows that
there was a significant decrease in AB42 plaque load in thalamus (71.9o/o, p=0.007)
and in thalamus + cortex + hippocampus (54.1% , p=O.022) in mice dosed with 2E7
but no significant change in 4B40.

For biochemical measurement of brain AB40 and A842, samples were processed
and measured as above (dilution factor 1:10,000). AB42 was significantly decreased
(p=0.0t'¡ by 293% in mice dosed with 287 (n=12 control, n=16 treated). AB40
concentrations were also decreased (22.6%) but this decrease failed to reach
statistical significance (p=0.052).

Clonino of Hvbridoma Varlable Reoions
Varlable Reoion Seouences

t0

r5

20

PCT/EP2007l0s2928

25

30

35

40

Total RNA was extracted from 287 hybridoma cells and heavy and light variable
domain cDNA sequences were then generated by reverse transcription and
polymerase chain reaction (RT-PCR). The forward primer for RT-PCR was a mixture
of degenerate primers specific for murine immunoglobulin gene leader-sequences

36

0.00265  H2L1 0.041 0.00174  H3L 1 0.040 0,00116  25These results indicated very similar
A6 binding profiles for each of the 2E7-derived humanised variants. Comparison of the EC50
values to the 2E7c showed little loss of Ap binding activity had been incurred through the
humanization process. Compariso of 2E7 Humanised Variants by ComeetitIon ELISdfN  2E7c
chimeric and humanised antibodies H1L1. H2L1 and H3L1 were assessed for their ability to
inhibit the binding between the human Ap peptide and the parental mouse 2E7 MAL) in a
competition ELISA. Two types of competition ELISA were established in order to compare the
AP binding activity of the three humanised variants compared to the 2E7 chimeric antibody. 1)
Immobilisedbiotinylated human AP peptide (1-40) was immobilized through Streptavidin on
ELISA plates Mouse 2E7 antibody was added at a constant concentration along with a dilution
series of 2E7-derived humanised variant 10 antibodies. Bound mouse 2E7 MAb was then
detected with anti-mouse IgG conjugate. Table 8 shows results of two assays. Table 8
Competitor Mb Experiment 1 IC50 (peg/ml) Standard Error Experiment 2 
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and the reverse primer was specific for the antibody constant regions, in this case

murine isotype lgG2a for the heavy chain and murine kappa for the light chain.

Primers were designed according to the strategy described by Jones and Bendig
(BioiTechnology 9:88, 1991). RT-PCR was carried out in duplicate for both V-region
sequences to enable subsequent verification of the correct V-region sequences. The
V-region products generated by RT-PCR were cloned (lnvitrogen TA Cloníng Kit)

and sequence data obtained.

2E7 VH Amino Acid Sequence (SEQ lD No:17)
EVKLVESGGGLVQPGGSLKLSCAVSG FTFSDNGMAWVRQAPRKGPEWIAEISNLA
YS I DYADTVTG RFTI SRDNAKNTLYLE MSSLRS E DTAMYYCVSGTW FA\IruGQGTLV
TVSA

287 VH DNA Sequence (SEQ lD No:18)
GAGGTGAAG CTG GTGGAGTCTGGGGGAGGCTTAGTGCAG CCTGGAGGGTCCC
TG AAACTCTCCTGTG CAGTCTCTG GATTCACTTTCAGTGACAACG GAATG G CGT
GGGTTCGACAGGCTCCAAG GAAGGGGCCTGAGTGGATAGCGTTCATTAGTMT
TÏG G CATATAGTATCGACTAC GCAGACACTGTGAC G G G C CGATTCAC CATCTCT
AGAGATAATG CCAAGAATACCCTGTAC CTG G AAATGAGCAGTCTGAG GTCTGAG
GACACGG CCATGTACTATTGTGTMGCGGGACCTGGTTTG CTTACTGG GGCCAA
G GGACTCTGGTCACTGTCTCTGCA

2F-7 VL Amino Acid Sequence (SEQ lD No:19)
DWLTQTPLS LPVS LGDQAS I SCRVSQSLLH SNGYTYLHWYLQ KPGQSP KLL IYKVS
N RFSGVPDRFSGSGSGTDFTLKISRVEAEDLGVYFCSQTRHVPYTFGGGTKLEI K

287 Vr DNA Sequence ((SEQ lD No:20)
GATGTTGTG CTGAC CCAAACTCCACTCTC CCTG CCTGTCAGTCTTG GAGATCAA
G CCT C CATCTCTTG CAGAGTTAGT CAGAG C CTTTTACACAGTAATG GATACACCT

ATTTACATTG GTACCTG CAGAAG C CAGG CCAGTCTC C AAAG CTCCTGATCTACA
MGTTTCCAAC C GATTTTCTGGGGTCCCAGACAGGTTCAGTGG CAGTGGATCAG
GGACAGATTTCACACTCAAGATCAGCAGAGTG GAGG CTGAG GATCTG GGAGTT
TATTTCTG CTCTCAAACTAGACATGTTCCGTACAC GTTCG GAGG G GG GACCAAG
CTGGAAATAAAA

Complementarity Determining Regions (CDRs) are underlined in the amino acid

sequences.

Gloninq and Expression of 2E7 Chimera
A chimeric 2E7 antibody (ZETc\ consisting of the parent murine V regions grafted on
to human lgGl (Fc mutated (1235A, G237A)) for the heavy chain or human C kappa
regions for the light chain was generated in order to express recombinant antibody
material that could be used to confirm the correct cloning of functional murine V
regions. DNA encoding 287 murine heavy and light chain V regions and endogenous

37

10

15

20

PCT/8P20071052928

25

30

35

40

IC sn (p.gerni) Standard Error 2E7c Chimera 1.31 0.20 1.29 0.13 H11..1 1.62 0.40 1.76 0.21
H2t.1 1.28 0,26 1.66 0.28 H3L1 1.53 0.16 1.39 0.23  152)113-arnyloid in solution; a constant
concentration of P-amyloid was pre-incubated with a dilution series of humanised 2E7
antibody variants - the mixture including complexed and free amyloid was added for a short
time to wells containing immobilised mouse 2E7 MAb. The amount of free p-amyloid that was
still available for binding the immobilised parental 2E7 MAb was then detected. Table 9 shows
20results of two assays. 



wo2007ltt3l72

murine signal sequences was cloned ín frame into the mammalian expression

vectors RLD-bshe (for the heavy chain) and RLN-bshe (for the light chain) already
containing human constant regions (lgG1 Fc mutated (L2354, G237A) or human C
kappa, respectively).

Elements of RLD-bshe expression vector for heavy chain expression:
Base Pairs Description of DNA segment
0 - 1014 Promoter (SV4O/RSV)

1015 - 2442 Antibody heavy chain
2443 -2765 Poly A
2766 -3142 BG Promoter
3239 - 3802 DHFR
3803 - 4162 Poly A
4163 -6322 Total backbone
5077 - 5937 (complementary Beta lactamase
strand)

(position of elements and overall size of vector given above are for illustration
purposes only and will depend upon the size of the antibody chain insert)

Elements of RLN-bshe expression vector for light chain expression:
Base Palrs Descriptlon of DNA segment
0 - 1014 Promoter (SV4O/RSV)

1015 - 1731 Antibody light chain
1732 - 2051 Poly A
2388 - 2764 BG Promoter
2774 -3568 Neomycin
3569 - 3876 Poly A
3877 - 6063 Total backbone
5077 - 5937 (complementary Beta lactamase
skand)

(position of elements and overall size of vector given above are for illustration
purposes only and will depend upon the size of the antibody chain insert)

Clones with correctly cloned Vn and V¡ seQuêfìces were identified and plasmids
prepared for expression in suspension culture CHO cells. Expressed 2E7c antibody
was purified from cell culture supernatant by protein A chromatography on a FPLC
system, and then tested for binding to AB by ELISA and SPR using BiacorerM
technology. The results indicated that the correct 2E7 mouse V regions were cloned
and expressed, resulting in a functional antibody with similar characteristics to the
parent murine antibody 2E7.

Liqht Ghaln Humanisation
A human acceptor sequence with the Genpept lD C4451135 (SEQ lD No:24) and
Genbank Accesion No X72467, which had 77o/o identity on the amino acid level
(including CDRs) was selected as the acceptor framework. Construct L1 is a graft of
the murine CDRs from the 2.E7 VL domain into this acceptor framework.

10

PCTÆP2007 t052928

l5

20

25

38

Tabfe 9 Competitor MM Experiment 1  Experiment 2   IC50 (pgiml) Standard Error lest (.rglml)
Standard Error 2E7c Chimera 0.052 0.006   H1L1 0.114 0.014 0.140 0.024 H2L1 0.075 0.009
0.119 
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Heaw Chain Humanlsation
Human sequence Genbank accession No M99675 (SEO lD No:21) an allele of the

VH3-48 gene with 74% identity on the amino acid level (including CDRs 1 and 2) to

fhe 2Ê7 mouse variable heavy region was selected as the human heavy chain

acceptor framework together with the human JH4 minigene. Three humanised

variable heavy chain variants were designed based on the M99675 sequence and

JH4. H1 is a graft of the murine CDRs using the Kabat definition with two additional

framework back mutations at positions 93 and 94. H2 and H3 were both derived from

H1, but incorporated one additional framework mutation which were different in each

construct; (positions 24 and 48 respectively; see Table 4).10

Gonstruct

HI

H2

H3

Template
frameworks
M99675 and

JH4

H1

H1

15

Construction of Humanised Heavv and Liqht Ghaln DNA

Humanised V regions were synthesised de novoby build up of overlapping oligos

and PCR amplification. Restriction sites for cloning into mammalian expression

vectors RLD-bshe and RLN-bshe and human immunoglobulin signal sequences

derived from the chosen human acceptor frameworks were included. The DNAs

encoding the humanised V regions (H1 (SEO lD NO:27), H2 (SEO lD NO:29), H3

(SEO lD NO:31), L1 (SEO lD NO:33)) together with signal sequences and restriction

sites were then cloned in frame into mammalian expression vectors: H1,H2 and H3

into RLD-bshe to generate DNA encoding three full length human lgGl Fc mutated

heavy chains each containing mutations 1235A and G237A, full length H1 (SEO lD

NO:35), full length H2 (SEO lD NO:37) and full length H3 (SEQ lD NO:39); L1 was

cloned in frame into RLN-bshe containing the DNA encoding human kappa constant

region to generate DNA encoding a full length human kappa light chain (SEQ lD

NO:41).

Antibodv Combinations
CHOKI cells were transiently transfected at small scale with all combinations of
humanised light and heavy chain DNA constructs: L1+H1 , L1+H2, L1+H3 (SEQ lD

Nos: 35 + 41,37 + 41, 39 + 41) in 6-well plates. CHOKI cells passaged in DMEM

F12, with 5% ultra low lgG foetal bovine serum and 2mM glutamine were grown to

confluency in 6-well plates, The confluent cells were transfected with a total of 7.5 ¡rg
DNA: 30 pg Transfast lipid (Promega) in Optímem Glutamax medium (lnvitrogen).

Transfected cells were incubated at 37oC with 5% CO2, At 72 hours supernatants

were harvested and assayed for antibody concentration and then tested foi binding

39
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Table 4
Residue
(Kabat#)
93,94

20

24

48

25

Human

Aand R
respectively
A
V

30

Mouse

VandS
respectively
V
¡

35

0.014 H3L1 0.069 0.004 0.115 0.013  All humanised antibody variants inhibited the binding of
mouse 2E7 MAb to 13- 25amyloid with a very similar profile. iCbc values generated for H2L1
and H3L1 variants were consistently close to that of the 2E7c chimera (where used), which
had the highest inhibitory activity in both assays. However, variant H1L1 showed a somewhat
reduced inhibitory activity in both assays, indicating a possible slightly lower affinity for
0-arnyioid. 30 SPR Biacore'm Analysis of 2E7, 2E7c, H1L1, H2LI, H3L1   The kinetics
parameters of recombinant mouse 2E7 MAb, chimeric 2E7c and humanized variants H1L1,
Hal and H3L1 binding to human beta-arnyloid peptide (1-40) and (1-42) were assessed using
BiecorelM analysis on a Biacore-1M 3000. Two different assay formats were used, Method A
(i) Briefly, <20 resonance units of beta-arnyloid 1-40 peptide (blotinylated at the C-terminus)
were captured on a streptavidin biosensor chip (as used for Table 10A), The antibodies were
diluted down in HES-EP buffer and passed over the 10 streptavidinibeta-amytoid surface at
concentrations ranging from 0,001n1W8n1V1 (for Table 10A). Two separate runs were
carried out; each run was carried out on a new streptavidintbeta-amyloid surface. Runs 1 and
2 were essentially the same though there were some differences in the parameters used; Run
I was carried out using a chip surface on which 16 RU's of beta-arnyloid were captured, and
antibody 15 concentrations of 0,001n1v1-8nM were used, an association time of 4 minutes
and a dissociation time of 20 minutes were used at a flow rate of 50j.d per minute. For Run 2,
less than 10 RU's of beta-arnylold were captured and antibody concentrations of
0.003125nM43MM were used. The flow rate and association times were the same as Run 1,
however the dissociation time was reduced to 15 minutes. 2000 Beta amyloid (140) and
(1-42) were amine-coupled on different surfaces of a CM5 blosensor chip to a level of <20
resonance units (as used for Table 106). The antibodies were diluted down in HES-EP buffer
and passed over the biosensor/beta-amyloid surface at concentrations ranging from I
nM-64nM (as used for Table 106). Method B  In the second instance the assay was reversed,
in that antibodies were first captured to a level of 1000-2500 resonance units on an
anti-mouse IgG polyclonal antibody surface (for recombinant mouse 2E7 MAb) or a protein A
surface (for humanized 30H2L1) of a CM5 biosensor chip. Freshly prepared beta-arnyloid
(1-40) or (1-42) was diluted down in HES-EP buffer and passed over the captured-antibody
surface at concentrations ranging from 4500ntv1 (Table 10C and 10D). In both methods,
regeneration was via a pulse of 100mM FUPO4, and for Table 10A 35data also followed by a
pulse of 50rnM NaOH. The surface was shown to be stable 
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to human AF by ELISA. Humanized L1 combined with the three humanized heavy

chains all expressed complete antibody that bound to human AB.

