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Abstract
Background and Objectives: 5-Fluorouracil (5-FU) is the most common anticancer therapeutic, even though its response rate
as a single agent is usually less than 20%. Lactobacillus rhamnosus bacteria reduce the severity of gastrointestinal tract
infections, with additional functions in cancer prevention. This study investigated the histological and immunological changes
associated with the combination treatment of L. rhamnosus and 5-FU in mice with colon cancer. Material and Methods: Five
groups of male mice were classified as follows; Group A: Mice injected with azoxymethane (AOM) to induce colon cancer,
Group AL: Mice injected with AOM and orally administered L. rhamnosus alone, Group AF: Mice injected with AOM and
administered 5-FU, Group AFL: Mice injected with AOM and treated with both L. rhamnosus and 5-FU and Group C: Untreated
control mice. Results: A reduction in inflammatory features with a normal histological structure was observed in the colon
of the AFL group compared to those in the other treated groups. The intestinal mucosa of the AFL group showed a significant
downregulation in K-ras and Treg/IL-10 transcription levels. This downregulation was associated with an improvement in the
innate and adaptive immune responses through increased TLR2 and Th1/IFNγ transcription. TNF" and IL-6 protein
expression was significantly elevated in the serum of the AFL groups compared to levels in both the A and AF groups.
Conclusion: This study provides evidence about the potential immunological influence of L. rhamnosus when used in
combination with 5-FU as a novel colon cancer therapeutic strategy.
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production14,15. Moreover, L. rhamnosus supplementation

INTRODUCTION

has been shown to have beneficial effects during
Colon cancer or colorectal cancer (CRC) affects over

chemotherapy, as cancer patients have reported less

1 million people and accounts for an estimated half a million

abdominal discomfort and chemotherapy dose reductions 16.

deaths worldwide1. The Saudi Cancer Registry (SCR) reported

Although previous studies discussed the direct correlation

that CRC was the second most common malignancy among

of some probiotics and improvement of cancers, particularly

Saudis for all ages2. Diet interventions and natural bioactive

colon cancer17,18, it was previously unknown whether

supplements have now been extensively studied to reduce

probiotics can boost the antitumor immune response while
also enhancing the efficacy of chemotherapeutics. To

3

the risks of colon cancer as preventative measures .

answer this question, the present study evaluated the

The fluoropyrimidine 5-fluorouracil (5-FU) is a heterocyclic
aromatic organic compound that is widely used as an

anticancer combination activity of L. rhamnosus bacteria

anticancer therapeutic. Its structure is similar to that of the

and 5-FU in colon cancer. We examined cytokine and

pyrimidine particles of DNA and RNA4. Anticancer drugs act

oncogenic gene expression signatures as well as histological

by hindering fundamental biosynthetic processes or by

alterations and found that combination treatment results in

integrating into macromolecules, such as DNA and RNA, to

improved innate and adaptive immune responses and

disrupt their normal functions. The 5-FU functions by directly

reduced inflammation in the colon.

blocking DNA replication while also inducing cytotoxicity
MATERIALS AND METHODS

through other mechanisms5. The 5-FU acts as a pivotal
anticancer medication because of its broad-spectrum
antitumor activity. Because 5-FU is highly compatible with

This study was carried out at the Applied Microbiology

other anticancer drugs. It is used to treat numerous types

and Immunity Units at the Center King Fahed for Medical

of malignancies6. The immune system is typically affected

Research. The time schedule of this study was 8 months.

by 5-FU, as it selectively depletes immature myeloid cells
(myeloid derived suppressor cells) that expand during

L. rhamnosus culture: L. rhamnosus was cultured overnight

tumor progression7. One study showed that 5-FU-mediated

in de Man Rogosa Sharpe Agar as previously described by

deficiency of myeloid-derived suppressor cells increased IFNγ

Minelli and Benini19. The obtained L. rhamnosus bacterial

+

5

production by tumor-specific CD8 T cells . Another study

pellets were suspended in 10% non-fat milk where the final

showed

concentration obtained was approximately equal to 109

that

5-FU

treatment

caused

inflammatory

infiltration of neutrophils and eosinophils, increased

Colony-Forming Units (CFU)20.

