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biotecnológicas, terapias complementares  

resumo 
 
 

O cancro colorectal (CCR) é o terceiro tipo de cancro fatal no mundo e, 

nos últimos anos, Portugal tem vindo a assistir a um aumento da sua 

incidência. Dada a relevância da simbiose entre a microflora intestinal e 

o hospedeiro para a manutenção da homeostase do organismo, vários 

estudos têm-se focado na análise do microbiota associado a situações 

de saúde e doença, nomeadamente ao CCR. Cada vez mais é relevante 

conhecer a comunidade microbiana intestinal associada a CCR, pois 

pode constituir uma ferramenta para diferentes aplicações clínicas no 

âmbito desta patologia. Portanto, o presente estudo pretendeu realizar 

uma caracterização preliminar da comunidade bacteriana não cultivável 

e cultivável, extraída a partir de tecidos tumorais (TT) e tecidos 

adjacentes saudáveis (TN) da mucosa intestinal de pacientes 

portugueses que apresentem CCR. Adicionalmente testou-se o 

potencial antimicrobiano e a resistência a antibióticos das estirpes 

bacterianas isoladas no sentido de verificar como se comportam em 

situações de stresse (presença de bactérias patogênicas e antibióticos). 

Por fim, é apresentada uma revisão sumária acerca das aplicações de 

microrganismos como estratégias terapêuticas complementares para o 

combate do CCR. De um modo geral, observou-se alguma diferença na 

diversidade da comunidade bacteriana entre TN e TT de cada paciente, 

conforme os perfis genéticos obtidos por DGGE. No que concerne as 

bactérias isoladas foram identificados alguns géneros semelhantes em 

TN e TT (e.g., Escherichia, Klebsiella, Pseudomonas), muito embora, 

outros tivessem sido registados apenas em TN (e.g., Citrobacter) ou TT 

(e.g., Enterococcus). Alguns dos isolados bacterianos revelaram 

resistência a bactérias Gram-positivas e Gram-negativas, apresentando 

todos eles resistência a, pelo menos, três antibióticos diferentes. Estas 

respostas auxiliam na compreensão da resposta do microbiota a 

agressões infeciosas em situações de CCR. Por outro lado, e tendo em 

conta a relevância do microbiota na evolução da doença, as 

potencialidades biotecnológicas das bactérias têm vindo a ser 

exploradas para terapias complementares ou adjuvantes no combate ao 

CCR. Estas envolvem a modelação do microbiota através de pro- e 

prebióticos, transplante de microbioma fecal e terapia bacteriofágica, 

para além de outras estratégias inovadoras basedas em sistemas 

CRISPR, genes bacterianos essenciais e de resistência, e sistemas de 

comunicação entre bactérias.  
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abstract 
 

The colorectal cancer (CRC) is the third deadly cancer in the world, and 

in the last years its incidence rate has been increasing in Portugal. 

Given the relevance of the symbiosis between the intestinal microbiota 

and the host for body homeostasis, many studies have been focusing on 

the analysis of the microbiota associated with health and disease 

scenarios, namely with CRC. It is increasingly more important to know 

the microbial community associated with CRC, once it can be exploited 

as a tool for different clinical applications against CRC. As such, the 

present study intended to perform a preliminary characterization of the 

non-cultivable and cultivable bacterial community isolated from tumoral 

(TT) and adjacent healthy (TN) mucosa tissues of patients with CRC. 

Additionally, it was tested the antimicrobial potential and antibiotic 

resistance of cultivable bacterial isolates in order to verify how they 

behave under stressful conditions (i.e., presence of pathogens and 

antibiotics). It is also presented a short review on the applications of 

microorganisms or their abilities to fight CRC. In a general view it was 

observed some difference between the diversity of bacterial community 

from TN and TT samples, according to the DGGE profiles. Identical 

genera of bacteria were identified in TN and TT samples (e.g., 

Escherichia, Klebsiella, Pseudomonas), although some were only found 

in TN (e.g., Citrobacter) or TT (e.g., Enterococcus). Some bacterial 

isolates showed antimicrobial activity against Gram-positive and Gram-

negative pathogens, and all of them were resistant to at least three 

different antibiotics. These responses help to understand the behavior of 

gut bacteria under infectious aggressions, which often occur in CRC-

affected patients. On the other hand, given the relevance of gut 

microbiota on CRC development, the biotechnological abilities of 

bacteria have been explored as complementary or adjuvant therapeutics 

for controlling CRC. They mainly involve microbiota modulation through 

the consumption of pro- and prebiotics, and fecal microbiome 

transplantation, bacteriophage therapy, but also other groundbreaking 

strategies targeting  CRISPR, essential and resistant bacterial genes, 

and quorum sensing systems. 
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Chapter I. General Introduction 

1.1 Colorectal Cancer 

1.1.1 Incidence, Mortality and Survival Rates 

Colorectal cancer (CRC) is the third cancer with higher incidence worldwide for 

men (746 thousand cases) and the second for women (614 thousand cases) (Globocan, 

2012), being this ranking similar for the Portuguese context in 2010 (Miranda et al., 2015). 

In 2016, the United States estimated 70,820 and 63,670 new CRC cases in men and 

women, respectively (Marley and Nan, 2016).  

During the past few years the CRC incidence rates have decreased more than 4% 

per year. This decline has been attributed to its earlier detection and removal of pre-

cancerous polyps as a result of increased CRC screening. However, this trend is not in 

accordance for all geographic regions. For instance, CRC is still highly incident in North 

America and Europe, but other countries usually evidencing low incidence rates, like 

Japan and Thailand, are starting to present an increased risk level (Siegel and Jemal, 

2016; Marley and Nan, 2016). Notwithstanding, CRC is the third deadliest cancer in the 

world, with 694 thousand deaths (Globocan, 2012). In the United States were reported 

26,020 and 23,170 deaths respectively for males and females, in 2016 (Marley and Nan, 

2016). In Portugal, though, this cancer provoked 3549 deaths in 2011 and in 2014 the 

numbers raised to 3760 deaths (Miranda et al., 2013; Miranda et al., 2015). As such, CRC 

still claims for a considerable research effort towards its early detection and efficient 

treatment. This is particularly relevant to enhance the survival rates, which are between 

65% and 58% after 5 and 10 years of diagnosis, respectively (Siegel and Jemal, 2016). 

 

 

1.1.2 Risk Factors 

The CRC usually develops slowly, over a period of 10 to 20 years, through a 

series of progressive changes in the histological integrity of the mucosal epithelium in the 

colon, characterized as in other oncologic cases by the abnormal and uncontrollable 

development of cancer cells derived from abnormal changes in the cell and in genetic 

traits (Sears and Garrett, 2014; Siegel and Jemal, 2016). These changes can be 

associated with the coaction of internal and external factors (Figure 1) to which the host 

may be continuously exposed during his/her life, leading to alterations in the bowel 

microenvironment, genetic integrity and stability of microbiota (Candela et al., 2014; Dulai 

and Keku, 2015; Keku et al., 2015; Nistal et al., 2015). 
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Figure 1. Scheme representing the factors associated with the development of colorectal cancer 

 

Age and sex can have a relevant impact on the development of CRC. There is a 

CRC incidence in world of 10.1% for men and 9.2% for women. In American citizens it is 

estimated that 90% of new cases of CRC occur in people with 50 years old, being the 

median age of cancer diagnosis is 69 and 73 years for men and women, respectively 

(Globocan, 2012; Siegel and Jemal, 2016). As such, age and sex factors influence CRC 

occurrence. 

Genetic mutations such as in oncogene KRAS and cellular tumor antigen p53 or 

epigenetic alterations, like DNA methylation or modification of antisense RNA were 

described as factors that trigger tumor initiation and progression (Markle et al., 2010; Dulai 

and Keku, 2015; Nistal et al., 2015).  

The hereditary burden contributes as well for disease pathogenesis. The most 

common and well-known genetic syndrome that affects 1 in 35 CRC patients is the Lynch 

syndrome, also known as the hereditary nonpolyposis CRC. However, individuals with this 

syndrome are predisposed to many other types of cancer, though the risk for CRC is far 

more enhanced. Other example of predisposing genetic syndrome, is familial 

adenomatous polyposis. It is characterized by the development of hundreds to thousands 

of colorectal polyps in affected individuals that, without immediate intervention, 

approaches 100% of risk to develop cancer until the 40 years old age (Siegel and Jemal, 

2016).  

Among behavioral factors, a toxic lifestyle namely related with tobacco and alcohol 

consumption may induce great modifications in the normal immune function, bowel 

inflammation (Bilinski et al., 2012), enhanced oxidative stress, genetic mutations (Kim et 

al., 2012) and, ultimately, to CRC development (Øyri et al., 2015; Wong et al., 2016; 

Siegel and Jemal 2016). On the other hand, the geographical localization may also 
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interfere with the gut microenvironment and microbiota, leading to a varied incidence of 

bowel diseases and CRC. Previous studies demonstrated that people from regions with 

low CRC incidence like Africa, were more affected when they immigrated to high risk 

countries (e.g., United States) (O’Keefe et al., 2007; Ou et al., 2013). Such evidence was 

explained by diet habits, mostly related with an increased consumption of fat-, meat-rich 

and processed foods (Ou et al., 2013). Moreover, low fiber ingestion together with a more 

sedentary lifestyle are growing side by side with the number of obesity cases, particularly 

in western countries (Center et al., 2009). These conditions have been mentioned as 

promoters of bowel pathologies and CRC (Kim et al., 2012; Yang et al., 2013). Some 

studies described the relevance of fiber consumption for controlling the evolution of 

inflammatory bowel disease (IBD) into CRC, which jointly with physical exercise and 

generally healthy diet can reduce the risk of cancer (Wong et al., 2016). A concerning 

aspect is the increasing occurrence of CRC in young people presenting a unhealthier 

lifestyle (Bishehsari et al. 2014). Additionally, a high risk of CRC development is also 

associated with some diseases besides obesity, such as diabetes (Dominianni et al., 

2015; Dulai and Keku, 2015; Wong et al., 2016). The use of pharmaceuticals can indeed 

alter, sometimes permanently, the taxonomic, genomic, and functional profiles of the 

human gut microbiota. This is particularly drastic whenever antibiotics are consumed, 

once they contribute to the development of bacterial resistance, by lowering the diversity 

of sensitive bacteria, increasing horizontal transfer of antibiotic-resistance genes and 

enabling the dominance of pathogenic and resistant strains. Therefore, the chronic 

ingestion of antibiotics may change bacterial community composition (Panda et al., 2014; 

Mikkelsen et al., 2016). Besides, the protective action of a balanced microbial community 

is likely to be disrupted, what brings negative consequences for the host (Modi et al., 

2014; Becattini et al., 2016; Mikkelsen et al., 2016).  

The recent awareness of the huge relevance of intestinal microbiota in host 

homeostasis and response to the exposure to different factors, is pushing research 

forward to get a deeper understanding of host-microbiota symbiosis and how can it be 

explored and used in different clinical perspectives.  

