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Laser capture microdissection (LCM) is now well es-

tablished as a tool for facilitating the enrichment of

cells of interest from tissue sections, overcoming the

problem of tissue heterogeneity. LCM has been used

extensively in combination with analysis at the DNA

and RNA levels, but only a small number of studies

have employed LCM with subsequent protein analy-

sis, albeit with promising results. This study focuses

on the potential of LCM in combination with two-

dimensional polyacrylamide gel electrophoresis. The

effects of tissue section preparation and sample type

were evaluated to fully determine the suitability of

using LCM in global protein profiling. The effects of

several histochemical stains (hematoxylin and eosin,

methyl green and toluidine blue) and immunolabel-

ing on subsequent two-dimensional polyacrylamide

gel electrophoresis were investigated. Quantitative

analysis was performed to establish the extent of

changes in the relative intensity of protein species

and their reproducibility. All staining protocols tested

were found to be compatible with protein analysis

although there was variation in protein recovery and

the quality of the protein profiles obtained. LCM of

renal and cervix samples indicated that protein yield

after dissection was acceptable, although the extent

of enrichment and dissection time was tissue-depen-

dent, which may preclude the use of this approach

with some tissue types. These results indicate that

LCM has potential as a tool in proteomic research.

(Am J Pathol 2002, 160:815–822)

Tissue heterogeneity and the consequent need for en-

richment before sample analysis presents a major prob-

lem in the study of disease. Several strategies have been

used to facilitate selective purification of relevant cell

types. Antibody-based approaches have frequently been

used,1–3 but often require the use of short-term cell cul-

ture or enzymatic digestion to produce a single cell sus-

pension as a starting material which may introduce in vitro

artifacts. A number of manual and laser-assisted micro-

dissection techniques have also been used4–8 with laser

capture microdissection (LCM) emerging as one of the

methods of choice. The fast and precise dissection possi-

ble with LCM, combined with the ability to readily confirm

the nature of the captured material are obvious advantages

of this approach. As with other microscope-based dissec-

tion techniques however, LCM is dependent on previous

fixation and staining of tissue sections and consequently

there is a risk of artifacts. The effects of sample processing

for LCM on nucleic acids have been thoroughly investigat-

ed9–12 and a large number of studies have described anal-

ysis of DNA and RNA extracted from laser-captured mate-

rial.5 These include global analyses of gene expression at

the mRNA level using cDNA microarrays13–16 and construc-

tion of cDNA libraries.17,18

Proteomics provides a complementary approach to

the study of gene expression, allowing additional infor-

mation regarding the effects of post–translational modifi-

cations and post–transcriptional controls to be explored.

Technological advances, particularly in two-dimensional

polyacrylamide gel electrophoresis (2D-PAGE) and mass

spectrometry, have facilitated the study of gene expres-

sion at the protein level leading to the recent expansion of

proteomics-based research.19,20 This is well illustrated

by examples from the field of tumor biology, with bladder

cancer being one of the tumors most extensively stud-
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ied.21 The use of LCM in combination with protein anal-

ysis is now also increasing with study of specific proteins

of interest by immunoassays22–25 as well as global pro-

filing by 2D-PAGE26–29 and surface-enhanced laser de-

sorption/ionization mass spectrometry,30–32 being used

to analyze captured material. However, the effects of

tissue section preparation on the protein profile have not

been thoroughly evaluated and the scope of LCM as a

tool in proteomics research remains to be determined.

Here we describe in detail the effects of hematoxylin

and eosin (H&E) staining of frozen sections on subse-

quent 2D-PAGE. In addition we examine the use of alter-

native histochemical stains and a rapid immunolabeling

protocol as alternative methods for sample processing.

We also compare the protein recovery and enrichment

obtained after dissection of two contrasting tissue types

to evaluate the potential and limitations of LCM as a tool

in global protein expression profiling.

