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Abstract

Laser Capture Microdissection (LCM) is an automated technique that allows the separation of cell subgroups,
specific cells, or chromosomes from a heterogeneous population. Using an inverted microscope, a laser, and
a sample collection system, LCM enables microscopic observation of cells, precise sectioning of regions of
interest, and subsequent sample collection in a single operation. This technique is widely used in various
scientific fields, particularly in cytogenetics, to isolate specific chromosomes or chromosomal regions. However,
due to the small amount of DNA obtained, amplification is necessary. One of the amplification methods used
was the commercial GenomePlex WGA4 Single Cell kit. In this study, chromosomes were isolated using LCM
and amplified using the whole genome amplification (WGA) methodology, with the aim of using them as
chromosome probes (Whole Chromosome Paints - WCP) in molecular cytogenetic analyses.
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Introduction

Laser Capture Microdissection (LCM) Technique

Laser capture microdissection (LCM) is a procedure primarily
designed for the collection of specific and pure cell populations
from different tissue sections for subsequent DNA and RNA
extraction. Inevitably, LCM has been adapted for other types
of isolation and collection, such as the isolation of individual
chromosomes or specific regions of these chromosomes, such as

centromeres. This is only possible due to the adaptive capacity
of this method, allowing microscopic scanning of slides specific
for this methodology, as well as laser cutting of regions of in-
terest (ROIs) and subsequent sample collection, all in a single
operation [1]. Table I presents some of the advantages and dis-
advantages of LCM in relation to other microdissection meth-
odologies.

Table 1: Advantages and Disadvantages of Laser Capture Microdissection [6].

Advantages

Disadvantages

Contactless tissue capture, which

Becomes less effective when ROIs narrow to cellular or sub-
cellular resolution

reduces the likelihood of contamination

Damages tissue surrounding the ROIs

Allows for isolation of cells in paraffin or

Requires staining steps that can directly affect subsequent
analysis
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frozen samples

| Requires the assistance of an imaging system

Different Types of Laser Capture Microdissection (LCM)
The concept of laser capture microdissection was first proposed
in 1986 for the purpose of microdissecting/isolating human
chromosomes [2].

In 1996, Emmert-Buck and his team developed the IR-LCM (In-
frared Laser Capture Microdissection) system to separate spe-
cific target cells from tissue samples using an 810 nm infrared
laser [3].

Later, the Palm MicroBeam and Leica LMD laser microdissec-

tion systems were developed, presenting significant technolog-
ical advances over IR-LCM [1]. Nowadays, LCM is a wide-
spread and universal technology with several systems available,
mainly associated with different microscopy and imaging com-
panies, such as Zeiss (ZEISS Group), Leica (Leica Microsys-
tems) among others [4, 5]. Currently, four different types of laser
capture microdissection are used (figure I) that allow for the pre-
cise separation of ROIs from diferentes tecidos. Estes diferem
bastante no que diz respeito aos dispositivos de colheita, fontes
de laser e técnicas de isolamento [1].

Leica LMD System A|B Zeiss Palm System
Luz: UVs com diferentes comprimentos de onda Luz: UV
Disseio: utiliza um prisma para mudar a incidéncia Disseciio: Move o laser e mantem a luz vertica)
do angulo do UV em relaciio aos tecidos
Tipo de captacio: Gravidade, pulse ou ambos Tipo de captacio: Pulse
Coletores: tAibsl  Coletores:
eppendorf B-stripe rube
Diferentes técnicas
96 well-plate 384 well-plate de microdisseciio por eppendorf 8-strips tube
— captura a laser
ArcturusXT System \ ey / MMI Cellcut System
2 v
Di L:z f:'e , licula com luz e ad % Luz: OV
SECCHD] 1va a icula com Iuz ¢ adere os ]
¥ pe T > pana Dissecao: Corta os ROIs alvo com UV
ROIs alvo
L aderindo-se aos tecidos para isolamento
Tipo de captagio: Por aderéncia .
Tipo de captagio: Por aderéncia
Coletores: .
Coletores:
eppendorf clp eppendorf

Figure 1: Illustration of the schematics of four currently used Laser Capture Microdissection (LCM) systems. A: Leica LMD
System; B: Zeiss Palm System; C: ArcturusXT System; D: MMI Cellcut System [1].

