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Abstract: Lactobacillus spp., a common probiotic used as a dietary supplement, is good for the digestive system. 
However, its anti-cancer activity still remains unclear. In this study, we aim to examine the effect of Lactobacillus 
fermentum, Lactobacillus acidophilus and Lactobacillus rhamnosus on azoxymethane/dextran sulfate sodium 
(AOM/DSS)-induced colitis-associated cancer. Male ICR mice were injected with 10 mg/kg AOM and 2.5% DSS via 
drinking water, and then fed with different Lactobacillus (1 × 108 CFU/day) for 14 weeks. The colonic tissues were 
collected for biomedical analysis, and gut microbiota profiling was detected by next generation high-throughput 
sequencing comparing to the 16S rRNA gene. We found that pretreatment with Lactobacillus fermentum (Lac.
ferm) significantly inhibits colonic tumor formation (P < 0.05) and markedly decreases pro-inflammatory cytokines 
in AOM/DSS-induced mice. Furthermore, 16S rRNA sequencing data showed that Lac.ferm altered the composition 
of gut microbiota by reducing the percentage of Bacteroides. Moreover, linear discriminant analysis scores revealed 
that Lactobacillus fermentum within phylum Firmicutes was the prominent species existing in the Lac.ferm-treated 
group. Overall, the above findings suggest that dietary Lac.ferm could modulate the gut microbial community, which 
might be beneficial to alleviating colon cancer progression.
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Introduction

Colorectal cancer (CRC) is the third leading 
cause of cancer mortality worldwide [1]. Wes- 
ternization of dietary patterns and lifestyles 
has engendered an increase in the incidence of 
CRC among individuals aged < 50 years [2]. 
Genetic and environmental factors-including 
age, smoking, family history, and dietary habits 
(e.g., excessive consumption of red meat or 
processed meat products)-are implicated in 
CRC occurrence [3]. Conversely, a diet rich in 
vegetables, fruits, and other fiber-rich foods 
could obviously decrease the risk of CRC [4]. 
This is because microorganisms are able to 
break down non-digestible carbohydrates into 
short-chain fatty acids (SCFAs) that regulate 
the intestinal immunity and metabolic func-
tions of the host [5]. As indicated by increasing 

evidence, the gut microbiota is involved in 
mucosal immune responses and the pathogen-
esis of inflammatory bowel disease (IBD) [6]. 
Dysbiosis of gut microbiota has contributed to 
impairing intestinal barrier function and caus-
ing chronic inflammation by regulating cytokine 
activity [7]. Besides, pro-inflammatory cyto-
kines were the key predisposing factor to accel-
erating the development of CRC [8]. Recent 
studies found that traditional medicines such 
as Boswellia serrata resin, Ganoderma lucidum, 
and American ginseng have ability to alter the 
gut microbiota community and reduce the bur-
den of colon tumors in azoxymethane/dextr- 
an sulfate sodium (AOM/DSS)-induced, coli- 
tis-associated cancer (CAC) [9-11]. Therefore, 
maintenance of microbiota homeostasis might 
be a promising new strategy for cancer chemo- 
prevention.
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Probiotics generally refer to live microorgan-
isms that, with moderate daily intake, provide 
health benefits to the host [12]. Common probi-
otics-including genus Lactobacillus, Bifidobac- 
terium, and Streptococcus-have been used to 
manage gastrointestinal (GI) tract functions 
and the immune system [13]. Numerous stud-
ies have noted that parts of probiotics like 
Lactobacillus acidophilus, Lactobacillus casei, 
Lactobacillus plantarum, and Lactobacillus fer-
mentum when processed improve the clinical 
symptoms of IBD in a murine model via decreas-
ing inflammatory cytokines and even shifting 
the composition of gut microbes [14-17]. In this 
regard, previous research demonstrated that 
Lactobacillus spp. were observed to produce 
lactic acid and inhibit the growth of harmful 
bacteria in the gut [18]. Although attenuating 
colitis is thought to be linked to the reduction of 
colon tumorigenesis, studies have yet to clarify 
the effects of lactic acid bacteria supplementa-
tion on CRC and how it correlates to gut micro-
biota. In the current study, we aim to screen the 
effectiveness of probiotic candidates-including 
Lactobacillus fermentum V3 (Lac.ferm), La- 
ctobacillus acidophilus LA257 (Lac.acid), and 
Lactobacillus rhamnosus LR132 (Lac.rham)-in 
an AOM/DSS-induced carcinogenesis model. In 
addition, we focus on the change of the gut 
microbiome produced by one Lactobacillus 
strain, which presented the highest efficiency 
on inhibiting tumor growth.

Materials and methods

Chemicals and bacterial strain

Azoxymethane was purchased from Sigma 
Chemical Co., and dextran sodium sulfate (DSS; 
molecular weight of 36,000-50,000 Da) was 
purchased from MP Biomedicals (Aurora, OH). 
Antibodies CD68 were obtained from Abcam 
(Cambridge, MA). All other reagents used were 
obtained from Sigma-Aldrich, unless otherwise 
noted. Lactobacillus fermentum V3, Lactoba- 
cillus acidophilus LA257, and Lactobacillus 
rhamnosus LR132 were isolated from pickled 
bamboo shoots, milk, and feces samples of 
healthy adults, respectively. All bacterial strain 
powders were provided by Syngen Biotech Co., 
Ltd., Taiwan.

