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Introduction
Hereditary colon rectal cancer (CRC) syndromes account for 
up to 5% to 10% of total cases of CRC. Hereditary CRCs are 
divided into polyposis syndromes, such as familial adenoma-
tous polyposis (FAP), MUTYH-associated polyposis (MAP), 
and PTEN hamartoma tumor syndrome,1–3 and nonpolyposis 
syndromes, such as Lynch syndrome (LS).4 Lynch syndrome is 
an autosomal dominant syndrome that can, in turn, be subdi-
vided into LS I, or site-specific colonic cancer, and LS II, or 
extracolonic cancer, particularly carcinoma of the stomach, 
endometrium, biliary and pancreatic systems, and the urinary 
tract.5 Lynch syndrome is associated with point mutations and 
large rearrangements in DNA MisMatch Repair (MMR) 
genes, such as MLH1, MSH2, MSH6, PMS2, MLH3, and 
MSH3.6,7 The loss of function of the MMR complex translates 
at a somatic level (in tumor tissue) into genetic instability 
known as microsatellite instability (MSI).8 Microsatellite 
instability analysis was performed on DNA extracted from 
tumor tissue embedded in paraffin to allow the classification of 
the tumor tissue with a status of either high MSI (MSI-H) or 
low MSI (MSI-L).9 Moreover, MMR immunodeficiency at 
the somatic level showed the loss of expression of one or more 
MMR proteins as detected by immunohistochemistry (IHC).10 
The identification of an inherited predisposition is important 
because it enables targeted clinical surveillance that signifi-
cantly reduces cancer morbidity and mortality in LS families.11 
Mutation detection analysis allows us to identify the mutation 
responsible for an LS phenotype. However, the type of muta-
tion and the MMR gene involved do not provide information 
about the age of onset the tumor or the type of cancer that will 
develop. Understanding the molecular mechanisms underlying 

genotype-phenotype correlation in LS may provide very useful 
information for genetic counseling.

In this study, we report the description of 2 LS cases pre-
senting with the same genotype but a different phenotype and 
discuss possible reasons for this.

Case Report
Samples from all subjects were collected after being granted 
authorization from the local ethics committee “Comitato Etico 
per le Attività Biomediche Carlo Romano” of the University of 
Naples “Federico II” (protocol no. 120/10). Once authorization 
was obtained, the study received ethics approval, and partici-
pants’ informed and written consent was obtained.

A 48-year-old man, who had previously undergone a total 
colectomy for a colon cancer, was referred for advice on a spe-
cific intervention on the basis of a molecular diagnosis of LS. 
Our reference number for this patient was 0212. His past his-
tory included right colon cancer (at age 29 years), 3 adenoma-
tous polyps in the remaining part of the colon (at age 34 years), 
and a rectal adenocarcinoma (at age 41 years). The latter tumor, 
an adenocarcinoma (pT2 G1 N0 diameter of 2 cm) in ulcera-
tive lesion, showed an absence of MSH2 and MSH6 protein 
expressions after IHC and MSI-H of tumor DNA; subse-
quently, the patient underwent a prophylactic total procto-
colectomy (at age 48 years). The patient’s family history 
included brain, stomach, and bladder cancers in several first-
degree relatives (Figure 1A); therefore, this family showed a 
tumor spectrum of LS II form.5

A second patient, a 43-year-old man with a right colon 
cancer, was also referred for advice on the basis of a molecular 
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diagnosis of LS. Our reference number for this patient was 
0421. The adenocarcinoma at right colon cancer (pT3 G3 N2 
of 8 cm × 5 cm) in ulcerated sleeve lesion showed the absence 
of expression of MSH2 and MSH6 proteins after IHC and 
MSI-H of tumor DNA. The patient underwent a right hemi-
colectomy of 36 cm. The patient’s family history included only 
colon cancer in several first-degree relatives (Figure 1B); 
therefore, this family showed a tumor spectrum typical of LS 
I form.5

The phenotypes of both patients and their families were 
consistent with a deficiency of DNA mismatch repair and 
with LS. We performed mutation detection analysis for 
MMR genes (MLH1, MSH2, MSH6, PMS2, MLH3, and 
MSH3) using denaturing high-performance liquid chroma-
tography (dHPLC) and direct sequencing techniques for 
both our index cases, according to the procedures described 
by us previously.6,7,9,12–14 These patients belonged to 2 fami-
lies who were apparently unrelated.

For both patients (0212 and 0421), DNA analysis found a 
variation in an exon 1 sequence that was a duplication of one 
nucleotide (c.192dupC) in MSH2, as detected by dHPLC and 

DNA sequencing analysis (Figure 2). This mutation at the pro-
tein level determined a premature stop codon, 17 codons 
downstream of the mutated base, namely, p.Lys65Glnfs*17.

Mutations were not identified in any other MMR genes 
(MLH1, MSH6, PMS2, MLH3, and MSH3) analyzed in this 
study in these 2 index cases.

