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Abstract
Background: Laser microdissection allows precise isolation of specific cell types and
compartments from complex tissues. To analyse proteins from small cell numbers, we combine
laser-microdissection and manipulation (LMM) with mass spectrometry techniques.

Results: Hemalaun stained mouse lung sections were used to isolate 500–2,000 cells, enough
material for complex protein profiles by SELDI-TOF MS (surface enhanced laser desorption and
ionization/time of flight mass spectrometry), employing different chromatographic ProteinChip®

Arrays. Initially, to establish the principle, we identified specific protein peaks from 20,000 laser-
microdissected cells, combining column chromatography, SDS-PAGE, tryptic digestion, SELDI
technology and Tandem MS/MS using a ProteinChip® Tandem MS Interface. Secondly, our aim was
to reduce the labour requirements of microdissecting several thousand cells. Therefore, we first
defined target proteins in a few microdissected cells, then recovered in whole tissue section
homogenates from the same lung and applied to these analytical techniques. Both approaches
resulted in a successful identification of the selected peaks.

Conclusion: Laser-microdissection may thus be combined with SELDI-TOF MS for generation of
protein marker profiles in a cell-type- or compartment-specific manner in complex tissues, linked
with mass fingerprinting and peptide sequencing by Tandem MS/MS for definite characterization.

Background
Investigation of cell-type specific gene expression and reg-
ulation in complex tissues is hampered by the lack of
accuracy of cell isolation and sensitivity of post-isolation
analysis. Laser-microdissection techniques have proven to
be a reliable tool for selectively harvesting cell clusters or

single cell profiles from stained tissue sections for mRNA
and protein investigation. When combined with qualita-
tive and quantitative PCR, mRNA can be successfully ana-
lysed from a few cells [1-3]. The combination of laser-
microdissection and cDNA arrays allows investigation of
differential gene expression in a cell type specific manner
for a multitude of genes in parallel [4,5]. For proteome
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analysis, two-dimensional polyacrylamide gel
electrophoresis (2D-PAGE) has been previously per-
formed from 50,000 to 250,000 microdissected cells, fol-
lowed by peptide mass finger printing of single spots [6-
8]. Isolation of such high cell numbers by laser-microdis-
section is extremely time consuming or even impractica-
ble in complex tissues.

Recently, several groups have successfully combined laser-
microdissection with surface-enhanced laser desorption/
ionization mass spectrometry (SELDI MS) to generate
reproducible MS profiles from 200–5,000 cells [9-14].
Changes in these protein profiles resulting from different
biological conditions can be employed as biomarkers.
Similarly, using matrix-assisted laser desorption/ioniza-
tion mass spectrometry (MALDI MS), spectra could be
generated from 500 to 2,500 microdissected cells [15,16].
However, the definite identification of peptides/proteins
underlying single biomarkers from laser-microdissected
material demands substantially higher cell amounts and
laborious, time-intensive procedures. To date, only one
biomarker has been identified after profiling of laser-
microdissected tissue. In this case, Melle et al. combined
2D-PAGE with peptide mapping and tandem mass spec-
trometry to identify a protein significantly higher
expressed in tumour tissue and confirmed the identity by
immunodepletion assay and immunhistochemistry [13].

In addition to generating compartment-specific biomar-
ker profiles, we aimed to develop alternative strategies cir-
cumventing the laborious 2D-PAGE for definite protein
identification using limited cell numbers derived from
microdissected material. The strategies were evaluated at
septal and vascular compartments of the complex lung
tissue.

Results
Generation of protein profiles by SELDI mass 
spectrometry
Laser-microdissection and manipulation was used to iso-
late 500–2,000 alveolar septum cells (Figure 1), which
were then transferred into 15 µl of HEPES/Triton X-100
lysis buffer. Approximately 30 intrapulmonary vessels
(corresponding to 500–2,000 cell profiles) were microdis-
sected from tissue sections and lysed identically. Follow-
ing the first isolation, the remaining cell pellet was
subjected to Urea/Thiourea/CHAPS (UTC) buffer.

a) To assess the effect of different lysis buffers and differ-
ent surface properties of the ProteinChip® Arrays, HEPES/
Triton X-100 protein lysate as well as UTC lysate was
applied independently to SAX (strong anionic exchanger)
and WCX (weak cationic exchanger) ProteinChip® Arrays.
Compared to the weaker HEPES lysis, UTC buffer resulted
in a remarkably higher yield of peaks (signal to noise ratio

