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Abstract The reported incidence of hereditary colorectal can-
cers (CRCs) is widely variable. The principal aim of the study
was to prospectively evaluate the incidence of familial CRCs
in a region of northern Italy using a standardized method.
Consecutive CRC patients were prospectively enrolled from
October 2002 to December 2003. Patients underwent a struc-
tured family history, the microsatellite instability (MSI) test

and a screen for MUTYH mutations. Following family history
patients were classified as belonging to high, moderate and
mild risk families. Immunohistochemistry for MLH1, MSH2,
MSH6 and PMS2 proteins and investigation forMLH1/MSH2
mutations, forMLH1 promoter methylation and for the V600E
hotspot BRAFmutation were performed in high MSI (MSI-H)
cases. Of the 430 patients enrolled, 17 (4%) were high risk [4

Synopsis For evaluate prospectively the incidence of hereditary
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hereditary non-polyposis colorectal cancer (HNPCC), 12 sus-
pected HNPCC and 1MUTYH-associated adenomatous poly-
posis coli (MAP)], 53 moderate risk and 360 mild risk cases.
The MSI test was performed on 393 tumours, and 46 (12%) of
them showed MSI-H. In these patients, one MLH1 pathoge-
netic mutations and two MSH2 pathogenetic mutations were
found. Thirty-two (70%) MSI-H cases demonstrated MLH1
methylation and/or BRAF mutation: None of them showed
MLH1/MSH2 mutation. Two biallelic germline MUTYH
mutations were found, one with clinical features of MAP. A
strong family history of CRCwas present in 4% of the enrolled
cases; incidence of MLH1/MSH2 or MUTHY mutations was
1.3% and of MSI-H phenotype was 12%. MLH1 methylation
and BRAF mutation can exclude 70% of MSI-H cases from
gene sequencing.
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Introduction

One of the main goals of the public health programs is to
recognize risk factors for common and severe diseases. Colo-
rectal cancer (CRC) is one of the most frequent tumours
worldwide, and familial inheritance for this tumour is a well-
known risk factor. The most frequent hereditary CRC syn-
dromes are the classic familial adenomatous polyposis (FAP),
the attenuated familial adenomatous polyposis related to APC
mutation (AFAP), the MUTYH-associated polyposis (MAP)
and the hereditary non-polyposis colorectal cancer (HNPCC)
syndrome. HNPCC is the most frequent one, and surveillance
programs for at risk subjects have been found to improve
survival [1]. Both clinical and molecular criteria are used to
define this syndrome. The clinical criteria are those reported as
Amsterdam I and II criteria [2, 3], whereas the molecular basis
of HNPCC is a mutation in one of mismatch repair (MMR)
genes: MLH1, MSH2, MSH6 and PMS2, the first two being

responsible for approximately 90% of the mutations found [4].
Sensitivity and specificity of Amsterdam I and II criteria in
detecting mutations in one of MMR genes are 60% and 70%
and 78% and 61%, respectively [5]. Since MMR gene se-
quencing is time- and cost-consuming, screening tests to select
the best candidates for genetic tests have been proposed. They
include microsatellite instability (MSI) testing and an immu-
nohistochemical (IHC) assay for MMR proteins on tumour
specimens. MSI is the hallmark of HNPCC-related cancer,
being present in more than 90% of these tumours [6]; IHC
assay for the MMR proteins on the tumour specimen has been
reported to be a pre-screening test as effective as MSI [7].

Compared to HNPCC, FAP syndrome is less common and
shows a pathognomonic phenotype with hundreds of colonic
polyps at colonoscopy. FAP is related to germline deficiency of
the APC gene [8].Mutation carriers of a known FAP family are
usually included in colonoscopic surveillance programs and a
prophylactic colectomy before the development of invasive
carcinoma. CRC is therefore an unusual presentation in APC
carriers, unless they have a de novo mutation. Compared to the
classic FAP, the AFAP shows an attenuated phenotype with
fewer colonic polyps (from 10 to 100), a later age of onset,
unusual extra-colonic manifestations and frequent involve-
ment of the proximal colon at diagnosis [9]. The role of
biallelic MUTYH mutations in the development of polyposis
cases (thus defining the MAP) has recently emerged [10–12].
Even if rarely severe polyposis could be related to MUTYH
mutations, MAP phenotype is very similar to the AFAP one
[10]. MUTYH is involved in the base excision repair pathway
that repairs DNA after free-radical damage [11]. Only the
biallelic deficiency of MUTYH, which is inherited in a reces-
sive manner [10, 11], has been shown to be pathogenetic,
whereas no definitive data are available on the biological
significance of the MUTYH monoallelic deficiency [10].

