
Effects of Smoking and Body Weight on the Presence of E. Coli 
Harbouring Colibactin Genes in Patients with Colorectal Polyps

Colorectal polyp is a final step of overgrowth of cells in
tissues of the large intestine, which can convert later 

into colorectal cancer.[1] It can take on multiple shapes and 
sizes. On the basis of morphological appearance, a polyp 
can be classified into polypoid and non-polypoid.[2] Also, 
it can be histologically classified into neoplastic and non-
neoplastic.[3]

Escherichia coli, a member of the family Enterobacteriace-
ae, is naturally found on the mucosa of the human intes-
tine, especially in the large bowel.[4] It is a prevalent faculta-
tive anaerobic, Gram-negative, rod, motile and non-spore 

forming bacterium.[5] Four phylogenetic groups of E. coli, 
including A, B1, B2, and D are described by Clermont and 
his colleagues (2000) after using the triplex PCR technique 
which was updated later to eight groups using a quadru-
plex PCR method.[6] E. coli B2 is the common type and it's 
represented 60% of resident E. coli and 21% of transient 
strains of intestinal lumen of infants.[7]  

Colibactin is a secondary genotoxic metabolite of the cy-
clomodulins group which is created by intestinal and extra-
intestinal pathogenic E. coli.[8] Its structure is unidentified 
until now due to its difficult purification from polyketide 
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synthase (pks)-E. coli.[9] Colibactin is mainly encoded by 
the genes of the pks cluster as first identified in 2006 by 
Nougayréde and his colleagues.[10] E. coli pks that encodes 
for colibactin is mostly related to phylogenetic group B2 
which is considered a more virulent strain of clinical iso-
lates E. coli.[11] The pks island consists of a total of 19 genes 
(clbA to clbS).[9] From this pks island of E. coli, clbA and clbP 
are the most important genes required for synthesis of co-
libactin.[12]

Several factors may have a potential contributory role in 
the development of colorectal polyps. Smoking and alco-
hol had been found a stronger association with the devel-
opment of colorectal polyp than with colorectal cancer.[13] 
Several studies proved that obesity also plays an important 
role promoting formation of colorectal polyps. Obese in-
dividuals are recorded to be 7.8 times more susceptible to 
have a small adenomatous polyp (tubular adenoma) than 
the normal group, especially at age 50-65 years.[14] In Japa-
nese adult patients, an association was demonstrated be-
tween obesity and colorectal adenomas.[15] This was also 
noted in African-American patients who smoked and had 
BMI ≥25.0.[16]

The effect of smoking and the weight of the human body 
on the presence of E. coli with colibactin genes in patients 
with colorectal polyps were investigated.

Methods

Patients 
Case control study was performed, including 100 subjects 
distributed between 50 patients with colorectal polyps 
in age range 3-80 years and 50 healthy individuals at age 
range 5-75 years who represented a control group. The 
patient group included 33 males (age range 5-80 years) 
and 17 females (age range 3-65 years), while those in the 
control group included 30 males (age range 5-75 years) 
and 20 females (age range 15-82 years). All patients were 
volunteers and signed a consent form. Colorectal pol-
yps were investigated in both patients and controls by 
the histopathologist staff of the Centre for the digestive 
system of Al-Sadder hospital in Al-Najaf province from 
December 2017 to January 2018. Colonoscopy and his-
topathological examination of biopsy specimens were 
performed during attendance by the involved subjects at 
the Centre. Development of polyp into neoplastic stages 
was also determined by histopathological examination. A 
healthy group was chosen after obtaining a negative re-
sult for polyps or other intestinal diseases. Body weight 
was indicated as body mass index (BMI) which is defined 
as lean (BMI <25), overweight (25≤ BMI <30) and obese 
(BMI ≥30).[14] Subjects considered as smokers are those 

who consumed an average of 2-4 packets of cigarettes 
per day. Patients under antibiotic treatment and those 
suffering from other types of colorectal diseases were ex-
cluded from the study.

