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(57) ABSTRACT

The present invention provides therapeutic molecules for
combating sepsis. The invention provides proteins capable
of improving survival through immunomodulation in post
septicaemia in mammals and oligosaccharides, capable of
immuno modulating inflammation in a mammal. The inven-
tion provides protein homologs of human HSP70 derived
from nematode Setaria digitata and their recombinant forms
and oligosaccharides and their role in immunomodulating
inflammatory response in a mammal. The invention also
provides a composition comprising therapeutic and/or pro-
phylactic proteins and oligosaccharide molecules for immu-
nomodulation in sepsis; and method for treating and/or
preventing sepsis, MODS (multiple organ dysfunction syn-
drome) or septic shock in a mammal.
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THERAPEUTIC MOLECULES FOR
COMBATING SEPSIS

FIELD OF THE INVENTION

[0001] The present invention relates to therapeutic and/or
prophylactic molecules for combating sepsis and proteins
capable of improving survival through immunomodulation
in post septicaemia in mammals. The proteins and oligosac-
charides are capable of modulating inflammation in mam-
mals. The present invention also relates to protein homologs
of human HSP70 derived from nematode Setaria digitata
and their recombinant forms and oligosaccharides and their
role in immuno-moculating inflammatory response in a
mammal. The invention also provides a composition com-
prising therapeutic and/or prophylactic proteins and oligo-
saccharide molecules for immunomodulation in sepsis; and
method for treating and/or preventing sepsis. MODS (mul-
tiple organ dysfunction syndrome) or septic shock in a
mammal.

BACKGROUND OF THE INVENTION

[0002] Sepsis is a systemic inflammatory response medi-
ated by various innate immune cells, including neutrophils,
monocytes and macrophages, upon severe infection
(Stearns-Kurosawa et. al., 2011). Normally, the moderate
production of pro-inflammatory cytokines, including tumor
necrosis factor (TNF-a), interleukins (IL-1, IL-6 and IL-8)
assist in confining infection and restricting tissue damage;
with the clearance of the infectious agent, the inflammatory
response can recover to homeostasis. However, excessive
and prolonged production of inflammatory cytokines can
lead to an overwhelming inflammatory response, which is
referred to as sepsis (Cai et. al., 2010). Thus, Sepsis is a
life-threatening infection which impairs survival outcomes
for patients as sepsis requires swift diagnosis and treatment
to lower the risk of mortality. A ‘golden hour’ is believed to
exist, in which treatment is vital to lower the risk of death.
Antimicrobial resistance is a major factor determining clini-
cal unresponsivencss to treatment and rapid evolution to
sepsis and septic shock. Sepsis patients with resistant patho-
gens have been found to have a higher risk of hospital
mortality.

[0003] The mortality rate in severe sepsis can reach as
high as 70% and the number of cases of sepsis continues to
increase due to the rising number of immunocompromised
patients (Russell, 2006; Matsuda et. al., 2012). The molecu-
lar mechanism of sepsis remains to be fully elucidated.
Studies have revealed that several mechanisms may con-
tribute to the occurrence of sepsis, including the continued
activation of neutrophils and macrophages/monocytes,
upregulation of lymphocyte costimulatory molecules (Nolan
et. al., 2008; Flohé et. al., 2006), rapid lymphocyte apoptosis
and delayed neutrophil apoptosis, and excessive necrosis of
cells and tissues (Roger et. al., 2012; Paunel-Gorgiilii et. al.,
2012).

[0004] In sepsis, gram-negative bacterial infection was
found to be predominant and their endotoxin such as lipopo-
lysaccharide (LPS) is sensed by immune receptors such as
Toll like receptor (TLR4). The previous approaches for
treating sepsis were limited to breaking interaction between
LPS and TLR4 by using chemical antagonist. TLR41 has
been explored widely as a potential target in sepsis and
various molecules, which antagonize PAMPs and restrict the
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TLR41 activation, have been tested for sepsis intervention
(Wittebole et al., 2010). However, some of these LPS
antagonists were not found to be useful in later clinical trials
(Opal, 2013). Studies have indicated that TLR2 plays a role
in polymicrobial sepsis by regulating neutrophil migration
(Alves-Filho et al., 2009). Mycobacterium indicus pranii
activates the TLR2 mediated MyD88 signaling pathway
resulting higher activation of NF-kB/AP-1 (Kumar et al.,
2014). Eritoran is one such example that could bind to TLR4
and compete with LPS. It was only antagonist in nature and
its binding to TL.R4 did not initiate any signaling. There are
many other such molecules that have been tried for sepsis
intervention. Majority of previous interventions were found
to be effective only if injected at very early time points after
sepsis onset while later interventions were not effective.
Recent clinical studies with Mycobacterium indicus pranii,
have shown improvement in clinical outcomes in sepsis
patients (Sehgal et al., 2015). Immunomodulation through
TLR2 to restore immunological equilibrium as a therapeutic
strategy for sepsis and use of different natural TL.R2 ligands
is less explored.

[0005] WO1993017712A2 relates to a conjugate com-
pound comprising at least one heat shock protein or portion
thereof including at least one immune-stimulatory domain
and at least one capsular oligosaccharide or polysaccharide
of pathogenic bacteria. The compound comprises oligosac-
charides of Meningoccoi C (MenC) group and a heat shock
protein selected from M.Bovis BCG GroEI type 65 kDa hsp
(hspR65), recombinant M. tuberculosis DNaK-type 70 kDa
hsp (hspR70) and a heat shock protein from H.pyroli.

[0006] Vinokurov et al., (2012) demonstrates that human
recombinant HSP70 expressed in armyworm (Spodoptera
frugiperda) ameliorates systematic inflammation including
ROS and TNF-a in different myeloid cells after macrophage
activation. It establishes exogenous Hsp70 as a promising
pharmacological agent for the prophylactic treatment of
various types of sepsis.

[0007] Kustanova et al., (2006) demonstrates that admin-
istration of exogeneous Hsp70 before and after LPS chal-
lenges can reduce mortality rates and modify several param-
eters of hemostasis and hemodynamics. Hsp70 isolated from
bovine muscles showed significant protective effects against
the impaired coagulation and fibrinolytic systems caused by
LPS, and reduced the mortality caused by Escherichia coil
and Salmonella typhimurium LPS injections significantly.

[0008] Motta et al., (2007) compared effects of LPS-free
Mycobacterial tuberculosis hsp 70 (TBhsp70) and its pos-
sible contaminants on dendritic cells (DC). The results of the
document show that TBhsp70 inhibits DC differentiation
from bone marrow precursors, inducing IL-10 but not
TNF-c thereby supporting the hypothesis that TBhsp70
does not have inflammatory potential, but rather has immu-
nosuppressive properties.

[0009] US20100047272A1 discloses use of a mycobacte-
rial heat-shock protein for manufacture of a vaccine for
therapeutic application, more particularly a vaccine for
treating animals infected with Mycobacterium comprising
an immunologically effective amount of mycobacterial
Hsp70 protein.

[0010] Chitin is one of the most abundant polymers pres-
ent in nature and its deacetylated version, chitosan has been
used for different applications (Casadidio et al., 2019).
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Chito-oligomers are composed of homo- or hetero-oligom-
ers of N-acetylglucosamine and D-glucosamine with vari-
able solubility in water.

[0011] Panda et al., (2012) disclose that chitohexaose
activates macrophages by alternate pathway through TL.R4
and blocks endotoxemia. Murine macrophages and human
monocytes up regulated Arginase-1 and released high levels
of IL-10 when incubated with chitohexaose. Macrophages
of C3H/Hel] mice (non-responsive to LPS) failed to get
activated by chitohexaose suggesting that a functional TL.R4
is critical for alternate activation of macrophages also.
Chitohexaose inhibited LPS induced production of inflam-
matory molecules TNF-a, IL-1b and IL-6 by macropahges
in vitro and in vivo in mice. Intraperitoneal (IP) injection of
chitohexaose completely protected mice against endotox-
emia when challenged with a lethal dose of LPS. Further-
more, chitohexaose was found to reverse LPS induced
endotoxemia in mice even 6/24/48 hours after its onset.
[0012] Fuchs et al., (2018) demonstrates that fungal ligand
chitin directly binds TL.R2 and triggers inflammation depen-
dent on oligomer size. The document demonstrates that
Chitin-TLR2 binding appears to involve free ends of at least
5 NAG long oligomers, which explains why fungal cells,
where chitin is polymeric and cross-linked to other cell wall
components, only have limited numbers of accessible TLR2
epitopes. The document further provides that TLR2 has a
preference for free ends of =6 NAG, both in context of
fungal cell wall and for soluble chitin oligomers.

[0013] Zhao et al., (2020) shows that chitoheptaose pro-
motes heart rehabilitation in a rat myocarditis model by
improving antioxidant, anti-Inflammatory, and antiapoptotic
properties. The document demonstrates that chitoheptaose
showed significant therapeutic effects and inflammatory
properties by reducing serum levels of IL-1. Among all
chitosan oligosaccharides (COS), the COS>degrees of
polymerization (DP) 4 showed anti-inflammatory activities
(the activity order was
chitopentaose<chitohexaose<chitoheptaose) by reducing
levels of interleukin- (IL-) 1P, IL-17A, and interferon-
(IFN-) y and increasing the level of IL-10.

