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Summary
A substantial body of literature has provided evidence that type 2
diabetes mellitus (T2DM) and colorectal neoplasia share several
common factors. Both diseases are among the leading causes of
death worldwide and have an increasing incidence. In addition to
usual risk factors such as sedentary lifestyle, obesity, and family
history, common pathophysiological mechanisms involved in the
development of these diseases have been identified. These
include changes in glucose metabolism associated with adipose
tissue dysfunction including insulin resistance resulting to
hyperinsulinemia and chronic hyperglycemia. In addition to
altered glucose metabolism, abdominal obesity has been
associated with accented carcinogenesis with chronic subclinical
inflammation. An increasing number of studies have recently
described the role of the gut microbiota in metabolic diseases
including T2DM and the development of colorectal cancer (CRC).
Due to the interconnectedness of different pathophysiological
processes, it is not entirely clear which factor is crucial in the
development of carcinogenesis in patients with T2DM. The aim of
is to

this work review the current knowledge on the

pathophysiological mechanisms of colorectal neoplasia
development in individuals with T2DM. Here, we review the
potential pathophysiological processes involved in the onset and
progression of colorectal neoplasia in patients with T2DM.
Uncovering common pathophysiological characteristics is
essential for understanding the nature of these diseases and may

lead to effective treatment and prevention.
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Introduction

Colorectal cancer (CRC) is the third most
common malignancy (1.8 million cases per year; 10.2 %
of the total cancer); it is the second most common cause
of cancer-related deaths (Ferlay et al. 2019). The
association between type 2 diabetes mellitus (T2DM) and
CRC has been elucidated in numerous epidemiological
studies and metanalyses (Zelenko et al. 2014; Suchanek
et al. 2016). The risk of developing colorectal neoplasia
is 20 — 50 % higher in T2DM patients compared to the
2013).
A systemic analysis of eight selected studies showed
a large correlation of T2DM with the 1.21-fold enhanced
risk of colorectal neoplasia (Guraya et al. 2015).

Zhu et al. analyzed 36 cohort studies with
2,299,012 participants in 2017 to explore the relationship

non-diabetic population (Buysschaert et al.
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between T2DM and CRC. This meta-analysis revealed that
the patients with T2DM will have a 5-year survival that is
shorter than nondiabetic CRC patients. In addition, higher
fasting blood glucose is associated with a higher cancer
mortality. The correlation between elevated fasting
glycemia and malignancy was described in 2011 by
a working group in the United States (Seshasai ef al. 2011).
Fasting glucose levels greater than 5.6 mmol/l were
death with
malignancy. A significant linear relationship between

associated with premature in patients
fasting plasma glucose and the risk of CRC has been
published in a systematic meta-analysis of 11 prospective
studies (Shi ef al. 2015). Each increase of plasma glucose
by 20 mg/dl (1.1 mmol/l) was associated with a 1.5 %
increase in incidence of CRC. Furthermore, a significant
correlation between glycated hemoglobin (HbAlc) levels
and CRC risk has also been demonstrated (Peila and Rohan
2020). Nevertheless, the biological mechanism linking
diabetes and CRC is still unclear. Currently, it is
hypothesized that hyperglycemia, insulin resistance with
overexpression of insulin/insulin like growth factors (IGF),
adipose tissue dysfunction, and gut microbiome may be
key players in common pathogenesis of T2DM and CRC.

Possible pathophysiological mechanisms

Pathophysiological mechanisms linking T2DM

and  colorectal neoplasia  potentially  include

hyperglycemia, chronic hyperinsulinemia, adipose tissue
dysfunction, and changes in the microbiome (Table 1).

Table 1. Pathophysiological factors linking type 2 diabetes
mellitus and colorectal cancer.