Humanized antibodies were also expressed in large scale transient CHOKI cell

transfections using liposomal delivery of DNA (eg TransFast (Promega)) and

expression in culture bottles. For optimization of expression levels in transient

transfections a heavy to light chain expression vector DNA ratio of 1:6 was used.

Material from transient transfection was purified using ProSepA columns or FPLC

with ProSepA HiTrap columns.

Assessment of 2ET Humanised Varlants HlLl. H2L1 and H3 Ll in ß-Amvloid

l0

Bindino ELISA
287 H1L1, H2L1 and H3L1 hurnanised variants were assessed for binding to human

AB peptide (1-40) biotinylated at the C terminus. The chimeric2ET was used as a

reference, Tables 5-7 show results with various batches of purified materialfrom
large scale transient transfections.

Table 5

t5

ELISA
Ap binding

PCT|EP20071052928

20

ELISA
AB blnding

MAb
2ETcChimera
H1L1

H2l1
H3L1

MAb
2E7c Chimera
H1L1

HzL'I
H3L1

MAb
2ETcChimera
H1L1
H2L1
H3L1

ELISA
Ap binding

ECso (pg/ml)
0.033
0.035
0.048
o.044

EGso (pg/ml)
0.043
0.051
o.044
0.055

EGso (pg/ml)
0.044
o.047
0.041
0.040

25

Table 6

These results indicated very similar AB binding profìles for each of the 2E7-derived
humanised variants. Comparison of the EC50 values to the 2E7c showed little loss of
AB binding activity had been incurred through the humanization process.

Gomoarison ol 2Ê7 Humanised Variants bv Comnetition ELISA

Standard Error
0.00144
o.oo142
0.00202
0.00105

Standard Error
0.00183
0.00164
0.00191
0.00094

Standard Error
0.00169
0.00265
o.oo174
0.00116

Table 7

40

and unaffected by regeneration. All runs were double referenced against buffer blank
injections, Analysis was carried out using the Biacorelm analysis software BiAevaltration
version 4.1, 40Results  Method A(i) was used to rank order the antibodies by beta-amyloid
binding kinetic data. The data obtained is shown in Table 10A, This shows that the parental
2E7  Mab has a KD of 36,1 OA for streptavidin-captured beta-amyloid. The chimeric
mouse-human antibody showed a slightly reduced KU of 45,6 pM and the humanised
constructs range from 54 (Hal) to 93,6 pfvl (H1L1). In conclusion this demonstrates that the
humanisation procedure had been verj successful and very Nttle affinity had been lost, The
additional backmutations introduced for H2 and H3 had a sinall but beneficial effect, although
the differences between H2 and 113 constructs are within the standard deviations for these
experiments. Table 10A Antibody I  kd KD(pm) 2E7 Run 1 1.61e6 6.17e-5 38.3  Run 2 1.69e6
5.72e-5 33,8  Average(SD)  1.65e6  5.97e-5 36.1(3.2)  
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2E7c chimeric and humanised antibodies H1L1, H2L1 and H3L1 were assessed for

their ability to inhibit the binding between the human AB peptide and the parental

mouse 2E7 MAb in a competition ELISA.

Two types of competition ELISA were established in order to compare the AB binding

activig of the three humanised variants compared to the 2E7 chimeric antibody.

1) lmmobilised þamylord; biotinylated human AB peptide (1-40)was immobilized

through Streptavidin on ELISA plates Mouse 2E7 antibody was added at a constant

concentration along wíth a dilution series of 2E7-derived humanised variant

antibodies. Bound mouse zET MAb was then detected with anti-mouse lgG

conjugate. Table I shows results of two assays.

Table I

10

CompetitorMAb Experiment
1

2E7c Chimera
H1L1

H2L1
H3L1

l5

PCT/8P200710s2928

2) p-amyloid in solution', a constant concentration of B-amyloid was pre-incubated

with a dilution series of humanised 287 antibody variants - the mixture including

complexed and free amyloid was added for a short time to wells containing

immobilised mouse 2E7 MAb. The amount of free p-amyloid that was still available

for binding the immobilised parental 2E7 MAb was then detected, Table 9 shows
results of two assays.

Table 9

lcsq (pg/ml)

1.31
1.62
1.28
1.53

20

Standard Error

o.20
0.40
0.26
0.16

GompetitorMAb Experiment
1

Experlment
2

lC5¡ (pg/ml)

1,29
1.76
1.66
1.39

2E7c Chimera
H1L1
HzL1
H3L1

25

All humanised antibody variants inhibited the binding of mouse 2E7 MAb to B-
amyloid with a very similar profile. lCso values generated for HZL'I and H3L1 variants
were consistently close to that of the 2E7c chimera (where used), whích had the
highest inhibitory activity in both assays. However, variant H1L1 showed a somewhat
reduced inhibitory activity in both assays, indicating a possible slightly lower affìnity
for p-amyloid.

SPR BiacorerM Analvsis of 2E7. 2E7c. HlLl. H2L1. H3L1

1t

Standard Error

0.13
0.21
0.28
0.23

lC5e (pg/ml)

0.052
0.114
0.075
0.069

30

Standard Error

0.006
0.014
0.009
0.004

Experiment
2

lG56 (¡rg/ml)

0.140
0.1 19
0.1 1s

Standard Error

0.024
0.014
0.013

c2E7 Run 1 1.34e6 6.44e-5 48.1  Run 2 1.3e65.65e-5 43.5  Average(SD)  1.32e6 6.106-5
45.8(3.3) H1 L1 Run 1 5.60e5 5.32e-5 95,0  Run 2 6.3705 5.87e-5 92.2  Averaoe(BD)
5$9e55.60e-5  93.6(2.0)  H2L1Run 1 
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The kinetics parameters of recombinant mouse 287 MAb, chimeric 2ETcand
humanized variants H111, H2L1 and H3L1 binding to human beta-amyloid peptide

(1-40) and (1-42)were assessed using Biacoreu analysis on a Biacorelu 3OOO. Two

different assay formats were used.

Method A
(i) Briefly, <20 resonance units of beta-amyloid 140 peptide (biotinylated at the C-

terminus) were captured on a streptavidin biosensor chip (as used for Table 10A).

The antibodies were diluted down in HBS-EP buffer and passed over the

streptavidin/beta-amyloid surface at concentrations ranging from 0.001 nM-8nM (for

Table 104). Two separate runs were carried out; each run was carried out on a new
streptavidin/beta-amyloid surface. Runs 1 and 2 were essentially the same though

there were some differences in the parameters used; Run 1 was canied out using a
chip surface on which 16 RU's of beta-amyloid were captured, and antibody
concentrations of 0,001nM-8nM were used, an assocíation time of 4 minutes and a
dissociation time of 20 minutes were used at a flow rate of 50¡rl per minute. For Run

2, less than 10 RU's of beta-amyloid were captured and antibody concentrations of
0.003125nM-8nM were used. The flow rate and association times were the same as
Run 1, however the dissociation time was reduced to 15 minutes.
(ii) Beta amyloid (1-40) and (1-42) were amine-coupled on different surfaces of a

CM5 biosensor chip to a level of <20 resonance units (as used for Table 108).
The antibodies were diluted down in HBS-EP buffer and passed over the
biosensor/beta-amyloid surface at concentrations ranging from 1nM-64nM (as used
for Table 108).

Method B
ln the second instance the assay was reversed, in that antibodies were first captured
to a levelof 1000-2500 resonance units on an anti-mouse lgG polyclonalantibody
surface (for recombinant mouse 2E7 MAb) or a protein A surface (for humanized
HzL1) of a CM5 biosensor chip. Freshly prepared beta-amyloid (1-40) or (1-42) was
diluted down in HBS-EP buffer and passed over the captured-antibody surface at
concentrations ranging from 4-500nM (Table 10C and 10D).

ln both methods, regeneration was via a pulse of 100mM H3PO4, and for Table 104
data also followed by a pulse of 50mM NaOH. The surface was shown to be stable
and unaffected by regeneration. All runs were double referenced against buffer blank
injections. Analysis was carried out using the Biacorero analysis software
BlAevaluation version 4. 1.

10

t5

20

PCTÆP2007t052928

25

30

35

40 Results
Method A(i) was used to rank order the antibodies by beta-amyloid binding kinetic
data. The data obtained is shown in Table 104. This shows that the parental2ET
Mab has a KD of 36.1 pM for streptavidin-captured beta-amyloid. The chimeric
mouse-human antibody showed a slightly reduced KD of 45.8 pM and the humanised

42

9.91e5 5.76e-5 58.1  Run 2 1.166 5,49e-5 49.8  Average(SD)  1.05e8 5,63e-5  54.0(5.9)
H3L1 Run 1 8.24e5 8.26e-5 76,0  Run 2 8.3e5 4.75e-5 57.2  Average(SD)  5775 5.47e-5 
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constructs range from 54 (H2L1) to 93.6 pM (H1L1). ln conclusion this demonstrates
that the humanisation procedure had been very successful and very little affinity had

been lost. The additional backmutations introduced for H2 and H3 had a small but

beneficial effect, although the differences between H2 and H3 constructs are within
the standard deviations for these experiments.

Table 104
Antlbody

287

c2E7

Run 1

Run 2

Averaqe(SD)

HILl

Run 1

Run 2

Averaqe(SD)

H2L'I

ka

PCTtEP20071052928

Run 1

Run 2

Averaqe(SD)

1.61e6

1.69e6

1.65e6

H3L1

Run 1

Run 2
AveraoelSD)

1.34e6

1,3e6

1.32e6

Method A(ii) was used to confirm that the additional two amino-acid residues on the
C{erminus of beta-amyloid (1-42) compared to beta-amyloid (1-40) did not

significantly alter the binding properties of 287 and H2L1. The data obtained
is shown in Table 108 and did confirm this.

Table 108

l0

kd

6.17e-5

5.72e-5
5.97e-5

Run 1

Run 2

Averaoe(SDl

5.60e5
6.37e5

5.99e5

6.44e-5
5.65e-5

6.10e-5

KD(pm)

9.91e5
1.1e6

1.05e6

38.3

33.8

36.1(3.2)

5.32e-5

5.87e-5
5.60e-5

8.24e5
8.3e5
8.27e5

48.1

43.5

45.8(3.3)

5.76e-5
5.49e-5

5.63e-5

Antibody

95.0
92.2

93.6(2.0)

15

6.26e-5
4,75e-5

5.47e-5

287

Method B was used to negate avidity effects potentially seen in the first assay format.
Avidity effects, caused by both Fab domains of a single antibody molecule binding at
the same time to two adjacent beta-amyloid molecules on the biosensor surface (or

Beta-
amyloid

58.1

49.8

54.0(5.9t

H2L1

140
142

76.0

57.2

66.6(13.3)

ka
(lt¡sn)

1-40

1-42

kd
( sn)

4.05e5
3.82e5

3.33e5

3.40e5

1.28e4
1.51e-4

KD
(pM)

1.22e-4
1.55e-4

317

394

366
456

43

66.6(13.3)  Method A(i) was used to confirm that the additional two amino-acid residues on
the C-terminus of beta-amyloid (142) compared to beta-amyioid (1-40) did not 10significantly
alter the binding properties of 2E7 and Hal. The data obtained is shown in Table 103 and did
confirm this, Table 10B Antibody Beta- ka kd KD  amytold (Ms-1)  (PM) 2E7 -40 4.05e5
1.269-4 317  1-42 3.82e5 1.51e-4 394 Hal 
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in multímeric forms of beta-amyloid), would increase the apparent affinity of binding.

Affinity measurements obtained using Method B are shown in Table 10C.

Table l0C
Antibody

287

Evidence that this assay provided true 1:1 binding affinities was obtained when Fab
fragments of H2L1, obtained by papain digestion, bound streptavidin-captured beta-
amyloid (140) by a similar method to Method A(i) with an estimated KD of 2.4nM,

Method B was also used to confirm that the additional two amino-acid residues on

the C{erminus of beta-amyloid (1-42) compared to beta-amyloid (140) did not
significantly alter the binding properties of an identical sequence clone to mouse 2E7
MAb, named 2F11. The data obtained
is shown in Table 10D.

