
Therapeutic Delivery System Comprising A High
Molecular Weight PEG-Like Compound The federal
government may own rights in the present invention
pursuant to grant numbers DK47722, DK42086, T32
GM07019, and K08 DK064840-01 from the National
Institutes of Health. FIELD OF INVENTION The present
invention relates to materials and methods for
delivering, or administering, therapeutic compounds
and compositions to a mammal, such as a human.
BACKGROUND Healthcare is undeniably one of the
fundamental concerns of modern societies and
individuals, with considerable money and effort
devoted to ensure continued progress. The result has
been steady progress, with developed countries leading
the way in providing an increasing variety of
therapeutic compounds to treat the ever-expanding
number of diseases, disorders and conditions
identified as afflictions of one form of life or
another, including man. As our understanding of health
has grown, however, the health care profession has
become increasingly aware of limitations imposed by
the life forms in need of health care. For example,
mammals have internal organ systems, organs and
tissues, each of a characteristic size, location and
organization. This complex internal anatomy imposes
limits on the ability to deliver effective amounts of
active therapeutics to the cells in need. Deleterious
effects on healthy cells and economics typically rule
out systemic delivery of large quantities of
therapeutics. Consequently, much effort has been
devoted to the development of targeted approaches to
the delivery of therapeutics. At present, these
approaches have yet to lead to versatile,
cost-effective targeting of therapeutic compounds. In
addition, many approaches to targeted drug delivery do
not address the hazards imposed by the internal
journey such drugs must make to reach their targets
within the volume of the organism being treated. Even
whenproperly^aYpedriibiletlregl 'iose efficacy within
the bloodstream, the gastrointestinal tract, the lymph
system and in the extracellular spaces of the body.
For many therapeutics, particularly protein-based
therapeutics, a fundamental form of protection has
been to provide protection, either by delivering a
more stable pro-drug compound that is activated in
vivo or by stabilizing the pH of therapeuticcontaining



solutions. The pro-drug approach entails costly and
unpredictable investigations to identify candidate
compounds on a case-by-case basis. Stabilizing the
actual therapeutic, e.g. by pH stabilization, has led
to the development of a wide variety of buffer
systems, with a number of those buffers compatible
with the in vivo environment of treated organisms.
Stabilization has also been facilitated by the
inclusion of stabilizing compounds, such as bovine
serum albumin, casein, and the like. These approaches,
however, require the development of a buffer that is
compatible and effective with a given therapeutic,
while the addition of stabilizers adds to the cost and
requires exploration to assure that the stabilizers
don't interfere with the desired therapeutic activity
or have other deleterious consequences (e.g.,
immunogenicity). Another type of stabilizer is
covalently attached to a therapeutic, such as a
protein therapeutic. For example, PEGylation of
proteins through the covalent attachment of
polyethylene glycol molecules (e.g., 1-20 kD,
typically 3-5 kD) to proteins has been reported to
improve the stability of those therapeutics. Cantin et
al., Am. J. 27:659-665 (2002); Specialty Chemicals
Magazine, news article ID 7430 (March 25, 2004);
Goldenberg, P & T 27(1 2):61 9-621 (2002). These
modifications, however, require technical skill, add
to the cost of a therapeutic, and require careful
testing to ensure that meaningful therapeutic activity
is retained without introducing deleterious secondary
effects in vivo. Stabilizing compounds such as PEG
(3-5 kD, e.g.., GoLytely(r)) have also been used in
solutions containing therapeutics. GoLytely(r) (3,340
kD) has also been used by itself as, e.g., a laxative.
The addition of low molecular weight PEG (e.g., 3-12
kD) has not always achieved the results for which the
medical community has been searching. Thus, the
addition of LMW PEGs to therapeutic-containing
solutions involves an additional cost, must be tested
to ensure its efficacy and non-toxicity, and lacks the
versatility required to foster confidence in expanding
its use to new therapeutics.irf tr s ''tii9her f rri5T
ci3lsfh weight PEG compositions (e.g., 20 kD), Hauet
et al., Kidney Int. 62(2):654-667 (2002) has reported
use of a solution containing 20 kD PEG to store donor
kidneys prior to transplant, resulting in a reported
reduction in ischemia/reperfusion injury. The solution
of 20 kD PEG, however, was not administered in vivo.
HMW PEG has also been covalently attached to any one
of a handful of biocompatible compounds to synthesize
di-block polymers for use in 



forming biodegradable nanospheres. Gref et al.,
Science 263:1600-1603 (1994). The nanospheres are
contemplated for in vivo use, but such nanospheres
only contain HMW PEG covalently bound to a
biocompatible compound that is required to ensure that
the spheres are biodegradable. Nanospheres, like other
potential molecule carriers in vivo (e.g., liposomes,
sticky plastics, polysaccharide hydrogels), provide a
measure of stability and protection to a therapeutic
by typically sequestering the therapeutic in the
interior of the carrier, somewhat removed from the in
vivo environment of the organism being treated.
Carrier-based approaches to stabilizing therapeutics,
however, involve considerable developmental cost,
which must be recouped, as well as appreciable expense
in the preparation and delivery of a
therapeutic-containing carrier. Carrier-based
approaches also sacrifice any targeting function of
the therapeutic itself and the targeting issue has not
been resolved for these technologies. Moreover, the
use of carriers adds the additional problem of carrier
disposal, which must be designed to be eliminated or
degraded, but not until the therapeutic cargo has been
delivered. Thus, a need continues to exist in the art
for a versatile approach to the delivery of
therapeutics that preserves the efficacy, or
stabilizes, even labile drugs, permitting such
compounds to reach their intended site of action
before losing their therapeutic value. In most, if not
all, instances, the delivery of active therapeutics is
intended to treat, ameliorate or prevent a malfunction
(e.g., disease, disorder or condition) within an
organism. Cancer, cell degenerative diseases (e.g.,
Alzheimer's disease), and bacterial sepsis are
representative of these types of malfunctions, which
can, and often do, rise to the level of major health
concerns. Without wishing to be bound by theory, it is
possible that stabilization of a cell's immediate
environment at a time prior to malfunction may have a
positive therapeutic effect in delaying, ameliorating
or preventing the elaboration of such a disease,
disorder or condition. Thus, in addition to the
aforementioned need in the art for a versatile system
to deliver active therapeutics, a need continues to
exist in the art for compositions, methods and systems
that will stabilize the in vivo environment of cells
at risk of malfunction.disorders, or abnormal
conditions, present a significant threat to the health
of man and animals, imposing a burden on healthcare
systems worldwide. One example of such disorders,
gut-derived sepsis, is a major cause of mortality
among organisms, such as human patients, that suffer
from any of 



a variety of diseases, disorders or afflictions, such
as burn injuries, neonatal enterocolitis, severe
neutropenia, inflammatory bowel disease, and organ
rejection following transplantation. The intestinal
tract reservoir has long been recognized to be a
potentially lethal focus of bacterial-mediated sepsis
in, e.g., critically ill, hospitalized patients. The
ability of microbial pathogens such as the
Pseudomonads {e.g., Pseudomonas aeruginosa) to perturb
the regulatory function of the intestinal epithelial
barrier may be a defining characteristic among
opportunistic organisms capable of causing gut-derived
sepsis. In many of these infections, Pseudomonas
aeruginosa has been identified as the causative
pathogen. Significantly, the intestinal tract has been
shown to be the primary site of colonization of
opportunistic pathogens such as P. aeruginosa.
Conventional therapeutic approaches to the prevention
or treatment of microbe-mediated epithelial disorders
such as gut-derived sepsis have met with incomplete
success. Antibiotic-based approaches are compromised
by the difficulty in tailoring antibiotics to the
intestinal pathogen in a manner that does not impact
the remaining intestinal flora. In addition, many of
the intestinal pathogens, as typified by P.
aeruginosa, often become resistant to antibiotic
challenges, resulting in a costly, ongoing and
incompletely successful approach to prevention or
treatment. Problems also plague immunotherapeutic
approaches. Particularly, many intestinal pathogens
such as P. aeruginosa, are immunoevasive, rendering
such approaches minimally effective. Another approach
to the prevention or treatment disorders such as
gutderived sepsis is intestinal lavage. In the past
several years, intestinal lavage using polyethylene
glycol (PEG) solutions has been attempted, with some
anecdotal reports suggesting that PEG may show some
promise in treating gut-derived sepsis across a
variety of clinical and experimental circumstances.
The PEG in these solutions has an average molecular
weight of 3,500 daltons and the solutions are
commercially available (e.g., Golytely). The
mechanisms by which these relatively low molecular
weight (LMW) solutions of PEG provide a therapeutic
benefit in treating or preventing gut-derived sepsis
is unknown. Typically, these solutions areuseti'to
waslfofTOWthe iMeWnal tract of organisms at risk of
developing, or suffering from, gut-derived sepsis. As
a result of administering these LMW PEG solutions to
the intestinal tract, there is a variable change in
the floral composition of 



the treated intestine depending on the method of
concentration and the molecular weight of the
compounds used. For example, solutions having
concentrations of PEG higher than about 20% can result
in a microbicidal action resulting in the elimination
of potentially protective microorganisms in the
intestinal tract of a stressed host. Also, solutions
of low molecular weight PEG can lose their efficacy in
attenuating the virulence capacity of certain
organisms, despite preserving them. Therefore, a need
exists in the art for a solution that inhibits
microbial virulence expression (the harmful properties
of a microbe) while not killing the microbe or
neighboring microbes, thereby providing the benefit of
preserving the natural ecosystem of the intestinal
microflora. For example, preservation of the native
floral composition would provide competition for
opportunistic pathogens that might otherwise colonize
the intestine. Concomitant with a change in floral
composition is a change in the physiology of the
organism. These physiological changes may be monitored
by assaying any number of characteristic enzymatic
activities, such as lactate dehydrogenase levels.
Consequently, LMW PEG treatments of the intestine
produce significant changes in the physiology of the
treated organisms, with unpredictable, and thus
potentially deleterious, longer-term consequences for
the health and well-being of the treated organism.
Moreover, such treatments provoke physically demanding
reactions in the form of massive intestinal voiding in
critically ill organisms such as hospitalized human
patients. Thus, there also remains a need in the art
to provide a composition effective in preventing, or
treating, a microbe-mediated epithelial disorder
(e.g., gut-derived sepsis) and/or a symptom associated
with such a disorder, along with methods for achieving
such benefits, without creating the potential for
further complications through significant alteration
of the physiology of the treated organism. SUMMARY OF
THE INVENTION The present invention satisfies at least
one of the aforementioned needs in the art by
providing a high molecular weight (HMW) polyethylene
glycol-like composition that provides a stabilizing en
ironment for the delivery of activethetapeiiStics- r?
p b W<bctwe protection against an abnormal condition
characterized by an epithelial surface at risk of
developing a microbe-mediated disorder. Exemplary
therapeutics suitable for stabilized delivery in HMW
PEG-like 



compounds include protein and peptide therapeutics as
well as small-molecule therapeutics. Exemplary
abnormal conditions from which HMW PEG-like compounds
provide therapeutic benefit include gut-derived
sepsis, other intestinal disorders/diseases associated
with intestinal flora, due to intestinal pathogens
including, but not limited to, P. aeruginosa, and a
variety of diseases, disorders and conditions of an
epithelial cell of a mammal such as man. An exemplary
HMW PEGlike compound is HMW PEG. HMW PEG inhibits or
prevents contact of such pathogens as P. aeruginosa
with the intestinal epithelial surface. In addition,
high molecular weight PEG suppresses virulence
expression in these pathogens (e.g., P. aeruginosa)
responsive to a variety of signals that may involve
quorum sensing signaling networks. The ability of HMW
PEG-like compounds (e.g., HMW PEG) to interdict at the
infectious interface between the intestinal pathogen
and the intestinal epithelium provides an alternative
approach to preventing or treating gut-derived sepsis,
e.g., following catabolic stress. Importantly,
treatments with HMW PEG-like compounds would be cost
effective and relatively simple to perform on human
patients as well as a variety of other organisms such
as agriculturally significant livestock (e.g., cattle,
pigs, sheep, goats, horses, chickens, turkeys, ducks,
geese, and the like), pets, and zoo animals. One
aspect of the invention provides an article of
manufacture comprising a label packaging material and
an effective amount of a high molecular weight
polyethylene glycol-like (HMW PEG-like) compound
contained within the packaging material, wherein the
packaging material comprises a label or package insert
indicating that the HMW PEG-like compound can be used
for treating, ameliorating, or preventing a condition
characterized by an abnormal epithelial cell, such as
an inflamed epithelium or an epithelium comprising a
barrier dysfunction. The HMW PEG-like compound may be
any of a variety of compounds of high molecular
weight, such as a cationic polymer, a polyalkane,
polyalkene or polyalkylene glycol (e.g., HMW
polypropylene glycol, HMW polyethylene glycol (HMW
PEG), or mixtures thereof), derivatives of HMW PEG
such as HMW polymethoxyPEG, HMW monomethoxy PEG, HMW
polypropylene glycol, or mixtures thereof.
Additionally, the HMW PEG-like compound may any of the
aforementioned compounds further comprising at least
one covalently bound functional group, such as a
straight-chainC q a \k'kf bvlp'{&ig:f a!i rtietftoxy
group), a branched-chain C1-C10 alkoxy 



group, a C1-C10 aryloxy group, or mixtures thereof.
The compounds of the articles of manufacture may
further comprise a linker such as a straight-chain
C1-C10 alkyl group, a branched-chain C1-C10 alkyl
group, an aryl group (e.g., a phenyl group), or
mixtures thereof. An article of manufacture may also
comprise a HMW PEG-like compound in solution, such as
an aqueous solution, with the HMW PEG-like compound
present at a concentration of at least 5% (w/v), or
between 10% and 20% (w/v). The average molecular
weight of the HMW PEG-like compound according to the
invention is greater than 12,000 daltons, or is at
least 15,000 daltons, or is greater than 15,000
daltons and less than 20,000 daltons. The label
packaging material of an article of manufacture of the
invention according to claim 1 wherein the label
provides an instruction to administer the compound to
treat, ameliorate or prevent a condition characterized
by an abnormal epithelial cell, such as an
inflammation of an epithelium or a barrier dysfunction
of an epithelium. More specifically, the invention
contemplates such conditions as gutderived sepsis,
inflammatory bowel disease, irritable bowel syndrome,
a burn injury to an epithelium, a chemical contact
injury to an epithelium, neonatal necrotizing
enterocolitis, an immune disorder, severe neutropenia,
toxic colitis, enteropathy, transplant rejection,
pouchitis, pig belly, cholera, mucosal inflammation,
inflammation of the skin and mixtures thereof.
Further, the condition may be an immune disorder such
as a leukemia, a lymphoma, AIDS, psoriasis, an
inflammatory bowel disease, lupus erythematosis,
scleroderma, rheumatoid arthritis, a
chemotherapy-induced immune disorder, a
radiation-induced immune disorder, and mixtures or
combinations thereof. Articles of manufacture for the
treatment, amelioration or prevention of an
inflammatory bowel disease will be useful in treating,
ameliorating or preventing ulcerative colitis, Crohn's
disease and mixtures thereof. In another aspect, the
invention provides an article of manufacture as
described above that further comprises a
therapeutically effective amount of a therapeutic.
More specifically, the invention comprehends any
therapeutic useful in treating, ameliorating or
preventing a disease, disorder or condition of an
epithelial cell, such therapeutics including, but not
limited to, a probiotic microorganism formulation, a
composition derived from at least one probiotic
microorganism, an analgesic compound, an
anti-inflammatory compound, a modulator of an immune 



system, an antibiotic, an anti-cancer agent, an
anti-ulcer agent, a growth factor, a cytokine, a
protein hormone, a trefoil protein and mixtures
thereof. Exemplarya compound comprising a 5-amino
salicylate moiety, a corticosteroid, methotrexate,
6-mercaptopurine, cyclosporine, vancomycin,
metronidazole, a cephalosporin, taxane, a compound
comprising a taxane moiety, camptothecin, a compound
comprising a camptothecin moiety, 5- fluorouracil, a
compound comprising a 5-fluorouracil moiety, an
anti-androgen compound, an anti-estrogen compound, an
epidermal growth factor, intestinal trefoil factor,
insulin, somatostatin, an interferon and mixtures
thereof. In some embodiments, the therapeutic is a
probiotic lactic acid bacterium, e.g., Lactobacillus
GG (LGG), Streptococcus salivarius subsp.
thermophilus, Lactobacillus casei, Lactobacillus
plantarum, Lactobacillus acidophilus, Lactobacillus
delbrueckii subsp. bulgaricus, Bifidobacteria longum,
Bifidobacteria infantis, or Bifidobacteria breve, and
mixtures or combinations (e.g., VSL#3) thereof, or a
compound or composition derived from any of such
bacterium. Another aspect of the invention is drawn to
a method of administering a therapeutic composition to
an epithelium of a subject in need comprising
administering a composition comprising a HMW PEG-like
compound and an effective amount of a therapeutic. As
for the articles of manufacture according to the
invention, therapeutics suitable for use in the method
include, but are not limited to, a probiotic
microorganism formulation, a composition derived from
at least one probiotic microorganism, an analgesic
compound, an anti-inflammatory compound, a modulator
of an immune system, an antibiotic, an anti-cancer
agent, an anti-ulcer agent, a growth factor, a
cytokine, a protein hormone, a trefoil protein and
mixtures thereof. Exemplary therapeutics include a
5-amino salicylate, a compound comprising a 5-amino
salicylate moiety, a corticosteroid, methotrexate, 6-
mercaptopurine, cyclosporine, vancomycin,
metronidazole, a cephalosporin, taxane, a compound
comprising a taxane moiety, camptothecin, a compound
comprising a camptothecin moiety, 5-fluorouracil, a
compound comprising a 5-fluorouracil moiety, an
anti-androgen compound, an anti-estrogen compound, an
epidermal growth factor, intestinal trefoil factor,
insulin, somatostatin, an interferon and mixtures
thereof. In one embodiment of the method according to
the invention, the HMW PEG-like compound is HMW PEG
(e.g., HWM PEG 15-20 kD). Epithelia to which 



