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Addendum

1. Authorization to Permit Access to Application by Participating Offices (PTO/SB/39);

2. Certification and Request for Prioritized Examination Under 37 CFR. § 1.102(e);

3. Request for Transfer of a Computer Readable Form Under 37 CFR 1.821(6);

4. First Supplemental Information Disclosure Statement;

5. Second Supplemental Information Disclosure Statement;

6. Third Supplemental Information Disclosure Statement.
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Doc Code: TRACK1.REQ

Document Description: TrackOne Request
PTO/SB/424 (12-11)

 

  
CERTIFICATION AND REQUEST FOR PRIORITIZED EXAMINATION

UNDER 37 CFR 1.102(e) (Page 1 of1) 

I ' N " IA I' ' N "f .
-Matvey E. LUKASHEV WW ppm“ ”met" To be aSSIgnedknown):

Treatment for Multiple Sclerosis (As Amended)

APPLICANT HEREBY CERTIFIES THE FOLLOWING AND REQUESTS PRIORITIZED EXAMINATION FOR
THE ABOVE-IDENTIFIED APPLICATION.

   
   

1. The processing fee set forth in 37 CFR 1.17ti), the prioritized examination fee set forth in 37

CFR 1.17(c), and if not already paid, the publication fee set forth in 37 CFR 1.18(d) have been

3 filed with the request. The basic filing fee, search fee, examination fee, and any required

excess claims and application size fees are filed with the request or have been already been

paid.

2. The application contains or is amended to contain no more than four independent claims and

no more than thirty total claims, and no multiple dependent claims.

3. The applicable box is checked below:

if Or.iinal Au‘lication Track One -riiiei nder   s1.102g§;m

i. (a) The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a).

This certification and request is being filed with the utility application via EFS—Web.
---OR---

(b) The application is an original nonprovisional plant application filed under 35 U.S.C. 111(a).

This certification and request is being filed with the plant application in paper.

ii. An executed oath or declaration under 37 CFR 1.63 is filed with the application.

  2 Re :uest for Continued Examination - Prioritized Examination under

i. A request: for continued examination has been filed with, or prior to, this form.

ii. If the application is a utility application, this certification and request is being filed via EFS—Web. 5
iii. The application is an original nonprovisional utility application filed under 35 U.S.C. 111(a). or is

a national stage entry under 35 U.S.C. 371. '

iv. This certification and request is being filed prior to the mailing of a first Office action responsive

to the request for continued examination.

v. No prior request for continued examination has been granted prioritized examination status

under 37 CFR 1.102(e)(2).

 
  

 
 Sianature * ‘\“" 3‘ “ ‘\ “\“° “ Date <\\“ 3 5 - \\\‘...._.\'...................... \\\\\ \ . 

Name Marsha AR E Practitioner:Print/Twedt 088.. RGQIS‘Fat'OnNumber58’403
Note: Signatures of all the inventors or assignees of record of the entire interest or their representative(s) are required in accordance with
37 CFR 1.33 and 11.18. Please see 37 CFR 1.4(d) for the form of the signature. If necessary, submit multiple forms for more than one
si'nature, seebeIOW*

*Total of“: forms are submitted.
 

Page 3 of 150



Page 4 of 150

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: 1 Confirmation No.: To be assigned

LUKASHEV et al. Art Unit: To be assigned

Appl. No.: To be assigned Examiner: To be assigned

(Continuation oprpl. No. 12/526,296; § 371(c) Atty. Docket: 2159.3210002/JMC/MRG/U-S

Date: January 13, 201]) :

Filed: Herewith

For: Treatment for Multiple Sclerosis (As

Amended)

Authorization to Treat a Reply as Incorporating an

Extension of Time {Inder 37 C.F.R. § 1.136(a)(3)

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

Sir:

The US. Patent and Trademark Office is hereby authorized to treat any concurrent or future

reply that requires a petition for an extension of time under this paragraph for its timely submission,

as incorporating a petition for extension of time for the appropriate length of time. The US. Patent

and Trademark Office is hereby authorized to charge all required extension of time fees to our

Deposit Account No. 19-003 6, if such fees are not otherwise provided for in such reply.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C.

  
Marsha A. Rose

Attorney for Applicants

Registration No. 58,403

 
1100 New York Avenue, NW.

Washington, DC. 20005-3934

(202) 371-2600

1474795__,_1.Docx

Page 4 of 150



Page 5 of 150

\\§\\\{3r.kéi.riixiiiiiiitiéité‘é45xiii»it‘é.{xixééééxéééé<a);<>§§<>i¥éis$3.2»
 

 
3 Louis Road

Tewksbury

MA

Tewksbury

LUKASHEV

MA

US

Inventor

RU

Matvey

E.

01876

17 Grove Street

LmEN0

Medford

MA

Medford

MA

US

r

sm
nI

m0mSflUG

W‘WWMW 

APPLICATION DXTA SHEET

 

MW.M.

Address-l 0f Mailing Address3

an

oo

 

 

Postal Code of Mailing Address

Country of Mailing Address

 

Applicant Authority Type

City of Mailing Address
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Postal Code of Mailing Address: 02155

Country of Mailing Address: US

Phone:

Fax:

E-mail:
  

3 Correspondence Information:

Customer Number: 53644 *53644*

Application Information:

Title of Invention: Treatment for Multiple
Sclerosis

Application Type: regular, utility

Attorney Docket Number: 2159.3210002/JMC/MRG/U-S

Botanic Information:

Publication Information:

Suggested Figure for Publication -

Suggested Classification -

Suggested Technology Center -

Total Number of Drawing Sheets - 4

Representative Iifiornzation:

Domestic Priority Information:

This is a Continuation of US application number 12/526,296, having 21 § 371(c) date of 201 1-01-

13, now pending.

.9MmWWMWWWWWWWWWMM/wm<mmmvmWU/,,.........V.....,.,.,.V.,.V.V.,V.,:,,,,,,,,,,.,ataWtywwwwwwwwmv”awMN
: US application number 12/526,296, having a § 371(c) date of2011-01-13, is the National Stage

of international application number PCT/U82008/001602, filed 2008-02-07, which claims the

benefit of US provisional application number 60/888,921, filed 2007-02—08. i 

Foreign Priority Information:
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i ASStgnee Informatlon:

Assignee 1:

Grganization Name: Biogen Idee MA Inc.

Address-1 of Mailing Address: 14 Cambridge Center

' Address-2 of Mailing Address:

City of Mailing Address: Cambridge

3 State of Mailing Address: MA

Postal Code of Maiiing Address: 02142

Country of Mailing Address: US

Phone:

1 Fax:

  

 

E-mali

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.
’3 ...~\‘ .~ .«

Marsha A. Rose

Attorney for Applicants

\3 Registration No. 58,403S w M § N,

Date xv“: \fesfiv’ a W
 

1100 New York Avenue, NW.

Washington, DC. 20005-3934

(202) 371—2600

1474797___1.DOCX
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Attorney’s Docket Na:gm.132.;Q§§i§mg¢_;jgtg§

‘ "'i'thfib‘i‘fiifiififl"DECEKRLKTKQN‘EN?)"FG‘WER‘GF‘KXTCERNEY' """' ‘

As a. below named inventor, I hereby declare that:

My residence, post office address and citizenship are as stated below next to my name.

I believel am the original, first and sole inventor (if only one name is listed below) or an original, first and
joint inventor (if plural names are listed belowlof the subject matter which is claimed and for which a patent is
sought on the invention entitled I{ggtfiggng‘gggMulti’ggle Sclerosis has amended}, the specification of which:

{3 is attached. hereto,

l} was filed on as Application No. ___________ .

is}. was filed as PCT International Application No. PCT/ 33038104) 1.602, filed on February 7, 2008, and
as amended: herewith in US. Apelication as E‘s/526,296, which is the national stage entry of
PC’FIUSEOGS/Wl 602 and having a§ 31’!(<:}tiate ofjanuary l3, 20l

 

I hereby state that l have reviewed and understand the contents oi" the above—identified specification,
including the claims, as amended by any amendment referred to above.

I acknowledge the duty to disclose all information I know to be material to patentability in accordance with
Title 37, Code of Federal Regulations, §l.56.

I hereby claim the benefit under Title 35, United States Code, §l l 9(e)(1) of any United States provisional
applicafi0n(s) listed below:

’ ’-.S- SantamlNea... Status
“shown

 

”Expired 

I hereby claim the benefit under Title 35, United States Code, §120 of any United States application(s)
listed below and, insofar as the subject matter of each of the claims of this application is not disclosed in the prior
United States application in the manner'provided by the first paragraph of Title 35, United States Code, §112, I
acknowledge the duty to disclose all information I know to be material to patentability as defined in Title 37, Code
of Federal. Regulations, §l.56(a) which became available between the filing date ofthe prior application and the
national or PCT international filing date of this application:

Filmsbate Status.
he“ .‘c‘m‘auu

 

I hereby claim foreign priority-benefits under Title 35, United States Code, §l 1'9 of any foreign
application(s), for patent or inventor.’s certificate or of any PCT international application(s) designating at least one
country other than the United States of America listed below and have also identified below any foreign application
for patent or inventor’s certificate or any PCT international application(s) designating at least one country other than
the United States of America filed by me on the same subject matter having a filing date before that of the
applicationCs) of which priority is claimed:-

1M-~~~‘ ngvnvrv----.-----A-- Priori ClaimedCounter teammate

" " ' []Yes []N‘o
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Attorney’s Docket No.1 32:I_§2_3§;Z9I_QQQIQMQM+R/U-S
 

Combined fieeisrsfion and. flower oi’Attemey
Page 2 of 2 Pages

I hereby appoint the following attorneys and/or agents to prosecute this application and to transact all
business in the Patent and Trademark Office connected therewith:

AI] Attorneys and Agents associated with

53544
PTO Customer Notiiiéer

Direct 2111 mic-phone 135111510 John M. Covert at teiephone number (202), 77218-673.

{Erect sii terrespundence to the foiiewéng:

53644

PTO Customer Number

E For Assigned Inventions: I understand that the purpose of making this appointment is to permit
prosecution ofpatent applications for the above-identified invention for the benefit of my assignee, and that this
appointment does not create a personal attorney-client relationship between me and these appointees.

1 herein}! dedsreithat 1111 stamnwn‘ts made herein ofmy @1111 knowiedge are true. 111111111211 5:1 snatements made

on information and beiiiei are beiieved to be true; and further that these statements were made with the knowiesige
:1111 15111111 false statements and the hike so made are punishabie by tzne or imprisonment or both under Seetion

1801 9*” 11th: 1% ofthe United States Code and that suit11 wiiifui faise statements mnyjeopardize the 1:111:11 ty of the
appiieation or any pawns issued thereon

Full Name of Inventor: Matvey E. LUI‘CA“s

glut‘Hv“Wu““w.

usetts Inventor’s Signature: «.1...
Residence Address :~ ‘ Tewksb‘ury,”
Citizenship: Russian Federation

Post Office Address: 3 Louis Road, Tewksbury, MA 01876

Full Name of'Inventor: 0111131115SWNFW.33 ft.Inventor’s Signature: " §:[’\A— - Date: 9&- 2} 201-;..1w.15“...me-....M... m..m~“.wm...WW............
Residence Address: Medford, Massachusetts
Citizenship: USA

Post Office Address: 17 Grove Street, Medford, MA 02155

 

 

14049451 .DOC

3mmflwumwm§w“AW1115:“ 

  
 

é Mew 91.112111: .1: -W111111 oreammsee‘rm?
151p masses“ W11k... 1111111111111 15 111113 9?
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(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization .
International Bureau 5

(43) International Publication Date

14 August 2008 (14.08.2008)

(51) International Patent Classification:
G01N 33/50 (2006.01)

(21) International Application Number:
PCT/U82008/001602

(22) International Filing Date: 7 February 2008 (07.02.2008)

(25) Filing Language: English

(26) Publication Language: English

(30) Priority Data:
60/888,921 8 February 2007 (08.02.2007) US

(71) Applicant (for all designated States except US): BIOGEN
[DEC MA INC. [US/US]; 14 Cambridge Center, Cam-
bridge, MA 02142 (US).

(72) Inventor; and
(75) Inventor/Applicant (for US only): LUKASHEV,

Matvey, E. [US/US]; 3 Louis Road, Tewksbury, MA
01876 (US).

(3'4) Agent; GARRETT, Arthur, 5:; Finnegan, Henderson,
Farahow, Garrett & Dunner L138, 90‘: New York Avenue,

NW, Washington, DC 000L441} (US),

(54) Title: NRF2 SCREENING ASSAYS AND RELATED METHODS AND COMPOSITIONS

 
 

  llllllllllll||Illllilllll||l|||l|||||il||||||Elllllllllllllllllllll: lllllllllllllllllllllll

(10) International Publication Number

WO 2008/097596 A2

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ, CA,
C31, CN, CO, CR, CU, CZ, DE, DK, DM, DO, DZ, EC, EE,
EG, ES, FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID,
IL, IN, IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC,
LK, LR, LS, LT, LU, LY, MA, MD, ME, MG, MK, MN,
MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM, PG, PH,
PL, PT, RO, RS, RU, SC, SD, SE, SG, SK, SL, SM, SV,
SY, TJ, TM, TN, TR, ,, TZ, UA, UG, US, UZ, VC, VN,
ZA, ZM, ZW.

 

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,

ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL,

NO, PL, PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG,
CI, CM, GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published;

without international search report and to be republished
upon receipt of'tlzaz report

 

N (57) Abstract: Provided are certain methods of screening, identifying, and evaluating neuroprotective compounds useful for treat-
F‘ ment of neurological diseases, such as, e.g., multiple sclerosis (MS). The compounds described upregulate the cellular cytoprotective

pathway regulated by Ner. Also provided are certain methods of utilizing such compounds in therapy for neurological disease, par—
ticularly, for slowing or reducing demyelination, axonal loss, or neuronal and oligodendrocyte death.Ege 10 of 150
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WO 2008/097596 PCT/US2008/001602

5?er SCREENING ASSAYS

AND RELATED METHODS AND COEFOSITIONS

[0001] Provided are certain compounds for treating neurological diseases,

including demyelinating neurological diseases, such as, e.g., multiple sclerosis.

[0002] Multiple sclerosis (MS) is an autoimmune disease with the autoimmune

activity directed against central nervous system (CNS) antigens. The disease is

characterized by inflammation in parts of the CNS, leading to the loss of the myelin

sheathing around neuronal axons (demyelination), loss of axons, and the eventual

death of neurons, oligodenrocytes and glial cells.

[0003] An estimated 2,500,000 people in the world suffer from MS. it is one of

the most common diseases of the CNS in young adults. MS is a chronic, progressing,

disabling disease, which generally strikes its victims some time after adolescence, with

diagnosis generally made between 20 and 40 years of age, although onset may occur

eariier. The disease is not directly hereditary, although genetic susceptibility plays a

part in its development. Relapsing-remitting MS presents in the form of recurrent

attacks of focal or multifocal neurologic dysfunction. Attacks may occur, remit, and

recur, seemingly randomly over many years. Remission is often incomplete and as

one attack follows another, a stepwise downward progression ensues with increasing

permanent neurological deficit.

[0004] Although various immunotherapeutic drugs can provide relief in

patients with MS, none is capable of reversing disease progression, and some can

cause serious adverse effects. Most current therapies for MS are aimed at the

reduction of inflammation and suppression or modulation of the immune system. As of

2006, the available treatments for MS reduce inflammation and the number of new

episodes but not all have an effect on disease progression. A number of clinical trials

have shown that the suppression of inflammation in chronic MS rarely significantly

timits the accumuiatinn at disabitity tnrnugn sustained disease prngressicn, suggesting

that neurnnai damage and inflammatidn are independent patneingies. Promoting CNS

remyelinaticn as a repair mechanism and ctherwise preventing axonal loss and

Page 11 of 150
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neuronal death are some of the important goals for the treatment of MS. For a

comprehensive review of MS and its current therapies, see, e.g., McAIpine’s Multiple

Sclerosis, by Alastair Compston et al., 4th edition, Churchill Livingstone Elsevier,

2006.

[0005] “Phase 2 enzymes" serve as a protection mechanism in mammalian

cells against oxygen/nitrogen species (ROS/RNS), electrophiles and xenobiotics.

These enzymes are not normally expressed at their maximal levels and, their

expression can be induced by a variety of natural and synthetic agents. Nuclear factor

E2-related factor 2 (Nrf2) is a transcription factor responsible for the induction of a

variety of important antioxidant and detoxification enzymes that coordinate a protective

cellular response to metabolic and toxic stress.

[0006] ROS/RNS are most damaging in the brain and neuronal tissue, where

they attack post-mitotic (i.e., non-dividing) cells such as glial cells, oligodendocytes,

and neurons, which are particularly sensitive to free radicals. This process leads to

neuronal damage. Oxidative stress has been implicated in the pathogenesis of a

variety of neurodegenerative diseases, including ALS, Alzheimer's disease (AD), and

Parkinson's disease (PD). For review, see, e.g., van Muiswinkel et al., Curr. Drug

Targets CNS--Neurol. Disord., 2005, 42267-281. An anti-oxidative enzyme under

control of Nrf2, NQO‘E (NAD(P)H dehydrogenase, quinone (1), was recently reported

to be substantially upregulated in the brain tissues of AD and PD subjects (Muiswinkel

et al., Neurobiol. Aging, 2004, 25: 1253). Similarly, increased expression of NQO1

was reported in the ALS subjects’ spinal cord (Muiswinkel et al., Curr. Drug

Targets--CNS. Neurol. Disord., 2005, 4267-281) and in active and chronic lesions in

the brains of patients suffering from MS (van Horssen et al., Free Radical Biol. & Med.,

2008, «it 311011;; These absewatiens indicate that the Ne? pathway may be

activated in neeradegeaerative and aeureintiammatery aiseasas as an endogenous

pretee‘tive mechanism. indeed, mes-t resentiy, it has beer; reported that teamed

activation at Nrt2~depeettent genes by certain cycioeenanenebased campaunds

{NEPF} counters the taxis attests at metabeiis iahibitiea and RQSIRNS pradestien it:

Page 12 of 150
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the brain and protects neurons from death in vitro and in vivo (see Satoh et al., PNAS,

2006, 103(3):768—773).

[0007] Additionally, many publications have reported neuroprotective effects of

compounds in natural plant-derived compounds (“phytochemicals”), including

o-tocopherol (vitamin E), lycopene (tomatoes), resveratrol (red grapes), sulforaphane

(broccoli), EGCG (green tea), etc. For review, see Mattson and Cheng, Trends in

§\leurosci., 2006, 29(11):632-639. Originally, the action of these compounds was

attributed to their anti-oxidant properties. However, while most anti-oxidants are

effective only at high concentrations, at least some of these compounds appear to

exert neuroprotective effects at much lower doses. Emerging evidence suggests that

these compounds may exert their neuroprotective effects by activating cellular

stress-response pathways, including the Ner pathway, resulting in the upregulation of

neuroprotective genes. However, the exact mechanism of action of these compounds

remains poorly understood.

[0008] To date, more than 10 different chemical classes of inducers of Ner

pathway have been identified including isothiocyanates and their thiol addition

products, dithiocarbamates, as well as 1,2-dithioIe-3-thiones, trivalent arsenic

derivatives (e.g., phenyl arsenoxide), heavy metals, certain conjugated cyclic and

acyclic polyenes (including porphyrins, chlorophyllins. and chlorophyll), and vicinal

dimercaptans. These inducers have few structural similarities. They are mostly

electrophiles, and all can react chemically with thiol groups by alkylation, oxidation, or

reduction, suggesting that the intracellular sensor for inducers is likely to contain very

highly reactive (cysteine) thiols. The inducers can neodify thiol greups by a variety of

mechanisms including: alkylation (Michael addition acceptors, isothiocyanates,

quinones); oxidation (e.g., peroxides and hydroperoxides); and direct reaction with

thiol/disulfide linkages (e.g., vicinal dithiols such as 1,2-dimercaptopropanol, lipoic

acid). These diverse response mechanisms provide plasticity for cellular responses to

a variety of electrophilic and oxidant stressors.

