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Application of laser capture microdissection and
proteomics in colon cancer

L C Lawrie, S Curran, H L. Mcleod, ] E Fothergill, G I Murray

Abstract

Aims—Laser capture microdissection is a
recent development that enables the isola-
tion of specific cell types for subsequent
molecular analysis. This study describes a
method for obtaining proteome infor-
mation from laser capture microdissected
tissue using colon cancer as a model.
Methods—Laser capture microdissection
was performed on toluidine blue stained
frozen sections of colon cancer. Tumour
cells were selectively microdissected.
Conditions were established for solubilis-
ing proteins from laser microdissected
samples and these proteins were sepa-
rated by two dimensional gel electro-
phoresis. Individual protein spots were cut
from the gel, characterised by mass spec-
trometry, and identified by database
searching. These results were compared
with protein expression patterns and mass
spectroscopic data obtained from bulk
tumour samples run in parallel.
Results—Proteins could be recovered
from laser capture microdissected tissue
in a form suitable for two dimensional gel
electrophoresis. The solubilised proteins
retained their expected electrophoretic
mobility in two dimensional gels as com-
pared with bulk samples, and mass spec-
trometric analysis was also unaffected.
Conclusion—A method for performing
two dimensional gel electrophoresis and
mass spectrometry using laser capture
microdissected tissue has been developed.
(¥ Clin Pathol: Mol Pathol 2001;54:253-258)
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The analysis of cellular proteins has been
termed proteomics and uses a combination of
techniques including two dimensional (2D) gel
electrophoresis, image analysis, mass spec-
trometry, and bioinformatics, thus permitting
the resolution, characterisation, and identifica-
tion of individual proteins.™ There are several
important reasons for focusing on the analysis
of proteins: mRNA expression may not corre-
late with the amount of active protein in a cell,
the gene sequence does not describe post-
translational modifications that may be essen-
tial for protein function and activity, and the
study of the genome does not provide infor-
mation on dynamic cellular processes.” The
application of proteomics can be expected to
provide an integrated view of an individual dis-
ease process at the protein level. This is
particularly important for tumours because
proteomics can be expected to show changes in
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the protein expression profile occurring during
tumour development and progression, thus
leading to the identification of new molecular
markers and potential therapeutic targets.

The molecular analysis of tumours requires
the isolation of specific populations of cells: the
presence of contaminating cells within a
sample remains a major obstacle to meaningful
biological analysis. Laser capture microdissec-
tion (LCM) is a recently developed technique
that permits the rapid and reliable procure-
ment of a specific type of cell from a tissue sec-
tion, in one step, under direct microscopic
visualisation.”® LCM has been used to isolate
specific types of cells both for DNA and RNA
analysis.* "

In our study, we have investigated the
feasibility of and determined the experimental
conditions for using cells obtained by LCM for
proteome analysis; the strategy used is outlined
in fig 1. We used LCM to isolate colon cancer
cells or normal colonic epithelial cells and we
have shown that proteins solubilised from
microdissected cells can be used for 2D gel
electrophoresis and the proteins can be identi-
fied by mass spectrometry.

Materials and methods

TISSUE

Paired samples (n = 4) of colon cancer and
normal colon were obtained from colectomy

specimens excised for colon cancer. Experi-
enced gastrointestinal pathologists (GIM, SC)

Frozen sections of colon cancer or normal colon
Unstained Stained with toluidine blue
Laser capture microdissection
Solubilisation of proteins
2D gel electrophoresis

Isolation of protein spots from gels

MALDI-TOF mass spectrometry

Identification of proteins

Figure 1  Outline of the strategy used to develop cell
spectfic protein expression analysis integrating laser capture
microdissection and proteome analysis. MALDI-TOF,
matrix assisted laser desorption ionisation time of flight.
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dissected the colectomy specimens within 20
minutes of removal. Samples (approximately
10 x 10 x 5 mm) of colon cancer were re-
moved from viable tumour, avoiding obvious
areas of necrosis, and macroscopically normal
colonic mucosal samples were dissected from a
distance of at least 10 cm from the tumour.
Both the tumour and normal samples were
then frozen in liquid nitrogen and stored at
—80°C until use.