Isolation of an alveolar septum by laser-assisted microdissec-tion and manipulation from a hemalaun stained frozen lung section (magnification 200×)Figure 1
Isolation of an alveolar septum by laser-assisted microdissec-
tion and manipulation from a hemalaun stained frozen lung 
section (magnification 200×). A) Alveolar septum is selected 
for isolation. B) Laser photolysis is used to disconnect the 
cells from adjacent ones. C) Septum cells adhere tightly to 
the approximated sterile needle and can be transferred into a 
reaction tube.
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Protein profiling of laser-microdissected alveolar septum cells and intrapulmonary vessels for detection of differentially expressed proteins (m/z = mass/charge)Figure 2
Protein profiling of laser-microdissected alveolar septum cells and intrapulmonary vessels for detection of differentially 
expressed proteins (m/z = mass/charge). A) SELDI-TOF spectra comparison of a SAX ProteinChip® Array profile from HEPES/
Triton X-100 lysed septum cells and WCX ProteinChip Array® profile from septum cells treated with UTC buffer. B) Spectra 
comparison of intrapulmonary vessel profiles and alveolar septum (2,000 cells) after UTC lysis and binding onto WCX 
ProteinChip® Array.
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SELDI-TOF spectra of alveolar septum cells (2,000 cells) from four different miceFigure 3
SELDI-TOF spectra of alveolar septum cells (2,000 cells) from four different mice A) Laser-microdissected alveolar septa from 
4 different mice were lysed in UTC lysis buffer and profiled on a WCX ProteinChip® Array. Spectra of the molecular range 
between 3–18 kD are depicted. B) Zoom of the region between 12.5–16.5 kD: A representative spectrum showing three 
peaks at 13.8, 14.0 and 15.7 kD which were selected for further biochemical identification.
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(S/N) ≥ 3) on WCX arrays. On the other hand, HEPES
buffer gave more individual spectra on SAX arrays. 500
cells were sufficient to detect more than 35 peaks on both
SAX and WCX arrays. However, immobilization of 2,000
cells resulted in over 50 peaks on WCX arrays (Figure 2A).
In regard of limiting cell numbers a two step extraction
procedure (HEPES buffer followed by UTC) was proven to
be useful to display a higher amount of peaks for differen-
tial expression analysis. Therefore this procedure was used
for all further profiling experiments.

b) Comparing alveolar septum cells to intrapulmonary
vessels, the profiles differed considerably, with only few
overlapping peaks. Representative profiles are given in
Figure 2B.

c) Four representative SELDI TOF MS spectra of alveolar
septum cells from four different animals are shown in Fig-
ure 3A. These data show good reproducibility of protein
detection by SELDI-MS in agreement with previous stud-
ies by Zhukov et al. [14] who also assessed reproducibility
of SELDI-MS after using laser-microdissected lung mate-
rial. To determine the limit in protein abundance for fur-
ther identification, peaks with different intensities were
chosen: one high-abundant protein with molecular
weight of 15.7 kD and two low-abundant proteins of 13.8
and 14.0 kD, respectively. The three protein peaks with
different intensities are presented in the zoomed area of
Figure 3B. For identification of these proteins following
strategies were evaluated.

Enrichment of proteins from microdissected cells by 
column chromatography and SDS-PAGE
Protein lysate of 10,000 to 20,000 microdissected septum
cells was extracted by UTC buffer, the remaining material
of the same needles was further extracted by SDS sample
buffer. Protein samples from UTC and SDS extracts were
separated by SDS-PAGE. Although both extracts showed
several colloidal Coomassie Brilliant Blue (CBB) stained
bands the SDS extract revealed several proteins in the MW
region between 12–16 kD (Figure 4). Some of the clearly
separated gel bands in the molecular weight region of the
target proteins were excised and subjected to in-gel
Trypsin digestion. Band 1 represented the 14.0 kD peak
while band 2 corresponded to the 13.8 kD peak as identi-
fied later by peptide mapping and MS/MS experiments.

