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During the development cycle of a new antibody therapy, the therapeutic agent will be tested on
subsequently more biologically complex models. New experiments’ designs are based upon data
gathered from prior models. New researchers who inherit the data and researchers from groups with
different cultures or expertise are often called upon to interpret these data.

Experiments which are not recorded consistently or employ ambiguous terminology can make
interpreting these results difficult. The researcher who had originally collected the data may not be at
hand to correct any misunderstanding or offer clarification and data can be unknowingly misused. This
introduces an element of risk into the therapy development process.

We have developed a reporting guideline for recording therapy experiments. This guideline consists of
a checklist of data to be recorded from antibody therapy experiments performed in molecular,
cellular, animal and clinical model.
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Introduction meaning of data unambiguous to all users, ensuring that data be

This chapter presents a reporting guideline for recording therapy
experiment design and results. The guideline contains elements to
specifically address antibody therapies because it was developed
and subsequently adopted by the Antibody Society [17].

Scientists document different sets of information about their
experiments; these often depend on personal preferences, group
culture and research areas [2]. A lack of consistency when record-
ing information about experiment and data does nothing to help
others to correctly interpret and understand experimental results.
It becomes awkward when data are inherited by a succession of
researchers, and make designing follow up experiments which are
based on previous results difficult. This could lead to experiments
being repeated, which is inefficient and a waste of resources.
Incorrect interpretations of data lead to wrongly drawn conclu-
sions; decisions on future research directions could be influenced
by these errors.

This is particularly relevant for therapy experiments, where an
experimental approach is tested on successively more sophisti-
cated biological models. Missing information and incorrectly
drawn conclusions from animal models may introduce additional
risk into early phase clinical trials. In addition, there is lack of
information regarding therapy treatments and this information is
not always accessible from the authors of the trial or review [3].

A reporting guideline is a checklist of information elements that
should be recorded. Adherence to a checklist of information types
can help researchers to record consistent sets of data and improve
the quality of resulting reports [1]. A reporting guideline is more
effective when the checklist content is collaboratively edited by
the intended users, to ensure the set of data recorded is informative
enough to be practically useful to everyone [4]. Adherence to a
checklist of elements enables consistent documentation of data
and helps encourage better behaviours in reporting results [1].

The reporting guideline by itself cannot promote clearer under-
standing of experimental data amongst a group of users. It would
be counterproductive if researchers adhering to the same checklist
collect differing information types due to different interpretations
of the terms. This difference is easily amplified amongst research-
ers from differing areas of expertise. Over the course of developing
a new therapy, clinicians, bench-side scientists, statisticians and
physicists who work together to assimilate experimental data may
bring with them differing definitions of the nomenclature used.

The property of understanding information and using it the way
it was intended to be used is referred to as semantic interoperability;
this property becomes achievable when every item on a reporting
guideline is defined in terminology which is universally accepted
by its users. This term originates from computing, systems are
semantically interoperating when data exchanged can be ‘under-
stood’ by machines. A shared controlled vocabulary makes the

used the way it was intended.

Consistency in recording combined with universally accepted
terminology to promote clearer understanding of experimental
work enables valid comparisons between experiments [5].

This is the first step to the amalgamation of data to create larger
data sets; the discovery of new knowledge is possible by finding
patterns which are difficult to spot, or are statistically insignificant
in small data sets. The relatively recent creation and adherence to
data standards in the ‘omics field [6-10] allows data sharing, which
is strongly encouraged by funders and journals [11]. Data sharing
has already yielded promising results [12,13]. This makes the
possibility of formally linking these fields to assist in the study
of systems biology [14,15] a reality.

The guideline presented in this chapter is accompanied by a set
of terminology to disambiguate the terms used. The terminology is
extracted from the National Cancer Institute Thesaurus (NCIt)
[16]. NCIt is used by caBIG® programmes thereby ensuring that all
caBIG®™ researchers refer to a common terminology.

We have designed a case study to demonstrate the extent to
which our guideline describes these antibody therapy experiment
data. Deficiencies encountered will be reported as well as sugges-
tions on ways to overcome these deficiencies.

Guidelines for information about therapy experiments (GIATE)
GIATE is a reporting guideline for recording therapy experiments
[17,18]. This reporting guideline enumerates information fields
regarding the molecular target, the therapeutic agents, as well as
properties of molecular, cellular, animal and clinical models. In
addition, GIATE also describes properties of studies performed in
these models (e.g. bond, pharmacokinetics, pharmacodynamics
and therapy outcomes).

GIATE provides users the ability to elucidate the multiple
dependencies between these diverse data types. For example,
the data set accumulated from a pharmacokinetic study is depen-
dent on the specific model the experiment was performed on, as
well as the drug regimen which produced that particular set of
results.

This ability to link data is not limited to data from a single
model. The principal strength of GIATE is the ability to explicitly
associate results from one model type to another. Therefore, it is
possible to track the source of the information reported, which is
referred to as the data provenance.

One example is the usage of effective drug regimens collated
either from animal experiments or from other clinical trials, to
formulate starting dose regimens in early phase clinical trials.

Similarly when an antibody fails to work in the animal, it would
be useful to be able to re-examine experiment design and results in
measuring affinity between antibody and target in the molecular
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model. In this situation, it would be useful to have information
about exactly which molecule was targeted, in terms of species or
post-translational modifications.

This tracking of results is also necessary in antibody therapies
with multiple components that have to be to be assessed both
individually and in synergy [19].

The network of links between experiments across models allows
the researcher to establish a knowledge trail from molecular to
clinical models. The tracking of data accumulated during one
therapy’s entire developmental process enables a new viewpoint
about the therapy which cannot be easily discerned by examining
results from a single model type.

GIATE design principles

The success of a recording guideline is measured through extent of
user uptake; this itself is determined by the willingness of the
target community to adopt it [4]. In addition, the adoption of
immature reporting guidelines can cause confusion later [20]. To
best meet the needs of the target community, GIATE is developed
with three principles in mind.