Pathophysiological factors linking T2DM and CRC

Hyperglycemia

Hyperinsulinemia and insulin resistance
Adipose tissue dysfunction
Microbiome

Because hyperglycemia and hyperinsulinemia are present
in most diabetic patients, it is difficult to assess a specific
role for carcinogenesis in each abnormality. The literature
suggests that the role of hyperinsulinemia predominates in
case of sufficient supply of nutrients. Animals with T2DM
induced by pancreatic destruction (hyperglycemic and
hypoinsulinemic animals) have smaller tumors than
animals (e.g.,

hyperglycemic and hyperinsulinemic

animals on insulin treatment). Chronic hyperinsulinemia
has metabolic and mitogenic effects through the insulin
receptors (Xu et al. 2016) and related insulin-like growth

factor receptors (IGF-R). Animal models with
precancerous colon adenomas have increased expression of
insulin  receptors, which supports the role of

hyperinsulinemia in CRC development (Vella ef al. 2018).
On the other hand, hyperglycemia and oxidative
stress pathways can lead to cancer development through
DNA damage and the accumulation of mutations
(Ramteke et al. 2019). In animal study streptozotocin-
induced hyperglycemia increased liver metastasis of
mouse colon cancer cells (Gonzalez et al. 2017). This
suggests that hyperglycemia per se may favor colorectal
growth and that
a significant stimulus for tumorigenesis in experimental

tumor hyperglycemia may be
animals. This assumption supports the finding that
targeted treatment of hyperglycemia can lead not only to
reducing of formation of CRC, but also to improving of
of CRC patients.

metformin reduces colorectal adenoma formation and

survival In recent meta-analysis
colorectal cancer incidence (Ng et al. 2020). Metformin
use was also associated with better cancer survival.
Another common pathophysiological factor of
T2DM and CRC is obesity, which is associated with
adipose tissue dysfunction. It is characterized by chronic
subclinical  inflammation and insulin resistance
(Stolarczyk et al. 2017). The link between chronic
inflammation and carcinogenesis is due to oxidative
stress and the production of cytokines and adipokines.
The gut microbiome and associated molecular
mechanisms are also involved in the development of
T2DM. Intestinal bacteria can also affect the process of
oncogenesis, tumor progression, and response to treatment.
Selective manipulation of the gut microbiome thus
represents a potential tool to reduce the incidence of
specific tumors in the general population and improve the
effectiveness of cancer treatment. In addition, in patients
with T2DM, selective intervention in the microbiome in
combination with antidiabetic medication can lead to better
therapeutic results. In this review article, we summarize
recent findings these

regarding pathophysiological

processes in patients with T2DM and colorectal neoplasia.
Hyperglycemia

Chronic hyperglycemia is associated with

a higher incidence of carcinogenesis by oncogene

activation and inactivation of tumor suppressor genes.
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Fig. 1. Effect of chronic hyperglycemia in carcinogenesis. NF-kB: transcription nuclear factor xB; ROS: reactive oxygen species; IL-6:
Interleukin-6; TNF-a: tumor necrosis factor-alfa; HIF-1: hypoxia inducible factor 1; VEGF: vascular endothelial growth factor; GLUT 1,

GLUT 3: glucose transporters 1 and 3.

There are several pathophysiological mechanisms
involved in these processes (Fig. 1).
Stimulation of chronic inflammation

Hyperglycemia can stimulate chronic

inflammation and tissue damage by chronic accumulation
of glycated biomolecules and advanced glycation end
products (AGEs) (Schroter and Hohn 2018). The
formation of AGEs is a complex cascade of glycation
reactions of different kinds of biomolecules including
proteins, lipids and nucleic acids. AGEs may covalently
crosslink and biochemically modify structure and
functions of many proteins, including the interstitial
connective tissue matrix and the basement membrane
(Rojas et al. 2018). Additionally, higher concentration of
different AGEs

(RAGE) binding with subsequent acceleration of chronic

leads to increased AGEs receptor

inflammation performed by enhanced gene growth
factors or cytokines expression (Skrha Jr et al. 2014).
Activation of RAGE increases the secretion of stromal
cells cytokines/chemokines secretion and thus leading to
the recruitment and activation of inflammatory cells into
the tumor microenvironment. Inflammatory cytokines
(such as interleukin 6 and tumor necrosis factor-o)) are
released to chemotactically attract macrophages and
regulatory T cells involved in chronic inflammation
stimulation and angiogenesis. Inflammatory cytokines
can stimulate the process of carcinogenesis through

autocrine and paracrine activation of oncogenic signaling
pathways in macrophages and enteroendocrine cell lines
(Cosin-Roger et al. 2019).

