PCT

WORLD INTELLECTUAL PROPERTY ORGANIZATION
International Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(51) International Patent Classification 6.

A61K 31/295 Al

(11) International Publication Number:

(43) International Publication Date:

WO 99/03462

28 January 1999 (28.01.99)

(21) International Application Number: PCT/US98/14457

(22) International Filing Date: 13 July 1998 (13.07.98)

(30) Priority Data:

60/052,503 14 July 1997 (14.07.97) US

(71) Applicant: BRIGHAM AND WOMEN’S HOSPITAL
[US/US]; 75 Francis Street, Boston, MA 02115 (US).

(72) Inventors: MANNICK, Joan, B.; 27 Carroll Circle, Weston,
MA 02193 (US). STAMLER, Jonathan, S.; 101 Juniper
Place, Chapel Hill, NC 27514 (US).

(74) Agent: SANZO, Michael, A.; Vinson & Elkins L.L.P.,
2300 First City Tower, 1001 Fannin Street, Houston, TX
77002-6760 (US).

(81) Designated States: AU, CA, JP, European patent (AT, BE,
CH, CY, DE, DK, ES, F], FR, GB, GR, IE, IT, LU, MC,
NL, PT, SE).

Published
With international search report.

(54) Title: MODIFICATION OF NITRIC OXIDE ACTIVITY TO TREAT FAS-INDUCED PATHOLOGIES

(57) Abstract

The present invention is directed to methods for treating pathological conditions associated with abnormalities in Fas—induced apoptosis
by administering agents that either increase or decrease the levels of nitric oxide in cells.




AL
AM
AT
AU
AZ
BA
BB
BE
BF

BG
BJ

BR
BY
CA
CF
CG
CH
CI

CM
CN
Ccu
CzZ
DE
DK
EE

FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT.

Albania
Armenia
Austria
Australia
Azerbaijan
Bosnia and Herzegovina
Barbados
Belgium
Burkina Faso
Bulgaria

Benin

Brazil

Belarus

Canada

Central African Republic
Congo
Switzerland
Cdte d’Ivoire
Cameroon
China

Cuba

Czech Republic
Germany
Denmark
Estonia

ES
FI
FR
GA
GB
GE
GH
GN
GR
HU
IE
IL
IS
IT
JP
KE
KG
KP

KR
KZ
LC
LI

LK
LR

Spain

Finland

France

Gabon

United Kingdom
Georgia

Ghana

Guinea

Greece

Hungary

Ireland

Israel

Iceland

Ttaly

Japan

Kenya
Kyrgyzstan
Democratic People’s
Republic of Korea
Republic of Korea
Kazakstan

Saint Lucia
Liechtenstein

Sri Lanka

Liberia

LS
LT
LU
LV
MC
MD
MG
MK

ML
MN
MR
MW
MX
NE
NL
NO
NZ
PL
PT
RO
RU
SD
SE
SG

Lesotho

Lithuania
Luxembourg

Latvia

Monaco

Republic of Moldova
Madagascar

The former Yugoslav
Republic of Macedonia
Mali

Mongolia

Mauritania

Malawi

Mexico

Niger

Netherlands

Norway

New Zealand

Poland

Portugal

Romania

Russian Federation
Sudan

Sweden

Singapore

SI
SK
SN
SZ
TD
TG
T
™
TR
TT
UA
uG
Us
Uz
VN
YU
w

Slovenia

Slovakia

Senegal

Swaziland

Chad

Togo

Tajikistan
Turkmenistan
Turkey

Trinidad and Tobago
Ukraine

Uganda

United States of America
Uzbekistan

Viet Nam
Yugoslavia
Zimbabwe




10

15

20

25

WO 99/03462 PCT/US98/14457

MODIFICATION OF NITRIC OXIDE ACTIVITY TO TREAT FAS-INDUCED PATHOLOGIES

Field of the Invention
The present invention is directed to methods that are useful in treating pathological
conditions associated with abnormalities in Fas-induced apoptosis. The methods involve

administering either nitric oxide donors or nitric oxide inhibitors to patients so as to modify Fas

activity.

Background of the Invention

Apoptosis, also called "programed cell death," is a process by which excess, autoreactive,
or damaged cells are removed from the body and tissues maintain homeostasis. However,
dysregulation of apoptosis results in the abnormal accumulation or destruction of cells and is
involved in the pathogenesis of a variety of disorders including autoimmune disease, cancer and
acquired immunodeficiency syndrome (AIDS) (Thompson, Science 267:1456-1462 (1995)).
One pathway controlling apoptosis is regulated by the cell surface receptor Fas, a member of
the tumor necrosis receptor family. Fas induces apoptosis when bound by its natural ligand
(expressed predominantly on activated T cells and natural killer (NK) cells) or by an agonist
antibody (Itoh, et al., J. Biol. Chem. 208:10932-10937 (1993); Trauth, er al., Science
245:301-305 (1989)). Fas is expressed in the thymus, liver, heart, kidney, lymphoid and non-

lymphoid malignancies and cell lines (Itoh, et al., Cell 66:233-243 (1991); Nagata, Cell
88:355-365 (1997)).

Fas has been found to be important to a number of physiological processes. Fas-induced
apoptosis plays a critical role in modulating the immune response and humans deficient in Fas
or the Fas ligand develop lymphoproliferative and autoimmune disorders (Drappa, et al., Proc.
Nat'l Acad. Sci. USA 90:10340-10344 (1993); Fisher, et al., Cell 81:935-946 (1995); Rieux-
Laucat, et al., Science 268:1347-1349 (1995)). This suggests a physiological role in the
elimination of excess and/or autoreactive lymphocytes. In addition, activated or autoreactive
T and B cells in the periphery are eliminated via Fas-induced apoptosis as are inflammatory

cells entering immune privileged sites such as the eye and testis. Finally, cytotoxic T cells and
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NK cells kill their targets via Fas-induced apoptosis (Arase, et al., J. Exp. Med. 181:1235-1238
(1995); Ju, et al., P. Roc. Nat'l Acad. Sci. USA 91:4185-4189 (1994)).

