
 

Microfluidic device captures, allows analysis
of tumor-specific extracellular vesicles
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Schematic image showing how the antibody-coated surfaces of the EVHB-Chip
capture red- and green-labeled tumor-specific extracellular vesicles from patient
serum or plasma. Credit: Eduardo Reátegui, PhD, Center for Engineering in
Medicine, Massachusetts General Hospital

A new microfluidic device developed by investigators at Massachusetts
General Hospital (MGH) may help realize the potential of tumor-derived
extracellular vesicles (EVs) - tiny lipid particles that carry molecules
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through the bloodstream - as biomarkers that could monitor a tumor's
response to therapy and provide detailed information to guide treatment
choice. In their report published earlier this year in Nature
Communications, the team from the MGH Center for Engineering in
Medicine (MGH-CEM) describes how EVs captured from serum or
plasma samples of patients with the dangerous brain tumor glioblastoma
multiforme (GBM) provided detailed, tumor-specific genetic and
molecular information.

"Glioblastoma is a highly fatal disease with few treatment options," says
senior author Shannon Stott, PhD, of the MGH Cancer Center and the
BioMEMS Resource Center in the MGH-CEM. "Due to the tumor's
location, it has been challenging to get dynamic, real-time molecular
information, which limits the ability to determine tumor progression and
to match patients with the most promising new therapies. Our device's
ability to sort tumor-specific EVs out from the billions of EVs carried
through the bloodstream may lead to the development of much-needed
diagnostic and monitoring tools for this and other hard-to-treat cancers."

Previous technologies designed to isolate EVs were limited in their
ability to distinguish tumor EVs from those carrying molecules from non-
malignant cells. More specific approaches using tumor-specific
antibodies were time-consuming and cumbersome or did not capture
sufficient numbers of tumor-specific EVs from a sample. Other "liquid
biopsy" technologies designed to capture tumor cells and molecules -
such as several circulating tumor cell (CTC)-isolating devices developed
by member of the MGH team - may be limited in their ability to monitor
brain tumors throughout treatment. Since these potential biomarkers may
not consistently pass through the blood brain barrier, their presence at
the time a blood sample is drawn may be limited.
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Extracellular vesicles (red) released from a patient's tumor and captured on the
surfaces of the EVHB-Chip. Credit: Shannon Stott, PhD, Center for Engineering
in Medicine, Massachusetts General Hospital

Stott's team combined features of the CTC-detecting HB-Chip, which
she helped to develop, with features specific to the capture of EVs. The
surfaces through which a sample is passed are optimized to the physical
properties of EVs - which are thousands of times smaller than cells - and
contain a "cocktail" of antibodies against proteins highly expressed on
GBM cells. The team also identified factors that increased the number of
tumor-specific EVs captured from a sample and developed methods for
releasing EVs from the device while preserving their contents for
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detailed analysis. Taking this approach, their device can isolate as few as
100 nanometer-sized vesicles in a one-microliter droplet of plasma.

Using the new device, dubbed the EVHB-Chip, the researchers analyzed
serum or plasma samples from 13 patients with GBM and 6 control
samples from healthy donors. The EVHB-Chip isolated tumor-specific
EVs from all 13 patients, and identified the EGFRvIII mutation in 5 of 6
patients tested for that mutation. The captured EVs also identified genes
present in the four characteristic subtypes of GBM and revealed the
upregulation of more than 50 cancer-associated genes, some not
previously observed in GBM EVs.

An assistant professor of Medicine at Harvard Medical School, Stott
notes that the great specificity and sensitivity of the EVHB-Chip allow
the use of relatively small blood samples, which would be particularly
beneficial for pediatric patients for whom other blood biopsy approaches
are not always feasible. The flexibility of the device should allow it to be
useful for many types of cancer and, since all cells release EVs into the
circulation, for other conditions including infectious diseases,
autoimmune diseases, cardiac events and neurodegenerative disorders.
Simultaneous investigations of biomarkers provided by EVs, CTCs and
circulating DNA should help determine which can be most informative
for specific patients and stages of treatment.

Stott notes that the EVHB-Chip was designed to be a low-cost, easy to
use device with the hope of rapid translation to the clinic. "We are
excited by this early-stage data, and we look forward to scaling the
technology and increasing the number of patient samples analyzed.
Specifically, we are interested in exploring how these vesicles change
over time in response to treatment, and we see our blood-based assay as
an ideal way to explore this in brain tumor patients," she says.

  More information: Eduardo Reátegui et al, Engineered nanointerfaces
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for microfluidic isolation and molecular profiling of tumor-specific
extracellular vesicles, Nature Communications (2018). DOI:
10.1038/s41467-017-02261-1
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