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Problem Statemeﬁt—

Issued
Patents and
Applications File
Wrappers

and Laws

. Technical
Regulations Publications

> Patent Validity and Enforcement Questions involves analysis of
documents in various domains - World-wide Patents, PTO File

Wrappers, Scientific Publications and Court documents

» The information is siloed into several diverse information sources
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Problem Statement

Issued

-
-
-

Apphcatlons ~~~~~ File
- Wrapﬁg‘rs
It Cases pecific Technieal 4
Domain :"

4

Techn'fcal # v
:a.t_lf’_rlf _____ Publications
and Laws

Knowledge Source
1: Patent System
Ontology

Knowledge Source
2:Bio Ontology

Integration

>The sources are diverse in structure, formats, semantics and
syntax

How to develop and retrieve comprehensive knowledge of
patents in a particular technological space?
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927 F.2d 1200 (1991)

AMGEN, INC., Plaintiff/Cross-Appellant,
%

CHUGAI PHARMACEUTICAL CO., LTD., and Genetics Institute, Inc., Defendants-

Appellants.

Nos. 90-1273, 90-1275.
United States Court of Appeals, Federal Circuit.

March 5, 1991.

Suggestion for Rehearing Declined May 20, 1991.

Before MARKEY, LOURIE and CLEVENGER, Circuit Judges.

THE PATENTS

On June 30, 1987, the United States Patent and Trademark Office (PTO) issued to Dr. Rodney
Hewick U.S. Patent 4,677,195, entitled "Method for the Purification of Erythropoietin and
Erythropoietin Compositions" (the '195 patent). The patent claims both homogeneous EPO and
compositions thereof and a method for purifying human EPO using reverse phase high
performance liquid chromatography. The method claims are not before us. The relevant claims
of the 195 patent are:

dl,

Homogeneous erythropoietin characterized by a molecular weight of about 34,000
daltons on SDS PAGE, movement as a single peak on reverse phase high performance
liquid chromatography and a specific activity of at least 160,000 IU per absorbance unit
at 280 nanometers.

* k K%k kx x

A pharmaceutical composition for the treatment of anemia comprising a therapeutically
effective amount of the homogeneous erythropoietin of claim 1 in a pharmaceutically
acceptable vehicle.

Homogeneous erythropoietin characterized by a molecular weight of about 34,000
daltons on SDS PAGE, movement as a single peak on reverse phase high performance
liquid chromatography and a specific activity of at least about 160,000 IU per
absorbance unit at 280 nanometers.
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Court Cases

» Court Cases are not very well
structured!

» Comparatively more difficult
to parse information

» PACER - an electronic system
to access databases for U.S.
Courts - requires one to know
party/assignee name, case
number/type, etc. which may
not be known



Patent File Wrappers
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Cross-Referencing

> There are many aspects of these documents which can be utilized;
especially the cross-referencing between the documents

COURT CASE

314 F.3d 1313 (2003)
AMGEN INC., Plaintiff-Cross Appellant v.
HOECHST MARION ROUSSEL, INC. (now
known as Awentis Pharmaceuticals, Inc.) and
Transkaryotic Therapies, Inc.,, Defendants-
Appellants. ) N

A

Plaintiff-Cross AppellantNAmgen Inc. is the
owner of numerous patent$ (directed to the
production of erythropoietin ("EPX'), ...alleging
that TKT's Jyvestigational New Drug
Application  (JNDA")  infringed N United
States Patent \405. 5,547,933, 5,618,698; ~and
5,621,080. The complaint was am;nded' b3
October 199b to include
States Patent Nos. 5,756,349 and 5,955,422,
which issued affer suit was filed.

United )

REGULATIONS:
U.S. Code Title 35, C. F. R Title 37, M. P. E. P.

Publication Database

|f\

PATENT

United States Patent, 5,955,422
September2{, 1999
Ijo.d-u&ion of erthropoietin
-
-

4 Abstract: Disclosed are novel polypeptides
possessing part or all of the primary
structural conformation and one or more of
tQe biological properties of mammalian

eryNaropoietin ("EPO") ...
N

Inverﬁors;,Lin; Fu-Kuen (Thousand Oaks,

_________________________ o TA) N
v = Assignee: Kirin-Amgen, Inc. (Thousand Oaks,
£ CA)

09/21/2011

Appl. No.: 08/100,197

Filed: August 2, 1993. S

~
FILE WRAPPER
U.S. Patent 5,055,422

N\ N
N N

Claims 61-63 are rejected unc%r 35
U.S.C. § 103 as deing unpatentable
over any one of Milake et al., 1977

(R)

In accordance with the provisions of
37 CUFR. §1.607, the present
continuation is being filed for the
purpose of

N\




Patent Syshtem Orit;)logy

> Established semantics allow us to reason over the classes,
properties and instances to infer new facts

» Documents can be connected to form a network similar to
citation networks. Only now we have not just citations, but
other metadata such as co-inventorships, technological
classification and other cross-domain relevancy metrics
between documents (ex: patents occurring in court cases etc.)