Modular design ensures flexibility

Firstly, as therapy experiments encompass diverse research areas,
the elements on the checklist are grouped into modules to ensure
they can be easily modified without invalidating the dependencies
between data sets in the rest of the checklist.

The basic version of the guideline includes elements specific to
antibody development because it is developed by the Antibody
Society. It also includes elements specific to cancer therapy data as
it is being tested for completeness on data from that field.

Singular elements or new modules are added to the checklist as
research directions dictate, or as new technologies emerge. We
have developed a foundation version of GIATE but research groups
may add new modules that are relevant to their work. These new
modules can be shared with the rest of the GIATE user community
as long as the elements of the modules are paired with definitions,
to ensure semantic interoperability.

A foundation version only ensures that all users have access to a
common checklist. It should be clear that GIATE is not a minimum
information guideline, which requires documents to provide a
specific amount of detail to be considered valid. Neither is GIATE a
data standard, because we do not specify any format by which
information is recorded. A comprehensive review of the differ-
ences between minimum information guidelines and data stan-
dards can be found here [10].

Common terminology for semantic understanding
Data recorded to GIATE should be semantically unambiguous to
users unfamiliar with terminologies of different research groups and
areas. To this end, we employ the use of data elements, as defined by
the ISO 11179 Metadata Registry Standard® to clarify the type of
information required. We also make use of well-developed lexicons
such as NCIt® to provide standardised vocabulary.

A common data element structures a piece of information in
terms of an object, property and value domain. For example, a

2 http://metadata-standards.org/11179/ (last accessed 1st February 2010).
P http://ncit.nci.nih.gov/ncitbrowser (last accessed 1st March 2010).

common data element for describing the number of patients in a
study has ‘Patients’ in the object field and ‘Number of patients’ in
the property field. The object’s valid domain values would be ‘All
positive integers’. Similarly, a common data element for describing
an antibody’s expression system would have ‘Antibody’, ‘Expres-
sion System’ and a string indicating ‘Any valid name of expression
system, such as Pichia Pastoris’ for the object, property and domain
values, respectively.

The purpose of using common data elements for describing
GIATE elements is to remove all ambiguity regarding the informa-
tion required by the guideline. Semantic clarity is further
improved by twinning each object, property and valid value
domain with definitions from well-established vocabularies.

For example, an antibody is described as ‘A type of protein made by
B lymphocytes in response to a foreign substance (antigen). Each anti-
body only binds to a specific antigen, helping to destroy the antigen
directly or by assisting white blood cells to destroy the antigen.” and
expression systems are ‘Technologies to induce the process of tran-
scription of specific information embodied in the DNA into mRNA
(messenger RNA), which is then translated into proteins.” Both defini-
tions are taken from the NCIt, which provides users with a stan-
dard definition appropriate for the research field.

User-determined granularity of detail

GIATE does not specify the granularity of detail regarding the
recording of experimental data, instead this is left to the discretion
of the users. Users have the option of including more details in free
form text or links to spreadsheets where GIATE elements fail to
describe an aspect of their experiment. In addition, GIATE users
are encouraged to provide links to publications which had pro-
vided a basis or groundwork for their own experiments. This gives
the scientist a way to explain the reasoning for their experiment
design.

There are GIATE elements which require the accession identi-
fication to external databases. For example, if the molecular target
is a protein, users are required to provide the UniProtKB¢ [21]
accession number of this protein. UniProtKB is a protein knowl-
edgebase which links to other databases, amongst them Protein
Data Bank® to describe the protein structure, DrugBank® to enu-
merate pharmacologic substances that have been developed to
target the protein and PubMed' to list any publications regarding
the protein. In this way, users are providing maximum informa-
tion regarding the molecular target, with minimal effort to doc-
umenting or updating it.

Another advantage of providing the UniProtKB accession num-
ber is clarity. By providing the accession number, users are remov-
ing any ambiguity regarding the molecule’s origin species or
isomerism. It also removes any confusion which may arise from
the use of synonyms.

Case study: ADEPT
Antibody-directed enzyme prodrug therapy (ADEPT) is a two-stage
cancer treatment whereby therapeutic agents target and Kkill

 http://www.uniprot.org/ (last accessed 1st February 2010).

9 http://www.rcsb.org/ (last accessed 1st February 2010).

€ http://www.drugbank.ca (last accessed 1st February 2010).
fhttp://www.ncbi.nlm.nih.gov/pubmed/ (last accessed 1st February 2010).
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tumour cells but inflict minimal damage to normal tissue. A
comprehensive review of ADEPT and its development through
the years are provided here [19].

ADEPT has the potential to overcome drug resistance with
minimal toxicity due to the selectivity of the treatment. The
two main therapeutic components used in ADEPT are:
® a tumour targeting antibody-enzyme delivery system and
® a prodrug which can be converted into its active form by the

enzyme.

To achieve selectivity, an antibody-enzyme is used to catalyze a
prodrug to generate cytotoxicity at tumour sites. The ideal mole-
cular target should be an antigen found in high concentration in
tumour, but not in normal tissue.

Clearance of the antibody—enzyme from blood is a major issue.
The therapy is most effective when the ratio of antibody-enzyme
in tumour to normal tissue is high. Examples of methods to
maximize this ratio include introducing a third component clear-
ing system and post-translational modifications to the antibody-
enzyme to accelerate clearance [22-25].

Amongst the issues to be considered for the ADEPT prodrug are
stability, nontoxicity, and high rate of turnover to active drug by
the antibody-enzyme [26].

The active drug must then either be retained on site, or lose its
cytotoxicity capabilities on leaving the site. Therefore, the drug
must induce DNA damage as soon as it enters the cell. One of the
issues during development that must be considered is the opti-
mum half-life of the drug; cytotoxic drugs with short half lives do
not inflict damage if they leaked out of tumour.

The ADEPT approach has been studied using different targets
[27], tumour targeting antibody-enzymes [28] and prodrugs
[29].

