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Abstract

Recent studies have demonstrated the cancer related role of genes that function in the repair
of DNA damage. Inherited mutation of one of mismatch repair (MMR) genesresultsin hereditary
non polyposis colorectal cancer (HNPCC). Even though HNPCC is the most common hereditary
colon cancer, awareness of the disease among the public and health care providersislow and
needs to be revived and established. The syndrome accounts for approximately 5% of all
colorectal cancers and for about 50% of young cases. Five MMR genes have been implicated
in HNPCC, but the majority of the mutations (95%) are found in MLH1 and MSH2 genes. One
hundred young patients (<50 years) in Ain Shams University Hospitals with colorectal cancer
wer e selected for this study from March 2003 to April 2007. The mean age was 41.5 years
(range from 29-49 years). We tried to define two groups of patients, mutation group; that carried
mutationsin (MLH1 and /or MSH2) and the non mutation group. Moreover, we were concer ned
about the difference and similarity between both groups, as well as between our results and the
other national and international studies of colorectal cancer (CRC) or HNPCC; regarding the
demographic data, family history, anatomical data and pathological data. The surgical procedures
were as follows. Anterior resection (39%), right hemicolectomy (30%), abdominoperineal
resection (15%), |eft hemicolectomy (6%), transver se colectomy (3%) and total colectomy (1%).
Thirty one patients of the studied group (31%) showed mutation in either or both MLH1 and
MSH2 (19 MLH1 mutation, 6 MSH2 and 6 both MLH1& MSH2, with a predominance of MLH1
61.2%).The mutation group compared to non mutation group had positive family history (Park
criteria) (19% versus 1.4%), high prevalence of right sided tumors 51.6% versus 26%), high
incidence of poorly differentiated tumors(61.3%), high mucinous tumor s(45.2%), but less lymph
nodal involvement. Synchronous polyps were significantly higher in mutation group (19.4%)
and the only case with synchronous tumor was among the mutation group. In conclusion, the
prevalence of mismatch repair gene in the studied young patients with CRCs is (31%), which
islower than the same age group of Western CRCs patients (45%).

I ntroduction:

Adenocarcinoma of the colon and rectum
isacommon cancer worldwide; it isthe third
most common site of the new cancer cases and
deaths in the United States. In that country,
the estimated incidence of new casesin 2002
was 148.300 with 56.600 deaths from the
disease. Theliferisk of developing colorectal
cancer in United States is 6%; and over 90%
of cases occurring after the age of 50 years.!
Similar high incidence has been reported from
Western European countries; Australia and

New Zealand.2 Lower rates have been reported
in the third world and devel oping countries.3
Environmental factors, particularly dietary
practices and physical inactivity areimplicated
in these striking geographic contrasts.4

The peak incidence for colorectal cancer is
60 to 70 years, fewer than 20% occur before
the age of 50.° In Egypt and other developing
countries, there is a peculiar age distribution
for colorectal cancer with amost one third of
cases younger than 40 years.3



It isknown that colorectal cancer can occur
in hereditary, sporadic or familial forms.
Hereditary forms are characterized by positive
family history, young age of onset, and presence
of other specific tumors and defects. Diagnosis
of hereditary colorectal cancer is based on
family history criteria, pathological criteria
and recently, genetic criteria. It isnow accepted
that 80% of young onset colorectal cancer is
hereditary.l Recent studies have demonstrated
the cancer-related role of genes that function
in the repair of DNA damage. Hereditary
nonpolyposis colorectal cancer (HNPCC), is
characterized by early onset of colorecta cancer
(fourth decade) without polyposis.® It is
inherited in an autosomal dominant manner,
and arises from germline mutations in any of
mismatch repair genes (MMR) with mutations
of two of MMR (hMLH1 and hMSH2),
accounting for more than 95% of mutations
seen in HNPCC families.”-®

Colorectal cancers associated with HNPCC
seem to be biologically different from
colorecta cancers, where the tumors are more
common in the right side of the colon, with
about two-thirds of the cancer found proximal
to the splenic flexure and synchronous and
metachronous cancers are not uncommon.
Patients who have inherited this condition are
also at increased risk for other types of cancers
particularly uterine (40%), gastric (20%),
ovarian (10%) and other rare cancersashiliary,
small intestinal and brain cancers.10

Several studies have also reported better
survival ratesin HNPCC-associated colorectal
cancer than sporadic colorectal cancer when
matched by cancer stage.1!

