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Abstract

In an attempt to identify and characterize how symbiotic bacteria of the gut microbiota affect the molecular and cellular
mechanisms of epithelial homeostasis, intestinal epithelial cells were co-cultured with either Lactobacillus or Bifidobacterium
as bona fide symbionts to examine potential gene modulations. In addition to genes involved in the innate immune
response, genes encoding check-point molecules controlling the cell cycle were among the most modulated in the course
of these interactions. In the m-ICcl2 murine cell line, genes encoding cyclin E1 and cyclin D1 were strongly down regulated
by L. casei and B. breve respectively. Cell proliferation arrest was accordingly confirmed. Short chain fatty acids (SCFA) were
the effectors of this modulation, alone or in conjunction with the acidic pH they generated. These results demonstrate that
the production of SCFAs, a characteristic of these symbiotic microorganisms, is potentially an essential regulatory effector of
epithelial proliferation in the gut.
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Introduction

The human intestinal tract contains a diverse community of
microbes reaching up to 10" bacteria/ml in the colon [1]. The
intestinal microbiota serves essential functions in food digestion,
metabolism of endogenous and exogenous compounds, immuno-
modulation, and establishment of a barrier effect that prevents
colonization by pathogens. It is also involved in the regulation of
intestinal homeostasis [2], impacting nutrient absorption, the
quality of the physical barrier imposed to the resident microbiota
by the epithelial lining, and the restitution process that requires
proper balance between proliferation, differentiation and death
[3-5]. Intestinal stem cells confined to the crypt bottom produce a
progeny of epithelial cells, particularly enterocytes and goblet cells,
that migrate upwards along the villus axis in the small intestine
and to the epithelial surface in the colon. These cells initially
constitute a proliferative compartment, but as migration progress-
es upwards, cell division arrests, final differentiation is completed,
and cells eventually undergo apoptosis before sloughing off into
the lumen. The epithelium is exposed to the luminal microbiota,
thereby offering opportunities for bacteria or bacterial products to
affect the dynamics of the crypt-to-surface axis and to play a role
in epithelial restitution.
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Mono-contamination of germ-free animals (i.e. gnotobiotic) has
been pivotal in elucidating the contribution of the gut microbiota
to gut epithelial homeostasis. Early studies demonstrated a number
of morphological differences in the histological aspect of the
intestinal tract of germ-free (GF) versus gnotobiotic or conven-
tional (CV) mice. CV mice display regular and uniform wvilli,
whereas GF mice display irregular villi. This is well in line with
early studies showing that the presence of an intestinal flora
provided mice with a two-fold increase in rate of epithelial turn
over [6]. In addition, GF animals show a thinner lamina propria, a
slower epithelial turnover, slender villi, and a lower activity of
digestive enzymes than CV mice [7-9]. Analysis of the bacterial
effectors and signaling pathways that affect epithelial homeostasis
has begun [10], and a cellular microbiology of symbiosis is on its
way [11]. In order to examine how luminal bacteria affect gut
epithelial proliferation, differentiation and death, we established
an m vitro assay in which intestinal epithelial cells were exposed to
Lactobacillus casei or Bifidobacterium breve used as bona fide symbionts.
Our previous experiments have shown that in a model of human
Caco-2 cells, L. casei strongly down-regulated the pro-inflamma-
tory signals induced by an invasive strain of Skigella [12]. Beyond
the issue of innate immune regulation, we wanted here to address
the molecular basis of epithelial homeostasis in the presence of
bacterial symbionts.
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Figure 1. Caco-2 cells gene expression. After co-culture of Caco-2
cells with L casei and B. breve and hybridization on Human U133A
genechip, results were normalized with RAM and analysis was
performed using dChip software as described in material and method
section. Significantly modulated genes (fold change >1,75 and p-value
<0,05) are shown. Numbers indicate the modulated genes. A: global
gene expression modulation; B: cell cycle gene expression modulation;
C: Hierarchical clustering of cell cycle gene expression was performed
using dChip software with Euclidian distance and average as a linkage
method. Before clustering, expression values for one gene across all
samples were standardized to produce a mean of zero. Increased or
decreased values were then compared with that mean. Red and blue
colors represent expression that is higher or lower than the mean value,
respectively. The key for intensity of expression is indicated under the
bar. See Table S2 for the corresponding fold change and p-value of cell
cycle modulated genes.

