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(57) ABSTRACT 

The present invention provides pharmaceutical composi­
tions in the form of relatively high molecular weight bio­
compatible polymers such as polyethylene glycol, optionally 
supplemented with a protective polymer such as dextran 
and/or essential pathogen nutrients such as L-glutamine. 
Also provided are methods for preventing or treating gut­
derived sepsis attributable to intestinal pathogens such as 
Pseudomonas aeruginosa by administering high molecular 
weight polyethylene glycol as well as methods for monitor­
ing the administration of high molecular weight polyethyl­
ene glycol, such as in methods of preventing, ameliorating 
or treating microbe-induced epithelial disorders, as exem­
plified by gut-derived sepsis. Frequently, gut-derived sepsis 
arises as a complication in mammals recovering from sur­
gical intervention or suffering from a disease or disorder, 
providing indications of suitable animals to receive preven­
tative treatment. Finally, the invention provides a composi­
tion comprising infant formula and polyethylene glycol and 
methods for using that composition. 

20 Claims, 6 Drawing Sheets 
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MATERIALS AND METHODS FOR 
PREVENTING AND TREATING 

MICROBE-MEDIATED EPITHELIAL 
DISORDERS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a Continuation of U.S. application Ser. 
No. 10/535,918, filed Mar. 16, 2006, which is a U.S. 
National Phase of PCT/US2002/37948, filed Nov. 26, 2002, 
the disclosures of which are incorporated herein by refer­
ence in their entirety. 

FIELD OF INVENTION 

The present invention relates to materials and methods for 
preventing or treating microbe-mediated epithelial disor­
ders, such as gut-derived sepsis. 

BACKGROUND 

Microbe-mediated epithelial disorders, or abnormal con­
ditions, present a significant threat to the health of man and 
animals, imposing a burden on healthcare systems world­
wide. 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 dis­
ease, 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 intes­
tinal 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. 

2 
treating or preventing gut-derived sepsis is unknown. Typi­
cally, these solutions are used to wash or flush the intestinal 
tract of organisms at risk of developing, or suffering from, 
gut-derived sepsis. As a result of administering these LMW 

5 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 

10 result in a microbiocidal 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 viru-

15 lence capacity of certain organisms, despite preserving 
them. Therefore, a need exists in the art for a solution that 
inhibits microbial virulence expression (the harmful prop­
erties of a microbe) while not killing the microbe or neigh­
boring microbes, thereby providing the benefit of preserving 

20 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 
25 change in the physiology of the organism. These physiologi­

cal changes may be monitored by assaying any number of 
characteristic enzymatic activities, such as lactate dehydro­
genase levels. Consequently, LMW PEG treatments of the 
intestine produce significant changes in the physiology of 

30 the treated organisms, with unpredictable, and thus poten­
tially deleterious, longer-term consequences for the health 
and well-being of the treated organism. Moreover, such 
treatments provoke physically demanding reactions in the 

35 
form of massive intestinal voiding in critically ill organisms 
such as hospitalized human patients. 

Thus, there 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 

40 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. 

Conventional therapeutic approaches to the prevention or 
treatment of microbe-mediated epithelial disorders such as 45 

gut-derived sepsis have met with incomplete success. Anti­
biotic-based approaches are compromised by the difficulty 

SUMMARY OF THE INVENTION 

The present invention satisfies the aforementioned need in 
the art by providing a high molecular weight (HMW) 
polyethylene glycol composition that provides effective pro­
tection against an abnormal condition characterized by an 
epithelial surface at risk of developing a microbe-mediated 
disorder. Exemplary abnormal conditions include gut-de­
rived sepsis, and other intestinal disorders/diseases associ­
ated with intestinal flora, due to intestinal pathogens includ­
ing, but not limited to, P. aeruginosa. The HMW PEG 
inhibits or prevents contact of such pathogens as P. aerugi­
nosa 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 net­
works. The ability of HMW PEGs to interdict at the infec­
tious 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 PEGs 
would be cost effective and relatively simple to perform on 
human patients as well as a variety of other organisms such 

in tailoring antibiotics to the intestinal pathogen in a manner 
that does not impact the remaining intestinal flora. In addi­
tion, many of the intestinal pathogens, as typified by P. 50 

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 intesti­
nal pathogens such as P. aeruginosa, are immunoevasive, 55 

rendering such approaches minimally effective. 
Another approach to the prevention or treatment disorders 

such as gut-derived sepsis is intestinal lavage. In the past 
several years, intestinal lavage using polyethylene glycol 
(PEG) solutions has been attempted, with some anecdotal 60 

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 65 

mechanisms by which these relatively low molecular weight 
(LMW) solutions of PEG provide a therapeutic benefit in 
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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 a method of reduc­
ing the likelihood of mortality in an animal with an abnormal 5 

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 bum injury, neonatal necrotizing enterocolitis, 
severe neutropenia, toxic colitis, inflammatory bowel dis- 10 

ease, enteropathy, transplant rejection, pouchitis, and pig 
belly, comprising administering an effective dose of poly­
ethylene glycol (PEG) to an animal in need thereof, wherein 
the PEG has an average molecular weight of at least 5,000 

15 
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 20 

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., 25 

10% PEG). In one embodiment of the method, the condition 
is associated with the presence of a Pseudomonas aerugi­
nosa 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 30 

Pseudomonas aeruginosa is not detectably altered. 
Another aspect of the invention is a method of inhibiting 

gut-derived sepsis comprising contacting a manimalian epi­
thelium, such as an intestine, with polyethylene glycol 
(PEG), wherein the PEG has an average molecular weight of 35 

at least 5,000 daltons, and preferably at least 15,000 daltons. 
In one embodiment of this method, the mammalian intestine 
contacts the PEG for at least 30 minutes. 