LASER CAPTURE MICRODISSECTION

Frozen sections (10 um thick) of either colon
cancer or normal colonic mucosa were cut on a
cryostat (Leica, Milton Keynes, Buckingham-
shire, UK). Sections were thaw mounted on to
clean uncoated glass slides, very briefly air
dried (five seconds), and then fixed at room
temperature in 70% ethanol for one minute.
The sections were then stained with toluidine
blue using a rapid staining method. Staining
with toluidine blue was performed by immers-
ing the sections in 0.25% toluidine blue
(pH 4.5) for five seconds at room temperature,
washing briefly in 100% ethanol, and then
dehydrating the sections sequentially in 100%
ethanol and xylene. The xylene was allowed to
evaporate completely from the sections and
then the sections were microdissected using a
PixCell II laser capture microdissection system
(Arcturus Engineering, Mountain View, Cali-
fornia, USA). The laser capture system was
equipped with PixCell II image archiving soft-
ware (Arcturus Engineering). Microdissection
to obtain samples of either colon cancer cells or
normal colon epithelial cells was performed by
SC or GIM. The settings of the laser were as
follows: spot diameter set at 15 um, pulse
duration 50 milliseconds, and power 50 mW.
Tissue was microdissected from eight to 10
sections of each sample with a separate “cap”
being used to capture material from each
section. Typically, 2500-3000 laser pulses were
used for each cap. After microdissection, the
plastic film containing the microdissected cells
was removed from the rest of the cap, and all
the films containing material from a single
sample placed in a microcentrifuge tube and
protein lysis solution added (see below). This
modification of the recommended protocol for
other applications for processing the caps
ensured that small volumes of protein lysis
solution could be used to obtain a sufficiently
concentrated protein solution suitable for sub-
sequent 2D gel electrophoresis. For compari-
son, to determine the effects of both histologi-
cal processing and LCM on protein recovery,
some frozen sections (whole tissue samples)
were placed directly into microcentrifuge tubes
followed by the addition of protein lysis
solution, without the sections being subjected
to either histological staining or LCM.

The protein concentration of LCM samples
and whole tissue samples was determined
using a Biorad DC protein assay kit (Biorad,
Hemel Hempstead, Hertfordshire, UK). Paral-
lel tissue samples were prepared in 0.01 M
(pH 7.4) phosphate buffer in place of 2D pro-
tein lysis buffer because the protein assay is
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incompatible with the high concentration of
urea present in this lysis solution.

