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Introduction

Intestinal microflora

The gastrointestinal (GI) tract has several im-
portant functions. It has to absorb nutrients to
support life, but at the same time function as a
barrier against bacteria and toxins that may con-
stitute a threat to health and even life. Located
within the intestine is also the largest immu-
nological tissue in the body, the gut-associated
lymphoid tissue (GALT) (Shanahan 1994). The
microflora which is contained within the lumen
of the GI tract is essential for the intestinal func-
tions and therefore plays an important role in
health and disease.

Within the human body reside 10'* bacteria,
ten times more than eukaryotic cells, 7.e. 90% of
the cells in our body are bacteria (Luckey 1972).
While some bacteria are found on the skin, in
the respiratory tract and vagina, the vast major-
ity is located within the GI tract. These bacteria
form a complex ecosystem that influences the
host and is a prerequisite for health and normal
physiology.

At birth the GI tract is sterile but soon after-
wards an increasing amount of bacteria colo-
nise the intestine. Conventional cultures have
primarily found bifidobacteria in early infan-
cy, especially with breast-fed infants (Fanaro ez
al. 2003). However, DNA-based fingerprinting
techniques revealed Enterobacteriaceae and Bac-
teroides soon after birth, with increasing num-
ber of clostridia and bifidobacteria after wean-
ing (Wang er al. 2004). The flora will then re-
main rather stable, except for changes later in
life towards more enterobacteria (Mueller ez /.
20006).

The flora differs in composition and con-
centration along the GI tract (Holzapfel ez /.
1998; Simon ez al. 1986). Thus, due to low pH,
the stomach contains few bacteria (10? bacte-
ria per ml gastric content) dominated by Strep-
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tococcus, Staphylococcus and lactobacilli (Wang
et al. 2005). The concentration of bacteria in
the jejunum remains low due to inhibitory ac-
tion of bile and pancreatic juices. In the ileum,
the microbiota gradually begins to take on the
characteristics of the colonic flora and there is
an increase in luminal pH. As a result, anaero-
bic Gram negative bacteria and Enterobacteria-
ceae become established and the concentration of
bacteria increases to 10® per ml content (Evald-
son ezal. 1982). The concentration and diversity
of bacteria are the greatest in the colon due to
its higher pH, abundance of nutrients and lesser
peristalsis. Here 10'? organisms per gram faeces
are found (Simon ez al. 1986). The microorgan-
isms consist mainly of obligate anacrobes such
as Bacteroides, Eubacterium, bifidobacteria and
clostridia. Facultative anaerobes, e.g. Escherichia
coli, are also present (Wang ez al. 2005).

The human colon can be considered a con-
tinuously running fermentor where biological
processes important for health and well-being
take place. By fermentation of non-degradable
carbohydrates, such as non-starch polysaccha-
rides and oligosaccharides, intestinal flora pro-
duces short-chain fatty acids (SCFA), mainly
butyrate, propionate and acetate. These are then
metabolised by the colonic epithelium, liver and
peripheral tissue, respectively (Cummings ez al.
1996; Wong et al. 2006). In fact, the epitheli-
um in the colon receives 70% of its energy from
the lumen (Roediger 1995). The bacteria also
have a role in the synthesis of vitamin B and K
(Conly ez al. 1994) and both potentially patho-
genic bacteria (PPB) and commensals influence
the immune system (Kelly ez 2/. 2005). Further,
bacterial enzymes, such as f-glucosidase and f3-
glucuronidase, can hydrolyse different gluco-
sides and glucuronidases, forming toxic and
carcinogenic substances and convert primary
bile acids to secondary ones that are mutagenic
(Simon et al. 1986). Moreover, the indigenous
microflora is important in the defence against
exogenous pathogens by colonization resistance

(Vollaard ez al. 1994).
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Despite the fact that more than 100 differ-
ent species have been characterised in faeces, the
number of yet undefined species is thought to be
more than 400 (Holzapfel ez al. 1998). There-
fore, much is still unknown about the compo-
sition of the intestinal microflora, the physio-
logical processes in which they are involved and
the influence the intestinal bacteria have on the
homeostasis of the body (Eckburg ez a/. 2005).
We need better tools to study the bacterial flora
and PCR techniques with 16S rRNA gene se-
quencing may be a useful one in this respect.
However, more studies utilizing this technique
are required.

A well balanced diversity of the intestinal mi-
croflorais an importantaspect of health. The in-
digenous microflora contains a wide variety of
bacteria, from PPB, e.g. Enterobacteriaceae and
certain clostridia, such as Clostridium perfringens
and C. difficile, to those with health promoting
properties, such as bifidobacteria and lactobacilli.
This may mirror a selection of bacteria favour-
able for the host. In the healthy state, PPB’s are
kept under control by the non-pathogenic flo-
ra, so called colonization resistance. Diversity is,
however, challenged, for example in critical ill-
ness (Marshall ez 2/. 1993), inflammatory bow-
el disease (Ott et al. 2004) and with antibiotic
therapy. When such changes occur, it affects the
host through the intestinal flora’s interplay with
the body’s immune system and through bacterial
translocation (BT). The reduced diversity often
results in a greater niche for PPB’s, further fuel-
ling the disease, which may result in a vicious cir-
cle. In this situation, the idea of supplementation
with certain bacteria that might counterbalance
the expanding PPB’s and re-establish diversity
and thereby health, have been put forward (Sal-
minen et al. 1996; Sartor 2004). The concept of
ingestion of fermented food products contain-
ing health promoting bacteria was presented al-
ready in the end of the 19" century by Metch-
nikoff (Metchnikoff 1908), but with increasing
knowledge of the intestinal microflora, and the
processes taking place therein, the last decades
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have brought about a renewed interest in probi-
otic bacteria, e.g. lactobacilli and bifidobacteria
(Dunne ez al. 1999; Fuller 1991; Servin 2004).

Probiotics

General aspects

Probiotic bacteria are defined as living organisms
which, when ingested, exert beneficial effects on
the host (Schrezenmeir ezal. 2001). Species often
used as probiotics belong to the genera Lacroba-
cillus (e.g. L. paracasei, L. rhamnosus, L. johnso-
nii, L. plantarum, L. reuteri and L. acidophilus),
Bifidobacterium (e.g. B. longum, B. animalis) or
the yeast Saccharomyces boulardii (Herek ez al.
2004; Holzapfel ez al. 1998). Others are Strep-
tococcus thermophilus (Resta-Lenert et al. 2003)
and E. coli strain Nissle (Sartor 2004). Combina-
tions of several probiotic bacteria have also been
used (Gionchetti ez a/. 2000). Besides probiot-
ic bacteria, prebiotics are often used. Prebiotics
are defined as dietary non-digestible carbohy-
drates with the ability to selectively stimulate
growth of one or a limited number of bacteria,
often lactobacilli and bifidobacteria, and there-
by contribute to enhancement of the intestinal
barrier function (Schrezenmeir ez 2/. 2001). This
definition is very close to that of dietary fiber,
the major difference being the controlling effect
on the colonic microflora. Thus, fructooligosac-
charides and inulin are examples of prebiotics,
while B-glucans in for example oat, is a dietary
fiber without particular selective effects on the
microflora. Symbiotics are combinations of pre-
and probiotics.

Probiotic bacteria to be used should be resis-
tant to gastric acid, bile and pancreatic juices,
survive the transit through the intestine, have
the ability to adhere to the intestinal mucosa of
the host and colonise the intestine, be nontoxic
and nonpathogenic, easy to culture and pref-
erably of human origin when used in humans
(Dunne et al. 1999; Salminen ez al. 1996). The
ability of probiotics to affect the host beneficial-



ly is claimed to be through properties such as
production of antimicrobial substances (Cocon-
nier et al. 1997; Servin 2004), modulation of the
intestinal microflora composition by lowering
of pH through production of SCFA (Cummings
etal. 1996; Wong et al. 2006), induction of mu-
cin-production (Mattar ¢z 2/. 2002), immuno-
stimulation (Miettinen ez al. 1996; Roller et al.
2004), colonization resistance by competitive
inhibition of other microbes on the intestinal
mucosa (Gueimonde ez a/. 2006) and produc-
tion of enzymes and anticarcinogenic substanc-
es (Gallaher e al. 1999). Different effects have
been found in animal and human studies. Thus,
in animal 7z vivo studies, probiotics have been
found to reduce BT (Adawi ez /. 2001), atte-
nuate liver injury (Kasravi ez 2/. 1997) and coli-
tis (Mao ez al. 1996a), reduce tumour inciden-
ce (Mclntosh et 2/. 1999) and restore intestinal
integrity in IL-10 gene-deficient mice (Madsen
et al. 2001). In humans, effects with probiot-
ics have been found in prevention of pouchitis
(Gionchetti et al. 2000; Gionchetti ez al. 2004),
reduction in septic complications requiring sur-
gical intervention in acute pancreatitis (Olah ez
al. 2002) and reduced postoperative septic com-
plications after major abdominal surgery (Rayes
eral. 2002a) as well as after liver transplantation
(Rayes et al. 2002b). Probiotics have also been
successfully used in treating rota virus infections
in children (Majamaa ez al. 1995; Weizman et 4.
2005) and seem promising in preventing relapse
in Clostridium enterocolitis (Wullt ez 2l. 2003).
Further, probiotics seem to prevent antibiotic
associated diarrhoea (D’Souza et al. 2002) as
well as to reduce the cholesterol and fibrino-
gen levels in smokers (Bukowska ez a/. 1998).
Finally, a probiotic given to heavy smokers has
been found to lower blood pressure and reduce
fibrinogen levels, a risk factor for cardiovascu-
lar disease (Naruszewicz ez al. 2002). All these
effects are claimed with different probiotics or
combinations of them, with different doses and
length of treatment.

Peter Mangell

Lactobacillus plantarum 299v

The species L. plantarum is a Gram positive mi-
croaerofilic facultative heterofermentative rod,
being able to use carbohydrates for fermentation
to lacticacid, aceticacid and CO.,. L. plantarum
is often found in several plant (Randazzo ez al.
2004; Spano ez al. 2004) and dairy (Manolopou-
lou ez al. 2003) products. With consumption of
lactic acid fermented products, large amounts
of L. plantarum are also ingested. The strain L.
plantarum 299v (DSM 9843) was originally iso-
lated from the human intestinal mucosa (Mo-
lin ez al. 1993) and has since then been used in
animal and human studies to test its probiotic
potential.

Several animal experiments have been de-
signed to study the effect of L. plantarum 299v
on colitis and intestinal permeability. In rats with
methotrexate-induced colitis, L. plantarum299v
was found to reduce BT and permeability while
re-establishing microecology and attenuating
the mucosal injury (Mao ez al. 1996a; Mao ez
al. 1997). In the same experimental model L.
plantarum 299v increased secretory IgA in the
colon, indicating an immunomodulatory func-
tion (Mao et 2l. 1996b). This effect on intesti-
nal immunity was also highlighted on germ-free
mice with IL-10 deficiency, where pretreatment
with L. plantarum 299v before colonization with
specific pathogen free bacteria attenuated colitis
(Schulez ez al. 2002). The ability of L. planta-
rum 299v to affect the concentration of PPB in
the intestine was studied on a model with coli-
tis induced by dextran sulphate sodium (DSS),
where a reduced BT was found, possibly due to
a decrease in viable count of Enterobacteriaceae
(Osman et al. 2004). Moreover, a decrease in
Enterobacteriaceae in colon, concomitant with
reduced BT and decreased hepatocellular dam-
age was shown in rats where L. plantarum 299v
was given rectally for eight days before induc-
tion of liver injury (Adawi et al. 1997). Fur-
ther, competition for colonisation was studied
on gnotobiotic mice, where L. plantarum 299v
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was found to decrease the concentration of E.
coli in small intestine and caecum, but this effect
did not remain for more than five weeks (Herias
et al. 1999). However, co-colonisation resulted
in higher levels of serum IgA and the influence
of L. plantarum 299v on the intestinal immu-
nity was further indicated by an increase in the
density of CD25 cells in lamina propria of the
intestine (Herias et 2/ 1999).