[0014] AU 2016200853 relates to anti-bacterial applica-
tions of poly-N-acetylglucosamine nanofibers and a method
for treating a disease or a condition associated with a
bacterial imbalance in a subject in need thereof, comprising
topically administering a composition comprising shortened
fibers of poly-p-1---4-N-acetylglucosamine (“sNAG nano-
fibers™) to a subject, wherein the SNAG nanofibers are less
than 10 pum in length, wherein the sNAG nanofibers com-
prise 70% or more than 70% of N-acetylglucosamine mono-
saccharides, and wherein the SNAG nanofibers do not have
an effect, or substantially have no effect, on bacterial growth
or survival of Staphylococcus aureus bacterial cultures in
vitro.

[0015] Okawa et al., (2003) demonstrates a comparative
study of protective effects of chitin, chitosan, and N-acetyl
chitohexaose (NACOS-6) against mice infected intrave-
nously or intraperitoneally with Pseudomonas aeruginosa
and Listeria monocytogenes. Mice pretreated with chitin,
chitosan and NACOS-6 showed resistance to intraperitoneal
infections by both microbes. Only mice pretreated with
chitin and chitosan showed resistance to intravenous infec-
tions by both microbes. Suzuki et al., (1984) indicates that
both chitin and chitosan are able to exhibit immunopoten-
tiating action for lethal challenge of C. albicans. Mice
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treated with chitin showed a longer life span against chal-
lenge of C. albicans cells via the IV route, and chitosan-
treated mice were more resistant than chitin-treated mice
when the challenge was conducted via IP route.

[0016] Solov’eva. et al., (2013) demonstrates systematic
studies of chitosan binding, with LPS and the biological
properties of the chitosan-LPS complexes. Chitosan has
been shown to interact specifically with LPS to form water-
soluble stable complexes of various stoichiometry compo-
sitions. Chitosan, oligochitosan and the N-acylated deriva-
tives were shown to protect against LPS-induced mortality
in a D-galactosamine-sensitized mouse model.

[0017] EP14359761B1 discloses use of water-soluble
chito-oligamers of N-acetyl glucosamine (NAG) and glu-
cosamine for manufacture of a medicament for treatment of
disorders such as joint disorders including osteoarthritis and
rheumatoid arthritis and inflammatory disorder, wherein the
chain length of the chile-oligomers is in the range of about
2-50, and wherein the degree of deacetylation is in the range
of about 0-70%. However, the document does not disclose
chito-oligomers for treatment or prophylaxis of sepsis and
does not disclose or suggests specific length of chito-
oligomer being capael of immune-modulating sepsis in a
mammal.

[0018] In the field of art chitin and chito-oligomers are
known for treating endotoxemia, sepsis and septic shock.
The deacetylated or partially acetylated child-oligomers
possess different anti-oxidant and anti-inflammatory activi-
ties based on mitogen-activated protein kinase (MAPK)
signaling (Hyung et al., 2016). Prophylactic treatment of
chitosan oligosaccharides was found to attenuate inflamma-
tion and oxidative stress and protect mice from LPS chal-
lenge (Qiao et al., 2011). TLR2 was identified by Fuchs et
al. 2018 as a receptor for chitin and chito-oligomers of
varying chain length, where chain length of 6 or more was
found to be important for TLR2 based immune activation
(Fuchs et al., 2018). However, the therapeutic effects of
acetylated chito-oligomers on sepsis and specifically, which
oligosaccharide of chito-oligomers plays a more important
functional role still remain unclear.

[0019] Therefore, there is a need of potent sepsis inhibitor
which acts faster to save the patients. Further, there is a need
for a therapeutic agent and a prophylactic agent for immune-
modulating sepsis in a subject in need thereof. Further. There
is a need for pharmaceutical composition for medicinal,
prophylactic, therapeutic, treatment of a subject suffering
from sepsis.

[0020] The present invention provides protein homolog of
human HSP70 derived from nematode Setaria digitata and a
chito-oligosaccharide selected from a group comprising of a
derivative of hexa-N-acetyl chitohexaose, hepta-N-acetyl
chitoheptaose or octa-N-acetyl chitooctaose which is
capable of treating and/or preventing sepsis, multiple organ
dysfunction syndrome (MOOS) or septic shock. The protein
is capable of immunomodulating the survival through post-
septicaemia in a mammal. The invention further provides
use of acetylated form of chito-oligomers, derivative thereof
individually or in composition for immunomodulation. The
invention also provides a method of treatment or prevention
of sepsis, MODS or septic shock in a mammal including
human comprising administering an effective amount of
protein homolog of human HSP70 derived from nematode
Setaria digitata or chito-oligosaccharides wherein the chito-
oligosaccharides is selected from the group comprising of a
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derivative of hexa-N-acetyl chitohexaose, hepta-N-acetyl
chitoheptaose or octa-N-acetyl chitooctaose or a combina-
tion thereof together with a pharmaceutically acceptable
carrier thereof to said mammal.
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OBIJECTS OF THE INVENTION

[0063] An object of the present invention is to provide
therapeutic and/or prophylactic molecules for combating
sepsis.

[0064] An object of the present invention is to provide
protein homolog of human HSP70 derived from nematode
Setaria digitata, recombinant form or part thereof which
modulates immune response in a mammal.

[0065] Yet another object of the present invention is to
provide a subdomain of the HSP70 (C-Terminal Domain) as
the active component of HSP70.

[0066] Another objective of the invention is to provide a
therapeutic protein against sepsis that is effective even late
after the onset of disease and improves the survival through
immnomodulation in post septicaemia in mammals.

[0067] Still another object of the present invention is to
provide a recombinant form of therapeutic protein homolog
of human HSP70 derived from nematode Setaria digitata.
[0068] Yet another object of the present invention is to
provide chito-oligosaccharide which is capable of treating
and/or preventing sepsis, multiple organ dysfunction syn-
drome (MODS) or septic shock.

[0069] Still another object of the present invention is to
provide purified oligosaccharide for sepsis intervention.
[0070] Still another object of the present invention is to
provide a pharmaceutical composition comprising physi-
ologically effective amount of proteins homolog of human
HSP70 derived from nematode Setaria digitata and oligo
saccharides for treatment and/or prevention of sepsis, mul-
tiple organ dysfunction syndrome (MODS) or septic shock.
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[0071] Still another object of the present invention is to
provide a method of treatment or prevention or prophylaxis
of sepsis, MODS or septic shock in a mammal including
human comprising administering an effective amount of
protein obtained from the nematode Setaria digitata or
chito-oligosaccharides or a combination thereof.

[0072] An object of the present invention is to provide
oligosaccharide molecules which can be used alone or in
combination with therapeutic proteins obtained from Setaria
digitata in sepsis intervention.

SUMMARY OF THE INVENTION

[0073] The present invention provides therapeutic and/or
prophylactic molecules for combating sepsis. The invention
provides proteins and oligosaccharides, capable of modu-
lating inflammation in an animal model. The protein is a
homolog of human HSP70 derived from nematode Setaria
digitata. The invention provides proteins and oligosaccha-
rides in immunomodulating inflammatory response in sepsis
mammal. The invention demonstrates immunomodulatory
role of proteins homolog of human HSP70 derived from
nematode Setaria digitata and oligosaccharides in endotox-
emia and CLP models of sepsis. The invention also provides
a composition of therapeutic protein and oligosaccharide
molecules for immunomodulation in sepsis. The invention
further provides methods and pharmaceutical composition
comprising proteins and/or oligosaccharides for modulating
inflammation in subjects suffering from sepsis.

[0074] The present invention demonstrates effect of heat
shock protein 70 (Hsp 70) from filarial worm for polymi-
crobial sepsis in CLP model.

[0075] The invention further studies therapeutic and/or
prophylactic effects of acetylated chito-oligomers, specifi-
cally with the degree of polymerization of 6, 7 and 8 were
studied in mice CLP model of sepsis.

[0076] The invention provides a novel function of the
protein and establishes exogenous Hsp70 as a promising
pharmacological agent for the therapeutic treatment of vari-
ous types of sepsis.

[0077] The invention demonstrates an acetylated chito-
oligomer Hepta N-acetyl chitoheptaose as an effective tool
for sepsis.

[0078] The invention further provides a pharmaceutical
composition for treatment, prophylaxis, of a subject suffer-
ing from sepsis or in need thereof.

[0079] The invention also provides a method of treatment,
prophylaxis, of a subject suffering from sepsis or in need
thereof.

[0080] The embodiments of the present invention are
provided herein:

[0081] An embodiment of the present invention discloses
a protein homolog of human HSP70 derived from nematode
Setaria digitata which is capable of treating and/or prevent-
ing sepsis, multiple organ dysfunction syndrome (MODS) or
septic shock.

[0082] In another embodiment the present invention dis-
closes that the protein has 70-80% homology with the
human HSP70.