Many Fas-expressing cells are not sensitive to Fas-induced apoptosis, suggesting that
cellular factors exist which inhibit signaling. Possible mediators of activity include elevated
Bcl-2 or Bel-xL expression (Rodriguez, et al., J. Exp. Med. 183:1031-1036 (1996)); production
of soluble Fas which blocks ligand binding (Cheng, et al., Science 263:1759-1762 (1994)); or
over-expression of FAP-1, a phosphatase which binds to Fas and inhibits apoptosis (Sato, et
al., Science 268:411-415 (1995)). Another potential inhibitor of Fas signaling is nitric oxide
(NO), a small highly reactive biological messenger synthesized by the enzyme NO synthase
(NOS) (Nathan, et al., Cell 78:915-918 (1994)). A greater understanding of the importance of
Fas in specific pathological states and of the way in which Fas activity can be regulated will
help in determining when, and if, a patient may be effectively treated by modulating Fas

activity.

Summary of the Invention

Although nitric oxide inhibitors and donors have been used in the treatment of
inflammatory diseases and cancer, their mechanism of action has not been understood and
clinical results have been highly variable. The present invention is based upon the discovery
that these agents act by modulating Fas-induced apoptosis and that it is only the subset of

patients whose maladies are associated with abnormalities in Fas activity that should be treated

by their administration.

The invention is directed to a method of treating a patient for a pathological condition
determined to be accompanied by an abnormality in Fas-induced apoptosis by administering
an agent that alters the cellular activity of nitric oxide. Fas induced apoptosis is defined as being
abnormal whenever it is greater or less than the activity seen in healthy individuals to a degree
that is statistically significant (p<0.05). The best parameter for determining whether there is a
Fas related abnormality is by staining and microscopically examining samples from a patient
to see if the percentage of cells with apoptotic morphology is significantly different from the
percentage in similar samples from normal individuals. In cases where a relationship has been

established between a disease and abnormal Fas activity, merely assaying apoptotic activity to
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determine if it is abnormally elevated or decreased is sufficient to decide whether a patient
should be treated. Alternatively, a decision as to whether to treat a patient may be based upon

assays for Fas expression or assays designed to determine Fas ligand concentration or activity.

In cases where a pathological condition is accompanied by abnormally elevated Fas-
induced apoptosis, a patient is administered a nitric oxide donor compound at a dosage and for
a duration sufficient to eliminate or substantially reduce one or more symptoms associated with
the pathological condition. A relationship has been established between abnormally elevated
Fas activity and neoplastic diseases such as malignant melanoma. Other diseases that have been
associated with abnormally elevated Fas-induced apoptotic activity include AIDS, diabetes
mellitus, and Hashimoto's thyroiditis. Preferred nitric oxide donor compounds for treating such

diseases are S-nitroso-N-acetylpenicillamine and sodium nitroprusside.

In cases where a pathological condition is accompanied by abnormally decreased Fas-
induced apoptosis, a patient is administered a nitric oxide synthase inhibitor compound at a
dosage and for a duration sufficient to eliminate or substantially reduce one or more symptoms
associated with the pathological condition. Abnormally decreased Fas activity has been
associated with neoplastic disease. Specific diseases include colon cancer, renal cell carcinoma,
hepatocellular carcinoma, breast cancer, non-Hodgkin's lymphoma, arthritis and nephritis. The

preferred nitric oxide synthase inhibitor is N°- monomethyl-L-arginine.

In a preferred method of treating a patient for a Fas-related pathological condition, one
or more biological samples (e.g., samples of tissue, blood, synovial fluid etc.) are obtained
from an individual diagnosed as having a pathological condition that may be Fas-related and
assayed for Fas expression and/or apoptotic activity. Fas expression can be determined from
binding assays which utilize monoclonal antibodies to Fas or, alternatively, the percentage of
Fas-positive cells in a sample can be quantitated using techniques such as flow cytometry (see
Examples section). Apoptotic activity can be assessed by staining samples with acridine orange
or some similar stain and then examining the sample microscopically to determine the
percentage of cells with apoptotic morphology, i.e. nuclear and cytoplasmic condensation,
nuclear fragmentation, membrane blebbing or apoptotic body formation. The results are

compared with results obtained using samples from normal individuals in order to determine
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whether the individual being tested has a condition that is "Fas-related." As used herein, a "Fas-
related" pathological condition is one in which the patient has a level of Fas expression or
apoptotic activity that differs from that of a normal individual to a statistically significant

extent, p<0.05.

In its first aspect, the preferred method involves treating a patient for a pathological
condition associated with excess Fas-induced apoptotic activity by administering a nitric oxide
donor compound. Patients are selected for treatment either based on assays showing a level of
Fas expression significantly greater than normal (p<0.05) or, preferably, based on assays
showing significantly elevated apoptotic activity (p<0.05). The donor compound should be
administered at a dosage and for a period of time sufficient to eliminate or substantially reduce
one or more symptoms associated with the pathological condition. Conditions that can be
treated by this method include Fas-related neoplastic disease (e.g., malignant melanoma),
AIDS, diabetes mellitus and Hashimoto's thyroiditis. In the case of neoplastic disease, the
dosage of donor compound should, typically, be sufficient to retard abnormal cellular growth
or reduce tumor mass. In the case of AIDS, donor compound should be administered at a
dosage sufficient to improve the capacity of the patient for immune responsiveness. Donor
compounds that have been found suitable for use in the method include S-nitroso-N-
acetylpenicillamine and sodium nitroprusside. Alternative methods that produce the same
overall result, i.e. an increase in cellular levels of NO, could also be employed. For example,

gene transfer procedures which lead to an increase in cellular NOS could be used.