Establishment of experimental animal model

Five-week-old male ICR mice were purchased 
from BioLASCO (Taipei, Taiwan) and randomly 

divided into five groups (n = 6). A mouse model 
of AOM/DSS-induced CAC was established, as 
previously reported [19]. The control group 
served as an untreated control. Mice in the 
other four groups received a single intraperito-
neal injection of 10 mg/kg AOM at the day 0. 
One week after AOM injection, mice were given 
two cycles of 2.5% DSS (w/v) in drinking water 
for 7 days. The first cycle of DSS was followed 
by two weeks of sterile water. In the experimen-
tal group, mice were administered different 
Lactobacillus strains by oral gavage once a day-
including Lac.ferm, Lac.acid, and Lac.rham (1 × 
108 CFU/day each group)-for 5 days per week at 
the beginning until the end of the experiment 
(Supplementary Figure 1). The AOM/DSS group 
was given the equivalent volume of saline. All 
protocols were executed in accordance with 
the guidelines approved by the Institutional 
Animal Care and Use Committee (IACUC) of  
the National Taiwan University (NTU-107-EL- 
00150). Mice were housed at a constant atmo-
sphere (25 ± 1°C and 50% relative humidity) 
under 12 h light/12 h dark cycles and fed with 
standard diet and water ad libitum. At the end 
of the study at 14 weeks, animals were sa- 
crificed by CO2 inhalation and dissected. The 
colon tissues and stool samples were collected 
and stored at -80°C until used. The other half 
colon was fixed in 10% buffered formalin for 
histologic analysis.

Microbial analysis

Fecal samples were collected from the colon 
under aseptic conditions and immediately sto- 
red at -80°C until analysis. Bacterial genomic 
DNA was extracted using the innuSPEED Stool 
DNA Kit (Analytik Jena AG, Jena, Germany) and 
according to manufacturer’s recommendati- 
ons. The primer sequences used to amplify the 
V3-V4 region of the 16S rDNA gene followed the 
results of a previous study [20]. Next, the sec-
ond PCR used the Illumina DNA library prepara-
tion kit (Illumina, San Diego, CA, USA) to con-
struct the dual-index barcodes and sequencing 
adaptors under the following conditions: 95°C 
for 3 min, 8 cycles of 95°C (30 s), 55°C (30 s), 
and 72°C (30 s), with a final extension at 72°C 
for 5 min. The amplicons were extracted from 
2% agarose gels and purified with AMPure XP 
beads. Barcoded amplicons were pooled (1 
nM) and combined with 5% PhiX to use as a 
spike-in control for Illumina sequencing runs. 
The library was sequenced on an IlluminaHi- 
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Seq2500 platform and paired-end reads (250 
bp) were generated. Operational taxonomy uni- 
ts (OTUs) were clustered using the UCLUST 
method and sequenced at least 97% identities. 
Microbial data analyses including α- and β- 
diversity were performed with Quantitative 
Insights into Microbial Ecology (QIIME; version 
1.9.1) software.

Histopathology and Immunohistochemistry

Colonic tissues were fixed in 10% buffered for-
malin overnight and embedded in paraffin. The 
4-µm tissue sections were deparaffinized in 
xylene and rehydrated in ethanol/water. Sli- 
des were then stained with hematoxylin-eosin 
(H&E) or processed for immunostaining. Im- 
munohistochemical staining was performed 
with a primary antibody rabbit anti-CD68 (1: 
500) at 4°C overnight. Secondary antibody 
incubation and EnVision® + dual link System-
HRP (Dako, CA, USA) were then used following 
the manufacturer’s recommendations. Images 
were captured using a Stereo Investigator® sys-
tem (MBF Bioscience, Williston, VT, USA).

Enzyme-linked immunosorbent assay (ELISA)

Colonic tissues were weighed and homoge-
nized for 30 sec in cold lysis buffer containing 
protease inhibitors. After incubated on ice  
for 30 min, the mixture was centrifuged at 
10,000 × g for 30 min at 4°C. The superna-
tants were collected and used for quantified 
cytokine levels of IL-1α, IL-1β, and IL-6 by using 
Multi-Analyte ELISArray Kits (QIAGEN) accord-
ing to the manufacturer’s instructions.

Statistical analysis

All data were presented as the means ± SE. 
SPSS 12.0 (SPSS, Inc., Chicago, IL, USA) was 
used for statistical analyses. Differences be- 
tween groups were assessed by one-way 
ANOVA and followed by Tukey’s post hoc tests. 
A two tailed p-value < 0.05 was considered sta-
tistically significant.