[0083] In yet another embodiment the present invention
discloses that the protein improves the survival through
immunomodulation in post septicaemia in mammals.
[0084] In still another embodiment the present invention
discloses that the protein immunomodulates by activation of
TLR4 (Toll like receptor 4) and/or TLR2 receptors.
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[0085] A further embodiment of the present invention
discloses a chito-oligosaccharide which is capable of treat-
ing and/or preventing sepsis, multiple organ dysfunction
syndrome (MODS) or septic shock wherein the chito-oli-
gosaccharide is selected from a group comprising of a
derivative of hexa-N-acetyl chitohexaose, hepta-N-acetyl
chitoheptaose or octa-N-acetyl chitooctaose.

[0086] In another embodiment the present invention dis-
closes the chito-oligosaccharide is preferably hepta-N-acetyl
chitoheptaose.

[0087] In yet another embodiment the present invention
discloses that the chito-oligosaccharide immunomodulates
by activation of TLR4 (Toll like receptor 4) and/or TLR2
receptors.

[0088] In still another embodiment the present invention
discloses that the chito oligosaccharide is administered
before and/or after onset of symptoms of sepsis.

[0089] An embodiment of the present invention discloses
a pharmaceutical composition comprising physiologically
effective amounts of protein homolog of human HSP70
derived from nematode Setaria digitata and chito-oligosac-
charide wherein the oligosaccharide is selected from the
group comprising of a derivative of hexa-N-acetyl chito-
hexaose, hepta-N-acetyl chitoheptaose or octa-N-acetyl chi-
tooctaose which is capable of treating and/or preventing
sepsis, multiple organ dysfunction syndrome (MODS) or
septic shock.

[0090] In another embodiment the present invention dis-
closes that the pharmaceutical composition comprises the
protein having 70-80% homology with the human HSP70.
[0091] In yet another embodiment the present invention
discloses that the pharmaceutical composition comprises a
protein which improves the survival through immunomodu-
lation in post septicaemia in mammals.

[0092] In still another embodiment the present invention
discloses that the pharmaceutical composition immuno-
modulates by activation of TLR4 (Toll like receptor 4)
and/or TLR2 receptors.

[0093] In a further another embodiment the present inven-
tion discloses that the pharmaceutical composition is effec-
tive for sepsis wherein said sepsis is mild sepsis, severe
sepsis, infection symptoms or sepsis caused by burn, acute
laryngopharyngitis, ulcerative colitis, IBS (Irritable Bowel
syndrome), rheumatic arthritis, degenerative arthritis, acute
hepatitis, or chronic hepatitis.

[0094] In yet another embodiment the present invention
discloses that the pharmaceutical composition comprising
the protein and/or the chito-oligosaccharide further compris-
ing of, additives, binders and excipients or a combination
thereof.

[0095] In still another embodiment the present invention
discloses that the pharmaceutical composition further com-
prises an anti septic agent wherein said anti-septic agent is
at least one selected from the group consisting of antibiotics
such as amoxicillin, clavulanate, penicillin, quinolone,
monobactam, aminoglycoside, cephalosporin, tetracycline,
glycopeptides, carbapenem and the like; anti-inflammatory
agents such as mefenamic acid, indomethacin, ibuprofen,
piroxicam, diclofenac and the like; anti-fungal agent such as
amphotericin, B. nystatin, griseofulvin, azole anti-fungal
agent and the like; and anti-allergic agent such as cetirizine,
fexofenadine, chlroropeniramine, and the like or a combi-
nation thereof.
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[0096] An embodiment of present invention discloses a
method of treatment or prevention of sepsis, MODS or
septic shock in a mammal including human comprising
administering an effective amount of protein homolog of
human HSP70 derived from nematode Setaria digitata or
chito-oligosaccharides wherein the chito-oligosaccharides is
selected from the group comprising of a derivative of
hexa-N-acetyl chitohexaose, hepta-N-acetyl chitoheptaose
or octa-N-acetyl chitooctaose or a combination thereof
together with a pharmaceutically acceptable carrier thereof
to said mammal.

[0097] In another embodiment the present invention dis-
closes that the method of treatment or prevention of sepsis,
MODS or septic shock in a mammal including human
comprises administering an effective amount of protein
wherein the protein has 70-80% homology with the human
HSP70.

[0098] In another yet embodiment the present invention
discloses that the method of treatment or prevention of
sepsis, MODS or septic shock in a mammal including
human comprises administering an effective amount of
chito-oligosaccharide wherein the chito-oligosaccharide is
hepta-N-acetylchitoheptaose.

[0099] A further embodiment of present invention dis-
closes a synthetic or recombinant nucleic acid encoding a
protein homolog of human HSP70 derived from nematode
Setaria digitata or a chito-oligosaccharide selected from the
group comprising of a derivative of hexa-N-acetyl chito-
hexaose, hepta-N-acetyl chitoheptaose or octa-N-acetyl chi-
tooctaose.

[0100] In still another embodiment the present invention
discloses that the nucleic acid encodes a protein having
70-80% homology with the human HSP70.

[0101] An embodiment of present invention discloses a
use of a protein homolog of human HSP70 derived from
nematode Setaria digitata or a recombinant form or a deriva-
tive thereof and/or chito-oligosaccharide wherein the chito-
oligosaccharide is selected from a group comprising of a
derivative of hexa-N-acetyl chitohexaose, hepta-N-acetyl
chitoheptaose or octa-N-acetyl chitooctaose for preparation
of therapeutic agent for treatment, prophylaxis and/or pre-
vention of sepsis, MODS or septic shock in a mammal
including human.

[0102] In another embodiment the present invention dis-
closes a use of a protein homolog of human HSP70 derived
from nematode Setaria digitata or a recombinant form or a
derivative thereof wherein the protein has 70-80% homol-
ogy with the human HSP70.

[0103] An yet another embodiment of the present inven-
tion discloses a health functional food comprising protein
homolog of human HSP70 derived from nematode Setaria
digitata or a recombinant form or a derivative thereof, and/or
chito-oligomer wherein the chito-oligosaccharide is selected
from a group comprising of a derivative of hexa-N-acetyl
chitohexaose, hepta-N-acetyl chitoheptaose or octa-N-acetyl
chitooctaose, or a combination thereof as an active ingredi-
ent for alleviating or preventing sepsis, MODS or septic
shock.

BRIEF DESCRIPTION OF THE DRAWINGS

[0104] FIG. 1A: The size exclusion profile for AgW
[0105] FIG. 1B: Effect of native proteins on THP-1 cells.
[0106] FIG. 1C: Effect of P1 and rest of the proteins

pooled together (Pp) on induction of cytokines. The figure
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shows that P1 activated the THP-1 monocytic cells while the
rest of the proteins pooled together (Pp) had minimal
induction of cytokines.

[0107] FIG. 2: Effect of different doses of native protein
on mice survival in CLP model.

[0108] FIG. 3: Effect of native protein, P1 (G2, LPS+
D1A1) on mice survival in endotoxemia model.

[0109] FIG. 4: Effect of chito-oligosaccharides in CLP
model.
[0110] FIGS. 4A-4B: Effect of LPS, GA132 and GA120

on induction of cytokines.

[0111] FIGS. 4C-4F: Effect of GA132 on cytokine induc-
tion on primary human blood derived immune cells
(PBMCs).

[0112] FIGS. 4G-4H: Comparative effect of antibiotic
alone and GA132 on Balb/c and C57B1/6 mice models,
respectively.

[0113] FIGS. 41-4J: Characterization of GA132 by HPL.C
and MALDI-TOF, respectively.

[0114] FIGS. 4K-4M: Effect of chito-oligosaccharides on
various surface receptors of HEK-blue cell lines.

[0115] FIGS. 5A and 5B: Percent survival of mice in CLP
model treated with various oligosaccharides.

[0116] FIG. 5C: Comparative effect of varying concentra-
tion of different oligosaccharides and antibiotic on induction
of cytokines and MCP.

[0117] FIG. 5D: Comparative effect of varying concentra-
tion of different oligosaccharides and antibiotic on induction
of cytokines and MCP with time.

[0118] FIG. 6: Effect of P1, Pp, LPS, P1+LPS, Pp+LPS on
induction of cytokines and MCP.

[0119] FIG. 7: Effect of P1 on various surface receptors.
P1 fraction tested on reporter cell lines where TLR2, TL.R4
or TLR3 is expressed in HEK293 cells and activation of the
receptors is observed by NP-kB and AP-1 promoter driven
SEAP enzyme secretion. P1 activates the surface expressed
receptors TLR2 and TL.R4 while no activation was seen in
TLR3 cells and control cells expressing only the reporter
construct.

[0120] FIG. 8: Effect of P1 and LPS on induction of
various cytokines owing to level of expression of mRNA
produced.

[0121] FIG. 9: Effect of combination of protein and chito-
oligosaccharides on immunomodulation.

DETAILED DESCRIPTION OF THE
INVENTION

[0122] Setaria digitata is a filarial worm that infects cattle
and is used as a model worm to study nematode infection.
Panda et al; 2012 showed that the fraction made from the
total soluble worm lysate has affinity to WGA (Wheat germ
agglutinin) lectin (termed as AgW). This fraction contains
multiple glycoproteins and was able to bind to TLR4. The
AgW fraction provides protection to mice in endotoxemia
model that is limited to simulating only gram-negative
infections. However, the fraction was not purified further
and the underlying active component was not identified.