In a second aspect, the preferred method involves treating a patient for a pathological
condition associated with abnormally low levels of Fas-induced apoptosis by administering a
nitric oxide synthase inhibitor compound to the patient. Patients are selected for such treatment
either based on assays showing a level of Fas expression significantly lower than normal
(p<0.05) or, preferably, based on assays showing significantly reduced apoptotic activity
(p<0.05). The NOS inhibitor should be administered at a dosage and for a duration sufficient
to eliminate or substantially reduce one or more symptoms associated with the pathological
condition. Diseases that can be treated include Fas-related neoplastic disease, particularly
lymphomas (e.g., non-Hodgkin's lymphoma), colon cancer, renal cell carcinoma, hepatocellular

carcinoma, breast cancer, and Fas-related autoimmune disease such as arthritis or nephritis. In
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the case of arthritis and nephritis, NOS inhibitor should typically be given at a dosage sufficient
to reduce pain, reduce cartilage damage, or improve kidney function. One compound that has
been found to be effective in inhibiting Fas-induced activity is N°-monomethyl-L-arginine.
Other compounds can also be used, as can methods directed to inhibiting the expression of the
NOS gene. For example, antisense oligonucleotides complimentary to a portion of the NOS

gene may be introduced into cells to inhibit gene expression.

The invention is also directed to a method of regulating caspase activity in a patient, by
administering an agent that alters the cellular activity of nitric oxide. The agent is administered
at a dosage and for a duration sufficient to significantly alter caspase S-nitrosylation, i.e., the
percentage of nitrosylated caspase molecules is increased or decreased to a statistically

significant extent. Examples of agents that can be used include nitric oxide donor compounds

and nitric oxide synthase inhibitors.

Brief Description of the Figures

Figure 1: Expression of iNOS protein in human leukocytic cell lines: Whole cell lysates
were made from 5 x 10° cells derived from a variety of human B cell, T cell or monocytic cell
lines. A cell lysate made from the B958 marmoset B cell line was used as a control (B958).
BJAB is an EBV-negative B lymphoma cell line; 10C9 and 2F7 are AIDS-related Burkitt's
lymphoma B cell lines; U937 is a human promonocytic cell line; H9 is a human T lymphoma
cell line; and Jurkat is a human T leukemia cell line. iNOS expression was detected using an
affinity purified rabbit antiserum raised against the N-terminal 20 amino acids of the rat
isoform, which recognizes both human and rat iNOS (Kobzik, et al., Am. J. Respir. Cell. Mol.
Biol. 9:371-377 (1993)).

Figure 2: NOS inhibits Fas-induced apoptosis in Burkitt's lymphoma cells: Panel A:
BJAB cells were grown in the absence (control) or presence of the NOS inhibitor L-NMA (N);
Fas-agonist antibody (F); Fas-agonist antibody together with L-NMA (FN); Fas-agonist
antibody, L-NMA and L-arginine (FNL); or Fas-agonist antibody, L-NMA, and S-nitroso-
penicillamine (FNS). After 24-48 hours, the percentage of cells with apoptotic morphology was
determined by acridine orange staining. The results represent the mean +/- SEM of 6-24

separate experiments. * indicates p=0.001 versus F, 1 indicates p=0.03, A indicates p=0.004
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versus FN. Panel B: BJAB cells were grown for 48 hours in the presence of media alone
(control), Fas-agonist antibody (FAS), Fas-agonist antibody in combination with L-NMA (FAS
+ L-NMA), or L-NMA alone (L-NMA). The cells were then stained with propidium iodine and
analyzed by flow cytometry. Ap indicates the apoptotic population. The results are
representative of one of four separate experiments. Panel C: The same experiment was
performed as in (A) using 10C9 cells. The results indicate the mean +/~ SEM of 6-25 separate
experiments. * indicates p=0.001 versus F, T indicates p=0.05, A\ indicates p=0.02 versus FN.

The results were confirmed by DNA laddering analysis (data not shown).

Figure 3: NOS inhibits Fas-induced apoptosis in multiple cell lines of hematopoietic
lineage: The T leukemia cell line Jurkat, the promonocytic cell line U937, the EBV transformed
lymphoblastoid cell line IB4, the T lymphoma cell line H9 and the AIDS-related Burkitt's
lymphoma cell line 2F7 were grown in the presence or absence of Fas-agonist antibody and the
NOS inhibitor L-NMA as described in Figure 2. After 24-48 hours the percentage of apoptotic
cells was determined by acridine orange staining. The data presents the mean +/- SEM of 3-6
separate experiments. * indicates p=0.05 (Jurkat), p=0.009 (U937), p=0.04 (IB4), p=0.007 (H9)
and p=0.007 (2F7) versus F. Results were analyzed using a paired t test.

Figure 4: NOS inhibits Fas-induced apoptosis via a cGMP-independent mechanism:
10C9 cells were grown in the presence or absence of Fas-agonist antibody (10 ng/ml), L-NMA
(5 mM), 8-bromo-cGMP (0.1-1.0 mM), Ly 83583 (10 uM) or ODQ (100 pM). After 2448
hours the percentage of cells with apoptotic morphology was assessed by acridine orange
staining. The results represent the mean +/~ SEM of 2-11 separate experiments. 8-bromo-
c¢GMP did not cause a statistically significant decrease in apoptosis induced by Ly 83583, ODQ
or the combination of Fas and L-NMA. * indicates p=0.0001, A\ indicates p=0.0004 versus FN;
T indicates p=0.009, # indicates p=0.03 versus control.

Figure 5: NOS does not alter Fas expression levels: H9 T cells were cultured in the
presence (L-NMA) or absence (control) of the NOS inhibitor L-NMA (5 mM versus 0.5 mM
L-arginine in the medium). After 48 hours, cells were stained with mouse anti-human Fas

monoclonal antibody, followed by FITC-conjugated goat anti-mouse Ig; or with secondary
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antibody alone; and analyzed by flow cytometry. Similar results were obtained using 10C9 B

cells.

