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Implication of MYH in Colorectal Polyposis
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Objective: The aim of this study was to determine the frequency of
MYH mutations in one large population of polyposis patients
without APC mutation identified.

Summary Background Data: Familial adenomatous polyposis
(FAP) is the most known inherited colorectal cancer syndrome. In
70% to 80% of polyposis patients, an APC mutation is found.
Patients with polyposis but no APC mutation are considered as
APC-muted patients and followed as their relatives accordingly.
Biallelic mutation of MYH has been found to responsible of colo-
rectal polyposis and cancer in an autosomal recessive pattern of
inheritance.

Methods: Between 1978 and 2004, 433 patients were operated for
polyposis. A mutation on APC was identified in 322 patients.
Among the remaining patients, 44 were identified as possible MYH-
muted patients and contacted, and 31 signed informed consent.
Clinical data were obtained from the patients’ medical notes. Germ-
line mutation of MYH was searched by sequencing the whole gene.
To confirm the deleterious effects of biallelic MYH mutation,
transversions on K-ras and APC were searched.

Results: There were 9 women and 22 men with a mean age of 53.9
years (range, 22—68 years) at the time of diagnosis. The mean
number of polyps was 62.8 (range, 11-266). Eighteen patients
(58.1%) had a colorectal cancer. We found biallelic MYH mutation
in 6 patients (19.3%; 95% confidence interval, 5.2%-33.5%) and 5
(83.3%) had transversions in K-ras and/or APC.

Conclusion: MYH is a new gene responsible for about 1.4% of all
adenomatous polyposis and about 20% of adenomatous polyposis
without APC mutation identified. Search for MYH biallelic mutation
in these patients should be systematic as it changes their and
relatives’surveillance.
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C olorectal cancer (CRC) is the third most frequent cancer
in Western countries. Inherited factors are thought to
play a major role in sporadic colorectal carcinogenesis as
more than 25% of all CRC are associated with some family
history.> However, well-established CRC predisposal genes
as APC,> MLH1, or MHS2* account for only a minority of
cases. Nevertheless, they are implicated in 2 well-known
genetic syndromes representing 3% to 5% of all CRC: famil-
ial adenomatous polyposis (FAP) and hereditary nonpolypo-
sis colorectal cancer (HNPCC). FAP is the commonest ad-
enomatous polyposis syndrome with an autosomal dominant
pattern of inheritance. Classic FAP is characterized by the
development of multiple adenomas (at least 100) during the
second decade with a high risk of developing CRC;> when
FAP is diagnosed after the age of 40 years, 73% of patients
have already developed CRC.® Extracolonic manifestations
of FAP include congenital hypertrophy of the retinal pig-
mented epithelium (CHRPE), desmoid tumors, and duodenal,
periampullary or ampullary adenoma. Some patients develop
attenuated FAP (AFAP), which is characterized by the pres-
ence of fewer polyps (<100), proximal colonic predomi-
nance of the polyps and the later age of onset of polyp and
CRC development.”

Direct sequencing of the APC gene is considered to be
the most accurate diagnostic test for FAP or AFAP.® APC
mutations are responsible for 70% to 80% of the classic forms
of FAP but are found in less than 30% in AFAP.°'! Possible
explanations are germinal mosaism and large genetic dele-
tions, which are not identified by classic techniques. Until
recently, patients without mutation were considered as APC
carriers and surveyed accordingly. Theirs relatives (siblings
and offspring) had the same surveillance, which is associated
with considerable cost as well as anxiety. The endoscopy
protocol includes a full colonoscopy every year after the
teenage years to search for adenomatous polyps.

In 2002, Al-Tassan et al'? discovered that the biallelic
mutation of MYH increased the risk of CRC. MYH'"? is a
base excision repair (BER) gene like MTH1 or OGGI. It’s a
DNA glycosylase responsible for the removal of adenines
from DNA that have been mispaired with 8-hydroxiguanine
(80x0G). 80x0G is a nucleotide product of oxidative reaction
and can readily mismatch with adenine.'*'> If the BER
system is deficient, as in the case of biallelic mutation of
MYH, the mispaired adenines will lead to an accumulation of
somatic transversions G:C—T:A in specific growth-regula-
tory genes such as APC or K-ras. Previous studies have
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shown that patients with mutations in MYH have numerous
polyps (but never thousands) and some extracolonic features
as osteomas, duodenal polyps, and CHRPE.'® The clinical dif-
ferentiation between patients with de novo APC mutation (20%
of all FAP patients'”) and MYH mutated patients can be difficult
as there is no polyposis history in either of the cases.

