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Abstract

AIM: To characterize clinicopathological and familial
features of early-onset colorectal cancer (CRC) and
compare features of tumors with and without micro-
satellite instability (MSI).

METHODS: Forty-five patients with CRC aged 45 or
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younger were included in the study. Clinical informa-
tion, a three-generation family history, and tumor
samples were obtained. MSI status was analyzed and
mismatch repair genes were examined in the MSI fam-
ilies. Tumors were included in a tissue microarray and
an immunohistochemical study was carried out with a
panel of selected antibodies.

RESULTS: Early onset CRC is characterized by advanced
stage at diagnosis, right colon location, low-grade of
differentiation, mucin production, and presence of pol-
yps. Hereditary forms represent at least 21% of cases.
Eighty-one percent of patients who died during follow-
up showed a lack of expression of cyclin E, which could
be a marker of poor prognosis. p-catenin expression
was normal in a high percentage of tumors.

CONCLUSION: Early-onset CRC has an important fami-
lial component, with a high proportion of tumors show-
ing microsatellite stable. Cyclin E might be a poor prog-
nosis factor.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

The prevalence of colorectal cancer (CRC) has been in-
creasing during recent years. In 2004, it had the second
highest incidence of all cancers and was the second
most common cause of cancer-related death in the Eu-
ropean Union", Early onset CRC is infrequent, with an
incidence of 2%-8% of all CRCs. In the United States,
between 1992 and 2005, the incidence of CRC in young
individuals (ages 20-49 years) increased at a rate of 1.5%
per year in men and 1.6% per year in women®.

Early onset of cancer is an indicator that a hereditary
component is more likely. The most frequent hereditary
form of CRC is Lynch syndrome. It is estimated to rep-
resent about 2%-5% of all CRCs, and is characterized
by the development of CRC (and other types of cancer)
at a mean age of 43 years””., Its molecular basis is a
DNA mismatch repair (MMR) gene defect, which leads
to changes in the length of repetitive DNA sequences,
known as microsatellite instability (MSI).

The proportion of MSI tumors found in young pa-
tients varies between 19.7% and 41%, depending on the
age of onset””. On the other hand, Lynch syndrome is
estimated to cause about 1/3 of the CRC cases occutting
at a young age'™™'*'!!. There are some controversial aspects
to the natural history and prognosis of early onset CRC,
and some clinical and pathological differences compared
to CRC in elderly patients®. Early onset CRCs are local-
ized mostly in the right colon, are frequently pootly dif-
ferentiated, show mucin production, and can develop syn-
chronous and metachronous tumors'”. These differences
are more matked in cases with a family history suggestive
of Lynch syndrome, or with molecular characteristics like
MSI[8,12»14].

There is little information about microsatellite stable
(MSS) forms of CRC in young adults, not only regarding
their anatomoclinical features but also regarding their mo-
lecular characteristics. For example, there is an increased
proportion of MSS tumors in young patients with rectal
cancer”. Furthermore, several studies show that some al-
terations in molecular markers typical of MSS eartly onset
CRCs also occur in sporadic cases of CRC, such as modi-
fied expression of APC, B-catenin and p53”.

The aim of our study was to characterize eatly onset
CRC by analyzing its clinical, pathological, familial, molec-
ular, and immunohistochemical IHC) features. We have
determined the proportion of Lynch syndrome in our
series, and have compared the characteristics of the MSS
and MSI groups.

MATERIALS AND METHODS

Families, samples and data collection

A total of 45 individuals diagnosed with CRC at an
age of 45 or younger were collected from two differ-
ent Spanish institutions (Gregorio Marafién Hospital in
Madrid, and Segovia General Hospital). All patients, or
a first degree relative in case of death of the index case,
provided written consent.
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A full three-generation family medical history and
colorectal paratfin-embedded tumors were obtained from
each proband.

Personal and tumor clinicopathological information
was obtained regarding age of onset, gender, location of
the CRC (tight/left colon or rectum), grade of cell dif-
ferentiation (low, medium, or high), mucin production,
modified Astler-Coller stage, the existence of polyps, and
the presence of synchronous or metachronous CRCs.
Mean follow-up was 60 mo.

To analyze the familial cancer history of each index
case, we divided the neoplasms into two groups: Lynch
syndrome-related tumors, and Lynch syndrome-unrelated
tumors.

DNA extraction

A tissue specimen was obtained from the index case. Prior
to DNA extraction, tumor and normal areas of the paraffin-
embedded samples wete selected 2z microscopic inspection.
The proportion of tumor cells in the material used for DNA
extraction exceeded 70% in all cases. DNA was extracted
using proteinase K digestion, phenol-chloroform extrac-
tion, Phase Lock Gel™ Light (Eppendorf AG, Germany),
and EtOH protocol precipitation.

