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RESUMO 

 

Introdução: Os tumores epidermóides de cavidade oral, laringe e faringe, 

coletivamente conhecidos como carcinomas de células escamosas de cabeça e pescoço, 

estão fortemente relacionados ao consumo de tabaco e álcool e ainda resultam em taxas 

elevadas de mortalidade. O desenvolvimento de um tumor primário representa um risco 

maior de tumores secundários surgirem no epitélio contíguo, uma provável 

consequência da resposta anormal do microambiente à exposição do trato aerodigestivo 

superior a carcinógenos. A previsão do comportamento tumoral ainda representa um 

desafio para clínicos e pesquisadores. A presença de metástase em linfonodos regionais 

é o fator prognóstico mais importante, porém é limitado quanto à predição de recidiva 

local ou de sobrevivência. Além disso, a doença metastática precoce não é 

frequentemente detectada pelas análises clínica, histológica e radiológica. Este fato 

enfatiza a necessidade de identificação de biomarcadores que possam efetivamente 

contribuir para o diagnóstico precoce e para a previsão da progressão tumoral. 

Objetivos: No presente estudo, analisamos carcinomas de células escamosas orais de 

diferentes subsítios anatômicos e suas mucosas adjacentes normais correspondentes 

com o objetivo de comparar os perfis de expressão protéica no contexto de um 

prognosticador conhecido, ou seja, a presença de células neoplásicas em linfonodos 

regionais, e de uma classificação refinada em relação a prognóstico, reunindo em dois 

grupos os tumores pequenos, mas já metastáticos, e os grandes não-metastáticos. 

Também investigamos o proteoma do microambiente do tumor para identificar 

marcadores de agressividade que possam ser relevantes para prognóstico e terapia. 

Materiais e Métodos: Para atingir tais objetivos, realizamos eletroforeses uni e 



 xx 

bidimensional (1-DE e 2-DE), eletroforese de fluorescência diferencial em gel 

bidimensional (2-D DIGE), espectrometria de massas, Western blot e imuno-

histoquímica. Resultados e Discussão: Uma variedade de fatores influenciam na 

preparação de amostras protéicas e a otimização da solubilização de proteínas e de 

protocolos de 2-DE foi fundamental para a aquisição de resultados consistentes. Foram 

observadas muitas diferenças entre tumores metastáticos e não-metastáticos e entre 

tumores e células normais, incluindo expressões alteradas de anexina A1, calgranulina-

B, cofilina-1, galectina-7, glutationa S-transferase P, citoqueratina-4 e creatina quinase. 

Estas proteínas estão envolvidas em sinalização, resposta inflamatória, apoptose, 

desenvolvimento, processos metabólicos, e adesão, motilidade, diferenciação e 

proliferação celulares, e podem estar relacionadas ao fenótipo agressivo. O 

microambiente tumoral também pode contribuir para o processo neoplásico. Os nossos 

resultados de fatores parácrinos sintetizados in vitro por células estromais mostraram 

expressão gênica e protéica alterada nas células neoplásicas após tratamento com meio 

condicionado de fibroblastos associados a tumor, e vice-versa. Conclusões: Os dados 

aqui obtidos podem ajudar a compreender os mecanismos da agressividade do 

carcinoma epidermóide oral no nível molecular e a influência do microambiente 

tumoral no processo carcinogênico. Tais genes e proteínas podem representar novos 

biomarcadores de prognóstico para este tipo de câncer. 

 

Palavras-chave: 1. Câncer de cabeça e pescoço; 2. Tumores; 3. Margens cirúrgicas 

normais; 4. Interação estroma-tumor; 5. Proteômica; 6. Eletroforese bidimensional; 7. 

Eletroforese unidimensional; 8. Espectrometria de massas; 9. Western blot; 10. 

Imunohistoquímica; 11. Marcadores moleculares. 
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ABSTRACT 

  

Introduction: Epidermoid tumors of the oral cavity, larynx and pharynx, collectively 

known as head and neck squamous cell carcinomas, are strongly related to tobacco and 

alcohol consumption and still result in high mortality rates. The development of a primary 

tumor antecipates a greater risk of second cancers occurring in the contiguous epithelium, 

which can be a consequence of the abnormal response of the microenvironment to the 

carcinogen exposure in the upper aerodigestive tract. The prediction of tumor behavior 

for patients with these carcinomas still represents a challenge for clinicians and 

researchers. The presence of regional lymph node metastasis is their most important 

prognostic factor but is limited in predicting local recidive or survival. In addition, early 

metastatic disease is often missed by clinical, histological and radiological analysis. This 

emphasizes the need for identifying biomarkers which may effectively contribute to early 

diagnosis and prediction of tumor progression. Objectives: In this study, we analyzed 

oral squamous cell carcinomas (OSCCs) from different anatomic subsites and their 

matched adjacent normal mucosa aiming to compare the protein expression profiles in the 

context of a known prognosticator, namely, the presence of neoplastic cells in regional 

lymph nodes and of a refined classification in regard to prognosis, grouping into two 

groups small but already metastatic and large non-metastatic tumors. We also aimed to 

investigate the proteome of the tumor microenvironment to identify markers of 

aggressiveness that may be relevant for prognosis and therapy. Materials and Methods: 

To reach these objectives, we performed one- and two-dimensional electrophoresis (1-DE 

and 2-DE), fluorescent two-dimensional differential in-gel electrophoresis (2-D DIGE), 

mass spectrometry, Western blot and immunohistochemistry to analyze the protein 



 xxii 

expression in OSCCs. Results and Discussion: A variety of factors influence the protein 

sample preparation and the optimization of protein solubilization and 2-DE protocols was 

fundamental for the acquisition of consistent results. Many protein differences between 

metastatic and non-metastatic tumors and between tumor and normal cells including 

abnormal expression of annexin A1, calgranulin-B, cofilin-1, galectin-7, glutathione S-

transferase P, cytokeratin-4 and creatine kinase were observed. These proteins are 

involved in cell signaling, inflammatory response, apoptosis, cell motility and adhesion, 

development, cell differentiation and proliferation and metabolic process, and may be 

related to the aggressive phenotype. Tumor microenvironment may also contribute to the 

neoplastic process. Our results on paracrine factors synthetyzed in vitro by stromal cells 

showed altered gene and protein levels in neoplastic cells after treatment with conditioned 

medium from tumor-associated fibroblasts, and vice-versa. Conclusions: The data may 

help to understand the mechanisms governing aggressiveness in OSCCs at the molecular 

level and the contributions of the tumor microenvironment to carcinogenic process, 

providing new insights into signaling and metabolic pathway abnormalities that could be 

useful to prognosis. 

 

Keywords: 1. Head and neck cancer; 2. Tumors; 3. Normal surgical margins; 4. Stroma-

tumor interaction; 5. Proteomics; 6. Two-dimensional electrophoresis; 7. One-

dimensional electrophoresis; 8. Mass spectrometry; 9. Western blot; 10. 

Immunohistochemistry; 11. Molecular markers. 
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1. INTRODUÇÃO 

 

Muitos avanços recentes na biologia do câncer resultaram de abordagens 

tecnológicas de alta eficiência. A análise em larga escala de transcritos e proteínas 

esclareceu diferentes aspectos da tumorigênese e proporcionou oportunidades 

excepcionais para a identificação de novos alvos terapêuticos. Neste contexto, não há 

dúvidas de que os microarranjos de DNA, a análise seriada da expressão gênica (SAGE) 

e, mais recentemente, técnicas de sequenciamento de amplo alcance têm contribuído 

com uma grande quantidade de dados de expressão gênica em câncer. Entretanto, a 

análise do perfil transcricional sofre influência da susceptibilidade do RNA à 

degradação e da baixa correspondência entre RNA e proteínas.
(1)

 Na verdade, para 

obtenção de conclusões válidas sobre o significado funcional de um conjunto de 

transcritos, dados sobre os níveis de expressão das proteínas correspondentes são 

geralmente decisivos. Além disso, modificações pós-traducionais, interações entre 

proteínas, transporte e degradação, que modulam as atividades e as funções das 

proteínas, são informações importantes perdidas pela análise da expressão do RNA 

mensageiro.
(2)

  

 O estudo do conteúdo protéico das células tumorais é, portanto, crucial para a 

definição do perfil molecular do câncer. Duas técnicas principais são bastante utilizadas 

na análise proteômica, a eletroforese em gel bidimensional (2-DE) e a espectrometria de 

massas (MS), que permitem a separação e a identificação de proteínas, respectivamente. 

Nos últimos anos, vários progressos tecnológicos foram incorporados a essas 

metodologias, aumentando a sua eficiência e precisão. A eletroforese diferencial em gel 

bidimensional (2-D DIGE), por exemplo, é uma versão recente mais eficiente da 2-DE e 



permite a análise de duas amostras protéicas no mesmo gel, reduzindo possíveis 

variações entre géis.
(3)

 A espectrometria de massas também evoluiu,
(2)

 empregando o 

fracionamento multidimensional de proteínas para aumentar a cobertura,
(4)

 novas 

ferramentas para estudar modificações pós-traducionais,
(5)

 a purificação por afinidade 

seguida por espectrometria de massas para avaliar interações entre proteínas,
(6)

 ou 

combinando a separação por cromatografia líquida (LC) e a espectrometria de massas 

em tandem (MS/MS) com métodos semi-quantitativos e quantitativos para medir as 

concentrações absoluta e relativa de proteínas.
(7, 8)

 Além disso, imunoensaios do tipo 

multiplex têm sido desenvolvidos para o rastreamento simultâneo de múltiplos 

biomarcadores de proteínas.
(9)

  

Apesar das limitações quanto à cobertura do proteoma e ao número elevado de 

horas que os experimentos consomem, a proteômica tem sido utilizada para estudar uma 

ampla variedade de tumores (ou fluídos corporais), tais como os de mama,
(10-13)

 

bexiga,
(14-17)

 rim,
(18-21)

 fígado,
(22-25)

 pulmão,
(26-29)

 próstata,
(30-33)

 esôfago,
(34-36)

 e os de 

cabeça e pescoço.
(37-46)

  

 Em câncer de cabeça e pescoço, diversos dados de proteômica sugerem que o 

perfil protéico pode ter valor diagnóstico e preditivo,
(43, 47-49)

 inclusive nas fases iniciais 

da doença.
(46, 50, 51)

 Marcadores de diagnóstico precoce e de prognóstico são 

particularmente importantes para esses tumores, pois os pacientes apresentam poucos 

sintomas nas fases iniciais da doença. Este fato, somado à falta de métodos de rastreio 

eficazes, resulta no diagnóstico tardio e em altas taxas de mortalidade. 