Materials and Methods

Materials

General chemicals were obtained from BDH (Poole, UK)

or Sigma (Poole, UK) unless stated otherwise. Ammo-

nium persulfate, Tris, and urea were from ICN (Basing-

stoke, UK), glycine from Genomic Solutions (Cambridge,

UK), CHAPS from Calbiochem (Nottingham, UK), Phar-

malyte pH 3–10 from Amersham Pharmacia (Little Chal-

font, UK), Protogel acrylamide (30% acrylamide:0.8%

bis-acrylamide) from Flowgen (Sittingbourne, UK), LMP

agarose from Gibco Life Technologies (Paisley, UK),

Complete protease inhibitor cocktail tablets and trypsin

(modified, sequencing grade) from Roche (Lewes, UK),

Pefabloc, hematoxylin and eosin (1% aqueous solution)

from BDH, toluidine blue O and methyl green from Sigma,

and trifluoroacetic acid from Pierce (Rockford, IL). Milli-Q

grade water was used for all solutions.

Tissues

Samples of normal renal cortex, renal cell carcinoma

(RCC), and normal cervix were obtained immediately

after surgery and areas of tissue selected by a patholo-

gist. Tissue was cut into blocks, washed briefly with ice-

cold phosphate-buffered saline (pH 7.2) followed by ice-

cold isotonic (0.25 mol/L) sucrose, embedded in OCT

compound, snap-frozen in liquid nitrogen and stored at

�80°C.

Section Fixation/Staining and LCM

Eight-�m frozen tissue sections were cut onto ethanol-

dipped glass slides using a Leica Cryocut 1800 mic-

rotome and slides placed on dry ice until subsequent

fixation and staining. For experiments in which several

sample processing conditions were examined in parallel,

sections were cut alternately for each condition to mini-

mize changes resulting from alterations in the composi-

tion of the tissue block.

H&E staining was performed using a modified rapid

protocol for LCM as previously described.26 Slides were

defrosted, fixed (70% ethanol for 1 minute), H&E stained

(Mayer’s hematoxylin for 30 seconds, Scott’s tap water

for 10 seconds, eosin for 10 seconds), and dehydrated

(70% ethanol for 30 seconds, 100% ethanol for 1 minute,

xylene for 2 � 5 minutes). H&E solutions contained Com-

plete protease inhibitor cocktail. For processing experi-

ments investigating the effect of different stages of the

staining protocol on the protein profile, individual steps

were omitted and replaced with mock incubations in

water.

For alternative histochemical stains rapid-staining pro-

tocols based on those available at the Arcturus web site

(www.arctur.com) were adopted. Slides were defrosted,

fixed (70% ethanol for 1 minute), stained (1% w/v aque-

ous methyl green for 1 minute or 0.025% w/v toluidine

blue O in 50 mmol/L sodium phosphate buffer, pH5.5, for

5 seconds), and then dehydrated (70% ethanol for 30

seconds, 100% ethanol for 1 minute, and xylene for 2 �

5 minutes). All stains contained Complete protease inhib-

itor cocktail.

Immunolabeling was performed using a rapid-staining

method that used gold-conjugated secondary antibodies

and silver enhancement as a detection system. This was

chosen as it does not include an enzymatic step that

could potentially induce protein modifications. In initial

experiments, parameters such as time of incubation and

reagent concentration were optimized to yield the final pro-

tocol. Slides were defrosted, fixed (acetone for 2 minutes or

70% v/v ethanol for 1 minute) and labeled (primary antibody

for 5 minutes and gold-conjugated secondary antibody for

5 minutes). Labeling steps were performed in Tris-buffered

saline (pH 7.6) containing Complete protease inhibitor

cocktail and followed by brief washes with Tris-buffered

saline. Gold particles were visualized by silver enhance-

ment (British BioCell International, Cardiff, UK) according to

the manufacturer’s instructions. Mouse anti-human CD13

(clone WM-47; DAKO, Cambridge, UK) was diluted 1 in 25

for acetone fixation or 1 in 5 for ethanol fixation and gold

conjugated F(ab)2 anti-mouse IgGs for light microscopy

(British BioCell International) was diluted 1 in 25.

