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Abstract — Objective: The gastrointestinal tract consists of a complex microenvironment with an abun-
dance of microorganisms, and a diverse microbiome composition is evident along the gastrointestinal tract
with a favorable growth environment for bacteria. Dysbiosis to this environment have been associated with
colorectal cancer (CRC) as well as other diseases, with studies identifying a higher number of bacteria,
such as the Enterobacteriaceae family: Clostridium spp., Fusobacterium spp., and Streptococcus bovis. We
hypothesize that patients with CRC have a distinct microbiota with a greater abundance of atypical Campy-
lobacter spp. and Helicobacter spp. compared to control patients.

Patients and Methods: Sixty biopsies were collected from forty randomly selected patients in Kaunas,
Lithuania. The patients were allocated into groups: patients with CRC and control patients without intesti-
nal cancer or cancer risk factors. Twenty biopsies were collected from each collection site: The tumor and
the adjacent intestinal tissue in CRC patients, and a randomly selected intestinal tissue site in non-cancer
patients. A microbiome analysis was performed using 16S rDNA and 18S rDNA.

Results: Distinct bacterial microbiota was found to be significantly different in the collected biopsies
between CRC patients and control patients with p=.001. There was a clear overrepresentation of Campylo-
bacter spp. with C. rectus being the most prominent in CRC patients. Moreover, Fusobacterium spp. was
found in each group, with increased abundance of F. nucleatum and F. necrophorium in cancer tissue. There
was no significant abundance of the Helicobacter spp. found.

Conclusions: This pilot study illustrates a significant difference in the gut microbiota in patients with
CRC compared to non-cancer patients. The microenvironmental composition in CRC tissue samples were
dominated by Campylobacter spp. and Fusobacterium spp. suggesting that these species either solely or in
co-aggregation may cause or promote CRC.
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lobacter spp, Fusobacterium spp.
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INTRODUCTION
Colorectal Cancer

Colorectal Cancer (CRC) is the third most frequent type of cancer worldwide'2. Although CRC has
shown a significant decrease in incidents and mortality over the last decade?*, it is still one of the
leading causes of cancer. Evidence suggests that cancer symptom unawareness and late diagno-
sis may explain the high CRC frequency??®, and highlights the importance of further research to
promote early diagnosis.

The incidences of CRC vary greatly throughout the world. However, research has shown a
higher incidence in developed regions, such as North America, Northern and Western Europe
compared to developing regions, i.e., Africa. Furthermore, the data presents evidence that people
above the age of 50 have a greater risk for CRC, with men having a moderately increased risk
compared to women?2.

The development of CRC has been identified in various areas of the colorectal tract. Moreover,
a higher frequency was found in the right side of the colon with approximately 30%, hereafter 20%
located in the sigmoid colon, 20% in the rectum, 15 % in the left descending colon and finally 10%
in the transverse colon®. The primary cancers found in these areas are predominantly adenocar-
cinomas (95%), yet carcinoid tumors, gastrointestinal stromal tumors, lymphomas and polyposis
were identified as well®*%7. The biological significance of these locations is yet unknown, however
it is widely believed that the majority of CRC is developed by the adenoma carcinoma sequence
process®®. This process provides a pathological model for colorectal tumorigenesis, yet it does
not consider the microbial pathophysiology or the environmental factors, i.e., body mass, diet or
lifestyle'.

CRC is composed of a complex association of cells including tumoral cells, non-neoplastic cells
and a multitude of microorganisms''2. The microorganisms are believed to be one of the major fac-
tors in the development of CRC'3-'6, and Mizutani et al'® recently presented evidence that suggests
an association between gut microbiota and CRC development. Furthermore, a plethora of studies
have suggested that CRC patients presents with dysbiosis, which is linked to the development of
CRC'8 although further research is needed to characterize the composition of this microbiota and
its role in carcinogenesis'®".

The Intestinal Microbiota

The human gastrointestinal (Gl) tract is the habitat for a complex and dynamic assembly
of microorganisms consisting of bacteria, bacteriophage, fungi, protozoa and viruses that
is called the human gut microbiota''"'®, The gut microbiota show great influence on gut
integrity as well as human health and disease'. Dysbiosis to this environment is associa-
ted with several Gl diseases such as inflammatory bowel disease (IBD) and Gl cancers'®2°.
Moreover, studies have shown that environmental factors such as infection, diet and life-
style form our gut microbiota and metabolism and is believed to impact cancer develop-
ment11,13,16,21-23.

