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reveals differential protein expression in human oral
squamous cell carcinoma
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Matrix-assisted laser desorption/ionization (MALDI) imaging mass spectrometry (IMS) is a recently

developed technique that generates molecular profiles usually of peptide and protein signals directly

from the surface of thin tissue sections and can be coupled with automation to generate two-

dimensional ion density maps. This allows specific information to be obtained on the relative

abundance and spatial distribution of the analytes of interest. The technique has potential for

application in many diseases including cancer with respect to elucidating the molecular pathology and

identifying potential biomarkers. In this proof-of-principle study we have evaluated inkjet printing of

the sinapinic acid matrix used for MALDI-IMS directly onto the surface of human oral squamous cell

carcinoma biopsy specimens. This MS profiling technique produced reproducible informative chemical

images for clinical pathology. Analysis of the resulting protein profiles of highly expressed protein in

squamous cell carcinoma of the tongue reveals spectral features at �4500 and �8360 Da.
Introduction

Chemical imaging permits the spatial (and if necessary temporal)

identification and characterization of the molecular chemical

composition, structure, and the dynamics of any given sample

(Committee on Revealing Chemistry through Advanced Chem-

ical Imaging, National Research Council, 2006). Chemical

imaging can be applied to biological specimens to identify

differences in chemical composition and structure of a tissue. An

obvious application is in cancer pathology where there is an

urgent need for the identification of cancerous and pre-cancerous

tissues, and increased sensitivity and specificity in detection of

morphologically normal premalignant lesions is highly desirable.

In addition, the possibility of automation in the detection of

neoplasia would be highly beneficial. Furthermore, the charac-

terisation of the differences between normal and tumour tissues

may be able to contribute to the understanding of the molecular

pathology of the cancer.

Chemical imaging takes advantage of a number of spectro-

scopic techniques, and these include optical imaging with Raman

scattering and infrared absorption.1 However, these generally

lack chemical specificity and so detailed proteomics investiga-

tions have recently focussed on the incorporation of new tools

and MS-based (mass spectrometry) methodologies such as

MALDI-MS (matrix-assisted laser desorption/ionization-MS) to

study such diseases.2–5
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MALDI-MS was introduced in 19876,7 and is routinely used

to detect the molecular weights of peptides and proteins over

100 kDa. In the past decade, MS has become an indispensable

tool for proteomic studies, that is, the detection, identification

and quantitative characterization of the protein content of cells,

tissues and organs at any time point in both health and disease.8

In recent years the molecular specificity and sensitivity of MS

has been employed for in situ mapping and imaging of biomol-

ecules present in tissue sections. This approach utilises MALDI-

MS and has initially been targeted for the analysis of peptides

and proteins present on or near the surface of tissue sections.9

There are obvious advantages of in situ analysis compared to

homogenates of whole tissue or micro-dissected tissue. Other

than obviating the need for microdissection and the potential

tissue damage and loss of proteins that this entails, this approach

permits direct evaluation of spatial distribution of proteins and

correlation with histological features. Thus, not only differences

between normal and morphologically distinct neoplastic tissues

may be identified, but potentially also differences in morpho-

logically normal tissues that are in transition to malignancy. The

added advantage of in situ analysis by MALDI-MS is that it

requires no a priori knowledge of proteins expressed in the tissues

and it removes the need for protein specific exogenous

compounds such as radiolabelled or immunochemical reagents.

In order to achieve MALDI-MS a matrix (usually an aromatic

acid) is used to absorb energy from the irradiating light source

(usually a UV laser). During this process energy is transferred

to the labile proteins and peptides which causes them to desorb

from the surface and also aids in ionisation, making them

amenable to MS. In IMS (imaging MS) this matrix needs to be

applied to the surface of the tissue in a reproducible way. A

number of variations of spraying, immersion, automated chem-

ical inkjet printing10–13 and acoustic droplet ejecting14 have been
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used for applying matrix onto tissues. These procedures involve

minimal sample handling, and therefore decrease analyte losses,

whilst trying to maintain spatial integrity of the sample andmany

have been reported to be more reproducible than manual

pipetting.