Figure 6: NOS inhibits Fas-induced PARP cleavage: Whole cell lysates were made from
5 x 10° 10C9 cells grown for 2.5, 24 or 48 hours in the absence (control) or presence of Fas-
agonist antibody (6 ng/ml) alone or in combination with L-NMA (5 mM versus 0.5 mM L-
arginine in the medium). PARP and its 85 kD cleavage fragment were detected by Western blot

analysis using a PARP-specific antiserum (Upstate Biotechnology). Similar results were seen

using the H9 T cell line.

Figure 7: Intracelluar NO Production Inhibits Caspase-3-like Activity. 10C9 cells were
left untreated (control) or were grown for 24 hours in the presence of the NOS inhibitor L-NMA
to inhibit intracellular NO production. The cells were then cultured for 1.5 hours in the presence
or absence of Fas agonist antibody (100 ng/ml) clone CH-11, Upstate Biotech). Caspase-3-like
activity in cytosolic extracts prepared from these cells was measured with Ac-DEVD-pNA (200
uM) as described previously. Absorbance of released pNA was read at 405 nm at the indicated

times and results are expressed as absorbance per mg of protein. Similar results were obtained

with Jurkat cells.

Detailed Description of the Invention

Programed cell death, apoptosis, is a normal aspect of animal development and tissue
homeostasis. The process serves to regulate cell number, facilitate morphogenesis, remove
harmful or abnormal cells and eliminate cells that have already performed their function.
Unfortunately, abnormal changes in the rate of cellular apoptosis sometimes occur and have
been associated with a number of pathological conditions. The present invention is concerned
with pathological conditions associated with abnormal levels of Fas-induced apoptosis and the
treatment of such conditions by agents which serve to increase or decrease Fas-induced activity
in vivo. More specifically, it has been found that nitric oxide is a natural inhibitor of Fas-

induced activity and that by increasing or decreasing the levels of nitric oxide Fas-induced

apoptosis can be regulated.



10

15

20

25

30

WO 99/03462 PCT/US98/14457
8

Diseases associated with excessive Fas-induced apoptosis, including malignant
melanoma, AIDS, diabetes mellitus and Hashimoto's thyroiditis, may be treated by any method
which produces an increase in cellular levels of nitric oxide in vivo. Preferably, this can be
accomplished by administering a nitric oxide donor compound to the patient. Donor compounds
that have been found suitable are S-nitroso-N-acetylpenicillamine and sodium nitroprusside.
The total dosage of agent to be administered to a patient should be at least the amount required
to reduce or eliminate symptoms associated with the disease being treated. For example, a
patient being treated for Fas-related neoplastic disease should be given sufficient compound to
retard or reverse abnormal cellular growth. Similarly, patients with Fas-related AIDS should

be given sufficient compound to produce an increase in factors associated with the capacity of

the patient for immunological responsiveness.

Physicians may begin by administering relatively small doses of agent and then adjust the
dosage upward as it becomes clear that the patient can tolerate the treatment. For example, a
physician may begin by administering 1 nmol/kg/day and increase the dosage to 1 umol/kg/day,
using parameters such as blood pressure as a guide. The final dosage may be provided in either
a single or multiple regimen with the latter being generally preferred. These are simply
guidelines since the actual dose must be carefully selected and titrated by the attending
physician based upon clinical factors unique to each patient. The optimal daily dose will be
determined by methods known in the art and will be influenced by factors such as the age of
the patient, disease state, side effects associated with the particular agent being administered
and other clinically relevant factors. In many cases, a patient will already be taking medications
at the time treatment with the nitric oxide donor compound is initiated. These other medications
may be continued during the time that the donor agent is administered to the patient but it is

particularly advisable in such cases to begin with low doses to determine if adverse side effects

are experienced.

Similar considerations apply to the treatment of Fas-related diseases that are characterized
by abnormally low levels of Fas-induced apoptosis. Diseases such as Fas-related lymphoma and
Fas-related autoimmune disease may be treated by any method compatible with in vivo
administration resulting in decreased intracellular levels of nitric oxide. Typically, this will be

accomplished through the administration of a nitric oxide synthase inhibitor such as N¢-
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monomethyl-L-arginine. The dosage to be administered to the patient can be determined in

essentially the same manner as discussed above for nitric oxide donor compounds.

The present invention is not limited to any particular dosage form or route of
administration. Although oral administration will generally be most convenient, the invention
is compatible with parenteral, transdermal, sublingual, buccal or implantable routes of
administration as well. Agents may be given in a substantially purified form or, preferably, as
part of a pharmaceutical composition containing one or more excipients or flavoring agents.
Compositions may also include other active ingredients for the treatment of patients. The
preparations may be solid or liquid and take any of the pharmaceutical forms presently used in

medicine, e.g., tablets, gel capsules, granules, suppositories, transdermal compositions or

injectable preparations.

The active ingredient or ingredients may be incorporated into dosage forms in conjunction
with the vehicles which are commonly employed in pharmaceutical preparations, e.g. talc, gum
arabic, lactose, starch, magnesium stearate, cocoa butter, acquiesce or non-aqueous solvents,
oils, paraffin derivatives, glycols, etc. Methods for preparing appropriate formulations are well

known in the art (see e.g., Remington’s Pharmaceutical Sciences, 16th ed., A. Oslo ed., Easton,
PA (1980)).

Other methods for increasing or decreasing intracellular levels of nitric oxide may also
be employed. For example, levels of nitric oxide may be increased in cells by increasing the
expression of a nitric oxide synthase gene. Typically, this would involve constructing a vector
containing the gene operably linked to a promoter active in mammalian cells and then
transferring this DNA into cells using a vehicle suitable for in vivo delivery (see e.g.,
Sambrook, et al., Molecular Cloning: A Laboratory Manual, 2nd ed., Cold Spring Harbor Press
(1989)). For example, the gene may be operably linked to the CMV early promoter and
introduced into cells by means of a recombinant retrovirus. Standard techniques for the
production of appropriate retroviral vectors have been described in the art (see e.g. U.S. No.
5,532,220). A promoter and coding sequence are said to be "operably linked" if induction of
promotor function results in the transcription of the coding sequence and if the nature of the

linkage between the two sequences does not result in the introduction of a frame-shift mutation
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or interfere with the ability of regulatory sequences to direct the expression of the coding
sequence. In addition to the use of promoters, a wide variety of transcriptional and translational

regulatory sequences can be employed in vectors.