doi:10.1371/journal.pone.0063053.g001
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This work shows that Lactobacillus and Bifidobacterium modulate
cell cycle gene expression in human and murine epithelial cell lines
and that short chain fatty acids (SCFA) represent major effectors of
this modulation, alone or via the acidic pH they generate.

Results

Gene Expression Modulation of Caco-2 Cells by L. casei
and B. breve

To analyze gene expression in IEC exposed to symbiotic
bacteria, human intestinal Caco-2 cells were co-cultured overnight
with the L. case: strain DN-114 001 and the B. breve strain DN-156
007 at a multiplicity of infection (MOI) of 100. Transcriptional
profiling performed with the Affymetrix GeneChip technology
showed the down-regulation of 988 genes and the up-regulation of
1445 genes by a factor of 1.75 or more, as shown in Fig. 1A and
listed in Table S1. Interestingly, using Gene Ontology definition,
among the different signaling and metabolic pathways modulated
by these bacteria, 80 and 135 genes encoding key factors of the cell
cycle were respectively down- or up-regulated, including cyclin
DI, cyclin E1, growth arrest and DNA damage, cullin 1 (Fig. 1B
C, and Table S2). B. breve induced stronger modulation of gene
expression than L. casez, however many genes were modulated by
the 2 strains such as MNAT1 which is involved in the CDK-
activating kinase complex with cyclin H and CDK7. MNAT1 and
CDXKY7 had fold change of 13 and 5 respectively. Genes involved in
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controlling the G1/S transition of the mitotic cell cycle, such as
cyclin D1, cyclin E1 and cullin 1 were up-regulated by B. breve, p57
(cyclin-dependent kinase inhibitor 1C, Cidknlc, Kip2) was down-
regulated by the two strains with a fold-change of 3. These i vitro
data indicated that L. caset and B. breve had the capacity to affect
the epithelial proliferative compartment thus significantly impact-
ing epithelial homeostasis.

L. casei Down-regulates Cyclin E1 While B. breve Down-
regulates Cyclin D1 and Cyclin E1 Gene Expression
in vitro

To elucidate the mechanisms by which bacterial symbionts
affect cell cycle-related gene expression in the epithelium, we
switched from the Caco-2 human cancer cell line which has
mutations in cell cycle check point systems [13], to the non-
cancerous transformed murine intestinal crypt cell line m-ICcl2
[14]. m-ICcl2 cells were co-cultured at 40 to 50% confluence with
the L. casei strain Shirota and the B. breve strain Yakult at a MOI of
100. Real-time PCR with cell cycle-related gene targeted primers
was performed and the results are shown in Fig. 2. Interestingly,
the responses of m-ICcl2 cells differed between L. casei and B. breve:
L. casei down-regulated the expression of the cyclin El gene,
whereas B. breve down-regulated the expression of cyclin D1 and
cyclin E1 genes, both of which playing a key role in the regulation
of the G1/S check point. When time course experiments were
performed (2, 4, 8, 16 hours), slight gene expression modulation
began to appear after 8 hours. In contrast, the level of gene
expression of Cdknla (p21), Cdknlb (p27) and Cdkn2c (p18)
remained unchanged. Expression of the p53 gene was reduced to
0.73%0.12, in co-culture experiments with L. caser, and to
0.35%0.02 in co-cultures with B. breve. These two bacterial strains
induced a slight up-regulation of expression of Cidkn2d (p19) and
Cdknlc (p57) which encode two major cyclin-dependent kinase
inhibitors. Interestingly the type strain of L. caser (CIP 107868,
ATCC 334) also induces the same gene expression modulation,
indicating a common feature among different isolates of this lactic
acid bacteria (data not shown).