Over the past decade, investigators have demonstrated that

peptide and protein signals can be effectively desorbed directly

from cells and tissue using MALDI-MS.9,15–17 Previous work has

been carried out on direct analysis of proteins and peptides from

tissue, these include rat brain,18 rat liver,19 mouse brain,20 mouse

epididymis,21 freshwater snails22 and more recently a whole body

section of a rat.23

The aimof the present studywas to investigate IMSas amethod

for the production of chemical images for clinical pathology using

oral squamous cell carcinoma (OSCC) as a model. This is a rela-

tively commoncancer accounting for�5,000newcases per annum

in the UK (Cancer ResearchUK) and 350,000 new cases and over

250,000 deaths per annum worldwide.24 It is associated with

significant mortality (5 year survival rate: 53%) and morbidity

(resulting fromboth the disease and the treatment). The economic

cost of the disease is also significant.25,26 The aetiological factors

are well recognised and include alcohol and tobacco. Several

potentially premalignant oral lesions (PPOLs) are known. These

include leukoplakia and erythroplakia. However, the malignant

transformation rate of these lesions varies with the site of the

lesions, their clinical and histopathological appearances and/or

the DNA ploidy status and is not currently well predictable.

Understanding of themolecular pathology of this cancer is critical

for identifying molecular correlates of biological behaviour

(biomarkers) of precancers/cancers and will provide foundation

for novel therapeutic strategies.
Experimental procedure

Six snap frozen biopsy specimens of tongue OSCC from four

patients were retrieved from the archives of the Unit of Oral

Pathology, Manchester Dental Hospital, Manchester, UK with

ethics approval from an NHS Research Ethics Committee.
Sample preparation

General details on sample preparation and analysis protocols,

including practical aspects of tissue sectioning, matrix
Fig. 1 MS image profiling using a chemical inkjet printer (CHIP-1000). The

delivery of matrix solution. Matrix solution remains spatially localized thu

distinct regions of interest to be analyzed.
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deposition, potential pitfalls and general strategies for direct

tissue analysis by MALDI-MS, are reported here8,19 and we used

these as a starting point for our sample preparation design.

Initial experiments were undertaken to assess the suitability of

indium-tin oxide (ITO)-coated conductive glass slides. (ITO,

Praezisions Glas & Optik GmbH, Im Langen Busch 14,D-58640

Iserlohn, Germany) so that both an optical evaluation and

a protein analysis by MALDI-MS could be performed on the

same sample. MS-friendly staining protocols, developed by

Chaurand and coworkers were followed.2 However, after stain-

ing with cresyl violet it was found that the peak intensity had

significantly decreased and the overall quality of the spectra and

hence ion maps had been affected. Therefore MALDI-MS

analysis was performed on a conventional stainless steel target

(as detailed below) and adjacent serial sections were mounted on

a microscope slide for optical evaluation using conventional

H&E staining.