Results

Different Lactobacillus strains affect the clini-
cal signs induced by AOM/DSS

The AOM/DSS model is applied to study tumor 
progression driven by colitis [21]. The severity 
of colitis is characterized by body weight loss 

and enlarged spleen. In the present study, 
receiving DSS lead to temporary weight loss in 
all groups, especially after the first cycle (P < 
0.001; Figure 1). During the second DSS expo-
sure cycle, the ratio of body weight loss in the 
Lac.ferm group was less than that for the AOM/
DSS-treated mice. At the end of the period, the 
final body weight among all groups showed no 
significant difference (Figure 1A). Furthermore, 
we also observed that spleen weight and size 
are both increased in AOM/DSS-induced gro- 
ups compared to the control group (P < 0.001; 
Table 1 and Figure 1B). On the other hand, the 
appearance and weight of other essential 
organs such as liver and kidney were not signifi-
cantly different between all groups (Table 1 
and Figure 1B). Moreover, after feeding three 
kinds of Lactobacillus species for 14 weeks, 
water intake and food consumption were not 
affected (Figure 1C and 1D). Also, the other 
uncomfortable signs were not found. The 
results suggested that dietary these three can-
didates of Lactobacillus strains (Lac.ferm, Lac.
acid, and Lac.rham) did not appear to present 
any noticeable effects or acute toxicity.

Lac.ferm suppressed AOM/DSS-induced 
colorectal tumorigenesis in mice

To evaluate the chemopreventive efficacy of dif-
ferent Lactobacillus strains on colitis-associat-
ed CRC, the AOM/DSS carcinogenic mouse 
model was used. DSS administration has been 
reported to induce ulceration and bowel wall 
thickening, which result in shortening the colon 
length [22]. In the current study, the colon 
length in AOM/DSS-treated mice (8.11 ± 0.76 
cm) was significantly shorter than that in the 
control group (10.13 ± 1.30 cm) (P < 0.001; 
Table 2 and Figure 2A). Combined treatment 
with AOM and DSS led to tumor formation and 
increase of colon weight. We found that the 
colon weight of mice in the AOM/DSS group 
(0.50 ± 0.13 g) was heavier than that of the 
control group (0.25 ± 0.03 g) (P < 0.001; Table 
2). Furthermore, the notable finding was that 
the administration of Lac.ferm resulted in a 
significant reverse in the colon weight-to-length 
(W/L) ratio (P < 0.05; Table 2 and Figure 2B). To 
confirm the cancer suppressive effects, tumor 
multiplicity was evaluated. Tumor incidence in 
the AOM/DSS group was 100%, and the aver-
age number of tumors in the mid and distal 
colon were 18.50 ± 3.85 per mouse. After 
administration of the oral probiotics candidates 
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Lac.ferm, Lac.acid, and Lac.rham, the average 
number of tumors was 12.17 ± 3.92, 16.60 ± 

5.73, and 15.00 ± 5.22, respectively (Figure 2C 
and 2D). Notably, we found that daily supple-
mentation with Lac.ferm markedly inhibited 
tumor growth (P < 0.05), but this was not the 
case with the Lac.acid or Lac.rham group 
(Figure 2D). Based on these results, the protec-
tive effects of the Lac.ferm probiotic needs to 
be examined more thoroughly.

Lac.ferm altered gut microbial community in 
AOM/DSS-treated mice

Accumulating evidence suggests that microbio-
ta dysbiosis was associated with the colonic 
inflammation and even progression of CRC 
[23]. To determine the changes of gut microbio-

Figure 1. Effect of different Lactobacillus strains on body weight and clinical signs in AOM/DSS-treated ICR mice. 
(A) Body weight, monitored weekly for 14 weeks, with average body weight of each group expressed as means ± SE 
(n = 6 per group); (B) appearance of organs; (C) daily food intake; and (D) water intake in each group. Data were 
expressed as the means ± SE (n = 6 per group). n.s., no significant difference; (*) P < 0.05, (***) P < 0.001 com-
pared with the control group.

Table 1. Effect of different Lactobacillus strains 
on organ weight

Liver  
weight (g)

Kidney 
weight (g)

Spleen  
weight (g)

Control 2.27 ± 0.30 0.74 ± 0.07 0.10 ± 0.01***

AOM/DSS 2.61 ± 0.26 0.84 ± 0.06 0.19 ± 0.03
Lac.ferm 2.36 ± 0.31 0.81 ± 0.09 0.17 ± 0.04
Lac.acid 2.48 ± 0.17 0.82 ± 0.15 0.18 ± 0.10
Lac.rham 2.36 ± 0.09 0.80 ± 0.09 0.15 ± 0.03
Values are expressed as means ± SE (n = 6 per group). (***) 
P < 0.001 compared with the AOM/DSS-treated group.
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ta, we detected the microbial community diver-
sity in fecal samples using next-generation 
high-throughput sequencing of the 16S rRNA 
gene. In this study, the amounts of operational 
taxonomic units (OTUs) were similarly detected 
in three groups. The Venn diagram showed the 
overlap of OTUs between each groups (Figure 
3A). Results revealed that a total of 363 OTUs 
were shared by all groups, 386 OTUs presented 
in both control and AOM/DSS groups, and 374 
between AOM/DSS and Lac.ferm groups. In 
addition, the clustering tree based on the 

analysis was applied (Figure 4A and 4B). 
According to LDA scores, data showed that five 
taxa were affected by AOM/DSS treatment, 
and six taxa were enriched in the Lac.ferm 
group. In particular, we found that Lactobacillus 
fermentum within the phylum Firmicutes was 
the prominent species existing in the Lac.ferm-
treated group. Furthermore, the abundance 
distribution of the dominant 35 OTUs for genus 
level were represented as colors in a heat- 
map among the different groups. The results  
demonstrated that bacterial taxa such as 

