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Abstract

Background Chronic intestinal inflammation alters host

physiology and could lead to colorectal cancer (CRC). We

have previously reported beneficial effects of the probiotic

strain of Lactobacillus casei BL23 in different murine

models of intestinal inflammation. In addition, there is an

emerging interest on the potential beneficial effects of

probiotics to treat CRC. We thus explored whether L. casei

BL23 displays protective effects on CRC.

Methods Mice were subcutaneously injected with 1,2-

dimethylhydrazine (DMH) weekly during 10 weeks and

orally administered with L. casei BL23 in the drinking

water until the 10th week. Multiple plaque lesions in the

large intestine were observed macroscopically and counted

and intestinal tissues were also histologically analyzed.

Finally, T-cell populations and cytokine production were

evaluated after co-incubation of L. casei BL23 with spleen

cells from non-treated mice to determine the immuno-

modulatory effects of this bacterium.

Results Our results show that oral treatment with this

probiotic bacterium modulates host immune responses and

significantly protect mice against DMH-induced CRC. This

protection may be associated with the modulation of reg-

ulatory T-cells towards a Th17-biased immune response

accompanied by the expression of regulatory cytokines

(IL-6, IL-17, IL-10 and TGF-b), as demonstrated in L.

casei BL23-treated splenocytes, but also with the colonic

expression of IL-22 observed in vivo on L. casei BL23-

treated mice; suggesting the induction of a fine-tune Th17-

biased response.

Conclusions Altogether our results reveal the high

potential of L. casei BL23 to treat CRC and opens new

frontiers for the study of immunomodulatory functions of

probiotics.

Keywords Probiotics � Lactic acid bacteria �
Lactobacillus casei BL23 � Colorectal cancer

Introduction

Colorectal cancer (CRC) is the third leading cause of

cancer death worldwide [1]. Currently, some studies have

demonstrated that both probiotic bacteria and gut micro-

biota [2] could be an alternative approach to prevent and

treat a number of human diseases including cancer and

CRC [3, 4]. Probiotics have been defined by the Food and

Agriculture Organization (FAO) of the United Nations

World Health Organization (WHO) as ‘‘live microorgan-

isms which, when administered in adequate amounts,
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confer health benefits on the host’’ [5]. The majority of

probiotics belong to the group of lactic acid bacteria

(LAB), being Lactobacillus the most common genus. In

humans, some strains of Lactobacillus are present in the

vagina and the gastrointestinal tract (GIT), where they

make up a small portion of the gut microbiota and are thus

considered as commensal microorganisms. Also, some

strains of lactobacilli are used for the production of yogurt,

cheese, beer, wine, cider and other fermented foods, as well

as animal feeds, such as silage [6]. Most importantly,

several studies have reported potential therapeutic proper-

ties of Lactobacillus spp., including anti-inflammatory [7,

8] and anti-cancer [8–12] activities. Furthermore, it has

been shown that IBD patients have a completely different

intestinal microbiota compared to healthy individuals [13].

The predominance of potentially harmful bacteria as well

as a decrease of beneficial bacterial species such as lacto-

bacilli and bifidobacteria has been identified in the

intestinal microbiota of IBD patients. Thus, manipulating

the abnormal intestinal microbiota to decrease the more

pathogenic species and enhance the concentration and

metabolic activity of the beneficial species could be an

alternative therapy for IBD [13, 14]. For example, it has

been reported that administration of Lactobacillus reuteri

prevented colitis in IL-10 KO mice by increasing the

number of LAB in the GIT [7]. In another trial, orally

administered L. salivarius UCC118 reduced prevalence of

mucosal inflammatory activity and CRC in IL-10 KO mice

by modifying the intestinal microbiota in these animals

[15]. Yogurt has also received much attention as a potential

cancer-preventing agent in the diet. The results of in vitro

assays, animal studies, and human clinical trials have

demonstrated that some strains of lactobacilli and their

fermented products (such as yogurt) could reduce the risks

of certain types of cancer and inhibit the growth of certain

tumors [16–20]. In addition, some LAB and their

metabolites have been shown to inhibit the proliferation of

tumor cells by direct or indirect interactions [21–23].

