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Commissioner for Patents
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Sir:

Introductory Comments

Please amend the accompanying application as follows:

Amendments to the Specification are reflected on page 2 of this paper.

Amendments to the Claims are reflected in the listing of claims, which begins on page 3 of

this paper.

Remarks/Arguments begin on page 6 of this paper.
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Amendments to the Specification

At page 1, line 2, please insert the following replacement paragraph:

This application is a divisional of Application No. 11/288,807, filed 29 November 2005,

which is a divisional of Application No. 10/297,821 filed 05 December 2002, now Patent

Number 7,053,065, which claims priority under 35 USC 371, for PCT/US01/14860, filed 15

June 2001, which claims the priority of U.S. provisional applications No. 60/215,310, filed

30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed 18 April

2001.

Please replace paragraph [0024], at page 6, lines 6-16, with the following

amended paragraph:

[0024] The terms "antifolate" and "antifolate drug" refer to a chemical compound which

inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced folates

for binding sites of these enzymes. Preferred examples of antifolates include 5—Huereuraeil;

as—manufaetured—by461aaee;—Tomudex®, as manufactured by Zeneca; Methotrexate®, as

manufactured by Lederle; Lometrexol®, as manufactured by Tularik; pyrido[2,3-

d]pyrimidine derivatives described by Taylor et al in U.S. Pat. Nos. 4,684,653, 4,833,145,

4,902,796, 4,871,743, and 4,882,334; derivatives described by Akimoto in U.S. Pat. No.

4,997,838; thymidylate synthase inhibitors as found in EPO application 239,362; and most

preferred, Pemetrexed Sedium—Disodium (ALIMTA), as manufactured by Eli Lilly & Co.
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Amendments to the Claims

This listing of claims will replace all prior versions and listings of claims in the application.

Listing of Claims:

Claims 1—28. Cancelled

29. (New) An improved method for administering pemetrexed disodium to a

patient in need of chemotherapeutic treatment, wherein the improvement comprises:

a) administration of between 350 ug and 1000 ug of folic acid, daily beginning

approximately 1 to 3 weeks before treatment with pemetrexed disodium;

b) administration of a methylmalonic acid lowering agent selected from the

group consisting of vitamin B12, hydroxocobalamin, cyano-10-chlorocobalamin,

aquocobalamin perchlorate, aquo-lO-chlorocobalamin perchlorate, azidocobalamin,

chlorocobalamin and cobalamin, wherein the methylmalonic acid lowering agent is

administered from about 1 to about 3 weeks prior to the first administration of pemetrexed

disodium; and

c) administration of pemetrexed disodium in combination with between 350 ug

and 1000ug of folic acid, daily, until administration of pemetrexed disodium is discontinued,

and a methylmalonic acid lowering agent selected from the group consisting of vitamin B12,

hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-10-

chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin and cobalamin, wherein the

methylmalonic acid lowering agent administration is repeated from about every 6 weeks to

about every 12 weeks, until administration of pemetrexed disodium is discontinued.

30. (New) The improved method of Claim 29 wherein the methylmalonic acid

lowering agent is vitamin B12.

31. (New) The improved method of Claim 30 wherein about 500ug to about

1500ug of vitamin B12 is administered.

32. (New) The improved method of Claim 31 wherein about 1000 pg of vitamin

B12 is administered.
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33. (New) The improved method of Claim 29 wherein the methylmalonic acid

lowering agent is administered by an intramuscular injection, orally, or as a parenteral.

34. (New) The improved method of Claim 33 wherein the methylmalonic acid

lowering agent is administered by an intramuscular injection.

35. (New) The improved method of Claim 34 wherein the methylmalonic acid

lowering agent administration is repeated about every 9 weeks, until administration of

pemetrexed disodium is discontinued.

36. (New) The improved method of Claim 32 wherein vitamin B12 is

administered by an intramuscular injection, orally, or as a parenteral.

37. (New) The improved method of Claim 36 wherein vitamin B12 is

administered by an intramuscular injection.

38. (New) The improved method of Claim 37 wherein the methylmalonic acid

lowering agent administration is repeated about every 9 weeks, until administration of

pemetrexed disodium is discontinued.

39. (New) An improved method for administering pemetrexed disodium to a

patient in need of chemotherapeutic treatment, wherein the improvement comprises:

a) administration of between 350 ug and 1000 ug of folic acid, daily beginning

approximately 1 to 3 weeks before treatment with pemetrexed disodium;

b) administration of a methylmalonic acid lowering agent selected from the

group consisting of vitamin B12, hydroxocobalamin, cyano-10-chlorocobalamin,

aquocobalamin perchlorate, aquo-10-chlorocobalamin perchlorate, azidocobalamin,

chlorocobalamin and cobalamin, wherein the methylmalonic acid lowering agent is

administered from about 1 to about 3 weeks prior to the first administration of pemetrexed

disodium; and

c) administration of pemetrexed disodium in combination with between 350 ug

and 1000ug of folic acid, daily, until administration of pemetrexed disodium is discontinued,

and a methylmalonic acid lowering agent selected from the group consisting of vitamin B12,
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hydroxocobalamin, cyano-lO-chlorocobalamin, aquocobalamin perchlorate, aquo-lO-

chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin and cobalamin, wherein the

methylmalonic acid lowering agent is administered by an intramuscular injection and wherein

administration is repeated from about every 24 hours to about everyl680 hours, until

administration of pemetrexed disodium is discontinued.
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Remarks

Applicants submit this paper and request entry of the amendments herein.

The Specification has been amended to recite specific reference to earlier-filed

applications from which this application claims priority. The Specification has also been

amended to correct an obvious error in the name of the compound “Alimta,” which is found

on page 6, line 16. The name has been corrected to read “pemetrexed disodium.” Support

for the correction can be found at least on page 2, lines 6-7, where the correct name of the

compound is recited.

Claims 1—28 have been cancelled, and new Claims 29—39 have been introduced.

Support for new Claim 29-39 is generally found in the specification, at least on page 5, line

20 to page 6, line 5; page 6, line 19 to page 7, line 4; page 7, lines 5-8, and 18-27; page 12,

lines 19-29; page 13, line 21 to page 14, line 6; as well as in the claims as originally filed.

Support for the improved combination can be found at least on page 13, line 21 to page 14,

line 6; as well as on page 16, lines 3-9, and Table 1. More specifically, support for each

element of Claims 29—39 is listed in the table below.

Claim Element Basis at

29(3) “administration of between 350ug and lOOOug of folic Page 13, line 21 to 25.

acid, daily beginning approximately 1 to 3 weeks
before treatment with . emetrexed disodium”

29(b) “administration of a methylmalonic acid lowering Page 7, lines 5—8;

agent selected from the group consisting of vitamin Originally filed Claim 7.

B12, hydroxocobalamin, cyano- l 0-chlorocobalamin,

aquocobalamin perchlorate, aquo-lO-chlorocobalamin

perchlorate, azidocobalamin, chlorocobalamin and
cobalamin” 

29(b) “wherein the methylmalonic acid lowering agent is Page 7, lines 25-26.

administered from about 1 to about 3 weeks prior to the

first administration of pemetrexed disodium”
 

  29(c) “administration of pemetrexed disodium in Page 5, lines 20-21;

combination with” Oriinall filed Claim 4.

29(0) “between 350 Hg and lOOOug of folic acid, daily, until Page 13, line 21 to 25;

administration of pemetrexed disodium is Page 14, line 3.
discontinued”

29(c) “a methylmalonic acid lowering agent selected from Page 7, lines 5-8;

the group consisting of vitamin B12, hydroxocobalamin, Originally filed Claim 7.

cyano— lO—chlorocobalamin, aquocobalamin

perchlorate, aquo- lO-chlorocobalamin perchlorate,

azidocobalamin, chlorocobalamin and cobalamin”

29(c) “wherein the methylmalonic acid lowering agent Page 7, lines 26-27.
administration is reeated from about eve 6 weeks to
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about every 12 weeks, until administration of
oemetrexed disodium is discontinued”

  
30 “meth lmalonic acid lowering aent is vitamin B12 Pae 6, lines 20-21.

31 “about 500 g to about 1500 g of vitamin B12” Page 7, lines 18-19.

32 “about 1000 pg of vitamin B12” Page 7, lines 24—25;

Page 12, lines 21-24;

Page 13, lines 27—28;

Pae 14, lines 3—4.

33/36 “administered by an intramuscular injection, orally, or Page 7, lines 9-13.
as a oarenteral”

34/37 “administered by an intramuscular injection” Page 7, lines 11-13, and

18—25;

Page 12, lines 21-24;

Page 13, lines 27—30;

Page 14, lines 3—6.

35/38 “methylmalonic acid lowering agent administration is Page 7, lines 26-27;

repeated about every 9 weeks, until administration of Page 12, lines 23—24;

pemetrexed disodium is discontinued” Page 13, lines 29—30;

Pae 14, lines 5—6.
39 See basis for elements of

 
Claim 29; and

Pae 7, lines 18-22.

Applicants respectfully assert that no new matter has been introduced as a result of

amendment of the Claims. Applicants request prompt consideration and allowance of the

claimed subject matter. If a telephone interview would be of assistance in advancing

prosecution of the subject application, Applicants’ undersigned attorney invites the Examiner

to telephone her at the number provided.

 

Eli Lilly and Company
Patent Division

PO. Box 6288

Indianapolis, Indiana 46206—6288

Respectfully submitted,

/Manisha A. Desai/

Manisha A. Desai, Ph.D.

Attorney for Applicant

Registration No. 43,585

Phone: (317) 433—5333

July 11, 2007
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Approved for use through 9/30/98. 0MB 0651-0032
Patent and Trademark Office‘ US DEPARTMENT OF COMMERCE

Attorne Docket Number X-14173

DECLARATION FOR First Named Inventor CletNi ikiza

UTILITY OR DESIGN COMPLETE IF KNOWN

PATENT APPLICATION

Finn Date _
Declaration Submitted with Initial Filing Grou . Art Unit —

As 3 below named Inventor, I hereby declare that:

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

I believe I am the original. first and sole Inventor (if only one name is listed below) or an original, first and joint inventor (if plural names are listed
below of the sub'ect matter which is claimed and for which a atent is sou-ht on the Invention entitled:

NOVEL ANTIFOLATE COMBINATION THERAPIES

the specrfication of which

[:I is attached heretoOR

X was filed on 15 June 2001 as United States Application Number or PCT International
(MM/DD/YYYY)

Application PCT/USO1/14860 and was amended on (if applicable).
Number (MM/DDIYYYY)

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

I acknowledge the duty to disclose information which is material to patentability as defined in Title 37 Code of Federal Regulations. § 1.56.

I hereby claim foreign priority benefits under Title 35, United States Code § 119(a)—(d) or § 365(b) of any foreign application(s) for patent or
Inventor’s certificate, or 5 365(3) of any PCT international application which designated at least one country other than the United States of
America, listed below and have also identified below, by checking the box. any foreign application for patent or inventor's certificate, or of any
PCT international a Iication havin a filinc date before that ofthe a «Iication on which oriorit is claimed

Prior Foreign Application Country Foreign Filing Date Priority Certified Copy Attached
Number 5 MMIDD/YYYY Not Claimed YES No

E] Additional foreign application numbers are listed on a supplemental priority sheet attached hereto.

I hereb claim the benefit under Title 35, United States Code § 119(e) of an United States urovisional a. Iications 5 listed below
A -llcation Number 5 “

60/215,310 30 June 2000 E] Additional provisional application
60/235,859 27 September 2000 numbers are listed on a supplemental
60/284,448 18 April 2001 priority sheet attached hereto.
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Approved for use through 9/30/98. OMB 0651-0032
Patent and Trademark Office' US. DEPARTMENT OF COMMERCE

DECLARATION
I hereby claim the benefit under Title 35, United States Code §120 of any United States application(s), or § 365(c) of any PCT international
application designating the United States of America, listed below and, insofar as the subject matter of each of the claims of this application is not
disclosed in the prior United States or PCT international application in the manner provided by the first paragraph of Title 35, United States Code §
112, I acknowledge the duty to disclose information which is material to patentability as defined in Title 37, Code of Federal Regulations § 1 56
which became available between the filin- date of the nor ao lication and the national or PCT international filin- date of this a nlicatlon.

U.S. Parent PCT Parent Parent Filing Date Parent Patent Number
A- olication Number Number MM/DDIYYYY ifa- olicable

E] Additional US. or PCT international application numbers are listed on a supplemental priority sheet attached hereto.

As a named inventor, I hereby appoint the following registered practitioner(s) to prosecute this application and to transact all business in the Patent
and Trademark Office connected therewith:

 
Attorne Narne Re- No
Paul J. Koivunleml

Attorne Name Re. No.
Arvie J. Anderson 45,263

 
 

—_

Brian P. Barrett 39,597 KMLee 47,744
Michael T. Bates 34,121 James P. Leeds 35,241

Nelsen L Lentz 38,537
Elizabeth A. McGraw 44,646
Doulas K. Norman 33,267
Arleen Palmber- 40,422
Thomas G. Plant 35.784
Edward Prein 37,212
Grant E. Reed 41,264
James J Sales 33,773
Michael J. Sa les 32,295
DaVid M. Stemerlck 40,187
Mark J. Stewart 43,936
Robert D. Titus 40,206
Robert C. Tucker 45,165
Tina M. Tucker 47,145
MaCharri Vorndran-Jones 36,711
Gilbert T. Vo 43,972
Thomas D. Webster 39.872
Lawrence T. Welch 29,487
Alexander Wilson 45,782
Ma Ann Wiskerchen 45,511
Dan L. Wood 48,613

Roer S. Ben amln 27,025
Ga M. Birch 48,881
William R. Boudreaux 35,796
Steven P. Caltrider 36,467
Paul R. Cantrell 36,470
John Cleveland 50,697
Charles E. Cohen 34,565
Donald L. Comeollo 30,741
Gre-o A. Cox 47,504
Paula K, Davis 47,517
John C. Demeter 30,167
Manisha A. Desai 43,585
Paul J. Ga Io 36,808
Francis 0. Ginah 44,712
Janet A. Gon-ola 48,436
Am E. Hamilton 33,894
James A. Hoffmann 50,221
Danica Hostettler 51,820
Frederick D. Hunter 26,915
Thomas E. Jackson 33,064
Soonhee Jan- 44,802
Charles Jo ner 30,466
Gerald P. Keleher 43,707
James J. Kelle 41,888

 

  
 

 

   

 
 

|:] Additional registered practitioner(s) named on a supplemental sheet attached hereto.

 

 
Direct all correspondence to

MELl LILLY AND COMPANY
ATTN: Elizabeth A. McGraw

Patent Division, PO. Box 6288

INDIANAPOLIS murmu- 46206-6288
“—Telehone 317 277-7443 E- 317 276-3861

I hereby declare that all statements made herein of my own knowledge are true and that all statements made on information and belief are
believed to be true; and further that these statements were made with the knowledge that willful false statements and the like so made are
punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States Code and that such willful false statements may
'eo-ardize the validit of the a lication or an atent issued thereon.

Name of Sole or First Inventor: D A Petition has been filed for this unsigned inventor
Given Family Ni ikiza

Inventor‘s Signature g'!W . 92 W0 V- $200925—...—

Address 6802 Antietam Place
Post Office Address SAME AS ABOVE

CI Indianapolis WEI.“ 46278 _us

Additional Inventors are being named on supplement sheet(s) attached hereto.

N

E
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DECLARATION

  
 

Name of Additional Joint Inventor, if any: E, A Petition has been filed for this unsigned inventor

Name ‘4 A? Name e..Jr.Inventor’ , ' ‘ I ,”flak-AMEBam- 4.1m
Win-m:-

8015 Ha ard Drive_

M—E-M_

  
  
  

  

Name of Additional Joint Inventor, if any: {:1 A Petition has been filed for this unsigned inventor

-——-—-——-
Name ’1’!” Name Name e.-.Jr.

WM-

Post Office Address SAME AS ABOVE

Ancaster Ontario Zip LSG 1G4

  
 

  
 
 

 Name of Additional Joint Inventor, if any: I:] A Petition has been filed for this unsigned inventor

Given Middle Family Suffix
Name Name Name e.g.

Jr.
Inventor’s
Si 3 nature Date

_W-—-

Post Office Address SAME AS ABOVE

c. _M-fl_-—

Name of Additional Joint Inventor, if any: I:] A Petition has been filed for this unsigned inventor

Name Name Name e. - . Jr.

Signature Date

  
  
  

  

Post Office Address

SAME AS ABOVE
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Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

CERTIFICATE UNDER 37 CFR 3.731b!

First Applicant: NIYIKIZA Clet

Entitled: NOVEL ANTIFOLATE COMBINATION THERAPIES

Docket No.: X—14173B

ELI LILLY AND COMPANY, an Indiana Corporation
(Name ofAssignee) (Type ofAssignee, e.g. corporation, partnership, university, government agency, etc.)

certifies that it is the assignee of the entire right, title and interest in the patent application identified above by virtue of
either:

A. [ X] An assignment from the inventor(s) of the patent application identified above.

[X] The assignment was recorded in the Patent and Trademark Office at Reel 014132, Frame 0597.
[ ] The assignment is being submitted separately for recordation; a copy of this assignment is attached.

OR

B. [ ] A chain of title from the inventor(s), of the patent application identified above, to the current assignee as shown
below:

1. From: To:
The document was recorded in the Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

From: To:
The document was recorded in the Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

From: To:
The document was recorded in the Patent and Trademark Office at

Reel , Frame , or for which a copy thereof is attached.

 

[ ] Additional documents in the chain of title are listed on a supplemental sheet.

[ ] Copies of assignments or other documents in the chain of title are attached.

The undersigned (whose title is supplied below) is empowered to sign this certificate on behalf of the assignee.

I hereby declare that all statements made herein ofmy own knowledge are true, and that all statements made on
information and belief are believed to be true; and further, that these statements are made with the knowledge that willful
false statements, and the like so made, are punishable by fine or imprisonment, or both, under Section 1001, Title 18 of the
United States Code, and that such willful false statements may jeopardize the validity of the application or any patent
issuing thereon.

July 11, 2007 /Manisha A. Desai/
Date Manisha A. Desai

Patent Counsel
Send to: Commissioner for Patents, PO. Box 1450, Alexandria, VA 22313—1450

 



I hereby certify that this paper is being facsimile transmitted to the Patent and Trademark Office on the date shown below.

CERTIFICATION OF FACSIMILE TRANSMISSION
 

 

Type or print name ofperson signing certification

 

Signature Date 

IN THE UNITED STATES PATENT AND TRADEIVLARK OFFICE

PATENT APPLICATION

 

 
First Applicant:

For:

Docket No.:

NIYIKIZA Clet

NOVEL ANTIFOLATE COMBINATION THERAPIES

X—l4l73B
 
 

AMENDMENT AND PETITION TO CORRECT

INVENTORSHIP UNDER 37 C.F.R. 1.481b!

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

1. Amendment and Petition

This amendment and petition is to delete the names of the following persons originally

named as inventors and who are not the inventors of the invention now being claimed: Paolo Paoletti,

of Indianapolis, Indiana, and James Jacob Rusthoven, of Ancaster, Canada.

2. Claims Now On File

The claims in this application are as follows:

New claims 29—39 filed on July 11, 2007

3. Diligence

This amendment and petition is being filed diligently after discovery that any

claims for which the above named inventors who are being deleted are now no longer the

inventors of the subject matter being claimed.
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4. Fee Payment

Please charge $130.00, the surcharge required by §l.l7(i), and charge any

additional fees which may be required by this or any other related paper, or credit any

overpayment to Deposit Account No. 05—0840, in the name of Eli Lilly and Company.

enclose an original and two copies of this paper.

Eli Lilly and Company
Patent Division

PO. Box 6288

Indianapolis, Indiana 46206—6288

July 11, 2007

Respectfully submitted,

/Manisha A. Desai/

Manisha A. Desai, Ph.D.

Attorney for Applicant

Registration No. 43,585

Telephone: (317) 433—5333

I



"Express Mail" mailing label number
 

Date of Deposit
 

I hereby certify that this paper or fee is being deposited With the United States Postal Service "Express Mail Post Office to
Addressee" service under 37 C.F.R. 1.10 on the date indicated above and is addressed to the Commissioner for Patents, PO.
Box 1450, Alexandria, VA 22313-1450.
  
Printed Name Si - ature

PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADER/LARK OFFICE
 

First Applicant: NIYIKIZA Clet

Title: NOVEL ANTIFOLATE COMBINATION THERAPIES
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INFORlVLATION DISCLOSURE STATEMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

As a means of complying with the duty of disclosure, Applicants submit an

"Information Disclosure Citation In An Application" on a Form PTO-1449 (modified) for

consideration by the Examiner. As permitted by 37 C.F.R. §l.98(d), Applicants refer to

application Serial No. 11/288,807, filed November 29, 2005, for copies of the listed

documents. Since this Statement is being filed in accordance with 37 C.F.R. l.97(b),

Applicants submit that no additional fee is required.

Applicants request consideration of this information.

Respectfully submitted,

/Manisha A. Desai/

Manisha A. Desai, Ph.D.

Attorney for Applicant

Registration No. 43,585

Telephone: (317) 433—5333

Eli Lilly and Company
Patent Division

PO. Box 6288

Indianapolis, Indiana 46206—6288

July 11, 2007
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U.S. PATENT DOCUMENTS

Examiner Document Number Publication Date Name of Patentee or Pages, Columns, Lines,

Initials* _ Number—Kind Code2 (ifknown) MM—DD—YYYY Applicant of Cited Document Where Relevant Pages
or Relevant Figures

L S 6,207,651 3/27/2001 Allen, et al.
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NOVEL ANTIFOLATE COMBINATION THERAPIES

Potentially, life—threatening toxicity remains a major limitation to the optimal

administration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited

by Jackman, Ann L., thnana Press, Totowa, NJ, 1999.) In some cases, a supportive

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such

as dexamethone, can be used to prevent the formation of skin rashes caused by the

antifolate. (Antifolate, pg 197.)

Antifolates represent one of the most thoroughly studied classes of antineoplastic

agents, with aminopterin initially demonstrating clinical activity approximately 50 years

ago. Methotrexate was deVeloped shortly thereafter, and today is a standard component

of effective chemotherapeutic regimens for malignancies such as lymphoma, breast cancer,

and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential or

alternating doxorubicin and CMF regimens in breast cancer with more than three positive

nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa P,

Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and

fluorouracil in node—positive breast cancer: The results of 20 years of follow-up. N Engl J

Med 1995 ;332(14):901-906; and Hong WK, Schaefer S, Issell B, et alw A prospective

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous

cell carcinoma of the head and neck. Cancer 1983;52:206—210.) Antifolates inhibit one or

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways, in

particular, thymidylate synthase (TS), dihydrofolate reductase (DI—IFR), and glycinarnide

ribonucleotide formyltransferase (GARFI'), by competing with reduced folates for binding

sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen VJ, Schultz RM.

Multiple folate enzyme inhibition: Mechanism of a novel pyrrolopyrimidine-based

antifolate LY231514 (MTA). Advan Enzyme Regul, 1998; 38: 135-152 and Shih C, Chen

VJ, Gossett LS, et al. LY231514, a pyrrolo[2,3-d]pyrimidine—based antifolate that inhibits

multiple folate—requiring enzymes. Cancer Res 1997 ;57 : 1 1 1 6—1123.) Several antifolate

drugs are currently in development. Examples of antifolates that have thymidylate
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synthase inhibiting (“TSI”) characteristics include 5—fluorouracil and Tonmdex®. An

example of an antifolate that has dihydrofolate reductase inhibiting (“DHFRI”)

characteristic is Methotrexate®. An example of an antifolate that has glycinamide

ribonucleotide formyltransferase inhibiting (“ ARFI‘I”) characteristics is Lometrexol.

Many of these antifolate drugs inh1bit more than one biosynthetic pathway. For example

Lometrexol is also an inhibitor of dihydrofolate reductase and pemetrexed disodium

(Alimta®, Eli Lilly and Company, Indianapolis, IN) has demonstrated thymidylate

synthase, dihydrofolate reductase, and glycinamide ribonucleotide formyltransferase

inhibition.

A limitation to the development of these drugs is that the cytotoxic activity and

subsequent effectiveness of antifolates may be associated with substantial toxicity for some

patients. Additionally antifolates as a class are associated with sporadic severe

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high risk

of mortality. The inability to control these toxicities led to the abandonment of clinical

development of some antifolates and has complicated the clinical development of others,

such as Lometrexol and raltitrexed (Jacktnan AL, Calvert AH Folate-Based Thymidylate

Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):87 1—881; Laohavinij S,

Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine antifolate Lometrexol

(DDATHF) given with oral folic acid. Invest New Drugs 1996;14:325-335; and Maughan

TS, James RD, Kerr D, et al., on behalf of the British MRC Colorectal Cancer Working

Paity. Preliminary results of a multicenter randomized trial comparing 3 chemotherapy

regimens (deGramont, Lokich, and raltitrexed) in metastatic colorectal cancer. Proc

ASCO 1999;18zAbst 1007.)

Initially, folic acid was used as a treatment for toxicities associated with GARFI‘I

see, e.g. US. Pat. No. 5,217,974. Folic acid has been shown to lower homocysteine

levels (see e.g. Homocysteine Lowering Trialist’s Collaboration. Lowering blood

homocysteine with folic acid based supplements: meta—analysis of randomized trials. BMJ

1998;316:894—898 and Naurath HI, Joosten E, Riezler R, Stabler SP, Allen RH,

Lindenbautn J. Effects of vitamin B 12, folate and vitamin B6 supplements in elderly

people with normal serum vitamin concentrations. Lancet 1995 ;346:85—89), and

homocysteine levels have been shown to be a predictor of cytotoxic events related to the
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use of GARFI‘ inhibitors, see 6. g. US. Pat. No. 5 ,2 17 ,974. However, even with this

treatment, cytotoxic activity of GARFT inhibitors and antifolates as a class remains a

serious concern in the development of antifolates as pharmaceutical drugs. The ability to

lower cytotoxic activity would represent an important advance in the use of these agents.

Surprisingly and rmexpectedly, we have now discovered that certain toxic effects

such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic acid

lowering agent, without adversely affecting therapeutic efficacy. The present invention

thus provides a method for improving the therapeutic utility of antifolate drugs by

administering to the host undergoing treatment with a methylmalonic acid lowering agent.

We have discovered that increased levels ofmethylmalonic acid is a predictor of toxic

events in patients that receive an antifolate drug and that treatment for the increased

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and

nonhematologic events, such as skin rashes and fatigue events previously associated with

the antifolate drugs.

Additionally, we have discovered that the combination of a methylmalonic acid

lowering agent and folic acid synergistically reduces the toxic events associated with the

administration of antifolate drugs. Although, the treatment and prevention of

cardiovascular disease with folic acid in combination with vitamin B 12 is known, the use

of the combination for the treatment of toxicity associated with the administration of

antifolate drugs was unknown heretofore.

The present invention relates to a method of administering an antifolate to a

mammal in need thereof, comprising administering an effective amount of said antifolate in

combination with a methylmalonic acid lowering agent.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a methylmalonic

acid lowering agent.

Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent.
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Furthermore, the present invention relates to a method of administering an

antifolate to a mammal in need thereof, comprising administering an effective amount of

said antifolate in combination with a methylmalonic acid lowering agent and a FBP binding

agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a methylmalonic

acid lowering agent and a FBP binding agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent and a FBP binding

agent. A preferred FBP binding agent is folic acid.

Furthemiore, the present invention relates to the use of a methylmalonic acid

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a

medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP

binding agent is folic acid.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate and a FBP binding agent.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the manufacture of a medicament for use in a method of inhibiting tumor

growth in mammals, which method comprises administering said rnethylmalonic acid

lowering agent in combination with an antifolate.

Furthermore, the present invention relates to a product containing a methylmalonic

acid lowering agent, an antifolate and optionally a FBP binding agent as a combined

preparation for the simultaneous, separate or sequential use in inhibiting turnour growth.
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The current invention concerns the discovery that administration of a

methyhnalonic acid lowering agent in combination with an antifolate drug reduces the

toxicity of the said antifolate drug.

The term “inhibit” as it relates to antifolate drugs refers to prohibiting, alleviating,

ameliorating, halting, restraining, slowing or reversing the progression of, or reducing

tumor growth

As used herein, the term "effective amount" refers to an amount of a compound or

drug, which is capable of performing the intended result. For example, an effective

amount of an antifolate drug that is administered in an effort to reduce tumor growth is

that amount which is required to reduce tumor growth

As used herein, the term “toxicity” refers to a toxic event associated with the

administration on an antifolate. Such events include, but are not limited to, neutropenia,

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea,

mucositis, and anemia. For further explanation of the types of toxicity experienced by -

patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy.

Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and

mucositis.

As used herein, the term “nonhematologic event” refers to the occurrence of skin

rash or fatigue due to the administration of an antifolate.

As used herein, the term “in combination wit ” refers to the administration of the

methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in any

order such that sufficient levels of methylmalonic acid lowering agent and optionally folic

acid are present to reduce the toxicity of an antifolate in a mammal. The administration of

the compounds maybe simultaneous as a single composition or as two separate

compositions or can be administered sequentially as separate compositions such that an

effective amount of the agent first administered is in the patient’s body when the second

and/or third agent is administered. The antifolate drug may be administered to the

mammal first, followed by treatment with the methylmalonic acid lowering agent.

Alternatively, the mammal may be administered the antifolate drug simultaneously with the

methylmalonic acid lowering agent. Preferably, the mammal is pretreated with the

methylmalonic acid lowering agent and then treated with the antifolate. If folic acid is to



10

15

20

25

30

WO 02/02093 PCT/USOl/14860

—6-

be administered in addition to the methylmalonic acid lowering agent, the folic acid may be

administered at any time prior, post, or simultaneously to the administration of either the

methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is pretreated

with the methylmalonic acid, and then treated with folic acid, followed by treatment with

the antifolate compound.

The terms “antifolate” and “antifolate drug” refer to a chemical compound which

inhibits at least one key folate—requjring enzyme of the thymidine or purine biosynthetic

pathways, preferably thymidylate synthase (“TS”), dihydrofolate reductase (“DHFR”), or

glycinamide ribonucleotide formyltransferase (“GARFI‘”), by competing with reduced

folates for binding sites of these enzymes. Preferred examples of antifolates include 5—

fluorouracil, as manufactured by Glaxo; Tomudex®, as manufactured by Zeneca;

Methotrexate®, as manufactured by Lederle; Lometrexol®, as manufactured by Tularik;

pyrido [2,3-d1pyrimidine derivatives described by Taylor et al. in US. Pat. Nos. 4684653,

4833145, 4902796, 487 1743, and 4882,334; derivatives described by Akimoto in US.

Pat. No. 4997838; thymidylate synthase inhibitors as found in EPO application 239,362;

and most preferred, Pemetrexed Sodium (ALIMTA), as manufactured by Eli Lilly & Co.

The terms “methylmalonic acid” and “MMA” refer to a structural isomer of

succinic acid present in minute amounts in healthy human urine.

The term “methylmalonic acid lowering agent” refers to a substrate, which lowers

the concentration of methylmalonic acid in a mammal. A preferred example of such a

substrate is vitamin B12. For methods of determining methylmalonic acid and substrates

therefore, see, e. g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay

for urinary methylmalonic acid in the diagnosis of vitamin B 12 deficiency. A prospective

clinical evaluation. Ann Intern Med 1987; 106: 707-710; Norman E], Monison JA.

Screening elderly populations for cobalamin (vitamin B12) deficiency using the urinary

methylmalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993; 94:

589-594; Norman E]. Gas Chromatography mass Spectrometry screening of urinary

methylmalonic acid: early detection of vitamin B 12 (cobalamin) deficiency to prevent

permanent neurologic disability. GC/MS News 1984; 12: 120—129; Martin DC, Francis J,

Protetch l, Huff F]. Time dependency of cognitive recovery with cobalamin replacement:

report of a pilot study. JAGS 1992; 40: 168—172; Norman E], Cronin C. Cobalamin
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deficiency. Neurol\1996; 47: 310—31 1; Rasmussen K, Moelby I, Jensen MK Studies on

methylmalonic acid in humans; Savage DG, Lindenbaum J, Stabler SP, Allen RH.

Sensitivity of methylmalonic acid and total homocysteine determination for diagnosing

cobalamin and folate deficiency. Am] Med 1994; 96: 239-246.

The term “Vitamin B 12” refers to vitamin B12 and its pharmaceutical derivatives,

such as hydroxocobalamin, cyano-lO—chlorocobalamin, aquocobalamin perchlorate, aquo-

10-chloroc0balamin perchlorate, azidocobalamin, chlorocobalamin, and cobalamin.

Preferably the term refers to vitamin B12, cobalamin, andpchlorocobalamin.

The dosage generally will be provided in the form of a vitamin supplement, namely

as a tablet administered orally, such as a sustained release fomiulation, as an aqueous

solution added to drinking water, or as an aqueous parenteral formulation. Preferably the

methylmalonic acid lowering agent is administered as an intramuscular injection

formulation. Such fonnulations are known in the art and are commercially available.

The sldlled artisan will appreciate that the methylmalonic lowering agents are

effective over a wide dosage range. For example, when cobalamin is used-as the

methylmalonic lowering agent, the dosage of cobalamin may fall within the range of about

0.2 Mg to about 3000 pg of cobalamin from once daily for a month to once every nine

weeks for a year. Preferably, cobalarnin will be dosed as an intramuscular injection of

about 500 ug to about 1500 pg administered from about every 24 hours to about every

1680 hours. Preferably, it is an intramuscular injection of about 1000 pg administered

initially from about 1 to about 3 weeks prior to administration of the antifolate and

repeated from about every 24 hours to about every 1680 hours, regardless of when

treatment with the antifolate is started and continued until the administration of the

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 pg

administered initially from about 1 to about 3 weeks prior to the first administration of the

antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and

continued until the discontinuation of the antifolate administrations. However, it will be

understood that the amount of the methylmalonic acid lowering agent actually

administered will be determined by a physician, in the light of the relevant circumstances,

including the condition to be treated, the chosen route of administration, the actual agent
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administered, the age, weight, and response of the individual patient, and the severity of

the patient's symptoms, and therefore the above dosage ranges are not intended to limit

the scope of the invention in any way. In some instances dosage levels below the lower

limit of the aforesaid range may be more than adequate, while in other cases still larger

doses may be employed Without causing any harmful side effect.

The term “FBP binding agent” as used herein refers to a folic binding protein

binding agent which includes folic acid, (6R)-5—methyl—5,6,7,8-tetrahydrofolic acid, and

(6R)-5-formyl—5,6,7,S-tetrahydrofolic acid, or a physiologically-available salt or ester

thereof. This latter compound is the (6R)-isomer of leucovorin as disclosed in I. Am.

Chem. Soc, 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the

unnatural configuration at the 6-position. They are 10—20 fold more efficient in binding

the folate binding protein compared with their respective (6S)—isomer, see Ratnam, et.

al., Folate and Antifolate Transport in Mammalian Cells Symposium, Mar. 21—22, 1991,

Bethesda, lVID. These compounds are usually prepared as a mixture with their natural

form (6S) of diastereomers by non—stereo selective reduction from the corresponding

. dehydro precursors followed by separation through chromatographic or enzymatic

techniques. See e.g. PCT Patent Application Publication WO 880844 (also Derwent

Abstract 88—368464/5 1) and Canadian Patent 1093554. See, e.g. Dietary Reference

Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B 12, Pantothenic

Acid, Biotin, and Choline (2000), 8 Folate, pp. 196-305.

‘Thysiologicafly—avaflable salt” refers to potassium, sodium, lithium, magnesium,

or preferably a calcium salt of the FBP binding agent. ‘Thysiologically-available. . .ester”

refers to esters which are easily hydrolyzed upon administration to a mammal to provide

the corresponding FBP binding agent free acid, such as C1-C4 alkyl esters, mixed

anhydrides, and the like.

The FBP binding agent to be utilized according to this invention can be in its free

acid form, or can be in the form of a physiologically—acceptable salt or ester which is

converted to the parent acid in a biological system The dosage generally will be provided

in the form of a vitamin supplement, namely as a tablet administered orally, preferably as a
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sustained release formulation, as an aqueous solution added to drinking water, an aqueous

parenteral formulation, e.g., an intravenous formulation, or the like.

The FBP binding agent is usually administered to the subject mammal prior to

treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent

from about 1 to about 24 hours is usually sufficient to substantially bind to and block the

folate binding protein prior to administration of the antifolate. Although one single dose

of the FBP binding agent, preferably an oral administration of folic acid, should be

sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can

be employed for periods up to weeks before treatment with the active agent to ensure that

the folate binding protein is sufficiently bound in order to maximize the benefit derived

from such pretreatment.

In the especially preferred embodiment of this invention, about 0. 1 mg to about 30

mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a

mammal about 1 to 3 weeks post administration of the methyhnalonic acid lowering agent

and about 1 to about 24 hours prior to the parenteral administration of the amount of an

antifolate. However, it will be understood that the amount of the methylrnalonic acid

lowering agent actually administered will be determined by a physician, in the light of the

relevant circumstances, including the condition to be treated, the chosen route of

administration, the actual agent administered, the age, weight, and response of the

individual patient, and the severity of the patient's symptoms, and therefore the above

dosage ranges are not intended to limit the scope of the invention in any way. In some

instances dosage levels below the lower limit of the aforesaid range may be more than

adequate, while in other cases still larger doses may be employed without causing any

harmful side effect.

In general, the term “pharmaceutical” when used as an adjective means

substantially non-toxic to living organisms.

M_eth9d§

To assess the effect of a methylmalonic acid lowering agent, alone or in

combination with folic acid on the antitumor efficacy of an antifolate in a human tumor

xenograft model, female nude mice bearing human MX—l breast carcinoma were treated
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with ALllVITA alone or along with super-physiologic doses of folic acid or vitamin B 12

(cobalamin).

The animals were maintained on sterilized standard lab chow ad libitum and

sterilized water ad libitum The human MX-l tumor cells (5 x 106) obtained from donor

tumors were implanted subcutaneously in a thigh of female nude mice 8- to 10—weeks old.

Beginning on day 7 post tumor cell implantation, the animals were treated with ALLMTA

(100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or

vitamin B 12 (165 mg/kg) by intraperitoneal injection on the same schedule.

Tumor response was monitored by tumor volume measurements twice weekly

over the course of the experiment. Toxicity was monitored by body weight measurements

made at the same time as the tumor volume measurements. Tumor growth delay was the

difference in days for the treated and the controls tumors to reach 1000 harm.

The human NIX—1 breast carcinoma xenograft was responsive to treatment with

ALIMTA with doses of 100 rug/kg and 150 nag/kg producing tumor growth delays of 17

days and 21 days, respectively. Folic acid was administered to the animals alone at two

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMTA and produced tumor

growth delays of 7 days and 12 days, respectively. Vitamin B12 administered alone at a

dose of 165 rug/kg resulted in a tumor growth delay of 12 days.

Combinations of ALIMTA at each of the two doses were administered along with

each of the vitamins as simultaneous combination regimens. Administration of folic acid

(6 mg/kg) along with ALIMTA did not alter the tumor growth delay produced from that

obtained with ALIMTA alone. The addition of folic acid at the higher dose (60 nag/kg)

along with each dose of ALllVITA resulted in small increases in tumor growth delay to 22

days and 23 days at the ALHVITA doses of 100 mg/kg and 150 mg/kg, respectively. The

tumor growth delays with ALIMTA and vitamin B12 (165 mg/kg) treatment were 22 days

and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively.

Body weight was used as a general measure of toxicity for each of the treatment

regimens. The body weight loss pattern reflected the treatment regimens with weight

decrease during the treatment times of days 7 through 11 and 14 through 18 with some
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weight recovery during the intervening two days. The weight loss due to ALITMA was

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 nag/kg

did not cause weight loss, in fact folic acid treated animals maintained weight and gained

weight over the course of the experiment better than the control animals. The animals

treated with’ALIMTA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%)

over the course of the experiment.

Administration of vitamin B 12 did not prevent weight gain in the animals over the

time course of the experiment. The animals treated with ALllVITA (100 mg/kg) along

with vitamin B 12 gained weight while those treated with ALIMTA (150 mg/kg) along

with vitamin B 12 maintained weight over the course of the experiment.

In conclusion, administration of super-physiologic but non—toxic doses of the

vitamins, folic acid and vitamin B 12, did not alter the antitumor activity of ALINITA in the

human MX—l breast carcinoma xenograft tumor in nude mice and did not increase the

toxicity ofALIMTA as determined by body weight measurements of the animals.

The effect of vitamin B 12, alone or in combination with folic acid, on antifolates

can be demonstrated in standard tests commonly utilized to determine the antitumor

activity and toxic effects of the antifolates themselves. In one such test, mice are

inoculated with the C3H strain ofmammary adenocarcinoma by inserting a 2 mmby 2 mm

section of tumor into the axillary region of the mice by trocar. The timing of administering

the methylmalonic acid lowering agent, alone or in combination with the folic acid, and the

antifolate may be varied. Ten animals are used at each dosage level. Antimmor activity is

assessed on day ten (when day one is first do sage of antifolate) by measuring the length

and width of the tumor growth using vernier calipers, and the activity is expressed as a

percent inhibition of tumor growth.

When the antifolate is administered to infected mice which are maintained on a

diet totally free of vitamin B12 and optionally folic acid for two weeks prior to and during

treatment, it exhibits moderated antitumor activity at very low doses, but also causes

severe toxicity at a very low dose (measured as death of mice).

A test group of mice are maintained on a vitamin B 12 and optionally folic acid free

diet for two weeks before treatment. Vitamin B12 and optionally folic acid is then
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administered during the treatment by intramuscular injection of 0.0003% vitamin B12

(weight/volume) and optionally providing the animals drinking water containing 0.0003%

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B12

and optionally folic acid per square meter of body surface per day. As the foregoing

results indicate, addition of the indicated level of vitamin B 12 to the diet of a subject

receiving an antifolate results in excellent antitumor activity at low doses, with little or no

toxic effects.

The foregoing tests establish that for tumor bearing mice maintained on a vitamin

B 12 and optionally folic acid free diet prior to and during treatment with an antifolate, the

toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the

mice, and lower antitumor activity is observed at non—toxic drug doses. Very low doses of

Vitamin B 12 partially reverses drug toxicity and improved antitumor activity. Larger

doses of vitamin B12 reduce antifolate toxicity even more significantly. Pretreatment of

the mouse with vitamin B12 and then administering folic acid prior to administering the

antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate

toxicity completely. Thus, the use of vitamin B 12 in combination with an antifolate

reduces drug toxicity without adversely affecting antitumor activity, and the use of vitamin

B 12 in conjunction with folic acid synergistically reduces drug toxicity.

In a typical clinical evaluation involving cancer patients, all of whom have

histologically or cytologically confirmed diagnosis of cancer, an antifolate is administered

in combination with vitamin B12. Vitamin B 12 is administered as a 1000 pg

intramuscular injection 13 weeks prior to treatment with the antifolate, and 1000 pg

intramuscular injection of vitamin B 12 is made approximately every 9 weeks until the

patient discontinues from therapy. The antifolate is administered in four doses over a two

week period by rapid intravenous injection, followed by two weeks of non—therapy.

Dosing is made on days 1, 4, 8 and 11 of any two week period. Patients will have an

initial course of therapy at a dose of 5 mg/mZ/dose, and depending upon the toxic effects

observed in the initial course, their subsequent courses may be at the same dose, or may be

escalated to 6 mg/mz, or may be attenuated to 4 rug/n12.
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In preparation for the foregoing clinical study, pilot studies in humans have

established that vitamin B 12 given to patients receiving Alimta has effected reduced side

effects due to the Alimta. One to two weeks prior to administration of ALIMTA urine is

collected and blood is drawn from a human subject; and vitamin metabolite levels,

5 methylmalonic acid and homocysteine, are determined. Homocysteine levels are

determined in blood by a fluorescent polarization immunoassay kit manufactured by Abbot

Laboratories. Methylmalonic acid levels are determined by urine levels using a 24 hour

urine collection kit available from Biolab Medical Unit (a United Kingdom company).