Os carcinomas de cabeça e pescoço são heterogêneos quanto aos sítios 

anatômicos que acometem e às suas apresentações e desfechos clínicos.
(52, 53)

 Entre eles, 

o carcinoma de células escamosas oral (CCEO) é um dos tipos mais comuns com cerca 



de 270.000 novos casos no mundo por ano,
(54, 55)

 a maioria dos quais relacionados ao 

consumo de tabaco e álcool.
(56-58)

 O papilomavírus humano (HPV) também tem sido 

identificado como um fator causal e esta associação é especialmente forte para os 

tumores de orofaringe e para os não-fumantes e não-etilistas, porém mais fraca para os 

carcinomas de cavidade oral e laringe.
(59, 60) 

O desenvolvimento de um tumor primário representa um risco maior de tumores 

secundários surgirem no epitélio contíguo, uma provável conseqüência da resposta 

anormal do microambiente à exposição do trato aerodigestivo superior a carcinógenos. 

 A presença de metástase em linfonodos regionais ainda é o mais importante 

fator prognóstico em câncer oral, similarmente a outros tumores de cabeça e pescoço.
(61) 

No entanto, a doença metastática precoce não é frequentemente detectada  pelas 

avaliações clínica, histológica e radiológica.
(62, 63)

 Este fato enfatiza a necessidade de 

identificação de biomarcadores de detecção precoce, que possam ajudar a compreender 

o comportamento do tumor e a aumentar as taxas de sobrevivência. 

 No presente estudo, foram utilizadas as eletroforeses 1-D, 2-D e 2-D DIGE, 

além de espectrometria de massas para analisar a expressão de proteínas em CCEOs de 

diferentes subsítios anatômicos e nas mucosas adjacentes normais correspondentes. 

Inicialmente, nós investigamos o perfil de expressão protéico no contexto de um 

prognosticador conhecido, ou seja, a presença de células neoplásicas nos linfonodos 

regionais, independentemente do tamanho do tumor, como usualmente é feito para os 

carcinomas de cabeça e pescoço. Em seguida, utilizando um refinamento para 

classificar os carcinomas orais em relação ao prognóstico, nós separamos em dois 

grupos os tumores pequenos, mas já metastáticos e os grandes não-metastáticos. A 

justificativa para esta classificação exploratória é o fato de que os critérios padrões, 



conforme discutido por Patel e Shah,
(64)

 são limitados em predizer recidiva local ou 

sobrevida. 

 

1.1. OBJETIVOS 

 

O objetivo geral do presente trabalho foi a pesquisa de marcadores protéicos de 

diagnóstico, prognóstico e classificação do câncer de cabeça e pescoço. Os seus 

objetivos específicos compreenderam: 

 

1. Otimizar protocolos de extração de proteínas e de eletroforese bidimensional 

para uso no Laboratório de Marcadores Moleculares e Bioinformática 

Médica/LMMBM (FAMERP); 

2. Investigar diferenças entre o perfil protéico do carcinoma epidermóide de 

cavidade oral com fenótipo invasivo e o do carcinoma oral não-invasivo, 

independentemente do tamanho do tumor, bem como as diferenças entre os 

tumores e as mucosas normais correspondentes. Além disso, o presente 

trabalho teve como objetivo analisar diferenças protéicas entre os tumores 

pequenos metastáticos e os grandes não-metastáticos; 

3. Validar, por imuno-histoquímica e Western blotting, biomarcadores 

potenciais identificados por técnicas de proteômica em tumores de cabeça e 

pescoço; 

4. Avaliar a influência do microambiente tumoral no desenvolvimento do 

câncer de cabeça e pescoço. 
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In the present study, we compared six different solubilization
buffers and optimized two-dimensional electrophoresis (2-
DE) conditions for human lymph node proteins. In addition,
we developed a simple protocol for 2-D gel storage.
Efficient solubilization was obtained with lysis buffers
containing (a) 8 M urea, 4% CHAPS (3-[(3-cholamidopropyl)
dimethylammonio]-1-propanesulfonate), 40 mM Tris base,
65 mM DTT(dithiothreitol) and 0.2% carrier ampholytes;
(b) 5 M urea, 2 M thiourea, 2% CHAPS, 2% SB 3-10 (N-
decyl-N, N-dimethyl-3-ammonio-1-propanesulfonate), 40 mM
Tris base, 65 mM DTT and 0.2% carrier ampholytes or (c)
7 M urea, 2 M thiourea, 4% CHAPS, 65 mM DTT and
0.2% carrier ampholytes. The optimal protocol for isoelectric
focusing (IEF) was accumulated voltage of 16,500 Vh and
0.6% DTT in the rehydration solution. In the experiments
conducted for the sodium dodecyl sulfate-polyacrylamide
gel electrophoresis (SDS-PAGE), best results were obtained
with a doubled concentration (50 mM Tris, 384 mM
glycine, 0.2% SDS) of the SDS electrophoresis buffer in the
cathodic reservoir as compared to the concentration in the
anodic reservoir (25 mM Tris, 192 mM glycine, 0.1%
SDS). Among the five protocols tested for gel storing,

success was attained when the gels were stored in plastic
bags with 50% glycerol. This is the first report describing
the successful solubilization and 2D-electrophoresis of
proteins from human lymph node tissue and a 2-D gel
storage protocol for easy gel handling before mass
spectrometry (MS) analysis.

Keywords: Gel storage, Human lymph node tissue, Protein

solubilization, Two-dimensional gel electrophoresis

Introduction

The analytical potential of 2-DE is dependent on good sample

preparation, in order to obtain reproducibility, good resolution

and a great spot number of proteomic maps. In many cases,

the proteins of the sample need to be solubilized, disaggregated,

denatured and reduced (Shaw and Riederer, 2003). For this

purpose, mixtures of chaotropic compounds, detergents or

surfactants, reducing agents and carrier ampholytes are

employed (Molloy, 2000; Garfin, 2003).

The role of chaotropes, such as urea and thiourea, is to

disrupt hydrogen bonding, leading to protein unfolding and

denaturation. Surfactants such as CHAPS, SB 3-10, ASB-14

(amidosulfobetaine-14) and SDS act synergistically with

chaotropes. Reducing agents, such as DTT and TBP (tributyl

phosphine), are used to break intramolecular and intermolecular
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disulfide bonds. Carrier ampholytes enhance protein solubility

by minimizing protein aggregation due to charge-charge

interactions (Herbert, 1999; Molloy, 2000; Berkelman and

Stenstedt, 2002; Shaw and Riederer, 2003).

Due to variable protein expression from one tissue to

another, conditions of protein solubilization that are optimal

for one particular tissue type may not hold for others. In

addition, several 2-DE steps must be optimized for each tissue

in order to obtain good results. In the present study, a

comparison was made of six previously described solubilization

methods for obtaining proteomic maps of human lymph node

tissue. We also describe a simple 2-D gel storage protocol for

easy gel handling prior to MS analysis.

Materials and Methods

Thirty-one lymph nodes were collected from head and neck

squamous cell carcinoma patients at the Cancer Hospital “Arnaldo

Vieira de Carvalho”, São Paulo, Brazil. Tissue samples were

obtained immediately after the removal of the surgical specimen,

snap-frozen and stored in liquid nitrogen. The Ethics Committee

approved the research, and written informed consent was obtained

from all patients.

One lymph node sample was cut into six pieces of about 5 mm3.

500 µL of one out of six different lysis buffers were added to each

piece (Table 1). The specimens were disrupted by sonication 12

times at intervals of 10 s at 10oC and vortexed for 2 min. The

lysates were centrifuged at 10,000 rpm for 3 min at 4oC. The

supernatants were transferred to other tubes, the insoluble pellets

were washed with 200 µL lysis buffers and the second supernatants

were collected. The protein concentration of the supernatants was

determined by the Bradford method (Bradford, 1976). The protein

samples were stored at −70oC.

2-DE was performed using IPGphor and SE 600 Ruby (GE

Healthcare). For IEF, 500 µg protein were diluted with rehydration

solution (8 M urea, 2% CHAPS, 0.6% DTT, 0.5% IPG buffer,

bromophenol blue trace) to a total volume of 250 µL. IPG strips

(pH 3-10 L, 13 cm) were rehydrated in this solution for 12 h under

mineral oil. IEF was performed at 20oC, with the following

parameters: 500 V (1 h), 1,000 V (1 h), 8,000 V (2 h or 3 : 30 h or

5 h), 500 V (0 h or 1 h), until 16,500 Vh, 26,500 Vh or 41,500 Vh

were attained. The current was limited to 50 µA/strip. After IEF, the

IPG strip was stored at −70oC until analysis by SDS-PAGE.

The individual strips were incubated, at room temperature, in the

equilibrium solution A (2% SDS, 50 mM Tris-HCl pH 8.8, 6 M

urea, 30% glycerol, bromophenol blue trace and 1% DTT),

followed by solution B (solution A except that DTT was replaced

by 2.5% iodoacetamide), for 15 min each. When the proteins were

solubilized using solutions containing TBP, the strips were only

incubated in solution C (solution A except that DTT was replaced

by 5 mM TBP) for 30 min. The IPG strips were washed in SDS

electrophoresis buffer (25 mM Tris base, 192 mM glycine, 0.1%

SDS), placed on top of 12.5% SDS-PAGE and sealed in place with

sealing solution (0.5% low-melting agarose in SDS electrophoresis

buffer). The electrophoresis conditions were 15 mA/gel for 30 min,

followed by 30 mA/gel for 5 h at room temperature.

Proteins were detected by Coomassie Blue staining. Briefly, gels

were incubated overnight in fixing solution (50% ethanol, 10%

acetic acid), followed by a destaining solution (50% ethanol, 5%

acetic acid) for 3 min, and incubated for 90 min with 0.05% Coomassie

Brilliant Blue R-250 solution (0.125 g Coomassie Brilliant Blue R-

250, 40% methanol, 10% acetic acid). Subsequently, the gels were

washed four times with destaining solution, for 15, 45, 120 and

120 min, respectively, and incubated in preserving solution (5%

acetic acid) for approximately 72 h.

For gel storing, five protocols were tested.

• Protocol 1. The gel was washed twice in solution D (30%

ethanol) for 30 min, followed by solution E (30% ethanol,

3.5% glycerol) for 60 min.

• Protocol 2. The gel was incubated in 4.3% glycerol for 5 min.

• Protocol 3. The gel was washed four times in water for 4 h.

• Protocol 4. The gel was incubated in 8.7% glycerol for 60 min.

