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Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Shinsan Su, Newton, MA;
Lenny Dang, Boston, MA;
Stefan Gross, Brookline, MA;
Shengfang Jin, Newton, MA;

Power of Attorney:

Catherine McCarty--54301

If Required, Foreign Filing License Granted: 11/13/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/253,820

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-RELATED-DISORDERS
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
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effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with
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respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Attorney Docket No.: C2081-701307

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant : Suetal. Art Unit : Not Yet Assigned

Serial No. : 61/253,820 Examiner : Not yet assigned

Filed : October 21, 2009 Conf. No. : 6682

Title : METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-RELATED
DISORDERS

CERTIFICATE OF TRANSMISSION UNDER 37 C.E.R. §1.8(a)

The undersigned hereby certifies that this document is being electronically filed in accordance with
§ 1.6(a)(4) on the 11th day of March, 2010.

[Catherine M. McCarty/
Catherine M. McCarty, Reg. No. 54,301

Commissioner for Patents

REQUEST FOR CORRECTED FILING RECEIPT

This is a request for correction of the enclosed Updated Official Filing Receipt mailed

February 8, 2010, in connection with the above-identified patent application. Please correct the
application title and the spelling for the inventor Shengfeng Jin. All other inventor information

remains the same.

The corrected filing receipt should read as follows:
Applicant(s):
Shengfang Jin, Newton, MA;

Title:
METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-RELATED-
DISORDERS

A copy of the Official Filing Receipt is enclosed with the corrections indicated in strike-
through and underlining. A Supplemental Provisional Cover Sheet correcting the spelling for
inventor Jin’s name and the correct title is also being submitted herewith. It is respectfully requested
that the corrected Filing Receipt be issued reflecting the corrections of the above noted errors and

sent to the undersigned as soon as possible.
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Serial No.: 61/253,820 -2-

No fees are believed to be due. However, the Commissioner is hereby authorized to charge

any deficiencies or overpayments to Deposit Account No. 50-2762, Referencing Attorney Docket
No. C2081-701307

Respectfully submitted,

By: /Catherine M. McCarty/

Catherine M. McCarty, Reg. No. 54,301

LANDO & ANASTASI, LLP
One Main Street
Cambridge, Massachusetts 02142
United States of America
Telephone: 617-395-7000
Facsimile: 617-395-7070

March 11, 2010
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV
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61/253,820 10/21/2009 405 C2081-701307
CONFIRMATION NO. 6682
37462 UPDATED FILING RECEIPT
LANDO & ANASTASI, LLP
ONE MAIN STREET, SUITE 1100 AL AP

CAMBRIDGE, MA 02142
Date Mailed: 02/08/2010

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Shinsan Su, Newton, MA;

Lenny Dang, Boston, MA;

Stefan Gross, Brookline, MA;

-Shengieng-din-Newton-MA;: Shengfang Jin, Newton, MA;
Power of Attorney:
Catherine McCarty--54301

If Required, Foreign Filing License Granted: 11/13/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,

is US 61/253,820

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-RELATED-DISORDERS

PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
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effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with
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respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Electronic Acknowledgement Receipt

EFS ID: 7190593
Application Number: 61253820
International Application Number:
Confirmation Number: 6682

Title of Invention:

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION RELATED

DISORDERS
First Named Inventor/Applicant Name: Shinsan Su
Customer Number: 37462

Filer:

Catherine M. McCarty

Filer Authorized By:

Attorney Docket Number:

C2081-701307

Receipt Date: 11-MAR-2010
Filing Date: 21-0CT-2009
Time Stamp: 15:55:33
Application Type: Provisional

Payment information:

Submitted with Payment no

File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (ifappl.)
C2081_71307_R t_to_C 24540
1 Request for Corrected Filing Receipt - —nequest_to_tor no 2

r_FR.pdf
1115f8029b9f567be199dad245acalaca5d6|
58bf

Warnings:

Information:

Rigel Exhibit 1049

Page 9 of 238



144461
€2081_701307_Marked_Up_FR

2 Request for Corrected Filing Receipt of no 3
' p f50beee3d4ef17585fdd0928e9d08234f4e|
Warnings:
Information:
Total Files Size (in bytes):i 169001

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the applicationas a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV

APfr%rll\(/iggzON I 35&;:1)1\11()}1%0”15]5 GIS:\I??T I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
61/253,820 10/21/2009 405 C2081-701307
CONFIRMATION NO. 6682
37462 UPDATED FILING RECEIPT
LANDO & ANASTASI, LLP
ONE MAIN STREET, SUITE 1100 AL AP

CAMBRIDGE, MA 02142
Date Mailed: 02/08/2010

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)
Shinsan Su, Newton, MA;
Lenny Dang, Boston, MA;
Stefan Gross, Brookline, MA;
Shengfeng Jin, Newton, MA;

Power of Attorney:

Catherine McCarty--54301

If Required, Foreign Filing License Granted: 11/13/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/253,820

Projected Publication Date: None, application is not eligible for pre-grant publication

Non-Publication Request: No

Early Publication Request: No

** SMALL ENTITY **

Title

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION RELATED DISORDERS
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
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effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with
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respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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Attorney Docket No.: C2081-701307
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Shinsan Su et al.

Serial No.: 61/253,820

Filing Date: October 21, 2009

For: METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-
RELATED DISORDERS

Examiner: Not Yet Assigned

Art Unit: Not Yet Assigned

Confirmation No: 6682

CERTIFICATE OF TRANSMISSION UNDER 37 C.E.R. §1.8(a)
The undersigned hereby certifies that this document is being electronically filed in accordance with
§1.6(a)(4) on the 4th day of February 2010.

[Catherine M. McCarty/
Catherine M. McCarty, Reg. No. 54,301

Commissioner for Patents

RESPONSE TO NOTICE TO FILE MISSING PARTS

Sir:

In response to the Notice to File Missing Parts of Application under 37 CFR §1.53(b)
mailed November 18, 2009, Applicant submits herewith the following:

1. filing fee; and
2. provisional coversheet listing names and residence of inventors, and

3. 1 month extension of time

The fee of $405.00 is being paid concurrently herewith on the Electronic Filing System
(EFS) by way of Deposit Account authorization. It is understood that this perfects the
application and no additional papers or filing fees are required. Please apply any other charges

or credits to Deposit Account No. 50-2762, referencing Attorney Docket No. C2081-701307
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Serial No.: 61/253,820

Date: February 4, 2010

Attorney Docket No.: C2081-701307

Respectfully submitted,

[Catherine M. McCarty/

Catherine McCarty, Reg. No. 54,301
LANDO & ANASTASI, LLP

One Main Street

Cambridge, Massachusetts 02142
United States of America
Telephone: 617-395-7087
Facsimile: 617-395-7070
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Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (04-07)
Approved for use through 06/30/2010 OMB 0651-0032
U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1

Given Name Middle Name Family Name City State Country ;
Shinsan Su Newton MA us
Inventor 2

Given Name Middle Name Family Name City State Country i
Lenny Dang Boston MA us
Inventor 3

Given Name Middle Name Family Name City State Country i
Stefan Gross Brookline MA us
Inventor 4

Given Name Middle Name Family Name City State Country i
Shengfang Jin Newton MA us

All Inventors Must Be Listed — Additional Inventor Information blocks may be
generated within this form by selecting the Add button.

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-RELATED

Title of Invention
! ventt DISORDERS

Attorney Docket Number (if applicable) C2081-701307

Correspondence Address

Direct all correspondence to (select one):

(® The address corresponding to Customer Number | (O Firm or Individual Name

Customer Number 37462

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(® No.

O Yes, the name of the U.S. Government agency and the Government contract number are:

EFS - Web 1.0.1

Rigel Exhibit 1049
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (04-07)

Approved for use through 06/30/2010 OMB 0651-0032

U.S. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant claims small entity status under 37 CFR 1.27

(® Yes, applicant qualifies for small entity status under 37 CFR 1.27
O No
Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of personal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them to USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PTO-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature /Catherine M. McCarty/ Date (YYYY-MM-DD) |2010-02-04
First Name Catherine Last Name McCarty Reglstrathn Number 54301
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.0.1
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t 0 a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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Electronic Patent Application Fee Transmittal

Application Number:

61253820

Filing Date:

21-Oct-2009

Title of Invention:

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION RELATED

DISORDERS

First Named Inventor/Applicant Name:

Filer:

Catherine M. McCarty

Attorney Docket Number:

C2081-701307

Filed as Small Entity

Provisional Filing Fees

Description Fee Code Quantity Amount Suz—;rs(tsa)l in
Basic Filing:
Provisional Application filing fee 2005 1 110 110
Pages:
Provis. Appl Size fee per 50 sheets >100 2085 2 135 270
Claims:
Miscellaneous-Filing:
Late provisional filing fee/cover sheet 2052 1 25 25

Petition:

Patent-Appeals-and-Interference:
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Description Fee Code Quantity Amount Suﬁ-;l's(tsa)l in
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 1 month with $0 paid 2251 1 65 65
Miscellaneous:
Total in USD ($) 470
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Electronic Acknowledgement Receipt

EFS ID: 6949390
Application Number: 61253820
International Application Number:
Confirmation Number: 6682

Title of Invention:

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION RELATED

DISORDERS

First Named Inventor/Applicant Name:

Customer Number:

37462

Filer:

Catherine M. McCarty

Filer Authorized By:

Attorney Docket Number:

C2081-701307

Receipt Date: 04-FEB-2010
Filing Date: 21-0CT-2009
Time Stamp: 17:39:36
Application Type: Provisional
Payment information:
Submitted with Payment yes

Payment Type Deposit Account
Payment was successfully received in RAM $470

RAM confirmation Number 2126

Deposit Account 502762

Authorized User

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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Charge any Additional Fees required under 37 C.F.R. Section 1.19 (Document supply fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.20 (Post Issuance fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.21 (Miscellaneous fees and charges)

File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name ( y ) . . 9
Number Message Digest | Part/.zip| (ifappl.)
Authorization for Extension of Time all 20070
: uthorization for Extension of Time a C2081_701307_EOT.pdf o :
replies
£c7994225bf761bd95bc6d8c827a9daef6 3t
Warnings:
Information:
Applicant R to Pre-E 21185
2 pplicant niesponse to Fre-txam €2081_701307_Response.pdf no 2
Formalities Notice
97152f615a62a39%e57075df762bc3b3f5d7]
40e6
Warnings:
Information:
C2081_701307_S | tal 37374
3 Provisional Cover Sheet (SB16) - —>upplemental | no 3
Coversheet.pdf
dc3faf3906678150b31cce15dd48d9a22f19)
3e7c
Warnings:
This is nota USPTO supplied Provisional Cover Sheet SB16 form.
Information:
36798
4 Fee Worksheet (PTO-875) fee-info.pdf no 2
0a75f95a63 1e4e0f7a82e4f16907181f9a04|
005
Warnings:
Information:
Total Files Size (in bytes):‘ 115427

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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ATTORNEY DOCKET NO: C2081-701307
IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Applicant: Shinsan Su et al.

Serial No: 61/253,820

Confirmation No: 6682

Filed: October 21, 2009

Title: METHODS AND COMPOSITIONS FOR CELL-
PROLIFERATION-RELATED
DISORDERS

CERTIFICATE OF TRANSMISSION UNDER 37 C.F.R. §1.8(a)

The undersigned hereby certifies that this document is being electronically filed in accordance with §
1.6(a)(4), on the 4™ day of February, 2010.

/Catherine M. McCarty/
Catherine M. McCarty (Reg. No. 54,301)

Mail Stop Amendment
Commissioner for Patents

PETITION FOR ONE MONTH EXTENSION OF TIME
Sir:

A one (1) month extension of time, to and including February 4, 2010, is requested for
response to the Notice to File Missing Parts of Provisional Application mailed November 18,
20009.

The extension fee as set forth in 37 C.F.R. §1.17(a) is being paid concurrently herewith
on the Electronic Filing System (EFS) by way of Deposit Account authorization. Please apply
any other charges or credits to Deposit Account No. 50-2762, referencing attorney docket no.
C2081-701307.

