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A B S T R A C T

Cancer, being a major healthcare concern worldwide, is one of the main targets for the

application of emerging proteomic technologies and these tools promise to revolutionize

the way cancer will be diagnosed and treated in the near future. Today, as a result of the

unprecedented advances that have taken place in molecular biology, cell biology and ge-

nomics there is a pressing need to accelerate the translation of basic discoveries into

clinical applications. This need, compounded by mounting evidence that cellular model

systems are unable to fully recapitulate all biological aspects of human dissease, is driv-

ing scientists to increasingly use clinically relevant samples for biomarker and target dis-

covery. Tissues are heterogeneous and as a result optimization of sample preparation is

critical for generating accurate, representative, and highly reproducible quantitative data.

Although a large number of protocols for preparation of tissue lysates has been pub-

lished, so far no single recipe is able to provide a ‘‘one-size fits all’’ solubilization proce-

dure that can be used to analyse the same lysate using different proteomics technologies.

Here we present evidence showing that cell lysis buffer 1 (CLB1), a lysis solution commer-

cialized by Zeptosens [a division of Bayer (Schweiz) AG], provides excellent sample solu-

bilization and very high 2D PAGE protein resolution both when using carrier ampholytes

and immobilized pH gradient strips. Moreover, this buffer can also be used for array-

based proteomics (reverse-phase lysate arrays or direct antibody arrays), allowing the di-

rect comparison of qualitative and quantitative data yielded by these technologies when

applied to the same samples. The usefulness of the CLB1 solution for gel-based proteo-

mics was further established by 2D PAGE analysis of a number of technically demanding

specimens such as breast carcinoma core needle biopsies and problematic tissues such

as brain cortex, cerebellum, skeletal muscle, kidney cortex and tongue. This solution

when combined with a specific sample preparation technique – cryostat sectioning of
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frozen specimens – simplifies tissue sample preparation and solves most of the difficul-

ties associated with the integration of data generated by different proteomic

technologies.

ª 2008 Federation of European Biochemical Societies.

Published by Elsevier B.V. All rights reserved.
1. Introduction exhibit areas that contain multiple and closely located ductal
Proteomic technologies allow the identification and analysis

of proteins that are differentially expressed in health and dis-

ease and, as a consequence, they are rapidly becoming a main-

stay of clinical research (Aebersold and Mann, 2003; Celis and

Gromov, 2003; Liotta et al., 2003; Wulfkuhle et al., 2003; Celis

et al., 2004, 2008; Chen and Yates, 2007; Hober and Uhlen,

2008; Jain, 2008). There is a great expectation that clinical pro-

teomic studies will contribute significantly to the develop-

ment of better diagnostic and prognostic tools, the

identification of novel therapeutic targets, and eventually en-

able patient-individualized therapy (Celis et al., 2003, 2005a, b,

2007a, b; Rifai et al., 2006, 2008; Geho et al., 2005; Dominguez

et al., 2007; Reymond and Schlegel, 2007; Simpson et al.,

2008; Kruse et al., 2008; Koomen et al., 2008; Ben-Kasus et al.,

2007). As a growing number of scientists redirect their re-

search from the study of cellular models to the analysis of

clinically relevant samples (Celis et al., 1999; Ornstein et al.,

2000; Kenny et al., 2007) – and even though proteomic analysis

of whole tissue extracts provides a sufficient benefit in terms

of uncovering tissue/disease-specific markers to more than

justify this change – previously seemingly unimportant tech-

nical issues take on a new dimension and can become insur-

mountable problems. Clinical proteomic approaches that

use human specimens require dedicated protocols for sample

collection, handling, and preservation in order to generate re-

liable data (Riegman et al., 2008). One issue in particular -sam-

ple preparation- is becoming one of the major hurdles in any

clinical proteomic study using tissue specimens.

In our laboratory we are interested in identifying novel di-

agnostic/prognostic breast cancer biomarkers, molecular

markers that can subdivide breast tumors to greater molecular

detail, and proteins that may serve as potential targets for

novel targeted therapies and chemoprevention strategies.

