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Effects of Bifidobacterium breve on inflammatory gene
expression in neonatal and weaning rat intestine

Yoshikazu Ohtsuka', Takako lkegami?, Hirohisa Izumi?, Mariko Namura?, Tomomi lkeda?, Tamaki Ikuse', Yosuke Baba',

Takahiro Kudo', Ryuyo Suzuki' and Toshiaki Shimizu'

INTRODUCTION: To examine the immune-modulatory effects
of probiotics during early infancy, Bifidobacterium breve M-16V
(B. breve) was administered to rat pups during the newborn or
weaning period, and the expression of inflammatory genes was
investigated using a cODNA microarray and real-time PCR.
RESULTS: After B. breve administration, significant increases in the
numbers of Bifidobacterium in both the cecum and colon were
confirmed during the newborn period. The numbers of upregu-
lated and downregulated genes were greater during the wean-
ing period than in the newborn period and were greatest in the
colon, with fewer genes altered in the small intestine and the few-
est in the spleen. The expression of inflammation-related genes,
including lipoprotein lipase (Lpl), glutathione peroxidase 2 (Gpx2),
and lipopolysaccharide-binding protein (Lbp), was significantly
reduced in the colon during the newborn period. In weaning rat
pups, the expression of CD3d, a cell surface receptor-linked signal-
ing molecule, was significantly enhanced in the colon; however,
the expression of co-stimulatory molecules was not enhanced.
DISCUSSION: Our findings support a possible role for B. breve
in mediating anti-inflammatory and antiallergic reactions by
modulating the expression of inflammatory molecules during
the newborn period and by regulating the expression of co-
stimulatory molecules during the weaning period.

METHODS: Gene expression in the intestine was investigated
after feeding 5x10? cfu of B. breve every day to the F344/Du
rat from days 1 to 14 (newborn group) and from days 21 to 34
(weaning group). mRNA was extracted from intestine, and the
expression of inflammatory gene was analyzed by microarray
and real-time PCR.

As part of the delivery process, the neonate leaves the mostly
germ-free intrauterine environment and enters a highly
contaminated extrauterine world. It is thought that the process
of intestinal bacterial colonization occurs within the first few
hours to days after birth, which initiates the rapid immunologi-
cal development of the intestine. However, the precise mecha-
nisms of this development are not well understood.

Probiotics are defined as “live microorganisms, which when
administered in adequate amounts confer a health benefit
to the host” (1). Lactic acid bacteria, such as lactobacilli and

bifidobacteria, are among the best-known candidates for probiot-
ics. In numerous human trials, although the precise mechanisms
have not been determined, intake of lactobacilli and bifidobac-
teria has been reported to be beneficial with respect to stool fre-
quency and stool consistency (2,3). The potential benefit of pro-
biotics in the modulation and regulation of the immune response
has also been reported in both humans and animals (4-8).

Bifidobacterium breve M-16V (B. breve) is a probiotic strain
that was isolated from the fecal sample of a healthy baby. Oral
administration of B. breve to mice with IgE-mediated hyper-
sensitivity to cow milk or ovalbumin promotes a significant
improvement in allergic symptoms (9,10). Although B. breve
influences bacterial colonization in the intestine and enhances
TGF-B1 signaling by regulating Smad7 expression in preterm
infants (11,12), the precise mechanisms of these interactions
have not been well established.

In this study, we investigated the immune-modulatory effects
of B. breve during infancy. Gene expression in the rat colon, small
intestine, and spleen was examined by microarray and real-time
PCR after feeding 5 x 10® colony-forming units/animal B. breve
to rat pups during the newborn (days 1-14) or weaning (days
21-34) period.

RESULTS

Intestinal Flora

Intestinal microflora analysis by real-time PCR revealed a signif-
icant increase in Bifidobacterium and a decrease in Bacteroides
populations, which were confirmed in the cecum and colon,
after B. breve administration to newborn rats as compared to
controls (P < 0.01 each) (Figure 1a,b). In contrast, there was
not a significant difference in the bacterial density of the cecum
or colon in weaning rats administered B. breve (Figure 1c,d).