MSI and MMR immunohistochemistry analyses
Microsatellite status was assessed using the BAT-26 mono-
nucleotide marker, based on its high sensitivity"*"". How-
ever, in order to discard false negative results, all BAT-26
MSS cases fulfilling the Amsterdam [ criteria”, were
analyzed using the Bethesda panel. BAT-26 was PCR am-
plified and fragments were evaluated using an ABI auto-
mated sequencer and GeneScan Software. For analysis of
the Bethesda panel, we used the HNPCC Microsatellite
Instability Test kit (Roche, Mannheim, Germany).

IHC staining for markers of the following processes
was performed: MMR; apoptosis; cell adhesion; cell cycle;
proliferation, and others. Markers and clones used are
shown in Table 1. All samples were fixed onto a tissue mi-
croarray, on which the IHC analysis was carried out.

Scoring of tumor staining was done without any
knowledge of the patients’ family history or results of
mutation analyses.

Detection of mutations and large deletions

Cases showing MSI and/or lack of expression of MMR
proteins in tumors were screened for germline mutations
in the DNA MMR genes MILH7 and MSH2, by denatur-
ing gradient-gel electrophoresis (DGGE) on a DCode
System (BioRad), using primers and denaturing conditions
previously reported, with slight modifications™. Some
samples were analyzed by denaturing high-performance
liquid chromatography (dHPLC) (http://insertion.stan-
ford.edu/melt.html). When an anomalous band pattern
was observed by DGGE or dHPLC, a new PCR product
of the fragment was sequenced, using the BigDye Ter-
minator v3.1 Cycle Sequencing Kit (Applied Biosystems)
and analyzed with a Genetic Analyzer ABI Prism 3130
(Applied Biosystems).
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Marker Supplier Clone
Mismatch repair system proteins
Mih1 BD PharMingen G168-15
Msh2 Oncogene FE11
Mshé6 BD Transduction Lab. 44
Apoptosis
Bcl-2 DAKO 124
Cell adhesion
B-catenin BD Transduction Lab. 14
E-cadherin Zymed 4A2C7
Cell cycle markers
Chk2 Novocastra DCS 270.1
Cyclin A Novocastra 6E6
Cyclin D1 NeoMarkers SP4-rabbit
Cyclin D3 Novocastra DCS-22
Cyclin E Novocastra 13A3
plé Santa Cruz F-12
p21 (WAF1) Oncogene EA10
p27 BD Transduction Lab. 57
RB-P Santa Cruz Poli-rabbit
Skp2 Zymed 1G12E9
Cdk2 NeoMarkers 8D4
Proliferation
p53 Novocastra DO-7
Ki-67 DAKO MIB-1
Others
CK20 DAKO Ks20.8
RAD50 Abcam 2C6
SMAD4 Santa Cruz B8
Statistical analysis

Continuous variables were expressed as the median values
plus/minus SD, and categorical variables were expressed
as number of cases and their percentage. Differences
were considered significant when P < 0.05. For associa-
tions between clinicopathological, familial and molecular
features, and MSI status, statistical analyses were pet-
formed using Pearson’s XZ test for parametric variables,
and Fisher’s exact test for non-parametric variables.
When those features were continuous vatiables, Student’s
#-test was used, as well as for some familial features, to
compare the differences between both groups. The SPSS
v.11.5 for Windows (SPSS, Inc., Chicago, IL) statistical
package was used.

RESULTS

Clinicopathological features

We studied a total of 45 subjects diagnosed with CRC at
an age of 45 years old or younger. Clinicopathological
characteristics of all cases are shown in Table 2. A high
proportion of tumors were located in the right side of the
colon (45%). The proportion of pootly differentiated tu-
mors was also notable (16%). The proportion of mucin-
producing tumors (mucinous tumors and “signet ring”
cell tumors) was 33% of all cases. More than 50% of all
tumors were in an advanced stage when diagnosed, with
lymph-node involvement and/or distant metastasis. Other
rematkable features were incidence of polyps found dur-
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Global MSS MsI P D
Patients 45 (100) 29 (69)" 13 (31)"
Median age of onset 39 (25-45) 41 (25-45) 37 (32-42) 0.03°
(range, yr)
Sex

Male 23 (51) 13 (45) 7 (54)

Female 22 (49) 16 (55) 6 (46) NS
Location

Right colon 20 (45) 11 (38) 9 (69)

Left colon 15 (33) 11 (38) 2 (16)

Rectum 10 (22) 7 (24) 2 (15) NS
Tumor differentiation

Well 2(4) 2(7) 0(0)