[0123] In the present invention, the native protein mol-
ecule was obtained from Setaria digitata and its effect was
studied in preclinical models of sepsis namely, endotoxemia
model and in CLP (a gold standard model of sepsis where
the poly-microbial sepsis is simulated). The protein showed
promising immunomodulatory results in both the models of
sepsis. The recombinant version of the native protein was
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expressed in E. coli and process for large-scale production
was optimised. The effect of these proteins was also studied
on survival rate in septic mice in both the endotoxemia and
CLP models.

[0124] The invention further demonstrates therapeutic
effects of acetylated chito-oligomers, specifically with the
degree of polymerization of 6, 7 and 8 in mice CLP model
of sepsis. The invention further provides pharmaceutical
composition for treatment, prophylaxis, therapy, medicinal
of a subject suffering from sepsis or in need thereof. The
invention also provides a method of treatment, prophylaxis,
therapy, medicinal of a subject suffering from sepsis or in
need thereof.

[0125] The present invention is described in greater detail
with examples below, which are for illustrative purposes and
should in no way be construed as limiting the invention.

EXAMPLE 1

Isolation of Native Protein P1

[0126] The Setaria digitata (Nematode) used for the pur-
pose of this invention was peritoneal dwelling adult female
filarial parasites obtained from cattle in a local abattoir,
attached to the local zoological park at Nandankanan, Bhu-
baneswar after obtaining necessary approval from zoo
authorities. The AgW was fractionated on G75 size exclu-
sion column where a major peak, P1 was seen apart from
low peaks, P2, P3 and P4. As the quantity of other peaks was
low they were pooled together as Pooled Peaks or Pp
fraction (FIG. 1A). The individual fractions were investi-
gated for their ability to bind with and activate TLR4 and
TLR2 immune receptors. There was significant seasonal
variation in the AgW composition and the most potent
fraction was named as P1 (peak 1).

[0127] The P1 fraction was found to be a pure glycopro-
tein and identified as Setaria digitata Heat Shock Protein 70
(SD-HSP70) by Mass Spectrometer base proteomic analy-
sis. The recombinant version of SD-HSP70 was expressed in
E. coli for scalability reasons. The E. coli cells used for the
purpose of this invention were E. coli DHS5alpha cells
commercially procured from Thermo

Heat Shock Protein 70

[0128] The Heat shock protein 70 [Setaria digitata] has
accession number as GenBank: AADI13154.1 and has a
sequence as shown below (SEQ. ID NO. 1)

MSKNAIGIDLGTTYSCVGVFMHGKVEI IANDQGNRTTPSYVAFTDTERLIG
DAAKNQVAMNPHNTVFDAKRLIGRKFDDGSVQSDMKHWPFKVMNAGGGKPK
VQVEYKGETKTFTPGEI SSMVLVKMKETAEAFLGHAVKDAVITVPAYFNDS
QROATKDSGAIAGLNVLRIINEPTAAATIAYGLDKKGHGERNVLIFDLGGGT
FDVSILTIEDGIFEVKSTAGDTHLGGEDFDNRMVNHFVAEFKRKHKKDLAS
NPRALRRLRTACERAKRTLSSSSQASIEIDSLFEGIDFYTNITRARFEELC
ADLFRSTMDPVEKALRDAKMDKAQVHDIVLVGGSTRIPKVQKLLSDFFSGK
ELNKSINPDEAVAYGAAVQAAILSGDKSEAVQDLLFVDVAPLSLGIETAGG

VMTALIKRNTTIPTKTSQTFTTYSDNQPGVLIQVYEGERAMTKDNNLLGKF
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-continued
ELSGIPPAPRGVPQIEVTFDIDANGI LNVSAQDKSTGKQNKITITNDKGRL

SKDEIERMVQEAEKYKADDEAQKDRIAAKNALESYAFNMKQTIEDEKLRDK
LSEEDKKKIQEKCDETVRWLDGNQTAEKDEFEHRQKELEAVSNPIITKLYQ

SAGGMPGGMPGGMPGGAPGGGSGGSGPTIEEVD

HSPA1A Protein [Homo Sapiens HSP70]

[0129] The Heat shock protein HSPA1A [Homo sapiens]
has accession number as >AAH18740.1 HSPA1A protein
[Homo sapiens| and has a sequence as shown below (SEQ.
ID NO. 2)

MAKAAATIGIDLGTTYSCVGVFQHGKVEI IANDQGNRTTPSYVAFTDTERLI
GDAAKNQVALNPONTVFDAKRLIGRKFGDPVVQSDMKHWPFQVINDGDKPK
VQVSYKGETKAFYPEEI SSMVLTKMKEIAEAYLGYPVTNAVITVPAYFNDS
ORQATKDAGVIAGLNVLRIINEPTAAATAYGLDRTGKGERNVLIFDLGGGT
FDVSILTIDDGIFEVKATAGDTHLGGEDFDNRLVNHFVEEFKRKHKKDISQ
NKRAVRRLRTACERAKRLSSSTQASLEIDSLFEGIDFYTSITRATRFEELC
SDLFRSTLEPVEKALRDAKLDKAQIHDLVLVGGSTRIPKVQKLLQDFFNGR
DLNKSINPDEAVAYGAAVQAATILMGDKSENVODLLLLDVAPLSLGLETAGG
VMTALIKRNSTIPTKQTQIFTTYSDNQPGVLIQVYEGERAMTKDNNLLGRF
ELSGIPPAPRGVPQIEVTFDIDANGILNVTATDKSTGKANKITITNDKGRL
SKEEIERMVQEAEKYKAEDEVQRERVSAKNALESYAFNMKSAVEDEGLKGK
ISEADKKKVLDKCQEVISWLDANTLAEKDEFEHKRKELEQVCNPIISGLYQ

GAGGPGPGGFGAQGPKGGSGSGPTIEEVD

EXAMPLE 2

Effect of Native Protein on Inflammation

[0130] THP-1 cells (human acute monocytic leukemia cell
line) were procured from ATCC (Cat. No# ATCC® TIB-
202™)_The THP-1 cells were treated with the P1 and Pp to
check for any pro-inflammatory activity. FIG. 1B illustrates
that the protein is highly active in promoting the secretion of
pro-inflammatory cytokines. The protein was found to be
consistently activating the TLR4 and TLR2 receptors on
reporter cells as well as monocytes and primary immune
cells. Protein treatment in THP-1, human monocytic cells
promote secretion of cytokines including IL.-1b, IL-6, IL-10,
TNF-a. and MCP-1 (FIG. 1C) and reduces the alternate
activation marker, CLEC10A or CD301. The protein was
found to activate pro-inflammatory signaling through the
TLRs in an NF-kb and AP-1-dependent manner (FIG. 7).

EXAMPLE 3

Effect of Native Protein on Survival Rate in CLP
Model

[0131] The native protein showed promising results in
increasing survival in septic mice in the CLP model. About
80% of mice that received 15-35 pg of protein and about
60% mice that received 1-20 pg of protein survived even up
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to 16 days. More preferably, 80% of mice that received 25
ng of protein and 60% mice that received 10 pg of protein
survived even up to 16 days. All the mice in the control
group had died in the same duration. Hence, it appears that
the protein can protect mice from polymicrobial sepsis as
evidenced in the CLP animal model even 24 hours post-
onset and a single dose of 25 ug was sufficient for protecting
the septic mice (FIG. 2). Similar results were seen in the
endotoxemia model.

EXAMPLE 4

Effect of Native Protein on Survival Rate in
Endotoxemia Model

[0132] The native protein showed promising results in
increasing the survival in septic mice in endotoxemia model
(FIG. 3). In this model, post LPS Injection (i.e., 6 hours)
animals were treated with vehicle and test agents amongst
different groups G1-GS5 as specified in figure. G2 (LPS+
DIA-1) was treated with the P1 protein while G3 and G4
were other test protein used as experimental controls. All the
animals survived up to ten days and the group treated with
P1 showed 66% survival. All surviving animals were found
to be apparently normal in G2 (LPS+DIA1) and Vehicle
control (i.e., G5) Group.

EXAMPLE 5

Effect of Native Protein on of 1L-18 Levels In
Vitro

[0133] Increased levels of IL-18 have also been associated
with higher mortality in sepsis. In endotoxemia mice models
1L-18 knockout mice show better survival than the wild type
indicating a role of IL.18 in disease severity (Berghe T V,
2014 Eidt M V, 2016). The protein also altered the levels of
sepsis-related marker like in vitro. The protein treatment of
monocytes led to more than 60% reduction in IL-18 tran-
script levels (FIG. 8).

EXAMPLE6

Cell Lines and Primary Cells

[0134] HEK-Blue TLR2, HEK-Blue TLR3 and HEK-Blue
TLR4 reporter cells expressing SEAP (secreted embryonic
alkaline phosphatase) enzyme under NF-kb and AP-1 pro-
moter (Cat. no.# hkb-htlr2, hkb-htlr3 and hkb-htlr4) were
purchased from InvivoGen (USA). Human Peripheral blood
mononuclear cells (PBMCs) (Cat. no# CL003-25) were
purchased from Himedia laboratories (India). HEK based
cells and PBMCs were cultured DMEM and RPMI media,
respectively. The cells were maintained at 37° C. incubator
with 5% CO,. The culture media was supplemented with
10% Fetal Calf Serum (Gibco) along with standard antibi-
otics. HEK-Blue selection antibiotics (InvivoGen, Cat. no.#
hb-sel, ant-zn and ant-bl) were added as per manufacturers’
instructions.