Table 10D

ka
(Ms')

H2L1

l0

2,83e5

t0.54e5

kd
( s't)

1.06e5

f.0.27e5

4.28e4
+ 0.65e-4

PCT|EP20071052928

15

KD (nM)

With Standard
Devlatlon n=3

7.50e4
r 0.50

1.58

r 0,55

7.32

t 1.64

Antibody

ln a study similar to the epitope mapping study on 287 using the Surface Plasmon
Resonance assay described above, H2L1 behaved símilarly to 287 in binding to the
peptide encompassing amino acids 1-12 (4P1, SEO lD No:15) of the B-amyloid
peptide and not to the peptide encompassing amino acids 2-13 of the p-amyloid
peptide (Ap2-13, SEQ lD No:44).

20

2F11
2F11

Beta-
amyloid

25

1-42
1-40

ln order to functionally compare the humanised H2L1 with the parent mouse
monoclonal 2E7, both were tested on the same day in the 1125 p-amyloid efflux model
described above.

Both H2L1 and 287 significantly increased counts per minute (CPM) in blood
compared with vehicle control. CPM of radioactivity in blood was as follows (Vehicle:
1940 t 166; 2E7: 1 0065 t 1386; H2L1: 10913 + 1S3S). StatÍstics used were ANOVA

44

ka
(Ms't)

30

2.39e5

2.99e5

kd
( st)

2,74e-4
3.92e-4

KD
(nM)

1.14

1.31

1.40 3.33e5 1.22e-4 366 -423.40e5 1.55e-4 456  15fVletticid B was used to negate avidity
effects potentially seen in the first assay format. Avidity effects, caused by both Fab domains
of a single antibody molecule binding at the same time to two adjacent beta-amyloid
molecules on the blosensor surface (or  WO 2007/113172PCPEP2007/052928 in multimeric
forms of beta-amyloid), would increase the apparent affinity of binding. Affinity measurements
obtained using Method B are shown in Table 10C, Table 10C   Antibody ka kd (nM)     s-1)
With Standard   
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with post-hoc LSD test. n=7 vehicle, n=6 2E7, n=6 H2L1, (p<0.001 for each test
compound vs. vehicle).

This data provides further evidence that the humanÍsed H2L1 antibody has retained
the functional properties shown with the mouse 2E7 molecule.

lnvestioation of the Pharmacokinetics oÍ H2L1 and 2F-7

The terminal half life of test antibody in mice was investigated. Test antibody was

administered by a t h intravenous infusion to 4 mice to achieve a target dose of
400u9 per mouse. Serial blood samples were taken from each mouse up to 5 days
after dosing (one mouse from the 2E7 group did not complete the study and one from
the H2L1 group was removed from subsequent analysis because it became apparent
the dose had not been administered i.v.). Antibody levels were measured using a p-

amyloid capture ELISA.

Analysis of the data indicates that the humanised antibody H2L1 has a terminal half
life of circa 82 hours in mice (Table 11), which is comparable to that of the parent

mouse monoclonalantibody 287 (circa 75 hours).

Table 11
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Parameter

# median and range

Cmax Observed maximum plasma concentration.

Tmax Tíme of the observed maximum plasma concentration

CLp Total plasma clearance; Dose/AUGlo.inr¡.

ly, Terminal phase half-life was determined as the ratio of ln2lz where z is the terminal

phase rate constant; calculated using unweighted linear regression analysis (after

log transformation) on those concentration{ime pairs occurring after the visually

assessed onsel of the terminal log-linear phase.

Vss Volume of disbibution at steady-state; CLp x MRTo.rnr.

Effect of H?L1 on peripheral amvloid load in aqed non-human primates

A study was conducted in aged Cynomolgus monkeys (approximately 15 years old)
to investigate the exposure response relationship with respect to amyloid/H2L1
complex formation and clearance and the subsequent effects on CSF and CNS
amyloid levels. Weekly lumbar CSF (taken under ketamine sedation) and blood
samples were collected 3 weeks prior to 1't dose of H2L1. lmmediately following
sampling on week 3, animals received placebo (n=10), 0.1mg/kg (n=5), 1mg/kg (n=5)
or 10mg/kg (n=10) H2L1 and then every 2 weeks for 12 weeks. Blood samples for
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Cmax (ug/mL)

Tmax (h) #
CLp (mUh/kg)

ty, (h)

Vss (mUko)

25

30

Mean t SD ln=3)
291 ! 43
2.0 (1.1-2.1)

0.9 r 0.1

82 *,4
94t12

35

Deviation rr-13   2E7 2.83e5 4.28e-4 1.58    0.54e5  0.65e-4  0 55   HalI 106e5 7.50e-4 7,32
0.27e5  0.50  1.64 
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plasma analysis of H2Ll and totalAp42 were taken weekly. csF samples for
quantification of Apae¡a2were collected every 2 weeks. Following completion of the
dosing period, animals were euthanased for the purpose of brain quantification of
beta-amyloid by biochemicalanalyses as described above and investigation of
microhaemorrhage. ln the lowest dose group (0.1 mg/kg), animals were euthanased
in a staggered fashion to evaluate the potentialtime course effect in brain levels as a
consequence of termination of dosing and hence saturation of the plasma amyloid
pool.

This study was approved by the lnstitutionalAnimal Care and Use Committee
(lAcUC) of MACCINE Pte Ltd, or "Maccine" prior to start of the experimential phase,
The IACUC protocol number was #08-2006. GSK has performed a site visit of
Maccine and has reviewed their ethical review process and found it acceptable

Plasma samples were serially diluted 1 :1 o to 1:s0000 and added to AB4s coated
ELISA plates. standard curves were created ranging from 0-10¡rg lml H2L1 in
diluent' Following an overnight incubation at 4oC H2L1 was visualised using anti-
human lgG horseradish peroxidase (Amersham - diluted 1:2000 in diluent) and
tetramethylbenzidene detection system. Following single and repeat iv bolus
administration, plasma levels of H2Ll appeared to increase in a dose dependent
fashion. There was no evidence of severe non-linearities in the pharmacokínetics,
indicating that for the majority of the dosing interval, excess molar concentrations of
H2L1in the plasma compared with free amyloid levels were achieved.

TotalApa2was measured in neat plasma using a commercially available Ag 1-42
ELISA kit (lnnogenetics) in accordance with the manufacturers instructions, with
standard curves ranging from s00-7pg/ml created in kit diluent. samples and
standards are incubated overnight at 4oC before assaying in duplicate according to
kit instructions. lt should be noted that due to the interference of the detection
antibody supplied with the Apa2 assâ!, this kit cannot be used to measure free AÞ+z
levels but measures the apparent'total'ABa2. There was a dose and concentration
dependent increase in Apa2 (with plateau levels of approximately 300, 125 and 25
pgimldetected following 10, 1 or 0.1mg/kg H2L1 respectívely).
From the analysis, the increase in the "totalABa2" is likely to be due to the result of a
significant efflux of amyloid from outside the plasma pool, that appeared dependent
upon H2L1 concentrations >1 ug/mL, and did not appear to be a result of lack of
clearance of complex. This was evident by the elimination rate of the total Apa2as
well as the fluctuation in the total levels over a dosing interval.

To date only the plasma analysis has been completed and fully analysed. However
preliminary analysis indicates that there was a trend towards reduction in CSF and
increase in the hippocampal level of 'total'4p42 (measured as generally described
above) following treatment with 1Omg/kg H2L1.
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Evidence that this assay provided true 1:1 binding affinities was obtained when Fab fragments
of Hal , obtained by pepsin digestion, bound streptavidin-captured betaarnyloid (1-40) by a
similar method to Method A(i) with an estimated KD of 2.4nM, 10Method B was also used to
confirm that the additional two amino-acid residues on The C-terminus of beta-arnyloid (1-42)
compared to beta-arnyloid (1-40) did not significantly alter the binding properties of an
identical sequence clone to mouse 2E7 MAb, named 2F11. The data obtained is shown in
Table 100. 15 Table 10D Antibody Betaamylold ka (Ms") kd (e) 10 (nN1) 2F11 142
2.39e52.74e-4 1.14 2F11 1-40 I 2.99e5 3.92e-4 1.31  In a study similar to the epitope
mapping study on 2E7 using the Surface Plasmon Resonance assay described above, Hal
behaved similarly to 2E7 in binding to the 20 peptide encompassing amino acids 1-12 (Apl,
SEG ID No:15) of the p-amyloid peptide and not to the peptide encompassing amino acids
2A3 of the p-arnylold peptide (A132-13, SEC) ID No:44). 
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ln sorne brain sections, small areas of microhaemorrhage were detected as shown

by the Perls' Prussian Blue staining method. This method visualises ferric iron (iron is
an essential constituent of the oxygen-carrying haemoglobin found in red cells) by
pioducing an insoluble blue compound. However there was no difference in the
incidence between vehicle and drug treated animals.

in the brain and total beta amvloid ln the plasma

Cerebral spinalfluid (CSF)and tissue parameters of human AD have been displayed
in the cynomolgus monkey. The aged cynomolgus monkey has been shown to have
evidence of amyloid deposition. (Covance, The cynomolgus monkey as a model for
Alzheimer's disease. ln: Buse E, Habermann G, Friderichs-GromollS, KaspereitJ,
Nowak P and Niggemann K, editors. Poster Presentatíon at the 44th Annual Meeting
of the Society of Toxicology, New Orleans, Louisiana, 6 to 10 March 2005). The
potential for H2L1 to elicit an inappropriate response (such as encephalitis) in an
aged brain was investigated in old, ca. 20 years, ex-breeding female monkeys. ln

addition, safety, treatment-related microhaemorrhage, neutralization/clearance of test
material, hypersensitivity, and immune complex disease were also investigated
following intravenous administration for 8 weeks in two-weekly intervals. ln addition
CNS and blood samples were analysed for levels of AF¿or+2.

Studv Desíon

Groups of 5 (group 1), 9 (group 2) or 10 (group 3) geriatric female cynomolgus
monkeys were given 0 (vehicle),50 or 100 mg/kg/dosing day H2L1 in vehicle (4
ml/kg)every second week for B weeks intravenously by slow bolus administration.
The vehicle consisted of sodium acetate trihydrate 6.81 mg/ml, disodium edetate
dehydrate 0.0186 mg/mL, polysorbate 80 0.2 mg/mL, and L-Arginine base 10 mg/ml,
the pH was 5.5. Dose levels were chosen to investigate dose levels that were 5 and
10 fold intended clinical dose levels.
The following evaluations were performed pre-dose, daily (clinical sígns, body weight,
food consumption), week 4 and the week before necropsy: in-life animal
observations, body weight, body temperature, haematology, clinical chemistry
(including cerebrospinalfluid [CSF] analysis), urinalysis, and cytokine determination
in CSF. Following necropsy, organ weights, macroscopic observations, and
microscopic observations of the brain, cervical spinal cord and gross lesions were
conducted on all animals. Toxicokinetic evaluation was performed after each dosing.

Results
There were no unscheduled deaths, and there were no signs which indicated an
influence of the test item on the general condition of the animals at the administered
doses. The only remarkable observations in clinical pathology (hematology and
serum chemistry) were concluded to be age- and not test article related.
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Activity of Hal in the II'S NArnMIOId  Effiux Model  25In order to functionally compare the
humanised Hal with the parent mouse monoclonal 2E7, both were tested on the same day in
the 1125 p-amyloid efflux mode/ described above. Both Hal and 2E7 significantly increased
counts per minute (CPM) in blood 30compared with vehicle control. CPM of radioactivity in
blood was as follows (Vehicle,: 1940 165; 2E7: 10065  1386; Hal: 10913  1535). Statistics
used were ANOVA  with post-hoc LSD test. n=7 vehicle, n=6 2E7, n=6 Hat (1.5<0001 for
each test compound vs. vehicle).     This data provides further evidence that the humanised
Hal antibody has rained 5the functional properties shown with the mouse 2E7 molecule.
Investigation of the Pharrnagekinetics 01120 and 2E7, The terminal half life of test antibody in
mice was investigated. Test antibody was administered by a 1 h intravenous infusion to 4
mice to achieve a target dose of 10 400ug per mouse. Serial blood samples were taken from
each mouse up to 5 days after dosing (one mouse from the 2E7 group did not complete the
study and one from the I-42L1 group was removed from subsequent anaiysis because it
became apparent the close had not been administered iv.). Antibody levels were measured
using a parrgyloid capture ELSA. 1.5 Analysis of the data indicates that the humanised
antibody Hal has a terminal half life of circa 82 hours in mice (Table 11), which is comparable
to that of the parent mouse monoclonal antibody 2E7 (circa 75 hours). 20Table 11  Parameter
Mean  SD (n=3)  Crnax (ugimi.) 291  43  Tmax (h) # 2.0 (1.1-2.1) CLp 
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Systemic exposure lo H2L1 (as measured by AUCe-, and C,"^) increased
approximately in proportion to dose.For both dose groups, there was no marked
change (>2-fold) in systemic exposure between the 1st dose and 4th dose samplíng
períods.

There were no signs of inflammatory reactions in the brain detected by CSF-analysis,
and there were no macroscopic or microscopic findings at necropsy that suggested a
test item influence, specifically no mícrohaemorrhage or encephalitis.