[0009] Provided are methods that comprise at least one of the following

methods:

Page 13 of 150
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t} metheee ef screening fer et teeet {me new eenttidete cemeeued fer

treetthg e neuretegieet eteeeee:

2) methette et evetuetihg neureereteettve ereeerttee et at teeet ene drug

eeetttctete ter treetthg e heeretegteei eieeeee;

3} methette ef eerneertng (veg, ter hieeeutvetehee} et teeet hive

ehermeceetteet eeeteeetttehe which eemhriee temerte eettt eettvetivee;

4t} metheee et treettng e heuretegteet eteeeee by administering te the subject

in heett thereet et teeet ehe eemeeued that is eertéetty etreeturetty eimtier te

DMF er Nth/ER end

5) metheee et treettrtg e heeretegieei eieeeee hy e eemhinetieh therapy that

eemeneee ectnttntetretien et at teeet ene tiret eemeeenct thet neregutetee

the htrtB eethwey and et teeet ehe eeeend eemheehe that deee het

uereguiete the htrt2 eethwey.

mete} ht eeme emhedtmehte, the neuretegteet dieeeee is e neerectegehetettve

eieeeee eeeh es, fer exempte, ALS, Perktneeh’e eteeeee, Atzhetmer’e dieeeee, ene

Heettngten‘e ttieeeee. th eeme emhetttmente the neuretegteet eteeeee ts MS er

enether {temyetthetthg heeretegieet eteeeee.

{Gm t} in eerne ernhetttrnente, the metheee t~3 further eemertee:

e} eenteettng e eeti with the teet eemheehe, entt

h) determining whether the htrtz pathway 3e eeregutetee in the eett.

th eeme emhettirhehte, the methette they further eemeriee:

e) eetermthtrtg whether the test eemeeentt stews er prevehte demyettnetien,

exehet tees, endler heerehet death, end/er

it) eeteettng the test eemeeentt as e eentttctete fer treating neerectegeheretten

th e heuretegteet ttteeeee it t) the Nrt2 eethwey 3e epregetetert and 3)

demyetthettehg exehet teee, eheier neumeet {teeth ereiie prevented er

stewed.

teem} th eerne ernhettintehte, the methette his eemertee eehteettng e cett with

at Eeeet erte teet eemeeene and determining whether the Mt? pathway is epregutetee

th the eett. th eeeh methede, eh upregutetten et the tee eethwey eheve e threehetd
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(ag, by at taaat 30% (Net a bahtmt) thdtbataa that tha at taaat aha cambbmd has at

taaat aha bibtbgtcat ptbbatty bahatibiat tn treating a habrbtbgtbat ataaaaa tag,

haurbbrataattva btabatttaa}, in same ambbatmahta, tha abragutattah bf tha m2

bathway is; assessed (in viva ahdlat Eh vita); by at taaat we at the tbitbwihg:

t} axbraasiba tavats bf ahttbgahbusty brattacatt ahdibt exagahauaty

thtrbducad Ntt2;

ti) aabcatttziar tbcattzattbh ahdibr aactaar tranatbcatibh at Nth;

tit) axbrasstbh iavata ahaiar activity at me at mare gahaa uhdar cantmt at

Mt? tag, abdagahbus NQO’E) at an Nrt2~tagatatact rabattar gaha Eh an

atttfibtat repartar cahatmat;

iv) tavats at Nat? bihdthg ta thb Nt‘fR-xbtt‘tdtt‘tg {DNA atamant ARE;

v) stabtttty 0t NttEfKaabt bambtaxas; and

vi) maaihcattah (6.9, atkytattbh} Eavats at Keaht aadibr at Beast baa bthar

NaziKaapt asserstatatt QF‘QEQEF‘ESI

{($13} tn abma ambbaimahta at mathbds “b3, the Cambbtmds that are being

acraahact, avatbatad, at cambatad bambrtsa at Eaaat baa mambar at at taast me at the

tattbwihg btaasas 0t campaunda: mttd atkytatthg agents, httchaat adattiaa aacap‘tbra,

and camabahds that ata matabattzaa apart admthiatratibh tb Mtcbaat addtttbh

acbabtars. Eh Sasha ambaatmahta, the Michaat actcttttah abbabtbr has the Structure at

Farmuta t? it, tit, at W sat faith baiaw.

{(3914} in aama ambbdimahta mathatfi t cathbriaaa:

a) bahtacttng a bait with a bturattty at teat bambbtzhda,

b) datam‘tiathg whether the Nth? pathway is upragutatad in the bait, and

a) aatacttfig tram tha bturattty at bbmabbhtta at taaat aha abhtbburtd that

abragutataa tha Nth? pathway,

whataih an uptagutatibh at the Nrtz hathway by the satabtact at taast aha cambaubd

indicataa that the aatabtatt at taast aha abmbbuha may be: asatttt tar treating a

hauratagtcat ataaaaa, The bittraitty at bambbumta may be rabrasabtad, a.g., by a

bambthatbttat chbmibat tibrary; amt the mathatt may ha fiefim‘meti ag, by

highwthrbughbbt acraahthg.
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[0015] in some embodiments method 2 comprises:

a) contacting a cell with the at least one drug or drug candidate. and

b) determining whether the Nrf2 pathway is upregulated in the cell,

wherein an upregulation of the Nrf2 pathway by the at least one drug or drug

candidate indicates that the at least one drug or drug candidate is useful for

neuroprotection in treating a human having a neurological disease.

[0016] In some embodiments method 3 comprises:

a) contacting a cell with a first composition comprising at least one test

compound, and

t3) comparing the ievei of Nrf2 pathway upregniation in the oeii by the at teast

one test compound to the corresponding ievei of the Nrf2 pathway

npregniation in a oontroi ceit treated with a second composition comprising

at least one of DMF and MMF.

[0017] in some embodiments of method 3, the test compound is fumaric acid,

a salt thereof, or a fumaric acid derivative. In some embodiments, the first

composition comprises DMF, MMF, or both. In some embodiments, the dose and/or

the formulation of the first composition differs from the dose and/or the formulation of

the second composition.

[0018] In some embodiments, method 3 further comprises:

c) comparing at least one pharmacokinetic parameter (e.g., serum-haIf-life) of

the first and the second compositions.

[0019] In some embodiments method 4 comprises administering to the

mammal a therapeutically effective amount of at least one neuroprotective compound

having Formula I, ll, ill, or IV, e.g., a fumaric acid derivative (e.g., DMF or MMF).

[0020] In some embodiments method 4 provides a method of slowing or

preventing neurodegeneration in a patient in need thereof, by administering the

compound in an amount and for a period of time sufficient to slow or prevent

demyelination, axonal loss, and/or neuronal death, e.g., by at least 30% relative to a

control.

{0021] in some embodiments method S comprises:
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a} administering ta the manarnai a iherapeatiaaiiy effective amenni at at Beast

ane first cemeannd that anregniates the Nit? pathway, and

b) administering a therapeutically effective amount of at least one second

compound that does not upregulate the Ner pathway.

[0022] In some embodiments of method 5, the at least one first compound,

used in step (a), is a compound of Formula I, II, III, or IV, e.g., a fumaric acid derivative

(e.g., DMF or MMF); and the at least one second compound, which is used in step (b),

is an immunosuppressive or an immunomodulatory compound that does not

upregulate the Ner pathway (e.g., by more than 30% over a control).

[0023] In some embodiments method 5 comprises administering to the

mammal a therapeutically effective amount of a compound of Formula I, II, III, or IV.

[0024] in some embodiments of methods 1-5, the at least onecompound being

screened, identified, evaluated, or used for treating a neurological disorder is not

fumaric acid or its salt, or a fumaric acid derivative (e.g., DMF or MMF).

[0025] Other features and embodiments of the invention will be apparent from

the following description and the claims.

eater: EESCRiFTKEi‘é Qt: ‘t‘iiEii‘iGtiRES

[0023] Figure 1 earnenstrates that DMF and MM? are activaters at NriZ‘ at

cancentratiens within ctinieai expesare range {ceiis in eaitare), V

[092?] Figure 2 shews resaits ei RNAE experiments.

[0028] Figure 3 shears evidence at NrtZ aetivatien by DMF and MMF in viva.

{area} Figure at Shears evidence at Nrf? aetivetian by DMF and raw: in viva.

[003G] Fantaric acid esters, such as EMF, have been answered tar treatment

at MS (see, e.g., Schimrigit at at, Eur. J. Mamet, 2008, 13(5):804~10; Drags ear),

2005, 8(4};22Q~30}.

[0031] PFQVEt‘ifi-td are, ameng ether thinge, means for identifying campannes

with a new therapeutic modality useful in at least one of multiple neUrological

indications and, optionally, complementary to other drugs for the treatment of a

neurological disease, including a number of currently used immunomodulators.
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[0032] DMF is a member of a large group of anti-oxidant molecules known for

their cytoprotective and anti-inflammatory properties. These molecules also share the

property of the Ner pathway activation. Thus, the finding that DMF activates the Ner

pathway in conjunction with the neuroprotective effects of DMF further offers a

rationale for identification of structurally and/or mechanistically related molecules that

would be expected to be therapeutically effective for the treatment of neurological

disorders, such as, e.g., MS.

[0033] Certain terms are defined in this section; additional definitions are

provided throughout the description.

[0034] The terms “activation” and “upregulation,” when used in reference to

the Ner pathway, are used interchangeably herein.

[0035] The terms “disease” and “disorder" are used interchangeably herein.

[0036] The term “a drug for treating a neurological disease” refers to a

compound that has a therapeutic benefit in a specified neurological disease as shown

in at least one animal model of a neurological disease or in human clinical trials for the

treatment of a neurological disease.

[0037] The term “neuroprotection” and its cognates refer to prevention or a

slowing in neuronal degeneration, including, for example, demyelination and/or axonal

loss, and/or, neuronal and/or oligodendrocyte death. Neuroprotection may occur

through several mechanisms, e.g., through reducing inflammation, providing

neurotrophic factors, scavenging free radicals, etc. As used herein, a compound is

considered neuroprotective if it (1) upregulates the Nrf2 pathway above a certain

threshold and (2) provides neuroprotection, regardless of possible other mechanisms

of action.

[0038] The terms “treatment," “therapeutic methed," “therapeutic beeetite,” end

the tiite refer it) therapeutic es weii ee erephyieeticipreventetive measures, Thus,

these in need of treetmertt mey inciude indivieeete eireedy hevtrtg at specified disease

and these whe are at riek fer acquiring that diseese.

[0039] The terms “therapeutically effective dose" and “therapeutically effective

amount" refer to that amount of a compound which results in at least one of prevention
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or delay of onset or amelioration of symptoms of a neurological disorder in a subject or

an attainment of a desired biological outcome, such as reduced neurodegeneration

(e.g., demyelination, axonal loss, and neuronal death) or reduced inflammation of the

cells of the CNS.

[0040] In one aspect, provided are methods of evaluating neuroprotective

properties of test compounds, including the following methods:

1) methods of screening for new candidate compounds that may be

useful for treating a neurological disease;

2) methods of evaluating neuroprotective properties of drugs and

candidates that are used or proposed for treating a neurological

disease;

3) methods of comparing (e.g., for bioequivalence) two or more

pharmaceutical compositions which contain fumaric acid derivatives;

[0041] In some embodiments, methods 1-3 may coneprise:

a) contacting a cell with the test compound,

b) deterreining whether the Nrf2 pathway is upregulated in the cell,

and, in some embodiments, additionally performing the following step(s):

c) determining whether the test compound slows or prevents demyelination,

axonal loss, and/or neuronal death, and/or

d) selecting the test compound as a candidate for treating neurodegeneration

in a neurological disease if 1) the Nrf2 pathway is upregulated and 2)

demyelination, axonal loss, and/or neuronal death are/is prevented or

stowed,

MM.

[0042] In some embodiments the methods of screening for a candidate

compound for treating a neurological disease comprise:

a) contacting a cell with a plurality of test compounds,

b) determining whether the Nrf2 pathway is upregulated in the cell, and

c) selecting from the plurality of compounds at least one compound that

astegulates the Nrf2 pathway,
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wherein an upregulation of the Ner pathway by the selected at least one compeund

indicates that the selected at least one compound may be useful for treating a

neurological disease. For example, the plurality of compounds may be represented by

a combinatorial chemical library, and the screening method may be performed by a

high-throughput screening as described in, e.g., High—Throughput Screening in Drug

Discovery (Methods and Principles in Medicinal Chemistry), by Jdrg Htiser (ed.), John

Wiley & Sons (2006).

[0043] Combinatorial libraries of compounds are also described in, e.g.,

Solid-Supported Combinatorial and Parallel Synthesis of Small-Molecular—Weight

Compound Libraries (Tetrahedron Organic Chemistry) lan Salusbury (ed.), Elsevier

(1998); Combinatorial Libraries: Synthesis, Screening and Application Potential

(Library Binding), by Riccardo Cortese (ed.), Walter de Gruyter (1995). The libraries of

compounds may be, for example, quinone libraries and other libraries as described in

Mittoo, Comb. Chem. & High Throughput Screen, 2006, 9:421-423.

[0044] In some embodiments, the at least one compound or plurality of

compounds being screened and/or selected comprises at least one compound

selected from at least one of the following groups of compounds: mild alkylating

agents, Michael addition acceptors or compounds that are metabolized to Michael

additien acceptors, including compounds of Formulas I, ii, iti, er EV.

{(23045} in same at” the embodiments, the at teast ene eemeennd ie eetected

trern tantarie aeid, its saite, and temarie aeid derivatives.

Methed 2

{0046} Aied previded are methede at evaluating neerepreteetive preeertiee at

at ieaet ehe drug er drag candidate tar treating at ieaet ene neereiegieai disease.

Seeh methede eernerise:

a) eentaeting a eeit with the at ieaet are: drug er drag eandidate, and

t3) determining whether the Na? pathway ie eeregeiated in the eeii,

wherein the uereguietieh at the hirtia pathway by the at ieast and drag er drug

candidate indieatee that the at ieaet ehe drug at drug candidate is neereardteetive in

treating a human having a neuretegieai disease,

we“
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[0047] In some embodiments. the upregulation of the Ner pathway by the at

least one drug or drug candidate indicates that the at least one drug or drug candidate

has at least one activity selected from slowing demyelination, slowing the loss of

axons, and slowing the rate of neuronal death.

[0048] In some embodiments, the method of evaluating at least one drug or

drug candidate comprises an additional step:

c) evaluating demyelination, loss of axons, and/or neuronal death.

[0049] In some embodiments, steps a) and c) are performed in vivo ir at least

one model of a neurological disease, e.g., as described below.

[0050] in ether embodiments, particularly those in which the neurological

disease is multiple sclerosis or another demyelinating disease, the evaluated at least

one drug or drug candidate for a neurological disease is chosen from the following:

FTY720 (2-(4-octylphenethyl)-2-aminopropane-1,3-diol; Novartis); anti-IL12 antibody

(e.g., ABT-874; Abbott Laboratories); GSK683699 (GSK/Tanabe); NeuroVax (Immune

Response Corp.; Darlington, Curr. Opin. Mol. Ther., 2005, 7(6):598-603); anti-CCR2

antibody (e.g., §V|LN 1202; Millennium); interferon [3-1a (e.g., Avonex®; Biogen ldec);

anti-a4-integrin antibody (e.g., Tysabri®; Biogen ldec/Elan); anti-CD20 antibody (e.g.,

Rituxan® (Biogen ldec/Genentech); TV 5010 (Teva); NBl-788 (Neurocrine); MBP8298

(BioMS (see Warren et al., Eur. J. Neurol., 2006, 13(8):887-95); Mylinax (Oral

Cladribine; 2-chlorodeoxyadenosine; Serono/IVAX); Teriflunomide

((Z)-2-cyano-N-(4-(trifluoromethyl)phenyl)-3-hydroxybut-2-enamide; Sanofi-Aventis);

Temslrolimus (Wyeth); Laquinimod

(5-chloro-N-ethyl-1 ,2-dihydro—4-hydroxy-1-methyl-2-oxo-N-phenquuinoline~3-carboxa

mide; Active Biotech/Teva); and interferon tau (Tauferon; Pepgen).

[0051] In some embodiments, the at least one drug or drug candidate being

evaluated is at least one compound selected from at least one class selected from a

mitd alkyiating agent, a Michael addition acceptor, and a compound that is

metabolized to a Michael addition acceptor, including compounds of Formulas I, II, III,

er EV.

"11,“
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{W525 th eeme et the emheeimehte, the eemheeett is temerte add, its eett, er

e temettt: eettt derivative.

Methee it

{MESS} Atee hrevteee ere metheee et eemperihg {egg fer hteeehtvetehee) at

teeet twe ehermeeeutteet eempeettiehe‘ Such methette eemettee:

e) eeeteetthg e eeti with at teeet me first eempeettteh cemerieihg e test

eemeeeect, eett

t3) eempetihg the tevet 0‘? the tee pathway eetegetetiee ht the eett by the test

eemeeehtt te the eetreeeehttthg tevet at the Nth? pathway eeregetetteh in e

eett treated wtth et teeet ehe seeehct cemeeeittee (“eempeteter

cemeeettteh") cemettethg DMF, MMF, er heth.

{@354} th eeme embedtmehte, euheteettetiy eteeimttet tevete ef eeregutetieh by

the at teeet eee first end at teeet ehe eeeehe eemhesitéehe theieete that the

eemeeetttehe ere het hteeeuiveieht.

{@355} th eeme embedtmehte, the test eempeehct Se temerie eeie, its eett

thereet, e tethette eete dettvettve, er mtxturee theteet. Eh eeme emhettimehts, the first

eemeeettteh eemptieee at teeet me 93‘ eee MMF, ehe heth {EMF ehtt MMF. ht eeme

emhettémehte, the deee anti/er the termetetieh et the et teest me first eemeeettteh

dihere hem the deee eheler the termeietteh at the at teeet ehe eeeehe cemeeettteht

The at ieeet we first eemheeitteh may he a centrettee reteeee eemeeeitteh such as;

egq eempeeittehe eeeetthee Eh W0 2338;793:342.

{0656} ht eeme emheetmehte, the methect further eemetteee ehe edeitiehet

etee:

e) eemeerthg et Eeeet ehe phetmeeekthetie eeremeter et the at teeet ehe titet

end the at ieeet ehe eeeehe cemeeetttehs,

{885?} Phermeeettteetie parameters ehe methede tet eveteetthg the same ere

weh heewe ehtt ere described in, eg, Phetmeeekthettee, Seeehe Ettitieh {thugs and

the Phermeeeetteet Sciences) by Mite Gthetet et at. {ette}, tnterme Heettheere ($82).

Exemeies et eueh ehetmeeehihette hetemetere that see he evetuetett thetette serum

heit—ttte, eteetehee, ehe vethme etettihhtieh.

“12,
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[0058] in some embodiments, sufistantially dissimilar pharmacokinetic

parameter(s) of the a least one first and at least one second compositions indicate that

the compositions are not bioequivalent.

[0059] In some embodiments, the test compound being evaluated is a mite

alkylating agent, and more specifically, a Michael addition acceptor, or a compound

that is metabolized to a Michael addition acceptor.

[0060] In some of the embodiments, the test compound is fumaric acid or its

salt, or a fumaric acid derivative.

[0561] Also provided are methods of treating a mammal who has or is at risk

for developing a neurological disease, including the following methods:

4) methods of treating a neurological disease by administering to the subject

in need thereof at least one compound that is partially structurally similar

to DMF or MMF (including compounds selected using methods 1-3

described above) ; and

5) methods of treating a neurological disorder by a combination therapy that

includes administration of a first compound that does not upregulate the

Ner pathway and a second compound that ueregulates the Ner pathway.

Method 4

[0062] Also provided are methods of treating a neurological disease by

administering to the subject in need thereof at least one compound that is at least

partially structurally similar to DMF and/or MMF.

[0063] In some embodiments of method 4, a method of treating a mammal

who has or is at risk for a neurological disease is provided. The methods comprises

administering te the memmei e therepeuticeity effective amount at at ieast ene

neureproteetive cempeund whieh hes Fermuie t, ii, iii, er iv, e.g., e tumeric acid

derivative (reg, DMF er MM?)

[0064] in some embodiments of rnethed 4, a methed ef sicwing at preventing

neurueegeneretien {mere specifieaiiy, e.g., tiernyetinetien, exenet tees, endier

neuronei death) in a subject in need thereet, by administering the at ieeet one

cempnunrt in en emeunt end fer a peried at time sufficient te de et ieest one of stew er

-13»
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prevent demyelination, slow or prevent axonal loss, and alow or prevent neuronal

death, e.g., by at least 30%, 50%, 100% or higher over a control over a period of at

ieest 5, to, 12, 20, 40, 52, 100, or 200 weeks, or more.

