
(19) United States 
(12) Patent Application Publication (10) Pub. No.: US 2004/0219160 A1 

Tzianabos et al. (43) Pub. Date: 

US 2004O219 160A1 

Nov. 4, 2004 

(54) 

(75) 

(73) 

(21) 

(22) 

ZWITTERONIC IMMUNOMODULATORS 
FOR THE TREATMENT OF ASTHMA AND 
ALLERGY 

Inventors: Arthur O. Tzianabos, Reading, MA 
(US); Dennis L. Kasper, Charlestown, 
MA (US) 

Correspondence Address: 
Alan W. Steele, M.D., Ph.D. 
Wolf, Greenfield & Sacks, P.C. 
600 Atlantic Avenue 
Boston, MA 02210 (US) 

Assignee: The Brigham and Women’s Hospital, 
Inc., Boston, MA 

Appl. No.: 10/814,620 

Filed: Mar. 31, 2004 

(60) 

(51) 

(52) 

(57) 

Related U.S. Application Data 

Provisional application No. 60/459,056, filed on Mar. 
31, 2003. 

Publication Classification 

Int. Cl." ........................... C12O 1/68; A61K 39/00; 
A61K 39/38 

U.S. Cl. .......................................................... 424,184.1 

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 
Synthetic Zwitterionic polymers which are found to induce 
certain T regulatory (Treg) cells and to exert immunosup 
pressive effects in vitro and in vivo. 
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Figure 3 
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ZWITTERONIC IMMUNOMODULATORS FOR 
THE TREATMENT OF ASTHMA AND ALLERGY 

RELATED APPLICATION 

0001. This application claims benefit of U.S. provisional 
patent application Serial No. 60/459,056, filed Mar. 31, 
2003, the entire content of which is incorporated herein by 
reference. 

FIELD OF THE INVENTION 

0002 The present invention relates to the field 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 purified from the surface 
of bacterial cells exhibit protective effects in vivo when 
tested in models of inflammation Such as the formation of 
intraabdominal abscesses, intraabdominal Sepsis, and post 
surgical adhesions. U.S. Pat. Nos. 5,679,654 and 5,700,787; 
published international patent applications WO 96/07427, 
WO 00/59515, and WO 02/45708). When purified from 
whole capsule, certain polysaccharides derived from 
Bacteroides fragilis, Staphylococcus aureus, and Strepto 
coccuS pneumoniae have unique characteristics that Set them 
apart from many polysaccharide antigens. These molecules 
are high molecular weight, helical, and Zwitterionic in 
nature. Wang Y et al. (2000) Proc Natl Acad Sci USA 
97:13478-81; Brubaker J O et al. (1999) J Immunol 
162:2235-42; Tzianabos AO 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 polysaccha 
rides 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 proliferation 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 et al. (2000).J Immunol 164:719-24; Tzianabos AO et 
al. (2000) J Biol Chem 275:6733-8. It remains unclear, 
however, exactly how these molecules activate 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 dis 
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covery by the inventors of the ability of certain Zwitterionic 
polymers, including certain capsular polysaccharides and 
synthetic peptides, to induce ICOS on CD4+ T lymphocytes 
and to promote the development of regulatory T lympho 
cytes (Treg cells). AS disclosed herein, the Treg cells that are 
inducible by the Zwitterionic polymers can confer and 
transfer protection against a number of inflammatory and 
allergic conditions, including absceSS and adhesion forma 
tion, inflammatory bowel disease, and airway hyperrespon 
Siveness (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 
presence of exogenously Supplied IL-10, immature dendritic 
cells (DC), or certain immunosuppressive drugs, notably 
1.25(OH)-vitamin D3 and dexamethasone. Groux H et al. 
(1997) Nature 389:737-42; Jonuleit H et al. (2001) J Exp 
Med 193: 1285-94; Barrat F J et al. (2002) J Exp Med 
195:603-16. None of these previous reports disclosed or 
Suggested that the Zwitterionic 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 Significance of the IL-10 was not known. In addition, 
because IL-10 is widely recognized to be a highly pleiotro 
pic cytokine, the context of the IL-10 secretion is highly 
Significant. For example, it has been reported that IL-10 
alone can either exacerbate or treat asthma. The Significance 
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 Oet al. (2002) Nat Med 8:1024-32. 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 aller 
genS. 

0009. In addition, it was unexpectedly discovered accord 
ing to the instant invention that Zwitterionic peptide poly 
mers can induce a cross-protective effect against Seemingly 
unrelated 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 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, phospho 
nate, 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, phospho 
nate, Sulfate, and Sulfonate. 
0012. In one embodiment the subject is free of symptoms 
otherwise calling for treatment with the polymer. 
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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. 
0.014. In one embodiment the method further includes 
administering to the Subject an anti-allergy medicament 
Selected from the group consisting of glucocorticoids, anti 
histamines, and anti-IgE. In various embodiments the anti 
allergy medicament is prednisone, methylprednisolone, 
chlorcyclizine, chlorpheniramine, diphenhydramine hydro 
chloride (BENADRYL(R), Parke-Davis), fexofenadine 
hydrochloride (ALLEGRA(E), Aventis), hydroxyzine hydro 
chloride (ATARAX(R), Pfizer), loratadine (CLARITINGR), 
Schering), promethazine hydrochloride (PHENERGAN(R), 
Wyeth-Ayerst), pyrilamine, or anti-IgE (omalizumab, 
XOLAIR(R); Genentech/Novartis). 
0.015. 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 PSA1. 
0.017. In one embodiment according to this and all other 
aspects of the invention the polymer is PSA2. 
0.018. 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 (CP1). 
0020. In one embodiment according to this and all other 
aspects of the invention the polymer is de-N-acetylated 
Salmonella typhi 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 pepti 
doglycan known as Compound 15 (described in published 
international 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 
CP1 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-50 kDa. 

0.025 In one embodiment according to this and all other 
aspects of the invention the polymer is (K-D), 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)- 
D, wherein K is lysine, each Xaa is independently any 
neutral amino acid, m is an integer between 0 and 8, 
inclusive, D is aspartic acid, and n 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. 
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0027. In one aspect the invention provides a method for 
treating a Subject having an allergic condition associated 
with an identified 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 
identified 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 
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. 
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 polysaccharide A (PSA), 
the motif being a positively charged free amino moiety and 
a negatively charged moiety Selected from the group con 
Sisting 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 CP1 or 
Synthetic 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, 
methylxanthines, anticholinergics, cromolyn, nedocromil, 
antihistamines, and anti-IgE. In various embodiments the 
anti-asthma medicament is beclomethasone dipropionate 
(VANCERIL(R), Schering), flunisolide (AEROBID(R, For 
est), fluticasone propionate (FLOVENT(R), GlaxoSmith 
Kline), prednisone, methylprednisolone, triamcinolone 
acetonide (AZMACORT(R), Aventis), albuterol sulfate 
(VENTOLINGR, GlaxoSmithKline; PROVENTIL(R), Scher 
ing), epinephrine, isoproterenol hydrochloride, metaproter 
enol sulfate (ALUPENT(R), Boehringer Ingelheim), terbuta 
line (BRETHINE(R), LAMISIL(R), Novartis), ipratropium 
bromide (ATROVENT(R), Boehringer Ingelheim), theophyl 
line, cromolyn, nedocromil, or anti-IgE (omalizumab, 
XOLAIR(R); Genentech/Novartis). 
0035) In one embodiment according to this aspect of the 
invention the administering involves administering multiple 
doses of the isolated polymer. 
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0036). In one aspect the invention provides a method for 
treating a Subject having asthma associated with an identi 
fied allergen. The method according to this aspect of the 
invention includes the steps of (a) exposing a Subject having 
asthma associated with an identified 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. fragilis 
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. 
0037. In various embodiments according to this aspect of 
the invention the exposing precedes, follows, or is Substan 
tially contemporaneous with the administering. 
0.038. 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 isolating a T regulatory cell, and contacting the T regu 
latory cell with an effective amount of a polymer to induce 
production of IL-10 by the T regulatory cell, wherein the 
polymer includes repeating units of a charge motif charac 
teristic of B. fragilis polysaccharide A (PSA), the motif 
being a positively charged free amino moiety and a nega 
tively 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 
invention 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 
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; and measuring an 
increased ICOS expression on the CD4+ cell, wherein ICOS 
expression on the CD4+ cell is increased when ICOS 
expression after the contacting 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 contact 
ing the population of naive T cells with an effective amount 
of an isolated polymer to induce proliferation of Tregulatory 
cells, 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 
moiety and a negatively charged moiety Selected from the 
group consisting of carboxyl, phosphate, phosphonate, Sul 
fate 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 
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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 
effective amount of an isolated polymer to induce prolifera 
tion of the Tregulatory cells, 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 moiety and a negatively charged moiety 
Selected from the group consisting of carboxyl, phosphate, 
phosphonate, 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-Specific immune response in a Subject, 
wherein the antigen-specific response is other than an aller 
gic condition or asthma. The method according to this aspect 
of the invention includes the Step of administering to a 
Subject in need of inhibition of an antigen-specific 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 
polymer includes repeating units of a charge motif charac 
teristic of B. fragilis polysaccharide A (PSA), the motif 
being a positively charged free amino moiety and a nega 
tively charged moiety Selected from the group consisting of 
carboxyl, phosphate, phosphonate, Sulfate and Sulfonate. 
0047. In various embodiments according to this aspect of 
the invention the administering the antigen precedes, fol 
lows, or is Substantially contemporaneous with the admin 
istering 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 
polymer, 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 
moiety and a negatively charged moiety Selected from the 
group consisting of carboxyl, phosphate, phosphonate, Sul 
fate 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 
formulation of a polymer of 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 consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate. 

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. 
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0053. In one embodiment the pharmaceutical composi 
tion 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 
consisting of glucocorticoids, antihistamines, and anti-IgE. 
0054. In one embodiment the pharmaceutical composi 
tion 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 
consisting of glucocorticoids, beta adrenergic agonists, 
methylxanthines, anticholinergics, cromolyn, nedocromil, 
antihistamines, IL-10, and anti-IgE. 
0055. In a further aspect the invention provides an aero 
Sol delivery System including a container with an interior, an 
aeroSol generator in fluid connection with the interior of the 
container, and a polymer of 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 consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate, disposed within the interior of the container. The 
aeroSol delivery 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 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 reduc 
tion of post-Surgical adhesion formation by Zwitterionic 
polysaccharide CP1. 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 
0.058 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-O.O3 

0060 FIG. 2A is a series of graphs depicting results of 
flow 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 flow 
cytometry analysis of IL-4 (left) and IFN-Y (right) in CD4+ 
CD45RB' T cells as measured 4 days after in vivo admin 
istration of CP1. 

0.062 FIG. 2C is a pair of graphs depicting adhesion 
scores in mice treated with CD45RB" or CD45RB' cells 
transferred from mice treated with saline or CP1 (left panel) 
and abrogation of protective effect of transferred CD45RB' 
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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 flow 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-OOOO6 

0065 FIG. 4A is a series of graphs depicting results of 
flow 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-specific 
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 
Significant reduction in antigen-Specific 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 anti 
gen, 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 infil 
tration in lung Sections obtained from antigen-Sensitized 
mice challenged with aeroSolized antigen, following treat 
ment 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 infiltrations com 
pared with mice treated with Saline. 
0070 FIG. 7B is a bar graph depicting goblet cell infil 
tration in lung Sections obtained from antigen-Sensitized 
mice challenged with aeroSolized antigen, following treat 
ment 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 infiltrations com 
pared with mice treated with Saline. 
0071 FIG. 8 is a pair of photomicrographs depicting 
goblet cell infiltration 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 infiltration than Saline-treated mice. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0072 The invention is useful generally whenever it is 
desirable to induce IL-10-producing, CD45RB Treg cells, 
either in vivo or in vitro. More specifically, the invention is 
useful whenever it is desirable to treat an allergic or asth 
matic condition in a Subject, including prophylactically. 
0073. It was previously discovered by the present inven 
tors that certain naturally occurring Zwitterionic polysaccha 
rides, modified polysaccharides, and peptides, all character 
ized by the presence of a Specific charge motif, can be used 
to stimulate T cells to produce IL-2 and IL-10, and to induce 
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protection against numerous bacteria, absceSS and adhesion 
formation. See U.S. Pat. Nos. 5,679,654 and 5,700,787, both 
issued to Tzianabos et al., and published international patent 
application WO 00/59515, the entire contents of all of which 
are incorporated herein by reference. 
0.074. 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 
establishment 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 par 
ticipate in preventing and Subduing an inflammatory 
response or condition, 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 ZWit 
terionic polymers are discovered to be useful in the treat 
ment 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 
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 consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate. 

0.076 The polymers useful according to this and all other 
aspects of the invention are described in detail further below. 
Briefly, they are Zwitterionic polymers that include both 
polysaccharides (including PSA) as well as non-polysaccha 
ride polymers. The polymers can be naturally occurring 
polymers, modified 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 
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 Specific 
to the following genera: Canis (Canis familiaris); Der 
matophagoides (e.g., Dermatophagoides farinae); Felis 
(Felis domesticus); Ambrosia (Ambrosia artemisfolia); 
Lolium (e.g., Lolium perenne or Lolium multiflorum); Cryp 
tomeria (Cryptomeria japonica); Alternaria (Alternaria 
alternata); Alder, Alnus (Alnus guiltinosa); Betula (Betula 
verrucosa); Quercus (Quercus alba); Olea (Olea europa); 
Artemisia (Artemisia vulgaris); Plantago (e.g., Plantago 
lanceolata); Parietaria (e.g., Parietaria oficinalis or Pari 
etaria judaica); Blattella (e.g., Blattella germanica); Apis 
(e.g., Apis multiflorum); CupreSSuS (e.g., CupreSSuS Semper 
virens, CupreSSuS arizonica and CupreSSuS macrocarpa); 
Juniperus (e.g., Juniperus Sabinoides, Juniperus virginiana, 
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Juniperus communis and Juniperus ashei); Thuya (e.g., 
Thuya Orientalis); Chamaecyparis (e.g., Chamaecyparis 
Obtusa); Periplaneta (e.g., Periplaneta americana); Agro 
pyron (e.g., Agropyron repens); Secale (e.g., Secale cereale); 
Triticum (e.g., Triticum aestivum); Dactylis (e.g., Dactylis 
glomerata); Festuca (e.g., Festuca elatior); Poa (e.g., Poa 
pratensis or Poa compressa), Avena (e.g., Avena Sativa); 
Holcus (e.g., Holcus lanatus); Anthoxanthum (e.g., Anthox 
anthum Odoratum); Arrhenatherum (e.g., Arrhenatherum 
elatius); AgroStis (e.g., AgroStis alba); Phleum (e.g., Phleum 
pratense); Phalaris (e.g., Phalaris arundinacea); Paspalum 
(e.g., Paspalum notatum); Sorghum (e.g., Sorghum halepen 
Sis); and Bromus (e.g., Bromus inermis). Allergens also 
include peptides and polypeptides Such as are used in 
experimental animal models of allergy and asthma, includ 
ing ovalbumin (OVA) and Schistosoma man Soni egg anti 
gen. 

