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METHODS FOR PREVENTING AND
TREATING RADIATION-INDUCED
EPITHELIAL DISORDERS

[0001] This invention was made with government support
under R0O1-GM62344 awarded by the National Institutes of
Health. The government has certain rights in the invention.

FIELD OF INVENTION

[0002] The present invention relates to materials and
methods for preventing or treating microbe-mediated epi-
thelial disorders, such as radiation-induced epithelial cell
disorders.

BACKGROUND

[0003] Microbe-mediated epithelial disorders, or abnor-
mal conditions, present a significant threat to the health of
man and animals, imposing a burden on healthcare systems
worldwide. One example of such disorders, gut-derived
sepsis, is a major cause of mortality among organisms, such
as human patients, that suffer from any of a variety of
diseases, disorders or afflictions, such as burn injuries,
neonatal enterocolitis, severe neutropenia, inflammatory
bowel disease, and organ rejection following transplanta-
tion. Additionally, gastrointestinal toxicity leading to sepsis
following abdominal radiation continues to pose a signifi-
cant health risk both from abdominal radiotherapy to treat
cancer and accidental exposure. The intestinal tract reservoir
has long been recognized to be a potentially lethal focus of
bacterial-mediated sepsis in, e.g., critically ill, hospitalized
patients. The ability of microbial pathogens such as the
Pseudomonads (e.g., Pseudomonas aeruginosa) to perturb
the regulatory function of the intestinal epithelial barrier
may be a defining characteristic among opportunistic organ-
isms 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 oppor-
tunistic pathogens such as P. aeruginosa.

[0004] Conventional therapeutic approaches to the pre-
vention or treatment of microbe-mediated epithelial disor-
ders such as gut-derived sepsis have met with incomplete
success. Antibiotic-based approaches are compromised by
the difficulty in tailoring antibiotics to the intestinal patho-
gen in a manner that does not impact the remaining intestinal
flora. In addition, many of the intestinal pathogens, as
typified by P. aeruginosa, often become resistant to antibi-
otic challenges, resulting in a costly, ongoing and incom-
pletely successful approach to prevention or treatment.
Problems also plague immunotherapeutic approaches. Par-
ticularly, many intestinal pathogens such as P. aeruginosa,
are immunoevasive, rendering such approaches minimally
effective.

[0005] Another approach to the prevention or treatment of
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 reports suggesting that PEG may show some
promise in treating gut-derived sepsis across a variety of
clinical and experimental circumstances. The PEG in these
solutions has an average molecular weight of 3,500 daltons
and the solutions are commercially available (e.g.,
Golytely). The mechanisms by which these relatively low
molecular weight (LMW) solutions of PEG provide a thera-
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peutic benefit in treating or preventing gut-derived sepsis is
unknown. Typically, 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 admin-
istering these LMW PEG solutions to the intestinal tract,
there is a variable change in the floral composition of the
treated intestine depending on the method of administration,
concentration, and the molecular weight of the compounds
used. For example, solutions having concentrations of PEG
higher than about 20% can result in a microbiocidal action
resulting in the elimination of potentially protective micro-
organisms in the intestinal tract of a stressed host. Also,
solutions of low molecular weight PEG can lose their
efficacy in attenuating the virulence capacity of certain
pathogenic organisms, despite preserving them. Therefore, a
need exists in the art for a solution that inhibits microbial
virulence expression (the harmful properties of a microbe)
while not killing the microbe or neighboring microbes,
thereby providing the benefit of preserving the natural
ecosystem of the intestinal microflora. For example, pres-
ervation of the native floral composition would provide
competition for opportunistic pathogens that might other-
wise colonize the intestine.

[0006] Concomitant with a change in floral composition is
a change in the physiology of the organism. These physi-
ological changes may be monitored by assaying any number
of characteristic enzymatic activities, such as lactate dehy-
drogenase levels. Consequently, LMW PEG treatments of
the intestine produce significant changes in the physiology
of'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
form of massive intestinal voiding in critically ill organisms
such as hospitalized human patients.

[0007] Another type of epithelial cell disorder, mediated in
part by microbes, is radiation-induced damage to epithelial
cells exposed to microbes, leading to inflammation, loss of
epithelial cell (e.g., intestinal) barrier function and bacterial
dissemination, in turn leading to severe and even lethal
sepsis. The mechanism by which radiation, e.g., abdominal
radiation, causes such effects on cells (e.g., epithelial cells)
is complex. Radiation has been shown to affect various
components of the local intestinal response to injury and
microbial invasion that includes rapid depletion of mucus,
immune impairment, oxidant-mediated epithelial cell injury,
and radiation-induced epithelial cell apoptosis. In addition,
radiation exposure itself causes a major shift in the intestinal
microflora whereby radiation effects directly destroy large
densities of probiotic bacteria that play a key role in main-
taining normal function of the intestinal immune system and
colonization resistance to transient microbes. The results of
the effects of radiation on the intestinal epithelium, its
overlying mucus layer, its underlying immune repertoire,
and its response in the context of a shifting microbial flora,
illustrate a need for a multi-pronged approach to treat and/or
prevent radiation-induced loss of epithelial cell barrier func-
tion and bacterial dissemination. Although recent reports
have provided striking evidence that radiation-induced
intestinal injury and subsequent mortality can be prevented
by epithelial toll receptor activation, these promising results
in animals do not take into account the common observation
that in patients, fatal bacteremias are often caused by viru-
lent and resistant nosocomial pathogens such as Pseudomo-
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nas aeruginosa. Pseudomonas aeruginosa is the most com-
mon pathogen to cause fatal gut-derived sepsis after bone
marrow transplantation, radiation induced enteritis, and che-
motherapy. The antibiotic resistance profile of this immu-
noelusive pathogen makes it particularly problematic in
these clinical circumstances. Patients, in contrast to labora-
tory animals, become rapidly colonized with P. aeruginosa
due to antibiotic selection and cross contamination. In
hospitalized patients, the intestinal tract is the primary site of
colonization of P. aeruginosa where as many as 50% of
patients’ feces are culture-positive within five days of hos-
pitalization and antibiotic exposure. As a consequence,
strategies to limit the intestinal damage from radiation in
terms of loss of epithelial barrier function and fatal gut-
derived sepsis need to consider that the shift in the human
microflora in these clinical situations differs substantially
from that of laboratory animals.

[0008] 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
a symptom associated with such a disorder, along with
methods for achieving such benefits, without creating the
potential for further complications through significant
alteration of the physiology of the treated organism.

SUMMARY OF THE INVENTION

[0009] The present invention satisfies at least one of the
aforementioned needs in the art by providing a high molecu-
lar weight (HMW) polyethylene glycol composition that
provides effective protection to irradiated cells, tissues and
organisms against the deleterious effect of a microbial
pathogen. Also provided are uses of the HMW polyethylene
glycol (HMW PEG) in the preparation of medicaments for
the methods disclosed herein. Exemplary microbial patho-
gens are bacterial pathogens such as Pseudomonas aerugi-
nosa. The HMW PEG inhibits or prevents contact of such
pathogens as P. aeruginosa with an epithelial surface, such
as an intestinal epithelial surface. In addition, high molecu-
lar weight PEG suppresses virulence expression in these
pathogens (e.g., P. aeruginosa) responsive to a variety of
signals that involve quorum sensing signaling networks.
Further, HMW PEGs interact with lipid rafts in the mem-
branes of epithelial cells and alter apoptotic signaling path-
ways within the cells in a protective manner. The ability of
HMW PEGs to interdict at the infectious interface between
the microbial pathogen and the host epithelium provides an
approach to ameliorating or eliminating untoward conse-
quences of radiotherapy. 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 as agriculturally significant livestock (e.g.,
cattle, pigs, sheep, goats, horses, chickens, turkeys, ducks,
geese, and the like), pets, and zoo animals.

[0010] One aspect of the invention provides a method for
treating a mammalian epithelial cell exposed to radiation
comprising administering a therapeutically effective amount
of a high molecular weight polyethylene glycol (HMW
PEG) compound to the mammalian epithelial cell. In some
embodiments of the method, the mammalian epithelial cell
is further exposed to an intestinal pathogen, such as a
Pseudomonad (e.g., Pseudomonas aeruginosa). In the
method, the HMW PEG compound may have an average
molecular weight selected from the group consisting of at
least 1,000 daltons, at least 5,000 daltons, at least 8,000
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daltons, at least 12,000 daltons and at least 15,000 daltons.
A variety of structures of HMW PEG meeting the minimum
average molecular weight criterion set forth above are
contemplated, including a HMW PEG compound that com-
prises at least two hydrocarbon chains attached to a hydro-
phobic core, wherein each hydrocarbon chain has an average
molecular weight of at least 40 percent of the HMW PEG
compound, and wherein the hydrophobic core comprises a
ring structure. The method comprehends conditions wherein
the HMW PEG is administered within a relatively short time
frame after irradiation, and specifically comprehends admin-
istration of HMW PEG within five minutes of exposing the
cell to radiation.

[0011] Another aspect according to the disclosure is a
method of treating a microbial pathogen-induced disorder of
an irradiated mammalian epithelial cell comprising admin-
istering a therapeutically effective amount of a high molecu-
lar weight polyethylene glycol (HMW PEG) compound to a
mammalian epithelial cell exposed to radiation. A therapeu-
tically effective amount of HMW PEG will vary depending
on known variables such as the age, weight, general health
of the patient or animal subject, and a therapeutically
effective amount is readily determinable using routine pro-
cedures, as would be known in the art. In some embodiments
of the method, the HMW PEG is administered prior to
irradiation of the mammalian epithelial cell. The method
comprehends the administration of HMW PEGs having the
above-defined minimal average molecular weights, and
comprehends an embodiment in which the HMW PEG
having at least two hydrocarbon chains and a hydrophobic
core, as described above, is administered. The method
specifically comprehends treatment wherein the microbial
pathogen is Pseudomonas aeruginosa.

[0012] Another aspect of the invention is a method of
treating a mammalian epithelial cell with radiotherapy com-
prising administering a therapeutically effective combina-
tion of radiation and a high molecular weight polyethylene
glycol (HMW PEG) compound. As in other aspects accord-
ing to the disclosure, the HMW PEG may have an average
molecular weight selected from the group consisting of at
least 1,000 daltons, at least 5,000 daltons, at least 8,000
daltons, at least 12,000 daltons and at least 15,000 daltons.
In some embodiments, the radiation is selected from the
group consisting of gamma radiation and X-ray radiation.

[0013] Yet another aspect according to the disclosure is a
method of protecting a mammalian epithelial cell from
radiation-induced damage, comprising administering a pro-
phylactically effective amount of a high molecular weight
polyethylene glycol (HMW PEG) compound to an epithelial
cell at risk of radiation-induced damage. Again, the HMW
PEG compound may have an average molecular weight
selected from the group consisting of at least 1,000 daltons,
at least 5,000 daltons, at least 8,000 daltons, at least 12,000
daltons and at least 15,000 daltons.

[0014] Still another aspect is a method of protecting an
irradiated mammalian epithelial cell from microbial patho-
gen-induced damage comprising administering a therapeu-
tically effective amount of a high molecular weight poly-
ethylene glycol (HMW PEG) compound to an irradiated
mammalian epithelial cell. The HMW PEG compound may
have an average molecular weight selected from the group
consisting of at least 1,000 daltons, at least 5,000 daltons, at
least 8,000 daltons, at least 12,000 daltons and at least
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15,000 daltons. In some embodiments, the microbial patho-
gen is Pseudomonas aeruginosa.

[0015] Yet another aspect is drawn to a method of pre-
venting sepsis in a mammal having abdominal radiation
comprising administering a therapeutically effective amount
of a high molecular weight polyethylene glycol (HMW
PEG) compound to the abdominal region of the mammal. In
some embodiments, the HMW PEG is administered prior to
irradiation of the abdominal region; in other embodiments,
the HMW PEG is administered following irradiation. In
some embodiments, the HMW PEG is administered con-
tinuously or in a plurality of batches for at least forty-eight
hours.