Additionally urine and blood may be collected one week prior to administration of

10 ALlNlTA (after at least 5 days of folic acid supplementation and at least 1 week vitamin

B12 supplementation), and up to 4 days prior to every cycle.

Method of administration and dosing procedures:

15 1. Folic Acid:

Folic acid will be supplied as one of the following options, with preference in order

from option #1 to option #3:

1. 350 - 600 Mg folic acid.

2. A multivitamin containing folic acid in the range of 350 [lg to 600 Hg is

20 acceptable if option #1 is not available.

3. A dose of folic acid between 350 pg and 1000 Hg is acceptable ifneither

option #1 or option # 2 is available.

For purposes of this study, patients should take oral folic acid daily beginning

approximately 1 to 3 weeks before treatment with ALIMTA plus cisplatin or cisplatin

25 alone and continuing daily until discontinuation from study therapy.

2. Vitamin B 12

Vitamin B 12 will be obtained and administered as a 1000 pg intramuscular

injection. A vitamin B 12 injection must be administered approximately 1 to 3 weeks

before treatment with ALDVITA and should be repeated approximately every 9 weeks until

30 the patient discontinues from study therapy.
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Folic acid supplementation, 350 — 600 Hg or equivalent should be taken orally

daily beginning approximately 1 to 3 weeks prior to the first dose of MTA plus cisplatin

and continue daily until the patient discontinues from study therapy. A vitamin B12

injection, 1000 pg, must be given intramuscularly approximately 1 to 3 weeks prior to the

first dose of ALllVlTA and should be repeated approximately every 9 weeks until the

patient discontinues from study therapy.

Compare presupplementation homocysteine and methylmalonic acid levels to a)

the level immediately prior to the initial dose of study drug, and b) to the level immediately

prior to the second dose of study drug (i.e., after a full cycle of supplementation), and

compare the prevalence of specific toxicities experienced in up to the first seven cycles of

therapy in patients Who have been supplemented from baseline to the prevalence seen in

the earlier patients (n = 246) who were not supplemented (Farber et al.)

Toxicity may be compared in specific patients in non— supplemented cycles versus

supplemented cycles (cross—over patients).

The data to be compared are:

1) Patient numbers and baseline demographic data for those supplemented from

baseline.

2) Homocysteine and methylmalonic acid levels, levels at baseline, prior to first

dose, prior to second dose, and prior to each therapy cycle depending of the

type of cancer under study.

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients.

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients.

The grading of toxicities in chemotherapuetic clinical tiials is well known to a

person of skill in the art. Examples of fatigue and skin rash grading are provided below.
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Fatigue Grading ——

Neuromotor

Grade 0 none or no change

Grade 1 subjective weakness; no objective findings

Grade 2 mild objective weakness without significant impairment of function

Grade 3 objective weakness with impairment of function

Grade 4 paralysis

Rash Grading —-

Skin

Grade 0 none or no change

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic

Grade 2 scattered macular or papular eruption or erythema with pruritus or other

associated eruption symptoms

Grade 3 generalized symptomatic macular, papular, or vesicular eruption

Grade 4 exfoliative dermatitis or ulcerating dermatitis

The vitamins (both folic acid and B12) to be used in the following studies may be

obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo—Folic.

Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies.

Current and past clinical trials Show a 4% drug-related death total, 50% grade 3/4

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and mucositis in

patients administered ALIMTA and folic acid as described in US. Pat. No. 5,217,974.

Vitamin B12 supplementation with ALIMTA has a moderate effect on drug related

toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The

combination of Vitamin B12 and folic acid with ALHVITA has lowered the drug related

deaths to <1% in over 480 so treated. The combination of vitamin B12 and folic acid has

lowered the drug related grade 3/4 toxic events, see Table 1.
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Table 1

Percent of occurrences Percent of occurrences post

-prior to BIZ/folio acid BIZ/folio acid treatment
treatment (N=246) (N=78)

Hematolo 'c Toxici
32%

Neutro-cnia and Diarrhea

     
 

  
  

  
  

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment

were divided into two groups. Seventeen of these patients received ALHVITA, but did not

receive vitanl'm B 12 or folic acid, as described supra. The remaimng patients received

treatment with vitamin B12, folic acid, and ALDVITA, as described supra. Of patients

who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of

patients who did not receive the combination treatment, but rather, received only

treatment with ALIMTA, only 1 out of 17 patients responded
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We Claim:

1. A method of administering an antifolate to a mammal in need thereof,

comprising administering an effective amount of said antifolate in combination with a

5 methylmalonic acid lowering agent.

2. A method of reducing the toxicity associated with the administration of an

antifolate to a mammal comprising administering to said mammal an effective amount of

said antifolate in combination with a methylmalonic acid lowering agent.

10

3. A method of inhibiting tumor growth in mammals comprising administering

to said .mammals an effective amount of an antifolate in combination with a methylmalonic

acid lowering agent.

15 4. A method of administering an antifolate to a mammal in need thereof, ,

comprising administering an effective amount of said antifolate in combination with a

Inethylmalonic acid lowering agent and FBP binding agent.

5. A method of reducing the toxicity associated with the administration of an

20 antifolate to a mammal comprising administering to said mammal an effective amount of

said antifolate in combination with a methylmalonic acid lowering agent and FBP binding

agent.

6. A method of inhibiting tumor growth in mammals comprising administering

25 to said mammals an effective amount of an antifolate in combination with a methylmalonic

acid lowering agent and FBP binding agent.

7. A method of any one of claims 1—6 wherein the methylmalonic acid

lowering agent is selected from the group consisting of hydroxocobalamin, cyano— 10—

30 chlorocobalamin, aquocobalamin perchlorate, aquo—lO—chlorocobalamin perchlorate,

azidocobalamin, chlorocobalamin, and cobalanlin.
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8. A method of any one of claims 4—6 wherein the FBP binding agent is

selected from the group consisting of folic acid, (6R)—5-methy1—5,6,7,8-tetrahydrofolic

acid, and (6R)-5-formy1—5,6,7,8—tetrahydrofolic acid, or a physiologically—available salt or

ester thereof.

9. A method of any one of claims 1-8 wherein the antifolate is ALMTA.

10. A method of any one of claims 1-9 wherein the mammal is pretreated with

methylmalonic acid lowering agent.

11. The use of a methylmalonic acid lowering agent in the preparation of a

medicament useful in lowering the mammalian toxicity associated with an antifolate, and

the medicament is administered in combination with an antifolate.

12. The use of a methylrnalonic acid lowering agent in the preparation of a

medicament useful in lowering the mammalian toxicity associated with an antifolate, and

the medicament is administered in combination with an antifolate and a FBP binding agent.

13. The use any one of claims 11—12 wherein the methylmalonic acid lowering

agent is selected from the group consisting of hydroxocobalamjn, cyano—lO—

chlorocobalamin, aquocobalamin perchlorate, aquo—lO—chlorocobalamin perchlorate,

azidocobalamin, chlorocobalamin, and cobalamin.

14. The use of any one of claims 11-13 wherein the FBP binding agent is

selected from the group consisting of folic acid, (6R)-5—methy1—5,6,7,8—tetrahydrofolic

acid, and (6R)—5—formyl-5,6,7,8—tetrahydrofolic acid, or a physiologically—available salt or

ester thereof.

15. The use of any one of claims 11-14 wherein the antifolate is ALDVITA.
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16. The use of any one of claims 11— 15 wherein the mammal is pretreated with

methylmalonic acid lowering agent.

17. Use of a methyhnalonic acid lowering agent in the manufacture of a

medicament for lowering the mammalian toxicity associated with administration of an

antifolate wherein said methylmalonic acid lowering agent is administered in combination

with said antifolate.

18. Use of a methylmalonic acid lowering agent in the manufacture of a

medicament for use in a method of inhibiting tumor growth in mammals, which method

comprises administering said methylmalonic acid lowering agent in combination with an

antifolate.

19. Use according to claim 17 or 18 wherein a FBP binding agent is also

administered in combination with said methylmalonic acid lowering agent and antifolate.

20. Use according to any one of claims 17—19 wherein the methylmalonic acid

lowering agent, antifolate and optionally FBP binding agent is administered

simultaneously, separately or sequentially of one another.

21. The use any one of claims 17-20 wherein the methylmalonic acid lowering

agent is selected from the group consisting ofhydroxocobalamin, cyano-lO-

chlorocobalamin, aquocobalamin perchlorate, aquo- lO—chlorocobalalnin perchlorate,

azidocobalamin, chlorocobalamin, and cobalamin.

22. The use of any one of claims 19—21 wherein the FBP binding agent is

selected from the group consisting of folic acid, (6R)-5—methy1-5,6,7,8-tetrahydrofolic

acid, and (6R)-5—formyl—5,6,7,8—tetrahydrofolic acid, or a physiologically—available salt or

ester thereof.

23. The use of any one of claims 17—22 wherein the antifolate is ALllVlTA.
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24. The use of any one of claims 17—23 wherein the mammal is pretreated with

the methylmalonic acid lowering agent.

25. A product containing a methylmalonic acid lowering agent, an antifolate

and optionally a FBP binding agent as a combined preparation for the simultaneous,

separate or sequential use in inhibiting tumour growth.

26. A product according to claim 25 wherein the methylmalonic acid lowering

agent is selected from the group consisting of hydroxocobalamin, cyano-lO-

chlorocobalamin, aquocobalamin perchlorate, aquo- 10—chlorocoba1amin perchlorate,

azidocobalamin, chlorocobalamin, and cobalamin.

27. A product according to claim 25 or 26 wherein the antifolate is ALHVITA.

‘ 28. A product according to anyone of claims 25-27 wherein the FBP binding

agent is selected from the group consisting of folic acid, (6R)—5-met11yl—5,6,7 ,8-

tetrahydrofolic acid, and (6R)—5-fonnyl—5,6,7,8—tetrahydrofolic acid, or a physiologically—

available salt or ester thereof.
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Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many

countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the

USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains

further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for

filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/generaI/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you

may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of

Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect

intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN

FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a

license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier

license of similar scope has been granted under 37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date

thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under

37 CFR 1.53(d). This license is not retroactive.



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

subject matter as imposed by any Government contract or the provisions of existing laws relating to
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any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant

to 37 CFR 5.15(b).



Page 1 of 2

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPA RTM EN'I‘ OF‘ COMME RCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PO. Box 1450
Alexandria, Vuginiu 22313-1450www.mptogcv .

APPLICATION NUMBER FILING OR 371 (0) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

 
11/776,329 07/11/2007 ' Clet Niyikiza X14173B

CONFIRMATION NO. 6568

25885 FORMALITIES

ELI LILLY & COMPANY LETTER
PATENT DIVISION ‘

. PO BOX 6288

INDIANAPOLIS, IN 46206-6288

4 Date Mailed: 07/18/2007

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this application. The application is informal since it
does not comply with the regulations for the reason(s) indicated below. Applicant is given TWO MONTHS from

the date of this Notice within which to correct the informalities indicated below. Extensions of time may be
obtained by filing a petition accompanied by the extension fee under the provisions of 37 CFR 1.136(a).

The required item(s) identified below must be timely submitted to avoid abandonment:

o A substitute specification excluding claims in compliance with 37 CFR 1.52, 1.121(b)(3), and 1.125 is

required. The substitute'specification must be submitted with markings and be accompanied by a clean
version (without markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute specification

contains no new matter (see 37 CFR 1.125(b)). Since a preliminary amendment was present on the filing
date of the application and such amendment is part of the original disclosure of the application, the

substitute specification must include all of the desired changes made in the preliminary amendment. See
37 CFR 1.115 and 1.215.

Applicant is cautioned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. If the specification and drawings exceed 100 pages, applicant will need to submit the required
application size fee.

Replies should be mailed to: Mail Stop Missing Parts

Commissioner for Patents
PO. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web.
httpszllsportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or

visit our website at http://wwwusptogov/ebc.
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PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADElVLARK OFFICE

First Applicant: NlYIKIZA Clet

Serial No.: 11/776,329  Application Date: 7/11/2007 Conf No.: 6568

For: NOVEL ANTIFOLATE COMBINATION THERAPIES
  
Docket No.: X14173B ‘ 

RESPONSE TO NOTICE TO FILE CORRECTED APPLICATION PAPERS

Commissioner for Patents

Mail Stop Missing Parts
PO. Box 1450

Alexandria, VA 22313-1450

Sir:

This is in response to a "Notice to File Corrected Application Papers," dated

July 18, 2007, noting the absence of a marked up and clean copy of a substitute specification,

excluding claims.

Enclosed herewith are: 1) a copy of the Notice; 2) a marked up copy of the

specification, excluding claims, in compliance with 37 CFR 1.115 and 37 CFR 1.125; and 3) a

clean copy of the specification, excluding claims, in compliance with 37 CFR 1.125(c).

Applicants assert that the substitute specification contains no new matter.

Respectfully submitted,

/Manisha A. Desai/

Manisha A. Desai, Ph.D.

Attorney for Applicant

Registration No. 43,5 85

Phone: (317) 433—5333

Eli Lilly and Company
Patent Division

PO. Box 6288

Indianapolis, Indiana 46206—6288

August 6, 2007



Page 1 Of 2

UNITED STATES PATENT AND TRADEMARK OFFICE UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Addr ess COMMISSIONER FOR PATENTSPO 13m 1450

Alexumhm Vuguua 12113-1450
vnvw ubpto gm.

APPLICATION NUMBER FILING OR 371 (C) DATE FIRST NAMED APPLICANT ATTORNEY DOCKET NUMBER

11/776,329 07/11/2007 Clet Niyikiza X1417SB

 

CONFIRMATION NO. 6568

25885 FORMALITIES

ELI LILLY & COMPANY ‘ ‘ LETTERPATENT DIVISION ‘P 0. BOX 6288 W W
INDIANAPOLIS, IN 46206-6288

$30 710731
Date Malled. 07/18/2007

NOTICE TO FILE CORRECTED APPLICATION PAPERS

Filing Date Granted

An application number and filing date have been accorded to this appllcation. The application Is informal since it

does not comply with the regulations for the reason(s) Indicated below. Applicant Is given TWO MONTHS from
the date of this Notice within thch to correct the Informalities indicated below. ExtenSIons of time may be

obtained by filing a petition accompanied by the extenSIon fee under the provismns of 37 CFR 1136(a)

The reqUIred Item(s) identified below must be tImely submitted to aVOId abandonment

o A substitute specificatlon excludIng claims in compliance with 37 CFR 1 52, 1 121(b)(3), and 1 125 is
required The substitute speCIfIcation must be sumetted WIth markings and be accompanled by a clean

version (WIthout markings) as set forth in 37 CFR 1.125(c) and a statement that the substitute speCIficatIon
contalns no new matter (see 37 CFR 1.125(b)). Since a prelimInary amendment was present on the filing
date of the appIIcatIon and such amendment is part of the original disclosure of the application, the
substItute specificatIon must Include all of the desired changes made in the preliminary amendment. See
37 CFR1115 and 1.215.

Applicant Is cautIoned that correction of the above items may cause the specification and drawings page count to
exceed 100 pages. lf the specification and drawings exceed 100 pages, appllcant will need to submit the required

applicatIon Size fee.

Replies should be mailed to: MaIl‘Stop Missing Parts
CommIssmner for Patents

PO Box 1450

Alexandria VA 22313-1450

RegIstered users of EFS-Web may alternatively submit their reply to this notice we EFS—Web

https://sportal.uspto.gov/authenticate/AuthenticateUserLocalEPF.html

For more Information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or

viSIt our webSIte at http://www uspto gov/ebc.
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NOVEL ANTIFOLATE COMBINATION THERAPIES

This application is a divisional of Application No. 11/288,807, filed 29 November

2005, which is a divisional of Application No. 10/297,821 filed 12 May 2002, now Patent

Number 7,053,065, which claims priority under 35 USC 371, for PCT/US01/ 14860, filed

15 June 2001, which claims the priority of US. provisional applications No. 60/215,310,

filed 30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed

18 April 2001.

Potentially, life-threatening toxicity remains a major limitation to the optimal

administration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited

by Jackman, Ann L., Humana Press, Totowa, NJ, 1999.) In some cases, a supportive

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such

as dexamethone, can be used to prevent the formation of skin rashes caused by the

antifolate. (Antifolate, pg 197.)

Antifolates represent one of the most thoroughly studied classes of antineoplastic

agents, with aminopterin initially demonstrating clinical activity approximately 50 years

ago. Methotrexate was developed shortly thereafter, and today is a standard component

of effective chemotherapeutic regimens for malignancies such as lymphoma, breast

cancer, and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential

or alternating doxorubicin and CMF regimens in breast cancer with more than three

positive nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa

P, Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and

fluorouracil in node—positive breast cancer: The results of 20 years of follow—up. N Engl J

Med 1995;332(14):901—906; and Hong WK, Schaefer S, Issell B, et al. A prospective

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous

cell carcinoma of the head and neck. Cancer 1983;52:206-210.) Antifolates inhibit one or

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways,

in particular, thymidylate synthase (TS), dihydrofolate reductase (DHFR), and

glycinamide ribonucleotide formyltransferase (GARFT), by competing with reduced

folates for binding sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen
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VJ, Schultz RM. Multiple folate enzyme inhibition: Mechanism of a novel

pyrrolopyrimidine-based antifolate LY231514 (MTA). Advan Enzyme Regul, 1998;

38: 135—152 and Shih C, Chen VJ, Gossett LS, et al. LY231514, a pyrrolo[2,3-

d]pyrimidine-based antifolate that inhibits multiple folate-requiring enzymes. Cancer Res

1997;57:1116—1123.) Several antifolate drugs are currently in development. Examples of

antifolates that have thymidylate synthase inhibiting (“TSI”) characteristics include 5—

fluorouracil and Tomudex®. An example of an antifolate that has dihydrofolate

reductase inhibiting (“DHFRI”) characteristic is Methotrexate®. An example of an

antifolate that has glycinamide ribonucleotide formyltransferase inhibiting (“GARFTI”)

characteristics is Lometrexol. Many of these antifolate drugs inhibit more than one

biosynthetic pathway. For example Lometrexol is also an inhibitor of dihydrofolate

reductase and pemetrexed disodium (Alimta®, Eli Lilly and Company, Indianapolis, IN)

has demonstrated thymidylate synthase, dihydrofolate reductase, and glycinamide

ribonucleotide formyltransferase inhibition.

A limitation to the development of these drugs is that the cytotoxic activity and

subsequent effectiveness of antifolates may be associated with substantial toxicity for

some patients. Additionally antifolates as a class are associated with sporadic severe

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high

risk of mortality. The inability to control these toxicities led to the abandonment of

clinical development of some antifolates and has complicated the clinical development of

others, such as Lometrexol and raltitrexed. (Jackman AL, Calvert AH Folate-Based

Thymidylate Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):871—881;

Laohavinij S, Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine

antifolate Lometrexol (DDATHF) given with oral folic acid. Invest New Drugs

1996;14:325—335; and Maughan TS, James RD, Kerr D, et al., on behalf of the British

MRC Colorectal Cancer Working Party. Preliminary results of a multicenter randomized

trial comparing 3 chemotherapy regimens (deGramont, Lokich, and raltitrexed) in

metastatic colorectal cancer. Proc ASCO 1999; 1 8:Abst 1007.)

Initially, folic acid was used as a treatment for toxicities associated with GARFTI

see, e.g. US. Pat. No. 5,217,974. Folic acid has been shown to lower homocysteine

levels (see e. g. Homocysteine Lowering Trialist’s Collaboration. Lowering blood

homocysteine with folic acid based supplements: meta-analysis of randomized trials. BMJ
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1998;316:894—898 and Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH,

Lindenbaum J. Effects of vitamin B12, folate and vitamin B6 supplements in elderly

people with normal serum vitamin concentrations. Lancet 1995;346:85—89), and

homocysteine levels have been shown to be a predictor of cytotoxic events related to the

use of GARFT inhibitors, see e. g. US. Pat. No. 5,217,974. However, even with this

treatment, cytotoxic activity of GARFT inhibitors and antifolates as a class remains a

serious concern in the development of antifolates as pharmaceutical drugs. The ability to

lower cytotoxic activity would represent an important advance in the use of these agents.

Surprisingly and unexpectedly, we have now discovered that certain toxic effects

such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic

acid lowering agent, without adversely affecting therapeutic efficacy. The present

invention thus provides a method for improving the therapeutic utility of antifolate drugs

by administering to the host undergoing treatment with a methylmalonic acid lowering

agent. We have discovered that increased levels of methylmalonic acid is a predictor of

toxic events in patients that receive an antifolate drug and that treatment for the increased

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and

nonhematologic events, such as skin rashes and fatigue events previously associated with

the antifolate drugs.

Additionally, we have discovered that the combination of a methylmalonic acid

lowering agent and folic acid synergistically reduces the toxic events associated with the

administration of antifolate drugs. Although, the treatment and prevention of

cardiovascular disease with folic acid in combination with vitamin B12 is known, the use

of the combination for the treatment of toxicity associated with the administration of

antifolate drugs was unknown heretofore.

The present invention relates to a method of administering an antifolate to a

mammal in need thereof, comprising administering an effective amount of said antifolate

in combination with a methylmalonic acid lowering agent.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a

methylmalonic acid lowering agent.
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Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent.

Furthermore, the present invention relates to a method of administering an

antifolate to a mammal in need thereof, comprising administering an effective amount of

said antifolate in combination with a methylmalonic acid lowering agent and a FBP

binding agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a

methylmalonic acid lowering agent and a FBP binding agent. A preferred FBP binding

agent is folic acid.

Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent and a FBP binding

agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a

medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP

binding agent is folic acid.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate and a FBP binding agent.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the manufacture of a medicament for use in a method of inhibiting

tumor growth in mammals, which method comprises administering said methylmalonic

acid lowering agent in combination with an antifolate.
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Furthermore, the present invention relates to a product containing a

methylmalonic acid lowering agent, an antifolate and optionally a FBP binding agent as a

combined preparation for the simultaneous, separate or sequential use in inhibiting

tumour growth.

The current invention concerns the discovery that administration of a

methylmalonic acid lowering agent in combination with an antifolate drug reduces the

toxicity of the said antifolate drug.

The term “inhibit” as it relates to antifolate drugs refers to prohibiting, alleviating,

ameliorating, halting, restraining, slowing or reversing the progression of, or reducing

tumor growth.

As used herein, the term "effective amoun " refers to an amount of a compound or

drug, which is capable of performing the intended result. For example, an effective

amount of an antifolate drug that is administered in an effort to reduce tumor growth is

that amount which is required to reduce tumor growth.

As used herein, the term “toxicity” refers to a toxic event associated with the

administration on an antifolate. Such events include, but are not limited to, neutropenia,

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea,

mucositis, and anemia. For further explanation of the types of toxicity experienced by

patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy.

Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and

mucositis.

As used herein, the term “nonhematologic event” refers to the occurrence of skin

rash or fatigue due to the administration of an antifolate.

As used herein, the term “in combination with” refers to the administration of the

methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in

any order such that sufficient levels of methylmalonic acid lowering agent and optionally

folic acid are present to reduce the toxicity of an antifolate in a mammal. The

administration of the compounds maybe simultaneous as a single composition or as two

separate compositions or can be administered sequentially as separate compositions such

that an effective amount of the agent first administered is in the patient’s body when the

second and/or third agent is administered. The antifolate drug may be administered to the

mammal first, followed by treatment with the methylmalonic acid lowering agent.
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Alternatively, the mammal may be administered the antifolate drug simultaneously with

the methylmalonic acid lowering agent. Preferably, the mammal is pretreated with the

methylmalonic acid lowering agent and then treated with the antifolate. If folic acid is to

be administered in addition to the methylmalonic acid lowering agent, the folic acid may

be administered at any time prior, post, or simultaneously to the administration of either

the methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is

pretreated with the methylmalonic acid, and then treated with folic acid, followed by

treatment with the antifolate compound.

The terms "antifolate" and "antifolate drug" refer to a chemical compound which

inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced

folates for binding sites of these enzymes. Preferred examples of antifolates include 5—

fluereuraeilras—manufaemred—byélaaeeiTomudex®, as manufactured by Zeneca;

Methotrexate®, as manufactured by Lederle; Lometrexol®, as manufactured by Tularik;

pyrido[2,3—d]pyrimidine derivatives described by Taylor et al in U.S. Pat. Nos. 4,684,653,

4,833,145, 4,902,796, 4,871,743, and 4,882,334; derivatives described by Akimoto in

U.S. Pat. No. 4,997,838; thymidylate synthase inhibitors as found in EPO application

239,362; and most preferred, Pemetrexed Sedium—Disodium (ALIMTA), as manufactured

by Eli Lilly & Co.

The terms “methylmalonic acid” and “MMA” refer to a structural isomer of

succinic acid present in minute amounts in healthy human urine.

The term “methylmalonic acid lowering agent” refers to a substrate, which lowers

the concentration of methylmalonic acid in a mammal. A preferred example of such a

substrate is vitamin B 12. For methods of determining methylmalonic acid and substrates

therefore, see, e.g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay

for urinary methylmalonic acid in the diagnosis of vitamin B12 deficiency. A prospective

clinical evaluation. Ann Intern Med 1987; 106: 707—710; Norman EJ, Morrison JA.

Screening elderly populations for cobalamin (vitamin B12) deficiency using the urinary

methylmalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993;

94: 589—594; Norman EJ. Gas Chromatography mass spectrometry screening of urinary

methylmalonic acid: early detection of vitamin B 12 (cobalamin) deficiency to prevent
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permanent neurologic disability. GC/MS News 1984; 12: 120—129; Martin DC, Francis J,

Protetch J, Huff FJ. Time dependency of cognitive recovery with cobalamin replacement:

report of a pilot study. JAGS 1992; 40: 168—172; Norman EJ, Cronin C. Cobalamin

deficiency. Neurol 1996; 47: 310—31 1; Rasmussen K, Moelby I, Jensen MK. Studies on

methylmalonic acid in humans; Savage DG, Lindenbaum J, Stabler SP, Allen RH.

Sensitivity of methylmalonic acid and total homocysteine determination for diagnosing

cobalamin and folate def1ciency. Am J Med 1994; 96: 239—246.

The term “vitamin B12” refers to vitamin B12 and its pharmaceutical derivatives,

such as hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-

10-chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin, and cobalamin.

Preferably the term refers to vitamin B 12, cobalamin, and chlorocobalamin.

The dosage generally will be provided in the form of a vitamin supplement,

namely as a tablet administered orally, such as a sustained release formulation, as an

aqueous solution added to drinking water, or as an aqueous parenteral formulation.

Preferably the methylmalonic acid lowering agent is administered as an intramuscular

injection formulation. Such formulations are known in the art and are commercially

available.

The skilled artisan will appreciate that the methylmalonic lowering agents are

effective over a wide dosage range. For example, when cobalamin is used as the

methylmalonic lowering agent, the dosage of cobalamin may fall within the range of

about 0.2 ug to about 3000 pg of cobalamin from once daily for a month to once every

nine weeks for a year. Preferably, cobalamin will be dosed as an intramuscular injection

of about 500 ug to about 1500 pg administered from about every 24 hours to about every

1680 hours. Preferably, it is an intramuscular injection of about 1000 pg administered

initially from about 1 to about 3 weeks prior to administration of the antifolate and

repeated from about every 24 hours to about every 1680 hours, regardless of when

treatment with the antifolate is started and continued until the administration of the

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 ug

administered initially from about 1 to about 3 weeks prior to the first administration of the

antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and

continued until the discontinuation of the antifolate administrations. However, it will be
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understood that the amount of the methylmalonic acid lowering agent actually

administered will be determined by a physician, in the light of the relevant circumstances,

including the condition to be treated, the chosen route of administration, the actual agent

administered, the age, weight, and response of the individual patient, and the severity of

the patient's symptoms, and therefore the above dosage ranges are not intended to limit

the scope of the invention in any way. In some instances dosage levels below the lower

limit of the aforesaid range may be more than adequate, while in other cases still larger

doses may be employed without causing any harmful side effect.

The term “FBP binding agent” as used herein refers to a folic binding protein

binding agent which includes folic acid, (6R)—5-methyl-5,6,7,8-tetrahydrofolic acid, and

(6R)—5—formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically-available salt or ester

thereof. This latter compound is the (6R)—isomer of leucovorin as disclosed in J. Am.

Chem. Soc., 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the

unnatural configuration at the 6-position. They are 10-20 fold more efficient in binding

the folate binding protein compared with their respective (6S)—isomer, see Ratnam, et.

al., Folate and Antifolate Transport in Mammalian Cells Symposium, Mar. 21-22, 1991,

Bethesda, MD. These compounds are usually prepared as a mixture with their natural

form (6S) of diastereomers by non—stereoselective reduction from the corresponding

dehydro precursors followed by separation through chromatographic or enzymatic

techniques. See e.g. PCT Patent Application Publication WO 880844 (also Derwent

Abstract 88—368464/5 1) and Canadian Patent 1093554. See, e. g. Dietary Reference

Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic

Acid, Biotin, and Choline (2000), 8 Folate, pp. 196—305.

“Physiologically-available salt” refers to potassium, sodium, lithium, magnesium,

or preferably a calcium salt of the FBP binding agent. “Physiologically-available. . .ester”

refers to esters which are easily hydrolyzed upon administration to a mammal to provide

the corresponding FBP binding agent free acid, such as C1-C4 alkyl esters, mixed

anhydrides, and the like.

The FBP binding agent to be utilized according to this invention can be in its free

acid form, or can be in the form of a physiologically-acceptable salt or ester which is
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converted to the parent acid in a biological system. The dosage generally will be

provided in the form of a vitamin supplement, namely as a tablet administered orally,

preferably as a sustained release formulation, as an aqueous solution added to drinking

water, an aqueous parenteral formulation, e. g., an intravenous formulation, or the like.

The FBP binding agent is usually administered to the subject mammal prior to

treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent

from about 1 to about 24 hours is usually sufficient to substantially bind to and block the

folate binding protein prior to administration of the antifolate. Although one single dose

of the FBP binding agent, preferably an oral administration of folic acid, should be

sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can

be employed for periods up to weeks before treatment with the active agent to ensure that

the folate binding protein is sufficiently bound in order to maximize the benefit derived

from such pretreatment.

In the especially preferred embodiment of this invention, about 0.1 mg to about 30

mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a

mammal about 1 to 3 weeks post administration of the methylmalonic acid lowering agent

and about 1 to about 24 hours prior to the parenteral administration of the amount of an

antifolate. However, it will be understood that the amount of the methylmalonic acid

lowering agent actually administered will be determined by a physician, in the light of the

relevant circumstances, including the condition to be treated, the chosen route of

administration, the actual agent administered, the age, weight, and response of the

individual patient, and the severity of the patient's symptoms, and therefore the above

dosage ranges are not intended to limit the scope of the invention in any way. In some

instances dosage levels below the lower limit of the aforesaid range may be more than

adequate, while in other cases still larger doses may be employed without causing any

harmful side effect.

In general, the term “pharmaceutical” when used as an adjective means

substantially non-toxic to living organisms.

Methods

To assess the effect of a methylmalonic acid lowering agent, alone or in

combination with folic acid on the antitumor efficacy of an antifolate in a human tumor
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xenograft model, female nude mice bearing human MX-l breast carcinoma were treated

with ALIMTA alone or along with super-physiologic doses of folic acid or vitamin B 12

(cobalamin).

The animals were maintained on sterilized standard lab chow ad libitum and

sterilized water ad libitum. The human MX-l tumor cells (5 x 106) obtained from donor

tumors were implanted subcutaneously in a thigh of female nude mice 8— to 10—weeks old.

Beginning on day 7 post tumor cell implantation, the animals were treated with ALIMTA

(100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or

vitamin B12 (165 mg/kg) by intraperitoneal injection on the same schedule.

Tumor response was monitored by tumor volume measurements twice weekly

over the course of the experiment. Toxicity was monitored by body weight

measurements made at the same time as the tumor volume measurements. Tumor growth

delay was the difference in days for the treated and the controls tumors to reach 1000

m3.

The human MX-l breast carcinoma xenograft was responsive to treatment with

ALIMTA with doses of 100 mg/kg and 150 mg/kg producing tumor growth delays of 17

days and 21 days, respectively. Folic acid was administered to the animals alone at two

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMTA and produced tumor

growth delays of 7 days and 12 days, respectively. Vitamin B12 administered alone at a

dose of 165 mg/kg resulted in a tumor growth delay of 12 days.

Combinations of ALIMTA at each of the two doses were administered along with

each of the vitamins as simultaneous combination regimens. Administration of folic acid

(6 mg/kg) along with ALIMTA did not alter the tumor growth delay produced from that

obtained with ALIMTA alone. The addition of folic acid at the higher dose (60 mg/kg)

along with each dose of ALIMTA resulted in small increases in tumor growth delay to 22

days and 23 days at the ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. The

tumor growth delays with ALIMTA and vitamin B12 (165 mg/kg) treatment were 22

days and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively.

Body weight was used as a general measure of toxicity for each of the treatment

regimens. The body weight loss pattern reflected the treatment regimens with weight
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decrease during the treatment times of days 7 through 11 and 14 through 18 with some

weight recovery during the intervening two days. The weight loss due to ALITMA was

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 mg/kg

did not cause weight loss, in fact folic acid treated animals maintained weight and gained

weight over the course of the experiment better than the control animals. The animals

treated with ALIMTA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%)

over the course of the experiment.

Administration of vitamin B12 did not prevent weight gain in the animals over the

time course of the experiment. The animals treated with ALIMTA (100 mg/kg) along

with vitamin B12 gained weight while those treated with ALIMTA (150 mg/kg) along

with vitamin B12 maintained weight over the course of the experiment.

In conclusion, administration of super-physiologic but non—toxic doses of the

vitamins, folic acid and vitamin B12, did not alter the antitumor activity of ALIMTA in

the human MX-l breast carcinoma xenograft tumor in nude mice and did not increase the

toxicity of ALIMTA as determined by body weight measurements of the animals.

The effect of vitamin B12, alone or in combination with folic acid, on antifolates

can be demonstrated in standard tests commonly utilized to determine the antitumor

activity and toxic effects of the antifolates themselves. In one such test, mice are

inoculated with the C3H strain of mammary adenocarcinoma by inserting a 2 mm by 2

mm section of tumor into the axillary region of the mice by trocar. The timing of

administering the methylmalonic acid lowering agent, alone or in combination with the

folic acid, and the antifolate may be varied. Ten animals are used at each dosage level.

Antitumor activity is assessed on day ten (when day one is first dosage of antifolate) by

measuring the length and width of the tumor growth using vernier calipers, and the

activity is expressed as a percent inhibition of tumor growth.

When the antifolate is administered to infected mice which are maintained on a

diet totally free of vitamin B12 and optionally folic acid for two weeks prior to and

during treatment, it exhibits moderated antitumor activity at very low doses, but also

causes severe toxicity at a very low dose (measured as death of mice).

A test group of mice are maintained on a vitamin B12 and optionally folic acid

free diet for two weeks before treatment. Vitamin B12 and optionally folic acid is then
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administered during the treatment by intramuscular injection of 0.0003% vitamin B 12

(weight/volume) and optionally providing the animals drinking water containing 0.0003%

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B 12

and optionally folic acid per square meter of body surface per day. As the foregoing

results indicate, addition of the indicated level of vitamin B12 to the diet of a subject

receiving an antifolate results in excellent antitumor activity at low doses, with little or no

toxic effects.

The foregoing tests establish that for tumor bearing mice maintained on a vitamin

B12 and optionally folic acid free diet prior to and during treatment with an antifolate, the

toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the

mice, and lower antitumor activity is observed at non—toxic drug doses. Very low doses of

vitamin B12 partially reverses drug toxicity and improved antitumor activity. Larger

doses of vitamin B12 reduce antifolate toxicity even more significantly. Pretreatment of

the mouse with vitamin B 12 and then administering folic acid prior to administering the

antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate

toxicity completely. Thus, the use of vitamin B12 in combination with an antifolate

reduces drug toxicity without adversely affecting antitumor activity, and the use of

vitamin B12 in conjunction with folic acid synergistically reduces drug toxicity.

In a typical clinical evaluation involving cancer patients, all of whom have

histologically or cytologically confirmed diagnosis of cancer, an antifolate is

administered in combination with vitamin B12. Vitamin B 12 is administered as a 1000

pg intramuscular injection 1-3 weeks prior to treatment with the antifolate, and 1000 pg

intramuscular injection of vitamin B12 is made approximately every 9 weeks until the

patient discontinues from therapy. The antifolate is administered in four doses over a two

week period by rapid intravenous injection, followed by two weeks of non—therapy.

Dosing is made on days 1, 4, 8 and 11 of any two week period. Patients will have an

initial course of therapy at a dose of 5 mg/m2/dose, and depending upon the toxic effects

observed in the initial course, their subsequent courses may be at the same dose, or may

be escalated to 6 mg/m2, or may be attenuated to 4 mg/m2.

In preparation for the foregoing clinical study, pilot studies in humans have

established that vitamin B12 given to patients receiving Alimta has effected reduced side
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effects due to the Alimta. One to two weeks prior to administration of ALIMTA urine is

collected and blood is drawn from a human subject; and vitamin metabolite levels,

methylmalonic acid and homocysteine, are determined. Homocysteine levels are

determined in blood by a fluorescent polarization immunoassay kit manufactured by

Abbot Laboratories. Methylmalonic acid levels are determined by urine levels using a 24

hour urine collection kit available from Biolab Medical Unit (a United Kingdom

company). Additionally urine and blood may be collected one week prior to

administration of ALIMTA (after at least 5 days of folic acid supplementation and at least

1 week vitamin B12 supplementation), and up to 4 days prior to every cycle.

Method of administration and dosing procedures:

1. Folic Acid:

Folic acid will be supplied as one of the following options, with preference in

order from option #1 to option #3:

l. 350 — 600 ug folic acid.

2. A multivitamin containing folic acid in the range of 350 ug to 600 ug is

acceptable if option #1 is not available.

3. A dose of folic acid between 350 Hg and 1000 Hg is acceptable if neither

option #1 or option # 2 is available.

For purposes of this study, patients should take oral folic acid daily beginning

approximately 1 to 3 weeks before treatment with ALIMTA plus cisplatin or cisplatin

alone and continuing daily until discontinuation from study therapy.

2. Vitamin B12

Vitamin B12 will be obtained and administered as a 1000 pg intramuscular

injection. A vitamin B12 injection must be administered approximately 1 to 3 weeks

before treatment with ALIMTA and should be repeated approximately every 9 weeks

until the patient discontinues from study therapy.

Folic acid supplementation, 350 — 600 Hg or equivalent should be taken orally

daily beginning approximately 1 to 3 weeks prior to the first dose of MTA plus cisplatin

and continue daily until the patient discontinues from study therapy. A vitamin B12



10

15

20

25

30

Xl4l73B

-14-

injection, 1000 pg, must be given intramuscularly approximately 1 to 3 weeks prior to the

first dose of ALIMTA and should be repeated approximately every 9 weeks until the

patient discontinues from study therapy.

Compare presupplementation homocysteine and methylmalonic acid levels to a)

the level immediately prior to the initial dose of study drug, and b) to the level

immediately prior to the second dose of study drug (i.e., after a full cycle of

supplementation), and compare the prevalence of specific toxicities experienced in up to

the first seven cycles of therapy in patients who have been supplemented from baseline to

the prevalence seen in the earlier patients (n = 246) who were not supplemented (Farber

et al.)

Toxicity may be compared in specific patients in non—supplemented cycles versus

supplemented cycles (cross—over patients).

The data to be compared are:

1) Patient numbers and baseline demographic data for those supplemented from

baseline.

2) Homocysteine and methylmalonic acid levels, levels at baseline, prior to first

dose, prior to second dose, and prior to each therapy cycle depending of the

type of cancer under study.

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients.

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients.

The grading of toxicities in chemotherapuetic clinical trials is well known to a

person of skill in the art. Examples of fatigue and skin rash grading are provided below.

Fatigue Grading --

Neuromotor

Grade 0 none or no change

Grade 1 subjective weakness; no objective findings

Grade 2 mild objective weakness without significant impairment of function

Grade 3 objective weakness with impairment of function

Grade 4 paralysis
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Rash Grading --

Skin

Grade 0 none or no change

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic

Grade 2 scattered macular or papular eruption or erythema with pruritus or other

associated eruption symptoms

Grade 3 generalized symptomatic macular, papular, or vesicular eruption

Grade 4 exfoliative dermatitis or ulcerating dermatitis

The vitamins (both folic acid and B12) to be used in the following studies may be

obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo-Folic.

Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies.

Current and past clinical trials show a 4% drug-related death total, 50% grade 3/4

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and mucositis in

patients administered ALIMTA and folic acid as described in US. Pat. No. 5,217,974.

Vitamin B 12 supplementation with ALIMTA has a moderate effect on drug related

toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The

combination of vitamin B12 and folic acid with ALIMTA has lowered the drug related

deaths to <1% in over 480 so treated. The combination of vitamin B12 and folic acid has

lowered the drug related grade 3/4 toxic events, see Table 1.

Table 1

Percent of occurrences Percent of occurrences post

prior to B 12/folic acid B 12/folic acid treatment
treatment N=246 N=78

Hematologic Toxicity/Non- 37% 6.4%
Hematolo _ic Toxici

Neutropenia 32% 2.6%
Mucositis 5% 1.3%

 

Diarrhea 6% 2.6%

Neutro enia and Mucositis 3% 0%

Neutropenia and Diarrhea 3% 0%
Neutro . enia and Infection 2% 0%

 

 
  

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment

were divided into two groups. Seventeen of these patients received ALIMTA, but did not

receive vitamin B12 or folic acid, as described supra. The remaining patients received
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treatment with vitamin B12, folic acid, and ALIMTA, as described supra. Of patients

who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of

patients who did not receive the combination treatment, but rather, received only

treatment with ALIMTA, only 1 out of 17 patients responded.
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Abstract

A method of administering an antifolate to a mammal in need thereof, comprising

5 administering an effective amount of said antifolate in combination with a methylmalonic

acid lowering agent.
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NOVEL ANTIFOLATE COMBINATION THERAPIES

This application is a divisional of Application No. 11/288,807, filed 29 November

2005, which is a divisional of Application No. 10/297,821 filed 12 May 2002, now Patent

Number 7,053,065, which claims priority under 35 USC 371, for PCT/US01/ 14860, filed

15 June 2001, which claims the priority of US. provisional applications No. 60/215,310,

filed 30 June 2000, No. 60/235,859, filed 27 September 2000, and No. 60/284,448, filed

18 April 2001.

Potentially, life-threatening toxicity remains a major limitation to the optimal

administration of antifolates. (see, generally, Antifolate Drugs in Cancer Therapy, edited

by Jackman, Ann L., Humana Press, Totowa, NJ, 1999.) In some cases, a supportive

intervention is routinely used to permit safe, maximal dosing. For example, steroids, such

as dexamethone, can be used to prevent the formation of skin rashes caused by the

antifolate. (Antifolate, pg 197.)