The 15.7 kD protein was enriched by micro-spin column
chromatography using a Q HyperD® spin column
(Ciphergen Biosystems, CA). The protein extract equiva-
lent to approximately 50,000 cells was applied to the col-
umn and 6 fractions were eluted according to a stepwise
pH gradient and concentrated by trichloroacetic acid pre-
cipitation. Aliquots of 3 µl (100 µl total volume) of each
fraction were applied to a NP20 ProteinChip Array

(hydrophilic chemistry) in order to detect the presence
and enrichment of the selected proteins. In the organic
fraction (last elution step) all three proteins (13.8, 14.0
and 15.7 kD) were detected on an NP20 ProteinChip.
After separation of the complete organic fraction by SDS-
PAGE, proteins were stained by colloidal CBB. A protein
band with estimated molecular weight between 15–16 kD
was excised and subjected to tryptic digestion (not
shown).

SDS extract of 20,000 microdissected alveolar septum cells separated by SDS-PAGEFigure 4
SDS extract of 20,000 microdissected alveolar septum cells 
separated by SDS-PAGE. After first extraction with UTC 
buffer a second extraction step with SDS sample buffer was 
performed. The amount equivalent to 20,000 cells of this 
extract was separated on a 15% SDS gel. Band 1 and band 2 
correspond to the selected protein peaks of 13.8 and 14.0 
kD from WCX Array experiments (Figure 2).
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Page 5 of 10
(page number not for citation purposes)



BMC Biotechnology 2004, 4:30 http://www.biomedcentral.com/1472-6750/4/30
Identification of the isolated target proteins by tryptic 
peptide mass fingerprinting on ProteinChip® Arrays and 
direct peptide fragmentation by Tandem MS/MS
Protein bands isolated from the gel were subjected to
Trypsin digestion. Gel pieces were extracted twice and the
resulting peptide fragments applied to NP20 and H4 Pro-
teinChip® Arrays with hydrophilic and hydrophobic chro-
matographic properties, respectively. Peptide mass
fingerprinting of the gel bands was done using the PBSIIc
instrument. The results are given in Table 1. Two histone
proteins (band 1 and 2) and haemoglobin beta were the
first candidates in Profound database search. For unam-
biguous identification, selected peptides were sequenced
directly from the arrays by collision-induced dissociation
(CID), using a ProteinChip® Interface coupled to a Tan-
dem mass spectrometer [17-19]. Representative MS and
MS/MS spectra from band 2 are given in Figure 5. The
peptide with an m/z ratio of 1692.88 (Figure 5A) was
selected for sequencing by CID-MS/MS (Figure 5B). The
obtained sequence was assigned to histone proteins
(H2A1 or H2A4, Table 1). It is notable that the molecular
masses of the identified proteins correlated well with the
results obtained from the profiling experiments (Table 1
and Figure 3B). Analysis of tryptic peptide fragments from
band 3 confirmed the molecular mass from profiling
experiments (15.7 kD) and showed strong evidence for
haemoglobin beta (Sequence coverage 45.7%).

Enrichment of the target protein markers from tissue 
sections by SDS-PAGE
Due to the labour-intensive requirements of isolating
high cell numbers by laser-microdissection, we sought to
recover the target proteins in whole lung tissue sections,
intending to use this material for subsequent protein
identification. Between 5–7 cryosections of lung tissue
(10 µm) previously known to contain the target proteins
from laser-microdissection were collected and proteins
were isolated following the procedure as for the laser-
microdissected cells. Applying an aliquot of approxi-
mately 4,000 cells to a spot of WCX ProteinChip® Array,
we were able to recover the target protein markers within
the homogenate spectrum (Figure 6). Using another aliq-
uot of the section material for SDS-PAGE, we isolated
single bands of expected weight, as already described for

the microdissected cells. This material was subjected to
tryptic digestion and peptide mass fingerprint. Again, the
two histone proteins and haemoglobin beta were
identified.

Discussion
The combination of laser-microdissection and mass spec-
trometry has been shown to be a reliable tool for compart-

Table 1: Protein database query of the three investigated target protein bands. Details and specifications of the analysis that resulted 
in identification of the biomarker proteins are given. MW: molecular weight

Gelband No. MW calc. Sequence coverage % Score profound MS/MS sequence Acces. No. Swissprot Protein name

band 1 13.797 63 2.24 AMGIMNSFVNDIFER P10853 Histone H2B F
band 2 14.042 31 HLQLAIRNDEELNK P22752 Histone H2A.1