Even though HNPCC is the most common
hereditary colon cancer, accounting for up to
5% of al cases, awareness of the disease among
the public and health care providersis low.
One reason may be that HNPCC lacks the
dramatic features of the less-common familial
adenomatous polyposis (FAP). In thisform of
hereditary colon cancer, hundreds to thousands
of polyps may be found carpeting the colon.
On the other hand, the numbers of polypsin
HNPCC patientsis no greater than in general
population, but progress to malignancy at

younger age with 25% turning malignant at
age of 50 and 80% at age of 60 years.12

Due to the peculiar young age distribution
of colorectal cancer in Egyptian patients, the
aim of this study was to define the prevalence
of mutation of mismatch repair genes MLH1
& MSH2 in thisgroup of patients with CRCs.

Patients and methods:

This study included 100 young (<50 years)
colorectal cancer patients. The patients were
recruited from Ain Shams University Hospitals
from March 2003 to April 2007. History with
detailed family history wastaken, routine ward
procedures were done for every patient
including, clinical examination and routine
laboratory and radiological work up. Special
investigations such as barium enema, CT, MRI,
abdominal or rectal ultrasound were done
according to the merits of each case. All
specimens were subjected for routine
histopathology as well as testing for mutation
of mismatch repair genes MLH1 and MSH2.
Exclusion criteria included, age 50 years or
above, patients with colorectal cancer on top
of familial polyposis or ulcerative colitis,
because of the distinct genetic background of
such diseases. Also patients with inoperable
and irresectable tumors were excluded because
of the unavailability of material for genetic
study. All the patients were consented to
participate in the study. The method of family
history and testing for mismatch repair gene
mutation were as follows:

1) Family history:

A detailed family history was taken to fill
a pre-designed format with special
concentration on colorectal cancer, other
cancers elsewhere in the body and the cause
of deathin al first, second, third and possibly
fourth degree relatives whenever possible.
Reports of surgery done to family members
were obtained whenever available. Patients
were classified according to their family history
into those fulfilling or not either Amsterdam
Table(1) or Park criteria Table(2). Surgical
procedures were tailored according to the site
of the tumor.



2) Testing for mismatch repair gene
mutation:

1- Collection and preparation of tissue

samples:

Two tissue sections were prepared from
each resected specimen, one from the tumor
(full thickness, 1 cubic cm) and the other from
the near by normal mucosa (mucosal block
1cm x 1cm) both were sent immediately to the
pathology department to be preserved either
frozen at the cryostat (-21Co) or as a paraffin
block.

The original colonic or rectal specimens
were then sent to routine histopathological
examination to evaluate tumor type, grade, and
degree of invasion, lymph node affection and

staging.

2- Immunohistochemical staining:
A- Reagents:

We used the Rabbit Immuno Cruz staining
(Santa Cruz Biotech. Inc, USA) supplied with
the following reagents:

1- Primary antibodies; MLH1 (code SC-
581) and MSH2 (code SC-494).These are
purified rabbit polyclonal antibody raised
against a peptide mapping at the amino
terminus of MLH1and MSH2 of human origin,
respectively.

Figure (3): Adenocarci o with
negative staining of MSH2.

2- Universal Kit; (code SC-2051). Thisis
a rabbit immuno cruz staining system. Each
of these reagentsis prediluted and ready to use
for immunohistochemical staining of formalin-
fixed paraffin embedded tissue sections as well
as frozen sections.

B- Interpretation of stain
(microscopic examination):
Immunohistochemistry allowed detection
of hMLH1 or hMSH2-MMR genes in
colorectal tumor specimens Figure(1-6).
Expression of the gene products resulted in
positive staining of nucle in proliferative cells
of normal mucosa and tumor cells (brown
color). Additionally, frequent cytoplasmic
staining was observed.