For this purpose we analyze clinically relevant samples using

multiplatform technologies from proteomics, functional geno-

mics, and cellular and molecular biology in an integrated ap-

proach (Celis et al., 2003, 2004, 2005a, b, 2007a, b, 2008). The

concept underlying our research approach is the application

of various experimental paradigms to the analysis of clinically

relevant samples underpinned by the systematic integration

of all biological data generated by the various experimental

methods with the clinical data available for each patient.

The use of complementary proteomic technologies to the

analysis of tumor samples, although conceptually sound, car-

ries with it a number of technical difficulties. First, the inher-

ent heterogeneity of cancerous tissues makes the comparison

of data generated from pieces of tissue collected from differ-

ent areas, even if contiguous, of any given tumor a complex,

and often futile, effort. For example some breast tumors
in situ elements as well as areas with invasion intermingled

with numerous premalignant lesions (Celis et al., 2007a, b).

The breast tissue around the tumor may also contain hyper-

plasia, fibroadenoma, adenosis, and other benign changes.

As a result, to effectively interpret and compare the data gen-

erated by different technologies one needs to know the cellu-

lar composition of the biological specimens used to generate

that data (Celis et al., 2007a, b, 2008; Li et al., 2008). Second, al-

though surgical excision of large tumors can provide sufficient

biological material to allow the use of classical tissue homog-

enization procedures for sample preparation, other speci-

mens of interest such as clinical samples collected through

minimally invasive procedures (e.g. core needle biopsies) or

premalignant and early breast lesions (e.g. carcinoma in situ)

are only available as minute pieces and as a result their use

in studies involving multiple technologies is a challenging

task. Third, although a large number of tissue lysis protocols

has been published, no single recipe exists that can provide

ideal solubilization of a tissue sample for any given proteomic

application. For instance the most popular sample solubiliza-

tion solutions in use for 2D PAGE analysis are based on O’Far-

rell’s protocol and modifications thereof (O’Farrell, 1975; Görg

et al., 2004; Weiss and Görg, 2008 and references therein), but

these solutions are not optimal for solubilization of all protein

classes, and are not appropriate for use in array-based proteo-

mics. Hence, sample preparation in most proteomic studies is

end-application specific, a serious drawback for multiplat-

form studies.

In short, currently available methods for extracting pro-

teins from whole tissues tend to require a significant amount

of biological starting material and, in general, are end-applica-

tion specific, which in combination with tumor heterogeneity

makes them unsuitable for clinical proteomic studies that

make use of various complementary technological platforms.

Here, we report a comparative study of a lysis buffer – cell lysis

buffer 1 (CLB1) – commercialized by Zeptosens [a division of

Bayer (Schweiz) AG] that can be used for gel and array-based

proteomics, and that, when combined with a specific sample

preparation technique – cryostat sectioning of frozen speci-

mens – solves the sample preparation issues associated with

proteomic analysis of tissue specimens as stated above.
2. Materials and methods

2.1. Tissue sample collection and handling

Tissue biopsies were collected from breast cancer patients

that underwent surgical excision of tumors at the
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Copenhagen University Hospital. All samples, following mac-

roscopic dissection and evaluation by a pathologist, were fro-

zen in liquid nitrogen and rapidly transported to the Institute

of Cancer Biology where they were stored at �80 �C. Samples

were routinely collected within a maximum of 30–45 min

from the time of surgical excision. The project was approved

by the Scientific and Ethical Committee of the Copenhagen

and Frederiksberg Municipalities (KF 01- 069/03). Post-mortem

human tissues were obtained from Aarhus University Hospi-

tal. Use of post-mortem human tissue was approved by the lo-

cal institutional review board.

2.2. Sample preparation

Twenty to 30, 6-mm cryostat sections were cut from tissue

blocks of roughly 100 mm3 embedded in OCT medium (opti-

mum cutting temperature medium; Sakura Finetek, USA,

Inc.). Sections were resuspended immediately in 0.1 ml of

one of the following lysis solutions: O’Farrell lysis buffer

(O’Farrell, 1975), IPG lysis buffer (Bio-Rad Laboratories, Hercu-

les CA, USA), or CLB1 buffer [Zeptosens, a division of Bayer

(Schweiz) AG]. Protein extraction was carried out on a shaker

during 15 min at room temperature. No detectable protein

degradation was observable by 2D PAGE analysis with up to

1 h of extraction time. Protein extracts were either used im-

mediately or stored at �20 �C for short-term storing (Celis

et al., 2005a).

