PEPTI DE CLEARI NG AGENTS FI ELD OF THE | NVENTI ON The invention relates to
peptide clearing agents which act to clear an enzyne froma non- 5target

| ocati on wo 2a1133kjsect . The invention also relates to netrbwods20foqiduci ng
these peptide clearing agents. BACKGROUND OF THE I NVENTI ON Anti body
directed enzyne prodrug therapy (ADEPT) ains to inprove the selectivity of
10cyt ot oxi ¢ drugs. An enzyne is enptoyed which acts to convert a prodrug to
an active drug. The action of the drug is localised to the site of interest
t hrough use of an anti body which binds to a tunour associated antigen. This
anti body is conjugated to, orPERTIDEJLEARING AGENTSprotein with, the enzyne
whi ch acts on the prodrug thus ensuring prodrug conversion occurs

predom nantly at the site of interest. 15 The therapeutic efficiency and
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address tdléfingagetls. an enzyne cl earance 20stage has been devel oped to
remove residual enzyne activity and thus mnimze side-effects of the
therapy. This has relied upon a further antibody that binds to the enzyne.
Thi s ant | BAOKGROUND/OBIHEAINVENTION aci | i tate cl earance via the liver (1). US
2003- 0068 sen) scr o effect
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agent bi ngg, ﬁgﬁgﬁh%@ru&%‘bcg%&oﬂﬁé Wi idrBLSn by KBl Whick- A0

96/ 40245 an represent sim I sclTosures. Napier et al -
Clinical t@adsder theewAsedriajed antigen. 7S grtibpchpis cRpikgdedtoer forasias adgion

clinical gfeln vitn, the enyrRéwhieh a@tabhmt;ﬁoamg fhu@@h&frﬂgtp?ddrd‘gad’oﬁl/é}@lﬁ’ﬁoedtﬁs’ essi ng
car ci noenbryoni c antigen r ceiv anti body-di rected enzyne pro drug therapy
wi th ASBﬂ“P¥ “ﬁﬁwéﬁ?gﬁﬁﬂ9 P@“?ng|noenbryon|c anti gen conjugated to
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directed i L clear and
o 1 ect e AR PRI Gl sPRORe! S, 1B 28 et
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preventi ng,fdebLRfE cbRBEAR oM tumour (which can be due to loss of the antigen from the
tumour cells into the circulation). In an attempt to address this issue, an enzyme clearance

20  stage has been developed to remove residual enzyme activity and thus minimize side-effects
of the therapy. This has relied upon a further antibody that binds to the enzyme. This
antibody is glycosylated to facilitate clearance via the liver (1).

US 2003-0068322 (Hansen) describes antibody based clearing agents to effect clearance of

25  circulating targeting protein-enzyme conjugate. In one embodiment, the clearing agent binds
to the enzyme. However, the clearing agent binds at a site that does not interfere with
enzyme activity. WO 96/40245 and US 5,958,408 represent similar disclosures.

Napier et al — Clinical Cancer Research Vol. 6, 765 to 772, March 2000 —describes a clinical

30 trial in which ten patients with colorectal carcinoma expressing carcinoembryonic antigen
received antibody-directed enzyme pro drug therapy with ASB7 F(ab’)2 antibody to
carcinoembryonic antigen conjugated to carboxypeptidase G2 (CPG2). In this trial, a
galactosylated antibody directed against the active site of CPG2 (SB43-gal) was given to
clear and inactivate circulating enzyme. Napier states that a human anti-mouse antibody

35 response (HAMA) was found in all patients after two weeks preventing further therapy (see
page 768 second column under the heading immune response). Napier suggest that



page 768 second col umm under the headi ng i nmune response). Napi er suggest
that WD 2011/036457PCT/ GB2010/ 001796 - 2 - i munosuppressive agents may be
utilised wo2ordses4sto facilitate the use of such cl eari ngcagmsry/donshe

cont ext of ADEPT therapy. WO 91/17761 describes a technique distinct from
t he ADEPT technique. In this technique, 5an antagonist is targeted to

normal cells to enable the cytotoxim to be used therapeutically to treat
only the diseased cells. Thus, the nmethod ains to protect normal cells.
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that a laf ggos%%srgs@uets%é{%gﬁ zf? &%‘ r{‘ nﬂﬂ ﬁlcba§|a| B&S@Jr&%?\qfée{btoqrtéigﬁab eorap Y ndaand

clear thedfusion uct I on I ssues
seconkd antlegretise fmﬁterwmlatmne rel ati veI y difficult.

EP0733072 and US 5,876,691 describe antibodies specific for carcinoembryonic antigen
(CEA).

15 DESCRIPTION OF THE INVENTION
The use of a glycosylated second or further antibody as a clearing agent is associated with

several problems, the most important of which are as follows:-
1) The second (clearing) antibody is inevitably immunogenic, so limiting its use to a few
repeat cycles of use.

20 2 It has a high affinity for the enzyme, which is difficult to modulate. High affinity
means that it may well also bind too strongly to enzyme localized at the target location, thus
limiting effectiveness of local drug generation.

3) Its high molecular weight means that a large mass of glycoprotein has to be
inoculated in order to bind and clear the fusion protein

25 4) Cost, production and regulatory issues of a second antibody component are relatively
difficult.

For these reasons, a new kind of clearing agent is desired. Thus, the invention provides a
peptide clearing agent for clearance of a conjugate of an enzyme and a binding molecule
30 which binds specifically at a target location, from a non-target location in a subject through
binding of the peptide to the conjugate, wherein the peptide binds to the asialoglycoprotein
receptor expressed by hepatic cells. This leads to internalisation of the conjugate found at a
non-target location. Thus, binding of the peptide to the asialoglycoprotein receptor
expressed by hepatic cells facilitates clearance of the peptide. In specific embodiments, the
35 peptide is glycosylated to facilitate clearance through the liver by binding to hepatic cells
expressing an asialoglycoprotein receptor. More specifically, the invention provides a



For these reasons, a new kind of clearing agent is desired. Thus, the

i nvention provides a peptide clearing agent for clearance of a conjugate of
an enzynmewendii@skisndi ng nol ecul e 3 Owhi ch bi nds speci fi eelrigB2ato/mitar get

| ocation, froma non-target |ocation in a subject through binding of the
peptide to the conjugate, wherein the peptide binds to the

asi al ogl ycoprotein receptor expressed 3py hepatic cells. This leads to
internalisation of the conjugate found at a non-target |ocation. Thus,

bi ndi ng of the peptide to the asial ogl ycoprotein receptor expressed by
hepati c cpéptide tirening dgehtfer déaranc@d @ cohjugdie ofarpenzygwee ahma@p\emgmmcule

enbodi nmen I [ pt hrough
the Ii ver&VE"Ch %ﬂﬁ gg&ﬁt%”y%al@?& "y&ﬁﬁ?&s’lfrg§%dneing?{$gﬁgként§§| a b(I?é% F&%t ein
receptor. leﬂ@Oétpeeewtidéén thy act%ltenf/@ﬁtenmnqw@eﬁeubtgeaepttds( ff%lpeuaa@tcl eari ng

agent forggh ed’i’ﬁo%ri&ﬁlecéf&aﬁ)gﬁl@é'ﬂrb'@ﬁ\tr@cébflor%Qpr@Q:?eH'?59 h@ﬁ‘&hc%eﬁé‘ NGhishad¥nb ecul e
whi ch binds specifically at a tar%ba frgma naon- t?{ et | ocation

in a subj @&mq"ﬁ?t@agﬁthsmm&je fung B%fblanfé“’Pﬁt'Of‘hJ huz PR PsPidera
enzy lms | mmraelamgtyb@oraemtre@é@to(r @kmassea@yggmb calssfagilithes digartancd dsfene

asi al ogl ycopr.otei n r ress i.C,C | e

5i nt er nal P%@FFO S(S’FC' E%#ﬂ‘?fgg ?ecﬁ(ﬁﬂ?i%ﬂyc ya&?’nd Eog?cd@?tef:%g ﬁgou?hus
bi ndi ng ofhetliher qyebmmr@eohepattlbeel&saxatesghgampsmibg!yampme@epicaptoexpr essed by
hepatic cells facilitates clearance of the peptide. In specific

enbodi ments, the peptide is glycosylated to facilitate clearance through
t he Im/erTbt;fsmmtsmgmaby abdpaan or aninpland jgnreferablyp kinans i Aeasancgdaibedt ei n

receptor. gé&réw%mhé Bifduldtisn L RAREE YT Jadii mngr.nga?émbfme%vbmowﬁfﬁrabl y a
human. aranCe Is thus generally fromthe circu ion via > |iver. The

pepti de cI°éB? PFigloglyoRfotejh Fecgator %Pé?ﬁs%ﬁy Benatie cells. lpRdnglSiRiPBYSFEgheIdiR n

receptor eorpigaEsedndd dnipabiget I6adtibs, | eading to internalisation of the
conjugate found at a non-target |ocation. 15The clearing agent of the

i nvention solves the problens associated with an anti body based clearing
agent1d or Théreledriiglagentrod thedaeation solvek xhd groblems hsdooiatedotithbanl aatibagyibgrd so t hat

it Is non: lé%%&%ﬁﬂbﬁheal M@ ‘Tags Nty for the enzynme binding site can be
" . . . . . :

tuned by un : OSI T st!'guthns with alternative am no acids
until thelyequltised |<M lfnplﬁpttlgf wighd s thiah ty isi nondmmusegeic 203) It s | ow nol ecul ar

vei ght al sp mﬁ@éfrﬁmsrtﬁeahey% &Amg'ﬁt@t‘c@ngéiun@uspgud&@ﬂmggo@mbeved with a
much | ower mass than that of the fusion prote ?ﬁpg]roduced as a

synt het i CS%@MQ’&IW'W"RW@W? %Wé?r??!‘é? Ui @Sé%ﬂh‘l‘rég afff“l%%f bt’}q 1&¥8%-c| eari ng
agent2as 3f ewelts pwahblediiarWeightalbo meaesimatd Gverediddrancernsicieatdcanagul at ory

barriers. ac§15|eved with a much lower mass than that of the fusion protein.

4) It may be produced as a synthetic chemical by known chemical procedures, thus the

peptide clearing agent has fewer problems of cost, production efficiency and regulatory

barriers.

25
As mentioned above, ADEPT systems rely upon localisation of enzyme activity through an
antibody, or other binding molecule, which binds to a target location in the subject, such as a
tumour associated antigen. ADEPT systems consist of several molecular modules which co-
operate together to deliver a large but highly localised dose of a drug, such as a cytotoxic

30 agent, to cells that are diseased (e.g. cancer cells) or that are causing disease (e.g. parasitic

cells).

The peptide clearing agent of the invention binds to a conjugate of an enzyme and a binding
molecule, more specifically to the enzyme and in particular the active site of the enzyme.