Staining of nuclei in normal mucosa was
used asinternal positive control and compared
to immunohistochemical staining of tumor cell
nuclel Figure(1,2). If staining was missing in
tumor cells Figure(3,4) but positive
immunodetection was found in normal mucosa,
the sample was evaluated as |lost expression
of MLH1 or MSH2 protein.

3) Statistical methodology:
Analysis of data was done using SPSS
(statistical program for social science).

Figure (2): Positive control shows
normal staining of the nuclei by MSH2.

Figure (4): Adenocarcinoma with
negative staining of MLHL1.
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Results:

One hundred young Egyptian patients (<50
years, 62 males and 38 fema es) with colorecta
cancer were subjected to this study. The mean
age was 41.5 years (from 29 to 49 years).The
main presenting symptoms were colicky pain
(35%), bleeding per rectum (31%), intestinal
obstruction (13%), mucous discharge(11%),
and peritonitis(10%).The anatomical

distribution of the tumors and surgical
procedures are listed in Table(3). Seventy two
percent of the tumors were in the form of
masses, 67% of the tumors had lymph node
metastases, 51% were poorly differentiated,
25% were mucinous carcinomas, 10% had
synchronous polyps in the resected specimens
and one patient had synchronous cancer.

Table (1): Amsterdam criteria for diagnosis of hereditary nonpolyposis colorectal cancer.

Name of criteria

Specific criteria

cancer.

1- Amsterdam Three relatives with colorectal cancer, one of which is a first-
degree relative of the other two; colorectal cancer affecting more
than one generation; at least one colorectal cancer case diagnosed
before age 50 years.

2- Modified Two colorectal cancer casesin first-degree relativesin very small

Amsterdam* familiesthat cannot be expended further; colorectal cancer affecting

more than one generation; at least one colorectal cancer case
diagnosed before age 55 years.

Two first-degree relatives affected by colorectal cancer, plus a
third relative with an unusually early-onset neoplasm or endometrial

* Fulfillment of all criteria listed in any paragraph in this section is sufficient.13

Table (2): Park criteria for diagnosis of hereditary nonpolyposis colorectal cancer.

Criterial

colorectal cancer in afamily.

family members.

At least one item from both Category 1 and Category 2 should be fulfilled.
Category 1: Vertical transmission of colorectal cancer. At least two siblings affected with

Category 2: Multiple colorectal tumors (including adenomatous polyp). At least one
colorectal cancer diagnosed before the age of 50. Development of extracolonic cancer
(endometrium, urinary tract, small intestine, stomach, hepatobiliary system, or ovary) in

Criteriall

1-Early age of onset (<40 years).
(one aged <50 years).

One colorectal cancer patients with at least one of the following:
2-Endometrial, urinary tract, or small intestine cancer in the index patient or a sibling

3-Two siblings with other integral HNPCC extracolonic cancers (one aged <50 years).

Revised criteriall*

occurred at less than age of 40.

(one aged <50 years).

One colorectal cancer patient with at least one of the following:
1-Presence of synchronous or metachronous colorectal tumorsin the patient, one of which

2-Endometridl, urinary tract, or small-intestine cancer in the patients or afirst-degree relative

3-At least two first-degree relatives (one aged <50 years) with other extracolonic cancers
(stomach, hepatobiliary system, ovary, or brain).

*The mutation detection rate using the original criteria Il waslow, so there was a definite

need to revise criteria I1.14



Table (3): Anatomical distribution of the tumor and surgical procedure among the studied

cases.
Anatomical distribution No. % Surgical procedure
Rectum 39% 39 Anterior resection (24)
Abdominoperineal resection(15)
Rectosigmoid 12% 12 Anterior resection (12)
Sigmoid 9% 9 Pelvic colectomy (6)
Anterior resection (3)
Left colon 6% 6 L eft hemicolectomy (6)
#Right colon 34% 34 Rt. hemicolectomy (24)
Extended Rt. hemicolectomy(6)
Transverse colectomy (3)
Total colectomy (1), synchronous cancer
# Up to the splenic flexure.

