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ABSTRACT – Background – Colorectal cancer is one of the major causes of death worldwide. Many studies have been done on the biology of its formation
as well as its treatment in recent years. One of the factors involved in the formation or treatment of this malignancy can be attributed to the microbial flora in the intestine. Objective – This study investigate the potential preventive effect of Lactobacillus acidophilus and Lactobacillus plantarum
in patients with polyps or colorectal cancer (CRC). Methods – A total of 77 samples were selected in the form of three groups including individuals
suffering from CRC, polyps and healthy subjects. Genomic DNA of fecal specimens and standard strains were extracted and amplified employing
primers targeting of the 16S rRNA gene for initial detection. Absolute Real Time PCR quantification was used to determine the copy of the bacterial
expression per gram of feces. Results – No significant difference were observed between age and gender in the mentioned groups (P=0.06). The average copy number of Lactobacillus acidophilus shows Significant difference between the healthy group and those with polyps (P<0.0001), the healthy
group and those with colorectal cancer (P<0.0001), as well as those with polyps and the colorectal cancer patients (P<0.0001). Conclusion – These
results may indicate that taking Lactobacillus acidophilus in people with a family history of CRC and people with polyps may be a way of preventing,
treating or reducing the severity of CRC.
HEADINGS – Colorectal neoplasms. Polyps. Probiotics. Lactobacillus acidophilus, Lactobacillus plantarum.

INTRODUCTION

Colorectal cancer (CRC) is one of the leading causes of mortality in the world, which has grown significantly in recent years, may
cause to malignancy(1).
The presence of polyps in the inner wall of the colon is a highrisk complication for the development of CRC(2). Adenoma is the
most common and important type of colon polyps, and it is the
basis for the creation of tumors in the colon. The prevalence of
this disorder is directly related to aging, and in countries with high
prevalence, such as United States, fifty to sixty five percent of the
population over 65 years old have Adenoma(3-5).
The incidence of CRC in Iran is lower than that of western
countries. It is the fifth most common diagnostic cancer in Iranian
men and women population respectively(6). Statistics show that the
incidence of illness in our country has increased over the past 25
years(7). Recent studies in Iran have also shown that about 43 percent
of patients with CRC are under the 50 years old(8).
Effective factors in CRC include genetic and environmental
factors. Environmental factors in this disease are more important
than genetic factors. The environmental factors including inappropriate diets such as high fat, low fiber, and low carbohydrates(9,10).

Direct statistical correlation between germs and cancer has been
identified(11), for example, Fusobacterium and Escherichia coli are
now recognized as a primary cause of peptic ulcers and gastric
cancers(12,13).
Intestinal microbiota in human consists of two major phyla
of Bacteroides and Firmicutes(14). In the intestinal ﬂora there are
two kinds of beneﬁcial and harmful types of bacteria. Intestinal
microbiota has different roles, including intestinal health, immune
system modification, presence of drug metabolism, decomposition of carcinogenic factors, vitamin production, fermentation,
electrolyte absorption, and epithelial cell growth, preventing the
accumulation of pathogenic bacteria such as Escherichia coli and
Clostridium in the intestines and preventing allergies(15).
Probiotics are living organisms that, have an effect on the
health of the host by affecting the microbial flora. Probiotics often
belong to the human intestinal microbial flora. There is a belief in
probiotics that the microbial flora of the intestine has a protective
effect against disease. The protective role of probiotics is effective
when treated as a microbial flora in the Intestine(16). The Lactobacillaceae family is one of the most important probiotics. This family
consists of gram positive, catalase-negative and non-sporulated
rods. Although there are many bacteria that have probiotic prop-
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erties(17), but Lactobacillus and Bifidium can be mentioned as the
most common probiotics in digestive tract and play an important
role in the treatment of the digestive disease(18).
This study, for the first time aimed to determine the mean population of Lactobacillus acidophilus and Lactobacillus plantarum in
patients with polyps or CRC in comparison of healthy peoples
to investigate the potential preventive effect of these bacteria on
polyps or development of colorectal cancer.
METHODS