Isolation of Bacteria
Rectal swabs were collected from the involved subjects 
after insuring that they had not taken any antibiotic for 
at least three days before sample collection. Collected 
specimens were cultured on Eosin methylene blue (EMB) 
media (Himedia, India) as a specific medium for E. coli and 
incubated at 37 °C for 24 h. Primary diagnosis of bacteria 
depended on the visual evidence of green metallic sheen 
colour of growing colonies and on morphological charac-
ters of isolated bacteria. Complete diagnosis of E. coli was 
performed by using Api 20E system for Enterobacteriaceae 
(BioMérieux, France). 

Colibactin Genes and Amplification Conditions
Isolated bacteria were sub-cultured in Mueller-Hinton 
broth (Himedia, India) and incubated at 37 °C for 24 h. Bac-
terial DNA was extracted by PrestoTM Mini g DNA Bacteria 
Kit (Geneaid Biotech Ltd., USA). ClbA and clbP genes were 
chosen as the main colibactin genes in E. coli. Primers and 
PCR conditions for amplifying these genes were performed 
as mentioned by McCarthy et al. (2015) with some modifi-
cation in PCR conditions.[12] 

Statistical Analysis
The data of all tests were expressed as mean±SD. The val-
ues were analyzed statistically by one-way ANOVA through 
using Microsoft Excel. The level of (p) equal to or lower than 
0.05 considered as a significance level.

Results
Histopathological examination of colonoscopical speci-
mens from patients with colorectal polyps showed the 
presence of neoplastic polyps in 23 patients and non-
neoplastic polyps in 27 patients. The relationship between 
smoking and the presence of colibactin genes of E. coli was 
investigated among patients with these types of colorectal 
polyps. E. coli with colibactin genes were observed more 
often in males than in females, but without a significant 
difference at p<0.05. More of them were significantly de-
tected in smoker males with neoplastic polyps than in fe-
males. Meanwhile, the presence of such bacteria in females 
was more clearly detected in non-smokers compared to 
the males with similar conditions (Table 1). In the healthy 
group, two smoker females and one smoker and non-
smoker males had colibactin genes in their colorectal area 
(Table 1).   
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Negative results of the presence of colibactin genes in iso-
lated E. coli from patients with two types of colorectal pol-
yps was clearly observed in smoker males with neoplastic 
polyps (10%). Meanwhile, such absence among the healthy 
group was significantly found in 20 (40%) smoker males 
and 16 (32%) non-smoker females (Table 1). 

The effect of weight of patients with colorectal polyps on 
the presence of E. coli with colibactin genes was also de-
termined. Greater numbers of such bacteria were signifi-
cantly found in overweight and obese males with neoplas-
tic polyps compared to females. Otherwise, such bacteria 
were also found in one lean male patient (Table 2). On the 
other hand, overweight females with non-neoplastic pol-
yps showed more content of colibactin genes in isolated E. 
coli than in males. In healthy individuals, two obese females 
showed the presence of colibactin genes, while this type 
of genes was found in one male with overweight and one 
with an obese condition (Table 2).

Discussion

A colorectal polyp is simply defined as any abnormal 
growth of tissue or mass prominent on the surface mu-
cosa of the large intestine, especially colon and/or rectum.
[17] Neoplastic as a malignant form and non-neoplastic as a 
benign form are the main types of colorectal polyps based 
on histological characters.[3] The prevalence of colorectal 
polyp may depend on its type. Histological and immuno-
histochemical examination of 896 polyps showed the pres-
ence of 177 adenomas and 202 non‐neoplastic polyps.[18] 
Colonoscopy specimens from 7.795 patients showed that 
non adenomatous polyps were found in 263 of them, non 
advanced adenomas in 104 and advanced adenomas in 
142 patients.[19] Another study demonstrated that 9% of 
colorectal polyps were non-neoplastic, while a neoplastic 
type was found in 91%.[20]  

