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Colorectal Cancer (CRC) has become one of the most dangerous yet spreadable
cancers, as a result of many wrong behaviors people do, in addition to being a
hereditary disease. However, Libya was not included in a lot of studies due to the
lack of adequate studies on infected CRC Libyan patients, thus this study aims to
detect mutations in the MUTYH gene in Libyan families who heredity colorectal
cancer. The study included 20 blood samples collected from (10 patients with
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hereditary colorectal cancer and 10 healthy people) all of them had a family history
of this disease. Genomic DNA was extracted, amplified by PCR, and analyzed for
MUTYH mutational status by direct sequencing. MUTYH mutations were present in
50% (10\20) of all analyzed samples. A total of 10 patients had MUTYH mutations in
different positions; of which 5\10 (50%) had a deletion A in ¢.1140, 1\10 (10%) a
patient had a substitution mutation in ¢.1149 C>N, 1\10 (10%) a patient had two type
mutations, substitution mutation in ¢.1154 C>T and insertion CT inc.1153, 2/10
(20%) they had substitution mutation in ¢.1237 G>R, 1\10 (10%) a patient had
substitution mutation in ¢.1140 A>C. This study concludes that indicates that
analysis of the MYH gene should be performed in patients with multiple colorectal
adenomas, On the other hand, it helped to clarify the type and frequency of MYH
mutations among colorectal polyposis patients in Misurata. This study believes that
an enlargement of the MUTYH mutation spectrum resulting from these types of
studies will contribute to early detection and the prevention of secondary cancer
development.

Keywords:  Colorectal Cancer, MUTYH,
mutation, PCR, direct sequencing

1 Introduction
in the MUTYH gene are missense mutations, of which

Colorectal cancer (CRC) is the second most common
cancer in women and the third in men. It ranked second
in mortality and third in incidence among cancers
worldwide in 2020 (Olovo, et al., 2021). Most cases
(about 95%) of the CRC are sporadical, Familiar CRCs
are less common (about 5%) and occur when gene
mutations are passed within a family from one
generation to the other. In these cases, mutated genes
(germline mutation) are inherited (Centelles, 2010).
MAP is characterized by the presence of adenomatous
polyposis of the colorectal and an increased risk of CRC
(Jasperson et al., 2010). The majority of changes found

Y179C and G396D (previously annotated as Y165C
and G382D) represent  approximately  73%
of MUTYH mutations. = MYH-associated  polyposis
(MAP) is an autosomal recessive condition, associated
with the development of multiple adenomas and
carcinomas of the colon and rectum (Hitchins et al.,
2005). It is caused by biallelic mutations in
the MUTYH gene (also referred to as MYH) (Jasperson
et al., 2010). MUTYH gene consists of 16 exons and is
located on chromosome 1p34.3-p32.1. and it encodes a
DNA glycosylase involved in base excision repair
(BER) of 8-ox0G:A mismatches caused by oxidative
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DNA damage (Jansen, et al., 2014). The Occurrence of
such mutations in oncogenes and tumor suppressor
genes drives colorectal carcinogenesis and is associated
with the development of colonic polyps (Pitroski,, et al.,
2011). Functionally, MUTYH helps prevent G:C to T:A
transversion caused by oxidative stress to highly
mutagenic DNA bases (Jasperson et al., 2010). Study
between 2014-2015, which aimed to detect the presence
of genetic mutations of the MUTYH gene with an
increased risk of developing CRC It was also observed
that the frequency of MUTYH p.Y179C mutation is
higher among CRC patients than MUTYH p.G396
mutation (Jansen, et al., 2014). In 2011 a study was
conducted in North Africa that aimed to determine the
occurrence of a mutation ¢.1228dup - 1227 in a group
of MUTYH patients and assessment of a founder effect
within a group of 36 families had MAP, 11 families
were found to have a homozygous mutation ¢.1228dup-
1227.These families came from different countries
(Algeria, Tunisia, Morocco, and Portugal). The
frequency of ¢.1228dup_1227 is the highest (6.78% vs.
5.4%) of the mutations, and several studies also have
shown two closed mutants (Y179C and G396D) are
similar to about 80% of MUTYH allelic variants of
Europeans Ethnic and geographic differences have been
observed in the spectrum of mutations in this gene
(Levre, et al., 2011). In the study (2019), samples were
collected from 150 Jordanian patients with colorectal
adenoma and 150 individuals without cancer with no
previous history of polyps. Sanger DNA sequencing of
the MUTYH gene was performed. The data showed a
high prevalence of two mutations in the germline
(9.87C>T and ¢.1264G>C) while MUTHY among the
affected Jordanians (Mahasneh, et al., 2019).