Antifolates represent one of the most thoroughly studied classes of antineoplastic

agents, with aminopterin initially demonstrating clinical activity approximately 50 years

ago. Methotrexate was developed shortly thereafter, and today is a standard component

of effective chemotherapeutic regimens for malignancies such as lymphoma, breast

cancer, and head and neck cancer. (Bonnadonna G, Zambetti M, Valagussa P. Sequential

or alternating doxorubicin and CMF regimens in breast cancer with more than three

positive nodes: Ten year results. JAMA 1995;273(7):542-547; Bonnadonna G, Valagussa

P, Moliterni A, Zambetti M, Brambilla C. Adjuvant cyclophosphamide, methotrexate, and

fluorouracil in node—positive breast cancer: The results of 20 years of follow—up. N Engl J

Med 1995;332(14):901—906; and Hong WK, Schaefer S, Issell B, et al. A prospective

randomized trial of methotrexate versus cisplatin in the treatment of recurrent squamous

cell carcinoma of the head and neck. Cancer 1983;52:206-210.) Antifolates inhibit one or

several key folate-requiring enzymes of the thymidine and purine biosynthetic pathways,

in particular, thymidylate synthase (TS), dihydrofolate reductase (DHFR), and

glycinamide ribonucleotide formyltransferase (GARFT), by competing with reduced

folates for binding sites of these enzymes. (Shih C, Habeck LL, Mendelsohn LG, Chen
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VJ, Schultz RM. Multiple folate enzyme inhibition: Mechanism of a novel

pyrrolopyrimidine-based antifolate LY231514 (MTA). Advan Enzyme Regul, 1998;

38: 135—152 and Shih C, Chen VJ, Gossett LS, et al. LY231514, a pyrrolo[2,3-

d]pyrimidine-based antifolate that inhibits multiple folate-requiring enzymes. Cancer Res

1997;57:1116—1123.) Several antifolate drugs are currently in development. Examples of

antifolates that have thymidylate synthase inhibiting (“TSI”) characteristics include 5—

fluorouracil and Tomudex®. An example of an antifolate that has dihydrofolate

reductase inhibiting (“DHFRI”) characteristic is Methotrexate®. An example of an

antifolate that has glycinamide ribonucleotide formyltransferase inhibiting (“GARFTI”)

characteristics is Lometrexol. Many of these antifolate drugs inhibit more than one

biosynthetic pathway. For example Lometrexol is also an inhibitor of dihydrofolate

reductase and pemetrexed disodium (Alimta®, Eli Lilly and Company, Indianapolis, IN)

has demonstrated thymidylate synthase, dihydrofolate reductase, and glycinamide

ribonucleotide formyltransferase inhibition.

A limitation to the development of these drugs is that the cytotoxic activity and

subsequent effectiveness of antifolates may be associated with substantial toxicity for

some patients. Additionally antifolates as a class are associated with sporadic severe

mylosuppression with gastrointestinal toxicity which, though infrequent, carries a high

risk of mortality. The inability to control these toxicities led to the abandonment of

clinical development of some antifolates and has complicated the clinical development of

others, such as Lometrexol and raltitrexed. (Jackman AL, Calvert AH Folate-Based

Thymidylate Synthase Inhibitors as Anticancer Drugs. Ann Oncol 1995;6(9):871—881;

Laohavinij S, Wedge SR, Lind MJ, et al. A phase I clinical study of the antipurine

antifolate Lometrexol (DDATHF) given with oral folic acid. Invest New Drugs

1996;14:325—335; and Maughan TS, James RD, Kerr D, et al., on behalf of the British

MRC Colorectal Cancer Working Party. Preliminary results of a multicenter randomized

trial comparing 3 chemotherapy regimens (deGramont, Lokich, and raltitrexed) in

metastatic colorectal cancer. Proc ASCO 1999; 1 8:Abst 1007.)

Initially, folic acid was used as a treatment for toxicities associated with GARFTI

see, e.g. US. Pat. No. 5,217,974. Folic acid has been shown to lower homocysteine

levels (see e. g. Homocysteine Lowering Trialist’s Collaboration. Lowering blood

homocysteine with folic acid based supplements: meta-analysis of randomized trials. BMJ
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1998;316:894—898 and Naurath HJ, Joosten E, Riezler R, Stabler SP, Allen RH,

Lindenbaum J. Effects of vitamin B12, folate and vitamin B6 supplements in elderly

people with normal serum vitamin concentrations. Lancet 1995;346:85—89), and

homocysteine levels have been shown to be a predictor of cytotoxic events related to the

use of GARFT inhibitors, see e. g. US. Pat. No. 5,217,974. However, even with this

treatment, cytotoxic activity of GARFT inhibitors and antifolates as a class remains a

serious concern in the development of antifolates as pharmaceutical drugs. The ability to

lower cytotoxic activity would represent an important advance in the use of these agents.

Surprisingly and unexpectedly, we have now discovered that certain toxic effects

such as mortality and nonhematologic events, such as skin rashes and fatigue, caused by

antifolates, as a class, can be significantly reduced by the presence of a methylmalonic

acid lowering agent, without adversely affecting therapeutic efficacy. The present

invention thus provides a method for improving the therapeutic utility of antifolate drugs

by administering to the host undergoing treatment with a methylmalonic acid lowering

agent. We have discovered that increased levels of methylmalonic acid is a predictor of

toxic events in patients that receive an antifolate drug and that treatment for the increased

methylmalonic acid, such as treatment with vitamin B 12, reduces mortality and

nonhematologic events, such as skin rashes and fatigue events previously associated with

the antifolate drugs.

Additionally, we have discovered that the combination of a methylmalonic acid

lowering agent and folic acid synergistically reduces the toxic events associated with the

administration of antifolate drugs. Although, the treatment and prevention of

cardiovascular disease with folic acid in combination with vitamin B12 is known, the use

of the combination for the treatment of toxicity associated with the administration of

antifolate drugs was unknown heretofore.

The present invention relates to a method of administering an antifolate to a

mammal in need thereof, comprising administering an effective amount of said antifolate

in combination with a methylmalonic acid lowering agent.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a

methylmalonic acid lowering agent.
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Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent.

Furthermore, the present invention relates to a method of administering an

antifolate to a mammal in need thereof, comprising administering an effective amount of

said antifolate in combination with a methylmalonic acid lowering agent and a FBP

binding agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to a method of reducing the toxicity

associated with the administration of an antifolate to a mammal comprising administering

to said mammal an effective amount of said antifolate in combination with a

methylmalonic acid lowering agent and a FBP binding agent. A preferred FBP binding

agent is folic acid.

Furthermore, the present invention relates to a method of inhibiting tumor growth

in mammals comprising administering to said mammals an effective amount of an

antifolate in combination with a methylmalonic acid lowering agent and a FBP binding

agent. A preferred FBP binding agent is folic acid.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent, alone or in combination with a FBP binding agent, in the preparation of a

medicament useful in lowering the mammalian toxicity of an antifolate. A preferred FBP

binding agent is folic acid.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the preparation of a medicament useful in lowering the mammalian

toxicity associated with an antifolate, and the medicament is administered in combination

with an antifolate and a FBP binding agent.

Furthermore, the present invention relates to the use of a methylmalonic acid

lowering agent in the manufacture of a medicament for use in a method of inhibiting

tumor growth in mammals, which method comprises administering said methylmalonic

acid lowering agent in combination with an antifolate.
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Furthermore, the present invention relates to a product containing a

methylmalonic acid lowering agent, an antifolate and optionally a FBP binding agent as a

combined preparation for the simultaneous, separate or sequential use in inhibiting

tumour growth.

The current invention concerns the discovery that administration of a

methylmalonic acid lowering agent in combination with an antifolate drug reduces the

toxicity of the said antifolate drug.

The term “inhibit” as it relates to antifolate drugs refers to prohibiting, alleviating,

ameliorating, halting, restraining, slowing or reversing the progression of, or reducing

tumor growth.

As used herein, the term "effective amoun " refers to an amount of a compound or

drug, which is capable of performing the intended result. For example, an effective

amount of an antifolate drug that is administered in an effort to reduce tumor growth is

that amount which is required to reduce tumor growth.

As used herein, the term “toxicity” refers to a toxic event associated with the

administration on an antifolate. Such events include, but are not limited to, neutropenia,

thrombopenia, toxic death, fatigue, anorexia, nausea, skin rash, infection, diarrhea,

mucositis, and anemia. For further explanation of the types of toxicity experienced by

patients receiving antifolates, see, generally, Antifolate Drugs in Cancer Therapy.

Preferably, toxicity refers to toxic death, fatigue, neutropenia, thrombopenia, and

mucositis.

As used herein, the term “nonhematologic event” refers to the occurrence of skin

rash or fatigue due to the administration of an antifolate.

As used herein, the term “in combination with” refers to the administration of the

methylmalonic acid lowering agent, the antifolate drug, and optionally the folic acid; in

any order such that sufficient levels of methylmalonic acid lowering agent and optionally

folic acid are present to reduce the toxicity of an antifolate in a mammal. The

administration of the compounds maybe simultaneous as a single composition or as two

separate compositions or can be administered sequentially as separate compositions such

that an effective amount of the agent first administered is in the patient’s body when the

second and/or third agent is administered. The antifolate drug may be administered to the

mammal first, followed by treatment with the methylmalonic acid lowering agent.
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Alternatively, the mammal may be administered the antifolate drug simultaneously with

the methylmalonic acid lowering agent. Preferably, the mammal is pretreated with the

methylmalonic acid lowering agent and then treated with the antifolate. If folic acid is to

be administered in addition to the methylmalonic acid lowering agent, the folic acid may

be administered at any time prior, post, or simultaneously to the administration of either

the methylmalonic acid lowering agent or the antifolate. Preferably, the mammal is

pretreated with the methylmalonic acid, and then treated with folic acid, followed by

treatment with the antifolate compound.

The terms "antifolate" and "antifolate drug" refer to a chemical compound which

inhibits at least one key folate-requiring enzyme of the thymidine or purine biosynthetic

pathways, preferably thymidylate synthase ("TS"), dihydrofolate reductase ("DHFR"), or

glycinamide ribonucleotide formyltransferase ("GARFT"), by competing with reduced

folates for binding sites of these enzymes. Preferred examples of antifolates include

Tomudex®, as manufactured by Zeneca; Methotrexate®, as manufactured by Lederle;

Lometrexol®, as manufactured by Tularik; pyrido[2,3—d]pyrimidine derivatives described

by Taylor et al in US. Pat. Nos. 4,684,653, 4,833,145, 4,902,796, 4,871,743, and

4,882,334; derivatives described by Akimoto in US. Pat. No. 4,997,838; thymidylate

synthase inhibitors as found in EPO application 239,362; and most preferred, Pemetrexed

Disodium (ALIMTA), as manufactured by Eli Lilly & Co.

The terms “methylmalonic acid” and “MMA” refer to a structural isomer of

succinic acid present in minute amounts in healthy human urine.

The term “methylmalonic acid lowering agent” refers to a substrate, which lowers

the concentration of methylmalonic acid in a mammal. A preferred example of such a

substrate is vitamin B 12. For methods of determining methylmalonic acid and substrates

therefore, see, e.g., Matchar DB, Feussner JR, Millington DS, et al. Isotope dilution assay

for urinary methylmalonic acid in the diagnosis of vitamin B12 deficiency. A prospective

clinical evaluation. Ann Intern Med 1987; 106: 707—710; Norman EJ, Morrison JA.

Screening elderly populations for cobalamin (vitamin B12) deficiency using the urinary

methylmalonic acid assay by gas chromatography mass spectrometry. Am J Med 1993;

94: 589—594; Norman EJ. Gas Chromatography mass spectrometry screening of urinary

methylmalonic acid: early detection of vitamin B 12 (cobalamin) deficiency to prevent

permanent neurologic disability. GC/MS News 1984; 12: 120—129; Martin DC, Francis J,
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Protetch J, Huff FJ. Time dependency of cognitive recovery with cobalamin replacement:

report of a pilot study. JAGS 1992; 40: 168—172; Norman EJ, Cronin C. Cobalamin

deficiency. Neurol 1996; 47: 310—31 1; Rasmussen K, Moelby I, Jensen MK. Studies on

methylmalonic acid in humans; Savage DG, Lindenbaum J, Stabler SP, Allen RH.

Sensitivity of methylmalonic acid and total homocysteine determination for diagnosing

cobalamin and folate deficiency. Am J Med 1994; 96: 239—246.

The term “vitamin B 12” refers to vitamin B12 and its pharmaceutical derivatives,

such as hydroxocobalamin, cyano-10-chlorocobalamin, aquocobalamin perchlorate, aquo-

10-chlorocobalamin perchlorate, azidocobalamin, chlorocobalamin, and cobalamin.

Preferably the term refers to vitamin B12, cobalamin, and chlorocobalamin.

The dosage generally will be provided in the form of a vitamin supplement,

namely as a tablet administered orally, such as a sustained release formulation, as an

aqueous solution added to drinking water, or as an aqueous parenteral formulation.

Preferably the methylmalonic acid lowering agent is administered as an intramuscular

injection formulation. Such formulations are known in the art and are commercially

available.

The skilled artisan will appreciate that the methylmalonic lowering agents are

effective over a wide dosage range. For example, when cobalamin is used as the

methylmalonic lowering agent, the dosage of cobalamin may fall within the range of

about 0.2 ug to about 3000 pg of cobalamin from once daily for a month to once every

nine weeks for a year. Preferably, cobalamin will be dosed as an intramuscular injection

of about 500 ug to about 1500 pg administered from about every 24 hours to about every

1680 hours. Preferably, it is an intramuscular injection of about 1000 pg administered

initially from about 1 to about 3 weeks prior to administration of the antifolate and

repeated from about every 24 hours to about every 1680 hours, regardless of when

treatment with the antifolate is started and continued until the administration of the

antifolate is discontinued. Most preferred is an intramuscular injection of about 1000 ug

administered initially from about 1 to about 3 weeks prior to the first administration of the

antifolate and repeated every 6 to 12 weeks, preferably about every 9 weeks, and

continued until the discontinuation of the antifolate administrations. However, it will be

understood that the amount of the methylmalonic acid lowering agent actually
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administered will be determined by a physician, in the light of the relevant circumstances,

including the condition to be treated, the chosen route of administration, the actual agent

administered, the age, weight, and response of the individual patient, and the severity of

the patient's symptoms, and therefore the above dosage ranges are not intended to limit

the scope of the invention in any way. In some instances dosage levels below the lower

limit of the aforesaid range may be more than adequate, while in other cases still larger

doses may be employed without causing any harmful side effect.

The term “FBP binding agent” as used herein refers to a folic binding protein

binding agent which includes folic acid, (6R)—5-methyl-5,6,7,8-tetrahydrofolic acid, and

(6R)—5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically-available salt or ester

thereof. This latter compound is the (6R)—isomer of leucovorin as disclosed in J. Am.

Chem. Soc., 74, 4215 (1952). Both of the tetrahydrofolic acid compounds are in the

unnatural configuration at the 6-position. They are 10-20 fold more efficient in binding

the folate binding protein compared with their respective (6S)—isomer, see Ratnam, et.

al., Folate and Antifolate Transport in Mammalian Cells Symposium, Mar. 21-22, 1991,

Bethesda, MD. These compounds are usually prepared as a mixture with their natural

form (6S) of diastereomers by non—stereoselective reduction from the corresponding

dehydro precursors followed by separation through chromatographic or enzymatic

techniques. See e. g. PCT Patent Application Publication WO 880844 (also Derwent

Abstract 88—368464/5 1) and Canadian Patent 1093554. See, e. g. Dietary Reference

Intakes for Thiamin, Riboflavin, Niacin, Vitamin B6, Folate, Vitamin B12, Pantothenic

Acid, Biotin, and Choline (2000), 8 Folate, pp. 196—305.

“Physiologically-available salt” refers to potassium, sodium, lithium, magnesium,

or preferably a calcium salt of the FBP binding agent. “Physiologically-available. . .ester”

refers to esters which are easily hydrolyzed upon administration to a mammal to provide

the corresponding FBP binding agent free acid, such as C1-C4 alkyl esters, mixed

anhydrides, and the like.

The FBP binding agent to be utilized according to this invention can be in its free

acid form, or can be in the form of a physiologically-acceptable salt or ester which is

converted to the parent acid in a biological system. The dosage generally will be
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provided in the form of a vitamin supplement, namely as a tablet administered orally,

preferably as a sustained release formulation, as an aqueous solution added to drinking

water, an aqueous parenteral formulation, e. g., an intravenous formulation, or the like.

The FBP binding agent is usually administered to the subject mammal prior to

treatment with the antifolate. Pretreatment with the suitable amount of FBP binding agent

from about 1 to about 24 hours is usually sufficient to substantially bind to and block the

folate binding protein prior to administration of the antifolate. Although one single dose

of the FBP binding agent, preferably an oral administration of folic acid, should be

sufficient to load the folate binding protein, multiple dosing of the FBP binding agent can

be employed for periods up to weeks before treatment with the active agent to ensure that

the folate binding protein is sufficiently bound in order to maximize the benefit derived

from such pretreatment.

In the especially preferred embodiment of this invention, about 0.1 mg to about 30

mg, most preferably about 0.3 mg to about 5 mg, of folic acid is administered orally to a

mammal about 1 to 3 weeks post administration of the methylmalonic acid lowering agent

and about 1 to about 24 hours prior to the parenteral administration of the amount of an

antifolate. However, it will be understood that the amount of the methylmalonic acid

lowering agent actually administered will be determined by a physician, in the light of the

relevant circumstances, including the condition to be treated, the chosen route of

administration, the actual agent administered, the age, weight, and response of the

individual patient, and the severity of the patient's symptoms, and therefore the above

dosage ranges are not intended to limit the scope of the invention in any way. In some

instances dosage levels below the lower limit of the aforesaid range may be more than

adequate, while in other cases still larger doses may be employed without causing any

harmful side effect.

In general, the term “pharmaceutical” when used as an adjective means

substantially non-toxic to living organisms.

Methods

To assess the effect of a methylmalonic acid lowering agent, alone or in

combination with folic acid on the antitumor efficacy of an antifolate in a human tumor

xenograft model, female nude mice bearing human MX-l breast carcinoma were treated
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with ALIMTA alone or along with super-physiologic doses of folic acid or vitamin B 12

(cobalamin).

The animals were maintained on sterilized standard lab chow ad libitum and

sterilized water ad libitum. The human MX-l tumor cells (5 x 106) obtained from donor

tumors were implanted subcutaneously in a thigh of female nude mice 8— to 10—weeks old.

Beginning on day 7 post tumor cell implantation, the animals were treated with ALIMTA

(100 mg/kg or 150 mg/kg) once daily on days 7 through 11 and 14 through 18 by

intraperitoneal injection alone or along with folic acid (6 mg/kg or 60 mg/kg) and/or

vitamin B12 (165 mg/kg) by intraperitoneal injection on the same schedule.

Tumor response was monitored by tumor volume measurements twice weekly

over the course of the experiment. Toxicity was monitored by body weight

measurements made at the same time as the tumor volume measurements. Tumor growth

delay was the difference in days for the treated and the controls tumors to reach 1000

1111113.

The human MX-l breast carcinoma xenograft was responsive to treatment with

ALIMTA with doses of 100 mg/kg and 150 mg/kg producing tumor growth delays of 17

days and 21 days, respectively. Folic acid was administered to the animals alone at two

doses 6 mg/kg and 60 mg/kg on the same schedule as ALIMTA and produced tumor

growth delays of 7 days and 12 days, respectively. Vitamin B12 administered alone at a

dose of 165 mg/kg resulted in a tumor growth delay of 12 days.

Combinations of ALIMTA at each of the two doses were administered along with

each of the vitamins as simultaneous combination regimens. Administration of folic acid

(6 mg/kg) along with ALIMTA did not alter the tumor growth delay produced from that

obtained with ALIMTA alone. The addition of folic acid at the higher dose (60 mg/kg)

along with each dose of ALIMTA resulted in small increases in tumor growth delay to 22

days and 23 days at the ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively. The

tumor growth delays with ALIMTA and vitamin B12 (165 mg/kg) treatment were 22

days and 24 days at ALIMTA doses of 100 mg/kg and 150 mg/kg, respectively.

Body weight was used as a general measure of toxicity for each of the treatment

regimens. The body weight loss pattern reflected the treatment regimens with weight

decrease during the treatment times of days 7 through 11 and 14 through 18 with some
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weight recovery during the intervening two days. The weight loss due to ALITMA was

dose dependent but overall minor (3%). Folic acid alone at either 6 mg/kg or 60 mg/kg

did not cause weight loss, in fact folic acid treated animals maintained weight and gained

weight over the course of the experiment better than the control animals. The animals

treated with ALIMTA (100 mg/kg) and folic acid (60 mg/kg) gained weight (about 20%)

over the course of the experiment.

Administration of vitamin B12 did not prevent weight gain in the animals over the

time course of the experiment. The animals treated with ALIMTA (100 mg/kg) along

with vitamin B 12 gained weight while those treated with ALIMTA (150 mg/kg) along

with vitamin B 12 maintained weight over the course of the experiment.

In conclusion, administration of super—physiologic but non—toxic doses of the

vitamins, folic acid and vitamin B12, did not alter the antitumor activity of ALIMTA in

the human MX-l breast carcinoma xenograft tumor in nude mice and did not increase the

toxicity of ALIMTA as determined by body weight measurements of the animals.

The effect of vitamin B12, alone or in combination with folic acid, on antifolates

can be demonstrated in standard tests commonly utilized to determine the antitumor

activity and toxic effects of the antifolates themselves. In one such test, mice are

inoculated with the C3H strain of mammary adenocarcinoma by inserting a 2 mm by 2

mm section of tumor into the axillary region of the mice by trocar. The timing of

administering the methylmalonic acid lowering agent, alone or in combination with the

folic acid, and the antifolate may be varied. Ten animals are used at each dosage level.

Antitumor activity is assessed on day ten (when day one is first dosage of antifolate) by

measuring the length and width of the tumor growth using vernier calipers, and the

activity is expressed as a percent inhibition of tumor growth.

When the antifolate is administered to infected mice which are maintained on a

diet totally free of vitamin B 12 and optionally folic acid for two weeks prior to and

during treatment, it exhibits moderated antitumor activity at very low doses, but also

causes severe toxicity at a very low dose (measured as death of mice).

A test group of mice are maintained on a vitamin B 12 and optionally folic acid

free diet for two weeks before treatment. Vitamin B12 and optionally folic acid is then

administered during the treatment by intramuscular injection of 0.0003% vitamin B 12
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(weight/volume) and optionally providing the animals drinking water containing 0.0003%

folic acid (weight/volume). This concentration translates to about 1.75 mg of vitamin B 12

and optionally folic acid per square meter of body surface per day. As the foregoing

results indicate, addition of the indicated level of vitamin B12 to the diet of a subject

receiving an antifolate results in excellent antitumor activity at low doses, with little or no

toxic effects.

The foregoing tests establish that for tumor bearing mice maintained on a vitamin

B12 and optionally folic acid free diet prior to and during treatment with an antifolate, the

toxicity of the antifolate is very large, with 1 mg/kg/day being lethal to the majority of the

mice, and lower antitumor activity is observed at non—toxic drug doses. Very low doses of

vitamin B12 partially reverses drug toxicity and improved antitumor activity. Larger

doses of vitamin B12 reduce antifolate toxicity even more significantly. Pretreatment of

the mouse with vitamin B 12 and then administering folic acid prior to administering the

antifolate demonstrates a striking reduction in toxicity, almost eliminating the antifolate

toxicity completely. Thus, the use of vitamin B12 in combination with an antifolate

reduces drug toxicity without adversely affecting antitumor activity, and the use of

vitamin B12 in conjunction with folic acid synergistically reduces drug toxicity.

In a typical clinical evaluation involving cancer patients, all of whom have

histologically or cytologically confirmed diagnosis of cancer, an antifolate is

administered in combination with vitamin B12. Vitamin B 12 is administered as a 1000

pg intramuscular injection 1-3 weeks prior to treatment with the antifolate, and 1000 pg

intramuscular injection of vitamin B12 is made approximately every 9 weeks until the

patient discontinues from therapy. The antifolate is administered in four doses over a two

week period by rapid intravenous injection, followed by two weeks of non—therapy.

Dosing is made on days 1, 4, 8 and 11 of any two week period. Patients will have an

initial course of therapy at a dose of 5 mg/m2/dose, and depending upon the toxic effects

observed in the initial course, their subsequent courses may be at the same dose, or may

be escalated to 6 mg/m2, or may be attenuated to 4 mg/m2.

In preparation for the foregoing clinical study, pilot studies in humans have

established that vitamin B12 given to patients receiving Alimta has effected reduced side

effects due to the Alimta. One to two weeks prior to administration of ALIMTA urine is
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collected and blood is drawn from a human subject; and vitamin metabolite levels,

methylmalonic acid and homocysteine, are determined. Homocysteine levels are

determined in blood by a fluorescent polarization immunoassay kit manufactured by

Abbot Laboratories. Methylmalonic acid levels are determined by urine levels using a 24

hour urine collection kit available from Biolab Medical Unit (a United Kingdom

company). Additionally urine and blood may be collected one week prior to

administration of ALIMTA (after at least 5 days of folic acid supplementation and at least

1 week vitamin B12 supplementation), and up to 4 days prior to every cycle.

Method of administration and dosing procedures:

1. Folic Acid:

Folic acid will be supplied as one of the following options, with preference in

order from option #1 to option #3:

l. 350 — 600 ug folic acid.

2. A multivitamin containing folic acid in the range of 350 ug to 600 Hg is

acceptable if option #1 is not available.

3. A dose of folic acid between 350 Hg and 1000 Hg is acceptable if neither

option #1 or option # 2 is available.

For purposes of this study, patients should take oral folic acid daily beginning

approximately 1 to 3 weeks before treatment with ALIMTA plus cisplatin or cisplatin

alone and continuing daily until discontinuation from study therapy.

2. Vitamin B12

Vitamin B12 will be obtained and administered as a 1000 pg intramuscular

injection. A vitamin B12 injection must be administered approximately 1 to 3 weeks

before treatment with ALIMTA and should be repeated approximately every 9 weeks

until the patient discontinues from study therapy.

Folic acid supplementation, 350 — 600 Hg or equivalent should be taken orally

daily beginning approximately 1 to 3 weeks prior to the first dose of MTA plus cisplatin

and continue daily until the patient discontinues from study therapy. A vitamin B12

injection, 1000 pg, must be given intramuscularly approximately 1 to 3 weeks prior to the
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first dose of ALIMTA and should be repeated approximately every 9 weeks until the

patient discontinues from study therapy.

Compare presupplementation homocysteine and methylmalonic acid levels to a)

the level immediately prior to the initial dose of study drug, and b) to the level

immediately prior to the second dose of study drug (i.e., after a full cycle of

supplementation), and compare the prevalence of specific toxicities experienced in up to

the first seven cycles of therapy in patients who have been supplemented from baseline to

the prevalence seen in the earlier patients (n = 246) who were not supplemented (Farber

et al.)

Toxicity may be compared in specific patients in non—supplemented cycles versus

supplemented cycles (cross—over patients).

The data to be compared are:

1) Patient numbers and baseline demographic data for those supplemented from

baseline.

2) Homocysteine and methylmalonic acid levels, levels at baseline, prior to first

dose, prior to second dose, and prior to each therapy cycle depending of the

type of cancer under study.

3) Grade 3 and 4 hematologic toxicity in these fully supplemented patients.

4) Grade 3 and 4 nonhematologic toxicity in these fully supplemented patients.

The grading of toxicities in chemotherapuetic clinical trials is well known to a

person of skill in the art. Examples of fatigue and skin rash grading are provided below.

Fatigue Grading --

Neuromotor

Grade 0 none or no change

Grade 1 subjective weakness; no objective f1ndings

Grade 2 mild objective weakness without significant impairment of function

Grade 3 objective weakness with impairment of function

Grade 4 paralysis

Rash Grading --
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Skin

Grade 0 none or no change

Grade 1 scattered macular or papular eruption or erythema that is asymptomatic

Grade 2 scattered macular or papular eruption or erythema with pruritus or other

associated eruption symptoms

Grade 3 generalized symptomatic macular, papular, or vesicular eruption

Grade 4 exfoliative dermatitis or ulcerating dermatitis

The vitamins (both folic acid and B12) to be used in the following studies may be

obtained from Zenith Gold Line, Centrum, Folvite, or in Canada Apo-Folic.

Cyanocobalamin is used as the methylmalonic acid lowering agent in these studies.

Current and past clinical trials show a 4% drug-related death total, 50% grade 3/4

neutropenia, 7% grade 4 thrombocytopenia, and 10% grade 3/4 diarrheas and mucositis in

patients administered ALIMTA and folic acid as described in US. Pat. No. 5,217,974.

Vitamin B 12 supplementation with ALIMTA has a moderate effect on drug related

toxicity, lowering drug related deaths to 3% and severe toxicities by about 25%. The

combination of vitamin B12 and folic acid with ALIMTA has lowered the drug related

deaths to <1% in over 480 so treated. The combination of vitamin B12 and folic acid has

lowered the drug related grade 3/4 toxic events, see Table 1.

Table 1

Percent of occurrences Percent of occurrences post

prior to B 12/folic acid B 12/folic acid treatment
treatment N=246 N=78

Hematologic Toxicity/Non- 37% 6.4%
Hematolo _ic Toxici

Neutropenia 32% 2.6%
 

Mucositis 5% l .3%

Diarrhea 6% 2.6%

Neutro enia and Mucositis 3% 0%

Neutropenia and Diarrhea 3% 0%
Neutro . enia and Infection 2% 0%

 

 
  

Additionally, sixty-two chemonaive patients requiring chemotherapeutic treatment

were divided into two groups. Seventeen of these patients received ALIMTA, but did not

receive vitamin B12 or folic acid, as described supra. The remaining patients received

treatment with vitamin B12, folic acid, and ALIMTA, as described supra. Of patients
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who received the combination treatment, 8 out of 45 responded to the chemotherapy. Of

patients who did not receive the combination treatment, but rather, received only

treatment with ALIMTA, only 1 out of 17 patients responded.
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Abstract

A method of administering an antifolate to a mammal in need thereof, comprising

5 administering an effective amount of said antifolate in combination with a methylmalonic

acid lowering agent.
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US patent extend only throughout the territory of the United States and have no

effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent in

a specific country or in regional patent Offices. Applicants may wish to consider the filing of an international

application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country The PCT process simplifies the

filing of patent applications on the same invention in member countries, but does not result in a grant of "an
international patent" and does not eliminate the need Of applicants to file additional documents and fees in

countries where patent protection is desired.

Almost every country has its own patent law, and a person deSiring a patent in a particular country must make an

application for patent in that country in accordance With its particular laws. Since the laws of many countries differ
in various respects from the patent law Of the United States, applicants are advised to seek gwdance from

specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case Of inventions made in the United States, the Director of the USPTO
must issue a license before applicants can apply for a patent in a foreign country. The filing of a US patent

application serves as a request for a foreign filing license. The application's filing receipt contains further
information and guidance as to the status Of applicant's license for foreign filing

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically, the

section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign

patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be Viewed on the USPTO website at http://www usptO.gov/web/Offices/pac/doc/general/index html.

For information on preventing theft Of your intellectual property (patents, trademarks and copyrights), you may
wish to consult the U 8 Government website, http/lwwwstopfakesgov Part of a Department of Commerce

initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual

property in speCIfic countries such as China, Korea and Mexico For questions regarding patent enforcement \
issues, applicants may call the US. Government hotline at 1-866—999—HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

GRANTED

The applicant has been granted a license under 35 US C 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be reqUired as
set forth in 37 CFR 5.15. The scope and limitations Of this license are set forth in 37 CFR 5.15(a) unless an earlier

license has been issued under 37 CFR 515(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted
under 37 CFR 5.13 or 514

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

The grant of a license does not in any way lessen the responSibility of a licensee for the security of the subject
matter as imposed by any Government contract or the provisions of existing laws relating to espionage and the
national security or the export of technical data Licensees should apprise themselves of current regulations

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

Department of State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of
Industry and Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign Assets Control,

Department of Treasury (31 CFR Parts 500+) and the Department of Energy.

W

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING

LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR
5 12, if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months

has lapsed from the filing date of this application and the licensee has not received any indication of a secrecy

order under 35 U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,

characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt
similar to a Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see

37 CFR 1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date

shown on this Acknowledgement Receipt will establish the filing date of the application.

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

If a timely submission to enter the national stage of an international application is compliant with the conditions

of 35 U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the

application as a national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt,
in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary

components for an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the

International Application Number and of the International Filing Date (Form PCT/RO/105) will be issued in due

course, subject to prescriptions concerning national security, and the date shown on this Acknowledgement

Receipt will establish the international filing date of the application.
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PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a US. patent extend only throughout the territory of the United States and have
no effect in a foreign country, an inventor who wishes patent protection in another country must apply for a

patent in a specific country or in regional patent offices. Applicants may wish to consider the filing of an

international application under the Patent Cooperation Treaty (PCT). An international (PCT) application

generally has the same effect as a regular national patent application in each PCT-member country. The

PCT process simplifies the filing of patent applications on the same invention in member countries, but
does not result in a grant of "an international patent" and does not eliminate the need of applicants to file

additional documents and fees in countries where patent protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must

make an application for patent in that country in accordance with its particular laws. Since the laws of many

countries differ in various respects from the patent law of the United States, applicants are advised to seek
guidance from specific foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the

USPTO must issue a license before applicants can apply for a patent in a foreign country. The filing of a US.
patent application serves as a request for a foreign filing license. The application's filing receipt contains

further information and guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents" (specifically,
the section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for

filing foreign patent applications. The guide is available either by contacting the USPTO Contact Center at
800-786-9199, or it can be viewed on the USPTO website at

http://www.uspto.gov/web/offices/pac/doc/generaI/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you

may wish to consult the US. Government website, http://www.stopfakes.gov. Part of a Department of

Commerce initiative, this website includes self-help "toolkits" giving innovators guidance on how to protect

intellectual property in specific countries such as China, Korea and Mexico. For questions regarding patent
enforcement issues, applicants may call the US. Government hotline at 1-866-999-HALT (1-866-999-4158).

LICENSE FOR FOREIGN FILING UNDER

Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15

m

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN

FILING LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all
applications where the conditions for issuance of a license have been met, regardless of whether or not a

license may be required as set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in
37 CFR 5.15(a) unless an earlier license has been issued under 37 CFR 5.15(b). The license is subject to
revocation upon written notification. The date indicated is the effective date of the license, unless an earlier

license of similar scope has been granted under 37 CFR 5.13 or 5.14.



This license is to be retained by the licensee and may be used at any time on or after the effective date
thereof unless it is revoked. This license is automatically transferred to any related applications(s) filed under

37 CFR 1.53(d). This license is not retroactive.

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

subject matter as imposed by any Government contract or the provisions of existing laws relating to
espionage and the national security or the export of technical data. Licensees should apprise themselves of

current regulations especially with respect to certain countries, of other agencies, particularly the Office of
Defense Trade Controls, Department of State (with respect to Arms, Munitions and Implements of War (22

CFR 121-128)); the Bureau of Industry and Security, Department of Commerce (15 CFR parts 730-774); the

Office of Foreign AssetsControl, Department of Treasury (31 CFR Parts 500+) and the Department of
Energy.

W

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN

FILING LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license

under 37 CFR 5.12, if a license is desired before the expiration of 6 months from the filing date of the
application. If 6 months has lapsed from the filing date of this application and the licensee has not received

any indication of a secrecy order under 35 U.S.C. 181, the licensee may foreign file the application pursuant
to 37 CFR 5.15(b).
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or the abandonment and subsequent revival of an application. The application is anticipated to be

published on a date that is more than six weeks different from the originally-projected publication date.

More detailed publication information is available through the private side of Patent Application Information

Retrieval (PAIR) System. The direct link to access PAIR is currently http://pair.uspto.gov. Further
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Electronic Business Center at 1-866-217-9197.
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pursuant to 37 CFR 1.211, et seq. The patent application publication number and publication date
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The publication may be accessed through the USPTO's publically available Searchable Databases

via the Internet at www.uspto.gov. The direct link to access the publication is currently

http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the

publication to applicant. A copy of the publication may be obtained from the Office upon payment

of the appropriate fee set forth in 37 CFR 1.19(a)(1). Orders for copies of patent application

publications are handled by the USPTO's Office of Public Records. The Office of Public Records
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status information is currently http://pair.uspto.gov/. Prior to publication, such status information is

confidential and may only be obtained by applicant using the private side of PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling
the Patent Electronic Business Center at 1-866-217-9197.

 

Pre-Grant Publication Division, 703-605-4283



PATENT APPLICATION

IN THE UNITED STATES PATENT AND TRADElVLARK OFFICE

 
First Applicant: Clet Niyikiza Conf No.: 6568

Serial No.: 11/776,329

Application Date: July 11, 2007

For: NOVEL ANTIFOLATE COMBINATION THERAPIES
  
Docket No.: X—14173B ‘ 

SECOND PRELIMINARY AMENDMENT

Commissioner for Patents

PO. Box 1450

Alexandria, VA 22313-1450

Sir:

Introductory Comments

Please amend the accompanying application as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of this

paper.

Remarks/Arguments begin on page 4 of this paper.
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Listing of Claims:

Claims 1—39 (Cancelled)

40. (New) A method for administering pemetrexed disodium to a patient in need thereof

comprising administering an effective amount of pemetrexed disodium in combination with a

methylmalonic acid lowering agent, wherein:

the methylmalonic lowering agent is selected from the group consisting of vitamin B12,

hydroxycobolamin, cyano-10-chlorocobolamin, aquocobolamin perchlorate, aquo-10-cobolamin

perchlorate, azidocobolamin or chlorocobolamin;

the methylmalonic acid lowering agent is administered from about 1 week to about 3

weeks prior to the first administration of the pemetrexed disodium; and

the methylmalonic acid administration is repeated about every 6 to about every 12

weeks until administration of the pemetrexed disodium is discontinued.

41. (New) The method of claim 40, wherein the methylmalonic lowering agent is vitamin

42. (New) The method of claim 41, wherein the vitamin B12 is administered as an

intramuscular injection of about 500 ug to about 1500 pg.

43. (New) The method of claim 42, wherein the vitamin B12 is administered as an

intramuscular injection of about 1000 pg.

44. (New) The method of claim 41, 42 or 43, wherein the vitamin B12 administration is

repeated about every 9 weeks until the administration of the pemetrexed disodium is discontinued.

45. (New) The method of claim 44, further comprising administering a folic-binding-

protein binding agent to the patient.

46. (New) The method of claim 45 wherein the folic-binding-protein binding agent is folic

acid and the folic acid is administered prior to the first administration of the pemetrexed

disodium.
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47. (New) The method of claim 46 wherein the folic acid is administered 1 to 3 weeks

prior to the first administration of the pemetrexed disodium.

48. (New) The method of claim 47wherein the folic acid is administered from about 1 to

about 24 hours prior to administration of the pemetrexed disodium.

49. (New) The method according to any one of claims 46—48, wherein between 0.3 mg to

about 5 mg of folic acid is administered orally.

50. (New) The method of claim 49 wherein about 350ug to about 1000 pg of folic acid is

administered.

51. (New) The method of claim 50 wherein 350 ug to 600 ug of folic acid is administered.

52. (New) The method of claim 40 or 45 further comprising the administration of

cisplatin to the patient.
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Remarks

Applicants submit this paper and request entry of the amendments herein. Claims 1-39 are

hereby cancelled and new Claims 40—52 are introduced. Support for new Claims 40—52 is found

in the specification, as well as in the claims as originally filed. Applicants respectfully assert that

no new matter has been introduced as a result of the amendments to the claims.

Applicants request prompt consideration and allowance of the claimed subject matter. If a

telephone interview would be of assistance in advancing prosecution of the subject application,

Applicant’s undersigned attorney invites the Examiner to telephone him at the number provided

below.

Respectfully submitted,

/John A. Cleveland, Jr./

John A. Cleveland, Jr., Ph.D.

Attorney for Applicant

Registration No. 50,697

Phone: (317) 276—0307

Eli Lilly and Company
Patent Division

PO. Box 6288

Indianapolis, IN 46206—6288
December 8 2008 
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All participants (applicant, applicant’s representative, PTO personnel):

(1) KEVIN WEDDINGTON. (3)MR. WILL/AM McMiLLEN.

(2) DR. JOHN A. CLEVELAND JR. (4) .
 

Date of Interview: 27 January 2009.

Type: a)I:I Telephonic b)I:I Video Conference
c)IZI Personal [copy given to: 1)I:I applicant 2)IXI applicant’s representative]

Exhibit shown or demonstration conducted: d)IXI Yes e)I:I No.
If Yes, brief description: Binder with related applications.

CIaim(s) discussed: The claims in general.

Identification of prior art discussed: NONE.

Agreement with respect to the claims f)I:I was reached. g)I:I was not reached. h)IZI N/A.

Substance of Interview including description of the general nature of what was agreed to if an agreement was

reached, or any other comments: The attorney of recordI Dr. Clevelandl explained the importance of the present
application and its related patent application. Upon examination of the present application, the Examiner will inform

the attorney of any critical problems.

(A fuIIer description, if necessary, and a copy of the amendments which the examiner agreed would render the claims

allowable, if available, must be attached. Also, where no copy of the amendments that would render the claims

allowable is available, a summary thereof must be attached.)

THE FORMAL WRITTEN REPLY TO THE LAST OFFICE ACTION MUST INCLUDE THE SUBSTANCE OF THE

INTERVIEW. (See MPEP Section 713.04). If a reply to the last Office action has already been filed, APPLICANT IS
GIVEN A NON-EXTENDABLE PERIOD OF THE LONGER OF ONE MONTH OR THIRTY DAYS FROM THIS

INTERVIEW DATE, OR THE MAILING DATE OF THIS INTERVIEW SUMMARY FORM, WHICHEVER IS LATER, TO

FILE A STATEMENT OF THE SUBSTANCE OF THE INTERVIEW. See Summary of Record of Interview
requirements on reverse side or on attached sheet. 
lKevin E Weddingtonl
Primary Examiner, Art Unit

U.S. Patent and Trademark Office

PTOL-413 (Rev. 04-03) Interview Summary Paper No. 20090127
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Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status
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2a)I:I This action is FINAL. 2b)IZI This action is non-final.
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closed in accordance with the practice under EX parte Quayle, 1935 CD. 11, 453 O.G. 213.

Disposition of Claims

4)IZI Claim(s) 40-52 is/are pending in the application.

4a) Of the above Claim(s) is/are withdrawn from consideration.

5)I:I Claim(s)_ is/are allowed.

6)IXI Claim(s) fl is/are rejected.

7)I:I Claim(s)_ is/are objected to.

8)I:I Claim(s)_are subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)I:I The drawing(s) filed on is/are: a)I:I accepted or b)I:I objected to by the Examiner.
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Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).
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Certified copies of the priority documents have been received in Application No.
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application from the International Bureau (PCT Rule 17.2(a)).
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Claim 40-52 are presented for examination.

Applicants’ preliminary amendment filed December 9, 2008; and the information

disclosure statement filed July 11, 2007 have been received and entered.

Claim Rejections - 35 USC § 112

The following is a quotation of the first paragraph of 35 U.S.C. 112:

The specification shall contain a written description of the invention, and of the manner and process of
making and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the
art to which it pertains, or with which it is most nearly connected, to make and use the same and shall
set forth the best mode contemplated by the inventor of carrying out his invention.

Claim 45 is rejected under 35 U.S.C. 112, first paragraph, as failing to comply

with the written description requirement. The claim(s) contains subject matter which

was not described in the specification in such a way as to reasonably convey to one

skilled in the relevant art that the inventor(s), at the time the application was filed, had

possession of the claimed invention.

This is a written description rejection.

A lack of adequate written description issue arises if the knowledge and level of

skill in the art would not permit one skilled in the art to immediately envisage the product

claimed from the disclosed process. See, e.g., Fujikawa v. Wattanasin, 93 F.3d 1559,

1571, 39 USPQ2d 1895, 1905 (Fed. Cir. 1996) (a "laundry list" disclosure of every

possible moiety does not constitute a written description of every species in a genus

because it would not "reasonably lead" those skilled in the art to any particular species);

In re Ruschig, 379 F.2d 990, 995, 154 USPQ 118, 123 (CCPA 1967).

An applicant may also show that an invention is complete by disclosure of

sufficiently detailed, relevant identifying characteristics which provide evidence that
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applicant was in possession of the claimed invention, i.e., complete or partial structure,

other physical and/or chemical properties, functional characteristics when coupled with

a known or disclosed correlation between function and structure, or some combination

of such characteristics.

In particular, the specification as original filed fails to provide sufficient written bases of

any of the agents demonstrating wherein possession of use of the broad term: a folic-

binding-protein agent. The mere fact that Applicant may have discovered one type of

folic-binding-protein agent is combined with the composition comprising pemetrexed

disodium and a methylmalonic acid lowering agent is not sufficient to claim the entire

genus.

The written description requirement for a claimed genus may be satisfied through

sufficient description of a representative number of species by actual reduction to

practice, reduction to drawings, or by disclosure of relevant, identifying characteristics,

i.e., structure or other physical and/or chemical properties, by functional characteristics

coupled with a known or disclosed correlation between function and structure, or by a

combination of such identifying characteristics, sufficient to show the applicant was in

possession of the claimed genus. See Eli Lilly, 119 F.3d at 1568, 43 USPQZd at 1406.

