












find significant correlations between bacterial abundance
and length of probiotic intervention; however, the power
of detection may have been limited by small sample size
(data not shown, Spearman correlation p>0.1).

DISCUSSION
Interactions between the intestinal microbiota and CRC
may be bidirectional, where a dysbiotic microbiome pro-
motes carcinogenesis, or possibly the tumour micro-
environment and related inflammatory state cause
microbial dysbiosis.32 33 Our results establish that a dis-
tinct microbial community exists in the colonic tumour
and adjacent mucosa, which was characterised in our
study by increased microbial diversity and the differen-
tial abundance of numerous bacterial groups compared
with non-cancer control samples. A corresponding dif-
ferential clustering of CRC-associated mucosal microbio-
tas from those of healthy volunteers has been reported
in several 16S rRNA-based sequencing analyses, although
it was not always linked to increased α-diversity.8 32 34 35

The enrichment of microbial diversity in CRC tumour
tissue contrasts with trends of greater diversity typically
observed in microbiota samples derived from healthy
populations. Putative explanations for the increased
diversity in CRC tumour tissue are that the nutrient-rich
microenvironment may support a more diverse consor-
tium of microbial species8 or that it represents a transi-
ent state during dysbiosis formation. This finding is
noteworthy considering that the increase in diversity was
not observed in colon cancer-derived faecal samples,
and therefore may signify that this feature is characteris-
tic of the tumour microenvironment.
The colon cancer-associated microbiota signature in

our study was characterised in part by increased abun-
dance of Peptostreptococcus and Fusobacterium, both genera
that contain opportunistic oral pathogens known to

cause infections such as periodontitis. The over-
representation of these typically oral-associated organ-
isms in CRC-associated samples is especially intriguing
and has been recently examined in the literature.36 37

Fusobacterium has several attributes that make it uniquely
adapted to the tumour-microenvironment, such as being
asaccharolytic, and it has been shown to accelerate
tumorigenesis and promote a pro-inflammatory environ-
ment.37 38 These organisms have been repeatedly asso-
ciated with CRC-associated microbiotas and therefore
have been proposed as microbial markers for
CRC.9 32 39 The consistency of data linking these specific
genera with CRC is substantial, considering the complex-
ity of the gut microbiome and differences in population
attributes, sampling and analyses methods across studies.
Specifically, Fusobacterium nucleatum, Peptostreptococcus
anaerobius and Parvimonas micra have shown promise as
microbial CRC markers due to an increased relative
abundance of 132-fold, 37-fold and 41-fold, respectively,
among patients with CRC in a large cohort study (103
CRC patients and 102 controls analysed).9 We found
that Peptostreptococcus was increased in all three colon
cancer-associated sample types (mucosa, tumour, faeces)
and was not present at detectible levels in non-cancer
control samples. Similarly, Fusobacterium was elevated over
30-fold between tumour and control biopsies, supporting
the importance of these bacteria as potential CRC
markers. Additionally, we have shown that these CRC
tumour-associated organisms are positively associated and
co-occur within the same samples. Their known high cap-
acity to colonise the mucosa and form biofilms in the oral
microbiome may suggest that a similar mechanism of col-
onisation occurs in CRC. Oral commensals and pathogens
that are associated with CRC may act as dysbiosis-
triggering organisms,33 and further studies are warranted
to determine whether the origin of specific strains can be
linked between oral and CRC tumour sites.40

Figure 3 Microbial interaction network for (A) colon cancer tumour microbiota and (B) subset of direct connections to colon

cancer-associated taxa in tumour samples. Nodes represent genus-level summarised taxa and are coloured by phylum. Edges

were retained only if supported by two of the following methods: Spearman, Pearson, Bray-Curtis and Kullback-Leibler and

FDR≤0.05. Positive associations are denoted by green edges and negative associations are denoted by red edges. FDR, false

discovery rate.
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Additional differentially abundant taxa over-represented
in colon cancer tumour and mucosa samples included
the phyla Tenericutes and Euryarchaeota as well as the
genus Methanobrevibacter. Tenericutes was found to be less
abundant compared with controls in faecal samples

suggesting the colon cancer association was localised to
the mucosal surface or that different organisms were
detected from this phylum between the sample types.
Both Tenericutes and Methanobrevibacter have previously
been associated with adenoma or CRC microbiotas, and