4 
A still further aspect of the invention is a method of 

inhibiting a Pseudomonas aeruginosa-induced reduction in 
the transepithelial electrical resistance of a manimalian 
epithelial layer, such as an intestinal epithelial layer, com­
prising contacting the (intestinal) epithelial layer with poly­
ethylene 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 molecu­
lar 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 manimalian 
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 
molecular weight of 15,000 to 20,000 daltons. The PEG may 
be in an aqueous solution comprising 5-20% PEG, and 
preferably 5-10% PEG. An exemplary bacterial cell con­
templated 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 bum injury, neo-
natal necrotizing enterocolitis (NEC), severe neutropenia, 
toxic colitis, inflammatory bowel disease, enteropathy (e.g., 
in the critically ill), transplant rejection, pouchitis and pig Further aspects of the invention include a method of 

inhibiting PA-I lectin/adhesin expression in a pathogen of 
the epithelia, e.g., an intestinal pathogen, comprising admin­
istering an effective dose of polyethylene glycol to an animal 
in need thereof; a method of inhibiting epithelium-induced 
(e.g., intestinal epithelium-induced) activation of PA-I lec­
tin/adhesin comprising administering an effective dose of 
polyethylene glycol to an animal in need thereof; a method 
of inhibiting C4-HSL-induced morphological change of a 
pathogen of the epithelia (e.g., an intestinal pathogen) com­
prising 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 admin­
istering 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 patho­
genic quorum-sensing activation comprising administering 

40 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 man-

45 ner, thereby inhibiting interaction of the mammalian intes­
tinal epithelial cell and the bacterial cell. A preferred com­
pound 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 

50 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 

55 an effective amount of dextran into the intestine of the 

an effective dose of polyethylene glycol to an animal in need 60 

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, 65 

the PEG has an average molecular weight of at least 5,000 
daltons, and preferably at least 15,000 daltons. 

animal and/or introducing an effective amount of L-gluta­
mine, dextran-coated L-glutamine, dextran-coated inulin, 
dextran-coated butyric acid, one or more fructo-oligosac­
charides, N-acetyl-D-galactosamine, dextran-coated man­
nose 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 composi­
tion, 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-, surgi­
cal- and traumatic-type stresses. 
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oping a microbial-mediated disorder, such as gut-derived 
sepsis, comprising one of the above-described pharmaceu­
tical compositions and a protocol describing use of the 
composition in therapeutic treatment or prevention of the 

5 abnormal condition. Protocols suitable for inclusion in the 

Another aspect of the invention is a method of amelio­
rating 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 10 

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 15 

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 20 

animals include mammals, such as sheep, goats, cows, pigs, 
horses and humans. In a related aspect, the invention pro­
vides 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, 25 

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 manimary gland. In 
another related aspect, the invention provides a method of 
preventing development of a microbe-mediated epithelial 30 

disorder in an animal of nursing age comprising adminis­
tering 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 35 

embodiment, the PEG is admixed with any infant formula 
known in the art. 

kit describe any one of the therapeutic or preventive meth­
ods 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, neu­
tropenic enterocolitis, pancreatitis, chronic fatigue syn­
drome, 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, pig, chicken, horse and human. The PEG 
preferably has an average molecular weight of at least 
15,000 daltons; also preferred is PEG having an average 
molecular weight between 15,000 and 20,000 daltons. Fur-
ther, 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-

A related aspect of the invention is a composition com­
prising 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 is prefer­
ably present in the range of 5-20% upon 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. 

40 oligosaccharide, N-acetyl-D-galactosamine, dextran-coated 
mannose, galactose and lactulose. In one embodiment, the 
composition comprises PEG, dextran-coated L-glutamine, 
dextran-coated inulin, dextran-coated butyric acid, a fructo­
oligosaccharide, N-acetyl-D-galactosamine, dextran-coated 

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, 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. 

An additional aspect of the invention is a kit for the 
therapeutic treatment or prevention of an abnormal condi­
tion characterized by an epithelial surface at risk of <level-

45 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 polyethyl­
ene glycol (PEG) to an animal, wherein the PEG has an 

50 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 

55 anthracis, Small Pox Virus, enteropathogenic E. coli 
(EPEC), enterohemorrhagic E. coli (EHEC), enteroaggrega­
tive E. coli, (EAEC), Clostridium difficile, rotavirus, 
Pseudomonas aeruginosa, Serratia marcescens, Klebsiella 
oxytocia, Enterobacteria cloacae, Candida albicans and 

60 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 

65 5,000 daltons. A respiratory infection amenable to the pre­
ventive methods of the invention may arise from contact 
with an infectious agent via any route known in the art, 
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including pneumonias associated with ventilators (e.g., ven­
tilator-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 5 

group consisting of Bacillus anthracis and Small Pox Virus. 
Yet another aspect of the invention is a method for 

irrigating at least a portion of the urinary tract in order to 
prevent a chronic urinary tract infection, comprising the step 

8 
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 admin­
istration is indicated by a reduced decrease in trans-epithe­
lial electrical resistance relative to a control value. The 

of delivering an effective amount of a composition compris- 10 

ing PEG to a urethra, wherein the PEG has an average 
molecular weight of at least 5,000 daltons. In one embodi­
ment, the composition is administered to a portion of the 
urinary tract that includes at least the bladder. 

control value may be internal (i.e., measuring the TEER 
15 prior to PEG administration) or external (i.e., a value devel­

oped in other studies that is reliably used for comparison). Another aspect of the invention is a method of preventing 
a sexually transmitted disease comprising the step of apply­
ing 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 20 

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. 

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 

The invention also comprehends a method of preventing 
25 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 digestive tract disorder comprising administering an effec­
tive 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. Exem- 30 

plary 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 inflamma-

35 
tory bowel disease, irritable bowel disease, neutropenic 
enterocolitis, pancreatitis, dysbiosis syndrome and micro­
scopic colitis. 

Another aspect of the invention is a method for monitor­
ing the administration of polyethylene glycol (PEG) to an 40 

animal in need thereof, comprising administering an effec­
tive 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 45 

labeled PEG ( e.g., associated with a microbe) provides 
information useful in assessing the efficacy of administra­
tion. 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 50 

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 55 

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 detectably associable with at 
least one microbe. 