2.3. Two dimensional polyacrylamide gel
electrophoresis (2D PAGE)

The first dimension in 2D PAGE-based analyses was carried

out using two basic electrofocusing formats: carrier ampho-

lytes (isoelectrofocusing, IEF) and immobilized pH gradient

(IPG). IEF was carried out using broad-range carrier ampho-

lytes as previously described (Celis et al., 2006a). A total of

40 ml of sample were applied to the gel of the first dimension.

IPG-based isoelectrofocusing was performed using IPG strips

4–7 or 5–8 pI range using the Bio-Rad PROTEAN IEF focusing

tray essentially as described in the manufacturer’s Instruction

Manual (Bio-Rad, USA). Typically, the IPG strips were actively

rehydrated in 300 ml of sample solution, CLB1 or IPG lysis

buffer (Bio-Rad Laboratories, USA). IEF was then carried out

for 18,000 Vhr. The second dimension was carried out follow-

ing manufacturer’s instructions. All tissue specimens were

sampled and ran by 2D PAGE at least twice.

2.4. Gel staining and imaging

Gels used for quantification were fixed in 7.5% acetic acid, 50%

ethanol, 0.05% formalin for 1 h, stained with SYPRO� Ruby

Protein Gel Stain (Molecular Probes) overnight, rinsed twice

briefly in 7.5% acetic acid/10% ethanol, and destained in the

same solution for 30 min. For all gels, imaging was done using

a Typhoon 9410 image system equipped with a 457 nm laser

and 580 nm filterset. Fluorescent intensities of scanned 2D im-

ages were analyzed using PDQUEST 8.0.1 software (Bio-Rad,

USA). The albumin spot was excluded from the matchset

due to intensity saturation. The spot volumes were normal-

ized to the total density of detected spots on the image.
2.5. Protein identification by mass spectrometry

After image acquisition, the gels were placed in 7.5% acetic

acid, 50% ethanol, 0.05% formalin for 1 h, washed 3 � 30 min

in 7.5% acetic acid, 10% ethanol and stained with silver nitrate

according to procedures compatible with mass spectrometry

(Gromova and Celis, 2006). Protein spots were excised from

dry gels and the gel pieces were re-hydrated in water. Gel

pieces were detached from the cellophane film and cut into

1 mm2 pieces followed by ‘‘in-gel’’ digestion as previously de-

scribed (Celis et al., 2004). Samples were prepared for analysis

by applying 2 ml of digested and extracted peptides on the sur-

face of a 400/384 AnchorChip target (Bruker Daltonik, GmbH),

followed by co-crystallization with a-cyano matrix (Schev-

chenko et al., 1996). Mass spectrometry was performed using

a Reflex IV matrix assisted laser desorption ionization time-

of-flight mass spectrometer (MALDI-TOF MS) equipped with

a Scout 384 ion source. All spectra were obtained in positive

reflector mode with delayed extraction using an acceleration

voltage of 28 kV. The resulting mass spectra were internally

calibrated using the auto-digested tryptic mass values visible

in all the spectra. Calibrated spectra were processed by the

Xmass 5.1.1 and BioTools 2.1 software packages (Bruker Dalto-

nik, GmbH). Irrelevant masses (matrix, metal adducts, auto-

digested tryptic masses as well as masses of tryptic peptides

from keratins) were excluded from the analysis by manual ex-

amination of all spectra by pair-wise comparison. The spec-

trum of interest was superimposed with the spectrum

obtained from the negative control (set of peptides from an

empty gel piece treated in parallel) to exclude the most com-

mon contaminations. For protein identification, peptide

masses were transferred to the BioTools 2.1 interface (Bruker

Daltonik, GmbH) to search in the National Center for Biotech-

nology non-redundant NCBInr (version 15.05.2008, 685787

mammalian entries) database using the MASCOT search en-

gine (version 2.2, released 28.01.2008, Matrix Science Ltd.).