Possible mechanisms behind the abovemen-
tioned effects have been explored in several in
vitro studies. Thus, L. plantarum 299vwas found
to prevent attachment of enteropathogenic £.
colito HT-29 cells, while increasing mRNA ex-
pression of MUC2 and MUC 3, the two pre-
dominant mucins in colon (Mack ez 2/ 1999;
Mattar ez al. 2002) resulting in an extracellu-
lar production of mucins (Mack ez a/. 2003).
Besides a potential effect of L. plantarum 299v
in preventing attachment of microbes through
strengthening of the mucus layer covering the
intestinal mucosa, another way could be through
competition for receptors. This was studied by
Adlerberth ez al. where L. plantarum 299v was
tested for adherence to HT-29 cells and found
to carry a mannose-specific adhesin (Adlerberth
et al. 1996). Many strains of E. coli also car-
ry mannose-specific adhesins (Abraham ez a/.
1985) and this may be a possible mechanism
behind the competitive inhibition exerted by
L. plantarum 299v. This is further emphasized
inastudy where L. plantarum 299v reduced en-
teropathogenic E. coli (EPEC)-induced migra-
tion of neutrophils across T-84 cell monolayers,
while a solution in which L. plantarum 299v had
grown was not able to achieve this effect (Mi-
chail ez al. 2003).

Several studies have also been performed on
humans. L. plantarum 299v is a common colo-
nizer on human mucosa of rectum (Johansson
eral. 1993) and many of the isolates were found
to adhere to HT-29 cells in a mannose-sensitive
manner, indicating the presence of such a man-
nose-containing receptor on the intestinal mu-

cosa (Ahrné ezal. 1998). Intake of L. plantarum
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299v resulted in an increase in lactobacilli and
bifidobacteria in faeces while sulphite-reducing
clostridia were reduced (Johansson ez al. 1998),
demonstrating the ability of the bacterium to
pass through the GI tract and exert a biological
effect. The survival of orally provided L. planta-
rum 299v to healthy individuals was confirmed
by Goossens ez al. but the increase in concentra-
tion of lactobacilli in faeces disappeared quickly
after cessation of feeding (Goossens ez al. 2003).
No effects were seen on counts of other bacteria,
enzyme activity or concentration of SCFA (Go-
ossens et al. 2003; Goossens et al. 2005). This is
in contrast to the previously mentioned study,
where increased fermentation by L. plantarum
299v was indicated through increased concen-
trations of acetic acid and propionic acid in fae-
ces (Johansson ez al. 1998).

In the clinical situation varying effects have
been found with administration of the probi-
oticum. L. plantarum 299, which is another L.
plantarum strain but with high genomic similar-
ity to L. plantarum 299v, reduced postoperative
complications in liver transplant patients (Rayes
et al. 2002b) and reduced the incidence of sep-
tic complications in patients with pancreatitis
(Olah ezal. 2002). Heat-killed L. plantarum 299
did notachieve these effects. However, in a study
on general surgery patients, L. plantarum 299v
could not prevent BT, gastric colonisation or
postoperative septic complications (McNaught
et al. 2002). The general surgery patients were
pre-treated with the probioticum for a consider-
able time before surgery, in contrast to the liver
transplant patients who were given only postop-
erative treatment. Pretreatment, with the pos-
sibility of lactobacilli to colonise the intestine,
would supposedly increase the chance of any
positive effects. The reason why this was not the
case might be due to the severity of the system-
ic disease, 7.e. the liver transplant patients were
more affected by their disease and therefore fa-
vourable results were easier to detect. This pos-
sibility is further emphasized in another study by
Rayes ez al. where the positive effect of L. plan-



tarum 299 was primarily seen among the most
severely ill patients (Rayes ez a/. 2002a).

The immunomodulatory influence of L.
plantarum 299v found in animal studies have
been more difficult to detect in humans studies.
In a study by Woodcock e al. (2004) no effect
on plasma cells, mucus IgA, IgM-positive cells
or IgA-positive cells in lamina propria of small
intestine was found after preoperative intake of
the probioticum, and the authors concluded that
L. plantarum 299v does not enhance the func-
tion of the GALT (Woodcock ez 2l 2004). How-
ever, the study subjects were few and the intake
of the probioticum low. Moreover, L. plantarum
299v given to critically ill patients attenuaced IL-
6 levels after 14 days of treatment, indicating an
ability to modulate the inflammatory response
(McNaught ez al. 2005).

Several different probiotic bacteria have been
studied in varying experimental and clinical situ-
ations. Results from animal studies are encour-
aging and the concept of treating disease, and
preventing complications when doing so, with
probiotic bacteria is appealing. Still, much has
to be elucidated concerning the potential effect
of individual strains, prevention of translocation
of PPB, attenuation of permeability defects and
strengthening of the intestinal barrier.

Intestinal barrier

Structure

The intestine has an area of approximately 300
m?and is the largest surface between the human
body and the surrounding environment. The
intestine has to absorb water and nutrients, and
at the same time prevent intraluminal bacteria,
antigens, toxins and other noxious components
in the lumen to pass into the body (Snoeck ez 4.
2005). To achieve this, a complex physical bar-
rier separates the intestinal lumen from the body.
(Fig. 1) This consists of an unstirred water layer,
a mucous layer, the epithelium with its hydro-

phobicity, tight junctions (T]) and the endothe-
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lium. When one or several parts of the barrier
fail, disease ensues (Farhadi ez /. 2003).

The unstirred water layer is rate limiting in
the transport of many nutrients and pharmaco-
logical substances, but its role in permeability
remains unknown.

The intestinal mucosa is covered by a mucus
layer. Its hydrophobic characteristic is important
in the protection of the epithelium from physical
and chemical injury (Maxson ez al. 1994). The
mucus is also a strong diffusion barrier. Further-
more, it prevents bacterial adherence to the mu-
cosa by trapping both bacteria and secretory IgA
attached to bacteria, which are then transported
distally with the peristalsis and excreted (Alba-
nese e al. 1994; Macpherson ez al. 2001).

The mucus membrane consists of several dif-
ferent cells. The most abundant are the entero-
cytes (Snoeck ez al. 2005) which arise from stem
cells in the crypts of the mucosa. With matura-
tion, they move up towards the villi where they
have absorptive functions but also restrict pas-
sage of compounds from the lumen. They are
polarized with microvilli on the apical, lumi-
nal side, further increasing the absorptive area
of the intestine. From the stem cells arise also
goblet cells which are spread among the entero-
cytes and produce mucus. Further, Paneth cells
are located deep in the crypts of the small intes-
tine, providing a defence against microbes by
secreting antimicrobial molecules such as de-
fensins, lysozymes and phopholipas A into the
lumen (Bry et al. 1994). M-cells are found in
the follicle-associated epithelium of the Peyer’s
patch of the small intestine, especially distally.
They are specialized in the uptake of micro- and
macromolecules from the lumen of the intes-
tine and deliver the antigens via transcytosis to
antigen presenting cells and lymphocytes locat-
ed in a pocket-like structure on the basolateral
side and further to the lymphoid tissue underly-
ing the mucosa (Gullberg ¢z al. 2006). M-cells
differ from normal enterocytes in that they do
not have microvilli on their apical surface, but
broader microfolds that give the cell its name.
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Fig. 1. Schematic presentation of gastrointestinal barrier.

The filamentous brush border glycocalyx, an ex-
tracellular polysaccharide layer found through-
out the intestine attached to enterocytes, is much
thinner or absent on M-cells, facilitating antigen
uptake. M-cells are exploited by several patho-
gens, including Shigella flexneri and Salmonella
typhimurium, as a way to penetrate the intestinal
epithelium (Jensen ez al. 1998; Lu ez al. 2001).
Factors promoting the differentiation of M cells
have yet to be elucidated, but they are thought
to develop in response to signals from immune
cells found in the developing Peyer’s patch.
Besides the cellular components of the mu-
cosa, epithelial barrier function is regulated by
the apical junctional complex (AJC), consisting
of tight junctions (T]) and adherence junctions
(AJ). TJ is closest to the lumen and made up of
fibrils that cross between the plasma membrane
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of adjoining cells (Nusrat ez /. 2000). The fibrils
consist of the membrane proteins occludin and
claudin which are in contact with the intracellu-
lar proteins ZO 1-3 (Balda ez al. 2000). A]J is lo-
cated further towards the basolateral membrane
and is built up by the transmembrane protein
E-cadherin. AJ is responsible for cell-cell con-
tact and forms a complex with the T] (Balda ez
al. 2003).

TheT] complex is linked to the actin micro-
filaments making up the cytoskeleton (Kuchar-
zik er al. 2001). Myosin movement along actin
filaments are regulated by myosin light chain ki-
nase (MLCK) (Moriez ez al. 2005). Phosphory-
lation of MLCK causes increased perijunctional
contraction of actin and thereby increase para-
cellular permeability (Moriez ez al. 2005). T has
both a fence-function, maintaining apical-to-ba-



solateral polarity by inhibiting diffusion of lipo-
philic molecules, and a gate-function by regulat-
ing the passage of ions and molecules through
the paracellular pathway.

Besides the physical components of the in-
testinal barrier, the intestinal wall contains as
much as 70% of the body’s immune system,
the GALT (Shanahan 1994), which constitute
an important barrier against exogenous (e.g. di-
etary) and endogenous (bacteria) antigens. The
barrier defence consists of Peyer’s patches, lamina
propria, intraepithelial ymphocytes and mesen-
teric lymph nodes (MLN). These compartments
contain immunocompetent cells with different
functions, e.g. macrophages (phagocytosis), den-
dritic cells (antigen presentation), B-lympho-
cytes (production of antibodies against soluble
antigens) and T-lymphocytes (cell-mediated im-
mune response), responding to luminal antigens

(Acheson ez al. 2004).

Normal function

The cellular components building the intestinal
epithelium and the T]’s between the cells consti-
tute a barrier against the intestinal lumen. The
normal function of the barrier is to facilitate
the uptake of water, ions, nutrients and a con-
trolled amountof antigens (Acheson ez al. 2004).
The route across the barrier is either paracellu-
lar (between the cells) or transcellular (across
the plasma membrane of the cells). Intestinal
permeability denotes the unmediated passage
of molecules greater than 150 Daltons across
the mucosal barrier, while mucosal permeabil-
ity implies passage of smaller molecules or ions
(Travis et al. 1992).

