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ABSTRACT
Objective: To investigate the genetic causes of colorectal cancers (CRCs); and to determine the genotype-phenotype
correlation.
Study Design: Descriptive study.
Place and Duration of Study: Department of Medical Genetics, Diskapi Yildirim Beyazit Training and Research, Hospital,
Ankara, Turkey, between January 2018 and January 2020.
Methodology: 59 cancer susceptibility genes of 41 patients, included in the study and diagnosed with CRC, were
examined using next generation sequencing (NGS) technique. Statistical analysis of the possible relationships among the
mutation carrier status of the patients and the parameters of gender, age at diagnosis, and family cancer history, were
performed.
Results: The mean age at diagnosis of all CRC patients was 48.7 years (range 28-74). Mutations in MLH1, MSH6, CHEK2,
PMS2 and MUTYH genes were detected in 10 patients (24.4%). The mean age at diagnosis of CRC was 46.2 years in those
who carried the mutation, while it was 49.5 years in those without. Carriers and non-mutation carriers, when compared in
terms of age at diagnosis, gender, family cancer history, no signiﬁcant diﬀerence was observed.
Conclusion: Genes that may cause susceptibility to cancer may play a role in the etiopathogenesis of the CRC. NGS-based
multigene panels allow these genes to be detected in the patient and to identify an inherited cancer syndrome.
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INTRODUCTION
Inherited cancer syndromes are a group of disorders caused by
the inherited causative gene (s) that result in a higher risk of
malignancy in the carrier individuals compared to the population risk. In individuals with this syndrome, ﬁndings such as
many relatives with certain types of cancer, an earlier than
expected cancer diagnosis age, or the development of two or
more types of cancer in the same person can be observed.1-3
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Colorectal cancers (CRCs) have an important place among hereditary cancers, and according to the latest statistics of the World
Health Organisation, they rank third among all cancers in terms
1
of incidence and second in terms of mortality. The incidence
rates of this type of cancer vary greatly in many geographical
regions and ethnic groups.2
Approximately 5% of the cases are associated with hereditary
(inherited) mutations in well-characterised and highly penetrating cancer susceptibility genes. Genetic instability caused by
these mutations triggers CRC development.3 The most common
hereditary CRCs; hereditary non-polyposis colorectal cancer
(HNPCC), familial adenomatosis polyposis (FAP), MUTYH associated polyposis (MAP), Cowden/PTEN hamartoma syndrome and
other subtypes of this group. In general, HNPCC is responsible for
about 2-4% of CRC cases and FAP for 1%. Less than 1% of cases are
caused by MAP, hamartomatous polyposis and hyperplastic poly4
posis syndromes. Major susceptibility genes that cause HNPCC,
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also known as DNA Mismatch Repair (MMR) genes; While MLH1,
MSH2, MSH6 and PMS2 are the gene responsible for FAP is APC.
There is evidence that a series of complexities caused by mutations in the pathways in which these genes play a role accelerate
5
the carcinogenesis process of these individuals.

RESULTS
In total 41 patients included in the study, 22 were females
(53.7%), and 19 were males (46.3%), and the mean age at diagnosis was 48.7 (range 28-74) years. The histopathological diag-

Recent advances in genetic testing technologies have accelerated the molecular diagnosis of hereditary cancer syndromes
and the discovery of new susceptibility genes that cause CRC.

nosis of CRC in all patients was of the adenocarcinoma type. As
a result of genetic analysis, disease-related germline pathogenic and likely pathogenic gene variants were detected in 10
(24.4%) patients (Table I). There was also no signiﬁcant relation-

The aim of this study was to investigate the general demographic and clinicopathological features of the patients with
CRC and the genetic causes that may have a role in the etiopathogenesis and pathophysiology of the disease.

ship between mutation carriage and gender. With the statistical analysis performed, no diﬀerence was observed in the age
of diagnosis of the patients according to gender (p = 0.329).

METHODOLOGY
This observational study was conducted at the Department of
Medical Genetics, Diskapi Yildirim Beyazit Training and Research,
Hospital, Ankara, Turkey, between January 2018 and January
2020. Forty-one patients older than 18 years of age and diagnosed
with CRC were included in the study. The gene analysis results,
general demographic characteristics, clinical and pathological
details, and family cancer history of these patients were obtained
retrospectively from the patient ﬁles. In the study, germline
variants of 59 hereditary cancer-associated genes in 41 patients
were investigated. This study was conducted by considering
ethical responsibilities, according to the World Medical Association and the Declaration of Helsinki; and the study protocol was
approved by local Ethics Committee.

