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Abstract
Background: Optimal therapy for colorectal carcinoma (CRC), a frequently diagnosed malignancy, does not exist.
Some of colicins and microcins, ribosomally synthesized peptides by gramnegative bacteria, have shown significant
biological activity specifically against different cancer cells in vitro and in vivo conditions. The aim of this
prospective study was to evaluate natural colicin and microcin production by large intestinal mucosal bacteria in
each stage of colorectal neoplasia and in those with a history of colorectal neoplasia.
Methods: A total of 21 patients with non-advanced adenoma (non-a-A; 16/21 with current and 5/21 with history of
non-a-A), 20 patients with advanced colorectal adenoma (a-A; 11/20 with current and 9/20 with history of a-A), 22
individuals with CRC (9/22 with current and 13/22 with history of CRC) and 20 controls were enrolled. Mucosal
biopsies from the caecum, transverse colon and the rectum were taken during colonoscopy in each individual.
Microbiological culture followed. Production of colicins and microcins was evaluated by PCR methods.
Results: A total of 239 mucosal biopsies were taken. Production of colicins and microcins was significantly more
frequent in individuals with non-a-A, a-A and CRC compared to controls. No significant difference in colicin and
microcin production was found between patients with current and previous non-a-A, a-A and CRC. Significantly
more frequent production of colicins was observed in men compared to women at the stage of colorectal
carcinoma. A later onset of increased production of microcins during the adenoma-carcinoma sequence has been
observed in males compared to females.
Conclusions: Strains isolated from large intestinal mucosa in patients with colorectal neoplasia produce colicins
and microcins more frequently compared to controls. Bacteriocin production does not differ between patients with
current and previous colorectal neoplasia. Fundamental differences in bacteriocin production have been confirmed
between males and females.
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Main text
Background

Colorectal carcinoma (CRC) is after the lung and prostate cancer the third most frequently diagnosed malignancy in males and the second most common malignancy
after the breast cancer in females. There were 1006.000
new CRC diagnoses in males and 794.900 in females in
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2018 worldwide. A total of 474,600 CRC related deaths in
males and 387,100 in females were reported in 2018
worldwide [1].
The conventional strategies used for treatment of CRC
are endoscopy (reserved for early carcinoma up to stage
T1sm1), chemotherapy, radiotherapy and surgery. The
major disadvantage of chemotherapy, which is the main
choice of treatment, is the non-specific mode of action
associated with significant toxicity and frequently observed secondary resistance of cancer cells towards chemotherapeutic agents [2, 3].
The human large intestine is a home to approximately
1014 microbes and to about 1000 bacterial species [4, 5].
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The contribution of large intestinal bacteria to the colorectal carcinogenesis has been shown [6], nevertheless, recent
data have also suggested, that intestinal microbiota are able
to modulate the effectiveness and toxicity of cancer therapies, especially immunotherapy, which has been introduced
within the last decade [5, 7, 8].
Bacteriocins are substances ribosomally synthesized by
bacteria. They exhibit antimicrobial activity towards other
bacterial species [9–11]. Majority of bacteriocins are extremely potent compared with most of their eukaryotic
counterparts, exhibiting antimicrobial activity at nanomolar concentrations [2, 12].
Some of colicins and microcins, bacteriocins produced
by gramnegative bacteria, have shown biological activity
against different cancer cells in vitro and in vivo conditions [13, 14]. The inhibitory activity of bacteriocins towards cancers cells differs significantly when compared
to normal cells, therefore, bacteriocins might become an
ideal specific anti-cancer weapon [3, 15].
The aim of this prospective study was to evaluate natural colicin and microcin production by large intestinal
mucosal bacteria in each stage of colorectal neoplasia
and in those with a history of colorectal neoplasia.