Figure 4 Heat map with

two-way hierarchical clustering of

genus-summarised microbiota

abundance and sample grouping

for mucosal and tumour

microbiotas from patients with

colon cancer at colonoscopy and

surgery (with or without

probiotics), and for non-cancer

control mucosal microbiota at

colonoscopy.
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Table 3 Microbiota alterations with probiotic intervention in patients with colon cancer at surgery

Genus

Effect of

probiotic

Faecal Mucosa Tumour

No Probiotic

abundance

(%), n=7

Probiotic

abundance

(%), n=8

p Value

(FDR)

No probiotic

abundance

(%), n=6

Probiotic

abundance

(%), n=7

p Value

(FDR)

No probiotic

abundance

(%), n=5

Probiotic

abundance

(%), n=7

p Value

(FDR)

Clostridiales spp Increase 3.5±3.1 8.5±4.1 0.02 (0.3) 2.8±2.0 7.5±3.3 0.01 (0.3) 1.9±1.7 6.7±2.8 0.01

(0.3)

Faecalibacterium Increase 3.2±2.6 6.5±2.0 0.02 (0.3) 3.3±2.8 8.1±3.5 0.02 (0.3) 2.7±2.8 6.8±3.1 0.03

(0.4)

[Eubacterium] Increase 0.86±1.8 2.9±2.7 0.05 (0.3) 0.50±0.73 2.1±1.9 0.04 (0.3) – – –

Roseburia Increase – – – 0.05±0.07 1.7±2.2 0.04 (0.3) 0.04±0.03 1.9±2.2 0.007

(0.3)

Lachnospira Increase – – – 0.10±0.08 1.4±0.85 0.03 (0.3) 0.10±0.07 1.3±0.78 0.03

(0.4)

Fusobacterium Decrease 0.81±0.87 0.03±0.05 0.01 (0.3) – – – – – –

Erysipelotrichaceae spp Increase 0.42±0.59 1.3±1.0 0.02 (0.3) – – – – – –

Coriobacteriaceae spp Increase 0.49±0.46 1.3±0.75 0.04 (0.3) – – – – – –

Porphyromonas Decrease 0.43±0.56 0.00±0.00 0.05 (0.3) – – – – – –

[Prevotella] Decrease 0.22±0.38 0.00±0.00 0.05 (0.3) – – – – – –

Peptostreptococcus Decrease 0.42±0.71 0.04±0.06 0.05 (0.3) – – – – – –

Unclassified

Rikenellaceae

Increase – – – 0.03±0.08 1.1±2.1 0.03 (0.3) – – –

Bacteroidales spp Decrease – – – 0.68±1.6 0.00±0.00 0.04 (0.3) – – –

Unclassified

Clostridiales

Increase – – – – – – 0.12±0.14 0.72±0.72 0.01

(0.3)

[Barnesiellaceae] spp Increase – – – – – – 0.07±0.11 0.24±0.15 0.03

(0.3)

Data are presented as mean±SD.
Wilcoxon rank sum test comparing no probiotic with probiotic for each sample type.
Square brackets indicate the Greengenes database notation for proposed taxonomy.
Only p≤0.05 are shown.
FDR, false discovery rate (Benjamini-Hochberg).
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the phylum Tenericutes includes parasitic pathogens
(Mollicutes) that have previously been suspected as causal
agents in other cancers.8 34 41 Methanobrevibacter has been
linked to a multitude of intestinal disorders, periodontitis
and CRC, although the mechanism of CRC association is
unknown.42 It was negatively associated with Fusobacterium
in our network analysis, suggesting a different mechanism
of involvement in CRC. Other tumour-associated genera
were from within Firmicutes (Selenomonas, Clostridium,
Dialister and Parvimonas); however, contradictory findings
have been published on their presence in adenoma and
carcinoma-associated tissue.5 34 The non-cancer controls
displayed the greatest amount of within-group variability
in microbiota composition; however, the increased abun-
dance of genus Streptococcus was evident in control partici-
pants’ biopsies relative to colon cancer. Streptococcus bovis
has previously been associated with CRC tumours,32 35 but
in our data this elevation appears to be primarily attribu-
ted to sequences related to Streptococcus thermophilus. It
could be interesting to further investigate whether S. ther-
mophilus may have protective properties in healthy popula-
tions or if it is solely depleted in patients with colon
cancer. The control patients were not diagnosed with
colon cancer; however, colonoscopy was performed due
to various gastrointestinal complaints with manifest symp-
toms, which may partially explain the high level of vari-
ability among their microbiota profiles.
Overall, the composition of the microbiota in samples