No restriction on the protein molecular mass and taxonomy

was applied. A number of fixed (acrylamide modified cystein,

i.e. propionamide/carbamidomethylation) and variable modi-

fications (methionine oxidation and protein N-terminus acet-

ylation) were included in the search parameters. The peptide

tolerance did not exceed 50 ppm and a maximum of one tryp-

sin missed cleavage was allowed. Protein identifications were

considered to be confident when the protein score of the hit

exceeded the threshold significance score of 70 ( p < 0.05)

and no less than six peptides were recognized. Often the pep-

tides identified matched equally well to multiple database en-

tries using the non-redundant NCBInr database that is why

the second/final search was performed using the same pa-

rameters but the UniProtKB/Swiss-Prot 55.3 (19,372 human

entries) database, and if the number and the sequence of the

recognized peptides were identical to the first search, the

SwissProt accession number was assigned for the identified

protein.

2.6. Western blotting

Immunoblotting was performed as previously described (Celis

et al., 2006b). Proteins resolved by 2D PAGE were electroblotted

onto Nitrocellulose C membranes (Amersham) and probed
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with antibodies raised against CK19 and vimentin (clones

RCK108 and Vim 3B4, DAKO, Denmark).

2.7. Reverse-phase protein lysate microarray

Breast tissue lysates were prepared in CLB1 buffer using the

cryostat sectioning method. Protein concentration ratios

were determined by total spot quantification of the 2D PAGE

images obtained for each sample and protein concentration

of lysates was normalized by dilution with CLB1 buffer. The

resulting lysate solutions were then serially 2-fold diluted

three times with CLB1 buffer and transferred onto FAST nitro-

cellulose microarray slides (Schleicher & Schuell BioScience,

Germany) in quintuplicates using a MicroCaster� Hand-Held

Microarrayer System (Schleicher & Schuell BioScience, Ger-

many) according to manufacturer’s instructions. Detection

of proteins was done using an anti-CK19 mouse monoclonal

antibody (DAKO, Denmark) and an Alexa Fluor� 633 conju-

gated anti-mouse secondary antibody (Molecular Probes, Invi-

trogen, Carlsbad, USA). Total protein staining of arrayed slides

was done using a luminescent europium-based metal chelate

stain (SYPRO� Rose Plus Protein Blot Stain; Molecular Probes,

Invitrogen, Carlsbad, USA). Imaging of stained slides was

done using a Typhoon Scanner model 9410.

2.8. Antibody array

The Panorama� Antibody Microarray-Cell Signaling kit

(Sigma-Aldrich, St. Louis, MO, USA) was used for comparing

protein expression profiles of a bladder tumor biopsy using

CLB1 buffer or Panorama� Antibody Microarray Extraction/La-

beling buffer for preparation of protein extracts. Briefly, 60 6-

mm cryostat sections of frozen tissue specimen were resus-

pended in an alternating manner in 0.1 ml of either CLB1

buffer or Panorama� Antibody Microarray Extraction buffer

and frozen at �80 �C until used. For sample labeling, extracts

were diluted at least 10-fold into Panorama� Antibody Micro-

array Buffer A to enable adequate protein labeling. Each sam-

ple was labeled with a different Cy� dye (Cy�3 or Cy�5)

according to manufacturer’s instructions, and the two sam-

ples were applied simultaneously at equal protein concentra-

tions on the array. Imaging of stained slides was done using

a Typhoon Scanner model 9410 using appropriate filterset set-

tings for multichannel acquisition of Cy�3 and Cy�5 signals.
3. Results and discussion

Most protocols for extraction and solubilization of total pro-

tein from tissue specimens consist in fact of a two-step pro-

cess: tissue disintegration (e.g. manual homogenization,

grinding in liquid nitrogen, or ball mill grinding) followed by

protein extraction and solubilization in an appropriate buffer

(Rabilloud et al., 2007; Bodzon-Kulakowska et al., 2007; Weiss

and Görg, 2008 and references therein). In order to optimize

our procedures for sample preparation we evaluated different

methods of specimen disintegration/disaggregation in combi-

nation with different lysis solutions. We found, and have

reported elsewhere, that cryostat sectioning of frozen speci-

mens (Celis et al., 2005b, 2007a, b, 2008) greatly facilitates
the preparation of tissue samples for gel-based proteomic