Laser Capture Microdissection and its Uses

LCM has emerged as an efficient, contact-free method for iso-
lating specific cells from different organs or tissues through mi-
croscopy, becoming an essential tool for preparing samples with
omics information for subsequent analysis. Therefore, proper
sample preparation is crucial for successful capture [1].

This technique can be applied to histological models, live cells
and cell cultures, plant material, chromosome preparations, for-
malin-fixed and/or paraffin-embedded (FFPE) or frozen tissues,
stained and unstained tissues, among others (Datta et al., 2015).
The use of LCM for omics studies has proven to be highly versa-
tile, due to the continuous development of recording techniques,
analytical methods, and resolution systems [1], with applicabil-
ity in genomics, epigenomics, transcriptomics, proteomics, and
metabolomics [6-10].

LCM and its Applicability in Cytogenetics

LCM has become a powerful tool in many scientific fields, such
as cytogenetics, as it allows the isolation of individual chromo-
somes or even specific intrachromosomal regions. The subse-
quent procedure and molecular analysis are very challenging,
since the amount of DNA obtained is significantly low, requiring
amplification [11]. Several methods have been tested to amplify
DNA obtained through LCM, including DOP-PCR (Degenerat-
ed Oligonucleotide Probe-PCR).

It has proven to be a proficient technique for amplifying un-

Page No: 02 /

www.mKkscienceset.com

known DNA sequences, such as those obtained with this pro-
cedure, chromosomal regions, and entire chromosomes from
different species, especially for the construction of whole chro-
mosome probes (WCPs). More recently, commercial kits op-
timized for single-cell amplification, such as the GenomePlex
WGAA4 Single Cell kit and the Repli-G Single Cell kit, have been
used previously through next-generation sequencing (NGS) [12,
13].

Objectives

The Objectives of this Practical Work were as Follows

1. Literature review on laser capture microdissection (LCM) of
chromosomes.

2. Preparation and acquisition of chromosome suspensions
through in vitro culture of cell lines of the study species, Myotis
daubentonii (MDA), previously determined by the host labora-
tory.

3. Application of the microdissection technique to obtain isolat-
ed chromosomes of Myotis daubentonii (MDA).

4. Amplification of Myotis daubentonii (MDA) chromosomes
using the Whole Genome Amplification (WGA) method.

5. Labeling of the chromosomes obtained by PCR and molecular
cytogenetic analysis of one of these probes in fixed chromosome
preparations of the same species, Myotis daubentonii (MDA).

Material and Methods
To carry out this practical work related to this internship, the
following was carried out: Work flow:

J Clin Bio Med Adv 2025
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Figure 2: Workflow of the practical work carried out, which included: in vitro cell culture, obtaining chromosome preparations,
laser capture microdissection, chromosome amplification, and fluorescent in situ DNA hybridization

In Vitro Cell Culture

This practical work used two cell lines corresponding to two bat
species: MDA (Myotis daubentonii) and MES (Myotis escale-
rai). These cell lines were previously established in the Cytoge-
nomics Laboratory. During this internship, the cell lines of both
species under study were maintained in in vitro culture, to be
later used in the laser capture microdissection technique.

Protocol 1: Establishment of in Vitro Culture from Cryopre-
served Cells

These two cell lines were cryopreserved in Freezing Medium
(containing DMSO and FBS) in liquid nitrogen at a temperature
of -196°C.

1. Remove the aliquots containing the cells from the cryopres-

ervation container and thaw them by touching them with your
palms (£37°C). Note: This step is crucial to promote heat shock
and healthy recovery of cellular activity.

2. Transfer the cells to a 15ml Falcon tube and add 4ml of com-
plete culture medium (Table II). Note: At 37°C, some compo-
nents of the cryopreservation medium can be toxic to the cells,
compromising cell recovery.

3. Centrifuge the tube at 1200 rpm for 5 minutes.

4. Discard the supernatant and add 4ml of complete culture me-
dium previously warmed to a temperature of £37°C.

5. Transfer the cells to a properly labeled T25 culture dish
(25cm?).

6. Incubate the cells at 37°C with 5% CO2.

Table 2: Constituents and Respective Concentrations of the Complete Culture Medium.