from patients with colon cancer that received probiotics
had a unique profile characterised by an increased
abundance of butyrate-producing bacteria in tumour,
mucosa and faecal samples compared with patients with
cancer who did not receive probiotics. Butyrate interacts
intimately with colonic epithelial cells as an energy
source for colonocytes and by modulating signalling
pathways. It plays a beneficial role in colon cancer by
inhibiting cell proliferation, reducing IFN-γ-mediated
inflammation and promoting cell apoptosis and tumour
suppressor gene expression.43–45 Clostridiales spp and
butyrate-producing Faecalibacterium, Roseburia and
Eubacterium were enriched in samples obtained from
patients with colon cancer with probiotic intervention.
Despite the FDR-corrected p values not reaching statis-
tical significance, this finding was detected consistently
in tumour, mucosa and faecal samples. A depletion of
butyrate-producing bacteria in the microbiota has been
reported in patients with various stages of CRC progres-
sion,46–48 and butyrate’s tumour-suppressive properties
have been shown to be directly mediated by the gut
microbiota, further supporting its importance in CRC.49

Additionally, the faecal microbiota of patients with colon
cancer taking probiotics had reduced levels of
CRC-associated genera Fusobacterium and Peptostreptococcus
according to the non-FDR-corrected p value. This
finding is in accordance with a previous probiotic inter-
vention trial where supplementation with Bifidobacterium
longum, Lactobacillus acidophilus and Enterococcus faecalis
reduced Fusobacterium and Peptostreptococcus in CRC

patients to a level comparable to healthy controls.39 As
these two genera are strongly associated with CRC micro-
biota in several studies, these results emphasise the value
of evaluating probiotics for CRC prevention and care.
Moreover, probiotics have also been shown to mediate
inflammatory responses, as Gianotti and colleagues
observed that the mucosal colonisation of probiotic
strain Lactobacillus johnsonii La1 was correlated with
reduced proliferation and modulation of specific den-
dritic cells in CRC.50 Unfortunately, we were unable to
achieve the level of sensitivity necessary to differentially
detect colonisation of our specific probiotic strains from
the native populations by qPCR in the mucosal samples
from this study (data not shown).
The difficulty in obtaining intestinal mucosal and

tumour samples as compared with faecal sampling for
microbiota analysis presented challenges in the study
design and sampling. Patients underwent bowel cleans-
ing prior to colonoscopy but no bowel preparation was
done prior to surgery, and the timing of the faecal
sample collection post colonoscopy was not controlled,
both of which may influence the microbiota profiles.
Additionally, the intervention length varied among
patients as it would have been unethical to restrict the
time to their surgery. We therefore chose to focus pri-
marily on comparisons among samples that were
obtained either at the time of colonoscopy or at surgery.
In a future study, it would be preferable to more strin-
gently control participant groups, but we avoided this in
the pilot trial primarily for ethical reasons. Despite these
limitations, by obtaining tumoral, mucosal and faecal
samples, we assessed the colon cancer-associated micro-
biota by several comparisons: (1) tumour to mucosa
within close proximity; (2) the aforementioned to non-
cancer control samples; (3) colon cancer faeces to non-
cancer control faeces; (4) colon cancer probiotic inter-
vention to no probiotic intervention. Fewer differentially
abundant taxa were detected in the faecal microbiota
than the corresponding tissue microbiota, suggesting
that the tissue microbiota profile is more informative for
identifying putative microbial markers of colon cancer.
Bacterial adherence to the intestinal epithelium or
biofilm formation may have contributed to the differ-
ences we observed between the tissue and faecal
samples, but tissue samples more likely represent organ-
isms that directly interact with host and immune cells
and are thus preferable to more easily obtained faecal
samples. Peptostreptococcus, however, was significantly
enriched in both tissue and faecal samples and shows
promise as a microbial CRC marker.
The results of this study support the hypothesis that

the colon cancer-associated microbiota can be manipu-
lated by specific probiotic strains, resulting in an altered
microbiota enriched with beneficial bacteria. Our study
provides evidence that microbiota modulation by probio-
tics could be considered as part of a therapeutic regime
for CRC patients. Further studies should be conducted
in a larger population to confirm these initial findings,
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and ideally should be complemented with metabolomics
data to elucidate the role of butyrate. Future studies
could also expand beyond the microbiota to include the
potential influences of fungi (mycobiome), viruses
(virome) and microbial bioactive molecules on CRC
development. The interplay between diet, microbiota
and host in maintaining homeostasis is an important
consideration in therapeutic strategies for CRC, and ana-
lysis of the microbiome is a critical component in under-
standing how these complex interactions influence the
development and progression of carcinogenesis.