Methods
A total of 63 patients with colorectal neoplasia and 20
controls were enrolled into the study. Three groups of
patients with colorectal neoplasia were included: individuals with non-advanced colorectal adenoma, non-a-A (11
men, 10 women, mean age 63 ± 10; 16/21 with current and
5/21 with history of non-a-A), patients with advanced colorectal adenoma, a-A (13 men, 7 women, mean age 65 ± 9,;
11/20 with current and 9/20 with history of a-A) and individuals with CRC (12 men, 10 women, mean age 70 ± 10,;
9/22 with current and 13/22 with history of CRC). Control
group consisted from 7 men and 13 women (mean age
57 ± 14). Patients with colorectal neoplasia were in average
risk of developing a sporadic colorectal carcinoma. Advanced colorectal adenoma is defined as an adenoma with
low grade dysplasia larger than 10 mm and/or containing
high grade dysplasia being of any size and/or adenoma of
any size with villous component [16]. Delay between the
colonoscopy when mucosal biopsies for subsequent bacteriocin production were taken and the previous colonoscopy when the non-avanced or advanced adenoma had
been was removed was 51 ± 24 months (min: 1; max: 91
months) and 48 ± 21 months (min: 5; max 77 months) respectively. Duration between the removal of colorectal carcinoma and colonoscopy with mucosal biopsies for
assessement of bacteriocin production was 68 ± 50 months
(min: 4; max 164 months).
Among controls, individuals with average risk for colorectal carcinoma, with normal findings on colonoscopy
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and with negative history of colorectal neoplasia and/or
inflammatory bowel disease were included.
Polyethylene glycol was used most frequently for
bowel preparation. A total of 40% controls, 62% of patients with a non-advanced adenoma, 50% of individuals
with an advanced adenoma and 64% of patients with a
colorectal carcinoma were prepared with polyethylene
glycol. The remaining patients were prepared with sodium phosphate or sodium picosulfate or sulphate salts.
We used the original methodology reported by our group
[17]. Mucosal biopsies were taken in the caecum, transverse
colon and the rectum during diagnostic and/or therapeutic
colonoscopy. Sterile single forceps were used for each biopsy and each individual sample was put into a tube with a
culture medium. Microbiological culture followed. The
samples were plated on MacConkey, blood and desoxycholate agar; isolation and identification of bacteria using the
VITEK 2 system (BioMérieux SA, Marcy l’Etoile, Francie)
was performed. Obtained bacterial strains from the Enterobacteriaceae family were frozen subsequently.
Production of colicins and microcins was evaluated
and investigation of bacteriocin type was carried out:
frozen bacterial strains were plated on Petri plates with
either 1.2% Trypton Yeast agar or Nutrient agar. After a
48-h culture plates were treated with chloroform vapour
for 30 min. Trypton Yeast agar with an indicator strain
was added. Indicator strains of E. coli K12-ROW, E. coli
C6 (phi) and Shigella sonnei 17 were used for the assessment of bacteriocin production. Bacteriocin production
was also confirmed by PCR methods.
Determination of type of bacteriocin was accomplished
by PCR methods using specific primers for the detection
of colicin and microcin genes [18]. Altogether, 23 individual colicin types (colicins A, B, D, E1-E9, Ia, Ib, Js, K,
L, M, N, S4, U, Y, 5/10) and 8 microcin types (mB17,
mC7, mE492, mH47, mJ25, mL, mM, mV) were evaluated in this study [19]; see Additional file 1 for details.
Obtained data were tested statistically by means of descriptive statistics and Fisher’s exact test with STATISTICA software, version 13, 2013, Tulsa, OK, USA.
All patients enrolled into the study were adequately informed, supplied and signed an informed consent. The
project was approved by the Joint Ethical Committee
(Charles University in Praha, Faculty of Medicine at
Hradec Kralove & University Teaching Hospital Hradec
Kralove) under the number 201107 S54. For all data obtained, all personal identification information was removed in compliance with the Czech laws for protection
of confidentiality.

