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Abstract

The isolation of single cells is an essential pre-requisite
for many research projects in pathology, oncology, and
forensics. The MMI CellCut is designed to facilitate laser
microdissection from tissue sections, such as fresh
frozen or FFPE material. In this study, we demonstrate
how to easily use the MMI CellCut system, in
combination with special cell-culture Membrane Slides,
toisolate living cells directly into MM Isolation Caps for
subsequent omics analysis.

Introduction

Studying single cell omics is becoming increasingly
popular as many downstream methods are being
optimized for low amount of sample with increased
sensitivity. Thus, several kits for RNA extraction and
foribrary preparation using tiny amount of sample are
commercially available today [1]. In recent years, many

Fig. 1: MMI CellCut system on the Nikon Ti-2 inverted microscope.
CellCut is compatible with many microscopes and almost all objective
lenses.

methods to isolate single cells have been developed,
both for tissue sections and for cells in suspension.
However, most of these methods lack the ability to
specifically select individual cells, a common example of
which is fluorescence-activated cell sorting (FACS). In
addition, most technologies are limited to dead or



fixed cells, whereas methods to gently isolate living cells
under sterile conditions from primary cell culture are
still rare. Moreover, transcriptomics and proteomics
data might significantly change during solubilization of
living adherent cells or during the process of cell
fixation>. The MMI CellCut was initially developed for
the selective isolation of single cells or cell clusters from
tissue sections using laser microdissection (Fig 1). Its
functionality and proficiency have been validated in
numerous publications using fresh frozen or FFPE
material in various research areas such as oncology,
pathology, immunology, forensics, as well as in crop
science [3-7]. Here, we demonstrate that the MMI
CellCut, using the MMI 18-well Membrane Slides, can
also efficiently be employed to isolate single living cells
from physiological cell culture conditions to
subsequently subject the cells to diverse omics analysis.
This study displays the semi-automated workflow to
isolate a single cell from the MMI 18-well Membrane
Slide into an MMI lIsolation Cap in a sterile and
contamination-free way.

Materials and Method

Hela cells were cultivated in Dulbecco’s Modified
Eagle’s medium (DMEM), supplemented with FBS, non-
essential amino acids, L-Glutamin and Penicillin-
Streptomycin at 37 °C and 10% CO, 20 pl of a cell
suspension with 1x10* Cells/ml were transferred into
each well of an MMI 18 well Membrane Slide (Product
Number 50304) and grown for 48 hours. For single cell
isolation, 10 pl of medium were removed from each well
under a laminar flow hood. The MMI 18-well Membrane
Slide was turned upside down to avoid cross
contamination and put onto a standard glass slide
(Fig. 2). This sandwich was then transferred from the
hood onto the microscope stage. Single cells were
selected, cut and isolated using the MMI CellCut
mounted on an Olympus 1X83 inverted microscope. The
MMI CellCut was equipped with the MMI Universal
laser for precise laser cutting. Cells were directly
isolated into 0.5 ml MMI Isolation Caps (Product
number 50202).
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Fig. 2: Schematic representation how to apply the MMI 18-well
Membrane Slide. A) Top view of the MMI 18-well Membrane Slide. B)
The MM 18-well Membrane Slide is turned upside down and put onto a
standard microscope glass slide. C) A sandwich is formed (glass slide,
cells, membrane) ensuring that the cells of interest remain intact and
can be isolated in a contamination-free way. D) This sandwich is placed
onto the microscope stage for subsequent laser microdissection.

Results

The MMI 18-well slide is specially designed for live cell
laser microdissection. The bottom of this slide consists
of a PEN-membrane which is also used for standard
MMI Membrane Slides. The MMI 18-well Membrane
Slide additionally harbors a plastic frame containing 18-
wells taking a volume of about 20 pl to allow cells to be
in culture for up to 48 hours. To obtain precise and
repatable cutting results, an empty MMI 18-well
Membrane Slide was used to optimize the laser focus
and laser power within the MMI CellTools software. The
same settings were then used for subsequent
experiments. Before cutting, 10 pl of the medium from
each well is removed to prevent cross contamination by
medium leakage across the different wells. The MMI
18-well Membrane Slide is inverted and placed onto a
standard microscope glass slide (Fig. 3). Therefore, the
membrane is located at the very top, whereas the glass
slide is placed at the bottom. This is done in a cell
culture hood to maintain sample sterility. The sterile
sandwich then goes onto the microscope stage of the
MMI CellCut system with the glass slide facing toward
the objective lens of the microscope. Employing the
powerful and easy to use MMI CellTools software, the
sample can be inspected and searched for the target
cells to be isolated (Fig. 3). Within the software, the
laser precisely cuts the membrane around the cell of



interest (Fig. 4). The automated MMI CaplLift system
then isolates the target cell from unwanted cells on the
membrane directly into MMI [solation Caps. The
isolation process is not compromised by liquid being
present in the wells, thus enabling the cell isolation in
physiological conditions. With the MMI CellCut system,
cells are gently treated and transcriptomics data will not
be affected by the isolation procedure.

Fig. 3: Hela cell being selected for cutting using an interactive pen.

Fig. 4: Workflow isolating a single living cell. A) A single cell is selected. B) The laser precisely cuts the membrane around the cell along the previously marked
line. C) The cell is lifted using the MMI Isolation Cap. D) The isolated cell can be inspected by focusing on the surface of the MMI Isolation Cap. See the
Youtube video at https://youtu.be/PJrpcg_q-G4 or with the QR code below.

Discussion

In this study, we demonstrate that the MMICellCut is
not only able to cut tissue sections, but is also able to
isolate living cells maintained in cell culture conditions.
The gentle and non-invasive technology ensures that
that cells are viable and that their omics profiles are not
affected. Thus, meaningful data can be obtained without

any process artifacts. With this new cell isolation
procedure, the MMI CellCut expands its application
range also to research based on primary cell cultures as
well as co-cultured cells.



Your benefits

Capillary-based selective isolation of
single cells from suspension (CellEctor)

Laser microdissection to isolate
cells in tissue (CellCut)

Whole Slide Imaging meets laser
microdissection (CellScan)

Optical tweezers to quantify biological
forces (CellManipulator)

For more information on the workflow, watch
the short video here:
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