Complete Culture Medium

1% L-Glutamine (200 mM)

1% PNS (5 mg/ml Penicillin; 5 mg/ml Streptomycin; 10 mg/ml Neomycin)

5% AmnioMAX Complete Supplement

10% Fetal Bovine Serum (FBS)

DMEM Basal Medium

Protocol 2: Subculture

When the cells reach confluence values of approximately 70-
80%, they must be subcultured to prevent a slowdown in growth
and, consequently, ensure their maintenance in in vitro culture.
1. Remove the culture medium and then wash the cells with
HBSS.

2.Add 1 ml of TrypLE™ Express Enzyme (1X) and incubate for
1 minute at 37°C.

3. Add 3 ml of FBS to inhibit the action of trypsin.

4. Transfer the suspended cells to a new culture dish and add the
required volume of complete medium.

5.Place the culture dishes at 37°C.

2.2 Obtaining chromosome preparations. When the culture dish
reaches the required confluence (70%-80%), cells are harvested
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to obtain chromosome preparations. These preparations will lat-
er be used in the laser capture microdissection (LCM) procedure
to obtain chromosomes.

Protocol 3: Chromosome Preparations

1. Add 80 pL of colcemid (10pg/ml) to the culture dish with 8 ml
of culture medium and incubate for 1 hour at 37°C. Note: During
the colcemid period, visualize the cells under a microscope and
check for an increase in metaphase cells, checking for the pres-
ence of round cells or cell doublets.

2. After one hour, collect the dividing cells by shake-off and/or
trypsinization. Note: If using trypsin, wash with HBSS and add
TrypLE™ Express Enzyme (1X) for 1 minute at 37°C. Observe
the action of the trypsin under a microscope. When the cells are
all circular, lift them from the box mechanically (by tapping the
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box on the table or tapping the side of the box with your hand).
3. Stop the trypsin action by adding complete culture medium
to the cell box and mixing the cells well with a micropipette.
Remove approximately % of the cells in a 15 ml falcon. Add
more complete medium to the remaining volume and place in an
incubator at 37°C.

4. Centrifuge the 15 ml falcon containing the cells at 1800 rpm
for 10 minutes.

Store the Chromosome Suspension at -20°C

5. Discard the supernatant and resuspend the pellet in a hypo-
tonic solution (Table II). 6. Incubate the tube at 37°C for 12-16
minutes.

6. Centrifuge at 1800 rpm for 10 minutes.

7. Discard the supernatant and resuspend the pellet in freshly
prepared fixative (Table III). Top up to 8 ml with fixative.

8. Centrifuge the Falcon at 1800 rpm for 10 minutes.

9. Repeat steps 7 and 8 twice.

Table 3: Composition and Respective Proportions of the Hypotonic Solute and Fresh Fixative

Hypotonic Solute

Fresh Fixative

0.075M potassium chloride solution

3:1 Methanol:Glacial Acetic Acid

Laser Capture Microdissection

The LCM system used in this study is the Zeiss PALM Sys-
tem, which consists of an inverted microscope, ultraviolet laser,
sample collection and placement system, software, and imaging
system.

Protocol 4: Preparation of slides for microdissection

1. Sterilize the MembraneSlide 0.17 PET slides in UV for 15
minutes in an open-lid Petri dish and in UV for 15 minutes in a
closed box. Note: The slides used were "MembraneSlide 0.17
PET," consisting of a slide and coverslip set with specifications
that differ from conventional coverslips and slides used in cyto-
genetics laboratories.

2. Resuspend, pipette, and drop a drop of the chromosome sus-
pension onto the coverslip of the MembraneSlide 0.17 PET set.
Note: Ensure that the material has been spread when performing
the drop. In addition to spreading, it is important to verify that
the number of metaphases is satisfactory for chromosome isola-
tion by LCM.

3. Staining of chromosome preparations in 4% Giemsa for 25
minutes. Note: In a container, add 91 ml of water, 4 ml of Gi-
emsa, and 5 ml of phosphate buffer. Silver is placed around the
container to block light to obtain 4% Giemsa.

Protocol 5: Laser Capture Microdissection of Chromosomes
1. Clean the microscope with 100% ethanol and wear sterile
gloves.