Respectfully submitted,

By: /Catherine M. McCarty/

Catherine M. McCarty, Reg. No. 54,301
LANDO & ANASTASI, LLP

One Main Street

Cambridge, Massachusetts 02142
United States of America

Telephone: 617-395-7000

Facsimile: 617-395-7070

Date: February 4, 2010
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office

Address: COMMISSIONER FOR PATENTS
PO, Box 1450

Alexandria, Virginia 22313-1450
WWW.USPTO OV

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
61/253,820 10/21/2009 C2081-701307
CONFIRMATION NO. 6682
37462 FORMALITIES LETTER

LANDO & ANASTASI, LLP

ONE MAIN STREET, SUITE 1100 R0 0L A
0000000387632

CAMBRIDGE, MA 02142
Date Mailed: 11/18/2009

NOTICE TO FILE MISSING PARTS OF PROVISIONAL APPLICATION

FILED UNDER 37 CFR 1.53(c)
Filing Date Granted

An application number and filing date have been accorded to this provisional application. The items indicated
below, however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items and pay any fees required below to avoid abandonment. Extensions of time may be obtained by
filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

+ The statutory basic filing fee is missing.
Applicant must submit $110 to complete the basic filing fee for a small entity.
« The provisional application cover sheet under 37 CFR 1.51(c)(1), which may be an application data sheet (37
CFR 1.76), is required identifying:
+ the name(s) of the inventor(s).
« either city and state, or city and foreign country, of the residence of each inventor.

The applicant needs to satisfy supplemental fees problems indicated below.
The required item(s) identified below must be timely submitted to avoid abandonment:

+ To avoid abandonment, a surcharge (for late submission of filing fee or cover sheet) as set forth in 37 CFR
1.16(g) of $25 for a small entity in compliance with 37 CFR 1.27, must be submitted with the missing items
identified in this notice.

SUMMARY OF FEES DUE:

Total additional fee(s) required for this application is $405 for a small entity
+ $110 Statutory basic filing fee.
+ $25 Surcharge.
« The specification and drawings contain more than 100 pages. Applicant owes $270 for 54 pages in excess of
100 pages for a small entity in compliance with 37 CFR 1.27.

page 1 of 2
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Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
https://sportal.uspto.gov/authenticate/AuthenticateUserlL ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http://www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/thaile/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO, Box 1450

Alexandria, Virginia 22313-1450

WWW.USPIO.gOV

AP%?E;ON I 35&;:1)1\11()}1%0”;]5 GI?JIZ\I[IX?T I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAH\/ISIIND CLAIMSl
61/253,820 10/21/2009 0.00 C2081-701307
CONFIRMATION NO. 6682
37462 FILING RECEIPT
LANDO & ANASTASI, LLP
ONE MAIN STREET, SUITE 1100 T

CAMBRIDGE, MA 02142
Date Mailed: 11/18/2009

Receipt is acknowledged of this provisional patent application. It will not be examined for patentability and will
become abandoned not later than twelve months after its filing date. Any correspondence concerning the application
must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE, NAME OF
APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection. Please verify
the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please submit
a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Applicant(s)

Power of Attorney:
Catherine McCarty--54301

If Required, Foreign Filing License Granted: 11/13/2009

The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 61/253,820

Projected Publication Date: None, application is not eligible for pre-grant publication
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **
Title

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION RELATED DISORDERS
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing

of patent applications on the same invention in member countries, but does not result in a grant of "an international
page 1 of 3
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patent” and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter

as imposed by any Government contract or the provisions of existing laws relating to espionage and the national

security or the export of technical data. Licensees should apprise themselves of current regulations especially with

respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of

State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
page 2 of 3
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Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

page 3 of 3

Rigel Exhibit 1049
Page 28 of 238



Doc Code: TR.PROV

Document Description: Provisional Cover Sheet (SB16)
PTO/SB/16 (04-07)
Approved for use through 06/30/201C CMB 0651-0032
U.8. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Provisional Application for Patent Cover Sheet
This is a request for filing a PROVISIONAL APPLICATION FOR PATENT under 37 CFR 1.53(c)

Inventor(s)

Inventor 1
Given Name Middle Name Family Name City State Country ;
All Inventors Must Be Listed — Additional Inventor Information blocks may be Add

generated within this form by selecting the Add button.

METHODS AND COMPOSITIONS FOR CELL-PROLIFERATIONRELATED

Title of Invention
DISORDERS

Attorney Docket Number (if applicable) C2081-701307

Correspondence Address

Direct all correspondence to (select one):

(® The address corresponding to Customer Number (O Firm or Individual Name

Customer Number 37462

The invention was made by an agency of the United States Government or under a contract with an agency of the United
States Government.

(®) No.

(O Yes, the name of the U.S. Government agency and the Government contract number are:

EFS - Web 1.01
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Doc Code: TR.PROV
Document Description: Provisional Cover Sheet (SB16)

PTO/SB/16 (04-07)

Approved for use through 06/30/201C CMB 0651-0032

U.8. Patent and Trademark Office: U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number

Entity Status
Applicant claims small entity status under 37 CFR 1.27

(® Yes, applicant qualifies for small entity status under 37 CFR 1.27
(O No

Warning

Petitioner/applicant is cautioned to avoid submitting personal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required
by the USPTO to support a petition or an application. If this type of perscnal information is included in documents submitted
to the USPTO, petitioners/applicants should consider redacting such personal information from the documents before
submitting them te USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public
after publication of the application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the
application) or issuance of a patent. Furthermore, the record from an abandoned application may also be available to the
public if the application is referenced in a published application or an issued patent (see 37 CFR1.14). Checks and credit
card authorization forms PT0-2038 submitted for payment purposes are not retained in the application file and therefore are
not publicly available.

Signature

Please see 37 CFR 1.4(d) for the form of the signature.

Signature /Catherine M. McCarty/ Date (YYYY-MM-DD} |2009-10-21
First Name Catherine Last Name McCarty Reglstratlo_n Number 54301
(If appropriate)

This collection of information is required by 37 CFR 1.51. The information is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.8.C. 122 and 37 CFR 1.11 and 1.14. This collection
is estimated to take 8 hours to complete, including gathering, preparing, and submitting the completed application form to the USPTO.
Time will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or
suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department
of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. This
form can only be used when in conjunction with EFS-Web. If this form is mailed to the USPTO, it may cause delays in handling
the provisional application.

EFS - Web 1.01
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Privacy Act Statement

The Privacy Act of 1974 (P.L. 93-579) requires that you be given certain information in connection with your submission of
the attached form related to a patent application or paten. Accordingly, pursuant to the requirements of the Act, please be
advised that : (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the
information soclicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and
Trademark Office is to process and/or examine your submission related to a patent application or patent. If you do not
furnish the requested information, the U.S. Patent and Trademark Office may not be able to process and/or examine your
submission, which may result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.8.C. 552} and the Privacy Act (5 U.S.C 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether disclosure of these records is required by the Freedom of Information
Act.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to
a court, magistrate, or administrative tribunal, including disclosures to cpposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, to a Member of Congress submitting a
request inveolving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required tc comply with the
requirements of the Privacy Act of 1974, as amended, pursuantto 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of
records may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property
Organization, pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, t o a n other federal agency for purposes
of National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.5.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b} or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record
may be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application open to public inspection or an
issued patent.

A record from this system of records may be disclesed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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METHODS AND COMPOSITIONS FOR CELL-PROLIFERATION-
RELATED DISORDERS

The invention relates to methods and compositions for evaluating and treating

cell proliferation-related disorders, e.g., proliferative disorders such as cancer.

BACKGROUND

Isocitrate dehydrogenase, also known as IDH, is an enzyme which participates
in the citric acid cycle. It catalyzes the third step of the cycle: the oxidative
decarboxylation of isocitrate, producing alpha-ketoglutarate (a-ketoglutarate or a-KG)
and CO, while converting NAD+ to NADH. This is a two-step process, which
involves oxidation of isocitrate (a secondary alcohol) to oxalosuccinate (a ketone),
followed by the decarboxylation of the carboxyl group beta to the ketone, forming
alpha-ketoglutarate. Another isoform of the enzyme catalyzes the same reaction;
however this reaction is unrelated to the citric acid cycle, is carried out in the cytosol
as well as the mitochondrion and peroxisome, and uses NADP+ as a cofactor instead

of NAD+.

SUMMARY OF THE INVENTION

Methods and compositions disclosed herein relate to the role played in disease
by neoactive products produced by neoactive mutant enzymes, e.g., mutant metabolic
pathway enzymes. The inventors have discovered, inter alia, a neoactivity associated
with IDH mutants and that the product of the neoactivity can be significantly elevated
in cancer cells. Disclosed herein are methods and compositions for treating, and
methods of evaluating, subjects having or at risk for a disorder, e.g., a cell
proliferation-related disorder characterized by a neoactivity in a metabolic pathway
enzyme, e.g., IDH neoactivity. Such disorders include e.g., proliferative disorders
such as cancer. The inventors have discovered and disclosed herein novel therapeutic
agents for the treatment of disorders, e.g., cancers, characterized by, e.g., by a
neoactivity, neoactive protein, neoactive mRNA, or neoactive mutations. In
embodiments a therapeutic agent reduces levels of neoactivity or neoactive product or
ameliorates an effect of a neoactive product. Methods described herein also allow the
identification of a subject, or identification of a treatment for the subject, on the basis

of neaoctivity genotype or phenotype. This evaluation can allow for optimal
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matching of subject with treatment, e.g., where the selection of subject, treatment, or
both, is based on an analysis of neoactivity genotype or phenotype. E.g., methods
describe herein can allow selection of a treatment regimen comprising administration
of a novel compound, e.g., a novel compound disclosed herein, or a known compound,
e.g., a known compound not previously recommended for a selected disorder. In
embodiments the known compound reduces levels of neoactivity or neoactive product
or ameliorates an effect of a neoactive product. Methods described herein can guide
and provide a basis for selection and administration of a novel compound or a known
compound, or combination of compounds, not previously recommended for subjects
having a disorder characterized by a somatic neoactive mutation in a metabolic
pathway enzyme. In embodiments the neoactive genotype or phenotype can act as a
biomarker the presence of which indicates that a compound, either novel, or
previously known, should be administered, to treat a disorder characterized by a
somatic neoactive mutation in a metabolic pathway enzyme. Neoactive mutants of
IDH1 having a neoactivity that results in the production of 2-hydroxyglutarate , e.g.,
R-2-hydroxyglutarate and associated disorders are discussed in detail herein. They
are exemplary, but not limiting, examples of embodiments of the invention.

While not wishing to be bound by theory it is believed that the balance
between the production and elimination of neoactive product, e.g., 2HG, e.g., R-2HG,
is important in disease. Neoactive mutants, to varying degrees for varying mutations,
increase the level of neoactive product, while other processes, e.g., in the case of 2HG,
e.g., R-2HG, enzymatic degradation of 2HG, e.g., by 2HG dehydrogenase, reduce the
level of neoative product. An incorrect balance is associated with disease.

Accordingly, in one aspect, the invention features, a method of treating a
subject having a cell proliferation-related disorder, e.g., a disorder characterized by
unwanted cell proliferation, e.g., cancer, or a precancerous disorder. The cell
proliferation-related disorder is characterized by a somatic mutation in a metabolic
pathway enzyme. The mutation is associated with a neoactivity that results in the
production of a neoactivity product. The method comprises: administering to the
subject a therapeutically effective amount of a therapeutic agent described herein, e.g.,
a therapeutic agent that decreases the level of neoactivity product encoded by a
selected or mutant somatic allele, e.g., an inhibitor of a neoactivity of the metabolic

pathway enzyme (the neoactive enzyme), a therapeutic agent that ameliorates an
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unwanted affect of the neoactivity product, or a nucleic acid based inhibitor, e.g., a
dRNA which targets the neoactive enzyme mRNA,
to thereby treat the subject.

In an embodiment the subject is a subject not having, or not diagnosed as
having, 2-hydroxyglutaric aciduria.

In an embodiment the subject has a cell proliferation-related disorder, e.g., a
cancer, characterized by the neoactivity of the metabolic pathway enzyme encoded by
selected or mutant allele.

In an embodiment the subject has a cell proliferation-related disorder, e.g., a
cancer, characterized by the product formed by the neoactivity of the metabolic
pathway enzyme encoded by selected or mutant allele.

In one embodiment, the metabolic pathway is selected from a metabolic
pathway leading to fatty acid biosynthesis, glycolysis, glutaminolysis, the pentose
phosphate shunt, nucleotide biosynthetic pathways, or the fatty acid biosynthetic
pathway.

In an embodiment the therapeutic agent is a therapeutic agent described herein.

In an embodiment the method comprises selecting a subject on the basis of
having a cancer characterized by the selected or mutant allele, the neoactivity, or an
elevated level of neaoctivity product.