the therapeutic may be administered include, but are
not limited to, intestinal mucosa, pulmonary mucosa,
nasal mucosa, urethral mucosa, esophageal mucosa,
buccal mucosa and skin. In some embodiments, the
subject to which a therapeutic is administered is a
mammal, such as a human. This aspect of the
inventioncoW lat - ri thea r i iiiTriistration known
in the art, including oral administration, rectal
administration, intestinal lavage, topical
administration, intravenous injection, intraperitoneal
injection, intraurethral administration, vaginal
administration, cannulation and assisted or unassisted
respiration. In various embodiments of this aspect of
the invention, the therapeutic is a proteinaceous
compound. The method may also involve administration
of an effective amount of PA-I lectin/adhesin, e.g.,
Pseudomonas aeruginosa PA-I lectin/adhesin;
administration of PA-I lectin/adhesin is particularly
contemplated for methods involving the administration
of a proteinaceous therapeutic. Another aspect of the
invention is directed to a method of treating a
microbemediated condition of an epithelium of a
subject comprising administering an effective amount
of a HMW PEG-like compound to a subject in need,
wherein the HMW PEG-like compound is HMW PEG further
comprising at least one covalently bound functional
group selected from the group consisting of a
straight-chain C1- C10 alkoxy group, a branched-chain
C1-C10 alkoxy group, a C1-C10 aryloxy group and
mixtures thereof. The HMW PEG -like compound may be in
an aqueous solution comprising at least 10% and less
than 20% HMW PEG-like compound (w/v). The subject may
be a mammal, such as a human. The epithelium may be an
intestinal mucosa, a pulmonary mucosa, a nasal mucosa,
a urethra] mucosa, a vaginal mucosa, an esophageal
mucosa, a buccal mucosa or skin. In practicing this
aspect of the invention, the HMW PEG-like compound may
be administered by any route known in the art,
including oral administration, rectal administration,
vaginal administration, administration to the
intestine, topical administration, intravenous
injection, intraperitoneal injection, cannulation and
assisted or unassisted respiration. Conditions
suitable for treatment by this aspect of the invention
include, but are not limited to, gut-derived sepsis,
inflammatory bowel disease, irritable bowel syndrome,
a burn injury to an epithelium, a chemical contact
injury to an epithelium, neonatal necrotizing
enterocolitis, an immune disorder, severe neutropenia,
toxic colitis, enteropathy, transplant rejection,
pouchitis, pig belly, cholera, mucosal inflammation, 



inflammation of the skin and mixtures thereof. In a
related aspect, the invention comprehends a method of
administering an effective amount of a HMW PEG-like
compound to a subject in need to treat such conditions
as a leukemia, a lymphoma, AIDS, psoriasis, an
inflammatory bowel disease, lupus erythematosis,
scleroderma, rheumatoid arthritis,
chemotherapy-induced immune disorder, a
radiation-induced immune disorder, and mixtures or
combinations thereof. In both of these aspects ofthe i
velr r&l l e. may be HMW PEG further comprising at
least one covalently bound functional group such as a
straight-chain C1-C10 alkoxy group, a branched-chain
C1-C10 alkoxy group, a C1-C10 aryloxy group and
mixtures thereof. Conditions amenable to treatment,
whether induced by a microorganism or not, include
gut-derived sepsis, inflammatory bowel disease,
irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal inflammation, inflammation of
the skin and mixtures or combinations thereof.
Expressly contemplated are treatments of conditions
such as a leukemia, a lymphoma, AIDS, psoriasis, an
inflammatory bowel disease, lupus erythematosis,
scleroderma, rheumatoid arthritis,
chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures
thereof. In another aspect, the invention provides a
method of ameliorating a symptom of any of the
above-noted conditions comprising administering an
effective amount of a HMW PEG-like compound to a
subject in need, wherein the HMW PEG-like compound is
HMW PEG further comprising at least one covalently
bound functional group selected from the group
consisting of a straight-chain C1-C10 alkoxy group, a
branched-chain C1-C10 alkoxy group, a C1-C10 aryloxy
group and mixtures thereof. A further aspect of the
invention is drawn to a method of preventing a
condition comprising administering an effective amount
of a HMW PEG-like compound to a subject in need,
wherein the HMW PEG-like compound is HMW PEG further
comprising at least one covalently bound functional
group selected from the group consisting of a
straight-chain C1-C10 alkoxy group, a branched-chain
C1-C10 alkoxy group, a C1-C10 aryloxy group and
mixtures thereof. The invention contemplates methods
of preventing such conditions as such as gut-derived
sepsis, inflammatory bowel disease, irritable bowel
syndrome, a bum injury to an epithelium, 



a chemical contact injury to an epithelium, neonatal
necrotizing enterocolitis, an immune disorder, severe
neutropenia, toxic colitis, enteropathy, transplant
rejection, pouchitis, pig belly, cholera, mucosal
inflammation, inflammation of the skin and mixtures or
combinations thereof. Yet another aspect of the
invention is directed to a use of a HMW PEG-like
compound as described above in the preparation of a
medicament for treating acoRtJftioA inflammatory bowel
disease, irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal inflammation, inflammation of
the skin and mixtures or combinations thereof.
Specifically contemplated are compounds useful in
preparing medicaments to treat conditions associated
with an immune disorder, such as a leukemia, a
lymphoma, AIDS, psoriasis, an inflammatory bowel
disease, lupus erythematosis, scleroderma, rheumatoid
arthritis, chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures or
combinations thereof. Another aspect of the invention
provides a method of reducing the likelihood of
mortality in an animal with an abnormal condition,
including a disease condition, comprising an
epithelial surface at risk of developing a
microbe-mediated disorder selected from the group
consisting of gut-derived sepsis, a burn injury,
neonatal necrotizing enterocolitis, severe
neutropenia, toxic colitis, inflammatory bowel
disease, enteropathy, transplant rejection, pouchitis,
and pig belly, comprising administering an effective
dose of polyethylene glycol (PEG) to an animal in need
thereof, wherein the PEG has an average molecular
weight of at least 5,000 daltons. Suitable animals
include, but are not limited to, dog, cat, sheep,
goat, cow, pig and human. In the aforementioned
method, the PEG preferably has an average molecular
weight of at least 15,000 daltons, and is preferably
between 5,000 and 20,000 daltons, or between 15,000
and 20,000 daltons. Also preferred is PEG having an
average molecular weight of 6,000, of 7,000, of 8,000,
of 9,000, of 10,000, of 11,000, of 12,000 of 13,000,
of 14,000, and of 25,000 daltons. Further, the PEG may
be in an aqueous solution comprising 5-20% PEG, and
preferably 10-20% PEG (e.g., 10% PEG). In one
embodiment of the method, the condition is associated
with the presence of a Pseudomonas aeruginosa organism
in the intestine and the cell 



membrane integrity of such P. aeruginosa is not
detectably altered. In another embodiment of the
method, the growth pattern of Pseudomonas aeruginosa
is not detectably altered. Another aspect of the
invention is a method of inhibiting gut-derived sepsis
comprising contacting a mammalian epithelium, such as
an intestine, with polyethylene glycol (PEG), wherein
the PEG has an average molecular weight of at least
5,000 daltons, and preferably at least 15,000 daltons.
In one embodiment of this method, the mammalian
intestine cornets the PEG for at least 30 minutes.Bt Q
t e  e ition include a method of inhibiting PA-I
lectin/adhesin expression in a pathogen of the
epithelia, e.g., an intestinal pathogen, comprising
administering an effective dose of polyethylene glycol
to an animal in need thereof; a method of inhibiting
epithelium-induced (e.g., intestinal
epitheliuminduced) activation of PA-I lectin/adhesin
comprising administering an effective dose of
polyethylene glycol to an animal in need thereof; a
method of inhibiting C4-HSLinduced morphological
change of a pathogen of the epithelia (e.g., an
intestinal pathogen) comprising administering an
effective dose of polyethylene glycol to an animal in
need thereof; a method of reducing virulence
expression in a pathogen of the epithelia (e.g., an
intestinal pathogen) comprising administering an
effective dose of polyethylene glycol to an animal in
need thereof; a method of reducing or preventing
interaction of an epithelial surface with a microbial
virulence factor comprising administering an effective
dose of polyethylene glycol to an animal in need
thereof; a method of ameliorating epithelial (e.g.,
intestinal) pathogenesis by preventing formation of
pathogenic quorum-sensing activation comprising
administering an effective dose of polyethylene glycol
to an animal in need thereof; and a method of
inhibiting interaction between epithelium (e.g.,
intestinal epithelium) of a vertebrate and a
bacterium, such as a Pseudomonad (e.g., Pseudomonas
aeruginosa), comprising contacting the epithelium with
polyethylene glycol. In all of these aspects of the
invention, the PEG has an average molecular weight of
at least 5,000 daltons, and preferably at least 15,000
daltons. A still further aspect of the invention is a
method of inhibiting a Pseudomonas aeruginosa- 'mduced
reduction in the transepithelial electrical resistance
of a mammalian epithelial layer, such as an intestinal
epithelial layer, comprising contacting the
(intestinal) epithelial layer with polyethylene
glycol, wherein the PEG 



has an average molecular weight of at least 5,000
daltons, and preferably at least 15,000 daltons.
Preferably, the PEG has an average molecular weight of
15,000 to 20,000 daltons. In a preferred embodiment,
the integrity of the membrane of the microbe (e.g., P.
aeruginosa) is not detectably altered. Yet another
aspect of the invention is a method of inhibiting
adherence of a bacterial cell to a mammalian
epithelium, such as a mammalian intestine, comprising
contacting the intestine with polyethylene glycol,
wherein the PEG has an average molecular weight of at
least 5,000 daltons, and preferably at least 15,000
daltons. With this method as well, it is preferred
that the PEG has an average molecularw . '6 l ! , 0 l
ii e) s. The PEG may be in an aqueous solution
comprising 5-20% PEG, and preferably 5-10% PEG. An
exemplary bacterial cell contemplated as amenable to
inhibition of adherence by this method is a
Pseudomonad, such as P. aeruginosa. Another aspect of
the invention is a method of reducing the expression
of PA-I lectin/adhesin in a bacterial cell comprising
contacting the bacterial cell with polyethylene
glycol, wherein the PEG has an average molecular
weight of at least 5,000 daltons, and preferably
15,000 daltons, and is preferably between 15,000 and
20,000 daltons. Again, the PEG may be in an aqueous
solution comprising 5-20% PEG, and preferably 5-10%
PEG. In another aspect, the invention provides a
method of reducing the likelihood of mortality in an
animal exhibiting a microbe-mediated epithelial
disorder selected from the group consisting of
gut-derived sepsis, a burn injury, neonatal
necrotizing enterocolitis (NEC), severe neutropenia,
toxic colitis, inflammatory bowel disease, enteropathy
(e.g., in the critically ill), transplant rejection,
pouchitis and pig belly comprising administering an
effective amount of a compound (e.g., PEG) that
adheres to a cell selected from the group consisting
of a mammalian intestinal epithelial cell and an
intestinal bacterial cell, wherein the compound
adheres to the cell in a topographically asymmetrical
manner, thereby inhibiting interaction of the
mammalian intestinal epithelial cell and the bacterial
cell. A preferred compound is a surfactant. In one
embodiment of this method, the compound is PEG,
preferably having an average molecular weight of at
least 15,000 daltons. In another embodiment of this
method, the inhibition is determined by atomic force
microscopy. In yet another embodiment of this method,
the bacterial cell is an intestinal pathogen 



and there is no detectable modification of its growth
characteristics. In related aspects, this method
further comprises introducing an effective amount of
dextran into the intestine of the animal and/or
introducing an effective amount of L-glutamine,
dextran-coated L-glutamine, dextran-coated inulin,
dextran-coated butyric acid, one or more
fructo-oligosaccharides, N-acetyl-D-galactosamine,
dextran-coated mannose and galactose, lactulose and
balancing buffers and stabilizing agents, known in the
art, into the intestine of the animal. When
administered together as a single composition, this
multicomponent single-solution administration will
treat and prepare the intestinal tract in anticipation
of a disruption in the intestinal flora and barrier
function of the intestine, such as occurs following
severe catabolic-, surgicaland traumatic-type
stresses. 13A otr i p scf ottlfelffifeTition is a
method of ameliorating a symptom associated with any
disease or condition arising from, or characteristic
of, an abnormal condition of the epithelium, such as
gut-derived sepsis, comprising administering
polyethylene glycol to the intestine, wherein the PEG
has an average molecular weight of at least 5,000
daltons, preferably at least 15,000 daltons, and is
preferably between 15,000 and 20,000 daltons. The PEG
may be in an aqueous solution comprising 5-20% PEG,
and preferably 5-10% PEG. The invention comprehends
ameliorating a symptom associated with any disease or
condition disclosed herein. Still another aspect of
the invention is a method of preventing loss of
lactating capacity in an animal exhibiting an abnormal
condition in the form of an epithelial surface of a
mammary gland at risk of developing a microbe-mediated
disorder affecting milk output, comprising
administering, e.g., topically, an effective dose of a
polyethylene glycol of at least 5,000 daltons, and
preferably at least 15,000 daltons, to the epithelial
surface of a mammary gland. Exemplary animals include
mammals, such as sheep, goats, cows, pigs, horses and
humans. In a related aspect, the invention provides a
method of treating a loss of lactating capacity in an
animal characterized by a microbe-mediated disorder of
an epithelial surface of a mammary gland affecting
milk output, comprising administering, e.g.,
topically, an effective dose of a polyethylene glycol
of at least 5,000- daltons and, preferably, at least
15,000 daltons to a mammary gland. In another related
aspect, the invention provides a method of preventing
development of a microbe-mediated epithelial 



disorder in an animal of nursing age comprising
administering an effective dose of polyethylene glycol
of at least 5,000 daltons, and preferably at least
15,000 daltons, to the animal. Suitable animals
include mammals, such as humans, livestock,
domesticated pets, and zoo animals. In one embodiment,
the PEG is admixed with any infant formula known in
the art. A related aspect of the invention is a
composition comprising infant formula and polyethylene
glycol (PEG), wherein the PEG has an average molecular
weight of at least 5,000 daltons. Again, any infant
formula known in the art may be used, including
formulas based on the milk of a mammal, such as cow's
milk, goat's milk, and the like, as well as formulas
based on soy milk. The formula may also be enriched
with any vitamin and/or element, including
fortification with iron. The PEG preferably has an
average molecular weight of at least 15,000 daltons,
and isupon reconstitution or hydration of the infant
or baby formula. The invention further provides a
method of providing nutrition to an animal, preferably
of nursing age, comprising administering an effective
dose of the composition comprising infant formula and
PEG to the animal. Yet another aspect of the invention
is a pharmaceutical composition comprising
polyethylene glycol of at least 5,000 daltons, and
preferably 15,000 daltons, average molecular weight
and a suitable adjuvant, carrier or diluent. In a
related aspect, the composition further comprises a
compound selected from the group consisting of
dextran-coated L-glutamine, dextran-coated inulin,
dextrancoated butyric acid, one or more
fructo-oligosaccharides, N-acetyl-D-galactosamine,
dextran-coated mannose and galactose, lactulose and
balancing buffers and stabilizing agents known in the
art. . An additional aspect of the invention is a kit
for the therapeutic treatment or prevention of an
abnormal condition characterized by an epithelial
surface at risk of developing a microbial-mediated
disorder, such as gut-derived sepsis, comprising one
of the above-described pharmaceutical compositions and
a protocol describing use of the composition in
therapeutic treatment or prevention of the abnormal
condition. Protocols suitable for inclusion in the kit
describe any one of the therapeutic or preventive
methods disclosed herein. Still other aspects of the
invention are drawn to methods of preventing an
abnormal condition characterized by an epithelial
surface at risk of microbe-mediated 



disorder, including diseases. For example, the
invention comprehends a method of preventing a disease
or an abnormal condition comprising administering a
composition comprising an effective dose of
polyethylene glycol (PEG) to an animal, wherein the
PEG has an average molecular weight of at least 5,000
daltons. A suitable disease or abnormal condition,
amenable to the preventive methods of the invention,
is selected from the group consisting of swimmer's
ear, acute otitis media, chronic otitis media,
ventilator-associated pneumonia, gut-derived sepsis,
necrotizing enterocolitis, antibiotic-induced
diarrhea, pseudomembranous colitis, an inflammatory
bowel disease, irritable bowel disease, neutropenic
enterocolitis, pancreatitis, chronic fatigue syndrome,
dysbiosis syndrome, microscopic colitis, a chronic
urinary tract infection, a sexually transmitted
disease, and infection. An animal suitable as a
subject for such preventive methods is selected from
the group consisting of dog, cat, sheep, goat, cow,
ig, chicken, horse and human. The PEGpr fe ly ia I n
!a?e'ra e licBlar weight of at least 15,000 daltons;
also preferred is PEG having an average molecular
weight between 15,000 and 20,000 daltons. Further, the
PEG may be an aqueous solution comprising 10-20% PEG,
and preferably 10% PEG. The composition being
administered may further comprise a vehicle selected
from the group consisting of a liquid solution, a
topical gel, and a solution suitable for nebulizing.
Additionally, the composition may further comprise a
compound selected from the group consisting of
dextran-coated L-glutamine, dextran-coated inulin,
dextran-coated butyric acid, a fructo-oligosaccharide,
N-acetyl- D-galactosamine, dextran-coated mannose,
galactose and lactulose. In one embodiment, the
composition comprises PEG, dextran-coated L-glutamine,
dextrancoated inulin, dextran-coated butyric acid, a
fructo-oligosaccharide, N-acetyl-Dgalactosamine,
dextran-coated mannose, galactose and lactulose. Yet
another aspect of the invention is a method of
preventing skin infection comprising the step of
applying a composition comprising an effective amount
of polyethylene glycol (PEG) to an animal, wherein the
PEG has an average molecular weight of at least 5,000
daltons. The composition may further comprise a
vehicle selected from the group consisting of an
ointment, a cream, a gel and a lotion. The invention
contemplates that an agent causing the infection is
selected from the group consisting of Bacillus
anthracis, Small Pox Virus, enteropathogenic E. coli'
(EPEC), enterohemorrhagic E. coll (EHEC),
enteroaggregative E. coli, (EAEC), Clostridium 