The transcellular route is used by small and
medium-sized molecules, mainly lipophilic
ones, due to the nature of the phospholipid
membrane of the cells. An absorptive process
of nutrients occurs at the microvilli of the api-
cal membrane and discharge at the basolateral
side of the enterocytes. Meanwhile electrolytes
are either absorbed or secreted. When an elec-
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trically charged ion is transported transcellular-
ly, electroneutrality is maintained by passing of
an opposite charged ion through the TJ’s (Sun
et al. 1998).

The paracellular route is the main path for
small and medium-sized water-soluble com-
pounds across the intestinal barrier. This oc-
curs through the TJ’s which are more numer-
ous but smaller at the tip of the villi, compared
to the fewer but broader ones in the crypts (Hol-
lander 1999).

Macromolecules are transported across the
intestinal barrier either through receptor-me-
diated endocytosis, non-selective pinocytosis or
direct penetration of the cell membrane. In the
pathogenesis of e.g. inflammatory disorders of
the intestine, paracellular permeability to mac-
romolecules plays an important role (Bruewer
et al. 20006).

Normal function of the barrier requires nor-
mal blood flow to the intestine, adequate access
to nutrients, a balanced luminal microflora and
a well-functioning immune system, constant-
ly scanning the mucosal barrier for pathogens,
while simultaneously collecting small amounts
of antigens to stay active and updated. All these
requirements are, surprisingly enough, at work
most of the time. However, in certain conditions
one or several of these factors are set off balance,
causing the intestinal barrier to become dysfunc-
tional, which may lead to increased permeability
to antigens and translocation of bacteria.

Barrier dysfunction

Altered intestinal permeability is an important
partof the pathogenesis in several critical condi-
tions. Patients with sepsis (Johnston ez al. 1996)
or major trauma (Pape ez al. 1994) develop in-
creased permeability, which may initiate or pro-
mote multiorgan failure in the eatly phase of the
trauma, but also predispose to significant infec-
tions later in the clinical course, as seen with
burn injuries (LeVoyer ez al. 1992).

Changes in permeability are thought to be
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involved in the pathogenesis of inflammatory
bowel disease (Nejdfors ez al. 1998; Soderholm
et al. 1999). In Crohn’s disease (CD), barrier
function in the follicle-associated epithelium is
reduced allowing passage of intraluminal bac-
teria and antigens (Gullberg ez a/. 2006). This
occurs both across antigen-sampling M-cells in
the follicle-associated epithelium and by down-
regulation of E-cadherin in AJ (Karayiannakis ez
al. 1998), indicating an increased permeability
across the T] complex. The increased permea-
bility may be an early event in CD, perhaps ge-
netically induced and promoted by the environ-
mental factors such as intestinal bacteria or other
antigens. In contrast, the permeability changes
seen in ulcerative colitis (UC) is presumably sec-
ondary to the inflammatory process (Schmitz
et al. 1999b). The proinflammatory cytokines
IFN-y and TNF-a have been found to increase
permeability in cell monolayers (Bruewer ez al.
2003; Schmitz ez al. 1999a) and are thought to
be involved in the increased permeability seen
in IBD through endocytosis of T] proteins (Iva-
nov et al. 2004).

Cytotoxic agents used in oncology treatment
commonly create adverse reactions, such as mu-
cositis and enteritis. Due to the nature of the
drugs given, there is a morphological and func-
tional damage to the cells, creating a weakened
intestinal barrier, both on the cellular level and
on TJ (Carneiro-Filho ez al. 2004; Keefe et al.
1997). This leads not only to increased passage of
antigens and bacteria across the intestinal barrier,
but also increased passage of water and electro-
lytes into the lumen, causing diarrhoea. Radio-
therapy, likewise, alters the morphology of the
intestinal epithelium. Thus, permeability has
been shown to increase in rectal mucosa follow-
ing radiotherapy, indicating a barrier damage to
the mucosa (Nejdfors ez al. 2000).

The intestinal barrier function may also be
weakened by changes in the intestinal gut flora.
Under normal conditions, PPB are kept under
control by factors such as diet, pH, peristalsis,
immune competence and the intestinal micro-
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flora itself, competing for nutrients. However,
modification of one or several of these factors
may lead to overgrowth of pathogens, leading
to mucosal damage and increased permeability
(Deitch ez al. 2004). One example is the non-
invasive EPEC which induces diarrhoea by in-
creasing paracellular permeability. This is done
through redistribution of occludin in the T] and
is dependent on E. coli secreted protein (Shif-
flett et al. 2005). However, the increase in para-
cellular permeability induced by EPEC can be
diminished by the probiotics L. casei (Parassol
eral. 2005) or L. plantarum 299v (Michail ez 4.
2003). While the diminishing effect on perme-
ability with EPEC-infected T84 cells was equal
whether the probioticum was given before or
after infection, other studies have shown a pre-
ventive, rather than therapeutic, effect with pro-
biotics (Michail ez 2/. 2003; Resta-Lenert ez al.
2003).

The increased permeability, whether due to
destruction of epithelium or breakdown of T7J,
opens up the interior milieu of the body. This
sets off an immunologic reaction which either
succeeds in resisting the invasion of antigens, or
the body is invaded by antigens, bacteria, toxins
and other noxious substances from the intesti-
nal lumen, leading to local or systemic disease.
Even when the invasion is halted, side effects of
the immunologic reactions may create disease.
Therefore, itis of interest to prevent, rather than
to treat, breakdown of the intestinal barrier in
situations where it is challenged.

Bacterial translocation

Despite multiple physical and physiological
components, bacteria sometimes manage to
breach the intestinal wall, leading to BT, which
is defined as the passage of bacteria, or endo-
toxins produced by Gram negative bacteria, to
usually sterile locations in the body (Berg ez 4.
1979)(Fig. 2). There are three primary mecha-
nisms promoting BT: intestinal bacterial over-
growth, increased intestinal permeability and



Fig. 2. Translocation in rat distal ileum. Transmis-
sion electron microscope x 15000.

host immunodeficiency (Berg 1999). The first
mechanism, bacterial overgrowth, is the most
effective one. Several experimental studies have
shown a correlation between the concentration
of bacteria in the intestine, especially the cae-
cum, and BT to MLN (Katayama et a/. 1997;
Mao et al. 1997; Wang et al. 2001a). Further
spread, beyond the MLN, often requires some
grade of immunodeficiency (Berg 1999). How-
ever, primary insufficiency in sIgA-production
by B-cells, or an attenuated T-cell response to
bacterial invasion, also leads to the spread of in-
testinal bacteria to extraintestinal sites. In endo-
toxaemia, BT occurs as a result of the mucosal
damage inflicted, separating epithelial cells and
increasing permeability (Garcia ez a/. 2001). In
hemorrhagic shock, the reduced tissue perfu-
sion due to hypotension damages the intesti-
nal mucosa, thus promoting BT (Nettelbladt
et al. 1998).

BT has clearly been shown to occur in animal
models (Adawi ez 2/ 2001; Goldman ez al. 2001;
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Mao et al. 1997). Also in humans BT is found.
Thus, in general surgery BT to MLN occurs in
10-20% of the patients (MacFie ez al. 1999;
MacFie et al. 2006; Sedman ez 2/ 1994). Emer-
gency surgery and total parental nutrition are
found to predispose to BT (MacFie ez a/. 2006)
and with intestinal obstruction as many as 60%
of the patients have positive MLN (Sagar ez al.
1995). There seems to be a correlation between
the finding of culture-positive MLN’s, as a sign
of BT, and septic morbidity. Patients in whom
BT is found have a higher incidence of septic
complications (MacFie ezal. 1999; MacFie ez al.
2006). However, the clinical importance of BT
has been more difficult to confirm (Lemaire et
al. 1997; MacFie 2004). It might be that a trau-
ma or disease process initiates an inflammatory
response with concomitant injury to the intes-
tinal barrier. If this is followed by a second in-
sult, such as surgery or continuing disease, BT is
prone to occur. Thus, BT might be a promoter,
rather than initiator, of systemic inflammatory
response syndrome (SIRS) in a situation when
immune response is already exhausted, leading
to septic morbidity. In such situations it would
seem rational to strengthen the intestinal bar-
rier and limit bacterial overgrowth early in the
inflammatory phase with the intention to pre-
vent secondary BT.

Efforts have been made to prevent or atten-
uate BT. Nitric oxide inhibition (Unno ez al.
1997), fiber (Spaeth ¢ al. 1995) and anti-TNF-
a (Goldman et al. 2001) are examples of sub-
stances that have shown an effect on the mag-
nitude of BT. Bowel decontamination is used to
prevent BT but it seems preferable to keep the
intestinal microflora, mucosa and immunologi-
cal competence stable. Thus, by stimulating GI
motility, preventing bacterial overgrowth and
maintaining the intestinal barrier intact, BT can
be prevented or at least attenuated. Probiotics
might have these effects (Besselink ez /. 2005).
Promising results have come from animal stud-
ies where probiotic bacteria have been found to
prevent BT in Caco2-cells (Mattar ez 2. 2002),
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in rats with liver injury (Adawi ez al. 1997; Wang
et al. 2001b) or enterocolitis (Mao ez al. 1996a)
and after liver- and colon resection (Seehofer ez
al. 2004). The prevention of BT in humans has,
however, been more difficult to achieve (Ander-
son et al. 2004; McNaught ez al. 2002).

Several mechanisms may be involved in the
potentially protective effects of lactobacilli in
BT. Previous studies have shown that L. plan-
tarum 299v has adhesive capabilities on colon
cells (Adlerberth ez 4l 1996), but it is not known
whether this is of any clinical significance in pre-
venting BT. This stresses the need for further
studies 77 vivo to elucidate the importance of ad-
hesion of probiotics in preventing BT, but also
studies aiming to clarify the ability to prevent
BT in the clinical situation.

Lipopolysaccharide (LPS)

In the concept of BT is also included translo-
cation of endotoxin (lipopolysaccharide, LPS),
which is the principal component of Gram neg-
ative bacterial cell membrane (Helander ez a/.
1999). LPS consists of lipid A, a hydrophobic
component which anchors the molecule to the
cell membrane, a polysaccharide in the middle
and a hydrophilic oligosaccharide which is pro-
jecting into the extracellular space. Lipid A varies
between different bacterial species, accounting
for the specificity of different LPS (Helander ez
al. 1999) and is essential for endotoxin-induced
BT (Deitch ez al. 1989). A low dose of LPS is
probably favourable to the host by priming the
inflammatory response, resulting in a rapid elim-
ination of hostile microorganisms (Abdul-Hai ez
al. 2006). But with an increased translocation of
LPS, as well as translocation of viable or nonvi-
able Gram negative bacteria, classical symptoms
of septicaemia are elicited.

LPS forms a complex with LPS-binding
protein (LBP) which binds to CD14 on mac-
rophages (Helander ez 2/. 1999). Transcription-
al activation goes through the transmembrane
signalling protein Toll-like receptor 4 (TLR4)
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which induce cell-activation through NF-xB
pathways (Chow ez al. 1999). The resulting re-
sponse is production of pro-inflammatory cy-
tokines, such as IL-1, IL-6 and TNF-«. Thus,
TNF-a added to Caco2-cells exposed to enteric
bacteria and hypoxia increases apoptosis and in-
testinal permeability, an effect abrogated by anti-
TNEF-a (Diebel et al. 2005). Moreover, IFN-y
acted synergistically with TNF-a on the intes-
tinal epithelium (Schmitz ez 2/ 1999a). The
mechanism behind the change in permeability
seems to be an altered function of T] (Schmitz ez
al. 1999a). Besides macrophages, LPS activates
monocytes and endothelial cells, leading to the
release of cytokines as mentioned above. These
pro-inflammatory cytokines may up-regulate the
expression of endothelial adhesion molecules and
chemokines. However, whether there is a relation
between the increased permeability and the LPS-
induced cellular recruitment is not known.