Colon constitutes a strongly dense section of microbiota of the Gl tract and include approxi-
mately 70% of the total microbiota'™. There are suggestions that some of the bacterial species
of the colon may create a microenvironment that is favorable for the pathogenesis of CRC™.
In example, Marchesi et al** found a microenvironment composed of increased lactate, signi-
ficantly decreased glucose, as well as amino acids, fatty acids and lipids which could indicate
an individual variability within the CRC tumor microenvironment. Furthermore, studies suggest
a variety of mechanistic evidence for bacterial involvement in the development of CRC, which
includes DNA damaging genotoxins, DNA damaging superoxide radicals and induction of cell
proliferation by T-cells. Evidence show that they might accelerate the cancer development by
manipulating cell metabolism and the immune system although it is not fully understood to this
date®+%7,

Furthermore, Winter et al?® and Flanagan et al?® theorize that dysbiosis creates a harmful in-
flammatory response, causing destruction of the intestinal barrier and therefore damage to the
bacterial translocation and cytokine secretion, sustaining the inflammatory environment needed
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in carcinogenesis. However, it is still unknown whether it is the consequence or the cause of
CRC™". Nevertheless, several bacteria have been identified and linked to CRC carcinogenesis;
Streptococcus bovis, Clostridium septicum, and Fusobacterium spp., as they have been found in
higher numbers in CRC patients compared with control patients™':3°. Hence, these species may
have pro-carcinogenic properties and hypothetically other unknown species even though there
is no consensus at this point.

Streptococcus bovis

Streptococcus bovis (sb) has been recognized as a malignant factor and been associated with
CRC since the early 1950s. Deng et al®' examined S. bovis potential molecular mechanism in CRC
and found a higher quantity in CRC patients as well as more advanced TNM. Furthermore, they
found that S. bovis aggravated tumorigenesis as well as a possible increased recruitment of TLR-
4+ CD11b+ cells. Moreover, Saus et al'* found that overexpression of COX2 in vitro promoted cell
proliferation and increased number of inflammatory cytokines such as TNF-a, IL-6 and IL-8.

Clostridium septicum

Clostridium septicum infections have variable clinical presentations and a strong association with
malignancy as well as high mortality, and C. septicum has been found to be associated with CRC32.
Even though C. septicum cases are rare, identification and treatment are of essence due to its mali-
gnancy and mortality. Mirza et al®® argue that C. septicum malignancy may be that tumors provides
an acidic and hypoxic environment that may provide a conducive spore germination, and therefore
lead to infection and colorectal malignancy.

Fusobacterium spp.

Fusobacterium spp. are immobile gram-negative anaerobic rods with variable morphology and
size. Their morphology can be described as filamentous or fusiform3®4. Fusobacterium spp. consti-
tute as a part of the intestinal flora which participates in the digestion and protects against coloni-
zation of pathogenic bacteria. However, bacteria from the intestinal flora, including Fusobacterium
spp, can also cause infections such as acute appendicitis, bacteremia, colon cancer, IBD, Lemier-
re’s syndrome, and tonsillitis®.

F. nucleatum is associated with the development of CRC by different mechanisms?2°. Several
studies®¢ have identified how higher levels of F. nucleatum cause specific molecular tumor inci-
dents, and may induce the microsatellite instability pathway, which is one possible pathway for the
pathogenesis of colorectal cancer®. Rubinstein et al?® have depicted how F. nucleatum promote
CRC tumor cell growth by stimulating the activation B-catenin signaling and described how F. nu-
cleatum induce oncogenic gene expression via the FadA adhesion virulence factor®. Similar car-
cinogenic mechanisms of F. nucleatum have been identified, which emphasize how it contributes
to the development of CRC®*. Fusobacterium spp. demonstrate carcinogenic characteristics and
continuous research show association with the development of CRC.

Campylobacter spp.