Genetic analysis of the patients was performed with DNA materials obtained from peripheral venous blood samples by next
generation sequencing (NGS) method. This analysis was made
using the Qiagen large hereditary cancer panel (Qiagen, Hilden,
Germany) kit and on the platform of the Illumina MiSeq system
(Illumina Inc., San Diego, CA, USA). Researched genes were
listed as: AIP, APC, ATM, ATR, AXIN2, BAP1, BARD1, BLM,
BMPR1A, BRCA1, BRCA2, BRIP1, BUB1B, CDH1, CDK4, CDKN2A,
CHEK2, CTNNA1, EPCAM, FAM175A, FANCC, FLCN, GALNT12, ,
GREM1, HOXB13, MET, MLH1, MRE11A, MSH2, MSH6, MUTYH,
NBN, NTHL1, PALB2, PALLD, PIK3CA, PMS1, PMS2, POLD1,
PRSS1, PTCH1, PTEN, RAD50, RAD51B, RAD51C, RAD51D1 ,
SDHB, SDHC, SDHD, SMAD4, SMARCA4, STK11, TP53, VHL,
XRCC2.
In the analysis of the data obtained by the NGS method "Qiagen
Clinical Insight (QCI™) Analyse software (QIAGEN, Hilden,
Germany)", which is a commercial bioinformatics programme. In
the study, the detected gene variants were classiﬁed, based on
the criteria in the ACMG guideline.6 Among the classiﬁed germline
causal gene variants, those located in the homopolymer and
splice region, those with a reading depth and allele fraction below
30X, insertion and/or deletion type variants, and novel genomic
changes were validated by the Sanger sequencing technique. The
data obtained were evaluated using Mann-Whitney U-test, Fisher-Exact test and Independent-sample t-test statistical methods.
Package for Social Sciences (SPSS v 15.0, SPSS Inc., Chicago, IL,
USA) was used in all statistical analyses and the statistical signiﬁcance level was accepted as p <0.05.
812

Figure 1: The detected causal genes and their distribution.

Figure 2: The number of relatives with cancer and primary sites/types of
malignancy.
The horizontal axis shows the number of relatives diagnosed with cancer,
and the vertical axis shows the types of cancer in these relatives.

In this study, the causative genes detected in 10 patients were
determined as MLH1, MSH6, CHEK2, PMS2 and MUTYH (Figure
1). Although the genetic background of the remaining 31
patients (75.6%) could not be elucidated, variants of unknown
clinical signiﬁcance (VUS) were detected in the genes of 17 of
these patients. VUS variants were most common in the ATM, APC,
PALLD genes. The mean age at diagnosis of cancer in 10 patients,
whose genetic reasons were clariﬁed, was 46.2 (range 30-67)
years, and the mean age at diagnosis of cancer was 49.5 (28-74)
years in remaing patients. Statistical analysis showed that there
was no signiﬁcant relationship between age at the time of diagnosis and mutation carrying status (p = 0.481).
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Table I: The list of all gene variants identiﬁed in this study, with patients’ demographic and clinical information included
P ID/Sex