 

 

1.2 The Human Intestinal Microbiota 

The human body sustains a vast and complex microbial ecosystem, which is 

usually referred as the human microbiome. The human microbiome concept was initially 

proposed by Joshua Lederberg as the “ecological community of commensal, symbiotic, 
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and pathogenic microorganisms that literally share our body space” (Lederberg and 

McCray, 2001), being associated to different body niches (e.g., buccal cavity, vagina, skin, 

gut, lungs, urinary tract) with specific metabolic and microhabitat features (Vogtmann and 

Goedert, 2016). More specifically, the microbiome concept involves, besides species 

abundance and phylogenetic diversity (i.e., microbiota), the whole genome of the 

microbial community inhabiting a certain body niche. Nevertheless, both microbiota and 

microbiome terms have been largely used synonymously in the literature.  

Due to the role of the microbiota on the host metabolism and immune system 

functioning, different studies have been recently highlighting its relevance on the health 

and disease status of human individuals (Wang & Jia 2016).  

The gut microbiome is complex, abundant and diverse, either taxonomically and 

functionally, and its genome greatly overlaps that of the host (Wu and Sherman, 2015; 

Vogtmann and Goedert, 2016). Along the gastrointestinal tract, the microbiota increases 

in abundance and diversity in order to ensure a structured microbial composition, 

representing more than 10 fold the number of human cells (Dominianni et al., 2015; Nistal 

et al., 2015) (Figure 2). The large bowel is the most microbially-populated human body 

niche, especially by bacteria. In a general way, the bacteria are present in two parts of the 

large intestine: the lumen (which may not comprise the same communities as in the crypts 

and epithelium) and/or mucosa. The mucosa-adherent bacteria are normally associated to 

polysaccharides surface and affect the host immune system at the mucosa level. Despite 

the changing environment in large bowel due to the excretion of debris and water 

circulation, some of these bacteria are mucosa-resident, being thereby more significant in 

colon diseases pathogenesis [e.g., inflammatory bowel disease, irritable bowel syndrome 

(IBS), Crohn’s disease and, at a malignant stage, colorectal cancer (CRC)] (Sun and 

Chang, 2014; Keku et al., 2015; Wu and Sherman, 2015).  

Among the bacterial groups found in the large bowel, Bacteroidetes and Firmicutes 

are the most represented phyla, followed by Actinobacteria,  and Proteobacteria (Sun and 

Chang, 2014; Nistal et al., 2015). Once the colon environment is characterized by low 

oxygen, the bacterial communities are essentially composed by strict anaerobes (e.g., 

Gram-positive non-spore forming: Bacteroides, Bifidobacterium, Eubacterium, 

Ruminococcus; and spore-forming: Clostridium) (Figure 2). Notwithstanding, there is also 

facultative anaerobes and aerotolerant to aerobic bacteria, such as enterobacteria, 

lactobacilli, streptococci and enterococci (O’Hara and Shanahan β006; Nistal et al. 2015). 

These bacteria present high proliferation in the colon, not only because of their adaptation 

to oxygen-depleted environments, but also because of the slow transit time that favors 
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microbial fermentation of diet elements and secretions, the low bile salt content, the 

release of pancreatic secretions into the colon and the increased pH (Nistal et al., 2015).  

 

 

 

 

 

 

 

Figure 2. Representation of the most common anaerobic and aerobic genera of colon-colonizing 

commensal bacteria and supported functions on the intestinal mucosa (Adapted from O’Hara and 

Shanahan, 2006) 

 

1.2.1 Intestinal Microbiota-Host Interactions 

The intestinal microbiome plays a major role in the host physiology, metabolic 

regulation, detoxification, hormonal homeostasis and immune system response (Dulai and 

Keku, 2014; Burns et al., 2015; Keku et al., 2015; Vogtman and Goedert, 2016). More 

specifically, it influences the host: 

● energy balance and nutrition through the absorption of ions, fermentation of non-

digestible dietary components (e.g., non-digestible carbohydrates) into more easily 

absorbed metabolites such as short-chain fatty acids (SCFAs), production of vitamins 

(e.g., vitamin K and components of vitamin B), aminoacids, and transformation of bile 

acids (Macfarlene and Macfarlene 2003; Lefebvre et al., 2009; Candela et al., 2014; Tojo 

et al., 2014; Keku et al., 2015; Øyri et al., 2015); 

● postnatal immune system by leading its maturation from infancy up to the adult stages, 

guaranteeing its homeostasis and contributing to the formation of immunoglobulin A (IgA) 

and segregation of B cells, which are involved in innate and cell-mediated immunity (Tojo 

et al., 2014; Nistal et al., 2015; Øyri et al., 2015);  
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● by acting as an antimicrobial barrier against pathogens through the production of 

harmful compounds, such as acetate and bacteriocins, and by competing for energy 

resources and colonization of pathogens (Candela et al., 2014; Øyri et al., 2015); 

● nervous system, general behavior and cognitive function, being even possibly 

associated with nervous system disorders, because the microbiome is in contact with the 

second largest neuronal pool of cells in the human body that constitutes the enteric 

nervous system1 (Candela et al., 2014; Tojo et al., 2014).  

Therefore, the vital role of gut microbiota activity on the host metabolic 

homeostasis, uplifts the relevance of studying host-microbiota ecological relationships, 

both in health and unbalanced states.  

 

 

1.3. Gut Microbiota Dysbiosis versus CRC  

Since there is a host-microbiota bidirectional relationship, if the host is subjected 

and affected by certain risk factors, then in turn, the structure and function of the 

microbiota may be gradually modulated and transformed up to a dysbiotic situation. 

Considering that mucosa commensal bacteria contribute for the development of intestinal 

immune system, they help to control bowel inflammation through the stimulation of innate 

(e.g., monocytes, macrophages) and adaptative (e.g., lymphocites, regulatory cells) 

systems that mediate the homeostasis between pro-inflammatory (e.g., IL-1B, interferon-

Ȗ, IL-8, TNF-, IL-23, IL-12, IL-17, IL-6) and anti-inflammatory (e.g., IL-10, TGF-ȕ) 

molecules (Chow and Mazmanian, 2010). Thus, the disruption of such homeostasis 

degrades the host immune defenses, hence contributing to chronic inflammation and an 

increased risk of developing bowel diseases, which may end up in CRC.  

Many studies have been lately devoted to unraveling the possible relation between 

these diseases and changes in the intestinal microbiome, and vice-versa (e.g., Arthur et 

al., 2011; Tojo et al., 2014). Despite the existence of evidences of host-microbiome 

interrelation as a potential contributor for CRC carcinogenesis, a clear cause-effect is yet 

to be fully characterized (Cario, 2013; Soares, 2014). However, Sears and Garrett (2014) 

presented two major perspectives from the actual literature. In the ‘microbiota perspective’ 

the CRC pathogenesis is promoted either by individual microbes, a collective microbiota 

                                                           
1
 Enteric nervous system (ENS) is a part of the peripheral nervous system and a division of the autonomous nervous 

system which controls the gastrointestinal tract. This system is capable of autonomous function, controls the digestive 
system in the context of the physiological state locally and the body as a whole. 
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or an interaction of both (i.e., individual microbes that trigger the appearance of a disease-

generating microbiota), which possess virulence mechanisms that create pathologies. In 

the ‘host perspective’, the microbiota may alter tumor biology or, conversely, the tumor 

microenvironment may induce changes in the microbiota with ability to inhibit or promote 

tumor pathogenesis. Under a ‘microbiota perspective’, a dysbiosis scenario favors the 

proliferation of bacteria with pro-carcinogenic abilities (i.e., can cause inflammation or 

produce DNA-damaging compounds) that initiate inflammation, which progression may 

turn into CRC. As such, understanding if and how the structure and functions of the 

microbiota affect or are affected by colon carcinogenesis has been the core of different 

research works.  

Oke and Martin (2017) determined higher proportions of Shigella, Citrobacter and 

Salmonella at early stages of CRC, comparatively to the microbiota identified in healthy 

individuals. The dominance of Fusobacterium nucleatum in CRC-affected tissue 

comparatively to healthy mucosa has already been reported by several authors (e.g., 

Keku et al., 2015, Canha et al., 2015). However, some authors found that F. nucleatum 

does not induce colitis nor it enhances colitis-associated CRC. Instead, it stimulates the 

immune system in order to promote the synthesis of pro-inflammatory mediators 

responsible for CRC pathogenesis. This way, it is possible to explain why patients with 

disease and a lower abundance of this bacterium can survive for longer periods than 

patients with higher F. nucleatum abundance (Gao et al., 2017). Also it should be noted 

that studies with IBD patients, have proven that some isolates of F. nucleatum can be 

more invasive in inflamed parts of colon than the normal tissue. And this may be related to 

the variation of the number of copies of F. nucleatum pathogenic strains (Ohtani, 2014; 

Gao et al., 2017).  

The presence of Escherichia coli in the gut is quite common. However, some 

strains have been identified as a risk for CRC pathogenesis. Genotoxic E. coli strains 

harbor a polyketide synthase (pks; ≈54 kb) pathogenic island, which encoded enzymes 

are responsible for the synthesis of the genotoxin colibactin. When this pks gene is 

positive in CRC patients, higher levels of E. coli is present. The enterotoxigenic 

Bacteroides fragilis (ETBF) acts by the production of toxin BFT (i.e., B. fragilis toxin), 

which binds to a specific colonic epithelial receptor and activates Wnt and NF-țB signaling 

pathways for increased cell proliferation, production of pro-inflammatory mediators and 

DNA damage. Although this toxin is not recurrently identified in CRC patients, recent 

genetic studies revealed an increased detection of its biosynthetic genes in colorectal 

biopsies. This outcome was often obtained in patients not subjected to antibiotic 
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pretreatment, presenting significantly higher occurrence of genetic damages in CRC 

cases (e.g., double-strand breaks, gene mutations, chromosomal instability), highlighting 

its potential role in carcinogenesis (Keku et al., 2015; Sun and Kato, 2016; Gao et al., 

2017). Although Helicobacter pylori causes non-cardia gastric adenocarcinoma and low-

grade B-cell mucosa-associated lymphoid tissue lymphoma, some studies tried to figure 

out if H. pylori infections could increase CRC risk. The results did not support a positive 

and clear causality between both pathological scenarios. However, there may be indirect 

consequences deriving from gastric pathology with Helicobacter and the stimulation of 

colorectal tumor growth (Sun and Kato, 2016). Other relevant pro-carcinogenic bacterial 

species have been also considered potentially relevant for CRC development. 

Streptococcus gallolyticus has been indicated as an invader or contributor to CRC 

pathogenesis, by inducing abnormal crypt development (Keku et al., 2015; Sun and Kato, 

2016). Clostridium leptum and C. coccoides are frequently detected in CRC tissue 

samples (Tojo et al., 2014; Gao et al., 2017). Enterococcus faecalis strains produce 

reactive oxygen species capable of inducing DNA damage and genomic instability, which 

can both promote CRC initiation (Sears and Garrett, 2014; Lennard et al., 2016; Zhou et 

al., 2016). 