[0016] In each of the foregoing aspects according to the
disclosure, the HMW PEG may be administered by any
route known in the art, such as a route selected from the
group consisting of topical administration, enteric adminis-
tration and parenteric administration. More particularly, any
of the foregoing methods may involve HMW PEG admin-
istration epicutaneously, inhalationally, intranasally, by eye
drops, by ear drops, orally, by gastric feeding tube, by
duodenal feeding tube, by gastrostomy, by enema, by sup-
pository, by gastric lavage, by pulmonary lavage, by colonic
lavage, by subpalpebral lavage, intravenously, intraarteri-
ally, intramuscularly, subcutaneously, by osseous infusion,
intrathecally, intradermally, transdermally, transmucosally,
by insufflation, or intravitreally. Also in each of the forego-
ing aspects according to the disclosure, the HMW PEG may
have at least two hydrocarbon chains wherein each chain has
an average molecular weight of at least 40 percent of the
HMW PEG compound, and a hydrophobic core, wherein the
hydrophobic core may include one or more aromatic or
non-aromatic rings.

[0017] Other features and advantages of the present inven-
tion will be better understood by reference to the following
detailed description, including the drawing and the
examples.

BRIEF DESCRIPTION OF THE DRAWING

[0018] FIG. 1A is a graph illustrating a statistically sig-
nificant protective effect of PEG 15-20 as determined by the
Fisher Exact Test (P<0.001). This graph provides mortality
rates in mice at 48 hours subjected to either sham lapa-
rotomy or 30% surgical hepatectomy followed by direct
injection of P. aeruginosa PA27853 into the cecum. Mice
underwent a 30% bloodless left lobe hepatectomy immedi-
ately followed by direct cecal injection of 1x107 cfu/ml of
PA27853. Each group contained 7 mice. Control mice
underwent sham laparotomy followed by injection of equal
amounts of PA27853 into the cecum. For mice in the PEG
groups, 1x107 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.

[0019] FIG. 1B is a graph illustrating the dose response
curves for PEG 15-20 for the groups described in FIG. 1a.
The minimum protective concentration of PEG 15-20 was
determined to be 5% (P<0.05).

[0020] FIG. 1C is a graph illustrating quantitative bacterial
cultures of cecal contents (feces), washed cecal mucosa,
liver, and blood 24 hours following 30% surgical hepatec-
tomy and direct cecal injection of 1x10” cfi/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
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significant decrease (P<0.05) in the liver and blood bacterial
counts was observed for PEG 3350, while PEG 15-20
completely prevented PA27853 from disseminating to the
liver and blood of mice.

[0021] FIG. 2A is a graph illustrating the protective effect
of PEG 15-20 against PA27853-induced epithelial barrier
dysfunction as assessed by transepithelial electrical resis-
tance (TEER). The data represent the mean+SEM % maxi-
mal fall in TEER from baseline of triplicate cultures (n=7)
observed during 8 hours of apical exposure to 1x107 cfu/ml
of PA27853. A statistically significant decrease in TEER was
demonstrated (one-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 dem-
onstrated for PEG 15-20 (P<0.001).

[0022] FIG. 2B is an image of Caco-2 cells in the presence
of PEG 3.35 and apical exposure to PA27853. Images taken
after 4 hours of co-culture demonstrated loss of monolayer
integrity with cells floating 30-40 microns above the cell
scaffolds and displaying adherence of PA27853 to cell
membranes.

[0023] FIG. 2C is an image of Caco-2 cells apically
exposed to PA27853 after 4 hours in the presence of PEG
15-20 showing no evidence of floating cells in any of the
planes examined.

[0024] FIG. 3A is a Western blot analysis illustrating the
inhibitory effect of PEGs on PA-I expression in PA27853.
Exposure of PA27853 to 1 mM of the quorum-sensing
signaling molecule C4-HSL resulted in a statistically sig-
nificant increase (P<0.001 one-way ANOVA) in PA-I pro-
tein expression that was partially inhibited in the presence of
10% PEG 3.35 and significantly more inhibited with 10%
PEG 15-20. As shown in the graph being pointed at by the
arrow, the minimum inhibitory concentration of PEG 15-20
on C4-HSL induced PA-I expression was 5% (P<0.01).

[0025] FIG. 3B is an image illustrating electron micros-
copy of individual bacteria cells exposed to C4-HSL in the
presence and absence of PEGs, and demonstrating that
C4-HSL caused a morphological change in the shape and
pili expression of P. aeruginosa. The C4-HSL-induced mor-
phological effect was completely eliminated in the presence
of PEG 15-20, but not PEG 3.35. A halo-type effect can be
seen surrounding PA27853 exposed to PEG 15-20.

[0026] FIG. 3C is a graph illustrating Northern hybridiza-
tion. 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 was greatly inhib-
ited with 10% PEG 15-20.

[0027] FIG. 3D is a graph illustrating that the increase in
PA-I mRNA levels 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).

[0028] FIG. 4A is an image showing the effect of PEG
solutions on bacterial membrane integrity and growth pat-
terns of PA27853. The effect of the two PEG solutions on
bacterial membrane integrity was assessed by a staining
method consisting of SYTO 9 and propidium iodide. Neither
PEG solution had any effect on bacterial membrane perme-
ability.

[0029] FIG. 4B is a graph illustrating PA27853 growth
patterns which appeared identical in the two PEG solutions
relative to the PEG-free TSB medium (control).
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[0030] FIG. 5A is an Atomic Force Microscopy (AFM)
image of Caco-2 cells and bacterial cells exposed to PEGs.
This figure provides AFM images of Caco-2 cells in the
presence of medium alone

[0031] FIG. 5B is an Atomic Force Microscopy (AFM)
image of Caco-2 cells and bacterial cells exposed to PEGs.
This figure provides AFM images of medium with PEG
3.35. PEG 3.35 was seen to form a smooth carpet over the
Caco-2 cells.

[0032] FIG. 5C is an Atomic Force Microscopy (AFM)
image of Caco-2 cells and bacterial cells exposed to PEGs.
This figure provides AFM images of medium with PEG
15-20. PEG 15-20 formed a more topographically defined
covering than in FIG. 5B.

[0033] FIG. 5D is an AFM image of PA27853 in PEG
3.35. PEG 3.35 formed a smooth envelope around individual
bacterial cells.

[0034] FIG. 5E is an AFM image of PA27853 in PEG
15-20. PEG 15-20 not only tightly hugged the individual
cells, but also increased the polymer/bacterial diameter,
thereby distancing individual bacteria from one another.
[0035] FIG. 5F is an AFM image of PA27853 in PEG
15-20. PEG 15-20 not only tightly hugged the individual
cells, but also increased the polymer/bacterial diameter,
thereby distancing individual bacteria from one another.
[0036] FIG. 5G is an AFM image and graph illustrating
PA27853 in PEG 15-20. PEG 15-20 not only tightly hugged
the individual cells, but also increased the polymer/bacterial
diameter, thereby distancing individual bacteria from one
another.

[0037] FIG. 5H is a graph illustrating PA27853 in no PEG,
PEG 3.35, and PEG 15-20. PEG 15-20.

[0038] FIG. 6A, is a DIC image illustrating uniformly
dispersed planktonic P. aeruginosa cells in the medium
without Caco-2 cells. This image shows the effect of PEG
solution on the dispersion/clumping pattern of PA27853.
The dispersion pattern of bacterial cells in dTC3 dishes was
observed directly with an Axiovert 100 TV fluorescence
inverted microscope using DIC and GFP fluorescence filter,
at an objective magnification of 63x. Temperature was
adjusted with a Bioptechs thermostat temperature control
system. Tungsten lamps (100 V) were used for both DIC and
the GFP excitation.

[0039] FIG. 6A, is a Z plane reconstruction illustrating
uniformly dispersed planktonic P. aeruginosa cells in the
medium without Caco-2 cells. 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.

[0040] FIG. 6B, is a DIC image illustrating uniformly
dispersed planktonic P. aeruginosa cells in the medium
without Caco-2 cells. In the presence of Caco-2 cells,
bacterial cells developed a clumped appearance.

[0041] FIG. 6B, is a Z plane reconstruction illustrating
uniformly dispersed planktonic P. aeruginosa cells in the
medium without Caco-2 cells. In the presence of Caco-2
cells, bacterial cells were seen adherent to the Caco-2 cells.
[0042] FIG. 6C, is a DIC image illustrating 10% PEG 3.35
decreased the motility of bacteria and induced immediate
formation of mushroom-shaped bacterial microcolonies.
[0043] FIG. 6C, is a Z plane reconstruction illustrating
10% PEG 3.35 induced bacterial microcolonies to adhere to
the bottom of the well.
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[0044] FIG. 6D, is an image illustrating that in the pres-
ence of Caco-2 cells, bacterial microcolonies were on the
order of 8 microns above the plane of the epithelial cells.
[0045] FIG. 6D, is another image illustrating that in the
presence of Caco-2 cells, bacterial microcolonies were on
the order of 8 microns above the plane of the epithelial cells.
[0046] FIG. 6E, is an image illustrating that 10% PEG
15-20 greatly diminished the motility of P. aeruginosa cells.
Nevertheless, for the first 0.5-1 hours of incubation in PEG
15-20-containing medium, bacterial cells formed spider-
shaped microcolonies that were close to the bottom of the
well.

[0047] FIG. 6E, is another image illustrating that 10%
PEG 15-20 greatly diminished the motility of P. aeruginosa
cells. Nevertheless, for the first 0.5-1 hours of incubation in
PEG 15-20-containing medium, bacterial cells formed spi-
der-shaped microcolonies that were close to the bottom of
the well. Within several hours, spider leg-shaped microcolo-
nies occupied the entire space/volume of the medium (not
shown).

[0048] FIG. 6F, is an image illustrating that in the pres-
ence of Caco-2 cells, P. aeruginosa cells lost the spider-like
configuration and were seen elevated high above the plane
of the epithelium (30-40 microns).

[0049] FIG. 6F, is another image illustrating that in the
presence of Caco-2 cells, P. aeruginosa cells lost the spider-
like configuration and were seen elevated high above the
plane of the epithelium (30-40 microns).

[0050] FIG. 7A illustrates the experimental design and
time course of protocol that demonstrated that PEG 15-20
significantly decreased radiation-induced gut-derived sepsis
in mice.

[0051] FIG. 7B is a graph illustrating Kaplan-Mayer sur-
vival curves demonstrating the protective effect of oral PEG
15-20 (p<0.001) n=10/group.

[0052] FIG. 8A reveals the distribution and retention of
PEG 15-20 in the mouse intestine using Xenogen IVIS 200
images of live mice drinking (i) 5% dextrose or (ii) 5%
dextrose plus 1% fluorescein-labeled PEG; Xenogen images
of expelled feces mice drinking (iii) 5% dextrose versus (iv)
5% dextrose+1% fluorescein-labeled PEG.

[0053] FIG. 8B reveals the distribution and retention of
PEG 15-20 in the mouse intestine using fluorescent micros-
copy of cecum and ascending colon in mice drinking 5%
dextrose (control) or 5% dextrose plus 1% fluorescein-
labeled PEG (FI-PEG) (SZX16 Olympus stereomicro-
scope).

[0054] FIG. 8C reveals the distribution and retention of
PEG 15-20 in the mouse intestine using Atomic force
microscopy (AFM) images of midgut segments of intestine
of mice drinking 5% dextrose (i) versus 5% dextrose+1%
PEG 15-20 (ii).

[0055] FIG. 8D reveals AFM height deflection measure-
ments between groups n=3, *p<0.05.

[0056] FIG. 9A illustrates the experimental protocol for
cell analysis showing that PEG 15-20 attenuates radiation-
induced apoptosis in cultured intestinal epithelial cells and
mouse epithelium.

[0057] FIG. 9B is a graph providing the results of cyto-
plasmic histone-associated DNA fragment cell death ELISA
in IEC-18 cells between groups ((n=5/group, *p<0.005).
[0058] FIG. 9C are images illustrating nuclear DNA frag-
mentation in IEC-18 cells detected by TUNEL assay: (i)
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control cells; (i) cells treated with PEG 15-20 only; (iii)
radiated cells, 5 Gy; (iv) radiated cells with 1 hour pre-
treatment with k% PEG.