Method 5

[0065] Also provided are methods of treating a mammal having a neurological

disease by combination therapy. In some embodiments such methods comprise:

a) administering to the mammal a therapeutically effective amount of at least

one first compound that upregulates the Nrf2 pathway, and

b) administering a therapeutically effective amount of at least one second

compound that does not upregulate the Ner pathway.

[0066] In some of embodiments of method 5, the at least one first compound,

used in step (a), is a compound of Formula I, II, III, or IV, e.g., DMF or MMF; and the

at least one second compound, which is used in step (b), is an immunosuppressive or

en immunomoduietory composed thet does not uptegeiete the NrtZ oethwey (egg hy

more then 30%, 56%, 100% over e eentroi).

{006?} in some embodiments of method 5, the method comprises

administering to the memmei e therepeutieetiy effective amount of e oomoeund of

Formnie i, ii, tit, ortv.

{0068} in method 5, the at ieest one first compound end the at teest one

seoend cempoend they be edministered oonourrehtiy (es seoerete compositions or e

mixed eemhosition) or eoneeeetiveiy over overieoping or nonmveneneing interveis. in

the sequentiet administration, the et ieest one first sompoend end the at ieest one

second oomooend can be administered in any order. in some embodiments, the

iength et en overieooing tntewei is more then 2, «ii», 6, “i2, 24, or 48 weeks, for exempie.

{0089} tviioheet addition eeoeptots genereiiy inetude oiefins or eeetyienes

ooniegeted to en eieetron withdrawing grouo, sneh es eerhonyi eonteining greens,

thioeerhonyi Containing grouos, eyeno, suitonyi, suitonemido, amide, tormyi, keto, ehd

nitro. Exemplary carbonyl groups include carboxylic acid esters and carboxylic acid.

,14w
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[0070] In some embodiments of methods 1-5, the at least one compound

being screened, identified, evaluated, or used for treating a neurological disorder is

selected from a mild alkylating agent, aMichael addition acceptor, and a compound

that is metabolized to a Michael addition acceptor.

[0071] it“: same embcdiments, the Michaei additicn accepter has the stmcture

st Formula E:

R2 (I)

or a pharmaceutically acceptable salt thereof, wherein:

X is O; S; C(R)(C1-12)alkyl; or C(R)(C2.12)alkenyl, wherein R is H,

(C1.12)alkyl or (C2.12)alkenyl;

R1, R2, R3 and R4 are independently selected from: H; OH; O'; COzH,

COZ'; SH; 8'; SOZH, 802‘; (C1-24)a|kyl; (C1-24)alkenyl; (05.5o)aryl, C02(C1_24)alk:yl;

SOz(C1.24)alkyl; C02(C1-24)alkenyl; 802(C1-24)a|kenyl; COzY, wherein Y is

psoralen-Q-yl, retinyl, alpha-tocopherol, calciferyl, corticostreoid-21-yl or

monosaccarid-w-yl; (C1.24)alkoxy; (C1-24)alkenyloxy; (C&50)aryloxy; (C1-24)alkylthio;

(C1-24)alkenylthio; (Cg5o)arylthio, amino; amido; arylalkyl; cyano; nitro; sulfonyl;

sulfoxido; sulfonamido; formyl; keto; and D and L natural or unnatural amino acids; or

any two of X, R‘, R2 and R3, and R4 may be joined together to form a cyclic moiety;

and wherein the alkyl, alkoxy, alkenyl, alkenyloxy, aryl and aryloxy groups may be

optionally substituted with at least one group chosen from halogen (F, Cl, Br, or I), OH,

(Cm)alkoxy, nitro and cyano.

[0072] In some embodiments, the at least one Michael addition acceptor has

the structure of Formula I, with the following provisos:

R1 is selected from: H; OH; O‘; COzH, COz'; SH; 8'; SEDZH, 802‘;

(C1-24)a|kyl; (C1-24)a|kenyl; (C5.50)aryl; C02(C1.24)alkyl; 802(C1-24)alkyl;

C02(C1.24)alkenyl; 802(C1-24)a|kenyl; COzY, wherein Y is psoralen-Q-yl, retinyl,

alpha-tocopherol, calciferyl, corticostreoid-21-yi or monosaccarid-w-yl; (C1.24)alkoxy;

(01-24)a|kenyloxy; (C6.5o)aryloxy; (C1-24)alkylthio; (01-24)alkenylthio; (Ce5o)arylthio;
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eryiefkyi; amine; amide; eyehe; mire; euifehyé, euéfexide; euéfehemide; fermyi, hem; and

{23 0r L nature? er ehneierei amine acids; and wherein the eikyfi, eikexy, eikehyi,

eikyehyiexy, eryi and eryiexy greues mey he epiieneiiy euhetiteiee with at Eeeet ehe

grease cheeeh {rem heiegen (F, {3%, 8:; er 5). (3H, (31,4)eikexy, hitre end Cyehe;

R2 is seieeied hem: H; CGZH; CS2“; SQQH; $92“; (€51-24)e£kyi;

(€31-24)ei$<ehyi; (Cesaeryfi; CQ2{C1-24)eE§<y§; 892(31.24)eikyi; CGQéC1.24)aEk€fiy§;

SQgéfimfieikehyi; (‘20ng whereih Y fie peereiewgfii, refiihyi, eiehewiecepherefi,

ce3eiferyi, eeriéeeetreeédmmwi er meheeeceerie—wyh {Chewaikexyg {C1»2d)agkfifiyEQX§/;

(Gwaeryiexy; {Cmfiefikyhhim (Giggefihehyhhie; (Cemfiryithiey amide; eryieikyi; eyehe;

nhm; euifehyi, euifexide, eeifehemiee; fermyi, kete; and £3 er L nature? er unhethrei

amine acids; wherefih ihe eikyi, efikexy, eékehyi, eikyehyiexy, eryi and eryfiexy greups

may he eetieheééy suhsihuied with e: éeeet we grew eheseh hem heiegeh (F, CL 8:,

er i). {3H, ((31.4)eikexyg hitm ehd eyehe; and

R3 ehe R4 are indepeheehfiy eeieeieci hem: H; CQZH; C432“; SQgH;

SQz‘; (Eugeikyé; (C3-2§}3E§<8ny§§ (nggmryi; CO;(G:-24)eEkyE; $Gg{31-24)eikyig

C02{01.24)eikehyi; SQ2({21-24)e3kehyi; (3053’, wherein Y is peereiehngmyi, retihyfi,

eEphewtecephemE, eeieiferyé, cefiiceetreeiduzi-w er meneeeeeeridwwi; (€1-24)eikexy;

(Giggefikehyfiexy; <C$_5g)3¥‘yk}xy; {01-24Eeikyithie; {C1“24)a€k3nygth§$; {Gaggeryhhim

amide; ewfieikyi; eyehe; hih’e; eyehe; hétm; euifehyi; euEfexide; eufifeheméee; fermyi; and

hem; wherein the eikyi, eikexy, eikenyi. eikyeeyiexy, eryi end eryiexy greases may he

eetiehehy eehetitetee with at Eeeet ehe grave cheeeh hem heiegeh (F, GE, 83', er 5),, OH,

(SNEeikexy, hitre end cyeheg

{ewe} in same emheeimehie‘ the at Eeesi ehe Micheei edehieh eeeep‘ier has

the etructere ef Fermufie 5E:

R2 (1:)

er e phermeceeheefiy eecepteme eeEt thereef, wherein:

X is seieeted ham (3; S; C(R)(C1.1g)eihyi; end C(Rxcmfieikehyi,

wherein R is eeiectee hem H: (szhfikfi; ehe (ngfleéhehyi; and R‘, R3 R3, and R4

we-
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are independently selected from: H; OH; O'; COzH; COz'; (C1-12)alkyi; (C1-1z)alkenyi;

and COz(C1-12)alkyl;

or any two of X, R‘, R2 and R3 may be joined together to form a cyclic

meiety.

{Shite} ht eeme embodiments hi the cempeehee ei Fermuiee isiV, the

hhermeeeetieeity eeeeptehie eeit ie e eeit at e metei (M) eetieh, wherein M can he an

eikeii, eikeiihe earth, er treneitieh metei $ttCi‘i es Li, hie, hi, Ce, Zn, Sr, Mg, he, er twin,

{60775} in some emhedimehte et‘ metherie 1—5, the cempeehee ei Fermuie i

theiutie fumerie ecid, its seite, ehd turmeric: eeie derivetivee.

{(36%} h“: eeme emhedimeete, the at ieeet ehe eemeeune ei irerrhuie t hes the

R1WR3
0 (iii),

er e ehermeceutieetiy eeeeptehie eeit thereet. whereih:

R1 and R3 ere ihdeeehdehtiy eeteetee hem (3H; 0"; (Qtetiethexy;

(C-ggfieikehyiexy; (€5.5gierytexy; psoralen-Q-yloxy; retinyloxy; alphanteeehhereiexy;

eeieiferyiexy; eertieeetreeict—Ei—yiexy; meheeeeeerirt-w~yiexy; amine; and e D er L

etreeture e‘f Fermuie iii:

heturet er unheteret amine eeie; ehe wherein at teeet ehe ef the the {Chaueiitexm

{Gemiethehyiexyg ehri (Cegg)erytexy greupe may he eetiehetiy substituted with et ieeet

we grew; cheeeh hem hetegeh (F, Ci, 8r, er i), {3H, {Cieieikexm hitre ehd cyehe.

{WW} Cemheuhde wherein at ieeet ehe hf R1 ehd R3 is derived hem e heterei

er unheterei ii) er L emihe eeitt are deeerihed in US. Appticetieh Seriei Nee.

10/433,295, paragraphs 10 to 11 and 18-28, and 11/421,083, which are theerpereted

herein by reference.

{mm} in eeme emhedimehts, the cemeehhd ef fermhie (i) has the structure of

Riwgga
C) (EV),

er a hhermeeeutieeiiy eeeeptehie eeit thereef, wherein:

Formula IV:

-17,
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R1 am R3 are Endapandantéy safaciad fmm (3H; 0‘; ((31-24Eafk0xy;

aEEyicsxy; vényiaxy; {$5.5g)aryiaxy; asaraiafiwguyiaxy; ratinyiaxy; aiphantacapharaiaxy;

eaiciferyioxy; cartimatraaidQ’E—yiexy; manasaccaridum—yéaxy; amine; and a £3 03* E...

naturai or unnaturafi amém aakzfi; and wharaim at Eaasi (me an“ the the (Gwaafikaxy,

aiiyiaxy, vinyinxy, and (Camaryiaxy may ha eatimaiiy substituted with at ieast {me

gmup shmsafi frem CE, F, i, Br, OH, ((31.4)aékaxy, mm, and cyam.

{(38279} En Some ammdimants, the "fumariz: add derivafiva“ is chaaen fmm the

campaunds a? Farmuia iii? campaunds a? Farmuia EV and the faiiawing:

‘3) fumaréc acid amides darivad {mm naturaé and unnaturai amina £3 G!“ i. aaids,

as described in {3.3. Patent Appiicafian Seréai Naa. 10/433,295, paragraphs 10 to 11

and 18-28, and ‘fi’iifi~2’i,€383~

2) a aarbacycfiia 9r Qxacycéic fumaréc aaéd oéégamar as desarébed m US. Pawn:

Appiécatfion $ariai No. mifi’i'ifiM, garagraphs “£544; and

3) a giyaami as“ aikana eiiai as" 9013/05 derivatives csf fumaria acéci as dascrébafi in

U.S. Patents Mas. 433$? A33, 5,149fig5, 5,45%,381 a: (2:353. 2.4,

[£3385] in same embadimenis, “fumaric acid derivative“ is {me as" mere diaikyi

fumarataa (ag., {EMF}, mam aikyi fumarates ($43M?) or Saits thareai

{(33813 in Same a? tha ambadimams m? mathada 1—5, the. at Iaasi {me

ccmmund being acraenad, avaiuatazi, mmaarad as" used far treaiing a naumiegiaafi

disardar is mt fumaric acid 9:” its Sait, er a fumark; acifi darivafiiva (fig, EMF er MM?)

{@082} Nrffi {Nusiaar Facim~E2~wreiataa factm 2; far sequenee 0f the Ner, sea

Ascaaséan Na. AABBE188) is a transcriptian factar that, was activatian by axidativa

straw. bfinds {a the anfiaxiaani rasamsa aiamem (ARE), and activatas transaréptian cf

Nrf2uraguiated genes. This pathway haa been waii Charasterized far its rake in hegatic

dataxifisatian and chamapravemimn thmugh the activatian af ghasa ii gene

axprassim. ARE~ragu§aiad ganas may aisa cantribute ta the maintenance {3f ream;

hameastasis by serving as andcganaus ant§~axic§ant syatams‘ At present, the fist of

Nfr2«reguiata<j genes camains may 29a genes ancedéng prataing and anzymas

invaivad in deiaxifécatien and amiaxiéant rasmnsa (Kwak at ai., J. Biai. Chem, 2883.

2?a;8135) Such as, a.g., HQ«°§, farritin, giutaihicna pamxidasa,

-18»
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gtetethtenewswtteneteteeee (G‘STe), NADtP)t—t:eetnene extdetedueteeee, new

eentrnenty knewn ee nteettnemiee eetnene extttetedeeteee t (NQOt; EC 1.6.99.2; etee

knewn at; D"? eteehereee end meneetene teeneteee}, NQQE, gugtntemyteyetetne

eyntheee {g—GCS), gteenreneeytttenetereee, fenttén, and heme exygeneeewt {Hflmtt

ee wett ee any ene ef the enzymee preteéne tteted in Tehte t tn Chen e tieheeh, Cert.

Phen‘nu Beetgnes 2e34, tfizhmwfigt; Lee et et, en Stet. Chem, 2003,

2?8{14):t2t329»38, end Kwek, were

{(3083} Aeeetetngty, tn eente emhedimente, the et teeet ene htrfztwtegetetett

gene which te eeett te eeeeee the eettyetten ef the htttZ nethwey Se eeteetee from e

pheee ti detexttteetieh enzyme, en enthextttent enzyme, an enzyme 0? the NADPH

generating system, entt Mn? tteett. Exemptee et the phase tt detexitteetteh enzymes

tnctne‘e NQQt, t‘tQOZ, GST~Ye (SS'tT-pt {EST-theta 2, GSTmmn (1,2,3), mteteeemet

(BEST 3, eetetytée waCS, tenetetetywfit‘fitis, miereeemei enexttte hyttteteee,

t}SP»gteenreneeyttrenefereee, treneettteteee, tteheheteteeeg end ernghtetehetiztng

enzyme. Exemptee et the entimexteent enzymes thetecte H395, terntin (L), gtetethtehe

redneteee, gtetethtene eerextdeee, meteitethienetn t, thiereeextn, thterettextn

redueteee, eerexireeexin MSPZS, CuiZn eneetextee dtemuteee, ene eeteteee‘,

Exemeiee ef the enzymes et the NAQPH generating eyetem tneinde matte enzyme,

USngteeeee dehydrogeneee, metete nxidereeeeteee, end gteeeee—6~pheephete

dehyeregeheee.

{£3384} The enttexteent reeeenee etentent (ARE, etee referred te es the

eteetreehtte teeeenee etet‘nent (Eet‘éEtg GREt, ARM, and StREh) e e eiemeettng DNA

regetetery etement with e eete nueteettee sequence et 5’-?GA(C{T!G}NNNGC~3’ (SEQ

it} Ntht) (Reehmete et et, J. 850:. Chem, 1e91, 255(t8):t 16326; eee eiee Ntet et at;

Mntetien Ree, 2934, 55$:14~t?t ).

{0085} Aeeetetngty, En eetne emheetmente, the DNA sequence at the ARE

etement, to which Nh‘z htnee (whether the tetnter te e hen et en eneegeneee gene er

en erttfietet eenetteet), eemnneee the eere ARE eeeeenee TGAthftiGtNNNGC (SEQ

it} N62) er the ARE eeneeneee eeeuenee (GiA)TGA{CHiG)NNNGQ(NG) {SEQ it)

49,.
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N03). in further snncific nmhonimnnts, the ARE sequence comnn‘ses any nnn of the

“minimni nnhnnser“ ssnunnnns shnwn in Tnhie “i.

[nanny in snrnn smhndimnnisi the ARE sequence funhnr somnnsns at £633?

nne nf nnrrnsnnnning 5R- nnn 3’~USR sequences as shown in Tania “i. in some

emhndiments, the ARE sequence onmprises the sequence GTGANNNNGCA (SEQ H)

Nan), in mare: nanicninny, the mnuss (NNNNngmg) or human (NNNN=stca} verséons

thereof,

Table 1

E SEQ IDNO

   

 

Gene 3 Element suusn Minimal ' 3’-U‘SRE
E enhancer

1 mouse m1 " ' """"""E """"" """Wgt mete EVVSVEQ ID

E rat 1 NQO1 ARE E agTCAca GTGACttgGCA aaatct E SEQ ED N013
human E NQO1 E ARE 3 agTCAca GTGAthaGCA gaatct E SEQ ID N027
mouse 1 gsta1 EpRE E gcTAAtg GTGACaaaGCA actttc SEQ ID NO:8
rat GSTA2 I ARE E gcTAAtg GTGACaaaGCA actttc SEQ ID N019

' mouse E gsta3 ARE ctcAggc ATGACattGCA tttttc 3 SEQ ID No:10
rat GSTP1 GPE1 agTCAct ATGA'I‘tcaGCA acaaaa SEQ ED NC)?”

human GCLC ARE4 ccTCccc GTGAthaGCG ctttgt SEQ ID NO:12

human GCLM E EpRE E gaaghca ATGACtaaGCA gaaatc SEQ 3E) N913

mouse ho1 StREb cccAAcc A’fGACacaGCA taaaag SEQ ID NO:14

j ARE ‘core'm TGACnnnGC SEQ ID NO:15

TgAnn ATGAannGCA aaaa E SED ID NO:16 

ARE consensus 3 c G T G tttt

{WW} A current mnnnfi of Nrfza function is as fnhows. Unnnr hasni snncfiéhnns,

N??? is anuesisred in the cy‘inpflnsm to the astinwhound Ksish~i§he 'Eflfimnssoniatnd

-20-
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protein 1 (Keap1; Accession No. NP_987096 for human Keap1), a Cullin3 ubiquitin

ligase adaptor protein. More specifically, the N-terminal domain of Nrf2, known as

Neh2 domain, is thought to interact with the C-terminal Kelch-like domain of Keap1. in

response to xenobiotics or oxidative stress, Nrf2 is released from the Keap1/Nrf2

complex, thereby promoting nuclear translocation of Nrf2 and concomitant activation of

ARE-mediated gene transcription. Keap1 function, in turn, requires association with

Cullin3, a scaffold protein that positions Keap1 and its substrate in proximity to the E3

ligase be1, allowing the substrate (Nrf2) to be polyubiquitinated and thus targeted for

degradation. The exact mechanism of how the Keap1/Nrf2 complex senses oxidative

stress is not fully understood. Human Keap1 contains 25 cysteine residues that were

hypothesized to function as sensors of oxidative stress; 9 of the cysteines are thought

to be highly reactive (Dinkova-Kostova et al., PNAS, 2005, 102(12):4584-9). it was

theorized but is not relied on for the purposes of this invention that alkylation of

cysteine leads to a conformational change, resulting in the liberation of Ner from

Nrf2/Keap1/Cullin3 complexes, followed by nuclear translocation of the liberated Nrf2.

[0088] In some embodiments, methods 1-3 described herein comprise

contacting a cell with at least one test compound and determining whether the Nrf2

pathway is upregulated in the cell. In such methods, an upregulation of the Nrf2

pathway above a threshold (e.g., by at least 30%, 50%, 100%, 200%, 500% over a

control) indicates that the at least one compound has certain biological properties

beneficial in treating a neurological disease (e.g., neuroprotective properties).

[0089] The ability of a compound to activate the Nrf2 pathway can be

determined by one or more in vitro and in vivo assays, including, e.g., the following

assays described below.