The genus Campylobacter is a diverse group of bacteria consisting of twenty-six species,
two provisional species and nine subspecies*’. They are gram negative and vary in shape
and form; from rod-shaped, curved, or spiral shaped. Depending on the species, they may
have polar, bipolar flagella or non-flagellum. The genus requires a complex environment
and grow under specific microaerobic and anaerobic conditions*'. Campylobacter spp. are
found mainly in the Gl tract in addition to the oral cavity in humans, and are known to cause
diseases such as gastroenteritis, IBD, ulcerative colitis, Chron’s disease, CRC as well as
periodontal abscesses. They are also reported in extra gastrointestinal manifestations such
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as bacteremia, septicemia, and brain abscesses*®*2. The Campylobacter spp. predominantly
known to cause gastrointestinal diseases are C. jejuni and C. coli, although in recent years a
wide range of species in the genus have been identified: C. helveticus, C. showae, C. fetus,
C. hyointestiucus, C. rectus and C. concisus*®*>43. Furthermore, C. gracilis is found in perio-
dontal diseases and IBD, similar to C. ureolyticus which is associated to periodontal diseases
as well as gastroenteritis and IBD*. The precise pathogenesis of how these Campylobacter
spp. interact with the variety of diseases are not well known. Tjalsma et al** suggest a driver-
passenger model in CRC. The model proposes that the so-called “driver bacteria” are certain
bacteria from the intestine, such as Enterobacteriaceae, that initiate epithelial DNA damage
and promote inflammation. Moreover, the “passenger bacteria” in particular, Fusobacterium
spp. take advantage of the newly initiated tumorigenesis and proliferated environment as
passage into the new environment. Tjalsma et al** highlight that passenger bacteria are the
dominant bacteria that thrive in CRC, however they specify that it is still unknown whether
they promote or suppress tumor development. Conversely, Singh et al*® strongly suggest
that chemokines are the key mediators between tumor cells and their microenvironment,
and overexpression of chemokines are the hallmark of tumor progression. Ning and Lenz*®
further support this theory by suggesting chemokines and their receptors are upregulated in
CRC, especially IL-8 and its receptor CXCR2. It is possible that CRC may be promoted by
multifactorial signals and mechanisms, yet further studies are needed to specify the precise
pathogenesis.

Helicobacter spp.

Helicobacter spp. is a gram-negative genus that includes more than 35 species with the H.
pylori being the most well-known?3*. There are a growing number of non-Helicobacter pylori
helicobacters (NHPH) that increases our knowledge of the multitude of Helicobacter spp.
and how the bacteria colonize, not only the human gastrointestinal tract but the body in
general®’.

Of the gastric helicobacters, H. pylori is known to be the dominant gastric pathogen causing
gastroduodenal ulceration, gastric cancer (primarily adenocarcinomas), gastritis, Mucosa-associa-
ted lymphoid tissue (MALT) and lymphomas in humans**¢. However, recent studies have shown
that other gastric helicobacters like H. felis, H. heilmannii, H. salomonis and H. suis are associated
with gastroduodenal inflammation, ulcus disease and gastric cancers as well*®. Peng et al*® sug-
gested that there might be similar traits in the metabolism and chemtaxic genes between H. pylori
and the gastric helicobacters, enabling the different bacteria to survive and colonize in different
gastrointestinal environments. Interestingly, they found that H. suis and H. felis had a wider meta-
bolic flexibility than H. pylori and therefore a broader response to environment signals. Moreover,
H. pylori, H. felis, H. salomonis and H. suis displayed significant differences in their genomes and
pathogenicity. Nevertheless, H. pylori, H. felis, H. salomonis and H. suis demonstrate similar pro-
perties by decreasing acid secretion and utilize urease activity, which can enhance the associated
surrounding growthse.

The major difference between intestinal and gastric Helicobacter spp. is that most intestinal
Helicobacter spp. lack the urease activity®®, although the urease activity of H. pylori has not
been described as a carcinogenic factor. The World Health Organization (WHO) has classified
H. pylori as a class 1 carcinogen, even though the precise mechanism by which H. pylori cause
cancer is not known®'. Therefore, it might be assumed that the carcinogenic genes in gastric
H. pylori also could be present in some of the intestinal Helicobacter spp. which may affect
development of CRC.

MATERIALS AND METHODS
Patients and Sampling of Intestinal Biopsies

This pilot study included a total of forty randomly selected patients, all recruited from Kau-
nas, Lithuania. Patient consent was collected and verified by the department of gastroentero-
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logy, Kaunas, Lithuania. The patient groups were divided into the following groups: Patients
with CRC, and patients without CRC or risk factors for cancer. A total of sixty biopsies were
collected. Twenty biopsies were extracted from the tumor site (cancer tissue), another twenty
biopsies were extracted from the adjacent normal intestinal tissue (adjacent tissue) of cancer
patients. The last twenty samples were from a random intestinal tissue site in non-cancer pa-
tients (control tissue). All samples were marked anonymously, and the identity of the subjects
were not known.

