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(57) ABSTRACT

Chondroitin sulfate compounds comprising chondroitin sul-
fate backbone 19 mer, CS-A 19 mer, CS-C 19 mer, CS-E 19
mer, CS backbone 13 mer, CS-A 13 mer, CS-C 13 mer, CS-E
13 mer and/or combinations thereof are provided. Methods
of treating histone toxicity in a subject are provided, the
methods 1including administering to a subject a chondroitin
sulfate compound to treat the histone toxicity in the subject.
Pharmaceutical compositions for use in treating histone
toxicity and/or sepsis are provided. Methods of treating
sepsis 1 a subject are provided, the methods including
administering to a subject a chondroitin sulfate compound to
treat the sepsis 1 the subject.
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CELL PROTECTIVE METHODS AND
COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application 1s a divisional of U.S. patent
application Ser. No. 17/254,145, filed Dec. 18, 2020, which
1s a national stage filing of PCT International Application
No. PCT/US2019/037993, filed Jun. 19, 2019, which claims
benefit of U.S. Provisional Application Ser. No. 62/687,540,
filed Jun. 20, 2018, the disclosures of which are herein

incorporated by reference in their entireties.

STATEMENT OF FEDERAL SUPPORT

[0002] This invention was made with government support
under Grant Numbers GM102137 & HLL094463 awarded by
the National Institutes of Health. The government has cer-
tain rights 1n the imvention.

TECHNICAL FIELD

[0003] The subject matter disclosed herein relates gener-
ally to cell protective methods and compositions. More

specifically, disclosed herein are chondroitin sulfate com-
pounds, and methods of using the same to treat histone
toxicity and related conditions, including sepsis.

BACKGROUND

[0004]
packaging of DNA to form chromatin. Histones effectively

Histones are basic proteins that are involved 1n the

pack DNA into the cell nucleus and regulate access to the

genetic mformation contained within the DNA.

[0005]
and when not bound to chromatin can cause harmtul effects

Histones have a relatively strong positive charge,

—

[hus,

within a cell or 1in an extracellular environment.
histone levels are tightly regulated intracellularly via various
mechanisms. However, numerous biological conditions can

induce an accumulation of non-chromatin-bound histones,
also referred to as “tree” or “excess’ histones. Free histones

NHAc

Sep. 7, 2023

in a cellular environment can cause sigmificant cellular
death, as can be seen 1n sepsis, trauma, 1schemia/reperfusion

injury and autoimmune disease. The cytotoxic eflect of
histones can be related to their acting as damage-associated
molecular pattern proteins, activating the immune system

and/or causing further cytotoxicity. The cytotoxic efects of
free histones can lead to acute organ mnjury and mortality.

[0006]
approaches for histone toxicity and related conditions.

A need remains for treatments and therapeutic

SUMMARY

[0007] This summary lists several embodiments of the
presently disclosed subject matter, and 1n many cases lists

variations and permutations of these embodiments. This
summary 1s merely exemplary of the numerous and varied
embodiments. Mention of one or more representative fea-
tures of a given embodiment 1s likewise exemplary. Such an
embodiment can typically exist with or without the feature

(s) mentioned; likewise, those features can be applied to
other embodiments of the presently disclosed subject matter,

whether listed 1n this summary or not. To avoid excessive
repetition, this Summary does not list or suggest all possible
combinations of such features.

[0008]

treating histone toxicity in a subject, the methods compris-

Provided 1n some embodiments are methods of

ing providing a subject 1n need of histone toxicity treatment,
and administering to the subject a chondroitin sulfate com-
pound, wherein the histone toxicity in the subject 1s treated.
In some aspects, the subject can be suflering from sepsis.

The subject can be a human subject. The chondroitin sulfate
compound can comprise a CS backbone, CS-A, CS-E, CS-C
and/or combinations thereof. In some aspects, the chondroi-

tin sulfate compound comprises chondroitin sulfate back-
bone 19 mer, CS-A 19 mer, CS-C 19 mer, CS-FE 19 mer, CS

backbone 13 mer, CS-A 13 mer, CS-C 13 mer, CS-E 13 mer
and/or combinations thereof. In some embodiments, the

chondroitin sulfate compounds can comprise one or more of
the following structures:

COOH R

OH

OH
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-continued
O
NHAc
COOH
O
OH
NHAc
OH
OH
B CH,OSO:H
OH ‘
O
COOH V
O
O
CH,OSO-:H T
OH‘ SR NHAc
O O
COOH V -
O
O
OH
NHACc
OH
OH
B CH,OSO:H
HO;SO ‘
T
NHAc

[0009]

—H, alkyl (such as but not limited to —CH, or —CH,CH,),
substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group), wherem n 1s 1, 2, 3, 4, 5,
6, 7 or 8.

wherein R 1s selected from the group consisting of

[0010] In some aspects, the chondroitin sulfate com-
pounds can be administered as part of a pharmaceutical
composition. The pharmaceutical compositions can com-
prise a CS compound and a pharmaceutically acceptable
carrier or adjuvant for administration of the CS.

Sep. 7, 2023

COOH

OH

OH

COOH

and

COOH

R
Ox’
O
OH
O
OH
[0011] In some embodiments, provided herein are phar-

maceutical compositions for use 1n treating histone toxicity
and/or sepsis, the compositions comprising one or more
chondroitin sulfate compounds and a pharmaceutically

acceptable carrier. The chondroitin sulfate compounds can
comprises a CS backbone, CS-A, CS-E, CS-C and/or com-
binations thereof. The chondroitin sulfate compounds can
comprise chondroitin sulfate backbone 19 mer, CS-A 19
mer, CS-C 19 mer, CS-FE 19 mer, CS backbone 13 mer, CS-A
13 mer, CS-C 13 mer, CS-E 13 mer and/or combinations
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thereol. The chondroitin sulfate compounds can comprise
one or more of the following structures:

CH,OH
OH ‘

0O
COOH V

OH

NHAc

OH COOH R

OH

0 O
OH

1

NHACc

COOH R
B CH,OSO:H
OH
O
COOH V
O
CH,0S0;H L
OH ‘
O
COOH V
O Fl
O
OH
NHACc
OH COOH R
O
OH
CH,OS0;H

HO;SO O
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[0012] wherein R 1s selected from the group consisting of
—H, alkyl (such as but not limited to —CH, or —CH,CH,),
substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group), wherem n 1s 1, 2, 3, 4, 5,
6, 7 or 8.

[0013] Also provided herein are methods of treating sepsis
in a subject, the methods comprising providing a subject 1n
need of sepsis treatment, and administering to the subject a
chondroitin sulfate compound, wherein the sepsis 1n the

CH,0S0;H

OH |

V O

Sep. 7, 2023

subject 1s treated. The subject can be a human subject. The
chondroitin sulfate compounds can comprise a CS back-
bone, CS-A, CS-FE, CS-C and/or combinations thereof. In
some aspects, the chondroitin sulfate compounds can com-
prises chondroitin sulfate backbone 19 mer, CS-A 19 mer,
CS-C 19 mer, CS-E 19 mer, CS backbone 13 mer, CS-A 13
mer, CS-C 13 mer, CS-E 13 mer and/or combinations
thereof. In some aspects, within these methods of treating
sepsis the chondroitin sulfate compounds can comprise one
or more of the following structures:

COOH R

NHAc

NHACc

NHACc

COOH R

CH,OH
HO;S0 ‘
0
COOH L/’
O
®
OH
NHACc
O
OH i
COOH R
CH,OSO;H
OH‘

O

NHACc

and
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-continued
B CH,0S0;H
HO;SO ‘
O
COOH L/’
O
O
OH
OHT&QH NHAc
O O
COOH L/' S
O
O
OH
NHACc
OH
OH
[0014] wherein R 1s selected from the group consisting of

—H, alkyl (such as but not limited to —CH, or —CH,CH,),
substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group), wherem n s 1, 2, 3, 4, 5,
6, 7 or 8. In some aspects, the chondroitin sulfate com-
pounds can be administered as part of a pharmaceutical
composition. The pharmaceutical compositions can com-
prisc a CS compound and a pharmaceutically acceptable
carrier or adjuvant for administration of the CS.