Besides AGEs, RAGE also binds to other
structurally unrelated ligands, such as amyloid-forming
peptides and proteins, the high mobility group box 1
protein (HMGB1), the complement receptor macrophage-
1 antigen (Mac-1) and S100 proteins, which are involved
in the development and progression of CRC (Donato
et al. 2013). The RAGE activation leads to formation of
numerous intracellular signaling mechanisms, resulting in
the progression and prolongation of oxidative stress,
RAGE
expression correlates well with the survival of colon

inflammation, and tumorigenesis. Moreover,
cancer cells (Aizian-Farsani et al. 2020).
Ligand-mediated activation of RAGE triggers
increased activation of pro-inflammatory transcriptional
regulators, including nuclear factor-kappa B (NF-kB),
signal transducer activator of transcription 3 (STAT3),
hypoxia inducible factor 1 (HIF-1) and even microRNAs.
MicroRNAs (miRNAs) are small non-coding single
stranded RNAs, which control the gene expression by
degrading the corresponding mRNA, destabilizing and/or
their 2015).
MicroRNAs can act as onco-miRNAs or anti-onco-

inhibiting translation (Frixa et al
miRNAs depending on their potential target genes. After
RAGE activation, transcription factors migrate into the
nucleus, interact with the DNA and lead to increased
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expression of pro-inflammatory cytokines, enzymes, as
well as oncogenes with associated downregulation of
tumor suppressor genes (Bongarzone et al. 2017). This
cascade generates overexpression of RAGE and its
ligands, such as AGEs, S100 proteins and HMGB1 which
leads to a positive feedback loop and further RAGE
upregulation. The stimulation of RAGE in colorectal
cancer cells by S100P proteins contributes to activation
of transcription factors (activator protein 1 (AP-1) and
NF-kB) through mitogen-activated protein kinase (MEK),
(ERK)
phosphorylation, and increased expression of oncogenes
miRNA-155 and miRNA-21, that are
up-regulated in human colon cancer cells (Mercado-
Pimentel et al. 2015). Antagonism of RAGE activity with
the anti-RAGE antibodies results to reduction in cell

extracellular signal-regulated kinases

such as

growth, migration, and invasiveness.

Production of reactive oxygen species (ROS) by
activation of RAGE can damage the cellular components
(DNA, proteins, and cell membrane lipids) that contribute
to the transformation of malignant cells. In addition,
oxidative stress is directly connected with overproduction
in mitochondria, which leads to
with
secretion by pancreatic B-cells (Zinczuk et al. 2019,
2017). This

inflammation is supported by the observation that

of superoxide

mitochondrial ~ dysfunction impaired  insulin

Urbanova et al theory of chronic
nonsteroidal anti-inflammatory drugs reduce the risk of
CRC in predisposed individuals.

Endothelial dysfunction

High serum glucose levels lead to DNA damage
in human endothelial cells including the development of
endothelial dysfunction and pathological angiogenesis
(Shi et al. 2015). Hyperglycemia has recently been shown
to induce angiogenesis in tumors by upregulating
microRNA-467 - a suppressor of the antiangiogenic
protein  thrombospondin-1  resulting in  tumor
neoangiogenesis and malignant growth (Chang and Yang
2016, Bhattacharyya et al. 2012).

The tumor microenvironment is characterized by
hypoxia with insufficient coverage of its energy
requirements, and thus critical cellular adaptations and
changes are initiated in the hypoxemic environment. The
survival of cells exposed to hypoxic stress depends on the
increased expression of genes supporting anaerobic
metabolism and the emergence of new metabolites in the
bloodstream. Activation of these hypoxic genes is

controlled by the hypoxia inducible factor 1 (HIF-1).

High expression of this factor correlates with higher
tumor aggressiveness, faster proliferation, and greater
expression of the important activator of angiogenesis
endothelial vascular growth factor (VEGF) (Qi et al.
2020).

Energy substrate

Chronic hyperglycemia acts as an energy
substrate in the process of carcinogenesis. Glucose is an
essential source of energy for the metabolism of tumor
ideal
conditions for stimulating their proliferation. In the
hypoxic microenvironment of the tumor, glucose
transporters (especially GLUT 1 and GLUT 3) are

upregulated, and the tumor cell transitions to a glycolytic

cells while chronic hyperglycemia provides

phenotype of glucose metabolism. In addition to hypoxia,

mutations in certain oncogenes can also induce
overexpression and activity of glycolytic enzymes and
GLUT. These include the Akt oncogene encoding
a serine/threonine kinase that promotes aerobic glycolysis
of a tumor cell (Hoxhaj and Manning 2020). Another
oncogene, K-Ras can alter glucose metabolism by giving
tumor cells a selective advantage. Cells with mutated
K-Ras have increased expression of the glucose
transporter GLUT1 (Ancey ef al. 2018).