The aim of our study was to determine the frequency of
MYH biallelic mutations in one large population of polyposis
patients without APC mutation.

PATIENTS AND METHODS

Patients

Between January 1978 and September 2004, 433 pa-
tients were operated for colorectal polyposis at our institu-
tion. Among these patients, 351 had genetic testing for APC
mutation. Patients with proven APC mutation were not in-
cluded in our study. For patients not tested for APC mutation,
personal and familial history was reviewed. Patients with a
family history evoking an APC mutation (=3 first-degree
relatives developing colorectal polyposis) were also excluded
from the study. The remaining patients were contacted and
invited to participate in the study. Approval from the Com-
mission National de I’'Informatique et des Libertés (French
National Data Processing Agency) was obtained (Bulletin
Officiel de la Ville de Paris, May, 15, 2004).

Age, gender, cancer family history, and details of
surgical procedures were obtained by data collection from
patients’ medical notes (family history of cancer being re-
corded by surgeons for each patient and routinely detailed
in the patient’s notes). The family history of all patients
included in the present study was also checked by direct
interview.

DNA Extraction

For each patient, tumor DNA and normal control DNA
were extracted from frozen tissue sections using the Qiamp-
Kit (Qiagen Inc, Santa Clarita, CA). For tumor DNA, only
those areas containing >70% tumor cells were used. The
corresponding normal control DNA for each patient was
extracted from normal colonic tissue, which was checked by
a histopathologist to ensure absence of tumor cells in the
sample.

PCR Amplification and Sequencing

Sixteen primer pairs were used to amplified the coding
region and exon/intron junctions of MYH (GenBank ID:
4595) as previously described by Al-Tassan et al.'> PCR was
performed on normal DNA to find germline mutation. To
confirm the deleterious effects of biallelic MYH mutation, we
looked for transversions on K-ras for every patient with
available tumor DNA and on APC for every patient with a
biallelic mutation on MYH. We amplified the first exon of
K-ras (GenBank ID: 3845) and the mutation cluster region
(codon 1250 to 1550) of APC (GenBank ID: 324) with 2
primers pairs (APC1: codon 1182 to 1415, APC2: codon
1390 to 1590). PCR reactions were performed in 50-uL
reaction mixtures containing 60 ng of template DNA, 50
umol/L of each oligonucleotide primer pair, 1.25 unit of
AmpliTaq Gold DNA polymerase (Applied Biosystems, Ap-
plera, Courtaboeuf, France), and 0.2 mmol/L of ANTP (In-
vitrogen, Life Technologies, Cergy-Pontoise, France). Am-
plifications were realized in a Thermocycler GeneAmp PCR
System 2700 (Applied Biosystems). The sequences of the
primers used, the length of the PCR products, the MgCL,
concentration, and the annealing temperature are shown in
Table 1. PCR products were run on a 2% standard agarose gel