This study was conducted in compliance with the Good Laboralory practice
Regulations as outlined in German chemicalLaw, annex l and2to glga
Chemikalien Gesetz, June 2002, the OECD Principles of Good Laboratory practice
(revised 1997, issued January 1998) ENV/MC/OHEM (9g) 17, the consensus
Document "The Application of the OECD Principles of GLP to the Organisatíon and
Management of Multi-Site Studies" ENV/JM/MONO(2002)9. Studies conducted in
compliance with the above regulations and standards were considered acceptable to
US FDA regulatory authorities.

Analvsis of Plaoue load in the CNS
The left brain hemispheres of the vehicle treated cynomologus macaque monkeys
from the above study were analysed by immunohistochemistry. A coronal section, at
the level of the middle temporal sutcus containing portions of the dentate gyrus and
hippocampus, was processed into wax as described above. For
immunohístochemistry, sections were rabelled with a pan-Aß antibody (1Eg,
monoclonal antibody raised to Aß 13-27), or with the Aß42 antibody, (2oG1o,
monoclonal antibody recognising Aß x-42), and labelling was developed as above. A
visual count of the number of plaques was taken for each section. Tissue from all five
vehicle-treated cynomolgus monkeys showed evídence of parenchymal Aß plaques.
There was also evidence of cerebrovascular labelled Aß and intraneuronal Aß.

Biochemical analysis was carried out on plasma samples from two tíme points (at the
end of weeks 4 and 8 after start of dosing) from animals dosed with Somg/kg 1n=9) or
100m9/kg (n=10) H2L1, or vehicle dosed controls (n=5). l00ulduplicate samples
were analysed using the commercially available lnnogenetics AB 1-42 ELISA kit,
incubated overnight at 4oC. Control samples were analysed both neat and at 1:10
dilution (using the supplied diluent), whíle samples from the dosed animals were
tested neat and at 1:25. subsequent absorbance values were analysed, with
unknown absorbance values backcalculated to pg/ml values using standard curves,
and then corrected for any assay dilution. Total plasma levels of AB42derived from
these samples are shown in Table 12 below (figures in pg/ml r sE); all samples from
animals treated with H2L1 contained significanfly higher levels of AB42 (p < 0.001 by
student t-test) than in controlgroups.
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0.9  0.1 (h) 82  4 Vss (mlikg)  94 t 12 0 median and range  Cmax Observed maximum plasma
concentration. Trnax Time of the observed maximum plasma concentration CLpTotal pla3ma
clearance; Dose/AUCi0.14 25t1sTerminal phase halt-iife was determined as the ratio of In2iz
where z is the terminal phase rate constant; oa:colated using unweighted linear regression
anaiysis (after log transformation) on those concentration-Rime pairs occurring after the
visuaily assessed onset of the terminal log-linear phase. VasVeit:me of distribution, at
steady-state; ap x MRTsini. 30 Effect of H2L1 on peripheral arnylold load in aged
gon-humariprIrnatias A study was conducted in aged Cynornolgus monkeys (approximately
15 years old) to investigate the exposure response relationship with respect to amyloid/1-12L/
complex formation and clearance and the subsequent effects on CSF and CNS 35amyload
levels. Weekly lumbar CSF (taken under ketarnine sedation) and blood samples were
collected 3 weeks prior to 1 dose of H2L1. Immediately following sampling on week 3, animals
received placebo (nr-10), 0.1mglicg (n=5), 1mglitg (n=5) or lOratg/kg (n=10) Hal and then
every 2 weeks for 12 weeks, Blood samples for  plasma analysis of Hal and total AlIQ were
taken weekly. CSF samples for quantification of Af540142 were collected every 2 weeks.
Following completion of the dosing period, animals were euthanased for the purpose of brain
quantifibation of beta-amyroid by biochemical analyses as described above and investigation
of rnicrohaemorrhage. in the lowest dose group (0.1 mg/kg), animals were euthanased in a
staggered fashion to evaluate the potential time course effect in brain levels as a
consequence of termination of dosing and hence saturation of the plasma amyloid pool. 10
This study was approved by the Institutional Animal Care and Use Committee (iACUC) of
MACCINE Pie Ltd, or "Maccine" prior to start of the experimental phase. The IACUC protocol
number was #08-2005, GSK has performed a site visit of Maccine and has reviewed their
ethical review process and found it acceptable ISPlasma samples were serially diluted 1:10 to
1:50000 and added to A40 coated ELSA plates. Standard curves were created ranging from
0-10jig/m1 Hal in diluent. Following an overnight incubation at 4C Hal was visualised using
anti- human IgG horseradish peroxidase (Arnersham - diluted 1:2000 in diluent) and
tetrarnethylbenzidene detection system. Foilowing single and repeat iv bolus 
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Control(1:l0l

Data reported were obtained from diluted samples. Results from the neat samples

were not used as many data points were either greater than the top standard, or due

to sample volume limitation, only assayed as a single point.

Production process

Expression vectors encodíng H2L1 and operatively linked to amplifiable selection

markers such as the DHFR or glutamine synthetase may be used to transfect or
transduce appropriate parental CHO cell lines (eg CHODG44 or CHOK 1) to produce

engineered cell línes suitable for production of monoclonal antibody at large scale
(for review see Bebbington and Hentschel DNA Cloning Volume lll; A practical

approach (edited by Glover DM) (Oxford IRL press, 1987). ln order to increase

expression levels the coding sequence maybe codon optimized in order to avoid cis-
acting sequence motifs and extreme GC contents (high or low), SEQ. lD Nos:42 and
No:43 exemplify such a coding sequence for H2 heavy chain and L1 light chain.

Large scale production maybe in stirred tank bioreactors using animal-derived-
component-free medium, followed by purification. This may comprise clarification of
the harvest, followed by Protein-A affinity chromatography, and further purification

using ion (e.9. cation) exchange and mixed mode (e.9. ceramic hydroxyapatite)
chromatography unit operations. A virus removal nanofiltration is followed by a final
ultrafiltration/diafiltration step that enables formulation suitable for the intended route
of administration.

50mq/ko fi=251

lO0mq/kq Hz25l

l0

Table l2
Week 4 foo/ml)

104.1r,30.4
830.5 + 79.1

1020.5 t 84.4

15

Week 8 foq/ml)

PCT/8P2007t0s2928

20

29.8 t 7.9

615.8 + 50.2

492.7 r 46.3

25

Example of Pharmaceutical formulation
lngredient Quantitv (per mL)
H2L1 50mg

Sodium acetate trihydrate 6.81m9
Polysorbate 80 0.20m9
Arginine base 10.00m9

Sodium chloride 3.00m9
Disodium edetate dihydrate 0.0186m9
Hydrochloric acid qs to give pH 5.5
Water for lnjections To make 1 .OmL

Nitrogen To fill headspace
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20administration, plasma levels of Hal appeared to increase in a dose dependent fashion.
There was no evidence of severe non-linearities in the pharrnacokinetics, indicating that for
the majority of the dosing interval, excess molar concentrations of Hal in the plasma
compared with free arnyloid levels were achieved. 25Total Af342 was measured in neat
plasma using a commercially available AO 1-42  ELBA kit (Innogenetics) in accordance with
the manufacturers instructions, with standard curves ranging from 500-7pgrml created in kit
diluent. Samples and standards are incubated overnight at 4C before assaying in duplicate
according to kit instructions. It should be noted that due to the interference of the detection
30antibody supplied with the AJ342 assay, this kit cannot be used to measure free M42 levels
but measures the apparent 'toter A1342. There was a dose and concentration dependent
increase in A1342 (with plateau levels of approximately 300, 125 and 25 pg/m1 detected
following 10, 1 or 0.1mglicg Hal respectively). From the analysis, the increase in the "total
A1342" is likely to be due to the result of a significant efflux of arnylold from outside the
plasma pool, that appeared dependent upon Hal concentrations >1 ugfrinL, and did not
appear to be a result of lack of clearance of complex. This was evident by the elimination rate
of the total Af342as well as the fluctuation in the total levels over a dosing interval. 40 To dale
only the plasma analysis has been completed and filly analysed. However preliminary
analysis indicates that there was a trend towards reduction in CSF and increase in the
hippocampal level of 'total' Ap42 (measured as generally described above) following treatment
with 10mglkg Hal.  In some brain sections, small areas of miorobaemorrhage were detected
as shown by the PerIs' Prussian Blue staining method. This method visualises ferric iron (iron
is an essential constituent of the oxygen-carrying haemoglobin found in red cells) by
producing an Insoluble blue compound. However there was no difference in the incidence
between vehicie and drug treated animals. Analyses on Angd coginglpg,tis macagge
%monkey! for beta anLylold Sages in the brain and total beta arnylpid In the plasma
10Cerebral spinal fluid (CSF) and tissue parameters of human AD have been displayed in the
cynomolgus monkey, The aged cynomolgus monkey has been shown to have evidence of
amylold deposition. (Covance, The cynomolgus monkey as a model for Alzheimer's disease.
in: Buse E, Habermann G, Friderichs-Gromoll 5, Kaspereit J, Nowak P and Niggemann K,
editors. Poster Presentation at the 44th Annual Meeting 15of the Society of Toxicology, New
Orleans, Louisiana, 6 to 10 March 2005). The potential for H2L1 to elicit an inappropriate
response (such as encephalitis) in an aged brain was investigated in old, cc. 20 years,
ex-breeding female monkeys. In addition, safety, treatment-reiated miorohaemorrnage,
neutralizationfolearance of test material, hypersensitivity, and immune complex disease were
also investigated 20following intravenous administration for 8 weeks in two-weekly intervals.
In addition CNS and blood samples were analysed for levels of AB r- 40/42. Study Design
Groups of 5 (group 1), 9 (group 2) or 10 (group 3) geriatric female cynomolgus 25monkeys
were given 0 (vehicle), 50 or 100 mgikg/dosing day H2L1 in vehicie (4 ml/kg) every second
week for 8 weeks intravenously by slow bolus administration. The vehicle consisted of sodium
acetate trihydrate 6.81 mgralL, disodium edetate dehydrate 0,0186 mg/mL, polysorbate 80 0.2
mg/nit, and L-Arginine base 10 mgirriL, the pH was 5.5. Dose levels were chosen to
investigate dose levels that were 5 and 3010 fold intended clinical dose levels. 
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M99675 heavy chain acceptor framework v region, amino acld sequence (sEe
lD No:21)

EVQLVESGGG LVQPGGSLRLSCMSGFTFSSYSMNWVRQAPGKG LEWVSYI SSSS
STI YYADSVKG RFTI SRD NAKN SLYLQ MN SLRAEDTAVYYCAR

M99675 heavy chain acceptor framework v regron DNA (sEe lD No:22)
GAGGTG CAGCTGGTGGAGTCTG GGG GAGG CTTGGTACAGCCTGGGGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAG CTATAGCATGAACT
GGGTCCG CCAG GCTCCAGGGMGGGGCTGGAGTGGGTTTCATACATTAGTAGT
AGTAGTAGTACCATATACTAC G CAGACTCTGTGAAGG G C CGATTCACCATCTCC
AGAGACAATGCCAAGAACTCACTGTATCTGCAAATGAACAG CCTGAGAG CCGAG
GACACG GCTGTGTATTACTGTG CGAGAGA

CAASIl35light chain acceptor framework V region amino acid sequence (SEe
lD No:24)

DIVMTQSPLSLPVTPGEPAS ISCRSSQSLLHSNGYNYLDWYLQKPGQSPQLLIYLGg
N RASGVPDR FSGSG SGTD FTLKI SRVEAEDVGVYYC MQALQTPWTFGQGTKVE I K

cAA5l135 light chain acceptor framework v reglon DNA (sEe lD No:25)
GATATTGTGATGACTCAGTCTC CACTCTCCCTGCCCGTCACCCCTGGAGAGCCG
G CCTCCATCTCCTGCAGGTCTAGTCAGAG CCTCCTG CATAGTMTG GATACAAC
TATTTG GATTGGTACCTGCAGAAG CCAGG G CAGTCTCCACAG CTCCTGATCTAT
TTGG GTTCTAATCG GGCCTCCGG GGTCCCTGACAGGTTCAGTGG CAGTGGATC
AGGCACAGATTTTACACTGAAAATCAGCAGAGTGGAG GCTGAGGATGTTG GGG
TTTATTACTG CATGCAAG CTCTACAAACTCCGTG GACGTTCGGCCAAG GGACCA
AGGTGGAAATCAAA

Humanised heavy chain V region variant H1 , amino acid sequence (sEe lD
No:26)

EVQLVESGGG LVQPGGSLRLSCAASGFTFSDNGMAWVRQAPGKGLEWVSFISN L
AYS 1 DYADTVTG RFTI SRDNAKNSLYLQ MNSLRAEDTAVYYCVSGTWFA\A/VGQGTL
VTVSS

