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ABSTRACT

Colorectal cancer is the second most common type of cancer both in Europe and Poland.
During the last 30 years more than a 3-fold increase has been observed in Poland due to
environmental and genetic factors. Almost all colorectal malignancies are related to the
formation and malignant transformation of colorectal dysplasia and adenoma. Efforts aim-
ing to decrease the number of colorectal cancer deaths are focused on the disease early
detection. Genetic diagnosis for hereditary syndromes predisposing to colorectal cancer
has been developed and is a part of the routine treatment. Most cancers are sporadic. They
often develop from polyps in the colon. In addition to the genetic events described in the
1990s, showing the adenoma transformation into carcinoma that has been a prime example
of malignant transformation for a long time, there are also other possibilities of neoplastic
transformation. The recognition of colorectal cancer risk factors make sense as their nature
is lifestyle- and diet-related. In this review paper those risk factors are presented and the
prevention of colorectal cancer is discussed taking into account genetic factors.

© 2017 Published by Elsevier Sp. z 0.0. on behalf of Greater Poland Cancer Centre.

1. Introduction

Colorectal cancer is the second most common cancer site
both in Europe (Fig. 1) and Poland when analyzing cancer
incidence.! During the last 30 years, in Poland, more than a
three-fold increase in incidence has been observed in women
and nearly a four-fold increase in men.?

Environmental and genetic factors are basic contributors
to this increase. Almost all of the colorectal malignancies
are related to the formation and malignant transformation
of colorectal dysplasia and adenoma. Colorectal cancer devel-
ops through many different pathways, including the serrated
pathway and the classical adenoma-carcinoma sequence.?
Adenomas are classified due to the histopathological structure
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Fig. 1 - Cancer incidence in Europe by site, both sexes 2012.

as: Traditional and Sessile Serrated Adenomas, Tubular,
Tubulovillous and Villous. Among the Serrated Polyps, only
those having dysplasia (traditional) or sessile type (SSA), even
without dysplasia, are classified as adenomas — polyps with
potential for carcinogenesis. Among the polyposis syndromes,
we identify also those with a predominance of, for exam-
ple, hyperplastic polyps that do not belong to adenomas, but
remarkably increases the risk of developing adenoma, dyspla-
sia and cancer. Juvenille Polyposis,® MAP (MUTYH Associated
Polyposis)* and Peutz Jeghers Syndrome” belong to those syn-
dromes. Efforts aiming to decrease the number of colorectal
cancer deaths are focused on the disease early detection.®® A
reduction of the colorectal cancer incidence can be achieved
by proper prevention. Genetic diagnosis for hereditary syn-
dromes predisposing to colorectal cancer has been developed
and is a part of the routine treatment of colorectal cancer
patients and members of their families. Most cancers are
sporadic, they often develop from polyps in the colon. The
sequence of genetic events described in the 90s showing the
adenoma/carcinoma transformation has been a prime exam-
ple of malignant transformation for a long time,’ but there are
also other possibilities of neoplastic transformation.> Knowl-
edge of the colorectal cancer risk factors is important because
of the nature of these modifiable lifestyle and diet-related fac-
tors.

In this paper we present the risk factors and prevention of
colorectal cancer taking into account genetic factors.

2. Risk factors for adenomas
2.1.  Environmental factors

The environmental factors are associated with sporadic can-
cer and are responsible for about 83% of all colorectal cancer
cases. Among these patients, the sole influence of the environ-
ment is detected in 30%. In 28% of them, cancer is associated
with epigenetic mutations such as in DNA repair genes,
the remaining 25% have a positive family history. Transcrip-
tional inactivation by promoter CpG island methylation in
tumor suppressor genes is an important mechanism which
can silence tumor suppressor genes. Epigenetic suppressor
gene silencing has commonly been involved in colorectal

cancer.'%'! Epigenetic changes are usually associated with
age. The aging process is associated with a wide variety of
exposure to risk factors, so its effect is a kind of an accu-
mulation of various processes. A concatenation between the
methylation status of genes and a familial tendency to colo-
rectal cancer have been described in several reports.n1%11
Polish studies conducted under the National Colorectal Can-
cer Screening Program emphasize the role of the male sex,
because of the lifestyle associated with higher exposure to risk
factors that promotes the formation of high-risk adenomas
(advanced neoplasia).’?