A flow diagram illustrating our sample preparation protocol is

detailed in Fig. 1. Samples (tongue) taken from oral cancer

patients were snap frozen in liquid nitrogen and stored at�80 �C

prior to further processing. From each block, 4 Sections of 12 mm

thickness were cut on a cryostat (Leica Jung CM1800, Leica

Microsystems) at �20 �C (approximately 6 mm � 6 mm) and

thaw mounted onto an un-etched MALDI target plate (micro-

scope slide FlexiMassTM target, Shimadzu Biotech, Man-

chester, UK). A Chemical Inkjet Printer (CHIP-1000, Shimadzu

Biotech, Manchester, UK) was used to deliver sinapinic

acid matrix solution (3,5-dimethoxy-4-hydroxy-cinnamic acid,

10 mg/ml in 1:1 acetonitrile: 0.1% TFA) to a predefined grid

template. The CHIP uses a non contact method of printing

solutions delivering droplets less than 100 pL in volume.10

In order to optimize the amount of matrix applied onto the

tissue surface, repeat spotting (between 1–10 depositions) was

performed in preliminary experiments. Data were acquired from

these 10 tissue preparations and typically 200 spots per section

were collected. Each print position was less than 200 mm in

diameter and was pitched at 500mm centre-to-centre to ensure

cross contamination did not occur. Reproducibility was assessed

in terms of the number of peaks reproducibly detected over a set

threshold with assessment of the signal -to-noise ratio of all of the

peaks detected; these reproducibility data are summarised in

Table 1. From this table it can be seen that 7000 pL of matrix for

each print position is optimal for the average number of peaks
CHIP operates by piezo-electric print heads that provide a non-contact

s minimizing the possibility of analytes diffusing together and allowing
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Table 1 Study to test reproducibility of matrix spotting using a CHIP-
1000a

Number
of repeat
spotsb

Average Minimum Maximum

Peaksc
Signal
(mV)d S/Ne Peaks

Signal
(mV) S/N Peaks

Signal
(mV) S/N

5 9.8 3.89 3.44 6 1.12 0.19 13 14.62 14.74
6 16.8 11.09 15.22 15 1.25 0.61 19 56.96 79.04
7 18.2 8.93 10.84 13 1.12 0.45 27 70.62 84.17
8 15.2 8.26 12.80 12 1.31 0.95 21 35.37 59.33
9 15.4 9.35 14.08 14 1.14 0.82 17 67.65 112.62
10 15.6 14.69 23.02 14 1.09 0.73 17 126.33 205.41

a Bold numbers refer to the optimum number of peaks detected. b Each
repeat spot contains 1000 pL. c Peaks represents the number of peaks
detected for the average, minimum and maximum from 5 repeats.
d Signal (mV) represents a peak threshold set on the MALDI-MS for
data acquisition. e S/N represents the signal-to-noise ratio of all of the
peaks detected.
detected, and has a signal-to-noise ratio that is similar to all other

deposition scenarios.

MALDI-MS

Each matrix droplet on a tissue section was analyzed individually

on a MALDI-TOF mass spectrometer (AXIMA-CRF�plus

(Shimadzu Biotech, Manchester, UK), equipped with a nitrogen

pulsed UV laser (337nm), and was operated using a positive ion

source in linear ion mode. The laser power was set to 115 mV,

each spot was analysed using a random raster of 50 profiles, and

each profile contained data from two laser shots.

Data analysis

The data were collected using routines of the Launch pad

2.7 MALDI-MS imaging software used to control the spec-

trometer (Shimadzu Biotech). Data were converted into ASCII

text files for processing within Matlab version 6.1. (The Math

Works, Inc., 24 Prime Par Way, Natick, MA, USA). A series of

mass windows or peak bins were generated that separated similar

peaks across multiple spectra. These were then plotted as

a function of spatial position (x, y) within the analysed area.

Whilst we appreciate that the pixels represent matrix-tissue

spots that are not adjacent to one another, in order for the images

to look less pixelated we used interpolated shading in the

mapping function in Matlab. This is known as Gouraud

shading,27 and is piecewise bilinear where the colour in each pixel

varies linearly and interpolates with the corner values from the

surrounding 8 pixels.

Results

In this preliminary study to assess the ability of MALDI-MS to

generate protein maps that could be used to differentiate

cancerous tissue from normal tissue we have used normal and

tumour tissues from 4 patients with OSCC. For patient 1, we

studied 3 samples: (a) tumour/normal tissue interface, (b) tumour

tissue and (c) normal tissue; for patient 2, the sample was from

a tumour/normal tissue interface; for patients 3 and 4 consisted

of tumours only.
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As we decided to concentrate on protein and peptide analysis

we used SA matrix for MALDI and all MS profiling images were

acquired using a positive ion source in linear ion mode. Pilot

experiments were conducted to determine the feasibility of this

approach directly on human tissue from the oral cavity (tongue),

and it was found that using a Chemical Inkjet Printer for matrix

application that high quality MS signals were obtained from

2–18 kDa when 7000 pL (10 x100 pL volumes were repeated

7 times) of matrix was deposited (see above and Table 1 for study

design and results).

