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Abstract: Inflammatory bowel diseases, familial adenomatous polyposis (FAP) and colorectal
cancer (CRC) are associated with alterations of the intestinal microbiota. However, few data are
available on the perpetuation of FAP and ulcerative colitis (UC) in relation to microbial dysbiosis.
This study evaluated the UC and genetically confirmed FAP patients’ gut microbial balance in
concordance to clinical outcome. Fecal materials (average mass of 0.54 g) were collected from three
FAP and five UC patients to compare with healthy individuals as control group. Genomic materials
of microbiota were isolated for next generation sequencing of 165 rRNA that was performed by
using QIAseq 165/ITS panel in Illumina Miseq Platform. Data processing and bioinformatics anal-
ysis were performed via CLC Genomic Workbench bioinformatics tool. The comparison between
FAP, UC and control group revealed an alteration in the intestinal microbial composition. More in
details, relative abundance of class levels showed statistical significance differences among FAP,
UC and control groups. Our preliminary data focused on the explanation of how dysbiosis can lead
to inflammation and drive processes together with host genetic profile that leads to colorectal
carcinogenesis.

Keywords: Dysbiosis, Familial adenomatous polyposis, Ulcerative Colitis, 16S rRNA, Gut Micro-
biota, Geographic Populations

1. Introduction

Evolution is the core explanation of life that enables us to examine the changes that or-
ganisms pass through their generations and the properties they transmit, from a sin-
gle-celled to multi-celled perspective. In this way, especially the studies of the relation-
ships between microorganisms with each other and with different species has led to the
health sciences involve and interact with microbial evolution in a state of necessity. This
necessity paves the road to new research fields on human microbiota which are located in
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several different sites of human body such as nasal passages, oral cavity, skin, gastroin- 39
testinal tract, and urogenital tract. 40
The human microbiome is composed of bacteria, archaea, viruses, and eukaryotic mi- 41

crobes which are dispersed in and on body. These microbes have various impacts on 42
hu-man physiology both in health and in diseases. The expanding studies on microbiome 43
favor gut microbiota as a ‘real organ’ that inhabits on gut mucosa and characterized by = 44
fluctuating changes in microbial diversity during the first years of life until an eventual = 45

convergence towards an adult microbiotal[1,2]. 46
The digestive system contributes to energy, maintenance, development, and reproduc- 47
tion of organism by processing nutrients. Nutrients are broken down into small piecesby 48
digestive enzymes beginning from the mouth, while the necessary digestion and ab- 49
sorption is made with motor and muscle movements in the digestive tract. This process 50
happens in a mutualistic way with the microorganisms in the microbiota hosted in hu- 51
man mucosa by providing additional nutrients that are not subject to endogenous diges- 52

tive enzymes and by synthesizing amino acids and vitamins to host organism. On the 53
other hand, there are microorganisms that are harmful to the digestive system as wellas 54
beneficial organisms. Gut microbiota studies conducted so far have shown that emerging 55

harmful microorganisms and/or imbalance of gut microbiota which referred as “dysbio- 56
sis” cause various physiological, metabolic, nutrition, immunological, cardiovascular 57
even psychiatric diseases[3-10]. 58

Most recent developments in molecular genetic techniques reveal that the individuals 59
with colorectal cancer (CRC) also harbour abnormalities in gut microbiome. However, 60

the gut microbiome patients with precancerous lesions including the familial adenoma- 61
tous polyposis (FAP) and ulcerative colitis (UC) remains largely unknown. The interac- 62
tion between the colon itself and its environment is complex with population and dis- 63
ease-based variation. Nevertheless, many studies examined the microbiota in cancer ae- 64
tiology without the important drivers of risk such as FAP and UC with microbiota and 65
population association. 66

The primary aim of this study, therefore, was to study the microbiome via 16S rRNA/ITS 67
sequencing of the patients who have CRC predisposition syndromes of FAP and UC 68
from the Mediterranean Region of Turkey who have CRC predisposition syndromes of 69
FAP with mutations detected in APC and MUTYH genes and UC, excluding the hetero- 70
geneity of diet and other environmental factors in comparison with healthy individuals 71

having similar habits. Further, we also aimed to describe the local ecology of gut micro- 72
biome in the Mediterranean coast of Turkey. 73
2. Materials and Methods 74
Patients 75

76

Fecal samples were collected from a total of 12 people, three of whom were considered 77
healthy controls, three of whom were both clinically and genetically diagnosed with FAP, 78
and five were patients diagnosed with UC. Additional peripheral blood samples were 79
collected from all individuals in order to identify the disease related mutations. All the 80
subjects included in the gut microbiome study were living in the Mediterranean region = 81
and they are distributed as follows: Healthy controls are from 2 female and 1 male indi- 82
vidual with a mean age of 34 years, FAP patients are also from two female and one male 83
patients with a mean age of 39.3 years, and UC patients consist of 3 female and 2 male 84
patients with a mean age of 49.6 years. 85
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86
DNA isolation 87
88