Humanised heavy chain v reglon variant H1 DNA coding sequence (sEe lD
No:27)
GAGGTGCAGCTGGTGGAGTCTG G GGGAGG CTTGGTACAGC CTGG GGGGTCCC
TGAGACTCTCCTGTGCAG CCTCTG GATTCACCTTCAGTGACAACGGAATG G CGT
G GGTCCG CCAG G CTCCAG GGAAGG GGCTGGAGTG GGTTTCATTCATTAGTAAT
TTG G CATATAGTATCGACTACG CAGACACTGTGACGGG CCGATTCACCATCTCC
AGAGACAATG CCMGAACTCACTGTATCTG CMATGAACAGCCTGAGAG CCGAG
GACACG G CTGTGTATTACTGTGTCAG CGG GACCTG GTTTG CTTACTG GGG CCA
G GG CACACTAGTCACAGTCTCCTCA
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The following evaluations were performed pre-dose, daily (clinical signs, body weight, food
consumption), week 4 and the week before necropsy: in-life animal observations, body
weight, body temperature, haematology, clinical chemistry (inoludino cerebrospinal fluid ICSF]
analysis), urinalysis, and cytokine determination 35in CSF. Following necropsy, organ
weights, macroscopic observations, and microscopic observations of the brain, cervical spinal
cord and gross lesions were conducted on all animals. Toxicokinetic evaluation was
performed after each dosing. Results 40There were no unscheduled deaths, and there were
no signs which indicated an influence of the test item on the general condition of the animals
at the administered doses. The only remarkable observations in clinical pathology
(hematology and serum chemistry) were concluded to be age- and not test article related.
Systemic exposure to H2L1 (as measured by AUCG., and Cm") increased approximately in
proportion to dose,For both dose groups, there was no marked change (a24old) in systemic
exposure between the let dose and 4th dose sampling periods. There were no signs of
inflammatory reactions in the brain detected by C3E-ana1ysis, and there were no
macroscopic or microscopic findings at necropsy that suggested a test itern influence,
specifically no micrchaernorrhage or encephalitis. 10This study was conducted in compliance
with the Good Laboratory Practice  Regulations as outlined in German Chemical Law, annex
1 and 2 to 19a Chemikalien Gesetz, June 2002, the OECD Principles of Good Laboratory
Practice (revised 1997, issued January 1998) ENV/MC/CHEM (98) 17, the Consensus
Document "The Application of the OECD Principles of GLP to the Organisation and
15Management of Multi-Site Studies" ENV/JMNION0(2002)9. Studies conducted in
compliance with the above regulations and standards were considered acceptable to US FDA
regulatory authorities. Analysis of  Plaque load in the DNS 20The left brain hemispheres of
the vehicle treated cynorrologus macaque monkeys  from the above study were analysed by
immunohistochemistry. A coronal section, at the level of the middle temporal suicus
containing portions of the dentate gyrus and hippocarnpus, was processed into wax as
described above. For immunotlistochemistry, sections were labelled with a pan-AR antibody
(1E8, 25monoclonal antibody raised to AR 13-27), or with the AR42 antibody. (20G10,
monoclonal antibody recognising AR x-42), and labelling was developed as above. A visual
count of the number of plagues was taken for each section, Tissue from all five vehicle-treated
cynornolgus monkeys showed evidence of parenchymal AZ plaques. There was also
evidence of cerebrovascular labelled Aa and intraneuronal M. 30 Analysis of beta
arnyloid/antibody complexes in plasma  Biochemical analysis was carried out on plasma
samples from two time points (at the end of weeks 4 and 8 alter start of dosing) from animals
dosed with 50rng/kg (n=9) or 100i-rig/kg (m--10)1-120, or vehicle dosed controls (ni..-5).
/00ulduplicale samples 35were analysed using the commercially available Innogenetics AS
1-42 BMA kit, incubated overnight at 4C. Control samples were analysed both neat and at
1:10 dilution (using the supplied diluent), while samples from the dosed animas were tested
neat and at 1:25. Subsequent absorbance values were analysed, with unknown absorbance
values backcalculateel to pc/all values using standard curves, 
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Humanised heavy chain v region varlant H2 , amino acid sequence (sEe lD
No:28)

EVQLVESGGGLVQPGGSLRLSCAVSGFTFSQNGMAWVRQAPGKGLEWVSFISNL

AYSIDYADTWGRFTISRDNAKNS LYLQMNSLRAEDTAVYYCVSGTWFA\4/VGQGTL
VTVSS

Humanised heavy chain V region variant H2 DNA (SEQ lD No:29)
GAGGTG CAG CTGGTGGAGTCTG GGGGAGGCTTG GTACAG CCTGG GG GGTCCC
TGAGACTCTCCTGTGCAGTCTCTGGATTCACCTTCAGTGACAACGGAATG GCGT
G GGTCCG CCAGGCTCCAGGGAAGGGGCTGGAGTGGGTTTCATTCATTAGTMT
TTG G CATATAGTATCGACTAC G CAGACACTGTGACGG G C CGATTCAC CATCTCC
AGAGACMTG CCAAGAACTCACTGTATCTG CAAATGAACAG CCTGAGAG CCGAG
GACACGG CTGTGTATTACTGTGTCAG CGGGACCTGGTTTGCTTACTGG GG CCA
GGG CACACTAGTCACAGTCTCCTCA

Humanised heavy chain v reglon variant H3 , amino acid sequence (sEe tD
No:30)
EVQLVESGGGLVQPGGSLRLSCAASG FTFSSNGMAWVRQAPGKGLEWISEISNLA
YS I DYADTVTG RFT I SRD NAKNSLYLQ MN SLRAE DTAVYYCVSGTW FAYWGQGTLV
TVSS

Humanised heavy chain V region variant H3 DNA (SEO lD No:31)
GAG GTGCAG CTGGTGGAGTCTG GGGGAG G CTTGGTACAGCCTGG GG GGTCCC
TGAGACTCTCCTGTG CAG CCTCTG GATTCACCTTCAGTGACAACGGAATGGCGT
G GGTCCGCCAG G CTCCAG GGAAGG GGCTG GAGTGGATCTCATTCATTAGTMT
TTG GCATATAGTATCGACTACG CAGACACTGTGACGG GCCGATTCACCATCTCC
AGAGACAATG CCAAGAACTCACTGTATCTGCAAATGAACAG CCTGAGAGCCGAG
GACACG GCTGTGTATTACTGTGTCAGCGG GACCTGGTTTG CTTACTGG GG CCA
G GGCACACTAGTCACAGTCTCCTCA

Humanised light chain V region variant L1 amino acid sequence (SEQ lD No:32)
DIVMTQSPLSLPVTPGEPASISCRVSQSLLHSNGYTYLHWYLQ KPGQSPOLLIYIqg
N RFSGVPDRFSGSGSGTDFTLKISRVEAEDVGVYYCSQTRHVPYTFGGGTKVE IK

Humanised light chaln V region variant Lt DNA (SEe tD No:33)
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAG CCG
G CCTC CATCTCCTG CAGAGTTAGTCAGAG CCTTTTACACAGTAAT G GATACACC
TATTTACATTG GTACCTGCAGAAG CCAG GG CAGTCTCCACAG CTCCTGATCTAT
AAAGTTTCCAACCGATTTTCTGGGGTCCCTGACAGGTTCAGTGG CAGTGGATCA
G G CACAGATTTTACACTGMMTCAGCAGAGTG GAGG CTGAG GATGTTGGGGTT
TATTACTG CTCTCMACTAGACATGTTCCGTACACGTTCG G CGGAGGGACCAAG
GTGGAAATCAAA
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40 and then corrected for any assay dilution. Total plasma leveis of Ai342 derived from these
samples are shown in Table 12 below (figures in pgrml SE); all samples from animals treated
with H2L1 contained significantly higher levels of A542 (p < 0.001 by student 1.-test) than in
control groups.  Table 12  Week 4  Week 8  (Kim  Control (1:10) 04,1  30.429.8   7.9 50m09
(1:25) 830,5 78_,1 615.8  50.2 100mg(kg (1:25)  1020.5  844 492,7  46.3  Data reported were
obtained from diluted samples. Results from the neat samples were not used as many data
points were either greater than the top standard, or due to sample volume iimitation, only
assayed as a single point. Production process  Expression vectors encoding H2L1 and
operatively linked to amplifiable selection markers such as the DHFR or glutamine synthetase
may be used to transfect or 10 transduce appropriate parental CHO ceil lines (eg CH00044 or
CHOK 1) to produce engineered mil lines suitable for production of monoclonal antibody at
large scale (for review see Bebbington and Hentschel DNA Cloning Volume Ill; A practical
approach (edited by Glover DM) (Oxford IRL press, 1987). In order to increase expression
levels the coding sequence maybe codon optimized in order to avoid cis 15acting sequence
motifs and extreme GC contents (high or low). SEQ. ID Nos:42 and 
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Mature Hl heavy chain amino acid sequence (Fc mutated double mutatlon
bold) (SEQ lD No:34)

EVQLVESGGGLVQPGGSLRLSCAASGFTFSDNG MAWVRQAPGKGLEWVSFI SN L

AYSI DYADTWG RFTI SRDNAKNSLYLQ MNSLRAEDTAVYYCVSgIruFA-YWGQGTL

VrySSASTKG PSVF PLAPSSKSTSGGTAALGCLVKDYFPE PVTVSW N SGALTSGVH

TFPAVLQSSG LYSLSSWTVPSSSLGTQTYI CNVNHKPSNTKVDKKVEPKSC DKTHT

CPPCPAPELAGAPSVFLFPPKPKDTLM ISRTPEVTCWVDVSHEDPEVKFNWWDG
VEVHNAKTKPREEQYN STYRWSVLTVLHQDWLNGKEYKCKVSN KALPAPI EKTI SK
AKGQPREPQVYTLPPSRDELTKNQVS LTCLVKG FYPSDIAVEWESNGQPEN NYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQG NVFSCSVMHEALH N HYTQKSLSLSPG K

Hl Full length DNA (SEQ lD No:35)
GAGGTGCAG CTGGTGGAGTCTGG
G GGAGG CTTGGTACAGCCTGGGGG GTCCCTGAGACTCTCCTGTGCAGCCTCTG
GATTCAC CTTCAGTGACAAC G GAATG G

CGTGGGTCC GCCAGGCTCCAGG GAAGGGGCTGGAGTGGGTTTCATTCATTAGT
AATTTG G CATATAGTATCGACTAC G CA
GACACTGTGACG GGCCGATTCACCATCTCCAGAGACAATGCCAAGAACTCACTG
TATCTG CAAATGAACAGCCTGAGAG C

CGAGGACACGGCTGTGTATTACTGTGTCAGCGGGACCTGGTTTGCTTACTGGG

G CCAGG GCACACTAGTCACAGTCTCCT

CAGCCTC CACCAAG GGCCCATCGGTCTTCCCCCTGG CACCCTCCTCCAAGAG C
ACCTCTGGGGG CACAGCGGCCCTGGGC
TG CCTG GTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTG GAACTCAGG
CG CCCTGACCAGCGGCGTGCACACCTT
CCCGGCTGTCCTACAGTCCTCAGGACTCTACTCCCTCAG CAG CGTGGTGACCG
TG CCCTCCAG CAG CTTGGGCACCCAGA
CCTACATCTG CAACGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAG AAA
GTTGAG C CCAAATCTTGTGAC AAMCT
CACACATGCCCACCGTG CCCAGCACCTGAACTCG CGGGGGCACCGTCAGTCTT
CCTCTTCCCCCCAAAACCCAAG GACAC
CCTCATGATCTCCCGGACCCCTGAGGTCACATG CGTG GTGGTGGAC GTGAG CC
AC GAAGACCCTGAG GTCAAGTTCAACT
G GTACGTGGACG GCGTGGAG GTGCATAATGCCAAGACAAAGCCG CGGGAG GA
GCAGTACAACAGCACGTACCGTGTGGTC
AGCGTCCTCACCGTCCTGCACCAGGACTGGCTGAATGG CAAGGAGTACMGTG
CAAG GTCTCCAACAAAG CCCTCCCAG C
CCCCATCGAG AAAACCATCTCCAAAG CCAAAGGG CAGCCCCGAGAACCACAGG
TGTACACCCTG CCCCCATCCCG G GATG
AG CTGACCAAGAACCAG GTCAG CCTGACCTG CCTGGTCAAAG G CTTCTATCCCA
GCGACATC G CCGTGGAGTG GGAGAG C
AATGGG CAG CCG GAGAACAACTACAAGACCACG CCTCCCGTG CTGGACTCCGA
CG GCTCCTTCTTCCTCTACAG CAAG CT
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No:43 exemplify such a coding sequence for H2 heavy chain and Ll light chain. Large scale
production maybe in stirred tank hioreactors using animal-derived-- component-free medium,
followed by purification. This may comprise clarification of the harvest, followed by Protein-A
affinity chromatography, and further purification 20using ion (s.g, cation) exchange and mixed
mode (e.g. ceramic hydroxyapatite) chromatography unit operations. A virus removal
nanofiltration is followed by a final altrafilirationidiafiltration step that enables tormulation
suitable tor !he intended route of administration. 25 Example of Pharmaceutical formulation
IngredientQuantity per mL) H2L1Earrig Soditirn acetate thhydrate6,81mg 30 Polysorbate
800.20mg Arginine base10.00mg Sodium ohtoride3.00mg Disodiurn edetale dihycirate
0.0186mg Hydrochloric addgs to give pH 5.5 33Water for InjectionsTo make 1.0mL
NitrogenTo fill headspam      Arnkg.A010. Sequences of V-reqieof Acceptor Frameworks and
Humanised 40Variants    M99675 heavy chain acceptor framework V region, arnino acid
sequence (SEQ ID No:21)
EVOLVESGGGLVQPGGSLRLSCAASGETFSSYSMNWVRQAPGKGLEWVSYISSSS 5
STIVYADSVKGRFTISRDNAKNGLYWMNSLRAFDTAVYYCAR M99675 heavy chain acceptor
framework V region DNA (SEQ ID No:22) GAGGTGCAGCTGGTGGAG
TCTGGGGGAGGCTTGGTACAGCCTGGGGGGTCCC
TGAGACTCTCCTGTGCAGCCTCTGGATTCACCTTCAGTAGCTATAGCATGAACT 10
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGI CATACATTAGTAGT
AGTAGTAGTACCATATACTACGCAGACTCTGTGAAGGGCCGATTCACCATCTCC
AGAGACAATGCCAAGAACTCACTOTATCTGCAAATGAACAGCCTGAGAGCCGAG
GACACGGCTGTGTATTACTGTGCGAGAGA IS CAA51135 light chain acceptor framework V
region amino acid sequence (SEQ ID No:24)
DiVMTQSPLSLPVTPGEPAS!SCRSSQSILHSNGYNYLDVVYLQKP6QSPQLLIYLtS N
RASGVPDRFSGSG SG-MR-LK ISRVEAEENGWYCNIQALQTRATITGOGTKVEIK 20
CAA51135 light chain acceptor framework V region DNA (SEQ ID No:25)
GATATTGTGATGACTCAGTCTCCACTCTOCCTGOCCGTCACCCCTGGAGAGCCG
GCCTCCATCTCCTGCAGGTCTAGTCAGAGCCTCCTGCATAGTAATGGATACAAC TA I
IIGGATTGGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGATCTAT
'ITGGGTTCTAATCGGGCCTCCGGGGTCCCTGACAGGTTCAGTGGCAGTGGATC 25
AGGCACAGATI I I ACACTGAAAATCAGCAGAGTGC,3AGGCTGAGGATGT1GGGG 
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CACCGTG GACAAGAGCAG GTGGCAG CAG G GGAACGTCTTCTCATGCTCCGTGA

