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Abstract. Colorectal cancer (CRC) is a multifactorial disease
and one of the most malignant tumours. In addition to the
sporadic form, familial occurrences, particularly hereditary
non-polyposis CRC-Lynch syndrome (LS)-are often observed.
LS is caused by a germline mutation in mismatch repair (MMR)
genes, whose task it is to correct errors in the DNA structure
that result from its replication. The aim of the present study
was to stratify CRC patients using molecular diagnostics and
next generation sequencing, according to the chosen criteria
[positive for microsatellite instability (MSI) and negative for
a BRAF mutation and MutL homolog 1 (MLH]I) methylation],
and subsequently to detect pathological germline mutations
in MMR genes in Slovak patients. To exclude patients with
MSI from further testing, the present study detected the BRAF
V600E mutation and examined MLHI methylation status.
From the 300 CRC patients, 37 cases with MSI were identified.
In the MSI-positive samples, 13 cases of BRAF V600E muta-
tion were recorded. In 24 BRAF-negative patients, 11 cases of
epigenetic methylation of MLHI and 12 cases without MLH]
methylation suspected for LS were detected, and it was not
possible to analyse the methylation phenotype of 1 sample.
Thus, the present study reports the novel deletion of four
nucleotides, 1627_1630del AAAG (Glu544Lysfs*26) in MSH6,
probably associated with LS. A second case with a nonsense
mutation in MSH was also detected, namely MMR_c.1030C>T
(p-Q344X).
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Introduction

Colorectal cancer (CRC) is one of the most common malignant
heterogeneous tumours in the world. Almost 70% of colorectal
tumours develop from an adenocarcinoma sequence and the
remaining develop via a serrated neoplasia pathway named for
the pattern of crypts in the precursor polyps (1). In general,
the molecular pathways that lead to colorectal carcinogenesis
are distinguished by three basic pathways: Chromosomal
instability (CIN), the CpG pathway of the methylation
phenotype (CIMP) and microsatellite instability (MSI) (2).
Hereditary non-polyposis colorectal carcinoma (HNPCC),
or Lynch syndrome (LS), develops through the MSI pathway.
LS is an autosomal dominant disease characterised by DNA
dysfunction, namely in mismatch repair (MMR) genes.
Mutations in these genes lead to errors in microsatellites.
LS diagnosis was first postulated using clinical Amsterdam
I and II criteria. In 2006, there was a revision of the Bethesda
guidelines, which included clinical as well as morphological
features of tumours. Recent studies showed that LS may be
early onset or occur in people over 50 years of age. Screening
criteria among patients with CRC have been expanded.
Multiple guidelines recommend tumour screening through
MMR protein expression or MSI. Tumour genomic profiling
using next-generation sequencing (NGS) panels to define the
spectrum of mutations in an individual's tumour is becoming
increasingly widespread (3). Hereditary tumour groups carry
germline mutations in the MMR genes: MLHI, MSH2, PMS]1,
PMS2, MSH3, MSH6 and EPCAM. MMR genes repair DNA
damage that occurs during replication; the MMR system is
responsible for replacing mismatched nucleotides (4).

MSI positivity in sporadic cancers is usually the result of
epigenetic inactivation. The most common epigenetic change
is CpG island hypermethylation in the MLHI promoter region.
Methylation leads to loss of function of tumour suppressor
genes, MMR genes and genes responsible for regulation of
cell growth and division (5). In CRC, the V60OE mutation in
BRAF, a gene that codes a protein in the RAS/RAF/MAPK
pathway, suggests a sporadic origin for the disease. The VO0OOE
mutation is not usually found in hereditary forms of cancer
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and therefore allows the selection of patients diagnosed with
sporadic carcinomas who are positive for MSI (6).

Screening for MSI status in CRC patient tissues, together
with BRAF mutation detection and identification of hyper-
methylation status, represent an algorithm to stratify CRC
patients. Currently, NGS is one of the most promising tools
used to detect germline mutations. The Miseq system
(Illumina, USA) offers an NGS workflow based on target
amplification. Targeted DNA enrichment methods allow even
higher genome throughput at a reduced cost per sample (7).
NGS allows massive parallel sequencing that affords maximal
tumour genomic assessment (8).