difficile, rotavirus, Pseudomonas aeruginosa, Serratia
marcescens, Klebsiella oxytocia, Enterobacteria
cloacae, Candida albicans and Candida globrata.
Another aspect of the invention is a method of
preventing respiratory infection comprising the step
of administering an effective amount of polyethylene
glycol (PEG) to an animal, wherein the PEG has an
average molecular weight of at least 5,000 daltons. A
respiratory infection amenable to the preventive
methods of the invention may arise from contact with
an infectious agent via any route known in the art,
including pneumonias associated with ventilators
(e.g., ventilator-associated pneumonia), air-borne
infectious agents, infectious agents dispersed in a
nebulized fluid such as by sneezing, and the like. In
some embodiments, the method prevents respiratory
infection by an agent selected from the group
consisting of Bacillus anthracis and Small Pox Virus.
Yet another aspect of the invention is a method for
irrigating at least a portionof Me'-u nary'fracf:
rderto'p'event a chronic urinary tract infection,
comprising the step of delivering an effective amount
of a composition comprising PEG to a urethra, wherein
the PEG has an average molecular weight of at least
5,000 daltons. In one embodiment, the composition is
administered to a portion of the urinary tract that
includes at least the bladder. Another aspect of the
invention is a method of preventing a sexually
transmitted disease comprising the step of applying
polyethylene glycol (PEG) to a condom, wherein the PEG
has an average molecular weight of at least 5,000
daltons. A related aspect of the invention is a condom
comprising at least a partial coating with PEG having
an average molecular weight of at least 5,000 daltons.
Yet another related aspect is a kit comprising a
condom and polyethylene glycol (PEG) having an average
molecular weight of at least 5,000 daltons. The
invention also comprehends a method of preventing a
digestive tract disorder comprising administering an
effective dose of a composition comprising
polyethylene glycol (PEG) to an animal in need
thereof, wherein the PEG has an average molecular
weight of at least 5,000 daltons. Exemplary digestive
tract disorders amenable to the preventive methods of
the invention may be selected from the group
consisting of neonatal necrotizing enterocolitis,
antibiotic-induced diarrhea, pseudomembranous colitis,
an inflammatory bowel disease, irritable bowel
disease, neutropenic enterocolitis, pancreatitis,
dysbiosis syndrome and microscopic colitis. 



Another aspect of the invention is a method for
monitoring the administration of polyethylene glycol
(PEG) to an animal in need thereof, comprising
administering an effective amount of a composition
comprising labeled PEG, wherein the PEG has an average
molecular weight of at least 5,000 daltons, to an
animal in need thereof, and detecting the labeled PEG,
whereby the quantity and/or location of the labeled
PEG (e.g., associated with a microbe) provides
information useful in assessing the efficacy of
administration. In one embodiment of the monitoring
method, the label is a fluorophore (e.g., fluorescein,
rhodamine, Cy3, Cy5). In another embodiment of the
method, detecting the labeled PEG comprises endoscopic
inspection. The monitoring method also contemplates
that the labeled PEG is detected in a stool sample
(i.e., the labeled PEG associates with a component
such as a microbe, whose source is a stool sample). In
addition, the monitoring method may further comprise
administering a second label specific for a microbe
and detecting the second label. "Specific" as used in
this context means that the label is detectablyAnother
aspect of the invention is a method for monitoring the
administration of polyethylene glycol (PEG) to an
animal in need thereof, comprising obtaining a sample
from an animal receiving polyethylene glycol, wherein
the PEG has an average molecular weight of at least
5,000 daltons, contacting the sample with an
epithelial cell, and measuring the adherence of a
microbe in the sample to the epithelial cell, whereby
the quantity and/or location of the PEG provides
information useful in assessing the efficacy of
administration. The measuring may be accomplished by
microscopic examination. Another monitoring method
according to the invention is a method for monitoring
the administration of polyethylene glycol (PEG) to an
animal in need thereof, comprising obtaining a sample
from an animal receiving polyethylene glycol, wherein
the PEG has an average molecular weight of at least
5,000 daltons, contacting the epithelial cell layer
with the sample, and measuring a trans-epithelial
electrical resistance of the epithelial layer, whereby
effective administration is indicated by a reduced
decrease in trans-epithelial electrical resistance
relative to a control value. The control value may be
internal (i.e., measuring the TEER prior to PEG
administration) or external (i.e., a value developed
in other studies that is reliably used for
comparison). Yet another monitoring method of the
invention is a method for monitoring the 



administration of polyethylene glycol (PEG) to an
animal in need thereof, comprising obtaining a sample
from an animal receiving polyethylene glycol, wherein
the PEG has an average molecular weight of at least
5,000 daltons, isolating a microbe from the sample,
and measuring the hydrophobicity of the cell surface
of the microbe, whereby the hydrophobicity of any
microbe in the sample provides information useful in
assessing the efficacy of administration. "Isolating,"
as used in this context, means separated from other
components of the sample (e.g., solid matter)
sufficiently to permit hydrophobicity measurements, as
would be understood in the art. A related aspect of
the invention is a kit for monitoring the
administration of polyethylene glycol, comprising a
labeled PEG and a protocol describing use of the
labeled PEG in monitoring administration thereof.
Suitable protocols include any of the methods
disclosed herein or known in the art relating to the
administration,deliv r r  &i ofY G'. \  *sorne
embodiments of this aspect of the invention, the kit
further comprises a free label. Still another
monitoring method of the invention is a method for
monitoring the administration of polyethylene glycol
(PEG) to an animal in need thereof, comprising
obtaining a sample from an animal receiving
polyethylene glycol, wherein the PEG has an average
molecular weight of at least 5,000 daltons, and
detecting PA-I lectin/adhesin activity in the sample,
whereby the PA-I lectin/adhesin activity provides
information useful in assessing the efficacy of
administration. In one embodiment of this method, the
PA-I lectin/adhesin is detected by binding to a PA-I
lectin/adhesin binding partner, such as any known form
of a specific anti-PA-l lectin/adhesin antibody or a
carbohydrate to which the lectin/adhesin specifically
binds. A related aspect of the invention is a kit for
monitoring the administration of polyethylene glycol
(PEG) comprising a PA-I lectin/adhesin binding partner
and a protocol describing use of the binding partner
to detect PA-I lectin/adhesin in the sample. Suitable
protocols include any of the methods disclosed herein
or known in the art relating to the use of PEG. Other
features and advantages of the present invention will
be better understood by reference to the following
detailed description, including the drawing and the
examples. BRIEF DESCRIPTION OF THE DRAWING 



Figure 1 provides mortality rates in mice at 48 hours
subjected to either sham laparotomy or 30% surgical
hepatectomy followed by direct injection of P.
aeruginosa PA27853 into the cecum. Mice underwent a
30% bloodless left lobe hepatectomy immediately,
followed by direct cecal injection of 1 x 107 cfu/ml
of PA27853. Each group contained 7 mice. Control mice
underwent sham laparotomy followed by injection of
equal amounts of PA27853 into the cecum. For mice in
the PEG groups, 1 x 107 cfu/ml of PA27853 was
suspended in either PEG 3.35 (LMW PEG 3,350) or PEG
15-20 (HMW PEG 15,000 to 20,000 daltons) prior to
cecal injection. Dose response curves for PEG 15-20
are seen in panel b. a. A statistically significant
protective effect of PEG 15-20 was determined by the
Fisher Exact Test (P< 0.001). b. The minimum
protective concentration of PEG 15-20 was determined
to be 5% (P<0.05). c. Quantitative bacterial cultures
of cecal contents (feces), washed cecal mucosa, liver,
and blood 2 ' hours following 30% surgical
hepatectomyan mh t h M ioM cfu/ml of PA27853. One-way
ANOVA demonstrated a statistically significant
increase in bacterial counts in cecal contents,
mucosa, liver, and blood in mice following hepatectomy
(P<0.001). A significant decrease (P<0.05) in the
liver and blood bacterial counts was observed for PEG
3350, while PEG 15-20 completely prevented PA27853
from disseminating to the liver and blood of mice.
Figure 2 shows the protective effect of PEG 15-20
against PA27853-induced epithelial barrier dysfunction
as assessed by transepithelial electrical resistance
(TEER). a. Data represent the mean  SEM % maximal fall
in TEER from baseline of triplicate cultures (n=7)
observed during 8 hours of apical exposure to 1 x 107
cfu/ml of PA27853. A statistically significant
decrease in TEER was demonstrated (one way ANOVA
(P<O.001 )) in Caco-2 cells exposed to PA27853. A
statistically significant protective effect on the
fall in TEER induced by PA27853 was demonstrated for
PEG 15-20 (P<O.001). b. Image of Caco-2 cells in the
presence of PEG 3.35 and apical exposure to PA27853.
Images taken after 4 hours of co-culture demonstrated
loss of monolayer integrity with cells floating 30-40
microns above the cell scaffolds displaying adherence
of PA27853 to cell membranes c. Caco-2 cells apically
exposed to PA27853 after 4 hours in the presence of
PEG 15-20 showed no evidence of floating cells in any
of the planes examined. Figure 3 illustrates the
inhibitory effect of PEGs on PA-I expression in 



PA27853. a. Western blot analysis. Exposure of PA27853
to 1 mM of the quorumsensing signaling molecule C4-HSL
resulted in a statistically significant increase
(PO.001 one-way ANOVA) in PA-I protein expression that
was partially inhibited in the presence of 10 % PEG
3.35 and much more inhibited with 10% PEG 15-20. a'.
The minimum inhibitory concentration of PEG 15-20 on
C4-HSL induced PA-I expression was 5% (P<0.01). b.
Electron microscopy of individual bacteria cells
exposed to C4-HSL in the presence and absence of PEGs,
demonstrated that C4- HSL caused a morphological
change in the shape and pili expression of P.
aeruginosa. The C4-HSL-induced morphological effect
was completely eliminated in the presence of PEG
15-20, but not PEG 3.35. A halo-type effect can be
seen surrounding PA27853 exposed to PEG 15-20. c.
Northern hybridization. Exposure of PA27853 to 0.1 mM
of C4-HSL resulted in a statistically significant
increase (P<0.001 one-way ANOVA) in PA-ImRNA
expression that was greatly inhibited with 10% PEG
15-20. d. The increase in PA-ImRNA induced by 4 hours
exposure toCacl$2 let! W bite iff h^resence of PEG
15-20, but not PEG 3.35 (P<0.001 one-way ANOVA).
Figure 4 shows the effect of PEG solutions on
bacterial membrane integrity arid growth patterns of
PA27853. a. The effect of the two PEG solutions on
bacterial membrane integrity was assessed by a
staining method consisting of SYTO 9 and propidium
iodide. Neither PEG solution had any effect on
bacterial membrane permeability b. PA27853 growth
patterns appeared identical in the two PEG solutions
relative to the PEG-free TSB medium (control). Figure
5 presents Atomic Force Microscopy (AFM) images of
Caco-2 cells and bacterial cells exposed to PEGs. a-c.
AFM images of Caco-2 cells in the presence of medium
alone (a), medium with PEG 3.35 (b), and medium with
PEG 15-20. PEG 3.35 was seen to form a smooth carpet
over the Caco-2 cells (b), whereas PEG 15-20 formed a
more topographically defined covering (c). d-f. AFM
images of PA27853 in PEG 3.35 and PEG 15-20. PEG 3.35
formed a smooth envelope around individual bacterial
cells (e) whereas PEG 15-20 not only tightly hugged
the individual cells (f), but also increased the
polymer/bacterial diameter (g,h), thereby distancing
individual bacteria from one another. Figure 6 shows
the effect of PEG solution on the dispersion/clumping
pattern of PA27853. The dispersion pattern of
bacterial cells in dTC3 dishes was observed 



directly with an Axiovert 100 TV fluorescence inverted
microscope using DIC and GFP fluorescence filter, at
an objective magnification of 63 X. Temperature was
adjusted with a Bioptechs thermostat temperature
control system. Tungsten lamps (100 V) were used for
both DIC and the GFP excitation. The 3D imaging
software (Slidebook) from intelligent Imaging
Innovations was used to image the bacterial cell
dispersion pattern in the Z plane using the GFP
filter. Uniformly dispersed planktonic P. aeruginosa
cells in the medium without Caco-2 cells were seen on
DIC image (6a-i) and Z plane reconstruction (6a2). In
the presence of Caco-2 cells, bacterial cells
developed a clumped appearance (6bi) and were seen
adherent to the Caco-2 cells (6b2) . 10% PEG 3350
decreased the motility of bacteria and induced
immediate formation of mushroom-shaped bacterial
microcolonies (6ci) adhering to the bottom of the well
(6c2) . In the presence of Caco-2 cells, bacterial
microcolonies were on the order of 8 microns above the
plane of the epithelial cells (6d-i>2 ) . 10% PEG
15-20 greatly diminished the motility of P. aeruginosa
cells. Nevertheless, for the first 0.5-1 hours of
incubation in PEG 15-20-containing medium, bacterial
cellsforme pia r- d n rb' i s that were close to the
bottom of the well (6ei ,2) . Within several hours,
spider leg-shaped microcolonies occupied the entire
space/volume of the medium (not shown). In the
presence of Caco-2 cells, P. aeruginosa cells lost the
spider-like configuration and were seen elevated high
above the plane of the epithelium (30-40 microns)
(6fi, 2). Figure 7 shows the effect of treating
intestinal epithelial cells with a probiotic
therapeutic (LGG) in a solution comprising a HMW
PEG-like compound (i.e., HMW PEG 15-20 kD), and in a
solution lacking the HMW PEG-like compound. Young
Adult Mouse Colon (YAMC) cells were subjected to
various treatments (see gel lane identifications
below), and then harvested and evaluated for heat
shock protein expression by Western blot analysis.
Lane 1 - untreated cells (negative control); Lane 2 -
high molecular weight PEG alone, 60OuI added; Lane 3 -
Lactobacillus GG (LGG) conditioned media alone, 60OuI
added; Lane 4 - 600 ul PEG added to cells first, then
60OuI LGG added 2 hours later; Lane 5 - LGG added
first, then PEG added 2 hours later (same volumes as
in lane 4); Lane 6 - mixture of 30OuI LGG plus 60OuI
PEG added; Lane 7 - mixture of 1:1 ratio (60OuI LGG
plus 60OuI PEG); Lane 8 - mixture of 90OuI LGG plus
60OuI PEG; Lane 9 - mixture of 60OuI LGG plus 30OuI
PEG; Lane 10 - mixture of 60OuI LGG plus 900ul PEG;
and Lane 11 - cells 



subjected to thermal stress (HS = heat shock, positive
control). Western blots were performed to assess
induction of the inducible heat shock proteins hsp72
(top panel) and hsp25 (middle panel) by the various
treatments listed above. Hsc73 (bottom panel) serves
as a loading control to ensure that equal amounts of
protein have been loaded in all lanes. Figure 8 shows
the effect of treating intestinal epithelial cells
with a probiotic therapeutic (VSL#3) in a solution
comprising a HMW PEG-like compound (i.e., HMW PEG
15-20 kD), and in a solution lacking the HMW PEG-like
compound. Young Adult Mouse Colon (YAMC) cells were
again subjected to various treatments, as listed
below, and then harvested after 16 hours and evaluated
for heat shock protein expression by Western blot
analysis. Lane 1 - VSL#3 conditioned media batch A,
60OuI added to cells and left for 16 hours; Lane 2 -
VSL#3 conditioned media batch A, 120OuI added to cells
and left for 16 hours; Lane 3 - VSL#3 media batch A,
60OuI mixed with 60OuI PEG, added to cells for 16
hours; Lane 4 - VSL#3 A/PEG mixture left on for 10
minutes then removed (media changed); Lane 5 - VSL#3
conditioned media batch B, 60OuI added to cells and
left for 16 hours; Lane 6 - VSL#3cofrclMorWc] e'
BaIcH1B I added to cells and left for 16 hours; Lane 7
- VSL#3 media batch B, 60OuI mixed with 60OuI PEG,
added to cells for 16 hours; Lane 8 - VSL#3 B/PEG
mixture left on for 10 minutes then removed (media
changed); Lane 9 - VSL#3 conditioned media batch H,
60OuI added to cells and left for 16 hours; Lane 10 -
VSL#3 conditioned media batch H, 120OuI added to cells
and left for 16 hours; Lane 11 - VSL#3 media batch H,
60OuI mixed with 60OuI PEG, added to cells for 16
hours; Lane 12 - VSL#3 H/PEG mixture left on for 10
minutes then removed (media changed); Lane 13 -
untreated cells (negative control); and Lane 14 -
cells subjected to thermal stress (HS = heat shock,
positive control). DETAILED DESCRIPTION OF THE
INVENTION . The invention provides products, methods
and systems that collectively present simple and
economical approaches to achieve the delivery of
stabilized, and active, therapeutics, as well as
providing for the treatment and/or prevention of a
variety of epithelial disorders (e.g.,
microbe-mediated epithelial disorders), i.e., abnormal
conditions and diseases that afflict many mammals,
including humans. By administering high molecular
weight polar polymers such as HMW polyethylene
glycol-like compounds, e.g., HMW PEG-like compounds
such as HMW PEG to an 