Table 1. Lysis buffer composition. Composition of six lysis buffers tested for protein solubilization efficiency

Buffer 1 Buffer 2 Buffer 3 Buffer 4 Buffer 5 Buffer 6

Chaotropes 8 M Urea
5 M Urea
2 M Thiourea

5 M Urea
2 M Thiourea 

7 M Urea 
2 M Thiourea 

5 M Urea 
2 M Thiourea 

7 M Urea 
2 M Thiourea

Detergents 4% CHAPS
2% CHAPS 
2% SB 3-10 

2% CHAPS 
2% SB 3-10 

4% CHAPS 
2% CHAPS 
1% SB 3-10 
1% ASB -14 

2% CHAPS 
0.5% ASB -14

Salts 40 mM Tris base 40 mM Tris base 40 mM Tris base 

Reducing agents 65 mM DTT 65 mM DTT 2 mM TBP 65 mM DTT 2 mM TBP 65 mM DTT 

Carrier
ampholytes 

0.2%
(pH 3-10) 

0.2%
(pH 3-10)

0.2% 
(pH 3-10)

0.2% 
(pH 3-10)

0.2% 
(pH 3-10)

0.2% 
(pH 3-10)

References
(Herbert, 1999;
Molloy et al., 
1998)

(Rabilloud et al., 
1997)

(Rabilloud et al., 
1997; Molloy et 

al., 1998; 
Tachibana et al., 
2003)

(Molloy, 2000;
Berkelman and 
Stenstedt, 2002; 
Rabilloud et al., 
1997; Görg et al., 
2000)

(Garfin, 2003)
(Castellanos-Serra 
and Paz-Lago, 
2002)
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• Protocol 5. The gel was incubated in 10% methanol for 48 h.

The gels was placed between two cellophane sheets PT (Coopercel)

previously embedded in solution E (protocol 1), in water (protocol

2), in 8.7% glycerol (protocol 3 and 4) or stored in a clear plastic

bag with 2 ml of 50% glycerol solution applied over both surfaces

of the gel. The bag was sealed.

No gel drying equipment was used. Stained and stored gels were

scanned with an ImageScanner (GE-Healthcare), and spot detection

was manually performed with the Melanie 3.0 software (GeneBio).

One protein spot from 2-DE gel was selected, excised, digested

with trypsin and submitted to MALDI-TOF-TOF (Matrix Assisted

Laser Desorption - Time of Flight - Time of Flight) 4700 Proteomics

Analyser (Applied Biosystems) operated in positive ion reflectron

mode to identify the peptides. Such spot was manually cut out from

the gel in a clean-air cabinet, to prevent contamination. The protein

spot was placed into 0.5 mL tube previously washed with 50%

methanol and deionized water. The gel pieces were destained in

250 µL of 50% acetonitrile (ACN)/50 mM ammonium bicarbonate

under constant agitation to complete colourlessness. The gel pieces

were then dehydrated with 200 µL of ACN for 15 min; acetonitrile

was discarded and the gel pieces dried in Speed Vac for 30 min. For

rehydration and digestion, each gel piece was rehydrated with

20 µL of a trypsin solution (0.4 µg modified trypsin in 50 mM

acetic acid and 50 mM ammonium bicarbonate). After 30 min

incubation at room temperature, a volume of 50 µL of 50 mM

ammonium bicarbonate or the sufficient amount to cover the gel

pieces was added, and the sample was incubated for 24 h at 37oC in

a water bath, for enzymatic cleavage. Peptides were extracted with

50 µL 1% trifluoroacetic acid/TFA (first extraction: overnight) and

50 µL 1% TFA/50% ACN (second extraction: 2 h). The resulting

supernatants were mixed and concentrated in a vacuum centrifuge

to 10 µL.

About 1 µL of this solution was eluted in 1 µL matrix solution

(10 mg/mL α-cyano-4-hydroxycinnamic acid, 0.1% TFA in 50%

ACN). Then, 0.5 µL of the mixture was spotted on a sample plate

and introduced into the mass spectrometer after drying. The

instrument was calibrated externally using 4700 standard kit

(Applied Biosystems).

Proteins were identified by MASCOT MS/MS Ions Search (http:

//www.matrixscience.com/cgi/search_form.pl?FORMVER=2&

SEARCH = MIS). The search parameters were set up as follows:

MSDB (Mass Spectrometry Protein Sequence Database); taxonomy

Homo sapiens; 1 missed cleavage; carbamidomethylation of cysteine

and oxidation of methionine as fixed and variable modification,

respectively; peptide mass and MS/MS tolerance of 1 and 0.8 Da,

respectively; the peptide ion MH+ and monoisotopic masses.

In the present study, all chemicals used were of highest quality

(Merck, Calbiochem, GE Healthcare, Sigma and Bio-Rad).

Results and Discussion

Initial extraction and solubilization is a key factor for proteomic

analysis. In the present study, we tested six buffers for

solubilization of protein from human lymph node samples,

which differed in one or more components, including chaotropes,

detergents and reducing agents (Table 1).

Extraction buffer 1 is a standard solution for protein

solubilization. About 285 spots were visualized in the gel

using this solution (Fig. 1A). Buffers 2 and 3 have similar

compositions, except for the reducing agent, and about 281

and 113 spots were visualized in the gels, respectively (Fig.

1B, C). In buffer 4, Tris base was not used for protein

solubilization. The results showed 283 spots (Fig. 1D). In

lysis buffers 5 and 6, ASB-14 was used as detergent and the

gels exhibited poor resolution and streaking (Figs. 1E, F). In

conclusion, buffers 1, 2 and 4 were the best solutions for

protein solubilization of human lymph node tissue with regard

to gel quality. Also, these solutions resulted in high protein

concentration (9.8µg/µL, 8.0µg/µL and 8.9µg/µL, respectively),

higher than buffer 3 (6.6 µg/µL), but much higher than buffers

5 and 6 (0.3 µg/µL and 1.2 µg/µL). Sharp differences are seen

comparing Fig. 1C with 1A, 1B and 1D and reflect the results

of the Bradford assay. Although this assay is sensitive to

various components of lysis buffers, the reagents of buffers 1-

6 probably had no effect on protein quantification, and the gel

quality showed be consequence of the buffer efficiency. Thirty

other human lymph node samples were also submitted to

buffer 4 and all gels showed excellent quality.

In the buffers tested, urea varied from 5 to 8 M, CHAPS

from 2 to 4%, SB 3-10 from 1 to 2%, and ASB-14 from 0.5 to

1%. The carrier ampholytes were used at a low concentration

(0.2%), in order to avoid extended running times, because

they contribute to the initial conductivity of the sample

solution (Garfin, 2003). Tris base was added to three buffers

(1, 2 and 3). This compound is used when basic conditions are

required for full solubilization or to minimize proteolysis

(Rabilloud, 1996). However, addition of ionic compounds in

buffers for protein solubilization can result in first-dimension

disturbances. Therefore, salts must be removed after the

solubilization step or maintained at as low a concentration

(lower than 10 mM) in the rehydration solution and IEF

(Berkelman and Stenstedt, 2002; Shaw and Riederer, 2003).

In our experiments, Tris base was added to the buffers at 40

mM, but the final salt concentration during rehydration was

maintained at approximately 10 mM.

Thiourea was introduced in combination with urea, to increase

the solubility of proteins, mainly of membrane proteins. The

use of this component inhibits the adsorption of protein to the

gel matrix, when IEF is conducted in IPG. This efficient

chaotrope is poorly soluble in water and requires high

concentrations of urea for solubility (optimal condition is 2 M

thiourea in 5-7 M urea). This reagent improved the solubility

of proteins as compared to urea alone, as already stated by

other authors (Rabilloud et al., 1997; Pasquali et al., 1997;

Musante et al., 1998; Rabilloud, 1998; Giavalisco et al., 2003;

Méchin et al., 2003; Taylor and Pfeiffer, 2003).

We also examined three zwitterionic detergents (CHAPS,

SB 3-10, ASB-14). The sulfobetaine CHAPS is the most

commonly used detergent for 2-DE, from 2% to 4% in high

concentrations of urea. Sulfobetaines with long linear tails

(i.e., SB 3-10, ASB-14) have been shown to possess a greater
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Fig. 1. Comparison of solubilization conditions. Lysis and solubilization from human lymph node tissue proteins were performed using

six different buffers (1-6): (A) Buffer 1 (285 spots); (B) Buffer 2 (281 spots); (C) Buffer 3 (113 spots); (D) Buffer 4 (283 spots); (E)

Buffer 5 and (F) Buffer 6. Composition of buffers as in Table 1. Proteins were separated on a 13 cm pH 3-10 IPG, 12.5% SDS-PAGE

and stained with Coomassie Blue.
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ability to solubilize membrane proteins. However, SB 3-10

has poor solubility in high concentrations of urea (Herbert,

1999; Görg and Weiss, 1999). In contrast, ASB-14 is

compatible with 9 M urea, but results in large horizontal

streaking towards the basic end of the strip. This streaking

appears to be an interaction between ASB-14 and the cathode

rather than purely an issue with basic proteins, as the effect

was independent of the pH range of the IPG strip (pH 3-10 or

pH 4-7) (Stanley et al., 2003). Our gels also showed increased

streaking in all pH ranges when ASB-14 was used in the

extraction solution (Fig. 1E, 1F). Studies using three different

detergents (CHAPS, ASB-14 or NP-40) in the solubilization

solution also showed more streaking in the second dimension

with ASB-14 than with CHAPS (Carboni et al., 2002). The

ionic detergent SDS is very effective for protein solubilization,

however it is incompatible with IEF (Zuobi-Hasona et al.,

2005). For this reason, it was not selected for our optimization

experiments.

As for reducing agents, TBP and DTT are commonly used

in extraction solutions. When the proteins are solubilized using

reagents containing free thiol such as DTT, IPG equilibration

requires two steps: reduction (by DTT) and alkylation (by

iodoacetamide). DTT has been the standard reducing agent for

2-DE for many years (Molloy, 2000; Görg et al., 2000) and is

effective for reducing protein disulfide bonds prior to SDS-

PAGE, while iodoacetamide eliminates artifacts of disulfide

formation during electrophoresis, for less streaking and better

resolution. However, DTT is charged, especially at alkaline

pH, and thus migrates out of the pH gradient during IEF,

which results in loss of solubility for some proteins. In

contrast, TBP lacks a free thiol group, making the second

equilibration of the IPG strips unnecessary. In addition, TBP

is neutral and does not migrate during IEF, thus, the reducing

conditions are maintained over the entire focusing process. On

the other hand, TBP has a low solubility, is unstable, volatile

and toxic (Rabilloud, 1996; Herbert et al., 1998; Molloy et al.,

1998; Berkelman and Stenstedt, 2002). In the present study,

the buffers 2 and 3, used for protein solubilization, had similar

compositions, except for the reducing agent (DTT in buffer 2

and TBP in buffer 3). Nevertheless, the numbers of spots

visualized were very different (281 vs 113 spots), probably

due to the reducing agent. Therefore, DTT showed significant

improvements in the resolution of proteins by 2-DE. Similar

results were reported for myelin proteins (Taylor and Pfeiffer,

2003).