This case study is limited to the set of published ADEPT experi-
ments using MFE-CP [30] or radio-labelled MFE-CP [31] and bis-
iodo phenol mustard prodrug [32,26] as the therapeutic agents,
and carcino-embryonic antigen (CEA) [33] as the therapy target.

We show the extent to which GIATE is sufficient to record the
diverse data types from these ADEPT development experiments.
We provide suggestions about recording data elements not
included in the checklist, and discuss the desirability of extending
GIATE to address these insufficiencies in future.

We show example values from the experiments which have
been collated from publications according to the GIATE checklist.
For space reasons, only sections of data from selected experiments
will be shown (e.g. a pharmacokinetic study in a single anatomy
site instead of data from multiple sites in which data were
observed). The full collated set of data are made available in
spreadsheet format on the Antibody Society Website.

ADEPT molecular target
CEA is an ideal tumour-associated antigen for ADEPT because it is
abundantly expressed in adenocarcinomas, but is minimally
found in normal tissue. This target binds to MFE-CP at the NA1
domain.
Figure 1 shows the ADEPT therapy target recorded to GIATE.
The UniProt ID and URL provided as example value here in
Fig. 1links to the UniProt knowledgebase and points to the specific
molecule used in this set of ADEPT experiments. UniProt provides
many pieces of information regarding CEA which would be of

interest during the development cycle of ADEPT, such as protein
structure, sequence, mutations, function and location within the
cell, CEA role in protein interactions and pathways, as well as up-
to-date publications.

UniProt also provides links to databases with CEA gene expres-
sion data; this would be of use when the genomic profiles of CEA-
expressing adenocarcinomas are studied, to provide stratified
treatment.

ADEPT therapeutic agents

The two agents used in this set of ADEPT experiments are MFE-CP
and a mustard prodrug. Figure 2 shows ADEPT agents recorded to
GIATE. The URLs point to the molecular experiment from which
MEFE-CP stability was obtained, and a publication which describes
the agents in more detail. There is also a URL to NCIt which
provides a definition of the specific prodrug used.

MFE-CP is a recombinant fusion protein expressed by Pichia
Pastoris with post-translational modifications consisting of glyco-
sylation with branched mannose [34]. The components of the
agent are a single chain Fv antibody MFE-23 [35] and carboxy-
peptidase G2 (CPG2).

MEFE-CP is an antibody-containing fusion protein; therefore a
user recording data about MFE-CP would be required to provide
information regarding the protein expression system, post-trans-
lational modifications as well as purity and stability of the agent.
Individual components of MFE-CP are recorded separately in
GIATE; as an antibody, MFE-23 can be linked to the international
ImMunoGeneTics information system (IMGT®) [36] online data-
base® and as a protein, CPG2 to UniProtKB. Figure 3 shows MFE-CP
components’ details recorded to GIATE.

The prodrug used in this set of ADEPT experiments is a mustard
prodrug, its synonyms include N-[[4-[bis(2-iodoethyl)amino]phe-
noxy]carbonyl]-L-glutamic acid or ZD2767P. In this case study, we
have provided a link to the NCIt, but the prodrug can equally be
linked to the DrugBank database to provide more domain specific
information.

ADEPT experiments in molecular models
Experiments in molecular models characterize ADEPT compo-
nents.

Molecular experiment data within GIATE domains

Ref. [37] characterized purified radio-labelled MFE-CP in terms of
affinity binding to CEA and stability. Both properties here are
included in GIATE for describing experiments performed in mole-
cular models. The measure of stability is duplicated in the GIATE
therapy agent module, but more detail can be given here about the
circumstances under which the value was obtained.

Figure 4 shows two ADEPT molecular model experiments’ data
recorded to GIATE. The URL points to the source for protocol
details. The stability value obtained in this experiment forms a link
to GIATE Therapy Agent module (Fig. 2), where the value is
duplicated. A user may therefore accept the results or track the
data to the experiment for more details about how the value was
obtained.

9 http://imgt.cines.fr/ (last accessed 1st March 2010).
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Therapy Target Example Adept Values
Therapy Target Carcino-embryonic antigen
Uniprot ID P06731
URL

——  hitp:/Avww.uniprot.org/uniprot/P06731
Ligand bonding domain description NA1 Domain
Post translational modification None

Hames ' Atiributes

Names and origin

Protein names

Gene names

Qrganism
Taxonomic identifier
Taxonomic lineage

Protein attributes

Sequence length
Sequence status
SEQUENcE Processing

Protein existence

Function

Subunit structure
Subcellular location
Tissue specificity

Sequence similarities

Sequence caution

> UniProtkKB Downloads - Cortact - DocumentationMHelp
Search Blast * Align Retrieve I Mapping *
Searchin Query
| Protein Knowledgebase (UniProtkB) v | | | [search] [Clear] Advanced Search»
PO8731 (CEAMS_HUMAN) = Reviewed, UniProtkKB/Swiss-Prot Cortribute

i Last modified February 8, 2011. Version 115. [ History ... - Send feedback
e . Read comments (0} or add your own
é » & Clusters with 100%, 90%, 50% idertity | Documerts (7| . Third-party data xml |rdfixmi | gff [fasta)
<

General annotation (Comments)

Post-translational modification Complex immunoreactive glycoprotein with a MW of 180 kDa comprising 60% carbobhydrate.,

- General annotation - Ontologies - Sequence annotation - Sequences - References - Cross-refs -

Recaommended name:
Carcinoembryonic antigen-related cell adhesion molecule 5
Alternative name('s):
Carcinoembryonic antigen
Short name=CEA
Meconium antigen 100
CD_antigen=CDEGe

MName: CEACAMS
Synonyms: CEA

Homo sapiens (Human) [Complete proteome]
9B06 [MCBI]

Eukaryota » Metazoa » Chordata > Craniata > Vertebrata » Euteleostomi > Mammalia » Eutheria »
Euarchortoglires » Primates » Haplorrhini » Catarrhini > Hominidae > Homo

702 AL

Complete.

The dizplayed sequence is further processed into & mature form.
Evidence at protein level.