Anaerobic glycolysis is typical for tumor cells
and arises as a metabolic adaptation to rapid tumor
growth

mitochondrial oxidative phosphorylation. Transformed

in hypoxic conditions at the expense of
cells remain in a glycolytic mechanism even in the
presence of oxygen (so-called aerobic glycolysis,
Warburg effect). Here, alarge amount of lactate is
produced from pyruvate, and the pH of the extracellular
(Jiang 2017). This
glycolysis is often considered to be the seventh sign of

environment decreases aerobic
cancer along with selective growth and proliferative

advantage, altered stress response favoring overall

survival, vascularization, invasion and metastasis,
an abetting microenvironment and immune modulation
(Fouad and Aanei 2017). Glycolysis is much faster than
oxidative phosphorylation, and it can produce more ATP
(adenosine triphosphate) by glycolysis over time than
when oxidative phosphorylation is involved (if high
glucose intake is ensured). Tumor cells preferentially
utilize glycolysis only under conditions of sufficient
glucose concentration. When extracellular glucose levels
are reduced, tumor cells start to use slower mitochondrial

respiration (Potter et al. 2016).
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Epigenetic regulation

Elevated glucose levels disrupt epigenetic

regulation leading to "hyperglycemic memory" —

acondition that allows tumor cells exposed to

hyperglycemia to permanently activate oncogenic
pathways even after normalization of fasting glucose
levels. The activation of hyperglycemic memory has been
linked to generation of oxidative stress and AGEs, and
activation of the mitogen activated protein kinase pathway.
Recent studies have also

implicated  epigenetic

mechanisms in the development of hyperglycemic
memory. One example of hyperglycemic memory includes
the upregulation of NFxB-p65 gene expression as a result

of prior hyperglycemia (Al-Haddad ef al. 2016).
Chronic hyperinsulinemia

Hyperinsulinemia plays a significant role in
carcinogenesis through its proliferative action via insulin
receptors (IR), stimulation of insulin-like growth factor
(IGF), and its receptor (IGF-R) (Hua et al. 2020). While
IR activation leads mainly to metabolic effects, binding to
IGF-R leads to cell proliferation, angiogenesis, and
subsequent metastasis (Fig. 2).

There are two main isoforms of IR: IR-A and
IR-B (Vella et al. 2018). IR-A is expressed at high levels
in fetal and neoplastic tissues, binds insulin and IGF, and
mediates mainly antiapoptotic and mitogenic effects. IR-
B predominantly binds insulin and has metabolic effects.
IR-B is expressed in tissues such as liver, muscle,

adipocytes, and kidney. IGF-R can be stimulated by both
IGF and
mitogenic and transformational potential. Due to the high

insulin, and their activation has greater
degree of homology between IR and IGF-R, there are
also hybrid receptors for insulin and IGF (IGF-IR) that
are overexpressed in tumor cells (Simpson et al. 2017).
Hybrid receptors behave more like IGF-R because they
have ahigher affinity for IGF. Thus, they provide
additional binding sites for IGF and have mitogenic and
antiapoptotic effects. In addition, insulin increases the
amount of bioavailable IGF because it inhibits the
production of two IGF-binding proteins (IGFBP-1 and
IGFBP-2), which are necessary to transport IGF to
peripheral tissues.

In the case of insulin resistance and subsequent
hyperinsulinemia, the mitogenic pathway of insulin is
enhanced along with collateral binding of insulin and IGF
to the IGF-R. IR (especially the fetal isoform IR-A) and
IGF-R are overexpressed in tumor cells resulting in
overexpression of hybrid IGF-IR. (Scalia et al. 2020). As
mentioned above, hyperinsulinemia is associated with
a decrease in circulating IGF-binding proteins resulting in
an increase of free IGF and overstimulation of IGF-R and
lead to
overgrowth of tumor cells and progressive development

hybrid receptors. These abnormalities all

of precancerous lesions. Insulin-induced oncogenic
signaling pathways involve the activation of multiple
neoplastic protein kinases - especially mitogen-activated
protein kinases (MAPK) and the extracellular signal-

regulated kinase (ERK).