expression of IL-6 and TNF" and increased intestinal
permeability in mice8. The 5-FU has been associated with

Mice and experiment design: Fifty male 8 week old Swiss

intestinal damage, particularly intestinal stem cell apoptosis

mice were obtained and held under standard conditions at

and intestinal mucositis9. These effects are correlated with

the Center of King Fahad for Medical Research at King

increased

Abdul-Aziz University in Jeddah, Kingdom of Saudi Arabia.

levels

of

pro-inflammatory

cytokines

and

neutrophil infiltration10.

Mice were randomized into 5 groups, n = 10 mice per

Probiotic bacteria, especially Lactobacillus, can directly

group. Group C mice were untreated and used as the

invoke the host's immune responses by merging to pattern

negative control group. Group A mice received a total of

recognition receptors (PRR) displayed on different immune

4 intraperitoneal (IP) injections of 10 mg kgG1 azoxymethane

cells and many other tissues, including the intestinal

(AOM) over the course of 4 weeks (week 0-4) to induce colon

epithelium11. These receptors facilitate the fundamental

cancer tumorigenesis (positive control group) and left

functions of the innate and adaptive immune responses via

untreated till week 11. Group AL mice received AOM injection

activation of naïve T cells, regulatory T cells (Treg) and antigen

in a similar fashion as group A and were treated with 109 CFU

presenting cells (APCs), including dendritic cells (DCs) and

L. rhamnosus as a suspension in 2.0-2.5 mL of 10% non fat

macrophages12. An increase in the percentage of phagocytic

milk through oral gavage. Group AL mice were treated 3 times

leukocytes was observed after treatment with L. rhamnosus

a week till the end of the experiment, with treatment starting

in mice infected with E. coli ; while a separate study

2 weeks before the 1st AOM injection. Group AF mice received

showed that L. rhamnosus significantly increased IFNγ

AOM injection in a similar fashion as group A, followed by

13
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injection with 50 mg kgG1 5-FU once a week for 2 weeks, at
weeks 8 and 10 after the 1st AOM injection. The last group,
group AFL, included mice receiving 109 CFU L. rhamnosus
pre and post-injection with AOM (in a similar fashion as the
AL group) and treated with 5-FU once a week for 2 weeks,
at weeks 8 and 10 after the 1st AOM injection. About 5 mice
from each group (C, A, AL, AF and AFL) were sacrificed at
week 9 and the remaining mice were sacrificed at week 11.
Expression analysis were performed on samples from
week 9 or 11 (Supplemental Table 1 for experimental
timeline). All intestinal and blood serum samples were
stored in -80EC until use.

A, AL, AF and AFL. Biopsies were later subjected to total RNA
according to the manufacturer's guidelines. All purified RNA
samples were aliquoted and stored in -80EC until use.
Verso SYBR Green 1-Step qRT-PCR Kit Master Mix reagents
(Thermo Scientific Cat No. AB-4108/C) were utilized to amplify
and quantitate the previously obtained RNA samples. Each
amplification reaction mixture for qRT-PCR was performed as
previously described22, by using a set of specific primers for
each target gene (Supplemental Table 2). The mRNA relative
ratio quantification of target genes was systematically
calculated according to the 2G))Ct method. The calibrator
sample employed was the same mouse sample performed in
all runs23.

Histological study: Mouse colon biopsies were dissected
Statistical analysis: Statistical evaluation of all groups was

and fixed in 10% paraformaldehyde solution for 1 h.
Approximately 6 µm thick murine colon sections were
stained with hematoxylin and eosin (H and E) for light
microscopy analysis21.

performed using Megastat software. One-way ANOVA
parametric tests were performed for the ELISA results and
the relative ratio of gene expressions. p-value <0.05 was
deemed significant.