None of the patientsfulfilled the Amsterdam
criteria.ll Seven patients (7%) had positive
family history of colorectal cancer; all were
consistent with Park criteriafor HNPCC (3
with Park | and 4 with Park I1), three out of
the seven patients had right sided tumors, while
only one patient had synchronous polyp. Thirty
one patients of the studied group (31%) showed
mutation in either or both MLH1 and MSH2
(19 patients with MLH1 mutation, 6 patients
with MSH2 and 6 patients showed both
MLH1&MSH2). Four (67%) of those with
mutation and positive family history (n=6)
harbored MLH1 mutation while in the
remaining two (33%) MSH2 mutation was
disclosed.

Seventy two percent of the tumorswerein
the form of masses, 67% of the tumors had
lymph node metastases, 51% were poorly
differentiated, 25% were mucinous carcinomas,
10% had synchronous polyps in the resected

specimens and one patient had synchronous
cancer.

Therewasno significant difference asregard
age and sex distribution or clinical presentation
among the mutation subgroups. On the other
hand six patients (19.4%) of the mutation group
had positive family history of colorectal cancer
fulfilling either Park | OR |1 criteria, whereas
one patient (1.4%) of the non mutation group
had positive family history of colorectal cancer
that fulfilled Park Il criteria. None of the
patients or their family members had history
of extra colonic malignancies.

Sixteen patients (51.6%) of the mutation
group had right sided tumors. This was
statistically significant (p<0.05) when
compared to the right sided tumors in the non
mutation group (26%). There was no significant
difference between mutation and non mutation
group regarding the site of the tumor elsawhere
in the colon or rectum Table(4).

Table (4): Comparison between the studied groups as regard anatomical distribution of

the tumor.

A.nat.omi'cal M utation group No mutation p
distribution n=31 n =69

Rectum 9 (29%) 30 (43.5%) >0.05
Rectosigmoid 4 (12.9%) 9 (13%) >0.05
Sigmoid 0 9 (13%) >0.05
Left colon 3(9.7%) 3 (4.3%) >0.05
Right colon 16 (51.6%) 18 (26%) <0.05




There was significant difference between
mutation group and non mutation groups
regarding the presence of poorly differentiation,
mucinous adenocarcinoma and the presence
of synchronous polyps or cancer (p<0.05), all

being more frequent among the mutation group.
On the other hand, lymph node metastases
were significant among non mutation group
(p<0.05) Table(b).

Table (5): Comparison between the studied groups as regard pathological features.

Pathological features M utar':ignsijroup No rr]n:tggion
Poorly differentiated 19 (61.3 %) 32 (46.4%)
Mucin positive 14 (45.2%) 11 (15.9%)
L.N. affection 19 (61.3%) 48 (69.6%)
Synchronous polyps 6 (19.4%) 4 (5.8%)
Synchronous CRC 1 (3.2%) 0

Among the mutation group, 8 patients
(42.1%) with mutation in MLH1 had poorly
differentiated tumors, compared to 5 patients
(83%) in MSH2 mutation subgroup. Also in
patients MLH1 mutation subgroups, there was
lesslymph node affection and less synchronous

polyps found in this subgroup. Otherwise there
was no significant difference between patients
with mutation in MLH1 and MSH2 in any of
the other compared parameters (gender, family
history, anatomical site and presence of mucin
Table(6).

Table (6): Comparison between the mutation subgroups as regard demographic, anatomical

and histopathological data.

) Subgroup A Subgroup B
Variables MLH1 mutation M SH2 mutation P
n=19 n=6

Gender

Males 11 (58%) 2(33.3%) >0.05

Females 8 (42%) 4 (66.7%)
Family history 4 (21%) 2(33.3%) >0.05
positive (Park criteria)
Anatomical site 11 (57%) 4(50%) ~0.05
Rt. colon Rectum 7 (36.8%) 2(33.3%) '
Poorly diffrentiated (GlII) 8 (42.1%) 5(83.3%) <0.05
Mucin 10 (52.6%) 3(50%) >0.05
Stage (Dukes C) 9 (47.3%) 6(100%) <0.01
Synchronous polyps 5 (26.3%) 0 <0.05




Discussion:

More than 30% of CRC patients in Egypt
are younger than 40 years.3 Therefore, wetried
to define the prevalence of mutation of MLH1
& MSH2 among young CRC patients and its
contribution to the high prevalence of CRC in
this age group.

