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Abstract

AIM: To demonstrate the therapeutic effect of probiot-
ics in patients with ulcerative colitis (UC), and their ef-
fect on inflammatory mediators and nuclear factor (NF)-
kB activation in these patients.

METHODS: Thirty patients with mild to moderate UC
were randomly classified into two groups: sulfasala-
zine group, who received sulfasalazine 2400 mg/d; and
probiotic group, who received sulfasalazine 2400 mg/d
with probiotic. The patients were investigated before
and after 8 wk of treatment with probiotic (Lactobacillus
delbruekii and Lactobacillus fermentum). Colonic activity
of myeloperoxidase (MPO) was assayed with UV spec-
trophotometry, the colonic content of interleukin (IL)-6
was determined by enzyme-linked immunosorbent as-
say (ELISA), fecal calprotectin was determined by ELISA,
and expression of NF-xB p65 and tumor necrosis factor
(TNF)-a. proteins in colonic tissue was identified by im-
munohistochemistry and reverse transcription polymerase
chain reaction, respectively.

RESULTS: At the start of the study, colonic mucosal in-
jury and inflammation were demonstrated in UC patients
by hematoxylin and eosin staining, and an increase in
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colonic MPO activity, fecal calprotectin, and expression
of colonic TNF-o. and NF-xB p65 proteins. The use of
probiotic for 8 wk significantly ameliorated the inflam-
mation by decreasing the colonic concentration of IL-6,
expression of TNF-o. and NF-xB p65, leukocyte recruit-
ment, as demonstrated by a decrease in colonic MPO
activity, and the level of fecal calprotectin compared to
sulfasalazine group and the control group (P < 0.05).

CONCLUSION: Oral supplementation with probiotics
could be helpful in maintaining remission and prevent-
ing relapse of UC.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Ulcerative colitis (UC) is one of the two major forms of
inflammatory bowel disease (IBD), and is a chronic and
relapsing inflammatory condition that is characterized
by colonic tissue edema, increased colonic epithelial per-
meability, and extensive infiltration of leukocytes in the
colon'". The pathogenic mechanism of UC involves dys-
regulation of the intestinal immune response to intestinal
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environmental antigens, such as intestinal microflora” ™.

UC occurs in the colon where many intestinal microbes
reside®™; it does not significantly develop or progress in
germ-free animals, which indicates that intestinal micro-
flora play an important role in initiating and perpetuat-
ing colonic inflammation. Normal intestinal microflora
comprises an estimated 400 different bacterial species that
reach their highest concentrations in the terminal ileum
and colon™”. Intestinal microflora produces toxic com-
pounds, such as Gram-negative bacterial endotoxin, and
harmful enzymes, such as 3-glucuronidase and tryptopha-
nase, which produce cytotoxic or carcinogenic agents[()']l].
Cytotoxins and endotoxins might interact at the apical
intestinal surface and induce responses in intestinal epi-
thelial cells, which produce pro-inflammatory cytokines
and other mediators that induce inflammatory activation
of the mucosal immune system.

At present, medical treatment of UC relies mainly on
traditional drugs: aminosalicylates, corticosteroids, and im-
munosuppressants. These drugs reduce inflammatory in-
jury and attenuate the expression of some pro-inflamma-
tory molecules, but their side effects and systemic activity
severely disturb the quality of life of patients, particulatly
during long-term treatment' . Manipulation of the mu-
cosal microbiota to reduce the inflaimmatory potential
of colonizing bactetia is therefore an attractive therapy
for UC. One option is to use antibiotics to remove spe-
cies involved in inducing the inflammatory response!”’
However, antibiotic therapy has had limited success in
UC, possibly due to the fact that treatment needs to be
customized for individual patients.

