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ABSTRACT

Background: Colorectal cancer (CRC), commonly known as cancer of the colon or rectum
is a significant cause of morbidity and mortality around the world. In developing nations,
notably in Sub-Saharan Africa, colorectal cancer is becoming more common. According to
World Cancer Research Fund International Statistics in 2020, colorectal cancer is the third
most common cancer worldwide. It is the third most common cancer in men and the second
most common cancer in women with approximately 1.9 million new cases and 900,000
expected deaths. In Ghana's capital, Accra, colorectal cancer ranks third among the most
frequent cancers, and also ranked tenth among cancer death in the country. Mutations in the
hMLH1 gene are responsible for the bulk of known instances of hereditary non-polyposis
colorectal cancer despite the presence of a minor number of variation in the other mismatch
repair (MMR) genes (such as hnMSH2,hMSH3, hMSH6, hPMS1, and hPMS2). In fact, over
300 germ line mutations have been identified in the MLH1 gene which can be diagnosed
easily by automated sequencing. Accordingly, exons 16 and 18 of the MLH1 gene are
designated as genetic hotspots for mutations, which agrees with other populations findings.
Several studies have also discovered alterations in this gene and exon, and depending on

where you live, its presence varies.

Aim: Study therefore looked at mutations in exon 16 of the MLH1 gene associated with

colorectal cancer in Ghanaian colorectal cancer patients.

Methodology: This was a case-control study in which 71 Ghanaian confirmed colorectal

cancer patients (cases), who had been clinically and histologically diagnosed by doctors,

compared to 68 non-CRC healthy Ghanaians (controls). A questionnaire was used to obtain

patients information, and 5mls of whole blood was taken into an EDTA tube. The buffy
xiii



coat (white blood cells) obtained from the whole blood was used to extract DNA. Primers
targeting exon 16 of the MLH1 gene were designed and used to amplify exon 16 from the
extracted DNA using polymerase chain reaction (PCR). Amplified DNA (amplicons) were
afterwards sequenced and the sequenced products subjected to bioinformatics analysis to

look for any genetic alterations.

Results: Out of the 71 case samples, 28(39.4%) samples
DNA amplification was detected on the agarose gel to the expected band size of 195 bps.
All the 68 control samples were amplified to the expected band size of 195 bps.

Out of the 139 study samples collected, 96 samples (71 cases, 25 controls) were sequenced.
For the case samples; 14(19.7%) out of the 71 case samples were without MLH1 exon 16
region; 30(42.3%) samples had good nucleotide sequence of which 2 had a single guanine
(G) nucleotide insertion when aligned with healthy control and reference sequence. Twenty-
five (25) case samples (35.2%) had sequences that were not clear.

For the control samples, all (25) had fairly good nucleotide sequences that had 100%

alignment with the reference sequence.

Conclusion: This study is the first compiled molecular information on the Ghanaian CRC
population. The study reported two types of mutations; whole exon (16) deletion and a
single guanine nucleotide insertion (frameshift) mutation at codon 596 of the coding
sequence of exon 16 MLH1 protein. Whole exon (16) deletion in this study accounted
for 19.7% (14/71) of the total mutations found within the MLH1 exon 16 gene while

insertion frameshift mutation was observed in 2.8% (2/71) of the cases.
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CHAPTER ONE

1.0 Introduction

1.1 Research Background

Cancer is a type of abnormal cell growth that can assault or spread throughout the body.
It usually begins as a benign tumour, such as a polyp, and develops into a malignant
tumour over time. Colorectal cancer (CRC) specifically affects the colon and rectum and
is, one of the most widespread types of cancer in the world (Rawla et al., 2019).
Depending on the tumour's location, size, and presence of metastases; abdominal pain,
rectal bleeding, changed bowel habits and involuntary weight loss are all common

symptoms (Adelstein et al., 2011).

Numerous elements have been linked to the occurrence of colorectal cancer, and persons
with certain illnesses or diseases have an 80% probability of developing the disease.
Obesity, inactivity, poor diet, smoking and excessive alcohol consumption contribute to
over 80% of all instances of colon cancer (Haggar and Boushey, 2009). There are also
several aspects to consider; including age, the presence of polyps, inflammatory bowel
disease, lifestyle, genetic background and family history (Rawla et al., 2019). Lynch
syndrome (hereditary = nonpolyposis - colorectal cancer, HNPCC) and familial

adenomatous polyposis (FAP) both have a genetic link to colon cancer susceptibility.

In most African research, colorectal cancer accounts for 3-6% of all malignancies, which
looks rare and is especially common in young Africans (Adesanya and Darocha Afodu,

2000), where males have a much higher incidence and fatality rate than females



(Siegel et al., 2012). According to some studies, colorectal cancer is on the decline in
affluent countries but on the rise across Africa (Siegel et al., 2011). In countries like
Kenya, Nigeria and Zimbabwe, the prevalence is gradually rising (Katsidzira et al.,
2017). Since 1991, CRC incidence has been steadily rising in Zimbabwe at a rate of about

4% per year (Chokunonga et al., 2013)

In Ghana's capital Accra, colorectal cancer ranks third among the most frequent cancers,
and also ranked 10" among cancer death in the country (Biritwum et al., 2000). In both
men and women, It is the eighth and ninth major cancer death respectively. (Wiredu &
Armah, 2006). Increase in colorectal adenocarcinoma in Ghana, according to Naeder and
Acheampong (1994), is related to an increase in population life expectancy and a minor

improvement in the disease detection.

Dakubo et al., (2010) also discovered that, as the Accra population ages, the prevalence
of colorectal cancer has increased, with adenocarcinoma being the most common
histological form. Indirect evidence suggests that genetic predisposition contributes to the
development of colon cancer in Africa, although features are yet to be identified, and
many genetic alterations are also yet to be examined and profiled. (Raskin et al., 2013;

Cronje et al., 2009).

Molecular markers have been used extensively to investigate the biology and prognosis
of CRC. It is believed that one of these markers is DNA mismatch repair (MMR); which
contributes to the onset and prognosis of CRC (Gelsomino et al., 2016). Approximately

10-20% of sporadic CRCs are linked to DNA MMR gene

malfunction (Hou et al., 2018). Several MMR genes, including hMSH2, hMSHS6,

hPMSH1, hMLH1, hMSH3 and hPMSH2 have been discovered to cause microsallite

2



instability (MSI) formation(Ogino and Goel, 2008). Over 90% of MSI development is
attributed to the hMLH1 andhMSH2 genes. While their association to CRC disease
progression and prognosis has been extensively researched, the findings are mixed

(Aparicio et al., 2013; Russo et al., 2009; Wu et al., 2013).

The MLH1 gene mutation accounts for the majority of hereditary non-polyposis colorectal
cancer (HNPCC) cases reported (Peltomak,2001), with some mutations in the other genes
being identified. In fact, the MLH1 gene has been linked to over 300 germ cell alterations.
Again, the gene has also been found as having mutations by several researchers, and its
existence varies by geographical location (Domingo and Schwartz, 2005). Exons16 and
18 of the MLH1 gene, on the other hand, are designated as mutant gene hotspots
(Dominguez Valentin et al., 2013), which corresponds to evidence from other

populations (Plazzer et al., 2013; Peltomaki et al., 1997; Nilbert et al., 2009).

DNA damage accumulates in cells over time as a result of exposure to exogenous
chemicals and physical agents (i.e., benzo[a]pyrene, polychlorinated biphenyls, dioxin,
cigarette smoke, asbestos, ultraviolet light, radon), as well as endogenous reactive
metabolites including reactive oxygen and nitrogen species (ROS and NOS). Errors that

occur during normal DNA breakdown or inappropriate DNA treatment activities,

such as DNA replication, recombination, and repair are another type of DNA damage.
The nucleotide groove generates DNA incompatibilities when DNA is manufactured at

variable rates, especially when DNA-specific polymers are used (Li, 2008).

Replicationfidelity is rather high in replicative DNA polymerases (McCulloch and
Kunkel, 2008), but lower in translesion DNA polymerases that particularly suffer DNA

damage (Andersen et al., 2005).



If untreated, DNA damage can cause mutations in somatic or germline cells, changing
their biological phenotype and resulting in disease. Cells have a number of mechanisms
for repairing DNA damage and consequently preventing mutations to avoid such adverse
effects and to safeguard genomic integrity. The important process known as DNA

mismatch repair is one such system (Ruddon, 2007).

Mismatch repair genes during DNA replication produce enzymes which are able to detect
and correct mismatched base pairs. A lack of function of the repair gene causes
microsatellite instability (MSI), which is the accumulation of significant changesin the

length of tiny, repetitive DNA sequences ( Faustino and Oliveira, 2020).

There is therefore a rapid accumulation of gene mutations in proto-oncogenes and cancer
suppressor genes as a result of the faulty MMR, which may disrupt normal cell growth
and aid the development of cancer (Popat et al., 2005; Kerr and Midgley, 2010; Sargent
etal., 2010). MMR deficiencies enhance the frequency of spontaneous mutations because

they minimizes replication mistakes (Li, 2008).

Hereditary and sporadic malignancies have been linked to MMR deficiency in human

cells (Kolodner & Marsischky, 1999; Modrich & Lahue, 1996), and the MMR system is

essential for cell cycle arrest and/or programmed cell death in response to certain types
of cancer or DNA damage (Li, 2008; Stojic et al., 2004). MMR genes are involved in the
DNA damage response system, which eliminates severely damaged cells and suppresses
both short-term and long-term mutagenesis and oncogenesis, with focus on colorectal

cancer.



