O e g N

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case3:11-cv@;)06-JCS Documentl - Filed08/15/14 Pagel of 52
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SIMPSON THACHER & BARTLETT LLP
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Palo Alto, California 94304

Telephone: (650) 251-5000

Facsimile: (650) 251-5002

NOAH M. LEIBOWITZ (pro hac application forthcoming) F“ K
nleibowitz@stblaw.com malETETR N
SIMPSON THACHER & BARTLETT LLP

425 Lexington Avenue

New York, New York 10017

Telephone: (212) 455-2000 ’
Facsimile: (212) 455-2502 S
Attorneys for Plaintiffs F l L_ E D) \S
Nuvo Research Inc. and '

Nuvo Research AG AUG 15 2011

UNITED STATES DISTRICT COUWRE, U5 blsini:T 60
oo 8':2”1‘57%?3? EAFanA

NORTHERN DISTRICT OF CALIFORNIA

NUVO RESEARCH INC., C vase N(l 1 4 0 0 6
NUVO RESEARCH AG, .
COMPLAINT FOR (1)
Plaintiffs, CORRECTION OF INVENTORSHIP,
(2) BREACH OF CONTRACT,
v. (3) UNFAIR COMPETITION, AND
(4) UNJUST ENRICHMENT
DR. MICHAEL S. MCGRATH,
DEMAND FOR JURY TRIAL
Defendant.

Plaintiffs Nuvo Research Inc. and Nuvo Research AG (collectively, “Nuvo™), by
and through their undersigned counsel, hereby allege as follows:
PARTIES
1. Nuvo Research Inc. is a corporation organized under the laws of the
province of Ontario, Canada, with its principal place of business in Canada at 7560 Airport Road,

Unit 10, Mississauga, Ontario, L4T 4H4.

RICHARE W Wieking JC@
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2. Nuvo Research AG is a subsidiary of Nuvo Research Inc. and is a stock
company incorporated and existing under the laws of Switzerland and having its registered office
at Chemin de Jolimont 14, c/o Stadelmann.

3. Nuvo is engaged in the development of chlorite-based pharmaceutical
products including WF10, a compound targeted for the treatment of immune-related diseases.

4, Nuvo Reséarch AG formerly operated under the name Dimethaid AG
(“Dimethaid”). Nuvo further owns all the rights and assets of its predecessor company Oxo
Chemie AG (“Ox0”) that are relevant to this action, including rights to Oxo’s intellectual property
and the right to enforce contractual agreements on behalf of Oxo.

5. Upon information and belief, Dr. Michael S. McGrath (“Dr. McGrath™) is
an individual residing at 1452 Benito Avenue, Burlingame, California 94010. Upon further
information and belief, Dr. McGrath is employed by the University of California, San Francisco
(“UCSF”), with his principal place of business at 1001 Potrero Avenue, Building 3, Room 207C,
San Francisco, California 94110. Dr. McGrath is currently named as the sole inventor of United
States Patent No. 7,105,183 (the “’183 Patent”) and other related patents and patent applications.

JURISDICTION AND VENUE

6. This action for correction of inventorship and related claims arises under the;
patent laws of the United States, Title 35 of the United States Code. This Court has jurisdiction
over the subject matter of this action pursuant to 28 U.S.C. §§ 1331 and 1338(a). The Court also
has jurisdiction over this matter pursuant to 28 U.S.C. § 1332(a)(2) because there is complete
diversity of citizenship and the amount in controversy exceeds $75,000. The Court has
supplemental jurisdiction over the remaining claims pursuant to 28 U.S.C. § 1367(a) because they
arise from the same transaction or occurrence giving rise to Nuvo’s claim for correction of
inventorship. |

7. Venue is proper in the Northern District of California under 28 U.S.C. §
1391(b) because Dr. McGrath resides in this District, and a substantial part of the events or

omissions giving rise to Nuvo’s claim occurred in this District.
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8. This Court has personal jurisdiction over Dr. McGrath because he resides

and conducts business within the State of California and within this judicial district.
INTRADISTRICT ASSIGNMENT

9. This is an Intellectual Property Action to be assigned on a district-wide

basis pursuant to Civil Local Rule 3-2(c).
BACKGROUND

10.  For nearly thirty years, Nuvo and its predecessors, including Oxo, have
engaged in research and development relating to WF10 (also known as Immunokine). WF10 isa
chlorite ion-based compound and, more specifically, a chlorite oxygen reaction
tetrachlorodecaoxide (“TCDO”) product. Nuvo, along with its subsidiaries and predecessors, is
the sole worldwide manufacturer of WF10.

11.  WF10 has shown great promise in the treatment of macrophage-associated
diseases. Such diseases include neurodegenerative diseases, which are characterized by a gradual
degeneration of neurons and/or the central nervous system, and include amyotrophic lateral
sclerosis (“ALS”;, multiple sclerosis (“MS”), and Alzheimer’s disease. The progression of
neurodegenerative diseases is understood to be caused, at least in part, by increased levels of
pathologic macrophages and their subsequent destructive effect on the patient’s inflammatory
response mechanisms and immune system as a whole. Nuvo’s research has shown that WF10 can
successfully modulate the formation of pathogenic macrophages, thereby reducing their levels in
tissues.

12.  Certain aspects of the research and development efforts of Nuvo and its
predecessors, including Oxo, have at times been disclosed to outside consultants who have, in
turn, agreed to develop WF10 for the sole benefit of Nuvo. Dr. McGrath was one such outside
consultant. On September 1, 1996, Oxo and Dr. McGrath entered into an agreement through
which Dr. McGrath would provide consulting services to Oxo (the “Consulting Agreement”). A
true and correct copy of the executed Consulting Agreement is attached hereto as Exhibit A. The

Consulting Agreement is governed by Swiss law. Exhibit A, 9§ 18(c).
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13.  Dr. McGrath was retained to assist Oxo in the development of “TCDO and
WF10 for macrophage driven diseases.” Id. § 2. The scope of McGrath’s services included, but
was not limited to, the following specific aspects of TCDO and WF10 development: (1) providing
“advice on a Clinical Development Plan for HIV indication;” (2) providing “advice on a Clinical
Development Plan for Cancer indications;” (3) providing “advice on a Clinical Development Plan
for other macrophage driven diseases;” (4) performing certain “necessary in vitro and in vivo
investigations;” and (5) “support[ing] all matters of the development of WF10.” Id.

14.  Pursuant to the Consulting Agreement, Dr. McGrath agreed “to assign any
invention or innovation in relationship to WF10 or TCDO” to Oxo (1) which was developed in
whole or in part while Dr. McGrath was being paid by Oxo; (2) for which Dr. McGrath used any
of Oxo’s equipment, supplies, facilities, or proprietary information, even if any or all of such items
were relatively minor and had little or no monetary value; or (3) which results in any way from Dr.
McGrath’s work for Oxo or relates in any way to Oxo’s business or Oxo’s current or anticipated
research and development. Id. ¥ 12(c).

15.  Further, pursuant to the Consulting Agreement, Dr. McGrath agreed not to,
inter alia, engage in any venture that directly or indirectly competes with Oxo or any of its related
companies during the term of the Consulting Agreement, or engage in any enterprise that
constitutes a conflict of interest with respect to his obligations to Oxo. Id. § 6.

16.  Dr. McGrath also agreed to hold in confidence and not disclose any
proprietary information he learned at Oxo, and to use such information only during the term of the
agreement. If disclosure became necessary for any reason, McGrath agreed to give notice to Oxo
before making any disclosure. /d. q11.

17.  Dr. McGrath also agreed to disclose to Oxo certain inventions and
innovations. First, he agreed to disclose to Oxo’s Chief Executive Officer and Board of Directors
any inventions or innovations he developed, alone or with anyone else, either (1) during the term
of his consulting and other services, or (2) within twelve (12) months after the termination of
McGrath’s services to Oxo, if the invention or innovation was based on Oxo’s propriefary

information. Id. 9 12(b). Moreover, Dr. McGrath agreed to disclose all inventions and
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innovations to Oxo, even if he “does not believe that he is required under [the Consulting
Agreement] to assign his interest in such invention or innovation.” Id.  12(g). 'Indeed, the
Consulting Agreement provided that, if Dr. McGrath and Oxo disagree as to whether or not an
invention or innovation is included within the terms of the Consulting Agreement, it is Dr.
McGrath’s responsibility to prove it is not included. See id. (emphasis added).

18.  Inexchange for his services, Oxo agreed to pay Dr. McGrath $60,000 per
year, payable in monthly installments of $5,000, plus expenses. Id 9 3. Oxo recorded over
$500,000 (five hundred thousand dollars) in payments to Dr. McGrath related to his consulting
work during the relevant time period.

19.  On February 3, 2004, Dr. McGrath filed a provisional patent application
with the United States Patent and Trademark Office (“USPTO”) titled “Chlorite in the Treatment
of Neurodegenerative Disease.” This provisional application was assigned the number 60/541,576
by the USPTO (hereinafter, the “’576 Provisional”).

20.  Despite the *576 Provisional’s clear connection to WF10 and the
information that Dr. McGrath received as a consultant to Oxo, Dr. McGrath never informed Nuvo
of his intention to file or his filing of the *576 Provisional. For example, the ’576 Provisional
discloses that “[t]he invention is based on the discovery that administration of WF10, which
comprises chlorite (e.g., in the form of tetrachlorodecaoxygen (TCDO)) as its active ingredient,
provides for treatment of patients having amyotrophic lateral sclerosis (ALS) and for treatment of
patients having multiple sclerosis (MS).” ’576 Provisional, 929. Furthermore, multiple Oxo
patents are directly referenced in the *576 Provisional, as is the fact that WF10 was an Oxo
pharmaceutical product. See id., 4 56, 60, 61.

21. On January 24, 2005, again without informing Nuvo, Dr. McGrath filed a
non-provisional patent application with the USPTO that claimed priority to the °576 Provisional
and was titled “Chlorite in the Treatment of Neurodegenerative Disease.” This patent application
was assigned the application number 11/042,816 (hereinafter, the “’816 Application™).

1
/!
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22.  In connection with the prosecution of the 816 Application, Dr. McGrath
filed a declaration with the USPTO in which he swore under penalty of fine and/or imprisonment
that he was the original and first inventor of the subject matter claimed by the *816 application.

23. Upon information and belief, the USPTO issued the allowed claims of the
"816 Application solely to Dr. McGrath, based on Dr. McGrath’s sworn representations regarding
inventorship. The issued claims are found in United States Patent No. 7,105,183 (the “’183
Patent™). A true and correct copy of the 183 Patent is attached hereto as Exhibit B.

24.  Dr. McGrath also filed other patent applications both in the U.S. and outsidg
the U.S., that claim priority and/or are related to the *576 Provisional, the 816 Application, and/or
the *183 Patent, as well as other patents or patent applications related to the subject matter of Dr.
McGrath’s consulting relationship with Oxo (collectively, the “Related Patents and
Applications”). The Related Patents and Applications include those identified by the following
numbers: PCT/US05/02469, W0O/2005/076819, US 11/378,987, US 12/900,361, CA 2554511, CN
200580003723.6, AU 2005213300, EP 2005722556, EP 1711191 (A2), and JP 2006552151. |

25.  The 183 Patent claims methods for treating ALS using chlorite. In
particular, Claim 1 of the *183 Patent, from which all other claims of the *183 Patent depend,
claims the following subject matter:

1. A method of treating amyotrophic lateral sclerosis (ALS) in a subject,

comprising: administering chlorite to a subject having ALS, wherein the chlorite is

administered in an amount effective to treat ALS in the subject.
Exhibit B at 34:56-60.

26.  Although the *183 Patent issued to Dr. McGrath alone, he is not the proper
inventor of the subject matter claimed by that patent. The specification of the 183 Patent itself
provides evidence that Dr. McGrath’s claim of sole inventorship was incorrect. See id. at 30:4-6
(“The inventors have for the first time demonstrated a systemic alterative of blood cell activation
in patients with ALS.”) (emphasis added). In fact, years before Dr. McGrath filed the *816
Application with the USPTO, scientists employed and/or engaged by Oxo—including Dr. Thomas

Isensee and Dr. Otto Ah Ching—conceived of treating patients with ALS using chlorite in the
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COMPETITION, AND (4) UNJUST ENRICHMENT
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form of WF10. At least one ALS patient was treated with chlorite manufactured by Oxo’s
manufacturing facility.

27. On information and belief, Dr. McGrath had access to the clinical data and
results generated by the Oxo scientists from their treatment of an ALS patient with chlorite, and
Dr. McGrath used that clinical data to obtain the 183 Patent. The Oxo scientists who conceived
of treating ALS with chlorite were improperly omitted as inventors of the 183 Patent. At all
relevant times, these true inventors of the *183 Patent were required to assign their entire interest
in any inventions or patents to Oxo and/or its successor, Nuvo.

28.  Even a cursory examination of Oxo’s patent portfolio makes clear that Oxo
scientists—not Dr. McGrath—also conceived of any other inventions embodied in the dependent
claims of the 183 Patent. For example, United States Patent No. 6,086,922 (the “’922 Patent™),
which issued July 11, 2000 and is assigned to Oxo, reveals that all of the dependent claim
limitations detailed in the *183 Patent align with Oxo0’s own patented method for the preparation
and administration of WF10. See *922 Patent at 6:37-8:6.

29.  Dr. McGrath never disclosed his intention to apply for the 183 Patent to
Oxo or Nuvo. Instead, Dr. McGrath purported to assign his rights and interests in the *183 Patent
to an entity other than Oxo and/or Nuvo, in contravention of the Consulting Agreement.

30. . On information and belief, Dr. McGrath deliberately concealed his intent to
apply for the *183 Patent from Oxo and/or Nuvo. Dr. McGrath was aware of the obligations that
he owed Oxo and/or Nuvo under the Consulting Agreement. He knew that others conceived of
treating ALS with chlorite. Yet; Dr. McGrath deliberately did not tell Oxo or Nuvo that he
intended to file for a patent and claim sole ownership of an invention related to the treatment of
ALS with chlorite, to the detriment of Oxo and/or Nuvo.

31.  During his tenure as a consultant to Oxo, Dr. McGrath was given access to
Oxo’s proprietary information relating to the use of WF10 to treat immune-related diseases. On
information and belief, Dr. McGrath disclosed at least certain of this proprietary information
relating to WF10 in the 816 Application and Related Patents and Applications, and later to

Neuraltus Pharmaceuticals, Inc. (“Neuraltus”), without notifying Oxo or Nuvo. Upon further
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information and belief, Dr. McGrath deliberately concealed from Oxo and Nuvo his improper
disclosure and/or use of the proprietary information he learned as a consultant to Oxo.
CLAIMS FOR RELIEF
COUNTI
(Correction of Inventorship of the 183 Patent Pursuant te 35 U.S.C. § 256)

32.  Nuvo hereby restates and realleges the allegations set forth in paragraphs 1-
31 above and incorporates them by reference, as though fully set forth herein.

33.  Nuvo scientists, including but not limited to Dr. Thomas Isensee and Dr.
Otto Ah Ching, made the invention embodied in each'and every claim of the *183 Patent,
including, inter alia, administering chlorite to a subject having ALS, wherein the chlorite is
administered in an amount effective to treat ALS in the subject.

34.  Notwithstanding the contributions of Nuvo’s scientists to the invention of
each and every claim of the *183 Patent, Dr. McGrath filed a patent application that issued as the
’183 Patent, listing himself as the sole inventor and without listing any Nuvo scientists as
inventors.

35.  The failure to name Nuvo scientists as inventors of the *183 Patent arose
without any deceptive intent on the part of Dr. Isensee, Dr. Ah Ching, any other Nuvo scientist
who is properly an inventor, Oxo, and/or Nuvo.

36. By virtue of Dr. McGrath’s improper claim of inventorship, Oxo and Nuvo
have been denied the rights and privileges of ownership of the invention embodied in the *183
Patent.

37.  Pursuant to 35 U.S.C. § 256, Nuvo is entitled to an order correcting the
inventorship of the 183 Patent to name as inventors the Nuvo scientists who made the invention
claimed in the ’183 Patent, and to remove Dr. McGrath.

/
/I
1
//

COMPLAINT FOR (1) CORRECTION OF INVENTORSHIP, (2) BREACH OF CONTRACT, (3) UNFAIR'
COMPETITION, AND (4) UNJUST ENRICHMENT
8




W

~

10
11

12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

Case3:11-c¢04006-JCS Documentl FiIedOB/l@l Page9 of 52

COUNT 2

{Breach of Contract)

38.  Nuvo hereby restates and realleges the allegations set forth in paragraphs 1-
37 above and incorporates them by reference, as though fully set forth herein.

39.  Dr. McGrath entered into a valid and binding Consulting Agreement with
Oxo, Nuvo’s predecessor, through which Dr. McGrath was obligated to, inter alia, assign to Oxo
any invention that was developed while being paid by Oxo, developed while lising any of Oxo’s
proprietary information or supplies, resulted in any way from Dr. McGrath’s work for Oxo, or is
related in any way to Oxo’s business or research and development efforts.

40.  Pursuant to the Consulting Agreement, Dr. McGrath was additionally bound|
not to, inter alia, disclose any proprietary information learned at Oxo, and to use such information
only during the term of the agreement.

41.  Pursuant to the Consulting Agreement, Dr. McGrath was also bound to,
inter alia, disclose to Oxo or Nuvo any invention or innovation developed during the term of his
services to Oxo, as well as any invention or innovation based on Oxo’s proprietary information,
developed within twelve (12) months after the termination of his services. Dr. McGrath was also
obligated to disclose all inventions and innovations to Oxo or Nuvo, even if he did not believe he
was required to assign them to Oxo.

42.  Oxo performed and fulfilled its obligations under the Consulting
Agreement, including but not limited to paying Dr. McGrath hundreds of thousands of dollars for
his work.

43.  Dr. McGrath breached the Consulting Agreement by, inter alia, failing to
assign to Oxo or Nuvo inventions made during the time Dr. McGrath was being paid by Oxo,
made while using Oxo’s proprietary information or supplies, and/or resulting from Dr. McGrath’s
work for Oxo or relating to Oxo5s business and research and development efforts.