For data collection from the tissues each block of tongue

(�6 mm��6 mm) was sectioned using a cryotome at a thickness

of 12 mm and thaw mounted onto an un-etched MALDI target

plate (FlexiMassTM target, Shimadzu Biotech), subsequently SA

matrix solution was printed onto a predefined grid template prior

to MALDI-MS (Fig. 1). One of the advantages of tissue profiling

over imagingMS (where an air brush is used to deposit thematrix

over the whole of the tissue) is that an entire section can be

analysed in a relative quick and easy way, producing protein

expression patterns for discrete locations. Moreover, as discrete

locations are used there is no danger of protein and peptides

dissolving in the matrix solution and relocating elsewhere in the

tissue which may lead to ‘blurred’ chemical maps. In addition to

tissue slices being used for MS tissue profiling, H&E staining was

also performed on adjacent sections, for microscopic evaluation.

The initial study concentrated on tissue from T/M regions

from Patient 1, since both cancerous and normal cells would be

present. The T/M region can easily be established by the H&E

section shown in Fig. 2A. Manual inspection of the MS spectra

from the tumour region compared to the normal tissue results

revealed differential protein profiles corresponding to the normal

and tumour-bearing region of the tongue. The colour-coded

circles on Fig. 2A indicate the areas, from which the spectra

shown in Fig. 2B were acquired; red being taken from normal

tissue and blue taken from tumour region. It is clear from the

representative MS spectra in Fig. 2B that features at �4500 and

�8360 Da, which are likely to originate from proteins (or

peptides), are increased in the tumour areas relative to the

normal tissue; there is also a peak in the tumour at�3142 Da but

this was not found to be consistently located in the tumour

region. Generation of ion density maps from these two features

were achieved by integration from 4499–4535 Da and 8340–8380

Da and are shown in Fig. 3 which clearly illustrate that these

signals strongly correlate with the squamous cell carcinoma

(SCC) region of the tongue. Resulting images using the same

approach from adjacent sections (2–4) are also shown in Fig. 3

and it is evident that the same ion density maps are observed

(although on section 3 there is some smearing of the �4500

signal). This suggests that for this tissue alone these two features

are reproducible and discriminatory for OSCC. Additional

inspection of the MS profiles allowed features that correlated

spatial with only the normal tissue to be discovered at 5459–5468

Da (data not shown) and also a peak at 4725–4770 Da which was

found throughout the tissue section (data also not shown).

Additional MALDI-MS imaging experiments were performed

on a tumour and a normal tissue biopsy taken from the same

patient. Resulting ion density maps for the two features previ-

ously identified were found throughout the tumour (Fig. 4); note

of course that the magnitude of the ion density signals for both
Analyst, 2009, 134, 301–307 | 303



Fig. 2 Analysis by MALDI-MS profiling of a 12 mm thin tissue section from a human tongue. (A) H&E and image of the tissue section after it was

coated with sinapinic acid using a CHIP-1000 at a pitch of 500 mm (see text for details). (B) Unique protein profiles (2–10 kDa; shown from 2–6 kDa (Bi)

and 6–10 kDa (Bii)) were obtained upon analysis of the normal and tumour region of the tongue. The colour-coded circles indicate the areas from which

the spectra were acquired, red being taken from the normal area and blue taken from the tumour region of the tissue sample.
features is not uniform and this is because this squamous tumour

not only has gaps within it but will also contain some normal

cells. Inspection of the normal tissue from Patient 1 revealed no

signals at these two features, as exemplified by the representative

MS spectra in Fig. 5. That these proteins were found in the

tumour region but not the normal tissue strongly indicates that

these proteins were expressed as a result of OSCC.