The ambiguity in defining HNPCC (clinical versus molecu-
lar diagnosis) and AFAP/MAP polyposis, the difficulty in dis-
tinguishing germline disease from phenocopies, the geographic
variability and the lack of population-based studies explain the
variability on the reported incidence of hereditary CRC. In
addition, in Italy, the incidence of hereditary CRC is missing.

The main purpose of the study was therefore to prospectively
evaluate, using clinical and molecular criteria, the incidence of
familial CRC in the Padua area (northeast Italy).With the term of
familial CRC, wemean either cases with strong family history of
CRC (e.g. families fulfilling Amsterdam criteria), with or with-
out a disease causing mutation found, either cases with pathoge-
netic mutation onMMR,APC orMUTYH genes, with or without
clinical or familial criteria of the disease fulfilled. The ancillary
end-points of the study were to verify the reliability of the family
history as a mean to diagnosing HNPCC, to define the incidence
of MSI and of the MUTYH mutations in the CRCs and to
evaluate the clinical and molecular characteristics of tumours
with MSI and without MMR gene deficiency.
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Patients and methods

This study was carried out in the local health district of Padua,
a mostly urbanised area in the Veneto region (in northeast
Italy). A significant portion of the population is older (20.4%
are aged ≥65 years), and there are approximately 410,000
inhabitants of which 197,000 males and 213,000 are females.

Two studies were performed: The first one was retrospec-
tive and the second was prospective. In both studies, based
on the clinical features and family history, the patients were
subdivided into the following at-risk groups:

1. High risk: patients with FAP, defined as those with ≥100
adenomatous polyps at colonoscopy; patients with AFAP,
defined as those with 10–99 colonic polyps and APC
mutation; patients withMUTYH-related adenomatous pol-
yposis coli (MAP), defined as patients with polyposis coli
and biallelic mutation on MUTHY gene and patients with
HNPCC and suspected HNPCC (s-HNPCC) as defined by
the criteria of Amsterdam II [3] and Park [13], respectively

2. Moderate risk: patients with one first-degree relative with
CRC before the age of 60 years or two second-degree
relatives with CRC at any age

3. Mild risk: patients with no first- or second-degree relatives
affected by CRC

Retrospective study

The principal aim of this study was to evaluate the ability of
the family history, as routinely reported in clinical charts, to
identify families at moderate/high risk for CRC. The form of
family history available in clinical records is not standardized,
and it is not the same in different surgical units.

One researcher of the Epidemiologic Unit of the Veneto
Region Tumour Registry reviewed all clinical records of
patients with CRC resident in the district of Padua between
2000 and 2001. Family history was classified as adequate or
inadequate depending on whether the information was reliable
enough to assign the patient to one of the risk groups; it has
been recoded also if the hospitalization for CRC surgery was in
the Padua district or outside our area. The patients were sub-
divided into risk groups as shown in the previous paragraph.

Prospective study

This part of the study was designed as a prospective
hospital- (including all patients who underwent surgery for
CRC at Padova Central Hospital) and population-based
(including only patients resident in the Padua district) series
and was approved by the Local Ethics Committee. The
study was performed from November 1, 2002 to December
31, 2003 and included patients who underwent surgery in
one of the eight surgical units of the Padova Central

Hospital, signed the informed consent and had a histologi-
cally confirmed CRC. The patients were subdivided into
risk groups as shown in the previous paragraph.

The following investigations were planned in all enrolled
patients: a structured family history, an MSI test and a search
forMUTYHmutations. Patients who showed MSI also under-
went IHC for MLH1, MSH2 and MSH6 proteins and a screen
forMLH1 orMSH2mutations. The flow chart of this strategy
is summarised in Fig. 1.

Family history

All patients were interviewed by a pool of three surgeons
involved in the study, using a structured and standardized
questionnaire dealing with malignancies, cancer location
and age at onset of cancer among all known relatives. A
genealogic tree was made for each patient. The presence and
number of polyps at colonoscopy were also recorded.