Leukocyte recruitment

The recruitment of leukocytes to extravascular
sites is central in inflammation. The process in-
volves several interacting factors on leukocytes
and endothelium (Fig. 3), the most important
being the selectins and integrins (Thorlacius
2004).

Leukocyte recruitment is a multi-step process
(Butcher 1991; Carlos ez al. 1994), initiated by
a rolling adhesive phase, where leukocytes are
displaced laterally in the laminar blood flow and
their velocity gradually reduced, allowing for in-
creased time of interaction between the leuko-
cyte and the endothelium. If the slowly rolling
leukocyte does not detect any further signals, it
will be released back into the circulation. How-
ever, if the leukocytes are exposed to chemoat-
tractants on the endothelial cells, there will be
a gradual change from reversible rolling to firm
adhesion. This is mediated by upregulation of
B,-integrins on the leukocyte surface, interacting
with receptors on the endothelium. The last step
in leukocyte recruitment is the transmigration



through the endothelium to the inflammatory
process in the extravascular tissue.

Among the family of adhesion molecules, P-
selectin is the most important in regulating roll-
ing (Riaz er al. 2002). P-selectin is found in a-
granulae of platelets and also in Weibel Palade
bodies of endothelial cells (McEver ez 2l 1989).
When stimulated, preformed P-selectin is re-
leased within minutes. A second peak occurs sev-
eral hours later and is of greater magnitude. This
release of P-selectin is regulated by transcription
and induced by factors such as LPS and TNF-a
(Thorlacius 2004).

Involved in the arrest of the rolling leuko-
cyte are also chemokines, a family of chemoat-
tractants that have pro-inflammatory functions.
The chemokines are structurally divided into
two main groups, CXC and CC (Mantovani
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Fig. 3. Leukocyte recruitment
in a postcapillary venule. The
extravasation of circulating
leukocytes during inflamma-
tion is a sequence of events
including capture and acti-
vation, rolling along the en-
dothelium, adhesion and fi-
nally transmigration between
endothelial cells to the ex-
travascular tissue.

(Modified with kind permis-
sion from Prof K Ley, Univer-
sity of Virginia, USA).

1999). CXC chemokines, of which IL-8 is one,
are potent chemoattractants for neutrophils. The
murine equivalents to IL-8 is macrophage in-
flammatory protein-2 (MIP-2) and cytokine-
induced neutrophil chemoattractant (KC). CC
chemokines may attract T-lymphocytes, macro-
phages and eosinophils.

Increased intestinal permeability is seen with
LPS-induced sepsis (Garcia ez al. 2001; O’ Dwyer
etal. 1988) and several studies have reported that
pro-inflammatory substances may increase the
permeability of epithelial monolayers iz vitro
(Diebel et al. 2005; Schmitz et /. 1999a). How-
ever, these studies, by being done 77 vitro, lack the
presence of leukocytes, which have a central role
in inflammation. Therefore, one of the aims of
this work was to elucidate the role of leukocytes
in intestinal permeability induced by LPS.
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Aims

The main aim of this thesis was to study the ef-
fect of L. plantarum 299v on gut function in
health and disease. This was done in four papers
with the specific aims to:

* study the ability of L. plantarum 299v to re-
duce intestinal permeability induced by a
strain of E. coli (paper I),

¢ study the ability of L. plantarum 299v to pre-
vent BT in sepsis (paper II) and

* determine whether such a preventive effect
is dependent on the adhesive capability of L.
plantarum 299v (paper 1),

* investigate the role of leukocytes and P-se-
lectin in sepsis-induced permeability in the
intestinal barrier dysfunction associated with
sepsis (paper I1I),

* investigate whether oral treatment with L.
plantarum 299v to patients undergoing co-
lon resection can affect the load of some po-
tentially pathogenic bacteria in the intestine
and prevent BT (paper IV)

Material

Animals

Rats (study I-I1)

In study I and II male Sprague-Dawley (Mélle-
gaard, Skensved, Denmark) rats weighing 321—
456 g were used. They were maintained ina 12-
hrlight-dark cycle ac 20 + 2°C and a relative hu-
midity of 50 + 10% for at least one week before
starting the experiment. The racs had access to
rat chow (B&K Universal, Sollentuna, Sweden)
and water ad libitum. The rats were temporarily
sedated with CO, for intraperitoneal injections
in study II. For harvest of intestine for Ussing
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chamber experiments in study I and intestine,
MLN’s and liver for culture in study II, diethyl
ether was used for anesthesia.

Mice (study IlI)

Male C57BL/6 mice (Taconic Europa, Ry, Den-
mark) weighing between 20-22 g were main-
tained at 12 h dark and 12 h light cycles and
had free access to standard pellet food (R3, Lac-
tamin AB, Kimstad, Sweden) and water ad libi-
tum. Anesthesia was achieved by intraperitoneal
(i.p.) injection of 7.5 mg ketamine hydrochlo-
ride (Hoffman-La Roche, Basel Switzerland) and
2.5 mgxylazine (Jansen Pharmaceutica, Beerse,
Belgium) per 100 g body weight.

Patients (study IV)

Patients of both sexes referred for colon surgery
were eligible for entry into the study. They were
enrolled into the study at the first visit to the De-
partment of Surgery outpatient clinic. The study
was double blinded, randomized and placebo
controlled. Exclusion criteria were planned rec-
tal surgery, history of endocarditis, congenital or
acquired heart valve disease or inability to follow
the preoperative study protocol at home. Ran-
domization was achieved by randomly linking the
patient number to either 299v or placebo group.
Patients in the treatment group (299v group) were
given sealed containers of an oatmeal based drink
containing 107 colony forming units (CFU)/ml
of L. plantarum 299v (Probi, Lund, Sweden). Pa-
tients in the control group (placebo group) were
given the same oatmeal based drink, but without
the bacteria added. Patients, medical staff and
study personnel were blinded as to which group
the patients were randomized to. All patients pre-
sented written consent, signed after written and
oral information. Pre-, peri- and postoperative
measures, 7.e. bowel preparation, antithrombotic
prophylaxis, perioperative antibiotics, anaesthesia
and postoperative care were performed according
to routines at the department.



Ethics

All animal studies were approved by the Ani-
mal Ethics Committee of Lund University. The
patient study was approved by the Ethics Com-
mittee of Lund University and was performed
according to the Declaration of Helsinki.

Marker molecules

['*C]mannitol (MW 182 Da) was used in paper
L. The passage of this hydrophilic marker across
the mucosa is not clearly defined, but both tran-
scellular permeation through small pores in the
enterocytes, and paracellular via tight junctions,
have been suggested (Krugliak ez /. 1994; Tra-
vis et al. 1992).

In study III sodium fluorescein (MW 376
Da) was used. It is generally held as a marker of
paracellular permeability (Bernkop-Schnurch
et al. 2004).

Bacterial strains

L. plantarum 299v (DSM 9843) was used in
studies I, I and IV. In study I and I, the bac-
terium was mixed with an oatmeal based drink
containing 18.5 g oatmeal based per 100 g drink
(Molin ez al. 1992) and given either through a
gastric tube or mixed with the drinking water.

In study IT one group of rats were fed bacteria
in drinking water as mentioned above, while one
group received L. plantarum 299v-adh, a strain
that originates from L. plantarum 299v but has
lost the ability to adhere to HT-29 cells (Mack
eral. 2003). When given in the drinking water,
this bacterium was also mixed with an oatmeal
based drink as mentioned above.

In study IV the subjects in the 299v-group
received 100 ml of the oatmeal based drink con-
taining L. plantarum 299v in the same concentra-
tion daily, starting eight days before surgery and
resuming intake from the first until the sixth post-
operative day. The placebo group received the oat-
meal based drink without any bacteria added.
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E. coliF131 (kindly provided by I Alderberth,
Dept of Clinical Immunology, Géteborg Univer-
sity, Goteborg, Sweden) was used in study I.

Methods

Experimental protocols

This chapter briefly describes the experimental
procedures in the studies presented. Detailed in-
formation is found in the different papers.

Study |

Rats were divided into three groups and pretreated
for one week with either regular feeding only; ad-
dition of oatmeal based drink through tube feed-
ing twice daily; or addition of oatmeal based drink
mixed into the drinking water. The oatmeal con-
tained 10°CFU L. plantarum 299v per ml. All rats
had free access to standard rat chow. Under anes-
thesia, 25 cm of distal ileum was harvested, care-
fully cleared from mesentery, divided and placed
in Ussing chambers for permeability studies.

Study I

Rats were divided into five groups. Group 1 and
2 were negative and positive control respective-
ly and received regular drinking water. Group
3 received oatmeal based drink mixed into the
drinking water, while group 4 received the same
oatmeal based drink mixed with 10° CFU L.
plantarum 299v per ml in the drinking water.
Finally, in group 5 the bacteria were changed to
a strain which had lost its ability to adhere to
HT-29 cells (Mack et al. 2003), L. plantarum
299v-adh. All rats had free access to standard
rat chow. Following one week pretreatment, the
rats were sedated and given an intraperitoneal
injection of LPS from E. coli serotype O111:B4
(Sigma, Stockholm, Sweden). 24 hours later the
rats were anaesthetized and MLN, liver and dis-
tal ileum harvested.
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Study I

Mice were treated with either 0.3 ml sterile sa-
line i.p. (negative control); 2 mg LPS from E.
coli serotype O111:B4 (Sigma Chemical Co, St
Louis, MO, USA) per 100 g body weight i.p.
(positive control); 40 pg of an isotype-matched
rat antibody IgG (clone R3-34, BD Biosciences
Pharmingen, San Diego, CA, USA) dissolved in
sterile saline to a total volume of 0.2 ml intrave-
nously (i.v.) by a lateral tail vein injection, im-
mediately followed by i.p. administration of LPS
(control antibody); or 40 ug of a monoclonal an-
tibody against mouse P-selectin (clone RB40.34,
BD Biosciences Pharmingen) dissolved in sterile
saline to a total volume 0f 0.2 ml i.v. immediately
followed by LPS (anti-P-selectin antibody). All
animals had free access to regular mouse chow
and water before and after treatment. Perme-
ability studies and intravital microscopy were
conducted 18 h after LPS injection.

Study IV

Starting in the morning eight days before sur-
gery, and continuing daily until admitted into
the hospital, each of the 72 patients included

Fig. 4. Flow chart of experimental setup in study IV.
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in the study drank 100 ml of the oatmeal based
drink to which they were randomized (Fig. 4).
In the 299v group (treatment group) this corre-
sponds to a daily intake of 10" CFU of L. plan-
tarum 299v. After preoperative enema, an extra
dose of the study preparation was given the night
before surgery, adding up to a total of nine dos-
es before surgery. The first postoperative morn-
ing, consumption was resumed and continued
for five days. Intake of the study preparation
was documented by the patient at home. After
admission, intake of study preparation, postop-
erative passage of gas and stool, as well as fluid
intake, solid food intake and days on epidural
analgesia were registered by the nursing staff.