Evaluation of murine serum expression of TNF" and IL-6
RESULTS

cytokines: TNF" and IL-6 screenings were performed in
mice sera using the Capture Elisa kit (Thermofisher, Cat No.;
BMS607/3 and BMS603/2, respectively) according to the
manufacturerʼs instructions. Absorbance was measured at
450 nm and the concentrations of TNF" and IL-6 were
determined using standard curves constructed from
respective immunoglobulin standards.
Evaluation

of

murine

intestinal

gene

Effects of L. rhamnosus and 5-FU treatment on serum
expression of TNF" and IL-6: To evaluate the effects on
inflammation, cytokine levels of TNF" and IL-6 were
examined. Combination treatment caused a reduction in
TNF" levels compared to those of group AL (p = 0.0042),
although there were no significant differences when
compared with the levels in group A (p>0.05) (Fig. 1a).
However, combination treatment resulted in a significant
increase in TNF" compared to that of groups A and AF

expression

regulation: The RNA later (QIAGEN, Cat NO.76106) was used
to protect RNA in colon biopsies from all treatment groups: C,

Supplemental Table 1: Duration of the present experiment and the starting of each treatment administration
Experiment duration (weeks)
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------Main experiment process
-2
-1
0
1
2
3
4
5
6
7
8
9
10
11
Starting experiment
%
Lactobacillus administration
%
%
%
%
%
%
%
%
%
%
%
%
%
%
AOM injection
%
%
%
%
%
5-FU
%
%
Scarification time
%
%
End of the experiment
%
Supplemental Table 2: Pairs of primers were used for gene expressions of TLR2, IFNγ and IL-10 genes extracted from mice mucosal intestine using $-actin as a
housekeeping reference gene
Genes
Polarity
Primer sequence (5'---'3)
Primer length
Nucleotide positions
Reference genes
IL-10
Sense
AGAGAAGCATGGCCCAGAAATC
22
336-357
NM010548
Antisense
TCATGGCCTTGTAGACACCTTG
22
521-542
TLR2
Sense
AACCTCAGACAAAGCGTCAAATC
23
797-816
NM011905
Antisense
ACCAAGATCCAGAAGAGCCAAA
22
993-974
IFNγ
Sense
GGCCATCAGCAACAACATAAGCGT
24
321 -344
NM008337
Antisense
TGGGTTGTTGACCTCAAACTTGGC
24
415-438
$-actin
Sense
TATTGGCAACGAGCGG
16
856-871
NM007393
Antisense
CGGATGTCAACGTCAC
16
978-963
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#

(a)

600
500
400
300

inflammation was observed in group AF (Fig. 2d). Interestingly,

*

C
A
AL
AF
AFL

group AFL colon samples showed normal inflammation
with hyperplastic changes, as well as goblet cell restoration
(Fig. 2e, g).
#

Eleven weeks from the beginning of the experiment,

*

*

200
100
0

*

#

colon mucosa in group A showed dysplasia, which can lead to

#

tumor formation. Mucosa from this group also showed a villus
architecture, stratification of the nuclei, hyperchromasia

#

(b)

*

*

and a depletion in goblet cell numbers (Fig. 3a). Group AL
showed an increased inflammatory response and evidence
of hyperplasia (Fig. 3b). Group AF colon biopsy samples

#

*
*
#
#

9 weeks

(Fig. 3c) showed a distorted architecture and a decreased
inflammatory response with hyperplastic changes, with an

#

*

#

increase in goblet cell number. Finally, group AFL showed a

11 weeks

normal colon structure, with normal crypt and normal

Weeks post administration of different treatments

inflammation in a similar fashion as the untreated group
(Fig. 3d).