The ¢.1227-1228dup GG mutation, in a homozygous
state, was also found in 13 patients with CRC in the
study which evaluated a germline variant of the
MUTYH gene, and is an indication to be considered in
the testing of the MUTYH gene in patients with
hereditary familial polyposis (Kdissa, et al., 2020).

Libya was not included in a lot of studies due to the lack
of adequate studies on infected CRC Libyan patients,
thus this study aims to: Detection of mutations in the
MUTYH gene in Libyan families have heredity
colorectal cancer.

2 Materials and Methods

Sample Collection

The blood samples were collected from (10 patients with
hereditary colorectal cancer and 10 healthy people) all of them
had a family history of colorectal cancer. The samples were
collected between May and June 2022 in Misurata Central
Laboratory. Those samples were stored at -20 °C until DNA
was extracted.

DNA Extraction

Genomic DNA was extracted from blood samples, using
(MagicPure™Blood Genomic DNA Kit, TransGen,
Chinese) according to the manufacturer's instructions.

The Assessment of DNA Quality and Quantity

The DNA concentration was spectrophotometrically
assessed using thermo scientific NanoDrop machine
(Thermo Fisher Scientific, America). The quality of
extracted genomic DNA was examined by loading on
agarose gel, to check the integrity of DNA.

Gel Electrophoresis

The electrophoresis was run at 50V for one and half
hours. The gel was exposed to UV light using Bio
spectrumTM 500 imaging system (UVP) and then
photographed using a Multidock-it digital imaging
system.

Polymerase Chain Reaction (PCR) Conditions

After extracting the genomic DNA from the samples,
the specific region in exon 14 of the target gene
(MUTYH) was amplified by PCR using the primers
(Forward.:3-GGCAGTGGCATGAGTAACAA-5 and
Reverse 3-AGAGCAGCTTCAGCGCAAG-5). The
PCR reaction was run with the following program: 95°C
initial denaturation for activating the Tag DNA
polymerase for 3 minutes in 1x cycle, denaturation at
95°C for 30 seconds in a 35x cycles, annealing of the
primers to the template at 60°C for 30 seconds in 35x
cycles, then extension at 72°C for 1 minute in a 35x
cycles and Step 5final extension at 72°C for 7 minutes
in 1x cycle. The PCR reaction was cooled down for 4°C.
All PCR reactions were done in the Scientific Research
Unit at the Misurata Central Laboratory.

Sequencing Analysis

PCR products were sent to the Artha Genomincs
Advanced Technologies in Tunisia, for sequencing by
Sanger sequencing 7500. The sequencing results were
analyzed by using Finch TV and CLC software and
Genome browser website to identify mutations in the
MUTYH gene. A codon number of the mutant gene and
it's changed the amino acid sequence were determined
by referring to the NCBI/BLAST website.

3 Results

To examine the integrity of the extracted genomic
DNA, 5 g of DNA was added to an agarose gel
(figurel). Genomic DNA concentration of the 10
specimens included in the study group was between
(16.4 ng/ul — 121.8 ng/ul) and 260 nm/280 nm ratios
were between (1.90 -1.75).
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The type and frequency of MUTYH gene mutations are
detailed in table (1), MUTYH mutations were present in
50 % (10\20) of all analyzed samples. A total of 10
patients had a MUTYH mutations in different positions;
of which 5\10 (50%), had deletion A in ¢.1140, 1\10
(10%) a patient had substitution mutation in ¢.1149
C>N, 1\10 (10%) a patient had two type mutations,
substitution mutation in ¢.1154 C>T, and insertion C
inc.1153, ¢.1140 A > C and ¢.1237 G > R in proportion
(1\10) 10% and (2\10) 20% (Figure 3).

Table (1): Distribution of MUTYH mutation types

N. of Normal Mutation Mutation
samples sequence sequence position
1 GCA GAA ¢.1140 A>C
; . ; ; i 10 €.1140 del
Figure (1): Gel electrophoresis for genomic DNA in 1% 5 GAA G-A
agarose gel. L: Ladder 1Kp A
1 CCT NCT c.1149 C>N
The MUTYH gene was amplified by PCR using sets of TCC TCce ¢.1153 Ins
primers described earlier in Materials and Methods. 1 cTC TTC C
Agarose gel electrophoresis (1%) was run to visualize €.1154 C>T
PCR prodqcts and to verify that the products are of the 2 ARA AGA 1237 G>R
expected size. The PCR products revealed a band of the
expected size of the MUTYH gene at 149 bp (figure 2).
| GotoBaseNo. [ FndSequence [ ACSG T

e e

3 . emm G G EE en 6D en on an

L T 3t {3y [ I - M 1R 195 20 NTC

Figure (2): Gel electrophoresis of PCR samples product, the
arrow indicates the product with 149bp, NTC: No templet
control, L: Ladder 100bp