[0015] These and other objects are achieved 1n whole or 1n
part by the presently disclosed subject matter. Further,
objects of the presently disclosed subject matter having been
stated above, other objects and advantages of the presently
disclosed subject matter will become apparent to those
skilled 1n the art after a study of the following description,
drawings and examples.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The presently disclosed subject matter can be better
understood by referring to the following figures. The com-
ponents 1n the figures are not necessarily to scale, emphasis
instead being placed upon illustrating the principles of the
presently disclosed subject matter (often schematically). In
the figures, like reference numerals designate corresponding,
parts throughout the different views. A further understanding,
of the presently disclosed subject matter can be obtained by
reference to an embodiment set forth 1n the illustrations of
the accompanying drawings. Although the illustrated
embodiment 1s merely exemplary of systems for carrying
out the presently disclosed subject matter, both the organi-
zation and method of operation of the presently disclosed
subject matter, 1n general, together with further objectives
and advantages thereof, can be more easily understood by
reference to the drawings and the following description. The
drawings are not intended to limit the scope of this presently
disclosed subject matter, which 1s set forth with particularity
in the claims as appended or as subsequently amended, but
merely to clanly and exemplily the presently disclosed
subject matter.

[0017] Like numbers refer to like elements throughout. In
the figures, the thickness of certain lines, layers, compo-
nents, elements or features can be exaggerated for clarity.
Where used, broken lines illustrate optional features or
operations unless specified otherwise.

Sep. 7, 2023
COOH R
Ox’
OH
O
OH
[0018] For amore complete understanding of the presently

disclosed subject matter, reference 1s now made to the below
drawings.

[0019] FIG. 1A 1s a histogram of data from studies evalu-
ating the eflectiveness of synthesized CS oligosaccharides 1n
neutralizing histone cellular toxicity in a cell-based assay
model.

[0020] FIG. 1B 1s a graphical depiction of data from
studies evaluating the effect of synthesized CS oligosaccha-
rides on the survival rate of mice treated by histone together
with CS oligosaccharides. The survival rate of mice receiv-
ing CS oligosaccharides treatment was 100%, whereas none
of the mice exposed to histones and receiving no CS therapy
survived.

[0021] FIG. 2A 1s a schematic illustration showing enzy-
matic synthesis routes and methods for CS oligosaccharides
as disclosed herein, including for example CS-E oligosac-
charides. FIG. 2A shows the scheme to synthesize CS-E
7-mer, 13-mer and 19-mer, presented 1n shorthand symbols.
[0022] FIG. 2B 1s a schematic illustration of the chemical
structures of four different CS oligosaccharides synthesized
according to FIG. 2A, and described further herein.

[0023] FIGS. 3A and 3B show the purity and structural
analysis of CS-E 7-mer. FIG. 3A shows the DEAE-HPLC
chromatogram ol CS-E 7-mer, while FIG. 3B shows the
high-resolution MS spectrum of CS-E 7-mer. The measure
molecular mass for CS-E 7-mer 1s 1772.227, which 1s
similar to the calculated molecular mass of 1772.221.
[0024] FIG. 4A shows representative images and quanti-
tation of hematoxylin and eosin (H&E) staining of formalin
fixed parathn-embedded lung tissues from mice intoxicated
with histone (75 mg/kg) with or without CS-E 19-mer (50
mg/kg) treatment.

[0025] FIG. 4B shows representative images of hematoxy-
lin and eosin (H&E) staining of formalin fixed paraflin-
embedded kidney and liver tissues from mice intoxicated
with histone (75 mg/kg) with or without CS-E 19-mer (50

mg/kg) treatment.

[0026] FIGS. 5A through 5E show data illustrating that
CS-E 19-mer protects against death and organ damages
caused by bacterial lipopolysaccharides (LPS). FIG. 5A1s an
image of a Western blot for the analysis of histone H3 1n
mice plasma after the administration of bacterial lipopoly-
saccharide (6 mg/kg). FIG. 5B 1s a graphical depiction of
survival plots of mice administered with LPS (6 mg/kg) with
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or without the treatment of CS-E 19-mer (0.5 mg/kg). Ten
animals were in LPS/CS-E 19-mer cohort, and thirteen
ammals were included i LPS treated cohort. Kaplan-Meier
survival curves by log-rank test using GraphPad Prism
software was performed to obtained. P=0.003. FIGS. 5C
through SE shows the plasma concentrations of different
biomarkers, including BUN, creatimne and AST, respec-

tively, in animals treated with phosphate-buflered saline,
LPS and LPS/CS-E 19-mer.

[0027] FIGS. 6A through 6E show data illustrating that
CS-E 19-mer forms a complex with histone to protect
against histone-induced endothelial cell damage. FIG. 6 A 1s
an 1mage ol a Western blot analysis of mouse plasma
samples with or without avidin-agarose athnity column
purification. Lane 1 1s histone H3. Lane 2 1s untreated mouse
plasma. Lane 3 1s untreated mouse plasma incubated with
biotinylated CS-E 19-mer after athinity purification. Lane 4
1s LPS-treated mouse plasma. Lane 5 1s LPS-treated mouse
plasma with biotinylated CS-E 19-mer after athimity purifi-
cation. FIG. 6B 1s a graph of data showing cytotoxicity of
histone toward endothelial with or without CS oligosaccha-
rides. Cell damage, as measured by flow cytometry for
propidium 1odide (PI) staining, 1n EA.hy926 cells cultures
with histone H3 (30 ug/ml) without or with diflerent
concentrations of CS oligosaccharides. FIGS. 6C through 6F
shows the concentrations of leaked Evans blue from the

lung, kidney and liver, respectively, under the treatment of
saline, LLPS or LPS/CS-E 19-mer.

DETAILED DESCRIPTION

[0028] The presently disclosed subject matter now will be
described more fully hereinafter, in which some, but not all
embodiments of the presently disclosed subject matter are
described. Indeed, the disclosed subject matter can be
embodied 1n many different forms and should not be con-
strued as limited to the embodiments set forth herein; rather,
these embodiments are provided so that this disclosure will
satisty applicable legal requirements.

Definitions

[0029] The terminology used herein 1s for the purpose of
describing particular embodiments only and 1s not intended
to be limiting of the presently disclosed subject matter.

[0030] While the following terms are believed to be well
understood by one of ordinary skill in the art, the following,
definitions are set forth to {facilitate explanation of the
presently disclosed subject matter.

[0031] All technical and scientific terms used herein,
unless otherwise defined below, are intended to have the
same meaning as commonly understood by one of ordinary
skill 1n the art. References to techniques employed herein are
intended to refer to the techniques as commonly understood
in the art, including variations on those techniques or
substitutions of equivalent techniques that would be appar-
ent to one skilled 1n the art. While the following terms are
believed to be well understood by one of ordinary skill in the
art, the following definitions are set forth to facilitate expla-
nation of the presently disclosed subject matter.

[0032] In describing the presently disclosed subject mat-
ter, 1t will be understood that a number of techmques and
steps are disclosed. Each of these has individual benefit and
cach can also be used in conjunction with one or more, or 1n
some cases all, of the other disclosed techniques.

Sep. 7, 2023

[0033] Accordingly, for the sake of clarity, this description
will refrain from repeating every possible combination of
the mndividual steps 1n an unnecessary fashion. Nevertheless,
the specification and claims should be read with the under-
standing that such combinations are entirely within the
scope of the present disclosure and the claims.

[0034] All publications, patent applications, patents and
other references cited herein are incorporated by reference 1n
their entireties for the teachings relevant to the sentence
and/or paragraph in which the reference 1s presented.

[0035] Following long-standing patent law convention,
the terms “a”, “an”, and ‘““the” refer to “one or more” when
used 1n this application, including the claims. Thus, for
example, reference to “a cell” includes a plurality of such
cells, and so forth.

[0036] Unless otherwise indicated, all numbers expressing
quantities of ingredients, reaction conditions, and so forth
used 1n the specification and claims are to be understood as
being modified 1n all instances by the term “about™. Accord-
ingly, unless indicated to the contrary, the numerical param-
cters set forth 1n this specification and attached claims are
approximations that can vary depending upon the desired
properties sought to be obtained by the presently disclosed
subject matter.

[0037] As used herein, the term “about,” when referring to
a value or to an amount of a composition, mass, weight,
temperature, time, volume, concentration, percentage, etc.,
1s meant to encompass variations of 1n some embodiments
+20%, 1n some embodiments +10%, 1n some embodiments
+5%., 1n some embodiments *1%, in some embodiments
+0.5%, and 1n some embodiments £0.1% from the specified
amount, as such variations are appropriate to perform the
disclosed methods or employ the disclosed compositions.
[0038] The term “comprising”’, which 1s synonymous with
“including™ “containing’ or “characterized by” 1s inclusive
or open-ended and does not exclude additional, unrecited
clements or method steps. “Comprising’ 1s a term of art used
in claim language which means that the named elements are
essential, but other elements can be added and still form a
construct within the scope of the claim.

