Office de la Proprieté Canadian CA 2585640 C 2012/01/10

Intellectuelle Intellectual Property

du Canada Office (11)(21) 2 585 640
Un organisme An agency of

d'Industrie Canada Industry Canada (12) BREVET CANADIEN

CANADIAN PATENT
13) C

(86) Date de depot PCT/PCT Filing Date: 2005/10/26 (51) Cl.Int./Int.Cl. A67K 37/727(2006.01)
(87) Date publication PCT/PCT Publication Date: 2006/05/04 | (72) Inventeurs/Inventors:
- . WALENGA, JEANINE M., US;
(45) Date de délivrance/lssue Date: 2012/01/10 KENNEDY THOMAS PRESTON. US
(85) Entréee phase nationale/National Entry: 2007/04/26 L
(73) Proprietaire/Owner:
(86) N demande PCT/PCT Application No.: US 2005/039011 PARINGENIX INC.. US

(87) N® publication PCT/PCT Publication No.: 2006/047/55 (74) Agent: SIM & MCBURNEY
(30) Priorité/Priority: 2004/10/27 (US10/974,566)

(54) Titre : UTILISATION D'HEPARINE 2-O DESULFATEE DANS LE TRAITEMENT DU SYNDROME DE LA
THROMBOCYTOPENIE INDUITE PAR L'HEPARINE

(54) Title: USE OF 2-O DESULFATED HEPARIN FOR THE TREATMENT OF HEPARIN-INDUCED
THROMBOCYTOPENIA (HIT) SYNDROME

(57) Abregé/Abstract:

A method and medicament for treating and preventing platelet activation or thrombosis Iin the presence of heparin- and platelet
factor 4-complex reactive antibodies using a 2-O desulfated heparin with an average degree of sulfation of 0.6 sulfate groups per
monosaccharide or greater and an average molecular weight or 2.4 kD or greater. The medicament preferably Is administered
Intravenously, by aerosolization or orally. Preferably, the 2-0 desulfated heparin medicament includes a physiologically acceptable
carrier which may be selected from the group consisting of physiologically buffered saline, normal saline, and distilled water.
Additionally provided is a method of synthesizing 2-O desulfated heparin.

,
L
X
e
Senchee f
L S S \
ity K
X : - h.l‘s_‘.}:{\: .&. - A L~

A7 /7]
o~

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

OPIC - CIPO 191




woO 2006/047755 A3 I D00 AL AN Y100 YO 08 0 00 0

CA 02585640 2007-04-26

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization [4

International Bureau

(43) International Publication Date
4 May 2006 (04.05.2006)

(51) International Patent Classification:
A6IK 31/727 (2006.01)

(21) International Application Number:
PCT/US2005/039011

(22) International Filing Date: 26 October 2005 (26.10.2005)

(25) Filing Language: English

(26) Publication Language: English
(30) Priority Data:

10/974,566 27 October 2004 (27.10.2004)  US
(71) Applicant (for all designated States except US): PARIN-
GENIX, INC. [US/US]; 101 N. Wilmont Road, Suite 600,

Tucson, Arizona 85711 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): WALENGA, Jea-
nine, M. [US/US]; 516 S. Lodge Lane, Lombard, Illinois
60148 (US). KENNEDY, Thomas, Preston [US/US];
1619 Bardstown Road, Charlotte, North Carolina 28226
(US).

(74) Agents: LIPSCOMB, Ernest, B., I11 et al.; Alston & Bird

LLP, Bank of America Plaza, 101 South Tryon Street, Suite

4000, Charlotte, North Carolina 28280-4000 (US).

(81) Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,

AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,

(10) International Publication Number

WO 2006/047755 A3

CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KL,
KG, KM, KP, KR, K7, LC, LK, LR, LS, LT, LU, LV, LY,
MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI, NO,
NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG, SK,
SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ,
VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, I,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BEF, BJ, CFE, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TQG).

Declaration under Rule 4.17:
as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

Published:

with international search report

before the expiration of the time limit for amending the
claims and to be republished in the event of receipt of
amendments

(88) Date of publication of the international search report:
1 February 2007

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: METHOD AND MEDICAMENT FOR SULFATED POLYSACCHARIDE TREATMENT OF HEPARIN-INDUCED
THROMBOCYTOPENIA (HIT) SYNDROME

(57) Abstract: A method and medicament for treating and preventing platelet activation or thrombosis in the presence of heparin-
and platelet factor 4-complex reactive antibodies using a 2-O desulfated heparin with an average degree of sulfation of 0.6 sulfate
groups per monosaccharide or greater and an average molecular weight or 2.4 kD or greater. The medicament preferably is ad-
ministered intravenously, by aerosolization or orally. Preferably, the 2-0 desulfated heparin medicament includes a physiologically
acceptable carrier which may be selected from the group consisting of physiologically buffered saline, normal saline, and distilled
water. Additionally provided is a method of synthesizing 2-O desulfated heparin.



10

15

20

25

30

CA 02585640 2010-07-12

USE OF 2-O DESULFATED HEPARIN FOR THE TREATMENT OF
HEPARIN-INDUCED THROMBOCYTOPENIA (HIT) SYNDROME

BACKGROUND OF THE INVENTION

Field Of The Invention
This invention relates to a medicament for treating and preventing platelet
activation or thrombosis in the presence of heparin- and platelet factor 4-complex

reactive antibodies using a two-O desulfated heparin and to a method for treating.

The Prior Art

The drug heparin, discovered almost a century ago, 1s used even today to
prevent coagulation of the blood. Its application ranges from prevention of deep vein
thrombosis in medical and surgical patients at risk for venous thrombosis and
subsequent pulmonary embolism, to full anticoagulation as treatment of patients
suffering pulmonary embolism, myocardial infarction, or other thrombotic disorders,
and tull anticoagulation in patients undergoing intravascular catheterization
procedures or cardiac surgery, so that thrombosis 1s prevented on catheters or heart-

lung bypass machines. Recently, heparin has also been found to be useful to treat

disorders of vascular proliferation or inflammation, and has been shown beneficial in
a plethora of other diseases, including secondary hypoxic pulmonary hypertension,
asthma, cystic fibrosis, inflammatory bowel disease, eczema, burns and
glomerulonephritis. However, heparin has two important and serious side effects
limiting its use.