Although intervention studies with probiotics have

yielded promising results, it remains difficult to draw

general conclusions. This is probably due to the highly

variable nature of the probiotics used. Indeed, bacteria

from the same species might have opposite effects and

consequently the health benefit from one probiotic strain

cannot be extrapolated to others. Thus, deciphering the

precise molecular mechanisms supporting probiotic action,

and potential side effects, are required to delineate the

optimal use of probiotics as supplementary therapy.

Previously, we have demonstrated anti-inflammatory

effects of the probiotic strain of L. casei BL23, in two

different models of chemically-induced colitis in mice [24,

25]. In addition, we have also observed that L. casei ATCC

393 strain (a L. casei BL23-closely related strain) displays

anti-tumoral properties in a mouse allograft model of

human papilloma virus (HPV)-induced cancer [26]. Here,

we have investigated the beneficial effects of orally

administered L. casei BL23 after oral administration in a

mouse model of CRC.

Materials and methods

Bacterial strains

Lactobacillus casei BL23 [27] was grown in MRS medium

(Difco, USA) at 37 �C without shaking. Lactococcus lactis

MG1363 [28] was grown in M17 medium (Difco, USA)

supplemented with 1 % glucose (GM17) at 30 �C without

shaking.

TC-1 tumor model

C57BL/6 mice (females, 6–8 weeks of age; Janvier, Le

Genest Saint Isle, France) were maintained at the animal

care facilities of the National Institute of Agricultural

Research (IERP, INRA, Jouy-en-Josas, France) under

specific pathogen-free conditions. Mice were housed under

standard conditions for a minimum of 1 week before

experimentation. All experiments were performed in

accordance with European Community rules and approved

by the Animal Care Committee COMETHEA (Comité

d’Ethique en Expérimentation Animale du Centre INRA de

Jouy-en-Josas and AgroParisTech, Jouy en Josas, France).

Establishment of tumors was performed using an HPV-

16 tumor model in which injection of a mouse (C57BL/6)

lung tumor line TC-1 provokes lethal tumors as previously

described [29]. The TC-1 cell line was generated by

transduction with a retroviral vector expressing HPV16 E6/

E7 plus a retrovirus expressing activated c-Ha-ras [30].

TC-1 cells were grown in RPMI medium 1640 (Lonza,

Switzerland) supplemented with 10 % fetal calf serum

(FCS), 50 units/ml penicillin, 50 g/ml streptomycin, and

0.4 mg/ml G418.

Preparation of live bacterial inocula and TC-1 mice

challenge

Lactobacillus casei BL23 was grown as described above

until OD600 = 0.5 and cells harvested by centrifugation at

3,0009g at 4 �C. After two washing steps with PBS, the

pellet was resuspended in PBS to a final concentration of

1 9 109 CFU. Groups of mice (n = 8) were administered

intranasally (i.n.) with 10 ll (5 ll was administered with a

micropipette into each nostril) of L. casei BL23 at 1 9 108

CFU/ll on days 0, 14, and 28. Control mice received

identical quantities of PBS. L. casei BL23-treated mice
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were challenged 7 days after the last immunization (day

35) by subcutaneous (s.c.) injection in the right rear flank

with 1 9 105 TC-1 cells in 100 ll of sterile PBS. The

dimensions of the tumor at the site of injection were

measured every week in two perpendicular directions with

a caliper, and the tumor volume was estimated as:

(length 9 width2)/2 [29].

DMH-CRC model and feeding protocol

BALB/c mice (females, 6 weeks old, weighing 22–25 g)

were obtained from the inbred closed colony maintained at

the Centro de Referencia para Lactobacilos (CERELA-

CONICET, San Miguel de Tucuman, Argentina) under

specific pathogen-free conditions. Animal were maintained

in a room with a 12-h light/dark cycle at 18 ± 2 �C.

Animal protocol was approved by the Animal Protection

Committee of CERELA (CRL-BIOT-LI-20141A), and all

experiments comply with the current laws of Argentina.

To induce colon tumors, mice were injected with the

carcinogen 1,2-dimethylhydrazine (DMH, Sigma, St.

Louis, MO, USA). Each mouse received s.c. 20 mg DMH/

kg/week (in 100 ll of sterile PBS) weekly during

10 weeks. Approximately 60 % of mice from DMH group

(without treatment) developed tumors 5–6 months after the

first injection.