Obesity contributes to an increased risk of adenomas and
cancetr, as does a diet rich in processed products and red meat.
Underlying this risk is not only epigenetic disorders associ-
ated with abnormal methylation, but also the inflammatory
processes.'®> The Metabolic Syndrome is in close connection
with these factors which is a consequence of incorrect diet
and lifestyle, but also limitation of physical activity. Metabolic
Syndrome is associated with weight gain, low levels of high
density lipoprotein (HDL), hypertriglyceridemia and hyperten-
sion hyperglycemia.'*~' One of its liver manifestations may be
nonalcoholic fatty liver disease (NAFLD) that is an indepen-
dent colorectal cancer risk factor.!” All these factors lead to
epigenetic changes which, in combination with positive family
history, increase the risk of colorectal cancer.

2.2. Diet and red meat consumption

No correlation has been found between the total intake of pro-
tein and the risk of colorectal cancer development. The focus
on the role of eating processed and red meat is increasing.
Food preparation methods such as grilling meat causes the
formation of carcinogenic polycyclic aromatic hydrocarbons
and heterocyclic amines, but also generates the formation of
DNA-damaging free radicals.’®

Protective diet-related factors documented in recent years
include the intake of vegetables, fruit and whole grains. The
protective effectis related to the content of dietary fiber, which
dilutes, absorbs, and removes the cocarcinogens, carcinogens
and/or tumor promoters that are present in the gut.!®
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2.3. Smoking

According to literature data, smokers are at increased risk of
developing colorectal cancer and the mortality rate due to
colorectal cancer in this group is 25% higher compared to non-
smokers. Advanced adenomas and neoplastic polyps occur
much more frequently in those who smoke. The correlation
between neoplastic adenomas and the number of cigarettes
smoked daily, years of smoking addiction and an age at which
the habit begun are observed.'8-%°

2.4. Alcohol intake

Multiply studies showed that chronic alcohol intake raises
the risk of advanced adenoma and plays a role in colorectal
carcinogenesis in both men and women. Some study results
indicate a positive correlation between alcohol consumption
with particular emphasis on excessive alcohol intake and the
occurrence of advanced adenoma. Therefore, limiting alcohol
intake from a young age might reduce colorectal cancer.?’?3

2.5. Diabetes

Many studies have provided strong evidence that patients with
diabetes mellitus are at a significantly higher risk of devel-
oping colorectal adenoma and colorectal cancer. Metformin
has been recommended as the first line oral therapy for newly
diagnosed type 2 diabetes. Some researchers have indicated
that metformin can reduce colorectal adenomas and cancer
risk. Some other studies have found no relation between met-
formin therapy and colorectal adenomas or colorectal cancer.
Thus the results are still inconsistent.?#?> Hu et al. found that
the combination of H. pylori infection and elevated HbAlc is
associated with an increased risk of colon adenoma.?®

2.6.  Physical activity

According to test results, physical activity is a protective
factor decreasing the risk of developing adenoma and colo-
rectal cancer.”’ Probably, a synergistic effect is associated
with lifestyle, reduction of energy supply in calories and lack
of weight gain.?® In addition, a beneficial effect of avoiding
overweight, not smoking and limited alcohol consumption
was proven.”’ Non-steroidal anti-inflammatory drugs should
be mentioned among the factors with proven protective
action.?>3! They are not commonly used, however, because of
their side effects,?>33 and remain limited to selected groups of
patients such as those with Hereditary Polyposis Syndromes,
FAP or with previous colorectal cancer.?0:32.34-36

2.7. Hormone replacement therapy

Another factor with a documented protective role in colo-
rectal cancer is the use of hormone replacement therapy.
Many years of prospective research have shown that HRT is
related to a lower cancer development risk, especially when
using the estrogen-alone (E-alone) therapy. E-alone therapy is
associated with a lower risk of CDKN1A-nonexpressed colo-
rectal cancer. CDKN1A is a key protein protecting the cell cycle
and transition from G1 to S phase, and is responsible for the

regulation of the growth arrest, cell proliferation and apo-
ptosis. HRT is limited by its serious side effects, including
cardiovascular complications and increased breast cancer
risk.?’