E. coli is an important member of coliform bacteria in the 

Table 1. Association of colibactin genes with smoking in patients with types of colorectal polyp

Subjects group	 Smoking Condition		  Male No (%)			   Female No (%)		  Total No
				    Colibactin genes			   Colibactin genes

			   Positive		  Negative	 Positive		  Negative

Neoplastic polyp	 Smoker	 11* (22)		  5 (10)	 1 (2)		  1 (2)	 18
		  Non-smoker	 0		  3 (6)	 1 (2)		  1 (2)	 5
Non-neoplastic polyp	 Smoker	 0		  10 (20)	 2 (4)		  6 (12)	 18
		  Non-smoker	 0		  4 (8)	 4 (8)		  1 (2)	 9
Control	 Smoker	 1 (2)		  20* (40)	 2 (4)		  2 (4)	 25
		  Non-smoker	 1 (2)		  8 (16)	 0		  16* (32)	 25
Total No.		  13		  50	 10		  27	 100

*Significant difference at p<0.05.

Table 2. Association of colibactin gene with weight of patients with types of colorectal polyps

Subjects group	 BMI (Kg/m2)		 Male No, Mean±SD (%)			 Female No, Mean±SD (%)		 Total No
				    Colibactin genes			   Colibactin genes

			   Positive		  Negative	 Positive		  Negative

Neoplastic polyp	 <25	 1±0.2 (2)		  2±0.5 (4)	 0		  0	 3
		  25-30	 5±1* (10)		  2±0.4 (4)	 1±0.3 (2)		  2±0.6 (4)	 10
		  >30	 5±1.3* (10)		  4±1.8 (8)	 1±0.2 (2)		  0	 10
Non-neoplastic polyp	 <25	 0		  4±2 (8)	 0		  3±1.5 (6)	 7
		  25-30	 0		  4±0.6 (8)	 3±0.9 (6)		  1±0 (2)	 8
		  >30	 0		  6±2.1 (12)	 3±1.7 (6)		  3±1.7 (6%)	 12
Control	 <25	 0		  12±3* (24)	 0		  2±1 (4)	 14
		  25-30	 1±0.3 (2)		  8±2.3 (16)	 2±0.7 (4)		  10±4* (20)	 21
		  >30	 1±0.2 (2)		  8±2 (16)	 0		  6±1.8 (12)	 15
Total No.		  13		  50	 10		  27	 100

*significant difference at p<0.05.
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large intestine. Its first colonization in the gastrointestinal 
tract of the human newborn starts within a few hours of 
life and it exists in commensalism relationship with its hu-
man host for a considerable length of time.[21] B2 group of 
E. coli are considered one of four groups based on phylo-
genic classification of Clermont and his colleagues (2000).
[6] This group of E. coli contains a specific genomic island of 
54-kb polyketide synthases (pks) which has the capacity to 
encode the synthesis of a hybrid peptide-polyketide geno-
toxin called colibactin.[10] About 9.5% of E. coli has the pks 
island with an ability to produce colibactin, especially ex-
traintestinal pathogenic E. coli (ExPEC), while intestinal iso-
lates could not harbor colibactin.[22] clbA and clbP genes are 
the most important pks genetic group for producing coli-
bactin.[9,11] It was found that the product of clbA gene has 
the ability to induce DNA double strand breaks and chro-
mosome abnormalities in the cells of other organisms.[23] 
Furthermore, the main function of clbP gene, which plays 
a role as fmtA peptidase, is intermediate accessory protein 
for maturing of colibactin through transport of percolibac-
tin components from the cytoplasm to the periplasm.[9] 

From our results, E. coli-containing colibactin genes were 
demonstrated with more frequency in smoker patients 
with colorectal polyps compared with the control group, 
especially among males. Neoplastic polyps and advanced 
adenomas occurred much more frequently in smoker in-
dividuals.[1] A higher risk to develop adenomatous polyps 
was also found by another study among cigarette smoking 
patients than in normal healthy individuals.[24] This type of 
risk among smokers appeared to be dose-related.[25] Ad-
enomatous polyps were noted to be more frequent in pa-
tients with a more than 15 pack-year smoking history than 
those who smoked for less than 15 pack-years.[26] However, 
about 25% of smokers remain at increased risk for develop-
ment of colorectal cancer compared to non-smokers.[1] 