The solubilization of proteins was performed in the absence

of protease inhibitors, but using 2 M thiourea, and the sample

was processed at 4 to 10oC. According to literature, proteolysis

can be inhibited by preparing the sample at such a low

temperature, in the presence of Tris base, 2 M thiourea and in

strong denaturants such as 8 M urea (Rabilloud, 1996; Carboni

et al., 2002; Castellanos-Serra and Paz-Lago, 2002; Berkelman

and Stenstedt, 2002).

IEF and SDS-PAGE were also developed using duplicate

extracts from buffers 1, 2 and 4. Extracts from other buffers

were sufficient to perform only one experiment.

In the lysis buffer tests, IEF was carried out with total

focusing for 16,500 Vh. After lysis buffer optimization, other

IEF conditions were tested in 30 samples (16,500 to 41,500

Vh). The focusing settings are known to be critical for protein

separation. In particular, total voltage and slow sample entry

have a pronounced effect on the spot pattern quality (Görg et

al., 2000). The most remarkable results were the decreasing in

horizontal streaking and the well-rounded spots in 16,500 Vh

focused gels and by using double concentration of DTT

(0.6%) in the rehydration solution (Hoving et al., 2002). DTT

is negatively charged at alkaline pH, and migrates towards the

anode, causing depletion of DTT at the cathode. In this region

the formation of new disulfide bridges could occur, due to

oxidation of sulphydryl groups.

Experiments conducted in 30 samples for the SDS-PAGE

Fig. 2. A one-year-old archived SDS-PAGE and mass spectrum

of tryptic peptides derived from hemoglobin. (A) A one-year-old

archived SDS-PAGE of a sample from a patient with head and

neck squamous cell carcinoma. Highlighted in circle is the spot

excised from the gel. (B) Mass spectrum corresponding to a spot

with apparent pI and MW of 7.1 and 14.5 kDa, respectively.
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step tested the SDS electrophoresis buffer at a doubled

concentration (50 mM Tris-base, 384 mM glycine, 0.2%

SDS) in the cathodic reservoir as compared to the anodic

reservoir. This condition resulted in decreased protein

smearing in the gel, which is usually caused by buffer

depletion during electrophoresis (data not shown). The most

important component of the typical second-dimension buffer

system must be SDS, which binds protein at a relatively

constant ratio, thereby allowing for the size-based separation

imparted by the sieving matrix. It was observed that buffer

depletion during electrophoresis causes dissociation of the

SDS from the protein and, consequently, elongated protein

patterns or smearing (Werner, 2003).

Five protocols for gel storing were tested and success was

attained when the gels were stored in plastic bags with 50%

glycerol solution (Protocol 5). This procedure permitted the

easy handling of the gel, without the risk of breakage and

without harming the image and MS analysis. The gels were

submitted to spot excision and MS analysis up to one year

after SDS-PAGE. Figure 2A shows a one-year-old archived

SDS-PAGE of a sample from a patient with head and neck

squamous cell carcinoma. The MS spectrum corresponding to

a spot with apparent pI and MW of 7.1 and 14.5 kDa,

respectively, is presented in Figure 2B. This protein spot was

identified as hemoglobin. The remaining protocols resulted in

cracking gels. Preservation of gels for a long time after

electrophoresis is frequently desirable, mainly if their transport

to another laboratory is necessary. Several methods for drying

polyacrylamide gels have been described. These protocols

have been routinely applied in thin gels (0.8 mm). However,

cracking gels were observed when these methods were

performed in thick 2-D gels (1.5 mm).

Progress in sample preparation methodology for 2-DE has

focused on improvements in sample buffer constituents to

achieve better representation of the proteome. However, it

must be taken into account that a variety of factors influence

the sample preparation steps, some of which have been

reported in this manuscript. We highlighted that this is the first

report describing the successful solubilization and 2-DE of

protein from human lymph node tissue and a simple protocol

for long time preservation of 2D gels.
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Annexin A1 subcellular expression in laryngeal squamous cell carcinoma

Aims: Annexin A1 (ANXA1) is a soluble cytoplasmic
protein, moving to membranes when calcium levels are
elevated. ANXA1 has also been shown to move to
the nucleus or outside the cells, depending on tyro-
sine-kinase signalling, thus interfering in cytoskeletal
organization and cell differentiation, mostly in inflam-
matory and neoplastic processes. The aim was to
investigate subcellular patterns of immunohisto-
chemical expression of ANXA1 in neoplastic and
non-neoplastic samples from patients with laryngeal
squamous cell carcinomas (LSCC), to elucidate the role
of ANXA1 in laryngeal carcinogenesis.
Methods and results: Serial analysis of gene expression
experiments detected reduced expression of ANXA1
gene in LSCC compared with the corresponding non-

neoplastic margins. Quantitative polymerase chain
reaction confirmed ANXA1 low expression in 15 LSCC
and eight matched normal samples. Thus, we investi-
gated subcellular patterns of immunohistochemical
expression of ANXA1 in 241 paraffin-embedded sam-
ples from 95 patients with LSCC. The results showed
ANXA1 down-regulation in dysplastic, tumourous and
metastatic lesions and provided evidence for the pro-
gressive migration of ANXA1 from the nucleus towards
the membrane during laryngeal tumorigenesis.
Conclusions: ANXA1 dysregulation was observed
early in laryngeal carcinogenesis, in intra-epithelial
neoplasms; it was not found related to prognostic
parameters, such as nodal metastases.
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Abbreviations: ANX, annexin; CI, confidence interval; EGFR, epidermal growth factor receptor; H2G, Hyper and
Hypo-expressed Genes; HNSCC, head and neck squamous cell carcinoma; OR, odds ratio; PVDF, polyvinylidene-
fluoride; qPCR, quantitative polymerase chain reaction; SAGE, serial analysis of gene expression; SCC, squamous
cell carcinoma; SDS, sodium dodecyl sulphate

Introduction

Annexins (ANX) are a family of proteins present in
many organisms, from mould to humans, regulated by
fluctuations in cellular calcium levels and implicated in
multiple molecular and cellular processes. The unique
calcium- and lipid-binding properties enable them to
associate with negatively charged membrane phospho-
lipids in a calcium-dependent and reversible manner.
This property links annexins to membrane-related
events such as cytoskeletal organization, transport,
ion fluxes and, consequently, to cell differentiation and
migration.1

ANX is composed of a conserved COOH-terminal
with repetitive homologous domains responsible for
calcium and phospholipid binding properties. The
variable N-terminal region, which is unique in length
and sequence, interacts with many cytosolic ligands
and is subject to post-translational modification such as
myristoylation and phosphorylation. N-terminal tyro-
sine phosphorylation of some annexins is catalysed by
the epidermal growth factor receptor (EGFR) and Src-
family tyrosine kinases, which alter their proteolytic
sensitivity and calcium affinities (for review, see).2

Annexins are soluble and localized in the cytoplasm
of cells, moving to membranes when calcium levels are
elevated. Different studies have shown that some
annexins move from cytoplasm to nucleus or outside
the cells, both processes apparently dependent on
tyrosine-kinase signalling.3,4 Interestingly, nuclear
retention of ANX by site-directed mutagenesis in the
nuclear export signal sequence of the N-terminus
results in reduced cell proliferation and increased
doubling time of cells.5 Under conditions of inflam-
mation following their induction by glucocorticoids,
human ANX are exported outside of cells and may bind
membrane receptors, inhibiting the accumulation of
inflammatory cells at sites of injury.1

The mammalian subfamily A of annexins encom-
passes human ANX represented by 12 members and
classified from A1 to A13.6 To date, there is no
evidence that loss, mutation, translocation or amplifi-
cation of human ANX genes play a causative role in
any disease, although abnormal expression levels or
localization might contribute to pathological conditions

such as inflammatory processes, cardiovascular disease
and cancer.

In fact, different members of the ANX family have
been reported to be involved in the neoplastic process
with a potential tumour suppressor role. For example,
ANX7 has been implicated as a tumour-suppressor
gene in prostatic tumours.7 Furthermore, overexpres-
sion of ANXA2,8 ANXA49 and ANXA810 is observed in
various tumours.

Annexin A1 (ANXA1), a 37-kDa protein, is claimed
to participate in cell transformation as well as in
inflammation, signal transduction, keratinocyte differ-
entiation, apoptosis and gene expression modula-
tion.11–16 The relationship between ANXA1 and the
neoplastic process may be derived from the fact that it
is a substrate of EGFR and other kinases involved in
tumour development.2

ANXA1 has been shown to be up-regulated in
pancreatic carcinoma,17 hairy cell leukaemia18 and
skin tumours19 and down-regulated in prostatic,20

oesophageal,21 breast22 and head and neck neo-
plasms.23–26

Head and neck squamous cell carcinomas (HNSCCs)
account for a significant proportion of all new cancer
diagnoses worldwide, and their incidence, in particular
of those arising from the larynx and oral cavity, is
increasing in developed countries. Laryngeal SCC is
estimated to have affected 11 295 patients in the USA
in 2007.27 In the early stages, these carcinomas
frequently cause few symptoms, resulting in a delay
in diagnosis, with a significant impact on patient
management and overall survival rates. In this context,
molecular markers potentially related to multistep
carcinogenesis are urgently needed to assess HNSCC,
to further our understanding of the mechanisms of
disease formation and for screening for potential
therapeutic targets.

In the present study, by using serial analysis of gene
expression (SAGE) and real-time quantitative polymer-
ase chain reaction (qPCR), we identified and validated
reduced expression of ANXA1 gene (gene ID 301)
in laryngeal SCCs. In addition, we investigated sub-
cellular patterns of immunohistochemical expression
of ANXA1 in normal and dysplastic areas, primary
neoplasia and lymph node metastasis, searching for
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evidence for the role of ANX in laryngeal carcino-
genesis.

Materials and methods

case selection

For SAGE experiments, two fresh samples of primary
laryngeal cancer, one with lymph node metastasis
(N+ status) and one without lymph node metastasis
(N) status), and the corresponding non-neoplastic
margins were obtained from patients with surgically
resected carcinoma at Hospital do Câncer Arnaldo
Vieira de Carvalho, São Paulo, SP.

Immunohistochemical analysis was performed on
241 formalin-fixed paraffin-embedded tissue sections
from non-neoplastic mucosa, dysplastic epithelium,
primary carcinomas and their lymph node metastases.
The samples were obtained from 95 patients with
surgically resected laryngeal SCC at Hospital das
Clı́nicas and Hospital Heliópolis, São Paulo, SP, Hospi-
tal das Clı́nicas, Ribeirão Preto, SP and Universidade do
Vale do Paraı́ba, São José dos Campos, SP, between
2002 and 2004. The average age of patients was
58.1 years (SD 10.8, range 27–83 years), and the
male ⁄ female ratio was 7.7:1. Most patients were
smokers or former smokers (72.6%) and had a history
of chronic alcohol abuse (66.3%). A small subset of 16
samples (eight laryngeal SCCs and eight matched non-
neoplastic surgical margins) from the same group of 95
patients was analysed by Western blot.