Fig. 1(a-b): Evaluation of (a) TNF" and (b) IL-6 levels obtained
from the serum of different treated and untreated
groups

Effects of L. rhamnosus and 5-FU treatment on the
regulation of tumor gene expression: The mRNA profiles

*Comparison between controls and treated groups, #Comparison
between AFL and the other treated groups, p<0.05 was
determined to be significant as determined by the analysis of
variance, the comparison was performed using one-factor
ANOVA test

of the tumor suppressor P53 and oncogene K-ras were
compared among the intestinal biopsies of each group.
About 9 weeks after the 1st AOM injection (CRC induction),
P53 levels were significantly lower in all the treated groups

(p = 0.000). Further, TNF" expression in the untreated
group at the 11th week was significantly lower than that of
group AFL (p = 0.0001) (Fig. 1a).
At week 9, IL-6 levels were significantly higher in the
AFL group than in the untreated group (p = 0.004) as well as
in groups AL and A (p = 0.001 and 0.0344, respectively).
However, the AFL group had significantly lower IL-6 levels
than the AF group (p = 0.000) (Fig. 1b). At week 11, a
significant elevation was detected in IL-6 levels in the
serum of AFL group compared to those of the untreated
group (p = 0.000), as well as those of group A, AL and AF
(p = 0.000) (Fig. 1b).

than in the untreated group (p = 0.000). The P53 levels were
not significantly different in the intestinal mucosa

of

group AFL compared to those in the mucosa of groups A, AL
and AF (p>0.05) (Fig. 4a). At week 11, p53 levels remained
lower in groups A, AL, AF and AFL than in the untreated
group (p = 0.000). However, P53 transcription levels in
group AFL were not significantly higher than those of
group AL and AF (p>0.05), which were significantly higher
than those of group A (p = 0.000) (Fig. 4a).
Gene expression analysis at week 9

showed a

significant increase in K-ras levels in the colons of all
treated groups compared with levels in the untreated
group (p = 0.000). Remarkably, K-ras expression was

Histological colon alterations in response to combination

significantly lower in the AFL group than in both A and

treatment with L. rhamnosus and 5-FU: Colon samples

AF groups (p = 0.001 and 0.000, respectively), although it

from the untreated group demonstrated normal crypts
(glandular architecture) and goblet cells which show normal
nuclei (Fig. 2a). Meanwhile, colon changes in the treated
groups showed the following findings at week 9; group A
had architecture distortion, hyperchromasia and goblet cell
depletion (Fig. 2b). Group AL colon structure seemed more
normal, with a decrease in both goblet cell number and
inflammatory features (Fig. 2c). Less distorted architecture,
an increase in goblet cell number and slightly decreased

was not significantly lower than that of the AL group
(p>0.05) (Fig. 4b). At 11 weeks, K-ras gene expression
was still significantly upregulated in all treated groups
compared to that in the untreated group (p = 0.000).
Group AFL showed non-significant higher levels than
groups AL and AF (p>0.05), although the levels were
markedly decreased in comparison to group A K-ras levels
(p = 0.000) (Fig. 4b).
600

Pak. J. Biol. Sci., 22 (12): 597-606, 2019
(a)

(b)

(c)

(d)

(e)

Fig. 2(a-e): Histological findings in the colon of different groupsʼ tissue after 9 weeks from the first AOM injection (magnification
4x), (a) Colon samples from the untreated group C showed normal crypt (glandular architecture), normal inflammation
(NF), normal goblet cells (NG) and normal nuclei, (b) Group A colon samples showed architecture distortion,
hyperchromasia (HC) and goblet cell depletion (GD), (c) Colon samples from the group AL showed normal architecture,
goblet cell depletion (GD) and decreased inflammation (DF), (d) Group AF colon samples showed an increase in the
goblet cell number (GI), hyperplastic changes (HP) and slightly decreased inflammation (DF) and (e) Group AFL colon
samples showed goblet cell restoration (GI), normal inflammation (NF) and hyperplastic changes (HP)
Sections stained with H and E dye
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(a)

(b)

(c)

(d)

GI

Fig. 3(a-d): Histological findings in colon tissue 11 weeks after the first AOM injection. (a) Group A showed dysplastic changes,
villous architecture (V), stratification of the nuclei, hyperchromasia (HC) and goblet cell depletion (GD), (b) Group AL
showed an increase in inflammatory features (II) and some hyperplastic changes (HP), (c) Group AF group showed a
decrease in inflammation (DF), hyperplastic changes (HP), increased number of goblet cells (GI) and more distorted
architecture and (d) Group AFL appeared normal, with normal crypt (NC) and normal inflammation (NF)
Section stained with H and E dye