In the present study, we observed CRC patients with the
aim of identifying suspected LS patients who were carriers of
MMR mutations. For future analysis, we would like to apply
molecular methods to diagnosed patients older than 50 years.

Materials and methods

Specimens. We obtained 300 DNA samples from Slovak
patients with CRC in collaboration with the Department of
Molecular Biology (Jessenius Faculty of Medicine in Martin),
Department of Pathologic Anatomy (Jessenius Faculty of
Medicine in Martin) and University Hospital in Martin. Our
analyses were performed on DNA derived from microdis-
sected formalin-fixed-paraffin-embedded (FFPE) tumour
tissue, and DNA was extracted with the Black Prep FFPE
DNA kit (Analytik Jena AG, Jena, Germany), according to
manufacturer's protocol.

All tumours were examined with immunohistochemistry
(IHC) for the expression of MMR proteins. IHC analysis was
performed using 4 um tissue sections from FFPE blocks.
[HC results were diagnosed at the Department of Pathologic
Anatomy (Jessenius Faculty of Medicine in Martin).

In the present study, we acquired only 5 blood samples
from suspected LS patients according to our criteria. DNA
was isolated from whole blood using the DNeasy Blood and
Tissue kit (Qiagen GmbH, Hilden, Germany). DNA concentra-
tion was measured on a Qubit® 2.0 Fluorometer (Invitrogen;
Thermo Fisher Scientific, Inc., Waltham, MA, USA). Samples
were diluted to working solutions at a concentration of 1-2 ng/ul
and stored at -20°C.

All patients were informed about the study and provided
written informed consent. The present study was a part of
projects that were approved by the Ethical Committee at
Jessenius Faculty of Medicine in Martin.

MSI polymerase chain reaction (PCR) and fragment analyses.
To determine the tumour MSI, MSI PCR was performed using
the MSI Analysis System v1.2 kit (Promega Corporation,
Madison, WI, USA) with a GeneAmp PCR System 9700
instrument (Applied Biosystems; Thermo Fisher Scientific,
Inc.) according to the manufacturer's protocol. MSI analysis
based on PCR is considered the gold standard approach to
detect microsatellite status, and it is sensitive for identifying
LS. MSI testing is a method-for-function detection which
cannot be replaced under certain conditions, such as MSI
tumours with intact THC expression (non-functional protein
expression). The MSI assay was performed using a pentaplex
PCR with 5 quasimonomorphic mononucleotide markers
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(NR-27, NR-21, NR-24, BAT-25 and BAT-26) and 2 penta-
nucleotide markers (PENTA C and PENTA D) (9-11). The
MSI Analysis System was optimised to amplify 1-2 ng/ul
of genomic DNA in a 10 ul reaction volume. For a positive
amplification control, we used high molecular weight K562
(Promega Corporation). After PCR, 1 ul of amplified product
was added to 9.5 yl Hi-Di™ Formamide (Applied Biosystems;
Thermo Fisher Scientific, Inc.) and 0.5 gl Internal Lane
Standard 600 (ILS 600; Promega Corporation). Denatured
samples were loaded on the ABI 3500 (Applied Biosystems;
Thermo Fisher Scientific, Inc.). The results were evaluated by
GeneMapper software (Applied Biosystems; Thermo Fisher
Scientific, Inc.) by comparing the patient's sample with the
K562 control and/or non-tumour tissue. Samples with only
one altered microsatellite marker were classified as MSI-low
(MSI-L). Samples with =2 altered markers were classified as
MSI-high (MSI-H). Samples with no altered markers were
classified as microsatellite stable (MSS).