44,  Dr. McGrath also breached the Consulting Agreement by, inter alia,
disclosing to others, including Neuraltus, proprietary information that Dr. McGrath learned while

working with Oxo, and using this information outside of the Consulting Agreement.
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45.  Dr. McGrath also breached the Consulting Agreement by, inter alia, failing
to disclose to Oxo or Nuvo inventions made during the term of the Consulting Agreement, as well
as inventions developed within twelve months after the termination of his services and using
Oxo’s proprietary information.

46.  Finally, Dr. McGrath breached the Consulting Agreement by, inter alia,
failing to disclose to Oxo or Nuvo all inventions or innovations, even if he did not believe he was
required to assign his interest in such invention or innovation to Oxo or Nuvo under the
Consulting Agreement.

47.  As aresult of these breaches, Oxo and Nuvo have been denied the rights
and privileges of ownership of the inventions embodied in the *183 Patent and the Related Patents
and Applications. Oxo and Nuvo have also lost valuable proprietary information, and have been
denied a competitive advantage in the development and commercialization of its drug products.

48.  Nuvo seeks specific performance of the Consulting Agreement and
compensatory damages, including but not limited to incidental and consequential damages arising
out of Dr. McGrath’s breach, as well as costs, attorneys’ fees, and interest thereon.

COUNT 3
(Unfair Competition under California Bus. & Prof. Code §§ 17200 et seq.)

49.  Nuvo hereby restates and realleges the allegations set forth in paragraphs 1-
48 above and incorporates them by reference, as though fully set forth herein.

50.  Dr. McGrath has engaged and continues to engage in unlawful, unfair,
and/or fraudulent business acts and practices by, notwithstanding his obligations under the
Consulting Agreement, (1) failing to assign the 183 Patent and the Related Patents and
Applications to Nuvo; (2) disclosing and/or using proprietary information learned while cons_ultin%
for Oxo; and (3) founding and participating in Neuraltus, a venture that is now attempting to profit
from the use of Nuvo’s inventions and proprietary information.

51.  Nuvo seeks restitution of all consideration paid to Dr. McGrath and any
pecuniary benefit Dr. McGrath has received as a result of his use of Nuvo’s proprietary

information and his claimed ownership of the 183 Patent and the Related Patents and
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Applications. Nuvo also seeks injunctive relief to prevent (1) further disclosure and/or
unauthorized use of its proprietary information, and (2) future improper collaboration between Dr.
McGrath and Neuraltus.
COUNT 4
(Unjust Enrichment)

52.  Nuvo hereby restates and realleges the allegations set forth in paragraphs 1-
51 above and incorporates them by reference, as though fully set forth herein.

>53. Dr. McGrath has denied Oxo and Nuvo the rights and privileges of
ownership of the invention embodied in the *183 Patent, the Related Patents and Applications, and
related proprietary information, and instead irhproperly has claimed ownership of the invention
embodied in the *183 Patent and the Related Patents and Applications. On information and belief,
Dr. McGrath has used, benefited, and/or profited from the invention claimed in the ’183 Patent
and the Related Patents and Applications, and from the unauthorized disclosure of Nuvo’s
proprietary information.

54.  Asadirect and proximate result of denying Oxo and Nuvo the above rights
and privileges, Dr. McGrath has been unjustly enriched by the use and/or licensing of the *183
Patent and the Related Patents and Applications, and by disclosure of Nuvo’s related proprietary
information, at Nuvo’s expense and to its detriment.

55.  Nuvo seeks restitution of all consideration paid to Dr. McGrath and any
pecuniary benefit Dr. McGrath has received as a result of his claimed ownership of the *183 Patent
and the Related Patents and Applications, and his disclosure of Nuvo’s proprietary information.

PRAYER FOR RELIEF

WHEREFORE, Nuvo prays for the following relief:

A. That the Court declare that Dr. Thomas Isensee, Dr. Otto Ah Ching, and/or
other Nuvo scientists as may be properly identified, are the proper inventors of the 183 Patent;

B. That the Court declare that Dr. McGrath is not an inventor of the °183

Patent;
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C. That the Court enter an order for the correction of United States Patent No.
7,105,183, requiring the Commissioner of the U.S. Patent and Trademark Office to issue a
Certificate of Correction naming Dr. Thomas Isensee, Dr. Otto Ah Ching, and/or other Nuvo
scientists as may be properly identified, as inventors of the *183 Patent;

D. That the Court enter an order for the correction of United States Patent No.
7,105,183, requiring the Commissioner of the U.S. Patent and Trademark Office to issue a
Certificate of Correction removing Dr. McGrath as an inventor of the ’183 Patent;

E. That the Court order specific performance of Dr. McGrath’s obligatibns
under the Consulting Agreement, including but not limited to ordering Dr. McGrath to (1) assign
the *183 Patent and the Related Patents and Applications to Nuvo, and (2) immediately cease all
further disclosure and/or use of Nuvo’s proprietary information;

F. That the Court enjoin Dr. McGrath from, among other things, all further
unauthorized disclosure and/or use of Nuvo’s proprietary information;

G. That the Court award Nuvo compensatory damages (including but not
limited to both consequential and incidental damages), exemplary damages for Dr. McGrath’s
willful and malicious conduct, and Nuvo’s costs, attorneys’ fees, and interest thereon;

H. That the Court award Nuvo restitution for Dr. McGrath’s unjust enrichment
and participation in unfair business practices; and

L That the Court award Nuvo any other relief that the Court may deem just,
equitable, and proper.

//
//
//
//
//
//
/
//
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DEMAND FOR JURY TRIAL
Nuvo hereby demands a jury trial on all issues so triable.

Dated: August 15,2011 Respectfully submitted,

By % /4;;‘«/,4&@

SIMPSON THACHER & BARTLETT LLP
HARRISON J. FRAHN IV (Bar No. 206822)
hfrahn@stblaw.com

2550 Hanover Street

Palo Alto, California 94304

Telephone: (650) 251-5000

Facsimile: (650) 251-5002

NOAH M. LEIBOWITZ (pro hac application forthcoming)
nleibowitz@stblaw.com

425 Lexington Avenue

New York, New York 10017

Telephone: (212) 455-2000

Facsimile: (212) 455-2502

Attorneys for Plaintiffs
NUVO RESEARCH INC.,,
NUVO RESEARCH AG

COMPLAINT FOR (1) CORRECTION OF INVENTORSHIP, (2) BREACH OF CONTRACT, (3) UNFAIR
COMPETITION, AND (4) UNJUST ENRICHMENT
13
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CONSULTING AGREEMENT

This Consulting Agreement ("Agreement”), dated for reference purposes only
September 1, 1996, is by and between OXO Chemie AG (the "Company”), a
Swiss corporation with an address of Chime des Primevéres 45, 1701
Fribourg, Switzerland, and, effective September 1, 1998, Michael S.
McGrath, MD, PhD, ("Consultant®) Associate Professor, Department of
Laboratory Mediclne, University of California, San Francisco, Director, AIDS
immunology Research Laboratory, San Franclisco General Hospital.

1. JERM

The Company hereby appoints Consultant as its adviser and Consultant
hereby accepts the appointment as adviser for the term commencing
September 1, 1996 and terminating August 31, 1999 unless such
appointment as adviser Is earlier terminated as hereinafier provided.

L 2 §EB! n&E

Consultant shall provide consulting and other services to the Company In
order to develop the chlorite-oxygen reaction product TCDO and WF10 for
macrophage driven diseases. Such consulting and other services shall include

a) to give advise on a Cilnical Development Plan for HIV indication;
b) to give advise on a Clinical Development Plan for Cancer indications;

c) to give advise on a Clinical Development Plan for other macrophage
driven diseases; '

d) to perform some necessary in vitro and in vivo investigations and
e) to support all matters of the development of WF10.

, Consuitant shall provide such consulting and other services as directed and
(. controlled by the Company, Its board of directors and / or the Chief
) Executive Officer of the Company. Consultant may be relieved of any or all of
his dutles without procedures of the Company, as such shall be adopted,

modifled or otherwise established by the Company from time to time..

During the term hereof, Consultant agrees to devote the appropriate hours
per month of his working time and best efforts to the performance of
Consultant's duties hereunder pursuant to the supervision and direction of
the Company and its Board of Directors. Consuitant further agrees to execute
such secrecy, non-disclosure, patent, trademark, copyright and other
proprietary rights agreement, if any, as the Company may from time to tim

require. ,

3. COMPENSATION

As full compensation for Consultant's services hereunder, the Company
agrees to pay to the Consultant a consulting fee at the rate of USD 60,000.--
(in words: sixty-thousand) per year, payable in monthly instaiments of
USD 5,000.-- (in words: five-thousand) at the baginning of each month.

\ | W
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4. EXPENSES

In addition to the compensation provided for in Section 3 hereof, the
Company shail reimburse Consuitant for all reasonable, customary, and
necessary expenses incurred in the performance of Consuitant's duties
hereunder. Consuitant shall first account for such expenses by submitting a
signed statement itemizing such expenses prepared in accordance with the
policy set by the Company for reimbursement of such expenses. The amount,
nature, and extent of such expenses shall always be subject to the control,
supervislon, and direction of the Company.

5. DISABILITY

If, on account of any physical or mental disability , Consultant shall fail or
be unable to perform all or subsiantially all of Consullant's duties under
this Agreement for a continuos period of six (6) months during any year of
the Term, Consuitant shall be entitled to his full monthly compensation as
set forth in Section 4 hereof. If Consultant's length of illness continues after
such six (6) month period, thls Agreement is subject 1o termination
pursuant to the provisions of Section 7a)il) hereof.

6. NONCOMPETITION
a) Other Busipess

During the term of this Agreement, Consultant agrees that he will not,
directly or Indirectly (whether as agent, consuitant, holder of a beneficial
interest, creditor, or In any other capacity), engage in any business or
venlure which engages directly or indirectly in competition with the
business of the Company or anolther company of the OXO Chemie Group, or
have any interest In any person, flrm, corporatlon, or veniure which
engages direclly or indirectly in competition with the business of the
Company or another company of the OXO Chemie Group uniess this Is agreed
by the Company e. g. in a license agreement between the Company and
Consultant for the chlorlte-oxygen reaction product TCDO and/or WF10
regarding an indication developed by Consultant. "Another company of the
OXO Chemle Group" is defined as any company whereof either the Company or
Dr. Frledrich-Withelm Kohne is a shareholder with more than 25 % (In
words: twenty-five per cent) of the shares.

b) Qther Employees

During the term of this Agreement and for two (2) years thereafter,
Consuitant shall not cause or induce, or attempt to cause or induce, any
person now or hereafter employed by lhe Company or another company of
the OXO Chemie Group, to terminate such employment, nor shall Consultant
direcily or indirectly employ any person who is now or hereafter employed
by the Company or another company of the OXO Chemie Group for a period of
two (2) year from the date Consultant shall cease o provide consulting and
othei: services 10 the Company provided this shall not apply to persons who
have been out of the employment of the Company or another company of the
OXO Chemle Group for more than one (1) year.

c) Suppliers

During the term of this Agreem'em, and for two (2) years thereafter,
Consultant shall not cause or induce, or attempt to cause or induce, any
person or firm supplylng goods, services or credit to the Company or

e
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another company of the OXO Chemie Group to diminish or cease furnishing
such goods, services or credit.

d) Conflict of Interest

During the term of this Agreement, Consultant shall not engage in ahy
conduct or enterprise that shall constitute an actual or apparent conflict or
interest with respect to Consultant's duties and obligations to the Company.

7. TERMINATION |
a) Temmination for Substantial Cause by Company

This Agreement may be terminated by the Company for substantial Cause
upon the occurrence of any of the following events:

{) Death

Termination under this sub-section shall be effective on the date of
death.

i) Permanent Disahility

For purposes of this Agreement, and subject to applicable laws with
respect to disabilities and the righls of those who are disabled,
"permanent disability" shall mean the Inability of Consultant, by
reason of any ailment or illness, or physical or mental condition, to
devote substantially all of his time during normai business hours to
the daily performance of Consultant's duties required hereunder for a
consecutive period of six (6) months. Termination under this
subsection shall be effective upon the date that the Company shall give
written notice to Consultant that it has determined that Consultant is
permanently disabled.

¢ i) The Failure to Substantially Perform Duties or Misconduct

Consultant may be terminated for the failure to substantlally perform
his dutles, breach of Consultant may be terminated for the failure to
substantially perform his duties, breach of this Agreement, or
misconduct, including, but not limited to, dishonesty, theft, use or
possession of drugs during work, disloyalty and / or felony criminal
conduct. Termination under thls subsection shall be effective
immediately upon the recelpt by Consultant of written notice slating
the cause of such termination.

b) Termination Without Substantial C by C
The 6ompany may terminate this Agreement at any time for any reason, with

or without substantial cause, upon Ninety (90) days wrilten notice to
Consultant.

c) Termination for Substantial Cause by Consultant
This Agreement may be immediately terminated by the Consultant for
substantial cause If at any time during the term of this Agreement the
\}/ Company shall (a) fail to make any payment of any sum of money herein W
specified to be made within ten (10) days after receipt of written notice 1,
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from Consultant of such failure to make payment; or (b) fail to observe or
perform any of the covenants, agreements, or obligations hereunder (other
than the payment of money) within sixty (60) days after receipt of written
notice from Consultant specifying such default.

d) Teq

Consultant may terminate this Agreement at any time for any reason, with
or without substantial cause, effective upon written notice to the Company.

8. RIGHTS UPON TERMINATION

a) Accrued Compensation

In the event this Agreement is terminated pursuant to Section 7 hereof, any
compensation accrued and unpaid as of the date of termination shall be paid to
Consultant or Consultant's estate within fifteen (15) days of termination.
Any severance payment shall be subject to usual and customary Consuitant
payroll practices and all applicable withholding (taxes; etc.) requirements.

b) Termination by the Company For Substantial Cause or by the Consultant
Without Substantial Cause

In the event this Agreement is terminated by the Company pursuant to sub-
section 7 a) i) hereof for substantial cause, or by the Consultant pursuant
to sub-section 7 d) hereof without substantial cause, Consuitant shall only
be entitled to payment from the Company of the portion of the fee earned and
unpald prorated as of the date of termination. Consuttant shail not be entitied
to severance pay or any other benefits pursuant of this Agreement In. the
event of such a termination for substantial cause.

¢) _Termination by the Company Without Substantial Cause or by the

Iin the event this Agreement is terminated by the Company without
substantial cause pursuant to sub-section 7 b) hereof, or by the Consultant
pursuant to sub-section 7 c) hereof with substantial cause, the Company
shall pay to the Consultant, in addition to the compensation earned and unpaid
as of the date of termination, severance pay In an amount equal to the balance
of the fee the Consultant would have received under this Agreement had the
Agreement run for further three (3) months.

d) Termination upon Disability

in the event the Company terminates this Agreement with the Consultant due
to Consultant's disabillty as provided for under Section 7a) (li) above, the
Company shall pay Consultant the compensation earned and unpaid as of the
date of termination. Consultant shall not be entitied to severance pay or any
other benefits pursuant of this Agreement in the event of such a termination.

¢) Temination upon Death

In the event the Company terminates this Agreement with the Consultant due
to Consultant's death as provided for under Section 7a) () above, the
Company shall pay Consultant's heirs, in addition to the compensation earned
and unpaid as of the date of termination, severance pay in an amount equal to
the balance of the fee the Consultant wouid have received under this
Agreement had the Agreement run for further six (6) months.
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9.

Consullant agrees that upon termination of this Agreement with the Company
In any manner, Consultant will immediately surrender to the Company all
lists, books and records of or connected with the business of the Company,

and all other properties belonging to Company, it belng distinctly understood.

that all such lists, books, records and other documents are the property of
the Company.

10. GENERAL RELATIONSHIP

Consultant shall be considered an Consultant of the Company within the
meaning of all national and local laws and regulations.

9% 11. PROPRIETARY INFORMATION

a) Consultant agrees that any trade secret or proprietary information of the
Company and / or another company of the OXO Chemle Group to which
Consultant has become privy or may become privy to as a result of this
Agreement with the Company shall not be divulged or disclosed to any other
party (including, without limit, any person or entity with whom or in whom
Consultant has a business Interest) without the express written consent of
the Company. In addition, Consultant agrees to use such information only
during the term of this Agreement and only in a manner which Is consistent
with the purposes of this Agreement. In the event Consultant believes that he
legaily required to disclose any trade secret or proprietary information of
the Company and / or another company of the OXO Chemle Group, Consultant
shall give reasonable notice to the Company prior to disciosing such
information and shall take such legally permissible steps as are reasonably
necessary to protect such trade secrets or proprietary Information,
including but not limited to, seeking orders from a court of competent
jurisdiction preventing disclosure or limiting disclosure of such
information beyond that which Is legally required.

b) Consultant shall hold in confldence all trade secret and proprietary
information received from the Company and / or another company of the OXO
Chemie Group until such information is available to the public generally or
to the competitors of the Company and / or another company of the OXO
Chemie Group through no unauthorized act or fault of Consultant. Upon
terminatlon of this Agreement, Consuitant shall promptly return any
written proprietary Information in his possesslon to the Company and / or
another company of the OXO Chenile Group.

c) As used In this Agreement, *"trade secret and proprietary information®
means information, whether wriiten or oral, not generally available to the
public; it Inciudes the concepts and Ideas involved in the products of the
Company and / or another company of the OXO Chemie Group whether
patentable or not; and Includes, but is not limited to, the processes,
formulae, and techniques disclosed by the Company and / or another company
of the OXO Chemie Group to Consultant or observed by Consultant. it does not
Include:

i) Information, which at the time of disclosure, had been previously
published

%
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ii) Information which is published after disclosure, unless such
publication is a breach of this Agreement or is otherwise a violation o
the contractual, legal or fiduciary duties owed to the Company or
another company of the OXO Chemie Group, which violation is known to
Consultant.

iti) Information which, subsequent to disclosure, is obtained by Consultant
from a third person who Is lawfully in possession of such information
(which information Is not acquired in violation of any contractual,
legal, or fiduciary obligation owed to Company or another company of
the OXO Chemie Group with respect to such information) and does not
require Consultant to -refrain from disclosing such information to
others. ,

d) The provislons of this Section 11 shall survive the termination or
expiration of this Agreement, and shall be binding upon Consultant in

perpetuity.