Another aspect of the invention is a method for monitor- 60 

ing 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 65 

the adherence of a microbe in the sample to the epithelial 
cell, whereby the quantity and/or location of the PEG 

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, delivery or application of 
PEG. In some 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-I 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 adminis-
tration 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 

FIG. 1 provides mortality rates in mice at 48 hours 
subjected to either sham laparotomy or 30% surgical hepa­
tectomy followed by direct injection of P. aeruginosa 
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PA27853 into the cecum. Mice underwent a 30% bloodless 
left lobe hepatectomy immediately, followed by direct cecal 
injection of lxl07 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. 5 

For mice in the PEG groups, lxl07 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 10 

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 hepatec- 15 

tomy and direct cecal injection of lxl07 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 20 

counts was observed for PEG 3350, while PEG 15-20 
completely prevented PA27853 from disseminating to the 
liver and blood of mice. 

FIG. 2 shows the protective effect of PEG 15-20 against 
PA27853-induced epithelial barrier dysfunction as assessed 25 

by transepithelial electrical resistance (TEER). a. Data rep­
resent the mean±SEM % maximal fall in TEER from 
baseline of triplicate cultures (n=7) observed during 8 hours 
of apical exposure to lxl07 cfu/ml of PA27853. A statisti­
cally significant decrease in TEER was demonstrated ( one- 30 

way ANOVA (P<0.001)) 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<0.001). b. Image of Caco-2 cells in the 
presence of PEG 3.35 and apical exposure to PA27853. 35 

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 40 

no evidence of floating cells in any of the planes examined. 
FIG. 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 quorum-sensing signaling 
molecule C4-HSL resulted in a statistically significant 45 

increase (P<0.001 one-way ANOVA) in PA-I protein expres­
sion 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. 50 

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 pres- 55 

ence 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-I mRNA expression that 60 

was greatly inhibited with 10% PEG 15-20. d. The increase 
in PA-I mRNA induced by 4 hours exposure to Caco-2 cell 
was inhibited in the presence of PEG 15-20, but not PEG 
3.35 (P<0.001 one-way ANOVA). 

FIG. 4 shows the effect of PEG solutions on bacterial 65 

membrane integrity arid growth patterns of PA27853. a. The 
effect of the two PEG solutions on bacterial membrane 

10 
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). 

FIG. 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. 

FIG. 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 magnifica­
tion of 63x. 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 1 ) and Z 
plane reconstruction (6a 2 ). In the presence of Caco-2 cells, 
bacterial cells developed a clumped appearance (6b1 ) 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 
(6c1) 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 
(6d1 2). 10% PEG 15-20 greatly diminished the motility of 
P. a~ruginosa cells. Nevertheless, for the first 0.5-1 hours of 
incubation in PEG 15-20-containing medium, bacterial cells 
formed spider-shaped microcolonies that were close to the 
bottom of the well (6e1 2 ). Within several hours, spider 
leg-shaped microcolonies

0 

occupied the entire space/volume 
of the medium (not shown). In the presence ofCaco-2 cells, 
P. aeruginosa cells lost the spider-like configuration and 
were seen elevated high above the plane of the epithelium 
(30-40 microns) (6/i.2 ). 

DETAILED DESCRIPTION OF INVENTION 

The invention provides products and methods that col­
lectively present simple and economical approaches to the 
treatment and/or prevention of a variety of microbe-medi­
ated epithelial disorders, i.e., abnormal conditions and dis­
eases, that afflict many mammals, including humans. By 
administering high molecular weight polar polymers such as 
HMW polyethylene glycol 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. 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, amelio­
rated or treated by facilitating an environment conducive to 
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the survival of such microbes. An understanding of the 
following more detailed description of the invention is 
facilitated by initially establishing the following meanings 
for terms used in this disclosure. 

12 
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., 

5 15,000 to 20,000 daltons). An "abnormal condition" is broadly defined to include 
mammalian diseases, mammalian disorders and any abnor­
mal state of mammalian health that characterized by an 
epithelial surface at risk of developing a microbial-mediated 
disorder. The abnormal conditions characterized by an epi­
thelial surface at risk of developing a microbial-mediated 10 

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 criti­
cally ill) and transplant ( e.g., organ) rejection. 

"Bum injury" means damage to mammalian tissue result­
ing from exposure of the tissue to heat, for example in the 
form of an open flame, steam, hot fluid, and a hot surface. 

"Severe" neutropenia is given its ordinary and accus­
tomed meaning of a marked decrease in the number of 
circulating neutrophils. 

"Cell membrane integrity" means the relative absence of 
functionally significant modifications of a cell membrane as 
a functional component of a living cell, as would be under­
stood 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 under­
stood in the art. 

"Growth pattern" refers collectively to the values of those 
15 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 

20 an understanding of the growth pattern of a cell or group of 
cells. 

"Transplant rejection" refers to any development of trans­
planted material (e.g., an organ) recognized as being asso- 25 

ciated with ultimate rejection of that material by the host 

"Inhibiting" is given its ordinary and accustomed mean­
ing 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 pro­
duction 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 

organism. 
"Administering" is given its ordinary and accustomed 

meaning of delivery by any suitable means recognized in the 
art. Exemplary forms of administering include oral delivery, 
anal delivery, direct puncture or injection, topical applica­
tion, and spray (e.g., nebulizing spray), gel or fluid appli­
cation to an eye, ear, nose, mouth, anus or urethral opening. 

An "effective dose" is that amount of a substance that 

30 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 afore­
mentioned mRNA. 

provides a beneficial effect on the organism receiving the 35 

dose and may vary depending upon the purpose of admin­
istering the dose, the size and condition of the organism 
receiving the dose, and other variables recognized in the art 

"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, epithe­
lium-induced activation of PA-I lectin/adhesin refers to an 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. 

40 increase in that polypeptide's activity attributable to the 
indirect influence of an epithelium manifested through the 
direct contact of an epithelial cell or cells with an intestinal 
pathogen. 

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. 