In an embodiment the method comprises selecting a subject on the basis of
having a cancer characterized by the product formed by the neoactivity of the protein
encoded by selected or mutant allele, e.g., by the imaging and/or spectroscopic
analysis, e.g., magnetic resonance-based analysis, e.g., MRI (magnetic resonance
imaging) and/or MRS (magnetic resonance spectroscopy), to determine the presence,
distribution or level of the product of the neoactivity, e.g., in the case of an IDH1
allele described herein, 2-hydroxyglutarate (sometimes referred to herein as 2HG),
e.g., R-2-hydroxyglutarate (sometimes referred to herein as R-2HG).

In an embodiment the method comprises confirming or determining, e.g., by
direct examination or evaluation of the subject, or sample e.g., tissue, product (e.g.,
feces, sweat, semen, exhalation, hair or nails), or bodily fluid (e.g., blood (e.g., blood
plasma), urine, lymph, or cerebrospinal fluid or other sample sourced disclosed herein)
therefrom, (e.g., by DNA sequencing, immuno analysis, or assay for enzymatic
activity), or receiving such information about the subject, that the cancer is

characterized by the selected or mutant allele.

980261 3.

Rigel Exhibit 1049
Page 34 of 238



C2081-701307/AGP6-7____

In an embodiment the method comprises confirming or determining, e.g., by
direct examination or evaluation of the subject, the level of neoactivity or the level of
the product of the neoactivity, or receiving such information about the subject. In an
embodiment the presence, distribution or level of the product of the neoactivity, e.g.,
in the case of an IDH1 allele described herein, 2HG, e.g., R-2HG, is determined non-
invasively, e.g., by imaging methods, e.g., by magnetic resonance-based methods.

In an embodiment the method comprises administering a second anti-cancer
agent or therapy to the subject, e.g., surgical removal or administration of a
chemotherapeutic.

In another aspect, the invention features, a method of treating a subject having
a cell proliferation-related disorder, e.g., a precancerous disorder, or cancer. In an
embodiment the subject does not have, or has not been diagnosed as having, 2-
hydroxyglutaric aciduria. The cell proliferation-related disorder is characterized by a
somatic allele, e.g., a preselected allele, or mutant allele, of an IDH, e.g., IDHI or
IDH2, which encodes a mutant IDH, e.g., IDH1 or IDH2, enzyme having a
neoactivity.

In embodiments the neoactivity is alpha hydroxy neoactivity. As used herein,
alpha hydroxy neoactivity refers to the ability to convert an alpha ketone to an alpha
hydroxy. In embodiments alpha hydroxy neoactivity proceeds with a reductive
cofactor, e.g., NADPH or NADH. In embodiments the alpha hydroxyl neoactivity is
2HG neoactivity. 2HG neoactivity, as used herein, refers to the ability to convert
alpha ketoglutarate to 2-hydroxyglutarate (sometimes referred to herein as 2HG), e.g.,
R-2-hydroxyglutarate (sometimes referred to herein as R-2HG). In embodiments
2HG neoactivity proceeds with a reductive cofactor, e.g., NADPH or NADH. In an
embodiment a neoactive enzyme, e.g., an alpha hydroxyl, e.g., a 2HG, neoactive
enzyme, can act on more than one substrate, e.g., more than one alpha hydroxy
substrate.

The method comprises administering to the subject an effective amount of a
therapeutic agent of type described herein to thereby treat the subject.

In an embodiment the therapeutic agent: results in lowering the level of a
neoactivity product, e.g., an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-
2HG.

In an embodiment the method comprises administering a therapeutic agent that

lowers neoactivity, e.g., 2HG neoactivity. In an embodiment the method comprises
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administering an inhibitor of a mutant IDH protein, e.g., a mutant IDH1 or mutant
IDH2 protein, having a neoactivity, e.g., alpha hydroxy neoactivity, e.g., 2HG
neoactivity.

In an embodiment the therapeutic agent comprises a compound from Table 24
or a compound having the structure of Formula (X) described herein.

In an embodiment the therapeutic agent comprises nucleic acid-based
therapeutic agent, e.g., a dsRNA, e.g., a dsSRNA described herein.

In an embodiment the the therapeutic agent is an inhibitor, e.g., a polypeptide,
peptide, or small molecule (e.g., a molecule of less than 1,000 daltons), or aptomer,
that binds to an IDH1 mutant or wildtype subunit and inhibits neoactivity, e.g., by
inhibiting formation of a dimer, e.g., a homodimer of mutant IDH]1 subunits or a
heterodimer of a mutant and a wildype subunit. In an embodiment the inhibitor is a
polypeptide. In an embodiment the polypeptide acts as a dominant negative with
respect to the neoactivity of the mutant enzyme. The polypeptide can correspond to
full length IDH1 or a fragment thereof. The polypeptide need not be indentical with
the corresponding residues of wildtype IDH1, but in embodiments has at least 60, 70,
80, 90 or 95 % homology with wildtype IDH]1.

In an embodiment the therapeutic agent decreases the affinity of an IDH, e.g.,
IDH1 or IDH2 neoactive mutant protein for NADH, NADPH or a divalent metal ion,
e.g., Mg?‘Jr or Mn?*, or decreases the levels or availability of NADH, NADPH or
divalent metal ion, e.g., Mg”* or Mn**, e.g., by competing for binding to the mutant
enzyme. In an embodiment the enzyme is inhibited by replacing Mg2+ or Mn?** with
Ca™,

In an embodiment the therapeutic agent is an inhibitor that reduces the level a
neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., 2HG neoactivity.

In an embodiment the therapeutic agent is an inhibitor that reduces the level of
the product of a mutant having a neoactivity of an IDH, e.g., IDH1 or IDH2 mutant,
e.g., itreduces the level of 2HG, e.g., R-2HG.

In an embodiment the therapeutic agent is an inhibitor that:

inhibits, e.g., specifically, a neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., a
neoactivity described herein, e.g., 2HG neoactivity; or

inhibits both the wildtype activity and a neoactivity of an IDH, e.g., IDH1

or[DH2, e.g., a neoactivity described herein, e.g, 2HG neoactivity.
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In an embodiment the therapeutic agent is an inhibitor that is selected on the
basis that it:

inhibits, e. g., specifically, a neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., a
neoactivity described herein e.g., 2HG neoactivity; or

inhibits both the wildtype activity and a neoactivity of an IDHI, e.g., IDH1 or
IDH2, e.g., a neoactivity described herein, e.g., 2HG neoactivity.

In an embodiment the therapeutic agent is an inhibitor that reduces the amount
of a mutant IDH, e.g., IDH1 or IDH2, protein or mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., it binds to, the mutant IDH, e.g., IDH1 or IDH2 mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., it binds to, the mutant IDH, e.g., IDH1 or IDH2, protein.

In an embodiment the therapeutic agent is an inhibitor that reduces the amount
of neoactive enzyme activity, e.g., by interacting with, e.g., binding to, mutant IDH,
e.g., IDHI or IDH2, protein. In an embodiment the inhibitor is other than an antibody.

In an embodiment the therapeutic agent is an inhibitor that is a small molecule
and interacts with, e.g., binds, the mutant RNA, e.g., mutant IDH1 mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., binds, either the mutant IDH, e.g., IDH1 or IDH2, protein or interacts
directly with, e.g., binds, the mutant IDH mRNA, e.g., IDH1 or IDH2 mRNA.

In an embodiment the IDH is IDH1 and the neoactivity is alpha hydroxy
neoactivity, e.g., 2HG neoactivity. Mutations in IDHI associated with 2HG
neoactivity include mutations at residue 132, e.g., R132H or R132C.

In an embodiment the IDH is IDH2 and the neoactivity of the IDH2 mutant is
alpha hydroxy neoactivity, e.g., 2HG neoactivity. Mutations in IDH2 associated with

2HG neoactivity include mutations at residue 172.

Treatment methods described herein can comprise evaluating a neoactivity
genotype or phenotype. Methods of obtaining and analyzing samples, and the in vivo
analysis in subjects, described elsewhere herein, e.g., in the section entitled, “Methods

of evaluating samples and/or subjects,” can be combined with this method.

In an embodiment, prior to or after treatment, the method includes evaluating
the growth, size, weight, invasiveness, stage or other phenotype of the cell

proliferation-related disorder.
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In an embodiment, prior to or after treatment, the method includes evaluating
the IDH, e.g., IDH1 or IDH2, alpha hydroxyl neoactivity genotype, e.g., 2HG,
genotype, or alpha hydroxy neoactivity phenotype, e.g., 2HG, e.g., R-2HG, phenotype.
Evaluating the alpha hydroxyl, e.g., 2HG, genotype can comprise determining if an
IDH1 or IDH2 mutation having alpha hydroxy neoactivity, e.g., 2HG neoactivity, is
present, e.g., a mutation disclosed herein having alpha hydroxy neoactivity, e.g., 2HG
neoactivity. Alpha hydroxy neoactivity phenotype, e.g., 2HG, e.g., R-2HG,
phenotype, as used herein, refers to the level of alpha hydroxy neoactivity product,
e.g., 2HG, e.g., R-2HG, level of alpha hydroxy neoactivity, e.g., 2HG neoactivity, or
level of mutant enzyme having alpha hydroxy neoactivity, e.g., 2HG neoactivity (or
corresponding mRNA). The evaluation can be by a method described herein.

In an embodiment the subject can be evaluated, before or after treatment, to
determine if the cell proliferation-related disorder is characterized by an alpha
hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment a cancer, e.g., a glioma or brain tumor in a subject, can be
analyzed, e.g., by imaging and/or spectroscopic analysis, e.g., magnetic resonance-
based analysis, e.g., MRI and/or MRS, e.g., before or after treatment, to determine if
it is characterized by presence of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment the method comprises evaluating, e.g., by direct
examination or evaluation of the subject, or a sample from the subject, or receiving
such information about the subject, the IDH, e.g., IDH1 or IDH2, genotype, or an
alpha hydroxy neoactivity product, e.g., ZHG, e.g., R-2HG phenotype of, the subject,
e.g., of acell, e.g., a cancer cell, characterized by the cell proliferation-related
disorder. (As described in more detail elsewhere herein the evaluation can be, e.g., by
DNA sequencing, immuno analysis, evaluation of the presence, distribution or level
of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG, e.g., from
spectroscopic analysis, e.g., magnetic resonance-based analysis, e.g., MRI and/or
MRS measurement, spinal cord fluid analysis, or by analysis of surgical material, e.g.,
by mass-spectroscopy). In embodiments this information is used to determine or
confirm that a proliferation-related disorder, e.g., a cancer, is characterized by an
alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG. In embodiments this
information is used to determine or confirm that a cell proliferation-related disorder,

e.g., a cancer, is characterized by an IDH, e.g., IDH1 or IDH2, allele described herein,
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e.g., an IDHI allele having a mutation, e.g., a His or Cys at residue 132, or an IDH2
allele having a mutation at residue 172.

In an embodiment, before and/or after treatment has begun, the subject is
evaluated or monitored by a method described herein, e.g., the analysis of the
presence, distribution, or level of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, e.g., to select, diagnose or prognose the subject, to select an inhibitor, or
to evaluate response to the treatment or progression of disease.

In an embodiment the cell proliferation-related disorder is a tumor of the CNS,
e.g., a glioma, a leukemia, e.g., AML or ALL, e.g., B-ALL or T-ALL, prostate cancer,
or myelodysplasia or myelodysplastic syndrome and the evaluation is: evaluation of
the presence, distribution, or level of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG:; or evaluation of the presence, distribution, or level of a neoactivity, e.g.,
an alpha hydroxy neoactivity, e.g., 2HG neoactivity, of an IDH1 or IDH2, mutant
protein.

In an embodiment the disorder is other than a solid tumor. In an embodiment
the disorder is a tumor that, at the time of diagnosis or treatment, does not have a
necrotic portion. In an embodiment the disorder is a tumor in which at least 30, 40,
50, 60, 70, 80 or 90% of the tumor cells carry an [HD, e.g., IDH1 or IDH2, mutation
having 2HG neoactivity, at the time of diagnosis or treatment.

In an embodiment the cell proliferation-related disorder is a cancer, e.g., a
cancer described herein, characterized by an IDH1 somatic mutant having alpha
hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant described herein. In an
embodiment the tumor is characterized by increased levels of an alpha hydroxy
neoactivity product, 2HG, e.g., R-2HG, as compared to non-diseased cells of the same
type.