[0039] As used herein, the phrase “consisting of” excludes
any element, step, or imgredient not specified in the claim.
When the phrase “consists of” appears in a clause of the
body of a claim, rather than immediately following the
preamble, 1t limits only the element set forth 1n that clause;
other elements are not excluded from the claim as a whole.
[0040] As used herein, the phrase “consisting essentially
of” limits the scope of a claim to the specified materials or
steps, plus those that do not materially affect the basic and
novel characteristic(s) of the claimed subject matter.
[0041] With respect to the terms “comprising”, “consist-
ing of”, and “consisting essentially of””, where one of these
three terms 1s used herein, the presently disclosed and
claimed subject matter can include the use of either of the
other two terms.

[0042] As used herein, the term “and/or” when used 1n the
context of a listing of entities, refers to the entities being
present singly or in combination. Thus, for example, the
phrase “A, B, C, and/or D” includes A, B, C, and D
individually, but also includes any and all combinations and
subcombinations of A, B, C, and D.

[0043] As used herein, the term “substantially,” when
referring to a value, an activity, or to an amount of a
composition, mass, weight, temperature, time, volume, con-
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centration, percentage, etc., 1s meant to encompass varia-
tions of 1n some embodlments +40%, 1n some embodiments
+30%, 1n some embodiments +20%, 1n some embodiments
+10%, 1n some embodiments 5%, 1n some embodiments
+1%, 1n some embodiments +0.5%, and 1n some embodi-
ments £0.1% from the specified amount, as such variations
are appropriate to perform the disclosed methods or employ
the disclosed apparatuses and devices. For example, a com-
position 1s “substantially pure” when 1t 1s at least 60% pure,
or at least 75%, or at least 80%, or at least 85%, or at least
90%, or at least 95% pure, and, in certain cases, at least 99%
pure.

[0044] A “compound,” as used herein, refers to any type of
substance or agent that 1s commonly considered a drug,
therapeutic, pharmaceutical, small molecule, or a candidate
for use as the same, as well as combinations and mixtures of
the above.

[0045] The use of the word “detect” and its grammatical
variants 1s meant to refer to measurement of the species
without quantification, whereas use of the word “determine”
or “measure” with theiwr grammatical variants are meant to
refer to measurement of the species with quantification. The
terms “‘detect” and “i1dentily” are used interchangeably
herein.

[0046] The term “inlubit,” as used herein, refers to the
ability of a compound, agent, or method to reduce or impede
a described function, level, activity, rate, etc., based on the
context 1n which the term “inhibit” 1s used. Preferably,
inhibition 1s by at least 10%, more preferably by at least
25%, even more preferably by at least 50%, and most
preferably, the function 1s inlubited by at least 75%. The

term “inhibit” 1s used interchangeably with “reduce” and
“block.”

[0047] The term “modulate”, as used herein, refers to
changing the level of an activity, function, or process. The
term “modulate” encompasses both inhibiting and stimulat-
ing an activity, function, or process. The term “modulate” 1s
used interchangeably with the term “regulate” herein.

[0048] The term “prevent,” as used herein, means to stop
something from happening, or taking advance measures
against something possible or probable from happening. In
the context of medicine, “prevention” generally refers to
action taken to decrease the chance of getting a disease or
condition.

[0049] The term “regulate” refers to either stimulating or
inhibiting a function or activity of interest.

[0050] A “sample,” as used herein, refers to a biological
sample from a subject, including, but not limited to, normal
tissue samples, diseased tissue samples, biopsies, blood,
saliva, feces, semen, tears, and urine. A sample can also be

any other source of material obtained from a subject which
contains cells, tissues, or fluid of interest.

[0051] The term *‘stimulate” as used herein, means to
induce or increase an activity or function level such that 1t
1s higher relative to a control value. The stimulation can be
via direct or indirect mechanisms. In one aspect, the activity
or function 1s stimulated by at least 10% compared to a
control value, more preferably by at least 25%, and even
more preferably by at least 50%. The term “stimulator” as
used herein, refers to any composition, compound or agent,
the application of which results in the stimulation of a
process or function of interest, including, but not limited to,
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wound healing, angiogenesis, bone healing, osteoblast pro-
duction and function, and osteoclast production, differentia-
tion, and activity.

[0052] As used herein, the terms “treating,” “treatment
and to treat” are used to mdicate the production of beneficial
or desired results, such as to alleviate symptoms, or elimi-
nate the causation of a disease or disorder either on a
temporary or a permanent basis, slow the appearance of
symptoms and/or progression of the disorder, or prevent
progression of disease. The terms ““treat” or “treatment”
refer to both therapeutic treatment and prophylactic or
preventative measures, wherein the object 1s to prevent or
slow down the development or spread of disease or symp-
toms. Beneficial or desired clinical results include, but are
not limited to, alleviation of symptoms, diminishment of
extent of disease, stabilized. (1.e., not worsening) state of
disease, delay or slowing of disease progression, ameliora-
tion or palliation of the disease state, and remission (whether
partial or total). ““Ireatment” can also refer to prolonging
survival as compared to expected survival if not receiving
treatment.

[0053] As used herein the term “alkyl” refers to C,_,,
inclusive, linear (1.e., “straight-chain”), branched, or cyclic,
saturated or at least partially and in some cases fully
unsaturated (1.e., alkenyl and alkynyl) hydrocarbon chains,
including for example, methyl, ethyl, propyl, 1sopropyl,
butyl, 1sobutyl, tert-butyl, pentyl, hexyl, octyl, ethenyl,
propenyl, butenyl, pentenyl, hexenyl, octenyl, butadienyl,
propynyl, butynyl, pentynyl, hexynyl, heptynyl and allenyl
groups. “Branched” refers to an alkyl group in which a lower
alkyl group, such as methyl, ethyl or propyl, 1s attached to
a linear alkyl chain. “Lower alkyl” refers to an alkyl group
having 1 to about 8 carbon atoms (1.e., a C,_; alkyl), e.g., 1,
2,3, 4,35,6,7, or 8 carbon atoms. “Higher alkyl” refers to
an alkyl group having about 10 to about 20 carbon atoms,
e.g., 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, or 20 carbon
atoms. In certain embodiments, “alkyl” refers, 1n particular,
to C,_q straight-chain alkyls. In other embodiments, “alkyl™
refers, 1n particular, to C,_; branched-chain alkyls.

[0054] Alkyl groups can optionally be substituted (a “sub-
stituted alkyl”) with one or more alkyl group substituents,
which can be the same or different. The term “alkyl group
substituent” includes but 1s not limited to alkyl, substituted
alkyl, halo, arylamino, acyl, hydroxyl, aryloxyl, alkoxyl,
alkylthio, arylthio, aralkyloxyl, aralkylthio, carboxyl,
alkoxycarbonyl, oxo, and cycloalkyl. There can be option-
ally inserted along the alkyl chain one or more oxygen,
sulfur or substituted or unsubstituted nitrogen atoms,
wherein the nitrogen substituent 1s hydrogen, lower alkyl
(also reterred to herein as “alkylaminoalkyl™), or aryl.

[0055] Thus, as used herein, the term “substituted alkyl”
includes alkyl groups, as defined herein, in which one or
more atoms or functional groups of the alkyl group are
replaced with another atom or functional group, including
for example, alkyl, substituted alkyl, halogen, aryl, substi-
tuted aryl, alkoxyl, hydroxyl, nitro, amino, alkylamino,
dialkylamino, sulfate, and mercapto.

[0056] The term “aryl” 1s used herein to refer to an
aromatic substituent that can be a single aromatic ring, or
multiple aromatic rings that are fused together, linked cova-
lently, or linked to a common group, such as, but not limited
to, a methylene or ethylene moiety. The common linking
group also can be a carbonyl, as in benzophenone, or
oxygen, as 1n diphenylether, or nitrogen, as in diphenylam-
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ine. The term “aryl” specifically encompasses heterocyclic
aromatic compounds. The aromatic ring(s) can comprise
phenyl, naphthyl, biphenyl, diphenylether, diphenylamine
and benzophenone, among others. In particular embodi-
ments, the term “aryl” means a cyclic aromatic comprising,
about 5 to about 10 carbon atoms, e.g., 5, 6, 7, 8, 9, or 10
carbon atoms, and including 5- and 6-membered hydrocar-
bon and heterocyclic aromatic rings.