In cases where the Fas-related disease being treated is characterized by an abnormally low
level of Fas-induced apoptosis, vectors expressing antisense oligonucleotides that inhibit the
expression of NOS may be introduced into cells. The antisense sequence will be found on the
opposite strand of DNA from the strand transcribing the nitric oxide synthase gene. The
antisense sequences should generally be a minimum of 15 nucleotides in length and bind to
endogenous transcripts in a manner which inhibits NOS expression in a highly specific manner.

Use of antisense nucleic acid to block gene expression is discussed in Lichtenstein, C. Nature

333:801-802 (1988).

In order to determine the effect of treatment on disease, patients should be evaluated on
a regular basis over an extended period of time. It may take several weeks for the full
therapeutic effect of a treatment to become apparent. The effect of treatment on apoptotic
activity can be determined on biological samples obtained from the patient by staining the
samples and examining them microscopically to look for morphological characteristic of
programmed cellular death (see Examples section). By comparing the results obtained to those
obtained in samples from normal individuals, conclusions concerning the effectiveness of
treatment can be made. In cases where samples are easily obtained, these results can be used

as a means for complimenting other clinical indications of disease control or progression.

Examples
Example 1: Regulation of Fas-Induced Apoptosis
The present example provides evidence indicating that Fas-induced apoptosis can be
controlled by regulating the levels of nitric oxide within cells. It was found that the NOS
inhibitor N°-monomethyl-L-arginine significantly increases Fas-induced apoptosis and that this
effect can be reversed using the nitric oxide donors S-nitroso-N-acetylpenicillamine or sodium

nitroprusside.
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A. Materials and Methods

Induction of Apoptosis: 100 pul of BJAB or 10C9 cells which had been fed 1-3 days
previously and were growing logarithmically (approximately 500,000 cells/ml) in RPMI 1640
containing 1 mM L-arginine and 10% fetal bovine serum (FBS), were plated in 96 well plates.
100 ul of modified RPMI 1640 containing 10% FBS (GIBCO SelectAmine) were added to each
well to bring the final L-arginine concentration to 0.5 mM. The Fas-agonist monoclonal
antibody clone CH/11, IgM (Upstate Biotechnology) was added to appropriate wells at 5-10
ng/ml for BJAB cultures and 5-20 ng/ml for 10C9 cultures. L-NMA (5 mM versus 0.5 mM L-
arginine in the medium), L-arginine (2.5-5 mM), or S-nitrosopenicillamine (10-100 pM) were
added to the indicated wells. After 24-48 hours, the percent of apoptotic cells was determined

by staining the cells with acridine orange as described below.

Analysis of Apoptosis by Acridine Orange Staining: 30 ul of cells from each culture were
pelletted, and 10 pl of cell slurry was mixed with 10 pl of acridine orange (5 pg/ml) diluted in
phosphate buffered saline. The percentage of cells with apoptotic morphology (nuclear and
cytoplasmic condensation, nuclear fragmentation, membrane blebbing, apoptotic body

formation) was then analyzed on a wet mount slide using a Zeiss Axioskop equipped with

epifluorescence.

Analysis of Apoptosis by Propidium lodine Staining: Cells were stained with propidium
iodine as described previously (Nicoletti, et al., J. Immunol. Methods 139:271-279 (1991)).
The percentage of apoptotic cells was quantitated using a Facscan Flow Cytometer (Becton
Dickinson). Fluorescence data was collected using logarithmic amplification, and necrotic
debris and cellular aggregates were eliminated from the data by forward and right angle light
scatter gates. Apoptotic cells were distinguished from non-apoptotic intact cells by their

decreased DNA content as determined by lower propidium iodine staining intensity.

Western Blot Analysis: Whole cell lysates were made by boiling cells in sample buffer
(62.5 mM Tris-Cl, pH 6.8, 2% SDS, 20% glycerol, 10% 2-mercaptoethanol). Proteins in the cell
lysates were then separated by SDS/polyacrylamide gel (7%) electrophoresis, and transferred
to nitrocellulose. Rabbit anti-INOS (used at a 1:500 dilution) or rabbit anti-PARP (Upstate
Biotechnology, 1 pg/ml) were used as primary antibodies for Western blots and horseradish
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peroxidase-labeled goat-anti-rabbit Ig was used as a secondary antibody (Amersham). The
blots were developed using enhanced chemiluminescence (ECN) as per the manufacturer’s

instructions (Amersham).

Analysis of Fas Expression Levels: Cells were incubated in the presence or absence of 2
pg/ml of Fas monoclonal antibody (clone CH-11, IgM, Upstate Biotechnology) for 60 minutes
at 4°C, followed by 3 washes in ice cold phosphate buffered saline (PBS) containing 0.1% fetal
bovine serum and sodium azide. The cells were then incubated with fluorescein-conjugated
goat-anti-mouse Ig (Jackson Labs) for 45 minutes at 4°C, washed 3 times and resuspended in
1% formalin. The percentage of Fas-positive cells was quantitated using a Facscan Flow

Cytometer (Becton Dickinson).

B. Results

NOS Activity Inhibits Fas-Induced Apoptosis: To confirm that human leukocytes are
capable of synthesizing NO (or related species) intracellularly, iNOS expression (the NOS
isoform expressed in murine leukocytes) was analyzed by Western blot analysis in multiple
human leukocytic cell lines. Basal expression of iNOS was detected in all human B cell, T cell
and monocytic cell lines tested (Figure 1). The effects of NOS on Fas-induced apoptosis was
examined in BJAB, the human B cell line which in previous studies was found to contain the
highest levels of basal NOS activity (see, Mannick, et al. Cell 79:1137-1146 (1994)). Fas was
ligated on the surface of BJAB cells with anti-Fas monoclonal antibody (5-10 ng/ml clone CH-
11, IgM, Upstate Biotechnology) in the presence or absence of the competitive NOS inhibitor
NC and ‘monomethyl-L-arginine (LNMA). NOS inhibition significantly increased Fas-induced
apoptosis (Figures 2A and 2B), suggesting that constitutive NOS activity attenuates Fas-

mediated apoptosis.