14.522 P10812 H2A.4
band 3 15.708 45.9 1.17 P02088 Haemoglobin β

MS/MS analysis of the tryptic fragments of band 2Figure 5
MS/MS analysis of the tryptic fragments of band 2. A) Tryptic 
fragments of band 2 were applied to NP20 ProteinChip® 

Arrays and measured on a ProteinChip® Interface coupled to 
a Tandem MS. The peptide of 1692.88 D was selected for 
MS/MS analysis. B) CID-MS/MS spectrum from tryptic frag-
ment with m/z 1692.88.
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ment and cell type-specific biomarker profiling in
complex tissues. Several groups have described the suc-
cessful generation of mass spectra from as few as 500 to
2,000 cells after microdissection [11,15,16] which was
reproduced in the present investigation. Such spectra may
be employed to ascertain the cellular origin of microdis-

sected samples. Moreover, when showing differential
expression under various biological conditions, mass
spectral peaks may serve as biomarkers, independent of
their identification. This fast and convenient technique
thus represents a valuable tool to provide disease- or sta-
tus-specific protein marker patterns to be used for diag-

SELDI-TOF spectra comparison of profiles from microdissected cells versus lung tissue sectionsFigure 6
SELDI-TOF spectra comparison of profiles from microdissected cells versus lung tissue sections. Microdissected alveolar sep-
tum cells as well as five lung tissue sections were lysed in UTC buffer and bound onto WCX ProteinChip® Arrays. All three 
investigated target proteins could be recovered from the tissue section derived profile as well.
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nostic and predictive purposes [20-22]. In the present
investigation we could confirm feasibility and excellent
reproducibility of this approach when analyzing lung tis-
sue compartments.

To investigate proteins on 2D-gels, high amounts of cells
are required. Therefore, using this approach as a starting
point for protein profiling with subsequent MS identifica-
tion, 50,000 to 250,000 microdissected cells have to be
introduced per gel. Our aim was to minimize this labori-
ous procedure, being hardly compatible with microdissec-
tion of minor cellular compartments. Thus, we first
generated compartment specific profiles from laser-micro-
dissected material by mass spectrometry and subse-
quently collected high cell numbers to identify the
previously selected proteins. Moreover, using an interface
to a Tandem MS/MS instrument, analysis of tryptic mass
fingerprints can be performed from the same array with-
out need for additional material. To reduce the demand of
material on the gel, different staining techniques can be
used (e.g. silver or SYPRO RUBY® fluorescence staining).
While advantageous in gel staining due to higher
sensitivity, the problems are shifted towards MS
technique: the identification may fail due to minute
amounts of protein per gel spot. Therefore, in our study
we performed robust and easy CBB staining to be able to
detect the required amount of material in MS techniques.
Additionally, for low abundant proteins, direct Trypsin
digestion of an eluted, gel-resolved protein can be per-
formed directly on the array. Marker protein isolation and
enrichment of the protein peak may also be enhanced by
application of suitable pH and salt conditions directly on
the array.

A promising alternative for labour-intensive 2D-gel appli-
cations can be the detection of biomarker proteins from
microdissected cells and their subsequent identification
in tissue slices. Since the exact weight of the target protein
is known from preceding experiments with microdis-
sected cells, the section homogenate can be screened for
the respective peaks. As tissue sections are easy and fast to
obtain, they were used to generate profiles on WCX arrays
from the same lungs as from microdissection. While these
spectra differed partially from those derived from micro-
dissected alveolar septum cells, the peaks corresponding
to the pre-defined target proteins were easily detected in
the homogenate spectrum. In addition, corresponding
bands could be detected by SDS-PAGE and subsequent
tryptic mass fingerprinting confirmed the identity of his-
tones H2B F and H2A1 and haemoglobin beta.

Typically, high-resolution 2D techniques require several
days from sample application to the final staining of pro-
tein spots. Isolation of 500 to 2,000 cells by laser-micro-
dissection requires minutes to hours, depending on the

targeted cell type, tissue area or organ compartment. Array
pre-treatment, immobilization of the lysate and washing
lasts around 90 minutes and MS measurement is per-
formed within few minutes. This calculation may reveal
the time saved by our approach.

Due to the accuracy of measurement we found that the
molecular weight derived from SELDI mass spectrometry
corresponded very well with the exact protein mass. For
the three investigated proteins, the mass accuracy was
approximately 0.1% for external calibration and is thus
remarkably higher than using 2D-PAGE. Nevertheless, the
exact molecular weight alone is insufficient to identify the
concerning protein directly via database search.