 

1.4 Objectives 

Despite the increased wealth of literature on human gut microbiome, either related 

with healthy or disease scenarios, some questions are yet to be fulfilled. A major gap 

concerns the coverage of different geographic areas as to understand if host-microbiota 

relationships assume similar profiles between countries. In the future, such knowledge will 

be quite valuable to develop efficient and improved tools for clinical diagnosis and 

therapeutics of CRC.  

In this context, the present study is the first one ever conducted in Portugal, as far 

as I am aware. It intends to provide a preliminary insight on the composition and 

potentialities of gut bacteria associated with affected and non-affected mucosa tissues 

extracted from Portuguese patients diagnosed with CRC. Giving the great limitations for 

performing a representative culturing of the whole bacterial community inhabiting this 

body niche, besides making a qualitative analysis of cultivable aerobic/facultative 

anaerobic bacteria, it was also analyzed the diversity of the bacterial community, based 

on total DNA fingerprinting. Additionally, a short revision on the potential application of 

microbiota for CRC therapeutic purposes was also developed, in order to open new 

perspectives for upcoming research and needs in this topic.  
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In order to comply with the straightforward and clear description of the results 

obtained for the purposed goals, the dissertation was structured in different chapters: 

Chapter I – General Introduction 

Chapter II – Microbiota and colorectal cancer in a Portuguese population: bacterial 

composition and abilities 

Chapter III – The microbiome as a complementary therapeutic tool against 

colorectal cancer 

Chapter IV – Final considerations. 
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Chapter II. Microbiota and colorectal cancer in a Portuguese population: 

bacterial composition and abilities 

2.1. Abstract 

Gut microbiota contributes to the control of important metabolic and physiological 

functions of the human being. Colorectal cancer (CRC) has been having a higher 

incidence at the global level and from year to year. Thus, it is important to understand how 

alterations in the microbial community affect and are affected by CRC. Hence, the total 

community bacterial DNA extracted from normal (TN) and tumor (TT) mucosa tissues of 

sixteen patients was studied by PCR-DGGE to compare the microbial diversity between 

the two tissue types. The DGGE band profile revealed that the greatest part of the 

patients presented some differences between both tissues. Only in 4 samples there was a 

clear similarity between TN and TT (similarity >75%). The other part of the work intended 

to identify and characterize the antimicrobial activity and antibiotic susceptibility of 

cultivable aerobic/facultative anaerobic bacteria isolated from TN and TT mucosa tissues. 

Both tissues presented bacteria belonging to the genera Morganella, Klebsiella, 

Pseudomonas, Streptococcus and Escherichia. Only in TN was identified the genera 

Citrobacter, Proteus, Shewanella, Lactobacillus and Brevibacterium; whilst Enterococcus, 

Weisella and Cedecea were solely detected in TT. In the antimicrobial tests it was 

possible to observe positive results against Staphylococcus aureus, Micrococcus luteus 

and Pseudomonas aeruginosa and negative results for the species Klebsiella pneumoniae 

and Escherichia coli. In the antibiotic susceptibility test, it was possible to emphasize that 

more than 50% of the tested isolates are resistant to at least half of the antibiotics tested.  

 

Keywords: colon mucosa, DNA-based techniques, culture-dependent techniques, 

antimicrobial activity, antibiotic susceptibility 
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2.2. Introduction 

At a global scale, the colorectal cancer (CRC) was the forth deadly cancer in men 

and third in women in 2012 (Ferlay et al., 2015), being however the second deadly cancer 

for both sexes in Portugal (EUCAN, 2012), with 1,526 deaths for men and 1,161 for 

women in 2014 (Miranda et al., 2015).  

In the past decade, valuable studies have been focused on the association 

between the gut microbiota and/or microbiome profiles and CRC (e.g., Sears and Garrett, 

2014; Ohtani, 2014; Peterson et al., 2014; Keku et al., 2015). The clear relevance of a 

balanced host-microbiota symbiosis for the normal metabolism and immune system 

functioning of the host has been forcing scientists to understand the role of the gut 

microbiota on CRC biology (e.g., Cario, 2013), pathogenesis (e.g., Gao et al., 2017), 

diagnosis (e.g., Lennard et al., 2016) and therapeutics (Belizário and Napolitano, 2015). 

The advent of next generation sequencing technologies has opened new opportunities 

and has been providing new insights over those different perspectives (Fontanges et al., 

2016). In particular, some studies have been devoted to the analysis of 16S rRNA gene 

sequencing from total community DNA extracted from different types of host samples 

(e.g., stool, mucosa). One of the main goals has been to find out relevant trends on the 

intestine microbiota community structure associated with CRC, in order to ascertain how 

the microbiota can be affected or affect CRC carcinogenesis and proliferation, through 

host-microbiota relationship (Tojo et al., 2014). Although recent studies have highlighted a 

clearer impact and a potential role-play of certain bacteria on CRC development, such 

linkage is still demanding further studies, given the great heterogeneity of gut microbial 

community profiles over varied factors, such as host age, clinical situation, lifestyle, 

behavior and family history, and geographic area (Candela et al., 2014).  

Many research works under this topic focus on culture-independent techniques 

(i.e., on total community DNA) due to the limitation of culture-dependent methods to 

provide a reliable overview of the bacterial community associated with CRC. 

Notwithstanding, the isolation of representative bacterial strains from specific biological 

niches of CRC-affected hosts may offer a better understanding of their potential role on 

key metabolic pathways, as well as may be explored as biotechnological tools for CRC 

diagnosis and/or therapeutics. Therefore, as deep as the knowledge on the microbial and, 

more specifically, on the bacterial community traits along different geographic populations, 

the best will be this issue covered as to make available efficient and reliable alternatives 

for fulfilling certain clinical needs.   
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Thus, the present work describes a preliminary study conducted on a Portuguese 

population from the centre of Portugal, which has CRC, with the aim of characterizing the 

bacterial community structure (based on PCR-DGGE fingerprinting of total community 

DNA) on tumor-affected versus non-affected mucosa tissues. Additionally, culture-

dependent methods were applied for the genotyping of cultivable aerobic bacteria isolated 

from these tissues towards their characterization in terms of bacterial specific richness, 

antibiotic susceptibility and antimicrobial activity. In summary, it is intended to identify 

potential shifts or changes on the bacterial populations determined in tumor versus normal 

mucosa tissues from Portuguese patients. This is the first approach ever performed in 

Portugal for CRC-associated microbiota, as far as I am aware. Covering populations from 

different geographical areas, especially regarding western countries, which present the 

highest CRC incidence rates, is very welcomed for improving the knowledge on host-

microbiota symbiosis and CRC towards future clinical applications. 

 

 

2.3. Materials and Methods 

2.3.1 Collection and Processing of Samples and Culture of Bacteria 

The study was approved by the Ethics Committee and the Administration of the 

Centro Hospitalar do Baixo Vouga, EPE, Aveiro (CHBV), and all the patients signed an 

informed consent form in which they agreed to participate as volunteers.  

Affected (TT) and healthy (TN) tissue samples from colon mucosa were collected 

from 16 volunteer patients diagnosed with CRC that were subjected to surgery at the 

CHBV. After resection, the samples were immediately transported to the laboratory. The 

TN and TT tissue samples for total-community DNA analysis through PCR-DGGE were 

immediately frozen in liquid nitrogen and kept at -80ºC, until proceeding with DNA 

extraction and purification. Cultivable aerobic/facultative anaerobic bacteria were 

extracted from fresh TN and TT tissue samples through maceration, being the obtained 

extract diluted in a saline buffer before inoculation (100 µL) into plates containing different 

solid media (TSA and McConkey agar). The plates were incubated aerobically at 37ºC up 

to two weeks. After bacterial growth, the microbial colonies with apparently different 

morphology were isolated through several re-inoculation steps in the respective solid 

media. Pure bacterial isolates were stored in 25% glycerol at -80ºC for posterior 

genotyping and characterization studies.  
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2.3.2 Mucosa-Associated Microbial Community analyzed by PCR-DGGE  

Only 10 patients were considered for the study of microbial community diversity in 

tumoral and normal mucosa tissues. The microbial DNA extraction from tissues samples 

was performed with the QIAamp DNA Mini Kit, QIAGEN, following manufacturer’s 

instructions. For the amplification of 16S rRNA gene fragments from total community 

genomic DNA it was used a nested PCR approach. In a first PCR the primers 27F and 

R1494 (Table 1) were applied at 100 nM in a 25 µL reaction consisting of 1µL template 

DNA, 2.5 mM MgCl2, Taq Polymerase buffer 1x, 200 µM dNTPs and 1U Taq polymerase. 

A pre-denaturation step of 5 min at 94ºC was followed by 30 cycles of denaturation (45 s 

at 94ºC), primer annealing (45 s at 56ºC) and extension (1.30 min at 72ºC), and a final 

extension step for 10 min at 72ºC (Pinheiro et al. 2013). In the second (nested) PCR, 1µL 

of 1st PCR amplicons was added with Taq polymerase buffer, MgCl2, dNTPs, F984 and 

R1378 primers targeting the hypervariable regions V6-V7 (Table 1), and Taq polymerase 

to obtain the final concentrations described in Pinheiro et al. (2013). The nested PCR run 

was conducted as described: 10 min at 95ºC, 34 cycles of denaturation (1 min at 95ºC), 

primer annealing (1 min at 53ºC) and extension (1.5 min at 72ºC), and a final extension for 

7 min at 72ºC. The PCR runs were carried out in a thermocycler C1000TM from Bio-Rad. 

After the PCR reaction, the amplified products were separated in a 1% (w/v) agarose gel 

electrophoresis made in 1x TAE for 1h and 100 V. For molecular weight comparisons a 1 

Kb marker (GeneRulerTM DNA Ladder Mix, Fermentas) was loaded in the gels. The gel 

was observed and photographed in the Gel DocTM RX+ System with Image LabTM 

Software, Bio-Rad. 

The denaturing gradient gel electrophoresis (DGGE) for the separation of DNA 

fragments was made in a polyacrylamide gel containing 8% of a 40% acrylamide/ 

bisacrylamide (37.5:1) solution and a 25%-65% chemical denaturing gradient. TEMED 

and ammonium persulfate (10%) were added to the gradient solutions in order to promote 

gel polimerization. The electrophoresis run was performed in TAE buffer (1x) at 75V and 

60°C for 16h, using the Bio-Rad DCode™ Universal Mutation Detection System. The gel 

was loaded with 10 µL of PCR products mixed in 4 µL of loading dye 6x. Afterwards, the 

gel was stained in an ethidium bromide 5% solution for 5 min, washed with Milli-Q water 

and photographed in the Bio-Rad molecular imager (see above). The obtained fingerprint 

was analyzed with the software GelCompar II® (Applied Maths NV, V.6.4). The fingerprint 

profiles obtained for each sample was compared through the Dice similarity index, being 

constructed a similarity matrix. The dendrogram was built by applying the unweighted pair 
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group method with arithmetic mean (UPGMA) hierarchical clustering to the similarity 

matrix.  