12. INVENTIONS AND INNOVATIONS

a) As used In thls Agreement, inventions and innovatlons mean new Ideas and
improvements, whether or not patentable, relating to the discovery,
devefopmeni, manufacture, use or marketing of the chlorlte-oxygen
reaction product TCDO and WF10 in multiple indications or other products
of the Company and / or another company of the OXO Chemle Group. This
Includes, but Is not limited to, product, processes, methods of manufacture,
distribution and management, sources of and uses for materials, apparatus,
plans, systems and computer programs.

b) Consultant agrees to disclose 1o the Chief Executive Officer and the Board . ob,wb
of Directors of the Company any inventlon or innovation which he develops, urd ()-7; %
elther alone or with anyone else, during the term of his consultling and other \p Y"J
services 1o the Company, as well as any Invention or innovation based on

proprietary information of Company which Consultant develops, whether

alone or with anyone else, within twelve (12) months afler the termination '

of Consultant's services to the Company. . L . welbo
P S salodmslie Jouk.ro e

c) Consultant agrees to assign any invention or lnnovallor}(tp the Company: W‘”

I') which Is developed totally or partially while Consultant is paid by the |

Company

11} for which Consultant used any of the Company's equipment, supplies,
facititles or proprietary informatlon, even if any or all of such Items
are relatively minor, and have littie or no monetary value; or

iil) which results In any way from Consultant's work for the Company or
reiates In any way o Company's business or Company's curren! or
anticipated research and development.

d) Consultant understands and agrees that the existence of any condition set
forth in elther c I), li) or iii) above Is sufficient to require Consuliant to
asslgn his invention or innovation to the Company.

@) Consultant agrees that any invention or Innovation which is required
under the provisions of this Agreement to be assigned to the Company shall
-be the sole and exclusive property of the Company. Upon Company's request,

at not expense to Consultant, Consultant shall execute any and all proper
. _ applications for patents, assignments to the Company, and all other /
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applicable documents, and will give testimony when and where requested to
perfect the title and / or patents in all inventions or innovation belonging to
the Company.

g) Consultant shall disclose all inventions and innovations to the Company,
even if Consultant does not believe that he is required under this Agreement
to assign his Interest In such invention or innovation to the Company. If the
Company and Consultant disagree as to whether or not an Invention or
innovation Is Included within the terms of this Agreement, it will be the
responsibllity of Consultant to prove that it is not included.

h) In the event that the Company determines that any invention or
innovatlon is not included within the terms of the Agreement, Consultant can
recelve a release from the Company of any right he may have with respect to
such Inventlon or Innovatlon, except that if the invention or Innovation
relates in any way to the business or cument or anticipated research and
development of the Company and / or another company of the OXO Chemie

- Group, the Company shall be entitled to obtain, and Consultant shall be

(.. - obligated to grant to the Company, an irrevocable, non-exclusive, royalty-
free license 1o make, have made, use, or sell that invention or innovation
anywhere In the world.

13. ASSIGNMENT

This Agreement shall be binding upon and shall inure to the benefit of the
parties hereto and the successors and assigns of the Company. Consultant
shall have no right to assign his rights duties, obligations or other Interests
in this Agreement, it being understood that the Agreement Is personal to
Consultant.

14, ENTIRE UNDERSTANDING

This Agreement sets forth the entire understanding of the partles hereto
with respect to the subject mater hereof, and no other representations,

{0 warrantles or agreements whatsoever have been made by Consultant or the

Company not hereln contained. This Agreement shall not be modified,
amended or terminated except by another Instrument in writing executed by
the parties hereto. This Agreement replaces and supersedes any and all prior
understandings or agreements between Consuitant and Company regarding
the Consuitant's services to be provided to the Company.

15. NOTICES

Any nolice or other communication required or permitied hereunder shall be
in writing and shalil be delivered personally against written receipt, sent by
courier or registered mall with return receipt requested. Any. such notice
shali be deemed served when so delivered, or, if mailed, five days after the
date of deposlt in the mali, as follows:

a) If to the Consultant;
Michael S. McGrath, MD, PhD
Assoclate Professor, Depariment of Laboratory Medicine,
University of California, San Francisco, Director, AIDS
immunology Research Laboratory, San Francisco General
Hospital

m | USA
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b) If to the COMPANY:
Oxo Chemig AG
Chemin des Primevéres 45
CH-1701 Fribourg
Switzerland

or to such other address as Consultant or the Company may from time to time
furnish, In writing, to the other. .

16. ARBITRATION

Any and all clalms, disputes, controversles or differences between the

parties arising out of or in connection with this Agreement, Including

questions of its -valldity or the validity of this arbitration clause, which

cannot be satisfactorily resolved by and between the parties, shall be

exciusively and finally settled by way of arbitration in accordance with a
- "separate arbitration agreement.

17. Press Releases

The Consultant's name shall not be mentioned In any press release issued by
or on behalf of Dimethald Research Inc., Ontario.

18. MISCELLANEQUS
a) Paragraph Headings

The headings of several paragraphs of this Agreement are inserted solely for
the convenlence of reference and are not a part of and are not Intended to
govern, limit or aid in the construction of any term or provision hereof.

b) Walver

C Fallure of the Company at any time to require performance by Consultart of
' any provision of this Agreement shall in no way affect the Company's rights
thereafter to enforce the same, nor shall the waiver by the Company of any
breach of any provision hereof be held to be a waiver of any succeeding

breach of any provision or a waiver of the provision itself.

c) Applicable Law

This Agreement including all Exhibits shall be exbluslvely governed by and
construed In accordance with Swiss laws.

d) _Severability

If any provision or any portion of any provision of this Agreement or the
application of any such provision or any portion thereof to any person or
circumstance shall be held invalid or unenforceable, the validity or
enforceability of the maining provisions shall not be affected thereby. The
invalld or.unenforceable provision shall be replaced by such a provision
which comes’ as close as legally permissible to the invalid or unenforceable
provision.
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e) Exhibits

All Exhibits annexed hereto or referred to herein are hereby incorporated in
and made a part of this Agreement as if set forth herein,

f) Language

This Agreement is entered into the English language only which shall be the
definitive version. Any translation hersof is for the sole convenience of the
parties and shall not have any force or effect.

In Witness Whereof, the partles have caused this Agreement to be executed
effective the date first wrltten above:

CONSULTANT: COMPANY:
e QNX 2l
" Michael S. McGrath, Mg)’hD ' Dr. Friedrich-Withelm Kuhne

Chlef Executive officer

T~
{ (ol

Thomas Christély
Chief Financial Officer

o
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CHLORITE IN THE TREATMENT OF
NEURODEGENERATIVE DISEASE

CROSS REFERENCES TO RELATED
APPLICATIONS

This application claims the bencfit of U.S. provisional
application Ser. No. 60/541,576, filed Feb. 3, 2004, which
application is incorporated herein by reference in its entirety.

GOVERNMENT RIGHTS

This invention was made with government support under
federal grant No. U01-CA66529 awarded by the National
Institutes of Health. The United States Government may
have certain rights in this invention.

FIELD OF THE INVENTION

The present invention generally relates to the use of
chlorite in treatment of neurodegenerative disease, particu-
larly a neurodegenerative disease characterized by patho-
logic macrophages, such as amyotrophic lateral sclerosis
(ALS), multiple sclerosis (MS), HIV-associated neurologi-
cal disorders, or Alzheimer’s disease (AD).

BACKGROUND OF THE INVENTION

Neurodegenerative diseases are generally characterized
by a degeneration of neurons in either the brain or the
nervous system of an individual. Amyotrophic lateral scle-
rosis (ALS), Alzheimer’s disease (AD), and multiple scle-
rosis (MS) fall within this category. These diseases are
debilitating, the damage that they cause is often irreversible,
and the outcome in a number of cases is fatal.

ALS is characterized by gradual degeneration of motor
neuron cells in the spinal cord and brain, which ultimately
leads to progressive weakness and paralysis of muscle and
death. ALS occurs in two clinically indistinguishable forms,
referred to as a sporadic form and a familial form. The
pathogenesis of ALS is incompletely understood, although
different hyotheses have been suggested, including mito-
chondria dysfunction, mutation in the superoxide dismutase
gene, and defects in neuronal glutamate transport. Autoim-
munity has also been hypothesized to be involved in ALS
pathogenesis (Appel et al. 1993. J Newrol. Sci.
118:169-174). In addition, several recent studies have sug-
gested that the immune system may be actively involved in
the discasc process of ALS, with observations of activated
microglia, 1gG deposits, increased FcR expression, and
dysregulation of cytokine expression in the spinal cord of
ALS patients (Troost et al. 1989. Clin. Neuropathol.
8:289-294; Engelthardt et al. 1990. Arch. Neurol.
47:1210-1216; Schiffer et al. 1996. J Neurol. Sci. 139
(suppl):27-33; Hayashi et al. 2001 .J Neurol. Sci. 188:
3-7.9-12).

Recent clinical and pathological studies have shown that
involvement outside the motor neuron system is relatively
common in Amyotrophic Lateral Sclerosis (ALS) (Hayashi
et al. 2001, supra; Obal et al. 2001 Neuroreport.
12:2449. 2452; Sola et al. 2002 8. Eur. Neurol. 47:108 112;
Ono et al. 2001 J. Neurol. Sci. 187:27-34; Alexianu et al.
2001 Neurology. 57:1282-1289.). Microglia/macrophage
activation and nflammatory response have been implicated
in ALS disease progression (Appel et al. 1993, supra;
Engelthardt et al. 1990, supra; Hayashi et al. 2001 supra;
Obal et al. 2001 Neuroreport. 12:2449-2452; McGeer et al.
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2002 Muscle Nerve. 26.459-47028, 29). However, few
studies to date have explored the status of the systemic
immune response in ALS. Despite intensive investigation,
ALS has no known cause or effective therapy.

Retroviral infection has recently been implicated in the
pathogenesis of an ALS-like syndrome in patients with
HIV-associated disease. Moulignier et al. (Reversible ALS-
like disorder in HIV infection. Neurology. 57:995-1001)
recently reported the outcome of six HIV-1 -infected patients
with a neurologic disorder mimicking ALS and all those
patients stabilized or improved with antiretroviral therapy.
MacGrowen et al. (2001. An ALS-like syndrome with new
HIV infection and complete response to antiretroviral
therapy. Neurology. 57:1094-10) also reported a dramatic
clinical response to antiretroviral therapy in an ALS-like
syndrome with new HIV infection.

Approximately one-quarter of individuals with AIDS
develop neuropathological symptoms. Infection by HIV-1
causes inflammation within the brain and neuronal degen-
eration (Power et al. 2001 Adv. Virus. Res. 56:389-433),
resulting in HIV-associated dementia (HAD) or the less
severe minor cognitive and motor disorders (Janssen et al.
1991 Report of a Working Group of the American Academy
of Neurology AIDS Task Force. Neurology. 41:778-785;
McArthur et al. 1993 Multicenter AIDS Cohort Study.
Neurology. 43:2245-2252; The Dana Consortium. 1996.
Clinical confirmation of the American Academy of Neurol-
ogy algorithm for HIV-1-associated cognitive/motor disor-
der. The Dana Consortium on Therapy for HIV Dementia
and Related Cognitive  Disorders.  Newrology.
47:1247-1253)).

The mechanisms underlying HIV-associated neuronal
injury are incompletely understood. Various studies have
suggested that monocytes/macrophage activation may play a
significant role in the pathogenesis of many neurological
diseases (Smits et al. 2000 Eur. J. Clin. Invest. 30:526-535.;
Fiala et al. 2002 Eur. J. Clin. Invest. 32:360-371; Minagar
et al. 2002 The role of macrophage/microglia and astrocytes
in the pathogenesis of three neurologic disorders: HIV-
associated dementia, Alzheimer disease, and multiple scle-
rosis. J. Neurol. Sci. 202:13-23), including HIV-associated
neurologic disorders (Pulliam et al. 1997 Lancet. 349:
692-695; Diesing et al. 2002 AIDS Reader. 12:358-368).
Indeed, the best pathological correlate for HIV-associated
neurologic disorders, especially HAD, is the number of
activated mononuclear phagocytes (perivascular and paren-
chymal blood-derived macrophages and microglia), not the
absolute levels of virus in brain per se (Glass et al. 1995 Ann.
Neurol. 38:755-762; Adamson et al. 1999 Mol. Med.
5:98-109). Similar findings have been reported for simian
AIDS related encephalopathy (SIVE) (Williams et al. 2002
Am. J. Pathol. 161:575-585). Macrophage activation has
been reported in spinal cords of patients with ALS disease
(Appel et al. 1993, supra; Engelthardt et al. 1990, supra;
Obal et al. 2001, supra; McGeer et al. 2002, supra), although
the role of macrophage activation in ALS pathogenesis has
not been previously determined.

Studies on blood from patients with HAD (Liu ct al. 2000
J. Neurovirol. 6(suppl 1): 870-81) and monkeys with SIVE
(Williams et al. 2002 4m. J. Pathol. 161:575-585) have
shown a direct relationship between the presence of acti-
vated blood macrophages and central nervous system (CNS)
disease. These activated macrophages are thought to medi-
ate blood brain barrier (BBB) breakdown and directly con-
tribute to CNS pathogenesis.

Alzheimer’s disease (AD) is the most common form of
dementia among the elderly. Various studies have suggested
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that macrophage activation may be involved in AD (see,
e.g., WO 99/21542). Currently the only definite way to
diagnose AD is by post-mortem autopsy to assess the
presence of amyloid plaques and tangles in brain tissue.
Thus, AD diagnosis is generally a diagnosis of “possible™ or
“probable” AD. At specialized centers, doctors can diagnose
AD correctly up to 90 percent of the time. Several tools are
used to diagnose “probable” AD, including medical history,
analysis of blood urine, or spinal fluid, to rule out other
causes (e.g., thyroid deficiencies, infectious disease, etc.),
brain scans, and neuropsychological tests to asses memory,
problem solving, attention, counting, and language.

Multiple sclerosis (MS) is a chronic disease that is char-
acterized by “attacks,” during which areas of white matter of
the central nervous system, known as plaques, become
inflamed. Inflammation of these areas of plaque is followed
by destruction of myelin, the fatty substance that forms a
sheath or covering that insulates nerve cell fibers in the brain
and spinal cord. Myelin facilitates the smooth, high-speed
transmission of clectrochemical messages between the
brain, spinal cord, and the rest of the body. Damage to the
myelin sheath can slow or completely block the transmission
of these electrochemical messages, which can result in
diminished or lost bodily function.

The most common course of MS manifests itself as a
series of attacks, which are followed by either complete or
partial remission, during which the symptoms lessen only to
return at some later point in time. This type of MS is
commonly referred to as “relapsing-remitting MS.” Another
form of MS, called “primary-progressive MS,” is charac-
terized by a gradual decline into the disease state, with no
distinct remissions and only temporary plateaus or minor
relief from the symptoms. A third form of MS, known as
“secondary-progressive MS,” starts as a relapsing-remitting
course, but later deteriorates into a primary-progressive
course of MS.

The symptoms of MS can be mild or severe, acute or of
a long duration, and may appear in various combinations.
These symptoms can include vision problems such as
blurred or double vision, red-green color distortion, or even
blindness in one eye, muscle weakness in the extremities,
coordination and balance problems, muscle spasticity,
muscle fatigue, paresthesias, fleeting abnormal sensory feel-
ings such as numbness, prickling, or “pins and needles”
sensations, and in the worst cases, partial or complete
paralysis. About half of the people suffering from MS also
experience cognitive impairments, such as-for example, poor
concentration, attention, memory and/or judgment. These
cognitive symptoms occur when lesions develop in those

areas of the brain that are responsible for information -

processing.

Despite the progress in the field, there remains a need for
a therapy for treatment of ALS and MS, including alleviation
of symptoms of these diseases. The present invention
addresses this need.

Literature
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ography and cited throughout, may be of interest: Akiyama
et al. 2000 Neurobiol. Aging. 21:383-421; Anderson et al.
2002. J. Leukoc. Biol. 72:101--106; Cremer et al. 1976. N.
Engl. J. Med. 295:107-108. (Letter); Fischer-Smith et al.
2001. J. Neurovirol. 7:528-541; Giese et al. Cell Immunol.
2004 June;229(2):149-58; Hansen et al. Pharmacol Toxicol.
2001 August;89(2):92-5; Hensley et al. 2002. J. Neurochem.
82:365-374; Hirsch et al. 2003. Ann. N.Y. Acad. Sci. 991:
214-228; Kemp et al. Pharmacol Toxicol. 2002 June;90(6):
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1998. Exp. Gerontol. 33:371-378; Morgan et al. 1988. Arch.
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Scand. 78:449-454; Nguyen et al. 2001 Ann. Neurol.
50:630-639; Ostermeyer-Shoaib et al. 1993 Acta Neurol
Scand. 87:192-194; Raffanti et al. Infection. 1998 July-
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3:365-373; McGrath et al. 1999 Pathobiology. 67:277-81.;
McGrath et al. 1998 Transplant. Proc. 30:4200-4204; Giese
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SUMMARY OF THE INVENTION

The invention features methods of treating a macrophage-
associated neurodegenerative disease such as amyotrophic
lateral sclerosis (ALS), Alzheimer’s disease (AD), or mul-
tiple sclerosis (MS) in a subject by administering chlorite in
an amount effective to decrease blood immune cell activa-
tion. The invention also features methods of monitoring
therapy by assessing blood immune cell activation before
and after therapy.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention is best understood from the following
detailed description when read in conjunction with the
accompanying drawings. Included in the drawings are the
following figures:

FIG. 1 is a graph showing the relationship of the revised
ALS Functional Rating Score (ALSFRS-R) to CD4 T-cell
co-expression of the activation antigen CD38 in ALS
patients. Patients with ALS were divided into two groups
based on a score of 24, the midpoint of the ALSFRS-R scale.
The CD4 activation marker CD38 was significantly lower in
patients with severe impairment (ALSFRS-R score of 0-24,
n=10) compared to normal controls (P<0.01) and patients
with milder impairment (ALSFRS-R score>24, n=26)
(P<0.05), but no difference was found between normal
controls and patients with milder impairment.