Table 2. Effect of different Lactobacillus strains on colon length 
and weight

Colon length (cm) Colon weight (g) Weight/length ratio
Control 10.13 ± 1.30**  0.25 ± 0.03***  0.024 ± 0.01***
AOM/DSS  8.11 ± 0.76  0.50 ± 0.13  0.062 ± 0.02
Lac.ferm  8.37 ± 0.98  0.40 ± 0.04  0.048 ± 0.01*
Lac.acid  8.24 ± 0.56  0.47 ± 0.18  0.057 ± 0.02
Lac.rham  8.25 ± 0.83  0.42 ± 0.14  0.052 ± 0.02
Values are expressed as means ± SE (n = 6 per group). (*) P < 0.05, (**) P < 
0.01, and (***) P < 0.001 compared with the AOM/DSS-treated group.

Figure 2. Effect of different Lactobacillus on AOM/DSS-induced colonic 
shortening and polyp formation. (A) Representative images of colon length 
in each group; (B) colon weight-to-colon length (W/L) ratio; (C) representa-
tive images of colon tissue in each group; and (D) minimum and maximum 
observations and median polyp number. (*) P < 0.05, (***) P < 0.001 
compared with the AOM/DSS-treated group.

unweighted pair group method 
with arithmetic mean (UPGMA) 
analysis displayed that the gut 
microbiota composition of the 
Lac.ferm group showing a cle- 
ar separation of other groups 
(Figure 3B). Furthermore, the 
partial least squares discrimi-
nant analysis (PLS-DA) plot also 
indicated an obvious difference 
in three groups (Figure 3C). For 
further taxonomic analysis, the 
relative abundance of bacterial 
communities appears in Figure 
3D and 3E. At the phylum level, 
there are no significant differ-
ence in the Firmicutes and Ba- 
cteroidetes ratio between con-
trol and AOM/DSS groups. In 
the Lac.ferm group, however, a 
decrease in the proportions of 
phyla Bacteroidetes was ob- 
served. At the order level, histo-
gram representation showed 
that Lactobacillales displayed 
species richness via treatment 
with Lac.ferm (19.64%) com-
pared to control (12.75%) and 
AOM/DSS groups (5.29%). The- 
se results implied that Lac.
ferm-suppressed inflammation-
associated tumorigenesis mi- 
ght be linked to the alteration of 
specific bacterial taxa.

Specific phylotypes of gut mi-
crobiota modulated by AOM/
DSS and Lac.ferm

To explore the specific bacterial 
taxa characterized in each 
group, linear discriminant anal-
ysis (LDA) effect size (LEfSe) 
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Bacteroides, Erysipelatoclostridium, and oth-
ers in Figure 5A were associated with the AOM/
DSS treatment, but negatively to another two 

kines such as IL-1 and IL-6 produced by immune 
cells had to activate tumor cell proliferation [8]. 
Figure 6B showed that the levels of IL-1α, IL-1β, 

Figure 3. Dietary Lac.ferm transformed the microbiota diversity in each 
groups. (A) Venn diagram of shared and unique OTUs among three groups; 
(B) hierarchical clustering tree analysis at OTU levels on each sample; (C) 
PLS-DA plot analyzed by OTU abundance from each sample; (D) relative 
abundance of microbiota profiling at phylum level; and (E) relative abun-
dance of microbiota profiling at order level.

groups. Moreover, in Figure 5B, 
the relative abundance of ge- 
nus Lactobacillus in the Lac.
ferm group was higher than in 
the AOM/DSS group. Other- 
wise, recent studies indicated 
that the Gram-negative bacte-
ria Akkermansia were correlat-
ed with colonic tumor burden in 
mice [24, 25]. Consistent with 
our results, Akkermansia had 
arisen in the AOM/DSS group 
and significantly decreased af- 
ter administration of Lac.ferm 
for 14 weeks (Figure 5C). Ov- 
erall, the above findings sug-
gested that dietary Lac.ferm 
could modulate the gut micro-
bial community, which might be 
beneficial to alleviating colon 
cancer progression.

