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USE OF HMG FRAGMENTS AS ANTI-INFLAMMATORY AGENTS

RELATED APPLICATION |
This application claims the benefit of U.S. Provisional Application No.

60/291,034, filed on May 15, 2001, the entire teachings which are incorporated

herein by reference.
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BACKGROUND OF THE INVENTION

Inflammation 1s often induced by proinflammatory cytokines, such as tumor
necrosis factor (TNF), interleukin (IL)-1e, IL-1B, IL-6, platelet-activating factor
(PAF), macrophage migration inhibitory factor (MIF), and other compounds. These
promflammatory cytokines are produced by several different cell types, most
importantly immune cells (for example, monocytes, macrophages and neutrophils),
but also non-immune cells such as fibroblasts, osteoblasts, smooth muscle cells,
epithelial cells, and neurons. These proinflammatory cytokines contribute to various
disorders during the early stages of an inflammatory cytokine cascade.

Inﬂarﬁmatory cytokine cascades contribute to deleterious characteristics,
including inflammation and apoptosis, of numerous disorders. Included are
disorders characterized by both localized and systemic reactions, including, without
limitation, diseases involving the gastrointestinal tract and associated tissues (such
as appendicitis, peptic, gastric and duodenal ulcers, peritonitis, pancreatitis,
ulcerative, pseudomembranous, acute and ischemic colitis, diverticulitis, epiglottitis,

achalasia; cholangitis, cholecystitis, coeliac disease, hepatitis, Crohn’s disease,
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enteritis, and Whipple’s disease); systemic or local inflammatory diseases and
conditions (such as asthma, allergy, anaphylactic shock, immune complex disease,
organ ischemia, reperfusion injury, organ necrosis, hay fever, sepsis, septicemia,
endotoxic shock, cachexia, hyperpyrexia, eosinophilic granuloma, granulomatosis,

5 and sarcoidosis); diseases involving the urogenital system and associated tissues
(such as septic abortion, epididymitis, vaginitis, prostatitis, and urethritis); diseases
involving the respiratory system and associated tissues (such as bronchitis,
emphysema, rhinitis, cystic fibrosis, pneumonitis, adult respiratory distress
syndrome, pneumoultramicroscopicsilicovolcanoconiosis, alvealitis, bronchioiitis,

10  pharyngitis, pleurisy, and sinusitis); diseases arising from infection by various
viruses (such as influenza, respiratory syncytial virus, HIV, hepatitis B virus,
hepatitis C virus and herpes), bacteria (such as disseminated bacteremia, Dengue
fever), fungi (such as candidiasis) and protozoal and multicellular parasites (such as
malaria, filariasis, amebiasis, and hydatid cysts); dermatological diseases and

15 conditions of the skin (such as burns, dermatitis, dermatomyositis, sunburn, urticaria
warts, and wheals); diseases mnvolving the cardiovascular system and associated
tissues (such as vasulitis, angiitis, endocarditis, arteritis, atherosclerosis,
thrombophlebitis, pericarditis, congestive heart failure, myocarditis, myocardial
1schemia, periarteritis nodosa, and rheumatic fever); diseases involving the central or

20  peripheral nervous system and associated tissues (such as Alzheimer’s disease,

- meningitis, encephalitis, multiple sclerosis, cerebral mnfarction, cerebral embolism,
Guillame-Barre syndrome, neuritis, neuralgia, spinal cord injury, paralysis, and
uveitis); diseases of the bones, joints, muscles and connective tissues (such as the
various arthritides and arthralgias, osteomyelitis, fasciitis, Paget’s disease, gout,

25 periodontal disease, rheumatoid arthritis, and synovitis); other autoimmune and
Inflammatory disorders (such as myasthenia gravis, thryoiditis, systemic lupus
erythematosus, Goodpasture’s syndrome, Behcets’s syndrome, allograft rejection,
graft-versus-host disease, Type I diabetes, ankylosing spondylitis, Berger’s disease,
Type I diabetes, ankylosing spondylitis, Berger’s disease, and Retier’s syndrome); as

30 well as various cancers, tumors and proliferative disorders (such as Hodgkins
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disease); and, in any case the mflammatory or immune host response to any primary
disease. «

The early proinflammatory cytokines (e.g., TNF, IL-1, etc.) mediate
inflammation, and induce the late release of high mobility group-1 (HMG1) (also

5 known as HMG-1 and HMGB1), a protein that accumulates in serum and mediates
delayed lethality and further induction of early proinflammatory cytokines.

HMGI was first identified as the founding member of a family of DNA-
binding proteins termed high mobility group (HMG) that are critical for DNA
structure and stability. It was identified nearly 40 years ago as a ubiquitously

10 expressed nuclear protein that binds double-stranded DNA without sequence
specificity.

HMGT1 binding bends DNA to promote formation and stability of
nucleoprotein complexes that facilitate gene transcription of glucocorticoid receptors
and RAG recombinase. The HMG1 molecule has three domains: two DNA binding

15 motifs termed HMG A and HMG B boxes, and an acidic carboxyl terminus. The
two HMG boxes are highly conserved 80 amino acid, L-shaped domains. HMG
boxes are also expressed in other transcription factors including the RNA
polymerase I transcription factor human upstream-binding factor and lymphoid-
specific factor.