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity, product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a tumor of the CNS,
e.g., a glioma, e.g., wherein the tumor is characterized by an IDH1 somatic mutant
having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant described
herein. Gliomas include astrocytic tumors, oligodendroglial tumors, oligoastrocytic
tumors, anaplastic astrocytomas, and glioblastomas. In an embodiment the tumor is

characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2HG,
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e.g., R-2HG, as compared to non-diseased cells of the same type. E.g., in an
embodiment, the IDH1 allele encodes an IDH1 having other than an Arg at residue
132. E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or any residue
described in Yan ef al., at residue 132, according to the sequence of SEQ ID NO:8
(see also Fig. 21). In an embodiment the allele encodes an IDH1 having His at
residue 132. In an embodiment the allele encodes an IDH1 having Ser at residue 132.

In an embodiment the IDH1 allele has an A (or any other nucleotide other than
() at nucleotide position 394, or an A (or any other nucleotide other than G) at
nucleotide position 395. In an embodiment the allele is a C394A or a G395A
mutation according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having a glioma,
wherein the cancer is characterized by having an IDH]1 allele described herein, e.g.,
an IDHI1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by an IDH1 allele described herein, e.g.,
an IDHT1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity, product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is localized or
metastatic prostate cancer, e.g., prostate adenocarcinoma, e.g., wherein the cancer is
characterized by an IDH1 somatic mutant having alpha hydroxy neoactivity, e.g.,
2HG neoactivity, e.g., a mutant described herein. In an embodiment the cancer is
characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2ZHG,
e.g., R-2HG, as compared to non-diseased cells of the same type.

E.g., in an embodiment, the IDH1 allele encodes an IDH1 having other than
an Arg at residue 132, E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or
any residue described in Kang ef al, 2009, Int. J. Cancer, 125: 353-355 at residue 132,
according to the sequence of SEQ ID NO:8 (see also FIG. 21). In an embodiment the
allele encodes an IDH1 having His or Cys at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394, or an A (or any other nucleotide other than G) at
nucleotide position 395. In an embodiment the allele is a C394T or a G395A

mutation according to the sequence of SEQ ID NO:5.

980261 9.

Rigel Exhibit 1049
Page 40 of 238



C2081-701307/AGP6-7____

In an embodiment the method comprises selecting a subject having prostate
cancer, e.g., prostate adenocarcinoma, wherein the cancer is characterized by an IDH1
allele described herein, e.g., an IDH1 allele having His or Cys at residue 132 (SEQ ID
NO:g).

In an embodiment the method comprises selecting a subject having prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized
by an IDH1 allele described herein, e.g., an IDH1 allele having His or Cys at residue
132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having prostate
cancer, on the basis of the cancer being characterized by unwanted levels of an alpha
hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a hematological
cancer, e.g., a leukemia, e.g., AML, or ALL, wherein the hematological cancer is
characterized by an IDH1 somatic mutant having alpha hydroxy neoactivity, e.g.,
2HG neoactivity, e.g., a mutant described herein. In an embodiment the cancer is
characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, as compared to non-diseased cells of the same type.

In an embodiment the cell proliferation-related disorder is acute lymphoblastic
leukemia (e.g., an adult or pediatric form), e.g., wherein the acute lymphoblastic
leukemia (sometimes referred to herein as ALL) is characterized by an IDH1 somatic
mutant having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant
described herein. The ALL can be, e.g., B-ALL or T-ALL. In an embodiment the
cancer is characterized by increased levels of 2 an alpha hydroxy neoactivity product,
e.g., HG, e.g., R-2HG, as compared to non-diseased cells of the same type. E.g., in an
embodiment, the IDH1 allele is an IDH1 having other than an Arg at residue 132
(SEQ ID NO:8). E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or any
residue described in Kang et a./, at residue 132, according to the sequence of SEQ ID
NO:8 (see also FIG. 21). In an embodiment the allele encodes an IDH1 having Cys
at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation

according to the sequence of SEQ ID NO:5.
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In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, characterized by an IDH1 allele described herein, e.g., an IDH1
allele having Cys at residue 132 according to the sequence of SEQ ID NO:8.

In an embodiment the method comprises selecting a subject ALL, e.g., B-ALL
or T-ALL, on the basis of cancer being characterized by having an IDH1 allele
described herein, e.g., an IDH1 allele having Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by unwanted levels
of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is acute myelogenous
leukemia (e.g., an adult or pediatric form), e.g., wherein the acute myelogenous
leukemia (sometimes referred to herein as AML) is characterized by an IDH1 somatic
mutant having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant
described herein. In an embodiment the cancer is characterized by increased levels of
an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG, as compared to non-
diseased cells of the same type. E.g., in an embodiment, the IDH1 allele is an IDH1
having other than an Arg at residue 132 (SEQ ID NO:8). E.g., the allele encodes His,
Ser, Cys, Gly, Val, Pro or Leu, or any residue described in Kang er al., at residue 132,
according to the sequence of SEQ ID NO:8 (see also FIG. 21). In an embodiment the
allele encodes an IDH1 having Cys at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation
according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having acute
myelogenous lymphoplastic leukemia (AML) characterized by an IDH1 allele
described herein, e.g., an IDH1 allele having Cys at residue 132 according to the
sequence of SEQ ID NO:S.

In an embodiment the method comprises selecting a subject having acute
myelogenous lymphoplastic leukemia (AML) on the basis of cancer being
characterized by having an IDH1 allele described herein, e.g., an IDH1 allele having
Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having acute

myelogenous lymphoplastic leukemia (AML), on the basis of the cancer being
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characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment the method further comprises evaluating the subject for the
presence of a mutation in the NRAS or NPMc gene.

In an embodiment the cell proliferation-related disorder is myelodysplasia or
myelodysplastic syndrome, e.g., wherein the myelodysplasia or myelodysplastic
syndrome is characterized by having an IDH1 somatic mutant having alpha hydroxy
neoactivity, e.g., 2HG neoactivity, e.g., a mutant described herein. In an embodiment
the disorder is characterized by increased levels of an alpha hydroxy neoactivity
product, e.g., 2HG, e.g., R-2HG, as compared to non-diseased cells of the same type.
E.g., in an embodiment, the IDH1 allele is an IDH1 having other than an Arg at
residue 132 (SEQ ID NO:8). E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or
Leu, or any residue described in Kang ef a.l, according to the sequence of SEQ ID
NO:8 (see also FIG. 21). In an embodiment the allele encodes an IDH1 having Cys
at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation
according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome characterized by an IDH1 allele
described herein, e.g., an IDH1 allele having Cys at residue 132 according to the
sequence of SEQ ID NO:8.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome on the basis of cancer being
characterized by having an IDH1 allele described herein, e.g., an IDH1 allele having
Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a glioma,
characterized by a mutation, or preselected allele, of IDH2 associated with an alpha
hydroxy neoactivity, e.g., 2HG neoactivity. E.g., in an embodiment, the IDH?2 allele

encodes an IDH2 having other than an Arg at residue 172. E.g., the allele encodes
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Lys, Gly, Met, Trp, Thr, Ser, or any residue described in described in Yan et al., at
residue 172, according to the sequence of SEQ ID NO:__(see also Fig. 22). In an
embodiment the allele encodes an IDH2 having Lys at residue 172. In an
embodiment the allele encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having a glioma,
wherein the cancer is characterized by having an IDH2 allele described herein, e.g.,
an IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by an IDH2 allele described herein, e.g.,
an [DH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy

neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a prostate cancer,
e.g., prostate adenocarcinoma, characterized by a mutation, or preselected allele, of
IDH2 associated with an alpha hydroxy neoactivity, e.g., 2HG neoactivity. E.g., in an
embodiment, the IDH2 allele encodes an IDH2 having other than an Arg at residue
172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser, or any residue described in
described in Yan ef al., at residue 172, according to the sequence of SEQ ID
NO:__(see also Fig. 22). In an embodiment the allele encodes an IDH2 having Lys at
residue 172. In an embodiment the allele encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, wherein the cancer is characterized by having
an IDH?2 allele described herein, e.g., an IDH2 allele having Lys or Met at residue 172
(SEQID NO:_).

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized
by an IDH2 allele described herein, e.g., an IDH2 allele having Lys or Met at residue
172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized

by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.
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In an embodiment the cell proliferation-related disorder is ALL, e.g., B-ALL
or T-ALL, characterized by a mutation, or preselected allele, of IDH2 associated with
an alpha hydroxy neoactivity, e.g., 2HG neoactivity. F.g., in an embodiment, the
IDH?2 allele encodes an IDH2 having other than an Arg at residue 172. E.g., the allele
encodes Lys, Gly, Met, Trp, Thr, Ser, or any residue described in described in Yan et
al., at residue 172, according to the sequence of SEQ ID NO:__(see also Fig. 22). In
an embodiment the allele encodes an IDH2 having Lys at residue 172. In an
embodiment the allele encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, wherein the cancer is characterized by having an IDH?2 allele
described herein, e.g., an IDH?2 allele having Lys or Met at residue 172 (SEQ ID
NO:_ ).

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by an IDH2 allele
described herein, e.g., an IDH2 allele having Lys or Met at residue 172 (SEQ ID
NO:_ ).

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by unwanted levels
of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is AML, characterized
by a mutation, or preselected allele, of IDH2 associated with an alpha hydroxy
neoactivity, e.g., 2HG neoactivity. E.g., in an embodiment, the IDH?2 allele encodes
an IDH?2 having other than an Arg at residue 172. E.g., the allele encodes Lys, Gly,
Met, Trp, Thr, Ser, or any residue described in described in Yan ef al., at residue 172,
according to the sequence of SEQ ID NO:__(see also Fig. 22). In an embodiment the
allele encodes an IDH2 having Lys at residue 172. In an embodiment the allele
encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having AML,
wherein the cancer is characterized by having an IDH2 allele described herein, e.g.,
an IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having AML, on
the basis of the cancer being characterized by an IDH2 allele described herein, e.g., an

IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).
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In an embodiment the method comprises selecting a subject having AML, on
the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is myelodysplasia or
myelodysplastic syndrome, characterized by a mutation, or preselected allele, of
IDH2. E.g., in an embodiment, the [IDH2 allele encodes an IDH2 having other than
an Arg at residue 172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser, or any
residue described in described in Yan et al., at residue 172, according to the sequence
of SEQ ID NO:__(see also Fig. 22). In an embodiment the allele encodes an IDH2
having Lys at residue 172. In an embodiment the allele encodes an IDH2 having Met
at residue 172.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome,wherein the cancer is characterized by
having an IDH2 allele described herein, e.g., an IDH2 allele having Lys or Met at
residue 172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by an IDH2 allele described herein, e.g., an IDH2 allele having Lys or
Met at residue 172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment a product of the neoactivity is 2HG (e.g., R-2HG) which
acts as a metabolite. In another embodiment a product of the neoactivity is 2HG (e.g.,
R-2HG) which acts as a toxin, e.g., a carcinogen.

In some embodiments, the methods described herein can result in reduced side
effects relative to other known methods of treating cancer.

Therapeutic agents and methods of subject evaluation described herein can be
combined with other therapeutic mocalities, e.g., with art-known treatments.

In an embodiment the method comprises providing a second treatment, to the
subject, e.g., surgical removal, irradiation or administration of a chemotherapeutitc
agent, e.g., an administration of an alkylating agent. Administration (or the

establishment of therapeutic levels) of the second treatment can: begin prior to the
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beginning or treatment with (or prior to the establishment of therapeutic levels of) the
inhibitor; begin after the beginning or treatment with (or after the establishment of
therapeutic levels of) the inhibitor, or can be administered concurrently with the
inhibitor, e.g., to achieve therapeiutc levels of both concurrently.

In an embodiment the cell proliferation-related disorder is a CNS tumor, e.g., a
glioma, and the second therapy comprises administration of one or more of: radiation;
an alkylating agent, e.g., temozolomide, e.g., Temoader®, or BCNU; or an inhibitor
of HER1/EGFR tyrosine kinase, e.g., erlotinib, e.g., Tarceva®.

The second therapy, e.g., in the case of glioma, can comprise implantation of
BCNU or carmustine in the brain, e.g., implantation of a Gliadel® wafer.

The second therapy, e.g., in the case of glioma, can comprise administration of
imatinib, e.g., Gleevec®.

In an embodiment the cell proliferation-related disorder is prostate cancer and
the second therapy comprises one or more of: androgen ablation; administration of a
microtubule stabilizer, e.g., docetaxol, e.g., Taxotere®; or administration of a
topoisomerase II inhibitor, e.g., mitoxantrone.