For the feeding protocol, either L. lactis MG1363 or L.

casei BL23 cultures were washed twice with saline solu-

tion (0.15 M NaCl) resuspended in sterile non-fat milk and

administered 1 % (v/v) in the drinking water of the mice.

For enumeration, dilutions of samples were plated on

appropriate media and incubated at 30 �C or 37 �C (for L.

lactis and L. casei, respectively) for 48 h. Under these

conditions, mice drink on average 3–5 ml per day

(1 ± 0.4 9 109 CFU/mouse) and no difference in water or

food consumption was observed between the different

groups. Moreover, since this is a long-duration model

(6 months), the overall water consumption does not vary,

even if some mice drink more some days than others, this is

compensated as a function of time as observed by average

daily water intakes that do not vary. The control group

(DMH group) consisted of mice that received non-fat milk

diluted in the drinking water under the same conditions as

the test groups. Bacterial suspensions were given ad libi-

tum in drinking water (suspensions were prepared freshly

every day), starting the day of the first DMH injection,

during 6 months (until the end of the experiment).

The mice were separated into three groups: (1) DMH

group, mice injected with DMH to induce tumor growth

and without bacterial administration; (2) DMH-L. lactis

MG1363 group, mice injected with DMH and receiving L.

lactis MG1363, and (3) DMH-L. casei BL23 group, mice

injected with DMH and receiving L. casei BL23. All

groups were fed ad libitum with a balanced rodent diet

(Cooperation, containing 32 % protein, 5 % fat, 2 % fiber

and 60 % nitrogen-free extract). Each experimental group

consisted of 30-35 mice.

Sample collection in DMH-CRC model

Five animals from each group were sacrificed monthly by

cervical dislocation. Large intestines were removed and

their contents collected with 500 ll of PBS containing

Complete Mini EDTA-free Protease Inhibitor Cocktail

(Roche Molecular Biochemicals), centrifuged (8,0009g,

10 min, 4 �C), and supernatants were stored at -80 �C
until further analysis.

Evaluation of intestinal damages in the DMH-CRC

model

Multiple plaque lesions (MPL) in the large intestine were

observed macroscopically and counted. Intestinal tissues

were then prepared for histological evaluation as previ-

ously described [25]. Serial paraffin sections of 4 lm were

made and stained with haematoxylin–eosin (H&E) for light

microscopy examination. MPL were observed in micro-

scopy, measured and their area were calculated and sepa-

rated in two categories,\0.1 and[0.1 lm2.

Tissues were analyzed and scored microscopically for

inflammatory damage as previously described [31] with

some modifications considering the tumor presence. The

criteria were: (1) loss of mucosal architecture (0, absent; 1,

mild; 2, severe); (2) cellular infiltration (0, none; 1, in

muscularis mucosae; 2, in lamina propria (LP); 3, in ser-

osa); (3) muscle thickening (0, muscle\ 1/2 of mucosal

thickness; 1, muscle = 1/2–3/4 of mucosal thickness; 2,

muscle = mucosal thickness; 3 = all muscle); (4) goblet

cell depletion (0, absent; 1, present); (5) crypt abscess

formation (0, absent; 1, present); and (6) tumor (0, absent;

1, present). The score of each variable was added.

Cytokine analysis in the DMH-CRC model

Samples obtained from the intestinal contents were assayed

with the BD Cytometric Bead Array (CBA) Mouse

Inflammation Kit (BD Bioscience, San Diego, CA, USA)

to measure interleukin-6 (IL-6), IL-10, Monocyte Che-

moattractant Protein-1 (MCP-1), interferon-c (IFN-c),

tumor necrosis factor (TNF), and IL-12p70 protein levels,

following the manufacturer’s instructions. The concentra-

tion of each cytokine from the intestinal fluid of each

mouse was obtained, and the results were expressed in

relation to the protein concentration measured in the

sample. Total protein content of the samples was deter-

mined using the Bio-Rad Protein Assay based on the
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method of Bradford [32]. Cytokine ratios for each mouse

were also determined.

