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Press Release

HKU Discovers New Mechanism in the Causation of
Hereditary Colon Cancer — “Good Gene in a Bad Neighbourhood”

Colon Cancer

Colon cancer is the second most common cancer in Hong Kong, and its incidence has risen
rapidly in the past 20 years. Most colon cancer occurs in the age of 50 or above, and is mainly
related to diet and environmental factors.

However, around 10% to 15% of all colon cancer cases have a hereditary basis. The most
common type is Hereditary Nonpolyposis Colorectal Cancer (HNPCC), which accounts for
4% of all colon cancer. The Hereditary Gastrointestinal Cancer Genetic Diagnosis Laboratory,
Department of Pathology, The University of Hong Kong and Queen Mary Hospital has shown
that HNPCC accounts for a large proportion of local patients with familial or early-onset colon
cancer. The research team has previously discovered a new mechanism causing HNPCC by
heritable methylation. Recently the research team has uncovered the mechanism causing
heritable methylation in these families, which is caused by a good anti-cancer gene being locked
up by a bad neighbour. This ground-breaking research was published in the leading scientific
journal Nature Genetics in January, 2009.

Research Background

HNPCC patients have no symptoms until cancer develops. The most important clues to
suspected cases of HNPCC are occurrence of colon cancer in multiple family members, multiple
cancers in a single individual, and the onset of the cancer at an early age. HNPCC is known to
be caused by inheritance of a mutation that inactivates one of the DNA mismatch repair (MMR)
genes, which can be detected by a blood test for genetic diagnosis. A normal human gene
generally has three components, a promoter switch to control the “on” or “off” of the gene, a
protein coding part, and a termination signal to denote the end of the gene. Most MMR gene
mutations change the protein encoding part of the gene, leading to errors in protein production,
which in turn predisposes the individual to develop cancer. The mutated DNA code is found in
every cell of the body, with a 50% chance of inheriting to the off-spring. Genetic diagnosis by
DNA sequencing to look for the mutated DNA code in blood cells can help assess cancer risk
accurately in the affected family, and facilitate planning of cancer prevention strategies.
However, in some HNPCC families, the DNA codes of their MMR genes are completely normal.
Thus standard genetic testing may not detect the underlying gene defect, resulting in substantial
psychological burden for the whole family.

Research Methods and Findings
Supported by the Hong Kong Cancer Fund, the Michael and Betty Kadoorie Cancer Genetics
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Region, the research team of the Hereditary Gastrointestinal Cancer Genetic Diagnosis
Laboratory has been providing a hereditary colorectal cancer genetic diagnosis service for Hong
Kong people, and also studying new mechanisms for the causation of HNPCC. Through DNA
sequencing for MMR genes in blood cells, the team has successfully identified the mutation in
over 100 local HNPCC families. However, in a small number of families, the DNA codes of
their MMR genes are completely normal. Through studies into these families, the research team
discovers a new mechanism for HNPCC — promoter methylation.

Promoter of a gene is like a switch that controls the “on” and “off” of a gene, and methylation
“locks” it into a permanent “off” position. If methylation turns off an anti-cancer gene, such as a
MMR gene, the result is a loss of function of the gene which eventually leads to the development
of cancer. Previously, the cause of abnormal methylation in cancer remained unknown.

In the past, it is believed that mutation usually lies within the disease-causing gene itself. Thus
genetic testing only studies the disease-causing gene and does not cover the neighbouring genes.
However, in two local Chinese HNPCC families, as well as 4 Dutch HNPCC families residing in
the Netherlands, the Hong Kong and Dutch research teams (lead by Professor S.Y. Leung and Dr.
T.L. Chan from the Department of Pathology, The University of Hong Kong, and Dr. Marjolijn
Ligtenberg in Radboud University Nijmegen Medical Centre of The Netherlands) have
concurrently found a deletion mutation in a gene, named TACSTDI, residing immediately
adjacent to the MMR gene MSH2. The deletion removed the transcriptional termination signal of
TACSTD!1 (signal that determines boundaries between genes). As a result, the mutated
neighbouring gene interferes with the activity of the MSH2 gene, causing the MSH2 gene
promoter to be methylated, thus switched it “off” and locks it into a permanent “off” position.
This mutation causes cancer development in the colon or endometrium in multiple members of
these families, in individuals as young as 18 to 20 years of age. This is the world’s first report of
deletion of transcriptional termination signal in a neighbouring gene, causing heritable
methylation and hereditary cancer syndrome in humans.

Impact of the Study

1. The study shows that disease-causing mutation can reside in a neighbouring gene instead of
the disease-causing gene itself. Thus a good gene in a bad neighbourhood can also cause
hereditary diseases. This finding has revolutionized the way genetic diagnosis on hereditary
disease is performed. Genetic tests should not be limited to examining the disease-causing
gene, but also extended to study the termination signals of the neighbouring genes. The study
will help many families with different types of hereditary diseases to uncover the
disease-causing mutation and improved the success rate of prevention and treatment.

2. The study also illustrates a new mechanism causing gene methylation, by deletion of
termination signal in a neighbouring gene. Since abnormal methylation is closely linked to
cancer development, our findings will be useful for developing new anti-cancer drugs aiming
at changing the methylation patterns of cells.

Importance of HNPCC Research and Genetic Diagnosis Service

Hong Kong’s young population has a uniquely high incidence of colon cancer. A significant
proportion of these cases are due to HNPCC. Genetic diagnosis can accurately identify
individuals who carry mutation in the MMR genes, and distinguish amongst family members
who have or have not inherited the mutated gene. For family members who have not inherited
the mutation, they can be relieved of the psychological burden. And for those who have
inherited the mutation, regular preventive screening can be conducted, which is highly effective
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in reducing cancer incidence and mortality.

The Hereditary Gastrointestinal Cancer Genetic Diagnosis Laboratory, Department of Pathology,
The University of Hong Kong and Queen Mary Hospital, studies the genetic basis of hereditary
colon cancer, and provides genetic diagnosis service for patients at risk. The Laboratory has set
up a charitable patient referral centre — Hereditary Gastrointestinal Cancer Registry — in St.
Paul’s Hospital. The Laboratory and the Registry collaborate with major local public and
private hospitals to provide free genetic diagnosis, counselling and psychosocial support services
for patients in need. This programme is supported by the Hong Kong Cancer Fund, aiming to
achieve cancer prevention in high-risk populations. For further details, please visit the website of
the Laboratory at http://www.hku.hk/patho/colonreg or by phone at 28303729.

Please visit the website at http://web3.hku.hk/facmed/hkumed/news_list.php for press photos and
supplementary information.
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