Age/
Age at DX

P6/F

70/67

P7/F

31/30

Gene

Nucleotide Change

AA Change

Zyg

Loc

Func

ACMG
Scoring

dbSNP

MSH6

c.3226C>T

p.Arg1076Cys

Het

Ex5

MS

Pat

rs63750617

MUTYH

c.884C>T

p.Arg1076Cys

Het

Ex10

MS

L.Pat

rs374950566

MLH1

c.1609C>T

p.Gln537*

Het

Ex14

NS

Pat

rs63751277

MLH1

c.293G>C

p.Gly98Ala

Het

Ex3

MS

L.Pat

-

BARD1

c.1350T>G

p.Asn450Lys

Het

Ex5

MS

VUS

rs876660753

MLH1

c.677G>A

p.Arg226Gln

Het

Ex8

MS

Pat

rs63751711

MLH1

c.1896+2T>C

-

Het

Int16

SE

Pat

rs267607869

MUTYH

c.884C>T

p.Pro295Leu

Hom

Ex10

MS

L.Pat

rs374950566

Family history*
1PR, 1LC, 2CRC, 1ST, BRA
4CRC

P12/M

38/35

P17/F

35/36

P41/M

36/35

P21/M

76/63

ATM

c.5870A>G

p.Tyr1957Cys

Het

Ex39

MS

VUS

-

P24/M

63/62

PMS2

c.690_691delGT

p.Phe231Trpfs

Het

Ex6

FS

Pat

rs1064795447

1CRC

P39/M

50/40

MLH1

c.842C>T

p.Ala281Val

Het

Ex10

MS

Pat

rs63749950

1PR,3CRC

MLH1

c.306+1G>A

-

Het

Int3

SE

Pat

rs267607734

4CRC,1END,1Ov

P40/F

3CRC
7CRC, 1PA
1BRE, 1CRC

P36/F

58/55

CHEK2

c.1427C>T

p.Thr476Met

Het

Ex13

MS

L.Pat

rs142763740

2 BRE,1CRC

P2/F

38/37

MSH6

c.251C>T

p.Ala84Val

Het

Ex10

MS

VUS

rs878853717

1LC, 1 LYM

P4/M

66/64

PMS2

c.2021C>T

p.Thr671Met

Het

Ex12

MS

VUS

-

1LRX,1LEU

P8/F

32/30

APC

c.3625G>A

p.Glu1209Lys

Het

Ex16

MS

VUS

rs201185479

1CRC

P10/M

48/47

APC

c.4945A>G

p.Ile1649Val

Het

Ex16

MS

VUS

rs772273122

1BLA,CRC,1CRC/BLA

P14/F

76/74

BRCA2

c.7985C>T

p.Thr2662Met

Het

Ex18

MS

VUS

rs431825362

SDHB

c.178A>G

p.Thr60Ala

Het

Ex2

MS

VUS

rs34599281

P15/M

75/70

ATM

c.7522G>A

p.Gly2508Arg

Het

Ex51

MS

VUS

rs754395517

-

P16/F

29/28

PALLD

c.671_672delTGinsCA

p.Met224Thr

Het

Ex2

MS

VUS

rs373066707

1LC,1PR

P19/F

39/38

APC

c.3891T>G

p.Asp1279Glu

Het

Ex16

MS

VUS

-

1BRE

P22/F

53/51

MUTYH

c.821G>A

p.Arg274Gln

Het

Ex10

MS

VUS

rs149866955

2 PR,3CRC

P22/F

53/51

BRCA1

c.4342A>G

p.Ser1448Gly

Het

Ex12

MS

VUS

rs80357486

2 PR,3CRC

PALLD

c.671_672delTGinsCA

p.Met224Thr

Het

Ex2

MS

VUS

rs373066707

PMS1

c.1856+5G>T

-

Het

Int9

SE

VUS

rs750408063

ATR

c.1732+4A>G

-

Het

Int7

SE

VUS

-

P23/F

53/47

4CRC,1BRA

1CRC,1BRE,1LEU

ATM

c.2932T>C

p.Ser978Pro

Het

Ex20

MS

VUS

rs139552233

PMS2

c.2012C>T

p.Thr671Met

Het

Ex12

MS

VUS

rs587780046

37/35

MUTYH

c.217G>A

p.Glu73Lys

Het

Ex3

MS

VUS

rs1064794128

46/45

POLD1

c.337G>A

p.Gly113Arg

Het

Ex4

MS

VUS

rs1568618739

1CRC

BRIP1

c.326A>G

p.Asn109Ser

Het

Ex4

MS

VUS

rs587782734

3BRE,1END,1BRE/HL,
1KC,1ST,1Skin,1LRX,1 LEU

P26/F

61/60

P28/F
P30/M

1END
1LYM,1CRC