The expression of ANXA1 transcripts was validated
by qPCR in fresh samples from a different set of
15 laryngeal SCCs and eight non-neoplastic surgical
margins.

The study protocol was approved by the ethics
committees of enrolled institutions and by the National
Committee of Ethics in Research (CONEP 1763 ⁄ 05,
18 ⁄ 05 ⁄ 2005). Tissue samples were taken after obtain-
ing written informed consent from each patient and
processed anonymously. Pathological procedures were
performed according to protocols approved by the
Brazilian Society of Pathology.28 All histopathological
reports and slides were reviewed by senior pathologists
(V.A.F.A., P.M.C., E.R.P., C.S-N.), thus confirming the
diagnosis and selecting the most representative areas
for immunohistochemistry.

rna and protein extraction and reverse

transcription

Fresh samples of primary laryngeal cancer were frozen
in liquid nitrogen and stored at )80�C. Total RNA was

extracted using TRIzol�LS Reagent (Invitrogen Corp.,
Carlsbad, CA, USA) and treated with RQ1 RNase-Free
DNase (Promega Corp., Madison, WI, USA). cDNA
synthesis was performed using the High Capacity cDNA
Archive kit (Applied Biosystems, Foster City, CA, USA)
as described by the manufacturer. Total protein was
extracted by 100% isopropyl alcohol, 0.3 M guanidine
hydrochloride in 95% ethanol, 100% ethanol and 1%
sodium dodecyl sulphate (SDS).

serial analysis of gene expression

SAGE was carried out using the I-SAGE� Kit (Invitro-
gen). Clones were checked and sequenced with forward
M13 primer in a MegaBACE�1000 sequencer (Amer-
sham Biosciences, Piscataway, NJ, USA) or PRISM�

377 DNA Sequencer (Applied Biosystems) using DYE-
namic ET Dye Terminator Sequencing Kit (Amersham
Biosciences), or ABI PRISM� BigDye� Primer Cycle
Sequencing Kit (Applied Biosystems), respectively.

For each SAGE library, 6000 sequencing reactions
were performed and the SAGE tags were obtained with
SAGE� Analysis 2000 Software 4.0, with minimum
tag count set to 1 and maximum ditag length set to
28 bp, whereas other parameters were set as default.
The results were analysed with the help of the tools
developed by Hyper and Hypo-expressed Genes (H2G)
software (http://gdm.fmrp.usp.br/tools_bit.php) and
short tags that exhibited at least a twofold change
were selected (http://cgap.nci.nih.gov/SAGE/Anatomic
Viewer). H2G is a bioinformatics tool designed
to select over- and down-regulated genes from
SAGE datasets and to evaluate differences in gene
expression.

quantitative real-time polymerase chain

reaction

Real-time quantification was performed in duplicate
using a Primer Express designed TaqMan assay for
ANXA1. To normalize sample loading, the differences of
threshold cycles (DCt) were derived by subtracting the
Ct value for the internal reference (GAPDH) from the Ct
values of the evaluated genes. The relative fold value
was obtained by the formula 2)DDCt using the median
DCt value of surgical margin samples as a reference,
and DDCt was calculated by subtracting the reference
DCt from the DCt values of the tumour samples.
Expression of all samples was measured in a single plate
for each gene evaluated. Kruskal–Wallis with Dunn’s
post test was performed using Prism 4 (GraphPad
Software, Inc., San Diego, CA, USA; http://www.
graphpad.com).
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immunohistochemistry

Immunohistochemical analyses were performed using
the conventional protocol. Sections from representative
formalin-fixed paraffin-embedded samples were immuno-
stained with a monoclonal antibody to ANXA1, with
amplification by the streptavidin–peroxidase method.
Briefly, after deparaffinization in xylene and rehydra-
tion in graded ethanol, antigen epitope retrieval was
performed using 10 mM citric acid solution, pH 6.0 in
a pressure cooker. Endogenous peroxidase activity was
blocked with 6% hydrogen peroxide for 20 min.

Primary mouse anti-annexin 1 monoclonal antibody
(clone 29, code no. 610067, BD Transduction Labora-

tories, San Diego, CA, USA), diluted 1:4000, was
incubated for 30 min at 37�C followed by overnight
incubation at 4�C, and then by addition of biotinylated
antimouse secondary antibody and streptavidin–horse-
radish peroxidase (LSAB+, code no. k0690; Dako,
Carpinteria, CA, USA).

The reaction product was developed by 3,3¢-diamino-
benzidine and H2O2 and counterstaining was per-
formed with Harris haematoxylin. The primary
antibody was omitted for negative controls and endo-
thelial cells of tonsil were used as positive control.
Immunoexpression of ANXA1 was assessed indepen-
dently in the nucleus, cytoplasm and membrane and
graded subjectively as 0 (no evidence of immunoreac-

Table 1. List of the 20 most abundant tags in laryngeal tumour serial analysis of gene expression (SAGE) libraries and 20 most
abundant tags in non-neoplastic SAGE library

Most abundant tags in laryngeal tumour Most abundant tags in non-neoplastic laryngeal tissue

Tags No. Unigene Gene symbol Tags No. Unigene Gene symbol

TACCTGCAGA 3907 Hs.416073 S100A8 TACCTGCAGA 3948 Hs.416073 S100A8

GAAATAAAGC 2124 Hs.413826 IGHG3 GTGGCCACGG 3758 Hs.112405 S100A9

GTGGCCACGG 1515 Hs.112405 S100A9 TTTCCTGCTC 1845 Hs.139322 SPRR3

GTTGTGGTTA 1278 Hs.48516 B2M AGAAAGATGT 1337 Hs.78225 ANXA1

TAAACCAAAT 1063 Hs.105924 DEFB4 AAAGCGGGGC 823 Hs.74070 KRT13

CTTCCTTGCC 915 Hs.2785 KRT17 GGGCTGGGGT 729 Hs.430207 RPL29

CCCATCGTCC 792 Hs.193989 TARDBP ATCCTTGCTG 728 Hs.412999 CSTA

TTTCCTGCTC 706 Hs.139322 SPRR3 GCATAATAGG 596 Hs.458236 LOC352870

CTGGGTTAAT 647 Hs.298262 RPS19 CCCATCGTCC 559 Hs.193989 TARDBP

GATCTCTTGG 621 Hs.38991 S100A2 GAGGGAGTTT 556 Hs.76064 RPL27A

GAGATAAATG 593 Hs.3185 LY6D GGCAGAGAAG 531 Hs.3235 KRT4

GGGCTGGGGT 575 Hs.430207 RPL29 GGATTTGGCC 527 Hs.302588 EST

CGCCGACGAT 552 Hs.265827 IFI6 GAAATAAAGC 499 Hs.413826 IGHG3

CCTAGCTGGA 509 Hs.401787 PPIA GATCTCTTGG 498 Hs.38991 S100A2

TAGGTTGTCT 476 Hs.401448 TPT1 TAGGTTGTCT 483 Hs.401448 TPT1

AAAAAAAAAA 466 Hs.0 No unigene
cluster

GTGGAAGACG 468 Hs.80395 MAL

GGATTTGGCC 454 Hs.302588 EST GGCAAGCCCC 368 Hs.425293 RPL10A

AAAGCACAAG 446 Hs.367762 KRT6A TGGGGAGAGG 347 Hs.288998 S100A14

GAGGGAGTTT 399 Hs.76064 RPL27A CTCCCCCAAG 341 Hs.366 MGC27165

GCATAATAGG 361 Hs.458236 LOC352870 TGCACGTTTT 323 Hs.169793 RPL32
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tivity), grades 1 (5–25% of positive cells), 2 (26–50%),
3 (51–75%) and 4 (>75% of positive cells). Expression
differences were evaluated between cases showing (a)
negative or grade 1 and (b) grades 2, 3 and 4.

western blot

For Western blot analysis, the antibodies used were
polyclonal anti-ANXA1 diluted 1:1000 (Zymed Labo-
ratories, Cambridge, UK), and monoclonal anti-b-actin
antibody diluted 1:5000 (Sigma-Aldrich, St Louis, MO,
USA). In brief, protein samples (9 lg) were loaded
onto 12% resolving gel with 5% stacking gel
(SDS–polyacrylamide gel electrophoresis) in denaturing
conditions at 130 V for 90 min. The molecular weight
ladder was the PageRuler� Prestained Protein
Ladder (Fermentas Life Sciences, Glen Burnie, MD,
USA).

The proteins were then transferred electrophoreti-
cally (325 mA per blot 70 min; Mini Protean 3 Cell,
BioRad, Hercules, CA, USA) to polyvinylidenefluoride
(PVDF) paper (Immobilon, Millipore, Billerica, MA,
USA) soaked in transfer buffer (25 mM Tris, 0.2 M
glycine) and 20% methanol v ⁄ v. The PVDF mem-
branes were submitted to chromogenic staining using
the Western Breeze kit (Invitrogen). The blots were
then scanned and analysed (Gel Logic HP 2200;
Carestream Health, Rochester, NY, USA).

statist ical analysis

To evaluate if the subcellular ANXA1 expression
pattern was similar in sections from dysplasia, tumour
and metastases from the same individual, different
immunohistochemical results were analysed using non-
parametric unbalanced repeated measures anova.29

Differences in immunohistochemical results were also
analysed using v2 test and Fisher’s exact test with
Bonferroni correction. The association of ANX immuno-
expression with presence or absence of node metastasis
was analysed by v2 and Fisher’s exact test. Statistical
significance was set at P < 0.05.

Results

sage

Approximately 100 000 tags were obtained by
sequencing three SAGE libraries, obtained from two
samples of SCC of the larynx and from a pool of the
corresponding non-neoplastic margins. Excluding
redundancy, this approach identified about 17 000
non-redundant tags in each library. The annotation

was based on two specific tools, SAGEmap (http://
www.ncbi.nlm.nih.gov/SAGE/) and CGAP SAGE Genie
(http://cgap.nci.nih.gov/SAGE). The 20 most abundant
transcripts for each library are listed in Table 1.

quantitative real-time pcr

Based on the normalized tag ratios of tumour ⁄ non-
neoplastic tissues, a set of genes was selected to be
validated by real-time PCR, using the H2G tool. The
results obtained for ANXA1 transcripts in 15 laryngeal
SCCs and eight non-neoplastic margins are shown
in Figure 1. A significant reduction (P < 0.001) of
ANXA1 transcript levels in tumour samples was
observed.

immunological analysis

Immunohistochemical analysis was performed in 241
samples from 95 patients with laryngeal SCC. Of these,
90 patients had cervical lymph node resection and,
thus, had valid pathological information about node
metastasis. The immunohistochemistry for ANXA1 in
nuclei, cytoplasm and membrane of non-tumour,
dysplastic, tumour and metastatic areas of these
laryngeal SCCs is presented in Figure 2.