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 Subject 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 geo 
graphical 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 experi 
mental 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 
Subject 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), inflammatory bowel disease, and allograft 
rejection); a disorder characterized by an inappropriate IgG 
antibody response to specific antigen (acute glomerulone 
phritis, Goodpasture's Syndrome, autoimmune arthritis 
including rheumatoid arthritis, Systemic lupus erythemato 
SuS (SLE, lupus), AIDS, Shögren's Syndrome, autoimmune 
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 
having an allergic condition to treat the allergic condition. 
AS is described below, the repeated or chronic administra 
tion 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 embodi 
ment the polymer is administered repeatedly on a Symptom 
atic basis. 

0083. In one aspect the invention provides a method for 
treating a Subject having an allergic condition associated 
with an identified allergen. The method according to this 
aspect of the invention involves (a) exposing a Subject 
having an allergic condition associated with an identified 
allergen to the allergen, and (b) administering to the Subject 
an isolated polymer in an effective amount to treat the 



US 2004/021916.0 A1 

allergic condition, 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, phospho 
nate, Sulfate and Sulfonate. The Step of exposing the Subject 
having the allergic condition associated with the identified 
allergen to the allergen can be active or passive. That is, 
actively exposing can involve deliberate administration of 
allergen to the Subject, passively exposing can involve 
accidental or environmental contact of the Subject with the 
allergen. In a specific embodiment the exposing Step spe 
cifically 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 adminis 
tration of the polymer. 
0084. In various embodiments the step of exposing the 
Subject to the allergen can precede, follow, or be contem 
poraneous with the Step of administering to the Subject the 
polymer in the effective amount to treat the allergic condi 
tion. In addition, the route of exposing and the route of 
administration 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 ZWit 
terionic 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 
pharmaceutically acceptable carrier, for use in the treatment 
of an allergic condition of a Subject. The use may involve the 
manufacture 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. 
0.086 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 polysaccharide A (PSA), 
the motif being a positively charged free amino moiety and 
a negatively charged moiety Selected from the group con 
Sisting 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, phospho 
nate, Sulfate and Sulfonate. 
0088. In one embodiment the polymer is a polymer other 
than CP1 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 
inflammation 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, 
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either new-onset or recurrent, or a history of asthma, or a 
known or Suspected predisposition toward developing 
asthma. A Subject having asthma thus can have active 
asthma or can be asymptomatic and between acute exacer 
bations. In one embodiment a Subject having asthma is a 
Subject having asthma that is associated with allergic Symp 
toms, 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 
inhalation 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 
accomplished by using an aerosol or Spray device or deliv 
ery system. 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 nebu 
lizers, 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 
having 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 
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. 

0095. In one aspect the invention provides a method for 
treating a Subject having asthma associated with an identi 
fied allergen. The method according to this aspect of the 
invention involves (a) exposing a Subject having asthma 
associated with an identified 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. fragilis 
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. The Step of exposing the 
Subject having asthma associated with the identified allergen 
to the allergen can be active or passive. That is, actively 
exposing can involve deliberate administration of allergen to 
the Subject, passively exposing can involve accidental or 
environmental contact of the Subject with the allergen. In a 
Specific embodiment the exposing Step Specifically involves 
administering the known allergen to the Subject, in an 
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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 contem 
poraneous with the Step of administering to the Subject the 
polymer in the effective amount to treat the asthma. In 
addition, the route of exposing and the route of administra 
tion 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 
pharmaceutically acceptable Salt thereof, in a pharmaceuti 
cally acceptable 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. 
0.098 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 
composition 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 provided in a single administration. Also as used herein, 
an “effective amount to treat a condition refers to an 
amount that is Sufficient to prevent the onset of, slow the 
progression of, ameliorate, or eliminate a condition or side 
effect associated with a condition in a Subject. A therapeu 
tically 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 con 
dition in a Subject is an amount that is Sufficient to prevent 
the onset of, slow the progression of, ameliorate, or elimi 
nate 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 
Sufficient 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 alleviate 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 
efficacy of treatment. Although leSS convenient than Serum, 
IgE can be measured in bronchoalveolar lavage (BAL) fluid. 
0101. In certain embodiments according to the foregoing 
aspects of the invention, the polymer is administered in 
conjunction with administering another agent that is useful 
for treating the allergic condition or asthma. The other agent 
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useful for treating the allergic condition or asthma can be 
administered before, after, or Simultaneously with the 
administering 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 polymer and the other agent useful for treating the 
allergic condition 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 administered 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 “cocktails” 
including the polymers and the other agent or agents useful 
for treating the allergic condition or asthma are contem 
plated. 
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-receptor blocking antihistamines, e.g., chlorcycliz 
ine, chlorpheniramine, diphenhydramine hydrochloride 
(BENADRYL(R), Parke-Davis), fexofenadine hydrochloride 
(ALLEGRAR), Aventis), hydroxyzine hydrochloride 
(ATARAX(R), Pfizer), loratadine (CLARITINGR), Schering), 
promethazine hydrochloride (PHENERGANGE), Wyeth-Ay 
erst), and pyrilamine, and anti-IgE (omalizumab, 
XOLAIR(R); Genentech/Novartis). 
0103) Agents useful for treating asthma include but are 
not limited to glucocorticoids, e.g., beclomethasone dipro 
pionate (VANCERIL(R), Schering), flunisolide (AERO 
BID(R, Forest), fluticasone propionate (FLOVENT(R), 
GlaxoSmithKline), prednisone, methylprednisolone, and tri 
amcinolone acetonide (AZMACORTR), Aventis); antihista 
mines, listed above, beta adrenergic agonists, e.g., albuterol 
sulfate (VENTOLINGR, GlaxoSmithKline; PROVENTIL(R), 
Schering), epinephrine, isoproterenol hydrochloride, metap 
roterenol sulfate (ALUPENT(R), Boehringer Ingelheim), and 
terbutaline (BRETHINE(R), LAMISIL(R), Novartis); anticho 
linergics, e.g., ipratropium bromide (ATROVENT(R), Boe 
hiringer Ingelheim); methylxanthines, e.g., theophylline; cro 
molyn; nedocromil; and anti-IgE (omalizumab, XOLAIRCR); 
Genentech/Novartis). IL-10 itself may be useful as another 
agent to treat asthma. 
0.104) 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 beneficial effects that result from admin 
istering the polymers according to the invention. Cytokines 
are factors 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 cytok 
ine activity Stimulated in Vivo by carrying out the methods 
of the invention. One such cytokine is IL-10. Other cytok 
ines of particular interest in this regard are IL-2 and IL-15. 
Additional cytokines 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-O, IFN-B, IFN-y, IFN-O, TGF-B, G-CSF, M-CSF, GM 
CSF, and lymphotoxin. 
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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 Tregulatory cell, 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 moiety and a negatively charged moiety 
Selected from the group consisting of carboxyl, phosphate, 
phosphonate, 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 Oet al. (2002) Nat Med 
8:1024-32. 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 (CD45RB'). 
Treg cells are believed to play an important role in periph 
eral tolerance. These cells, Sometimes referred to as regu 
latory or Suppressor T cells, act as powerful inhibitors of 
antigen-specific T-cell activation. 
0107 There is now reported to be more than a single type 
of Tregulatory cell. For recent reviews, see Jonuleit H et al. 
(2003) J Immunol 171:6323-7, and Shevach EM (2002) Nat 
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 influence of medium avidity interactions 
with thymic epithelial cells. These cells are reported to 
represent 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 
diseases. 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, indepen 
dent of Soluble Suppressive cytokines, the mechanism of 
which has yet to be fully elucidated. Jonuleit Het 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 Sub 
types, Tr1 cells which produce large amounts of IL-10 but 
only modest amounts of TGF-B, and Th3 cells which pro 
duce 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 now been discovered as part of the instant 
invention, that these Treg cells, which are distinct from 
CD4"CD25 Treg cells, express ICOS and are CD45RB'. 
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These Treg cells can be induced from naive T cells upon 
repeated antigen exposure or antigen Stimulation. Groux H 
et al. (1997) Nature 389:737-42. Alternatively, IL-10-secret 
ing Treg cells have been generated in vitro by culturing T 
cells in the presence of large amounts of exogenous IL-10, 
with immature dendritic cells (DC), or certain immunoSup 
pressive drugs, including a combination of 1,25(OH)-Vita 
min D3 and dexamethasone. Groux H et al. (1997) Nature 
389:737-42; Jonuleit H et al. (2001) J Exp Med 193:1285 
94; Barrat FJ et al. (2002) J Exp Med 195:603-16. Each of 
these in vitro methods may be of limited value for use in 
Vivo, owing to unwanted Side effects and technical demands. 
Supernatants of activated Tr1 cells Strongly reduce the 
capacity of dendritic cells to induct alloantigen-specific 
proliferation. Groux H (2003) Transplantation 75:8S-12S. 
Furthermore, Supernatants of activated human Tr1 cells have 
been reported to promote the differentiation of naive CD4" 
T cells into Tr1 cells in vitro, in an IL-10-dependent manner. 
Roncarolo MG et al. (2001) Immunol Rev 182:68-79. 
0109 Interleukin-10 (IL-10) is a pleiotropic cytokine that 
has antiinflammatory properties through its ability to down 
regulate antigen presentation and macrophage activation. It 
also plays a role in B-cell activation and autoantibody 
production. The IL-10 family of cytokines includes IL-19, 
IL-20, MDA7, and IL-22. As originally described, IL-10 is 
produced by B cells, T helper cells, and cells of the mono 
cyte/macrophage lineage. Tan J C et al. (1993) J Biol Chem 
268: 21053-9. Akbari Oet al. (2003) Nature Med 8: 1024-32 
noted that Th1 cells secreting IFN-Y regulate Th2 cells and 
may be involved in downregulating Th2-driven airway 
hyperreactivity and asthma. However, IFN-Y may also con 
tribute to the Severity of disease by exacerbating pulmonary 
inflammation. Surprisingly, after exposure of mice to aller 
gen by the respiratory route, Treg cells developed, producing 
high levels of IL-10, typically considered a Th2 cytokine. 
The Treg cells downmodulated allergen-induced airway 
hyperreactivity in previously Sensitized mice. Akbari Oet al. 
(2003) Nature Med 8: 1024-32 suggested that IL-10 may 
initially be involved in the polarization of Th2 responses but 
plays a regulatory role late in immune responses to attenuate 
Th2-driven inflammatory activity. 

0110 Production of IL-10 can be measured using any 
method Suitable for quantitating the amount of IL-10 meS 
Senger RNA or IL-10 polypeptide present in a Sample. The 
amount of IL-10 mRNA can be measured, for example, by 
reverse transcriptase-polymerase chain reaction (RT-PCR) 
using Suitable oligonucleotide primers and techniques famil 
iar to those of skill in the art. In one embodiment the amount 
of IL-10 polypeptide expressed within a cell can be mea 
Sured using flow cytometry techniques. Flow cytometry will 
involve the use of an antibody that binds specifically to 
IL-10 and optionally includes a fluorescent tag. Monoclonal 
anti-IL-10 antibodies are available from commercial Suppli 
ers. In another embodiment the amount of IL-10 polypeptide 
expressed by a cell can be assessed using an enzyme-linked 
immunofluorescence assay (ELISA), reagents and kits for 
which are available from commercial Suppliers. In yet 
another embodiment the amount of IL-10 polypeptide 
expressed by a cell can be assessed using a biological assay 
that is based, either directly or indirectly, on IL-10 interact 
ing with its receptor. The biological assay can be an in Vitro 
assay or it can be an in Vivo assay. 
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0111. In one aspect the invention also provides a method 
for inducing expression of inducible coStimulatory molecule 
(ICOS) on a CD4+ cell. The method according to this aspect 
of the invention involves contacting a CD4+ cell with an 
effective amount of an isolated polymer to induce expression 
of ICOS on the CD4+ cell, 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 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 contacting exceeds ICOS expression 
before the contacting. 
0112 ICOS is a recently described inducible costimula 
tory molecule related to CD28 that is expressed on T cells. 
Hutloff Aet al. (1999) Nature 397:263-6. The cognate ligand 
for ICOS, ICOSL, is expressed on the Surface of antigen 
presenting cells (APC). ICOS-ICOSL interactions give rise 
to induction of IL-10 secretion by T cells. Sharpe A H et al. 
(2002) Nat Rev Immunol 2:116-26. Nucleotide and amino 
acid Sequences of human ICOS are known and publicly 
available from GenBank under accession numbers 
NM 012092 and AJ277832; NP 036224 and CACO6612, 
respectively. 

0113 ICOS expression can be measured using any 
method suitable for quantitating the amount of ICOS mes 
senger RNA or ICOS polypeptide present in a sample. The 
amount of mRNA can be measured, for example, by reverse 
transcriptase-polymerase chain reaction (RT-PCR) using 
Suitable oligonucleotide primers and techniques familiar to 
those of skill in the art. In one embodiment the amount of 
ICOS polypeptide expressed by a cell can be measured using 
flow cytometry techniques. In another embodiment the 
amount of ICOS polypeptide expressed by a cell can be 
assessed using fluorescence microScopy. Both flow cytom 
etry and fluorescence microScopy involve the use of anti 
bodies that bind specifically to ICOS and that optionally 
include a fluorescent tag. Monoclonal anti-ICOS antibodies 
are available from commercial Suppliers. In another embodi 
ment the amount of ICOS polypeptide expressed by a cell 
can be assessed using a biological assay that is based, either 
directly or indirectly, on ICOS-ICOSL interaction. The 
biological assay can be an in vitro assay or it can be an in 
Vivo assay. Examples of Such assays are provided in the 
Examples Section below. 
0114. The invention in one aspect provides a method for 
inducing proliferation of T regulatory cells. The method 
according to this aspect of the invention involves 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 charac 
teristic of B. fragilis polysaccharide A (PSA), the motif 
being a positively charged free amino moiety and a nega 
tively charged moiety Selected from the group consisting of 
carboxyl, phosphate, phosphonate, Sulfate and Sulfonate. AS 
used herein, isolating a population of T cells referS generally 
to isolating a population of T cells from whole blood, Spleen, 
or any other Source of lymphocytes, Such that at least 80 
percent of the isolated population of cells are T cells. In one 
embodiment T cells represent at least 90 percent of the 

Nov. 4, 2004 

isolated population of cells. In one embodiment T cells 
represent at least 95 percent of the isolated population of 
cells. In one embodiment T cells represent at least 98 percent 
of the isolated population of cells. Methods for isolating T 
cells from a mixed population of blood cells or Splenocytes 
are well known in the art and include, for example, cell 
Sorting and density gradient centrifugation in combination 
with positive or negative Selection on nylon wool. The 
method according to this aspect of the invention can option 
ally include the Step of isolating the resulting Treg cells from 
other cells, following the contacting Step. AS in other aspects 
of the invention, a polymer useful according to this aspect of 
the invention can be any one or combination of the Zwitte 
rionic polymers described in further detail below. 
0.115. In one embodiment according to this aspect of the 
invention the method further entails contacting the popula 
tion of naive T cells with an antigen, for example, continu 
ously throughout the time the cells are contacted with the 
Zwitterionic polymer. 
0116. In one embodiment according to this aspect of the 
invention the method further entails contacting the popula 
tion of naive T cells with exogenously Supplied cytokine that 
is effective to Support or Stimulate proliferation of Treg cells. 
In one embodiment the method further entails contacting the 
population of naive T cells with exogenously Supplied IL-2, 
IL-15, or a combination of IL-2 and IL-15. These cytokines 
can be obtained as purified recombinant proteins from 
various commercial Suppliers. They may be Supplied as Fc 
fusion proteins or other stabilized forms, e.g., PEGylated 
IL-2 or IL-15, all of which are known in the art. 
0117. In one embodiment according to this aspect of the 
invention the Step of isolating a population of naive T cells 
involves isolating a population of naive T cells that is 
essentially free of naturally occurring CD4"CD25 Treg 
cells. This can be accomplished through positive or negative 
Selection, for example, using Standard fluorescence-acti 
vated cell Sorting (FACS) techniques, gating on CD4 and 
CD25, or using magnetic beads coated with CD4 and CD25. 
The method according to this embodiment thus entails 
inducing a population of IL-10-producing CD4 Treg cells 
in the absence of contact with CD4-CD25 Treg cells. The 
method according to this embodiment can entail inducing a 
population of induced CD4 Treg cells without the influence 
of another agent previously described to be useful in meth 
ods for inducing Such cells, viz., large amounts of exogenous 
IL-10, with immature dendritic cells (DC), or certain immu 
noSuppressive drugs, including a combination of 1,25(OH)- 
vitamin D3 and dexamethasone. Groux H et al. (1997) 
Nature 389:737-42; Jonuleit H et al. (2001) J Exp Med 
193:1285-94; Barrat FJ et al. (2002).J Exp Med 195:603-16. 
0118. In an alternative method, a general population of 
cells that includes naive T cells is contacted with an effective 
amount of an isolated polymer, described herein, to induce 
proliferation of T regulatory cells, and then proliferated T 
regulatory cells are isolated from the general population of 
cells. 

