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TABLE 1

Mismatch repair gene DNA Repair MSH2

PMS1
PMS2

Genes, Gene Function and Tumor Development

CDKN2 Pancreatic cancer

Muir-Torre Syndrome
MLH1 HNPCC

mosome 17p losses are infrequent in ad-
enomas, but are present in more than

Mechanism Function Gene Tumor or Syndrome 75% of carcinomas. In nearly all tumors
Oncogene Growth RET MEN2A & B with loss on one chromosome at 17p, in-
RAS Colon cancer activating mutations of the remaining

Pancreatic cancer TP53 allele can be detected. The p53

Tumor suppressor gene ~ Brake P53 Li-Fraumeni syndrome product normally has a role in cell cycle
APC g::g n cancer control, and loss of function by inacti-

vation of both copies of the gene appears
to be a late event associated with tran-

Melanoma g A
DCce Metastatic colon cancer sition to carcinoma. Chromosome dele-
DCP4 Pancreatic cancer tions involving 18q are present in about

50% of late adenomas and 70% of car-
cinomas. Interestingly, virtually all co-
lorectal tumors that have metastasized to
the liver have 18q losses, suggesting a
role for the DCC gene in tumor progres-

most commonly in the ascending colon. It has recently been
demonstrated that patients with HNPCC have germline
mutations in one of four DNA mismatch repair genes
(MSH2, MLH1, PMSI, PMS2) that normally function in
DNA damage recognition and repair. In approximately
60% of families with the clinical characteristics of HNPCC,
a germline mutation is present in the MSH2 gene on chro-
mosome 2. A somatic mutation that inactivates the re-
maining normal allele occurs in tumor DNA, resulting in
loss of function of the gene and decreased surveillance and
repair of DNA mismatches that arise in a dividing cell.
Tumor DNA from affected patients displays a characteristic
replication error of repeats (RER) phenotype manifested as
instability of simple sequence repeats. Some of these errors
may result in further mutations that activate oncogenes or
inactivate tumor suppressor genes. Importantly, approxi-
mately 20% of sporadic colorectal cancers display a RER*
phenotype, suggesting a possible role for mutations in mis-
match repair genes in the common sporadic variety of colon
cancer.

Genetic Alterations in Sporadic Colorectal Neoplasms

Colorectal neoplasia is perhaps the most well-studied tu-
mor system with respect to the model of multistep tumori-
genesis.! Sporadic colorectal neoplasms spanning the spec-
trum from adenoma to carcinoma have been shown to
harbor mutations or deletions affecting a variety of onco-
genes and tumor suppressor genes that appear to play crit-
ical roles in oncogenesis. Somatic mutations in the APC
gene are prevalent in colorectal carcinomas as well as early
adenomas, suggesting that APC mutation may be an eatly
or initiating event in tumorigenesis. Mutations in codons
12 and 13 of K-RAS are present in approximately 50% of
adenomas greater than 1 cm in size and 50% of carcinomas,
and are detected with increased frequency in adenomas
with dysplasia. The association of K-RAS mutations with
size and dysplasia suggests a role for RAS mutations in the
progression from adenomatous polyp to dysplasia or carci-
noma.

Chromosomal deletions in tumor DNA that are presumed
to result in loss of the wild type allele of a tumor suppressor
gene include allelic loss of the TP53 gene on 17p and the
DCC (deleted in colorectal carcinoma) gene on 18q. Chro-

sion and the development of metastatic

potential. The DCC gene encodes a
protein product with sequence similarity to the neural cell
adhesion molecule (NCAM) family of proteins, and loss of
function of this tumor suppressor gene may adversely affect
cell-to-cell interaction.