[0090] i) Expression levels of Nrf2-The sequence of the promoter region of

the nrf2 gene (-1065 to —35) has been published, for example, in Chan et al., PNAS.

1996, 93:13943-13948. One may use an artificially constructed expression construct

containing the Nrf2 promoter element and an artificial reporter gene. Alternatively, one

may use PCR or Northern blotting to determine expression levels of Nrf2 mRNA, or

Western blotting to determine Nrf2 protein levels. Exemplary procedures for

“2'3”
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determining expressien leveis of we are described in Kwak et at, Met. Cell. Biol.

2002, 22(9):2$83»28§2 and Kwek et al., Mei. Med, 2001, ?:13§~145. Antibodies

against Ner are can be produced by methods known in the art and are commercially

available from, for example, StressGen. Accordingly, in some embodiments, the Ner

pathway is activated so that the expression levels of Ner are increased by, for

example, at least 30%, 50%, 100%, 200%, 500% or more as compared to the

non-activated state.

[0091] ii) Subcellular localization and/or nuclear translocation of Nn‘ -5 Such

assays include cell staining, or analysis of cytoplasmic versus nuclear cell extracts.

For example, a Nrf2-green fluorescence protein (GFP) fusion protein construct can be

made and introduced into cells and visualized as described in, e.g., Kraft et al., J.

Neurosci., 2004, 24, 11014112; and Satoh et al., PNAS, 2006, 103(3):768-773.

Accordingly, in some embodiments, the Ner pathway is activated so that the ratio

between cytomplasmic and nuclear Nrf2 is elevated by, for example, at least 30%,

50%, 100%, 200%, 500% or more as compared to the non-activated state.

[0092] iii) Expression levels and/or activity of one or more genes under the

control of Nrf2-aSuch genes under the control of Ner include endogenous or artificially

introduced reporter genes in reporter constructs introduced into cells. For example,

expression levels of endogenous or exogenously introduced NQO1 may be

determined as described in the Examples. Alternatively, a reporter gene construct

with one or more ARE sites operably linked to a reporter gene (e.g., luceferase or

GFP) can be made, as described in, e.g., Satoh et al., PNAS, 2006, 103(3):?68—773.

Expression levels of an Nrf-2 induced gene product can be measured at the protein

(e.g., by Western blotting or enzymatic activity assays) or at the mRNA levels (e.g., by

PCR). Methods for performing RT-F’CT are described in, e.g., Calabrese et al., J.

Neurosci. Res., 2005, 79:509-521 for HO-1, in Wierinckx et al., J. Neuroimmunology,

2005, 166:132—143 for NQO1. Methods for measuring enzymatic activity of NQO1,

using for example, menadione as a substrate, are described in Dinkova—Kostova et al.,

PNAS, 2001, 98:3404-09 or by Prochaska et al., Anal. Biochem, 1088, 169323—335.

Methods for measuring GST activity, using for example, 1Echierout‘Efl—dinitrebenzene as

-22-
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a substrate, are described in Ramos-Gomez et al., J. Neurosci., 2004,

24(5):1101-1112 and Habig et al., 1974, J. Biol. Chem., 219, 7130-7139. Methods for

measuring HO-1 activity are described in, e.g., in Calabrese et al., 2005, J. Neurosci.

Res., 79:509-521. Accordingly, in some embodiments, the Ner pathway is activated

so that the expression levels and/or activity of the gene produced are increased by, for

example, at least 30%, 50%, 100%, 200%, 500% or more as compared to the

non-activated state.

[0093] iv) Levels of NIf2 binding to ARE-For example, such assays may

utilize electromobility shift assays (EMSA) and Chromatin lmmununoprecipitation

(ChlP) assay, as described in, e.g., Satoh et al., PNAS, 2006, 103(3):?68—773 and

Kwak et al., Mol. Cell Biol., 2002, 22(9):2883-2892. Accordingly, in some

embodiments, the Ner pathway is activated so that the level of Ner binding to ARE is

increased by, for example, at least 30%, 50%. 100%, 200%, 500% or more as

compared to the non~activated state.

[0094] v) The stability of Nrf2/Keap1 complexes--Such assay may include

analysis of immunoprecipitated complexes with Nrf2 and/or Keap1 or other

Nrf2/Keap1-associated proteins as described in, e.g., Satoh et al., PNAS, 2006,

103(3):768-773. Anti-Keap1 antibodies can be produced using methods known in the

art and are available commercially from, for example, Santa Cruz Biotechnology.

Accordingly, in some embodiments, the Nrf-2 pathway is activated so that the stability

of Nrf2/Keap1 complexes is increased by, for example. at least 30%, 50%, 100%,

200%, 500% or more as compared to the non-activated state.

[0095] vi) Modification (e.g., alkylation levels) of Keap1 and other

Nrf2/Keap1-associated proteins--Such assays may include mass spectronaetric

analysis of immunoprecipitated Keap1, using techniques as described in, e.g.,

Dinkova-Kostova et al., PNAS, 2005, 102(12):4584-9 and Gao et al., J. Biol. Chem,

on-line pub. Manuscript M607622200. In some embodiments, the Nrf-2 pathway is

activated so that the level of Keap1 and other Nrf2/Keap1-associated proteins is

increased by, for example, at least 30%, 50%, 100%, 200%, 500% or more as

compared to the non-activated state.

-23..
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[0096] Alkylating capacity of a compound can be assessed using recombinant

Keap1, by a competition reactior: with 5,5’—dithiobis(2-nitrobezoic acid) (DTNB) as

described in, e.g., Gao et al., J. Biol. Chem., on-line pub. Manuscript M607622200.

[0100] In some embodiments, the cell being contacted with at least one test

compound is a neuron or a neuronal cell line. In some embodiments, the cell being

contacted with the at least one test compound is selected from a colon carcinoma cell

line (e.g., DLD1), a neuroblastoma cell line (e.g., SkNSH or lMR32), and a primary

monocyte. The cell may be a cell in culture (in vitro) or be inside of an animal (in vivo).

[0101] Cell viability, and in particular, neuronal viability can be assessed in vivo or

in vitro using any suitable method, including methods as described in the Examples.

For example, neuronal viability can be assessed using an MTT assay after exposure

of neuronal cell cultures to cytotoxic levels of glutamate as described in, e.g., Shih et

al., J. Neurosci, 2005, 25(44):10321-35. Additionally, cell viability may also be

assessed in assays in which cell death is induced by oxidative damage, for example,

by the addition of glucose oxidase to astrocyte cell cultures, as described in, e.g.,

Calabrese et al., J. Neuresci. Res., 2005, 79:509-521. In vivo assays may be

performed as described in, e.g., Misgeld, Histochem. Cell Biol., 2005, 124:189-196.

[0102] The amount of the reporter gene expressed can be determined by any

suitable method. Expression levels, at the RNA or the protein level, can be

determined using routine methods. Expression levels are usually scaled and/or

norrealized per total amount of RNA or protein in the sample and/or a control, which is

typically a housekeeping gene such as actin or GAPDH. RNA levels are determined

by quantitative PCR (e.g., ET-PCR), Northern blotting, or any other method for

‘ determining RNA levels, e.g., as described in Cloning: A Laboratory Manual, by

Sambrook et al. (eds), 2nd ed., Cold Spring Harbor Laboratory Press, 1989; Lodie et

al., Tissue Eng., 2002, 8(5):739-751); or as described in the Examples. Protein levels

are determined using, Western blotting, ELISA, enzymatic activity assays, or any other

method for determining protein levels as described in, e.g., Current Pretccols in

Meieculer Eielegy, by Ausubei et at. (eds), Jehn Wiley and Sens, 19%.

-24,
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[0103] Expression levels may also be determined using reporter gene assays in

cell/tissue extracts or by tissue or whole-animal imaging. 1 n addition to MRI, tissue

imaging on living animals can be performed by fluorescence detection (Hoffman

Lancet Oncol., 2002 3:546-556; Tung et al., Cancer Res., 2000, 60:4953-4958),

bioluminescence detection (Shi et al., PNAS, 2001, 98:12754-12759; Luke et al., J.

Virol., 2002, 76:12149-12161; and US. Patent Nos. 5,6i0,135 and 6,217,847),

positron emission tomography (Liang et al., Mol. Ther., 2002, 6:73-82, near-infrared

fluorescence (Tung et al., Cancer Res., 2000, 60:4953-4958), or X-ray imaging

(Hemminki et al., J. Nat. Cancer Inst., 2002, 94:741-749).

[0104] A neurological disease in methods 1-5 above can be a neurodegenerative

disease such as, for example, ALS, Parkinson's disease, Alzheimer’s disease, and

Huntington’s disease. The neurological disease can also be multiple sclerosis (MS),

or other demyelinating diseases of the central or peripheral nervous system. In some

embodiments the form of MS in methods 1-5 is selected from: relapsing remitting MS

(RRMS), secondary progressive MS (SPMS), primary progressive MS (PPMS), and

malignant MS (Marburg Variant).

[0105] The subject being treated or administered the compound as per methods

described herein, is a mammal in need thereof, such as a subject in need of

neuroprotection, including a subject who has or is at risk for developing a

demyelinating and another specified neurodegenerative disease. The subject is

mammalian, and can be a rodent or another laboratory animal, e.g., a non-human

primate. In some embodiments, the subject is human.

‘ [0106] Neurodegenerative diseases are described. in, for example,

Neurodegenerative Diseases: Neurobiology, Pathogenesis and Therapeutics, IVE. Flint

Beal, Anthony E. Lang, Albert C. Ludolph, Cambridge University Press (July 11, 2005).

Examples of neurological diseases suitable for the methods described herein include

neurodegenerative diseases such as amyotrophic lateral sclerosis (ALS), Parkinson’s

disease, Alzheimer’s disease, and Huntington’s disease. Other examples include

demyelinating neurological disease including, in addition to M8, the following

diseases: acute haemorrhagic leucoencephalomyelitis, Hurst’s disease, acute

,25,
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disseminated ancaphatnmyatttia, antic; neuritis, Qavic’a disease, sninat cent tastnna,

acute necmttztng myatttia, transversa myatEtis, chmntc nrngraasiva myatnnathy,

pragrasaéva muttttncat taukaancanhatnpathy (PML), radiatian myainaathy, BTU/4

aaanctataa myathaathy, mnhaphaata iaoiatan damyatinattnn, cantrat panttna

myattnntysts, and. iauannyatmphy tag, adtanhtaueattystmphy, matahhmmatic

taucnaysttnnhy. Krahha’a diaaaaa, Canavan’s disease, Ataxahdar’s diaeasag

Patizaauah’tartzanhar ctésaaaa, vanishing white matter tttaaaaas onutndahtaettgitat

Syndmn‘aa, Kettwagar‘a synctrarna), chronic tnttammatnry damyatinating

pntynaumpathy {CtQP}, acute inflammatary ctamyatinattng natynaumpathy {A539},

Lahar’a antic atmahy, anti Charcnt—Martanmnth disaaaa.

{MSW} Andittnnat axampias at diaaaaaa auttahta far tha mathnda described herein

tnctude hatynauntta and mitechanttnat dtaanttars with damyettnattnn. Thane dtsnraara

may ha nn—hrasantea with, and anaaihty aggravated by dtahataa, a.g.,

inauttnuaepandant diabetes; matittua (SQSM; type 5 aiahatas), 0r athar diaaaaas.

gntna} A test campauna may he turthar assayed in an antmat madat at MS, knnwn

as Exparimantat Autnémmuna Encanhatnmyatitis {WE} {Tunhy at at, J. tmmunni.,

$88, 1413:1264 138, that at at. J. immanent, 1984, 132223932401, and Traagatt,

Catt tmmunnt., t§8§ t tan 1442a). Chrnnin ratapsing EAE pravtdas a wait aatahtishaa

axparfimantat medat has" tasting agents that wantd ha uaatat tnrtha treatment at MS.

The mnuaa EAE Ea an induced ahtntmmuna damyattnating dtaaaaa with many

atmitaritiaa tn human MS in its citntnat manttaatattnna. tn hath EAE and M23, cttntnat

déaaaaa Ea aasnstatatt with htana~hratn barrier {BBB} dyafunntian, tnt‘sitratinn at cantrat

newaua ayatam by mannnuntaar natta (mainty maamphagaa and T tymnhanytaa, aha

serum arafiucta), and damyattnatinn {Baker at at. J. Naumtmmunnt., ”E9336, 282231;

Batter at at., J. Newest Sci, tam; “£9449; Harris at at, Ann. Naurai., tat‘tt, 2§;548;

Karmanda at at, grain: tggfig tt3:tdt?’?).

{313$} Cttntcat signs at MS and damyaiinating aathntngy in EAE rasutt tram

tmmunizattnn with CNS myattn prataina ht pantidaa tag, MBP, PLPE and MSG) unites“

Th1 anndtttnna (attest immunization madat), at by adhntiva transtar at CNS

antigen—apacific Th”! satta (aanntiva tranafar madai) {Bantam at at, Eur. J. tmmunnt.,

Egg-L
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1981, 11:195-199; Ando etal., Cell lmmunol., 1989, 124:132-143; Zamvil etal.,

Nature, 1985, 317:355-358; Zamvil et al., Ann. Rev. lmmunol., 1990, 81579-621). For

example, in the SJL mouse model of EAE, immunization with the CNS peptide PLP

139-151 or adoptive transfer of PLP-specific Th1 cells results in a disease course

consisting of an acute phase with loss of tail tone on day 10 to day 12, followed by

hind limb paralysis and CNS mononuclear cell infiltration (Tuohy et al., J. lmmunol.,

1988, 141:1126-1130, Sobel et al., J. lmmunol., 1984, 132:2393-2401, and Traugott,

Cell lmmunol., 1989, 119:114-129). Resolution of clinical signs and recovery occurs

on day 20 to day 25 and the animals may undergo several more relapses less severe

than the initial phase. EAE has been used to evaluate new therapeutic approaches to

T-cell-mediated autoimmune disease because of the clinical and histopathological

similarities to the human demyelinating MS.

[0110] The ability of a compound to slow or prevent neurodegeneration (including

demyelination and neuronal death) can be assessed in the EAE model or another

animal model, including for example, Thieler’s murine encephalomyelitis virus

(TMEV)—induced demyelinating disease, murine hepatitis virus (MHV), Semliki Forest

Virus, or Sindbis virus as described in, e.g., Ercoli et al., J. immunol., 2006,

175:3293-3298.

[0111]A compound may be optionally tested in at least one additional animal

model (see, generally, Immunologic Defects in Laboratory Animals, eds. Gershwin et

al., Plenum Press, 1981 ), for example, such as the following: the SWR X NZB (SNF 1)

mouse model (Uner et al., J. Autoimmune Disease, 1998, 11(3):233-240), the KRN

transgenic mouse (K/BxN) model (Ji et al., lmmunol. Rev., 1999, 692139); NZB X NZW

(BNV) mice, a model for SLE (Riemekasten et al., Arthritis'Rheumq 2001,

44(10):2435-2445); the NOD mouse model of diabetes (Baxter et al., Autoimmunity,

1991, 9(1):61-6?), etc.); or mouse models of multiple sclerosis (see, e.g., Linker et al.,

Eur. J. lmmunol., 2002, 8(6):620-624, and Eugster et al., Nat. Med, 1999, 29828832;

and Gold et al., Brain, 2006, 129:1953-1971).

[0112] Preliminary doses, for example, as determined in animal tests, and the

scaling of dosages for human administration is performed according to art-accepted

“2?“
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ereerisee. Texicity end iherepeetie effieeey see he eertermihee ey sieneere

ehermeeeufieei preeedures Err eeii wheres er exeerimentei enimeis, e.g., fer

determierrrg the L959 {the dese iethei is 53% ef the eeeufietien) end the E350 (She sese

therepeetieeiiy effective Err 59% er the eeeufistien). The dese retie between texie end

thereeeetis effects is the therapeutic index end it ear: ee expressed as the retie

LDggIEDSQ. Err seme emhedimerr’re cemeesitéees that exhreit Serge therapeutic éeeiees

are used“

{(31 13} The ihereeeetéseiiy efieetive eese can be estimeree initieiiy hem eeEE mature

essays. A eese may he fermeieted in enimefi medeis re eehieve e (simmering piesrrre

eeneentretiee range that éeeiedee the 5659 (ie, 1rhe eeneeniretien ef the therapeeris

eemeeurrd whieh achieves e heifmeximei Ehhibififien ef eymetems) as determined Sh

eeSE eeirure essays er enimei medere. Levers in e§eeme may he measured, fer

exemeie, by ELiSA er HPLCI. The efieete er ehy eefiieuier desege see he meeiteree

by e suiteeie hieessey. Exemeies ef deseges ere: eeeer {3,1 x £059, eheet 0,5 x 5653,

eheet 1 x Eng, eeeer e x rem, m x K350. eheut 5% x ing}: see sheer me x E853.

[$1 ’34} The date eeteirree here the Err vitre essays er enimei studies eerr he used in

fermeietéeg a range ef eeseges fer use in humane. Thereeeetieehy effective deseges

eehievee Eh erre eeimeé medei see he eerrverted fer use in enether enémei, ieeiudieg

humeesi using eehversierr renters knewe in the ert (see, e.g., Freireieh er eh, Cancer

Chemether. Reperte, 153663 5%{4}:21§~244 end Tehfie 2 fer Eeuiveieht Surface Area

Desege Feeters).

-23..
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Table 2

 
  

 

 
 
 

  

 
Dog 3 HumanMouse Rat 3 t‘étehhey

‘ (8kg) 3 twee{see (1509) tee-tee
 

   

{m 15} En eeme emhedtmehte the deeege as? such cemeeunde ties within a range at

etreutetthg eeheehtretiehe thet ihetucte the E52350 with tittie er he textetty. Eh eeme

emhedimehte the eeeege vertee wtthih thte rehge depending upeh the deeege term

emeteyect end the mute e? edmintettetteh htttieee° Geheretty, e theteeeutieeity

effective emeuht may very with the euhjeet’e age, eehdttteh, ehtt eex, ee wett as the

severity at the meeieet eeheitieh in the subject. Exemptee ef hhermeeeutieetty

eeeeptehie eeeegee fer eemeeuhde described hereth ere them 1 egfkg te 25 mgikg,

deeeheihg en the cemeeuhee, severity ef the eympteme end the pregreeeieh ef the

déeeeee, “the eeerephete thereeeetieefty efieetive eeeee can he eeteeted by e treetthg

etihieieh end in eeme embedimehte range eeerextmetety hem “E egikg te 2t} mgihg,

hem “t gig/kg te ti) mglhg, fresh 1 eglkg te ’t mgikg, frem 1C: hgfkg te “t thglttg, hem ti}

egikg te mt} egikg, hem mt) pg ta 1 mg/kg. Addtttehetty, eer‘teéh epeethe deeegee are

indicatee th the Exemhieeg

{Qt “£53 Fer EMF er MMF, an effective amount can range from 1 mg/kg to 50 mg/kg

tee, hem 2.5 neg/kg te 2G mgikg er hem 2,5 mgikg te “$5 mgikg). Efieettve {teeee Witt

etee very. as recognized by theee ehitiee th the eat, eeeehdeht eh mute et

-29-
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administration, excipient usage, and the possibility of co-usage with other therapeutic

treatments including use of other therapeutic agents. Fer exempie, an effective tiese

ef Dix/ii: er MMR te he administered te e subject ereiiy can he hem sheet ()3? g te “i g

perpey,2§@rhgheaheetefifirhgperdeyieg”theneheut24firhgteeheet?2erhg

perday;erheeiaheet48firhgteaheet?29rngperdey;eraheet?29thgpereey)

Fer exampie, the fit) mg per day may he administered in separate administratiehs Of

2, 3, it, er ‘5 eeuei deees.

{Si 1?} The eesege may he determined by a physician erect ediested, es necessary,

te suit ehservee effects et the treatment. The cempesttierts may he given es e heius

dese, te maximize the Circuieting ieveis fer the greatest tehgth ei time setter the dese.

Centieeeus intesieh they eise he used after the heies dese.