0119) The invention in one aspect provides a method for 
inducing proliferation of T regulatory cells. The method 
according to this aspect of the invention involves isolating a 
population of T regulatory cells, and contacting the popu 
lation of T regulatory cells with an effective amount of a 
polymer to induce proliferation of the T regulatory cells, 
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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 moiety and 
a negatively charged moiety Selected from the group con 
Sisting of carboxyl, phosphate, phosphonate, Sulfate and 
Sulfonate. The method according to this aspect of the inven 
tion can optionally include the Step of isolating the resulting 
Treg cells from other cells, following the contacting Step. AS 
in other aspects of the invention, a polymer useful according 
to this aspect of the invention can be any one or combination 
of the Zwitterionic polymers described in further detail 
below. 

0120 In one embodiment according to this aspect of the 
invention the method further entails contacting the popula 
tion of T regulatory cells with an antigen, for example, 
continuously throughout the time the cells are contacted 
with the Zwitterionic polymer. 
0121. In one embodiment according to this aspect of the 
invention the method further entails contacting the popula 
tion of T regulatory cells with exogenously Supplied cytok 
ine that is effective to Support or Stimulate proliferation of 
Treg cells. In one embodiment the method further entails 
contacting the population of T regulatory cells with exog 
enously Supplied IL-2, IL-15, or a combination of IL-2 and 
IL-15. These cytokines, or their corresponding Fc fusion 
proteins or other Stabilized forms, are formulated and avail 
able as described above. 

0122. In one embodiment according to this aspect of the 
invention the Step of isolating a population of T regulatory 
cells involves isolating a population of T regulatory cells 
that is essentially free of naturally occurring CD4"CD25" 
Treg cells. The method according to this embodiment thus 
entails inducing a population of IL-10-producing CD4 Treg 
cells in the absence of contact with CD4"CD25 Treg cells. 
The method according to this embodiment also can entail 
inducing a population of induced CD4 Treg cells without 
the influence of another agent previously described to be 
useful in methods for inducing Such cells, viz., large 
amounts of exogenous IL-10, with immature dendritic cells 
(DC), or certain immunosuppressive drugs, including a 
combination of 1.25(OH)-vitamin D3 and dexamethasone. 
Groux Het al. (1997) Nature 389:737-42; Jonuleit H et al. 
(2001) J Exp Med 193:1285-94; Barrat FJ et al. (2002) J 
Exp Med 195:603-16. 
0123. In an alternative method, a general population of 
cells that includes T regulatory cells is contacted with an 
effective amount of an isolated polymer, described herein, to 
induce proliferation of T regulatory cells, and then prolif 
erated T regulatory cells are isolated from the general 
population of cells. 
0.124. An expanded population of Treg cells induced 
according to a method of the invention can be administered 
to a Subject in need of downregulation of an immune 
response. For example, an expanded population of Treg cells 
(typically derived from the subject to be treated) induced 
according to a method of the invention can be administered 
to a Subject having an allergic condition or to a Subject 
having asthma, as described herein, to treat the allergic 
condition or asthma. In the case of a Subject having an 
allergic condition or response, the administering of the Treg 
cells can take place prior to, essentially concurrent with, or 
following eXposure of the Subject to an allergen that is 
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asSociated with the allergic condition or response in the 
Subject. The exposure of the Subject to the allergen can be 
passive, e.g., through accidental environmental contact with 
the allergen, or it can be active, e.g., through deliberate 
administration of the allergen to the Subject, e.g., by injec 
tion or aeroSol administration. In the case of a Subject with 
asthma, the administering can take place prior to, essentially 
concurrent with, or following the onset of an acute exacer 
bation of asthma. In addition, in the case of a Subject with 
allergic asthma, the administering of the Treg cells can take 
place prior to, essentially concurrent with, or following 
exposure of the Subject to an allergen that is associated with 
the allergic asthma in the Subject. The exposure to the 
allergen can be passive or it can be active, as described 
above. 

0.125 AS used herein, a subject in need of downregula 
tion of an immune response includes, without limitation, 
Subjects having a condition or disease chosen from 
abscesses, post-Surgical adhesions, Sepsis, rheumatoid 
arthritis, myasthenia gravis, inflammatory bowel disease, 
colitis, Systemic lupus erythematosus, multiple Sclerosis, 
coronary artery disease, diabetes, hepatic fibrosis, psoriasis, 
eczema, acute respiratory distreSS Syndrome, acute inflam 
matory pancreatitis, endoscopic retrograde cholangiopan 
creatography-induced pancreatitis, bums, atherogenesis of 
coronary, cerebral, and peripheral arteries, appendicitis, 
cholecystitis, diverticulitis, Visceral fibrotic disorders, 
wound healing, skin Scarring disorders, granulomatous dis 
orders, asthma, pyoderma gangrenoSum, Sweet's Syndrome, 
Behcet's Syndrome, primary Sclerosing cholangitis, and cell, 
tissue, or organ transplantation. 
0.126 In one embodiment naive T cells are isolated from 
a Subject in need of downregulation of an immune response, 
then contacted with an effective amount of polymer as 
described herein to induce proliferation of Treg cells, and 
then an effective amount of the resulting unsorted population 
of cells is administered to the Subject to downregulate the 
immune response in the Subject. In another embodiment 
naive T cells are isolated from a subject in need of down 
regulation of an immune response, then contacted with an 
effective amount of polymer as described herein to induce 
proliferation of Treg cells, resulting Treg cells are isolated 
from the treated cells, and then an effective amount of the 
isolated population of Treg cells is administered to the 
Subject to downregulate the immune response in the Subject. 
0127. In one embodiment Treg cells are isolated from a 
Subject in need of downregulation of an immune response, 
then contacted with an effective amount of polymer as 
described herein to induce proliferation of the Treg cells, and 
then an effective amount of the resulting expanded popula 
tion of Treg cells is administered to the Subject to down 
regulate the immune response in the Subject. 
0128. In one embodiment the polymer is a polymer other 
than CP1 or synthetic peptidoglycan Compound 15. 
0129. The proliferation of T cells in general can be 
measured using any method Suitable for quantitating the 
number of T cells present in a Sample. T cells can be isolated, 
if necessary, and the number of T cells can be measured, for 
example, by measuring H-thymidine incorporation, flow 
cytometry, and other techniques familiar to those of skill in 
the art. These methods can be adapted for the purpose of 
measuring the proliferation of Treg cells. For example, as 
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disclosed herein, the Treg cells are CD4, ICOS', 
CD45RB', and stain positive for intracellular IL-10. 
0130. The invention in one aspect provides a method for 
inhibiting an antigen-Specific immune response in a Subject, 
wherein the antigen-Specific response is other than an aller 
gic condition or asthma. The method according to this aspect 
of the invention involves the Step of administering to a 
Subject in need of inhibition of an antigen-specific response, 
other than an allergic condition or asthma, (a) an antigen and 
(b) a polymer in an effective amount to inhibit in the subject 
an immune response to the antigen, 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 moiety and a negatively charged moiety 
Selected from the group consisting of carboxyl, phosphate, 
phosphonate, Sulfate and Sulfonate. 
0131. In various embodiments the administering of the 
antigen can precede, follow, or be contemporaneous with the 
administering of the polymer. In addition, the site of admin 
istration of the antigen and the Site of administration of the 
polymer can be the same or they can be different. Further 
Still, the mode of administration of the antigen and the mode 
of administration of the polymer can be the same or they can 
be different. 

0.132. As a feature of the invention, the polymer, in this 
case in conjunction with administration of the antigen, can 
be administered repeatedly and/or chronically to inhibit in 
the Subject the immune response to the antigen. 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. 

0133. In one embodiment the antigen is present as a 
conjugate with the polymer. A conjugate, as used herein, 
refers to any combination of two or more different compo 
Sitions in which the different compositions are physically or 
chemically linked to one another, either directly or indi 
rectly. In one embodiment the different compositions, e.g., 
the antigen and the polymer, are chemically linked together 
by a covalent bond. Where the linkage is indirect, there may 
be a linker moiety interposed between or otherwise connect 
ing the two different compositions. Methods for making 
covalent linkages between polysaccharides and peptides (or 
polypeptides) are well known in the art, as are methods for 
covalently linking peptides to peptides. 

0134. 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 
Subject 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), inflammatory bowel disease, and allograft 
rejection); a disorder characterized by an inappropriate IgG 
antibody response to specific antigen (acute glomerulone 
phritis, Goodpasture's Syndrome, autoimmune arthritis 
including rheumatoid arthritis, Systemic lupus erythemato 
SuS (SLE, lupus), AIDS, Shögren's Syndrome, autoimmune 
hemolytic anemia, idiopathic thrombocytopenic purpura 
(ITP), and certain forms of thyroiditis). 
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0135) In one aspect the invention provides a novel com 
position. The composition according to this aspect of the 
invention includes a conjugate of an antigen and a polymer, 
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 moiety and 
a negatively charged moiety Selected from the group con 
Sisting of carboxyl, phosphate, phosphonate, Sulfate and 
Sulfonate. The antigen and the polymer of the conjugate 
composition are physically or chemically associated, either 
directly or indirectly. In one embodiment the antigen and the 
polymer are chemically associated through a covalent bond. 
In one embodiment the antigen and the polymer are chemi 
cally associated through a linker moiety connecting the two. 
In one embodiment the antigen and the polymer are asso 
ciated physically with or within a lipoSome or other similar 
delivery vehicle. 
0.136 An antigen typically is any substance that can be 
Specifically bound by a T-cell antigen receptor, antibody, or 
B-cell antigen receptor. Antigenic Substances include, with 
out limitation, peptides, proteins, carbohydrates, lipids, 
phospholipids, nucleic acids, autacoids, and hormones. Anti 
genic Substances further specifically include antigens that 
are classified as allergens, cancer antigens, and microbial 
antigens. Antigens also include autoantigens. 

0.137 The antigen can be an antigen that is or is derived 
from an infectious microbial agent, including a bacterium, a 
virus, a fungus, or a parasite. Examples of infectious bacteria 
include: Helicobacter pyloris, Borrelia burgdorferi, 
Legionella pneumophilia, Mycobacteria Sps (such as. M. 
tuberculosis, M. avium, M. intracellulare, M. kansasii, and 
M. gordonae), Staphylococcus aureus, Neisseria gonor 
rhoeae, Neisseria meningitidis, Listeria monocytogenes, 
Streptococcus pyogenes (Group A Streptococcus), Strepto 
coccuS agalactiae (Group B Streptococcus), StreptococcuS 
(viridans group), StreptococcuS faecalis, StreptococcuS 
bovis, StreptococcuS (anaerobic sps.), Streptococcus pneu 
moniae, pathogenic Campylobacter sp., EnterOCOccuS sp., 
Haemophilus influenzae, Bacillus anthracis, Corynebacte 
rium diphtheriae, Corynebacterium sp., Erysipelothrix rhu 
Siopathiae, CloStridium perfringens, CloStridium tetani, 
Enterobacter aerogenes, Klebsiella pneumoniae, Pasturella 
multocida, Bacteroides sp., Fusobacterium nucleatum, 
Streptobacillus moniliformis, Treponema pallidum, Tre 
pOnema perienue, Leptospira, and Actinomyces israelii. 

0.138 Examples of infectious viruses include: Retroviri 
dae (including but not limited to human immunodeficiency 
virus (HIV)); Picomaviridae (for example, polio viruses, 
hepatitis A virus, enteroviruses, human coxsackie Viruses, 
rhinoviruses, echoviruses); Calciviridae (Such as Strains that 
cause gastroenteritis); Togaviridae (for example, equine 
encephalitis viruses, rubella viruses); Flaviviridae (for 
example, dengue viruses, encephalitis viruses, yellow fever 
viruses); Coronaviridae (for example, coronaviruses); 
Rhabdoviridae (for example, vesicular stomatitis viruses, 
rabies viruses); Filoviridae (for example, ebola viruses); 
Paramyxoviridae (for example, parainfluenza viruses, 
mumps virus, measles virus, respiratory Syncytial virus); 
Orthomyxoviridae (for example, influenza viruses); Bun 
yaviridae (for example, Hantaan viruses, bunya viruses, 
phleboviruses, and Nairo viruses); Arena viridae (hemor 
rhagic fever viruses); Reoviridae (e.g., reoViruses, orbivi 
urses, and rotaviruses); Birnaviridae, Hepadnaviridae 
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(Hepatitis B virus); Parvoviridae (parvoviruses); 
Papovaviridae (papilloma viruses, polyoma viruses); Aden 
Oviridae (most adenoviruses); Herpesviridae (herpes Sim 
plex virus (HSV) 1 and HSV-2, varicella Zoster virus, 
cytomegalovirus (CMV), herpes viruses); Poxviridae (vari 
ola viruses, vaccinia viruses, pox viruses); and Iridoviridae 
(Such as African Swine fever virus); and unclassified viruses 
(for example, the etiological agents of Spongiform encepha 
lopathies, the agent of delta hepatitis (thought to be a 
defective Satellite of hepatitis B virus), the agents of non-A, 
non-B hepatitis (class 1=internally transmitted; class 
2=parenterally transmitted (i.e., Hepatitis C); Norwalk and 
related viruses, and astroviruses). 
0139 Examples of infectious fungi include, but are not 
limited to, CryptococcuS neoformans, Histoplasma capsu 
latum, Coccidioides immitis, Blastomyces dermatitidis, 
Chlamydia trachomatis, and Candida albicans. 
0140. The antigen can be a cancer antigen. A cancer 
antigen as used herein is a compound, Such as a peptide or 
protein, associated with a tumor or cancer cell Surface and 
which is capable of provoking an immune response when 
expressed on the Surface of an antigen-presenting cell in the 
context of a major histocompatibility complex (MHC) mol 
ecule. Cancer antigens can be prepared from cancer cells 
either by preparing crude extracts of cancer cells, for 
example, as described in Cohen PA et al. (1994) Cancer Res 
54:1055-8, by partially purifying the antigens, by recombi 
nant technology, or by de novo synthesis of known antigens. 
Cancer antigens include but are not limited to antigens that 
are recombinantly expressed, an immunogenic portion 
thereof, or a whole tumor or cancer cell. Such antigens can 
be isolated or prepared recombinantly or by any other means 
known in the art. 

