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(57) ABSTRACT 

Methods and products for treating and protecting against 
asthma and allergic conditions are provided. The methods and 
products are related to certain naturally occurring and syn 
thetic ZWitterionic polymers Which are found to induce cer 
tain T regulatory (Treg) cells and to exert immunosuppressive 
effects in vitro and in vivo. 
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Figure 2 — Continued 
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Figure 3 - continued 
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Figure 4 - continued 
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ZWITTERIONIC IMMUNOMODULATORS 
FOR THE TREATMENT OF ASTHMA AND 

ALLERGY 

RELATED APPLICATION 

[0001] This application claims bene?t of Us. provisional 
patent application Ser. No. 60/459,056, ?led Mar. 31, 2003, 
the entire content of Which is incorporated herein by refer 
ence. 

FIELD OF THE INVENTION 

[0002] The present invention relates to the ?eld of immu 
nology. More particularly, the invention relates to methods 
and compositions useful for inhibiting an immune response. 
The invention provides methods, uses, and compositions 
involving immunomodulatory ZWitterionic polymers for the 
induction of T regulatory cells and the treatment of asthma 
and allergy. 

BACKGROUND OF THE INVENTION 

[0003] Certain polysaccharides puri?ed from the surface of 
bacterial cells exhibit protective effects in vivo When tested in 
models of in?ammation such as the formation of intraab 
dominal abscesses, intraabdominal sepsis, and post-surgical 
adhesions. U.S. Pat. Nos. 5,679,654 and 5,700,787; pub 
lished international patent applications WO 96/07427, WO 
00/59515, and WO 02/45708). When puri?ed from Whole 
capsule, certain polysaccharides derived from Bacteroides 
fragilis, Staphylococcus aureus, and Streptococcus pneumo 
niae have unique characteristics that set them apart from 
many polysaccharide antigens. These molecules are high 
molecular Weight, helical, and ZWitterionic in nature. WangY 
et al. (2000) Proc Natl Acad Sci USA 97:13478-81; Brubaker 
J O etal. (1999)JImmunol162:2235-42;TZianabosA O et al. 
(1995) Infect Immun 62:4881-6; TZianabos A O et al. (1995) 
J Clin Invest 96:2727-31; Kalka-Moll W M et al. (2000) J 
Immunol 164:719-24; TZianabos A O et al. (2000) J Biol 
Chem 275:6733-40. 
[0004] Most bacterial polysaccharides are neutral or nega 
tively charged and are considered to be T-cell-independent 
antigens. Abbas A K et al. (2003) Cellular and Molecular 
Immunology, Saunders, Philadelphia. It has been suggested, 
hoWever, that the ZWitterionic nature of these polysaccharides 
somehoW involves them in interaction With CD4+ T cells. 
TZianabos A O et al. (1993) Science 262:416-9; TZianabos A 
O et al. (2001) Proc Natl Acad Sci USA 98:9365-70. That 
ZWitterionic polysaccharides activate CD4+ T cells in vitro is 
supported by their reported ability to stimulate T-cell prolif 
eration and the production of the cytokines IL-2, IFN-y, and 
IL-10. In addition, it has been reported that the protective 
effect is adoptively transferred by polysaccharide-stimulated 
T cells in vivo. Published international patent application WO 
00/59515; Kalka-Moll W M etal. (2000)JImmunol164:719 
24; TZianabos A O et al. (2000) JBiol Chem 275:6733-8. It 
remains unclear, hoWever, exactly hoW these molecules acti 
vate T cells or hoW they exert their protective effects. 