Sampling
Healthy peoples, individuals with polyps or CRC were diagnosed by a gastroenterologist using colonoscopy. CRC positive
cases were confirmed by histopathology test. A total of 77 samples
were selected in the form of three groups of 25 people including
individuals suffering from CRC, 28 polyps and 24 healthy subjects,
respectively. Exclusion criteria were a personal history of CRC, IBD
or IBS and regular use of non-steroidal anti-inflammatory drugs
(NSAIDS), statins, or probiotics. Patients did not receive antibiotics
for one month before surgery. Fecal specimens were transported to
the laboratory on ice and frozen at −80°C.
Preparation of standard strain
Standard strains of Lactobacillus acidophilus (DSM20079)
and Lactobacillus plantarum (DSM20174) were prepared from
the Iranian Biological Resource Center (IBRC). These strains
were cultured in MRS agar and MRS broth media for 48 hours,
then a suspension cultures of bacteria was prepared for isolation
of genomic DNA.
Genomic DNA extraction
Genomic DNA of fecal specimens and standard strains were
extracted using Qia amp DNA stool mini kit (Qiagen) and the tissue genomic DNA extraction mini kit (Favorgen Biotech Corp),
According to the manufacturer’s instructions, respectively. Integrity
size of DNA were checked by 0.1% agarose gel electrophoresis. DNA
concentrations were determined with the Nano Drop 2000 (Thermo.
Scientific) and stored at −20°C prior to amplification steps.

Polymerase chain reaction (PCR)
Extracted DNA was amplified employing primers targeting of the 16S rRNA gene. Forward and reverse primers for
Lactobacillus acidophilus and Lactobacillus plantarum were
5′- AATTCTCTTCTCGGTCGCTCTA-3’; 5′-CCTTTCTAAGGAAGCGAAGGAT-3’, and 5′-TTACCTAACGGTAAATGCGA-3’; 5′-GCCGCCTAAGGTGGGACAGAT-3’ respectively. The
specificity of the primers was confirmed by PCR in 25 µL reaction
mixtures containing 2.5 µL reaction buffer, 2 µL of template, 1 µL
(each) primer, 1 µL DNTP (mix), 0.5 µL Taq polymerase, 2 µL
DNA- template, 1 µL Mgcl2. PCR was performed with an initial
denaturation step of 94°C for 5 min, followed by 30 cycles of 94°C
for 1min, and 55°C for 30s.
10 µL of the PCR was subjected to electrophoresis on a 2%
agarose gel containing Gelred, and the DNA bands were visualized by UV illumination to confirm the generation of 176-bp
(Lactobacillus acidophilus), 166-bp (Lactobacillus plantarum)
amplicons.
Real-time quantiﬁcation PCR of total Lactobacillus
acidophilus and Lactobacillus plantarum load
Quantitative RT-PCRs were performed in a reaction volume
of 20 µL containing 10 µL SYBR Green PCR Master Mix, 1 µL
each of the forward and reverse primers, 2 µL rox and 2 µL of
DNA extracted from the fecal samples. The amount of DNA in
the 77 fecal samples was determined in duplicate, and the mean
values were calculated. Amplification and detection of DNA
were performed with the LightCycler&reg; 96 Real-Time PCR
System - Roche Life Science. The reaction conditions were 95°C
for 2 min and 95°C for 5s, followed by 40 cycles of 95°C for 15
s and 55°C for 10s. Data analysis was conducted with sequence
detection software lightcycler 96. Purified genomic DNA in the
range 1 ng of Lactobacillus acidophilus and Lactobacillus plantarum were used as the standard for determining the amount of
Lactobacillus acidophilus and Lactobacillus plantarum DNA by
real-time PCR (FIGURE 1).
Absolute quantification was used to determine the copy of
the bacterial expression per gram of feces using LightCycler® 96.
In the sample editor section, at least three concentrations were

FIGURE 1. Real-time quantiﬁcation PCR graphs of total bacterial loada. a) Lactobacillus acidophilus-healthy control, b) Lactobacillus acidophilus-polyps,
c) Lactobacillus acidophilus- colorectal cancer, d) Lactobacillus plantarum-healthy control, e) Lactobacillus plantarum- polyps, f) Lactobacillus plantarumcolorectal cancer.
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selected from the standard strains, and the copy number of the
bacteria per gram of feces were determined in each sample based
on the standard curves.
Statistical analysis
Descriptive data were analyzed with the Statistical Package for
the Social Sciences 21 (SPSS 21). Chi- square, Mann-Whitney Test
and Kruskal-Wallis Test were applied for data analysis. P values
of <0.05 were considered signiﬁcant.
RESULTS

Healthy
Polyp
Cancer

2.2501×1010 ±
1.2591×107
8.7742×108 ±
2.3760 ×108
2.4323×106 ±
1.2591×106

Healthy / < 0.0001
polyps
Healthy/
< 0.0001
< 0.0001
câncer
Polyps / < 0.0001
câncer

TABLE 3. Average copy number of Lactobacillus plantarum in each groups.

