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alterations to take place at the level of cell selection, eliminating the need to
enrich for mutant alleles after amplification. Using LCM, clonal mutations can
usually be detected and sequenced directly from original PCR products with-
out band-cutting and reamplification for mutant enrichment (3). This strategy
is particularly effective for assaying genes with a limited number of expected
mutation sites (such as ras genes), but can also be used for genes with a broader
range of possible mutation sites. In the latter case, careful exclusion of adja-
cent non-neoplastic cells during microdissection is critical to optimize the per-
centage of mutated tumor cell alleles for detection.

Following PCR, amplification products can be either sequenced directly or
further screened by single-strand conformational polymorphism (SSCP) analy-
sis (4,5) to focus sequencing efforts on exons most likely to contain mutations.
In SSCP analysis, mutations result in altered migration of the amplified mutant
alleles relative to the amplified wild-type alleles in nondenaturing gels. Exons
showing shifted bands are more likely to have mutations than exons showing
the wild-type pattern of bands. SSCP also allows visual estimation of the rela-
tive contribution of mutant alleles to the total signal. When mutant alleles con-
stitute at least 30% of the total signal, it is likely that interpretable sequence
results can be obtained without further mutant enrichment.

2. Materials
2.1. Reagents

2.1.1. Tissue Preparation and Laser Capture Reagents

1. Xylene, 100% ethanol, sterile gauze.
2. Hematoxylin, eosin, methyl green, double-distilled H2O.
3. Proteinase K.
4. 1X PCR buffer: 50 mM KCl, 10 mM Tris-HCl, pH 8.3 (Perkin Elmer, Foster

City, CA).

2.1.2. PCR Reagents

1. Sterile double-distilled H2O.
2. 10X PCR buffer: 500 mM KCl, 100 mM Tris-HCl, pH 9.0 (Perkin Elmer).
3.  MgCl2 (Perkin Elmer).
4. dNTPs.
5. Oligonucleotide primers (see Table 1).
6. AmpliTaq® Gold DNA Polymerase (Perkin Elmer).
7. Mineral oil.

2.1.3. Gel Electrophoresis Reagents

1. Agarose (2:1 NuSieve:LE, FMC Bioproducts, Rockland, ME).
2. 100-bp ladder (Research Genetics, Huntsville, AL).
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3. Ethidium bromide.
4. 40% MDE™ (mutation detection enhancing) nondenaturing acrylamide gel

(FMC Bioproducts).
5. Ammonium persulfate (10% w/v).
6. TEMED.
7. Formamide dye solution: 95% formamide, 10 mM NaOH, 0.05% xylene cyanol,

0.05% bromophenol blue.
8. 0.5X TBE gel running buffer: 45 mM Tris-borate, 1 mM NaEDTA, pH 8.3.
9. SYBR Green II (Molecular Probes, Eugene, OR).

10. TE: 5 mM Tris-HCl, 0.5 mM EDTA, pH 7.4.

2.2. Equipment

2.2.1. Equipment for Tissue Preparation and LCM

1. Plain (noncoated, noncharged) glass slides.
2. Microtome, forceps, picks, brushes, water bath.
3. Coplin jars for staining setup.
4. Laser capture microscope (Arcturus Engineering, Mountain View, CA).
5. Standard or high-sensitivity caps (Arcturus Engineering).

2.2.2. Equipment for PCR Amplification

1. Thermocycler.

2.2.3. Equipment for SSCP

1. Heat block maintained at 95°C.
2. 160 × 140 × 0.75 mm vertical gel apparatus (Hoefer Scientific SE600; Hoefer

Scientific Instruments, San Francisco, CA), 18°C constant temperature.
3. Power supply.
4. Digital imager (Alpha-Innotech IS1000, San Leandro, CA) equipped with SG3 filter.

3. Methods
3.1. Tissue Preparation and Laser Microdissection

1. Using a microtome, cut several 5-μm sections of each formalin-fixed, paraffin-
embedded tissue block and mount onto noncoated, noncharged plain glass slides,
with thorough microtome decontamination prior to cutting each case (see Note 1).
The clear part of the glass should not be touched with hands or fingers at any
point in the procedure.

2. Stain the first section of each group of slides using a standard hematoxylin and
eosin protocol, coverslip, and use as a reference for tissue morphology in later
steps.

3. Stain the remaining sections with methyl green or eosin alone for subsequent
microdissection (see Note 2).

4. Capture cell population of interest following manufacturer’s protocols (see
www.arctur.com for PixCell laser microscopes). 500–1000 30-μm captures are
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generally adequate for obtaining 20–60 ng of DNA for mutation analysis
(depending on the quality and type of fixation of the target tissue). This may be
obtained on a single standard cap, generally requiring no more than 15 min of
microdissection time, except in cases with difficult histology. Duplicate capture
of sample onto two caps should be obtained for confirmation of results and to
minimize potential contamination artifacts (see Note 3). Figure 1 shows an
example of the selective capture of invasive colonic adenocarcinoma cells in a
formalin-fixed, wax-embedded tissue sample stained with methyl green.

3.2. DNA Extraction and PCR Amplification

3.2.1. Lysis and Digestion

1. Place 50 μL of DNA extraction buffer (5 mg/mL proteinase K in 50 mM KCl,
10 mM Tris-HCl, pH 8.3) in 0.5-mL microfuge tubes and cap each tube with a
captured sample.