Chemicals and Reagents

[0135] Hexa-N-acetyl Chitohexaose (Cat. no# 56/11-
0050), Hepta-N-acetyl Chitoheptaose (Cat. no.# 57/11-
0010) and Octa-N-acetyl Chitooctaose (Cat. no.# 57/12-
0010) termed 6-mer, 7-mer and 8-mer respectively were
purchased from Isosep, Sweden. All other chemicals were
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purchased from Sigma. Chito-oligomer mixtures were gen-
erated by previously used method using acid hydrolysis with
modifications (Moo-Yeal et al., 1999). Briefly, chitosan
(Sima-Aldrich cat no. 448877) was hydrolyzed with cone.
HCl by heating at 70-75° C0.for 30-60 minutes. The hydro-
lyzing step was carried preferably at 72° C. for 45 minutes.
Same amount of water was added to the reaction mixture and
kept at about -20° C. for about two days. The precipitate
was washed with chilled ethanol and acetone followed by
drying under vacuum. The dried precipitate was acetylated
using Ac,O in presence of triethyl amine. To deacetylate
hydroxyl groups, the reaction mixture was treated with
methanolic NaOH. The mass profiling of the sample sug-
gested the presence of 3-10 mers of N-acetyl glucosamine.
Different fractions were generated on Biogel-P4 (Bio-Rad
and Cat. No. 1504124) and tested on reporter cells.

TLR Reporter Assays

[0136] 2x10* HEK-Blue reporter cells were seeded, in
each well of a 96 well plate, in HEK-Blue detection media
(InvivoGen, Cat. no.# hb-det3) along with the 50 pg/ml of
the chito-oligomers. 10 ng/ml Pam3CSK4 (InvivoGen, Cat.
no# tlrl-pms.), 100 ng/ml Poly I:C (InvivoGen, Cat. no.#
tlrl-pic.), and 10 ng/ml LPS-EK (InVivoGen, Cat. no.#
tlrl-eklps), were used as a positive control for HEK-Blue
TLR2, TLR3 and TL.R4 cells respectively. The treated cells
were incubated at about 37° C. for about 16 hours and
absorbance (O.D.) was measured at 620 nm in either
TECAN Infinite® 200 PRO or Thermo Scientific Varioskan
LUX multimode reader.

Mice and CLP Study

[0137] The CLP study with 7-9 week old C57BL/6 or
BALB/c males was conducted, at animal house facility at
Theralndx Lifesciences Pvt. Ltd. (Bangalore, India) and
Institute of Life Sciences (Bhubaneswar, India) respectively,
in accordance with ethical practices laid down in the CPC-
SEA guidelines for animal care and use (CPCSEA, 2003).
The Institutional Animals Ethics Committee (IAEC) of the
test facility approved the studies. The CLP was performed as
described before (Rittirsch et al., 2009; Toscano et al., 2011).
Sham control mice had undergone surgery with ceacal
manipulations without ligation and puncture. About 500 ul
saline was administered subcutaneously immediately after
surgery. Tramadol (about 20 mg/kg) was injected subcuta-
neously for post-operative analgesia. BALB/c mice were
injected with single IP close of about 500 ug GA132 (GA is
the internal code which has been used by the inventors of the
present invention) while C57BL/6 mice received single IP
dose of about 300 pg or about 700 pg GA132 6 hours post
CLP. A separate group of C57BL/6 mice received single IP
dose of about 250 pg of 6-mer, 7-mer or 8-mer at either 6
hour or 24 hour post CLP. All groups except the CLP alone
(control) received a single dose of standard antibiotics
(amoxicillin and clavulanate) 6 hour post CLP. Control
group was injected with saline solution. Total of 92
C57BL/6 and 18 BALB/c mice were used in the study.

[0138] It was observed that animals were protected in all
the treated groups, significant mortality reduction was
observed with the administration of single dose of 200-250
ng chitoheptaose 6 hours and 24 hours post-CLP till day 7
of the experiment (FIG. 4).
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Bio-Plea Multiplex Assays

[0139] The Mutiplex immunoassay for Human and Mouse
1L-1b, IL-6, IL-10, TNF-a and MCP-1 were purchased from
Bio-Rad. For human cytokines, 1x10° PBMCs were seeded
in 24 well plate a day before and treated with 100 ng/ml LPS
or 50 ug/ml GA132 for 24 hours. The culture supernatant
from three independent biological replicates was collected
and used for the assay without dilution. For mice cytokines,
the plasma samples from mice were collected 6 or 48 hours
post treatment and diluted in PBS (Phosphate Buffered
Saline) in 1:2 before assay. The assay was performed as per
manufacturers’ method and the beads were read and ana-
lyzed in Bio-Plex® MAGRIX™ Multiplex Reader (Bio-
Rad) (https://www.bio-rad.com/webroot/web/pdg/lst/litera-
ture/10014905.pdf).

HPLC Analysis

[0140] The samples were prepared in Ammonium acetate
buffer (0.2 M). About 10 pg of GA132 or purified standards
of Hexa-N-acetyl Chitohexaose (Cat. no# 56/11-0050),
Hepta-N-acetyl Chitoheptaose (Cat. no.# 57/11-0010) were
analyzed with TSK-Gel (Cat. no# G2000SWx.) on HPL.C
(Agilent Technologies 1260 Infinity). The change in refrac-
tive index was observed over time for different samples. The
data was plotted using OpenLAB Control (FIG. 41).

Maldi-TOF/TOF Mass Spectrometry Analysis

[0141] For sample analysis, about 1.5 pl of 10-mg/mL
a-CHCA (a-cyano-4-hydroxycinnamic acid) matrix solu-
tion was mixed with about 1.5 pl of each sample. From the
resulting solution, about 1 ul was spotted onto the 384Opti-
TOF 123 mmx81 mm SS target plate (AB Sciex). After
drying at room temperature, spotted samples were analysed
using a ABSCIEX TOF/TOF 5800 mass spectrometer (Ap-
plied Bio systems, USA) equipped with a 200 Hz, 355 nm
Nd: YAG and acquired MS spectra followed by External
mass calibrations for reflector mode were performed using a
calibration mix (Cal mix TOF/TOF, Sciex) containing des-
Argl-bradykinin (m/z 904.468), Angiotensin [ (m/z 1296.
685), Glul-fibrinopeptide B (m/z 1570.677), ACTH clip
1-1.7 (m/z 2093.086), ACTH clip 18-39 (m/z 2465.199), and
ACTH clip 7-38 (m/z 3657.929) diluted to the manufactur-
ers specifications (1-3 pmoL./uL. each). The identified masses
are exported as peek list (FIG. 47).

Statistical Analysis

[0142] Experimental data were analyzed using GraphPad
Prism 8 (GraphPad Software, Inc.). Kruskal-Wallis test and
one way ANOVA test was used for analysis of cytokines and
reporter assay values. Log-rank (Mantel-Cox) test was uti-
lized for survival analysis. P-values, P<0.05 were consid-
ered statistically significant and are denoted by throughout if
calculated P-values were lower than P=0.05.

Chita-Oligomers has Immunomodulatory Properties

[0143] Different combinations of chito-oligomers were
produced from chitosan by varying time and concentration
of acid hydrolysis followed by subsequent fractionation/
purification. These fractions were screened using HEK-Blue
TLR reporter assays NF-kb and AP-1 driven SEAP activity
was measured (unpublished). Based on the reporter cell
assays, one of the selected active fractions from the screen-
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ing, GA132 and its deacetylated version, GA120 were tested
on monocytic cell line. THP-1 cells were stimulated with
equal amounts of either GA132 or GA120 and the levels of
IL-1b (FIG. 4A) and TNF-a. (FIG. 4B) were measured in the
culture after 24 hours. The results indicated that GA132 was
able to induce the secretion of both IL-1b and TNF-a, while
the deacetylation abrogated this activity (FIGS. 4A and 4B).
These results were consistent with previous finding, where
treatment of long chain acetylated chito-oligomers, C10-15
and zymosan with hot alkali based deacetylation led to
reduced NF-kb activation in TLR2-transfected HEK293T
cells (Fuchs et al., 2018).

[0144] The TLR2/4 dependent activation of NF-kb and
AP-1 leads to activation of immune cells and secretion of
cytokines like IL-1b, IL-6, TNF-a and MCP-1, IL.-10 in
response to different stimuli (Oliveira-Nascimento et al.,
2012; Yoshimura & Takahashi, 2007) (Moon et al., 2007).
IL-10 secretion is associated with alternate activation of
macrophages and has shown to be protective in sepsis
endotoxemia models (Panda et al., 2012). To further validate
the observations from reporter cells and monocytic cell line,
the effects of GA132 on cytokine induction were further
studied on primary human blood derived immune cells
(PBMCs). PBMCs were treated for 24 hours, where GA132
treatment showed potent induction of 1L-6, I1.-10, TNF-a
and MCP-1 (FIGS. 4C, 4D, 4E and 4F). These results
confirmed that GA132 was indeed capable of immunomodu-
lation of innate immune response with simultaneous secre-
tion of both pro and anti-inflammatory cytokines and may
help in restoring the immune homeostasis.