3. From adenoma to colon cancer

Almost half of the European population will have adenomas
during their life. A small percentage of them may transform
into cancer. Adenomas are divided into Tubular, Tubulovil-
lous, Villous and Serrated. Conventional ones differ in the
content of villous elements. Tubular type accounts for less
than 25% of them and villous for more than 75%. The more
villous elements the higher the risk of cancer. Polyps larger
than 1cm are mostly villous. Serrated Polyps are a hetero-
geneous group of changes having a serrated architecture of
the epithelium.>® This includes irrelevant traditional serrated
polyps, hyperplastic polyps, and Sessile Serrated Adenoma.>°
Small (to 5 mm) hyperplastic polyps, located most commonly
in the distal part of the intestine, are difficult to distinguish
from adenomas.

Polyps are difficult to distinguish endoscopically. A variety
of techniques are combined, e.g. chromoendoscopy with all
kinds of dyes and zoom of the image, to make an accurate
assessment of the structure of the Superficial and Subep-
ithelial Polyps Vascular Grid. Models of mucous membrane
covering the polyp appearance are created to distinguish the
type of histopathological changes visible in endoscopy.***?
An example is the pit pattern classification by Kudo using
the model of intestinal crypt pit disorders.** They are scored
from a regular type I, with round intestinal crypt pits (normal)
characteristic for normal mucosa and hyperplastic polyps, to
the irregular type V (non-structural pits) which usually corre-
sponds to adenocarcinoma.*>#*

Research is ongoing on the sensitivity of these methods,
for example related with the coexistence of several mod-
els within a single lesion. In some cases, it is necessary to
remove even the benign polyps to fulfill the diagnostic crite-
ria for Hyperplastic Polyposis Syndrome. However, those are
rare situations and in the nearest future, owing to constant
improvements in endoscopic techniques, histological diagno-
sis can be done without removing the lesion, based only on the
image obtained in the right band of light such as NBI (Narrow
Band Imaging) system.*®

All polyps seen during colonoscopy require histopathologi-
cal verification or equivalent visual assessment. Poland is one
of three countries in Europe (next to Germany and Italy)!?46
where the national colorectal cancer early detection program
isbased on colonoscopy.'? Studies show that colonoscopy with
possible polypectomy, performed once every 10 years, is the
most effective method of colorectal cancer screening. Accord-
ing to estimates, it is adjusted to reduce the colorectal cancer
incidence by 76-90% and the mortality by 69%.%°

The most important thing is to find adenomas with dys-
plasia. The greatest risk of developing cancer is observed
among these changes. High-grade dysplasia occurs most often
focally and is synonymous with intraepithelial carcinoma or
carcinoma in situ.*’ For both low- and high-grade dysplasia
endoscopic polypectomy is a sufficient procedure.*®
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Inflammatory Bowel Diseases are a known risk factor for
colorectal cancer and dysplasia. The inflammation related
changes are often flat and difficult to detect during endoscopy.

Approximately one in every 10 patients after colonoscopy
have flat adenomas, and dysplasia associated lesion were
identified in about half of the cases. Dysplasia Associated
Lesions or Masses (DALM) may be removed the same way as
adenomas, if there are not coexisting with flat dysplasia in the
neighboring area.*®

4, Genetics factors
4.1.  Lynch syndrome

The Hereditary Nonpolyposis Colorectal Cancer (HNPCC) also
known as Lynch Syndrome is the most common genetic syn-
drome associated with the presence of 2-4% of colorectal
cancers. It refers to cases with mutations in DNA repair genes
(MMR: MisMatchRepair).

HNPCC is a wider concept and also includes cases that
meet the criteria for the syndrome but without mutations in
MMR genes. The syndrome is not only related to increased
colorectal cancer risk factor but also to other malignan-
cies i.e. endometrial, stomach, small intestine, ovary, kidney
and brain. It is characterized by a low diversity, mucous,
undifferentiated medullary carcinomas that occur primar-
ily in the right half of the large intestine among relatively
young patients. Tumor surroundings are dominated by lym-
phocytic infiltrations and focal lesions similar to those found
in Le$niowski-Crohn’s disease. It is the result of mutations
in embryonic DNA repair genes (PMS2, MSH2, MSH6, MLH1)
and is an inherited autosomal dominant. Genetic mutations
in short repetitive microsatellite sections of DNA, within
which there is a deletion and shortening of DNA, leading to
microsatellite instability, a characteristic feature of this syn-
drome. Microsatellite instability is a diagnostic marker.*