Sanger sequencing for BRAF ¢.1799T>A (V600E). The
presence of the VOOOE mutation was monitored by Sanger
sequencing using an ABI 3500 (Applied Biosystems; Thermo
Fisher Scientific, Inc.). PCR products for Sanger sequencing
were amplified with the primers BRAF Ex15F (5'-TCA
TAATGCTTGCTCTGATAGGA-3") and BRAF Ex15R
(5-GGCCAAAATTTAATCAGTGGA-3"). PCR products
were evaluated by electrophoresis on a 1.75% agarose gel
and purified with the NucleoSpin Gel and PCR Clean-Up
kit (Machery-Nagel GmbH, Diiren, Germany). Sequencing
PCR was prepared using the BigDye Terminator vl.1 Cycle
Sequencing kit (Thermo Fisher Scientific, Inc.). PCR condi-
tion optimisation was described previously (12,13). SigmaSpin
Post-Reaction Clean-Up (Sigma-Aldrich; Merck KGaA,
Darmstadt, Germany) was used for the second purification
and in this analysis according to the information provided
by the manufacturer. Results were evaluated using Chromas
Pro software (Technelysium Pty Ltd., South Brisbane, QLD,
Australia). RKO cell lines that carried the V6OOE mutation
were used as positive control and DNA from a healthy indi-
vidual was the negative control.

Bisulfite treatment. The EpiTect Bisulfite kit (Qiagen GmbH)
was used for bisulfite treatment of 1 ng/ul-2 ug/ul of genomic
DNA in RNase-free water in a 20 ul volume, according to the
manufacturer's instructions. The modified DNA was eluted
to a final concentration of 40 ng/ul. EpiTect Controls DNAs
(Qiagen GmbH), which included fully methylated or unmeth-
ylated DNA, were used as controls. The samples were stored
at -20°C until further analysis.

Nested methylation-specific PCR (MS-PCR). To detect the
MLH1 methylation status, we used nested two-step accession
for increased sensitivity (14), with modifications according
to Lasabova et al (15). MS-PCR was performed using a
GeneAmp PCR System 9700 and amplified with specific
primers to distinguish methylated (M) from unmethylated (U)
DNA according to Herman et al (16). The sequences of our
modified external (MLHIExF/R) and internal (MLHIUF/R
and MLHIMF/R) primer sets and the size of PCR products
are presented in Table I. PCR conditions for the nested PCR
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Table I. Primer sets for nested methylation-specific polymerase
chain reaction.

Size
Primer Sequence (5'-3") (bp)
MLHI1UF GTAGATGTTTTATTAGGGTTGT 113
MLHIUR  CACCTCATCATAACTACCCACA
MLHIMF  GTAGACGTTTTATTAGGGTCGC 113
MLHIMR  CCTCATCGTAACTACCCGCG
MLHIExXxF GAGTAGTTTTTTTTTTAGGAGTGA 192
MLHI1ExR ATAAAACCCTATACCTAATCTATC

F, forward; R, reverse; MLH1, MutL homolog 1; Ex, modified
external; U/M, modified internal.

step with external primers were as follows: 95°C for 8 min,
then 20 cycles of 95°C for 30 sec, 62°C for 30 sec and 72°C for
30 sec and finally 72°C for 8 min. The PCR products of this
amplification were diluted 1:500 and we prepared the second
PCR using internal primers for methylated or unmethylated
DNA. Thermal cycling was identical to the above conditions,
except the annealing temperature for the primers was 64°C.