Acknowledgements The authors thank Ann-Louise Helminen and Hillevi
Björkqvist for inclusion of study subjects and collection of samples, Lena
Munro for work with the clinical database and Jaqueline Flach, Marianne
Åkerström, and Elisabeth Odin for handling of samples. The authors also
thank Nicolas Yeung, Krista Salli, Paige Roos and Wes Morovic for technical
work in preparing the samples for sequencing and Buffy Stahl for supporting
project management.

Contributors YW, PR, AL, ACO and HL designed and executed the clinical
research study. YW was the principal investigator. AAH analysed the data and
performed statistics. AAH, AL, ACO and YW interpreted the data. AL and YW
supported data integration and project management. LC contributed expertise
on ProBion Clinica. AAH, AL and YW wrote the manuscript. All authors
reviewed and approved the final manuscript.

Funding This work was supported by a grant from the Swedish state under
the LUA/ALF agreement (grant number ALFGBG-542821).

Competing interests At the time of the research, AAH, AL and ACO were
employees of DuPont, who manufactures the probiotic strains used, and LC is
an employee of Wasa Medicals who produced the probiotic product used in
this study.

Patient consent Obtained.

Ethics approval The study was approved by the Regional Ethical Review
Board in Gothenburg under study number 233-10.

Provenance and peer review Not commissioned; externally peer reviewed.

Data sharing statement No additional data are available.

Open Access This is an Open Access article distributed in accordance with
the Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license,
which permits others to distribute, remix, adapt, build upon this work non-
commercially, and license their derivative works on different terms, provided
the original work is properly cited and the use is non-commercial. See: http://
creativecommons.org/licenses/by-nc/4.0/

REFERENCES
1. Torre LA, Bray F, Siegel RL, et al. Global cancer statistics, 2012. CA

Cancer J Clin 2015;65:87–108.
2. Mármol I, Sánchez-de-Diego C, Pradilla Dieste A, et al. Colorectal

carcinoma: a general overview and future perspectives in colorectal
cancer. Int J Mol Sci 2017;18:pii:E197.

3. Huxley RR, Ansary-Moghaddam A, Clifton P, et al. The impact of
dietary and lifestyle risk factors on risk of colorectal cancer: a
quantitative overview of the epidemiological evidence. Int J Cancer
2009;125:171–80.

4. Nistal E, Fernández-Fernández N, Vivas S, et al. Factors
determining colorectal cancer: The role of the intestinal microbiota.
Front Oncol 2015;5:220.

5. Nakatsu G, Li X, Zhou H, et al. Gut mucosal microbiome across
stages of colorectal carcinogenesis. Nat Commun 2015;6:8727.

6. Burns MB, Lynch J, Starr TK, et al. Virulence genes are a signature
of the microbiome in the colorectal tumor microenvironment.
Genome Med 2015;7:55.

7. Geng J, Fan H, Tang X, et al. Diversified pattern of the human
colorectal cancer microbiome. Gut Pathog 2013;5:2.

8. Mira-Pascual L, Cabrera-Rubio R, Ocon S, et al. Microbial mucosal
colonic shifts associated with the development of colorectal cancer

reveal the presence of different bacterial and archaeal biomarkers.
J Gastroenterol 2015;50:167–79.

9. Wong SH, Kwong TN, Chow TC, et al. Quantitation of faecal
Fusobacterium improves faecal immunochemical test in detecting
advanced colorectal neoplasia. Gut 2016;•••. http://dx.doi.org/
10.1136/gutjnl-2016-312766

10. Pagnini C, Corleto VD, Mangoni ML, et al. Alteration of local
microflora and alpha-defensins hyper-production in colonic adenoma
mucosa. J Clin Gastroenterol 2011;45:602–10.

11. Hill C, Guarner F, Reid G, et al. Expert consensus document. The
International Scientific Association for Probiotics and Prebiotics
consensus statement on the scope and appropriate use of the term
probiotic. Nat Rev Gastroenterol Hepatol 2014;11:506–14.

12. Zhu Y, Michelle Luo T, Jobin C, et al. Gut microbiota and probiotics
in colon tumorigenesis. Cancer Lett 2011;309:119–27.