 

Table 1 - Sequence of the primers used in the different PCR amplifications performed 

 

Primer Sequence Reference 

BOX A1R 5’-CTACGGCAAGGCGACGCTGACG- γ’ Versalovic et al., 1994 

F27 5’-AGAGTTTGATC(A/C)TGGCTCAG-γ’ Heuer et al., 1997 

R1494 5’-TACGG(C/T)TACCTTGTTACGACTT-γ’ Heuer et al., 1997 

F985GC 5’-gc.-AACGCGAAGAACCTTAC-γ’ Heuer et al., 1997 

R1378 5’-CGGTGTGTACAAGGCCCGGGAACG-γ’ Heuer et al., 1997 

 

 

 

2.3.3 Genotyping and Identification of Cultivable Bacteria  

 The genomic DNA of isolated aerobic/facultative anaerobic strains was extracted 

by heat lysis of bacterial cell suspensions at 100ºC for 5 min. The DNA typing of the 

bacterial isolates was made through Box-PCR, which is based on a primer that targets 

sequences located between interspersed repetitive DNA elements. As a result, amplicons 

of different sizes generate species-specific and strain-specific genomic fingerprints, hence 

allowing the separation of different bacterial isolates (Versalovic et al., 1994). Each Box-

PCR master mix contained 1 µL template DNA, buffer 1x, 3 mM of MgCl2, 200µM of 

dNTPs, 0.57 pmol of primer Box A1R (Table 1) and 5 U/µL Taq polymerase. The PCR 

program followed the conditions outlined by Versalovic et al. (1994). In brief, the mixtures 

were pre-denatured during 7 min at 95ºC, after which 30 cycles of denaturation (95ºC for 

1 min), annealing (1 min at 53ºC) and extension (8 min at 65ºC), and a final extension for 

16 min at 65ºC. The amplified products were electrophoretically separated as indicated in 

section 2.3.2. The band profiles originated for the bacteria were clustered in similarity 

dendrograms, which allowed the separation of different bacterial fingerprints (i.e., bacterial 

isolates). The selected bacteria were then subjected to 16S rDNA amplification, using 25 

µL reactions containing 1µL of template DNA, 2.5 mM MgCl2, Taq Polymerase buffer 1x, 

200 µM dNTPs, 100 nM of each 27F and 1494R primers (Table 1), and 1U Taq 

polymerase. The PCR program consisted of a pre-denaturation step of 5 min at 94ºC, 

followed by 30 cycles of denaturation (45 s at 94ºC), primer annealing (45 s at 56ºC) and 

extension (1.30 min at 72ºC), and a final extension step for 10 min at 72ºC (Pinheiro et al. 

2013). The 16S rDNA amplicons were electrophoretically checked and then subjected to 
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Sanger sequencing for the identification of the bacterial isolates. The nucleotidic 

sequences were compared with the deposited ones in the GenBank database through the 

use of the BLAST tool provided by the National Center for Biotechnology Information 

(NCBI). The nucleotide analysis, sequence alignment and phylogenetic trees were 

developed on the CLC Sequence Viewer 6.5 program. 

 

 

2.3.4 Antimicrobial Activity of Bacterial Strains 

(a) Spot-on-lawn Assay 

All bacterial isolates were tested against pathogenic bacteria by the spot-on-lawn 

assay. The selected pathogenic bacteria corresponded to Gram-negative (Pseudomonas 

aeruginosa, Klebsiella pneumoniae, Escherichia coli) and Gram-positive species 

(Micrococcus luteus, Staphylococcus aureus). Positive results were revealed by the 

formation of a clear halo around the isolate being tested, demonstrating that it has 

antimicrobial activity against the pathogenic bacterium. Nine of the isolates presenting 

antimicrobial activity were further tested in agar diffusion assays (cf. following sub-

section).  

 

 

(b) Agar Diffusion Assay: Cell-Free Extract and Cell Wall Washes 

 In the agar diffusion assays it was tested the activity of cell-free extract and cell 

wall washes of the isolates evidencing antimicrobial activity in the ‘spot-on-lawn’ assays, 

against the same pathogenic bacteria. The fractions of cell-free extract and cell wall 

washes were obtained after growing the isolates at 37ºC overnight in TSB medium, 

followed by centrifugation of the inoculum suspension. The supernatant was filtered and 

stored at -80°C for posterior use in the agar diffusion assay as cell-free extracts. The 

pellet was resuspended in isopropanol, centrifuged and the supernatant stored at -80ºC. 

Both fractions were subjected to the agar diffusion assay against the bacterial pathogens 

(see section 2.3.4(a)). The test was run at 37 °C for 24 hours, and the positive results 

were recorded whenever a clear halo was formed. 
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2.3.5 Antibiotic Susceptibility of Bacterial Strains 

The disk diffusion susceptibility test is simple, fast and practical. The test was 

performed by applying a layer inoculated with the target bacterial isolate to the surface of 

a Mueller-Hinton agar plate. Afterwards, paper disks impregnated with certain antibiotic 

concentrations were placed on the agar surface. The selected list of antibiotics is 

presented in Table 2, being included some antibiotics with broad spectrum of action. The 

test was run at 37 °C for 24 h. Positive results were revealed by the formation of a clear 

halo. 

 

Table 2. List of the antibiotics tested and respective chemical class and mode-of-action 

 

 

 

 

 

 

 

 

2.4 Results and Discussion 

2.4.1 Culture-Independent Analysis   

 The DGGE profile and comparison dendrogram of the 16S rDNA genes amplified 

in the different samples for TN and TT mucosa tissues, from patients 1 to 10 is shown in 

Figure 3.   

 In the fingerprint obtained (Figure 3A) it is visible a common and intense band in 

all patients and tissue types (lateral blue arrow), suggesting the dominance of a bacterial 

group in the human colon, which is not affected by CRC pathogenesis. However, no clear 

patterns could be identified between patients for TN or TT tissues, thereby suggesting a 

heterogeneity in the microbiome composition, depending on the host-microbiome system. 

A general resemblance between TN and TT band patterns within patients was observed. 

Antibiotic Class Mode-of-action Antibiotic 

ȕ-lactams Inhibit cell wall synthesis 

Amoxicillin (10 µg) 

Penicillin (10 U) 

Aztreonam (30 µg) 

Imipenem (10 µg) 

Cephalothin (30 µg) 

Aminoglycosides Inhibit protein synthesis 
Gentamicin(30 µg) 

Streptomycin (300 µg) 

Macrolides Inhibit protein synthesis Erythromycin (15 µg) 

Phenocols 
Inhibit protein synthesis - 

bacteriostatic 
Chloramphenicol(30 µg) 

Nonribossomal peptide Inhibit cell wall synthesis Bacitracin (10 U) 
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A  
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Figure 3. A. PCR-DGGE fingerprint of the bacterial 16S rRNA gene amplified from total DNA 

extracted from the different samples. B. Similarity cluster dendrogram of the bacterial 16S rDNA 

genes amplified from total microbial community DNA. The UPGMA dendrogram was built with Dice 

similarity index (outcome shown as similarity percentage). Different patients are indicated by 

different colored squares; TN and TT tissues are represented by blue and red circles, respectively. 

 
 
Nevertheless, some shifts in the microbiome could be detected in the DGGE profile due to 

the appearance of a few different bands in TN or TT samples within the same patient. But 
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in a broad perspective, there was a tendency for higher bacterial diversity (i.e., higher 

band number) in TT samples, irrespective of the patient. These outcomes are partly in 

agreement with the bacteria extracted from TN and TT, since similar species were 

identified in both, despite the occurrence of different and specific species in each one (cf. 

Figure 3A). 

 The DGGE fingerprint was further reinforced by the UPGMA dendrogram (Figure 

3B). Two main clustered groups could be distinguished, which similarity (Dice index) was 

very low (17.4%). In a general view, only in 4 samples there was a clear similarity 

between TN and TT tissues from the same patient (similarity >75%), being the clustering 

of the remaining TN-TT samples per patient associated with lower similarity index values 

(<40%). In particular, the TN and TT samples of one patient (represented as violet 

squares) were even positioned in each of the main clusters identified, showing a clear 

separation between their respective microbiome. 

Despite the efforts that have been devoted to the definition of a ‘core microbiome’ 

in healthy tissues (e.g., Qin et al., 2010), there is still a great gap since not all geographic 

areas have been covered for metagenomic analysis (culture-independent methods) of the 

human colon microbiome. This would be relevant since different interfering factors, as well 

as, the subsequent response of host-microbiome systems may modulate their behavior 

under or towards pathological scenarios (Arthur et al., 2012; Sears and Garrett, 2014). 

Notwithstanding, there is an increased evidence for the active role (both positive and 

negative) of the microbiome on carcinogenesis (e.g., Uronis and Jobin 2009; Sears and 

Garrett, 2014).  

 Thereby, it is expectable the occurrence of shifts in the microbiota structure 

associated with non-affected and affected tissues. Contrary to the outcomes herein 

obtained, Huipeng et al. (2014) recorded a decreased microbial diversity in colonic 

mucosa in CRC patients compared to healthy individuals, by PCR-DGGE. Similar results 

were obtained by Ahn et al. (2013) for fecal samples of CRC patients relatively to normal 

patients, based on the pyrosequencing of bacterial 16S rRNA genes extracted from fecal 

samples. This change in diversity has been usually related with the predominance of 

some specific taxa. Therefore, a potential future step within the present study will be to go 

deeper into this analysis, in order to have a closer overview of changes in the microbiota 

composition. 
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2.4.2 Genotyping and Identification of Aerobically-Cultured Bacteria 

Based on their macroscopic morphologic differences, a total of 102 aerobic and/or 

facultative anaerobic bacterial strains were isolated from TN and TT tissue samples 

resected from 16 patients (Figure 4). As it is common knowledge, the greatest part of the 

microorganisms in the human colon are not cultivable. Notwithstanding, putting some 

efforts on their isolation and characterization may give relevant clues concerning the 

metabolism of specific bacterial groups inhabiting this biological niche (Eckburg et al., 

2005). 

 

 

 

 

 

 

 

 

Figure 4. Individualized aerobic/facultative anaerobic bacteria from mucosa tissues 
 

 

The typing fingerprints of the 102 aerobic/facultative anaerobic bacteria (46 from 

normal tissue and 56 from tumor tissue) were obtained upon separation of the Box-PCR 

products in agarose gel (see Figure 5A as an example). The dendrogram resulting from 

the analysis of these Box-PCR profiles allowed discriminating 79 dissimilar isolates (<80% 

homology) (cf. Annex A). These apparently distinct isolates, based on the molecular tool 

used, were then considered for 16S rDNA gene amplification and sequencing.  

The analysis of the 16S rDNA sequences evidenced 57 matches to the 16S rDNA 

sequences deposited in the GenBank database (cf. Table 3). Among them, 48 presented 

99 to 100% homology relatively to the deposited sequences indicating that are known 

species; 6 were 97 to 98% homologue, and 3 showed <97% homology, thereby 

suggesting that can be novel species or strains. In total, 17 different phylotypes were 

isolated from TN and TT tissues, which belong to the three phyla mostly identified in this 

type of samples (i.e., Proteobacteria, Firmicutes and Actinobacteria) (Sears and Garrett, 

2014; Peters et al., 2016; Gao et al., 2017). 