To attempt to validate these findings further, we generated ion

density maps from a further three patients suffering from OSCC.

The three biopsies are shown in Fig. 6, and as previously

described four sections from each patient were taken and each

adjacent section was mounted on to a microscope slide for histo-

pathological evaluation (for brevity we show the H&E and

section 1 in Fig. 6). Resulting images shown in Fig. 6 (D, E & F)

were obtained at am/zwindow of 4499–4535 Da and Fig. 6 (G, H

& I) shows the integration from 8340–8380 Da. Again these (and

indeed all of the adjacent sections) strongly correlate with the

SCC region of the tongue demonstrating consistency between

different patients, and this is nicely demonstrated in the T/M

tongue section of Patient 2 (Fig. 6A, D & G), where these

proteins are only localized in the tumour region.
Discussion

Proteomics offers an additional and valuable approach to not

only elucidating disease processes but also deriving diagnostic

and/or prognostic information from tissue samples.

Whilst chemical imaging has been used with Fourier transform

infrared microspectroscopy,28 vibrational spectroscopy does not

give analyte specific signatures. Proteomics has been used for this
304 | Analyst, 2009, 134, 301–307
purpose previously in the disease model used in this study.

Previous studies have focused on saliva and serum samples from

subjects with OSCC29,30 OSCC cell lines31 and on tissue

extracts.32 To our knowledge the present study is the first to

investigate direct tissue imaging using mass spectrometry in

OSCC.

Direct tissue analysis using MALDI-MS is an approach that is

gaining considerable interest due to its ability to produce infor-

mation-rich mass spectral profiles, which can be used to map the

location and distribution of biomolecules in tissue. MALDI-MS

is well suited for biomolecular analysis directly onto the surface

of tissue because of its high sensitivity, tolerance to salts and

other contaminants that will naturally occur within tissues. It

also operates under a wide mass range allowing spatial infor-

mation to be generated from proteins, peptides and small

molecules, and finally fragmentation of molecules can be

controlled.

Our study has shown good reproducibility and consistency

between adjacent sections and different patients. Analysis of the

resulting protein profiles reveals spectral features at �4500 and

�8360 Da that strongly correlate with the SCC region of the

tongue. Whilst we appreciate that the patient cohort is small, our

initial feature selection was only performed on a single patient

and then the selected peaks were tested on a further three

patients, so this gives some confidence in these diagnostic peaks.

The identity of these two proteins is still unknown. We have

attempted to isolate these low abundant proteins from OSCC

tissue homogenates prior to MS analysis: we have employed

both molecular weight cut-off filters to enrich for these two

markers and have analysed the tissue homogenates using
This journal is ª The Royal Society of Chemistry 2009



Fig. 3 MS profiling images obtained from human oral tissue (tongue from patient 1; biopsy 1, tumour margin). (A) Photomicrograph of an H&E

(hematoxylin and eosin) stained serial tongue section, showing normal and tumour region of the tongue (see Fig 2 for details). Ion density maps from

four serial sections are shown; (B) m/z window of 4499–4535 and (C) 8340–8380 strongly correlates with the SCC region of the tongue. The rainbow

maps represent the ion intensity obtained from the surface of the tissue, red showing high and blue showing low protein levels.

Fig. 4 MS profiling images obtained from human oral tissue (tongue from patient 1; biopsy 2, all cancerous material). (A) Scanned image of tissue

overlaid with matrix, as detailed in Fig 1, showing tumour region of the tongue. Ion density maps are shown; (B) m/z window of 4499–4535 and (C)

8340–8380 strongly correlates with the SCC region of the tongue. The rainbow maps represent the ion intensity obtained from the surface of the tissue,

red showing high and blue showing low protein levels.
LC-MALDI-MS, but have so far been unsuccessful. In addition,

all attempts so far atMS-MS andMSn analysis to generate amino

acid sequences from these two markers in MALDI ion traps

directly from the tissue surface have also yielded no amino acid
This journal is ª The Royal Society of Chemistry 2009
sequence information, so despite our best efforts unfortunately

these proteins remain unidentified. Future work will continue to

focus on determining the identity of these proteins. Depending

on the nature of the proteins and what is already known about
Analyst, 2009, 134, 301–307 | 305