Rectal swabs for bacterial culture were taken
at time of inclusion in the study, the day before
surgery, corresponding to eight days intake of the
study preparation, postoperative day six as well
as six weeks and six months after surgery.

Mucosal biopsies at the 10 cm level of the
dorsal rectum were taken through a rectoscope
at time of inclusion, the day before surgery and
six weeks postoperatively. Further, a mucosal bi-
opsy was taken in the distal end of the resected
colonic specimen at surgery.

Immediately after laparotomy a MLN at the



ileocaecal junction was harvested, cleared of vis-
ible fat and placed in a sterile tube with buffer
solution. The tube was snap frozen in liquid ni-
trogen and stored in —=70°C for later analysis.

Ussing chamber experiments

Distal ileum of rats (study I) and mice (study
I1I) were harvested, longitudinally opened along
the mesenteric border, rinsed and mounted in
Ussing chambers (Grass ez /. 1988; Ussing et al.
1951) with an exposed area of 1.78 cm? for rats
(Precision Instrument Design, Los Altos, CA,
USA) and 0.25 cm? for mice (Harvard Appara-
tus, Holliston, MA, USA) (Fig. 5). The cham-
bers were placed in heat blocks and each half
chamber filled with Krebs” buffer solution.

In study I the solution in the mucosal (do-
nor) reservoir was replaced with buffer con-
taining ["“C]mannitol (182 Da, 0.031 yCi/ml,
DuPont, Dreieich, Germany). Further, either
L.plantarum 299v, E. coli, a mixture of both
bacteria or phosphate-buffered saline (PBS) was
added to sets of Ussing chambers on the mu-
cosal side. One ml samples were then taken at
20, 40, 60 and 120 min from the serosal (re-
cipient) reservoir and replaced with Krebs’ buf-
fer solution.
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Fig. 5. Modified Ussing diffusion chamber.
An insert with the intestinal segment to be
studied is mounted between the two cham-
bers. One of the chambers is filled with buff-
er solution containing a permeability marker.
The other chamber is filled with only buffer
solution from which the marker is retrieved
according to its permeation.

In study III the buffer solution in the mu-
cosal (donor) reservoir was instead substitut-
ed with sodium fluorescein (Na-FITC, MW
376 Da, Sigma Chemical Co, St Louis, MO,
USA). The chambers were covered to protect
from light and after 60 min specimens were
taken for spectrofluorometry from the serosal
(recipient) reservoirs.

Marker molecule analysis

The amount of radiolabelled mannitol passing
across the distal ileum of rats (study I) was deter-
mined in a beta counter (LKB, Bromma, Swe-
den) after mixing the samples with 5 ml scintil-
lation cocktail (Ready Safe, Beckman, Fuller-
ton, CA, USA).

Spectrofluorometry (SpectaMax Gemini,
Molecular Devices, Sunnyvale, CA, USA) at
an excitation wavelength of 485 nm and emis-
sion wavelength of 525 nm was used for analy-
sis of the amount of sodium fluorescein crossing
the mounted ileum of mice (study III). Known
amount of sodium fluorescein was used to make
a standard curve from which the amount of so-
dium fluorescein passage was determined.
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Electrical measurements

In paper I electrical potential difference (PD)
was measured at t = 0, 20, 40, 60 and 120 min
using Ag-AgCl electrodes embedded in KCI
agar and connected to a millivolemeter (Milli-
cell-ERS, Stockhomlm, Sweden). PD measure-
ment was done at t = 0 and 60 min in study III.
PD < 3.0 mV at t = 0 excluded that specimen
from the experiment.

Bacterial translocation

Bacterial culturing (study II)

Samples from MLN and liver were placed in an
ultrasonic bath (Millipore, Sundbyberg, Swe-
den) for two minutes and vortexed on a Chil-
tern (Thera-Glas, Gothenburg, Sweden) for two
minutes. Viable counts were obtained by plac-
ing one ml of each suspended tissue sample on
brain heart infusion agar (BHI; Difco Labora-
tories, Detroit, MI, USA) and incubated aer-
obically and anacrobically (Gas Pack System,
Gas Pack, Beckton Dickenson Microbiology
Systems, Cockeysville, MD, USA) at 37°C for
three days, thus yielding total acrobic and anaer-
obic counts, respectively. The number of colo-
nies formed on each plate was counted and the
result expressed as CFU per gram tissue.

PCR (study IV)

The MLN’s harvested from the ileocaecal junc-
tion as described above were thawed and cut into
smaller pieces. A single piece was transferred to
a 1.5 ml tube with 190 ul buffer G2 (DNA Tis-
sue Kit, Qiagen, Hilden, Germany) and 10 pl of
Proteinase K (Qiagen). Sterile glass beads were
added and the cells were lysed at 56°C for 3—4
hours in a shaking water bath. Tubes were cooled
on ice and shaken for 30 min at 4°C to disinte-
grate all bacteria. After centrifugation at 300 x g
for one minute, the solution was transferred to
a Qiagen sample tube and total DNA extract-
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ed by using Biorobot EZ1 (Qiagen) according
to manufacturer’s instructions. The DNA was
eluted in 200 pl.

Primer sequences and PCR conditions are
detailed in paper IV. PCR products were run on
1.5% agarose gel and stained with ethidium bro-
mide. Gels were photographed by digital camera
in UV-light. Samples showing a band on the gel
of correct size were subjected to a second PCR
for confirmation of positive results.

Intestinal microflora

In study I samples of rat distal ileum were placed
in ultrasonic bath and thereafter vortexed as de-
scribed above. Culturing was done on violet bile
glucose agar (VRBG; Oxoid, Hampshire, Eng-
land) incubated aerobically at 37°C for 24 h
(Enterobacteriaceae) and on Rogosa agar (Ox-
oid) incubated anaerobically at 37°C for 72 h
(lactobacilli).

Flow cytometry

In study Il both L. plantarum 299v and L. plan-
tarum 299v-adh” were used, the later being a
strain that has lost its ability to adhere to HT-
29 cells (Mack ezal. 2003). To verify the adhesive
capability of the two strains, flow cytometry was
used. The bacteria were grown overnight on Ro-
gosa agar for viable count. After reculturing on
Lactobacillus Carrying Media (LCM) for 20 h,
the bacteria were harvested, centrifuged, washed
and stained with carboxyfluorescein diacetate
(CFDA-SF; Molecular Probes Inc, Eugene, OR,
USA). HT-29 cells were grown to confluence,
trypsinated and seeded into microtiter plates and
incubated for two days. CFDA-stained bacteria
were added to the HT-29 cells and incubated
for one hour. After fixation with paraformalde-
hyde, flow cytometry was performed on a Coul-
ter® EPICS® XL Flowcytometer (Coulter Corp,
Miami, FLA, USA).



Intravital microscopy

For the study of leukocyte rolling and adhesion,
intravital microscopy of distal ileum was per-
formed (study III). A catheter was inserted in
the jugular vein of the anaesthetized mouse for
administration of the marker solutions FITC-
dextran (blood perfusion; MW 150 000; Sigma
Chemical Co, St Louis, MO, USA) and rhoda-
mine 6G (labeling of leukocytes; MW 479; Sig-
ma Chemical). Through a midline incision, dis-
tal ileum was exteriorized and the mouse was put
under an inverted Olympus microscope (IX70,
Olympus Optical Co, GmgH, Hamburg, Ger-
many). The image was recorded on videotape for
later off-line evaluation. Analysis of rolling and
adhesion was made in 3-6 distal ileum venules
with an inner diameter of 25-50 ym and with
stable blood flow. Blood perfusion was studied
by illumination with blue light (excitation wave-
length 490 nm, emission wavelength 510 nm)
and leukocytes by illumination with green flu-
orescent light (excitation wavelength 530 nm,
emission wavelength 560 nm). Leukocyte roll-
ing was determined by counting the number of
leukocytes passing a reference pointin the venule
duringa 20 sec observation period and expressed
as cells/min. Firm adhesion of leukocytes was
determined by counting the number of leuko-
cytes adhering and remaining stationary along
a 100 ym segment of the venular endothelium
for 20 sec. The results are expressed as cells/mm
venule length. Blood flow velocity was analysed
off-line by means of a computer image analy-
sis programme (Caplmage, Zeintl, Heidelberg,
Germany). The velocity is expressed as mm/sec
and wall shear rate calculated from the formula
wall shear rate = 8([velocity/1.6]/venular diam-
eter) (House et al. 1987).

Enzyme-linked
immunosorbant assay (ELISA)

In study IIT distal ileum tissue concentrations of
the chemokines MIP-2 and KC were determined
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by the use of ELISA. After rinsing, a segment of
distal ileum was weighed and put in PBS con-
taining 1% PEST (penicillin and streptomycin)
(Gibco Invitrogen, Catlsbad, CA, USA) and 0.1
mg/ml amphotericin B (Fungizone, Bristol My-
ers Squibb, NY, NY, USA) for 60 min. The tis-
sue was then incubated in Dulbecco’s modified
Eagle’s medium solution containing 10% fetal
calf serum, 1% PEST and amphotericin B for 24
hin 37°C on a 12-well plate. The medium was
harvested, centrifuged for 10 min at 3000 rpm
and the supernatant was collected and frozen in
—20°C . Analysis was made using a quantitative
sandwich enzyme immunoassay technique with
polyclonal antibodies specific for murine MIP-
2 and KC (R&D Systems, Minneapolis, MN,
USA). The minimum detectable amount of pro-
tein in these kits is 1.5 pg/ml. Each sample was
analysed in duplicates and optical density read
at450 nm (Milenia Kinetic Analyzer, DPC, Los
Angeles, CA, USA).

Myeloperoxidase activity
(MPO)

Segments of distal ileum from mice (study III)
were harvested, weighed and homogenized
in hexadecyltrimethylammonium bromide
(Sigma Chemical, St Louis, MO, USA) after
which MPO was extracted and purified. Ab-
sorbance was measured in a spectrophotom-
eter at 450 nm. MPO activity was calculated
from a standard curve and corrected for sample
weight.

Systemic leukocyte count
Peripheral leukocytes were collected from mice

(study III), counted in Burker chambers and

differentiated in the microscope as mononu-
clear (MNL) or polymorphonuclear (PMNL)

leukocytes.
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Cell proliferation
Formaldehyde fixed and paraffin embedded sec-

tions of tumour and normal tissues from pa-
tients in study IV were studied for cell prolifer-
ation, using the proliferation marker Ki-67. 32
patients in the 299v group and placebo group
respectively were used. Details of the procedure
are described in paper IV. After staining with
anti-human Ki-67 antigen, visualisation and
counterstaining, sections were analysed in a
light microscope.

Statistics

In all studies, P<0.05 was considered statisti-
cally significant.

Study |

Data are presented as mean + SEM. Multiple
comparisons were analyzed by use of one-way

ANOVA with Tukey’s test post hoc.

Study Il

Data are expressed as median (25%-75% percen-
tile). The incidence of BT was compared using
Fisher’s Exact Test. Kruskall-Wallis ANOVA on
ranks, followed by multiple comparison with
Dunn’s method, was used to compare number
of bacteria between groups.