The biopsies were stored at -80°C until all sixty samples were collected and then
shipped on dry ice to the Department of Clinical Microbiology, Rigshospitalet, Copenha-
gen.

ANALYSIS/EXAMINATION OF BIOPSIES
Microbiota Analysis

The biopsies were brought on dry ice to Statens Serum Institut where DNA was extracted
from the biopsies, and the microbiome was analyzed by 16S rDNA analysis and 18S rDNA
analysis.

DNA Extraction

The DNA extraction of the intestinal biopsies was performed with a QlAamp DNA mini-Kit (Qia-
gen, Hilden, Germany) according to the manufacturer’s instruction for tissues. A negative control
with no material from samples was included for downstream analysis for each batch of DNA
extraction.

Primer Design

The extracted DNA was amplified by a two-step PCR using primer sets targeting the 16S rDNA
gene and 18S rDNA.

Library Preparation and Sequencing

The purified 16S rDNA were initially amplified by the same procedure as in the previous publication
by Spiegelhauer et al®2. The purified 18rDNA were initially amplified by the same procedure as in
the previous publication by Hansen et al®.

Bioinformatics

We used BION-META (http://box.com/bion) for analyzing the sequence data from the 16S rDNA
and 18S rDNA gene sequencing. It allows non-overlapping paired reads for analysis and is often
accurate to the species level.

STATISTICAL ANALYSIS

Analysis of microbiota composition was performed in R version 3.5.0 using the packages
phyloseq v. 1.24.2 and vegan v. 2.5-2. Figures were created using ggplot2 v. 3.2.0. Alpha
diversity of samples as well as relative abundances of individual genera were compared
between groups with Wilcoxon rank sum tests and adjusted for multiple testing using Bon-
ferroni correction.
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RESULTS
Distinct Bacterial Microbiota Observed Between CRC Patients and Patients Without Cancer

In Figure 1 it is observed that the CRC patients have a distinct bacterial microbiota compared to
control patients without intestinal cancer or cancer risk factors. This is confirmed by a ANOSIM
test, which demonstrates that the bacterial microbiota in gastric biopsies from CRC patients and
patients without cancer are significantly different (p=.001).

Abundance of Campylobacter spp. and Fusobacterium spp.

In Figure 2 we observe the abundance of Campylobacter spp. and Fusobacterium spp. In re-
lation to the sample site. It is evident that there is no significant difference in the abundance
of Fusobacterium spp. between the tissue samples from patients without cancer, adjacent
tissue, and the cancer tissue with p=.05. However, the abundance of Campylobacter spp.
shows a substantial increase from the tissue samples from patients without cancer, to the
cancer tissue with a significant p-value of p=.029. There is a clear overrepresentation in the
cancer tissue.

PCoA based on Bray Curtis dissimilarity grouped by site
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Figure 1. Beta diversity visualized by Principal Coordinates Analysis (PCoA) using Bray Curtis dissimilarity. Each
dot on the plot represents the total bacterial community of one sample. The distances between the dots represent
the comparable microbial community between samples. Samples are colored by three sampling groups. The
colors red (adjacent tissue) and blue (cancer tissue) represent samples from cancer patients and the color green
represents samples from control patients. PERMANOVA test p = .001.
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Abundance of Campylobacter spp.

Figure 3 shows the different Campylobacter spp. represented. This includes C. concisus, C. graci-
lis, C. rectus, C. showae and C. ureolyticus. The Figure 4 shows an increase of Campylobacter spp.
in the cancer tissue compared to the adjacent tissue and the control tissue where the abundance
is less distributed. In the cancer tissue it is clear that C. rectus, C. ureolyticus and C. showae which
have the highest abundance.
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Figure 3. Showing the average relative abundance of Campylobacter spp.
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Average relative abundance of Fusobacterium spp.
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Figure 4. The relative abundance of Fusobacterium spp. from the biopsies in cancer and control patients. Each
column represents the Fusobacterium spp. found in the collected group of biopsies.

Abundance of Fusobacterium spp

The microbiome analysis of the Fusobacterium spp. demonstrates the abundance of Fuso-
bacterium spp. found in each group of biopsies. The bar diagram illustrates the significant diffe-
rences in species found in the control group versus the cancer patients respectively, adjacent
tissue and cancer tissue. The control group displays an increased abundance of F. mortiferum
and low levels of F. nucleatum. Compared to the cancer tissue biopsies, which demonstrated
greater abundance of F. nucleatum and F. necrophorium.