Fig. 5 MALDI-MS spectra obtained from human oral tissue (tongue from patient 1; biopsy 3, normal tissue). Resulting MALDI-MS profiles show an

absence of proteins previously obtained at m/z windows of (A) 4499–4535 and (B) 8340–8380, strongly indicating these proteins were expressed as

a result of OSCC.

Fig. 6 MS profiling images obtained from human oral tissues (patients 2–4). (A, B & C) Photomicrographs of H&E stained serial tongue sections,

showing normal and tumour region of the tongue. (D, E & F) Ion density maps, obtained at an m/z window of 4499–4535 and (G, H & I) 8340–8380

which strongly correlates with the SCC region of the tongue. The rainbow maps represent the ion intensity obtained from the surface of the tissue, red

showing high and blue showing low protein levels.
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them with regard to their expression patterns functions etc, we

shall seek to raise (or use if already available), antibodies against

these proteins so that analyses canbe extended to archival paraffin

embedded tissues that are not amenable to MS analysis.19

In conclusion, in this proof-of-principle study we have

demonstrated potential utility of chemical imaging using

MALDI-MS in identifying consistent differences between

normal and neoplastic tissue in OSCC. These studies need to be

extended to a larger sample set that includes premalignant lesions

and in the longer term, the potential for automation explored.

Acknowledgements

We would like to thank EPSRC and Shimadzu Biotech for

funding S.A.P. RG thanks the EBS committee of the BBSRC

for financial support.

References

1 D. I. Ellis and R. Goodacre, Analyst, 2006, 131, 875–885.
2 P. Chaurand, S. A. Schwartz, D. Billheimer, B. J. Xu, A. Crecelius
and R. M. Caprioli, Anal. Chem., 2004, 76, 1145–1155.

3 M. Stoeckli, P. Chaurand, D. Hallahan and C. RM, Nat. Med., 2001,
7, 493.

4 N. Masumori, T. Z. Thomas, P. Chaurand, T. Case, M. Paul,
S. Kasper, R. M. Caprioli, T. Tsukamoto, S. B. Shappell and
R. J. Matusik, Cancer Research, 2001, 61, 2239–2249.

5 M. L. Reyzer and R. M. Caprioli, Journal of Proteome Research,
2005, 4, 1138–1142.

6 K. Tanaka, H. Waki, Y. Ido, S. Akita, Y. Yoshida and T. Yoshida,
Rapid Communications IN Mass Spectrometry, 1988, 2, 151–153.

7 M. Karas, D. Bachmann, U. Bahr and F. &. Hillenkamp, J. Mass
Spectrom, 1987, 78, 53–68.

8 P. Chaurand, D. S. Cornett and R. M. Caprioli, Current Opinion in
Biotechnology, 2006, 17, 431–436.

9 R. M. Caprioli, T. B. Farmer and J. &. Gile, Anal. Chem., 1997, 69,
4751–4760.

10 S. Shimma, M. Furuta, Ichimura, Y. Yoshida and M. Setou, Journal
of Mass Spectrometry Society Japan, 2006, 54, 133–140.

11 A. J. Sloane, J. L. Duff, N. L. Wilson, P. S. Gandhi, C. J. Hill,
F. G. Hopwood, P. E. Smith, M. L. Thomas, R. A. Cole,
N. H. Packer, E. J. Breen, P. W. Cooley, D. B. Wallace,
K. L. Williams and A. A. Gooley, Molecular & Cellular Proteomics,
2002, 1.7, 490–499.
This journal is ª The Royal Society of Chemistry 2009
12 I. Ohtsu, T. Nakanisi, M. Furuta, E. Ando and N.O., Journal of
Proteome Research, 2005, 4, 1391–1396.