An alternative is to use probiotic bacteria that interact
with the host epithelium to resolve inflammation. Probiot-
ics have been defined as live microbial food supplements
that beneficially affect the host by improving its intestinal
microbial balance!. The most widely used probiotics
in humans are bifidobacteria and lactobacilli. Lactic acid
bacteria (LAB) are safe microorganisms that improve
disturbances in the indigenous microflora, ameliorate the
development of microflora"”, have anti-diabetic and anti-
hypetrlipidemic effects"™"” inhibit carcinogenesis“g], have
anticolitic effects'”, and induce nonspecific activation of
the host’s immune system'”. Nevertheless, the anticolitic
mechanism of LLABs has not been thoroughly examined.
Therefore, this study was conducted to demonstrate the
probable therapeutic effect of probiotics in patients with
UC, and to evaluate their effect on the inflammatory
mediators and nuclear factor (NF)-kB activation in these
patients.

MATERIALS AND METHODS

Patients

The subjects of this study were selected from UC patients
with chronic diarrhea who were seen at the outpatient
clinic of Tanta University Hospitals, and some inpatients
at the Internal Medicine Department. Patients were newly
diagnosed by colonoscopy and biopsy. They were classi-
fied as follows: 10 healthy volunteers (six male and four
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Parameter Control  Sulfasalazine  Probiotic
(n = 10) group group
(n = 15) (n =15)
Age (yr) 46 +1.89 48+1.90 47 £1.59
Sex (M:F) 6:4 11:4 12:3
Smoking (yes/no) 3/7 2/13 1/14
Mayo score 0 4 4
Extent of the disease
Left side colitis 0 4 5
Proctitis 0 B 4
Pancolitis 0 6 6
ESR (mm/h) 27+2.1 663+1.3 69.2+1.2
Albumin/ globulin ratio 1.9+0.2 11+£13 12+1.1
Leukocyte count (cells/mm)  4.3+1.2 89+13 85+1.1
Hemoglobin (%) 14+£1.5 105+1.1 10.7+£1.6
Stool frequency (/d) 1 4 4
Blood in stool - + +
Fever - - -
Pulse rate (/min) 80+2 93+3 94 +2

ESR: Erythrocyte sedimentation rate; +: Minimal.

female) as the control group, and 30 patients (23 male
and seven female) with mild to moderate UC assessed by
Mayo score™. Patients were excluded if they had been
on corticosteroids or any other immunosuppressant, had
colorectal carcinoma, bilharzia, pregnancy, or hepatic or
renal dysfunction.

All the patients were subjected to full history taking,
thorough clinical examination, endoscopic examination,
biopsy and histological examination, and some laboratory
investigations (Table 1).

Informed consent was obtained from all the partici-
pants. The protocol of the study was approved by the Ethi-
cal Committee of the University.

The patients were randomly sub-divided into two equal
groups: the sulfasalazine group, who were treated with
oral sulfasalazine 2400 mg/d with placebo (starch) for
eight consecutive weeks™ and the probiotic group, who
were treated with sulfasalazine 2400 mg/d with a probiotic
preparation (Lacteol Fort; Rameda, Egypt) for eight con-
secutive weeks. The probiotic preparation was provided in
sachets, which contained powder with 10 billion CFU of
Lactobacillus delbrnekii and Lactobacillus fermentum, to be dis-
solved in 50 mL fresh water.

Assessment of colon macroscopic and histological
damage

Biopsy samples were obtained from inflamed colonic
mucosa. Colon tissues were fixed in 4% paraformalde-
hyde, dehydrated, paraffin embedded, and stained with
hematoxylin and eosin. At the same time, colon samples
from the same sites were obtained and snap-frozen at
-80°C for subsequent determinations.

Measurement of stool fecal calprotectin by enzyme-
linked immunosorbent assay

Stool samples were collected and suspended in extrac-
tion buffer, and homogenized for 25 min. One milliliter
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of the homogenate was transferred to a tube and centri-

fuged for 20 min, and the supernatant was collected and

frozen at -20°C. Calprotectin was analyzed by enzyme-
[22]

linked immunosotrbent assay (ELISA)™.

