392 B LE: (JJSLSM) 5533 %54 5 (2013)

% B

REVIEW ARTICLE
HIERRDICH DIHFEA A —T Y T TailiER

PR TN PN M
(P& 24 412 H 13 HZEL, PR 24 4 12 A 20 H45HERE)
Photoacoustic Microscopy for In Vitro Cells Imaging
Toshihiro Kushibiki, Miya Ishihara

Department of Medical Engineering, National Defense Medical College

(Received December 13, 2012, Accepted December 20, 2012)

E B
HeTHE U 7= 85 2 Bt 3 5 5B A 2 — D v ZBEMENE, invivo TOMIREZRNRE LA X — 2 V7 H%E72 1T
T <, invitro TORFEMIEDA X =D v 7OWMEICEHHTDH 5. R 3 KILLIKREEZ 21T - 255 O N H %
ST 57201213, HESL —F M TIRBERETE A WEIIZH MDA X — 2 v 7 58 & T
HTENTESL., AL TRIEEFTES A -V Vv IHMEEHNEMEIZOVWTIhE TORE L SHOBHIZONT
FCaR U 720y,

F—T—FOUEE A x—-v s, SHMEHEE, Ml 3 kockE

Abstract
Photoacoustic microscopy is being established not only for the in vivo imaging but for the in vitro cellular imaging.
Especially, to obtain of the internal information of 3D cell culture cluster by using photoacoustic microscopy should be
useful tools for in vitro imaging study. In this article, we summarize recent reports regarding to photoacoustic microscopy
for cell imaging and future perspects.
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Fig.1 Cell-nuclear images of ex vivo and in vivo tissue
acquired with ultraviolet photoacoustic microscopy. (a)
Photoacoustic image of epithelial cells in the ex vivo
lip of a mouse. (b) Photoacoustic image of epithelial
cells in the ex vivo intestinal villi of a mouse. (¢) In vivo
photoacoustic images (dimensions: 250%250 um?2) of
cells in the ear skin of a nude mouse at different depths
(0, 53, and 105 pm). Reprinted from Publication Ref.>?),
Copyright (2010): Optical Society of America.
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Fig.2 Photoacoustic images of melanoma cells in a scaffold
acquired at 14 days post-seeding. A) Photoacoustic
coronal (top) and sagittal (side) maximum amplitude
projection images. The black dots correspond to
melanoma cells. B) 3D depiction of the photoacoustic
image, where the contour of the scaffold is marked
by dotted lines.Reprinted from Publication Ref. >,
Copyright (2010): Elsevier.
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Fig.3 a) Photoacoustic microscopy maximum amplitude
projection image of fibroblasts cultured in an inverse
opal scaffold, followed by MTT staining for 3 h; b) 3D
rendering of the volumetric Photoacoustic microscopy
data in (a); c¢) Photoacoustic microscopy maximum
amplitude projection image of fibroblasts cultured in an
inverse opal scaffold filled with cross-linked alginate
hydrogel, followed by incubation with MTT for 4 h; and
d) an optical micrograph showing the same scaffold as in
(c). As indicated by arrows, the features in photoacoustic
microscopy and optical microscopy match well. Scale
bars in (a-d): 1 mm. Reprinted from Publication Ref.>,
Copyright (2011): John Wiley & Sons, Inc.
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Bgxhflahogr s ay FOREE A A -V Vs
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Fig.4 Photoacoustic microscopy images of a) RW4 mouse
embryonic stem cells and b) SK-BR-3 breast cancer cells
incubated with MTT for 3 h. The cells were induced to
form characteristic cell aggregates, i.e., embryoid bodies
in the case of RW4 mESCs or multicellular tumor
spheroids in the case of SK-BR-3 breast cancer cells,
and then stained with MTT again for Photoacoustic
microscopy. ¢, d) Photoacoustic microscopy images
of an embryoid body and a multicellular tumor
spheroid after MTT staining. e, f) maximum amplitude
projection images taken from the middle planes (60
pum in thickness) of the spheroids shown in (c) and
(d), respectively. Reprinted from Publication Ref.>,
Copyright (2011): John Wiley & Sons, Inc.
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Fig.5 Photoacoustic microscopic imaging of cells and the
intracellular gold nanorods. (a) Photoacoustic image
of cell nucleus with excitation wavelength of 532 nm
laser. (b) Photoacoustic image of gold nanorods in the
cytoplasm with excitation wavelength of 720 nm laser.
(c) Overlay image of (a) and (b). (d) Photograph of the
HE stained cells sample. Reprinted from Publication
Ref.3¥, Copyright (2012): Optical Society of America.

Fig.6 Photoacoustic image of labeled mesenchymal stem
cells (MSCs) immediately after injection. This figure
presents both B-mode (gray scale) and photoacoustic
(red) images of the intramuscular injection of 800,000
silica-coated gold nanorods labeled MSCs in 50%
matrigel/PBS into hind limb muscle of an athymic
mouse. The “b” indicates bone and the red dashed circle
indicates that the injection bolus can also be seen with
B-mode ultrasound. Reprinted from Publication Ref >,
Copyright (2012): American Chemical Society.
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