Microarray Analysis of Total Gene Expression

Gene expression was examined by microarray using RNA isolated
from whole-thickness colon, small intestine, or spleen samples
and compared in rats with and without B. breve administration
during the newborn and weaning periods. The number of upreg-
ulated or downregulated genes with a fold change >1.3 and a
P value < 0.05 after B. breve administration was relatively small.
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Figure 1. Bacterial colonization. Density of bacteria that colonized (a) the cecum and (b) the colon on (c) day 15 (newborn period) and (d) day 35 (wean-
ing period). Bacterial density is expressed as 165 rDNA copies/g fecal sample for total bacteria, Bifidobacterium, Bacteroides, and Lactobacillus in the log
scale. Filled bars represent the B. breve group, and open bars represent controls. Data are presented as the mean + SD; n = 14, newborn period; n =9,

weaning period; **P < 0.01.

The numbers of upregulated and downregulated genes were
greater during the weaning period than in the newborn period.
Furthermore, the number of genes with significantly changed
expression was greatest in the colon, next greatest in the small
intestine, and least in the spleen (Figure 2).

Functional Categories of Upregulated and Downregulated Genes
The genes with significantly altered expression were divided into
seven immunological, functional categories based on the bio-
logical processes determined by Ingenuity Pathways Analysis.
Histograms of the numbers of upregulated and downregulated
genes in each functional category in colon, small intestine, and
spleen during the newborn and weaning periods are shown in
Figure 3. The number of changed genes after B. breve adminis-
tration was greater during the weaning period than in the new-
born period. Furthermore, the greatest number of changed genes
was observed in the colon, with fewer changed genes in the small
intestine, and the fewest changed genes in the spleen. There were
almost no changes in gene expression in the spleen after B. breve
administration in either the newborn or weaning period.

Microarray Analysis of Typical Gene Expression

The comparison of microarray results in newborn rats with and
without B. breve administration showed that 679, 168, and 23
genes in the colon had fold changes >1.2,1.3,and 1.5, respectively.
In addition, 1,071, 214, and 103 genes were significantly differ-
ent between B. breve-fed rats and controls, with P values < 0.05,
0.01, and 0.005, respectively.

As a result, we identified four genes, Lpl, Gpx2, ClCa4, and
Lbp, that had fold changes >1.5 and P values < 0.05 after B. breve
administration in the newborn colon (Table 1). With regard to
these genes, a significant difference was observed only in the
colon and not in the small intestine or spleen (Figure 4a). During
the weaning period, no significant changes were observed in the
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Figure 2. Number of genes with fold changes >1.3 and P values < 0.05,
representing upregulated and downregulated genes in the colon,
small intestine, and spleen during the newborn (open bars) or weaning
period (filled bars) after B. breve administration. Microarray analysis was
performed on pooled RNA from three rat pups for each group.

expression of these four genes in the colon, small intestine, or
spleen (Figure 4b).

During the weaning period in rats administered B. breve, genes
in the colon with fold changes >1.5 and P values < 0.01 were iden-
tified (Table 2). The expression of most of these genes, as listed in
Table 2, was enhanced after B. breve administration rather than
decreased as observed in newborn rats. Although the expression
of CD3d was significantly increased in the colon, there were no
accompanying significant changes in the expression of co-stimu-
latory molecules (Figure 5b). These gene changes were observed
only in the colon and not in the small intestine or spleen. These
changes were not observed in the colon, small intestine, or spleen
during the newborn period (Figure 5a).

Real-Time PCR

Real-time PCR was performed to confirm the changes observed
by microarray analysis with samples collected from 14 newborn
and 9 weaning rat pups. In the newborn rat pups, the expression

Volume 71 | Number 1 | January 2012 Pediatric RESEARCH 47



Al‘tides ‘ Ohtsuka et al.