SUMMARY OF THE INVENTION 

[0005] Methods and products for treating and protecting 
against asthma and allergic conditions are provided. The 
methods and compositions are related, in part, to the discov 
ery by the inventors of the ability of certain ZWitterionic 
polymers, including certain capsular polysaccharides and 
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synthetic peptides, to induce ICOS on CD4+ T lymphocytes 
and to promote the development of regulatory T lymphocytes 
(Treg cells). As disclosed herein, the Treg cells that are induc 
ible by the ZWitterionic polymers can confer and transfer 
protection against a number of in?ammatory and allergic 
conditions, including abscess and adhesion formation, 
in?ammatory boWel disease, and airWay hyperresponsive 
ness (asthma). 
[0006] It Was unexpectedly discovered, according to the 
instant invention, that certain ZWitterionic polymers induce 
ICOS on CD4+ T cells and promote the development of Treg 
cells. Others have previously reported that IL-10-secreting 
Treg cells can be generated by culturing T cells in the pres 
ence of exogenously supplied IL-10, immature dendritic cells 
(DC), or certain immunosuppressive drugs, notably 1,25 
(OH)2-vitamin D3 and dexamethasone. Groux H et al. (1997) 
Nature 389:737-42; Jonuleit H et al. (2001) JExp Med 193: 
1285-94; Barrat F J et al. (2002) JExpMed 195 : 603-1 6. None 
of these previous reports disclosed or suggested that the ZWit 
terionic polymers of the invention could be used to induce 
ICOS expression or promote the development of Treg cells. 
[0007] While it Was already appreciated that the ZWitteri 
onic polymers could promote secretion of IL-10, the source 
and the signi?cance of the IL-10 Was not knoWn. In addition, 
because IL-10 is Widely recogniZed to be a highly pleiotropic 
cytokine, the context of the IL-10 secretion is highly signi? 
cant. For example, it has been reported that IL-10 alone can 
either exacerbate or treat asthma. The signi?cance of the 
ability of the ZWitterionic polymers further to induce ICOS 
lies in the reportedly crucial role of ICOS-ICOSL signaling, 
in the presence of IL-10, in the development of Treg cells. 
Akbari O et al. (2002) Nat Med 811024-32. The Treg cells, in 
addition to being a source of IL-10, are believed to play an 
important role in the invention. 
[0008] It Was also unexpectedly found according to the 
instant invention that ZWitterionic polysaccharide polymers 
can induce a cross-protective effect against peptide allergens. 
[0009] In addition, it Was unexpectedly discovered accord 
ing to the instant invention that ZWitterionic peptide polymers 
can induce a cross-protective effect against seemingly unre 
lated peptide allergens. 
[0010] In one aspect the invention provides a method for 
treating an allergic condition other than asthma in a subject. 
The method according to this aspect involves administering 
to a subject having an allergic condition other than asthma an 
isolated polymer in an effective amount to treat the allergic 
condition, Wherein the polymer includes repeating units of a 
charge motif characteristic of B. fragilis polysaccharide A 
(PSA), the motif being a positively charged free amino moi 
ety and a negatively charged moiety selected from the group 
consisting of carboxyl, phosphate, phosphonate, sulfate and 
sulfonate. 
[0011] In one embodiment the motif is a positively charged 
free amino moiety and a negatively charged moiety selected 
from the group consisting of phosphate, phosphonate, sulfate, 
and sulfonate. 
[0012] In one embodiment the subject is free of symptoms 
otherWise calling for treatment With the polymer. 
[0013] In one embodiment according to this aspect of the 
invention the administering involves delivering an aerosol of 
the polymer to an airWay of the subject. 
[0014] In one embodiment the method further includes 
administering to the subject an anti-allergy medicament 
selected from the group consisting of glucocorticoids, anti 
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histamines, and anti-IgE. In various embodiments the anti 
allergy medicament is prednisone, methylprednisolone, chlo 
rcycliZine, chlorpheniramine, diphenhydramine 
hydrochloride (BENADRYL®, Parke-Davis), fexofenadine 
hydrochloride (ALLEGRA®, Aventis), hydroxyZine hydro 
chloride (ATARAX®, P?zer), loratadine (CLARITIN®, 
Schering), promethaZine hydrochloride (PHENERGAN®, 
Wyeth-Ayerst), pyrilamine, or anti-IgE (omaliZumab; 
XOLAIR®; Genentech/Novarti s). 
[0015] In one embodiment according to this and all other 
aspects of the invention the polymer is a polysaccharide. In 
one embodiment according to this and according to all 
aspects of the invention the polymer is a bacterial capsular 
polysaccharide. 
[0016] In one embodiment according to this and all other 
aspects of the invention the polymer is PSAl. 
[0017] In one embodiment according to this and all other 
aspects of the invention the polymer is PSA2. 
[0018] In one embodiment according to this and all other 
aspects of the invention the polymer is PSB. 
[0019] In one embodiment according to this and all other 
aspects of the invention the polymer is Streptococcus pneu 
moniae capsular polysaccharide 1 (CPl). 
[0020] In one embodiment according to this and all other 
aspects of the invention the polymer is de-N-acetylated Sal 
monella zyphi Vi antigen. 
[0021] In one embodiment according to this and all other 
aspects of the invention the polymer is aminated pectin (i.e., 
aminated polygalacturonic acid). 
[0022] In one embodiment according to this and all other 
aspects of the invention the polymer is a synthetic peptidogly 
can knoWn as Compound 15 (described in published intema 
tional patent application WO 03/075953). 
[0023] In one embodiment according to this and all aspects 
of the invention the polymer is a polymer other than CPl or 
synthetic peptidoglycan Compound 15. 
[0024] In one embodiment according to this and all other 
aspects of the invention the polymer is a peptide. In one 
embodiment the peptide has a molecular Weight of about 1.2 
kDa-SO kDa. 
[0025] In one embodiment according to this and all other 
aspects of the invention the polymer is (K-D)n, Wherein K is 
lysine, D is aspartic acid, and n is an integer betWeen 10 and 
100, inclusive. In one embodiment according to this and all 
other aspects of the invention the polymer is [K-(Xaa)m -D]n, 
Wherein K is lysine, each Xaa is independently any neutral 
amino acid, In is an integer betWeen 0 and 8, inclusive, D is 
aspartic acid, andn is an integer betWeen 1 and 100, inclusive. 
[0026] In one embodiment according to this aspect of the 
invention the administering involves administering multiple 
doses of the isolated polymer. 
[0027] In one aspect the invention provides a method for 
treating a subject having an allergic condition associated With 
an identi?ed allergen. The method according to this aspect of 
the invention includes the steps of (a) exposing a subject 
having an allergic condition associated With an identi?ed 
allergen to the allergen, and (b) administering to the subject 
an isolated polymer in an effective amount to treat the allergic 
condition, Wherein the polymer includes repeating units of a 
charge motif characteristic of B. ?’agilis polysaccharide A 
(PSA), the motif being a positively charged free amino moi 
ety and a negatively charged moiety selected from the group 
consisting of carboxyl, phosphate, phosphonate, sulfate and 
sulfonate. 
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[0028] In various embodiments according to this aspect of 
the invention the exposing precedes, folloWs, or is substan 
tially contemporaneous With the administering. 
[0029] In one aspect the invention provides a method for 
treating asthma in a subject. The method according to this 
aspect involves administering to a subject having asthma an 
isolated polymer in an effective amount to treat the asthma, 
Wherein the polymer includes repeating units of a charge 
motif characteristic of B. fragilis polysaccharideA (PSA), the 
motif being a positively charged free amino moiety and a 
negatively charged moiety selected from the group consisting 
of carboxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0030] In one embodiment according to this aspect of the 
invention the motif is a positively charged free amino moiety 
and a negatively charged moiety selected from the group 
consisting of phosphate, phosphonate, sulfate and sulfonate. 
[0031] In one embodiment according to this aspect of the 
invention the polymer is a polymer other than CPl or syn 
thetic peptidoglycan Compound 15. 
[0032] In one embodiment according to this aspect of the 
invention the subject is free of symptoms otherWise calling 
for treatment With the polymer. 
[0033] In one embodiment according to this aspect of the 
invention the administering involves delivering an aerosol of 
the polymer to an airWay of the subject. 
[0034] In one embodiment according to this aspect of the 
invention the method further involves administering to the 
subject an anti-asthma medicament selected from the group 
consisting of glucocorticoids, beta adrenergic agonists, meth 
ylxanthines, anticholinergics, cromolyn, nedocromil, antihis 
tamines, and anti-IgE. In various embodiments the anti 
asthma medicament is beclomethasone dipropionate 
(VANCERIL®, Schering), ?unisolide (AEROBID®, For 
est), ?uticasone propionate (FLOVENT®, GlaxoSmith 
Kline), prednisone, methylprednisolone, triamcinolone 
acetonide (AZMACORT®, Aventis), albuterol sulfate (VEN 
TOLIN®, GlaxoSmithKline; PROVENTIL®, Schering), 
epinephrine, isoproterenol hydrochloride, metaproterenol 
sulfate (ALUPENT®, Boehringer Ingelheim), terbutaline 
(BRETHINE®, LAMISIL®, Novartis), ipratropium bromide 
(ATROVENT®, Boehringer Ingelheim), theophylline, cro 
molyn, nedocromil, or anti-IgE (omaliZumab; XOLAIR®; 
Genentech/Novartis). 
[0035] In one embodiment according to this aspect of the 
invention the administering involves administering multiple 
doses of the isolated polymer. 
[0036] In one aspect the invention provides a method for 
treating a subject having asthma associated With an identi?ed 
allergen. The method according to this aspect of the invention 
includes the steps of (a) exposing a subject having asthma 
associated With an identi?ed allergen to the allergen and (b) 