A "representative number of species" means that the species which are

adequately described are representative of the entire genus. Thus, when there is

substantial variation within the genus, one must describe a sufficient variety of species

to reflect the variation within the genus. The disclosure of only one species

encompassed within a genus adequately describes a claim directed to that genus only if
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the disclosure "indicates that the patentee has invented species sufficient to constitute

the gen[us]."

Claim 45 is not allowed.

Claim Rejections - 35 USC § 112

The following is a quotation of the second paragraph of 35 U.S.C. 112:

The specification shall conclude with one or more claims particularly pointing out and distinctly
claiming the subject matter which the applicant regards as his invention.

Claims 40-52 are rejected under 35 U.S.C. 112, second paragraph, as being

indefinite for failing to particularly point out and distinctly claim the subject matter which

applicant regards as the invention.

Claim 40 is rendered indefinite because the phrase “methylmalonic acid”, located

in line 9. The Examiner thinks the applicants left out some important words such as

“lowering agent”. The remaining claims 41-52 are rendered indefinite to the extent that

they incorporate the above terminology.

Claims 40-52 are not allowed.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:
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Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.

Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

ewwe
This application currently names joint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of

the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

Claims 40-52 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Taylor (5,344,932) of PTO-1449 in view of Poydock et al., IRCS Medical Science, Vol.

12, No. 9, pp. 813 (1984) of PTO-1449, further in view of Worzalla et al., Anticancer

Research, Vol. 18, No. 5, pp. 3235-3239 of PTO-1449, and further in view of Cleare et

al. (4,149,707).

Taylor teaches N-(pyrrolo(2,3-D)pyrimidin-3-ylacyl)—glutamic acid derivatives

which includes LY 2315 (pemetrexe) and LY 231514-disodium, (pemetrexed disodium)

are effective as antineoplastic agents to inhibit the growth of tumors (see column 8,

lines 57-63). Note particularly column 8, lines 64-68 states that other antineoplastic

agents can be combined with LY 231514. Note particularly column 9, line 1 shows the

various modes of administration such as parenteral routes (intramuscular) and oral.
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The instant invention differs from the cited reference in that the cited reference

does not teach the addition of a methylmalonic acid lowering agent . However, the

secondary reference, Poydock et al., teaches a methylmalonic acid lowering agent such

as hydroxocobalamin is effective by inhibiting tumors implanted in mice (see the

abstract).

The instant invention differs from the cited references in that the cited references

do not teach the addition of a folic-binding-protein agent. However, the tertiary

reference, Worzalla et al., teaches the supplementation of folic acid with LY 231514 to

enhance LY 231514 antitumor activity.

The instant invention differs from the cited references in that the cited references

do not teach the addition of cisplatin. However, the quaternary reference, Cleare et al.,

teaches malonato platinum anti-tumor compounds such as cisplatin to treat malignant

tumors (see the abstract).

Clearly, one skilled in the art would have assumed the combination of three

antineoplastic agents into a single composition would give an additive effect in the

absence of evidence to the contrary.

The instant invention differs from the cited references in that the cited references

do not teach the applicants’ preferred dosage range for the methylmalonic acid lowering

agent. However, those skilled in the art would have been readily optimized effective

dosages and concurrent administration dosage forms as determined by good medical

practice and the clinical condition of the individual patient. Regardless of the manner of

administration, the specific dose may be calculated according to body weight, body
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surface area or organ size. Further refinement of the calculations necessary to

determine the appropriate dosage for treatment involving each of the above mentioned

formulations is routinely made by those skilled in the art and is within the ability of tasks

routinely performed by them without undue experimentation.

Claims 40-52 are not allowed.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to Kevin E. Weddington whose telephone number is

(571 )272—0587. The examiner can normally be reached on 12:30 pm-9:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Ardin Marschel can be reached on (571)272-0718. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

Kevin E. Weddington

Primary Examiner
Art Unit 1614
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/Kevin E. Weddington/

Primary Examiner, Art Unit 1614
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Sir:

In response to the Office Action dated February 18, 2009, Applicants submit the following

remarks in connection with the above-identified patent application:

Amendments to the Claims are reflected in the listing of claims which begins on page 2 of

this paper.

Remarks/Arguments begin on page 4 of this paper.
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Amendments to the Claims

The following listing of claims will replace all prior versions, and listings, of claims in

the application:

Listing of Claims:

Claims 1-39 (Cancelled)

40. (Currently amended) A method for administering pemetrexed disodium to a patient in

need thereof comprising administering an effective amount of pemetrexed disodium in combination

with a methylmalonic acid lowering agent, wherein:

the methylmalonic mlowering agent is selected from the group consisting ofvitamin B12,

hydroxycobolamin, cyano-10-chlorocobolamin, aquocobolamin perchlorate, aquo-10 cobolamin

perchlorate, azidocobolamin or chlorocobolamin;

the methylmalonic acid lowering agent is administered from about 1 week to about 3

weeks prior to the first administration of the pemetrexed disodium; and

the methylmalonic acid lowering agent administration is repeated about every 6 to about

every 12 weeks until administration of the pemetrexed disodium is discontinued.

41. (previously presented) The method of claim 40, wherein the methylmalonic lowering

agent is vitaminB12.

42. (previously presented) The method of claim 41, wherein the vitamin B12 is administered

as an intramuscular injection of about 500 pg to about 1500 pg.

43. (previously presented) The method of claim 42, wherein the vitamin B12 is administered

as an intramuscular injection of about 1000 pg.

44. (previously presented) The method of claim 41, 42 or 43, wherein the vitamin B12

administration is repeated about every 9 weeks until the administration of the pemetrexed disodium

is discontinued.

45. (currently amended) The method of claim 44, fithher comprising administering a folic-

binding protein binding agent to the patient, wherein the folic-binding protein binding agent is
 

selected from the rou consistin of folic acid 6R -5-meth 1-5 6 7 8-tetrah drofolic acid or 6R -
 

5-formyl-5,6,7,8-tetrahydrofolic acid, or a physiologically available salt or ester therof.

-2-
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46. (previously presented) The method of claim 45 wherein the folic-binding-protein binding

agent is folic acid and the folic acid is administered prior to the first administration of the pemetrexed

disodium.

47. (previously presented) The method of claim 46 wherein the folic acid is administered 1 to

3 weeks prior to the first administration of the pemetrexed disodium.

48. (previously presented) The method of claim 47 wherein the folic acid is administered

from about 1 to about 24 hours prior to administration of the pemetrexed disodium.

49. (previously presented) The method according to any one of claims 46-48, wherein

between 0.3 mg to about 5 mg of folic acid is administered orally.

50. (previously presented) The method of claim 49 wherein about 350pg to about 1000 pg of

folic acid is administered.

51. (previously presented) The method of claim 50 wherein 350 pg to 600 pg of folic acid is

administered.

52. (previously presented) The method of claim 40 or 45 fithher comprising the

administration of cisplatin to the patient.
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Remarks

Claims 40-52 are pending in the application. No Claims are allowed. Claim 45 is rejected

under 35 U.S.C. § 112, lst paragraph. Claims 40-52 are rejected under 35 U.S.C. § 112, second

paragraph and 35 U.S.C. 103(a).

In view of the present amendment and reasons set forth below, it is submitted that the

rejections are improper and should be withdrawn. Reconsideration and reexamination of the present

application is respectfiJlly requested.

Rejection Under 35 USC §112, first paragraph

Claim 45 is stands rejected under 35 U.S.C. 112, first paragraph, as failing to comply with

the written description requirement. The Office Action asserts that the specification as originally

filed fails to provide sufficient written bases of any of the agents demonstrating wherein possession

of use of the broad term: “folic-binding-protein binding agents.” In response, Claim 45 has been

amended to disclose specific folic-binding-protein binding agent species recited in the specification.

In light of this amendment, reconsideration and withdrawal of the rejection is respectfiJlly requested.

Rejection Under 35 USC §112, second paragraph

Claims 40-52 stand rejected under 35 U.S.C. 112, second paragraph, as being indefinite. The

office action points out that the phrase “methylmalonic acid” appears to be missing the phrase

“lowering agent” in one of the recitations of claim 40. In response, Claim 40 has been amended to

add the inadvertently omitted phrase “lowering agent.” In light of this amendment, reconsideration

and withdrawal of the rejection is respectfiJlly requested.

Rejection Under 35 USC §103§aj

Claims 40-52 stand rejected under 35 U.S.C. 103(a) as being unpatentable over Taylor

(5,344,932) of PTO-1449 in view of Poydock et al., IRCS Medical Science, Vol. 12, No. 9, pp. 813

(1984) of PTO-1449, fithher in view of Worzalla et al., Anticancer Research, Vol. 18, N0. 5, pp.

3235-3239 ofPTO-1449, and fithher in view of Cleare et al. (4,149,707).

Specifically, the Office Action asserts that: “[t]he instant invention differs from the cited reference

in that the cited reference does not teach the addition of a methylmalonic acid lowering agent.

However, the secondary reference, Poydock et al., teaches a methylmalonic acid lowering agent such

as hydroxocobalamin is effective by inhibiting tumors implanted in mice (see the abstract).”

Applicants note at the outset that independent Claim 40 comprises administration of

pemetrexed disodium with a methylmalonic acid lowering agent (e.g., vitamin B12). Applicants

assert that since Poydock et al. was discredited prior to the present application’s priority date, it

cannot even be used to support an assertion that methylmalonic acid lowering agent (e.g.,

hydroxocobalamin) is effective at inhibiting tumors implanted in mice.
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Poydock et al. teaches that mice given a mixture containing L-ascorbic acid,

hydroxocobalamin (a methylmalonic acid lowering agent), and Na ascorbate is effective at inhibiting

tumors implanted in mice. Shortly after this abstract was published, however, it was discovered that

the antitumor activity was n_ot associated with the L-ascorbic acid, the hydroxocobalamin (a

methylmalonic acid lowering agent), or the Na ascorbate. In fact, the researchers found that the L-

ascorbic acid which they had used had oxidized to dehydroascorbic acid (see, e.g., Toohey, John 1.,

Cancer Letters (Shannon, Ireland) (2008), 263(2), 164-169). In subsequent research with authentic

materials, it was discovered that it was in fact the dehydroascorbic acid which was the active factor

in the mixture (see Poydock et al., Experimental Cell Biology (1982), 50(2), 88-91; Poydock et al.,

American Journal of Clinical Oncology 8 (1985) 266-269; and particularly Poydock et al., American

Journal of Clinical Nutrition 54 (1991) 12618-1265 S).

In addition, Poydock himself demonstrated that “[i]nj ections of ascorbic acid or of vitamin

B12 alone had no effect on mitotic activity...” (see Poydock et al., American Journal of Clinical

Nutrition 54 (1991) 12618-12658 page 1262S 3rd paragraph) Moreover, in addition to reviewing the

discovery of the antitumor activity of dehydroascorbic acid, Toohey, John 1., Cancer Letters

(Shannon, Ireland) (2008), 263(2), 164-169) also discusses the use of Vitamin B12 (a methylmalonic

acid lowering agent) in studies by Poydock (see footnote page 164):

“It should be noted that Poydock continued to add Vitamin B12 to most treatment protocols

although her own data showed that it was not needed and there was no good rationale for

adding it. . . .To this day there is no rationale for giving B12 and no known reaction between

B12 and ascorbic acid or dehydroascorbic acid which could explain her result.”

These clarification studies (at least those published prior to Applicant’s priority date)

demonstrate that vitamin B12 does, in fact, n_ot possess anti-tumor activity, contrary to the teaching

of Poydock et al. Therefore, Poydock et al. cannot be used to support the assertion in the Office

Action that one skilled in the art would have combined pemetrexed disodium with vitamin B12

because both are anti-neoplastic agents. For the same reason, since Claims 41-52 depend from Claim

40, which contains the methylmalonic acid lowering agent limitation, the combination with folic-

binding protein binding agent and/or cisplatin would not be obvious.
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In view of the foregoing remarks, Applicants respectfiJlly assert that the rejection is improper

and should be Withdrawn. Reconsideration is, therefore, kindly solicited. For at least the reasons set

forth above, it is respectfiJlly submitted that the above identified application is in condition for

allowance. Favorable reconsideration and prompt allowance of the claims are respectfiJlly requested.

Respectfully submitted,

/John A. Cleveland, Jr/

John A. Cleveland, Jr.

Attorney for Applicants

Registration No. 50,697
Phone: 317-276-0307

Eli Lilly and Company
Patent Division/JAC

PO. Box 6288

Indianapolis, Indiana 46206—6288

May 4, 2009
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DH

RECEPTOR MODULATING AGENTS
AND METHODS RELATING TI-IERETO

The present invention is generally directed to receptor modulating agents

which modulate cell surface receptors and, more specifically, to receptor modulating

agents which bind to cell surface receptors and afi‘ect the receptor trafficking pathway
and methods related thereto.

Backemmdnfihalnxention

Cell surface receptors constitute a class ofproteins which are responsible

for receptor-mediated endocytosis of specific ligands. Basically, the receptors serve as

escorts for ligand delivery to intracellular destinations.

Ligand delivery is generally achieved through coated regions on the

plasma membrane called "coated pits." These pits continually invaginate and pinch ofi‘,

forming "coated vesicles" in the cytoplasm. Coated pits and vesicles provide a pathway

for receptor mediated endocytosis of specific ligands. The ligands that bind to specific

cell surface receptors are internalized via coated pits, enabling cells to ingest large

numbers of specific ligands without taking in correspondingly large volume of

extracellular fluid. The internalized coated vesicles may or may not lose their coats and

bind with other vesicles to form larger vesicles called "endosomes." In the endosome

the ligand and the receptor are separated or "sorted." Endosomes which sort ligands

and receptors are known as "compartment of uncoupling of receptor and ligand" or

"CURL."

Endosomes may fuse with primary lysosomes, where their contents are

digested, or they may be delivered to other intracellular destinations. The receptor

proteins are generally not digested, but are rather recycled to the cell membrane surface

through a process called "exocytosis," or transferred to early or late endosomes via

multivesicular bodies. The entire pathway is referred to as the "receptor trafficking

pathway."

Some receptors deliver their ligand directly to the cytoplasm or other

specific intracellular locations. Perhaps one of the most studied receptor trafficking

pathways is that of iron transport. In this pathway, a serum carrier protein, transferrin,

binds iron and transports it to transferrin receptors on the plasma membrane surface.
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Afier binding and internalimtion, via coated pits, the resulting vesicle combines first

with early endosomes and then with late endosomes. This process results in the gradual

drop in pI-l in the vesicle. The drop in pH causes the transferrin carrier protein to lose

its afinity to iron. When this occurs, the iron translocates through the membrane of the

vesicle and joins the intracellular pool of enzymes. The transferrin receptor may then

recycle to the cell surface where it may repeat the process.

Other receptors may deliver their ligand directly to the lysosomes for

digestion. For example, the epidermal growth factor ("EGF") receptor delivers its

ligand directly to a lysosome for degradation MW

26:39-48M1992) The EGF receptor may recycle to the cell surface depending on its

state of phosphorylation (W 61:139-160, 1992; L_Ce11._Binl.

115:321-330, 1992).

A single receptor may utilize more than one receptor trafficking pathway

within the same cell. For example in polarized cells, such as specialized transport

epithelia cells, membrane trafficking is distinct between apical and basal sides of the

cell (W2:387-396, 1991). Moreover, non-polarized epithelia cells may

simultaneously follow two separate sorting pathways.

The control or regulation of cell surface receptors may be achieved by a

variety of techniques. Regulation of cell sm'face receptors may be accomplished, at a

very basic level, by the binding of naturally occurring ligands. As discussed above,

receptor binding of a ligand will generally trigger the internalization of the ligand;

receptor complex. Such internalization may desensitize the cell to further ligand

binding. (.lennmcl. 129:3161-9, 1993;W6:2090-102, 1992; .L_QelL

Physical. 13281-8, l993;Rcc_eptcr1:l3-32, 1990-91; WMfiS-él, 1992; ,L

Immunol. 1532270941, 1992; W158224-34, 1991). This type of

regulation, however, is transient in nature and does not result in diminution of biologic

response.

Regulation of cell surface receptors may also be accomplished by

administration of receptor antagonists or agonists. Receptor antagonists are organic

protein or peptide ligands generally derived through empirical structure-function

studies, or through the use of detailed knowledge of ligand and receptor interaction.

Essentially, an antagonist may constitute any molecule with similar binding activity to a

natural ligand, but incapable of producing the biological response normally induced by

the natural ligand. Thus, the antagonist competitively blocks receptor activity. With a

competitive antagonist, the regulation of receptor activity is dependent upon both the

antagonist's affinity for the receptor, as well as its extracellular concentration over time.
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Receptor agonists are protein or peptide ligands derived in a similar manner as

antagonists. Essentially, an agonist may constitute any molecule which binds to the

receptor in a manner superior to that ofthe natural ligand.

One receptor of particular interest is the vitamin 312 receptor. As has

been demonstrated in experimental in m'tm data, pre-clinical animal models, and patient

studies, vitamin B12 is a co—enzyme necessary in cell division, as well as cellular

metabolism, in proliferating normal and neoplastic cells. Insufficient vitamin B12

causes cellular division to be held in abeyance and ultimately may result in apoptosis.

The nutrient is generally derived from dietary intake and is transported throughout the

body complexed to transport proteins. The complex of transport protein and vitamin

Bu is recognized by a cellular receptor which intemalizes the complex and releases the

vitamin intracellularly. The overall process has been reviewed in firm: 31:59, 1991.

Vitamin Bu is taken in through the diet. Binding proteins in the saliva (R-binder) and

gut (intrinsic factor-(1P3) complex vitamin B12 after release from endogenous binding

proteins by action of enzymes and low pH in the stomach. Vitamin B12 is transferred

across the intestinal epithelium in a receptor specific fashion to transcobalamin II

(TcII). The vitamin Blzlu'anscobalamin II complex is then transported throughout the

body and recognized by receptors present on dividing cells, internalized and released

within the cell where it is utilized by certain enzymes as a co-factor.

The high afiinity receptor in dividing tissues or cells responsible for

internalization of vitamin Bl; recognizes transcobalamin II complexed with vitamin

B”. The vitamin BllecII receptor recognizes only the vitamin BIZ/Tell complex and

not the serum transport protein or the vitamin alone. The receptor is undetectable on

non-dividing cells; the mechanism for supplying non-dividing cells with vitamin B12 is

poorly understood. However, it is known that more vitamin B12 is required during cell

division than during metabolism, and that the vitamin B12/TcII receptor is the only high

afinity means for cellular uptake ofvitamin B12 during cell division. When stimulated

to divide, cells demonstrate transient expression of this receptor leading to vitamin Bu

uptake which precedes actual DNA synthesis MM 193:70, 1984).

Vitamin Bu receptor levels may be measured by binding of 5"Co-vitamin 312

complexed to transcobalamin II (present in serum) on replicate cultures grown in

chemically defined medium without serum. No receptor mediated uptake occurs in the

absence ofcarrier protein. ‘

Dividing cells, induced to difi‘erentiate, lose receptor expression and no

longer take up vitamin B12. More importantly, leukemic cells, deprived of vitamin Bu,

will stop dividing and die (Antafiaamat. 81:61, 1989). In a typical experiment,



10

15

20

25

30

35

WO 95/27713 PCT/0895104404

leukemic cell cultures were deprived of serum for 3 days, and then supplemented either

_ with serum (a source of vitamin B12) or a non-metabolizable analogue of vitamin B12.

and cultured up to five days. Cell cultures supplemented with vitamin B12 continued to

grow, whereas those deprived ofthe active nutrient stopped growing and die.

Based on these observations, it has been suggested that whole body

deprivation of vitamin Bu may be useful in the treatment of cancer or other disorders

characterized by uncontrolled growth of cells. Moreover, because of the critical role

played by vitamin Blz-containing enzymes in cell division, it is believed that vitamin

Bu deprivation may be used in combination with chemotherapeutic drugs which inhibit

cellular replication. For example, when vitamin B12 depletion was combined with

methotrexate, the two modalities together were more efficient in depleting folate levels

in leukemic cells than either alone (EASEBJ. 4:1450, 1990;W

210:729, 1989;W15:165, 1991). Folates are precursors in the

production of DNA and proteins. In typical experiments, cultures of leukemic cells

were exposed to nitrous oxide for several hours to convert the active form of

endogenous vitamin Bu to an inactive form. Replicate cultures were then left without

further treatment, or additionally treated with mefliotrexate. Cellular folate levels were

measured three days later. Cells treated with the combination (i.e., both methotrexate

and inactive vitamin B12) showed a more striking decrease in cellular folate levels than

with either of the two approaches alone. This combination also results in a higher cell

kill inm'tm. When this approach was applied to the treatment of highly aggressive

leukemia/lymphoma in animal models (Am...l..Haematal. 35:128,1990; Anficanm

6:737, 1986;W11:114. 1986; Wanner 5.0:793, 1984).

additive or synergy of anti-tumor action was observed, resulting in prolonged

remissions and cures.

A key finding in the experiments described above was that short-term

(hours to days), whole body depletion of vitamin 812 can act synergistically with

chemotherapeutic drugs (such as methotrexate and 5-FU) to inhibit tumor growth and

treat animals with leukemia/lymphoma. Despite synergistic anti-tumor activity, there

was no toxicity attributable to the short-term vitamin B12 depletion for proliferating

normal cells. This combination therapy was demonstrated in multiple animal models.

Observations in patients have indicated that long-term (months to years) vitamin Bu

depletion is required to produce significant normal tissue toxicity. Even in those cases,

subsequent infusion of vitamin Bu can readily reverse symptomologyW

5:810, 1989).
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Because of the promise of this therapeutic approach, various methods

_have been sought to efficiently and controllably perform a temporary depletion of.

vitamin B12. Such methods, however, afi‘ect all of the body's stores of vitamin Bu.

They include dietary restriction, high doses of vitamin Bu analogues (non-

metabolizable-competitive antagonists which act as enzyme inhibitors), and nitrous

oxide (transformation ofvitamin Bu to inactivate form). These different methods have

been used in culture systems and in animals to deplete vitamin B12. The most efficient

and the most utilized method has been the inhalation of nitrous oxide (laughing gas).

Animals are maintained typically under an atmosphere of 50% to 70% of nitrous oxide

for periods from a few hours to a few days, causing the conversion of endogenous

vitamin 312 into an inactive form. This methodology has been utilized in combination

with drugs for therapy of leukemia/lymphoma. A fin'ther method for vitamin B12

depletion involves infusion of a non-metabolizable analogue of vitamin B12 which

essentially dilutes out the active form. This form oftherapy is not specific for dividing

cells but affects liver dependent metabolic processes. Another approach includes

restricting the dietary intake ofvitamin Bu. This method, however, requires very long

periods of dietary restriction and is ofi'set by hepatic storage of vitamin 312- All of

these methods suffer from problems of specificity, since they affect both vitamin B12-

dependent growth as well as basal metabolism, and therefore are not particularly suited

to the development of anti-proliferative pharmaceutical products.

In view of the biological importance of cell surface receptors, receptor-

controlling agents have emerged as a class ofpharmaceutical drugs. Moreover, with the

advent of genetic engineering for the isolation and amplification of genes for cell

surface receptors, as well as computer programs to model the interactions between

ligands and receptors (i.e., "rational" drug design), the production of receptor-

controlling drugs has been significantly enhanced.

To date, many months or even years of scientific research, as well as

significant financial resources, are required to produce new receptor antagonists or

agonists. To speed up this process, new screening technologies have been developed

which utilize peptide or antibody recombinant libraries (see, e.g., Gene 11:305. 1988;

W81:6378, 1990; Biashmmatoaraahx 5:22. 1990; Erotein

Engineering 3:641, 1989). While library screening does not require the same degree of

knowledge of a specific receptor/ligand system, it does involve an intensive screening

efi‘ort utilizing functional receptor-specific assays. Moreover, the initial compounds

identified by such screening programs are generally only precursors to the development

oftherapeutic products through more typical su'uctm'e-functional assessments.
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While antagonists and agonists are generally capable of regulating a

biological response, the surface receptors which bind such ligands are continually being
re-expressed on the cell surface. Thus, effective regulation by antagonists or agonists

must rely on a relatively high and sustained serum concentration in order to bind the

new surface receptors continually being expressed on the cell surface.

Accordingly, there is a need in the art for agents which bind cell surface

receptors and thus regulate biological responses associated therewith, and which further

effect normal cellular trafficking of the bound receptor. There is also a need in the art

for agents which, when bound by a cell surface receptor and internalized, promote

retention of the receptor within the cell. Moreover, there exists a need for methods

relating to the administration of such agents to regulate a biological response. The

present invention fulfills these needs and provides fiirther related advantages.

Summamoithalnxenfinn

Briefly stated, the present invention provides receptor modulating agents

which are capable of afi‘ecting a receptor trafficking pathway of the cell. Receptor

modulating agents of the present invention are comprised ofa rerouting moiety coupled

to a targeting moiety.

Suitable targeting moieties include, by way of example, a vitamin Bu

molecule or any one of several proteins and peptides.

Suitable rerouting moieties include, by way of example, lysosomotropic

moieties, such as gentamycin, kanamycin, neomycin, and streptomycin; intracellular

polymerizing moieties, such as dipeptide esters and leucine zippers; peptide sorting

sequences, such as endoplasmic reticulum retention peptides, golgi retention peptides,

lysosomal retention peptides, organism specific retention peptides and clathrin-binding

peptides; conditional membrane binding peptides, such as charged glutamate, aspartate,

and histidine; and bi- or multi-valent receptor cross-linking moieties.

In a preferred embodiment of the present invention, a receptor

modulating agent, is comprised of a vitamin B12 molecule coupled to a rerouting

moiety by a linker. Generally, the linker is at least 4 atoms in length, typically, the

linker is about 6 to 20 atoms in length and preferably, the linker is 12 atoms in length.

Suitable linkers include linkers which include an amino group, such as diaminoalkyl,

diaminoalkylaryl, diaminoheteroalkyl, diaminoheteroalkylaryl and diaminoalkanes.

Preferably, the linker is -NH(CH2)XNH- wherein x = 2-20 or -NH(CH2)yCO-, wherein

y = 3-12. In one embodiment the linker is a trifunctional linker.
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In a preferred embodiment of this aspect of the present invention, a B,2

molecule is coupled to a rerouting moiety at a b-, d- or e- coupling site. In a

particularly preferred embodiment of the present invention, a Bu molecule is coupled

to a rerouting moiety at a d- or e- coupling site. In another embodiment, the 312

molecule is coupled to a rerouting moiety at a ribose coupling site. In yet another

embodiment, the receptor modulating agent is bound to transcobalamin.

Receptor modulating agents of the present invention may act by

afl'ecting a receptor trafficking pathway in any one of several ways, including, by

redirecting an agent/receptor complex; by cross-linking one or more cell surface

receptors; by anchoring a cell surface receptor in the membrane; and by retaining a

receptor in an endosome.

Another aspect of the present invention includes a vitamin B12 dimer

comprising a first and a second vitamin B12 molecule coupled through a coupling site

independently selected from the group consisting of coupling sites a-g, coupling sites h,

and coupling sites i. In a preferred embodiment, the B12 molecule coupled through an

e- or d- coupling site.

In another embodiment, B12 molecules are coupled by a linker.

Generally, the linker is at least 4 atoms in length, typically, the linker is about 10 to 55

atoms in length and preferably, the linker is 35 to 45 atoms in length. In a preferred

embodiment, the linker is a trifunctional linker. Suitable linkers include linkers which

include an amino group, such as diaminoalkyl, diaminoalkylaryl, diaminoheteroalkyl,

diaminoheteroalkylaryl and diaminoalkanes. Preferably, the linker is -NH(CI-I7)XNH-

wherein x = 2-20 or -NH(CH2)yCO-, wherein y = 3-12.

In another aspect of this embodiment, a vitamin B12 dimer is coupled to

at least one transcobalamin II molecule. In yet another aspect of this embodiment, at

least one of said first and said second vitamin B12 molecules of the dimer is a vitamin

B12 derivative.

These and other aspects of the present invention will become evident

upon reference to the following detailed description and attached drawings. In addition,

various references set forth below which describe certain procedures or compositions in

more detail are incorporated by reference in their entirety.

E'ED .. E111 .

Figure 1 is a schematic illustrating a mechanism of action of a receptor

modulating agent of the present invention. A healthy receptor will internalize when

bound by the appropriate ligand, release the ligand within the cell and then recycle to
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the cell surface. Receptor modulating agents of the present invention impede the

receptor trafficking pathway by inhibiting the recycling of receptors to the cell surface.

Essentially, the targeting moiety on receptor modulating agents bind the receptor and

the rerouting moiety redirects the receptor/receptor modulating agent complex to other

points within the cell, where it may be retained or degraded. (Not shown in this

schematic are receptors synthesized de um).

Figures 2-5 are formulae representing families ofantibiotics which act as

rerouting moieties. The preferred reactive groups for coupling with a targeting moiety

are indicated. These rerouting moieties facilitate retention of the receptor/receptor

modulating agent complex through protonation of the complex, eventually delivering it

to lysosomes for degradation.

Figure 2 illustrates formulae representing the gentamycin, sisomicin, and
netilrnicin families of antibiotics.

Figure 3 illustrates formulae representing the kanomycin, tobrarnycin,

and amikacin families of antibiotics.

Figure 4 illustrates formulae representing the neomycin, paromomycin,

ribostamycin, and butirosin families of antibiotics.

Figure 5 illusu'ates formulae representing the streptomycin family of

antibiotics.

Figure 6 illustrates formulae representing substituted aminoquinolines

(e.g., chloroquine) substituted aminoacridines (e.g., quinacrine), and substituted

aminonapthalines (e,g., dansyl cadaverine), all of which are representative rerouting

moieties of the present invention. These rerouting moieties impede the receptor

trafficking pathway through protonation and intracellular retention.

Figure 7 illustrates formulae representing glycosylation inhibitors, all of

which are representative rerouting moieties of the present invention. These sugars may

be conjugated to targeting moieties using linkages typical of oligomeric carbohydrate

chains. The resulting receptor modulating agent is recognized by internal glycosyl

transferases, subject to intracellular retention, and, ultimately, degradation in the

lysosomes.

Figure 8 illustrates a formula representing a vitamin Bu

(cyanocobalamin) molecule and identifies a preferred coupling site suitable for use in

the present invention for derivatimtion and conjugation.

Figure 9 is a schematic depicting a representative reaction scheme for

the synthesis of a vitamin BIZ-GABA adduct.
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Figtn-e 10a is a schematic depicting a representative reaction scheme for

the synthesis of a vitamin B12 derivative comprising a vitamin B12 molecule with a

diaminododecane linker arm coupled to any one of coupling sites d-, e-, or b-.

Figme 10b is a schematic depicting a representative reaction scheme for

coupling a succinic anhydride to a vitamin B12 diaminododecane adduct in preparation

for coupling the adduct to a rerouting moiety, or other molecule, with an amino reaction

site.

Figure 11 is a schematic depicting a representative reaction scheme for

the synthesis of a vitamin 1312 derivative comprising a vitamin Bu molecule and a

diaminododecane linker arm coupled to a ribose coupling site.

Figure 12 is a schematic depicting a representative reaction scheme for

coupling vitamin 312 or a vitamin BIZ-GABA adduct to amikacin.

Figure 13 is a schematic depicting a representative reaction scheme for

coupling vitamin B12 or a vitamin BIZ-GABA adduct to streptomycin.

Figure 14 is a schematic depicting a representative reaction scheme for

coupling a vitamin B12 carboxylate derivative or a vitamin BIZ-GABA adduct to
acridine.

Figure 15 is a schematic depicting a representative reaction scheme for

the synthesis of a bivalent receptor modulating agent, a vitamin 312 dimer, using a

trifunctional linker. The trifimctional linker allows for coupling with additional

compounds (e.g., R-NHz) such as, by way of example, aminoglucosides (Figures 2-5),

aminoacridines (Figure 6), glycosylation inhibitors (Figure 7), and biotin.

Figure 16 is a schematic depicting a representative reaction scheme for

the synthesis of a vitamin 312 dimer using a homobiftmctional or homotrifunctional

cross-linking reagent.

Figure 17 is a schematic depicting a representative reaction scheme for

the synthesis of a vitamin B12 dimer using a heterobifunctional cross-linker.

Figures 18-21 are schematics depicting representative reaction schemes

for the synthesis of various receptor modulating agents generally comprised of a

rerouting moiety, designated by the reactive group and R, selected from those

represented in Figures 2-7, and a vitamin Bu molecule or derivative thereof as a

targeting moiety.

Figure 22 is a graph illustrating the binding curve of Transcobalamin II

to the cyanocobalamin monocarboxylic acids produced in Example 1. AD =

Cyanocobalamin (1); AL = Cyanocobalamin b-monocarboxylic acid (2); AM =
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Cyanocobalamin e-monocarboxylic acid (3); and AN= Cyanocobalamin d-

monocarboxylic acid (4). '

Figure 23 is a graph illustrating the binding curve of Transcobalamin H

to the cyanocobalamin diaminododecane adducts produced in Example 3 and 4. AH =

Cyanocobalamin b-monocarboxylic acid conjugate diaminododecane (7); AI =

Cyanocobalamin e-monocarboxylic acid conjugate diaminododecane (8); A1 =

Cyanocobalamin d-monocarboxylic acid conjugate diaminododecane (9); AK =

Cobalamin e~monocarboxylic acid conjugate diaminododecane, and AB =

Cyanocobalamin ribose—succinate (11).

Figure 24 is a graph illustrating the binding curve of Transcobalamin II

to a series ofvitamin B12 dimers. Dimer X = b-acid dimer with isophthaloyl dichloride

(36); Dimer Y = e-acid dimer with isophthaloyl dichloride (37); dimer 2 = d-acid dimer

with isophthaloyl dichloride (38); Dimer A= b-acid Dimer with p-iodo benzoyl

isophthaloyl dichloride (58); Dimer B = e-aeid Dimer with p-iodo benzoyl isophthaloyl

dichloride (59); and Dimer C = d-acid Dimer with p-iodo benzoyl isophthaloyl

dichloride (60). These dimers were prepared as set forth in the Examples below. (see

Examples 13 and 16.)

Figure 25 is a graph illustrating the binding curve of Transcobalamin II

to a series of biotinylated vitamin Bu molecules. AA = Cyanocobalamin b-

monocarboxylic acid conjugate diaminododecane and biotin (17); AB =

Cyanocobalamin e-monocarboxylic acid conjugate diaminododecane and biotin (18);

AC = Cyanocobalarnin d-monocarboxylic acid conjugate diaminododecane and biotin

(19); AF = Cyanocobalamin ribose-succinate conjugate diaminododecane (l3); and AG

= Cyanocobalamin ribose-succinate conjugate diaminododecane and biotin (20). These

biotinylated molecules were prepared as set forth in Examples below. (see Example 8.)

D'llE"ElI'

The present invention is generally directed to a receptor modulating

agent which is capable of binding to a cell surface receptor to form a receptor

modulating agent/receptor complex ("agent/receptor complex"). The binding of a

suitable receptor modulating agent to a cell surface receptor generally results in

invagination of the agent/receptor complex into the cell into the vesicular system in the

same manner as the natural ligand. However, once internalized, or as part of the

internalization process, a receptor modulating agent of the present invention affects the

receptor trafficking pathway by efi‘ectively impeding, preventing, or delaying the
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receptor from recycling to the surface, thus depriving the cell of receptors able to

engage in binding its natural ligand and triggering related biological responses.

Within the context of the present invention, "affecting the receptor

trafficking pathway" refers to impeding the receptor traficking pathway in such a

manner so as to affect biological response. This would include trapping, delaying,

retaining, re-directing, or degrading the cell surface receptor. A "receptor modulating

agent" is comprised of at least one targeting moiety covalently attached to at least one

rerouting moiety. A "targeting moiety," as described in detail below, is a moiety

capable of specifically binding to a cell surface receptor to yield an agent/receptor

complex and, in a preferred embodiment, has an affinity for the cell surface receptor of

within loo-fold, and more preferably, within lO-fold, of the affinity of the natural

ligand for the receptor. A preferred targeting moiety is a vitamin B12 molecule. In

contrast, a "rerouting moiety" is a moiety which redirects an agent/receptor complex,

resulting in prolonged retention, degradation, and/or modulation of the receptor within

the interior of a cell or on the cell surface, including, by way of example, retaining the

receptor in the cell membrane or directing the receptor to a lysosome within the cell.

Suitable rerouting moieties are described in detail below.

A targeting moiety is coupled to a rerouting moiety to yield the receptor

modulating agent by any suitable means known in the art, including direct covalent

linkage of an appropriate chemical linker or through a very tight association in non-

covalent attachment. By way of example for the latter, in one embodiment, coupling is

accomplished through the combination of an avidin or streptavidin conjugate with a

vitamin BIZ/biotin conjugate. Coupling of the targeting moiety and the rerouting

moiety should be of a nature which resists cleavage by the enzymatic and low pH

conditions normally encountered within the internal portion of the cell, including

endosomes and lysosomes. Suitable linkers are noted below. The ability to resist

cleavage may be detected by any means known in the art, including exposing the

receptor modulating agent to enzymes at low pH and measuring release of the targeting

or rerouting moiety using techniques known in the art.

Coupling of a targeting moiety and a rerouting moiety should not

significantly hinder the ability of the targeting moiety to specifically bind the cell

surface receptor. The receptor modulating agent may also include additional moieties,

so long as they do not interfere with either the targeting or the rerouting moieties. For

example, such moieties may be coupled to the receptor modulating agent through the

use of a triflmctional linker or they may be coupled to a rerouting or targeting moiety.

Optimal attachment of the two moieties may be determined by comparing the affinity of
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binding of the receptor modulating agent with free targeting moiety in assays of

inhibition of binding.

These, and other suitable techniques, are describedin detailin Sambrook

et al.,MolamilarflaninaLALabmatonLMamnl. Cold SPfing Harbor, 1989

Coupling of a targeting moiety and a rerouting moiety should also not

significantly afi‘ect the ability of the rerouting moiety to retain or delay the

agent/receptor complex within the cell. This may be empirically determined by any one

of several methods known in the art, including using labeling techniques to compare

intracellular retention of the targeting moiety versus that of the receptor modulating

agent as exemplified below.

As noted above, targeting moieties of a receptor modulating agent

include any moiety which specifically binds to a cell surface receptor. Suitable

targeting moieties include proteins and peptides. Representative examples of suitable

targeting moieties include peptides such as bombesin, gastrin-releasing peptide, cell

adhesion peptides, substance P, neuromedin-B, neuromedin-C and metenkephalin;

hormones, including EGF, alpha- and beta-TGF, estradiol, neurotensin, melanocyte

stimulating hormone, follicle stimulating hormone, luteinizing hormone, and human

growth hormone; proteins corresponding to ligands for known cell surface receptors,

including low density lipoproteins, transferrin and insulin; fibrinoiytic enzymes; and

biological reSponse modifiers, including interleukin, interferon, erythropoietin and

colony stimulating factor also constitute targeting moieties of this invention. Moreover,

analogs of the above targeting moieties that retain the ability to specifically bind to a

cell surface receptor are suitable targeting moieties. Essentially, any analog having

about the same affinity as a targeting moiety, herein specified, could be used in

synthesis of receptor modulating agents.

In a preferred embodiment, a targeting moiety is a vitamin Bu molecule.

Vitamin B12 is an essential nutrient for dividing cells. By inhibiting its uptake, the

growth of dividing cells can be halted. The cell surface receptor for vitamin BI; is the

transcobalamin II/vitarnin B12 ("Tell/Bu") receptor, which is characterized by a high

affmity for the carrier protein, transcobalamin II (TcII), when complexed with vitamin

Bu ("Toll/Bu complex"). The TcII/Bu receptor does not recognize vitamin Bl;

alone, but does recognize the carrier protein TcII with reduced affinity when not

complexed with vitamin B12. In many respects, this receptor system is similar to that

for transferrin/iron in that the goal of the receptor system is to deliver vitamin B12 into

cells such that it can be utilized by enzymes involved in DNA synthesis. Within the

context of the present invention, the term "vitamin Bu" refers to the class of
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compounds known as cobalamins and derivatives thereof, including, by way of

example, cyanocobalamin. The term "vitamin 312" is used interchangeably with the

term cyanocobalamin.

Suitable vitamin Bu molecules includes any vitamin B12 capable of

coupling to another molecule while maintaining its ability to form a Tell/Bu complex.

A preferred vitamin B12 targeting moiety is generally comprised of a vitamin B];

molecule, such as a cyanocobalamin, and a linker, described in detail below. The linker

may be coupled to any one of several sites on a vitamin B12 molecule, including

potential carboxyl coupling sites a- through g-, an alcohol (ribose) coupling site

("coupling site h") or a benzimidazole coupling site ("coupling site i.") (See structure I

below.) Preferably, a linker is coupled to coupling sites b-, d- or e- on a vitamin B12

molecule. Even more preferably, a linker is coupled to coupling site (1- or e-. This

embodiment of the present invention includes compounds represented by the following

formula:

 
STRUCTURE I

wherein at least one of R1, R2, R3, R4, R5, R6, and R7 is a linker. One of ordinary skill

in the art will appreciate that a number of other coupling sites on the vitamin B12
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molecule may be chemically altered without affecting coupling of the molecule with a

linker or Toll. Coupling sites which are not occupied by a linker may have a variety of

chemical moieties attached thereto, including an amino, secondary amino, tertiary

amino, hydroxy, lower alkyl, lower alkoxy, alkoxyalkyl, alkoxyalkoxy,

cycloalkylalkoxy, and thioalkyl groups.

In a preferred embodiment, R1, R2 or R4 is a linker and the remaining R

groups are —NH2, with the exception of R7, which is preferably -OH. In an especially

preferred embodiment, R2 is a linker, R1, R3-R6 are -NH2 and R7 is -OH.

In another preferred embodiment, R7 is a linker and Rl-R5 are -NH2_

TABLE 1

HOMOBIFUNCI‘IONAL LINKERS

0

disuccinimidyl suberate (DSS)'

bis(sulfosuccinimidyl) suberate (BS3)"'

disuccinimidyl suberate (DSS)'

bis(sulfosuccinimidyl) suberate (BS3)‘

disuccinimidyl tartarate (DST)"

disulfosuccinimidyl tartarate (Sulfo-DS'I')‘l

bis[2-
(succinimidooxycarbonyloxy)ethyl]sulfone
BSOCOES)‘
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(sulfosuccinimidooxycarbmyloxykthyllsu .
lfone (Sulfa-BSOCOES)‘

bismaleimidohexane (BMJ-I)‘

l,5-Difluoro-2,4-diniu'obenzene
(DFDNBP

dilnethyl adipimidate-Z HCl (DMA)‘ 
’Pierce Chemical, Co., Rockford, Illinois

“Aldrich Chemical 00., Milwaukee, Wisconsin

TABLE 2

HETEROBIFUNCI‘IONAL LINKERS

N-suecinirnidyl—3-(2-pyridyldithio)propionate
(SPDP)’

succinimidyl 6[3(2-pyridyldithio) propionamido]
hexanoate (LC-Sl’DP)‘r

sulfosuccinimidyl 6-[3-(2-pyridyldithio)
propionamido] hexanoate (Sulfu-LC-SPDP)‘
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_ succinimidyllt-(N-malcimidomefilylkyclohexnne-l-
mum (SMCC)‘

sulfosuccinimidyl 4-(N-
maleimidomethyl)cyclohwe—l-cuboxyhte (Sulfo-
SMCC)’

m-maleimidobenuyl-N-hydroxysuccinimide m
(MBS)‘

m-maleimidobenzoyl-N-hydroxywlfosuocinimide
m(Sulfa-MBS)‘

N-succinimidyl(4-iodoacetyl)aminobenzoate (SIAB)"

sulfosuccinhnidyl(4-iodoacetyl)aminobenzoate
(Sulfa-SHE?

minimidyH-(p-maleilnidophenynbutym
(SMPB)‘

sulfommcinimidyl-‘t-(p—maleimidophenylfiutyrate
(Sulfo-SMPB)’

 
‘Pierce Chemical, Co., Rockford, Illinois
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.TABLE 3

TRIFUNCTIONAL LINKERS

Derived from S-amino isophthalic‘ acid -
unreported synthesis (D.S. Wilbur, D.K.
Hamlin, University ofWashington)

Derived fiorn 3,5-diaminovbenzoie aeid‘ -
unreported synthesis

5-(p-iodobenzoyl)amino-l,3-isophthuloyl
ditetra-fluorophenyl ester - unreported
synthesis (D.S. Wilbur, 0.x. Hamlin,

University ofWashington)

5(p-tri-N-butylisomylbenzoyl)-amino-l,3-
isophthaloyl ditchuafluorophenyl ester -
unreported synthesis (D.S. Wilbur, D.K.
Hamlin, University ofWashington)

D.S. Wilbur et al.,W
5(3):220-235, 1994.