Cell surface glycoprotein that plays a role in cell adhesion and in intracellular signaling. Receptor for
E.coli Dr adhesins. | F200)

Homodimer . Binding of E.coli Dr adhesins leads to dissocistion of the homodimer. (F211)
Cell membrane; Lipid-anchor » GPl-anchor | 22170 L FERTL)
Found in adenocarcinomas of endodermally derived digestive system epithelium and fetal colon.

Belongs to the immunoglobulin superfamily. CEA family.
Contains 7 lg-lke (immunoglobulin-like) domains.
The sequence ALAE2835.1 differs from that shown. Reason: Frameshift st positions 359 and 361.

FIG. 1

ADEPT therapy target recorded to GIATE. Links to UniProtKB provides additional information.
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has citation

Therapeutic Agents

Agent MFE-CP
Notes
Anti carcinoembryonic antigen fusion protein of
CPG2 linked to NH2 terminus of MFE-23
URL
r— < http://www.ncbi.nlm.nih.gov/pubmed/9373327

Molecular 70 x 2 kDa

Weight

Agent Prodrug

Notes

. bis-iodo phenol (BIP) 6 mustard prodrug
[4-{[bis(2iodoethyl)amino]phenyl}
oxycarbonyl-L-glutamic acid]

. ZD2767P

Source Database NCI Thesaurus

Purified via Immobilized metal
affinity chromatography

Purity

Stability Stable after 12 months storage

at -80°C, ref. molecular model

Post
translational
Mod

Glycosylation at 2 of 4 N-
glycolsylation sites with 5 to 13
mannose residues

Notes
eMay contribute to protein stability and rapid
clearance

Sustained Tumor Regression of Human =
Colorectal Cancer Xenografts Using a
Multifunctional Mannosylated Fusion Protein
in Antibody-Directed Enzyme Prodrug Therapy

Surinder K. Sharmal, R. Barbara Pedleyl, Jeetendra Bhatial,

Geaoffrey M. Boxerl, Ethaar El-Emit!, Uzma Qureshil, Berend Tolnerl,
Helen Lowe!, N. Paul Michael2, Nigel Minton3, Richard H. J. Begent! and
Kerry A. Chester!

[+] Author Affliations

Requests for reprints:

Surinder K. Sharma, Department of Oncolagy, Royal Free and University College Medical
Schaol, Royal Free Campus, Rowland Hill Street, London NW3 2PF, United Kingdom.
Phone: 207-472-6371; Faw: 207-794-3341; E-mail: surinder.sharma@ucl.ac.uk

Pumpose: Antibody-directed enzymea prodrug therapy (ADEPT) requires highly selective
antibody-mediated delvery of enzyme to tumor. MFE-CP, a multifunctional genetic fusion
protein af antibody and enzyme, was designed to achieve this by two mechanisms. First
by using & high affinity and high specificity single chain Fv antibody directed to
carcinoembryonic antigen. Secand by rapid removal of antibody-enzyme from normal
tissues by vitue of post-lransiational mannosylation. The purpose of this paper is to
investigate these dual functions in an animal model of pharmacokinetics,
pharmacodynamics, loxicity, and efficacy

Experimental Design: MFE-CP was expressed in the yeast Pichia pasionis and purified
via an engineered hexahistidine tag. Biodistribution and therapeutic effect of a single
ADEPT cycle (1,000 units/kg MFE-CP followed by 70 mo/kg ZD2767P prodrug at B, 7,
and 8 hours) and multiple ADEPT cycles (810 cycles within 21-24 days) was studied in
establiched human colon carcinoma xenografts, LS174T, and SW1222

Resuits: Selective localization of functional enzyme in tumors and rapid clearance from
plasma was observed within € hours, resulting in tumor to plasma ratios of 1,400:1 and
339:1, respectively for the LS174T and SW1222 madels. A single ADEPT cycle produced
reproducible fumor growth delay in both models. Multiple ADEFT cycles significantly
enhanced the therapeutic effect of a single cycle in the LS174T xenografts (P = 0.001)
and produced regressions in the SW1222 xenografls (P = 0.0001), with minimal toxicity

Conciusions: MFE-CP fusion protein, in combination with ZD2767P, provides a new and
successful ADEPT system, which offers the patential for multiple cycles and antitumor
efficacy. These results provide a basis for the next stage in clinical development of
ADEPT

Database ID C1686

URL
http://nciterms.nci.nih.gov/ncitbrowser/Concept
Report.jsp ?dictionary=NCI%20Thesaurus&code
=C1686

has database link

202767 | Search [ 2 |

@ exactmaten_ O Begins with_O Contains
@ namescode O Froperty O Relabonship

NClthesaurus :
- Home | View Histarchy | Subsets |tek

ZD2767 (Code C1686)

Terms & Propenties (Rt

Terms and Properties

Definition: & phenal mustard glutamate prodrug whicr
Directed Enzyme Prodrug Therapy (\DEPT). (NCT)

Jucas apoplosis by DA and use in Antibody

Prefersed Hame: ZD2767

Label: ZD2767

NEI Thesamtes Coie: C1B86

NCI Matath CUE CD385704 {3ge NCI info}

Synoiyins & A eviations: (ses Svronsm Detals)
N4 Bis (2 jodoethyhaminolshenaxcatbanyil-L-glutamic Acid

Bxtemal Source Codas:
CAS Reglstry Number
umMLs Cul

156079-86-8 {552 NLM ChemiDplys info)
C0385704 (s8¢ NCI Melathesaurys info)
Othar Properties:

Legaty_Concept_Name 0278

Semaniic_Tyne Organic Chemical

Semantic_Type Fharmacologic Substance

Rdditional Cancept Data:
Defined Fully by Roles: No

URL: hitgiifmelt nel nih govineitbrowses Concepteport Isp Pdicionary=HCI% 20Thes aurusbrode=C 1686