DNA sample

DNAwas extracted from fresh-frozen tumour tissues and from
the EDTA-preserved blood samples with the use of standard
methods (Qiamp Mini Kit, Qiagen, Hilden, Germany). The
histologic features of the tumour were evaluated by analysing
of the paraffin-embedded tissue block.

Microsatellite instability analysis

An MSI test was performed on paired tumour and
normal tissue DNA samples using the National Cancer
Institute panel of microsatellite markers (BAT26,
BAT25, D2S123, D5S346 and D17S250) and an auto-
matic ABI3130 DNA analyzer (Applera, Foster City,
CA, USA). Tumours were scored as MSI-H (high insta-
bility), MSI-L (low instability) or MSS (stable), accord-
ing to the Bethesda criteria [14, 15].

To improve the selection for MMR gene sequencing, all
cases showing an MSI-H phenotype were also investigated
for methylation of the MLH1 promoter and for the V600E
hot spot mutation on BRAF. Methylation of the MLH1
promoter is an epigenetic event that results in an MSI-H
phenotype [15]. The V600E hot spot mutation on BRAF, a
gene involved in the RAS/RAF protein kinase pathway [16],
is more frequently detected in MSI-H than in stable tumours
and is mutually exclusive with germline MMR deficiency
[17, 18]. The methylation of the promoter region of MLH1
was determined by methylation-specific PCR and after so-
dium bisulfite modification of DNA as reported previously
[18]. Mutational analysis of the BRAF-V600E hotspot was
performed by automatic sequencing. The fragment encom-
passing exon 15 was amplified by PCR in all carcinoma
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samples. Primer sequences and PCR conditions were based
on those reported previously [19].

Immunohistochemical staining

Immunohistochemistry for MLH1, MSH2, MSH6 and
PMS2 proteins was carried out in all MSI-H tumours.
Slides 7 through 9 were selected for immunohistochem-
ical staining with antibodies to MLH1 (Pharmingen),
hMSH2 (Oncogene Research Products), hMSH6 (Trans-
duction Laboratories) and hPMS2 (Pharmingen) as pre-
viously described [20].

The staining pattern for each antibody was nuclear. A neg-
ative staining reaction in tumour cells was only regarded as a
loss of protein expression in the presence of a positive staining
reaction in stromal cells, lymphocytes and normal tissue adja-
cent to the cancer. The CRCswere scored as either negative (i.e.
absence of detectable nuclear staining of cancer cells) or pos-
itive for MLH1, MSH2, MSH6 and PMS2 staining.

MLH1, MSH2, MSH6 and PMS2 genes mutation analysis

The screen for germline mutations onMLH1 andMSH2 was
performed in patients whose family histories fulfilled the
Amsterdam II criteria and in those with MSI-H tumours.
MLH1 and MSH2 mutation analyses were carried out using
a bidirectional sequencing on an automatic ABI3130 DNA
analyzer (Applera).

MSH6 and PMS2 mutation analyses were carried out in
cases with a loss of protein expression [21]. Point mutations
of a gene were searched by PCRs of genomic DNA with
exon-specific primer pairs and bidirectional sequencing.

Mutations were classified as pathogenetic and as variant of
uncertain significance.

MUTYH and APC genes mutation analysis

All patients underwent genotyping for the most frequent
mutations found on the MUTYH gene (Y165C, G382D,
IVS10+3A>C and 1395-7delGGA) [20]. Genotyping for the
four mutations was performed by pyrosequencing on a Pyro-
Mark ID instrument as previously reported [21]. Mutated
samples were confirmed by direct bidirectional sequencing
with the di-deoxy method using different sets of primers
(available upon request).

In patients with diffuse (more than ten adenomas) poly-
posis coli, genotyping of APC and MUTYH was performed.
Moreover, genotyping of MUTYH was performed in all in
the cases tested for the most frequent mutations that resulted
in monoallelic mutations. Mutation analysis of the APC
gene was carried out as described in previous investigations,
and all exons of MUTYH were sequenced as previously
reported [22].

Rearrangements within MLH1 and MSH2 genes

In exon, deletions and duplications in MSH2 and MLH1
were detected by multiplex ligation-dependent probe ampli-
fication (MLPA) [23] in DNA from patients whose tumours
were MSI-H or deficient in either MLH1 (unrelated to
MLH1 methylation) or MSH2. We used kit SALSA P003
according to the protocol provided by MRC-Holland. All
rearrangements identified by MLPAwere confirmed in other
affected relatives by MLPA and, when possible, cDNA
analyses.