[0059] FIG. 9D are images of TUNEL assay of intestinal
epithelial cross-sections from (i) control mice, (ii) irradiated
mice drinking 5% dextrose, and (iii) mice irradiated with 13
Gy and drinking 5% dextrose+1% PEG 15-20. White arrows
show nuclear DNA fragmentation in crypt cells.

[0060] FIG. 10A is a graph depicting p53 expression in
IEC-18 cells and in mouse intestine using immunoblotting
of IEC-18 cells using anti-p53 antibodies and anti-actin
antibody (values are mean+SD n=3, tp<0.005, *p<0.01).
[0061] FIG. 10B is a graph illustrating mean values of the
ratio of p53-to-nuclear staining between treatment groups
(meanzSD, n=10, *p<0.05).

[0062] FIG. 10C provides representative images of
method of evaluation of p53 in cross-sections from control
mice.

[0063] FIG. 10D provides representative images of
method of evaluation of p53 in cross-sections from radiated
mice.

[0064] FIG. 10E provides representative images of
method of evaluation of p53 in cross-sections from radiated
mice drinking PEG.

[0065] FIG. 11A shows p21 expression in IEC-18 cells
and in intestinal epithelium in mice using immunoblotting of
IEC-18 cells using anti-p21 antibodies and anti-actin anti-
body (values are mean+SD n=3, tp<0.005, *p<0.01).
[0066] FIG. 11B illustrates mean values of the ratio of
p21-to-nuclear staining between treatment groups
(meanzSD, n=10, *p<0.05).

[0067] FIG. 11C provides representative images of
method of evaluation of p21 in cross-sections from control
mice.

[0068] FIG. 11D provides representative images of
method of evaluation of p21 in cross-sections from radiated
mice.

[0069] FIG.11E provides representative images of method
of evaluation of p21 in cross-sections from radiated mice
drinking PEG.

[0070] FIG. 12A is a set of Z-plane reconstructions of
multiple stacked images of P. aeruginosa PAO1/EGFP dem-
onstrating the spatial orientation of P. aeruginosa in relation
to the IEC-18 cell surface of (i) non-irradiated cells, (ii) 5 Gy
irradiated cells, and (iii) 5 Gy irradiated cells pre-treated
with PEG 15-20. These illustrate the effect of PEG 15-20 on
P. aeruginosa adherence to cultured intestinal epithelial cells
and virulence as judged by expression of the epithelial
barrier-disrupting protein PA-I lectin/adhesin.

[0071] FIG. 12B is a graph illustrating the expression of
the PA-I lectin/adhesin in P. aeruginosa PAO1/lecA::lux as
measured by luminescence during direct contact of bacteria
with IEC-18 cells. These illustrate the effect of PEG 15-20
on P. aeruginosa adherence to cultured intestinal epithelial
cells and virulence as judged by expression of the epithelial
barrier-disrupting protein PA-I lectin/adhesin.

[0072] FIG. 12C is a graph illustrating the expression of
PA-1 lectin/adhesin in P. aeruginosa PAO1/lecA::lux
exposed to conditioned media collected from IEC-18 cells
following various treatments. These illustrate the effect of
PEG 15-20 on P, aeruginosa adherence to cultured intestinal
epithelial cells and virulence as judged by expression of the
epithelial barrier-disrupting protein PA-I lectin/adhesin.

Jan. 16, 2020

[0073] FIG. 13 illustrates the effect of PEG 15-20 on
intestinal epithelial cell monolayer repair. Mechanically
damaged IEC-18 monolayers (see Example 10) were treated
with k% PEG 15-20 (PEG), 50 ng/ml Epidermal Growth
Factor (EGF), or a combination of both (PEG+EGF) for 24
hours or treated for 2 minutes, washed, then incubated
without treatment for 24 hours (PEG 2 minutes, EGF 2
minutes and PEG+EGF 2 minutes) before monolayer repair
was measured.

DETAILED DESCRIPTION OF INVENTION

[0074] The invention provides products and methods that
collectively present simple and economical approaches to
the treatment and/or prevention of a variety of radiation-
induced microbe-mediated epithelial disorders, i.e., abnor-
mal conditions and diseases, 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., epithe-
lial disorders and diseases, including gut-derived sepsis, can
be treated with minimal cost and minimal training of prac-
titioners. Without wishing to be bound by theory, the ben-
efits provided by the invention are consistent with the
principle that microbe-mediated epithelial disorders can be
successfully prevented, ameliorated or treated by facilitating
an environment conducive to 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.
[0075] An “abnormal condition” is broadly defined to
include mammalian diseases, mammalian disorders and any
abnormal state of mammalian health that is characterized by
an epithelial surface at risk of developing a microbial-
mediated disorder. The abnormal conditions characterized
by an epithelial surface at risk of developing a microbial-
mediated disorder include conditions in which the epithelial
surface has developed a microbial-mediated disorder. Exem-
plary conditions include human diseases and human disor-
ders requiring, or resulting from, medical intervention, such
as a burn injury, neonatal enterocolitis, severe neutropenia,
inflammatory bowel disease, enteropathy (e.g., of the criti-
cally ill), transplant (e.g., organ) rejection, and gastrointes-
tinal toxicity leading to sepsis following abdominal radia-
tion.

[0076] “Burn injury” means damage to mammalian tissue
resulting from exposure of the tissue to heat, for example in
the form of an open flame, steam, hot fluid, and a hot surface.
[0077] “Severe neutropenia” is given its ordinary and
accustomed meaning of a marked decrease in the number of
circulating neutrophils.

[0078] “Transplant rejection” refers to any development of
transplanted material (e.g., an organ) recognized as being
associated with ultimate rejection of that material by the host
organism.

[0079] “Administering” is given its ordinary and accus-
tomed meaning of delivery by any suitable means recog-
nized in the art. Exemplary forms of administering include
oral delivery, anal delivery, direct puncture or injection,
topical application, and spray (e.g., nebulizing spray), gel or
fluid application to an eye, ear, nose, mouth, anus or urethral
opening.

[0080] An “effective dose” is that amount of a substance
that provides a beneficial effect on the organism receiving
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the dose and may vary depending upon the purpose of
administering the dose, the size and condition of the organ-
ism receiving the dose, and other variables recognized in the
art as relevant to a determination of an effective dose. The
process of determining an effective dose involves routine
optimization procedures that are within the skill in the art.
[0081] 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.

[0082] 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 organ-
ism 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.

[0083] “Average molecular weight” is given its ordinary
and accustomed meaning of the arithmetic mean of the
molecular weights of the components (e.g., molecules) of a
composition, regardless of the accuracy of the determination
of that mean. For example, polyethylene glycol, or PEG,
having an average molecular weight of 3.5 kilodaltons may
contain PEG molecules of varying molecular weight, pro-
vided that the arithmetic mean of those molecular weights is
determined to be 3.5 kilodaltons at some level of accuracy,
which may reflect an estimate of the arithmetic mean, as
would be understood in the art. Analogously, PEG 15-20
means PEG whose molecular weights yield an arithmetic
mean between 15 and 20 kilodaltons, with that arithmetic
mean subject to the caveats noted above. These PEG mol-
ecules include, but are not limited to, simple PEG polymers.
For example, a plurality of relatively smaller PEG molecules
(e.g., 7,000 to 10,000 daltons) may be joined, optionally
with a linker molecule such as a phenol, into a single
molecule having a higher average molecular weight (e.g.,
15,000 to 20,000 daltons).

[0084] “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 understood in the art.

[0085] “Detectably altered” is given its ordinary and
accustomed meaning of a change that is perceivable using
detection means suitable under the circumstances, as would
be understood in the art.

[0086] “Growth pattern” refers collectively to the values
of those properties of a cell, or group of cells (e.g., a
population of cells), that are recognized in the art as char-
acterizing cell growth, such as the generation or doubling
time of the cell, the appearance of topography of a nascent
group of cells, and other variables recognized in the art as
contributing to an understanding of the growth pattern of a
cell or group of cells.

[0087] “Inhibiting” is given its ordinary and accustomed
meaning of inhibiting, reducing or preventing. For example,
inhibiting morphological change means that morphological
change is made more difficult or prevented entirely.

[0088] “PA-I, or PA-I lectin/adhesin, expression” means
the production or generation of an activity characteristic of
PA-I lectin/adhesin. Typically, PA-I lectin/adhesin expres-
sion involves translation of a PA-I lectin/adhesin-encoding
mRNA to yield a PA-I lectin/adhesin polypeptide having at
least one activity characteristic of PA-I lectin/adhesin.
Optionally, PA-I lectin/adhesin expression further includes
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transcription of a PA-I lectin/adhesin-encoding DNA to
yield the aforementioned mRNA.

[0089] “Epithelium-induced activation” refers to an
increase in the activity of a given target (e.g., PA-I lectin/
adhesin) through direct or indirect influence of an epithelial
cell. In the context of the present invention, for example,
epithelium-induced activation of PA-I lectin/adhesin refers
to an increase in that polypeptide’s activity or expression
attributable to the indirect influence of an epithelium mani-
fested through the direct contact of an epithelial cell or cells
with an intestinal pathogen.

[0090] “Morphological change” is given its ordinary and
accustomed meaning of an alteration in form.

[0091] “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
bacilli such as the Pseudomonads (e.g., Pseudomonas
aeruginosa).

[0092] “Ameliorating” means reducing the degree or
severity of, consistent with its ordinary and accustomed
meaning.

[0093] “Pathogenic quorum” means aggregation or asso-
ciation 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.

[0094] “Interaction” is given its ordinary and accustomed
meaning of interplay, as in the interplay between or among
two or more biological products, such as molecules, cells,
and the like.

[0095] “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 assess-
ing the status of tight junctions between epithelial cells in an
epithelial tissue.

[0096] “Adherence” is given its ordinary and accustomed
meaning of physically associating for longer than a transient
period of time.

[0097] “Topographically asymmetrical” refers to an
image, map or other representation of the surface of a
three-dimensional object (e.g., a cell) that is not symmetri-
cal.

[0098] “Atomic force microscopy,” also known as scan-
ning force microscopy, is a technique for acquiring a high-
resolution topographical image of a substance by having a
cantilevered probe traverse the surface of a sample in a raster
scan and using highly sensitive means for detecting probe
deflections, as would be understood in the art.

[0099] “Pharmaceutical composition” means a formula-
tion 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).

[0100] “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 or
enhance the immunogenicity of a co-administered immuno-
gen. A carrier is one or more substances that facilitate the
manipulation, such as by translocation of a substance being
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carried. A diluent is one or more substances that reduce the
concentration of, or dilute, a given substance exposed to the
diluent.

[0101] “HMW PEG” refers to relatively high molecular
weight PEG defined as having an average molecular weight
greater than 3.5 kilodaltons. Preferably, HMW PEG has an
average molecular weight greater than 1 kilodalton and, in
particular embodiments, HMW PEG has an average molecu-
lar weight that is at least 5 kilodaltons, at least 8 kilodaltons,
at least 12 kilodaltons, at least 15 kilodaltons, and between
15 and 20 kilodaltons. In one embodiment, the HMW PEG
has at least two hydrocarbon chains, with each chain having
an average molecular weight of at least 40 percent of the
HMW PEG and a hydrophobic core with that core having a
ring structure, such as 1-4 rings with each ring having 5 or
6 ring carbons and including, but not being limited to,
aromatic rings.

[0102] Additionally, “HMW PEG” compounds include
HMW PEG derivatives wherein each such derivative com-
pound contains an HMW PEG compound as a moiety to
which is attached at least one additional functional group.
Thus, “HMW PEG” compounds include underivatized
HMW PEG compounds and HMW PEG derivative com-
pounds. Preferred HMW PEG derivatives are cationic poly-
mers. This definition of an “HMW PEG” compound avoids
the confusion in characterizing molecules such as the mol-
ecule of the preferred embodiment disclosed in the preced-
ing paragraph, wherein an “HMW PEG” compound com-
prising at least two hydrocarbon chains and a hydrophobic
core can be termed an HMW PEG compound or an HMW
PEG derivative compound depending on one’s perspective.
As defined herein, such a molecule is an HMW PEG
compound, regardless of whether it is regarded as deriva-
tized or not. Exemplary functional groups include any of the
alkoxy series, preferably C1-C10, any of the aryloxy series,
phenyl and substituted phenyl groups. Such functional
groups may be attached at any point to an HMW PEG
molecule, including at either terminus or in the middle; also
included are functional groups, e.g., phenyl and its substitu-
ents, that serve to link to smaller PEG molecules or deriva-
tive thereof into a single HMW PEG-like compound. Fur-
ther, the HMW PEG-like molecules having an additional
functional group may have one such group or more than one
such group; each molecule may also have a mixture of
additional functional groups, provided such molecules are
useful in stabilizing at least one therapeutic during delivery
thereof or in treating, ameliorating or preventing a disease,
disorder or condition of an epithelial cell.