{(31 133 ie seme embedimehts, eempesitiehs used it“: the methede described herein

further cemprise e pharmeeeuticeity ecseptehie excipient, As used herein, the phrase

“pharmaceutically acceptable excipient” refers to any and all solvents, dispersion

media, coatings, antibacterial and antifungal agents, isotonic and absorption delaying

agents, and the like, that are compatible with pharmaceutical administration. The‘use

of such media and agents for pharmaceutically active substances is well known in the

art. The compositions may also contain other active compounds providing

supplemental, additional, or enhanced therapeutic functions. The pharmaceutical

compositions may also be included in a container, pack, or dispenser together with

instructions for administration.

[01 191A pharreaceutical composition is formulated. to be compatible with its

intended route of administration. Methods to accomplish the administration are known

in the art. "Administration" is not limited to any particular delivery system she may

include, without limitation, parenteral (including subcutaneous, intravenous,

intramedullary, intraarticular, intramuscular, or intraperitoneal injection), rectet, tepicai,

transdermal, or oral (for example, in capsules (e.g., as, poweder, granules,

microtablet, micropellets, etc.), suspensions, or tablets). Exempies et seme et

termuietichs centeihing DMF emitter ivttvti‘ are giver: e, e.g., US Patents Nee.

6,55%,37‘h, and 6,438,992.

-39..
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[0120] Administration to an individual may occur in a single dose or in repeat

administrations, and in any of a variety of physiologically acceptable salt forms, and/or

with an acceptable pharmaceutical carrier and/or additive as part of a pharmaceutical

composition. Physiologically acceptable salt forms and standard pharmaceutical

formulation techniques and excipients are well known to persons skilled in ti’ée art.

[0121] The following Examples are intended for illustrative purposes and do not

limit the inventions claimed.

EXAMPLES

Esampte “t

[0122] Human colon carcinoma GLD1 cells were treated with DMF or MMF at

indicated concentrations (5, 15, or 50 uM) for 16 hours, rinsed with PBS, and

harvested into reducing SDS sample buffer. The lysates were subjected to SDS

PAGE and the separated proteins were electrophoretically transferred onto

nitrocellulose membranes for Western blot analysis. To detect Ner and N001, the

membranes were incubatedwith the respective primary antibodies overnight at 4°C,

washed, and incubated with peroxidase-conjugated secondary antibodies followed by

the chemiluminescent peroxidase substrate. Detection of the target erotein band

luminescence and image acquisition were done using COD-equipped imaging station

Kodak2000R. The results shown in Figure 1, demonstrate that DMF and MMF are

potent activators of $3er at ccncentrstiens within clinical exposure range.

Example 2

[0123] DLD1 cells were grown in MEM supplemented with 10% fetal bovine serum.

The cells were transfected with the indicated siRNA's using the Lipofectamine reagent

(Invitrogen) according to the manufacturer's instructions and 30 hrs later stimulated

with 30 [1M DMF for 40 hours. The cells were harvested and processed for Western

blotting analysis of Ner and N001 levels as described in fixample 1. Sources and

”33 F
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tbs identity of reagents used in Examséss ’3 and 2 are spacifies Tame 3 bass:

‘”m”?
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g asfibsdy smechmiagyg
wwwwwmgw « ‘ NQQ‘E misuse mmmisnai gsasts CmE gg g (Aismw g antibady gsiatechmmgy i

l V ,,,,,,,,,,,,,, M masses manscisnai Ambisn

  
 

 

 

 
g ‘ snssssy g
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g{aniisssss)
g (sasssseas) g““mmMnnnm »..__.5‘W“““““““

 

 
 

€€€%€‘;M-;mpm,WWW”u,m.

 

{@124} The resuéts am shews in Figure 2 (fsr sass sf representstias, the image of

the Western his: is turned ussids dawn} Tbs resuiis demanstrsts that ass

induced upregsisfiss sf NQQ‘E rsquirss Ner and can is: mimicked by sstivstian 9f
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Nrtzt tnmngn rsptassisn at Kaast. Tnsratas'a, BM? acts as an Na}? agantst causing

satintar assnmutatinn at Nrt2 and arts target gene axptassiane

Examata 3

{GtEfi} Far tndncttnn at EAE! mica rasstvaa sast Enjastians in tha flanks anti tait bass

91559 an M93 ssmss nanttda in PBS amutséfias in an aqua: vatums at ssmatata

Frauna’s actjnvant (CPA) nantatning Mynnaastannm tunersatasis H3YRA (Bites, Datrait

ME, USA) at a. finai snnsaatratian at 9‘5 mgirni. Twa injacténns at pertussis taxis {List

Béaiagisaé Lannratsnas Ens, Catitnrnta, USA; ass ng per mamas $.53») wars given an

days E3 and 2.

{612$} {IMF and MMF was ditntad En 2&3 at Q“Q8% Matnaaatfttga as vanista and

administarast by stat gavaga starting tram day 3 asst immunizatinn (at) nntit

tsrminattan. East: traatmant groan snaststan at 8 animats: vantcts atana as a negative

ssntmt, 5 mgikg batty waight {EMF twisa a stay, 15 mgikg Essay watgnt {EMF twisa a

day, 15 mgikg may weight MM? twisa a stay. The camsannds wars antainatt via

Fumaanartn AG. Qrat gavags was asaa ta ansnra saast {£03th and tn avaia

camaauna degradation.

{812?} Sninat cant tissuas wars fixed in 4% aarafarmataanyds and smnaanaa in

paraffin. Stinas wars asparatfiniasa and tshynratan in grades atsnnnt sntntinns.

Antigen ratratvat was nartnrrnsd by immatsing tna sttnss in it} ntM Citrata, pH as fat

2% mtnatas in a arassara saskar at 129 C (ti’assat, Saks Cfiamatian).

{@3283 tmmunnnistasnamtstty was asfiarmad natng the [Baits antastainsr as

fattaws. Enangannns naraxiaasa was quansésn by a 1i) minute incubatinn in 3% H292

I Matt‘sanat. The rabbit anti Nrtéii antinady @253 (ss~?22, Santa €3th Biatachnstagy)

was addad at a 1:253 aitntian in Data; Ditasnt with Baskgrannct Raansing Cnmasnants

(Saks a SSQEE) €329 antiaady was satastad using tna Envtaian anti rabbit amass

antymar~HRP (Data) amass; and DAB (Vastar Labs #SK-n’i G6} was usaa as tna

shramagants substrate. Maranamatns anaiysis at Nrt2 immanastatning was nsnarmaa

using EmagaJ snt'twats tram NEH thanzilrsninfathtgnviifgl).

{@329} Tina rasnints, shown in Fégntas 3 and st, natnnnstrata MM? and DMF

astivatian at Nrtfi in viva,

- 33 m

Page 43 of 150



Page 44 of 150

W9 200$;‘9fiE7596 PCT/USNSSI'GGMQZ

is; S’ *

[0130] All publications and patent documents cited herein are incorporated by

reference in their entirety. To the extent the material incorporated by reference

contradicts or is inconsistent with the present specification, the present specification

will supersede any such material.

”34..
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1. A methee at evaluating heurepreteetive prepertles et at least we test

compound, the method comprising:

a) contacting a cell with the at least one test compound,

b) determining whether the Ner pathway is upregulated in the cell,

c) determining whether the at least one test compound slows or prevents at

least one of demyelination, axonal loss, and neuronal death, and

d) selecting the test compound as a candidate for treating neurodegeneration

in a neurological disease it i} the hilt? pathway is upreguiated 8M,

aptiehaiiy,

e) further determining whether at least one of demyelination, axonal loss, and

neuronal death are prevented or slowed by the compound.

2. The method of claim 1, wherein the neurological disease is a

demyelinating disease.

3. The methee at claim 2, wherein the demyeiihatihg clisease is multiple

saieresis.

«it. Themethee at slaim l, whereih the cell in step a) is eehtaptett with a

plurality of test aampeurtds.

5. The methee pt claim 1, wherein the htrt2 pathway hptegeiatieh is

determihed hy the ieveis pt expressieh er activity at NQO‘l.

8. The methed at claim l, wherein the hlrf2 pathway is upregulated by at

least 36% as imileatea by me er mere at the teitowihg parameters:

-35..
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i) expression levels of at least one of endogenously produced and

exogenously introduced Nrf2;

ii) at least one of subcellular localization and nuclear translocation of Nrf2;

iii) the expression level of at least one gene under control of Nrf2;

iv) the level of Ner binding to the Nrf2-binding QNA siemont ARE;

v) the stability of Nrf2/Keap1 complexes; and

vi) modification levels of at least one protein selected from Keap1 and other

Nrf2/Keap1-associated proteins.

7. The method of claim 6, wherein the at least one gene under control of

Ner is an Nrf2-regulated reporter gene in an artificial reporter construct.

8. The method of claim 1, further comprising comparing the level of Ner

pathway upregulation by the at least oee test compound with the level of NH“? pathway

upregulation by at least one comparator compound.

9. The method of claim 8, wherein the at least one comparator compound is

selected from dimethyl fumarate and monomethyl fumarate.

10. The method of claim 1,wherein the at least one test compound has the

structure of Formula I.

“it. The method of cioim 1, wherein the at toast one test compound is

soieotod from fumario acid, its aaits, and turmeric acid derivatives.

12. The method of claim 1, wherein the at least one test compound is

chosen from FTY 720, ABT-874, GSK683699, NeuroVax, MLN 1202, interferon y,

TysabriTM, Rituxan, TV 5010, NBl-788, MBP8298. Cladribine, Teriflunomide,

Temsirolimus, and Laquinimod.

“35..
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13. A method of treating a mammal having a neurological disease,

comprising:

a) setecting a test compound according to the method of any one of claims

“MG, and

b) administering the selected test compound a mammal in need thereof,

thereby treating neurodagansratisn in the mammai.

14. A method of treating a mammal having a neurological disease by

combination therapy, the method comprising:

a) administering to the mammal a therapeutically effective amount of at

least one first compound that upregulates the Ner pathway, and

b) administering a therapeutically effective amount of at least one second

compound that does not upregulate the Nrf2 pathway.

15. The method of claim 14, wherein the at least one first compound is

selected from fumaric acid, its salts, and fumaric acid derivatives.

16. The method of claim 13 or 14, wherein the neurological disease is a

demyelinating disease.

1?. The method of claim 16, wherein the demyelinating disease is multiple

sclerosis.

_3?~
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SEQUENCE LISTING

<113> BIOGEN IDEC MA INC.

<1ZG> NRFZ SCREENING ASSAYS ApD RELATED METHODS AND
COMPOSITIONS

J 15).’\ 9..) L» O V ri O H (.3 C) ~J w
i .4 .4‘3

<140> PCT/usns/Goieaz
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<220>
<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<400> 6

agtcacagtg acttggcaaa atct 24

<210> 7
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<400> 7

agtcacagtg actcagcaga atct 24

<210> 8
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<400> 8

gctaatggtg acaaagcaac tttc 24

<210> 9
<211> 24
<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<400> 9

gctaatggtg acaaagcaac tttc 24

<210> 10
<211> 24
<212> DNA

<213> Artificial Sequence

<220§
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<223> /="Description of Artificial Sequence: Synthetic
construct"

<400> l4

cccaaccatg acacagcata aaag 24

<210> 15
<le> 9

<212> DNA

<213> Artificial Sequence

<220>
<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<220>

<221> modified_base
<222> (5)..(7)

<223> a, c, g, t, unknown or other

<400> 15

tgacnnngc 9

<210> l6

<211> 20
<212> DNA

<213> Artificial Sequence

<220>

<221> source

<223> /="Description of Artificial Sequence: Synthetic
construct"

<220>

<221> modified base
<222> (4)‘.(5)

<223> a, c, g, t, unknown or other

<220>

<221> modified_base
<222> (ll)..(13)

<223> a, c, g, t, unknown or other

<400> l6

taannatgac nnngcaaaaa 20

<210> l7
<211> 21
<212> RNA

<213> Artificial Sequence

<220>

<221> source
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<223> /="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> l7

ucauugaacu gcucuuuggu u 21

<210> 18
<211> 21

<212> RNA

<213> Artificial Sequence

<220>
<22l> source

<223> /="Description of Artificial Sequence: Synthetic
oligonucleotide"

<400> 18

gaauuaaggc gguuuguccu u 21
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Doc Code: CRF.TRNS.REQ PTO/SB/93 (03.10)
Document Description: Request for Transfer of a Computer Readable Form Approved for use through 02/28/2013. OMB 0651-0024

US. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Papenivork Reduction Act of 1995 no persons are required to respond to a collection of information unless it displays a valid OMB control number. \\\\w\

REQUEST FOR TRANSFER OF A COQPUTER READABLE FORM

U§DER 37 CFR1.821(e)

Filing Date:

Treatment for Multiple Sclerosis (As Amended)
The sequence information in the paper copy or PDF file of the Sequence Listing filed:

herewith;

[:1 as part of the originally-filed specification of this application;

D as a separate amendment filed on

for the above identified application, is identical to the sequence information in the

[3 only

last filed

I] other (specify second, third, fourth, etc.)

computer readable form which was filed on AU9U31712009 ,

in application number 12/526,296 filed “Mm?“‘§37“°)°a‘e’ ,

This computer readable form was compliant with 37 CFR 1.821-1.825, and applicant hereby requests

that it be used as the computer readable form for the present application, in accordance with 37 CFR

1.821 (e).

The above referenced paper copy or PDF file of the Sequence Listing contains no new matter.

 
A sequence listing text file submitted via EFS—Web that complies with the requirements of 37 CFR 1.824(a)

(2)—(6) and (b) (i.e., is a compliant sequence listing ASCII text file), serves as both the paper copy required
by 37 CFR 1.821 (c) and the CRF required by 37 CFR 1.821(e). If a user submits a compliant sequence

listing ASCII text file via EFS-Web, the US. Patent and Trademark Office will not carry out a request to use a

compliant computer readable “Sequence Listing” that is already on file for another application pursuant to 37

CFR 1.821(e) but will use the sequence listing submitted with the application as originally filed via EES-Web.

”put

It is understood that upon the transfer of a copy of the computer readable form to this application,the
US. Patent and Trademark Office will update the copy of the computer readable form to reflect the

application number and filing date for this application.

_ Signature

, I‘lfiwttii‘yped) MarSha A' Rose Registration Number 58’403

  
This collection of information is required by 35 U.S.C. 119, 37 CFR 1.55, and 37 CFR 1.102(d). 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 2 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, US. Patent and Trademark
Office, U.S. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS.
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: To be assigned

LUKASHEV et al. Art Unit: To be assigned

Appl. No.2 T0 be assigned

(Continuation oprpZ. No. 12/526, 296, :

§ 371(c) Date: January 13, 2011) Examiner: To be assigned

Filing Date: Herewith Atty. Docket: 2159.3210002/JMC/MRG/U—S

For: Treatment for Multiple Sclerosis

(As Amended)

PrefiiminaryAmendment tinder 37 {ERR § L115

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

Sir:

In advance of prosecution, Applicants submit the following amendments and

remarks.

Amendments to the Specification begin on page 2 of this paper.

Amendments to the Claims are reflected. in the listing of claims which begins on

page 3 of this paper.

Remarks and Arguments begin on page 6 of this paper.

It is not believed that extensions of time or fees for net addition of claims are

required beyond those that may otherwise be provided for in documents accompanying

this paper. However, if additional extensions of time are necessary to prevent

abandonment of this application, then such extensions of time are hereby petitioned

under 37 C.F.R. § 1.136(a), and any fees required therefor (including fees for net

addition of claims) are hereby authorized to be charged to our Deposit Account No.

19-0036.
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Amendments to the Claims

This listing of claims will replace all préor versions, and listings, of claims in the

application.

1-1 7. (Cancelled)

18. New) A method of treating a subject in need of treatment for multiple sclerosis

19.

20.

21.

22.

23.

Page 60 of 150

comprising orally administering to the subject in need thereof a pharmaceutical

composition consisting essentially of (a) a therapeutically effective amount of

dimethyl fumarate, monomethyl fumarate, or a combination thereof, and (b) one

or more pharmaceutically acceptable excipients, wherein the therapeutically

effective amount of dimethyl fumarate, monomethyl fumarate, or a combination

thereof is about 480 mg per day.

(New) The method of claim 18, wherein the pharmaceutical composition is

administered in the form of a tablet, a suspension, or a capsule.

(New) The method of claim 18, wherein the therapeutically effective amount is

administered in separate administrations of 2, 3, 4, or 6 equal doses.

(New) The method of claim 20, wherein the therapeutically effective amount is

administered in separate administrations of 2 equal doses.

(New) The method of claim 20, wherein the therapeutically effective amount is

administered in separate administrations of 3 equal doses,

(New) The method of claim 18, wherein the pharmaceutical composition consists

essentially of dimethyl furnarate and one or more pharmaceutically acceptable

excipients.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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24. (New) The method of claim 18, wherein the pharmaceutical composition consists

essentially of monomethyl fumarate and one or more pharmaceutically acceptable

excipients.

25. (New) The method of claim 18, wherein the pharmaceutical composition is

administered to the subject for at least 12 weeks.

26. (New) The method of claim 23, wherein the therapeutically effective amount is

administered to the subject in 2 equal doses.

27. (New) The method of claim 26, wherein the therapeutically effective amount is

administered to the subject for at least 12 weeks.

28. (New) A method of treating a subject in need of treatment for multiple sclerosis

consisting essentially of orally administering to the subject about 480 mg per day

of dimethyl fumarate, monomethyl fumarate, or a combination thereof.

29. (New) The method of claim 28, wherein about 480 mg of dimethyl fumarate per

day is administered to the subject.

30. (New) The method of claim 29, wherein the dimethyl fumarate is administered in

separate administrations of 2 equal doses.

31. (New) The method of claim 29, wherein the dimethyl fumarate is administered in

separate administrations of 3 equal doses.

32. (New) A method of treating a subject in need of treatment for multiple sclerosis

comprising orally administering to the subject a pharmaceutical composition

consisting essentially of (a) a therapeutically effective amount of dimethyl

fumarate and (b) one or more pharmaceutically acceptable excipients, wherein

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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the therapeutically effective amount of dimethyl fumarate is about 480 mg per

day.

33. (New) The method of claim 32, wherein the dimethyl fumarate is administered in

separate administrations of 2 equal doses.

34. (New) The method of claim 18, wherein the expression level of NQOl in the

subject is elevated after administering to the subject the therapeutically effective

amount of dimethyl fumarate, monomethyl fumarate, or a combination thereof.

35. (New) The method of claim 28, wherein the expression level of NQOl in the

subject is elevated after administering to the subject about 480 mg per day of

dimethyl fumarate, monomethyl fumarate, or a combination thereof.

36. (New) The method of claim 32, wherein the expression level of NQOl. in the

subject is elevated after administering to the subject the therapeutically effective

amount of dimethyl fumarate.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Remarks

Upon entry of the foregoing amendment, claims 18—36 are pending in the

application, with claims 18, 28, and 32 being the independent claims.

Claims 1-17 are sought to be cancelled without prejudice or disclaimer thereof.

New claims 18-36 are sought to be added. Support for claims 18-36 is set forth in

Section I below.

I. Summam’ of the Claimed Subiect Matter

The claimed invention is generally directed to methods of 9% treating multiple

sclerosis (MS). MS is a chronic disease for which only a limited number of disease—

modifying treatment options are currently available, most of which are administered by

injection. Only one disease-modifying gral drug has been approved in the United States

and that has only recently been approved. In addition, not all MS drugs are indicated for

every MS patient. Furthermore, patients must carefully weigh the risks associated with

each drug at a given disease state. It is very clear that additional medications are needed

to provide better life quality and reduced risk of disability for MS patients. Oral MS

medications with favorable safety profiles are particularly desired. Applicants' invention

satisfies this desire.

Applicants disclose a method for treating a neurological disease with at least one

fumaric acid derivative, including dimethyl fumarate (DMF) or monomethyl fumarate

(MMF), as "method 4" in paragraph [0009], lines 9-11 and paragraphs [0062-0063] of

the specification. The application discloses that "[i]n some embodiments the

neurological disease is MS or another demyelinating neurological disease."

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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(Specification, p. 4, paragraph [0010]) (emphasis added). Applicants also discussed a

MS animal model, Experimental Autoimmune Encephalomyelitis (EAE), in paragraphs

[0108] and [0109], as well as Example 3. Therefore, MS is supported in the application.