administering to the subject a polymer in an effective amount 
to treat the asthma, Wherein the polymer includes repeating 
units of a charge motif characteristic of B. ?’agilis polysac 
charide A (PSA), the motif being a positively charged free 
amino moiety and a negatively charged moiety selected from 
the group consisting of carboxyl, phosphate, phosphonate, 
sulfate and sulfonate. 
[0037] In various embodiments according to this aspect of 
the invention the exposing precedes, folloWs, or is substan 
tially contemporaneous With the administering. 
[0038] In one aspect the invention provides a method for 
inducing interleukin 10 (IL-10) production. The method 
according to this aspect of the invention includes the steps of 
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isolating a T regulatory cell, and contacting the T regulatory 
cell With an effective amount of a polymer to induce produc 
tion of IL-10 by the T regulatory cell, Wherein the polymer 
includes repeating units of a charge motif characteristic of B. 
?’agilis polysaccharide A (PSA), the motif being a positively 
charged free amino moiety and a negatively charged moiety 
selected from the group consisting of carboxyl, phosphate, 
phosphonate, sulfate and sulfonate. 
[0039] In one aspect the invention also provides a method 
for inducing inducible costimulatory molecule (ICOS) on a 
CD4+ cell. The method according to this aspect of the inven 
tion includes the step of contacting a CD4+ cell With an 
effective amount of a polymer to induce expression of ICOS 
on the CD4+ cell, Wherein the polymer includes repeating 
units of a charge motif characteristic of B. fragilis polysac 
charide A (PSA), the motif being a positively charged free 
amino moiety and a negatively charged moiety selected from 
the group consisting of carboxyl, phosphate, phosphonate, 
sulfate and sulfonate; and measuring an increased ICOS 
expression on the CD4+ cell, Wherein ICOS expression on the 
CD4+ cell is increased When ICOS expression after the con 
tacting exceeds ICOS expression before the contacting. 
[0040] The invention in one aspect provides a method for 
inducing proliferation of T regulatory (Treg) cells. The 
method according to this aspect of the invention includes the 
steps of isolating a population of naive T cells, and contacting 
the population of naive T cells With an effective amount of an 
isolated polymer to induce proliferation of T regulatory cells, 
Wherein the polymer includes repeating units of a charge 
motif characteristic of B. ?’agilis polysaccharideA (PSA), the 
motif being a positively charged free amino moiety and a 
negatively charged moiety selected from the group consisting 
of carboxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0041] In one embodiment according to this aspect of the 
invention the method further includes the step of contacting 
the population of naive T cells With an antigen. 
[0042] In one embodiment according to this aspect of the 
invention the method further includes the step of contacting 
the naive T cells With exogenously supplied interleukin-2 
(IL-2), interleukin-15 (IL-15), or a combination thereof. 
[0043] The invention in one aspect provides a method for 
inducing proliferation of T regulatory (Treg) cells. The 
method according to this aspect of the invention includes the 
steps of isolating a population of T regulatory cells, and 
contacting the population of T regulatory cells With an effec 
tive amount of an isolated polymer to induce proliferation of 
the T regulatory cells, Wherein the polymer includes repeat 
ing units of a charge motif characteristic of B. fragilis 
polysaccharideA (PSA), the motif being a positively charged 
free amino moiety and a negatively charged moiety selected 
from the group consisting of carboxyl, phosphate, phospho 
nate, sulfate and sulfonate. 
[0044] In one embodiment according to this aspect of the 
invention the method further includes the step of contacting 
the population of T regulatory cells With an antigen. 
[0045] In one embodiment according to this aspect of the 
invention the method further includes the step of contacting 
the T regulatory cells With exogenously supplied interleu 
kin-2 (IL-2), interleukin-15 (IL-15), or a combination 
thereof. 
[0046] The invention in one aspect provides a method for 
inhibiting an antigen-speci?c immune response in a subject, 
Wherein the antigen- speci?c response is other than an allergic 
condition or asthma. The method according to this aspect of 
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the invention includes the step of administering to a subject in 
need of inhibition of an antigen-speci?c response, other than 
an allergic condition or asthma, (a) an antigen and (b) an 
isolated polymer in an effective amount to inhibit in the 
subject an immune response to the antigen, Wherein the poly 
mer includes repeating units of a charge motif characteristic 
of B. fragilis polysaccharide A (PSA), the motif being a 
positively charged free amino moiety and a negatively 
charged moiety selected from the group consisting of car 
boxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0047] In various embodiments according to this aspect of 
the invention the administering the antigen precedes, folloWs, 
or is substantially contemporaneous With the administering 
the polymer. 
[0048] In one embodiment the administering the polymer 
involves administering multiple doses of the polymer. 
[0049] In one aspect the invention provides a composition 
that includes a conjugate that includes an antigen and a poly 
mer, Wherein the polymer includes repeating units of a charge 
motif characteristic of B. fragilis polysaccharideA (PSA), the 
motif being a positively charged free amino moiety and a 
negatively charged moiety selected from the group consisting 
of carboxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0050] In one aspect the invention provides a pharmaceu 
tical composition. The pharmaceutical composition accord 
ing to this aspect of the invention includes an aerosol formu 
lation of a polymer of repeating units of a charge motif 
characteristic of B. fragilis polysaccharideA (PSA), the motif 
being a positively charged free amino moiety and a negatively 
charged moiety selected from the group consisting of car 
boxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0051] In one embodiment the composition includes a 
therapeutically effective amount of the aerosol formulation 
for treatment of an allergic condition. 
[0052] In one embodiment the composition includes a 
therapeutically effective amount of the aerosol formulation 
for treatment of allergic asthma. 
[0053] In one embodiment the pharmaceutical composition 
further includes another agent useful in the treatment of an 
allergic condition. In various embodiments the other agent is 
an anti-allergy medicament selected from the group consist 
ing of glucocorticoids, antihistamines, and anti-IgE. 
[0054] In one embodiment the pharmaceutical composition 
further includes another agent another agent useful in the 
treatment of asthma. In various embodiments the other agent 
is an anti-asthma medicament selected from the group con 
sisting of glucocorticoids, beta adrenergic agonists, methylx 
anthines, anticholinergics, cromolyn, nedocromil, antihista 
mines, IL-10, and anti-IgE. 
[0055] In a further aspect the invention provides an aerosol 
delivery system including a container With an interior, an 
aerosol generator in ?uid connection With the interior of the 
container, and a polymer of repeating units of a charge motif 
characteristic of B. fragilis polysaccharideA (PSA), the motif 
being a positively charged free amino moiety and a negatively 
charged moiety selected from the group consisting of car 
boxyl, phosphate, phosphonate, sulfate and sulfonate, dis 
posed Within the interior of the container. The aerosol deliv 
ery system can be made to deliver a single dose or a plurality 
of doses. In one embodiment the container is a metered dose 
inhaler. In one embodiment the container is a dry poWder 
inhaler. In another embodiment the container is a nebuliZer. In 
yet another embodiment the container is a spray dispenser for 
topical delivery to a nasal epithelium or other respiratory 
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epithelium. In one embodiment the aerosol delivery system 
further includes another agent useful in the treatment of an 
allergic condition or asthma. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0056] FIG. 1A is a pair of photographs depicting reduction 
of post-surgical adhesion formation by ZWitterionic polysac 
charide CPI. The left and right panels correspond to saline 
and CP1 treatments, respectively. 
[0057] FIG. 1B is three graphs depicting adhesion scores in 
animals treated With saline, CP1, or non-ZWitterionic control 
polysaccharide PG (left panel, rats; middle panel, mice) and 
in mice treated With CD4+ T cells transferred from mice 
treated With saline or CP1 (right panel). *P<0.001 
[0058] FIG. 1C is a pair of graphs depicting the role of 
IL-10 in the prevention of adhesions. Left panel, *P<0.02; 
right panel, *P<0.001. 
[0059] FIG. 1D is a graph depicting adhesion scores in 
Wildtype (WT) and IL-10_/_ mice treated With saline or CP1. 
*P:0.03 
[0060] FIG. 2A is a series of graphs depicting results of 
How cytometry analyses of CD4+ T cells isolated from mice 
treated With CP1 or PG and stained for surface CD45RB 
(upper panels) and intracellular IL-10 (loWer panels). 
[0061] FIG. 2B is a pair of graphs depicting results of How 
cytometry analysis of IL-4 (left) and IFN-y (right) in CD4+ 
CD45RBZ° T cells as measured 4 days after in vivo adminis 
tration of CP1. 
[0062] FIG. 2C is a pair of graphs depicting adhesion scores 
in mice treated With CD45RBhi or CD45RBZ° cells transferred 
from mice treated With saline or CP1 (left panel) and abroga 
tion of protective effect of transferred CD45RBZ° cells in the 
presence of anti-IL-10 antibody (right panel). Left panel, 
*P<0.001; right panel, *P:0.0002. 
[0063] FIG. 3A is a series of three graphs depicting results 
of How cytometry analysis for expression of ICOS by CD4+ 
T cells folloWing in vivo administration of saline, CP1, or PG. 
[0064] FIG. 3B is a series of three graphs depicting the role 
of ICOS-ICOSL interaction in adhesion score. *P:0.0006 

