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heart muscle, regardless of the underlying cardiac disorder,

The invention concems the treatment of cardiac hypertrophy by interferon-gamma (JFN-+). Cardiac hypertrophy may result from
a variety of diverse pathologic conditions, inciuding myocardial infarction, hyperiension, hypertrophic cardiomyopathy, and valvular
regurgitation. The reatment extends to all stages of the progression of cardiac hypentrophy, with or without structural damage of the
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TREATMENT OF CARDIAC HYPERTROPHY

The present invention relates generally to the effects of IFN-y en cardiac hyperrophy. More particuiarly,
the invention concerns the use of IFN-y for the prevention and treamment of cardiac hypenrophy and associated
pathological conditions. '

ND OF v
ron- R

Interferons are relatively small. single-chaingiycoproteins released by cells invaded by viruses or certain
other substances. Lnterferons are presently grouped into three major classes. designated leukocyte interferon
(interferon-alpha, a-interferon, l.m-c:). fibroblast interferon (interferon-beta. B-interferon, 1FN-§), and immune
interferon ( inr.erfergn-gamma, y-interferon, IFN-y).  Iny response to viral infection, lymphocytes synthesize
primarily a-interferon (along with a lesser amount of 2 distinct interferon species, commonl'y referred (o as omega
interferon), while infection of fibroblasts usually induces P-interferon. a- and P-interferons share about 20-30
percent amino acid sequence homology. The gene for human [FN-B lacks introns, and encodes a protein possessing
29% amine acid sequence identity with human IFN-al, suggesting that IFN-a and IFN-P geney have evolved from
a common ancesto.r (Taniguchi er al., Nature 283, 547.549 [1980]). By conmast. IFN-y is not induced by viral
infection. rather, is synthesized by lymphocytes in response 1o mitogens, and is scarcelv related 10 the other two

types of interferons in amino acid sequence. Interferons-a and -f} are known to induce MHC Class 1 antigens, while

_IFN-y induces MHC Class I antigen expression, and also increases the efficiency with which targer cells present

viral peptide in association with MHC Class | molecules for recognition by cyvtotoxic T celis.
IFN-y is a member of the interferon family. which exhibits the amiviral and anti-proliferative properties

characteristicof interferons—x and - ({FN- and {FN-f) but. in contrast to those interferens, is PH 2 labile. IFN-y

‘was originally produced upon mitogenic induction of lvmphotytes. The recombinant production of human IFN-y

was first reported by Gray, Goeddel and co-workers {Gray et of , Nature 295, 503-508 [198%]), and is subject of
U.S. Patent Nos. 4.762.791. 4,929,544, 4,727,138, 4.925.793. 4.855.238. 5.582.824. 5.096.705, 5.574.137, and
5,595,888, The recombinant human IFN-y of Gray and Goeddel as produced in £. co/i, consisted of 146 amino
acids, the N-terminal position of the molecule commencing with the sequence CysTyrCys. It has later been found
that the native human [FN-y (i.e..that arising from mitgen induction of human peripheral biood lymphocytes and
subsequent purification) is a polypeptide which lacks the CysTyrCys N-terminus assigned by Gray er al., s:}pra.
More recently, the crystal structure of £ coli derived recombinanthuman IFN-y (rhIFN-y) was determined (Ealick
e1 al., Science 232, 698-702 [1991]), showing that the protein exists as a tightly intertwined non-covalent
homeodimer, in which the two identical palypeptide chains are oriented in an antiparallel manner.

IFN-y is known to exhibit 2 broad range of biological activities, including antitumor, antimicrobial and
immunoregulatory activities. A particular form of recombinant human IFN-y (rhIFN-y-1b. Actimmune®,
Genentech, Inc. Sauth San Francisco, California) is commercially available as an immunomodulatory drug for the
treatment of chronic granulomatousdisease characterizedby severe, recurrent infections of the skin, lvmph nodes,
Hver, lungs, and bénes due to phagocyte disfunction{Bachner R L., Pediatric Pathol, 10, 143-153 {1990]). IFN-y
has aiso been proposed for the treatment of atopic dermatitis. 2 common inflammatory skin disease characterized

by severe pruritus. a chronically relapsing course with frequent periods of exacerbation. a distinctive clinical
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morphology and distribution of skin lesions (see PCT Publication No. WO 91/07984 published 13 June 1991).
vascular stenosis. including the weatment of restenosis following angioplasty and/or vascular surgery (PCT
Publication No. WO 90/03189 pubiished § April 1990). various lung conditions, including respiratory distress
syndromes (RDS), such 2s adult respiratory distress syndrome (ARDS) and 3 neonatal form, termed variously as
idiopathic RDS or hyaline membrane disease (PCT Publication No. WO 89/01341, published 23 February 1989).
In addition. IFN-y has been proposed for use in the treatment of various allergies, e.g. asthma. and HiV-infection-
related conditions. such as opportunistic infections, e.g. Pnevmocystis carinii pneumonia. and trauma-associated
sepsis. Impaired IFN+y production has been observed in thultiple-sclerosis {(MP) patients. and it has been reported
that the productionof IFN-v is g}cal!y suppressed in suspensions of mitegen-stimuiated mononuclear cells derived
from AIDS patients. For a review sce, for example, Chapter 16, “The Presence of Possible Pathbgenic Role of
interferons in Discase™. In: Interferons and other Reguiatory Cyviokines, Edward de Masver (1988, John Wilet and
Sons Publishers).

Interferon-v, along with other cytokines.has been implicated as an inducer of induciblenitric oxide (INOS)
which, in tum, has been described as an imponam mediator of the inflammatory mechanism underbving hean
failure, of the cardiac response to sepsis or allograftrejection. as well as the progression of dilated cardiomyopathics
of diverse etiofogies. Ungureanu-Longrois er al., Cjre. Res 77, 494502 (1995): Pinsky er af., J_Clin_|nvest, 95,
677-685(1995); Singh et al., J. Biol. Chem, 270, 28471-8 (1995): Birks and Yacoub. Coronarv Arterv Disease 8,
389-402 (1997); Hattori er af, J. Mot. Cell. Cardiol, 29, 1585-92 (1937). Indeed. [FN-y has been reported 1o be

the most potent single cytokine with regard to myocyte iNQS induction (Watkins er ol } Mol & Cell. Cardiol,
27,2015-29[1995D.
Cardiac hypertrophy

Hypenrophy is generally defined as an increase in size of an organ or structure independent of natural

growth that does not involve wmor formation. Hyperrophv of an organ or tissue is due either 1o an increase in the

" mass of the individual cells (true hyperrophy), or to an increase in the number of celis making up the tissue

{hyperplasia}, or both.

Cardiac hypertrophy is the enfargement of heart that is activated by both mechanicatand hormonal stimuli
and enables the heart 1o adapt to demands for increased cardiac output or to injury. Morgan and Baker. Circulation
£3, 13-25(1991). Thisresponse is frequently associated with a variety of distinct pathelogical conditions. such as
hyperension. aortic stenosis, myocardial infar;:tion. cardiomvopathy, valvular regurgitation, cardiac shunt,
congestive heart failure, etc.

On a cellular level, the heart functions as a syncytium of myvocytes and surrounding support cells. calied
non-myocyies. While non-myocytesare primarily fibroblasymesenchvmal cells, they also include endothelial and
smooth muscle cells. Indeed. although myorytes make up most of the adult myocardial mass. they represent only
about 30% of the total cell numbers present in hean.

The enlargement of embryonic heart is largely dependent on an increase in myocyie number. which
continues until shortly afier birth, when cardiac myocytes lose their proliferative capacirv. Further growth occues
through hyperrophy of the individual celfs. Hypenrophy of aduit cardiac ventricular myvocyvies is a response to a
variety of conditions which lead to chronic hemodynamicovericad. Thus. in response 1o hormonal. physiological,

hemodynamic, and pathological stimuli. adulr ventricular muscle cells can adapt to increased workloads through

e
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the activation of 2 hyperwophic process. This respense is characterized by an increase in myocyte cell size and
contractile protein content of individual cardiac muscle cells, withowt concomitam cel) division and activation of
embryonic genes. including the gene for atrial narriuretic peptide (ANP). Chien er af. FASEB J, §, 3037-3046
(1991); Chien er o/, Annu. Rev, Physigl, 55, 77-95 (1993). An increment in myocardial mass as a result of an
increase in myocyle size that is associated with an aceumulation of interstitial collagen within the extracellular
matrix and around intramyocardialcoronary arteries has been described in left ventricular hyperwophy secondary
1o pressure overload in humans (Caspari ef of., Cardigvasc, Res, 11, 554-8 [1977); Schwarz er a/,, Am. ], Cardiol.
42, 895-503[1978); Hess e af, Circularion 63, 360-371 [1981]; Pcarlmaner ol Lab. Invest. 46, 158-164 [1982]).
Caﬂiac hyvpermophy due to chronic hemodynamic overload is the commeon end result of most cardiac disorders and
a consistent feature of cardiac faijure. '

It has also been suggested that paracrine factors produced by non-myocyte supporting cells may
additionally be invelved in the devetopment of cardiac hypertrophy, and various non-myocyte derived hyperophic
factors. such as. leukocyte inhibitory factor (LIF) and endothelin. have been identified. Metcalf. Growth Factors
7, 169-173(1992); Kurzrocker al.. Endocrine Reviews 12,208-217(1991): Inoue er 2/, Proc. Natl. Acad. Sci. USA
86: 2863-2867(1989); Yanagisawaand Masaki, Trends Pharm, Sci. 10. 374-378 (1989); U.S. Patem No. 5,573,762

(issued November 12, 1996). Furtherexemplary factors that have been identified as potential mediators of cardiac

hypertrophv include cardiotrophin-1 (CT-1) (Pennica er of., Proc Nat Acad Scj, USA 92:1142-1146 [1995]).

catecholamines. adrenocorticosteroids, angiotensin, and prostaglandins.

Adultmyocyte hypertrophy is initially beneficial as a short term response to impaired cardiac function by
permitting a decrease in the load on individual muscle fibers. With severe, long-standing overload. however, the
hypertrophied cells begin to deteriorate and die. Katz, “Heart Failure™, in: kaiz A.M. ed.. Physiology of the Hean
(New York. Raven Press, 1992) pp. 638-668. Cardiac hypertrophy is a significantrisk factor for both mortality and
morbidity in the clinicat course of hean failure. Katz, Trends Cardipvasc. Med. §. 37-44 (1995).

For further details of the causes and pathology of cardiac hypertrophy see, e.2. Heant Disease, A Textbook
of Cardiovascular Medicine. Braunwald. E. ed., W.B. Saunders Co., I 988, Chapter 14. Pathophysioclogy of Heart
Failure.

Treatment of cardiac hyperirophy

At present, the treatment of cardiac hypertrophy varies depending on the underlying cardiac diseasle.
Catecholamines.adrenocorticosteroids, angiotensin, prostaglandins, leukemia inhibitory factor (LIF), endothelin
{including endothelin-1, -2, and -3 and big endothelin), cardiotrophin-1 (CT-1) and cardiac hypertrophy factor
{CHF) are among the factors identified as potential mediators of hypertrophy.  Forexample, B-adrenergic recepror
blocking drugs (i-blockers, e.g., propranolol, timolol, tertalolol, caneelol, nadelol, betaxolol, penbutolol,
acetobutolol, atenclo!, metoprolol, carvedilol, etc.} and verapamil have been used extensively in the treatment of
hypertrophic cardiomyopathy. The beneficial effects of B-blockers on symptoms (e.g. chest pain) and exetcise

tolerance are largely due to a decrease in the heart rate with a consequent prolongartion of diastole and increased

_ passive ventricular filling. Thompsorter al., Br. Heart J. 44, 488-98 (1980): Harrison er al., Circutation 29, 84-98

(1964). Verapamil has been dscrib‘c'q’m improve ventricular filling and probably reducing myocardial ischemia.
Bonow er al., Circulation 72, 853'-65‘;(1 985). Nifedipine and diltiazem have also been used occasionally in the
treatment of hvperrophic cardioﬁyopathy. Loreil er o/, Cirgulation 63. 49%-507 {1982); Betocchieraf, Am._J.

-
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Cardiol. 78, 451-7 (1996). However. because of its potent vasodilating properties. nifedipine may be harmful.

especially in patients with outflow obstruction. Disopyramide has been used 1o relieve symptoms by virtue of its

"negative inotropic properties. Peailick, N, Engl. J. Med, 307, 997-9 (1932). In many patienis. however, the initial

benefits decrease with time. Wigle erall. Circulation 92, 1680-92 (1995).

Amtihypertensive drug therapy has been reported to have beneficial effects on cardiac hyperrophy
associated with elevated blood pressure. Examples of drugs used in antihypertensive therapy, alone or in
combination. are calcium antagonists, e.'-g. nitrendipine; B-adrenergic recepior blocking agents, e.g., those listed
above: angiotensin converting enzyme {ACE) inhibitors. ¢.g., quinapril, captopril. enalapril, ramipril. benazepril,
fosinopril. lisinopril; diuretics, e.g. chorothiazide. hydrochlorothiazide, hydroflumethazide. methylchiothiazide,
benzhiazide, dichiorphenamide,acetazolamide, indapamide: calcium channe] blockers. e.g. diltiazem. nifedipine.
verapamil. nicardipine. For example. treatment of hypentension with diliazem and captoprii showed a decrease
in left ventricular muscle mass. but the Doppler indices of diastolic function did not normalize. Szlachcic eral,
Am, ). Cardiol. 63, 198-201 (1989); Shahi er al., Lancet 336. 458-61 (1990). These findings were interpreted to
indicate that excessive amounts of interstitiaicollagen may remain afier regression of left ventricular hyperrophy.
Rossi er al.. Am. Heart 3. 124, 700-709 (1992). Rossi et al.. supra. investigated the effect of captopril on the
prevention and regression of myocardial cell hypertrophy and interstitial fibrosis in pressure ovetload cardiac
hypertrophy. in experimental rats.

As there is no generaity applicable therapy for the treatment of cardiac hypertrophy, the identification of
factors that can prevent or reduce cardiac myocyte hypertrophy is of piimary importance in the development of new
therapeutic strategies o inhibit pathophysiological cardiac growth.

' _ MMARY OF THE INVENTION

We have unexpeciedly found that IFN-vy inhibits the prostaglandin Fq, (PGF-,)- and phenylephrine-

induced spreading of cardiac myocytes isolated from aduh rats. We have funther found that IFN-y inhibits i vive

both cardiac hyperwrophy induced by fluprostenal. an agonist analeg of PGF,, . and hypertrophy induced by

pressure overload in a rat model.
Accordingly, the present invention concerns the treatment of cardiac hypertrophy. regardiess of the

underlying cause, by administering a therapeutically effective dose of IFN-y. If the objective is the treatment of

‘humnan patients. IFN-y preferably is recombinanthuman IFN-y (thIFN-v), most preferably. rhIFN-y- I b, which will

be defined hereinbelow. The concept of reatment is used in the broadest sense. and specifically includes the
prevention (prophylaxis). moderation, reduction, and curing of cardiac hyperrophy of anv stage.

IFN-y preferably is administered in the form of a liquid pharmaceusical formulation, which may be
preserved 1o achieve extended storage stability. Preserved liquid pharmaceutical formulations might contain
multiple doses of IFN-vy, and might, therelore, be suitable for repeated use.

IFN-y might be administered in combination with one or more further therapeutic agent used for the

treatment of cardiac hyperrophy, or a physiological condition instrumental in the development of cardiac

_hypertrophy. such as elevated blood pressure, aortic stenosis. or mvocardial infarction.

The invention further concemns 2 method for making a pharmaceutical composition for the reatment of
cardiac hyperrophy, which comprises IFN-y as an acrive ingredien:.

The invention also concerns 2 pharmaceutical product which comprises:

-3
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(a) a pharmaceutical composition comprising at least one therapeuticallveffective dosage of IFN-y;
(b) a container containing said pharmaceutical tompaosition: and
(c) a label affixed to said container, or a package insent included in said pharmaceutical product

referring to the use of said 1FN-v in the treamment of cardiac hypertrophy.
F T F THE F1

En the Figures and throughout the examples, “!‘FN" or “IFN-y¥” refers to recombinant mouse [FN-y
(Genentech, Inc.. South San Frangisco, CA. or Genzyme, Cambridge. MA).

Figure | Inhibition of prostaglandin ¥, (PGR, Finduced spreading response by IFN-y.
Myocytes were pre-incubated with saline vehicle or IFN-y (500 U/ml) on day of isolation. A second addition of
vehicle or [FN-y was performed 24h aﬁer isolation, along with the addition of either vehicle or PG4, (10'7 M).
After an additional 72 hr incubation, celis were fixed in ghrtaraldzhvde, stained with eosin Y and viewed by
fluorescencemicroscopy. A, B, C Cardiac myocytesafier 4 days in culture: control, PGF5,, and PGF5,+IFN-v,
respectively. Histographs showing maximum breadth of rod shaped cardiac myocytes versus percent frequency
of breadih occurrence. The maximum breadth of rod-shaped tells was derermined by fluorescence microscopy and
imaging software. At least 200 rod shaped cells from a single experiment were examined per group. IFN-y alone
had no observable effect on the morphology of the cells. P<0.001 for all greup comparisons.