Moderate 36 (80) 23 (79) 10 (77)

Poor 7 (16) 4 (14) 3(23) NS
Mucin production 15 (33) 5(17) 5(39) NS
“Signet ring” cells 4(9) 0/29 (0) 4/13 (30) 0.006
Modified Astler
Coller stage

A 3(7) 2(7) 0(0)

B 17 (38) 12 (41) 5(39)

C 15 (33) 7 (24) 6 (46)

D 10 (22) 8 (28) 2 (15) NS
Associated polyps 15 (33) 10 (35) 4 (31) NS
during follow-up
Synchronous or 3(7) 1(3) 1(8) NS
metachronous CRCs
Familial history of
cancer

Lynch-related 18 (40) 5(17) 1185) <0.01

neoplasms in family

Lynch unrelated 12 (27) 8 (28) 7 (54) 0.02

neoplasms

Sporadic cases 27 (60) 24 (83) 2(15) <0.001

'Proportions were calculated for 42 tumors; *Statistical comparison between
microsatellite stable (MSS) and microsatellite instability (MSI) groups was
performed using Student’s t test. CRC: Colorectal cancer; NS: Not significant.

ing follow-up (33%) and three cases (7%) of synchronous
and metachronous CRCs. Adenomatous polyps were the
most frequently observed type of polyp (13/15).

Median overall survival was 60 mo, while Median Free-
Disease Survival was 48 mo. Twenty-three point nine per
cent of the patients showed recurrence during follow-up,
and overall mortality was 38% (17 patients).

Familial features

Table 2 shows the familial cancer history data. One patient
was a case with familial adenomatous polyposis (FAP); 27
(60%) were sporadic cases with Lynch syndrome (without
Lynch syndrome-associated neoplasms in their families),
while 20% showed familial aggregation, and eight fulfilled
Amsterdam 1T criteria. Apart from CRC, the other most
frequent tumors were endometrial adenocarcinoma (six
families) and gastric cancer (four families). Twelve families
(27%) had other neoplasms not related to Lynch syn-
drome; the most frequent ones being breast cancer (four
cases), larynx cancer (three cases), and leukemia (three
cases).
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Normal Lack of
expression expression
Mismatch repair system proteins
Mih1 24 (86) 4 (14)
Msh2 24 (86) 4 (14)
Mshé6 23 (88) 3(12)
Apoptosis
Bcl-2 7 (25) 21 (75)
Cell adhesion
B-catenin
Membrane 24 (86) 4 (14)
Nucleus 10 (36) 18 (64)
E-cadherin 19 (73) 7 (27)
Cell cycle markers
Chk2 13 (54) 11 (46)
Cyclin A 13 (46) 15 (54)
Cyclin D1 12 (43) 16 (57)
Cyclin D3 12 (43) 16 (57)
Cyclin E 8 (30) 19 (70)
plé 13 (48) 14 (52)
p21 14 (56) 11 (44)
p27 12 (52) 11 (48)
RB-P 13 (48) 14 (52)
Skp2 12 (46) 14 (54)
Cdk2 13 (48) 14 (52)
Proliferation
p53 15 (54) 13 (46)
Ki-67 17 (63) 6 (37)
Others
CK20 10 (59) 7 (41)
RAD50 10 (63) 6 (37)
SMAD4 13 (54) 11 (46)

"Not all tumors could be studied by immunohistochemical.

Molecular features

Forty-two of the 45 cases were studied for MSI. The three
excluded cases were: the FAP case, with an APC gene
germline mutation (c.916delCT), and two additional
cases, due to lack of paraffin embedded tumor tissue.
Thirteen tumors (31%) showed MSI and the remaining
29 were therefore defined as MSS.

Blood samples were taken from the MSI index cases
for MILH7 and MSH2 mutation screening. MSHG was
not studied because none of the tumors showed lack of
Msh6 protein alone in IHC analysis. Eight of the 13 ana-
lyzed cases (62%0) showed a pathogenic germline mutation
in one of the MMR genes: three cases had a mutation in
MI_HT1, and five cases had a mutation in MSHZ2. None of
the MSS tumors showed lack of expression of MMR pro-
teins in the IHC study.