Study I

Data are presented as mean + SEM. Compari-
son was made with one-way ANOVA followed
by Holm-Sidak’s method for multiple compar-
isons between groups. Kruskall-Wallis ANO-
VA on ranks, followed by multiple compar-
isons with Dunn’s method was used for non-
parametric data.
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Study IV

Quantitative data are expressed as medians and
interquartile range (IQR). Chi-square test was
used to compare qualitative data. Non-para-
metric data were compared by using Wilcoxon
signed rank test within groups, while Mann-
Whitney rank sum test was used between
groups.

Results and discussion

L. plantarum 299v inhibits
intestinal permeability
induced by E. coli (paper I).

The purpose of this study was to explore if the
probiotic bacterium L. plantarum 299v is able to
prevent E. coli-induced intestinal permeability.

E. coli increased mucosal-to-serosal perme-
ability across segments of rat distal ileum mount-
ed in Ussing chambers. However, E. co/i-induced
permeability was abolished by pretreatment with
L. plantarum 299v ad libitum for one week
(Fig. 6). Pretreatment with L. plantarum 299v
through tube feeding twice daily, or adding L.
plantarum 299v o E. coli in the acute situation,
i.e. in the Ussing chamber, did not prevent the
E. coli-induced permeability. Further, L. plan-
tarum 299v had no adverse effect on tissue vi-
ability, measured as potential difference across
the intestinal segments, and did not in itself in-
crease intestinal permeability.

Altered intestinal permeability is an impor-
tant patophysiological event in many critical
conditions, such as trauma (Pape ez al. 1994),
thermal injuries (LeVoyer ez al. 1992), sepsis
(Johnston ez al. 1996) and inflammatory bowel
disease (Nejdfors ez al. 1998; Séderholm ez al.
1999). The mechanism behind the deteriora-
tion in barrier function is often multifactorial.
Some of the bacteria belonging to the indig-
enous microflora are PPB, but are kept under
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# n
PBS PBS
Free access to

L+E E L L+E E
L. plantarum 299v
(group C, n=18)

Passage of mannitol (%)

Bacteria added in
Ussing-chamber

Pretreatment No pretreatment

(group A, n=218)

Tubefeeding twice daily with
L. plantarum 299v
(group B,n=9)

Fig. 6. Passage of mannitol expressed as percentage of initially added marker molecule across intestinal seg-
ments mounted in Ussing chambers at 120 min. Bacteria added in the Ussing chambers: L = L. plantarum
299v, L + E = L. plantarum 299v + E. coli, E = E. coli and P = phosphat-buffered saline (control). Data are

mean values + SEM.
*=P<0.05L + E and E us. PBS

#=P<0.05L + E in group C vs. L + E group A and B

@ =P<0.05E in group C vs. E in group A and B

control by the commensal bacteria. However,
in situations mentioned above, or with e.g. an-
tibiotic medication, cytotoxic treatment or in-
fectious disease, the microflora is set off balance
and the PPB may increase in number relative
to the non-pathogenic ones. In such situations,
intestinal permeability may be increased. Exam-
ples are Salmonella typhi and E. coli which have
been shown to disrupt the intestinal barrier and
augment permeability (Kops ez al. 1996; Spitz
et al. 1995).

The abrogating effect of L. plantarum 299v
on E. coli-induced permeability seems to be de-
pendent both on number of lactobacilli and the
duration of pretreatment, as seen when compar-
ing the groups receiving tube-feeding in a fixed
dose and L. plantarum 299v added to the drink-
ing water and given ad libitum. The intake of L.
plantarum 299v is more continuous and steady
when delivered through the drinking water, but

in both cases, propulsion of ingested bacteria is
rather quick down to the distal ileum and colon.
There the transit time is slowed down and the
mucosa is exposed to the bacteria for a longer
time. Therefore, the way the lactobacilli are fed
is probably of less importance, but by adding
L. plantarum 299v together with oatmeal based
drink to the drinking water a quantitative effect
was achieved, as each rat ingested four times as
many lactobacilli as when tube-fed. Further, it
is less stressful for the rats to receive the study
preparation through the drinking water in con-
trast to tube-feeding twice daily. This may also
affect the intestinal permeability (Bailey ez a/.
2006; Soderholm ez 2l 2001).

The increased permeability to mannitol may
be either through an enhancement of paracellu-
lar mucosal-to-serosal water flux with concomi-
tant mannitol solvent drag, or through transcel-
lular passive diffusion, which may be of greater
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importance in the distal ileum compared to co-
lon (Krugliak ez a/. 1994).

The possible mechanisms behind the de-
crease in E. coli-induced permeability are sev-
eral. L. plantarum 299v supplied may create an
advantageous milieu for other probiotic bacteria
in the lumen, seen as an increase in concentra-
tion of lactobacilli as in previous studies on rats
with enterocolitis (Mao et al. 1996a) and liver
injury (Adawi ez al. 1997). Together these bac-
teria lower the pH in the lumen which may de-
crease the concentration of PPB (Johansson et
al. 1993). With an increase in number of pro-
biotic bacteria, there is also a competition for
nutrients which may further shift the bacterial
balance towards fewer PPB’s.

Lactobacilli given to rats with enterocolitis
or liver injury were able to decrease the number
of Enterobacteriaceae in distal ileum and colon
(Adawi et al. 1997; Mao et al. 1996a). Thus, the
attenuation of £. coli-induced permeability may
be through an absolute or relative decrease in the
number of E. coli in the intestine.

Previous studies have shown L. plantarum
299v to have a mannose-rich adhesion receptor
for epithelial cells (Adlerberth ez /. 1996). The
receptor is similar to a receptor on most E. coli
conferring adherence to intestinal cells (Cruz ez
al. 1994). This might be a mechanism behind
the decrease in E. coli-induced permeability, z.e.
competitive exclusion at binding sites on the
mucosal surface. The binding and unbinding
of bacteria to receptors on the epithelial cells is
a continuously on-going process and as soon as
the luminal availability of lactobacilli decreases,
the number of lactobacilli found on the mucosa
decreases quickly.

To summarize, this study shows that £. coli
induce increased permeability across rat distal
ileum. This can be prevented by pretreatment
with high doses of L. plantarum 299v, possibly
through several mechanisms, of which compet-
itive exclusion is one. L. plantarum 299v itself
does not induce permeability increase.
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Adhesive capability of
Lactobacillus plantarum 299v
is important for preventing
bacterial translocation in
endotoxemic rats (paper Il).

This study examined whether oral treatment
with L. plantarum 299v could prevent BT to
MLN in rats challenged with endotoxin LPS
and if such a preventive effect was related to ad-
hesive capacity of L. plantarum 299v.

It was found that one week of oral pretreat-
ment with L. plantarum 299v reduced the inci-
dence of BT to MLN and liver in rats subjected
to sepsis by means of LPS (Fig. 7). This effect
of the probioticum was abolished when using L.
plantarum 299v that has lost its ability to adhere
to intestinal cells. Thus, one of the properties of
L. plantarum 299v in preventing BT seems to
be dependent on adhesive capability. Flow cy-
tometry confirmed a difference in adhesive ca-
pability to HT-29 cells between L. plantarum
299v and the strain originating from L. planta-
rum 299v, but which has lost its adhesive ability
(Fig. 8). Further, it was found that pretreatment
with oatmeal based drink did not prevent BT in
endotoxaemia.

Probiotic bacteria have been used in several
experimental settings to elucidate their effects in
preventing disease. Both single strains and com-
binations, with or without addition of prebiot-
ics, have been tried. In this study L. plantarum
299v was used, as it has been shown to interact
with the immune system (Herias ez /. 1999;
Karlsson e al. 2002), increase mucin produc-
tion (Mack ez al. 1999), compete for coloniza-
tion (Herias ezal. 1999), and reduce BT (Adawi
et al. 2001; Mao et al 1996a).

The ability of L. plantarum 299v to adhere
to the intestinal mucosa is one possible mecha-
nism by which the bacterium prevents BT of
enteric organisms as was also the case when re-
ducing E. coli-induced permeability in paper I.

L. plantarum 299v carries a mannose-specific
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Fig. 7. Translocation to MLN And H Liver. Incidence of positive cultures (%) in
I: mesenteric lymph nodes (¢ = P<0.01 vs negative control and § = P<0.01 vs L. plantarum 299v)
II: liver (* = P<0.001 vs negative control and # = P<0.05 vs L. plantarum 299v).

See paper II for description of different groups.

adhesin (Adlerberth ez 2/ 1996) which adhere
to rat intestine (Herias ez /. 1995) and HT-29
cells (Ahrné ez al. 1998). Many E. coli express
the same adhesin (Abraham ez 2/. 1985). By sup-
plying the intestinal mucosa with an excessive
number of lactobacilli, there might be a competi-
tive exclusion by these bacteria, preventing PPB
to translocate. The effect of the probioticum is
preventive, ze. it has to be provided before the
insult to the mucosa. Also, the preventive effect
is temporary and a continuous supply of the
probiotic bacterium is needed. Other preven-
tive mechanisms might be induction of entero-
cyte mucus production (Mack eza/. 1999) or an
immunostimulating effect on sIgA production
(Roller ez al. 2004).

The oatmeal based drink given in this study
increased the incidence of BT. This is contrary
to some other studies (Wang ez /. 1993) and
could be due to difference in prebiotics admin-
istered. It might, however, also indicate that the
usually positive, trophic effect of prebiotics can

be questioned in sepsis where the integrity of
the mucosa is under stress due to reduced blood
flow, toxic substances and pro-inflammatory
cytokines. Instead of strengthening the muco-
sa, the prebiotic might stimulate PPB and thus
have a negative effect by promoting BT. How-
ever, if the prebiotic is given together with a pro-
bioticum, additive functions such as competi-
tive exclusion of PPB, immunostimulation by
increased production of sIgA, lowering of pH
and upregulation of intestinal mucin might be
able to prevent BT.

While LPS increased the number of Entero-
bacteriaceae in the distal ileum, pretreatment
with L. plantarum 299v was not able to reduce
this genera of bacteria, despite a reduction in
BT. This indicates that the preventive effect of
L. plantarum 299v is not solely by reducing the
number of PPB on the mucosa, but other mech-
anisms, such as competitive exclusion as men-
tioned above, are important. It might also be
that the composition of different species in the

31



On Lactobacillus plantarum 299v, Bacterial Translocation and Intestinal Permeability

Fluorescens

I: HT-29 cells
without bacteria

II: HT-29 cells
incubated with
CFSE-stained

L. plantarum 299v

II: HT-29 cells
incubated with
CFSE-stained

L. plantarum 299v-adh-

Fig. 8. Flow cytometry. L. plantarum 299v and L. plantarum 299v-adh- were stained with CFDA-SE and
coincubated with HT-29 cells to study adherence. A reduced fluorescens intensity with L. plantarum 299v-
adh™ indicates lower adherence of these bacteria to HT- 29 cells

I: HT-29 cells without bacteria

II: HT-29 cells coincubated with CFDA-SE stained L. plantarum 299v.
III: HT-29 cells coincubated with CFDA-SE stained L. plantarum 299v-adh-.

Enterobacteriaceae group has changed. This was,
however, not explored in this study.

Similarly, the total number of lactobacilli on
the intestine did not change with either LPS or
the exogenously supplied L. plantarum 299v.
The microflora of rat intestine contains an abun-
dance of lactobacilli and an addition of more
bacteria might be difficult to detect. However,
even if no quantitative difference is seen, there
might be a qualitative difference, if the exog-
enously supplied lactobacillus replaces the en-
dogenous bacteria on the intestinal mucosa. This
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could explain the effect of L. plantarum 299v in
preventing BT when given continuously for a
week before LPS-insult.