Figure 2 Dose responsive inhibition of PGFq,-induced response by IFN-y (500-25 U/ml}.
Myocytes were pre-incubated with saline vehicle or IFN-y on day of isolation. A second amount of IFN-v was
added 24 hr after isolation. along with the addition of either vehicle or PGFy4 (JO'7 M). Afier an additional 72 hr
incubation, cells were fixed in gletaraldehyde, stained with ¢osin Y and viewed under fluorescence. Quantitation
of myocyte morphology: A control, B PGF+,, C PGFy, +IFN-y(25 U/mi). D PGR, + [FN-y (100 U/ml), E
PGF5,+IFN-y(500 U/ml). Histographsshowing maximum breadth of rod shaped cardiac myocytes versus percent

frequency of breadth occurrence. The maximum breadth of rod-shaped ceils was determined by fluorescence

microscopy and imaging sofrware. At least 200 rod shaped cells from a single experiment were examined per

group. FN-y alone had no observa_b!e effect on the morphology of the cells. P<0.001 for all group comparisons,

Figure 3 Inhibition of phenylephedrine (PE)}-induced spreading response by IFN-y. Mvocytes
were pre-incubated with saline vehicle or IFN-y (500 U/ml} on day of isolatien. A second addition of vehicle or
IFN-y was performed 24h after isolation, along with the addition of either vehicle or PE (10'5 M) Afier an
additional 72 hr incubation, cells were fixed in glutaraldehyde. stained with eosin Y and viewed by fluorescence
microscopy. A, B, C Cardiac myocytes afier 4 days in culrure: control, PE. and PE+1FN-y. respectively.
Histographs showing maximum breadth of rod shaped cardiac myocyies versus percent frequency of breadth
occurrence, The maximum breadth of rod-shaped cells was determined by fluorescence microscopy and imaging
software. At least 200 rod shaped cells from a single experiment were examined per group. IFN-y atone had no
observable effect on the morphology of the cells. P<0.001 for all group comparisons,

Figure 4 Effects of IFN-y on cardiac hyperwophy induced by fiuprosienot in rats. Data are
presented as mean = SEM. The number in parentheses is the number of animals in each group. * P<0.05.*P<0.01,
comparedto the vehicle group. #P<0.05.#8P<0.0}, comparzd o the Flop group. Flup: fluprostenol: IFN=IFN-y;

HW: heart weight; BW: body weight: VW: ventricular weight; LVW: left ventricular weight.
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Figore § ~ Effects of Flup and/or [FN on MAP and HR. Data are presented as mean + SEM. The
number in parenthesis is the number of animais in each group. * F<0.05, compared to the vehicie group. # P<0.05,
compared to the Flup group. + P<0.05, compared to the Flup+IFN group. Flup: fluoprostenol; IFN: IFN-y; MAP:
mean arteriai pressure: HR: heart rate. '

Figure 6 Barg:l'aphs showing the effect of fluprostenol (FLUP) and IFN-y on: A Skeletal actin
{SKA); B Sarcoplasmicreticulumn calcium ATPase (SRCA); € Collageni (COL 1): D Atrial natriuretic factor (ANF)
expression. Expression levels are normalized to glyceraldehyde-3-phosphate dehydrogenase (GAPDH) message.
VEM is vehicle. There were 7 animals per group and the data are presented as the mean + SEM. P<0.05 vs VEH
group.

Figure 7 Effects of IFN-v on heart weight, ventricular weight, and left ventricular weight in rats
with pressere overload. Data are presented as mean = SEM. The number in parenthesis is the number of animals
in each group. ** P<0.01, compared to the sham group. #¥ P<0.01, comparedto the Banded+vehiclegroup. Sham:
sham-operated rats: Banded: aortic-banded rats; IFN: IFN-y; HW: heart weight: VW: venrricular weight: LVW:
left ventricular weight.

Figure 8 Effects of IFN-y on the ratio of heart weight. ventricular weight, and left ventricular
weight 10 body weight in rats with pressure overload. Data are presented as mean # SEM. The number in
parenthesis is the number of animals in each group. **P<0.01, compared to the sham group. #4P<0.01. compared
to the Banded+vehicle group. Sham: sham-operated rats: Banded: aortic-banded rats: [FN: IFN-y: HW: heart
weight: BW: body weight; VW: venmricular weig:t; LVW!: lefi ventricular weight.

Figure 9 Effects of IFN-y on systolic arterial pressure. mean aneriai pressure, and diastolic arterial
pressure in rats with pressure overload. The number in parenthesis is the number of animals in each group.

**P<0.01.comparedto the sham group. Sham: sham-ope¢ratedrats: Banded: aorric-banded rats: ITFN: IFN-y, SAP:

systolic anerial pressure; MAP: mean arterial pressure: DAP: diastolic anerial pressure.

§ ED IPTION OF THE INVENTION

A.  Defnitions -

~Gamma interferon”. “interferon-gamma”, or “IFN-y " refers varionsly 10 2l forms of (human and non-
human animal) gamma interferon that are shown to be biologically active in any assay of cardiac hypertrophy, e.g.
the hypertrophy assays disclosed herein. and is meant to include, but is not limited to, mature, pro, met and/or des(1-
3)(alsoreferred to as desCysTyrCys [FN-v) form, whether obutined from nawral source, chemically synthesized
or produced by techniques of recombinant DNA technology. A complete description of the preparation of
recombinanthuman IFN-y (thulFN-v) including its cDNA and amino acid sequences are disclosed, for example,
in United States Patent Nos, 4.727,138; 4,762,791 4,925.793; 4,929,554: 5.582,824: 5.096,705; 4.855,238;
5.574,137; and 5.595,888. CysTyrCys-lackingrecombinanthuman IFN-v. inctuding variously runcatedderivatives
are, for example, disclosed in European Patent Publication No. 146.354. Non-human animal interferons. including
IFN-y, are. for example, disclosed in European Publication No. 88.622. The term includes variously glycosylated
forms and other variants (£.2. amino acid sequence variants) and derivativesof such native (wild-type} interferons,
whether known in the art or will become available in the furure. Examples of such variants are alleles. and the
products of site-directed mutagenesis in which residues are deleted, inserted and/or substituted (see, e.2. European

Publication No. 146.354 referred 1o above). IFN-y is known to have a narrow host range, therefore. JFN-y

-6~
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homologous to the animal 1o be treated should be used. [n human therapy, the desCysTyvrCys variant of the
sequence shown in U. S. Patent No. 4,717,138 and its counterpart. EP 77.670. is preferably emploved, and
optionally the C-terminal variant in which the {ast four amino acid residues are deleted in post-transiational
processing. For human therapeuticuse, the IFN-y of the predent invention preferably is recombinant human JFN-y
(rh1FN-v), with or withoutthe amino acids CysTyrCysat the N-terminus. More preferably, IFN-y is a recombinant
human IFN-y species (recombinanthuman interferon gamma- b, rhIFN-y-1b. containing 140 amino acids), which
is the active ingredient of the commercial formulation, Actimmune® ( Genentech, Inc.. South San Francisco.
California). AsIFN-y is known to be highly species specific, in animal experiments, or for veterinary use. IFN-y
of the animal species to be treated is preferably emploved. Thus. in the in vivo experiments using 2 rat animal
model, murine (mouse) recombinant [FN-y (Genentech, Inc.) has been emploved. Rat and mice and sufficiently
closely related to permit the use of mouse 1IFN-y in a rat model.

In a pharmacological sense. in the context of the present invention, a "therapeutically effective amoum”
of IFN-y refers to an amount effective in the treatment of hyperwophy, specificaliy cardiac hypertrophy.

“Hyperirophy™.as used herein, is defined as an increase in mass of an organ or strucrure independent of

natural growth that does rot involve tumeor formation. Hypertrophy of an organ or tissue is due either to an increase

in the mass of the individualcells (true hypertrophy), or 10 an increase in the number of cells making up the tissue

(hyperplasia).or both. Certainorgans, such as the heart, lose the ability to divide shortly after birth. Accerdingly,
“cardiac hypenrophy”is defined as an increase in mass-of the heart. which. in aduls, is characterizedby an increase
in myocyte celi size and contractile protein cantent without concomitant cell division. Thz character of the stress
responsible for inciting the hypemdphy_. {e.g.. increased preload. increased afierload, loss of myocyvies. as in
myocardial infarction. or primary depression of contractitity). appears 10 play a critical rele in determining the
nature of the response. The early stage of cardiac hypertrophy is usually characterizedmorphologicallvby increases

in the size of mycrofibrilsand mitochondria. as well as enfarpementof mitochondria and nuclei. At this stage, while

‘muscle cells are larger than normal, cellular organizationis largely preserved. Ata more advanced stage of cardiac

hyperrophy. there are preferential increases in the size or number of specific organelles. such a mitochondria. and
new contractile elements are added in localized areas of the cells, in an irregular manner. Cells subjected to long-
standing hypertrophy show more obvious disruptions in cetiufar organization. including markedly enlarged nuclei
with highly lobulated membranes, which dfsplace adjacent myofibrils and cavse breakdown of normal Z-band
registration. The phrase “cardiac hypertrophy” is used to include all stages of the progression of this condition,

characterized by various degrees of structural damage of the heart muscie. regardless of the underlving cardiac

. disorder,

“Heart failure™ refers to an abnormality of cardiac function where the hean does not pump blood at the
rate needed for the requirements of metabolizing tissues. The heart failure can be caused by 2 number of factors.
including ischemic. congénital, rheumatic, or idiopathic forms.

“Congestive heart failure™ is a progressive pathologic state where the heart is inereasinglvunable to supply
adequate cardiac output (the volume of blood pumped by the heart over time) to deliver the oxygenated blood 1o

peripheraltissues. As congestive heart failure progresses_ structural and hemodynamicdamages occur. While these

" damages have a variety of manifestations.one characteristicsympiom is ventricularhyvpertrophy. Congestive heant

failure is a common end result of 2 number of various cardiac disorders.
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“Myocardial infarction™ generally results from atherosclerosis of the coronary arteries. often with
superimposed coronary thrombosis. -1t may be divided into two major rypes: transmural infarcts, in which
myocardial necrosis involves the full thickness of the ventricularwall. 2nd subendocardial(nonmansmural)infarcts,
in which the necrosisinvolves t.t;c subendocardium. the intramural mvocardium. or both. without extending ali the
way through the ventricular wall to the epicardium. Myocardial infarction is known to cause both a change in
hemodynamic effects and an alteration in structure in the damaged and healthy zones of the hean. Thus, for
example. myocardial infarction reduces the maximum cardiac output and the stroke volume of the heart. Aiso
associated with myocardial infarction is a stimulation of the DNA synthesis occurring in the interstice as well as
an increase in the formation of collagen in the areas of the heart not affected.

As aresult of the increased stress of strain placed on the heart in prolonged hypertension due. for example,
1o the increasedtotal peripheral resistance, cardiac hypertrophy has long been associated with “hypentension™. A
characteristic of the ventricle that becomes hyperzophic as a result of chronic pressure overioad is an imbaired

diastolic performance. Fouad eral,, 1. Am. Coll. Cardiol, 4, 1500-6 (1984). Smith et ., . Am. Coll. Cardig), 5,

869-74(1983). A prolonged left ventricular rﬁlaxation has been derected in early essential hypenension, in spite
of no_rmaI or supranormai systolic function. Hartford et al., Hypenrtension 6. 329-338 (1984}. However, there is no
close parallelism between blood pressure levels and cardiac hyvperirophy. Although improvementin left ventricular
function in response to antihyperiensive therapy has been reporied in humans. patients variously treated with a
diuretic (hydrochlorothiazide), a B-blocker {propranolol), or a calcium channel blozker {diltiazem), have shown
reversal of left ventricularmass, without improvementin diastofic function. inouve i af, Am. J Cardiof 53, 1583-
7(1934).

Another comptlex cardiac disease associated with cardiac hypertrophy is “hyperwophic cardiomyopathy™.
This condition is characterizedby a great diversity of marphologic. functional, and clinical features (Maron et al.,

N, Engl. } Med. 316, 780-9[1987]): Spiritoeral, N. Engl. ] Med 3230, 749-55 {1989]. Louie and Edwards, Prog.

- Cardiovasc. Dis. 36. 273-308 [1994); Wigle ef af., Circulation 92, 1680-92 {1995]). the heterogeneity of which is

accentuated by the fact that it afflicts patients of all ages (Spiritoeraf. N, Engl ). Med. 336, 775-785[1997]). The
causative factors of hypertrophic cardiomyopathy are also diverse and little understood. Recent data suggest that
f-myosin heavy chain mutations may account for approximately 30 to 40 percent of cases of familial hvperorophic
cardiomyopathy {Watkins er af, N. Engl. J. Med, 326, 1108-14 [1992] Schwanz er al. Circutation 21, 53240
11995]; Marian and Roberts, Circulation 92, 1336-47 (1995]; Thierfelder er al, Cell 77, 701-12 [1994]; Watkins
et al., Nat. Gen_ 11, 434-7 [1995)).

Supravalvular*aortic stenosis ™ is an inherited vascular disorder, that is characterized by narrowing of the
ascending aorta. but other arteries, inciuding the pulmonary arteries, may also be affected. Untreated aontic stenosis
may lead to increased intracardiac pressure resulting in myvecardial hypentrophy and eventwally hean failure and
death. The pathogenesisof this disorder is not fully undersiood. but hyvpertrophy and possibly hyperplasiaof medial
smooth muscie are prominent fearures of this disorder. It has been reponed that moiecular variants of the efastin
gene are involved in the developmentand pathogenesis of aontic stenosis. (U.S. Patent No. 5,650,282 issued July
22.1997)

“Valvular regurgitation™ occurs as a result of heart diseases resulting in disorders of the cardiac valves.

Various diseases. like rtheumatic fever, can cause the shrinking or pulling apan of the valve orifice. while other
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diseases mav result in endocarditis, an inflammation of the endocardium or lining membrane of the atrioventricular
orifices and operation of the heart. Defects such as the narroping of the valve stenosis or the defective closing of
the valve result in 2n accumulation of blood in the heart cavity or regurpitation of blood past the vatve, If
uncorrected. prolonged valvular stenosis or insufficiency may result in cardiac hyperrophy and associated damage
to the heart muscle, which may eventually necessitate valve replacement.

The treatment of all these. and other cardiac disorders accompanied by cardiac hyperrophy is subject of
the present invention.

“Treatment” refers to both therapeutic trearment and prophylactic or preventative measures. wherein the
object is to prevent or slow down (lessen) hypertrophy. Those in need of treatment include those already with the
disorder as well as those prone to have the disorder or those in whom the disorder is 10 be prevented. The
typertrophy may result from any cause, mncluding idiopathic, cardiotrephic, or myotrophic causes, or ischemia or
ischemic insults. such as myocardial infarction.

“Chronic™ administration refefs 10 adminismation of the agent{s) in a continuous mode as opposed 1o an
acute mode. SO as 10 Maintain the initial antihyperrophic effect for an extended period of time.

“Mammal™ for purposes of rearment refers 10 anv animal classified as a mammal. including humans,
domestic and farm animals, and zoo. sports, or per animals. such as dogs. cats. cows, horses, sheep, pigs. etc.
Preferably, the mammal is human.

Administration “in cnmbination with™ one or more funher therapeutic agems includes simultaneous
{concurrent) and consecutive a:ministration in any order. |
B. Modes of Carrying gut the Invention

L Cardiac hypertrophy assays

In virro assayvs

a. Induction of spreading of adult rat cardiac myocytes

In this assay, ventricular myocytes are isolated from a single {tmale Sprague-Dawley) rat. essentially

foliowing a modification of the procedure described in detail by Piper er al.. ** Adult ventricular rat heart muscle

*cells.” In: Cell Culture Techpiques in Heart and Vessel Research. H.M. Piper, ed.. Berlin: Spinger-Veriag, 1990,

pp. 36-60. This procedure permits the isolation of adult venrmricular myocyies and the long-term culture of these
cells in the rod-shaped phenotype. Phcn).rlephrin: and Prostaglandin F4, (PGF4,) have been shown to induce a
spreading response in these adult-ceils. Piperetal.. supra, Laiet al.. Am 1. Phvsiol. 1996; 271 (Hean Circ. Physiol.
40):H2197-H2208. The inhibition ofmyﬁcytc spreading induced by PGF, .. or PGF 5, analogs, (e.g. fluprostenol)
and phenylephrine by various potential inhibitors of cardiac hypertrophy is then tested. A deiziled protocol is
described in the examples that follow.

Invivo assavs B

a Inhibition of cardiac hypertrophy induced by fluprostenol in vive

This pharmacologicalmodel tests the ability of IFN-y to inhibit cardiac hyperrophy induced in rats (e.s.
male Wistar or Sprague-Dawley) by subcutancous injection of fluprostenol (an agonist analog of PGF4,). Itis
known that rats with pathologic cardiac hypertrophy induced by myocardial infarction have chronically elevated
levels of extractable PGF5, in their myocardium. Laier al, Am ! Phesiol. (Heant Circ. Phyvsiol ) 271:H2197-

H2208 (1996). Accordingly, factors that can inhibit the effecis of fluprostenol on myocardial growth in vivo are
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potentialty useful for weating cardiac hypertophy. The effects of 1FN-y on cardiac hypertrophy are determined
by measuring the weight of he'an. ventricles. and lefi venwricle {(normalized by bodyweight} relativeto fluprostenol-
treated rats not receiving IFN-y. A detailed description of this assay is provided in the examples.

b. Pressure-overload cardiac hyperrophy assay.

For in vivo testing it is common to induce pressure-overload cardiac hyperwophy by constriction of the
abdominal aorta of test animals. [n a rypical protocol rats (e.g. male Wistar or Sprague-Dawley) are weated under
anesthesia. and the abdominal aorta of each rat is narrowed down just below the diaphragm. Bemak M., Can. J.
Biochem. Phvsiol, 33, 985-94 (1955). The aona is exposed through a surgic_al incision. and a bluned needie is
placed next to the vessel. The aorta is constricted with a ligature of wool thread around the needle. which is
immediately removed and which reduces the lumen of the aoma 1o the diameter of the needle. This approach is
described. for example, in Rossi er 2, Am, Heart J. [24, 700-709 {1992) and O Rourke and Reibel, PS.EMB.
200, 95-100 (1992). A deuiled description of the prb:ocol used by the present invcnto}s is disctosed in the
examples hercinbelow.

b, Effect on cardiac hypertrophy following experimentally induced mvocardial infarction (MI).