IHC studies with the remaining antibodies were cat-
ried out on 28 cases (Table 3). A remarkable finding was
the high proportion of tumors lacking expression of cyc-
lin E, especially in those patients who died during follow-
up (9/11). Similatly, all six stage D CRCs included in the
IHC study also showed lack of cyclin E expression. The
lack of cyclin E expression is either an indicator of poor
prognosis or a marker of advanced stage disease. J-catenin
and E-cadherin, two proteins in the Wnt pathway, which
plays an important role in CRC carcinogenesis, were nor-
mal in a high proportion of studied tumors.
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Comparison between MSI and MSS tumors
Clinicopathological features: The comparison of the
clinicopathological characteristics of the two defined
groups (MSS and MSI) is shown in Table 2. Statistically
significant differences were observed in the age of onset,
which was earlier in the MSI cases, and in the presence of
“signet-ring cell” tumors, which were absent in the MSS
group. No statistically significant differences wete found
in the other variables analyzed, probably due to the small
sample size. However, it is important to undetline that
the MSI CRCs were more frequently located proximally
(69%), were poortly differentiated with higher mucin pro-
duction, and were associated with other CRCs. The fre-
quency of polyps during follow-up was the same in MSS
and MSI tumors (35% and 31%, respectively). Another
remarkable feature was that more than a half of all cases
were diagnosed at an advanced stage (with lymph node
involvement and/or distant metastasis, stages C or D):
52% for MSS and 61% for MSI.

There might be a trend towards a better prognosis for
the MSI group when compared with the MSS group, but
without reaching statistical significance: 62 mo »s 48 mo
for median overall survival, and 62 mo »s 29 mo in terms
of median disease-free survival. Mortality was higher in
the MSS group (41%) than in the MSI group (31%).

Familial features: Table 2 shows familial cancer infor-
mation and results obtained from the comparison of the
MSS and MSI families. MSI cases are more frequently as-
sociated to Lynch-related neoplasia. On the other hand,
the proportion of sporadic cases is very high in MSS tu-
mors (83%).

Molecular features: The comparison of the IHC study
in MSI and MSS tumors is shown in Table 4. None of the
MSS tumors demonstrated lack of expression of MMR
proteins in the IHC study. There was, as mentioned above,
a good correlation between MSI and the IHC study of
the MMR proteins.

Normal expression of B-catenin reached the same
proportion (86%) in both types of tumors, indicative of
the integrity of the Wnt signalling pathway in eatly age-
of-onset CRCs. The high rate of MSI tumors with lack of
expression of CK20 and RADS50 was also remarkable.

DISCUSSION

Early onset of CRC in young adults used to be considered
to be rare, but many recent reports suggest not only that
early onset CRC reaches 8% of all CRCs, but also that
it might be increasing“’zj. Similarly, it is a common belief
that early onset CRC is mainly related to hereditary forms,
especially to Lynch syndrome. In our study, the presence
of a familial background of CRC is confirmed in 38% of
the cases, 18% fulfilling Amsterdam criteria type I for
Lynch syndrome. Hereditary forms of CRC were con-
firmed in nine patients of the present series. One was a
FAP case with an APC germline mutation, and the other
eight cases were Lynch syndrome. The rate of MSI in
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IHC expression P
MSS MSI
Normal Lack Normal Lack
MMR system proteins
Mih1 20 (100)  0(0) 4 (50) 4 (50) 0.010
Msh2 21 (100) 0(0) 3 (43) 4 (57) 0.002
Ms6 21 (100) 0(0) 2 (40) 3 (60) 0.004
Apoptosis
Bcl-2 5(04) 16(76) 2(29) 5(71) NS
Cell adhesion
B-catenin
Membrane 18 (86) 3(14) 6(86) 1(14) NS
Nucleus 38 13(62) 2(29 5(71) NS
E-cadherin 15 (75) 5(25) 4 (60) 2 (40) NS
Cell cycle markers
Chk2 10 (53) 9(47)  4(60) 2 (40) NS
Cyclin A 8(38) 13(62) 5(71) 2(9 NS
Cyclin D1 7(3) 14(67) 5(71) 229 NS
Cyclin D3 8(38) 13(62) 4(57) 3(43) NS
Cyclin E 3(14) 18(86) 5(83) 1(17)  0.004
pl6 943) 12(57) 4(67) 2(33) NS
p21 10 (53) 9(47) 4(67) 2(33) NS
p27 8(44) 10(56) 4 (80) 1 (20) NS
RB-P 11 (55) 9(45) 2(29) 5(71) NS
Skp2 9(43) 12(57) 3 (60) 2 (40) NS
Cdk2 943) 12(57) 4(67) 2 (33) NS
Proliferation
p53 11(52) 10(48) 5(57) 3 (43) NS
Ki-67 14 (67) 7(33)  3(50) 3 (50) NS
Others
CK20 9 (75) 3(25) 1(20) 4 (80) NS
RAD50 9 (75) 3(25) 1(25) 3 (75) NS
SMAD4 11 (55) 9(45)  2(50) 2 (50) NS

IHC: Immunohistochemical, MSS: Microsatellite stable; MSI: Microsatellite
instability; MMR: Mismatch repair; NS: Not significant.

our seties is similar to that described in previous studies,
ranging between 19.7% and 41%'”. Twenty-nine cases
showed MSS. This group showed a predominance of spo-
radic cases. Nevertheless, there were cases that showed a
positive family history. Some of them might be associated
to Familial CRC type X, namely cases with MSS tumors
but fulfilling Amsterdam criteria for Lynch syndrome®*?.,
These findings, however, undetline the important, but not
unique role, of the known hereditary factors in this age
group, prompting further searches for additional causative
genes for inherited CRC.