[0057] The aryl group can be optionally substituted (a
“substituted aryl”) with one or more aryl group substituents,
which can be the same or different, wherein “aryl group
substituent” includes alkyl, substituted alkyl, aryl, substi-
tuted aryl, aralkyl, hydroxyl, alkoxyl, aryloxyl, aralkyloxyvl,
carboxyl, acyl, halo, nitro, alkoxycarbonyl, aryloxycarbo-
nyl, aralkoxycarbonyl, acyloxyl, acylamino, aroylamino,
carbamoyl, alkylcarbamoyl, dialkylcarbamoyl, arylthio,
alkylthio, alkylene, and —NR'R", whereimn R' and R" can
cach be imdependently hydrogen, alkyl, substituted alkyl,
aryl, substituted aryl, and aralkyl.

[0058] Thus, as used herein, the term “substituted aryl”
includes aryl groups, as defined herein, in which one or more
atoms or functional groups of the aryl group are replaced
with another atom or functional group, including for
example, alkyl, substituted alkyl, halogen, aryl, substituted
aryl, alkoxyl, hydroxyl, mitro, amino, alkylamino, dialky-
lamino, sulfate, and mercapto.

[0059] Specific examples of aryl groups include, but are
not limited to, cyclopentadienyl, phenyl, furan, thiophene,
pyrrole, pyran, pyridine, imidazole, benzimidazole, 1sothi-
azole, 1soxazole, pyrazole, pyrazine, triazine, pyrimidine,
quinoline, 1soquinoline, indole, carbazole, and the like.

[0060] A structure represented generally by a formula such
as:
(R), or (R},
A T/\
\/ \/
[0061] as used herein refers to a ring structure, for

example, but not limited to a 3-carbon, a 4-carbon, a
S-carbon, a 6-carbon, and the like, aliphatic and/or aromatic
cyclic compound comprising a substituent R group, wherein
the R group can be present or absent, and when present, one
or more R groups can each be substituted on one or more
available carbon atoms of the ring structure. The presence or
absence of the R group and number of R groups 1s deter-
mined by the value of the integer n. Each R group, 1f more
than one, 1s substituted on an available carbon of the ring
structure rather than on another R group. For example, the
structure:

(R),

/\/‘T

X
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[0062] wheremn n 1s an integer from 0 to 2 comprises
compound groups including, but not limited to:

/\‘;/ ‘ R;/ /R; R;

and the like.

[0063] “Cyclic” and “cycloalkyl” refer to a non-aromatic
mono- or multicyclic ring system of about 3 to about 10
carbon atoms, €.g., 3,4, 5, 6,7, 8,9, or 10 carbon atoms. The
cycloalkyl group can be optionally partially unsaturated.
The cycloalkyl group also can be optionally substituted with
an alkyl group substituent as defined herein, oxo, and/or
alkylene. There can be optionally mnserted along the cyclic
alkyl chain one or more oxygen, sulfur or substituted or
unsubstituted nitrogen atoms, wherein the nitrogen substitu-
ent 1s hydrogen, alkyl, substituted alkyl, aryl, or substituted
aryl, thus providing a heterocyclic group. Representative
monocyclic cycloalkyl rings include cyclopentyl, cyclo-
hexyl, and cycloheptyl. Multicyclic cycloalkyl rings include
adamantyl, octahydronaphthyl, decalin, camphor, cam-
phane, and noradamantyl.
[0064] The term “heterocycle” refers to a non-aromatic or
aromatic, monocyclic or multicyclic ring system of about 3
to about 14 atoms, wherein at least one of the atoms 1s a
heteroatom (e.g., oxygen, nitrogen, or sulfur). The term
“N-heterocycle” refers to a heterocycle wherein at least one
of the heteroatoms 1s a nitrogen atom. Examples of N-het-
erocycles include, but are not limited to, azetidine, pyrroli-
dine, pyrrole, pyrroline, piperidine, pyridine, piperazine,
pyrazine, pyrimidine, pyridazine, morpholine, and thiazine.
[0065] “Aralkyl” refers to an aryl-—alkyl— group wherein
aryl and alkyl are as previously described, and included
substituted aryl and substituted alkyl. Exemplary aralkyl
groups include benzyl, phenylethyl, and naphthylmethyl.
[0066] As used herein, the term “acyl” refers to an organic
carboxylic acid group wherein the —OH of the carboxyl
group has been replaced with another substituent (i1.e., as
represented by RC(=—0O)—, wherein R 1s an alkyl, substi-
tuted alkyl, aralkyl, aryl or substituted aryl group as defined
herein). As such, the term “acyl” specifically includes ary-
lacyl groups, such as an acetylfuran and a phenacyl group.
Specific examples of acyl groups include acetyl and ben-
7Zovl.
[0067] “N-acyl” refers to a group having the structure
N—C(=0)—R, wherein R 1s as defined for acyl. These
groups can also be referred to as amides. Modified N-acyl
groups 1nclude compounds wherein the oxygen of the
N-acyl has been replaced by S or NH, as well as to
compounds wherein the carbonyl group (1.e., the
—(C(=0)—) 1s attached to a second heteroatom in addition
to the nitrogen. For example, the carbonyl can be attached to
a second nitrogen atom to form a urea linkage (1.e., —NH—
C(=0)—-NH—R).
[0068] The term “amino” refers to the —NH,, the —NHR,
and the —NR, groups, wherein each R 1s independently
alkyl, substituted alkyl, aryl, substituted aryl, or aralkyl, as




US 2023/0277580 Al

well as to amino and ammonium functionalities 1n N-het-
erocycles (e.g., morpholine, etc). As used herein the term
“amino” can also refer to substituents that provide quater-
nary ammonium cations, such as — NH,, —"NH(R),, and
-"N(R), groups, wherein each R is independently alkyl,
substituted alkyl, aryl, substituted aryl or aralkyl.
[0069] The term “‘ester” refers to a molety comprising an
O—C(=0)—R group, wherein R can be alkyl, substi-
tuted alkyl, aralkyl, aryl, or substituted aryl. In some
embodiments, the R group can include an amino substituent
and the ester 1s an amino ester.
[0070] The term “amide” refers to a moiety comprising a
—N(R"»—C(=0)—R group, wheremn R 1s selected from
alkyl, substituted alkyl, aralkyl, aryl or substituted aryl and
R'1s H, alkyl, substituted alkyl, aralkyl, aryl, or substituted
aryl.
[0071] The term ‘“‘urea” as used herein can refer to a
moiety comprising a —N(R)—C(=0O)—N(R)— group,
wherein each R' 1s independently H, alkyl, substituted alkyl,
aralkyl, aryl, or substituted aryl.
[0072] The term “hydroxyl” refers to the —OH group.
[0073] When the term “independently selected” 1s used,
the substituents being referred to (e.g., R groups, such as
groups R, and R,, or groups X and Y), can be 1dentical or
different. For example, both R, and R, can be substituted

alkyls, or R, can be hydrogen and R, can be a substituted
alkyl, and the like.

General Considerations

[0074] Chondroitin sulfates (CS or ChS) are sulfated poly-

saccharides and widely present on the mammalian cell
surface and 1n the extracellular matrix. CS 1s known to be
involved 1n cancer metastasis, parasitic imnfections and neu-
ron growth inhibition after injury. The sulfation patterns in
CS dictate the binding aflinity to the protemn targets to
manifest the selectivity in biological functions. A 6-O-
sulfated N-acetyl galactosamine (GalNAc6S) containing CS
facilitates the infection of B. burgdorferi to cause lyme
disease, and 4-O-sulfated N-acetyl galactosamine
(GalNAc4S) involves 1 P. falciparum infection to cause
malaria. A domain containing 4,6 disulfated N-acetyl galac-
tosamine (GalNAc4S56S) residues can, 1n some mstances, be
necessary to direct neuronal signaling and inhibit axon
growth.

[0075] Nevertheless, much about CS, 1ts effects on bio-
logical systems, and potential as a therapeutic compound
remains unknown. This 1s partially because isolating a
polysaccharide with a single sulfated saccharide sequence
and defined length 1s technically demanding. Until now, the
lack of structurally homogeneous or monodisperse CS is the
major roadblock that hinders CS research, and applications
of the same for treatments and therapies.