Acute Ml is induced in rats by left coronary anterv ligation and confirmed by electrocardiographic
examination. A sham-operatedgroup of animals is also prepared as controf animals. Earlier data have shown that
cardiac hyperrophy is present in the group of animals with M1 as evidenced by 2n 18% increase in heant weight-to-
body weight ratio. Laiet al. supra. Treatrnent of these animals with candidate blockers of cardiac hypertrophy,
e.g. IFN-vy provides valuable information about the therapct.;tic patential of the candidates tested.

pa Uses, therapeutic compositions and administration of IFN-y

In accordance with the present invention. IFN-y can be used for the meaument of cardiac hypentrophy, i.e.
the enlargementof heart. regardless of the etiology and pathogenesis. When an excessive pressure or volume load

is imposed on the hean (ventricle}, cardiac (myocardial) hyperrophy develops. providing a fundamental

. compensatory mechantsn that permits the ventricle o sustain its burden. Kravenbuehler af, Eur, Heart ], 4 (Suppl.

A), 29 (1983). The character of the stress (increased pretoad. increased afierload. loss of myocvies, as in
myocardial infarction, or primary depression of contractiliry)responsible of the development of hyperrophy plays
a critical role in determining the nawre of the hyperwophic response. Scheuver and Buttrick. Circulation 75(Suppl.
1), 63 (1987). The present invention concerns the weament of cardiac hypertrophy associated with any underlying
pathological condition, including, without limitation, post myocardial infarction, hyperiénsion, aortic stenosis,
cardiomyopathy. valvular regurgitation, cardiac shunt. and congestive heart failure. The main characteristics of
these conditions have been discussed hereinabove,

Pamicularly important is the use of YFN-y for the prevention of cardiac failure following mvocardial
infarction. About 750.000 patients suffer from acute mvocardial infarction (AMI)annua!lv. and approximately one-
fourth of all death in the United States are duc to AML. In recent vears. thrombolytic agents, e.g. sreptokinase,
urokinase. and in particulartissue plasminogen activator (t-PA ) have significanify increased the survival of patients
who suffered myocardial infarction. When administered as a continuous intravenous infusion over 1.3 10 4 houts.
t-PA produces coranary patency at 90 minutes in 69% to 90% of the treated patients. Topol ¢f al.. Am_1. Cardiol.
61, 723-8(1988): Newhauser af., J_ Am._Coll. Cardiol. 12 581.7 (1988); Neuhaus &1 al.. ] Am _Col. _Cardig} 14,

1566-9 (1989). The highest patency rates have been reporied with high dose or accelerated dosing regimens.
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Topol, 1. Am. Coll, Cardioj, 15, 922-4 (1990). t-PA may also be administered as a single bolus. aithough due to
its relatively short half-life. it is better suited for infusion therapy. Tebbe er al. Am. ). Cardiol, 64, 448-53 (1989).
A t-PA variant, specificallydesigned to have longer half-life and very high fibrin specificity. TNK t-PA (2 THO3N,
N117Q, KHRR(296-299)AAAA t-PA variant, Kewvt er o/, Proc, Natl Acad, Sci. USA 91, 3670-3674 (1994)) is
particularly suftable for bolus administation. However, despite all these advances, the long-term prognosis of
patient survival depends greatly on the post-infarction monitoring and treatment of the patients. which should
include monitoring and treamment of cardiac hyperntrophy.

Ancther important therapeutic indication is the treatment of cardiac hypertrophy associated with
hypenension. As noted before. sustained hyperiension is known to result in cardiac hypertrophy. Although certain
hypotensive agents have been shown to reduce left ventricular mass, trearment does not always resulted in the
improvement of diastolic function. Accordingly, IFN-y can be administered in combination with B-adrenergic
receptor blocking agents, e.g., pro'pranolol. timolol, tertalolol, carteolol. nadolol, be-laxolol. penbutoiol.
acetobutolol. atenolol, metoprolol, carvedilol: angiotensin converting enzyme (ACE) inhibitors. e.g., quinapril,
captopril. enalapril. ramipril. benazepril. fosimopril, lisinopril: diuretics. e.g. chorothiazide, hydrochlorathiazide,
hydroflumethazide, methylchlothiazide, benzthiazide. dichlorphenamide, acetazolamide. indapamide; and/or
calcium channel blockers, e.g., diltiazem, nifedipine. verapamil, nicardipine. Pharmaceutical compositions
comprising the therapeutic agents identified here by their generic names are commercially avaitable. and are to be
administered following the manufacturers’ instructions for dosape, administration. adverse effects,
contraind;cations.etc. (See, e.g. Physicians’ Desk Reference. Medical Economics Data Produciion Lo, Montvale,
N_L., 51th Edition, 1997.) '

{FN-y may also be administered prophylactically te patients with cardiac hypertrophy, to prevent the
progression of the condition, and avoid sudden death, including death of asymptomaticpauents. Such preventative

therapy is particularly warranted in the case of patients diagnosed with massive feft ventricular cardiac hypertrophy

. (a maximal wail thickness of 35 mm or more in adulis. or a comparable value in children), or in instances when the

hemodynamic burden on the heart is particularly srong.

IFN-y may aiso be useful in the management of atrial fibriliation. which develops in a substantiat portion
of patients diagnosed with hypertrophic cardiomyopathy.

IFN-y is administered in the form of a pharmaceutical composition comprising IFN-y as an active
ingredient, in conjunction with a pharmaceutically acceptable carrier. Therapeutic formularions of IFN-y for
treating cardiac hypertrophy are prepared for storage by mixing IFN-y having the desired degree of purity with
optional physiologicallyaccepable carri.;:rs.excipienu.or stabilizers (Remington's Pharpaceutical Sciences. supra),
in the form of lyophilized cake or aqueous solutions. Acceprable carriers. excipients. or stabilizers are nion-toxic
to recipients at the dosages and concentrationsemployed. and include buffers such as phosphate, citrate, 2nd other
organic acids: antioxidants including ,asco;bic acid; low molecular weight (less than about 10 residues)
polypeptides: proteins, such as serum albumin, gelatin. or immunoglobulins: hydrophilic polymers such as
po[yvinylpynnlidone: amino acids such as glycine, gluitamine. asparagine, arginine or lysine: monesaccharides,
disaccharides, and other carbohydrates including plucose. mannose, or dextrins: chelating agents such as EDTA;

sugar alcohols such as mannito! or sorbito!: salt-forming counterions such as sedium: and/or nonionic surfactants

such as Tween, Pluronics. or polvethylene glveol (PEGI.
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[FN-y to be used for in vivo administration must be sterile. This is readily accomplished by filtration
through sierile filtration membranes. prior to or following lyophilization and reconstitution. 1FN-y ordinarily will
be stored in lvophilized form or in solution. _

[FN-y may be used in iyophilized form, in combination with other ingredienis for reconstitution with an
appropriatedijuent at the time for use. Betause IFN-y is known to be acid labile, it has traditionally been handled
at neyrral or slightly alkaline pH. See. for example, U.S. Patent No. 4.499.014 which discloses reactivation of a
Iyophilizedacidic IFN-y solutionto a pH of 6 to 9. Neutral or slighty alkaline soluions of higher concentrations
of IFN-y are generally unsuitable as injectable formulations because of the immediate formation of a visible
precipitate. Such precipitate may cause thrombosis on administration or dectease potency. European Patent
Publication No. 0196.203 discloses reconstitution of lyophilized IFN-y toapH of 4 10 6.0.

Stable liguid pharmaceutical compositionscornprising an effective amount of non-lyophilizedIFN-v along
with a buffer capabie of maintaining the pH at 4. 0-6.0, a stabilizing agent. and a non-ionic detergent are disclosed
in U.S. Patent No. 5.151.265 issued 29 September 1992. The stabilizing agent tyvpically is a polyhvdric sugar
aicohol. such as mannitol. and the non-ionic detergent may be a surfactant. ¢.g. pofysorbate 80 or polysorbate 20,
The non-idnic detergent preferably is present in a range of about 0.07 to 0.2 mg/ml. and most preferably in a
concenwationof about 0.1 mg/ml. Suitable buffers are conventional buffers of organic acids and salt thereof. such,
as nitrate buflers (e.g., monosodium citrate-disodium citrate mixture, eitric acid-trisedium citrate mixture. citric
acid-monosodium citrate mixture, e¢tc.), succinate buffers (e.g., succinic acid-monosodium succinate mixture,
ruccinic acid-sodium hvdroxide mixture. succinic acid-disodium succinate mixrure. eic.,. 1anarate buffers (e.2..
tartaric acid-sodium tartarate mixture, tartaric acid-potassium tartarate mixture. tararic acid-sodium hydroxide
mixture. etc.), fumarate buffers {e.g. fumaric acid-monosodium fumarate mixmure, fumaric acid-disodium fumarale
mixture, monosodium fumarate-disodium fumarate mixture, ete ), gluconate buffers {e.2. gluconic acid-sodium
gluconate mixture, gluconic acid-sodium hydroxide mixtwre, gluconic acid-potassiuvm gluconate mixmre. etc.),
oxalawe buffers (e.g.. oxalic acid-sodium oxalate mixture, oxalic acid-sodium hydroxide miature. oxalic acid-
potassium oxalate mixtre, etc.), lactate buffers (e.g. lactic acid-sodium lactate mixture. lactic acid-sodium
hydroxide mixtre, lactic acid-potassium lactate mixture, etc.), and acetate buffers (e.g., acetic acid-sodium acetate
mixture, acetic acid-sodium hydroxide mixmure, etc.)

A known commercial liquid formulation of IFN-y (Actimmune® rhulFN-y-1b. Genentech. Inc.} is a
sterile, clear. coloriess ynpreserved solution filled in a single-dase vial for subcutaneousinjection. Each 0.5 mi vial
of Actimmune contains 100 pg (3 million U, specific activiry: 30 million Urmg) of IFN-y-1b formutated in 20 mg
mannitol. 0.36 mg sodium succinate, 0.05 mg polysorbate 20 and Sterile Water for Injection.

Preserved pharmaceutical compositions to be used in accordance with the present invention. which are
suitable for repeated use, preferably .comain:f

a) IFN-y not subjected to prior lyophilization;

b an acctate buffer capable of maintaining the pH between about 4 and about 6 (the pH range of
maximurn stability of the protein in solution);

c) a non-ionic detergent primarily to stabilize the protein against agitation-induced ageregation:

d) an isotonifter;
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) a preservativeselected from the group of phenol. benzvl zlcotrol and a benzethonium halide. e.2.
chloride; and .
)] water.

The non-ionic detergents (surfactants) may, for c-xamplc. be polysorbates (e.2. poiysorbate [Tween] 20,
80, etc.) or poloxamers (e.g. poloxamer I8'8).7 The use of non-ionic surfactants permits the formulation to be
exposedto shear surface siresses withour causing denarurarion of the protein. Further. such surfactant containing
formuiations may be employed in a¢rosol devices such as those used in a pulmonary dosing, and needieless jet
injector guns (see, e.g. EP 257.956).

The isotonificr is presemt to ensure isotonicity of the liquid compositions of the present invention. and
includes polyhydric sugar alcohols, preferably trihydric or higher sugar alcohols. such as glycerin. erythritol,
a..mbitol. xvlitol. sorbitotand mannitol. These sugar aicohols can be used alone or in combination. Alematively,
sodium chloride or other appropriate inorganic salts may be used to render the solutions isotonic.

The acetate buffer may, for example, be an acetic acid-sodium acetale mixture. acetic acid-sodium
hvdroxide mixture. etc. The pH of the liguid formulation of this invention is buffered in the range of about 4.0 to
6.0, preferably 4.3 to 3.5, and most preferably at about pH 5.

The preservativesphenol. benzyl alcohol and benzethoniumhalides, e.g. chloride, are known antimicrobial
agents.

In a preferred embodiment, IFN-y is administered in the form of a liquid pharmaceutical composition

which comprises the following components:

TFN-y 0.1-2.0 mg/m!

sodium acetate (pH 5.0} 5-100 mM

Tween 20 0.1 10 0.01 %5 by weight
phenol ) 0.05 10 0.4 % by weight
mannitot 5 % by weight

water for injection. USP up to 100 %5,

wherein the percentage amounts are based on the weight of the composition. Phenol can be replaced by 0.5-1.0 %
by weight of benzy! alcohol. and mannitol can be replaced by 0.9 % by weight sodium chloride.

Most preferably. the compositions comprise

IFN-y 0.1 10 1.0 mg/m}
sodium acetate (pH 5.0) 10 mM

Tween 20 0.01 % by weight
phenol 02%

mannitof 5%

Phenol can be replaced by 0.75 by weight benzyi alcohol and mannitol by 0.9 % by weight sodium
chlonide.

The preserved liquid formulations preferably contain multiple doscs of 2 therapeutically effective amount
of IFN-y. in view of the narrow host range of this polypeptide, for the treaunent of human patients liquid

formulations comprising human IFN-y, more preferably native sequence human IFN-y, are preferred. As a

biological response modifier. IFN-v exerts a wide variery of activities on a wide range of cell tvpes. in a variery of

-
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human and non-human mammalian species. The therapeutically effective dosc will. of course, vary depending on
such factors as the pathological condition to be treated (including prr:vcﬁtion). the patient's age, weight, generat
medical condition. medical history, etc.. and its determinationis well within the skill of a practicing physician. The
effective dose generally is within the range of from about 0.001 to abour 1.0 mg/kg, more preferably about 0.01-1
me/kg, most preferably about 0.01-0.1 mg/ke. In such formulations hulFN-y will preferably exhibit 2 specific
activity of on the order of about 2 x 107 U/mg of protein or greater when tested on A549 cells against
encephalomyocarditis virus. It should be apprectated that endotoxin contamination should be kept minimally at
a safe leve], for exampie, less than 0.5 ng/mg protein. Moreover, for human administration. the liquid formulations
should meet sterility, pyrogenicity, general safety, and purity as required by FDA Office and Biologics standards.

The route of IFN-y administration is in accord with known methods. e.g., injection ot infusion by
intravenous, intraperitoneal, intracerebral, intramuscular, intraocular, intraanterial, or inralesional routes, or by
susuined-release systems as noted below. Therapeutic IFN-y compesitions generslly are placed into a container
having a sterile access port, for example, an intravenous solution bag or vial having a stopper pierceable by a
hypodermic injection needie. The formulations are preferably administered as repeated inravenous (i.v.),
subcutaneous {s.c.} or inttamuscular (i.m.) injections. or as acrosol. formulations suitable for intranasal or
inrapuimonary delivery (for imrapulmonary delivery see, e g. EP 257,956).

The stable aqueous compositions of IFN-y are preferzbly contained in vials, containing up to about 30
therapeuticallycffective doses of IFN-y. The bioactivityof IFN-y preferably remains within about 20 % from the
bioactivityexhibited at the time of {first administration for at least abott 14 day:. more preferably for at least about
200 days foliowing first administration.

IFN-y can also be administered in the form of susazined-released preparations. Suitable examples of
sustained-release preparations include semipermeable matrices of solid hyvdrophobic polymers containing the

protein. which matrices are in the form of shaped anicles. e g., films. or microcapsvles. Examples of sustained-

“release matrices include polyesters, hydrogels (e.g., poly(2-hvdroxvethvl-methacryiate) as described by Langer ef

al.. ) Biomed. Mater, Res., 135: 167-277 [1981]) and Langer, Chern Tech., 12; 98-105 {1982] or
poly{vinylalcohol)), polytactides (U.S. Patent No. 3.773,919. EP 58,481}, copofymers of L-glutamic acid and
gamma ethyl-L-glutamate(Sidman e1 al., Biopolvmers, 22: 547-556 | 1983]), non-degradableethylene-vinyl acetate
(Langer et al.. supra), degradable lactic acid-glycolic acid copolymers such as the Lupron Depot™ (injectable
microspheres composed of lactic acid-glycolic acid copolymer and leuprolide aceiate), and poly-D-(-)-3-
hydroxvbutvric acid (EP 133.988).

While polymers such as ethylene-vinyl acetate and tzctic acid-glycolic acid enable release of molecules
for over 100 days, certain hydrogels release proteins for shorter time periods. When encapsuiated proteins remain
in the body for a long time. they may denanure or aggregate as a result of exposure 10 moiswre at 37°C. resulting
in a loss of biological activity and possible changes in immunogenicity. Rational srategics can be devised for
protein stabilization depending on the mechanism involved. For example, if the agpregation mechanism is
discovered to be intermolecular S-S bond formation through thio-disulfide interchange. sizbilization may be
achicved by modifying sulthvdrylresidues. lyophilizing from acidic solutions. controlling moisture content. using

appropriate additives, and developing specific polymer matrix compositions. -
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Sustained-releaselFN-yY compositionsalso include liposomalily enrapped IFN-y. Liposomes containing
IFN-y are prepared by methods known per se: DE 3218,121:Epstein er of., Proc. Nath, Acad. Sci, [JSA, 82: 3688-
3692 (1985). Hwang er al.. Proc. Natl Acad. Sci. USA, 77: 40304034 (1980): EP $2.322; EP 36.676: EP 83.046;
EP 143.949;EP 142,641; Japanese patent application 83-118008: U.S. Patent Nos. 4.485.045 and 4.544.545; and
EP 102 324, Ordinarily the liposomes are of the small {(about 200-800 Angstroms) unilamellar rype in which the
lipid content is greater than about 30 mol. % chelesterol, the selected proportion being adjusted for the optimal
therapy.