L. casei and B. breve Induce Increased Expression of
Differentiation Genes in m-ICcl2 Cells

L. casei and B. breve not only down-regulated cell cycle gene
expression, but also induced an increased in expression of genes
encoding proteins that characterize a state of higher IEC
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Figure 2. Fold change of gene expression after overnight co-
culture of m-ICcl2 with L.case/ and B. breve. qRT-PCR was analyzed
by the ddCt method using m-ICcl2 alone and GAPDH as reference.
doi:10.1371/journal.pone.0063053.g002
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differentiation. Among these genes, two were particularly induced:
the gene encoding the poly-Ig receptor, involved in the uptake and
transport of dimeric IgAs [15-17] was up-regulated by a factor of
2,48%0,40 and 2,01%0,47 by L. casei and B. breve respectively. and
the gene encoding intestinal alkaline phosphatase, another key
differentiation marker of maturation of the digestive capacities of
the brush border, up-regulated during IEC differentiation [18],
was Increased by 3,63+0,44 and 2,67%0,23 following co-culture
of m-ICcl2 with L. casei and B. breve respectively.

Soluble Factors are the Causative Effectors of Changes in

Cell Cycle-related Gene Expression

In order to identify the bacterial effectors that modulate the
expression of cell cycle related genes, conditioned medium, heat-
treated bacteria, and sonicated bacteria were prepared as
described in the experimental procedures. L. casei- and B. breve-
conditioned media showed effects similar to living bacteria,
whereas heat-treated or sonicated bacteria showed no effect on
the transcription of the cyclin genes (Fig. 3). These observations
indicate that the cells were affected by media conditions and/or
soluble bacterial factors and that Microbial-Associated Molecular
Patterns (MAMPs) and bacteria-cell contact did not account for
the down-regulation of cell cycle genes expression. Additional
experiments with heat-treated CM and amicon filtrated CM used
as inducers indicated that the effectors were heat-stable, and their
molecular weight was less than 3 kDa (data not shown).

Identification of Acetate and Lactate as Regulators of

Cyclin D1 and Cyclin E1 Gene Expression

According to these results, we hypothesized that lactate and/or
acetate produced as a result of fermentation by Lactobacillus and/or
Bifidobacterium could be the relevant effectors. Indeed, HPLC
analysis showed that 18 mM lactate was detected in the L. caser-
conditioned medium, while 14 mM acetate, 6 mM lactate, and
I mM formate were measured in B. breve-conditioned medium.
Butyrate and propionate were not detected in these conditioned
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media. The effects of lactate and acetate on cyclin D1 and cyclin
El gene expression were evaluated through the addition of
acetate, lactate, sodium acetate, or sodium lactate to the culture
medium. As hypothesized, down-regulation of cyclin E1 was
observed in the presence of lactate, whereas cyclin D1 was down-
regulated by acetate at pH 6.4 (Fig. 4). We then evaluate the
effects of pH by adding sodium acetate and sodium lactate to the
culture medium. As a result, the down-regulation of cyclin E1 gene
expression by lactate was not observed at pH 7.2, indicating that it
was induced by acidic pH rather than by the lactate molecule
itself. Down-regulation of cyclin D1 by acetate was still observed at
pH 7.2, but the effect was not as marked as that obtained at a
lower pH.

As the monocarboxylate transporter MCT1 transports lactate
into cells [19], we inhibited its expression by siRNA transfection in
order to see if silencing could reverse the down-regulation of cyclin
E1 gene expression induced by L. caser-produced lactate. Even with
a down-regulation of MCT1 gene expression in m-ICcl2 cells with
a fold change of 5,89 after MC'T siRNA transfection versus a fold
change of 1,08 after control siRNA transfection, the down-
regulation of cyclin E1 induced by L. case: was still observed (with a
equal fold change of 11 after transfection with MCT1 siRNA or
control siRNA), indicating that silencing this main lactate
transporter was not enough to block the effect of L. casei on cyclin
El, thus confirming the primary role of the acidic pH in the
regulatory process.