FIGS. 2a-2b are graphs showing analyses of macrophage
activation defined by CD14 co-expression of HLA-DR in
patients with ALS. FIG. 2a is a graph showing a negative
correlation of macrophage activation with ALSFRS-R
scores in patients with ALS (Pearson r=-0.3424, P=0.0409).
FIG. 2b is a graph showing a positive correlation of levels
of HLA-DR on ALS CD14 cells with the rate of disease
progression (ALSFRS-R score change per month) (Pearson
r=0.3696, P=0.0265).

FIGS. 3a-3b are graphs showing a comparison of serum-
IgG and -IgM levels between normal controls and ALS
patient groups by ALLSFRS-R categories. FIG. 3a is a graph
showing that significantly lower levels of serum-IgG were
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found in ALS patients with severe impairment compared to
normal controls (P<0.05), but with no difference between
patients with milder impairment and normal controls. FIG.
3b is a graph showing levels of serum-IgM in patients with
milder impairment were significantly higher than normal
controls (P<0.01), but with no difference between patients
with severe impairment and normal controls.

FIG. 4 is a graph showing the effects of WF10 adminis-
tration upon activated blood macrophages in an ALS patient.

FIG. 5 is a graph of a composite set of curves representing
blood macrophage activation measurements taken from a
patient with multiple sclerosis treated one cycle of WF10.

FIG. 6 is a graph showing the results of administration of
WF10 to two ALS patients (WF10, 1 cycle=0.3 ml WF10/kg
infused over 1 hr, with infusion daily for 5 days, which 5-day
regimen was administered once every 3 weeks; data shown
at the end of 4 cycles and at the end of 5 cycles. The arrows
indicate the periods during which a WF10 cycle was admin-
istered. Results are indicated in terms of an ALS/FR (amyo-
trophic lateral sclerosis/functional) score. G-tube indicates
period during which gastric tube was in place. Oral indicates
the patient was able to take food by mouth.

Before the present invention is described in more detail,
it is to be understood that this invention is not limited to
particular embodiments described, as such may, of course,
vary. It is also to be understood that the terminology used
herein is for the purpose of describing particular embodi-
ments only, and is not intended to be limiting, since the
scope of the present invention will be limited only by the
appended claims.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limits of that range is also specifically
disclosed. Each smaller range between any stated value or
intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included or excluded in the
range, and each range where either, neither or both limits are
included in the smaller ranges is also encompassed within
the invention, subject to any specifically excluded limit in
the stated range. Where the stated range includes one or both
of the limits, ranges excluding either or both of those
included limits are also included in the invention.

Unless defined otherwise, all technical and scientific
terms used herein have the same meaning as commonly
understood by one of ordinary skill in the art to which this
invention belongs. Although any methods and materials

similar or equivalent to those described herein can be used ¢

in the practice or testing of the present invention, the
preferred methods and materials are now described. All
publications mentioned herein are incorporated herein by

reference to disclose and describe the methods and/or mate-

rials in connection with which the publications are cited.

It must be noted that as used herein and in the appended
claims, the singular forms “a”, “an”, and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a chlorite matrix™ includes a
plurality of such chlorite matrices and reference to “the
composition” includes reference to one or more composi-
tions and equivalents thereof known to those skilled in the
art, and so forth.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present appli-
cation. Nothing herein is to be construed as an admission
that the present invention is not entitled to antedate such
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publication by virtue of prior invention. Further, the dates of
publication provided may be different from the actual pub-
lication dates which may need to be independently con-
firmed.

DETAILED DESCRIPTION OF THE
INVENTION

Overview

The invention is based on the discovery that administra-
tion of WF10, which comprises chlorite (e.g., in the form of
tetrachlorodecaoxygen (TCDO)) as its active ingredient,
provides for treatment of patients having amyotrophic lateral
sclerosis (ALS) and for treatment of patients having multiple
sclerosis (MS). Without being held to theory, chlorite pro-
vides for a decrease in activated blood immune cells (e.g.,
activated macrophages), which are elevated in ALS and MS
patients and contribute to ALS and MS disease pathogen-
esis. Further, since Alzheimer's disease (AD) is similarly
characterized as being associated with activated blood
immune cells in a manner that parallels ALS, AD is also
amenable to treatment by administration of WF10. The
invention is thus applicable to treatment of neurodegenera-
tive diseases associated with activated blood immune cells,
particularly with proliferating or inappropriate activated
macrophages.

Definitions

A “neurodegenerative disease” refers to a central nervous
system characterized by progressive, normally gradual, loss
of functional neural tissue. Of particular interest in the
present invention is the treatment of neurodegenerative
diseases in which that affected patient has activated blood
immune cells, particularly with proliferating or inappropri-
ate activated macrophages. Reference to a “non-diseased”
individual generally means an individual who is not diag-
nosed as having, or is not suspected of having, the relevant
neurodegenerative disease. Reference to a “diseased” indi-
vidual generally means an individual who has been diag-
nosed as having, or who is suspected of having, the relevant
neurodegenerative disease. Exemplary neurodegenerative
diseases include amyotrophic lateral sclerosis, multiple scle-
rosis, and pathogen-mediated or pathogen-associated neural
diseases or symptoms (such as viral infection, e.g., HIV
infection).

As used herein, the terms “macrophage” and “monocyte”
are used interchangeably, as it is understood that in the art
the term “monocyte” is often used to describe a circulating
mononuclear cell that expresses the CD14 cell surface
marker, and when in a tissue this cell is also classified as a
macrophage.

An “abnormal macrophage” or “activated circulating
monocyle” or “activated monocyte” as used interchangeably
herein denotes a monocyte which expresses CD14 (i.e.,
CD14+) and which expresses an elevated level of HLA-DR,
the major histocompatibility antigen class II, and/or which
expresses CD16 (i.e., CD16+). Generally, abnormal mac-
rophages are found in peripheral blood but they may also be
found in other biological samples from an individual. Gen-
crally, these abnormal macrophages are present without
identifiable concomitant T cell activation in the ALS
patients.

As used herein, detecting the “presence of abnormal
macrophages” generally means detecting the level of abnor-
mal macrophages. Generally, the level of abnormal mac-
rophages (or activated monocytes) is indicated by the level
of HLA-DR expression in a population of CD14+ cells
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and/or the percentage of CD16+ cells in a population of
CD14+ cells and/or the number of CD144/CD16+ cells,
although other markers that indicate monocyte activation,
differentiation and/or proliferation could be used. It is under-
stood that an absolute or even relative level need not be
determined, an observation of detectable abnormal mac-
rophages is sufficient.

A “proliferating macrophage™ or “promac” is understood
in the art and as used herein denotes a disease-associated
blood macrophage which exhibits an elevation in prolifera-
tion and/or activation markers relative to non-disease blood
macrophages. Normally a macrophage is a terminally dif-
ferentiated cell incapable of further division. For purposes of
this invention, a “proliferating macrophage” is capable of
further division or is in a portion of the cell cycle not
considered to be terminal or end stage, and/or has undergone
inappropriate activation (e.g., are “inappropriately acti-
vated”,) or is undergoing inappropriate activation. Methods
of detecting proliferating macrophage(s) are discussed
below.

“Pathologic macrophages” as used herein is meant to
encompass both proliferating macrophages and inappropri-
ately activated macrophages (e.g., abnormal macrophages).
Pathologic macrophages thus encompass proliferating mac-
rophages, as defined above, as well as macrophages in the
blood that may not exhibit proliferation markers at any given
time, but are nonetheless chronically activated, and thus are
in a pathogenic state.

As used herein, detecting the “presence of proliferating
macrophages” generally means detecting the level of pro-
liferating macrophages. It is understood that an absolute or
evenrelative level need not be determined; an observation of
detectable proliferating macrophages is sufficient.

0

5

20

A “macrophage-associated” diseasc, disorder or indica-

tion is a disease, disorder or indication that is associated with
pathologic macrophages an elevated, or abnormal, level or
rate of macrophage proliferation as compared to control
sample(s). Such disorders include, but are not limited to,
macrophage-associated neurodegenerative disorders, such
as ALS, MS, HIV-associated neurological disorders, and
AD. The terms “disorder” and “disease” are used inter-
changeably herein. An “HIV-associated” disease is defined
more broadly as generally associated with or secondary to an
HIV infection; “IITV-mediated” diseases, for example, are
included in those considered to be “HlV-associated.” In
particular embodiments, the disorder contemplated for treat-
ment according to the invention is not cancer (e.g., is a
disease or disorder other than cancer). In other particular
embodiments, the disorder contemplated for treatment
according to the invention is not an autoimmune disease
(e.g., the macrophage-associated is a disease or disorder
other than an autoimmune disorder or disease). For example,
the disorder is not graft rejection (transplant rejection). In
other embodiments, the disorder treated is a viral infection,
particularly an HIV or HCV infection (i.e., the patient is not
virally infected, e.g., is not HIV-infected or HCV-infected)
In still other embodiments, the disorder is not have HIV-
associated dementia (e.g., the patient does not have AIDS
dementia), “Macrophage-associated neurodegenerative dis-
order” is specifically defined herein to exclude cancer, HIV
infection, HCV infection, and autoimmune diseases.

A “macrophage-associated neurodegenerative disorder”
is a neurodegenerative disease in' which the patient has
pathologic macrophages (e.g., abnormally activated mac-
rophages and/or proliferating macrophages, particularly a
disease associated with an elevated, or abnormal, level or
rate of macrophage proliferation as compared to control
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sample(s)). “Macrophage-associated neurodegenerative dis-
order” is specifically defined herein to exclude cancer and
autoimmune diseases.

“Amyotrophic lateral sclerosis” or '“ALS” are terms
understood in the art and as used herein to denote a pro-
gressive neurodegenerative disease that affects upper motor
neurons (motor neurons in the brain) and/or lower motor
neurons (motor neurons in the spinal cord) and results in
motor neuron death. As used herein, thc term “ALS”
includes all of the classifications of ALS known in the art,
including, but not limited to classical ALS (typically affect-
ing both lower and upper motor neurons), Primary Lateral
Sclerosis (PLS, typically affecting only the upper motor
neurons), Progressive Bulbar Palsy (PBP or Bulbar Onset, a
version of ALS that typically begins with difficulties swal-
lowing, chewing and speaking), Progressive Muscular Atro-
phy (PMA, typically affecting only the lower motor neurons)
and familial ALS (a genetic version of ALS).

“Multiple sclerosis™ or “MS” are terms understood in the
art and as used herein to denote a progressive neurodegen-
erative disease resulting in destruction of the myelin cover-
ing of nerve cells, particularly of the brain and spinal cord.
As used herein, “MS” includes all of the classifications of
MS known in the art, including, but not limited Relapsing-
remitting (RRMS) (typically characterized by partial or total
recovery afier attacks (also called exacerbations, relapses, or
flares)), Secondary progressive (SPMS) (generally charac-
terized by fewer relapses, with an increase in disability and
symptoms), and Primary progressive (PPMS) (generally
characterized by progression of symptoms and disability
without remission).

“Alzheimer’s disease” or “AD” are terms understood in
the art and used herein to denote a progressive neurodegen-
erative disease characterized by dementia and defined by the
American Psychiatric Association (in DSM IV) as the devel-
opment of multiple cognitive deficits that includes memory
impairment.

An “individual” is a vertebrate, preferably a mammal,
more preferably a human. Mammals include, but are not
limited to, farm animals, sport animals, rodents, primates,
and pets. ‘

A “macrophage-associated neurodegenerative disease
individual” or a “macrophage-associated neurodegenerative
disease patient” is an individual who is diagnosed as having
a neurodegenerative disease or is suspected of having a
neurodegenerative disease by demonstrating clinical symp-
toms of a neurodegenerative disease, which symptoms
include pathologic macrophages in the patient’s blood. A
“non-macrophage-associated neurodegenerative disease
individual” is an individual who is not diagnosed as having,
and not suspected of having, a macrophage-associated neu-
rodegenerative disease. “Macrophage-associated neurode-
generative disorder” is specifically defined herein to exclude
cancer and autoimmune diseases.

An “ALS individual™ or an *“ALS patient” is an individual
who is diagnosed as having ALS or is suspected of having
ALS by demonstrating ALS-associated symptoms. A “non-
ALS individual” is an individual who is not diagnosed as
baving ALS or not suspected of having ALS. ALS and
methods of diagnosing ALS are known in the art and are
discussed herein.

An “AD individual” or an “‘AD patient” is an individual
who is diagnosed as having AD or is suspected of having AD
by demonstrating AD-associated symptoms. A “non-AD
individual” is an individual who is not diagnosed as having
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AD or not suspected of having AD. AD and methods of
diagnosing AD are known in the art and are discussed
herein.

An “MS individual” or an “MS patient” is an individual
who is diagnosed as having MS or is suspected of having
MS by demonstrating MS-associated symptoms. A “non-MS
individual” is an individual who is not diagnosed as having
MS or not suspected of having MS. MS and methods of
diagnosing MS are known in the art and are discussed
herein.

“Development™ or “progression” of a disease, e.g., a
macrophage-associated neurodegencrative disease such as
ALS, of AD, or of MS, herein means initial manifestations
and/or ensuing progression of the disorder. For example,
development of ALS or of MS can be detectable and
assessed using standard clinical techniques, such as nerve
and muscle biopsy and CNS scanning technologies such as
MRI. However, development also refers to disease progres-
sion that may be undetectable. For purposes of this inven-
tion, development or progression refers to the biological
course of the disease state. “Development” includes occur-
rence, recurrence, and onset. As used herein “onset” or
“occurrence” of ALS, AD, or MS includes initial onset
and/or recurrence.

As used herein, “delaying development” of a macroph-
age-associated neurodegenerative disease a disease, such as
ALS, AD or MS, means to defer, hinder, slow, retard,
stabilize, and/or postpone development of one or more
symptoms, of the disease, including decreasing the rate at
which the patient’s disease progresses (e.g., to shift the
patient from rapidly progressing disease to a more slowly
progressing disease). This delay can be of varying lengths of
time, depending on the history of the disorder and/or the
medical profile of the individual being treated. As is evident
to one skilled in the art, a sufficient or significant delay can,
in effect, encompass prevention, in that the individual does
not develop detectable disease. A method that “delays”
development of disease is a method that reduces the extent
of the disease in a given time frame, when compared to not
using the method. Such comparisons are typically based on
‘clinical studies, using a statistically significant number of
subjects, although this knowledge can be based upon anec-
dotal evidence. “Delaying development” can mean that the
extent and/or undesirable clinical manifestations are less-
ened and/or time course of the progression is slowed or
lengthened, as compared to not administering the agent.
Thus the term also includes, but is not limited to, alleviation
of symptoms, diminishment of extent of disease, stabilized
(i.c., not worsening) state of disease, delay or slowing of
disease progression, and remission (whether partial or total)
whether detectable or undetectable.

As used herein, “biological sample” encompasses a vari-
ety of sample types obtained from an individual and can be
used in a diagnostic or monitoring assay. The definition
encompasses blood and other liquid samples of biological
origin, solid tissue samples such as a biopsy specimen or
tissue cultures or cells derived therefrom, and the progeny
thereof. The definition also includes samples that have been
manipulated in any way after their procurement, such as by
treatment with reagents, solubilization, or enrichment for
certain components, such as proteins or polynucleotides.
The term “biological sample” encompasses a clinical
sample, and also includes cells in culture, cell supernatants,
cell lysates, serum, plasma, biological fluid, and tissue
samples. Generally, the sample will be, or be derived from,
peripheral blood and as such is a “blood sample”. In some
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cases, the blood will have been enriched for a macrophage
fraction, by using, for example, glass or plastic adherence.

A "blood sample” is a biological sample which is derived
from blood, preferably peripheral (or circulating) blood. A
blood sample may be, for example, whole blood, plasma or
serum.

As used herein, an “effective amount” (e.g., of an agent)
is an amount (of the agent) that produces a desired and/or
beneficial result. An effective amount can be administered in
one or more administrations. In general, an effective amount
is an amount sufficient to decrease the level of abnormal
macrophages (pathologic macrophages) in a macrophage-
associated neurodegenerative disease patient or derived
from a macrophage-associated neurodegenerative disease
individual. In some embodiments, an effective amount is an
amount sufficient to decrease the level of abnormal mac-
rophages in an ALS patient or derived from an ALS indi-
vidual. In other embodiments, an effective amount is an
amount sufficient to decrease the level of abnormal mac-
rophages in an MS patient or derived from an MS individual.
In other embodiments, an effective amount is an amount
sufficient to decrease the level of abnormal macrophages in
an AD patient or derived from an AD individual. An
“amount sufficient to decrease the level of abnormal mac-
rophages” preferably is able to decrease the level of abnor-
mal macrophages by at least about 25%, preferably at least
about 50%, more preferably at least about 75%, and even
more preferably at least about 90%. Such a decrease may
have desirable concomitant effects, such as to palliate,
ameliorate, stabilize, reverse, slow or delay progression of
disease, delay and/or even prevent onset of disease.

In other embodiments, “amount sufficient to decrease the
level of HLA-DR expression by CD14+ cells” preferably is
able to decrease the level of HLA-DR expression by at least
about 25%, preferably at least about 50%, more preferably
at least about 75%, and even more preferably at least about
90%. Such a decrease may have desirable concomitant
effects, such as to palliate, ameliorate, stabilize, reverse,
slow or delay progression of disease, delay and/or even
prevent onsel of disease.

As used herein, decreasing the “level of abnormal mac-
rophages” generally means decreasing the population num-
ber of abnormal macrophages or activated monocytes and/or
decreasing the level of HLA-DR expression in a population
of CD14+ cells. In various embodiments, the level of
abnormal macrophages can be assayed by determining the
percentage of CD16+ cells in a population of CD14+ cells
and/or the number of CD14+/CD16+ cells in the biological
sample. It is understood that an absolute level need not be
determined; an observation of a relative level of abnormal
macrophages is sufficient.

