
REVIEW

Laser Capture Microdissection in the Tissue Biorepository
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An important need of many cancer research projects is the availability of high-quality, appropriately selected
tissue. Tissue biorepositories are organized to collect, process, store, and distribute samples of tumor and
normal tissue for further use in fundamental and translational cancer research. This, in turn, provides
investigators with an invaluable resource of appropriately examined and characterized tissue specimens and
linked patient information. Human tissues, in particular, tumor tissues, are complex structures composed of
heterogeneous mixtures of morphologically and functionally distinct cell types. It is essential to analyze
specific cell types to identify and define accurately the biologically important processes in pathologic lesions.
Laser capture microdissection (LCM) is state-of-the-art technology that provides the scientific community
with a rapid and reliable method to isolate a homogeneous population of cells from heterogeneous tissue
specimens, thus providing investigators with the ability to analyze DNA, RNA, and protein accurately from
pure populations of cells. This is particularly well-suited for tumor cell isolation, which can be captured from
complex tissue samples. The combination of LCM and a tissue biorepository offers a comprehensive means
by which researchers can use valuable human biospecimens and cutting-edge technology to facilitate basic,
translational, and clinical research. This review provides an overview of LCM technology with an emphasis on
the applications of LCM in the setting of a tissue biorepository, based on the author’s extensive experience in
LCM procedures acquired at Fox Chase Cancer Center and Hollings Cancer Center.
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INTRODUCTION

OVERVIEW OF LCM TECHNOLOGY

Laser capture microdissection (LCM) is a state-of-the-art
technology for isolating pure cell populations from a het-
erogeneous tissue specimen. It can precisely target and
capture the cells of interest for a wide range of downstream
assays. In early 1986, the laser microbeam microdissection
was first described.1 Following the first publication about
LCM in 1996, which appeared in Science,2 LCM technol-
ogy was rapidly commercialized by Arcturus (Molecular
Devices, Inc., Sunnyvale, CA, USA). In the meantime, The
PALM Microbeam (Carl Zeiss MicroImaging GmbH,
Bernried, Germany) and Leica LMD6000 (Leica Microsys-
tems Inc., Bannockburn, IL, USA) laser microdissection
systems were also developed promptly and broadened its
applications internationally. Today, thousands of research-

ers worldwide benefit from this technology, and thousands
of publications involving LCM have appeared. As a result
of the development of this technology, approaches to mo-
lecular analysis of pathologic processes have been enhanced
significantly.

The LCM system is based on an inverted light micro-
scope (with or without a fluorescent module), fitted with a
laser device to facilitate the visualization and procurement of
cells. Today, there are two general classes of laser microdissec-
tion: infrared (IR) laser-capture system and ultraviolet (UV)
laser-cutting system. The laser-capture technique was devel-
oped in the 1990s by Dr. Emmert-Buck and colleagues at the
National Institutes of Health (Bethesda, MD, USA).2 The
principle of LCM consists of visualizing the cells of interest
directly via microscopy, while having a thermoplastic transfer
film attached to a plastic cap that overlies the cells. While
viewing the cells, an IR, low-power laser is pulsed through the
top of the cap, hitting the transfer film, which then melts and
bonds to the cells or regions of interest. The film absorbs the
laser radiation creating a gentle, nondamaging microdissec-
tion that preserves the integrity of the captured material. Laser
impulses can be repeated multiple times across the whole cap;
thus, up to 3000–5000 cells can be isolated onto a single cap.
IR LCM platforms are available as PixCell, Veritas, and Arc-
turus XT systems (Molecular Devices, Inc.). The experience in
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my own research laboratory is with PixCell II, Veritas, and
Arcturus XT systems. Distinct from LCM, laser-cutting mi-
crodissection uses a narrow-beam UV laser to draw around
and excise cells of interest from surrounding cells and tissue.
Variations of UV cutting systems include positioning and
ablation with laser microbeam (PALM) systems (Carl Zeiss
MicroImaging GmbH, http://www.zeiss.com) and UV laser-
cutting systems (Leica LMD6000, Leica Microsystems, Inc.,
http://leica-microsystems.com). In contrast to LCM, the UV-
microdissected cells or regions of interest are instead deposited
directly into a collection tube by gravity or catapult. By ablat-
ing the adjacent rim of unwanted tissue, nonspecific adher-
ence of tissue to the tube is avoided. Thus, these completely
noncontact systems decrease the possibility of contamination
from cells nonspecifically adhering to a plastic membrane cap.
The solid-state IR laser applies a gentle capture technique,
which preserves biomolecular integrity and is ideal for single
cells and small numbers of cells. The UV laser delivers unprec-
edented speed and precision and is well-suited for microdis-
secting dense tissue structures and for capturing large numbers
of cells. The Veritas and Arcurus XT systems are combined
IR/UV systems for ultimate microdissection flexibility.