Conclusions
Combination of laser-microdissection with SELDI-TOF
MS generates reproducible and credible biomarker
profiles in a cell-type- or compartment-specific manner
from complex tissues. For identification of underlying
peptides/proteins, this approach may be combined with
enrichment and isolation strategies, linked with mass fin-
gerprinting by SELDI-TOF MS and peptide sequencing by
Tandem MS/MS for definite chemical characterization.
These techniques allow analysis of differential protein
expression of low cell numbers microdissected from com-
plex tissues.

Methods
Mouse lung preparation
All animal experiments were approved by local authorities
[Regierungspräsidium Giessen, no. II25.3-19c20-15(1)
GI20/10-Nr.22/2000]. Lung preparation was performed
as described previously [5]. In brief, male BALB/c mice
(Charles River, Sulzfeld, Germany, 20–22 g) were exposed
to normobaric normoxia in a chamber at FiO2 = 0.21.
After 1 day, animals were sacrificed; lungs were flushed via
the pulmonary artery, and 800 µl prewarmed TissueTek®

(Sakura Finetek, Zoeterwoude, The Netherlands) were
instilled into the airways via a tracheal cannula. After-
wards, lungs were excised and frozen in liquid nitrogen
immediately.

Laser-assisted microdissection
Laser-microdissection and manipulation was performed
as described previously [1-3,5]. In brief, cryosections (10
µm) from lung tissue were mounted on glass slides. After
hemalaun staining for 30 sec, sections were subsequently
immersed in 70% and 96% ethanol and stored in 100%
ethanol until use. Not more than 10 sections were pre-
pared at the same time to restrict storage time. Alveolar
septum cells and intrapulmonary vessels, respectively,
were microdissected under visual control using the Laser
Microbeam System (P.A.L.M., Bernried, Germany) and
isolated by a sterile 30 G needle (Figure 1). Needles with
Page 8 of 10
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adherent material were transferred into a reaction tube
containing HEPES/Triton X-100 lysis buffer (50 mM
HEPES, pH 7.2, 1% Triton X-100).

Comparative protein expression profiling by SELDI
Needles with adherent cells were transferred to the reac-
tion tubes containing 15 µl of the HEPES/Triton X-100
lysis buffer. After vigorous shaking for 30 min at room
temperature, samples were centrifuged at 14,000 g for 10
min. 3 µl of this supernatant were directly applied to the
spots of SAX and WCX ProteinChip® Arrays and incubated
in a humid chamber for 1 h. For profiling, SAX
ProteinChip® Arrays were preincubated in SAX Binding
Buffer (100 mM Tris, pH 8.5, 0.02% Triton X-100).

After first extraction of the microdissected material using
HEPES buffer, 15 µl of UTC buffer (6 M Urea, 2 M Thiou-
rea, 2% CHAPS, 75 mM DTT) were applied to needles/
cells. The pellet in UTC buffer was centrifuged for 10 min
at 14,000 g and the complete supernatant was used for
profiling on WCX ProteinChip® Arrays. These were pre-
treated with 10 mM HCl for 5 min and equilibrated two
times with WCX binding buffer (100 mM NaOAc, pH 4.5,
0.02% Triton X-100) for 5 min. Fifteen µl of UTC super-
natant were diluted 1:10 v/v in WCX binding buffer and
incubated under vigorous shaking for 45 min. In order to
deal with high amounts of volume (150 µl) the Bioproc-
essor (Ciphergen Biosystems. Inc.) was applied. After
removal of the samples every spot was washed twice using
binding buffer followed by a final 10 sec water rinse. After
air-drying, saturated sinapinic acid (0.6 µl) dissolved in
50% acetonitrile and 0.5% trifluoracetic acid (TFA) was
added twice. Subsequently, mass analysis of bound pep-
tides/proteins was performed using the Ciphergen PBS IIc
system. ProteinChip® Arrays were analyzed by averaging
100–150 laser shots collected in the positive mode. Opti-
mization range of the time lag focusing was set between
10–30 kD. Deflector settings were used to filter out peaks
with <2000 m/z. Calibration was performed externally
using purified peptide and protein standards. Obtained
spectra were analyzed by the ProteinChip Software ver-
sion 3.01.