In an embodiment the cell proliferation-related disorder is ALL, e.g., B-ALL
or T-ALL, and the second therapy comprises one or more of:

induction phase treatment comprising the administration of one or more of: a
steroid; an inhibitor of microtubule assembly, e.g., vincristine; an agent that reduces
the availability of asparagine, e.g., asparaginase; an anthracycline; or an
antimetabolite, e.g., methotrexate, e.g., intrathecal methotrexate, or 6-mercaptopurine;

consolidation phase treatment comprising the administration of one or more of:
a drug listed above for the induction phase; an antimetabolite, e.g., a guanine analog,
e.g., 6-thioguanine; an alkylating agent , e.g., cyclophosphamide; an anti-metabolite,
e.g., AraC or cytarabine; or an inhibitor of topoisomerase L, e.g., etoposide; or
maintenance phase treatment comprising the administration of one or more of
the drugs listed above for induction or consolidation phase treatment.

In an embodiment the cell proliferation-related disorder is AML and the
second therapy comprises administration of one or more of: an inhibitor of
topoisomerase II, e.g., daunorubicin, idarubicin, topotecan or mitoxantrone; an
inhibitor of topoisomerase I, e.g., etoposide; or an anti-metabolite, e.g., AraC or

cytarabine.

980261 -16-

Rigel Exhibit 1049
Page 47 of 238



C2081-701307/AGP6-7____

In another aspect, the invention features, a method of evaluating, e.g.
diagnosing, a subject, e.g., a subject not having, or not diagnosed as having, 2-
hydroxyglutaric aciduria. The method comprises analyzing a parameter related to the
neoactivity genotype or phenotype of the subject, e.g., analyzing one or more of:

a) the presence, distribution, or level of a neoactive product, e.g., the product
of an alpha hydroxy neoactivity, e.g., 2HG, e.g., R-2HG;

b) the presence, distribution, or level of a neoactivity, e.g., alpha hydroxy
neoactivity, e.g., 2HG neoactivity, of an IDH1 or IDH2, mutant protein;

¢) the presence, distribution, or level of a neoactive mutant protein, e.g., an
IDH, e.g., an IDH1 or IDH2, mutant protein which has a neoactivity, e.g., alpha
hydroxy neoactivity, e.g., 2HG neoactivity, or a corresponding RNA; or

d) the presence of a selected somatic allele or mutation conferring neoactivity,
e.g., an IDH, e.g., IDH1 or IDH2, which encodes a protein with a neoactivity, e.g.,
alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., an allele disclosed herein, in
cells characterized by a cell proliferation-related disorder from the subject,
thereby evaluating the subject.

In an embodiment analyzing comprises performing a procedure, e.g., a test, to
provide data or information on one or more of a-d, e.g., performing a method which
results in a physical change in a sample, in the subject, or in a device or reagent used
in the analysis, or which results in the formation of an image representative of the data.
Methods of obtaining and analyzing samples, and the in vivo analysis in subjects,

described elsewhere herein, e.g., in the section entitled, “Methods of evaluating

samples and/or subjects,” can be combined with this method. In another embodiment

analyzing comprises receiving data or information from such test from another party.
In an embodiment the analyzing comprises receiving data or information from such
test from another party and, the method comprises, responsive to that data or
information, administering a treatment to the subject.

As described herein, the evaluation can be used in a number of applications,
e.g., for diagnosis, prognosis, staging, determination of treatment efficacy, patent
selection, or drug selection.

Thus, in an embodiment method further comprises, e.g., responsive to the

analysis of one or more of a-d:
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diagnosing the subject, e.g., diagnosing the subject as having a cell
proliferation-related disorder, e.g., a disorder characterized by unwanted cell
proliferation, e.g., cancer, or a precancerous disorder;

staging the subject, e.g., determining the stage of a cell proliferation-related
disorder, e.g., a disorder characterized by unwanted cell proliferation, e.g., cancer, or
a precancerous disorder;

providing a prognosis for the subject, e.g., providing a prognosis for a cell
proliferation-related disorder, e.g., a disorder characterized by unwanted cell
proliferation, e.g., cancer, or a precancerous disorder;

determining the efficacy of a treatment, e.g., the efficacy of a
chemotherapeutic agent, irradiation or surgery;

determining the efficacy of a treatment with a therapeutic agent, e.g., an
inhibitor, described herein;

selecting the subject for a treatment for a cell proliferation-related disorder,
e.g., a disorder characterized by unwanted cell proliferation, e.g., cancer, or a
precancerous disorder. The selection can be based on the need for a reduction in
neoactivity or on the need for amelioration of a condition associated with or resulting
from neoactivity. For example, if it is determined that the subject has a cell
proliferation-related disorder, e.g., e.g., cancer, or a precancerous disorder
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, or by a mutant IDH1 or IDH2, having alpha hydroxyl neoactivity, e.g.,
2HG, neaoctivity, selecting the subject for treatment with a therapeutic agent
described herein, e.g., an inhibitor (e.g., a small molecule or a nucleic acid-based
inhibitor) of the neoactivity of that mutant (e.g., conversion of alpha-ketoglutarate to
2HG, e.g., R-2HG);

correlating the analysis with an outcome or a prognosis;

providing a value for an analysis on which the evaluation is based, e.g., the
value for a parameter correlated to the presence, distribution, or level of an alpha
hydroxyl neoactivity product, e.g., 2HG, e.g., R-2HG;

providing a recommendation for treatment of the subject; or

memorializing a result of, or ouput from, the method, e.g., a measurement
made in the course of performing the method, and optionally transmitting the

memorialization to a party, e.g., the subject, a healthcare provider, or an entity that
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pays for the subject’s treatment, e.g., a government, insurance company, or other third
party payer.

As described herein, the evaluation can provide information on which a
number of decisions or treatments can be based.

Thus, in an embodiment the result of the evaluation, e.g., an unwanted level of
an alpha hydroxyl neoactivity product, e.g., 2HG, e.g., R-2HG, the presence of an
IDH, e.g., IDH1 or IDH2, neoactivity, e.g., alpha hydroxyl neoactivity, e.g., 2HG
neoactivity, the presence of an IDH, e.g., IDH1 or IDH2, mutant protein (or
corresponding RNA) which has alpha hydroxyl neoactivity, e.g., 2HG neoactivity, the
presence of a mutant allele of IDH, e.g., IDH1 or IDH2, having alpha hydroxyl
neoactivity, 2HG neoactivity, e.g., an allele disclosed herein, is indicative of:

a cell proliferation-related disorder, e.g., cancer, e.g., it is indicative of a
primary or metastatic lesion;

the stage of a cell proliferation-related disorder;

a prognosis or outcome for a cell proliferation-related disorder, e.g., it is
indicative of a less aggressive form of the disorder, e.g., cancer. E.g., in the case of
glioma, presence of an alpha hydroxyl neoactivity product, e.g., 2HG, e.g., R-2HG,
can indicate a less aggressive form of the cancer;

the efficacy of a treatment, e.g., the efficacy of a chemotherapeutic agent,
irradiation or surgery;

the need of of a therapy disclosed herein, e.g., inhibition a neoactivity of an
IDH, e.g., IDHI1 or IDH2, neoactive mutant described herein. In an embodiment
relatively higher levels (or the presence of the mutant) is correlated with need of
inhibition a neoactivity of an IDH, e.g., IDH1 or IDH2, mutant described herein; or

responsiveness to a treatment. The result can be used as a noninvasive
biomarker for clinical response. E.g., elevated levels can be predictive on better
outcome in glioma patients (e.g., longer life expectancy).

As described herein, the evaluation can provide for the selection of a subject.

Thus, in an embodiment the method comprises, e.g., responsive to the analysis
of one or more of a-d, selecting a subject, e.g., for a treatment. The subject can be
selected on a basis described herein, e.g., on the basis of:

said subject being at risk for, or having, higher than normal levels of an alpha

hydroxy neoactivity product, e.g., 2-hydroxyglurarate (e.g., R-2HG) in cell having a
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cell proliferation-related disorder, e.g., a leukemia such as AML or ALL, e.g., B-ALL
or T-ALL, or a tumor lesion, e.g., a glioma or a prostate tumor;

said subject having a proliferation-related disorder characterized by a selected
IDH, e.g., IDH1 or IDH2 allele, e.g., an IDH1 or IDH2 mutation, having alpha
hydroxyl neoactivity, e.g., 2HG neoactivity;

said subject having a selected IDH allele, e.g., a selected IDH1 or IDH2 allele;
having alpha hydroxyl neoactivity, e.g., 2HG neoactivity;

said subject having a proliferation-related disorder;

said subject being in need of, or being able to benefit from, a therapeutic agent
of a type described herein;

said subject being in need of, or being able to benefit from, a compound that
inhibits alpha hydroxyl neoactivity, e.g., 2HG neoactivity;

said subject being in need of, or being able to benefit from, a compound that
lowers the level of an alpha hydroxyl neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment evaluation comprises selecting the subject, e.g., for
treatment with an anti-neoplastic agent, on the establishment of, or determination that,
the subject has unwanted alpha hydroxyl neoactivity product, e.g., 2HG, e.g., R-2HG,
or unwanted alpha hydroxyl neoactivity, e.g., 2HG neoactivity, or that the subject is in
need of inhibition of a neoactivity of an IDH, e.g., IDH1 or IDH2, mutant described
herein.

As described herein, the evaluations provided for by methods described herein
allow the selection of optimal treatment regimens.

Thus, in an embodiment the method comprises, e.g., responsive to the analysis
of one or more of a-d, selecting a treatment for the subject, e.g., selecting a treatment
on a basis disclosed herein. The treatment can be the administration of a therapeutic
agent disclosed herein. The treatment can be selected on the basis that:

it us useful in treating a disorder charcterized by one or more of alpha
hydroxyl neoactivity, e.g., 2HG neoactivity, an IDH1 or IDH2, mutant protein having
alpha hydroxyl neoactivity, e.g., 2HG neoactivity (or a corresponding RNA);

it is useful in treating a disorder characterized by a selected somatic allele or
mutation of an IDH, e.g., IDH1 or IDH2, which encodes a protein with alpha
hydroxyl neoactivity, e.g., 2HG neoactivity, e.g., an allele disclosed herein, in cells

characterized by a cell proliferation-related disorder from the subject;
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it reduces the level of an alpha hydroxyl neoactivity product, e.g., 2HG, e.g.,
R-2HG;

it reduces the level of alpha hydroxyl neoactivity, e.g., 2HG neoactivity.

In an embodiment evaluation comprises selecting the subject, e.g., for
treatment.

In embodiments the treatment is the administration of a therapeutic agent
described herein.

The methods can also include treating a subject, e.g, with a treatment selected
in response to, or on the basis of, an evaluation made in the method.

Thus, in an embodiment the method comprises, e.g., responsive to the analysis
of one or more of a-d, administerin a treatment to the subject, e.g., the administration
of a therapeutic agent of a type described herein.

In an embodiment the therapeutic agent comprises a compound from Table 24
or a compound having the structure of Formula 10 described below.

In an embodiment the therapeutic agent comprises nucleic acid, e.g., dSRNA,
e.g., a dsRNA described herein.

In an embodiment the the therapeutic agent is an inhibitor, e.g., a polypeptide,
peptide, or small molecule (e.g., a molecule of less than 1,000 daltons), or aptomer,
that binds to an IDH1 mutant or wildtype subunit and inhibits neoactivity, e.g., by
inhibiting formation of a dimer, e.g., a homodimer of mutant IDH1 subunits or a
heterodimer of a mutant and a wildype subunit. In an embodiment the inhibitor is a
polypeptide. In an embodiment the polypeptide acts as a dominant negative with
respect to the neoactivity of the mutant enzyme. The polypeptide can correspond to
full length IDHI1 or a fragment thereof. The polypeptide need not be indentical with
the corresponding residues of wildtype IDH1, but in embodiments has at least 60, 70,
80, 90 or 95 % homology with wildtype IDH1.

In an embodiment the therapeutic agent decreases the affinity of an IDH, e.g.,
IDH1 or IDH2 neoactive mutant protein for NADH, NADPH or a divalent metal ion,
e.g., Mg?* or Mn**, or decreases the levels or availability of NADH, NADPH or
divalent metal ion, e.g., Mg** or Mn?*, e.g., by competing for binding to the mutant
enzyme. In an embodiment the enzyme is inhibited by replacing Mg2+ or Mn** with
Ca™,

In an embodiment the therapeutic agent is an inhibitor that reduces the level a

neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., 2HG neoactivity.
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In an embodiment the therapeutic agent is an inhibitor that reduces the level of
the product of a mutant having a neoactivity of an IDH, e.g., IDH1 or IDH2 mutant,
e.g., itreduces the level of 2HG, e.g., R-2HG.