Abundance of Helicobacter spp.

The microbiome analysis of the Helicobacter spp. found one out of sixty samples with helico-
bacters. The biopsy is from cancer tissue and found H. pullorum and H. pylori as illustrated in
Figure 5.

18s rDNA Procaryote Microbiome

In contrast to what Hansen et al %2 found in gastric biopsies, no difference in the procaryote micro-
biome was found between CRC patients and patients without cancer.

DISCUSSION

Fusobacterium spp.

Fusobacterium spp. were found in each group of biopsies, from the control patients to
the cancer patients. The results presented in Figure 2. display the significant differen-
ce of Fusobacterium spp. found in the various groups: cancer tissue, adjacent tissue,

and control tissue. We identified the highest abundance of F. mortiferum in the control
patients, which was higher than in the adjacent tissue or the cancer tissue. These fin-

8



DISTINCT MICROBIOTA IN PATIENTS DIAGNOSED WITH COLORECTAL CANCER COMPARED TO HEALTHY INDIVIDUALS
—

Average relative abuncance of Helicobacter spp.

e . Pullorum e M. Pylori

30

25

20

15

10

Figure 5. The relative abundance of Helicobacter spp. from the biopsies in cancer and control patients. The dia-
gram illustrates one sample from cancer tissue that found Helicobacter spp.

dings differ from the genomic analysis by Kostic et al®** who found significant phylotypes
similar to F. mortiferum as well as F. nucleatum and F. necrophorum in colorectal tis-
sue. Furthermore, Liang et al®® identified a significant correlation between F. mortiferum
and different metabolites, and highlights 2-Deoxy-D-Ribose, which may induce tumor
angiogenesis. These studies suggest an association between F. mortiferum and tumori-
genesis. However, further details and studies are necessary to quantify the relationship
as current literature consists of a small quantity of studies regarding F. mortiferum with
inconsistent analysis.

In the adjacent tissues we identified a modest amount of F. nucleatum and a small
portion of F. necrophorum, both of which displayed low levels compared to the cancer
tissue biopsies, which again demonstrated greater abundance of F. nucleatum and F. ne-
crophorum. However, it portrays interest as it illustrates the same bacterial representation
identified in the cancer biopsies. The high abundance of F. nucleatum found in the cancer
tissue is unexpected as it is regarded as an oral pathogen®® and an atypical constituent
of the gut microbiota®. However, there is increasing evidence suggesting the involvement
of Fusobacterium spp. and especially F. nucleatum in CRC and tumorigenesis. Kostic et
al®* found an increased amount of Fusobacterium spp. in CRC patients and suggests how
Fusobacterium spp. might elicit a proinflammatory response and contribute to tumorigene-
sis. Kostic et al®® provided supportive findings by introducing F. nucleatum into mice with
mutated tumor suppressor gene Apc, resulting in a significant quantity of developed colon
tumors compared to other mice. Flanagan et al?® further highlights an overrepresentation of
F. nucleatum in CRC tissue compared to normal tissue. These studies support our findings
that Fusobacterium and F. nucleatum is, to a greater extent, present in CRC compared to
normal tissue. Nevertheless, further studies are needed to establish F. nucleatums rela-
tionship in tumorigenesis.

In this study we found greater amounts of F. necrophorum as well as traces of F. eqinum and
F. Periodonticus; also known to be oral pathogens. It raises the question whether these oral pa-
thogens may also be found in the intestinal tract, and whether they are related to tumorigenesis,
as they were solely found in the cancer tissue and adjacent tissue. Strauss et al®*® also found F.
periodonticum in intestinal biopsies and also question whether these Fusobacterium spp. are found
elsewhere. Our results indicate a connection between these oral pathogens in intestinal flora and
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the presence of cancer. This is in accordance with the experience that when F. necrophorum is
found in blood cultures, CRC should be suspected. However, with the small amounts found in our
biopsies, additional studies are needed to confirm these findings as well as any relation to tumori-
genesis.

Campylobacter spp.