Acetate and Lactate Induce Cell Proliferation Arrest in a
Concentration- and pH-dependent Manner

To decipher whether or not the down-modulation of cyclins
gene expression was accompanied by cell growth arrest, m-ICcl2
cells were seeded at 10° per well and incubated for 3 days at
various pH, with or without 20 mM acetate or lactate added to the
medium. As shown in Fig. 5A, though the growth of m-ICcl2 cells
was similarly arrested by the decrease of the pH or by the presence
of lactate, acetate induced a cell growth arrest significantly
different than that caused by pH changes alone, at 20 mM. Indeed
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Figure 3. Identification of effectors that affect m-1Ccl2 cell cycle related gene. qRT-PCR was analyzed by the ddCt method using m-ICcl2

alone and GAPDH as reference.
doi:10.1371/journal.pone.0063053.g003
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Figure 4. Impact of acetate and lactate on m-ICcl2 cyclin D1 and cyclin E1 gene expression. gRT-PCR was analyzed by the d3Ct method

using m-ICcl2 alone and GAPDH as reference.
doi:10.1371/journal.pone.0063053.g004

from pH 7 to pH 6.5 we observed a proliferation decrease of 40%
in the presence of 20 mM acetate. The effect of acetate was clearly
concentration dependent as 5.10° cells were counted at pH 7 in
wells containing 20 mM acetate, and 7.10> and 8.10° cells were
counted in wells containing cells with or without 10 mM acetate.
This result correlated with the occurrence of a decreased level of
cyclin DI gene expression, which was not down-regulated by
acidic pH alone, but was down-regulated in a pH-dependent
manner in 20 mM acetate (Fig. 5B). Whereas for cyclin E1 the
down-regulation observed was mainly due to a pH effect following
acidification of the medium by the bacteria (Fig. 5C).

Analysis of cyclin D1 and E1 expression at the protein level by
Western blot clearly validated the former results. Cyclin D1 was
slightly diminished at pH 6.3, acetate clearly down-regulated its
level below pH 6.7, whereas the level of cyclin E1 decreased at
lower pH (Fig. 6).

Discussion

Regulation of the cell cycle is a growing theme in microbial
pathogenesis, but has yet to be significantly addressed in the
context of symbiotic relationships. In microbial pathogenesis many
bacterial effectors called cyclomodulins were described as modu-
lators of the eukaryotic cell cycle [20,21]. Bacillus anthracis and
Bordelella pertussis secrete adenylate cyclase toxins and Escherichia coli
produce subtilase cytotoxin that induce arrest of macrophage
proliferation by inducing a reduction of the amount of cyclin D1
[22,23]. Colibactin and cycle inhibiting factor (Cif) produced by
enteropathogenic E. coli induce a cell-cycle arrest [24-26]. The
IpaB effector secreted by Shigella inhibits mitosis [27]. Interestingly,
two effectors secreted by Helicobacter pylori induce opposite effect on
epithelial gastric cells. Whereas the vacuolating cytotoxin (VacA)
inhibits cell proliferation through a p53-dependent pathway [28],
the cytotoxin-associated gene A (CagA) protein increases cyclin D1
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expression, thereby inducing cell progression from the G1 to S
phase [29]. Bifidobacteria and lactic acid bacteria including L.
caset, can be used as bona_fide models of symbionts to study how the
microbiota affects the homeostasis of the intestinal epithelium.
These bacteria also fall within the category of ‘probiotics’, due to
certain immunomodulatory properties, and to a capacity to
protect against certain infectious and inflammatory conditions of
the gut. Some data also suggest a protective effect against
oncogenesis [30,31]. Following our initial demonstration that L.
caset was able to protect against the potent pro-inflammatory
properties of S. flexneri [12], we decided to pursue an unbiased
study of the effect of L. caset and B. breve in vitro on IEC by
analyzing the alteration in gene expression profiles observed upon
co-culture of Caco-2 cells with these two species, using GeneChip
technology. Unexpectedly, analysis of the data indicated that key
effectors of the cell cycle like cyclin D1, cyclin El, growth arrest
and DNA damage, and cullin 1, were the primary targets of the
transcriptional modifications imposed on these tumor cells.

