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Although | started out in physics, | had the chance to open a laboratory in the Immunology
Frontier Research Center, where the focus is on finding novel ways to investigate changes in cells or
tissue during the immune response. A collaboration with the Photonics Advanced Research Center
(PARC) has allowed us to look at new ways of using label-free optical techniques for diagnostic
analysis or in-vivo imaging. One of the members of my lab, Dr Nicolas Pavillon, had been working
with digital holographic microscopy (DHM), which can recover the phase of a wavefront, that can be

Dr. Nicholas Smith linked with the local optical density of the sample.

Associate Professor

Biophotonics Laboratory This DHM mode is non-invasive, and also quantitative, which have generated wide attention and
Immunology Frontier Research Center . . A A q A B
Osaka University new applications recently, even though it is based on interferometric principles that go back through

the history of optics. The key points, as often, lie in the details of implementation. In our lab we
had been mostly interested in single cell-level analysis but talking to collaborators in immunology
we realized there is significant interest in label-free tissue imaging. Although our DHM mode works
in transmission, we then considered similar approaches that can be used in a back-scattering
configuration, which is much more applicable to tissue samples. Using a near-infrared broadband
light source, which is generated by a pulsed laser and photonic crystal fiber, the coherence of the
light then determines the imaging properties of the system. Our system is now constructed and
thanks to the support from PARC for equipment and Dr Pavillon’s efforts on implementation of this
project, the microscope is now able to image at depths of up to Tmm, depending on the scattering
properties of the tissue. Initially, for testing
and characterizing the system and for
saving unnecessary animal experiments,
we have focused on either tissue phantoms
with beads, or on onion samples, which are
layered objects that resemble tissue, with
groups of cells that can be resolved by our
setup. The images in the figures show a
volume of dimensions 1x1x0.8mm for the
beads and 1x1x0.9mm for the onion cells.
We look forward to now testing on tissue
samples, where we hope this setup will
provide a new view for biological research
or medical diagnostic imaging system.

3d stacks of onion layers (left), and beads in a tissue phantom (middle), as imaged
by the broadband coherence gated microscope (right) developed with the support of PARC.
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