It is rare among sporadic cancers as their cause is usually
not a mutation in the DNA repair genes but epigenetic changes
such as hypermethylation of MLH1 promoter. Diagnosis is
based on the Amsterdam II criteria and diagnostics of micro-
somal instability based on the revised Bethesda criteria. Lynch
Syndrome is associated with relatively wide spectrum of can-
cers including colorectal, stomach, endometrial, pancreatic,
ovarian, ureter, renal pelvis, biliary tract and brain (glioblas-
toma) tumors, keratoacanthomas, sebaceous gland adenomas
and carcinoma of the small bowel.*®

4.2.  FAP syndrome

Much rarer syndrome (1% of colorectal cancers) is an autoso-
mal dominant FAP Syndrome characterized by early formation
of adenomatous polyps from 100 to over 1000 lesions and
leading to colorectal cancer at the age of 35-40 years. In this
syndrome there are polyps of the stomach fundus and small
intestine, fortunately rarely undergoing neoplastic transfor-
mation as compared to sporadic cancers.

The syndrome diagnosis is based on the presence of more
than 100 polyps, history of illness in the family, mutations
in the APC gene originating from negative regulation of WNT

signaling pathway. Depending on the mutation type in the APC
gene, different phenotypes may emerge of acute to mild form
of polyposis (Attenuated Familial Adenomatous Polyposis -
AFAP). Changes such as congenital hypertrophy of the retinal
epithelial whether the presence of fibroids also depend on the
place of mutation. APC gene is an important regulator of the
WNT pathway which, through morphogens, is responsible for
the embryogenesis. Morphogen gradients result in developing
organs and tissues but they function also in the adulthood -
failures in morphogenic mechanism can possibly cause car-
cinogenesis. Mutations in the APC gene are also encountered
in about 60-80% of sporadic colorectal cancers.*°

4.2.1.  Turcot syndrome

Turcot syndrome, a variant of FAP, is synonymous with gas-
trointestinal polyposis (FAP or Lynch syndrome) in patients
who develop tumors of the central nervous system, most com-
monly medulloblastoma.®

4.2.2.  Gardner syndrome

Gardner syndrome represents the next variant of FAP char-
acterized by gastrointestinal findings of FAP along with
fibromatosis and thyroid tumors. There are characteristic
extraintestinal manifestations pathognomonic for diagnosis.
These include mandible, skull and long bones osteomas, den-
tal abnormalities and epidermoid cysts which are a common
dermatologic manifestation, involving the scalp, face, and
limbs.>°

4.3.  MAP syndrome

Even less common syndrome (0.3-1% of colorectal cancer
cases) related to colorectal polyps is an autosomal recessive
MAP Syndrome (MUTYH Associated Polyposis). MUTYH gene
encodes an enzyme involved in DNA repair. Its mutation can
also promote damage to the APC gene. In the event of failure
of one allele, the risk of CRC increases moderately and cancer
occurs at an older age but mutations involving both alleles of
colorectal cancer are diagnosed in 30% of patients aged 40-50
years and 100% at the age of 60.*

4.4.  Peutz-Jeghers syndrome

Peutz-Jeghers syndrome related to about 0.1% of colorectal
cancer cases is an autosomal dominant syndrome character-
ized by the presence of pigmented lesions and Hamartoma-
tous Polyps in the gastrointestinal tract, but also by increased
risk of endometrial cancer of the gastrointestinal tract and
non-gastrointestinal cancer. Diagnostic criteria include his-
tologically confirmed presence of hyperplastic polyps, the
presence of polyps in the small intestine, family history, pig-
mented macules, buccal mucosa of the lips and toes.
Hamartomatous polyps are made predominantly of non-
neoplastic hamartomatous normal epithelium and smooth
muscle. Rarely, the formation of polyps is accompanied by
dysplasia. Tumors of the colon can occur independently on
the substrate forming de novo adenomas. It is believed that
the mechanism of carcinogenesis pathway is different from
the above-mentioned sporadic cancer. Mutations in the K-RAS
gene are rare. The average age of disease in this syndrome
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is less than 50 years. The most common tumors, besides
the GI tract are ovarian, cervical and testicular cancer. The
occurrence of bilateral breast cancer, Fallopian Tube Cancer
and pancreatic cancer is genuinely associated. Mayo Famil-
ial Cancer program recommends a strict screening for breast
cancer, breast and gynecological screening with pelvic ultra-
sound for women, regular testicular examination and periodic
endoscopic examination of the upper/lower gastrointestinal
combined with radiography of the small bowel.>!