An effective amount of IFN-y to be employed therapeutically will depend. for example, upon the
therapeutic objectives. the route of administration, and the condition of the patient.  Accordingly, it will be
necessary for the therapist to titer the dosage and modify the route of administration as required to obtain the
optimal therapeutic effect. The recommended dosage for ‘h.° administration of IFN-y (Acummune®, Genentech,
Inc.) to treat patients with chronic granulomatous disease is 50 mcgfnz?' (1.5 million Ufmz) for.pa!icn!s whose body
surface area is greaterthan 0.5 m2, and 1. meg/kg/dose for patients whose body surface area is equal to or less than
0.5 m~. administered as 2 subcutaneous injection.three times a week. This is valuable guidance for a physician 1o
determine the optimal effective dose for the treatment of cardiac hypertrophy. The clinician will administer IFN-y
until a dosage is reached that achieves the desired effect for reatment of the hean dysfunction. For example. if the
objective is the treatment of congestive heant failure. the amoun: would be one which inhibits the progressive
c‘ardiac hyperrophy associated with this condition. The progress of this therapy is easily monitered by echo
cardiography. Similarly, in patients with hypertrophic cardiomyopsthy JFN-y can be administeredon an empirical
basis, relying on the patient’s subjective perception of benefit.

IFN-y may be administered in combination with other therapeutic agenis used for the meatment(including
prevention) of cardiac hypertrophy. For example, IFN-y therapy can be combined with the administration of

inhibitors of known cardiac myocyte hypertrophy factors, e.2. inhibitors of a-adrenergic agonists, e.g.

- phenylephrine:endothelin-1:CT-1; LIF: angictensin convening enzyvme, and angiotensin [1. {nhibitors of cardiac

hypertrophy facior (CHF, cardictrophin or cardiotrophin-1. see, e.g. US 5.679,545) are particularly preferred for
combination therapy.

Preferred candidaies for combination therapy in the treatment of hypertrophic cardiomyopathy are p-
adrenergic-blocking drugs (e.g..propranolol, timolol, terzlolol, carteolel. nadolol. betaxolol. penbutolol,
acetobutolol, atenolol, metoprolol, carvedilol), verapamil, difedibine, diltiazem. Treamment of hvpertrophy

associated with high blood pressure may reguire the use of antihvpertensive drug therapy, using calcium channel

. blockers. e.g. diltiazem. nifedipine, verapamil. nicardipine: P-adrenergic biocking agents; diuretics. e.g.

chorothiazide. hydrochlorothiazide, hydrofiumethazide. methylchlothiazide. bennhiazide, dichlorphenamide,
acetazolamide. indapamide; and/or ACE-inhibitors, e.g., quinapril, captopril. enalapril. ramipril. benazeprit,
fosinopril, lisinopril. '

The effective amount of the therapeutic agents administered in combination with 1FN-y will be ar the
physician’s or veterinartan’s discretion. Dosage administration and adjustment is done 1o achieve optimal
ménag.ement of the conditions to be treated, and ideally takes into account use of diuretics or digitalis. and

conditions such as hyper- or hypotension. renal impairment. etc. The dose will additionalivdepend on such factors
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as the tvpe of the therapeutic agent to be used and the specific patient being teated. Typically, the amount

employed will be the same dose as that used. if the given therapeutic agent is administered without IFN-y.

EXAMPLES
Exampie 1
Inhibition of PGF+,-induced spreading response of adult mvocyvies by JFN-y
aterials

Adult m_voqu.e cultures  The procedure used for the isolation of venmicular myocytes from adult rats
was a modification of a procedure described by Piper er al . supra. and is detailed in Lai er a/.. supra. For each
myocyte preparation, one male Sprague-Dawley rat weighing about 250 g was anesthetized with pentobarbital
sodium, and the heart was removed. Extrancous tissue was trimmed from the hean. and it was mounted onto a
Langendorffsystem that was temperature controlled at 37*C. The heart was perfused with about 40 ml of Krebs
buffer (110 mM NaCl, 2.6 mM KCL. 1.2 mM KH,POy, 1.2 mM MgS0,y.7H, O, 25 mM NaHCO, and {1 mM
glucose). A solution containing 30 me of collagenaseand 12.5 ! of 100 mM CaCl- in 50 mi of Krebs buffer was
then recirculaied through the heart for 30 minutes. The heart was removed from the Langendorff appararus, and
the Stria and connective tissues were removed. The ventricles were cut into 2 mm cubes with dissecting scissors,
and further digested in a fresh coliagenase solution (30 mg collagenase and 400 mg BSA dissolved in Krebs buffcr_
with 12.5 ul of 100 mM CaCl,) for five minutes a1 37 *C. During the digestion. the tissue suspension was gently
hand shaken one time per minute. Afierthe digestion. the supematant was removed and saved, and the remaining
tissue was further digested in fresh coilagenase solutio: for an additional five minutes.

Isolated adult rat myocytes were plated on laminin-coated plates at a density of 3x1 03 cellyymt. After 72
hours of appropriate stimulation, the cells were fixed with gluteraldehvdeand stained with Eosin Y. tmages of rod
shaped cells were captured under fluorescent microscopy and maximum breadth was aelcnnincd using imaging
software (Simple 32, Compix Imaging. Mars, PA).

Results

IFN-y inhibits the spreading of adult cardiar myocyte induced by the hvpertrophy faciors PGF 4,

and phenylephrine

PGF4,, and the a-adrenergic agonist phenylephrine have been shown 1o induce hypertrophy of cultured
neonatal rat cardiac myocytes(Adamser al., |, Biol. Chem. 271:1179-1186{1996]: Laietof.. Am. ] Physiol (Heart
QMEELQ.D'.’J_L H2197-H2208 [1996]: Meidell eral, Am 1. Phvsiol 251:H1076-H1084 [1986]); Simpson, J.
Clin, Jnvest, 72:732-738 {1983); Simpson, Circ, Res, 56:884-894 [1985]). Adult rat ventricular myocvies spread
when exposed to these factors in culture {Lai er af, supra; Piper er af., “Adult ventricofar rat heart muscle cells”,
in: Cel Culture Technjques in Heart and Vessel Research, H.M. Piper, Editor. 1990, Springer-Verlag: Berlin, p.
36-60.) Aduk myacytes have a rod-like morphology. When these cells are exposed to 0.1 uM PGF5,. the rod
shaped cells flatten and spread (Figure 1). The spreading response was quantified by measuring the maximum cell
breadth of at Jeast 200 rod shaped cells and plotting this value vs the percent frequency of call breadth in the
population. PGF5, induced a significam change in the maximum cell breadih as evidenced by a shift in the
population distribution for this parameter compared 1o control cells (F<0.001). Treating celis with IFN-y
significantly inhibited their response to PGF,, (P<0.001 PGF,, + IFN-y compared to PGFy, ). The inhibitor

effect of IFN-y on PGF, ;-induced myocyte spreading was dose dependent (Figure 2) over a concentration range
' '
) -16-
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that is consistent with the biological response to IFN-v in cardiac mvocytes and other cell systems (Singh er af. L
Biol. Chem. 271: 1t1-2117[1996); Pinsky er al., J_Clin, Invest. 95:766-685 {1995]; Ungureanu-Longrois er al..
Circ_Res. 77: 494-502 [1995]; Soderberg-Nauclerer af, ). Clin. Invest 100:3154-3163 [1997]); Gou et af.. J. Clin.
Invest. 100:829-838 [1997]); Marrz er ol.. Can J. Cardiol, 12:1259-1267 (1996]). The ability to inhibit PGF4,
induced myocyte spreading appears to be specific to [FN-y since several other cytokines including IL-1a, 1L-1,
IL-2, IL-6, TNF-a, IFN-«. and IFN-f} couid not inhibit the spreading response.  The inhibitory effectof IFN-y is
not specific for PGF5,. IFN-Y can aiso inhibit spreading induced by phcn_vicphrine (Figure 3).

Exim plc 2

|nhibition of cardiac hyperrophy in vive

Materials and Methods

Animals All experimental procedures conformed 1o the guiding principles of the American
Physiclogy Society, and were approv-cd by Genentech'sInstitutional Animai Care and Use Comminee. The animals
used in this study were male Sprague/Dawley(SD) rats (8 weeks of age. Charles River Breeding Laboratories. Inc.).

The animals were acclimated 1o the facility for at least one week before experiments. fed a pelleted rat chow and

water ad libirum. and housed in a light and temperature controlled room.

Adminisiration of fluprostena! and'or IFN-y Ratsreceivedsubcutaneousinjectionof fluprostenol
{Cayman Chemical, Ann Arbor, M1} at 0.15 mg/kg. recombinant mouse IFN-y (Genentech. Inc.. South San
Francisco, CA) at 0.08 mg/kg, combination of fluprostenol and IFN-y, or saline vehicle. rwice a day for 14 days.
In the [FN-y and fluprostenol+IFN-y gro.ups, animais were prereated with IFN-y for one cay. Body weight was

measured before and after reatment. A previous stydy has shown that the dose of fluprostenol used here is the

* lowest dose which produces a significantcardiac hyperirophy in rats. Laieral., supra. A pilot study demonsmrated

that IFN-y at the dose indicated above inhibited fluprostenoi-inducedcardiac hyvpertrophy with little effects on body
weight in rats.

Hemodvnaniic assessment Thirteen davs afier teaiment, rats were anestheuzed with
inmraperitoreal injection of ketamine 80 mg/kg (Aveco Co., Inc., Fort Dodge. lowa) and xylazine 10 mg’kg (Rugby
Laboratories. Inc.. Rockville Center, NY.). A catheter {PE-10 fused with PE 50) filled with heparin-saline solution
(50 U/mt) was implanted into the abdominal aorta, via the right femoral antery, for measurement of mean arterial
pressure (MAP) and heart rate (HR). The catheter was exteriorized and fixed at the back of the neck.

One day after catheterization. the anterial catheter was connected 10 3 Model CP10 pressure wansducer
{Century Technology Company, Inglewood. CA. USA) that was coupled to a Grass Model 7 polveraph (Grass
Instruments. Quincy, MA, USA). MAP and HR were measured simphaneousiy in conscious, unrestrained rats.

Measurement of organ weights Under anesthesiawith ketamine:xylazine the heart kidnev.and spleen
were removed, dissected and weighed. The left ventricle was stored at 80°C for evaluation of gene expression.

Animal model of pressure overload The induction of pressure overload by partial ligation of the
abdominal aona in rats was as described previously. Kimuraeral, Am. . Phvsiol. 1989:236 (Hean Circ, Phyvsiol.
23):H1006-H1-11; Batra er of., ), Cardiovasc. Pharmacol. 17{(suppi. 2). 5151-8153 (1991). In brief. rats were
anesthesized with ketamine/xylazineas deseribed above. A 3 cm midline incision was made in the a2bdominal wall.

The abdominal aorta between the diaphragm and the renal anery was exposed and looped with 5-0 silk suture. The

0
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suture was tightened around a gauge 23 needle. and then the needle was withdrawn. Sham animals received the
surgery without tightening the suture.

Experimental protocol in rars with pressure overload The rats with aontic banding randomly
received subcutancousinjection of IFN-y at 0.08 mg/k twice a day for one day before surgery and for 14 days afier

surgery. Sham animals were not treated. Thirteen days after treatment, a catheter was impianted into the right

.carotid anery under anesthesia as indicated above. One day afier implantation. arterial pressure and HR were

measured in conscious rats. The heart and other organs including the liver, kidney, and spleen were removed,
weighed. and fixed in 10% buffered formalin for pathologicalstudies. The lefi ventricle was quickly dissected and
frozen with liquid nitrogen in some animals and stored at -80°C for assessment of genc expression.

Statistical analysis Results are expressedas meanSEM. One way analysis of variance (ANOVA)

was performed 1o assess differences in parameters between groups. Significant differences were then subjected 10

-post hec analysis using Newman-Keuls method; P<0.05 was considered significant.

RNA preparation Tatal RNA was isolated using RNeasy Maxi Columns (Qiagen) according to the
manufacturer’s instructions. '

RT-PCR Real-time RT-PCR (TagMan) technology was used to compare the gene expression
berween the variqous treatment groups. An oligonucleotide probe containing & fluorescent reporter dve, 6-

carboxytetramethyi-rhodaming TAMRA), at the 3'-end was designed 1o hybridize to the amplicon defined by two

- PCR primers. A 3-blocking phosphate prevents extension of the probe. The reponer aye is released from the probe

by the 5 exonuclease activity of Tag polymerase during the extension phase of PCR reaction. The resulting
fluorescence is monitored in the reaction mbe by the sequence detector and quantified without further manipuiation,
hence the term “real-time™, The threshold cycle number (Ct), defined as the point where the reporter fluorescence
reaches a value greater than 10 times the standard deviation of the baseline. is proportional 10 the amount of

amplicon produced from the sample. Since the fluorescence is detected during the exponential phase of the

* amplification. none of the reaction components are limiting. In each experiment, a contol is analyzed that lacks

the RNA template to monitor for contamination. and another control is included where the RT step is omitted to
eliminate amplificationof possible contaminating DNA as the source of the signal. Reactionsare optimizedto give
the greatest fuorescence signal and smallest Ct by titration of magnesium and primer concentrations. and the
product is run on an agarcse gel to verify the presence of 2 single band at the predicied maolecular weight. In

addition. the sequence of the amplicon is screened against Genbank to eliminate the possibility of overlap with

" closely related genes.

For each sample the mRNA for each target gene is determined using a standard curve as described below
and then normalized to the amount of glyceraldehyde-3-phosphate-dehydrogenase (GAPDH) in the sample (see
below for specifics of this calculation). The relative abundance of each target gene to GAPDH can then be
compared among treatment groups. ‘

RT-PCR was performed on 1 ng of 1012l RNA per reaction using the TagMan Mode! 7700 Sequence
Derecror (ABI-Perkin Elmer) (Gibson er al., Genome Res. 6, 995-1001 {1996]). Amplification reaction conditions
{for 50 u}) were |x TagMan Buffer A, 200 pM dATP, dCTP, dGTP, and 400 pM dUTP, 10% glycerol, 6.5_mM
MgCl,. 50 U MulV reverse ranscriptase, 20 U RNase Inhibitor. 1.25 U AmpliTag Gold. 100 nM forward and

reverse primers. and 100 nM fluorogenicprobe. RT-PCR reagents and glveeroi were purchased from Perkin Elmer

-18-
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and Sigma, respectively. Reactions were performed in MicoAmp Opical Tubes and Caps (ABI-Perkin Elmer).
TagMan primers and probes were designed according to guidelines determined by Perkin Elmer and synthesized
at Genentech, Inc., except for those for rodent GAPDH which were a gencrous gift from Perkin Elmer. Reverse
transcription was performed at 48 *C for 30 minutes followed by heat activation of AmpliTag Gold at 95 °C for
10 minutes. Thermal cyeling was at 95°C for 30 secends and 60 * for 1.5 minutes for 40 cycles.

Quantitation of the TaqMan results was performed as described by Heid er o/, Genome Res, 6:986-994
(1996), with modifications. Briefly, standard curves (1:5 serial dilution) for each target pene of interest were run
in duplicate. The Ct was piotted on the Y axis vs the log of the total RNA concentration (X axis), and the equation
describing the line was determined. MRNA for each target gene was determined from the appropriate standard
curve by entering the C1 (Y value) and solving for the input mRNA (X). The value for the target gene was then
normalized 10 GAPDH by solving the following equation: 10X 11052, where X1 is the 1arget gene, &nd X2 is
GAPDH. )

Results

IFN-y inhibits cardiac kvpertrophy in vive

Chronic administration ef fluprostenol, an agonist analog of PGF5,. has been shown to induce cardiac
hyperrophy in wivo, and rats with pathologic cardiac hypertrophy induced by myocardial infarction have
chronicalty elevated levels of extractable PGF,, in their myoccardium {Lai er al., supra). Thus, factors that can
inhibit the effects of PGF5, on myocardial growth in vivo may be useful for weating cardiac hypertrophy. Rats
were dosed with fluprostenal i the presence and ahsence of IFN-y for two weeks, and the effects on cardiac
hypertrophy were determined. Absalute weight of the heart. venwricles. and left ventricle ended to increase in the
fluprostencl-treated rats, compared 1o vehicle controls, and there was significant decrease in these parameters in
rats treated with fluprostenol + IFN-y relative to fluprosteno! treated rats (Table 1). Treatmem with fluprostenol

resulted in a significantincrease in the ratio of heart. ventricular, and feft venmricular weights 10 bodv weight (BW),

. indicating 1that fluprostenol induced tardiac hypermophy {Figure 4). 1FN-y inhibited fluprosienol induced

hypertrophy. Rats receiving fluprostena! + IFN-y had significantly decreased hean. venmricularand left ventricular
weight, normalized by BW, compared to animals in the fluprostenol groups (Figure 4). Comparison between the
IFN-y and vehicle treated groups showed that administration of IFN-y alone did not significantly aher zbsolute or
BW-nommalized heat. ventricular, or left venwricular weights (Table 1, Figure 4).

Chronic administration of fluprostenol was associated with a significant decline in mean anerial pressure
(MAP) comparedto vehicle treated controls (Figure 5). [FN-y had no effect on MAP compared to vehicle, and did
not affect the MAP of animals treated with fluprostenol. There was significant alicration in the heart rate in the four
treatment groups (Figure 5). These resultsindicate that {FN-vy did not inhibit hypertrophy induced by fluprostenol
by counteracting the hemodynamic effects of the treatment.

IFN-v not only inhibited the increase in cardiac mass associated with fluprostenoladministration, but aiso
the alterations in cardiac gene expressionassociated with fluprostenol induced hyperwrophy (Figure 6). There was
an increase in the abundance of mRﬂA for a-skeletal ac[in. collagen 1. and natriuretic factor in the hears of rats
treated with fluprostenol compared to vehicle. The mRNA for sarcoplasmic reticvlum calcium ATPase was

significantly reduced in these rats. IFN-y inhibited all but the atrial natriuretic factor response.

-18-
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IFN-y was also tested in a rodent model of cardiac hyperrophy induced by pressure overload generated
by abdominal aortic banding. Aortic constriction resulted in cardiac hypertrophy as evidenced by substantial
increases in absolute heart, arrial, ventricularand left ventricufar weights. and also the ratios of these weightsto BW.
Treatment with IFN- significantly anenuated cardiac hyperwophy in this model (Table 2 and Figure 7 and 8).

