Office de la Propriete Canadian CA 2562034 A1 2005/10/20

Intellectuelle Intellectual Property
du Canada Office (21) 2 562 034
“n organisme An agency of 12 DEMANDE DE BREVET CANADIEN
d'Industrie Canada Industry Canada CANADIAN PATENT APPLICATION
(13) A1
(86) Date de dépbt PCT/PCT Filing Date: 2005/03/28 (51) Cl.Int./Int.Cl. GOTN 33/48(2006.01),
(87) Date publication PCT/PCT Publication Date: 2005/10/20 GOTN 33/50(2000.01), GO6F 7/00(2006.01),

GO06G 7/48(2006.01)

(85) Entree phase nationale/National Entry: 2006/09/29 . _

(71) Demandeur/Applicant:
(86) N° demande PCT/PCT Application No.: US 2005/010086 CENTOCOR INC., US
(87) N° publication PCT/PCT Publication No.: 2005/098039 (72) Inventeur/Inventor:
(30) Priorité/Priority: 2004/03/31 (US60/558,090) LU, JIN, US

(74) Agent: OGILVY RENAULT LLP/S.E.N.C.R.L.,S.R.L.

(54) Titre : PROCEDE ET APPAREIL PERMETTANT D'ANALYSER ET DE PRODUIRE DES SEQUENCES D'ACIDES
AMINES ET D'ACIDES NUCLEIQUES D'ANTICORPS

54) Title: METHOD AND APPARATUS FOR ANALYZING AND GENERATING HUMAN ANTIBODY AMINO ACID AND
NUCLEIC ACID SEQUENCES

(57) Abregé/Abstract:

The invention provides methods, computer programs, data and databases, computer readable media, computer systems, and/or
apparatus that use, compare or generate data corresponding to at least one partial antibody or antibody fusion protein nucleic acid
or amino acid sequence, on recordable media or in computer memory, such as engineered antibody or antibody fusion protein
seguences that include any combination of partial antibody sequences, as well as comparisons between different human antibody
partial or full sequences, wherein the present invention can be used, inter alia, for research, diagnostic and/or therapeutic products,
methods and devices.

,
L
X
e
e . ViNENEE
L S S \
ity K
.' : - h.l‘s_‘.}:{\: .&. - A L~
.
A

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




CA 02562034 2006-09-29

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [~
International Bureau %

(10) International Publication Number

WO 2005/098039 A3

(43) International Publication Date
20 October 2005 (20.10.2005)

(51) International Patent Classification: Al, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
GOIN 33/48 (2006.01) GO6F 7/00 (2006.01) CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GOIN 33/50 (2006.01) GO06G 7/48 (2006.01) GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,

KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,

(21) International Application Number: MG, MK, MN, MW, MX, MZ. NA, NI. NO, NZ. OM, PG,

PCT/US2005/010086 PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL, SM, SY,
. . TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU,
(22) International Filing Date: 28 March 2005 (28.03.2005) 7ZA. ZM. ZW.
(25) Filing Language: English
(84) Designated States (unless otherwise indicated, for every
(26) Publication Language: English kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ., NA, SD, SL., SZ, TZ, UG, ZM,

(30) Priority Data: /W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, 1], TM),

60/558,090 31 March 2004 (31.03.2004) US European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, MC, NL, PL, PT, RO,

(71) Applicant (for all designated States except US): CENTO- SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN,
COR, INC. [US/US]; 200 Great Valley Parkway, Malvern, GQ, GW, ML, MR, NE, SN, TD, TG).

Pennsylvania 19355 (US).
Published:

(72) Inventor; and
(75) Inventor/Applicant (for US only): LU, Jin [US/US]; 3756
Old Post Circle, Boothwyn, Pennsylvania 19061 (US).

—  with international search report

(88) Date of publication of the international search report:

(74) Agents: JOHNSON, Philip, S. et al.; One Johnson & 8 June 2006

Johnson Plaza, New Brunswick, NJ 08933 (US).
For two-letter codes and other abbreviations, refer to the "Guid-

(81) Designated States (unless otherwise indicated, for every ance Notes on Codes and Abbreviations" appearing at the begin-
kind of national protection available): AE, AG, AL, AM, ning of each regular issue of the PCT Gagzette.

(54) Title: METHOD AND APPARATUS FOR ANALYZING AND GENERATING HUMAN ANTIBODY AMINO ACID AND
— NUCLEIC ACID SEQUENCES

98039 A3 |INFI0NA IOV IO 0 0 0 T O AR

~.
)

@ (57) Abstract: The invention provides methods, computer programs, data and databases, computer readable media, computer sys-
& tems, and/or apparatus that use, compare or generate data corresponding to at least one partial antibody or antibody fusion protein
N ucleic acid or amino acid sequence, on recordable media or in computer memory, such as engineered antibody or antibody fusion
protein sequences that include any combination of partial antibody sequences, as well as comparisons between different human an-
tibody partial or full sequences, wherein the present invention can be used, inter alia, for research, diagnostic and/or therapeutic
products, methods and devices.