Sections were dissected using a Pixcell II LCM system

(Arcturus Engineering Inc., Mountain View, CA) with a

15-�m diameter laser beam being used for cervix and

RCC samples and a 7.5-�m diameter laser beam for

normal renal cortex.

Preparation of Protein Extracts

In experiments examining fixation and staining effects,

tissue sections subjected to the different fixation, stain-

ing, or immunolabeling protocols were scraped into lysis

buffer using a sterile disposable scalpel. Control samples

were prepared from sections cut directly into lysis buffer.

Laser-captured material was directly solubilized from

successive caps into lysis buffer.

Tissue was solubilized in a urea/thiourea-based lysis

buffer33 (7 mol/L urea, 2 mol/L thiourea, 4% w/v CHAPS,

1% w/v dithiothreitol, 0.8% Pharmalyte pH 3–10, 1 mg/ml

816 Craven et al
AJP March 2002, Vol. 160, No. 3



Pefabloc) for 30 minutes at room temperature. Samples

were vigorously mixed then centrifuged (42,000 � g, 1

hour, 15°C) and extracts stored at �80°C.

Protein extracts were assayed using a modified Brad-

ford method (Protein Assay; Bio-Rad, Hemel Hempstead,

UK). It should be noted that protein recovery figures

given for processing experiments would be affected by

loss of material during scraping of sections, so although

the values can be directly compared, in absolute terms

they will be underestimations.

2D-PAGE

Isoelectric focusing was performed on 18-cm immobi-

lized pH gradient strips (pH 3-10NL, Amersham Pharma-

cia) using an IPGphor (Amersham Pharmacia). Samples

were applied by in-gel rehydration34 (30 V, 13 hours)

using 7 mol/L urea, 2 mol/L thiourea, 4% w/v CHAPS,

0.46% w/v dithiothreitol, 0.2% Pharmalyte pH 3 to 10 with

a trace of bromophenol blue as the reswell buffer with a

total sample volume of 450 �l. Thirty �g protein was

generally loaded for analytical gels except for LCM sam-

ples in which the load was that procured by a specific

number of laser shots as indicated in the text. For prepar-

ative gels 300 to 600 �g of protein was loaded. Focusing

was performed for 65 kVh (200 V 1 hour, 500 V 1 hour, 1000

V 1 hour, 1000 to 8000 V 1 hour, 8000 V to end).

SDS-PAGE was performed using 10% T or 12% T gels

with a 4% T stack using the ISO-DALT system (Amer-

sham Pharmacia). Immobilized pH gradient strips were

incubated in equilibration buffer (6 mol/L urea, 30% v/v

glycerol, 2% w/v sodium dodecyl sulfate, 0.05 mol/L Tris-

HCl, pH 6.8) containing 1% w/v dithiothreitol for 15 min-

utes followed by equilibration buffer containing 4% w/v

iodoacetamide for 10 minutes and then rinsed with gel

running buffer. Strips were placed on top of the second

dimension gels and overlaid with 1% w/v low melting

point (LMP) agarose in Tris-glycine gel running buffer (24

mmol/L Tris, 0.2 mol/L glycine, 0.1% w/v sodium dodecyl

sulfate). Electrophoresis was performed at 15 to 20 mA

per gel at 12.5°C.

For analytical purposes, gels were fixed (50% v/v

methanol, 10% v/v acetic acid) and proteins detected by

silver staining using OWL silver stain (OWL Separation

Systems, Portsmouth, NH). For subsequent protein se-

quencing, preparative gels were fixed (40% v/v ethanol,

10% v/v acetic acid) and silver stained using the PlusOne

silver staining kit (Amersham Pharmacia) as described in

the manufacturer’s instructions but omitting glutaralde-

hyde from the sensitizing step and formaldehyde from the

silver reaction and adding only 100 �l of formaldehyde to

the developer.35

Gels were scanned using a Personal Densitometer

(Molecular Dynamics, Chesham, UK). Analysis was per-

formed using Melanie 3 software (GeneBio, Geneva,

Switzerland).