1.2 Problem Statement

Indirect evidence suggests that genetic predisposition contributes to the development of
colon cancer in Africa, although features are yet to be identified. Many genetic alterations

are also yet to be examined and profiled (Raskinet al., 2013; Cronje et al., 2009).

According to Chalya et al. (2013), late admission is attributable in part to a lack of local
data on current colorectal cancer trends, as well as a lack of public knowledge about the

necessity of early admission for early diagnosis and treatment.

Secondly, malignancies can have diverse genetic origins and express different proteins
from one patient to the next, making precision and individualized treatment a viable and
preferred option, since the most effective treatment solutions are tailored to that particular

patient or group.

CRC due to its heterogeneity can serve as a model disease to fully implement the concept
of precision and personalize medicine (PPM) (Krzyszczyk et al.,2018). However, the
tools needed to put it into action are still lacking. Numerous attempts are therefore made
to gather PPM data such as mutations, changes in gene expression, changes in
metabolites, and more recently in the immune nucleus, in order to define the molecular
variations among tumours and also; to identify a patient or group of patients. Even that,
little is still known about the genetic profile, molecular pattern and mutations that are
unique to Ghanaians suffering from CRC, for which the PPM concept can be fully

realized.



1.3 Justification

This study would generate molecular data unique to CRC patients in Ghana, and
ultimately aid in the proper management of cases observed in Ghana. Data from this
study could also be translated into the development of biomarkers for early diagnosis /

prognosis of better CRC treatment in Ghanaians and other African descent.

Furthermore, the medical community would be able to assess the impact of precision
medicine as a result of this research. In that, knowledge of molecular analysis would aid

in the improvement of present treatment regimens, allowing patients to live longer.

Finally, being the first to determine the possible mutations in exon 16 of the MLH1 gene
among Ghanaian CRC patients attending Korle bu teaching hospital, this study would

also serve as a baseline data for other studies in this area.

1.4 Hypothesis

There is no mutation in exon 16 of MLH1 gene in CRC patients in Ghana

1.5 Main Aim of Research:
To investigate exon 16 of the MLHZ1 gene for possible mutations that contributed to the
development of colorectal cancer in some Ghanaian patients attending the Korle Bu

Teaching Hospital.
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1.6 Specific Objectives of Research:

i To amplify exon 16 of MLH1 gene of CRC patients and healthy controls
ii.  To determine exon 16 DNA sequence for cases and healthy controls.

iii.  To carry out bioinformatics analysis (nucleotide variation) on the sequenced exon
16 of MLH1 gene in cases and healthy controls.

iv.  To evaluate mutation frequencies in cases compared to the healthy control.
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CHAPTER TWO

2.0 Literature Review

2.1 Large Intestine's Anatomical Features

The large intestine is the last section of the digestive tract, connecting the terminal ileum
and the anal canal (Scanlon and Sanders, 2014). In human adults, cecum, ascending
colon, liver flexion, transverse colon, spleen flexion, descending colon, and sigmoid
colon are all tube structures measuring roughly 1.5 meters in length. The rectumstarts at
the inflection of the peritoneum and repeats the flexion of the sacrum, finishing athe anal
canal in an adult (figure 2.1). Rectal tumours are less than 16 cm from the margin of the
anus and are at least partially in the superior rectal artery's blood supply, which act largely

as a retention reservoir (Scanlon and Sanders, 2014).

Hepatic

Sigmoia
colon

Transverse
rectal fold

Levator
ani muscle

intemal anal

Figure 2.1: [A]: Normal Colorectal Anatomy of the Colon, and [B]: Rectum

file:///C:/Users/hop/Documents/EGDownloads/sporadic_nonhereditary _colorectal _canc
er.pdf :23/05/2021, 03:05 pm



2.2 Large Intestine's Microscopic and Histological Features

Mucosa, submucosa, outer / intrinsic muscular layer (including round and smooth muscle
layers) and serosa were discovered through histological and microscopic investigation of
the colon (Yeatman, 2001). Due to the continuous proliferation of normal cells to replace
those released from the intestinal wall into the lumen, the early genetic alterationsoccur
mostly in the mucosal cells. Apart from the plentiful goblet cells, the rectal mucosaand

colon are similar (Araki et al., 1996).

Blood veins, lymph vessels and terminal nerve fibers are all found within the submucosa
(figure 2.2).This is a crucial layer that has an impact on cancer's development. This is an
important factor in the emergence of cancer because when cancer invades this part of the
intestinalwall, it can infiltrate the circulatory and lymphatic systems, allowing it to move

throughout the body across great distances (Yeatman, 2001).

¥ — Longitudinal muscle
— Circuiar muscle

— SUBMUCOSA

— Muscularis mucosa
- Camina propria

MUSCULARIS EXTERNA

MUCOSA

Epitheliurm

Gland in
submucosa

Figure 2.2: Microscopic layers of the colon

Image source; https://www.cancerquest.org/patients/cancer-type/colon-and-rectal-
cancer.html; 26/05/2021; 10:25am
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University of Ghana http://ugspace.ug.edu.gh

2.3 Colorectal Cancer

Both colon and rectal malignancies are classified as colorectal cancer. Colorectal cancer
is a malignant growth in the colon that can remain confined for a longtime before
spreading to the lymph nodes and other body parts through the gut wall. The caecum to
the sigmoid colon approximately 15 cm above the anus's border is where colon cancer
spreads, while the recto-sigmoid colon to the anus'sborder is where rectal cancer spreads

(figure 2.3) (de Heer, 2007).

Small intestine

Colon polyp

Colon cancer

Appendix

Figure 2.3: Alimentary canal with colon cancer
Source: https://www.inovanewsroom.org/ifh/2019/06/get-screened-for-colorectal-cancer/

26/05/2021. .

10


http://www.inovanewsroom.org/ifh/2019/06/get-screened-for-colorectal-cancer/

2.4 Colorectal Cancer Aetiology

Colorectal cancer has a complicated aetiology that involves interactions between
environmental variables and inherited vulnerability (Rattray et al., 2017). Spontaneous
CRC and inherited CRC are the two forms of colorectal cancer. About two-thirds (70-
75%) of new CRC cases are spontaneous / sporadic (i.e., develop among persons who
have no history of the iliness in their family) (Yamagishi et al., 2016). Due to aetiological
factors such as age, lifestyle, and environmental effects, required genetic modifications

arise de novo in these rare cases.

2.5 Colorectal Cancer that is not Sporadic (Hereditary)

Five to ten percent of all cases of colorectal cancer, or almost one-third of all cases, are
hereditary (Cherry, 2011). Since hereditary CRC runs in families, first-degree relatives
of patients with newly discovered adenomas or invasive CRCs are at higher risk. Some
of these family clusters are related to germline mutations in certain genes, while others
are related to similar behaviour or environmental exposure across family members
(Cherry, 2011).

Hereditary Nonpolyposis Colorectal Cancer Syndrome (HNPCC) (Lynch's syndrome)
and familial adenomatous polyposis syndrome (FAP), are the two most frequent
hereditary disorders (Segelman, 2012).These syndromes frequently result in cancer that
emerges at a younger age. Gardner's syndrome, Turkot's syndrome, Old Field syndrome,
Peitz-Yegers disease, Juvenile polyposis and Cowden's disease are some of the less

prevalent syndromes and illnesses (Scott 2003).
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2.6. Inherited Genetic Syndrome In Relation To CRC

2.6.1 HNPCC Syndrome (Hereditary Non-Polyposis Colorectal Cancer)

HNPCC is an autosomal dominant cancer susceptibility disorder with high penetrance
(80-85%) (Lynch and Smyrk, 1996), and mutations in five mismatch repair genes:
hMSH2, hMLH1, hPMS1, hPMS2, and GTBP (MSH®6) have been identified (Leach et
al., 1993; Nicolaides et al., 1994; Akiyama et al., 1997; Miyaki et al., 1997;
Papadopoulos et al., 1994). Despite the fact that a prospective study in Finland discovered
that only 10 (2%) out of 509 colorectal cancer patients had either hMLH1 or hMSH2
germline mutations (Aaltonen et al., 1998), previously HNPCC was assumed to be
responsible for 5-10% of all colorectal malignancies (Thorson et al., 1999). But this was
thought to be overestimated since the Finnish foundation mutation 1 was present in five

out of the ten individuals (Jass, 2006).

It is now widely acknowledged with the progress of molecular genetics that, the
distinctions between Lynch | and Il syndromes are arbitrary and do not represent two
ilinesses caused by mutations at different genetic loci. Right colon cancer is more
common in patients with Lynch I syndrome (70 percent of colorectal cancer occurs in the
spleen flexion area). They are also more likely to get synchronous and metachronic
cancers (Lynch and Smyrk, 1996; Lynch et al., 1997). Lynch Il syndrome patients have
colorectal cancer with a similar histology, but they also have colon cancer.

The majority (70%) of HNPCC patients had an hMSH2 or HMLH germline mutation
(Liu et al., 1996), increasing their lifetime risk of colorectal cancer by roughly 80%

(Dunlop et al., 1997; Vasen et al., 1996). According to findings of a significant
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cooperative analysis, 83% of hMSH2 mutations in HNPCC patients were either nonsense
or frameshift mutations, in contrast to 49% of lineage hMLH1 mutants (Peltomaki and
Vasen, 1997). Erroneous alteration mutations account for 31% of hMLH1 germline
mutations. Between the two mismatch repair genes the mutations were uniformly

distributed.