Figure 6 provides the occurrence of the species in the normal versus tumoral 

tissue samples of different patients. According to these data, there are six species 

occurring in both TN and TT tissues, which are Morganella morganii, Klebsiella 
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Figure 5. Electrophoresis profile in 1% agarose gel; A. line 1 - DNA marker "GeneRuler
TM

 DNA 

Ladder Mix"; lines 2 to 9 - the isolated bacteria profiles by Box-PCR; B. line 1 - DNA marker 

"GeneRulerTM DNA Ladder Mix"; lines 2 and 3 - 16S rDNA gene fragment 

 

  

pneumonia, Pseudomonas aeruginosa, Escherichia marmotae, Escherichia hermannii 

and Escherichia fergusonii, being the latter the most represented one. Despite the 

existence of Pseudomonas aeruginosa in normal intestinal flora, its density is likely to 

enhance upon antibiotic treatment, hospitalization, immunosuppression conditions, and 

also under cancer pathogenesis, namely regarding CRC (Markou and Apidianakis, 2013). 

E. marmotae was isolated from Marmota himalayana feces (Liu et al., 2015), but its 

identification in human samples has never been reported so far. E. hermannii and E. 

fergusonii have been recorded in patients with Crohn's disease (Sasaki et al., 2007; 

Kaakoush et al., 2012). Although this is not a cancer situation, microbial dysbiosis 

associated with Crohn’s disease may ultimately drive to cancer pathogenesis. On the 

other hand, M. morganii makes part of the normal mucosa colonic flora in humans (Kim et 

al., 2007), but species belonging to this genus were already described in the microbiome 

of a dysbiotic colon (Neu et al. 1989) as well. K. pneumoniae is, according to Saleh and 

Trinchieri (2011), a colitis-indicator associated with CRC in rats. Nevertheless, this 

species was also detected in the normal human flora (Conlan et al., 2012). 

 Five bacterial species appeared only in TN: Proteus mirabilis, Streptococcus 

pasteurianus, Citrobacter murliniae, Shewanella algae, Lactobacillus salivarius and 

Brevibacterium halotolerans. P. mirabilis was observed in colitis-associated CRC (Saleh 

and Trinchieri, 2011), but the strain WGLW6 is common in healthy human microbiome 

(NIH Human Microbiome Project, 2015). Members of the Citrobacter genus were 

described as bacteria driver of CRC (Candela et al., 2014), or as pathogens to the colon 

(Bailey et al. 2010); thus, its appearance in our TN samples is somehow surprising. 

A B 
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Homology

(%)

B2 N Shewanella algae Shewanella algae ATCC 51192  99% Proteobacteria Gammaproteobacteria Enterobacteriales Shewanellaceae FA Gram -

B3 N Morganella morganii Morganella morganii NBRC 3848 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B4 N Escherichia marmotae Escherichia marmotae HT07301 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B5 N Escherichia hermannii Escherichia hermannii CIP 103176 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B6 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B7 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B8 T Weissella confusa Weissella confusa JCM 1093 91% Firmicutes Bacilli Lactobacillales Leuconostocaceae FA Gram +

B9 T Morganella morganii Morganella morganii subsp. morganii  KT 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B10 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B11 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  98% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B12 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B14 N Klebsiella pneumoniae Klebsiella pneumoniae HS11286 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B15 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B17 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  97% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B18 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B18a N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B19 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B20 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B21 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B22 T Klebsiella pneumoniae Klebsiella pneumoniae DSM 30104 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B23 T Escherichia hermannii Escherichia hermannii CIP 103176 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B24 T Escherichia hermannii Escherichia hermannii CIP 103176 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B25 N Lactobacillus salivarius Lactobacillus salivarius  UCC118 99% Firmicutes Bacilli Alteromonadales Lactobacillaceae A, FA Gram +

B26 N Klebsiella pneumoniae Klebsiella pneumoniae DSM 30104 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B27 N Escherichia hermannii Escherichia hermannii CIP 103176 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B30 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B31 N Escherichia marmotae Escherichia marmotae HT07301 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B32 N Escherichia marmotae Escherichia marmotae HT07301 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B33 N Streptococcus pasteurianus Streptococcus pasteurianus CIP 107122 95% Firmicutes Bacilli Lactobacillales Streptococcaceae FA Gram +

Order Family Aerobiosis
Gram 

staining

Strain 

no.

Tissue 

type
Phylotype Nearest relative in GenBank Phylum Class

Table 3. Identification of the bacterial strains isolated from normal (N) and tumoral (T) intestine mucosa 
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Homology

(%)

B34 T Escherichia marmotae Escherichia marmotae HT07301 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B35 T Escherichia hermannii Escherichia hermannii CIP 103176 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B36 T Escherichia hermannii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B37 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B38 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B39 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B40 N Citrobacter murliniae Citrobacter murliniae CDC 2970-59 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B41 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B44 N Klebsiella pneumoniae Klebsiella pneumoniae HS11286 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B45 N Morganella morganii Morganella morganii NBRC 3848 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B46 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B48 T Enterococcus  sp. Enterococcus sp. 99% Firmicutes Bacilli Lactobacillales Enterococcaceae FA Gram +

B49 N Proteus mirabilis Proteus mirabilis strain JCM 1669 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B51 N Cronobacter sp. Cronobacter sp. 65% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B52 T Escherichia fergusonii Escherichia fergusonii ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B53 T Streptococcus parasanguinis Streptococcus parasanguinis  FW213 99% Firmicutes Bacilli Lactobacillales Streptococcaceae FA Gram +

B54 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  97% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B55 N Escherichia fergusonii Escherichia fergusonii ATCC 35469  100% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B56 T Escherichia fergusonii Escherichia fergusonii  ATCC 35469  99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A, FA Gram -

B57 N Pseudomonas aeruginosa Pseudomonas aeruginosa  DSM 50071 99% Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae A, FA Gram -

B58 N Klebsiella pneumoniae Klebsiella pneumoniae DSM 30104 98% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae A Gram -

B59 T Cedecea lapagei Cedecea lapagei  DSM 4587 98% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B60 N Pseudomonas aeruginosa Pseudomonas aeruginosa  DSM 50071 97% Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae A, FA Gram -

 B61 N Pseudomonas aeruginosa Pseudomonas aeruginosa  DSM 50071 99% Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae A, FA Gram -

B62 T Morganella morganii Morganella morganii M11 99% Proteobacteria Gammaproteobacteria Enterobacteriales Enterobacteriaceae FA Gram -

B63 N Brevibacterium halotolerans Brevibacterium halotolerans DSM 8802 99% Actinobacteria Actinobacteria Actinomycetales Brevibacteriaceae A Gram +

B64 N Pseudomonas aeruginosa Pseudomonas aeruginosa  DSM 50071 99% Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae A, FA Gram -

B65 T Pseudomonas aeruginosa Pseudomonas aeruginosa  DSM 50071 99% Proteobacteria Gammaproteobacteria Pseudomonadales Pseudomonadaceae A, FA Gram -

Order Family Aerobiosis
Gram 

staining

Strain 

no.

Tissue 

type
Phylotype Nearest relative in GenBank Phylum Class

Table 3. (cont.) 
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Normal tissue Tumoral tissue

E. fergusonii

E. marmotae

E. hermannii

M. morganii

P. mirabilis

K. pneumoniae

C. murliniae

Cronobacter sp.

C. lapagei

P. aeruginosa

S. algae

W. confusa

L. salivarius

S. parasanguinis

S. pasteurianus

Enterococcus sp.

B. halotolerans

  S. pasteurianus has also been detected in a normal intestinal flora (Wang et al. 2012). S. 

algae was described as a possible bacterium associated with obesity (Chiu et al. 2014), 

and it was found in the intestinal crypts of germfree BALB/c mice although the authors did 

not disregarded the hypothesis of being a possible contamination (Pédron et al. 2012).  

 

 

 

 

 

 

 

Figure 6. Representation of species relative occurrence in normal and tumoral tissue samples 

 

 

In agreement with our outcome, Moore and Moore (1995) identified L. salivarius in the 

normal flora of the human gut, which has also been described as a potential probiotic 

against pathogenic bacteria (Dunne et al., 2001). The genus Brevibacterium has been 

associated with human infections (Gruner et al., 1994), but the species B. halotolerans 

has not been reported in colon samples.  

From TT samples were isolated 4 bacterial species not inventoried in TN samples. 

They were Weissella confusa, Enterococcus sp., Streptococcus parasanguinis and 

Cedecea lapagei. According to what has been described particularly by Wang et al. 

(2012), Ahn et al. (2013) and Sears and Garrett (2014), there are bacterial genera that 

tend to be more abundant in CRC patients than in healthy intestinal microbiome, such as 

Escherichia and Enterococcus species. Weissella confusa was previously detected in the 

feces of both IBS and healthy patients (Ponnusamy et al., 2011). Enterococcus species 
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have been described by several authors as a possible probiotic that once administrated 

(e.g., E. faecium CRL 183) in early stages of carcinogenesis can significantly inhibit CRC 

development (Sevieri et al., 2008). On the other hand, a highly related species to E. 

faecium, E. faecalis, was also described by Candela et al. (2014) as CRC driver bacteria. 

Streptococcus genus is quite abundant in patients with CRC (Wang et al., 2012) and 

Candela et al. (2014) reported that a species of this genus, Streptococcus gallolyticus, is 

considered to be a passenger bacteria. C. lapagei has been mentioned as a cause of 

bactereamia and it was already determined in a CRC patient (Akinosoglou et al., 2012). 

 

 

2.4.3 Antimicrobial Activity Tests 

As previously mentioned, one of the key functions of the intestinal microbiome is to 

stimulate/inhibit host immune system and promote a defensive barrier against the invasion 

of pathogens, namely through the production of antimicrobial compounds. However, shifts 

in the normal microbial community colonizing the intestinal mucosa due to cancer 

pathogenesis, may greatly influence these mechanisms.  

The isolated bacteria were tested for ascertaining their antimicrobial activity 

against pathogenic bacteria, by performing the spot-on-lawn assay. From the 57 strains 

identified, only 12 presented antimicrobial activity (Table 4) against two Gram-positive 

and/or one Gram-negative indicator bacteria. Nine showed activity against M. luteus, 6 

against S. aureus and 2 against P. aeruginosa. Most of the positive bacterial strains were 

isolated from normal mucosa (B17, B57, B58, B60, B61, B63, B64). From these, only B17 

(E. fergusonii) showed antimicrobial activity against the Gram-negative P. aeruginosa. 

Likewise, among the bacteria isolated from TT mucosa, only one (B35; E. hermannii) had 

slightly inhibited P. aeruginosa growth. All the remaining isolates (either from TN or TT 

tissue) presented inhibitory activity only against some Gram-positive bacteria species, 

being particularly noticeable the effect of B57 (P. aeruginosa), B61 (P. aeruginosa) and 

B62 (M. morganii) against M. luteus, and that of B61 (P. aeruginosa) and B63 (B. 

halotolerans) against S. aureus. 