[0065] FIG. 4A is a series of graphs depicting results of 
How cytometry analysis for IL-10 production by ICOS+ Treg 
cells folloWing treatment With CP1 or PG. 

[0066] FIG. 4B is a graph depicting IL-10 production by 
Treg cells obtained from Wildtype (WT) and ICOS_/_ mice 
folloWing treatment With CP1 or PG. 

[0067] FIG. 5 is a bar graph depicting antigen-speci?c 
serum IgE levels in antigen-sensitized mice challenged With 
aerosoliZed antigen, folloWing treatment With CP1 or control 
(saline). Mice (N:8 per group) treated With CP1 had a sig 
ni?cant reduction in antigen-speci?c IgE compared With 
mice treated With saline (p:0.0001). 
[0068] FIG. 6 is a bar graph depicting serum IL-13 levels in 
antigen-sensitized mice challenged With aerosoliZed antigen, 
folloWing treatment With CP1 or control (saline). Mice (N:8 
per group) treated With CP1 had a reduction in serum IL-13 
compared With mice treated With saline. 
[0069] FIG. 7A is a bar graph depicting eosinophil in?ltra 
tion in lung sections obtained from antigen-sensitized mice 
challenged With aerosoliZed antigen, folloWing treatment 
With CP1 or control (saline). Each bar represents results from 
a single mouse. Mice (N:8 per group) treated With CP1 had a 
reduction in eosinophil in?ltrations compared With mice 
treated With saline. 
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[0070] FIG. 7B is a bar graph depicting goblet cell in?ltra 
tion in lung sections obtained from antigen-sensitized mice 
challenged With aerosoliZed antigen, folloWing treatment 
With CP1 or control (saline). Each bar represents results from 
a single mouse. Mice (N:8 per group) treated With CP1 had a 
reduction in goblet cell in?ltrations compared With mice 
treated With saline. 
[0071] FIG. 8 is a pair of photomicrographs depicting gob 
let cell in?ltration lining bronchioles in lung sections 
obtained from antigen-sensitized mice challenged With aero 
soliZed antigen, folloWing treatment With CP1 (right panel) or 
control (saline; left panel). CP1-treated mice had feWer areas 
of goblet cell in?ltration than saline-treated mice. 