An association between obesity and colorectal polyps 
is suggested by several studies. The E. coli bacteria with 
colibactin genes were found in a high percentage in our 
patients with neoplastic polyp of heavy weight with a sig-
nificant difference from those with non-neoplastic polyp of 
the same weight. Obesity contributes to increase the risk of 
the presence of adenomas and cancer.[1] Obese individuals 
are recorded to be 7.8 times more likely to have a tubular 
adenoma than the normal group, especially at age 50-65 
years.[14] Bird et al. (1998) found that patients who gained 
weight over 10 years were strongly under the risk to de-
velop large polyp size and adenomas, while the risk was de-
creased in patients who gained weight over 5 years.[27] They 
also mentioned that there was no difference for the effects 
of obesity on the location of polyps in rectum or in colon. 
An association between obesity and colorectal adenomas 

was also demonstrated among Japanese adult patients.[15] 
Higher body weight (BMI ≥25.0) can interact with smoking 
to increase the risk of colon polyp as noted with African-
American patients.[16] Smoking could also be associated 
with obesity to significantly increase the risk of adenomas 
and colorectal cancer.[28] Moreover, a multivariate analysis 
revealed that high body mass index (BMI >25) and current 
smoking were independent predictors for hyperplastic and 
adenomatous colorectal polyps, especially at age over 60 
years.[29] Thus, control of weight in adulthood could prevent 
occurrence of colorectal adenoma and colorectal cancer.[30] 

Conclusion
Colibactin genes were frequently found in E. coli of smok-
ing and heavy-weight patients with colorectal polyps, es-
pecially in those with neoplastic polyp. Although healthy 
individuals showed lower presence of colibactin genes, the 
frequency of these genes in E. coli from smokers and obese 
were raised.

Disclosures

Ethics Committee Approval: The Ethics Committee of University 
of Karbala College of Medicine provided the ethics committee 
approval for this study (167 in 23 July 2017).

Peer-review: Externally peer-reviewed.

Conflict of Interest: None declared.

Authorship Contributions: Concept – A.A.; Design – A.A.; Super-
vision – A.A.; Materials – A.A., Z.F.; Data collection and/or process-
ing – A.A., Z.F.; Analysis and/or interpretation – A.A., Z.F.; Litera-
ture search – Z.F.; Writing – A.A., Z.F.; Critical review – A.A.

References
1.	 Kycler W, Kubiak A, Trojanowski M, Janowski J. Adenomas–ge-

netic factors in colorectal cancer prevention. Reports of Prac-
tical Oncology & Radiotherapy 2018;23:75–83. [CrossRef ]

2.	 Paris workshop. The Paris endoscopic classification of su-
perficial neoplastic lesions: esophagus, stomach, and colon: 
November 30 to December 1, 2002.  Gastrointest Endosc 
2003;58:S3–43. [CrossRef ]

3.	 Collucci PM, Yale SH, Rall CJ. Colorectal polyps. Clin Med Res 
2003;1:261–2. [CrossRef ]

4.	 Welich RA. The genus Escherichia. Prokaryotes 2006;6:60–71. 
5.	 Zinnah MA, Bari MR, Islam MT, Hossain MT, Rahman MT, Haque 

MH et al. Characterization of Escherichia coli isolated from 
samples of different biological and environmental sources. 
Bangladesh J Veterinary Medicine 2007;5:25–32. [CrossRef ]

6.	 Clermont O, Christenson JK, Denamur E, Gordon DM. The Cl-
ermont Escherichia coli phylo‐typing method revisited: im-
provement of specificity and detection of new phylo‐groups. 
Environmental Microbiology Reports 2013;5:58–65. [CrossRef ]