[0103] The following examples illustrate embodiments of
the invention. Example 1 describes the protection against
gut-derived sepsis provided to hepatectomized mice by high
molecular weight PEG. Example 2 discloses how HMW
PEG prevents pathogen adherence to intestinal epithelial
cells. Example 3 reveals how HMW PEG inhibits 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 of HMW 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 provides methods of protecting irradiated cells
from radiation-induced damage and/or from microbial
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pathogens. Example 9 discloses methods for monitoring
administration 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

[0104] 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 ul of 107 cfu/ml of Pseudomonas aeruginosa PA27853
was injected into the base of the cecum by direct needle
puncture diluted in either saline, PEG 3.350 or PEG 15-20
(PEGs). The relatively low molecular weight PEGs are
commercially available; PEG 15-20, having an average
molecular weight of 15,000 to 20,000 daltons, is a combi-
nation of PEG 7-8 and PEG 8-10 covalently joined to a
bis-phenol core. The PEG 7-8 has an average molecular
weight of 7,000 to 8,000 daltons and the PEG 8-10 has an
average molecular weight of 8,000 to 10,000 daltons. One of
skill in the art will realize that HMW PEGs include com-
pounds having any of a variety of PEG subunits with each
subunit having any of a variety of average molecular
weights joined, preferably covalently, to each other or to one
or more linker molecules, which are relatively small mol-
ecules having functional groups suitable for joinder of PEG
molecules. Suitable linkers substantially preserve the bio-
logical activity of HMW PEG (preservation of sufficient
biological activity to realize a beneficial prophylactic or
therapeutic effect as disclosed herein).

[0105] Inorderto provide a constant source of PEG for the
48-hour duration of the experiment, the needle was directed
into the small bowel (ileum) and 1 ml of saline, PEG 3.35
or PEG 15-20 was injected retrograde into the proximal
bowel. The puncture site was tied off with a silk suture and
the cecum swabbed with alcohol. Mice were returned to
their cages and were given H,O only for the next 48 hours.
[0106] 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). ¢. Quanti-
tative bacterial cultures of cecal contents (feces), washed
cecal mucosa, liver, and blood 24 hours following 30%
surgical hepatectomy and direct cecal injection of 1x107
cfu/ml of PA27853. One-way ANOVA demonstrated a sta-
tistically significant increase in bacterial counts in cecal
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
disseminating to the liver and blood of mice.

[0107] Pseudomonas aeruginosa strain ATCC 27853
(PA27853) is a non-mucoid clinical isolate from a blood
culture. Direct cecal injection of strain PA27853 in mice
previously subjected to a 30% bloodless surgical hepatec-
tomy resulted in a state of clinical sepsis and no survivors at
48 hours. Mice subjected to sham laparotomy without hepa-
tectomy (controls), who are similarly injected with P,
aeruginosa, survive completely without any clinical signs of
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sepsis (FIG. 1a). To determine the ability of PEG solutions
to prevent or lower mortality in this model, 200 ul of
PA27853 at a concentration of 1x107 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, 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 protective. In fact, PEG 15-20 had a
statistically significant protective effect, as determined by
the Fisher Exact Test (P<0.001). Dose-response experiments
demonstrated a 5% solution to be the minimal concentration
of PEG 15-20 that was completely protective (P<0.05; see
FIG. 15), although one of skill in the art will recognize that
HMW PEG solutions of less than 5% would be expected to
provide some protection and, thus, fall within the scope of
the present invention. With respect to bacterial counts in the
experimental and control mice, a one-way analysis of vari-
ance (ANOVA) demonstrated a statistically significant
increase in bacterial counts in the cecal contents, mucosa,
liver, and blood in mice following hepatectomy (P<0.001).
A significant decrease (P<0.05) in the liver and blood
bacterial counts was observed for PEG 3.35, while PEG
15-20 completely prevented PA27853 from disseminating to
the liver and blood of mice. PEG 15-20 completely inhibited
the dissemination of intestinal PA27853 to the liver and
bloodstream (FIG. 1¢). The data indicate that the action of
PEG solutions involves mechanisms that are non-microbio-
cidal. Given at PEG concentrations non-toxic to mammalian
cells (i.e. about 10%), no effect on bacterial growth patterns
can be demonstrated.

[0108] The example demonstrates that HMW PEG
reduces the mortality rate attributable to gut-derived sepsis
in mice subjected to surgical intervention in the form of a
partial hepatectomy. This mouse model indicates that HMW
PEG therapy is useful in reducing the mortality rate of an
animal species (i.e., reducing the likelihood of mortality in
any given organism), such as a mammal, like man, subjected
to a physiological stress such as invasive surgery (e.g.,
partial hepatectomy). It is expected that HMW PEG therapy
will be effective in methods of preventing death or serious
illness associated with sepsis when implemented following
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

[0109] Tight junctions are dynamic elements of the epi-
thelial cell cytoskeleton that play a key role in the barrier
function of the mammalian intestinal tract. P. aeruginosa
results in a profound alteration in tight junctional perme-
ability as measured by the transepithelial electrical resis-
tance (TEER) of both Caco-2 cells and T-84 cells. Caco-2

Jan. 16, 2020

cells are well-characterized human colon epithelial cells that
maintain a stable TEER in culture, and this cell line provides
a recognized in vitro model of the in vivo behavior of
intestinal pathogens. To determine the protective effect of
PEG on P. aeruginosa PA27853-induced decreases in TEER
of cultured Caco-2 monolayers, 1x107 cfu/ml of PA27853
was apically inoculated onto two Caco-2 cell monolayers in
the presence of 10% PEG 3.35 or 10% PEG 15-20. TEER
was serially measured for 8 hours and the maximal fall in
TEER recorded.

[0110] 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 % maxi-
mal fall in TEER from baseline of triplicate cultures (n=7)
observed during 8 hours of apical exposure to 1x10” 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
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. 2¢, 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 decreased bacterial adherence, reflected by
a 15-fold higher recovery of bacteria in the cell supernatants
following a 4-hour exposure to 1x10° cfu/ml of PA27853.

[0111] The resistance of PEG-cultured human intestinal
epithelial cells to the barrier-disrupting effects of P. aerugi-
nosa, as judged by the maintenance of TEER, offers a
practical approach to stabilizing tight junctional barrier
function in the face of a challenge from invading pathogens.
Further evidence of the therapeutic value of PEG 15-20 is
that epithelial transport function (Na*/H* exchange, glucose
transport) is unaffected by this compound.

[0112] Thus, HMW PEG is relatively inert to, and has a
stabilizing effect on, the intestinal epithelial barrier. The
invention comprehends methods of treating intestinal barrier
abnormalities associated with intestinal pathogens such as P.
aeruginosa by administering HMW PEG to an animal such
as a mammal and, preferably, a human. An intestinal barrier
abnormality may be revealed by any diagnostic technique,
or other means, known in the art. It is not necessary to
identify an intestinal barrier abnormality prior to HMW PEG
treatment, however. The low cost and high degree of safety
associated with HMW PEG treatment make this approach
suitable for both prophylactic applications, preferably
directed towards at-risk organisms, as well as treatment
methods applied to animals exhibiting at least one symptom
characteristic of an intestinal barrier abnormality. The HMW
PEG treatment methods would ameliorate a symptom asso-
ciated with an intestinal barrier abnormality; preferably, the
methods would reduce or eliminate the effects of gut-derived
sepsis from a treated organism.

Example 3

HMW PEG Inhibits Virulence Expression in Pathogens

[0113] The expression of the PA-I lectin/adhesin in P,
aeruginosa PA27853 was increased in the cecum of mice
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following hepatectomy and played a key role in the lethal
effect of P. aeruginosa in the mouse intestine. PA-I functions
as a significant virulence determinant in the mouse intestine
by facilitating the adherence of PA27853 to the epithelium
as well as by creating a significant barrier defect to the
cytotoxins, exotoxin A and elastase. PA-I expression in P.
aeruginosa 1is regulated by the transcriptional regulator
RhIR and its cognate activator C4-HSL. Expression of PA-I
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.

[0114] Northern hybridization was used to analyze the
expression of PA-I at the transcriptional level. Total RNA of
P. aeruginosa was isolated by the modified three-detergent
method. Probes were generated by PCR using PA-I primers:
F(ACCCTGGACATTATTGGGTG) (SEQ ID NO: 1),
R(CGATGTCATTACCATCGTCG) (SEQ ID NO: 2) and
16S primers: F(GGACGGGTGAGTAATGCCTA) (SEQ ID
NO: 3), RICGTAAGGGCCATGATGACTT) (SEQ ID NO:
4), and cloned into the pCR2.1 vector (Invitrogen, Inc.). The
inserts were sequences that matched the sequence of either
PA-1 or 16S. Specific cDNA probes for PA-1 and 16S were
radiolabeled with a**P-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-1
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-
trotransfer of proteins after Tricine SDS-PAGE. The PA-I
lectin was detected by the ECL reagent (Amersham, N.J.).

[0115] Exposure of . aeruginosa PA27853 to 1 mM of the
quorum-sensing signaling molecule C4-HSL resulted in a
statistically ~ significant increase (P<0.001, one-way
ANOVA) in PA-I protein expression that was partially
inhibited in the presence of 10% PEG 3.35 and inhibited to
a much greater extent by 10% PEG 15-20 (FIG. 3). The
minimum completely inhibitory concentration of PEG 15-20
on C4-HSL-induced PA-I expression was 5% (P<0.01, one-
way ANOVA). Electron microscopic examination of 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 (F1G. 3b). The C4-HSL-induced morphological
effect was completely eliminated in the presence of PEG
15-20, but not completely eliminated in the presence of PEG
3.35. A halo-type effect was seen surrounding PA27853
exposed to PEG 15-20 (FIG. 3b). For electron microscopy,
PA27853 was inoculated in TSB with or without 1 mM
C4-HSL and 10% HMW PEG and incubated overnight. One
drop of 1% P. aeruginosa was stained with uranyl acetate
and washed with 0.5M NaCl before examination under the
electron microscope. 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 assessed
using Northern blots. The PA-I expression was greatly
inhibited by 10% PEG 15-20. FIG. 3d shows that the
increase in PA-I mRNA levels induced by a 4-hour exposure
to Caco-2 cells was inhibited by PEG 15-20, but not by PEG
3.35 (P<0.001 one-way ANOVA).

[0116] The data presented herein show that a significant
attenuation (3-4-fold decrease) of PA-I expression (protein
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and mRNA) in PA27853, induced by 100 pM-1 mM of
C4-HSL, was observed when bacteria were pre-treated with
10% PEG 15-20 (FIG. 3a). Attenuation of C4-HSIL-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 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. 3b4). The C4-HSL-
induced morphological effect was completely eliminated in
the presence of PEG 15-20, but not PEG 3.35 (FIG. 35).
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 of Caco-2
cell-induced PA-I expression with PEG 15-20 persisted in
experiments of overnight exposure.

[0117] 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
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
PEG 15-20. PEG 15-20 was found to have a protective effect
on host animals through the attenuation of P. aeruginosa
(PA27853) PA-I expression in response to filtered cecal
contents (feces) from mice following 30% hepatectomy. The
ability of PEG 15-20 to shield P aeruginosa from host
factors that increase its virulence expression is expected to
be yet another mechanism by which organisms are protected
from gut-derived sepsis.