The total sample of eatly age-of-onset CRCs is chat-
acterized by an important proportion of tumors that are
localized in the right colon (44%), have a low-grade of
differentiation (16%), produce mucin (33%), and have as-
sociated polyps (33%). Regarding pathological features, the
strong trend towards low-grade differentiation and mucin
production of tumors in this age group is desctibed in the
literature!”. Other characteristics, such as synchronous and
metachronous CRCs (7%) and the appearance of predom-
inantly adenomatous polyps during the follow-up in a third
of the cases, have rarely been studied previously™"”

Another finding is the advanced stage of the tumors at
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diagnosis, with more than half of the cases presenting with
lymph node and/or distant metastasis in the pathologi-
cal exam. This is the consequence of a delay in diagnosis,
which is a characteristic of these early age-of-onset CRCs
reported repeatedly in the literature™*",

The results obtained with the cyclin E antibody in the
IHC study atre quite remarkable. High levels of cyclin E, a
G1/S phase transition controller, are found in many dif-
ferent tumors, including CRCs™, Cyclin E expression
has only been evaluated in sporadic forms of CRC, with
a variable value as a prognostic factor. Some publications
suggest that lack of expression of cyclin E is associated
with a faster growth of CRC, but others suggest the op-
positem’%’m. Seventy per cent of our tumors showed lack
of expression of this marker, especially the group of MSS
CRCs, in which the proportion reached 86%, while the
opposite occurred in the MSI group. The lack of expres-
sion of cyclin E might be associated with a poor progno-
sis, because expression was absent in most patients who
died during follow-up (9/11), and all six stage D CRCs
included in the IHC study also showed lack of expres-
sion of cyclin E. This was observed in both the MSS and
the MSI groups, and in the latter group, the only case
that showed lack of expression also died during follow-
up. Although the sample size is small and the results must
therefore be taken with caution, data related to cyclin E
as a factor of poor prognosis must be validated in a larger
series. In fact, it would be interesting to see if lack of
expression of cyclin E corresponds with a subgroup of
patients with apparently stable, near-diploid chromosomes
and MSS (MACS); CRC in these patients shows an ag-
gressive pattern and the MACS phenotype appeats to be
overrepresented in early-onset tumors™*,

Another important finding of the present study is
related to the Wnt pathway. We found a high proportion
of normal expression of B-catenin. This protein is an
indicator of Wnt pathway dynamics"”
sion of [B-catenin, mainly in the nucleus, is considered a
good marker of the activity of the Wnt pathway"”*?. The
activation of this pathway often occurs in MSS tumors,
but also in MSI tumors, independent of the age of on-

et™. Our findings, however, might indicate that the Wnt
pathway is not involved in a substantial proportion of our
early onset CRCs.

Early onset CRC is a heterogeneous group. To clas-
sify different subtypes with common etiology, the use of
tools, such as MSI or IHC for MMR proteins, to identify
an MMR system deficiency or an intact system (MSS)
might be an appropriate and useful approach. All clinico-
pathological features analyzed in the global series tend to
be more marked when the series is divided into MSI and
MSS groups. MSI eatly onset CRCs showed characteristics
similar to Lynch syndrome: earlier age of onset, predomi-
nant location in the right colon, and a high proportion of
pootly differentiated tumors, in accordance with previous
reports™”. The same occurs with an elevated proportion
of mucin-producing tumors (39%), and “signet-ring” cell
tumors. MSS, on the contrary, are tumors that have an

, and the expres-
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older age of onset, are mainly located in the left colon,
and have a low proportion of mucinous or “signet ring”
cell tumors.