2D GEL ELECTROPHORESIS

Unstained tissue sections were solubilised in
2D protein lysis buffer (0.01 M Tris/HCI,
pH 7.4, 8 M urea, 5% (wt/vol) NP40, 0.05 M
dithiothreitol (DTT), 6% (wt/vol) pH 3-10
ampholytes, 10% (vol/vol) glycerol). Samples
prepared by LCM were disrupted in a modified
lysis buffer (8 M urea, 4% (wt/vol) CHAPS)
and ultrasonicated in an ice bath to solubilise
the proteins. The samples were stored at
—70°C until analysed by 2D gel electrophore-
sis. Protein samples were analysed on a small
format 2D electrophoresis system.'' '* The first
dimension gels were 7 cm pH 3-10NL immo-
bilised pH gradient (IPG) gels (Amersham
Pharmacia Biotech, Little Chalfont, Bucking-
hamshire, UK), which were rehydrated over-
night in a final volume of 125 ul rehydration
buffer (8 M urea, 2% CHAPS, 0.5% IPG
buffer, bromophenol blue, and DTT) contain-
ing the appropriate amount of sample. For
LCM samples, 25-50 pg of protein was
separated, whereas for bulk tissue samples
50-150 pg of protein was used. The IPG gels
were electrophoresed on a Multiphor II
electrophoresis unit (Amersham Pharmacia
Biotech), as described by the manufacturer
under the following conditions: 200 V for one
minute, 2500 V for 90 minutes, 3500 V for 65
minutes; the increase in voltage between these
steps was achieved using a gradient ramp. After
electrophoresis the gel strips were equilibrated
in equilibration buffer (50 mM Tris/HCI,
pH 6.8, 6 M urea, 30% (vol/vol) glycerol, 2%
(wt/vol) sodium dodecyl sulphate (SDS)) con-
taining 1% (wt/vol) DTT for 30 minutes and
then equilibration buffer containing 2.5% (wt/
vol) iodoacetamide for 30 minutes. The equili-
brated strips were then laid on to the second
dimension slab gels and the proteins separated
on the basis of molecular mass on 7-15%
gradient polyacrylamide gels in the presence of
0.1% (wt/vol) SDS. The proteins were sepa-
rated at 100 V for 100 volthours and 200 V for
an additional 300 volthours. The 2D gels were
stained with silver (Amersham Pharmacia Bio-
tech) or Coomassie brilliant blue G250." For
every sample duplicate 2D gels were run. Digi-
tised images of the gels were produced using a
CCD camera (AstroCam, Cambridge, UK) for
Coomassie blue stained gels or a Molecular
Dynamics Personal Densitometer SI for silver
stained gels.

IDENTIFICATION OF PROTEINS BY PEPTIDE MASS
MAPPING

Protein spots were excised from Coomassie
blue stained gels, washed, reduced in gel,
S-alkylated, and digested in gel with trypsin
(sequencing grade modified trypsin; Promega,
Southampton, UK)."”™" An aliquot of the pep-
tide extract produced by in gel cleavage was
passed through a GELoader tip (Eppendorf,
Hamburg, Germany), which contained a small
volume of POROS R2 sorbent (PE Biosystems,
Framingham, Massachusetts, USA), as de-
scribed previously.”” The adsorbed peptides
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were washed extensively and then eluted in
0.5 ul of a saturated solution of o-cyano-4-
hydroxycinnamic acid (Sigma-Aldrich, Poole,
Dorset, UK) in 75% acetonitrile/5% formic
acid. The mass spectra were acquired on a
PerSeptive Biosystems Voyager-DE STR
MALDI-TOF (matrix assisted laser desorption
ionisation time of flight) mass spectrometer
(PE Biosystems). The instrument was operated
in the reflectron delayed extraction mode.
Spectra were internally calibrated using trypsin
autodigestion products. The masses of the
tryptic fragments were entered into the MS-
FIT protein database searching program
(http://prospector.ucsf.edu/ucsthtml3.2/
msfit.htm). The MS-FIT program searches
either the NCBI (National Center for Biotech-
nology Information) or SwissProt databases.
The search parameters were as follows:
cysteine as S-carbamidomethyl derivative;
maximum allowed peptide mass error of 50
parts per million; more than five peptide mass
hits required for a protein match. No restric-
tion was placed on either the isoelectric point
or species of origin of the protein. A protein
mass range between O and 150 kDa was
allowed.

Results

The experimental factors that were found to be
important to ensure satisfactory and consistent
microdissection of cells using LCM were very
brief air drying of sections on to uncoated glass
slides and complete dehydration of sections
after completion of the histological staining.
Prolonged air drying of sections before staining
appeared to inhibit successful LCM, and even
trace amounts of moisture present in the
sections appeared to inhibit, either partially or
completely, the transfer of cells to the plastic
film. Thus, complete dehydration of sections in
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xylene after histological staining was impor-
tant. Colon cancer cells and normal colon epi-
thelial cells were microdissected successfully
from the tumour and normal sections, respec-
tively (fig 2). The technique of LCM caused no
visible alteration to the morphology of the dis-
sected cells (fig 2).