NGS analysis. For NGS analysis, we examined 5 blood samples
from suspected LS patients. NGS analysis was performed on
the MiSeq sequencer (Illumina, Inc., San Diego, CA, USA),
according to the manufacturer's protocol, using the HNPCC
MASTR PlusKit (Agilent Technologies, Inc., Santa Clara, CA,
USA). The kit was used with the complementary MASTR Plus
product, the molecular identifier (MID) for Illumina Miseq
kit [1-48] (Agilent Technologies, Inc.). HNPCC MASTR Plus
identifies single nucleotide variants and copy number variation
in MLHI, MSH2, MSH6, PMS2 and the 3' untranslated region
(UTR) of EPCAM, genes associated with HNPCC. In the first
step of library preparation, we amplified all targeted regions
in separate multiplex PCR amplifications for each sample. We
used 50 ng of genomic DNA per reaction. The multiplex PCR
products for each sample were then combined together into
one tube and this amplicon library was purified from small
residual DNA fragments with Agencourt AM Pure XP beads
(Beckman Coulter, Inc., Brea, CA, USA). PCR products were
diluted 1:1,000. In the second step, universal PCR amplifica-
tion tagged amplicons with MID adaptors. For each sample,
we prepared a universal PCR with a unique combination of
MID p5-p7 primer mix sequences. The average amplicon size
after universal PCR was 469 base pairs (bp). The number
of cycle reads was 2x251 bp. After this PCR, we performed
electrophoresis on a chip with an Agilent 2100 Bioanalyzer
(Agilent Technologies, Inc.) for quality control. We then puri-
fied the tagged amplicon library again with Agencourt AM
Pure XP beads, determined the library concentrations and
pooled equal volumes of the libraries into the final library.
Concentrations of the obtained tagged amplicons were
measured with the Qubit™ dsDNA HS Assay kit (Thermo
Fisher Scientific, Inc.). The library pool was processed using
kits with all necessary consumables and a reagent cartridge for
sequencing. For sequencing, we used Miseq Reagent Nano kit
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Table II. Clinicopathological features of cohort.
Clinicopathological features
Gender N
Female 103
Male 163
Not determined 34
Grade
Grade 1 39
Grade 2 136
Grade 3 53
Not determined 77
Localization
Colon ascendens/descendens 155
Rectum 59
Caecum 39
Rectosigmoideum 13
Not determined 34
Morphological subtype
Synchronous carcinoma 1
Medullar carcinoma 2
Signet ring cell 4
Mucinous carcinoma 36
Undifferentiated carcinoma 1
Adenocarcinoma NOS 222
Not determined 34

The present cohort consisted of 300 patients (163 men, 103 women
and 34 not determined). NOS, not other specified adenocarcinoma.

v.2 (Illumina, Inc.) with a 500 megabase (Mb) capacity. The
obtained data were evaluated by the Variant Effect Predictor
software (https://www.ensembl.org). Only mutations reported
in Polyphen, SIFT and Cosmic were taken into account, and
silent or intronic mutations were not reported.

Results

Specimens and MSI PCR analysis. From a total of 300 patients
identified with CRC, 103 (34%) were women, 163 (54%)
were men and the gender was unknown for 34 (11.3%)
cases (Table II). Patient age ranged from 28 to 94 years (average
60.5). Histopathological parameters of the cases, including
histological grade, morphological subtype and localisation,
were known. Most carcinomas were classified as adenocar-
cinomas except: 1 (0.3%) synchronous carcinoma, 1 (0.3%)
undifferentiated carcinoma, 2 (0.6%) medullar carcinomas,
4 (1.3%) signet ring cell carcinomas and 36 (12%) mucinous
carcinomas (Table II). Fifty-three (18%) cases were grade 3,
136 (45%) were grade 2 and 39 (13%) were grade 1 (Table II).

From our cohort (n=300), we captured 33 (11%) MSI-H and
4 (1.3%) MSI-L cases. In 263 (88%) samples, we did not detect
MSI. These samples were evaluated as MSS. The results of
MMR THC and MSI testing were shown to be largely concor-
dant. Genetic examination of MSI was confirmed in 33 cases
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Figure 1. Sanger sequencing for the detection of V60OE. (A) Wild-type allele T in exon 15 of the BRAF gene. (B) Mutation V60OE (c.1799T>A) in BRAF.

based on IHC examination. This examination included 4
MSI-L cases grouped as MSS carcinomas, but according to
genetic analysis they belonged to the MSI-positive tumour
group. Although we stratified more patients suspected for
LS, we were only able to obtain 5 blood samples. The blood
samples, which were from suspected LS patients based on
immunohistochemical and molecular analyses, were submitted
for genetic counselling and NGS analysis.