Small scale column chromatography and SDS-PAGE
SDS-PAGE was performed as described previously [23]
with minor modifications. We used 15% acrylamid sepa-
ration and 5% stacking gels in a mini-gel chamber (Roth,
Karlsruhe). Supernatants of UTC buffer extraction
containing approximately 2000 cells/µl were mixed 1:1
with twofold concentrated sample buffer (100 mM Tris-Cl
pH 6.8, 4% SDS, 20% Glycerin, 3% DTT, 0.05%
Bromphenolblue). Samples were boiled for 3 min and a
total volume of 20 µl (equivalent to 20,000 cells) was
loaded onto single lanes of the gel. Afterwards, 1 µl SDS
sample buffer per 1,000 cells was added to the needles in

order to solubilize remaining proteins after UTC buffer
extraction. SDS extracts were also applied to SDS gels.

For selective enrichment of marker proteins we used small
sized anionic exchange spin columns resulting in 6 frac-
tions after elution using a stepwise pH gradient from pH
9–3 and an organic fraction. The protein amount
reflecting 50,000 cells was loaded onto a Q HyperD spin
column and aliquots of the eluted fractions were analyzed
on NP20 ProteinChip® Arrays to reveal the enrichment of
selected protein peaks in a certain fraction. The fractions
containing the enriched proteins were concentrated by
TCA precipitation in order to apply the complete fraction
to a single lane of an SDS gel. Staining was performed by
colloidal Coomassie brilliant blue (CBB, Roth).

Protein tryptic digestion (peptide mass fingerprint)
The CBB stained bands matching the expected molecular
weight regions of selected proteins were excised and sub-
jected to Trypsin digestion. Gel pieces were washed three
times with 400 µl of 100 mM ammonium bicarbonate
and 50% acetonitrile for 15 min followed by 15 min incu-
bation in 100% acetonitrile. After removal, gel pieces were
dried shortly in a speed-vac centrifuge. Depending on the
gel volume, 10–15 µl of a Trypsin solution (20 ng
Trypsin/µl in 25 mM ammonium bicarbonate) was
applied and digestion was performed overnight (16 h) at
37°C. Afterwards, reaction tubes were centrifuged and
0.5–1.5 µl aliquots of each supernatant were applied to
the spots of H4 (hydrophobic surface coating) and NP20
(hydrophilic surface coating) ProteinChip® Arrays. A 20%
matrix solution of alpha-4 hydroxy-cinnamic acid
(CHCA) was applied to the spots. The remaining gel
pieces were extracted with a 60% acetonitrile and 0.2%
TFA solution for 1 h with a 5 min sonication to extract
remaining organic peptides. Supernatants from this sec-
ond extraction step were also applied to H4 and NP20
ProteinChip® Arrays. All Arrays were measured in the PBS
IIc system by averaging 150 laser shots. After subtraction
of all peaks also present in the blank gel piece (e.g. Trypsin
autolysis peaks), m/z values were submitted to Profound
and Mascot for database searching.

Tandem MS/MS analysis
Peptides from tryptic digestion were applied to NP20 Pro-
teinChip® Arrays and 2 × 0.6 µl of a saturated CHCA solu-
tion was added. For quality control of the peak intensities,
the NP20 Arrays were analyzed in a PBS IIc instrument.
Afterward, the arrays were transferred to a Tandem MS
instrument. Data were acquired on a Micromass QTOF II
(Manchester, UK) tandem quadrupole-time of flight (Q-
TOF) mass spectrometer equipped with a PCI 1000 Pro-
teinChip® Tandem MS Interface (Ciphergen Biosystems).
Ions were created using a pulsed nitrogen laser operating
with 30 pulses/sec. Nitrogen gas was used for collisional
Page 9 of 10
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cooling of formed ions and argon gas was used for all low-
energy collision-induced dissociation experiments. The
system was externally calibrated in MS/MS mode using
the parent ion and selected fragments of adrenocortico-
tropic hormone (ACTH) human fragment 18–39 (m/z =
2465.1983; Sigma Aldrich).

