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MAMMALIAN GENETICS

We study variations in the human genome that arise 

when a large segment of the genome is duplicated or 

deleted. Such copy-number variations, or CNVs, can 

arise somatically or in the germ line. The former are 

often seen in cancer, distinguish cancers from the nor

mal cells of the body, and provide clues for the origin 

and behavior of the cancers. The latter distinguish indi

viduals from each other and may be inherited, in which 

case, they are known as copy-number polymorphism, or 

CNPs, or they may arise spontaneously, in which case 

they serve as engines of human diversity, and can cause 

devastating genetic disorders, such as autism.

Our studies to date are largely based on a high- 

throughput high-resolution microarray technology devel

oped at CSHL called ROMA (representational 

oligonucleotide microarray analysis), which itself was 

based on an earlier technology developed at CSHL called 

RDA (representational difference analysis) that was used 

for discovering tumor suppressors, oncogenes, and 

pathogens. ROMA is a form of a more general technol

ogy called CGH, or comparative genome hybridization. 

CGH is evolving, and part of our laboratory works on 

technical improvements and extensions, such as the use 

of a derivative technique called MOMA (methylation 

detection oligonucleotide microarray analysis) to study 

DNA methylation, and on more powerful statistical 

methods for data interpretation. Part of the lab uses copy- 

number data and DNA methylation status to study solid 

cancers, especially breast cancer and B-cell chronic 

leukemia (B-CLL). We seek to identify the genes most 

frequently mutated in cancers and leukemias and, in gen

eral, to determine whether genomic data can be used to 

predict the outcome of the disease and its response to 

therapy. Finally, part of the lab studies CNVs that may 
underlie autism, congenital heart defects, and other pro

found disorders of normal human development.

CANCER AND LEUKEMIA

In this past year, our studies on both breast cancer and 

leukemia have moved from the discovery phase toward

clinical trials that will directly affect patient care. Our 

work to date indicates the superiority of CGH to the tra

ditional clinical standard of genome analysis: fluores

cent in situ hybridization (FISH). In the breast cancer 

area, we are participating in the evaluation of a clinical 

trial initiated at the Radium Hospital in Oslo, Norway 

that is designed to understand the role of bone marrow 

micrometastasis in the clinical outcome of breast cancer. 
The evaluation of copy-number data with clinical 

parameters in this trial is still in progress. We have also 

enrolled as collaborators with Memorial Sloan-Ketter

ing Cancer Center (MSKCC) and Yale University in the 

retrospective molecular genomic analysis of cases from 

previous clinical trials designed to discover better mark

ers for successful treatment with chemotherapeutic 

drugs.

We continue to focus on samples from two Scandi

navian collaborations, with Anders Zetterberg at the 

Karolinska Institute, Sweden, and Anne-Lisa Borresen- 

Dale at the Radium Hospital, Norway, and with Larry 

Norton at MSKCC, New York. These studies have elu

cidated a set of loci, called epicenters, that are the recur

rent sites for genome amplification and deletion in 

breast cancer. The set of breast cancer epicenters over

lap with epicenters from lung cancer (data from Scott 

Powers and David Mu, CSHL) but are clearly a distinct 

set. In fact, we can distinguish breast cancers from lung 

cancers largely by the loci involved in amplification and 

deletion, a method that may be useful in a clinical set

ting. The epicenters are locations where many of the 

genes that drive the progression of malignancy reside, 

and hence, the elucidation of these loci may facilitate 

drug design and the production of focused and less- 

expensive tools for the evaluation of the clinical state of 

cancers.
We have begun a series of studies on tumor hetero

geneity. Clues to the progression of cancer, and its clin

ical profile, are missed if we assume that each 

individual’s cancer is a single clone with a single molec

ular history. Work in progress indicates that at least half 

of breast cancers are composed of multiple clones, 

proves that sampling one region of the cancer for molec

ular markers yields an incomplete picture, and provides
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clues about the origins of breast cancer: the stages 

through which it passes and the speed with which it 

evolves.

Our studies of B-cell leukemia, a collaboration with 

Nick Chiorazzi of North Shore University Hospital, 

Manhasset, New York, uses ROMA to identify essen

tially all the known recurrent lesions that have been 

observed in that disease, as well as several new epicen

ters. We are in the process of designing B-CLL “tiling” 

arrays that will allow us to examine the leukemic epi

centers at greater resolution, so that we will be able to 

narrow the gene candidates in each region and assess 

their recurrence with greater accuracy. Such a B-CLL 

chip may enable oncologists to rapidly assess the pro

gression of the disease and guide decisions about ther

apy. As with breast cancer, we now have evidence of 

multiple clonogenic histories of leukemia in the same 

patient.