2. Turn on the power supply, laser, and computer (by turning the
switches inserted into them).

3. Turn on the computer screen (press "ENTER" only).

4. Ensure that the microscope is set to the 10x objective. 5. Open
the "Pablorood" window on your computer.

5. Select the "No" option.

6. The program will display an error; press "Ok" until it opens.
7. Turn on the microscope. Note: If a green background appears,
this indicates successful operation.

8. Install the Eppendorf in the appropriate location to store the
area to be catapulted.

9. Examine chromosomes with the 10x objective, focusing on
the drop location, progressively increasing the objective and its
focus (10x, 40x, and 100x). Note: When using the 40x and 100x
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objectives, add immersion oil.

10. Take photos, if necessary, in the upper right corner of the
open program.

11. Delimit the area of interest with the "Pencil" tool, and press
the "ENTER" key to perform the section.

12. Close the Eppendorf to store the catapulted contents.

13. After completing the desired views, place the microscope on
the 10x objective, wipe off excess immersion oil, and turn off all
systems. Note: Since the laser capture microdissection micro-
scope has three slide holders, we can switch between views by
clicking the "View navigator window" in the upper left corner.
When changing objectives, select the objective in the upper right
corner to adjust the cursor speed relative to the microscope view.

Whole Genome Amplification (WGA)

The amplification method for the microdissected chromosome
was performed using a commercial kit: GenomePlex® Whole
Genome Amplification (WGA1), which allows for 500-fold rep-
resentative amplification of genomic DNA. This kit uses a three-
step amplification technology: random fragmentation of genom-
ic DNA, OmniPlex library preparation, and PCR amplification.
In this study, the chromosome to be amplified using the previous
methodology was chromosome 3 (HSA3). Note: When amplify-
ing the chromosome obtained by microdissection, a sample of
Human Genomic DNA Control included in the kit was added,
serving as a positive control.

Fragmentation

1. Add 1pul of 10x fragmentation buffer to 10ul of DNA/chromo-
somes (1ng/ul) in a PCR tube.

2. Place the tube in a thermocycler at 95°C for exactly 4 minutes.
3. Immediately after step 2, place the sample on ice and centri-
fuge it to consolidate the contents.

Library Preparation

1. Add 2pl of 10x Library Preparation buffer to each sample.

2. Add 1pl of Library Stabilization Solution. 3. Centrifuge the
sample and place it in a thermocycler at 95°C for 2 minutes.

3. Immediately place the sample on ice and centrifuge it.

4. Add 1pL of library preparation enzyme and centrifuge briefly.
5. Place the sample in a thermocycler and incubate as follows:
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Table 4: Temperatures and Respective times Indicated for the Different Stages in the Thermocycler

Temperature Time
1° 16°C 20 minutes
2° 24°C 20 minutes
3° 37°C 20 minutes
4° 75°C 20 minutes
5° 4°C PAUSE

7. Remove the samples from the thermal cycler. They can be
amplified immediately or stored at -20°C for 3 days.

Amplification
1. Add the following reagents to the sample tube for the reaction:

Table 5: Reagents and Respective Volumes of the Main Amplification Reaction

Reagent Volumes
Amplification Master 7,5ul
Water for Thawing 47,5ul
WGA DNA Polymerase Sul
Total Main Reaction Volume 15ul

2. Centrifuge and place in the thermocycler with the following program:

Table 6: Temperatures and Time Required for the Respective Programs in the Thermal Cycler

Programs Temperature Time
Initial Denaturation 95°C (3 minutes)
Run 14 cycles as follows:
Denaturation 94°C 15 (15 seconds)
Anneal 65°C 5 minutos

3. After completing the program, keep the reactions at 4°C or store at -20°C until use for analysis or purification.

Protocol 5: Agarose Gel Electrophoresis

1. Prepare a gel mounting tray with a comb.

2. Weigh 0.7g of agarose into 60ml of 1x TBE in an Erlenmeyer
flask to prepare a 1.2% gel.

3. Dissolve the agarose in the microwave until a completely
clear solution is obtained, free of suspended particles.

4. Place the agarose solution in a glass vessel and add 20ul of
Ethidium Bromide (EtBr) with a stock concentration of 0.6mg/
ml. Mix thoroughly and place the agarose in the previously pre-
pared mounting tray. 5. After gelling, remove the comb from the
agarose gel and check that the wells are intact.