7.	 Nowrouzian FL, Oswald E. Escherichia coli strains with the ca-

https://doi.org/10.1016/j.rpor.2017.12.003
https://doi.org/10.1016/S0016-5107(03)02159-X
https://doi.org/10.3121/cmr.1.3.261
https://doi.org/10.1007/0-387-30746-X_3
https://doi.org/10.3329/bjvm.v5i1.1305
https://doi.org/10.1111/1758-2229.12019


64 AL-Janabi et al., Smoking and Weight with Colibactin Genes / doi: 10.14744/ejmo.2020.98064

pacity for long-term persistence in the bowel microbiota carry 
the potentially genotoxic pks island. Microbial Pathogenesis 
2012;53:180–2. [CrossRef ]

8.	 Balskus EP. Colibactin: understanding an elusive gut bacterial 
genotoxin. Natural Product Reports 2015;32:1534–0.

9.	 Faïs T, Delmas J, Cougnoux A, Dalmasso G, Bonnet R. Targeting 
colorectal cancer-associated bacteria: A new area of research 
for personalized treatments. Gut Microbes 2016;7:329–33.

10.	Nougayrède J, Homburg S, Taieb F, Boury M, Brzuszkiewicz 
E, Gottschalk G, et al. Escherichia coli induces DNA double-
strand breaks in eukaryotic cells. Science 2006;313:848–51.

11.	Martin P, Marcq I, Magistro G, Penary M, Garcie C, Payros D, et 
al. Interplay between siderophores and colibactin genotoxin 
biosynthetic pathways in Escherichia coli. PLoS pathogens 
2013;9:e1003437. [CrossRef ]

12.	McCarthy AJ, Martin P, Cloup E, Stabler RA, Oswald E, Taylor 
PW. The genotoxin colibactin is a determinant of virulence in 
Escherichia coli K1 experimental neonatal systemic infection. 
Infection and Immunity 2015;83:3704–11. [CrossRef ]

13.	Fagunwa IO, Loughrey MB, Coleman HG. Alcohol, smoking 
and the risk of premalignant and malignant colorectal neo-
plasms. Best Practice & Research Clinical Gastroenterology 
2017;31:561–8. [CrossRef ]

14.	Comstock SS, Hortos K, Kovan B, McCaskey S, Pathak DR, Fen-
ton JI. Adipokines and obesity are associated with colorec-
tal polyps in adult males: A cross-sectional study. PloS ONE 
2014;9:e85939. [CrossRef ]

15.	Tashiro M, Akiyama T, Yoshikawa I, Kume K, Otsuki M. Obesity 
as a risk factor for colorectal polyps in Japanese patients. Gut 
2004;53:156. [CrossRef ]

16.	Ashktorab H, Paydar M, Yazdi S, Namin HH, Sanderson A, Be-
gum R, et al. BMI and the risk of colorectal adenoma in Afri-
can‐Americans. Obesity 2014;22:1387–91. [CrossRef ]

17.	Shussman N, Wexner SD. Colorectal polyps and polyposis syn-
dromes. Gastroenterology Report 2014;2:1–15. [CrossRef ]

18.	Eshghi MJ, Fatemi R, Hashemy A, Aldulaimi D, Khodadoostan 
M. A retrospective study of patients with colorectal polyps. 
Gastroenterol Hepatol Bed Bench 2011;4:17–22.

19.	Zhou L, Zhang H, Sun S, Huang M, Liu J, Xu D, et al. Clinical, en-
doscopic and pathological characteristics of colorectal polyps 
in elderly patients: Single-center experience. Molecular and 
Clinical Oncology 2017;7:81–7. [CrossRef ]

20.	Hodadoostan MK, Fatemi R, Maserat E, Alizade AH, Molaie 
M, Mashaiekhy R, et al. Clinical & pathology characteristics of 
colorectal polyps in Iranian population. Asian Pacific J Cancer 
Prev 2010;11:557–60.