TG CATGAG G CTCTG CACAACCACTACA
CGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA

Mature H2 heavy chain amino acid sequence, (Fc mutated double mutation
bold) (SEQ lD No:36)
EVQLVESGGGLVQPGGSLRLSCAVSG FTFSDNGMAWVRQAPGKGLEWVSFISNL
AYSI DYADTWGRFTISRDNAKNSLYLQ MNSLRAEDTAVYYCVSGTWFA\ryVGQGTL
VTVSSASTKG PSVFPLAPSSKSTSGGTAALG CLVKDYFP E PVTVSWN SGALTSGVH
TFPAVLQSSGLYSLSSWTVPSSSLGTQTYICNVNHKPSNTKVD KK/EPKSCDKTHT
CPPCPAPELAGAPSVFLFPPKPKDTLMISRTPEVTCVWDVSHEDPEVKFNWWDG
VEVHNAKTKPREEQYNSTYRWSVLTVLH Q DWLN GKEYKCKVSN KALPAP I E KTI SK
AKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSD IAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALH N HYTQKSLSLSPGK

H2 Full length DNA (SEQ lD No:37)
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGG GGGGTCCC
TGAGACTCTCCTGTGCAGTCTCTGGATT

CACCTTCAGTGACAACG GMTGGCGTGGGTCCG CCAGGCTCCAGGGAAG GGG
CTG GAGTG G GTTTCATTCATTAGTAATT
TGG CATATAGTATCGACTACGCAGACACTGTGAC GGGCCGATTCACCATCTCCA
GAGACAATG C CAAGAACTCACTGTAT
CTGCAAATGAACAG CCTGAGAGCCGAG GACACG GCTGTGTATTACTGTGTCAG
CGGGACCTG GTTTGCTTACTGGGGCCA
GGGCACACTAGTCACAGTCTCCTCAG CCTCCACCAAGGGCCCATCGGTCTTCC
CCCTGG CACCCTCCTCCAAGAGCAC C
CTGGGGGCACAGCGGCCCTGG GCTG CCTGGTCAAGGACTACTTCCCCGAACC
G GTGACGGTGTCGTGGAACTCAGGCG CC
CTGACCAG CGGCGTGCACACCTTCCC GGCTGTCCTACAGTCCTCAG GACTCTA
CTCCCTCAGCAG CGTGGTGACCGTG CC
CTCCAGCAGCTTG GGCACCCAGACCTACATCTG CAACGTGAATCACAAG CCCA
GCAACACCAAG GTGGACAAGMAGTTG
AGCCCAAATCTTGTGAC MAACTCACACATG CCCACCGTGCCCAGCACCTGAAC
TCGCGGGGGCACCGTCAGTCTTCCTC
TTCCCCCCAAAACCCAAGGACACCCTCATGATCTCCCGGACCC CTGAG GTCACA
TG CGTGGTG GTG GACGTGAGCCACGA
AGACCCTGAGGTCAAGTTCAACTGGTACGTGGACG G C GTGGAGGTGCATAATG
CCAAGACAAAG CCGCG GGAG GAGCAGT
ACAACAG CACGTACCGTGTGGTCAGCGTCCTCACCGTCCTGCACCAG GACTG G
CTGAATGGCAAG GAGTACAAGTG CAAG
GTCTCCAACAAAG CCCTCC CAG CCCCCATCGAG AAAACCATCTCCAAAGCCAAA
GG G CAGCCCCGAGAACCACAG GTGTA
CACCCTG CCCCCATC CCGGGATGAG CTGACCAAGAACCAGGTCAGCCTGACCT
GCCTGGTCAAAGGCTTCTATCCCAGCG
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TTTATFACTGCA1GC4AGCTCTACAAACTCCGTGGACGTTCGGCCAAGGGACCA
AGGTGGAAATCAAA       Humanised heavy chain V region variant Fri , amino add sequence
(SEQ ID 30No:26)
EVOLVEGGGGLVQPGGSLRLSCAASGFTFSDNGIvIAWVRCAPGKGLEWVSFISNL
AYSIDYAD TVTGRFTISRDNAKNSLYLGMNSLRAEDTAVYYCVSGTWFAYWGOGTL VTVSS
35 Humanised heavy chain V region variant (11 DNA coding sequence (SEQ ID No:27)
GAGGTGCAGCTOGTGGAGTCTGGGGGAGGCTTGGTACAGCCTGGGGGGICCC
TGAGA.CTCTCCT GTGCAGCCTCTO GATTCAC CTTCAGTGACAACGGAATGG COT
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGG CATT CATTAGTAAT TTGG
CATATAGTATCGACTACGCAGACACTGTGACGGGC CGATrCACCATC ICC
AGAGACAATGCCAAGAACTCACTGTATCTGCWTGAACAGCCTGAGAGCCGAG
GACACGGCTGIGTATTACTGTGICAGCGGGACCTGGITTGCTTACIG'GGGCCA
GGGCAGACTAGTGACAGICTOCTCA  WO 2097(113172PCTIEP2007/052928 Humanised
heavy chain V region variant H2 , amino acid sequence (SEQ ID No:28)
EVGLVESGGGLVC/PGGSLRLSCAVSGFTFSDNONAWVROAPGKGLEWVSFISNL
AYSIDYADTVTGRFTI SR DNAKNSMNSLRAE DTAVYYCVSGTW FAYWGGGII VTVSS
Humanised heavy chain V region variant 112 DNA (SEQ ID No:29)
GAGGTGCAGCTGGIGGAGTCTOGGGGAGGCTIGG ACAGCCTGGGGGGTCCC
TGAGACTCTCCTGTGCAGICTCTOGATTCACCTTCAGTGACAACGGAATGGCGT 10
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGSTTICATICATTAGTAAT
TTGOCATATAGTATCGACTACGCAGACACTGTGACGGGCCGATTCACCATCTCC
AGAGACAATGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGCCGAG
GACACGGCTGIGTATTACTGTGTCAGCGGGACCTGGITTGOTTACTGGGGCCA
GGGCACACTAG TCACAGTCTCCTCA 15 Humanised heavy chain V region variant H3 ,
amino add sequence (SEQ ID No:30)
EVQLVESGGGINQPGGSLRLSCAASGFTFSDNGMAWVRQAPGKGLEWiSFISNLA YS I
DYADWIG  RFTI SRO NAKNSLYLO MNSLRAEDTAVYYCVSGTWFAYVVGQGTLV 20 TVSS
Humanised heavy chain V region variant H3 DNA (SEQ ID No:31)
GAGGIGCAGCTGGTGGAGTOTGGGGGAGGCTTGGTACAGGCTGGGGGGTOCC
TGAGACTCTCCTGIGCAGCCTCTGGATTCACCTICAG TGACAACGGAATGGCGT 25
GGGTCCGCCAC-1GCTCCAGGGAAGGGGCTGGAGTGGATCTCATICATTAGTAAT
TTGGCATATAGTATCGACTACGCAGACACTGTGACGGGCCGATFCACCATCTCC
AGAGACAATGCCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAGGCGAG
GACACGGC1 GIGTATTACTGIGTCAGCGGGACCIGG I I OCITACTGGGGCCA
GGGCACACTAGTCACAGTCTOCTCA 30 Humanised light chain V region variant Li amino
acid sequence (SEQ ID No:32)
DIVMTOSPLSLPVTPGEPASISCRVSGSLLFISNGYTYLHVVYLQKPGGSPQLLIYKVS
NRFSGVPDRFSGSGSGMFTEXISRVEAEDVGWYCSOTRHVPYTFGGGTKVEIK 35
Humanised light chain V region variant Li DNA (SEQ ID No:33)
GATATTGTOATGACTCAGTCTCCACTC TCCCTGCCCOTCACCCCTOGAGAGCCG
GCCTCCATCTCCTGCAGAGTTAGTCAGAGCC1111 ACACAGIAATGGATACACC TA11 I
ACATTGGTACCTGCAGAAGCCAGGGCAGTCTCCACAGCTCCTGAICTAT
AAAGITTCCAACCGATIIICTGGGGICCCTGACAGGTICAGTGGCAGTGGATCA 40
GGCACAGA Jiff ACACTGAA.AATCAGCAGAGTOGAGGCTGAGGATGITGGGGTT
TATTACTGCTCTCAAAC TAGACATGTICCGTACACGTTCGGCGGAGGGACCAAG
GTGGAAATCAAA 
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ACATCG CCGTGGAGTGGGAGAG CAATGGGCAG CCG GAGAACAACTACAAGAC
CACGCCTCCCGTG CTG GACTCCGACGG C

TCCTTCTTCCTCTACAGCAAGCTCACC GTG GACAAGAGCAGGTGG CAGCAGGG
GAACGTCTTCTCATG CTCCGTGATG CA
TGAGGCTCTG CACAACCACTACACGCAGAAGAG CCTCTCCCTGTCTCCGGGTA
AA

Mature H3 heavy chain amino acid sequence (Fc mutated double mutation
bold) (SEQ lD No:38)
EVQLVE SGGG LVQ PGG S LRLSCMSG FTFSDN G MAWVRQAPG KG LEWI SEISNLA
YS I DYADTWGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCVSGTWFAYWGQGTLV

TVSSASTKG PSVFPLAPSSKSTSGGTAALGCLVKDYFPEPVTVSWNSGALTSGVHT
FPAVLQSSG LYS LSSWTVPSSSLGTQTYI CNVN H KPSNTKVDKKVE PKSCDKTHT
CPPCPAPE LAGAPSVFLFPPKPKDTLM I SRTPEVTCVWDVSH EDPEVKFNWWDG
VEVH NAKTKPREEQYN STYRWSVLTVLHQDWLNG KEYKCKVSN KALPAP I E KTl SK
AKGQPREPQVYTLPPSRDELTKNQVSLTCLVKG FYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHN HYTQKSLSLSPG K