It is of common scientific and clinical knowledge that Gram-negative bacteria 

present more antimicrobial activity than Gram-positive, which is partly due to different 

membrane permeabilities and intrinsic metabolism. In particular, multi-drug resistant 

Gram-negative bacteria, namely belonging to the Enterobacteriacea family brings great 

therapeutic challenges (Bérdy, 2005), being quite limited the availability of effective drugs 

for controlling their proliferation. Therefore, the discovery of strains capable of 



 

27 

 

Strains
Tissue 

type

Micrococcus 

luteus

Staphylococcus 

aureus

Pseudomonas 

aeruginosa

B17 TN - - 1.0 ± 0.0

B35 TT - - 1.0 ± 0.0

B46 TT - 1.0 ± 0.0 -

B57 TN 15.0 ± 0.0 - -

B58 TN 1.0 ± 0.0 - -

B59 TT 2.0 ± 0.0 - -

B60 TN 4.3 ± 4.9 1.7 ± 0.6 -

B61 TN 7.0 ± 0.0 2.5 ± 1.7 -

B62 TT 15.0 ± 0.0 - -

B63 TN 2.0 ± 0.0 2.4 ± 1.9 -

B64 TN 2.8 ± 1.8 1.5 ± 0.6 -

B65 TT 2.0 ± 0.0 1.6 ± 0.9 -

synthesizing new and more efficient antimicrobial compounds is of far most relevance. 

B17 and B35 isolates are hence promising bacteria for this purpose.  

 

 

Table 4. Results of the spot-on-lawn antimicrobial activity test of bacterial isolates from normal 

(TN) and tumoral (TT) mucosa tissues. Values represent the average inhibition zone (halo) 

diameter (mm) ± standard deviation from three replicates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

The synthesis of bioactive compounds by P. aeruginosa and Escherichia spp. strains 

isolated from other sources was already reported, being demonstrated their inhibitory 

activity on the growth of Gram-positive but also of Gram-negative bacteria (e.g., Cardozo 

et al., 2013; Grewal et al., 2014). M. morganii can cause opportunistic infections and 

some strains evidence resistance to multiple drugs due to the production of extended-

spectrum ȕ-lactamases (Liu et al., 2016). Different virulence factors were identified in this 

species (Liu et al., 2016), but no antimicrobial compounds were specifically described in 

the literature for a M. morganii strain, despite the significant antimicrobial activity of its 

phylotype B62 against M. luteus in the present study. Overall, an in-depth study is still 

required for the identification of the antimicrobial compound(s) that may elicit an inhibitory 

activity, as well as their synthesis should be optimized for future studies.  

In order to obtain a more refined profile regarding the source of synthesis of the 

antimicrobial compound, the activity of cell-free extract and cell wall washes fractions 

(Figures 7 and 8) of nine of the isolates providing positive results in the spot-on-lawn 
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assays was then evaluated through agar diffusion tests, being the remaining ones still 

under test. The results obtained for these assays are summarized in Table 5.   

 

 

 

 

 

 

 

 

Figure 7. Antimicrobial activity of the cell wall washes of three isolates against M. luteus (a) and 

S.aureus (b) 

 

 

 

 

 

 

 

 

 

 

Figure 8. Antimicrobial activity of cell-free extracts from three isolates against M. luteus (a) and 

S.aureus (b) 

 

 

Surprisingly, the strains B58, B59 and B62 did not present inhibitory activity in 

these assays, while B57 showed antimicrobial activity against S. aureus despite the 

negative outcome in the spot-on-lawn assays. The non-inhibitions observed can be 

explained by the conditions under which the isolates were maintained. For example, the 

use of nutritive media may affect the biosynthesis of antimicrobial substances, which 

usually occurs in deprivation of certain elements (Pingitore et al., 2007). Under less harsh 

conditions, the need for bacteria to produce secondary metabolites or bioactive 

compounds with a self-protective function is reduced (Nes et al., 2007). In turn, rich media 

may promote the adsorption of antimicrobial substances, hence limiting their bioavailability  

(Pingitore et al., 2007). 

a) b) 

a) b) 
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Cell-free 

extract

Cell Wall 

Wash

Cell-free 

extract

Cell Wall 

Wash

B57 TN 10.0 ± 0.0 3.0 ± 0.0 3.7 ± 2.5 5.5 ± 0.7

B58 TN - - - -

B59 TT - - - -

B60 TN 7.0 ± 0.0 7.0 ± 4.2 - 4.7 ± 2.1

B61 TN 1.0 ± 0.0 3.0 ± 0.0 - -

B62 TT - - - -

B63 TN 11.0 ± 0.0 7.8 ± 4.0 7.3 ± 2.3 7.6 ± 2.5

B64 TN 11.0 ± 0.0 8.3 ± 4.1 4.7 ± 0.6 7.0 ± 2.7

B65 TT 10.0 ± 0.0 9.3 ± 3.6 8.7 ± 1.2 7.0 ± 2.8

Tissue 

type

Micrococcus luteus
Staphylococcus 

aureus
Pathogenic 

Bacteria / 

Strains

Table 5. Results of the antimicrobial activity of different bacterial fractions (i.e., cell-free extract and 

cell wall washe). Values represent average inhibition zone (halo) diameter (mm) ± standard 

deviation of three replicates 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Therefore, these assays should be fine-tuned taking into consideration different interfering 

factors on the substances activity, such as culture media, pH and temperature.  

In general, the cell-free extracts presented higher activity against M. luteus 

comparatively to the cell wall washes for the isolates B57, B60, B61, B63, B64 and B65, 

whilst the contrary was observed for S. aureus, which growth was usually more affected 

by cell wall washes of B57, B60, B63, B64, B65.  

 

2.4.4 Antibiotic Susceptibility Tests 

In general, except for B25 (Lactobacillus salivarius; a probiotic bacterium with 

beneficial action) and B33 (Streptococcus pasteurianus; can induce infections), all the 

other bacterial isolates presented resistance to at least three of the tested antibiotics 

(Figure 9, Table 6). More than 75% of the isolates, and particularly Gram-negative 

bacteria were resistant to amoxicillin, penicillin, cephalothin, erythromycin and bacitracin. 

In turn, more than 78% were susceptible to the remaining antibiotics, especially to 

gentamicin for which 100% of the strains were susceptible. In fact, Weissella confusa 

(B8), Lactobacillus salivarius (B25), Streptococcus pasteurianus (B33), Enterococcus sp. 

and a strain of the phylotype P. aeruginosa (B60) were sensitive to a greater  
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Phylotype
Gram 

staining

 Strain 

code

Tissue 

type

Amox. 

(10 µg)

Aztreo. 

(30 µg)

Bacitracin 

(10 U)

Cephal. 

(30 µg)

Chloram. 

(30 µg)

Erythr. 

(15 µg)

Gentam. 

(30 µg)

Imipenem 

(10 µg)

Penicillin 

(10 U)

Strepto. 

(300 µg)

Shewanella algae - B2 TN R S R R S S S R R S

Morganella morganii - B3 TN R S R R S R S S R S

B9 TT R S R R S R S S R S

B62 TT R S R R S R S S R S

Escherichia marmotae - B4 TN R S R R S R S S S S

B32 TN R S R R S R S S R S

B34 TT R S R R S R S S R S

Escherichia hermannii - B5 TN R S R R S R S S R S

B24 TT R S R R S R S S R S

B27 TN R S R R S R S S R S

B35 TT R S R R S R S S R S

Escherichia fergusonii - B6 TN R S R R S R S S S S

B11 TT R R R R S R S S R S

B12 TN S S R R S R S S R S

B17 TN R S R R S R S S R S

B18 TN R S R R S R S S R S

B20 TT R S R R S R S S R S

B38 TT R S R R S R S S R S

B39 TN R S R R S R S S R S

B46 TT R S R R S R S R R S

B54 TN R S R R S R S S S S

Weissella confusa + B8 TT S R S R S S S S S S

Klebsiella pneumoniae - B14 TN R S R R S R S S R S

B22 TT R S R R S R S S R S

B26 TN R S R R S R S S R S

B58 TN R S R R S R S S R I

Lactobacillus salivarius + B25 TN S R S R S S S S S S

Streptococcus pasteurianus + B33 TN S R S S S S S S S S

Citrobacter murliniae - B40 TN R S R R S R S S R S

Enterococcus  sp. + B48 TT S R S R S S S S S R

Proteus mirabilis - B49 TN R S R R S R S S S S

Cronobacter sp. - B51 TN R S R R R R S S R S

Streptococcus parasanguinis + B53 TT R S R R S R S S S S

Pseudomonas aeruginosa - B57 TN R S R R S R S S R S

B60 TN R R S S S S S S R S

B61 TN R R R R I R S S R S

B64 TN R S R R I R S S R S

B65 TT R S R R I R S S R S

Cedecea lapagei - B59 TT R I R R S R S I R S

Brevibacterium halotolerans + B63 TN R I R R R R S S R S

Antibiotics

Table 6. Results of the antibiotic susceptibility tests performed with Gram-negative and Gram-

positive bacteria isolated from normal (TN) and tumoral (TT) mucosa tissues. R- Resistant; I – 

Intermediate; S- Susceptible; Amox. – amoxicillin; Aztreo. – aztreonam; Cephal. – cephalothin; 

Chloram. – chloramphenicol; Erythr. – erythromycin; Gentam. – gentamicin; Strepto. – 

streptomycin. 
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number of antibiotics. In regard to the distribution of the susceptibility of the bacteria 

according to the tissue type from which they were isolated, it was noticeable that the 

higher number of strains evidencing either resistance or susceptibility to antibiotics came 

originally from TN.   

Amoxicillin is an antibiotic with a broad spectrum of action, being Gram-positive 

bacteria (e.g., Enterococcus sp., Streptococcus pneumoniae), as well as Gram-negative 

bacteria (e.g., Escherichia coli, Proteus mirabilis, Klebsiella spp., Pseudomonas spp.) 

susceptible to it (Abgueguen et al., 2007; Tansarli et al., 2013). Anderson (2017) had 

recently described some other amoxicillin resistant species, Staphylococcus aureus and 

Staphylococcus epidermidis (methicillin-resistant). Penicillin has a spectrum of action 

against several bacilli, and Gram-positive and Gram-negative cocci such as Klebsiella 

spp., Proteus spp. and Enterobacter spp. (Azevedo, 2014). Cephalothin is an antibiotic 

with a bactericidal action that inhibits the Gram-positive Staphylococcus aureus, 

Staphylococcus epidermidis and Gram-negative bacteria such as Escherichia coli, 

Proteus mirabilis and Klebsiella spp. (Azevedo, 2014). Relatively to bacitracin, its mode of 

action interferes with the protein synthesis of the microorganism and mainly affects Gram-

positive cocci like Staphylococci and Streptococci, being however more inactive against 

Gram-negative bacteria (Glasser et al., 2010). Some genera like Streptococcus have 

already been described as being resistant to penicillin (Passàli et al., 2007). Gentamicin 

affects Gram-positive Staphylococcus aureus (Glasser et al., 2010), but was also effective 

against Enterobacteriacea (Tansarli et al., 2013) such as Proteus mirabilis, Pseudomonas 

spp., Klebsiella spp., and Escherichia coli, which are among of the cultivable bacteria 

identified in the mucosa samples herein studied.  