In summary, this study shows that exoge-
nously supplied L. plantarum 299v prevents BT
in LPS-induced sepsis and that there is a relation
between adhesive capability and this preventive
effect. Further, oatmeal based drink given alone
in a septic state might have a negative effect re-

garding BT.



Critical role of P-selectin-
dependent leukocyte
recruitment in endotoxin-
induced intestinal barrier
dysfunction in mice (paper ).
The aim of this study was to define the impor-
tance of leukocyte recruitment in intestinal bar-
rier dysfunction induced by LPS. For this pur-
pose an antibody to P-selectin was used, as this

selectin supports most rolling adhesive interac-
tions 7z vivo (Klintman et 2l 2004).

Fig. 9A

Fig. 9C
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LPS induced an increased intestinal perme-
ability of sodium fluorescein in the Ussing cham-
ber (Fig. 9). This increase was abolished with
anti-P-selectin but not with control-antibody.
LPS did notaffect the potential difference of the
enterocytes. Concomitant with increased perme-
ability, LPS increased leukocyte rolling and ad-
hesion. These effects were attenuated when mice
were pre-treated with anti-P-selectin antibody
before administration of LPS. Systemic mono-
nuclear, but not polymorphonuclear, leukocytes,
were reduced in the septic state, but normal-
ized in the mice pre-treated with anti-P-selectin

Fig. 9B

A) Mucosal-to-serosal permeability of sodium fluo-
rescein (pyg/ml) in distal ileum.

B) Leukocyte rolling (cells/min) along the endothe-
lium of postcapillary venules in the submucosa of
distal ileum was measured by use of intravital mi-
croscopy.

C) Leukocyte adhesion (cells/mm) on the endothe-
lium of postcapillary venules in the submucosa of
distal ileum was measured by use of intravital mi-
croscopy.

Mice were pre-treated with PBS, control-antibody
(control ab) or anti-P-selectin antibody (anti-P-selec-
tin ab) and then challenged with LPS (2 mg/100 g
body weight) for 18 hours. Values are mean + SEM.
#P < 0.05 vs negative control and *P < 0.05 vs posi-
tive control (LPS) or control-antibody + LPS.
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antibody. Intestinal levels of the CXC chemo-
kines MIP-2 and KC increased with LPS chal-
lenge. Immunoneutralisation with anti-P-selec-
tin antibody did not attenuate the LPS-induced
mobilization of chemokines.

The findings in this study suggest a causal
link between leukocyte accumulation and in-
testinal leakage in a state of LPS-induced sepsis.
The mechanism underlying these effects might
be the release of tissue damaging substances
from activated leukocytes in the tissue. These
include reactive oxygen species, matrix metal-
loproteinases, defensins and elastases (Faur-
schou ez al. 2003), which may disrupt intesti-
nal integrity and increase permeability. It has
been shown that some proteases derived from
neutrophils may be able to disrupt TT’s, which
could explain the leukocyte-dependent barrier
dysfunction in sepsis (Ginzberg et al. 2001).
Also the leukocyte migration itself may cause
physical disruption of the mucosal integrity
(Nash ez al. 1987).

In previous studies, pro-inflammatory me-
diators, such as MIP-2 and KC, have been
found to exert powerful effects on permeabil-
ity. These studies, however, were performed i
vitro without the presence of leukocytes (Diebel
et al. 2005; Schmitz ez al. 1999a). Our findings
that leukocytes play an important role in sepsis-
associated intestinal leakage 7z vivo do not ex-
clude the possibility that local mediators also
contribute to this leakage. However, leukocyte
accumulation seems to be of greater importance
than the pro-inflammatory mediators in regulat-
ing LPS-induced permeability changes.

P-selectin is central in leukocyte rolling and
adhesion, and thus in the subsequent tissue ac-
cumulation. The finding that anti-P-selectin an-
tibody treatment abolished LPS-induced per-
meability by inhibiting leukocyte recruitment
forms a possible path in abrogating the effects
seen with sepsis. As of now, no such antibody is
clinically available.

In summary, this study shows that leuko-
cyte recruitment is critical in mediating sepsis-
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associated intestinal barrier dysfunction and that
by preventing leukocyte recruitment with anti-
P-selectin antibody, barrier dysfunction might
be attenuated.

L. plantarum 299v to patients
undergoing colon resection
—a randomised placebo-
controlled study (paper 1V)

The aim of this study was to investigate the
effect of high doses of L. plantarum 299v on
the intestinal load of primarily Enterobacteria-
ceae and lactobacilli, as well as determine BT,
measured as presence of 16S rRNA genes in
MLNss on patients undergoing elective colon
resection.

72 patients were randomized either to pre-
and postoperative treatment with an oatmeal
based drink containing a high concentration of
L. plantarum 299v (299v group) or the same
drink without bacteria (placebo group). There
were no significant differences in demography,
diagnosis or operative procedure between the
groups. The number of postoperative compli-
cations was higher in the placebo group, but
not to a statistically significant extent. The pre-
operative administration of L. plantarum 299v
resulted in the same bacteria emerging on rectal
swabs and mucosa biopsies from rectum, as de-
tected with RAPD, highlighting the ability of
the ingested bacteria to survive passage through
the GI tract and colonize the rectal mucosa
(Fig. 10). Six weeks after surgery, no ingested
lactobacilli could be detected.

The intake of both study preparations result-
ed in increased viable counts of Enterobacteriace-
aeand Gram negative anacrobes on rectal swabs.
The increase in Enterobacteriaceae was most pro-
nounced in the 299v group. On mucosal biop-
sies, all studied bacteria increased with intake
of L. plantarum 299v while no changes were
seen in the placebo group. Postoperative rectal
swabs in the 299v group showed increased vi-
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Fig. 10. Typical band patterns of RAPD-gels for
bacterial colonies picked from the lactobacilli plate-
count (Rogosa) from a patient randomised to the
299v group. Lane 1 shows DNA size markers and lane
9 L.plantarum 299v strain. Lane 2: rectal swab at in-
clusion (before intake of the study preparation); Lane
3: preoperative rectal swab and 4: mucosal biopsy (af-
ter one week intake of study preparation); 5: mucosal
biopsy from resected colon; 6: rectal swab postopera-
tive day 6; 7: rectal swab 6 weeks postoperative and
8: mucosal biopsy 6 months postoperative.

able counts of all studied bacteria compared to
before start of intake of the preparation, while
in the placebo group this was only seen with E7-
terobacteriaceae and Gram negative anaerobes.
Also, Enterobacteriaceae in the placebo group
increased significantly compared with the pre-
operative value.

BT was evaluated with detection of 16S
rRNA genes in MLN. Even though there was
a higher number of MLN’s with signs of BT in
the 299v group, this difference was not statisti-
cally significant (Table 1).

L. plantarum 299v is considered to have tro-
phic effects on the intestinal mucosa through
increased production of SCFA. Thus, provid-
ing tumors with L. plantarum 299v might theo-
retically increase the risk of proliferation of tu-
mour cells. However, Ki-67 antigen, an accept-
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Table 1. 16S rRNA genes found in mesenteric lymph
nodes

Placebo
299v group group
n=22 n=24
Positive lymph nodes 6 (27%) 3 (13%)
Translocated bacteria:
Lactobacillius 2 -
Clostridium
perfingens group 2 _
Streptococcus 1 2
Bacterioides fragilis 1 1

ed parameter of cell proliferative activity, was
not increased in tumour tissue by from patients
treated with high doses of L. plantarum 299v
(Fig. 11).

The intestinal wall, protecting the body from
the luminal content of bacteria, toxins and oth-
er noxious substances, is broken in GI surgery.
The more distal on the intestine this occurs, the
greater is the risk of primary septic complica-
tions, due to the higher concentration of bac-
teria. BT occurs in 10-20% of patients under-
going GI surgery (MacFie ez al. 1999; MacFie
et al. 2006; Sedman ez al. 1994) but some stud-
ies indicate that sheer manipulation of the gut
may resultin up to 80% BT (Reddy ez al. 2006).
The term “gut origin of sepsis” (MacFie et al.
1999) highlights the potential connection be-
tween BT and postoperative septic complica-
tions. Also psychological stress can induce BT, as
seen in rats (Bailey ez al. 2006; Nazli ez al. 2004)
but there are no studies on physiological stress
and BT in humans.

In contrast to studies on healthy volunteers
(Johansson et al. 1993; Johansson ez al. 1998), L.
plantarum 299v in this study did not reduce the
concentration of Enterobacteriaceae and Gram
negative anaerobes when given in high dose be-
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Fig. 11 A

Fig. 11 B

Staining for the proliferation marker Ki-67 in A) normal mucosa and B) tumour.

Ki-67 positive cells stain dark brown.

fore surgery. On one hand it is reasonable to
think that probiotics to otherwise healthy indi-
viduals would not show any dramatically posi-
tive effects, i.e. a good microbial balance can
not be further improved. If so, effects of probi-
otics should be easier to detect in patients with
a disturbed microecology. On the other hand,
it might be that patients with pathology in their
colon have an imbalanced intestinal microecol-
ogy due to their disease and the lactobacilli add-
ed would need more time to exert any detect-
able effect. If this is the case, to have an effect
on PPB, perhaps the lactobacilli must be given
for a longer duration than the eight days given
in this study. However, in a study on patients
undergoing colonoscopy, the same lactobacil-
li as in our study was given for twice as long,
but without any effect on bacterial composition
in the colon (Goossens et al. 2006). Thus, at
present it is not known which concentration of
lactobacilli is therapeutic and the duration of
treatment needed to detect effects on intestinal
microecology.

It could be speculated that the lack of effect
when it comes to reducing PPB is due to the
lactobacilli not surviving passage through the
GI tract. However, by recovering L. planmrum
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299v from the colon and identifying them with
RAPD, we have shown in this study that L. plan-
tarum 299v do survive passage and colonize the
intestinal mucosa. Colonization is considered a
prerequisite for biological effect and should be
established in any study evaluating a probiotic
bacterium. In some clinical studies colonization
has been determined by recovering the supplied
probiotic in nasogastric aspirates (McNaught ez
al. 2005). This is, however, questionable as the
probiotic bacterium hardly has any effects in the
stomach other than possibly displacing other
bacteria there.

The intestinal microflora is considered to be
rather stable during life. Small shifts between
different species might occur, usually without
any detectable effects. In this study, Enterobac-
teriaceae increased with the surgical trauma, but
this increase was not prevented by pretreatment
with L. plantarum 299v. A previous pilot study
had shown this effect, as have animal studies
(Adawi er al. 2001; Mao ez al. 1996a). Again,
it might be that the duration of L. plantarum
299v ingestion was too short. Moreover, within
the family Enterobacteriaceae are several differ-
ent genera. These might respond differently to
L. plantarum 299v. One example is Salmonella



enterica subsp enterica to which L. plantarum
299v in vitro showed a higher inhibitory effect
than to Shigella sonni (Hutt ez al. 2006). A de-
pression of one genus might enable another ge-
nus to expand, thus the total number of Enzero-
bacteriaceae would remain unchanged. Only the
total number of Enterobacteriaceaewas calculat-
ed in this study, not different genera. As E. coli
is one of the Enterobacteriaceae often found in
septic complications after surgery, it might be
of value to find a probioticum with specific ef-
fects against E. coli. As of now, no such probi-
oticum is known.