The first of these is its major therapeutic indication: excessive bleeding from
anticoagulation. While anticoagulation is a benefit in prevention or treatment of
thrombotic diseases, this is a drawback if heparin is used to treat other diseases such
as asthma where anticoagulation is not needed for therapeutic benefit, and may even

pose additional risk to the patient. Untoward bleeding from anticoagulation is even

the principal side effect when heparin is used for
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prevention or treatment of thrombotic disorders where anticoagulation is 1ndicated.
Fortunately, the side effect of bleeding is usually self-limited. With termimation of
heparin therapy and replacement of any blood lost from the vascular space,
coagulation function and blood pressure are usually restored to normal 1n a short
time, ending the period of risk.

A second side effect, heparin-induced thrombocytopenia, 1s less frequent
but far more serious. This condition refers to the fall in blood platelet counts
occurring in some patients who receive heparin therapy in any form. The
condition has been extensively reviewed by several authors (Fabris F, Ahimad S,
Cella G, Jeske WP, Walenga JM, Fareed J. Pathophysiology of heparin-induced
thrombocytopenia. Clinical and diagnostic implications -- a review. Arcfaiv Pathol
Lab Med 124:1657-1666, 2000; Arepally G, Cines DB. Pathogenesis of heparin-
induced thrombocytopenia and thrombosis. Autoimmunity Rev 1:125-132, 2002;
Warkentin TE, Greinacher A. Heparin-induced thrombocytopenia and cardiac
surgery. Ann Thorac Surg 76:638-648, 2003; Warkentin TE. Heparin-induced
thrombocytopenia: pathogenesis and management. Brit J Haematol 121:535-355,
2003; Chong GH. Heparin-induced thrombocytopenia. J Thromb Haemostas
1:1471-1478, 2003).

Two types of heparin-induced thrombocytopenia (HIT) exist. - Heparin-
induced thrombocytopenia-1 (HIT-1) is characterized by a brief and asymptomatic
fall in the platelet count to as low as 100 x 10°/L. This condition resolves
spontaneously on its own and does not require discontinuation of the drug. It1s
thought that this condition is caused by heparin-induced platelet clumping, no
immune component of the disease has been identified, and complications of the
condition are unusual.

The second type of heparin-induced thrombocytopenia 1s more deadly.
Heparin-induced thrombocytopenia-II (HIT-2) has an immunologic cause and 1s
characterized by a profound fall in the platelet count (>50%) often after the fifth
day of heparin therapy. In contrast to HIT-1, in which complications are xare, HIT-
2 is usually accompanied by major arterial, venous or microvascular thrormbosis,
with loss of organ function or limb perfusion. Untreated, the condition can result

in death. More common with heparin from bovine lung (5 % of patients) than with

_9 .
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porcine intestinal heparin (1 % of patients), the incidence of the disease has varied
widely, depending on the type of heparin, route of administration or patient
population.

Intravenous heparin is associated with an overall incidence of HIT-2 of
about 1.7%, whereas the condition is rare with subcutaneous prophylactic
administration to prevent deep vein thrombosis (Schmitt BP, Adelman B. Heparin-
associated thromxbocytopenia: a critical review and pooled analysis. Am J Med Sci
305:208-215, 1993). Use of low molecular weight but fully anticoagulant h eparins
such as enoxaparin or dalteparin are less likely to result in the syndrome, but HIT-2
has been reported with low molecular weight heparins. The only anticoagulant
thought to be completely free of risk from HIT-2 induction 1s the recently approved
synthetic pentasaccharide factor Xa inhibitor fondaparinux sodium. (Walenga JM,
Jeske WP, Bara L, Samama MM, Fareed,J, State-of-the-art article, Biochemnical
and Pharmacolo gic rationale for the development of a Heparin pentasaccharide.
Thromb Res 86(1):1-36 (1997)).

The pathoogenesis of HIT-2 is centrally focused upon platelet factor 4 (PF4),
a 70-amino acid (7.78 kD) platelet-specific chemokine that 1s stored in platelet o
granules, where it is bound to the glycosaminoglycan chondroitin sulfate. When
released, PF4 self-associates into a tetramer of approximately 31 kD. PF4 1s highly
basic (32 lysine and 12 arginine residues per tetramer), rendering 1t highly
positively charged. Normal plasma levels of PF4 are low, on the order of 8
nmol/L). That PF4 released from platelets following platelet activation binds to
the glycocalyx of endothelial cells as a reservoir. The infusion of heparin
transiently increases PF4 levels 15 to 30 fold for several hours by displacing PF4
from the vascular endothelial interface.

Formation of the PF4-heparin complex occurs optimally at equivalext
stoichiometric concentrations of PF4 and heparin. When administered as a
therapeutic anticoagulant, heparin levels range from 0.2 to 0.4 IU/ml, or 100-200
nmol/L, higher than optimum concentrations for PF4-heparin complex formation.
However, i patients such as those undergoing cardiac or hip surgery, in Vivo
activation of platelets occurs, releasing PF4 into the circulation and increasing

circulating PF4 levels (to 75-100 nmol/L) toward the optimal concentrations for
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1:1 stoichiometric complex formation. When heparin binds to PF4, it produces a

conformational change in the protein, exposing antigenic epitopes to which an

antibody binds.
The HIT antibody binds heparin-PF4 complexes with high affinity”. This

