
 

How an iconic photograph of an apple
inspired an improved cellular analysis
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A proven method simplified: many cells flow through parallel loops, allowing
them to be measured together instead of one after another. Credit: deMello
Group/Chem

Identifying a small number of pathogenic cells among many millions of
cells is tricky. Researchers at ETH Zurich have now developed a
technology that is able to identify enormous quantities of cell properties
on a small scale, individually and in detail.
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All life processes in humans, animals and plants depend on cellular
activity. The human body alone contains more than 210 cell types with
specific properties and functions that influence development and health.
A detailed understanding of these cells and their properties is crucial for
biology and medicine. However, filtering out the sought-after cell
information is sometimes an immense challenge – particularly if, out of
a million cells, fewer than a dozen have the property that triggers a
disease.

An established method in chemistry, biology and medicine to rapidly
determine the properties of large numbers of individual cells is flow
cytometry. This cell measurement technology can be used, for instance,
to identify cancer cells or T-cells, those white blood cells important to
the immune defence system.

The technology was invented in 1968, with conventional flow cytometers
normally measuring scattered light and fluorescence when cells flow
through a laser beam. The resulting signals vary depending on the size,
shape, structure and colour of the cells; for example, T-cells are very
smooth and scatter less light than other cells.

A good combination

The research group led by Andrew deMello, ETH Professor of
Biochemical Engineering, has now succeeded in developing flow
cytometry significantly further. Its imaging-based cytometry platform
measures cells and their properties more rapidly, in larger quantities and
far more accurately than today's flow cytometers. The ETH Zurich
researchers have now presented the workings of their method in the
scientific journal Chem.

The researchers have not reinvented the approach, but rather cleverly
combined existing technologies: their flow cytometer combines the
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capabilities of microfluidics, which studies the behaviour of fluids
through micro-channels, with highly sensitive optical detection methods
and ultra-fast imaging.

This allows them to achieve an ultra-high throughput of greater than
50,000 cells per second. Standard fluorescent-based flow cytometers
reliably measure between 100 and 20,000 cells per second, and imaging
flow cytometers only up to 4,000 cells per second. In practice, however,
it is normally the case that significantly fewer cells are measured as they
usually clump together.

"We are developing technologies to help chemists, biologists and
medical specialists carry out new research," says deMello. He expects
that the platform will one day also be simpler and much cheaper than
today's instruments.

In principle, their flow cytometer consists of three parts: at the start, the
cells are lined up closely in a single file. A microfluidic flow then guides
them through a serpentine microchannel (see the drawing above) and
into the detection area at high speed. There, a high-resolution camera
records their size, shape and structure using the light effects. In a final
step, they can be sorted according to their properties.

Snapshots on loops

A special feature of this approach is that the cells pass through several
parallel loops, which allows the camera to record large numbers of cells
with precision. This speeds up deMello's method, and allows operation at
exceptionally high throughputs. "The combination of microfluids with
imaging enables the enhancement of information," he says. In
conventional approaches, in contrast, a detector registers one cell after
another at a specific point.
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A classic: “Bullet through Apple” (1964), Harold Edgerton. Credit: © 2010 MIT.
Courtesy of MIT Museum

Three types of images can be obtained with this technology: dark-field
images with information about the shape and structure of a cell (these
images show coloured structures against a dark background), bright-field
images with information about the cell size and fluorescent images with
information about a cell's appearance and internal structure. The
extraction of morphological information in particular distinguishes
deMello's approach from other fluorescent or microfluid-based
approaches.
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Imaging like Papa Flash

When they ran into a problem, deMello's group benefited from the years
of experience in droplet-based microfluidics and optical methods: when
droplets, cells or microparticles flow very quickly, the images – as with
photographs – sometimes become distorted or blurry. The research
group solved this problem by learning from the past: to expose the cells,
they used stroboscopic illumination that breaks down the continuous
flow of cells – like a slow motion camera – into a sequence of still
images. This method became world famous thanks to the inventor of the
stroboscope flash, Harold E. Edgerton, also known as Papa Flash, whose
cult photos from the 1960s were seen around the world.

Thanks to stroboscopic exposure, individual cells that are moving at half
a metre per second and in large quantities can be clearly recorded.

To test the performance of their method, deMello's senior scientist,
Stavros Stavrakis, together with two graduate students analysed a large
cell population and differentiated living, dying and dead cells on the
basis of their fluorescence. The ETH Zurich researchers would like to
further develop the method with a view to bacterial, nanoscientific and
industrial applications.

  More information: Anandkumar S. Rane et al. High-Throughput
Multi-parametric Imaging Flow Cytometry, Chem (2017). DOI:
10.1016/j.chempr.2017.08.005
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