Sampling and demographic analysis
Using ANOVA statistical test no significant difference was
found between the ages of the studied groups (P=0.06). In addition no significant difference were observed between gender in the
mentioned groups (P=0.06). The age range of 55-65 years included
the highest number of polyps and CRC, in addition the results of
statistical analysis showed that the frequency of O blood group is
higher in patients with polyps and CRC (P<0.05). There were no
significant differences in the other variables (TABLE 1).
TABLE 1. Demographic data recorded for each study participant included
age, blood group, and smoking.
Variables

Healthy
N (%)

Polyps
N (%)

Cancer
N (%)

P-value

Smoking

5 (17.9)

9 (14.3)

8 (28.6)

0.68

Age

52 ± 8

57 ± 9

58 ± 9

0.06

A blood group

5 (17.9)

6 (21.4)

6 (21.4)

0.12

B blood group

10 (35.7)

4 (14.3)

4 (14.3)

0.14

AB blood group

6 (21.4)

4 (14.3)

4 (14.3)

0.07

O blood group

7 (25)

14 (50)

14 (50)

0.00

11 (39.3)

9 (32.1)

16 (57.1)

0.15

Fat-rich diet

TABLE 2. Average copy number of Lactobacillus acidophilus in each groups.
Average
Studied
Total
(copy
number per
P-value
groups
P-value
gram feces ± SD)

Specimens and DNA isolation
To better demonstrate the distribution of bacterial DNA in
samples taken from healthy peoples and those with polyps or CRC,
the percentage of those carrying bacterial DNA was measured. All
samples of healthy people and those with polyps contained DNA
of Lactobacillus acidophilus. However, 86% of the subjects with
CRC had DNA of Lactobacillus acidophilus. 100% of samples had
Lactobacillus plantarum DNA.
Real-time quantiﬁcation PCR of total Lactobacillus
acidophilus and Lactobacillus plantarum load
The average copy number of Lactobacillus acidophilus was
calculated in three groups studied (P<0.0001). A statistically significant difference was found between the healthy group and those with
polyps, the healthy group and those with colorectal cancer, as well
as those with polyps and the colorectal cancer patients (TABLE 2).
Average copy number of Lactobacillus plantarum was calculated
in three groups and There was no significant difference between
the three groups (P>0.05) (TABLE 3).

Studied
groups

Total
P-value

Healthy

Average
(copy number per gram feces ± SD)
3.2×1011 ± 17×109

Polyps

3.0×1010 ± 12×109

0.133

Cancer

5.0×1010 ± 10×109
DISCUSSION

The number of bacteria estimated by the molecular techniques
is greater than the total bacterial load detected by culture methods,
demonstrating the utility of real-time PCR in the analysis of the
bacterial load(19).
So far, no study has been done to determine the population of
Lactobacillus acidophilus and Lactobacillus plantarum in patients
with CRC and polyps. Therefore, the present study was conducted
to determine the copy number of Lactobacillus acidophilus and
Lactobacillus plantarum from fecal specimens of patients with
polyps and CRC in comparison with control group. In this study,
for the first time, Cyber Green method was used to check the copy
of these two bacteria per gram of feces. According to the results
of this study, The mean copy number of Lactobacillus acidophilus
decreased in people with CRC compared to healthy subjects and
people with polyps, Also, The mean of copy number of this bacterium is lower in people with polyps in comparison of healthy people.
Significant difference in the mean copy number of Lactobacillus
plantarum in three groups was not observed. There are a variety of
reasons, for example Lactobacillus acidophilus is one of the most
important and most frequent colon flora and it may change faster
than the changes in bowel conditions affected by polyps and CRC.
Studies indicate that the population of intestinal bacteria is different between healthy subjects and people with CRC(20). For example,
researches have shown that in patients with CRC, the population of
some bacteria such as Escherichia, Citrobacter, Shigella Flavobacterium, Acinetobacter and Chryseobacterium decreased(21).
Intestinal bacteria play different roles in inducing disease or
protecting individuals. Some species exacerbate the formation of a
tumor and cause cancer, while others contribute to the health of the
intestine. For example, Eubacterium rectal and Eubacterium eligens are
firmicutes, which have a significant correlation with CRC. While the
intestinal proteobacteria population declines in patients with CRC(22).
Although most cases of CRC occur individually, the role
of inherited genetic factors in the development of CRC is 35%.
The ﬁrst-degree relatives of CRC patients are at increased risk of
developing CRC, with a relative risk of 2.2. This risk is strongly
correlated with the number of affected family members, For example, in a family with two or more people with colorectal cancer,
the relative risk for the other family members increases to 4. In
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addition the relative risk of developing adenoma or CRC in people
with a history of adenoma in their family increases to 2 folds(23).
There is evidence that treatment with probiotics may modulate
gastrointestinal function and reduce digestive disorders(24). Fermented products such as short chain fatty acids (SCFA) are produced by
the consumption of probiotics(25). Probiotics in the mouse colon have
been shown to induce a protective glutathione transferases II enzyme.
These factors reduce the burden of the genotoxic substances in the
intestine and also increases the production of factors that disable
toxic compounds, for example Butyrate is one of these protective
factors that slows the propagation of cancer cells(26). It was also
observed that abundance of Bacteroides and Bifidobacteria was
associated with a reduction in the risk of colon polyps(27).
Considering the results obtained in this study as well as using
the results of previous studies, it can be concluded that after the
diagnosis of adenomatous polyps, doctors can prescribe probiotics to treat or prevent CRC. Older people can probably prevent
the development of polyps or their progression to malignancy by
including probiotics in their diet.
In this study, there is a significant difference in blood groups,
so that in the blood group O, the number of people with polyps
and CRC is more than other groups. It can be argued that colon
cancer is more likely to occur in those who have a blood type O
and they can prevent the disease by using a proper diet and taking
probiotics. Periodic screening can be helpful to assess, diagnose and
treat the disease at the early stages. Significant difference between
smoking and CRC was not observed.