DETAILED DESCRIPTION OF THE INVENTION 

[0072] The invention is useful generally Whenever it is 
desirable to induce IL-10-producing, CD45RBZ° Treg cells, 
either in vivo or in vitro. More speci?cally, the invention is 
useful Whenever it is desirable to treat an allergic or asthmatic 
condition in a subject, including prophylactically. 
[0073] It Was previously discovered by the present inven 
tors that certain naturally occurring ZWitterionic polysaccha 
rides, modi?ed polysaccharides, and peptides, all character 
iZed by the presence of a speci?c charge motif, can be used to 
stimulate T cells to produce IL-2 and IL-10, and to induce 
protection against numerous bacteria, abscess and adhesion 
formation. See US. Pat. Nos. 5,679,654 and 5,700,787, both 
issued to TZianabos et al., and published international patent 
application W0 00/ 59515, the entire contents of all of Which 
are incorporated herein by reference. 
[0074] It has noW been discovered according to the present 
invention that these same and related ZWitterionic polymers 
induce CD4+ T cells to express ICOS and promote the estab 
lishment and proliferation of IL-10-secreting Treg cells. 
These Treg cells are important not only as producers of IL-10 
but also as immunoregulatory cells that can participate in 
preventing and subduing an in?ammatory response or condi 
tion, or an allergic response or condition in a subject. As one 
featured aspect of the invention, the ZWitterionic polymers are 
discovered to be useful in the treatment and prevention of an 
allergic condition in a subject. As one featured aspect of the 
invention, the ZWitterionic polymers are discovered to be 
useful in the treatment and prevention of asthma. 
[0075] In one aspect of the invention, a method is provided 
for treating a subject having an allergic condition. The 
method according to this aspect involves administering to a 
subject having an allergic condition an isolated polymer in an 
effective amount to treat the allergic condition, Wherein the 
polymer includes repeating units of a charge motif character 
istic of B. ?’agilis polysaccharide A (PSA), the motif being a 
positively charged free amino moiety and a negatively 
charged moiety selected from the group consisting of car 
boxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0076] The polymers useful according to this and all other 
aspects of the invention are described in detail further beloW. 
Brie?y, they are ZWitterionic polymers that include both 
polysaccharides (including PSA) as Well as non-polysaccha 
ride polymers. The polymers can be naturally occurring poly 
mers, modi?ed forms of naturally occurring polymers, or 
other polymers not found in nature. 
[0077] An “allergic condition” or, equivalently, “allergy”, 
as used herein refers to an acquired hypersensitivity to a 
substance (allergen). Allergic conditions include but are not 
limited to allergic asthma, hayfever (seasonal rhinitis), aller 
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gic rhinitis, allergic conjunctivitis, eczema, urticaria, food 
allergies, and other atopic conditions. 
[0078] An “allergen” refers to a substance that can induce 
an allergic or asthmatic response in a susceptible subject. The 
list of allergens is enormous and can include pollens, insect 
venoms, animal dander, house dust mite, dust, fungal spores, 
latex, and drugs (e. g., penicillin). Examples of natural, animal 
and plant allergens include proteins speci?c to the folloWing 
genera: Canis (Canis familiaris); Dermalophagoides (e.g., 
Dermalophagoides farinae); Felis (Felis domeslicus); 
Ambrosia (Ambrosia arlemiisfolia); Lolium (e.g., Lolium 
perenne or Lolium mulli?'orum); Cryplomeria (Cryplomeria 
japonica); Allernaria (Allernaria allernala); Alder; Alnus 
(Alnus gullinosa); Belula (Belula verrucosa); Quercus 
(Quercus alba); Olea (Olea europa); Arlemisia (Arlemisia 
vulgaris); Planlago (e.g., Planlago lanceolala); Parielaria 
(e.g., Parielaria o?icinalis or Parielaria judaica); Blallella 
(e.g., Blallella germanica); Apis (e.g., Apis mulli?'orum); 
Cupressus (e.g., Cupressus sempervirens, Cupressus ari 
Zonica and Cupressus macrocarpa); Juniperus (e.g., Junipe 
rus sabinoides, Juniperus virginiana, Juniperus communis 
and Juniperus ashei); Thuya (e.g., Thuya orienlalis); 
Chamaecyparis (e.g., Chamaecyparis oblusa); Periplanela 
(e.g., Periplanela americana); Agropyron (e.g., Agropyron 
repens); Secale (e.g., Secale cereale); Trilicum (e.g., Trilicum 
aeslivum); Daclylis (e.g., Daclylis glomerala); Fesluca (e.g., 
Fesluca elation); Poa (e.g., Poa pralensis or Poa compressa); 
Avena (e.g., Avena saliva); Holcus (e.g., Holcus lanalus); 
Anlhoxanlhum (e.g., Anlhoxanlhum odoralum); Arrhen 
alherum (e.g., Arrhenalherum elalius); Agroslis (e.g., Agros 
[is alba); Phleum (e.g., Phleum pralense); Phalaris (e.g., 
Phalaris arundinacea); Paspalum (e.g., Paspalum nolalum); 
Sorghum (e.g., Sorghum halepensis); and Bromus (e.g., Bro 
mus inermis). Allergens also include peptides and polypep 
tides such as are used in experimental animal models of 
allergy and asthma, including ovalbumin (OVA) and Sch islo 
soma mansoni egg antigen. 