DEMANDES OU BREVETS VOLUMINEUX

LA PRESENTE PARTIE DE CETTE DEMANDE OU CE BREVETS
COMPREND PLUS D’UN TOME.

CECIESTLETOME 1 DE 2

NOTE: Pour les tomes additionels, veillez contacter le Bureau Canadien des Brevets.

JUMBO APPLICATIONS / PATENTS

THIS SECTION OF THE APPLICATION / PATENT CONTAINS MORE
THAN ONE VOLUME.

THISISVOLUME 1 OF 2

- ——— amnaypmpppeEns 0 b

NOTE: For additional volumes please contact the Canadian Patent Office.

B L TP P B L O T T ST T (R ¥ TR, TIL £ PO ar O U TRV TN T R TT TTF 0 TP S - S S S SRR S UL S TV -tl] P13 3. - Al v QNN S Cr LN . S S 0 TR T S A S -t RO CONL . 1 G | ST TEOM AT SR AT S TR S T U Ty et CRR T B A T IR | T LR - DAL EOSSERCRE W T T R o] T D L S B B . . ‘. s . ot et et A et A0 i igad 1 30 i OB S G 2R RN LS. i R S T0 LA £ S BN L AL S e Py ML L



S

10

15

20

25

30

35

CA 02562034 2006-09-29

WO 2005/098039 PCT/US2005/010086

METHOD AND APPARATUS FOR ANALYZING AND GENERATING
HUMAN ANTIBODY AMINO ACID AND NUCLEIC ACID SEQUENCES

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention provides methods, computer programs, data and
databases, computer readable media, computer systems, and/or apparatus that use,
compare or generate data corresponding to at least one partial or complete antibody or

antibody fusion protein nucleic acid or amino acid sequence, on recordable media or in

~ computer memory, such as an antibody or antibody fusion protein sequences that

include any combination of partial antibody sequences, as well as comparisons between
different human antibody partial or full sequences, wherein the present invention can be
used, inter alia, for research, diagnostic and/or therapeutic products, methods and

devices.

Related Art

Since the initiation of genome sequencing projects, such as the Human
Genome Project, there has been an explosion of amino acid and nucleic acid sequence
information. Advancements in the areas of nucleic acid sequencing and protein
sequencing have also played an important role in this information explosion. However,
the development and reﬁnement of tools to analyze these sequences has barely kept
pace with the information explosmn At the same time, development of sophisticated
techniques for producing monoclonal antibodies (MABs) with unique specificity have
evolved. |

MABSs can function as research reagents, diagnostics or therapeutics.
Antibody based therapeutics can potentially treat a broad spectrum of health threats
such as autormmune disorders, cancers, 1nfect10ns or poisonings. However, non-
human antibodies contain amino acid sequences that are immunogenic in humans.
Consequently, it is desirable to employ fully human or humanized antibodies to limit
the immunogenicity problems caused by immuno genic sequences 1n human patients.

Human antibody sequences can be analyzed to attempt to determine potential
structural and functional information. Such information can provide insights into
antibody structure, posttranslational modification, and expression. This information in

turn can be used to rationally alter antibody half-life, affinity, expression, and even
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function. Such rational alterations can be accomplished by the deletion or substltutlon

of single amino acid residues, or discrete regions, of an antibody:.

To facilitate such rational approaches to antibody design it is necessary to have
tools which enable the identification of conserved residues

antibodies.

and regions of human
To meet this need there is a need for suitable methods, computer systems

10 and networks, computer accessible databases, and/or algorithms.

Citation of any document herein is not intended as an admission that such

document is pertinent prior art, or considered material to the patentability of any claim

of the present application. Any statement as to content or a date of any document is

based on the information available to applicant at the time of filing and does not

15 constitute an admission as to the correctness of such a statement.

SUMMARY OF THE INVENTION

The present invention is directed to methods, computer programs, data,

databases, computer readable media, computer systems, and/or apparatus

, subclasses and components thereof, in order
to provide searchable, analyzable and exportable databases and fields of amino acid and

nucleic acid sequence data, as well as generating amino acid and nucleic acid sequence

suitable to use in therapeutic and/or diagnostic antibodies, antibody fusion proteins or
25  other protein sequences.

The present invention provides methods, computer programs, data and

databases, computer readable media, computer systems, and/or apparatus that use,

any combination of partial antibody sequences, as well as comparisons between

different human antibody partial or fuli sequences.

In one aspect of the present Invention, a computer accessible database
contamning amino acid and/or nucleic acid sequences for consensus or engineered
35  buman antibodies or portions thereof is provided. The data in the database can
optionally be processed and/or generated to filter out short and redundant sequences. In

one embodiment of the database or data, there are provided at least one set of amino
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acld or nucleic acid sequences corresponding to and comprising at least one set of
human or human derived complementarity determing regions (CDRs), human heavy or
light chain variable and/or constant fegion sequences, and/or human or human derived
constant region sequences in the database. The data, in this non-limiting example of a
database of the invention, can optionally be organized by grouping, superfamily, family
and/or subfamily. Multiple data displays can optionally be available for analyzing,
generating or viewing data in the database.