Effects of L. rhamnosus and 5-FU treatment on the

Regarding the IFNγ gene expression at week 9, the

regulation of immunological gene expression: TLR2

intestinal mucosa of the AFL group showed a significant

transcription levels were significantly enhanced in the

increase in the level of IFNγ expression compared to that of

AFL mice mucosal intestine compared to untreated, AL

the untreated group (p = 0.0009). Although no significant

and AF group (p = 0.0006, 0.0008 and 0.006, respectively).

differences were reported in IFNγ transcription level in the

However, TLR2 levels were significantly lower compared to

intestinal mucosa of the AFL group in comparison with

that of group A (p = 0.0000) at week 9 (Fig. 5a). At 11 weeks,

that of either group A or AF (p>0.05), the expression was

the significant decrease of this receptor was still observed

significantly reduced compared to group AL mucosal

in AFL mucosa compared to that of the untreated group

expression (p = 0.0031) (Fig. 5b). Observations after 11 weeks

and group A (p = 0.000 and 0.0014, respectively), though it

reported a significant upregulation of IFNγ transcription in

showed non-significant differences compared to levels of

the mucosa of AFL groups in comparison to the untreated

both AL and AF groups (p>0.05) (Fig. 5a).

group levels (p = 0.000). Although the level of this target
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Fig. 4(a-b): Relative ratio of total RNA isolated from intestines.
Tumor gene expression levels were analyzed via
qRT-PCR and normalized to $-actin, (a) P53
transcription and (b) K-ras transcription
*Comparison between controls and treated groups, #Comparison
between AFL and the other treated groups, the total
concentration of RNA samples for each test were approximately
700 ng, p<0.05 was considered to be significant as determined
by analysis of variance Comparisons were performed using
one-factor ANOVA test
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11 weeks

Weeks post administration of di? erent treatments

Fig. 5(a-c): Relative ratio of total RNA isolated from the
intestinal mucosa. Cytokine transcription levels
were analyzed via qRT-PCR and normalized to
$-actin, (a) TLR-2 gene expression, (b) IFNγ gene
expression and (c) IL-10 gene expression

cytokine was not significantly upregulated in the intestinal
mucosa of the AFL group compared to that of groups AL
and AF (p>0.05), it was significantly higher than group A levels
(Fig. 5b).
IL-10 mucosal gene expression was not significantly
different in the AFL group in comparison with the untreated
group (p>0.05) 9 weeks after CRC induction. The mucosa of
the AFL group showed a sharp decrease in IL-10 expression
compared to group A expression (p = 0.000), although it
was not significantly higher compared to that of group AL
and AF (p>0.05) (Fig. 5c). Eleven weeks post-CRC induction,
intestinal mucosa of the AFL group reported an extremely
significant upregulation in IL-10 transcription compared to
both control and group A expression (p = 0.000). However,
the levels were not significantly different compared to those
of the AL group (p>0.05), although they were significantly
higher than those of the AF group (p = 0.001) (Fig. 5c).

*Comparison between controls and treated groups, #Comparison
between the AFL and the other treated groups, the total
concentration of RNA samples for each test was approximately
700 ng, p<0.05 was considered to be significant as determined by
analysis of variance, the comparison was made using one-factor
ANOVA test

has a notable influence on enhancing the function of the
immune system24-26 and is indirectly involved in preventing
cancer development27. Pro-inflammatory cytokines and
chronic inflammation are known critical factors in
carcinogenesis and tumor prevention28-29. The present work
confirmed the predominant effect of probiotics on the tumor
immune responses during treatment with 5-FU, particularly
in cytokine expression.
IL-6 is mainly secreted in response to tissue damage,
pathogens,
chronic
inflammation
induction
and
30
autoimmune disease . It has been demonstrated that IL-6
favors the clonal expansion of IgA B lymphocytes22 and is
significantly increased in preclinical models and in cancer
patients during chemotherapy treatment31-33. Elevated IL-6