13. Chen CC, Lin W-C, Kong M-S, et al. Oral inoculation of probiotics
Lactobacillus acidophilus NCFM suppresses tumour growth both in
segmental orthotopic colon cancer and extra-intestinal tissue. Br
J Nutr 2012;107:1623–34.

14. Goldin BR, Gorbach SL. The effect of oral administration of
Lactobacillus and antibiotics on intestinal bacterial activity and
chemical induction of large bowel tumors. Dev Indus Microbiol
1984;25:139–50.

15. Foligne B, Nutten S, Grangette C, et al. Correlation between in vitro
and in vivo immunomodulatory properties of lactic acid bacteria.
World J Gastroenterol 2007;13:236–43.

16. Compton C, Fenoglio-Preiser CM, Pettigrew N, et al. American joint
committee on cancer prognostic factors consensus conference:
colorectal working group. Cancer 2000;88:1739–57.

17. Costabile A, Fava F, Röytiö H, et al. Impact of polydextrose on the
faecal microbiota: a double-blind, crossover, placebo-controlled
feeding study in healthy human subjects. Br J Nutr 2012;108:471–
81.

18. Lyra A, Forssten S, Rolny P, et al. Comparison of bacterial quantities
in left and right colon biopsies and faeces. World J Gastroenterol
2012;18:4404–11.

19. Caporaso JG, Lauber CL, Walters WA, et al. Global patterns of 16S
rRNA diversity at a depth of millions of sequences per sample. Proc
Natl Acad Sci USA 2011;108(Suppl 1):4516–22.

20. Caporaso JG, Lauber CL, Walters WA, et al. Ultra-high-throughput
microbial community analysis on the Illumina HiSeq and MiSeq
platforms. ISME J 2012;6:1621–4.

21. Caporaso JG, Kuczynski J, Stombaugh J, et al. QIIME allows
analysis of high-throughput community sequencing data. Nat
Methods 2010;7:335–6.

22. Aronesty E. ea-utils: Command-line tools for processing biological
sequencing data. http://code.google.com/p/ea-utils. 2011.

23. Edgar RC. Search and clustering orders of magnitude faster than
BLAST. Bioinformatics 2010;26:2460–1.

24. DeSantis TZ, Hugenholtz P, Larsen N, et al. Greengenes, a
chimera-checked 16S rRNA gene database and workbench
compatible with ARB. Appl Environ Microbiol 2006;72:5069–72.

25. McDonald D, Price MN, Goodrich J, et al. An improved Greengenes
taxonomy with explicit ranks for ecological and evolutionary
analyses of bacteria and archaea. ISME J 2012;6:610–18.

26. Caporaso JG, Bittinger K, Bushman FD, et al. PyNAST: a flexible
tool for aligning sequences to a template alignment. Bioinformatics
2010;26:266–7.

27. Price MN, Dehal PS, Arkin AP. FastTree 2--approximately
maximum-likelihood trees for large alignments. PLoS ONE 2010;5:
e9490.

28. Faith DP. Conservation evaluation and phylogenetic diversity. Biol
Conserv 1992;61:1–10.

29. Lozupone C, Knight R. UniFrac: a new phylogenetic method for
comparing microbial communities. Appl Environ Microbiol
2005;71:8228–35.

30. Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. J R Statist Soc B
1995;57:289–300.

31. Faust K, Sathirapongsasuti JF, Izard J, et al. Microbial
co-occurrence relationships in the human microbiome. PLoS
Comput Biol 2012;8:e1002606.

32. Gagnière J, Raisch J, Veziant J, et al. Gut microbiota imbalance and
colorectal cancer. World J Gastroenterol 2016;22:501–18.

33. Hajishengallis G, Darveau RP, Curtis MA. The keystone-pathogen
hypothesis. Nat Rev Microbiol 2012;10:717–25.

34. Lu Y, Chen J, Zheng J, et al. Mucosal adherent bacterial dysbiosis
in patients with colorectal adenomas. Sci Rep 2016;6:26337.

35. Chen W, Liu F, Ling Z, et al. Human intestinal lumen and
mucosa-associated microbiota in patients with colorectal cancer.
PLoS ONE 2012;7:e39743.