Lac.ferm regulated colonic 
inflammation in AOM/DSS-
induced CRC

Histological analysis with H&E 
staining revealed manifest cry- 
pt destruction, multiple adeno-
mas, and even large adenocar-
cinomas in the colonic sections 
of the AOM/DSS group (Figure 
6A). In contrast, the Lac.ferm-
treated mice showed a marked 
reduction of these symptoms. 
Growing data suggested that 
microbial endotoxins might pro-
mote macrophage infiltration, 
and chronic inflammation is a 
determining factor in the pro-
motion phase of CRC [26]. To 
evaluate tumor-infiltrating mac-
rophages, immunostaining for 
CD68-positive cells in tumor 
areas was performed. In our 
results, there were markedly 
more CD68+ macrophages in 
tumor tissues from AOM/DSS-
treated mice compared with 
the Lac.ferm group. Further- 
more, proinflammatory cyto-
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and IL-6 in the AOM/DSS group were all higher 
than in the control group (P < 0.001). Conver- 
sely, cytokines IL-1α and IL-6 were significantly 
downregulated after feeding with Lac.ferm. 
These results indicated that dietary Lac.ferm 
alleviated colitis-associated CRC, possibly th- 
rough lowering the infiltration of macrophages 
and decreasing proinflammatory cytokines in 
colonic tissue.

Discussion

Accumulating evidence has suggested the be- 
neficial functions of probiotics in cancer pre-

vention [27]. Lactobacillus spp. is the most 
dominant probiotic strain used as a dietary 
supplement that is good for both the digestive 
and the immune systems. Numerous studies 
have noted that parts of probiotics such as 
Lactobacillus acidophilus, Lactobacillus rham-
nosus, and Lactobacillus fermentum when pro-
cessed improve the clinical symptoms of IBD 
and even attenuate cancer at early stage [17, 
28-30]. In this study, we evaluated the protec-
tive role of these three potential Lactobacillus 
spp. on anticancer activity in AOM/DSS-in- 
duced colon cancer. Our results showed th- 
at dietary administration of Lac.ferm isolated 

Figure 4. Variations on gut microbiota presented in AOM/DSS and Lac.ferm-treated mice. (A) Taxonomic cladogram 
obtained using LEfSe analysis of the 16S sequences in fecal samples (n = 5 per group); and (B) histogram of the LDA 
scores computed for taxa differentially abundant among three groups. Thresholds > 2.0 are shown.
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from pickled bamboo shoots alone for 14 
weeks markedly ameliorates tumor formation 
in AOM/DSS-treated mice (Figure 2C and 2D). 
These results are in agreement with those of  
a previous study reporting that feeding with 
Lactobacillus fermentum reduced the number 
of aberrant crypt foci (ACF) in 1,2-dimethylhy-
drazine-induced Swiss mice [30]. Notably, a 
novel finding in our study is that oral Lac.ferm, 
working against colon tumorigenesis, might act 
in part through altering the gut microbial com-
munity and reducing the pro-inflammatory cyto-
kines surrounding colonic tissues (Figures 3-6).

Microbiota dysbiosis leads to chronic inflamma-
tion and acts as a driving force for tumor pro-
gression [31]. As recent studies described, an 
increase of Bacteroides, Parabacteroides, and 
Akkermansia in the feces had highly correla- 
ted to colon tumorigenesis [24]. Gram-nega- 
tive genus Bacteroides and Akkermansia are 
mucin-degrading bacteria having large endo-

toxins at their outer wall, which result in muco-
sa damage and trigger tumorigenesis [24, 25]. 
In our results, the relative abundances of Ba- 
cteroides and Akkermansia were higher in the 
AOM/DSS model group. In contrast, oral Lac.
ferm significantly decreased the abundance of 
Bacteroides and Akkermansia in the feces 
(Figure 5). In addition, previous studies demon-
strated that the growth of beneficial bacteria in 
the gut, such as part of Lactobacillus strains, 
have been good for managing diarrhea, aller-
gies, and IBD [32]. Consistent with our results, 
Lactobacillus fermentum (5 × 108 and 1 × 109 
CFU/day, respectively) has been reported to 
exert anti-inflammatory effects and restore the 
gut microbial homeostasis in DSS-induced coli-
tis [17, 33]. In this study, we also found that 
treatment with Lactobacillus fermentum (1 × 
108 CFU/day) for 14 weeks markedly increased 
Lactobacillus at the genus level compared to 
the AOM/DSS group (Figures 4, 5). Moreover, 
Wu et al. [34] found that the abundance of 

Figure 5. Dietary Lac.ferm altered gut microbiota in AOM/DSS-treated mice. (A) Heatmap showing the abundance of 
high-confidence OTUs in fecal samples from mice. Relative abundance of (B) Lactobacillus and (C) Akkermansia at 
genus level (n = 5 per group). (*) P < 0.05 compared with the AOM/DSS-treated group.
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Lactobacillus increased by treating with Ba- 
cillus subtilis daily, which involved in tumor sup-
pression. The above evidences suggest that 
the oral probiotic Lac.ferm might attenuate 
colon cancer progression partly by manipulat-
ing the gut microbiota.

