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Background/aims: Early-onset colorectal cancers are relatively rare. About 20% of colorectal cancers are familial or hereditary.
Two autosomal dominantly inherited cancer syndromes are more studied: Lynch syndrome accounts for 2-5% of colorectal cancers
and familial adenomatous polyposis represents 1% of total colorectal cancers. Unlike the familial adenomatous polyposis syndro-
me, there are no clinical features that help in easily recognizing Lynch syndrome. The young age of cancer occurrence could be a cri-
terion that should raise a suspicion of Lynch syndrome. In Morocco, the average age at diagnosis of colorectal cancers according to
the register of cancers of Casablanca is 56 years, which is 10 years earlier than in European countries. Our study aimed to assess
the frequency and molecular characteristics of the Lynch syndrome in Moroccan early-onset colorectal cancers patients. Materials
and Methods: The population analyzed included 70 patients. The criteria for inclusion of patients in this study were a colorectal
cancers before age 50 and the exclusion of familial adenomatous polyposis. We started by searching for microsatellite instability,
first by immunohistochemistry of 3 mismatch repair proteins (MLH1, MSH2 and MSHG6) and with second confirmation using 4 mo-
nomorphic markers (BAT25, BAT26, NR21, and CAT25). Results: We found instability in 10/70 (15%) of the cases. The loss of ex-
pression affects more often the MLH 1 protein, with 8 cases, versus 2 cases of altered MSH2. None of the 70 patients of the series ful-
filled the Amsterdam II criteria, indicative of Lynch syndrome. Conclusions: Further work needs to be done to discriminate here-
ditary cases from sporadic ones, but testing for microsatellite instability as a first step is important.
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Gencg Fas’lh kolorektal kanserli hastalarin klinik ve molekiiler
karakterizasyonu

Giris ve Amag: Kolorektal kanserin erken baglamasi olduk¢a nadirdir. Kolorektal kanserlerin yaklasik %20’si ailevi veya heredi-
terdir. Iki otozomal dominant kalitilan kanser sendromu daha fazla calisiimistir: Lynch Sendromu kolorektal kanserin %2-5’inden
sorumluyken, ailevi adenomatéz polipozis, biitiin kolorektal kanserlerin %1’ini olusturmaktaduir. Ailevi adenomatoz polipozisin ter-
sine, Lynch Sendromunu kolaylikla tanimamiza yardimct olan klinik ézellik yoktur. Kanserin erken yasta olusmast, Lynch sendro-
mu stiphesini doguran bir kriter olabilir. Fas’ta Kazablanka kanser kayit sistemine gire ortalama kolorektal kanser tant yast, 56°dir
ki bu Avrupa iilkelerinden 10 yil erkendir. Bu ¢alismada Fas’li erken baslangicly kolorektal kanser hastalarinda Lynch Sendro-
mu’nun stkligt ve molekiiler karakteristiklerini saptamayt amacladik. Gereg ve Yontem: Arastirilan popiilasyon 70 hastadan olus-
maktaydi. Calismaya alinma kriterleri, 50 yasindan énce kolorektal kanser tanisi alan, ailevi adenomatoz polipozisin dislandigt
hastalardi. Once mikrosatellit instabilitenin arastirilmasina baslands, ilk olarak 3 MMR proteininin (MLH1, MSH2 ve MSHG6)
immiinohistokimyast yapildi, ikinci olarak 4 monomorfik belirte¢ (BAT25, BAT26, NR21 ve CAT25) kullanilarak konfirme edildi.
Bulgular: Hastalarin 10/ 70 (%15)’inde instabilite saptandi. Ekspresyon azalmast en fazla 8 vakayla MLH1 proteinindeyken, 2 va-
kada MSH? proteinindeydi. Serideki 70 hastanin hi¢birisi, Lynch Sendromu’nu gosteren Amsterdam II kriterlerini doldurmuwyor-
du. Sonug¢: Herediter vakalart sporadiklerden ayirmak icin daha fazla ¢alisma yapilmalidir, ilk basamak olarak mikrosatellit
instabilite testi onemlidir.

Anahtar kelimeler: Herediter nonpolipozis kolorektal kanser, genc¢ Fas’li hastalar, mikrosatellit instabilite, MLH1 MSH2 MSH6
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INTRODUCTION

Early-onset colorectal cancers (CRC) are relatively
rare. Several risk factors have been studied, but
especially the genetic factors seem to be more as-
sociated in this cancer at a young age (1,2). About
20-25% of CRC are considered to be familial or he-
reditary, but germline mutations of known genes
account for about 5% of the cases (3). Two autoso-
mal dominantly inherited cancer syndromes are
associated with this cancer: the Lynch syndrome,
improperly called hereditary non-polyposis colo-
rectal cancer (HNPCC), which accounts for 2-5% of
total malignancies, and the familial adenomatous
polyposis (FAP) (1% of total CRC) (2-4).