Hibberd AA, Lyra A, Ouwehand AC, et al. BMJ Open Gastro 2017;4:e000145. doi:10.1136/bmjgast-2017-000145 11

Open Access

group.bmj.com on August 17, 2017 - Published by http://bmjopengastro.bmj.com/Downloaded from 

http://creativecommons.org/licenses/by-nc/4.0/
http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.3322/caac.21262
http://dx.doi.org/10.3390/ijms18010197
http://dx.doi.org/10.1002/ijc.24343
http://dx.doi.org/10.3389/fonc.2015.00220
http://dx.doi.org/10.1038/ncomms9727
http://dx.doi.org/10.1186/s13073-015-0177-8
http://dx.doi.org/10.1186/1757-4749-5-2
http://dx.doi.org/10.1007/s00535-014-0963-x
http://dx.doi.org/10.1097/MCG.0b013e31820abf29
http://dx.doi.org/10.1016/j.canlet.2011.06.004
http://dx.doi.org/10.1017/S0007114511004934
http://dx.doi.org/10.1017/S0007114511004934
http://dx.doi.org/10.3748/wjg.v13.i2.236
http://dx.doi.org/10.1002/(SICI)1097-0142(20000401)88:7<1739::AID-CNCR30>3.0.CO;2-T
http://dx.doi.org/10.1017/S0007114511005782
http://dx.doi.org/10.3748/wjg.v18.i32.4404
http://dx.doi.org/10.1073/pnas.1000080107
http://dx.doi.org/10.1073/pnas.1000080107
http://dx.doi.org/10.1038/ismej.2012.8
http://dx.doi.org/10.1038/nmeth.f.303
http://dx.doi.org/10.1038/nmeth.f.303
http://code.google.com/p/ea-utils
http://code.google.com/p/ea-utils
http://dx.doi.org/10.1093/bioinformatics/btq461
http://dx.doi.org/10.1128/AEM.03006-05
http://dx.doi.org/10.1038/ismej.2011.139
http://dx.doi.org/10.1093/bioinformatics/btp636
http://dx.doi.org/10.1371/journal.pone.0009490
http://dx.doi.org/10.1016/0006-3207(92)91201-3
http://dx.doi.org/10.1016/0006-3207(92)91201-3
http://dx.doi.org/10.1128/AEM.71.12.8228-8235.2005
http://dx.doi.org/10.1371/journal.pcbi.1002606
http://dx.doi.org/10.1371/journal.pcbi.1002606
http://dx.doi.org/10.3748/wjg.v22.i2.501
http://dx.doi.org/10.1038/nrmicro2873
http://dx.doi.org/10.1038/srep26337
http://dx.doi.org/10.1371/journal.pone.0039743
http://bmjopengastro.bmj.com/
http://group.bmj.com


36. Colucci F. An oral commensal associates with disease: chicken,
egg, or red herring? Immunity 2015;42:208–10.

37. Flynn KJ, Baxter NT, Schloss PD. Metabolic and community synergy
of oral bacteria in colorectal cancer. mSphere 2016;1;pii:e00102-16.

38. Kostic AD, Chun E, Robertson L, et al. Fusobacterium nucleatum
potentiates intestinal tumorigenesis and modulates the
tumor-immune microenvironment. Cell Host Microbe
2013;14:207–15.

39. Gao Z, Guo B, Gao R, et al. Probiotics modify human intestinal
mucosa-associated microbiota in patients with colorectal cancer. Mol
Med Rep 2015;12:6119–27.

40. Favia G, Maiorano E, Lo Muzio L. Image of the month. Gingival
metastasis from colonic adenocarcinoma. Clin Gastroenterol Hepatol
2010;8:A28.

41. Zarei O, Rezania S, Mousavi A. Mycoplasma genitalium and cancer:
a brief review. Asian Pac J Cancer Prev 2013;14:3425–8.

42. Gaci N, Borrel G, Tottey W, et al. Archaea and the human gut: new
beginning of an old story. World J Gastroenterol 2014;20:16062–78.

43. Hague A, Manning AM, Hanlon KA, et al. Sodium butyrate
induces apoptosis in human colonic tumour cell lines in a
p53-independent pathway: implications for the possible role of
dietary fibre in the prevention of large-bowel cancer. Int J Cancer
1993;55:498–505.

44. Zeng H, Lazarova DL, Bordonaro M. Mechanisms linking dietary
fiber, gut microbiota and colon cancer prevention. World
J Gastrointest Oncol 2014;6:41–51.