antibody-heparin-PF4 complex then binds to platelets by attachment of the
antibody Fc domain to the platelet Fc receptor (FcyRIla). This in turn cro sslinks
the Fc platelet receptors, inducing platelet activation, thromboxane synthesis and
platelet aggregation. PF4 released from the activated, aggregating platelets
complexes with additional extracellular heparin to form additional heparimn-PF4
complexes which bind to the platelet surface and serve as additional sites for HIT
antibody binding. This next wave of HIT antibody binding to platelet-loc alized
heparin-PF4 complexes occurs through the antibody’s Fab domain, leavinng the Fc
domain free to interact with the Fc receptors of adjacent platelets, cross-limking
FcyRIla receptors and inducing additional platelet activation and aggregation. In
parallel, platelet activation also results in CD40 ligand/CDA40 release and
interaction, resulting in the induction of tissue factor expression on the surface of
endothelial cells and macrophages. The generation of platelet microparticles when
HIT antibodies are present that are highly procoagulant; the up regulation. of the
adhesion molecule P-selection in the platelet surface; and the induction of a pro-
inflammatory state with HIT shows the involvement of neutrophils and m.onocytes
with platelets activated by HIT antibodies as well as cytokine up regulation in the
patients. (Walenga JM, Jeske WP, Prechel MM, Makhos M. Newer msights on the
mechanism of hieparin-induced thrombocytopenia. Semin Thromb Hemost
30(Suppl 1):57-67 (2004)). This compounds the hypercoagulable state by
prdviding stimulus for initiation of the extrinsic coagulation cascade, and provides
the back-drop for the thrombotic complications of the HIT-2 syndrome.
Thrombocytopenia is caused by clearance of activated platelets and platel et
aggregates by the reticuloendothehial system.

The clinical syndrome characterizing HIT-2 is distinguished by a
substantial fall in the platelet count by usually more than 50% to a mediary nadir of
about 55 x 10°/L.. The fall in platelets can be accompanied by development of

venous thrombosis and pulmonary embolism, or, less commonly, arterial
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thrombosis involving the large lower-limb arteries. Thrombotic stroke and
myocardial infarction occurs less often. Another feature of the syndrome 1s the
appearance of skin lesions at heparin injection sites, ranging in appeararice from
erythematous plaques to frank skin necrosis. A quarter of patients develop an
acute syndrome of fever, chills, respiratory distress, hypertension and global
amnesia when they receive heparin intravenously at a time when circulating HIT-2
antibodies are present. Even disseminated intravascular coagulation may result.
To prevent these complications, it 1s suggested that when HIT-2 is recognized, the
precipitating heparinoid should be stopped and the patient fully anticoagulated
with an alternative agent such as a direct thrombin inhibitor (lepirudin, argatroban
or bivalirudin) or the synthetic pentasaccharide fondaparinux, which do es not
cross-react with HIIT antibodies. Because the use of warfarin acutely in the setting
of HIT-2 has been associated with development of microvascular thromabosis or
skin necrosis, long term follow-up anticoagulation with warfarin 1s delayed until
resolution of thrombocytopenia. This often necessitates prolonged hospitalization
for administration: of alternative anticoagulants such as the direct thrombin
inhibitors.

The structural features of heparinoids that are associated with HIT-2 have
been characterized in detail (Gremacher A, Alban S, Dummel V, Franz G,
Mueller-Eckhardt C, Characterization of the structural requirements for a
carbohydrate based anticoagulant with a reduced risk of inducing the
immunological type of heparin-associated thrombocytopenmia. Thromb Haemostas
74:886-892 (1995); Walenga JM, et al, supra (2004); Walenga JM, Koza MJ,
Lewis BE, Pifarr€ R. Relative heparin induced thrombocytopenic potemntial of low
molecular weight heparins and new antithrombotic agents. Clin Appl T hromb
Hemost. 2(Suppl 1):S21-S27 (1996); and Jeske WP, Jay AM, Haas S, Walenga JM.
Heparin-induced thrombocytopenic potential of GAG and non-GAG-based
antithrombotic agents. Clin Appl Thromb Hemost S(Suppl 1):S56-S62 (1999)).
With linear heparin-like carbohydrate sulfates, the risk of platelet activation in the
presence of a HI'I antibody and PF4 was critically dependent upon both the
molecular weight of the polymer and its degree of sulfation (i.€., average number

of sulfates per carbohydrate monomer). The critical degree of sulfatiora to form the
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HIT-reactive heparin-PF4 antigenic complex was found to lie between 0.6 and 1.20
(i.e., 0.6 to 1.2 sulfate groups per carbohydrate monomer). The teradency of a
sulfated polysaccharide to form the HIT reactive heparin-PF4 antigenic complex,
with subsequent platelet activation, was also governed by molecular weight.
Increasing concentrations of heparin were required for complex foxrmation as
heparins with decreasing molecular weight down to 2.4 kD were studied. With
saccharides below 2.4 kD, no complex formation was observed. HIT antibody
activation was also not observed with the synthetic pentasaccharide fondaparinux,
which weighs about 1.7 kD. The investigators concluded that only two strategies
predictably reduced the risk of HIT-reactive heparin-PF4 complex formation: 1)
reducing degree of sulfation to <0.6 sulfates per carbohydrate unit; or 2) decreasing
the molecular weight of the polysaccharide to < 2.4 kD.

A heparin-like compound that does not interact with PF4 to form HIT-
antibody reactive complexes would offer major advantages over unfractionated or
low molecular weight heparins currently available for therapeutic use. Although
there 1s no clinical proof as an anticoagula:rit, the new pentasaccharide
fondaparinux appears to have achieved that goal, since it does not activate platelets
in the presence of HIT antibody (Greinacher A, et al., supra;, Walenga JM, et al,
supra (2004); Walenga JM, et al., supra (1996); and Jeske WP, er al., supra
(1999)). Howewver, while 1deal as an anticoagulant agent, this small molecular
welght heparin analog is fully anticoagulant, placing the treated patient at risk for
excess bleeding 1f he has a bleeding diathesis or rent 1n the integrity of his vascular
system. This is especially problematic in subjects with HIT who have also
suffered gastrointestinal or central nervous system hemorrhage. Amnticoagulation
with fondaparinux or any agent 1s necessary in HIT to prevent potentially fatal
arterial or venous thrombosis, but can be life threatening if the subject 1s also
actively hemorrhaging. Moreover, even if the subject 1s not hemoxrhaging, a low
anticoagulant strategy for treating HIT would be far safer and more preferable than
the currently available strategies which are all fully anticoagulant drugs and which
include the direct thrombin mhibitors, argatroban and lepirudin.