2.6.2 FAP- Familial Adenomatous Polyposis Syndrome

Due to mutations in the adenomatous polyposis coli (APC) gene on chromosome 5p22.2,
FAP is an autosomal dominant syndrome characterized by hundreds to thousands of
adenomatous polyps throughout the colon. Attenuated FAP (AFAP) is a kind of FAP
with less than 100 colon polyps and a later onset of polyposis and malignancy than FAP.
The APC gene produces a big protein (2,843 amino acids) that plays a variety of roles,
including signaling, cell-to-cell adhesion, and microtubule assembly and stabilization.

Congenital hypertrophy of the retinal pigment epithelium (CHRPE) (60% of families),
upper gastrointestinal tract cancers (particularly peripapillary carcinoma), epidermal
cysts, osteomas, and desmoids tumours (Goss and Groden, 2000; Fearnhead et al., 2001)
are just a few of the many variable traits connected to FAP. The APC gene has around
1,500 FAP mutations, the bulk of which are nonsense (28%) or frameshift (46%) or
insertion (10%) mutations, resulting in a shortened and damaged protein. About 10-15%
of mutations are caused by large deletions or duplications of the APC gene. Furthermore,

new APC mutations are anticipated to occur at a rate of roughly 20%.
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2.7 Human Mismatch Repair Genes Discovery
After using linkage analysis to explore large familial related populations on chromosome
2p16 and chromosome 3p21, the HNPCC susceptibility loci were found (Peltomaki et

al., 1993; Lindbloom et al., 1993).

Microsatellite instability has been researched extensively in bacteria and yeast, and this
was where human mutS gene homologue (hMSH2) on the 2p chromosome was identified
(Fishel et al., 1993; Leach et al., 1993) and mutL (hMLH1 is a human MutL homologue)
on chromosome 3p (Fishel et al., 1993). Despite the discovery of two other mutL
homologues (hPMS1 on chromosome 2q and hPMS2 on chromosome 7q) and a large
number of mutations associated to a small number of HNPCC families (Eshleman and
Markowitz, 1996), mutations in hMSH2 andhMLH1 account for the great majority of

HNPCC cases observed (Eshleman and Markowitz, 1996).

Two more mutS homologues (hMSH3 and GTBP/hMSH6) have also been cloned.
Mutations in GTBP have been discovered in the HNPCC strain recently (Akiyama et al.,
1997: Miyaki et al., 1997), as well as previously reported somatic mutations in GTBP in
colorectal cancer (Risinger et al., 1996; Palombo et al., 1995). Eukaryotic mismatch

repair is controlled by these genes and the proteins they encode.
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2.8 The Mut L Homolog 1 (MLH1) Mismatch Repair Gene

The protein MLH1 is involved in mismatch repair after DNA replication: one for MutS
homologues (MSH2, MSH3, MSH6) and the other for PMS2, MLH3 or PMS1. MLH1
has an ATPase domain and two contact domains (Domingo and Schwartz, 2005). Despite
the fact that it can link to PMS1 or MLH3, it has no known enzymatic function and forms
a heterodimer with PMS2 known as MutLa. This heterodimeric complex detects DNA
damage by adhering to the MutSa (MSH2 and MSH6) or MutSb (MSH2 and MSH3)
heteroduplexes. The recruitment of proteins involved in excision and repair synthesis is

dependent on the heterodimer of MLH1.

MLH1 is a homolog of the bacterial MutL gene, particularly in the N-terminal domain,
and MLH1 homologs exist in eukaryotes (e.g., Mus musculus, Drosophila melanogaster,

Caenorhabditis elegans or Saccharomyces cerevisae).

Exon 16 of the MLH1 gene is the most often mutated exon, with a base pair size of 165.
Human MLH1 is located on chromosome 3p22 with nineteen (19) exons and 57.36 kb in
length. According to the GenomeReference Consortium Human Build 38 (GRCh38 /
hg38Dec 2013), the localization policy pair starts at 36,993,350 and finishes at
37,050,846 bps from pter. The length of the transcribed mRNA is 2524 bps. It has 756

amino acids and a molecular weight of 84.6 kDa.

In the gene that causes HNPCC, more than 300 germline MLH1 mutations have been
found (Domingo and Schwartz, 2005). This gene has been discovered by several studies,
and its presence varies geographically. Nucleotide substitutions (nonsense, missense, or

splicing errors) or insertions/deletions (big or minuscule) that may be discovered by
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automated sequencing are among the mutations that are not present in a single hotspot or

gene zone (Momma et al., 2019). The bulk of these mutations lead to a shorter protein.

Additionally, in some groups founder mutations account for a large proportion of
HNPCC tumours (Domingo and Schwartz, 2005).Two Finnish variants, for example,
eliminate exons 16 and 6 respectively. Exons and introns have both been found to have
non-pathogenic germline genetic alterations.

2.9 Exon 16 of Mut L Homolog 1 (MLH1) Gene

Colorectal cancer (CRC), is caused by the inactivation or mutation of the mismatch repair
genes in human cells (Kolodner and Marsischky, 1999; Modrich and Lahue, 1996).
Although mutations in other MMR genes have also been discovered, the MLH1 gene has

been associated with the bulk of HNPCC cases (Peltomak, 2001).

Despite the fact that there are over 300 MLH1 germline mutations known to induce
HNPCC in the MLH1 gene, none of them are found in any one hot region or gene zone.
Published in many articles including Momma et al. 2019, exons 16 and 18 of the MLH1
gene are listed as genetic mutation hotspots by Dominguez Valentin et al., (2013).

According to Dominguez Valentin et al., 2013, exons 16 and 18 of the MLH1 gene are
hotspots for mutations, which matches evidence from other populations (Plazzer et al.,
2013; Peltomaki et al., 1997; Nilbert et al., 2009). In other populations, exons 16 and 18
of the MLH1 gene have been discovered as a genetic hotspot, accounting for 26% of all

MLH1 mutations documented here (Li et al., 2011).
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In addition, a study published in Sweden in 2016, Lagerstedt-Robinson et al., discovered
the Finnish founder mutation MLH1 ¢.1732-? 1896+7?del, which had the whole deletion
of MLH1 exon 16, in 6% of the Lynch syndrome families that were selected for the

studies.

A heterozygous genotype for a mutation was revealed in a participant, in a study done
among the Mexican Lynch group in 2016. Two distinct sequence variants in exon 16 of
MLH1 were discovered in patient LS-41. The ¢.1852 1854delAAG (p.K618del) allele
had an in-frame codon deletion, while the ¢.1852 1853delinsGC allele had a two-

nucleotide deletion/insertion (p.K618A) allele (Moreno-Ortiz et al., 2016).

Finally, Momma and colleagues in Japan analyzed the chromosomal rearrangement of
the MLH1 and MSH2 genes in a Lynch syndrome family that had been tracked for over
45 years in 2016. In this family, they discovered widespread deletions (c. (306+ 1 307

1) (*1937?) del of MLH1 exons 4-19, which included exon 16. (Momma et al., 2019).

2.10 Other Mismatch Repair Genes

2.10.1 Gene for Mut S Homolog 2 (MSH2)
The MSH2 gene has sixteen (16) exons and measures 80.10 kb in length. It is found on
the chromosome 2p16. In HNPCC, MSH2 and MLH1 jointly account for more than 64%

of germline mutations (Liu et al., 1996; Wijnen et al., 1997).

2.10.2 Gene for Mut L Homolog 6 (MLH®6)
The MLHG6 gene is found on chromosome 2p15 and has ten exons (Akiyama et al., 1997).

Germline mutations in these genes induce atypical lynch syndrome, which has recently
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been recognized as aprevalent cause. The clinical presentation of affected families was
different from that of those with classic Lynch syndrome caused by MLH1 and MSH2
mutations, according toearly MLH6 mutation investigations. Endometrial cancer is the
most common clinical manifestation in women who have the MLH6 mutation, but it
appears to have a lower penetration. In MLH6 mutations which mostly occur in
mononucleotide sequences, microsatellite instability is similarly infrequent. (Akiyama et
al., 1997; Plaschke et al., 2000; Kolodner et al., 1999; Wu et al., 1999; Wijnen et al.,

1999)

2.10.3 The PMSI and PMS2 Genes

The PMSI and PMS2 genes are related. The PMS1 and PMS2 genes are 16 kb and 15
exons long each, and found on chromosomes 2031933 and 7p22, respectively. Both
constituted 5% of all Lynch syndrome patients (Nakagawa et al., 2004). Despite the
importance of the PMS2 gene in the repair mechanism, Lynch syndrome or Turkot
syndrome mutations are rare (Jass, 2006). The mechanism through which PMS2 and
PMS1 may play a role in cancer risk is unknown (Nakagawa et al., 2004). Despite the
fact that the complex has been discovered, its function is yet to be determined in DNA

repair or in the development of colorectal cancer.

2.11 Types of Mutations Spotted in Colorectal Cancer
Single base changes, such as adenine changing to thymine; eg. in sickle cell disease
which caused sickle cell anaemia where (Glu —»Val) are called point mutations (figure

2.4). A point mutation is the most common type of mutation and there are two types of
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point mutations.

When one purine is replaced by another purine, or when one pyrimidine is replaced by
another pyrimidine, a transition occurs (figure 2.4).
When purine replaces pyrimidine or pyrimidine replaces purine, transversion occurs.

http://www2.csudh.edu/nsturm/CHEMXL153/DNAMutationRepair.

2.12 Effects of Point Mutations in DNA Sequence

Point mutations in DNA sequences that code for proteins might be silent, irrelevant
(unimportant) or relevant.