TABLE 1. Primers of MYH, K-ras and APC, Annealing Temperature

Exon Sequence Length (BP) T°C
MYH 1 5'-GAAGCTGCGGGAGCTGAAA-3'/5'-ATCCCCGACTGCCTGAACC-3’ 133 58
MYH 2 5'-CTGCATTTGGCTGGGTCTTT-3"/5'-CGCACCTGGCCCTTAGTAAG-3’ 263 56
MYH 3 5'-AGCCTGTGCAGGGATGATTG-3'/5'-CAACCCCAGATGAGGAGTTAGG-3’ 272 57
MYH 4 5'-CTCATCTGGGGTTGCATTGA-3'/5'-GGGTTGGCATGAGGACACTG-3’ 167 52
MYH 5 5'-GGGCAGGTCAGCAGTGTC-3'/5'-TACACCCACCCCAAAGTAGA-3’ 189 52
MYH 6 5'-TACTTTGGGGTGGGTGTAGA-3'/5"-AAGAGATCACCCGTCAGTCC-3' 185 54
MYH 7 5'-GGGACTGACGGGTGATCTCT-3'/5'-TTGGAGTGCAAGACTCAAGATT-3’ 186 54
MYH 8 5'-CCAGGAGTCTTGGGTGTCTT-3'/5'-AGAGGGGCCAAAGAGTTAGC-3’ 240 58
MYH 9 5'-AACTCTTTGGCCCCTCTGTG-3'/5'-GAAGGGAACACTGCTGTGAAG-3’ 196 54
MYH 10 5'-GTGCTTCAGGGGTGTCTGC-3'/5'-TGTCATAGGGCAGAGTCACTCC-3’ 262 60
MYH 11 5'-TAAGGAGTGACTCTGCCCTATG-3'/5'-GCCAAGAGGGGCTTTAGG-3’ 248 54
MYH 12 5'-AGCCCCTCTTGGCTTGAGTA-3'/5'-TGCCGATTCCCTCCATTCT-3’ 298 60
MYH 13 5'-AGGGCAGTGGCATGAGTAAC-3"/5'-GGCTATTCCGCTGCTCACTT-3’ 242 54
MYH 14 5'-TTGGCTTTTGAGGCTATATCC-3'/5'-CATGTAGGAAACACAAGGAAGTA-3’ 256 58
MYH 15 5'-TGAAGTTAAGGGCAGAACACC-3'/5'-GTTCACCCAGACATTCGTTAGT-3’ 205 58
MYH 16 5'-AGGACAAGGAGAGGATTCTCTG-3'/5'-GGAATGGGGGCTTTCAGA-3’ 224 60
K-ras 5'-GTACTGGTGGAGTATTTGAT -3'/5'-ACTCATGAAAATGGTCAG-3' 290 57
APC 1 5'-TGCCACAGATATTCCTTCATC-3'/5'-GCCACTTACCATTCCACTGC-3’ 675 57
APC 2 5'-CTTCTGTCAGTTCACTTGATAG-3'/5'-GCTTTACGTGATGACTTTGTTG-3' 707 57
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(InVitrogen), then eluted and purified using the QIAquick kit
(Qiagen) according to the manufacture protocol. DNA frag-
ments were then sequenced in both directions by MillGen
Biotechnologies (Prologue Biotech, Labege, France).

Immunohistochemical Staining
Immunohistochemical staining for MSH2 and MLHI
was performed as previously described.'®

RESULTS

Patients

In the 433 colonic polyposis patients operated at our
institution between 1978 and 2004, including 199 relatives
from 82 FAP families, APC sequencing was performed in
351 patients and a mutation was identified in 322 (92%). In
29 patients, no mutation was identified. Patients without APC
mutation were statistically older than patients with a mutation
(35.7 years vs. 28.0 years, P = 0.0367). Eighty-two patients
had not been tested.

Among the 111 patients without an APC mutation, 47 had
a family history of FAP and were excluded from the study. Of
64 patients, 11 had died and 9 were lost to follow-up. The

remaining 44 patients were approached to participate in the
study and 31 (70.4%) signed informed consent.

Clinical data of the patients are detailed in Table 2.
There were 9 women and 22 men, and the mean age at the
time of diagnosis was 53.9 years (£7.3; median, 55; range,
22—68 years). The mean number of polyps was 62.8 (£44.5;
median, 40; range, 11-266). Eighteen patients (58.1%) were
operated on as they had a cancer. Cancers were in the left
colon or rectum in 58.1% (18 of 31 cancers). Two patients
had extracolonic manifestations: patient 14 had hypertrophy
of the pigmented retinal epithelium and 2 patients (patients 3
and 14) had duodenal polyps.

MYH Analysis

In 6 patients, a biallelic MYH mutation was found
(19.3%; 95% CI, 5.2%-33.5%) (Fig. 1, Table 3). The most
frequently reported missense changes Y165C and G382D
were found in 3 patients. One or 2 MYH polymorphisms
were identified in 10 patients (32.2%): Q324H (n = 9;
29.0%), V22M (n = 1; 3.2%) and S501F (n = 2; 6.4%)
(Table 3).