studies as compared to traditional homogenization methods

(e.g. manual homogenization). This procedure has also been

used in the isolation of total RNA for various genomics appli-

cations (see for example, Dumur et al., 2004; Suzuki and Tarin,

2007). Serial cryostat sectioning of snap-frozen tissue speci-

mens is also an excellent sample breakdown procedure

when only relatively small tissue biopsies are available and

has the added-value that one can collect and store tissue sec-

tion(s) along the process, thus creating a histological record

for any sample that allows the determination of a rough esti-

mate of the cellular ratios present in each sample (Figure 1).

These benefits lead us to adopt cryostat sectioning of frozen

specimens as the standard sample preparation procedure in

our laboratory.

Of the lysis solutions we have tested, one in particular

-CLB1- performed remarkably well in combination with

the cryostat sectioning sample preparation method. We

have used this lysis solution in previously reported proteo-

mic studies as a suitable alternative to O’Farrell buffer in

gel-based proteomics experiments (Celis et al., 2005b,

2007ab, 2008).

3.1. Two-dimensional gel electrophoresis

To further investigate the solubilization potential of CLB1 so-

lution for 2D PAGE-based analyses we performed confirma-

tory studies using a variety of human tissues. Whole

protein extracts were prepared in both the O’Farrell and

the CLB1 solutions, subjected to IEF 2D PAGE using carrier

ampholytes, and stained with silver nitrate as described in

Section 2. Figure 2 shows representative 2D gel images of

protein lysates obtained from direct solubilization of roughly

one third (4–5 mm2) of a standard 14-gauge breast tumor

core needle biopsy (Helbich et al., 1998). As can be seen,

both lysis solutions provide comparable protein patterns

(Figure 2) suggesting that the components of the CLB1 solu-

tion do not cause artifactual protein modifications during

sample extraction that alter the original pI and Mr of the sol-

ubilized proteins. In general, 2D protein maps of samples

solubilized in CLB1 showed resolutions that were at least

as good, and in many cases superior to those of samples

prepared in O’Farrell solution. However, we also observed

that several proteins exhibited differences in intensity. In

the case of the sample presented here, 11 protein spots

were more intensive in the sample prepared with the CLB1

solution and two spots less intensive (indicated by arrows,

Figure 2). We were able to determine the identity of these

proteins by MALDI-MS (Table 1), a fact that is indicative of

the compatibility of the CLB1 solution with mass spectrom-

etry. We were unable, however, to reveal any obvious com-

mon feature of these proteins that could explain their

differential behavior. The compatibility of the CLB1 lysis so-

lution with Western blotting was also verified by 2D blot

immunodetection using antibodies against a number of se-

lected proteins (data not shown).

Figure 3 shows 2D gel images of paired protein samples

prepared from various human tissues: brain cortex, cerebel-

lum, kidney cortex, skeletal muscle, and tongue. These tissues

are characterized by poor solubility due to the presence of



Figure 1 – Frozen tissue biopsy sample preparation workflow for gel-based and array-based proteomics.

M O L E C U L A R O N C O L O G Y 2 ( 2 0 0 8 ) 3 6 8 – 3 7 9372
considerable amounts of stroma, in some cases lipids, and

other components which exhibit poor solubility and that

may interfere with protein profiling by 2D PAGE analysis. Vi-

sual comparison of the corresponding 2D gels showed that

2D maps of extracts prepared with the CLB1 solution were

comparable to those obtained with the O’Farrell solution for

all tissues analyzed. A substantial variation in the levels of

some abundant proteins was however observed (see Figure 3).

In particular, the tubulin alpha 1B chain and alpha-1-antiche-

motrypsin focused sharply in the samples solubilized in the

CBL1 solution, a fact that greatly improves the detection of

polypeptides migrating close to these proteins.