4.5.  Juvenile polyposis syndrome

Juvenile Polyposis Syndrome occurs in less than 1/100,000 and,
like Peutz-Jeghers syndrome, is related to the Hamartomatous
Polyps occurrence. It involves mutations in the gene Smad4
and BMPR1A and is autosomal dominant inherited. The risk
of developing colorectal cancer is similar to Peutz Jeghers
syndrome (about 40%) but cancer develops on the basis of
Hyperplastic Youth Polyps, in which dysplasia often appears.
Polyps have a different structure than in Peutz Jeghers Syn-
drome. Histopathologically, it presents expanded cystic crypts
accompanied by edematous and inflammed steep. It is very
important to distinguish these polyps from Juvenile Polyps
that occur sporadically. In the case of sporadic Juvenile Polyps,
there is no increased risk of cancer.

That is why the diagnostic criteria taking into account the
finding of 5 youth polyps in colorectal location, the finding of
Juvenile Polyps anywhere in the gastrointestinal tract, and the
finding of any number of Juvenile Polyps and a positive family
history of juvenile polyposis are so important. Juvenile Polyps
can occur regardless of age.®

4.6. Serrated polyposis

Serrated polyposis (formerly called hyperplastic polyposis)
defined as the occurrence of more than 5 hyperplastic polyps
proximal to the sigmoid colon, 2 of which are larger than 1cm,
or any number of Serrated Polyps in individuals who have first-
degree relatives with serrated polyposis, or presentation of
above 20 Serrated Polyps of the type SSA/Ps or hyperplastic
of any size anywhere in the intestine. It is a newly described
syndrome that occurs rarely.>?

4.7. KRAS mutations

Mutations in the K-RAS gene are found in about 40% of colorec-
tal cancers. The gene produces a protein with GTPase activity
playing an important signaling role. It is located inside the cell
membrane and is directly related to the epidermal growth fac-
tor receptor (EGFR) signaling pathway. It acts as a cell switch
that normally promotes cell cycle but in response to cell stress
it switches to an apoptotic pathway. It is a tumor suppressor
gene which, when mutated, leads to deregulation of cellular
pathways. KRAS mutations have also been linked with the
ability to express metalloproteinase-2 which increase tumor
cell invasiveness. In two trials, administration of cetuximab
to patients with mutation at codon 13(G13DKRAS) was asso-
ciated with a significantly better outcome than that seen in
patients with other types of K-RAS mutations.*>*® However, it
appears that K-RAS may not be a useful prognosis/predictive

biomarker in CRC patients. Meta-analysis carried out by Rui
et al. showed no association between K-RAS mutations and
survival rate in patients who received chemotherapy.””

4.8. Cytogenetic and epigenetic processes

Cytogenetic and epigenetic processes leading to carcino-
genesis arise within chromosomes in DNA as well as in
the mechanism of extragenic regulation, which epigenetic
changes are now blamed for. One of the mechanisms is the
methylation process. Linking methyl groups to the cytosine
nucleotide is widespread outside the so-called CpG islands in
the promoter sequence. Connection of a methyl group to cyto-
sine nucleotides within the CpG islands promoter suppressor
gene can inhibit the transcription and become the first step
in carcinogenesis. Under the influence of the aforementioned
mutations, a genomic instability arises in the cells of the colon
mucosa, leading to the formation of carcinogenesis promoting
phenotype. A classic example is the microsatellite instabil-
ity which is a marker for disorders of DNA repair genes.”® It
includes changes in microsatellite sequences of chromosomes
resulting in the loss or multiplication of the number of repeti-
tions in nucleotides. This may arise as a result of polymerase
slippage during the copying of template DNA or abnormal
recombination of DNA segments. Another factor conducive to
cytogenetic carcinogenesis is the occurrence of chromosomal
instability manifested by frequent mutations, chromosomal
translocations, such as multiplication or loss of chromosomes
or their fragments. This leads to the loss of suppressor genes
and multiplies the number of copies of oncogenes. The prob-
able cause are mutations of cell cycle control genes, such as
APC or KRAS or wrong or abnormal centrosome function of
telomeres.””>8