| activation of the Wnt/B-Catenin signaling pathway

intestinal cell

—_— : .
proliferation

I
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Fig. 2. The role of hyperinsulinemia in carcinogenesis. IR-A: insulin receptor — isoform A; IGF: insulin-like growth factor; IGF-R:
receptor for insulin-like growth factor; IGF-IR: hybrid receptor for insulin and insulin-like growth factor; MAPK: mitogen-activated
protein kinases; ERK: extracellular signal-regulated kinase; mTOR: mammalian target of rapamycin; GLP-1: glucagon-like peptide-1.
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Potentiation of growth factors with proliferative
activity affects cellular metabolism and the mammalian
target of rapamycin (mTOR) pathway. Such activation in
turn leads to increased sensitivity of colon cells to growth
factors and accelerated progression from adenoma to
carcinoma (Conciatori et al. 2018). Increased insulin
level and free IGF stimulate cell growth and proliferation,
reduce apoptosis, and increase vascular endothelial
growth factor levels, which promote colorectal
carcinogenesis (Kasprzak and Adamek 2019).

Another possible molecular mechanism for the
link between high insulin levels and CRC risk involves
the hormone glucagon-like peptide-1 (GLP-1), which is
secreted by intestinal endocrine L cells. Due to insulin
decreased GLP-1

a compensatory activation of the Wnt/B-Catenin signaling

resistance, secretion leads to
pathway in combination with increased expression of
oncogenes such as c¢-Myc and cyclin DI. This in turn
leads to intestinal cell proliferation and the development

of CRC (Giouleme et al. 2011).
Adipose tissue dysfunction

Most (8090 %) with T2DM are
overweight or obese (Flegal ef al. 2012). Obesity is

patients

associated with a higher tumor incidence and mortality.
Several systematic reviews and meta-analyzes have shown
that the relative risk of CRC associated with obesity (as
defined by a body mass index (BMI) > 30 kg/m®) was
higher in men. Abdominal obesity characterized by waist
circumference or waist to hip ratio (WHR) has shown

a higher relative risk of colon cancer in both sexes (Wang
et al. 2017). This evidence suggests that visceral adipose
tissue (VAT) is more associated with the development and
and WHR
measurements are more appropriate for CRC risk

progression of colorectal neoplasia,
assessment. Compared to subcutaneous adipose tissue
(SCAT), overall VAT is

metabolically and endocrine-active overall. The VAT

considered to be more

produces higher levels of proinflammatory cytokines,

adipokines, and free fatty acids (Burhans et al. 2018).
Obesity is

associated with adipose tissue

dysfunction (Fig. 3) whose hallmarks are chronic
subclinical inflammation and insulin resistance (Stolarczyk
et al. 2017). The association between chronic inflammation
and carcinogenesis is characterized by oxidative stress and
the production of cytokines and adipokines. Adipose tissue
acts as an endocrine organ producing many biologically
active substances involved in the regulation of metabolism
(Booth et al. 2016). Excessive accumulation of fat stores
leading to obesity is the basis for altered endocrine
production of adipokines and cytokines in adipose tissue
such as leptin, adiponectin, interleukin 6 (IL-6), and tumor
necrosis factor alpha (TNF-a) (Divella et al. 2016). The
chronic inflammatory condition associated with high levels
of cytokines creates a carcinogenic environment that
promotes angiogenesis (Aguilar-Cazares et al. 2019).
Furthermore, high cytokine production leads to insulin
resistance (Shi et al. 2019). Metabolic and mitogenic
changes induced by excessive fat depots increase the
carcinogenic effect of hyperglycemia and hyperinsulinemia
observed in T2DM.