Measurement of colonic myeloperoxidase and
interleukin-6 levels
Colon tissues were weighed and homogenized in a solu-
tion that contained 0.5% hexadecyl trimethyl ammonium
bromide dissolved in 10 mmol/L phosphate buffer (pH 7),
and centrifuged for 30 min (20000 g) at 4°C. An aliquot
(50 pL) of the supernatant was added to a reaction mix-
ture of 1.6 mmol/L tetramethylbenzidine and 0.1 mmol/L
H202, and incubated at 37°C. The absorbance was obtained
at 460 nm. Myeloperoxidase (MPO) activity was defined as
the quantity of enzyme that degraded 1 umol/mL of per-
oxide at 37°C, expressed in units per gram wet tissue!”.
Colon tissues were minced, suspended in 2 mL 10
mmol/L phosphate buffer (pH 7.4) and incubated in a
shaking water bath (37°C) for 20 min. The samples were
then centrifuged (9000 g for 30 s), and the supernatant
was kept at -70°C until interleukin (I1)-6 ELISA™,

Detection of colonic of NF-iB p65

Expression of NF-kB p65 in colonic tissue was assessed
by immunohistochemistry. Tissue sections were deparaf-
finized in xylene and rehydrated in a descending ethanol
series. After dewaxing and rehydration, antigen retrieval
was done by microwave for 15 min. Endogenous per-
oxidase activity was blocked by 20 min incubation in 3%
H20:2 in methanol at room temperature. The sections
were incubated with 1:100 diluted specific polyclonal rab-
bit anti-rat NF-kB p65 serum (NeoMarkers, Fremont,
CA, USA) for 12 h at 4°C, or incubated with 1:100 diluted
normal rabbit serum under the same conditions as the
negative control. After phosphate buffered saline (PBS)
washing, the slides were incubated with a biotinylated
horseradish-peroxidase-conjugated secondary antibody
and 0.1% diaminobenzidine substrate. Sections prepared
by substituting PBS for the primary antibody served as
the negative control. Positive expression of NF-kB p65
was shown by brown deposited granules in the cytoplasm
and/or nucleus. The results were evaluated semi-quanti-
tatively according to the percentage of positive cells in 10
randomly selected fields under high power microscopy
(700 X magnification).

Detection of mRNA expression of tumor necrosis
factor-o. by reverse transcription polymerase chain
reaction

mRNA expression for tumor necrosis factor (TNF)-¢
was assessed using reverse transcription polymerase chain
reaction (RT-PCR) standardization by co-amplification
of the housckeeping gene [B-actin, which served as an
internal control. Total RNA from colonic tissues was
isolated using Trizol reagent (Sigma, St. Louis, MO, USA)
by the single step method, and was reverse transcribed
into cDNA. The resultant cDNA was used as template
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for subsequent PCR. The rat-specific primers (sense and
antisense primers) for TNF-q, and B-actin were 5-CAT-
GATCCGAGATGTGGAACTGGC-3' and 5'-CTG-
GCTCAGCCACTCCAGC-3' (TNF-qa, 315 bp) and
5-ATGGATGACGATATCGCTG-3' and 5-ATGAG-
GTAGTCTGTCAGGT-3' (B-actin, 568 bp), respectively.
Amplification was performed in 30 cycles, with initial
incubation at 95°C for 3 min and final extension at 72°C
for 7 min; each cycle consisted of denaturation for 30 s at
95C, annealing for 45 s at 55°C, and extension for 1 min
at 72°C. PCR products were separated in 2% agarose gel
and stained with ethidium bromide.

Statistical analysis

Data were statistically analyzed by paired Student’s 7 test
to compare between the results before (baseline) and after
treatment within the same group, and unpaired Student’s
7 test to compare between means of the different groups
using the computer program SPSS for Windows version
10 (Chicago, IL, USA). All results were expressed as mean
T SD. The level of significance was set at P < 0.05.