As depicted in Table 2, ANXA1 was detected in
nuclei of 88.5% of non-neoplastic squamous epithelial
samples, contrasting with only 69.0% of dysplastic
samples, 67.0% of primary carcinomas and 62.5% of
lymph node metastases. Cytoplasmic ANXA1 immuno-
reactivity was detected in 98.7% of normal tissues and
in 93.1, 86.4 and 87.5% of dysplastic, tumour and

10

1

0.1Lo
g 

2–
ΔΔ

 C
t

0.01
Tumour Margin

Tissue

= 0.15

= 0.99

ANXA1

Figure 1. Validation of ANXA1 gene by real-time polymerase chain

reaction (PCR). Quantitative PCR was carried out on 15 squamous

cell carcinoma and eight tumour margin samples. Gene expression

is shown as log 2)DDCt (DDCt ranged from 0.04053 to 0.70222).

Differences between tumour and normal samples were significant

(P < 0.001).
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metastatic areas, respectively. Neoplastic areas exhib-
ited the highest frequency of membranous immuno-
reactivity.

Using v2 test and Fisher’s exact test with Bonferroni
correction (a = 0.05 ⁄ 6 = 0.0083), we performed a
2 · 2 comparison (six different comparisons) of
nuclear, cytoplasmic and membranous ANXA1 expres-
sion among normal, dysplastic, primary tumour and
metastatic areas (Table 3). The results showed signi-
ficantly lower expression in the nucleus and cytoplasm
of tumour compared with normal tissues, as well as
higher expression in the membrane of tumour versus
normal samples. Furthermore, differences in expression
were found in the cytoplasm and membrane when
comparing dysplasia with tumour and tumour with
metastasis.

Statistical analysis of cytoplasmic ANXA1 expres-
sion in normal tissue showed significant differ-
ences (P < 0.05) in relation to dysplastic, tumour
and metastatic tissues considering the dependence
measurements for each patient (Table 4). Significant
differences in cytoplasmic immunoreactivity were also
observed between dysplasia and tumour or metastasis
and between tumour and metastasis. Membranous and
nuclear reactivity were similar between normal and
tumour areas and between dysplasia and metastasis,
but significantly different in dysplasia or metastasis
compared with normal or tumour tissues.

The loss of immunoexpression of ANXA1 was not
predictive for the presence of lymph node metastasis.

The odds ratios (OR) of having node metastasis in the
group showing ANXA1 loss in any subcellular local-
ization relative to the OR of having no metastasis
were 0.549 [P = 0.196; confidence interval (CI)
0.22, 1.37], 0.44 (P = 0.309; CI 0.11, 1.69) and
0.63 (P = 0.329; CI 0.25, 1.60) for nuclear, cytoplas-
mic and membranous ANXA1 immunoreactivity,
respectively.

The results of Western blot for ANXA1 expression
in 16 samples were quantified and normalized against
b-actin. The data were consistent with the immuno-
histochemical study and showed higher levels of ANX
in most surgical margins than in tumours (Figure 3).
In all samples, the uncleaved protein (37 kDa) and two
cleaved fragments (approximately 33 and 35 kDa)
were observed. Pathological features as well as Western
blot and immunohistochemistry results are summa-
rized in Table 5.

Discussion

By using SAGE, we observed a significant reduction in
gene expression of ANXA1 in laryngeal SCC. In
addition, by immunohistochemistry on a different set
of samples, we also detected decreased immunoexpres-
sion of ANXA1 in the nucleus and cytoplasm of
dysplastic, primary tumour and metastatic lymph node
cells of larynx compared with normal tissue. The
decreased expression of the protein was observed not in
all, but in a significant proportion of cases.

Table 2. Frequency of
nuclear, cytoplasmic and
membranous immunoreac-
tivity of ANXA1 in normal,
dysplastic, primary tumour
and metastatic cells from
95 patients with laryngeal
squamous cell carcinoma

Immunohistochemical
reactivity

Normal tissue
Dysplastic
cells Tumour Metastasis

n % n % n % n %

Nucleus
Negative 9 11.5 9 31.0 29 33.0 9 37.5

Positive P < 0.001 69 88.5 20 69.0 59 67.0 15 62.5

Cytoplasm
Negative 1 1.3 2 6.9 12 13.6 3 12.5

Positive P < 0.001 77 98.7 27 93.1 76 86.4 21 87.5

Membrane
Negative 36 46.2 14 48.3 28 31.8 11 45.8

Positive P < 0.001 42 53.8 15 51.7 60 68.2 13 54.2

Total 78 100.0 29 100.0 88 100.0 24 100.0

Figure 2. Immunohistochemical features of laryngeal squamous cells. Non-tumoural areas (A,B) strongly express ANXA1 in nuclei,

cytoplasm and membrane. ANXA1 expression is lower in dysplastic areas (C,D), tumoural samples (E,F) and in metastatic areas (G,H), especially

in nuclei and in cytoplasm (A,C,E,G, H&E; B,D,F,H, annexin A1, LSAB).
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SAGE is a high-throughput technique that allows
measurement of expression levels of a large number of
transcripts. Although SAGE is a very powerful method
for detecting both known and unknown transcripts, it
usually requires independent confirmation at protein
level. For this reason, we used Western blot and
immunohistochemistry to validate changes in ANXA1
expression. Similar to SAGE, Western blot requires
unfixed tissue, but in contrast to immunohistochemis-
try, reveals no details of topography or subcellu-
lar expression. Therefore, immunohistochemistry was
a good choice for visualizing pathological features,

semiquantitatively measuring expression of ANX and
evaluating its localization.

The loss of ANXA1 protein immunoexpression was
found herein as an early event in head and neck
oncogenesis, detected in the pre-invasive stages. This
important finding confirms and extends previous stud-
ies of Garcia Pedrero and collaborators,23 who observed
down-regulation of ANXA1 in 11 out of 16 laryngeal
carcinomas. Those authors also reported lower
immunoexpression of ANXA1 in eight dysplastic
lesions of the head and neck, although no information
was provided regarding the sites of these lesions.
Vishwanatha and collaborators30 found loss of anti-
inflammatory activity of ANXA1 and up-regulation
of proinflammatory cyclooxygenase-2 in oral cells
exposed to smokeless tobacco, thus proposing that the
dual effect of these regulatory events might lead the
cells down the carcinogenic pathway. Silistino-Souza
and collaborators26 have also shown down-regulation
of ANXA1 expression in the nucleus and cytoplasm
of surgical tissue specimens from 20 patients with
laryngeal cancer and a significant increase of the
protein in the cytoplasmic granules and nuclei of
tumour and peritumoral mast cells. These authors
suggested that tumour cells could recruit and activate
mast cells to release biological mediators, which may
alter the microenvironment and promote or inhibit
tumour growth. Taken together, these findings may
provide an important link between inflammatory
mediators and carcinogenesis in HNSCCs, since tobacco
consumption is the commonest aetiological risk fac-
tor for the development of these tumours31 and
hyperproliferation of head and neck squamous cells
is nearly always found in the context of chronic
inflammation.

An important discrepancy between our findings and
those of Garcia Pedrero and collaborators23 is that, in
the present study, down-regulation of ANXA1 was not
predictive for lymph node metastases. In keeping with
the fact that ANX down-regulation is an early event
and possibly not strictly related to progression, this
result might be site-dependent, since our study was
focused specifically on laryngeal SCCs.

The reduced ANX expression in HNSCC as well as in
other tumours may be explained by DNA mutations,
post-transcriptional ⁄ post-translational events or by
regulatory mechanisms. Loss of heterozygosity in the
9q12-q21.2 region has been described in HNSCC32 and
may affect the promoter or the coding sequence of the
ANXA1 gene. Otherwise, alterations at RNA level or
epigenetic mechanisms are probably uncommon and
have not been described. Post-translational events such
as ANXA1 phosphorylation are of interest, especially

Table 4. Comparison of nuclear, cytoplasmic and membra-
nous ANXA1 immunoexpression among normal, dysplastic,
primary tumour and metastatic cells from 95 patients with
laryngeal squamous cell carcinoma

Areas

P-value*

Nucleus Cytoplasm Membrane

Normal · dysplasia <0.0001 <0.0001 <0.0001

Normal · tumour 0.0589 0.0035 0.1105

Normal · metastasis <0.0001 <0.0001 <0.0001

Dysplasia · tumour <0.0001 <0.0001 <0.0001

Dysplasia · metastasis 0.1554 0.0216 0.1784

Tumour · metastasis <0.0001 <0.0001 <0.0001

P-values were calculated considering non-parametric unbal-
anced repeated measures ANOVA.

Table 3. Results of a 2 · 2 comparison of nuclear, cytoplas-
mic and membranous ANXA1 expression among normal,
dysplastic, primary tumour and metastatic cells from 95
patients with laryngeal squamous cell carcinoma

Areas

P-value

Nucleus Cytoplasm Membrane

Normal · dysplasia 0.038** 0.178** 0.845*

Normal · tumour 0.002* <0.001* <0.001*

Normal · metastasis 0.011** 0.040** 0.978

Dysplasia · tumour 0.937* 0.006* <0.001*

Dysplasia · metastasis 0.621* 0.649** 0.859*

Tumour · metastasis 0.600* 0.049* 0.001**

*v2 test. **v2 and Fisher’s exact test with Bonferroni
correction (a = 0.05 ⁄ 6 = 0.0083).
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because annexin is a substrate of EGFR,2 which is
overexpressed and serves as a tumour growth marker
in HNSCC.33 Phosphorylated ANXA1 is apparently
prone to tryptic cleavage at the N-terminal region and
may be involved, for example, in controlling and
limiting leucocyte emigration into inflamed tissue
through ANXA1 N-terminal peptides.34

By Western blot, we could observe three ANXA1
fragments at almost the same molecular weight, sup-
porting the fact that ANXA1 has three cleavable sites.
Since the annexin N-terminal domain is susceptible to
cleavage, tissue storage conditions or protein extraction
procedures may influence the levels of peptides. How-
ever, the fresh samples of primary laryngeal cancer
analysed in the present study, once collected, were
immediately snap-frozen and stored at )80�C until
protein isolation. Our Western blot results also indicate,
in most cases, a satisfactory correlation with ANXA1
expression data obtained by immunohistochemical
analysis. Differences can be explained by the use of
different antibodies with distinctive binding properties.