TABLE 2. Clinical Data of the Patients

Age at the
Time of
No. Gender Surgery Familial History Personal History Diagnosis  Polyps (n) Cancer Cancer Side TNM
1 M ATA Grandfather: CRC 42 156 3 Right colon (n = 3) pT3NOMO
2 M AIR Father & sister: polyps Hyperplasic polyps 55 60 0
3 M AIA 67 70 1 Left colon T2NOMO
4 M AIR Sister and niece: polyposis 60 100 0
5 M AIR 53 15 1 Right colon T3NO
6 M AIR Polyps resected 51 56 0
7 F ATA Mother: polyps 59 127 1 Right colon T3NOMO
8 M ACR->AIR 56 11 2 Left colon T3NIMO
9 M AIR 68 11 2 Right & left colon T4ANIMO
10 M AIR 64 17 4 Right colon T3NIMO
11 F AIA Grandfather & cousin: Polyps 34 200 0
12 M AIA Polyposis in 2 brothers (#31) 55 266 3 Rectum T3NOMO
13 M ATA Father: stomach cancer Polyps resected 60 15 1 Rectum TINOMO
14 M ATA CHPER 60 30 2 Left colon & rectum  T2NIMI1
15 F AIA 64 32 1 Rectum T2NOMO
16 M AIR Polyps resected 59 20 0
17 M ACR Uncle: CRC 49 40 0
18 F AIR Father: polyps 22 13 2 Left colon (2 times) ~ T2NOMO
19 F AIR 57 100 0
20 M ATA 52 50-100 1 Left colon Tis
21 F AIR Grandmother & aunt: CRC Uterus cancer 61 12 2 Right & left colon T2NOMO
22 M ACA->AIA 55 20 2 Right & left colon T2NOMO
23 F AIR 50 32 1 Right colon TINOMO
24 F AIR 64 24 1 Left colon TINOMO
25 M AIR Polyps resected 59 25 0
26 M ATA 43 40 0
27 M AIR Father and sister: polyps 48 100 0
28 F AIR 41 30 0
29 M AIR Brother: polyposis 53 70 0
30 M AIR 60 100 0
31 M ATA Polyposis in 2 brothers (#12) 49 80 1 Left colon T3NOMO

AIA indicates ileoanal anastomosis; AIR, ileorectal anastomosis; ACR, colorectal anastomosis, ACA, coloanal anastomosis.
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MUTATION N (%) NORMAL SEQUENCE MUTATION
50 60
494 A>G
160 17EI 160
1145 G>A
1ﬂﬂ
1187 insGG

FIGURE 1. MYH biallelic mutations.

TABLE 3. MYH, K-ras and APC Mutations

Patient MYH K-ras APC
1 Y165C/Y165C 34 G>T, G12C*
4 Q324H T
5 Q324H
8 35 G>A, G12D
9 Q324H 35 G>C, GI2A
10 Q324H/S501F
12 1187 ins GG/1187 ins GG 34 G>T, G12C* 1554 T>A, 1867 G>T*
14 1103 del C/1103 del C 1858 G>T*
15 Y165C/Y165C 34 G>T, G12C* 1579 G>T*
16 Q324H
19 Q324H/S501F i
20 V22M 35 G>C, GI2A
25 Q324H
26 G382D/G382D 1609 G>T*
28 Q324H
30 Q324H
31 1187 ins GG/1187 ins GG 1554 T>A

Patient in bold font had pathogenic biallelic mutation on MYH.

*Transversion G:C—T:A.
"No tumoral DNA available.

K-ras and APC Analysis

Amplification of the first exon of K-ras was performed
in 24 patients. Six patients were found to have a mutation
(25%). Three patients who had a biallelic mutation of MYH
also had a mutation of K-ras, and in all cases it was a
transversion G:C—T:A. The 3 others mutations on K-ras
happened in patients without a pathogenic variant of MYH,
and none of them was a transversion (Table 3). The study of
APC in the 6 patients muted on MYH showed 4 transversions
and 2 other mutations (two T>>A in the 2 brothers, patients 12
and 31) (Table 3). All transversions observed in K-ras or
APC occurred in GAA or GAAAA sequences. With these 2

© 2006 Lippincott Williams & Wilkins

sequences, we found in 5 patients (83.3%) with a biallelic
mutation on MYH, 1 or 2 transversions in K-ras and/or APC.

Immunohistochemical Staining
Among the 31 patients who were included in this study,
only 1 patient (patient 31) lost expression of MLHI.

Clinical Characteristics of Biallelic MYH
Mutation Patients

There was 5 males and 1 female patients that demon-
strated a biallelic MYH mutation. The mean number of
polyps was 100 (median, 60; range, 30—266). One third of the
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patients with MYH mutation had more than 100 polyps.
Among the 22 patients with more than 20 polyps, the fre-
quency of biallelic mutation on MYH was 27.2% (95% CI,
8.2%-35.5%), and none of the patients with less than 20
polyps was found to have a MYH biallelic mutation. The
mean age of patients with MYH mutation at the time of the
operation was 52.2 years (median, 52 years; range, 42—64
years). Two extracolonic features were seen in 1 patient:
duodenal polyposis and CHRPE. Ten cancers occurred in 5 of
the 6 patients (85.6%) with biallelic MYH mutation. The
cancers were mainly localized on the left colon (n = 2 in the
colon, n = 5 in the rectum).