In a further aspect of the present invention, a BLAST or similar search

engine is optionally further provided for searching, analyzing or generating at least one

“part of the database (see, e.g., as known in the art, e. g., but not limited to as disclosed

in , Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997), entirely incorporated
herein by reference).

In another aspect, the present invention provides at least one al gorithm for

The classifications can optionally be based on annotations and sequence similarity.

In yet another aspect of the present invention, an additional algorithm
displaying the frequency of substitutions at each position in the clustered alignment is
provided. In one embodiment, an algorithm determines the prototypical sequence for a
given subfamily and the frequency of each substitution (amino acid residue .or gap)
occurring at the prototype position.

In one aspect of the invention, a method for comparing, analyzing and/or
generating human antibody amino acid and/or nucleic acid sequences is provided. The
method comprises at least one of the following steps, such as, but not limited to, at least
one of:

101. accessing suitable .antibody sequence databases and collecting constant,
complimentarity determing regions (CDRS), and/or variable region sequences:

102. subjecting the data collected in step 101 to Algorithm 1, wherein the
sequences are classified into groups, superfamilies, and/or subfamilies;

103. performing sequence alignment on all sequences assigned to a given
subfamily in step 102;

104.  displaying subfamily multiple sequence alignment result of step 103;

CENSO052PCT 3




10

15

20

25

30

35

CA 02562034 2006-09-29

WO 2005/098039 PCT/US2005/010086

105. accessing antibody sequence databases and collecting variable reéion
sequences; ' |

106. subjecting the data collected in step 105 to Algorithm 2, wherein the
variable region sequences are classified into superfamilies and subfamilies;

107. performing multiple sequence alignment on all sequences assigned to a
given subfamily in step 106; |

108. displaying subfamily multiple sequence alignment result of step 107;

109.  subjecting the multiple sequence alignment data generated in step 103 or
107 to Algorithm 3, wherein each amino acid substitution is examined and the
substitution’s frequency of occurrence at a given positioh is calculated;

110. determining the constant region subfamily prototype sequence and
substitutions; |

111.  displaying the the constant region subfamily prototype sequence and
substitutions generated by step 110; :

112. determining the variable region subfarnilya prototype sequence and -
substitutions;

113. displaying the variable region subfamily prototype sequence and
substitutions generated by step 112;

114.  exporting the displayed results from step 104, 108, 111 or 113 to a web
interface, wherein the displays can be viewed and BLAST vsearclﬁng can be performed.

In another aspect, the present invention provides a computer accessible

database of clustered alignments of all human antibody amino acid sequences. In one
non-limiting embodiment, the heavy chain variable region antibody superfamily
consists of a total of 6628 unique sequences belonging to 9 subfamilies. In another
embodiment, the light chain variable region kappa superfamily consists of 1730 unique
sequences belonging to 6 subfamilies. In yet another embodiment, the light chain
variable region lambda superfamily consists of 1209 unique sequences belonging to 15
subfamilies. In still another embodiment, there are 92 unique human constant region
sequences belonging to 7 superfamilies and among them, IgA heavy chain constant
region superfamily contains 2 subfamilies and the IgG heavy chain constant region
supertamily contains 4 subfamilies.

In still a further aspect of the present invention, a computer program product is

provided that has computer program logic recorded thereon for enabling a processor in

CEN5052PCT 4
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a computer system to analyze and generate human antibody nucleic acid or amino acid
sequences. Such computer program logic includes at least one of the following:

at least one algorithm, sub-routine, routine or means for enabling the processor
to access antibody sequence databases and collect human antibody constant region
sequences, wherein the sequences are classified into superfamilies and subfamilies;

at least one algorithm, sub-routine, routine or means for enabling the processor
to access public available databases and collect human antibody variable region
sequences, wherein the sequences are classified into superfaﬁiilies and subfémilies; and

at least one algorithm, sub-routine, routine or means for enabling the processor

- to determine the prototypical sequence for a subfamily and the frequency of each amino

acid substitution occurring at the prototype position.

In still a further aspect of the present invention, the present invention
provides a computer network, wherein the computer accessible databases, algorithms
and computerized search system of the invention are assembled and operated on. The
computer network compri:ses a browser or workstation connected via a first network to -
a server. This first network can be connected via a second network to additional

browsers or workstations.

Features and Advantages

The present invention provides methods, computer programs, data and
databases, computer readable Iﬁedia, computer systems, and/or apparatus that use,
compare or generate data corresponding to at least one partial antibody or antibody
fusion protein nucleic acid or amino acid sequence, on recordable media or 1n computer
memoryi., such as engineered antibody or antibody fusion protein sequences that include
any combination of partial antibody sequences, as well as comparisons between
different human antibody partial or full sequenceé, wherein the present invention can be
used, inter alia, for research, diagnostic and/or therapeutic products, methods and

devices.

BRIEF DESCRIPTION OF THE DRAWINGS
The present invention is described with reference to the accompanying
drawings. In the drawings, like reference numbers indicate identical or functionally

similar elements.