"Morphological change" is given its ordinary and accus-
45 tamed 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. Intestinal pathogens known in the 
art are embraced by this definition, including gram negative 

50 bacilli such as the Pseudomonads (e.g., Pseudomonas 
aeruginosa). 

"Ameliorating" means reducing the degree or severity of, 
consistent with its ordinary and accustomed meaning. "Average molecular weight" is given its ordinary and 

accustomed meaning of the arithmetic mean of the molecu­ "Pathogenic quorum" means aggregation or association 
55 of a sufficient number of pathogenic organisms (e.g., P. 

aeruginosa) to initiate or maintain a quorum sensing signal, 
as would be known in the art. 

lar weights of the components (e.g., molecules) of a com­
position, 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, pro­
vided that the arithmetic mean of those molecular weights is 60 

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 65 

mean subject to the caveats noted above. These PEG mol­
ecules include, but are not limited to, simple PEG polymers. 

"Interaction" is given its ordinary and accustomed mean­
ing 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. 
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"Adherence" is given its ordinary and accustomed mean­
ing of physically associating for longer than a transient 
period of time. 

"Topographically asymmetrical" refers to an image, map 

14 
(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 combi-

or other representation of the surface of a three-dimensional 5 

object ( e.g., a cell) that is not symmetrical. 

nation 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 

"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 10 

using highly sensitive means for detecting probe deflections, 

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 

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 pharma­
ceutical compositions according to the invention comprise a 
solution balanced in viscosity, electrolyte profile and osmo­
lality, comprising an electrolyte, dextran-coated L-gluta­
mine, dextran-coated inulin, lactulase, D-galactose, N-acetyl 
D-galactosamine and 5-20% PEG (15,000-20,000). 

"Adjuvants," "carriers," or "diluents" are each given the 
meanings those terms have acquired in the art. An adjuvant 
is one or more substances that serve to prolong the immu­
nogenicity of a co-administered immunogen. A carrier is one 

molecules, which are relatively small molecules having 
functional groups suitable for joinder of PEG molecules. 
Suitable linkers substantially preserve the biological activity 

15 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 

20 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 H20 only for the next 48 hours. 

or more substances that facilitate the manipulation, such as 25 

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. 

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. Quanti­
tative bacterial cultures of cecal contents (feces), washed 
cecal mucosa, liver, and blood 24 hours following 30% 

"HMW PEG" refers to relatively high molecular weight 
PEG defines as having an average molecular weight greater 30 

than 3.5 kilodaltons. Preferably, HMW PEG has an average 
molecular weight greater than 5 kilodaltons and, in particu- surgical hepatectomy and direct cecal injection of lx107 

cfu/ml of PA27853. One-way ANOVA demonstrated a sta­
tistically significant increase in bacterial counts in cecal 

lar embodiments, HMW PEG has an average molecular 
weight at least 8 kilodaltons, at least 15 kilodaltons, and 
between 15 and 20 kilodaltons. 35 contents, mucosa, liver, and blood in mice following hepa­

tectomy (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 

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 40 

cells. Example 3 reveals how HMW PEG inhibits patho­
genic virulence expression generally, and PA-I lectin/ad­
hesin expression specifically. Example 4 shows that PEG 
does not affect growth, or cell membrane integrity, of 
pathogens. Example 5 illustrates the unique topographical 
conformation ofHMW PEG-coated pathogens using Atomic 
force microscopy. Example 6 describes the cell-cell inter­
actions affected by HMW PEG. Example 7 describes pre­
ventive methods using the compositions of the invention. 
Example 8 discloses methods for monitoring administration 

disseminating to the liver and blood of mice. 
Pseudomonas aeruginosa strainATCC 27853 (PA27853) 

is a non-mucoid clinical isolate from a blood culture. Direct 
cecal injection of strain PA27853 in mice previously sub­
jected to a 30% bloodless surgical hepatectomy resulted in 
a state of clinical sepsis and no survivors at 48 hours. Mice 

45 subjected to sham laparotomy without hepatectomy (con­
trols), who are similarly injected withP. aeruginosa, survive 
completely without any clinical signs of sepsis (FIG. la). To 
determine the ability of PEG solutions to prevent or lower 
mortality in this model, 200 µl of PA27853 at a concentra-

50 tion of lxl07 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®). In comparison, 

of HMW PEG, such as in the treatment methods of the 
invention, and corresponding kits. 

EXAMPLE 1 

HMW PEG Protects Against Gut-Derived Sepsis 
Following 30% Hepatectomy 

Male Balb/c mice were anesthetized and subjected to 
hepatectomy using a conventional protocol. A 30% blood­
less 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 all mice, a volume of 
200 µl 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 

55 PEG solutions according to the invention that were used had 
molecular weights varying between 15-20 kDa. 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 protec-

60 tive. In fact, PEG 15-20 had a statistically significant pro­
tective 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. lb), although 

65 one of skill in the art will recognize that HMW PEG 
solutions ofless than 5% would be expected to provide some 
protection and, thus, fall within the scope of the present 
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invention. With respect to bacterial counts in the experimen-
tal 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 signifi- 5 

cant 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 blood- 10 

stream (FIG. le). The data indicate that the action of PEG 
solutions involves mechanisms that are non-microbiocidal. 
Given at PEG concentrations non-toxic to manmialian cells 
(i.e. sabout 10% ), no effect on bacterial growth patterns can 

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 mono-
layer 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 15-20, shows no evidence 
of floating cells in any of the planes examined. The protec­
tive 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 supernatants 
following a 4-hour exposure to lxl06 cfu/ml of PA27853. 

The resistance of PEG-cultured human intestinal epithe­
lial cells to the barrier-disrupting effects of P. aeruginosa, as 
judged by the maintenance of TEER, offers a practical 

be demonstrated. 15 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+/H+ exchange, glucose 

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 20 

species (i.e., reducing the likelihood of mortality in any 
given organism), such as a manmial like man, subjected to 

transport) is unaffected by this compound. 
Thus, HMW PEG is relatively inert to, and has a stabi-

lizing effect on, the intestinal epithelial barrier. The inven­
tion comprehends methods of treating intestinal barrier 
abnormalities associated with intestinal pathogens such as P. 
aeruginosa by administering HMW PEG to an animal such 

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). Fur­
ther, 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 

25 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 

30 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 

35 PEG treatment methods would ameliorate a symptom asso­
ciated with an intestinal barrier abnormality; preferably, the 
methods would reduce or eliminate the effects of gut-derived 
sepsis from a treated organism. 