35  The binding molecule may be any molecule that is capable of binding to a target location and
thus localising the enzyme to that particular location. In certain embodiments, the enzyme is
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| i nked to the binding nolecule so that everywhere a
The enzyme is conjugated with the binding molecule in a manner such that the enzyme is

delivered to the target location by virtue of its association with the binding molecule.
Typically, the enzyme is covalently linked to the binding molecule so that everywhere a

30 binding agent molecule binds, at least one enzyme molecule is bound, too. Thus, the binding
characteristics considered above actually apply to a hybrid molecule, in the form of a binding
molecule-enzyme chemical conjugate or a binding molecule-enzyme fusion protein derived
from a single gene expressing both molecules as a continuous amino-acid sequence, folded
into appropriate functional domains. The enzyme acts to convert a pro-drug to an active drug

35 atthe target location. The enzyme is preferably one that is not naturally present in the
subject to prevent undesired activity and side effects in the subject. The enzyme’'s role is to
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Table 1 — Enzymes useful in the invention to design suitable peptide clearing agents (4)

Enzyme

Prodrug

Drug

Carboxypeptidase G2

Benzoic acid mustard
glutamates

Benzoic acid mustards

Cytosine deaminase

5-fluorocytosine

5-fluorouracil

Carboxypeptidase A

Methotrexate-alanine

Methotrexate

Alpha-galactosidase

N-[4-(a-D-galactopyranosyl)-

benzyloxycarbonyl}-
daunorubicin

Daunorubicin

Beta-glucosidase

amygdalin

Cyanide

Beta-lactamase

Vinca-cephalosporin

Phenylenediamine mustard-
cephalosporin
Nitrogen-mustard-

4-desacetylvinblastine-3-
carboxyhydrazide
Phenylenediamine mustard

Nitrogen-mustards




Benzoi ¢ acid nustards Cytosine deam nase 5-fl uorocytosi ne 5-fluorouracil
Car boxypepti dase A Mt hotrexat e-al ani ne Met hotrexate Al pha-gal act osi dase
N-[ 4- (a- Bvoabaae@yr anosyl ) - benzyl oxycar bonygdaunor ubi ecm/ddaemanuBsci n
Bet a- gl ucosi dase anygdal i n Cyani de Bet a-1 act amase Vi nca-cephal osporin
Phenyl enedi am ne nustard- cephal osporin N trogen-nustard-

4- desacet yl vi nbl asti ne-3- carboxyhydr &i-de Phenyl enedi anmi ne nustard

Ni trogen-nustards WD 2011/ 036457PCT/ GB2010/ 001796 - 6 -

cephalosporin

Alkaline phosphatase Phenolmustard phosphate Phenolmustard
Doxorubicin phosphate Doxorubicin
Mitomycin phosphate Mitomycin alcohol
Etopside phosphate Etopside
Penicillin amidase Palytoxin-4-hydroxyphenyi- Palytoxin
acetamide
Doxorubicin- Doxorubicin

phenoxyacetamide
Melphalan- Melphalan
phenoxyacetamide
Nitroreductase CB1954 5-(aziridine-1-yl)-4-
hydroxylamino-2-

nitrobenzamide

A particularly preferred enzyme in the context of the invention is carboxypeptidase G2
(CPG2). CPG2 is a bacterial peptidase (from Psuedomonas). It is a folate hydrolyzing
5  enzyme, which hydrolyzes the C-terminal glutamate moiety from folic acid and its analogues,

such as methotrexate. Homogenous CPG2 has a molecular mass of 83,000 (Gel filtration)
but following SDS PAGE a molecular mass of 41,400 is obtained, showing the enzyme to be
dimeric. It has two active sites in each functional, intact dimer, and it is dependent for its
structure and function on zinc.

10
The conjugate of binding molecule and enzyme is generally produced either by genetic
means or by chemical conjugation using one of the many known chemical cross-linking
methods. The genetic means generally comprise splicing the respective genes together so
that both the enzyme and binding molecule proteins are expressed as a single combined

15  protein with both functions (“fusion protein”). It is important for the fusion protein not to be
glycosylated because a glycosylated fusion protein starts clearing itself through the liver as
soon as it is given, with the result that less enzyme is delivered to the tumour than with a

non-glycosylated form.

20 In specific embodiments of the invention, the peptide clearing agent prevents or inhibits
enzyme activity upon binding to the enzyme. Thus, preferably, the peptide is not modified by
the enzyme activity. By “not modified” is meant that the peptide retains binding affinity for the
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resistant to enzyme activity is to incorporate one or more D-form amino acids. For example,

S inclusion of a D-amino acid glutamate in a peptide clearing agent designed to bind to the
active site of CPG2 may act to prevent hydrolysis of the peptide bond at this amino acid.

The binding molecule-enzyme conjugate binds at a target location. This is typically a cell
type of interest, such as a tumour cell, for example. Specific binding at the target location
10  may be due to binding to an antigen specific for the cell type of interest. In specific
embodiments, the target location is an antigen expressed by tumour cells. Thus, for example
in the case of oncological applications, the antigen expression should ideally be specific for
the cancer cells, to avoid the risk of attacking non-cancerous host cells. The antigen is
preferably tumour-specific, although it may be tumour associated. In addition, the antigen
15  should be stably expressed on the surface (membrane) of the cells of interest. However,
transient expression prior to release or shedding is possible in the context of the invention.
The antigen characterising the target location preferably is not rapidly internalised, either
spontaneously or when it is bound by the binding molecule. The reason for this is that the
prodrug is typically administered systemically and intracellular enzyme would not readily
20 interact with a prodrug in the circulation. One specific example of a target location is cells
expressing the antigen known as carcino-embryonic antigen (CEA). This antigen is
expressed by a substantial proportion of colorectal carcinomas (CRC) and thus permits
localised treatment of CRC. Antibodies and derivatives capable of binding CEA are known
in the art, such as ScFv anti-CEA discussed herein, which may or may not be produced as a
25  fusion protein with CPG2.

The peptide clearing agent of the invention binds to the asialoglycoprotein receptor
expressed by hepatic cells. This leads to internalisation of the conjugate found at a non-
target location. Thus, binding of the peptide to the asialoglycoprotein receptor expressed by
30 hepatic cells facilitates clearance of the peptide. In specific embodiments, the peptide is
glycosylated to facilitate clearance through the liver by binding to hepatic cells expressing an
asialoglycoprotein receptor. Thus, the peptides comprise of an amino acid sequence that
binds to the enzyme with a binding affinity that permits complexes to be formed in the
circulation between the peptide clearing agent and the conjugate of binding molecule and
35 enzyme with sufficient stability to reach the hepatic cells and to be taken up via the
asialoglycoprotein receptor. However, the off rate of the peptide clearing agents must be
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studies using Surface Plasmon Resonance (SPR), which is a well known technique (and

commercially available, for example from GE Healthcare — Biacore system). Data obtained

25  using a suitable instrument may be analysed by appropriate software to automatically derive

the relevant parameters. An appropriate binding model may be applied by the software to

ensure the fit to the curves is as close as possible. A chi2 value of less than 0.2 may be

considered an acceptable fit.

30 In specific embodiments, the data may be obtained using commercially available
Biaevaluation software using a single state binding model (1:1 Langmuir binding model). The
peptide clearing agents of the invention may thus display on rates (association rate
constants, Ka) of anywhere between around 1 x 10° M's™ and 1 x 10" M™'s™ in certain
embodiments, or between around 1 x 10* M's™ and 1 x 10° M''s™, or between around 1 x

35  10°M's" and 5 x 10°M's™ Specific Ka values for certain peptides of the invention are
described herein (Ka of 2.26 x 10° M's™). The peptide clearing agents of the invention may
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%e invention may display first order off rates (disassociation
rate constants, Kd1) of anywhere between around 0.001 s and 1 s™ in certain

30 embodiments, or between around 0.01 s and 0.1 s™or between around 0.01 5™ and 0.05 s
or 0.03 s™'. Specific Kd1 values for certain peptides of the invention are described herein
(Kd1 of 0.0258 s™'). The peptide clearing agents of the invention may display second order
off rates (disassociation rate constants, Kd2) of anywhere between around 1 x 10° s and 1
x 10" s in certain embodiments, or between around 1 x 10 s and 1 x 102 s™* or between

35 around 1x10°s" and 5 x 10°s™. Specific Kd2 values for certain peptides of the invention

are described herein (Kd2 of 1.58 x 10° s™).
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not act as substrates for enzyme activity are described in detail herein. Thus, the sequence
25  and structure of the peptide clearing agent of the invention is typically determined by the
active site of the enzyme of interest. In certain embodiments, the peptide is a substrate
analogue which binds the active site but is not converted by the enzyme. Thus, the starting
point for the peptide may be the sequence of the substrate molecule, which may then be
modified accordingly to produce a peptide clearing agent.
30
For example, the natural substrate of CPG2 is folic acid. Folic acid is a molecule consisting
of pteroic acid linked via an amide bond to glutamic acid. CPG2 hydrolyses the glutamate-
pteroic acid amide bond. Thus, the peptide of the invention may be based upon this
structure. In specific embodiments, the peptide comprises the glutamate residue, but in the
35 D-form (as opposed to the naturally occurring L-form). The peptide of the invention may
comprise the sequence - Tryptophan-phenylalanine-glutamate (WFE), optionally
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characteristics. Examples include 2-Aminoadipic acid (Aad), 2-Aminoadipic acid (bAad),
beta-Alanine, beta-Aminopropionic acid (bAla), 2-Aminobutyric acid (Abu), 4-Aminobutyric

25  acid, piperidinic acid (4Abu), 6-Aminocaproic acid (Acp), 2-Aminoheptanoic acid (Ahe), 2-
Aminoisobutyric acid (Aib), 3-Aminoisobutyric acid (bAib), 2-Aminopimelic acid (Apm), 2,4-
Diaminobutyric acid (Dbu), Desmosine (Des), 2,2’-Diaminopimelic acid (Dpm), 2,3-
Diaminopropionic acid (Dpr), N-Ethylglycine (EtGly), N-Ethylasparagine (EtAsn),
Hydroxylysine (Hyl), allo-Hydroxylsine (aHyl), 3-Hydroxyproline (3Hyp), 4-Hydroxyproline

30 (4Hyp), Isodesmosine (Ide), allo-Isoleucine (alle), N-Methylglycine, sarcosine (MeGly), N-
Methylisoleucine (Melle), 6-N-Methyllysine (MeLys), N-Methylvaline (MeVal), Norvaline
(Nva), Norleucine (Nle) and Ornithine (Orn).

Specific peptide clearing agents of the invention which bind to CPG2 and effectively inhibit
35  enzyme activity are described herein. Such peptides may comprise, consist essentially of or
consist of the following amino acid sequence:
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hydr dghobicity or silze fgk._examM e, as would be apparent to one skilled in
the art. Thus, fq anpl e,~@m no aci ds such as glycine, alanine, valine,

| euci ne 10and i sd me whi ch each have aliphatic side chains may be
substituted for ohg _gmother in certain enbodi nents. Phenyl al ani ne, tyrosine
and tryptophan each aromati ¢ side chains and nmay thus be substituted
for one another in dg h enbodi nent s. Cystei ne and net hi oni ne both have
sul phur - cont ai ni ng sitte~Chai ns and may t hus be substituted for one another
in ceriain enbodi nents. @erine and threoni ne have aliphatic hydroxyl side
chai ns 15and thus may be substituted for one another in certain

enbodi ments. Lysine, arginine and histidi ne have basic side chains and thus
may be suByehia dipentide irshowa hareiit tealisplay theedeasiiphprongitien arsaeisted ndp arcieatied and
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aci d {#\cp), 2- Ami noheptanoic acid (Ahe), 2- An1n0|sobutyr|c acid (A b),

3- An1n0|sobut /ri c_aci 2- Am no nellc
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2,3- Di arrbml@rsaﬁltmmn@amdsédmh&e. N- Et hyl gl ycine (Etdy), N Ethylasparagine

(Et Asn), Hydroxylysine (Hyl), allo-Hydroxylsine (aHyl), 3-Hydroxyproline

(3Hyp), 4-Hydroxyproline 30(4Hyp), |sodesnosine (ide), allo-Isoleucine

(alle), NsamreH$egHydanire (Aar sogiomaplithbiClayid (ANA) \Mpiutayiates@1o YSEQLD N@:[1).e) ,