DISCUSSION

Beside classic FAP with a germline mutation of APC,
some patients have numerous adenomatous polyps, a high
risk of CRC, and 2 wild-type copies of APC. Since 2002, the
MYH gene, which belongs to the BER system involved in the
DNA repair of oxidative lesion, is known to predispose to
recessive inheritance of numerous adenomatous polyps.'?
The aim of our work was to study the frequency of MYH
mutations in one large single-center population of polyposis
patients without APC mutation and in a further step to adapt
the surveillance offered to the relatives of newly diagnosed
polyposis patients without APC mutation.

Among our 31 patients without an APC mutation, 6
(19.3%) had a biallelic germline mutation of MYH. Two of
them had more than 100 polyps. Given this observation, the
number of polyps cannot be viewed as a pathognomonic
feature of FAP any more. Five of the 6 patients had CRC;
they were not known to have colorectal polyposis and only
diagnosed when they became symptomatic. Our group® has
shown that in 141 patients with FAP and mutation of APC, 71
were symptomatic at the time of the operation (as were the
MYH patients in this study). The mean age of those patients
was 40 years and 32 (45%) had a cancer at the time of the
operation. It therefore appears that polyps and cancers de-
velop later in patients with biallelic mutation of MYH than in
those with APC mutation. One patient had extracolonic
features: CHRPE (n = 1) and duodenal polyps (n = 1). Thus,
confronted with a patient with adenomatous polyposis, the 2
main clinical features that should evoke MYH biallelic mu-
tation are the age at the time of diagnosis and the absence of
a family history of polyposis, especially in siblings and
offspring. Concerning sex ratio, if in our study 5 of the 6
patients with biallelic MYH mutation were males, it seems
that this observation is purely incidental. Thus, gender should
not be considered for MYH mutation search. If no mutation
is found at APC testing, MYH genetic testing should be
undertaken.

Most investigators explore only the exons 7 and 1
where the 2 most frequent mutations in MYH Y165C and
G382D occur. We would have diagnosed only 3 of our 6
patients with MYH biallelic mutation had we followed this
strategy. We therefore chose to explore the entire coding
sequence of MYH. Moreover, recently novel mutations of
other exons have been described?! as well as specific muta-
tions of MYH in different ethic populations such as E466X in

3 19,20
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Indian cases,*? which demonstrates the importance of screen-
ing the whole coding sequence of MYH.

Among our 6 patients muted on MYH, 5 had typical
transversions on APC and/or K-ras demonstrating the pathoge-
nicity of biallelic MYH mutation. Patient 31 was the only one in
whom no transversion could be identified. However, in this
patient, a loss of expression was identified by immunohisto-
chemical staining, demonstrating a tumor with microsatellite
instability phenotype. A search for mutation or methylation of
hMLH!1 was performed and showed no abnormality. Study of
the DNA sequence of hMLH1 (GenBank 29729888) shows the
presence of several GAA sequences that could be the site of
transversion and then explain the inactivation of hMLH1 by the
MYH pathway. Moreover, patient 31 is the brother of patient 12
(both patients having the same MYH mutation: 1187insGG/
1187insGG) who was found to have a microsatellite stable
tumor with normal expression of hMLH1 and hMSH2 but
transversions on K-ras and APC. Thus, biallelic MYH mutation
could induce tumorogenesis by the 2 pathways known in CRC,
mainly by inactivation of APC and K-ras and in some case also
by inactivating hMLH1 and thereby the mismatch repair system.

Despite the search of germline mutation in MYH, there
is still no explanation for the polyposis in 25 of the 31
patients (80.6%) included in this study. These patients with
no genetic etiology are still considered as APC mutant and
they and their families are submitted to intensive clinical and
endoscopy follow-up. Alternate splicing modifications of
APC or MYH and unknown genes implicated in the colonic
cancers may be the explanation for these polyposis cases.
Lipton et al** have recently proven the involvement of germ-
line mutation in BMPRI1A in adenomatous polyposis. This
gene belongs to the TGF-B family known to cause the
juvenile polyposis syndrome.