CRC pts candidate for the study
N=481

Eligible CRC pts
N=430

Death just afteradmission(N=4)
Mental infirmity (N=4)

No consensus(N=43)

Family history
N=430

MSI test
N=393*

Mild risk
N=360

Moderate risk
N=53

High risk
N=17

MAP
N=1

S-HNPCC
N=12

HNPCC
N=4 (all MSI-H)

MSI-H
N=46

MSI-L
N=19

MSS
N=328

MLH1, MSH2 sequencing
N=46

APC sequencing
N=1

MYH sequencing
N=430

- Pathogenetic mutations (N=3)

- Missense mutations (N=12)

IHC (N=46)

MLH1 promoter methylation 
and V600E BRAF mut. search

(N=46)

- No mutation in APC - Biallelic mutations (N=2)

- Monoallelic mutations (N=2) 

Fig. 1 Analytic strategy of the
perspective part of the study
and brief summary of the
results. Asterisk 20 patients
refused the consensus to store
their biological samples and in
17 cases the MSI test failed for
technical reasons. CRC
colorectal cancer, MSI
microsatellite instability, IHC
immunohistochemistry, AFAP
attenuated familial
adenomatous polyposis,
HNPCC hereditary
non-polyposis colorectal cancer
syndrome, s-HNPCC suspected
HNPCC
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Results

Retrospective study

A total of 569 clinical records of CRC patients were reviewed
in the 2-year period (2000–2001). Family history was inade-
quate in 227 cases (40%). In the remaining 342 cases, only
one diagnosis of suspected HNPCC could be made.

During the study period, less than 10% of patients living
in the Padua district underwent surgery for CRC outside of
the Central Padova Hospital. Based on these findings, we
assume that resident patients enrolled in the prospective part
of the study represent at least the 90% of all CRC cases
diagnosed in the Padua district and may be considered as a
population-based series.

Prospective study

After excluding 51 patients because their family histories
were unavailable (death in the perioperative period, n04;
mental infirmity, n04; refusal to participate to the study, n0
43), the remaining 430 patients were eligible for the study:
261 were residents in the Padua area and 169 came from
other countries, mostly of the northern Italy. Characteristics
of patients and tumours are summarised in Table 1.

Family history

Family history and clinical features were available in all
patients with the following risk distribution: high risk, n0
17 (4%) (HNPCC (fulfilling Amsterdam 2 criteria), n04; s-
HNPCC, n012; MAP, n01); moderate risk, n053 (12%)
and mild risk or sporadic, n0360 (84%). No FAP and no
AFAP syndrome were observed (Fig. 1).

In the 261 patients living in the Padua district, neither
HNPCC nor FAP or AFAP syndromes were observed. s-
HNPCC, moderate risk and sporadic cases were found in
8 (3%), 32 (12%) and 221 (85%) cases, respectively.

Microsatellite instability analysis

Out of the 430 patients of the study group, 20 refused the
consensus to store their biological samples and in 17 cases
the MSI test failed for technical reasons (e.g. inappropriate
storage of the specimens).

Of the remaining 393 cases, 46 (12%) showed MSI-H, 19
(5%) MSI-L and 328 (83%) MSS. The corresponding figures
for the 233 evaluable patients resident in the Padua district
were 26 (11%), 12 (5%) and 195 (84%). A MSI-H status was
found in all 4 patients with clinical diagnosis of HNPCC, in 3
of 12 patients with s-HNPCC, in 5 of 53 cases at moderate risk
and in 34 of 360 sporadic cases.

Immunohistochemical staining

Immunohistochemistry was performed on all 46 MSI-H
tumours. In four cases, IHC was not evaluated for technical
reasons. In the remaining 42 cases, 30 tumour specimens
(70%) had negative IHC for MMR proteins: 21 had negative
staining for MLH1, 3 for both MSH2 and MSH6 and 6 for
MSH6 only. No patient showed the absence of PMS2 protein
expression. Out of 21 patients with negative IHC for MLH1, 3
had germline mutations on MLH1 gene, 14 showed MLH1
promoter methylation and 4 showed neither mutations nor
MLH1 promoter methylation. Out of three patients that had
MSH2-negative IHC, two had pathogenetic mutations in
MSH2. Out of six patients that had MSH6-negative IHC, one
had missense mutations in MSH6 gene.