H3 full length DNA (SEQ tD No:39)
GAGGTG CAGCTGGTGGAGTCTGGGGGAGGCTTG GTACAG CCTGGG GG GTCCC
TGAGACTCTCCTGTG CAGCCTCTGGATTCACCTTCAGTGACAACGGAATG G CGT
GGGTCCG CCAGG CTCCAGGGAAGGG G CTGGAGTGGATCTCATTCATTAGTMT
TTGGCATATAGTATCGACTACG CAGACACTGTGACGG GCCGATTCACCATCTCC
AGAGACAATG CCAAGAACTCACTGTATCTGCAAATGAACAGCCTGAGAG CCGAG
GACACG G CTGTGTATTACTGTGTCAGCGGGACCTGGTTTGCTTACTGG GGCCA
GGG CACACTAGTCACAGTCTCCTCAGCCTCCAC CAAG GG CCCATCG GTCTTCC
CC CTGG CACCCTCCTCCAAGAGCACCTCTGGGGGCACAGCG GCCCTG G G CTG
CCTG GTCAAGGACTACTTCCCCGAACCGGTGACGGTGTCGTG GAACTCAG G CG
CCCTGACCAG CG GCGTGCACACCTTCCCG GCTGTCCTACAGTCCTCAGGACTC
TACTCCCTCAGCAGCGTGGTGACCGTGCCCTCCAGCAGCTTGG GCACCCAGAC
CTACATCTG CAACGTGAATCACAAGCCCAG CAACACCAAGGTG GACAAGAAAGT
TGAGCCCAAATCTTGTGACAAAACTCACACATGCCCACCGTGCCCAG CACCTGA
ACTCGCGG G G GCACCGTCAGTCTTCCTCTTCCCCCCAAAACCCAAG GACACCC
TCATGATCTCCCG GACCCCTGAG GTCACATGCGTGGTGGTGGACGTGAGCCAC
GAAGACCCTGAG GTCAAGTTCAACTGGTACGTGGACGGCGTG GAGGTG CATAA
TGCCMGACAAAG CCG CG GGAGGAGCAGTACAACAG CACGTACCGTGTGGTCA
G CGTCCTCACCGTCCTG CACCAGGACTG G CTGAATGGCAAGGAGTACAAGTG C
AAGGTCTCCAACAAAG CCCTCC CAG C CCCCATCGAGAAAACCATCTC CAAAGCC
AAAG GG CAGCCCCGAGAACCACAGGTGTACACCCTGCCCCCATCCCG GGATGA
GCTGACCAAGAACCAGGTCAG CCTGAC CTG CCTGGTCAAAGGCTTCTATCCCA
G C GACATCGCCGTG GAGTGGGAGAGCAATGG G CAGCCGGAGAACAACTACAA
GACCACGCCTCCCGTGCTGGACTCCGACG GCTCCTTCTTCCTCTACAGCAAG C
TCACCGTGGACAAGAGCAGGTGG CAG CAG GG GAACGTCTTCTCATG CTCCGTG
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Mature HI heavy chain amino acid sequence (Fc mutated double mutation bold) (SEQ ID
No:34)  EVOLVESGGGISGPGGSLRLSCAASGFIFSDNGMALWRQAPGKGLEWVSFISNL
AYSIDYADTVTGRFTISIRDNAKNSLYLQMNSLRAEDTAVYYCVSgMFAriliGGIGTL
VPISSASTKGPSVFPLAPSSKSTSGOTAALGCLVKDYFFERVIVSWNSGALTSGVH
TFPAVWSSGLYSLSSWTVPSSSLGTGIVIGNUNHKPSNTKVD/OWEPKSCOKTHT
CPPCPAPELAGAPSVFLFPPKPIOTLM S IRTPEVICSANDVSHEDPEVKFNWYVDG VEVH
NAKTKP REEGYN STYRWSVLIVLIC DWLNG KEYKC KVSN KALPAPI E KT I SI<
AKGQPREPOWEIPPSRDELTKNQVSLTUNKGFYPSDIAVEWESNGQPENNYKIT 10
PPVLDSDGSFFLYSKLTVDKSRWOOGNVFSCSVMHEALHNHYTGKSLSLSPGK Hi Full
length DNA (SEC) ID No:35)    GAGGTGCAGCTOGIGGAGTCTGO
GGGAGGeTTGGTACAGCCIGGGGGGICCCTGAGACTCTCCTGTGCAGCCTCTG 15
GAT-CACCTTCAGTGACAACGGAATGG CG I
GGGTCCGCCAGGCTCCAGGGAAGGGGCTGGAGTGGGI I I CATTCATTAGT
AATTTGGCATATAGTATCGACTACGCA
GACACTOTGACGGGCCGATMACCATCTCCAGAGACAATGCCAAGAACTCACTG
TATCTGCAAATGAACAGCCTGAGAGC 20
CGAGGACACGOCTGTGTATIACTGIGTCAGCGGGACCIGGTTTGCTTACTGGG
GCGAGGGCACACTAGTCACAGTCTCCT
CAGCCTCCACCAAGGGCCCATCGGTCYMCCCCTGGCACCCICCTCCAAGAGC
AC:CICTGGGGGCACAGCGGCCCTOGGC TGCCIGGICAAGGAC
ACTTCCCCGAACCGGTGACGGTGTCGTGGAACTCAGG 25
COCCC-GACCAGCGGCGTGCAGACCTT
COCGGCTGTCCTACAGTOCTGAGGACTCTACTCOCTCAGCAGCGTGGTGACCG
TGCCCTCCAGCAGCTT3000ACCCAGA
CCTACATGTGCAAGGTGAATCACAAGCCCAGCAACACCAAGGTGGACAAGAA,A
GTTGAGOCCAAATCITGTGACAAAACT 30
CACACATOCGCAGCGTGCCCAGCACCTGAACTCGCGGGGGCACCGICAGTCTT CC
ICTTCCCCCCAAAACCCAAGGACAC
CCTCATGATCTCCGGGACCCCTGAGGTCACATGCGIGGTGGIGGACGTGAGCC AC
GAAGACCCTGAGGTCAAGTTCAACT GGTACG
GGACGGCGTGGAGGIGCATAATGCCAAGACAAAGCCGCOGOAGGA
GCAGTACAACAGCACGTACCGTGTGGTC
AGGGICCICACCGTCCTGCACCAGGACTGGCTGAATGGCAAGGAGTACAAGTG
CAAGGTCTCCAACAAAGCCCTCCCAG'C
CCCCATCGAGAAAACCATCTCCAAAGCCAAAGGGCAGCCCCGAGAAGCACAGG
IGTACACCCTGCCCCCATCCCGOGATG 40
AGCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTTCTATCCCA
GCGACATCGCCGTGGAGTGGGAGAGG
AATGGGCAGCCGGAGAACAACTACAAGACCACGCCTCCCOTGCTGGACTCCGA
CGGCTCCITCTTCCTCTAGAGCAAGCT
CACCGTGGACAAGAGCAGGIGGCAGCAGGGGAACGTOTTCTCATGCTCCGTGA
TGCATGAGGCTCTGCACAACCACTACA CGCAGAAGAGCCTCTCCCTGTCTCCGGGTAAA
3 Mature 112 heavy chain amino acid sequence, (Fa mutated doubie mutation bold) (SEC) ID
No:36) EVIDINESGGGINQP CGS LRLSCAVSG F T FSDN GMAWVRCIAPGKG
EWVSFISNL AYSIDYADTVTGRFTISRD NA KN SLYLO MN SLRAEDTAWYCVSGTW
FAYVV G OCT L
VTVSSASTKGPSVFPLAPSSKSTSGGTMLGCLVKDYFPEPVTVSWNSGALTSGVH 0 IT
PAVLOS SOL YSLSSVVTVPSS SLGTQTY IC NVNHKPSNTKVDKKVEPKSCDKINT
CPPCPAPELAGAPSVFLFPPKPKDTLMU5RTPEVTCVWDVSHEDpEVKFNWWDG
VEVFINAKTKPREECYNSTYFWVSVLTVLHODWLNGKEYKOWSNICALPAPIEKTISK AKGQ
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ATG CATGAGGCTCTGCACAACCACTACACGCAGAAGAG CCTCTCCCTGTCTCCG
GGTAAA

Mature Light chain amlno acid sequence (SEQ lD No:40)

D IVMTQSPLSLPVTPGEPASISCRVSQSLLHSNGYTYLHWYLQKPGQSPOLLIYKVS

N RFSGVPDRFSGSGSGTDFTLKI SRVEAEDVGVYYCSOTEHVPIFGGGTKVEI KR
TVAAPSVFI FPPSDEQLKSGTASWCLLN N FYPREAKVQWKVDNALQSGNSQESVT
EQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSSPWKSFNRG EC

Ll Full length DNA (SEQ lD No:41)
GATATTGTGATGACTCAGTCTCCACTCTCCCTGCCCGTCACCCCTGGAGAGCCG
G C CTC CATCTC CTG CAGAGTTAGTCAGAG CCTTTTACACAGTAATG GATACACC
TATTTACATTGGTACCTG CAGAAG CCAG G G CAGTCTCCACAG CTCCTGATCTAT
AAAGTTTCCAAC CGATTTTCTG G GGTCCCTGACAGGTTCAGTGG CAGTGGATCA
G G CACAGATTTTACACTG AAAATCAGCAGAGTG GAGG CTGAGGATGTTGGGGTT
TATTACTG CTCTCAAACTAGACATGTTCCGTACACGTTCGGCGGAG GGACCAAG
GTGGAAATCAAACGTACG GTG G CTG CAC CATCTGTCTTCATCTTCC C G CCATCT
GATGAG CAGTTG AMTCTG GAACTG CCTCTGTTGTGTG C CTG CTGMTAACTTC
TATCCCAGAGAGGCCAAAGTACAGTGGAAGGTGGACAACGCCCTCCAATCGGG
TAACTCCCAG GAGAGTGTCACAGAGCAG GACAGCAAGGACAG CACCTACAGCC
TCAGCAGCACCCTGACG CTGAG CAAAG CAGACTACGAG AAACACAAAGTCTAC
G CCTGCGAAGTCACCCATCAGG GCCTGAG CTCGCCCGTCACAAAGAGCTTCAA
CAGGGGAGAGTGT

Optimised H2 heavy chaln DNA (SEQ lD No:42)
GAGGTG CAGCTGGTGGAGTCTGG CGGC GGACTGGTG CAGCCTG G CGG CAG CC
TGAGACTGAGCTGTGCCGTGTCCGGCTTCACCTTCAGCGACAACGGCATGG CC
TGGGTGAG GCAGGCCCCTGG CAAGG GCCTGGAGTGG GTGTCCTTCATCAGCA
ACCTG GCCTACAG CATCGACTACG CCGACACCGTGACCGG CAGATTCACCATC
AG CCGGGACAACGCCAAGAACAGCCTGTACCTGCAGATGAACAGCCTGAGAGC
CGAGGACACCG CCGTGTACTACTGTGTGAGCGGCACCTGGTTCGCCTACTGGG
GCCAGG G CACCCTGGTGACCGTGTCCAG CGCCAGCACCAAGGG CCCCAGCGT
GTTCCCCCTGGCCCCCAGCAG CAAGAGCACCAG CGG CGGCACAGCCGCCCTG
GG CTG CCTGGTGAAGGACTACTTCCCCGAACCG GTGACCGTGTC CTG GAACAG
CGGAGCCCTGACCAGCGGCGTGCACACCTTCCCCGCCGTGCTGCAGAGCAGC
G G CCTGTACAGCCTGAG CAGCGTGGTGACCGTG CCCAGCAG CAGCCTGGG CA
CCCAGACCTACATCTGTAACGTGAACCACAAGCCCAG CAACACCAAGGTGGAC
AAGMG GTGGAG CC CAAGAG CTGTGACAAGACCCACACCTG CCCCCCCTGCCC
TGCCCCCGAGCTGGCCGGAGCCCCCAGCGTGTTCCTGTTCCCCCCCAAGCCTA
AG GACACCCTGATGATCAG CAGAACCCCCGAGGTGACCTGTGTGGTG GTGGAT
GTGAGCCACGAG GACCCTGAG GTGAAGTTCAACTGGTACGTGGACG G CGTGGA
G GTGCACAATGCCAAGACCAAG CCCAG G GAG GAG CAGTACAACAGCACCTACC
GGGTGGTGTCCGTG CTGACCGTGCTG CACCAG GATTGGCTGAACGG CAAGGA
GTACAAGTGTAAGGTGTCCAACAAGG CCCTG CCTG CCCCTATCGAG AAAACCAT