The number of complications in the two
study groups did not differ statistically and was
at an expected level in colon surgery. It is, how-
ever, of interest to note that in the 299v group,
the number of complications was half of those
in the placebo group, despite a higher number
of positive MLN’s in the 299v group. The trans-
located bacteria were in two of the six cases lac-
tobacilli. It might be that translocating lactoba-
cilli prevents other bacteria to translocate, thus
reducing the risk of septic complications. This
could be achieved by competitive exclusion at re-
ceptor sites on the enterocytes, which would as-
sume lactobacilli to be present in abundance and
prior to the trauma predisposing to BT. How-
ever, some studies have shown a reduced post-
operative septic complications rate even when
the probiotic was given postoperatively (Rayes
et al. 2002a; Rayes e al. 2002b). In these stud-
ies the greatest effect of the probiotic in reduc-
ing postoperative septic complications was in
immunocompromised patients due to gastric
or pancreatic malignancies or medical immu-
nosuppression with liver transplantation, where
complication rate is high and any positive effect
of the probiotic is more easily detected. Here,
the ability of the probiotic to prevent adhesion
of PPB’s is perhaps of lesser importance than the
immunostimulating properties and therefore an
effect is seen even when given postoperatively.
However, any beneficial effect of probiotics giv-
en postoperatively seems to be reinforced when
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also given in the preoperative period (Sugawara
et al. 20006).

In previous studies where L. plantarum 299v
was given preoperatively, no effects on BT or
postoperative septic complications could be seen
(Anderson et al. 2004; McNaught et al. 2002).
Even though the present study supports the pre-
vious one, they are not fully comparable. In one
study a mixture of four different probiotics and
prebiotics was used (Anderson ez a/. 2004). In
the other study, the number of probiotic bacte-
ria given was lower and placebo was not used.
Further, the probiotic was reintroduced gradu-
ally after surgery and colonization in the dis-
tal GI tract was not confirmed (McNaught ez
al. 2002).

The frequency with which lactobacilli trans-
locate to MLN in surgical patients is not previ-
ously studied. It is assumed that translocation
in general occurs due to overgrowth of bacteria,
a defective intestinal barrier or impaired immu-
nological defense. The L. plantarum 299v giv-
en in high concentration could therefore have
translocated due to overgrowth and the trauma
elicited to the intestinal barrier. In this process,
they might stimulate the immunological prop-
erties of the intestine, e.g. by activating B-cells,
producing sIgA.

By using the method of 16S rRNA gene se-
quencing instead of conventional culturing, a
higher incidence of BT would have been expect-
ed in both study groups. However, only a limited
number of primers were used in the PCR in this
study. Other bacteria might have translocated
but would not be detected with this system.

In summary, this study on patients undergo-
ing elective colon resections showed that high
doses of L. plantarum 299v do not reduce via-
ble counts of Enterobacteriaceae before or after
surgery. Neither is BT or postoperative compli-
cations reduced by L. plantarum 299v in this
setting. Moreover, L. plantarum 299v does not
elicit any adverse effects when ingested in high
dose by colon cancer patients.
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Conclusions

L. plantarum 299v protects against E.
coli-induced intestinal permeability in
rats. L. plantarum 299v itself does not
increase intestinal permeability.

* L. plantarum299v prevents BT in septic
rats, which may be dependent on adhe-
sion of the probiotic on the intestinal
mucosa. Prebiotics given without pro-
biotics do not prevent BT.

* Sepsis-associated intestinal leakage is
regulated by P-selectin-dependent leu-
kocyte recruitment. Targeting P-selec-
tin may ameliorate gut barrier failure in
sepsis.

* L. plantarum 299v do not reduce trans-
location of selected enteric bacteria in
patients undergoing colon surgery, but
seem to have a stimulatory effect on bac-
terial load in the colon.

Future aspects

Despite intense research on the GI tract, much
remains to be understood. A tremendous
amount of intestinal bacteria take part in bio-
logical processes which start at birth, contin-
ue without interruption throughout life and
are crucial for health. The concept of the gut
as an initiator or promoter of disease is only a
few decades old, but is the base for several ar-
eas of interest.

L. plantarum 299v is one of many probiotic
bacteria that have shown potentially beneficial
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effects on intestinal physiology such as muco-
sal immunity and permeability. Findings from
animal studies have been difficult to reproduce
in humans. However, L. plantarum 299v seems
to be innocuous even when given in high con-
centrations. Therefore, studies with higher con-
centrations of bacteria, given for alonger period
of time and exploring the effect on the indige-
nous microflora, BT and rate of complications
in the clinical situation, are of great interest. Is
L. plantarum 299v, in combination with a prebi-
otic, able to substitute antibiotics as prophylaxis
in GI surgery? Microbial resistance to antibiot-
ics is a global and quickly expanding problem,
much due to overuse of broadspectrum com-
pounds. This limits the therapeutic arsenal es-
pecially for immunocompromised and inten-
sive care patients. Might prophylactic ingestion
of a probiotic reduce the need of antibiotics in
these settings? Can L. plantarum 299v promote
production of SCFA to such an extent that tro-
phic effects on the mucosa will render it more
resistant to pathogenic bacteria, inflammation
or trauma? Is there a place for L. plantarum299v
in preventing secondary manifestations of in-
flammatory disease, such as arthritis? L. plan-
tarum 299v has immunomodulatory effects on
animals, but can that also be found in humans,
e.g. on pro- or anti-inflammatory cytokines and
thus affect to progression of chronic inflamma-
tion or autoimmune disease?

The relation between leukocyte activation
and intestinal barrier permeability is intriguing
and opens up the possibility of stabilizing the in-
testinal mucosa by controlling the leukocyte ac-
cumulation. This is, however, a delicate balance
between stimulating and abrogating inflamma-
tory response.

The methods used in the present work may
serve as useful tools in clarifying the consider-
ations above.



Popularvetenskaplig
sammanfattning

Tarmviggen har till uppgift att bide absorbe-
ra vatten och niringsimnen till kroppen, och
samtidigt utgéra en barriir mot alla de bakte-
rier, gifter och skadliga imnen som vi fir i oss.
Tarmviggen innehdller ocksa kroppens storsta
forrdd av immunologisk vivnad, dvs de celler
och dmnen som utgors kroppens férsvar. I mag-
tarmkanalen, ffa i tjocktarmen, finns 100 biljo-
ner (10') bakterier. De allra flesta bakterierna ir
av godo och deltar i biologiska processer viktiga
for vér hilsa. I vissa tillfillen rubbas dock balan-
sen mellan goda och skadliga bakeerier. Blir de
skadliga tillrickligt mdnga, och i synnerhet om
slemhinnan i tarmviiggen samtidigt ir skadad,
sker bakteriell translokation (BT), dvs bakte-
rierna tar sig igenom tarmviggen och in i krop-
pen varvid de kan utgora ett hot mot hilsan. BT
kan ske i samband med allvarlig sjukdom, svira
skador, brinnskador, kirurgi, cellgiftsbehandling
eller andra tillstdind med nedsatt immunférsvar.
Overhuvudtaget kan tarmviggen vid sidana till-
stdnd uppvisa 6kad permeabilitet, genomslipp-
lighet. Probiotiska bakterier, dvs levande bakte-
rier som vid intag utdvar gynnsamma effekeer,
kan bidra till att stirka tarmslemhinnan, férhin-
dra 6kad permeabilitet och dterstilla den norma-
la balansen av bakeerier i mag-tarmkanalen.

En av minga probiotiska bakterier dr Lac-
tobacillus plantarum 299v. Den finns naturligt
i tarmen hos minniska och vid djurférsok har
man funnit att den minskar leverskada och tar-
minflammation, stirker tarmslemhinnans skyd-
dande slemlager och stimulerar immunforsvaret.
Aven nir L. plantarum 299v ges till minniska har
man funnit gynnsamma effekeer, t ex i form av
minskad BT vid levertransplantation, minskad
komplikationsrisk vid bukspottkértelinflamma-
tion och en méjlig effeke pd immunforsvaret.

Malsittningarna med detta avhandlingsarbe-
te har varit att studera L. plantarum 299v’s for-
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mdga att minska tarmens permeabilitet, minska
BT och utréna om sidana skyddande effekter
beror pa L. plantarum 299v’s férmaga att fis-
ta p& tarmslemhinnan. Vidare har vi studerat
vita blodkroppars betydelse for 6kad permea-
bilitet orsakad av svar inflammation. Slutligen
har L. plantarum 299v provats pa patienter infor
tjocktarmsoperation for att studera om BT kan
motverkas och férekomsten av skadliga bakte-
rier minskas.

Fér tre av dessa studier anvindes rttor och
mdss. I de studier didr L. plantarum 299v anvin-
des, tillfordes bakterien bl a genom tillsats i dju-
rens dricksvatten. I en studie deltog 72 patienter
som skulle genomga tjocktarmsoperation. De
blev lottade till acc dricka antingen L. plantarum
299v eller placebo.

Olika metoder har anvindes fér dessa studier,
t ex Ussing kammare (tarmpermeabilitet), bak-
terieodling (férekomstav BT till lever och lymf-
kortlar samt mingd bakterier pd tarmslemhin-
nan), PCR (leta efter bakteriegener i lymfkortlar),
flddescytometri (cellers ljusspridning beroende
pd om L. plantarum 299v ir fista vid dem) och
intravital mikroskopi (registrering av vita blod-
kroppars rorelse i blodkirlen pd sévda mdoss).

Vi fann att en vanligt fsrekommande tarm-
bakterie, E. col7, 5kar tarmens permeabilitet, men
en veckas forbehandling med L. plantarum 299v
motverkar denna 6kning. L. plantarum 299v
sjilv orsakade ingen 6kad permeabilitet. Vid
svir inflammation orsakad av imnen frin skad-
liga bakterier motverkar L. plantarum 299v BT.
Denna effekt beddms vara beroende av L. planta-
rum 299v’s fsrméga att fista vid tarmeeller. Den
okade tarmpermeabilitet som orsakas av svar in-
flammation ir beroende av att vita blodkroppar
aktiveras och vandrar ut genom blodkirlens vig-
gar, ndgot som kan motverkas med en antikropp
mot aktiverande dmnen i blodkroppar och kiirl-
vigg. Nir L. plantarum 299v ges till patienter
fore och efter jocktarmsoperation ser man ingen
paverkan pa BT, men L. plantarum 299v forefal-
ler stimulera tarmens bakterieflora.

Fynden frén dessa studier pekar pa L. planta-
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rum 299v’s formdga att paverka tarmens slem-
hinna och minska riskerna fér BT vid svar sjuk-
dom och inflammation. Négra sikra skyddan-
de effekter i samband med tjocktarmsoperation
gick inte att pdvisa, men studien visade att L.
plantarum 299v kan tillforas patienter i hog dos
utan biverkan. I framtiden bor fortsatta studier

utforas for att utvirdera majligheten att mot-
verka 6kad tarmpermeabilitet genom att minska
aktiveringen av vita blodkroppar. Dessutom bor
studier med patienter goras med hdgre dos och
lingre tids behandling f6r att se om L. planta-
rum 299v kan motverka BT och komplikationer
i samband med kirurgi pa tjocktarmen.

If an expert says it can’t be done,

get another expert Ben Gurion
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