“Modulating” macrophage proliferation means that the
level or rate of proliferation is altered when compared to not
administering an agent that changes macrophage prolifera-
tion. For example, “modulating” macrophage proliferation
through use of chlorite -containing composition means that
the level of proliferating macrophages or the rate of prolif-
cration is altcred when compared to not administering the
agent. Preferably, “modulating” macrophage proliferation
means a change in the level of proliferating macrophages or
the rate of macrophage proliferation of at least 25%, pref-
erably at least 50%, more preferably at least 75%, and even
more preferably at least 90%. Generally, for purposes of this
invention, “modulating” macrophage proliferation means
that the level of proliferating macrophages or the rate of
proliferation is decreased when compared to the same
parameter in that individual when no agent is administered.
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However, during the course of therapy, for example, it may
be desirable to increase the level of proliferating macroph-
ages or the rate of proliferation from a previously measured
level. The degree of modulation may be assessed by mea-
surement of macrophage proliferation, which will be dis-
cussed below, and generally entails detecting a proliferation
marker(s) in a macrophage population or uptake of certain
substances such as BrdU or 3H-thymidine (which would
provide a quantitative measure of proliferation). Further, it is
possible that, if the macrophages are proliferating due to a
genetic alteration (such as transposition, deletion, or inser-
tion), this alteration could be detected using standard tech-
niques in the art, such as RFLP (restriction fragment length
polymorphism).

“Trcatment” or “treating” as used herein means any
therapeutic intervention in a subject, usually a mammalian
subject, generally a human subject, including: (i) prevention,
that is, causing overt clinical symptoms not to develop, e.g.,
preventing disease progression to a harmful state; (ii) inhi-
bition, that is, arresting the development or further devel-
opment of clinical symptoms, €.g., mitigating existing clini-
cal symptoms; and/or (iii) relief, that is, causing the
regression of clinical symptoms, e.g., causing relief from
clinical symptoms.

Exemplary clinical symptoms of ALS include muscle
weakness, muscle wasting, muscle cramping, muscle twitch-
ing, slurred or slow speech, difficulty swallowing, and slow,
uncoordinated movements. Further exemplary clinical
symptoms of ALS include those detectable in a biological
sample obtained from a subject having or suspected of
having ALS, e.g., increased CD4:CD8 cell ratio compared to
nomal, decreased number of CD14+ cells compared to
normal, increased expression of HLA-DR on CD14+ cells
compared to normal CD14+ cells, increased levcls of acti-
vated monocytes or macrophages compared to normal, the
presence of proliferating macrophages, and decreased serum
1gG and/or 1gM compared to normal, where “normal” as
used herein means a subject unaffected by ALS or cells from
such an unaffected subject. “Treating” thus encompasses
achieving a decrease in one or more clinical symptoms,
which decrease may have desirable concomitant effects,
such as to palliate, ameliorate, stabilize, reverse, slow or
delay progression of disease, delay and/or even prevent
onset of disease.

Exemplary clinical symptoms of AD include mild forget-
fulness, including trouble remembering recent events,
activities, or the names of familiar people or things; diffi-
culty in solving simple math problems; trouble remembering
how to do simple tasks (e.g., brushing teeth or combing
hair); inability to think clearly; difficulty speaking, under-
standing, reading, or writing; and anxiety or aggressiveness,
or tendency to wander away from home.

FExemplary clinical symptoms of MS include fatigue (also
referred to as MS lassitude), muscle fatigue, paresthesias,
difficulty in walking and/or balance problems, abnormal
sensations such as numbness, prickling, or “pins and
needles”, pain, bladder dysfunction, bowel dysfunction,
changes in cognitive function (including problems with
memory, attention, concentration, judgment, and problem-
solving), dizziness and vertigo, emotional problems (e.g.,
depression), sexual dysfunction, and vision problems.
Severe cases can involve partial or complete paralysis. (such
as blurred or double vision, red-green color distortion, or
even blindness in one eye). Other symptoms include head-
ache, hearing loss, itching, seizures, spasticity, speech and
swallowing disorders, and tremors. Further exemplary clini-
cal symptoms of MS include those detectable in a biological
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sample obtained from a subject having or suspected of
having MS, e.g., increased CD4:CDS8 cell ratio compared to
normal, decreased number of CD14+ cells compared to
normal, increased expression of HLA-DR on CD14+ cells
compared to normal CD14+ cells, increased levels of acti-
vated monocytes or macrophages compared to normal, the
prescnce of proliferating macrophages, and decreased serum
IgG and/or IgM compared to normal, where “normal” as
used herein means a subject unaffected by MS or cells from
such an unaffected subject. “Treating” thus encompasses
achieving a decrease in one or more clinical symptoms,
which decrease may have desirable concomitant effects,
such as to palliate, ameliorate, stabilize, reverse, slow or
delay progression of disease, delay and/or even prevent
onset of disease.

The terms “subject” and “patient” mean a member or
members of any mammalian or non-mammalian species that
may have a need for the pharmaceutical methods, compo-
sitions and treatments described herein. Subjects and
patients thus include, without limitation, primate (including
humans), canine, feline, ungulate (e.g., equine, bovine,
swine (e.g., pig)), avian, and other subjects. Humans and
non-human animals having commercial importance (e.g.,
livestock and domesticated animals) are of particular inter-
est.

“Mammal” means a member or members of any mam-
malian species, and includes, by way of example, canines;
felines; equines; bovines; ovines; rodentia, etc. and pri-
mates, particularly humans. Non-human animal models,
particularly mammals, e.g. primate, murine, lagomorpha,
etc. may be used for experimental investigations.

The term “unit dosage form,” as used herein, refers to
physically discrete units suitable as unitary dosages for
human and animal subjects, each unit containing a prede-
termined quantity of compounds of the present invention
calculated in an amount sufficient to produce the desired
effect in association with a pharmaceutically acceptable
excipient (e.g., pharmaceutically acceptable diluent, carrier
or vehicle).

A ‘“pharmaceutically acceptable excipient” means an
excipient that is useful in preparing a pharmaceutical com-
position that is generally safe, non-toxic and neither bio-
logically nor otherwise undesirable, and includes an excipi-
ent that is acceptable for veterinary use as well as human
pharmaceutical use. “A pharmaceutically acceptable excipi-
ent” as used in the specification and claims includes both one
and more than one such excipient.

Chlorite and Administration Thereof

The source of chlorite ions for administration of chlorite
according to the invention can be provided in a variety of
forms. For example, chlorite can be administered as a
chlorite salt (e.g., alkali metal salt, e.g., sodium chlorite,
potassium chlorite, and the like) or a mixture of chlorite
salts, where the chlorite salts are preferably pharmaceuti-
cally acceptable. In addition or alternatively, chlorite can be
administered as a matrix of chlorite ions, e.g., described in
U.S. Pat. No. 4,507,285. In one embodiment, the chlorite
ions are provided in a compositions having the general
formula

ClOxxn0,

wherein “n” can be a value of about 0.1-0.25. Such agents
can have an O, band at 1562 cm™" in the Raman spectrum
and an O—O interval of 123 pm. Production of such agents
is known in the art, see, e.g., U.S. Pat. No. 4,507,285.
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In one embodiment, the method of treatment involves
administration of an aqueous solution of a product known as
“tetrachlorodecaoxygen anion complex”, commonly abbre-
viated as “TCDO”. Production of TCDO is well known, see,
e.g., Example 1 of U.S. Pat. No. 4,507,285,

As appropriate, agents that provide a source of chiorite
ions can be administered in a free base or free acid form (that
is, as the free compound and not as a salt).

Additionally, any pharmaceutically acceptable salt(s) of
the compound(s) can also be used. Pharmaceutically accept-
able salts are those salts which retain the biological activity
of the free compounds and which are not biologically or
otherwise undesirable. As appropriate, stereoisomers of the
compounds disclosed can also be used in the invention,
including diastereomers and enantiomers, as well as mix-
tures of sterenisomers, including, but not limited to, racemic
mixtures. Unless stereochemistry is explicitly indicated in a
structure, the structure is intended to embrace all possible
stereoisomers of the compound depicted.

Formulations

Chlorite can be provided in any suitable formulation,
which can be selected according to the desired route of
administration.

U.S. Pat. No. 4,725,437 describes an aqueous solution of
a chemically stabilized chlorite matrix suitable for intrave-
nous administration in a dosed amount of about 6.2x10~°
mole of CIO,™ to 9.3x107 mole of Cl0,™~ per kg of body
weight in humans and non-human animals. The solution
contains the chlorite matrix in a concentration of about 12 to
72 micromol of C10,™~ per ml. Further chlorite formulations
are described in U.S. Pat. Nos. 4,507,285 and 4,725,437.

Formulations of TCDO are of particular interest in the
present invention. WF10 is a TCDO formulation of particu-
lar interest in the practice of the invention. WF10, also
known as Oxoferin (Oxo Chemie GmbH, Fort Worth, Tex.),
is available commercially. Other formulations of TCDO are
within the scope of this invention.

Chlorite-containing compositions, such as TCDO, can be
formulated for parenteral or enteral administration, gener-
ally parenteral administration. Accordingly, formulations of
chlorite are suitable for parenteral, topical, or transdermal
administration, usually intravenous, intramuscular, or sub-
cutaneous administration, and may be suitable for adminis-
tration by bolus injection, sustained release (including con-
trolled release), infusion, and the like. Administration by
infusion (e.g., by subcutaneous or intravenous infusion) is of
interest, as is administration in the form of suppositories.
Additional agents and therapies

Chlorite can be administered alone or in various combi-
nations. Where administered in combination, chlorite can be
administered in conjunction with other agents, particularly
those suitable for protective, palliative or supportive care of
the subject. The phrase “in conjunction with” means that an
agent is administered prior to, concurrently, or afier other
substance or therapy. Examples of agents for administration
in conjunction with an agent include, but are not limited to,
riluzole. Other agents for administration in conjunction with
chlorite include agents for control of symptoms of a mac-
rophage-associated neurodegenerative disorder, such as
ALS, AD or MS symptoms. Further exemplary agents for
administration in conjunction with chlorite according to the
invention include, but are not limited to, baclofen, diazepam,
trihexyphenidyl and/or amitriptyline. Chlorite can also be
administered in conjunction with non-drug therapy (e.g.,
physical and/or occupational therapy, massage, and the like).
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In one embodiment, the composition does not contain an
amount of another anti-proliferative agent, such as a
polyamine analog, effective to decrease the level of abnor-
mal macrophages in a macrophage-associated neurodegen-
erative disorder patient, such as an ALS, AD, or MS patient
(e.g., as compared to prior to therapy). For example, TCDO
has been described for administration in combination
therapy with anti-proliferative agents where TCDO is
administered in an amount effective to promote macrophage
phagocytosis to facilitate delivery of the anti-proliferative
agent to the macrophage. The present invention contem-
plates that chlorite ions (e.g., as a pharmaceutically accept-
able salt or in a stabilized matrix, such as in TCDO) are
administered to a macrophage-associated neurodegenerative
disorder patient, such as an ALS, AD or MS patient so that
the chlorite is the active ingredient present in the subject in
an amount effective to facilitate treatment of the patient e.g.,
through reduction in proliferating/inappropriately activated
macrophages, and without the need for administration of, for
example, a polyamine analog or other anti-proliferative
agent in conjunction with chlorite.

Administration and Dosing

Chlorite formulations are generally dosed in vivo corre-
sponding to the body weight of the subject. Due to the
continuous breakdown of the active agent in the blood, the
agent is normally administered at regular intervals. Those of
skill in the art will readily appreciate that actual dosages and
regimen will vary as a function of the agent, formulation, the
severity of the symptoms, the susceptibility of the subject to
treatment and/or side effects, and the like. Dosages are
readily and routinely determinable by those of skill in the art
by a variety of means.

Exemplary doses of chlorite-containing formulations can
vary between about 0.1 ml/kg to about 1.5 ml/kg, preferably,
about 0.5 mVkg of body weight and at a concentration of
about 40 to about 80 mmol ClO,~ per liter, usually about 60
mMol Cl0,*" per liter, respectively. In the case of TCDO, a
dose finding phase I/11 study evaluating WF-10 administered
intravenously and involving 48 patients established a maxi-
mum dose of approximately 0.5 ml/kg. Other suitable doses
may be approximately 0.25 mlkg.

The regimen of administration (e.g., dose combined with
frequency of administration) will generally involve admin-
istration in an amount and at a frequency to provide for a
desired effect, e.g., administration of an amount cffective to
provide for improvement in one or more symptoms of a
macrophage-associated neurodegenerative disorder patient,
such as one or more ALS, AD or MS symptoms. For
example, chlorite can be administered for 2, 3, 4, 5, 6, 7, 8,
9, 10 or more consecutive days, which administration period
may be reinitiated after 1, 2, 3 or more weeks following the
last dose. In one exemplary embodiment, a WF-10 regimen
comprises 5 consecutive days of treatment cvery 3 weeks.

In one embodiment, chlorite is administered so as to effect
modulation of macrophage proliferation, e.g., alteration of
the level of proliferating macrophages or the rate of mac-
rophage proliferation compared to in the absence of agent
administration, and/or to effect modulation of inappropriate
macrophage activation. An effective amount of chlorite is
determined by, for example, comparing the level (or num-
ber) of promacs, before and during treatment, with a down-
ward trend in the number of promacs generally being
consistent with a positive effect. In one embodiment, chlo-
rite is administered so as to effect a change in the level of
proliferating macrophages or the rate of macrophage prolif-
eration of at least 25%, preferably at least 50%, more
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preferably at least 75%, and even more preferably at least
90%. The degree of modulation may be assessed by mea-
surement of macrophage proliferation as described in the art,
and generally entails detecting a proliferation marker(s) in a
macrophage population or uptake of certain substances such
as BrdU or 3H-thymidine (which would provide a quanti-
tative measure of proliferation) (see, e.g., U.S. Publication
No. 20030175832). Such a decrease may have desirable
concomitant effects, such as to palliate, ameliorate, stabilize,
reverse, slow and/or delay progression of disease, delay or
even prevent onset of disease.

Methods for detecting proliferating or inappropriately
activated macrophages and determining macrophage prolif-
eration rates are known in the art. For example, proliferating
macrophages may be detected by assaying cell proliferative
markers, such as PCNA, Ki67 or uptake of bromodeoxyuri-
dine (BrdU) or 3H-thymidine. These markers are distinct
from those that identify only “activated” macrophages (as
opposed to proliferating macrophages), such as CD69 and
CD25. The cellular subset representing macrophages may in
turn be identified by detection of certain cell specific mark-
ers, such as CD14, CD68, CD16, or nonspecific esterase.
Detection of these cell-type and/or proliferative markers use
methods standard in the art, such as staining techniques and
FACS sorting and analysis.

In another embodiment, chlorite is administered to as to
effect a decrease in the level (e.g., number) of pathologic
macrophages, e.g., to effect a decrease in the leve]l of CD14+
monoacytes, preferably activated CID14+ monocytes, in a
patient with a macrophage-associated neurodegenerative
disorder (e.g., a patient with ALS, with AD, or with MS). In
this embodiment, chlorite is administered in an amount
sufficient to decrease the level of (e.g., number of) CD14+
monocytes, preferably activated CD14+ monocytes and/or
CD14+ monocytes with elevated HLA-DR expression and/
or the number of CD14+/CD16+ cells and/or the percentage
of CD16+ cells in a population of CD14+ cells in the
individual (i.e., an effective amount). An effective amount of
chlorite is determined by, for example, comparing the level
of number of CD14+ monocytes, preferably activated
CD14+ monocytes, before and during treatment, with a
downward trend of number of CDD14+ monocytes generally
being consistent with a positive effect. An “amount sufficient
to decrease the number of CD14+ monocytes” preferably is
able to decrease the number of CD14+ monocytes by at least
about 25%, preferably at least about 50%, more preferably
at least about 75%, and even more preferably at least about
90%. Methods for assessing levels of CD14+ monocytes,
activated CD14+ monocytes, CD14+ monocytes with
elevated HLA-DR expression, CDD14+/CD16+ cells and the
percentage of CD16+ cells in a population of CCD14+ are
known in the art (see, e.g., U.S. Publication No.
20030175832). Such a decrease may have desirable con-
comitant effects, such as to palliate, ameliorate, stabilize,
reverse, slow and/or delay progression of disease, delay or
even prevent onset of disease.

Levels of pathologic macrophages (proliferating/inappro-
priate activated macrophages (promacs)), macrophage pro-
liferation rate, CD14+ cells, HLA-DR expression, and the
like as set out above can be compared to a level from the
same individual measured at a different time and/or under
different conditions (such as before treatment, different dose,
etc.), and/or to a mean or median level determined for a
non-diseased standard (e.g., non- macrophage-associated
neurodegenerative disorder patient, such as a non-ALS,
non-AD, or non-MS, as appropriate), for example from an
unaffected individual (e.g., non- macrophage-associated
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neurodegenerative disorder individual or individuals; a non-
ALS individual or non-ALS individuals; or non-AD indi-
vidual or non-AD individuals; or non-MS individual or
non-MS individuals).

For example, an HLA-DR expression level may be com-
pared to an HLA-DR level from the same individual mea-
sured at a different time and/or under different conditions
(such as before treatment, different dose, etc.). In some
cmbodiments, an HLA-DR expression level is compared to
a mean or median level of HLLA-DR expression determined
on a population of CD14+ cells from a non-diseased (e.g.,
non-ALS, non-AD, or non-MS) standard, for example from
a non-ALS individual or non-ALS individuals, or non-MS
individual or non-MS individuals, or non-AD individual or
non-AD individuals). A finding of HLA-DR expression level
of greater than about 1.4 fold that of the non-diseased
standard is indicative of an elevated level of HLA-DR
expression in the individual. Generally, a finding of HLA-
DR expression level of greater than about 1.5 fold, greater
than about 1.6 fold, greater than about 1.7 fold, greater than
about 1.8 fold, greater than about 1.9 fold, greater than about
2.0 fold, greater than about 5.0 fold, or greater than about 10
fold that of a non-diseased standard is indicative of an
elevated level of HLA-DR expression in the individual.
Thus, decreasing HLA-DR expression in a macrophage-
associated neurodegenerative disorder subject (e.g., an ALS
subject, an AD subject, or an MS subject) so as to more
closely approximate an HLA-DR expression level in a
non-diseased subject (e.g., non-ALS, non-AD, or non-MS
subject) is of interest in the present invention.