20 Recent evidence has implicated HMG1 as a cytokine mediator of delayed
lethality in endotoxemia. That work demonstrated that bacterial endotoxin
(lipopolysaccharide (LPS)) activates monocytes/macrophages to release HMG1 as a
late response to activation, resulting 1n elevated serum HMGT1 levels that are toxic.
Antibodies against HMG1 prevent lethality of endotoxin even when antibody

25 administration is delayed until after the early cytokine response. Like other
promnflammatory cytokines, HMGI1 1s a potent activator of monocytes. Intratracheal
application of HMG1 causes acute lung injury, and anti-HMG1 antibodies protect
against endotoxin-induced Iung edema. Serum HMGTI levels are elevated in
critically 11l patients with sepsis or hemorrhagic shock, and levels are significantly

30 higher in non-survivors as compared to survivors.
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HMGT1 has also been implicated as a ligand for RAGE, a multi-ligand
receptor of the immunoglobulin superfamily. RAGE i1s expressed on endothelial
cells, smooth muscle cells, monocytes, and nerves, and ligand interaction transduces
signals through MAP kinase, P21 ras, and NF-kB. The delayed kinetics of HMG1
appearance during endotoxemia makes it a potentially good therapeutic target, but
little 1s known about the molecular basis of HMG1 signaling and toxicity.

Therefore, 1t would be useful to identify characteristics of HMGI
proinflammatory activity, particularly the active domain(s) responsible for this

activity, and any inhibitory effects of other domains.

SUMMARY OF THE INVENTION
The present invention 1s based on the discoveries that (1) the HMG A box

serves as a competitive imhibitor of HMG proinflammatory action, and (2) the HMG
B box has the predominant proinflammatory activity of HMG.

Accordingly, the present invention is directed to a polypeptide comprising a
vertebrate HMG A box or a biologically active fragment thereof or a non-naturally
occurring HMG A box or a biologically active fragment thereof. The HMG A box
or these embodiments can inhibit release of a proinflammatory cytokine from a
vertebrate cell treated with HMG. The HMG A box is preferably a mammalian
HMG A box, more preferably, a mammalian HMG1 A box, for example, a human
HMG1 A box, and most preferably, the HMG1 A box comprising or consisting of
the sequence of SEQ ID NO:4 or SEQ ID NO:22. In a preferred embodiment, the
vertebrate cell is a mammalian macrophage. The present invention also
encompasses vectors encoding these polypeptides.

In other embodiments, the invention 1s directed to a composition comprising
the HMG A box polypeptide or a biologically active fragment thereof described
above 1n a pharmaceutically acceptable excipient. In these embodiments, the
composition can inhibit a condition characterized by activation of an inflammatory
cytokine cascade. The composition can further comprise an antagonist of an early
sepsis mediator. The antagonist of an early sepsis mediator 1s preferably an

antagonist of a cytokine selected from the group consisting of TNF, IL-1e, IL-15,
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MIF and IL-6, more preferably, an antibody to TINF or MIF, or an IL-1 receptor
aqtagonist.

In these embodiments, the condition 1s preferably selected from the group
consisting of appendicitis, peptic, gastric and duodenal ulcers, peritonitis,

5 pancreatitis, ulcerative, pseudomembranous, acute and ischemic colitis,
diverticulitis, epiglottitis, achalasia, cholangitis, cholecystitis, hepatitis, Crohn’s
disease, enteritis, Whipple’s disease, asthma, allergy, anaphylactic shock, immune
complex disease, organ ischemia, reperfusion injury, organ necrosis, hay fever,
sepsis, septicemia, endotoxic shock, cachexia, hyperpyrexia, eosinophilic

10 granuloma, granulomatosis, sarcoidosis, septic abortion, epididymitis, vaginitis,
prostatitis, urethritis, bronchitis, emphysema, rhinitis, cystic fibrosis, pneumonitis,
pneumoultramicroscopicsilicovolcanoconiosis, alvealitis, bronchiolitis, pharyngitis,
pleurisy, sinusitis, influenza, respiratory syncytial virus infection, herpes infection,
HIV infection, hepatitis B virus infection, hepatitis C virus infection, disseminated

15 bacteremia, Dengue fever, candidiasis, malaria, filanasis, amebiasis, hydatid cysts,
burns, dermatitis, dermatomyositis, sunburn, urticaria, warts, wheals, vasulitis,
angiitis, endocarditis, arteritis, atherosclerosis, thrombophlebitis, pericarditis,
myocarditis, myocardial 1schemia, periarteritis nodosa, rheumatic fever, Alzheimer’s
disease, coeliac disease, congestive heart failure, adult respiratory distress syndrome,

20 meningitis, encephalitis, multiple sclerosis, cerebral infarction, cerebral embolism,
Guillame-Barre syndrome, neuritis, neuralgia, spinal cord injury, paralysis, uveitis,
arthritides, arthralgias, osteomyelitis, fasciitis, Paget’s disease, gout, periodontal
disease, rheumatoid arthritis, synovitis, myasthenia gravis, thryoiditis, systemic
lupus erythematosus, Goodpasture’s syndrome, Behcets’s syndrome, allograft

25 rejection, graft-versus-host disease, Type I diabetes, ankylosing spondylitis, Berger’s
disease, Type I diabetes, ankylosing spondylitis, Berger’s disease, Retier’s
syndrome, and Hodgkins disease. More preierably, the condition 1s selected from
the group consisting of appendicitis, peptic, gastric and duodenal ulcers, peritonitis,
pancreatitis, ulcerative, pseudomembranous, acute and ischemic colitis, hepatits,