CENS052PCT d
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FIG. 1 i.s a block diagram illustrating the overview of inputs, database asserhbly
and analysis outputs in accordance with one embodiment of the present invcntion;

FIG. 2 is a block diagram illustrating Algorithm 1 analysis of constant region
sequences 1n accordance with one embodiment for carrying out steps 101-104 shown in
FIG. 1;

FIG. 3 is a block diagram illustrating Algorithm 2 analysis of variable region
sequences in accordance with one embodiment for carrying out steps 105-108 shown in
FIG. 1; "

FIG. 4 is a block diagram illustrating Algorithm 3 for statistics distribution in
accordance with one embodiment for carrying out steps 109-111 shown in FIG. 1;

FIG. 5 is a block diagram illustrating an exemplary computer system suitable
for use with the present invcntion;

FIG. 6 is a screen shot (HTML page) depicting the content page with data
display section hyperlinks exemplified using the heavy chain variable region Vh9
subfamily;

FIG. 7 1s a screen shot depicting the first data display section whcrcin the raw
optimized multiple sequence ali gninent with annotations of functional units generated
by Algorithm 1 or 2 was exemplified using 25 Vh9 subfamily members;

FIG. 8 is a screen shot depicting the second data display section wherein the
graphic alignment generated by Algorithm 1 or 2 was exemplified using 25 Vh9
subfamily members;

FIG. 9 1s a screen shot depicting the third data dispiay section generated by
Algorithm 3 wherein the calculated amino acid distribution statistics for each prototype
position distribution was exemplified using Vh9 subfamily sequence alignment,
wherein the display is formatted for data export via a cut and paste function to
programs such as Excel or Vector NTI; anad

FIG. 10 1s a screen shot depicting the fourth data display scction presenting the
same contents as the third data display in Fig. 9, wherein the display 1s designed for

easy web page display on a computer monitor and for printing.

DETAILED DESCRIPTION OF THE EMBODIMENTS

The present invention provides methods, computer programs, data and

databases, computer readable media, computer systems, and/or apparatus that use,

CEN5052PCT ~ 6
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compare or generate data corresponding to at least one partial antibody or antibody
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fusion protein nucleic acid or amino acid sequence, on recordable media or in computer
memory, such as engineered antibody or antibody fusion protein sequences that include
any combination of partial antibody sequences, as well as comparisons between
different human antibody partial or full sequences, wherein the present invention can be
used, inter alia, for research, diagnostic and/or therapeutic products, methods and

devices.

Definitions

"Bad clusterings" are clusters which are inconsistent with the subfamily
clusters of a "reference database" or a "classification database."

A "browser" 1s a computer running a computer program for collecting and
displaying accessible data.

"Calculated frequency" means the number of times a prototype residue
occurs per the total number of sequences in the alignment inputted into Algorithm 3.

A "classification database" contains "reference sequences"” which have been
classified based on their germline subfamily. An example of a "classification database"
i1s V Base (www.mrc-cpe.cam.ac.uk/vbase-ok.php?menu=901) which provides, when
available, the germline subfamily of each variable heavy, variable light chain kappa, or
variable light chain lambda included in the database.

A "cluster" is an organizational unit of sequences, or other string of
characters, related by a given stringency. Clusters will vary depending on the chosen
stringency.

A "duplicate sequence" in a collection of sequences is a sequence which is
identical to at least one other sequence in the population.

"Gap frequency" is the percentage of all substitutions in a position which are
gaps. -

"Good clusterings" are consistent with the subfémily clusters of a
"classification database."

"Known subfamily annotations" are annotations indicating the subfamily of a
sequence.

"Known superfamily annotations" are annotations which indicate the

superfamily of a sequence.

CENS5052PCT 7
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A "network" is an interconnected or interrelated chain, group, or system such
as for example a system of computers connected by communications lines. ‘

A "prototype residue" is the amino acid residue which occurs most
frequently in a single position of a multiple sequence alignment.

A "prototype sequence" corresponds to a sequence of "srototype residues."

A "reference database" may be used to obtain heavy or light chain constant
region "reference sequences." Swissprot 1s one example of suéh a database, but other
databases in which the subfamily of the sequences deposited in the database is
indicated can function as a "reference database."

"Reference sequences" are sequences which afe known to belong to a given
subfamily.

A "server" is a computer in a network which provides services to other
computers in a network. Services provided by a server may include, for example,
access to a database, files, and shared peripherals or the routing of files. A server may
provide access to a database or files via a web server which provides such access to a
"browser."

"Short sequences" are 70 amino acid residues or less.

"Substitutions" may be amino acid residues or gaps (no residue) occurring at
a position in an aligned set of sequences.

A "workstation" is a computer for running the algorithms of the invention,
assembling the database of the invention or for software development. A "workstation"

is also capable of displaying data or operating as a "browser."

Network Structure

The computer accessible database, algorithms and computerized search
system of the invention are assembled and operated on a computer network (Fig. 5).
The computer network comprises a browser or workstation connected via a first
network or a direct connection to a server. This first network can be connected via a
second network to additional browsers or workstations.

Database contents and Features
The computer accessible database of the invention contains publicly

available amino acid sequences for human antibodies. The data in the database is

processed to filter out short and redundant sequences.