In vitro and in vivo analysis of primary immune

response induced by L. casei BL23

Lactobacillus casei BL23 was grown as described above

and incubated at 37 �C until cultures reached an

OD600 = *1.0. Bacteria were pelleted by centrifugation,

washed three times with PBS, and adjusted to a concen-

tration of 1 9 107 CFU/ml in RPMI supplemented with

10 % FCS and 2 mM L-glutamine. In vitro experiments

were performed using fresh naı̈ve mouse spleen cells, as

previously described [33] with some modifications. Briefly,

splenocytes were stimulated with L. casei BL23 at a mul-

tiplicity of infection (MOI) = 10 (i.e., 10 bacteria:1 cell)

for 1 h at 37 �C 10 % CO2. After 1 h, cells were recovered

and washed with supplemented RPMI containing 50 lg/ml

of gentamicin, 100 units/ml of penicillin, and 100 lg/ml of

streptomycin. Cell incubation was pursued for 4 days.

After that, cells were pelleted and supernatant recovered

for cytokine analyses and stored at -80 �C until use. Cells

were recovered, washed again, and used for immune cell

phenotyping.

For the in vivo experiments, we followed a protocol

previously described for this bacterium [34]. Briefly,

groups of mice (n = 6) were orally administered with five

consecutive doses (day 1–5) of either L. casei BL23 or PBS

(as a control). Animals were sacrificed 3 days after the last

administration (day 8). Intestine was recovered, fat cleared

and Peyer’s Patches (PP) removed. Colonic segments of

*1 cm (*10–15 mg) were collected, snap frozen in liquid

nitrogen, and stored at -80 �C. Splenic cells were recov-

ered for cellular analysis.

Immune cell phenotyping was performed by flow

cytometry using a Guava EasyCyte 5HT Flow Cytometer

(Merck-Millipore) instrument and Guava Express Pro

Software (CytoSoft v. 5.3). Samples were first examined in

all light scatter patterns and fluorescence channels to con-

firm quality and abnormal populations were excluded.

Unlabeled processed samples were used for reporting

percentage of positive cells. Cell viability was measured

through Guava Viacount Reagent (Millipore, Temecula,

CA). Lymphocytes were typed as follow: Treg were defined

as FoxP3? (gated CD4?); Th17 as CD4? RORg?; Th1 as

CD4?Tbet?; Th2 as CD4?GATA3?. The antibodies

used were: anti-CD4-FITC (clone GK1.5 eBioscience),

24G2 (CD16/CD32) (rat IgG2a lambda, clone 93, eBio-

science), Foxp3 MAC’S Miltenyi Biotch (ref 130-093-

014), GATA3-PE clone TWAJ eBioscience, T-bet-PerCP

clone 4B10, Santa Cruz, RORgamma-FITC, clone 46419,

Imgenex, anti-CD4-PECy7 (clone GK1.5, eBioscience).

Analysis of gene expression profile on colonic cells

Total RNA from colon tissue was extracted from individual

mice using RNeasy Mini kit (Qiagen, Hilden, Germany)

according to the manufacturer’s instructions using an

Ultra-Turrax T8 homogenizator (IKA Labortechnik, Stau-

fen, Germany) for tissue homogenization. Total RNA was

quantified using a NanoDrop ND-1000 Spectrophotometer

apparatus (Thermo Fisher Scientific, Inc, USA), and 2 lg

were used to synthesize the cDNA using SuperScript II

reverse transcriptase (Thermo Fisher Scientific, Inc, USA)

following the manufacturer’s protocol. The qPCR was

performed in a real-time thermocycler (StepOnePlus sys-

tem, Applied Biosystems) using Takyon Rox SYBR dTTP

Blue master mix (Eurogentec, Liège, Belgium) and the set

of primers described in Table 1. The thermal cycling

conditions included: a 2 min incubation at 50 �C followed

by a 5 min pre-incubation at 95 �C, and 40 cycles con-

sisting of denaturation for 15 s at 95 �C, and 45 s at 58 �C
for primer annealing and polymerase extension. Melting

curve analysis was used to confirm specific replicon for-

mation. The data were normalized relative to the expres-

sion of b-actin by applying the introduced algorithm (the

2-DDCT method) using the naı̈ve group as calibrator [38].

All the reactions were performed in triplicates.

Statistical analysis

All data are expressed as mean values and standard devi-

ations and were analyzed either by two-way repeated-

measures analysis of variance with Bonferroni’s multiple

comparison test to compare the difference between groups

or by Mann–Whitney analysis of variance to compare

groups with control using Prism software. p\ 0.05 was

considered significant.