According to the manufacturer’s user manual, the required minimum 0.25 g of stool 89
sample was collected by the sterile fecal container and weighed, and the excess material =~ 90
was discarded. Average mass of fecal materials w 91

re 0.54 gr for all samples. Extraction protocol was applied within 1 hour after the samples =~ 92
were taken. Genomic materials of microbiota were isolated via QIlAamp PowerFecal = 93
DNA kit (QIAGEN, Hilden, Germany, Catalog no. 12830-50) according to manufacturer 94
instructions. DNAs were quantified using the Qubit dsDNA HS (High Sensitivity) Assay 95
Kit (Invitrogen by Thermo Fisher Scientific, Waltham, MA, USA) on a Qubit 3 Fluorom- 96
eter (Invitrogen). 97

98

Additionally, peripheral blood samples of FAP and UC patients who referred to Cuku- 99

rova University AGENTEM (Adana Genetic Disease, Diagnosis and Treatment Center) 100
were sequenced via MiSeq NGS System (Illumina) through a custom design multigene 101
panel including FAP related genes (APC and MUTYH). The 12 blood samples were iso- 102
lated from leukocytes using QIAsymphony DSP DNA Midi Kit (Qiagen, Hilden, Ger- 103
many) according to the manufacturer's instructions. The quality and quantity of the DNA 104

samples was determined by Qubit™ Fluorometric Quantitation (Thermo Fisher Scien- 105
tific, Waltham, MA, USA). 106
107
Gut Microbiome analysis 108
109

Next generation sequencing of 165 rRNA was performed by using QIAseq 165/ITS panel 110
in [llumina Miseq Platform. Data processing and bioinformatics analysis were performed = 111
via CLC Genomic Workbench bioinformatics tool. Read pairs were assembled using 112
clc_assembler from the CLC Genomics Workbench 20.0 analysis package 113
(www.clcbio.com/products/clc-genomics-workbench). 114

115

Operational Taxonomic Unit (OTU) clustering and taxonomic analyses were performed 116
using CLC Genomics Workbench v. 20.0 and CLC Microbial Genomics Module (Qiagen). 117
Sequences were first trimmed and merged and then were clustered into OTUs at 97% 118
sequence similarity level using the Amplicon-Based OTU clustering tool. The most 119
abundant sequences were selected as representative of each cluster and then assigned to 120
a taxonomy level using CLC Microbial Genomics default values and the Greengenes and 121
Silva Databases. 122

123
124

125
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Mutational analysis 126
127

All samples were targeted enriched for APC and MUTYH gene (all exons and ex- 128
on-intron junctions) with a custom designed multigene panel. Amplicons were labeled 129
with sample specific molecular barcodes for library generation. Finally, next generation 130
sequencing was performed via [llumina MiSeq (Illumina, California, USA) platform with ~ 131
the minimum coverage of 100x. The data sizes of FASTQ files and variant qualities were =~ 132
checked for quality assessments. Bioinformatics analyses were carried out using QCI-A 133
and QCI-I (Qiagen, Hildenberg, Germany). Detected variants were interpreted compara- 134
tively with 18 databases. All identified genetic alterations were categorized based on 135
their pathogenicity according to the American College of Medical Genetics (ACMG) cri- 136

teria. 137
138
3. Results 139

The results were examined in two main sections: Genomic results of the host organism 140

and abundance of microbial species located on the gut microbiota of the hosts. The dis- 141
tribution of age, gender, fecal sample weight and fecal DNA concentrations of the sam- 142
ples are shown in Table 1. 143
Table 1. The distribution of age, gender, fecal sample weight and fecal DNA concentrations. 144
Sample DNA
Sample Diagnosis Sex Age weight Concentration
(gr) (ng/uL)
S1 Control Female 32 0.2006 19.4
52 Control Female 33 0.4656 61
S3 Control Male 37 0.3857 63.6
54 ucC Female 37 0.6594 43.4
S5 ucC Male 67 0.5981 57.6
S6 FAP Male 29 0.4871 16.2
S7 FAP Female 33 0.7239 11.3
S8 FAP Female 56 0.7724 1.41
59 ucC Male 64 0.7201 12.1
510 ucC Female 38 0.2161 2.62
S11 UC Female 42 0.6827 36.4

When the means of patients’ age, fecal sample weights and fecal DNA concentrations 145
were calculated for the control, FAP and UC groups, respectively, the mean age was 34, 146
39.3 and 49.6, the mean fecal sample weights were 0.3506, 0.6611 and 0.5753 gr, and the = 147
mean of fecal DNA concentrations is 48.0, 9.6 and 30.4 ng/uL. 148

149

One of the APC gene and gut microbiome results from a total of 12 subjects was excluded 150

from the results due to insufficient data available. In two of the remaining eleven sam- 151
ples, the pathogenic variant NM_000038 (APC): ¢.3921_3925del (p. E13091fs*4) was ob- 152
served as heterozygous at two FAP patients (56 and S7) while no mutations were de- 153

tected on others. 154
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Table 2. Microbial abundance table of class levels compared between FAP, UC, and control group 155