[0079] As used herein, a “subject” shall refer to a human or 
other mammal, including but not limited to mice, rats, rabbits, 
and non-human primates. 
[0080] A “subject having an allergic condition” as used 
herein refers to a subject With an existing allergic condition or 
a knoWn or suspected predisposition toWard developing an 
allergic condition. Thus the subj ect can have an active allergic 
condition or a latent allergic condition. It is not necessary that 
the allergen be knoWn. HoWever, certain allergic conditions 
are associated With seasonal or geographical environmental 
factors, Which may but need not be apparent to the subject. In 
one embodiment the allergic condition is intentionally 
induced in the subject for experimental purposes. 
[0081] In one embodiment according to this aspect of the 
invention the subject is free of indications otherWise calling 
for treatment With the polymer. In this embodiment the sub 
ject does not have an infection, surgery, trauma, or other 
disease or risk factor associated With abscess or surgical 
adhesion formation; a Th1 -cell-responsive disorder (insulin 
dependent diabetes mellitus, experimental allergic encepha 
lomyelitis (EAE), in?ammatory boWel disease, and allograft 
rejection); a disorder characterized by an inappropriate IgG 
antibody response to speci?c antigen (acute glomerulone 
phritis, Goodpasture’s syndrome, autoimmune arthritis 
including rheumatoid arthritis, systemic lupus erythemato sus 
(SLE; lupus), AIDS, Sjogren’s syndrome, autoimmune 
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hemolytic anemia, idiopathic thrombocytopenic purpura 
(ITP), and certain forms of thyroiditis). 
[0082] As a feature of the invention, the polymer can be 
administered repeatedly and/ or chronically to a subject hav 
ing an allergic condition to treat the allergic condition. As is 
described beloW, the repeated or chronic administration can 
take place over days, Weeks, months, or even years. In one 
embodiment the polymer is administered repeatedly on a 
scheduled basis, e. g., daily or Weekly. In one embodiment the 
polymer is administered repeatedly on a symptomatic basis. 

[0083] In one aspect the invention provides a method for 
treating a subject having an allergic condition associated With 
an identi?ed allergen. The method according to this aspect of 
the invention involves (a) exposing a subject having an aller 
gic condition associated With an identi?ed allergen to the 
allergen, and (b) administering to the subject an isolated 
polymer in an effective amount to treat the allergic condition, 
Wherein the polymer includes repeating units of a charge 
motif characteristic of B. fragilis polysaccharideA (PSA), the 
motif being a positively charged free amino moiety and a 
negatively charged moiety selected from the group consisting 
of carboxyl, phosphate, phosphonate, sulfate and sulfonate. 
The step of exposing the subject having the allergic condition 
associated With the identi?ed allergen to the allergen can be 
active or passive. That is, actively exposing can involve delib 
erate administration of allergen to the subject; passively 
exposing can involve accidental or environmental contact of 
the subject With the allergen. In a speci?c embodiment the 
exposing step speci?cally involves administering the knoWn 
allergen to the subject, in an amount effective to induce in the 
subject an allergic response to the allergen in absence of the 
administration of the polymer. 
[0084] In various embodiments the step of exposing the 
subject to the allergen can precede, folloW, or be contempo 
raneous With the step of administering to the subject the 
polymer in the effective amount to treat the allergic condition. 
In addition, the route of exposing and the route of adminis 
tration can be the same or they can be different. 

[0085] The invention in one aspect provides the use of a 
ZWitterionic polymer in the manufacture of a medicament for 
use in the treatment of an allergic condition. The ZWitterionic 
polymer is as described elseWhere herein, and the use 
involves placing an effective amount of the polymer, or a 
hydrate or pharmaceutically acceptable salt thereof, in a phar 
maceutically acceptable carrier, for use in the treatment of an 
allergic condition of a subject. The use may involve the manu 
facture of unit doses of the polymer suitable for use in the 
treatment of the allergic condition. The allergic condition can 
be any allergic condition, including, Without limitation, any 
allergic or atopic condition listed above. 
[0086] The invention in one aspect provides a method for 
treating asthma in a subject. The method according to this 
aspect involves administering to a subject having asthma an 
isolated polymer in an effective amount to treat the asthma, 
Wherein the polymer includes repeating units of a charge 
motif characteristic of B. fragilis polysaccharideA (PSA), the 
motif being a positively charged free amino moiety and a 
negatively charged moiety selected from the group consisting 
of carboxyl, phosphate, phosphonate, sulfate and sulfonate. 
[0087] In one embodiment the motif is a positively charged 
free amino moiety and a negatively charged moiety selected 
from the group consisting of phosphate, phosphonate, sulfate 
and sulfonate. 
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[0088] In one embodiment the polymer is a polymer other 
than CPl or synthetic peptidoglycan Compound 15, 
described below. 
[0089] As used herein, “asthma” refers to a disorder of the 
respiratory system that is episodic and characterized by 
in?ammation With narrowing of the airWays and increased 
reactivity of the airWays to inhaled agents. Asthma is fre 
quently, although not exclusively associated With atopic or 
allergic symptoms. Symptoms of asthma are Widely recog 
niZed to include dyspnea, cough, and Wheezing; While all 
three symptoms typically coexist, their coexistence is not 
required to make a diagnosis of asthma. 
[0090] A “subject having asthma” as used herein refers to a 
subject With an existing acute exacerbation of asthma, either 
neW-onset or recurrent, or a history of asthma, or a knoWn or 
suspected predisposition toWard developing asthma. A sub 
ject having asthma thus can have active asthma or can be 
asymptomatic and betWeen acute exacerbations. In one 
embodiment a subject having asthma is a subject having 
asthma that is associated With allergic symptoms, i.e., allergic 
asthma. 
[0091] In one embodiment according to this aspect of the 
invention the subject is free of symptoms otherWise calling 
for treatment With the polymer, as described above. 
[0092] In one embodiment according to this aspect of the 
invention the administering involves delivering an aerosol of 
the polymer to an airWay of the subject. The ZWitterionic 
polymer in this embodiment is administered to an airWay of 
the subject in order to treat an asthmatic condition in the 
subject. As used herein, an “airWay of the subject” refers to 
any suitable conducting or gas-exchanging surface of the 
respiratory system of the subject. Such airWays typically 
include but are not limited to the trachea, bronchi, bronchi 
oles, and terminal and respiratory bronchioles. In one 
embodiment the airWay is nasal epithelium. Delivery of an 
aerosol of the polymer to an airWay typically involves inha 
lation of the aerosol. The inhalation can be passive or it can be 
assisted by a pressurized aerosol delivery system or device. 
Administration of therapeutic agents, including the polymers 
of the invention, to airWays can conveniently be accom 
plished by using an aerosol or spray device or delivery sys 
tem. Examples of such aerosol and spray delivery systems 
and devices are Well knoWn in the art and include metered 
dose inhalers, dry poWder inhalers, ultrasonic nebuliZers, 
other liquid nebuliZers, nasal sprays, and the like. 
[0093] The polymers of the invention can also be formu 
lated as nose drops for administration to nasal epithelium, for 
use in the treatment of allergy or asthma. 