Results

Antitumor effects of L. casei BL23 in a mouse

allograft model of HPV-induced cancer

In order to determine whether L. casei BL23 (a probiotic

strain with well-known anti-inflammatory properties) also

displays anti-tumoral effects, we first tested this strain in

the TC-1 mouse allograft model of HPV-induced cancer, a

tumor model widely used in our laboratory [26]. As shown

in Fig. 1, 100 % of mice receiving PBS developed

aggressive tumors, which killed them within 35 days (after

challenge), with a median tumor size of 3.0 ± 1 cm3.

Strikingly, 40 % of mice (3/8) treated with L. casei BL23

strain remained tumor free over the 35-day test period, and
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in the 60 % tumor-bearing mice (5/8), the median size

(0.4 ± 0.2 cm3) was significantly lower than the one

measured in PBS-treated mice (Fig. 1). Altogether these

results confirm that besides the anti-inflammatory effects,

L. casei BL23 also possesses anti-tumor properties.

Lactobacillus casei BL23 reduces DMH-associated

CRC

Since IBD is highly associated with an increased risk of

colorectal cancer (CRC), especially when lesions are pre-

sent in the colon, and considering the anti-inflammatory

and anti-tumor potential of L. casei BL23 strain, we eval-

uated the protective effects of this probiotic bacterium in a

DMH-induced CRC model. The number of MPL counted

macroscopically was only significantly different between

Table 1 Sequence of primers

used for the RT-qPCR
Gene Primer pair References

TGF-b fwd 50 TTGCTTCAGCTCCACAGAGA 30

rev 50 TACTGTGTGTCCAGGCTCCA 30
[35]

IL-23 fwd 50 AGCGGGACATATGAATCTACTAAGAGA30

rev 50 GTCCTAGTAGGGAGGTGTGAAGTTG 30
[36]

IL-17 fwd 50 TGCCTGTGGCACTGAAGTAG 30

rev 50 TTCATGGCTGCAGTGAAAAG 30
This work

IL-22 fwd 50 CATGCAGGAGGTGGTACCTT 30

rev 50 CAGACGCAAGCATTTCTCAG 30
[36]

b-actin fwd 50 AGCTGCGTTTTACACCCTTT 30

rev 50 AAGCCATGCCAATGTTGTCT 30
[37]

Fig. 1 Tumor protection experiments with L. casei BL23 strain in the

TC-1 mouse allograft model of HPV-induced cancer. Mice (n = 8)

were i.n. treated with 1 9 109 CFU of L. casei BL23 resuspended in

10 ll of PBS (5 ll were administered with a micropipette into each

nostril) on days 0, 14, and 28. Control mice received PBS (10 ll).

Seven days after the last administration (day 35), a challenge with the

tumoral cell line TC-1 was performed, and the presence and size of

the tumor was monitored once a week. Data are represented as

individual tumors volumes from mice at the end of week 10 (median

of the size is shown by bars), Student’s t test, *p\ 0.001
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Fig. 2 Protection effects of L. casei BL23 strain in the DMH-

associated CRC model. a In the CRC murine model, mice injected

with DMH were fed with a suspension of L. lactis MG1363 or L. casei

BL23 (control mice did not received DMH). For MPL counts, mice

(n = 5 per group) were sacrificed every month and MPL in the large

intestine were observed and counted macroscopically. Data are

represented as grouped MPL number and STD from mice at months

3–6. b Microscopic damage score in a murine model of CRC. Mice

(n = 5 per group) were sacrificed every month and intestinal tissues

were prepared for histological evaluation. Data are represented as

grouped microscopic score and STD from tissues at month 3–6.

Anova and Bonferroni post hoc test **p\ 0.01
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the groups that received L. casei and the other two groups

(DMH control and DMH-L. lactis) in samples obtained at

the 4th month (Fig. 2a). Moreover, microscopic observa-

tion of MPL showed significant differences in their sizes

between the groups (Figs. 2b, 3). Indeed, analysis of his-

tologic damage in the samples obtained from control mice

(DMH group) showed an inflammation of the large intes-

tine, characteristic of this model. In addition, mice from

DMH

200 µm

200 µm 200 µm

200 µm 200 µm 200 µm

L. casei
BL23

L. lactis

Month 5 (50X) Month 6 (50X) Month 6 (100X)