> Can develop rules to perform additional inferences over the
knowledge

09/21/2011 7
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Examﬁle Query

» Return all the patent documents which contain the keyword
“erythropoietin” in the Claims and Assigned to “Amgen_Inc’. What
technology classes do these patent documents belong to?

» SPARQL Query:

SELECT DISTINCT ?patent ?inventor
FROM <http.//localhost:8890/PatentOntologylnferred>
WHERE{

?patent a ont:Patent .

?patent ont:hasAbstract ?abs .

?2abs ont:resourceVal ?val .

?val bif:contains "erythropoietin" .

?patent ont:hasAssignee ont:Amgen_Inc .
?patent ont:hasInventor ?inventor

/
Limit 10

06/13/2011

Patent Inventor
5856298 |Strickland_Thomas W
5885574 Elliott_Steven_G
7304150 Egrie_Joan_C
7304150 Elliott_Steven_ G
7304150 Browne_Jeffrey_K
7304150 Sitney_Karen_C
7217689 Elliott_Steven_G
7217689 Byrne_Thomas_E
6319499 Elliott Steven G
5756349 Lin_Fu-Kuen




Domain (Bio) Ontologies

NCI Thesaurus

ID

Namea
Children
Synonym
Synonym
Synonym

Synonym

Properties for Erythropoietin

Gene Ontology NCI Thesaurus

. Food, Chemical . . I
prug d: Chemica P rties for Recombinant E ropoietin

ID Recombinant_Erythropoietin

malecular_function

Mame Recombinant Erythropoietin
Pharmacologic Substance

Children 5
CAS_Registry 11096-26-7

UMLS_CUI C0376541

rdfs:label Recombinant Erythropoietin

Synonym Erythrocyte Colony Stimulating Factor

Synonym Erythropoietin

Recombinant Grawth
5

Synonym Hematopoietin

Synonym Recombinant EPO

Erythropoietin
Erythropoietin

o

EPC

Epoetin
Hematopoietin

Erythrocyte Colony Stimulating Factor

> Bio Ontologies serve as terminological standards in the domain

09/21/2011

9



Expaned Query ‘

Original Term: Erythropoietin

Synonyms: Erythropoietin, Recombinant Erythropoietin, erythropoietin receptor
binding, Hematopoietin, Recombinant EPO, Erythrocyte Colony Stimulating Factor,
Epoetin, EPO ...

Children: Darbopoietin Alfa, Epoetin Alfa, Epoetin Beta ...

Parents: Colony Stimulating Factors, cytokine receptor binding, recombinant
hematopoietic growth factors...

Grand-Parents: hematopoietic growth factor, receptor binding, recombinant growth
factor ...

> An appropriate ranking function is to be applied to balance the more general terms.
Heuristically, we assign a higher weight to synonyms, and a lower weight as we traverse away
from the concept node

> Resulting Query: “original term”OR [synonyms]Aweight OR [children]Aweight OR ....

06/13/2011 10
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Use-Case: Erythropoietin

Current Corpus: experimental platform to test the

overall effectiveness of the framework

» 5 Core patents - U.S. Patents 5,621,080, 5,756,349, 5,955,422,
5,547,933, 5,618,698

> 135 directly related patents (through citations) form our gold
standard for computing formal measures such as Precision and Recall

> Total patent corpus of 1150 patents

> ldentified over related 3000 publications through citations. These are
available on PubMed and can be accessed through Entrez - A tool that
provides a search interface to PubMed database

> Around 30 court cases, patent litigation involving major companies
including Amgen, Hoechst Marion Roussel, Inc., Transkaryotic
Therapies, Inc.