Methylation of the promoter region of the MLH1
and mutations in BRAF

All the 46 cases with MSI-H tumours were analysed for the
methylation of the promoter region ofMLH1 and for the hotspot
BRAF mutation, which were found in 25 and 14 cases, respec-
tively (in seven cases, both alterations coexisted). Based on these
findings, theMLH1 promoter methylation and BRAFmutations
can explain 32 (70%) of the MSI-H cases. Of the 32 cases that
showed methylation of theMLH1 promoter or BRAF mutation,
only one case also showed a germlinemissenseMLH1mutation.

MLH1, MSH2 and MSH6 germline mutations

Mutational screening for MLH1 and MSH2 was carried out
in all the 46 cases with MSI-H tumours. Overall, three
pathogenetic mutations were found in high-risk patients:
MLH1 intron 13, G->T at 1,558+1; MSH2 ex 13, R711X

Table 1 Characteristics
of patients and tumours

aEleven cases of
complete pathologic
response after
preoperative
radiochemotherapy for
rectal cancer, two cases
had no residual tumour
after endoscopic
polypectomies of high
risk T1 adenocarcinoma
and seven cases of in
situ adenocarcinoma

Patients, n 430

Male/female, n 260/170

Age: median (range) 67 (32–92)

Residents in Padua
area, n

261

Tumour locations, n

Proximal 139

Distal 197

Rectum 92

Multiple 2

pTNM stage

0a 20

1 113

2 115

3 114

4 68

Tumor Biol. (2012) 33:857–864 861



and MSH2 ex1-6, del di 25Kb. Only common polymor-
phisms were found in 26 patients living in the Padua area
that had tumours MSI-H.

In one patient that had MSH6-negative IHC, a missense
mutations MSH6 p.Glu983Gln was found. As previously
described by Pastrello et al., this mutation seems to have no
pathogenic effect [24].

MUTYH and APC genes mutation analysis

The results of the MUTYH mutation study have been previ-
ously reported [21] and are briefly expanded upon here. Over-
all, two biallelic and two monoallelic mutations were found on
MUTYH. None of these mutations was found in patients with
strong familial clustering of CRC; however, one of them, with
a biallelic MUTYH mutation, had clinical characteristics of
AFAP (>10 and ≤100 polyps at colonoscopy).

In this patient, the APC mutational analysis has identified
a silent mutation c. 1959 G>A (R652R). In the Padua area,
one biallelic and one monoallelic mutation of MUTYH were
found.

Discussion

In the present prospective study, the systematic clinical
(family history and colonoscopic findings) and molecular
approach used to find hereditary CRC was well accepted by
the patients, as demonstrated by the high rate of compliance
to participate to the study. Five cases of hereditary CRCs
were found using the clinical criteria (four cases that ful-
filled the Amsterdam II criteria and one MAP). In three of
these cases, a pathogenetic mutation was found.

Five cases (1.3%) of hereditary CRCs were found using the
molecular approach (three pathogenetic mutations on MMR
genes and two biallelic MUTYH mutations). Two of these
cases fulfilled the Amsterdam criteria, one of which was
classified as s-HNPCC, one with clinical features of MAP
and another was sporadic. Overall, using both clinical and
molecular approaches, the rate of hereditary CRC was 1.6%
(n07 patients).

Following the Amsterdam II criteria, we found an HNPCC
incidence of about 1% in the hospital-based series and 0% in
the population-based series. These results are consistent with
previous reports [25–30] in which the diagnosis of HNPCC,
based on family history, varied from 0.3% to 0.9%. On this
regard, it is important to emphasize that the incidence of
familial CRC was higher, since s-HNPCC, meaning cases with
strong family history of CRC, reached 4% and 3% in the
hospital and population based series, respectively. It has to note
also that we searched for the most frequentMUTYHmutations:
this approach could underestimate a small proportion of MAP
cases.

It is remarkable that, as found in the retrospective part of
the study, the family history that can be found in clinical
records made by clinicians without a specific interest in
inherited syndromes was unreliable. In fact, 40% of family
histories found in the retrospective part of the study were
inadequate to stratify patients into risk groups. These find-
ings confirm data reported by others [31], showing that a
trained team is very important to the detection of inherited
diseases in the general population of CRC patients.