[0094] As a feature of the invention, the polymer can be 
administered repeatedly and/or chronically to a subject hav 
ing asthma to treat the asthma. As is described beloW, the 
repeated or chronic administration can take place over days, 
Weeks, months, or even years. In one embodiment the poly 
mer is administered repeatedly on a scheduled basis, e.g., 
daily or Weekly. In one embodiment the polymer is adminis 
tered repeatedly on a symptomatic basis. 
[0095] In one aspect the invention provides a method for 
treating a subject having asthma associated With an identi?ed 
allergen. The method according to this aspect of the invention 
involves (a) exposing a subject having asthma associated With 
an identi?ed allergen to the allergen, and (b) administering to 
the subject a polymer in an effective amount to treat the 
asthma, Wherein the polymer includes repeating units of a 
charge motif characteristic of B. ?’agilis polysaccharide A 

Mar. 10, 2011 

(PSA), the motif being a positively charged free amino moi 
ety and a negatively charged moiety selected from the group 
consisting of carboxyl, phosphate, phosphonate, sulfate and 
sulfonate. The step of exposing the subject having asthma 
associated With the identi?ed allergen to the allergen can be 
active or passive. That is, actively exposing can involve delib 
erate administration of allergen to the subject; passively 
exposing can involve accidental or environmental contact of 
the subject With the allergen. In a speci?c embodiment the 
exposing step speci?cally involves administering the knoWn 
allergen to the subject, in an amount effective to induce an 
acute exacerbation of asthma in the subject in absence of the 
administration of the polymer. 
[0096] In various embodiments the step of exposing the 
subject to the allergen can precede, folloW, or be contempo 
raneous With the step of administering to the subject the 
polymer in the effective amount to treat the asthma. In addi 
tion, the route of exposing and the route of administration can 
be the same or they can be different. 

[0097] The invention in one aspect provides the use of a 
ZWitterionic polymer in the manufacture of a medicament for 
use in the treatment of asthma. The ZWitterionic polymer is as 
described elseWhere herein, and the use involves placing an 
effective amount of the polymer, or a hydrate or pharmaceu 
tically acceptable salt thereof, in a pharmaceutically accept 
able carrier, for use in the treatment of asthma in a subject. 
The use may involve the manufacture of unit doses of the 
polymer suitable for use in the treatment of the asthma. In one 
embodiment the asthma is allergic asthma. 
[0098] Certain aspects of the invention involve the admin 
istration of an effective amount of the polymer to a subject, 
either to treat an allergic condition or to treat asthma. An 
“effective amount” as used herein refers in general to an 
amount of a composition that, alone or together With further 
doses, stimulates a desired response. With respect to a com 
position of the invention, an “effective amount” as used 
herein refers to an amount of a preparation of the invention 
that, alone or together With further doses, stimulates a desired 
response. Thus an effective amount can but need not be pro 
vided in a single administration. Also as used herein, an 
“effective amount to treat” a condition refers to an amount 

that is su?icient to prevent the onset of, sloW the progression 
of, ameliorate, or eliminate a condition or side effect associ 
ated With a condition in a subject. A therapeutically effective 
amount, With respect to a condition being treated, refers to an 
effective amount to treat the condition. 

[0099] Thus an effective amount to treat an allergic condi 
tion in a subject is an amount that is su?icient to prevent the 
onset of, sloW the progression of, ameliorate, or eliminate the 
allergic condition or a side effect associated With the allergic 
condition in the subject. In like manner, an effective amount 
to treat asthma in a subject is an amount that is su?icient to 
prevent the onset of, sloW the progression of, ameliorate, or 
eliminate asthma or a side effect associated With asthma in the 
subject. Those of skill in the art Will recogniZe hoW to assess 
the effectiveness of a treatment designed to prevent or allevi 
ate an allergic condition or asthma in a subject, using accepted 
clinical skills and laboratory measurements. 
[0100] For example, allergic conditions and asthma are 
associated With IgE. Thus in addition to monitoring Well 
knoWn clinical signs and symptoms of allergy and asthma, a 
clinician can measure serum IgE in a subject to be treated 
according to a method of the invention. A decrease in serum 
IgE is expected to provide an objective measure of the e?i 
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cacy of treatment. Although less convenient than serum, IgE 
can be measured in bronchoalveolar lavage (BAL) ?uid. 
[0101] In certain embodiments according to the foregoing 
aspects of the invention, the polymer is administered in con 
junction With administering another agent that is useful for 
treating the allergic condition or asthma. The other agent 
useful for treating the allergic condition or asthma can be 
administered before, after, or simultaneously With the admin 
istering of the polymer. In addition, the polymer and the other 
agent can be administered by the same route or by different 
routes. Thus the invention embraces the use of different 
agents on the same or on different schedules Where the poly 
mer and the other agent useful for treating the allergic condi 
tion or asthma are to be administered on a repeated basis. The 
other agent useful for treating the allergic condition or asthma 
can be administered in an amount that, alone, is effective for 
treating the allergic condition or asthma, or it can be admin 
istered in a lesser amount. In one embodiment the polymer 
and the other agent useful for treating the allergic condition or 
asthma are presented in a single pharmaceutical composition 
containing both the polymer and the other agent. Thus “cock 
tails” including the polymers and the other agent or agents 
useful for treating the allergic condition or asthma are con 
templated. 
[0102] Agents useful for treating an allergic condition 
include but are not limited to glucocorticoids, e.g., pred 
nisone and methylprednisolone; antihistamines, particularly 
the H l-receptor blocking antihistamines, e.g., chlorcycliZine, 
chlorpheniramine; diphenhydramine hydrochloride 
(BENADRYL®, Parke-Davis), fexofenadine hydrochloride 
(ALLEGRA®, Aventis), hydroxyZine hydrochloride (AT 
ARAX®, P?zer), loratadine (CLARITIN®, Schering), 
promethaZine hydrochloride (PHENERGAN®, Wyeth-Ay 
erst), and pyrilamine; and anti-IgE (omaliZumab; 
XOLAIR®; Genentech/Novarti s). 
[0103] Agents useful for treating asthma include but are not 
limited to glucocorticoids, e.g., beclomethasone dipropionate 
(VANCERIL®, Schering), ?unisolide (AEROBID®, For 
est), ?uticasone propionate (FLOVENT®, GlaxoSmith 
Kline), prednisone, methylprednisolone, and triamcinolone 
acetonide (AZMACORT®, Aventis); antihistamines, listed 
above; beta adrenergic agonists, e. g., albuterol sulfate (V EN 
TOLIN®, GlaxoSmithKline; PROVENTIL®, Schering), 
epinephrine, isoproterenol hydrochloride, metaproterenol 
sulfate (ALUPENT®, Boehringer Ingelheim), and terbuta 
line (BRETHINE®, LAMISIL®, Novartis); anticholin 
ergics, e.g., ipratropium bromide (ATROVENT®, Boe 
hringer Ingelheim); methylxanthines, e.g., theophylline; 
cromolyn; nedocromil; and anti-IgE (omaliZumab; 
XOLAIR®; Genentech/Novartis). IL-10 itself may be useful 
as another agent to treat asthma. 