2. Incubate inverted sample at 37°C overnight.
3. Heat lysate at 95°C for 8 min. Lysate may be used directly into PCR without

further purification, using 500–1000 cell equivalents into each 30-μL PCR reac-
tion (see Note 4).

4. Store lysate or purified DNA at 4°C.

3.2.2. Amplification of Ki-ras and p53

1. Amplify exons individually using flanking primers (Table 1). Set up PCR reac-
tions in a total volume of 30 μL, containing 0.5 μM of each primer, 250 μM of
each dNTP, 50 mM KCl, 10 mM Tris-HCl (pH 8.3), 2.0 mM MgCl2, and 0.8 U of
AmpliTaq® Gold DNA polymerase (see Note 5). For each specimen, two inde-
pendent amplification reactions should be performed, containing 5–10 ng puri-
fied DNA (or 500–1000 cell equivalents, by calculation) from each of the laser
captured samples. TE-only and wild-type controls (human placenta) should be
included with each reaction (see Note 6).

2. Following a 12-min denaturation at 95°C, subject mixtures to 40 cycles (95°C/30 s,
55°C/45 s [Ki-ras exons 1 and 2, p53 exons 7–9; see Table 1 for other annealing
temperatures], 72°C/45 s) with a final extension at 72°C for 10 min.

3. Amplification products (see Table 1 for amplicon sizes) should be verified and
quantity visually estimated on 3% agarose gels using a 100-bp ladder and stain-
ing with ethidium bromide.

4. Store amplification products at 4°C until further analysis by SSCP.

3.3. Single-Strand Conformational Polymorphism Analysis

1. Denature 30-ng aliquots of PCR product in 1–5X volume of formamide dye at
95°C for 5 min.

2. Chill samples immediately on ice.
3. Load samples into rinsed wells of 40% MDE™ nondenaturing acrylamide gels

and perform electrophoresis in 0.5X TBE at 500 V for 3.0 h, 18°C constant tem-
perature (Hoefer Scientific SE600 160 × 140 × 0.75 mm vertical gels).
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Fig. 1. Laser-capture microdissection of colorectal carcinoma. Sections of forma-
lin-fixed, wax-embedded colorectal adenocarcinoma are stained with methyl green
and positioned for laser capture (A). Tumor cells are selectively captured (B). Cap-
tured cells can be visualized on the cap (C). (Reprinted from ref. 3 with permission
from Elsevier.)
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most likely to contain mutations, based on the presence of shifted bands. This
is especially useful in cases in which microdissection is difficult due to very
small numbers of the cells of interest and/or extensive infiltration of the cells
of interest with another cell population (see Note 8).

4. Notes
1. To prevent cross-contamination, microtome surfaces must be thoroughly decon-

taminated prior to sectioning each new tissue block. Thoroughly clean the micro-
tome stage and chuck of all excess material using xylene on sterile gauze,
followed by 100% ethanol. Forceps, picks, and brushes should also be cleaned. A
new knife blade or new section of the knife blade should be used for each block.
The water bath should also be thoroughly cleaned with xylene, then ethanol, with
a final rinse in distilled water. The water bath should then be filled with distilled
water. Glue or other adhesives should not be used in the water bath. Frozen tissue
blocks may also be used, in which case similar decontamination of the cryostat
should be performed.

2. Eosin alone can be used satisfactorily to stain most tissues for microdissection.
In our experience, there is a slight improvement in DNA yield with methyl green
staining; however, its use is not justified except in cases in which the cell popula-
tion of interest is very limited. Whichever stain is used, the staining process
should end with at least 5 min in xylene.

3. It is essential to visually monitor the effectiveness of tissue lift during the capture
stage, as inefficient capture will lead to failure of subsequent mutation detection
procedures. High ambient humidity or failure to adequately dry the tissues dur-
ing pre-LCM processing are the major causes for inability to capture selected
tissue. Optimal humidity for LCM is below 30%. Tissues that are too dry, on the
other hand, may result in additional nonspecific lift of surrounding tissues. Addi-
tional troubleshooting suggestions for poor tissue lift are available on the Arctu-
rus web site (www.arctur.com).

4. The number of cell equivalents can be calculated for the total lysate sample by
multiplying the average number of cell profiles in each 30-μm capture by the
number of captures. We generally divide the number of visible cell profiles in

Fig. 2. SSCP gels and sequencing results comparing hand- and laser-microdissected
samples for detection of mutations in Ki-ras and p53. Lanes 1, 3, 5, and 7 show the
wild-type pattern (human placenta) for Ki-ras exon 1 (Cases A and B) and p53 exon 5
(Case C). In each case, the intensity of the aberrantly migrating mutant bands is
stronger in the laser-captured sample (lane 4) than in the hand-microdissected sample
(lane 2). The reamplified cut band from the hand-microdissected sample (lane 6) shows
similar shifted bands and is included for comparison. Sequences from the hand-
microdissected, laser microdissected, and cut bands from the hand-microdissected are
seen to the right of each gel with position of the altered bases noted (arrows). (Adapted
and reprinted from ref. 3 with permission from Elsevier.)
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