2.12.1 Silent: A synonymous codon is likely to be formed when a rule change occurs at
the third codon location. As such, the gene sequence of the amino acid doesn’t change,

and the mutation goes undetected (figure 2.4).

2.12.2 Missense: When a base is substituted in a codon, a different amino acid is
identified and as a result a different polypeptide sequence is produced. The missense
mutation can be conservative or non-conservative depending on the type of amino acid
change. Conservative mutations are those in which the structure and properties of a
substituted amino acid are almost identical to those of the original amino acid, and are
unlikely to impact the structure or function of subsequent proteins. The mutation is non-
conservative if it results in an amino acid with a dramatically altered structure and
properties, and the resulting structure / function is likely to be bad (i.e., sickle cell

mutation).

2.12.3 Nonsense: Translation is sped up when a nucleotide change results in a stop

codon and the protein becomes non-functional (figure 2.4).
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2.13 Deletions

A frame shift deletion occurs when one or more base pairs in the DNA are removed.
When one or two bases are dropped, the translation frame shifts, leading to a muddled
message and a non-operational product. When three or more sockets are taken out, the
reading frame is still intact. One or more amino acids are lost when one or more codons
are deleted from a protein. It may or may not be dangerous.

http://www?2.csudh.edu/nsturm/CHEMXL153/DNAMutationRepair ; 06/05/2023

2.14 Insertions
Depending on whether multiples of three base pairs are introduced, adding more base
pairs can cause the frame to change. When one or more base pairs are added to a DNA

sequence, an insertion mutation happens. The size of an insertion mutation can range

from a single base pair inserted into a DNA sequence to the insertion of an entire
chromosome. There is a chance that the protein will be flawed as a result (figure 2.4).

http://www2.csudh.edu/nsturm/CHEMXL153/DNAMutationRepair.

2.15 Frameshift Mutation

An addition or deletion of many nucleotides in a DNA sequence that is not divisible by
three results in a frameshift mutation, also known as a framing error or reading frame
shift. The insertion or deletion might alter the reading frame (the grouping of the codons)
because of the triplet nature of gene expression via codons, which leads to a completely
different translation from the original. The degree of protein alteration increases with the
position of the deletion or insertion in the sequence (Losick et al., 2008). Generally

speaking, a frameshift mutation causes the codons read after the mutation to code for
20



alternative amino acids. The first stop codon (UAA, UGA, or UAG) that is met in the

sequence will likewise be altered by the frameshift mutation. It's possible that the newly

produced polypeptide will be excessively long or short, and it won't likely operate

properly (figure

2.4), http://www2.csudh.edu/n

sturm/CHEMXL153/DNAMutationRepair.
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Figure 2.4: Demonstration of the Different Possible Mutations in CRC

http://www2.csudh.edu/nsturm/CHEMXL153/DNAMutationRepair; 24/06/2021
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2.16 Functions and Mechanisms of Mismatch Repair Genes

2.16.1 Functions

The DNA mismatch repair machinery main job is to fix base deletions and insertion
mismatches/ mistakes caused by DNA polymerase during DNA synthesis. Mismatch
repair genes are involved in the early stages of apoptosis in reaction to many types of
DNA damage, as well as mending errors in DNA synthesis, ensuring the accuracy of
genetic recombination, and participating in the early stages of apoptosis in response to

various types of DNA damage (https://doi.org/10.3389/fmolb.2020.00122 ; 05/10/2023)

2.16.2 Mechanisms

MSH2 / GTBP (MutSa) and MSH2 / MSH3 (MutSB), two heterodimeric complexes of
MutS-related proteins detect aberrant bases in eukaryotic DNA first (Fig. 2.5) (Greene
and Jinks Robertson, 1997; Kolodner, 1996; Marsischky et al., 1997). MutSp is engaged
in the repair of larger mismatched insertion /deletion pairs despite the fact that MutSa is

assumed to be the cause of mismatched base pairs (Kolodner, 1996; Sia et al., 1997).

MutSa and MutSB are unlikely to be able to duplicate the identical base's aberrant
insertion/deletion pairs. Mismatched base pair repair as well as mismatched insertion /
deletion pairs with up to 12 mismatched bases have been demonstrated using MSH2 /
GTBP complexes (Genschel et al., 1998).MSH2 / GTBP excels at recognizing and
combining an invalid G: T combination as wellas an invalid insertion / deletion +1 pair,
whereas MSH2 / MSH3 excels at detecting and combining an improper insertion /
deletion +1 and more (Palombo et al., 1995; Habraken et al., 1996; Drummond et al.,

1995; Alani, 1996).
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Two other mutS homologues (hnMSH3 and GTBP / hMSH6) have been cloned (Risinger
et al., 1996; Palombo et al., 1995), and GTBP mutations have recently been described in
related HNPCCs (Akiyama et al., 1997: Miyaki et al., 1997), with the previously
described somatic mutation in GTBP in the colon cancer cell line (Papadopoulos et al.,
1995). In eukaryotes, these genes and the proteins they encode are responsible for

rectifying the mismatch.

The heterodimeric complex of Mutl-associated proteins (MLH1 / PMS1 (PMS2 in
humans)) interacts with MutS-associated proteins that are already mismatched when a

mismatch is discovered (Prolla et al., 1994; Li and Modrich et al., 1995).

The MSH2 / MSH3 mismatch complex is bound by MLH1 / PMS1, which transforms it
into a higher molecular weight structure (Habraken et al., 1997). In the MSH2 / MSH3
pathway, MLH1 forms a complex with MLH3 (PMS2 in humans) which plays a periodic
role in the repair of mismatched insertion/deletion pairs (Flores Rozas and Kolodner,
1998). The MLH1/PMS1 complex improves MutS-associated proteins' ability to detect

mismatches (Drotschmann et al., 1998; Habraken et al., 1997.

DNA polymerase, replication protein A (RPA), proliferating cell nuclear antigen
(PCNA), replication factor C (RFC), and exonuclease, to mention a few, are mismatch
repair proteins. Exonuclease-mediated degradation of DNA from a "break" located 1-2

kb from the mismatch occurs when the heterodimeric complexes of MutS and MutL are
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linked to the mismatch DNA (Sarkar, 1999). Until the misplaced stem is removed, the
deterioration will continue. DNA polymerase 9§ fills the resulting lengthy excision path

by inserting the proper nucleotide into the sequence.

Detecting mismatch

" Excision followed by
» re-synthesis
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5% 3
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s’ 3 : X
S. 3* e Mismatch repaired

Figure 2.5: Eukaryotic MMR System; Source: doi: 10.3389/fmolb.2020.00122
24/09/2022

MutS (MSH2/MSH6 heterodimer, which is dominant in human cells) or MutS
(MSH2/MSH®6 heterodimer): the heterodimer initiates DNA repair by recognizing and
binding mismatches. MutL (MLH1/PMS2 heterodimer), as well as proliferating cell
nuclear antigen (PCNA) and replication factor C, are all part of the complex (RFC). The
team activates the PMS2 endonuclease, which generates single strand breaks around the
mismatch and opens the exonuclease 1 (EXOL1) entry sites, allowing the DNA damage to

be dissociated.
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2.17 Microsatellite Instability

Microsatellites are recurrent genomic loci (1-5 bp, repeated 15-30 times), whereas
microsatellite instability (also known as positive replication error, RER +) is
characterized by frequent modifications of any length. These loci slide during DNA
replication as duplicate entities are added or removed, resulting in a tiny loop in the
template or nascent DNA strand. They are usually repaired, but in the absence of a
suitable mismatch repair function, these "loops™ may become permanent, resulting in the
generation of alleles of varying length in the subsequent replication cycle.

Hundreds of thousands of microsatellites can be identified across the human genome, all
of which are susceptible to insertion and deletion changes. Because mutations in gene
introns are widespread even in normal cells, they frequently result in polymorphic

changes (Aaltonen et al., 1993; Thibodeau and colleagues, 1993).
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CHAPTER THREE

3.0 Methodology

3.1 Study Design

A case-control design was used in this investigation, which employed quantitative method
to describe the possible mutations that exist among Ghanaian colorectal cancer patients
managed at the Korle Bu Teaching Hospital. Patients with colorectal cancer treated at the
Korle bu facility were included in the study; and some Ghanaians who had undergone
colonoscopy and proven not to have the colorectal cancer, also served as controls.

Questionnaires were used to capture patients’ information on demographics, nutrition,
life-style, date of diagnosis and family history. Blood samples were collected from the
patients and DNA extracted from buffy coat. The DNAs extracted were amplified,
sequenced and analysed bioinformatically for any available nucleotide variants. Before

recruitment, study participants consent were obtained.

3.2 Study Population and Sampling Technigue

The case population was recruited by enrolling consecutive Ghanaian patients who
reported with CRC from September 2014- October 2019, to the Department of Surgery
at the KBTH. The controls subjects were also obtained by enrolling patients with no CRC
as per colonoscopy at the endoscopy unit of the KBTH during the same period, i.e.

September 2014- October 20109.

26



3.3 Study Site

Both case and control individuals were recruited at the Department of Surgery, Korle-Bu
Teaching Hospital. Korle-Bu Teaching Hospital is Ghana's most prestigious tertiary
hospital. It is country's major public university hospital in the south and connected to the
University of Ghana Medical School. Korle Bu Teaching Hospital (KBTH) has grown
from 200 beds to 2,000 beds since it first opened its doors in October 9, 1923

https://kbth.gov.gh/departments-centres/department-of-surgery/.