Authors' contributions
GK: laser-microdissection, preparation of samples, PAGE,
SELDI-MS

MM: SELDI-MS and optimalisation for microdissected
material

RB: tandem MS measurements

RMB: instruction to laser-microdissection

WS: design of project, preparation of the manuscript

NW: animal model, preparation of the lungs

LF: design of project, preparation of the manuscript

Acknowledgement
We thank M.M. Stein and K. Quanz for skilful technical assistance, J. Wolff 
and L. Marsh for critical reading of the manuscript and G. Jurat for photo-
graphic arrangements. This study was funded by the Deutsche Forschungs-
gemeinschaft, SFB 547, project B7 and Z1. We gratefully acknowledge the 
funding of the PBS IIc SELDI-MS spectrometer by the Kerckhoff-Founda-
tion, Bad Nauheim.

References
1. Fink L, Stahl U, Ermert L, Kummer W, Seeger W, Bohle RM: Rat por-

phobilinogen deaminase gene: a pseudogene-free internal
standard for laser-assisted cell picking. Biotechniques 1999,
26:510-516.

2. Fink L, Seeger W, Ermert L, Hanze J, Stahl U, Grimminger F, Kummer
W, Bohle RM: Real-time quantitative RT-PCR after laser-
assisted cell picking. Nat Med 1998, 4:1329-1333.

3. Fink L, Bohle RM: Internal standards for laser microdissection.
Methods Enzymol 2002, 356:99-113.

4. Luo L, Salunga RC, Guo H, Bittner A, Joy KC, Galindo JE, Xiao H, Rog-
ers KE, Wan JS, Jackson MR, Erlander MG: Gene expression pro-
files of laser-captured adjacent neuronal subtypes. Nat Med
1999, 5:117-122.

5. Fink L, Kohlhoff S, Stein MM, Hanze J, Weissmann N, Rose F, Akkay-
agil E, Manz D, Grimminger F, Seeger W, Bohle RM: cDNA array
hybridization after laser-assisted microdissection from non-
neoplastic tissue. Am J Pathol 2002, 160:81-90.

6. Craven RA, Banks RE: Use of laser capture microdissection to
selectively obtain distinct populations of cells for proteomic
analysis. Methods Enzymol 2002, 356:33-49.

7. Xia SH, Hu LP, Hu H, Ying WT, Xu X, Cai Y, Han YL, Chen BS, Wei
F, Qian XH, Cai YY, Shen Y, Wu M, Wang MR: Three isoforms of
annexin I are preferentially expressed in normal esophageal
epithelia but down-regulated in esophageal squamous cell
carcinomas. Oncogene 2002, 21:6641-6648.

8. Zhou G, Li H, DeCamp D, Chen S, Shu H, Gong Y, Flaig M, Gillespie
JW, Hu N, Taylor PR, Emmert-Buck MR, Liotta LA, Petricoin EF, Zhao
Y: 2D differential in-gel electrophoresis for the identification
of esophageal scans cell cancer-specific protein markers. Mol
Cell Proteomics 2002, 1:117-124.

9. Jr GW, Cazares LH, Leung SM, Nasim S, Adam BL, Yip TT, Schellham-
mer PF, Gong L, Vlahou A: Proteinchip(R) surface enhanced

laser desorption/ionization (SELDI) mass spectrometry: a
novel protein biochip technology for detection of prostate
cancer biomarkers in complex protein mixtures. Prostate Can-
cer Prostatic Dis 1999, 2:264-276.

10. Cazares LH, Adam BL, Ward MD, Nasim S, Schellhammer PF,
Semmes OJ, Wright GLJ: Normal, benign, preneoplastic, and
malignant prostate cells have distinct protein expression
profiles resolved by surface enhanced laser desorption/ioni-
zation mass spectrometry. Clin Cancer Res 2002, 8:2541-2552.

11. Wellmann A, Wollscheid V, Lu H, Ma ZL, Albers P, Schutze K, Rohde
V, Behrens P, Dreschers S, Ko Y, Wernert N: Analysis of micro-
dissected prostate tissue with ProteinChip arrays--a way to
new insights into carcinogenesis and to diagnostic tools. Int J
Mol Med 2002, 9:341-347.

12. Zheng Y, Xu Y, Ye B, Lei J, Weinstein MH, O'Leary MP, Richie JP, Mok
SC, Liu BC: Prostate carcinoma tissue proteomics for biomar-
ker discovery. Cancer 2003, 98:2576-2582.

13. Melle C, Ernst G, Schimmel B, Bleul A, Koscielny S, Wiesner A, Bogu-
mil R, Moller U, Osterloh D, Halbhuber KJ, Von Eggeling F: Biomar-
ker Discovery and Identification in Laser Microdissected
Head and Neck Squamous Cell Carcinoma with Protein-
Chip(R) Technology, Two-dimensional Gel Electrophoresis,
Tandem Mass Spectrometry, and Immunohistochemistry.
Mol Cell Proteomics 2003, 2:443-452.