Additionally, Applicants disclose that DMF and/or MMF are effective in treating

MS. For example, DMF and MMF are listed as specific examples of neuroprotective

compounds. (Specification, p. 13, paragraph [0063].) Specifically, the specification

indicates that

[i]n some embodiments of method 4, a method of treating a

mammal who has or is at risk for a neurological disease is

provided. The methods comprises administering to the

mammal a therapeutically effective amount of at least one

neuroprotective compound which has Formula I, II, III, or

IV, e. g., a fumaric acid derivative (e. g., DMF or MMF).

(10') As such, DMF and MMF are specifically named in the application as compounds

effective in treating neurological diseases such as MS. Furthermore, the dosages

disclosed in paragraph [0116] of the application refer to the specific compounds "DMF"

and "MMF". Accordingly, Applicants teach that DMF and MMF are effective in treating

MS.

Applicants also disclose that orally administering 480 mg per day of DMF and/or

MMF is effective in treating MS. (Specification, p. 30, paragraph [0116].) Specifically,

the specification discloses that

[a]n effective dose of DMF or MMR [sic] to be

administered to a subject orally can be from about 0.1 g to

1 g per pay [sic], 200 mg to about 800 mg per day (e.g.,

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S

Page 64 of 150



Page 65 of 150

— 8— LUKASHEVet al.

Appl. No. T0 be assigned

from about 240 mg to about 720 mg per day; or from

about 480 mg to about 720 mg per day; or about 720 mg

per day).

(Id) (emphasis added). Because Applicants teach 480 to 720 mg/day, and further

disclose this dosage range as the most narrow range, it is clear that Applicants describe

orally administering 480 mg DMF daily to treat MS. See, e. g., In re Werthez'm, 541 F.2d

257, 191 U.S.P.Q. 90 (C.C.P.A. 1976).

The specification further discloses that the daily dose of DMF and/or MMF can

be administered in 2, 3, 4, or 6 equal doses. See, e.g, Specification, pp. 29—30, paragraph

[0116] ("[Fgor example, the 720 mg per day may be administered in separate

administrations of 2, 3, 4, or 6 equal doses") It is clear from the entire paragraph [0116]

that, although the above citation from the specification refers to 720 mg/day as an

example, the disclosure of multiple separate administrations equally applies to other

dosages, e.g., the 480 mg/day dose.

The specification further discloses that the expression level of NQOl is elevated

in viva after administration of DMF or MMF. See, e. g., original claims 1, 5, and l 1; p. 2,

paragraph [0006]; pp. 4-5, paragraph [0012]; pp. 22-23, paragraph [0092]; p. 31,

paragraph [0122], Example 1, Figure 1; p. 31-32, paragraph [0123], Example 2, Figure 2.

Accordingly, Applicants disclose treating a subject with MS by orally

administering 480 mg/day DMF and/or MMF to the subject.

Applicants' claimed method involves the @ administration of a specific daily

dose of about 480 mg/day of dimethyi fumarate (DMF) and/or monomethyl fumarate

(MMF) (the physiologically active metabolite of DMF). The claimed method has been

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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proven effective for the treatment of MS in human patients in two large-scale Phase 3

clinical studies (further discussed herein below). Quite surprisingly, it was found in

those clinical studies that the 480 mg/day dose is just as effective in treating MS as a

higher dose of 720 mg/day DMF. This is especially unexpected given the results of a

Phase 2 clinical study in which a dose of 720 mg/day DMF, but not a 360 rug/day DMF

dose, was found to be effective.

ESE. Patentabilifiv of the Claimed Invention

The prior art teaches that certain autoimmune diseases (e.g., MS) can be treated

with fumarates (e.g., DMF). See e. g., US. Patent Publication No. 2003/0018072 to Joshi

et al. ("Joshi") and Schimrigk et al., European Journal of Neurology 2006, 13(6):604-

610 ("Schimrigk"). However, the prior art does not teach or suggest a dose consisting

essentially of about 480 mg/day of DMF and/or MMF. Needless to say, the prior art

does not mention the efficacy of the 480 mg/day dose.

As mentioned above, it is unexpected that the dose of about 480 mg/day DMF

was similarly effective compared to the higher dose of about 720 mg/day. The evidence

of these unexpected results are provided in a declaration under 37 CFR § 1.132 of

Katherine T. Dawson, M.D. ("Declaration") previously filed on October 13, 2011, in

US. Patent Application No. 12/526,296, submitted herewith as Exhibit 1.

Biogen Idec MA Inc. ("Biogen Idec"), the assignee of the current application,

recently completed two pivotal Phase 3 placebo—controlled, double-blind, clinical

studies, "the DEFINE study" and "the CONFIRM study", which evaluated the

investigational oral drug candidate BG—12 (DMF as the only active ingredient) to treat

relapsing-remitting MS (RRMS).

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S

Page 66 of 150



Page 67 of 150

- 10- LUKASHEVei al.

Appl. No. To be assigned

Results of the DEFINE study are depicted in Figures 4-11 and Table 2 of the

Declaration. The results of the DEFINE study indicate that the dose of 480 mg/day

unexpectedly demonstrated significant efficacy on MS disease activity as measured by

the key clinical and MRI disease activity endpoints. (Declaration, pages 11—18, Figures

4-11; and page 20, Table 2.) Even more unexpected was the magnitude of the treatment

effect. Given that the dose typically impacts the efficacy, it was quite surprising that the

480 mg/day dose demonstrated similar efficacy to the higher 720 mg/day dose on both

clinical and MRI measures of MS disease activity — with a high level of statistical

significance. (Id. at page 19, paragraphs 13—15; and page 20, Table 2.)

Furthermore, the results of the second I’hase 3 study (CONFIRM) support the

first Phase 3 study. See Exhibit 2, which states "[r]esults of the CONFIRM study

showed that 240 mg of BG-12, administered either twice a day (BID) or three times a

day (TID), demonstrated significant efficacy and favorable safety and tolerability

profiles. Further analyses of the CONFIRM study are ongoing . . . ."

Therefore, the results of the DEFINE and CONFIRM studies indicate that the 480

mg/day DMF dose demonstrates efficacy in the DEFINE study, meeting all measured

endpoints with a high level of statistical significance. (See Declaration, page 16,

paragraph 16; see Exhibit 2.) Not only was the 480 mg/day DMF dose efficacious, but

th§fi_&Q.,msW9.§§§5§§§;zrisin 3'1ri..s1§m9.11§1ratcm.g12§.imilar,qffegaxenes.§._92_glini§alaridrMBl

measurmehdlssasgnaguVltwaSEQMEa/da»DMF (See Declaration, page 15,

paragraph 15.)

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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III. The Unexpected ResultsMust Be Given Substantial Weight: There is a
«mg-p: -,

Nexus Between the Supported Claims 18-36 and the Unexgected Results of

the QEFINE and CONFIRM Studies
 

Unexpected results of the claimed invention do not need to be included in the

specification for an Examiner to consider them. The MPEP at 716.01 (b) states that "[t]o

be given substantial weight in the determination of obviousness or nonobviousness,

evidence of secondary considerations must be relevant to the subject matter as claimed,

and therefore the examiner must determine whether there is a nexus between the merits

of the claimed invention and the evidence of secondary considerations.” (emphasis

added). Thus, according to the MPEP, the Examiner must consider whether there is a

nexus between the claimed invention and the unexpected results.

As mentioned above, the application teaches and fully supports the claimed

invention of treating MS using DMF and/or MMF at a dose of 480 mg/day. Thus, the

data from the DEFINE and CONFIRM clinical studies, which flow inherently from the

claimed invention, must be given substantial weight when considering the patentability

of claims 18-36.

IV. Summag

Based on the reasons set forth above, Applicants respectfully submit that the

present claims are patentable.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Conclusion

Prompt and favorable consideration of this Preliminary Amendment is

respectfully requested. Applicants believe the present application is in condition for

allowance. If the Examiner believes, for any reason, that personal communication will

expedite prosecution of this application, the Examiner is invited to telephone the

undersigned at the number provided.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C.

  
Marsha A. Rose

Attorney for Applicants

Registration No. 58,403

 
 

1100 New York Avenue, N.W.

Washington, D.C.20005-3934

(202) 371-2600

 

1481215_1.DOCX

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Codes of USPTO Patent Documents at www.uspto.gov or MPEP 901.04. 3 Enter Office that issued the document, by the two—letter code (WIPO Standard
ST.3). 4 For Japanese patent documents, the indication of the year of the reign of the Emperor must precede the serial number of the patent document. 5 Kind
of document by the appropriate symbols as indicated on the document under WIPO Standard ST. 16 if possible. 6 Applicant is to place a check mark here if
English [Faggqflanfaligfls attached,
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Doc Code: PD.TO.AUTH

Document Description: Authorization to access Appl. by Trilateral Office

PTO/SB/39 (07-09)
Approved for use through 07/31/2012. OMB 0651-0031

US Patent and Trademark Office; US. 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.

AUTHORIZATION TO PERMIT s
' Blécation Number To be assiflned

ACCESS TO APPLICATION BY MD, figrgvgfi‘l“
PARTICIPATING OFFtCES " ‘ “

Send completed form to: Commissioner for Patents

: PO. Box 1450, Alexandria, VA 22313-1450
Treatment for Multiple Sclerosis (As

{Required} Amended} 
The undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO), the

Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property
Office (WIPO), and any other intellectual property offices in which a foreign application claiming prioréty to
the above-identified patent application is filed access to the above-identified patent application. See
37 CFR 1.14(c) and (h).

In accordance with 37 CFR 1.14(h)(3), access will be provided to a copy of the above-identified application

with respect to: 1) the above—identified patent application-as-flled; 2) any foreign application to which the
above-identified patent application claims priority under 35 U.S.C. 119(a)—(d) if a copy of the foreign
application that satisfies the certified copy requirement of 37 CFR 1.55 has been filed in the above—

identified patent application; and 3) any US. application-as-filed from which benefit is sought in the above-
identified patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing the
Authorization to Permit Access to Application by Participating Offices.

This written authorization should be submitted prior to the filing of a subsequent foreign application, in

which priority is claimed to the above-identified patent application, with any intellectual property office (e.g.,
the EPO, JPO, KIPO, or DAS Accessing Office). However, if applicant does not wish the EPO, JPO, KIPO,
WIPO, or other intellectual property office in which a foreign application claiming priority to the above—
identified patent application is filed to have access to the above-identified patent application, this written
authorization should not be filed.

No fee will be charged under 37 CFR 1.19(b)(1) for providing a participating intellectual property office with
an electronic copy of the above—identified patent application.

This form must be signed by an authorized party in accordance with 37 CFR 1.14(c).

 
Signature

Marsha A. Rose
 

Printed or Typed Name 7 Telephone Number

Attome‘xk‘ for Applicants 5 8,403
Title Registration Number, if applicable

This collection of information is required by 37 CFR 1‘14(h). 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 111 and 1.14. This collection is estimated to take 6
minutes 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, US. Department of Commerce, PO. Box 1450, Alexandria, VA 22313-1450. DO NOT
SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1v800-PTO-9199 and select option 2.
14748{}2
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Substitute for form 1449/PTO Complete ifKnown

Titian snemanea‘wilier, *AEIcaWQbathgnd“““““““““““““'_
INFURMATIGN DISCLOSURE 3:53,me“IQYEEQL 1 MW, E LUK , SHEV
STATEMENT BY APPLICANT mm, _ Ubgfd

- (Usejés many sheet§g§_f!€?€ssaw) Examiner Na'r'fi? "Tab; assigned " '

 

 
Attorney DorclgetNurnbemHS 3mo27rMé7MliE/Ul’sw'

appropriate), title of the item (book, magazine, journal, serial, symposium, catalog,
etc), date, page(s), volume-issue number(s), publisher, city and/or country where

W_nn_§lli>l1§1ied W

E LANGNER, A., et al., "Results of a Phase 11 Study of a Novel Oral Fumarate,
BGOOOIZ, in the Treatment of Severe Psoriasis," European Congress on Psoriasis,
October 21-24, 2004, Paris, France

LANGNER, A., et al., "The Efficacy and Safety of a Novel Oral Formulation of i
Dimethylfilmarate, BG00012, in Patients with Severe Psoriasis: Results of a Phase 2

i Dose-Finding and Safety Extension Study," 3rd Spring Symposium of the European
Acadernmngfngcmat019aandVeneanEADV)ZWaBukana

LANGNER, A., et al., "Oral Fumarate for the Treatment of Severe Forms of
Psoriasis: Results of a Phase 11 Clinical Study," 2nd Spring Symposium of the

European Academy of Dermatology and Venerology (EADV) April 29-May 1, 2004,
BudmfluaeanWWmWW

LANGNER, A., et al., "Effects of a Novel Oral Fumarate, BG00012, in Patients with
Severe Psoriasis: Results of a Phase 2 Study," 13th Congress of the European

5 Academy of Dermatology and Venerology (EADV), November 17—21, 2004,
F19£§n061£a1y

a LANGNER, A., et al., "Efficacy and Safety of a New Oral Formulation of Fumaric
NPL332 Acid Ester for the Treatment of Moderate to Severe Psoriasis," 10th International

‘ Psoriasis Symposium, June 10-13, 2004, Toronto, Canada

NPL328
 

1
NPL329

 
 

l NPL330  
 
 

NPL331

  

  

‘T HART et al., "Modelling of multiple sclerosis: lessons learned in a non-human
NPL333 primate," The Lancet Neurology 3(10):588-597, Elsevier Ltd. (2004)

NPL334 Office Action mailed July 13, 2011, in us. Application No. 12/526,296, Lukashev et
1 £21., § 371(c) Date: January 13, 2011  

!

Office Action mailed December 15, 2011, in US. Application No. 12/526,296,

  

 
, Lukashev et al., § 371(c) Date: January 13, 2011

“““““““I ‘ fiifiéEEy—éfifisefcty siua§‘5i'ora“i§aac‘512'witt‘xeiitgie‘iéiigiizg‘mReiaggi‘i‘i'g"?""““
NPL33 6 Remitting Multiple Sclerosis (CONFIRM)," ClinicalTrials.gov, accessed at

: http://www.clinicaltrials.gov/ct2/show/NCTOO451451?term=bg00012&rank=8, first
creceivedonMarch21229ngingaeng ...... ........
  

1476793_1.DOCX

 

t Examiner E | Date:; Signature , Considered E. .. :
Wifiwcfimmmmfifia“ , M((;.\‘“~\WWW...(.‘«M‘

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Electronic Patent Application Fee Transmittal

Title of Invention: Treatment for Multiple Sclerosis

First Named Inventor/Applicant Name: Matvey E. LU KASH EV

Attorney Docket Number: 2159.3210002/JMC/MRG/U-S

Filed as Large Entity

Trackl Prioritized Examination - Nonprovisional Application under 35 USC 111(a) Filing Fees

Sub-Total in

USD($)

Request for Prioritized Examination 1817 1 4800 4800

Miscellaneous-Filing:

Description Fee Code Quantity 
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Sub-Total in
Descri tion Fee Code uantit

PUbI. Fee- early, VOIuntary’ or normal 1504

Processmg Fee except for PrOVIs apps 1808 1 130 13

Patent-Appeals and-Interference:

Post-AIIowance-and Post Issuance

Extension-of—Time:

Total in USD (5) 6480
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Electronic Acknowledgement Receipt

12062982

13372426

5998

Application Number:

International Application Number:

Confirmation Number:

Title of Invention:

First Named Inventor/Applicant Name:

Customer Number:

Filer Authorized By:

Attorney Docket Number:

Receipt Date:

Filing Date:

Time Stamp:

Application Type:

Payment information:

Submitted with Payment

Payment Type

Payment was successfully received in RAM

RAM confirmation Number

Deposit Account

Authorized User

FHeLBfing:

Document cument Descri tion File Size(Bytes)/ Multi Pages
NumBage 75 Of 130 p Message Digest Part /.zip (if appl.)

Treatment for Multiple Sclerosis

—

Credlt Card

$6480

7068
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. 9107980
2159_3210002_Transm|ttals.

399c6ab409183eea5d082989ecc31leb4f7
ddeée

Multipart Description/PDF files in .zip description

Transmittal of New Application

TrackOne Request

Authorization for Extension of Time all replies

_\ 0Application Data Sheet

_\ _\ _\ NOath or Declaration filed

_\ W _\ W

_\ J> J> \lSpecification

U1 _\ U1 J>Drawings-only black and white line drawings

U1 U1Sequence Listing

01 _\ O1 _\Request for Transfer ofa Computer Readable Form

01 N 01 NPreliminary Amendment

01 W 01 WSpecification

01J;

01 \l \l WApplicant Arguments/Remarks Made in an Amendment

\I J> \l J>Authorization to access Appl. by Trilateral Office

Information:
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11542820

2159_3210002_lDS.pdf 52509b3af6d8ed3defc2e3ba9227626097f
6:53

Multipart Description/PDF files in .zip description

Transmittal Letter

Information Disclosure Statement (IDS) Form (SB08)

_\ 00Transmittal Letter

19

-_

N U1Information Disclosure Statement (IDS) Form (SB08)

Information Disclosure Statement (IDS) Form (SB08)

U1 O1 01 WTransmittal Letter

01J> O1 J>Information Disclosure Statement (IDS) Form (SB08)

01 U1Information Disclosure Statement (IDS) Form (SB08)

\l J>Transmittal Letter

\l U1 \l U1Information Disclosure Statement (IDS) Form (SB08)

Information:

442101

Non Patent Literature NPL328_Langner_2004.pdf
Oeda15f90f2366826d8ce9b3f81642d2a31c

5720

Information:

Non Patent Literature NPL329_Langner.pdf
87d8cd80562b4d6bbe2c3c0bf346828625d

a994a

Information:

504989

Non Patent Literature NPL330_Langner.pdf
7e1 b1 d0e979bfeee755ac3b424c93a58761

704b4

Information:
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443315

Non Patent Literature NPL331_Langner_2004.pdf efSaac34c39d9ced672ae35671dcec1d6b6
10ab5

Information:

439432

Non Patent Literature NPL332_Langner_2004.pdf 11130131367991122895a8813b443ea110e4
78eace

Information:

1707370

Non Patent Literature NPL333_Hart_2004.pdf f3ae7e96a970dd501c57186151b0f707535
e76b9

Information:

294656

Non Patent Literature NPL334_OA_12526296.pdf aanead73b64cbc0d235832ebe5e4a0780 =
65e42

Information:

339180

Non Patent Literature NPL335_FOA_12526296.pdf 0b10f24ae2624953ca32d3d50966af03904
1edc

Information:

215299

Non Patent Literature NPL336_CONF|RM_2007.pdf 2bd45de0988f040079653df7a9f16a6c67a7
48d7

Information:

Fee Worksheet (SBO6) fee-info.pdf 16e2286fe3e5f19a2607f1a93c1a624fea7b ‘
8135
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO ofthe 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

lfa 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

lfa 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

lfa 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 ofthe 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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MARSHA A. ROSE

DIRECTOR

(202] 772-8692
MROSE@SKGF.COM
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February 13, 2012

Commissioner

PO Box 1450

for Patents

Alexandria, VA 22313 - l 450

Re:

Sir:

U.S. Non-Provisional Utility Patent Application under 37 C.F.R. § 1.53(b)

(Continuation oprpl. No. 12/526,296; § 3 71(c) Date: January 13, 2011)

Appl. N0. To be assigned; Filed: Herewith

For: Treatment for Multiple Sclerosis (As Amended)
Inventors: LUKASHEV et al.

Our Ref: 2159.3210002/JMC/MRG/U-S

The following documents are transmitted herewith for appropriate action by the US.
Patent and Trademark Office:

1.

2.

:::5.5E"51E':‘:':l. E:L:':::'2-Ei:*:Pag880 01.1.50 ‘. l '5:

Utility Patent Application Transmittal Form (PTO/SB/OS);

Online Credit Card Payment Authorization for $6,480.00 to cover:

$1,250.00 Patent Application fees (including basic filing, search, and

examination fees);

$4,800.00 Prioritized Examination Fee;

$300.00 Publication Fee; and

$13 0.00 Processing Fee.

Certification and Request for Prioritized Examination Under 37 CPR.