30 Crohn's disease, asthma, allergy, anaphylactic shock, organ ischemia, reperfusion

injury, organ necrosis, hay fever, sepsis, septicemia, endotoxic shock, cachexia,

e
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septic abortion, disseminated bacteremia, burns, Alzheimer's disease, coeliac
disease, congestive heart failure, adult respiratory distress syndrome, cerebral
infarction, cerebral embolism, spmal cord injury, paralysis, allograft rejection and
graft-versus-host diseas e; most preferably, the condition 1s endotoxic shock or
5 allograft rejection. When the condition 1s allograft rejection, the composition can
further comprise an immunosuppressant used to imnhibit allograft rejection, preferably
cyclosporn.
In additional embodiments, the invention is directed to a purified preparation
of antibodies that specifically bind to a vertebrate high mobility group protein
10  (HMG) B box but do not specifically bind to non-B box epitopes of HMG. In these
embodiments, the antibodies can inhibit a biological activity of an HMG B box
polypeptide, for example, the release of a proimnflammatory cytokine from a |
vertebrate cell treated with HMG. In preferred embodiments, the HMG B box 1s a
mammalian HMG B box, for example, a human HMG B box, more preferably an
15 HMGI1 B box, most preferably the HMG1 B box with the amino acid sequence of
SEQ ID NO:5 or SEQ ID NO:20. In another embodiment, the antibodies bind a
specific polypeptide sequence of the HMG1 B box, comprising amino acids 1-20 of
SEQ ID NO:20 (SEQ ID NO:16), or comprising amino acids 1-20 of SEQ ID NO:5
(SEQ ID NO:23), or consisting of amino acids 1-20 of SEQ ID NO:20 (SEQ ID
20 NO:16), or consisting of amino acids 1-20 of SEQ ID NO:5 (SEQ ID NO:23). The
vertebrate cell 1s also preferably a mammalian macrophage. In some embodiments,
the antibodies are preferably humanized.
In additional embodiments, the invention is directed to a composition
comprising any of the antibody preparations described above, in a pharmaceutically
25 acceptable excipient. In these embodiments, the composition can inhibit a condition
characterized by activation of an inflammatory cytokine cascade. These
compositions can also usefully comprise an antagonist of an early sepsis mediator, as
previously described. The preferred conditions useful for treatment with these
compositions are those mediated or characterized by activation of an mflammatory

30 cytokine cascade, for example, those conditions as enumerated with the A box

compositions previously described.
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Additionally, the present invention is directed to a polypeptide comprising a
vertebrate HMG B box or a biologically active fragment thereof or a non-naturally
occurring HMG B box or biologically active fragment thereof, but not comprising a
full length HMG protein. In these embodiments, the polypeptide can cause release
of a proinﬂamniatory cytokine from a vertebrate cell. The polypeptide of these
embodiments is preferably an HMG B box, more preferably an HMG1 B box, most
preferably the HMG1 B box with the amino acid sequence given as SEQ ID NO:5 or
SEQ ID NO:20. In another embodiment, the HMG B box fragment comprises the
sequence of SEQ ID NO:16 or SEQ ID NO: 23 or consists of the sequence of SEQ
D NO:16 or SEQ ID NO: 23. In a preferred embodiment, the vertebrate cell 1s a
mammalian macrophage. The present invention also encompasses vectors encoding
these polypeptides.

The present invention is also directed to a method of inhibiting release of a
proinflammatory cytokine from a mammalian cell. The method corﬁprises treating
the cell with either the A box or A box biologically active fragment polypeptide
composition described above or the B box or B box biolo gically active fragment
antibody compositions described above, in an amount sufficient to inhibit release of
the proinflammatory cytokine from the cell. In these embodiments, the cell 1s
preferably a macrophage. In addition, the proinflammatory cytokine is preferably
selected from the group consisting of TNF, IL-1«, IL-13, MIF and IL-6. More
preferably the cell is a macrophage and the proinflammatory cytokine is preferably
selected from the group consisting of TNF, IL-1¢, IL-1B, MIF and IL-6. The
methods preferably treat a cell in a patient suffering from, or at risk for, a condition
characterized by activation of the inflammatory cytokine cascade. Preferred
conditions have been enumerated previously.

In related embodiments, the ﬁresent invention 1s directed to a method of
treating a condition in a patient characterized by activation of an inflammatory
cytokine cascade. The method comprises administering to the patient any of the A
box or A box biologically active fragment polypeptide compositions or the B box or

B box biologically active fragment antibody compositions described above 1n an
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amount sufficient to mhibit the inflammatory cytokine cascade. Preferred conditions
have already been enumerated.

Additiﬁnai embodiments are directed fo a method of stimulating the release
of a promnflammatory cytokine from a cell. The method comprises treating the cell
with the B box polypeptide or a biologically active fragment thereof, or the VGCtO} of
the B box polypeptide or B box biologically active fragment previously described in
an amount sufficient to stimulate the release of the proinflammatory cytokine. In
related embodiments, the invention 1s directed to a method for effecting weight loss
or treating obesity in a patient. The method comprises administering to the patient
an effective amount of the HMG B box polypeptide or a biologically active fragment
thereof to the patient. In one embodiment, the HMG B box polypeptide or a
biologically active fragment thereof is in a pharmaceutically acceptable excipient.

Th'e present mvention is also directed to a method of determining whether a
compound inhibits mflammation. The method comprises combining the compound
with (a) a cell that releases a proinﬂammatory. cytokine when exposed to a vertebrate
HMG B box or biologically active fragment thereof, and (b) the HMG B box or
biologically active fragment thereof, then determining whether the compound
inhibits the release of the proinflammatory cytokine from the cell. Preferably, the
HMG B box 1s a mammalian HMG B box, for example, an HMG1 B box. Preferred

promnflammatory cytokines are as previously described.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic representation of HMG1 mutants and their activity in
TNF release (pg/ml).

FIG. 2A 1s a histogram showing the effect of 0 pg/ml, 0.01 pg/ml, 0.1 pg/mi,
I pg/mlor 10 pg/ml of B box on TNF release (pg/ml) in RAW 264.7 cells.