Chronic inflammation plays a curial role in 
tumor growth due to the pro-inflammatory cyto-

kines (e.g., IL-1, IL-6, and TNF-α) accelerating 
tumor progression [35]. Current evidence sug-
gests that novel anticancer therapies have tar-
geted the tumor microenvironment, particularly 
because macrophage activations are involved 
in inflammatory cytokine production therein 
[36]. A previous study suggested macrophage 
depletion as a therapeutic target of CAC in 
AOM/DSS-induced mice [37]. In the present 

Figure 6. Effect of Lac.ferm on macrophage infiltration and in-
flammatory cytokines in AOM/DSS-treated mice. A. H&E and IHC 
staining with CD68 in distal colon tissue (400 × magnification). 
B. Cytokine levels of IL-1α, IL-1β, and IL-6 in colonic mucosa 
were assayed by ELISA. (*) P < 0.05, (***) P < 0.001 compared 
with the AOM/DSS-treated group.
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study, we found that the infiltration of CD68+ 
macrophages were decreased in the tumors of 
CAC mice treated with Lac.ferm (Figure 6A). 
Meanwhile, the pro-inflammatory cytokines 
such as IL-1α, IL-1β, and IL-6 were also mark-
edly reduced in the Lac.ferm group (Figure 6B). 
Similar to our study, Jang et al. demonstrated 
that Lactobacillus fermentum isolated from the 
feces of healthy adults ameliorates DSS-
induced colitis by inhibiting the expression of 
some immune cytokines (e.g., IL-1β, IL-6, and 
TNF-α) and altering the gut microbial composi-
tion [17]. Based on these results, we speculate 
that supplementation with Lac.ferm inhibited 
tumor growth and may contribute to reducing 
harmful bacteria, blocking macrophage recruit-
ment in the gut. Notably, for the first time, we 
found that the probiotic Lac.ferm caused mac-
rophage depletion and changed the tumor 
microenvironment, and that these effects 
would eliminate the tumorigenic factors during 
CAC development.

Conclusion

In conclusion, dietary Lac.ferm might rebalance 
the enteric microbiome community, which were 
beneficial to suppressing colon tumorigenesis 
in mice. Hence, we consider the probiotic Lac.
ferm to have great potential for antitumor 
growth and in turn as a biotherapeutic agent for 
the future. However, to determine these proper-
ties in clinical patients, further verifications are 
still required.

Acknowledgements

Y.-C.C. and P.-Y.H. contributed equally to this 
work. Y.-C.C. carried out the research and wrote 
the manuscript, with assistance for the animal 
study experiments provided by P.-Y.H. In addi-
tion, W.-J.C. and S.-H.W. (Syngen Biotech Co.) 
for providing the Lactobacillus strains. M.-H.P. 
conceived of the idea, designed the experi-
ments, and reviewed the manuscript. All 
authors read and approved the final manu-
script. We would like to acknowledge Tech- 
Comm, College of Life Science, National Taiwan 
University for their service. This study was sup-
ported by Syngen Biotech Co., Ltd. and the 
Ministry of Science and Technology (108-2321-
B-002 -020 and 108-2320-B-002-016-MY3).

Disclosure of conflict of interest

None.

Abbreviations

AOM/DSS, azoxymethane/dextran sulfate sodi- 
um; CAC, colitis-associated cancer; CRC, colo- 
rectal cancer; IBD, inflammatory bowel disease; 
Lac.acid, Lactobacillus acidophilus LA257; Lac.
ferm, Lactobacillus fermentum V3; Lac.rham, 
Lactobacillus rhamnosus LR132; LDA, linear 
discriminant analysis; OUT, operational taxo- 
nomic unit; SCFA, short-chain fatty acid.

Address correspondence to: Dr. Min-Hsiung Pan, 
Institute of Food Science and Technology, National 
Taiwan University, No. 1, Section 4, Roosevelt Road, 
Taipei 10617, Taiwan. Tel: +86-2-33664133; Fax: 
+86-2-33661771; E-mail: mhpan@ntu.edu.tw

References

[1]	 Favoriti P, Carbone G, Greco M, Pirozzi F, Pirozzi 
REM and Corcione F. Worldwide burden of 
colorectal cancer: a review. Updates Surg 
2016; 68: 7-11.

[2]	 Wong MCS, Ding H, Wang J, Chan PSF and 
Huang J. Prevalence and risk factors of colorec-
tal cancer in Asia. Intest Res 2019; 17: 317-
329.

[3]	 Oostindjer M, Alexander J, Amdam GV, Ander-
sen G, Bryan NS, Chen D, Corpet DE, De Smet 
S, Dragsted LO, Haug A, Karlsson AH, Kleter G, 
de Kok TM, Kulseng B, Milkowski AL, Martin 
RJ, Pajari AM, Paulsen JE, Pickova J, Rudi K, 
Sødring M, Weed DL and Egelandsdal B. The 
role of red and processed meat in colorectal 
cancer development: a perspective. Meat Sci 
2014; 97: 583-596.

[4]	 Song M, Wu K, Meyerhardt JA, Ogino S, Wang 
M, Fuchs CS, Giovannucci EL and Chan AT. Fi-
ber intake and survival after colorectal cancer 
diagnosis. JAMA Oncol 2018; 4: 71-79.