animal in need, including those at risk, any of a
number of health- or life-threatening abnormal
conditions, i.e., epithelial disorders and diseases,
including gut-derived sepsis, can be treated with
minimal cost and minimal training of practitioners.
The volume of a HMW PEG-like compound, typically
administered as a solution, depends on the therapeutic
being delivered and the intended target of the
therapeutic, e.g., if the therapeutic was active
throughout all, or part, of the intestinal tract,
sufficient HMW PEG-like solution to effectively coat
the intestinal tract, or relevant part thereof, with
the solution would be desirable. If the therapeutic
had a remote site of action from the point of delivery
in, e.g., the intestine, and was simply intended for
uptake thereby, the HMW PEG-like solution would only
need to prevent dilution of the therapeutic in the
intestinal lumen, as would be understood in the art.
Without wishing to be bound by theory, the benefits
provided by the invention are consistent with the
principle that microbe-mediated epithelial disorders
can be successfully prevented, ameliorated or treated
by establishing an environment conducive to the
survival of such microbes. An understanding of the
following more detailed description of the invention
is facilitated establishing the following meanings
fortermt iefed a consideration of co-owned provisional
U.S. Patent Application No. 60/542,725, filed February
6, 2004; provisional U.S. Patent Application No.
(attorney docket no. 27373/40027), filed April 20,
2004, entitled "Cytoprotective and Anti-Inflammatory
Factors Derived From Probiotic And Commensal Flora
Microorganisms," and naming Eugene Chang and Elaine
Petrof as inventors; and provisional U.S. Patent
Application No. (attorney docket no. 27373/40049),
filed April 20, 2004, entitled ""Cytoprotective
Factors Derived From Probiotic And Commensal Flora
Microorganisms," and naming Eugene Chang and Elaine
Petrof as inventors; each of these three applications
being incorporated herein in its entirety. An
"abnormal condition" is broadly defined to include
mammalian diseases, mammalian disorders and any
abnormal state of mammalian health that is
characterized by an epithelial surface at risk of
developing a microbial-mediated disorder. The abnormal
conditions characterized by an epithelial surface at
risk of developing a microbial-mediated disorder
include conditions in which the epithelial surface has
developed a microbial-mediated disorder. Exemplary
conditions include human diseases and human disorders
requiring, or resulting from, medical 



intervention, such as a bum injury, neonatal
enterocolitis, severe neutropenia, inflammatory bowel
disease, enteropathy (e.g., of the critically ill) and
transplant (e.g., organ) rejection. "Burn injury"
means damage to mammalian tissue resulting from
exposure of the tissue to heat, for example in the
form of an open flame, steam, hot fluid, ahd a hot
surface. A "chemical contact" injury refers to an
injury caused by direct contact with a chemical and
can involve a chemical burn or other injury. "Severe"
neutropenia is given its ordinary and accustomed
meaning of a marked decrease in the number of
circulating neutrophils. "Transplant rejection" refers
to any development of transplanted material (e.g., an
organ) recognized as being associated with ultimate
rejection of that material by the host organism.
"Administering" is given its ordinary and accustomed
meaning of delivery by any suitable means recognized
in the art. Exemplary forms of administering includeo
ra H qrV ii yf t r t uncture or injection, including
intravenous, intraperitoneal, intramuscular,
subcutaneous, and other forms of injection, topical
application, and spray (e.g., nebulizing spray), gel
or fluid application to an eye, ear, nose, mouth, anus
or urethral opening, and cannulation. An "effective
dose" is that amount of a substance that provides a
beneficial effect on the organism receiving the dose
and may vary depending upon the purpose of
administering the dose, the size and condition of the
organism receiving the dose, and other variables
recognized in the art as relevant to a determination
of an effective does. The process of determining an
effective dose involves routine optimization
procedures that are within the skill in the art. An
"animal" is given its conventional meaning of a
non-plant, non-protist living being. A preferred
animal is a mammal, such as a human. In the context of
the present disclosure, a "need" is an organismal,
organ, tissue, or cellular state that could benefit
from administration of an effective dose to an
organism characterized by that state. For example, a
human at risk of developing gut-derived sepsis, or
presenting a symptom thereof, is an organism in need
of an effective dose of a product, such as a
pharmaceutical composition, according to the present
invention. 



"Average molecular weight" is given its ordinary and
accustomed meaning of the arithmetic mean of the
molecular weights of the components (e.g., molecules)
of a composition, regardless of the accuracy of the
determination of that mean. For example, polyethylene
glycol, or PEG, having an average molecular weight of
3.5 kilodaltons may contain PEG molecules of varying
molecular weight, provided that the arithmetic mean of
those molecular weights is determined to be 3.5
kilodaltons at some level of accuracy, which may
reflect an estimate of the arithmetic mean, as would
be understood in the art. Analogously, PEG 15-20 means
PEG whose molecular weights yield an arithmetic mean
between 15 and 20 kilodaltons, with that arithmetic
mean subject to the caveats noted above. These PEG
molecules include, but are not limited to, simple PEG
polymers. For example, a plurality of relatively
smaller PEG molecules (e.g., 7,000 to 10,000 daltons)
may be joined, optionally with a linker molecule such
as a phenol, into a single molecule having a higher
average molecular weight (e.g., 15,000 to 20,000
daltons).' bfi MerriWahe integt 'f 'means the relative
absence of functionally significant modifications of a
cell membrane as a functional component of a living
cell, as would be understood in the art. "Detectably
altered" is given its ordinary and accustomed meaning
of a change that is perceivable using detection means
suitable under the circumstances, as would be
understood in the art. "Growth pattern" refers
collectively to the values of those properties of a
cell, or group of cells (e.g., a population of cells),
that are recognized in the art as characterizing cell
growth, such as the generation or doubling time of the
cell, the appearance of topography of a nascent group
of cells, and other variables recognized in the art as
contributing to an understanding of the growth pattern
of a cell or group of cells. "Inhibiting" is given its
ordinary and accustomed meaning of inhibiting with,
reducing or preventing. For example, inhibiting
morphological change means that morphological change
is made more difficult or prevented entirely. "PA-I,
or PA-I lectin/adhesin, expression means the
production or generation of an activity characteristic
of PA-I lectin/adhesin. Typically, PA-I lectin/adhesin
expression involves translation of a PA-I
lectin/adhesin-encoding mRNA to yield a PA-I
lectin/adhesin polypeptide having at least one
activity characteristic of PA-I 



lectin/adhesin. Optionally, PA-I lectin/adhesin
further includes transcription of a PA-I
lectin/adhesin-encoding DNA to yield the
aforementioned mRNA. "Epithelium-induced activation"
refers to an increase in the activity of a given
target (e.g., PA-I lectin/adhesin) through direct or
indirect influence of an epithelial cell. In the
context of the present invention, for example,
epithelium-induced activation of PA-I lectin/adhesin
refers to an increase in that polypeptide's activity
attributable to the indirect influence of an
epithelium manifested through the direct contact of an
epithelial cel[ or cells with an intestinal pathogen.
"Morphological change" is given its ordinary and
accustomed meaning of an alteration in form.
"Intestinal pathogen" means a pathogenic microbe
capable of causing, in whole or part, gut-derived
sepsis in an animal such as a human. Intestinalpa eh i
ii e ir mb aced by this definition, including gram
negative bacilli such as the Pseudomonads (e.g.,
Pseudomonas aeruginosa). "Ameliorating" means reducing
the degree or severity of, consistent with its
ordinary and accustomed meaning. "Pathogenic quorum"
means aggregation or association of a sufficient
number of pathogenic organisms (e.g., P. aeruginosa)
to initiate or maintain a quorum sensing signal or
communication that a threshold concentration, or
number, of organisms (e.g., intestinal pathogens) are
present, as would be known in the art. "Interaction"
is given its ordinary and accustomed meaning of
interplay, as in the interplay between or among two or
more biological products, such as molecules, cells,
and the like. "Transepithelial Electrical Resistance,"
or TEER, is given the meaning this phrase has acquired
in the art, which refers to a measurement of
electrical resistance across epithelial tissue, which
is non-exclusively useful in assessing the status of
tight junctions between epithelial cells in an
epithelial tissue. "Adherence" is given its ordinary
and accustomed meaning of physically associating for
longer than a transient period of time.
"Topographically asymmetrical" refers to an image, map
or other representation of the surface of a
three-dimensional object (e.g., a cell) that is not
symmetrical. "Atomic force microscopy," also known as
scanning force microscopy, is a 



technique for acquiring a high-resolution
topographical map of a substance by having a
cantilevered probe traverse the surface of a sample in
a raster scan and using highly sensitive means for
detecting probe deflections, as would be understood in
the art. "Pharmaceutical composition" means a
formulation of compounds suitable for therapeutic
administration, to a living animal, such as a human
patient. Preferred pharmaceutical compositions
according to the invention comprise a solution
balanced in viscosity, electrolyte profile and
osmolality, comprising an electrolyte, dextran-coated
L-glutamine, dextran-coated inulin, lactulase,
D-galactose, N-acetyl D-galactosamine and 5-20% PEG
(15,000-20,000)."Ad}uva'iftsf  r efs;"rWW\\uents n are
each given the meanings those terms have acquired in
the art. An adjuvant is one or more substances that
serve to prolong the immunogenicity of a
co-administered immunogen. A carrier is one or more
substances that facilitate the manipulation, such as
by translocation of a substance being carried. A
diluent is one or more substances that reduce the
concentration of, or dilute, a given substance exposed
to the diluent. "HMW PEG-like compounds" refer to
relatively high molecular weight PEG compounds,
defined as having an average molecular weight greater
than 3.5 kilodaltons (kD). Preferably, HMW PEG has an
average molecular weight greater than 5 kilodaltons
and, in particular embodiments, HMW PEG has an average
molecular weight at least 8 kilodaltons, more than 12
kilodaltons, at least 15 kilodaltons, and between 15
and 20 kilodaltons. Additionally, "HMW PEG-like
compounds includes HMW PEG derivatives wherein each
such derivative is an HMW PEG containing at least one
additional functional group. Preferred HMW PEG
derivatives are cationic polymers. Exemplary
functional groups include any of the alkoxy series,
preferably C1-C10, any of the aryloxy series, phenyl
and substituted phenyl groups. Such functional groups
may be attached at any point to an HMW PEG molecule,
including at either terminus or in the middle; also
included are functional groups, e.g., phenyl and its
substituents, that serve to link to smaller PEG
molecules or derivative thereof into a single HMW
PEG-like compound. Further, the HMW PEG-like molecules
having an additional functional group may have one
such group or more than one such group; each molecule
may also have a mixture of additional functional
groups, provided such molecules are useful in
stabilizing at 



least one therapeutic during delivery thereof or in
treating, ameliorating or preventing a disease,
disorder or condition of an epithelial cell. "Media"
and "medium" are used to refer to cell culture medium
and to cell culture media throughout the application.
The singular or plural number of the nouns will be
apparent from context in each usage. In general terms,
a HMW PEG-like compound, alone or in combination with
a therapeutic, may be administered by any means
suitable for the condition to be treated. The
compound(s) may be delivered orally, such as in the
form of tablets, capsules, granules, powders, or with
liquid formulations including syrups; by sublingual;
buccal; or transdermal delivery; by injection or
infusion parenterally,suM ia ebM
yMWa</eoBs\ffmtamuscu\ar\y, or intrasternally (e.g.,
as sterile injectable aqueous or non-aqueous solutions
or suspensions); nasally, such as by inhalation spray;
rectally such as in the form of suppositories;
vaginally or urethrally via suppository or infusion,
e.g., via cannulation, or liposomally. Dosage unit
formulations containing non-toxic, pharmaceutically
acceptable vehicles or diluents may be administered.
The compounds may be administered in a form suitable
for immediate release or extended release. Immediate
release or extended release may be achieved with
suitable pharmaceutical compositions known in the art.
Exemplary compositions for oral administration include
suspensions which may contain, for example,
microcrystalline cellulose for imparting bulk, alginic
acid or sodium alginate as a suspending agent,
methylcellulose as a viscosity enhancer, sweeteners or
flavoring agents such as those known in the art; and
immediate release tablets which may contain, for
example, microcrystalline cellulose, dicalcium
phosphate, starch, magnesium stearate and/or lactose
and/or other excipients, binders, extenders,
disintegrants, diluents and lubricants, such as those
known in the art. The inventive compounds may be
orally delivered by sublingual and/or buccal
administration, e.g., with molded, compressed, or
freeze-dried tablets. Exemplary compositions may
include fast-dissolving diluents such as mannitol,
lactose, sucrose, and/or cyclodextrins. Also included
in such formulations may be excipients such as a
relatively high molecular weight cellulose (AVICEL(r))
or a polyethylene glycol (PEG; GoLytely(r), 3.34 kD);
an excipient to aid mucosal adhesion such as
hydroxypropyl cellulose (HPC), hydroxypropyl methyl
cellulose (HPMC), sodium carboxymethyl cellulose
(SCMC), and/or maleic anhydride copolymer (e.g., 



GANTREZ(r)). Lubricants, glidants, flavors, coloring
agents and stabilizers may also be added for ease of
fabrication and use. Exemplary compositions for nasal
aerosol or inhalation administration include solutions
which may contain, for example, benzyl alcohol or
other suitable preservatives, absorption promoters to
enhance absorption and/or bioavailability, and/or
other solubilizing or dispersing agents such as those
known in the art. Exemplary compositions for
intestinal administration include solutions or
suspensions which may contain, for example, suitable
non-toxic diluents or solvents, such as mannitol,
1,3-butanediol, water, Ringer's solution, an isotonic
sodium chloride solution, or other suitable dispersing
or wetting and suspending agents, including synthetic
mono- or diglyceride and fatty acids, including oleic
acid.CoM' m la' t 'Cb rl te r im^ijppositories which
may contain, for example, suitable non-irritating
excipients, such as cocoa butter, synthetic glyceride
esters or polyethylene glycols (e.g., GoLytely(r)) .
The effective amount of a compound of the present
invention may be determined by one of ordinary skill
in the art. The specific dose level and frequency of
dosage for any particular subject may vary and will
depend upon a variety of factors, including the
activity of the specific compound employed, the
metabolic stability and length of action of that
compound, the species, age, body weight, general
health, sex and diet of the subject, the mode and time
of administration, rate of excretion, drug
combination, and severity of the particular condition.
Preferred subjects for treatment include animals, most
preferably mammalian species such as humans, and
domestic animals such as dogs, cats, horses, and the
like, at risk of developing a microbe-mediated
epithelial. condition or disease, such as gut-derived
sepsis. The following examples illustrate embodiments
of the invention. Example 1 describes the protection
against gut-derived sepsis provided to hepatectomized
mice by high molecular weight PEG. Example. 2
discloses how HMW PEG prevents pathogen adherence to
intestinal epithelial cells. Example 3 reveals how HMW
PEG inhibits pathogenic virulence expression
generally, and PA-I lectin/adhesin expression
specifically. Example 4 shows that PEG does not affect
growth, or cell membrane integrity, of pathogens.
Example 5 illustrates the unique topographical
conformation of HMW PEG-coated pathogens using Atomic
force microscopy. 



Example 6 describes the cell-cell interactions
affected by HMW PEG. Example 7 describes preventive
methods using the compositions of the invention.
Example 8 discloses methods for monitoring
administration of HMW PEG, such as in the treatment
methods of the invention, and corresponding kits.
Example 9 describes the protective effect of a HMW
PEG-like compound against gut-derived sepsis following
30% hepatectomy. Examples 10 and 11 disclose use of
HMW PEG-like compounds to stabilize the delivery of
the probiotic therapeutics Lactobacillus GG, or LGG
(Example 10) and VSL3 (Example 11). Example 12
illustrates administration of a chemical or biological
therapeutic using a HMW PEG-like compound. EXAMPLE 1
HMW PEG protects against gut-derived sepsis following
30% hepatectomvIVare a t i ir ifce w r 'irsthetized
and subjected to hepatectomy using a conventional
protocol. A 30% bloodless excision of the liver along
the floppy left lobe was performed. Control mice
underwent manipulation of the liver without
hepatectomy. The experimental and control groups each
contained seven mice. In ail mice, a volume of 200 ml
of 107 cfu/ml of Pseudomonas aeruginosa PA27853 was
injected into the base of the cecum by direct needle
puncture diluted in either saline, PEG 3.350 or PEG
15-20 (PEGs). The relatively low molecular weight PEGs
are commercially available; PEG 15-20, having an
average molecular weight of 15,000 to 20,000 daltons,
is a combination of PEG 7-8 and PEG 8-10 covalently
joined to a phenol ring. The PEG 7-8 has an average
molecular weight of 7,000 to 8,000 daltons and the PEG
8-10 has an average molecular weight of 8,000 to
10,000 daltons. One of skill in the art will realize
that HMW PEGs include compounds having any of a
variety of PEG subunits with each subunit having any
of a variety of average molecular weights joined,
preferably covalently, to each other or to one or more
linker molecules, which are relatively small molecules
having functional groups suitable for joinder of PEG
molecules. Suitable linkers substantially preserve the
biological activity of HMW PEG (preservation of
sufficient biological activity to realize a beneficial
prophylactic or therapeutic effect as disclosed
herein). In order to provide a constant source of PEG
for the 48-hour duration of the experiment, the needle
was directed into the small bowel (ileum) and 1 ml of
saline, PEG 3.35 or PEG 15-20 was injected retrograde
into the proximal bowel. The puncture site was tied
off with a silk suture and the cecum swabbed with
alcohol. 