The present invention accomplishes this objective. A 2-O desulfated

heparin has been synthesized which is useful as an agent to inhibit inflammation
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such as ischemia-reperfusion injury of the heart from myocardial infarction. It is
an advantage of the present invention that methods to produce this 2-O desulfated
heparin (ODS heparin) in large quantities on a comm ercial scale have been
provided. ODS heparin also has greatly reduced USP and anti-Xa anticoagulant
activity, rendering it safer for use in anti-inflammatory doses and less likely to
cause bleeding. The average molecular weight of 2-O desulfated heparin 1s 10.5
kD, and its approximate degree of sulfation is 1.0 (5 sulfate groups per
pentasaccharide, see Figure 1), placing it well within the risk range for HIT
antibody interaction (Greinacher A, et al., supra). Suxprisingly and in spite of size
and degree of sulfation which would predict otherwise, ODS heparin does not
cause platelet activation in the presence of known HIT-reactive antiserum at low ot
high concentrations. Thus, ODS heparin also constitutes a safer alternative to
other anti-inflammatory heparins by presenting significantly reduced risk for HIT-
2 associated thrombocytopenia and thrombosis.
Even more surprisingly, 2-O desulfated heparin is also useful to treat the

HIT syndrome once established and reduce the activity of platelet aggregation
from an antibody directed against the heparin-PF4 cormplex. Thus, the
administration of 2-O desulfated heparin, which has greatly reduced anticoagulant
activity and bleeding risk, could be used as a clinical treatment for HIT syndrome,

eliminating the need for risky, fully anticoagulant treatments currently in use for
HIT therapy.

SUMMARY OF THE INVENTION

It is an object of the present invention to provide a method for producing a
heparin analog that does not produce platelet activation in the presence of serum
containing HIT antibodies.

It is a further object of this invention to provide a heparin analog that can
be used to treat the established HIT syndrome and prevent platelet aggregation and
wvascular thrombosis resulting from this condition. _

It is another object of this invention to provide a heparin analog that 1s

sufficiently large enough in size and possessing of sufficient degree of retained

sulfation as to be anti-intlammatory.
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A further object of this invention to provide a heparin analog that
substantially does not induce anti-coagulant activity.

As another object of the present invention there is provided a method for
using a therapeutic agent which can be used to treat established HIT syndrome
without inducing anticoagulant activity.

It is an even further object of this invention that the therapeutic agent is
produced from a toxicologically characterized compound.

Also, another object of the present invention is that the synthesis of 2-O
desulfated heparin can be produced at commercially feasibly levels.

The present invention provides a heparin medicaiment free of HIT reactivity
or risk comprising a treatment effective amount of 2-O desulfated heparin in a
physiologically acceptable carrier. The physiologically acceptable carrier may be
selected from the group consisting essentially of physiologically bufiered saline,
normal saline and distilled water. The medicament preferably comprises a dose of
between 2 mg/kg patient body weight and 100 mg/kg, but preterably 3.5-25 mg/kg.
These doses are also provided in a physiologically acceptable carrier.

The invention also provides a heparin medicament substantially free of HIT
reactivity or risk that has a molecular weight greater thann 2.4 kD and a degree of
sulfation of greater than 0.6. The invention also provides a heparin medicament
that can actively suppress interaction of a HIT antibody with its antigenic
determinants and decrease the resulting platelet aggregation and procoagulant state
induced by the HIT syndrome.

In preferred embodiments of the invention the 2-O desulfated heparin
analog free of HIT reactivity or risk can be administered by aerosolization, by
intravenous injection, by subcutaneous injection, orally or by rectal instillation.

An effective dose for administration to a human, especially when used
intravenously, is a dose between 2 mg/kg and 100 mg/kg of 2-O desulfated
heparin. In other embodiments of the invention, the molecular weight is greater
than 2.4 kD. In another embodiment of the invention, the degree of sulfation 1s
greater than 0.6 but less than 1.2. Preferably, the medicament includes a
physiologically acceptable carrier which may be selected from the group consisting

of physiologically buffered saline, normal saline, and distilled water.
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The present invention further provides a method of producing a heparin
analog substantially free of HIT antibody reactiv-ity or risk and can be also used
effectively to actively treat the HIT syndrome, which method comprises reducing
heparin in solution and lyophilizing the reducing heparin solution. In another
embodiment, the heparin analog substantially free of HIT antibody reactivity or
risk and also useful in the treatment of the HIT syndrome is produced by
lyophilizing heparin in solution without reducing it. In a preferred embodiment,

the pH of the reduced or non-reduced heparin so lution is raised above 13.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects, advantages and features of the invention,
and manners in which the same are accomplished, would become apparent from
the following detailed description of the invention taken in conjunction with the
accompanying drawings which illustrate preferred and exemplary embodiments,
wherein:

FIG. 1 shows a chemical formula of the pentasaccharide binding sequence
of unfractionated heparin and the comparable sequence of 2-0O, 3-0O desulfated
heparin (ODS heparin);

FIG. 2 shows the differential molecular vweight distribution plots
determined by multi-angle laser light scattering, in conjunction with high
performance size exclusion chromatography, of the ODS heparin compared to the
parent porcine intestinal heparin from which it was produced;

FIG. 3A shows disaccharide analysis of hheparin;

FIG. 3B shows disaccharide analysis of the ODS heparin of this invention;

FIG. 4 shows a proposed reaction schem e for desulfating the 2-O position
of a-L-iduronic acid in the pentasaccharide binding sequence of heparin;