Sanger sequencing for BRAF and nested methylation PCR. In
37 (12.3%) samples with a positive MSI status, we subsequently
detected the BRAF V60OE mutation. There was no significant
association between BRAF- and MSI-positive statuses. We
focused on detection of the BRAF ¢.1799T>Amutation in
the samples. Twenty-four (64.9%) samples did not have the
¢.1799T>A mutation in BRAF exon 15. To further stratify
patients, we continued the analysis of the 24 samples negative
for the BRAF mutation (Fig. 1). Since the presence of the above
mutation generally indicates sporadic CRC, only negative
samples were subjected to the more detailed analysis. Due to
the low DNA concentration (<50 ng/ul) required for bisulfite
treatment, it was not possible to analyse the presence of MLH
methylation for 1 sample. Eleven (45.8%) samples were positive
for MLHI methylation while 12 (50%) samples were without
methylation. We also determined MLHI methylation status
in 13 BRAF-mutation-positive samples, which were excluded

from additional testing for LS. From these 13 samples, 12 cases
(92%) were also positive for MLHI methylation (Table III).

NGS analysis to detect germline mutations. To confirm LS,
we utilised NGS analysis with a Miseq system. From the
available blood samples (n=5), we detected 2 samples with
suspected pathogenic germline mutations. In the first sample,
we captured the previously unpublished deletion of the four
nucleotides 1627_1630del AAAG (Glu544Lysfs*26) in
MSH6, a mutation with a high impact on the gene (based on
Assembly GRCh37). According to IHC, we assumed there was
some variant in MSH6, because the protein was not detected.
This patient was positive for MSI and negative for the BRAF
mutation and MLHI methylation. This frameshift variant was
found in MSH6 exon 4. We verified the deletion by Sanger
sequencing (Fig. 2). In the sample with the newly detected
MSHG6 deletion, we detected 42 additional nonpathogenic vari-
ants, most of which were missense (66%), synonymous (8%)
or frameshift (6%) variants with benign or uncertain signifi-
cance. Our results were verified by a commercial laboratory.
In another sample, we confirmed the pathogenic stop-gain
variant MMR _c.1030C>T (GIn344Ter) for MSH2 according
to a five-tiered classification from the International Agency
for Research on Cancer (based on Assembly GRCh37). This
variant leads to the stop codon p.Q344X. We were not able
to verify this mutation by Sanger sequencing. In this case,
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Table III. Table of MSI cases with MSI polymerase chain
analysis and BRAF mutation analysis.

Case MSI BRAF Methylation
1 MSI-H - +
2 MSI-H + +
3 MSI-H - +
4 MSI-H + +
5 MSI-H - -
6 MSI-H - +
7 MSI-H - -
8 MSI-H + +
9 MSI-L - -

10 MSI-H - -

11 MSI-H + Not determined

12 MSI-H - Not determined

13 MSI-H - -

14 MSI-H + +

15 MSI-H - +

16 MSI-H + +

17 MSI-H + +

18 MSI-H - +

19 MSI-H + +

20 MSI-H - -

21 MSI-H - -

22 MSI-H - -

23 MSI-H + +

24 MSI-H - -

25 MSI-H - -

26 MSI-H - -

27 MSI-H - +

28 MSI-H - +

29 MSI-H - +

30 MSI-H + +

31 MSI-H + +

32 MSI-L - +

33 MSI-L - +

34 MSI-H + +

35 MSI-H - +

36 MSI-H + +

37 MSI-L - -

A total of 37 MSI cases were selected from the present cohort.
Twenty-four (64.9%) samples did not have the ¢.1799T>A mutation
in BRAF exon 15. MLH1 methylation was determined in 23 cases.
For NGS analysis 12 suspected samples were selected (BRAF and
MLHI1 negative). +, positive status; -, negative status; MSI, microsat-
ellite instability; -L, low; -H, high.

there were also mainly missense variants (81%), followed by
synonymous (11%) and stop-gain variants (8%). These variants
were classified as benign or of uncertain significance. We also
recommended verification by a commercial laboratory, but
that result is unknown to us. In the 3 other blood samples, we
identified several variants with uncertain significance.