In another example, the number of CD14+/CD16+ cells or
the percentage of CD16+ cells in a population of CD14+
cells in a sample from a macrophage-associated neurode-
generative disorder subject (e.g., an ALS subject, an AD
subject, or an MS subject) is compared to a mean or median
level of CDD144/CD16+ cells in a biological sample from a
non-disease (e.g,, non-ALS, non-AD, or non-MS) standard,
for example from a non-ALS individual or non-ALS indi-
viduals; or non-AD individual or non-AD individuals or
non-MS individual or non-MS individuals. A finding of a
percentage of CD16+ cells in a population of CD14+ cells
and/or the number of CD14+/CD16+ cells in a sample of
greater than about 1.5 fold, greater than about 1.6 fold,
greater than about 1.7 fold, greater than about 1.8 fold,
greater than about 1.9 fold, greater than about 2.0 fold,
greater than about 3.0 fold, greater than about 4.0 fold,
greater than about 5.0 fold, or greater than about 10 fold that
of a non-diseased (non-ALS, non-AD, or non-MS) standard
is indicative of an increased number of CD14+/CD16+ cells
in the individual. Thus, in one embodiment, therapy accord-
ing to the invention is provided so as to decrease the number
of CD14+/CD16+ cells or the percentage of CD16+ cells in
a population of CD14+ cells so as to more closely approxi-
mate such in an appropriate non-diseased subject.

In general, therapy is monitored by following blood
macrophage activation, usually by following CD14/DR lev-
els and the percentage of CDI14/16 positive cells as
described above.

Kits with unit doses of the subject compounds, usually in
injectable doses, are provided. In such kits, in addition to the
containers containing the unit doses will be an informational
package insert describing the use and attendant benefits of
chlorite in treating a macrophage-associated neurodegenera-
tive disorder subject, such as ALS, AD, or MS. Preferred
compounds and unit doses are those described herein above.
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Subjects and Monitoring Therapy

In general, individuals suitable for therapy involving
administration of chlorite according to the invention include
individuals who have been diagnosed as having a macroph-
age-associated neurodegenerative disorder, are “afflicted
with” a macrophage-associated neurodegenerative disorder
(e.g., diagnosed as having, suffering from and/or displaying
one or more clinical symptoms), or who have been adjudged
to be at high risk for developing such a disorder. An “at risk”
or “high risk” individual is an individual who has a discrete
and significant risk of developing a macrophage-associated
neurodegenerative disorder. An “at risk” or “high risk”
individual may or may not have detectable disease, and may
or may not have displayed detectable disease prior to
receiving the method(s) described herein. “High risk” (or “at
risk™) denotes that an individual has one or more so-called
risk factors, which are measurable parameters that correlate
with development of disease. An individual having one or
more of these risk factors has a higher probability of
developing disease than an individual without these risk
factor(s). These risk factors include, but are not limited to,
genetic (i.e., hereditary) considerations (including family
history and genetic markers). It is understood that having
only onc risk factor can often indicate high risk. The
clinician, as one skilled in the art, has discretion to determine
whether treatment using an agent may be indicated for an
individual at risk. Exemplary a macrophage-associated neu-
rodegenerative disorders includes ALS, AD, and MS.

In one embodiment, individuals suitable for therapy
involving administration of chiorite according to the inven-
tion include individuals who have been diagnosed as having
ALS, are “afflicted with” ALS (e.g., diagnosed as having,
suffering from and/or displaying one or more clinical symp-
toms of) ALS, or who have becn adjudged to be at high risk
for developing such a disorder. An “at risk™ or “high risk”
individual is an individual who has a discrete and significant
risk of developing ALS. An “at risk” or “high risk” indi-
vidual may or may not have detectable disease, and may or
may not have displayed detectable disease prior to receiving
the method(s) described herein. “High risk™ (or “at risk™)
denotes that an individual has one or more so-called risk
factors, which are measurable parameters that correlate with
development of disease. An individual having one or more
of these risk factors has a higher probability of developing
disease than an individual without these risk factor(s). These
risk factors include, but are not limited to, genetic (i.e.,
hereditary) considerations (including family history and
genetic markers). It is understood that having only one risk
factor can often indicate high risk. The clinician, as one
skilled in the art, has discretion to determine whether
treatment using an agent may be indicated for an individual
at risk. :

Exemplary clinical symptoms of ALS include muscle
weakness, muscle wasting, muscle cramping, muscle twitch-
ing, slurred or slow speech, difficulty swallowing, and slow,
uncoordinated movements. Further exemplary clinical
symptoms of ALS include those detectable in a biological
sample obtained from a subject having or suspected of
having ALS, e.g., increased CD4.CD8 cell ratio compared to
normal, decreased number of CD14+ cells compared to
normal, increased expression of HLA-DR on CDI14+ cells
compared to normal CD14+ cells, increased levels of acti-
vated monocytes or macrophages compared to normal, the
presence of proliferating macrophages, and decreased serum
IgG and/or IgM compared to. normal, where “normal” as
used herein means a subject unaffected by ALS or cells from
such an unaffected subject.
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In another embodiment, individuals suitable for therapy
involving administration of chlorite according to the inven-
tion include individuals who have been diagnosed as having
MS, are “afflicted with” MS (e.g., diagnosed as having,
suffering from and/or displaying one or more clinical symp-
toms of) MS, or who have been adjudged to be at high risk
for developing such a disorder. An “at risk” or “high risk”
individual is an individual who has a discrete and significant
risk of developing MS. An “at risk” or “high risk” individual
may or may not have detectable disease, and may or may not
have displayed detectable disease prior to receiving the
method(s) described herein. “Iligh risk” (or “at risk™)
denotes that an individual has one or more so-called risk
factors, which are measurable parameters that correlate with
development of disease. An individual having one or more
of these risk factors has a higher probability of developing
disease than an individual without these risk factor(s). These
risk factors include, but are not limited to, genetic (i.e.,
hereditary) considerations (including family history and
genetic markers). It is understood that having only one risk
factor can often indicate high risk. The clinician, as one
skilled in the art, has discretion to determine whether
treatment using an agent may be indicated for an individual
at risk.

Exemplary clinical symptoms of MS include those detect-
able in a biological sample obtained from a subject having
or suspected of having MS, e.g., increased CD4:CD8 cell
ratio compared to normal, decreased number of CD14+ cells
compared to normal, increased expression of HLA-DR on
CD14+ cells compared to normal CD14+ cells, increased
levels of activated monocytes or macrophages compared to
normal, the presence of proliferating macrophages, and
decreased serum IgG and/or IgM compared to normal,
where “normal” as used herein means a subject unaffected
by MS or cells from such an unaffected subject.

In another embodiment, individuals suitable for therapy
involving administration of chlorite according to the inven-
tion include individuals who have been diagnosed as having
AD, are “afflicted with” AD (e.g., diagnosed as having,
suffering from and/or displaying one or more clinical symp-
toms of) AD, or who have been adjudged to be at high risk
for developing such a disorder. An “at risk” or “high risk”
individual is an individual who has a discrete and significant
risk of developing AD. An “at risk” or “high risk” individual
may or may not have detectable disease, and may or may not
have displayed detectable disease prior to receiving the
method(s) described herein. “High risk” (or “at risk™)
denotes that an individual has one or more so-called risk
factors, which are measurable parameters that correlate with
development of disease. An individual having one or more
of these risk factors has a higher probability of developing
disease than an individual without these risk factor(s). These
risk factors include, but are not limited to, genetic (i.e.,
hereditary) considerations (including family history and
genetic markers). It is understood that having only one risk
factor can oflen indicate high risk. The clinician, as one
skilled in the art, has discretion to determine whether
treatment using an agent may be indicated for an individual
at risk.

Exemplary clinical symptoms of AD include mild forget-
fulness, including trouble remembering recent events,
activities, or the names of familiar people or things; diffi-
culty in solving simple math problems; trouble remembering
how to do simple tasks (e.g., brushing teeth or combing
hair); inability to think clearly; difficulty speaking, under-
standing, reading, or writing; and anxiety or aggressiveness,
or tendency to wander away from home. Further exemplary
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clinical symptoms of AD include those detectable in ‘a
biological sample obtained from a subject having or sus-
pected of having AD, e.g., increased CD4:CD8 cell ratio
compared to normal, decreased number of CD14+ cells
compared to normal, increased expression of HLA-DR on
CD144+ cells compared to normal CD14+ cells, increased
levels of activated monocytes or macrophages compared to
normal, the presence of proliferating macrophages, and
decreased serum IgG and/or IgM compared to normal,
where “normal® as used herein means a subject unaffected
by AD or cells from such an unaffected subject.

Monitoring Therapy

Chlorite-based therapy according to the invention can be
monitored, and dosages and regimen adjusted accordingly,
by assessing the effect of therapy upon one or more clinical
symptoms. In general, an effective amount of chlorite is a
dose or doses that provide for an improvement in one or
more clinical symptoms in the subject.

For example, since elevated HLA-DR expression on
CD14+ cells and/or increased numbers of CD14+/CD16+
cells and/or the percentage of CD16+ cells in a population
of CD14+ cells is associated with a macrophage-associated
neurodegenerative disorder (e.g., ALS, AD, MS), monitor-
ing these levels can be used to facilitates assessment of
initial responsiveness to therapy and/or efficacy, as well as
the appropriate dosage of the therapy. Similarly, since
elevated HLA-DR expression on CDI14+ cells and/or
increased numbers of CD14+/CD16+ cells and/or the per-
centage of CD16+ cells in a population of CD14+ cells is
associated with MS, monitoring these levels can be used to
facilitates assessment of initial responsiveness to therapy
and/or efficacy, as well as the appropriate dosage of the
therapy.

It is understood that monitoring therapy means that symp-
toms are assessed at different times and are compared over
time. Where “assessment of a clinical symptom requires
analysis of a biological sample, such biological sample(s)
are generally obtained at different times, for example, during
application of therapy, and are compared, either with each
other, a control, and/or a desired value. Methods for moni-
toring ALS therapy through assessment of biological
samples is described in, for example, U.S. Publication No.
20030175832.

For example, therapy for a macrophage-associated neu-
rodegenerative disorder, such as ALS, AD or MS therapy
can be monitored by determining the level of HLA-DR
expression by CD14+ cells from peripheral blood. In another
embodiment, monitoring therapy includes the step of deter-
mining the level of CD14+ cells expressing elevated HLA-
DR in a blood sample, preferably peripheral blood. In
another embodiment, monitoring therapy includes the step
of determining the percentage of CD16+ cells in the popu-
lation of CD14+ cells in a blood sample, preferably periph-
eral blood. In another embodiment, monitoring therapy
includes the step of delermining the number of CD14+/
CD16+ cells in a blood sample, preferably peripheral blood.
In another embodiment, the level of abnormal macrophages
(in various embodiments, the level of CD14+ cells express-
ing elevated HLA-DR; the percentage of CD16+ cells in the
population of CD14+ cells and/or the number of CD14+/
CD16+ cells) in a blood sample determined during and/or at
completion of the therapy is generally compared with the
level in a control sample and/or with a desired value. In
another embodiment, monitoring therapy also includes the
step of measuring proliferation of the abnormal macroph-
ages.
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In another embodiment, therapy for a macrophage-asso-
ciated neurodegenerative disorder, such as ALS, AD or MS
therapy is monitored by assessing the level of abnormal
macrophages in a sample taken at a particular time from a
patient undergoing the therapy and/or a sample taken after or
at completion of the therapy is generally compared with the
level in a sample taken from the patient prior to the therapy
and/or with the level in a sample taken from the patient at a
different time point in the therapy. For example, a decrease
in the level of abnormal macrophages in the sample taken
during therapy as compared to the sample taken prior to or
at an earlier time point in therapy would generally be
consistent with a positive effect of the therapy.

In another embodiment, therapy according to the inven-
tion is monitored by assessing the level of abnormal mac-
rophages is assessed by the determining the level of HLA-
DR expression by CD14+ cells from a blood sample, such
as a peripheral blood sample. For example, the effect of a
therapy is determined by comparing the level of HLA-DR
expression by CD14+ cells in peripheral blood before and
during treatment, with a downward trend in HLA-DR
expression generally being consistent with a positive effect.

In another embodiment, therapy according to the inven-
tion is monitored by assessing the level of pathologic
macrophages, e.g., by assessing the level of abnormal mac-
rophages is assessed by the determining the percentage of
CD16+ cells in the population of CD14+ cells from a blood
sample, such as a peripheral blood sample. For example, the
effect of a therapy is determined by comparing the percent-
age of CD16+ cells in the population of CD14+ cells in
peripheral blood before and during treatment, with a down-
ward trend in the percentage of CD14+/CD16+ cells gen-
erally being consistent with a positive effect.

In another embodiment, therapy according to the inven-
tion is monitored by assessing the level of pathologic
macrophages, e.g., by assessing the level of abnormal mac-
rophages is assessed by the determining the number of
CD14+/CD16+ cells in a blood sample, such as a peripheral
blood sample. For example, the effect of a therapy is
determined by comparing the number of CD14+/CD16+
cells in peripheral blood before and during treatment, with
a downward trend in the number of CD14+/CD16+ cells
generally being consistent with a positive effect.

Kits

The invention also contemplates kits with unit doses of a
source of chlorite ions, e.g., a chlorite salt (e.g., alkali metal
salt, e.g., sodium chlorite, potassium chlorite, and the like);
a mixture of chlorite salts; a matrix of chlorite ions, e.g., a
compositions having the general formula CIO,xn0O,,
wherein “n” can be a value of about 0.1 0.25; e.g.,. TCDO.
In general such unit doses are in injectable dosage forms,
more particularly dosage forms suitable for infusion. In such
kits, in addition to the containers containing the unit doses
will be an informational package insert describing the use
and attendant benefits of chlorite in treating a macrophage-
associated neurodegenerative disorder subject, such as ALS,
AD, or MS. Optionally, the kit includes information relating
to identification of patients having a macrophage-associated
neurodegenerative disease and monitoring of therapy of
such patients (e.g., information relating to assessment of
pathologic macrophages, e.g., proliferating macrophages,
activated macrophages).

EXAMPLES

The following examples are put forth so as to provide
those of ordinary skill in the art with a complete disclosure
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and description of how to make and use the present inven-
tion, and are not intended to limit the scope of what the
inventors regard as their invention nor are they intended to
represent that the experiments below are all or the only
experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (e.g. amounts, tem-
perature, etc.) but some experimental errors and deviations
should be accounted for. Unless indicated otherwise, parts
are parts by weight, molecular weight is weight average
molecular weight, teperature is in degrees Centigrade, and
pressure is at or near atmospheric.

Methods and Materials

The following methods and materials were used in the
Examples set out below.

Subjects

Forty patients with ALS (mean age+SD, 59.5£13.3 yr),
diagnosed by El Escorial criteria (Brooks et al. El Escorial
World Federation of Neurology criteria for the diagnosis of
amyotrophic lateral sclerosis. Subcommittee on Motor Neu-

—
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drawn in accordance with the CPMC and UCSF committees
on human research guidelines, coordinated by the UCSF
AIDS and Cancer Specimen Resource (ACSR) program.
Revised ALS Functional Rating Scale (ALSFRS-R), scored
0-48, used to evaluate overall functional status in clinical
- trials as well as in clinical practice (Cedarbaum et al. 1999.
The ALSFRS-R: a revised ALS functional rating scale that
incorporates assessments of respiratory function. .J. Neurol.

o Sci. 169:13-21), were used to evaluate each patient’s clini-

cal status and were updated within a month of blood testing.

The forty patients consisted of 26 men (age range, 34-87
yr; mean age+SD, 58.0+14.0 yr) and 14 women (age range,
40-77 yr; mean age+SD, 62.4+11.7 yr). They had had ALS
for 4 to 93 months with a range of ALSFRS-R scores of 8
to 43. Only two patients had familial ALS (fALS) and 38
patients were diagnosed with sporadic ALS (sALS). Demo-
graphic information on ALS patients (abbreviated in the

iy . [ .
ron Diseases/Amyotrophic Lateral Sclerosis of the World 20 table as “Pt”) whose specimens were studied is shown in
Federation of Neurology Research Group on Neuromuscular ~ 1201€ 1, in which thirteen of patients were using various
Diseases and the El Escorial “Clinical limits of amyotrophic ~ anti-inflammatory medications with standard dose (Cele-
lateral sclerosis” workshop contributors. J. Neurol. Sci.  brex, Vioxx, Naproxyn, Excedrin), and 31 patients were
124(suppl):96-107) at the Forbes Noris MDA/ALS taking riluzole (50 mg twice daily); ten patients received
Research Center (San Francisco, Calif. USA) had blood both medications.
TABLE 1
Clinical summary
Pt Duration

Pt Age Pt Disease Therapy of lllness ALSFRS-R

ID# (yrs) Sex Form  riluzole® NSAIDS®  (Months) Score

Pt1 76 F SALS  No No 46 19

Pt 2 9 M sALS  Yes No 15 30

Pt3 77 F SALS  Yes No 37 34

Pt4 73 F fALS  Yes No 31 20

Pts 57 M sALS  Yes Celebrex 19 34

Pt6 63 F sLAS  Yes Vioxx 10 N/A

Pt 7 75 F sALS  No No 78 33

Pt8 64 M SALS  Yes No 43 13

Pt9 58 F SLAS  Yes No 4 28

Pt 10 72 M SALS  Yes No 18 26

Pt 11 40 F SALS  Yes No 12 28

Pt 12 58 M sLAS Yes Celebrex 21 18

Pt13 55 M sALS  Yes No 85 N/A

Pt 14 82 M SALS No Celebrex 4 N/A

Pt15 67 M sLAS  Yes Celebrex 45 20

Pt 16 % M SALS  Yes No 14 15

Pt 17 49 M sALS No No 88 16

Pt 18 60 M sLAS  No No 18 32

Pt 19 49 M SALS  Yes N/A 26 29

Pt 20 37 M sALS Yes Celebrex 82 8

Pt 21 70 M SALS  Yes No 29 N/A

Pt 22 49 M SALS  Yes No 14 39

Pt 23 4. F SALS  Yes No 33 37

Pt 24 58 M SALS  Yes No 20 32

Pt 25 30 M SLAS  No No 24 35

Pt 26 65 M SLAS  Yes No 18 42

Pt 27 a1 M SALS  Yes No 43 43

Pt 28 58 M SALS Yes Celebrex 25 26

Pt 29 66 F SLAS  Yes No 6 39

Pt 30 63 F SALS  Yes Excedrin 18 34

PL31 65 M SALS Yes Celebrex 33 34

Pt 32 52 F fALS  No Celebrex 8 26

Pt 33 34 M SALS  Yes Celebrex 41 15

Pt 34 47 M SLAS  Yes No 17 38

Pt 35 62 M SALS  Yes No 57 43

Pt 36 R7 M SALS  No No 93 25

Pt 37 64 F sLAS  Yes Celebrex 45 35
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TABLE 1-continued

24

Clinical summary

Pt Duration
Pt Age Pt Disease Therapy of lliness  ALSFRS-R
D# (yrs) Sex Form  riluzole® NSAIDS®  (Months) Score
Pt 38 60 F SALS Yes No 27 23
Pt 39 65 F sLAS Yes No 27 30
Pt 40 53 M sALS No Naproxyn 45 37
A50 mg twice daily.
BStandard dose.