[5]	 Makki K, Deehan EC, Walter J and Backhed F. 
The impact of dietary fiber on gut microbiota in 
host health and disease. Cell Host Microbe 
2018; 23: 705-715.

[6]	 Nishida A, Inoue R, Inatomi O, Bamba S, Naito 
Y and Andoh A. Gut microbiota in the patho-
genesis of inflammatory bowel disease. Clin J 
Gastroenterol 2018; 11: 1-10.

[7]	 Thomas S, Izard J, Walsh E, Batich K, Chong-
sathidkiet P, Clarke G, Sela DA, Muller AJ, Mul-
lin JM, Albert K, Gilligan JP, DiGuilio K, Dilbaro-
va R, Alexander W and Prendergast GC. The 
host microbiome regulates and maintains hu-
man health: a primer and perspective for non-
microbiologists. Cancer Res 2017; 77: 1783-
1812.

[8]	 Neurath MF. Cytokines in inflammatory bowel 
disease. Nat Rev Immunol 2014; 14: 329-342.

mailto:mhpan@ntu.edu.tw


Lactobacillus fermentum V3 ameliorates colitis-associated tumorigenesis

1180	 Am J Cancer Res 2020;10(4):1170-1181

[9]	 Chou YC, Suh JH, Wang Y, Pahwa M, Badmaev 
V, Ho CT and Pan MH. Boswellia serrata resin 
extract alleviates azoxymethane (AOM)/dex-
tran sodium sulfate (DSS)-induced colon tu-
morigenesis. Mol Nutr Food Res 2017; 61: 
598-612.

[10]	 Luo J, Zhang C, Liu R, Gao L, Ou S, Liu L and 
Peng X. Ganoderma lucidum polysaccharide 
alleviating colorectal cancer by alteration of 
special gut bacteria and regulation of gene ex-
pression of colonic epithelial cells. J Funct 
Foods 2018; 47: 127-135.

[11]	 Yu C, Wen XD, Zhang Z, Zhang CF, Wu XH, Mar-
tin A, Du W, He TC, Wang CZ and Yuan CS. 
American ginseng attenuates azoxymethane/
dextran sodium sulfate-induced colon carcino-
genesis in mice. J Ginseng Res 2015; 39: 14-
21.

[12]	 Kechagia M, Basoulis D, Konstantopoulou S, 
Dimitriadi D, Gyftopoulou K, Skarmoutsou N 
and Fakiri EM. Health benefits of probiotics: a 
review. ISRN Nutr 2013; 2013: 481651.

[13]	 Azad MAK, Sarker M, Li T and Yin J. Probiotic 
species in the modulation of gut microbiota: 
an overview. Biomed Res Int 2018; 2018: 
9478630.

[14]	 Park JS, Choi JW, Jhun J, Kwon JY, Lee BI, Yang 
CW, Park SH and Cho ML. Lactobacillus aci-
dophilus improves intestinal inflammation in 
an acute colitis mouse model by regulation of 
Th17 and Treg cell balance and fibrosis devel-
opment. J Med Food 2018; 21: 215-224.

[15]	 Herias MV, Koninkx JF, Vos JG, Huis in’t Veld JH 
and van Dijk JE. Probiotic effects of Lactobacil-
lus casei on DSS-induced ulcerative colitis in 
mice. Int J Food Microbiol 2005; 103: 143-
155.

[16]	 Hu Y, Chen D, Zheng P, Yu J, He J, Mao X and Yu 
B. The bidirectional interactions between res-
veratrol and gut microbiota: an insight into oxi-
dative stress and inflammatory bowel disease 
therapy. Biomed Res Int 2019; 9: 5403761.

[17]	 Jang YJ, Kim WK, Han DH, Lee K and Ko G. 
Lactobacillus fermentum species ameliorate 
dextran sulfate sodium-induced colitis by regu-
lating the immune response and altering gut 
microbiota. Gut Microbes 2019; 10: 1-16.

[18]	 Zhang M, Sun K, Wu Y, Yang Y, Tso P and Wu Z. 
Interactions between intestinal microbiota and 
host immune response in inflammatory bowel 
disease. Front Immunol 2017; 8: 942.

[19]	 Parang B, Barrett CW and Williams CS. AOM/
DSS model of colitis-associated cancer. Meth-
ods Mol Biol 2016; 1422: 297-307.

[20]	 Caporaso JG, Lauber CL, Walters WA, Berg-Ly-
ons D, Lozupone CA, Turnbaugh PJ, Fierer N 
and Knight R. Global patterns of 16S rRNA di-
versity at a depth of millions of sequences per 
sample. Proc Natl Acad Sci U S A 2011; 108 
Suppl 1: 4516-4522.

[21]	 De Robertis M, Massi E, Poeta ML, Carotti S, 
Morini S, Cecchetelli L, Signori E and Fazio VM. 
The AOM/DSS murine model for the study of 
colon carcinogenesis: from pathways to diag-
nosis and therapy studies. J Carcinog 2011; 
10: 9.