FIG. 2B 1s a histogram showing the effect of 0 pg/ml, 0.01 pg/ml, 0.1 pg/mli,
1 pg/ml or 10 pg/ml of B box on IL-1p release (pg/ml) in RAW 264.7 cells.

FIG. 2C 15 a histogram showing the effect of 0 pg/ml, 0.01 pg/ml, 0.1 pg/ml,
1 pg/ml or 10 pg/ml of B box on IL-6 release (pg/ml) in RAW 264.7 cells.
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FIG. 2D a scanned 1image of a-blot of an RNAse protection assay, showing

the effect of B box (at 0 hours, 4 hours, 8 hours, or 24 hours after administration) or

vector alone (at 4 hours after administration) on TNF mRNA expression in RAW

264.7 cells.
FIG. 2E 1s a histogram of the effect of HMG1 B box on TNF protein release

(pg/ml) from RAW 264.7 cells at 0 hours, 4 hours, 8 hours, 24 hours, 32 hours or 48

hours after administration.

FIG. 2F 1s a histogram of the effect of vector on TNF protein release (pg/ml)
from RAW 264.7 cells at 0 hours, 4 hours, 8 hours, 24 hours, 32 hours or 48 hours
after administration.

FIG. 3 is a schematic representation of HMG1 B box mutants and their
activity in TINF release (pg/ml).

FIG. 4A 1s a graph of the effect of 0 pg/ml, 5 pg/ml, 10 pg/ml, or 25 pug/ml
of HMGT1 A box protein on the release of TNF (as a percent of HMG1 mediated
TNEF release alone) from RAW 264.7 cells.

FI1G. 4B 1s a histogram of the effect of HMG1 (0 or 1.5 pg/ml), HMG1 A box

(0 or 10 pg/ml), or vector (0 or 10 pg/ml), alone, or in combination on the release of
TNF (as a percent of HMG1 mediated TNF release alone) from RAW 264.7 cells.

FIG. 5A is a graph of binding of '* I-HMGB]1 binding to RAW 264.7 cells
(CPM/well) over time (minutes).

FIG. 5B is a histogram of the binding of '* I-HMGBI in the absence of
unlabeled HMGB1 or HMGI1 A box for 2 hours at 4°C (Total), or i the presence of
5,000 molar excess of unlabeled HMGB1 (HMGB1) or A box (A box), measured as
a percent of the total CPM/well.

FIG. 6 1s a histogram of the effects of HMG-1 (0 pg/ml or 1 pg/ml) or
HMGI B box (0 pg/ml or 10 pg/ml), alone or in combination with anti-B box
antibody (25 pg/ml or 100 pg/ml) or IgG (25 pg/ml or 100 pg/ml) on TNF release
from RAW 264.7 cells (expressed as a percent of HMG1 mediated TNF release
alone).

FIG. 7A 1s a scanned 1image of a hematoxylin and eosin stained kidney

section obtained from an untreated mouse.
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FIG. 7B 1s a scanned image of a hematoxylin and eosin stained kidney
section obtained from a mouse administered HMG1 B box.

FIG. 7C 1s a scanned image of a hemato'xylin and eosin stained myocardium
section obtained from an untreated mouse. "

5 FIG. 7D 1is a scanned image of a ﬁematoxylin and eosin stained myocardium
section obtained from a mouse administered HMG1 B box.

FI1G. 7E 1s a scanned image of a hematoxylin and eosin stairied lung section
obtained from an untreated mouse.

FIG. 7F 1s a scanned 1mage of a hematoxylin and eosin stained lung section

10 obtained from a mouse administered HMG1 B box.

FIG. 7G 1s a scanned image of a hematoxylin and eosin stained liver section
obtained from an untreated mouse.

FIG. 7H 1s a scanned image of a hematoxylin and eosin stained liver section
obtained from a mouse administered HMG1 B box.

15 FIG. 71 1s a scanned image of a hematoxylin and eosin stained liver section
(high magnification) obtained from an untreated mouse.

FIG. 7] 1s a scanned image of a hematoxylin and eosin stained liver section
(high magnification) obtained from a mouse administered HMG1 B box.

FIG. 8 1s a graph of the level of HMGBI1 (ng/ml) in mice subjected to cecal

20  higation and puncture (CLP) over time (hours).

FIG. 9 1s a graph of the effect of A Box (60 pg/mouse or 600 pg/mouse) or
no treatment on survival of m_ide over time (days) after cecal ligation and puncture
(CLP).

FI1G. 10A 1s a graph of the effect of anti-HMGT1 antibody (dark circles) or no

25 treatment (open circles) on survival of mice over time (days) after cecal ligation and
puncture (CLP).

FI1G. 10B 1s a graph of the effect of anti-HMG1 B box antiserum (®) or no
treatment (*) on the survival (days) of mice administered 1ipopolysaccharide (LPS).

FIG. 11A 1s a histogram of the effect of anti-RAGE antibody or non-immune

30 IgG on TNF release from RAW 264.7 cells treated with HMG1 (HMG-1),
lipopolysaccharide (LPS), or HMG1 B box (B box).
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FIG. 11B 1s a histogram of the effect of HMG1 or HMG1 B box polypeptide |
stimulation on activation of the NFkB-dependent ELAM promoter (measured by
luciterase activity) in RAW 264.7 cells co-transfected with a murine MyD 88-

dominant negative (+MyD 88 DN) mutant (corresponding to amino acids 146-296),
or empty vector (-MyD 88 DN). Data are expressed as the ratio (fold-activation) of
average luciferase values from unstimulated and stimulated cells (subtracted for
background) + SD.