6-N-Mg hyl I'ysine (MeLys), N-Methylvaline (Meval), Norvaline (Nva),

Nor | eucine (Nle) and O nithine (On). Specific peptide clearin agents

of the i nVempenryte May &R Medifgd tofaciitets enmanset Enerneptids may b giyeosgigied

activity %l@bl@@é&ddettsgem{tﬂhd%g DU PatRefiid S@FesRY tmamgmop,@wweséptor

essentlally of _or
In"specific embodiments the serine residue is glycosylated. The peptide may comprise

additional amino acid residues, as discussed herein, up to a maximum of 10, 20 or 30 amino
35 acids as appropriate, such as a total length of 4, 5, 6, 7, 8, 9 or 10 amino acids. The



consist of the follow ng am no acid sequence: - 12 - Am no-naphthoic acid

(ANA) - glutamate (Qd u) The peptides of the invention may conpri se,
consi st eseeantiimbisy of or consist of a dipeptide of 5forowlaB2b10/001796
HO ..,,,.,.-- 0 0") NHHN 15(1) Such a dipeptide is shown

herein to dlsplay the desired properties associated with a clearing agent
of the invention. The peptide has nanbdfotar affinity for the active site of
CP& and is not acted upon as a substrate. The IC50 is on the m cronol ar
scal e, between 50 and 150 pM 20nore specifically around 88.5 pM As

descr i bedpémides of the¢ meeniiep riayepmpriseq dahisist essentialipohati cogsistioé apeptidedf si t e of

t he enzyn}%i ISt al so bind to the asial ogl ycoprotein receptor expressed by
hepatic ce Ts to facilitate clearance through the liver. Thus, this basic
di peptide may be extended to permt clearance, as discussed herein. Such
peptides may bg 3, 4, 5, 6, 7, 8 9 or 10 or nore amno acids in length and
may be gl cos I ted %éﬁln sp@plflc e PHents of the invention, the
peptide c co stld egsentially |of or consists of the am no acid
sequence: E@ A RH (B a) < am no-naphthoic acid (ANA) -
glutamate (G u) (SEQ ID -cﬁ%- 30 lThe/ pepti de may be nodified to
facilitate clearance. The pept naM bg gl ycosyl ated at a suitable residue
to permt binding to hepatic expr é8ki ng the asi al ogl ycoprotein
receptor. In specific enbodi nent he serine residue is glycosylated. The
pepti de may conprise additional no acid residues, as discussed herein,
up to g.naxinun1of 10, 2800r 30 am no

Such a peptide is shown herein to display the desired properties associated with a clearing
agent of the invention. The peptide has nanomolar affinity for the active site of CPG2 and is
not acted upon as a substrate. The ICg is on the micromolar scale, between 50 and 150 uM,
10 more specifically around 110 uM. As discussed above, the peptides of the invention may
contain D-form amino acids as opposed to the naturally occurring L-form (different optical
isomers). In particular, the glutamate residue may be provided in the D-form. Also as
discussed herein, substitutions and in particular conservative substitutions may be made to
any of the amino acids in the peptide, provided functionality as a peptide clearing agent of
15 theinvention is retained.

The peptides of the invention offer advantages over antibody based clearing agents as they
are minimally immunogenic. This is due to their relatively short length. Each peptide
clearing agent of the invention comprises of two distinct domains, despite their typically small

20  size. The first domain comprises the short sequence of amino acids which bind into the
active site of the target enzyme, but without being covalently altered by the action of the
enzyme (as discussed above). This domain may include non-natural amino acids, such as
D-form amino acids, which prevent the enzyme acting on the peptide once bound into the
active site. Thus, in certain embodiments, the first domain of the peptide of the invention is

25 no more than 10, 15 or 20 amino acids in length. In more specific embodiments, the first
domain of the peptide is between 3 and 10 amino acids in length, such as 3,4, 5,6,7,8,9 or
10 amino acids in length. In a specific embodiment, the peptides, or first domain thereof, are
heptapeptides.

30 The second domain binds to the asialoglycoprotein receptor expressed by hepatic cells. This
leads to internalisation of the conjugate found at a non-target location. Thus, binding of the



35acids as appropriate, such as a total length of 4, 5, 6, 7, 8, 9 or 10
am no acids. The - 13 - peptides of the invention may conprise, consi st
essent i alwp 20f1/3645c0nsi st of a peptide of forrmula I1: @dTHdEFLADIDEH O O
CH Such a peptide is shown herein to display the desired properties
associated with a clearing agent of the invention. The peptide has

nanonmol ar affinity for the active sitdtof CP& and is not acted upon as a
substrate. The 1C50 is on the mcronolar scale, between 50 and 150 pM
10nore specifically around 110 pM As di scussed above, the peptides of the
i nventi onperﬁiyle toothe asinlofly Eaproteiameaepton explessad by permdie deltsdadilatenceanmade of
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bound i nt g, gpegﬁaé ﬁﬁnﬁét&%chmu&s td areq@fhtsmﬂ% @fm%fw@lgoosm@%ﬁden@tnedom n

of the peptid e invention I's 25n0 nore am no aci ds
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15 residues. Multiple galactose moieties may be added, each separated by one or more spacer
amino acids. Thus, the spaces between further galactosyl serine residues can be
constructed with one or more further amino acids so as to optimize the orientation and
disposition of the galactosyl groups. Of course, alternative galactosyl amino acids can be
used in place of galactosyl serine as appropriate.

20
It is also important that the amino acid sequence of the peptide does not mimic any active
peptides of the (human) subject; otherwise it may have undesired biological activity.
Moreover, the peptide should not bind to (the active sites of) any endogenous (human)
proteins which may result in undesired activity, in particular enzymes or receptors.

25  Candidates may be identified using amino acid sequence database searches and then tested
using appropriate in vitro testing for example.

Typically, the peptides of the invention are chemically synthesized. However, recombinantly
produced peptides may be employed, as desired. Recombinantly produced peptides may be

30 subsequently glycosylated following expression, or may be glyscoylated in the cell if an
appropriate cell type is selected to direct expression. Suitable reaction schemes for
producing the peptide clearing agents of the invention are described in greater detail herein,
with reference to the experimental examples.

35  The peptides of the invention may be produced by any suitable technique. They may be
produced by means of random peptide libraries arrayed on the surface of genetically



- 14 - peptide to the asial oglycoprotein receptor expressed by hepatic
cells facilitates clearance of the peptide. In specific enbodi nents, the
pepti de cwopoiwssssei t her a continuation of the am no aciPdTEEUBNMDETSr an
alternative chem cal structure attachnment. Each carries one or nore pendant
sugar, preferably gal actose, groups capable of binding and uptake by
hepatic 5cells bearing the asial ogl ycégrot ein receptor. Thus, in specific
enbodi ments, glycosylation of the peptide clearing agent of the invention

i nvol ves coupling of one or nore gal actose groups. In specific enbodinents,
t he secondnglmémvimeaqwri@és(pba@e displayn tveo- I@dulrid@yslsryi; etsgrarsgnthgsized aadi ds (i . e.
gal act ose i xyl group)
to generat g%%l fg&,{,%u eld%é@%e%?eg d;ﬁ@ b\'?es ie{lgﬁﬁﬁédzgﬁgg)(&e?m ally
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gal act osyl serl ne as a I at e I's alsg inportant that the am no

aci d sequéh‘&@'"é\“gtsﬁ%ueﬁép?‘l" thg gesired ffinfly ancsresificiyamerge- p@fﬂsﬁ%l?@")bﬁ & he
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tide should not  Dbi e a e sites. of ny.
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part il aandglysusplatior receptors. 25Candi dates may be identified using am no
aci d sequence dat abase searches and then tested using appropriate in vitro
testing for exanple. Typically, the peptides of the invention are
cheni cal | yhesy fierievsntienialso-prigeides a method wbpiadyaingalp opliniged) pgrlsiei dRegngay be

enpl oyed, 2gsnt deHk iREnticReeRPREIAGNT | y pr oduced pept| des may be 30subsequently
gl ycosyl ated fol | owi ng expressi on, yscoylated in the cell if an

appropriate cel| &ypEPPENGsRN AERYS] p?‘ﬁ"’l? P@E‘?”a@kb?ség é’PB‘ha sigfling KBPIer eact i on

schenes for produci agichlea ﬂﬁ&tdrd%nﬁlb@ﬁtbflﬂga@f@?rﬂb%umﬁra’t&e invention are
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arrayed on the surf Qﬁ@sé?éctiﬂ&%% Gh bmding\gﬂg%ﬂ/ 036457PCT/ GB2010/ 001796
c. optionally modifying the amino acid sequence of the peptides with binding
25 affinity in step b and repeating step b using the modified peptides to test for
an improvement in binding affinity
d. optionally performing a substitution at each residue of the modified peptides
found in step ¢ to have improved binding affinity and repeating step b to
determine if any of the substituted peptides have further improved binding
30 affinity
e. optionally determining whether the peptides resulting from step ¢ or d (with
improved binding affinity) have the ability to prevent or inhibit enzyme activity
f. optionally confirming binding specificity for the enzyme by testing with a range
of control proteins from the subject
35 g. testing the peptides for the ability to bind to the asialoglycoprotein receptor
expressed by hepatic cells to facilitate clearance through the liver



- 15 - engineered viruses or cells (phage display, two-hybrid systens
etc.), or synthesized and arrayed on structured surfaces (e.g. PEPSCAN

|'i brari eswo 20hw3t@rget enzynme will be exposed in aqueougcs@B2bionn119e such
surfaces upon which the peptide is arrayed, according to PEPSCAN protocol s,
which will then be processed to detect binding of the enzyne to the
5surface via the displayed peptide.-The first rounds of this procedure may
result in only weak binding, but positive binding sequences may then be
used as starting points for further nodifications including extension to
produce | ongewhepeiptsteoes andhéfsmrfommugiecarpmar@mwweithmd@@ng61’69@:@0 band
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the enzyme in several rounds to identify the strongest binders. In certain embodiments, the
starting peptide is a short peptide designed to bind to the conjugate of binding molecule and
enzyme, and in specific embodiments the enzyme, especially the active site of the enzyme.
The starting sequence and structure of the peptides may be determined by the shape of the

25  active site of the enzyme of interest. In certain embodiments, the starting peptides are
predicted substrate analogues which may bind the active site but are not converted by the
enzyme. Thus, the starting point for the peptide may be the sequence or structure of the
substrate molecule, which may then be modified according to the methods of the invention to
produce a peptide clearing agent. In specific embodiments, it may be a tripeptide. For

30 example, as discussed above the natural substrate of CPG2 is folic acid. Thus, the starting
point for the methods may be based upon this structure. In specific embodiments, the
peptide starting point comprises the glutamate residue found in folic acid, but in the D-form
(as opposed to the usual L-form). The starting point peptidve may comprise the sequence -
Tryptophan-phenylalanine-glutamate (WFE), optionally incorporating glutamate as a D-amino

35 acid rather than an L-amino acid. Alternatively, the starting point could be the dipeptide
ANA-GIlu or the peptide of SEQ ID NO:1 (Ser-Ala-ANA-Glu). The methods of the invention



wherein steps e and f, if perfornmed, can be carried out in either order and
step g can be carried out at any point in the method, including providing
an array wopapiBs4es in step a capabl e of binding to thecasimbogloymepr ot ei n
receptor expressed by hepatic cells to facilitate clearance through the
liver. 5 The peptides in step g may be nodified to ensure that they can
bind to the asial ogl ycoprotein receptb? expressed by hepatic cells to
facilitate clearance through the liver. Thus, in specific enbodi nents of
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that successfully bound the enzyme (following the appropriate wash steps). A specific
example of the method is set forth in example 1.

30  Optional step ¢ typically involves extension of the peptide amino acid sequence in an attempt
to improve binding affinity. Other modifications may, however, be made such as
substitutions with non-natural amino acids to replace the existing amino acids. The
extension may be by 1, 2, 3, 4 or 5 amino acids at a time in certain embodiments. The thus
extended peptides are then re-tested according to step b to determine which modifications

35 lead to an improvement in binding affinity.
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hepatic cells. This leads to internalisation of the conjugate found at a non-target location.