[22]	 Jin BR, Chung KS, Cheon SY, Lee M, Hwang S, 
Noh Hwang S, Rhee KJ and An HJ. Rosmarinic 
acid suppresses colonic inflammation in dex-
tran sulphate sodium (DSS)-induced mice via 
dual inhibition of NF-κB and STAT3 activation. 
Sci Rep 2017; 7: 46252.

[23]	 Sun J and Kato I. Gut microbiota, inflammation 
and colorectal cancer. Genes Dis 2016; 3: 
130-143.

[24]	 Baxter NT, Zackular JP, Chen GY and Schloss 
PD. Structure of the gut microbiome following 
colonization with human feces determines co-
lonic tumor burden. Microbiome 2014; 2: 20.

[25]	 Derrien M, Vaughan EE, Plugge CM and de Vos 
WM. Akkermansia muciniphila gen. nov., sp. 
nov., a human intestinal mucin-degrading bac-
terium. Int J Syst Evol Microbiol 2004; 54: 
1469-1476.

[26]	 Wehkamp J and Frick J. Microbiome and chron-
ic inflammatory bowel diseases. J Mol Med 
2017; 95: 21-28.

[27]	 Eslami M, Yousefi B, Kokhaei P, Hemati M, Ne-
jad ZR, Arabkari V and Namdar A. Importance 
of probiotics in the prevention and treatment 
of colorectal cancer. J Cell Physiol 2019; 234: 
17127-17143.

[28]	 Gamallat Y, Ren X, Walana W, Meyiah A, Xinxiu 
R, Zhu Y, Li M, Song S, Xie L, Jamalat Y, Saleem 
MZ, Ma Y, Xin Y and Shang D. Probiotic Lacto-
bacillus rhamnosus modulates the gut micro-
biome composition attenuates preneoplastic 
colorectal Aberrant crypt foci. J Funct Foods 
2019; 53: 146-156.

[29]	 Verma A and Shukla G. Probiotics Lactobacil-
lus rhamnosus GG, Lactobacillus acidophilus 
suppresses DMH-induced procarcinogenic fe-
cal enzymes and preneoplastic aberrant crypt 
foci in early colon carcinogenesis in Sprague 
Dawley rats. Nutr Cancer 2013; 65: 84-91.

[30]	 Asha and Gayathri D. Synergistic impact of 
Lactobacillus fermentum, Lactobacillus plan-
tarum and vincristine on 1,2-dimethylhydra-
zine-induced colorectal carcinogenesis in 
mice. Exp Ther Med 2012; 3: 1049-1054.

[31]	 Saus E, Iraola-Guzmán S, Willis JR, Brunet-Ve-
ga A and Gabaldón T. Microbiome and colorec-
tal cancer: roles in carcinogenesis and clinical 
potential. Mol Aspects Med 2019; 69: 93-106

[32]	 Liu Y, Alookaran JJ and Rhoads JM. Probiotics 
in autoimmune and inflammatory disorders. 
Nutrients 2018; 10: 1537.

[33]	 Rodríguez-Nogales A, Algieri F, Garrido-Mesa J, 
Vezza T, Utrilla MP, Chueca N, Garcia F, Oliva-
res M, Rodríguez-Cabezas ME and Gálvez J. 



Lactobacillus fermentum V3 ameliorates colitis-associated tumorigenesis

1181	 Am J Cancer Res 2020;10(4):1170-1181

Differential intestinal anti-inflammatory effects 
of Lactobacillus fermentum and Lactobacillus 
salivarius in DSS mouse colitis: impact on mi-
croRNAs expression and microbiota composi-
tion. Mol Nutr Food Res 2017; 61: 1700144.

[34]	 Wu C, Ouyang M, Guo Q, Jia J, Liu R, Jiang Y, Wu 
M and Shen S. Changes in the intestinal micro-
ecology induced by bacillus subtilis inhibit the 
occurrence of ulcerative colitis and associated 
cancers: a study on the mechanisms. Am J 
Cancer Res 2019; 9: 872-886.

[35]	 Landskron G, De la Fuente M, Thuwajit P, Thu-
wajit C and Hermoso MA. Chronic inflamma-
tion and cytokines in the tumor microenviron-
ment. J Immunol Res 2014; 2014: 149185.

[36]	 Tsai MJ, Chang WA, Huang MS and Kuo PL. Tu-
mor microenvironment: a new treatment target 
for cancer. ISRN Biochem 2014; 2014: 
351959.

[37]	 Wu T, Dai Y, Wang W, Teng G, Jiao H, Shuai X, 
Zhang R, Zhao P and Qiao L. Macrophage tar-
geting contributes to the inhibitory effects of 
embelin on colitis-associated cancer. Oncotar-
get 2016; 7: 19548-19558.



Lactobacillus fermentum V3 ameliorates colitis-associated tumorigenesis

1	

Supplementary Figure 1. Schematic of Lactobacillus spp. administration in AOM/DSS animal model.