FIG. 2

ADEPT therapy agents recorded to GIATE. Links to molecular model for source of stability value, PubMed publications and NCI Thesaurus.
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Therapeutic Agents
Agent MFE-CP Agent Prodrug
l composed of
Agent MFE-23 Agent CPG2
Component Component
Notes
. anti-CEA single-chain Fv antibody Notes
. Bacterial enzyme Carboxypeptidase G2
Source NCI Thesaurus
Database
Database ID  C74600 UniprotID  P06621
URL o _ .
http://nciterms.nci.nih.gov/ncitbrowser/ConceptRepo £ http://www.uniprot.org/uniprot/P08621

rt.jsp?dictionary=NC1%20Thesaurus&code=C74600

has |

umq:-j > UniProtKB Dowvnioads - Contact - Documentation/Help
Search Blast * Align Retrieve ID Mapping *
Searchin Query
| Protein Knowledgebase (UnProtke) v | | | (Search Advanced Search »
P06621 (CBPG_PSESS) « Reviewed, UniProtkKB/Swiss-Prot Contribute
Last modified November 30, 2010. Version 78. £} History.... Send feedback
. Read comments (0) or add your own

% Clusters with 100%, 90%, 50% identiy | |~ Documents (3)| |+ Third-party data ftext [xmi | rf et | ot [fasta
Names - Atfributes - General annotation - Ontologies ces - =

Names and origin

Protein names Recommended hame:
Carboxypeptidase G2
Short name=CPDG2
EC=34.17.11
Alternative name(s).
Folate hydrolase G2
Glutamate carboxypeptidase
Pteroylmonoghdamic acid hydrolase G2
INN=Glucarpidase

Gene names Mame:epg2

Crganism Pseudomonas sp. (strain RS-16)
Taxonomic idertifier 312 [NCBI)

Taxonomic lineags Bacteria » Protecbactsria

Piotein attiibutes

Sequence length M5 A5,

Sequence status Complete.

Seguence processing The displayed sequence is further processed into a mature form.
Protein existence Evidence at protein level.

General annotation (Comments)

Function Catalyzes the hydrolysis of reduced and non-reduced folates to pterostes and L-glutamste. This
enzyme has a broad specificity

Catalytic activity Release of C-terminal glutamate residues from a wide range of N-acylating moieties, including peptidyl,
aminoacyl, benzoyl, benzyloxycarbonyl, folyl and pteroyl groups.

Cotactor Binds 2 zinc ions per subunit, | F200)

Subuntt structure Homodimer,

Pharmaceutical use Used clinically as a folate-depleting, antitumor agent.

Sequence similarties Belongs to the peptidase M204, family.

FIG. 3
ADEPT therapy agent (MFE-CP) components recorded to GIATE. Links to UniProtKb and NCI Thesaurus.
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Molecular Models

Example Adept Values

Protocol

URL

See attached Sharma S K et al. Clin Cancer Res 2005;11:814-825

http://www.ncbi.nlm.nih.gov/pubmed/15701872

Have studies l

l Have studies

Bond Example Adept Values Stability Example Adept Values
Participants  CEA to radio-labelled '25I-MFE-CP Agent MFECP

Affinity 78 Stability Stable for 12 months at -80°C
Notes Notes

* Activated CH Sepharose 4B affinity column, » Measured via SDS-PAGE and Coomassie
Pharmacia Biotech staining

Unit %
Avidity
Unit %

FIG. 4

Data from experiments in molecular model recorded to GIATE. Link to publication for protocol details. The Therapy Agent module (Fig. 2) refers to the stability

value obtained in this experiment.

Molecular experiment data outside GIATE domain

Data from experiments to characterize MFE-CP in terms of yield,
catalytic activity, integrity and identity are outside GIATE domain.
Information on cloning, expression and purification of the murine
MEFE-23 [38] and humanized MFE-23 crystal structure [35] are not
addressed in GIATE. Similarly, properties of experiments with gene
fusion to create the protein [39] and subsequent efforts to intro-
duce post-translational modifications by expression in Pichia Pas-
toris [34] are not addressed.

ADEPT experiments in cellular models

In an effort to correlate therapy effects to prodrug production,
DNA damage produced by ADEPT and repair were measured in the
human colorectal tumour LS174T cell line [40].

The activated drug is a nitrogen mustard, it’s mechanism of
action is the production of DNA damage in the form of alkyla-
tion and interstrand cross links (ICLs). This experiment
employed a modified version of the single cell gel electrophor-
esis (comet) assay which allows detection of ICLs after drug
exposure [41].

Tumour growth inhibition studies measured via sulphorhoda-
mine B (SRB) was also conducted.

Cellular experiment data within GIATE domains
GIATE provides elements to describe the cell culture conditions in
this experiment. GIATE also contains agent distribution elements
to address concentration of prodrug, damage and repair (and all
the properties linked to it, e.g. dose regimen, time point and
anatomy from which measurements are taken).

Cellular experiment data outside GIATE domain
Tumour cell growth inhibition as a measure of therapy effect is not
an element of GIATE.

ADEPT experiments in animal models

The main publication on ADEPT testing MFE-CP-Prodrug in ani-
mal models examined the distribution of target CEA in tumour,
stability and pharmacokinetics of agent MFE-CP, and toxicity and
efficacy of the ADEPT approach [37].

Experiments were performed in the animal model with mor-
phologically different human colon carcinoma xenografts from
cell lines LS174T and SW1222.

The presence of target CEA in tumour was confirmed via immu-
nofluorescence. Localisation of agent MFE-CP in tumour and
normal tissues was compared via immunohistochemical and
immunofluorescence images. Finally, the co-localisation of target
and therapeutic agent in tumour was examined via immunofluor-
escence staining.

The elimination half-life of MFE-CP was measured in tumour
and normal tissue; this was used as a measure of enzyme activity in
those sites. Decreased enzyme activity in tissue gave the basis by
which the interval time before prodrug administration, was
selected.

Additional experiments were conducted to investigate the effi-
cacy of single and multi-cycle doses of ADEPT. Pharmacodynamics
was measured in terms of tumour volume, tumour growth delay,
toxicity in terms of mouse weight change over time.