Based upon this preliminary evidence which indicates that the
cell cycle may be modulated by symbiotic microorganisms, we
decided to confirm the observation in a transformed but non
tumor cell line, and to identify the relevant bacterial effector (s).

We selected the murine small intestinal crypt cell line m-ICcl2
which is well adapted to study microbial cell interactions [16,32]
allowing future experimental work i vivo. Hence m-ICcl2 cells
were co-cultured with L. casei and B. breve. Real-time PCR with
primers targeted to cell cycle genes showed that L. caser also down-
regulated gene expression of cyclin El, whereas B. breve down-
regulated cyclin D1 and E1 gene expression, both cyclins being
essential as G1/8S check points. We then identified acetate and/or
lactate as potential primary effectors inducing transcriptional
repression of the cyclin D1 and cyclin E1 genes. These data were
confirmed at the protein expression level.
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Figure 5. Acetate induces cell proliferation arrest in a concentration & pH dependent manner. A: Number of m-ICcl2 per well after
incubation at different pH with 20 mM of SCFA. Number represent cell counts (x10°) per well. B-C: qRT-PCR of cyclin D1 (B) and cyclin E1 (C) gene
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doi:10.1371/journal.pone.0063053.g005

Fermentation metabolites of the intestinal microbiota such as assimilated by the mammalian host. The concentration and
SCFAs play an important role in the gut physiology [33,34]. composition of SCFAs vary among individuals. SCFA concentra-
Acetate, propionate and butyrate as fermentation end products are tion in the lumen is in the range of 70-130 mM [35], with molar
Acetate 20 mM I S R e
Lactate 20 mM - - - - - - + + o+ o+

pH 70 6.7 6563 7.0 6.7 6563 7.0 6.7 65 6.3
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Figure 6. Acetate and pH induces respectively a down-regulation of cyclin D1 and cyclin E1 proteins. Western blots were performed
after 16 hr co-culture of m-ICcl2 cells with 20 mM of acetate and lactate at different pHs. For the detection of cyclin E1, cells were synchronized by a

double thymidine block treatment prior co-culture as described in material and methods section.
doi:10.1371/journal.pone.0063053.g006
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ratios of acetate:propionate:butyrate varying from approximately
75:15:10 to 40:40:20 [36]. It has been estimated that SCFAs can
contribute to about 10% of the total caloric requirements in
humans [37]. In addition to its role as a fuel, butyrate is notable for
its function as an inhibitor of histone deacetylases, leading to
hyperacetylation of chromatin, thereby influencing gene expres-
sion [38]. Concerning the effect of lactate, when the SCFA
transporter MC'T-1 was silenced using siRNA, no change in the
down-regulation of cyclin E1 by L. caset was observed, indicating
that the observation in this study was not due to the transport and
possible use of lactate as dominant carbon source in cells exposed
to L. casei or B. breve. The effect of lactate and acetate on gene
expression in IEC has not been reported in comparison to butyrate
on epithelial growth and differentiation [39]. More recently,
Fukuda et al [40] showed that a luminal increase in acetate
concentration induces a protective effect against a lethal infection
by E. coli O157 through the inhibition of the translocation of Shiga
toxin. The mechanism remains to be characterized.

Although further investigation is needed to clarify the detailed
molecular pathways involved in cell cycle control by L. case: and B.
breve, our results indicate that the effects of symbiotic bacteria on
the gut epithelium vary among the species of symbionts studied
and that the nature and balance of the organic acids they produce
may play a dominant role by variably regulating epithelial
proliferation. Our results also reveal that the biological effect of
these organic acids is largely mediated by the acid environment
they provide to exposed cells. In our attempt to identify the
molecular mediators of the symbiotic interactions established
between the microbiota and the epithelium, the cellular response
to acid pH stress thus turns out to be a key element of the cross talk
with lactobacillaceae. How cells cope and regulate acidity is a well-
studied theme, particularly in the intestinal epithelium and the
renal tubular epithelium [41]. On the other hand, little is currently
available in the literature on how cells respond at the transcrip-
tional, translational and post-translational level to prolonged
exposure to low pH [42]. Cell cycle arrest appears to be a
dominant element in the cellular response, as a possible mean to
minimize the extent of possible alterations imposed on a
proliferating cell population. More fundamental work is needed
to address this issue and its  viwo relevance and consequences
needs further analysis.