Confirming that the effects of L-NMA were due to a specific inhibition of NOS, the NOS
substrate L-arginine, or the NO donors S-nitroso-N-acetylpenicillamine (Figure 2A) and sodium
nitroprusside{data not shown) partially reversed the inhibition. These findings were reproduced
in another Burkitt’s lymphoma céll line, 10C9, which is derived from a patient infected with
human immunodeficiency virus type 1 (HIV-1). Again, inhibition of NOS by L-NMA

significantly increased Fas-induced apoptosis in 10C9 cells (Figure 2C) and the effects were
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reversed by both L-arginine and the NO donors S-nitroso-N-acetylpenicillamine (Figure 2C)

and sodium nitroprusside (data not shown).

Experiments were conducted to determine whether the findings in human B lymphoma
cells lines were generalized to other human cell lines of hematopoietic lineage. L-NMA
increased Fas-induced apoptosis in the T lymphoma cell line H9, the T leukemia cell line
Jurkat, the promonocytic cell line U937, the EBV+ lymphoblastoid cell line IB4, and in the
EBV+ AIDS-related Burkitt’s lymphoma cell line 2F7 (Figure 3). Thus, intracellular NOS

activity may be a general mechanism by which transformed cells of hematopoietic lineage

inhibit Fas-induced apoptosis.

NOS Inhibits Fas-Induced Apoptosis Via A cGMP-Independent Mechanism: Significant
inhibitory effects of nitric oxide (NO) on platelets and smooth muscle derive from increases in
cGMP levels due to activation of soluble guanylyl cyclase (Moncada, et al. Pharmacol. Rev.
43:109-142 (1991); Ignarro, Annu. Rev. Pharmacol. Toxicol. 30:535-560 (1990)). However,
the inhibitory effects of NO on Fas-induced apoptosis appear to be cGMP-independent because
the permeable cGMP analog, 8-bromo-cGMP (0.1-1 mM) failed to reverse the inhibitory effects
of L-NMA on Fas-induced apoptosis (Figure 4). Although the guanylyl cyclase inhibitors 1H-
[1,2,3]oxadiazolo[4,3-a]quinoxalin-1-one (ODQ) and LY 83583 (10-100 pM) increased
spontaneous as well as Fas-induced apoptosis, the mechanism did not appear to be due to a

specific inhibition of guanylyl cyclase, because the apoptosis was not reversed by 8-bromo-

c¢GMP (0.1-1 mM) (Figure 4).

NOS Does Not Alter Fas Expression: One mechanism by which NOS could inhibit Fas-
induced apoptosis is by decreasing the expression of Fas levels in cells. To test this hypothesis,
10C9 B cells or H9 T cells were grown in the presence or absence of the NOS inhibitor L-NMA
and Fas expression was analyzed by immunofluorescent staining and flow cytometry. L-NMA
had no effect on Fas expression at concentrations which increased Fas-induced apoptosis

(Figure 5), indicating that other mechanisms are involved in the inhibitory effects of NOS.

NOS Inhibits Fas-Induced PARP Cleavage: Since NOS did not affect Fas expression
levels, the steps in the Fas signaling path way which might be inhibited by NOS were mapped.
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Members of the caspase family of cysteine proteases are activated by Fas ligation and cleave
poly(ADP)ribose polymerase (PARP) to its signature 85 kD fragment (Nagata, Cell 88:355-365
(1997); Schiegel, et al., J. Biol. Chem. 271:1841-1844 (1996)). Caspase activation can be
monitored by analyzing the extent of PARP cleavage in cells. To determine whether caspase
activation is inhibited by NOS, 10C9 or H9 cells were grown in the presence or absence of Fas-
agonist antibody and L-NMA. At various time intervals, the extent of PARP cleavage was
assessed by Western blot analysis using anti-PARP polyclonal antibody. NOS inhibition
resulted in increased levels of Fas-induced PARP cleavage (Figure 6), suggesting that NOS

inhibits caspase activation.

C. Discussion

The results presented herein indicate that NOS inhibits Fas-induced apoptosis in human
B cell, T cell and monocytic cell lines via a cGMP-independent mechanism. NOS appears to
inhibit Fas-induced caspase activation and PARP cleavage without altering levels of Fas
expression. Previous studies have shown that NO can exert either pro- or anti-apoptotic effects
which appear to be cell and stimulus specific (Albina, et al., J. Immunol. 157:5080-5085
(1993); Beauvais, et al., FEBS Lett. 361:229-232 (1995); Blanco, et al., Am. J. Pathol. 146:75-
85 (1995); Chun, et al., Endocrinol. 136:3120-3127 (1995); Genaro, et al., J. Clin. Invest.
95:1884-1890 (1995); and Mannick, et al., Cell 79:1137-1146 (1994)). The cellular factors and

target proteins which are responsible for the specificity of NO-related effects on apoptosis

remain to be determined.