0141 Cancer antigens are antigens which can potentially 
Stimulate apparently tumor-specific immune responses. 
Some of these antigens are encoded, although not necessar 
ily expressed, by normal cells. These antigens can be char 
acterized as those which are normally silent (i.e., not 
expressed) in normal cells, those that are expressed only at 
certain Stages of differentiation and those that are temporally 
expressed Such as embryonic and fetal antigens. Other 
cancer antigens are encoded by mutant cellular genes, Such 
as oncogenes (e.g., activated ras oncogene), Suppressor 
genes (e.g., mutant p53), fusion proteins resulting from 
internal deletions or chromosomal translocations. Still other 
cancer antigens can be encoded by Viral genes Such as those 
carried on RNA and DNA tumor viruses. Examples of tumor 
antigens include MAGE, MART-1/Melan-A, gp100, Dipep 
tidyl peptidase IV (DPPIV), adenosine deaminase-binding 
protein (ADAbp), cyclophilin b, Colorectal associated anti 
gen (CRC)-C017-1A/GAT33, Carcinoembryonic Antigen 
(CEA) and its immunogenic epitopes CAP-1 and CAP-2, 
etv6, aml1, Prostate Specific Antigen (PSA) and its immu 
nogenic epitopes PSA-1, PSA-2, and PSA-3, prostate-spe 
cific membrane antigen (PSMA), T-cell receptor/CD3-Zeta 
chain, MAGE-family of tumor antigens (e.g., MAGE-A1, 
MAGE-A2, MAGE-A3, MAGE-A4, MAGE-A5, MAGE 
A6, MAGE-A7, MAGE-A8, MAGE-A9, MAGE-A10, 
MAGE-A11, MAGE-A12, MAGE-Xp2 (MAGE-B2), 
MAGE-Xp3 (MAGE-B3), MAGE-Xp4 (MAGE-B4), 
MAGE-C1, MAGE-C2, MAGE-C3, MAGE-C4, MAGE 
C5), GAGE-family of tumor antigens (e.g., GAGE-1, 
GAGE-2, GAGE-3, GAGE-4, GAGE-5, GAGE-6, GAGE 
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7, GAGE-8, GAGE-9), BAGE, RAGE, LAGE-1, NAG, 
GnTV, MUM-1, CDK4, tyrosinase, p53, MUC family, 
HER2/neu, p21 ras, RCAS1, C-fetoprotein, E-cadherin, 
C-catenin, B-catenin and Y-catenin, p120ctin, gp100"'''', 
PRAME, NY-ESO-1, cdc27, adenomatous polyposis coli 
protein (APC), fodrin, Connexin 37, Ig-idiotype, p15, gp75, 
GM2 and GD2 gangliosides, Viral products Such as human 
papillomavirus proteins, Smad family of tumor antigens, 
lmp-1, P1A, EBV-encoded nuclear antigen (EBNA)-1, brain 
glycogen phosphorylase, SSX-1, SSX-2 (HOM-MEL-40), 
SSX-1, SSX-4, SSX-5, SCP-1 and CT-7, and c-erbB-2. 

0.142 Cancers or tumors and tumor antigens associated 
with Such tumors (but not exclusively), include acute lym 
phoblastic leukemia (etv6; aml1; cyclophilin b), B cell 
lymphoma (Ig-idiotype), glioma (E-cadherin, C-catenin, 
f-catenin, Y-catenin, p120ctn), bladder cancer (p21ras), bil 
iary cancer (p21ras), breast cancer (MUC family; HER2/ 
neu, c-erbB-2), cervical carcinoma (p53, p21ras), colon 
carcinoma (p21ras; HER2/neu, c-erbB-2; MUC family), 
colorectal cancer (Colorectal associated antigen (CRC)- 
C017-1A/GA733; APC), choriocarcinoma (CEA), epithelial 
cell cancer (cyclophilin b), gastric cancer (HER2/neu, 
c-erbB-2, ga733 glycoprotein), hepatocellular cancer (Cl-fe 
toprotein), Hodgkins lymphoma (limp-1, EBNA-1), lung 
cancer (CEA, MAGE-3; NY-ESO-1), lymphoid cell-derived 
leukemia (cyclophilin b), melanoma (p15 protein, gp75, 
oncofetal antigen, GM2 and GD2 gangliosides), myeloma 
(MUC family, p21 ras), non-Small cell lung carcinoma 
(HER2/neu, c-erbB-2), nasopharyngeal cancer (imp-1; 
EBNA-1), ovarian cancer (MUC family; HER2/neu, c-erbB 
2), prostate cancer (Prostate Specific Antigen (PSA) and its 
immunogenic epitopes PSA-1, PSA-2, and PSA-3; prostate 
specific membrane antigen (PSMA); HER2/neu, c-erbB-2), 
pancreatic cancer (p21ras; MUC family; HER2/neu, c-erbB 
2; ga733 glycoprotein), renal cancer (HER2/neu, c-erbB-2), 
Squamous cell cancers of cervix and esophagus (viral prod 
ucts Such as human papillomavirus proteins), testicular 
cancer (NY-ESO-1), T-cell leukemia (HTLV-1 epitopes), 
and melanoma (Melan-A/MART-1; cdc27; MAGE-3; 
p21ras; gp100"'7). 
0143. In one aspect the invention provides a pharmaceu 
tical composition. The pharmaceutical composition accord 
ing to this aspect of the invention includes an aeroSol 
formulation of a polymer of 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 consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate. 

0144. In certain embodiments the pharmaceutical com 
position further includes another agent, useful in the treat 
ment of an allergic condition or asthma, commingled with or 
conjugated to the polymer in the aerosol formulation. Other 
agents useful in the treatment of an allergic condition or 
asthma are described above. 

0145 An “aerosol formulation” as used herein refers to 
any Suitable preparation that includes droplets or particles of 
the active ingredient Suitable for delivery to a respiratory 
epithelium. Droplets or particles will generally fall within 
the range of 2-20 um in diameter. The aeroSol formulation 
will in general include a therapeutically effective amount of 
the polymer and a pharmaceutically acceptable carrier, and 
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optionally a propellant, in a container or aerosol delivery 
System. Atherapeutic amount in this circumstance takes into 
account certain inefficiencies involved in aerosol delivery to 
a target tissue. 

0146 In one aspect the invention provides an aerosol 
delivery System that includes a container with an interior, an 
aeroSol generator in fluid connection with the interior of the 
container, and a polymer of 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 consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate, disposed within the interior of the container. The 
aeroSol delivery System can be made to deliver a single dose 
or a plurality of doses. In one embodiment the inhaler is a 
metered dose inhaler. In one embodiment the inhaler is a dry 
powder inhaler. In another embodiment the inhaler is a 
nebulizer. In yet another embodiment the inhaler is a Spray 
dispenser for topical delivery to a nasal epithelium or other 
respiratory epithelium. In one embodiment the aerosol deliv 
ery System further includes another agent useful in the 
treatment of an allergic condition or asthma. 
0147 In one embodiment the aerosol delivery system 
includes a vibrational element constructed and arranged to 
Vibrate an aperture plate having a plurality of apertures of 
defined geometry, wherein one side or Surface of the aper 
ture plate is in fluid connection with a Solution or Suspension 
of the polymer. See, e.g., U.S. Pat. No. 5,758,637, U.S. Pat. 
No. 5,938,117, U.S. Pat. No. 6,014,970, U.S. Pat. No. 
6,085,740, and U.S. Pat. No. 6,205,999, the entire contents 
of which are incorporated by reference. Activation of the 
Vibrational element to vibrate the aperture plate causes 
liquid containing the polymer in Solution or Suspension to be 
drawn through the plurality of apertures to create a low 
Velocity aerosol with a defined range of droplet (i.e., par 
ticle) Sizes. 
0148 Examples of this type of aerosol generator are 
commercially available from Aerogen, Inc., Sunnyvale, 
Calif. 

0149. In another embodiment the aerosol delivery system 
includes a pressurized container containing the polymer in 
Solution or Suspension. The pressurized container typically 
has an actuator connected to a metering valve So that 
activation of the actuator causes a predetermined amount of 
the polymer in Solution or Suspension within the container to 
be dispensed from the container in the form of an aeroSol. 
Pressurized containers of this type are well known in the art 
as propellant-driven metered dose inhalers (pMDIs or sim 
ply MDIs). MDIs typically include an actuator, a metering 
Valve, and a pressurized container that holds a micronized 
drug Suspension or Solution, liquefied propellant, and Sur 
factant (e.g., oleic acid, Sorbitan trioleate, lecithin). Histori 
cally these MDIs typically used chlorofluorocarbons (CFCs) 
as propellants, including trichlorofluoromethane, dichlo 
rodifluoromethane, and dichlorotetrafluoromethane. CoSol 
vents Such as ethanol may be present when the propellant 
alone is a relatively poor Solvent. Newer propellants may 
include 1,1,1,2-tetrafluoroethane and 1,1,1,2,3,3,3-hep 
tafluoropropane. Actuation of MDIS typically causes dose 
amounts of 50 lug-5 mg of active agent in volumes of 20-100 
uL to be delivered at high velocity (30 m/sec) over 100-200 
SCC. 
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0150. In other embodiments the aerosol delivery system 
includes an air-jet nebulizer or ultraSonic nebulizer in fluid 
connection with a reservoir containing the polymer in Solu 
tion or Suspension. Nebulizers (air-jet or ultrasonic) are used 
primarily for acute care of nonambulatory patients and in 
infants and children. Airjet nebulizers for atomization are 
considered portable because of the availability of small 
compressed air pumps, but they are relatively large and 
inconvenient Systems. Ultrasonic nebulizers have the advan 
tage of being more portable because they generally do not 
require a Source of compressed air. Nebulizers provide very 
Small droplets and high mass output. Doses administered by 
nebulization are much larger than doses in MDIs and the 
liquid reservoir is limited in size, resulting in short, Single 
duration therapy. 

0151. To generate an aerosol from an air-jet nebulizer, 
compressed air is forced through an orifice over the open end 
of a capillary tube, creating a region of low pressure. The 
liquid formulation is drawn through the tube to mix with the 
air jet and form the droplets. Baffles within the nebulizer 
remove larger droplets. The droplet size in the airstream is 
influenced by the compressed air pressure. The various 
commercially available air-jet nebulizers do not perform 
equally. This will affect the clinical efficacy of nebulized 
aeroSol, which depends on the droplet size, total output from 
the nebulizer, and patient determinants. 
0152 Ultrasonic nebulizers generate aerosols using high 
frequency ultrasonic waves (i.e., 100 kHz and higher) 
focused in the liquid chamber by a ceramic piezoelectric 
crystal that mechanically vibrates upon Stimulation. Dennis 
J H et al. (1992) J Med Eng Tech 16:63-68; O'Doherty MJ 
et al. (1992) Am Rev. Respir Dis 146:383-88. In some 
instances, an impeller blows the particles out of the nebu 
lizer or the aerosol is inhaled directly by the patient. The 
ultraSonic nebulizer is capable of greater output than the 
air-jet nebulizer and for this reason is used frequently in 
aeroSol drug therapy. The droplets formed using ultraSonic 
nebulizers, which depend upon the frequency, are coarser 
(i.e., higher MMAD) than those delivered by air-jet nebu 
lizers. The energy introduced into the liquid can result in an 
increase in temperature, which results in vaporization and 
variations in concentrations over time. This concentration 
variation over time is also encountered in jet nebulizers but 
is due to water loss through evaporation. 

0153. The choice between solution or suspension formu 
lations in nebulizers is similar to that for the MDI. The 
formulation chosen will affect total mass output and particle 
size. Nebulizer formulations typically contain water with 
coSolvents (ethanol, glycerin, propylene glycol) and Surfac 
tants added to improve solubility and stability. Commonly 
an osmotic agent is also added to prevent bronchoconstric 
tion from hypoosmotic or hyperosmotic solutions. Witeck T 
J et al. (1984) Chest 86:592-94; Desager KN et al. (1990) 
Agents Actions 31:225-28. 