[

Number of genes
O=NWHrOO N

T

Number of genes
(2]
o

20
o ' L m I = 0 'n
o o o o o
b@f,} <& q~}\<\°" £ & ai_\oq &
N K § ¥ K KL &
@ ¢ & Q & L&
RO AR K
& ¢ & @
\\"'& & & ?s\\
& 6\'& N
&0
&

Figure 3. Histograms presenting the numbers of genes upregulated and downregulated >1.3-fold in each functional category in the colon (open bars),
small intestine (filled bars), and spleen (gray bars) after B. breve administration during the (a) newborn and (b) weaning periods. The functional category
of each gene in the microarray was separated as shown in the lower part of the figure based on the Ingenuity Pathways Analysis. Microarray analysis was

performed on pooled RNA from three rat pups per group.

Table 1. Effect of B. breve on colonic mucosa during the perinatal
period

Accession Gene Major Fold
no. symbol Gene description functions change
NM_012598 Lpl Lipoprotein lipase Hydrolyzing -1.50
triglycerides
NM_183403 Gpx2 Glutathione Protection -1.96
peroxidase 2 from oxidative
stress
NM_201419 CICa4 Chloride channel, Chlorideion -2.31
calcium-activated transport
family member 4
NM_017208 Lbp Lipopolysaccharide- Eliciting -3.56
binding protein immune
responses by
presenting
the LPS

Gene expression data had a fold change >1.5 with P < 0.05.
LPS, lipopolysaccharide.

of Lpl, Gpx2, ClCa4, and Lbp was examined in the colon and
compared to the expression of f-actin. The expression of Lpl,
Gpx2, and ClCa4, but not Lbp, was significantly downregulated
(P < 0.05; Figure 6).

In the weaning rat pup colon, because the expression of CD3d
was significantly enhanced according to microarray analysis,
the expression of CD3d and its co-stimulatory molecules CD80,
CD86, CD28, and CTLA-4 was examined by real-time PCR to
confirm the effect of B. breve on signaling through these mol-
ecules. The expression of CD3d was significantly enhanced as
compared to controls (P < 0.05), whereas there was no signifi-
cant difference observed in the expression of co-stimulatory
molecules in the colon (Figure 7).

Immunohistochemical Analysis

To confirm the effect of B. breve on signaling through CD3
and other co-stimulatory molecules, lymphoid follicles in the
colon were stained with anti-CD3 and anti-CD86 antibodies
(Figure 8). CD3-positive cells were confirmed in both control
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and B. breve-administered weaning rat pups, and accumula-
tion of staining with anti-CD3 antibody was confirmed in the
B. breve group (Figure 8c,d) as compared with their controls
(Figure 8a,b). The staining with anti-CD86 antibody was also
confirmed, but it was light in both groups, and we found no sig-
nificant difference in staining between the control (Figure 8e,f)
and B. breve groups (Figure 8g,h).

DISCUSSION

In this study, we examined the immune-modulatory effects of
probiotics during early infancy. B. breve was administered to rat
pups during the newborn or weaning period, and the expres-
sion of inflammatory genes was investigated in the colon, small
intestine, and spleen. Administration of B. breve during the
newborn period was associated with a significant increase in
the proportion of bifidobacteria and a decrease in the propor-
tion of aerobic bacteria in both the cecum and the colon (P <
0.01 each). Furthermore, these changes were associated with
altered expression of Lpl, Gpx2, and ClCa4 during the newborn
period (fold change > 1.5, P < 0.05). Enhanced expression of
Lpl has been observed in dextran sulfate sodium-induced coli-
tis in hamsters (18). ClCa4 is considered to be an important
molecule for the induction of diarrhea in cystic fibrosis (19).
Gpx2 is a marker for the colonic inflammation that occurs in
experimental colitis and inflammatory bowel diseases (20-22).
It has been suggested that all of these molecules are involved
in the pathogenesis of inflammatory changes in the intestine.
Therefore, downregulating the expression of these molecules by
the administration of B. breve may be beneficial for avoiding
inflammation, e.g., necrotizing enterocolitis, in newborns.