The Department of Surgery also saw the introduction of units, including the colorectal
unit, which specializes in the care of a large number of patients with colon and rectal
cancer. The department of surgery also houses the doctors who attend to all cancer
patients requiring chemotherapy and radiotherapy, including patients with colon and
rectal cancers. KBTH is now Africa's third largest hospital and Ghana's most important

national referral centre https:/kbth.gov.gh/departments-centres/department-of-surgery.

3.4 Sample Size

The minimum sample size for each study group (case and control) required in each arm
of the study to achieve a power of 99% in two- sided, one to one matching design was

71. This was determined using the formula for quantitative case-control study:

Sample size (N) =[(r + L)r * [SD2 (Zp +Z0/2)? | d?] (Charan & Biswas, 2013)
where N= sample size; SD = Standard deviation = 2.76 (Puchner et al., 2011); r = Ratio
of control to cases, 1 for equal number of case and control ; Zp = Standard normal variate

for power = 90% = 1.28 ; Zo/2 = Standard normal variate for level of significance =95%
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= 1.96; d = Expected mean difference between cases and controls = 1.5 (Puchner et al.,

2011)

N = (1+1)/1 [(2.76)%(1.28+1.96) 2] / (1.5) = 71.08 = 71

3.5 Criteria for Cases

i Ghanaians with CRC who received medical care at the KBTH and consented.

ii. Ghanaians who have the CRC disease after having done colonoscopy and

consented.

3.6 Criteria for Control

I. Ghanaians who had undergone colonoscopy to determine their CRC status but were
negative.

3.7 Data Collection and Sample Processing:

Patients provided demographic information such as age, sex, nationality, educational
level, residence, and favourite food via a standardized questionnaire (appendix I1), with
a unique codeallocated to each participant. About 5ml of whole blood was collected from
both case and control participants into an EDTA tube using syringe and allowed to settle,

then centrifuged at 3500 rpm for 5 minutes and afterwards separated into various well-
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labelled Eppendorf tubes. These were stored in -20°C freezer in the Medical
Biochemistry Department while awaiting other laboratory procedures such as DNA
extraction and quantification, PCR and DNA sequencing to be carried out as recruitment

went on.

3.8 Laboratory Procedures and Analyses

3.8.1 Extraction of DNA
The DNA QiaAmp (QIAGEN GmbH, D-40724 Hilden, Germany) kit was used to extract
DNA from white blood cells (buffy coats), following the blood and body fluid technique

in the manufacturer’s instructions that came with the Kit.

Twenty microliters (20ul) of Qiagen Protease were pipetted into a 1.5 millilitre (mL)
centrifugation tubes containing 200 microliters (ul) of buffy coats after separation of
whole blood into individual components as plasma, buffy coat and blood cells was done.
After that, 200 ul of buffer (Al) was added and vortex pulsed for 15 seconds (S). The
solutionwas incubated in a water bath at 56 degrees Celsius (°C) for ten minutes and a

quick centrifugation done to remove drips from the inside of the cover.

200 pl of 100% ethanol was added to the tube contents and mixed for 15 seconds with
pulse votexing. The mixture was then carefully transferred to a QiaAmp Mini-column
(in a 2 ml manifold tube). The tube content was centrifuged for 1 minute at 8000 rpm.
The QiaAmp tube was then cleaned and the filtrate was discarded.

500l of buffer (AW1) was added to the QiaAmp tube without soaking the rim. After

sealing the lid, the tube contents was centrifuged at 8000 rpm for 1 minute. After cleaning
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the QiaAmp tube and discarding the filtrate, the contents were centrifuged at

8000 rpm for 1 minute after closing the lid. The previous tube containing the filtrate was

discarded and the mini QiaAmp column was transferred to a clean collecting tube.

Without wetting the rim, another 500ul of buffer (AW2) was added and centrifuged for
3 minutes at 14,000 rpm. The centrifugation column was then transferred to a fresh 2 mL
collection tube, and the previous collection tube discarded with the filtrate. The collection

tube was centrifuged at 14000rpm for 1 minute with the spin column.

The QiaAmp small column was placed in a clean 1.5 mL micro centrifugation tube and
200uL of elusion buffer (AE) was added after throwing away the filter tube. To allow
DNA to be eluted from the QiaAmp Mini column into the micro centrifugation tube, the
tube content was incubated at room temperature for 1 minute and then centrifuged at

8000 rpm for 1 minute. The QiaAmp Mini column was discarded and the DNA extracted.

3.8.2 DNA Quantification

NanoDrop one (NanoDrop One UV-Vis Spectrophotometer from Thermofisher
Scientific, USA) was used to check the concentration and purity of each extracted DNA
samples (71cases, 68 controls). To quantify each DNA sample, the NanoDrop machine
was first blanked with small distilled water and a 0.18 puL of the DNA sample was
pipetted and dropped carefully onto the measurement pedestal in a raised position. The
pedestal was then carefully lowered to initiate the quantification process, with
concentration and purification values been displayed on the screen afterwards. Records

of values was kept on a pen drive and also in note book for future reference.
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3.8.3 Polymerase Chain Reaction (PCR)

Conventional PCR was performed on all the extracted DNA samples using the primer
pair: forward primer -5’-TCTTGCTTCTTCCTAGGAGCC-3’; reverse primer 5’-
AATGGCTGTCACACCTCATCA-3’ to amplify target gene exon 16 of MLH1. PCR for
each sample was run in triplicate. For the third amplification, a fresh DNA samples were
used. The reaction was carried out on a Proflex PCR System (Thermofisher Scientific,
Singapore) using the PCR cycling and thermal conditions in table (1). After that, the

amplicons were stored at -40°C for further analysis.

To perform PCR, the final reaction volume of 10 pL constituted of 2L of gDNA extract,
5 pL of water, 2.5 uL of Qiagen master mix and 0.25 pL (10 uM) each of the forward
and reverse MLH1 exon 16 primers. The amplicons were held at 15°C and later stored

at -4°C for further analysis (table 1).
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Table 3.1: PCR Cycling and Thermal Conditions used in Amplification of Study Samples.
MLH1-Exon16 Assay — PCR for 10 pl Rxn Vol Calculations for 1 Plate (96 Wells).

Reagents Concentratio | 1Rxn Vol (ul) 10x Reaction 108 Rxns Final
n Conc.
MLH1-Ex16-F1 10uMm 0.25 2.5 27 0.25uM
MLH1-Ex16-R1 10uMm 0.25 2.5 27 0.25uM
Qiagen Master Mix (x2) X2 2.5 25 270 0.5x
Millig Water 5 50 540
gDNA template/water 20ng/ul 2 2ng
Final Vol 10 80 864
Each tube =8 pl
MLH1-Exon 16 Assay
PCR Conditions
PCR Step Description Temp (C) Time
1 Initial 95 95 5 mins 4.5 mins
Denaturation
2 Denaturation 95 96 5s 30s
3 Annealing 63 48 50 52 54 56 6s 1mini14s
58 60 63
4 Extension 68 69 3minl5s | 2min10s
5 Repeat Go to Step 2, Go to Step 2,
x34-39 x34-39
6 Final 72 A 1 min 1 min
Extension
7 Hold/End 15 15 Hold Hold

Pippette 5ul to each
well containing PCR

product

MLH1-Exon16 assay —
Gel Electrophoresis

Prepare 3% agarose gel ‘

Add 2 pul loading dye to digested
PCR product (to make 12ul final volume now)
Load 12 pul for digested product to 3 % agarose gel

Run for 2 hours at 100 V
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3.8.4 Agarose Gel Electrophoresis

Using 100ml of IX Tris-acetate EDTA (TAE) buffer, a 3% (3g) agarose gel stained with
gel red DNA staining dye (4.5ul ethidium bromide) was prepared. In a 2ul of 6X Blue /
orange loading dye, 10ul of PCR amplified products were added. To aid in the
confirmation of the expected band size of 195 base pairs, 3ul of a one hundred base pair
(100 bp) DNA ladder (GeneRuler, Thermofisher Scientific, USA) was utilized. For 1

hours, the gel was run at a voltage of 100 volts (V) and a current of 500 milliamps (MA).

A Gel Imager (Luminescent Image Analyser: GE healthcare biosciences, Japan) was

utilized to see whether the amplified products were present or absent on the gel.

3.8.5 Post Quantification of PCR Products

The PCR products (amplicons) were afterwards quantified to know the concentration and
purity of the individual amplicons and finally to know whether to dilute the samples’

content or not,per the sequencing pipeline that will be used.

3.8.6 DNA Sequencing

The PCR amplicons were submitted to a company (Apical Scientific Laboratories) based
in Malaysia for sequencing. Sanger Sequencing was used to determine order of
nucleotide in the case samples and the control samples. The primer pair used were:
forward primer -5>-TCTTGCTTCTTCCTAGGAGCC-3’; reverse primer 5’-

AATGGCTGTCACACCTCATCA-3’. The sequencing done was bidirectional.
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3.9 Statistical Analysis

The data from the study was entered into MS Excel Sheet and then exportedto SPSS
version 20.0 for analysis. To summarize data on demographic and clinical characteristics
ofresearch participants, descriptive statistics (percentages, means, standard deviations,
etc.) were utilized. The significance of the predictor variables was assessed by
determining the p values and confidence intervals; p values below 0.05 were considered

significant.

3.10 Bioinformatics Analysis

The sequenced products were analyzed using bioinformatics tool for detection of any
possible sequence variance mutation. BLAST analysis was done for the sequences. The
analysis was performed on Geneious Prime Trial Version 2022 (Geneious by Dotmatics,
New Zealand). The analysis was done by simply trimming of low quality regions and
alignment of cases and controls sequences to the MLLH1 exon 16 reference sequence, so
as to detect any possible single nucleotide polymorphisms (SNPS) present. The reference

sequence was downloaded from Gene bank.