Mice were returned to their cages and were given H2O
only for the next 48 hours. Dose response curves for
PEG 15-20 are seen in panel b of Fig. 1. a. A
statistically significant protective effect of PEG
15-20 was determined by the Fisher Exact Test (P<
0.001). b. The minimum protective concentration of PEG
15-20 was determined to be 5% (P<0.05). c.
Quantitative bacterial cultures of cecal contents
(feces), washed cecal mucosa, liver, and blood 24
hours following 30% surgical hepatectomy and direct
cecal injection of 1 x 107 cfu/ml of PA27853. One-way
ANOVA demonstrated a statistically significant
increase in bacterial counts in cecal contents,
mucosa, liver, and blood in mice following hepatectomy
(P<0.001). A significant decrease (P<0.05) in the
liver and blood bacterial counts was observed for PEG
3350, while PEG 15-20 completely prevented PA27853
from disseminating to the liver and blood of mice.ATCC
27853 (PA27853) is a non-mucoid clinical isolate from
a blood culture. Direct cecal injection of strain
PA27853 in mice previously subjected to a 30%
bloodless surgical hepatectomy resulted in a state of
clinical sepsis and no survivors at 48 hours. Mice
subjected to sham laparotomy without hepatectomy
(controls), who are similarly injected with P.
aeruginosa, survive completely without any clinical
signs of sepsis (Fig. 1a). To determine the ability of
PEG solutions to prevent or lower mortality in this
model, 200 ml of PA27853 at a concentration of 1 X 107
cfu/ml, was suspended in one of two 10% (w/v)
solutions of polyethylene glycol (PEG-3.35 versus
PEG-15-20). PEG-3.35 was chosen as it represents the
molecular weight of PEGs that have been available for
clinical use for the last 25 years (Golytely(r)). In
comparison, PEG solutions according to the invention
that were used had molecular weights varying between
15-20 kD. Suspended strains were introduced into the
cecum by direct puncture. PEG 3.35 had no effect on
mortality in mice following hepatectomy, whereas PEG
15-20'was completely protective. In fact, PEG 15-20
had a statistically significant protective effect, as
determined by the Fisher Exact Test (P< 0.001).
Dose-response experiments demonstrated a 5% solution
to be the minimal concentration of PEG 15- 20 that was
completely protective (P<0.05; see Fig, 1b), although
one of skill in the art will recognize that HMW PEG
solutions of less than 5% would be expected to provide
some protection and, thus, fall within the scope of
the present invention. With respect to bacterial
counts in the experimental and control mice, a one-way



analysis of variance (ANOVA) demonstrated a
statistically significant increase in bacterial counts
in the cecal contents, mucosa, liver, and blood in
mice following hepatectomy (P<0.001 ) . A significant
decrease (P<0.05) in the liver and blood bacterial
counts was observed for PEG 3350, while PEG 15-20
completely prevented PA27853 from disseminating to the
liver and blood of mice. PEG 15-20 completely
inhibited the dissemination of intestinal PA27853 to
the liver and bloodstream (Fig. 1c). The data indicate
that the action of PEG solutions involves mechanisms
that are non-microbiocidal. Given at PEG
concentrations non-toxic to mammalian cells (i.e. <
about 10%), no effect on bacterial growth patterns can
be demonstrated. The example demonstrates that HMW PEG
reduces the mortality rate attributable to gut-derived
sepsis in mice subjected to surgical intervention in
the form of a partial hepatectomy. This mouse model
indicates that HMW PEG therapy is useful in reducing
the mortality rate of an animal species (i.e.,
reducing theHkJiHyGl 'of f alft m- ny gweFPorganism;,
such as a mammal like man, subjected to a
physiological stress such as invasive surgery (e.g.,
partial hepatectomy). It is expected that HMW PEG
therapy will be effective in methods of preventing
death or serious illness associated with sepsis when
implemented following the physiological stress (e.g.,
during post-operative care). Further, HMW PEG therapy
may be used prior to physiological stressing (e.g.,
pre-operative care), under circumstances where
introduction of the stress is predictable, to lower
the risk of serious illness or death. HMW PEG therapy
is also useful in ameliorating a symptom associated
with a disease or abnormal condition associated with
gut-derived sepsis. EXAMPLE 2 HMW PEG prevents
pathogen adherence to intestinal epithelia Tight
junctions are dynamic elements of the epithelial cell
cytoskeleton that play a key role in the barrier
function of the mammalian intestinal tract. P.
aeruginosa results in a profound alteration in tight
junctional permeability as measured by the
transepithelial electrical resistance (TEER) of both
Caco-2 cells and T-84 cells. Caco-2 cells are
well-characterized human colon epithelial cells that
maintain a stable TEER in culture, and this cell line
provides a recognized in vitro model of the in vivo
behavior of intestinal pathogens. To determine the
protective effect of PEG on P. aeruginosa
PA27853~induced decreases in TEER of cultured 



Caco-2 monolayers, 1 X 107 cfu/ml of PA27853 was
apically inoculated onto two Caco-2 cell monolayers in
the presence of 10% PEG 3.35 or 10% PEG 15-20. TEER
was serially measured for 8 hours and the maximal fall
in TEER recorded. Only PEG 15-20 protected
significantly against the P. aeruginosa-mduced
decrease in TEER (Fig 2a). The data presented in Fig.
2 represent the mean  SEM % maximal fall in TEER from
baseline of triplicate cultures (n=7) observed during
8 hours of apical exposure to 1 x 107 cfu/ml of
PA27853. A statistically significant decrease in TEER,
as demonstrated in Caco-2 cells exposed to PA27853,
was revealed by one-way ANOVA (P<O.001). A
statistically significant protective effect on the
fall in TEER induced by PA27853 was demonstrated for
PEG 15-20 (P<O.001 ). Fig. 2b shows Caco-2 cells in
the presence of PEG 3.35 and with apical exposure to
PA27853. After 4 hours of co-culture in the presence
of PEG 3.35, disruption of the Caco-2 cell monolayers
displaying focally adherent bacteria was observed,
with cells floating 30-40 microns above the monolayer
scaffolds (Fig 2b). In contrast, Fig. 2c, showing
images of- Caco-2 cells apically exposed for 4 hours
to PA27853 in the presence of PEG 15-2O33 ShOWS no
evidence of floating cells in any ofthe-piaiiss b a m
& vn&prw mve effect of PEG 15-20 on Caco-2 cell
integrity was associated with less bacterial
adherence, reflected by a 15-fold higher recovery of
bacteria in the cell supematants following a 4-hour
exposure to 1 X 106 cfu/ml of PA27853. The resistance
of PEG-cultured human intestinal epithelial cells to
the barrierdisrupting effects of P. aeruginosa, as
judged by the maintenance of TEER, offers a practical
approach to stabilizing tight junctional barrier
function in the face of a challenge from invading
pathogens. Further evidence of the therapeutic value
of PEG 15-20 is that epithelial transport function (Na
YH+ exchange, glucose transport) is unaffected by this
compound. Thus, HMW PEG is relatively inert to, and
has a stabilizing effect on, the intestinal epithelial
barrier. The invention comprehends methods of treating
intestinal barrier abnormalities associated with
intestinal pathogens such as P. aeruginosa by
administering HMW PEG to an animal such as a mammal
and, preferably, a human. An intestinal barrier
abnormality may be revealed by any diagnostic
technique, or other means, known in the art. It is not
necessary to identify an intestinal barrier
abnormality prior to HMW PEG treatment, however. The
low cost and high degree 



of safety associated with HMW PEG treatment make this
approach suitable for both prophylactic applications,
preferably directed towards at-risk organisms, as well
as treatment methods applied to animals exhibiting at
least one symptom characteristic of an intestinal
barrier abnormality. The HMW PEG treatment methods
would ameliorate a symptom associated with an
intestinal barrier abnormality; preferably, the
methods would reduce or eliminate the effects of
gut-derived sepsis from a treated organism. EXAMPLE 3
HMW PEG inhibits virulence expression in pathogens The
expression of the PA-I lectin/adhesin in P. aeruginosa
PA27853 was increased in the cecum of mice following
hepatectomy and played a key role in the lethal effect
of P. aeruginosa in the mouse intestine. PA-I
functions as a significant virulence determinant in
the mouse intestine by facilitating the adherence of
PA27853 to the epithelium as well as by creating a
significant barrier defect to the cytotoxins, exotoxin
A and elastase. PA-I expression in P. aeruginosa is
regulated by the transcriptional regulator RhIR and
its cognate activator C4-HSL. Expressionof l . A i '
hcreasecl by exposure to C4-HSL, but also by contact
with Caco-2 cells, Caco-2 cell membrane preparations,
and supernatants from Caco-2 cell cultures. Northern
hybridization was used to analyze the expression of
PA-I at the transcriptional level. Total RNA of P.
aeruginosa was isolated by the modified threedetergent
method. Probes were generated by PCR using PA-I
primers: F(ACCCTGGACATTATTGGGTG) (SEQ ID NO: 1),
R(CGATGTCATTACCATCGTCG) (SEQ ID NO: 2) and 16S
primers: F(GGACGGGTGAGTAATGCCTA) (SEQ ID NO: 3),
R(CGTAAGGGCCATGATGACTT) (SEQ ID NO: 4), and cloned
into the pCR2.1 vector (Invitrogen, Inc.). The inserts
were sequences that matched the sequence of either
PA-I or 16S. Specific cDNA probes for PA-I and 16S
were radiolabeled with a32P-dCTP. The specific
radioactivity was measured by a Storm 860
phosphorimager (Molecular Dynamics, CA), and relative
percent changes compared to control were calculated
based on the intensity ratio of PA-I and 16S. Western
blot was used for PA-I protein analysis, using rabbit
affinity-purified polyclonal anti- PA-I antibodies.
One ml of P. aeruginosa cells was washed with PBS and
heated at 1000C in lysis buffer (4% SDS, 50 mM
Tris-HCI, pH 6.8); 



immunoblot analysis was performed by electrotransfer
of proteins after Tricine SDSPAGE. The PA-I lectin was
detected by the ECL reagent (Amersham, NJ). Exposure
of P. aeruginosa PA27853 to 1 mM of the quorum-sensing
signaling molecule C4-HSL resulted in a statistically
significant increase (P<0.001 , one-way ANOVA) in PA-I
protein expression that was partially inhibited in the
presence of 10 % PEG 3.35 and inhibited to a much
greater extent by 10% PEG 15-20 (Fig. 3). The minimum
completely inhibitory concentration of PEG 15-20 on
C4-HSL-induced PA-I expression was 5% (P<0.01 ,
one-way ANOVA). Electron microscopic examination of
individual bacterial cells exposed to C4-HSL in the
presence and absence of PEG, demonstrated that C4-HSL
caused a morphological change in the shape and pili
expression of P. aeruginosa (Fig. 3b). The
C4-HSL-induced morphological effect was completely
eliminated in the presence of PEG 15-20, but not
completely eliminated in the presence of PEG 3.35. A
halo-type effect was seen surrounding PA27853 exposed
to PEG 15-20 (Fig. 3b). Exposure of PA27853 to 0.1 mM
of C4- HSL resulted in a statistically significant
increase (P<0.001 , one-way ANOVA) in PAI mRNA
expression assessed using Northern blots. The PA-I
expression was greatly inhibited by 10% PEG 15-20.
Fig. 3d shows that the increase in PA-I mRNA inducedby
i 'f-hour > !d * ells was inhibited by PEG 15-20, but
not by PEG 3.35 (P<0.001 one-way ANOVA). The data
presented herein show that a significant attenuation
(3-4-fold decrease) of PA-I expression (protein and
mRNA) in PA27853, induced by 100 mM-1 5 mM of C4-HSL,
was observed when bacteria were pre-treated with 10%
PEG 15-20. This effect was not observed with PEG 3.35
(Fig 3a). Attenuation of C4-HSLinduced PA-I expression
was also observed for 10% PEG 3.35, although the
degree of attenuation was significantly less than that
for 10% PEG 15-20. The minimum concentration of PEG
15-20 that inhibited C4-HSL induced expression of PA-I
10 protein was 5% (Fig 3b). Electron microscopy of
individual bacterial cells exposed to C4-HSL
demonstrated that C4-HSL caused a morphological change
in the shape and pili expression of PA27853 (Fig 3b).
The C4-HSL-induced morphological effect was completely
eliminated in the presence of PEG 15-20, but not PEG
3.35 (Fig 3b). PA-I expression (mRNA), induced by 4
hours exposure to Caco-2 cells, was inhibited 15 in
the presence of PEG 15-20 but not PEG 3.35 (Fig 3b).
The protective effect of Caco-2 cell-induced PA-I
expression with PEG 15-20 persisted in experiments of 



overnight exposure. HMW PEG also affects the virulence
expression of P. aeruginosa in response to known
stimuli. The attenuation of C4-HSL-induced PA-I
expression in PA27853 20 may be a major protective
effect of PEG 15-20, given that quorum-sensing
signaling is a well-established mechanism of virulence
expression for this pathogen. The PEG 15-20-induced
interference with Caco-2 cell-induced expression of
PA-I is expected to be an important aspect of the
protective effect of PEG 15-20. PEG 15-20 was found to
have a protective effect on host animals through the
attenuation of P. 25 aeruginosa (PA27853) PA-I
expression in response to filtered cecal contents
(feces) / from mice following 30% hepatectomy. The
ability of PEG 15-20 to shield P. aeruginosa from host
factors that increase its virulence expression is
expected to be yet another mechanism by which
organisms are protected from gut-derived sepsis.
Accordingly, the invention includes materials in the
form of kits and 30 corresponding methods of
administering an HMW PEG to an animal to prevent or
treat a condition characterized by the expression of a
virulence factor or determinant by an intestinal
pathogen such as one of the Pseudomonads. A virulence
determinant may contribute to virulence directly, or
indirectly. An example of anindlryit ' t fB ei 't f f
the PA/I lectin/adhesin of P. aeruginosa on intestinal
pathogen adhesion to intestinal epithelia and/or the
generation of a barrier defect to the cytotoxins,
exotoxin A and elastase. EXAMPLE 4 PEG does not affect
cell growth, or cell membrane integrity, of pathogens
The effect of the two PEG solutions (PEG 3.35 and PEG
15-20) on bacterial membrane integrity was assessed by
a staining method consisting of SYTO 9 and propidium
iodide. Neither PEG solution had any effect on
bacterial membrane permeability (Fig 4a). Membrane
integrity was determined using a live/dead bacterial
viability kit L-3152 (Molecular Probes). Bacteria were
quantified and counts expressed as cfu/ml by plating
10-fold dilutions of samples taken at different
incubation times.; Growth curves for P. aeruginosa
grown overnight in TSB media containing either of the
two PEG solutions demonstrated no inhibitory effect by
either PEG solution on bacterial quantity (Fig 4b). In
fact, the growth pattern in each of the PEG-containing
media was indistinguishable from the growth pattern in
PEG-free TSB medium. The activity of a housekeeping
enzyme involved in energy 



metabolism, lactate dehydrogenase (LDH), was measured
at various time points during the exponential and
stationary phases of growth. LDH activity was measured
in a coupled diaphorase enzymatic assay using a
substrate mix from CytoTox 96 (Promega). Protein
concentration was determined using the BCA Protein
Assay (Pierce). No change in LDH activity in cell-free
supematants of P. aeruginosa grown in the presence of
PEGs was observed. The results of this experiment
indicate that HMW PEG has a negligible effect on
bacterial growth patterns. The methods of the
invention, and corresponding products (e.g., kits),
provide the benefit of preventing or treating diseases
or abnormal conditions associated with gut-derived
sepsis without significantly influencing the
composition of the intestinal flora. Similarly, the
methods and products of the invention may be used to
ameliorate a symptom associated with such diseases or
abnormal conditions without significant change to the
microbial composition of the intestine. One of skill
in the art recognizes that methods (and kits) that do
not significantly disturb the composition of the
intestinal flora are desirable insofar as such methods
would not be expected to lead to secondary health
complications arising from such a disturbance. EXAMPLE
5 Atomic force microscopy of PEG- coated pathogenOfoe
P WBrBHlture ot PA27853 grown overnight were
subcultured in tryptic soy broth (TSB), with or
without 10% HMW PEG, for 4 hours at 370C. One drop of
each subculture was withdrawn and the P. aeruginosa
PA27853 cells were extensively washed with PBS, dried
on top of mica in blowing air for 10 minutes, and
imaged immediately. Imaging of the dried bacteria with
tapping-mode AFM was performed in air with a Multimode
Nanoscope IHA Scanning Probe Microscope (MMAFM,
Digital Instruments). Subconfluent Caco-2 cells were
treated with 10% HMW PEG for 4 hours and washed with
PBS extensively. AFM imaging of the cells was
performed in PBS without using an O-ring. For electron
microscopy, PA27853 was inoculated in TSB with or
without 1 mM C4-HSL and 10% HMW PEG and incubated
overnight. One drop of 1% P. aeruginosa was stained
with uranyl acetate and washed with 0.5M NaCI before
examination under the electron microscope. Atomic
force microscopy of Caco-2 cells demonstrated a
classical nonuniform surface with brush border
microvili, while Caco-2 cells exposed to PEG 3.35 



demonstrated a smooth planar appearance on the surface
of the epithelial cells (Figs. 5a, c). PEG 15-20
appears to carpet the Caco-2 cells by filling the
asymmetries along a topographically defined plane
(Fig. 5e), yielding a more complex topographically
defined covering. In somewhat similar fashion, PA27853
cells exposed to PEG 3.35 demonstrate a pattern of
smooth coating of the polymer to bacterial cells in a
diffuse flat pattern (Fig 6d), whereas PEG 15-20
appears to surround and hug the bacteria
circumferentially in a more topographically asymmetric
fashion. Cross-sectional analysis of the atomic force
measurement of the bacterial diameter in PEG 15-20
demonstrates a significant increase in the
bacteria/PEG envelope within the PEG solution (Fig 5e,
f). In other words, PEG 3.35 forms a smooth envelope
around individual bacterial cells (Fig. 5e), whereas
PEG 15-20 tightly hugs individual cells (Fig. 5f) and
increases the polymer/bacterial diameter (Figs. 5g,
5h), thereby distancing individual bacterial cells
from each other. Without wishing to be bound by
theory, HMW PEG may exert its beneficial effect by the
mere physical distancing of P. aeruginosa away from
the intestinal epithelium. Alternatively, HMW PEG may
provide benefits by preventing formation of a
pathogenic quorum-sensing activation signal arising
from cell-cell interaction of the pathogenic cells.
Again without wishing to be bound by theory, it is
possible that the coating of biological surfaces with
HMW PEG results in loss of conformationalPEb cTfairfs
and the repelling of approaching proteins. Polarpolar
interactions between HMW PEG and Caco-2 cells could
affect the elasticity of the PEG chains, constraining
certain HMW PEG side chains to a molecular construct
which repels protein. Data presented herein support
the conclusion that HMW PEGcoated Caco-2 cells are
more repellant to P. aeruginosa than uncoated Caco-2
cells, perhaps owing to a loss of "conformational
entropy" as a result of some dynamic interaction of
HMW PEG with Caco-2 cells. The results of this
experiment establish that HMW PEG treatment has an
effect on treated cells, notably affecting the surface
topology of such cells. Moreover, the effect of HMW
PEG exposure on such cells is different from the
effect that PEG 3.35 has on such cells. Although not
wishing to be bound by theory, the results disclosed
herein do provide a physical correlate for the
markedly different effect on cells exhibited by HMW
PEG relative to lower molecular weight PEGs, such as
PEG 3.35. 