From the molecular point of view, our data must be
confirmed in a larger series to reach more reliable conclu-
sions. Nevertheless, some results should be emphasized.
There is a good correlation between the lack of expres-
sion of MMR proteins and MSI. This is in agreement with
published data, showing a positive prospective value of
the THC of 88%-100%"*", Cyclin E is expressed in most
of the MSI tumors, and the opposite occurs in the MSS,
as published for sporadic CRC"". We found a normal ex-
pression of B-catenin in most MSI and MSS tumors. Our
results contradict published findings for sporadic CRC, in
which a high proportion of MSS tumors show an abnor-
mal expression of B-catenin (90%), which decreases to
65% in MSI tumors”"". There are few published studies
focused on early onset CRC but in these the proportion
of abnormal (3-catenin expression is still significant (77.2%
and 42.9% for MSS and MSI, respectively)®. Our results,
however, should be confirmed by comparing them with
control groups of CRCs, to exclude the possibility that
technical differences or differences in interpretation of
the staining patterns, might explain these contradictory
findings.

Early onset CRC has an important proportion of
hereditary forms of CRC. The apparent lack of involve-
ment of the Wnt pathway is important, as is the possible
value of cyclin E as a poor prognosis factor in early on-
set CRC. The advanced stage at diagnosis, as well as the
still not fully understood group of MSS tumors, should
promote a strong effort to diagnose these tumors at an
earlier stage, providing a better understanding of MSS
early onset CRC.
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Background

Initially early-onset colorectal cancer (CRC) was thought to be a group mainly
composed by hereditary forms of CRC (Lynch syndrome), as early-onset is a
characteristic of hereditary forms of cancer, and because of that, most of the
publications focused on the hereditary component of this group of CRC.

Research frontiers

There is a larger group of hereditary forms of CRC, compared with that arising
in the older population. However, there is an important proportion of tumors that
apparently do not show characteristics of the already known hereditary forms of
CRC, and which are not well studied.

Innovations and breakthroughs

This is the first time that a complete approach (clinicopathological, familial, mo-
lecular, and immunohistochemical) to the early-onset CRC has been performed.
The authors have identified certain characteristics that seem to be more
frequent in the early-onset CRC. The proportion of hereditary forms, though,
represents a relatively small amount of the cases, and some interesting findings
are presented that allow prognozing of these patients.
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Applications

This is the first step towards a deeper understanding of early-onset CRC, an en-
ity that is increasing in an especially sensitive group of population.

Peer review

The authors present an in depth analysis of young patients (< 45 years) pre-
senting with CRC. Though the sample is small (n = 45) they perform a com-
parative analysis between those cases that are microsatellite stable and those
that show microsatellite instability.

REFERENCES

1  Boyle P, Ferlay J. Cancer incidence and mortality in Europe,
2004. Ann Oncol 2005; 16: 481-488

2 Siegel RL, Jemal A, Ward EM. Increase in incidence of
colorectal cancer among young men and women in the Unit-
ed States. Cancer Epidemiol Biomarkers Prev 2009; 18: 1695-1698

3 Aaltonen LA, Salovaara R, Kristo P, Canzian F, Hemminki
A, Peltomiki P, Chadwick RB, Kairidinen H, Eskelinen M,
Jarvinen H, Mecklin JP, de la Chapelle A. Incidence of he-
reditary nonpolyposis colorectal cancer and the feasibility of
molecular screening for the disease. N Engl ] Med 1998; 338:
1481-1487

4 Samowitz WS, Curtin K, Lin HH, Robertson MA, Schaffer D,
Nichols M, Gruenthal K, Leppert MF, Slattery ML. The colon
cancer burden of genetically defined hereditary nonpolyposis
colon cancer. Gastroenterology 2001; 121: 830-838

5  Watson P, Lynch HT. The tumor spectrum in HNPCC. Anti-
cancer Res 1994; 14: 1635-1639

6 Vasen HF, Watson P, Mecklin JP, Lynch HT. New clinical cri-
teria for hereditary nonpolyposis colorectal cancer (HNPCC,
Lynch syndrome) proposed by the International Collabora-
tive group on HNPCC. Gastroenterology 1999; 116: 1453-1456

7 Liang JT, Huang KC, Cheng AL, Jeng YM, Wu MS, Wang
SM. Clinicopathological and molecular biological features
of colorectal cancer in patients less than 40 years of age. Br |
Surg 2003; 90: 205-214

8 Losi L, Di Gregorio C, Pedroni M, Ponti G, Roncucci L, Scar-
selli A, Genuardi M, Baglioni S, Marino M, Rossi G, Benatti P,
Maffei S, Menigatti M, Roncari B, Ponz de Leon M. Molecular
genetic alterations and clinical features in early-onset colorec-
tal carcinomas and their role for the recognition of hereditary
cancer syndromes. Am | Gastroenterol 2005; 100: 2280-2287

9 Yiu R, Qiu H, Lee SH, Garcfa-Aguilar J. Mechanisms of mic-
rosatellite instability in colorectal cancer patients in different
age groups. Dis Colon Rectum 2005; 48: 2061-2069