> BioPortal ( ) is a comprehensive
source of domain knowledge

09/21/2011 11



http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
http://bioportal.bioontology.org/
http://bioportal.bioontology.org/

Patent Ontology Stats
> 54 Classes, 40 Properties and over 15,000 individuals from

1150 patents, 30 court cases and one partially instantiated
file wrapper

> Used Protégé-OWL to edit the ontology and Protégeée-
OWL/Jena APl to programmatically instantiate physical
documents

> Can query using any SPARQL endpoint such as Protégé or
Virtuoso’s Triple Store

> SWRL is used to declare rules. We use the Jess rule
execution engine

06/13/2011 12
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Meth(;ol(;gy

> The cross-references between document types and metadata of
documents in the patent system are utilized through a rule-based
system

> Structural dependencies between types of documents must be
considered

> The application of bio-ontologies to each type of document is
different due to the depth of technical terminology. This s
controlled through the weighting vector

> Based upon an initial selection of documents by the user, we
perform a similarity analysis between documents [User Relevancy
Feedback]

09/21/2011 13



Patentl Hm ------==- Inventor 1
Oﬂ“_ J;,,-""’l-,."m
1/n ;J J,O_Patentz
0O . Amgen owns ‘n’ patents
Amgen -
s O *Inventorlinvented ‘m’ patents
Unil oo ‘xo * Also, m<n

*sim(Patl, Pat2) =1/n +1/m

> The declarative representation of the patent system ontology can
facilitate reasoning through rules

> Different users may be interested in different aspects of the
document (Users can use their own heuristics)

» The methodology allows users to select which rules apply during
search

09/21/2011 14



Ruleé |

> Two patents share the same inventor:

IF hasinventor (?patl, ?invl) A haslnventor (?pat2, ?invl) A
owl|DifferentFrom (?patl, ?pat2) = hasSimilarDocument(?pat]1,
?

’pat2)

> Same court case cites two different patents:

IF patentsinvolved(?case, ?patl) A patentsinvolved (?case,
?pat2) A owl|DifferentFrom (?patl, pat2) >
hasSimilarDocument(?patl1, ?pat?2)

» Rules are combined by using:

5 of Rulse

5im(A,B) = Z Wi = inference (i)

=1

09/21/2011 15
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Patent 5,547,933

Claims

NCI Thesaurus

Properties for Recombinant
Erythropoietin

) ( ) ID Recombinant Erythropoietin
1. A non-naturally occurring Recombinant

erythropoietin Growth Factor Rdfs:label Recombinant Erythropoietin

glycoprotein product \ J

having the in vivo biological YR Er_ythrloc_yte '<:30Iony

... to increase production of ( Recombinant A et actor

reticulocytes and  red Hematopoietic Synonym Erythropoietin

blood cells and having Growth Factor

glycosylation which differs \. J__Synonym Hematopoietin

from that of human urinary LS MEA TV ' .

L A ' Synonym Recombinant EPO
erythropoietin. e ecombinant \e
Erythropoietin Synonym EPO
\ Ve
N
Darbepoitin Alfa l Pegzerepoietin Alfa
) subClassOf property
Wyt Weight Vector for Patents
< — Epoetin Epoetin ‘
{non-naturally, Beta Alfa Wease  Weight Vector for Cases
erythrqpoietin, glycoprotein, M Expanded Terms
biological, ..., reticulocytes,
glycosylation ...}
{recombinant erythropoietin, - o L =
epo, recombinant epo, 1t 1
hematopoietin, erythrocyte .
colony stimulating factor} 05 0.5 Generated Query:
{recombinant hematopoietic Wear = 12 Wease § 0 e
growi igeier 0.2 0 QPatent = WPat M
. *

{recombinant growth factor} £ 0 QCase = WCaseT M
{darbapoietin alfa, epoetin ) -
beta, epoetin alfa...}
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Implementation
Patent System
Ontology —  TripleStore
(OWL) ‘

i

NS
Original Information Solr
User
Sources Interface (Search/Text
MiningLibrary)

BioPortal

Run-Time Interaction
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Result - Structural pendeﬁéy

Patent 5,955,422: Production of erythropoietin

Abstract Patent 5,756,349: Production of erythropoietin
Disclosed are novel polypeplides possessing part or all of the primary Abstract
structural conformation and one or more of the biological properfies of Disclosed are novel polypeptides possessing part or all of the primary stuctural
mammalian erythropoietin ("EPO") which are characterized in preferred conformation and one or more of the biclogical properties of mammalian enythropoietin
forms by being the product of procaryofic or eucaryofic host epression of an ("EPC™) which are characterized in prefemed forms by being the product of procanyotic or
exogenous DMA sequence. llustrafively, genomic DMA, cDMA  and eucanyofic host edpression of an exogenous DNA sequence. llustratively, genomic Dk,

manufactured DMA sequences coding for part or al of the seguence o
amino acid residues of EPD or for analogs thereof are incorporated in
autonomously replicatng plasmid or viral vectors employed to transform o
transfect suvitable procanyotic or evcansotic host cells such as bacteria, yeast