Depending on number and location of the polyps,
patients with MYH biallelic mutations should undergo total
colectomy or restorative proctocolectomy, just like APC-
muted patients. As previously described,'® we found 1 patient
with duodenal polyposis; surveillance of the upper gastroin-
testinal tract for duodenal polyps should therefore be contin-
ued. The main difference with FAP concerns the siblings and
offspring. When an APC mutation is identified, the risk for
each child to have FAP is 50%, whereas it is less than 1%
(heterozygote frequency** divided by 2) for a child of a MYH
biallelic muted parent. For the siblings of an APC muted
patient, the risk is 50%, compared with 25% with a MYH
biallelic muted parent. Moreover, identification of biallelic
mutation on MYH in a patient with FAP or AFAP phenotype
but without APC mutation allows specific investigation of the
relatives. Surveillance of siblings may then be modified
accordingly. Nevertheless, the real risk for monoallelic car-
rier of pathogenic mutation of MYH is still unknown. As in
every disease with a recessive pattern of transmission, het-
erozygous patients should be healthy, but Kambara et al*
showed a higher level of loss of heterozygosity in 1p where
the locus of MYH is localized and a higher level of transver-
sion in APC and K-ras in patients with a single pathogenic
variant of MYH. There was, however, no significant differ-
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ence of CRC rates between the general population and the
monoallelic carriers of MYH.

Reducing the number of unnecessary colonoscopies
would save money and avoid the discomfort of bowel prep-
aration, the risks of anesthesia, and of the examination itself
as well as any associated anxiety. For those polyposis patients
with neither mutation of APC nor MYH, other gene muta-
tions should be searched for, but until another explanation is
found they have to be surveyed as if they were APC mutants.

CONCLUSION

MYH is a gene responsible for 1.4% of all adenoma-
tous polyposis and 20% of adenomatous polyposis without
mutation of the APC gene. The risk of transmission to
offspring is less than 1% as it is a recessive inherited disease.
Colonoscopic surveillance can thus be dramatically reduced
in the offspring of the index patient. For these reasons, we
propose searching for MYH biallelic mutations to all patients
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Discussions

Dr. Nei. MortenseEN: Thank you for a beautifully
presented and explained paper. Life used to be so simple.
FAP was all about abnormalities of the APC gene, and now
we find that is not the case. While APC gene abnormalities
are the cause in about 80% of patients with FAP, you’ve
looked at that other 20% and you’ve only found a small
proportion having MYH abnormalities. I wonder if you could
please tell us the answers to 2 questions?

Are there patients within the APC group who also have
MYH gene abnormalities, which would, if you like, give a
more severe phenotype, perhaps?

Do you think that there is, within that residual, let’s say
15% to 18% of patients in whom you haven’t found any
abnormality, the place for some kind of international collab-
oration using GNY searches on huge numbers of patients to
try and find out what’s going on in those last 15% to 18%?

DRr. YanN Parc: No, we did not find any MYH muta-
tions in patients already with an APC mutation; however, we
tested only a few patients with an APC mutation. In the
literature, such association of mutations has not been reported
and, yes, we are ready to collaborate in a study to find other
genes. A family case has been reported in which the BRMA
gene was considered to be responsible for the polyposis.
However, much larger series are required to confirm this
finding and allow the identification of other genes that could
be responsible for colorectal polyposis.

Dr. Mario Mormo: This is a very interesting study but,
in the abstract, you have proposed a different follow-up
strategy for these patients and you did not speak of this point
in your presentation. Do you think there are clinical implica-
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tions or have you changed your mind compared with the
conclusions of your abstract?

Dr. YanN Parc: No, we have not changed our mind.
For the patient with APC mutation identified, you know
which patients will have to be surveyed and treated because
you can find the at risk parents as they have the same
mutation. In such cases, the risk for the children of the patient
to have the disease is 50%, and it is the same for the siblings.
When you have found no APC mutation identified, you have
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to consider all the parents at risk, and so you have to survey
them with a colonoscopy every year. When, you find an
MYH biallelic mutation, you can search for the same muta-
tion in the siblings and you know that the risk for siblings to
have the same biallelic mutations is only 25%. For the
children, this risk is inferior to 1% as the risk that other parent
is one allele of MYH mutated is less than 1%. You can
therefore dramatically change the surveillance of the parents
of these patients. It will reduce the total number of colonos-
copies and the stress induced by such surveillance.
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