EXAMPLE 6 HMW PEG affects cell-cell interactions . To
directly observe the effect of PEG solutions on the
spatial orientation of P. aeruginosa, experiments were
performed with live strains of P. aeruginosa
PA27853/EGFP harboring the egfp gene encoding the
green fluorescent protein. Experiments were performed
in the presence and absence of Caco-2 cells. In order
to image the effect of PEGs on both the bacteria and
their interaction with the cultured epithelia,
differential interference contrast (DlC) microscopy
and GFP imaging were used. The EGFP gene encoding
green fluorescent protein was amplified using the
pBI-EGFP plasmid (Clontech) as a template. Xba\ and
Pst\ restriction sites were introduced using primers
TCTAGAACTAGTGGATCCCCGCGGATG (SEQ ID NO: 5) and
GCAGACTAGGTCGACAAGCTTGATATC (SEQ ID NO: 6). The PCR
product was cloned directly into the pCR 2.1 vector
using a TA-cloning kit (Invitrogen), followed by
transformation of the pCR2.1/EGFP construct into
E.coli DH5a. The EGFP gene was excised from this
construct by digestion with X/bal and PstI and the
fragment containing the excised gene was cloned into
the E.coli-P. aeruginosa shuttle vector pUCP24, which
had been digested with the same restriction enzymes.
The resulting construct (i.e., pUCP24/EGFP),
containing the EGFP gene in the shuttle vector, was
electroporated at 25 nF and 2500 V into PA27583
electroco r e]i Y 7 E y cori\a\n\ng cells were
selected on LB-agar plates containing 100 mg/ml
gentamicin (Gm). Cells harboring PA27853/EGFP were
grown overnight in LB containing 100 mg/ml Gm, and 1%
of the culture was used to inoculate fresh LB
containing 50 mg/ml Gm. After 3 hours of growth,
Isopropyl- b-D-thiogalactopyranoside (IPTG) was added
to a final concentration of 0.5 mM, and cultures were
incubated for 2 additional hours. 100 ml of the
bacterial culture was mixed with 1 ml of HDMEM media
(Gibco BRL) buffered with HEPES and containing 10%
fetal bovine serum (HDMEM HF) and 10% HMW PEG. One ml
of bacterial suspension was poured into a 0.15 mmthick
dTC3 dish (Bioptech). Four-day-old Caco-2 cells
(p10-p30) grown in 0.15 mmthick dTC3 dishes (Bioptech)
in HDMEM HF were washed once in HDMEM HF with or
without HMW PEG. One ml of bacterial suspension
prepared as above was added to a dTC3 dish containing
Caco-2 cells. The dispersion pattern of bacterial 



cells in dTC3 dishes was observed directly with an
Axiovert 100 TV fluorescence inverted microscope using
DIG and GFP fluorescence filters, at an objective
magnification of 63 X. The temperature was adjusted
with a Bioptechs thermostat temperature control
system. Tungsten lamps (100 V) were used for both DIC
and the GFP excitation. The 3D imaging software
(Slidebook) from Intelligent Imaging Innovations was
used to image the bacterial cell dispersion pattern in
the Z plane using the GFP filter. Uniformly dispersed
planktonic P. aeruginosa cells in the medium without
Caco-2 cells were seen on a DIG image (Fig. 6a-i) and
Z plane reconstruction (Fig. 6a2) . In the presence of
Caco-2 cells, bacterial cells developed a clumped
appearance (Fig. 6bi) and were seen adhering to the
Caco-2 cells (Fig. 6b2) . A solution of 10% PEG 3350
decreased the bacterial motility and induced immediate
formation of mushroom-shaped bacterial microcolonies
(Fig. 6ci) adhering to the bottom of the well (Fig.
6C2). In the presence of Caco-2 cells, bacterial
microcolonies were approximately 8 microns above the
plane of the epithelial cells (Fig. 6d-i ,2). A
solution of 10% PEG 15-20 greatly diminished the
motility of P. aeruginosa cells. Nevertheless, for the
first 0.5-1 hour of incubation in PEG 15-20-containing
medium, bacterial cells formed spider leg-shaped
microcolonies that were close to the bottom of the
well (Fig. 6e-i 2) . Within several hours, spider
leg-shaped microcolonies occupied the entire
space/volume of the medium. In the presence of Caco-2
cells, P. aeruginosa cells lost the spider leg-like
configuration and were seen elevated high above the
plane of the epithelium (30-40 microns) (Fig. 6 2) .To
de'terffiit1e"itlie" pafiaF6frentation of the
bacterial-epithelial cell interactions in three
dimensions, Z plane re-constructions were performed.
Images demonstrated that the two PEG solutions had
different effects on the clumping behavior of P.
aeruginosa and differentially affected the spatial
orientation of the bacteria depending on the presence
or absence of Caco-2 cells. In experiments with medium
only, P. aeruginosa were seen to display a uniformly
dispersed pattern (Fig 6a). Bacterial cells examined
in the presence of Caco-2 cells, however, developed a
clumped appearance and were seen adjacent to the plane
of the epithelial cells at the bottom of the wells
(Fig 6b). Bacterial cells examined in the presence of
PEG 3.35 alone formed large clumped aggregates and
remained in the bottom of the culture well (Fig 6c),
whereas bacterial cells examined with Caco-2 cells in
medium 



containing PEG 3.35, remained suspended above the
plane of the epithelial cells (about 8 microns),
maintaining their clumped appearance (Fig 6d).
Bacterial cells examined in the presence of PEG 15-20
alone displayed a uniform pattern of microclumping
(Fig 6e), whereas bacterial cells examined in the
presence of Caco-2 in medium containing PEG 15-20 were
suspended higher above the plane of the epithelium (~
32 microns) in clumped formation (Fig 6f). In timed
experiments, bacterial motility was observed to be
decreased by PEG 3.35 and, to an even greater degree,
with PEG 15-20. In a manner analogous to the
experiment disclosed in Example 5, this Example
provides a physical correlate for the observed effect
of HMW PEG on cellcell interaction, consistent with
its beneficial prophylactic and therapeutic activities
as disclosed herein. It is expected that use of HMW
PEG will reduce or eliminate deleterious cell-cell
interactions in the intestine (e.g., between
intestinal epithelial cells and intestinal pathogens
such as the Pseudomonads), reducing the risk of
diseases and/or abnormal conditions associated with
gut-derived sepsis. EXAMPLE 7 Methods of preventing
disease/abnormal conditions The invention also
provides methods of preventing a variety of diseases
and/or abnormal conditions in humans and other
animals, particularly other mammals. In these methods,
an effective amount of HMW PEG is administered to a
human patient or an animal subject in need thereof.
The PEG may be administered using a schedule of
administration that is determined using routine
optimization procedures known in the art. Preferably,
the PEG has an average molecular weight of
5,000-20,000 daltons, and more prefi41ably between
10,000-20,000 daltons. It isco m a e}  i \easi' / W
PEG is administered. The HMW PEG may be administered
in any suitable form, e.g., as a solution, as a gel or
cream, as a solution suitable for nebulizing (e.g.,
for inhalational use), in a pharmaceutical composition
comprising the HMW PEG, and in a sterile, isotonic
solution suitable for injection into an animal
administration may be accomplished using any
conventional route; it is particularly contemplated
that the HMW PEG is administered orally or topically
(e.g., transdermally). In some embodiments, the HMW
PEG composition being administered further comprises a
compound selected from the group consisting of
dextran-coated L-glutamine, dextran-coated inulin,
dextran-coated butyric acid, a 



fructo-oligosaccharide, N-acetyl-D-galactosamine,
dextran-coated mannose, galactose and lactulose. In
another embodiment, the administered HMW PEG
composition further comprises dextran-coated
L-glutamine, dextran-coated inulin, dextran-coated
butyric acid, one or more fructo-oligosaccharides,
N-acetyl-Dgalactosamine, dextran-coated mannose,
galactose and lactulose. The invention provides
methods of preventing a variety of diseases and
abnormal conditions, such as swimmer's ear, acute or
chronic otitis media, ventilatorassociated pneumonia,
gut-derived sepsis, necrotizing enterocolitis,
antibioticinduced diarrhea, pseudomembranous colitis,
inflammatory bowel diseases, irritable bowel disease,
neutropenic enterocolitis, pancreatitis, chronic
fatigue syndrome, dysbiosis syndrome, microscopic
colitis, chronic urinary tract infection, sexually
transmitted disease, and infection (e.g., exposure to
an environment contaminated by a bioterror agent such
as Bacillus anthracis, Small Pox Virus,
enteropathogenic E. coli (EPEC), enterohemorrhagic E.
coli (EHEC), enteroaggregative E. coli, (EAEC),
Clostridium difficile, rotavirus, Pseudomonas
aeruginosa, Serratia marcescens, Klebsiella oxytocia,
Enterohacteria cloacae, Candida albicans, Candida
globrata, and the like). In a preferred embodiment of
the method of preventing chronic urinary tract
infection, or treating such an infection, the HMW PEG
is delivered in the form of a bladder irrigant. For
sexually transmitted disease prevention, a composition
of the invention is preferably used to lubricate a
condom. In a preferred embodiment of a method of
preventing infection by a bioterror agent, the
composition according to the invention is provided in
the form of a gel or cream, suitable for topical
application. It is expected that such topical
application will be useful in preventing a variety of
diseases/abnormal conditions associated with any of
the bioterror agents or associated with a variety of
chemical or physico-chemical agents that pose a threat
to man or animal in terms of survival, health or
comfort. Such chemical or physicochifrfisfl capable of
burning or otherwise injuring skin and which are
rendered inactive or are poorly soluble in the
compositions of the invention. In one embodiment of
the preventive methods, male Balb/c mice are
anesthetized and an aqueous 5% solution of PEG 15-20
is injected into the base of the cecum by direct
needle puncture. In order to provide a constant source
of PEG for the 48-hour duration of the experiment, the
needle is directed into the small bowel 



(ileum) and 1 ml of the PEG 15-20 is injected
retrograde into the proximal bowel. The puncture site
is tied off with a silk suture and the cecum swabbed
with alcohol. Mice are returned to their cages and are
given H2O only. Forty-eight hours later, the mice are
subjected to a conventional hepatectomy procedure
involving a 30% bloodless excision of the liver along
the floppy left lobe. Control mice will experience
manipulation of the liver without hepatectomy. The
preventive treatment involving administration of HMW
PEG is expected to reduce or eliminate the incidence
of surgery-associated gut-derived sepsis in mice.
These methods are applicable beyond the preventive
care of such pets as mice, guinea pigs, dogs and cats
to such agriculturally significant animals as cattle,
horses, goats, sheep, pigs, chickens, turkeys, ducks,
geese, and any other domesticated animal. Moreover,
these preventive methods are expected to be applicable
to humans, improving the health, and life expectancy,
of many patients or candidates at risk of developing a
disease and/or an abnormal condition, such as
swimmer's ear, acute or chronic otitis media,
ventilator-associated pneumonia, gutderived sepsis,
necrotizing enterocolitis, antibiotic-induced
diarrhea, pseudomembranous colitis, an inflammatory
bowel disease, irritable bowel disease, neutropenic
enterocolitis, pancreatitis, chronic fatigue syndrome,
dysbiosis syndrome, microscopic colitis, chronic
urinary tract infections, sexually transmitted
diseases, and infectious agents (e.g., bioterror
compositions) that include, but are not limited to,
anthrax and small pox. As noted above, the preventive
methods comprise administration of a composition
comprising at least 5% HMW PEG (5-20 kD), by any known
or conventional administration route, to man or
another animal. Preferably, the preventive methods are
practiced on those individuals at risk of developing
one or more of the aforementioned diseases and/or
abnormal conditions, but it is contemplated that the
compositions and methods of the invention will be
useful in either a prophylactic or therapeutic role to
broadly treat or prevent suchdis entire populations or
sub-populations of man or other animals. EXAMPLE 8
Methods of monitoring administration of HMW PEG The
invention also contemplates methods for monitoring
administration of HMW PEG, e.g., in a method of
treatment. In such monitoring methods, labeled 



HMW PEG is administered, alone r in combination with
unlabeled HMW PEG, and the label is detected during
treatment on a continuous or intermittent schedule,
including simple endpoint determinations. The term
"labeled" HMW PEG means that a label, or detectable
compound, is directly or indirectly attached to HMW
PEG, or the HMW PEG is attached to a reporter compound
that is capable of associating a label with HMW PEG
(of course, labels not attached to HMW PEG or designed
to be associated therewith are also contemplated by
the invention, as noted below). The HMW PEG is labeled
using any detectable label known in the art, and the
PEG is labeled to a level sufficient to detect it.
Those of skill in the art will recognize that the
level will vary depending on the label and the method
of detection. One of skill in the art will be able to
optimize the degree of labeling using routine
optimization : procedures. The label is chemically
bound to the HMW PEG by a non-covalent or a covalent
bond that is stable in use and, preferably, in
storage. Label covalently bound to HMW PEG is
preferred. The density of label attachment is adjusted
to substantially preserve the biological activity of
HMW PEG (preservation of sufficient biological
activity to realize a beneficial prophylactic or
therapeutic effect as disclosed herein). This is
typically achieved by adjusting the HMW PEG:label
ratio, as would be known in the art. Given the
relative size of the average molecule of HMW PEG, it
is expected that a wide variety of labels will be
suitable for attachment to HMW PEG with substantial
preservation of the biological activity thereof.
Labels contemplated by the invention are those labels
known in the art, which include a radiolabel, a
chromophore, a fluorophore, and a reporter (including
an enzyme that catalyzes the production of a
detectable compound and a binding partner such as an
antibody that localizes a detectable compound in the
vicinity of the reporter). Exemplary enzyme reporters
include an enzymatic component of a luminescence
system and a catalyst of a colorimetric reaction. More
particularly, exemplary reporter molecules include
biotin, avidin, streptavidin, and enzymes (e.g.,
horseradish peroxidase, luciferase, alkaline
phosphatases, including secretedalkaline Ijh'o i se' S
f '-galactosidase; b- glucuronidase; chloramphenicol
acetyltransferase). The use of such reporters is well
known to those of skill in the art and is described
in, e.g., U.S. Patent No. 3,817,837, U.S. Patent No.
3,850,752, U.S. Patent No. 3,996,345, and U.S. Patent
No. 4,277,437. Exemplary enzyme substrates, which may
be converted to detectable compounds by reporter
enzymes, 



include 5-bromo-4-chloro-3-indolyl
b-D-galactopyranoside or Xgal, and Bluo-gal. Enzyme
substrates, as compounds capable of conversion to
detectable compounds, may also be labels in certain
embodiments, as would be understood in the art. U.S.
patents teaching labels, and their uses, include U.S.
Patent No. 3,817,837; U.S. Patent No. 3,850,752; U.S.
Patent No. 3,939,350 and U.S. Patent No. 3,996,345.
Exemplary radiolabels are 3H, 14C, 32P, 33P, 35S, and
125I; exemplary fluorophores are fluorescein (FITC),
rhodamine, Cy3, Cy5, aequorin, and green fluorescent
protein. A preferred label is a fluorophore such as
fluorescein. The monitoring methods of the invention
may also involve more than one label. In one
embodiment, one label serves to identify the location
of the HMW PEG following or during treatment, while a
second label is specific for one or more microbes
insofar as the label detectably associates with at
least one microbe. For example, a monitoring method
may include fluorescein attached to HMW PEG in a
manner that substantially preserves the biological
activity of the HMW PEG, and free (i.e., unattached)
Xgal or bluo-gal for detection of prokaryote-specific
b- galactosidase activity. The fluorescein localizes
the HMW PEG, while a colored (blue) product indicates
the presence of a lactose-metabolizing prokaryotic
microbe, such as a Pseudomonad. The invention also
includes monitoring methods wherein a single label
provides this information (i.e., the location of HMW
PEG and an indication of the presence of a microbe).
Any detection technique known in the art may be used
in the monitoring methods of the invention. Several
factors will influence the detection technique chosen,
including the type of label, the biomaterial subjected
to monitoring (e.g., epidermal cells of the skin, ear
canal, or intestine; stool, mucus or tissue samples),
the level of discrimination desired, whether
quantitation is expected, and the like. Suitable
detection techniques include simple visual inspection
with the unaided eye, visual inspection with an
instrument such as an endoscope, optionally equipped
with a suitable light source and/or camera for
recordation, the conventional use of Geigerco lqr x-
'filfliri inttll l ' o nters, and the like, and any
other detection technique known in the art. One of
skill will recognize that the monitoring methods of
the invention are useful in optimizing the treatment
methods. For example, a monitoring method may be used
to optimize the quantity and/or concentration of HMW
PEG (e.g., to achieve 