cOMA and manufactured DMA sequences coding for part or all of the sequence of amino
acid residues of EPO or for analogs thereof are incorporated into autono mously replicating
plasmid or viral vectors employed to transform or transfect suitable procanyotic or escanyotic
host cells such as bactera, yeast or vertebrate cells in culture. Upon isolation from culture

or vertebrate cells in culture. Upon isolation from culture media or celluar media or calular lysates or fragments, products of expression of the DMA sequences
lysates or fragments, products of expression of the DNA sequences display, display, eq., the immunological properiies and in vifro and in vivo biclogical activities of
e.g., the immunological properies and in vitro and in vivo biological activities EPO of human or monkey species orgins. Disclosed also are chemically synthesized
of EPO of human or monkey species ongins. Disclosed also are chemically polypeptides sharng the biochemical and immunological properies of EPD. Aso disdosed
synthesized polypeptides shaing the biochemical and immunological are improved methods for the detection of spedific single stranded polynudiectides in a
properties of ERPO. Also disclosed are improved methods for the detection of heterologous cellular or viral sample prepared from, eg., DMA present in a plasmid or
spedific single stranded polynucdeotides in a heterologous celluar or viral viralborne cOMA or genomic DMA library,

sample prepared from, eqg., OMA present in a plasmid or viral-bome cOMA
orgenamicDNA"library™.

Claims

Whatis claimedis: COURT CASE

AMGEN INC.v. HOECHST MARION ROUSSEL, INC. and Transkaryotic Therapies,
1. A nor-naturally occuming erythropoietin glycoprotein product having the in Inc.,
vivo biclogical activity of causing bone mamow cells to increase production
of reticulocytes and red blood cells and having ghycosylation which differs A. The 833 Patent
from that of human urinary erythropoietin, Amgen assertedthe followingthree claims ofthe "33 patent against TKT:

1. A non-naturaly occuming enthropoietn ghycoprotein product having the in vivo
2. The non-naturally occuring EPO glycoprotein product according fo claim biological actiwity of cauwsing bone mamow cells to increase producton of
1 wheren zaid product has a higher molecular weight than human urinary reticulocytes and red blood cells and having ghycosylation which differs from that of
EPO as measured by S0D5-PAGE. human urinary erythropaoietin.

2. The non-naturaly occuring EPO glycoprotein product according to claim 1 wherein
9. A pharmaceutical composiion comprising an  effectve amount a said product has a higher molecular weight than human urinary EPO as measured
glycoprotein product effective for enythropoi etin therapy according to daim 1, by SDE-PAGE.
2,3 4 5 or & and a pharmaceutically acceptable diluent, adjuvant or 9. A pharmaceutical composition comprising an effective amount of a glycoprotein
carrier. product effective for enythropoietin therapy according to claim 1, 2, 3, 4, 5, or 6 and

a pharmaceuticalty acceptable diluert, adjuvant orcarrier.

09/21/2011 18



Score (Rules) “S1"

Score (BioAnnotation) “S52"

n2 036 0.264

Total = 0.6*51 + 0.4*52

T —

Patent 5,955,422: Production of erythropoietin
Abstract
Disclosed are novel polypeplides possessing part or all of the primary structural
conformation and one or more of the biological properties of mammalian enyt iefin
("EPO™) which are charactenzed in prefemred forms by being the product of procaryotic
or eucaryolic host expression of an exogenous DMA sequence. lllustratively, genomic
DMA, cObA and manufactured OMA sequences coding for part or all of the sequence of
amino acid residues of EPO or for analogs thereof are incorporated i autonomously
replicating plasmid or viral vectors employed to fransform or Aransfect suitable
procaryotic or eucaryotic host cells such as bacteria, yeast orverteprate cells in culture.
Upon isolation from cuture media or celldar hysates or fragments, produck of
expression of the DMA sequences display, eg., the immunolggical properties and in
vitra and in vivo biological activies of EPO of human or/monkey species ongins.
Discosed also are chemically synthesized polypeptides sparng the biochemical and
immunological properies of EPO. Also discosed are/improved methods for the
detection of specific single sfranded polynuclentides inA heterologows cellular or viral
sample prepared from, e.g., DMNA present in a plasmig’ or viral-bome cOMA or genomic
DMA"library™.