CEN5052PCT ]
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In one embodiment, there are 6628 unique human heavy chain variable
region sequences, 1730 unique human light chain kappa variable region sequences,
1209 unique human light chain lambda variable region sequences, and 92 unique
human constant region sequences in the database. The data in the database is organized
by superfamily, and subfamily. Multiplé data displays are available for viewing data in
the database.

A BLAST or similar search engine is also provided for searching the

database (e.g., as described in Altschul et al., Nucleic Acids Res. 25:3389-3402 (1997),

and/or as known in the art).
Superfamilies

The human antibody datélbase, as a non-limiting exemplary embodiment,n
contains non-redundant data, classified into 10 superfamilies (3 variable region
sequence families and 7 constant region sequence families). The 3 variable region
superfamilies are the heavy chain Vh, light chain V kappa and light chain V lambda
superfamilies. The 7 constant region superfamilies are the heavy chain IgA, IgG, IgD, -
IgE, IgM, light chain constant kappa and light chain constant lambda superfamilies.

Each superfamily, is further classified into at least one subfamilies (Table 1).

CENSO052PCT 9
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superfamily consists of a total of 6628 unique sequences belonging to 9 subfamilies.
The light chain variable region kappa and light chain variable re gion lambdé
superfamilies contain 6 and 15 subfamilies respectively. The light chain variable
region kappa superfamily has 1730 sequences; the light chain variable region lambda
superfamily contains 1209 sequences. The heavy chain constant region superfamilies
consist of IgA, IgG, IgD, IgE, and IgM. The IgA heavy chain constant region
superfamily contains two subfamilies and the IgG heavy chain constant region
superfamily has 4 subfamilies. The other heavy chain constant region superfamilies
each contain a single subfamily. The total number of unique heavy chain constant
regions sequences in the database is 92. The light chain kappa and lambda
superfamilies each contain a single subfamily.
Algorithms

Two algorithms (Figs. 2 and 3) classify the collected data in the database into
10 different superfamilies (3 for variable region sequences, 7 for constant region
sequences) and into corresponding subfamilies based on annotations and sequence
similarity. A third algorithm (Fig. 4) determines the prototypical sequence for a
subfamily and the frequency of each substitution (amino acid residue or gap) occurring
at the prototype position. All three algorithms can be used to construct the database of

the invention or a portion thereof (overviewed in Fig. 1).

Algorithm 1: Generation of constant region multiple sequence

alignments and subfamily assignments
The first algorithm (Fig. 2) collects, classifies, and analyzes the heavy and

light chain constant regions of human antibodies.

First, a preparation step is performed in which human antibody databases
such as Kabat (immuno.bme.nwu.edu; available via NCBI), NCBI
(www.ncbi.nlm.nih.gov), SwissProt (www.ebi.ac.uk/swissprot/; available via NCBI),
PIR (pir.georgetown.edu), published patent sequence databases (e.g. PAT database;
available via NCBI) or other publicly available data sources are made accessible to a
workstation for further analysis. See Fig. 2, Step 201.

Second, a process step is performed in which data for human light and heavy
chain constant region amino acid sequences are collected. In this step, human light and

heavy chain constant region sequences are collected based on annotations indicating the

CENS052PCT 12
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5> sequence is an antibody or immunoglobulin, that the sequences 1s a Homo sapiens

(human) sequence, and that the sequences 1s a heavy or light chain constant region

sequence. Data collected in this step includes annotations, sequences, sequence names,
accession numbers and the like. See Fig. 2, Step 202.

Third, a process step is performed in which duplicate and

short sequences are
10 removed from the collected data. See Fig. 2, Step 203.

Fourth, a process step is performed in which data for light and heavy chain

constant region sequences with known superfamily annotations is collected and
grouped by superfamily. In the context of this step known superfamily annotations

indicate that a sequence is a heavy chain constant IgA, IgD, IgE, IgG or IgM

15 superfamily member or alternatively that the sequence is a I ght chain constant lambda

or kappa superfamily member. Sequences lacking known superfamily annotations are

not collected at this step. See Fig. 2, Step 204.

Fifth, a decision step is performed in which it is determined if a sequence has

known subfamily annotations. See Fig. 2, Step 205.

20 ‘The fifth step is a branch point. After this step sequences with known

subfamily annotations are assigned to subfamilies through different steps than those

without known subfamily annotations. Each branch (Branch A and Branch B) is

described below. After the sequences have been assigned to subfamilies they are
further processes in a sixth step.

25 The sixth step, is process step 1n which a multiple sequence alignment is"

performed on all sequences assigned to a given subfamily. A program such as, for
example, CLUSTALW (Higgins et al., Nucleic Acids Res. 22:4673-4680 (1994)) may
be used to perform multiple sequence alignments. See Fig. 2, Step 206.

The seventh step is a terminal step in which the result of the preceding steps,

a multiple sequence alignment of all the sequences in a given constant region

subfamily, may either be displaye'd or input into Algorithm 3. Data may be displayed
in the first section data display described below. See F ig, "2, Step 207.