4.9. Vitamin D

Many scientific reports have confirmed that the reduced level
of VitD3 is related to an increased risk of developing colo-
rectal, prostate and breast cancer. Hypothetical role in this
process is played by genetic variations in genes that control
the metabolism of the vitamin. The most important of them is
a gene associated with Vit. D Receptor (VDR). VDR is expressed
in various tissues in the bones and kidney, but also in the
colon mucosa, where it is responsible for the regulation of cell
proliferation, differentiation, and induction of apoptosis.

There have been many studies on the relationship of poly-
morphisms of the VDR gene in colorectal cancer to with results
considered to be inconclusive. The strongest relationship was
demonstrated for Fok I polymorphisms and Bsm 1.>° These
polymorphisms affect the binding of 1,25(0H)2D3 receptor,
which removes an anti-proliferative effect of vitamin D and
increases the colorectal cancer risk.>%%!

RxRa protein is also suspected to be related to colorectal
cancer.®® This protein is essential to form a heterodimer with
VDR, which causes the release of co-repressors and activation
of co-activators, leading to increased transcriptional activ-
ity of sequences containing VDR response element (VDRE)
in target genes, including those involved in the regulation of
vitamin D metabolism. Some studies show an increasing con-
centration of the vitamin D metabolite 1,25(0OH)2D in the blood
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serum related to each new copy of the A allele of rs9409929
polymorphism.®?

A particularly important process for all cells, including the
intestinal mucosal cells, is calcium metabolism, a disorder of
which can contribute to cancer formation. The characteris-
tic features of tumor cells are the loss of apoptosis ability,
self-sufficiency in the stimulation of growth, lack of reactiv-
ity with the cell growth inhibiting agents, the ability to invade
and metastasis, no limit in the capacity of replication and
initiation of angiogenesis. In all of these processes, calcium
signaling pathway plays, directly or indirectly, an important
role. Some of these processes appear in the tumor, e.g. uncon-
trolled calcium transport across the cell membrane, and may
be a trigger or control key progression through the stimula-
tion of proliferation, migration, excluding apoptosis. In many
cancers, including colon cancer, associated disorders regu-
late the endoplasmatic reticulum Ca?* level. Mutations in
the gene SERCA3 (Sarco/endoplasmic reticulum Ca?*-ATPase)
associated with overexpression affect the differentiation of
colon cell lines and the gene is down-regulated in colorectal
cancer.®> R674C mutation was observed in all types of can-
cer, and its location in the domain responsible for protein
phosphorylation may indicate its potential role as a biomarker
for cancer susceptibility.%> One of the biomarkers of colorec-
tal cancer risk is APC/B-catenin score in the colon mucosa.
In this process, the important role is played by E-cadheryn
which might antagonize the B-catenin. It is known that mal-
functions of the signaling pathway APC/B-catenin are an early
pathogenic event in colorectal cancer and occur in about 90%
of sporadic tumors. Ahearn et al. in a randomized clinical
trial demonstrated a beneficial effect of supplementation with
Vit D3 and calcium on the APC/B-catenin pathway. The trial
proves chemopreventive effect of supplementation and indi-
cates the assessment of the expression of APC/B-catenin and
E-cadherin in colorectal mucosa as a modified colorectal can-
cer biomarker.®®

4.10. Protective effect of NSAIDs

Based on clinical trials and population studies a protec-
tive effect of NSAIDs inhibiting cyclooxygenases COX-1 and
COX-2 at the risk of colorectal cancer was found. Overex-
pression of cyclooxygenase-2 and its enzymatic product PGE2
(prostaglandin E2) is present in the majority of colorectal
tumors and take an important part in carcinogenesis. It has
been proved that PGE; inhibits apoptosis by repression of
proapoptotic BH3-only protein Bim in human colorectal ade-
noma cells, being an important colorectal cancer development
factor.