P31/F

62/48

PALLD

c.671_672delTGinsCA

p.Met224Thr

Het

Ex2

MS

VUS

rs373066707

P33/M

48/46

MSH6

c.14G>A

p.Ser5Asn

Het

Ex1

MS

VUS

rs532585602

-

P34/F

56/55

SDHD

c.283C>T

p.Leu95=

Het

Ex3

SN

VUS

-

4CRC

P38/F
35/33
BRCA2
c.1244A>G
p.His415Arg
Het
Ex3
SN
VUS
rs80358417
2 LRX, 1 ST
P, Patient; DX, Diagnose; AA, Aminoacid; Zyg, Zygosity; Het, Heterozygous; Hom, Homozygous; Loc, Localization; Ex, Exon; Int, Intron; Func, Function; FS, Frameshift; M, Missense; SE,
Splice Eﬀect; SN, Synonymous; Pat, Pathogenic; L.Pat, Likely Pathogenic; VUS, Variant of Uncertain Signiﬁcance; dbSNP: a database of single nucleotide polymorphisms; CA, Cancer; PR,
Prostate; LC, Lung; LRX, Larynx; CRC, Colorectal; End; Endometrium; HL, Hodgkin Lymphoma; ST, Stomach; BRE, Breast; BRA, Brain; PA, Pancreas; Ov,Ovarian; LEU, Leukemia; BLA,
Bladder; LYM, Lymphoma; *Number of individuals with cancer in relatives; Transcript numbers of the causative genes identiﬁed in this study: NM_000179(MSH6),
NM_001128425(MUTYH), NM_000249(MLH1), NM_000465(BARD1), NM_000051.3(ATM), NM_000535(PMS2), NM_007194.4(CHEK2), NM_000038(APC), NM_000059(BRCA2),
NM_003000.3(SDHB), NM_001166108.1(PALLD), NM_007294(BRCA1), NM_000534.5(PMS1), NM_001184.4(ATR), NM_001256849.1(POLD1), NM_032043.2(BRIP1), NM_000179.2(MSH6),
NM_003002(SDHD).

In the three-generation pedigree analysis of all patients, it
was seen that 6 patients were isolated cases, and relatives
of the remaining patients were diagnosed with at least one
cancer. Colon cancer was the most common malignancy in
relatives diagnosed with cancer, and relatives of the patients
had many types of heterogeneous cancer (Figure 2). There
was no statistically signiﬁcant diﬀerence between the
mutation carriage status of the patients and the number of
their relatives with cancer (p = 0.09).

DISCUSSION
Colorectal cancers are malignancies whose etiopathogenesis
is contributed by biological, genetic, environmental, and
behavioural factors; and the incidence is geographically and
ethnically diﬀerent all over the world. Age is an important
risk factor in these cancers, and the majority of patients are
diagnosed after age 50, and the incidence increases
dramatically with each decade after age 50.7 In recent years,

there has been an increase in early age colon cancers in the
West and many Asian and African countries. For example, it
is thought that nearly half of the CRC patients in Pakistan
are diagnosed at a young age.8 In a study from the same
country, it was found that hereditary non-polyposis
colorectal carcinoma was seen at an earlier age in those
whose parents were relatives themselves, and had relative9