10 Aaltonen LA, Peltoméki P, Mecklin JP, Jarvinen H, Jass JR,
Green ]S, Lynch HT, Watson P, Tallqvist G, Juhola M. Rep-
lication errors in benign and malignant tumors from heredi-
tary nonpolyposis colorectal cancer patients. Cancer Res 1994;
54: 1645-1648

11  Farrington SM, Lin-Goerke ], Ling ], Wang Y, Burczak ]JD,
Robbins DJ, Dunlop MG. Systematic analysis of hMSH2 and
hMLH1 in young colon cancer patients and controls. Am |
Hum Genet 1998; 63: 749-759

12 Chiang JM, Chen MC, Changchien CR, Chen JS, Tang R,
Wang JY, Yeh CY, Fan CW, Tsai WS. Favorable influence of
age on tumor characteristics of sporadic colorectal adenocar-
cinoma: patients 30 years of age or younger may be a distinct
patient group. Dis Colon Rectum 2003; 46: 904-910

13  Gryfe R, Kim H, Hsieh ET, Aronson MD, Holowaty EJ, Bull
SB, Redston M, Gallinger S. Tumor microsatellite instability
and clinical outcome in young patients with colorectal cancer.
N Engl ] Med 2000; 342: 69-77

14  Chung YF, Eu KW, Machin D, Ho JM, Nyam DC, Leong AF,
Ho YH, Seow-Choen F. Young age is not a poor prognostic
marker in colorectal cancer. Br | Surg 1998; 85: 1255-1259

15 Fernebro E, Halvarsson B, Baldetorp B, Nilbert M. Predomi-
nance of CIN versus MSI in the development of rectal cancer
at young age. BMC Cancer 2002; 2: 25

16  Boland CR, Thibodeau SN, Hamilton SR, Sidransky D, Eshle-

August 7,2010 | Volume 16 | Issue 29 |



17

18

19

20

21

22

23

24

25

26

27

man JR, Burt RW, Meltzer SJ, Rodriguez-Bigas MA, Fodde R,
Ranzani GN, Srivastava S. A National Cancer Institute Work-
shop on Microsatellite Instability for cancer detection and
familial predisposition: development of international criteria
for the determination of microsatellite instability in colorectal
cancer. Cancer Res 1998; 58: 5248-5257

Hoang JM, Cottu PH, Thuille B, Salmon R]J, Thomas G,
Hamelin R. BAT-26, an indicator of the replication error phe-
notype in colorectal cancers and cell lines. Cancer Res 1997; 57:
300-303

Loukola A, Eklin K, Laiho P, Salovaara R, Kristo P, Jarvinen
H, Mecklin JP, Launonen V, Aaltonen LA. Microsatellite
marker analysis in screening for hereditary nonpolyposis
colorectal cancer (HNPCC). Cancer Res 2001; 61: 4545-4549
Vasen HF, Mecklin JP, Khan PM, Lynch HT. The Interna-
tional Collaborative Group on Hereditary Non-Polyposis
Colorectal Cancer (ICG-HNPCC). Dis Colon Rectum 1991; 34:
424-425

Wijnen J, Khan PM, Vasen H, Menko F, van der Klift H, van
den Broek M, van Leeuwen-Cornelisse I, Nagengast F, Mei-
jers-Heijboer EJ, Lindhout D, Griffioen G, Cats A, Kleibeuker
J, Varesco L, Bertario L, Bisgaard ML, Mohr ], Kolodner R,
Fodde R. Majority of hMLH1 mutations responsible for he-
reditary nonpolyposis colorectal cancer cluster at the exonic
region 15-16. Am | Hum Genet 1996; 58: 300-307

Valle L, Perea J, Carbonell P, Fernandez V, Dotor AM,
Benitez J, Urioste M. Clinicopathologic and pedigree dif-
ferences in amsterdam I-positive hereditary nonpolyposis
colorectal cancer families according to tumor microsatellite
instability status. ] Clin Oncol 2007; 25: 781-786

Boland CR. Clinical uses of microsatellite instability testing
in colorectal cancer: an ongoing challenge. | Clin Oncol 2007;
25: 754-756

Yasui W, Akama Y, Kuniyasu H, Yokozaki H, Semba S, Shi-
mamoto F, Tahara E. Expression of cyclin E in human gastric
adenomas and adenocarcinomas: correlation with prolifera-
tive activity and p53 status. | Exp Ther Oncol 1996; 1: 88-94
Yasui W, Naka K, Suzuki T, Fujimoto ], Hayashi K, Matsu-
tani N, Yokozaki H, Tahara E. Expression of p27Kipl, cyclin
E and E2F-1 in primary and metastatic tumors of gastric car-
cinoma. Orncol Rep 1999; 6: 983-987