WORKFLOW OF LCM

The process of LCM is straightforward, and there are a
considerable number of commercially available kits that
have aided in simplifying the process. The workflow of
LCM is shown in Figure 1. Sample preparation for LCM is
similar to routine slide preparation in the pathology labo-

ratory. Optimal cutting temperature compound-embed-
ded frozen tissue or formalin-fixed paraffin-embedded
(FFPE) tissues are sectioned by cryostat or microtome. The
optimal tissue section thickness for LCM is 4–15 �m,
mounted onto glass slides, followed by dehydration after
tissue staining. When using glass slides, they need to be
uncharged and noncoated, as either feature may interfere
with the transfer of tissue from the slide onto the cap. After
staining tissue sections with H&E or by immunohisto-
chemistry for specific cell identification, the LCM cap,
comprised of a plastic support with thermolabile polymer
film and dye, is then placed on top of the tissue section. The
laser pulses through the cap and causes the thermoplastic
film to form a thin protrusion that bridges the gap between the
cap and tissue and adheres to the target cell. In this way, the
dye on the film absorbs the laser energy and provides a means
of visualizing where each laser pulse has targeted. The laser-
activated film adheres tightly to the underlying cells, which are
then removed selectively from the tissue section when the cap
is lifted. After microdissection is completed, the cap with
adhered target cells is placed into a tube that contains an
appropriate buffer for DNA, RNA, or protein extraction, and
the biomolecules are recovered for downstream analysis. The
quality of the isolated DNA, RNA, and protein can be mon-
itored and assessed with a bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). The quality assessment of RNA,
extracted from an entire tissue section, scraped from a slide, is
usually necessary (and recommended) prior to LCM proce-
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FIGURE 1

The workflow of LCM. Tissue sections were cut using a cryostat or microtome and stained with hematoxylin and eosin
(H&E) for cell identification. Pure epithelial cell populations from frozen ovarian tissue were captured using the Arcturus
XT LCM system and visualized on the LCM cap. Total RNA was then extracted, and the quantity and quality of RNA were
monitored on an Agilent bioanalyzer. Two peaks, 18S and 28S ribosomal RNA, were obtained in the RNA profile
generated by the bioanalyzer, indicating successful RNA sample isolation. The RNA was amplified for downstream
analysis. QC, quality control; qPCR, quantitative PCR.
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dure. Two peaks of ribosomal RNA, 18S and 28S, and RNA
integrity number (RIN) should be obtained in the bioanalyzer
profile. High RINs represent successful RNA sample prepara-
tion (Fig. 2). For generating samples to be analyzed by cDNA
microarray or comparative genomic hybridization, where
large amounts of RNA or DNA are required, amplification of
the captured and purified RNA/DNA can be performed to
obtain sufficient starting material for these applications.