5. Place the gel in an electrophoresis tank and ensure it is cov-
ered with 1XxTBE buffer solution.

6. Deposit the DNA samples (5uL) with deposition solution
(2uL) and molecular marker (2uL).

7. Connect the electrophoresis tank to the power supply for 3
minutes at 80V.

8. View on the Gel Doc XR+ system (Bio-Rad) and photograph
the gel with the Molecular Imager® Gel Doc™ XR software
(Bio-Rad).
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DNA Fluorescent In Situ Hybridization (DNA-FISH)

The DNA-FISH technique allows the analysis of nucleic acids
based on the formation of DNA/DNA hybrids that are detected
by fluorescence methods. As mentioned previously, HSA3 was
amplified and labeled with biotin (indirect labeling), and in the
FISH assay, we added a WCP HSA15 already directly labeled
with FITC, enabling dual FISH with two HSA WCP probes.
The human chromosomes used in this FISH as a chromosome
suspension come from a HCE-T (Human Corneal Epithelial
Cells-Transformed) cell line [14].

2.5.1 Protocol 6: DNA Fluorescent In Situ Hybridization (DNA-
FISH). The FISH methodology involves 6 essential steps (Fig-
ure III): preparation of the target material (chromosome prepara-
tions) and pretreatment of the chromosomal targets, denaturation
of the probes and chromosomes, hybridization of the probe to
the chromosomal targets, post-hybridization washes, detection
of hybridization sites (in the case of indirect labeling), staining
and mounting of the slides.

J Clin Bio Med Adv 2025
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Figure 3: Workflow of the Fluorescent In Situ Hybridization (FISH) Protocol used in this Practical Work.

Analysis and Discussion of Results

In Vitro Culture of MDA and MES Cells

Preparation of species-specific WCP or genomic material for
NGS sequencing from microdissection requires first obtaining
chromosome suspensions of the species under study. This practi-
cal work used two cell lines from two bat species: MDA (Myotis
daubentonii) and MES (Myotis escalerai). One of the objectives
of this work was to establish cell lines from cells previously
cryopreserved in the Cytogenomics Laboratory (Protocol 1).

After establishment, it was initially observed that the growth of
MDA and MES cells, compared to previous passages of these
cell lines, was quite slow, as eight days after the start of the pro-
tocol, the culture dishes had not yet reached 60% confluence.
This slow growth can be explained by the very low number of
active cells that remained after the thawing process, and this re-
duced number of active cells is due to the inefficiency of the
cryopreservation technique and/or the number of cells used to
cryopreserve.

Figure 4 & 5: In the culture on the left, we can observe the growth of MDA at the end of day 5 in culture, and in the figure on the
right, we can observe MDA cultures on day 8 of culture.

Comparing the growth between the two cell lines, we can also
confirm that the MES culture grew substantially faster due to the
greater number of active cells present in the thawed aliquot. To
accelerate the growth of MDA and MES, we changed the culture
medium to a-DMEM by adding 5% more AmnioMax complete,
increasing cell growth in both species. These cell lines were then
used to obtain metaphase suspensions.

Laser Capture Microdissection of MDA Chromosomes

One of the most important points in chromosome microdissec-
tion is the preparation of slides with complete metaphases, with
individualized and non-overlapping chromosomes. The cover-
slip that is part of the "MembraneSlide 0.17 PET" set does not

allow for natural spreading of chromosomes across the surface,
so it was necessary to optimize the dropping technique for better
spreading of the chromosomes in order to individualize them.
Factors such as changing the fixative ratio, drop height, humid-
ity, increasing the number of drops on the coverslip, and using
fixative after dropping were tested in this practical work. Increas-
ing the number of drops along the coverslip (one drop next to the
other) combined with applying a fixative drop after dropping the
chromosome suspension helped increase the number of meta-
phases per coverslip as well as chromosome spreading. For bet-
ter visualization and capture of the chromosomes, 4% Giemnsa
staining was used in Protocol 4. The execution of the protocols
in point 2.3 allowed visualization of the chromosomes intended
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for microdissection, but due to technical issues (the laser did
not have sufficient power for cutting and collecting the specific
chromosome), it was not possible to perform the cutting. Despite
not obtaining the desired chromosomes through microdissection
in MDA, the practical work and subsequent methodologies were
possible. From this point on, we used chromosomes previously
microdissected from a normal HSA cell line.