GA132 protects mice in CL.P model

[0145] The immunomodulatory properties of GA132 were
later assessed in the CLP model, a gold standard model for
studying sepsis in mice (Toscano et al., 2011). The CLP
model was developed in Balb/c and C57BL/6 mice as both
have different susceptibilities to infection and the effect of
GA132 was tested post-surgery. In Balb/c mice, the group
treated with about 500 pg (-15 mg/kg) GA132 along with
standard antibiotic treatment showed improved survival as
compared to the group that received only the antibiotics
(FIG. 4G). Based on this results, one lower dosage of about
300 pg (-10 mg/kg) and higher dosage of about 700 pg (~20
mg/mg) GA132 was evaluated in C57BL/6 CLP mice,
where both the dosage were found to be effective and higher
dosage of GA132 showed survival in all tested mice (FIG.
4H). In the in-vivo studies GA132 mixture showed signifi-
cant protection in both the mice models and the role of
individual components of GA132 was evaluated in later
experiments.

Characterization of GA132

[0146] To determine the composition of GA132, it was
subjected to HPLC (FIG. 41) MALDI-ToF (FIG. 4]) analy-
sis. The HPLC results showed that the GA132 had an
overlapping peaks corresponding to Hexa-N-acetyl Chito-
hexaose (6-mer) and Hepta-N-acetyl Chitoheptaose. (7-mer)
along with small chain oligomers (FIG. 41). The MALDI-
ToF analysis showed presence of completely acetylated
chito-oligomers with chain length of 4-8. The major species
were identified with mass of 1056.3, 1259.5, 1462.4 and
small amounts of 1665.7 corresponding to sodium salt of
Penta N-acetyl Chitopentaose (5-mer), Hexa N-acetyl Chi-
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tohexaose (6-mer), Hepta N-acetyl Chitoheptaose (7-mer)
and Octa N-acetyl Chitooctaose (8-mer respectively (FIG.
4]).

[0147] Hepta N-acetyl Chitoheptaose (7-mer) and Octa
N-acetyl Chitooctaose (8-mer) have different effects on
TLR2 and TLR4 based NE-kb and AP-1 activation.

[0148] Previous studies have indicated that a chain length
of 6 or more is required for binding to TL.R2 (Fuchs et al.,
2018) and the chain length of the Chito-oligomer plays an
important role in bio-activity (Panda et al., 2012; Zhao et al.,
2020).

[0149] As GA132 showed presence of 6, 7 and small
amounts of 8 mer, the activity on individual purified com-
ponents was assessed. For this, HPLC purified 6-mer, 7-mor
and 8-mer were tested for their effect on different TLRs
using specific HEK-Blue reporter cells (FIGS. 4K, 41 and
4M). The results indicated that GA132, 7-mer and 8-mer
activated TLR2, while 6-mer had no significant effect on
TLR2 based NF-kB and AP-1 activation (FIG. 4K). In
another study, the chitohexaose derivative, AVR-25 did not
show any binding affinity to TLR2 (Das et al., 2019).
Surprisingly, the activity of 7-mer was significantly higher
than 8-mer in TLR2 reporter cells. The effect of GA132 and
purified Chito-oligomers was also tested on HEK-Blue
TLR4 reporter cells, where surprisingly GA132, 6-mer and
8-mer had some degree of activation while 7-mer had not
effect (FIG. 4M). This study explored and delineated TLR
specificity for different chain length of acetylated chito-
oligomers. These oligomers were also tested on HEK-Blue
TLR3 reporter cells as a control where no activation was
observed (FIG. 4K).

Hepta N-acetyl Chitoheptaose (7-Mer) Improves
Survival in CLP Model

[0150] The protective effects of purified 6-mer, 7-mer and
8-mer were then assessed in the CLP model. Purified oli-
gomers were used along with standard of care antibiotics
and the intervention was either done at 6 hours or 24 hours
post-surgery (FIGS. 5A to 5C). At 6 hours intervention, the
survival in different group was evaluated over 7 days, where
7-mer showed around 90% protection as compared to 60%
survival in ‘Antibiotic—alone’ group and 20% survival in
untreated group. Surprisingly, 6-mer and 8-mer showed no
additional protection over ‘Antibiotic-alone’ group. 8-mer
treated group had only 40% survival up to 7 days, indicating
that intervention with 8-mer along with the standard of care
is rather detrimental for survival. This was different from
previous observation where chitohexaose, CHTX was found
to protect mice in endotoxemia model (Panda et al., 2012).
This difference could be due to use of a different model as
endotoxemia model utilized only a purified LPS molecule
whereas CLP model simulates polymicrobial sepsis where
multiple pathways may get involved and studies have indi-
cated that Mice exposed to either LPS or peritoneal con-
tamination and infection (PCI) recovered after 72 hours
whereas, CLP induced comparatively more protracted
course of inflammation (Seemann et al., 2017). In another
study, a derivative of chitohexaose was found to protect
young and aged mice in the CLP model (Das et al., 2019),
wherein the effects of un-derivatized chitohexaose were not
explored. To assess the effect of intervention at later stages,
a single dose of the purified chito-oligomer was given at 24
hours and the mortality was scored and compared to the
group when treated at earlier time point of 6 hours (FIG.

Apr. 6, 2023

5B). Intervention with 7-mer showed 80% survival up to 7
days, while 6-mer and 8-mer showed no change as compared
to the ‘Antibiotic alone’ group.

Hepta N-acetyl Chitoheptaose (7-Mer) Reduces
Cytokine Storm

[0151] Recent clinical studies have indicated that a cyto-
kine network of IL-6, IL.-8, MCP-1 and IL.-10 plays a pivotal
role in acute phase of sepsis and higher levels of IL-6,
TNF-a, IL1-b and MCP-1 were associated with higher
mortality in sepsis patients (Matsumoto et al., 2018)(Hong et
al., 2014). Treatments where levels of these cytokines were
reduced, significantly improved survival in mice models
(Das et al., 2019; Panda et al., 2012; Song et al. 1999).
Hence, plasma levels of these cytokines at 6 hours and 48
hours post treatment were analyzed from CLP mice treated
with 6-mer 7-mer and 8-mer where, the treatment was given
along with the standard of care antibiotics at 6 hours post
CLP.

[0152] As earlier studies indicated elevation in IL-6 levels
at early stages in the CLP model (Remick et al., 2005), the
IL-6 levels were measured at 6 hours post intervention. The
results showed a significant decrease in 6-mer and 7-mer
treated mice (FIG. 5C). The IL-6 levels were also reduced in
8-mer treated mice when compare to untreated mice but the
difference was not found to be significant in statistical
analysis (FIG. 5C). Analysis of 1L-10, TNF-a, IL-1b and
MCP-1 at 48 hours post-surgery showed significant reduc-
tion only in 7-mer treated group when compared to the
untreated group (FIG. 5D). In the 6-mer and 8-mer treated
group, variability in levels of cytokines from individual
mice was much higher while, in 7-mer treated group the
standard deviation between individual mice was minimal
(FIG. 5D).

[0153] The inventors of this invention further analyzed the
effect of 6-mer, 7-mer and 8-mer on progression of TNF-,
MCP-1 and IL-1b over time in individual mice from differ-
ent groups. The plasma was collected at 6 hours and 48
hours post treatment and levels of these cytokines were
measured and compared within the individual mice over
time (FIG. 5D). Surprisingly, the results showed significant
reduction in the levels of TNF-a, IL-1b and MCP-1 over
time in only 7-mer treated group, while 8-mer treatment led
to increase in the levels of these cytokines in same time
period. 6-mer treatment had no effect on the levels on these
cytokines (FIG. 5D). This sustained increase in pro-inflam-
matory cytokines may explain the differences obtained in the
survival study where 7-mer showed improved recovery
while 8-mer treatment reduces survival (FIG. 5A).

[0154] Previous studies using chito-oligosaccharides were
performed using chitosan, the deacetylated form of chitin
while current study was focused on the completely acety-
lated version of these chito-oligomers (Qiao et al., 2011). In
this study, results clearly indicate that incremental change in
chain length of chito-oligomer is not directly related to
incremental increase in the bioactivity as previously pre-
sumed (Panda et al., 2012). Similar observation was made
recently in another disease model where the effect of dif-
ferent chain chito-oligomers was studied in Myocarditis
Model where 7-mer showed better activity in-vivo than
6-mer and 8-mer (Zhao et al., 2020). Here, the response of
the 7-mer on the pro-inflammatory cytokine release under
diseased condition in-vivo was found to be different than the
in-vitro conditions, where the experiments were done on
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healthy immune cells. Previous studies have indicated that
in human dendritic cells, rapid IL-10 release post TLR 2
stimulation blocks the induction of a subset of Th1l cytokines
those are specifically induced by TLR4 or TLR3 and cross-
talk between different TLRs may modify the primary
responses of TLR to their agonist (Re & Strominger, 2004).
Also, sub-activating doses of TLR2 ligands were found to
induce tolerance in the dendritic cells in an IRAK1 depen-
dent manner (Albrecht et al., 2008). These may explain
surprising observations around the switch in the activity
from promoting the cytokine production to preventing over
stimulation; however it needs further analysis to identify the
exact mechanism. Previously observed differences in
absorption and bio-availability of chito-oligomers based on
the size (Chen et al., 2005; Zhao et al., 2020) along with
capability to stimulate different TLRs may explain possible
difference between 7-mer and 8-mer in the in-vivo condi-
tions (FIGS. 4K, 41 and 4M).