Visceral obesity

adipocytes
macrophages
immune cells

\

Chronic subclinical inflammation Insulin resistance and T2DM Adipokines
oxidative stress t IGF + Adiponectin
t1-6, TNF-a + IGFBP t Leptin

1

CRC carcinogenesis
4 mitogenic signals
+ apoptosis

4 angiogenesis

Fig. 3. Mechanisms linking visceral obesity to colorectal cancer. IL-6: Interleukin-6; TNF-a: tumor necrosis factor-alfa; IGF: insulin-like
growth factor; IGFBP: insulin-like growth factor binding protein; T2DM: type 2 diabetes mellitus.
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Hormonal production of adipose tissue

Adipose tissue is a source of polypeptide
hormones, i.e., adipokines. These adipokines act as
paracrine and endocrine signaling molecules. Excessive
amounts of VAT can be associated with dysregulation of
adipokine expression, which is a mechanism in CRC.
Major adipokines directly related to colorectal
carcinogenesis include leptin and adiponectin. These
adipokines show the opposite activity when excessive
adipose tissue accumulates: concentration of leptin
increases, and the concentration of adiponectin decreases.

Leptin is involved in the control of food intake
and energy expenditure (Pandit et al. 2017). Leptin
overexpression has mitogenic (Al-Shibli ez al. 2019) and
antiapoptotic effects (Samad and Rao 2019). It promotes
the invasiveness of colon adenomatous cells (Yoon et al.
2014) and its increased expression correlates with the
progression of colorectal carcinogenesis (Modzelewska
et al. 2019). Leptin induces its effects through its
receptor. As a result, the phosphatidylinositol 3-kinase
(PI3K), MAPK, and signal transducer and activator of the
transcriptional (STAT) signaling pathway are activated.
The possible effects of leptin on tumor angiogenesis have
not yet been fully elucidated. One of the most debated
hypotheses is the paracrine stimulation of new blood
vessel formation by endothelial cells expressing the leptin
receptor (Philippa et al. 2018) and the effects of leptin
similar to IGF-1 (Ashktorab et al. 2011). A clinical study
conducted in a cohort of patients with colorectal
carcinoma has found that almost 80 % of cases are
characterized by the presence of leptin receptors in the
lesion. This correlates positively with cancer-related
angiogenesis and cellular proliferation (Milosevic et al.
2015). The authors suggest that leptin profile could be
used as a biomarker to select those patients who are at
high risk of developing an aggressive form of colorectal
cancer.

Adiponectin has protective effects in the process
of carcinogenesis. Its increased concentration is inversely
associated with insulin levels and amount of VAT. Serum
adiponectin levels are indirectly associated with
colorectal cancer (Katira and Tan 2016). Adiponectin acts
through its receptors (ADIPOR1 and ADIPOR?2) in target
tissues. Activation of these receptors suppresses
inflammation, increases cell sensitivity to insulin, induces
apoptosis, and inhibits cell proliferation (Renchan et al.
2015). Adiponectin activates AMP-activated protein
kinase

(adenosine monophosphate-activated protein

kinase or AMPK) signaling pathways, which activate

tumor suppressor genes p53 and p2/ and subsequently
cell apoptosis (Moon et al. 2013). The AMPK activated
inhibits PI3K/AKT/mTOR
pathways, which are essential for
(Renehan et al. 2015).

pathway also signaling

carcinogenesis

Macrophage infiltration and activity in adipose tissue
The association of VAT with the induction of
subclinical inflammation is closely related to macrophage
activity. First, preadipocytes (stem mesenchymal cells)
can show strong phagocytic activity in the condition of
obesity and thus serve as macrophages (Riondino et al.
2014). The plasticity of mesenchymal cells is much
greater than previously considered (Shin et al. 2020).
Second, in the case of obesity, VAT is infiltrated by
macrophages, which enter adipose tissue from the
systemic circulation. These are probably recruited by
several mechanisms that are not entirely clear (Bai and
Sun 2016, Castoldi
macrophage numbers correlates with an increase in BMI

et al. 2016). An increase in
and adipocyte hypertrophy. Third, adipocytes interact
with macrophages and synergistically stimulate the
inflammatory response (Thomas and Apovian 2011).
Macrophages infiltrating the VAT show a transition from
(M2
macrophages) to pro-inflammatory and proadipogenic

anti-inflammatory and adipostatic phenotype
phenotype (M1 macrophages). M1 macrophages are
source of proinflammatory cytokines such as TNF-a and
IL-6. In addition, they produce free ROS and inducible
NO synthase (iNOS), which are associated with the
development of insulin resistance (Castaneda et al. 2017).
Obesity leads to a shift in the proportion of the M1
macrophage subpopulation with increased production of
proinflammatory cytokines and ROS that contributes to
chronic subclinical inflammation, insulin resistance, and
T2DM. Dysregulated M1/M2 macrophage balance also
explains carcinogenesis in obese patients with T2DM
(Hao et al. 2012).