FIG. 5 shows cross-reactivity of the 2-O desulfated heparin of this
invention to heparin antibody as determined by the serotonin release assay;

FIG. 6 shows cross-reactivity of the 2-O_ 3-O desulfated heparin of this
invention to heparin antibody as determined by expression of platelet surface P-

selectin (CD62) quantitated by flow cytometry;
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FIG. 7 is a graph showing that increasing concentrations of 2-O desulfated
heparin, which is also 3-O desulfated, suppresses HI'T-mediated platelet activation
as shown by the release of platelet serotonin in response to adding 0.1 or 0.5 U/ml
heparin to serum from a patient with HIT syndrome;

FIG. 8 is a graph showing mean results of experiments in which 2-O
desulfated heparin, which is also 3-O desulfated, suppresses platelet activation as
shown by serotonin release induced by 0.1 U/ml heparin (UFH) in the presence of
sera from four patients with HIT;

FIG. 9 shows a graph of the mean results of experiments in which 2-O
desulfated heparin, which is also 3-O desulfated, suppresses platelet activation as
shown by serotonin release induced by 0.5 U/ml heparin (UFH) in the presence of
sera from four patients with HIT;

FIG. 10 is a graph showing that 2-O desulfated heparin, which is also 3-O
desulfated, suppresses platelet microparticle formation when a HIT patient’s serum
1s mixed with 0.1 U/ml or 0.5 U/ml heparin;

FIG. 11 is a graph showing mean results of experiments in which 2-O
desulfated heparin, which is also 3-O desulfated, suppresses platelet microparticle
formation when sera from each of four patients with HIT is mixed with 0.1 U/ml
heparnn;

FIG. 12 is a graph showing mean results of experiments in which 2-O
desulfated heparin, which is also 3-O desulfated, suppresses platelet microparticle
formation when sera from each of four patients with HIT 1s mixed with 0.5 U/ml
heparin;

FIG. 13 is a graph showing that 2-O desulfated heparin, which 1s also 3-O
desulfated, suppresses HIT-induced platelet activation measured by platelet surface
expression of P-selectin (CD62);

FIG. 14 is a graph showing mean results of experiments in which 2-O
desulfated heparin, which is also 3-O desulfated, suppresses platelet surface
expression of P-selectin (CD62) induced by HIT sera from each of four patients
with HIT in the presence of 0.1 U/ml] unfractionated heparin;

FIG. 15 is a graph showing mean results of experiments in which 2-O

desulfated heparin, which is also 3-O desulfated, suppresses platelet surface

- 10 -
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expression of P-selectin (CD62) induced by HIT sera from each of four patients
with HIT in the presence of 0.5 U/ml unfractionated heparin;

FIG. 16 is a graph showing blood concentrations of 2-O desulfated heparin,
termed ODSH, after the final injection into male beagle dogs in doses of 4 mg/kg
every 6 hours (16 mg/kg/day), 12 mg/kg every 6 houxs (48 mg/kg/day), and 24
mg/kg every 6 hours (96 mg/kg/day) for 10 days;

FIG. 17 shows a graph of the hemoglobin conntent measured in the
bronchoalveolar lavage fluid 24 hours after administration of saline (control),
human leukocyte elastase (HLE), HLE plus heparin, and HLE plus ODS heparnn;

FIG. 18 shows a graph of the concentration of protein in the
bronchoalveolar lavage fluid 24 hours after administration of saline (control),
human leukocyte elastase (HLE), HLE plus heparin, and HLE plus ODS heparin;

FIG. 19 shows a graph of the number of polymorphonuclear leukocyte
(PMN) cells in the bronchoalveolar lavage fluid 24 h.ours after administration of
saline (control), human leukocyte elastase (HLE), HIE plus heparin, and HLE plus
ODS heparin; !

FIG. 20 1s a graph showing that heparin and ODS desulfated heparin reduce
plasma infarct size (ratio of area necrosis/area at risk, or AN/AAR);

FIG. 21 demonstrates that heparin and ODS heparin reduce plasma creatine
kinase activity after myocardial infarction;

FIG. 22 demonstrates that heparin and ODS heparin reduce influx of
polymorphonuclear leukocytes (PMNs) into myocardium after myocardial
infarction, measured by the activity of the PMN specific enzyme myeloperoxidase
in myocardial tissue;

FIG. 23 shows that ODS heparin does not produce anticoagulation in vivo,
measured by the activated clotting time (ACT), but that 1dentical amounts of
heparin produce profound anticoagulation, measured by prolongation of the ACT;

FIG. 24 demonstrates that heparin and ODS heparin block PMN adherence
to normal coronary artery endothelium in vitro;

FIG. 25 illustrates that heparin and ODS heparin reduce PMN adherence to

post-experimental coronary artery endothelium;
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FIG. 26 shows that heparin and ODS heparin preserve the vasodilator
function of ischemic-reperfused coronary arteries ;

FIG. 27A demonstrates that nuclear factor-x B (NF-kB, brown stained) 1s
normally present in the cytoplasm of unstimulated human umbilical vein
endothelial cells (HUVECS);

FIG. 27B shows that HUVECs stimulated with tumor necrosis factor o
(TNF o) without addition of heparin. Some, but not all nuclel now stain positive
for anti-p65, corresponding to trans;

FIG. 27C shows that TNFo stimulation faals to produce translocation of
NF-kB from cytoplasm to the nucieus in HUVECSs pre-treated with 200 pg/mL
ODS heparin;

FIG. 28 are electrophoretic mobility shift assays of nuclear protein showing
that ODS heparin decreases NF-kB DNA binding 1n TNF-stimulated HUVECs;
and

FIG. 29 are electrophoretic mobility shift assays of nuclear protein from
1schemic-reperfus ed rat myocardium showing that ODS heparin decreases NF-«xB

DNA binding stimulated by ischemia-reperfusion.