FIG. 11C 1s a histogram of the effect stimulation of CHO reporter cell lines
that constitutively express human TLR2 (open bars) or TLR4 (shaded bars) with IL-
1, HMGI, or HMG1 B box on CD25 expression. Data are expressed as the ratio
(fold-activation) of the percent of CD25" cells in unstimulated and stimulated cell
populations that were gated to exclude the lowest 5% of cells based on mean FL1
fluorescence.

FIG. 11D 1s a histogram of the effect of administration of anti-RAGE
antibody, anti-TLR2 antibody, anti-RAGE antibody and anti-TLR2 antibody
together, or IgG on HMG1-mediated TNF release (measured as a percent of TNF
release i the absence of antibody) in RAW 264.7 cells.

FIG. 12A 1s the amino acid sequence of a human HMGT1 polypeptide (SEQ
ID NO:1).

FIG. 12B 1s the amino acid sequence of rat and mouse HMG1 (SEQ ID
NO:2). |

FIG. 12C is the amino acid sequence of human HMG2 (SEQ ID NO:3).

FIG. 12D 1s the amino acid sequence of a human, mouse, and rat HMG1 A
box po‘lypeptide (SE5Q ID NO:4).

FIG. 12E is the amino acid sequence of a human, mouse, and rat HMG1 B
box polypeptide (SEQ ID NO:5).

FIG. 12F 1s the nucleic acid sequence of a forward primer for human HMG1
(SEQ ID NO:6).

FIG. 12G 1s the nucleic acid sequence of a reverse primer for human HMG1

30 (SEQ ID NO:7).
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FIG. 12H is the nucleic acid sequence of a forward primer for the carboxy

terminus mutant of human HMG1 (SEQ ID NO:8).

FIG. 121 1s the nucleic acid sequence of a reverse primer for the carboxy
terminus mutant of human HMGI (SEQ ID NO:9).

FIG. 127 is the nucleic acid sequence of a forward primer for the amino
terminus phis B box mutant of human HMG1 (SEQ ID NO:10).

FIG. 12K is the nucleic acid sequence of a reverse primer for the amino
terminus plus B box mutant of human HMG1 (SEQ ID NO:11).

FIG. 12L is the nucleic acid sequence of a forward primer for a B box mutant

of human HMGI (SEQ ID NO:12).

FIG. 12M i1s the nucleic acid sequence of a reverse primer for a B box mutant

of human HMG1 (SEQ ID NO:13).

FIG. 12N 1s the nucleic acid sequence of a forward primer for the amino

terminus plus A box mutant of human HMG1 (SEQ ID NO:14).

FIG. 120 is the nucleic acid sequence of a reverse primer for the amino
terminus plus A box mutant of human HMGI1 (SEQ ID NO:15).

FIG. 13 is a sequence alignment of HMG1 polypeptide sequence from rat

(SEQ ID NO:2), mouse (SEQ ID NO:2), and human (SEQ ID NO:18).

DETAILED DESCRIPTION OF THE INVENTION

The practice of the present invention will employ, unless otherwise indicated,
conventional techniques of cell culture, molecular biology, microbiology, cell
biology, and immunology, which are well within the skill of the art. Such
techniques are fully explained in the literature. See, e.g., Sambrook et al., 1989,
"Molecular Cloning: A Laboratory Manual", Cold Spring Harbor Laboratory Press;
Ausubel et al. (1995), "Short Protocols in Molecular Biology", John Wiley and Somns;
Methods 1n Enzymology (several volumes); Methods 1in Cell Biology (several
volumes), and Methods in Molecular Biology (several volumes).

The present invention is based on a series of discoveries that further elucidate
various characteristics of the ability of HMGT1 to induce production of

proinflammatory cytokines and inflammatory cytokine cascades. Specifically, it has
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been discovered that the prommflammatory active domain of HMG1 is the B box (and

~ 1n particular, the first 20 amino acids of the B box), and that antibodies specific to

the B box will inhibit prommflammatory cytokine release and inflammatory cytokine
cascades, with results that can alleviate deleterious symptoms caused by
inflammatory cytokine cascades. It has also been discovered that the A box 1s a
weak agonist of inflammatory cytokine release, and competitively inhibits the
proinflammatory activity of the B box and of HMGI.

As used herein, an “HMG polypeptide” or an “HMG protein” is a
substantially pure, or substantially pure and 1solated polypeptide that has been
separated from components that naturally accompany it, or a recombinantly
produced polypeptide having the same amino acid sequence, and increases
inflammation, and/or increases release of a proinflammatory cytokine from a cell,
and/or increases the activity of the inflammatory cytokine cascade. In one
embodiment, the HMG polypeptide has one of the above biological activities. In
another embodiment, the HMG polypeptide has two of the above biological
activities. In a third embodiment, the HMG polypeptide has all three of the above
biological activities.