Recently, Sakaguchi and collaborators35 have
observed EGF-induced ANXA1 cleavage in normal
human keratinocytes and have shown that phosphor-
ylation of ANXA1 occurs before the cleavage event by
lysosomal enzymes. The authors also showed that this
pathway is constitutively activated in squamous cancer
cells.

Garcia Pedrero,23 Rodrigo25 and collaborators have
detected low ANXA1 expression significantly associ-
ated with parameters of aggressiveness in HNSCCs.
Since immunohistochemical analysis showed strong
positive signals in differentiated areas, whereas poorly
differentiated tumours were commonly found to be
negative; those authors suggested that ANXA1 expres-
sion is in fact linked to epithelial differentiation.

To the best of our knowledge, this is the first study
to assess the intracellular distribution of ANXA1 in a
large set of laryngeal carcinomas, except for the 20
cases in the above-mentioned study of Silistino-Souza
and collaborators.26 The only other study of such
subcompartmentalization that could be found regard-
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Figure 3. Analysis of ANXA1 protein. Representative Western blots illustrating ANXA1 expression in a subset of (A,B) eight laryngeal

squamous cell carcinomas and eight matched non-neoplastic surgical margins by using anti-annexin A1. A, Surgical margins (lanes 1, 3, 5, 7)

and tumour samples (lanes 2, 4, 6, 8) from patients 105, 102, 96 and 136, respectively. B, Surgical margins (lanes 1, 3, 5, 7) and tumour

samples (lanes 2, 4, 6, 8) from patients 35, 31, 19 and 18, respectively. MW, molecular weight marker. Uncleaved ANXA1 (unANXA1): 37 kDa;

cleaved fragment (clANXA1): 33 kDa. b-actin was used as an internal control.
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ing upper aerodigestive tract tumours was from
Liu and collaborators36 in oesophageal carcinomas.
Although those authors did not mention the number of
cases studied, they reported a reduction of ANXA1
immunoexpression on the cell membrane and nucleo-
plasm of neoplastic squamous cells, contrasting with an
increase in nuclear membranous immunofluorescence,
thus suggesting that translocation of ANXA1 from
the cellular to nuclear membrane might be related to
oesophageal oncogenesis. Because of differences in
technique (primary anti-ANXA1 monoclonal antibody:
Santa Cruz Biotechnology Inc., Santa Cruz, CA, USA,
and indirect immunofluorescence versus clone 29, BD
Transduction Labs and streptavidin–biotin LSAB+
Dako) or in the specific organ investigated (larynx
versus oesophagus), we were not able to confirm such
differences in the intracellular pattern of ANXA1
immunoexpression. In fact, we observed differences in
membranous ANXA1 expression (data from Table 4)
between normal and dysplasia (or metastasis), but not
between normal and invasive tumour from the same
individual. Otherwise, applying the v2 and Fisher’s
exact tests, nuclear and cytoplasmic expression were

lower and membranous expression higher in primary
carcinoma compared with normal tissues (data from
Table 3). However, the latter data should be interpreted
with caution since the ANXA1 levels in tissue areas
and subcellular compartments are interdependent
variables.

To explain why membranous ANXA1 expression
does not follow the same pattern as nucleus and
cytoplasmic expression in our laryngeal samples,
a better understanding of the factors influencing
annexin expression dysregulation, translocation and
exportation would be necessary. Also, it would be
important to know if these factors are related to
tumour cell characteristics and activated or inhibited
by chronic inflammation in tumours, which is nearly
always found in HNSCCs. In this respect, discussion
of data on the influence of calcium levels and
protein phosphorylation on ANX trafficking may be
pertinent.

Different annexins are distributed in a diffuse pattern
throughout the cytosol or localized to specific regions
or structures in the cell at low free calcium levels. After
stimulation, each one assumes a distinct position at

Table 5. Pathological features of eight patients with laryngeal squamous cell carcinoma as well as the results of Western blot
and immunohistochemical analysis

Features

Patients

105 102 96 136 35 31 19 18

Surgical margins Tumour
free

Tumour
free

Tumour
free

Tumour
free

Tumour
free

Tumour
free

Tumour
free

Tumour
free

Differentiation Moderate Well Well Moderate Moderate Moderate Moderate

TNM T4N2cM0 T2N1M0 T4N0M0 T4N2bM0 T4N0M0 T4N2cM0 T4N0M0 T4N2bM0

Neural invasion + ) ) ) ) + ) )

Depth of infiltration Invasive Cartilage Cartilage Cartilage Invasive Invasive Invasive Cartilage

Lymphatic infiltration ) ) ) ) ) ) ) )

Vascular infiltration ) + ) ) ) ) ) )

Inflammatory
peritumoral
infiltration

Moderate Weak Weak Weak Moderate Moderate Weak Moderate

Immunoreactivity Tu M Tu M Tu M Tu M Tu M Tu M Tu M Tu M
Nucleus 2 4 2 3 2 4 3 3 1 2 3 3 3 1 3 1

Cytoplasm 3 4 3 4 2 4 4 4 2 4 4 4 3 4 3 2

Membrane 3 1 4 4 3 4 4 2 4 2 3 1 2 2 3 3

Western blot* 1.03 1.48 0.87 1.03 1.02 1.26 1.08 0.93 1.82 1.72 1.12 1.41 1.17 1.32 1.39 1.47

*Relative intensity of the ANXA1 (cleaved and uncleaved protein) signal in Western blot.
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cellular membranes.37 Monastyrskaya and collabora-
tors38 have mapped the calcium-induced transloca-
tions of annexins in live cells and observed that upon
elevation of calcium, ANXA1 becomes associated with
intracellular membranes and the nuclear envelope.
Because changes in calcium levels regulate signal-
ling events, different annexins may allow a spatially
confined, graded response to extra- or intracellular
stimuli.37

Solito and collaborators39 have provided molecular,
microscopic and pharmacological evidence supporting
the view that the trafficking of ANXA1 from the
cytoplasm to the cell surface induced by a proinflam-
matory stimulus is dependent on serine27 phosphory-
lation of ANX, and both phosphoinositide-3–kinase and
mitogen-activated protein kinase are critical to this
event. These kinases are activated in response to
different stimuli, including growth factors and envi-
ronmental stresses, and are involved in various
responses such as cell death, survival, cell motility
and differentiation. In addition, the authors have
suggested that both phosphorylation and lipidation
may contribute to ANXA1 export outside the cell. Since
ANXA1 is related to cell proliferation and differentia-
tion processes, the analysis of post-translation modifi-
cations and subcellular expression may help in
understanding the role of this protein in normal and
pathological conditions.

In summary, translocation of ANX between cellular
compartments in normal cells is affected by calcium
levels, and is dependent on phosphorylation or induced
by glucocorticoids during inflammation.1,39–41 In
tumour cells, calcium levels and other factors may be
impaired and result in abnormal localization of annex-
ins. The explanation for the dysregulation of expression
and translocation of annexins in tumours remains to
be established and may be cause or effect, linked
to inflammation, signal transduction, differentiation,
transport or other cell processes.

The importance of the ANX family is emerging and is
likely to contribute to our understanding of the link
between inflammation, hyperproliferation of epithelial
cells and carcinogenesis. Their role in molecular
pathways2,16,42,43 as well as their clinical implica-
tions,44 are just beginning to emerge in the literature.
However, much information is still lacking and pro-
spective studies, dealing with diagnosis, prognosis and
treatment, are needed.
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Arap SS1, Araújo NSS1, Araújo-Filho V1, Barbieri RB7,
Bandeira CM4, Bastos AU7, Bogossian AP4, Braconi
MA4, Brandão LG1, Brandão RM8, Canto AL4, Car-
mona-Raphe J3, Carvalho-Neto PB7, Casemiro AF7,
Cerione M5, Cernea CR1, Cicco R5, Chagas MJ4, Chedid
H7, Chiappini PBO7, Correia LA7, Costa A9, Costa
ACW7, Cunha BR3, Curioni OA7, Dias THG1, Durazzo
M1, Ferraz AR1, Figueiredo RO9, Fortes CS9, Franzi
SA7, Frizzera APZ3, Gallo J1, Gazito D7, Guimarães
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study of cancer-stroma interactions
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Abstract

Background: The development and progression of cancer depend on its genetic characteristics as well as on the
interactions with its microenvironment. Understanding these interactions may contribute to diagnostic and
prognostic evaluations and to the development of new cancer therapies. Aiming to investigate potential
mechanisms by which the tumor microenvironment might contribute to a cancer phenotype, we evaluated
soluble paracrine factors produced by stromal and neoplastic cells which may influence proliferation and gene and
protein expression.

Methods: The study was carried out on the epithelial cancer cell line (Hep-2) and fibroblasts isolated from a
primary oral cancer. We combined a conditioned-medium technique with subtraction hybridization approach,
quantitative PCR and proteomics, in order to evaluate gene and protein expression influenced by soluble paracrine
factors produced by stromal and neoplastic cells.

Results: We observed that conditioned medium from fibroblast cultures (FCM) inhibited proliferation and induced
apoptosis in Hep-2 cells. In neoplastic cells, 41 genes and 5 proteins exhibited changes in expression levels in
response to FCM and, in fibroblasts, 17 genes and 2 proteins showed down-regulation in response to conditioned
medium from Hep-2 cells (HCM). Nine genes were selected and the expression results of 6 down-regulated genes
(ARID4A, CALR, GNB2L1, RNF10, SQSTM1, USP9X) were validated by real time PCR.

Conclusions: A significant and common denominator in the results was the potential induction of signaling
changes associated with immune or inflammatory response in the absence of a specific protein.