The ¢cGMP-independent actions of NO (e.g., inhibition of Fas-induced apoptosis in
human leukocytes) appear to occur through S-nitrosylation of proteins, or modulation of redox
state. Both mechanisms may operate to inhibit Fas signaling. In addition, NO inhibits many
enzymes, including cysteine proteases, by S-nitrosylation of active site thiols (Stamler, et al.,
Proc. Nat'l Acad. Sci. USA 89:444-448 (1992)). The observation that NOS inhibits Fas-induced
apoptosis may explain a previously described association between NO and Fas in studies of the
MRL lpr/lpr mouse. The MRL lpr/lpr mouse carries a spontaneous Fas mutation which impairs
Fas transcription (Adachi, ef al., Proc. Nat’l Acad. Sci. USA 90:1756-1760 (1993)). MRL
Ipr/lpr mice develop arthritis and nephritis, presumably as a result of impaired Fas-mediated

apoptosis of autoreactive lymphocytes. However, other strains of mice carrying the same Fas
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mutation do not develop autoimmune disease, suggesting that additional factors are involved
in the phenotype (Izui, et al., J. Immunol. 133:227-233 (1984)). Interestingly, NOS expression
and NO production are increased in MRL Ipt/lpr mice but not in B6 lpr/Ipr mice (who do not
develop arthritis or glomerulonephritis); and the glomerulonephritis and arthritis can be reduced
in MRL Ipr/Ipr mice using NOS inhibitors (Weinberg, et al., J. Exp. Med. 179:651-660 (1994)).
The mechanism by which NO induced glomerulonephritis and arthritis in these mice has not
been elucidated. However, the data presented herein raise the possibility that NO production

may unmask the lpr phenotype by inhibiting already low levels of Fas-mediated apoptosis of

autoreactive lymphocytes.

The failure of cells to undergo apoptosis is a factor contributing to the development of
some forms of cancer (Thompson, Science 267:1456-1462) (1995)). Resistance to Fas-mediated
apoptosis may contribute to the pathogenesis of lymphomas because many primary lymphoid
neoplasms express Fas without undergoing apoptosis (Kondo, et al., Am. J. Pathol. 145:330-
337 (1994)). Elevated levels of NO production may contribute to Fas-resistance in some of
these tumors. In support of this hypothesis, HIV-1 infected patients have a markedly increased
incidence of non-Hodgkin’s lymphoma (Neri, et al., Blood 77:1092-1095) (1991)); and elevated
levels of nitrates and nitrites (the stable end products of NO synthesis) in their blood
(Bukrinsky, et al., J. Exp. Med. 181:735-745 (1995); Evans, et al., Clin. Exp. Immunol. 97:83-
86 (1994); Torre, et al., AIDS 9:979-980 (1995)). Thus, elevated NO production may inhibit
apoptotic death of lymphoma cells in AIDS patients, and thereby contribute to
lymphomagenesis. NO-based therapies should be useful in the treatment of these malignancies

and other Fas-associated diseases.

Example 2: Fas-Induced Caspase Denitrosylation

Nitric oxide and related molecules may inhibit apoptosis through the S-nitrosylation of
the catalytic site cysteine of caspase proteins, a family of cysteine proteases which execute the
cell death program. The present example examines whether caspases are actually S-nitrosylated
intracellularly and whether caspase S-nitrosylation/denitrosylation is an integral component of

the apoptotic pathway.
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Caspase-3 and caspase-8 were immunoprecipitated from four different human B and T
cell lines. Caspase-3 and caspase-8 were efficiently immunoprecipitated with their respective
antibodies but not with control antibody. Nitrosylation of the immunoprecipitated proteins was
measured by photolysis/chemiluminescence assays. Approximately 30-120 nM of NO was
detected and caspase-3 immunoprecipitates and 10-20 nM NO was detected in the caspase-8
immunoprecipitates. NO was not detected in control immunoprecipitates or in caspase-3
immunoprecipitates which had been pretreated with HgCl,, a compound that selectively
removes NO groups from S-nitrosothiol bonds. Therefore, all of the detectable NO in caspase-3
immunoprecipitates appears to be derived from S-NO bonds. By silver staining, the
approximate concentration of caspase-3 and caspase-8 in the immunoprecipitates was
equimolar with the concentration of NO released. Since data in cell free systems indicates that
caspases are S-nitrosylated at a single cysteine, the results suggest that the majority of caspase-3

and caspase-8 is S-nitrosylated intracellularly.

In order to determine if the Fas signaling pathway altered the level of S-nitrosylation,
caspase-3 was immunoprecipitated from cells which had been stimulated with Fas agonist
antibody. 45 minutes (Jurkat) to 2 hours (10 C9) after Fas crosslinking, nitrosylated caspase
was decreased by approximately 66%. However, only a minority of caspase-3 zymogen was
cleaved to its active subunits at this time point, suggesting that Fas activation decreased the S-

nitrosylation of caspase zymogen before it was cleaved to its active subunits.

The decline in S-nitrosylated caspase-3 could result from either a decrease in the rate of
S-nitrosylation where a stimulation of denitrosylation activity. To distinguish between these
possibilities, the extent of caspase-3 S-nitrosylation was analyzed in cells growth in the
presence of the NO synthase inhibitor, N®-monomethyl-L-arginine (L-NMA). Inhibition of
intracellular NO production by L-NMA for 2 hours decreased caspase-3 S-nitrosylation by only
25%, although an approximate 50% decrease was noted at 18 hours. Thus, the rapid decline

in caspase-3 S-nitrosylation 2 hours after Fas activation is likely the result of an increase in

denitrosylation activity.

In order to determine if caspase S-nitrosylation is functionally coupled to intracellular

caspase activity, caspase-3-like activity was measured in lysates of cells grown in the presence



10

15

20

WO 99/03462 PCT/US98/14457
17

or absence of L-NMA for 18 hours. Although N-NMA inhibited caspase S-nitrosylation by
approximately 50 percent, this was not associated with an increase in caspase-3-like activity,
suggesting that decreased S-nitrosylation alone is not sufficient to activate caspases. However,
L-NMA increased Fas-induced caspase activation early after Fas crosslinking (Figure 7). Thus,
caspase activation likely requires both the cleavage of the zymogen and the denitrosylation of
the active site cysteine. After long periods of Fas activation (greater than or equal to 2 hours),
L-NMA no longer increased Fas-induced caspase activity, probably because Fas alone had

induced the denitrosylation of caspases at these time points.