We also investigated the effect of the CLB1 solution on pro-

tein separation using immobilized pH gradients as first dimen-

sion. In these experiments proteins were extracted from breast

tumor specimens and separated using IPG strips pH 4–7 and 5–8

(BioRad), respectively. Re-swelling of IPG strips was carried out

in 300 ml of tissue lysate prepared in CLB1 or IPG rehydration

buffer (BioRad), with the proteins actively entering the gels dur-

ing strip rehydration. The results presented in Figure 4 demon-

strate that solubilization of tissue specimens in CLB1 followed

by rehydration of IPG strips in the same solution remarkably im-

proved the number of proteins detected. In general, nearly 1400

protein spots were detected using the PDQUEST 8.0.1 software

package in a 2D gel ran with the CLB1 whereas only about

1100 spots were detected in a matched gel ran using a standard

reagent set (BioRad). As seen in Figure 4 some areas displayed

a significantly enhanced protein separation in the presence of
CLB1, providing definite improvements in the detection of spe-

cific proteins in the more basic pI range. Taken together these

results indicate that CLB1 is an IEF compatible, efficient protein

extracting solution able to maintain protein solubility through-

out loading onto IPG strips and the subsequent first dimension

IEF separation.

3.2. Reverse-phase lysate arrays

The CLB1 lysis solution is a commercial reagent that was orig-

inally designed and optimized to ensure the reproducible

preparation of cell lysates from cultured cells or tissue sam-

ples and compatibility with cell and tissue lysate array appli-

cations (Weissenstein et al., 2006).

To determine if tissue samples solubilized with CLB1 could

be used to compare quantitative levels of selected proteins us-

ing various proteomic technologies, we evaluated by 2D gel

and reverse-phase lysate array analysis the levels of cytoker-

atin 19 expression in three breast tumor samples that showed

different levels of protein expression as ascertained by IHC. 2D

IEF gels of the three samples were imaged with SYPRO Ruby

staining followed by quantification of the relevant protein

spots (Figure 5A). The same samples were then normalized

to their total protein concentration as determined by 2D gel

quantification, spotted onto FAST slides in three serial dilu-

tions, probed with an anti-CK19 antibody and the signals

quantified as described in Section 2 (Figure 5B). As seen from

the corresponding bar graph plots (low right panels of the



Figure 2 – Two-dimensional gel electrophoresis protein patterns of whole protein extracts prepared from a needle core biopsy collected from

a breast ductal carcinoma. Proteins were solubilized in O’Farrell lysis solution (A) or in CLB1 solution (B). Proteins were separated by 2D PAGE-

IEF and gels stained with silver nitrate. Several proteins that are differentially represented in the two samples are indicated by red arrows (lower

expression in CLB1 lysis reagent) or blue arrows (higher expression in CLB1 lysis reagent). The identities of these proteins were ascertained by

MALDI-TOF and are presented in Table 1. The location of actin and albumin are also indicated for reference.
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Figures 5A,B), the relative ratio of CK19 expression levels in

the three tumors as determined by reverse-phase lysate ar-

rays was comparable to the results obtained by 2D PAGE anal-

ysis supporting the contention that the CLB1 solution can be

used as a single lysis solution for both 2D PAGE and protein ar-

ray experiments allowing the comparison of quantitative data

derived by these proteomic technologies.
Table 1 – Proteins identified in needle core biopsy from breast carcinoma th
CLB1 (Zeptosens) buffer

Protein
number

Protein name Effect of
solubilization

solution (S

1 Prolactin-inducible protein Up in O’Farrell

lysis solution

2 Alpha-1-antitrypsin precursor

(Alpha-1 protease inhibitor)

Up in O’Farrell

lysis solution

3 Galectin-1 Up in CLB1 solution

4 Mimecan (Osteoglycin,

Osteoinductive factor)

Up in CLB1 solution

5 Mimecan (Osteoglycin,

Osteoinductive factor)

Up in CLB1 solution

6 Proteasome subunit alpha type-1

(Proteasome nu chain)

Up in CLB1 solution

7 Carbonic anhydrase 1 Up in CLB1solution

8 Guanine nucleotide-binding protein

G(i), alpha-2 subunit

Up in CLB1 solution

9 Bifunctional purine

biosynthesis protein PURH

Up in CLB1 solution

10 Succinate dehydrogenase [ubiquinone]

flavoprotein subunit, mitochondrial

Up in CLB1 solution

11 Heat shock 70 kDa protein 4

(Heat shock 70-related protein APG-2)