[0118] 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

[0119] PEG does not Affect Cell Growth, or Cell Mem-
brane Integrity, of Pathogens

[0120] 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-13152; 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
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enzyme involved in energy metabolism, lactate dehydroge-
nase (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.
[0121] The methods of the invention, and corresponding
products (e.g., kits), provide the benefit of preventing or
treating diseases or abnormal conditions associated with
gut-derived sepsis without significantly influencing the com-
position of the intestinal flora. Similarly, the methods and
products of the invention may be used to ameliorate a
symptom associated with such diseases or abnormal condi-
tions without significant change to the microbial composi-
tion 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

[0122] One percent aliquots of a culture of PA27853
grown overnight were subcultured in tryptic soy broth
(TSB), with or without 10% HMW PEG, for 4 hours at 37°
C. One drop of each subculture was withdrawn and the P.
aeruginosa PA27853 cells were extensively washed with
PBS, dried on top of mica in blowing air for 10 minutes, and
imaged immediately. Imaging of the dried bacteria with
tapping-mode AFM was performed in air with a Multimode
Nanoscope IIIA Scanning Probe Microscope (MMAFM,
Digital Instruments). Subconfluent Caco-2 cells were treated
with 10% HMW PEG for 4 hours and washed with PBS
extensively. AFM imaging of the cells was performed in
PBS without using an O-ring.

[0123] Atomic force microscopy of Caco-2 cells demon-
strated a classical non-uniform surface with brush border
microvili, while Caco-2 cells exposed to PEG 3.35 demon-
strated a smooth planar appearance on the surface of the
epithelial cells (FIGS. 54, ¢). PEG 15-20 appears to carpet
the Caco-2 cells by filling the asymmetries along a topo-
graphically defined plane (FIG. 5Se¢), yielding a more com-
plex topographically defined covering. In somewhat similar
fashion, PA27853 cells exposed to PEG 3.35 demonstrate a
pattern of smooth coating of the polymer to bacterial cells in
a diffuse flat pattern (FIG. 6d), whereas PEG 15-20 appears
to surround and hug the bacteria circumferentially in a more
topographically asymmetric fashion. Cross-sectional 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. 5e, f).
In other words, PEG 3.35 forms a smooth envelope around
individual bacterial cells (FIG. 5¢), whereas PEG 15-20
tightly hugs individual cells (FIG. 5f) and increases the
polymer/bacterial diameter (FIGS. 5g, 5%), thereby distanc-
ing individual bacterial cells from each other.

[0124] Without wishing to be bound by theory, HMW
PEG may exert its beneficial effect by the mere physical
distancing of P. aeruginosa away from the intestinal epithe-
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lium. Alternatively, HMW PEG may provide benefits by
preventing formation of a pathogenic quorum-sensing acti-
vation signal arising from cell-cell interaction of the patho-
genic cells. Again without wishing to be bound by theory, it
is possible that the coating of biological surfaces with HMW
PEG results in loss of conformational freedom of the coating
PEG chains and the repelling of approaching proteins.
Polar-polar interactions between HMW PEG and Caco-2
cells could affect the elasticity of the PEG chains, constrain-
ing 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, per-
haps owing to a loss of “conformational entropy” as a result
of some dynamic interaction of HMW PEG with Caco-2
cells.

[0125] The results of this experiment establish that HMW
PEG treatment has an effect on treated cells, notably affect-
ing the surface topology of such cells. Moreover, the effect
of HMW PEG exposure on such cells is different from the
effect that PEG 3.35 has on such cells. Although not wishing
to be bound by theory, the results disclosed herein do
provide a physical correlate for the markedly different effect
on cells exhibited by HMW PEG relative to lower molecular
weight PEGs, such as PEG 3.35.

Example 6

HMW PEG Affects Cell-Cell Interactions

[0126] To directly observe the effect of PEG solutions on
the spatial orientation of P. aeruginosa, experiments were
performed with live strains of P. aeruginosa PA27853/EGFP
harboring the egfp gene encoding the enhanced green fluo-
rescent protein. Experiments were performed in the presence
and absence of Caco-2 cells. In order to image the effect of
PEGs on both the bacteria and their interaction with the
cultured epithelia, differential interference contrast (DIC)
microscopy and GFP imaging were used.

[0127] The egfp gene encoding enhanced green fluores-
cent protein was amplified using the pBI-EGFP plasmid
(Clontech) as a template. Xbal and Pstl restriction sites were
introduced using primers TCTAGAACTAGTGGATC-
CCCGCGGATG (SEQID NO: 5) and GCAGACTAGGTC-
GACAAGCTTGATATC (SEQ ID NO: 6). The PCR product
was cloned directly into the pCR 2.1 vector using a TA-
cloning kit (Invitrogen), followed by transformation of the
pCR2.1/EGFP construct into E. coli DH5a. The egfp gene
was excised from this construct by digestion with Xbal and
Pstl and the fragment containing the excised gene was
cloned into the E. coli-P. aeruginosa shuttle vector pUCP24,
which had been digested with the same restriction enzymes.
The resulting construct (i.e., pUCP24/EGFP), containing the
egfp gene in the shuttle vector, was electroporated at 25 pF
and 2500 V into PA27583 electrocompetent cells. PA27853/
EGFP-containing cells were selected on LB-agar plates
containing 100 pg/ml gentamicin (Gm).

[0128] Cells harboring PA27853/EGFP were grown over-
night in LB containing 100 pg/ml Gm, and 1% of the culture
was used to inoculate fresh LB containing 50 p/ml Gm. After
3 hours of growth, Isopropyl-p-D-thiogalactopyrano side
(IPTG) was added to a final concentration of 0.5 mM, and
cultures were incubated for 2 additional hours. 100 pul of the
bacterial culture was mixed with 1 ml of HDMEM media
(Gibco BRL) buffered with HEPES and containing 10%
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fetal bovine serum (HDMEM HF) and 10% HMW PEG.
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
system. Tungsten lamps (100 V) were used for both DIC and
the GFP excitation. The 3D imaging software (Slidebook)
from Intelligent Imaging Innovations was used to image the
bacterial cell dispersion pattern in the Z plane using the GFP
filter. Uniformly dispersed planktonic P. aeruginosa cells in
the medium without Caco-2 cells were seen on a DIC image
(FIG. 6a,) and Z plane reconstruction (FIG. 6a,). In the
presence of Caco-2 cells, bacterial cells developed a
clumped appearance (FIG. 65,) and were seen adhering to
the Caco-2 cells (FIG. 6b,). A solution of 10% PEG 3.35
decreased the bacterial motility and induced immediate
formation of mushroom-shaped bacterial microcolonies
(FIG. 6c,) adhering to the bottom of the well (FIG. 6¢,). In
the presence of Caco-2 cells, bacterial microcolonies were
approximately 8 microns above the plane of the epithelial
cells (FIG. 6d, ,). A solution of 10% PEG 15-20 greatly
diminished the motility of P. aeruginosa cells. Nevertheless,
for the first 0.5-1 hour of incubation in PEG 15-20-contain-
ing medium, bacterial cells formed spider leg-shaped micro-
colonies that were close to the bottom of the well (FIG.
6e, ,). Within several hours, spider leg-shaped microcolo-
nies 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. 6f, ,).

[0129] To determine the spatial orientation of the bacte-
rial-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. 65). 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. 6¢),
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 (.about.32 microns) in
clumped formation (FIG. 6f). In timed experiments, bacte-
rial motility was observed to be decreased by PEG 3.35 and,
to an even greater degree, with PEG 15-20.
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[0130] 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 of HMW
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

[0131] 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,
as a gel or cream, as a solution suitable for nebulizing (e.g.,
for inhalational use), in a pharmaceutical composition com-
prising the HMW PEG, and in a sterile, isotonic solution
suitable for injection into an animal. Administration may be
accomplished using any conventional route; it is particularly
contemplated that the HMW PEG is administered orally or
topically. In some embodiments, the HMW PEG composi-
tion being administered further comprises a compound
selected from the group consisting of dextran-coated L-glu-
tamine, dextran-coated inulin, dextran-coated butyric acid, a
fructo-oligosaccharide, N-acetyl-D-galactosamine, dextran-
coated mannose, galactose and lactulose. In another embodi-
ment, the administered HMW PEG composition further
comprises dextran-coated L-glutamine, dextran-coated inu-
lin, dextran-coated butyric acid, one or more fructo-oli-
gosaccharides, N-acetyl-D-galactosamine, dextran-coated
mannose, galactose and lactulose.

[0132] The invention provides methods of preventing a
variety of diseases and abnormal conditions, such as swim-
mer’s ear, acute or chronic otitis media, ventilator-associated
pneumonia, gut-derived sepsis, necrotizing enterocolitis,
antibiotic-induced diarrhea, pseudomembranous colitis,
inflammatory bowel diseases, irritable bowel disease, neu-
tropenic enterocolitis, pancreatitis, chronic fatigue syn-
drome, dysbiosis syndrome, microscopic colitis, chronic
urinary tract infection, sexually transmitted disease, and
infection (e.g., exposure to an environment contaminated by
a bioterror agent such as Bacillus anthracis, Small Pox
Virus, enteropathogenic E. coli (EPEC), enterohemorrhagic
E. coli (EHEC), enteroaggregative FE. coli, (EAEC),
Clostridium difficile, rotavirus, Pseudomonas aeruginosa,
Serratia marcescens, Klebsiella oxytocia, Enterobacteria
cloacae, Candida albicans, Candida globrata, and the like).
In a preferred embodiment of the method of preventing
chronic urinary tract infection, or treating such an infection,
the HMW PEG is delivered in the form of a bladder irrigant.
For sexually transmitted disease prevention, a composition
of the invention is preferably used to lubricate a condom. In
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a preferred embodiment of a method of preventing infection
by a bioterror agent, the composition according to the
invention is provided in the form of a gel or cream, suitable
for topical application. It is expected that such topical
application will be useful in preventing a variety of diseases/
abnormal conditions associated with any of the bioterror
agents or associated with a variety of chemical or physico-
chemical agents that pose a threat to man or animal in terms
of survival, health or comfort. Such chemical or physico-
chemical agents include those agents capable of burning or
otherwise injuring skin and which are rendered inactive or
are poorly soluble in the compositions of the invention.
[0133] In one embodiment of the preventive methods,
male Balb/c mice are anesthetized and an aqueous 5%
solution of PEG 15-20 is injected into the base of the cecum
by direct needle puncture. In order to provide a constant
source of PEG for the 48-hour duration of the experiment,
the needle is directed into the small bowel (ileum) and 1 ml
of the PEG 15-20 is injected retrograde into the proximal
bowel. The puncture site is tied off with a silk suture and the
cecum swabbed with alcohol. Mice are returned to their
cages and are given H,O only. Forty-eight hours later, the
mice are subjected to a conventional hepatectomy procedure
involving a 30% bloodless excision of the liver along the
floppy left lobe. Control mice will experience manipulation
of the liver without hepatectomy. The preventive treatment
involving administration of HMW PEG is expected to
reduce or eliminate the incidence of surgery-associated
gut-derived sepsis in mice.

[0134] These methods are applicable beyond the preven-
tive care of such pets as mice, guinea pigs, dogs and cats to
such agriculturally significant animals as cattle, horses,
goats, sheep, pigs, chickens, turkeys, ducks, geese, and any
other domesticated animal. Moreover, these preventive
methods are expected to be applicable to humans, improving
the health, and life expectancy, of many patients or candi-
dates at risk of developing a disease and/or an abnormal
condition, such as swimmer’s ear, acute or chronic otitis
media, ventilator-associated pneumonia, gut-derived sepsis,
necrotizing enterocolitis, antibiotic-induced diarrhea,
pseudomembranous colitis, an inflammatory bowel disease,
irritable bowel disease, neutropenic enterocolitis, pancrea-
titis, chronic fatigue syndrome, dysbiosis syndrome, micro-
scopic colitis, chronic urinary tract infections, sexually
transmitted diseases, and infectious agents (e.g., bioterror
compositions) that include, but are not limited to, anthrax
and small pox. As noted above, the preventive methods
comprise administration of a composition comprising at
least 5% HMW PEG (5-20 kDa), by any known or conven-
tional administration route, to man or another animal. Pref-
erably, the preventive methods are practiced on those indi-
viduals at risk of developing one or more of the
aforementioned diseases and/or abnormal conditions, but it
is contemplated that the compositions and methods of the
invention will be useful in either a prophylactic or thera-
peutic role to broadly treat or prevent such diseases or
abnormal conditions in entire populations or sub-popula-
tions of man or other animals.