[0076] Disclosed herein are CS compounds and therapeu-
tic compositions comprising CS. Also disclosed herein are
therapeutic approaches using CS compounds and composi-
tions, use of CS compounds and compositions for the
preparation of medicaments for the treatment for histone
toxicity, sepsis and related conditions, and methods of
treatment for histone toxicity, sepsis and related conditions
using such CS therapeutics.

[0077] Various forms of CS are disclosed herein. The uses
and methods of treatments disclosed herein include CS
compounds comprising sulfated polysaccharides, including
those having a size ranging from a trisaccharide to a poly-
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saccharide with nineteen saccharide units, 1.e. a 19-mer. CS
contains the repeating disaccharide umt of 31—=3-linked
glucuronic acid (GlcA) and N-acetylgalactosamine (Gal-
NAc) disaccharide, —=4)GIcA (1—=3) GalNAcp(1—. Both
GlcA and GalNAc residues carry sulifo groups, giving rise to
different types of CS. Chondroitin sulfate A (CS-A) contains
4-O-sultated GalNAc (GalNAc4S) residues, chondroitin
sulfate C (CS-C) contains 6-O-sulfated GalNAc
(GalNACc6S), chondroitin sulfate D (CS-D) contains 2-O-
sulfated GlcA and chondroitin sulfate E (CS-E) contains
4,6-O-disultated GalNAc. Specialized CS sulfotransierases,
including 4-O-sulfotransierase (CS40ST), 6-O-suliotrans-
terase (CS60ST), 2-O-sulfotransierase and GalNAc4S-6-0O-

sulfotransierase, participate 1n the biosynthesis of CS.
[0078] In some embodiments, provided herein are meth-
ods of treating histone toxicity 1n a subject. Additionally, 1n
some embodiments, provided herein are methods of treating
sepsis or related condition 1n a subject. Such methods can 1n
some embodiments comprise providing a subject 1n need of
histone toxicity treatment or sepsis treatment, and adminis-
tering to the subject a chondroitin sulfate compound such
that the histone toxicity and/or sepsis 1n the subject 1s
treated. Such a subject can be suflering from any condition
related to or caused by histone toxicity, sepsis, bacterial
lipopolysaccharide (LPS) shock, and any related conditions.
The subject can be a human subject.

[0079] Sepsis occurs when chemicals released in the
bloodstream to fight an infection trigger inflammation
throughout the body. This can cause a cascade of changes
that damage multiple organ systems, leading them to fail,
sometimes even resulting in death. Symptoms include, but
are not limited to, fever, difliculty breathing, low blood
pressure, fast heart rate, and mental confusion.

[0080] Insome embodiments, the chondroitin sulfate com-
pound can comprise a CS backbone, CS-A, CS-E, CS-C
and/or combinations thereof. In some embodiments, the

chondroitin sulfate compound can comprise chondroitin
sulfate backbone 19 mer, CS-A 19 mer, CS-C 19 mer, CS-E

19 mer, CS backbone 13 mer, CS-A 13 mer, CS-C 13 mer,
CS-E 13 mer, backbone 7 mer, CS-A 7 mer, CS-C 7 mer,
CS-E 7 mer and/or combinations thereof, and/or any other
CS compound synthesizable via the methods and synthesis
routes disclosed herein.

[0081] The chondroitin sulfate compound can be admin-
istered as part of a pharmaceutical composition. In some
aspects, the pharmaceutical composition can comprise a CS
compound and a pharmaceutically acceptable carrier or
adjuvant for administration of the CS compound.

[0082] In some aspects, provided herein 1s a pharmaceus-
tical composition comprising one or more chondroitin sul-
fate compounds and a pharmaceutically acceptable carrier.
In such pharmaceutical compositions the chondroitin sulfate
compound can comprise a CS backbone, CS-A, CS-E, CS-C
and/or combinations thereof. The chondroitin sulfate com-
pound can comprise a chondroitin sulfate backbone 19 mer,
CS-A 19 mer, CS-C 19 mer, CS-E 19 mer, CS backbone 13
mer, CS-A 13 mer, CS-C 13 mer, CS-E 13 mer, backbone 7
mer, CS-A 7 mer, CS-C 7 mer, CS-F 7 mer and/or combi-
nations thereof, and/or any other CS compound synthesiz-
able via the methods and synthesis routes disclosed herein.

[0083] Therapeutic Compositions and Methods of Treat-
ment
[0084] The presently disclosed subject matter provides

pharmaceutical and/or therapeutic compositions comprising,
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a CS compound, as disclosed herein. In some embodiments,
a pharmaceutical composition can comprise one or more CS
as disclosed herein.

[0085] In some embodiments a pharmaceutical composi-
tion can also contain a pharmaceutically acceptable carrier
or adjuvant for administration of the CS. In some embodi-
ments, the carrier 1s pharmaceutically acceptable for use in
humans. The carrier or adjuvant desirably should not itself
induce the production of antibodies harmiul to the individual
receiving the composition and should not be toxic. Suitable
carriers can be large, slowly metabolized macromolecules
such as proteins, polypeptides, liposomes, polysaccharides,
polylactic acids, polyglycolic acids, polymeric amino acids,
ammo acid copolymers and 1nactive virus particles.

[0086] Pharmaceutically acceptable salts can be used, for
example mineral acid salts, such as hydrochlorides, hydro-
bromides, phosphates and sulphates, or salts of organic
acids, such as acetates, propionates, malonate and benzoates.

[0087] Pharmaceutically acceptable carriers in therapeutic
compositions can additionally contain liquids such as water,
saline, glycerol and ethanol. Additionally, auxiliary sub-
stances, such as wetting or emulsifying agents or pH buill-
ering substances, can be present in such compositions. Such
carriers enable the pharmaceutical compositions to be for-
mulated for administration to the patient.

[0088] Suitable formulations of pharmaceutical composi-
tions of the presently disclosed subject matter include aque-
ous and non-aqueous sterile injection solutions which can
contain anti-oxidants, buffers, bacteriostats, bactericidal
antibiotics and solutes which render the formulation 1sotonic
with the bodily fluids of the intended recipient; and aqueous
and non-aqueous sterile suspensions which can include
suspending agents and thickening agents. The formulations
can be presented in unit-dose or multi-dose containers, for
example sealed ampoules and vials, and can be stored 1n a
frozen or freeze-dried (lyophilized) condition requiring only
the addition of sterile liquid carrier, for example water for
injections, immediately prior to use. Some exemplary ingre-
dients are SDS 1n the range of 1n some embodiments 0.1 to
10 mg/ml, 1n some embodiments about 2.0 mg/ml; and/or
mannitol or another sugar i1n the range of 1n some embodi-
ments 10 to 100 mg/ml, 1n some embodiments about 30
mg/ml; and/or phosphate-bullered saline (PBS). Any other
agents conventional 1n the art having regard to the type of
formulation 1n question can be used. In some embodiments,
the carrier 1s pharmaceutically acceptable. In some embodi-
ments the carrier 1s pharmaceutically acceptable for use in
humans.

[0089] Pharmaceutical compositions of the presently dis-
closed subject matter can have a pH between 5.5 and 8.5,
preferably between 6 and 8, and more preferably about 7.
The pH can be maintained by the use of a bufler. The
composition can be sterile and/or pyrogen iree. The com-
position can be 1sotonic with respect to humans. Pharma-
ceutical compositions of the presently disclosed subject
matter can be supplied 1n hermetically-sealed containers.

[0090] Therapeutic uses and/or methods and/or methods
of treatment are also provided herein. A therapeutic method
according to the presently disclosed subject matter com-
prises admimstering to a subject 1n need thereof a CS or
related compound as disclosed herein. A use according to the
presently disclosed subject matter comprises use of a CS or
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related compound as disclosed herein for the preparation of
a medicament for a therapeutic indication as disclosed
herein.

[0091] An eflective dose of a pharmaceutical composition
of the presently disclosed subject matter 1s administered to
a subject 1n need thereol. The terms “therapeutically effec-
tive amount”, “therapeutically eflective dose”, “eflective
amount’, “effective dose” and variations thereof are used
interchangeably herein and refer to an amount of a thera-
peutic composition or pharmaceutical composition of the
presently disclosed subject matter suflicient to produce a
measurable response (e.g. reduced symptoms ol sepsis).
Actual dosage levels can be varied so as to administer an
amount that 1s eflective to achieve the desired therapeutic
response for a particular subject.