[0155] Provided easy availability of raw material for its
synthesis, GA132 fraction and its main component, Hepta
N-acetyl Chitohoptaose can be easily produced at large scale
for therapeutic applications in sepsis and other diseases,
where immunomodulation is required.

EXAMPLE 7

Effect of Combination of Protein and
Chito-Oligosaccharides on Immunomodulation

[0156] The effect of combination of protein obtained from
Filarial worm (Setaria digitata) and chito-oligosaccharides
on immunomodulation was further analyzed. In order to
study effect of the combination, the inventors treated THP-1
cells with protein and chito-oligomer alone and then with
their combination. The THP-1 cells were treated in-vitro
with 100-250 ng/ml of HSP70 protein; 50-150 pg/ml 7-mer

(Hepta N-acetyl Chitoheptaose); and a combination of 100-
250 ng/ml of full length HSP70 protein and 50-150 pg/ml of
7-mer (Hepta N-acetyl Chitoheptaose). The secreted cyto-
kine levels were measured by Bioplex assay after 24 hours
of treatment.

[0157] Inone of the embodiments the inventors treated the
THP-1 cells with about 200 ng/ml WFL (worm full length
HSP70) protein; about 100 pg/ml 7-mer (Hepta N-acetyl
Chitoheptaose) and combination of same concentrations of
WFL and 7-mer (FIG. 9). The results indicated that WFL and
7-mer act synergistically and it combinatorial effect is better
than their individual effect on immunomeodulation of THP-1
cells.

[0158] An embodiment of the present invention may pro-
vide a homolog of human HSP70 derived from nematode
Setaria digitata for prophylactic, therapeutic, medicinal
treatment of respiratory disorders. Another embodiment of
the present invention may provide that the homolog of
human HSP70 derived from nematode Setaria digitata for
prophylactic, therapeutic, medicinal treatment of respiratory
disorders has 70-80% homology with the human HSP70.
[0159] The present invention has been described with
reference to the exemplary embodiments and the drawings,
but the present invention is not limited thereto. The
described exemplary embodiments may be changed or
modified by those skilled in the art to which the present
invention pertains within the technical spirit of the present
invention and within the scope equivalent to the appended
claims. Further the invention should not be limited to the
description of the embodiments therein. It will be obvious to
those skilled in the art to make various changes, modifica-
tions and alterations to the invention described herein, to the
extent that these changes, modifications and alterations do
not depart from the scope of the invention; they are intended
to be encompassed therein.

SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 2
<210>
<211>
<212>
<213>

SEQ ID NO 1
LENGTH: 645
TYPE: PRT
ORGANISM:

Setaria digitata

<400> SEQUENCE: 1

Met Ser Lys Asn Ala Ile Thr Thr

1 5

Gly Ile Leu

10

Asp Gly

Val Val Phe

20

Val
25

Gly Met His Gly Lys Glu Ile Ile Ala

Gly Asn Arg Thr Thr Pro Ser Tyr Val Ala Phe Thr

40

Asp

Ile
50

Ala Ala Gln Val Ala Met

60

Leu Gly Asp Lys Asn Asn

55

Thr
65

Val Phe Asp Ala Lys Leu Ile Phe

70

Arg Gly Arg

75

Lys

Val Gln Met Pro Phe Val

90

Ser Ser Asp His

85

Lys Trp Lys

Val Gln Val

105

Gly Gly Gly Lys Pro Glu

100

Lys Tyr Lys Gly

Ser
15

Tyr Cys

Asn Gln

30

Asp

Thr Glu Arg

Pro His Asn

Asp Asp Gly

80
Met

Asn Ala

95

Glu
110

Thr Lys
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-continued

Thr Phe Thr Pro Gly Glu Ile Ser Ser Met Val Leu Val Lys Met Lys
115 120 125

Glu Thr Ala Glu Ala Phe Leu Gly His Ala Val Lys Asp Ala Val Ile
130 135 140

Thr Val Pro Ala Tyr Phe Asn Asp Ser Gln Arg Gln Ala Thr Lys Asp
145 150 155 160

Ser Gly Ala Ile Ala Gly Leu Asn Val Leu Arg Ile Ile Asn Glu Pro
165 170 175

Thr Ala Ala Ala Ile Ala Tyr Gly Leu Asp Lys Lys Gly His Gly Glu
180 185 190

Arg Asn Val Leu Ile Phe Asp Leu Gly Gly Gly Thr Phe Asp Val Ser
195 200 205

Ile Leu Thr Ile Glu Asp Gly Ile Phe Glu Val Lys Ser Thr Ala Gly
210 215 220

Asp Thr His Leu Gly Gly Glu Asp Phe Asp Asn Arg Met Val Asn His
225 230 235 240

Phe Val Ala Glu Phe Lys Arg Lys His Lys Lys Asp Leu Ala Ser Asn
245 250 255

Pro Arg Ala Leu Arg Arg Leu Arg Thr Ala Cys Glu Arg Ala Lys Arg
260 265 270

Thr Leu Ser Ser Ser Ser Gln Ala Ser Ile Glu Ile Asp Ser Leu Phe
275 280 285

Glu Gly Ile Asp Phe Tyr Thr Asn Ile Thr Arg Ala Arg Phe Glu Glu
290 295 300

Leu Cys Ala Asp Leu Phe Arg Ser Thr Met Asp Pro Val Glu Lys Ala
305 310 315 320

Leu Arg Asp Ala Lys Met Asp Lys Ala Gln Val His Asp Ile Val Leu
325 330 335

Val Gly Gly Ser Thr Arg Ile Pro Lys Val Gln Lys Leu Leu Ser Asp
340 345 350

Phe Phe Ser Gly Lys Glu Leu Asn Lys Ser Ile Asn Pro Asp Glu Ala
355 360 365

Val Ala Tyr Gly Ala Ala Val Gln Ala Ala Ile Leu Ser Gly Asp Lys
370 375 380

Ser Glu Ala Val Gln Asp Leu Leu Phe Val Asp Val Ala Pro Leu Ser
385 390 395 400

Leu Gly Ile Glu Thr Ala Gly Gly Val Met Thr Ala Leu Ile Lys Arg
405 410 415

Asn Thr Thr Ile Pro Thr Lys Thr Ser Gln Thr Phe Thr Thr Tyr Ser
420 425 430

Asp Asn Gln Pro Gly Val Leu Ile Gln Val Tyr Glu Gly Glu Arg Ala
435 440 445

Met Thr Lys Asp Asn Asn Leu Leu Gly Lys Phe Glu Leu Ser Gly Ile
450 455 460

Pro Pro Ala Pro Arg Gly Val Pro Gln Ile Glu Val Thr Phe Asp Ile
465 470 475 480

Asp Ala Asn Gly Ile Leu Asn Val Ser Ala Gln Asp Lys Ser Thr Gly
485 490 495

Lys Gln Asn Lys Ile Thr Ile Thr Asn Asp Lys Gly Arg Leu Ser Lys
500 505 510

Asp Glu Ile Glu Arg Met Val Gln Glu Ala Glu Lys Tyr Lys Ala Asp



US 2023/0105103 Al Apr. 6,2023
13

-continued

515 520 525

Asp Glu Ala Gln Lys Asp Arg Ile Ala Ala Lys Asn Ala Leu Glu Ser
530 535 540

Tyr Ala Phe Asn Met Lys Gln Thr Ile Glu Asp Glu Lys Leu Arg Asp
545 550 555 560

Lys Leu Ser Glu Glu Asp Lys Lys Lys Ile Gln Glu Lys Cys Asp Glu
565 570 575

Thr Val Arg Trp Leu Asp Gly Asn Gln Thr Ala Glu Lys Asp Glu Phe
580 585 590

Glu His Arg Gln Lys Glu Leu Glu Ala Val Ser Asn Pro Ile Ile Thr
595 600 605

Lys Leu Tyr Gln Ser Ala Gly Gly Met Pro Gly Gly Met Pro Gly Gly
610 615 620

Met Pro Gly Gly Ala Pro Gly Gly Gly Ser Gly Gly Ser Gly Pro Thr
625 630 635 640

Ile Glu Glu Val Asp
645

<210> SEQ ID NO 2

<211> LENGTH: 641

<212> TYPE: PRT

<213> ORGANISM: Homo sapiens

<400> SEQUENCE: 2

Met Ala Lys Ala Ala Ala Ile Gly Ile Asp Leu Gly Thr Thr Tyr Ser
1 5 10 15

Cys Val Gly Val Phe Gln His Gly Lys Val Glu Ile Ile Ala Asn Asp
20 25 30

Gln Gly Asn Arg Thr Thr Pro Ser Tyr Val Ala Phe Thr Asp Thr Glu
35 40 45

Arg Leu Ile Gly Asp Ala Ala Lys Asn Gln Val Ala Leu Asn Pro Gln
50 55 60

Asn Thr Val Phe Asp Ala Lys Arg Leu Ile Gly Arg Lys Phe Gly Asp
65 70 75 80

Pro Val Val Gln Ser Asp Met Lys His Trp Pro Phe Gln Val Ile Asn
85 90 95

Asp Gly Asp Lys Pro Lys Val Gln Val Ser Tyr Lys Gly Glu Thr Lys
100 105 110

Ala Phe Tyr Pro Glu Glu Ile Ser Ser Met Val Leu Thr Lys Met Lys
115 120 125

Glu Ile Ala Glu Ala Tyr Leu Gly Tyr Pro Val Thr Asn Ala Val Ile
130 135 140

Thr Val Pro Ala Tyr Phe Asn Asp Ser Gln Arg Gln Ala Thr Lys Asp
145 150 155 160

Ala Gly Val Ile Ala Gly Leu Asn Val Leu Arg Ile Ile Asn Glu Pro
165 170 175

Thr Ala Ala Ala Ile Ala Tyr Gly Leu Asp Arg Thr Gly Lys Gly Glu
180 185 190

Arg Asn Val Leu Ile Phe Asp Leu Gly Gly Gly Thr Phe Asp Val Ser
195 200 205

Ile Leu Thr Ile Asp Asp Gly Ile Phe Glu Val Lys Ala Thr Ala Gly
210 215 220
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-continued

Asp Thr His Leu Gly Gly Glu Asp Phe Asp Asn Arg Leu Val Asn His
225 230 235 240

Phe Val Glu Glu Phe Lys Arg Lys His Lys Lys Asp Ile Ser Gln Asn
245 250 255

Lys Arg Ala Val Arg Arg Leu Arg Thr Ala Cys Glu Arg Ala Lys Arg
260 265 270

Thr Leu Ser Ser Ser Thr Gln Ala Ser Leu Glu Ile Asp Ser Leu Phe
275 280 285

Glu Gly Ile Asp Phe Tyr Thr Ser Ile Thr Arg Ala Arg Phe Glu Glu
290 295 300

Leu Cys Ser Asp Leu Phe Arg Ser Thr Leu Glu Pro Val Glu Lys Ala
305 310 315 320

Leu Arg Asp Ala Lys Leu Asp Lys Ala Gln Ile His Asp Leu Val Leu
325 330 335

Val Gly Gly Ser Thr Arg Ile Pro Lys Val Gln Lys Leu Leu Gln Asp
340 345 350

Phe Phe Asn Gly Arg Asp Leu Asn Lys Ser Ile Asn Pro Asp Glu Ala
355 360 365

Val Ala Tyr Gly Ala Ala Val Gln Ala Ala Ile Leu Met Gly Asp Lys
370 375 380

Ser Glu Asn Val Gln Asp Leu Leu Leu Leu Asp Val Ala Pro Leu Ser
385 390 395 400

Leu Gly Leu Glu Thr Ala Gly Gly Val Met Thr Ala Leu Ile Lys Arg
405 410 415

Asn Ser Thr Ile Pro Thr Lys Gln Thr Gln Ile Phe Thr Thr Tyr Ser
420 425 430

Asp Asn Gln Pro Gly Val Leu Ile Gln Val Tyr Glu Gly Glu Arg Ala
435 440 445

Met Thr Lys Asp Asn Asn Leu Leu Gly Arg Phe Glu Leu Ser Gly Ile
450 455 460

Pro Pro Ala Pro Arg Gly Val Pro Gln Ile Glu Val Thr Phe Asp Ile
465 470 475 480

Asp Ala Asn Gly Ile Leu Asn Val Thr Ala Thr Asp Lys Ser Thr Gly
485 490 495

Lys Ala Asn Lys Ile Thr Ile Thr Asn Asp Lys Gly Arg Leu Ser Lys
500 505 510

Glu Glu Ile Glu Arg Met Val Gln Glu Ala Glu Lys Tyr Lys Ala Glu
515 520 525

Asp Glu Val Gln Arg Glu Arg Val Ser Ala Lys Asn Ala Leu Glu Ser
530 535 540

Tyr Ala Phe Asn Met Lys Ser Ala Val Glu Asp Glu Gly Leu Lys Gly
545 550 555 560

Lys Ile Ser Glu Ala Asp Lys Lys Lys Val Leu Asp Lys Cys Gln Glu
565 570 575

Val Ile Ser Trp Leu Asp Ala Asn Thr Leu Ala Glu Lys Asp Glu Phe
580 585 590
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-continued
Glu His Lys Arg Lys Glu Leu Glu Gln Val Cys Asn Pro Ile Ile Ser

595 600 605

Gly Leu Tyr
610

Gln Gly Ala

615 620
Gln Gly Pro
625

Lys Gly Gly Ser Gly Ser Gly Pro Thr Ile
630 635

Asp

Gly Gly Pro Gly Pro Gly Gly Phe Gly Ala

Glu Glu Val

640

1. A protein homolog of human HSP70 derived from
nematode Setaria digitata which is capable of treating and/or
preventing sepsis, multiple organ dysfunction syndrome
(MODS) or septic shock.

2. The protein as claimed in claim 1 wherein the protein
has 70-80% homology with the human HSP70.

3. The protein as claimed in claim 1, wherein the protein
improves immunomodulation in post-septicaemia in mam-
mals.

4. The protein as claimed in claim 1, wherein the protein
immunomodulates by activation of TLR4 (Toll like receptor
4) and/or TLR2 receptors.

5. A chito-oligosaccharide which is capable of treating
and/or preventing sepsis, multiple organ dysfunction syn-
drome (MODS) or septic shock wherein the chito-oligosac-
charide is selected from a group comprising of a derivative
of hexa-N-acetyl chitohexaose, hepta-N-acetyl chitohep-
taose or octa-N-acetyl chitooctaose.

6. The chito-oligosaccharide as claimed in claim 5,
wherein the chito-oligosaccharide is hepta-N-acetyl chito-
heptaose.

7. The chito-oligosaccharide as claimed in claim 5,
wherein the chito-oligosaccharide immunomodulates by
activation of TLR4 (Toll like receptor 4) and/or TLR2
receptors.

8. The chito-oligosaccharide as claimed in claim 5,
wherein the chito-oligosaccharide is administered before
and/or after onset of symptoms of sepsis.

9. A pharmaceutical composition comprising physiologi-
cally effective amounts of protein homolog of human HSP70
derived from nematode Setaria digitata and chito-oligosac-
charide wherein the oligosaccharide is selected from the
group comprising of a derivative of hexa-N-acetyl chito-
hexaose, hepta-N-acetyl chitoheptaose or octa-N-acetyl chi-
tooctaose which is capable of treating and/or preventing
sepsis, multiple organ dysfunction syndrome (MODS) or
septic shock.

10. The pharmaceutical composition as claimed in claim
9, wherein the protein has 70-80% homology with the
human HSP70.

11. The pharmaceutical composition as claimed in claim
9, wherein the protein immuno-modulates survival through
post-septicaemia in a mammal.

12. The pharmaceutical composition as claimed in claim
9, wherein the composition immuno-modulates by activa-
tion of TLR4 (Toll like receptor 4) and/or TLR2 receptors.

13. The pharmaceutical composition as claimed in claim
12, wherein said sepsis is mild sepsis, severe sepsis, infec-
tion symptoms or sepsis caused by burn, acute laryngo-
pharyngitis, ulcerative colitis, IBS (Irritable Bowel syn-
drome), rheumatic arthritis, degenerative arthritis, acute
hepatitis, or chronic hepatitis.

14. The pharmaceutical composition comprising the pro-
tein and/or the chito-oligosaccharide as claimed in claim 9,
further comprising of, additives, binders and excipients or a
combination thereof.

15. A method of treatment or prevention of sepsis, MODS
or septic shock in a mammal including human comprising
administering an effective amount of protein homolog of
human HSP70 derived from nematode Setaria digitata or
chito-oligosaccharides wherein the chito-oligosaccharides is
selected from the group comprising of a derivative of
hexa-N-acetyl chitohexaose, hepta-N-acetyl chitoheptaose
or octa-N-acetyl chitooctaose or a combination thereof
together with a pharmaceutically acceptable carrier thereof
to said mammal.

16. The method as claimed in claim 15, wherein the
wherein the protein has 70-80% homology with the human
HSP70.

17. The method as claimed in claim 15, wherein the
chito-oligosaccharide is hepta-N-acetyl chitoheptaose.

18. A synthetic or recombinant nucleic acid encoding a
protein homolog of human HSP70 derived from nematode
Setaria digitate which is capable of treating and/or prevent-
ing sepsis, multiple organ dysfunction syndrome (MODS) or
septic shock, or a chito—oligosaccharide, derivative, recom-
binant or part thereof as claimed in claim 5.

19. The nucleic acid as claimed in claim 18, wherein the
nucleic acid encodes a protein having 70-80% homology
with the human HSP70.

20. (canceled)
21. (canceled)