Peptide Mass Fingerprinting

Protein spots were excised from the gel, destained in 15

mmol/L potassium ferricyanide (III) and 50 mmol/L so-

dium thiosulfate for 10 to 20 minutes then incubated in

MilliQ-H2O for 2 � 20 minutes. Gel pieces were cut into

small pieces and incubated with 25 mmol/L ammonium

bicarbonate for 3 � 20 minutes and sonicated for 5

minutes in an ultrasonic bath. After centrifugation at

13,000 rpm in a microfuge for 5 minutes, gel pieces were

dried by incubation with acetonitrile (3 � 15 minutes)

during which they were vortexed regularly to prevent

clumping. After removal of the last acetonitrile wash,

tubes were left to air dry for 30 to 60 minutes then cooled

on ice for 10 minutes. Ice-cold trypsin (33 �g/ml in 25

mmol/L of ammonium bicarbonate) was added to rehy-

drate the gel pieces and samples were incubated on ice

for 30 minutes. A further twenty-five �l of ice-cold 25

mmol/L ammonium bicarbonate was added and samples

were incubated overnight at 37°C. Supernatants were

transferred into Slick Seal tubes (Bioquote, York, UK).

Peptides were extracted twice with 50% v/v acetonitrile

and 0.1% v/v trifluoroacetic acid for 15 minutes in an

ultrasonic bath. These extracts were pooled and samples

were dried in a centrifugal evaporator.

Samples were analyzed using a TofSpec2E MALDI-

TOF mass spectrometer (Micromass, Manchester, UK).

Peptide masses were screened against the NCBI data-

base using MASCOT software.36 Alternatively samples

were subjected to nano-lc tandem mass spectrometry

using a Q-TOF mass spectrometer (Micromass) and data

collected and analyzed using MS-TAG or MS-PATTERN

(/Protein Prospector).

Results

Tissue Preparation for LCM

H&E is the most commonly used general histochemical

stain. Good protein recovery (60 to 80%) was obtained

after H&E staining, and as previously described, there

was no gross effect on the resulting protein profile of

cervix or kidney cortex (Figure 1A).26 Although the spot

patterns were very similar qualitatively, there were a num-

ber of specific changes and quantitative analysis showed

that a significant number of proteins changed their rela-

tive abundance after fixation and staining. Comparison of

two independent processing experiments indicated that

these changes were generally reproducible. The ratio of

spot intensities in the control and processed samples

was calculated for 580 spots in each experiment (Figure

1B). Comparison of these values showed a significant

correlation (r � 0.700, P � 0.001), confirming that con-

sistent protein profiles were obtained after processing. A

second consequence of H&E staining that was also ap-

parent was a general detrimental effect on protein focus-

ing, especially at the basic end of the gel (see Figures 1

and 2). Dissection of the staining procedure by omitting

each step in turn indicated that the specific protein

changes could not be totally attributed to a particular

stage. However, the effect on focusing resulted, at least

in part, from eosin staining as samples prepared from

hematoxylin-stained tissue sections (that is, with the

omission of eosin) were not affected (Figure 2). This is
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unlikely to be a serious problem with the much smaller

amounts of sample available after LCM.

The use of alternative histochemical stains was also

investigated. Methyl green was found to be compatible

with subsequent 2D-PAGE, with no effect on the quality of

protein separation being apparent (Figure 3A). Again

changes in the relative intensity of many proteins were

evident after processing but there was acceptable cor-

relation between two independent processing experi-

ments. Toluidine blue also gave satisfactory results (Fig-
ure 3B), although a detrimental effect on protein recovery

and focusing was clearly apparent and increased mark-

edly with the relative intensity of staining of tissue sec-

tions. Generation of good quality protein profiles and

subsequent gel analysis were therefore more problem-

atic and the changes visible in the gel pattern were

slightly less well conserved.