Preferably, the HMG polypeptide 1s a mammalian HMG polypeptide, for
example, a human HMGT1 polypeptide. Preferably, the HMG polypeptide has at
least 60%, more preferably, at least 70%, 75%, 80%, 85%, or 90%, and most
preferably at least 95% sequence 1dentity to a sequence selected from SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO:18, as determined using the BLAST
program and parameters described heremn. Examples of an HMG polypeptide
include a polypeptid comprising or consisting of the sequence of SEQ ID NO:1,
SEQ ID NO:2, SEQ ID NO:3, or SEQ ID NO:18. Preferably, the HMG polypeptide
contains a B box DNA binding domain and/or an A box DNA binding domain,
and/or an acidic carboxyl terminus as described herein. Other examples of HMG
polypeptides are described in GenBank Accession Numbers AAA64970,
AABO08987, P0O7155, AAA20508, S29857, P09429, NP 002119, CAA31110, the
entire teachings of which are incorporated herein by reference. Additional examples

of HMG polypeptides include, but are not limited to mammalian HMGI1, HMG2,
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HMG-2A, HMG14, HMG17, HMG I and HMGY; nonmammalian HMG T1 and
HMG T2 (rainbow trout), HMG-X (Xenopus), HMG D/Z (Drosophila), yeast
polypeptides NHP10 protein (HMG protein homolog NHP 1) and non-histone
chrombsomal protein, HMG 1/ 2 like protein (wheat, maize, soybean); upstream
binding factor (UBF-1), single-strand recognition protein (SSRP) or
structure-specific recognition protein; the HMG homolog TDP-1; mammalian
sex-determining region Y protein (SRY, testis-determining factor); fungal proteins:
mat-1, ste 11 and Mc 1; SOX 14 (as wellﬂ as SOX 1-3, 6, 8, 10, 12 and 21); lympho1d
specific factor (LEF-1); T-cell specific transcription factor (I'CF-1); and

SP100-HMG nuclear autoantigen.

As used herein, an “HMG A box” also referred to herein as an “A box™ 1s a
substantially pure, or substantially pure and 1solated polypeptide that has been
separated from components that naturally accompany it, and consists of an amino
acid sequence that is less than a full length HMG polypeptide and which has one or
more of the following biological activities: inhibiting inﬂainmation, and/or
inhibiting release of a proinflammatory cytokine from a cell, and/or decreasing the
activity of the inflammatory cytokine cascade. In one embodiment, the HMG A box
polypeptide has one of the above biological activities. In another embodiment, the
HMG A box polypeptide has two of the above biological activities. In a third
embodiment, the HMG A box polypeptide has all three of the above biological
activities. Preferably, the HMG A box has no more than 10%, 20%, 25%, 30%,
40%, 50%, 60%, 70%, 80%, or 90% of the biological activity of full length HMG.
In one embodiment, the HMG A box amino acid consists of the sequence of SEQ ID
NO:4 or SEQ ID NO:22 or the amino acid sequence in the corresponding region of
an HMG protein in a mammal. An HMG A box 1s also a recombinantly produced.
polypeptide having the same amino acid sequence as the A box sequences described
above. Preferably, the HMG A box 1s a mammalian HMG A box, for example, a
human HMG1 A box. The HMG A box polypeptides of the present invention
preferably comprise or consist of the sequence of SEQ ID NO:4 or SEQ ID NO:22
or the amino acid sequence 1n the corresponding region of an HMG protein in a

mammal. An HMG A box often has no more than about 85 amino acids and no
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fewer than about 4 amino acids. Examples of polypeptides having A box sequences
within them include, but are not limited to HMG1, HMG2, HMG4;
structure-specific recognition protein (SSRP); PMS1 protein homolog 1; SOX-1,
SOX-2, and and SOX-14 proteins; and MTT1. The A box sequences in such
5 polypeptides can be determined and isolated using methods described herein, for
example, by sequence comparisons to A boxes described herein and testing for
biological activity.
The present invention also features non-naturally occurring HMG A boxes.
Preferably, a non-naturally occurring HMG A box has at least 60%, more preferably,
10 atleast 70%, 75%, 80%, 85%, or 90%, and most preferably at least 95% sequence
identity to the sequence of SEQ ID NO:4 or SEQ ID NO:22, as determined using the
BLAST program and parameters described herein and one of more of the biological
activities of an HMG A box. |
The present invention also features A box biologically active fragments. By
15 an “A box fragment that has A box biological activity” or an “A box biologically
active fragment” is meant a fragment of an HMG A box that has the activity of an
HMG A box, as described herein. For example, the A box fragment can decrease
release of a pro-inflammatory cytokine from a vertebrate cell, decrease
inflammation, and/or decrease activity of the inflammatory cytokine cascade. A box
20 fragments can be generated using standard molecular biology techniques and
assaying the function of the fragment by determining if the fragment, when
administered to a cell inhibits release of a promnflammatory cytokine from the cell,
for example using methods described herein. A box biologically active fragments
can be used in the methods described herein in which full length A box polypeptides
25 are used, for example, inhibiting release of a proinflammatory cytokine from a cell,
or treating a patient having a condition characterized by activation of an
inflammatory cytokine cascade.
As used herein, an “HMG B box” also referred to herein as a “B box™ is a
substantially pure, or substantially pure and isolated polypeptide that has been
30 separated from components that naturally accompany it, and consists of an amino

acid sequence that is less than a full length HMG polypeptide and has one or more of
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the following biological activities: increasing inflammation, increasing release of a
proinflammatory cytokine from a cell, and or increasing the activity of the
inflammatory cytokine cascade. In one embodiment, the HMG B box polypeptide
has one of the above biological activities. In another embodiment, the HMG B box
polypeptide has two of the above biological activities. In a third embodiment, the
HMG B box polypeptide has all three of the above biological activities. Preferably,
the HMG B box has at least 25%, 30%, 40%, 50%, 60%, 70%, 80% or 90% of the
biological activity of full length HMG. In another embodiment, the HMG B box
does not comprise an HMG A box. In another embodiment, the HMG B box is a
polypeptide that 1s about 90%, 80%, 70%, 60%, 50%, 40%, 35%, 30%, 25%, or 20%
the length of a full length HMG1 polypeptide. In another embodiment, the HMG
box comprises.or consists of sequence of SEQ ID NO: 5 or SEQ ID NO:20 or the
amino acid sequence in the corresponding region of an HMG protein in a mammal,
but 1s still less than the full length HMG polypeptide. An HMG B box polypeptide
1s also a recombinantly produced polypeptide having the same amino acid sequence
as an HMG B box polypeptide described above. Preferably, the HMG B box is a
mammalian HMG B box, for example, a human HMGI1 B box. An HMG B box
often has no more than about 85 amino acids and no fewer than about 4 amino acids.
Examples of polypeptides having B box sequences within them include, but are not
limited to HMG polypeptides described herein; single-strand recognition protein
(SSRP) or structure-specific recognition protein; yeast NHP10 protein (HMG protein
homolog NHP 1); the HMG homolog TDP-1; sex-determining region Y protein
(testis-determining factor); SOX 14 (as well as SOX 1-3, 6, 8, 10, 12 and 21);
lymphoid specific factor (LEF-1); and T-cell specific transcription factor (TCF-1).
The B box sequences 1n such polypeptides can be determined and isolated using
methods described herein, for example, by sequence comparisons to B boxes
described herein and testing for biological activity.