Chromosome Amplification by WGA

The isolation of specific chromosomes or even specific intra-
chromosomal regions alone is not sufficient for their use in ei-
ther NGS methodologies or subsequent molecular cytogenetic
techniques. In addition to maintaining their three-dimensional

physical structure, they also contain a significantly low amount
of DNA, requiring amplification. Among the various exist-
ing methodologies, a commercial kit optimized for single-cell
amplification, GenomePlex WGA4 Single Cell, was used. The
protocol presented in section 2.4, despite its ease of implemen-
tation, always depends on the purity and quantity of the starting
material. One way to control the yield of this methodology is to
introduce a positive control, in the case of a human sample in the
WGA amplification. Observing Figure VI, we can see that the
samples amplified by this methodology presented smear within
the desired values, as did the positive control.

Figure 6: Agarose gel electrophoresis of DOP-PCR products after WGA protocol. M: 100bp DNA molecular marker from
Invitrogen. 1: DOP-PCR product of chromosome HSA4. 2: DOP-PCR product of chromosome HSA4. 3: DOP-PCR product of
chromosome HSA3. 4: DOP-PCR product of the positive control.

Fluorescent DNA In Situ Hybridization (DNA-FISH)

One of the objectives of this practical work was the isolation and
amplification of chromosomes to obtain chromosome probes
(WCP) using the whole genome amplification (WGA) method-
ology. For this to be possible, the amplified DNA must be la-
beled by PCR with labeling dUTPs linked to a fluorochrome.
This protocol was not performed using pre-labeled WCPs. To
test the construction and specificity of the WCPs, the FISH tech-
nique (point 2.6) was used, with the hybridization of the human
probes, HSA3 and HSA1S5, on chromosomes of a human corneal

cell line - HCE-T. Observing Figure VII, we see that there was
hybridization of the HSA3 and HSA15 probes on the chromo-
somes of the HCE-T cell line. Since the objective of this work
is not the cytogenetic analysis of the specific cell line, it is pos-
sible, however, to verify that the HCE-T cell line is a line with
an altered karyotype both in terms of chromosome number and
rearrangements. structural. This is verified by the presence of
hybridization signals of chromosomes 3 and 15 in more than two
pairs of complete chromosomes

Figure 7: Hybridization of chromosomes HSA3 (red arrows) and HSA15 (green arrows) on the chromosomes of the HCE-T cell line. a) Meta-
phase with reverse DAPI banding. b) Dual-FISH of the HSA3 (red) and HSA15 (green) probes. ¢) FISH with the HSA3 probe. d) FISH with the
HSA1S5 probe.
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The laser capture microdissection technique for obtaining WCP
chromosome probes has already been successfully used in sev-
eral studies in humans and other animals [14, 15],namely for the
isolation of derivative chromosomes and for use in evolutionary
studies [16]. One of the advantages of using laser microdissec-
tion in conjunction with WGA amplification is that it is possible
to obtain chromosome-specific probes by isolating a small num-
ber of copies of the target chromosome [14].

General Conclusions and Future Prospects

The general objective of this practical work was initially to iso-
late chromosomes by laser capture microdissection (LCM) and
amplify them using the whole genome amplification (WGA)
method, so that they could be labeled with fluorochromes and
used as chromosome probes in molecular cytogenetic analyses
[17].

We conclude that the use of the laser capture microdissection
(LCM) technique depends on many factors that must be con-
sidered, the most important of which will be cell culture and
the preparation of chromosome suspensions that allow for the
production of slides with sufficient chromosome number and
spread for their use. The choice of amplification methodology
that allows for the construction of the WCP is also important,
particularly given the amount of starting material obtained with
microdissection.

Regarding the chromosomal probes obtained, FISH analysis
revealed that they were specific to the chromosomes obtained,
despite their use in a cell line with an altered genome.

From a personal perspective as a student, completing this in-
ternship was very exciting, not only because of the novelty of
the first exposure to the laboratory routine, but also because of
the number of methodologies and their troubleshooting that I
was able to observe and absorb, which will be important for my
professional and academic career in the future.
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