Tight junctions are dynamic elements of the epithelial cell 40 

cytoskeleton that play a key role in the barrier function of the 
mammalian intestinal tract. P. aeruginosa results in a pro­
found alteration in tight junctional permeability as measured 

EXAMPLE 3 

HMW PEG Inhibits Virulence Expression in 
Pathogens 

by the transepithelial electrical resistance (TEER) of both 
Caco-2 cells and T-84 cells. Caco-2 cells are well-charac- 45 The expression of the PA-I lectin/adhesin inP. aeruginosa 
terized 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 xl 07 cfu/ml of PA27853 was apically inocu­
lated 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-induced 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 lxl07 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<0.001). A statistically 
significant protective effect on the fall in TEER induced by 
PA27853 was demonstrated for PEG 15-20 (P<0.001). 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 

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 

50 facilitating the adherence of PA27853 to the epithelium as 
well as by creating a significant barrier defect to the cyto­
toxins, exotoxin A and elastase. PA-I expression in P. 
aeruginosa is regulated by the transcriptional regulator 
RhIR and its cognate activator C4-HSL. Expression of PA-I 

55 in PA27853 was not only increased 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 expres­
sion of PA-I at the transcriptional level. Total RNA of P. 

60 aeruginosa was isolated by the modified three-detergent 
method. Probes were generated by PCR using PA-I primers: 
F(ACCCTGGACATTATTGGGTG) (SEQ ID NO: 1), 
R(CGATGTCATTACCATCG-TCG) (SEQ ID NO: 2) and 
16S primers: F(GGACGGGTGAGTAATGCCTA) (SEQ ID 

65 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 
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PA-I or 16S. Specific cDNAprobes for PA-I and 16S were 
radiolabeled with a 32P-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 5 

and 16S. Western blot was used for PA-I protein analysis, 
using rabbit affinity-purified polyclonal anti-PA-I antibod­
ies. One ml of P. aeruginosa cells was washed with PBS and 
heated at 100° C. in lysis buffer (4% SDS, 50 mM Tris-HCI, 
pH 6.8); immunoblot analysis was performed by elec- 10 

trotransfer of proteins after Tricine SDS-PAGE. The PA-I 
lectin was detected by the ECL reagent (Amersham, N.J.). 

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 15 

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- 20 

way ANOVA). Electron microscopic examination of indi­
vidual bacterial cells exposed to C4-HSL in the presence and 
absence of PEG, demonstrated that C4-HSL caused a mor­
phological change in the shape and pili expression of P. 
aeruginosa (FIG. 3b). The C4-HSL-induced morphological 25 

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 30 

increase (P<0.001, one-way ANOVA) in PA-I mRNA 
expression assessed using Northern blots. The PA-I expres­
sion was greatly inhibited by 10% PEG 15-20. FIG. 3d 
shows that the increase in PA-I mRNA induced by a 4-hour 
exposure to Caco-2 cells was inhibited by PEG 15-20, but 35 

not by PEG 3.35 (P<0.001 one-way ANOVA). 
The data presented herein show that a significant attenu­

ation (3-4-fold decrease) of PA-I expression (protein and 
mRNA) in PA27853, induced by 100 µM-1 mM ofC4-HSL, 
was observed when bacteria were pre-treated with 10% PEG 40 

15-20. This effect was not observed with PEG 3.35 (FIG. 
3a). Attenuation of C4-HSL-induced 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 45 

inhibited C4-HSL induced expression of PA-I 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 50 

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 in the presence of PEG 15-20 but not PEG 3.35 
(FIG. 3b). The protective effect ofCaco-2 cell-induced PA-I 55 

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 may be a 60 

major protective effect of PEG 15-20, given that quorum­
sensing signaling is a well-established mechanism of viru­
lence 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 65 

PEG 15-20. PEG 15-20 was found to have a protective effect 
on host animals through the attenuation of P. aeruginosa 

18 
(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 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 an indirect 
contribution is the effect of 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 supernatants 
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 prod­
ucts ( 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 asso­
ciated 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 Pathogen 

One percent aliquots of a culture of PA27853 grown 
overnight were subcultured in tryptic soy broth (TSB), with 
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or without 10% HMW PEG, for 4 hours at 3 7° C. One drop 
20 

EXAMPLE 6 
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- 5 

mode AFM was performed in air with a Multimode Nano­
scope IIIA Scanning Probe Microscope (MMAFM, Digital 
Instruments). Subconfluent Caco-2 cells were treated with 
10% HMW PEG for 4 hours and washed with PBS exten-

HMW PEG Affects Cell-Cell Interactions 

To directly observe the effect of PEG solutions on the 
spatial orientation of P. aeruginosa, experiments were per­
formed 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 

sively. AFM imaging of the cells was performed in PBS 10 

without using an O-ring. For electron microscopy, PA27853 
was inoculated in TSB with or without 1 mM C4-HSL and 

epithelia, differential interference contrast (DIC) micros­
copy and GFP imaging were used. 