3.11 Ethics and Confidentiality

Ethical approval was obtained from the College of Health Sciences Ethics and Protocol
Review Committee, University of Ghana. Furthermore, all potential study participants

consented before they were enrolled in the study. Patient information obtained through

34



University of Ghana http://ugspace.ug.edu.gh

the questionnaire was anonymized and entered into a Microsoft Excel sheet, securely

saved and password protected.
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CHAPTER FOUR

4.0 Results

4.1 Demographic Characteristics of Study Population

A total of 71 CRC (cases) and 68 non-CRC (controls) blood samples were collected from
the participants from 2014- 2019.

In all, a total of 139 participants were recruited; 71/139 (51.08%) males and 68/139
(48.90%) females, giving a male: female participant ratio of 1:1. Most of the participants
were within the age ranged 61-70 years, with a median age range of 56.5 years for
cases and 47 years for controls (Table 4.1).

Also, majority of the participants recruited in the study were Christians by religion

126/139 (90.65%). Most were of Akan ethnic group 77/139 (55.40%), a large percentage
had formal education 105/137 (75.5%), and 80/137 (57.6%) were formally employed. A
majority of the participants lived in Accra city 99/139 (71.20%), and most of the

participants ate mostly home prepared meals 91/137 (65.47%).

4.2 Evaluation of CRC Risk Factors of the Participants Recruited

From the assessment, majority 138/139 (99.3%) and 116/139 (83.5%) of the study
participants recruited did not smoke and did not drink alcohol, respectively. 6/71 (8.5%)
of the case population had a family history of cancer, the remaining either ‘did not know
or ‘did not have’ a family history of cancer (figure 4.2). From those with a family history
of malignancy, CRC (3/6) topped the list, followed by breast and stomach cancer (2/6);

and lastly pancreatic cancer (1/6).
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Table 4. 1: Distribution of Sex and Age of the CRC Participants Recruited

Cases(71) Controls(68) P value
Variables n (%) n (%)
Sex
Female 34(47.9) 34(50.0) 0.805
Male 37(52.1) 34(50.0)
Age range (years)
21-30 2(2.82) 5(7.4)
31-40 5(7.04) 11(16.18)
41-50 8(11.27) 11(16.18)
51-60 15(21.13) 12(17.65)
61-70 27(38.03) 23(33.82)
71-80 8(11.27) 6(8.82)
81-90 6(8.45) 0(0.0)
Median age (range) 56.8 years 47 years
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Table 4.2: Distribution of CRC Risk Factors of the Participants Recruited

Cases Controls X2
n (%) n (%)
Smoking status
No 70(98.6) 68(100.0) 0.965
Yes 1(1.4) 0(0.0)
Alcohol status
Yes 2(2.8) 0(0.0) 2.503
No 60(84.5) 56(82.4)
Occasionally 9(12.7) 12(17.6)
Family history
Don’t know 30(42.3) 0(0.0) 43.566**
None 35(49.3) 67(98.5)
Yes 6(8.5) 1(1.5)

Chi square (X?) **statistically significant at p<0.001

4.3 DNA Quantification Result

The average DNA concentrations calculated were 15.21 + (13.81) ng/ul and 23.21+
(10.14) ng/ul forcase and control samples, respectively. The DNA concentrations
determined in the samples ranged between 4-30 ng/ul for the cases and 16-50 ng/ul for
the controls. Majority (75%) of the DNA extracts met the (A260/A280) DNA purification

criteria.
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4.4 Polymerase Chain Reaction Result

Out of the 71 case samples, 28(39.4%) were detected by the ethidium bromide to be
successfully amplified to the expected band size of 195 bps. All the 68 (100%) control
samples were amplified to the band size of 195 bps after the gel electrophoresis run.

(Figures 4.1- 4.3 show sample gel images).

sample with no band

band

Figure 4.1: Case samples (1-17) gel image showing PCR amplification result for exon
16 of the MLHL1 gene. The Restriction Fragment Length Polymorphism (RFLP) 100 bp

molecular weight (M) ladder was used for referencing.

Figure 4.2: Case samples (18-71) gel image showing PCR amplification result for
exon 16 of the MLH1 gene. Bands and no bands for some of the case samples. The
RFLP 100bp molecular weight ladder was used.
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Figure 4.3: Control samples (1-68) gel image showing PCR amplification result
for exon 16 of the MLH1 gene. Gel image showed bands for all control samples,
though first five were positive but looked faint. Faint bands were more visible on the gel

imager. The RFLP 100bp molecular weight ladder was used.

4.5 Nucleotide Sequencing and Bioinformatics Analysis Results

Ninety-six samples (71 cases, 25 controls) were submitted for sequencing.

For the cases: 14(19.7%) out of the 71 case samples were without nucleotide sequence
(figure 4.10). Thirty 30(42.3%) of the case samples had clear good nucleotide
sequences. Two cases (C041 and C054) of the clear good sequences analyzed using
bioinformatics had a single guanine (g) nucleotide insertion at codon 596 of the coding
sequence of the exon 16 MLHZ1protein (figure 4.8) , and as a result, changed the next
amino acid after that position, from Tryptophan (W) to Leucine (L) (figure 4.7). This
introduced an earlier stop codon that truncated the protein at codon 608 (figure 4.7). The
mutant protein was therefore 148 amino acids shorter than the normal MLH1 protein
sequence which was 756 amino acid long.

Twenty-five 25(35.2%) case samples had sequences that were longer than the expected

length with poor chromatograms, with ~90% of the sequence having a high probability
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for wrong call (0.05%) and this left those sequences with less than 50 bases .

For the control samples; all 25(100%) samples submitted for sequencing had a fairly
good nucleotide sequence, but with no variants in good quality control (QC) regions
when the sequences were compared with the MLHZ1 exon 16 reference sequence (figure

4.9).

Table 4.3: Frequencies of Mutations for Participants.

Type of mutation Frequencies

Case n (%) Control n (%)
Whole exon deletion 14(19.7) None seen
Single nucleotide (guanine) insertion | 2(2.8) None seen
frameshift
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4.6 Graphical Representation of the Guanine Insertion Frameshift Mutation
found in Exon 16 of the MLH1 Protein

Sequenced Exon

JCTTGCT TCTTCCTAGG AGCCAGCACC GCTCTTTGAC CTTGCCATGC
TTGCCTTAGA TAGTCCAGAG AGTGGCTGGA CAGAGGAAGATGGTCCCAAA
GAAGGACTTG CTGAATACAT TGTTGAGTTT CTGAAGAAGA AGGCTGAGAT
GCTTGCAGAC TATTTCTCTT TGGAAATIGATGAGGCTGTGA CAGCCATT

(Figure 4.4): Part of the sequenced exon 16 with flanking sequences.

NB: The first four nucleotides at the beginning of the exon is highlighted in yellow and
the last 4 nucleotides of the exon is shaded in green. The primer regionsare underlined

and in bold.

MLH1 Exon 16 Reference Sequence (Accession Np_000240 Version Np_000240.1)

gag cca gca ccg cte ttt gac ctt gec atg ctt gee tta gat agt cca gag agt ggc tgg
E P APLFDLAMULALDS SPE S G W
aca gag gaa gat ggt ccc aaa gaa gga ctt get gaa tac att gtt gag ttt ctg aag aag
T E BLD GiPy o=l A_El=="L H L KJIK
aag gct gag atg ctt gca gac tat ttc tct ttg gaa att gat gag
K AEMULADYFSLEI D E

( Figure 4.5) MLHL1 Exon 16 Reference Sequence

NB: The exact nucleotide number of exon 16 is 165 and with 55 amino acids.
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GAG CCA GCA CCG CIC TIT GAC CTIT GCC ATG CTT GOC TTA GAT AGT CCA GAG AGT
E E A F L F D L A M L A L r 3 F E 3
GGEEC TGG ACR GAG GAL GAT GGT CCC ALR GAR GGA CTT GCT GRA TAC ATT GIT GAG
= I T E E D = E K E = L A E T I v E
TIT CIG &aG ARG AAG GCT GAG ATG CIT GCA GAC TAT TTIC TCT TIG GAR ATT GAT
F L E E E A E M L A D Y F 5 L E ID
GAG
E

(Figure 4.6): Insertion of the mutated variant (guanine nucleotide) into exon 16
Written in green is the guanine nucleotide at codon 596 of exon 16 of MLH1 protein.

Highlighted in red is the original amino acid before the point of mutation.

gag cca gca ccg ctc ttt gac ctt gcc atg ctt goc tta gat agt cca gag agt  ggg ctg
E PA PLFDULAMLALUDSUZPE S GL
gac aga gga aga tgg tcc caa aga agg act tgc tga ata cat tgt tga gtt tct gaa gaa
DR G R WSQ R RTC- I HC- V S EE
gaa ggc tga gat gct tgc aga cta ttt ctc ttt gga aat tga tga

E G- DACRIULFL FGN- -

(Figure 4.7) Nucleotide insertion resulted in a frameshift mutation and truncated protein.
As there was a shift in the reading frame this resulted in the different amino acid productions.
Example; tgg (W) —» ctg (L) highlighted in yellow.