Our data show a clear overrepresentation of Campylobacter spp. in the cancer biopsies
compared to the adjacent and control biopsies. Figure 3 illustrates a clear composition of
C. rectus, C. ureolyticus, C. showae and traces of C. concisus in the cancer biopsies. The
adjacent and control biopsies show little to no trace of Campylobacter spp. demonstrating a
distinct difference in the bacterial composition. Corresponding findings were found by War-
ren et al®® who highlights overrepresentation of Fusobacterium spp. and Campylobacter spp.
in tumor biopsies compared to healthy controls. Furthermore, Wu et al®' compared fecal sam-
ples from CRC group and healthy controls and found a clear overabundance of Fusobacte-
rium spp. and Campylobacter spp. in the CRC group. Interestingly, our findings show greater
abundance of C. rectus in the cancer biopsies. C. rectus is well known in periodontal disea-
ses®2%3 and not in gastrointestinal diseases or CRC. However, C. rectus harbor inflammatory
properties by enhancing IL-6 and IL-8 production®. Ning and Lenz #¢ argue that IL-8 and its
receptor CXCR2 are upregulated in CRC. Thus, it can be argued that C. rectus possesses
the necessary properties to stimulate chemokine production and thereby promote tumor
progression in CRC. Nonetheless, these are new findings, and further studies are needed to
establish the precise connection. Furthermore, the relative high abundance of C. ureolyticus
found in the cancer biopsies show similar properties as C. rectus. C. ureolyticus is com-
monly found in periodontal disease®® but is also found in gastrointestinal diseases such as
IBD and colitis®®, which differ from C. rectus. Moreover, Burgos-Portugal et al®” found that C.
ureolyticus produces significantly high levels of IL-8 and generate an inflammatory respon-
se, compared to healthy controls, which is identical to C. recuts. However, they found pro
inflammatory response in the epithelial cells of the gastrointestinal tract, which is not known
for C. rectus. Also, C. ureolyticus possesses the ability to translocate through the intestinal
epithelial cells with and without pre-existing inflammation. It is evident that C. ureolyticus
elicit pro carcinogenic properties which supports the possibility of C. ureolyticus involvement
in CRC development.

Finally, we found low abundance of C. showae in the cancer biopsies. C. showae is known
to be found in IBD, Chrons disease, intra orbital abscess and blood*®4362 and it is therefore
interesting to find C. showae in CRC. Consistent with this, Warren et al®® found Campylobacter
species, predominantly C. showae in co-aggregation with Fusobacterium spp. in CRC tissues.
Furthermore, Wang et al®® found Fusobacterium and Campylobacter species as well as strepto-
coccus in the tumor biopsies compared to off tumor site. Interestingly, these findings correspond
to our results with the co-occurrence of Fusobacterium spp. and Campylobacter spp. in the can-
cer biopsies. This presents the possibility that Campylobacter spp. and Fusobacterium spp. may
either grow together or work in co-aggregation to initiate or development CRC.

Helicobacter spp.

Our analysis of the Helicobacter spp. found one cancer tissue biopsy with the presence of H.
pullorum and H. pylori, as illustrated in Figure 5. We expected to find a higher prevalence of
Helicobacter spp. in the biopsies. We hypothesized that the carcinogenic genes found in H.
pylori also could be present in other intestinal Helicobacter spp. and therefore show a greater
abundance in our cancer biopsies. The genus Helicobacter has a variety of mechanisms, and
thus might possess the components for carcinogenesis. H. pylori has a well-known carcinoge-
nic profile, and an increasing number of studies conclude that NHPH could influence intestinal
cancer development®®. Nevertheless, our data were unable to demonstrate sufficient evidence
of such association. Further studies are needed to understand NHPH involvement in intestinal
cancers and carcinogenesis.
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CONCLUSIONS

This study illustrates a significant difference in the bacterial composition in cancer tissue com-
pared to control tissue. It is becoming increasingly clear that there is a connection between the
microbiota and colorectal carcinogenesis. Our data showed that there is statistical significan-
ce between the bacterial microbiota found in cancer tissue, adjacent tissue, and control tissue
p=.001. The cancer tissue showed great abundance of C. rectus, C. showae, C. ureolyticus as
well as F. nucleatum and F. necrophorum. This composition was solely found in the cancer tissue
and to some extent in the adjacent tissue. Therefore, it can be argued that these Campylobacter
spp- and Fusobacterium spp. either solely or in co-aggregation may cause or promote CRC.
However, the potential pathogenic interaction between these species is not currently understood
and we are therefore unable to conclude whether these species acted solely or simultaneously.
Nevertheless, this study has presented evidence of a distinct microbiome in cancer tissue, which
advocates for further research to characterize the composition of this microbiota and its role in
carcinogenesis.
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