The results suggest that intracellular NO production maintains caspase-3 and caspase-8
zymogens in an inactive, S-nitrosylated form in resting human cell lines. In addition, the results
suggest that, upon activation of the Fas, apoptotic pathway, caspase zymogens are not only
cleaved to their active subunits, but are also denitrosylated thereby freeing the catalytic site
cysteine. Thus, it appears that protein S-nitrosylation/denitrosylation is a regulatory event in
the Fas apoptotic pathway. The function of ion channels, G proteins, transcription factors and
multiple enzymes can be altered by S-nitrosylation. The concept of S-nitrosylation being
dynamically regulated and coupled to cell surface signals has implications for other signal

transduction cascades and cellular control mechanisms.

All references cited are fully incorporated by reference. Having now fully described
the invention, it will be understood by those of skill in the art that the invention may be
performed within a wide and equivalent range of conditions, parameters, and the like, without

affecting the spirit or scope of the invention or any embodiment thereof.
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What is Claimed is:

1. A method of treating a patient for a pathological condition determined to be accompanied
by an abnormality in Fas-induced apoptosis, said method comprising administering to said
patient an agent that alters the cellular activity of nitric oxide at a dosage and for a duration
sufficient to eliminate or substantially reduce one or more symptoms associated with said

pathological condition.

2. The method of claim 1, wherein said pathological condition is accompanied by abnormally
elevated Fas-induced apoptosis and said patient is administered a nitric oxide donor compound
at a dosage and for a duration sufficient to eliminate or substantially reduce one or more

symptoms associated with said pathological condition.

3. The method of claim 2, wherein said pathological condition is a Fas-related neoplastic

disease.

4. The method of claim 2, wherein said pathological condition is selected from the group
consisting of: malignant melanoma, AIDS, diabetes mellitus, Hashimoto's thyroiditis, colon

cancer, renal cell carcinoma, hepatocellular carcinoma, large granular lymphocytic leukemia

and NK lymphoma.

5. The method of claim 2, wherein said nitric oxide donor compound is selected from the group

consisting of: S-nitroso-N-acetylpenicillamine and sodium nitroprusside.

6. The method of claim 1, wherein said pathological condition is accompanied by abnormally
decreased Fas-induced apoptosis and said patient is administered a nitric oxide synthase
inhibitor compound at a dosage and for a duration sufficient to eliminate or substantially reduce

one or more symptoms associated with said pathological condition.

7. The method of claim 6, wherein said pathological condition is a Fas-related neoplastic

disease.
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8. The method of claim 6, wherein said neoplastic disease is a Fas-related lymphoma.

9. The method of claim 6, wherein said pathological condition is a Fas-related autoimmune

disease.

10. The method of claim 6, wherein said pathological condition is selected from the group
consisting of: colon cancer, renal cell carcinoma, hepatocellular carcinoma, breast cancer,

non-Hodgkin's lymphoma, arthritis and nephritis.

11. The method of claim 6, wherein said nitric oxide synthase inhibitor is N°- monomethyl-L-

arginine.

12. A method of treating a patient for a Fas-related pathological condition, comprising:

a) obtaining a biological sample from an individual diagnosed as having a
pathological condition that may be Fas-related;

b) assaying said biological sample for Fas expression and/or apoptotic activity;

) comparing the results obtained in step b) with results obtained using samples
from normal individuals;

d) identifying the individual of step a) as a patient with a Fas-related pathological
condition if the comparison of step b) indicates a significantly greater than normal
level of Fas expression or a significantly greater than normal level of apoptotic
activity;

e) administering a nitric oxide donor compound to said patient at a dosage and for
a duration sufficient to eliminate or substantially reduce one or more symptoms

associated with said pathological condition.

13. The method of claim 12, wherein said pathological condition is a Fas-related neoplastic

disease.

14. The method of claim 12, wherein said Fas-related pathological condition is selected from

the group consisting of: malignant melanoma, AIDS, diabetes mellitus, Hashimoto's thyroiditis,
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colon cancer, renal cell carcinoma, hepatocellular carcinoma, large granular lymphocytic

leukemia and NK lymphoma.

15. The method of claim 12, wherein said nitric oxide donor compound is selected from the

group consisting of: S-nitroso-N-acetylpenicillamine and sodium nitroprusside.

16. A method of treating a patient for a Fas-related pathological condition, comprising:

a) obtaining a biological sample from an individual diagnosed as having a
pathological condition that may be Fas-related;

b) assaying said biological sample for Fas expression and/or apoptotic activity;

c) comparing the results obtained in step b) with results obtained using samples
from normal individuals;

d) identifying the individual of step a) as a patient with a Fas-related pathological
condition if the comparison of step b) indicates a significantly lower than normal
level of Fas expression or a significantly lower than normal level of apoptotic
activity;

e) administering a nitric oxide synthase inhibitor compound to said patient at a
dosage and for a duration sufficient to eliminate or substantially reduce one or

more symptoms associated with said pathological condition.

17. The method of claim 16, wherein said pathological condition is a Fas-related neoplastic

disease.

18. The method of claim 17, wherein said neoplastic disease is a Fas-related lymphoma.

19. The method of claim 16, wherein said pathological condition is a Fas-related autoimmune

disease.

20. The method of claim 16, wherein said Fas-related pathological condition is selected from
the group consisting of: colon cancer, renal cell carcinoma, hepatocellular carcinoma, breast

cancer, non-Hodgkin's lymphoma, arthritis and nephritis.
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21. The method of claim 16, wherein said nitric oxide synthase inhibitor is N®- monomethyl-L-

arginine.
22. A method of regulating caspase-induced apoptotic activity in a patient, comprising

administering to said patient an agent that alters the cellular activity of nitric oxide, wherein

said agent is administered at a dosage and for a duration sufficient to significantly alter caspase

S-nitrosylation.
23. The method of claim 22, wherein said agent is a nitric oxide donor compound.

24. The method of claim 22, wherein said agent is a nitric oxide synthase inhibitor compound.
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