A publication on the pharmacodynamics of the prodrug in the
animal model is [40]. However, the tumour targeting agent used in
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Profile

Animal Model Example Adept Values

Organism Nude mice

Xenografts LS174T

Notes

. Human colon adenocarcinoma, poorly differentiated, small glandular acini.
Genetic/ Epigenetic None

Model for Disease

CEA-expressing adenocarcinoma

Development Stage 2-3 months, 20-25¢g

Protocol See cited Sharma Paper

URL

. http://www.ncbi.nlm.nih.gov/pubmed/15701872

\l/ are administered regimen \l/

Drug Regimen [1] Values Drug Regimen [2] Values
Therapeutic Agent MFE-CP Therapeutic Agent Prodrug
Dose Value 1000 Dose Value 70
Dose Unit Mg/kg Dose Unit Mglkg
Administrative v Administrative P
Frequency 6, 7 and 8 hours after
Frequency once Drug Regimen [1]
Following Regimen None Following Regimen  Drug Regimen [1]

FIG. 5
ADEPT animal model and drug regimen recorded to GIATE.

these experiments is the F(ab’)2 fragment of ASB7 conjugated to
CPG2, which [37] clears more slowly from plasma. In this pub-
lication, DNA damage and repair were measured by comet assay.

Experiment animal data within GIATE domains

Figure 5 shows ADEPT animal model and drug regimen data
recorded to GIATE. The organism, its phenotype and xenografts
are all elements of GIATE.

Distribution of CEA in tumour (and all the properties associated
with it, e.g. time points and anatomy from which the measure-
ments were taken) are GIATE elements for describing target dis-
tribution in tumour and normal tissues in the animal.

Distribution and elimination half-life of MFE-CP (and all the
properties associated with them, e.g. time points and anatomy
from which the measurements were taken) are GIATE elements for
describing pharmacokinetics in the animal.

Figure 6 shows ADEPT pharmacokinetics of MFE-CP and radio-
labelled MFE-CP in animal model recorded to GIATE. URLs pro-
vided point to supplementary images which show MFE-CP and
CEA distribution in tumour and normal tissues.

Therapy effect and repair in tumour and normal tissues are
elements of GIATE pharmacodynamic module. Response in
tumour and toxicity to animal are elements in GIATE therapy
outcome module.

Figures 4,5 depict the data elements compiled in GIATE for the
animal model, including dose regimen and pharmacodynamics.
We also show how it is possible to link from GIATE to the specific
images used in the experiments.

Experiment animal data outside GIATE domain

Imaging via immunohistochemistry or immunofluorescence is
used for collecting data regarding localisation and distribution
of agent and target in tumour and normal tissues. In addition,
MEFE-CP stability in vivo was confirmed using autoradiolumino-
graphy.

Currently, GIATE provides no specific elements for recording
contents of image data. Although users may provide links to
materials such as publications, spreadsheets and images, and
annotate them with free text, GIATE has no elements to address
the contents of these materials.
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Animal Models

l are administered regimen

Drug Regimen [1]

Produces pharmacokinetics

Pharmacokinetics ADEPT Example Values Pharmacokinetics ADEPT Example Values
Agent MFECP Agent 125-MFE-CP
Target/Non Target Non Target Target/Non Target Target
Anatomy Tumour
Anatomy Plasma
Concentration
Concentration -
Unit
unit Volume
Volume 2.15..0.0022,0:0011 Distribution See attached images
Unit Units/mL — Notes
Distribution . _Confirmec_i via radi_oluminography=
immunohistochemistry and
Unit immunofluorescence

Elimination Half Life

Elimination Half Life

Time Point 2.4, 6 hours after injection

Time Point 4 hours after injection

Reproduced with permission
fromSharma S K et al. Clin Cancer
Res 2005;11:814-825

A

H&E

Has supplementary materials

FIG. 6

ADEPT pharmacokinetics in animal recorded to GIATE. Links to images describe MFE-CP and CEA distribution in tumour and normal tissues.
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ADEPT experiments in clinical models

A phase I clinical trial [42] was constructed to establish optimal
variables for single cycle ADEPT for CEA-expressing adenocarci-
nomas. The objectives of this trial were to ensure the safety of MFE-
CP and to determine its safe levels of concentration in blood, to
examine the effects of prodrug dose escalation, to optimise the
MEE-CP dose regimen and the timing of prodrug administration.

The starting dose of MFE-CP is obtained from experiments in
animal models. The starting dose of prodrug is obtained from an
earlier phase I trial [43]. The delivery system in the cited trial is a
conjugate of anti-CEA antibody ASB7 and CPG2, which clears
slower from plasma in comparison to MFE-CP (t;,, of 14 hours and
0.5 hours, respectively).

Distribution of CEA in tumour sections was given semi-quanti-
tative measurements by scoring immunohistochemistry images
through CEA cell counts.

Distribution of MFE-CP and prodrug on adjacent sections was
similarly measured through counting of CPG2-reactive cells. Dis-
tribution of 23 or '3'I-labelled MFE-CP in patient was measured
via gamma camera imaging. The uptake of MFE-CP and its co-
localisation with CEA in tumour was also measured via immuno-
histochemistry in biopsies and confirmed via phosphoimaging.

As in the animal model, elimination half-life of MFE-CP is
obtained to assess enzyme activity in serum samples. Clearance
from circulation via liver, as hypothesised by glycosylation of MFE-
CPis confirmed by single-photon emission computed tomography
(SPECT).

Prodrug concentration in plasma samples taken at various time
points provided the basis from which the complete pharmacoki-
netic profile could be extrapolated using WinNonlin software and
anoncompartmental model. No pharmacokinetic studies are done
on active drug, as its half-life is measured in the order of seconds.

The effects of therapy are measured in terms of DNA damage
and reduction in tumour diameter. Comet assays were used to
measure DNA damage and repair in non-target tissue (peripheral
blood lymphocytes) and where possible damage on tumour biopsy
sections. CT imaging gave measurements of tumour diameter.

