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Short Communication

The Role of Spatial Genomics in Subcellular Human Tissue
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DESCRIPTION

Intracellular heterogeneity plays an important role in cellular
physiology and, some debilitating diseases, cellular
pathophysiology. This is greatly influenced by distinct organelle
populations, and in order to understand disease a etiology, tools
that can isolate and differentially analyze organelles from precise
locations within tissues are required. We present the
development of a subcellular biopsy technology that facilitates
the isolation of organelles from human tissue, such as
mitochondria. We compared subcellular biopsy technology to
Laser Capture Micro Dissection (LCM), the current gold
standard for isolating cells from their surrounding tissues. We
show that LCM has an operational limit of (>20 m) and then
show that subcellular biopsy can be used to isolate mitochondria
beyond this limit in human tissue for the first time [1].

in

Intertissue and inter-cellular heterogeneity is thought to play a
role in a variety of human diseases, including cancer,
cardiovascular disease, metabolic disease, neurodegeneration,
neurodevelopmental disorders, and pathological ageing.
However, assessing heterogeneity at the tissue and cellular levels
can frequently obscure subtle subcellular and organelle
heterogeneity. In addition to the morphological and functional
heterogeneity seen in other organelles, mitochondria exhibit
genetic heterogeneity as a result of their own multi-copy genome.
The Mitochondrial DNA (mtDNA) exists as uniform wild-type
molecules at birth in healthy individuals, a condition known as
homoplasmy, but de novo mutations result in a mixture of wild-
type and mutant mtDNA molecules, a condition known as
heteroplasmy [2].

While low-level heteroplasmy is well tolerated, the accumulation
and spread of mutant mtDNA molecules above a certain
threshold can result in impaired oxidative phosphorylation,
which frequently leads to mitochondrial disease. The mechanism
underlying this process, known as clonal expansion, is unknown.
Investigating clonal expansion at the subcellular level may help
us better understand the mechanisms underlying it and help
characterize mitochondrial disease. More broadly, better
the (and  pathophysiological)

understanding physiological

relevance of intracellular organelle heterogeneity with subcellular
precision would likely aid effective disease diagnosis and
treatment; however, we need the appropriate technologies to
achieve this. To take full advantage of single-cell multiomics,
nano probe-based technologies can circumvent common
challenges associated with investigating subcellular molecules,
such as: Nano probe technologies are typically combined with
scanning probe microscopy to enable nanometer-level precision
in and around cells. As a result, the relatively small probe size
allows for sampling from live cells while having little impact on
viability or the

technologies are typically combined with scanning probe

cell cellular environment. Nano probe
microscopy to enable nanometer-level precision in and around
cells. As a result, the relatively small probe size allows for
sampling from live cells while having little impact on cell
viability or the cellular environment. Here the colleagues
developed nano biopsy technology in 2014, which uses a nano
pipette containing an organic solvent to aspirate mRNA and
mitochondria from cultured fibroblasts' cytoplasm. This method
is based on electro wetting, a process in which a liquid-liquid
interface is manipulated by applying a voltage to aspirate a target
from a living cell's cytoplasm. Fluid Force Microscopy (FFM), di
electrophoretic nano tweezers, and nano pipettes have recently
been used successfully to sample cytoplasmic proteins and

nucleic acids from cultured cells [3,4].

Fluid Force Microscopy (FFM), di electrophoretic nano tweezers,
and nano pipettes have recently been used successfully to sample
cytoplasmic proteins and nucleic acids from cultured cells.
However, none of these technologies have been used to
investigate tissue samples used in clinical and molecular
pathology. The goal of this study was to see if nano biopsy could
be adapted for sampling from human tissue samples. We show
that an adaptation of nano biopsy, subcellular biopsy, has the
potential to go beyond conventional methodological limits by
(LCM), the

commonly used approach for studying single cells from tissue

using Laser-Capture-Micro Dissection most

samples, as a comparator [5,6].
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CONCLUSION

We demonstrated in this study that a micropipette integrated
within a SICM can successfully sample mitochondria from
human skeletal muscle, or any human tissue, with a spatial
resolution greater than the gold standard LCM. This technology,
we believe, will allow for the isolation and analysis of organelle
populations from discrete foci within tissues for downstream
molecular and structural analysis.
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