The present invention also includes non-naturally occurring HMG B box
polypeptides. Preferably, a non-naturally occurring HMG B box polypeptide has at
least 60%, more preferably, at least 70%, 75%, 80%, 85%, or 90%, and most
preferably at least 95% sequence 1dentity to the sequence of SEQ ID NO:5 or SEQ
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ID NO:20, as determined using the BLAST program and parameters described
herein. Preferably, the HMG B box consists of the sequence of SEQ ID NO:5 or
SEQ ID NO:20 or the amino acid sequence in the corresponding region of an HMG
protein in a mammal. | “

'In other embodiments, the present invention is directed to a polypeptide
comprising a vertebrate HMG B box or a fragment thereof that has B box biological
activity, or a non-naturally occurring HMG B box but not comprising a full length
HMG. By a “B Box fragment that has B box biological activity” or a “B box
biologically active fragment” is meant a fragment of an HMG B box that has the
activity of an HMG B box. For example, the B box fragment can induce release of a
pro-inflammatory cytokine from a vertebrate cell or increase inflammation, or induce
the inflammatory cytokine cascade. An example of such a B box fragment 1s the
fragment comprising the first 20 amino acids of the HMG1 B box (SEQ ID NO:16
or SEQ ID NO:23), as described herein. B box fragments can be generated using
standard molecular biology techniques and assaying the function of the fragment by
determining if the fragment, when administered to a cell increase release of a
proinflammatory cytokine from the cell, compared to a suitable control, for example,
using methods described herein.

As used herein, a “cytokine” is a soluble protein or peptide which is naturally
produced by mammalian cells and which acts in vivo as a humoral regulator at
micro- to picomolar concentrations. Cytokines can, either under normal or
pathological conditions, modulate the functional activities of individual cells and
tissues. A proinflammatory cytokine is a cytokine that is capable of causing any of
the following physiological reactions associated with inflammation: vasodialation,
hyperemia, increased permeability of vessels with associated edema, accumulation
of granulocytes and mononuclear phagocytes, or deposition of fibrin. In some cases,
the proinflammatory cytokine can also cause apoptosis, such as in chronic heart
failure, where TNF has been shown to stimulate cardiomyocyte apoptosis (Pulkki,

Ann. Med. 29: 339-343, 1997; and Tsutsui et al., Immunol. Rev. 174:192-209,
2000). |
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Nonlimiting examples of proinflammatory cytokines are tumor necrosis
factor (TNF), interleukin (IL)-1e, IL-1f3, IL-6, IL-8, IL-18, mterferon v, HMG-1,
platelet-activating factor (PAF), and macrophage migration inhibitory factor (MIF).

Proinflammatory cytokines are to be distinguished from anti-inflammatory
cytokines, such as IL-4, IL-10, and IL-13, which are not mediators of inflammation.

In many instances, proinflammatory cytokines are produced 1n an
inflammatory cytokine cascade, defined herein as an in vivo release of at least one
proinflammatory cytokine in a mammal, wherein the cytokine release affects a
physiological condition of the mammal. Thus, an inflammatory cytokine cascade 1s
inhibited in embodiments of the invention where proinflammatory cytokine release
causes a deleterious physiological condition.

HMG A boxes and HMG B boxes, either naturally occurring or non-naturally
occurring, include polypeptides that have sequence identity to the HMG A boxes and
HMG B boxes described above. As used herein, two polypeptides (or a region of the
polypeptides) are substantially homologous or identical when the amino acid
sequences are at least about 60%, 70%, 75%, 80%, 85%, 90% or 95% or more
homologous or identical. The percent identity of two amino acid sequences (or two
nucleic acid sequences) can be determined by aligning the sequences for optimal
comparison purposes (e.g., gaps can be mtroduced in the sequence of a first
sequence). The amino acids or nucleotides at corresponding positions are then

compared, and the percent identity between the two sequences 1s a function of the

number of identical positions shared by the sequences (1.e., % identity = # of

identical positions/total # of positions x 100). In certain embodiments, the length of
the HMG polypeptide, HMG A box polypeptide, or HMG B box polypeptide aligned
for comparison purposes is at least 30%, preferably, at least 40%, more preferably, at
least 60%, and even more preferably, at least 70%, 80%, 90%, or 100% of the length
of the reference sequence, for example, those sequence provided m FIGS. 12A-12E,
and SEQ ID NOS: 18, 20, and 22. The actual comparison of the two sequences can
be accomplished by well-known methods, for example, usmg a mathematical

al gorifhm. A preferred, non-limiting example of such a mathematical algorithm 1s

described in Karlin et al., Proc. Natl. Acad. Sci. USA, 90:5873-5877 (1993). Such
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an algorithm is incorporated into the BLASTN and BLASTX programs (version 2.2)
as described in Schaffer ef al., Nucleic Acids Res., 29:2994-3005 (2001). When
utilizing BLAST and Gapped BLAST programs; the default parameters of the
respective programs (e.g., BLASTN) can be used. See http://www.ncbi.nlm.nih.gov,
as available on April 10, 2002. In one embodiment, the database searched is a non-
redundant (NR) database, and parameters for sequence comparison can be set at: no
filters; Expect value of 10; Word Size of 3; the Matrix 1s BLOSUMS62; and Gap
Costs have an Existence of 11 and an Extension of 1.