Example 8

[0135] Methods of Protecting Irradiated Cells from Radia-
tion-Induced Damage and/or from Microbial Pathogens

[0136] This example provides experimental results estab-
lishing the ability of HMW PEG 15-20 to protect intestinal
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epithelial cells and mice from radiation-injury complicated
by the presence of P. aeruginosa. More particularly, this
example provides data establishing that HMW PEG and like
compounds prevent epithelial cell apoptosis, shield against
bacterial invasion, and protect mammals from mortality
following radiation and exposure to a microbial pathogen
such as P, aeruginosa. Polyethylene glycols and oxides are
known to shield solid surfaces from bacterial adhesion,
thereby preventing biofilm formation. Further, it is known
that a non-absorbed HMW PEG co-polymer is protective
against adhesion of P aeruginosa to intestinal epithelial
cells and reduces mortality in mice following the mechanical
stress of surgery.

[0137] Exposure of cells to radiation, however, does not
mechanically stress cells in a manner analogous to surgical
intervention. Published reports have established that rela-
tively low molecular weight PEG (PEG 200-600), when
injected, provided some protection against irradiation of the
head and neck (U.S. Pat. No. 4,676,979). This group also
reported that higher molecular weight forms of PEG (e.g.,
PEG 1,000, PEG 1,450, PEG 4,000 and PEG 20,000) were
dose-limited by toxicity and had to be diluted to yield an
injectable composition, resulting in no protection against
systemic irradiation (Schaeffer et al., Rad. Res. 107:125-135
(1986)).

[0138] Inview of the art, it was surprising that HMW PEG
was found to protect eukaryotic cells, such as mammalian
epithelial cells, from the deleterious effects of microbial
pathogens (e.g., P. aeruginosa), even when those mamma-
lian cells had been rendered vulnerable to such effects by
exposure to radiation. The results establish that HMW PEG
provided a protective effect to radiated intestinal epithelial
cells and abdominally radiated mice exposed to P. aerugi-
nosa.

[0139] In general, the experiments described in this
Example involved materials and methods consistent with the
materials and methods disclosed and described throughout
the document. To avoid any confusion, however, certain
materials and methods used in the experiments described in
this Example are provided immediately below, followed by
a disclosure of the experimental results and a discussion of
the significance of those results.

[0140] Bacterial Strains. P. aeruginosa strains PAO1 and
its derivative, strain PAO1/EGFP harboring the egfp gene
encoding the green fluorescent protein (EGFP) on the
pUCP24 plasmid vector that is expressed under control of
the Plac promoter, as well as the PA-I lectin/adhesin lumi-
nescent reporter strain PAO1./lecA::lux, were used.

[0141] Epithelial Cell Lines. Rat intestinal epithelial cells
(IEC-18 cells, passage 30-34) were used in all experiments.
IEC-18 cells were originally derived from the ileum of rat
intestine and display growth characteristics that are observed
with normal intestinal epithelial cells. Under in vitro con-
ditions, the cells exhibit contact-inhibited cell growth, do not
form colonies in soft agar, and are not tumorigenic when
injected in nude mice. IEC-18 cells were routinely cultured
in plastic culture flasks containing DMEM supplemented
with 10% fetal calf serum, 10 mM glutamine, 50 U/ml
penicillin, and 50 pg/ml streptomycin at 37° C. in a humidi-
fied atmosphere of 5% C0O,-95% air. Cells were subcultured
weekly using 0.05% trypsin-0.02% EDTA in phosphate-
buffered saline (PBS) without Ca®* and Mg>*.
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[0142] High Molecular Weight Polyethylene Glycol (PEG
15-20).
[0143] High molecular weight polyethylene glycol

15,000-20,000 Da (catalog no. P2263), herein referred to as
PEG 15-20, was purchased from Sigma (St. Louis, Mo.). For
imaging studies, unmodified PEG 15-20 was fused with
fluorescein as custom-prepared by Sigma (batch 478-004-2,
28 Nov. 2006) and visualized using the Xenogen in vivo
imaging system.

[0144] In Vivo Imaging of Ingested Fluorescein-Labeled
PEG 15-20.
[0145] In order to assess the distribution of PEG in vivo in

the gastrointestinal tract, groups of 8-week-old male
C57BL6 mice (n=3/group) were provided with sterile drink-
ing water supplemented for one week with fluorescein-
labeled PEG 15-20 (1% solution) (IACUC protocol
#71744). To enhance palatability of the PEG 15-20 solution,
5% dextrose was added. Control mice were given 5%
dextrose in sterile water only. All mice were allowed a
normal chow diet during the study period. Following one
week of ad libitum drinking, the 1% PEG 15-20 solution was
discontinued and all mice were allowed to drink 5% dex-
trose in water only. The Xenogen IVIS 200 in vivo fluores-
cence imaging system (Optical Imaging Core Facility, Uni-
versity of Chicago) was used to capture daily sequential
abdominal images of mice beginning from the day of
discontinuation of the PEG 15-20 solution until a signal was
no longer obtainable. Prior to imaging, all mice were anes-
thetized with intra-peritoneal injection of ketamine/xylazine
and their hair removed with Nair solution to enhance signal
sensitivity. For cecum images, mice were sacrificed, and
distal intestines were removed and the lumen vigorously
irrigated with saline (flushed 10x with 5 ml). Images were
taken using an SZX16 Olympus stereomicroscope.

[0146] Atomic Force Microscopy.

[0147] IEC-18 cells were grown to a confluent monolayer
in IEC growth media and then treated with a 10% PEG
15-20 solution for four hours. Cells were then extensively
washed with additional growth media and imaged with
tapping mode atomic force microscopy (AFM) performed in
air with a Multimode Nanoscope IIIA Scanning Probe
Microscope without using an O-ring (MMAFM; Digital
Instruments, Woodbury, N.Y.). Intestinal tissue sections
were harvested from mice (n=3/group) that had been pro-
vided a 5% PEG 15-20 solution or tap water to drink ad
libitum, along with a normal chow diet, for one week prior
to sacrifice. Harvested intestinal sections included three mm
samples from the terminal ileum and proximal colon. Sec-
tions were opened longitudinally with sharp dissection,
placed luminal side up on mica, and imaged with tapping
mode AFM.

[0148] Exposure of Cultured Intestinal Epithelial Cells to
Radiation.
[0149] IEC-18 cells were either grown to 90% confluency

in 24-well plates (for subsequent apoptosis assays) or in
glass-bottom culture dishes to a confluent monolayer (Mat-
Tek, Ashland, Mass.-01721 Part No. P35GCol-0-14-C col-
lagen coated). Three groups of cells were examined: Group
1 served as a control group and contained cells incubated in
standard IEC growth media for 24 hours; Group 11 (5 Gy)
included cells exposed to 5 Gy of irradiation (generated
from a Co-60 gamma source at a dose rate of 1.27 Gy/min-
ute) with subsequent growth for 24 hours; Group III (5%
PEG+5 Gy) had cells apically exposed to 5% PEG 15-20 in
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IEC growth media for 1 hour, followed by gentle washing 3
times with growth media, and irradiation with 5 Gy, with
subsequent growth for 24 hours. Growth media was changed
before the irradiation in all groups.

[0150] Mouse Model of Post-Abdominal Radiation Gut-
Derived Sepsis Induced by P. aeruginosa.

[0151] The mouse model of radiation-induced gut-derived
sepsis was developed using eight-week-old male C57BL6
mice. Under IACUC protocols 70931 & 71744, all mice
(n=10/group) were fasted 12 hours prior to a single 13 Gy
dose of abdominal irradiation delivered from an x-ray-
generating irradiator. Following irradiation, all mice contin-
ued to fast but were allowed to drink ad libitum either a 5%
dextrose solution in water (control) or 1% PEG 15-20
solution in water containing 5% dextrose for 48 hours. Mice
then underwent surgical laparotomy under general anesthe-
sia (IP injection of ketamine/xylazine) and were directly
inoculated with 200 of 107 CFU/ml of P. aeruginosa PAOI1
in a 10% glycerol solution using a 27-gauge syringe via
cecal puncture. Following cecal injection, the abdominal
cavity was closed in two layers and mice were allowed to
recover under a warming lamp. The direct cecal puncture
model has been previously described and characterized and
is a reliable model of lethal gut-derived sepsis. Post-opera-
tively, both groups of mice were observed for mortality and
maintained on their respective drinking solutions (5% dex-
trose in water vs. 1% PEG 15-20 in water supplemented with
5% dextrose) and transitioned to normal mouse chow diet 24
hours post-surgery and maintained under these conditions
for the remainder of the experiment. All mice were followed
and observed twice daily for the development of sepsis.
When possible, mice were sacrificed and counted as a
mortality when they were frankly septic (lethargy, chromo-
dacryorrhea, liquid stools, ruffled fur) and frankly moribund.
In experiments in which PEG 15-20 was evaluated for its
effect on intestinal epithelial apoptosis and expression of
p53 and p21, reiterative studies were performed in a limited
number of mice (n=3) without laparotomy and injection of
P. aeruginosa where mice were sacrificed 24 hours post
radiation.

[0152] Cell Death and Apoptosis Assays.

[0153] A cell death ELISA kit (Cell Death Detection
ELISAPEYS| Roche Molecular Biochemicals) was used to
detect cytoplasmic histone-associated DNA fragments.
Twenty-four hours after irradiation, IEC-18 cells were
treated with lysis buffer (890 pl ddH,O, 10 pl of 1M
Tris-HCI, pH 8.0, 5 ul of 1M MgSO,, 5 ul RNAse, 5 ul
DNAse, 100 ul of 10x Complete Protease Inhibitor cocktail,
Roche), and 20 pl of cell lysate was used for ELISA. Nuclear
DNA fragmentation was detected using the TUNEL assay
(In Situ Cell Death Detection Kit, POD (peroxidase), Roche
Diagnostics—cat. no. 11684817910). Briefly, IEC growth
media was discarded, cells were fixed in 4% formaldehyde,
permeabilized in 0.2% Triton X-100 and incubated with TdT
incubation buffer for 60 minutes in a 37° C. humidified
incubator for 3'-OH labeling. Stained cells were analyzed
using fluorescent confocal microscopy.

[0154] TUNEL Assay and Hemotoxylin&Eosin (H&E)
Staining of Intestinal Epithelium in mice.

[0155] Routine 5-pum paraffin sections of control, 5 Gy-
irradiated or PEG-pre-treated 5 Gy-irradiated mouse ilea
were prepared. The TUNEL assay was performed using the
In Situ Cell Death Detection Kit, POD (Roche Applied
Science).
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[0156]

[0157] p53 expression and p2l expression in intestinal
epithelial IEC-18 cells were determined by immunoblotting
using anti-p53 antibodies (sc-99 mouse monoclonal anti-
body raised against amino acids 156-214 of p-53 of human
origin, Santa Cruz Biotechnology) and anti-p21 antibody
(Santa Cruz Biotechnology), where appropriate. IEC-18 cell
monolayers were exposed to 5 Gy of irradiation and allowed
to incubate for 24 hours in growth media with or without 5%
PEG 15-20. Afterward, cells were collected and lysed using
cell lysis buffer as described herein. The protein concentra-
tion in cell lysates was determined using BioRad Standard
Protein Assay Reagent (Hercules, Calif.). Proteins in lysates
(25 pg per well) were separated by 10% SDS-PAGE fol-
lowed by transfer to a polyvinylidene difluoride (PVDF)
membrane (Polyscreen; NEN, Boston, Mass.) in 1x Towbin
buffer (25 mM Tris, 192 mM glycine [pH 8.8], 10% [vol/
vol] methanol). All membranes were blocked in 5% (wt/vol)
non-fat dry milk in Tween-Tris-buffered saline (T-TBS; 150
mM NaCl, 5 mM KCl, 10 mM Tris [pH 7.4], 0.05% [vol/vol]
Tween 20). Blots were incubated overnight at 4° C. with
anti-p53 or anti-p21 antibodies, as appropriate. Membranes
were then washed five times with T-TBS, incubated with
anti-mouse horseradish peroxidase-conjugated secondary
antibody for 1 hour at room temperature, and then washed
four times with T-TBS and once with Tris-buffered saline.
SuperSignal West Pico Chemiluminescent Substrate (Pierce
Chemical, Rockford, I11.) system was used to visualize the
bands of interest. The expression of p53 and p21 in mouse
intestinal tissues was determined by immunohistochemistry.
Mice drinking water versus a 1% PEG 15-20 solution in
water (n=3/group) were sacrificed 24 hours following irra-
diation (without intestinal P. aeruginosa inoculation), and a
total of ten 3-mm intestinal cross-sections were harvested
immediately from the distal ileum and proximal colon of
each mouse. Tissue samples were immediately placed in a
10% formalin solution and subsequently embedded in par-
affin. Cross-sectional slides were stained with either H&E
(Hematoxylin & Eosin), anti-p53 antibodies, or anti-p21
antibodies. The p53-to-nuclear staining ratio and p21-to-
nuclear staining ratio were calculated using ACIS software
(Automated Cellular Imaging Software) by a trained
pathologist in a blinded fashion.