Antibodies can be useful tools to identify specific sub-

populations of cells. A rapid immunolabeling method de-

veloped using detection of gold-conjugated secondary

antibodies by silver enhancement allowed the successful

visualization of proximal tubules in normal kidney cortex

sections after anti-CD13 labeling (Figure 4). Both acetone

and ethanol fixation were investigated as the reactivity of

many antibodies is dependent on choice of fixative. The

overall yield of protein from acetone-fixed and immuno-

labeled sections was poor (20%) and although good

separation of proteins by 2D-PAGE was achieved there

was clearly a selective loss of proteins occurring during

Figure 1. The effect of H&E staining on 2D-gel profiles. A: 2D-gels of
samples prepared from sections cut directly into lysis buffer (left) or onto
slides and processed by H&E staining before protein extraction (right) are
shown. B: The relative changes in intensity of 580 protein species in two
independent processing experiments are shown. The ratio of percent volume
of a spot in the control sample to percent volume of a spot in the H&E-
stained sample was calculated after processing of two normal kidney cortex
samples. The two ratios obtained for each spot were then plotted and a
Spearman correlation coefficient was calculated for the data sets using SPSS
for Windows.

Figure 2. The effect of eosin staining on 2D-PAGE. Two-dimensional gels of
samples prepared from sections cut onto slides and stained with hematoxylin
alone (left) or H&E (right) are shown. It should be noted that the effect of
H&E staining on separation of proteins by 2D-PAGE was more pronounced
in some experiments.

Figure 3. The effect of methyl green and toluidine blue staining on 2D-
PAGE. Two-dimensional gels of samples prepared from sections cut directly
into lysis buffer (left) or onto slides and processed (right) are shown for
methyl green (A) and toluidine blue (B) staining. C: Scatter plots showing the
conservation of relative change in intensity of protein species after process-
ing are presented (for details see Figure 1).

818 Craven et al
AJP March 2002, Vol. 160, No. 3



fixation and staining (Figure 5A). Ethanol fixation in com-

bination with immunolabeling was more successful. Total

protein recovery was improved compared to acetone

fixation (40%) and changes in the protein profile were

less pronounced (Figure 5B).

LCM and Proteome Analysis

A number of dissections of H&E-stained tissues were

performed and the yield of protein assessed in terms of

the number of spots detected in the 2D-gel profiles (Ta-

ble 1). Not surprisingly this was tissue-dependent, how-

ever in all cases an acceptable number of proteins were

detected although this should be compared to gels of

whole-tissue extracts that routinely contain upwards of

1200 protein species.

To assess enrichment, 2D-gel profiles of dissected

samples were compared to separations of an equivalent

amount of total tissue lysate. With the kidney samples

analyzed, no substantial enrichment was produced by

dissection of proximal tubules from normal renal cortex or

tumor cells from RCC tissue (data not shown). In contrast,

dissection of normal stratified cervical epithelium from the

underlying stroma resulted in very obvious enrichment in

the 2D-gel pattern (Figure 6) with many proteins being

restricted to or enriched in either the epithelial or stromal

sample. The identity of a selection of these proteins was

determined by mass spectrometry or by comparison to

other 2D maps (Figure 6 and Table 2).

Discussion

Normal and diseased tissues are complex mixtures of

different cell types, containing cells at different stages of

differentiation, and many kinds of infiltrating cells. An

understanding of the changes in nucleic acid and protein

expression and function that occur in disease requires

the ability to define and select particular cell populations.

Collection of the relevant cell population in sufficient

quantity and quality is a substantial challenge. One of the

methods that is being increasingly used to circumvent

this problem is LCM. Two criteria that can be used to

judge the suitability of LCM in combination with 2D-PAGE

are protein yield and degree of enrichment in the dis-

sected sample compared to the starting material. These

must be balanced against any protein modifications or

degradation and the time taken for dissection.

Figure 4. Immunolabeling of proximal tubules in normal kidney cortex.
Normal kidney cortex sections were labeled with anti-CD13 antibodies using
a rapid-staining protocol that uses silver enhancement of gold labeling as the
detection system.