14. Zhukov TA, Johanson RA, Cantor AB, Clark RA, Tockman MS: Dis-
covery of distinct protein profiles specific for lung tumors
and pre-malignant lung lesions by SELDI mass
spectrometry. Lung Cancer 2003, 40:267-279.

15. Palmer-Toy DE, Sarracino DA, Sgroi D, LeVangie R, Leopold PE:
Direct acquisition of matrix-assisted laser Desorption/Ioni-
zation time-of-flight mass spectra from laser capture micro-
dissected tissues. Clin Chem 2000, 46:1513-1516.

16. Xu BJ, Caprioli RM, Sanders ME, Jensen RA: Direct analysis of laser
capture microdissected cells by MALDI mass spectrometry.
J Am Soc Mass Spectrom 2002, 13:1292-1297.

17. Zhang L, Yu W, He T, Yu J, Caffrey RE, Dalmasso EA, Fu S, Pham T,
Mei J, Ho JJ, Zhang W, Lopez P, Ho DD: Contribution of human
alpha-defensin 1, 2, and 3 to the anti-HIV-1 activity of CD8
antiviral factor. Science 2002, 298:995-1000.

18. Weinberger SR, Viner RI, Ho P: Tagless extraction-retentate
chromatography: a new global protein digestion strategy for
monitoring differential protein expression. Electrophoresis
2002, 23:3182-3192.

19. Reid G, Gan BS, She YM, Ens W, Weinberger S, Howard JC: Rapid
identification of probiotic lactobacillus biosurfactant pro-
teins by ProteinChip tandem mass spectrometry tryptic
peptide sequencing. Appl Environ Microbiol 2002, 68:977-980.

20. Petricoin EF, Liotta LA: Mass spectrometry-based diagnostics:
the upcoming revolution in disease detection. Clin Chem 2003,
49:533-534.

21. Zhang Z, Bast RCJ, Yu Y, Li J, Sokoll LJ, Rai AJ, Rosenzweig JM, Cam-
eron B, Wang YY, Meng XY, Berchuck A, Van Haaften-Day C, Hacker
NF, de Bruijn HW, van der Zee AG, Jacobs IJ, Fung ET, Chan DW:
Three biomarkers identified from serum proteomic analysis
for the detection of early stage ovarian cancer. Cancer Res
2004, 64:5882-5890.

22. Wiesner A: Detection of tumor markers with ProteinChip
technology. Curr Pharm Biotechnol 2004, 5:45-67.

23. Ossipow V, Laemmli UK, Schibler U: A simple method to rena-
ture DNA-binding proteins separated by SDS-polyacryla-
mide gel electrophoresis. Nucleic Acids Res 1993, 21:6040-6041.
Page 10 of 10
(page number not for citation purposes)

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10090993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10090993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10090993
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9809560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9809560
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12418191
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9883850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9883850
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11786402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11786402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11786402
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12418186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12418186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12418186
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12242662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12242662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12242662
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12096129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12096129
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12497173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12497173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12497173
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12171882
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11891524
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14669276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14669276
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12824440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12824440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12781425
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10973907
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12443019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12443019
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12351674
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12298090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12298090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12298090
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11823248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11823248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11823248
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12651801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12651801
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15313933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15313933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15313933
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14965209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=14965209
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8290367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8290367
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8290367

	Abstract
	Background
	Results
	Conclusion

	Background
	Results
	Generation of protein profiles by SELDI mass spectrometry
	Enrichment of proteins from microdissected cells by column chromatography and SDS-PAGE
	Identification of the isolated target proteins by tryptic peptide mass fingerprinting on ProteinChip® Arrays and direct peptide fragmentation by Tandem MS/MS
	Enrichment of the target protein markers from tissue sections by SDS-PAGE

	Discussion
	Conclusions
	Methods
	Mouse lung preparation
	Laser-assisted microdissection
	Comparative protein expression profiling by SELDI
	Small scale column chromatography and SDS-PAGE
	Protein tryptic digestion (peptide mass fingerprint)
	Tandem MS/MS analysis

	Authors' contributions
	Acknowledgement
	References