 

 

 

 

 

 

 

 
Figure 9. Antibiotic susceptibility assay with 10 antibiotic disks 

 

In intestinal microbiota exists a large density of organisms sharing the same 

ecological niche giving the opportunity for the transference of genetic material, namely of 

antibiotic resistance genes (Schaik, 2015). Antibiotics disturb the balance in commensal 
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populations, and lead to a reduced or altered communication between the intestinal 

microflora and the underlying mucosa. A major consequence of shifts in the intestinal 

microflora to a more resistant microbiome is the enhanced host vulnerability to develop 

infections, antibiotic allergies, increase the predisposition to get metabolic syndrome, as 

well as the effectiveness of cancer therapeutics may then be strongly limited. Hence, the 

use of antibiotics should therefore be reduced to prevent the propagation of such 

resistance (Becattini et al., 2016). 

 

2.5. Conclusions 

The microbiome present in the intestine is quite diverse and complex, being an 

important key for maintaining the balance of host health (Ducan et al., 2007; Liang et al., 

2014). When this balance is no longer present, situations of dysbiosis occur, which may 

lead to CRC development (Tojo et al., 2014). Thus, it is increasingly of common interest to 

identify the microbiome present in the colon and how this interferes with the development 

or control of CRC. This study made use of different molecular and qualitative techniques 

to perform a preliminary approach to unravel alterations of the microbiota community from 

normal to tumor colonic tissues. One relevant aspect of the present study regarded its 

application to Portuguese CRC patients, since our country was not considered in related 

studies, despite the great variations between geographic areas. The results showed some 

differences in the microbial composition of TN and TT tissues, and their potential influence 

on colon inflammation and CRC progression. Most cultivable aerobic/facultative anaerobic 

bacteria belonged to Proteobacteria phylum, though some belonged to Firmicutes and 

Actinobacteria. Twelve bacteria evidenced antimicrobial activity against Gram-positive 

and/or Gram-negative bacteria. The greatest part of these were isolated from TN tissue. 

Indeed, the bacteria with higher resistance and susceptibility to antibiotics were isolated 

from TN tissues. Notwithstanding future studies should bear on the use of third generation 

sequencing techniques to get a deeper understanding of changes in the microbiome of 

CRC patients. This will help perceiving how the microbiome could modulate CRC 

development, or be conversely modulated to counteract its evolution. 
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Chapter III - The microbiome as a complementary therapeutic tool 

against colorectal cancer 

 

3.1 Abstract 

Bacteria-mediated therapy has been a promising alternative to cope with the 

conventional colorectal cancer (CRC) treatments, which efficacy is often limited to prevent 

cancer development or recurrence. In this mini-review it is intended to provide an 

overview on the recent research performed towards the application of bacteria as 

anticancer (adjuvant) agents. It is hence presented approaches regarding the modulation 

of microbial community colonizing the human intestine through probiotics and prebiotics, 

and fecal microbiome transplantation. The use of bacteriophage therapy and its 

potentialities regarding CRC control are also mentioned. Finally, some of the new 

research directions based on a more in-depth study of bacterial abilities are described, 

namely: the use of their defense mechanisms through the exploration of the clustered 

regularly interspaced short palindromic repeats (CRISPR) and the Cas family genes; 

target essential genes and quorum sensing systems for controlling the CRC-associated 

microbiota. 

 

 

Keywords: bacterial-mediated therapy, CRISPR/Cas systems, microbiome, prebiotics, 

probiotics, quorum sensing systems, bacteriophage, 
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3.2 Introduction 

Colorectal cancer is one of the deadly cancers affecting western population and 

ranked in the third position with more than 690,000 deaths worldwide in 2012 (Ferlay et 

al., 2015). It is characterized by an abnormal proliferation of the epithelial cells in colon 

mucosa. The most frequent therapeutic strategies to counteract this proliferation are 

surgery, chemotherapy and radiotherapy. However, their efficacy and specificity tends to 

be limited depending on the disease staging, tumor mutations and microenvironment 

characteristics (American Cancer Society, 2017). For instance, the anoxic and hypoxia 

zones typical of the tumor core may severely constrain the delivery of chemoterapeutants, 

as well as, it may reduce their ability to provoke cell death due to the requirement of 

oxygen to induce apoptotic mechanisms (Shannon et al., 2003). Consequently, they may 

fail to destroy all cancer cells and promote recurrence, due to their difficulty in reaching 

the whole necrotic area and possible toxicity to normal tissues (Belizário & Napolitano, 

2015). 

Alternatively, bacteria-based therapies have been studied as a potential adjuvant 

treatment for controlling the proliferation of cancer, namely colorectal cancer (CRC). 

There are consistent evidences of a significant role of microbiome on CRC progression or 

regression associated with the straight interplay between the host and gut-colonizing 

symbiotic microbial community (Wang & Jia, 2016). Besides, the unique abilities featured 

by bacteria also make them promising anticancer (adjuvant) agents: they are motile, can 

synthesize anticancer compounds, can proliferate and accumulate in the anoxic 

microenvironments, and stimulate the host immune system (Sears & Garrett, 2014). As 

such, this mini-review aims to describe the most recent approaches involving the use of 

bacteria, their derivatives, metabolic and/or molecular features in colon cancer therapy, 

highlighting as well new opportunities in bacteria-based treatments bearing on the recently 

evolved next-generation tools.  
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3.3 Alternative and adjuvant microbially-based therapies 

Some studies have been describing the advantages of using bacteria for preventing 

CRC progression through different approaches. Part of them focus on gut microbiome 

modulation for the control of pathogenic microbes and enhancement of beneficial ones. 

This can be done through the ingestion of probiotics and prebiotics, but also through fecal 

transplantation and bacteriophage therapy. Moreover, the recent application of next-

generation tools together with the development of increasingly more robust bioinformatic 

softwares has provided new insights for discovering potential adjuvant therapeutic agents 

against CRC. 

 

3.3.1 Probiotics and Prebiotics 

Probiotics are live bacteria that once administrated at adequate amounts confer or 

promote host health by the colonization of beneficial microorganisms (FAO/WHO, 2001). 

The associated benefits are mostly related with antimicrobial activity against pathogens 

(by reducing inflammation and colitis), immune-modulatory effects, regulation of the host 

metabolism and prevention of cancer progression (Belizário & Napolitano, 2015; Ambalam 

et al., 2016). Some examples are described below: 

● modulation of gut microflora - a study reported by Uccello et al. (2012) suggested that 

after ten days of Lactobacillus acidophilus [N-2 and NCFM strains] ingestion, the activity 

of fecal enzymes (ȕ-glucuronidase, nitroreductase and azoreductase) that facilitate the 

release of pro-carcinogenic substances from glucoronides deconjugation, was decreased, 

despite the need for a continuous probiotic ingestion as to maintain the enzymatic levels 

low; 

● regulation of intestine pH - an alkaline intestinal pH promotes the proliferation of 

pathogenic bacteria that can drive to CRC. Hence the combination of fructo-

oligosaccharides enriched with inulin2 and probiotics resulted in an increase of some 

groups of lactic acid bacteria (Bifidobacterium and Lactobacillus) on the intestinal flora of 

CRC patients and a reduction in pH values (Rafter et al., 2007); 

● immune-modulatory effects - Lactobacillus casei Shirota stimulates type 1 helper T cells 

and cellular immune system, reducing the incidence of tumor and IgE production (Yasui et 

al., 1999); 

                                                           
2
  FOS enriched with inulin is made by combining two substances that occur naturally in plants (chicory root, wheat, 

bananas, onion, and garlic) and helps healthy bacteria proliferation in the intestine. 
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● induction of apoptosis - certain probiotics interfere with different stages of signaling 

pathways, for example Lactobacillus reuteri promotes the death of stimulated immune 

cells by enhancing pro-apoptotic NF-țB and mitogen-activated protein kinase [MAPK]3 

signaling (Iyer et al., 2008); 

● antimutagenic effect - one study demonstrated that Lactobacillus rhamnosus 231 

bounds N-methyl-N0-nitro-N-nitrosoguanidine and 2-amino-3,4-dimethylimidazo[4,5-

f]quinoxaline (carcinogens), hence exhibiting antimutagenic activities because probiotics 

bind mutagens and lead to biotransformation, and other data showed that the binding of 

mutagens can occur at bacterial (Lactobacillus plantarum KLAB21) cell wall by 

extracellular glycoproteins  (Rhee & Park, 2001).  

● inhibition of tyrosine kinase signaling pathway - this path controls the cellular 

proliferation and differentiation. An in vitro study revealed that the probiotic Bacillus 

polyfermenticus suppressed colon cancer tumor growth, by inhibiting two epidermal 

growth factor receptors that promote cancer development, ErbB2 and ErbB3, and their 

downstream signaling molecules E2F-1 and cyclin D1 (Ma et al., 2010).  

Overall, it should be emphasized that the administration of probiotics in patients with CRC 

not only has an anti-carcinogenic power, but also allows the functional recovery of the 

bowel, as well as it prevents infections like bacteremia or septicemia after surgical 

intervention (Yang et al., 2016). 

Prebiotics are substances that promote the development of beneficial gut microbiota 

(i.e., stimulate probiotics), down-regulate the expression levels of NF-țB, contribute to 

immunomodulation, fermentative production of SCFAs and activation of apoptosis 

(Gourineni et al., 2011; Belizário & Napolitano, 2015; Ambalam et al., 2016). Natural 

prebiotics may be obtained through the consumption of a diet rich in fiber, which boost the 

bowel transit. More recently, fructan mixtures such as Prebio 1® , which has 70% fructo-

oligossacharides and 30% inulin (Wong et al., 2016). Inulin and fructo-oligossacharides, 

which occur naturally in plants like Cichorium intybus L., are linear fructose units (2 to 60) 

linked by ȕ (β-1) bonds with terminal glucose unit. Inulin is known for stimulating the 

production of SCAFs (e.g., acetate, propionate, butyrate), promoting the decrease of 

intestinal pH and, consequently, stimulate the growth of beneficial bacteria, such as 

Lactobacilli and Bifidobacteria, and increase the absorption of calcium, magnesium and 

iron. Plus, it can retard the proliferation of tumor cells and activate apoptosis; however, it 

is more effective in premature adenoma cells than advanced stages of CRC (Bartolomeo 

                                                           
3
 NF-κB and MAPK key factors that regulate inflammation, cell proliferation and apoptosis by intracellular signaling 

pathways. 
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et al., 2013; Gualtieri et al., 2013). Unlike probiotics, prebiotics are able to regulate the 

bacterial cell cycle and the metabolic activity of beneficial bacteria that exist in a healthy 

gut or in tumor cells. Hence, the conjugation of probiotic and prebiotic (i.e., synbiotic) has 

been an excellent combination for homeostasis regulation purposes. For example, the 

probiotic Bifidobacterium longum and fructo-oligossacharides enriched with inulin are 

used in individuals with ulcerative colitis (Bartolomeo et al., 2013; Gualtieri et al., 2013; 

Belizário & Napolitano, 2015). 