Two major pathways of carcinogenesis have been
associated with sporadic CRC: The chromosomal
instability (CIN) pathway, characterized by loss of
heterozygosity and by chromosomal changes lea-
ding to alterations of tumor suppressor genes such
as adenomatous polyposis coli (APC), and the mic-
rosatellite instability (MSI) pathway, associated
with alterations of mismatch repair (MMR) genes
such as AMLHI1, hMSH2 or hMSH6 (2,4,5). Con-
cerning hereditary forms, FAP and Lynch syndro-
me are of the CIN and MSI types, respectively. In
cancers that follow the MSI pathway, instability of
repeated sequences, called microsatellites, is ob-
served and can be detected directly by amplifying
monomorphic markers (6,7). Alternatively, immu-
nohistochemical analysis of proteins correspon-
ding to the MMR genes can be performed (6-8).
Unlike the FAP syndrome, there are no clinical fe-
atures that can easily distinguish Lynch syndro-
me. Several clinical criteria have been proposed to
assist in making this diagnosis. In 1991, an inter-
national group established the Amsterdam criteri-
a: Three or more family members with a confirmed
diagnosis of CRC, one of whom is a first-degree re-
lative (parent, child, sibling) of the other two; two
successive affected generations (one of the pati-
ents is a first-degree family member of the other
patients); one or more colon cancers diagnosed at
younger than 50 years; and exclusion of FAP (9).
These criteria are considered to be specific, but be-
cause of their low sensitivity, they have been revi-
sed several times. Nowadays, other criteria, called
the Bethesda modified criteria, are used more ge-
nerally (10). According to these new criteria, the
young age alone is sufficient to raise a suspicion of
Lynch syndrome.

In Morocco, the average age at diagnosis of CRC
according to the register of cancers of Casablanca
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is 56 years (11). Our previous study confirmed the
high rate of colon cancer among young people in
Morocco (40.6%) (12). Our objective was to study
the frequency and molecular characteristics of the
putative Lynch cases in this Moroccan patient gro-

up.

MATERIALS AND METHODS

The criterion for inclusion of patients in this study
was a CRC before 50 years of age with FAP exclu-
ded. A total of 70 patients were selected from the
Department of Pathology in the University Hospi-
tal of Casablanca and a private laboratory (My
Driss) in Casablanca. For each patient, pathologi-
cal features were collected from pathology files.

Five sections (5 pm) from formalin-fixed paraffin-
embedded tumor tissue were taken from all pati-
ents investigated. The DNA was extracted with
MagneSil genomic fixed tissue system Promega
kit.

The immunohistochemical evaluation of MLHI,
MSH2 and MSH6 protein expression was carried
out on paraffin-embedded tissue sections of all tu-
mors comprising adjacent normal mucosa. The an-
tigen was revealed in 10 mM citrate buffer at 350
w for 30 minutes (min) in a microwave.

Mouse monoclonal antibodies against MLH1 pro-
tein (clone 168-15) and MSH2 protein (clone G129-
1129, Pharmingen, San Diego, CA) at 1:100 diluti-
on and the MSH6 protein (Transduction labs, BD
Biosciences, Milano) at 1:2.000 dilution were incu-
bated overnight. Immunoperoxidase staining,
using diaminobenzidine as chromogen, was run
with the NEXES Automatic Staining. Lack of ex-
pression of MLH1, MSH2 or MSH6 proteins was
defined as complete absence of nuclear staining in
tumor cells, while normal cells were stained.

The MSI status was evaluated using 4 mononucle-
otide markers (BAT25, BAT26, NR24 and CAT25)
(13). Using this panel of monomorphic markers, a
tumor was defined as MSI-positive when at least 2
markers showed instability. Only cases with lack
of expression of one of the MMR proteins (MLH1,
MSH2 or MSH6) were analyzed for MSI. DNA
from tumor tissue was amplified in a volume of 10
ul containing 50 ng of DNA, 0.15 pmol of dye labe-
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led forward and unlabeled reverse primers, 2 mM
of ANTP, 1.5 mM MgCl2, 2ul of Promega buffer
(5x) and 0.125 pl of Gotaq. Thermocycling conditi-
ons were: a first denaturation at 94°C for 10 min
followed by 30 cycles of a denaturation at 94°C for
45 seconds (s), an annealing step at 55°C for the
markers: BAT25, BAT26, NR24 and 64°C for the
CAT25 marker, during 45 s, and an extension step
at 72°C for 45 s. A final extension at 72°C for 7
min was performed.