0154) In yet other embodiments the aerosol delivery 
System includes a dry powder inhaler in fluid connection 
with a reservoir containing the polymer in powder form. The 
dry powder inhaler device may eventually replace MDIs for 
Some indications in response to the international control of 
chlorofluorocarbons in these latter products. Notably, this 
device can only deliver a fraction of its load in a respirable 
Size range. Powder inhalers will usually disperse only about 
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10 to 20% of the contained drug into respirable particles. 
The typical dry powder inhaler device consists of two 
elements: the inhalation appliance to disperse unit doses of 
the powder formulation into the inspired airstream, and a 
reservoir of the powder formulation to dispense these doses. 
The reservoir typically can be of two different types. A bulk 
reservoir allows a precise quantity of powder to be dis 
pensed upon individual dose delivery up to approximately 
200 doses. A unit dose reservoir provides individual doses 
(e.g., provided in blister packaging or in gelatin capsule 
form) for inhalation as required. The hand-held device is 
designed to be manipulated to break open the capsule/blister 
package or to load bulk powder followed by dispersion from 
the patient's inspiration. Airflow will deaggregate and aero 
Solize the powder. In most cases, the patient's inspiratory 
airflow activates the device, provides the energy to disperse 
and deagglomerate the dry powder, and determines the 
amount of medicament that will reach the lungs. 
O155 Dry powder generators are subject to variability 
because of the physical and chemical properties of the 
powder. These inhalers are designed to meter doses ranging 
from 200 ug to 20 mg. The preparation of drug powder in 
these devices is very important. The powder in these inhalers 
requires efficient size reduction that is also needed for 
suspensions in MDIs. Micronized particles flow and are 
dispersed more unevenly than coarse particles. Therefore the 
micronized drug powder can be mixed with an inert carrier. 
This carrier is usually C.-lactose monohydrate, because lac 
tose comes in a variety of particle size ranges and is well 
characterized. Byron P R et al. (1990) Pharm Res 7(Sup 
pl):S81. The carrier particles have a larger particle size than 
the therapeutic agent to prevent the excipient from entering 
the airway.S. Segregation of the two particles will occur 
when turbulent airflow is created upon patient inhalation 
through the mouthpiece. This turbulence of inspiration will 
provide a certain amount of energy to overcome the inter 
particulate cohesive and particle Surface adhesive forces for 
the micronized particles to become airborne. High concen 
trations of drug particles in air are easily attained using dry 
powder generation, but Stability of the output and the 
presence of agglomerated and charged particles are common 
problems. With very small particles, dispersion is difficult 
because of electrostatic, Van der Waals, capillary, and 
mechanical forces that increase their energy of association. 
0156 An example of a dry powder inhaler aerosol gen 
erator suitable for use with the present invention is the 
Spinhaler powder inhaler available from Fisons Corp., Bed 
ford, Mass. 
0157 Polymers Useful in the Invention 
0158. The Zwitterionic polymers useful in the invention 
have been described, in part, in U.S. Pat. Nos. 5,679,654 and 
5,700,787, both issued to Tzianabos et al., and published 
international patent applications WO 00/59515 and WO 
03/075953, the entire contents of all of which are incorpo 
rated herein by reference. Briefly, they encompass both 
polysaccharides, peptides, and a Synthetic peptidoglycan 
characterized by their inclusion of a specific charge motif. 
The necessary motif was originally identified to include a 
positively charged free amino group and a negatively 
charged group on a polysaccharide repeating unit, Such as is 
characteristic of capsular polysaccharide A (PSA) of B. 
fragilis. This same charge motif was Subsequently demon 
Strated to be operative in the context of a peptide polymer. 
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0159. A “polymer” as used herein is a compound having 
a linear backbone of individual units which are linked 
together by linkages. The term “backbone' is given its usual 
meaning in the field of polymer chemistry. The polymers can 
be homogeneous or heterogeneous in backbone composi 
tion, So long as they have the requisite charge motif. In Some 
embodiments the polymers can differ from those polymers 
conventionally known in the art because the polymers of the 
invention can have non-polymeric compounds incorporated 
into the backbone. For instance, the polymer of the invention 
can be composed entirely of amino acids except for a region 
which contains an organic linker that links two sets of amino 
acids together. In one embodiment the polymers are homo 
geneous in backbone composition, including, for example, 
peptides, polysaccharides, and nucleic acids. A "peptide' as 
used herein is a polymer of linked amino acids. An "oli 
gopeptide' as used herein is a peptide polymer of 2 to about 
50 amino acids. A peptide thus refers generally to both 
polypeptides and to oligopeptides. A "polysaccharide' as 
used herein is a polymer of linked Sugars (Saccharides). A 
"nucleic acid” as used herein is a polymer of linked nucle 
otides, Such as deoxyribonucleotides or ribonucleotides. 
0160 The polymers can be composed of repeating units 
of the charge motif. For example, the entire polymer can be 
composed of the repeating charge motif. A “unit is used 
herein consistently with its known meaning in the art to 
indicate a building block of a polymer. Each unit can include 
one or a plurality (i.e., a set) of Subunits, wherein a Subunit 
is an individual moiety, e.g., a Saccharide, an amino acid, a 
nucleotide, etc. A polymer composed of repeating units is 
one which is composed entirely of units which occur at least 
twice within the polymer. The repeating units of the polymer 
can be identical or non-identical repeating units. An "iden 
tical repeating unit as used herein is a Set of Subunits that 
is repeated within the polymer and in which all of the 
Subunits have the identical composition and are positioned 
in the identical order to the Subunits of the other sets of 
Subunits. A "non-identical repeating unit' as used herein is 
a set of Subunits that is repeated within the polymer and in 
which all of the subunits do not have the identical compo 
Sition and/or are not positioned in the identical order to the 
Subunits of the other sets of Subunits. Some of the Subunits 
of a non-identical repeating unit can have the identical order 
and/or position as the Subunits of the other Sets, as long as 
not all the Subunits are identical. When used in the context 
of this invention, a polymer having non-identical repeating 
units is a polymer which can have all non-identical repeating 
units or a combination of identical and non-identical repeat 
ing units. 
0.161 The polymer includes at least two repeating charge 
motifs. A “repeating charge motif as used herein is a motif 
composed of a positively charged free amino moiety and a 
negatively charged moiety. The motif can be composed of a 
dually charged single Subunit or of multiple Subunits, one 
Subunit having the positively charged free amino group and 
a Second Subunit having the negative charge. In the case that 
the charges are present on different Subunits, the Subunits 
can be adjacent to one another or they can be separated by 
intervening Subunits. In one embodiment the intervening 
Subunits are neutral Subunits. A neutral Subunit is a Subunit 
which does not carry a positive charge or a negative charge. 
The charged Subunits of the motif can be separated by any 
number but preferably by less than 10 neutral subunits. A 
repeating charge motif can be present in any orientation 
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within the polymer. For instance, in a polymer having two 
repeating charge motifs Separated by neutral Subunits the 
polymer can have the following Sequence: a positive charge 
first followed by a negative charge, followed by neutral 
Subunits followed by a negative charge and finally a positive 
charge. Alternatively the polymer can have the following 
Sequence: a positive charge first followed by a negative 
charge, followed by neutral Subunits, followed by a positive 
charge and finally a negative charge, etc. 
0162. A “positively charged free amino moiety” as used 
herein refers to a primary amine. A "negatively charged 
moiety' as used herein refers to any negatively charged 
group, including but not limited to carboxyl, phosphate, 
phosphonate, Sulfate, and Sulfonate. In one embodiment the 
negatively charged moiety is a carboxyl group. Positively 
charged amino acids having a free amino group include but 
are not limited to lysine (K), arginine (R), asparagine (N), 
and histidine (H). Negatively charged amino acids include 
but are not limited to aspartic acid (D) and glutamic acid (E). 
0163 The polymer has at least two repeating charge 
motifs but generally can have any number greater than two. 
The whole polymer, for instance, can be composed of 
repeating charge motifs. Alternatively the polymer can be 
composed of any number of repeating charge motifs 
between two and the number for which the entire polymer is 
composed of repeating charge motifs (which of course will 
depend on the size of the polymer). The polymer can have, 
for instance, at least 10, 15, 20, 25, 30, 35, etc., repeating 
charge motifs. 
0164. The region between the repeating charge motifs 
can be composed of repeating charge motifs, other units, or 
a mixture thereof. The region can be, for instance, an 
intervening Sequence that is neutral. The intervening 
Sequence can be the Same type of unit as the other units of 
the polymer, or it can be completely different. For instance, 
it can be a non-polymeric organic moiety. 

0.165. In one embodiment the polymer can be a polysac 
charide formed of repeating units of a maximum of ten 
Saccharides, wherein each repeating unit includes at least 
one free amino moiety and one negatively charged moiety 
Selected from the group consisting of carboxyl, phosphate 
and phosphonate. The polymer is optionally free from 
complexation as part of a B. fragilis capsular polysaccharide 
complex. In certain embodiments the polysaccharide is 
formed of repeating units of a maximum of five monosac 
charides. Such polysaccharides occur in nature and can be 
isolated. One Such polysaccharide is a capsular polysaccha 
ride A (PSA) of the B. fragilis capsular polysaccharide 
complex. In nature PSA occurs only in complexed form, 
tightly bound to the B. fragilis capsular polysaccharide B 
(PSB). Unlike isolated PSA or isolated PSB, the A:B cap 
Sular polysaccharide complex was previously found not to 
induce croSS-protection to infection with other bacteria. 
Thus, in one embodiment the invention contemplates admin 
istration of isolated PSA, free from complexation as part of 
a B. fragilis capsular polysaccharide complex. 

0166 The polysaccharides useful according to the inven 
tion also can be Synthesized from naturally occurring 
polysaccharides that do not possess the requisite motif. For 
example, certain naturally occurring polysaccharides have a 
negatively charged group and at least one N-acetyl moiety 
on each repeating unit. Such polysaccharides can be de-N- 
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acetylated to convert the N-acetyl moiety to a free amino 
moiety, thereby creating the necessary Structural motif for 
use according to the invention. Other naturally occurring 
polysaccharides include imine groups which can be reduced 
to form a free amino moiety, thereby creating together with 
a negatively charged group the Structural motif necessary for 
usefulneSS according to the invention. 

0.167 Thus, the invention contemplates methods for pre 
paring pharmaceuticals by Selecting polysaccharides having 
repeating units of a maximum of ten Saccharides, each unit 
having at least one negatively charged moiety Selected from 
the group consisting of carboxyl, phosphate and phospho 
nate. Each repeating unit also includes a moiety that can be 
modified to form a free amino moiety. Such modified 
polysaccharides then are mixed with pharmaceutically 
acceptable carriers, preferably in amounts to form effective 
doses for protecting a Subject against allergic condition or 
asthma. 

0168 Polysaccharides useful according to the present 
invention include those naturally occurring polysaccharides 
that include the requisite charged groups. These polysac 
charides can be derived from bacterial Sources. Bacteria 
used as Starting materials to obtain capsular polysaccharides 
can be obtained commercially from a number of Sources. For 
example, the B. fragilis, NCTC 9343 and ATCC 23745 can 
be obtained from the National Collection of Type Cultures 
(London, England) and the American Type Culture Collec 
tion (ATCC, Manassas, Va.). Polysaccharide A and polysac 
charide B can be purified from the above bacteria based on 
the protocol of Pantosti A et al. (1991) Infect Immun 
59:2075-82, modified slightly as described in the Examples 
Section below. 

0169. In addition to the naturally occurring polysaccha 
rides, polysaccharide repeating units that consist of at least 
one N-acetyl Sugar and at least one uronic acid (Sugar with 
a negatively charged carboxyl group) can be modified to 
produce the immune response of the present invention. A 
polysaccharide repeating unit containing at least one 
N-acetyl Sugar and at least one uronic acid can be de-N- 
acetylated to create a free amino group and thus will yield 
a polysaccharide with the correct charge motif. Molecules 
which can be de-N-acetylated include Salmonella typhi 
capsular polysaccharide (Vi antigen), Escherichia coli K5 
capsular polysaccharide, StaphylococcuS aureuS type 5 cap 
Sular polysaccharide, Group B StreptococcuS type III cap 
Sular polysaccharide, and Rhizobium meliloti exopolysac 
charide II. 

0170 Bacterial polysaccharides which possess imine 
groups in addition to free carboxyl groups can be modified 
and used to produce the immune response of the present 
invention. Many of the Pseudomonas aeruginosa O-specific 
Side chains poSSeSS imine groups. For those polysaccharides 
that contain imine moieties, free amino groups can be 
formed by conventional chemistry techniques known to those 
of ordinary Skill in the art. One suitable method involves the 
use of sodium borohydride (NaBH). The imine group can be 
reduced with Sodium borohydride to create a free amino 
group (NH3"). This is done by adding in excess of 5 mg of 
borohydride to polysaccharide dissolved in distilled water 
while Stirring at room temperature for 2 hours. The mixture 
is then dialyzed against water and freeze dried. An example 
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of a compound which may be reduced with sodium boro 
hydride to create free amino groups is Pseudomonas aerugi 
noSa Fisher 7. 

0171 The polysaccharides useful in the invention can be 
delivered in mixtures of more than one polysaccharide. A 
mixture can consist of Several polysaccharides. 
0172 AS discussed above, naturally occurring polysac 
charides can be modified to yield immunomodulators useful 
in the invention. SalmOnella typhi has a capsular polysac 
charide (Vi antigen) that is formed entirely of repeating 
monomers of galactosaminuronic acid. This acid includes a 
carboxylic moiety and an N-acetyl moiety. The N-acetyl 
moiety can be modified to yield a free amino group Such that 
each monomeric repeating unit then has both a positively 
and negatively charged group. 
0173 Polysaccharides that are complexes exist and can 
be modified to yield immunomodulators useful in the inven 
tion. Esherichia coli K5 capsular polysaccharide is formed 
of repeat units of a complex of glucuronic acid and glu 
cosamine linked together in 1-4 linkages. The glucuronic 
acid carries a carboxylic acid moiety and the glucosamine 
carries an N-acetyl group, which can be modified to form a 
free amino group. When So modified, a complex repeat unit 
having both a negatively charged moiety (on the first Sugar) 
and a free amino group (on the Second Sugar) is formed. 
0.174 Polysaccharides that are trimers exist and can be 
modified to yield immunomodulators useful in the inven 
tion. StaphylococcuS aureuS type 5 capsular polysaccharide 
is formed of repeat units of a trimer of mannosaminuronic 
acid-fucosamine-fucosamine. The mannosaminuronic 
acid carries a carboxylic acid moiety and the fucosamines 
carry N-acetyl moieties which can be modified to form free 
amino moieties. When So modified, a trimeric repeat unit 
having a negatively charged moiety (on the first Sugar) and 
at least one positively charged moiety (on the Second and 
third Sugars) is formed. In a similar manner, Pseudomonas 
aeruginosa O-antigens can be modified to yield immuno 
modulators useful in the invention. Examples include trim 
ers that carry carboxylic acid moieties and imine moieties 
which can be modified to yield free amino groups. Fisher 
immunotype 7, Lanyi-Bergan O2a, O2b and Lanyi-Bergan 
O2d, and 2f have polysaccharides formed of trimeric repeat 
units with carboxylic acid moieties on the first and Second 
Sugars and an imine moiety on the first Sugar. (The third 
Sugar is free of a charged moiety; all SugarS also carry an 
N-acetyl moiety). For example, the first Sugar can be modi 
fied So as to carry both a free amino moiety and the 
carboxylic acid moiety. Likewise the N-acetyl groups could 
be modified to yield a different arrangement useful accord 
ing to the invention. 
0175 Polysaccharides that have longer repeat units such 
as tetramerS and pentamerS also can be modified as 
described above. It is believed that repeat units up to 
decimers are useful according to the invention. In addition, 
repeat units including Side chain SugarS also are useful, 
including those wherein-one or both of the free amino and 
negatively charged moieties are located on Such side chains. 
Furthermore, Such side chains carrying the charged moieties 
need not be Sugars, although in one embodiment at least the 
backbone of the repeat unit is made up of only SugarS. 
0176). In certain embodiments the repeat unit has no more 
than three free amino groups, and, in one embodiment, no 
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more than two Such groups. In one embodiment there is at 
least one negatively charged group for each free amino 
grOup. 

0177. The starting materials further need not be derived 
from bacterial origin. Any polysaccharides carrying car 
boxylic acid moieties and N-acetyl or imine groups can be 
modified as described above. 

0.178 Specific examples together with chemical names 
and structural formulas are provided in U.S. Pat. Nos. 
5,679,654 and 5,700,787, both issued to Tzianabos et al. 
0179 De-N-acetylation can be accomplished by conven 
tional chemistry techniques well known to those of ordinary 
skill in the art. One Suitable method involves the use of alkali 
with or without sodium borohydride. Twenty mg of polysac 
charide is dissolved in 2M NaOH (3 ml) and sodium 
borohydride is added (50 mg). The solution is heated to 100 
C. for five hours. Following neutralization with acid, the 
Solution is dialyzed against distilled water in the cold and 
freeze-dried. DiFabio J. Let al. (1989) Canj Chem 67:877 
82. 

0180 Naturally occurring polysaccharides also can be 
used without modification in the methods of the invention 
and in forming the pharmaceutical preparations of the inven 
tion. Non-limiting examples include Shigella Sonnei Phase I 
lipopolysaccharide O-antigen; StreptococcuS pneumoniae 
type I capsular polysaccharide (CP1); and StreptococcuS 
pneumoniae group antigen:C Substance, as described in U.S. 
Pat. Nos. 5,679,654 and 5,700,787, both issued to Tzianabos 
et al. 

0181 A polysaccharide that does not have solely a sugar 
backbone but still is believed to be useful according to the 
invention is TrypanoSoma Cruzi lipopeptidophosphoglycan. 
0182. The naturally occurring polysaccharides that can 
be used without modification also can be modified to Selec 
tively add, Subtract or modify various moieties, including 
free amino moieties, negatively charged moieties or other 
moieties. Examples include adding free amino moieties by 
modifying existing N-acetyl groups or imine groups or 
forming hydroxymethyl groups from alcohol groups. 
0183 Polysaccharides useful according to the invention 
can be obtained from commercial Sources or can be isolated 
and derived from natural Sources Such as bacteria, fungi, 
seaweed and the like. The following is a list of bacterial 
polysaccharides and references which detail the isolation 
and preparation of Such polysaccharides. 