history of cancer. The early age of onset in CRCs suggests
that there may be an inherited predisposition. Genetic
causes are thought to play a role in the etiopathogenesis of
one out of every ﬁve CRC cases diagnosed under the age of
50.10
In this study, the mean age at diagnosis of colorectal cancer
was 48.7 ± 12.85 years. With statistical analysis, no
signiﬁcant diﬀerence was detected between those who have
mutation and those who do not, in terms of age at diagnosis
of cancer. A causally inherited (germline) cancer
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susceptibility gene was detected in 24.4% of patients with
CRC and the genetic background of their diseases was
clariﬁed. Pathogenic/possibly pathogenic gene variants in
these 10 patients were located on the dominantly autosomal
inherited MLH1, MSH6, CHEK2, PMS2, and MUTYH genes.
Approximately 30% of CRC cases, which are among the
common malignancies, have been shown in the literature
through studies of relatives and twins.11,12 Approximately, 5%
of these cases are associated with well-characterised, highly
penetrating hereditary mutations. The etiology of the
remaining 20-30% of CRCs, other than these wellcharacterised syndromes, is not fully understood; and it is
thought that they may result from single-gene changes with
low penetration and more commonly detected.13 A thorough
understanding of the genetics of hereditary CRCs is
important to identify individuals at risk, improve cancer
surveillance and prevention strategies, and develop better
diagnostic and treatment approaches.
In this study, 59 germline cancer susceptibility genes of 41
Turkish patients diagnosed with CRC were examined. Eight
(80%) of 10 patients with mutations were diagnosed with
HNPCC because they had germline MMR causal gene
variants. Patients who were diagnosed with HNPCC as a
result of genetic analysis were given genetic counselling on
cancer risks associated with this syndrome.
HNPCC (also known as lynch syndrome), the most common
cause of inherited CRC, accounts for about 2-4% of all CRCs.
In this syndrome, there is also an increased risk of non-colon
cancers such as cancers of endometrium, ovaries, stomach,
small intestine, hepatobiliary system, urinary tract and
central nervous system. The lifetime risk of CRC in these
patients is estimated to be 50-80% and the risk of
developing endometrial cancer varies between 40-60%.4,14,15
The overall prevalence of the disease is thought to be 1/440.
The main function of the MLH1, MSH2, MSH6, PMS2 and
EPCAM genes (also known as MMR genes), that cause this
syndrome, is to help maintain DNA's eﬀectiveness by
correcting DNA replication errors. Of these genes, mutations
in MLH1 and MSH2 make up about 90% of HNPCC cases.
Mutations in MSH6 cause about 10% of cases. PMS2
mutations, on the other hand, are extremely rare.16 It has
been reported that MLH1 and MSH2 mutations carry a higher
risk of cancer development compared to MSH6 and PMS2.
Although not belonging to the MMR gene family, germline
deletions seen in the EPCAM gene can lead to inactivation of
the MSH2 gene, and this condition may be encountered in
approximately 1-3% of HNPCC cases. Recent data in the
literature suggest that EPCAM deletions may primarily cause
CRC.17,18
In studies conducted with CRC patients from diﬀerent
populations in the literature, HNPCC-related genes were
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investigated, and causal variants were found in various
ratios in these cases. The mutation carriage rate in HNPCCrelated genes in patients with CRC from countries such as
the USA, Pakistan, Korea, China, Singapore, Poland, and
Brazil varied between 28-38%.19 In a study conducted in
Taiwan, this rate was found to be around 60%.20
As a result of the genetic analysis performed, a causal
variant in the CHEK2 gene of a patient was detected in
heterozygous condition. The CHEK2 gene is involved in the
formation of the CHEK2 protein, a protein kinase that is
activated in response to DNA damage. This protein is
involved in DNA repair, cell cycle arrest, control, and
apoptosis. The CHEK2 gene has been associated with
hereditary breast and CRC predisposition in the OMIM
database. In addition, heterozygous mutations of this gene
are responsible for Li-Fraumeni-like syndrome (LFS2), a
highly penetrating familial cancer syndrome. In the
individual and/or family history, especially breast, colon,
prostate, or other, cancers may be associated with CHEK2
pathogenic variants. 21 In the patient in this study, the
detected CHEK2 gene c.1427C>T variant replaces threonine
with methionine at 476 codons of the protein of interest
(p.Thr476Met). This variant [c.1427C>T (p.Thr476Met)] has
been reported in population databases and, in many
patients with breast, endometrium, ovary, colorectal, and
prostate cancers in the literature.22,23
One of the patients in the study was found to be
homozygous for the c.884 C>T causative variant in the
MUTYH gene. This variant is found in population databases
at a fairly low frequency (rs374950566, ExAC <0.01%). It
has been reported that, this variant is observed in both
homozygous and combined heterozygous conditions in
individuals diagnosed with MAP in the literature.24 MAP is an
autosomal recessively inherited syndrome caused by a
germline mutation of both alleles of the MUTYH gene (also
known as the MYH gene). While most patients have 10 to
several hundred adenomas, some patients have early onset
CRC and no polyp is found. Colorectal polyps usually develop
around the age of 40. The risk of developing CRC in MAP
patients is 19% by age 50 and 43% by age 60. The mean
25
age of onset of CRC in these individuals is 48. It has been
reported that there is an increased risk in relatives of MAP
patients with heterozygous MUTYH mutations when
compared with their relatives of sporadic CRC. Gastric and
duodenal polyps are seen in 11-17% of these patients. The
lifetime risk of duodenal cancer is approximately 4% in MAP
patients, compared to the general population. Although the
risk of many extraintestinal malignancies has also been
reported to double, including ovarian, bladder, skin, and
possibly breast cancer; for these extraintestinal
malignancies, intensive surveillance measures are not
recommended.24
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The sample size of this study was not large enough,
segregation analysis could not be performed for all cancer
relatives in pedigree analysis in terms of causal gene
variants, and environmental factors, that could cause cancer
susceptibility, could not be ruled out. In addition, although a
large number of genes of the patients have been analysed,
all candidate genes that may produce a predisposition
speciﬁc to our population, have not been examined.

CONCLUSION
The presence of possible genetic predisposition factors in
the etiopathogenesis and pathophysiology of CRC patients
should be investigated. NGS-based screening has high
clinical sensitivity, and its use in the detection of mutation in
CRC will aid in understanding its genetic causes. Identifying
that these patients carry a causal variant in their cancerrelated genes and diagnosing a hereditary cancer syndrome
will provide information on other primary cancer risks that
may develop; and direct them to a close follow-up strategy.
This awareness will make it possible for the sick individual to
be included in an intensive cancer screening, monitoring and
prevention programme.
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