30 Thus, binding of the peptide to the asialoglycoprotein receptor expressed by hepatic cells
facilitates clearance of the peptide. In specific embodiments, the peptide or peptides are
glycosylated in order to be useful as clearing agents in the invention. This may occur at any
point in the methods. Typically this occurs once one or more suitable candidates have been
produced according to the methods of the invention. it may occur prior to further testing of

35 the peptide or peptides. Particularly in phage display type embodiments, glycosylation occurs
following isolation of candidate binding peptides — the peptides expressed by the phage will
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25
BRIEF DESCRIPTION OF THE DRAWINGS
Figure 1: HPLC spectrum of the CP014 galactose moiety acetylated product
Figure 2: HPLC spectrum of the CP014 galactose moiety deacetylated product
30

Figure 3: ESI Data (electrospray mass spectrometry) confirming the structure of CP014

Figurg 4: Inhibition of the CPG2 enzyme activity of ScFV anti CEA-CPG2 by CP014 showing
CP014 is an inhibitor of ScFV anti CEA-CPG2 . The calculated IC50 is 110uM.
35



may al so be coined in ternms of nedical use. Thus, the invention provides a
peptide of the invention for use as a clearing agent in a treatnent nethod
i n whi ch wo 28nzoses7i s used to convert a prodrug to an aetigB2drugiiokr ough
| ocal i sation of the enzyne via a conjugate of a binding nolecule and the
enzynme, in particular in antibody directed enzyne pro-drug therapy
20(ADEPT). Sinmilarly, the invention-pE8vides for use of a peptide of the
invention in the manufacture of a clearing agent for use in a treatnent
met hod in which an enzyne is used to convert a prodrug to an active drug

t hr ough | éigate 5 &Resdts dfbmples reshassar shavan@C B isigaitterned oeerlby ISdFVigntir6EAcul e

Therapy ( SOEETobSERE IR et Mol eRR i Y RSSO P B8 By o 19

spect r um eesitiveecodrgs. 4 hg absance stfluanssencesignalwittt tog Grode d@morﬁtrgt@s éhaz HPLC

spect rum gbchhenstRBik4o g8d Red 9360satect Y deacetyl ated product 30 Figure 3:
ESI Data (el ectrospray nmass spectronetry) confirmng the structure of CP014

Figure®4: Inhibition of the CPG enzyme activity of ScFV anti CEA-CPQ& by

CP014 s howigtl@ @Qibéoriesuamhbwmgbri.té@bmfofSxpléw and ScFvEhi JRB2CPGT ssighal cul at ed
I C50 is 110 Results of anplex red assay show ng CP014

i s not tuPWged" Mn%@1§é_@%rwf indipAModel >~ substrates Folic acid and

nmet hotrexate in the anplex red assay are shown as positive controls. The

absence Of Ll RIGRRAES! Haholt NS, EROYE dedRIR/ Ahag, bhay, CP2 15 ot

able to us€ it as a OW ng
interktion of CP014 and ScFv anti CEA CP& fusion protein applying a 1:1

Langnui r 'Plfﬂ(%' éwsae&éldat déhQWnS @%af&%@%h%.ﬁd StrIENICPES fRfonBi acore

data to 1:T Langmnuir Figure 6¢c: Biacore data show ng
i nteracti 8retedn aQHhG'lgfla aﬁﬁ’teéf@ﬁ‘“vt'oﬁrﬂl CEA- CP&2 fusion protein applying a 2
state reaction fit. Figure 6d: Residuals plot showing fit of Biacore data

tSﬁO\?VI ﬁ;a':rgjg q(yoﬁgﬁ‘g‘t?‘gf klg;eﬁhgg{pggggf@acore S5STPs gl%te'%anasngs g4 rum of CP0OOG

Figure 7: Electrospray Mass Spectrum of CP006 showing major molecular weight peaks.

Figure 8: Inhibition of ScFv anti CEA-CPG2 fusion by CP006 in an inhibition assay. Raw
spectral data

20
Figure 9: Inhibition of ScFv anti CEA-CPG2 fusion by CP006 in an inhibition assay. Inhibition
curve showing an 1C50 of 88.5 uM.

Figure 10: Amplex red assay results showing low substrate activity for CP006 and MFECP.
25  The substrate concentration was 12.5 pM.

Figure 11a/b shows flow cytometry results of a control against auto-fluorescence with a
control (CEA surface antigen negative) cell line (CRL 1573).

30  Figure 11c/d shows flow cytometry results for a control against CPG2-PE binding with a
control (CEA surface antigen negative) cell line (CRL 1573).

Figure 11e/f shows flow cytometry results for a control against ssFV anti-CEA-CP-PE binding
with a control (CEA surface antigen negative) cell line (CRL 1573).
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Figure 8: Inhibition of ScFv anti CEA-CP& fusion by CPO06 in an inhibition
assay. Raw spectral data Figure 9: Inhibition of ScFv anti CEA-CPQ& fusion
by CP006 wo 2an/d3adsi7bi ti on assay. |nhibition curve show rgTasB2b 080135 88.5
pM Figure 10: Anplex red assay results showing | ow substrate activity
for CPO06 and MFECP. 25The substrate concentration was 12.5 pM Figure
11a/b shows flow cytonmetry results of2%h tontrol agai nst auto-fluorescence
with a control (CEA surface antigen negative) cell line (CRL 1573).
30Figure 11c/d shows flow cytonetry results for a control against CP&-PE
bi ndi ng wFighreal 1gthrehowes fiGWCEAoBElrY medtsdota gatrolrepgasi shepp eati-CEAIRRLIGDRL. 1573) .
Figure 11 I rol agai nst ssFV

anti - %@?—’E bi ng'i'éﬁp r&%ﬁ%ggﬁ%@éﬁ{;aﬁ&é‘) %E}éé){J a@gagnt i gen negative) cell

l'i ne (CRL 1573). WO 2011/ 036457PCT/ GBZOlO/ 001796 - 21 - Figure 11g/h shows
flow cyt Oﬁ?%yﬂf/ﬁ'v‘nwv& ol @ﬁoﬁe@ﬁ@%ul&'foraél&nﬂ&tag%m@ﬁ%mml @A* B&atlhitdi ng wi th

a control surface antig g ative) % Fi gure
11i /j ShoWeusa-BaLwging wih |a>P°Pfé‘§&¢'F S‘F’Eﬂceé’”EQ?Ht"teS?t'Vﬁb%"ﬁ'§F (QA@B STt i - CEA +

goat anti- 5nouse- PE bi ndi ng W|th a control (CEA surface antigen negative)

cell line_ 157 FiLqure 12a/b fl.0 met r resul Lf contr ol
agai nst aﬁé%lzﬁg’rsgé‘%h@é ﬁi"{‘ﬁtw 02%?:?%}50 a%%ﬁ?@?m %8 SSrTVE ™ (':tgﬁleﬁpi ne

( CCl - 229) surfboéngtiges pb&itivedced inevCG4289). cyt onetry resul ts for a control

agai nst CP&2-PE binding with a CEA surface antigen positive cell line

(CQ -229). Figure 12e/f shows flow cytonmetry results for a control against
ssFV Xht | Figma-12pidrpRows fiel agometnhresultsHw aseantrel@gainpt ¢RerPpdindinowdthaCEA| | ne

(CA - 229)surﬂa‘ée%hﬂjéh‘éEA?\%(E&II%F@t’é‘leZbQ)’V cytonetry results for a control

agai nst sheep ant’ - binding wth a CEA surface antigen positive cell
line (CCl-229). Figure 12i/j shows flow cytonetry results for a
control agigurestzeMemswthi cy%trv rgm:; fok Atcontdol AgEING s REaiti-CEATP-PE bihdiag CEA

surface anb\wgﬁ positive cell ¢ ' '}C?:\%: . The invention will be
descri bed?” Hpeh 'g?fbp?%'eFSH $5%7n-1i m ting exanpl es:
15
Figure 12g/h shows flow cytometry results for a control against sheep anti-CEA-PE binding

with a CEA surface antigen positive cell line (CCI-229).

Figure 12i/j shows flow cytometry results for a control against A5B5 anti-CEA + goat anti-
20  mouse-PE binding with a CEA surface antigen positive cell line (CCI-229).

The invention will be described with reference to the following non-limiting examples:

Example 1 -Generation of a clearing agent comprising a glycosylated binder peptide
25  for the enzyme CPG2.

A library of tripeptides is synthesised in the form of the PEPSCAN technology (2 & 3). The

peptides are synthesized by robotic means attached to the inside surfaces of plastic wells.

The first peptide in the series is based on the structure folic acid, which is the natural
substrate for CPG2. Folic acid is a molecule consisting of pteroic acid linked via an amide
30 bond to glutamic acid. CPG2 hydrolyses the glutamate-pteroic acid amide bond. This first
tripeptide has the following sequence - Tryptophan-phenylalanine-glutamate (WFE), but the
glutamate is a D-amino acid rather than an L-amino acid because it is intended that the
glutamate-phenyalanine peptide bond should not be subject to lysis by CPG2. This
sequence is chosen as it has the closest resemblance to folic acid possible with a tripeptide,
35 having a bicyclic nitrogen substituted ring structure at the amino end, a six-membered
aromatic ring in the middle and glutamate at the carboxy end. The rest of the tripeptide
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in the fowonofraskes7PEPSCAN technol ogy (2 & 3). The pept pdessBR0B/®Y6hesi zed
by robotic neans attached to the inside surfaces of plastic wells. The
first peptide in the series is based on the structure folic acid, which is
the natural substrate for CP&. Folirc23cid is a nol ecul e consisting of
pteroic acid linked via an am de 30bond to glutam c acid. CP& hydrol yses
the glutamate-pteroic acid am de bond. This first tripeptide has the
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Finally. TheoHElls RLaoBes ERRhal Sl o0l AR HRICIALIANG UL 0o PRRELANd cTeT
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the strength our irectly proportiona he anount 0
that has BoRipding faﬁtﬂltﬁatl ng the strength of binding (affinity). 20 The
sequepges that have bound CPGZ are not ed and ranked. The hi ghest bi nding

sequence L t hen used r t r Ki an arr.ay of extended
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applied again to bi'nders agai n identi
and r ankedtray of peptides was created. The same assay procedure for the detectlon of CPG2 bmdmg

25 is applied again to these wells, and the strongest binders again identified and ranked.

The entire procedure is repeated again to add a further two amino acid extensions to identify

the strongest binding heptapeptides. The strongest binder is then subjected to a full

positional scan to determine whether any variations of the best binding sequence can give
30  still stronger binding.

