Daniel A. Haber, MD, PhD
The Haber laboratory focuses on understanding mutations that are acquired
by tumors and render them susceptible to specific targeted drug therapies.
In 2004, we identified mutations in the EGFR gene in lung cancers which
confer dramatic sensitivity to drugs that specifically inhibit that pathway. This
finding triggered the application of targeted therapies in lung cancer, and more
generally pointed to the critical importance of mutational analysis for treatment
selection in common epithelial cancers. Since then, we have collaborated with
the bioengineering team led by Dr. Mehmet Toner, the molecular biology group
of Dr. Shyamala Maheswaran, and the MGH Cancer Center clinical disease
centers to develop, characterize and apply microfluidic devices to isolate rare
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circulating tumor cells (CTCs) in the blood of patients with cancer. Using these
technologies, our lab seeks to explore 1) blood-based early detection of cancer,
2) noninvasive monitoring of cancer for the emergence of drug resistance, and
3) understanding mechanisms of tumor cell dissemination and metastasis, with
the ultimate goal of suppressing blood-borne spread of cancer.
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In addition to noninvasive detecting and
monitoring of cancer, CTCs provide a
window to study the process of blood-borne
metastasis. We demonstrated treatmentassociated epithelial-to-mesenchymal
transitions (EMT) within CTCs from women
with breast cancer. Using a combination
of mouse models and patient-derived
studies, we observed that tumor-derived
fragments generate CTC-Clusters, which
have greatly enhanced metastatic propensity
compared with single CTCs. CTC-Clusters
are held together by plakoglobin, whose
knockdown dramatically suppresses CTCCluster formation and metastatic spread
of breast cancer cells. We successfully
established long-term in vitro cultures of

cells sampled noninvasively during the
course of cancer treatment. In a recent
study of metastasis initiation, we identified a
critical role for the nuclear orphan receptor
NR4A1, as a regulator of transcriptional
elongation for replication stress-induced
Immediate Early Genes (IEG). Both genetic
and drug treatment studies point to NR4A1
as a “non-oncogene dependent” target in
tumorigenesis. Ongoing studies are directed
at using patient-derived CTCs and mouse
models to understand key steps in cancer
metastasis, including the shift from cell
quiescence to proliferation, viability during
blood-borne transit, and resistance to
targeted and immune therapies.
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CTCs from patients with estrogen-receptor
(ER)-positive breast cancer, identifying
treatment-associated mutations in the
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