The SCFA-induced expression of cell cycle regulators such as
p19, p57, and the transcriptional factor GATA-2 that represses the
expression of cyclins, including cyclin D1 and also the concomitant
induction of cell differentiation indicate that these symbionts
impose a complex interplay with the epithelium where intricate
mechanisms controlling the cell cycle and mechanisms stimulating
cell differentiation. These results are the basis for future n vivo
studies which shall confirm the extent to which colonization of the
gut mucosa by L. caser and B. breve affect the homeostasis of the
epithelium.

Materials and Methods

Preparation of Epithelial Cell

The human intestinal epithelial cell line (IEC) Caco-2 that is
derived from a colonic carcinoma was used in this study [43]. Cells
were grown in an incubator at 37°C, 10% COs,, in Dulbecco’s
modified Eagle’s medium supplemented with 10% inactivated fetal
calf serum (Life Technologies), 1% non-essential amino acid, and
antibiotics (penicillin-streptomycin, respectively, 100 units/ml and
100 pg/ml). Before co-culture with bacteria, cells were washed in
Dulbecco’s modified Eagle’s medium without serum and incubat-
ed without antibiotics at 37°C for 2 h in the same medium.

PLOS ONE | www.plosone.org
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The murine IEC line m-ICcl2 [14] was maintained at 37°C in a
5% CO2/95% air atmosphere in HAMF’12/DMEM (Gibco, NY,
USA, v/v) containing the following reagents (Sigma): insulin
(5 ug/ml), dexamethasone (5x10~% M), sclenium (60 nM), trans-
ferring (5 ug/ml), triiodothyronine (10~ °M), EGF (10 ng/ml),
hepes 20 mM, glutamine 2 mM, D-glucose (0.22%) and inacti-
vated fetal calf serum (2%). 6 well plates were pre-treated with rat
tail collagen (100 pg/ml) as described elsewhere [16]. Cells were
seeded at 1.0x10° cells/well in 2 ml of medium on a 6-well plate.

After overnight-incubation of m-ICcl2 with bacteria, cells were
recovered from wells with trypsin, centrifuged and counted using a
Malassez chamber. Occasionally, m-ICcl2 cells were synchronized
by a double thymidine block treatment (final concentration of
25 mM), released into fresh medium, and treated with test
medium for 16 hr after released.

Bacterial Culture, Co-culture Experiments, and

Conditioned Cell Culture Media (CM) Preparation

Lactobacillus casei strain Shirota or DN-114 001 and Bifidobacter-
wum breve strain Yakult or DN-156 007 were cultured at 37°C in
MRS broth (Difco, Detroit, USA) and GAM broth (Nikken
Seiyaku, Tokyo, Japan), respectively. Bacteria in stationary growth
phase were harvested by centrifugation (5 min at 12,000 rpm),
washed twice with PBS buffer (pH 7.2), and resuspended in the
growth medium of m-ICcl2 cells. Two days after seeding, cells
were co-cultured at different time-point with 2.107 L. casei or B.
breve (Multiplicity Of Infection: 100). Results indicate 16 hr co-
culture experiments. Following the incubation, culture superna-
tants were collected, and pH and bacterial concentration were
measured. To identify specific effectors, the bacteria were
incubated in m-ICcl2 medium for 16 h, bacterial pellets were
collected, either sonicated or heat treated, resuspended in
medium, and used as the bacterial components. Medium
supernatants were filtered (pore size; 0.22 um) and used as
conditioned medium (CM). For the determination of short-chain
fatty acids (SCFA), 270 ul of the medium was mixed with 30 ul of
10% HCIO, and incubated at 4°C overnight. The samples were
centrifuged for 5 minutes at 14,000 g, filtrated with Centri-Cut
(Kurabo, Osaka, Japan), and subjected to HPLC system (Waters,
USA) with Rspak KC-811 column (Showa Denko K.K., Tokyo)
equipped with 432 electro-conductivity detector (Waters, USA) as
previously described [44].