a desired viscosity for a solution or mixture of HMW
PEG), which is delivered to an epithelial cell, such
as the epithelial cells of the ear canal to prevent or
to treat swimmer's ear. By way of additional examples,
optimization of bowel or intestinal treatments may be
facilitated by endoscopic inspection of an intestinal
tract exposed to labeled HMW PEG or by monitoring
stool samples. The monitoring methods of the invention
include a stool assay for a microbe capable of
adhering to an intestinal epithelial cell comprising
contacting a microbe and an intestinal epithelial cell
and detecting adherence of the microbe to the
epithelial cell using any technique known in the art.
In a preferred embodiment, the intestinal epithelial
cell is immobilized on a suitable surface, such as the
bottom and/or sides of a microtiter well. In another
preferred embodiment, a direct label, or an indirect
label such as a reporter capable of generating a
detectable product, is added prior to, or during, the
detecting step. The monitoring methods may further
comprise addition of free label. For example, free
Bluo-gal is added to a sample suspected of containing
a lactose-metabolizing prokaryotic microbe; if
present, the microbial enzyme b-galactosidase will
cleave Bluo-gal to yield a detectable blue product. In
one embodiment, commercially available intestinal
epithelial cells (e.g., Caco-2 cells, ATCC HTB 37,
and/or IEC-6 cells, ATCC CRL 1952) are fixed to the
wells of a microtiter dish using a conventional
technique. A stool sample is collected and mixed with
a fluid such as phosphate-buffered saline. The liquid
phase of the mixture, containing suspended microbes,
is obtained (e.g., by suitable filtration (i.e.,
separation of gross solids from bacteria in fluid
suspension), decanting, or the like) and diluted 1:100
in PBS. Bluo-gal is added to the live microbial
suspension. The microbial suspension is added to
microtiter wells for 1 hour at 24C, followed by
washing of the wells with a suitable fluid (e.g., PBS)
to remove unbound microbes. Microbes unbound and/or
bound to the immobilized epithelial cells are
detected, e.g., by counting using polarized light
microscopy. In alternative embodiments, animr u assi
y1? yfeeu'to'y'eteSF-acfherence, with suitable
immunological reagents being a microbe(s)-specific
monoclonal or polyclonal antibody, optionally attached
to a label such as a radiolabel, a fluorophore or a
chromophore. One of skill in the art will recognize
that neither the intestinal epithelial cell nor the
microbe is required to be immobilized, although such
immobilization may 



facilitate accurate detection of microbes adhering to
epithelial cells. For example, in one embodiment, an
immobilized stool microbe is brought into contact with
an intestinal epithelial cell that is not immobilized.
Further, one of skill would recognize that any
suitable fluid known in the art may be used to obtain
the microbial suspension, with preferred fluids being
any of the known isotonic buffers. Also, as noted
above, any known label may be used to detect cell
adherence. In a related aspect, the invention provides
a kit for assaying for microbial cell adherence
comprising an epithelial cell and a protocol for
assaying microbial cell adherence to the epithelial
cell. The protocol describes a known method for ,
detecting a microbe. A preferred kit includes an
intestinal epithelial cell. Other kits of the
invention further comprise a label, such as a
fluorophore or a reporter. Another monitoring method
contemplated by the invention is an assay for
microbial hydrophobicity. In this method, the relative
or absolute hydrophobicity of a microbial cell is
determined using any conventional technique. An
exemplary technique involves exposure of any microbe
to hydrophobic interaction chromatography, as would be
known in the art. Ukuku et al., J. Food Prot. 65:1093-
1099 (2002), incorporated herein by reference in its
entirety. Another exemplary technique is
non-polar:polar fluid partition (e.g., 1-octanol:water
or xylene:water) of any microbe. See Majtan et al.,
Folia Microbiol (Praha) 47:445-449 (2002),
incorporated herein by reference in its entirety. In
one embodiment of a hydrophobicity assay for
monitoring PEG administration, a stool sample is
suspended in 50 mM sodium phosphate buffer (pH 7.4)
containing 0.15 M NaCI. Microbes in the suspension are
collected by centrifugation and resuspended in the
same buffer, and the centrifugationresuspension cycle
is repeated. If feasible, the microbes are resuspended
in the same buffer to an absorbancy of 0.4 at 660 nm,
which will permit monitoring spectrophotometrically,
without using labeled PEG. The microbial suspension is
treated with xylene (2.5:1 , v/v, Merck), the
suspension is vigorously mixed for twomirflifesf a '
eri i rif i rowed to settle for 20 minutes at room
temperature. The presence of microbes in the aqueous
phase is then determined, for example by
spectrophotometric determination of absorbancy at 660
nm. A blank containing the sodium phosphate buffer is
used to eliminate background. In obtaining microbial
cells from stool samples for use in these methods, it
is 



preferred that the HMW PEG be relatively insoluble in
the fluid used to obtain the microbial suspension and
any fluid used to dilute the microbial suspension. The
invention further provides a kit for performing the
monitoring method comprising an assay for microbial
hydrophobicity, which comprises an intestinal
epithelial cell and a protocol describing the
determination of microbial ; hydrophobicity. A
preferred kit includes an intestinal epithelial cell.
Related kits further comprise a label, such as a
fluorophore or a reporter. Still further, the
invention provides a monitoring method comprising
obtaining a sample of intestinal flora and detecting
PA-I lectin/adhesin activity. Any technique for
detecting PA-I lectin/adhesin activity known in the
art may be used. For example, PA-I lectin/adhesin may
be detected using an antibody (polyclonal, monoclonal,
antibody fragment such as a Fab fragment, single
chain, chimera, humanized or any other form of
antibody known in the art) that specifically
recognizes PA-I lectin/adhesin. The immunoassay takes
the form of any immunoassay format known in the art,
e.g., ELISA, Western, immunoprecipitation, and the
like. Alternatively, one may detect a
carbohydrate-binding capacity of PA-I lectin/adhesin
or the intestinal epithelial barrier breaching
activity of PA-I lectin/adhesin may be measured, e.g.,
by monitoring the trans-epithelial electrical
resistance or TEER of an epithelial layer prior to,
and/or during, exposure to a sample. In related kits,
the invention provides a PA-I lectin/adhesin binding
partner and a protocol for detecting PA-I
lectin/adhesin activity (e.g., binding activity).
Other kits according to the invention include any
carbohydrate known to bind PA-I lectin/adhesin and a
protocol for detecting PA-I lectin/adhesin activity
(e.gr, binding activity). Example 9 Treatment of
Gut-derived Sepsis Using a HMW PEG-like Compound Male
Balb/c mice are anesthetized, subjected to 30%
surgical hepatectomies, and challenged with 200 ml of
107 cfu/ml of Pseudomonas aeruginosa PA27853by direct
needle puncture diluted in either saline, PEG 3.350
(10% w/v) or monomethoxy PEG 15-20 (mPEG) (10% w/v),
all as described in Example 1. Constant sources of
saline, LMW PEG, and HMW mPEG are provided by
directing the relevant needles into the small bowel
(ileum) and 1 ml of saline, PEG 3.35 or HMW mPEG is
injected retrograde into the proximal bowel. The
puncture site is tied off with a silk suture and the
cecum is swabbed with alcohol. 



Mice are returned to their cages and are given H2O
only for the next 48 hours, all in accordance with the
methodology described above in Example 1. Results are
expected to resemble the results obtained using HMW
PEG (15- 20 kD), see Figure 1 and Example 1. The
statistical significance of any protective effect is
determined using the Fisher Exact Test (P<0.001). One
of skill in the art would understand that any HMW
PEG-like compound is amenable to assay for a
protective effect against gut-derived sepsis
developing after surgical intervention such as a 30%
hepatectomy. Those compounds responsible for a
statistically significant protective effect, as
revealed by the Fisher Exact Test (P<0.0001), are
readily identified as compounds according to the
invention. As a control, one-way ANOVA of bacterial
counts in cecal contents, mucosa, liver, and blood may
be performed to ensure that bacterial counts exhibit a
statistically significant increase (P<0.001 ) in cecal
contents, mucosa, liver, and blood of organisms
subjected to surgery and a P. aeruginosa challenge in
the absence of a HMW PEG-like compound. Another
control that may be included in the assays is to
subject some organisms to a "sham" procedure, such as
a sham laparotomy in the case of test organisms
undergoing hepatectomies. A HMW PEG-like compound
according to the invention is expected to yield a
statistically significant decrease (P<0.05) in the
liver and blood bacterial counts, and preferably to
prevent any dissemination of detectable levels of the
pathogen. Moreover, any organism susceptible to
gut-derived sepsis may be used in such assays, and the
event placing an organism at risk of developing
gut-derived sepsis may be any event known to be
associated with an increased risk of gut-derived
sepsis, such as surgical hepatectomies involving a
greater or lesser loss of the liver, other surgical
procedures, or other events entirely, provided that
such events are known to be associated with an
increased risk of gut-derived sepsis. It is expected
that HMW PEG-like therapy will be effective in methods
of preventing death or serious illness associated with
sepsis when implemented following a physiological
stress (e.g., during post-operative care). Further, H
49V PEG-like therapy may be used prior tocare), under
circumstances where introduction of the stress is
predictable, to lower the risk of serious illness or
death. HMW PEG-like therapy is also useful in
ameliorating a symptom associated with a disease,
disorder or abnormal condition associated with
gut-derived sepsis. 



Example 10 HMW PEG-like Compound Stabilizes Delivery
of Lactobacillus GG, A Probiotic Therapeutic
Conditioned medium from the probiotic microbe
Lactobacillus GG (LGG) induces the expression of
cytoprotective heat shock proteins hsp 25 and hsp 72
in intestinal epithelial cells. See provisional U.S.
patent application number (attorney docket no.
27373/40049), filed April 20, 2004, titled
"Cytoprotective Factors Derived from Probiotic and
Commensal Flora Microorganisms," and naming Eugene
Chang and Elaine Petrof as inventors, which is
incorporated herein by reference in its entirety.
Delivery of the therapeutic conditioned medium was
investigated to determine if administration in the
presence of a HMW PEG-like compound would yield any
improvement. For the experiments described in this
Example, HMW PEG (15-20 kD) was used as the HMW
PEG-like compound and YAMC (young adult mouse colon)
cells were the subjects of the assay. YAMC cells are a
conditionally immortalized mouse colonic intestinal
epithelial cell line derived from the lmmortimouse
that expresses a transgene of a temperature-sensitive
SV40 large T antigen (tsA58) under control of an
interferon-gamma sensitive portion of the MHC class Il
promoter. The cells were a generous gift of Dr. R.
Whitehead (Vanderbilt University, Nashville, TN). One
of skill in the art will recognize that other readily
available non-terminally differentiated intestinal
cells may be used in place of the YAMC cells. YAMC
cells were maintained under permissive conditions
(330C) in RPMI 1640 medium with 5% (v/v) fetal bovine
serum, 5U/ml murine Interferon^ (IFN-g ; GibcoBRL,
Grand Island, NY), 50mg/ml streptomycin, 50U/ml
penicillin, supplemented with ITS+ Premix (BD
Biosciences, Bedford, MA). Under non-permissive
(non-transformed) conditions at 370C in the absence of
interferon-gamma (IFN-g), these cells undergo
differentiation and develop mature epithelial cell
functions and properties including tight junction
formation, polarity, microvillar apical membranes, and
transport functions.of 2.5 x 105 per 60mm tissue
culture dish. After 24 hours of growth at 330C to
allow for cell attachment, the medium was replaced
with IFN-free media and cells were moved to 370C
(non-permissive conditions) for 24 hours to allow
development of the differentiated colonocyte
phenotype. Cells were treated with LGG conditioned
media ( 1:10 dilution, or 60OuI) overnight, or other 



conditions as described herein, and then lysed and
subjected to Western blot analysis. Following
treatment, cells were washed twice and then scraped in
ice-cold HBS (15OmM NaCI, 5mM KCI, 10 mM HEPES pH
7.4). Cells were pelleted (14,000 x g for 20 seconds
at room temperature), then resuspended in ice-cold
lysis buffer [1OmM Tris pH 7.4, 5mM MgCI2, 50U/ml
DNAse and RNAse, plus complete protease inhibitor
cocktail (Roche Molecular Biochemicals, Indianapolis,
IN)]. Protein concentrations were determined using the
bicinchoninic acid procedure. Samples were heated to
750C for 5 minutes after addition of 3X Laemmli Stop
buffer, then stored at -8O0C and used within one week.
For Western blot analyses, twenty micrograms of
protein per lane was resolved on 12.5% SDS-PAGE and
transferred in 1X Towbin buffer (composition 25mM
Tris, 192mM glycine, pH 8.8, 15%yol/vol methanol) onto
PVDF membranes (Polyscreen, Perkin-Elmer NEN, Boston,
MA) as would be known in the art. Membranes were
blocked in 5% (w/v) non-fat milk in TBS-Tween
(Tris-buffered saline (15OmM NaCI, 5mM KCI, 1OmM Tris,
pH 7,4) with 0.05% (v/v) Tween 20) for one hour at
room temperature. Primary antibody was added to
TBS-Tween and incubated overnight at 40C with a
specific anti-hsp 25 antibody (SPA801 , Stressgen,
Victoria, BC, Canada), anti-hsp 72 antibody (SPA 810,
Stressgen), or anti-hsc 73 antibody (SPA 815,
Stressgen). Blots were then washed in TBS-Tween five
times for 10 minutes each at room temperature before
incubation with peroxidaseconjugated secondary
antibodies (Jackson lmmunoresearch Labs, Inc. Fort
Washington, PA) for 1 hour at room temperature.
Membranes were then washed (five times x 10 minutes)
in TBS-Tween followed by a final wash in TBS (no
Tween). Blots were visualized with an enhanced
chemiluminescence system ECL reagent (Supersignal,
Pierce, Rockford, IL) and developed according to the
manufacturer's instructions. Initial results
demonstrated that HMW PEG alone did not induce heat
shock protein expression in intestinal epithelial eIIs
(Fig. 7, lane 2), and HMW PEGIMIfffient appeared to
block the induction of hsp expression normally seen
with LGG treatment, if it was administered prior to
the LGG (compare lanes 3 and 4 of Fig. 7). In
contrast, administration of LGG prior to HMW PEG
resulted in hsp expression that was no different from
LGG alone 



(compare lanes 3 and 5), indicating that HMW PEG did
not inhibit induction of hsp expression if it was
administered after the LGG. Various mixtures of
LGG+HMW PEG in different ratios were then used to
treat the intestinal epithelial cells to determine
whether the combination would result in a more robust
heat shock protein response and to determine the
optimal combination that would be required. The data
indicate that a 1:1 ratio of LGG:HMW PEG (Fig. 7, lane
7) and a 1: 1 .5 ratio (Fig. 7, lanelO) are the two
combinations which resulted in the most robust heat
shock protein expression. In fact, the latter
combination resulted in a signal which was even more
robust than thermal stress, the gold standard normally
used to stimulate heat shock protein production
(compare lanes 9 and 10 of Fig. 7). One of skill in
the art will recognize that the ratio of therapeutic
(e.g., LGG conditioned medium) to HMW PEG-like
compound may be varied and such variations are
contemplated by the invention. Of course, the
particular HMW PEGlike compound may also be varied,
with a given HMW PEG-like compound being assayed for
efficacy prior to use. Although HMW PEG and HMW mPEG
are presently preferred compounds, a wide variety of
HMW PEG-like compounds are contemplated for use in the
invention. Additionally, having revealed that the
cytoprotective compound(s) of LGG are present in
conditioned medium, one of skill could use any of a
number of conventional techniques to achieve purer
preparations of the active compound(s), and it is
contemplated within the scope of the invention that a
HMW PEG-like compound will be useful in the
administration of such preparations. For example, the
invention contemplates a protein or peptide
therapeutic derived from LGG that is heat-stable,
acid-stable and less than 10 kD in size for
administration in the presence of a HMW PEG-like
compound. More generally, a HMW PEG-like compound is
expected to be useful in the administration of a wide
variety of probiotic therapeutics, including whole
microorganisms as well as conditioned media, partially
purified preparations, preparations purified to
homogeneity, and chemically synthesized products. The
HMW PEG-like compounds according to the invention are
also useful in delivering non-probiotic therapeuticsa
!w d M ' i ln W e.g., peptides, proteins, small
molecule effectors, and the like) and therapeutic
effects. Example 11 