As we proceeded in this study we tried to
define two groups of patients, mutation group,
that carried mutations in (MLH1 and /or
MSH2) and the non mutation group. We
considered the mutation group as HNPCC
group; defined by having a mutation in either
genes.1> Moreover, we were concerned about
the difference and similarity between both
groups, as well as between our results and the
other Egyptian and international studies of
CRC or HNPCC,; as regard to demographic
data, family history, anatomical data and
pathological data.

Though malesin our seriesrepresented 67%
of the non mutation group, there was an even
distribution between males and femal es among
the mutation group. The difference between
the two groups was, however, statistically
insignificant (P>0.05). Thisresultissimilar to
those reported by Abou Zeid and his associates
in 20023 & Soliman and his associates in
200116 in two separate studies on Egyption
CRC and agrees also with the results of Liu
and his associatesin 200417 on Chinese patients
with HNPCC with a male to female ratio of
1.2:1.

The main stay of the diagnosis of HNPCC
isadetailed family history, although Salovara
and his associates in 200018 reported 20% of
newly discovered cases to be due to
spontaneous germ line mutations. None of our
100 patientsfulfilled Amsterdam criteria, while
7(7%) were, either Park | criteria (3 cases) or
Park Il criteria (4cases) positive. In the
mutation group, 19.4% of the patients fulfilled
Park 1& 11 criteria, on the other hand only one
patient (1.4%) of the non-mutation group
fulfilled Park |1 criteria. This difference was
found to be statistically significant (P<0.05).
Therefore we speculate that the positivity of
the family history carries a great significance
in HNPCC patients. Even though more than
80% of the mutation group had negative family
history, more than 85% of patients with positive

family history belong to the mutation group.
This means that absence of family history
doesn’t exclude or even reduce the incidence
of occurrence of MM R genes mutation among
young Egyptian CRC patients. This low
prevalence of positive family history among
Egyptian patients was noticed in the work of
both Abou Zeid and his associatesin 20023 &
Soliman and his associates in 200116 where
they reported a prevalence of (4.5%) and
(1.7%), respectively. The relatively higher
resultsin thisreport compared to the previousy
mentioned studies, may be attributed to the
age sdlection criterion in our study which raised
the number of HNPCC cases among our
patientsi.e. "selection bias".

The low prevalence of the positive family
history among our HNPCC patients was also
observed in both Chinese HNPCC17 and
Japanese HNPCC patients.18 Furthermore, it
was reported recently by western authors.19.20
Thislow prevalence of positive family history
could be attributed to de-novo HNPCC
(spontaneous germ line mutation)2! or it could
reflect presence of exogenous environmental
factor that predisposed to germ line mutation.22

We found a high prevalence of MLH1
mutations compared to MSH2 among patients
with positive family history in the mutation
group (66.7% with MLH1 mutations versus
33.3 with MSH2 mutations). Interestingly Park
and his associatesin 199714 noticed that MLH1
mutations among Park criteria pogitive patients
represented also 66.7% of the totally observed
24 mutations and the remainder showed M SH2
mutations.

A preferential proximal location of HNPCC
has been reported in many studies and up to
70% of HNPCC were right sided among both
Western patients?3 and Chinese patients.1?
Thirty four percent of the total tumorsin this
study wereright sided (starting from the cecum
up to the splenic flexure) with a significant
(P<0.05) high prevalence of right sided
adenocarcinoma among the mutation group
(51.6%) compared to non-mutation group
(26%). This high prevalence of right sided
adenocarcinoma among the mutation group
was attributed to the unique nature of
HNPCC.24



Compared to Western CRC we found lower
prevalence of right sided tumors (51.6%), with
higher prevalence of rectal carcinoma (29%)
among our HNPCC patients. Thiswas similarly
reported by Soliman and his associates in
2001,16 with more than 50% of the Egyptian
CRC presented at the rectum. They suggested
that this peculiar distribution could be attributed
to the presence of exogenousfactor responsible
for carcinogenesis.