10% HMW PEG and incubated overnight. One drop of 1 % 
P. aeruginosa was stained with uranyl acetate and washed 

15 
with 0.5M NaCl before examination under the electron 

The EGFP gene encoding green fluorescent protein was 
amplified using the pBI-EGFP plasmid (Clontech) as a 
template. XbaI and Pstl restriction sites were introduced 
using primers TCTAGAACTAGTGGATCCCCGCGGATG 
(SEQ ID NO: 5) and GCAGACTAGGTCGACAAGCTT­
GATATC (SEQ ID NO: 6). The PCR product was cloned 

microscope. 
Atomic force microscopy of Caco-2 cells demonstrated a 

classical non-uniform 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. Sa, c). PEG 15-20 appears to carpet the Caco-2 
cells by filling the asymmetries along a topographically 
defined plane (FIG. Se), yielding a more complex topo­
graphically 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 sur­
round and hug the bacteria circumferentially in a more 
topographically asymmetric fashion. Cross-sectional analy­
sis of the atomic force measurement of the bacterial diam­
eter in PEG 15-20 demonstrates a significant increase in the 
bacteria/PEG envelope within the PEG solution (FIG. Se,j). 
In other words, PEG 3.35 forms a smooth envelope around 
individual bacterial cells (FIG. Se), whereas PEG 15-20 
tightly hugs individual cells (FIG. SJ) and increases the 
polymer/bacterial diameter (FIGS. Sg, Sh), thereby distanc­
ing 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 

20 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 XbaI and Pstl 
and the fragment containing the excised gene was cloned 

25 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 µF 
and 2500 V into PA27583 electro-competent cells. 

30 PA27853/EGFP-containing cells were selected on LB-agar 
plates containing 100 µg/ml gentamicin (Gm). 

Cells harboring PA27853/EGFP were grown overnight in 
LB containing 100 µg/ml Gm, and 1 % of the culture was 
used to inoculate fresh LB containing 50 µg/ml Gm. After 3 

35 hours of growth, Isopropyl-~-D-thiogalactopyranoside 
(IPTG) was added to a final concentration of 0.5 mM, and 
cultures were incubated for 2 additional hours. 100 µl of the 
bacterial culture was mixed with 1 ml of HDMEM media 
(Gibco BRL) buffered with HEPES and containing 10% 

40 fetal bovine serum (HDMEM HF) and 10% HMW PEG. 

P. aeruginosa away from the intestinal epithelium. Alterna­
tively, HMW PEG may provide benefits by preventing 
formation of a pathogenic quorum-sensing activation signal 
arising from cell-cell interaction of the pathogenic cells. 45 

Again without wishing to be bound by theory, it is possible 
that the coating of biological surfaces with HMW PEG 
results in loss of conformational freedom of the coating PEG 
chains and the repelling of approaching proteins. Polar-polar 
interactions between HMW PEG and Caco-2 cells could 50 

One ml of bacterial suspension was poured into a 0.15 
mm-thick dTC3 dish (Bioptech). Four-day-old Caco-2 cells 
(p10-p30) grown in 0.15 mm-thick dTC3 dishes (Bioptech) 
in HDMEM HF were washed once in HDMEM HF with or 
without HMW PEG. One ml of bacterial suspension pre­
pared 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 DIC and GFP fluorescence filters, 
at an objective magnification of 63x. The temperature was 
adjusted with a Bioptechs thermostat temperature control 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 PEG-coated 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 ofHMW 
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. 

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 

55 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 DIC image 
(FIG. 6a 1) and Z plane reconstruction (FIG. 6a2 ). In the 
presence of Caco-2 cells, bacterial cells developed a 

60 clumped appearance (FIG. 6b1) 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. 6c1) adhering to the bottom of the well (FIG. 6c2 ). In 

65 the presence of Caco-2 cells, bacterial microcolonies were 
approximately 8 microns above the plane of the epithelial 
cells (FIG. 6d1•2 ). A solution of 10% PEG 15-20 greatly 



US 9,549,946 B2 
21 

diminished the motility of P. aeruginosa cells. Nevertheless, 
for the first 0.5-1 hour of incubation in PEG 15-20-contain­
ing medium, bacterial cells formed spider leg-shaped micro­
colonies that were close to the bottom of the well (FIG. 
6e1 2 ). Within several hours, spider leg-shaped microcolo­
nie~ 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. 6J; 2 ). 

To determine the spatial orientation 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 dis­
persed 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. 61). 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 cell-cell interaction, 
consistent with its beneficial prophylactic and therapeutic 
activities as disclosed herein. It is expected that use ofHMW 
PEG will reduce or eliminate deleterious cell-cell interac­
tions in the intestine ( e.g., between intestinal epithelial cells 
and intestinal pathogens such as the Pseudomonads), reduc­
ing the risk of diseases and/or abnormal conditions associ­
ated 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 administra­
tion that is determined using routine optimization proce­
dures known in the art. Preferably, the PEG has an average 
molecular weight of 5,000-20,000 daltons, and more pref­
erably between 10,000-20,000 daltons. It is contemplated 
that at least 5% HMW PEG is administered. The HMW PEG 
may be administered in any suitable form, e.g., as a solution, 

22 
accomplished using any conventional route; it is particularly 
contemplated that the HMW PEG is administered orally or 
topically. In some embodiments, the HMW PEG composi­
tion being administered further comprises a compound 

5 selected from the group consisting of dextran-coated L-glu­
tamine, dextran-coated inulin, dextran-coated butyric acid, a 
fructo-oligosaccharide, N-acety 1-D-galactosamine, dextran­
coated mannose, galactose and lactulose. In another embodi­
ment, the administered HMW PEG composition further 

10 comprises dextran-coated L-glutamine, dextran-coated inu­
lin, dextran-coated butyric acid, one or more fructo-oli­
gosaccharides, N-acety 1-D-galactosamine, dextran-coated 
mannose, galactose and lactulose. 