CONCLUSION

CRC is one of the leading causes of mortality in the world,
which has grown significantly in recent years, and may cause to
malignancy. In this study, there was a significant difference in
population of Lactobacillus acidophilus bacteria in patients with
polyps, CRC and healthy subjects. However, no significant difference was found in the three groups in the study of Lactobacillus
plantarum population. These results may indicate the Potential
preventive effect of Lactobacillus acidophilus in people with a family history of CRC. In addition, this bacterium may be used as a
supplement to patients with intestinal polyps in the future. Further
studies are needed to confirm the preventive or therapeutic role of
this bacterium.
ACKNOWLEDGEMENT

We thank the Staff of Bahonar Hospital in Alborz Province for
providing the fecal samples that were used in this study.
Authors’ contribution
Zinatizadeh N; laboratory expriments, data analysis and writing
of the manuscript. Khalili F; study design, clinical diagnosis and
sampling. Fallah P; laboratory expriments and data analysis. Farid
M; data analysis. Geravand M; laboratory expriments. Yaslianifard
S; study design, laboratory expriments, data analysis and writing
of the manuscript.

Zinatizadeh N, Khalili F, Fallah P, Farid M, Geravand M, Yaslianifard S. Arq Gastroenterol. Potencial efeito preventivo do Lactobacillus acidophilus e
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RESUMO – Contexto – O câncer colorretal é uma das principais causas de morte em todo o mundo. Muitos estudos têm sido feitos sobre a biologia de
sua formação, bem como o seu tratamento nos últimos anos. Um dos fatores envolvidos na formação ou no tratamento desta malignidade pode ser
atribuído à flora microbiana no intestino. Objetivo – Este estudo investigou o potencial efeito preventivo de Lactobacillus acidophilus e Lactobacillus
plantarum em pacientes com pólipos ou câncer colorretal (CCR). Métodos – Um total de 77 amostras foram selecionadas e três grupos foram formados, a saber, indivíduos portadores de CCR, pólipos e indivíduos saudáveis. O DNA genomico de espécimes fecais e de amostras padrão foi extraído
e amplificado empregando primers que focalizaram o gene do rRNA 16S para a deteção inicial. A quantificação do PCR em tempo real absoluto foi
utilizada para determinar a cópia da expressão bacteriana por grama de fezes. Resultados – Não foram observadas diferenças significativas entre idade
e sexo nos grupos citados (P=0,06). O número médio de cópias de Lactobacillus acidophilus mostra diferença significativa entre o grupo saudável e
aqueles com pólipos (P<0,0001), o grupo saudável e aqueles com câncer colorretal (P<0,0001), bem como aqueles com pólipos e câncer colorretal
pacientes (P<0,0001). Conclusão – Estes resultados podem indicar que a ingestão de Lactobacillus acidophilus em pessoas com antecedentes familiares
de CCR e pessoas com pólipos pode ser uma forma de prevenir, tratar ou reduzir a gravidade da CCR.
DESCRITORES – Neoplasias colorretais. Pólipos. Probióticos. Lactobacillus acidophilus. Lactobacillus plantarum.
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