Branch A: Processing of sequences with known subfamily annotations

First, a procéss step 1s performed in which sequences with known subfamily
35  annotations are collected. See Fig. 2, Step 205A1.

30

Second, a process step is performed in which these sequences are assigned to
subfamilies. See Fig. 2, Step 205A2.
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After these steps the sequences with known subfamily annotations are
processed identically- to sequences without known subfamily annotations. Identical
processing resumes at step 6. See Fig. 2, Step 206.

Branch B: Processing of sequences without known subfamily annotations

First, a process step is performed in which sequences without known
subfamily annotations are collected. See Fig. 2, Step 205B1.

Second, a process step is performed in which multiple sequence alignment
and phylogeny tree analysis is performed to generate clusters of sequences. A program
such as, for example, CLUSTALW may be used to perform multiple sequence
alignments. The sequences processed in this step include both collected sequences
without known subfamily annotations and reference sequences from a .referencé |
database. The reference sequences have known subfamily annotations such as for
example IgG1, IgG2, IgA1, IgA2 and the like. Including reference sequences in this
step provides a tag which can be used to determine which subfamily each cluster
generated by the multiple alignment and phylogeny tree analysis corresponds to. See
Fig. 2, Step 205B2.

Third, a process step is performed in which the sequences are assigned to
subfamilies based on which reference sequences cluster with them in the phylogeny
tree. See Fig. 2, Step 205B3.

Fourth, a process step 1s performed in which the subfamily assignments are
validated by user examination of the scientific literature. Subfamily assigments are
validated if they are consistent with subfamily assignments described in the scientific
literature. See Fig. 2, Step 205B4.

After these steps the secjuences without known subfamily annotations are
processed 1dentically to sequences with known subfamiliy annotations. Identical

processing resumes at step 206. See Fig. 2, Step 206.

Algorithm 2: Generation of variable region multiple sequence

alignments and subfamily assignments
The second algorithm (Fig. 3) collects, classifies, and analyzes the heavy and

light chain variable regions of human antibodies.
First, a preparation step is performed in which human antibody databases

such as Kabat (immuno.bme.nwu.edu; available via NCBI), NCBI

(www.ncbi.nlm.nih.gov), SwissProt (www.ebi.ac.uk/swissprot/; available via NCBI),

CEN5052PCT 14
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PIR (pir.georgetown.edu), published patent sequence databases (e.g. PAT database;
available via NCBI) or other publicly available data sources are made accessible to a
workstation for further analysis. See Fig. 3, Step 301.

Second, a process step is performed in which data for human light and heavy
chain variable region amino acid sequences is collected. In this step, human light and
heavy chain variable region sequences are collected based on annotations indicating the
sequence is an antibody or immunoglobulin, that the sequences 1s a Homo sapiens
(human) sequence, and that the sequences is a heavy or light chain variable region

sequence. Data collected in this step includes annotations, sequences, sequence names,

- accession numbers and the like. See Fig. 3, Step 302.

Third, a process step 1s performed in which duplicate and short sequences are
removed from the collected data. See Fig. 3, Step 303.

Fourth, a process step 1s performed 1in which data for light and heavy chain
variable region sequences with known superfamily annotations is collected and grouped
by superfamily. In the context of this step known superfamily annotations indicate that-
a sequence is a heavy chain variable region, light chain lambda variable region, or light
chain kappa variable re gion superfamily member. Sequenées lacking known
superfamily aﬁnotations are not collected at this step. See Fig. 3, Step 304.

Fifth, a process step is performed in which sequences within each
superfamily are clustered to identify the corresponding subfamilies. This clustering is
based on sequence similarity and is performed using a single linkage clustering
algorithm (e.g. the BlastClust program; ftp://ftp.ncbi.nih.gov/blast/executables). See
Fig. 3, Step 305.

Sixth, a decision step is performed in which the subfamily clusters are
compared to the germline subfamilies of a classification database (e.g. V Base antibody
database) and it is decided if the clustering is a gobd clustering or bad clustering. This
comparison is possible because variable region reference sequences from each germline
subfamily found in the classification database are present émong the variable region
sequences which have been collected and clustered. See Fig. 3, Step 306.

One example of good clustering, in the context of the sixth step, occurs when
each cluster of collected sequences contains reference sequences belonging solely to a
single germline subfamily of the classification reference. Those of ordinary skill in the

art will also recognize other examples of good clustering.

CENSO52PCT 15
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One example of bad clustering, in the context of the sixth step, occurs whén
a single cluster of collected sequences contains reference sequences belonging to
several different germline subfamilies. Those of ordinary skill in the art will also
recognize other examples of bad clustering. |

If bad clustering 1s detected a process step is performed 1n which the
clustering parameters (€.g. overlap, percent sequence identity and the like) of the single
linkage clustering algorithm are adjusted. The clustering and validation steps are then
repeated until a good cluster is obtained. See Fig. 3, Step 306A.

The seventh step i1s performed when good subfamily clustering is obtained.
This step is a process step in which a multiple sequence alignment of the sequences 1n
each subfamily cluster is performed. A program such as, for example, CLUS TALW
may be used to perform multiple sequence alignments. See Fig. 3, Step 307.