In an embodiment the therapeutic agent is an inhibitor that:

inhibits, e.g., specifically, a neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., a
neoactivity described herein, e.g., 2HG neoactivity; or

inhibits both the wildtype activity and a neoactivity of an IDH, e.g., IDH1
orIDH2, e.g., a neoactivity described herein, e.g, 2HG neoactivity.

In an embodiment the therapeutic agent is an inhibitor that is selected on the
basis that it:

inhibits, e.g., specifically, a neoactivity of an IDH, e.g., IDH1 or IDH2, e.g., a
neoactivity described herein e.g., 2HG neoactivity; or

inhibits both the wildtype activity and a neoactivity of an IDHI1, e.g., IDH1 or
IDH2, e.g., a neoactivity described herein, e.g., 2HG neoactivity.

In an embodiment the therapeutic agent is an inhibitor that reduces the amount
of a mutant IDH, e.g., IDH1 or IDH2, protein or mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., it binds to, the mutant IDH, e.g., IDH1 or IDH2 mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., it binds to, the mutant IDH, e.g., IDH1 or IDH2, protein.

In an embodiment the therapeutic agent is an inhibitor that reduces the amount
of neoactive enzyme activity, e.g., by interacting with, e.g., binding to, mutant IDH,
e.g., IDHI or IDH2, protein. In an embodiment the inhibitor is other than an antibody.

In an embodiment the therapeutic agent is an inhibitor that is a small molecule
and interacts with, e.g., binds, the mutant RNA, e.g., mutant IDH1 mRNA.

In an embodiment the therapeutic agent is an inhibitor that interacts directly
with, e.g., binds, either the mutant IDH, e.g., IDH1 or IDH2, protein or interacts
directly with, e.g., binds, the mutant IDH mRNA, e.g., IDH1 or IDH2 mRNA.

In an embodiment the therapeutic agent is administered.

In an embodiment the treatment: inhibits, e.g., specifically, a neoactivity of
IDH1, e.g., a neoactivity described herein; or inhibits both the wildtype and activity
and a neoactivity of IDH1, e.g., a neoactivity described herein In an embodiment, the
subject is subsequently evaluated or monitored by a method described herein, e.g., the

analysis of the presence, distribution, or level of an alpha hydroxy neoactivity product,
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e.g., 2HG, e.g., R-2HG, e.g., to evaluate response to the treatment or progression of
disease.

In an embodiment the treatment is selected on the basis that it: inhibits, e.g.,
specifically, a neoactivity of IDHI, e.g., alpha hydroxy neoactivity, e.g., 2HG
neoactivity; or inhibits both the wildtype and activity and a neoactivity of IDHI, e.g.,
a neoactivity described herein.

In an embodiment, the method comprises determining the possibility of a
mutation other than a mutation in IDH1 or in IDH2. In embodiments a relatively high
level of 2HG, e.g., R-2HG is indicative of another mutation.

In an embodiment, which embodiment includes selecting or administering a
treatment for the subject, the subject:

has not yet been treated for the subject the cell proliferation-related disorder
and the selected or administered treatment is the initial or first line treatment;

has already been treated for the the cell proliferation-related and the selected
or administered treatment results in an alteration of the existing treatment;

has already been treated for the the cell proliferation-related, and the selected
treatment results in continuation of the existing treatment; or

has already been treated for the the cell proliferation-related disorder and the
selected or administered treatment is different, e.g., as compared to what was
administered prior to the evaluation or to what would be administered in the absence
of elevated levels of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment, which embodiment includes selecting or administering a
treatment for the subject, the selected or administered treatment can comprise:

a treatment which includes administration of a therapeutic agent at different,
e.g., a greater (or lesser) dosage (e.g., different as compared to what was administered
prior to the evaluation or to what would be administered in the absence of elevated
levels of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG);

a treatment which includes administration of a therapeutic agent at a different
frequency, e.g., more or less frequently, or not at all (e.g., different as compared to
what was administered prior to the evaluation or to what would be administered in the
absence of elevated levels of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-
2HG); or

a treatment which includes administration of a therapeutic agent in a different

therapeutic setting (e.g., adding or deleting a second treatment from the treatment
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regimen) (e.g., different as compared to what was administered prior to the evaluation
or to what would be administered in the absence of elevated levels of an alpha
hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG).

Methods of evaluating a subject described herein can comprise evaluating a
neoactivity genotype or phenotype. Methods of obtaining and analyzing samples, and
the in vivo analysis in subjects, described elsewhere herein, e.g., in the section entitled,

“Methods of evaluating samples and/or subjects,” can be combined with this method.

In an embodiment the method comprises:

subjecting the subject (e.g., a subject not having 2-hydroxyglutaric aciduria) to
imaging and/or spectroscopic analysis, e.g., magnetic resonance-based analysis, e.g.,
MRI and/or MRS e.g.,imaging analysis, to provide a determination of the presence,
distribution, or level of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG,
e.g., as associated with a tumor, e.g., a glioma, in the subject;

optionally storing a parameter related to the determination, e.g., the image or a
value related to the image from the imaging analysis, in a tangible medium; and

responsive to the determination, performing one or more of: correlating the
determination with outcome or with a prognosis; providing an indication of outcome
or prognosis; providing a value for an analysis on which the evaluation is based, e.g.,
the presence, distribution, or level of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG; providing a recommendation for treatment of the subject; selecting a
course of treatment for the subject, e.g., a course of treatment described herein, e.g.,
selecting a course of treatment that includes inhibiting a neoactivity of a mutant IDH,
e.g., IDHI or IDH2, allele, e.g., a neoactivity described herein; administering a course
of treatment to the subject, e.g., a course of treatment described herein, e.g., a course
of treatment that includes inhibiting a neoactivity of a mutant IDH, e.g., IDH1 or
IDH2, allele, e.g., a neoactivity described herein; and memorializing memorializing a
result of the method or a measurement made in the course of the method, e.g., one or
more of the above and/or transmitting memorialization of one or more of the above to
a party, e.g., the subject, a healthcare provider, or an entity that pays for the subject’s
treatment, e.g., a government, insurance company, or other third party payer.

In an embodiment the method comprises confirming or determining, e.g., by
direct examination or evaluation of the subject, or sample e.g., tissue or bodily fluid
(e.g., blood (e.g., blood plasma), urine, lymph, or cerebrospinal fluid) therefrom, (e.g.,

by DNA sequencing or immuno analysis or evaluation of the presence, distribution or
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level of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG), or receiving
such information about the subject, that the subject has a cancer characterized by an
IDH, e.g., IDHI, allele described herein, e.g., an IDH1 allele having His or Cys at
residue 132 (SEQ ID NO:8).

In an embodiment, prior to or after treatment, the method includes evaluating
the growth, size, weight, invasiveness, stage or other phenotype of the cell
proliferation-related disorder.

In an embodiment the cell proliferation-related disorder is a tumor of the CNS,
e.g., a glioma, a leukemia, e.g., AML or ALL, e.g., B-ALL or T-ALL, prostate cancer,
or myelodysplasia or myelodysplastic syndrome and the evaluation is a or b.

In an embodiment, a subject is subjected to MRS and the evaluation comprises
evaluating the presence or elevated amount of a peak correlated to or corresponding to
2HG, e.g., R-2HG, as determined by magnetic resonance. For example, a subject can
be analyzed for the presence and/or strength of a signal at about 2.5 ppm to determine
the presence and/or amount of 2HG, e.g., R-2HG in the subject.

In an embodiment the method comprises obtaining a sample from the subject
and analyzing the sample, or analyzing the subject, e.g., by imaging the subject and
optionally forming a representationof the image on a computer.

In an embodiment the results of the analysis is compared to a reference.

In an embodiment a value for a parameter correlated to the presence,
distribution, or level, e.g., of 2HG, e.g., R-2HG, is determined. It can be compared
with a reference value, e.g., the value for a reference subject not having abnormal
presence, level, or distribution, e.g., a reference subject cell not having a mutation in
IDH, e.g., IDHI1 or IDH2, having a neoactivity described herein.

In an embodiment the method comprises determing if an IDH, e.g., IDH1 or
IDH2, mutant allele that is associated with 2HG neoactivity is present. E.g., in the
case of IDH1, the presence of a mutaton at residue 132 associated with 2HG
neoactivity can be determined. In the case of IDH2, the presence of a mutaton at
residue 172 associated with 2HG neoactivity can be determined. The determination
can comprise sequencing a nucleic acid, e.g., genomic DNA or cDNA, from an
affected cell, which encodes the relevant amino acid(s). The mutation can be a
deletion, insertion, rearrangement, or substitution. The mutation can involve a single
nucleotide, e.g., a single substitution, or more than one nucleotide, e.g., a deletion of

more than one nucleotides.
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In an embodiment the method comprises determining the sequence at position
394 or 395 of the IDH1 gene, or determining the identity of amino acid residue 132
(SEQ ID NO:8) in the IDH1 gene in a cell characterized by the cell proliferation
related disorder.

In an embodiment the method comprises determining the amino acid sequence,
e.g., by DNA sequenceing, at position 172 of the IDH2 gene in a cell characterized by
the cell proliferation related disorder.

In an embodiment a product of the neoactivity is 2-HG, e.g., R-2HG, which
acts as a metabolite. In another embodiment a product of the neoactivity is 2HG, e.g.,
R-2HG, which acts as a toxin, e.g., a carcinogen.

In an embodiment the disorder is other than a solid tumor. In an embodiment
the disorder is a tumor that, at the time of diagnosis or treatment, does not have a
necrotic portion. In an embodiment the disorder is a tumor in which at least 30, 40,
50, 60, 70, 80 or 90% of the tumor cells carry an IHD, e.g., IDH1 or IDH2, mutation
having 2HG neoactivity, at the time of diagnosis or treatment.

In an embodiment the cell proliferation-related disorder is a cancer, e.g., a
cancer described herein, characterized by an IDH1 somatic mutant having alpha
hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant described herein. In an
embodiment the tumor is characterized by increased levels of an alpha hydroxy
neoactivity product, 2HG, e.g., R-2HG, as compared to non-diseased cells of the same
type.

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity, product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a tumor of the CNS,
e.g., a glioma, e.g., wherein the tumor is characterized by an IDH1 somatic mutant
having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant described
herein. Gliomas include astrocytic tumors, oligodendroglial tumors, oligoastrocytic
tumors, anaplastic astrocytomas, and glioblastomas. In an embodiment the tumor is
characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, as compared to non-diseased cells of the same type. E.g., in an
embodiment, the IDH1 allele encodes an IDH1 having other than an Arg at residue
132. E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or any residue
described in Yan ef al., at residue 132, according to the sequence of SEQ ID NO:8
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(see also Fig. 21). In an embodiment the allele encodes an IDH1 having His at
residue 132. In an embodiment the allele encodes an IDH1 having Ser at residue 132.

In an embodiment the IDH1 allele has an A (or any other nucleotide other than
C) at nucleotide position 394, or an A (or any other nucleotide other than G) at
nucleotide position 395. In an embodiment the allele is a C394A or a G395A
mutation according to the sequence of SEQ ID NO:S5.

In an embodiment the method comprises selecting a subject having a glioma,
wherein the cancer is characterized by having an IDH1 allele described herein, e.g.,
an IDHT1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by an IDH1 allele described herein, e.g.,
an IDHT1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity, product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is localized or
metastatic prostate cancer, e.g., prostate adenocarcinoma, e.g., wherein the cancer is
characterized by an IDH1 somatic mutant having alpha hydroxy neoactivity, e.g.,
2HG neoactivity, e.g., a mutant described herein. In an embodiment the cancer is
characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, as compared to non-diseased cells of the same type.

E.g., in an embodiment, the IDHI allele encodes an IDH1 having other than
an Arg at residue 132. E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or
any residue described in Kang ef al, 2009, Int. J. Cancer, 125: 353-355 at residue 132,
according to the sequence of SEQ ID NO:8 (see also FIG. 21). In an embodiment the
allele encodes an IDH1 having His or Cys at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
() at nucleotide position 394, or an A (or any other nucleotide other than G) at
nucleotide position 395. In an embodiment the allele is a C394T or a G395A
mutation according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having prostate
cancer, e.g., prostate adenocarcinoma, wherein the cancer is characterized by an IDH1
allele described herein, e.g., an IDH1 allele having His or Cys at residue 132 (SEQ ID
NO:8).
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In an embodiment the method comprises selecting a subject having prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized
by an IDH]1 allele described herein, e.g., an IDH1 allele having His or Cys at residue
132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having prostate
cancer, on the basis of the cancer being characterized by unwanted levels of an alpha
hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a hematological
cancer, e.g., a leukemia, e.g., AML, or ALL, wherein the hematological cancer is
characterized by an IDH1 somatic mutant having alpha hydroxy neoactivity, e.g.,
2HG neoactivity, e.g., a mutant described herein. In an embodiment the cancer is
characterized by increased levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG, as compared to non-diseased cells of the same type.