The immune system of the gut is continually exposed to
benign foreign proteins, including foods, and yet, at the same
time, the immune system must be able to react to pathogenic
foreign proteins. To address this dichotomy, the gut immune
system has acquired mechanisms to avoid excessive reactions
to foods, known as tolerance. Previous reports on the induc-
tion of tolerance through administration of probiotics have
mainly been focused on lactobacilli (23). Therefore, we used
B. breve to examine its effect on tolerance. Although a number

Copyright © 2012 International Pediatric Research Foundation, Inc.
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Figure 4. Microarray analysis of gene expression in the colon, small intestine, and spleen after B. breve administration during the (a) newborn and
(b) weaning periods. Filled bars represent the B. breve group, and open bars represent controls. The raw signal intensity of each group is shown as the
mean + SD (n = 3). *P < 0.05. ClCa4, chloride channel, calcium-activated family member 4; Gpx2, glutathione peroxidase 2; LPS, lipopolysaccharide.

Table 2. Effect of B. breve on colonic mucosa during the weaning period

Accession no. Gene symbol Gene description Major functions Fold change
NM_001012129 Satb1 Special AT-rich sequence binding protein 1 Regulation of transcription, etc. 2.119
NM_013169 Cd3d CD3 antigen delta polypeptide Cell surface receptor-linked signaling 2.104
pathway
NM_001012226 Stat4/Stat1 Signal transducer and activator of Regulation of transcription 2.041
transcription 4/1
NM_001107047 lkzf3 IKAROS family zinc finger 3 Regulation of transcription 1.890
NM_001108075 Edg6 Endothelial differentiation, G-protein-coupled Activation of adenylate cyclase 1.865
receptor 6 activity by G-protein signaling
pathway
NM_001011968 Gimap6é GTPase, IMAP family member 6 Regulation of T cell apoptosis 1.772
NM_001109599 Pou2af1 POU domain, class 2, associating factor 1 Regulation of transcription, etc. 1.772
NM_001025749 Grap Growth factor receptor-bound protein 2-related  Cell-cell signaling 1.745
adaptor protein
NM_019295 cd5 CD5 antigen Regulation of signal transduction 1.728
NM_001034944 Grap2 Growth factor receptor-bound protein 2-related  Cell-cell signaling 1.722
adaptor protein 2
NM_031699 Cldn1 Claudin 1 Calcium-independent cell-cell 1.684
adhesion
NM_199489 Cer7 Chemokine (C-C motif) receptor 7 Chemotaxis 1.650
NM_001108242 Slc9a7 Solute carrier family 9 (sodium/hydrogen Sodium ion transport 1.645
exchanger), isoform 7
NM_001024335 Cd27 CD27 antigen Anti-apoptosis, B-cell 1.642
proliferation, etc.
NM_031539 Cdsb CD8 antigen, -chain Regulation of defense response to 1.588
virus
NM_144740 Arhgap4 Rho GTPase activating protein 4 Induction of apoptosis 1.584
NM_016993 Bcl2 B-cell leukemia/lymphoma 2 B-cell differentiation, etc. 1.574
Solute carrier family 14 (urea transporter),
NM_019346 Slc14a1 member 1 Urea and water transport 1.562

Gene expression data had a fold change >1.5 with P < 0.01.

Copyright © 2012 International Pediatric Research Foundation, Inc.
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Figure 5. Microarray analysis of gene expression in the colon, small intestine, and spleen after B. breve administration during the (a) newborn and
(b) weaning periods. Filled bars represent the B. breve group, and open bars represent controls. The raw signal intensity of each group is shown as the

mean + SD (n = 3). **P < 0.01.
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Figure 6. Real-time PCR analysis of (a) lipoprotein lipase, (b) chloride
channel, calcium-activated family member 4, (c) lipopolysaccharide-
binding protein, and (d) glutathione peroxidase 2 gene expression in the
colon after B. breve administration during the newborn period. Filled bars
represent the B. breve group, and open bars represent controls. The rela-
tive gene expression in each group is shown as the mean + SD (n = 14).
*P < 0.05.