Fifty one percent of the totally examined
tumorswere poorly differentiated. This percent
increased among the mutation group (61.3%)
compared to the non-mutation group (46.3%)
(P< 0.05). Thisincidence is considered higher
than that reported by Western authors.2> This
may be attributed to the high prevalence of
poorly differentiated adenocarcinoma among
Egyptian patients where "more than 50% of
Egyptian CRC was poorly differentiated".16

Again, 25% of the total examined tumors
were mucinous. This high prevalence was
reflected on the mutation group, where
mucinous tumors were (45.2%) compared to
(15.9%) in non-mutation group. Thissignificant
high prevalence of mucinous adenocarcinoma
among the mutation group (P<0.05) may be
part of the general high prevalence of mucinous
adenocarcinoma among Egyptian CRC.3

Lymph nodal involvement was found in
67% of the total examined specimens. The
high prevalence of lymph nodal involvement
in this study compared to western CRC patients
could be related to the late presentation and
diagnosis of CRC among our patients or due
to the aggressiveness of the tumors.

Furthermore, we found that nodal
involvement was lower among the mutation
group (61.3%) compared to non-mutation
group (69.6%). This result contradicts with
that of Redston and his associates in 200125
who noticed a high prevalence of lymph nodal
involvement among HNPCC than sporadic
CRC Western cases.

Synchronous cancers were found in up to
18% of Western HNPCC patients.26 We had
only one patient (1%) of the total examined
patients with synchronous tumor, and it was
among the mutation group (3.2%). Though
this result could not be considered significant,
it was nearly similar to that of Liu and his

associates in 200417 reports on Chinese
HNPCC (3.1% with synchronous tumors), and
to Abou Zeid and his associates in 20023 on
Egyptian CRC patients (4.5% with synchronous
tumors).

On the other hand the presence of
synchronous polyps was noticed in 10% of the
total examined specimens in the present work.
Thiswas significantly higher (P<0.05) among
the mutation group (19.4%) compared to non-
mutation group (5.8%). Our result was higher
than that of Abou Zeid and his associates in
20023 who stated that only 5.6% of Egyptian
CRC had synchronous polyps. This may be
due to the age selection criterion in our study.

Interestingly, the incidence of synchronous
polyps in the mutation group was 19.4% .The
incidence of synchronous polypsin the Western
literaturesis not consistent asit is reported by
Stormorken and his associates in 200524 to be
"30% of HNPCC cases' whereas Koch and
his associates in 200523 observed in their work
that 14% of the mutation group has
synchronous polyps.

A clear predominance of MLH1 mutation
(61%) over MSH2 mutation (31.5%) was
observed in our study. This predominance of
MLH1 was reported in many western
studies?3 27, 28 with similar results (70% MLH1
and 50% M SH2) reported by the latter authors.

Except for the significantly higher MLH1
mutation among right CRC, Kruschewski and
his associates in 200227 found no significant
difference between MLH1 and MSH2
subgroups among western HNPCC patients as
regard tumor stage, lymph nodal involvement
and tumor differentiation. We noticed that
tumors of MLH1 mutation subgroup was
significantly less poorly differentiated (P<0.05),
had synchronous polyp (P<0.05) and with less
lymph nodal involvement (P<0.01). On the
other hand, there was no significant difference
in right side predominance in both MLH1&
M SH2 mutation subgroup.

Thirty one percent of the total examined
cases had mutations of MLH1 and/or MSH2.
This, finding is discordant with Thibodeau and
his associates in 199629 and Kruschewski and
his associates in 200227 who found mutations
in 28% and 12% of Western CRC patients,
respectively. Their results, however, did not



consider the age as a selection criterion.
Nonetheless and finally, Stormorken and his
associates in 200524 noticed that 45% of young
western CRC patients (Smilar to our age group)
had mutations of MLH1 and /or MSH2.

Conclusion:

The prevalence of Mismatch repair gene
in thiswork (31%) is lower than the same age
group of Western CRCs patients (45%). This
lower prevalence cannot solely explain what
has been reported by Abou Zeid and his
associates in 20023 that more than 30% of
CRC patientsin Egypt were younger than 40
years. We believe, nevertheless, that it may
pave the road for further researches to explain
this peculiar phenomenon.
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