(a) Sanger sequencing electropherogram of MUTYH gene wild-type

Goto Base No Find Sequence [tanct AL S L

G AG GCCT G ACCCC T G [Wjc T TGCCCTCCC TCT
30 S0

(¢): Sanger sequencing electropherogram of MUTYH mutation ¢.1054C>T
GotoBaseMNo. [ [ccctea L LS

Find Sequence

GcccTCAGAGCAGTEC TTCAGTE CGC CAAG
100 1M

C TG G G A

(d): Sanger sequencing electropherogram of MUTYH mutation (c.1237 G>R)

Figure (3): Sanger sequencing electropherogram of MUTYH
gene.
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4  Discussion

This study analyzed MUTYH mutations in heredity
CRC of Libyan patients in whom CRC incidence and
mortality are one of the highest in the Middle East and
North Africa, and it is still increasing (Lefevre, et al.,
2011). In this study, samples extracted from blood of 20
Libyan patients with CRC were screened for mutation
in MUTYH gene by using PCR direct sequencing.
MUTHY mutations were identified in 50% of all
heredity CRCs in this study group of patients with
CRC. This finding was in a good agreement with
previous reports which identified MUTHY mutations in
73 % of heredity CRC patients (Sampson, et al., 2005).
The frequency of MUTYH mutations in the study group
did not differ when compared with those of most other
studies in the British, Italian, American, Portuguese,
and Dutch populations (Sampson, et al., 2005, Cheadle
and Sampson, 2007). Previous Arabian studies that
enrolled a relatively large number of patients and
included patients with different stages of the disease,
reported MUTYH mutation rates of 80%, 30% in
Tunisia (Mahasneh, et al.,, 2019, Abdelmaksoud-
Dammak et al., 2012), 40 % in Portugal (Isidro, et al.,
2004), and 95% in Egypt (Elsaid, et al., 2017).

In the study conducted by Afaf Elsaid et.al. in 2016 to
detect the presence of genetic mutations of MUTYH
gene with an increased risk of developing CRC,
samples extracted from blood of 120 Egyptian patients
with CRC, shown that 15 samples had the MUTYH
mutation and 105 samples negative for MUTYH
mutation (Elsaid, et al., 2017), where 15 patients also
had a family history of CRC thus, a strong association
between MUTYH mutation and an increased risk of
CRC cancer among Egyptian patients, which agree
with this study. It was also observed that the frequency
of MUTYH p.Y179C (c.536A) mutation is higher
among CRC patients than MUTYH p.G396D (c.1187G)
mutation (Elsaid, et al., 2017), in this study was
detected mutation (c.1149C) in same exon.

In 2004 a study was conducted in Portugal in which the
biallelic germline strain in the MUTYH gene was
studied in 53 Portuguese patients with multiple or
classic colorectal adenomas and 21 patients had a
biallelic germline mutation. New Portuguese-specific
mutations in different patients (c.1186 -1187insGG),
(c.503G& A) and (c. 340T&C) (lIsidro, et al., 2004).
These results agree with this study but different
position of mutations.

There could be a relatively large number of factors that
could be linked to the variations in the observed
frequencies of MUTYH mutations in the different
studies. Among these are wusing different
methodologies for detection of the mutations with

different ranges of sensitivity and specificity.
Environmental factors have a major impact on different
populations with diverse lifestyles, dietary habits, and
variable exposures to carcinogens. In addition, using
different numbers and kinds of samples, which might
serve as another reason for such diversity. Couples
with this in the variation in the carcinogen
metabolizing genes in different population groups.

5 Conclusion

This study contributes to support the existence of
Heredity Colorectal Cancer and indicates that analysis
of the MYH gene should be performed in patients with
multiple colorectal adenomas, particularly in those with
family history of horizontal transmission of the disease.
On the other hand, it helped to clarify the type and
frequency of MYH mutations among colorectal
polyposis patients in Misurata. Although this study
showed these mutations in a small region in the
MUTYH gene, whole gene sequencing screening
procedure in MUTYH is highly recommended in
familial colorectal cancer patients. Additional studies
will be helpful in identifying new mutations.

Disclaimer: The article has not been previously
presented or published and is not part of a thesis project.
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