45. Zimmerman MA, Singh N, Martin PM, et al. Butyrate suppresses
colonic inflammation through HDAC1-dependent Fas upregulation
and Fas-mediated apoptosis of T cells. Am J Physiol Gastrointest
Liver Physiol 2012;302:G1405–15.

46. Chen HM, Yu YN, Wang JL, et al. Decreased dietary fiber intake
and structural alteration of gut microbiota in patients with advanced
colorectal adenoma. Am J Clin Nutr 2013;97:1044–52.

47. Weir TL, Manter DK, Sheflin AM, et al. Stool microbiome and
metabolome differences between colorectal cancer patients and
healthy adults. PLoS ONE 2013;8:e70803.

48. Wang T, Cai G, Qiu Y, et al. Structural segregation of gut microbiota
between colorectal cancer patients and healthy volunteers. ISME J
2012;6:320–9.

49. Donohoe DR, Holley D, Collins LB, et al. A gnotobiotic mouse model
demonstrates that dietary fiber protects against colorectal
tumorigenesis in a microbiota- and butyrate-dependent manner.
Cancer Discov 2014;4:1387–97.

50. Gianotti L, Morelli L, Galbiati F, et al. A randomized double-blind trial
on perioperative administration of probiotics in colorectal cancer
patients. World J Gastroenterol 2010;16:167–75.

12 Hibberd AA, Lyra A, Ouwehand AC, et al. BMJ Open Gastro 2017;4:e000145. doi:10.1136/bmjgast-2017-000145

Open Access

group.bmj.com on August 17, 2017 - Published by http://bmjopengastro.bmj.com/Downloaded from 

http://dx.doi.org/10.1016/j.immuni.2015.01.024
http://dx.doi.org/10.1128/mSphere.00102-16
http://dx.doi.org/10.1016/j.chom.2013.07.007
http://dx.doi.org/10.3892/mmr.2015.4124
http://dx.doi.org/10.3892/mmr.2015.4124
http://dx.doi.org/10.1016/j.cgh.2009.07.010
http://dx.doi.org/10.7314/APJCP.2013.14.6.3425
http://dx.doi.org/10.3748/wjg.v20.i43.16062
http://dx.doi.org/10.1002/ijc.2910550329
http://dx.doi.org/10.4251/wjgo.v6.i2.41
http://dx.doi.org/10.4251/wjgo.v6.i2.41
http://dx.doi.org/10.1152/ajpgi.00543.2011
http://dx.doi.org/10.1152/ajpgi.00543.2011
http://dx.doi.org/10.3945/ajcn.112.046607
http://dx.doi.org/10.1371/journal.pone.0070803
http://dx.doi.org/10.1038/ismej.2011.109
http://dx.doi.org/10.1158/2159-8290.CD-14-0501
http://dx.doi.org/10.3748/wjg.v16.i2.167
http://bmjopengastro.bmj.com/
http://group.bmj.com


intervention
with colon cancer and modified by probiotic 
Intestinal microbiota is altered in patients

Lindegren, Lennart Cedgård and Yvonne Wettergren
Ashley A Hibberd, Anna Lyra, Arthur C Ouwehand, Peter Rolny, Helena

doi: 10.1136/bmjgast-2017-000145
2017 4: BMJ Open Gastroenterology: 

 http://bmjopengastro.bmj.com/content/4/1/e000145
Updated information and services can be found at: 

These include:

References
 #BIBLhttp://bmjopengastro.bmj.com/content/4/1/e000145

This article cites 48 articles, 6 of which you can access for free at: 

Open Access

http://creativecommons.org/licenses/by-nc/4.0/non-commercial. See: 
provided the original work is properly cited and the use is
non-commercially, and license their derivative works on different terms, 
permits others to distribute, remix, adapt, build upon this work
Commons Attribution Non Commercial (CC BY-NC 4.0) license, which 
This is an Open Access article distributed in accordance with the Creative

service
Email alerting

box at the top right corner of the online article. 
Receive free email alerts when new articles cite this article. Sign up in the

Notes

http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

http://journals.bmj.com/cgi/reprintform
To order reprints go to:

http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

group.bmj.com on August 17, 2017 - Published by http://bmjopengastro.bmj.com/Downloaded from 

http://bmjopengastro.bmj.com/content/4/1/e000145
http://bmjopengastro.bmj.com/content/4/1/e000145#BIBL
http://creativecommons.org/licenses/by-nc/4.0/
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bmjopengastro.bmj.com/
http://group.bmj.com