One ul of polymerase chain reaction (PCR) pro-
ducts of each marker was analyzed separately by
adding 40 ul of deionized formamide and 0.5 ul of
CEQ DNA size standard-400. Then, samples were
run on CEQ 8000 sequencer and analyzed using
the fragment analysis system by Beckman Coul-
ter.

The x* test was used for assessing the statistical
significance of differences between MSI+ patients
and patients with stable tumors. A p value of
<0.05 was considered significant.

RESULTS

The average age of these patients was 41.5 years
(18-50 years); 62% of the patients were female.
The mean age of the female and male patients was
41 and 42 years, respectively.

The cancers were located in the rectum in 42% of
the cases. The right colon was affected in 16 pati-
ents (26%) and the left colon in approximately
32%. All cancers were adenocarcinoma in histolo-
gic examination and poorly differentiated in 15%,
and mucinous adenocarcinomas and signet ring
cells in 16.4%.

Loss of MMR protein expression was detected in
10 cases (15%). In detail, 8 tumors showed comp-
lete loss of MLH1 expression (80%) and 2 carcino-
mas demonstrated complete loss of MSH2 expres-
sion (20%). From the 70 tumors, no tumors showed
lack of MSH6.

All the 10 colorectal carcinomas with loss of one of
the MMR proteins showed instability of microsa-
tellites (MSI+).

The mean age of the MSI+ patients was 39 years
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versus 41 years for the microsatellite stable (MSS)
patients. The frequency of female gender in the
MSI+ patients was 70%, while in the MSI- pati-
ents, 61.42% were women. 10% of adenocarcino-
mas with MSI+ phenotype were poorly differentia-
ted versus 15.8% in MSI- patients. Mucinous ade-
nocarcinomas and signet ring cells represented
30% in the MSI+ patients versus only 14% in the
MSI- group (Table 1).

DISCUSSION

Our study aimed to assess the frequency and mo-
lecular characteristics of the Lynch syndrome in
Moroccan early-onset CRC patients. We started by
searching for MSI, because it is known that this is
the carcinogenesis pathway of Lynch. However,
this instability can also be found in a small per-
centage of sporadic CRC. Actually, about 15% of
sporadic CRC shows MSI, which is not due to
germline mutations of MMR genes, as in the case
of cancers developed in the context of Lynch
syndrome but by epigenetic modifications (14,15),
more precisely, by hypermethylation of the MLH1
gene promoter, causing loss of protein function
and then the same phenotype of MSI. To search
for MSI, we chose to use IHC as the primary scree-
ning, because recent studies suggest similar effec-
tiveness of this method compared to MSI (16) and
especially because, with this technique, we can de-
tect directly the gene most likely to be affected.
Another principal reason is that MSHS6 is associa-
ted with very low instability that cannot be detec-
ted with MSI (17).

Our results showed that the immunohistochemi-
cal analysis of MMR proteins and confirmation by
using four monomorphic markers (BAT25, BAT26,
NR21, and CAT25) revealed a rate of 15% instabi-
lity (10/70). The loss of expression affects protein

Table 1. Clinicopathological features

MSI status MSI + MSI - P value
Mean age (years) 39 41 0.86
Sex-ratio 0.42 0.66 0.62
Localization
Rectum 50% 45.7% 0.76
Right colon 20% 24.28% 0.62
Left colon 30% 30% -
Frequency of 30% 14.28% 0.07
mucinous
adenocarcinomas

and signet ring
cells phenotype




MLH1 more, with 8 cases, versus 2 cases of alte-
red MSH2. This result is very important and con-
firms the interest of our study. Other similar stu-
dies reported similar frequencies (18). Whatever
the origin of this MSI, testing for MSI is impor-
tant. Several studies report that MSI is signifi-
cantly related to improved prognosis independent
of the other prognostic factors such as the stage
and site of the tumor. The mortality is decreased
in MSI+ patients (19-21). Many studies have fo-
und that Lynch patients have a more favorable
prognosis than MSI+ patients with sporadic CRC
(21-23). The MSI status is also related to sensiti-
vity to the chemotherapy. It is shown that MSI+
patients are less responsive to the fluorouracil
than those who are MSI-. Thus, fluorouracil adju-
vant chemotherapy shows not only no benefit in
MSI+ patients but may also decrease the survival
of these patients (24).

With regard to the clinicopathological features,
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