Figure 5. Immunolabeling and 2D-gel analysis. Two-dimensional gels of
samples prepared from sections of normal kidney cortex cut directly into lysis
buffer (left) or onto slides and processed by immunolabeling before protein
extraction (right) are shown. Immunolabeling was performed after acetone
fixation (A) or ethanol fixation (B). Immunoglobulin heavy and light chains
are not evident in the 2D-gel pattern, probably because the amount of bound
antibody is below the detection limit.

Table 1. Recovery of Proteins after LCM

Tissue type dissected
15-�m laser shots

(equivalents) Gel features Time taken

Proximal tubules from normal 7,000 470 2 days
kidney cortex* 18,000 660 4 days

Tumor cells from renal cell 10,000 520 0.5 days
carcinoma (grade 3) 55,000 800 1.5 days

Epithelium from cervix 7,500 590 3 hours
20,000 750 6 hours
30,000 930 9 hours

*Proximal tubules were dissected using a 7.5-�m-diameter laser beam and the number of 15-�m laser shots calculated accordingly.
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In the experiments described here we have used cryo-

preserved tissue samples, with sections being fixed with

ethanol or acetone immediately before staining. Formalin

fixation was not examined because of its known cross-

linking effects on proteins. Three histochemical stains

and immunolabeling have been examined as alternative

staining protocols for LCM prior to preparation of protein

extracts for 2D-PAGE.

The preservation of protein profiles after ethanol fixa-

tion and H&E staining was encouraging. Good correlation

was observed between two independent experiments

and although a number of significant changes were vis-

ible, these were generally reproducible making direct

comparisons of samples prepared in parallel a valid ap-

proach. However, tissue processing may introduce an

increased level of noise to any analysis of differential

protein expression. In the two comparative studies pub-

lished to date the authors selected protein species whose

expression was specific for a particular sample class27,28

thereby overcoming this problem. For identification of

disease markers this poses no real problem but it may be

more significant when considering more minor protein

expression changes important in disease pathogenesis.

Methyl green and toluidine blue staining were also

compatible with the analysis of proteins by 2D-PAGE.

However, the results with toluidine blue indicated that

there was a direct link between intensity of tissue section

staining and problems with generation of good quality

protein separations. It has been reported that protein

solubilization in a modified lysis buffer lacking dithiothre-

itol and carrier ampholytes can assist protein solubiliza-

tion for 2D-PAGE after toluidine blue staining.29 Although

this gave slightly improved gels in some cases, we found

this to be at the expense of protein recovery (unpublished

data), which was adversely affected.

Taken together these experiments illustrate the need to

assess and optimize tissue section processing to ensure

the generation of superior and representative protein pro-

files. However, protein extraction and separation could

be achieved after all staining protocols tested. Although

the stains have a differing impact on protein recovery and

isoelectric focusing, many of the specific changes that

are seen in the protein profile result from incubation of

tissue sections in aqueous solutions rather than staining

per se and are seen in all processing experiments. The

results with H&E staining, which generally gives the best

Figure 6. LCM of normal cervical epithelium. Two-dimensional gels of dissected cervical epithelium (left), material remaining after dissection (stroma; right),
and whole tissue sections (total; middle) are shown. A number of proteins with differential expression patterns are highlighted on the gels of stroma and
epithelium. The numbered proteins are those for which identities have been determined (see text and Table 2). The gel load was normalized to the LCM sample
that contained protein recovered from 7500 15-�m laser shots of epithelium from H&E-stained sections. Representative micrographs of the tissue samples are
shown.

Table 2. Identities of Epithelial and Stromal Proteins

Gel

reference Identity Localization Mapping

1 Albumin Stroma Gel matching

2 IgG heavy chain Stroma Gel matching

3 Cytokeratin 5 Epithelium Mass spectrometry

4/5 Cytokeratin 6F Epithelium Mass spectrometry

Gel matching was done using in-house gels and gels available at
SWISS 2D-PAGE. Gel references refer to Figure 6.
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discrimination of tissue morphology, were not surpassed

in terms of protein recovery and separation produced.