LCM has been applied to a wide range of tissues,
including frozen and FFPE tissues. The ideal tissue prepa-
ration ensures that the morphology of tissue and biomol-
ecules is preserved. Frozen tissue offers excellent preserva-
tion of RNA, DNA, and proteins and is optimal for RNA,
DNA, or protein analysis. However, it lacks clear histolog-
ical detail and is inconvenient for handling and storage.
Frozen tissue sections need to be stored at –80°C prior to
LCM. As RNA/protein quality will degrade rapidly after
staining has occurred, once a tissue section has been
stained, LCM must be performed and completed within
1 h. FFPE tissue is the standard for preservation of tissue
morphology and has been used by most pathology labora-
tories for decades. However, it creates cross-links between
nucleic acids and proteins and between different proteins.
This cross-linking interferes with recovery of RNA and
protein from FFPE tissue and is not appropriate for RNA
or protein-based assays. DNA extraction from FFPE tissue
generally requires a minimum of 16 h of proteinase K
incubation. Table 1 shows the comparison of optimal
material availability between frozen and FFPE tissues. Al-
though proteins are not extractable from FFPE samples,
RNA can be isolated from FFPE tissue for downstream
applications such as RT-PCR and cDNA microarray.3

Consequently, ideal fixation protocols that maintain good
histology and preserve biomolecules are being evaluated. A
previous report showed that 70% ethanol is one candidate
fixative that is optimal for histology and recovery of RNA.4

IMPORTANCE OF LCM IN TISSUE BIOREPOSITORY

An important requirement of many cancer research
projects is the availability of high-quality, appropriately
selected tumor and normal tissues. The tissue biorepository
serves as the central hub, providing investigators with an
invaluable resource with appropriately examined and char-
acterized tissue specimens and linked patient information.
The goal of most tissue biorepositories is to collect, process,
store, and distribute samples of tumor and normal tissue for
use in basic and translational cancer research studies. Tissue
is obtained fresh/snap-frozen and FFPE from patients who
provided informed consent prior to undergoing surgery. As
most solid tumors are comprised of a variety of mixed cell
populations, direct experimental analysis of tumor samples
usually reflects the major or predominant cell type within
the specimen that may or may not be tumor cells. Similarly,
analysis of protein, RNA, or DNA changes from such

FIGURE 2

RNA profile generated by Agilent Bioanalyzer.
High-quality RNA was extracted from LCM-iso-
lated cells. RNA size and quality were analyzed
with the Agilent 2100 bioanalyzer. A pseudo gel
image was created, and bands were sized and
quantified. (A and B) The y-axes indicate fluores-
cence units (FU), and the x-axes indicate the
length of the RNA in nucleotides. The peaks of
18S and 28S rRNA are clearly visible. Shown are
the profiles of total RNA extracted from scrapes of
the entire prostate section (A) and from LCM-
isolated cells (B). (C) Gel electrophoresis analysis
of the same RNA in A and B.
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samples may not be biologically relevant to the tumor cells
under investigation but rather, may reflect stromal cell
type(s). It is essential to analyze specific cells from tissue
specimens to identify and define accurately the biologically
important processes in pathologic lesions. Thus, LCM is an
important tool that enables investigators to analyze pre-
cisely specific cell types of interest and define biologically
important processes therein. Moreover, it also enables in-
vestigators to isolate pure populations of cells representa-
tive of a disease or biological consequence of interest.
Accordingly, LCM can be used to select specifically benign,
premalignant cells, noninvasive cancer cells, or invasive
cells in a given tissue section and provide cancer biologists
the opportunity to study the fascinating evolution of cancer
from early, premalignant stages to frankly invasive and
metastatic disease. LCM can also differentially capture
tumor stroma and epithelia to help define the signaling
pathways involved in the communication between the dif-
ferent cellular compartments of the tumor microenviron-

ment that contribute to the cancer phenotype. The devel-
opment and application of LCM have revolutionized the
molecular analysis of solid tumor tissue. The combination
of LCM and the tissue biorepository offers a comprehen-
sive means by which researchers can use valuable human
biospecimens and cutting-edge technology to facilitate ba-
sic, translational, and clinical research.