Detection of the p53 and p21 Expression.

[0158] Spatial Orientation of P. aeruginosa to 1EC-18
Cells.
[0159] The ability of PEG to prevent bacterial adherence

to radiated cells was assayed using IEC-18 cells grown in
glass-bottom culture dishes (MatTek, Ashland, Mass.-01721
Part No. P35GC01-0-14-C collagen coated) apically exposed
to P, aeruginosa producing green fluorescent protein (PAO1/
EGFP). Briefly, 24 hours following radiation, 100 L of P.
aeruginosa strain PAO1/EGFP (107 CFU/mL) were added to
each glass-bottom culture dish containing 1 mL of growth
media. The expression of the egfp gene from Plac was
induced by 0.5 mM isopropylthiogalactoside. Real-time
imaging was performed using laser scanning confocal
microscopy (Leica, model TCS SP2 AOS) to image the
Z-plane dispersion pattern using a GFP filter. The images
created a series of sequential Z-stacks that allowed the
assessment of time-dependent adhesion of GFP-tagged bac-
teria to IEC-18 cell monolayers. Z-stack data were analyzed
using Image J software available from the National Institutes
of Health.
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[0160] Statistical Analysis.

[0161] Al statistical analyses of the data were performed
using the Student’s t-test and analysis of variance (ANOVA)
with Microsoft Excel and Sigma Plot software. Kaplan-
Meier Survival analysis was performed using SPSS 15.0
software.

[0162] The results of these experiments established a
number of facts, including confirmation that PEG 15-20
protects against radiation-induced gut-derived sepsis. In
order to recapitulate the natural history of gut-derived sepsis
following abdominal radiation, C57BL6 mice were abdomi-
nally radiated with 13 Gy and assigned to drink 5% dextrose
(DSW) or D5SW supplemented with PEG 15-20 as their
exclusive water source. Forty-eight hours later, mice were
directly inoculated in the intestine (cecal injection via lapa-
rotomy) with P. aeruginosa to mimic the clinical effects of
abdominal radiation where there is loss of the protective
probiotic flora and overgrowth of predominant gram-nega-
tive opportunistic pathogens. Mortality was followed for up
to three weeks. As seen in FIG. 7B, survival curves dem-
onstrated a major protective effect against mortality when
mice drank PEG 15-20 compared to DSW alone (n=10,
p<0.001). Control mice receiving 13 Gy abdominal irradia-
tion only (no P. aeruginosa) demonstrated a 20% mortality
on day 25; a result that did not significantly differ from
irradiated mice receiving both P. aeruginosa and PEG 15-20
(n=10, p=NS).

[0163] The data also establish that orally administered
PEG 15-20 provides a protective effect in coating the
luminal surface of the gastrointestinal tract. In order to
determine the gastrointestinal distribution and retention of
orally ingested PEG 15-20 in vivo, mice were allowed to
drink a 1% solution of fluorescein-labeled PEG 15-20 (FI-
PEG) for seven days. The PEG solution was then discon-
tinued and mice were allowed a normal diet and followed
with daily in vivo fluorescence imaging (Xenogen). FIG. 8A
depicts in vivo images of live mice having consumed a
control solution containing 5% dextrose (FIG. 8 A-i) ora 1%
solution of FI-PEG (FIG. 8A-ii).

[0164] Animals drinking 1% FI-PEG displayed distribu-
tion of the polymer in multiple regions of the gastrointestinal
tract, including the mouth (pharynx), midgut/hindgut, and
within expelled feces. Ex vivo intestinal segments imaged
by fluorescent microscopy (FIG. 8B), demonstrated durable
retention of the fluorescence along the length of the intes-
tinal tract for up to 7 day following its discontinuation. To
determine whether the above findings represented the pres-
ence of PEG 15-20 on the epithelial surface, midgut seg-
ments of mouse intestine were harvested from mice drinking
either D5W alone or D5W with PEG 15-20 and atomic force
microscopy (AFM) of the wet segments was used to deter-
mine the height of deflection off the epithelial surface as a
function of the presence of the polymer. Mice drinking
HMW PEG (PEG 15-20) had a topographically distinct
appearance to their mucosal surface and a significantly
higher height of deflection measurement by AFM (FIG.
8C-D).

[0165] The data further show that PEG 15-20 affected
epithelial cell apoptosis through pathways involving p53
and p2l. To determine the direct effect of PEG 15-20 on
epithelial cell apoptosis, IEC cells were apically exposed to
HMW PEG for one minute or one hour, followed by
exposure to 3-5 Gy radiation and then, at 24 hours, examined
for cell death and apoptosis using standard TUNEL and
ELISA cell death assays. Control cells were treated with
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medium alone, medium+irradiation, or medium+PEG with-
out irradiation. An exemplary protocol is outlined in FIG.
9A. As might be expected, IEC cells exposed to 5 Gy of
radiation formed cytoplasmic histone-associated DNA frag-
ments (*p<0.001) as measured by ELISA (FIG. 9B), an
effect that was markedly attenuated when IEC were pre-
treated with PEG 15-20. TUNEL assays confirmed these
findings (FIG. 9C). TUNEL assays performed on mouse
ileum obtained 24 hours following abdominal radiation (13
Gy) demonstrated a similar in vivo protective effect of PEG
15-20 (FIG. 9D). Radiation-induced epithelial cell apoptosis
was reduced by 80% when exposed to HMW PEG versus
control (FIG. 9). Irradiated IEC-18 cells displayed a high
degree of invasion by P. aeruginosa adherence that was
significantly decreased with HMW PEG (FIG. 12A). The
presence of intestinal P. aeruginosa significantly altered the
mortality of abdominal radiation exposure (FIG. 7). HMW
PEG significantly protected mice against this effect (FIG. 7).

[0166] To determine if PEG 15-20 protection against
radiation-induced apoptosis involved p53 and p21 pathways,
reiterative in vitro and in vivo immunohistochemical analy-
ses of both markers were performed on radiated IEC cells
treated according to FIG. 9A and on ileal segments obtained
24 hours from non radiated control mice, mice subjected to
abdominal radiation (13 Gy) drinking 5% dextrose alone,
and in abdominally radiated mice drinking DSW+PEG
15-20. Radiated IEC cells demonstrated increased p53 lev-
els, but surprisingly, PEG 15-20 resulted in a further and
significant increase in p53 level both in cultured IEC cells
and in mouse ileal segments (FIG. 10A-E). As increases in
p53 can either protect against injury or trigger a proapoptotic
pathway, reiterative studies were performed to assess the
changes in p21 levels among the treatment groups. A p21
pattern similar to the p53 pattern was observed in response
to PEG 15-20 both in vitro and in vivo, indicating that the
protective effect of PEG 15-20 involved activation of p53
and p21 in a manner that leads to growth arrest and DNA
repair (FIG. 11A-E).

[0167] Small Angle X-ray Scattering Analysis (SAXS)
was used to determine how HMW PEG interacts with the
phospholipid bilayer using modeled and fully ordered
bilipid membranes. The SAXS pattern collected on samples
prepared with 2 mol % PEG 15-20 at 40+2° C. shows two
Bragg peaks positioned at g=0.114 and 0.226 A~!, indicative
of 1-D lamellar (bilayer) stacks with a periodicity of 55.1 A.
This observation suggests that the HMW PEG is associated
with the lipid bilayer in such a manner as to direct the two
symmetric PEG blocks laterally across the membrane-water
interface (not well projected from the surface), yielding a
polymer coat across the lipid bilayer. Moreover, it was noted
that the narrow diffraction peaks and the lack of any other
features in the SAXS profile suggest the existence of a single
phase, meaning that the polymer is, in fact, incorporated into
the lipid mixture. The positioning of the HMW PEG later-
ally across the membrane-water interface is an ideal con-
formational state for barrier formation and protection of the
extensive surface area of the intestinal mucosal.

[0168] Because HMW PEG incorporates into bilipid
membranes, the effect of PEG on lipid raft coalescence, a
morphological alteration know to occur following radiation
exposure that play a critical role in cell apoptosis, was tested.
Imaging of lipid raft distribution in control cells demon-
strated a typical even distribution mostly concentrated in the
membranes. Treatment of non-radiated control cells with 5%
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PEG altered lipid raft distribution to appear diffusely dis-
tributed and dispersed. When epithelial cells were radiated
(5Gy) and exposed to P. aeruginosa, lipid raft coalescence
was observed. Exposure of cells to P. aeruginosa or radia-
tion alone also caused lipid raft coalescence but to a lesser
degree. Pre-treatment with 5% PEG prior to radiation and
exposure to P. aeruginosa prevented the observed coales-
cence and caused a dramatic dispersion pattern of fluores-
cence. Thus, the protective effect of PEG appeared to
involve anti-apoptotic signaling via lipid rafts, p53 and p21.
Specifically, lipid rafts are likely to be the major initiating
target through which radiation injury and P. aeruginosa
synergize to accelerate the process of cellular apoptosis and
are also the likely site at which HMW PEGs exert their
protective action.

[0169] Experimental results also established that PEG
15-20 maintains a protective shield on the apical surface of
cultured intestinal epithelial cells and suppresses virulence
expression in P. aeruginosa. PEG 15-20 can act as a surro-
gate mucin and prevent bacteria from invading the epithelial
cell surface. Consistently, the protective effect of HMW-
PEG against bacterial cell invasion was separately assayed
using fluorescently labeled P. aeruginosa, with HMW-PEG
reducing the level of P. aeruginosa invasion of epithelial cell
barriers. In addition, HMW-PEG also appears to have a
significant effect on the ability of P. aeruginosa to express
virulence genes in response to quorum-sensing molecules
when present in the lumen of the mouse intestine during
surgical injury. To determine if these effects could be
observed in the present model, the ability of PEG 15-20 to
prevent bacterial invasion of IEC cells exposed to 5 Gy
radiation was examined. Results demonstrated that the api-
cal surfaces of radiated IEC cells became rapidly and
densely colonized by P. aeruginosa compared to non-radi-
ated (control) cells. When IEC cells were pre-treated with
PEG 15-20 as outlined in FIG. 9A, P. aeruginosa maintained
a visible distance from the apical surface of the cells, an
effect that was observed for up to one hour (FIG. 12A).
Finally, P. aeruginosa bacterial cells grown in the presence
of PEG 15-20 were markedly attenuated in their ability to
express PA-I lectin/adhesin, a potent epithelial barrier pro-
tein, as demonstrated in FIGS. 12B and 12C. Also, HMW
PEG had no effect on bacterial growth rates.

[0170] In contrast to the teachings in the above-cited
references that PEG of higher average molecular weight
than PEG 600 had no effect in protecting cells against
radiation, the studies disclosed herein establish that HMW
PEG molecules have unique properties that facilitate their
use in the mammalian gut as radioprotectants and as agents
that preserve epithelial barrier function and cytoskeletal
structure and protect against radiation-induced epithelial cell
apoptosis.