Therapy outcome was described in terms of immune response,
disease progression and adverse reactions. Immune response to
human anti-mouse antibodies (HAMA) and human anti-CPG
antibodies (HACA) was measured via enzyme immunoassay
(ELISA). Disease progression gave the number of weeks the patients
had stable disease, and adverse reactions to ADEPT are recorded
with Common Terminology Criteria for Adverse Events® (CTCAE)
grades.

Clinical experiment data within GIATE domains
Figure 7 shows ADEPT drug regimen administered to clinical
model recorded to GIATE. The URLs point to the animal model
and a previous clinical trial, where results from those experiments
formed the basis for starting dose value in this trial.

The distribution of target and agent measured through scored
immunohistochemistry can be recorded to GIATE, by providing
both scores and links to image data. Pharmacokinetics of MFE-CP

P http://nciterms.nci.nih.gov/ncitbrowser/pages/vocabulary.jsf2dictionary=
Common%20Terminology%20Criteria%20for%20Adverse%20Events&ver-
sion=4.03 (last accessed 1st March 2010).

and prodrug as well as pharmacodynamics of the therapy can be
recorded to GIATE. Disease progression and CTCAE grades are
both GIATE elements in the therapy outcome module.

Figure 7 shows ADEPT prodrug pharmacokinetics in clinic
recorded to GIATE. The URLs cite the figures with elimination
and concentration data, respectively.

Figure 8 shows ADEPT radio-labelled MFE-CP pharmacokinetics
in clinic recorded to GIATE. The URL refers to images showing
clearance of the drug from circulation via the liver (Fig. 9).

Figure 10 shows ADEPT therapy effects and outcomes in clinical
model recorded to GIATE, obtained in response to the drug regi-
men recorded in Fig. 7.

Clinical experiment data outside GIATE domains
Distribution of MFE-CP from these experiments can be recorded by
text descriptions but GIATE does not include elements for describ-
ing contents of phosphoimaging, gamma camera imaging and
SPECT data. Similarly, there are no GIATE elements for describing
DNA damage as reported through comet assays. Pharmacokinetic
profile for prodrug was extrapolated from software, but GIATE does
not address properties commonly obtained from such methods,
such as area under the curve (AUC).

There are no specific elements to address immune response but
the data could be recorded under the ‘Therapy Outcome Response’
element of GIATE.

Discussion

GIATE elements describe some models in more detail than others.
The discrepancy in depth of detail between models is illustrated in
Fig. 11. This figure shows example for minimum information or
reporting guidelines which overlap with GIATE, in the molecular,
cellular, animal and clinical models. In comparison to GIATE,
these reporting guidelines cover a greater scope of their respective
models, as they each are more domain specific.

Minimum Information for Biological and Biomedical Investiga-
tion (MIBBI) [44] is a consortium for promoting the use of report-
ing guidelines in the biological sciences domain. Their online
portal currently consists of 34 minimum information and report-
ing guidelines, including GIATE.

For example, Minimum Information about Molecular Interac-
tions (MIMIXx) [45] is a reporting guideline for molecular interac-
tions, Minimum Information About Cellular Assay (MIACA)' for
cell assays and Minimum Information About Mouse Phenotyping
Procedures (MIMPP) [46] for mouse models. CONSORT [47] is the
reporting guideline developed for clinical trials.

In the molecular model domain, many properties from experi-
ments to develop and characterize the therapeutic agents are not
included in our checklist even though these experiments were
essential to the development of ADEPT.

GIATE is developed foremost as a checklist for therapy experi-
ments, the scope of GIATE includes the issues of disease, therapy
and effects. Many development aspects of the therapeutic compo-
nents fall outside this remit, properties as stability and binding
which are more immediately relevant to the therapy domain and
are included in GIATE.

"http://miaca.sourceforge.net/ (last accessed 1st March 2010).
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Linked from animal model

Clinical Models

\l, are administered regimen\l,

Drug Regimen [1] Values Drug Regimen [2] Values

Therapeutic Agent  MFE-CP1 Therapeutic Agent Prodrug

Dose Value 5000 Dose Value 12.42

Notes Notes

. Chosen based on results in animal . Chosen based on previous clinical trial
mode/ URL

URL . http.//www.ncbi.nlm.nih.gov/pubmed/1

http://www.ncbi.nlm.nih.gov/pubmed/15701
872

Dose Unit Units/m?2
Administrative v
Frequency once
Following Regimen  None

2237768
Dose Unit Mg/m?
Administrative v
Frequency 3 times

Following Regimen Drug Regimen [1]

Animal Example Adept Values

Model

Organism Nude mice

Xenografts LS174T

Notes

. Human colon adenocarcinoma,
poorly differentiated, small glandular
acini.

Genetic/ None

Epigenetic

Profile

Model for CEA-expressing

Disease adenocarcinoma

Development 2-3 months, 20-25¢g
Stage

Protocol

URL
. http://www.ncbi.nlm.nih.gow/pubmed/
16701872

See cited Sharma Paper

linked to other clinical trial

British Journal of Cancer (2001
ER R ——

2001 Carcer

“www.bjeancer.com

A phase | tral of antibody directed enzyme prodrug therapy
(ADEPT) in patients with advanced colorectal carcinoma or other
CEA producing tumours

R} Francis*', SK Sharma', C Springer®, A] Green', LD Hope-Stone', L $ena’, | Martin®, KL Adamson',
A Rabbins’, L Gumbrell’, D O'Malley', E Tsiompanou', H i', S Webley', D H 1, A Hilson',
D Blakey* and RH) Begent'

FIG. 7

ADEPT clinical model and drug regimen recorded to GIATE. Links to source experiments in animal and human, where results formed basis for starting dose value in

this trial.
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Clinical Models

\L are administered regimen

Drug Regimen [2]