of genes were significantly upregulated in the colon, includ-
ing CD3d, the group of changed genes did not include those
for co-stimulatory molecules. To further validate the effect of
B. breve on CD3 and co-stimulatory molecules, lymphoid fol-
licles in the colon were stained with anti-CD3 and anti-CD86
antibodies. Accumulation of staining with anti-CD3 anti-
body but not with CD86 antibody was confirmed in B. breve—
administered weaning rat pups (Figure 8).
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Figure 7. Real-time PCR analysis of (a) CD3d, (b) CD80, (c) CD86, (d) CD28,
and (e) CTLA-4 gene expression in the colon after B. breve administration
during the weaning period. Filled bars represent the B. breve group, and
open bars represent controls. The relative gene expression in each group
is shown as the mean + SD (n =9). *P < 0.05.

Because administration of B. breve enhanced the expres-
sion of CD3 but not co-stimulatory molecules, this bacterium
would be beneficial for introducing tolerance to benign foreign
peptides during the weaning period.

The administration of B. breve influenced gene expression
during the newborn period and the weaning period in distinct
ways. The total number of genes upregulated or downregu-
lated (fold change > 1.5, P < 0.05) was ~10 times larger in

Copyright © 2012 International Pediatric Research Foundation, Inc.
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Figure 8. Immunohistochemical analysis of two representative weaning
rat intestines after receiving B. breve (c,d,g,h) and their controls (a,b,e,f).
Intestinal lymphoid follicles were stained with (a-d) anti-CD3 and (e-h)
anti-CD86 antibodies. Accumulation of staining with anti-CD3 antibody
was confirmed in the B. breve group (c,d) as compared with controls
(a,b). The staining with anti-CD86 antibody was light in both groups and
showed no significant difference between the control (e,f) and B. breve
groups (g,h). Original magnification x400.

the weaning group than in the newborn group; moreover,
the changed genes were mostly observed in the colon, with
few present in the small intestine and even fewer present in
the spleen. One possible explanation for these observations
is related to the differences in the total amounts of antigens
encountered in various regions of the intestine. Because a
larger number of food proteins enter the intestinal lumen
during the weaning period than in the newborn period, and
because B. breve tends to stay longer in the colon than in
the small intestine, B. breve may primarily influence local
immune reactions in the colon but not systemic reactions.
Furthermore, B. breve may not be a strong, systemic immune
regulator but rather may be capable of mildly modulating
immune reactions by introducing tolerance. However, there
is an additional possibility that larger amounts of B. breve
could be administered to introduce significant changes in
systemic immune reactions.

There were no significant differences in the mRNA levels of
cytokines after B. breve administration in this study. O’Mahony
et al. (24) reported a model of cytokine production under
stimulation with anti-CD3 and anti-CD28 antibodies using
splenocytes. Because our study simply examined the mRNA
levels of cytokines and other signaling molecules without any
stimulation, we cannot directly compare our results to theirs.
However, O’'Mahony et al. also reported that TNF-a and
IFN-y production from splenocytes of mice fed B. breve was
reduced after stimulation with anti-CD3 and anti-CD28 com-
pared with controls. These results suggest that B. breve regulates
cytokine synthesis directly and indirectly.

Probiotics are useful for regulating inflammation as well
as allergic reactions (25). Although lactobacilli and bifido-
bacteria are often used as probiotics, their functions seem to
be different. Nonaka et al. suggested that lactobacilli mod-
ulate the Th1/Th2 immune balance toward Thl reactions
(8). Shima et al. reported that the Lactobacillus casei strain
Shirota enhances the expression of genes involved in defense/
immune functions and in lipid metabolism, whereas the B.
breve strain Yakult downregulates the expression of many
genes (26). Hoarau et al. suggested that B. breve can induce
dendritic cell maturation through TLR2, with production

Copyright © 2012 International Pediatric Research Foundation, Inc.

of IL-10 regulating excessive Thl responses as well as Th2
polarization (27). Our findings support a possible mecha-
nism for B. breve action in which it modulates inflamma-
tion by downregulating the expression of inflammatory mol-
ecules during the newborn period. It would also promote
tolerance by upregulating the expression of CD3 but not co-
stimulatory molecules during the weaning period. Further
study is needed to determine the precise effects of B. breve in
immune reactions during early infancy.