[0092] Insome embodiments, the quantity of a therapeutic
composition of the presently disclosed subject matter admin-
istered to a subject will depend on a number of factors
including but not limited to the subject’s size, weight, age,
the target tissue or organ, the route of administration, the
condition to be treated, and the severity of the condition to
be treated.

[0093] The potency of a therapeutic composition can vary,
and therefore a “therapeutically effective” amount can vary.
However, using the assay methods described herein below,
one skilled in the art can readily assess the potency and
cllicacy of the pharmaceutical compositions of the presently
disclosed subject matter and adjust the therapeutic regimen
accordingly.

[0094] In some aspects, provided herein are pharmaceus-
tical composition for use 1n treating histone toxicity and/or
sepsis, the composition comprising one or more chondroitin
sulfate compounds and a pharmaceutically acceptable car-
rier. In some embodiments, the chondroitin sulfate com-
pound 1n such uses can comprise a CS backbone, CS-A,
CS-E, CS-C and/or combinations thereof. In some embodi-
ments, the chondroitin sulfate compound 1n such uses can
comprise chondroitin sulfate backbone 19 mer, CS-A 19
mer, CS-C 19 mer, CS-FE 19 mer, CS backbone 13 mer, CS-A
13 mer, CS-C 13 mer, CS-E 13 mer and/or combinations
thereof.

[0095] Subjects

[0096] The subject treated 1n the presently disclosed sub-
ject matter 1s desirably a human subject, although it 1s to be
understood that the principles of the disclosed subject matter
indicate that the compositions and methods are eflective
with respect to invertebrate and to all vertebrate species,
including mammals, which are intended to be included 1n the
term “‘subject”. Moreover, a mammal 1s understood to
include any mammalian species 1n which treatment of
histone toxicity conditions 1s desirable, particularly agricul-
tural and domestic mammalian species.

[0097] The methods of the presently disclosed subject
matter are particularly useful in the treatment of warm-
blooded vertebrates. Thus, the presently disclosed subject
matter concerns mammals and birds.

[0098] More particularly, provided herein 1s the treatment
of mammals such as humans, as well as those mammals of
importance due to being endangered (such as Siberian
tigers), of economical importance (animals raised on farms
for consumption by humans) and/or social importance (ani-
mals kept as pets or 1n zoos) to humans, for instance,
carmivores other than humans (such as cats and dogs), swine
(p1gs, hogs, and wild boars), ruminants (such as cattle, oxen,




US 2023/0277580 Al

sheep, girafles, deer, goats, bison, and camels), and horses.
Also provided 1s the treatment of birds, including the treat-
ment of those kinds of birds that are endangered, kept in
700s, as well as fowl, and more particularly domesticated
towl, 1.e., poultry, such as turkeys, chickens, ducks, geese,
guinea fowl, and the like, as they are also of economical
importance to humans. Thus, provided herein is the treat-
ment of livestock, including, but not limited to, domesti-
cated swine (pigs and hogs), ruminants, horses, poultry, and

the like.

[0099] CS Compounds

[0100] In development of the disclosed methods of CS

synthesis significant challenges were overcome, including
for example improving the accessibility of recombinant CS
biosynthetic enzymes and reducing the production cost for
UDP-GalNAc. In addition to synthesizing natural CS oli-
gosaccharides, the instant disclosure provides for the pos-
sibility of preparing unnatural 6-O-sulfated CS oligosaccha-

COOH

HO 110

4, CS-C 11-mer
5, CS-C 13-mer
6, CS-C 15-mer
7, CS-C 17-mer
8, C5-C 19-mer,

= B B2 B B
a1l
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rides. The synthesis was accomplished 1n multi-milligram
scales, allowing complete structural characterization by MS
and NMR. In addition to CS-A and CS-C and CS-E were
also synthesized by methods disclosed herein. The demon-
stration of the enzymatic synthesis of structurally defined CS
oligosaccharides oflers an essential tool to investigate the
biological functions of CS.

[0101] In addition to the CS compounds ranging from
trisaccharides to nonasaccharides, 1.e. 9-mers, as shown 1n
FIG. 2B and herein, the disclosed methods provide for the
synthesis of larger and/or longer CS compounds, as shown
in FIG. 2A, and below. Further details of CS synthesis can
be found 1n International Patent Application Publication No.
WO 2019/010216, herein incorporated by reference in 1ts
entirety.

Example CS-A oligosaccharides (11-mer to 19-mer)

10102]

l1-mer
[3-mer
15-mer
17-mer

= B B B B

, CS-A 19-mer

[0103] wherein R 1s selected from the group consisting of
—H, alkyl (such as but not limited to —CH; or —CH,CH,),
substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group).

Example CS-C oligosaccharides (11-mer to 19-mer)

10104]
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[0105] wherein R 1s selected from the group consisting of
—H, alkyl (such as but not limited to —CH, or —CH,CH,),

substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group).

Example CS-E oligosaccharides (5-mer to 19-mer)

10106]

HO 10

N

o B
) O
N
eslies

00 ~1 O\t
@
A
vy

[0107] wherein R 1s selected from the group consisting of
—H, alkyl (such as but not limited to —CH, or —CH,CH,),

substituted alkyl, aryl, and substituted aryl (such as but not
limited to a p-nitrophenyl group).

[0108] Approaches for synthesizing CS-E were developed

as disclosed herein. Such methods utilize similar approaches
as with the synthesis of CS-A and CS-C, but with additional

enzymatic steps. For example, in some embodiments the

CH,OH

OH O
COOH

NHACc

n=2,CS 7-mer
n=>5,CS 13-mer
n=2_8,CS 19-mer

, CS-E 5-mer
, CS-E 7-mer
, CS-E 9-mer

-E 11-mer

-E 13-mer
, CS-E 15-mer
-E 17-mer

, CS-E 19-mer
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synthesis of CS-E requires additional CS sulfotransierases,
including for example GalNAc4S-6-O-sulfotransierase. The
instant disclosure provides both 2-O-suliotransferase and
GalNAc45-6-O-suliotransierase needed for such additional

steps.
[0109] CS compounds as disclosed herein can also be

illustrated as shown below:
[0110] Chemical structures CS and CS-A oligosaccha-

rides:

COOH

CH,OH OH

OH ‘ O .
COOH {
0O OH
Ol

NHACc

OH
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[0111]

—H, alkyl (such as but not limited to —CH, or —CH,CH,),
substituted alkyl, aryl, and substituted aryl (such as but “ ”
not limited to a p-nitrophenyl group).

In some embodiments, R 1s
NO»

[0112]

HO;S
COOH

O
OH

OH

[0113] n=2, CS-A 7-mer

[0114] 1n=5, CS-A 13-mer

[0115] n=8, CS-A 19-mer

[0116] wherein R 1s selected from the group consisting

of —H, alkyl (such as but not limited to —CH; or
—CH,CH,), substituted alkyl, aryl, and substituted

aryl (such as but not limited to a p-nitrophenyl group).

COOH

CH,0S0;H

OH 0

NHACc

13

wherein R 1s selected from the group consisting of

CH,OH
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COOUH

OH

(0117]

[0118]

charides:

OH

[0119]
[0120]
10121]
10122]

OH ‘ O o
COOH K
O
OH

NHAc

In some embodiments, R 1s
NO,

Chemical Structures of CS-C and CS-E oligosac-

COOH

O

CH,OSO;H OH

NHACc

n=2, CS-C 7-mer
n=y5, CS-C 13-mer
n=a8, CS-C 19-mer

OH

’/R

wherein R 1s selected from the group consisting
of —H, alkyl (such as but not limited to —CH; or
—CH,CH,), substituted alkyl, aryl, and substituted

aryl (such as but not limited to a p-nitrophenyl group).
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[0123] In some embodiments, R 1s

/\/N[)g

e Yd

HO3S
COOH
O
CH,OH OH
OH ‘ O 0O
COOH
OH

NHACc

[0124] n=2, CS-E 7-mer

[0125] n=5, CS-E 13-mer

[0126] n=8, CS-E 19-mer

[0127] wherein R 1s selected from the group consisting,

of —H, alkyl (such as but not limited to —CH, or
—CH,CH,), substituted alkyl, aryl, and substituted
aryl (such as but not limited to a p-nitrophenyl group).