APPLICATIONS, LIMITATIONS, AND PERSPECTIVE OF
LCM

LCM is particularly applicable to the molecular profiling of can-
cer andnoncaner tissue.LCMtechnologyhasbeendescribed ina
number of publications2,5–14 and has been used in a wide variety
of applications, including pathology,15,16 prefertilization genetic
diagnosis,17 organ transplantation,18–20 psychiatric disorders,21

single cell mutation analysis,22,23 gene expression,24–28 tissue
chimerism,18,19 and molecular characterization of cancer
cells.29 –31 The following briefly summarizes several
studies with the intent of broadening the potential of

FIGURE 3

Capture of pure cell populations by LCM. (A) LCM
of HL and RS cells. A HL tissue section was stained
with H&E (left), and the giant RS cells were cap-
tured successfully by LCM and visualized on the
LCM cap (middle). (B) LCM of pure cell popula-
tions from a prostate cancer sample. A prostate
adenocarcinoma tissue section was stained with
H&E (left), and the benign, prostatic intraepithelial
neoplasia (PIN), malignant, and stromal cells were
isolated by LCM, respectively, and visualized on
the LCM cap (middle). All human tissues were
obtained from patients who provided informed
consent and acquired through the Hollings Can-
cer Center Tissue Biorepository in accordance
with an Institutional Review Board-approved
protocol.
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LCM applications. Based on the presence of a multitude
of different cell types, the application of LCM has
become an important tool in malignant lymphoma re-
search and essential in Hodgkin’s lymphoma (HL) re-
search. HL is unique in that the neoplastic Reed-
Stenberg (RS) cells constitute a minority population
(�1%) in the affected lymph nodes.32 In our previous
work, LCM played an essential role in microdissecting
pure, neoplastic RS cells to identify the molecular
changes in these cells. We were able to detect alterations
of the DNA damage-response gene, ATR, in HL by
LCM following DNA sequencing analysis (Fig. 3A).33

Another difficulty in studying epithelial tumors is the
inability to isolate pure tumor cells for DNA, RNA, and
protein analysis from prostate cancer tissue as a result of
its infiltrative nature. In the past, most molecular studies
concentrated on the analysis of bulk tissue samples with-
out careful dissection and removal of other tissue ele-
ments, such as supporting stroma and adjacent normal
tissue. Thanks to LCM, however, we are now able to
overcome these hurdles and precisely evaluate pure pop-
ulations of benign or malignant epithelial cells or stro-
mal cells in prostate cancer samples (Fig. 3B). The
captured cells can be used for a wide range of down-
stream analyses, such as qRT-PCR, cDNA microarrays,
DNA sequencing, Western blots, 2-dimensional gel
electrophoresis, mass spectrometry, etc. As discussed,
the benefit of analyzing pure cell populations is signifi-
cantly more informative than the analysis of heteroge-
neous tissue samples. Currently, work from our tissue
biorepository core laboratory shows that LCM signifi-
cantly reduces tissue sample preanalytical variation. In
addition, many forensic applications of LCM have been
described in areas such as paternity testing,34 –36 sperm
isolation in sexual assault cases,5,37–39 and DNA mix-
tures,37,40 Such innovative applications for forensic pur-
poses will likely have potential commercial applications
for LCM, which has clearly emerged as a powerful tool
in the effort to obtain pure targeted biosamples.

The major requirement for effective LCM is correct
identification of cell subpopulations in a complex tissue
structure by the operator. Therefore, a major limitation of
LCM is the need to identify cells of interest based on
morphologic characteristics, which in turn, requires a
trained histologist or preferably, a pathologist. Combining
an automatic imaging analyzer with LCM represents a
future direction for expanding LCM applications. Al-
though LCM can be used to analyze liver cell cultures, its
strength and major advantage are the ability to isolate pure
cell populations from heterogeneous tissue samples; this
represents the advantage of LCM in the study of tissue-
based projects.

In summary, LCM offers an effective approach to
analyzing DNA, RNA, and protein from heterogeneous
tissue samples by the isolation of pure cell populations.
LCM can be applied to a wide range of cell and tissue
preparations, thus providing an important advantage to
tissue biorepositories engaged in translational and basic
biomedical research. The development of novel, new appli-
cations of LCM is one of the subjects of ongoing investiga-
tion in our laboratory.
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