15

37 nomal control blood 'samples (mean age+SD,
41.829.2 yr) were obtained from blood draws at Stanford
University Blood Center and processed in a similar manner
to the ALS patient blood specimens. They consisted of 21
men (age range, 25-61 yr; mean age+SD, 43.528.6 yr) and
16 women (age range, 25-59 yr; mean age+SD, 35.929.7
yr). Control samples for 1gG and IgM studies consisted of
plasma from 80 blood donors and were also obtained from
the Stanford University Blood Center.

Flow Cytometry

10 ml of peripheral blood was drawn from each patient
and normal controls into heparinized tubes and transferred to
the laboratory at room temperature for same day immuno-
logic studics. Cellular immunologic activation was cvalu-
ated by quantitating levels of CD38 on T-cell subsets and
HLA-DR on CD14 cells. CD16 (Fe¢ gamma 11 receptor)
expression on CDI14 cells was used as another marker for
monocyte differentiation and has been an antigen associated
with cytokine expression patterns characteristic of tissue
macrophages (Ziegler-Heitbrock et al. 1993. Eur. J. Immu-
nol. 23:2053-2058; Frankenberger et al. 1996. Blood.
87:373-377). The monocyte granularity associated with its
differentiation was measured by CD14-associated “backgat-
ing” on side light-scatter characteristics (SSC). Whole blood
was stained with CD14-fluorescein isothiocyanate (FITC),
CD16-phycoerythrin (PE) (DAKO, Carpinteria, Calif.
USA), CDB-FITC, CD38-PE, HLA-DR-PE, and CD4-peri-
dinin chlorophyll protein (PerCP) (Becton-Dickinson, San
Jose, Calif. USA) for 15 minutes at rcom temperature.
Negative controls consisted of aliquots stained with isotype
1gG-FITC, 1gG-PE, and IgG-PerCP; all staining was per-
formed as per manufacturers specifications. Samples were
then lysed with FACS Lysing Solution (Becton-Dickinson)
for 10 minutes at room temperature followed by 0.1%
sodium azide+PBS Ca++Mg++ free wash. The stained cells
were then resuspended in 1 ml of fixing solution (1%
paraformaldehyde in PBS, with 0.1% sodium azide). Analy-
sis was accomplished by acquisition of data on a FACScan
flow cytometer (Becton-Dickinson) with Cellquest software
where at least 20,000 cells were counted per analysis.

Detection of Serum IgG and 1gM

Plasma from ALS patient blood was obtained by Percoll
gradient centrifugation, and was frozen at —70° C. until use.
Standard ELISA for determination of serum antibody: Anti-
Human IgG Fab or anti-Human IgM (Sigma, St. Louis, Mo.
USA) were coated (100 mcl/well) into 96-well ELISA plates
(Nunc, Roskilde, Denmark) by incubation for at least one
hour at 37° C. The plates were washed one time with TBS
(150 mM NaCl, 20 mM Tris-HCl, pH7.4), then blocked for
30 minutes by addition of 150 mcl (microlitersywell of
BLOTTO (TBS plus 0.1% Tween-20, 2.5% normal goat
serum, 2.5% non fat dry milk) at room temperature, with
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gentle rocking. ELISA plates were subsequently washed
once (1x) with TBS. Serial dilutions of serum were added to
coated plates (duplicate wells each dilution, 100 mcl/well)
and allowed to react for 90 minutes, room temperature. A
standard calibration series (0 to 5 mcg/ml) for 1gG and IgM
(Sigma) was prepared, added to ELISA wells, and incubated
in parallel. BLOTTO was used in all dilutions. Following the
90-minute incubation, all fluids were removed by aspiration,
then all plates were washed 3x with TBS. Bound IgG
antibodies were detected by adding 100 mcl/well of anti-
Human IgG alkaline phosphatase-conjugate (Promega
Corp., Madison, Wis. USA) diluted 1:10000 in BLOTTO.
Bound IgM antibodies were detected by adding 100 mcl/
well of anti-Human IgM alkaline phosphatase-conjugate
(Kirkegaard & Perry, Gaithersburg, Md. USA) diluted
1:5000 in BLOTTO. Antibody conjugates were incubated
for 8one hour at room temperature with gentle agitation.
Conjugates were removed by aspiration and plates washed
4x with TBS. Development of color reaction was effected by
addition of 100 mcl of PNPP substrate (Sigma) to each well,
followed by incubation for 20 minutes at room temperature.
The optical density (O.D.) in each well was read at 405 nm.
Any sera with exceptionally low or high values were re-
tested. Raw IgG and IgM values from ALS samples were
multiplied by a conversion factor to account for the different
means of preparation from normal plasma.

Statistical Analysis

Cut-off values for defining cell activation as “positive”
and “negative” for ALS patients were determined by com-
parison with values from 37 normal ALS-negative, healthy
donors. Results are expressed as the mean+SD. Statistical
analysis was performed by GraphPad Prism 4.0 Software
(San Diego, Calif. USA), which included two-tailed t-test
for two groups’ comparison, and One-Way ANOVA (New-
man-Keuls test) for analysis of differences between multiple
groups. Correlation relationship was analyzed using Pear-
son’s rank correlation coefficient. For all analysis, a value of
P<0.05 was considered significant.

Example 1

Cross-Section Study of Immune Activation in ALS
Patients Compared to Normal Subjects

A cross sectional study of immune activation was per-
formed on blood from 40 paticnts diagnosed with ALS as
compared to 37 controls with initial statistical analyses
performed independent of drug treatment status. ALS blood
cells showed abnormal levels of activation. Table 2 summa-
rizes the results of this study.
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TABLE 2

Comparative analysis of serum antibodics and differentiation antigen

expression in blood of ALS patients and normal controls

P Value

ALS patients Normal Conubls  (ALS vs.

Parameter (n = 40) (n = 37%) Controls)
CD4/CD8 ratio 284153 2.20 £ 0.98 0.0261
% CD4 47.42 = 8.03 37.99 = 11.96 <0.0001
% CD4CD38 27.14 = 11.50 31.36 £ 10.69 0.0799
Med CD4CD38® 12.67 = 14.24 18.83 = 17.00 0.0784
% CD8 20.45 = B.0OY 19.85 £ 7.05 0.6986
% CD8CD38 13.35 + 8.09 12.03 = 4.53 0.3620
Med CDRCD38® 330632 2.68 £4.18 0.6003
% CD14 2.31 £ 0.99 325 = 1.41 0.0002
Mean CD14DR€ 847.79 = 228.55 566.59 = 130.43 <0.0001
CD14 SSC 465.9 = 155.5 388.49 £ 162.24 0.0198
% CD14CD16 4244 = 11.03 2431 £ 15.70 <0.0001
Serum-IgG (mg/ml) 8.05 £ 5.72 11.26 £ 5.57 0.0038
Serum-IgM (mg/ml)  2.31 = 2.27 137+ 1.14 0.0171

An = 80 for control samples for serum-IgG and -IgM.
BMedian CD38 fucrescence expressed on CD4 and CD8 T-Cell.
©Mean HLA-DR fluorcscence expressed on CD14 monocyte.

Patients with ALS had significantly higher proportional
levels of the CD4 T lymphocyte subset as compared to
controls (P<0.0001). By contrast, the CD8 T cell level was
similar in both patients and controls. These proportional
differences from control indicate a significant increase in the
ratio of CD4/CD8 cells in patients with ALS (P=0.0261). No
evidence of lymphocytic activation above normal in T cell
subsets was observed in patients with ALS.

Compared to controls, the absolute percent of CD14 cells
within the total white blood cell count in ALS patient blood
was significantly decreased (P=0.0002). CD14+ monocytes
from patients with ALS expressed significantly higher than
normal levels of major histocompatibility (MHC) antigen
class 11 (HLA-DR) (P<0.0001) (Table 2). Perivascular mac-
rophages normally constitutively express MHC Class 11
(HLA-DR), which is upregulated in response to injury
(Streit et al. 1989. Expression of Ia antigen on perivascular
and microglial cells after sublethal and lethal motor neuron
injury. Exp. Neurol. 105:115-126). Modulation of HLA-DR
on blood monocytes has been associated with a variety of
pathogenic states and blood measurements have been shown
to have clinical significance (Gascon et al. 2002. Increased
HLA-DR expression on peripheral blood monocytes in
subsets of subjects with primary HIV infection is associated
with elevated CD4 T-cell apoptosis and CD4 T-cell deple-

tion. J. Acquir. Immune. Defic. Syndr. 30:146-153; Gu et al. .

2003. Time course of proinflammatory and anti-inflamma-
tory responses after cardiac operation: monocyte HLA-DR
expression. Ann. Thorac. Surg. 76: 654—655; Melichar et al.
2003. Phenotype and antitumor activity of ascitic fluid
monocytes in patients with ovarian carcinoma. Int. J.
Gynecol. Cancer. 13:435-443). Almost half of the CD14
cells in ALS blood had characteristics of tissue macroph-
ages, expressing significantly higher than normal levels of
the CD16 antigen (P<0.0001).

The aberrant monocytic phenotype defined by higher
reactivity for MHC antigen class 11 (HLA-DR) and CD16
markers, were associated with significant differences in
CD14-associated SSC (measure of granularity and differen-
tiation) between patients with ALS and normal controls.
Compared with controls, monocytes from ALS patients had
statistically increased granularity (higher SSC wvalues)
(P=0.0198).
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Finally, the overall status of humoral immunity was
evaluated by quantitating levels of serum-IgG and -IgM in
patients with ALS and controls (Table 2); serum-1gG levels
in patients with ALS were significantly lower than controls
(P=0.0038), whereas, serum-IgM concentrations were sig-
nificantly higher (P=0.0171).

Example 2

CD4 T-Cell Activation is Decreased in Advanced
ALS Disease

To test whether T lymphocytic activation would be related
to duration or severity of disease, the T cell activation results
were compared with the clinical ALS values shown in Table
1. To simplify clinical correlative analyses, paticnts were
divided into two groups based on the ALSFRS-R scale
(0-48, no disease=48). Those with severe impairment (an
ALSFRS-R score of 0-24, n=10) were compared to those
with milder impairment (ALSFRS-R score>24, n=26).

As shown in FIG. 1, T cell activation levels as quantitated
by detection of CD38 antigens on the surface of CD4 T cells
was significantly different between the two groups (P<0.05).
Compared with controls, CD4/CD38 reactivity was signifi-
cantly lower in patients with ALSFRS-R score of 24 or
lower (P<0.01) whereas no difference of CD4/CD38 reac-
tivity was found in ALS patients with less severe disease
(ALSFRS-R score >24). No significant disease associated
changes were observed in any of the other T cell (CD4 or
CD8) parameters measured.

Example 3

Macrophage Activation and ALS Disease
Progression

To evaluate whether systemic monocyte/macrophage acti-
vation would be related to duration or severity of disease,
macrophage activation parameters from Table 2 were plotted
against clinical measures of disease severity to test whether
any disease specific changes would be present.

Levels of CD14 cells (as a proportion of total white cell
count) did not vary between individuals with mild or severe
disease. There was a significant correlation between the
level of monocyte/macrophage activation with severity of
disease defined by ALSFRS-R score (Pearson r=-0.3464,
P=0.0409) (FIG. 2a).

When the rate of ALS disease progression (ALSFRS-R
score change per month) was compared to CD14 cell
HLA-DR expression, a direct and significant relationship
was observed. FIG. 25 shows that higher CD14-DR levels
were associated with a more rapid progression of ALS
disease (Pearson r=0.3696, P=0.0265). Finally, the elevated
level of macrophage differentiation antigen CD16 co-ex-
pression on the CD14 expressing monocytes was indepen-
dent of severity of disease.

Example 4

Changes of Serum-IgG and -IgM in Patients with
ALS

Table 2 shows that the concentration of IgG and IgM in
serum was significantly different in patients with ALS as
compared to normal controls. Levels of serum-IgG and -IgM
also varied with disease severity. ALS patients with ALS-
FRS-R scores of 0-24 had significantly lower levels of
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serum-IgG than normal controls (P<0.05) and serum-1gG
levels were similar in both individuals with milder disease
and controls (F1G. 3a). However, serum-1gM levels were
significantly higher in individuals with milder disease

(P<0.01) and not significantly different between normal s

controls and in individuals with severe disease (FIG. 3b).
Example 5

Therapy Related Changes in ALS Specific Immune
Activation Status

Table 1 shows the medications that patients with ALS
were taking at the time of assessment in the current study.
The drugs fell into two different categories; riluzole
approved for slowing ALS disease progression and nonste-
roidal anti-inflammatory drugs (NSAIDS). Table 3 summa-
rizes the effects of medication treatments on immune acti-
vation measurements in patients with ALS. In particular,
levels of macrophage activation and differentiation as mea-
sured by HI.LA-DR and CD16 did not change with therapy.

TABLE 3

28

entiation were persistent throughout the course of ALS. In
addition, macrophage activation defined by CD14 co-ex-
pression of HLA-DR became even higher in a disease
severity related manner, and was directly related to the rate
of disease progression. Moreover, the macrophage activa-
tion status was not improved in ALS patients treated by
riluzole (the only currently approved treatment for ALS) and
NSAIDS. The direct relationship between degree of blood
macrophage activation and rate of ALS disease progression
indicates a link between the blood and pathogenic processes
ongoing in the CNS.

The significantly higher levels of HLA-DR on the circu-
lating monocytes in patients with ALS may be attributed to

s the reaction of peripheral immune system to motor neuron

injury, extending the reaction of microglia/macrophages in
(he spinal cord and brain in patients with ALS. Alternatively,
and as suggested by FIGS. 2a-2b and as observed in HAD
and SIVE, activated macrophages in the blood of patients
with ALS may communicate with spinal cord perivascular
areas and play a direct pathogenic role in disease.

Comparative analyses of serum antibodies and differentiation antigen expression

in blood of nommal controls and ALS patients with or without medications

ALS patients

Untreated riluzole riluzole + NSAIDS Normal Controls
Parameter (n=6) (n = 20) (n = 10) (n=37)"
CD4/CD8 259+ 146 277 £ 1.54 274 £ 1.44 2.20 £ 0.98
% CD4 44.62 = 8.09 46.10 = 7.45 49.02 £ 9.20 37.99 = 11.96
% CD4CD38 2052 £ 7.92 27.88 £ 10.76 30.81 = 14.87 31.36 = 10.69
Med 551 £ 5.47 12.76 £ 12.62 19.75 £ 20.12 18.83 = 17.00
CD4CD38®
% CD8 21.25 £ 9.59 20.20 = 7.69 21.43 = 8.27 19.85 = 7.05
% CD8CD38 15.05 = 6.70 13.20 £ 9.62 1247 = 549 12.03 £4.53
Med 2.18 = 1.99 490 = 8.55 1.70 = 2.16 268 £4.18
CD8CD38®
% CD14 239+ 1.10 2282122 2.33 £ 0.66 325114
Mean 779.95 £ 336.69 839.02 = 220.79 829.43 = 181.55 566.59 = 130.43
CD14DR®
CD14 SSC 509.6 + 220.3 4574 = 153.2 467.2 = 162.3 388.5 £ 162.2
% CD14CD16 41.20 £ 8.19 44.22 £ 1291 37.83 = R.62 24.31 £ 15.70
Serum-IgG 882+ 577 7.90 £ 4.58 8.59 = 8.35 11.26 = 5.57
(mg/ml)
Serum-IgM 248 = 1.08 2.78 £3.03 1.53 + (.87 137+ 1.14
(mg/ml)

An = 80 for control samples for serum-IgG and -IgM.
BMedian CD38 fluorescence expressed on CD4 and CD8 T-Celf.
©“Mean HLA-DR fluorescence expressed on CD14 monoeyte.

50
Even the inclusion of NSAIDS was not associated with

lower levels of macrophage activation (Table 3). Similarly,
there were no significant differences between patients in the
three treatment categories regarding the levels of CD4/CD38

co-expression and serum-IgG. However dual therapy (rilu-

zole+NSAIDS) was associated with normalization of serum-
IgM levels, whereas, the riluzole alone group was no dif-
ferent from untreated patients.

Discussion Relating to Examples 1-5
In the current study, immunophenotypic analyses and

humoral immunity assessment was performed on blood from
patients with ALS to determine whether systemic immune

alteration might be present in ALS. Persistently activated 65

macrophages were observed in the blood of patients with
ALS. The high levels of macrophage activation and differ-

60

The high levels of HLA-DR on ALS CDI14 cells was
coupled with an elevation in the proportion of CD14 cells
co-expressing the tissue macrophage marker, CD16 in ALS.
CD14+/CD16+ monocytes are a subpopulation of cells that
while in the circulation acquire features in common with
mature tissue macrophages. They are able to produce pro-
inflammatory cytokines, such as TNFalpha, IL-1 alpha, and
IL-6, but their expression of the potent antiinflammatory
cytokine IL- 10 is low or absent. Therefore, CD14+/CD16+
cells may induce more pronounced levels of inflammation
than regular monocytes.