DISCUSSION
Because 5-FU can impair the immune system, identifying
ways to boost immune response and enhance 5-FU
efficacy is of clinical interest. The human gut microbiota
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the AFL group compared to that in the A group. The current
IFNγ transcription data are in agreement with many previous
studies indicating the improvement of L. rhamnosus or 5-FU
individually on either or both Th and Tc lymphocytes47,51,52.
The observed increase in IL 10 transcription was observed in
both the AL and AFL group compared to that in the AF group.
These results suggest that L. rhamnosus alone or
combined with 5-FU shifts the immune response to
decrease the inflammatory process. Because chronic
inflammation has been identified as a contributor to the
development of tumor formation of many types of
tumors53,54, our results suggest that L. rhamnosus
administration is a potential therapeutic strategy to boost
the antitumor immune response.

levels in the serum of the present AFL group compared to
those in all other groups is in agreement with previous
studies that demonstrated the capability of L. rhamnosus in
increasing some proinflammatory cytokines34, especially IL-6.
Colons of the AFL group appeared normal in structure,
with normal crypt structure and normal inflammation.
However, our findings of increased inflammation and
hyperplasia in the colons of the AL group are in contradiction
to the protective properties of probiotics, especially
Lactobacillus bacteria against colon cancer35,36. Interestingly,
these results suggest that the combination of L. rhamnosus
with 5-FU reduced all the histological alterations associated
with colon tumor formation.
Evaluating gene expression of the tumor suppressor P53
and the oncogene K-ras was used to determine probiotic
effects on boosting the anti-cancer response of 5-FU. The
results indicated that a combination of 5-FU and a probiotic
did not significantly alter P53 or K-ras levels compared with
single agents, although the combination did result in a
non-significant reduction in K-ras expression. One previous
study showed the combination of L. rhamnosus with
celecoxib when administrated one week prior to colon
cancer induction via 1,2-dimethylhydrazine, results in K-ras
downregulation and P53 upregulation on CRC-bearing
mice37. Though our results did not show a synergistic effect
on gene expression of P53 or K-ras, it is possible that other
time points or different dosages of L. rhamnosus would
show significant differences.
TLR-2 is located on several immune cells including
macrophages, DCs and regulatory T cells38,39, where its main
function is recognizing lipoproteins and peptidoglycans of
different pathogens40. In this study, an early significant
upregulation of TLR-2 transcription was detected in the
intestinal mucosa of the AFL group compared to expression
in the untreated, AL and AF group. The present results
confirmed the capability of this combination on stimulation
of TLR2 transcription more than L. rhamnosus as a single
agent41,42. Upregulated TLR-2 can lead to activation of
macrophages and DC cells in the Peyerʼs patches of the
intestines43, which regularly contribute to the anti-tumor
immune response by presenting tumor antigens to Th1
lymphocytes cells44-47. This receptor can also stimulate the
proliferation and the differentiation of Tc lymphocytes and
provide important signals to produce critical cytotoxic
cytokines including IFNγ47-50 and IL-4. In the current study,
although all treated groups showed an immediate significant
upregulation in IFNγ transcription compared to that in the
untreated group, group AL showed an earlier increase in
this cytokine compared to the AFL group. Nonetheless, a
significant upregulation of this cytokine was observed in

CONCLUSION
This study illustrated the positive immunomodulatory
effect of the combination of L. rhamnosus and 5-FU on
colon cancer. This combination suppressed pathological
tumorigenesis, as the histological structure of the colon
mucosa was similar to the normal structure. The results also
show that administration of L. rhamnosus in combination
with 5-FU results in increased IL-6 expression and decreased
K-ras expression. Collectively, this study introduced a new
theory on the combination of probiotics with 5-FU, which
may be an effective therapeutic strategy for colon cancer.
SIGNIFICANCE STATEMENT
This study found that probiotics can boost the
antitumor immune response which can be beneficial for
colon cancer treatment. This study will help researchers to
uncover the critical areas of probiotic administration on
immunological endpoints that many researchers were not
able to previously explore. Thus, this work points to a new
theory on probiotics as cancer therapeutics.
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