Proteins could be solubilised from the cells
captured by LCM in a form suitable for 2D gel
electrophoresis (fig 3C and D). Tissue solubi-
lised from 2500-3000 laser pulses contained
approximately 1-5 pg of total cellular protein.
To achieve optimal solubilisation of proteins
from LCM samples, a modified protein lysis
solution omitting carrier ampholytes and DTT
was used because it was found that the
histological dyes interacted with both am-
pholytes and DTT.

Duplicate gels from each sample showed no
significant variation in protein staining pattern.
Proteins were selected for characterisation on
the basis of their abundance and their separa-
tion from neighbouring protein spots. We
obtained mass spectrometry data from all the
protein spots cut from the gels. The characteri-
sation of the proteins is summarised in tables 1
and 2 and figs 4 and 5. Cytokeratins 8 and 18
and B actin were identified in LCM and
unstained sections, and the peptide profiles
were unaffected by LCM (fig 6 shows data for
B actin).

Comparison of the 2D gels prepared from
unstained sections and those prepared from
LCM samples showed a selective loss of
non-epithelial (contaminating) proteins, most
notably haemoglobin (fig 3; tables 1 and 2)
after LCM. In addition, there was a greater
representation in the LCM samples of intra-
cellular epithelial structural proteins, including
cytokeratins (fig 3; tables 1 and 2)

Figure 2 Photomicrographs of laser capture microdissection of toluidine blue stained sections of colon cancer (A-C) and normal colonic mucosa (D—F).
Panels A and D show colon cancer and normal colon, respectively, before microdissection, whereas panels B and E indicate successful microdissection and
panels C and F demonstrate successful capture and transfer of cells.
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Figure 3 Two dimensional gels of normal colon and colon cancer. All the gels shown were prepared from tumour and
normal samples obtained from the same patient. The first dimension separation was on non-linear IPG pH 3—10 gels with
acidic proteins to the left of each gel. Proteins solubilised from frozen sections of (A) normal colon mucosa and (B) colon
cancer, which have not been subjected to laser capture microdissection (LCM) before two dimensional gel electrophoresis
(Coomassie blue stained). Proteins solubilised from (C) normal colonic mucosa and (D) colon cancer, which have been
subjected to LCM to isolate normal epithelial cells and tumour cells (silver stained). There is selective loss of individual
contaminating proteins (especially haemoglobin identified by arrows in A and B) in LCM samples and a greater

7,

jon of intracells structural proteins.

repr

Discussion

The development of molecular analytical tech-
niques and their application to the study of
disease processes has been rapid in recent
years.' Although the technology has become
increasingly  sophisticated, the reliable
interpretation of the results obtained is still
largely influenced by the selection of appropri-
ate study material in the first instance. Crucial
to clinically relevant proteome analysis is the
isolation of specific populations of cells from
tissues, and this is particularly important in the
analysis of tumours. LCM has made the acqui-
sition of specific populations of cells from

Table 1  Identification of proteins from unstained samples of colon cancer by peptide mass

mapping

Spot no. Protein description MW (Da) I

1 Cytokeratin 8 (fragment) 53674 5.52
2 Cytokeratin 18 47926 5.34
3 B Actin 41737 5.29
4 o Enolase 47169 7.01
5 Tropomyosin 32990 4.63
6 B Actin (fragment) 41737 5.29
7 27 kDa heat shock protein 22327 7.83
8 Thioredoxin peroxidase 1 21892 5.66
9 RNA binding protein 19891 6.33
10 Nucleoside diphosphate kinase A 17148 5.83
11 v Actin 41793 5.31
12,13 Peptidylprolyl cis-trans isomerase A 18012 7.68
14-16 Haemoglobin } chain 15998 6.74
17 Cofilin 18502 8.22
18 Haemoglobin o chain 15257 8.72

The numbers in the table correspond to the numbers in fig 4.
The molecular weight (MW) in Daltons and pI values are for the predicted intact protein.
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Table 2 Identification of proteins from a laser capture
microdissection sample of colon cancer by peptide mass
mapping