Potential Clinical Applications of Molecular Genetic
Information in Patients with Colorectal Cancer
Knowledge of some of the molecular genetic alterations
present in colorectal neoplasms has provided current and
potential future clinical applications to the care of patients
with colon cancer or at high risk for the development of
colon cancer in the setting of a familial cancer syndrome.
Molecular analysis may be applied to cancer screening, early
detection, and prognostic stratification based on the mu-
tational profile of a specific tumor. In the future, informa-
tion about specific molecular defects may potentially be
applied to the development of targeted therapeutic inter-
ventions or chemopreventative agents. Currently, the abil-
ity to detect germline mutations in patients at high risk for
colon cancer in the setting of the FAP or HNPCC syn-
dromes allows for predictive genetic testing prior to the de-
velopment of neoplasia. In patients who have inherited a
germline mutation, heightened surveillance and appropri-
ate surgical treatment may be provided, whereas patients
who are genetically negative may be spared the anxiety and
expense of repeated colonoscopy and clinical testing. Al-
though significant practical and ethical issues exist for the
widespread institution of molecular analysis for screening
and early cancer detection of sporadic neoplasms, it has
been demonstrated that RAS mutations are detectable by
polymerase chain reaction (PCR) amplification of cells shed
from large adenomas or carcinomas into the stool.?
Characterization of tumor DNA at the molecular level
may be increasingly applied to prediction of outcome and
therefore treatment planning. For instance, it has been
demonstrated that chromosome 18q loss (DCC) is associ-
ated with metastatic potential of colorectal neoplasms, and
with a poorer 5-year survival compared stage for stage with
tumors that do not have 18q loss.> Finally, increased un-
derstanding of the molecular pathogenesis of colorectal
neoplasia holds promise for the development of novel treat-
ment strategies. Already, small molecule inhibitors of RAS
function have been shown to have some efficacy against
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Early Thyroidectomy in Paticnts with MEN 2A Based
on Genetic Testing

The detecrion of elevated plasma levels of caleitonin after
stimulation with intravenous calcium and pentagastrin pro-
vides a sensitive method for the diarnosis of MTC in in-
dividuals from kindreds with MEN 2A who are ar risk for
the development of MTC. However, the biochemical
screening of kindred members at risk for familial MTC re-
quires annual provocative testing, which is associated with

considerable unpleasant side effects. Direct DNA testing of

peripheral leukocytes for murations in RET of individuals
at risk for one of the MEN 2 syndromes may now be rou-
tincly performed ar any age, providing an opportunity for
definitive and potentially curable surgical intervention
hased on & molecular genetic diapnostic test. Patients who
have inherited a mutarion in RET may be treated by early
thyroidectomy ar an age when the MTC is confined 1o the
thyroid and likely curable. Qur group has reporred the re-
sults of 13 patienrs undergoing early thyroidectomy based
on the results of direcr DNA testing for MEN 2A.7 All
patients inheriting a RET mutation had evidence of C-cell
neoplasia (C-cell hyperplasia, MTC, or borh) in the re-
sected thyroid gland, In this group of 13 patients, there were
ne metastases to regional lymph nodes, and postoperative
stimulaced plasma CT levels were normal in each patient.
Thus, the surgery was not omly prophylactic, bur therapeu-
tic, because it was able to remove carcinoma confined o
the thyroid gland for cure. Further, individuals ar risk who
do not inherit a mutation of RET do nor need additional
testing as they will not develop the disease;

PANCREATIC CANMNCER

Pancreatic cancer is a highly lethal neoplasm. Few, if any,
individuals are currently cured. Each year in the United
Srates approximartely 28,000 patients dic from pancreatic
camcer. Three different pene mutations have been associ-
ated with panereatic cancer: K-RAS, DPC4, and CDERN 2.
K-RAS is an oncogene that s mutated in approximarely
80% of pancreatic cancers and is associated with tumor pro-
pression in adenccarcinemas. DPCH, delered in pancreas
cancer locus 4, 15 o tumor suppressor gene that is located
on the long arm of chromosome 18, This gene is missing in
approximarely 30% of pancreatic cancer specimens. The
exact mechanism of DPC4's effect on cell growth is un-
Lnown, but sequence homology to other genes suppeses tha
it warks through the TGF-B signaling pathway ® CIDENZ,
also knownoas MTEL, 15 a wmor suppressor pene that is
known to be mutated or lost in 80% of pancreatic cancer
cell lines and 40% of primary pancreatic cancers. lts exact
funcrion is unknown, but it is associated with one of the
tyrosine kinase membrane receprors. COEN2 murtarions
may be able to identify individuals with familial melanoma
I|n'4.'|.|.l.'l are dt Il"k |II.'5r tE'H.'. l]{'\'{'ll}plnl'n‘ [5r- [u!]'lrn'ﬁﬂt CANMCET.
Inherived CDENZ murations have been reported in a family
with both melanoma and pancreatic cancer.” COKNZ mu-
tations in pancreatic cancer specimens are also associared
with a poorer prognosis and decreased survival.'” Thus, be-
side tumar size and the derection of positive lymph node
metastases, which are known classic poor prognostic vari-
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senetic testing for mdividuals ar risk.™ Women with either
a BRCAL or BRCAZ muration have o significantly in-
creased risk for the development of breast concer; approx-