RESULTS

Macroscopic presentation and histological evaluation
The histological findings of colonic tissues are presented
in Figure 1. There was erosion in the mucosa and submu-
cosa, mucosal edema, vascular congestion, focal hemor-
rhage, and infiltration of polymorphonuclear cells, plasma
cells and neutrophils. No changes were observed in the
control group. The sulfasalazine group showed attenua-
tion of the extent and severity of the histological signs.
Administration of probiotic plus oral sulfasalazine inhib-
ited the extent of inflammation, prevented mucosal injury,
and alleviated colitis.

Determination of colonic MPO and IL-6 levels
Evaluation of leukocyte recruitment was assessed by
measurement of MPO activity. Compared to the control
group, MPO activity was significantly increased in the
colonic mucosa of UC patients before treatment. Admin-
istration of oral sulfasalazine with probiotic decreased
MPO activity. The decrease was most significant in the
probiotic group (P < 0.05, Figure 2).

As shown in Figure 2, a significant increase in the level
of IL-6 was observed in the colon of UC patients. Both
the sulfasalazine and probiotic groups showed a signifi-
cant decrease in the level of 11.-6 compared to that before
treatment (P < 0.05).

Determination of fecal calprotectin level
Fecal calprotectin level was significantly higher in UC pa-
tients at the beginning of the study. Both the sulfasalazine
and probiotic groups showed a significant decrease in
calprotectin level compared to the UC patients, and the
decrease in the probiotic group was significantly greater
than that in the sulfasalazine group (P < 0.05, Figure 2).
Calprotectin showed a significant positive correlation
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Figure 1 Hematoxylin and eosin staining of colonic tissue (HE, x 250). A: Control group showed no damage; B: Patients before treatment showed necrotic
destruction of the epithelium, inflammatory cellular infiltration, and ulceration of the mucosa and submucosa; C: Sulfasalazine group showed attenuation of the extent
and severity of the histological signs; D: Probiotic group showed inhibition of the extent of inflammation, and prevention of mucosal injury.

250 - ] MPO
a O I-6
200 - H FC
150 a
g
100

a
ace ac
ac ac
50 - /
ac a,c
0

Control Patients  Sulfasalazine  Probiotics

Figure 2 Myeloperoxidase activity (g/U), interleukin-6 level (pg/mL), and
fecal calprotectin (g/kg) in colon of ulcerative colitis patients and controls.
Data are presented as mean * SD. °P < 0.05 vs sulfasalazine; °P < 0.05 vs pa-
tients; °P < 0.05 vs interleukin-6 level of the probiotics. MPO: Myeloperoxidase;
IL-6: Interleukin-6; FC: Fecal calprotectin.

with both MPO (= 0.93, P < 0.05) and IL.-6 (= 0.91, P
< 0.05).

Immunohistochemistry

Expression of NF-kB p65 in UC patients before treat-
ment was significantly higher than that in the control
group. NF-kB-p65-positive cells were predominantly
located within the mucosa and had a brown-yellow cyto-
plasm. Administration of sulfasalazine resulted in a sig-
nificant reduction in colonic NF-kB p65 levels. Compared
with the patients before treatment, expression of NF-kB
P05 in the placebo group weakened significantly, and the

(49
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Table 2 Semi-quantitative index of nuclear factor-xB pé5 ex-

pression in controls and ulcerative colitis patients

Reaction Controls  Patients  Sulfasalazine Probiotics
NF-«xB + (6) ++++ (6) +++ (4) ++(2)
Immunostaining ++ (2) +(4)

Brackets indicate number of samples; 1 = 6 for each group. The intensity of
staining for nuclear factor-xB (NF-kB) is represented in a semi-quantitative
evaluation: +: Weak; ++: Moderate; +++: Strong; ++++: Intense reaction.

expression in the probiotic group was the lowest (Figure 3
and Table 2).