[0128] In some embodiments, R 1s
NO,
EXAMPLES
[0129] The present disclosure will now be described with

reference to the following examples. It should be appreci-
ated that these examples are not intended to limit the scope
of the claims to the present disclosure, but are rather
intended to be exemplary of certain embodiments. Any
variations in the exemplified methods that occur to the
skilled artisan are intended to fall within the scope of the
present disclosure.

Example 1
[0130] CS Mitigation of Histone-Induced Endothelial
Cytotoxicity
[0131] The human endothelial cell line EA hy926 cells

(ATCC) were cultured in Dulbecco’s modified FEagle
medium (DMEM, Gibco) supplemented with 10% fetal
bovine serum and 1% penicillin-streptomycin (Gibco) at 37°
C. and 5% CQO.,,. For experiments, 5x10° cells were plated in
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12-well plates (Corning) and incubated overnight, then
washed with serum-free DMEM. EA hy926 were treated
with 30 ug/mL calf thymus histones (Roche) 1n the presence

of the following compounds: chondroitin sulphate (CS)

backbone 19 mer, CS A 19 mer, CS C 19 mer, CS F 19 mer,

CS backbone 13 mer, CS A 13 mer, CS C 13 mer or CS E
13 mer. The structures of each are provided herein. The
endothelial cells were exposed to the treatments for 1 hour

COOH

CH,OSO;H OH

NHAc

at 37° C. and 5% CO,. Medium was removed and cells were
detached from the plate with 0.05% Trypsin-EDTA (Gibco).
Cells were washed with PBS and centrifuged at 500 g, then
resuspended 1 PBS (Gibco). To measure cell death, cells
were mcubated with 10 ug/mL propidium 1odide (PI, Sigma)
for 10 minutes at room temperature. Pl 1s a cell-impermeable
fluorescent dye that 1s excluded from viable cells and taken
up into necrotic cells, where i1t binds to double stranded
DNA between base pairs. PI positive cells were detected by
flow cytometry with excitation at 488 nm and emission
detection at 617 nm. Data are represented as percent of total
cells that were PI positive.

[0132] The results of the experiments of Example 1 are
shown 1n FIG. 1A. More particularly, the results demonstrate
that 1n some embodiments, using the cell based assay model,
the synthesized CS oligosaccharides can neutralize histone
cellular toxic.

Example 2
[0133] CS Mitigation of Histone-Induced Mortality
[0134] Male C57B16/J mice (Jackson Laboratories) were

housed at the Umversity of North Carolina (Chapel Hill,
N.C., United States of America) in a 12-hour light-dark
cycle with food and water ad libitum for one week. This
study was performed according to a protocol approved by
the University of North Carolina institutional Animal Care
and Use Committee. Mice were intravenously mjected with
sterile saline (n=8) or 75 mg/kg ChS E 19 mer (n=3)
followed 1 minute later by calf thymus histones (75 mg/kg).
Seven of the 8 mice that received histones alone (saline
treatment) died within 15 minutes of infusion, likely from
cardiac arrest. All five of the mice that received ChS E
19mer survived. The ratio of ChS E 19mer to calf thymus
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histones was 3:1, which 1s less than used in the 1n vitro
endothelial cytotprotection (where the ratio was 10:1).

[0135] The results of the experiments of Example 2 are
shown 1n FIG. 1B. More particularly, the results demonstrate
that the survival rate of the mice treated by histone together
with CS oligosaccharides had a survival rate of 100%,
whereas none of the mice exposed to histones and receiving,
no CS therapy survived. Kaplan-Meier survival curves by
log-rank test using GraphPad Prism soitware was performed

to obtained P=0.001

Example 3
[0136] Synthesis of CS Compounds
[0137] Based on the eflectiveness of CS in mitigating

histone-induced endothelial toxicity and mortality, as set
forth in Examples 1 and 2, further studies were conducted to
characterize CS compounds and elucidate their functional-
ity.

[0138] Histones are DNA-binding proteins are encapsu-
lated 1nside nucle1. Release of histones are associated with
neutrophil activation in responding to infection or intlam-
mation stimulations (1, 2). Extracellular histones exhibit
cytotoxicity towards the host, which contributes to disease
states, including sepsis (3). Histones contain 1soforms, and
histone H3 1s the predominant form that 1s attributed to the
cytotoxicity (4).

[0139] CS-E 1solated from human tissue or maritime
organisms are a mixture ol polysaccharides with different
sizes and sulfation patterns, making the study for the struc-
ture and activity relationship difficult. What 1s needed is the
ability to enzymatically synthesize homogeneous CS-E oli-
gosaccharides. The synthesis of CS-E oligosaccharides was
mitiated from a commercially available monosaccharide,
p-nitrophenyl glucuronide (GIcA-pNP) (FIG. 2A). The syn-
thesis mvolved the elongation of the monosaccharide to the
desired size using a bacterial glycosyltransterase (KioC) to
form nonsulfated chondroitin backbone. The backbone
underwent two rounds of sulfotransferase modifications.
Sulfation with chondroitin sulfate 4-O-sulfotransierase (CS
40ST) was performed to form chondroitin sulfate A (CS-A)
oligosaccharides. Then, modification by 4-O-sulfo GalNAc
6-O-suliotransterase (GalNAc4S-608T) to form 4,6-disul-
tated GalNAc residue was followed to obtain CS-E prod-
ucts. The access of highly active GalNAc4S-60ST was
critically important for the synthesis of CS-E oligosaccha-
rides. A high level expression of GalNAc4S-6058T was
achieved 1n insect cells using the baculovirus expression
approach. Baculovrius contains an endogenous chondroiti-
nase that may cleave CS substrates (6). Therefore, 1t 1s
imperative to purily GalNAc4S-60ST away from the viral
endogenous chondroitinase for the synthesis purpose. Using
the enzymatic approach, three CS-E oligosaccharides,
namely CS-E 7-mer, CS-E 13-mer, and CS-E 19-mer, were
obtained in the scale of 10 to 100 mg. A nonsulfated
chondroitin nonadecasaccharide backbone, CS-0S 19-mer,

was also synthesized to serve as a control oligosaccharide
for the subsequent biological studies. See FIG. 2B.

Example 4
[0140] Characterization of the Structure of CS Com-
pounds
[0141] The CS-E oligosaccharides were analyzed using

high resolution diethylaminoethyl (DEAE)-HPLC, high
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resolution mass spectrometry, and NMR spectroscopy. As a
representative example, CS-E 7-mer was cluted a single
symmetric peak, demonstrating 1ts high purity (FIG. 3A).
High resolution mass spectrometry analysis revealed its
molecular mass to be 1772.227, which 1s very close to the
calculated value of 1772.221 (FIG. 3B). 'H-NMR and
C-NMR analysis also confirmed the purity of CS-E 7-mer.
Additional NMR analyses were employed to determine the
site of sulfation and the nature of glycosidic linkages
between GalNAc and GIcA. CS-E 13-mer and CS-E 19-mer
contain multiple copies of repeating disaccharide units of
—@GalNAc4S6S-GlcA—, causing substantial overlaps 1n the
NMR signals. Therefore, their structures were primarily
determined based on the molecular mass measurement by
high resolution mass spectrometry.

Example 5
[0142] Characterization of the Activity of CS Compounds
[0143] The availability of long CS-E oligosaccharides

opened up new opportunities to investigate the biological
functions of CS. The anti-inflammatory effects ol homoge-
neous CS-E oligosaccharides was sought to be exploited by
targeting to histones. Histones are positively charged pro-
teins that bind to DNA and are encapsulated inside nuclei
under healthy conditions. When histones are released by
pathological stimuli, the extracellular histones display
potent cytotoxicity. Targeting to extracellular histone 1s a
possible strategy to treat inflammatory diseases. As such, 1t
was hypothesized that CS oligosaccharides bind to histone
and neutralize the cytotoxicity. The binding athmity (K,)
measurement indicated that CS-E 19-mer binds tightly to
histone H3 (44.7 nM), and the binding aflinity generally
decreases as the sizes of oligosaccharides shorten (Table 1).