0.184 Bacteroides fragilis PSA1, also previously referred 
to simply as PSA, has a tetrasaccharide repeating unit 
containing one cationic free amine and one anionic carboxy 
late in each repeating unit. Tzianabos AO et al. (1992) J Biol 
Chem 267:18230-5.; U.S. Pat. Nos. 5,679,654 and 5,700, 
787. 

0185. Bacteroidesfragilis PSA2 has a pentasaccharide 
repeating unit containing mannoheptose, N-acetylman 
nosamine, 3-acetamido-3,6-dideoxyglucose, 2-amino-4-ac 
etamido-2,4,6-trideoxygalactose, fucose, and 3-hydroxybu 
tanoic acid. Wang Yet al. (2000) Proc Natl AcadSci USA 
97:13478-83; Kalka-Moll W M et al. (2001) Infect Immun 
69:2339-44. PSA2 is Zwitterionic and carries one cationic 
free amine and one anionic carboxylate in each repeating 
unit. 
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0186 Bacteroidesfragilis PSB has as hexasaccharide 
repeating unit and carries one cationic free amine and two 
negative charges in each repeating unit. TzianaboS AO et al. 
(1992) J Biol Chem 267:18230-5; U.S. Pat. Nos. 5,679,654 
and 5,700,787. 
0187 Salmonella typhi capsule (Vi antigen), Szu S C et 
al. (1991) Infect Immun 59:4555-61. 
0188 Escherichia coli K5 capsule, Vann Wet al. (1981) 
Eur J. Biochem 116:359-64. 

0189 Staphylococcus aureus type 5 capsule, Fournier 
J-M et al. (1987) Ann Inst Pasteur Microbiol 138:56.1-7. 
0.190 Rhizobium meliloti expolysaccharide II, Glaze 
brook Jet al. (1989) Cell 65:661-72. 
0191 Group B streptococcus type III, Wessels M R et al. 
(1987) J Biol Chem 262:8262-7. 
0.192 Pseudomonas aeruginosa Fisher 7 O-specific side 
chain, Knirel Y A et al. (1987) Eur J Biochem 167:549-61. 
0193 Shigella Sonnei O-specific side chain, Kenne Let 
al. (1980) Carbohydr Res 78:119-26. 
0194 Streptococcus pneumoniae type I capsule, Lind 
berg B et al. (1980) Carbohydr Res 78:111. 
0.195 Streptococcus pneumoniae group antigen, Jennings 
H J et al. (1980) Biochemistry 19:4712-9. 
0196. In another embodiment the polymer can be a 
peptide having at least two repeating charge motifs, wherein 
the repeating charge motif is composed of a positively 
charged free amino moiety and a negative charge, wherein 
the positively charged free amino moieties of the at least two 
repeating charge motifs are separated by a distance of at 
least 8 amino acid residues. In one embodiment the repeat 
ing charge motif is present as a repeating Set of amino acids. 
In one particular embodiment the repeating charge motif is 
present as a repeating set of lysine (K)-aspartic acid (D) 
repeats, i.e., (K-D). In one embodiment the repeating 
charge motif is present as a repeating set of lysine (K)- 
(Xaa)-aspartic acid (D) repeats, i.e., K-CXaa)-D, where 
K, Xaa, D, m, and n are as defined above. 
0.197 Also useful in the practice of the invention is the 
Synthetic peptidoglycan polymer Compound 15 described in 
published international patent application WO 03/075953. A 
method for preparation and Verification of Compound 15 is 
provided in Example 1 of that publication. 
0198 Any Zwitterionic polymer useful according to the 
methods, uses, and compositions of the invention can 
optionally be present as a hydrate of the polymer, as a 
pharmaceutically acceptable Salt of the polymer, or as any 
combination thereof. 

0199 Administration 
0200 When administered, the formulations of the inven 
tion are applied in pharmaceutically acceptable Solutions. 
Such preparations can routinely contain pharmaceutically 
acceptable concentrations of Salt, buffering agents, preser 
Vatives, compatible carriers, adjuvants, and optionally other 
therapeutic ingredients. 

0201 The polymer can be administered perse (neat) or in 
the form of a pharmaceutically acceptable Salt. When used 
in medicine the Salts should be pharmaceutically acceptable, 
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but non-pharmaceutically acceptable Salts can conveniently 
be used to prepare pharmaceutically acceptable Salts thereof 
and are not excluded from the Scope of the invention. Such 
pharmacologically and pharmaceutically acceptable Salts 
include, but are not limited to, those prepared from the 
following acids: hydrochloric, hydrobromic, Sulphuric, 
nitric, phosphoric, maleic, acetic, Salicyclic, p-toluene Sul 
phonic, tartaric, citric, methane Sulphonic, formic, malonic, 
Succinic, naphthalene-2-Sulphonic, and benzene Sulphonic. 
Also, pharmaceutically acceptable Salts can be prepared as 
alkaline metal or alkaline earth Salts, Such as Sodium, 
potassium or calcium Salts of the carboxylic acid group. 

0202 Suitable buffering agents include: acetic acid and a 
salt (1-2% W/V); citric acid and a salt (1-3% W/V); boric 
acid and a salt (0.5-2.5% W/V); and phosphoric acid and a 
salt (0.8-2% W/V). Suitable preservatives include benzalko 
nium chloride (0.003-0.03% W/V); chlorobutanol (0.3-0.9% 
W/V); parabens (0.01-0.25% W/V); and thimerosal (0.004 
0.02% W/V). 
0203 The polymer preparation of the present invention 
can be a pharmaceutical composition having an effective 
amount of a polymer optionally included in a pharmaceuti 
cally acceptable carrier. The term “pharmaceutically-accept 
able carrier' as used herein means one or more compatible 
Solid or liquid filler, dilutants or encapsulating Substances 
which are Suitable for administration to a human or other 
animal. 

0204. In the present invention, the term “carrier denotes 
an organic or inorganic ingredient, natural or Synthetic, with 
which the active ingredient is combined to facilitate the 
application. The components of the pharmaceutical compo 
Sitions also are capable of being commingled with the 
polymers of the present invention, and with each other, in a 
manner Such that there is no interaction which would 
Substantially impair the desired pharmaceutical efficiency. 

0205 Compositions suitable for parenteral administra 
tion conveniently include a Sterile aqueous preparation of 
the polymer, which can be isotonic with the blood of the 
recipient. Among the acceptable vehicles and Solvents that 
can be employed are water, Ringer's Solution, and isotonic 
Sodium chloride Solution. In addition, Sterile, fixed oils are 
conventionally employed as a Solvent or Suspending 
medium. For this purpose any bland fixed oil can be 
employed including Synthetic mono- or di-glycerides. In 
addition, fatty acids Such as oleic acid find use in the 
preparation of injectables. Carrier formulations Suitable for 
Subcutaneous, intramuscular, intraperitoneal, intravenous, 
etc. administrations can be found in Remington's Pharma 
ceutical Sciences, Mack Publishing Company, Easton, Pa. 

0206. 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 beneficial effects that result from admin 
istering the polymers according to the invention. Cytokines 
are factors that Support the growth and maturation of cells, 
including lymphocytes. Important to the invention herein is 
modulating T cell development, as the methods of the 
invention appear to be T-cell-mediated. 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 
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augment cytokine activity Stimulated in Vivo by carrying out 
the methods of the invention. In one embodiment the cytok 
ine is interleukin-10. 

0207. Other agents useful in the treatment of an allergic 
condition and asthma can be delivered in conjunction with 
the polymers of the invention, and “cocktails” including the 
polymers and the other agents are contemplated. The other 
agents contemplated are those that will enhance the benefi 
cial effects that result from administering the polymers 
according to the invention. More particularly, the other 
agents can be Selected from glucocorticoids, beta adrenergic 
agonists, methylxanthines, anticholinergics, cromolyn, 
nedocromil, antihistamines, IL-10, and anti-IgE. Specific 
examples of Such agents are disclosed above. Many of these 
other agents are already available as aerosol formulations. 
0208. The preparations of the invention are administered 
in effective amounts. It is believed that doses of polymer 
ranging from 1 nanogram/kilogram to 100 milligrams/kilo 
gram, depending upon the mode of administration and 
molecular weight of the polymer, will be effective. The 
absolute amount will depend upon a variety of factors 
including the number of doses and individual patient param 
eters including age, physical condition, Size and weight. 
These are factors well known to those of ordinary skill in the 
art and can be addressed with no more than routine experi 
mentation. 

0209 For example, administration of CP1 in mice for the 
treatment of asthma has been found to be effective at doses 
of about 1-10 mg/kg/day when administered Subcutane 
ously, and at doses of about 10-50 mg/kg/d when adminis 
tered by aerosol to the lungs. 
0210 Multiple doses of the pharmaceutical compositions 
of the invention are contemplated. The invention has been 
shown to be effective, for example, with multiple doses of 
polymer administered over a three-week period. It has been 
discovered, for example, that in mice the Suppressive activ 
ity achieved with three daily doses generally wanes within 
14 days of the last dose. Thus for chronic conditions Such as 
allergy and asthma the invention Specifically includes meth 
ods of chronic administration of the polymer, alone or with 
an adjunctive therapy, over a period of days, weeks, months, 
or even years. In one embodiment the polymer is adminis 
tered to a Subject on a daily basis. In various embodiments 
the polymer is administered to a Subject on an every other 
day, an every third day, every fourth day, every fifth day, 
every sixth day, twice-a-week, or three-times-a-week basis. 
In one embodiment the polymer is administered to a Subject 
on a weekly basis. In one embodiment the polymer is 
administered to a Subject on a bi-weekly basis. Other Sched 
ules not listed here are also contemplated by the invention, 
provided they include at least two doses administered within 
two weeks of each other. Such other Schedules need not be 
regular but may instead be guided, for example, by Symp 
toms of the condition that is to be treated. 

0211) A variety of administration routes are generally 
available. The particular mode selected will depend, of 
course, upon the particular polysaccharide Selected, the 
particular condition being treated, and the dosage required 
for therapeutic efficacy. The methods of this invention, 
generally Speaking, can be practiced using any mode of 
administration that is medically acceptable, meaning any 
mode that produces effective modulation of an immune 
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response without causing clinically unacceptable adverse 
effects. Modes of administration include enteral and 
parenteral routes. The term “enteral” Specifically includes, 
but is not limited to, oral. The term “parenteral” includes, 
without limitation, Subcutaneous, intradermal, intravenous, 
intramuscular, and intraperitoneal injection or infusion tech 
niques. Mucosal, topical, intralesional, and transdermal 
administration are also included as parenteral routes of 
administration. 

0212. As discussed above, aerosol delivery is specifically 
contemplated by the invention, particularly but not exclu 
Sively for the method of treating asthma. AeroSol delivery 
Specifically includes both pulmonary airway delivery by 
inhalation and intranasal delivery, e.g., by inhalation or 
insufflation. 

0213 The compositions can conveniently be presented in 
unit dosage form and can be prepared by any of the methods 
well known in the art of pharmacy. All methods include the 
Step of bringing the active polymer into association with a 
carrier which constitutes one or more accessory ingredients. 
In general, the compositions are prepared by uniformly and 
intimately bringing the polymer into association with a 
liquid carrier, a finely divided Solid carrier, or both, and then, 
if necessary, Shaping the product. The polymer can be Stored 
lyophilized and reconstituted for use. 
0214. Other delivery systems can include time-release, 
delayed release or Sustained release delivery Systems. Such 
Systems can avoid repeated administrations of the polymers 
of the invention, increasing convenience to the Subject and 
the physician. Many types of release delivery Systems are 
available and known to those of ordinary skill in the art. 
They include polymer based Systems. Such as polylactic and 
polyglycolic acid, polyanhydrides and polycaprolactone; 
nonpolymer Systems that are lipids including Sterols Such as 
cholesterol, cholesterol esters and fatty acids or neutral fats 
Such as mono-, di- and triglycerides, hydrogel release Sys 
tems, Silastic Systems, peptide based Systems, wax coatings, 
compressed tablets using conventional binders and excipi 
ents, partially fused implants, and the like. Specific 
examples include, but are not limited to: (a) erosional 
Systems in which the polymer is contained in a form within 
a matrix, found in U.S. Pat. No. 4,452,775 (Kent); U.S. Pat. 
No. 4,667,014 (Nestor et al.); and U.S. Pat. Nos. 4,748,034 
and 5,239,660 (Leonard) and (b) diffusional systems in 
which an active component permeates at a controlled rate 
through a polymer, found in U.S. Pat. No. 3,832,253 (Higu 
chi et al.) and U.S. Pat. No. 3,854,480 (Zaffaroni). In 
addition, a pump-based hardware delivery System can be 
used, Some of which are adapted for implantation. 

EXAMPLES 

Sources of Bacteria, Isolation and Modification of 
Polysaccharides 

0215 B. fragilis NCTC 9343 and ATCC 23745 were 
originally obtained from the National Collection of Type 
Cultures (London, England) or the American Type Culture 
Collection (ATCC, Manassas, Va.). Microorganisms were 
stored at -80 C. in peptone-yeast or brain heart infusion 
broth until used, and grown anaerobically as previously 
described. Pantosti et al. Infect Immun 59:2075 (1991). The 
CPC from B. fragilis NCTC 9343 or ATCC 23745 was 
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isolated by hot phenol/water extraction and Subsequent 
purification of PSA performed as previously described. 
Tzianabos, A et al. J Biol Chem 267:18230 (1992). 
0216) The S. pneumoniae type 1 capsular polysaccharide 
(CP1) and other pneumococcal polysaccharides were 
obtained from ATCC. 

0217 Chemical modifications of polysaccharides to pro 
duce molecules with altered charges have been described 
previously. Taylor R et al. (1972) Biochemistry 11:1383 
(carbodiimide reduction); Baumann H et al. (1992) Bio 
chemistry 31:4081 (N-acetylation and deamination). 

Postoperative Surgical Adhesion Suppression by 
Streptococcus pneumoniae Type 1 CP (CP1) 

0218. Rats (10 per group) were treated with saline (100 
All), pectin (polygalacturonic acid, 100 ug in 100 ul Saline), 
or the Streptococcus pneumoniae type 1 CP (a trisaccharide 
repeating unit with two galacturonic acid residues and a 
2-acetamido-4-amino-2,4,6-trideoxygalactose, 80 kDa, 100 
pig in 100 ul Saline) Subcutaneously at -24 h, Oh, and +24 
h relative to Surgical manipulation. Adhesions were induced 
as previously described with some modification. Kennedy R 
et al. (1996) Surgery 120:866-70. Briefly, a 3 cm midline 
incision was made into the abdominal cavity and the cecum 
exposed. The cecum was abraded with Surgical gauze until 
punctate hemorrhages were visible. The cecum was inserted 
into the peritoneal cavity and the apposing abdominal wall 
abraded in a similar manner. Following this procedure, 
sterilized rat cecal contents (0.5 ml) was added to the 
peritoneal cavity as previously described. Onderdonk AB et 
al. (1982) J Clin Invest 69:9-16. The wound was closed with 
4.0 Silk Sutures. Animals were Sacrificed six days later and 
examined for the formation of adhesions. Adhesions were 
Scored as previously described on a Scale of 0 to 5 as 
follows: 0, no adhesions, 1, thin filmy adhesion; 2, more 
than one thin adhesion; 3, thick adhesion with focal point, 4, 
thick adhesion with planar attachment; and 5, very thick 
vascularized adhesions or more than one planar adhesion. 
Kennedy R et al. (1996) Surgery 120:866-70. 