Up in CLB1 solution

12 Fibrinogen gamma chain Up in CLB1 solution

13 Alpha-2-macroglobulin precursor Up in CLB1 solution
3.3. Antibody protein microarrays

Malignant transformation of cells can be the result of defec-

tive regulation in the network of intracellular and extracellu-

lar signaling cascades that control cell behavior (Blume-

Jensen and Hunter, 2001). One of the key processes that mod-

ulates the state of signaling pathways is the reversible
at are differently resolved by 2D PAGE using O’Farrell lysis buffer and

Acc.
number
wissProt)

Gene
name

(UniGene)

Mr.10�3

/pI
Score Coverage

(%)
Number

of recognized
peptides

P12273 PIP 17/8.2 138 54 7/10

Q86U19 SERPINA1 47/5.3 181 33 11/12

P09382 LGALS1 15/5.3 158 55 7/7

P20774 OGN 34/5.4 109 18 6/6

P20774 OGN 34/5.4 100 18 6/7

P25786 PSMA1 29/6.1 90 20 6/7

P00915 CA1 28/6.6 163 53 8/8

P04899 GNAI2 41/5.3 142 29 8/8

P31939 ATIC 65/6.3 200 23 14/16

P31040 SDHA 74/7.0 150 22 14/17

P34932 HSPA4 95/5.1 165 23 16/23

P02679 FGG 52/5.3 115 22 10/15

P01023 A2M 165/6.0 120 16 17/30



Figure 3 – IEF 2D gel of whole tissue proteins extracted with O’Farrell lysis solution (left-hand images) or CLB1 lysis solution (right-hand images)

from human brain cortex, cerebellum, kidney cortex, skeletal muscle and tongue. Solubilization of tissue specimens was carried out as described in

Section 2.
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Figure 4 – IPG-2D PAGE of whole protein extracts from a breast carcinoma sample run using IPG 4–7 (A) and 5–8 (B) strips. Proteins were

solubilized in IPG lysis solution (BioRad) (left-hand panel) or in CLB1 solution (right-hand panel). The first dimension was carried out with IPG

strips (BioRad) rehydrated in either IPG rehydration solution (BioRad) or in CLB1 solution (left- and right-hand panels, respectively). The gels

were stained with silver nitrate. The identity of a few proteins is indicated for reference.

Figure 5 – Quantification of the levels of CK19 in three breast cancer samples using (A) 2D PAGE and (B) reverse-phase lysate arrays. The bar

graph plots (low right panels) show the ratio of the levels of CK19 normalized to the level in sample 1 (S1).
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Figure 6 – Compatibility of the CLB1 solution with the antibody protein microarray format. The tissue sample was frozen-sectioned and solubilized in either Panorama� Antibody Microarray Extraction

buffer or in CLB1 lysis solution and labeled with Cy3� or Cy5� dyes, respectively. The labeled samples were mixed and probed with the Panorama� signaling antibody array (Sigma-Aldrich).
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phosphorylation of proteins. Anomalous phosphorylation of

an effector protein may cause deregulated tissue growth or in-

vasion (Hunter and Sefton, 1980). It is therefore important to

profile the activation state of signaling pathways, as identifi-

cation of a critical node or interactions within a pathway is

a potential target for drug development or individual therapy

regimen. Although several technologies have been developed

to characterize the phosphoproteome of cells most of them re-

quire relatively large amounts of starting material and in

some cases in vitro manipulations (e.g. enrichment of phos-

phopeptides by chromatography or SILAC) that are impracti-

cal in the case of patient tissue biopsies. One method that

has been proposed to address these limitations is the antibody

protein microarray format (Gembitsky et al., 2004; Celis et al.,

2005). Due to its high sensitivity and low sample consumption

(Haab et al., 2001; Wingren and Borrebaeck, 2006) the antibody

microarray technology platform is ideal for the analysis of

clinical samples. We tested the compatibility of the CLB1 solu-

tion with antibody protein arrays by using the Panorama� Cell

Signaling Antibody Microarray (Sigma-Aldrich, St. Louis, MO,

USA), which is designed for studying signaling protein expres-

sion in tissue extracts. This array contains 224 different anti-

bodies, many of which are activation-state specific, probing

several biological pathways, with each antibody spotted in

two equal concentrations on nitrocellulose coated glass slides.