113- Wilbur et 111-. Wests—Chem.
5(3):220-235, 1994.

 
*Aldrich Chemical 00., Milwaukee, Wisconsin

Suitable linkers include any one of several linkers, preferably containing

at least two coupling or reactive groups, allowing the linker to bind to both vitamin B12

and a rerouting moiety. In the context of the present invention, the terms "coupling

group" and "reactive group" are used interchangeably. By way of example, a linker

may be homobifunctional, heterobifimctional, homotriflmcfional, or heterotrifunctional.

Homobifimetional agents may facilitate cross-linking, or dimerization of vitamin B12
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molecules in a single step, hence a coupling reaction using these agents should be

performed with an excess ofhomobifunctional agents, unless dimerization is the desired

result, as in the synthesis of dimers described in detail below.

Suitable homobifunctional agents include those listed in Table l, as well

as those described in detail below. Heterobifiinctional agents facilitate cross-linking in

a stepwise method, allowing more than one linker to be incorporated and a variety of

targeting agents such as vitamin B12 molecules to be linked. Suitable

heterobifunctional agents include those listed in Table 2 as well as those described in

detail below. Homo- and hetero- trifimctional linkers are coupled to a rerouting moiety

and a vitamin B12 molecule as described above, with the additional advantage ofa third

coupling site on the linker. One of ordinary skill in the art will appreciate that this

allows for any number of different molecules to couple with the rerouting moiety,

including, by way of example, markers, such as radiolabeled and fluorescent molecules;

proteins and peptides, such as antibodies; and conjugating molecules, such as biotin.

Suitable trifunctional linkers are listed in Table 3. Homobifunctional,

heterobifunctional, homobifunctional, and heterotrifunctional linkers are commercially

available.

Suitable linkers are generally relatively linear molecules greater than 4

atoms in length, typically between 6 and 30 atoms in length, and preferably are 8 to 20

atoms in length. In a particularly preferred embodiment, the linker is a linear molecule

of 12 atoms in length. In the context of the present invention, the term "atom" refers to

a chemical element such as, by way of example, C, N, O, or S. The ranges provided

above are based on the relatively linear accounting of the linker. One of ordinary skill

in the art will appreciate that a linker may be linear, branched, and even contain cyclical

elements.

Coupling or reactive groups include any functional group capable of

coupling a linker to a vitamin B12 molecule. Suitable coupling groups include,

nucleophilic and electrophilic functional groups. Suitable nucleophilic groups include

hydroxy groups, amino groups, and thio groups. Suitable electrophilic groups include

carboxylic acid groups and carboxylic acid derivatives including acid halides, acid

anhydrides, and active esters such as NHS esters.

Suitable homobifunctional linkers include, by way of example,

diaminoalkanes, such as those represented by the formula NH2(CH2)XNH2, wherein x =

2-20. A preferred linker is a diaminododecane. Suitable heterobifimctional linkers

include those represented by the formula NH2(CH7)yCOOH, wherein y = 3-12. Those
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of ordinary skill in the art will appreciate that a protecting group may be necessary

when utilizing a heterobiftmctional group. .

A linker may be coupled to the preferred b—, d- or e- coupling sites (see

Su-uctm'e I above) by any one of several suitable means, including, by way of example,

activating a vitamin 312 molecule by hydrolyzing its propionamide groups to produce

monocarboxylates, purifying the resulting monocarboxylates, and coupling a linker to a

selected coupling site. Hydrolysis of the coupling sites may be accomplished by

exposing vitamin B12 to aqueous acid for a period of time and under suitable conditions

to hydrolyze the desired propionamide groups. Preferably, hydrolysis is performed by

exposure of the amide to dilute aqueous acid for a period of about 6 to 12 days,

typically about 9 to 11 days, and most preferably about 10 days at room temperature.

Suitable aqueous acids include, by way of example, 0.1N hydrochloric acid, 0.5N

phosphoric acid or 0.5N sulfuric acid.

Purification of b-, d- and e- monocarboxylates can be accomplished by

any one of several means, including column chromatography, such as gel permeation

chromatography, adsorption chromatography, partition chromatography, ion exchange

chromatography, and reverse phase chromatography. Preferably, column

chromatography is preparative reverse phase liquid chromatography. These techniques

are described in detail in Lim, Wes, IRL Press, Washington,

DC, 1986. Purification of monocarboxylates by preparative liquid chromatography

(LC) should be accomplished at a very slow flow rate. For example, LC purification

may be conducted at a flow rate of 0.15 mL/min. on a 5 pm, 4.6 X 250 mm

propylamine column (RAININ microsorb-MV amino column) eluting with 58 M

pyridine acetate, pH 4.4 in H20 : THF (96 : 4) solution. Even more preferably, the

coupling reaction is monitored using analytical high pressure liquid chromatography

(HPLC). Reverse-phase I-IPLC chromatography is preferably carried out using an

analytical version of above-noted propylamine column using a gradient solvent system

at a flow rate of 1 mL/min. Within the context of the present invention, the d- isomer is

identified as the longest retained peak (third), the e— isomer is identified as the second

retained peak, and the b- isomer is identified as the shortest retained peak (first) eluted

from the LC column. The d- isomer may also be identified as that vitamin B12

derivative demonstrating the greatest biological activity as noted below.

A ribose coupling site (coupling site 12, see structure I) may be activated

by any one of several suitable means including, activating a hydroxyl group at coupling

site I: by reaction with a suitable reagent (e.g., succinic anhydride), to yield a ribose

derivative which bears a reactive group (e.g., a carboxylate group). This technique is
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described in detail in Toraya, Bigingrg._Chem, 4:245-255, 1975. Separation and

pmification of the activated molecule may be accomplished on a C18 column as noted

below. Once coupling site h has been activated, a linker may be coupled to this site in

the same manner as described below.

After activating the vitamin Bu molecule at a selected coupling site,

linkers may be coupled to a vitamin B12 molecule to form a vitamin Bu linker adduct

using any one of several means, including, by way of example, an amide forming

reaction, employing an amine group on the linker and a carboxylate coupling site on a

vitamin Bu molecule. Alternatively, a linker may be coupled to a vitamin B12

molecule through an amide forming reaction, employing a carboxylate group on the

linker and an amino group on a Bu molecule. The amide forming reaction may include

the use of a coupling agent. Suitable coupling agents include carbodiimide coupling

agents, such as, by way of example, l-ethyl-3-(3-dimethylaminopropyl) carbodiimide

hydrochloride (EDC), 1-benzyl-3—(3-dimethylaminopropyl), carbodiimide (BBC), 1-

cyclohexyl-3-(2-morpholinyl-4~ethyl)carbodiimide (CMC), and 1,3-

dicyclohexylcarbodiimide (DCC). Preferably, the coupling agent is water soluble.

Even more preferably, the coupling agent is EDC.

Alternatively, the amide forming reaction coupling the linker to a Bu

molecule may employ a reactive carboxylic acid group and an amine. Suitable reactive

carboxylic acid groups include carboxylic acid derivatives which yield an amide upon

reaction with an amine. Such reactive groups include, by way of example, any reactive

carboxylic acid derivative, including, by way of example, carboxylic acid halides, such

as acid chlorides and bromides; carboxylic acid anhydrides, such as acetic anhydrides

and trifluoroacetic anhydrides; esters, such as p-nitrophenyl esters and N-

hydroxysuccinimide esters. Such techniques are described in detail in Bodanszky,

WW5.Springer Verlag, Berlin, 1984.

Although coupling ofa linker through a cyano coupling site is possible it

is not preferred, due to the instability of linkers coupled to this site. Dolphin, D., [205]

MW 119:34-52, 1971. Additionally, a linker may be coupled to a

benzimidazole (coupling site i, see Structure I) using techniques described in detail in

Jacobsen,AnaL_Bigghem,1_13zlé4—l7l,l981.

Vitamin B12 linker adducts may be separated and purified using any

suitable means, including column chromatography, such as gel permeation

chromatography, adsorption chromatography, partition chromatography, ion exchange

chromatography, and reverse phase chromatography. Preferably, column
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chromatography is preparative LC. These techniques are described in detail in Lim,

W,IRL Press, Washington, DC, 1986. .

As noted above, the vitamin 312 receptor modulating agents of the

present invention must be capable of binding transcobalamin II. The ability of a

receptor modulating agent to bind TcII may be ascertained using any one of several

means lcnown in the art, including competitive binding assays with the receptor

modulating agent competing with native vitamin B”.

Rerouting moieties of the present invention include any moiety which is

capable of affecting the receptor trafficking pathway. This characteristic can be

assessed by employing a receptor modulating agent having a radiolabeled targeting

moiety and following its path through the cell. This is accomplished using techniques

known in the art, including using radiolabeled, biotinylated, or FITC labeled targeting

moiety followed by binding assays, ELISA, or flow cytornetry. A preferred receptor

modulating agent is one which results in the removal of the highest percent of receptor

for the longest period of time.

Suitable rerouting moieties of this invention do not significantly detract

fi'om the selectivity of the targeting moiety. Whether a rerouting moiety detracts from

the selectivity of a targeting moiety may be determined by any one of several methods

known in the art, including comparing binding of the receptor modulating agent on

receptor positive and receptor negative cells, as assessed by ELISA, flow cytometry, or

other binding assays.

Rerouting moieties cause the retention/degradation of an agent/receptor

complex within at least one cell type, but not necessarily in all cells. In like fashion, a

rerouting moiety causes retention of an agent/receptor complex in some cells, but not

necessarily other agent/receptor complexes in other cells. Difl‘erent rerouting moieties

may also distinguish between receptor species, for example, as in polarized epithelium

where the same receptor may independently traffic on the apical, basal, or basolateral

sides 'of the cell. To determine if a particular rerouting moiety is suitable, a rerouting

moiety is covalently attached to the targeting moiety, and the resulting receptor

modulating agent is compared for receptor modulation on difi‘erent receptor-bearing

cells using binding or functional assays known in the art.

Suitable rerouting moieties of this invention may be categorized into five

different functional classes: (1) lysosmotropic moieties; (2) innacellular polymerizing

moieties; (3) protein sorting signals or sequences; (4) conditional membrane binding

peptides; and (5) bi- or multi-valent receptor cross linking moieties. While such

rerouting moieties may have different fimctional mechanisms of action, all promote
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retention ofthe agent/receptor complex within the intracellular vesicular system. All of

these classes of rerouting moieties will impart the ability to afl'ect the receptor .

trafiicking pathway.

In one aspect of the present invention, a first functional class of rerouting

moieties, lysosomotropic moieties, are disclosed. Within the context of the present

invention, the term "lysosomotropic moieties" refers to moieties which route the

agent/receptor complex to the lysosomes. Numerous suitable lysosomotropic moieties

are known, and are reviewed in Bioshmlhamaml. 232495-2531, 1974-

A preferred lysosomotropic moiety includes an arninoglycoside

antibiotic marked by the characteristic ability to accumulate in lysosomes afier

intracellular protonation. Intracellular protonation occurs in the increasingly acidic

conditions which occur during the transfer from early to late endosomes and, finally, to

the lysosome. Strong positive charges prohibit the lysosomotropic moiety from leaving

the membrane-enclosed vesicles, thus trapping the agent/receptor complex in the vessel.

Aminoglycoside antibiotics are similar in structure, but are divided into

structm'ally related families of compounds based upon the sugar units. Each of the

families of aminoglycoside antibiotics, as well as representative members thereof, are

set forth in Figures 2-5. These families include gentamycin, kanamycin, neomycin and

streptomycin. The gentamycin family includes gentamycin C], gentamycin C2,

gentamycin C13, sisomicin and netilmicin; the kanamycin family includes kanamycin

A, tobramycin and amikacin; the neomycin family includes neomycin B, paromomycin,

ribostamycin and bytirosin B; and the streptomycin family includes streptomycin A and

streptomycin B.

In a particularly preferred embodiment of the present invention, the

rerouting moiety is gentamycin, which accumulates in lysosomes in concentration as

much as 300 fold that of the extracellular concentrationW

215386744, 1990; Benign. 14:351-7, 1992).

Suitable aminoglycosides have reactive amine groups capable of being

coupled through peptide or other chemical linkers. Thus, a targeting moiety may be

readily attached via covalent linkage to these rerouting moieties using any one of

several techniques known in the art to form covalent bonds, for example, using

thioether, disulfide, ether, ester and peptide bonds. Since many of the aminoglycoside

antibiotics have several amines which could be derivatized in a conjugation procedure,

a primary amine contained in these compounds can be selectively reacted to favor

covalently attachment to the targeting moiety through this amine (see amine indicated

with arrow in Figures 2-4). With regard to streptomycin, covalent attachment to the
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targeting moiety may be accomplished by converting the aldehyde moiety indicated in

Figure 5 to an amine, and attaching to the targeting moiety using carbodiimide or other

suitable activated carboxylic acid. Aminoglycosides are water soluble and do not

readily bind to other proteins, and thus do not impart non-specific binding to a receptor

modulating agent.

Particularly preferred aminoglycosides include those which allow for

preferential derivation of a selected amine. Specifically, preferred aminoglycosides

include those compounds to which protective groups can be added to various nitrogen

atoms thereof and, subsequently, selectively deprotected to yield a single fiee amine.

The free amine can be further derivatized, for example, by addition of a peptide linker

or covalently attached directly to the targeting moiety. These rerouting moieties

include ribostamycin (see Figure 4), kanamycin (see Figure 3), amikacin, and

streptomycin. Ribostamycin is particularly preferred, due to its relative low toxicity

and its derivatization chemistry, allowing an acyl migration reaction to be effected on a

hydroxyl protected ribostamycin to yield a single amine adduct. Kanamycin may also

be used in a selective protection/acylation reaction; Amikacin is commercially available

in a form which allows attachment without deprotecting its amines or alcohol groups;

and streptomycin can also be readily derivatized by protonating guanidinium groups

under physiologic conditions to provide the polycations necessary for cellular or

lysosomal retention. ‘
In another aspect of the present invention, non-aminoglycoside

lysosomotropic compounds which may accumulate after intracellular protonation are

also suitable rerouting moieties (see Figure 6). Suitable non-aminoglycoside

compounds exhibiting this characteristic are known in the art, a series of aminoacridine

and amino quinoline dyes, typified by cholquinine and quinacrine; a group of amino

naphthalenes, typified by dansyl cadaverine; and derivatives thereof. Such dyes are

characterized by cellular retention and low toxicity. All of these compounds have

characteristic sites for covalent attachment to a targeting moiety via the nitrogen

indicated in Figure 6 and may be attached thereto as described above.

Another aspect of the present invention utilizes a lysosomotropic peptide

subject to charge modification under intracellular conditions is employed as a rerouting

moiety. Once charge-modified, the rerouting peptide acts to retain an agent/receptor

complex in the intracellular vesicular system until membrane flow delivers it to the

lysosome for degradation. Preferably, these peptides are capable of being

phosphorylated by intacellular protein kinases. When phosphorylatcd by the

intracellular enzymes, such peptides would be highly anionic.
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Charge-based retention can be an inherent property of the rerouting

peptide or can be imparted by intracellular modification. Intracellular modification may

be accomplished by any of several means known in the art, including phosphorylation

of certain residues of some receptors (e.g., the EGF receptor) may cause intracellular

rerouting Wflzl39-160, 1992; W115321-30, 1992).

The rerouting peptides may be covalently attached to a targeting moiety

by any means, including, for example, covalently linking the peptide directly to the

targeting moiety, or by use of an appropriate linker moiety, such as G-G-G, which may

be derivatizcd and covalently attached to the targeting moiety.

Preferred rerouting peptides include protein kinase-substrate peptides

that incorporate serine. These peptides are particularly preferred for enhancement of

receptor rerouting in tumor target cells, which have increased levels of protein kinase

activity for serines or tyrosines. Increased levels of kinase activity within tumor cells

may be attributed to the presence of oncogene products, such as H-ras, on the

cytoplasmic side of tumor cell plasma membranesW.1&2208-18,

1992).

Suitable rerouting peptides also include protein kinase substrates and

peptides that possess a single positive charge. The latter type of rerouting peptide may

form an ion pair with a "glutamate-like" residue of an attached or closely associated

residue(s) of the receptor. Particularly preferred rerouting peptides may be derived,

using technologies known in the art, from the proteins and the amino acid sequences
identified in Table 4.

REBOUTING PEPTIDES

AMINO ACID Sumner:

EGF receptor DVVDADEYLIPQ

EGF fi'agment CMHIESLDSYTC

Phosphorylase kinase RTKRSGSVYEPLKI

Protein kinase C pseudosubstrate RFARK-GALRQKNV

. . ITMyelin basrc protein S -XAA-K/R (where XAA is an uncharged

residue)

RGYALG or RGYSLG

PLSRTLSVAA
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Insulin receptor auto-phosphorylation DIYETDYYRm —
calmodulin-dependent protein ldnase Women.

11 32(11):.‘2923-30, 1993  
 Neurogranin Chen et a1, Bioshmn. 32(4):lO32-9, 1993

MARCKS WW

Comm. mass-41, 1993

Glycogen synthase Marais et aL, Wm211:151-5, 1990

Ribosomal protein 86 Munro et al.,W

1Q5_4z225-30, 1990

Co-polymers which serve as Abdel-Ghony et a1.,BMW

substrates for protein kinase A, C, P Bfizl76l-5, 1989; Abdel-Ghony et al., has.

W35:1408-11, 1988

Abdel-Ghony et 81.,W

fi: 1 761-5, 1989; Abdel-Ghony et al., 2mg.

Wfifl408-l 1, 1988

  

  
 
 

 
 

 

 
  
 
 

 

 

 
 

  

In another aspect of the present invention, the rerouting moiety is a

lysosomotropic amino acid ester which, in high concentration, can cause the lysis of

granule containing cells, such as NK cells, cytolytic T cells and monocytes. The

concentration must generally be maintained below 100 mM to avoid lysis. Suitable

lysosomotropic amino acid esters and their sources are presented in Table 5.

TABLE 5

Lvsosomomonc AMINO ACID ESTERS

Leu-O-Me Reslmmunol. 153:893-901, 1992

EuLlemman 23:562-5, 1993

W1.190256-59, 1993

CfillJmnmnol. 132281-91, 1992

WflflZl-L 1991
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Iso-leu-O-Me RGstmmLMl:893-901, 1992

L-Val-O-Me .LJrnmunol. 134:786-93, 1985

Phe-O—Me lJmmmoLlfiaz3950-7. 1992

Blood 121964-71, 1992

Phe-. Alan Met-. Trp-. Cys—. IntJJmmunonhannaan:401-9, 1991

Try-, Asp-, & Glu-O-Me

 
The lysosomotropic amino acid esters identified in Table 5 can be used

to retain the agent/receptor complex in lysosomes after intracellular cleavage of the

ester. In one embodiment, such amino acid esters may be utilized as the C-terminal

portion of a larger peptide containing a linker sequence and/or a phosphorylation

substrate sequence, and with suitable residues, such as cysteine, for covalent attachment

to a targeting moiety, such as a sequence encoding a peptide or protein ligand for a

given cell surface receptor.

In another embodiment of the present invention, a second functional

class of rerouting moieties is disclosed. This class includes peptides which undergo

polymerization within endosomes or lysosomes, inhibiting their passage through

intracellular membranes.

Intracellular polymerizing compounds can be incorporated into a larger

peptide containing the targeting moiety and a linker. Suitable peptides include the

dipeptide ester referenced in Table 5 (i.e., L-Leucyl-L—Leucine-O-Me). When

transported into cells, these dipeptide esters preferentially accumulate in lysosomes and

secondary granules of cytotoxic cells. These dipeptides also imdergo self-association

and polymerization, which results in trapping at low concentrations, and membrane

rupture at higher concentrations.

 TABLE 6

POLYMERIZING Dl-PEPTIDE ESTER:

L-LEUCYL-L-LEUClNE-O-ME
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lemmol.13§:lOSs-48, 1986

Cachiqmyanssm, 1992

Astajinshemfiionhxsflung 24299-31 1,1989

31mm9s4-71, 1992

1119911831314, 1991

.L.Immnm1.132:2137-42, 1987

mamas-194, 1990

WZMMS-ZO, 1986

BNASJZ:83-7, 1990

LJmmnmLm:l399-406, 1986

ENAS82:2468-72, 1985

  
Suitable intracellular polymerizing compounds also include peptides that

can self-associate into alpha-helical suuctures termed "leucine zippers". In the context

of this invention, such structures may be used to form intracellular polymers that are

incapable ofexiting intracellular vesicles. Such sequences can be selected by observing

self association ofthe compounds in solution, and the formation of polymers capable of

binding to DNA. Suitable peptide sequences that can self-associate into alpha helical

structures are presented in Table 7.

TABLE 7

LEUCINE ZIPPERS

Boc(t-butoxycarbonyl)-Aib(alpha-aminoisobutyryl)

Glu(OBnl)-(benzoyl ester)-Leu-Aib-Ala-Leu—Aib-Ala-

Boc-Aib-Leu-Aib—Aib—Leu-Leu-Aib—Leu-Aib-O-Me

Mina 121324-30, 1992

Lys(Z)(benzyloxy-carbonyl)-Aib-O-Me

ERAS 81:7921-5, 1990

GELEELLKHLKELLKGER

Binshem. 3.1:1579-84, 1992
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In another embodiment of the present invention, a third fimctional class

of rerouting moieties is disclosed. This class includes moieties that can be recognized

by intracellular receptors. Such sequences are identified by their ability to stop

movement of endogenously synthesized proteins to the cell surface. Suitable peptides

include certain peptide sequences (such as sorting or signal sequences) associated with

the trafficking of endogenously synthesized proteinsWW3634-41,

1991). Such peptide sequences, when covalently attached to the C-terminus of an

exogenously added targeting moiety, result in the retention of the agent/receptor

complexes in the endoplasmic reticulum ("ER"), Golgi apparatus, or lysosomes.

Such peptide sequences are recognized by intracellular receptors,

examples of which include both mammalian and bacterial versions of ER receptors

described in detail inW129:325-8, 1993;W11:4187-95, 1992; mm

333:162-3, 1990. Further exemplary peptide sequences and variants thereof (shown in

parentheses) that can be recognized by intracellular receptors are set forth in Table 8,

Sections A and B.

Certain signal sequences may be preferred for retention by one type of

organism versus another type. For example, REDLK is a preferred sequence

recognized by prokaryotic cells and to a lesser degree by eukaryotic cells (see Table 8,

section C). Thus, employing this sequence as the rerouting moiety, receptor modulating

agents can be constructed to selectively inhibit a receptor-mediated process in bacteria,

while having little effect on mammalian cells.
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TABLE 8

PEPTIDE SEQUENCES Wmcn BIND INTRACEILULAR RECEPTORS

A. Endoplasmic Reticulum or Golgi Retention Peptides

1. KDEL (DKEL, RDEL, 1.3mm 261:5952-5. 1990

KNEL. SDEL. KEEL. QDEL. Wm112:1384-91. 1990
KEDL, KDEL) mmwauz, 1991

mmn19-24, 1991
Wmflu-Sl 1991
WM(10):7022-6. 1992
mammal-7, 1992
mummms-m 1, 1992
mm112:85-97, 1992

WEN-4. 1992
m20:2695-9. 1993
MW18:47-58, 1991

2mm 42345-55, 1992
mmZfi:l4277-82, 1991
mums-44, 1991

 

 
 

 

 

 
   

 

 
  

2. HDEL (HVEL, HNEL,
HTEL, TEHT, DDEL, HIEL)

.Lfliglflm265:7728-32. 1993
W119!51:193-202. 1993
LCEILSQ 192261-71. 1992
mm29.62801-6. 1992
mam.26.6220498-503, 199]

“—

w—
“—

B. Lysosomal Retention Peptides

2. Tyrosine-containing W111955-66, 1990
polypeptides

C. ORGANISM-SPECIFIC RETENTION PEPTIDES
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D. CLATHRIN-BINDING Pampas (INTERNAIJZATION SIGNALS)

1. LLAV W122349-57. 1992

2. YKYSKV mmzm-sv, 1992
Mlfifil-G, 1988

3. PPGYE Cellfilzlzoa-9, 1991
Wanna. 1991

A further class of peptide sequences of this invention, termed

"internalization signals," fimction by binding to clathrin, both in the coated pits, as well

as those intracellular vesicles which maintain a clathrin coat. Representative examples

of such clathrin-binding peptides (CBP) are disclosed in Table 8, section D. The CBP

binds clathrin in the coated pits initially located on the cell surface causing retention of

the targeting moiety to which it is conjugated.

A further class of moieties capable of recognizing intracellular receptors

includes carbohydrates. Suitable carbohydrates include any carbohydrate which is

capable of binding to intracellular carbohydrate (CHO) receptors but not cell surface

CHO receptors. Such carbohydrates include: mannose-6-phosphate and glucose-6-

phosphate. Suitable carbohydrate moieties include those which bind to the insulin-like

growth factor IIlmannose-é-phosphate (IGF II/M6P) receptor, include analogs of

mannose-6-phosphate, as well as other phosphorylated saccharides(W

21337-46, I991; W262fl42—4, 1990).

The amnity of the rerouting moiety can be varied by changes in the

chemical nature of the phosphorylated saccharides (Lfliglfihem. 2&17970-5, 1989; .L

W251:7962-9, 1989) (monosaccharides bind with the lowest afiinity, while

di- or tri-saccharides bind with increasingly higher afiinity). Clustering of

phosphorylated saccharides on protein carriers can dramatically increase afi'mity to the

intracellular receptor.

Synthesis of various oligosaccharides are reviewed in Sem._Cell._ngl.

2:319-326, 1991. Although, mannose-6-phosphate receptor expression is primarily

intracellular, expression also occurs on cell surfaces. Thus, in the context of the present

invention, covalent attachment of a targeting moiety with a carbohydrate which binds

the mannose-6-phosphate receptor should be constructed so as to give at least lOO—fold

difference in binding affinity between the targeting moiety and the rerouting moiety.

For example, a vitamin BIZ/transcobalarnin II receptor targeting moiety, in this case

vitamin Bu, would have a binding affinity for the carrier protein, transcobalamin II
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(TcII), of 2 10'10 M and an aflinity for the IGF II/M-6-P receptor of 10‘8 M or less.

This will maintain the specificity of the vitamin B12 binding (via TcII), while allowing

transfer of the receptor modulating agent fiom serum M-6-P soluble receptor to cell

surface receptor.

In addition to IGF II/M-6-P receptor moien'es, other carbohydrate-based

rerouting moieties also promote retention of the modulating agent/receptor complex in

the ER or Golgi complex. Such moieties are based on the recognition by various

glycosyl tranSferases of carbohydrate moieties, either as a natural substrate or as an

inhibitor. Such moieties are reviewed in W. 2:289-308, 1991. For

example, saccharide recognition moieties include penultimate sugars, such as glucose

and N-acetyl glucosamine (which are natural substrates). More preferred, however, are

glycosylation inhibitors which are recognized by glycosyl transferases, but cannot serve

to append further carbohydrate residues on growing chains(W2:309-318,

1991) (see Figure 7).

In yet another embodiment of the present invention, a fourth functional

class of rerouting moieties is disclosed. This class is generally comprised of rerouting

moieties which anchor the receptor to the cell membrane. By way of example, this

class includes membrane-binding peptides that exhibit conditional pH-dependent

membrane binding. Such peptides exhibit ct-helical character in acid but not neutral pH

solutions. When a conditional membrane-binding peptide assumes a helical

conformation at an acidic pH, it acquires the property of amphiphilicity, (e.g., it has

both hydrophobic and hydrophilic interfaces). More specifically, within a pH range of

approximately 5.0-5.5, such a peptide forms an alpha-helical, amphiphilic structure that

facilitates insertion of the peptide into a target membrane. An alpha helix-induced

acidic pH environment may be found, for example, in the low pH environment present

within cellular endosomes or lysosomes. In aqueous solution at physiological pH, a

conditional, membrane-binding peptide is unfolded (due to strong charge repulsion

among charged amino acid side chains) and is unable to interact with membranes.

Suitable conditional membrane-binding peptide sequences include the

charged amino acids glutamate, aspartate, and histidine. A preferred conditional

membrane-binding peptide includes those with a high percentage of helix-forming

residues, such as glutamate, methionine, alanine, and leucine. Further, conditional

membrane-binding peptide sequences include ionizable residues having pKas within the

range of pH 5-7, so that a sufficiently uncharged membrane-binding domain will be

present within the peptide at pH 5 to allow insertion into the target cell membrane.

Conditional membrane-binding peptides can be incorporated through covalent bonds to
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a chemical or peptide targeting moiety or synthesized as an entire peptide sequence

including a linker and peptide targeting moiety.

A particularly preferred conditional membrane-binding peptide is aal-

aa2-aa3-EAALA(EALA)4-EALEALAA-amide, which represents a modification of a

published peptide sequence (Buchanan: 26:2964, 1987). Within this peptide

sequence, the first amino acid residue (al) is preferably a unique residue such as

cysteine or lysine, that facilitates chemical conjugation of the conditional membrane-

binding peptide to a targeting protein. The peptide can also be incorporated into a

fusion protein with a protein or pepu'de targeting moiety (see Example 7). Amino acid

residues 2-3 (i.e., aa2-aa3) may be selected to modulate the affinity of the translocating

peptide for difi'erent membranes. For instance, if both residues 2 and 3 are lysine or

arginine, the peptide will have the capacity to bind to membranes or patches of lipids

having a negative surface charge. If residues 2-3 are neutral amino acids, the peptide

will insert into neutral membranes.

Yet another preferred conditional membrane-binding peptide can be

derived fiom sequences of apo-lipoprotein A-1 and B; peptide toxins such as melittin,

bombolittin, delta hemolysin and the pardaxins; antibiotic peptides, such as

alamethicin; peptide hormones, such as calcitonin, corticotrophin releasing factor, beta

endorphin, glucagon, parathyroid hormone, and pancreatic polypeptide. Such peptides

normally bind membranes at physiologic pH but through attachment of substituents the

peptides can be enhanced in their ability to form alpha-helices at acidic pH and reduced

in their membrane-binding at physiologic pH. An example of such a modified peptide

having pH-dependent membrane binding at acidic pH is fully succinylated melittin. In

this example, a peptide (melittin) that normally binds to membranes at physiological pH

is converted to a pH-dependent peptide through succinylation of lysines. Upon

suecinylation, the peptide displays an amphipathic character only at acidic pI-Is.

Insertion of a conditional membrane-binding peptide into a target cell

membrane is enhanced through stabilization of the amphiphilic alpha helix. Helix

stabilization may be achieved: (1) by adding repeating "EALA" units to form a longer

peptide; (2) by placing an amide at the C-terminus of the peptide, in order to comtemct

the helical dipole; (3) by polymerizing the peptide; (4) by substituting a natural helix-

former for one or more of the stacked glutamates; or (5) by attaching the peptide to a

targeting moiety through use of a longer linker, in order to provide sufiicient distance

between the membrane binding peptide and the targeting moiety for the peptide to

contact and interact with the target cell intracellular membranes.
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In yet another embodiment of the present invention, a fifih functional

, class of rerouting moieties is disclosed. In this context, the rerouting moiety merely.
functions as a modulating agent in that the moiety disables the receptors by crosslinking

the same. This class includes bi- or multi-valent receptor crosslinking moieties formed

from monovalent binding targeting moieties. Cross-linking of receptors in some

receptor systems is sufficient to cause a rerouting of cell surface receptors to lysosomes

for degradation, rather than their normal pathway of receptor recycling. The synthesis

of a bivalent receptor modulating agent is exemplified in greater detail in the examples

below.

A preferred cross-linking receptor modulating agent is a vitamin B12

dimer. In this embodiment, each vitamin 312 molecule acts as a targeting agent and a

rerouting agent; cross-linking the B12 dimer will cross-link the vitamin B12 receptors,

thus impeding the receptor trafiicking pathway. A preferred vitamin 312 dimer is

generally comprised of two vitamin Bu molecules, such as cyanocobalamin, coupled

by one or more linkers through coupling sites independently selected from a—g, h

(ribose), and i (benzimidazole). Preferably, cross-linking occurs between d- or e-

coupling sites on both molecules. The dimer must be capable of forming a Bn/I'cII

complex. As noted above, this characteristic may be assayed using any one of several

techniques known in the art, including competitive binding assays.

A vitamin B12 may be coupled to a second vitamin Bu molecule in the

same manner as described in detail for conjugation of rerouting moieties to vitamin Bu

targeting moieties. As noted above, dimers may be synthesized using one or more

linkers ofvarious lengths and any combination ofhomobifunctional, heterobifrmctional,

homotrifunctional, or heterotrifimctional linkers. As noted above, the use of a

trifunctional linker allows for coupling with any number of additional moieties.

In selecting a linker for dimer synthesis, it should be noted that the total

number of atoms comprising the linker between the vitamin B12 molecules should

generally be greater than 10 atoms, typically be in the range of 30 to 55 atoms and,

preferably be 45. As noted above, one of ordinary skill in the art will appreciate that

although the number of atoms is calculated relative to a linear chain of atoms, linear

chain, branched chain, and cyclical chain linkers or combinations thereof would be

suitable. Hence, the structure of the atom chain in a linker would include, by way of

example, alkyl, heteroalky, alkylaryl, and heteroalkyl aryl.

By way of example, a dimer may be synthesized by combining two

different vitamin 312 linker adducts in the presence of a coupling agent. The linkers
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couple and dimers may then be separated and purified using the same methods outlined

above. _ .

' Alternatively, activated vitamin Bu may simply be combined with a

homobifunctional or homotrifimctional linker (Tables 1 and 3). Preferably, in this

embodiment, the ratio of vitamin Bu to linker should be in the range of 2:1.

Preferably, a 1:1 ratio is used in preparation of mixed dimers (e.g., b- and e-acid

derivatives) or mixed ligands (e.g., Ba and hormone). Dimers may be separated and

purified as noted above.

In still another alternative, vitamin B12 linker adducts, synthesized as

described, above may be coupled by a third linker. The third linker, a "cross-linker,"

serves to bridge the linkers on the vitamin Bu linker adducts. Suitable cross-linkers

include those noted in Tables I, 2, and 3.

Polymerization of peptides may be accomplished by placing a cysteine

residue at each end ofa peptide, followed by oxidation using dissolved oxygen or other

mild oxidizing agent, such as oxidized glutathione. The average length of a

polymerized peptide may be controlled by varying the polymerization reaction

conditions.

The amino acid sequence of any of the peptides of this invention may be

selected to include all L-amino acids or all D-amino acids having a side chain pKa from

5.0 to 9.0. D-amino acids may be advantageously used to form non-proteolyzable

peptides, since the D-amino acids are not metabolized within the cell. Further, the

peptides of the present invention may include a combination of L- and D-amino acids,

wherein D-amino acids are substituted for L-amino acids on either side of a proteolytic

cleavage site. Yet another preferred noncleavable peptide incorporates peptide bond

analogs that are not susceptible to proteolytic cleavage by cellular enzymes.

As discussed above, the receptor modulating agents of this invention

comprise a targeting moiety coupled to the rerouting moiety. The rerouting moieties

identified above may be covalently attached to the targeting moiety by any one of

several techniques known in the art, including (a) by chemical modifications such as a

disulfide formation, thioether formation, amide formation or a reduced or non-reduced

Schifi's base, (b) by direct peptide bond formation as in a fusion protein, or (c) by use

of a chemical and peptide linker. Suitable peptide linkers in this regard correspond to

two or more amino acid residues that allow the rerouting peptide to assume its active

conformation independent of its interaction with the targeting moiety, and which allows

sufiicient distance for rerouting moiety access to, for example, intracellular membranes

from the peptide attachment site on the targeting moiety.
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In one embodiment, a rerouting moiety may be conjugated to a vitamin

Bu targeting moiety by any one of several means, including, by way of example,

coupling a rerouting moiety to a reactive group on a vitamin Bu linker adduct;

coupling a vitamin Bu to a reactive group on a rerouting moiety linker adduct or an

appropriate side chain thereof; coupling a vitamin 1312 linker adduct to a rerouting

moiety linker adduct or an appropriate side chain thereof; coupling a rerouting

moiety/biotin binding protein conjugate to a vitamin Bulbiotin conjugate; or coupling a

rerouting moiety biotin conjugate to a vitamin Blzlbiotin binding protein conjugate.

Coupling of a rerouting moiety to a vitamin B12 linker adduct, or a

vitamin Bu to a rerouting moiety linker adduct, may be accomplished using the same

techniques noted above for coupling a vitamin B12 molecule with a linker. The only

critical consideration of this aspect of the invention is that the total linker length must

be sufficient to avoid steric hindrance. Preferably, the total linker length is at least 6
atoms.

Coupling of a rerouting moiety/biotin binding protein conjugate to a

vitamin BIZ/biotin conjugate may be accomplished using any one of several means

described in detail inWed. D. Savage, Pierce

Chemical Co., 1992. Briefly, a biotin binding protein conjugate is prepared using a

rerouting moiety or, as in a second embodiment, a vitamin B12 molecule. Suitable

biotin binding proteins include avidin or streptavidin. In some circumstances, a linker

may be utilized to distance the molecules. For example, when coupling a vitamin Bl;

to an avidin, a linker ofat least 6 atoms is preferred.

A biotin conjugate is prepared using a vitamin B12 molecule or, as in a

second embodiment, a rerouting moiety. By way of example, a vitamin B12 molecule is

combined with an NHS ester of biotin. Preferably, the vitamin B12 molecule is a

vitamin B12 linker adduct as described above. Even more preferably, the vitamin B12

molecule is a vitamin B12 linker adduct characterized by a 12 atom linear linker

coupled to the d- or e- coupling site.

Once formulated, coupling between the biotin conjugates and biotin

binding protein conjugates is easily accomplished by combining the complementing

conjugates, i.e., a vitamin BIZ/biotin conjugate with a rerouting moiety/avidin

conjugate.

In another aspect of the present invention, a B12/biotin conjugate is

utilized to couple a vitamin B12 to any number of compounds through biotin binding

protein conjugates. Using a vitamin BIZ/biotin conjugate, any compound which is

capable of coupling a biotin binding protein may be coupled to a vitamin 312 and
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thereby internalized into cells expressing the vitamin Bu receptor. Such compounds

include, in addin'on to the rerouting moieties described in detail below, hormones,

enzymes, antibodies or fragments thereof, markers, or therapeutics. Coupling any of

these compounds to a biotin binding protein, such as avidin or streptavidin, may be

accomplished using techniques described in detail inW

Handbook, ed. D. Savage, Pierce Chemical Co., 1992.

In one aspect of this embodiment, a vitamin BIZ/biotin conjugate is

coupled to a therapeutic/avidin conjugate directed at neoplastic disorders. Neoplastic

disorder therapeutics which may be coupled to a vitamin B1zlbiotin conjugate through

avidin include doxorubicin, daunorubicin, etoposide, teniposide, vinblastine, vincristin,

cyclophophamide, cisplatin and nucleoside antimetabolites such as arabinosylcytosine,

arabinosyladenine and fludarabine.

In another aspect of this embodiment, a vitamin Bu/biotin conjugate is

coupled to a marker conjugated with a biotin binding protein. Suitable markers include,

by way of example, fluorescent molecules or radiolabeled molecules. This combination

may be utilized as a detection system incorporated into a screening device to identify

patients with low receptor bearing cells or in the evaluation of receptor up-regulation,

for example, following treatment of patients for any one of a wide variety of receptor

modulation disorders.

In another aspect of this embodiment, a vitamin Bulbiotin conjugate is

coupled to a radioisotope conjugated to a biotin binding protein. Suitable radioisotopes

include, any high energy emitting radioisotopes capable of conjugating a biotin binding

protein. This combination may be utilized as a targeted radiodiagnostic or

radiotherapeutic.

In yet another aspect of this embodiment, a vitamin BIZ/biotin conjugate

is used to immobilize vitamin 312 to a solid matrix or avidin-coated substrate. By way

of example, this would enable one to isolate TcII, TcII receptors, and evaluate coupling

sites on the Vitamin Bu.

The receptor modulating agents of this invention regulate receptor-

dependent biological responses through alterations in the receptor trafficking pathway.

As illustrated in Figure l, with specific reference to the receptor for vitamin Bu, cell

surface receptors are ofien associated with clathrin-coated pits. When bound by the

receptor modulating agent of the present invention, the coated pits invaginate to form

vesicles. The vesicles are then directed by the rerouting agent to lysosomes for receptor

degradation or delivered to endosomes where the rerouting agent securely binds or
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delays the agent/receptor complex. Thus, the receptor modulating agents can

incapacitate the receptors normally undergoing recycling.

Newly synthesized receptors will eventually replace the internalized

receptor on the cell surface. However, this process is far more time consuming than

recycling—many cells require hours or days to achieve maximal receptor re-expression.

Continued exposure of the cell to the receptor modulating agents will exhaust the

intracellular receptor pools. Thus, by modulating a plasma membrane receptor, re-

expression of the receptor can be substantially delayed, thereby regulating a biological

response associated with that receptor for a prolonged period of time.

Biological activity of receptor modulating agents of the present

invention may be ascertained mm by any one of several means known in the art

including, competition binding assays or cell proliferation studies. These techniques

 «. . .. ' Il'tfim‘ 3rdEdition,

ed. Burdon and van Knippenberg, Elsevier, 1987. By way of example, a receptor
modulating agent may be cultured with a suitable cell line, such as K562 cells (ATCC

CCL 243), under conditions representing in Xim conditions. Such conditions would

include the provision of a human sornce of TcII (such as hmnan serum), vitamin Bu,

and, preferably by careful removal by chromatography, of all TcII from other medium

supplements such that proliferation is solely dependent on a known amount of

exogenous Tell. Cell cultures deprived of vitamin B12 gradually lose their proliferative

capacity, eventually resulting in cell death. Biological activity may be evaluated in

viva using techniques described in detail in Shieh et al., Ummnngl, 12(2):859-866,

1994 in which human tumor cell lines are injected into nude mice, followed by therapy

with receptor modulating agents. Next, tumor cells are removed, single cell

suspensions prepared and TcII cell surface receptor density may be evaluated by flow

cytometry and biotinylated vitamin B 12 and avidin FITC.

The receptor modulating agent of the present invention may be

administered in a therapeutically efiecfive amount to treat a variety of disorders

characterized in which control of the disease process or symptoms can be achieved by

modulation of one or more receptor systems and the associated biological responses.

Such disorders include neoplastic disorders, autoimmune diseases, rheumatic arthritis,

cardiovascular disease, and neurodegcnerative diseases.

Common to many.non—neoplastic disease processes is a stage in which

the disease process itself, or its symptoms, can be halted or ameliorated by the use of an

anti-proliferative agent such as vitamin Bu/TcH receptor modulating agents. These
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commonly recognized stages include a sensitization or elicitation phase in which

immune cells responsible for the disease become turned on by antigen specific or non-

specific means, followed by a proliferative phase in which the immune cells expand in

number, and finally a symptomatic phase in which the expanded immune cells create

tissue damage directly or indirectly. Neoplasfic disorders include, by way of example,

leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma, cancers of the breast,

lung, liver, brain, colon, cervix, prostrate, Hodgkin's disease, and non-Hodgkin's

lymphoma. Because of this, anti-proliferative chemotherapeutic drugs are commonly

utilized in the treatment ofmany diseases other than cancer, but are limited in use to life

threatening situations due to their associated toxicity. Anti-proliferative agents, such as

the ones of the present invention (with little of the direct toxicity of chemotherapeutic

drugs), may be used more widely. More specifically, the vitamin 812 receptor

modulating agents of the present invention are not destructive to plasma membrane

processes (e.g., ion transport). In addition, the anti-proliferative activity is reversible by

administration of vitamin 312- Furthermore, the agents of this invention may not be

mutagenic, teratogenic, or carcinogenic since they act at the level of the plasma

membrane, and not at the level of the nucleus, and DNA by intercalation or cross-

linking (as many chemotherapeutic drugs act).