T Cell Transfer Studies 

0219 Splenic T cells isolated from saline or polysaccha 
ride treated animals were fractionated, counted, and trans 
ferred via the intracardiac route. 

Example 1 

Reduction of Post-Surgical Adhesion Formation by 
Zwitterionic Polysaccharide is Dependent on T 

Cells and IL-10 

0220 Male Lewis rats were injected Subcutaneously with 
saline or CP1 (50 tug/rat) -24, 0, and +24 hours relative to 
cecal abrasion Surgery. Animals were examined for adhesion 
formation Six days later and Scored for the Severity of 
adhesions as described. Results are shown in FIG. 1A. Left 
panel: Saline-treated animals exhibited numerous, dense 
vascularized adhesions involving the cecum and apposing 
abdominal wall. Right panel: CP1-treated rats exhibited 
fewer and leSS Severe adhesions. 

0221 FIG. 1B shows that CP1 prevents adhesion forma 
tion in a CD4+ T cell-dependent manner. Left panel: adhe 
Sions scores of Lewis rats treated with CP1 or a control 
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non-Zwitterionic polysaccharide, PG. Each point represents 
a single animal and the bar represents the median Score. 
CP1-treated animals had significantly lower adhesion Scores 
than saline or PG-treated animals (P<0.001). Middle panel: 
C57BL/6 mice were treated with saline, CP1, or PG in a 
Similar manner and Subjected to cecal abrasion Surgery. 
Mice treated with CP1 had significantly lower adhesion 
Scores compared with Saline or PG-treated animals 
(P<0.001). Right panel: Transfer of CD4+ T cells from 
mice treated with CP1 conferred protection compared with 
those animals that received CD4+ T cells from Saline-treated 
animals (P=0.001). 
0222 FIG. 1C shows the role of IL-10 in the prevention 
of adhesions. Left panel: CP1 induces IL-10 in the peritoneal 
cavities of mice compared with Saline or PG treatment. 
Animals (n=5/group) were treated for 3 Successive days with 
50 ug of CP1 or PG and peritoneal fluid harvested for 3 days 
following the final dose. IL-10 levels were assessed by 
ELISA. CP1 elicited higher levels of IL-10 than saline or PG 
treatment (P<0.02). Right panel: Protection by CP1 is 
abrogated by anti-IL-10 treatment. Mice were treated with 
Saline or CP1 as described above and treated via the intra 
peritoneal route with a monoclonal antibody (mAb) specific 
for IL-10 (200 ug at t=0, 24, 48, and 72 hours with respect 
to cecal abrasion Surgery). Treatment with the IL-10-specific 
monoclonal antibody resulted in Significantly higher adhe 
Sion Scores compared to CP1-treated animals that received 
the isotype control antibody (P<0.001). 
0223 FIG. 1D shows that IL10' mice treated with CP1 
were not protected against adhesion formation compared to 
littermate wildtype (WT) control mice (*P=0.003). 

Example 2 

Role of Treg Cells in the Prevention of Surgical 
Adhesions 

0224) Mice were treated with CP1 or PG (50 ug/dose via 
the subcutaneous route) and splenic CD4+ T cells isolated 
and analyzed by flow cytometry for CD45RB surface 
expression and intracellular IL-10 levels. Results are shown 
in FIG. 2A. Upper panels: Treatment with CP1 increases the 
proportion of Treg cells, while decreasing the proportion of 
CD45RB" T cells. Treatment with PG did not affect this 
proportion (day 4 following treatment is shown). Lower 
panels: Treatment with CP1 increases production of IL-10 
from CD45RB' cells, while PG does not. IL-10 production 
peaked at day 4 following treatment. 
0225 FIG. 2B shows that treatment with CP1 does not 
elicit IL-4 or IFN-Y from Treg cells. CD4+CD45RB' T cells 
were analyzed daily following treatment. Results from Day 
4 are shown. 

0226 FIG. 2C shows that Treg cells transfer protection 
against adhesion formation in an IL-10 dependent manner. 
Left panel: Groups of mice were treated as above with Saline 
or CP1 and splenic CD4+ T cells isolated one day following 
the final treatment. Cells were stained with CD45RB-spe 
cific antibody and high (hi) and low (lo) expressing popu 
lations isolated by FACS. Each population was then trans 
ferred via the intracardiac route and animals Subjected to 
cecal abrasion Surgery 24 hours later. Animals receiving 
CD45RBT cells from Saline- or CP1-treated animals devel 
oped adhesions. Adhesions also developed in mice that 
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received CD45RB' T cells from saline-treated mice. Mice 
receiving CD45RB' T cells from animals treated with CP1 
had significantly lower adhesion Scores compared with mice 
receiving CD45RB' T cells from saline-treated animals 
(P<0.001). Right panel: Treatment with IL-10 specific 
antibody abrogates protection transferred by Treg cells har 
vested from CP1-treated animals. CD45RB' T cells from 
CP1-treated mice were transferred to naive recipient animals 
that were treated one day later with a monoclonal antibody 
specific for IL-10 or an isotype control antibody. Mice 
receiving Treg cells that were treated with the isotype 
control antibody had few adhesions. However, the protec 
tion conferred by the transfer of Treg cells to mice was 
abrogated by treatment with IL-10-specific antibody (P= 
0.0002 compared with isotype control treatment). 

Example 3 
Role of ICOS-ICOSL Interactions in Protection 

Conferred by Treg Cells 
0227 FIG. 3A shows that CP1 induces ICOS expression 
on CD4+ T cells in vivo. Mice were treated with CP1 or PG 
as described above and Splenic T cells isolated and Stained 
for ICOS and CD4 expression. CP1 induced the expression 
of ICOS on CD4+ T cells and peaked 4 days following the 
final dose. PG did not elicit ICOS expression on these cells. 
0228. The left panel of FIG. 3B shows that ICOSL 
antibody abrogates protection by CP1. Mice were treated 
with saline or CP1 prior to the induction of adhesions. 
CP1-treated mice were also given a monoclonal antibody 
specific for ICOSL (400 ug/mouse) or an isotype control 
antibody via the intraperitoneal route 0, 48, and 96 hours 
relative to surgery. Mice treated with CP1 and the isotype 
control antibody had significantly fewer and leSS Severe 
adhesions compared with mice treated with the monoclonal 
antibody specific for ICOSL (P=0.0003 compared with 
isotype control treatment). 
0229. The middle panel of FIG. 3B shows that ICOS 
mice are not protected by CP1 treatment. WT and ICOS 
mice were treated with Saline or CP1 as described above 
prior to the induction of adhesions. ICOS- animals treated 
with CP1 had lower adhesion scores compared with simi 
larly treated WT animals (P=0.002). 
0230. The right panel of FIG. 3B shows that ICOSL 
antibody abrogates protection by Treg cells from CP1 
treated mice. C57BL/6 mice were treated with CP1 as 
described above and CD45RB' CD4+ T cells harvested 
from spleens one day later by FACS. Treg cells were 
transferred to two groups of naive C57BL/6 mice via the 
intracardiac route and 24 hours later animals were Subjected 
to cecal abrasion Surgery. Recipient animals received the 
ICOSL-specific antibody or the isotype control antibody 
(400 tug/mouse) via the intraperitoneal route 0, 48, and 96 
hours relative to Surgery. Each group of animals was evalu 
ated six days later for adhesions. Treatment with ICOSL 
antibody abrogated protection conferred by the transfer of 
Treg cells compared with treatment with an isotype control 
antibody (P=0.0006). 

Example 4 
Treg Cells Produce IL-10 in Response to CP1 in an 

ICOS-Dependent Manner 
0231 FIG. 4A shows IL-10 production by ICOS" Treg 

cells. C57BL/6 mice were treated with CP1 or PG as 
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described above and CD45RB' T cells isolated at different 
time points following the last dose. Cells were Stained for 
ICOS Surface expression and intracellular IL-10 production 
and gated on CD4 T cells for analysis. Treatment with CP1 
elicited IL-10 production from ICOS" Treg cells. This 
response was Substantially higher than IL-10 produced by 
Treg cells from PG-treated mice. ICOS-Treg cells from 
CP1-treated mice did not produce IL-10. 
0232 FIG. 4B shows that IL-10 production by Treg cells 
is specific for CP1 and is dependent on ICOS. WT and 
ICOS' mice were treated with CP1 (50 ug via the subcu 
taneous route) and ten days later CD45RB' T cells isolated 
and co-cultured with irradiated autologous antigen present 
ing cells in vitro. Cells were stimulated with CP1 or PG (20 
Aug/ml) and culture Supemates harvested 6 or 8 days post 
culture for IL-10 quantitation by ELISA. Treg cells from WT 
mice stimulated with CP1 yielded higher levels of IL-10 
than Treg cells from ICOS' mice. This response was 
specific to CP1 since PG did not elicit IL-10 from WT or 
ICOS' Treg cells. Treg cells from animals treated with PG 
in vivo that were stimulated by this polymer in vitro did not 
produce IL-10 in these assayS. 

Example 5 
PSA Can Ameliorate Asthma 

0233. In order to assess the ability of Zwitterionic 
polysaccharide to prevent asthma, PSA is tested in an 
established mouse model of allergic asthma. Mojtabavi Net 
al. (2002) J Immunol 169:4788-96. Four groups of female 
BALB/c mice (8 mice per group) are Sensitized and chal 
lenged with ovalbumin (OVA) to induce experimental 
asthma. ASSigned experimental groups of mice are treated 
with aerosolized or subcutaneous injection of PSA. 
ASSigned control groups of mice receive no treatment or are 
treated with Subcutaneous injection of Saline. Animal groups 
and experimental design are shown in Table 1. 
0234 Sensitizations for all mice involve intraperitoneal 
(i.p.) injection of 200 tug OVA in 4 ml saline on day 0, 
followed by an identical boost on day 21. Aerosol treatment 
with PSA in Group B mice involves thrice-weekly admin 
istration of 500 ug aerosolized 0.01% PSA (0.1 mg/ml) by 
ultraSonic nebulizer during days 1-27. Subcutaneous treat 
ment with PSA in Group C involves 100 ul Subcutaneous 
(s.c.) injection of 0.1% PSA (1 mg/ml solution of PSA) 
administered on the Same Schedule as the aerosol treatment. 

TABLE 1. 

Asthma Model Protocol 

Sensitization Treatment Boost Challenge 
Group Day 0 Days 1-27 Day 21 Days 28-29 

A. 10 ug OVA Ole 10 ug OVA 1% OVA 
in 200 ul i.p. in 200 ul i.p. aerosol 

B 10 ug OVA aerosol PSA 10 ug OVA 1% OVA 
in 200 ul i.p. 500 tug/5 ml in 200 ul i.p. aerosol 

C 10 ug OVA 100 ug PSA 10 ug OVA 1% OVA 
in 200 ul i.p. in 100 ul s.c. in 200 ul i.p. aerosol 

D 10 ug OVA saline 10 ug OVA 1% OVA 
in 200 ul i.p. 100 ill s.c. in 200 ul i.p. aerosol 

0235 Challenge for all mice involves aerosol adminis 
tration of 1% OVA (1 g/100 ml) by ultrasonic nebulizer for 
60 minutes twice daily on days 28 and 29. 
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0236 Animals are sacrificed 48-96 hours following the 
last aerosol challenge and are evaluated for lung histopa 
thology, Serum OVA-specific IgE, and bronchoalveolar lav 
age (BAL) fluid IL-4, IL-5, and IL-10. 
0237 For measurement of OVA-specific IgE, ELISA 
plates are coated with anti-mouse IgE (LO-ME-3; Serotec, 
Oxford, U.K.) at 10 ug/ml overnight at 4 C. The plates are 
washed and blocked with 2% BSA/0.05% Tween 20 for 2 
hours at 37 C. Titrated Sera are incubated for 2 hours at 
room temperature. After washing, biotinylated OVA is 
added, and plates are incubated for 1 hour. Europium 
(Eu")-streptavidin (Delfia; Wallac, Turku, Finland) is added 
to each well after the plates are washed. Enhancement 
solution (100 ul; Delfia) is added, and Eu" release is 
measured by fluorimetry at 340 nm excitation and 614 nm 
emission. 

0238 For measurement of BAL fluid cytokines, tracheas 
of lethally anesthetized mice are cannulated and lavaged one 
to three times with 1 ml of PBS. BAL fluid from each mouse 
is is pooled and IL-4, IL-5, and IL-10 are quantitated using 
ELISA assays (Endogen, Wobom, Mass.), following the 
manufacturers instructions. 

0239 For lung histopathology, following BAL, tracheas 
are perfused with PBS and then 4% formalin. Paraffin 
embedded lung sections of 4 um are stained with H&E for 
morphological Staining and with periodic acid-Schiff for 
mucopolysaccharide Staining. 
0240 Airway hyperresponsiveness (AHR) is measured in 
conscious, unrestrained mice by whole-body plethysmogra 
phy (Buxco Electronics, Sharon, Conn.) using a published 
method. Hamelmann E et al. (1997) Am J Respir Crit Care 
Med 156: 766-75. 

Example 6 

Zwitterionic Peptides Induce T Cell Activation 
0241. In order to demonstrate the role of the Zwitterionic 
charge motif in T cell activation, a dipeptide repeating unit 
was Synthesized to mimic the repeating unit Structure of 
PSA. For this purpose, different repeating unit sizes of lysine 
(K) and aspartic acid (D), (K-D), were Synthesized and 
tested for their ability to stimulate CD4+ T cells. 
0242 Peptides (K-D), were synthesized on a Rainin 
Symphony peptide Synthesizer with 4-alkoxybenzyl alcohol 
(PAC) resins (PerSeptive Biosystems, Inc., Framingham, 
Mass.) using Fmoc chemistry. Amino acids were activated 
with 2-(1H-benzotriazole-1-yl)-1,1,3,3 tetramethyluronium 
hexafluorophosphate (HBTU) for coupling. The peptides 
prepared were analyzed by matrix-assisted laser desorption 
ionization-time-of-flight (MALDI-TOF) mass spectrometry 
and nuclear magnetic resonance (NMR) spectroscopy. Mass 
spectra were acquired on a Voyager MALDI-TOF mass 
spectrometer. Proton NMR spectra were acquired on a 
Brucker AMX500 instrument with proton frequency of 500 
MHz. Both analyses confirmed that the peptides were the 
expected Structures. 
0243 T cell proliferation assays were performed on cells 
obtained from human leukopacs (discarded white cells from 
anonymous platelet donors). Mononuclear cells were sepa 
rated by ficoll-hypacue Sedimentation to eliminate red cells 
and polymorphonuclear leukocytes. The mononuclear layer, 

Nov. 4, 2004 

which consisted of T cells, B cells, and mononuclear cells, 
was depleted of B cells and monocytes by passage over 
nylon wool column. A portion of these cells was Saved prior 
to placement on nylon wool and were used as autologous 
feeder cells following irradiation with 6.4 kRads with a 
cesium Source for 4.8 min. Nylon-passed cells, which were 
greater than 98% CD3 positive (as determined by FACS 
analysis) were used as responder cells or further depleted 
with antibodies to CD4 (OKT4) or CD8 (OKT8) followed 
by negative selection with magnetic beads. Finberg R W et 
al. (1992) J Immunol 149:2055-60; Haregewoin A et al. 
(1989) Nature 340:309-12. (K-D), peptides (20 ug/ml) of 
varying size were added to human T cells (5x10" cells/200 
al) co-cultured with irradiated APCs (2.5x10/200 ul) for 12 
days in U-bottom 96 well plates (Corning-Costar Corp., 
Cambridge, Mass.) with RPMI 1640 and 5% fetal calf 
serum. Nguyen LH et al. (1992) J Virol 66:7067-72. The S. 
pneumoniae type 1 CP (20 ug/ml) was included as a positive 
control. Six days later, cells were pulsed with 1 mCi of 
H-thymidine/well 6 h prior to harvest in order to measure 

cell proliferation. Cells were washed extensively, harvested, 
and the amount of radioactive uptake counted by liquid 
Scintillation. Data were expressed as the average of triplicate 
Wells the Standard error of cpm represented. 
0244 (K-D), peptides consisting of 15, 20, or 25 repeat 
ing units each Stimulated T cell activation in vitro. The 
response was less with peptides of 10 repeats. Peptides 
consisting of less than 10 repeating units (1 and 5 repeats) 
did not stimulate T cell activation. A control peptide, poly 
L-lysine, also did not stimulate T cell proliferation. These 
data clearly indicate that Zwitterionic repeating unit poly 
mers other than polysaccharides Stimulate T cell activation 
and that this activity depends on the repeating unit Size of the 
polymer. 