RT-PCR

The m-RNA level of TNF-q in UC patients at the begin-
ning of the study was significantly higher than in the con-
trol group. TNF-oo m-RNA expression was inhibited after
treatment with oral sulfasalazine and probiotic. Maximum
inhibitory effect was observed with the probiotic prepara-

tion (Figure 4).

DISCUSSION
125

The pathogenesis of UC remains unknown”. Genetic
and environmental factors are obviously contributory. Lu-
minal bacteria could play a major role in the initiation and
perpetuation of chronic UC™?, Thousands of endogenous
bacteria live in the large intestine and might be an essen-
tial factor in certain pathological disorders. In human UC,
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Figure 3 Immunohistochemical staining for nuclear factor-xB p65 (Brown
staining, SP x 700). A: Section of colon from controls showing normal structure
and architecture; B: Section of colon from ulcerative colitis patients before treatment
showing extensive nuclear factor (NF)-kB (brown) expression; C: Section of colon
from sulfasalazine group showing limited NF-xB (brown) expression; D: Section of
colon from probiotic group showing minimal NF-«B (brown) expression.

inflammation is present in parts of the gut that house the
highest concentration of bacteria. Enhanced mucosal per-
meability could play a pivotal role in maintaining a chronic
inflammatory state due to genetic predisposition or direct
contact with bacteria or their products. Manipulation of the
colonic bacteria with antibiotics and probiotics has been
shown to be more effective and tolerable than immunosup-
pressants”’

It is well known that there is an inflammatory cascade
within the gut tissues of UC that is characterized by the
recruitment of circulating leukocytes into the gut tissues
and the release of pro-inflammatory mediators'". In the
present study, we observed this cascade of inflamma-
tory cells in colitis. First, our results showed that MPO
activity, an index of leukocyte infiltration, was increased
significantly in UC patients, which suggested recruitment
of leukocytes. Second, the increase in the level of fecal
calprotectin represented mucosal neutrophil infiltration.
Third, the expression of IL-6 and TNF-q protein was
upregulated significantly, as demonstrated by ELISA and
PCR. These results are supported by some investigators
who have shown the development of such a cascade of

(44
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1 2 3 4

Figure 4 Expression of tumor necrosis factor-o. mRNA. Lane 1: Control
group; Lane 2: Probiotic group; Lane 3: Sulfasalazine group; Lane 4: Ulcerative
colitis patients before treatment. TNF-a.: Tumor necrosis factor-o.

B-actin

TNF-a

inflammatory events in dextran-sulfate-sodium-induced
colitis in mice™. Probiotic administration for 8 wk re-
duced MPO activity significantly, as well as the expression
of IL-6 and TNF-q. These results are in agreement with
those of Federico ez a””, who have found that a symbiotic
preparation that contained Lactobacillus paracasei B 20160
restored the serum level and mRINA expression of 1L-0,
IL-8, and TNF-a in UC patients. Other investigators have
found that Lactobacillus HY 7801 blocks tri-nitrobenzene-
sulfonic-acid-stimulated MPO activity in the intestine, as
well as the expression of 1L-1f, and TNF-o.™.

A prominent feature of mucosal histology in patients
with active IBD is infiltration by neutrophilic granulo-
cytesm. Calprotectin is a major protein of neutrophils and
macrophages, and accounts for about 60% of the cytosol
of these cells. In the present study, there was a good cot-
relation between fecal calprotectin and MPO and IL-6.
This result agrees with that of Wagner ez al™ who have
found that fecal calprotectin has the potential to be used
as a surrogate marker for successful treatment outcome
in IBD patients. Also, they have demonstrated that fecal
calprotectin and MPO provide superior discrimination to
eosinophil protein X in determining treatment outcome in
UC patients.