Using the MSI phenotype as the main molecular pre-
screening test for HNPCC, we found three pathogenetic
mutations in MMR genes. Previous findings have indicated
an incidence of disease-causing mutations of 0.3–3.6% in
unselected series of CRCs [7, 32–35]. It is, however, likely
that our findings are underestimated because the study peri-
od was too short (15 months), the observed population was
not so large (Padua district accounts for some 410,000
inhabitants) and in 9% of the cases did not undergo MSI
pre-screening. In cases of high MSI tumours, only MLH1
and MSH2 were extensively sequenced: The genes more
frequently involved in the Lynch syndrome. MSH6 and
PMS2 gene were sequenced when its deficiency could be
suspected after IHC. Moreover, it is reported that a small
percentage of HNPCC-related CRCs do not show MSI
[36].

The strengths of this study are that we used a prospective
approach, using both structured family history and molecu-
lar tools, data were collected by a small pool of trained
researchers and molecular (MSI test) and pathological find-
ings were standardized. In the majority of the other studies
on HNPCC, the cancer family history was not retrieved [7]
or was obtained from tumour registries or clinical records
[28, 32–34], which demonstrated to have low accuracy on
this regard [31]. Other studies on HNPCC incidence per-
formed an MSI test on only tumour specimen of patients
whose family history fulfilled the Amsterdam criteria [29,
30]. In regards to the incidence of MUTYH deficient CRCs,
the few reports available show findings comparable to ours
[37, 38]. To the best of our knowledge, however, the present
study is the first that accounts for both MMR and MUTYH
deficiency in the same CRC population.

Based on these considerations, we can conclude that in
our hospital-based series of CRC, the incidence of HNPCC
was at least 1%. The absence both of a clinical and molec-
ular diagnosis of HNPCC in the population-based series is a
bit surprising and may be explained by the small population
sample observed and the short period of the study. As
reported by others [39, 40], cases of s-HNPCC without
evidence of MMR defects cannot be explained by mutations
ofMUTYH because none of the probands belonging to these
families had a germline deficiency of this gene. The molec-
ular interpretation of the so-called type X CRC families [41]
is, therefore, far from being resolved.
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The incidence of MSI tumours that we found (12%) is
not negligible, and it is similar to that reported in other
studies [7, 33, 42]. Some authors have suggested that MSI
and IHC can be employed as a pre-screening test for detec-
tion of HNPCC [35]. Since we have more extensive exper-
tise in MSI, we chose this analysis as the primary screening
test, and as suggested by others [7], IHC was performed as a
secondary test. Moreover, compared to IHC, it is important
to note that MSI status could also have a prognostic role,
and it has been suggested to be a prognostic factor in
response to 5-FU-based chemotherapy [43, 44].

To further improve the selection of patients requiring
MMR gene sequencing, we also used the MLH1 promoter
methylation test and the screen for the BRAF V600E hotspot
mutation in MSI-H cases. Using this approach, we found
that in 70% of MSI-H tumour cases, the sequencing of
MMR genes may be spared. This finding both introduces
new themes in the hypothesis of oncogenesis of sporadic
CRCs [45] and helps in refining a strategy for a step-by-step
screening in an unselected series of CRCs [46].

In conclusion, the family history present in hospital clinical
records is not reliable to select families that are at high risk to
develop CRC. In the study period, a strong family history of
CRC was present in 4% of the enrolled cases. Five (1.3%)
patients had clinical diagnosis of an inherited disease (four
HNPCC and one MAP), and the incidence of disease causing
mutation was 1.3% (three pathogenetic mutations on the mis-
match repair genes and two biallelic mutations on MUTHY).
Cases of suspected HNPCC, without evidence of MMR
defects, cannot be explained by mutations of MUTYH. The
incidence of MSI-H is approximately 12%, and interestingly,
MLH1 promoter methylation and BRAF hotspot mutation can
explain 70% of these MSI-H cases, thus reducing the need for
MMR gene sequencing. The interpretation of missense muta-
tions on MMR genes and monoallelic mutations ofMUTYH is
challenging, at least in the attempt to find the genetic basis of
the majority of CRC familial clustering that nowadays remains
uncertain in origin.
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