The effect of IFN-y on other organs was also examined (Table 2). Neither aortic banding nor IFN-y
treatment altered kidney weight and the ratio of kidney weight to BW. Compared 1o sham-operated animals. liver
weight and the ratio of BW tended to decrease in aortic-banded rat‘s weated with vehicle, but not in those treated
with 1FN-y. Aortic constriction caused a significant elevation in absolute and BW-nomnalized spleen weight, that
was exaggerated by IFN-v treamment. Thus, the effects of [FN-y on cardiac mass were not due to a eeneralized
effect on organ weight.

Mecan arterial pressure, systolic pressure. and diastelic pressure were markedly higher in rats with aortic
constrictioncompared Lo sham-operatedcontrols, and the incremental increase in arterial pressure was not different
berween banded rats treated with IFN-y or vehicle (Figure 9). This result indicates that the attenuation of cardiac
hyperzophy observed in banded rats recetving IFN-y did not relate to an alieration in afierload.

Aortic constriction resulted in several changes in cardiac gene expression. The relative abundance of
mRNA for f-~myosin heavy chain, a-stmooth muscle and a-skeletal actins, awial natiuretic factor, collagens | and
111, and fibronectin were all increased in banded rats compared to sham-operated controls. The effects on two of
these genes; a-smooth muscle actin and collagen | were inhibited by 1FN-y (Tabie 3).

Taken togetner, the resuls in Examples | and 2 show that IFN'oy can inhibit cardia hypertrophy. Tae
effects of [FN-y are not limited to inhibiting an increase in cardiac mass induced by hyperrophic stimuli, IFN-y
can also inhibit certain of the molecular alterations that occur in the hypenirophied heart at the level of gene

expression. i is especially noteworthy that IFN-y inhibited the induction of collagen | gene expression in vivo, both

_' in response to chronic stimulation with fluprostenol and in 2 model of hyperrophy induced by pressure overload.

. Collagen | accounts for approximately 75% of myocardial collagen (Ju er al., Can. ) _Caridol, }2:1259-1267

[1996]). Increasedextracellnlarmartrix deposition and interstitial fibrosis that accompany cardiac hypertrophy can
contribute to the pathophysiology of heart failure. By inhibiting colfagen | production. [FN-y may 1oduce
interstitial fibrosis in the senting of heart failure.
Table |. Body Weight and Organ Weight
in Rats Treated with Flup and/or IFN

Vehicle Flup Flup+IFN IFN
BWO (g} 292 4x1.7 2923222 292.8+2.] 292.5:3.2
BW (g) 391.6+6.3 3811244 377.6%4.5 380.826.)
aBW (g) 99.2+5.5 9t.9+4.0 B4.8+3.9 B8.345.0
HW (g) 966+.022 1.000+.018 9279+ 0164 9562029
VW (g} 922+ 022 957017 B8O 015¢ 9142029
LVW (g} 706£.018 | .740%.013 - R R 696+.023
T KW(g) 1,440,035 1.397+£.038 1.377=.031 1.327+.035*
.20-
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Sham FO+vehicle PO+IFN
BWO (g) 278.8x1.9 '279.4¢ 1.3 279.0213
BW {g) 367.926.8 347.5+5.7° 3555252
aBW (g) B9.1£5.8 . 68.1£5.6" 76.5+4.7
AW (g .038+,002 056+.002** 046200348
AWBW (g/kg) 104,004 A62+.006"" 129+ 007=## T
KW (g) 1.438+.051 1.334+£.033 1.3492 071
KWBW (g/kg) 3.894+.078 3.841+.070 3.7762.071
LW (g) 13.84+.55 12.532.36 13.96+.47%

{ LW/BW (g/ksg) 37.46x.96 36.012.71 38.942 924
SWig) .724£,030 839+ 026" 1.1702.053%*8¥
SW/BW (g/ke) 1959+ 051 2.4182 069" 3.261:.]2!"‘#1"
HR (bpm) 371+)2 415212° 418219

KW/BW (g/kg) | 3.678£.075 3.632+.076 31.648+.070 3.483+.069
SW(g) .799+.050 .B80+.048 1.0092 0424 9242 068
SW/BW (z/kg) | 2.065x.149 2.309+.130 2.676+.082°" 2.415% 149

Data expressed as mean+SEM, and animal numbers are 14, 14, 14, and 9 in the Vehicle, Flup, Flup+IFN, and IFN
group, respectively. Vehicle, saline; Flup, fluprostenol; IFN. interferon y, BWO, basal levels of body weight; BW,
body weight post treatment: aBW, BW-BWO; HW, heart weight; VW, venmicular weight; LVW, left ventricular
weight; KW_ kidney weight; SW. spleen weight. * p<0.05, ** P<0.01. compared to the Vehicle group, # p<0.05,
## p<0.01, compared to the Flup group.

Table 2. Body Weight, Organ Weight,
and HR in Rats with Pressure Overload

Data expressed as mean=SEM. Animal numbersare 16,22, and 21 in the Sham, PO+vehicle, and PO+IFN group,
respectively, for all parameters except HR for which animat number are 7, 8. and 7. respectively. PO, pressure
overload; IFN, interferan y, BWO, basal levels of body weight; BW, body weight post treamment; aBW, BW-BWO,
AW, atrial weight: KW, kidney w:ight:.LW, tiver weight; SW, splecn weight; HR. heart rate. *p<0.05. ** P<0.01,
compared to the sham group. # p<0.05, ## p<0.01, companed 1o the PO+vehicle group.




WO 99/51260 v . T/US99/06032

Table 3. Effect of IFN ovn Gene Expression

Treatiment SHAM + Vehicie PO + Vehicle PO + IFN
ANF 0.98+0.37 _ 5.2921.21¢ 3.60121.32
PMHC 0.85:0.24 1.91x0.15¢4 £.7140.141
SKA 0.95+£0.13 3.3520 46t 2.47x0.511
SMA 0.71x0.06 0.85£0.041 0.77+£0.06
COLI 0.55:0.05 0.9120.09¢ 0.7720.10
COLI 0.44+0.05 0.66+0.08t 0.72+0.09t
FiB 0.66x0.17 1.0320.11¢ 0.97+012

PO indicates pressure overload; IFN, interferon-gamma; ANF, atrial natriuretic factor; PMHC, B-myosin heavy
chain: SKA. a-skeletal actin: SMA, a-smooth muscie actin: COLI, collagen l: COLIL collagen Ilf; FIB.
fibronectin. Expression levels are calculated as ratios to giveceraldehvde.3-phosphate dehvdrogenase. n=6 per
group Values are mean+SEM. tP<0.05 vs sham+vehicle group. .
+
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Chaims:
1. A method of treating cardiac hypertrophy comprising administering to a patient having cardiac

hypertrophy 2 therapeutically effective amount of interferon gamma (IFN-v).

2 The method of claim | wherein said patient is human.
3. The method of claim 2 wherein said IFN-y is recombinant human IFN-y(rh-IFN-v).
4. The method of claim 3 wherein said [FN-y is thIFN-y-1b.

5. The method of claim 3 wherein said cardiac hypertrophy is characierized by the presence of an

elevated level of PGF, .

6. The method of ¢laim 2 wherein said cardiac hypermophy has been induced by myocardial
“ infarction.
7. The method of claim 6 wherein said IFN-y administration is initiated within 48 hoﬁrs following
myocardial infarction.
8. The method of claim 7 wherein said IFN-y adminisrationis initiated within 24 hours following

myocatdial infarction.

9. The method of claim 2 wherein said patient is at risk of developing cardiac hypermophy,
10. The method of claim 9 wherein said patient has suffered myocardial infarction.
11F The method of claim 10 wherein said IFN-y administrationis initiated within 48 hours following

myocardial infarction.

12. The method of claim || wherein said IFN-y administrationis initi.ted withir;24 hours following
myocardial infarction.

15. The method of claim 2 wherein said IFN-y is administered in combination with at least one
further therapeutic agent used for the weament of cardiac hypermophy or a heart disease resulting in cardiac
hypenrophy.

14. The method of claim 13 wherein said forther therapeutic agent is selected from the group

"consisting of P-adrenergic-blocking agents. verapamil. difedipine. and diltiazem.

15. The method of claim 14 wherein said B-adrenereic blocking agent is carvedilol. propranolol,
metopralol. timolol, exprenclol or tertatolol.

16. The method of claim 13 wherein said 1FN-y is administered in combination with an
antihypertensive drug.

i7. The method of claim 13 wherein said IFN-y is administered with an ACE-inhibitor,

18. The method of claim 13 wherein said |IFN-v is administered with an endosthelin receptor
antagonist. I '

19. The method of claim 13 wherein said IFN-y is adminisiered following the administration of a
thrombolytic agent.

20. The method of claim 13 wherein said thrombolytic agent is recombinant human tissue

plasminogen activator {thi-PA).
21 The method of claim 13 wherein said IFN-y is administered following primary angioplasty for

the reamment of acute myocardial infarction.
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22.

A method for making 2 pharmaceutical composition for the treamment of cardiac hyperrophy,

comprising admixing a therapeutically effective amount of interferon gamma (1FN-y) with a pharmaceutically

accepable carrier.

23

s

5 24,
25.
26.

(a)
(b)
18 (c)

The method of claim 21 wherein said pharmaceutical composition is liquid.

The n.mthod of claim 22 wherein said phannaccmicél composition comprises a preservative.
The method of claim 23 wherein said pharmaceutical composition is an injectable formulation.
A pharmaceutical product comprising:

a pharmaceuticalcompasition comprising at least one therapeuticallyeffective dosage of IFN-vy;
a container contzining said pharmaceutical compaosition; and

2 label affixed to said container, or a package insert included in said pharmaceutical product

referring 10 the use of said IFN-v in the treaoment of cardiac hyperoophy.

27.
28.

The pharmaceutical product of claim 25. wherein said container has a sterfie access port.

The pharmaceutical product of claim 26 wherein said container is an inravenous solution bag or

vial having a stopper pierceable by a hypodermic injection needle.

24
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. —REF LA TR, B AFOBERBERTERENYTR

b

. WEBERRER 1 AR, XPRRABERAN.

CRERFEK 2 TR E, HPRARK IFN-yREA A IFN-y(th-IFN-y).
. BEBRFAER 3 FIRRFE, KPR IFN-y& rh-IFN-y-1b.
CRERFESR 3 RS R, XPARK 0B IEXBFHIER PGF, K FiE

Wi B W N

C ARBRCFER 2 rRM AT E, KPR OEERZOCIEESEZH.
C RERRIESR 6 TR E, HERRY IFNySF T LOUEERE 48 /b

AR

8. M|/IHESR 7R ik, HPAHN IFNySFTFONEESE 24 )
B A FFHA . |

o. WEFEHHAER 2 FTRNF R, HPrdmBEAFT SR LBIEXRNERE.

10. REFEWMER 9 FTRM A, RPFRHBERELONEE,

11, REHRAER 10 TR G E, HPHARE IFNyS FTONEERE 48
NIRRT

12. ME|RFER 11 FFRMTE, KPR IFN9SFTONEER 24
NI FFIE . .

13. R|AAKER 2 FROFE, RPFHBRHE IFNySEZEL—RHEEHETL
REBE R B3 A BEBE R BT L IR I B A .

14. RE|MFER 13 FFRMFE, RPFRALCHYEL: p-BLERE
SEFRBTHY. AN, difedipine FIM/RERE. |

15, MEAFEK 14 RN TE, KHPHAAMNS-FLIRRGRIENARE RE
Wi, FFRER. RAEBR. BOER. FHEREREHER.

16. RB\AFER 13 RN E, HFFEY IFNySHBMOLEHEEA.

17. B|WEREX 13 FTRF &, KPETARN IFN-y5 ACE #MIIFIB A .

18. IRIBAFIEK 13 FRIRM T, HFARK IFN-y5 A K Z &= B

~1

19. RT\BMAER 13 B FE, HFFRK IFNyEROREGZ EHEA.
20. M|EPFEK 18 FridMTE, HPAEKEORARER NHFAME

T EHEBRIEHT(ht-PA).
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21. BEWHER 13 FFRPFE, HPHMRM IFN-yZE#AT EMERERE
TRELNEREEFER.
22. —PEIERIT OIERM G WA E MR T ik, BEKETHREN IFN-y
5% FINTHREERES.
5 23, MIEHFER 21 TR HZE, RPN AYESYREE.
24, RFEAAFER 22 FrR@IFE, HYAROEYHRED RN
25. MBEAFER 23 TS, HFFTRNAYHAEYRESTH.
26. —RHEYER, BEE:
QEERL—HBITERERN IFNyHIHWEE Y
10 OERFFRAYA S B, |
(OSZEFRER LIRS, BIBTEMRGY-RAPHEE RS, HEHE
IFN-yZEVA 7 DR IE R PRI E A .
27. WEBWRER 25 IRMEYF=H, HPFRRABRRFLEEND.
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OB RE K MR T A ¥k

p- 4T
ERATESRyTREMNOBIEROMER . ERGHIE, ZEKHBRAYT
REFBTER BT OBIE X R XA

KHER
YT FEAFN-y) A

FIREEZINRBRREHCYRRBHNAR S BHB I EGEEED. B
i, TREXEH=X: BARTRREFHE-o, «FHE, IFN-a), RTEH
RFMFFINEP, pTIMFE, IFNBHEETIMETFHREy, yFHRE, IFN-y).
EXNREBEFREONES, HEARFESRTREGSELPREZAFAN—#T
HE, —BHEZHoTIE), IRAFEARYBRLMNEEESERPTHE. o
RESPFRERAFTY 2030% N HABERFFINFEE. A FNPHEBRENE
F o RBEMEQ SN IFN-ol AF 29% R ERF 7 FEEHE M, X 18] IFN-a5 IFN-$
3k B [Fl—#H %5(Taniguchi %, Nature 285, 547-549(1980)). # K, IFN-yREh#*
ERLESMEHNMEHARNERSHENERN, TEEEERFI LESHA
ETFMEBREHLXR, CHoaTRESPTIREFE P MHC I EHFE, IFNyUF
S MHCHAHMRHREHHREYRERZE MHCI RS FLEENRERGS AR
BETHARRINUE.

IFN2yRFIUWEREFRHN— R, BH oMpT I FEIFN-oFIP)HE B FHi g5 4
i, BEEMNBARERNRN PH2 ARE. IINYREARRIRFEESHEAK
M4 . Gray, Goeddel SHRF B ZRET EHAE™ A IFN-y (Gray %, Nature
295, 503-508[1982]), iXth R X E ¥ F) 4,762,791, 4,929,544, 4,727,138, 4,925,793,
4,855,238, 5,582,824, 5,096,705, 5,574,137 1 5,595,888 KX K . Gray ! Goeddel
ERBITEPEEMELA IFNYH 146 MEER, Z45F N RBHRFHEH
CysTyrCys. EXRKM, RMBA IFNy(BF, BA4REEFASEAOLMKEARZE
HANBIER)Z KRBT Gray F(R L)FTAM CysTyrCys N K¥d. &iE, MET
KBFEZERELAN IFN-y(thIFN-y)] g k&5 H)(Balick %, Science 252, 698-
702[1991]), BXRZEBHER—HHEEREFHESNIE LN -RE, KPWHEEEH

1
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BHERYT.
B4 IFNYRE S EYENE, BRANE. HENARRNEE. —HE

X B FE 4B A IFN-y( thIFN-y-1b, Actimmune®, Genentech, Inc. South San Francisco,
Califonia) 2 T &M —MATFHRTBERNFERRNEEFTY, ZRNIFLERETHE
MHMThEe R E IR K. KBS, . HRE™E. RF B J(Bachner, RL.,
Pediatric Pathol. 10, 143-153(1990)). £H AR HA IFN-yRIT B RMEE &K, —F
EREBRRIE, RANTERE, FETERSE, BEEN, TR KRR G
REAMAM(S K PCT BiF, W091/07984, AFF 1991 6 B 13 B), mMEMH
%, B RTMERERT/RLEFREHEREEPCT FiF W090/03189, 2 FF
F 1990 £ 4 B 5 H), MK, BFEFHREMELESLERDS), s AvrdH
L EMARDS)MFH A LA, X B K RDS SHE B BRK(PCT HiF
WO089/01341, AFFF 1989 4E 2 B 23 H). M4k, CHARYE IFNyWRTEHE
ARE, FlMmEERRA IV BEMGEXER, Floilotml, wRRHE St
RAGGEHERME. BRI, FREBELEREN IFNyF4A£FZH, MEA, #BR
B, ERSNERELN AIDS BERZARBEFRS, IFNy~EZH=EMH.
FRECRTBANHMEE 16 B THREERBPITRAFTHEWER", Interferons
and Regulation Cytokines, Edward de Maeyer(1988, John Wilet and Sons
Publishers).

EBIAA, IFN-y, URHABEHARET, BAHFELBEGNOS)INERY,
e 1R Al O D TR I AE B AR AL DX R AE S B AR . B
E&EMAENT KEOCNREBROEEN FY. Ungureanu-Longrois %, Cire, Res.
77, 494-502(1995); Pinsky %, J. Clin. Invest, 95, 677-685(1995); Singh %, I. Biol.
Chem. 270, 28471-8(1995); Birks 1 Yacoub, Coronary Arterry Disease 8, 389-402,
(1997); Hattori %, J. Mol. Cell. Cardiol. 29, 1585-92(1997). EELt, HERE,
AR INOS ERME, IFNYEBRERNHARE F(Watkins %, J. Mol. & Cell
Cardiol 27, 2015-29(1995)).

FTIRS [
RX—EREFTRGHEEFTRETHONA, E5MEERTR. BEREA

FERBREHENTARERBRGRBEEREX), REAMRBRNAREEN

Z3E0OEE) REULBEEZEIE.
AMESERIEHB A B R R BT R A REE K, BUE G 8 S 18 0 9 L 0 1 2K

2
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#457. Morgan ! Baker, Circulation 83, 13-52(1991). XFNEHEKEHFFE
ARKFEES, FimmnE. EBEE. CHEE. LR, BRER. O
ARSI, LR, &,

FEMMKEE, CEUESRAEMERTE, RS REBNARATFENIEN
SR AREXFARGE. WAREENRTEMAR/ATAER, BHLEEARA
BAFENER. LGEE BABRACIEEOANARME, BENES50HE
AR ALY 30%.