At any step in this sequence of assay steps, it is possible to go to the next strongest binder
and create peptide variations of that sequence, which is a procedure that can be followed if a
stronger binder is not detected in the library derived from the strongest candidate.
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The entire procedure is repeated again to add a further two am no acid
extensions to identify the strongest binding heptapeptides. The strongest
bi nder i swohen/sulszected to a full positional scan to detcergsom/os®sher any
vari ations of the best binding sequence can give 30still stronger binding.
At any step in this sequence of assay steps, it is possible to go to the
next strongest binder and create peptfde-variations of that sequence, which
is a procedure that can be followed if a stronger binder is not detected in
the library derived fromthe strongest candidate. WO
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used. 5Once a satisfactory binding sequence has been found, sanples of the
free peptide can be synthesized in sufficient uantlty to undertake further
exper i renfaes Bﬁatéﬁfﬂft%v@ﬁ'a% aesence hasheepfeundasamplesaf diefeeeeRtidsecaRde wi t h
ext gnSI( QHSyrﬂﬁesQleB ResuffRRest qtfzﬂﬂ@lt@h?dajtz@% fuather eﬁbergmérﬁat@maadﬂfé@]dﬁnﬁat.i iRe ami no
acids (i.e... actose co Laked 19 the resi t he serine
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i sol ated rat hepatocytes al act osyl serine can |rectly to
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pr ef er abl yhoaBEd initko BEBE SE& b1 |§Méte@QDYF|§¥$I@&|r£Hr b9 MD1addd ADeda@lcytes.ne r esn dues.
The spaces between further gal actosyl serine residues can be constructed
with one or nore further amino acids so as to optim ze the orientation and
di spass t i Ohe gélattbsy| sminactioby bddpdalinestly t2 theQidptapeptiteat viasylinkerdnnoo agd ds can
be used i e I | apl e and
are anena r&&?&e%"ﬂ'f]o %sfﬁ esrgéhﬁﬁﬁels@%’ec#saa@t%n%g%c{&@ﬂé on? M%H; - bi ndi ng
pepti des wsidupe B@maemtweertfhmermﬂﬂcmeyl@e@zﬁreseuasmg@e@ﬁn%@éteﬁwtbat e
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of characterization and selection in terns of binding to hepatic cells,

bi ndi ng t 82/@®esy! I9LRDi | ity to proteases, stability in storage, |ack of
toxicigy etc. A range of these peptldes will be generated in order to

sel ect pept.ides th af f MRt C ed t he ff|n|ty of
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A number of CPG2-binding peptides can be developed in this way to create a range of
25 candidate molecules. Each candidate molecule can then be subjected to further rounds of
characterization and selection in terms of binding to hepatic cells, binding to CPG2, stability
to proteases, stability in storage, lack of toxicity etc. A range of these peptides will be
generated, in order to select peptides with affinity for CPG2 that is matched with the affinity of
the targeting molecule that binds to the cancer antigen (i.e. an affinity that is approximately
30 10 fold lower than the affinity of the targeting antibody for the cancer antigen).

Example 2: Clearing agent enzyme binder CP014

Chemical description and graphical representation of the compound designated
CPO14
35



Exanpl e 2: C earing agent enzyne bi nder CP0O14 Chem cal description and
graphi cal representation of the conpound desi gnated CP014 WO

2011/ 036450RCIH/(GBA610/ 001796 Compound of formula Il : pCP&B2010/001796

H Ser (Gal ) - Al a- ANA-d u- OH Met hod of synthesis and purification Peptide
CP014 was synt hesised by solid phase peptide synthesis (SPPS) using a CEM 5
Li berty M crowave Synt hesi ser and by ptication of Fnoc chem stry (Schene
1 where R =resin). The resin Fnoc-Qd u( O Bu) - NovaSynTGA ( Mer ckBi osci ence)
was enpl oyed on a scale of 0.1 mml. All subsequent Fnoc-building blocks
wer e purchased from NeoMPSpHBachem and Mer ckBi osci epce,,, The FMoc- serine
gal act ose (acetyl protggtedjo was alpjai ned 6rom Dext ?'abs 10 SPPS Step 1
SPPS Step 2 15Schenme ¥ goupl i ngy cofidi tions: BTC, collidine, THF,
MA 50 C. SPPS Step 3 HO™ oH NH O

CH:‘J\

Compound of formula lI: CP014 H-Ser(Gal)-Ala-ANA-Glu-OH

Method of synthesis and purification

Peptide CP014 was synthesised by solid phase peptide synthesis (SPPS) using a CEM
5  Liberty Microwave Synthesiser and by application of Fmoc chemistry (Scheme 1 where R =

resin). The resin Fmoc-Glu(OtBu)-NovaSynTGA (MerckBioscience) was employed on a

scale of 0.1 mmol. All subsequent Fmoc-building blocks were purchased from NeoMPS,

Bachem and MerckBioscience. The FMoc- serine galactose (acetyl protected) was obtained

from Dextra Labs.

10 SPPS Step 1

FmO(hH 0 g \k Fmo(i\leOk g \|<

Fmo(N

Scheme 1: (i) Coupling conditions: HBTU, DMF, DIEA, NMP, 90 mins.

L 0 F'“°$1H 0 \|<
AN\‘)L (i) Fmoc
Fmoc OH -—-———-—-» CH

SPPS Step 2

CH;,

15 Scheme 2: (i) Coupling conditions: BTC, collidine, THF, MW, 50 "C.

SPPS Step 3

0 ° o\ﬁ QA 0.0

OAc Fmoc N\I/U\ Acoéyoe\ HN H a \|<

e} HN’ Fmoc NH O fo) ; N

AcQ : . AcO> onc \l)\NH o}

AS o\/\n/on CH " o 0 L o
OAc O N _— N

Scheme 3: Coupling conditions: PyBoP, HOBt, DIPEA, DMF, MW.



H FnocN oHN'Fnoc @ QAc O0....,"--,irOHCH WD 2011/ 036457PCT/ GB2010/ 001796 -
25 - O eavage of Peptide fromResin and Purification On conpletion of the
synt hesi swohei1wmssisn was washed with DCM (10 mL) and Et OlctsB20loyooaryd dri ed
in a desiccator for 24 h. After 24 h the conpleted peptide was renoved from
t he desiccator and subjected to a 10 nlL solution of 95 % TEA, 2.5 % d. H20,
and 2.5 % TIPS for 5 3 h. After this 2%ne, the reacti on was evaporated
under reduced pressure to afford a colourless oil. The oil was precipitated
in cold TBME to yield a crude brown solid (Schenme 4). The crude product was
di ssol vedCleavag¥Oof{Reptidé froth Redik @hld iParificatd® and t hen further diluted with

600 piL b3 e&%p%(ﬁoq\kf(tﬁe g’yn%e-ggﬁf)we rdsiEad Yv!aéh%ﬁ%ﬂzgad’rﬂm Rid ,Ln[ &t BB QIR 2

reverse p rogram on um an gr adi | uti on
of 5 to 196 dieNHTH dpelcqa»orlfo%‘trIIA)‘\ftgwaf h e eamplated peprlﬁe waétrernweérfrom e for

the produgdsiceol 8% é&i&c\’&a% 319 rﬂﬂ Bl o5 38PN & & AHIE, ahl-2. 5T *?oenPQlfdreCt ed

fracti ons were conmbi ned and reduced under pressure to afford brown oi l

whi ch Sas3 d1- Aftsr vbig time. thZGa?“Q“ W3S §YRPOEAYs] spdesdreflyced, %réi%!"%irt%arﬁf@rda? 0.2
nmBar for ddodnetoinf Tiey 6l @a@bt@%ltaﬁéﬂ indeold TBME $6 hiefea drudé blownl o e8heme
conditions: TFA, TIPS, d.H20 li 3 h,
4), The ¢rude product was dissolved in 500 pL of 50 % MeCN in d.H,O and then further
diluted with 600 puL of 5 % MeCN (0.1 % TFA), then filtered and purified employing a reverse
phase program on an Onyx C18 column and applying a gradient elution of 5 to 100 % MeCN
10 (0.1 % TFA) over 12 minutes. The retention time for the product collection was 5.6 minutes
at 280 nm (Figure 2). The collected fractions were combined and reduced under pressure to
afford a brown oil which was dissolved in d.H,O (4 mL) and subjected to freeze drying at 0.2

mBar for 18 h to afford a brown solid.

OAc W< Pho Oy _OH
ACO [o] . ACO&\ Hzf:l H (o]
@i :
AcO 0A ———» AcO QACO\/\I(N\‘/U\NH (o]
o CH O CH N o
&4 E
15 Scheme 4: (i) Cleavage conditions: TFA, TIPS, d.H,0, rt. 3 h.

Removal of Acetyl Protection From Galactose Moiety and Purification
Removal of the acetyl protection from the galactose moiety was achieved by dissolving the
product in a minimum amount of anhydrous MeOH and then by addition of a 1 M solution of
20 NaOMe in anhydrous MeOH drop-wise to pH 9-10. The reaction was then allowed to stir for
1 h. After this time, acetic acid was added drop-wise to pH 7 and the volatiles removed
under reduced pressure to afford a brown solid (Scheme 5). The product was dissolved in
500 uL of 50 % MeCN in d.H,O and then further diluted with 600 uL of 5 % MeCN (0.1 %
TFA), filtered and purified using a standard reverse phase program on an Onyx C18 column
25 and applying a gradient elution of 5 to 100 % MeCN (0.1 % TFA) over 12 minutes. The
retention time for the product collection was 4.7 minutes at 280 nm (Figure 3). The collected
fractions were combined and reduced under pressure to afford a brown solid which was
dissolved in d.H,0O (4 mL) and subjected to freeze drying conditions at 0.2 mBar for 18 h to
afford a brown solid.



Renoval of Acetyl Protection From Gal actose Miety and Purification Renoval
of the acetyl protection fromthe gal actose noiety was achi eved by

di ssol vi ngot2bhe/@sasduct in a m ni rum anobunt of anhydr ous pivie@B2andhoten by
addition of a 1 Msolution of 20 NaOMe in anhydrous MeOH drop-w se to pH
9-10. The reaction was then allowed to stir for 1 h. After this tineg,
acetic acid was added drop-wi se to pH& and the vol atiles renoved under
reduced pressure to afford a brown solid (Schene 5). The product was

di ssolved in 500 1AL of 50 % MeCN in d.H20 and then further diluted with
600 [LL of 5 96cMeCN (0.1 % TFA) cfid tered and pugified using a standard

reverse pha;é%xo rath an &n Onyx T18 col um 25, ang app,l,yr ng @ gradb

el ution ofa ALWI(HOD]. 6 TFA—Sves 127 T et entr 0 t| me
0 $im ( ur

for the product collectionhed 421 nutes at % .
collected fractions were donhi nedoand reduced under pressure a"fo

brown solid which was dissofved in d. H20 (4 nlL) and subj ect ed /a fre@!e
drying conditions at 0.2 nBar"for 18 h to afford a brown solid Schene 5:
(i) Acetyl deprotection conditions: 1 M NaOMe, MeOH, rt, 1 h Analytical

met hods used andSahgme:S: Giieetyl deproterting dapditdnst 1 MeNaQMe Meid.at. Add f or pepti de
CP014 (Figures 1 and 2). Standard reverse phase conditions were enpl oyed
usi ng an Onyx Cl18 colum and applying a 12- mnute elution gradient of 5 to
100 % MeCN (0.1 % TFA). Elution gradient: Initial 5 % MeCN (0.1 % TEA) then

100 %NECN,,Q?'ga, Yelhdd @gedehnqldgg es for 1.5 m nut es then back to 5 % MeCN
(0.1 % TEA eends The structure of CP0l14 was confirnmed using LCVS

el ect rosprag fallewng HiRLe ‘(*?ESF yegzobtaigpiifor peptidg CPWE Figuess 1 @ndi2d SKOAR/TI n
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a spect r ofhD¥OTRA)then HE%HyMeCPQL4 MEAﬂats&minutysl form .2 sd@eshthed back(0.51%M
Tris-HCl p@EN%T@}?LSPmZ t%gn%nt aining 0.2 mMzinc chloride) to give a

concentra arious aliquots of this solution were 20 added to
cuvett®s and assay buffer was added to adjust the volune of solution in

each Cuve;ﬁ-.@stmr&QQf @014% cBHfrF‘h'eH qe.a% Bchis é?ec@ro%i@%fz?&‘@l? B3A@4H4, 0N in

assay buffer were added to each cuvette to give a methotrexate substrate

concent r af? - bhe EsHt HREIBO PRjIUrerhe range of the concentration of CPO14
in the cuvettes was 0 - 400 pM 25The substrate solutions in the cuvettes
were heated to 37 Cin an oven. The cuvettes were then placed in turn in a

wore connahaie @r'ﬁiﬂ*f&ﬂﬁ‘fﬁ% & %*"ﬁ’é?kg?"‘#‘a‘ssrih”%r otein ( %L B ane S
nydr ot 351 Enpime RbionArsaniediod Bhed fetthe Aatestinert sFenTta ArAmIBIIRE o ne
decr ease CRGab!mwlmnce at 320 nm
The effect that CP014 had on CPG2 activity was measured using a spectrophotometric
assay. CP014 was dissolved in assay buffer (0.1 M Tris-HC! buffer at pH 7.3 containing 0.2
mM zinc chloride) to give a concentration of 40 mM. Various aliquots of this solution were
20 added to cuvettes and assay buffer was added to adjust the volume of solution in each
cuvette to 900 pL. 100 pL aliquots of 0.6 mM methotrexate solution in assay buffer were
added to each cuvette to give a methotrexate substrate concentration of 0.06 mM (60 pM).

