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Large—scale two—photon imaging of living mouse
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In vivo imaging using two-photon microscopy in animal brains with a broad field of
view has revealed functional connectivity between brain regions. For observation of
mouse brains, the “open skull method” was employed to create a cranial window, in
which the mouse skull is completely removed and replaced with a high transparent
material such as a glass coverslip. However, bleeding at the brain surface is inevitable
to remove the submillimeter-thick cranial skull, which results in deterioration of
fluorescent signals due to the optical absorption of hemoglobin. In addition, the open
skull method is usually employed for a small cranial window (2 - 4 mm in diameter) to
avoid injury in large vessels and unnecessary bleeding. Generally, the size of cranial
windows using a flat glass coverslip has been restricted to a maximal 5 mm in diameter
to avoid pressure on the brain tissue. To overcome the restriction, methods with large
cranial windows have been proposed utilizing novel sealing materials such as curved-
glass or soft-polymer. These methods can avoid pressing the brain surface as the sealing
materials are designed to fit the curvature; of the living brain surface. However, these
sealing materials were thick with a high refractive index, resulting in various optical
aberrations.

In this study, I proposed the novel cranial window utilizing polymer thin film, also
known as nanosheet, as a sealing material for in vive two-photon imaging with a broad
field of view (FOV). Nanosheets with a thickness in the order of 10—100 nm have unique

properties, including high adhesion strength, flexibility, and transparency. Previously,



biocompatible nanosheets composed of poly (L-lactic acid) were developed to
effectively stop bleeding on the organs including liver and skin as a glue-free wound
dressing.

To apply a nanosheet to a living mouse brain, I employed a polyethylene-oxide coated
CYTOP (PEO-CYTOP) nanosheet with a thickness of ~130 nm. I chemically
hydrophilized a single-side surface of the sheet by modification with polyethylene oxide
(PEO) to reduce inflammatory reactions. As a sealing material of a'cranial window in
the open skull method, PEO-CYTOP nanosheets were confirmed to firmly adhere to
brain surfaces resulting in suppression of the bleeding from superficial veins. Next, I
made such a larger cranial window as the approximately whole parietal region by
utilizing the PEO-CYTOP nanosheet by taking advantage of the flexibility of PEO-
CYTOP nanosheets. The window realized in vivo two-photon imaging of neural
structure with a broad FOV at a high spatial resolution on the parietal region of Thyl-
EYFP-H transgenic mouse. To demonstrate wide-field imaging on the whole parietal
region, I achieved Ca** imaging by epi-fluorescent microscopy in G7TNG817 transgenic
mouse that expressed a Ca?" indicator G-CaMP7 in mainly astrocytes. To verify long-
term availability, a small cranial window with a PEO-CYTOP nanosheet was covered
with a glass coverslip as a protector of the brain surface against foreign substances and
injury. Up to 9 weeks after the surgery, the transparency of the cranial window was kept,
and in vivo two-photon Ca*" imaging at a single-cell resolution was achieved through
the cranial window in G7NG817 transgenic mice.

Furthermore, I improved the method to make the cranial window combined with the
PEO-CYTOP nanosheet and UV curable resin (NIRE, Nanosheet Improved by light
curable REsin). In this method, I laminated UV curable resin on the upper surface of
the PEO-CYTOP nanosheect to seal the cranial window. During curing the resin by UV
irradiation, harmful heat productions were suppressed by the irradiation time and the

light power optimized by a handmade programmable irradiation system. As a result,



NIRE method successfully visualized various neural structures in multi-scale ranging
from the whole parietal region to single dendritic spines of the neuron in Thyl-EYFP-
H transgenic mouse. Furthermore, NIRE method realized in vivo multi-scale Ca®"
imaging for neural activities from a population of several hundred neurons to single
dendritic spines in jGCaMP7 expressing mouse brains. In addition, this method
suppressed the motion artifact. Noticeably, the cranial window kept the transparency
over 166 days probably due to suppression of inflammatory reactions. Finally, NIRE
method successfully demonstrated in vivo 3D imaging of Thyl-EYFP-H transgenic
mouse through such a large cranial window from the cerebral cortex to the cerebellum.

In conclusion, I utilized the PEO-CYTOP nanosheet as a sealing material of cranial
windows to achieve in vivo imaging with a broad FOV in the mouse brain. In addition,
I proposed NIRE method to achieve in vivo multi-scale and long-term imaging of neural
structures and neural activities in mouse brains. This method promotes the
understanding of the brain functions based on the coordinated activities across multiple

cortical regions in living animals.
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