Immunolabeling was also found to be compatible with

protein profiling by 2D-PAGE. Protein loss during staining

was a more significant problem, especially after acetone

fixation, which obviously has an impact on an approach

that is already subject to the problems of limited material

for downstream analysis. Acetone fixation was also asso-

ciated with very marked changes in the protein profile.

Again these results illustrate the need to evaluate tissue

processing but indicate that immunolabeling can be

used as an alternative staining method for protein-based

studies.

The use of LCM in combination with 2D-PAGE is clearly

tissue-dependent. The dissection of cervical epithelium

from underlying stroma was successful and demon-

strated how a clean and rapid dissection can be accom-

plished. Selective loss of serum proteins (such as albu-

min and IgG heavy chains) in the epithelial sample

together with enrichment of cytokeratins 5 and 6F, pro-

teins known to be expressed in cervical epithelium,37

further validates the use of LCM in this type of approach.

Similar enrichment has been reported for dissection of

prostate and esophageal tumor samples.27,28 For tissues

in which the cell type of interest is in the minority and

relatively easy to dissect, LCM will have a very important

role in combination with proteomic analysis.

However, in normal kidney samples this approach

failed to demonstrate evidence of significant enrichment

despite extensive dissection. This may be because nor-

mal kidney has a much more complex structure that

makes it difficult to cleanly dissect large amounts of

particular tissue compartments such as the proximal tu-

bules. Also proximal tubules are a major component of

the cortical tissue and therefore less contaminating ma-

terial would be removed by dissection. Finally, there may

be a less distinct difference between the protein profiles

of proximal tubules and the surrounding cell types. En-

richment may therefore not be revealed by examination of

only the most abundant proteins detected in the limited

amount of material available after LCM. The RCC sam-

ples were selected from areas where there was no mac-

roscopic evidence of necrosis or fibrosis, and the relative

purity of these samples may account for the lack of

enrichment in the dissected sample. Therefore, the use of

whole-tissue extracts is a more suitable approach for

comparison of RCC samples with their presumed normal

counterpart, the proximal tubules, to identify putative dis-

ease markers.

The inability to obtain large amounts of protein for

analysis is the most obvious limitation of strategies involv-

ing LCM. This inevitably means that in global profiling by

2D-PAGE, only the most abundant proteins can be stud-

ied and the majority of these may be ubiquitously ex-

pressed gene products with housekeeping functions.

The use of alternative profiling strategies such as sur-

face-enhanced laser desorption/ionization mass spec-

trometry or phage display antibody libraries may reveal

enrichment after LCM that is not detected at the level of

2D-PAGE. In instances in which study of less abundant

proteins is desired, LCM still has a potential role in down-

stream validation of markers using alternative protein-

based techniques.

In conclusion, LCM is likely to be a valuable comple-

ment to proteomic-based approaches and the study of

disease pathogenesis. However care must be taken to

ensure that the combination of LCM and 2D-PAGE is

used appropriately, which will be dependent on the tis-

sue type, the tissue preparation, and the question being

addressed.

Acknowledgments

We thank Richard Unwin for helpful discussions and crit-

ical reading of the manuscript, and Lynne Hill for techni-

cal assistance.

References

1. Page MJ, Amess B, Townsend RR, Parekh R, Herath A, Brusten L,

Zvelebil MJ, Stein RC, Waterfield MD, Davies SC, O’Hare MJ: Pro-

teomic definition of normal human luminal and myoepithelial breast

cells purified from reduction mammoplasties. Proc Natl Acad Sci USA

1999, 96:12589–12594

2. Reymond MA, Sanchez JC, Hughes GJ, Günther K, Riese J, Tortola S,

Peinado MA, Kirchner T, Hohenberger W, Hochstrasser DF, Köcker-
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