 

 

3.3.2 Fecal microbiome transplantation (FMT) 

FMT consists in the transplantation of liquid suspension of intestinal flora from a 

healthy donor (like a healthy family member) into diseased individuals with the aim of 

reestablishing their intestinal microbiota (Gough et al., 2011). This treatment has been 

used successfully in cases of CDI, but also in pseudomembranous colitis (PMC), IBD and 

irritable bowel syndrome (IBS) (Gough et al., 2011; Peterson et al., 2014). In fact, this 

transplantation can transfer a healthy microbiota, but also the pathogens carried in donor 

intestine. This and other problems, like the lack of knowledge on the exact mode of action 

except that it will restore the function and composition of intestinal flora, may constrain the 

use of this therapy (Gough et al., 2011; Belizário & Napolitano, 2015). Even so, it can be a 

treatment option for diseases related with dysbiosis, though it is yet to be optimized 

(Peterson et al., 2014). 

 

3.3.3 Bacteriophage Therapy 

Bacteriophages are phages or virus that can affect bacteria through surface receptors 

and have the ability to disturb their metabolism by causing their death, what may be used 

as a potential therapy for controlling infectious diseases (Bárdy et al., 2016; Orndorff, 

2016). The bacteriophage therapy can be an alternative to antibiotics, thereby helping to 

overcome antibiotic resistance problems. Phages may present two modes of action. The 

lytic cycle consists in the attachment of phage to the bacterial cell with subsequent 

replication inside it, causing cell lysis and liberation of new phages. The lysogenic cycle 

can be similar to the lytic cycle, or promote phage DNA integration into host chromosome, 

therefore resulting in cell replication for many generations (Sulakvelidze et al., 2001). The 

application of phage therapy can have a phenomenal impact in diseases such as CRC. 

Recent investigations in mice demonstrated that the toxic E gene from the bacteriophage 
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ϕX174, lowered carcinoma embryonic antigen (CEA)4 and repressed the growth of tumor 

cells. This study proved the efficacy of the association of bacteriophage therapy with CRC 

CEA-promoter to control the disease (Rama et al., 2015). 

 

3.4 Recent approaches to uncover new bacteria-mediated therapeutics  

With the development of genetic and ‘omics’ tools either directed to genetic 

engineering, metagenomics, proteomics, metatranscriptomics or metabolomics, new 

perspectives have evolved in cancer research and, more specifically, on bacteria-

mediated therapies. Under this context, it is hereinafter presented some of the recently 

evolved research lines regarding the application of bacteria as anticancer (adjuvant) 

agents to treat CRC. 

 

3.4.1 CRISPR/Cas Systems 

The bacteria evolve defense mechanisms to avoid phage infections. These 

mechanisms can elicit changes in membrane receptors or blockage of essential proteins 

for the integration of phage DNA into the host cell. Alternatively, they develop an innate 

immunity system by sequestering phage short DNA fragments and integrating them into 

their chromosome as repeated sequences – Clustered Regularly Interspaced Short 

Palindromic Repeats (CRISPR), which guarantee infection memory (Belizário & 

Napolitano, 2015). These repeated sequences are arrayed by proteins encoded by the 

Cas family genes5. CRISPR-Cas systems are classified according to the proteins and 

mechanisms of action, being divided into types I, II, III and IV (Hille & Charpentier, 2016). 

The type II of CRISPR system and protein Cas9 are often described in studies of genome 

editing applied to tumors. For example, the identification of genes associated with tumor 

growth or organoids culture used for CRC research can be performed by utilization of this 

system (Hille & Charpentier, 2016; Young & Reed, 2016). Matano et al. (2015) used 

CRISPR/Cas9 in genetically engineered organoids, to unravel the sequential formation of 

driver mutations of CRC reconstructed from intestinal samples of healthy humans. The 

authors verified that these specific mutations could be selected by changing niche factors 

in culture media, hence representing a successful disease model system. To further study 

the efficiency of this model system, the authors implanted the mutation-carrying organoids 

into mice as to perceive which could drive invasion and metastasis of CRC. However, and 

                                                           
4
 Carcinoma embryonic antigen is produced in gastrointestinal tissue during fetal development, but the production stops 

before birth. In adult, the expression of CEA is characterized by a oncofetal tumor marker and is overexpressed in over 90% 
of CRC cells. 
5
 Cas genes encode for a family of proteins, typically nucleases, helicases, polymerases and polynucleotide binding 

proteins. 
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contrary to what happened with the organoids of disease model system, the engineered 

organoids did not produce tumors or metastasis. Even so, CRISPR/Cas9 has enormous 

potential for the isolation of genetic mutations promoting cancer (Matano et al., 2015; 

Young & Reed, 2016). 

 

3.4.2 Targeting essential genes 

For recognizing possible treatment targets it is crucial to know the essential genes that 

stimulate the growth and survival of bacteria (Belizário & Napolitano, 2015). This 

knowledge can be obtained namely by the construction of a transposon library and the 

use of suitable software (e.g., “ESSENTIALS”), which enables the rapid and sensitive 

transposon insertion sequencing analysis through data filtering, normalization and 

appropriate statistical tests for discovering many possible essential genes (Zomer et al., 

2012). The essential genes are directly involved in the metabolism of amino acids, 

carbohydrates, methanogenesis, xenobiotics and production of vitamins (Belizário & 

Napolitano, 2015). In fact, nearly 20% of the essential genes have a great interest towards 

drug discovery (Christen et al., 2011). For example, enzymes of the folate biosynthesis 

pathway have been the target for the production of pharmaceuticals that inhibit folate 

synthesis, since its accumulation enhances CRC progression (Kim, 2007). Two 

pharmaceuticals were already produced to inhibit enzymes involved in the production of 

short-chain fatty acids by microbes (Belizário & Napolitano, 2015), which have been 

shown to repress intestine inflammation and CRC by promoting anti-inflammatory 

responses, apoptosis and cell differentiation (Smith et al., 2013; Keku et al., 2015). 

 

3.4.3 Quorum Sensing Systems  

      Quorum sensing (QS) is the intracellular communication between bacteria that is 

mediated by small molecules extracellularly excreted, the autoinducers. There have been 

identified various autoinducers belonging to different chemical classes. These small 

molecules either diffuse (passively or actively) across cell membrane into the extracellular 

environment or are incorporated into vesicles and transferred between cells (Hense & 

Schuster, 2015). This communication system is more common in bacteria, being 

responsible for the control of diverse functions, such as the regulation of the production of 

substances, metabolites and virulence factors that for instance may stimulate the attack of 

enteric pathogenic E. coli or inhibit the immune system (Hsiao et al., 2008; Belizário & 

Napolitano, 2015). QS molecules are expected to play a role in the host gut mucosa 

colonization by bacteria, what may in turn be connected to the promotion of certain 
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diseases. For example, some quorum sensing peptides (e.g., vascular endothelial growth 

factor, VEGF) can activate the  receptors at the endothelial cells, which are involved in the 

angiogenesis and pro-angiogenic cytokines SDF-1α and HGF (detent the 

Ras/raf/MEK/MAPK, PI3K/Akt and STAT intracellular signaling cascades over CXCR4 

and MET receptor) signpost metastasis indorsing characteristics for colon cancer, and 

often necessitating quorum sensing mediated biofilm development (Wynendaele et al., 

2015).  

       Thus, it can be of great therapeutic value to target the molecular cues, receptors and 

signal transduction pathways in QS communication systems. Getting knowledge on how 

bacterial cells communicate can help avoiding gut colonization by pro-carcinogenic 

bacteria and further prevent the development of cancer (Belizário & Napolitano, 2015). 

 

 

3.5 Conclusions 

The influence of intestine microbiota on dysbiosis as well as the microbiota-host 

interplay in CRC pathogenesis, makes bacteria promising anticancer agents for the 

development of fine-tuned and efficacious adjuvant treatments to fight CRC. Hence, 

focusing the research on new strategies towards anticancer therapies has been very 

welcomed. The modulation of intestine microbiome through the use of probiotics and 

prebiotics as well as the transplantation of fecal microbiome and bacteriophage therapy 

may bring good outcomes regarding the prevention and inhibition of CRC progression. 

Still, more groundbreaking and precision therapies are required given the heterogeneity in 

CRC. As such, a new trend is arising considering the use of CRISPR-Cas9 systems, 

essential genes control and manipulation of quorum sensing pathways, for modulating 

intestine microbiome as to inhibit CRC progression or recurrence. Nevertheless, a great 

research effort is still required in a near future as to bring the promising outcomes 

obtained at disease, organoid and mouse models levels to the clinical level. 
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Chapter IV. Final Considerations 

 The impact of intestinal human microbiota on host homeostasis starts early at birth 

and constrains its evolution and immune system through the rest of his/her life. 

Notwithstanding, it undergoes several modifications in response to different environmental 

factors such as lifestyle, diet, exposure to medicines and diseases. Under certain 

circumstances, a instability at the intestinal microbiome can come into a dysbiotic 

situation, which causes repercussions on host health and may lead to pathologies with 

different severity levels that may ultimately end up in CRC. In order to increase the 

generation of efficient diagnostic tools and therapeutic treatments for CRC, it is important 

to get a deeper knowledge on the CRC-associated microbiome, especially because of the 

great heterogeneity occurring between individuals (Oke and Martin, 2017; Pope et al., 

2017). Thus, it is very important to study the diversity of the microbiota community and 

uncover its capabilities in a situation of CRC, so that later can be studied new methods of 

screening and treatment of the disease. 

This study used different approaches to reveal the alterations of the microbial 

community from normal and affected mucosa tissues of CRC-affected patients undergoing 

surgery at the Centro Hospitalar do Baixo Vouga, E.P.E., and which participated in the 

study as volunteers. Furthermore, it was also studied how the responses of the cultivable 

microorganisms towards situations of stress (antimicrobial susceptibility and exposure to 

antibiotics). A relevant aspect of the present study is its application to Portuguese CRC 

patients, since there is gap on data availability for our country, despite the great 

percentage of population that has been deeply affected by this disease in Portugal.  

Given the relevance of the intestine microbiome on gut homeostasis and CRC, 

bearing on the microbiome-host interplay to generate complementary therapies through 

the use of bacterial features and abilities, has been an appealing alternative within the 

drug discovery world. Different strategies are hence being explored in this direction, and 

several bacteria have been highlighting their value as anticancer agents.   

Despite the valuable outcomes obtained in this work, future study approaches, 

should be performed to get a deeper understanding on the microbial community shifts in 

normal and tumoral tissues, together with the stability of the antimicrobial activity and 

susceptibility to antibiotics of the cultivable bacteria.  
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Annex A. Dendrogram built by GelCompar II® with Box-PCR obtained profiles. 
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