The range of the concentration of CP014 in the cuvettes was 0 — 400 uM.

25  The substrate solutions in the cuvettes were heated to 37 °C in an oven. The cuvettes were
then placed in turn in a spectrophotometer which was maintained at 37 °C using a Peltier.
The assays were commenced by adding a 10 pL aliquot of fusion protein (ScFV anti CEA-
CPG2) solution or CPG2 solution, followed by brief stirring. The hydrolysis of the
methotrexate substrate was monitored by measuring the decrease in absorbance at 320 nm.



WD 2011/ 036457PCT/ GB2010/ 001796 - 27 - One unit (1U) of CPQ& activity is
defined as the anount of enzyne which catal yses the hydrolysis of 1 pnol of
met hot r exsbeopasessrnut e at 37 C. The nol ar extincti on ceefrfdBoenin1Bh

met hotrexate was taken as 8300 L npl-1 cm 1. For each assay a plot of
absorbance versus tinme was created and a straight line was fitted to the
data between 0 and 0.2 ninutes. The 58T ope of the straight |ine was then
multiplied by minus 12 and the dilution factor of the ScFV anti

CEA- CPQ2/ CP&2 solution to give the enznme activity in UnlL. A variation of

t he assayOmasnit ¢1U)NafUDRG2 activity Gl sefimeduast the GimdORO d¥endytrie \Buéh/catalysesObe- CPG2
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decrease I n absorbance and subsequent determ natio Vlty wer e
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CPR act i ¥t GEABPCRIGFESSAdlioh fo §igs e édkmé betivitthQUanal ue, i.e. the hal f
maxi mal i nhibitory concentration. Using G aphPad Prism5 software, the I C50

val ue was determ ned by applying non-linear regression to a plot of enzyne
activity xeasatdntdiché ewlyiw&nnoomcubbe V@ROUst amourde of CRO1 o with SehY AmplGEA-ed
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assay deve oped Invitrogen Inc. was carried out. The so-called Anplex
Red ass ayméawr%enj s the slegiease e abeprpangs .and i”bﬁﬁﬂﬂe&hﬂﬁ@rm'ﬁatf%og €W¥fFPes and

cont i nuougdtyityWévetcafried Ut ABRIsEriRYialaRe activity. By 25 elimnating an
anplification step in the assay procedure, it was possible to screen

conmpounds as substrates for CP&. In the nodified assay, L-glutamc acid
t hat 1ms Decsffaltiemess of CEOT4 irsinbibttingtGPGH adiPi2was erpreshiedad tdmsgif itsdBat e

oxi dase t 9Pl 94L& HAF DI IRADE; EERAkS. W@&gﬂﬁﬂp%ﬁ%oﬂ@m%

hydr ogen \()al ox1de t en reacts I hydr oxyphenoxazi ne
(Anpl ex RéY, valogavas)determined: by mlmn@hwﬂyrqgrﬁsawnéa@t Plahof3enzyng| 38l by

hor ser adi } ﬁ,({ftﬂg@pdﬂ SRR Latigh. t he highly fluorescent product,
resorufi n%}%%%ﬁ/l gg i 0 pM sol uti onsr of CP014 in assay buffer (0.1 M

ol ut 1 on @f‘%%e'@‘ea%w PR REgAsbep oF as SCreP G S8 PafeAgl £AGH sulifaeds =1 £V
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substrate for the enzyme, a modified version of an assay developed by Invitrogen Inc. was
carried out. The so-called Amplex Red assay can be used to measure to measure L-
glutamate in food samples and continuously monitor glutamate oxidase activity. By
25 eliminating an amplification step in the assay procedure, it was possible to screen
compounds as substrates for CPG2. In the modified assay, L-glutamic acid that has been
cleaved from a substrate of CPG2 is oxidised by glutamate oxidase to produce a-
ketoglutarate, ammonia and hydrogen peroxide. The hydrogen peroxide then reacts with 10-
acetyl-3,7-dihydroxyphenoxazine (Amplex Red reagent) in a 1:1 stoichiometry in a reaction
30 catalysed by horseradish peroxidise (HRP) to generate the highly fluorescent product,

resorufin.

25 uM and 200 pM solutions of CP014 in assay buffer (0.1 M Tris-HCI buffer at pH 7.5
containing 0.2 mM zinc chloride), and a 25 uM solution of folic acid in assay buffer were
35 prepared. The Amplex Red reagent mixture was prepared by combining 2.5 pL 10 mM
solution of Amplex Red reagent in DMSO, 5 yL. HRP solution in assay buffer (100 U/mL), 32



WO 2011/ 036457PCT/ GB2010/ 001796 - 28 - pL L-glutamate oxidase solution in
assay buffer (5 UnL) and 460.5 pL assay buffer solution. ScFV anti

CEA- CP& wobnm3pssot ei n was dil uted appropriately usi ngrassBeobufoi®s. A 50
pL aliquot of CP014 solution or 25 pMfolic acid solution and a 50 pL
aliquot of the 5 Anplex Red reagent m xture were added to a well of a black
mcrotitre plate. The plate was cover®8, -~then incubated at 37 C for 10

m nutes. The cover was renmoved and a 1 pL aliquot of ScFV anti CEA-CPQ&Q was
added. After brief stirring, the plate was placed in a BM5 Fl uostar Onega
plate r eadlet ghutaimatl exifihseosohdior incassanbufes (5 Y/masndrd60.5 ok edsayweifferassoRAiBn.second
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544 nm an t em ssi on wave nm If a
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descri bed and a reduced u5|r_1r% prismas shown 1n Figure 4
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Fi gure 5. pgdn shoen dbadifttppoborées td dRG2 6EI0kA 1 nhibits CP& activity
(Figure 4) and noreover it is not altered or used as a substrate (Figure

5). Binding studies using Surface Plasnon Resonance (SPR) Peptides were
couplied tWwhan @dbVcdntipfCEACRG 2RI dildiedctoearcsroeytration rof approsineéady ByU/mhe the0

f act 0.01 M
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regeneration buff

2011/ 03648948t tswRlGAhenthaw ScF\, gnti Cﬁ@&"&?&ﬁ%ﬂ'P@e'"dmeﬁ@ltb‘e meledBlASe

si gnate apst basstdters omee checked for consistency throughout the
experinment and flow rates of 15 and 75 pl/mn were tested to confirm

mni mal effects due to mass transport. 5Figures 6a and 6c each show four
Sensor gr apg, QS &r1€s0 NG SGodthate bbRnBhABKeAH ract ed real

The IC50 was determined as previously described and the data reduced using Graph pad

prism as shown in Figure 4. The amplex red assay data illustrating substrate potential are

shown in Figure 5.

25
The data demonstrates that CP014 inhibits CPG2 activity (Figure 4) and moreover it is not
altered or used as a substrate (Figure 5).

Binding studies using Surface Plasmon Resonance (SPR)

Peptides were coupled to a CM5 chip using EDC/NHS chemistry as recommended by the
30  manufacturer (GE healthcare). Analytes were made up in HBS-P buffer (0.01 M HEPES pH

7.4, 0.15 M NaCl, 0.005% v/v Surfactant P20) and injected over the surface for 180 seconds

at 5 yl/min followed by a dissociation time of 300 seconds. Residual binding was removed

using two 10 second injections of regeneration buffer (10 mM CHAPS, 1 mM Guanidinium



time responses frominjections of 12.5, 25, 50 and 100 nM ScFVanti - CEA- CPQ2
over the chip surface of immobilised CP014 peptide. The data has been
fitted uswogotvesedi7f ferent al gorithns supplied in the BreCaposafimware
("Bi aevaluation"”). The first, shown in Figure 6a, was a 1:1 bindi ng nodel
(Langmuir) and the second, shown in Figure 6¢c, was a 2-state 10 reaction
fit. Both fits align closely to the-nd mallsed sensorgrams. This can be
seen fromthe residuals plot which shows m ninal deviation fromthe
expected val ues (Figure 6b and 6d respectively) . In addition, the Chi2
val ues ar bydiochiptidan? M) Na882Resrmpee tsignels yand rizhselines wierd icheakbad farceoapistebtye
range (<0 ' [ j at i on
range (COufhi AOERHUER LBt 8 bAlrs e ket it iR
respectlvéff%tsql@“rmﬁséiﬁﬁ“%d k| netic and affinity paraneters are sumuari sed
in tables 1 and 2 respectlvely Table 1 - 1:1 Langmuir fit Ka (1/Ms) Kd
(1/s) KA %l/l\/p KD ( Chi2 2.26e5 1.14e-3 1.98e8 5.04e-9 0.154 20Table 2 -
stat® rEQEESAA aPF' ?C radn ‘thj?)“’l\/éﬁf sepaergrems ovRriad. These arg e t("”lﬁ"s‘ﬁ“b"ac"ed real

time responses from injections of 12.5, 25, 50 and 100 nM ScFVanti-CEA-CPG2 over the
chip surface of immobilised CP014 peptide. The data has been fitted using two different
algorithms supplied in the BiaCore software (‘Biaevaluation”). The first, shown in Figure 6a,
was a 1:1 binding model (Langmuir) and the second, shown in Figure 6¢c, was a 2-state

10 reaction fit. Both fits align closely to the normalised sensorgrams. This can be seen from the
residuals plot which shows minimal deviation from the expected values (Figure 6b and 6d
respectively) . In addition, the Chi2 values are 0.154 and 0.0882 respectively and are within
the acceptable range (<0.2) for these types of calculation. For both fits the dissociation
constant (binding constant KD) was in close agreement at 5nM and 9 nM, respectively.

15

The derived kinetic and affinity parameters are summarised in tables 1 and 2 respectively:

Table 1 — 1:1 Langmuir fit

Ka (1/Ms) Kd (1/s) KA (1/M) KD (M) Chi®
2.26e5 1.14e-3 1.98e8 5.04e-9 0.154

20 Table 2 - 2 state reaction fit
ka1 (1/Ms) kd1 (1/s) ka2 (1/s) kd2 (1/s) K (1/M) Chi¥
2.84e5 0.0258 0.014 1.58e-3 1.09e8 0.0882

Note the unit for the ka2 value in the 2-state model is per seconds (s”), as displayed by the

Biaevaluation software.