DETAILED DESCRIPTION OF THE INVENTION

The present invention will now describe maore fully hereinafter with
reference to the accompanying examples, in which preferred embodiments of the
invention are shown. Indeed, these inventions, may be embodied in many different
forms and should not be construed as limited to thhe embodiments set forth herein;
rather these embodiments are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the imvention to those skilled in the
art.

It has been found that heparin in larger than usual anticoagulant doses and a
variety of nonanticoagulant heparins (N-desulfated; 2-0, 3-O or 6-0O desulfated; N-
desulfated and reacetylated; and O-decarboxylated heparin) can attenuate
inflammatory responses in vivo, such as inhibiting the destructive effects of human
leukocyte elastase (HLE) on lung when instilled 1in the trachea. These same

heparins and nonanticoagulant heparins can attenuate ischemia-reperfusion injury
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in the heart, brain and other organs and reduce the size of organ infarction as
measured by the size of organ necrosis. Examples of the preparation of 2-O desulfated
nonanticoagulant heparin, which is also 3-O desulfated, may be found in, for example,
U.S. Patent No. 5,668.188:; U.S. Patent No. 5,912,237; and U.S. Patent No. 6,489,311.
The amounts of 2-O desulfated heparin may be given in amounts of 2 mg/kg to 100
meg/kg, but preferably in amounts from about 3.5 mg/kg to 25 mg/kg. The
nonanticoagulant heparin 2-O desulfated heparin has the advantage of inhibiting
inflammation such as HLE-induced lung inflammation or myocardial inflammation
induced by ischemia-reperfusion, but without the side effect of excessive
anticoagulation that would result from equivalent doses of unmodified heparin. Other
nonanticoagulant heparins, low molecular weight heparins (Yanaka K, Spellman SR,
McCarthy JB, Oegema TR Jr, Low WC, Camarata PJ., Reduction of brain injury
using heparin to inhibit leukocyte accumulation in a rat model of transient focal
cerebral ischemia. 1. Protective mechanism. JNeurosurg 85:1102- 1107, 1996) and
sulfated polysaccharide heparin analogs (Kilgore KS, Naylor KB, Tanhehco EJ, Park
JL, Booth EA, Washington RA, Lucchesi BR.. The semisynthetic polysaccharide
pentosan polysulfate prevents complement-mediated myocardial injury in the rabbit
perfused heart. J Pharmacol Exp TJierap 285:987-994, 1998) can also inhibit
inflammation. However these and other heparins and sulfated glycosaminoglycan
heparin analogs react with heparin antibodies to form glycosaminoglycan-PF4-HIT-
reactive antibody complexes capable of inducing platelet activation and the HIT-2
thrombotic syndrome. This potentially deadly risk severely limits the use of
nonanticoagulant heparins as anti-inflammatory therapies.

The only sulfated polysaccharide that might be predictably employed without
risk of the HIT-2 thrombotic syndrome is the synthetic anticoagulant pentasaccharide
fondaparinux (Greinacher A, et al., supra). This ultra-low molecular weight heparin
analog is an effective anticoagulant but is less useful for treating inflammation
because it is fully anticoagulant and therefore at risk of inducing bleeding, and

because its small size greatly reduces its activity in blocking selectin mediated PMN

attachment (Koenig A, et al, supra).
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The structural requirements for a sulfated carbohydrate free from HIT-
antibody reactivity have been characterized as < 2.4 kD in molecular weight and a
degree of sulfation of < 0.6 sulfates per carbohydrate moiety (Greinacher A, et al.,
supra). With linear sulfated polysaccharides of a constant chain length of 35
monosaccharides, the critical degree of sulfation to form the HIT antigen was
between 0.6 and 1.2 sulfates per monosacchaxide. For sulfated carbohydrates in
the range of commercially available heparins, HIT-mediated platelet activation was
maximal at a degree of sulfation of 1.25. Platelet activation in the presence ot
linear sulfated polysaccharides with a fixed degree of sulfation was also dependent
upon molecular weight, with decreasing concentrations of sulfated polysaccharide
needed for 50% maximal HIT-mediated platelet activation as molecular weight
was increased. As an example, a concentration of 50 nmol/L of sulfated
polysaccharide was required for 50% maximal platelet activation at a molecular
weight of 12.2 kD, approximately that of commmercial unfractionated heparin. This
concentration 1s close to the optimal heparin concentration for elicitation of the
HIT-2 syndrome clinically. In the case of heparin, the optimum molecular weight
was actually found to be 4.8 kD (a hexadecasaccharide), near the molecular weight
of commercially available low molecular wei ght heparins, but higher molecular
weights also supported HIT-mediated platelet activation. Branched chain sulfated
carbohydrates were able to form the HIT anti gen with PF4 at even lower degrees
of sulfation and molecular weight. Walenga JM, ef al, supra (2004); Walenga JM,
et al., supra (1996); and Jeske WP, et al., supra). Only sulfated polysaccharides
with a molecular weight of less than 2.4 kD or a degree of sulfation of less than 0.6
sulfate groups per monosaccharide were free of HIT reactivity. As an example, the
fully anticoagulant pentasaccharide fondaparinux, with a molecular weight of 1.78
kD, failed to produce any platelet activation 1n the presence of HIT antibodies,
regardless of the concentration of pentasacch aride used.

The partially desulfated heparin 2-O desulfated heparin 1s produced as
outlined in U.S. Patent No. 5,668,188; U.S. Patent No. 5,912,237; and U.S. Patént
No. 6,489,311, by reducing heparin in solution and drying, lyophilizing or vacuum
distilling the reduced heparin solution. One can place the starting heparin 1n, for

example, water or other solvent. The typical concentration of the heparin solution
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can be from 1 to 10 percent heparin. The heparin used in the reaction can be
obtained from numerous sources, known in the art, such as porcine intestine or
beef lung. One can utilize heparin that has been modified in any number of ways
known to those of skill in the art, such as lower molecular weight heparins
produced by periodate oxidation or nitrous acid depolymerization. One can also
use as starting material the currently available fully anticoagulant low molecular
weight heparins enoxaparin or dalteparin. Other possible starting materials will be
apparent to those of skill in the art, given thie teaching provided herein.