METHODS

Study Design

All animal experiments were approved by the Juntendo University
Animal Experimental Ethics Committee and complied with the
National Institutes of Health guidelines for animal care.

B. breve Supplementation Study

B. breve powder was commercially prepared from Morinaga Milk
Industry (Zama, Japan), and this strain was deposited into the Belgian
Co-Ordinated Collectionsof Micro-Organismsasstrain LMG23729(13).
B. breve was cultured for 16 h at 37 °C in M17 broth (Difco, Detroit, MI),
collected by centrifugation, and washed twice with phosphate-buffered
saline. F344/Du rat pups were used in this study (Japan SLC, Shizuoka,
Japan). The pups were randomly divided into four groups soon after
birth. One group received 5 x 10* colony-forming units/animal live B.
breve plus starch dissolved in phosphate-buffered saline daily from days
1 to 14 after delivery (newborn group, n = 14) via an orogastric catheter.
A second group received an equal amount of B. breve on days 21-34
(weaning group, n = 9). The remaining two groups were control groups
that received starch alone during these periods (n = 14 and 9, respec-
tively, for the newborn and weaning period control groups). During the
newborn period, all rat pups received breast milk from their mothers
from days 0 to 21. All rats were killed 14 days after B. breve adminis-
tration, and their colons, small intestines, and spleens were removed
and washed with phosphate-buffered saline. mnRNA was extracted from
a colon sample 1cm proximal to the anus, from an ileal sample 1cm
proximal to the ileocecal valve, and from the spleen. The rest of each
colon sample was fixed with formalin and embedded in paraffin for
histological analysis.

DNA Extraction From Fecal Samples

DNA was extracted from fecal samples as previously described (14).
Briefly, fecal samples (20 mg) were washed three times in 1.0ml phos-
phate-buffered saline and centrifuged at 13,000 rpm for 5 min. Fecal pel-
lets were resuspended in 450 pl of extraction buffer (100 mM Tris/HCI,
40mM EDTA, pH 9.0) and 50 pl of 10% sodium dodecyl sulfate. Glass
beads (0.1 mm diameter, 300mg) and 500 ul of buffer-saturated phe-
nol were added to the suspension, and the mixture was vigorously vor-
texed for 30 s using a FastPrep FP 100A instrument (Funakoshi, Tokyo,
Japan). After centrifugation at 13,000 rpm for 5min, 400 pl of superna-
tant was extracted with phenol-chloroform, and 250 pl of supernatant
was precipitated with isopropanol. Inhibitors were removed using a
High Pure PCR Template Preparation Kit (Roche, Basel, Switzerland).
Purified DNA was suspended in 200 pl of Tris-EDTA buffer (pH 8.0).

Real-Time PCR for Quantitative Determination of Bacteria

Real-time PCR analysis of microflora was performed using an ABI 7500
Fast Real-time PCR System (Applied Biosystems, Foster City, CA),
SYBR Premix Ex Taq (Takara Bio, Shiga, Japan), and ROX reference
dye II (Takara Bio) as an internal standard. Primer sets were previously
reported: total bacteria and Bacteroides/Prevotella (15), Bifidobacterium
(16), and Lactobacillus (17). The amplification program consisted of 1
cycle at 95°C for 20 s followed by 40 cycles at 95°C for 3 s, 60°C for
30 s, and 72°C for 30 s. Fluorescent products were detected at the last
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step of each cycle. Melting curves were obtained by heating the reaction
products from 60°C to 95°C in 0.2°C/s increments with continuous
fluorescence collection.