Miiller-Tidow C, Metzger R, Kiigler K, Diederichs S, Idos G,
Thomas M, Dockhorn-Dworniczak B, Schneider PM, Koeffler
HP, Berdel WE, Serve H. Cyclin E is the only cyclin-depen-
dent kinase 2-associated cyclin that predicts metastasis and
survival in early stage non-small cell lung cancer. Cancer Res
2001; 61: 647-653

Sutter T, Dansranjavin T, Lubinski ], Debniak T, Giannakudis
J, Hoang-Vu C, Dralle H. Overexpression of cyclin E protein
is closely related to the mutator phenotype of colorectal carci-
noma. Int | Colorectal Dis 2002; 17: 374-380

Bondi J, Husdal A, Bukholm G, Nesland JM, Bakka A, Buk-

144

TR
Reishideng”

WJG | www.wjgnet.com

3703

Perea ] et a/. Approach to early-onset colorectal cancer

28

29

30

31

32

33

34

35

36

37

holm IR. Expression and gene amplification of primary (A,
B1, D1, D3, and E) and secondary (C and H) cyclins in colon
adenocarcinomas and correlation with patient outcome. | Clin
Pathol 2005; 58: 509-514

Chan TL, Curtis LC, Leung SY, Farrington SM, Ho JW, Chan
AS, Lam PW, Tse CW, Dunlop MG, Wyllie AH, Yuen ST.
Early-onset colorectal cancer with stable microsatellite DNA
and near-diploid chromosomes. Oncogene 2001; 20: 4871-4876
Banerjea A, Hands RE, Powar MP, Bustin SA, Dorudi S. Mi-
crosatellite and chromosomal stable colorectal cancers dem-
onstrate poor immunogenicity and early disease recurrence.
Colorectal Dis 2009; 11: 601-608

Morin PJ, Sparks AB, Korinek V, Barker N, Clevers H, Vogel-
stein B, Kinzler KW. Activation of beta-catenin-Tcf signaling
in colon cancer by mutations in beta-catenin or APC. Science
1997; 275: 1787-1790

Iwamoto M, Ahnen DJ, Franklin WA, Maltzman TH. Ex-
pression of beta-catenin and full-length APC protein in nor-
mal and neoplastic colonic tissues. Carcinogenesis 2000; 21:
1935-1940

Hinoi T, Tani M, Lucas PC, Caca K, Dunn RL, Macri E, Loda
M, Appelman HD, Cho KR, Fearon ER. Loss of CDX2 expres-
sion and microsatellite instability are prominent features of
large cell minimally differentiated carcinomas of the colon.
Am ] Pathol 2001; 159: 2239-2248

Shimizu Y, Ikeda S, Fujimori M, Kodama S, Nakahara M,
Okajima M, Asahara T. Frequent alterations in the Wnt sig-
naling pathway in colorectal cancer with microsatellite insta-
bility. Genes Chromosomes Cancer 2002; 33: 73-81

Southey MC, Jenkins MA, Mead L, Whitty J, Trivett M, Tes-
oriero AA, Smith LD, Jennings K, Grubb G, Royce SG, Walsh
MD, Barker MA, Young JP, Jass JR, St John DJ, Macrae FA,
Giles GG, Hopper JL. Use of molecular tumor characteris-
tics to prioritize mismatch repair gene testing in early-onset
colorectal cancer. | Clin Oncol 2005; 23: 6524-6532

Niessen RC, Berends MJ, Wu Y, Sijmons RH, Hollema H,
Ligtenberg MJ, de Walle HE, de Vries EG, Karrenbeld A,
Buys CH, van der Zee AG, Hofstra RM, Kleibeuker JH.
Identification of mismatch repair gene mutations in young
patients with colorectal cancer and in patients with multiple
tumours associated with hereditary non-polyposis colorectal
cancer. Gut 2006; 55: 1781-1788

Abdel-Rahman WM, Ollikainen M, Kariola R, Jarvinen HJ,
Mecklin JP, Nystrom-Lahti M, Knuutila S, Peltoméki P. Com-
prehensive characterization of HNPCC-related colorectal
cancers reveals striking molecular features in families with
no germline mismatch repair gene mutations. Oncogene 2005;
24: 1542-1551

Kariola R, Abdel-Rahman WM, Ollikainen M, Butzow R, Pel-
tomiki P, Nystrom M. APC and beta-catenin protein expres-
sion patterns in HNPCC-related endometrial and colorectal
cancers. Fam Cancer 2005; 4: 187-190

S- Editor Wang YR L- Editor Stewart G] E- Editor Zheng XM

August 7,2010 | Volume 16 | Issue 29 |