In an embodiment the cell proliferation-related disorder is acute lymphoblastic
leukemia (e.g., an adult or pediatric form), e.g., wherein the acute lymphoblastic
leukemia (sometimes referred to herein as ALL) is characterized by an IDH1 somatic
mutant having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant
described herein. The ALL can be, e.g., B-ALL or T-ALL. In an embodiment the
cancer is characterized by increased levels of 2 an alpha hydroxy neoactivity product,
e.g., HG, e.g., R-2HG, as compared to non-diseased cells of the same type. E.g., in an
embodiment, the IDH1 allele is an IDH1 having other than an Arg at residue 132
(SEQ ID NO:8). E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or Leu, or any
residue described in Kang ef a./, at residue 132, according to the sequence of SEQ ID
NO:8 (see also FIG. 21). In an embodiment the allele encodes an IDH1 having Cys
at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation
according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, characterized by an IDH1 allele described herein, e.g., an IDH1
allele having Cys at residue 132 according to the sequence of SEQ ID NO:8.

In an embodiment the method comprises selecting a subject ALL, e.g., B-ALL
or T-ALL, on the basis of cancer being characterized by having an IDH1 allele
described herein, e.g., an IDHI allele having Cys at residue 132 (SEQ ID NO:8).
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In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by unwanted levels
of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is acute myelogenous
leukemia (e.g., an adult or pediatric form), e.g., wherein the acute myelogenous
leukemia (sometimes referred to herein as AML) is characterized by an IDH1 somatic
mutant having alpha hydroxy neoactivity, e.g., 2HG neoactivity, e.g., a mutant
described herein. In an embodiment the cancer is characterized by increased levels of
an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG, as compared to non-
diseased cells of the same type. E.g., in an embodiment, the IDH1 allele is an IDH1
having other than an Arg at residue 132 (SEQ ID NO:8). E.g., the allele encodes His,
Ser, Cys, Gly, Val, Pro or Leu, or any residue described in Kang et al., at residue 132,
according to the sequence of SEQ ID NO:8 (see also FIG. 21). In an embodiment the
allele encodes an IDH1 having Cys at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation
according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having acute
myelogenous lymphoplastic leukemia (AML) characterized by an IDH1 allele
described herein, e.g., an IDH1 allele having Cys at residue 132 according to the
sequence of SEQ ID NO:8.

In an embodiment the method comprises selecting a subject having acute
myelogenous lymphoplastic leukemia (AML) on the basis of cancer being
characterized by having an IDH1 allele described herein, e.g., an IDH1 allele having
Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having acute
myelogenous lymphoplastic leukemia (AML), on the basis of the cancer being
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment the method further comprises evaluating the subject for the
presence of a mutation in the NRAS or NPMc gene.

In an embodiment the cell proliferation-related disorder is myelodysplasia or
myelodysplastic syndrome, e.g., wherein the myelodysplasia or myelodysplastic

syndrome is characterized by having an IDH1 somatic mutant having alpha hydroxy
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neoactivity, e.g., 2HG neoactivity, e.g., a mutant described herein. In an embodiment
the disorder is characterized by increased levels of an alpha hydroxy neoactivity
product, e.g., 2HG, e.g., R-2HG, as compared to non-diseased cells of the same type.
E.g., in an embodiment, the IDH1 allele is an IDH1 having other than an Arg at
residue 132 (SEQ ID NO:8). E.g., the allele encodes His, Ser, Cys, Gly, Val, Pro or
Leu, or any residue described in Kang et a./, according to the sequence of SEQ ID
NO:8 (see also FIG. 21). In an embodiment the allele encodes an IDH1 having Cys
at residue 132.

In an embodiment the IDH1 allele has a T (or any other nucleotide other than
C) at nucleotide position 394. In an embodiment the allele is a C394T mutation
according to the sequence of SEQ ID NO:5.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome characterized by an IDH1 allele
described herein, e.g., an IDH1 allele having Cys at residue 132 according to the
sequence of SEQ ID NO:S.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome on the basis of cancer being
characterized by having an IDH1 allele described herein, e.g., an IDH1 allele having
Cys at residue 132 (SEQ ID NO:8).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a glioma,
characterized by a mutation, or preselected allele, of IDH2 associated with an alpha
hydroxy neoactivity, e.g., 2HG neoactivity. E.g., in an embodiment, the IDH2 allele
encodes an IDH2 having other than an Arg at residue 172. E.g., the allele encodes
Lys, Gly, Met, Trp, Thr, Ser, or any residue described in described in Yan et al., at
residue 172, according to the sequence of SEQ ID NO:__(see also Fig. 22). In an
embodiment the allele encodes an IDH2 having Lys at residue 172. In an
embodiment the allele encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having a glioma,
wherein the cancer is characterized by having an IDH?2 allele described herein, e.g.,

an IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).
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In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by an IDH?2 allele described herein, e.g.,
an IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having a glioma,
on the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is a prostate cancer,
e.g., prostate adenocarcinoma, characterized by a mutation, or preselected allele, of
IDH2 associated with an alpha hydroxy neoactivity, e.g., 2HG neoactivity. E.g., in an
embodiment, the IDH?2 allele encodes an IDH?2 having other than an Arg at residue
172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser, or any residue described in
described in Yan ef al., at residue 172, according to the sequence of SEQ ID
NO:__(see also Fig. 22). In an embodiment the allele encodes an IDH2 having Lys at
residue 172. In an embodiment the allele encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, wherein the cancer is characterized by having
an IDH?2 allele described herein, e.g., an IDH2 allele having Lys or Met at residue 172
(SEQID NO:_).

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized
by an IDH2 allele described herein, e.g., an IDH?2 allele having Lys or Met at residue
172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having a prostate
cancer, e.g., prostate adenocarcinoma, on the basis of the cancer being characterized
by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is ALL, e.g., B-ALL
or T-ALL, characterized by a mutation, or preselected allele, of IDH2 associated with
an alpha hydroxy neoactivity, e.g., 2HG neoactivity. E.g., in an embodiment, the
IDH?2 allele encodes an IDH2 having other than an Arg at residue 172. E.g., the allele
encodes Lys, Gly, Met, Trp, Thr, Ser, or any residue described in described in Yan et
al., at residue 172, according to the sequence of SEQ ID NO:__(see also Fig. 22). In
an embodiment the allele encodes an IDH2 having Lys at residue 172. In an

embodiment the allele encodes an IDH2 having Met at residue 172.

980261 231-

Rigel Exhibit 1049
Page 62 of 238



C2081-701307/AGP6-7____

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, wherein the cancer is characterized by having an IDH2 allele
described herein, e.g., an IDH2 allele having Lys or Met at residue 172 (SEQ ID
NO:_ ).

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by an IDH2 allele
described herein, e.g., an IDH2 allele having Lys or Met at residue 172 (SEQ ID
NO:_ ).

In an embodiment the method comprises selecting a subject having ALL, e.g.,
B-ALL or T-ALL, on the basis of the cancer being characterized by unwanted levels
of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is AML, characterized
by a mutation, or preselected allele, of [DH2 associated with an alpha hydroxy
neoactivity, e.g., 2HG neoactivity. E.g., in an embodiment, the IDH2 allele encodes
an IDH2 having other than an Arg at residue 172. E.g., the allele encodes Lys, Gly,
Met, Trp, Thr, Ser, or any residue described in described in Yan ef al., at residue 172,
according to the sequence of SEQ ID NO:__(see also Fig. 22). In an embodiment the
allele encodes an IDH2 having Lys at residue 172. In an embodiment the allele
encodes an IDH2 having Met at residue 172.

In an embodiment the method comprises selecting a subject having AML,
wherein the cancer is characterized by having an IDH2 allele described herein, e.g.,
an IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having AML, on
the basis of the cancer being characterized by an IDH2 allele described herein, e.g., an
IDH?2 allele having Lys or Met at residue 172 (SEQ ID NO:__).

In an embodiment the method comprises selecting a subject having AML, on
the basis of the cancer being characterized by unwanted levels of an alpha hydroxy
neoactivity product, e.g., 2HG, e.g., R-2HG.

In an embodiment the cell proliferation-related disorder is myelodysplasia or
myelodysplastic syndrome, characterized by a mutation, or preselected allele, of
IDH2. E.g., in an embodiment, the IDH2 allele encodes an IDH2 having other than
an Arg at residue 172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser, or any
residue described in described in Yan et al., at residue 172, according to the sequence

of SEQ ID NO:__(see also Fig. 22). In an embodiment the allele encodes an IDH2
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having Lys at residue 172. In an embodiment the allele encodes an IDH2 having Met
at residue 172.

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome,wherein the cancer is characterized by
having an IDH?2 allele described herein, e.g., an IDH2 allele having Lys or Met at
residue 172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by an IDH2 allele described herein, e.g., an IDH2 allele having Lys or
Met at residue 172 (SEQ ID NO:_ ).

In an embodiment the method comprises selecting a subject having
myelodysplasia or myelodysplastic syndrome, on the basis of the cancer being
characterized by unwanted levels of an alpha hydroxy neoactivity product, e.g., 2HG,
e.g., R-2HG.

In another aspect the invention features a pharmaceutical composition of an
inhibitor (e.g., a small molecule or a nucleic acid-based inhibitor) described herein.

In an embodiment a mutant protein specific reagent, e.g., an antibody that
specifically binds an IDH mutant protein, e.g., an antibody that specifically binds an
IDH1-R132H mutant protein, can be used to detect neoactive mutant enzyme see, for
example, that described by Y.Kato et al., “A monoclonal antibody IMab-1 specifically

recognizes IDH1%2H

, the most common glioma-derived mutation: (Kato, Biochem.
Biophys. Res. Commun. (2009), which is hereby incorporated by reference in its
entirety.

In another aspect, the invention features, a method of evaluating a candidate
compound, e.g., for the ability to inhibit a neoactivity of a mutant enzyme, e.g., for
use as an anti-proliferative or anti-cancer agent. In an embodiment the mutant
enzyme is an IDH, e.g., an IDH1 or IDH2 mutant, e.g., a mutant described herein. In
an embodiment the neaoctivity is alpha hydroxy neoactivity, e.g., 2HG neoactivity.
The method comprises:

optionally supplying the candidate compound;

contacting the candidate compound with a mutant enzyme having a
neoactivity, or with another enzyme, a referred to herein as a proxy enzyme, having

an activity, referred to herein as a proxy activity, which is the same as the neoactivity

(or with a cell or cell lysate comprising the same); and
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evaluating the ability of the candidate compound to modulate, e.g., inhibit or
promote, the neoactivity or the proxy activity,
thereby evaluating the candidate compound.

In an embodiment the mutant enzyme is a mutant IDHI, e.g., an IDH1 mutant
described herein, and the neoactivity is an alpha hydroxy neoactivity, e.g., 2HG
neoactivity. Mutations associated with 2HG neoactivity in IDH1 include mutations at
residue 132, e.g., R132H or R132C.

In an embodiment the mutant enzyme is a mutant IDH2, e.g., an IDH2 mutant
described herein, and the neoactivity is an alpha hydroxy neoactivity, e.g., 2HG
neoactivity. Mutations associated with 2HG neoactivity in IDH?2 inlcude mutations at
residue 172, e.g., R132H or R132C.

In an embodiment the method includes evaluating the ability of the candidate
compound to inhibit the neoactivity or the proxy activity.

In an embodiment the method further comprises evaluating the ability of the
candidate compound to inhibit the forward reaction of non-mutant or wild type
enzyme activity, e.g., in the case of IDH, e.g., IDH1 or IDH2, the conversion of
isocitrate to a-ketoglutarate (or an intermediate thereof, including the reduced
hydroxyl intermediate).

In an embodiment, the contacting step comprises contacting the candidate
compound with a cell, or a cell lysate thereof, wherein the cell comprises a mutant
enzyme having the neoactivity or an enzyme having the activity.