25




K (1M Chi' 2.84e5 0.0258 0.014 1.58e-3 1.09e8 0.0882 Note the unit for
the ka2 value in the 2-state nodel is per seconds (s" ), as displayed by

t he Bi aewsbuatiim@mssoftware. - 30 - Exanple 3: C earingregasosmmye bi nder
CP006 Chem cal description and graphical representation of the conpound
desi gnat ed CP0O06 5CP006 is the forerunner to CP014 and its synthesis and
structure are described bel ow 15FRYnul a |: CP006: ANA-G u- OH where ANA
i s am no- napht hoic acid Synthesis of CP006 I11DQ resin (500 ng, 1.91 nmol/qg)
was rinsed and swollen in 10 m acetonitrile for one hour and the sol vent
drai ned under vacuum Then Boc-am no naphthoic acid (pol ypeptide, 100

Example 3: Clearing agent enzyme binder CP006

Chemical description and graphical representation of the compound designated
CP006
5  CPO0O06 is the forerunner to CP014 and its synthesis and structure are described below.

HO

OH
10 o

15 Formula I: CP006: ANA-GIu-OH where ANA is amino-naphthoic acid

Synthesis of CP006
IIDQ resin (500 mg, 1.91 mmol/g) was rinsed and swollen in 10 m! acetonitrile for one hour
and the solvent drained under vacuum. Then Boc-amino naphthoic acid (polypeptide, 100
20  mg, 0.35 mmol) and H-Glu(OtBu)-OtBu (Bachem, 108 mg, 0.37 mmol) were dissolved in § ml
acetonitrile and added to the preswollen resin and stirred gently for 72 hours at RT. The
reaction was drained into a clean flask and solvent removed in vacuo. To the residue 50 ml
of 50% TFA/DCM was added and stirred vigorously for 2 hours. After removal of solvent the
residue was rinsed in ice cold tertbutyl methyl ether twice and decanted to leave a yellow
25  solid. Dried crude material was redissolved in 5% acetonitrile (0.1% TFA) and purified by
HPLC using an increasing gradient of 5-100% acetonitrile 0.1% TFA. Pooled fractions were
reduced in vacuo, diluted in 50% acetonitrile and further freeze dried to afford a white
powder. ESMS -ve expected mass : 316.11, measured mass 316.04.
Methods for the evaluation of enzyme inhibition and utility as a substrate for CPG2 were

30 tested using the method previously described.



20mg, 0.35 mml) and HAJd u(QBu)-0tBu (Bachem 108 ngy, 0.37 nmol) were
dissolved in 5 m acetonitrile and added to the preswollen resin and
stirred geotby/desrs772 hours at RT. The reaction was draipogdB20foo0a796! ean
flask and sol vent renoved in vacuo. To the residue 50 m of 50% TFA/ DCM was
added and stirred vigorously for 2 hours. After renoval of solvent the
residue was rinsed in ice cold tertbu¥yl-methyl ether tw ce and decanted to
| eave a yell ow 25solid. Dried crude material was redissolved in 5%
acetonitrile (0.1% TFA) and purified by HPLC using an increasing gradient

of 5-100%R0oes israntinhibitoOofICRAZ4ctivitg dh 8dFV artc CEAGP GRaml isedhmerdubstratecuo,

i) uted | B PRUIREBUIILE S BUSIoLAY ORdd SRAE S llubay BhlPe AR ol t o

powder . ve expec measur e
Met hods f piism hesfewmllrmalgumﬁ dhe emplexeed asseviiata dusteatiag gubstrateypotential asgibst r at e
for CPQ wenm inRigRi /M using the method previously described. - 31 - CP006

is an inhibitor 6f CP& activity in ScFv anti CEA-CP& and is a poor
substrate. The 1C50 was determ ned as previously described and the data
reduced using Graph pad prl sm as shovvn in FI gure 9 The arrpl ex red assay
dat a i | | uExamplerdc Cell birtding e5a Heeprapti )i
Cel | bi ndpAdeint udies with Sheep antl CEA and ScFv anti CEA CPCQ Fusi on
protein dy to look at antibodies generated in sheep to CEA and the

ScFv ant i AGEAY tPigpk st astiberigsrasneiatedip shesnrte CEA apdtheBefty 2B ABASERGRSI ng 1 ow

cyt omet r y pyckoiMGBRIN eaEEdakricdout @v%rﬁ%‘l}s&%ﬁﬁg)ﬂo@fcyﬁ ng capability of SCFV
anti - CEA - CPCQ u5| ng CEA expressing cells. Mteria Cells Ilines:

Ton} bodl BBy 19 eyt at pifiad Lasanie's f““eﬁ@' N Va e L'f%@g
di | uti on 6EAE3Ptessimgjaelat ed ScFv anti- CEA- CPGR- PEUCL, 40-50U/ ni |,

0. 71ng/ml protein 2.5pg/mL in buffer containing BSA Sheep anti - CEA-PE, CF

1110-PE ; Stock at 670pg/ m .
' Materials:

Cells lines: CRL 1573 ~ control cell line, CCL 229 (LoVo) — CEA expressing cell line

15 Antibodies/Conjugates: CPG2-PE (Phycoerythrin), CPG2 100U/ml 1:100 dilution of 100U
conjugated
ScFv anti-CEA-CPG2- PE UCL, 40-50U/ml , 0.71mg/ml protein  2.5pg/ml in buffer
containing BSA
Sheep anti-CEA-PE, CF 1110-PE ; Stock at 670ug/ml.

20  Mouse anti human CEA UCL at 3.9mg/ml  2.5ug/ml in buffer containing BSA
Goat anti-Mouse-PE  Southern Biotech 1050-09 L2806-XH69Z kappa chain specific at
0.25mg/ml used at 1pg/ml
4.5ml polystyrene tubes, PBS azide, BSA , PBS+0.5% Formaldehyde (Polysciences
#18814), , Propidium lodine (Orpegen at 100mg/ml)

25  Centrifuge Eppendorf 5810R set to 250G, 5 mins, 4 T
Coulter XL flow cytometer

Method:

Cultured cells were both used at 2x10° cells per tube, cells in tubes were prepared to contain
30 the following

1. Nothing added, auto fluorescence tested

2. Propidium lodine at a final concentration of 10pg/mi

3. CPG2-PE

4. ScFv anti CEA-CPG2-PE



20Mbuse anti human CEAUCL at 3.9ng/nl 2. 5pg/nl in buffer containing BSA
Goat anti - Mouse- PE Sout hern Bi otech 1050-09 L2806- XH69Z kappa chain

speci fi c wD 20112Ba/nl used at | pg/ nl 4.5m pol ystyrene Probas20RBB81B381 de,
BSA, PBS+0. 5% For mal dehyde (Pol ysci ences #18814)" Propi dium | odi ne (O pegen
at 100nmg/ ml) 25Centrifuge Eppendorf 5810R set to 250G 5 mins, 4t Coulter
XL flow cytoneter Method: Cutt¥#fed cells were both used at 2x105
cells per tube, cells in tubes were prepared to contain 30the follow ng 1.
Not hi ng added, auto fluorescence tested 2. Propidiumlodine at a final
concentraﬁismapfanﬁ@ﬁﬂm 3. CPGZ- PE 4. ScFv anti CEA-CP&-PE - 32 - 5.

Sheep ant &&Fé ECEA/ anti Muse-PE Cells were spun down
and 100 p{S aerFl) t' %‘Z‘Wj on was added to respective tube. 100pl buffer

was addedCells wejbesumdcmoang 18R ofentibgdy splutieywasardef te espectivetpapedOyler e
i ncubat edp iy t/vg§agé€d|"to ﬂbeéﬁ aEQ':Z ahd MAUR fnd?ggnﬁl |diér. PBSAB and spun as above.

| ncl ude tube In this wash he supernatant was renoved and 100 pl

conj udat eTuRes %@GUQ#Q'DH@ Q?"f 6‘r4x§f‘?fdrﬁoﬁb@di’ AU FEShoNDIPUD 3R lab‘?‘f? t he dark

at 4 t. Addede &b 10h tr@s quf @ﬁ@@lp@mayaﬂxewwretmbbe@aad 00 (4 caRdgae was BdRd i n the
fridge until neasure {MIV\ashe tube 6 as before and add
t

f or nal dehSPde%%fqrﬁlf'é‘”leﬁlﬁ‘é”baﬁen Prf pihelarontd Yoneasuring add 100 pl

Pr op: di unpb@sdi 180 1D 4% REMAldeMRESS RILBERIUL bS5, sEIlEER tie Mdg®@lntPRSaswed! |
sanples. (~ 2 hours). Washed tube 6 as before and add formaldehyde to this tube. 30 minutes before
10 measuring add 100 pl Propidium lodine to tube 2, before measuring, added 1 ml of PBS to all

samples.

The control cell line shows no specific binding of any anti-CEA antibody (Figure 11a to j).
There is a slight non specific binding of the sheep antibody (Figure 11h). The first picture in

15 each of figures 11ato 11j (i.e. Figures 11a, 11c, 11e, 11g and 11i) is a control that should not
show any difference between the samples.

CCL 229 cells show slightly more auto-fluorescence compare to the negative control cell line
(Figure 12b). The CPG2 control does not bind to the cell line (Figure 12d), however there are

20 2 populations of cells amongst the CEA expressing cell line, one that presents the surface
protein CEA and one that does not. This phenomenon is shown with all three anti-CEA
antibody combinations (Figure 12f, 12h and 12j).



The control cell line shows no specific binding of any anti-CEA anti body
(Figure 11la to j). There is a slight non specific binding of the sheep

ant i body wbi2gursedsih) . The first picture in 15each of fipguweRoblmiioe 11j
(i.e. Figures 1l1a, 1l1c, 11e, 11g and 11i) is a control that should not show
any difference between the sanples. CCL 229 cells show slightly nore

aut o-fl uorescence conpare to the negaddve control cell line (Figure 12b).
The CP& control does not bind to the cell line (Figure 12d), however there
are 20 2 popul ations of cells anongst the CEA expressing cell |ine, one

t hat pr esReftegnbéne surface protein CEA and one that does not. This

phenonmeno threg i I C Lnatj (fi gure
12t Tan Dol PGS, 8 brlnha clC SpBEL, K5 RRaRR AL U BRER YRR o 9
J. Spri ng§iﬂbb|m9 ®. CehgriaieMaley, and RytdehBedgent Martin, S. M Stribbling, N
Cushen, DAntgoWHﬂréachd @rl%gmg Prédirud Th@@@a E?fcacﬂ%'l\h’&‘%ﬁl%ro?ﬁétﬁﬂ ifB3RRtalr odr ug

Therapy: Efficacy chani sm of Action_in | orectal 5Carci nona.
i ni dal @afﬁtf'@maF@w&f@ﬁnOzoBese%ch 99 6/77§5—7(7|?éeK%?fngtt%tﬁerPé'ObW gtibgely
anti body gk&gidgentpgent) 2) Geysen HM Meloen RH, Barteling SJ. Use of

2 hgl e anPhosing™ e B iatind S RA pelie SRS risbedipiietudn @ °
1984, 81: effdpes wCQ2solltidd)of Meinglerantihb a&RﬂlHrkce‘éﬁnthapemon\ﬂWadEwbbpe

mappi ng by .PEP . " adl. 1 y Met hods Manual. Ed |wan Lefkovits 1997,
pigles Ul 153 oy JUREOED

Academ c nnors TA and Knox RJ. Stem Cel |l s 1995;
13: 5016 513) Mia!.‘théRI-pPe@eWC Behaapei \WNM. £piterte mappirg Byl FERSEAN. in:dooweolbgy t he

speci fic_ pRRRGL MERLS ElPREHLBREVRGIOST hoahéiiE Pbssvay dagegrodi fi cati ons of the

invention 1n addition to those describ eretn wll becone apparent to
t hose ski fl £€@nass Fﬁén‘él‘fm)f RomtemEetld i ¥oi Hig0deteri pti on and acconpanyi ng
figures. Such nodifications are intended to fall wthin the scope of the
appended cl ai ns. Moreover, all enbodi ments described herein are considered
to be broadly 20applicable and conbinable with any and all other consistent
enbodisrentise preserapestoniigiha to belimitadsin pcdideibgmei spesifiae@boditents deseibad t he

di scl osur ﬁésreﬁp.c In}g'g'éo‘,: Oari% gmo'a(%gati%oga t?ﬁg mvgnt o%f & 58&?0% tb ﬂlorsé“ééécnﬁé‘& hérS.E' es.
will become apparent to those skilled in the art from the foregoing description and
accompanying figures. Such modifications are intended to fall within the scope of the
appended claims. Moreover, all embodiments described herein are considered to be broadly

20  applicable and combinable with any and all other consistent embodiments, as appropriate.