It is well known that NF-xB plays a pivotal role in
expression of inflaimmatory mediators. NF-kB is usually
found in the cytoplasm conjugated to an inhibitory protein
IxkB. Phosphorylation of IkB by IkB kinase after inflam-
matory signal transduction leads to degradation of IkB iz
proteasomes, which results in transfer of NF-kB to the
nucleus and its activation. NF-kB regulates transcriptional
activity by binding to specific DNA sequences in inflam-
matory genes that are involved in inflammatory and im-
mune processesm. In the present study, the expression of
NF-kB p65 was detected by immunohistochemistry. Much
more NF-kB p65 protein was activated in the UC patients,
and the lowest level was observed in the probiotic group.
These data were consistent with the finding that Bifidobac-
terinm longnm downtegulates TNF-q, and 1L-8 production
and inhibits NF-kB activation of lamina propria mono-
nuclear cells in inflamed mucosa of active UC, without any
adverse effect on the viability of colonic cells™,

Recent data have demonstrated that the mucosal im-
mune response is involved in patients with IBD. NF-xB
is a key regulator of inducible expression of many genes
that are involved in immune and inflammatory responses
in the gut. Stimuli like cytokines (IL-6, TNF-q), bacteria,
and viruses can release NF-kB from their cytoplasmic
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form to the nuclei. NF-kB can activate anti-apoptic genes,
including TNF-receptor-related genes, Bcl-2 homolo-
genes, and repress the apoptosis of some inflammatory
cells such as neutrophils and activated macrophages,
thereby elongating and worsening tissue inflammatory in-
jury[ssl. More potent and selective treatment strategies with
anti-sense p65 and proteasome inhibitors have been aimed
at preventing NF-kB activation in mucosal macrophages
and T lymphocytes. However, NF-kB-regulated genes
are also involved in survival responses of epithelial cells.
Selective inhibition of NF-kB activation in inflammatory
cells could be an option for management of IBD™.

In the present study, administration of probiotics not
only decreased the NF-kB DNA binding activity, but also
reduced the accumulation of leukocytes, and downregu-
lated IL-6 and TNF-a production, and thereby ameliorat-
ed the severity of the colitis. Therefore, supplementation
with probiotics could be helpful in maintaining remission
and preventing relapse of UC. These results are in agree-
ment with those of Nikfar ¢z 2" who demonstrated that
probiotics can improve the symptoms of irritable bowel
syndrome, and can be used as a supplement to standard
therapy. Also, other investigatorsm‘”] have demonstrated
the efficacy of probiotics in maintaining remission of hu-
man UC and prevention of disease relapse.

COMMENTS

Background

Medical treatment of ulcerative colitis (UC) relies mainly on traditional drugs:
aminosalicylates, corticosteroids, and immunosuppressants. These drugs
reduce inflammatory injury but their side effects and systemic activity severely
disturb the quality of life of patients severely, particularly during long-term
treatment. An alternative is to use probiotic bacteria that interact with the host
epithelium to resolve inflammation. The aim of the present study was to dem-
onstrate the therapeutic effect of probiotics in patients with UC, and to evaluate
their effect on the inflammatory mediators and nuclear factor (NF)-kB activation
in these patients.

Research frontiers

Various in vitro studies have been performed in attempts to suppress the inflam-
mation in experimentally-induced UC. They have suggested that suppression
of the activity of NF-xB could control the production of several inflammatory
mediators. The present study was undertaken to evaluate the therapeutic role
of probiotics in UC patients and their effect on the inflammatory mediators and
NF-kB activation in these patients.

Innovations and breakthroughs

The present study suggested that administration of probiotics not only de-
creased NF-B DNA binding activity, but also reduced the accumulation of leu-
kocytes, downregulated interleukin-6 and tumor necrosis factor-a. production,
and thereby ameliorated the severity of the colitis.

Applications

These findings suggest that supplementation with probiotics could be helpful
in maintaining remission and preventing the relapse of UC. Probiotics are safe
microorganisms that protect patients from the side effects of medical treatment
that disturbs quality of life.

Peer review

Itis an important paper and can be published after making some revisions.
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