Control ucC FAP
16ass (Aggregated) Abundance Abundance Abundance
1 57Actinobac’ceria 6584 76880 13162
Alpha proteobacteria 8999 2356 0
158  Bacilli 4806 197740 237684

Bacteroidia 1324736 1374676 321973
159ampylobacteria 0 73 0
Clostridia 748894 613039 897452
160Coriobacteriia 5684 5865 13543
Deltaproteobacteria 4937 8 0
16%rysipelotrichia 67878 333462 28289
Fusobacteriia 18 3745 10
Clig%nmaproteobacteria 32850 1859739 269883
1 63Halanaerobiia 270 0 0
Kiritimatiellae 7 0 0
164 Lentisphaeria 754 0 0
Melainabacteria 2011 0 0
168ethanobacteria 656 0 0
Mollicutes 29069 9 49
166Negativicutes 57863 223068 3666
Oligosphaeria 17 0 0
l@xyphotobacteria 2 115 0
Saccharimonadia 0 4836 0
685tramenopiles 22 0 0
, Merrucomicrobiae 3206 5733 252

Disease perpetuation was correlated with changes in relative abundance at different 170
levels within both FAP and UC. Based on our observation that the FAP has an overall 171
larger effect on gut microbiome than UC compared to healthy individuals. Figure laasa 172
relative abundances bar graphs for the top abundant classes including the top 173
proteobacteria,  euryarchaeota  methanobacteria, lentisphaerae  lentisphaeria, 174
cyanobacteria melainbacteria, fusobacteria fusobacteriia, patesci bacteria, proteobacteria 175
deltaproteobac-teria, verrucomicrobia verrucomicrobiae, proteobacteria 176
alphaproteobacterial, actinobacte-ria coriobacteria and firmucutes, indicates the 177
disturbance and changes in details according to the clinical status. Figure 1b also showing 178

the heatmap of relative abundance and distribution of class-based taxonomic units’ 179
reads. The color code indicates the relative abundance, ranging from red to black thru 180
low and high abundance. 181
Thus, microbiota composition and relative abundance were significantly altered with 182
precancerous lesions compared to the healthy individuals with the same diet and habits. 183
184
185
186
187

188
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Figure 1. Relative Abundance of microbial classes (based on total 165 rRNA/ITS sequences) and Heat map graphs based
on disease indication and gender metadata of in accordance to Control, UC and FAP groups listed as: (a) Relative
Abundance of microbial classes which are proteobacteria, euryarchaeota methanobacteria, lentisphaerae lentisphaeria,
cyanobacteria melainbacteria, fusobacteria fusobacteriia, patesci bacteria, proteobacteria deltaproteobacteria, verru-
comicrobia verrucomicrobiae, proteobacteria alphaproteobacterial, actinobacteria coriobacteria, firmucutes ; (b) Heat
map graphs based on disease indication and gender metadata.

4. Discussion

We surveyed the bacterial composition of fecal samples from Mediterranean region of
Turkey related to patients with FAP and UC by minimizing the environmental variables
including the diet and its relationship with the common genetic mutation related disease
status. Our aim was to show the differences between the healthy control group and pa-
tients with CRC predisposition syndromes of FAP and UC seems to have achieved its
purpose in the light of the results we mentioned above. In addition to the difficulty of
directly comparing gut microbiome of CRC predisposition syndromes of FAP and UC,
our study also uses APC gene variants to empower our CRC predisposition diagnosis.

The NM_000038(APC): ¢.3927_3931del (p. E13091fs*4) pathogenic variant in the APC
gene was detected as heterozygous in two of eight patients as a result of the next gener-
ation sequencing. These variants found are important in terms of their contribution to the
specificity of our study in the Mediterranean region, since they are also seen in another
FAP study belonging to the Mediterranean region[11].
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We contextualize our results with taxa-level meta-analysis of from previous studies,
which identified bacterial phylum that primarily associate with CRC (fusobacteria, ac-
tinobacteria Cori bacteria, deltaproteobacteria)[12-14]. It is likely that not all associations
in this study are related to specific disease related conditions, but our approach is sup-
ported by the results of dysbiosis. Only few studies have shown difference in the com-
position of gut microbiome between the local populations such as North American and
Scandinavian countries. However, all the Mediterranean countries especially the regions
in the Mediterranean coast are composed of historically and genetically related popula-
tions with similar lifestyles and traditions, which may determine the difference of indi-
viduals from other countries.

In order to further investigate relationships between taxonomic groups and other envi-
ronmental such as diet or disease related gene variants, the correlation coefficiency must
be calculated between taxonomic groups and other parameters in larger study groups.
However, there is still lack of knowledge about the regional based microbiome data as
well as the national genomic studies. After all larger studies in relation to popula-
tion-based genomics data will help us to model a risk index for CRC perpetuation ena-
bling the detection of associations, even to the level of individual taxa.
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