Another preferred, non-limiting example of a mathematical algorithm
utilized for the comparison of sequences 1s the algorithm of Myers and Miller,
CABIOS (1989). Such an algorithm 1s mncorporated into the ALIGN program
(version 2.0), which is part of the GCG (Accelrys) sequence alignment software
péckage. When utilizing the ALIGN program for comparing amino acid sequences,
a PAM120 weight residue table, a gap length penalty of 12 , and a gap penalty of 4
can be used. Additional algorithms for sequence analysis are known in the art and
include ADVANCE and ADAM as described in Torellis and Robotti, Comput.
Appl. Biosci., 10: 3-5 (1994); and FASTA described in Pearson and Lipman, Proc.
Natl. Acad. Sci USA, 85: 2444-8 (1988).

In another embodiment, the percent identity between two amino acid
sequences can be accomplished using the GAP program in the GCG software
package (available at http://www.accelrys.com, as available on August 31, 2001)
using either a Blossom 63 matrix or a PAM250 matrix, and a gap weight of 12, 10,
8, 6, or 4 and a length weight of 2, 3, or 4. In yet another embodiment, the percent
identity between two nucleic acid sequences can be accomplished using the GAP
program in the GCG software package (available at http://www.cgc.com), using a
gap weight of 50 and a length weight of 3.

A Box Polypeptides and Biologically Active Fragments Thereot
As described above, the present invention is directed to a polypeptide

composition comprising a vertebrate HMG A box, or a biologically active fragment

30  thereof which can inhibit release of a proinflammatory cytokine from a vertebrate
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cell treated with HMG, or which can be used to treat a condition characterized by
activation of an inflammatory cytokine cascade. :

When referring to the effect of any of the compositions or methods of the
invention on the release of proinflammatory cytokines, the use of the terms "inhibit"
or ';decrease" encompasses at least a small but measurable reduction in
proinflammatory cytokine release. In preferred embodiments, the release of the
proinflammatory cytokine is inhibited by at least 20% over non-treated controls; in
more preferred embodiments, the inhibition 1s at least 50%; in still more preferred
embodiments, the mhibition is at least 70%, and in the most preferred embodiments,
the mhibition 1s at least 80%. Such reductions in proinflammatory cytokine release
are capable of reducing the deleterious effects of an inflammatory cytokine cascade
iﬁ in vivo embodiments. --

Because all vertebrate HMG A boxes show a high degree of sequence
conservation (see, for example, FIG. 13 for an amino acids sequence comparison of
rat, mouse, and human HMG polypeptides), it is believed that any vertebrate HMG
A box can mhibit release of a proinflammatory cytokine from a vertebrate cell
treated with HMG. Therefore, any vertebrate HMG A box 1s within the scope of the
invention. Preferably, the HMG A box is a mammalian HMG A box, for example, a
mammalian HMGI A box, such as a human HMG1 A box provided herein as SEQ
ID NO:4 or SEQ ID NO:22. Also included 1n the present invention are fragments of
the HMG1 A box having HMG A box biological activity, as described herein.

M It would also be recognized by the skilled artisan that non-naturally occurring
HMG A boxes (or biologically active fragments thereof) can be created without
undue experimentation, which would inhibit release of a proinflammatory cytokine
from a vertebrate cell treated with a vertebrate HMG. These non-naturally occurring
functional A boxes can be created by aligning amino acid sequences of HMG A '
boxes from different sources, and making one or more substitutions in one of the
sequences at amino acid positions where the A boxes differ. The substitutions are
preferably made using the same amino acid residue that occurs in the compared A

box. Alternatively, a conservative substitution is made from either of the residues.
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Conservative amino acid substitutions refer to the interchangeability of
residues having similar side chains. Conservatively substituted amino acids can be
grouped according to the chemical ﬁropeﬂies of their side chains. For example, one
grouping of amino acids includes those amino acids have neutral and hydrophobic
side chains (a, v, 1, 1, p, w, f, and m); another grouping is those amino acids having
neutral and polar side chains (g, s, t, y, ¢, n, and q); another grouping is those amino
acids having basic side chains (k, r, and h); another grouping is those amino acids
having acidic side chains (d and e); another grouping is those amino acids having
aliphatic side chains (g, a, v, 1, and 1); another grouping is those amino acids having
aliphatic-hydroxyl side chains (s and t); another grouping is those amino acids
having amine-containing side chains (n, q, k, r, and h); another grouping 1s those
amino acids having aromatic side chains (f, y, and w); and another grouping is those
amino acids having sulfur-containing side chains ¢ and m). Preferred conservative
amino acid substitutions groups are: r-k; e-d, y-f, 1-m; v-1, and g-h.

While a conservative amino acid substitution would be expected to preserve
the biological activity of an HMG A box polypeptide, the following is one example
of how hon—naturally occurring A box polypeptides can be made by comparing the
human HMG1 A box (SEQ ID NO:4) with residues 32 to 85 of SEQ ID NO:3 of the
human HMG2 A box (SEQ ID NO:17).

HMGT1<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>