The array was used for comparing protein expression profiles

of whole protein extracts from a bladder tumor biopsy pre-

pared using the CLB1 solution or Panorama� Antibody Micro-

array Extraction/Labeling buffer. A frozen tumor specimen

was sectioned, and sections were solubilized alternating in

the CLB1 solution (Zeptosens) or Panorama� Antibody Micro-

array Extraction/Labeling buffer (Sigma-Aldrich), an applica-

tion specific reagent. Lysates were labeled with a different

Cy� dye (Cy�3 or Cy�5, respectively) and competitively hy-

bridized to a Panorama� antibody microarray slide. A repre-

sentative image of a Panorama� array is presented in

Figure 6 clearly demonstrating the equivalent efficiency of

protein solubilization in both lysis solutions for all signaling

proteins spotted on the array. This result indicates that CLB1

is also compatible with the antibody protein microarray

format.
4. Conclusions

As the field of proteomics moves forward, the application of

novel enabling technologies to the analysis of pathological

conditions heralds a potential for discoveries in molecular

medicine that is expected to have a major impact in the clin-

ical management of human disease. At present, researchers

use essentially two types of proteomic approaches to investi-

gate the expression of proteins in cells, tissues and biofluids:

(i) 2D PAGE coupled with MS (Gorg et al., 2004; Carrette et al.,

2006; Issaq and Veenstra, 2008; and references therein) and

non-gel shotgun methods coupled with MS (McDonald and

Yates, 2003; Cravatt et al., 2007 and references therein); and

(ii) array-based proteomics (Liotta et al., 2003; Wulfkuhle

et al., 2003; Loch et al., 2007; Forrester et al., 2007; Jaras et al.,

2007; Rapkiewicz et al., 2007). Gel or non-gel-based proteomics

coupled with MS compares expression profiles of proteins of
unknown identity in a set of samples with the aim of identify-

ing deregulated polypeptides – a discovery tool. Protein and

antibody microarrays, on the other hand, are based on the

profiling of a discrete number of known biomolecules in

a sample or samples of interest – a knowledge-based tool,

ideal for validation studies. Because they are based on differ-

ent a priori assumptions these technologies are highly comple-

mentary. However, as a result of the lack of standardization in

sample preparation, for most clinical proteomic studies com-

paring data generated on the same samples is seldom realistic

and as a consequence the identification of disease-associated

proteins by clinical proteomics is still very much in its infancy.

Here we have shown that a commercially available solu-

tion, cell lysis buffer 1 (CBL1, Zeptosens), in combination

with a specific sample preparation technique – cryostat sec-

tioning of frozen specimens – addresses a number of issues

normally associated with proteomic analysis of tissue

specimens:

– It enables the preparation of minute amounts of sample

material at a time, a crucial issue in the analysis of clinical

samples in particular when investigating cancer at an ear-

lier stage. In addition, the histological imaging of sections

adjacent to those underlying each sample provides an

estimate of tissue cell heterogeneity and ameliorates

sampling problems.

– Same sample can be comparatively analyzed using differ-

ent complementary proteomic platforms: (i) gel-based

proteomics; (ii) reverse-phase lysate microarrays; and

(iii) antibody-based protein microarrays. In addition, it is

conceivable that this method can be used for other

proteomic technologies. From the results we obtained

with the Panorama� Cell Signaling Antibody Microarray

and 2D gels one can surmise that CLB1 lysates may be

compatible with two-dimensional differential gel electro-

phoresis (2D DIGE) technology.

– Another technical advantage of the CLB1 buffer is that it

does not pose the problem of evaporation/crystallization

that is observed with urea-based solutions during low-

temperature long-term storage of small volumes of tissue

lysates (personal observation, data not shown).

In short, the method we describe here simplifies tissue

sample preparation in a standard procedure that can be ap-

plied to comparative studies of clinical samples by multiple

proteomic technologies providing the possibility of a more ho-

listic insight into the proteome of cancer cells.
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