HMW PEG-like Compound Stabilizes Delivery of VSL#3, A
Probiotic Therapeutic Conditioned medium from the
probiotic microbe mixture VSL#3 (VSL Pharmaceuticals,
Inc., Gaithersburg, MD) has been shown to affect
intestinal epithelial cells by inducing the expression
of heat shock proteins hsp 25 and hsp 72, and by
inhibiting the degradation of lkBa, including
phosphorylated lkBa, perhaps through its selective
effects on certain proteasome activities (inhibition
of chyrriotrypsin-Iike activity, weak inhibition of
caspase-like activity, no detectable inhibition of
trypsin-like activity) within cells such as epithelial
cells. Consequently, VSL#3 affecting the expression of
genes subject to NFKB gene expression modulation. See
provisional U.S. patent application number 60/542,725,
filed February 6, 2004, and provisional U.S. Patent
Application No. (attorney docket no. 27373/40027),
filed April 20, 2004, entitled "Cytoprotective and
Anti-Inflammatory Factors Derived From Probiotic And
Commensal Flora Microorganisms," and naming Eugene
Chang and Elaine Petrof as inventors, each of which is
incorporated herein by reference in its entirety.
Delivery of the therapeutic conditioned medium was
investigated to determine if administration in the
presence of a HMW PEG-like compound would yield any
improvement. The experiments described herein were
conducted using HMW PEG as the HMW PEG-like compound,
conditioned medium from VSL#3 and YAMC cells. Growth
of YAMC cells, addition of IFNg , incubation at
non-permissive temperature, exposure to VLS#3
conditioned medium with, or without, HMW PEGlike
compound, cell lysis and Western blot analyses were
all performed as described in Example 11, with the
substitution of equivalent amounts of VSL#3
conditioned medium for the LGG conditioned medium
described therein. VSL#3 conditioned medium loses its
probiotic bioactivity in a time-dependent manner that
appears to be independent of the temperature at which
it is stored. Several batches of VSL#3 conditioned
media that had started to lose their bioactivity and
ability to induce heat shock proteins were separately
combined with HMW PEGin aPlie ! t ' tll Qi ri; ies.
Normally, 60OuI of conditioned media is the optimal
amount used to induce a heat shock response in gut
epithelial cells. These attenuated batches of VSL#3
conditioned media all required twice the amount
normally needed to see an effect and could only weakly
induce a response (see 



lanes 2, 6, and 10 of Fig. 8). Keeping the same ratios
previously determined in the LGG experiments (see
Example 10) to be the optimal ratios for probiotic-HMW
PEG mixtures, 60OuI of attenuated conditioned VSL#3
media was mixed with 60OuI HMW PEG and applied to the
surface of the epithelial cells. Although 60OuI of
VSL#3 alone was unable to induce any heat shock
response (lanes 1, 5, and 9 of Fig. 8), addition of
the HMW PEG was not only able to enhance heat shock
protein expression but also to fully restore the
potencies of three separate batches of attenuated
VSL3# conditioned media (compare lanes 3, 7, and 11 of
Fig, 8). In the case of batch H, the addition of HMW
PEG restored activity that had been completely lost
(i.e., was undetectable; compare lanes 9 and 10 to
lane 11 in Fig. 8). Experiments were performed to
determine whether the enhancing effect of HMW PEG
could be eliminated by doing washout studies, i.e.,
the VSL-HMW PEG mixtures were applied and left on the
cells for 10 minutes, then aspirated off and the media
replaced with a fresh media change. Cells were
harvested 16 hours later and evaluated for heat shock
protein expression. Such a treatment with VSL#3
attenuated conditioned media alone resulted in no
signal, but with the VSL-HMW PEG mixtures, a robust
heat shock protein induction was seen for all three
attenuated batches (lanes 4, 8, and 12 of Fig. 8).
This indicates that the addition of HMW PEG to the
probiotic mixtures not only enhanced their potencies,
but also extended their half-lives. While not wishing
to be bound by theory, the half-life extension could
be due to the adherent nature of the HMW PEG, which
may allow the probiotic bioactive factors to remain in
contact with the epithelial cells even after washout
treatment. Also offered as a non-limiting theoretical
observation, it is possible that HMW PEG also
stabilizes the structure of the probiotic factors.
Heatshocked positive control cells (Fig. 8, lane 14)
and untreated negative control cells (Fig. 8, lane 13)
are also shown. As noted in Example 10, the ratio of
therapeutic (e.g., VSL#3 conditioned medium) to HMW
PEG-like compound may be varied and such variations
arevariations in the particular HMW PEG-like compound
used. Additionally, purer preparations of the active
compound(s) in VSL#3 conditioned medium are
contemplated and are within the scope of the
invention. For example, VSL#3 conditioned medium may
be subjected to additional 



purification efforts to yield a purer preparation of a
protein or peptide having an average molecular weight
of less than 10 kD, being acid stable, and
etherextractable, and such therapeutics are
contemplated in the methods and uses of the invention.
The HMW PEG-like compounds according to the invention
are useful in delivering probiotic and/or
non-probiotic therapeutics having a wide range of
structures (e.g., peptides, proteins, small molecule
effectors, and the like) and exhibiting a wide range
of therapeutic effects. Example 12 Use of a HMW
PEG-like Compound to Stabilize a Therapeutic During
Delivery in vivo A wide range of chemical and
biological therapeutics and drugs are suitable for
delivery to an epithelial cell using the delivery
system comprising a HMW PEGlike compound. The
protective or stabilizing aspect of the compounds
according to the invention is expected to widen the
scope of therapeutics suitable for administration,
e.g., to an epithelial mucosa such as the intestine. A
prominent example is the therapeutic protein insulin,
which has not been amenable to oral delivery,
requiring daily injections for the many sufferers of
diabetes. Another example of a suitable protein
therapeutic involves hormone therapy. With regard to
that aspect of the invention drawn to the use of the
delivery system in administering proteinaceous (e.g.,
proteins, polypeptides or peptides) therapeutics, the
invention contemplates the further addition of PA-I
lectin/adhesin in an amount effective to open the
tight junctions of the epithelial cells of, e.g., the
intestine, to facilitate uptake of the proteinaceous
therapeutic. Illustrative of the range of therapeutics
to be delivered by the inventive system are the small
molecule therapeutics, such as the small molecule
chemotherapeutics for use in treating cancerous
conditions. Any of the range of chemical, including
radiochemical, and biological, including
proteinaceous, therapeutics known in the art may be
readily assayed for suitability using the delivery
system disclosed herein. It is expected that a great
number of such therapeutics will be administrable
using theavenues for delivery or enhancing known
routes of administration for the therapeutics. Such
therapeutics are administered in accordance with the
instruction provided herein. See, e.g., Examples 1, 9,
10 and 11. 



Other illustrative embodiments of this aspect of the
invention is the administration of therapeutics to
prevent, treat or ameliorate a symptom of a sexually
transmitted disease using the HMW PEG-like delivery
system of the invention. For example, a treatment of
AIDS involves the administration of an effective
amount of an anti-HIV therapeutic in a solution of HMW
PEG-like compound, such as HMW PEG, by vaginal, oral,
or rectal (e.g., as a suppository) delivery. In one
embodiment, the therapeutic is a probiotic microbe or
an active component derived therefrom: In other
embodiments, the therapeutic is any known anti-HIV
therapeutic. Effective amounts of such therapeutics,
and indeed any of the therapeutics disclosed herein or
known in the art, are readily determined by those
skilled in the art and are dependent on variables such
as age, weight, general health, and the like, as would
be understood in the art. These therapeutic delivery
systems are expected to provide significant health
benefits in view of reports that anti-HIV vaccine
development may be ten years from providing a vaccine
in a clinical context. Numerous modifications and
variations of the present invention are possible in
view of the above teachings and are within the scope
of the invention. The entire disclosures of all
publications cited herein are hereby incorporated by
reference.CLAIMS What is claimed is: 1. An article of
manufacture comprising a label packaging material and
an effective amount of a high molecular weight
polyethylene glycol-like (HMW PEG-like) compound
contained within said packaging material, wherein the
packaging material comprises a label or package insert
indicating that said HMW PEG-like compound can be used
for treating, ameliorating, or preventing a condition
selected from the group consisting of an inflamed
epithelium and an epithelium comprising a barrier
dysfunction. 2. The article of manufacture according
to claim 1 wherein the HMW PEG-like compound is a high
molecular weight polyalkane, polyalkene or
polyalkylene glycol. 3. The article of manufacture
according to claim 2 wherein the high molecular weight
(HMW) polyalkane, polyalkene or polyalkylene glycol is
selected from the group consisting of HMW
polypropylene glycol, HMW polyethylene glycol (HMW
PEG) and mixtures thereof. 



4. The article of manufacture according to claim 3
wherein the HMW PEG-like compound is HMW PEG. 5. The
article of manufacture according to claim 2 wherein
the HMW PEG-like compound is selected from the group
consisting of HMW PEG, HMW polymethoxyPEG, HMW
monomethoxy PEG, HMW polypropylene glycol and mixtures
thereof. 6. The article of manufacture according to
claim 5, further comprising at least one covalently
bound functional group selected from the group
consisting of a straight-chain C1-C10 alkoxy group, a
branched-chain C1-C10 alkoxy group, a C1- C10 aryloxy
group and mixtures thereof. 7. The article of
manufacture according to claim 6 wherein the
functional group is a methoxy group.8. i b fe l f Hyfi
l i ture according to claim 2 further comprising a
linker selected from the group consisting of a
straight-chain C1-C10 alkyl group, a branched-chain
C1-C10 alkyl group, an aryl group and mixtures
thereof. 9. The article of manufacture according to
claim 8 wherein the linker is a phenyl group. 10. The
article of manufacture according to claim 2 wherein
the HMW PEG-like compound is in an aqueous solution.
11. The article of manufacture according to claim 10
wherein the HMW PEG-like compound is present in
solution at a concentration of at least 5% (w/v). 12.
The article of manufacture according to claim 11
wherein the HMW PEG-like compound is present in
solution at a concentration between 10% and 20% (w/v).
13. The article of manufacture according to claim 2
wherein the HMW PEG-like compound has an average
molecular weight greater than 12,000 daltons. 14. The
article of manufacture according to claim 13 wherein
the average molecular weight is at least 15,000
daltons. 15. The article of manufacture according to
claim 14 wherein the average molecular weight is
greater than 15,000 daltons and less than 20,000
daltons. 16. The article of manufacture according to
claim 1 wherein the label packaging material provides
an instruction to administer the compound to treat,
ameliorate or prevent a condition selected from the
group consisting of an 



inflammation of an epithelium and a barrier
dysfunction of an epithelium. 17. The article of
manufacture according to claim 16 wherein the
condition is selected from the group consisting of
gut-derived sepsis, inflammatory bowel disease,
irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal inflammation, inflammation of
the skin and mixtures thereof./IT.. l.f S dTq
felSwfScture according to claim 17 wherein the
condition is an immune disorder selected from the
group consisting of a leukemia, a lymphoma, AIDS,
psoriasis, an inflammatory bowel disease, lupus
erythematosis, scleroderma, rheumatoid arthritis,
chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures
thereof. 19. The article of manufacture according to
claim 18 wherein the condition is an inflammatory
bowel disease selected from the group consisting of
ulcerative colitis, Crohn's disease and mixtures
thereof. 20. The article of manufacture according to
claim 1 further comprising a therapeutically effective
amount of a therapeutic. 2 1. The article of
manufacture according to claim 20 wherein the
therapeutic is selected from the group consisting of a
probiotic microorganism formulation, a composition
derived from at least one probiotic microorganism, an
analgesic compound, an anti-inflammatory compound, a
modulator of an immune system, an antibiotic, an
anti-cancer agent, an anti-ulcer agent, a growth
factor, a cytokine, a protein hormone, a trefoil
protein and mixtures thereof. 22. The article of
manufacture according to claim 2 1 wherein the
therapeutic is selected from the group consisting of a
5-amino salicylate, a compound comprising a 5-amino
salicylate moiety, a corticosteroid, methotrexate, 6-
mercaptopurine, cyclosporine, vancomycin,
metronidazole, a cephalosporin, taxane, a compound
comprising a taxane moiety, camptothecin, a compound
comprising a camptothecin moiety, 5-fluorouracil, a
compound comprising a 5-fluorouracil moiety, an
anti-androgen compound, an anti-estrogen compound, an
epidermal growth factor, intestinal trefoil factor,
insulin, somatostatin, an interferon and mixtures
thereof. 23. The article of manufacture according to
claim 2 1 wherein the 



therapeutic is a probiotic lactic acid bacterium. 24.
The article of manufacture according to claim 23
wherein the therapeutic is a microorganism formulation
selected from the group consisting of Lactobacillus GG
(LGG), VSL#3 and mixtures thereof.l' ' a therapeutic
composition to an epithelium of a subject in need
comprising administering a composition comprising a
HMW PEG-like compound and an effective amount of a
therapeutic. 26. The method according to claim 25
wherein the therapeutic is selected from the group
consisting of a probiotic microorganism formulation, a
composition derived from at least one probiotic
microorganism, an analgesic compound, an anti
inflammatory compound, a modulator of an immune
system, an antibiotic, an anti cancer agent, an
anti-ulcer agent, a growth factor, a cytokine, a
protein hormone, a trefoil protein and mixtures
thereof. 27. The method according to claim 25 wherein
the therapeutic is selected from the group consisting
of a 5-amino salicylate, a compound comprising a
5-amino salicylate moiety, a corticosteroid,
methotrexate, 6-mercaptopurine, cyclosporine,
vancomycin, metronidazole, a cephalosporin, taxane, a
compound comprising a taxane moiety, camptothecin, a
compound comprising a camptothecin moiety, 5-
fluorouracil, a compound comprising a 5-fluorouracil
moiety, an anti-androgen compound, an anti-estrogen
compound, an epidermal growth factor, intestinal
trefoil factor, insulin, somatostatin, an interferon
and mixtures thereof. 28. The method according to
claim 25 wherein the HMW PEG-like compound is HMW PEG.
29. The method according to claim 25 wherein the
epithelium is selected from the group consisting of
intestinal mucosa, pulmonary mucosa, nasal mucosa,
urethral mucosa, esophageal mucosa, buccal mucosa and
skin. 30. The method according to claim 25 wherein the
subject is a mammal. 3 1. The method according to
claim 30 wherein the subject is a human. 32. The
method according to claim 25 wherein the composition
is administered by a route selected from the group
consisting of oral administration, rectal
administration, intestinal lavage, topical
administration, intravenous injection, intraperitoneal
injection, intraurethral administration, vaginal
administration, cannulation and assisted
respiration.!3 ' ''V"llfiyrMitHbI i b Kg to claim 25
wherein the therapeutic is a 



proteinaceous compound. 34. The method according to
claim 33 further comprising the administration of an
effective amount of PA-I lectin/adhesin. 35. A method
of treating a microbe-mediated condition of an
epithelium of a subject comprising administering an
effective amount of a HMW PEG-like compound to a
subject in need, wherein the HMW PEG-like compound is
HMW PEG further comprising at least one covalently
bound functional group selected from the group
consisting of a straight-chain C1-C10 alkoxy group, a
branched-chain C1-C10 alkoxy group, a C1-C10 aryloxy
group and mixtures thereof. 36. The method according
to claim 35 wherein the HMW PEG -like compound is in
an aqueous solution comprising at least 10% and less
than 20% HMW PEG-like compound (w/v). 37. The method
according to claim 35 wherein the subject is a mammal
38. The method according to claim 37 wherein the
subject is a human. 39. The method according to claim
35 wherein the epithelium is selected from the group
consisting of intestinal mucosa, pulmonary mucosa,
nasal mucosa, urethral mucosa, vaginal mucosa,
esophageal mucosa, buccal mucosa and skin. 40. The
method according to claim 35 wherein the compound is
administered by a route selected from the group
consisting of oral administration, rectal
administration, vaginal administration, administration
to the intestine, topical administration, intravenous
injection, intraperitoneal injection, cannulation and
respiration. 4 1. The method according to claim 35
wherein the condition is selected from the group
consisting of gut-derived sepsis, inflammatory bowel
disease, irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal inflammation, inflammation of
the skin and mixtures thereof.fi T JrfetMithol 'i
dlclSg to claim 35 wherein the condition is selected
from the group consisting of a leukemia, a lymphoma,
AIDS, psoriasis, an inflammatory bowel disease, lupus
erythematosis, scleroderma, rheumatoid arthritis, a
chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures
thereof. 



43. The method according to claim 35 wherein the HMW
PEG-like compound is HMW PEG further comprising at
least one covalently bound functional group selected
from the group consisting of a straight-chain C1-C10
alkoxy group, a branched-chain C1-C10 alkoxy group, a
C1-C10 aryloxy group and mixtures thereof, and wherein
the condition is selected from the group consisting of
gut-derived sepsis, inflammatory bowel disease,
irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal inflammation, inflammation of
the skin and mixtures thereof. 44 The method according
to claim 43 wherein the condition is selected from the
group consisting of a leukemia, a lymphoma, AIDS,
psoriasis an inflammatory bowel disease, lupus
erythematosis, scleroderma, rheumatoid arthritis,
chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures
thereof. 45. A method of ameliorating a symptom of a
condition according to claim 43 comprising
administering an effective amount of a HMW PEG-like
compound to a subject in need, wherein the HMW
PEG-like compound is HMW PEG further comprising at
least one covalently bound functional group selected
from the group consisting of a straight-chain C1-C10
alkoxy group, a branched-chain C1-C10 alkoxy group, a
C1-C10 aryloxy group and mixtures thereof. 46. A
method of preventing a condition according to claim 43
comprising administering an effective amount of a HMW
PEG-like compound to a subject in need, wherein the
HMW PEG-like compound is HMW PEG further comprising at
least one covalently bound functional group selected
from the group consisting of a straight-chain C1-C10
alkoxy group, a branched-chain C1-C10 alkoxy group, a
C1- C10 aryloxy group and mixtures thereof.i ' . I l -
iV - -like compound according to any one of claims
25-46 in the preparation of a medicament for treating
a condition selected from the group consisting of
gut-derived sepsis, inflammatory bowel disease,
irritable bowel syndrome, a burn injury to an
epithelium, a chemical contact injury to an
epithelium, neonatal necrotizing enterocolitis, an
immune disorder, severe neutropenia, toxic colitis,
enteropathy, transplant rejection, pouchitis, pig
belly, cholera, mucosal 



inflammation, inflammation of the skin and mixtures
thereof. 48. The use according to claim 47 wherein the
condition is an immune disorder selected from the
group consisting of a leukemia, a lymphoma, AIDS,
psoriasis, an inflammatory bowel disease, lupus
erythematosis, scleroderma, rheumatoid arthritis,
chemotherapy-induced immune disorder, a
radiation-induced immune disorder and mixtures
thereof. 