FBILLEMM K EERLEINARKENEE, X—SIEREINHERSS
A, BOMAMEREIMERAONNE. UEHNRBEVWRERNABPATELK. BAL
ENARPEAR SR @R B A OERONE. Hik, EXEE. £
2, MW ARMFERNENEEF, RACZENARBELRELREFMRE
HEUENM M TAERT . X—NEMRERIMMEE AR AN LIS RA
HREEEARNEE, EBRHEARS AR EEERE O RAH K
(ANPYK ZE DRI 5 - Chien %, FASEB 1. 5, 3037-3046, (1991); Chien %, Annu. -
Rev. Physiol. 55, 77-95(1993). EFEE, ZEATHIIEMAZLEREXS, U
ARG ASIROIA LR, TN MIE KN SRR RERSERARLHLA
7R ZhBX B B 8 AR B 5% (Caspari %, Cardiovasc. Res. 11, 554-8(1977); Schwarz
%, Am. J. Cardiol. 42, 895-903(1978); Hess 2, Circulation 63, 360-371(1981);
Pearlman %, Lab Invest46, 158-164(1982)). KEHLMRLERMLSERBER
M B AT ARAOEREX, KR L3RI FRRFIE.

SAARL, ENARNIFAR"EHFHEFIRESSOBREEROER
R, #H, EELEBTHFTENAR=EMEXREF, #laH0EMEEFLIF)
M #F. Metcalf, Growth Factors 7, 169-173(1992); Kurzrock %, Endocrine
Reviews 12, 208-217(1991); Inoue %, Proc. Natl. Acad. Sci. USA (1996 £ 11 B 12
BHER). CEEMNAEETFTHAMCRERNEENZY, XEHFELREFET-
1(cardiotrophin-1, CT-1)(Pennica %, Proc. Natl. Acad. Sci, USA 92, 1142-
46(1995)) JLEX®ME. W LIREAXER. NEREKENIIRE.

fEAX LD MG ENNE, BORMGENARR, RANGREX
BYIREHEHEK. AW, BTF™EOKMERR, XS HBILNIET. Katz,
“FIFEW”, Kate A M.ZR ) Physiology of Heart(New York, Raven Press, 1992)pp.
638-668. EMKLHERHITEP, LERXRERHIBHANEHETF. Katz,
Trends Cardiovasc Med. 5, 37-44(1995).
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of Cardiovascular Medicine, Braunwald, E.4%, W.B.Saunders Co., 1988, ¥4,
LAEBEORESE.

LRI K HIVETT

HAr, OREEAMET TERERBOBATNAR. LFBE. FLERER
HER. AFEXRE. WHEE. ALFAHEFOLIF). AERBEAER-1.
2. -3 RRAEE). OBEFRETF-1(CT-)F.C B KE F(CHF), XLEHETFEH
FHAABTORRKENZY. Gim, p-F LRERZEMBLE-MHF, #m
YHRBR BEER, OB R. FHER. MEHE/R. FMhER. MHEEKR.
acetoburolol. i i§/R. RIW/R. FEME, S)NERRXROHE ZHTET
FEE LA . S-S AR (P W BB MESH T BN R B FZERBAIRET
LR, IMEKTFHKE, BT OZHENMA . Thompson %, Br. Heart J. 44,
488-98(1980); Harrison %, Circulation 29, 84-89(1964). 4y fAXKIB iR e L=
AR DOV EEE M. Bonow %, Circulation 27,853-64(1985). H T
AR R R ERITIRES LA, Lorell %, Circulation 65, 499-
507(1982): Betocchi %, Am.J. Cardiol. 78, 451-7(1996). T, EAEFRMLE
Fokfstt, MEMTFURES, LHEEHEZHMBES. ERAAMKNR
NG E R BRI . Pollick, N. Eng. J. Med. 307, 997-9(1982). 1., #¥ %
BES, BYINEHSMMERE. Wigle 2, Circulation 92, 1680-92(1995).

EHRE, AUBLEABRTYROLEBXEOHEERBER. #n, LRAK
KRERATHELEFENAYE: SN, flnBRbF; sIxHEfp-¥L
FRREERAMBIL, 0ERKELLBAIENHF, SlmmEREs. HEERH.
AR FREF]. benazepril. WEWF. MEHF: RERMN, HIwSEERR.
MR, SR, FREEG, FHE, WHIERE. ZEEMER. Bnk ik,
EHEMHEN, FlmH/REE. HESTF. gRhwk. BEH¥E. S, AMK
REMFRERETRLERRBEZE LN, BESEFHKIER Doppler 1¥
¥ KV)H—. Szlachcic %, Am.J. Cardiol. 63, 198-201(1989); Shahi 28, Lancet 336,
458-61(1990). LI ERIMBBBRERT: SERMEKRETREELZRKER
JG B 7. Rossi %, Am. HeartJ. 124, 700-709(1992). Rossi (R E)ZELR KB $
HRT FHREFHG NS AR RNMIER, 338 ES AR O AR X [ R4 %
HEItER .
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B A% EERART OBIR KK A, %568 by im0 4 KRB ARy
AFERBRFNBITHEUNHRESRLCEEKTAREER.

2R

BAIESINER, IFNyHIH KR 2 EH R ZRF R E F,o(PGF, ) ERE AR E R
FOMMARER. BITEREMR, IFNaEFEKRER 4 A PGF, AP R
PRNFIEBFSHEXAENHTEINIEX.

Frth, ZRBBRBEIETFRITERE IFNIEIT SFEERERBHOHE
JEK. RBTHREABRHE, ULEAAN IFN-y(th IFN-y) 4 14£, BIFE rh IFN-y-1b,
REXL. BXBHERITERARLRT XOKRS, RECETH. 8. gRNEQ
ZHMBHOREEX.

BESTFERFATKPREHNBEEANENXL IFNy. REBEHATT
EZRFER IFNy, FEETUEEFEH.

IFNyA 5 —ME SR A ERTOERBRREHLERRERORBREG
MEME, KehkkFEsCMEE)NEWER.

FROLEEHER TRITOVERBXHGDESYN T, FRASY+E
IEN-y{E b H B4

EREZLHR—HEY=R, 85

(a) BEL—HBTERE IFNYNEYAEY:

(b) EFRFGYWEHEYHES: [

() BRMHENHFERFARAGYM ™= AAHESEREP, HBR IFNyERT
DR K P IR A |

[ (i
EMBEMEREFR S, “IFN” 8 “IFN-y” 18 E4 B IFN-y(Genentech, Inc., South

San Francisco, CA 8{ Genzyme, Cambridge, MA).

B 1: IFN.YSTRIFIRR & F,, (PGF,) B R M XS, 234 H, aRkS
K AR B IFN-y(500U/m) Tk 35. 48 /E 24 /had, |-k & IFN-y, F
BN A PGF,(107M). kL5 72 Y E, AR-EBEEHR, ARafT
e, ARAEMBEUNE. A. B. CHFHRLUXE. PGF,,# PGF,, +HIFN-y355% 4
RGHAONAE. BrRRONARBXEERNWRAZTHLHETEH. R
AREOBAEEREARAEHENERZIITREREN. BEELRER LR

5
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[ 200 MR M. IFN-.yEEIM A MEERENKER W, AHMLER
P<0.001.,

B 2: IFN-y(500-25U/ml3t PGF, SR RN FI B RN EE. 2B =H,
AL M55 K 8k B IFN-yTREE 2. B 24 /pAT, B XN AEEL IFNwy, R
B R PGF, (107M). S4EsE3E 72 ANE, ARZEEESAR, BRARL
s, ARAAEHBENR. 4REEEE: A MK, B PGF,,» C PGF,+IFN-
y(25U/ml), D PGF, +IFN-y(100U/ml), E PGF,+IFN-y(500U/ml). & 7R+FFR-0UL4H
HEBXEEMMMRHAZRELLAEFE. FRABNBABERARLEHERD
BT REHEN. SEAZEPRER LR 200 MTRAEM. IFNyRAXEE
BESRENE/IMER. A AMELEK P<0.001.

& 3. IFN-yX EBHREPEFFHRKOMNH. 2EHE, NAKRSHKEHF
BE IFN-y(500U/m) T 5% £ 3)5 24 hit, BRI E IFN-y, R MBS
5% PE(10°M). #kgEdrgE 2 MEtR, AR_EBRAEHR, ARGRLREa, AR
HEHHEME. A, B. CHUELX . PE ) PE+IFN-yI%3% 4 RSB0 AR,
EFFRONEHBATENFRAETHLENESR. FRABYBREER
ARABEWEMESZSTRGHEY. BAZELRER LR 200 MR
fi. IFNyBRAXNARESRAREF/IGRLW. Frh 4 EE P<0.001.

B 4. KEAARN, IFNAXNBENFIRSSHOBEERKNER. FInRREETYY
{H1SEM. HEINHNEZGHENZIYE. SEHEHAMEL, *P<0.05, *P<0.01. 5 Flup
HAELL, #P<0.05, ##P<0.01. Flup: #HE7F/®¥; IFN= IFN-y; HW: O ER,
BW: #4KE: VW: LEER: LVWELEER.

A 5: Flup /8% IFN % MAP I HR fER . TR 3k 2 FHELSEM. 3
ARBHNSIYE. SREAMEL, *P<0.05. 55 Flup AL, #P<0.05. 5 Flup+IFN
$AFEEL, +P<0.05. Flup: #EIFIFE; IFN= IFN-y; MAP: F#8hkE; HR: O
%,

B 6: EREFIBFLUP)H IFNyX U TYRAREHEANESE: A B
BN EA(SKA); B WLERE ATPase(SRCA): C BJE I(COLI): D LBEFIH
B F(ANF). R FiE K FAERT - 8-3-B R NE X S B (GAPDH)E# 5 —. VEH £
B&k. §4F 7 Rz, FWERHFHELSEM. X VEH A P<0.05.

7 REIAFKBREN, IINyWHLOBRER., LSEERMELEEERNE
H. BB/RA-ATFHELSEM. BSRAESHNGIDE. SBLEBEAMLL,
**P<0.01. SEH+EAHMEL, ## P<0.01. FH A KShAkE LKA IFN:
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IFN-y; WH: OB ES; vw: LZEER, LVWELZEER.

B8 BEHAMAKREHN, IFINyHOLRER. CEERNELCEERSHK
EZHAER. HERFHFEWHEISEM. ERAESENZYE. SELESE
ML, **P<0.01. S+ EHEML, # P<0.01. &HH: XHRFEEAMK
B: IFN: IFN-y; WH: OEEE: VvW: LEEE,; LVWELEEE.

B9 EAHMFMAREN, IFNyXTRIMKULEE . 3500k D30 Rk &F 7k & /4
H. BRARFANGIYR. SERAEBHAHL, **P<0.01. £HLA: XFHK#E
HEILHIX B IFN: IFN-y; MAP: F33ZhBk[E; DAP: BhEK&FkKE.

& RO B VE AR IR

A BN

“YFRE” . “THEY” & “IFNoy” I8ETELCBRBA AR AR
REEXRE)PRERA L EVFRENyTRBEANAXEHPHNAHEER, X
BEBARABRTRR LS HBEA DNA FHARZER BB HT BN/ E(Q-3(X
FRZ CysTyrCys IFN-y)ER . XSS EHA IFN-y(thu IFNyH2H#B(BHEH
cDNA FIZEBFEI)NS R, #Hw, ZEEF 4,727,138, 4,762,791, 4,925,554,
5,582,824, 5,096,705, 4,855,238, 5,574,137 1 5,595,888. A XL CysTyrCys &
AN IFN-y, BRERBFTEY, 2LRMER LA 146,354, EAFPTIE,
A5 IFN-y, Z2 LR SR A7 88,622, REBERXREFLERFRENEREEL
RAMEEXERGFHUEERFANRRE)RTEY, XEHEFCH, HEHS
B3 IRATRERHMEMCER, FERERK. FAR/HERAKNE AEL>
V(B R, Bl SR LA 146,354), S8 IFNyHBEEREBMRE, L, HM
FHREHLEHYFREE IFN-y. 877 AN, BIFERZESH 4,717,138 RKH
& EP77,670 FiimFFFlf% CysTyrCys Rk, MASENEHESRE LR
ERRFCRmBEARE FAKBTTE, ZXBHH IFNyBIFREL A IFN-y(thu
IFN-y), FREBF N RKIFKEER CysTyrCys. BIFHRE, IFNyE/ERHTE 5N
Actimmune®(Genentech, Inc., South San Francisco, Califonia) P H AR HEHA
IFN-y(EH AT Ey-1b. rhu IFN-y-1b, & 140 MEER). EHE M IFNyEH
HENM RS, AUESYERET# AR, BRIFEAELESYH R
IFN-y. Hit, ERXRAAXBIHIYHENNFERERS, FHANERCBE)ES IFN-
v( Genentech, Inc.). XRS5 R MAHXELSETY, TRUE DR IFN.YA TARE
i
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REOHEERPHEYURNE.
“IER” ZERBERAEHRTEARRETFASHBERATXNBEREHNEX.

8 AR AE KT B R By A B I K (EHEAEX), BATEER BN MR %
AHREBRENARERMMEOEE) AREGFSHR. XL8T, Mool
HEBAARKET 4RO . L “CHEX” 2O, EX
A, RMAVNGRBAAREESSENE, BFEHERSER. THRIEX
M BB MET AN, BEAMEN, SONEEFBREAOVARRED, RS
HMENFEUE REAOFERFTEEER  OBREREHETRAIEES L
MURASMERARNEK, URERENARZOMAR., iy, BRUAMRLILIE
WX, AREREXRE. ELORERNHE—FPHER, HFEHARSE, flogk
FEHKEEE, MA, FRRGTEUEMBHTFAENIZHEH. KHRIEX
MARRAEERENARARRE, SEHENEHKNENEE I, XK
RTHEMINES%E, ERER Z HEFHBER. “OREX” S LLUAH
BEAUTHGIREINFELBRNENER, SHHBLBELX.

CONFEER IR—FHOBIHERY, BOBRREXLBREEERNBARRH
RMER. LAZERTERBTFEREER, SFGRL, Th. REHEREN.

“FoEOHFER” B—HEFERBERS, CHEREBTEREHEHL
WHERVNAROERENDEE)YAEARRMERL. EEFROMELT
FRBRE, HWREHRMORAI TEMAG. BRAZERGHRAEITH, FiE
HERZ—EOZERKR. WEARNOBFEREHMSERT ML FE.

“OEEXR” NEREERERSKEREEL, FHETFERIKOLEER.
ARSI ARANEBERE, BEFEF, MONRESROZHENER, ODHE
THFECEERER), PFRERABRONBRTERZLEZALMEU LTS, EE
FEEBNOCERBXIOHIE. O, LUEERSR MRS HFEHT &R
MZHAMEERENEHSZE. Bk, CAEERLSEXOBHALEHLE.
S5OMBERXEEE REERFEALY DNA SR, UROHERZRE B
AR FE R 3 .

EFmEBSEHEAENSEBHKERLES, EHNBBERENMGSE
R, —HERLOBREXSEMEMEXE. KPEIEIBFBLERKHEEZ —£
&K IhEEA 2. Fouad %, J. Am. Coll. Cardiol. 4, 1500-6(1984); Smith %, J. Am.
Coll. Cardiol. 5, 869-74(1985). ER MR R EMEF ELB W E T L L ZEFIKRE
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M EKFEROBRERZ BRI ENHFAXR. BR, FHRIER, X ANHRML
ERFATREELEDEE, HORE, SHEARAGEER). pHR(EE
W OR)E S B E B R R )R THBEELER /D, FRIDBHERE.
Inouye %, Am.J. Cardiol. 53, 1583-7(1984).

HOBRKHEEMA —BHERGOERRZ “BEEONK . ZRARLEE
A& ThEE MG R E R A F W AH B HE(Maron &,  780-9(1987): Spirito %,
N. Eng. J. Med. 320, 749-55(1989); Louie 1 Edwards, Prog. Cardiovasc. Dis. 36,
275-308(1994); Wigle %, Circulation 92, 1680-92(1995)), B8 R4E T EFER
FIE, XE#NT EREBEME(Sprito %, N. Eng. J. Med. 336, 775-785(1997)).
FEEMELUFERERES, MAMENED. BENERRYE, PURERE
5 SR AF T] BB & 30-40% 5K Bk 1t AE & 1 L UL 69 9% B (Watkins %, N. Eng. J. Med. 326,
1108-14(1992); Schwartz %, Circulation 91, 532-40(1995); Marian 1 Roberts,
Circulation 92, 1336-47(1995); Thierfelder 2%, Cell 77, 701-12(1994); Watkins %,
Nat. Gen. 11, 434-7(1995)).

WM EHH “EBNEKE" B—HBEAELER, FIEN LT ESKESE,
EHEEk, QEMWZHK, BATEZIRW. EHREFORIBITSERLA
EAFeE, SRONEX, BEERLOAFERMEL. M ZRHBELERELE
#, BAEFENERNTEANAE R ZANEHSE. EifE, #EEANT
A TFESEHRKRERNRBOREFRX. 1997 £ 7 A 22 AW EE L7
5,650,282).

“EBEER” REROCBBRREENOERIE. 2HER, FloREEERE,
SERBEORESNT, RENTREROCABE, BLOANBRESOABRE
K, FBEOEFR. BEREEZAREEBRASASEROLBELEARE
REFIHBEER. WRAMUFE, KPMOBEEERTI RS S8R0 B
RAXMOUERY, BRETHREEESRIBMT,

AEHHEERRLEEFRAXEELEAEOERKXH MR,

“WRIT” BREUBSHREZ@EME R ENMBITNMmE . EERITHE
HOARFW, HETARKN, NETERLEIFN. BEXTURESHERN, &
FERY. LIERM. BROERRELERE, FlmoEE.