Results
Twenty controls, 21 patients with non-a-A, 20 individuals with a-A and 22 patients with CRC were included.
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A total of 239 mucosal biopsies were taken (52 controls,
63 non-a-A, 60 a-A, 64 CRC).
Colicin producing strains were identified in 19% (10/
52) controls, 49% (31/63) non-a-A, 43% (26/60) a-A and
in 61% (39/64) CRC; Fig. 1.
Microcin producing strains were found in 27% (14/52)
controls, 48% (30/63) non-a-A, 57% (34/60) a-A and in
53% (34/64) CRC; Fig. 2.
The Figs. 1–4 show proportion of biopsies positive for
the production of colicins and microcins.
No significant difference in colicin and microcin production was found between patients with current and
previous non-a-A, between individuals with current and
previous a-A, between patients with current and previous CRC; p>0.05.
Production of colicin and microcin in men and women
is shown in Fig. 3 and Fig. 4.
Colicin Ia and E1 are the most frequently produced
colicins in patients with colorectal neoplasia. Absolute
numbers of these colicins in each group tested are
shown in Fig. 5.
Microcin mH47, microcin mM and microcin mV were
the most frequently found microcins across the investigated
groups. Microcin mE492 was not produced by any strain.
Our study did not confirm any differences in colicin
and microcin production between the caecum, the transverse colon and the rectum in any groups of individuals
enrolled in the study; p>0.05.
No difference in colicin or microcin production in each
group of patients with colorectal neoplasia was found between those prepared for a colonoscopy with polyethylene
glycol and those who received other agents for bowel
preparation.
The profile of colicin and microcin produced in an individual with current adenoma or carcinoma on colonoscopy
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was not dependent on the localisation of the neoplasia.
The same or a very similar profile of bacteriocin production between all segments was observed.

Discussion
Our prospective study has shown crucial and novel results in regards to production of colicins and microcins
in patients with current and previous colorectal neoplasia. Fundamental differences in bacteriocin production
have been confirmed between males and females.
With exception of colicin JS [20], colicins are plasmidencoded high molecular proteins (>20 kDa) which are
produced in a response to stress by Escherichia coli and
other related gramnegative bacteria from Enterobacteriaceae family [2, 21–24]. Four different lethal antimicrobial
mechanisms of colicins have been recognized so far: depolarisation of the cytoplasmatic membrane (pore forming
colicins) [25], a non-specific DNase activity [26, 27], a
highly specific RNase activity [27] and inhibition of murein biosynthesis [28]. The cytotoxic activities of colicins
are significantly less understood compared to antimicrobial effects. It is known though, that pore-forming colicins
and those exhibiting specific RNase activity have the most
toxic effects towards tumour cells [3, 13, 29–31].
E1 colicin belongs to the pore-forming bacteriocins
and appears to be a potentially important virulence factor of E. coli strains [19, 32]. Our study has documented
that colicin E1 (together with another pore-forming colicin
Ia) was the most frequent colicin found and its production
increased at the stage of CRC significantly. Smarda et al.
[29] reported tumour suppressive effect of colicin E1 and
E3 (specific RNase activity) on leukemic cells. The effect of
colicins was not cell-cycle specific, therefore the authors
concluded that the colicins caused necrosis rather than activating apoptotic pathways [29]. Chumchalova and Smarda

Fig. 1 . Colicin production in controls, patients with non-advanced adenoma (non-a-A), advanced adenoma (a-A) and colorectal carcinoma (CRC).
*: statistically significant difference compared to controls, p<0.01.
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Fig. 2 . Microcin production in controls, patients with non-a-A, a-A and CRC. *: statistically significant difference compared to controls, p<0.05.

[13] evaluated in vitro activity of four colicins (A, E1, E3
and U) against one human standard fibroblast line and
eleven human tumour-cell lines which carried defined mutations of the p53 Gene. Colicin E1 inhibited growth of ten
cell lines, and colicin A of all eleven tested cell lines. The
colon carcinoma line HT29 was insensitive to colicin E1.
Higher fraction of cells in apopotosis after treatment with
colicin A and E1 was observed in this study [13]. Further
research should aim at evaluation and better understanding
of cytotoxic effect of colicins naturaly produced by mucosal
intestinal microbiota in individuals with colorectal neoplasia. Effect of these colicins towards adenomatous cell lines
[33] and different colon carcinoma cell lines (not only
HT29) needs to be assessed. Next step would be evaluation
of cytotoxic effect of these colicins in vivo conditions, similarly to the study performed by Tsugu et al. [14]. Subsequently, if clinically and ethically appropriate, prophylactic

effect of these colicins could be assessed preferentially in individuals with a high risk of CRC including those suffering
from familial adenomatous polyposis or Lynch syndrome.
Microcins, also produced by bacteria from the Enterobacteriaceae family, are smaller in size (<10 kDa) when
compared to colicins. They are produced in situation of
nutrient depletion [2, 34]. Fourteen microcins have been
identified so far. They are either plasmid-encoded or
chromosomally encoded [35].
Microcin mM, mH47 and mV were the most frequently found microcins across the investigated groups
in our study. On contrary, microcin mE492 was not produced by any strain, neither in any patients with advanced colorectal neoplasia. Microcin E492, produced by
Klebsiella pneumoniae, acts by forming pores [36].
Microcin E492 was shown to display activity against different human cancer lines causing apoptosis at low