Eighth, a decision step is performed in which these alignments are
determined to be good or bad. Bad or good alignments may be recognized by those
skilled in the art by examination of a given alignment. See Fig. 3, Step 308.

If the alignment 1s bad it 1s improved by removing sequences or adjusting the
alignment. See Fig. 3, Step 308A.

The ninth step 1s performed, when a good alignment is obtained. The ninth
step is a terminal step in which the result of the preceding steps, a multiple sequence
alignment of all the sequences in a given variable region subfamily, may either be
displayed or input into Al gorithm 3. Data may be displayed inqthe first section data
display described below. See Fig. 3, Step 309.

Algorithm 3: Generation of prototype amino acid sequences

and calculation of substitution frequency
A third algorithm (Fig. 4) reports each amino acid substitution and the

substitution's frequency of occurrence at a given position in a subfamily's prototype
sequence.

First, a preparation step is performed in which multiple sequence alignment
and data formatting instructions are inputted by a user into the data initiation module.
See Fig. 4, Step 401.

The inputted multiple sequence ali gnmeﬁt data may be generated by
Algorithm 1 or Algorithm 2. See Fig. 2 or 3. Such data includes multiple sequence

alignments corresponding to a variable or constant region subfamily. The data
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formatting instructions specify the number of amino acid prototype positions,
substitutions and other information to display per row. This information is used by the
data formulation module described below in step 410. See Fig. 4, Step 410.

Second, a process step 1s performed in which the multiple sequence
alignment data is parsed to collect the substitutions occurring at all positions in a set of
aligned sequences. See Fig. 4, Step 402.

Third, a process stép 1s performed in which a single position in the multiple
sequence alignment is examined. See Fig. 4, Step 403. -

Fourth, a process step 1s performed in which each substitution occurring at a

- single examined position in a set of aligned sequences is collected. See Fig. 4, Step

404.

Fifth, a process step 1s performed in which all the substitutions occurring at a
single position in a set of aligned sequences are counted and collected. See Fig. 4, Step
405.

Sixth, a process step is performed in which a calculation of the frequency of
each substitution is made and the substitutions are sorted. Substitutions are sorted from
most common to least common based on the number of times the substitution occurs in
a single position. See Fig. 4, Step 406.

Seventh, a decision step 1s performed in which it is determined if an amino
acid residue 1s the most frequent substitution occurring in a position. If an amino acid
residue 1s the most frequently occﬁrring substitution the decision 1s to proceed to stép 8.
See Fig. 4, Step 407.

If a gap 1s the most frequently occurring substitution the decision is to
proceed to step 407A1 described below. Step 407A1 is a branch for the processing of
positions in which the most frequent substitution is a gap. See Fig. 4, Step 407A1.

Eighth, a process step is performed in which the most frequently occurring
amino acid residue in a position is designated to be the prototype residue for the
position. See Fig. 4, Step 408.

Ninth, a process step is pefformed in which a count 1s made of the number of
times each substitution occurs in a position and the calculated frequency for the
position's prototype residue is generated. See Fig. 4, Step 409.

Tenth, a process step is performed by the data formulation module in which

the preceding steps are repeated via a do-loop for each position in the inputted multiple
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sequence alignment. After these steps have been performed for each position in the
alignment the module reads the formatting instructions inputted by the user into the
data initiation module of step 401. The data is then formatted for display. See Fig. 4,
Step 410. |

The eleventh step is a terminal step in which the result of the preceding steps,
a prototype sequence and substitutions for each position of this sequence, may be
displayed. Data may be displayed in the third or fourth section data displays described
below. See Fig. 4, Step 411. :

Branch A: Processing of positions in which the most frequent substitution is
a gap
First, a process step is performed in which a calculation is made of the gap

frequency. See Fig. 4, Step 407A1.

Second, a decision step is performed in whjch it is determined if the gap
frequency is more or less than 99 percent. See Fig. 4, Step 407A2.

If the gap frequency is more than 99 percent the position is removed from the
dataset and steps three through seven are repeated. See Fig. 4, Step 407B1.

If the gap frequency is less than 99 percent the most frequent amino acid
residue is identified and step eight is performed. See Fig. 4, Step 407B2.

Database organization and data displays

For each subfamily in a given superfamily there are four data display
sections (Fig. 6).

First section data display

In the first section data display there is an optimized multiple sequence
alignment which consists of all sequences in a subfamily and includes annotations of
functional units such as frameworks, CDRs, CH1-4, or hinge regions (Kabat et al.,
1991) (Fig. 7). The source of each sequence can be discerned through their names, e.g,
Icl[Kab_000794 which indicates the sequence is from the Kabat database (Johnson, G.
et al., 2000) (Fig. 7). The data for the first section displays can be generated via
algorithm 1 or 2 as appropriate.

Second section data display

In the second section data display, which is a graphic alignment, each amino
acid 1s color coded according to its charge, hydrophobicity or other properties (Fig. 8).