We have made significant progress in our studies of 

DNA methylation in cancer. Last year, we described 

results achieved, in collaboration with Rob Lucito here 

at CSHL, on a microarray platform (MOMA) designed 

to detect methylation of CpG islands. Now, we have 

identified genes that change methylation state during 

the initiation and progress of breast tumors. In our first 

efforts at determining the clinical significance of methy

lation, we have analyzed approximately 80 tumors from 

a clinical trial initiated at the Radium Hospital in Oslo, 

Norway, that is designed to understand the role of bone 

marrow micrometastasis in the clinical outcome of 

breast cancer. The results of methylation microarray 

analysis on this collection of patient samples along with 

a separate collection of breast tumors and adjacent nor

mal breast tissue show that the methylation patterns 

clearly differ between normal tissue and tumor tissue. 

More surprising, however, is the result that the tumor 

DNAs naturally cluster into subgroups using methyla

tion data alone. These subgroups match the clustering 

determined by gene expression. These studies will help 

us to understand the role of methylation in cancer etiol

ogy and facilitate clinical subtyping.

GENETIC DISORDERS

Since our seminal discovery that CNV is common in the 

human gene pool, we have studied the role of CNVs in 

human disease and, in particular, the role of spontaneous 

or de novo CNVs in autism. In a collaboration that con

tinued with Jonathan Sebat here at cSHL, we tested the 

hypothesis that de novo CNV is associated with autism 

spectrum disorders (ASD). We performed CGH on the 
DNA of patients and unaffected subjects to detect copy-

number variants not present in their respective parents. 

Candidate genomic regions were validated by higher-res- 

olution CGH, paternity testing, cytogenetics, FISH, and 

microsatellite genotyping. Confirmed de novo CNVs 

were significantly associated with autism. Such CNVs 

were identified in about 10% of patients with sporadic 

autism, in about 2% of patients with an affected first- 

degree relative, and in only about 1% of controls. Most 

de novo CNVs were smaller than microscopic resolution. 

Affected genomic regions were highly heterogeneous and 

included mutations of single genes. These findings estab

lish de novo germ-line mutation as a more significant 

risk factor for ASD than previously recognized and 

clearly point to a new approach for the further study of 

the genetic basis of this and other genetic disorders, such 

as schizophrenia and congenital heart disease.

Consonant with the finding of spontaneous CNVs in 

humans, studies in mice, a collaboration with Ira Hall 

here at CSHL, have demonstrated that de novo CNVs 

occur frequently in mice lineages. These studies indi

cated that certain loci are vastly more unstable than oth

ers and is consonant with the observation that many of 

the de novo changes in humans are recurrent.

Additional analysis of autism incidence data, a col

laboration with Kenny Ye at Albert Einstein School of 

Medicine, has provided evidence for an important 

genetic model for the disorder. Autism families are 

divided into simplex (only one affected child) and mul

tiplex (multiply affected children). In the latter case, we 

found by inspecting the records from the AGRE con

sortium that the risk to a male newborn in an estab

lished multiplex family is nearly 50%, the frequency 

expected of a dominant disorder. Our analysis of poly

morphism data virtually rules out that this can be 

explained as inheritance on the X-chromosome. We 

find that overall autism incidence is consistent with a 

model in which new mutations arise that have a strong 

contribution to the disorder and are passed from a 

resistant carrier parent to a child in dominant fashion. 

One major source of resistance is in fact gender, and a 

singularly important fact about autism is its lower inci

dence in females.

We are now in the midst of preparing for a much 

larger-scale study of spontaneous mutation in simplex 

autism, dependent on a population of families being 

organized by the Simons Foundation. Hopefully, this 3- 

year study will lead to the identification of recurrent loci 

that contribute to the majority of autism risk and might 

thereby elucidate convergent pathways involved in the 

etiology of the disorder, possibly leading to treatments 

in some cases. One clear benefit of such a large study 

will be in the design of clinical tests for genetic coun
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seling, early detection, and perhaps matching patients 
with the most effective therapies.

DATA GENERATION AND ANALYSIS

The major part of our group’s effort centers on the gen
eration, analysis, and organization of data. This entails 
developing protocols for conducting microarray exper
iments; determining quality control, probe evaluation, 
signal extraction, and segmentation (the method of 
“observing” CNV); comparisons of sets of experiments, 
including new statistical measures, data reduction, and 
data summary; and construction of databases so that we 
can communicate our results to other investigators. 
Although we usually do not report our methods in this 
forum, we are in the midst of preparing several manu
scripts in which our new statistical, mathematical, and 
computational ideas have a prominent role. Hopefully, 
we will detail them in next year’s report.
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