“BiE” ABBESR[UEFTRNENNESLL TEY, ANTIEEKHOERERE
BB KER.
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“IHIEY” , KBTERNTE, HANALHVOEEDY, BEA. B
FEMFNFY. URRE. BPHREYEHY, FiwH. . £, 5. £ 5,

%, BIRAN.
E—HREMRTEY “BA” ERANABAERKFNLELE.

B. BEILHARA

1. OREAEREE

5 A

a. REXKBEONARERES

ZRBRP, SEH—PKREL, Sprague-Dawley)-LEUAM, EEX L
B Piper & “HREXROZNMA” Cell Culture Techniques in Heart and Vessel
Research, H.M.Piper %, Berlin: Springer-Verlag, 1990, pp.36-60 BT 5 ¥ 18 s
He BAZBRSSEHRELENARAKPERAFRRBPX LK. CME
BHRAATI R E Fo(PGF, ) BEE X EMR P HEIFW AR M. Piper %, AL Lai
%, Am, J. Physiol. 1996; 217(Heart Circ, Physiol.40): H2197-2208. #A /&3l & 4»
AR KB AR EMEBIFX PGF, B PGF, A{¥(Fl TS BE)MERHKES

A% . 48 PR K R A e

R

a. FEAXRWFIEERCERXHNH

ZHERE IR IFN-yZE K R (B BB, Wistar BY Sprague-Dawley)& Py 31 i
BT HES RSB (PGF, KUYz ) B HOMIEKKEE . B4, BOUEE
BENREHEOCBRERHRXEXCOCNABEHRRET BA P #HE PGF,y. Lai
%, Am.J. Physiol.(Heart Circ. Physiol.)271, H2197-H2208(1996). FfUl, RESETE
s P 1 4 58 B0 B B O LA K A B B DR FERT BE AT AR F 78 9T 0 B BB K < TFN-y 3 00 i
EBXKEREIREOHE. CEMELZEANFELD-)NERH S5SA S IFN-
YRIKBHETHR R E. LHAPRE T X AR W FEHER.

b. HEJy-#8 S g AR KRR

XERMEATE, ~RESH LY HEEBRMERFERES-BRHFOHE
JBK. E—HEIFRD, KE(HER, Wistar 8 Sprague-Dawley) EZREE,
BT R E k4% . Benznak M., Can. J. Biochem. Physiol. 33, 985-94(1955).
FARUFESEK, BHHBRELWESL. AEESHaESHEYH, REILNER
Pist, TRIEZKEHEBWEIHNER. ZEHFEL N Rossi %, Am. Heart ]. 124,
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700-709(1992)F1 O'Rourke F1 Reibel, P.S.E.M.B., 200, 95-100(1992). FREAFTH
HEEAHR S LS XL .

b. SLRIESO VI ZEMDR 0L X R B

EXRAENETERRBELERRE ML, FHOBERERTHRIA.
RIf & —BROBEANYENNR. RHEEEROMERTFET M 314,
KRN OBRERSHKEZLFARE 18%. Lai %, AL. HOBEXFEEMHN,
Fitn IFN-y, AhERIXL6zhd), R/ETHMENR TR EEM BT HNER.

2. IFN.Y#I AR, RITASDNLY

WIBAR R, IENyATARETOBRX, BEARENREROCEEX.
HLBRB)ARZEROEABARARTR, CRQIVEBXRSRSE, B
HAENE, FROZEEARZTHAE . Krayenbuehl %, Eur. Heart J. 4(3#
T A), 29(1983). FHRIEKXMN BB METaF®Mm, FAMHEMN, RONERES
MENNARELD, SEREEZNENNFESEARNMFERFTERER.
Scheuer I Buttrick, Circulation 75(34F/ 1), 63(1987). ZAKHE R SFEEFRER
REXBLERRKBIT, ARRASEEFRRTLONEES, Bk, 3k
¥, LR, BERR, CBSMANKELDECHER. TXERELIER
BUHD E EARIE

MUBEEMNRAEONEEFH IFNyFB O HER. £XE, BEH 750,000
ABBHELONBEEAMD, A4z —FE AMITIZET. BUE/LE, Bney,. 4
MEHE. R, IHRALLAEZABBRE-PARKEBRETLONEERE
MITEIER ., EEBKHE 15 4 /DB, £ 69-90%FZEBESP, t-PAER 902
g R REI Bk FF . Topol 2, Am.J. Cardiol. 61, 723-8(1988); Neuhaus %, J.
Am. Coll. Cardiol. 12, 581-7(1988); Neuhaus %, J. Am. Coll. Cardiol. 14, 1566-
9(1989). &M, KA B MR IR LA 20 7T ik 3 B 4R FF i 7 BF (rate) . Topol %%,
Am. J. Cardiol. 15, 922-4(1990). t-PA LA LIEAL LT, BEIELEHE
H, FTUEESFEMEFE. Tebbe &, Am. J. Cardiol. 64, 448-53(1989). #¥ 5|
EEHAALHN —MERFEKPIEHANRENLAETARRE (PA R
4k, TNK t-PA(T103N, N117Q, KHRR(296-299)AAAA t-PA R, Keyt %%,
Proc. Natl. Acad. Sci. USA. 91, 3670-3674(1994)). AT, RESWELI L8R,
FEBENKBFEEENRTEESHUP X BEHEKWRT, SNHEETL
FIE A X B9 BE B R0 YA 5T

F-EBRNRTAERAITESRNEMAXKNCERX. marsrid, Sk

11
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MEhESSHOBIELK. BRACYETFERENEGEBBEHZLE, BEBTHD
—SEMEEFHINEE. FTLL, IFN2TTERAP'E LR FREZFIHN, FHmERER.
WERG Y IR . FRfid /R FEER. HETB/IR. FHBI/R. BB /R acetoburolol,
BT #/R . RACHEIR . b, I B EHUBAIE)INHIFR, 5B EF) .
R, KBYEF . THXEF . benazepril. EEEF|. BMEXRFR; FERHF, B
IR, SEUEE. SHUEGE. FREEG., FEE, UEIERK. TBRE.
BIEETARE, ASEEMHIAN, Gl /RIRE. BEME. ERpX. ERBE.
SULHEBARHARTRANHYASYTURERR, FUEREFHH XM
B.FX.BER. BHEZMNRBE L (S L, Physician's Desk Reference, Medical
Economics Data Production Co. Montvale N.J., 55 51 kR, 1997).

IFN-yo] AT HE R4 F O IBER B E, ATHELHREN KBRS R,
BELERGERL GXHEOTRFERTH FERMAEREECZERR(ERANEX
BERGE 35mm U L, NFIILEMHEHBRENEE, NFLHEMMES HEHRE
fEMERN, LHLE.

IFN-yETT A FHRT REHEH L AEERELNRMEBEETSRENLEL
.

IFN-yUIH WA EGYRIRALE T, HPBEF IFNyEABE RS, CBEHZE
AR &, AFRITOCHEBKNETE IFNySRm T H& UERS: B4
BEIA B E KA IFNy S SN S LA 84, BB 843 2 I (Remington's
Pharmaceutical Science, F] £)RE, #IZFMETRBKBEBRLR . AATHE &,
MEMMBEAEFEFANBMRENZELE, AEZPHE, FIDRR. FER
MAEAENR; HRAN, SRR LE: Ko FBCECTF 10 MRENEK: &O
B, pliniidaER. HRRAERER: RAEREY, FNEZEMERE:
HER, mHER. SEBE. N4BRE. FERERER: 258, —@FOH
v, SEAEE. BEESRNE. A, #i0 EDTA: HE, FimdE BB
R, BEVERRET, GImM, /RS TFREF N, 51 Tween, Pluronic
%3 Z ~F(PEG).

HERLHR IFNyDAREEHBY. ERGFTRABEZWRZEEKHER
SEMA BB K. —BUETHEBEXRF IFN-y,

AERETERM IFNy, #5RERIBREAUERSENBRNESRANE
. FXE4 IFNySBRARBE, —REPHRIEE pH THTLAH. 81, §
m, REFH 4,499,014, HHHEABT FTRRM IFN-y#E B & pH6-9 BB F &

12
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. FHEFBBAERBRE IFNyEE—RTEFEI TN, BEAXRER
AT IREE, ERRSELANERR BRI R FF 245 0196,203
AT T %F IFN-y7E pH4-6.0 I B A&,

1992429 B 20 HEEEF 5,151,265 AT EREGYHESYSHUNE
B3EMR T IFN-y, HE4EFF pHA4.0-6.0 I, BERMMERFEHH. BEH-—
BRETHERE, GInHEE, fETFEEATUEREGEER, SlwEROEE
80 ME LKA 20. EEFHEHMITELY 0.07-02mg/ml AEH, BFR
0.lmg/ml, SBNEMBEFIBRELBABRNEREPE, FlnirRBEZE N
Bm, FERE—¥-FER_HRAY, TER-FER=HREY. TER-
FRE—MNESY. %), BRRLSZMBE@W N, RER-RER—NESY, R
HE-ZANAEAY, BUR-FEHR-ARSY, %), EERAZNBHIW,
BRE-EARMEESY BAR-BARERAY, BAR-ALAUMRED B),
ERRMLEBHBE@ I, ERRR-EHRR-AESY, EHER-ERRR_
PREY, EHER—P-EPER_HRSY, F), HHEREAZFEbGIW, &
ER-AHRPMESY, HER-AEFNAPESY, HHER-EIHERHESY, %),
ERSEMBGIW, ER-ERRESY, ER-JFLWEESY, ER-ERFER
Y, %), LBREZENMHEN,. AR-ABRHESY, AR-ZAEAUMESY, L
%-FLERRAY, %) NZMHEBAVGIN, ZR-ZBIERESY, ZR-E28
HHRED, %),

—F E M E IFN-y#B & #I7 (Actimmune® rhu IFN-y-1b, Genentech, Inc.)
R—FMEHE.BE. CA.FA2HE EEAAEPMEPRATETES. 8 0.5ml
Actimmune®& 100ug(3x10° BBL7, HEiEHE: 30x10° B47/mg) IFN-y-1b, Ll 20mg
HERL. 0.36mg JRHEMHM. 0.05mg X 1 FMEs 20 A EEHFH A

EEEAMEAN, ERARATHNSEGYHESY, EEE:

a)IF ¥4 % T 5= B IFN-v;

b)REERF pH 41 4-6(N B A RAFH PR EHBREN pH LR ZMHZE

ERFEEH, EEATREERER, RABHEREE.

d) &% 8 T

HBFEH, EH: FB. FFENILFLEE, PINRAFRZAE: A
7K.

BT EEGREE M) AT CUR 60 0 2R L 548 A (B 28 B B

13
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ABEREWYATERLEERETE., 4, SHARDEERHHATRATR
FEE, FlnmE RN, MTHEHBES R, EP257,956).
EEZBRRAVHRANTHEZEHEAACYHNEZBRE, ENEELTHN,
5 BIM=nARELITOERN, SImHEW., FER. WA, AR, LWRERY
TR, XEEETUERELTBRA. 8%, TARKPSRAEEENTHERE
FIRBNERE.
ZREBWHATUE, flln, ZR-ZBNESY, ZR-ZEUNESY, F
%, ARBIEAESIFE pH £ 4.0-6.0 2 [8], pH4.5-5.5 I, pHS M.
10 B, FlnER. EFENIUFTZEE, BT I28&R_R MR

WMEYH .
H—RELRF P, STFHIFNRBEHEPHEHHER, KPE:
IFN-y 0.1-2.0mg/ml
LR (pHS.0) 5-100mM
Tween 20 0.1-0.01wt%
XK 0.05-0.4wt%
o Swt%
K, USP 2 E 100%
Hp, BoLEsBNEMRMEYHNEAE., EHTH 0.5-1.0wt%EFRAE,
HEBETH 0.9wt% R,
15 B, A6YE:
IFN-y 0.1-1.0mg/ml
Z B4 (pHS.0) 10mM
Tween 20 0.01wt%
E’ 0.2wt%
H R Swt%

EEITTH 0.75wt%E FREMAYE, HEBTH 0.ow%EALHAE.
BEBHANEFSSARBTANEN FNoy. BAZSHRMBECER
B, BITANBE, EFEHEA IFNyRIBARIR, §RABFFAN IFNyHNEF. £
HEYRNASWEH, IFNySF AREABGANDN S FHRBABRTZHIEE. B
20 R, BTFARERRTEMER, SINMRREEDHRFRERR. BEFFER. 4
. BERFERR. BT, & JFUVEMEBHX BB ERE. FRAANE-KY

14
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0.001-1.0mg/kg, #4 0.01-1mg/kg EiF, £ 0.01-0.1mg/kg BWIF. UL A549 40 MHEIT
HROMRRBERRN, EXERHFP, o FINyRIFHEAHBTFRETH
2x107U/mg BERMLLEE. NiZOENE, LABHERSRESEREKYF
LT, HI{EF 0.5ng/mg BH. MH, ERATA, BEHFLAFKE FDA
SMEFHRRLNEH. #R. SAZSBENAREKR.

IFNYRISA R BRABE ML, Fwielk. EEA. BR. LA, RA,
HEARL G REHEEE, XRARXFARNERERE. —BHETRME IFNy
AEYEERATHEOMNARN, FOBKORSRETITRE TRHEHTE
MERE. SIFNETFREREREBKG V) ETG)BENAGGm)ES, BEE
ARARIFAERMARBY, &R EP257,956)8R B .

RENR IFNyKEASYREEETHED, F2EH 30 ABTHEREDN
IEN-y. LB HEED 14 RA, B 200 RELF, IFN-yRI4E D54 B IFREGRTF
BHHAHEHRTRRFEENY 80%.

IFNyE T UEBRANEXET. ZEANGEE TFERESERAME AR
KEEWEBIHEER, ZHNHAF—EBR, FImRRURE. ZRERNG

FERERER, KERGIWRQ-BZE-FRKTERRER))(Langer %, J. Biomed. Mater.
Res., 15, 167-277(1981)# Langer, Chem. Tech., 12, 98-105(1982)), X (Z1EE),
BEBR(EESF 3,773,919, EP58,481), L-AE BN L-2EMyZEMNILEY
(Sidman %%, Biopolymers 22: 547-556{(1983)), ANTJREAR Z.4% Z.B8 Z.BS(Langer %,
Rl L), TEEILB-ZHEBF EY, %l Lupron Depot™(FLBR-Z BB LR
leuprolide Z BREEH B I AT I ST HER), F-D-(-)-3-32 % T BR(EP133,988).

REW, PIMZBZRIBMAR-ZHREKIE 100 RERSF, G
KERMEFRERENTNBEREAN. HHABEOEARNEERKENEE,
ENSEALT 3I7CHEEAEDMEEREREER, EREYFERREK, FTEEH
TRBERE. TREFEFANS, RITSENSHTRUBKATORNBEE. flw,
MRERMBERNGRELH-—MAYEZRE T Z5R, e TEdemiE
BRE. AHETRBREEE. BHRE. RESENENAARAKRKERESYER
HEY.

ZR IFNyH SR RERREEEN IFN-y. & IFN.yRER&THDMA
¥5 414 : DE3,218,121; Epstein %, Proc. Natl. Acad. Sci. USA, 82: 3688-3692(1985);
Hwang %, Proc. Natl. Acad. Sci. USA, 77: 4030-4034(1980); EP52,322; EP36,676;
EP88,046; EP143,949; EP142,641; AA LR A% 83-118008;: 2 E % Fl 4,485,045
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# 4,544,545; 1 EP102,324. —RAH/DE(L 200-800 3R) 21 BB BRI,
HPfigREEE 30mol%Ll EBERE, Briktb Gl IEMmIATER A,

AFRFPENE IFNyR®RT, i, WTEN. FHRRMNBERN.
iU, ATRBEBHENATFRR ELEELERENBAERSHRR. &7
IFNyRITBEREMBEEN, ARER 05m’ L LB ENEELSTRER
50meg/m?(1.5x10°U/m?), AEXERPTHET o5m* BERHEEFLTHRER
1.5meg/kg/Hl, BTES, A8 3 k. ENTFEMABEOCHLBRKEEFTRIANEX
HAFREEX., EEBAT IFNy, HIRBHRTOBIIEERBEBRAROA
B, s, MEEMRBTROECHTER, KRB SXFRAMERKEH
FHOERANER. U LT ESEN FEHELEACLEEREN. E
B, EREHLINFKEED, TELR, RESENTANENRZRET
IFN-y.

IFNyA XA R CHTRITEBRTILERXRTRA —BEHE. Fflw,
IFN-y#& 7 7T 5 B s 40 AR UL 40 AR BE X B F 4 500 i - W b R R BEVE 4L R AT 30
M, FlmEEM: AMERK-1; CT-1: LIF; M &Kk LB M 875K AR 1D
BEHd., WEATEXRR, FINFHERSE L MIEXEFM$ 7 (CHF,
cardiotrophin B, cardiotrophin-1, £ X *BEELF) 5,679,545).

CHRBRRERSTETHREREAYEST LREFEZAMNFANE NER
WIR. LR, FMHBE/R. FBREBR. BEB/R. FHE/RK, BMAEBK.
acetoburolol. P #&/R. EFEE/R. FHMIK), 4HHK, difedipine, HL/RBE
H. AT S5mOERAXMOHREAXTHEBERRARMLET S, RASEEDS
F, Bl /REEE. HEME., #RBK. BRHEF: s LR FEHENA:
R, Blondmeng, SEERE. AREE. PEFEE. B, WHIERE.
ZErik. WSimkaik: F/E ACE fBR, HlinslEd. REEH. KBHH.
FAHKE . benazepril. BEWFH. BEHF.