§ 1.102(e);

Authorization to Treat a Reply As Incorporating An Extension of Time

Under 37 C.F.R. § 1.136(a)(3);

U.S. Utility Patent Application entitled:

Treatment for Multiple Sclerosis (As Amended)

and naming as inventors:

 

  
 

  

~‘ \ m N‘:
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Commissioner for Patents

February 13, 2012

Page 2

Matvey E. LUKASHEV and Gilmore O'NEILL

the application consisting of:

a. An Application Data Sheet (37 C.F.R. § 1.76);

b. Copy of an executed combined Declaration and Power of Attorney

filed in US. Application No. 12/526,296;

c. A specification containing:

i. 34 pages of description prior to the claims;

ii. 3 pages of claims (17 claims);

iii. a one (1) page abstract;

d. 4 sheets of drawings (Figures 1-4); and

e. Sequence listing;

6. Request for Transfer of a Computer Readable Form Under 37 C.F.R.

§ 1.821(e);

7. Preliminary Amendment Under 37 C.F.R. § 1.115;

8. Authorization to Permit Access to Application by Participating Offices

(PTO/SB/39);

9. Information Disclosure Statement (IDS);

10. IDS Form PTO/SB/O8a (1 page);

11. First Supplemental Information Disclosure Statement;

12. First Supplemental IDS Form PTO/SB/08a (7 pages);

13. First Supplemental IDS Form PTO/SB/08b (30 pages);

14. Second Supplemental Information Disclosure Statement;

15. Second Supplemental IDS Forén PTO/SB/08a (1 page);

16. Second Supplemental IDS Form PTO/SB/08b (4 pages);

17. Third Supplemental Information Disclosure Statement; and

“i .31.. \ in :\'§
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Commissioner for Patents

February 13, 2012

Page 3

18. Third Supplemental IDS Form PTO/SB/O8b (1 page) with 9

accompanying documents (NPL328-NPL336).

The above-listed documents arefiled electronically through EFS-Web.

Fee payment is provided through online credit card payment. The US. Patent and

Trademark Office is hereby authorized to charge any fee deficiency, or credit any overpayment,

to our Deposit Account No. 19-003 6.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C.

 
Marsha A. Rose

Attorney for Applicants

Registration No. 58,403
MRG/U—S :enm

Enclosures

1474804_1.DOCX
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: To be assigned

LUKASHEV et a1. Art Unit: To be assigned

Appl. No.: To be assigned

(Continuation oprpl. No. 12/526, 296;

§ 371(c) Date: January 13, 20] I) Examiner: To be assigned

Filed: Herewith Atty. Docket: 2159.3210002/JMC/MRG/U-S

For: Treatment for Multiple Sclerosis ‘
(As Amended)

First Snppiementai information Disclosure. Statement

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313—1450

Sir:

Listed on accompanying IDS Forms PTO/SB/O8a equivalent and/or PTO/SB/08b

equivalent are documents that may be considered material to the patentability of this

application as defined in 37 Ci .R. §l.56, and in compliance with the duty of disclosure

requirements of 37 C.F.R. §§ 1.97 and 1.98.

Where the publication date of a listed document does not provide a month of

publication, the year of publication of the listed document is sufficiently earlier than the

effective U.S. filing date and any foreign priority date so that the month of publication is

not in issue. Applicants have listed publication dates on the attached IDS Forms based

on information presently available to the undersigned. However, the listed publication

dates should not be construed as an admission that the information was actually

published on the date indicated.
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Applicants reserve the right to establish the patentability of the claimed invention

over any of the information provided herewith, and/or to prove that this information may

not be prior art, and/or to prove that this information may not be enabling for the

teachings purportedly offered.

This statement should not be construed as a representation that a search has been

made, or that information more material to the examination of the present patent

application does not exist. The Examiner is specifically requested not to rely solely on

the material submitted herewith.

Applicants have checked the appropriate boxes below.

El 1. Statement under 37 C.F.R. 1.704(d). Each item of information contained in this

Information Disclosure Statement was first cited in a communication from a

foreign patent office in a counterpart application and this communication was not

received by any individual designated in 37 C.F.R. § 1.56(c) more than thirty

days prior to the filing of this information disclosure statement.

2] 2. Filing under 37 C.F.R. § 1.97(b). This Information Disclosure Statement is being

filed within three months of the date of filing of a national application other than

a continued prosecution application (CPA), OR within three months of the date of

entry of the national stage as set forth in 37 C.F.R. § 1.491 in an international

application, OR before the mailing date of a first Office Action on the merits OR

before the mailing of a first Office Action after the filing of a request for

continued examination under 37 C.F.R. § 1.114. No statement or fee is required.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Filing under 37 C.F.R. § l.97(c). This Information Disclosure Statement is being

filed more than three months after the US. filing date AND after the mailing date

of the first Office Action on the merits, but before the mailing date of a Final

Rejection, or Notice of Allowance, or an action that otherwise closes prosecution

in the application.

D a. Statement under 37 C.F.R. § l.97(e)(1). I hereby state that each

item of information contained in this Information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than

three months prior to the filing of this Information Disclosure

Statement. 37 C.F.R. § l.97(e)(1).

D b. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item

of information in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 CPR.

§ 1.56(c) more than three months prior to the filing of this

Information Disclosure Statement. 37 CPR. § 197(c)(2).

[:1 c. Attached is our PTO—2038 Credit Card Payment Form in the

amount of $180.00 in payment of the fee under 37 CPR. §

l.17(p).

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being

filed more than three months after the US. filing date and after the mailing date

of a Final Rejection or Notice of Allowance, but on or before payment of the

Issue Fee. Enclosed find our PTO—2038 Credit Card Payment Form in the

amount of $180.00 in payment of the fee under 37 C.F.R. § l.17(p); in addition:

I: a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each

item of information contained in this information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than

three months prior: to the filing of this Information Disclosure

Statement. 37 C.F.R. § l.97(e)(l).

I:I b. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item

of information in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 C.F.R. §

1.56(c) more than three months prior to the filing of this

Information Disclosure Statement. 37 C.F.R. § l.97(e)(2).

The document(s) was/were cited in a search report by a foreign patent office in a

counterpart foreign application. Submission of an English language version of

the search report that indicates the degree of relevance found by the foreign office

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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is provided in satisfaction of the requirement for a concise explanation of

relevance. 1138 0G 37, 38 and MPEP 609.04(a)(III).

A concise explanatinn of the relevance of the nendinglish language documents

appears below in accordance with 37 CPR. § 1.98(a)(3).

Dneument EFL JP 54n89439 A, is in the Japanese language. An English

language abstract of deeurnent FF} is cited as document NPLI and submitted

herewith.

Deeuinent EPA E? {E 188 74% A2, is in the Gemian language. Document US$33 is

believed to be an English-language equivalent of document FP2.

Document {41%, E? t} 312 697 A2, is in the German language. Document U84 is

believed to be an English—language equivalent of deeument E31341w

Document FP’S’ BE 38 34 794 A1: is in the German language. An English

language abstract of document FPS is cited as document NPL2 and submitted

herewith.

Document FPé, E? t} 5.3.8 388 A29 is in the German language. Document U84 is

believed to be an English—ianguage equivalent of deenmem’ FPS.

Document FP7, Ji’ 6-345644 A, is in the Japanese language. An English

language abstract of doemnent FF? is cited as document NPL3 and submitted

herewith.

Atty. Dkt. No. 2159‘3210002/JMC/MRGM—S
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Document FP9, JP 8-99906 A, is in the Japanese language. An English language

abstract of document FP9 is cited as document NPL4 and submitted herewith.

Document FP13, JP 9-221428 A, is in the Japanese language. An English

language abstract of document FP13 is cited as document NPLS and submitted

herewith.

Document FP15, WO 97/48405 A1, is in the Russian language. An English

language abstract of document FP15 is cited as document NPL6 and submitted

herewith.

Document FP19, DE 197 21 099 A}, is in the German language. Document

US14 is believed to be an English-language equivalent of document FP19.

Document FPZB, RU 2 18? 813 C1,. is in the Russian language. An English

language abstract of document FP23 is cited as document NPL7 and submitted

herewith.

Document FP25, WO 2005/027899 Al, is in the German language. An English

language abstract of document FPZS is cited as document NPL8 and submitted

herewith.

Document FP37, CN 1125141 A, is in the Chinese language. An English

language abstract of document SFP37 is cited as document NPL292 and submitted

herewith .

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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Document NPLZS, Diicker and Pfeiff, is in the German language. An English

language abstract of document NPL28 can be found on the face page of the

publication.

Document NPL31, Fliegner and Spiegel, is in the German language. An

English language abstract of document NPL31 can be found on the face page of

the publication.

Document NPL48, Hunziker and Schmidli, is in the German language. It is

believed that document NPL47 is a partial English language translation of

document NPL48.

Document NPL163, Gutzmer et (1]., is in the German language. An English

language abstract of Document NPL163 is cited as document NPL164 and

submitted herewith.

Document NPL165, Hagedorn et al., is in the German language. An English

language abstract of document N=le65 can be found on the face page of the

publication.

Document NPL187, Roodnat et (11., is in the German language. An English

language abstract of document NPL187 can be found on the face page of the

publication.

Document NPL191, Schilling and Schopf, is in the German language. An

English language abstract of document NPL191 can be found on the face page

of the publication.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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Document NPL198, Van Loenen et (11., is in the Dutch language. An English

language abstract of document NPL198 can be found on the face page of the

publication.

Document NPL202, Wanscher and Sarensen, is in the Danish language. An

English language abstract of document NPLZOZ can be found on the page 6357

of the publication.

Document NPL210, Immunmodulation durch Fumaderm. Das richtungsweisende

Konzept, is in the German language. It is believed that document NPL211 is a

partial English language translation of document NPLZl 0.

Document NPL215, Bayard et al., is in the German language. An English

language abstract of document NPL215 can be found on the face page of the

publication.

Document NPL234, "Klinische Studie mit Fumaderm® als magensaftaesistente

Mikrotabletten," the first three pages are in the German language. An English

language translation of pages 1-3 of document NPL234 can be found on pages 4-

6 of the same document.

Document NPL247, Peeters et al., is in the Dutch language. An English

language abstract of document NPL247 can be found on the last page of the

publication.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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Document NPL257, Stangel et al., is in the German language. An English

language abstract of document NPL257 can be found on page 215 of the

publication.

Document NPL258, Stfihlinger et al., is in the German language. An English

language abstract of document NPL258 can be found on the face page of the

publication.

I: 7. Copies of the documents are submitted. However, in accordance with 37 C.F.R.

§ 1.98(a)(2), no copies of US. patents and patent application publications cited as

documents USl-US4O on the attached IDS Forms are submitted.

g 8. Copies of documents FP1-FP50 and NPLl-NPL293 were cited by or submitted to

the Office in an IDS that complies with 37 C.F.R. § 1.98(a)-(c) in Application

No. 12/526,296, with a § 371(c) date of January 13, 2011, which is relied upon

for an earlier filing date under 35 U.S.C. § 120. Thus, copies of these documents

are not attached. 37 C.F.R. § 1.98(d).

K4 9. It is expected that the examiner will review the prosecution and cited art in the

parent application no. 12/526,296 in accordance with MPEP 2001.06(b), and

indicate in the next communication from the office that the art cited in the earlier

prosecution history has been reviewed in connection wéth the present application.

g 10. In accordance with the Federal Circuit decision in Dayco Prods, Inc. v. Total

Containment, Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith

Office Actions from the co—pending US. Patent Application Nos. 09/ 194,862, §

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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371(c) date July 8, 1999; 09/402,103, § 371(c) date September 27, 1999;

09/743,978, § 371(c) date January 17, 2001; 09/831,620, § 371(c) date May 10,

2001; 10/148,858, § 371(c) date May 28, 2002; 10/197,077, filed July 17, 2002;

11/765,563, filed June 20, 2007; 11/765,578, filed June 20, 2007; 12/405,661,

filed March 17, 2009; and 12/405,665, filed March 17, 2009, as documents

NPL269-NPL291.

The identification of these Office Actions is not to be construed as a waiver of

secrecy as to those applications now or upon issuance of the present application

as a patent. The Examiner is respectfully requested to consider the cited

applications and the art cited therein during examination.

It is respectfillly requested that the Examiner initial and return a copy of the

enclosed IDS Forms, and indicate in the official file wrapper of this patent application

that the documents have been considered.

Page 93 of 150
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The US. Patent and Trademark Office is hereby authorized to charge any fee

deficiency, or credit any overpayment, to our Deposit Account No. 19-003 6.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & FOX P.L.L.C.

 
Marsha A. Rose

Attorney for Applicants

Registration No. 58,403

 
1100 New York Avenue, N.W.

Washington, DC. 20005-3934

(202) 371 -2600

1476774“_1.DOCX

Atty. Dkt. No. 2159.3210002/JMC/MRGfU-S
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NON PATENT LITERATURE DOCUMENTS

Include name of theauthor(in CAPITALLETTERS) titleof the article (when

‘ Examiner C' 1 appropriate), title of the item (book, magazine, journal, serial, symposium, catalog, 2. . * 1te N0. 7 . . . g TIn1t1als etc.), date, page(s), volume—issue number(s), publisher, c1ty and/or country where '
published

NPL294 attendees from the FDA and Biogen Idec regarding the End of Phase 2 for application

‘ S1.)IND__73061, BG00012

ALTMEYER, P. and NUCI—IEL, C., "Systemtherapie der Psoriasis," Dtsch. med,

NPL295 fiWschr. 12121605-1607, Georg Thieme Verlag, Germany (1996)
“we...“.._.7.7.7_7.7.7.».......E« WM...“ .. W.

1.:Eiiglish language translatlon of ALTMEYER P. and NUCHEL, C., "Systemtherapie
N?L296 ,der Psoriasis, "Disc/1 med Wschr. 121: 1605— 1607 Georg Thieme Verlag, Germany

3 3(1996)
7......_—...SWL..M.N“...............___..... ...._.....\...............“.M._‘.mmw..........7.7.7...... . ..mm.“Mi"...fi..." . . ...-..N..........

ALTMEYER, P. and NUCHEL, C., "Systernische Therapie der Psoriasis," T&E

NPL297 Dfiermatologie 27:3 80-3 82, 384, Reed Elsevier Deutschland, Germany (1997)  

...W.mwuugm.................__.f_.. .t. .........AH...W.“«.. ... .W....._...7_ n“..........
Enghsh language tranSlation of ALTMEYER P. andNUCHEL, C."Systemische

NPL298 SThcrapie der Psoriasis," T&E Dermatologie 2 7 380-382, 384, Reed Elsevier

S Deutschland, Germany(1997)“
COMPSTON, A., et al., "The person with multiple sclerosis: a prospectus,"

NPL299 McAlpine’s Multiple Sclerosis, 4th Edition, p. 803-810, Compston, A. et al., eds.,

Elsevier Inc., China (2006)
KRAFT A.Dnet (11.,"Nuclear FactorE2—Related Factor 2-Dependent Ant10x1dant

Response Element Activation by tert—Butylhydroquinone and Sulforaphanfie Occurring
iPreferentiaIly1n Astrocytes Conditions Neurons against Oxidative Insult," J. Neurosci

24(5) 1101-1112, Soc1etx for Neuroscience United States(2094)

 

SiqPL3oo

 
SMALIPIERO, U, et al, "Myelin oligodendrocyte glycoproteln-mduced autoimmune
S encephalomyelitisIs chronic/relapsing1n perforin knockout mice, but monophasic1n
SFas- and Fas ligand—deficient [pr and gld mice, " Eur J. Immunol. 27(12):3151 —3 160,

WI'LEY-VC§1»\/erla. GmbH, German (1997)“

SMCDONALD, WI., et al., "Recommended Diagnosnc Criteria for Multiplesclerosis:
NPL302 fiSGuidelines from the International Panel on the Diagnosis of Multiple Sclerosis" Ann.

3 Neural. 50(1):121-127, Wiley-Liss, Inc., United States (2001)
1

fi “an............w..........._..._ .... .................... .... .._______. ... .....““.\

 

 
SNPL301

  
NS...

MISGELD, T., "Death of an axon: studying axon loss in development and disease,"
NPL303 Histochem. Cell Biol. [24:189—196, Springer-Verlag, Germany (2005)

Examiner 1 S Date‘ S ' Considered  Signature
   

*EXAMINER: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place a check mark here if English language Translation is attached.
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Substitute for form 1449/PTO 1 Complete if Known

SEECEENEE SEE‘PPLEMENTAL ,«Memlmbér
= Filing Date Herewith

ENEEEEEEEAEEEEN DISCLGSERE = Hg‘fimfi-Tnvemm4 WUKASHEV
S’EAEEEEEEENE BE APPEEQAN‘E ”WWW ‘ -To be assigned >

(Use: as many sheets as Piece..ssary) ' “mman

Zaésem

  

Examiner Cite Include name of the author (in CAPITAL LETTERS), title of the article (when

 

Initials* i No 1 appropriate) title of the item (book, magazine, journal, serial symposium, catalog,
' etc.....)date, page(s)volume number, publisher, city and/or country where published

E E,MROWIETZ U, "Nephrotoxische Wirkung durch Fumarsaure, " Der Hautarzt 51615,NPL3045

l ESpringer—Verlag, Germany (2000)
,,,,,,,, l , , ,, , --.... -.

iENPL305 l English language translation of MROWIETZ, U., "Nephrotoxische Wirkung durch
Fumarsaure, " Der Hautarzt 51:615, Springer-Verlag, Gerznany (2000)

4 E4W+W........... t4______7....4....7.7.7.....7.7.7.7.7.................................................................................4..47.7.7.7.7...7.7..7________7.44444u44.an..444444..44444444._444..44444Wrrrrrrr

1 l NOSEWORTHY, J, et al., "The treatment of symptoms in multiple sclerosis and the
ENPL306 i role of rehabilitation, " in MCAlpine’s Multiple Sclerosis 4th Edition, p 701-728,
E Compston A., et al.,eds, Elsevier Inc China (2006)

E,NCSEWORTHY J., et al., "Disease-m—odifying treatments in multiple sclerosis,”
NPL307E:MCAlpine’sMultiple Sclerosis 4th Edition, p 729-802, Compston, A,et al., eds.

E E Elsevier Inc., China (2006)
44..4.........4444EWWM44444M.........................................................................................

E1E,RIEMEKASTEN G., et al. ,"Strong Acceleration of Murine Lupus by Injection of the
NPL308E'SmD183119 Peptlde" Arthritis &Rheum 44(10):24352445, Wiley-Liss IncUnited

‘ EStates (2001)
-,,..,.......-...-........E........Wm -..................-......._._..._...-..77............-........-.....................-....... , , , . ... . . . .:t .t .

 
 

E,SADJAK A., et al., "Nephrotoxische Wirkung von Fumarsaurederivaten, " Dtsch. med

§.Wschr 1 16(12):478, Georg Thieme Verlag, Germany (1991)\\\\\\\\\\\\\\\\\\\\\\\\\...... "“““"'—~‘.~""““““"'"'""""""""""“““““““‘““‘444444444....4MWMM4MMW4444444444444444444444444.4...4.... ... .47.... ......

= EEnglish language translation of SADJAK, A. ,et al. ,"Nephrotoxische Wirkung von
EENPL310.Fumarsaurederivaten, " Disc-h. med. Wschr I l6(12):478, Georg Thieme Verlag,
' Germany (1991)

NPL309

  

 

rrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr Considered ,

*EXAMINER; Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not in
conformance and not considered. Include copy of this form with next communication to applicant.
1 Applicant’s unique citation designation number (optional). 2 Applicant is to place acheck mark here if English language Translation is attached.