21.	Erjavec MS, Žgur-Bertok D. Virulence potential for extraintes-
tinal infections among commensal Escherichia coli isolated 
from healthy humans—the Trojan horse within our gut. FEMS 
Microbiology Letters 2015;362:1–9. [CrossRef ]

22.	Putze J, Hennequin C, Nougayrède JP, Zhang W, Homburg S, 
Karch H, et al. Genetic structure and distribution of the coli-
bactin genomic island among members of the family Entero-
bacteriaceae. Infection and Immunity 2009;77:4696–703.

23.	Olier M, Marcq I, Salvador-Cartier C, Secher T, Dobrindt U, 
Boury M, et al. Genotoxicity of Escherichia coli Nissle 1917 
strain cannot be dissociated from its probiotic activity. Gut 
Microbes 2012;3:501–9. [CrossRef ]

24.	Botteri E, Iodice S, Raimondi S, Maisonneuve P, Lowenfels AB. 
Cigarette smoking and adenomatous polyps: A meta-analysis. 
Gastroenterology 2008;134:388–95. [CrossRef ]

25.	Tsoi KK, Pau CY, Wu WK, Chan FK, Griffiths S, Sung JJ. Cigarette 
smoking and the risk of colorectal cancer: a meta-analysis of 
prospective cohort studies. Clinical Gastroenterology and 
Hepatology 2009;7:682–8. [CrossRef ]

26.	Onega T, Goodrich M, Dietrich A, Butterly L. The influence of 
smoking, gender, and family history on colorectal adenomas. 
J Cancer Epidemiology 2010:509347. [CrossRef ]

27.	Bird CL, Frankl HD, Lee ER, Haile RW. Obesity, weight gain, 
large weight changes, and adenomatous polyps of the left co-
lon and rectum. American J Epidemiology 1998;147:670–80.

28.	Colussi D, Fabbri M, Zagari RM, Montale A, Bazzoli F, Ricciardi-
ello L. Lifestyle factors and risk for colorectal polyps and can-
cer at index colonoscopy in a FIT-positive screening popula-
tion. United European Gastroenterology J 2018;6:953–42.

29.	Wernil KJ, Newcomb PA, Wang Y, Makar KW, Shadman M, Chia 
VM, et al. Body size, IGF and growth hormone polymorphisms, 
and colorectal adenomas and hyperplastic polyps. Growth 
Hormone & IGF Research 2010;20:305–309. [CrossRef ]

30.	Schlesinger S, Aleksandrova K, Abar L, Vieria AR, Vingeliene S, 
Polemiti E, et al. Adult weight gain and colorectal adenomas–
a systematic review and meta-analysis. Annals of Oncology 
2017;28:1217–29. [CrossRef ]

https://doi.org/10.1016/j.micpath.2012.05.011
https://doi.org/10.1039/C5NP00091B
https://doi.org/10.1080/19490976.2016.1155020
https://doi.org/10.1126/science.1127059
https://doi.org/10.1371/journal.ppat.1003437
https://doi.org/10.1128/IAI.00716-15
https://doi.org/10.1016/j.bpg.2017.09.012
https://doi.org/10.1371/journal.pone.0085939
https://doi.org/10.1136/gut.53.1.156
https://doi.org/10.1002/oby.20702
https://doi.org/10.1093/gastro/got041
https://doi.org/10.3892/mco.2017.1284
https://doi.org/10.1093/femsle/fnu061
https://doi.org/10.1128/IAI.00522-09
https://doi.org/10.4161/gmic.21737
https://doi.org/10.1053/j.gastro.2007.11.007
https://doi.org/10.1016/j.cgh.2009.02.016
https://doi.org/10.1155/2010/509347
https://doi.org/10.1093/oxfordjournals.aje.a009508
https://doi.org/10.1177/2050640618764711
https://doi.org/10.1016/j.ghir.2010.04.001
https://doi.org/10.1093/annonc/mdx080