RNA Extraction From Tissue Samples

Whole-thickness samples from colon, small intestine, and spleen
obtained from rat pups were preserved in RNAlater solution (Applied
Biosystems) at —30°C. In preparation for microarray and real-time
PCR analyses, the samples were minced and homogenized in Buffer
RLT and then extracted using RNeasy Mini Kit spin columns (Qiagen,
Germantown, MD). The quantity and purity of the RNA samples were
determined with a NanoDrop ND-1000 Spectrophotometer (Thermo
Scientific, Wilmington, MA) and the Experion RNA StdSens Analysis
Kit (Bio-Rad Laboratories, Hercules, CA).

Microarray Hybridization and Data Analysis

To analyze gene expression, a microarray assay was performed accord-
ing to the manufacturer’s instructions for the Ambion WT Expression
Kit (Applied Biosystems) and GeneChip WT Terminal Labeling and
Controls Kit (Affymetrix, Santa Clara, CA). Briefly, total RNA was
reverse-transcribed into cDNA with random primers, and then cRNA
was synthesized from this cDNA by in vitro transcription. The result-
ing cRNA was used as a template for the second cycle of cDNA syn-
thesis. This cDNA was then fragmented, labeled, and hybridized to a
GeneChip Rat Gene 1.0 ST Array (Affymetrix) at 45°C for 17h. This
array encompasses ~29,000 genes. The chips were washed, stained with
streptavidin-phycoerythrin, and scanned using a GeneChip Scanner
3000 (Affymetrix).

Scanned images were converted to CEL files using the GeneChip
Command Console Software (AGCC) (Affymetrix), and data were ana-
lyzed with GeneSpring GX v11 software (Agilent Technologies, Santa
Clara, CA). Raw intensity values from each chip were normalized using
the RMA16 algorithm. Genes showing a greater than 1.3-fold difference
in signal intensity compared to controls and a significant difference in
expression between rats administered B. breve and those not (t-test,
P < 0.05) were considered upregulated or downregulated genes. Data
were also functionally analyzed through the use of Ingenuity Pathways
Analysis (Ingenuity Systems, http://www.ingenuity.com).

Real-Time PCR

The expression of specific signaling molecules in rat colon was exam-
ined by real-time PCR. TagMan probe-based real-time quantitative
reverse transcription PCR was performed using cDNA synthesized
from total rat colon RNA preparations (High Capacity cDNA Reverse
Transcription Kit; Applied Biosystems) and analyzed with a 7500 Real-
Time PCR System (Applied Biosystems) using the default protocols.
The expression of each gene was normalized to the expression of B-actin
using the standard curve method. Primers for lipoprotein lipase (Lpl;
Rn00561482_m1); glutathione peroxidase 2 (Gpx2; Rn00822100_gH);
chloride channel, calcium-activated family member 4 (ClCa4;
Rn01748633_ml);  lipopolysaccharide-binding  protein  (Lbp;
Rn00567985_m1); CD3d (Rn00565890_m1); CD80 (Rn00709368_
ml); CD86 (Rn00571654_m1); CD28 (Rn00565469_m1); cytotoxic
T-lymphocyte antigen 4 (CTLA-4; Rn00581545_m1l); and B-actin
(Rn00667869_m1) were prepared using TagMan Gene Expression
Assays (Applied Biosystems).

Immunohistochemical Analysis

Paraffin-embedded sections were used for immunohistochemical
analysis. Deparaffinized sections were incubated with either polyclonal
rabbit anti-CD3 antibody (Invitrogen, Camarillo, CA) or monoclonal
mouse anti-CD86 antibody (Santa Cruz Biotechnology, Santa Cruz,
CA). After washing, the sections were incubated with biotin-con-
jugated secondary antibody. The sections were then incubated with
avidin peroxidase (Sigma-Aldrich, St. Louis, MO). Peroxidase activ-
ity was detected with 3,3’-diaminobenzenzidine-tetra-hydrochloride
(Sigma-Aldrich) in Tris-HCI containing 0.01% H,O,. Each section was
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counterstained with hematoxylin before examination by light micros-
copy. Nonspecific staining was evaluated on sections stained without
the primary antibody.

Statistical Analysis

Differences in mRNA expression measured by real-time PCR and in
microflora determinations were analyzed with Student’s ¢-test, and P <
0.05 was considered statistically significant.
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