The single (G) nucleotide insertion led to a shift in the ribosome reading frame where (i.e.
Tryptophan changed to Leucine) highlighted in yellow. The coding sequence therefore shifted
from Codon 596 onwards, producing not only different amino acids but more importantly leading
to an earlier stop codon that truncated the protein at codon 608. The mutant protein is therefore
148 amino acids shorter (figure 4.7) than the normal MLH1 protein which is 756 amino acids (aa)

long.
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Consensus G=-0TTa
v Variants = E
[¢ 1. MLH1_EXON16 TCTTGCTTCTTCCTAGGAGCCAGCACCOLTC TTTGRBCT TGCCATGL TTGLCTTAGATAGTCCAGHGAET AL TEGAC AGAGGAAGAT G TCCCAAACARGEAC T TG TEANTACATTGTTGACT TTCTEAAGAAGAACGC TEACATGL TTGCAGAC TATTTCTCT TTEGAMTTGATGACGTETGACASCCART
[¢ 2.C5021.ab1 im--lTGcmchmmmﬂccAmarmcrmmAaMmmcccwmosAmscTwm\rm'rrmmcrsAmmmcm/mc{rmwTAchcmmwnmmmmmmccpA
[ 3.5009.3b1 TGRCATOCTTGCCTTAGA TAGTCCACAGACT A0 TEGACAGAGGAAGAT GRTCCCARAGARGEAC TTGL TEASTACATTGTTGACT TTCTCAAGAAGAACGL TRACATG TTGCACACTATTTCTCTTTEGAN TTGATGACATETGACAGCCAM
[ 4.CS015.3b1 | TTGCCATG TTGCCT TAGATAGTCCAGAGHET GOC TEACAGAGGAAGAT GATCCCANABAAGEACTTGCTCANTACATTGTTGAGT TTCTCAAGAAGSAGRL TEAGATGC TTGCAGACTATTTCTCTTTEGARTTGATGAGSTETGACAGCCAR
[ 5.(5018.ab1 _mccmcrrcca‘m:.\rmcumGrrmscAcmcmcm:rccmchsnmsnmrmrrmcnsmcmAGAA@Aemenwcmmekmmcrcmmm«mmacmwA
[ 6. C5016.ab1 ﬁmcmocneccrrmnmccammsrc«Tenw\mewmmccwAcwwcmcTwmmmmrrrcmmGAAcmeAmscnmmmmmcwnmmmmmmmA
[ 7.€5008.ab1 =16ccAmcmccrrmnmccAmerrmrﬁmewmmcccmwmmrwmmm&smaummc«macmcrmwwrrcrrrrrscwm«mtmmacmcu
[ 8.5007.ab1 3 i GACTTG TTGAETTTCTGAAGAAGAACG TEACATOL TTGCAGACTATTTCTCTTTEGAATTGATGAGETETOACAGCCAR
[ 9.C5012.ab1 aw«a-\A@:«:TsAc-mmmacm'rrcrcmmnmmmrersmw.
0+ 10.€5001.3b1 AGANGAACGCTCACATGCTTGCAGACTATTTCTCTTTEGAMTTGATGAGGTETGACAGCCHA
Le 11.€5025.3b1 S TTece ATECTTC CCAGAGACT (50 TCGACAGAGG 4G aaTA Awweccmmcmﬁmmmrrrﬂcmmnmmmmwmo'
[ 12.C5006.3b1 i  TTGCCATS T GAGACTCRCTEGACAR AGEACTTGCTEARTAC SAGAACRACGC TCACATGCTTGCAGACTATTTCTCTTTEGAARTTGATGAGG TETGACASCCA
[ 13.05019.ab1 | TRCCAT GAGACTGECTEGACAGA AGEACTTGLTEANTAG [ AGMG-&ACGCTEAEATG[TTGCAGACTATHCTCTWGWATTGATGABGTGTGWOI
[& 14,(5010.3b1 T6CQ HCTCRCTCRY ACTTGCTY A@'.AG.\A:a:reAr,\rscmcAGAchTcrmrmmATGAsGTGerccal
[ 15.€5024.3b1 | A T GG TCOACAGARGAAGATGA T CCARACARGRAC T TGCTCANTA iq SHCAACAACOCTEACATGCTTGCACACTATTTCTCTTTEGANT TGATGACGTETGACAGCCAA
[ 16.€5011.3b1 SACARCAREGL TEACATGC TTGCACACTATTTCTCTTTEGARKTTGATGACATETGACAGCCAS
[ 17.C5020.3b1 BAAGAAGAACGL TEACATGCTTGCACACTATTTCTCTTTEGAATTGATGAGSTETGACAGCCAR
[ 18.C5022.3b1 AUGAAGAACGC TEACATGCTTGCAGACTATTTCTCT TTERAATTGATGAGGTETGACAGLCAA
[¢ 19.€5005.ab1 TGAAGAAGACGE TEACATGE TTGCAGACTATTTCTCT TTCGAANTTGATGAGATETGACAGCC A
[ 20.C5004.3b1 e Aw\a.msccmmccnmnmcmnmnmmmmmwi
[ 21.C5003.3b1 ; Aww:«TsAEATom«A&cTAmCTcTnerrTGATﬁABGTGTGtm«u-
[ 22.C5023.3b1 T4 GAAGAAGGC TCACATGLTTGCAGACTATTTCTCTTTEGAATTGATGAGGTETGACAGCC AN
[ 23.C5017.ab1 ANGAAGAACGCTGACATGC TTGCAGACTATTTCTCTTTCGAMTTGATGAGGTETGACAGCCA
[e 24.C5013.ab1 TCTCAAGAACAACGC TEACATGETTGCACACTATTTCTCTTTEGAANT TGATGACGTETGACAGCCAA
[ 25.C5014.3b1 CTTTCTEAAGAACRACGE TEACATGLTTGCACACTATTTCTCTTTEGAARTTGATGAGSTETGACAGCCAR
[ 26.C5002.3b1 " G r-ATc(nccmmmﬂcrnmmmwm\mm.
1

Figure 4.9: Alignment of coﬁfﬂorfeeiuﬁpepmgmmmm@%l reference sequence (No
variants detected in good QC regions).
Control sequence compared to the reference sequence shows no mutations in the control group.

Positions colouredsignify potential mutations, but they could not be verified on the traces

because of the error probability.
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CHAPTER FIVE
5.0 DISCUSSION AND CONCLUSION

5.1 Discussion

Regional differences in the clinical pathological patterns of colorectal cancer have
reportedly been identified. In the west, colorectal cancer is typically detected in older
people after the age of 50 years (Center et al., 2009a). However in the African population,
CRCtends to present early with an aggressive, advanced disease and a dismal prognosis
(Sule and Mandong, 1999).

The median ages for cases and controls in this study were 56.5 years and 47years
respectively; this is comparable to the results of other African studies, which reported
mean ages of 53 years in Nigeria (Akinola and Arigbabu, 1994), 58.8 years in Tunisia
(Missaoui et al., 2010), 58 years in Ghana (Dakubo et al., 2014), 50 years in Central
Sudan (Ntagirabiri et al., 2016). It should be noted that the median ages recorded in this
study (56.5 years and 47 years) were lower than the ages described in most developed
countries (Koo et al., 2008; Altekruse et al., 2010). From 2003 to 2007, the median age
at diagnosis was 70 years in the United States (Koo et al., 2008). The likelihood of
receiving a colon cancer diagnosis rises after age 40 years, then gradually after that age,

and then suddenly after age 50 years (Ries et al., 2008).

From this study, colorectal cancer prevalence among the young (<40 years) was 21.1%
(15/71) and that for the aged (>50 years) was 78.9% (56/71); which is similar but lower
when compared to the finding in Egypt by Gado et al. (2014) , where the prevalence of

CRC in patients aged less than 40 years was 25%. This finding is also similar to Ries et
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al., 2008 findings, where more than 90% of colorectal cancer cases occur in people aged

50 or older.

Although this study shows a reduced incidence of CRC in young people, it has been
shown that CRC in this age group poses diagnostic and therapeutic challenges, and the
prognosis is often less favourable. (Sule and Mandong, 1999). Family screening for
genetic mutations (HNPCC) is necessary as a result of the rising frequency of CRC in
young people in low-risk communities since genetic variables mayplay a significant role

in the development of this illness. Hence, the molecular componentof this work.

Similar to previous studies in Ghana (Dakubo et al., 2010a; Dakubo et al., 2014), and
other African countries (Boytchev etal., 1999), the gender (male: female) prevalence ratio
of both case and control groups in this study was the same 1:1(Tablel), instead of the
1.4:1 ratio proposed by Ferlay etal., 2010, in favour of the men. Prevalence rates are
noticeably greater in men than in women over the world (Siegel et al., 2012). Men
experience the global CRC prevalence at a rate of 23.4 cases per 100,000 people in 2020,
which is 44% greater than women’s incidence at 16.2 cases per 100,000 people, which is
30% higher (Xiand Xu, 2021). This has been linked to the increased use of risk behaviors
for colorectal cancer such as smoking, drinking excessive amounts of alcohol, and male

obesity (Center et al., 2009a; Missaoui et al., 2010).

The role of female hormones has also been connected to the declining occurrence in both

humans and female animals. Through its affinity to estrogen receptors, estrogen controls
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the growth of colonic mucosal cells and prevents the division of colonic tumor cells,
according to in vitro studies (Issa et al., 1994; Campbell-Thompson et al., 2001). The
present male to female ratio of 1:1 may be as a result of sampling, or it could also be that
at age 50 when most of the diagnosis are made the female has lost the advantage of the

estrogen effect because of menopause.