3653

Discussion

The MSI pathway affects CRC, particularly in terms of genetic
instability such as oncogene activation or tumour suppressor
gene inactivation. The aim of our study was to improve a strat-
ification procedure for Slovak CRC patients and to determine
the significance of the utilised procedures. We focused on
the possibilities of stratification, which is important for rapid
selection of appropriate prevention and treatment especially for
patients with hereditary forms of the disease. Research shows
that patients with LS have earlier disease onset compared
to sporadic CRC patients (17). A useful screening tool for
capturing LS has been MSI detection (7) since suspected LS
cases usually exhibit MSI. MSI testing with MMR deficiency
has 93% sensitivity, but it does not predict which MMR gene(s)
is/are altered (18). Nevertheless, MSI testing is effective for
screening but there is significant uncertainty surrounding
what balance of sensitivity and specificity will be achieved in
clinical practice (17).

According to some authors, Bethesda criteria are sensitive
but not very specific for MSI status. Hereditary forms of the
disease occur in patients with a family history of the same
affinity or adenoma (19). Screening MMR genes is a gold
standard for LS diagnosis, and MSI has a role in CRC patient
stratification. It is a part of targeted screening for LS patients,
and MSI status is recommended as the first step (20) because
screening all MMR genes is more expensive, demanding
and time consuming (21). Determining MSI status can also
be used as a predictor for treatment (22). Recent studies
showed that patients with MMR-deficient tumours are more
responsive to programmed cell death-1 (PD-1) blockade than
MMR-competent tumours, so patients with MMR deficiency
may benefit from anti-PD-1 therapy (23). Differentiation
between hereditary and sporadic MSI CRC is currently the
basic diagnostic step for patient stratification (8). Carcinomas
with MSI represent approximately 15% of all CRC cases,
LS accounts for 3% and sporadic MSI carcinomas repre-
sent 12% (24). From our specimens of the 300 CRC cases,
37 (12.3%) were MSI positive. To exclude sporadic MSI
carcinomas from further testing, we chose to detect the
BRAF V600E mutation by Sanger sequencing. According to
Snowsill er al (25), cascade testing is used in every strategy
for LS patients. Additionally, strategies that utilise MSI
and BRAF testing are the most cost effective. This cascade
strategy was also used by Buchanan et al (26) to identify LS
patients, and it is recommended in study of Cohen et al (27)
together with MLHI methylation testing. BRAF mutations
were not detected in cases with a germline mutation in MLH]I,
MSH?2 or MSH6 (28). The BRAF V600OE mutation and MLH1
methylation are associated with sporadic MSI carcinomas,
but they are not associated with MMR deficiency in LS (29).
Adar et al (30) stated that the presence of the VOOOE mutation
in tumours had a positive predictive value for sporadic cancer,
but negative predictive value for MLHI methylation; the pres-
ence of the BRAF V600OE mutation excludes LS diagnosis.
Seppild et al (31) declared that MSI carcinomas had better
prognosis compared to MSS, and BRAF-positive tumours
were associated with poor prognosis.

The third stratification step in the MSI-positive group
withoutthe BRAF V600E mutation was detection of methylation
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Figure 2. Sanger sequencing for the verification of the novel deletion in the MSH6 gene. (A) Electropherogram without deletion and (B) an electropherogram

presenting the novel deletion in the MSH6 gene. MSH6, MutS homolog 6.

in the most commonly methylated MMR gene, namely MLH]I.
Previous studies indicated the presence of alterations in MMR
genes, which led to the loss of gene product expression and
development of malignancy. The role of epigenetic changes,
especially aberrant DNA methylation, not only in polyposis
sporadic carcinomas but also in hereditary tumours, is not yet
accurately known (3). Approximately one third of carcinomas
are thought to occur due to epigenetics (32). In the process of
patient stratification, detection of MLH 1 promoter region meth-
ylation serves to exclude sporadic forms of carcinoma from
further testing to allow the selection of suspected hereditary
tumours. The primary target sequence for DNA methylation is
5'-CpG-3' dinucleotides. Promoter CpG-islands are normally
protected from methylation, while CpG dinucleotides that are
not associated with CpG-islands are heavily methylated (10).
However, in rare cases of LS, MLHI hypermethylation can
serve as a second hit (33). Based on these findings, we intro-
duced an NGS analysis that clearly confirmed the presence of
pathological changes in DNA and provided a comprehensive
view of genetic information.