The conserved regions and broad pattern for alignments can easily be observed in the
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second section display. The data for the second section data displays can be generated
by algorithm 1 or 2 as appropriate. A program such as, for example, JALVIEW
(http://www.ebi.ac.uk/~michele/jalview/dist/) may be used to generate a second section
data display.

Third section data display

The third section displays calculated amino acid distribution statistics for
each prototype positition identified by algorithm 3 in an alignment of subfamily
sequences (Fig. 9). The first line indicates each numbered amino acid position of a
prototype sequence. The second line shows the prototypical residue found in the
numbered position. The third line indicates how many times the prototype amino acid
occurs in a given position relative to the total number of sequences in the subfamily.
The other lines display all other possible substitutions occurring at each prototype
position and the number of times each substitution occurs in a given prototype position.
These substitutions are sorted by their frequency of occurrence at each prototype
position. The third section data display 1s also formatted for data import via a cut and
paste function to programs such as Excel or Vector NTI. Data and formatting for the
third section data display can be generated via algorithm 3.

Fourth section data display

The fourth section data display is a distribution list for the Vh9 subfamily
which has the same contents as the section 3 display (Fig. 10). This section, however,
is designed for easy web page display on a computer monitor and printing. To
accomplish this, each line of the fourth section display shows substifution data for no
more than 10 prototype amino acid positions. Annotations denoting the framework,
CDR, CH1-4, and hinge regions may also added to the data displayed in this section or

selected data from this section.

Example 1
Use of the database for human antibody immunogenicity prediction.

The database of the invention can be used to predict whether a given
antibody could be tolerated in humans without an adverse immune response. For
example, a scientist wishing to determine if an antibody might generate an adverse
response will obtain the sequences of the antibody's heavy and light chain variable and
constant regions. The scientist will then use these heavy chain and light chain

sequences to query the database through its BLAST searching feature. By reviewing
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the results of these BLAST searches the scientist can determine, for example, that thé
heavy and light chain variable regions of his antibody have a high level of similarity
(e.2.>90% identical) to known human light and heavy chain variable region sequences.
Most of the sequences differences occur in the CDRs; a minority occur in the
frameworks. Similarly, the scientist can determine that the heavy and light chain
constant regions are highly similar (e.g. >99% identical) to known human heavy and
light chain constant region sequences. This information suggests to the scientist that
the antibody is very human like and unlikely to generate an adverse immune response.
This conclusion can be confirmed by performing a similar search in a database of

mouse antibody sequences.

Example 2

Use of the database for human antibody scaffold alteration.
In some instances 1t may be desirable to substitute a portion of one antibody

with a porﬁon of a second antibody. It may also be desirable to make amino acid
substitutions. For example, a scientist may wish to replace a murine heavy chain
variable region framéwork 1 with a human framework, or eliminate a post-translational
modification site.

By using the BLAST feature of the invention a scientist could identify the
human heavy chain variable region framework 1 region which is most similar to the
murine framework 1 region to be substituted. The human framework 1 identified could
then be substituted into the variable region of the antibody of interest.

Similarly, a scientist could eliminate a post-translational modification site in
the constant region by using the BLAST feature of the database to determine which
heavy chain constant region subfamily the antibody of interest belongs to. The scientist
could then examine the Section 3 or 4 data displays for this subfamily and find the
region corresponding to the post-translational modification site of interest. The
scientist can then use the substitution frequency information for this region to select
those substitutions which occur in the subfamily, but éliminate the post-translational
modification site.
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What Is Claimed Is:

1. A method for selecting, generating, comparing or analyzing human or
human derived antibody or antibody fusion protein amino acid or nucleic acid
sequences, comprising:

(a) accessing suitable antibody sequence databases and collecting constant,
complimentarity determing regions (CDRs), and/or variable region sequences;

(b) subjecting the data collected in step (a) to Algorithm 1, wherein the
sequences are classified into groups, supertamilies, and/or subfamilies; |

(c) performing sequence alignment on all sequences assigned to a given

- subfamily in step (b);

(d) displaying subfamily multiple sequence alignment result of step (c¢);

(e) accessing antibody. sequence databases and collecting variable region

| sequences; |

(f) subjecting the data collected in step (e) to Algorithm 2, wherein the variable
region sequences are classified into supertfamilies and subfamilies;

(g) performing multiple sequence alignment on all sequences assigned to a
given subfalﬁily in step (f); | v

(h) displaying subfamily multiple sequence alignment results of step (g);

(1) subjecting the multiple sequence alignment data generated in step (c¢) or (g)
to Algorithm 3, wherein each amino acid substitution i1s examined and the
substitution’s frequency of occurrence at a given position is calculated; |

(j) determining the constant region subfamily prototype sequence and
substitutions;

(k) displaying the the constant region subfamily prototype sequence and
substitutions generated by step (3); '.

() determining the variable region subfamily prototype sequence and
substitutions;

(m) displaying the variable region subfamily prototype sequence and
substitutions generated by step (1);

(n) exporting the displayed results from step (d), (h), (k) or (m) to a web

interface, wherein the displays can be viewed and BLAST searching can be performed.

2. Any invention described herein.
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