  
Examiner

Signature  
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Include name of the author (in CAPITAL LETTERS), title of the article (when ; ,
appropriate), title of the item (book, magazine, journal, serial, symposium catalog, T2 ‘

etc.), date,page(s),volume number, pubhsher cityand/or countrywhere publlshed 3

Examiner

lnitials*    

3 EALASUBRAMANIAM, P., et al., "Fumaric acid esters in severe psoriasis, including
NPL314 experience of use in combination with other systemic modalities " Br. J, Dermatol

‘ J50741746, Br1tish Association of Dermatologists, England (2004)
  

E-FFRENCHCONSTANT, C, "Pathogenesis of multlple sclerosis," Lancet

NPL3153343(8892):271 —,275 The Lancet Ltd England(l994)t1    

‘ iGHORESCHI, K., et (11., "A molecule solves psoriasis? Systemic therapies for psoriasis
13NJL316 § inducing interleukin 4 and Th2 responses, " J. M01. Med. (Ber!) 81 (8)471 -480,

'=' ‘;WSprmger—Verlag, Germany (2003)
    

E HARTUNG, H. -P., et a1. ,"Circulating adhesion molecules and inflammatory mediatorsNPL317 in demyelination: A review, " Neurology 45(6)(Suppl. 6). 822—S32, Advanstar
Commumcations Inc. UnitedStates (19975)“

3 NPL318 LEE, J.-M., et al., "N112, amulti--organ protector?" FASEBJ. 19(9): 1061- 1066

‘; 1mFederation of American Societies for Experimental Biology, United States (2005)
§ iLOEWE, R, et al., "Dimethylfumarate Inhibits Tumor-Necrosis-Factor—Induced
;NPL319;CD62E Expression in an NF-KB-Dependent Manner, " J. Invest Dermatol.117:1363-

1368, TheSociety for Investlgatlve Dermatology, United States(2001)
   

 

SORMANI M.P, et al., “Clinical trials of multiple sclerosis monitored with enhanced
NPL320

   
; MRI: new sample size calculations based on large data sets, " J Neurol. Neurosurg.
; Psychiatry 70:494-499,British Medical Association,England(2001)

4293...“. 4 - - -‘ fi-m»~~22w.2‘r»E“ >42:——————— ———— ‘

i TRAUGOTT, U., et a1., "Multiple Sclerosis Distribution of T Cells T Cell Subsets and
NPL321 Ia—positive Macrophages1n Lesions of Different Ages," J Neuroimmunol 4.201-221,

 
 

1 Elsevier SciencePublishers, Netherlands (1983)
   

; i TRAUGOTT, U. and LEBON, P,"Multiple Sclerosis. Involvement ofInterferons1n
NPL322 Lesion Pathogenesis, " Ann. Neurol. 24(2):243 —251, American Neurological Association,

‘ UnitedStates (1988)
;2.221 ...............2 . ..222. - . 2. . ..._22WALSH, M.J. and TOURTELLOTTE W.W., "Temporal Invariance AndClonal

NPL323 ; Uniformity Of Brain And Cerebrospinal IgG, lgA, And IgM111 Multiple Sclerosis, " J.
‘ ; Exp. Med I 6341-53, Rockefeller University Press, United States (1986)

 

Exammer g ; Date
Signature ‘ Considered, 22.2.222222222W1522‘222W22“““2Wmnfifi“\“W-qw_ir222‘.
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 1:33:21? 13:61 appropriate), title of the item (book, magazine journal, serial, symposium, catalog, T2
’ etc. ), date, page(s),volume number, publisher city and/or county wherepublished

  ........... 

"BG>12 BG 00012, BG I2/Oral Fumarate, FAG-201, Second-Generation Fumarate
ifiNPL324:Derivative — Fumapharrn/Biogen Idec, " Drugs in R&D 6(4):229—230, Adis Data

iEIIIInformation BV, New Zealand (2005:“ 3 "Efficacy and Safety01‘ BG00012'1n MS," ClinicalTrialsgov, accessed at

NPL325 [ha-p:..//wwwclinicaltrials.gov/th/show/NCTOO168701?ter1n—bg00012&rank——3,accessed on September 19,2008, 3 pages

[3131119331111 31155516131“BGod‘d‘i‘i‘m'iigiapsingiiéafiiaggnuitipie‘sagrszi:““‘ "
NPL326=(DEFINE)," ClinicalTrialsgov, accessed at
: ghttp: //www.clinicaltrialsgov/ct2/show/NCT00420212?term=bg00012&rank=l,

i accessedon Sentember I9,2008, 4pages“
7‘ W "Biogen Idec Announces Positive Top-LineResults from Second Phase 3 Trial

Investigating Oral BG— 12 (Dimethyl Fumarate)in Multiple Sclerosis, " accessed at
E.http//www.biogenidec.com/PRESS_RELEASE_DETAILS.aspx?ID5981&Reqld=162 ’
L16“:accessedon__Qc_t_ob_er_28, 201_I,‘8 pares ,, ,, , _________________,,

 i11

 
    

 1 NPL327
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: 1 Confirmation No.: T0 be assigned

LUKASHEV et a1. Art Unit: To be assigned

Appl. No.: To be assigned

(Continuation ofAppl. No. 12/526,296;

§ 3 71 (c) Date: January 13, 2011) Examiner: To be assigned

Filed: Herewith Atty. Docket: 2159.3210002/JMC/MRG/U-S

For: Treatment for Multiple Sclerosis

(As Amended)

Third Supplemental Information Disclosure Statement

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

Sir:

Listed on accompanying IDS Form PTO/SB/08b equivalent are documents that

may be considered material to the patentability of this application as defined in 37 CPR.

§1.56, and in compliance with the duty of disclosure requirements of 37 C.F.R. §§ 1.97

and 1.98. The numbering on this Third Supplemental Information Disclosure Statement

is a continuation of the numbering in Applicants' Second Supplemental Information

Disclosure Statement filed concurrently herewith in connection with the above-captioned

application.

Where the publication date of a listed document does not provide a month of

publication, the year of publication of the listed document is sufficiently earlier than the

effective U.S. filing date and any foreign priority date so that the month of publication is

not in issue. Applicants have listed publication dates on the attached IDS Forms based

on information presently available to the undersigned. However, the listed publication
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Appl. No. To be assigned

dates should not be construed as an admission that the information was actually

published on the date indicated.

Applicants reserve the right to establish the patentability of the claimed invention

over any of the information provided herewith, and/or to prove that this information may

not be prior art, and/or to prove that this information may not be enabling for the

teachings purportedly offered.

This statement should not be construed as a representation that a search has been

made, or that information more material to the examination of the present patent

application does not exist. The Examiner is specifically requested not to rely solely on

the material submitted herewith.

Applicants have checked the appropriate boxes below.

E] 1. Statement under 37 CPR. 1.704(d). Each item of information contained in this

Information Disclosure Statement was first cited in a communication from a

foreign patent office in a counterpart application and this communication was not

received by any individual designated in 37 CPR. § 1.56(c) more than thirty

days prior to the filing of this information disclosure statement.

IE 2. Filing under 37 CPR. § 1.97(b). This Information Disclosure Statement is being

filed within three months of the date of filing of a national application other than

a continued prosecution application (CPA), OR within three months of the date of

entry of the national stage as set forth in 37 CPR. § 1.491 in an international

application, OR before the mailing date of a first Office Action on the merits OR

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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before the mailing of a first Office Action after the filing of a request for

continued examination under 37 C.F.R. §' 1.1 14. No statement or fee is required.

Filing under 37 ORR. § l.97(c). This Information Disclosure Statement is being

filed more than three months after the US. filing date AND after the mailing date

of the first Office Action on the merits, but before the mailing date of a Final

Rejection, or Notice of Allowance, or an action that otherwise closes prosecution

in the application.

I:I a. Statement under 37 CPR. § l.97(e)(1). I hereby state that each

item of information contained in this Information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than

three months prior to the filing of this Information Disclosure

Statement. 37 CPR. § l.97(e)(1).

E] b. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item

of information in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 C.F.R.

§ 1.56(c) more than three months prior to the filing of this

Information Disclosure Statement. 37 C.F.R. § l.97(e)(2).

Atty. Dkt. No. 2159.3210002/JMC/MRG/U—S
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I:] 0. Attached is our PTO—2038 Credit Card Payment Form in the

amount of $180.00 in payment of the fee under 37 C.F.R. §

l.l7(p).

I:] 4. Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being

filed more than three months after the US. filing date and after the mailing date

of a Final Rejection or Notice of Allowance, but on or before payment of the

Issue Fee. Enclosed find our PTO—2038 Credit Card Payment Form in the

amount of $1 80.00 in payment of the fee under 37 C.F.R. § 1.17(p); in addition:

I:] a. Statement under 37 C.F.R. § l.97(e)(l). I hereby state that each

item of information contained in this Information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than»

three months prior to the filing of this Information Disclosure

Statement. 37 C.F.R. § l.97(e)(l).

CI b. Statement under 37 C.F.R. § l.97(e)(2). I hereby state that no item

of information in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 C.F.R. §

156(0) more than three months prior to the filing of this

Information Disclosure Statement. 37 C.F.R. § l.97(e)(2).

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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The document(s) was/were cited in a search report by a foreign patent office in a

counterpart foreign application. Submission of an English language version of

the search report that indicates the degree of relevance found by the foreign office

is provided in satisfaction of the requirement for a concise explanation of

relevance. 1138 0G 37, 38 and MPEP 609.04(a)(III).

A concise explanation of the relevance of the non-English language document(s)

appears below in accordance with 37 CPR. § l.98(a)(3).

Copies of documents NPL328-NPL336 are submitted.

Copies of the documents were cited by or submitted to

the Office in an IDS that complies with 37 CPR. § 1.98(a)-(c) in Application

No. , filed , which is relied upon for an earlier filing

date under 35 U.S.C. § 120. Thus, copies of these documents are not attached.

37 CPR. § l.98(d).

It is expected that the examiner will review the prosecution and cited art in the

parent application no(s). in accordance with MPEP

2001.06(b), and indicate in the next communication from the office that the art

cited in the earlier prosecution history has been reviewed in connection with the

present application.

In accordance with the Federal Circuit decision in Dayco Prods, Inc. v. Total

Containment, Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith

Atty. Dkt. No. 2.1 59.3210062/3MC/iwiRG/Ufi
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Office Actions from the co-pending U.S. Patent Application No. 12/526,296, §

371(c) Date January 13, 2011, as documents NPL334 and NPL335.

The identification of these Office Actions is not to be construed as a waiver of

secrecy as to those applications now or upon issuance of the present application

as a patent. The Examiner is respectfully requested to consider the cited

applications and the art cited therein during examination.

It is respectfitlly requested that the Examiner initial and return a copy of the

enclosed IDS Forms, and indicate in the official file wrapper of this patent application

that the documents have been considered.

The US. Patent and Trademark Office is hereby authorized to charge any fee

deficiency, or credit any overpayment, to our Deposit Account No. 19-0036.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C.

    
,.

.7 ax: ~

Marsha A. Rose

Attorney for Applicants

Registration No. 58,403 
1100 New York Avenue, N.W.

Washington, DC. 20005-3934

(202) 371-2600

1476804_1.DOCX

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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..}...M..u_.r“.....w._.§.= },POLMAN C.H. etal,"Diagnostic Criteriafor Multiple Sclerosis: 2005 Revisions to
}}NPL249the "McDonald Criteria," Ann. Neurol. 58(6):840-846, Wiley-Liss, Inc., United States
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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

In re application of: Confirmation No.: To be assigned

LUKASHEV et al. Art Unit: To be assigned

Appl. No.: To be assigned

(Continuation oprpl. No. 12/526,296;

§ 371(c) Date: January 13, 2011) Examiner: To be assigned

Filed: Herewith Atty. Docket: 2159.3210002/JMC/MRG/U—S

For: Treatment for Multiple Sclerosis i
(As Amended) E

Second Supplemental Information Disclosure Statement

Commissioner for Patents

PO Box 1450

Alexandria, VA 22313-1450

Sir:

Listed on accompanying IDS Forms PTO/SB/08a equivalent and/or PTO/SB/08b

equivalent are documents that may be considered material to the patentability of this

application as defined in 37 C.F.R. §l.56, and in compliance with the duty of disclosure

requirements of 37 C.F.R. §§ 1.97 and 1.98. The numbering on this Second

Supplemental Inforenation Disclosure Statement is a continuation of the numbering in the

First Supplemental Information Disclosure Statement filed concurrently herewith in

connection with the above-captioned application.

Applicants bring to the Examiner's attention document NPL294, which is a

Memorandum of Meeting Minutes for a meeting held on August 30, 2006

("memorandum"), attended by US. Food and Drug Administration (FDA) and Biogen

Idec MA Inc. (assignee of the current application) representatives. The memorandum

(page 3, bottom line to page 4, line 2) contains a reference to a BG00012 (dimethyl

fumarate) dose of 240 mg bid. (240 mg twice daily) corresponding to a 480 mg/day
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Appl. No. To be assigned

dose. Prior to the meeting of August 30, 2006, Matvey E. Lukashev and Gilmore

O'Neill, employees of Biogen Idec MA Inc., conceived of the subject matter presently

claimed in this application. A declaration executed by Matvey E. Lukashev and Gilmore

O'Neill is filed separately herewith.

Where the publication date of a listed document does not provide a month of

publication, the year of publication of the listed document is sufficiently earlier than the

effective U.S. filing date and any foreign priority date so that the month of publication is

not in issue. Applicants have listed publication dates on the attached IDS Forms based

on information presently available to the undersigned. However, the listed publication

dates should not be construed as an admission that the information was actually

published on the date indicated.

Applicants reserve the right to establish the patentability of the claimed invention

over any of the information provided herewith, and/or to prove that this information may

not be prior art, and/or to prove that this information may not be enabling for the

teachings purportedly offered.

This statement should not be construed as a representation that a search has been

made, or that information more material to the examination of the present patent

application does not exist. The Examiner is specifically requested not to rely solely on

the material snbmitted herewith.

Applicants have checked the appropriate boxes below.

Atty. Dkt. No. 2159.3210002/JMC/MRG/U-S
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[:I 1. Statement under 37 C.F.R. 1.704(d). Each item of information contained in this

Information Disclosure Statement was first cited in a communication from a

foreign patent office in a counterpart application and this communication was not

received by any individual designated in 37 CPR. § 1.56(c) more than thirty

days prior to the filing of this in formation disclosure statement.

E 2. Filing under 37 C.F.R. § 1.97(b). This Information Disclosure Statement is being

filed within three months of the date of filing of a national application other than

a continued prosecution application (CPA), OR within three months of the date of

entry of the national stage as set forth in 37 CPR. § 1.491 in an international

application, OR before the mailing date of a first Office Action on the merits OR

before the mailing of a first Office Action after the filing of a request for

continued examination under 37 CPR. § 1.114. No statement or fee is required.

D 3. Filing under 37 C.F.R. § 1.97(c). This Information Disclosure Statement is being

filed more than three months after the US. filing date AND after the mailing date

of the first Office Action on the merits, but before the mailing date of a Final

Rejection, or Notice of Allowance, or an action that otherwise closes prosecution

in the application.

I: a. Statement under 37 C.F.R. § 1.97(e)(1). I hereby state that each

item of information contained in this Information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than
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three months prior to the filing of this Information Disclosure

Statement. 37 C.F.R. § 1.97(e)(l).

E] b. Statement under 37 C.F.R. § 197(c)(2). I hereby state that no item

of infonnation in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 C.F.R.

§ l.56(c) EEOI‘C than three months prior to the filing of this

Information Disclosure Statement. 37 C.F.R. § 1.97(e)(2).

C] 0. Attached is our PTO-2038 Credit Card Payment Form in the

amount of $180.00 in payment of the fee under 37 C.F.R. §

1.17(p).

D 4. Filing under 37 C.F.R. § 1.97(d) This Information Disclosure Statement is being

filed more than three months after the US. filing date and after the mailing date

of a Final Rejection or Notice of Allowance, but on or before payment of the

Issue Fee. Enclosed find our PTO-2038 Credit Card Payment Form in the

amount of$180.00 in payment of the fee under 37 C.F.R. § 1.17(p); in addition:

I:] a. Statement under 37 C.F.R. § 1.97(e)(1). I hereby state that each

item of information contained in this Information Disclosure

Statement was first cited in any communication from a foreign

patent office in a counterpart foreign application not more than
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three months prior to the filing of this Information Disclosure

Statement. 37 C.F.R. § 197(c)(1).

D b. Statement under 37 C.F.R. § 197(c)(2). I hereby state that no item

of information in this Information Disclosure Statement was cited

in a communication from a foreign patent office in a counterpart

foreign application and, to my knowledge after making reasonable

inquiry, was known to any individual designated in 37 C.F.R. §

1.56(c) more than three months prior to the filing of this

Information Disclosure Statement. 37 C.F.R. § 197(c)(2).

I:] 5. The document(s) was/were cited in a search report by a foreign patent office in a

counterpart foreign application. Submission of an English language version of

the search report that indicates the degree of relevance found by the foreign office

is provided in satisfaction of the requirement for a concise explanation of

relevance. 1138 0G 37, 38 and MPEP 609.04(a)(III).

E 6. A concise explanation of the relevance of the non-English language documents

appears below in accordance with 37 C.F.R. § l.98(a)(3).

Document FPSl, DE 25 30 372 A1, is in the German language. An English

language translation of document FPSl is cited as document NPL311 and

submitted herewith.
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Document FP52, DE 26 21 214 A1, is in the German language. An English

language translation of document FP52 is cited as document NPL312 and

submitted herewith.

Document FP53, DE 28 40 498 Bi, is in the German language. An English

language translation of document FP53 is cited as document NPL313 and

submitted herewith.

Document NPL295, Altmeyer and Niichel (1996), is in the German language.

An English language translation of document NPL295 is cited as document

NPL296 and submitted herewith.

Document NPL297, Altmeyer and Niichel (1997), is in the German language.

An English language translation of document NPL297 is cited as document

NPL298 and submitted herewith.

Document NPL304, Mrowietz, is in the German language. An English language

translation of document NPL304 is cited as document NPL305 and submitted

herewith.

Document NPL309, Sadjak et al., is in the German language. An English

language translation of document NPL309 is cited as document NPL310 and

submitted herewith.

I: 7. Copies of the documents are submitted.
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K4 8. Copies of documents FP51-FP53 and NPL294-NPL327 were cited by or

submitted to the Office in an IDS that complies with 37 C.F.R. § 1.98(a)—(c) in

Application No. 12/526,296, with a § 371(c) date of January 13, 2011, which is

relied upon for an earlier filing date under 35 U.S.C. § 120. Thus, copies of these

documents are not attached. 37 C.F.R. § 1.98(d).

[XI 9. It is expected that the examiner will review the prosecution and cited art in the

parent application no. 12/526,296 in accordance with MPEP 2001.06(b), and

indicate in the next communication from the office that the art cited in the earlier

prosecution history has been reviewed in connection with the present application.

El 10. In accordance with the Federal Circuit decision in Dayco Prods, Inc. v. Total

Containment, Inc. 329 F.3d 1358 (Fed. Cir. 2003), Applicants submit herewith

Office Actions from the eo—pending US. Patent Application No. ,

filed , as documentsIto

The identification of these Office Actions is not to be construed as a waiver of

secrecy as to those applications now or upon issuance of the present application

as a patent. The Examiner is respectfully requested to consider the cited

applications and the art cited therein during examination.

It is respectfully requested that the Examiner initial and return a copy of the

enclosed IDS Forms, and indicate in the official file wrapper of this patent application

that the documents have been considered.
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The US. Patent and Trademark Office is hereby authorized to charge any fee

deficiency, or credit any overpayment, to our Deposit Account No. 19-0036.

Respectfully submitted,

STERNE, KESSLER, GOLDSTEIN & Fox P.L.L.C.
\r‘ :

  

Marsha A. Rose

Attorney for Applicants

Registration No. 58,403

Date: \‘ 9 

1 100 New York Avenue, N.W.

Washington, DC. 20005-3934

(202) 371-2600

1476786_1.DOCX
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Amendments to the Specification

Please amend the title as follows:

Treatment for Multiple Sclerosis WWW
. .

Please amend paragraph [0128], beginning on page 33, line 21, as follows:

[0128] Immunohistochemistry was performed using the Dakoautostainer as

follows. Endogenous peroxidase was quenched by a 10 minute incubation in 3% H202 /

Methanol. The rabbit anti Nrf2 antibody C-20 (so-722, Santa Cruz Biotechnology) was

added at a 1:250 dilution in Dako Diluent with Background Reducing Components

(Dako # S3022) 020, antibody was detected using the Envision anti rabbit labeled

polymer-HRP (Dako #K4003) and DAB (Vector Labs #SK-4100) was used as the

chromogenic substrate. Morphometric analysis of Nrf2 immunostaining was performed

 using ImageJ sofiware from NIH

On page 1, below the title of the invention, please add the following new paragraph:

CROSS REFERENCE TO RELATED APPLICATIONS

This application is a continuation of US. Patent Application No. 12/526,296,

§ 371(c) Date January 13, 2011, now pending, which is the US National Phase of

International Application No. PCT/USZOOS/001602, filed February 7, 2008, which

claims the benefit of US» Provisional Application 60/888,921, filed February 8, 2007.
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