200 µm200 µm

200 µm

Fig. 3 Representative

histological pictures in a murine

model of CRC. Figures are

representative of the

characteristics observed in most

animals from each group. Small

infiltrates are shown with dotted

arrows and bigger ones with

whole arrows

Table 2 Microscopic score

Groups Loss of mucosal

architecture

Cell

infiltration

Muscle

thickening

Goblet cell

depletion

Crypt

abscess

Tumor Total

3 months

DMH 1 ± 0 1 ± 0 1 ± 0 0.33 ± 0.58 1 ± 0 0 ± 0 4 ± 1

L. casei BL23 1 ± 0 1 ± 0 0.67 ± 0.58 0.33 ± 0.38 0.33 ± 0.58 0 ± 0 3 ± 1

L. lactis 1 ± 0 1.67 ± 0.58 1 ± 0 0.33 ± 0.58 0.33 ± 0.58 0 ± 0 4 ± 1

4 months

DMH 1 ± 0 1.67 ± 0.58 1 ± 0 0.67 ± 0.58 1 ± 0 0 ± 0 5 ± 1

L. casei BL23 1 ± 0 0.67 ± 0.58 1 ± 0 0.67 ± 0.58 0.33 ± 0.58 0 ± 0 3 ± 1

L. lactis 1 ± 0 1.67 ± 0.58 1 ± 0 0.67 ± 0.58 1 ± 0 0 ± 0 5 ± 1

5 months

DMH 1.33 ± 0.58 2.33 ± 0.58 1.67 ± 0.58 1 ± 0 1 ± 0 0.33 ± 0.58 7 ± 2

L. casei BL23 1.33 ± 0.57 1.67 ± 1.15 1 ± 0 0.67 ± 0.58 0.67 ± 0.58 0.33 ± 0.58 6 ± 3

L. lactis 2.3 ± 0.58 2.33 ± 0.58 1.33 ± 0.58 1 ± 0 1 ± 0 0.33 ± 0.58 8 ± 2

6 months

DMH 2 ± 0 2.33 ± 0.58 2 ± 0 1 ± 0 1 ± 0 0.67 ± 0.58 9 ± 1

L. casei BL23 1 ± 0 1.33 ± 0.58 1 ± 0 0.67 ± 0.58 1 ± 0 0 ± 0 5 ± 1

L. lactis 2 ± 0 2 ± 0 1.33 ± 0.58 1 ± 0 1 ± 0 0.67 ± 0.58 8 ± 1
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this group showed an increase in intestinal damage through

the time of the experiment. In the two last months (samples

obtained at 5th and 6th months) animals showed severe

loss of mucosal architecture, important cellular inflamma-

tion and thickness of muscle, depletion of goblet cells, and

the presence of crypt abscess formation (Table 2). The

microscopic observation of MPL showed the predominance

of mononuclear cells, and their measurement indicated that

more than 50 % of these infiltrating cells occupied areas

bigger than 0.1 lm2. Some of the MPL occupied areas of

0.4–0.5 lm2 (Fig. 3). It was also observed microscopically

that there were more MPL than for the counts performed

macroscopically; however, some of them, were smaller

than 0.1 lm2. Similar results were obtained in mice treated

with L. lactis MG1363. The number of mice with tumors

was similar in these two groups (2–3 mice); however, the

histological lesions observed in several mice at month 5 or

6 suggest that these animals could have developed tumors

if they had not been sacrificed.

Mice that received L. casei BL23 showed a lower

damage score, especially in the samples obtained at the end

of the experiment (month 6) compared to the other groups

(DMH and DMH-L. lactis) (Fig. 2b). At months 4 and 6,

mice fed with L. casei BL 23 decreased significantly in the

histological damage compared to the DMH group. The lack

of significant differences in the samples from month 5 was

due to one animal with tumors that increased the standard

deviation. Removing this mouse, the rest of mice showed

predominantly small MPL (more than 80 %) that occupied

a tissue area lower than 0.1 lm2. The presence of larger

MPL was only observed in some mice with areas between

0.10 and 0.15 lm2.

As shown in Fig. 3 (representative histological pictures

from each group at month 5 and 6 are presented), samples

from the DMH group present multiple plaque lesions

(MPL) with a predominance of mononuclear cells in the

LP. Small infiltrates are shown with dotted arrows and the

bigger ones (whole arrows) were observed macroscopically

and counted as MPL, as it is observed in the picture rep-

resentative for month 5. In the two large MPL there are

infiltrative cells that occupied the LP and destroyed the

Lieberkühn’s glands. A great vascular congestion was

observed, basal membrane was fragmented and metaplasia

and dysplasia appeared. A microphotography of tumor

tissue obtained from a mouse at month 6 is also shown.