Discussion
Their recognition through molecular screening allows us to 
differentiate several hereditary CRC syndromes. Clearly, once 
the mutated gene is identified, it is possible to identify candi-
dates for molecular genetic testing find carriers of a specific 
mutation.11 This is essential for putting in place a lifetime 
screening and management program for the carrier patient. In 
particular, because LS lacks well-defined premonitory symp-
toms and markers, the molecular diagnosis of this disease plays 
a very important role. Being able to undertake a genetic test to 
identify a genetic predisposition to the development of colo-
rectal cancer and related LS cancers in asymptomatic people 
belonging to at-risk families allows us to reduce the high mor-
bidity and mortality typical of this condition. Indeed, LS 

Figure 1. The family pedigrees of index case (A) 0212 and (B) 0421. Arrow represents index case; black symbol represents colorectal cancer or tumors 

associated with LS. AP indicates adenomatous polyp; Bl, bladder cancer; Br, brain cancer; RCo, right colon cancer; Rec, rectal cancer; St, stomach 

cancer. Numbers next to each diagnosis denote age at onset; • represents carrier mutation.

Figure 2. Sequence analysis of exon 1 of the MSH2 gene revealed the mutation, namely, c.192dupC, in both index cases, 0212 and 0421. The mutated 

base is indicated by the arrow.
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guidelines outline a specific surveillance protocol to follow for 
MMR gene mutation carriers.15

Lynch syndrome is the most common form of hereditary 
CRC, with a frequency of about 2% to 7% of total CRC cases.4 
Predisposed individuals not only have a 50% to 80% risk of 
developing colon cancer but also have a 20% to 60% increased 
risk of endometrial cancer, 4% to 30% increased risk of prostate 
cancer, and a 15% increased risk of developing other cancers, in 
total.16

Identifying the molecular diagnostic pathway, currently per-
formed in our laboratory, allows the analysis of point mutations 
by dHPLC and sequencing in MMR genes, followed by the 
detection of large rearrangements in these same genes by mul-
tiplex ligation-dependent probe amplification.6,7,9,12–14 Thus, 
detection mutation analysis of MMR genes is important to 
confirm the clinical diagnosis of LS and to perform a risk pre-
vention program for at-risk people; however, it is unable to pre-
dict the disease phenotype. Indeed, unlike other CRC 
hereditary syndromes, such as FAP where mutations predict 
the phenotypic features of the disease, the type of mutation 
indicates little regarding the phenotype of the syndrome in LS.

In this study, we described 2 interesting cases of LS. The 
first case concerned a man with a history of multiple tumors 
and who belonged to a family with LS type II, where cancer 
cases described were located in the brain, stomach, and bladder 
beyond the colon. This index case (0212) had developed a right 
colon cancer at age 29 years, 3 adenomatous polyps at age 
34 years, and a rectal adenocarcinoma at age 41 years. The latest 
tumor showed a loss of expression of MSH2 and MSH6 by 
IHC that usually indicates a germline MSH2 mutation17; 
moreover, DNA extracted from cancer tissue embedded in par-
affin showed an MSI-H status. Molecular analysis confirmed 
the presence of a mutation in the MSH2 gene (c.192dupC), 
already reported in Insight databases18 as a pathogenetic vari-
ant (Class 5). This mutation was also identified in other 
affected patients in family 1, as shown in Figure 1A.

This same mutation was also identified in our second case 
(0421). This patient had also developed a right colon cancer 
that showed a loss of expression of MSH2 and MSH6 by IHC 
and an MSI-H status; however, the onset age was a more 
advanced 43 years against 29 years for the first case. Moreover, 
the index case, 0421, belonged to a family with LS type I, where 
affected members showed only colon cancers (Figure 1B), 
which, on average, showed an age of onset at a more advanced 
age than that of the family of the index case, 0212. Therefore, 
the 2 cases reported in this study presented a phenotypic het-
erogeneity; nevertheless, they had the same genotype. Such 
variability has been shown both in the increased risk of extraco-
lonic neoplasms, as in the family of index case 0212, and in the 
different ages of tumor onset between the 2 families. With the 
introduction of genome-wide association studies, it has become 
possible to evaluate the role of common low-penetrance genetic 
modifiers and how they can affect disease expression that occurs 

both within and between families or individuals with similar 
MMR gene profiles.19

Previous studies have shown the impact of low-penetrance 
genetic modifiers in CRC; however, genotype-phenotype cor-
relation was not identified for LS. Recently, a systematic lit-
erature review and meta-analysis were conducted to evaluate 
the role and effects of common low-penetrance genetic poly-
morphisms in modifier genes for a better understanding of 
their association with CRC development risk in patients with 
LS. In 10 polymorphisms analyzed, no statistically significant 
association was identified in the development of CRC in 
patients with LS.20 Therefore, further studies in these areas are 
needed, perhaps with more polymorphisms analyzed to better 
define the genotype-phenotype correlation in LS. Many other 
factors may be influencing the high variability of the disease, 
such as environmental factors, copy number variants, and epi-
genetic alterations, as well as the gut microbiota. In future, it 
will be interesting to perform, using next-generation sequenc-
ing techniques, the complete exome sequencing of the DNA 
of these 2 patients to compare the 2 genetic profiles and to 
determine the likely genetic variants responsible for this 
extreme phenotypic variability typical of LS. It is known that 
the molecular characterization of cancer-associated mutations 
can provide valuable information on disease prognosis and 
patient response to therapy.21

In our opinion, a better understanding of the genotype-
phenotype correlation in LS may lead to more effective coun-
seling of patients with specific genetic profiles in terms of their 
disease prognosis and course.
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