The invention provides methods of preventing a variety of 
15 diseases and abnormal conditions, such as swimmer's ear, 

acute or chronic otitis media, ventilator-associated pneumo­
nia, gut-derived sepsis, necrotizing enterocolitis, antibiotic­
induced diarrhea, pseudomembranous colitis, inflammatory 
bowel diseases, irritable bowel disease, neutropenic entero-

20 colitis, pancreatitis, chronic fatigue syndrome, dysbiosis 
syndrome, microscopic colitis, chronic urinary tract infec­
tion, sexually transmitted disease, and infection ( e.g., expo­
sure to an environment contaminated by a bioterror agent 
such as Bacillus anthracis, Small Pox Virus, enteropatho-

25 genie E. coli (EPEC), enterohemorrhagic E. coli (EHEC), 
enteroaggregative E. coli, (EAEC), Clostridium difficile, 
rotavirus, Pseudomonas aeruginosa, Serratia marcescens, 
Klebsiella oxytocia, Enterobacteria cloacae, Candida albi­
cans, Candida globrata, and the like). In a preferred 

30 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 inven­
tion is preferably used to lubricate a condom. In a preferred 

35 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 

40 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 physico­
chemical agents include those agents capable of burning or 

45 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 

50 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 

55 swabbed with alcohol. Mice are returned to their cages and 
are given H20 only. Forty-eight hours later, the mice are 
subjected to a conventional hepatectomy procedure involv­
ing a 30% bloodless excision of the liver along the floppy 
left lobe. Control mice will experience manipulation of the 

60 liver without hepatectomy. The preventive treatment involv­
ing administration of HMW PEG is expected to reduce or 
eliminate the incidence of surgery-associated gut-derived 
sepsis in mice. 

as a gel or cream, as a solution suitable for nebulizing ( e.g., 
for inhalational use), in a pharmaceutical composition com- 65 

prising the HMW PEG, and in a sterile, isotonic solution 
suitable for injection into an animal. administration may be 

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 
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domesticated animal. Moreover, these preventive methods 
are expected to be applicable to humans, improving the 
health, and life expectancy, of many patients or candidates 

24 
enzyme reporters include an enzymatic component of a 
luminescence system and a catalyst of a colorimetric reac­
tion. More particularly, exemplary reporter molecules 

at risk of developing a disease and/or an abnormal condition, 
such as swimmer's ear, acute or chronic otitis media, ven- 5 

tilator-associated pneumonia, gut-derived sepsis, necrotiz­
ing enterocolitis, antibiotic-induced diarrhea, pseudomem­
branous colitis, an inflammatory bowel disease, irritable 
bowel disease, neutropenic enterocolitis, pancreatitis, 
chronic fatigue syndrome, dysbiosis syndrome, microscopic 10 

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. 

include biotin, avidin, streptavidin, and enzymes (e.g., 
horseradish peroxidase, luciferase, alkaline phosphatases, 
including secreted alkaline phosphatase (SEAP); ~-galacto-
sidase; ~-glucuronidase; chloramphenicol acetyltrans­
ferase ). The use of such reporters is well known to those of 
skill in the art and is described in, e.g., U.S. Pat. No. 
3,817,837, U.S. Pat. No. 3,850,752, U.S. Pat. No. 3,996,345, 
and U.S. Pat. No. 4,277,437. Exemplary enzyme substrates, 
which may be converted to detectable compounds by 
reporter enzymes, include 5-bromo-4-chloro-3-indolyl ~-D-

As noted above, the preventive methods comprise adminis­
tration of a composition comprising at least 5% HMW PEG 15 

(5-20 kDa), by any known or conventional administration 
route, to man or another animal. Preferably, the preventive 
methods are practiced on those individuals at risk of devel­
oping one or more of the aforementioned diseases and/or 
abnormal conditions, but it is contemplated that the com- 20 

positions and methods of the invention will be useful in 
either a prophylactic or therapeutic role to broadly treat or 
prevent such diseases or abnormal conditions in entire 
populations or sub-populations of man or other animals. 

galactopyranoside or Xgal, and Bluo-gal. Enzyme sub­
strates, 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. Pat. No. 3,817,837; U.S. Pat. 
No. 3,850,752; U.S. Pat. No. 3,939,350 and U.S. Pat. No. 
3,996,345. Exemplary radiolabels are 3H, 14C, 32P, 33P, 35 S, 
and 1251; exemplary fluorophores are fluorescein (FITC), 
rhodamine, Cy3, Cy5, aequorin, and green fluorescent pro­
tein. A preferred label is a fluorophore such as fluorescein. 

EXAMPLE 8 

Methods of Monitoring Administration of HMW 
PEG 

The invention also contemplates methods for monitoring 
administration ofHMW PEG, e.g., in a method of treatment. 
In such monitoring methods, labeled HMW PEG is admin­
istered, alone or in combination with unlabeled HMW PEG, 
and the label is detected during treatment on a continuous or 
intermittent schedule, including simple endpoint determina­
tions. 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 biologi­
cal activity of HMW PEG (preservation of sufficient bio­
logical activity to realize a beneficial prophylactic or thera­
peutic 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 radio label, 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 detect­
able compound in the vicinity of the reporter). Exemplary 

25 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 

30 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 

35 
bluo-gal for detection of prokaryote-specific ~-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 

40 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 

45 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 inspec-

50 tion with the unaided eye, visual inspection with an instru­
ment such as an endoscope, optionally equipped with a 
suitable light source and/or camera for recordation, the 
conventional use of Geiger counters, x-ray film, scintillation 

55 
counters, 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 meth­
ods. For example, a monitoring method may be used to 

60 optimize the quantity and/or concentration of HMW PEG 
( e.g., to achieve a desired viscosity for a solution or mixture 
ofHMW 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 

65 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. 
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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 5 

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 ~-galactosidase will cleave 
Bluo-gal to yield a detectable blue product. 

10 

15 

26 
technique is non-polar:polar fluid partition (e.g., 1-octanol: 
water or xylene:water) of any microbe. See Majtan et al., 
Folia Microbial (Praha) 47:445-449 (2002), incorporated 
herein by reference in its entirety. 

In one embodiment of a hydrophobicity assay for moni­

toring PEG administration, a stool sample is suspended in 50 

mM sodium phosphate buffer (pH 7.4) containing 0.15 M 

NaCl. Microbes in the suspension are collected by centrifu-

gation and resuspended in the same buffer, and the centrifu-

gation-resuspension cycle is repeated. If feasible, the 

microbes are resuspended in the same buffer to an absor­

bancy 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 two minutes, 

and the suspension is allowed to settle for 20 minutes at 

room temperature. The presence of microbes in the aqueous 

phase is then determined, for example by spectrophotomet­

ric determination of absorbancy at 660 nm. A blank con-

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 20 

microtiter dish using a conventional technique. A stool 
sample is collected and mixed with a fluid such as phos­
phate-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 

taining the sodium phosphate buffer is used to eliminate 
25 

background. 

at 24 ° C., followed by washing of the wells with a suitable 30 
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, an immunoassay is used to 
detect adherence, with suitable immunological reagents 35 

being a microbe(s)-specific monoclonal or polyclonal anti­
body, 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 40 

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 45 
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 adher- 50 

ence. 