Similarly, the representative pictures for the DMH-L. lactis
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group show the infiltrative cells (arrow for month 5), loss

of the goblet cells, big MPL (arrow for month 6), and the

destruction of the Lieberkühn’s glands.

The samples from the DMH-L. casei BL23 group show

multifocal cell infiltrates (arrows) observed in the LP, some

of them are larger than others, accompanied by areas

without inflammation and glandular structure conserved.

There is not observed the same depletion of goblet cells as

those in DMH and DMH-L. lactis groups (especially at

month 6).

Cytokine analysis in the intestinal contents showed that

tumor development was accompanied by an inflammatory

status, with high levels of MCP-1 (Fig. 4a) and TNF-a
(Fig. 4b) in the samples from both DMH and DMH-L.

lactis groups. In contrast, mice receiving L. casei BL23

significantly decreased these pro-inflammatory cytokines

in the intestinal samples and increased the levels of the

anti-inflammatory cytokine IL-10, compared to other

groups (Fig. 4c). Thus, L. casei BL23 administration is

associated with a significant increase in IL-10/TNF-a
ratio when compared with DMH and DMH-L. lactis

groups (Fig. 4d).

L. casei BL23 elicits a fine-tune Th17-biased immune

response

To further decipher the mechanism by which L. casei BL23

may protect against DMH-induced CRC, we analyzed the

impact of this bacterium on the T-cell population (Fig. 5)

and cytokine production (Fig. 6) after co-incubation with

spleen cells from non-treated mice (ex vivo analysis). Cells

were first analyzed for the expression of CD4, and then the

percentage of Foxp3? (Treg) and RORg? (Th17) cells

within this CD4? population was evaluated by flow

cytometry. L. casei BL23-treated splenocytes show a Th17-

biased response as revealed by a significantly elevated

percentage of Th17 cells (Fig. 5a) and decreased levels of

Treg (Fig. 5b). These observations were correlated with a

higher production of IL-17 (Fig. 6a), IL-6 (Fig. 6b), and

TGF-b (Fig. 6c) by L. casei BL23-treated splenocytes

compared to PBS-treated cells, thus confirming a

microenvironment favorable to Th17 differentiation.

However, we also found a significantly higher production

of anti-inflammatory IL-10 in L. casei BL23-treated

splenocytes compared to the PBS-treated cells (Fig. 6D)
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Fig. 5 Analysis of T-cell population after co-incubation of spleen

cells from non-treated-mice and L. casei BL23. Splenocytes were

stimulated with L. casei BL23 at MOI = 10 for 1 h. After co-

incubation, cells were washed and incubated for 4 more days before

immune cell phenotyping. a Percentage of CD4?Tbet? lymphocyte,

b percentage of CD4?GATA3? lymphocytes, c percentage of

CD4?RORg? lymphocytes and d percentage of CD4?FoxP3?

lymphocytes. Non parametric Mann–Whitney test *p\ 0.05
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suggesting that a fine balanced immune response might be

generated by this bacterium.

To confirm these observations, we performed in vivo

experiments. After oral administration of L. casei BL23

(see ‘‘Materials and methods’’ section), splenic cells were

recovered and analyzed by flow cytometry. According to

the ex vivo results, significantly lower levels of Treg were

observed in splenocytes from L. casei BL23-treated mice

(Fig. 7d). Consistently, mice treated with L. casei BL23

showed a slight increase of Th17 cells, suggesting that L.

casei BL23 trigger a Th17/Treg mixed-type immune

response (Fig. 7c, d).

The Th17-biased immune response induced by L.

casei BL23 is associated with local expression of IL-

22

To better understand the type of Th17-biased response eli-

cited by L. casei BL23, we decided to analyze the cytokine

expression profile on colonic cells. Surprisingly, lower levels

of IL-17 were measured in colon samples from L. casei BL23

treated-mice compared to controls (Fig. 8a). Consistently,

oral treatment with L. casei BL23 reduces the expression of

Th17-related cytokines, TGF-b (Fig. 8b) and IL-6 (Fig. 8c),

whereas IL-23 expression (a cytokine involved in Th17 dif-

ferentiation) remains unchanged (Fig. 8e). Interestingly, L.

casei BL23 significantly increases the IL-22 expression (a

cytokine usually associated with Th17-cells) (Fig. 8d).