[0104] Other immunomodulators such as cytokines can be 
delivered in conjunction With the polymers of the invention, 
and “cocktails” including the polymers and the cytokines are 
contemplated. The cytokines contemplated are those that Will 
enhance the bene?cial effects that result from administering 
the polymers according to the invention. Cytokines are fac 
tors that support the groWth and maturation of cells, including 
lymphocytes. The cytokines can act directly on T cells or 
indirectly on T cells through other cells. It is believed that the 
addition of cytokines Will augment cytokine activity stimu 
lated in vivo by carrying out the methods of the invention. 
One such cytokine is IL-10. Other cytokines of particular 
interest in this regard are IL-2 and IL-15. Additional cytok 
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ines include, Without limitation, IL-1, IL-3, IL-4, IL-5, IL-6, 
IL-7, IL-12, IL-13, IL-17, IL-18, IL-19, IFN-ot, IFN-B, IFN 
y, TNF-ot, TGF-B, G-CSF, M-CSF, GM-CSF, and lympho 
toxin. 

[0105] In one aspect the invention provides a method for 
inducing interleukin 10 (IL-10) production. The method 
according to this aspect of the invention involves isolating a T 
regulatory cell, and contacting the T regulatory cell With an 
effective amount of a polymer to induce production of IL-10 
by the T regulatory cell, Wherein the polymer includes repeat 
ing units of a charge motif characteristic of B. ?’agilis 
polysaccharideA (PSA), the motif being a positively charged 
free amino moiety and a negatively charged moiety selected 
from the group consisting of carboxyl, phosphate, phospho 
nate, sulfate and sulfonate. 
[0106] As used herein, a “T regulatory cell” or, equiva 
lently, “Treg cell” refers to a type of CD4+ T lymphocyte that 
secretes large amounts of IL-10 but only small amounts, if 
any, of IL-4 and IL-13. Akbari O et al. (2002) Nat Med 
811024-32. Treg cells are to be distinguished from both Th2 
and Th1 CD4+ T cells, even though all three types of T cells 
have been reported to secrete IL-10. As disclosed herein, Treg 
cells are further characterized by their expression of ICOS 
and their limited expression of CD45RB (CD4SRBZO). Treg 
cells are believed to play an important role in peripheral 
tolerance. These cells, sometimes referred to as regulatory or 
suppressor T cells, act as poWerful inhibitors of antigen 
speci?c T-cell activation. 
[0107] There is noW reported to be more than a single type 
of T regulatory cell. For recent revieWs, see Jonuleit H et al. 
(2003) Jlmmunol 171:6323-7, and Shevach E M (2002) Na! 
Immunol 2:389-400. One type of Treg cell is the naturally 
occurring CD4"CD25+ Treg cell, Which develops directly 
from CD4+ T cell precursors during positive selection in the 
thymus, under the in?uence of medium avidity interactions 
With thymic epithelial cells. These cells are reported to rep 
resent 5-10 percent of all peripheral CD4+ T cells. Mice, 
thymectomiZed by day 3 after birth, lack this population of 
cells and characteristically develop various autoimmune dis 
eases. Suri-Payer E et al. (1998) J Immunol 160: 1212-8. 
Freshly isolated CD4"CD25+ Treg cells are reported to be 
hyporesponsive to allogeneic or polyclonal activation in 
vitro. HoWever, they have been reported to suppress prolif 
eration of conventional CD4+CD25_ T cells in coculture, and 
suppression occurs only When the CD4"CD25+ Treg cells are 
activated through their T-cell antigen receptor. Naturally 
occurring CD4"CD25+ Treg cells are reported to exert their 
suppressive effects on CD25- T cells, at least in vitro, via a 
strictly cell contact-dependent manner, independent of 
soluble suppressive cytokines, the mechanism of Which has 
yet to be fully elucidated. Jonuleit H et al. (2003) J Immunol 
171 :6323-7. 

[0108] A second type of Treg cell is the induced CD4+ Treg 
cell. These Treg cells, in contrast to naturally occurring CD4+ 
CD25+ Treg cells, exert their suppressive effects in a cell 
contact-independent manner that involves secretion of 
soluble suppressive cytokines, including IL-10 and TGF-B. 
These cells are secondary suppressor T cells and they develop 
in the periphery, rather than in the thymus. Induced CD4+ 
Treg cells are believed to include at least tWo subtypes, Tr1 
cells Which produce large amounts of IL-10 but only modest 
amounts of TGF-B, and Th3 cells Which produce mostly 
TGF-B. Tr1 cells are also referred to in the literature as type 1 
T-regulatory cells and as IL-10-producing Treg cells. It has 
