Microbiome

Microbiome changes are associated with the
pathophysiology of most chronic diseases. Dysbiosis and
associated chronic subclinical inflammation of the
intestinal wall contribute to the development of chronic
gastrointestinal diseases such as inflammatory bowel
disease, irritable bowel syndrome, or colorectal neoplasia
(Dabke et al. 2019). In addition to intestinal effects,
dysbiosis is

associated with the development of
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extraintestinal chronic diseases - most commonly obesity
and T2DM. There is evidence that changes in the
microbiome can impact glucose metabolism in animal
models (Gurung et al. 2020). In addition, preclinical and
clinical studies suggest that the microbiome is also
strongly associated with oncogenesis including CRC.

The composition of the gut microbiome

A typical human gut microbiome contains 10"
microorganisms, which is similar to the total number of
human cells (Pabst et al. 2017). Metagenomic studies
have identified a huge and diverse group of microbial
genes. It is estimated that they encode a 100-fold more
unique genes than our own genome (Qin et al. 2010). The
16S rRNA sequencing (ribosomal RNA gene) and mass
spectrometry with fly-through analyzer and matrix laser
ionization significantly

desorption improved the

identification of bacterial species and pathogenic
microorganisms in clinical microbiology laboratories
(Fournier et al. 2013, Lagier et al. 2015). It is currently
estimated that a fragile community of commensal
organisms produces 500-1000 different bacterial species
and more than 7,000 individual bacterial strains.

Depending on the site of location, the
composition of the microbiome varies significantly (The
Human Microbiome Project Consortium, 2012). The vast
majority of commensal microorganisms are found in the
large intestine with an estimated up to 10" bacteria. Most
species isolated from humans (93.5 %) belong to four
bacterial strains: Firmicutes, Proteobacteria, Actinobacteria
and Bacteroidetes (Hugon et al. 2015). The presence of
Proteobacteria is quite low, and its absence suggests
a healthy intestinal microbiome (Hollister et al. 2014).
Proteobacteria form a diverse group of gram-negative
microorganisms and include the species Klebsiella
(a significant nosocomial pathogen) and the Escherichia
coli (involved in the development of CRC).

The presence and dominance of individual
species is highly dynamic and is constantly influenced by
the external environment, genetics, host immune system,
infection, and treatment with antibiotics or other drugs
2015).

composition and function also vary according to different

(Belizario and  Napolitano Microbiotic
geography, age, sex, race, and diet (Hollister ef al. 2014).
Colorectal tumors in humans show significantly
higher amounts of Proteobacteria and lower numbers of
2010). Bacterial strains

positively associated with the occurrence of T2DM were

Bacteroidetes (Shen et al.

Ruminococcus, Fusobacterium, and Blautia (Sedighi

et al. 2017) (Table 2). Castellarin et al. (2012) showed
that the DNA of Fusobacterium nucleatum is increased in
CRC tumor tissue and correlates with lymph node
metastases. Kostic et al. (2012) found that the presence of
Fusobacterium spp. was generally higher in fecal samples
of CRC patients
F. nucleatum also contributes

compared to healthy controls.

to colorectal cancer
resistance to chemotherapy through a complex network of
toll-like
microRNAs, and induction of autophagy (Ramos et al.

2017).

mechanisms including receptor signaling,

Pathophysiological effects of microbiome

The complex interactions of the gut microbiome
with the intestinal mucosa plays a key role in the
pathogenesis of T2DM similar to other diseases such as
obesity, inflammatory bowel disease, and CRC. The
microbiome influences the development of chronic
subclinical inflammation, intestinal wall permeability and
translocation of bacterial agents, glucose homeostasis
(including insulin resistance), and fatty acid synthesis.
Dysbiosis can also lead to genetic and epigenetic changes
leading to the development of dysplasia, clonal
expansion, and malignant transformation of colon cells.
Initiation and progression of colorectal carcinogenesis
may be the result of direct microbiome action through
bacterial metabolites or stimulation of chronic subclinical
inflammation.