4.11.  Polymorphism

The presence of 28160A/G (rs4648298) polymorphism®® has
been shown to be related to an increased risk of developing
colorectal cancer, but its functionality is not known (localized
in exon 10, in the untranslated region). In the polymorphism
- 1195G/A case (rs6894669) — allele leads to an increased pro-
moter activity and COX-2 is associated with an increased risk
of cancer of the stomach and esophagus.

On the other hand, 765G/C (rs204179) polymorphism vari-
ant is responsible for the decrease of promoter activity by 30%
and leads to a change of a recognition site for the transcription
factor Sp1.°* It is also known that the CC genotype is related
to reduced risk of the development of polyps in patients using
NSAIDs.®> It has also been discovered that Val511Ala poly-
morphism (rs5273) reduces the risk of developing colorectal
cancer in the African-American population®® but it is very
rarely found in Caucasians.

Molecular genetic testing is the future of clinical genomic.
Despite the genetic syndromes diagnosis based on the criteria
described above, the most common detection tests in the colo-
rectal cancer diagnosis are MSI, mutations in the BRAF and
KRAS gene. Increasingly, a wider knowledge of the colorec-
tal cancer formation paths allows to introduce personalized
therapies based on pharmacogenetics. There is an increas-
ing number of molecular and genetic tests for checking the
effectiveness of drugs based on the tumor molecular char-
acteristics. This limits the use of ineffective treatment and
improves the optimal choice.®”~7°

MSI tumors showing microsatellite instability constitute
about 15% of colorectal cancers. They are fairly homogeneous
in terms of pathology and clinical course characterizing, e.g.
resistance to chemotherapy with 5-fluorouracil. Microsatel-
lites are reproducible fragments of DNA sequence likely to
cause errors in replication in the presence of abnormal DNA
repair genes (MMR system). MSI define the changes in the
length of microsatellite sequences.’! Literature data empha-
sizes that MSI test must be conducted in all patients with
newly diagnosed colorectal cancer and a positive family his-
tory, since approximately 25% of Lynch syndrome does not
meet the Amsterdam II and Bethesda criteria.”>’? In order to
decrease the risk of missing the diagnosis of Lynch Syndrome,
it has recently been strongly recommended to perform MSI
test regardless of patient’s age and family history.*®

Detection of KRAS gene mutations is important because of
theresistance to medications used in the treatment of patients
with hormone EGFR. Approximately 40% of colorectal cancers
with KRAS mutation do not respond to treatment with anti-
bodies against the EGFR. The test is required to initiate the
therapy without diminished overall survival.”*

BRAF mutation is also closely related to the ineffectiveness
of anti-EGFR therapy. It is often present with the lack of KRAS
mutations. All mutations have the same point of mutation
V600E, which can be easily detected in a commercial PCR-
based assays. An interesting fact is that these mutations are
most frequently found in sporadic MSI-positive carcinomas
with the serrated tumorigenic pathway. BRAF mutations have
never been described in Lynch syndrome. Colorectal tumors
with BRAF mutation have a large degree of epigenetic changes,
i.e. MLH1 gene methylation and silencing. Diagnosis of BRAF
mutation allows to distinguish the sporadic nature of the
tumor from a syndromic one. This gene mutation also ren-
ders prognosis. Wild type BRAF gene with a high degree of
MSI bode well in contrast to the mutant type of MSS.”*

5. Conclusions

Genetic factors in the process of development of colorectal
cancer seem to be better and better understood. However,
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we already know the mutations that inevitably lead to can-
cer, they refer to a small group of about 5% of patients. In
other cases, genetic predisposition occurs in a low penetra-
tion genes. Only the appearance of subsequent environmental
factors, such as those related to nutrition and lifestyle, may be
relevant in combination with genetic factors in the occurrence
and development of colorectal cancer.

Colorectal cancer screening and surveillance of the
patients families allow to detect precancerous conditions.

Colorectal cancer is diverse in terms of formation
pathways. Modern molecular diagnostics provide a critical
information to choose the most effective method of treatment.
Determining the molecular type of tumor allows the assess-
ment of prognosis and assessment of disease risk in the family.
Understanding the molecular mechanisms is the basis for the
development of modern treatment methods, the discovery of
new therapy targets allows the development of pharmacoge-
netics and, eventually, may become beneficial for patients and
their families.
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