CD14+/CD16+ monocytes can rapidly migrate to the site
of inflammation, where they readily mature into proinflam-
matory macrophages. Without being held to theory, neuro-
logical disorders such as Alzheimer’s disease (AD) and
AIDS-related dementia may be due in part to neurotoxic
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factors released by these cells when migrating into the CNS
and crossing the BBB. Elevated levels of HLA-DR expres-
sion on CD16 expressing monocytes might result in blood
monocytes migrating into the CNS and crossing the BBB in
ALS, by mechanisms similar to the activated macrophages
in AD and HAD. The decrease of the absolute percent of
CD14 cells in patients with ALS may be associated with the
migration of circulating CD14/CD16+ cells to perivascular
regions of disease, where these cells release local neurotoxic
factors such as IL-6, a factor implicated as potentially
playing pathogenic roles in ALS (Ono et al. 2001. Increased
interleukin-6 of skin and serum in amyotrophic lateral
sclerosis. J. Neurol. Sci. 187:27-34; Sekizawa et al. 1998.
Cerebrospinal fluid interleukin 6 in amyotrophic lateral
sclerosis: immunological parameter and comparison with
inflammatory and non-inflammatory central nervous system
diseases. J. Newrol. Sci. 154:194-199), that could damage
the motor neurons, similar to AIDS-related dementia and
other HIV-associated neurological disorders.

Although blood macrophage abnormalities persisted
throughout the pathogenic ALS process in this cross sec-
tional study, T-cell measurements showed changes related to
disease severity. Compared with normal controls, ALS
patients had a significant increase in T cells expressing CD4,
however, the percentage of CD8 T cells was found to be in
the normal range, resulting in a significant increase in the
ratio of CD4/CD8 cells in ALS. The increased proportions of
CD4+ T-cells and the increased CD4/CD8 ratio in the
peripheral blood of the ALS patients described herein sug-
gests a possible shift of the immune balance either towards
energy or the Th2 type humoral response rather than a Thl
type cellular immune response. This Th2-like lymphocytic
immune response could be induced by the presence of high
levels of activated CD14+/CD16+ monocytes in ALS. FcyR
(CD16) ligation on activated macrophages may change the
phenotype of these activated macrophages to cells that
preferentially drive a Th2-like response and result in the
alteration of the Thl type adaptive component of the
immune system.

Concentrations of serum-IgG and -IgM antibodies were
significantly different compared to normal controls, and also
changed with disease progression. Patients with ALS had a
normal IgG concentration and higher levels of IgM in early

stage of disease. Lower levels of serum-IgG with a con- :

comitant normalization in serum-IgM secretion were
observed with disease progression in patients with ALS.
Normalization of serum-IgM in ALS patients was associated
with combined therapy. The change of serum antibody levels
in ALS patient blood might relate to persistent macrophage
activation driving CD4 T-cell dysfunction and/or defective
Th1 type immunity.

In the study of T cell activation markers, CD38 levels
decreased on CD4 T cells with ALS disease progression.
However, the CD8/CD38 reactivity remained within the
normal range. These data suggest that the adaptive compo-
nent of the (T cell) immune system did not become active
during ALS pathogenesis. Our observations on blood from
patients with ALS suggests that lymphocytes, unlike micro-
glia’/macrophages, play a minor role in the active ALS spinal
cord associated immune-inflammatory reaction. Therefore,
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the neuroinflammatory process in ALS may be minimally
dependent upon lymphocyte infiltration but rather is driven
by macrophage activity.

The inventors have for the first time demonstrated a
systemic alteration of blood cell activation in patients with
ALS. Persistent disease-associated macrophage activation
was observed in ALS blood and levels of HLA-DR on CD14
cells was directly associated with rate of ALS disease
progression. Th current study confirms systemic macroph-
age activation in ALS disease, implicating an active role of
macrophages in ALS pathogenesis. Abnormally activated
macrophages without evidence of concomitant T-cell acti-
vation was observed in ALS blood. These observations
indicate that systemic immune dysregulation plays a role in
the pathogenesis of ALS. The data presented here indicates
that ALS may be a kind of systemic inflammatory disease
with local manifestations causing motor neuron loss.

These observations are the basis for the methods of the
invention for monitoring ALS disease progression, which
can be accomplished by measuring the activation- and
inflammation-related markers of circulating monocytes,
such as HLLA-DR and CDI16, as well as the status of T-cell
activation in patients with ALS. The invention provides
valuable assistance in monitoring the treatment of ALS as an
immune dysfunction disease. Moreover, These observations
are also the basis for the invention as it relates to therapeutic
intervention aimed at reducing inflammation in ALS.

Example 6
Treatment of Two ALS Patients with WF10

Two patients, diagnosed with ALS after 2001, received
WF10 (also known as IMMUNOKINE™). The drug in each
case was used at the same dose with the same interval
between doses for each patient. The dose, 0.3 cc/kg, was
given intravenously for 5 days as, a one hour infusion (0.5
cc/kg of WF10, a 63 mM solution of chlorite containing
solution, infused over 1 hour in 500 cc of saline each day for
five days). This regimen was repeated every three weeks.
One cycle thus was composed of 5 days of 1 hour infusions
followed by 3 weeks without receiving drug. Patient 1
received 5 cycles; patient 2 received 4 cycles. No adverse
side effects were noted in either patient.

Patient 1 is 59 y.o. woman with a familial form of ALS (a
known mutation in the superoxide dismutase gene, SOD)
who showed a progressive loss of function as measured by
the standard ALS functional rating score(ALS/FRS)from the
time of diagnosis(score of 40) until the time of initiation of
WF10 therapy 21 months later with a score of 15. In a
standard ALS patient, the rate of ALS progression based on
the ALS/FRS scoring system is essentially linear, with ALS
progressing at a predictable rate after the slope of decline is
known. In this case, as well as in the second patient’s case,
the predicted rate of disease progression is shown as a
projected dotted line extending from the solid declination
lines in the ALS/FRS scores. At the time of therapy initiation
the Patient 1 could no longer swallow food or fluids and had
had a gastrointestinal tube(G-tube) placed into her stomach
for feeding purposes. The inability to eat is a sign of brain
involvement with the degenerative ALS process, whereas
the ALS/FRS measurement documents the spinal cord
degeneration.

After the first cycle of WE10, the patient had a dramatic
improvement of her symptoms, including: restoration of the
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ability to swallow and eat, leading to the removal of the
G-tube (dotted line on the graph denotes time of G-tube
placement, the removal is shown as a solid line and after
therapy was discontinued, the dotted line shows the place-
ment of a new G-tube), halting of facial fasciculations and
vocal waivering (both symptoms of worsening neurologic
disease that stopped). During the time of therapy and
through 2 months after discontinuation of therapy the ALS/
FRS score remained stable at 10 for 7 months, at a time
when she would have been predicted to have progressed to
a 0 within 5 months absent therapy. She was able to eat by
mouth for 8 months after therapy initiation whereas she was
never expected to eat after placement of the G-tube. Due to
inability to obtain drug after the Sth cycle, she discontinued
therapy after 7 months of stable disease and within the next
6 months her ALS disease progressed at a rate identical to
her rate pretreatment. Based on the curves shown in FIG. 6,
the patient showed a beneficial effect both in the ALS/FRS
score of 7 months disease stability and in the reversal of
brain based symptoms(bulbar symptoms) of her inability to
eat of 8 months. No currently approved or known experi-
mental drug has ever reversed bulbar symptoms and no drug
has caused the ALS/FRS score to stabilize.

Patient 2: This 37 y.o.man, diagnosed with a sporadic
(non familial)form of ALS in 2003, had an ALS/FRS score
of 40 when diagnosed and within a year had progressed
rapidly as shown in FIG. 6. At the time of WF10 therapy he
had just had a G-tube placed, as he could no longer swallow.
Within a week of WF10 therapy his ability to eat was
restored and the G-tube was removed, similar to the clinical
response in patient 1.The patient received 4 cycles of WF10
during which his ALS/FRS score remained stable at 21,
which allowed him to continue walking with a walker and
interacting with his family. His quality of life improved
dramatically with initiation of therapy. At the time of patent
filing, he has continued to eat and his ALS/FRS score
remained at 21, both significant responses lasting for 5
months. As above, no therapy has shown this type of effect.

FIG. 4 is shows changes in blood macrophage activation
results in Patient 1 as a result of treatment with WF10. The
Y axis represents Units of HLA-DR expressed on the surface
of blood CD14 cells (monocyte/macrophages). The second
column (ALS rapid) shows the level of DR expression
exhibited by ALS patients with a rapidly declining clinical
course. The third column (ALS slow) shows the level of DR
expression in an ALS patient with slowly progressive dis-
ease. The progression rates between these two columns
differs by approximately 5-10 fold (FIGS. 2a and 2b). The
patients with high levels of DR progress 5-10x faster than
those with low levels of DR.

The first set of columns in FIG. 4 shows the baseline level
of DR (high, fast progressor) in the ALS patient, with the
second column representing the level of DR expressed three
weeks after one 5 day cycle of WF10 (0.5 cc/kg of WF10,
a 63 mM solution of chlorite containing solution, infused
over 1 hour in 500 cc of saline each day for three days). The
third column in the first set of columns represents the normal
(38 normal bfood donor composite) level of DR expression

~on CD14 cells +/-1 standard deviation.

As shown in FIG. 4, the level of 1ILA-DR on the
circulating blood monocytes (CD14+ cells) in Patient 1 was
shown to shift from an elevated level to a normal level after
one cycle. In a recent paper (Zhang et al, J. Neurolmmu-
nology 2005 159:215-224) the level of DR on monocytes
was significantly associated with ALS disease progression
rate. The data shown in this figure compare the rates of a
rapid progressor with a slow progressor and show that
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Patient 1’s blood monocytes converted from a rapid to a
slow phenotype with WF10 administration. This data in
conjunction with the clinical data shown in FIG. 6 suggest
that the regulation of systemic macrophage activation (also
as shown in FIG. 5 for MS) with a chlorite based drug can
be monitored by both blood tests and clinical observation.

These data demonstrate that WF10 administration was
associated with symptomatic improvement in a rapidly
progressing ALS patient at the same time that blood values
of macrophage activation resolved, e.g., reduction in patho-
logic macrophages was concomitant with improvement in
the patient.

Example 7

Treatment of MS Patient with W10

FIG. § is a composite set of curves representing blood
macrophage activation measurements taken from a patient
with multiple sclerosis (MS) who received WF10 therapy as
described in Example 6 above with one cycle of WF10. The
values along the Y axis represent the ratio of the observed
measurement for each of the parameter measured divided by
the normal level (38 normal donor mean value) to yield a
ratio. Day O represents baseline values for 5 different mac-
rophage activation/proliferation markers. Each of the 5
markers were elevated beyond normal range (shown by the
solid and dotted lines) at Day 0.

The patient was then treated with one cycle of WF10 as
above and two subsequent blood studies were performed 14
and 28 days after initiation of the 3 day course of WF10.
Macrophage proliferation (CD14Ki67, CD14PCNA) and
activation (CD14/DR,CD14SSC,CD14/16%) all shifted
towards the normal range on day 14 showing a response to
one cycle of WF10 in 5/5 macrophage parameters measured.
Two weeks later (day 28) the values had essentially returned
to pretreatment levels. These data are consistent with a drug
induced effect on abnormal macrophage proliferation/acti-
vation parameters in a patient with multiple sclerosis.

Example 8

Analysis of Macrophages of ALS and AD Patients

A cross-sectional study of immune activation was per-
formed on blood from 38 patients diagnosed with sALS as
compared to control groups with initial statistical analyses
performed independent of drug treatment status. In the
present investigation two control groups were chosen to
compare with SALS patients: 28 age-matched normal con-
trols and 25 AD patients as neurological disease controls.
Blood cells from patients with SALS, similar to disease
control AD patients, showed abnormal levels of activation.
Table 4 summarizes the results of this study. Patients with
sALS and AD had significantly higher proportional levels of
the CD4 T lymphocyte subset as compared to normal
controls (p<0.05). By contrast, theCD8 T-cell level and the
ratio of CD4/CD8 were similar in all three groups. No
evidence of lymphocytic activation above normal in T-cell
subsets was observed in patients with sALS and disease
controls.
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TABLE 4
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Comparative analysis of serum antibodies and differentiation antigen

expression in blood of sALS patients, normal controls and AD

P

Value
Nornal P VALUE PVALUE (sALS
SALS Controls AD (SALS VS. (AD VS. vs.
Parameter (n = 38) (n = 28) (n = 25) NORMAL) NORMAL) AD)
CD4/CDB 2.87 = 1.56 233 £ 1.5 3.43 £272 NS NS NS
% CD4 4743 + 8.04 39.81 = 11.30 47.37 £ 11.22 <0.01 <0.05 N§
% CD4CD38 2721 £ 11.76 32.24 = 10.51 25.67 = 12.02 NS NS NS
Med 13.02 = 14.54 19.15 £ 16.71 14,08 £ 16.12 NS NS NS
CD4CD38*
% CD8 20.38 = 8.22 21.19 = 8.53 19.93 = 1243 NS NS NS
% CD8CD38 13.67 = 8.20 1241 = 6.85 15.86 = 11.46 NS NS NS
Med 3.43 = 6.46 193 = 2.40 5.85 = 16.19 NS NS NS
CD8CD38"
% CD14 234z 1.01 2.51 £ 093 2.49 = 1.00 NS NS N§
Mean 825.60 £ 206.62 582.56 = 144.35 911.93 = 341.80 <0.001 <0.001 NS
CDI14DR®
CD14 SSC® 466.3 £ 159.6 346.5 = 42.3 4347 £ 226.5 <0.01 NS NS
% CD14CD16 4244 £11.22 23.90 = 10.60 41.77 £ 18.97 <0.001 <0.001 NS
Serum-IgG 7.80 £ 5.76 11.26 = 5.57 ND* <0.003 ND ND
(mg/ml)*
Serum-IgM 228 + 2.30 137z 1.14 ND <0.03 ND ND
(mg/ml)*

*Median CD38 fuorescence expressed on CD4 and CD8 T-Cell.
"Mean DR fluorescence expressed on CD14 monocyte.
“CD14-associated side light-scatter characteristics.

4n = 8O for control samples for serum-1gG and -IgM.

°ND, not data

Analysis of monocyte/macrophage markers showed
thatCD14+monocytes from patients with sALS and AD
expressed significantly higher than normal levels of major
histocompatibility (MHC) antigen class II (HLA-DR)
(p<0.001) but no difference was found in the absolute
percent of CD14 cells within the total white blood cell count
in either of the sALS and AD patient blood specimens as
compared to normal controls (Table 4). Almost half of
theCD14 cells in sALS and AD blood had characteristics of
tissue macrophages, expressing significantly higher than
normal levels of the CD16 antigen (p<0.001). The aberrant
monocytic phenotype defined by higher expression ol HLA-
DR and CDI16 was associated with significant differences
inCD14-associated SSC (measure of granularity and differ-
entiation) between patients with sALS and normal controls.
Compared with normal controls, monocytes from sALS
patients had statistically increased granularity (higher SSC
values) (pb0.01). Finally, the overall status of humoral
immunity was evaluated by quantitating levels of scrum-IgG
and -[gM in patients with sALS and normal controls (Table
4); serum-1gG levels in patients with sALS were signifi-
cantly lower than normal controls (p<0.003), whereas,
serum-IlgM concentrations were significantly higher
(p<0.03) (sera from the AD patients were not available for
study).

The high levels of macrophage activation and differen-
tiation were persistent throughout the course of sALS. In
addition, macrophage activation defined by CD14 co-ex-
pression of IILA-DR was directly related to the rate of SALS
disease progression. Moreover, the macrophage activation
status was not improved in sALS patients treated by riluzole
(the only currently approved treatment for ALS) or NSAID.
The direct relationship between degree of blood macrophage
activation and rate of ALS disease progression suggests a
link hetween the blood and pathogenic processes ongoing in
the CNS.
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The preceding merely illustrates the principles of the
invention. It will be appreciated that those skilled in the art
will be able to devise various arrangements which, although
not explicitly described or shown herein, embody the prin-
ciples of the invention and are included within its spirit and
scope. Furthermore, all examples and conditional language
recited herein are principally intended to aid the reader in
understanding the principles of the invention and the con-
cepts contributed by the inventors to furthering the art, and
are to be construed as being without limitation to such
specifically recited examples and conditions. Moreover, all
statements herein reciting principles, aspects, and embodi-
ments of the invention as well as specific examples thereof,
are intended to encompass both structural and functional
equivalents thereof. Additionally, it is intended that such
equivalents include both currently known equivalents and
equivalents developed in the future, i.e., any elements devel-
oped that perform the same function, regardless of structure.
The scope of the present invention, therefore, is not intended
to be limited to the exemplary embodiments shown and
described herein. Rather, the scope and spirit of present
invention is embodied by the appended claims.

That which is claimed is:
1. A method of treating amyotrophic lateral sclerosis
(ALS) in a subject, comprising:
administering chlorite to a subject having ALS, wherein
the chlorite is administered in an amount effective to
treat ALS in the subject.
2. The method of claim 1, wherein chlorite is administered
in the form of a matrix of chlorite ions.
3. The method of claim 2, wherein the matrix of chloritc
ions is tetrachlorodecaoxygen (TCDO).
4, The method of claim 3, wherein TCDO is administered
in an aqueous formulation.
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_ 5. The method of claim 1, wherein chlorite is administered 8. The method of claim 4, wherein the aqueous formula-
in the form of a pharmaceutically acceptable chlorite salt. tion contains about 60 mM concentration of chiorite.
6. The method of claim 5, wherein the chlorite salt is . .
sodium chlorite. 9. The method of claim 4, wherein the aqueous formula-

7. The method of claim 4, wherein the aqueous formula- s tion contains 63 mM concentration of chlorite.
tion contains about 40 to about 80 mM concentration of
chlorite. * ok % ¥ x