An understanding of the pharmaceutical applications for Blz/TcII

receptor modulating agents requires a knowledge of the cell types targeted by such

therapy. To this end, various pharmaceutical applications are disclosed in Table 9

below.

TABLE 9

TARGET Caus FOR VITAMIN Bu RECEPTOR MODULATING AGENTS

OTHER PROLIFERATION POTENTIAL PHARMACEUTICAL

W

Activated T-Cell IL-2 receptor Grafl versus Host Disease

Transferrin Receptor Organ Transplants

Insufin Receptor Auto-Immune Diseases

Class II Histocompatibility Asthma

Antigens Crohn's Disease

Tumor Cells Tumor Assoc. Ags. Tumor Therapy

Ki67 (alone and in combination

Transferrin Receptor with chemotherapeutic drugs)
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CD-34 Allogeneic Bone Marrow

Transferrin Receptor Transplants

Class II Histocompatibility Reduction in Toxicity of

Antigens Chemotherapy

IL-1, IL-3 Receptors

Thy 1.] Inhibition ofAdhesions,

Transferrin Receptor Scarring
Insulin & Insulin-like Scleroderma

Grow-Factor

Receptors
Fibroblast Growth-Factor

Receptor

Proliferating EGF Receptor Psoriasis

Epithelium or Proto-Oncogenes

Epidermal

(Keratinocytes)

 
Proliferating and activated T—cells can cause a wide variety of diseases

ranging from the chronic inflammation of Crohn's disease to more acute organ graft

rejection. In all of these diseases, the T-cell may serve a central pathogenic role or a

more accessory role. Anti-proliferative chemotherapeutic drugs serve to reduce

symptomotology and in some cases lead to long-term remission. Similarly,

proliferating fibroblasts and epithelial cells may give rise to diseases characterimd by

cell overgrowth. Vitamin B12 receptor modulating agents may be used to replace or

used in combination with existing chemotherapeutic regimens in these diseases. An

important aspect of the use of anti-proliferative vitamin Bu receptor modulating agents

in these diseases is not to apply it so aggressively or with improper timing such that

normal healing (adhesions, scarring) or cell renewal (psoriasis) processes are also

inhibited. As such, low doses of receptor modulating agents may be used during

healing and higher doses once healing is completed. Alternatively, receptor modulating

agents may not be administered at all until after healing is completed.

As previously mentioned, BIZ/Tell receptor modulating agents can be

used to deprive neoplastic cells of vitamin B12. It has already been shown that

sufficient deprivation leads to the death of rapidly proliferating lymphoid neoplasms

such as leukemia and lymphoma. Moreover, short term treatment to reduce cellular

availability of this nutrient, combined with existing chemotherapeutic agents, markedly

improves therapeutic emcacy.
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For solid tumors, vitamin B12 depletion may induce cytostasis and

differentiation as well as cell death. Thus, BIZ/1‘ell receptor modulating agents may be

used to induce difl‘erentiation in hormonally responsive solid tumors. An increase in

the number of cells expressing a difl‘erentiated phenotype should translate into an

increase in expression of hormone receptors. The hormone receptor status of tumors,

such as breast and prostrate cancer, are directly correlated with their response to

hormonal therapy. Accordingly, 31lec1] receptor modulating agents can be used to

increase the number of receptor positive tumor cells or increase receptor density in

order to enhance efficacy of subsequent hormonal therapy.

Vitamin Bu receptor modulating agents may afi‘ect both replicating

neoplastic and normal cells. However, bone marrow progenitors demonstrate

differential sensitivity or response. Thus, Bu receptor modulating agents can be used

to modulate sensitivity of bone marrow progenitors so as to enhance their resistance to

the toxic effects of chemotherapeutic agents. Such chemotherapeutic drugs act

primarily on replicating cells, with non-replicating cells being much less sensitive.

Decreasing the sensitivity of progenitors to toxic drugs would increase the bone marrow

reserves and enhance subsequent response to colony stimulating factors, and enable

higher doses of chemotherapy or reduce the interval to reconstitution. It should also be

recognized that such positive effects on bone marrow progenitors, as a natural

consequence of Bu receptor therapy for cancer, is an additional mechanism by which

the therapeutic index of chemotherapeutic drugs other than 5-FU and methotrexate can

be improved.

In a variety of autoimmune diseases, grafi versus host disease, ectopic

allergy, and organ transplantation, an initial 'induction' phase, in which the patient

becomes sensitized to self or allo-antigens, is followed by a "proliferative" phase in

which forbidden or unregulated clones of B- or T-cells are expanded. It has long been

known that treatment with anti-proliferative, chemotherapeutic drugs following

induction can inhibit expansion of forbidden clones, inhibit progression of disease, and

restore a stable state of tolerance.

Inflammation is an application for which antibodies are already being

utilized in clinical trials. The primary emphasis has been on inhibiting the early

manifestations of inflammation by inhibiting recruitment or binding of inflammatory

cells to vascular endothelium ofinjured tissue. It also well recognized that proliferation

ofcells at the site of inflammation contributes to the pathology and tissue destruction of

both acute as well as chronic inflammation. To this end, anti-proliferative,

chemotherapeutic drugs have been widely used to inhibit sequelae of inflammation.
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Methotrexate is one such drug commonly used to treat symptoms

associated .with rheumatoid arthritis. The drug acts to reduce both local'md (e.g.,

synovimn) and generalized inflammation associated with disease progression.

Methotrexate acts synergistically with vitamin B12 depletion in therapy of leukemia.

Bu receptor modulating agents can therefore be combined with methotrexate to

enhance efficacy in rheumatoid arthritis. Other methotrexate applications include

treating destructive inflammation associated with chronic heart disease and colitis.

Surgery, radiation or chemotherapy to the abdomen is often complicated

by the development of tissue adhesions. These represent a considerable clinical

problem because they lead to bowel blockage and require surgical intervention.

Peritoneal adhesions arise as a result of proliferation of the cells of the peritoneal

membrane lining the abdomen. A non-toxic means of interfering with such

proliferation could lead to restoration of these normal cells to homeostatic control

mechanisms and thereby inhibition of adhesion formation A similar process of benign

proliferation and subsequent scarring is a complication of retinal surgery. Direct

instillation of a small molecule analog of an antibody receptor antagonist could prevent

such disabling complications.

The term "treatment" as used within the context of the present invention,

refers to reducing or alleviating symptoms in a subject, preventing symptoms from

worsening or progressing, inhibition or elimination ofthe causative agent, or prevention

of the infection or disorder in a subject who is free therefrom. Thus, for example,

treatment of infection includes destruction of the infecting agent, inhibition of or

interference with its growth or maturation, neutralization of its pathological effects and

the like. A disorder is "treated" by partially or wholly remedying the deficiency which

causes the deficiency or which makes it more severe.

The receptor modulating agents of the present invention are administered

in a therapeutically effective dose. A therapeutically efl‘ective dose may be determined

by in gin-g experiment followed by inm studies.

Pharmaceutical compositions containing the receptor modulating agents

in an admixture with a pharmaceutical carrier or diluent can be prepared according to

conventional pharmaceutical compounding techniques. The carrier may take a wide

variety of forms depending on the form of preparation desired for administration (e.g.,

intravenous, oral topical, aerosol, suppository, parenteral or spinal injection).

Preferably, administration is via stereotactical injection.

The following examples are offered by way of illustration, not

limitation.
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In summary, the examples which follow disclose the synthesis of several

receptor modulating agents of this invention utilizing difi‘erent functional classes of

rerouting moieties. More specifically, a series of examples are presented which employ

vitamin B12 as a targeting moiety in a receptor modulating agent.

All chemicals purchased fi'om commercial sources were analytical grade

or better and were used without further purification unless noted. Isophthaloyl

dichloride was purchased from Lancaster Synthesis Inc. (Windham, NH). All other

reagents were obtained from Aldrich Chemical Co. (Milwaukee, WI). Solvents for

HPLC analysis were obtained as HPLC grade and were filtered (0.2 pm) prior to use.

Ion exchange chromatography was conducted with 200-400 mesh strongly basic anion

2% cross-linking Dowex-l-chloride (Aldrich Chemical Co). Amberlite XAD-2

nonionic polymeric adsorbent and octadecyl fimctionalized silica gel for column

chromatography were obtained from Aldrich Chemical CO.

1H NMR were obtained on Bruker AC-500 (500 MHz) instrument. The

chemical shifts are expressed as ppm (6) using tetramethylsilane as internal reference.

IR data were obtained on a Perkin-Elmer 1420 inflated spectrophotometer. UV data

were obtained on a Perkin-Elmer Lambda 2 UVN is spectrophotometer. Mass spectral

data were obtained on a VG 7070H mass spectrometer using fast atom bombardment

(FAB).

HPLC separations of compounds were obtained on Hewlett-Packard

quaternary 1050 gradient pumping system with a UV detector. Analysis of the HPLC

data were obtained on a Hewlett-Packard HPLC Chernstation software.

HPLCfor Monomers: HPLC separations were conducted at a flow rate

of 1 mL/min. on a 5 mm, 4.6 250 mm NH; column (RAININ microsorb-MV amino

column) eluting with 58 mM pyridine acetate, pH 4.4 in H20 : THF (96 : 4) solution.

Retention times were: l= 4.3 min; 2 = 6.5 min; 3 = 8.0 min; 4 = 8.8 min; 5 = 10.9 min;

6=2.3min;7=2.3min;8=3.0min;9=2.9min;10=2.9min;l3=3.4min.

Reverse-phase HPLC chromatography was carried out using a Hewlett-Packard

Lichrospher 100 RP-18 (5 mm, 125 X 4 mm) C-18 column using a gradient solvent

system at a flow rate of 1 mL/min. Solvent A in the gradient was methanol. Solvent B

was H20. Starting from an 40% A, the gradient was increased to 100% A over 10 min.

The gradient was then brought back to 40% A over a 5 min period. Retention times

under these conditions for biotin conjugates were: 17 = 7.1 min; 18 = 7.2 min; 19 = 6.9

min; 20 = 6.4 min.
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Preparative LC was conducted to separate the mixture of

monocarboxylic acids using RAININ Rabbit-plus peristaltic pumping system with a

DYNAMAX (model UV-l) UV-visible absorbance detector at a flow rate of 0.15

mL/min. ID column (Alltech, 150 psi), (1000 mm X 25 mm) packed with aminopropyl

silica (40-63 mm) was used.

HPLCfor Dimers: For dimers 36, 37, and 38 solvent A in the gradient

was methanol. Solvent B was H20. The gradient was held at the starting mixture of

70% A for 2 min, then the percentage ofA was linearly increased to 100% over the next

10 min. The gradient was held at 100% A for 20 min. Retention times under these

conditions for dimers were: 36 = 8.7 min; 37 = 9.0 min; 38 = 8.9 min. For dimers 58-

60 and 64-66 Solvent A in the gradient was methanol. Solvent B was aqueous 1%

acetic acid. The gradient was begun at 40% A and was held at that composition for 2

min, then the percentage of A was linearly increased to 100% over the next 10 min.

Retention times for the compounds examined under these conditions were: 58 = 14.0

min; 59 = 14.1 min; 60 = 13.9 min; 64 = 8.7 min; 65 = 8.6 min; 66 = 9.0 min.

EXAMZLEJ

PREPARATION AND PURIFICATION OF CYANOCOBALAMIN

MONOCARBOXYLATES: MODIFICATION ON THE CORRIN Rma

This example serves to demonstrate the hydrolysis of b-, d- and e-

propionamide sites on a vitamin B12 molecule using dilute acid in preparation for

coupling of a linker to the sites. Importantly, the hydrolysis of the b-, d- and e-

propionamides is selective over the hydrolysis of a-, c- and g-acetamides, or thef-amide

in the heterocyclic chain connecting the benzimidazole. An optimal yield of

monocarboxylate to di- and tri-carboxylate derivatives was obtained at room

temperature in 0.1 N HCl over a 10 day period. The non-hydrolyzed vitamin BIZ and

the di- and tri-carboxylates produced were readily isolated from the desired

monocarboxylates by preparative liquid chromatography.

Specifically, cyanoeobalamin (1) (3.7 mo], 5 g) was dissolved in 500

mL of 0.1 N HCl and stirred at room temperature for 10 days under argon atmosphere.

The solution was then neutralized with 6 N NaOH and the eobamides were desalted by

extraction into phenol and applied to a 200 g (60 x 4 cm, 200-400 mesh) Dowex Cl' x 2

column (acetate form; prepared by washing with saturated sodium acetate until it was

free from Cl', then washing with 200 mL water). The column was eluted with water to
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remove unreacted cyanocobalamin and then eluted with 0.04 M sodium acetate (pH

4.67). _ _ .

The first fraction of the elution contained three monocarboxylic acids.

These were desalted by extraction into 100 mL of 90% (w/w) phenol, twice with 25 mL

and once with 10 mL of phenol. Three volumes of ethyl ether (3 x 160 mL) and 1

volume of acetone (160 mL) were added to the combined phenol extracts.

Monocarboxylic acids were removed from the organic phase by extraction with water

(2 x 100 mL). The combined aqueous phases were extracted twice with 20 mL of ether

to remove residual phenol. The aqueous solution of monocarboxylic acids was

evaporated to dryness. Yield: 2.5 g (50%).

The mixttne of three acids (0.350 g) was then applied to a 200 g (1000

mm x 25 mm) column of aminopropyl coated silica (40-63 mm) and was eluted with 58

mM pyridine acetate pH 4.4 in H20 : THF (96 : 4); the elute was collected with an

automatic fraction collector. The first eluted acid was found to be b-monocarboxylic

acid (2), the second eluted acid was e-monocarboxylic acid (3) and the third eluted acid

was d-monocarboxylic acid (4). The acid fractions were desalted by phenol extraction.

The solids obtained were crystallized from aqueous acetone.

b-acid (2): yield 0.122 g (35%), mp 267-270°C with decomposition, 1H

NMR (MeOH-d4, 5) 0.43 (3, 31-1, 020 CH3); 1.00 (m, 2H); 1.18 (s, 3H, C-46 CH3);

1.24 (d, 3H, Pr3 CH3); 1.36 (br s, 9H, C-47 CH3, C-54 CH3); 1.4 (s, 3H, C-25 CH3);

1.9 (d, 7H, C-36 CH3, C-30 CH2, C-48 CH2); 2.26 (d, 6H, BIO & B11, CH3); 2.36 (d,

2H, C-26 CH2); 2.57 (s, 10H, C-35 CH3, C-31 CH2, C-37 CH2, C-53 CH3); 2.8 (m,

2H, C-60 CH2); 3.3 (m, 3H, C-8H, C-13H); 3.6 (m, 2H, Pr] CH2); 3.7 (d, 11-1, R5);

3.9 (d, 1H. Rs); 4.0 (m, 1H, R4); 4.12 (d, 1H, C—19); 4.17 (s, 1H, C-3); 4.3 (m, 1H,

R2); 4.5 (m, 1H); 4.7 (m, 1H, R3); 6.0 (s, 1H, C-lO); 6.2 (s,lH, R1); 6.5 (s,lH, B4);

7.1 (s, 1H, B2); 7.2 (s, 1H, B7). MS (FAB+): axle 1357 (M+ +1). IR (KBr): 3400,

3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV (MeOI-I): M60 (323441)

e-acid (3): yield 0.168 g (48%), mp 245-250° C with decomposition, 1H

NMR (MeOH-d4, 6) 0.43 (s, 3H, C-20 CH3); 1.01 (m, 2H); 1.15 (s, 3H, C-46 CH3);

1.23 (d, 3H, Prg CH3); 1.36 (br s, 9H, C-47 CH3, C-54 CH3); 1.4 (s, 3H, C-25 CH3);

1.83 (s, 4H, C-55 CH2); 1.93 (m, 6H, C-36 CH3, C-30 CH2, C-48 CH2); 2.22 (d, 6H,

B10 & B11 CH3); 2.35 (s, 3H,C-26 CH2); 2.5 (d, 13H, C—35 CH3, C-3l CH2, C-37

CH2, C~53 CH3); 2.9 (m, 1H, C-60 H); 3.2 (m, 1H, C-13H); 3.4 (m, 111, C-8 H); 3.6

(d, 1H, Pr1 CH); 3.7 (d, 1H); 3.9 (d, 1H); 4.0 (m, 2H); 4.1 (d, 1H); 4.2 (m, 2H); 4.6

(m, 1H); 6.0 (3, 11-1, C-10); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.0 (s, 1H, B2); 7.2 (s,
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1H, B7). MS (FAB"’): m/e 1357 (14+ +1). IR (KBr): 3400, 3200,2950, 2060, 1660,

1570, 1490, 1060 cm-1. UV (MeOH):_ 7360 (s21 342)] .

' d-acid (4): yield 0.060 g (17%), mp > 300° c. 1H NMR (MeOI-l-d4, a)

0.43 (s, 3H, c-2o CH3); 1.04 (m, 2H); 1.15 (s, 3H, C-46 CH3); 1.25 (d, 3H, Pr3 CH3);

1.36 (br s, 9H, c-47 CH3, 0.54 CH3); 1.4 (s, 3H, c.25 CH3); 1.35 (s, 4H); 2.01 (s,

6H); 2.23 (d, 8H, 1310 & B11 CH3); 2.38 (d, 3H, C-26 CH2); 2.53 (d, 13H, C-36 CH3,

c-30 CH2, C-48 CH2); 2.6 (m, 5H); 2.9 (m, 1H, 060 H); 3.3 ( d, 1H, 0.1311); 3.4

(m, 1H, 0.8 H); 3.6 (d, 1H, Pr] CH); 3.7 (d, 1H); 3.9 (d, 1H); 4.0 (m, 2H); 4.1 (d,

1H); 4.3 (m, 2H); 6.0 (s, 1H, 010); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.1 (s, IH, 132);

72 (s, 1H, B7); UV (MeOH): 31.360 (e22 127). MS (FAB+): m/e 1357 (W +1). IR

(KBr): 3400, 3200,2950, 2060, 1660, 1570, 1490, 1060 cm-1.

EXAMBLEI

CYANOCOBALAMIN MODIFIED ON Rmosn: SUCCINATE CONJUGATE (5)

This example serves to demonstrate the activation of the ribose coupling

site coupling site h (see structure I) with succinic anhydide. Cyanocobalamin (l) (0.15

mmoL, 200 mg) was dissolved in 40 mL of dimethylsulfoxide (DMSO) containing 8 g

(80 mmoL) of succinic anhydride and 6.4 mL of pyridine. Afier 14-16 h at room

temperature, the excess of succinic anhydride was destroyed by adding 500 mL ofwater

and keeping the pH of the reaction mixture at 6 with 10% KOH. KCN was then added

at a final concentration of 0.01 M and the pH of the solution was readjusted to 6 with 3

N HCl. Afler I h the cyanocobalamin components were desalted by phenol extraction

and applied to a 100 g of Dowex Cl' (60 x 2.5 cm) column (acetate form, 200-400

mesh). The cyanocobalamin was eluted with water. Succinate conjugate (5) was eluted

with NaOAc (0.04 M, pH 4.67) which yielded 180 mg (85 %) after isolation. The

02',05'-disuccinyl derivative remained absorbed on the column under these conditions.

mp 208-210° C with decomposition.

1H NMR (D2044, 5): 0.43 (s, 3H, C-20 CH3); 0.95 (m, 2H); 1.15 (s,

3H); 1.2 (d, 3H); 1.35 (d, 7H); 1.4 (s, 3H); 1.8 (s, 3H); 1.9 (s, 12H); 2.2 (d, 6H);

2.36 (d, 2H); 2.5 (d, 10H); 2.6—2.7 (m, 7H); 3.0 (m, 1H); 3.3 (d, 1H); 3.37 (m, 1H);

3.5 (d, 1H); 4.0 (d. 1H); 4.18 (m, 2H); 4.25 (m, 3H); 4.54 (d, 1H); 6.0 (s, 1H); 6.3 (d,

1H); 6.4 (s, 1H); 7.0 (s, 1H); 7.2 (s, 1H). MS (FAB+): m/e 1455 (M"' +1). IR

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm"; UV (MeOH): 71.360 (8

26041).
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W .

COUPLING or CYANOCOBALAMIN monocmoxvuc ACIDS wn'n

LIZ-ammonium: REACTION wn‘nour SODIUM CYANIDE

This example serves to demonstrate the coupling of a linker to a

cyanocobalamin monocarboxylate. Coupling of the monocarboxylates (2, 3, 4) with

diaminododecane was first attempted using N—ethyl-N'-dimethylamino-propyl-

carbodiimide hydrochloride (EDC) in H20 according to Yamada and Hogenkamp, .1.

W242, 6266-6270, 1972. However, the products obtained did not have a

reactive amino group. Alteration of the reaction conditions by changing the reaction

mixture to DMF/H20 and adding NaCN/N-hydroxysuccinimide (see Example 4) to the

reaction mixture gave the desired diaminododecane adducts.

A mixture of cyanocobalamin monocarboxylic acid (0.370 mmoL, 500

mg) and 1,12-diaminododecane (3.6 g) in 100 mL H20 was adjusted to pH 6 with l N

HCl. The solution was then treated with N-ethyl-N'dimefliylamino-propyl-

carbodiirnide-hydrochloride (EDC) (726 mg) and stirred at room temperature for 22 h.

In 5 intervals of6to 14h, 650mgofEDCwasaddedtothereactionmixture. Afiera

total reaction time of 4 days (HPLC monitoring) the solution was evaporated to

dryness, the residue was digested with 100 mL of acetone and the solvent was decanted.

The solid residue was dissolved in 50 m1. of water and applied to an 175 g Amberlite

XAD-2 (60 x 4 cm) column. Contaminates were washed from the column with 1L

water, then the crude product was eluted with 500 mL of methanol. The solution was

evaporated to dryness, the residue was dissolved in 25 mL ofwater and was applied to a

100g Dowex Cl' (60 x 2.5 cm) column (acetate form, 200-400 mesh). The final product

was eluted using 250 mL of water, thereby leaving non-converted acid bound to the

column, which was later eluted with 0.04 moi/L sodium acetate bufi'er pH 4.67. The

fraction containing the final product was evaporated to dryness.

The mass spectral value obtained indicated that HCN was lost from the

desired product. Ftu'ther, 1H NMR data suggested that some protons were being

afl‘ected by the cobalt. Thus, this reaction was conducted with NaCN (Example 4) to

drive the equilibrium towards retention of Co-CN. N-hydroxy succinimide was also

added to facilitate the coupling reaction.

e-acz'd adduct (6): Yield: 22 mg (40%). mp l72-l74° C with

decomposition. 1H NMR (MeOH-d4, 5): 0.43 (m, 3H, C-20 CH3); 1.06 (t, 4H, C-46

CH3); 1.16 (m, 5H); 1.2 (m, 5H); 1.33 (m, 7H); 1.43 (s, 3H);. 1.68 (m, 4H); 1.86 (m,
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5H); 2.2 (111, 81-1); 2.3 (m, 6H); 2.4 (m, 1011); 2.55 (m, 10H); 2.8 (m, 4H); 3.1 (m,

6H); 3.3 (m, 5H); 3.6 (m, 2H); 3.7 (m, 2H); 3.8 (m, 1H); 4.0 (m, 1H); 4.1 (m, 1H);

4.16 (m, 1H); 4.3 (m, 1H); 4.48 (m, 1H); 4.6 (m, 1H); 6.0 (d 1H, C-lO); 6.2 (m, 1H,

R1); 6.5 (m, 1H, B4); 7.1 (m, 1H, B2); 7.2 (m, 111, B7). MS (FAB+): m/e 1512. IR

(KBr): 3400, 3200, 2950, 1660, 1570, 1490, 1060 cm'l. UV (MeOH): 7.360 (821 877).

d-acid adduct (7): yield: 225 mg (45%), mp 195-198° C with

decomposition. 1H NMR (MeOH-d4, 5): 0.43 (m, 3H, C-20 CH3); 1.09 (m, 7H); 1.14

(m, 6H); 1.2 (m, 10H); 1.27 (m, 10H); 1.33 (m, 6H); 1.5 (m, 3H); 1.77 (s, 3H); 2.2

(m, 8H); 2.26 (s, 2H); 2.5 (m, 10H); 2.7 (m, 5H); 3.0 (m, 2H); 3.1 (m, 2H); 3.2 (m,

3H); 3.5 (m, 2H); 3.6 (m, 1H); 3.8 (m, 1H); 3.9 (m, 1H); 4.0 (m, 1H); 4.1 (m, 1H);

4.2 (m, 1H); 4.4 (m, 1H); 4.6 (m, 1H); 6.0 (d 1H, C~10); 6.1 (m, “'1. R1); 6.4 (m,

1H, B4); 7.0 (m, 1H, B2); 7.1 (m, 111, B7); MS (FAB+): m/e 1512, IR (KBr): 3400,

3200, 2950, 1660, 1570, 1490, 1060 cm‘l; UV (MeOH): 1.360 (822 680).

Emma

COUPLING or CYANOCOBALAMIN MONOCARBOXYLIC ACIDS WITH

1,12-D1AMINODODECANE: REACTION CONTAINING SODIUM CYANIDE

Cyanocohalamin monocarboxylic acid (2, 3, 4) (0.370 mmoL, 500 mg)

and N-hydroxysuccinimide (1.48 mmoL, 170 mg) were dissolved in a mixture of

DMF : H20 (1:1) (18.4 mL) and 363 mg ofNaCN was added. 1,12-Diaminododecane

was dissolved in a mixture ofDMF : H20 (1:1) (18.4 mL) and the pH w... adjusted to 6
with 1 N HCl. The diaminododecane solution was then added in one portion to the

cyanocohalamin solution. EDC (285 mg) was added and the pH of the solution was

readjusted to 5.5. The reaction mixture was then stirred overnight in the dark at room

temperature. In 5 intervals of 6-14 h, 170 mg ofN-hydroxysuccinimide and 285 mg of

EDC were added to the solution, readjusting the pH value 5.5 each time. After a total

reaction time of 4 days (reaction followed by HPLC), the solution was evaporated to

dryness. The residue was digested with 100 mL of acetone and the solvent was

decanted. The solid residue was dissolved in 50 mL of H20 and applied to an 200 g

Amberlite XAD-2 (60 x 4 cm) column. The column was eluted with 1 L water to

remove undesired materials, then the desired product was eluted with 500 mL methanol.

The solution was evaporated to dryness, the residue was dissolved in 25 mL of water

and was applied to a 100g Dowex Cl‘ (60 x 2.5 cm) column (acetate form, 200-400

mesh). The desired product was eluted from the column with 250 mL water, leaving

any non-reacted acid bound to the column. This was followed by elation with 0.04
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mol/L sodium acetate bufl‘er pH 4.7. The fractions containing the final product were

evaporated to dryness.

b-isomer (8): yield 410 mg (82%), mp 172-174" C with decomposition.

1H NMR (MeOH-d4, 5) 0.43 (s, 3H, C-20 CH3); 1.18 (s, 4H); 1.3 (m, 13H); 1.39 (m,

13H); 1.45 (s, 5H); 1.6 (m, 4H); 1.72 (m, 2H); 1.9 (s, 6H); 2.25 (d, 6H, BIO & Bll

CH3); 2.35 (m, 5H); 2.56 (m, 5H); 2.8-3.0 (m, 8H); 3.15 (m, 4H); 3.3 (m, 2H); 3.4

(m, 2H); 3.6 (m, 1H); 3.68 (m, 1H); 3.75 (m, 1H); 3.9 (d, 1H); 4.07 (m, 1H); 4.12

(d, 1H); 4.2 (br s, 1H); 4.3 (m, 1H); 4.47 (m, 1H); 4.7 (m, 1H); 6.0 (s, 1H, C-IO);

6.2 (d,1H, R1); 6.5 (3,11-1, B4); 7.1 (s, 1H, B2); 7.2 (s, 1H, B7); MS (FAB+): m/e

1539 (W +1). IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV

(MeOH): 2.360 (815409).

e-isomer (9): yield: 430 mg (86%), mp 175-180° C with

decomposition, 1H NMR (MeOH-d4, 5) 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46

CH3); 1.22 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 (s, 6H); 1.6 (m, 3H);

1.87 (s, 8H); 2.05 (m, 2H); 2.25 (s, 6H, B10 & B11 CH3); 2.36 (m, 3H); 2.55 (d,

10H); 2.8 (s, 4H); 3.06 (t, 2H); 3.1 (m, 3H); 3.3 (s, 1H); 3.34 (m, 1H); 3.4 (m, 1H);

3.58 (m, 1H); 3.65 (m, 1H); 3.75 (d, 1H); 3.9 (d, 1H); 4.0 (m, 1H); 4.1 (d, 1H); 4.16

(m, 1H); 4.3 (m, 2H); 4.48 (m, 2H); 4.6 (m, 1H); 6.0 (s, 1H, C-IO); 6.3 (d, 1H, R1);

6.5 (s, 1H, B4); 7.0 (s, 1H, B2); 7.2 (s, 1H, B7); MS (FAB+): m/e 1539 (M'*' +1).

IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV (MeOH): 7L360(

216 720)

d—isomer (10): yield: 400 mg (80%), mp 174-17s° C with

decomposition, 1H NMR (MeOH-d4, 6) 0.43 (s, 3H, C-20 CH3); 1.07 (m, 3H, C-46

CH3); 1.2 (d, 4H, Pr3 CH3); 1.27 (m, 15H); 1.35 (br s, 9H); 1.42 (s, 3H); 1.53 (m,

2H); 1.6 (m, 4H); 1.86 (s, 4H); 2.25 (d, 6H, B10 & Bll CH3); 2.5 (d, 10H); 2.8 (s,

3H); 2.9 (m, 6H); 3.15 (m, 3H); 3.2 (m, 4H); 3.4 (:11, 31-1); 3.6 (d, 1H); 3.75 (d, 1H);

3.96 (d, 1H); 4.08 (m, 2H); 4.19 (m, 1H); 4.3 (m, 2H); 4.65 (m, 1H); 6.0 (s, 111, C-

10); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.1 (s, 1H, 82); 7.2 (s, 111, B7); UV (MeOH):

2.360 (5:17 665). MS (FAB+): m/e 1539 (M“' +1). IR (KBr): 3400, 3200, 2950,

2060, 1660, 1570, 1490, 1060 cm'l.
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EXAMPLES.

. COUPLING or CYANOCOBALAMIN MONOCARBOXYLIC ACIDS wmi

GAMMA-AMINOBUTYRIC Acm (GABA)

This example serves to demonstrate the coupling of a gamma-

aminobutyric acid (GABA) linker to a vitamin Bu molecule. This reaction scheme is

represented in Figure 9.

Gamma-aminobutyric acid (GABA) tert-butyl ester (1 l) (1 mmol) and

cyanocobalamin monocarboxylates (2, 3, 4) (0.1 mmol.) are mixed in 20 mL H20 and

sufficient 0.1 N HCl is added to adjust to pH to 6.0. N-ethyl-Nl-

dimethylaminopropylcarbodiimide hydrochloride (EDC) (0.5 mmol) is added to the

solution. The reaction mixture is stirred at room temperature for 24 home and then the

mixture is dried under vacuum. This reaction mixture is treated with TFA to remove

the tert-butyl ester. A cyanccobalamin-GABA adduct (12) was pmified. Reverse-

phase I-IPLC chromatography is carried out as described above. A cyanocobalamin—

GABA adduct (12) can he further activated with a carbodiimide and coupled to a

moiety as described below.

W

CYANOCOBALAMIN MODIFIED 0N Rmose:

SUCCINATE-DIAMINODODECANE CONJUGATE (l3)

Cyanocobalamin-Ribose-Succinate (5) (0.370 mmoL, 538 mg) and N-

hydroxylsuceinimide (1.48 mmoL, 170 mg) were dissolved in a mixture of DMF : H20

(1:1) (18.4 mL) and 363 mg ofNaCN was added. This reaction scheme is represented

in Fight 1 1. 1,12-Diarninododecane was taken in a mixture of DMF : H20 (1:1) (18.4

mL), pH was adjusted to 6 with 1N HCl. The diaminododecane solution was then

added in a portion to the cyanoeobalamin solution. EDC (285 mg) was added, the pH

of the solution was readjusted to 5.5 and the reaction mix. was stirred overnight in the

dark at room temperature. In 5 intervals of 6 to 14 h 170 mg of N-hydroxysuccinimide

and 285 mg ofEDC was added to the solution, readjusting the pH 5.5 each time. After

a total reaction time of 4 days (HPLC monitored) the solution was evaporated to

dryness, the residue was digested with 100 mL of acetone and the solvent was decanted.

The solid residue was dissolved in 50 mL of H20 and applied to an 200 g Amberlite

XAD-2 (60 x 4 cm) column. Contarninates were washed from the column with 1 L

water and then the crude product was eluted with 500 mL methanol. The solution was
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evaporated to dryness, the residue was dissolved in 25 mL ofwater and was applied to a

_ 100 g Dowex Cl' (60 x 2.5 cm) column (acetate form, 200-400 mesh). The final
product was eluted using 250 mL water, thereby leaving non-converted acid bound to

the column, which was later eluted with 0.04 mol/L sodium acetate buffer pH 4.7. The

fi'action containing the final product (13) was evaporated to dryness. Yield : 425 mg

(70%), mp 185-187° C with decomposition.

1H NMR (MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.15 (s, 3H); 1.2 (d,

3H); 1.3 (s, 27H); 1.4 (m, 3H); 1.55 (m, 6H); 1.85 (m, 12H); 2.2 (d, 6H); 2.3 (d,

6H); 2.5 (d, 10H); 2.8 (m, 10H); 3.0 (t, 3H); 3.1 (t, 3H); 3.2 (s, 6H); 3.3 (m, 4H);

3.58 (m, 2H); 3.6 (d, 1H); 4.1 (d. 1H); 4.2 (m, 2H); 4.3 (m, 1H); 4.4 (d, 1H); 6.0 (s,

1H); 6.2 (d, 1H); 6.5 (5, 11-1); 7.1 (s, 1H); 7.2 (s, 1H). MS (FAB+): m/e 1638 (W).

IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm‘l; UV (MeOH): 71.360.

Examal

Monmcxnon or CYANOCOBALAMIN MONocmovarc Acms CONJUGATED

WITH 1,12-DIAMINODODECANE: REACTION WITH SUCCINIC ANHYDRIDE

This example serves to demonstrate modification of an amino terminus

linking moiety to a carboxylate terminus. Such a modification may be necessary for

conjugating amino containing rerouting agents (e.g., aminosugars) to cyanocobalamin

derivatives containing a linker.

Cyanocobalamin carboxylic acid diaminododccane conjugate (8, 9, 10)

(0.138 mmoL, 200 mg) was dissolved in 40 mL of dimethylsulfoxide (DMSO)

containing 8 g (80 mmoL) of succinic anhydride and 6.4 mL ofpyridine. After 14:16 h

at room temperature, the excess of succinic anhydride was destroyed by adding 500 mL

of water and keeping the pH of the reaction mixture at 6 with 10% KOI-I. KCN was

then added at a final concentration of 0.01 M and the pH of the solution was readjusted

to 6 with 3 N HCl. Afier l h the cyanocobalamin components were desalted by phenol

extraction. The residue was digested with 100 mL of acetone and the solvent was

decanted. It was dissolved in 40 mL of H20. 1N NaOH (2 mL) was added to it and

the reaction was stirred at room temperature for 15-20 min. It was then neutralized with

1N HCl and the cyanocobalamin components (14, 15, 16) were desalted by phenol

extraction. Yield: 80 mg (40%); mp l90-l98° C with decomposition.

1H NMR (MeOH-d4, 6): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46

CH3); 1.23 (d, 4H, Pr3 CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 (s, 6H); 1.87 (s, 4H);

2.05 (m, 2H); 2.25 (s, 6H, BIO & B11 CH3); 2.35 (m, 3H); 2.4 (m, 5H); 2.55 (d,
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101-1); 2.7 (s, 5H); 2.8 (m, 2H); 3.1 (m, 6H); 3.3 (s, 6H); 3.4 (m, 1H); 3.65 (m, 2H);

3.75 (d, 1H); 3.9 (d, 1H); 4.0 (m, 1H); 4.1 (d, 1H); 4.16 (m, 1H); .4.3 (m, 1H); 4.48

(m, 1H); 4.6 (m, 2H); 6.0 (s, 1H, C-10); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.1 (s, 1H,

B2); 7.2 (s, 1H, B7). MS (FAB+): m/e 1639 (M“'). IR (KBr): 3400, 3200, 2950,

2060, 1660, 1570, 1490, 1060 cm'l. UV (MeOH): 1.360 (a 22 564).

Examms

CYANOCOBALAMIN Moon-mu ON monocmoxmc ACID:

DIAMINODODECANE-Blom CONJUGATES

This example serves to demonstrate coupling a vitamin Bu derivative

and biotin. Biotin conjugates (17, 18, 19) were obtained by reaction of activated

cyanocobalamin monocarboxylic acid diaminododecane (14), (15), and (16) with the

NHS ester ofbiotin (Sigma Chemical 00.).

To a solution of cyanocobalamin monocarboxylic acid diaminododecane

conjugate (14, 15, 16) (300 mg, 0.195 mmoL) in DMF (35 mL), was added

triethylamine (0.027 mL, 0.195 mmoL). N-Hydroxysuccinimidobiotin (100 mg, 0.295

mmoL) was then added over a period of 10-15 min and evaporated to dryness. The

solid residue was dissolved in 20 mL ofwater and applied to an 75 g ofDowex Cl‘ (40

x 2 cm) (acetate form, 200-400 mesh) column. The product was eluted using 250 mL

of water. It was then evaporated to dryness, the residue was dissolved in a 10 mL 01‘

methanol - water (7:3 v/v) and the solution was applied to a reverse phase C-18 column

(500 mm x 25 mm, Alltech, 150 psi) which was developed with the same solvent.

RAININ Rabbit-plus peristaltic pumping system was used with a DYNAMAX (model

UV-l) UV visible absorbance detector. The eluate was collected with an automatic

fraction collector. The fractions containing the final product (HPLC monitored) were

evaporated to dryness.

b-isomer (17): yield 159 mg (53%), mp 210-212" C with

decomposition, 1H NMR (MeOH-d4, 6): 0.43 (s, 3H, C-20 CH3); 1.18 (s, 4H); 1.3 (m,

13H); 1.39 (m, 131-1); 1.45 (s, 5H); 1.6 (m, 4H); 1.72 (m, 2H); 1.9 (s, 6H); 2.2 (d,

8H, BIO & Bll CH3); 2.6 (d, 12H); 2.7 (m, 3H); 2.8-3.0 (m, 8H); 3.1 (m, 3H); 3.2

(m, 2H); 3.4 (s, 1H); 3.6 (m, 2H); 3.68 (d, 1H); 3.75 (m, 1H); 3.9 (d, 1H); 4.07 (m,

1H); 4.12 (d, 1H); 4.2 (s, 1H); 4.3 (m, 1H); 4.47 (m, 1H); 4.7 (m, 1H); 6.0 (s, 1H,

C-10); 6.2 (d,1H, R1); 6.5 (3,111, B4); 7.1 (s, 1H, B2); 7.2 (s, 111, B7); MS (FAB+):

m/e 1764 (M"‘). IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV

(MeOH): 1.360 (823 746).
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Anal. Calcd. for C85H127N17015C0PS'11H20! C, 51.98; H, 7.59; N,

12.13. Found: C, 51.91; H, 7.81; N, 12.31.

e-isomer (18): yield 174 mg (58%), mp 222-224° C with

decomposition, 1H NMR (MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46

CH3); 1.22 (d, 4H, P13 CH3); 1.29 (s, 2411); 1.36 (hrs, 61!); 1.4 (s, 6H); 1.6 (m, 4H);

1.72 (m, 2H); 1.87 (s, 4H); 2.17 (m, 3H); 2.25 (s, 6H, BIO & Bll CH3); 2.36 (m,

3H); 2.55 (d, 10H); 2.64 (m, 2H); 2.8 (s, 4H); 2.97 (s, 4H); 3.1 (m, 3H); 3.3 (m,

1H); 3.4 (m, 1H); 3.58 (m, 1H); 3.65 (m, 1H); 3.75 (d, 1H); 3.9 (d, 1H); 4.0 (m,

1H); 4.1 (d, 1H); 4.16 (m, 1H); 4.3 (m, 2H); 4.48 (m, 2H); 4.6 (m, 1H); 6.0 (s, 1H,

C-10); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.0 (s, 1H, 32); 7.2 (s, 1H, B7); MS (FAB+):

m/e 1764 (1%"). IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV

(MeOH): 71.360 (824 441).

Anal. Calcd. for C85H127N17015C0PS-9H20 (13): C, 52.96; H, 7.53; N,

12.35. Found: C, 52.85; H, 7.55; N, 12.30.

d-isomer (19): yield 165 mg (55%), mp 216-218" C with decomposition,

1H NMR (MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.16 (s, 3H, C-46 CH3); 1.2 (d, 4H,

Pr; CH3); 1.28 (s, 15H); 1.35 (br s, 9H); 1.42 (s, 3H); 1.53 (m, 2H); 1.6 (m, 4H);

1.72 (m, 2H); 1.86 (s, 6H); 2.16 (m, 3H); 2.02 (m, 4H); 2.25 (d, 6H, BIO & Bll

CH3); 2.5 (d, 10H); 2.7 (d, 1H); 2.8 (m, 5H); 3.1 (m, 6H); 3.2 (m, 3H); 3.4 (m, 1H);

3.57 (m, 1H); 3.6 (d, 1H); 3.7 ((1, 11-1); 3.9 (d, 11-1); 4.0 (m, 1H); 4.11 (d, 1H); 4.17

(m, 1H); 4.3 (m, 2H); 4.4 (m, 2H); 4.6 (m, 1H); 6.0 (s, 1H, C-10); 6.3 (d, 1H, R1);

6.5 (s, 1H, B4); 7.1 (s, 1H, BZ); 7.2 (s, 1H, B7); MS (FAB+): m/e 1764 (M"'); IR

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 our]; UV (MeOH): 3.360 (829

824).

Anal. Calcd for C85H121N17016C0PS'10H20: C, 52.46; H, 7.56; N,

12.24. Found: C, 52.27; H, 7.56; N, 12.34.

W

CYANOCOBALAMIN MODIFIED 0N RIBOSE:

SUCCINATE-DIAMINODODECANE-BIOTIN CONJUGATE (20)

This example serves to demonstrate the conjugation of the ribose-linked

diaminododeeane adduct (13) with biotin to produce a cyanocobalamin biotin conjugate

(20).

To a solution of (11) (300 mg, 0.183 mmoL) in DMF (35 mL),

triethylamine (0.025 mL, 0.183 mmoL) was added. N-hydroxysuccinimidobiotin (100
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mg, 0.295 mmoL) was added over a period of 10-15 min. and then evaporated to

dryness. The solid residue was dissolved in 20 mL ofwater and adjusted to pH 10 with

1N NaOH and applied to an 75 g Dowex Cl' (40 x 2 cm) (200-400 mesh) column. The

water fi'aetion was discarded. The product was then eluted with 0.1N mom: and was

desalted by phenol extraction. The residue was dissolved in a 10 mL of methanol -

water (7:3 v/v) and the solution was applied to a reverse phase column (octadecyl)

which was developed with the same solvent. The fractions containing the final product

(20) (HPLC monitored) were evaporated to dryness. Yield 135 mg (45 %), mp 198-205

° C with decomposition.