Example 7 

Zwitterionic Peptides (K-D), Can Ameliorate 
Asthma 

0245. In order to assess the ability of Zwitterionic oli 
gopeptide to prevent asthma, the protocol of Example 5 is 
followed, substituting (K-D), for PSA, wherein n is an 
integer between 10 and 25. 

Example 8 

CP1 Can Ameliorate Asthma 

0246. In order to assess the ability of Zwitterionic 
polysaccharide to prevent asthma, CP1 was tested in an 
established mouse model of allergic asthma. Mojtabavi Net 
al. (2002) J Immunol 169:4788-96. Three groups of female 
BALB/c mice (8 mice per group) were sensitized with 
ovalbumin (OVA; 10 ug in alum, i.p.) and boosted with this 
Same dose 21 days later. Beginning Seven days after the 
boost, mice were challenged with aerosolized OVA (1% 
OVA 60 minutes twice a day for two days) or saline (60 
minutes twice a day for two days). Two days after the last 
challenge serum was collected from blood obtained by 
cardiac puncture and the mice were Sacrificed for evaluation 
of lung histopathology, OVA-specific Serum IgE, and Serum 
IL-13. Throughout the course of the experiment individual 
groups of mice were administered CP1 (100 lug in 100 uls.c. 
three times a week) or Saline (100 ul S.c. three times a week). 
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A fourth group of 8 mice was not sensitized and received 
Saline treatment and Saline challenge. Animal groups and 
experimental design are shown in Table 2. 

TABLE 2 

Asthma Model Protocol 

Sensitization Treatment Boost Challenge 
Group Day 0 Days 1-27 Day 21 Days 28-29 

A. Ole saline Ole saline aerosol 
B OVA CP1 OVA 1% OVA 

aerosol 
C OVA saline OVA 1% OVA 

aerosol 
D OVA saline OVA saline aerosol 

0247 For measurement of OVA-specific IgE, ELISA 
plates were coated with anti-mouse IgE (LO-ME-3; Serotec, 
Oxford, U.K.) at 10 ug/ml overnight at 4°C. The plates were 
washed and blocked with 2% BSA/0.05% Tween 20 for 2 
hours at 37 C. Titrated Sera were incubated for 2 hours at 
room temperature. After Washing, biotinylated OVA was 
added, and plates were incubated for 1 hour. Europium 
(Eu")-streptavidin (Delfia; Wallac, Turku, Finland) was 
added to each well after the plates were washed. Enhance 
ment solution (100 ul; Delfia) was added, and Eu" release 
was measured by fluorimetry at 340 nm excitation and 450 
nm emission. 

0248 IL-13 was measured using an IL-13-specific 
ELISA (R and D Systems). 
0249 For lung histopathology, tracheas were perfused 
with PBS and then 4% formalin. Paraffin-embedded lung 
Sections of 4 um were Stained with hematoxylin and eosin 
for morphological Staining and with periodic acid-Schiff 
(PAS) for mucopolysaccharide staining. 
0250 Representative results are shown in FIGS. 5-8. 
0251. As shown in FIG. 5, CP1 treatment reduced OVA 
Specific IgE levels in mice with airway hyperreactivity. 
OVA-sensitized, OVA-challenged mice treated with CP1 
had significantly reduced OVA-Specific Serum IgE com 
pared with OVA-sensitized, OVA-challenged mice treated 
with saline (p=0.0001 by Fisher's Exact test). In fact, 
OVA-sensitized, OVA-challenged mice treated with CP1 
had OVA-specific serum IgE levels that were more similar 
to those of unsensitized, Saline-challenged mice treated with 
Saline than to those of OVA-Sensitized, Saline-challenged 
mice treated with Saline. 

0252) As shown in FIG. 6, CP1 treatment reduced serum 
IL-13 levels in mice with airway hyperreactivity. OVA 
sensitized, OVA-challenged mice treated with CP1 had 
significantly reduced serum IL-13 compared with OVA 
sensitized, OVA-challenged mice treated with saline (p=0.03 
by Tukey-Kramer Multiple Comparisons test). In fact, OVA 
sensitized, OVA-challenged mice treated with CP1 had 
serum IL-13 levels that were essentially the same as those of 
unsensitized, Saline-challenged mice treated with Saline. 
0253) As shown in FIG. 7, treatment with CP1 reduced 
eosinophil infiltration and goblet cell infiltration, each asso 
ciated with airway hyperreactivity. Examination of two mice 
in each of groups A, B, and C (see Table 2) revealed the 
presence of at least twice as many eosinophil infiltrations in 
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the OVA-sensitized, OVA-challenged group treated with 
saline as in the corresponding group treated with CP1 (FIG. 
7A). Similarly, examination of the same two mice in each of 
groups A, B, and C (see Table 2) revealed the presence of at 
least twice as many goblet cell infiltrations in the OVA 
Sensitized, OVA-challenged group treated with Saline as in 
the corresponding group treated with CP1 (FIG. 7B). FIG. 
8 shows representative PAS-stained sections from OVA 
sensitized, OVA-challenged mice treated with saline (left 
panel) and from OVA-sensitized, OVA-challenged mice 
treated with CP1 (right panel). CP1-treated mice had fewer 
areas of goblet cell infiltration than Saline-treated mice. 

Example 9 

Expansion of Treg Cells in Vitro 

0254 Naive splenic CD4 T cells from mice were 
obtained and cultured in 96-well plates with autologous 
irradiated antigen presenting cells (APCs). T cells and APCs 
were each added to individual wells at 2x10 cells/well. The 
cells were cultured with 20 tug/ml of Zwitterionic polysac 
charide (ZPS) PSA, IL-2 (0.5 ng/ml), and IL-15 (10 ng/ml 
each) for one week. After one week, fresh APCs, cytokines, 
and polysaccharide were added at the concentrations above. 
This cycle was repeated for a total of three times. Following 
this procedure, ZPS-specific Treg cells with a CD45RB' 
phenotype that made IL-10 in response to ZPS Stimulation 
were found to predominate (50 percent of cells in well). 
IL-10 was measured by intracellular cytokine Staining with 
flow cytometry. 

Example 10 

Intracellular Cytokine Analysis 

0255. After preincubation with rat anti-mouse CD16/ 
CD32 to block Fc receptors, T cells were stained with 
FITC-, PE-Cy5-, or PE-labeled mAbs to CD4, CD45RB, or 
ICOS or the corresponding isotype control antibodies. Intra 
cellular cytokine analysis was performed as previously 
described. Akbari O et al. (2002) Nat Med. 8:1024-32. In 
brief, cells were washed, fixed, and permeabilized with 
Cytofix/Cytoperm solution and 1 Perm/Wash solution (BD 
Pharmingen, San Diego, Calif., USA) and then stained with 
PE-CyS- or PE-conjugated monoclonal antibodies specific 
for IL-4, IFN-Y, or IL-10 or the corresponding isotype 
controls. Stained cells were analyzed on a Coulter EPICS 
XLTM cytometer (Beckman Coulter), using the 
CELLOuestTM (Becton Dickinson), and WinMDI 2.8 analy 
sis software (Scripps Research Institute. All antibodies were 
obtained from BD PharMingen (San Diego, Calif.). 

EQUIVALENTS 

0256 The foregoing written specification is considered to 
be sufficient to enable one skilled in the art to practice the 
invention. The present invention is not to be limited in Scope 
by examples provided, since the examples are intended as a 
Single illustration of one aspect of the invention and other 
functionally equivalent embodiments are within the Scope of 
the invention. Various modifications of the invention in 
addition to those shown and described herein will become 
apparent to those skilled in the art from the foregoing 
description and fall within the Scope of the appended claims. 
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The advantages and objects of the invention are not neces 
Sarily encompassed by each embodiment of the invention. 
0257 All references, patents and patent publications that 
are recited in this application are incorporated in their 
entirety herein by reference. 
We claim: 

1. A method for treating an allergic condition other than 
asthma in a Subject, comprising: 

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 comprises 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 carboxyl, phosphate, phosphonate, Sul 
fate, and Sulfonate. 

2. The method of claim 1, wherein the motif is a positively 
charged free amino moiety and a negatively charged moiety 
Selected from the group consisting of phosphate, phospho 
nate, Sulfate, and Sulfonate. 

3. The method of claim 1, wherein the administering 
comprises delivering an aerosol of the polymer to an airway 
of the subject. 

4. The method of claim 1, wherein the subject is free of 
Symptoms otherwise calling for treatment with the polymer. 

5. The method of claim 1, wherein the polymer is a 
polysaccharide. 

6. The method of claim 1, wherein the polymer is a 
bacterial capsular polysaccharide. 

7. The method of claim 1, wherein the polymer is PSA1. 
8. The method of claim 1, wherein the polymer is PSA2. 
9. The method of claim 1, wherein the polymer is PSB. 
10. The method of claim 1, wherein the polymer is 

StreptococcuS pneumoniae capsular polysaccharide 1 (CP1). 
11. The method of claim 1, wherein the polymer is 

de-N-acetylated Salmonella typhi Vi antigen. 
12. The method of claim 1, wherein the polymer is 

aminated pectin. 
13. The method of claim 1, wherein the polymer is 

Synthetic peptidoglycan Compound 15. 
14. The method of claim 1, wherein the polymer is a 

peptide. 
15. The method of claim 1, wherein the polymer is 

(K-D), wherein n is an integer between 10 and 100, 
inclusive. 

16. The method of claim 1, wherein the polymer is 
K-(Xaa)-D, wherein each Xaa is independently any 
neutral amino acid, m is an integer between 0 and 8, 
inclusive, and n is an integer between 1 and 100, inclusive. 

17. The method of claim 1, wherein the method further 
comprises administering to the Subject an anti-allergy medi 
cament Selected from the group consisting of glucocorti 
coids, antihistamines, and anti-IgE. 

18. The method of claim 1, wherein the administering 
comprises administering to the Subject having an allergic 
condition other than asthma multiple doses of the isolated 
polymer to treat the allergic condition. 

19. A method for treating a Subject having an allergic 
condition associated with an identified allergen, comprising 

(a) exposing a Subject having an allergic condition asso 
ciated with an identified allergen to the allergen, and 
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(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 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. 

20-22. (canceled). 
23. A method for treating asthma in a Subject, comprising: 

administering to a Subject having asthma an isolated poly 
mer in an effective amount to treat the asthma, wherein the 
polymer compriseS repeating units of a charge motif char 
acteristic of B. fragilis polysaccharide A (PSA), the motif 
being a positively charged free amino moiety and a nega 
tively charged moiety Selected from the group consisting of 
carboxyl, phosphate, phosphonate, Sulfate, and Sulfonate. 

24-36. (canceled). 
37. A method for treating a Subject having asthma asso 

ciated with an identified allergen, comprising 
(a) exposing a Subject having asthma associated with an 

identified 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. fragilis polysaccharide A (PSA), the motif being 
a positively charged free amino moiety and a nega 
tively charged moiety Selected from the group consist 
ing of carboxyl, phosphate, phosphonate, Sulfate and 
Sulfonate. 

38-40. (canceled). 
41. A method for inducing interleukin 10 (IL-10) produc 

tion, comprising: 
isolating a T regulatory cell; and 
contacting the T regulatory cell with an effective amount 

of an isolated polymer to induce production of IL-10 by 
the T regulatory cell, wherein the polymer comprises 
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 
phosphate, phosphonate, Sulfate, and Sulfonate. 

42-45. (canceled). 
46. A method for inducing expression of inducible 

costimulatory molecule (ICOS) on a CD4+ cell, comprising: 
contacting a CD4+ cell with an effective amount of an 

isolated polymer to induce expression of ICOS on the 
CD4+ cell, wherein the polymer compriseS 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 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 contacting 
exceeds ICOS expression before the contacting. 

47-56. (canceled). 
57. A method for inducing proliferation of T regulatory 

cells, comprising 
isolating a population of naive T cells, and 
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contacting the population of naive T cells with an effec 
tive amount of an isolated polymer to induce prolifera 
tion of Tregulatory cells, 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 moiety and a negatively 
charged moiety Selected from the group consisting of 
carboxyl, phosphate, phosphonate, Sulfate and Sul 
fonate. 

58-59. (canceled). 
60. A method for inducing proliferation of T regulatory 

cells, comprising: 
isolating a population of T regulatory cells, and 
contacting the population of T regulatory cells with an 

effective amount of an isolated polymer to induce 
proliferation of the T regulatory cells, wherein the 
polymer comprises 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 carboxyl, phosphate, phosphonate, Sul 
fate, and Sulfonate. 

61-66. (canceled). 
67. A method for inhibiting an antigen-specific immune 

response in a Subject, wherein the antigen-Specific response 
is other than an allergic condition or asthma, comprising 
administering to a Subject in need of inhibition of an 
antigen-specific 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 
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response to the antigen, 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 moiety and a negatively charged moiety 
Selected from the group consisting of carboxyl, phosphate, 
phosphonate, Sulfate and Sulfonate. 

68-71. (canceled). 
72. A composition comprising a conjugate comprising an 

antigen and a polymer, wherein the polymer includes repeat 
ing 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 carboxyl, phosphate, 
phosphonate, Sulfate and Sulfonate. 

73. A pharmaceutical composition, comprising: 

an aerosol formulation of a polymer of repeating units of 
a charge motif characteristic of B. fragilis polysaccha 
ride 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. 

74-92. (canceled). 
93. An aerosol delivery System comprising a container 

with an interior, an aeroSol generator in fluid connection 
with the interior of the container, and a pharmaceutical 
composition of claim 73 disposed within the interior of the 
container. 

94-97. (canceled). 