\L produces pharmacokinetics

Pharmacokinetics Example ADEPT Values
Agent Prodrug
Target/Non Target Non Target
Anatomy Plasma
Concentration Ref to Fig 4 of Mayer A et al. Clin Cancer Res 2006;12:6509-6516
URL links to full details
. http://clincancerres.aacrjournals.org/content/12/21/6509/F4.expansion.html
Unit pg/mL
Volume
Unit
w  Distribution
'
@  Unit
=
=2  Elimination Half Life Ref to Tab 2 of Mayer A et al. Clin Cancer Res 2006;12:6509-6516
‘3 Notes
€ < Extrapolated from 0 mins, using WinNonlin software and model
= URL
« http://clincancerres.aacrjournals.org/content/12/21/6509/T2.expansion.html
Time Point
Table 2. 400
BIP prodrug plasma pharmacokinetics +
Dose (mg/m? x 3) Elimination Co AUCF (pg  Clearance  Vgg E
[no. patients] hali-life {min} {pg/mL} mL min) {mL/min} (mL}) - e
12.42 [5] 8.4 42 34 824 7 568 é
16.15 [3] 7.0 58 55 571 5889 =
21.0[2] 118 89 a7 24 53W °
—> 35 2l 82 14 g7 663 6,128 ”»
67.2 2] 90 20 177 B09 6,800 é
134.4 [1] 1.0 61 708 3|0 5522
200 [3] 108 66 741 527 6904 2 1001
2688 [7] 99 a0 1,160 490 5847 E 4
5376 [4] 14.4 235 3,408 302 5,448 :
1075 [1] 163 £ 8,228 254  BBS j

* 1" Plasma concentration increasing to 5 minutes maximum.

0 1 2 3 4 5 6 7 8
Time after prodrug dose 3 (min)

Reproduced with permission from Mayer A et al. Clin Cancer Res 2006;12:6509-6516

FIG. 8
ADEPT prodrug pharmacokinetics in human recorded to GIATE. Links to specific sections of cited publication.
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Clinical Model

J/ are administered regimen

Drug Regimen [2]
produces pharmacokinetics produces pharmacokinetics

Pharmacokinetics ADEPT Values Pharmacokinetics ADEPT Values
Agent 123|_|abeled Agent 123|-labeled MFE-CP
MFE-CP

Target/Non Target Non target
Target/Non Target Target Anatomy Liver
Anatomy Tumour Concentration
Concentration Unit
Unit Volume
Volume 0.18, 0.07, 0.02 Unit

Distribution Cleared from circulation,
Notes
. Via gamma imaging Notes

. Confirmed via CT
Unit Units/g URL

——— s http://clincancerres.aacrjournals.org/conten
Distribution —  1/12/21/6509/F2.expansion.html
Unit Unit
Elimination Half Life Elimination Half Life
Time Point 4. 20, 40 hours Time Point 30 mins, 2 hr, 4 hrs and 22 hr
Links to supplementary materials
v

Anterior

Reproduced with permission from Mayer A et al. Clin Cancer Res 2006;12:6509-6516

FIG. 9
ADEPT pharmacokinetics data human recorded to GIATE. Links to specific images in cited paper.
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Clinical Model
produces pharmacodynamics : produces pharmacodynamics
Drug Regimen
produces outcome
PharmacoDynamics  Value PharmacoDynamics Value
Target/NonTarget Target Target/NonTarget Non target
Anatomy Tumour Anatomy Peripheral blood
lymphocytes
Effect Cross link formation
Effect No cross linking
Cytotoxicity
Cytotoxicity
Repair 58% reduction in tail
moment Repair
Time point Time point
v
Outcome Value
Response 10% reduction in tumour diameter
Notes
. Measured via CT
CTAE Grade 1. G3 thrombocytopenia
2. G3 Neutropenia
3. G3 Leukopenia
Survival Status Stable disease after 8 weeks
FIG. 10

ADEPT therapy effects and outcomes in human recorded to GIATE.

We suggest researchers who wish to report to guidelines with
more details refer to domain specific reporting guidelines. Record-
ing to domain specific guidelines confers the ability to include a
greater depth of detail, reporting to GIATE allows linking between
models. As both have their use in recording therapy experiments,
we intend to address this by building links from GIATE to modules
containing other reporting guidelines.

GIATE's ability to link diverse data types enables interesting
queries to be made. These queries can be made during and after the
development lifetime of a new therapeutic for problem solving or
for new knowledge generation.

Examples of queries include:

* ‘What'-type queries

o What was the affinity and avidity of the antibody to target

measured in molecular model?

o What is the homology of the molecular target in animal, to

the target in human?

¢ ‘Compare’-type queries
o Compare effect/repair/cytotoxicity after therapy in target
tissue to non-target tissue (e.g. tumour to plasma/liver/other
anatomy).
o Compare the pharmacologic substance’s elimination half-
life in animal, to its elimination half-life in human.
* ‘How’-type queries
o How do drug regimen and toxicity studies in animal affect
Minimal Anticipated Biological Effect Levels (MABEL) in
human?

o How do germline mutations in the cell line relate to therapy

outcome in human?

We are working on developing elements to describe properties
of supplementary materials. For example, it would be useful to
have properties to describe the reason a publication was cited [48].
This gives GIATE the ability to track provenance in terms of both
data and research backgrounds.
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Data from all experiments

Experiments in molecular Experiments in cellular

model model
MIMIx MIACA
GIATE|domain
MIMPP CONSORT

Experiments on animal
model

Experiments in clinical
model

FIG. 11

GIATE domain in therapy experiment data. Examples of domain overlaps are
given illustrated with MIMIx, MIACA, MIMPP and CONSORT.

There are various data standards for imaging [49,50], but a
checklist of properties to describe the content of image regardless
of platform, in terms of therapy would be unique. Examples
include the registration of localisation of agent in tumour, co-
localisation of agent and target and changes in tumour diameter.

The addition of imaging properties to GIATE allow queries such as
¢ Which pharmacokinetic study is linked to outcomes with

images which register changes in tumour diameter?
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As mentioned in previous sections, the extent of user uptake on
GIATE will depend strongly on the clarity and user friendliness by
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To this extent, we are working on creating a digital lab-notebook
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automated reasoning can be used to then ensure that the repre-
sentation of the domain is valid.
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