Heterozygous germline variants in MMR genes are
responsible for LS. Patients with LS have one functional allele

of the MMR gene and the second allele carries the germline
mutation. Malignant tumours result from the second (defective)
allelic copy, which becomes nonfunctional because of other
somatic mutations or methylation (34). Only a few LS cases
with homozygous MMR mutations were described previously;
these patients exhibited early cancer onset (33). The majority
of mutations are located in MSH2 and MLH]I, followed by
MSH6 (35,36). Indeed, almost 90% of LS cases have a germ-
line mutation in MLHI or MSH2 (37). The hot spot areas for
the appearance of MMR gene variants are MSH6 exon 4 and
MSH?2 exon 3 or 12. MSH6 and PMS2 mutations also prevail
in the Icelandic population (38), but genetic drift can influ-
ence the appearance of some mutations. In a study from 2007,
missense MMR gene mutations were common in LS (39).
Usually, we identify chromosomal mutations at position 3p21 of
MLHI,2pl6 of MSH2, 7p22 of PMS2 and 2pl6 of MSH6 (34).
In a 2017 study, the authors declared that MSH6 mutations
accounted for approximately 18% of LS cases (40). In our
study of Slovak CRC patients, we stratified the subjects, and in
suspected LS cases we tried to find germline mutations. In the
first suspected case, we identified a novel missense mutation,
a deletion in MSH6 exon 6. This mutation, c.1627_1630AAAG
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(p-Glu544Lysfs), should be included in future studies. In the
second suspected LS case, we detected a previously reported
nonsense mutation (c.1030C>T (p.Q344X)) in MSH2 (41,42).
While we identified this pathogenic variant by NGS, we were
unable to verify it by the Sanger sequencing. Nevertheless, all
tested patients were recommended for genetic counselling and
diagnosis from a certified commercial diagnostic laboratory.

Undetermined clinical information, limited sample size
for NGS analysis and NGS method were limitations of this
study. We were unable to get more information about patients
and about their family history. However, our findings provide
stratification for routine diagnostics. NGS analysis in our study
had a few limitations. For this method only 5 blood samples
from 12 suspected LS cases were available. For next studies
is necessary to get more blood samples. Although, we identi-
fied a novel deletion probably associated with LS and detected
known mutation in MSH2 gene, our findings are insufficient
to prove the association to LS. These limitations demonstrated
that other information about patients are important, especially
family history and results of IHC. However, based on our find-
ings we recommend testing for all CRC patients, also without
unrecorded family history.

Known mutations in hereditary CRC occur with a low
frequency and thus it is difficult to predict penetrance. There
is also heterogeneity in phenotypic expression. We found
some new variants of uncertain clinical significance, and so it
was difficult to predict the variant impacts on the genes (38).
Our findings provide a few useful and fast stratification steps
for routine diagnostics. Indeed, this study was conducted to
address the need for clearer patient stratification for suspected
LS cases and for clearer information about diagnostic results
based on MSI testing. A targeted NGS panel for LS evaluated
the ability to detect germline mutation. Our results directly
demonstrated the greatly contribute to rapid patient diagnosis
and optimal treatment settings. We recommend a cascade
strategy (MSI for MMR genes, BRAF and MLH]I testing)
for determination of sporadic MSI-positive cancer and
LS-like cancer. We recommend this strategy despite of study
limitation-NGS analysis. We did not have MSI-H, MSI-L,
MSS categories of patients in NGS analysis necessary for LS
validation. On the other hand, detection of a new deletion was
confirmed by the commercial laboratory.

A cascade screening strategy is suitable for patients who
meet the Amsterdam criteria or revised Bethesda guidelines,
and so we recommend use of this screening for stratification
of all patients with CRC in addition to cases with a negative
or unrecorded family history. In the future, we would like to
continue with our study. Experiment is a suggestion for future
studies in area of LS. Also new detected deletions should be
as a suggestion for further studies. We need more knowledges
about this variant because it was previously not described
in ClinVar, Human Gene Mutation Database, Ensembl and
InSight databases. Based on our findings, new screening
strategies are necessary and LS needs to be further studied. In
future we would like to study new insights into patient testing.
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