Example 9

Methods of Monitoring Administration of HMW PEG

[0171] The invention also contemplates methods for
monitoring administration of HMW PEG, e.g., in a method
of treatment. In such monitoring methods, labeled HMW
PEG is administered, alone or in combination with unla-
beled HMW PEG, and the label is detected during treatment
on a continuous or intermittent schedule, including simple
endpoint determinations. The term “labeled” HMW PEG
means that a label, or detectable compound, is directly or
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indirectly attached to HMW PEG, or the HMW PEG is
attached to a reporter compound that is capable of associ-
ating a label with HMW PEG (of course, labels not attached
to HMW PEG or designed to be associated therewith are
also contemplated by the invention, as noted below). The
HMW PEG is labeled using any detectable label known in
the art, and the PEG is labeled to a level sufficient to detect
it. Those of skill in the art will recognize that the level will
vary depending on the label and the method of detection.
One of skill in the art will be able to optimize the degree of
labeling using routine optimization procedures. The label is
chemically bound to the HMW PEG by a non-covalent or a
covalent bond that is stable in use and, preferably, in storage.
Label covalently bound to HMW PEG is preferred. The
density of label attachment is adjusted to substantially
preserve the biological activity of HMW PEG (preservation
of sufficient biological activity to realize a beneficial pro-
phylactic or therapeutic effect as disclosed herein). This is
typically achieved by adjusting the HMW PEG:1abel 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.

[0172] Labels contemplated by the invention are those
labels known in the art, which include a radiolabel, a
chromophore, a fluorophore, and a reporter (including an
enzyme that catalyzes the production of a detectable com-
pound and a binding partner such as an antibody that
localizes a detectable compound in the vicinity of the
reporter). Exemplary enzyme reporters include an enzymatic
component of a luminescence system and a catalyst of a
colorimetric reaction. More particularly, exemplary reporter
molecules include biotin, avidin, streptavidin, and enzymes
(e.g., horseradish peroxidase, luciferase, alkaline phos-
phatases, including secreted alkaline phosphatase (SEAP);
[-galactosidase; p-glucuronidase; chloramphenicol acetyl-
transferase). The use of such reporters is well known to those
of skill in the art and is described in, e.g., U.S. Pat. Nos.
3,817,837, 3,850,752, 3,996,345, and 4,277,437. Exemplary
enzyme substrates, which may be converted to detectable
compounds by reporter enzymes, include 5-bromo-4-chloro-
3-indolyl p-D-galactopyranoside or Xgal, and Bluo-gal.
Enzyme substrates, as compounds capable of conversion to
detectable compounds, may also be labels in certain embodi-
ments, as would be understood in the art. U.S. patents
teaching labels, and their uses, include U.S. Pat. Nos.
3,817,837, 3,850,752; 3,939,350 and 3,996,345. Exemplary
radiolabels are *H, *C, **P, **P, *’S, and '*°I; exemplary
fluorophores are fluorescein (FITC), rhodamine, Cy3, Cy5,
aequorin, and green fluorescent protein. A preferred label is
a fluorophore such as fluorescein.

[0173] The monitoring methods of the invention may also
involve more than one label. In one embodiment, one label
serves to identify the location of the HMW PEG following
or during treatment, while a second label is specific for one
or more microbes insofar as the label detectably associates
with at least one microbe. For example, a monitoring
method may include fluorescein attached to HMW PEG in
a manner that substantially preserves the biological activity
of the HMW PEG, and free (i.e., unattached) Xgal or
bluo-gal for detection of prokaryote-specific -galactosidase
activity. The fluorescein localizes the HMW PEG, while a
colored (blue) product indicates the presence of a lactose-
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metabolizing prokaryotic microbe, such as a Pseudomonad.
The invention also includes monitoring methods wherein a
single label provides this information (i.e., the location of
HMW PEG and an indication of the presence of a microbe).

[0174] 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, includ-
ing the type of label, the biomaterial subjected to monitoring
(e.g., epidermal cells of the skin, ear canal, or intestine;
stool, mucus or tissue samples), the level of discrimination
desired, whether quantitation is expected, and the like.
Suitable detection techniques include simple visual inspec-
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
counters, and the like, and any other detection technique
known in the art.

[0175] One of skill will recognize that the monitoring
methods of the invention are useful in optimizing the
treatment methods. For example, a monitoring method may
be used to optimize the quantity and/or concentration of
HMW PEG (e.g., to achieve a desired viscosity for a solution
or mixture of HMW PEG), which is delivered to an epithe-
lial cell, such as the epithelial cells of the ear canal to prevent
or to treat swimmer’s ear. By way of additional examples,
optimization of bowel or intestinal treatments may be facili-
tated by endoscopic inspection of an intestinal tract exposed
to labeled HMW PEG or by monitoring stool samples.

[0176] The monitoring methods of the invention include a
stool assay for a microbe capable of adhering to an intestinal
epithelial cell comprising contacting a microbe and an
intestinal epithelial cell and detecting adherence of the
microbe to the epithelial cell using any technique known in
the art. In a preferred embodiment, the intestinal epithelial
cell is immobilized on a suitable surface, such as the bottom
and/or sides of a microtiter well. In another preferred
embodiment, a direct label, or an indirect label such as a
reporter capable of generating a detectable product, is added
prior to, or during, the detecting step. The monitoring
methods may further comprise addition of free label. For
example, free Bluo-gal is added to a sample suspected of
containing a lactose-metabolizing prokaryotic microbe; if
present, the microbial enzyme [-galactosidase will cleave
Bluo-gal to yield a detectable blue product.

[0177] In one embodiment, commercially available intes-
tinal epithelial cells (e.g., Caco-2 cells, ATCC HTB 37,
and/or IEC-6 cells, ATCC CRL 1952) are fixed to the wells
of a microtiter dish using a conventional technique. A stool
sample is collected and mixed with a fluid such as 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
at 24° C., followed by washing of the wells with a suitable
fluid (e.g., PBS) to remove unbound microbes. Microbes
unbound and/or bound to the immobilized epithelial cells are
detected, e.g., by counting using polarized light microscopy.
In alternative embodiments, an immunoassay is used to
detect adherence, with suitable immunological reagents
being a microbe(s)-specific monoclonal or polyclonal anti-
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body, optionally attached to a label such as a radiolabel, a
fluorophore or a chromophore.

[0178] One of skill in the art will recognize that neither the
intestinal epithelial cell nor the microbe is required to be
immobilized, although such immobilization may facilitate
accurate detection of microbes adhering to epithelial cells.
For example, in one embodiment, an immobilized stool
microbe is brought into contact with an intestinal epithelial
cell that is not immobilized. Further, one of skill would
recognize that any suitable fluid known in the art may be
used to obtain the microbial suspension, with preferred
fluids being any of the known isotonic buffers. Also, as noted
above, any known label may be used to detect cell adher-
ence.

[0179] 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.

[0180] Another monitoring method contemplated by the
invention is an assay for microbial hydrophobicity. In this
method, the relative or absolute hydrophobicity of a micro-
bial cell is determined using any conventional technique. An
exemplary technique involves exposure of any microbe to
hydrophobic interaction chromatography, as would be
known in the art. Ukuku et al., J. Food Prot. 65:1093-1099
(2002), incorporated herein by reference in its entirety.
Another exemplary technique is non-polar:polar fluid parti-
tion (e.g., 1-octanol:water or xylene:water) of any microbe.
See Majtan et al, Folia Microbiol (Praha) 47:445-449
(2002), incorporated herein by reference in its entirety.
[0181] In one embodiment of a hydrophobicity assay for
monitoring PEG administration, a stool sample is suspended
in 50 mM sodium phosphate buffer (pH 7.4) containing 0.15
M NaCl. Microbes in the suspension are collected by
centrifugation and resuspended in the same buffer, and the
centrifugation-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-
taining the sodium phosphate buffer is used to eliminate
background.

[0182] 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.

[0183] The invention further provides a kit for performing
the monitoring method comprising an assay for microbial
hydrophobicity, which comprises an intestinal epithelial cell
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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.

[0184] Still further, the invention provides a monitoring
method comprising obtaining a sample of intestinal flora and
detecting PA-I lectin/adhesin activity. Any technique for
detecting PA-I lectin/adhesin activity known in the art may
be used. For example, PA-I lectin/adhesin may be detected
using an antibody (polyclonal, monoclonal, antibody frag-
ment such as a Fab fragment, single chain, chimera, human-
ized or any other form of antibody known in the art) that
specifically recognizes PA-I lectin/adhesin. The immunoas-
say takes the form of any immunoassay format known in the
art, e.g., ELISA, Western, immunoprecipitation, and the
like. Alternatively, one may detect a carbohydrate-binding
capacity of PA-I lectin/adhesin or the intestinal epithelial
barrier breaching activity of PA-I lectin/adhesin may be
measured, e.g., by monitoring the trans-epithelial electrical
resistance or TEER of an epithelial layer prior to, and/or
during, exposure to a sample. In related kits, the invention
provides a PA-I lectin/adhesin binding partner and a protocol
for detecting PA-I lectin/adhesin activity (e.g., binding activ-
ity). Other kits according to the invention include any
carbohydrate known to bind PA-I lectin/adhesin and a pro-
tocol for detecting PA-I lectin/adhesin activity (e.g., binding
activity).

Example 10

HMW PEG Induces Epithelial Monolayer Injury Repair

[0185] In order to assess the ability of HMW PEG to
induce the repair of epithelial monolayers following injury,
IEC-18 cells were grown to confluency in 60 mm dishes,
rinsed then the monolayer was mechanically wounded using
a razor blade. Detached cells were removed and fresh
medium containing 5% PEG 15-20, 50 ng/ml Epidermal
Growth Factor (EGF) or a combination of both was added.
The cells were maintained in the presence of treatment for
24 hours or were treated for 2 minutes, washed then incu-
bated without treatment for 24 hours. Wound healing was
assessed by the decrease in the length of the wound after 24
hours. As shown in FIG. 13, both HMW PEG and EGF
induced wound healing individually and the combination of
HMW PEG and EGF resulted in a synergistic induction of
this effect. Although this assay measures the healing of
mechanically induced intestinal epithelial wounds, it is
expected that a similar effect would be observed for epithe-
lial wounds caused by other insults, such as radiation-
induced cell death.

[0186] Numerous modifications and variations of the pres-
ent 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: forward 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: reverse primer

<400> SEQUENCE: 2

cgatgtcatt accatcgteg

<210> SEQ ID NO 3

<211> LENGTH: 20

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: 16s forward 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: 16s reverse primer

<400> SEQUENCE: 4

cgtaagggece atgatgactt

<210> SEQ ID NO 5

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 5

tctagaacta gtggatccce geggatg

<210> SEQ ID NO 6

<211> LENGTH: 27

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
<220> FEATURE:

<223> OTHER INFORMATION: primer

<400> SEQUENCE: 6

gcagactagg tcgacaagct tgatatce
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1-17. (canceled)

18. A method of protecting a mammalian gastrointestinal
epithelial cell from radiotherapy damage comprising admin-
istering an effective amount of a high molecular weight
polyethylene glycol (HMW PEG) compound to a gastroin-
testinal epithelial cell, wherein the administration begins
prior to radiotherapy, wherein the gastrointestinal epithelial
cell is at risk of radiotherapy damage, and wherein the
HMW PEG compound has an average molecular weight of
at least 12,000 daltons.

19. The method according to claim 18 wherein the HMW
PEG compound has an average molecular weight of at least
15,000 daltons.

20. The method according to claim 18 wherein the mam-
malian gastrointestinal epithelial cell is further exposed to an
intestinal pathogen.

21. The method according to claim 20 wherein the intes-
tinal pathogen is a Pseudomonad.

22. The method according to claim 21 wherein the intes-
tinal pathogen is Pseudomonas aeruginosa.

23. The method according to claim 19 wherein the HMW
PEG comprises at least two hydrocarbon chains attached to
a hydrophobic core, wherein each hydrocarbon chain has an
average molecular weight of at least 40 percent of the HMW
PEG compound, and wherein the hydrophobic core com-
prises a ring structure.

#* #* #* #* #*