Discussion

The main aim of this study was to evaluate the anti-cancer

(and more particularly the anti-CRC) properties of L. casei

BL23. Indeed, we have recently observed that a wild-type

L. casei ATCC 393 strain (a L. casei BL23-closely related

strain) had anti-tumoral effects in the TC-1 mouse allograft

model of HPV-induced cancer [26]. Here, we demonstrated

that L. casei BL23 displays similar anti-cancer properties

than does L. casei ATCC 393 strain in the TC-1 mouse

allograft model of HPV-induced cancer. Then, we

demonstrated that this probiotic bacterium significantly

protected mice against DMH-induced CRC. The mecha-

nism by which this strain appears to protect against CRC
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Fig. 6 Analysis of cytokine production after co-incubation of spleen

cells from non-treated-mice with L. casei BL23. Splenocytes were

stimulated with L. casei BL23 at MOI = 10 for 1 h. After co-

incubation, cells were washed and incubated for 4 more days before

supernatant recovery and cytokines analysis. a IL-17, b IL-6, c TGF-b
and d IL-10 are expressed as cytokine concentration (pg/ml). Non-

parametric Mann–Whitney test *p\ 0.05
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involves the induction of a fine-regulated immune response

that seems different at the local and systemic levels.

Indeed, in response to L. casei BL23 stimulation, splenic

cells result in an increase of Th17 population with a shared

reduction of Treg cells. In contrast, the results concerning

IL-17 expression at the local level suggest a reduction in

Th17 population (or at least those which produce IL-17),

since we found a significant increase of IL-22 (a cytokine

typically associated with a Th17-biased response). These

results are unexpected since both a diminution in Th17

and an increase in Treg populations are most related to a

beneficial effect in cancer (including CRC) [39–42].

However, although the inhibition of Treg in L. casei

BL23-treated splenocytes (ex vivo analysis, Fig. 5d) and

in splenocytes from L. casei BL23-treated mice (in vivo

analysis, Fig. 7d) seem contradictory to the reported anti-

cancer effects of this T-cell population [41], a recent

study has described how impairment in Foxp3? Treg

promotes anti-tumor immunity [43]. In this context, recent

observations put the light on the Treg/Th17 plasticity

paradigm, suggesting that a response to specific-stimuli

might be adjustable to environmental conditions [44].

More recently, an interesting study reports the impact of

microbiota in the induction of a subset of Treg cells that

also express RORct (a Th17 lineage-specific transcription

factor) and known as type 3 immunity [45]. Thus, we

cannot rule out the probability that L. casei BL23 could

be involved in the induction of this type of cells. In

addition, the ability of L. casei BL23 to induce innate

lymphoid cells, which also produce IL-22 at intestinal

level, deserves further investigation [46].

Previous studies have reported that LAB display protective

effects against CRC by reinforcing and modulating the host

immune response. However in this study we show for the first

time that a fine-tuned Th17-biased immune response could be

related to the L. casei BL23 beneficial effect in the DMH-

induced CRC. Nevertheless, further studies are necessary to

better understand this phenomenon. Yet, our findings open

new frontiers for the study of the immunomodulatory func-

tions of probiotics since most of their beneficial effects are

attributed to the paradigm: probiotics promote Treg cells and

suppress Th17 populations. In addition, we cannot discard

that LAB may also modify luminal secretions, reinforce the

mucosal barrier, disturb epithelial cell proliferation, and

reduce the exposure to toxic and carcinogenic compounds in

the colon (for review see [39]).
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lymphocytes, c percentage of CD4?RORg? lymphocytes and

d percentage of CD4?FoxP3? lymphocytes. Non-parametric

Mann–Whitney test *p\ 0.05
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In conclusion, our findings suggested that L. casei BL23,

a probiotic anti-inflammatory strain, could be an attractive

potential agent for CRC prevention and/or therapy. Indeed,

L. casei BL23 is a good model for commercially used

strains of probiotics (such as those present in several dairy

products) and deserves attention for potential therapeutic

applications.
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