tmately 30% by age 45, B5% lifecime, risk of second breast
cuncer 53%, and 30% of women who develop breast cancer
uncler the oge of 3% will have Inherited suscepribility. Fue-
ther, women with BRCAT muracion have a 40-00% tisk of
ewvarian cancer, while women with BRCA?Z2 mucation have
a 15=20% risk: Men wich BRCAZ mutarion have a 5-10%

lifetime sk of breast cancer.

Muir-Torre Syndrome and Other Rare Syndromes

Muir-Torre syndrome (MTS) comprises an association of
skin tumors and adenocarcinomas of the pastrointestinal
and genitourinary tract, The nisk of breast cancer in waman
with MTS is 129, It has been hypothesized that MTS is a
variant of HNPCC, Patients from two families with MTS
have been found to have tighe linkage o the mismarch
repair gene MSH2"" Cowden's disease is a rare autosomal
dominant condition thar includes many different tumors
and bilateral breast cancer. Breast cancer in this condition
occurs at o young age (=20 years). The exsct penctic
change las nor been identificd, Peurz-Jeghers syndrome
{P15), which is also inherited as an autosomal dominant
condition, is identified clinically by mucocuraneous pip-
mentation and hamarromarows polyps of the pastrointesti-
nal rract. Breast cancer in PIS ds usually bilateral and occurs
berween the ages of 20 and 40 vears. The responsible ge-
netic abnormality is unknown

Propliylactic Mastectomy

Bilateral prophylacte mastectomy invalves complete re-
moval of all the bresst tissue in the absence of any docu-
mented malignancy. This major surgical procedure may be
offered to women who are at high risk for the development
of breast cancer based oo the detection of BRCAL or

BROCAZ mutations, o the recognition of Cowden's isense

or P& However, there are no convineing dota to demon-
strate thar the moetality associated with breast cancer in
BRCA! or BRCAZ individuals will be reduced by perform-
ing prophylactic mastecromy, Wich the recent sionihican

idvances i the derecoion of hereditary breast cancer, it is

c
likely that ingreasing numbers of patients will be iclentified
who are at high risk for the development of brease cancer.
Prophylactic mestectamy may be o reasonable option for
these imdividunls. Long-tenn prospective studies will be
needed to better define the oprimal mansgement. The true
incidence of hreast cancer in individuals with BRCAT and
2 wmaratioes who have underpone prophylactic mastectomy
will need to be determined as well as the psyehological im-

pact of this procedure.

SUMMARY

The three known mechanisms of cel
and oncogenesis include murarions in proto-oncogenes, in-
Iy copies of a tumor suppressor pene, and

ular teansformarion

A
activation af b

defects in DINA mismarch repair genes. Examples of each
are included to substantiare the imporcance of understand-
ing these mechanisims. RET isa protosoncosene thar is fun-
damental 1o the ]mthragunu.-'-ls. and in the current Era, Imo
2 syndromes. TPS3 s a tumor
suppressor gene that is mucated in individuals wich Li-Frau-
meni syndrome. CIKNZ is 0 tumor suppressor gene char is
murated in pancreatic cancers and is associared with u
poarer prognosis and the development of melanoma, MSH?2
is a mismatch repair gene that i tmportant in the patho-
penesis of INPOC and Muic-Torme syndrome. Alrered gene
function such as loss of DO in colon cancers may aifect
cell adhesion praperties and promote merastase
gin to better define and understand the mechanisms of nea-
plasia, we will be able o improve current disgnosis and
treatment.
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