The selected heparin starting material in solution can be reduced in solution
by incubating it with a reducing agent, such as sodium borohydride, catalytic
hydrogen, or lithium aluminum hydride. A preferred reduction of heparin 1s
performed by incubating the heparin with sodium borohydride, typically at a
concentration (wt/vol) of 1%, or 10 grams of NaBHj, per liter of solution.
Additionally, other known reducing agents can be utilized. The incubation with
reducing substance can be achieved over a wide range of temperatures, taking care
that the temperature is not so high that the heparin caramelizes. A suggested
temperature range is about 4 to 30°C, or preferably about 20-25°C. The length of
the incubation can also vary over a wide range as long as it 1s sufficient for
reduction to occur. For example, several hours to overnight (1.e., about 4 to about
12 hours) can be sufficient. However, the time can be extended to over several
days, for example, exceeding about 60 hours. Alternatively to reduction of the
heparin, which preserves its molecular wei ght during lyophilization, one can omit
this step and proceed directly to lyophilization or drying for production. However,
depolymerization will occur more intensely without the reducing step and the
molecular weight of the resulting product will be predictably lower.

Additionally, the method for producing 2-O desulfated heparin further
comprises raising the pH of the reduced or unreduced heparin to 13 or greater by
adding a base capable of raising the pH to 13 or greater to the reduced or non-
reduced heparin solution. The pH can be raised by adding any of a number of
agents including hydroxides, such as sodiuim, potassium or barium hydroxide. A
preferred agent is sodium hydroxide (NaOH). Once a pH of 13 or greater has been

achieved, it can be beneficial to further increase the concentration of the base. For
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example, it is preferable to add NaOH to a concentration of about 0.25 M to about
0.5 M NaOH. This alkaline solutiom is then dried, lyophilized or vacuum distilled.

The partially desulfated hep arin produced by such methods as outlined 1n
U.S. Patent No. 5,668,188; U.S. Patent No. 5,912,237; and U.S. Patent No.
6,489,311, 1s a 2-O desulfated hepaxin that 1s also largely 3-O desulfated and
possesses a degree of sulfation of approximately 1.0 (5 sulfate groups per
pentasaccharides; see Fig. 1). If unfractionated porcine heparin with an average
molecular weight of 11.5 kD is used as a starting material and this 1s reduced with
sodium borohydride prior to lyophilization, the resulting product has an average
molecular weight of 10.5 kD. With a degree of sulfation of 1.0 and a molecular
weight of 10.5 kD, this heparin analog would be predicted to significantly trigger
platelet activation in the presence of a HIT antibody and PF4. Whereas
unfractionated heparin actively stimyulates platelet activation under these
circumstances when provided in conacentrations of 0.4 umoles/L, the usual
therapeutic anticoagulating concentration of this drug, the 2-O desulfated heparin
analog by the method described does not activate platelets when studied in
concentrations ranging from 0.78 nimoles/L to 100 nmoles/L. These results are
obtained when platelet activation is studied by release of “*C-serotinin from
platelets or when platelet activation 1s measured by formation of microparticles,
detected using flow cytometry, The examples to follow will illustrate these points
in detail. That 2-O desulfated hepaxin does not induce the HIT antigen in the
presence of HIT antibody is a majoxr advantage, making it therapeutically safer as a
heparin analog for use 1n treating inflammatory and other conditions where a
heparinoid might be indicated or useful.

Even more surprisingly, 2-O desulfated heparin not only fails to trigger
HIT-like platelet activation, but is also itself effective for suppressing activation of
platelets when they are exposed to inmodified heparin in the presence of serum
from patients with the clinical HIT syndrome. For HIT platelet activation,
amelioration of serotonin release was observed at a concentration of 2-O desulfated
heparin as low as 3.13 ug/ml when in the test system where low antithrombotic
concentrations of heparin were added to platelets and HIT sera. A higher

concentration (6.25 pg/ml) was needed to initiate amelioration when higher
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anticoagulant concentrations of heparin were added to platelets and HIT sera.
Complete amelioration of serotonin release was observed at 25 pg/ml and higher
concentrations of 2-O desulfated heparin. When the test system of HIT platelet
activation was microparticle formation from activated platelets, amelioration was
seen at concentrations of 2-O desulfated heparin as low as 6.25 pg/ml in test
systems with both 0.1 and 0.5 U/ml of heparin used to activate platelets i the
presence of HIT sera. Complete amelioration of platelet microparticle formation 1n
response to heparin and HIT sera was achieved at 2-O desulfated heparin
concentrations of 50 ng/ml. Finally, when platelet activation was measured as P-
selectin (CD62) expression on the platelet surface, concentrations of 2-O
desulfated heparin as low as 1.56 ug/ml ameliorated platelet activation i the
presence of HIT sera and 0.1 or 0.5 U/ml unfractionated heparin. Complete
amelioration of platelet P-selectin expression was seen with 2-O desulfated heparin
concentrations >25 pg/ml. Overall, considering the three methods of measuring
platelet activation, 2-O desulfated heparin was effective in suppressing HIT-
induced platelet activation beginning at 6.25 pg/ml and HIT-induced platelet
activation was completely suppressed at 50 pg/ml of 2-O desulfated heparin.
These are concentrations of 2-O desulfated heparin that can be achieved in vivo
with modest doses of the drug.

Depending upon the intended mode of administration, the pharmaceutical
compositions may be in the form of a solid, semi-solid or liquid dosage forms,
such as, for example, tablets, suppositories, pills, capsules, powders, liquids,
suspensions, lotions, creams, gels, or the like, preferably in unit dosage form
suitable for single administration of a precise dosage. The compositions will
include an effective amount of the selected drug in combination with a
pharmaceutically acceptable carrier and, in addition, may include other medicinal
agents, pharmaceutical agents, carriers, adjuvants, diluents, and the like.