GeneChip Hybridization and Statistical Analysis

Caco-2 cells were incubated overnight with or without bacteria
at a MOI of 100. Three biological replicates were performed for
cach experimental condition. Following washing in cold phos-
phate-buffered saline, cells were lysed, and the total RNA was
extracted by RNeasy Mini kit (Qiagen, Valencia, CA). Integrity
and purity of RNA was checked by spectrophotometry and
capillary electrophoresis using the Bioanalyzer 2100 and RNA
6000 LabChip kit from Agilent Technologies (Palo Alto, CA).
cDNA was synthesized using Superscript Choice system (Invitro-
gen). Biotin-labeled-cRNA was then synthesized with the Enzo
BioArray High Yield RNA transcript labeling kit (Enzo Biochem,
New York, NY). After purification with Rneasy columns (Qiagen),
12.5 pg of fragmented cRNA was hybridized to an HG-U133A
array (Affymetrix), and the chips were automatically washed and
stained with streptavidin-phycoerythrin using a fluidics station.
Finally, the arrays were scanned at 570 nm with a resolution of
3 um/pixel, using a GeneArray scanner from Agilent Technolo-
gies. Preprocessing by Robust Multichip Average (RMA) was
applied to process individual probe values (perfect match) and to
generate summary values for each probe set (transcript) [45]. The
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dChip software was used for comparative analysis and for
hierarchical clustering with Euclidean distance and average as a
linkage method [46]. Before clustering, expression values for one
gene across all samples were standardized to produce a mean of
zero. Increased or decreased values were then ranged compared
with that mean. For the analysis step, redundant probe set were
removed. Data have been deposited in NCBI’s Gene Expression
Omnibus and are accessible through GEO Series accession
number GSE37369.

RNAs Isolation and Quantitative Real-time PCR

Total RNA was extracted from m-ICcl2 cells by using RNeasy
Mini Kit (Qiagen) according to the manufacture’s instruction. A 2-
ug aliquot of total RNA was reverse-transcribed using Oligo (dT)
15 Primer (Promega), RNASIN (Promega), and Superscript II
(Invitrogen, Carlsbad, CA, USA). Primers used for qRT-PCR are
described in Table S3. qRT-PCRs were carried out in a 15 ul
volume containing 6 pl of cDNA (diluted at 1/100), specific
primers (0.2 uM each), and 7.5 pl of Power SYBR Green mix
(Applied Biosystems). The thermal cycling conditions were 10 min
at 95°C, followed by 40 cycles of 15 sec at 95°C and 1 min at
60°C, using Applied Biosystems 7900HT. All reactions were
performed in duplicate. Relative quantification of gene expression
was performed using the comparative Ct method [47]. Results
were normalized using the glyceraldehyde 3-phosphate dehydro-
genase (GAPDH) housekeeping gene.

MCT1 Silencing

m-ICcl2 cells were transfected with MCT1 siRNA (sc-40114,
Santa Cruz), a pool of 3 target-specific 20-25 nt siRNAs or with
control siRNA-A (sc-37007, Santa Cruz) following manufacturer’s
instruction using siRNA transfection reagent (sc-29528, Santa
Cruz). The day after transfection, cells were co-cultured o/n with
or without L. casei at a MOI of 100, and after RNA extraction,
qRT-PCR was done with MCT-1 and Cyclin E1 primers.

Western Blot Analysis

Treated cells were lysed by the addition of 200 ul of Laemmli
solution [48]. After heating for 5 min at 90°C, 10 ul of lysate was
loaded in a 10% acrylamide SDS-PAGE. After migration, proteins
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