TABLE 1

Summary of kinetic data of H3 histone
binding to CSE oligo interactions®

Interactions k,, (1/MS) k; (1/8) Ky (M)

CS-E 7-mer No binding No binding —

CS-E 13-mer 7.65 x 10° 0.124 1.62 x 1077
(£3.37 x 10%) (£3.14 x 1072)

CS-E 19mer 9.55 x 10° 0.0426 447 x 1078
(£6.29 x 10% (x1.70 x 107°)

CS-0S 19-mer No binding no binding —

*The data with () 1n parentheses are the standard deviations (SD) from global fitting of
four or five injections.

[0144] Sulfation also contributes to the binding athnity to
histone H3. CS-0S 19-mer, a nonsulfated chondroitin back-

bone, did not bind to histone H3. The binding afhinities of
different CS-E oligosaccharides towards a mixture of his-
tone 1soforms were also determined, showing a similar trend

as the oligosaccharides bind to histone H3. See Table 2.

TABLE 2

Summary of kinetic data of histone mixture
binding to CSE oligo interactions™

Interactions k_(1/MS) k, (1/S) K4 (M)
CS-E 7-mer No binding No binding —
CS-E 13mer 5.92 x 10° 0.141 2.38 x 107/

(£1.58 x 10% (+3.01 x 1072)
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TABLE 2-continued

Summary of kinetic data of histone mixture
binding to CSE oligo interactions™

Interactions k., (1/MS) k; (1/8) Ky (M)

CS-E 19mer 9.8 x 10° 0.0704 7.17 x 1078
(£6.00 x 104 (£2.28 x 107°)

CS-0S 19-mer No binding no binding —

*The data with (£) 1n parentheses are the standard deviations (SD) from global fitting of
four or five imections.

Example 6

[0145] Further Evaluation of CS Mitigation of Histone-
Induced Toxicity and Morbidity

[0146] Administration of histones 1s known to be toxic to
mice (4). As noted above, 1t was demonstrated that CS-E
19-mer protects against histone-mediated animal death
(FIG. 1B). Five out of six (83.3%) animals died within 60
min after administering histone (75 mg/kg), whereas, treat-
ment with CS-E 19-mer (75 mg/kg) among histone-intoxi-
cated mice, all five mice (100%) survived during the course
of the experiment. The damages to lung tissue were also
examined with or without the treatment with CS-E 19-mer.
H&E staining of the lung tissue from histone-treated mice
demonstrated the massive formation of thrombosis 1nside
and outside blood vessels (FIG. 4A). Data suggest that
administration of histones not only induced blood clot
formation 1nside blood vessel but also caused vascular
leakage to lead to blood clot outside blood vessel. A notable
reduction in blood clot 1n the lung from the mice receiving,
CS-E 19-mer was observed (FIG. 4A). The thrombosis was
also found 1n liver and kidney in the histone-treated mice.
Likewise, CS-E 19-mer 1s able to reduce the thrombosis in
liver and kidney as well (FIG. 4B). Taking together, these
data suggest that CS-E 19-mer binds to histones and eflec-
tively protects against histones’ toxic eflects 1n organ dam-

ages 1n mice.

Example 7

[

[0147] Evaluation of the Protective Effect of CS Against
Bacterial Lipopolysaccharnide (LPS) Shock

[0148] Next, the protective eflect of CS-E 19-mer against
bacterial lipopolysaccharide (LPS) shock was examined.
LPS rich 1n the cell wall of gram-negative bactenia, also
known as endotoxin, induce exuberated intflammatory
responses 1n the host, leading to life-threatening sepsis-like
symptoms that causes >750,000 deaths per year in US. One
mechanism from LPS-caused death 1s because LPS induces
the release of cytotoxic extracellular histones (7). As
expected, administration of LPS to mice led to the release of
histone H3 1n plasma (FIG. 5A). Furthermore, administra-
tion of LPS (6 mg/kg) caused 85% mice die 1n 72 hours;
whereas, the treatment of CS-E 19-mer (0.5 mg/kg) reduced
the death rate to 30%, suggesting that CS-E 19-mer displays
protective effect against LSP-1induced death (FIG. SB). Bio-
markers were also measured to assess the organ damage and
to substantiate CS-E 19-mer’s functions. A significant reduc-
tion 1n blood urine nitrogen (BUN) level was detected, a
marker for kidney function (FIG. 5C). We also observed
reduction 1n the level of creatinine after CS-E 19-mer
treatment, a marker for kidney function (FIG. 5D). Although
the reduction in creatinine 1s trending towards statistically
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significant, the combination of this data with reduction of
BUN level allowed us to confirm that CS-E 19-mer displays
the protective eflect against kidney damage induced by LPS.
The plasma level of aspartate aminotransierase (AST), a
marker for liver damage, was also reduced in the CS-E
19-mer treated group, suggesting that the compound protects
the liver damage caused by LPS (FIG. SE). Overall, CS-E
19-mer protects organ damage caused by LPS and increases
survival rate in mice after exposing to LPS.

[0149] Three lines of evidence suggest that the protective
cllect of CS-E 19-mer against LPS-induced organ damage
are attributed to 1ts ability to neutralize histone and protect
the damage of endothelial cells caused by histone. First, 1t
was demonstrated that CS-E 19-mer 1s able to pull down
histone H3 from mice plasma (FIG. 6A). To this end,
LPS-treated mice plasma was incubated with biotinylated
CS-E 19-mer followed by aflinity purification using an
avidin-agarose column. Histone H3 was detected in the
plasma sample after CS-E 19-mer athinity purification (FIG.
6A, lane 5). The result from this experiment suggests that
CS-E 19-mer forms complex with histones under in vivo
conditions, and the binding neutralizes the toxicity of his-
tones. Second, the protective effect of CS-E 19-mer against
endothelia cell death caused by histone was evaluated.
EA hy926 cells were treated with histone 5 H3, and the cell
death was measured using flow cytometry based on PI
staining (7). Addition of CS-E 19-mer lowered the cell death
in a dose responsive manner (FIG. 6B). Smaller degree
protection was observed for CS-E 13-mer, consistent with
the observation that i1t displays lower binding athnity to
histones than CS-E 19-mer. No protective ellect was
observed for CS-0S 19-mer. Third, administration of CS-FE
19-mer protects against the vascular leakage induced by
LPS, whereas the reduction by CS-E 19-mer 1n kidney 1s less
significant, and there was no significant eflect on reducing
the vascular permeability 1n the hiver (FIGS. 6(C-6E).

Example 8

[0150] Conclusions Based on Studies of CS Compounds
and Uses of Same

[0151] The flexible and effective synthesis methods and
approaches for CS compounds as disclosed herein was
demonstrated through synthesizing numerous CS com-
pounds, including for example CS-E oligosaccharides in
different sizes, such as for example 5-mer, 9-mer, 11-mer,
15-mer and 17-mer. For clarity and simplicity, the present
studies focused on CS-E 7-mer, CS-E 13-mer and CS-E
19-mer, but the results and application are not limited
thereto. It should be noted that bikunin, the simplest CS
proteoglycan isolated from natural sources, has a size of
about 27 to about 39 saccharide residues (8). The size of
19-mer CS oligosaccharides synthesized and disclosed
herein 1s about 50% to about 70% of full-length CS chain

from nature.
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1-8. (canceled)

9. A pharmaceutical composition for use in treating his-
tone toxicity and/or sepsis, the composition comprising one

or more chondroitin sulfate compounds and a pharmaceuti-
cally acceptable carrier.

10. The pharmaceutical composition of claim 9, wherein
the chondroitin sulfate compound comprises a CS backbone,
CS-A, CS-E, CS-C and/or combinations thereof.

11. The pharmaceutical composition of claim 9, wherein

the chondroitin sulfate compound comprises chondroitin
sulfate backbone 19 mer, CS-A 19 mer, CS-C 19 mer, CS-E

19 mer, CS backbone 13 mer, CS-A 13 mer, CS-C 13 mer,
CS-E 13 mer and/or combinations thereof.

12. The pharmaceutical composition of claim 9, wherein
the chondroitin sulfate compound comprises one or more of
the following structures:

COOH
- R
O
OH
OH
COOH
_ R
O
OH

OH
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13
-continued
COOH R
O/’
O
OH
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OH O
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COOH OH
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OH
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COOH OH iR
NHACc
wherein R 1s selected from the group consisting of —H, not limited to a p-nitrophenyl group), wheremnn 1s 1, 2,
3,4,35,6,77 or 8.
alkyl (such as but not limited to —CH, or —CH,CH,), 13-19. (canceled)

substituted alkyl, aryl, and substituted aryl (such as but £ % % % ok
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