1H NMR (MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.15 (s, 3H); 1.2 (d,

3H); 1.3 (s, 27H); 1.36 (m, 6H); 1.4 (m, 3H); 1.6 (m, 41-1); 1.7 (m, 2H); 1.85 (m,

12H); 2.0 (d, 3H); 2.17 (m, 3H); 22 (IL 6H); 2.3 (d, 6H); 2.5 (d, 10H); 2.64 (m,

2H); 2.8 (m, 10H); 3.1 (m, 6H); 3.25 (m, 6H); 3.58 (m, 2H); 4.0 (m, 1H); 4.1 (m,

1H); 4.16 (m, 1H); 4.4 (m, 1H); 4.6 (s, 2H); 4.7 (m, 11-1); 6.0 (s, 1H); 6.2 (d, 1H);

6.5 (s, 1H); 7.1 (s, 1H); 7.2 (s, 1H). MS (FAB+): m/e 1866 (M“'). IR (KBr): 3400,

3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l. UV (MeOH): 2.360 (628 434).

EXAMINER

SYNTHESIS OF A CYANOCOBALAMlN/LYSOSOMOTROPIC COMPOUND

(Smnomcm) RECEPTOR MODULATING AGENT

This example demonstrates coupling of streptomycin to a

cyanocobalamin or cobaiamin derivative. Streptomycin (21) is conjugated with

cyanocobalamin monocarboxYlate (2, 3, 4) or a diaminoalkylsuccinate derivative (14,

15, 16) through the use of an oxime coupled linking moiety (Figure 13). The linking

group, ((3-aminopropyl)aminoxy)acetamide (22) is prepared by reaction of the N-

hydroxysuccinimidyl ester of 1,1-dimethylethoxycarbonyl-aminooxyacetic acid (23) (.1,

MecLChem, 16:1255-126, 1993) with an excess of diaminopropane in anhydrous THF.

The linking group is separated from other compounds in the reaction mixture by

preparative chromatography. The linker (l g) is then mixed with streptomycin (0.5g) in

10 mL of H20 containing sodium acetate. The aqueous solution is warmed in a H20

bath for 10 minutes to yield a crude streptomycin-linker adduct (25) which may be

purified by chromatography on acid washed aluminaW6821460,

1946). The aqueous solution containing the streptomycin linker adduct (0.15 mmol) is

mixed with an aqueous solution of activated cyanocobalamin (2, 3, 4) (01. mmol) and

EDC (0.5 me!) is added. The reaction mixture is stirred at room temperature for 24
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hours, then run over a reversed-phase preparative chromatography column for

purification of the cyanocobalamin—streptomycin receptor modulating agent (26).

Email

SYNTHESIS OF A CYANOCOBALAMlN/LYSOSOMOTROPIC

COMPOUND (ACRIDINE) RECEPTOR MODULATING AGENT

This example demonstrates the coupling of the vitamin B12 to acridine.

Chloroquine, quinacrine and acridine are lysosomotropic dyes which are relatively non-

toxic and concentrated as much as several hundred fold in lysosomes. Acridine

derivatives may be covalently attached to a targeting moiety (such as cyanocobalamin)

by the reaction scheme illustrated in Figure 14, method A, or similarly as described in

method B. Both reaction schemes produce a cyanocobalamin-acridine conjugate.

Method A: A diamine side chain is first synthesized in a manner

analogous to the side chain of quinacrine. Specifically, mono-phthaloyl protected 1,4-

diaminobutane (27) is reacted with 6,9-dichloro-2-methoxyacridine (28) in phenol (l.

WW4, 1944). The reaction mixture is then poured into an

excess of 2 N NaOH and extracted with ether. The ether extract is washed with l M

NaHCO3, then H20, and dried over MgSO4. The crude product is recrystallized from

H20-alcohol. The phthaloyl protecting group is removed using anhydrous hydrazine in

MeOH (Discriminant: Chem. 2:435-440, 1991) to yield the aminoacridine, (29).

Aminoacridine (29) is then conjugated with vitamin Bu monocarboxylic acid (2, 3, 4)

to yield a cyanocobalamin-acridine conjugate (30).

Method. B: Acridine derivative (31) (0.098 mmol, 0.045 g) was

dissolved in 0.5 mL of trifluoroacetic acid. This solution was stirred at room

temperature for 0.5 h. TFA was removed by aspirator vacuum. The residue was

dissolved in 5 mL of aeetonitrile and was neutralized by few drops of triethylamine.

Acetonitrile was then removed by aspirator vacuum. The residue was dissolved in

DMSO (10 mL) and cyanocobalamin carboxylic acid-diaminododecane-succinyl

derivative (15, 16, 17) (0.098 mmol, 134 mg) was added followed by triethylamine (12

uL). The reaction mixture was then stirred at room temperature for 24 h. (HPLC

monitored), and evaporated to dryness. The residue was digested with 100 mL of

acetone and the solvent was decanted yielding a cyanocobalamin—acridine conjugate

(32). Yield: 120 mg (62%). mp 182-188 °C.

1H NMR (MeOH-d4, 8): 0.43 (s, 3H, C-20 CH3); 1.17 (s, 4H, C-46

CH3); 1.23 (d, 4H, Prg CH3); 1.29 (s, 24H); 1.36 (br s, 6H); 1.4 (s, 6H); 1.65 (m,
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2H); 1.87 (s, 4H); 2.05 (m, 2H); 2.25 (s,6H,BlO&Bll CH3); 2.35(m, 3H); 2.4 (d,

5H); 2.44 (d, 2H); 2.55 (d, 10H); 2.64(s, 5H); 2.8-2.9(m, 8H); 3.1-3.15 (m, 6H);

3.3 (s, 6H); 3.4 (m, 1H); 3.65 (m, 21-1); 3.75 (d, 1H); 3.9 (d, 1H); 3.98 (3,214); 4.0

(m, 2H); 4.1 (d, 1H); 4.l6(m, 1H); 4.3 (m, 1H); 4.48 (m, 1H); 4.6 (m, 2H); 6.0 (s,

1H, 010); 6.3 (d, 1H, R1); 6.5 (s, 1H, B4); 7.1 (s, 1H, 32); 7.2 (s, 1H, B7); 7.3 (t,

1H); 7.4 (dd, 1H); 7.6 (dd, 1H); 7.7 (2dd, 2H); 7.8 (d, 1H); 7.9 (d, 1H); 8.4 (d, 11-1).

W

SYNTHESIS OF A CYANOCOBALAMIN/LYSOSOMOTROPIC

COMPOUND (AMIKACIN) RECEPTOR Monumrmc AGENT

This example demonstrates conjugation of amikacin to a

cyanocobalamin molecule to form a cyanocobalamin—amikacin conjugate. A reaction

scheme for the conjugation is depicted in Figure 12. As noted above, chemical moieties

that are retained subcellularly within lysosomes are termed lysosomotropic.

Aminoglycosides are lysosomotropic compounds, and thus may be used as rerouting

moieties of this invention. The primary long chain amine on the hydroxyaminobutyn'c

acid side chain of the aminoglycoside, amikacin (see Figure 3), is preferentially

reactive. Specifically, amikacin (33) (Sigma Chemical Co., St. Louis), is reacted with a

vitamin B12 monocarboxylate (2, 3, 4) in the presence of BBC. A cyanocobalamin-

amikacin conjugate (34) is then separated and purified by reverse-phase LC

chromatography under conditions noted above.

Exammn

CYANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE

CONJUGATE DIMER: ISOPHTEALOYL DICELORIDE CROSS-LINKING

This example demonstrates the production of a cyanocobalamin dimer

suitable for use as a cross-linking receptor modulating agent. Cross-linking of receptors

in some receptor systems is sufficient to cause a rerouting of cell surface receptors to

lysosomes for degradation, rather than their normal pathway of receptor recycling.

To a solution of cyanocobalamin monocarboxylic acid diaminododecane

conjugate (8, 9, 10) (0.192 mmol, 0.300 g) in DMF (30 mL), was added triethylamine

(18 uL). Isophthaloyl dichloride (35) (0.096 mmol, 0.0195 g) was added over a period

of 10-15 min. The reaction mixture was stirred at 55-60°C for 48 h (HIPLC monitored)

and evaporated to dryness. The solid residue was dissolved in 20 mL of methanol :
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H20 (7:3) and applied to a reverse phase C-18 column (500 mm x 25 mm, Alltech, 150

psi) which was developed with the same solvent. RAININ Rabbit-plus peristaltic

pumping system was used with a DYNAMAX (model UV-l) UV visible absorbence

detector; the elute was collected with an automatic fraction collector. The fi'actions

containing the final product (HPLC monitored) were evaporated to dryness.

b-acid dimer (36): yield 96 mg (30%), mp 217-220° C with

decomposition, 1H NMR (D20, 8) 0.43 (s, 6H, C-20 CH3); 1.18 (s, 8H); 1.3 (m,

36H); 1.37 (111, 121-1); 1.46 (5, 101-1); 1.6 (m, 8H); 1.9 (d, 12H); 2.05 (m, 10H); 2.2

(d, 16H, BlO & B11 CH3); 2.35 (m, 8H); 2.6 (d, 18H); 2.8-3.0 (m, 16H); 3.15 (m,

6H); 3.3 (s, 8H); 3.37 (m, 14H); 3.6 (m, 4H); 3.76 (m, 2H); 3.9 (d, 2H); 4.07 (m,

2H); 4.12 (m, 2H); 4.18 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.6 (s, 2H); 4.68 (m,

2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (s,2H, 234); 7.1 (s, 2H, 2B2); 7.25 (s,

2H, 2B7); 7.54 (t, 1H); 7.95 (d, 2H); 8.25 (s, 1H); MS (FAB+): m/e 3208. IR (KBr):

3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm"; UV: B60 (842 380).

e-acid dimer (37): yield 121 mg (38%), mp 220-222° C with

decomposition, 1H NMR (D20, 8) 0.43 (s, 6H, C-20 CH3); 1.17 (s, 8H); 1.22 (d,

13H); 1.29 (s, 45H); 1.36 (d, 2211); 1.44 (s, 10H); 1.6 (m, 8H); 1.87 (s, 8H); 2.04

(m, 10H); 2.25 (5, 121-1, 310 & B11 CH3); 2.36 (m, 8H); 2.55 (d, 201-1); 2.8 (m, 8H);

3.15 (m, 8H); 3.29 (s, 10H); 3.36 (m, 14H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H);

4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.6 (s, 2H);

4.66 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (s,2H, 234); 7.1 (s, 2H, 2B2);

7.25 (s, 2H, 2B7); 7.54 (t, 1H); 7.93 (d, 2H); 8.25 (s, 1H); MS (FABfi: m/e 3208. IR

(KBr): 3400,3200,2950, 2060,1660, 1570, 1490,1060 cm'l. UV(MeOH): 3.360 (e

33 854)

d-acid dimer (38): yield 96 mg (30%), mp 225-228° C with

decomposition, lI-I NMR (D20, 6) 0.43 (s, 6H, C-20 CH3); 1.16 (s, 8H); 1.29 (m,

36H); 1.35 (d, 12H); 1.44 (s, 10H); 1.53 (m, 6H); 1.6 (m, 8H); 1.85 (s, 12H); 2.03

(m, 8H); 2.25 (d, 12H, B10 & B11 CH3); 2.33 (m, 8H); 2.54 (d, 20H); 2.8 (m, 8H);

3.13 (m, 8H); 3.28 (s, 12H); 3.35 (m, 12H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H);

4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.64 (m, 2H);

4.7 (5, 21-1); 6.0 (s, 21-], 2C-10); 6.26 (d,2H, 2R1); 6.6 (5,211, 2B4); 7.1 (s, 2H, 2B2);

7.25 (5, 21-1, 237); 7.54 (t, 1H); 7.93 (d, 2H); 8.25 (s, 1H); MS (FAB+): m/e 3208. IR

(KBr): 3400, 3200,2950,2060,1660,1570,1490,1060 cm'l UV(MeOH): 7.360 (s

31 747).
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Exam

CYANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE

CONJUGATE DIMER: ETAC CROSS-LINKING

This example serves to illustrate synthesis of a bivalent receptor

modulating agent using a heterotrifunctional cross-linker. The reaction scheme for this

synthesis is depicted in Figure 15. The heterotrifunctional cross-linker is formed an

ETAC reagent Wm. 1:36-50, 1990;W1:51-59,

1990;W191:3097-3110, 1979). Bivalency, in addition to enhancing

affinity of binding, also imparts the ability to cross-link neighboring receptors and

trigger endocytosis. The bivalent "arms" of the agent may be lengthened with peptide

or other linking molecules to enable simultaneous binding of both "arms". In the case

of vitamin B]: this may be assessed by gel filtration. If the linkers allow simultaneous

interaction, there will be 2 moles of TcII for every mole of ETAC dimer present in a

single peak of 80,000 m.w. (versus 40,000 m.w. of monomeric TcII). Simultaneous

binding of 2 moles of TcII will then have the potential for bivalent binding to cell

surface receptor. This can be tested by comparing the afl'mity of monomer and dimer

binding to receptor. While the bivalent agent can be synthesized to include any

rerouting moiety of this invention which enhances lysosomal targeting and retention,

the compound tyramine, usefiil for radio-labeling is disclosed for the purpose of

illustration.

Referring to Figure 15, carboxy-ETAC (39) is prepared by the method of

Liberatore et a1. (Bimmugatflhem. 1:1990). The carboxy-ETAC is converted to its

acid chloride by reaction in thionyl chloride. Addition of amine (40) gives the amine-

ETAC adduct (41). Reaction of amine-ETAC (1 mmol) in CH3CN with l M aqueous

cysteamine (10 mmol) is conducted by stirring at room temperature for 24 h. This

compound is reduced with NaCNBH3 under acidic conditions. The crude amine-

ETAC-cysteamine adduct (42) is purified by reverse-phase LC, using conditions noted

above. A vitamin B12 monocarboxylate (2, 3, 4) is conjugated with tyramine-ETAC-

cysteamine compound by reaction with EDC in H20. The resultant vitamin B12-

ETAC-tyramine dimer (43) is purified by reverse phase LC, using conditions described

above.
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EXAMELEJS

CYANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE

CONJUGATES DIMER: Isormmn: CROSS-LINKING wml BIOTIN Mom'rv

This example illustrates the synthesis of a bivalent receptor modulafing

agent which is additionally coupled to a biotin moiety (44). Further modification can

be obtained by coupling of this molecule with an avidin or streptavidin moiety.

ReagtimLSij; Biotin (12.3 mol, 3 g) was dissolved in warm (bath

temperature 70°C) DMF (60 mL) under argon atmosphere. It was then cool to ambient

temperature and DCC (13.5 mmol, 2.79 g) was added, followed by tetrafluorophenol

(24.6 mmol, 4.08g). The reaction mixture was then cooled to 0°C and stirred for 0.5 h.

It was then brought back to ambient temperature and stirred for another 4—5 h. The

reaction mixture was filtered and the filtrate was evaporated to dryness. The precipitate

was washed with acetonitrile (50 mL) and was filtered to yield 5 g (98%) of white solid

(45).

1H NMR (DMSO, 5): 1.4 (m, 2H); 1.7 (m, 2H); 2.5 (t, 2H); 2.8 (t,

2H); 3.1 (m, 1H); 4.1 (m, 1H); 4.3 (m, 1H); 6.4 (d, 2H); 7.9 (m, 1H).

ReactioLSrerLB; 6-Aminocaproic acid (46) (7.5 mmol, 0.99g) was

dissolved in H20 (75 mL). Triethylamine (0.5 mL) was added followed by a solution

of TFP ester of Biotin (5 mmol, 1.96 g) in warm acetonitrile (300 mL). The reaction
was stirred overnight at room temperature. It was then filtered, washed with H20 (50

mL) and dried on high vacuum. Yield: 0.870 g (47%). The filuate was evaporated to

dryness. The residue was taken in boiling acetonitrile (75 mL) and was filtered,

washed with hot acetonitrile. The solid (47) was dried on high vacuum to give 0.6 g,

for a total yield of 1.47 g (79%).

1H NMR (DMSO-d6, 6): 1.2-1.6 (m, 8H); 2.0 (t, 2H); 2.2 (t, 2H); 2.5

(dd, 2H); 2.8 (dd, 2H); 3.1 (m, 3H); 4.1 (m, 1H); 4.3 (m, 1H); 6.4 (d, 2H); 7.7 (m,

1H).

W Biotin conjugated caproic acid (47) (2.68 mo], 1 g)

was dissolved in DMSO (50 mL). Triethylamine (0.4 mL) was added followed by TFP

acetate (4.02 mmol, 1.05 g). The reaction mixture was then stirred at room temperature

for 15-20 min (HPLC monitored). It was then evaporated to dryness. The residue was

washed with ether and dichloromethane and dried on high vacuum (48). Yield: 1.24 g

(89%).
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1H NMR (DMSO-ds, 8): 1.2 (t, 2H); 1.3-1.7 (m, 5H); 2.1 (t, 2H); 2.6

(dd; 2H); 2-8 ( m, 4H); 3,1 (m. 4H); 4.2 (m, 1H); 4.4 (m. 1H); 6.4 (d. 2H); 7.8 (L

11-1); 8.0 (m, 11-1).

WTFP ester ofBiotin-caproic acid (48) (0.67 mmol, 0.35

g) was dissolved in DMF (40 mL). Triethylamine (80 uL) was added followed by

aminoisophthalic acid (1.005 mmol, 0.182 g). The reaction was stirred at room temp.

for 8 days (HPLC monitored) while adding triethylamine (80 1.1L) every after 24 h. It

was then evaporated to dryness. The residue was then applied to a column of silica and

was initially eluted with acetonitrile (450 mL). It was then eluted with methanol, 20

mL of fractions were collected, at the fraction 2 the solvent was changed to DMF. The

fractions containing the final product (HPLC monitored) were evaporated to dryness

(49) to yield 230 mg (65%).

1H NMR (DMSO-dg, 5): 1.3-1.7 (m, 8H); 2.1 (t, 2H); 2.3 (t, 2H); 2.6

(m. 2H); 2-8 (m. 2H); 3.1 (m, 3H); 4-1 (m. 1H); 4-3 (m, 1H); 6-4 (d. 2H); 7.8 (t.

1H); 8.1 (m, 1H); 8.46 (s, 2H).

WBiotin-caproic acid-isophthalic acid (49) (0.376 mmol,

200 mg) was dissolved in DMF (30 mL) under argon atmosphere. TFP acetate (0.94

mmol, 241 mg) was added by double ended needle, followed by triethylamine (112

uL). The reaction was then stirred at room temp. for 24 h (HPLC monitored). It was

then evaporated to dryness. The light brownish oil was taken in ether, solid was filtered

and was washed with ether (50 mL) (50) to yield 250 mg (86%).

1H NMR (DMSO-dg, 6): 1.3-1.7 (m, 8H); 2.1 (t, 2H); 2.3 (t, 2H); 2.6

(m, 2H); 2.8 (m, 21-1); 3.1 (m, 3H); 4.2 (m, 1H); 4.4 (m, 1H); 6.4 (d, 2H); 7.8 (t,

1H); 8.1 (m, 21-1); 8.57 (s, 1H); 8.9 (s, 21-1).

W In a solution of cyanocobalamin carboxylic acid -

diaminododecane conjugate (8, 9, 10) (0.130 mmol, 0.2 g) in a mixture of DMF : H20

(3:1) (40 mL) triethylamine (12 uL) was added. DiTFP ester of biotin-caproic acid-

isophthalic acid (50) (0.065 mmol, 0.050 g) was added over a period of 5-10 min. The

reaction mixture was stirred at room temperature for 3 h (HPLC monitored). It was

then evaporated to dryness. The residue was digested with 100 mL of acetone and the

solvent was decanted to yield 230 mg (62%) (51). mp 195-198°C with decomposition.
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Exammjfi

CYANOCOBALAMIN MONOCARBOXYLIC ACID DIAMINODODECANE CONJUGATE

DIMER: Isorn'mm'm CROSS-LINKING wrm PARA-IODOBENZOYL Moran

This is an example ofa bivalent receptor modulating agent which is also

conjugated to apara-iodobenzoyl moiety.

W: A 5g (28 mmol) quantity of 5-aminoisophthalic acid

(52) was dissolvedin 30 mL 1N NaOH and placedin an ice/water bath. To the cold

solution was added 7.5g (28 mmol) 4-iodobenzoy1 chloride (52) in 60 mL of

acetonitrile, dropwise. The thick white precipitate was then stirred for 10 minutes

before removing the ice/water bath and allowing the mixttn-e to stir an additional 10

minutes. The reaction mixture was adjusted to pH 4 with acetic acid and the resulting

solid collected. This solid was then dissolved in 30 mL 1N NaOH and washed with

ether (2 x 50 mL). The resulting aqueous solution was filtered and acidified to pH 4

with acetic acid. The white precipitate was the collected and dried on high vacuum to

yield .6 g (99+% ) of (54). mp >300 0C; IR (Nujol, cm'l) 3570(m), 3300(m), 1645,

1580(m), 1525(m), 760(m); 1H NMR (DMSO'd6, 8), 8.51 (2H, d, J = 0.7 Hz), 8.27

(1H, s), 7.94(2H,d,J=4.21-Iz), 7.,84(2H d,J= 4.1 Hz).

W: A 58 (12-2 mmol) quantity of 5-[N-

iodobenzoyl)amino]—isophthalic acid (54) was suspendedin 100 mL anhydrous ethyl

acetate. To this was added 12.5g (73 mmol) 2,3,5,6-tetrafluorophenol (55) followed by

5g (24.2 mmol) 1,3-dicyclohexylcarbodiimide. This suspension was then stirred at

room temperature for 3 days before filtering off the solid and washing with an

additional 20 mL of ethyl acetate. The filtrate was then evaporated to dryness. The

resulting sticky white solid was suspended in 50 mL acetonitrile and stirred for 30

minutes. Filtering yielded 3.75g of white solid (43%) (56). mp 250-251 0C; IR

(Nujol, cm-l) 3220(m), 3060(m), 1750, 1655, 1520, 1485, 1330, 1195, 1110, 1085,

955(m), 945(m); 1H NMR (DMSO-d6, 5), 9.06 (2H, d,J- 0.7 Hz), 8.57 (1H, t, J= 1.4

Hz), 8.04(2H, m), 7.,94(2H d,J= 4.2Hz), 7.81 (2H,d,J= 4.3.Hz)

W: To a solution of cyanocobalamin carboxylie acid -

diaminododecane conjugate (56) (0.192 mmol, 0.3 g)'m a mixture of DMF'. H20 (3:1)

(40 mL) was added triethylamine (0.018 mL). To this solution, DiTFP ester of 5-[N-(p-

Iodobenzoyl)amino]-Isophthalic acid (57)(0.096 mmol, 0.068 g) was added over a

period of 5-10 min. The reaction mixture was stirred at room temperature for 4-5 h

(HPLC monitored). It was then evaporated to dryness. The solid residue was dissolved

in 20 mL ofmethanol : H20 (8:2) and applied to a reverse phase C-18 column (500 mm
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x 25 mm, Alltech, 150 psi) which was developed with the same solvent. RAININ

. Rabbit-plus peristaltic pumping system was used with a DYNAMAX (model UV-l)

UV visible absorbance detector; the elute was collected with an automatic fraction

collector. The fiactions containing the final product (HPLC monitored) were

evaporated to dryness.

b-acid dimer (58): yield: 280 mg (76%), mp 230-233 °C with

decomposition, 1H NMR (DzO, 8) 0.43 (s, GB, 020 CH3); 1.19 (s, 8H); 1.3 (m,

36H); 1.37 ((1, 121-1); 1.46 (s, 10H); 1.63 (m, 8H); 1.87 (s, 12H); 2.05 (m, 10H); 2.27

(d, 16H, BIO & Bll CH3); 2.35 (m, 81-1); 2.6 (d, 18H); 2.8 (s, 8H); 3.0 (s, 10H);

3.15 (m, 8H); 3.3 (d, 8H); 3.37 (m, 14H); 3.6 (m, 2H); 3.68 (d, 2H); 3.76 (m, 2H);

3.9 (d, 2H); 4.07 (m, 2H); 4.12 (m, 2H); 4.18 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H);

4.64 (m, 4H); 6.0 (s, 2H, 2C-10); 6.26 (d, 2H, 2R1); 6.6 (s, 2H, 284); 7.1 (s, 2H,

2B2); 7.25 (s, 21-1, 2B7); 7.7 (d, 2H); 7.9 (d, 2H); 7.99 (d, 1H); 8.28 (s, 2H); MS

(FAB+): m/e 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm‘l.

UV (MeOH): 1360.6 (848 871)

e-acid dimer (59): yield: 258 mg (70%), mp 285-290 °C with

decomposition, 1H NMR (D20, 6) 0.43 (s, 6H, C-20 CH3); 1.17 (s, 8H); 1.22 (d,

13H); 1.29 (s, 45H); 1.36 (d, 22H); 1.44 (s, 10H); 1.6 (m, 8H); 1.86 (s, 12H); 2.04

(m, 10H); 2.25 (s, 12H, BIO & Bll CH3); 2.36 (m, 8H); 2.55 (d, 20H); 2.83 (m, 8H);

3.15 (m, 8H); 3.29 (s, 10H); 3.36 (m, 81-1); 3.58 (m, 2H); 3.65 (m, 2H); 3.75 (m,

2H); 3.9 (d, 2H); 4.06 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m,

21-1); 4.57 (s, 2H); 4.65 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d, 2H, 2R1); 6.5 (s, 2B,

2134); 7.1 (s, 2H, 2132); 7.25 (s,21-1, 2137); 7.7 (d, 2H); 7.89 (d, 2H); 7.98 (s, 1H);

8.26 (s, 211); MS (FAB*'): m/e 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570,

1490,1060 cm'l; UV(MeOH): 2360 (341481).

d-acid dimer (60): yield 265 mg (72%), mp 253-255 °C with

decomposition, 1H NMR (D20, 6) 0.43 (s, 6H, C-20 CH3); 1.16 (s, 8H); 1.22 (d,

12H); 1.33 (m, 36H); 1.43 (s, 10H); 1.53 (m, 6H); 1.6 (m, 8H); 1.86 (s, 12H); 2.03

(m, 8H); 2.25 (d, 12H, BIO & B11 CH3); 2.33 (m, 8H); 2.54 (d, 20H); 2.8 (s, 4H);

3.0 (s, 4H); 3.28 (s, 10H); 3.35 (m, 8H); 3.58 (m, 2H); 3.65 (m, 2H); 3.73 (m, 2H);

3.88 (d, 2H); 4.05 (m, 2H); 4.1 (m, 2H); 4.17 (m, 2H); 4.3 (111, 21-1); 4.5 (m, 2H);

4.57 (s, 2H); 4.63 (m, 21-1); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.5 (3,21-1, 2B4); 7.1

(s, 2H, 2BZ); 7.25 (s, 2H, 2B7); 7.7 (d, 2H); 7.89 (d, 2H); 7.98 (s, 1H); 8.26 (s, 2H);

MS (FAB+): m/e 3453. IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060

cm'l; UV(MeOH): 3.360 (348 245).
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W11

CYANOCOBALAMIN MONOQARBOXYLIC ACID DIAMINODODECANE

ConJUGATE DIMER: ISOPHTAHATE CROSS-LINKING wmr

PARA-(TRI-BUTYLSTANNYL)BENZOYL Moran

This is an example of a bivalent receptor modulating agent coupled to a

para-tri—N-butyl stannyl moiety.

mama; A2g(2.8mmol)quantityofthediTFP esterofS-[N-

(p-Iodobenzoylkmino]-Isophthalic acid (57) (as prepared above) was dissolvedm 20

mL dry toluene under argon. To this was added 2.8 mL ( 5.5 mmol) of bis(tributyltin)

(61) followed by 40 mg (0.04 mmol) tetrakis(triphenylphosphine)palladium (62). The

mixture was stirred at room temperature for 15 minutes before heating to 80°C for 2 h.

Since the mixture only darkened slightly over the 2 h period, an additional 40 mg of

palladium catalyst was added. Within 1 hour the mixture had turned black. After

cooling to room temperature, the toluene was removed by rotary evaporation. The

resulting black oil (containing solids), was then taken into 20 mL ethyl acetate and

dried onto 10 g silica gel (via rotoevaporation). This solid was then added to a 250 g

(40 x 3.5 cm) silica gel column and eluted initially with hexanes containing 5% acetic

acid. After 600 mL, the solvent was changed to 90/10 hexanes/ethyl acetate (containing

5% acetic acid). Fractions 14-16 were combined and dried to yield 1.5 g (62%) of

white solid (62). mp 120-123 0C;

1H NMR (CDC13, 5), 8.87 (21-1, d, J = 0.7 Hz), 8.76 (1H, t, J = 1.6 Hz),

8.38 (ll-I, s), 7.84 (2H, d, J = 4.1 Hz), 7.62 (2H, d, J= 4.1 Hz), 7.07 (2H, m), 1.55 (6H,

m), 1.36 (15H,m), 1.11 (6H,m), 0.89 (9H, t, J = 7.3 Hz); MS (FAB+) M+H patterns

calculated 870 (75.1%), 871 (52.9%), 872 (100%), 873 (41.0%), 874 (21.4%), found

870 (82.1%), 871 (55.1%), 872 (100%), 873 (42.1%), 874 (25.2%).

IR (Nujol, cm'l) 1750,1645,1520,1480(m), 1185,1100,1085.

W: In a solution of cyanocobalamin carboxylic acid -

diaminododecane conjugate (8, 9, 10) (0.065 mmol, 0.1 g)“m a mixture of DMF. H20

(3:1) (40 mL) triethylamine (0.006 mL) was added. DiTFP ester of 5-[N-(p-tributyltin

benzoyl) amino]-Isophthalic acid (63)(0.0325 mmol, 0.028 g) was added over a period

of 5—10 min. The reaction mixture was stirred at room temperature for 12-14 h (HPLC

monitored). It was then evaporated to dryness. The residue was digested with 100 mL

ofacetone and the solvent was decanted.

b-acid dimer (64): yield: 90 mg (70%), mp 208-212 °C with

decomposition, 1H NMR (D20, 6) 0.43 (s, 6H, C-20 CH3); 0.88 (t, 9H); 1.15 (t,
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121-1); 1.19 (s, 8H); 1.3 (m, 36H); 1.37 (d, 12H); 1.46 (s, 10H); 1.6 (m, 8H); 1.9 (s,

12H); 2.05 (tn, 10H); 2.28 ((1, 161-1, BIO & Bll CH3); 2.35 (m, 8H); 2.6 (d, 18H);

2.8-2.9 (m, 16H); 3.15 (m, 8H); 3.3 (s, 8H); 3.37 (m, 14H); 3.6 (m, 4H); 3.76 (m,

2H); 3.9 (d, 2H); 4.07 (m, 2H); 4.12 (m, 2H); 4.18 (m, 2H); 4.3 (m, 2H); 4.5 (m,

2H); 4.68 (m, 2H); 6.0 (s, 2H, 2010); 6.26 (d,2H, 2R1); 6.6 (s, 2H, 2B4); 7.1 (s, 2H,

2B2); 7.25 (d, 2H, 237); 7.6 (d, 2H); 7.9 (d, 2H); 7.99 (br s, 1H); 8.28 (br s, 2H); IR

(KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm“.

e-acid dimer (65): yield: 93 mg (72%), mp >300 °C, 1H NMR (D20,

6) 0.43 (s, 6H, C-20 CH3); 0.88 (t, 9H); 1.12 (t, 12H); 1.17 (d, 8H); 1.22 (d, 13H);

1.29 (s, 45H); 1.36 (d, 22H); 1.44 (s, 10H); 1.6 (m, 8H); 1.87 ((1, 121-1); 2.04 (m,

10H); 2.25 (s, 12H, B10 & 3“ CH3); 2.36 (m, 8H); 2.55 (d, 20H); 2.8 (m, 8H);

3.15 (m, 8H); 3.29 (s, 10H); 3.36 (m, 14H); 3.6 (m, 4H); 3.73 (m, 2H); 3.9 (d, 2H);

4.07 (m, 2H); 4.12 (m, 2H); 4.16 (m, 2H); 4.3 (m, 2H); 4.5 (m, 2H); 4.66 (m, 2H);

6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (5,211, 2134); 7.1 (s, 2H, 232); 7.25 (s, 2H,

2B7); 7.6 (d, 2H); 7.9 (d, 2H); 7.98 (br s, 1H); 8.28 (br s, 2H); IR (KBr): 3400, 3200,

2950, 2060, 1660, 1570, 1490, 1060 cm'l.

d-acid dimer (66): yield: 100 mg (78%), mp 202-205 °C with

decomposition, 1H NMR (D20, 8) 0.43 (s, 6H, C-20 CH3); 0.88 (t, 9H); 1.12 (t,

12H); 1.15 (s, 8H); 1.29 (m, 36H); 1.35 ((1, 121-1); 1.44 (s, 10H); 1.53 (m, 6H); 1.6

(m, 8H); 1.86 (d, 1211); 2.03 (m, 8H); 2.25 (d, 12H, B10 & B11 CH3); 2.33 (m, 8H);

2.54 (d, 20H); 2.8 (m, 8H); 3.13 (m, 8H); 3.28 (s, 10H); 3.35 (m, 10H); 3.6 (m, 4H);

3.73 (m, 2H); 3.9 (d, 2H); 4.05 (m, 2H); 4.1 (m, 2H); 4.17 (m, 2H); 4.3 (m, 21-1); 4.5

(m, 2H); 4.6 (m, 2H); 6.0 (s, 2H, 2C-10); 6.26 (d,2H, 2R1); 6.6 (5,211, 2B4); 7.1 (s,

2H, 2B2); 7.25 (s, 2H, 237); 7.6 (d, 2H); 7.9 (d, 2H); 7.98 (br 3, 11-1); 8.28 (br s,

2H); IR (KBr): 3400, 3200, 2950, 2060, 1660, 1570, 1490, 1060 cm'l.

W

EVALUATION OF THE Anmrv or VITAMIN B12 RECEPTOR

MODULATING AGENTS 1‘0 BIND TO TCII

This example serves to demonstrate a competitive binding assay suitable

for evaluating the ability of vitamin 312 receptor modulating agents to bind TcII.

Binding of the vitamin B12 derivatives to recombinant txanscobalamin H was conducted

in picomolar concentrations and the percent bound ascertained.

In this competitive binding assay, various B12 derivatives, including

vitamin BIZ receptor modulating agents, were evaluated for their ability to bind to Tell
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relative to radiolabeled Bu. Varying concentrations of each derivative were incubated

with immobilized Tell in the presence of a constant amount of radiolabeled Bu. After

incubation for 20 minutes at 37° C, the free radiolabeled B12 was separated from the

TcII bound tracer by removal of the supernatant. The radioactivity of the supernatant

solution was then measured to determine the amotmt of free radiolabeled Bu present at

the end of each competition. By measuring the amount of free radiolabeled B 12 for

each competition, the ability of each derivative to inhibit radiolabeled Bu binding was

determined. A binding curve was then be constructed for each B12 derivative where the

amount of radiolabeled 312 bound (% radiolabel bound) was correlated with the

concentration of derivative present in the original mixture. The more effective the

derivative is in binding to Tell, the lower the percent bound radiolabeled vitainin B12.

Figure 22 illustrates the binding curve of Transcobalamin H to the

cyanocobalamin monocarboxylic acids produced in Example 1. AD = Cyanocobalamin

(1); AL = Cyanocobalamin b-monocarboxylic acid (2); AM = Cyanocobalamin e-

monocarboxylic acid (3); and AN= Cyanocobalamin d-monocarboxylic acid (4). The

d-carboxylate (3) appears to bind nearly as well as cyanocobalamin. Two samples of

vitamin B12 were used, one as a known standard and the other as an unknown.

Figure 23 illustrates the binding wave of Transcobalamin II to the

cyanocobalamin diaminododecane adducts (8, 9, 10) and succinate adduct (13)

produced in Example 3 and 4 above. AH = Cyanocobalamin b-monocarboxylic acid

conj Diaminododecane (7); AI = Cyanocobalamin e-monocarboxylic acid conj

Diaminododecane (8); A1 = Cyanocobalamin d-monocarboxylic acid conj

Diaminododecane (9); AK = Cobalamin e-monocarboxylic acid conj Diaminododecane,

and AB = Cyanocobalamin Ribose-Succinate (11). The b-conjugate (17) has the least

binding, whereas the e-conjugate (18) has intermediate binding, and the d—conjugate

(l9) binds quite well. The biotin conjugate attached to the ribose site (13) appears to

bind very well, as does its precursor amino derivative (12). The additional compormd

studied is of unknown structure, but may have the amine group coordinated with the

cobalt atom as the mass spectrum indicates that it has the appropriate mass for ('7)

minus HCN. It is clear that this unknown compound is not likely to bind TcII.

Figure 24 illustrates the binding curve ofTranscobalamin II to a series of

vitamin B12 dimers. Dimer X = b-acid dimer with Isophthaloyl dichloride (36); Dimer

Y = e-acid dimer with Isophthaloyl dichloride (37); dimer Z = d-acid dimer with

Isophthaloyl dichloride (38); Dimer A= b-acid Dimer with p—Iodo benzoyl Isophthaloyl

dichloride (58); Dimer B = e-acid Dimer with p-Iodo benzoyl Isophthaloyl dichloride

(59); and Dimer C = d-acid Dimer withp-Iodo benzoyl Isophthaloyl dichloride (60).
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Figure 25 illustrates the binding curve ofTranscobalamin II to a series of

biotinylated vitamin B12 molecules. AA = Cyanocobalamin b-monocarboxylic acid

conj Diaminododecane and Biotin (17); AB = Cyanocobalamin e-monocarboxylic acid

conj Diaminododecane and Biotin (18); AC = Cyanocobalamin d-monocarboxylic acid

conj Diaminododecane and Biotin (19); AF = Cyanocobalamin Ribose-Succinate conj

Diaminododecane (l3); and AG = Cyanocobalamin Ribosc-Succinate conj.

Diaminododecane and Biotin (20).

W2

ASSAY FOR BIOLOGICAL ACTIVITY or VITAMIN B12

RECEPTOR MODULATING AGENTS

This example serves to demonstrate the use of an assay to ascertain

biological activity ofthe receptor modulating agents ofthe present invention.

Receptor down-modulation involves a comparison of treatment of a

target cell line such as K562, each sample is treated with vitamin Bu or a vitamin Bu

receptor modulating agent at 4°C for 24 hours. Following this period, cells of each

sample are separated from a vitamin B12 or a vitamin B12 receptor modulating agent by

centrifugation. The cells are then washed and resuspended in phosphate bufl‘ered saline

containing 2 mM EDTA for a brief period of time not to exceed 15 minutes at 4°C.

Then, the cells are washed again and returned to a tissue cultme medium at 4°C. The

tissue culture medium containing Tell and a radiolabeled TcII/Blz complex. The time

course of TcII/Blz binding to the cell receptor is determined by measuring the percent

radiolabel bound to the cell at 0, 15, 30, 60, 120, and 240 minutes. Those samples

exposed to the vitamin B12 receptor modulating agents of the present invention show

significantly reduced Tell/BIZ complex binding compared to cells cultured in vitamin

B12. Trypsin treated cells reveal any nonspecific binding or uptake of the labeled

vitamin 312 on or within the cell.

EXAmutzn

METHOD FOR ASSESSING BromGICAL ACTIVITY

OF A RECEPTOR MODULATING AGENT

This example serves to demonstrate a method suitable for assessing the

biological activity of a receptor modulating agent ofthe present invention.
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0.2x106 cells/ml K562 cells were cultured in RPMI medium modified by

addition of 10 M MeTHF, 2.7 nM vitamin B12 and 1% human sennn. No folate was

added. 10 pM d-diamimododecane adduct (7) was added and cultured over 9 days at

37°C. 10 pM vitamin Bu cultured under identical conditions as (7) was utilized as a

control. The cultures were then independently assessed for proliferation and cell death

by Trypan blue exclusion. The results are described in Table 10, below, in terms of the

percent cell death.

Table 10

__d—diaminododecaneadductm

Cell Death

The receptor modulating agent, in this case d-diaminododecane adduct (7), clearly

demonstrates the marked biological activity ofthe receptor modulating agent.

   
  

Exmmll

SYNTHESIS OF AN AN’I‘I-INFLAMMATORY RECEPTOR

MODULATING AGENT

The synthetic peptide f-met-leu—phe is equivalent to a bacterial cell wall

comment (31W 12:1127-9. 1991; AgentLAmiQnLfiunpl. 3523-8,

1991;W35:11-6, 1991; lemanL 116975-80, 1991). This

peptide is recognized by receptors on PMN which can respond by chemotaxis to sites of

local inflammation along a gradient of the peptide. During inflammation, receptor

expression can be dramatically increased by mobilizing receptor fiom intracellular

pools. Non-specific methods used to abrogate this tip-regulation also inhibit

chemotaxis and presumably the anti-inflammatory reaction associated with local

inflammation (.[JmmanL 155:2633-8, 1990). The synthesis of a receptor modulation

agent useful as an inhibitor of early inflammation is described below.

The peptide f—met-leu—phe-(gly)3-leu-O-Me is synthesized using tea-bag

methodology or solid phase peptide synthesis procedures described by Merrifield et al.

(3199mm 215020-31, 1982) and Houghten WW

82:5131-35, 1985), or using a commercially available automated synthesizer, such as

the Applied Biosystems 430 A peptide synthesizer. The peptide-amide is deprotected
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in 45% trifluoroacetic acid-51% methylene chloride-2% ethanedithiol-2% anisole for

20 minutes, and cleaved from the 4-methylbenzhydrylamine, resin using the Tam-

Merrifield low-high HF procedure (J. P. Tam et al.,W195:6442—55,

1983). The peptide is then extracted from the resin using 0.1 M ammonium acetate

buffer, pH 8, and is lyophilized. The crude peptide is pm'ified using reverse phase

HPLC on a Vydac C-4 analytical column (The Separations Group, Hesperia, Calif),

and a linear gradient of 0.5-1.0%/min. from 100% acetonitrile + 0.1%v/v

u'ifluoroacetate to 100% acetonitrile + 0.1% trifluoroacetate. The I-IPLC-purified

peptide15 analyzed by amino acid analysis (R. L. Heimiksen and S. C. Meredith, Anal.

Biochem. 1.69:-6574,1984) afier gas phase hydrolysis (N. M. Meltzer etal., Anal.

Biochem. 169:356-61,1987). The sequence of the purified peptide may be confirmed

by Edman degradation on a commercially available sequencer (R. M. Hewick et al., .1.

BigLQhem. 15:7990-8005,1981). The peptide amidelS converted to an O-methyl ester

(i.e., f-met-leu-phe-(gly)3-leu-O-Me) by treatment with dimethylformamide (5g/60 mL

with 1.3 equivalents of NaHCO3 in excess methyl iodide (4 equivalents). The mixture

is stirred under argon gas at room temperature for 40 hours. If required, the peptide is

extracted to dryness with 150 mL of ethyl acetate. The receptor for modulating agent is

used to treat PMN, activated with GM-CSF (to increase expression of MP receptors).

Loss of binding of biotinylated MP is compared on MP versus f-MLP receptor

modulating agent treated cells.

Examnnzz

SYNTHESIS OF A FUSION PROTEIN RECEPTOR Monuurrmo AGENT

An EGF receptor modulating agent containing a genetically engineered

fiision protein is hereby described. Briefly, the C-terminus of a DNA sequence

encoding EGF, or its receptor binding domain, is ligated by conventional procedures

(e.g., using T4DNA ligase) to a DNA sequence corresponding to a GGG spacer. The

C-terminus of the EGF-GGG DNA sequence is then fused to the N-terminus of a DNA

sequence encoding the conditional, membrane binding peptide KGEAALA(BALA)4-

EALEALAA. Alternately, peptide-spacer DNA sequences may be synthesized in vitro

using standard oligonucleotide synthesis procedures (see, e.g., US. Pat. Nos. 4,500,707

and 4, 668,777). The recombinant EGF peptide DNA sequence is cloned in an E. coli

expression vector using conventional procedures. E. coli strain HBlOl is transformed

with the fused recombinant DNA sequence and cultured to produce the EGF peptide.

The fusion protein is purified form the transformed E. coli culture by standard methods,
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including anti-EGF affinity chromatography. The fusion protein may be eluted from

the affinity matrix using standard techniques, such as high salt, chaotropic agents, or
high or low pH. Loss of EGF receptor is measured by flow cytometry and mouse

monoclonal antibody to EGF receptor.