13 T. Nakanishi, I. Ohtsu, M. Furuta, E. Ando and O. Nishimura,
Journal of Proteome Research, 2005, 4, 743–747.

14 H.-R. Aerni, D. S. Cornett and R. M. Caprioli, Analytical Chemistry,
2006, 78, 827–834.

15 G. R. Li and J. V. Sweedler, Trends Biotechnol, 2000, 18, 151.
16 P. Chaurand, M. Stoeckli and R. Caprioli, Anal. Chem., 1999, 71,

5463.
17 K. Dreisewerd, R. Kingston, W. Geraerts and W. Ka, Int. J. Mas

Spectrom. Ion processes, 1997, 169, 291.
18 P. Chaurand, S. A. Schwartz and R. M. Caprioli, Chemical Biology,

2002, 6, 676–681.
19 S. A. Schwartz, M. L. Reyzer and R. M. Caprioli, J. Mass Spectrom,

2003, 38, 699–708.
20 T. C. Rohner, D. Staab and M. Stoeckli, Mechanisms of Ageing and

Development, 2005, 126, 177–185.
21 P. Chaurand, S. Fouchhecourt, B. B. Dague, B. J. Xu, M. L. Reyzer,

M.-c. Orgebin-Crist and R. M. Caprioli, Proteomics, 2003, 3, 2221–
2239.

22 L. A. McDonnell, s. R. Piersma, A. F. Maaten Altelaar, T. H. Mize,
S. L. Luxembourg, p. D. E. M. Verhaert, J. v. Minnen and
M. A. Heeren, Journal of Mass Spectrometry, 2005, 40, 160–168.

23 S. Khatib-Shahidi, M. Andersson, J. L. Herman, T. A. Gillespie and
R. M. Caprioli, Analytical Chemistry, 2006, 78, 6448–6456.

24 D. M. Parkin, F. I. Bray and S. S. Devesa, European Journal of
Cancer, 2001, 37, S4–S66.

25 G. F. Funk, H. T. Hoffman, L. H. Karnell, J. M. Ricks,
M. B. Zimmerman, D. R. Corbae, D. H. Hussey,
T. M. McCulloch, S. M. Graham, C. J. Dawson, M. E. Means,
M. L. Colwill, M. G. Titler and E. M. Smith, Otolaryngology -
Head and Neck Surgery, 1998, 118, 211–220.

26 M. Van Agthoven, B.M. Van Ineveld,M. F. De Boer, C. R. Leemans,
P. P. Knegt, G. B. Snow and C. A. Uyl-DeGroot,European Journal of
Cancer, 2001, 37, 2204–2211.

27 H. Gouraud, IEEE Trans Computers, 1971, C-20, 623–629.
28 C. Conti, P. Ferraris, E. Giorgini, T. Pieramici, L. Possati,

R. Rocchetti, C. Rubini, S. Sabbatini, G. Tosi, M. A. Mariggio
and L. Lo Muzio, Journal of Molecular Structure, 2007, 834–836,
86–94.

29 D. Sidransky, R. Irizarry, J. A. Califano, X. Li, H. Ren, N. Benoit and
L. Mao, Journal of the National Cancer Institute, 2003, 95, 1711–1717.

30 Y. C. Chen, T. Y. Li and M. F. Tsai, Rapid Communications in Mass
Spectrometry, 2002, 16, 364–369.

31 Y. S. Lee, H. W. Chang, J. E. Jeong, S. W. Lee and S. Y. Kim, Acta
Oto-Laryngologica, 2008, 128, 86–92.

32 D. Turhani, K. Krapfenbauer, D. Thurnher, H. Langen and
M. Fountoulakis, Electrophoresis, 2006, 27, 1417–1423.
Analyst, 2009, 134, 301–307 | 307


	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma

	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma
	Imaging mass spectrometry using chemical inkjet printing reveals differential protein expression in human oral squamous cell carcinoma