In an embodiment, the cell comprises a mutation, or preselected allele, of a
mutant IDH1 gene. E.g., in an embodiment, the IDH1 allele encodes an IDH1 having
other than an Arg at residue 132. E.g., the allele can encode His, Ser, Cys, Gly, Val,
Pro or Leu, or any other residue described in Yan et al., at residue 132, according to
the sequence of SEQ ID NO:8 (see also FIG. 21).

In an embodiment the allele encodes an IDH1 having His at residue 132.

In an embodiment the allele encodes an IDH1 having Ser at residue 132.

In an embodiment the allele is an Arg132His mutation, or an Arg132Ser

mutation, according to the sequence of SEQ ID NO:8 (see FIGs. 2 and 21).

In an embodiment, the cell comprises a mutation, or preselected allele, of a

mutant IDH2 gene. E.g., in an embodiment, the IDH2 allele encodes an IDH2 having
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other than an Arg at residue 172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser,
or any residue described in described in Yan et al., at residue 172, according to the
sequence of SEQ ID NO:__(see also Fig, 22). In an embodiment the allele encodes

an IDH?2 having Lys at residue 172. In an embodiment the allele encodes an IDH2
having Met at residue 172.

In an embodiment, the cell includes a heterologous copy of a mutant IDH gene,
e.g., amutant IDH1 or IDH2 gene. (Heterologous copy refers to a copy introduced or
formed by a genetic engineering manipulation.)

In an embodiment, the cell is transfected (e.g., transiently or stably transfected) or
transduced (e.g., transiently or stably transduced) with a nucleic acid sequence
encoding an IDH, e.g., IDH1 or IDH2, described herein, e.g., an IDH1 having other
than an Arg at residue 132. In an embodiment, the IDH, e.g., IDH1 or IDH2, is
epitope-tagged, e.g., myc-tagged.

In an embodiment, the cell, e.g., a cancer cell, is non-mutant or wild type for
the IDH, e.g., IDH1 or IDH2, allele. The cell can include a heterologous IDH1 or
IDH2 mutant.

In an embodiment, the cell is a cultured cell, e.g., a primary cell, a secondary
cell, or a cell line. In an embodiment, the cell is a cancer cell, e.g., a glioma cell (e.g.,
a glioblastoma cell), a prostate cancer cell, a leukemia cell (e.g., an ALL, e.g., B-ALL
or T-ALL, cell or AML cell) or a cell characterized by myelodysplasia or
myelodysplastic syndrome. In embodiment, the cell is a 293T cell, a US7TMG cell, or
an LN-18 cell (e.g., ATCC HTB-14 or CRL-2610).

In an embodiment, the cell is from a subject, e.g., a subject having cancer, e.g.,
a cancer characterized by an IDH, e.g., IDH1 or IDH2, allele described herein, e.g., an
IDHI1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment, the evaluating step comprises evaluating the presence
and/or amount of an alpha hydroxy neoactivity product, e.g., 2HG, e.g., R-2HG, e.g.,
in the cell lysate or culture medium, e.g., by LC-MS.

In an embodiment, the evaluating step comprises evaluating the presence
and/or amount of an alpha hydroxy neoactivity, e.g., 2HG neoactivity, in the cell
lysate or culture medium.

In an embodiment, the method further comprises evaluating the
presence/amount one or more of TCA metabolite(s), e.g., citrate, a-KG, succinate,

fumarate, and/or malate, e.g., by LC-MS, e.g., as a control.
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In an embodiment, the method further comprises evaluating the oxidation state
of NADPH, e.g., the absorbance at 340 nm, e.g., by spectrophotometer.

In an embodiment, the method further comprises evaluating the ability of the
candidate compound to inhibit a second enzymatic activity, e.g., the forward reaction
of non-mutant or wild type enzyme activity, e.g., in the case of IDH1, the conversion
of isocitrate to a-ketoglutarate (or an intermediate thereof, including the reduced
hydroxyl intermediate).

In an embodiment, the candidate compound is a small molecule, a polypeptide,
peptide, a carbohydrate based molecule, or an aptamer (e.g., a nucleic acid aptamer,
or a peptide aptamer). The method can be used broadly and can, e.g., be used as one
or more of a primary screen, to confirm candidates produced by this or other methods
or screens, or generally to guide drug discovery or drug candidate optimization.

In an embodiment, the method comprises evaluating, e.g., confirming, the
ability of a candidate compound (e.g., a candidate compound which meets a
predetermined level of inhibition in the evaluating step) to inhibit the neoactivity or
proxy activity in a second assay.

In an embodiment, the second assay comprises repeating one or more of the
contacting and/or evaluating step(s) of the basic method.

In another embodiment, the second assay is different from the first. E.g.,
where the first assay can use a cell or cell lysate or other non-whole animal model the
second assay can use an animal model, e.g., a tumor transplant model, e.g., a mouse
having an IDH, e.g., IDH1 or IDH2, mutant cell or tumor transplanted in it. E.g., a
U87 cell, or glioma, e.g., glioblastoma, cell, harboring a transfected IDH, e.g., IDH1
or IDH2, neoactive mutant can be implanted as a xenograft and used in an assay.
Primary human glioma or AML tumor cells can be grafted into mice to allow
propogation of the tumor and used in an assay. A genetically engineered mouse
model (GEMM) harboring an IDH1 or IDH2 mutation and/or other mutation, e.g., a
p53 null mutation, can also be used in an assay.

In an embodiment the method comprises:

optionally supplying the candidate compound;

contacting the candidate compound with a cell comprising a nucleic acid
sequence, e.g., a heterologous sequence, encoding an IDH1 having other than an Arg

at residue 132 (e.g., IDH1R132H); and
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evaluating the presence and/or amount of an alpha hydroxy neoactivity
product, e.g., 2HG, e.g., R-2HG, in the cell lysate or culture medium, by LC-MS,
thereby evaluating the compound.

In an embodiment the result of the evaluation is compared with a reference,
e.g., the level of product, e.g., an alpha hydroxy neoactivity product, e.g., 2HG. e.g.,
R-2HG, in a control cell, e.g., a cell having inserted therein a wild type or non-mutant
copy of IDHI.

In another aspect, the invention features, a method of evaluating a candidate
compound, e.g., for the ability to inhibit an RNA encoding a mutant enzyme having a
neoactivity, e.g., for use as an anti-proliferative or anti-cancer agent. In an
embodiment the mutant enzyme is an IDH, e.g., an IDH1 or IDH2 mutant, e.g., a
mutant described herein. In an embodiment the neaoctivity is alpha hydroxy
neoactivity, e.g., 2HG neoactivity. The method comprises:

optionally supplying the candidate compound, e.g., a nucleic acid based
inhibitor (e.g., a dASRNA (e.g., sSiIRNA or shRNA), an antisense, or a microRNA);

contacting the candidate compound with an RNA, e.g., an mRNA, which
encodes IDH, e.g., an IDH1 or IDH2, e.g., an RNA that encode mutant enzyme
having a neoactivity (or with a cell or cell lysate comprising the same); and

evaluating the ability of the candidate compound to inhibit the RNA,
thereby evaluating the candidate compound. By inhibit the RNA means, e.g., to
cleave or otherwise inactivate the RNA.

In an embodiment the RNA encodes a fusion of all or part of the IDH, e.g.,
IDH1 or IDH2, wildtype or mutant protein to a second protein, e.g., a reporter protein,
e.g., a fluorescent protein, e.g., a green or red fluorescent protein.

In an embodiment the mutant enzyme is a mutant IDH1, e.g., an IDH1 mutant
described herein, and the neoactivity is an alpha hydroxy neoactivity, e.g., 2HG
neoactivity.

In an embodiment the mutant enzyme is a mutant IDH2, e.g., an IDH2 mutant
described herein, and the neoactivity is an alpha hydroxy neoactivity, e.g., 2HG
neoactivity.

In an embodiment, the contacting step comprises contacting the candidate
compound with a cell, or a cell lysate thereof, wherein the cell comprises RNA
encoding IDH, e.g., IDH1 or IDH2, e.g., a mutant IDH, e.g., IDH1 or IDH2, enzyme

having the neoactivity.
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In an embodiment, the cell comprises a mutation, or preselected allele, of a
mutant IDH1 gene. E.g., in an embodiment, the IDH1 allele encodes an IDH1 having
other than an Arg at residue 132. FE.g., the allele can encode His, Ser, Cys, Gly, Val,
Pro or Leu, or any other residue described in Yan et al., at residue 132, according to
the sequence of SEQ ID NO:8 (see also FIG. 21).

In an embodiment the allele encodes an IDH1 having His at residue 132.

In an embodiment the allele encodes an IDH1 having Ser at residue 132.

In an embodiment the allele is an Arg132His mutation, or an Arg132Ser
mutation, according to the sequence of SEQ ID NO:8 (see FIGs. 2 and 21).

In an embodiment, the cell comprises a mutation, or preselected allele, of a
mutant IDH2 gene. E.g., in an embodiment, the IDH?2 allele encodes an IDH2 having
other than an Arg at residue 172. E.g., the allele encodes Lys, Gly, Met, Trp, Thr, Ser,
or any residue described in described in Yan ef al., at residue 172, according to the
sequence of SEQ ID NO:__(see also Fig. 22). In an embodiment the allele encodes
an IDH2 having Lys at residue 172. In an embodiment the allele encodes an IDH2
having Met at residue 172.

In an embodiment, the cell includes a heterologous copy of a wildtype or
mutant IDH gene, e.g., a wildtype or mutant [IDH1 or IDH2 gene. (Heterologous copy
refers to a copy introduced or formed by a genetic engineering manipulation.) In an
embodiment the heterologous gene comprises a fusion to a reporter protein, e.g., a
fluorescent protein, e.g., a green or red fluorescent protein.

In an embodiment, the cell is transfected (e.g., transiently or stably transfected)
or transduced (e.g., transiently or stably transduced) with a nucleic acid sequence
encoding an IDH, e.g., IDH1 or IDH2, described herein, e.g., an IDH1 having other
than an Arg at residue 132. In an embodiment, the IDH, e.g., IDH1 or IDH2, is
epitope-tagged, e.g., myc-tagged.

In an embodiment, the cell, e.g., a cancer cell, is non-mutant or wild type for
the IDH, e.g., IDH1 or IDH2, allele. The cell can include a heterclogous IDH1 or
IDH2 mutant.

In an embodiment, the cell is a cultured cell, e.g., a primary cell, a secondary
cell, or a cell line. In an embodiment, the cell is a cancer cell, e.g., a glioma cell (e.g.,
a glioblastoma cell), a prostate cancer cell, a leukemia cell (e.g., an ALL, e.g., B-ALL

or T-ALL cell or AML cell) or a cell characterized by myelodysplasia or
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myelodysplastic syndrome. In embodiment, the cell is a 293T cell, a US7MG cell, or
an LN-18 cell (e.g., ATCC HTB-14 or CRL-2610).

In an embodiment, the cell is from a subject, e.g., a subject having cancer, e.g.,
a cancer characterized by an IDH, e.g., IDH1 or IDH2, allele described herein, e.g., an
IDH1 allele having His or Cys at residue 132 (SEQ ID NO:8).

In an embodiment, the method comprises a second assay and the second assay
comprises repeating one or more of the contacting and/or evaluating step(s) of the
basic method.

In another embodiment, the second assay is different from the first. E.g.,
where the first assay can use a cell or cell lysate or other non-whole animal model the
second assay can use an animal model

In an embodiment the efficacy of the candidate is evaluated by its effect on
reporter protein activity.

In another aspect, the invention features, a method of evaluating a candidate
compound, e.g., for the ability to inhibit transcription of an RNA encoding a mutant
enzyme having a neoactivity, e.g., for use as an anti-proliferative or anti-cancer agent.
In an embodiment the mutant enzyme is an IDH, e.g., an IDH1 or IDH2 mutant, e.g.,
a mutant described herein. In an embodiment the neaoctivity is alpha hydroxy
neoactivity, e.g., 2HG neoactivity. The method comprises:

optionally supplying the candidate compound, e.g., a small molecule,
polypeptide, peptide, aptomer, a carbohydrate-based molecule or nucleic acid based
molecule;

contacting the candidate compound with a system comprising a cell or cell
lysate; and

evaluating the ability of the candidate compound to inhibit the translation of
IDH, e.g., IDH1 or IDH2, RNA, e.g,
thereby evaluating the candidate compound.

In an embodiment the the system comprises a fusion gene encoding of all or
part of the IDH, e.g., IDH1 or IDH2, wildtype or mutant protein to a second protein,
e.g., a reporter protein, e.g., a fluorescent protein, e.g., a green or red fluorescent
protein.

In an embodiment the mutant enzyme is a mu