Various publications are cited herein, the disclosures of which are incorporated by reference
in their entireties.
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25 - 34 - CLAIMS 1. A peptide clearing agent for clearance of a conjugate
of a. an enzyne; and 5b. a binding nol ecul e which binds specifically at a
target | owaet2oomasedstom a non-target |ocation in a subjectcrierughmolbioadi ng of
the peptide to the active site of the enzynme, wherein the peptide clearing
agent al so binds to the asial oglycoprotein receptor expressed by hepatic
cells to facilitate clearance through3the liver. 2. The peptide of claim1l
wherein the peptide is glycosylated to facilitate clearance 10t hrough the
liver by binding to hepatic cells expressing an asi al ogl ycoprotein
recept or. CBAIM®1e peptide of claim1l or 2 wherein the peptide prevents or

I nhibits enzynme activity upon binding to the enzyne. 4. The peptide of any
precedi ng clai mwherein the peptide is not nodified by the enzyne activity.
155. The pépt i Neeptideglepring agentifongeapacaefarrosivgate®pri ses t he di pepti de

am no- napht hoi ¢ agi dn eAYNe; and! utamate (G u). 6. The peptide of any
precedi ng clai mwhich conprises the am no acid sequence serine (Ser) -

Alanine (Ala) - dhi ASINHEgMmaRaule vishipipdegrpcificaly at axizeaetlocian (SEQ ID NO.
1). 7. The pefpdrh d@optargétaddarion maasubjedt thidagls BIHING of RS behtide tSthglagwesytt at ed.
2t a taroet | SO PTG Debens onlRaeRY A NS 6 PRar Ry ONGPERare o
the target | oeatptorexp@sseditsy hppptid cbiis of facllitytepieacande thgowghaherivener ei n t he
g oL e Hlpiar) Al A oL ASR RSN SRl Wi T
pro-drug t o 2Bepwghtieliver kyrhinging tothhpaticeelfcexpressiag Ao asialpdlycopheieipegaep@e of any
precedi ngzcl atyp MGESCHTIAING ORI PR epiticdréeRtstof ifhibits EREnRIFXRE that is
sufficient to permt clearance of the enzynme fromthe non-target |'ocation.
upon binding to the enzyme.
4.  The peptide of any preceding claim wherein the peptide is not modified by the enzyme
activity.
15 5. The peptide of any preceding claim which comprises the dipeptide amino-naphthoic
acid (ANA) — glutamate (Glu).
6. The peptide of any preceding claim which comprises the amino acid sequence serine
(Ser) — Alanine (Ala) - amino-naphthoic acid (ANA) — glutamate (Glu) (SEQ ID NO: 1).
The peptide of claim 6 wherein the serine residue is glycosylated.
20 8. The peptide of any preceding claim wherein the enzyme is concentrated at a target
location through specific binding of the binding molecule at the target location.
9. The peptide of any preceding claim wherein the binding molecule is an antibody or
antigen-binding derivative thereof.
10. The peptide of any preceding claim wherein the enzyme acts to convert a pro-drug to
25 an active drug at the target location.
11. The peptide of any preceding claim wherein the peptide has an affinity for the enzyme
that is sufficient to permit clearance of the enzyme from the non-target location.
12. The peptide of any preceding claim wherein the peptide has a sufficiently rapid
dissociation rate or high dissociation constant to not significantly affect enzyme activity
30 at the target location.
13. The peptide of any preceding claim wherein the peptide’s affinity for the enzyme is
around 10 fold lower than the binding affinity of the binding molecule for its target
location.
14. The peptide of any preceding claim wherein the target location is an antigen expressed
35 by tumour cells,



12. The peptide of any preceding clai mwherein the peptide has a
sufficiently rapid dissociation rate or high dissociation constant to not
si gni fi canbly1ialB3éasct enzynme activity 30at the target | oeetricBro10lid1796he
pepti de of any preceding claimwherein the peptide's affinity for the
enzynme is around 10 fold |ower than the binding affinity of the binding

mol ecule for its target location. - 35 -14. The peptide of any preceding
claimwherein the target location is an antigen expressed 35by tunour
cells. - 35 - The peptide of any of clainms 2 to 14 wherein the

gl ycosyl at sonrneme@hdee@r a0PuPdidifg 20b 19MPein e HHcaRlaticr ingdvegooung off ree

peptide of an rece, i,ng claimwherein the peptide is no nore than 10 am no

acids in | eng‘%l rﬁ'ﬁ%a?)%%tqratéo of any preceding claimwherein the peptide is

m ni mal | y16mmmqgeme:of ahierepedihg claimpihareiy the pepads is o honé thant@aeiin t he

peptide is che éthsynt hesi zed. The peptide of any preceding claim

wherein the e hon- human in origin. The peptide of any preceding

cl ai masshed i mﬁdmpecmazquay bﬁbcsdihg?clmedwrﬁaframtrtarelpod@yipapmi'rndngsimnmupgahd(aI i ne

phosphat agg, | ucor oni dase, penicillin-V-am dase,. heta nmase,

Dot o oF ucd8i dHEesalis 5oy Siecaicd S8 wherein WERep i BERTSAIhLBNRHSe: 1 1 he

enzyne i s1@ar'h®@epe¢n ofdasare@édiﬁ@&ﬁ) wheleimtfienatyroé ispronetweiangn angmapu de

cl earing ent Ial e C 0 i a. preparing
gI? et;feg %e of%‘r% }e@gﬁp%clgt}n \ﬁ@éjr,snghe énggiﬁg r?sts{géerc{e% fiof

an array ased upon a . Ide which is a
st ruct ural arrairmgw@p@ﬂaser@ @lkawr@amarsat @t@glusqro@mengemwbﬁ Hramigasef

pept i Qfs for tﬂgtég RcRthatd frefl- élb!cofsf?jﬁség'r%&fmb&{%s@ of an enzyne and a bi ndi ng
C s

nol ecul e whi specl f1 cal at a target |ocation and_selecting those
wi th bi nd?2hg HTeanﬁM%/Of@'a"Bﬂﬁ“@ﬁ@l'ﬂ the gpRiMe P RYLORESRIFARRCAsFRCYequence of

the peptiges AirethoBion poBGkif 4 bébitid¥ cleBrirfd &f2nbasilime e Pely ipfdtedihgBlaln USi ng t he

nodi fi ed peptides to test for an inprovenent in binding affinity d.
optionally pe?q"m”ﬁ‘f‘ﬂg a substitution at each residue of the nodified
pepti des found i ra. spreparingtan dicay ef pemides; ckfdrabig bagpdalpbn aistagtingpeptidepeat i ng

d ' f h f h
mpr oed bi ndi ng. 254PPh Y gt Bp Rl ropd P RERMER, POV T e et de

or peptides resultt i sgedningthe eepy @fneptldts(fwburldlngrqﬁﬁr‘detrm eajuggteaf BN ni ty)
have the ability togp) ﬁl\é%ﬁ aOJm ]gﬁy}habéu@w&%@lng&éde\ﬁf&%y ata té(r%et@d}tahcﬂﬂm ly

confirm ng binding spécificit enz testing with a range 30o0f
control proteins fré"l*ﬁ%qJﬁ?t'QQJB‘jOé%W'“gb'"?'B%?Vﬂ‘@’ the peptide or peptides for

the ability to blcndo&t@nalmn@tﬁwnab%lamﬁ@é@a géduence of the pem@ésemromncﬁwg)r essed
by he atlc cells to

it t t
and f29if perfor rredarrf'ﬁ' IH" Iﬁtgg&’aﬂ“‘filrgqafg 'EHS Qé?"fl{g&ﬁ c}dggp\fogh%deg {?{gflac;negz ©
carri ed out at any pmirrmm\Jememhue bivefiigcfinity ncl udi ng provi di ng an array of
peptides 10 step £ SRtRRRcFoMin?h SRt at di8n Adiddb BPtY GRRARL Beftide§ CePt of

expressed by hepatiC ce
found in step ¢ to have improved binding affinity and repeating step b to

determine if any of the substituted peptides have further improved binding
25 affinity
e. optionally determining whether the peptide or peptides resulting from step ¢
or d (with improved binding affinity) have the ability to prevent or inhibit
enzyme activity
f. optionally confirming binding specificity for the enzyme by testing with a range
30 of control proteins from the subject
g. testing the peptide or peptides for the ability to bind to the asialoglycoprotein
receptor expressed by hepatic cells to facilitate clearance through the liver,
wherein steps e and f, if performed, can be carried out in either order and step g can be
carried out at any point in the method, including providing an array of peptides in step a
35 capable of binding to the asialoglycoprotein receptor expressed by hepatic cells to
facilitate clearance through the liver.



facilitate clearance through the liver. - 36 - 23. The nethod of claim 22
wherein step g conprises glycosylating the peptide or peptides and thus
step a mayoeonpissse providing an array of gl ycosyl ated pepidBier/oo2ds The
met hod of claim22 or 23 wherein step a is perfornmed using a peptide
library. 25. The nmethod of any of clains 22 to 24 wherein the enzyne is
CP&. 526. The nethod of any of claind®22 to 25 wherein the starting
peptide is the tripeptide WFE. 27. The nmethod of any of clains 22 to 26
further conprising conparing the am no acid sequence of the peptide
produced BY. tTre methérbof oldir 22 avhieirestemgicoroprises glysenylating the gaptideas eeptides onf i r m

the peptide i | J J i I 6 hdovity. 1028. An
ant i body di re%}dle{ﬁuge%%‘!y%en1ta rC %ﬁ%&??ﬁgﬁ%ygﬁéb%%@op %g%ér?b_ri sing use of
a pepti de24f Heymethed efdilaiy 2 10aR%vherel stercaisipgtforagdvsing 2@epligedibery.a pept i de

of any prgsedifinthad B 4§ ofciSinddhitd s AERIN thdemiychodpcdi rect ed enzyne
pro-drug therapy ( eptide receding claimfor use as a

ADEPT) . 30. A de of any p, _ |
cl earithg &&enthsmethed sy pf %l?'F”é@tgé‘Ei 29 whereipripe plading peRjide fthe ipepUIsSEPT) . 31.
Use of a peptwde. of any preceding claimin the manufacture of a clearing
agent for ZJIJ.S eﬂie“mé‘tﬂ%é (l))fo a% ogcizlgi%%tﬁqo %' ﬂ{'trﬁgr c%rrncg)'ri(sil%J gor%;r)]aenrng%}/e a|(r\r'$|‘r|:1)c|>E aP;:Il-?i - 20
sequence of the peptide produced by the method with a human amino acid sequence
database to confirm the peptide is unlikely to have an undesired biological activity.
10 28. An antibody directed enzyme pro-drug therapy (ADEPT) method comprising use of a
peptide of any preceding claim as a clearing agent.
29. Use of a peptide of any preceding claim as a clearing agent in antibody directed
enzyme pro-drug therapy (ADEPT).
30. A peptide of any preceding claim for use as a clearing agent in antibody directed
15 enzyme pro-drug therapy (ADEPT).
31. Use of a peptide of any preceding claim in the manufacture of a clearing agent for use
in antibody directed enzyme pro-drug therapy (ADEPT).

20