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 sus­
pension. 

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 epi­
thelial 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 detect­
ing 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. Alter­
natively, one may detect a carbohydrate-binding capacity of 
PA-I lectin/ adhesin or the intestinal epithelial barrier breach­
ing activity of PA-I lectin/adhesin may be measured, e.g., by 

In a related aspect, the invention provides a kit for 
assaying for microbial cell adherence comprising an epithe­
lial 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. 

55 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 

60 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.g., binding activity). 

Another monitoring method contemplated by the inven­
tion 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. 65 

Ukukn et al., J. Food Prat. 65:1093-1099 (2002), incorpo­
rated herein by reference in its entirety. Another exemplary 

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. 
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SEQUENCE LISTING 

<160> NUMBER OF SEQ ID NOS, 6 

<210> SEQ ID NO 1 

<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 1 

accctggaca ttattgggtg 

<210> SEQ ID NO 2 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 2 

cgatgtcatt accatcgtcg 

<210> SEQ ID NO 3 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 3 

ggacgggtga gtaatgccta 

<210> SEQ ID NO 4 
<211> LENGTH, 20 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 4 

cgtaagggcc atgatgactt 

<210> SEQ ID NO 5 
<211> LENGTH, 27 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 5 

tctagaacta gtggatcccc gcggatg 

<210> SEQ ID NO 6 
<211> LENGTH, 27 
<212> TYPE, DNA 
<213> ORGANISM, Artificial sequence 
<220> FEATURE, 
<223> OTHER INFORMATION, Synthetic primer 

<400> SEQUENCE, 6 

gcagactagg tcgacaagct tgatatc 

28 

20 

20 

20 

20 

27 

27 



US 9,549,946 B2 
29 

What is claimed is: 
30 

ventilator-associated pneumonia, necrot1zmg enterocolitis, 
antibiotic-induced diarrhea, pseudomembranous colitis, irri­
table bowel disease, neutropenic enterocolitis, neonatal 
enterocolitis, pancreatitis, chronic fatigue syndrome, dys-

1. A method of treating a microbe-mediated disorder in an 
animal, the microbe selected from the group consisting of 
Escherichia coli , Clostridium, Pseudomonas aeruginosa, 
Enterobacteria cloacae, Serratia marcescens, Klebsiella 
oxytocia, Candida albicans, Candida globrata, and Bacillus 
anthracis, the method comprising: 

5 biosis syndrome, microscopic colitis, or a chronic urinary 
tract infection, the method comprising: 

administering to the animal a composition comprising 
polyethylene glycol (PEG), wherein the PEG has an 
average molecular weight of at least 12,000 daltons and 10 

comprises a plurality of PEG molecules joined with a 
phenol linker, wherein the administering is oral or anal. 

2. The method according to claim 1 wherein the PEG has 
an average molecular weight of at least 15,000 daltons. 

3. The method according to claim 1 wherein the PEG has 15 

an average molecular weight of between about 15,000 and 
20,000 daltons. 

4. The method according to claim 1 wherein the PEG is 
in an aqueous solution comprising 5-20% PEG. 

5. The method according to claim 4 wherein the aqueous 20 

solution comprises 10% PEG. 

administering to the animal a composition comprising 
polyethylene glycol (PEG), wherein the PEG has an 
average molecular weight of at least 12,000 daltons and 
comprises a plurality of PEG molecules joined with a 
phenol linker, wherein the administering is oral or anal. 

12. The method according to claim 11 wherein the PEG 
has an average molecular weight of at least 15,000daltons. 

13. The method according to claim 11 wherein the PEG 
has an average molecular weight of between about 15,000 
and 20,000 daltons. 

14. The method according to claim 11 wherein the PEG is 
in an aqueous solution comprising 5-20% PEG. 

15. The method according to claim 14 wherein the aque­
ous solution comprises 10% PEG. 

6. The method according to claim 1, wherein the compo­
sition further comprises a vehicle selected from the group 
consisting of a liquid solution, a topical gel, and a solution 
suitable for nebulizing. 

7. The method according to claim 1 further comprising 
introducing an effective amount of a compound selected 
from the group consisting of dextran, dextran-coated L-glu­
tamine and dextran-coated inulin into the intestine of the 
animal. 

16. The method according to claim 11, wherein the 
composition further comprises a vehicle selected from the 

25 
group consisting of a liquid solution, a topical gel, and a 
solution suitable for nebulizing. 

17. The method according to claim 11 further comprising 
introducing an effective amount of a compound selected 
from the group consisting of dextran, dextran-coated L-glu-

30 tamine and dextran-coated inulin into the intestine of the 

8. The method according to claim 1 further comprising 
introducing an effective amount of L-glutamine into the 
intestine of the animal. 

9. The method according to claim 1 wherein the animal is 
selected from the group consisting of dog, cat, sheep, goat, 35 

cow, pig, chicken, horse and human. 
10. The method according to claim 9 wherein the animal 

is human. 
11. A method of treating an animal suffering from gut­

derived sepsis, enteropathy, bum injury, severe neutropenia, 40 

swimmer's ear, acute otitis media, chronic otitis media, 

animal. 

18. The method according to claim 11 further comprising 
introducing an effective amount of L-glutamine into the 
intestine of the animal. 

19. The method according to claim 11 wherein the animal 
is selected from the group consisting of dog, cat, sheep, goat, 
cow, pig, chicken, horse and human. 

20. The method according to claim 19 wherein the animal 
is human. 

* * * * * 