The invention additionally provides aerosol particles comprising a
physiologically acceptable carrier and an effective amount of 2-O desulfated
heparin or analog thereof. The particles can consist of essentially of particles less
than 10 microns and preferably less than 5 microns. For delivery to the airway or

lung, 2-O desulfated heparin can be delivered as a micronized powder or mnhaled as
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a solution with the use of a commercially available nebulizer device. For delivery
to the nasal mucosa, 2-O desulfated heparin can be administered as a solution that
is aerosolized by a commercially available misting or spray device, or it can be
delivered as a nasally administered rmicronized dry powder.

For solid compositions, conventional nontoxic solid carriers include, for
example, pharmaceutical grades of mannitol, lactose, starch, magnesium stearate,
sodium saccharin, talc, cellulose, glucose, sucrose, magnesium carbonate, and the
like. Liquid pharmaceutically admimnistrable compositions can, for example, be
prepared by dissolving, dispersing, etc. an active compound as described herein
and optional pharmaceutical adjuvants in an excipient, such as, for example, water,
saline, aqueous dextrose, glycerol, ethanol, and the like, to thereby form a solution
or suspension. If desired, the pharm aceutical composition to be administered may
also contain minor amounts of nontoxic auxiliary substances such as wetting or
emulsifying agents, pH buffering agents and the like, for example, sodium acetate,
sorbitan monolaurate, triethanolamine sodium acetate, and triethanolamine oleate.
Liquid compositions can be aerosolized for administration. Actual methods of
preparing such dosage forms are known, or will be apparent, to those skilled in this
art; for example, see Remington’s Pharmaceutical Sciences, E-W. Martm (ed.),
Mack Publishing Co., Easton, PA.

For oral administration, fine powders or granules may contain diluting,
dispersing, and/or surface active agents, and may be presented in water or in a
syrup, in capsules or sachets in the dry state, or in a non-aqueous solution or
suspension wherein suspending agents may be included, in tablets wherein binders
and lubricants may be included, or in a suspension in water or a syrup. Where
desirable or necessary, flavoring, preserving, suspending, thickening, or
emulsifying agents may be included. Tablets and granules are pretferred oral
administration forms, and these may be coated. To enhance oral penetration and
gastrointestinal absorption, 2-O-desulfated heparin can be formulated with
mixtures of olive oil, bile salts, or sodium N-{8-(2 hydroxybenzoyl)amino|
caprylate (SNAC). A preferable ratio of about 2.25 g of SNAC to 200 to 1,000 mg
2-0 desulfated heparin is employed. Additional formulations that facilitate

gastrointestinal absorption can be made by formulating phospholipids-cation
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precipitate cochleate delivery vesicles of 2-O desulfated heparin with
phosphotidylserine and calcium, using methods described in U.S. Patent Nos.
6,153,217; 5,994,318, 5,840,707, among others.

For rectal administration, 2-O desulfated heparin can be administered 1n a
suppository, foam, gel, solution or enema.

Parenteral administration, if used, 1s generally characterized by injection.
Injectables can be prepared in conventional forms, either as liquid solutions or
suspensions, solid forms suitable for solution or suspension in liquid prior to injection,
or as emulsions. A more recently revised approach for parenteral administration
involves use of a slow release or sustained release system, such that a constant level
of dosage is mamntained. See, e.g., U.S. Pat. No. 3,710,795,

By "pharmaceutically acceptable” is meant a material that is not biologically
or otherwise undesirable, i.e., the material may be administered to an individual along
with the 2-0, 3-O desulfated heparin or heparin analog without causing any
undesirable biological effects or interacting in a deleterious manner with any of the
other components of the pharmaceutical composition in which it is contained.

The present invention is more particularly described in the following
examples which are intended as illustrative only since numerous modifications and

variations therein will be apparent to those skilled in the art.

EXAMPLES
Example I

Production of 2-O Desulfated Heparin that 1s Nonanticoagulant Does Not Activate

A e e e e e e g e e

Heparin-Induced Thrombocytopenia Antibody

Partially desulfated 2-O desulfated heparin can be produced in commercially

e e .

practical quantities by methods described in U.S. Patent No. 5,668,188; U.S. Patent
No. 5,912,237; and U.S. Patent No. 6,489,311. Heparin modification (to ODS

heparin) was made by adding 500 gm of porcine intestinal
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mucosal sodium heparin from lot EM3037991 to 10 L delonized water (5% final
heparin concentration). Sodium borohydride was added to 1% final concentration
and the mixture was incubated overnight at 25°C. Sodium hydroxide was then
added to 0.4 M final concentration (pH greater than 13) and the mixture was
lyophilized to dryness. Excess sodium borohydride and sodium hydroxide were
removed by ultrafiltration. The final product was adjusted to pH 7.0, precipitated
by addition of three volumes of cold ethanol and dried. The 2-O desulfated
heparin produced by this procedure was a fine crystalline slightly off-white powder
with less than 10 USP units/mg anticoagulant activity and less than 10 ant1 Xa
units/mg anticoagulant activity. The structure of this heparin is shown in FIG. 1.
Molecular weight was determined by hagh performance size exclusion
chromatography in conjunction with multiangle laser light scattering, using a
miniDAWN detector (Wyatt Technolo gy Corporation, Santa Barbara, CA)
operating at 690 nm. Compared with an average molecular weight of 13.1 kD for
the starting material, ODS Heparin had an average molecular weight of 11.8 kD.

Demonstrated in FIG 2 are the differential molecular weight distributions
of the parent molecule and ODS heparin. Disaccharide analysis was performed by
the method of Guo and Conrad (Guo Y, Conrad HE, Analysis of oligosaccharides
from heparin by reversed-phase ion-pairing high performance liqud
chromatography. Anal Biochem 178:54-62, 1988). Compared to the starting
material shown in FIG. 3A, ODS heparin <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>