Colony
stimulating factor

LY

erythropoietin

Score (Rules) “51"

Patent 4,677,195: Method for the purification of erythropoietinand
erythropoietin compositions
Abstract

A method for purifying enythropeietin is described. The method compris es reating
partially purifying erythropoietin by reverse phase high performance liquid
chromatography to obtain homogeneous enythropoietin having a molecular weight
of about 34 000 daltons on 205 PAGE and moving a single peak on reverse
phase HPLC. The homogeneous erythropoietin protein preferably has a spedfic
activity of at least 120000 |U, more preferably at least 180,000 U per
absorbanceunit at 280 nm.

Patent 4,999,291: Production of human pluripotentgranulocyte colomy-
stimulating factor
Abstract

Discosed are novel polypeptides possessing part or all of the primary structural
conformation and one or more of the biclogical properies of a mammalian (eqg.,
human) plurpotent granuocyte colony-stimulating factor ("hpG-CSF™) which
are characterized in prefem being the product of procaryotic or
eucanyofic hos on of an exogenous OMA sequence. Sequences coding
all of the sequence of amino acid residues of hpG-CSF or for analogs
thereof may be incorporated into avtonomously replicating plasmid or viral vectors
employed to transform or transfect suitable procaryotic or eucaryotic host cels
such as bacteria, yeast or vertebrate cells in culture. Products of expression of
the DMA sequences display, eq., the physical and immunological properties and
in vitro biological activifies of isolates of hpG-CSF derived from natural sources.
Disclosed also are chemically synthesized polypeptides sharing the biochemical
and immunological properies of hpG-CSF.

Score (BioAnnotation) “S2"
0.0 0.549

0.236

09/21/2011
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Total = 0.6*51 + 0.4*52



Futuré Work

» Formal evaluation is hard due to the unavailability of well
defined ground truths, but necessary

> Include other information sources - publications,
regulations, laws

> Experiment with more use cases outside of the biomedical
domain

09/21/2011 20



Search Options

Select Ontologies

[ Select Al
kR
ontology)

[C1Medaka fish anatomy and development
Dl\u‘lultiple alignment

[C1Mammalian phenotype

DLoggerhead nesting

[ Biological imaging methods

[INCI Thesaurus

[CINMR-instrument specific component of
metabolomics investigations

Dl\u‘lusquito gross anatomy
[CIMouse patholagy

DSympmm Ontology

[C] Ascomycete phenatype ontology

Expanded Query

"gpoetin”"~0.25 "recombinant

erythropeietin”~0.25 "hematopoietin"~0.25 "erythropeoistin

measurement" 0,25 "eprex’ 0,25
"recombinant 2pa"~0.25 "epe’ 025
erythrocyte coleny stimulating factor”~0.25 "epoetin

alfa"~0.25

06/13/2011

|m|

Query: |erythropoietin
Search Results

5625035 Erythropoietin binding protein from mammalian serum  Patent

Method and composition for preventing the adsorption

4879272
of a medicine

Patent

5747446 Modified polypeptides with increased biological activity Patent

4254055 Radieimmunoassay for erythropoietin Patent

Stabilization of urinary erythropoietin using sodium p-

e o Patent
aminosalicylate and extracting into phenal

3865801

Erythropaoietin DNA having modified 5' and 3' sequences

6153407 ) ) Patent
and its use to prepare EPQ therapeutics

8048371 Recombinant human erythropoietin mutants Patent

4303650 Process for production of erythropoietin Patent

5514184 Remmbrngnt human erythro,fmretrn mutants and Patent
therapeutic methods employing them

6531121 Profectr.on and en.huncement of erythropoietin- Patent
responsive cells, tissues and organs

4377513 Process for the production of human erythrapoietin Patent

4558005 Monaclonal anti-erythropoietin Patent

Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar
Search
Similar

<> |

USPTO PATENT FULL-TEXT AND Iz

[ Home ][ Quick ][Advanced]

[ Pat Num ][ Help

[View Cart][ndd to Cart]

Images
(Lef1)
United States Patent 5,625,035
Clemons April 29, 1997
Erythropoietin binding protein from

mammalian serum

Abstract

Purified mammalian erythropoietin binding-protein is
disclosed, and its isolation, identification,
characterization, purification, and immunoassay are
described. The ervihropoietin binding protein can be
used for regulation of ervthropoiesis by regulating
levels and half-life of ervihropoietin. A diagnostic kit
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Thank You: Questions?

Engineering Informatics Lab: http:/eil.stanford.edu

Contact

Siddharth Taduri: staduri@stanford.edu
Gloria T. Lau: glau@stanford.edu
Kincho H. Law: law@stanford.edu

Jay P. Kesan: kesan@illinois.edu
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