Spot no. Protein description MW (Da) I

1,2 Cytokeratin 8 53674 5.52
3 B Actin 41737 5.29
4 Cytokeratin 18 47926 5.34

The numbers in the table correspond to the numbers in fig 5.
The molecular weight (MW) in Daltons and pI values are for the
predicted intact protein.

tissues more straightforward because in com-
parison with other microdissection methods it
permits the relatively rapid and efficient
enrichment of selected populations of cells.”®

pl3 pl 10

100 kDa

Figure 4 Coomassie blue stained two dimensional gel of
proteins solubilised from unstained sections of colon cancer.
This is the same gel as shown in figure 3B but it has been
annotated to indicate which spots were excised for mass
spectrometry. The identity of each spot is given in table 1.
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Figure 5 Silver stained rwo dimensional gel of proteins
solubilised from colon cancer after laser capture
microdissection. This is the same gel as shown in figure 3D
but it has been annotated to indicate which spots were
excised for mass spectrometry. The identiry of each spot is
given in table 2.

We have developed methods for combining the
technologies of LCM and proteome analysis
(2D gel electrophoresis and mass spectrom-
etry). We have shown the feasibility of investi-
gating protein expression in clinical samples
using colon cancer as a model. We chose colon
cancer because we have an ongoing pro-
gramme of research into the biology of this

1198.76
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1791.01

1000

945.576

1400 1600
Mass (m/z)

1200 1800 2000 2200

1198.71
1790.91

1515.74

800

1200

1400 1600
Mass (m/z)

1800 2000 2200

Figure 6 Mass spectrometry profiles of actin from (A) unstained section of colon cancer
and (B) colon cancer section after laser capture microdissection (LCM). The peptide mass
profiles appear to be unaffected by LCM.
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tumour. Our study represents a systematic
approach to investigating the factors involved
in performing LCM, 2D gel electrophoresis,
and peptide mass mapping. Although some
preliminary findings using LCM and proteom-
ics have been described recently using normal
renal tissue, it was not clear which cell type was
investigated because microdissection of whole
glomeruli was illustrated."”

2D gel electrophoresis was performed on
proteins solubilised from either colon cancer
cells or normal colonic epithelial cells after
LCM, and these results were compared with
those from unstained frozen sections of colon
cancer or normal colon, which contain a
mixture of individual cell types. The ability to
obtain mass spectrometry data from individual
proteins appeared to be unaffected. The analy-
sis of specific populations of cells separated by
LCM resulted in selective loss of non-epithelial
proteins, especially haemoglobin, and enrich-
ment for intracellular epithelial proteins, espe-
cially structural proteins such as the cytokerat-
ins, thus indicating that individual cell types
had been obtained by LCM. The observed
electrophoretic mobilities of the identified pro-
teins isolated from LCM samples were consist-
ent with their mobilities in gels from non-LCM
samples. These latter findings are particularly
important because the histological procedures
used to prepare tissue for LCM involve alcohol
fixation, staining with histological dye or dyes,
and dehydration in organic solvents, all of
which could potentially result in changes in the
proteins. The use of toluidine blue as the histo-
logical stain ensured a very rapid one step
staining method, thus minimising exposure to
organic solvents that could alter protein struc-
ture.

A major problem encountered during pro-
teomic analysis is contamination of the samples
with keratin. The keratin originates from dust,
hair, wool, and fingerprints and can completely
overwhelm the signal obtained from the real
sample, thereby preventing identification. If the
samples are contaminated with human keratin
then the database will predominantly identify
cytokeratin 1, which was not found in our
study. The identification of cytokeratins 8 and
18 is consistent with their known expression in
colonic cancer cells."

The combination of the technologies of
LCM and proteomics will facilitate the system-
atic analysis of protein expression profiles in
specific cell types in individual disease proc-
esses, and define changes in protein expression
that occur with disease development and
progression and the effects of treatment. How-
ever, further refinements of these technologies
to permit the analysis of less abundant proteins
and the analysis of smaller numbers of cells are
required.”
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