5 IFN‘YRREE TRITRAYNESEHEENBERE. ATRBEEN
R, TRHITHBRHOEHSHE, BFXRIFIRANSEBEOE[AURELE.
RiLE. BOIRAL2SRE. ARERBRTFENFATRANBENZHRBEN
RUERAFHRE. 8%, FANERSAE IFN-yBRAN A BHER.

o)
SEREH 1
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HE5HE

AL AR 4 AR 35 3R 4

S RREE K B A0 B LA A R A0 R BORE B Piper (R L)FTR I 5, 4
MRS R Lai B(AL). ARE&ES-HNAKREN, ARELZHHRREEY
250g KIHEPE Sprague-Dawley X B, WL, BIBRSEAR, HEEEINRE
B #]7 37°C#J Langendorff A& L. A 40ml Krebs S P #{(110mM NaCl, 2.6mM
KCl, 1.2mM MgSO,-7H,0, 25mM NaHCO, # 11mM B EE)EELE. REHS
30mg BEEER 12.5u] 100mM CaCl, # Krebs &M 7E O EAEER 30 8. A
Langendorff {¥ _EEUTF O, EBROBREEHFHR. ABRFAHELEDVEAA 2mm
BB, RIEAFHOKEBEAEGOmg KEBEA 400mg BSA FFE 12.5u
100mM CaCl, B Krebs £BsF)#E 37°Cil4L 5 480 WALKEE, GO ENMFT
BRHFALBZH. HHE, 7EFFELEERE, ETHHACFEREERRRE
ik s e,

BOBHNREARNARSBERTEFERN TR L, FEAH I0CHM
/ml. BHFW 72 A0t fE, AHMBEEEHAR, ANGEIRE. ERAZUE
TEERMRAK, UER ST M4(Simple 32, Compix Imaging, Mars, PA)J & &
RKEE.

e

IFN-y#I# B KB F PGF, MEBAR B ERHRE LN AR X

B4, PGF, Mo LR RREAAEER B EFRAOBREXRFT LN LK
B K(Adams %, J. Biol. Chem. 271: 1179-1186(1996); Lai %, Am. J. Physiol.(Heart
Circ. Physiol.) 271: H2197-2208(1996); Meidell 2, Am. J. Physiol. 251: H1076-
H1084(1986); Simpson, ). Clin. Invest. 72: 732-738(1983); Simpson, Circ. Res. 56:
884-894(1985)). HHRPHREXFOZNARS LU LI EEMNE XL %, F
L Piper &, “BREXKRLEULHM”, Cell Culture Techniques in Heart and Vessel
Research, H.M.Piper %, 1990, Springer-Verlag: Berlin, p.36-60). F4EUL4H M 2+
R, Hix@ELT 0.1uM PGF,,F 8}, FFRAKBFEERE 1) BILEXRN:
PEEL 200 MFRABOBRREREE, BEEANREARBEPROHRAER
. PGF, BB ARMMRERE, RWUAL, ZEEHARBANSHTSRA
FUAH & £ FE# (p<0.001). F IFN<yREEH MR BWHFH BN PGF, RN E
(PGF,,+ =IFN-y5 PGF, #Htk, p<0.001). E—EXREFEHEE A, IFN-y*f PGF, %
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IFN-yfJ 44 X Ri(Singh %, Biol. Chem, 271:1111-1117(1996): Pinsky %, J. Clin.
Invest. 95:766-685(1995): Ungureanu-Longrois &, Circ. Res. 77:494-502(1995);
Soderberg-Naucler %, J. Clin, Invest. 100:3154-3163(1997); Gou %, J. Clin. Invest.
100: 829-838(1997); Marra %, Can.J. Cardiol. 12: 1259-1267(1996)). il PGF,,
BRI TE N IFNyFIRE, BAEHE IL-1a. IL-1f. IL-2.
IL-6. TNF-a. INF-offl IFN-BEE A K EARE FHEAMEP AR K. IFN-yK#
HIMRHF A RBE T3 PGFye. IFN-yi IR B AWK (A 3).

SLHED) 2
10 I B

3

BAMRRIBEENSXZEEEFDESHME, HB 2 Genentech HIHIME
PRFEFHERSKIAT. ARETH PR Sprague/Dawley(SD)Y KR (8 fA#, Charles
River Breeding Laboratories, Inc.). L% Af, ZIYWAERREAENEL 1 H, AL
AREBE, BAYPK, BEFRTEXERNERERAN.

45 F W0 FUREFI/BY IFN-y

BREETHES 0.15mg/kg #MATF B (Cayman Chemical, Ann Arbor, M),
0.008mg/kg B IFN-y( Genentech Inc., South San Francisco, CA), #AEIFIBEAK
IFN-y. SiibkKB&, BH 2 &K, 3t 14 K, 7 IFNyAREETFIB+IFN-y8E P, 3)
WTSEHIT | R IFN-yHILE., Mt BEWEHGE. Uil ARER, kit
FTANRNIENBREEXRFAEREE R KABREAE. Lai %, BL.
—~WPNRER, LEFEY IFNyHISIR AT RESALEREX, AN KER
BE/LFEERM.

1L FLEh A3 7 4

SEF S5 13K, BB A 3 4T SO 80mg/kg(Aveco Co. Inc., Fort Dodge, lowa)
F P 10mg/kg(Rugby Laboratories, Inc., Rockville Center, NY)BEB KR . £
EEBR AR E TR -REE(S0U/m)H § % (PE-10 # PE-50), BEiLshkk, A
TFHEFHHKEMAPHLEHR),. FEFHEETHE.

BRERE 1 R, BsiE®ESE CP10 ®E /7 1£ B 28 (Century Technology
Company, Inglewood, CA, USA)IER, {£/HE35 Grass 7 ! Z M zh A # 85 (Grass

18
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Instruments. Quincy, MA, USAYE#. R IEHELY. EH DR MAP H
HR.

NeEREER

R/ EN SRR, R OM. SHMERE, 8%, RE, ZL0ZERET
80°C, HTIMERRIE.

EHBARBIER

BEHESEL KRB EHKERENBANREE AR, Kimura &, Am.
J. Physiol. 1989: 256(Heart Circ. Physiol.25):H1006-H1011; Batra %, ]. Cardiovasc.
Pharmacol. 17(3%T) 2), $151-S153(1991). T E 2, WATETR R FERE/ 2 f B AR
BAR. tHEFE— 3mm P10, BHRBESESRZEQBEESHK, B 5-0
BEuBgEil. BARE—R 23 SHILE, REMEH. ELEARNYHER
FR, EFRHLRHTEL.

EHBHmKRANRBTR

kSO RBENR, RiT 1K, 2 KETFHELH 0.08mg/kg IFN-y, R
BES 14 K. BLEAHDFAESZLHE., LEEE 3R, WIHAAERKTA
FHBABA—BEE. HAR 1 X, NEEBEXRMKER HR. BH.OH
AR, BHEERSERERE, KE, H10%28FNERSHEE, UEHE
BERRZH. REVRBLSIYHELE, BEBEASE, BRFET-80C, LEE
FEREFRZA.

GitFE T

W8 BRI FIELSEM, #HT R MBZESTT(ANOVA), RESHAAN
=58 . )G H Newman-Keuls iEx ¥ B 2 R 4T post-hoc 4+47; p<0.05 # i\ A

RNA #%

Fd RNeasy Maxi #(Qiagen), BAEFHHRYE, 5 H 2 RNA.

RT-PCR

Fis%cBt RT-PCR(TagMan) B R ERFABAZ HPEERAEZR. ®Rit—
EEEFRERHE, 3WERLRE 6-RENFRE-FFH(TAMRA), AES5H PCR
SR ERNY T RAT. 3P IRBEMEAERE TR MERK. £ PCR RMKEKH
B, MEREE Taq REBEH SHIBRENEH LER. FHE— PR, KE
EEAEPRAUFMUEA=EKRE FE8, EHHZAH “EN” . BEEF
#(Cy, BMMEBERRCBIEZEHEERE 10 FU LR, SESFENERT
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EERRT, HiF—RE RNA BHEOMRUBRESE, HEBR 1487
RT S B LI BRTTRE AR A E S IFRYIS Btk DNA ¢ 3. B HTES FMI
YIRBERILRN, UMBIEXRESRE, CtED. FOETREEKR BBk, #
WEFH S FRERE 4%, W, EXEERRETHTHFY. HERE®
PR EEHEENTTREM,

SHESERRR, WEIFR, ARERLN SN MEERRN mRNA, 4
RGP BH  EE-3-BE R EE- Z B (GAPDH) R B TR — (X RGIHE, 2R
BX). RE, WA HEAY 6 &HEEREX GAPDH FIAEXN £E.

RT-PCR

4 RVE ing & RNA, A TaqMan 7700 &3 /¥ {X (ABI-Perkin Elmer)i#{T
RT-PCR(Gibson %, Genome Res. 6, 995-1001(1996)). (SOul)¥ ¥ RN A& K-
1X TaqMan £ A, 200uM dATP, dCTP, dGTP 1 400uM dUTP, 10%H#,
6.5mM MgCl,, 50U MuLV #4358, 20U Rnase #4$I#], 1.25U AmpliTaq Gold,
100nM FERSI AR MEI4, 1000M % HE . RT-PCR BRI MG HME
Perkin Elmer 1 Sigma. 7 MicoAmp Y% & 18 F(ABI-Perkin Elmer)¥F#1T K
[ . $238 Perkin Elmer ¥ % B 75 % it TagMan 514, # Genentech Inc.& 5k, B
GAPDH ##R4t I & Perkin Elmer WX ). S REE 48 CHEIT 30 28k, RIS 95
CH#AT 10 5-44 K AmpliTaq & WFH . HIEERH 95°C30 8, 60°C1.5 43, 3t 40
¥

il Heid %, Genome Res. 6:986-994(1996)FTik, /&84T TaqMan & R K
EEB. AIMEZ, WEBRNBERMRERZOS EEBBR)WE 2K. B CtH
YH, IS RNAKER Log AN X M, MERRZMENFE. BBHMNE
Hig, A CyY ), kK mRNAX), fIE&EERL mRNA. RS, HUT
FEEEEREERNEEN GAPDH 3—: 10¥/10%, X, X1 REER, X2 B
GAPDH.

&R

IFN-yZE £ Py 310 5l 0 B BE K

BA, KBS T PGF, ME LR LY RINFIBEANFEIOHEEX, MWE,
BONMBEEABRBECNERGKXRECNATTH#E PGF K FEHELRE
(Lai %, FL). Bit, BEEAMNHE PGF M LUNEKEANEFRIFTHTH
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FONER. SFHALLT INyHER TAFRWFE, FE2 A, MAEHL
AR RMER . SRENEMEL, ERNFIBLOEBEHRRS, OF. CENEL
FENEREE TN, BSRWHBRLEHNXRMEL, HRIWFIE+ IFNy
WMEARER, DLERABRNMNE 1). RAFBLEEROE. LEME
LEEESKERW)ZLHER K, HBEHETFIRS S OEEXE 4). IFN-y#
SIEATARBERNER. SETHBHAML, BZEEHE IFNyBXREL
fE, LEMEZLBL BWHHANERWEHZ(E 4). FINyASBEFLAAHLEE
7, B IFN-yX O O ZBRELENANERE BWAHNERERFABREE
1, B 4).

KRS TR S FHEHKEMAP)AA L E& 4B AN EEREEHEX(E
5). S®EMLL, IFN-yd MAP WE{ER, TAXNRITFIELAESYE MAP B
BEEWH. 4 ANHEAHOEFHENERE 5). ULEERUE, IFNyHFAEL
R AU SR P A B E R R R B0 RIER.

IFN-y I SEARMNFBEAXNOHELR, TERXESENIIRES
FMREAKHEXBORNZEREE 6). SHAEML, WMirsIELEARLOEA, o
SHRIZES. RE 1 AFHEFH mRNA EEEMN. XEXRPHIERNS
ATPase EE® L. IFNyHIFIRAABFRNZIHEH R,

BE—HEEHREHERENBLFT SBOBIERK BB PHEITT IFNy
RE. EHRBEEEROCBEBARBNOHE., 0F. DEMELZLAXNERURL
5BWHHANEENBEEEM. IFNYLAEEERE T ZRB a0 EXGEE 2,
B 7 7 8).

ERET IFNyHEREOERGEE 2). TG IFNyL BB RE
FHENERRES BW 2. SRFEARFYHEL, BiEABFLEHLEIFRKMGKRE
MAMERERS BW ZHME T D, A IFNyRAEMAUMARED. EEBEL
ERBEENERN BW B—LERBNHESEAS, IFNyLOBEEMBXHAR.
Hik, IFN-yXTLBEEXMERFIARBEAMNBEEEN T EBEA.

FEFHREGH KB FIHRE. LCREENFREHERTERFARAINR, W
B, IFN2wyABSREL4BHELKEZE, SBREHBMBER @ 9). %4
RERY, BZIFNyHEILARMLBREKEBRS FERTREEx.

EHRELERB 2 ORNBERRENBE. SEFERMBEAHEL, SRR
M, B-NRERER. o FIENNGES. « FRNES. LENWMET. B
F1RIMANAEEEAN mRNA AN EEH LA 3AEEPH 2 D o-FBN

rA|
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IR EFBIER 1 8 IFN-yHHIGE 3).

g FFTR, LR 1R 2 ERER, IFNyRSMHELOMIEKR. IFN-yRIHE
B AR UALEE T3P IR KR BE S A0 B K, B E R R A K FAH ALK O
hEENEESTFRE. HHNEARHNE, EXRWIIBEKRARBYRMESD,
HMEENBHAFFSHEXER D, IFNyHEAMBIKE 1 EEHRE. LUK
By 75% 4 BEE 1(Ju %, Can. J. Caridol. 12:1259-1267(1996)). fERCEAEX
6 TR &1 5 R T 36 098 0 R ) SRR T A T B R B G D SRR B AR . E T A
B 1 974, IFN-yRERCE O S 3R B B M8 JRET 44k

% 1. Flup #I/EL IFN B AR KNEBHNREER

BE Flup Flup+IFN IFN
BWO(g) 292.441.7 292.3+2.2 292.8+2.1 292.5+3.2
BW(g) 391.616.3 381.1+4.4 377.61£4.5 380.816.1
BW(2) 99.245.5 91.9+4.0 84.843.9 88.3%5.0
HW(g) 0.966+0.22 1.00040.018 | 0.927920.016# | 0.9560.029
VW(g) 0.92240.22 0.95740.017 | 0.889+0.015# |0.91410.029
LVW(g) 0.706+0.018 | 0.74040.013 | 0.678+0.011# | 0.696+0.023
KW(g) 1.440£0.035 | 1.397+0.038  {1.377+0.031 1.32710.035
KW/BW(g/kg) 3.678+0.075  |3.632+0.076 |3.648£0.070 | 3.483+0.069
SW(g) 0.799+0.050 | 0.880+0.048 | 1.009+0.042* | 0.92410.068
SW/BW(g/kg) |2.065£0.149  |2.309+0.130 | 2.676+0.082** |2.415+0.149

B8 B3 R ¥ ¥ {H+SEM, #/k. Flup. Flup+IFN 1 IFN ANz &5
FIR 14, 14, 14 B 9. 81k #K: Flup: RiTFE¥: IFN: FiFEy: BWO: %
R E; BW: BG4 E,; ,BW: BW-BWO; HW: LR ER; vW: LEEH,
LVW: ZLEEE; KW: BHER: SW: BEEERE. *p<0.05, **p<0.01, 5
AEAMEL; #p<0.05, ##p<0.01, 5 Flup B4HLL.

K2 EHBAFHAKEHNAE, FEERDHR

& FR PO+ ik PO+IFN
BWO(g) 278.8+1.9 279.4+1.3 279.0+1.3
BW(g) 367.946.8 347.5+5.7* 355.545.2
ABW(2) 89.1+5.8 68.115.6* 76.5+4.7
AW(g) 0.038+0.02 0.056+0.002** 0.04610.003*##
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AW/BW(g) 0.104:0.04 0.162+0.006** 0.129+0.007*##
KW(g) 1.438+0.51 1.334+0.033 1.34940.071
KW/BW(g/kg) |3.894+0.078 3.841+0.070 3.776+0.071
LW(g) 13.84+0.55 12.53+0.36 13.96£0.47#
LW/BW(g/kg) |37.46+0.96 36.0140.71 38.94+0.924#
SW(g) 0.724£0.030 0.839+0.026* 1.17040.053%*##
SW/BW(g/kg) |1.959+0.051 2.418+0.069** 3.261+0.121**#4
HR(bpm) 371212 415412+ 418+19*

BT EHE R FIE+SEM, RIRFRESHEE, BRFR. PO+E 4 PO+IFN
AWz B RS HE 16, 22 M 21, WE HREKWSHWHEE N 7. 8 7. PO: K
HBHRE; IFN: T Ey; BWO: HEEFE; BW: LB /54 E; ,BW: BW-BWO:
AW: OBRER, KW BHESR, LwW: fFHES; SW: BEERE; HR: J¥E,
*p<0.05, **p<0.01, 5EFRAML: #p<0.05, ##p<0.01, 5 PO+EIEAMLL.

K3 IFN W ERAREHER

L BFAR+E PO+8 4k PO+IFN
ANF 0.98+0.37 5.29+1.21* 3.61+1.32
PMHC 0.89+0.24 1.91+0.15* 1.7140.14*
SKA 0.95+0.13 3.35+0.46* 2.47+0.51*
SMA 0.71+0.06 0.89+0.04* 0.77+0.06
COLI 0.55+0.05 0.91+0.09* 0.7740.10
COLII 0.44+0.05 0.66+0.08* 0.7240.09*
FIB 0.66+0.17 1.0310.11* 0.97+0.12

PO: EHEBHF; IFN: FHEy; ANF: LEFWEATF; BMHC: BULMRE
B EH; SKA: a B MG EA: SMA: o FRINEIEE; COLL: KR I; COLII:
I II; FIB: AEEA. REKPIHEISHHERE--HREKIBZL. €4
B n=6. %L FHHLSEM. *SEER+HAEHAMLLH p<0.05.
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