55

l0

15

20

PCT/8P2007t0s2928

25

30

35

40

WO 20071113172PCT/EP2OU7l02928
ACATCGCCGTGGAGTGGGAGAGCAATGGGCAGCCGGAGAACAACTACAAGAC
CACGCCTOCCGTOCTGGACTCCGACGGC
TeCTTCTTCCTCTACAGCAACCICACCGTOGACAAG'AGCAGGTSGCAGCAGGG
GAACGTCTICTCATGCMCGIGATGCA
TGAGGCTCMCACAACCACTACACGCAGAAGAGCCTMCCIGICTCCGOGIA AA Mature H3
heavy chain amino acid sequence (Fe mutated double mutation hold) (SEQ ID No:38) I 0
EVQLVESGGGLVQPGGSLRLSCAASGFTESDNGMAINVROAPGKGLEWISFISNLA YS I
DYADTVTGRFT ISRDNAKNSLYWNINSLRAEDTAVYYCVSGTW FAYV)IGQGTIN
TVSSASTKGPSVFPLAPSSKSTSGGTAALGCLVIWYFPEPVWSWNSGALTSGVHT
FPAVWSSGLYSLSS)NTVPSSSLGTQTYICNVNHKPSNIKVDKKVEPKSCDECHT
CPPCPAPE LAGAPSVF ISPPIKPKDTLM I SREPEVICVWDVSH EDPEW F NWYVDC., 15
VEVH NAKTKPREEQYN STYRWSVI_TVLHQDWLNGKEEYKCIO/SN KALPAP I Err ISK
AKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPENNYKTT
PPVLDSDGSFFLYSKLIVDKSRWQQGNVFSCSVMHEALHNHYTOKSLKSPGK 113 full
length DNA (SEQ ID No:39) 20
GAGGIGCAGCTGGIGGATICTGGGSGAGGCTIGGTACAGCCTGGGGGSTCCC
TGAGACTOTCCTGIGCAGGCTCTOGATTCACCTICAGTGACAACGGAATGGCGT
GGGTCCG'CCAGGCTCCAGGGAAGGGGCTSGAGTGGATCTCATICATTAGTAAT
VIGGCATATAGTATCGACTACGCAGACACTGIGACGGGCCGATTCACCATCTCC
AGAGACAATGCCAAGAACT CACI GIATCTSCAAATGAACAGCCTGAGAG CCGAG 25
GACACGGCTGTGTATTACTOTGICAGCGGGACCTGGITTGCTIACTGGGGCCA
GGGCACACTAGTCACAGTCTCCTCAGCCTCCACCAAGGGCCCATCGGTCTTCC
COCTGGCACCOTCCTCCAAGAGCACCICTGGGGGCACASCGGCCOTGGGCTG
CCTGGICAAGGACTACTICCCOGAACCGGTGACGGIGICGTGGAACTCAGGCG
CCCTGACCAGCGGCGTGCACACCTICCCGGCTGTCCIACAGTCCTCAGGACTC 30
TACTCCCICAGCAGCGTGGIGACCGTGCCCTCCAGCAGCTIGGGCACCCAGAC
OTACATCTGCAACGTGAATCACAAGCCCACCAACACCAAGGIGGACAACIAAAGT
TGAGOCCAAATC17GTGACWACTCACACATGCCCACCGTGCCCACCACCTGA
ACTCGCGDGGGCACCGICAGTCTIFCCTCITCCCCCCAAAACCCAAGGACACCC
TCATGATCTCCCGGACGCCTGAGGTCACATGCGTGGTGGTGGACGTGAGCCAC 35
GAAGACCCTGAGGICAACTICAACTGGTACGTGGACGGCGTOGAGGTGCATAA
TGCCAAGACAAAGCCGOGGGAGGAGCAGTACAACAGGACGTACCGIGTOGICA
GCGTCCTCACCGTCCTGCACCAGGACIGGCTGAATGGCAAGGAGTACAAGTGC
AAGG-m-reCMCAAAGOCCTOCCAGOCCCCATCGAGAAAACCATCTCCWGCC
AAAGGGCAGCCCCGAGAACCACAGGIGTACACCCMCCCOCATOCCGGGATGA 40
GCTGACCAAGAACCAGGTCAGCCTGACCTGCCTGGTCAAAGGCTMTATCCCA
GCGACATCGCCGIGGAGTGGGAGAGGAATGGGCAGCCGGAGAACAACTACAA
GACCACGCCTCCOGIGCTGGACTCCGACGGCTCCTTCITCCICTACAGCAAGC
TCACCGTGGACAAGAGCAGGIGGCACCAGGGGAACGTCTICTCATGCTCCGIG  WO
20971113172PCT/EP201)711162928
ATGCATGAGGCICTGCACAACCACTACACGCAGAAGAGCCTCTCCCTGTCTCCG
GGTAAA  Mature Light chain amino add sequence (SEQ iD No:40)
DIVMTOSELSEPVTPGEPASISCRVSOSLLHSNGYTYLFIWYL0KPGQSPOLLIYKVS
NRFSGWORFSGSGSGTOFTLKISRVEAEDVGVYYCSOTRIWPYTFGGGIKVEIKR
TVAAPSVFIEPPSDEOLKSGTASWCLLNNFYPREAFWQVVic./DNALOSGNSGESVT
EQOSKOSTYSLSSTLTLSKADYEKHKWACEVTHOGLSSMITKSENRGEC 10 Li Full length
DNA (SEQ ID No:41) GATATTGTGATGACTCAGTOTCCACTCTCCCTGCCC
GTCACCCCTGGAGAGCCG OCCTCCATCTCCTOCAGAGTTAGTCAGAGCCI
ACACAGTAATGGATACACC TAI I I



wo 20071113172

CAGCAAG G CCMGGGCCAGCCCAGAGAGCCCCAGGTGTACACCCTG CCCCCT
AG CAGAGATGAGCTGACCAAGAACCAG GTGTCCCTGACCTGCCTGGTGAAGGG
CTTCTACCCCAGCGACATCGCCGTGGAGTGGGAGAGCAACGG CCAG CCCGAG
AACAACTACAAGACCACCCCCCCTGTGCTG GACAGCGATG G CAGCTTCTTCCTG
TACAGCMGCTGACCGTGGACAAGAGCAGATGGCAG CAGGG CAACGTGTTCAG
CTG CTCCGTGATG CACGAGGCCCTG CACAATCACTACACCCAGAAGAGCCTGA
GCCTGTCCCCTGGCAAG

Optimised L1 light chain DNA (SEQ tD No:43)
GACATCGTGATGACCCAGAGCCCCCTGAGCCTGCCCGTGACCCCTGGCGA
GCC CGCCAGCATCAGCTGTAGAGTGAGCCAGAGC CTGCTGCACAGCAACG
GCTACACCTACCTGCACTGGTATCTGCAGAAGCCTGGCCAGAGCC CTCAG
CTGCTGATCTACAAGGTGTCCAAC CGGTTCAGCGGC GTGCCTGATAGATTC
AGC GGCAGCGGCTCCGGCACCGACTTCACCCTGAAGATCAGCAGAGTGGA
GGCCGAGGATGTGGGCGTGTACTACTGCTCCCAGACCAGACACGTGC CTT
ACACCTTTGGCGGCGGAACAAAGGTGGAGATCAAGCGTACGGTGGCCGCC
C CCAGCGTGTTCATCTTCCCC CCCAGCGATGAGCAGCTGAAGAGCGGCAC
CGC CAGC GTGGTGTGTCTGCTGAACAACTTCTACC C CCGGGAGGC CAAGG
TGCAGTGGAAGGTGGACAATGCCCTGCAGAGCGGCAACAGCCAGGAGAG
CGTGACC GAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGCACCC
TGAC CCTGAGCAAGGC CGACTACGAGAAGCACAAGGTGTAC GCCTGTGAG
GTGACCCACCAGGGCCTGTCCAGCCCCGTGACCAAGAGCTTCAACCGGGG
CGAGTGC
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40 AGGACACCCTGATGATCAGCAGAACCCCCGAGGTGACCIGTGTGGIGGTGGAT
GTGAGCCACGAGGACCOTGAGGTGAAOTTCAACTGGTACGTGGACGGCGTGGA
GGTGCACAATGCCAAGACCAAGCCCAGGGAGGAGCAGTACAACAGCACCTACC
GGGIGGIGTCCGTGCTGACCGTGCTGCACCAGGATTGGCTGILAGGGCAAGCA
GTACAAGTGTAAGGTGICCAACAAGGCCCTGCCTGCCCCTATCGAGAAAACCAT  GAG
CAAGGCCAAGGGCCAGCCCAGAGAGCCGCAGGTGTACACCOTGGCCCOT
AGCAGAGATGAGCTGACCAAGAACCAGGTGTCCCTGACCTGCCTGGIGAAGGG CFTC I
ACCCOAGCGACATCGCCGIGGAGTGGGAGAGCAACGGCCAGCCCGAG
AACAACTACAAGACCACCCCGCCTGIGOTGGACAGCGATGGCAGCTICTTOCTG 5
TACAGOAAGCTGACCGIGGACAAGAGCAGATGGCAGCAGGGCAACGMTICAG
CTGCMCGTGATGOACGAGGCCOTGCACAATCAGTACAOCCAGAAGAGCGTGA
GCCTGTCCCCIGGCAA,G Optimised Ll light chain DNA (SEC) ID No:43) 10
GACATCGTGATGACCCAGAOCCCCCTGAOCCTOCCCGTGACCCCIGGCGA
GCCCGCCAGCATCAGCTGIAGAGTGAGCCAGAGCCTOCTGCACAGCAACG
GCTACACCTACCTGCACTGGTATCTGCAGAAGCCTGGCCAGAGCCCTCAG
CTGCTGATCTACAAGGTGTCCAACCGIG11C A GCGGCGIGCCTGATAGATTC
AGCGGCAGCGGCTCCGGCACCGACTICACCCIGAAGATCA.GCA GAGIGGA 15 GGCCG
AGGATGTGGGCGTGTACTACTGCTCCCAGACC AGACACGTGCCTT
ACACCTTTEGCGGCGCAAAGGIGGAGATCAAGCGTACGGTGGCCGCC
CCCAGCGTGTTC ATCTTCCCCCCCAGCGATGAGCAGC'FGAAGAGCGG CAC
CGCCAGCGTGGTGTGTCTGCTGAACAACTTCTACCCCCGGGAGGCCAAGG
TGCAGTGGAA.GG7rGGACAATGCCCTGCAGAGCGGCAACAGCCAGGAG'AG 20
CGTGACCGAGCAGGACAGCAAGGACTCCACCTACAGCCTGAGCAGC:ACCC
TGACCCTGAGC AAGGCCGACTACGAGAAGCACAAGGTGIACGCCTGTGAG GTO A
CCCACCAGGGCCTOTCCAGCCCCGTGACCAAGAGCTTCAACCGGG0 CGAGTGC  Claims
1. A therapeutic antibody comprising a V,i chain having the sequence set forth In SEC ID
No:26 and a VE domain having the sequence set forth in SE ID No:32, 2. A tnerapoutic
antibody comprising a VII chain naving the sequence set forth in SEQ ID No: 28 and a VL
domain having the sequence set forth in SE010 No:32. 3. A therapeutic antibody comprising a
VH chaln having the sequence set forth In SEQ ID No:30 and a VL domain having the
sequence set forth in SEQ ID No:32. 4. A therapeutic antibody according to any preceding
claim which isot IgG1 Isotype. A therapeutic antibody according to any preceding claim which
lacks the functions of a) activation of complement by the classical pathway: and la) mediating
antibody-dependent ceiiular cylotoxicity. 6. A therapeutic antibody according to claim 4 in
which residues 235 and 237 have been mutated to alanine. 7. A therapeutic antibody
according to claim 1. which antibody comprises a heavy chain having the sequence set font]
in SEQ ID No:34, 36 or 3a and a light chain haying the sequence set forth in SEG ID No:40. 8.
A pharmaceutical composition comprising a therapeutic antibody according to any preceding
claim. 9. A therapeutic antibody according to any one of claims 1 to 7 for use in the treatment
of al.1-arnylold peptide-related disease. 10, A therapeutic antibody according to claim 9,
wherein the 9-amyloid peptide.-related disease is Aizheirners disease. 11. An antibody or a
fragment thereof comprising a VH domain having the sequence: SEQ ID NO:17 and a VL
domain having the sequence: SEQ ID No: 19. 12"A oolyriucleoildrt encoding a therapeutic
antibody heavy chain, wherein the polynucleotIde comprises the sequence set forth in SEQ ID
No:35, 37.39 or 42. 13. A polynucieotide encoding a therapeutic antibody light chain, wherein
the polyriuclectide comprises tile sequence set forth in SEG ID No:41 or 43. 14. A process tor
hie manufacture of a therapeutic antibody as ciairned in any one of claims I to 7, wherein said
process comprises expressing polynucleotide encoding said antibody In a host cei:. 



Clalms

A therapeutic antibody comprlslng a V¡ chain havlng the sequence set forth ln SEQ lD No:26 and a V¡ domaln
having the sequence set fodh in SEQ lD No:32.

A therapeutlc antlbody comprlslng a V¡ chaln havlng the sequence set lorth ln SEQ lD No: 28 and a Vr domaln
havlng the sequence set forlh ln SEO lD No:32.

A therapeutic antlbody comprislng a V¡ chaln havlng the sequence set forth ln SEQ lD No:30 and a V. domain
having the sequence set forlh ln SEQ lD No:32.

A therapeutic antíbody accordlng to any pteceding clalm whlch is of lgG'l lsotype.

A therapeutlc antlbody according to any precedlng clalm which lacks the functlons ol a) activatlon of complement

by the classical pathway; and b) mediating antibody-dependent cellular cylotoxicity.

A therapeutic antibody according to claim 4 in which residues 235 and 237 have been mutated to alanine.

A therapeutic antibody according to claim 1, which antibody comprises a heavy chain having the sequence set forth

in SEQ lD No:34, 36 or 38 and a light chain having the sequence set forth in SEO lD No:40,

2.

3.

4.

6.

7.

8. A pharmaceutical compositlon comprlslng a therapeutlc antibody according to any preceding claim.

9. A therapeutlc antibody according to any one of clalms 1 to 7 for use ln the treatment of a p-amylold peptlde-related

disease.

10. A therapeutic antibody according to claim 9, wherein the p-amyloid peptide-related disease is Alzheimer's disease.

1l, An antlbody or a fragment thereof comprlsing a Vr domaln havlng the sequence: SEQ lD NO:17 and a V. domain

having the sequence: SEQ lD No: '19.

12. A polynucleotlde encoding a therapeutic antibody heavy chaln, wherein the polynucleotlde comprises lhe sequence

sel forth ln SEQ lD No:35, 37, 39 or 42.

13. A polynucleotide encoding a therapeutic antibody light chain, wherein lhe polynucleotide comprises the sequence

set fodh in SEQ lD No:41 or 43,

1 4. A process for the manuf acture of a therapeutic antibody as claimed in any one of claims 1 to 7, wherein said process

comprlses expresslng polynucleotlde encoding sald antlbody in a host cell.
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