Fig. 3 . Colicin production in men and women at each stage of colorectal neoplasia. *Statistically significant difference in colicin production
between men and women at the stage of CRC; p<0.001.
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Fig. 4 . Microcin production in men and women at each stage of colorectal neoplasia. *Statistically significant difference in microcin production
between men and women at the stage of a-A; p=0.001 and at the stage of CRC; p=0.023.

concentrations and necrosis at higher concentrations
[37]. Apoptosis is the desired mechanism for cancer
therapy. Lagos et al. [38] have reported that colorectal
carcinoma cells are sensitive to microcin mE492 [38].
Probiotic strain E. coli Nissle 1917 successfully used in
clinical practice, produces microcins mM and mH47
[35, 39]. In 2009, experimental study on animals showed
that probiotic E. coli Nissle 1917 was selectively associated with cancerous cells [40]. As microcins mM and
mH47 are closely related to mE492, E coli Nissle 1917
could become a suitable vector for delivery of mE492
into the tumour [2, 38, 41].
Bures et al. [42] studied production of colicins by luminal bacteria in patients with colorectal carcinoma. The
study confirmed that patients with colorectal carcinoma
produced significantly less colicins compared with healthy

individuals [42]. This was not replicated in our study and
the probable explanation is that we studied production of
colicins and microcins by mucosal bacteria, which we believe is more relevant in relation to colorectal carcinogenesis. Also different age of the control group might have
played a role: 57 years in the current study, 49 in the study
performed by Bures at al [42]. Further, bowel preparation
which all patients received in the current study has not
been carried out in the previous study [42] and this could
have influenced the detection of E. coli strains.
We are aware, that the bowel cleansing preparation can
alter the composition of mucosal adherent microbiota as it
was shown by Harrell et al. [43]. Therefore we compared
the groups of patients prepared with polyethylene glycol
(as an iso-osmotic agent) to all other bowel cleansing
agents and we found no differences in colicin or microcin

Fig. 5 . Absolute number of colicin Ia and E1 produced by all strains isolated in each group of colorectal neoplasia and controls. *Statistically
significant difference in production of colicin Ia and E1 when compared to controls; p<0.02.
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production. Based on this we rather think, that the alteration of composition of intestinal bacteria does not depend
on the type of bowel cleansing agent.
Increasing production of colicins and microcins with
more advanced neoplasia can not be explained by nutrient
deficiency as patients even with advanced colorectal adenoma do not suffer from insufficient supply of nutrients.
The absence of difference in production of colicins and
microcins between those with current and previous colorectal neoplasia is fundamental. It confirms, that production of bacteriocins is not a consequence of neoplasia
being present. The observation rather acknowledges the
comprehensive effect of mucosal bacteria: their contribution to the development of colorectal neoplasia, but also
their probable protective effect through production of
bacteriocins.
The later onset of increased production of bacteriocins (especially microcins) during the adenoma-carcinoma sequence
in men compared to women is also striking. There is no
clear explanation for this, and we can only hypothesize that
this could play a role among others in the different incidence
of CRC in males and females.
Worldwide, there is an immense effort put into the research how to prevent development of colorectal neoplasia
and how to optimize treatment of an established colorectal
carcinoma. We hope, that bacteriocins could become part
of these strategies based on their unique characteristics.

Conclusions
Strains isolated from large intestinal mucosa in patients
with colorectal neoplasia produce colicins and microcins
more frequently compared to controls.
Bacteriocin production does not differ between patients
with current neoplasia and those with a history of colorectal neoplasia.
A later onset of increased production of microcins during the adenoma-carcinoma sequence has been observed
in males compared to females.
Pore-forming colicins Ia and E1 were the most frequently
identified colicins. Microcin mM, mH47 and mV belong to
the microcins most frequently found across all the groups.
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