From the foregoing, it will be appreciated that, although specific

embodiments of this invention have been described herein for purposes of illustration,

various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except by the appended claims.
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Claims

1. A receptor modulating agent, comprising a vitamin B12 molecule
coupled to a rerouting moiety.

2. The receptor modulating agent of claim 1 wherein said B12 molecule is

coupled to said rerouting moiety by a linker.

3. The receptor modulating agent of claim 2 wherein said linker is at least

4 atoms in length.

4. The receptor modulating agent of claim 3 wherein said linker is 6 to 20

atoms in length.

5. The receptor modulating agent of claim 4 wherein said linker is 12

atoms in length. '

6. The receptor modulating agent of claim 2 wherein said linker includes

at least one amino group.

7. The receptor modulating agent of claim 6 wherein said linker

additionally includes a group selected from the group consisting of sulfhydryls and carboxyls.

8. The receptor modulating agent of claim 6 wherein said linker is

selected from the group consisting of a diaminoalkyls, diaminoalkylaryls,

diaminoheteroalkyls, diaminoheteroalkylaryls, and diaminoalkanes.

9. The receptor modulating agent of claim 6 wherein said linker is

selected from the group consisting of -NH(CH2)x - wherein x = 2-20.

10. The receptor modulating agent of claim 6 wherein said linker is

selected from the group consisting of -NH(CH2)yCO-, wherein y = 3-12.

11. The receptor modulating agent of claim 2 wherein said linker is

coupled to said rerouting moiety through a coupling site on said vitamin Bu derivative

selected from the group consisting of b-, d— and e-. h
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12. The receptor modulating agent of claim 11 wherein said linker is

coupled through a coupling site selected from the group consisting ofd- and e- coupling sites.

13. The receptor modulating agent of claim 2 wherein said linker is

coupled to a ribose coupling site on said vitamin 312 molecule.

14. The receptor modulating agent of claim 2 wherein said linker is a

trifunctional linker.

15. The receptor modulating agent of claim 14 wherein a biotin molecule

is coupled through a reactive site on said trifunctional linker.

16. The receptor modulating agent of claim 1 wherein said rerouting

moiety is selected fiom the group consisting of lysosomotropic moieties, intracellular

polymerizing moieties, peptide sorting sequences, conditional membrane binding peptides

and bi- or multi-valent receptor cross-linking moieties membrane anchors.

17. The receptor modulating agent of claim 1 wherein said receptor

modulating agent affects a receptor trafficking pathway by redirecting an agent/receptor

complex.

18. The receptor modulating agent of claim 1 wherein said receptor

modulating agent affects a receptor trafficking pathway by cross-linking one or more

receptors.

19. The receptor modulating agent of claim 18 wherein said receptor

modulating agent is a vitamin B12 dimer.

20. The receptor modulating agent as in claim 1 wherein said receptor

modulating agent affects a receptor traficking pathway by anchoring a receptor in a cell

membrane.

21. The receptor modulating agent as in claim 1 wherein said receptor

modulating agent afi'ects a receptor trafficking pathway by retaining an agent/receptor

complex in an endosome.
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22. The receptor modulating agent as in claim 1 wherein said rerouting.

moiety is a lysosomou'opic moiety selected from the group consisting of gentamycin,

sisomicin, netilmicin, kanamycin, tobramycin, amikacin, neomycin, pammomycin

ribostamycin bufirosin, and streptomycin.

23. The receptor modulating agent as in claim 1 wherein said rerouting

moiety is an intracellular polymerizing moiety selected from the group consisting of

dipeptide esters and leucine zippers.

24. The receptor modulating agent as in claim 1 wherein said rerouting

moiety is a peptide sorting sequence selected from the group consisting of endoplasmic

reticulum retention peptides, golgi retention peptides, lysosomal retention peptides, organism

specific retention peptides and clathrin-binding peptides.

25. The receptor modulating agent as in claim 1 wherein said rerouting

moiety is a conditional membrane binding peptide selected from the group consisting of

charged glutamate, aspartate, and histidine.

26. A vitamin B12 dimer comprising a first and a second vitamin Bu

molecule coupled through a coupling site independently selected from the group consisting of

coupling sites a-g, coupling site h, and coupling site i.

27. The dimer of claim 26 wherein said first and second vitamin Bu

molecules are coupled through a coupling site independently selected from the group

consisting ofdo and e- coupling sites on said first and said second vitamin B12 molecule.

28. The dimer ofclaim 26 wherein at least one of said first and said second

vitamin 312 molecules is a vitamin Bu derivative.

29. The dimer of claim 26 wherein said first and second B12 molecules are

coupled through at least one linker.

30. The dimer of claim 29 wherein said linker is at least 4 atoms in length.
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31. The dimer of claim 30 wherein said linker is about 10 to 55 atoms in

length. _

32. The dimer of claim 31 wherein said linker is 35 to 45 atoms in length.

33. The dimer of claim 29 wherein said linker includes at least one amino

STOUT"

34. The dimer of claim 33 wherein said linker additionally includes a

group selected from the group consisting of sulfliydryls and carboxyls.

35. The dimer of claim 33 wherein said linker is selected from the group

consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls,

diaminoheteroalkylaryls, and diaminoalkanes.

36. The dimer of claim 33 wherein said linker is selected from the group

consisting of -NH(CH2)x - wherein x = 2-20.

37. The dimer of claim 33 wherein said linker is selected from the group

consisting of -NH(CH2)yCO-, wherein y = 3-12.

38. The dimer ofclaim 29 wherein said linker is a trifimctional linker.

39. A method for modulating a vitamin Bu receptor, comprising

administering an effective amount of a receptor modulating agent to a warm-blooded animal

such that a vitamin B12 receptor is modulated, said receptor modulating agent comprising a

vitamin B12 molecule coupled to a rerouting moiety.

40. The method of claim 39 wherein said B12 molecule is coupled to said

rerouting moiety by a linker.

41. The method of claim 40 wherein said linker is at least 4 atoms in

length.

42. The method of claim 41 wherein said linker is 6 to 20 atoms in length.
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43. The method ofclaim 42 wherein said linker is 12 atoms in length.

44. The method of claim 40 wherein said linker includes at least one

amino group.

45. The method of claim 44 wherein said linker additionally includes a

group selected fi'om the group consisting of sulfliydryls and carboxyls.

46. The method of claim 44 wherein said linker is selected from the group

consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls,

diaminoheteroalkylaryls, and diaminoalkanes.

47. The method of claim 44 wherein said linker is selected from the group

consisting of -NH(CH2)xNH- wherein x = 2-20.

48. The method of claim 44 wherein said linker is selected from the group

consisting of -NH(CH2)yCO-, wherein y = 3-12.

49. The method of claim 40 wherein said linker is coupled to said

rerouting moiety through a coupling site on said vitamin B12 derivative selected from the

group consisting of b-, d- and e-.

50. The method of claim 49 wherein said linker is coupled through a

coupling site selected from the group consisting ofd- and e- coupling sites.

51. The method of claim 40 wherein said linker is coupled to a ribose

coupling site on said vitamin B12 molecule.

52. The method ofclaim 40 wherein said linker is a trifunctional linker.

53. The method of claim 39 wherein said rerouting moiety is selected from

the group consisting of lysosomotropic moieties, intracellular polymerizing moieties, peptide

sorting sequences, conditional membrane binding peptides and bi- or multi—valent receptor

cross-linking moieties membrane anchors.
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54. The method of claim 39 wherein said receptor modulating agent afi‘ects

a receptor trafficking pathway by redirecting an agent/receptor complex.

55. The method ofclaim 39 wherein said receptor modulating agent affects

a receptor trafficldng pathway by cross-linking one or more receptors.

56. The method of claim 55 wherein said receptor modulating agent is a

vitamin B12 dimer.

57. The method ofclaim 39 wherein said receptor modulating agent affects

a receptor trafficking pathway by anchoring a receptor in a cell membrane.

58. The method of claim 39 wherein said receptor modulating agent afi'ects

a receptor trafficking pathway by retaining an agent/receptor complex in an endosome.

59. The method of claim 39 wherein said rerouting moiety is a

lysosomotropic moiety selected from the group consisting of gentamycin, sisomicin,

netilmicin, kanamycin, tobramycin, amikacin, neomycin, paromomycin ribostamycin

butirosin, and streptomycin.

60. The method of claim 39 wherein said rerouting moiety is an

intracellular polymerizing moiety selected fiom the group consisting of dipeptide esters and

leucine zippers.

61. The method of claim 39 wherein said rerouting moiety is a peptide

sorting sequence selected from the group consisting of endoplasmic reticulum retention

peptides, golgi retention peptides, lysosomal retention peptides, organism specific retention

peptides and clathrin-binding peptides.

62. The method of claim 52 wherein said rerouting moiety is a conditional

membrane binding peptide selected fi'om the group consisting of charged glutamate,

aspartate, and histidine.

63. The method of claim 56 wherein said vitamin 312 dimer is comprised

of a first and a second vitamin B12 molecule coupled through a coupling site independently

selected from the group consisting ofcoupling sites a-g, coupling site b, and coupling site i.
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64. The method of claim 63 wherein said first and second vitamin B12

molecules are coupled through a coupling site independently selected fi'om the group

consisting ofd- and e- coupling sites on said first and said second vitamin 1312 molecule.

65. The method of claim 63 wherein at least one of said first and said

second vitamin B12 molecules is a vitamin B12 derivative.

66. The method of claim 65 wherein said first and second B12 molecules

are coupled through at least one linker.

67. The method of claim 66 wherein said linker is at least 4 atoms in

length.

68. The method of claim 67 wherein said linker is about 10 to 55 atoms in

length.

69. The method of claim 68 wherein said linker is 35 to 45 atoms in

length.

70. The dimer of claim 66 wherein said linker includes at least one amino

group.

71. The dimer of claim 70 wherein said linker additionally includes a

group selected from the group consisting of sulthydryls and carboxyls.

72. The dimer of claim 70 wherein said linker is selected from the group

consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls,

diaminoheteroaikylaryls, and diaminoalkanes.

73. The dimer of claim 70 wherein said linker is selected from the group

consisting of -NH(CH2)XNH— wherein x = 2-20.

74. The dimer of claim 70 wherein said linker is selected from the group

consisting of -NH(CH2)yC0-, wherein y = 3-12.
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75. The dimer of claim 66 wherein said linker is a trifunctional linker.

76. The method of claim 75 wherein a reactive site on said triftmctional

linker is coupled to a biotin molecule.

77. The method ofclaim 39 wherein said vitamin Bl; receptor modulation

is suflicient to treat a neoplastic disorder.

78. The method of claim 77 wherein said neoplastic disorder is selected

fi'om the group consisting of leukemia, sarcoma, myeloma, carcinoma, neuroma, melanoma,

cancers of the lung, liver, breast, brain, colon, cervix, prostrate, Hodgkin's disease, and non-

Hodgkin's lymphoma.

79. A method for regulating a biological response associated with a cell

surface receptor, comprising administering an effective amount of a receptor modulating

agent to a warm-blooded animal such that a biological response is regulated.

80. A vitamin B12 derivative comprising a vitamin B12 molecule coupled

to a biotin molecule.

81. The vitamin B12 derivative of claim 80 wherein said vitamin Bu

molecule is cyanocobalamin.

82. The vitamin Bu derivative of claim 80 wherein said vitamin B12

molecule is coupled to said biotin molecule by a linker.

83. The vitamin Bu derivative of claim 82 wherein said linker is at least 4

atoms in length.

84. The vitamin B12 derivative of claim 83 wherein said linker is 6 to 20

atoms in length.

85. The vitamin Bu derivative ofclaim 84 wherein said linker is 12 atoms

in length.
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86. The vitamin B12 derivative of claim 82 wherein said linker includes at

least one amino group.

87. The vitamin Bu derivative of claim 86 wherein said linker

additionally includes a group selected from the group consisting of sulfliydryls and carboxyls.

88. The vitamin B]; derivative of claim 86 wherein said linker is selected

from the group consisting of a diaminoalkyls, diaminoalkylaryls, diaminoheteroalkyls,

diaminoheteroalkylaryls, and diaminoalkanes.

89. The vitamin B12 derivative of claim 86 wherein said linker is selected

from the group consisting of -NH(CH2)xNH- wherein x = 2-20.

90. The vitamin 312 derivative of claim 87 wherein said linker is selected

from the group consisting of -NH(CH2)yCO-, wherein y = 3-12.

91. The vitamin B12 derivative of claim 82 wherein said linker is coupled

to said rerouting moiety through a coupling site on said vitamin B12 derivative selected from

the group consisting of b-, d- and e-.

92. The vitamin Bu derivative of claim 91 wherein said linker is coupled

through a coupling site selected from the group consisting of d- and e- coupling sites on said

vitamin B12 molecule.

93. The vitamin 312 derivative of claim 82 wherein said linker is coupled

to a ribose coupling site on said vitamin B12 molecule.

' 94. The receptor modulating agent of claim 82 wherein said linker is a
triflmctional linker.

95. The vitamin B12 derivative of claim 80 wherein said biotin is

additionally coupled to a rerouting moiety.

96. The vitamin 312 derivative of claim 95 wherein said biotin is coupled

to said rerouting moiety by a biotin binding protein.
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97. The vitamin B12 derivative of claim 96 wherein said biotin binding

protein is selected from the group consisting ofavidin and streptavidin.

98. A complex comprising a vitamin B12 derivative according any one of

claims 80 to 97 bound to a transcobalamin II.

99. A kit for determining the presence or amount of transcobalarnin in a

sample using a vitamin 812 derivative according to any one ofclaims 80 to 97.

100. A pharmaceutical composition, comprising a vitamin Bu derivative

according to any one ofclaims 80 to 97 and a suitable pharmaceutical carrier or diluent.

101. A receptor modulating agent, comprising a targeting moiety coupled to

a rerouting moiety.

102. The receptor modulating agent as in claim 101 wherein said rerouting

moiety is selected from the group consisting of lysosomotropic moieties, intracellular

polymerizing moieties, peptide sorting sequences, conditional membrane binding peptides

and bi- or multi-valent receptor cross-linking moieties.

103. The receptor modulating agent as in claim 101 wherein said targeting

moiety is selected from the group consisting of proteins, peptides, and nonproteinacious

molecules.

104. The receptor modulating agent as in claim 101 wherein the receptor

modulating agent affects a receptor trafficking pathway by redirecting an agent/receptor

complex.

105. The receptor modulating agent as in claim 101 wherein said receptor

modulating agent affects a receptor trafiicking pathway by cross-linking one or more cell

surface receptors.

106. The receptor modulating agent as in claim 101 wherein said receptor

modulating agent afl‘ects a receptor trafficking pathway by anchoring a cell surface receptor

in a cell membrane.
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107. The receptor modulating agent as in claim 10] wherein said receptor

modulating agent afi‘ects a receptor traflicking pathway by retaining. a receptor in an
endosome.

108. The receptor modulating agent as in claim 102 wherein said

lysosomotropic moiety is selected from the group consisting of gentamycin, sisomicin,

netilmicin, kanamycin, tobramycin, amikacin, neomycin, paromomycin ribostamycin

butirosin, and streptomycin. '

109. The receptor modulating agent as in claim 102 wherein said

intracellular polymerizing moiety is selected fi'om the group consisting of dipeptide esters

and leucine zippers.

110. The receptor modulating agent as in claim 102 wherein said peptide

sorting sequence is selected from the group consisting of endoplasmic reticulum retention

peptides, golgi retention peptides, lysosomal retention peptides, organism specific retention

peptides and clathrin—binding peptides.

11]. The receptor modulating agent as in claim 102 wherein said

conditional membrane binding peptide is selected fi-om the group consisting of charged

glutamate, aspartate, and histidine.
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carried out and based on the alleged effects of the compound/
composition.

2. D Claims Noe:
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an extent thst no meeningthl inurmtionsl search can be carried out. specifically:

J. D Claims Noe:
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Office Action Summary Examiner Art Unit

KEVIN WEDDINGTON 1614 -
-- The MAILING DA TE of this communication appears on the cover sheet with the correspondence address --

Period for Reply

A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTH(S) OR THIRTY (30) DAYS,
WHICHEVER IS LONGER, FROM THE MAILING DATE OF THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event however may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.

- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).

Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).

Status

1)IXI Responsive to communication(s) filed on 04 May 2009.

2a)I:I This action is FINAL. 2b)IZI This action is non-final.

3)I:I Since this application is in condition for allowance except for formal matters, prosecution as to the merits is

closed in accordance with the practice under EX parte Quayle, 1935 CD. 11, 453 O.G. 213.

Disposition of Claims

4)IZI Claim(s) 40-52 is/are pending in the application.

4a) Of the above Claim(s) is/are withdrawn from consideration.

5)I:I Claim(s)_ is/are allowed.

6)IXI Claim(s) fl is/are rejected.

7)I:I Claim(s)_ is/are objected to.

8)I:I Claim(s)_are subject to restriction and/or election requirement.

Application Papers

9)I:I The specification is objected to by the Examiner.

10)I:I The drawing(s) filed on is/are: a)I:I accepted or b)I:I objected to by the Examiner.

Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).

Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

11)I:I The oath or declaration is objected to by the Examiner. Note the attached Office Action or form PTO-152.

Priority under 35 U.S.C. § 119

12)I:I Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)—(d) or (f).

a)I:I All b)I:I Some * c)I:I None of:

Certified copies of the priority documents have been received.

Certified copies of the priority documents have been received in Application No.

Copies of the certified copies of the priority documents have been received in this National Stage

application from the International Bureau (PCT Rule 17.2(a)).

* See the attached detailed Office action for a list of the certified copies not received.

Attach ment(s)

1) D Notice of References Cited (PTO-892) 4) D Interview Summary (PTO-413)

2) D Notice of Draftsperson‘s Patent Drawing Review (PTO-948) Paper No(s)/Mai| Date._
3) IZI Information Disclosure Statement(s) (PTO/SB/08) 5) I:I Notice of Informal Patent Application

Paper No(s)/Mai| Date 5-4-09. 6) D Other:
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Claims 40-52 are presented for examination.

Applicants’ amendment, response and information disclosure statement filed May

4, 2009 have been received and entered.

Accordingly, the rejection made under 35 USC 112, first paragraph (Written

Description) as set forth in the previous Office action dated February 18, 2009 at pages

2-4 as applied to claim 45 is hereby withdrawn because the applicants amended claim

45 to recite the preferred folic-binding protein agent.

Accordingly, the rejection made under 35 USC 112, second paragraph as set

forth in the previous Office action dated February 18, 2009 at page 4 as applied to

claims 40-52 is hereby withdrawn because the applicants amended claim 40 by the

insertion of —|owering agent--.

Claim Rejections - 35 USC § 103

The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all

obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described as set
forth in section 102 of this title, if the differences between the subject matter sought to be patented and
the prior art are such that the subject matter as a whole would have been obvious at the time the
invention was made to a person having ordinary skill in the art to which said subject matter pertains.
Patentability shall not be negatived by the manner in which the invention was made.

The factual inquiries set forth in Graham v. John Deere Co., 383 U.S. 1, 148

USPQ 459 (1966), that are applied for establishing a background for determining

obviousness under 35 U.S.C. 103(a) are summarized as follows:

Determining the scope and contents of the prior art.

Ascertaining the differences between the prior art and the claims at issue.

Resolving the level of ordinary skill in the pertinent art.

Considering objective evidence present in the application indicating
obviousness or nonobviousness.

ewwe
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This application currently names joint inventors. In considering patentability of

the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of

the various claims was commonly owned at the time any inventions covered therein

were made absent any evidence to the contrary. Applicant is advised of the obligation

under 37 CFR 1.56 to point out the inventor and invention dates of each claim that was

not commonly owned at the time a later invention was made in order for the examiner to

consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g)

prior art under 35 U.S.C. 103(a).

Claims 40-52 are rejected under 35 U.S.C. 103(a) as being unpatentable over

Taylor (5,344,932) of PTO-1449 in view of Tsao et al., “Influence of Cobalamin on the

Survival of Mice Bearing Ascites Tumor”, Pathobiology, Vol. 61, No. 2, pp. 104-108

(1993) of PTO-1449, further in view of Worzalla et al., Anticancer Research, Vol. 18,

No. 5, pp. 3255-3239 of PTO-1449, and further in view of Cleare et al. (4,149,707).

Taylor teaches N-(pyrrolo(2,3-D)pyrimidin-3-ylacyl)-glutamic acid derivatives

which includes LY 2315 (pemetrexe) and LY 231514-disodium (pemetrexed disodium)

are effective an antineoplastic agents to inhibit the growth of tumors (see column 8,

lines 57-63). Note particularly column 8, lines 64-68 states that other antineoplastic

agents can be combined with LY 231514. Note particularly column 9, line 1 shows the

various modes of administration such as parenteral routes (intramuscular) and oral.

The instant invention differs from the cited reference in that the cited reference

does not teach the addition of a methylmalonic acid lowering agent. However, the



Application/Control Number: 11/776,329 Page 4

Art Unit: 1614

secondary reference, Tsao et a|., teaches a methylmalonic acid lowering agent such as

cobalamin (vitamin B12) is effective as having antitumor activity (see the abstract).

The instant invention differs from the cited references in that the cited references

do not teach the addition of a fo|ic-binding-protein agent. However, the tertiary

reference, Worzalla et al., teaches the supplementation of folic acid with LY 231513 to

enhance LY 231514 antitumor activity.

The instant invention differs from the cited references in that the cited references

do not teach the addition of cisplatin. However, the quaternary reference, Cleare et a|.,

teaches malonato platinum anti-tumor compounds such as cisplatin to treat malignant

tumors (see the abstract).

Clearly, one skilled in the art would have assumed the combination of three

antineoplastic agents into a single composition would give an additive effect in the

absence of evidence to the contrary.

The instant invention differ from the cited references in that the cited references

do not teach the applicants’ preferred dosage range for the methylmalonic acid lowering

agent. However, those skilled in the art would have been readily optimized effective

dosages and concurrent administration dosage forms as determined by good medical

practice and the clinical condition of the individual patient. Regardless of the manner of

administration, the specific dose may be calculated according to body weight, body

surface area or organ size. Further refinement of the calculations necessary to

determine the appropriate dosage for treatment involving each of the above mentioned
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formulations is routinely made by those skilled in the art and is within the ability of tasks

routinely performed by them without undue experimentation.

Claims 40-52 are not allowed.

Any inquiry concerning this communication or earlier communications from the

examiner should be directed to KEVIN WEDDINGTON whose telephone number is

(571 )272—0587. The examiner can normally be reached on 12:30 pm - 9:00 pm.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s

supervisor, Ardin Marschel can be reached on (571)272-0718. The fax phone number

for the organization where this application or proceeding is assigned is 571-273-8300.

Information regarding the status of an application may be obtained from the

Patent Application Information Retrieval (PAIR) system. Status information for

published applications may be obtained from either Private PAIR or Public PAIR.

Status information for unpublished applications is available through Private PAIR only.

For more information about the PAIR system, see http://pair-direct.uspto.gov. Should

you have questions on access to the Private PAIR system, contact the Electronic

Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a

USPTO Customer Service Representative or access to the automated information
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AB A combination of dehydroascorbic acid and hydroxycoba amin (vitam n R—12)
inhibited mitoses of tumors in mice. The present study was performed to
test the effect of these vitamins on the surv'va of m'ce bearing
carcinomas and leukemias. In each assay 40 mice received 0.1 mL ip
tumor cells (X10(5)). After 24 h, 20 mice were injected wi:h 0.2 mL
(0.4 g/kg body wt) of the vitamins daily for 0 d. A con:rois died by
day 19, but greater than 50% of th tr at d mic w r aliv aft r 60 d.
In v'tro f'ndiqgs revea ed 'nh b'tion of mitoses in L1210 leukemia
cells, but not in normai L929 ce s. In recent research wi:h
cobait—ascorba:e p us v tam'n C, we demonstrated that when 3—12 is
comb'ned w'th v'tamin C, the coba t nuc eus of 3—12 attaches to a carbon
on vitamin C, forming cobait ascorbate. Tests oroved that cobait
ascorbate Olus vitamin C a so 'nh'bited tumor celis.

TI Effect of combined ascorbic acid and 3—12 on surv'val of mice w'th

implanted Ehrl'ch carcinoma and L1210 leukemia.
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M3, G, K, N, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, 0 , PG, P4,
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IE, IS, II, 3I, LU, LV, MC, M<, I, Y3, NO, P3, PI, RO, SE, SI,
S<, IR, RF, RJ, CF, CG, CI, C , GA, GN, GQ, GW, M3, MR, NE, SN,
TD, IG, 3W, G4, GM, K3, LS, MW, Z, NA, SD, S3, SZ, TZ, UG, Z ,
ZW, A , AZ, BY, KG, KZ, MD, RJ, TJ, I

PRAI US 2008—23631P P 20080125
DK 2008—148 A 20080201
US 2008—25545P P 20080201
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AN 150:555809 CA

II .'pid compositions for the treatment and prevention of proliferative
diseases and for the reduction of incidences of mutagenesis and
carcinogenesis

IN 3ar Yosef, Fabiana
PA Enzymotec Ltd., Israel
SO J.S. Pat. Appl. Publ., 16pp.
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DI Patent

LA English
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l404—04—2DP, Neomycin, vitamin B12 conjugate
7542—37—2DP, Paromomycin, vitamin B12 conjugate
l2772—35—9DP, 3utiros'n, vitamin B12 conjugate
25546—65—0DP, 3ibostamycin, vitamin B12 conjugate
32385—11—8DP, S somic'n, vitamin B12 conjugate
32986—56—4DP, Iobramyc_Ln, vitamin B12 conjugate
375l7—28—5DP, Amikac_Ln, vitamin B12 conngate
56391—56—1DP, Wetilm'c'n, vitamin B12 conjugate
l60927—56—0P i7334i—36—1P l7334l—37—2P l7334l—38—3P 17334i—39—4P
l7334l—40—7P i7334i—4l—8P l7334l—42—9P l7334l—43—0P 17334i—44—1P
173341— 45— 2P i7334i—46—3P 173341—47—1P l7334l—48—5P 17334i—52—1P
173341— 53— 2P i7334i—54—3P

3T: 3AC (3' o og'cal activity or effector, excep: adverse); 3SU (3'ological
study, unc assif'ed); SPN (Synthetic preparation); IHU (Iherapeu:ic use);
RIOT. (3'olog'ca study); PREP (Preparation); USES (Uses)

(orepn. of vitamin B12 der_Lvs. as receptor
modu a: 'ng agents for treating cancers)

II 68-19-9, Cyanocoba__amin 99—3l—0, 5——Aminoisophthal'c ac'd
99— 63— 8, l, 3—3enzenedicarbony.. dichloride 108— 30— 5, reactions
769—39—i, 2, 3, 5, 6— Ietrafluorophenol 813— 19— 4, 3' s(tr' buty tin)
1711—02—0, 4— Iodobenzoyl chloride 2783—17—7, l,i2—Diaminododecane
35013—72—0 110079— 43— 1

RL: RCI (Reactant); RACI (Reactant or reagent)
(prepn. of vitamin B12 derivs. as receptor
modulating agents for treating cancers)

II 72040— 64— 3P 173341— 22— 5P l7334l—23—6P l7334l—24—7P l7334l—25—8P
l7334l—26—9P l7334l—27—0P i7334l—28—1P l7334l—29—2P l7334l—30—5P
l7334l—3l—6P l7334l—32—7P i7334l—33—8P l7334l—34—9P l7334l—35—0P
l7334l—49—6P l7334l—50—9P i7334l—5l—0P l7334l—59—8P

RL: 3CT (3eactant); SPN (Syntnetic preparation); PREP (Preparation); RACI
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modula:ing agents for trea:ing cancers)

II l7334l—56—5P __73341— 57— 6P l7334l—58—7P
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study, unciassified); SPN (Synthetic preparation); IHU (Iherapeu:ic use);
RIOT. (Riolog'ca study); PREP (Preparation); USES (Uses)

(orepn. of vitamin B12—am'nog ycos'de ant' b' ot' c
conjugates as receptor modulating agents for treating cancers)
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conjugates as receptor modulating agents for treating cancers)

II 7657—92—3P 121714—48—5P

RL: 3CT (Reactant); SPN (Syntnetic preparation); PREP (Preparation); RACI
(Reactant or reagent)

(orepn. of vitamin B12—aminogiycoside antibiotic
conjugates as receptor modulating agents for treating cancers)
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II Vitamins as chemotherapeutic and chemopreventive agents
AU Ryan, Donna H.; Starr, 3arry
SO Pennington Center Nutri:ion Series (1993), 3(Vitamins and Cancer

Prevention), 147—60
CODEN: PCNSEW; ISSN: 1063—8822

A3 A review wi:h 45 refs. Therapy with retinoids has produced objective
resoonses 'n pat ents with some types of skin cancer, and tretinoin is
effect' ve 'n producing term'nal d'fferentiation and complete remission in
acu:e promyeiocytic leukemia. Cancer chemoprevention :rails are under
way evaluating the activity of mu tiple v'tamin prepns., beta—carotene,
retino'ds, v tam'n C, v tam'n E, vitamin B12, v'tamin 36, and fo__ate.
Since carcinogenesis is a muitistage process that can occur over decades
in humans, efficient eva uat on of ch mopr v ntiv ag nts r guir s
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Preneoplasia, classica y defined histol. ce u ar change, is being
redefined by advances 'n mo . and ce 1 bio]. V'tamins have been exploited
as unproven remedies to vuinerable cancer patients, but now vitamins and
their derivs. have an emerg'ng ro e 'n cancer chemotherapy and
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A review w_Lth 45 refs.
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IC IPCI A61K0031— 12 [I,A]; A61K0031—7072 [I,A]; A61K0031— 7076 [I, A];
A61K0031— 7042 [I,C*]; A61K0031—525 [I,A]; A61K0031— 519 [I,C*];
A61K0036—328 [I,A]; A61K0036—23 [I,A]; A61K0036—185 [I,C*];
A61K0036—906 [I,A]; A61K0036—88 [I,C*]

IPCR A61K0031—12 [I,A]; A61K0031—12 [I,C]; A61K0031—519 [I,C];
A6lK003l—525 [I,A]; A6lK003l—7042 [I,C]; A6lK003l—7072 [I,A];
A61K0031—7076 [I,A]; A61<0036—185 [I,C]; A61K0036—23 [I,A];
A61K0036— 328 [I,A]; A61K0036—537 [I,A]; A61K0036—82 [I,A];
A61K0036— 88 [I,C]; A61K0036—906 [I,A]

CAS IND.EXING IS AVAITAATE FOR THIS PATENT.
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Full Text
AN 2005:69438 USPATFULL

TI Dietary and pharmaceutical compositions for managemen: and treatment of
oxidative stress

IN E 'thorpe, Rita R., Santa Ana, CA, UNITED STATES
Snesarev, Vladimir I., Coeur d'Alene, CA, UNITED STATES
D'm'trov, Todor, Chestnut Hill, MA, UNITED STATES

PI JS 20050059579 A1 20050317

AI JS 2004—794285 A1 20040308 (10)
PRAI SN 2003—10455123 20030506

DT Jtiiity
FS APPEICATION
LN.CNT 835

INCL INCLM: 514/008.000
NCL NCLM: 514/008.000
IC [7]

ICM A61K038—16

IPCI A61K0038—16 [ICM,7]
IPCR A23L0001—305 [I,C*]; A23.10001— 305 [I,A]; A61K0031—01 [I,C*];

A61K0031—015 [I,A]; A61K0031— 352 [I,C*]; A61K0031—352 [I,A];
A61K0036— 185 [I,C*]; A61<0036— 185 [I,A]; A61K0038—16 [I,C*];
A61K0038— 16 [I,A]

CAS INDEXING IS AVAITAATE FOR THIS PATENT. 
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Full Text
AN 2004:18482 USPATFULL

TI Additive method of standardized drinks and potable water production
IN Costa, Fortunato, Linda—a—Velha, PORTUGAL
PI US 20040013784 A1 20040122

AI US 2003—239621 A1 20030127 (10)
W0 2001—PI3 20010315

PRAI PI 2000—102430 20000316

DT Utility
FS APPEICATION
LN.CNT 1215

INCL INCLM: 426/590.000
NCL NCLM: 426/590.000
IC [7]

ICM C12C001—00

IPCI C12C0001—00 [ICM, 7]
IPCR A23_10001— 29 [I, C*]; A23L0001—29 [I,A]; A23L0002—52 [I,C*];

A23.10002— 52 [I A]; C02F0001—68 [I,C*]; C02F0001—68 [I,A]
CAS INDEXING IS AVAITAAT.« FOR THIS PATENT.

L28 ANSWER 14 OF 24 JSPATFJLL on STN
Full Text
AN 2003:282627 USPAIFULL
TI Gedostics

IN Roberts, Gareth Wyn, Cambs, UNITED KINGDOM
PA GENOSTIC PHARMA LIMITED (non—U.S. corporation)
PI US 20030198970 A1 20031023
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IWC1M: 435/006.000
IWC1S: 536/024.300
NC1M: 435/006.000
NC1S: 536/024.300
[7]
ICM C12Q001—68
ICS C07H021—04

IPCI C12Q0001—68
IPCR C07K0016— 18

C12Q0001— 68
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Ramaekers, Joseph C. , Aptos, CA, UNI11D S1A11S
US 20030077254 A1 20030424
US 6962718 32 20051108

US 2002— 136854 A1 20020430 (10)

Con:_Lnuation— in—part of Ser. No. US 2001—847036, filed on 30 Apr 2001,
PENDING

U:il_Lty
APPLICATION
2396

IVC1M: 424/093.300

IVC1S: 424/617.000; 424/602.000; 424/094.500; 424/703.000; 514/168.000;
514/558.000; 514/251.000; 514/393.000; 514/356.000; 514/276.000

NC1M: 424/535.000; 424/093.300
NC1S: 424/093.400; 424/093.510; 424/400.000; 424/520.000; 424/725.000;

424/094.500; 424/602.000; 424/617.000; 424/703.000; 514/168.000;
514/251.000; 514/276.000; 514/356.000; 514/393.000; 514/558.000

[7]
ICM A61K045—00

ICS A61K038—52; A61K031—525
IPCI A61K0045—00 [ICM,7]; A61<0038—52 [ICS,7]; A61K0038—43 [ICS,7,C*];

A61K0031—525 [ICS,7]; A61K0031—519 [ICS,7,C*]
IPCI—2 A61K0035—20 [ICM,7]; A61<0035—72 [ICS,7]; A61K0035—74 [ICS,7];

A61K0035— 66 [ICS,7,C*]; A61K0035—78 [ICS,7]
IPCR A61K0038— 19 [I,C*]; A61K0038—19 [I,A]
EXING IS AVAITA3T? FOR THIS PATENT.

SWER 16 OF 24 JSPATFULL on STN
xt
2002:337325 USPATFULL
Fluorescent cobalamins and uses thereof

Grissom, Char es 3., Salt Lake City, U1, JNI11D S1A11S
West, Frederick 6., Salt Lake City, J1, JWI11D S1A11S

cGreevy, James, Sa1t Lake City, U1, UNI11D S1A11S
3entz, Joel S., Salt Lake City, U1, JNI11D S1A11S
Cannon, M' che 1e J., Price, U1, UNI11D S1A11S
JS 20020192683 A1 20021219
JS 679752. .32 20040928

JS 2002— 97646 A1 20020315 (10)

Continuat1on— in—part of Ser. No. WO 2000—US29370, filed on 26 Oct 2000,
JNKNOWN

JS 1999—161368P 19991026 (60)
J8 2001—276036P 20010316 (60)

Jtility
APPLICATION
1337

INC1M: 435/006.000
INC1S: 536/026.440

NC1M: 436/505.000; 435/006.000
NC1S: 435/004.000; 435/007.100; 435/007.210; 435/007.230; 436/063.000;

  
 

   
      

 

  

  
 (10)

325123, filed on 3 Jun 1999, A3ANDON?D

0021—04 [ICS,7]; C07H0021—00 [ICS,7,C*]
016—18 [I,A]; C12Q0001—68 [I,C*];

NT.
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436/064.000; 436/164.000; 436/172.000; 514/052.000; 536/026.440
IC [7]

ICM C12QOOl—68
ICS C07{023—00

IPCI C12Q0001—68 [ICM, 7]; C07H0023—00 [ICS,7]
IPCI—2 G01M0033—567 [ICM,7]; A61K0031—70 [ICS, 7]; C07H0023— 00 [ICS,7]
IPCR A6130001—04 [I,C*]; A6130001—04 [I,A]; A6130001— 313 [N,C*];

A6130001—313 [N, A]; A6130005—00 [N,C*]; A6130005— 00 [N, A];
A6130019—00 [N, C*]; A6130019—00 [N,A]; A61<0047— 48 [I, C*];
A61<0047—48 [I, A]; A61K0049—00 [I,C*]; A61<0049— 00 [I A];
C07F0015—00 [I,C*]; C07F0015—06 [I,A]; C09<0011—06 [I, *];
C09<0011—06 [I,A]; GOlNOO21—64 [N,C*]; 601M0021—64 [N,A];
GOlMOO33—52 [I,C*]; G01M0033— 52 [I,A]; G01M0033—574 [L C*];
G01M0033—574 [L AL G01M0033— 58 [I,C*]; GOlNOO33—58 [L A];
GO230021—00 [I,C*]; G0230021— 00 [I,A]

CAS INDEXING IS AVAILA3LE FOR THIS PATENT.

L28 ANSWER 17 OF 24 JSPATFULL on STN
Full Text
AN 2002: 206597 USPATFULL

TI 3ioconjugates and delivery of bIoactive agen:s
IN Grissom, Charles 3., Salt Lake City, UI, UNIIED SIAIES

West, Frederick 6., Salt Lake CIty, UI, UNIIED SIAIES
Toward, Allen W., JR. Dexter, MI, UNIIED SIAIES

PI JS 20020111294 A1 20020815
JS 6790827 32 20040914

AI JS 2001— 982940 A1 20011022 (9)
RLI Div_Lsion of Ser. No. US 1999—202328, filed on 22 Oct 1999, PAIENIED A

371 of International Ser. No. WO 1997—US14140, filed on 22 Aug 1997,
JNKNOWN

PRAI JS I996—24430P 19960827 (60)
JS I996—25036P 19960827 (60)

DT JtiIity
FS APPLICATION
LN.CNT 2337

INCL INCEM: 514/006.000

INCES: 514/044.000; 424/043.000
NCL NCEM: 514/006.000

NCES: 424/001.110; 424/001.530; 424/001.690; 435/091.100; 435/091.310;
435/181.000; 435/455.000; 514/001.000; 514/002.000; 514/004.000;
536/023.100; 536/024.500; 424/043.000; 514/044.000A

IC [7]
ICM A61K048—00

ICS A61K051—00; A61K038—17; A61K009—00
IPCI A61K0048—00 [ICM,7]; A61K0051—00 [ICS,7]; A61K0038—17 [ICS,7];

A61K0009—00 [ICS,7]
IPCI—2 A61K0038—16 [ICM,7]; A61K0051—00 [ICS,7]; C12N0011—06 [ICS,7];

C12N0011—00 [ICS,7,C*]; C12P0019—34 [ICS,7]; C12P0019—00
[ICS,7,C*]; C07H0021—04 [ICS,7]; C07H0021—00 [ICS,7,C*]

IPCR A61K0041— 00 [I,C*]; A61K0041—00 [I,A]; A61K0047—48 [I,C*];
A61K0047— 48 [I,A]; C07H0021—00 [I,C*]; C07H0021—00 [I,A]

CAS IND.EXING IS AVAITA3TE FOR THIS PATENT.
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LN.CNI 2360

INCL INCLM: 514/006.000

INCLS: 514/044.000; 604/020.000
NCL NCLM: 435/455.000; 514/006.000

NCLS: 424/001.110; 424/001.530; 424/001.690; 424/001.730; 435/091.100;
435/091.310; 435/181.000; 514/001.000; 514/002.000; 514/004.000;
514/006.000; 536/023.100; 536/024.500; 514/044.000A; 604/020.000

 

 

IC [7]
ICM A6lK038—l6

ICS A61K048—00; A6lN001—30
IPCI A6lK0038—l6 [ICM,7]; A61K0048—00 [ICS,7]; A61N0001—30 [ICS,7]
IPCI—2 A6lK005l—00 [ICM,7]; A6lK0038—l6 [ICS,7]; Cl2N0011—06 [ICS,7];

Cl2NOOll—00 [ICS,7,C*]; Cl2P0019—34 [ICS,7]; Cl2P0019—00
[ICS,7,C*]; C07H002l—04 [ICS,7]; C07H002l—00 [ICS,7,C*]

IPCR A6lK004l— 00 [I,C*]; A6lK004l—00 [I,A]; A6lK0047—48 [I,C*];
A6lK0047— 48 [I,A]; C07H002l—00 [I,C*]; C07H002l—00 [I,A]

CAS IND.EXING IS AVAITA%Tfl FOR THIS PATENT.   
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AN 87:41588 USPATFULL

II Compositions and method for simultaneous multiple array of analytes
using radioisotope cheiate labels

IN Olson, Douglas R., Doyiestown, PA, United States
PA ICN Micromedic Systems, Inc., Costa Mesa, CA, United States (U.S.

corooration)
PI US 4672028 19870609

AI US 1984—612979 19840523 (6)

DI Utility
FS Granted
LN.CNI 784

INCL INCLM: 435/005.000

INCLS: 435/007.000; 435/017.000; 435/026.000; 435/810.000; 436/500.000;
436/505.000; 436/510.000; 436/536.000; 436/542.000; 436/545.000;
436/804.000; 436/808.000; 436/811.000; 436/813.000; 436/814.000;
436/816.000; 436/817.000; 436/818.000; 436/820.000; 436/826.000

NCL NCLM: 435/005.000

NCLS: 435/007.230; 435/007.400; 435/017.000; 435/026.000; 435/810.000;
435/973.000; 435/975.000; 436/500.000; 436/505.000; 436/510.000;
436/536.000; 436/542.000; 436/545.000; 436/804.000; 436/808.000;
436/811.000; 436/813.000; 436/814.000; 436/816.000; 436/817.000;
436/818.000; 436/820.000; 436/826.000

 
 

IC [4]
ICM GOlNO33—53

ICS GOlNO33—567; GOlNO33—536
IPCI GOlNOO33—53 [ICM,4]; G01N0033—567 [ICS,4]; G01N0033—536 [ICS,4]
IPCR A61K0035—66 [I,C*]; A6lK0035—74 [I, A], A6lK0038—00 [I, C*];

A6lK0038—00 [I,A]; A6lK0038—22 [I, C*]; A61K0038—22 [I A];
A61K0038—24 [I,C*]; A6lK0038—24 [L A]; C07FOOl5—00 [L C*];
C07FOOl5—00 [I,A]; C07HOOl5—00 [L C*]; C07HOOl5—00 [I A];
C07H0023—00 [I,C*]; C07H0023—00 [L A]; G01N0033—534 [L C*];
G01N0033—534 [I,A]; GOlNOO33—60 [L C*]; GOlNOO33—60 [I,A];
G01N0033—74 [I,C*]; G01N0033—74 [I,A]

EXF 436/536; 436/542; 436/545; 436/500; 436/505; 436/510; 436/804; 436/808;
436/811; 436/8l3; 436/8l4; 436/8l7; 436/8l8; 436/8l6; 436/820; 436/826;
435/5; 435/7; 435/4; 435/17; 435/26; 435/810

CAS INDEXING IS AVAITAATT FOR THIS PAT.ENT.
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II Me:1ods of increasing delivery of active agents to brain comprising
adm' n 'ster' ng receptor associated pro:ein (RAP) fragments conjugated to
ac:ive agents

 

      
    

 
   

 
 

 

IN Za1<e“, Iodd, San Francisco, CA, UNIILD SIAILS
Starr, Christopher M., Sonoma, CA, UNIILD SIAILS

PA Rao:or Pharmaceutical Inc., Novato, CA, UNIILD SlAlLS (U.S. corporation)
PI US 7569544 32 20090804

AI US 2004— 812849 20040330 (10)

RLI Coq:_'_nuation— in—part of Ser. No. US 2003—600862, filed on 20 Jun 2003,
AAANDONED

DI U:ility 
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