In addition, microbiota have a great influence on
the expression of a wide range of human genes. For
example, specific strains of Bifidobacteria, Lactobacilli,
and Escherichia coli affect the gene expression of
caspase and toll-like receptors (TLR) on macrophages
and dendritic cells, which modulate immunological
activity and apoptosis (Plaza-Diaz et al. 2014). The
interaction between the microbiome and immune cells
creates a delicate balance between pro-inflammatory
genes and proto-oncogenes with anti-inflammatory genes

and tumor suppressor genes.

Table 2. Common bacterial strains associated with type 2
diabetes mellitus and colorectal cancer.

Composition of gut microbiome (bacterial strains)

Type 2 diabetes Ruminococcus

mellitus Fusobacterium
Blautia

Colorectal cancer Fusobacterium

Proteobacteria
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Future perspectives

There is considerable interest in the potential use
of the microbiome in clinical practice especially in the
treatment of chronic metabolic diseases and oncological
discases. Although the composition of the microbiome is
stable for each individual over a long time, there are
many factors (aging, obesity, Western diet, lack of
exercise, disease, and antibiotics) that lead to a change in
the microbiome towards less diversity and pro-
inflammatory profiles including higher rates of certain
pro-tumorigenic bacteria (fusobacteria and
proteobacteria) associated with CRC.

Hypothetically, selective modulation of the gut
microbiome can be used in anticancer therapy and T2DM
therapy. Four different methods can be used to affect the
microbiome: (1) antibiotics—drugs with preferential

cytotoxicity for one or more bacterial species;
(2) probiotics—live bacteria or other micro-organisms
that provide health benefits (when administered in
sufficient quantities); (3) prebiotics—indigestible
compounds that stimulate the growth and/or function of
specific components of the gut microbiome; (4) so-called
postbiotics—non-viable products of the gut microbiome
that stimulate biological activities in the host (Zitvogel
etal. 2015).

Specific changes in the gut microbiome can
serve as a tool to increase the efficacy of antidiabetics in
T2DM or chemotherapeutics in CRC. At the same time,
these changes can reduce the side effects of cancer
treatment. In the context of antibiotics, the main obstacles
may be the limited selectivity of most conventional
antibiotics and the increased interindividual heterogeneity
of the gut microbiome. Highly specific antimicrobial
agents and the development of new technologies enabling
rapid and detailed characterization of the gut microbiome
on apersonnel basis can at least partially circumvent

these problems.

An example of selective modulation of
microbiome for therapeutic purposes may be the
administration of Lactobacillus rhamnosus, which

reduces the expression of B-catenin and inflammatory
proteins NF«xB-p65 while inducing the expression of
proapoptotic proteins p53 and Bax (Gamallat ef al. 2016).
In 27
radiotherapy, L.

studies involving 206 patients receiving

rhamnosus reduced radiation-related
2001).

gastrointestinal toxicity (Urbancsek et al.

Lactobacillus acidophilus 606 also exhibits antitumor
activity against human colon cancer cells (Kim et al.
2010). A study investigating the effects of the probiotic
Bifidobacterium animalis ssp. Lactis 420, a prebiotic of
polydextrose in combination with sitagliptin in diabetic
mice (Stenman et al. 2015), was more effective in
reducing several T2DM parameters. A similar study in
diabetic rodent models found that the combination of
a prebiotic polysaccharide with the antidiabetic drugs
metformin and sitagliptin reduced hyperglycemia and
adiposity compared to the antidiabetic drugs alone
(Reimer et al. 2014). In another study, streptozotocin-
induced diabetic mice treated with combination of
a prebiotic and metformin showed improvements in
fasting glucose, glucose tolerance, and insulin resistance
alone (Zheng

compared to metformin

et al. 2018).
Conclusion

Pathophysiological processes involved in the
onset and progression of colorectal neoplasia in patients
with T2DM are complex and include the effects of
chronic hyperglycemia, hyperinsulinemia, adipose tissue
dysfunction, and gut microbiome changes. The gradual
discovery of complex mutual connections allows us to
better perceive these diseases. Despite the significant
advances in understanding the pathogenesis of T2DM and
oncogenesis of CRC itself, there are still many unknowns
in the area linking these pathological conditions. Further
research is needed to reveal the common characteristics
and pathophysiological processes of carcinogenesis in
T2DM. A clear identification of these processes will then
contribute to a better understanding of the nature of these
diseases and their interconnection, which is the basis of
effective prevention and therapy.
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