A review of the family's history of cancer in the recruited individuals serves to validate
the findings of Haggar and Boushey (2009) and Rawla et al. (2017). A number of factors
have been linked to the development of colorectal cancer, and those who indulge in ridk life
styles like smoking, excessive alcohol use, poor diet and have risk factors like family history,
inflammatory bowel disease, inactivity, genetic make-up, and specific illnesses or diseases
have an 80% chance of getting the disease. Therefore it was not surprising to see a
statisticallysignificant association (p<0.001) between the family history of the studied
participants and the CRC disease. 6/71 of the case studied participants had a family history
of cancers;with colorectal cancer leading at a prevalence of 50.0% (3/6), as compared to

breast and stomach cancer 33.3% (2/6) and pancreatic cancer 16.7% (1/6).

Following through with the Chi squared analysis (table 4.2), it could be said that there
wasno statistically significant association between smoking, drinking alcohol and CRC;
making this research finding to be inconsistent with Rawla et al., 2019 findings at this

point.

Thorough observation within the case group suggested that, 2.8% (2/71) of the case

participants consume some form of alcohol while there was no report of any within the
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control group. Again, while there was no report of smoking within the control group,
there was 1 (1.4%) participant within the case group who smoked. Therefore in
comparing the studied cases to controls, it could be deduced easily that, those participants
who smoked and drank risked developing the CRC disease and surely did; since they

were all found within the case domain.

Analysis of the mutation spectrum of the exon 16 of the MLH1 gene among the Ghanaian

CRC population revealed the following:

That 14/71 (19.7%) of the case population probably had no exon 16 sequence after
sequencing. Their MLH1 exon 16 sequence may have been deleted and this has
confirmed the gel results obtained (figure 4.1 and 4.2) as there were no bands for these
same case samples. The deletion could have occurred as a result of mutations at the splice
site of intron 15. This could be possible if the conserved AG at the 3’ site of intron 15 is
mutated,and this resulted in the site not being recognized by the spliceosomes, thereby
leading to inclusion of exon 16 as part of intron 15 resulting to its deletion.

The percentage of whole exon 16 deletion mutation observed is 19.7% from this study,
which is similar but rather on the higher side to a study conducted in Sweden in 2016, by
Lagerstedt-Robinson et al.; where MLH1 exon 16 deletion was identified to be 6% in the
Sweden lynch syndrome family. The geographical location and race could account for

the variability in the differences in the two percentages.
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Again, similar to a study done in Japan in 2016, where Momma and colleagues analyzed
the chromosomal rearrangement of the MLH1 and MSH2 genes in a Lynch syndrome
family that had been tracked for over 45 years. In this family, they discovered widespread
deletions (c. (306+ 1 307-1) (*1937?) del of the MLH1 exons 4-19.

This study is again in line with Dominguez Valentin et al., 2013 findings. Accordingto
his findings, exons 16 and 18 of the MLH1 gene are genetic hotspots for mutations, with
frameshift mutations and nonsense mutations being the most common types of mutations

and accounted for 26% of all the MLH1 mutations (Li et al., 2011).

Establishment of a linked between these 14 case participants, and their documented risk
factors (alcoholism, smoking, and family history of cancer) showed that, these patients
rather lived a supposedly healthy lifestyle in terms of the risk factors mentioned; and none
had a family history of cancer too. From literature it is noted that about two-thirds (70-
75%) of new CRC cases are spontaneous / sporadic (i.e., these cancers develop among
persons who have no history of the illness in their family) (Yamagishi et al., 2016), but
rather arise ‘de novo’ in these rare cases due to aetiological factors such as age, lifestyle
and environmental effects.

It could however be speculated that, not all these 14 cases could be classified as sporadic
due to their ages .Approximately, 78.6% (11/14) of the cases in this category were within
the age ranged (52-82) years; this might have predisposed them to the condition they had
since ‘age’ is one of'the risk factors of CRC according to Yamagishi et al., 2016. It could
also be that, they acquired these genetic modifications de novo; although this speculation
could not be supported with additional data from the study.

In this regard; this finding could therefore be seen to support Dakubo et al., findings in
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2010, when they observed that, as the Accra population ages, the prevalence of colorectal
cancer has increased, with adenocarcinoma being the most common histological form.

The remaining three 3/14 (21.4%) case participants who aged between 28-49 years can
be said to have inherited the condition genetically- this was indicative of their young
ages. This was difficult to prove since collected data was not enough to make such a

conclusive statement.

Hereditary colorectal cancer accounts for 5% to 10% of all CRC cases, or nearly one-
third of all CRC cases (Cherry, 2011). First-degree relatives of patients with newly
diagnosed adenomas or invasive CRCs are at higher risk since hereditary CRC runs in
families and is also linked to germline mutations in specific genes (Cherry, 2011).

These 3 case individuals were oblivious of their family’s cancer history with their ‘don’t
know” response; even though they would have had a family history of HNPCC or FAP
syndrome; this is difficult to prove with data though. These syndromes frequently result

in cancers that emerge at a younger age (Segelman, 2012).

To explain the concept of carcinogenesis in these individuals, mismatch repair genes
during DNA replication produce protein enzymes which are able to detect and correct
mismatched base pairs. A lack of function of the repair genes (example deletion of MLH1
exon 16) causes MSI which leads to accumulation of significant changes in the length of
tiny repetitive DNA sequences. As a result, the malfunctioning MMR would cause a rapid
accumulation of gene mutations in proto- oncogenes and cancer suppressor genes which
may disrupt normal cell growth and eventually, aid development of the CRC (Popat et

al., 2005; Kerr and Midgley, 2010; Sargent et al., 2010).
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Single guanine nucleotide insertion frameshift mutation was also identified in two ofthe
case individuals; participants (C041) and (C054).

A single (G) nucleotide insertion at codon 596 of the coding sequence of the exon 16
MLH1 protein was called out during the bioinformatics analysis; which obviously
affected the ribosome reading frame as there was a nucleotide reading frameshift,
resulting in a premature stop codon at codon 608 of the MLH1 and as such produced a
truncated non- functional protein, which was 148 amino acids shorter than the normal

MLH1 protein sequence which is 756 amino acid long.

Interesting as it may seem, this finding is not consistent with the findings of any of these
researchers (Dominguez Valentin et al., 2013, Lagerstedt-Robinson et al., 2016; Moreno-
Ortiz et al., 2016; and Momma et al., 2019); because they had not reported guanine (G)
insertion at the same position/codon site in their publications. This finding could
therefore be said to be unique and novel, due to the guanine insertion frameshift mutation
at codon 596 of the coding sequence of exon 16 MLH1 protein. Although there was an
insertion frameshift, it may seem difficult to classify this mutation as novel among the
Ghanaian CRC population, since the research data at disposal is limited in terms of

sample size.

There were no SNPs called within the QC regions of the control samples. And this was
expected because these were supposedly CRC free healthy Ghanaians who stood at no
risk of developing the disease and therefore it not expected to see any form of mutation

in their MLH1 exon 16.
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5.2 LIMITATIONS

1. This study failed to sequence the whole MLH1 genome and as such reduced
drastically the possibility of finding novel mutations for the Ghanaian CRC population.
2. Again because the study was centered on finding mutations in only exon 16 of the
MLH1 gene, it failed to give off knowledge and information about the mutation
spectrums of the other exons within the MLH1 gene.

3. Difficulty in referring information since there was few studies (baseline data)

done in this particular area in the country, Ghana.

4. Although nearly all oncology patients in Ghana's southern and central regions
are sent to KBTH for management, the study only included patients who were assessed
and treated at a single facility, which may not accurately represent the whole community

in this region.

5.3 CONCLUSION

This study is the first compiled Molecular data on the Ghanaian CRC population. The
study reported two types of mutation; whole exon 16 deletion and a single nucleotide (G)
insertion frameshift mutation at codon 596 of the coding sequence of exon 16 of MLH1
protein. The whole exon (16) deletion in this study accounted for 19.7 % (14/71) of the
total mutations found within the MLH1 gene while insertion frameshift mutation

accounted for 2.8% (2/71) of the total mutation discovered.

54



RECOMMENDATIONS

1. Further studies to amplify and sequence the whole MLH1 gene using a primer
with a larger flanking region: as this would help to call out more mutations that were
prevailing within the Ghanaian CRC population. Once more, the knowledge (data)
gleaned from this mutation spectrum would be helpful for identifying prognostic markers
for efficient treatment interventions in the Ghanaian CRC population, as well as for

profiling particular genetic alterations.

2. The government should strengthen the capabilities of Ghanaian healthcare
practitioners by providing the essential diagnostic equipment for the quick detection and
referral of colorectal cancer cases. National screening programs should be put in place

for the illness prevention and early detection.
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APPENDICES

APPENDIX I: CRC Questionnaire Form
Title: Mut L Homologue 1 (MLH1) Exon 16 Mutations in Ghanaian CRC Patients

Receiving Treatment at the Korle Bu Teaching Hospital

o

\l

10.

11.

12.

13.

14.

15.

. Tribal group/Ethnicity:

Date of interview

Religion a. Christian b. Muslim C. Traditionalist d. Atheist

Occupation

Residence

Where is mostly your daily source of meal? a. Home b. Food Vender c. Restaurant
What is your favorite’s f000? ======-=-=mmmmmmmmmoeoeeeee

What is your smoking status?  a. Never b. Ex-smoker c. current smoker

Do you drink alcohol? a. No b. Yes

Do you know of anyone in your family with colorectal cancer? a. No b. Yes

If yes describe the relationship. --------=-===-nmrmmmmmmmmmeee

How long have you been living with the colorectal cancer disease? -----------------
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