Background
Solid tumors are characterized by the presence of two
major components: neoplastic cells and a specialized
nonmalignant stroma in which they are immersed and
are essential for their survival and proliferation. In carci-
nomas, a basement membrane is usually present
between these components [1,2].
The tumor stroma is distinguished by an enrichment of

microvessel density, abundance of endothelial cells and
precursors, inflammatory cells including lymphocytes,
neutrophils, macrophages, dendritic and mast cells, and a
connective tissue with fibroblasts, myofibroblasts and

histiocytes responsible for remodeling and deposition of
extracellular matrix (ECM) components - fibronectin,
collagens, elastin, and glycosaminoglycans [2-4].
Although these cells are nonmalignant, they have a
unique gene expression pattern, compared to stroma
cells in normal tissues [5,6].
Substantial evidence indicates that the development

and the progression of cancer not only depend on its
genetic characteristics but also on interactions with its
microenvironment [4,7,8]. In fact, tumor cells may alter
the surrounding stroma through direct cell contact or
via the secretion of paracrine soluble factors, inducing
cell differentiation or extracellular matrix modifications
[9]. In it turn, stromal cells may promote cancer pro-
gression and acquisition of invasiveness [10-12]. It is
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possible that such interactions contribute to the neo-
plastic cell phenotype and behavior as observed during
the normal development process and function of organs
and tissues [13,14]. As Albini and Sporn (2008) appro-
priately propose, the microenvironment may be more
than a partner but also an essential component of the
cancer, and both should be considered as a functional
whole [15].
In this context, inflammation and infection have

gained special attention. Well known examples connect-
ing infection-related or -unrelated chronic inflammation
and increased risk for cancer development are described
in the literature [16], and probably more than 15% of
cancers are linked to these factors [17]. TNF-alpha and
NF-�B transcription factor should play a central role in
this process, modulating transcription of genes encoding
angiogenic and growth factors, inflammatory cytokines
and anti-apoptotic proteins [16]. In fact, many inflam-
matory mediators may influence cell proliferation and
tumor development, as demonstrated by our recent stu-
dies on annexin A1 [18-20].
Macrophages represent one of the main inflammatory

regulators in tumor stroma and are responsible for pro-
liferation, invasion and immunosuppressive signaling,
with the production of angiogenic and growth factors,
chemokines, cytokines and matrix metalloproteinases
[21]. The key partners of macrophages in this network
are fibroblasts, the so-called carcinoma-associated fibro-
blasts (CAFs), which significantly increase the growth of
neoplastic or normal cells [22,23] and can enhance
tumor engraftment and metastasis in animal models
[24]. Recently, Hawsawi et al. (2008) [25] observed well-
defined differences in gene expression and proteomic
profiles between activated CAFs and fibroblasts from
normal stroma, emphasizing their importance in the
cancer process.
Regardless of the fact that they are easily identified by

their morphology, specific cellular markers for fibro-
blasts remain unknown, presumably because of their
large diversity [26]. In tumor stroma, fibroblasts present
a phenotype similar to those associated with wound
healing, with a large and euchromatic nucleus and
prominent rough endoplasmic reticulum [27,28]. These
signals mediating the transition of normal to reactive
fibroblasts are still not completely defined.
Many studies have analyzed the role of fibroblasts in

cancer initiation and progression. To address this issue,
several approaches have been used, as co-culture of can-
cer cells and fibroblasts and cultures with conditioned
medium, combined or not with in vivo experiments.
The data have shown that these cells, similar to macro-
phages, overexpress chemokines, interleukines, growth
factors and matrix metalloproteinases, promoting
inflammatory responses and facilitating angiogenesis,

cancer-cell invasion and proliferation [29-31]. In head
and neck cancer, for example, in vitro experiments have
suggested that the presence of fibroblasts is essential for
invasive features either because cancer cells express
higher levels of matrix metalloproteinases in the pre-
sence of fibroblasts [32,33] or because cancer-associated
fibroblasts themselves synthesize these proteins [34,35].
Much of the answer to the question of tumor-stroma

interactions lies in the identity of ligands, receptors and
effectors of signaling patterns expressed by stroma and
tumor cells. Numerous growth factors, cytokines, chemo-
kines, hormones, enzymes and cells responsible for their
expression have been characterized but the cross-signal-
ing between pathways in this complex network is far
from solved [7,36]. Adding complexity to the scenario,
the chemomechanical environment of the extracellular
matrix may also act in concert with signaling pathways
and affect the cancer process [37].
An important perspective in the study of tumor

stroma is the potential use of the gene expression pat-
tern of their cells for diagnostic or prognostic evaluation
and as a target for therapy. Supporting this idea are the
results from studies on outcome prediction and molecu-
lar marker analysis of the stroma [6,38], drugs targeting
inflammatory cells [39] and mediators of angiogenesis
[40,41].
In order to investigate potential mechanisms by which

the tumor microenvironment might contribute to cancer
phenotype, we asked whether soluble paracrine factors
produced by stromal and neoplastic cells in vitro may
influence proliferation, and gene and protein expression.
For these purposes, we exploited purified fibroblasts iso-
lated from a primary oral cancer and an epithelial can-
cer cell line linked by conditioned medium and genomic
and proteomic approaches. Both cells were treated with
the conditioned medium of each other and submitted to
analysis by rapid subtraction hybridization methodology,
two-dimensional electrophoresis and mass spectrometry.
Based on the results of the rapid subtraction hybridiza-
tion (RaSH) approach, a comparative quantitative real-
time PCR was performed to validate the expression of
several genes, focusing on those involved in tumorigen-
esis and inflammation. The results pointed to the parti-
cipation of several inflammatory mechanisms that might
have biological significance in epithelial tumors.

Methods
Primary tumor samples
For conditioned medium experiments, a primary epider-
moid (squamous cell) carcinoma of the retromolar area
was obtained from a 49-year-old male patient, prior to
radiation and/or chemotherapy. Twenty-four laryngeal
and 23 oral tongue squamous cell carcinoma (SCC)
samples from patients undergoing tumor resection were
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used for gene expression analysis. All carcinoma samples
were reviewed by senior pathologists and exhibited the
presence of at least 70% tumor cells; the corresponding
surgical margins were classified to be free of tumor cells.
The study protocol was approved by the National

Committee of Ethics in Research (CONEP 1763/05, 18/
05/2005), and informed consent was obtained from all
patients enrolled.

Epithelial cancer cell line and primary tumor cell cultures
The Hep-2 cell line, originally established from an epider-
moid carcinoma of the larynx (ATCC, Rockville, Mary-
land, USA), was seeded at a density of 1 × 106 cells/mL
per 75 cm2 culture flask (Corning, NY, USA) in medium
MEM-Earle (Cultilab, Campinas, SP, Brazil), pH 7.5,
supplemented with 20% fetal calf serum (Cultilab), 1%
non-essential amino acids, 0.1% antibiotic/antimycotic
(Invitrogen Corporation, Carlsbad, CA, USA), and cul-
tured at 37°C in a humid atmosphere of 5% CO2.
A primary carcinoma of retromolar area sample show-

ing epithelium and adjacent connective tissues was
rinsed multiple times with 100× antibiotic and antimy-
cotic solutions (Invitrogen) and minced into 2-4 mm
fragments. Single-cell suspensions were obtained by
digestion at 37°C for 1 hour with 40 mg/mL collagenase
type I (Sigma Chemical, St Louis, USA). After centrifu-
gation, the cells were washed with PBS, resuspended in
DMEM medium supplemented with 20% fetal calf
serum (Cultilab), 2 mM glutamine (Invitrogen), 1% non-
essential amino acids (Invitrogen), and 0.1% antibiotic/
antimycotic (Invitrogen). The cells were seeded at a
density of 1 × 106 cells/mL per 75 cm2 culture flasks
(Corning) and cultured at 37°C in a humid atmosphere
of 5% CO2. Cell medium was changed at 72 h intervals
until the cells became confluent. Since fibroblasts were
mixed with the epithelial tumor cells at the time of
initial plating, fibroblasts were selected by plating the
cells growing in medium supplemented with 20% serum
for at least 3 weeks [42-44].

Preparation of conditioned medium
Conditioned medium (CM) was prepared from Hep-2
cell or tumor stromal fibroblast cultures showing 80%
confluence. Twenty-four, 48 and 72 hours after medium
replacement, the supernatant or conditioned medium
(CM24, CM48 and CM72, respectively) from three repli-
cas was aspirated and filtered through a 0.22 μm mem-
brane (Millipore) to remove any cell debris and stored
at -80°C. Before using, the CM was diluted 1:1 in com-
plete medium. The dilution 1:1 and CM72 were chosen
to maximize the chance of detecting a cell response to
soluble factors. Optimization experiments showed that
dilutions lower than 1:1 resulted in higher numbers of
dead cells.

Hep-2 cell-conditioned medium is referred to as HCM
and fibroblast-conditioned medium is referred to as
FCM.

Growth curve
Hep-2 cells were seeded at a density of 5 × 104 cells in
plastic 6-well plates in two sets of quadruplicates.
Twenty-four hours later, when cells had already
adhered, Hep-2 cultures were incubated with FCMs.
One replica in each set was treated with self-conditioned
medium and one replica was treated with complete
medium.
Medium was replaced on day 4 and cell morphology

was observed every day. After 1, 3, 5 and 7 days, cells
were harvested and counted using a Neubauer hemocyt-
ometer. The same experiment was repeated twice.

Immunofluorescence analysis
The Hep-2 cell line or tumor stromal fibroblasts were
grown in culture chambers (Nunc, Naperville, IL, USA)
and, after 3 days, the chambers were carefully removed,
and the slides with adherent cells were fixed in 4% par-
aformaldehyde and 0.5% glutaraldehyde, 0.1 mol/L
sodium phosphate buffer, pH 7.4, for 2 hours at 4°C.
The slides were washed in the same buffer and incu-
bated with 0.1% albumin bovine and 3% normal serum
in PBS (PBSA) to block nonspecific binding. The cells
were immunostained with primary mouse monoclonal
antibodies (Ab) anti-vimentin (NCL-VIM-V9, Novocas-
tra, Benton Lane, Newcastle, UK) or anti-cytokeratin
(M3515, antibodies to all types of cytokeratins; AE1-
AE3; Dako, Carpinteria, CA, USA) diluted at 1:200 in
1% PBSA, followed by overnight incubation at 4°C. For
negative controls, the cells were incubated with nonim-
mune mouse serum (1:200 working dilution; Sigma-
Aldrich). After repeated washings in 1% PBS, a goat
anti-mouse IgG (Fc fragment-specific, Dako, Glostrup,
Denmark) antibody conjugated to FITC (1:50; British
BioCell International, Cardiff, UK) was added, followed
by 1 hour incubation at room temperature. Thus, the
cells were washed thoroughly in PBS. Analysis was con-
ducted using an Axioskop 2 light microscope (Zeiss,
GR) equipped with a digital camera. Digital images were
captured by using software AxioVision (Zeiss, GR).

Immunohistochemical analysis
Apoptosis was assayed using AnxA5 staining as
described [45]. Fixed Hep-2 cell line or tumor stromal
fibroblast in slides from culture chambers were incu-
bated with the following reagents: 2.1% sodium citrate
for 30 min at 96°C; 3% hydrogen peroxide for 15 min;
0.1% Tween 20 (Sigma-Aldrich) diluted in 0.4% PBS for
15 min; non-specific binding sites were blocked with
10% albumin bovine (BSA) diluted in TBS (20 mM Tris

Rodrigues-Lisoni et al. BMC Medical Genomics 2010, 3:14
http://www.biomedcentral.com/1755-8794/3/14

Page 3 of 15



buffer in 0.9% NaCl, pH 8.2) for 30 min. The slides were
then incubated overnight with a rabbit polyclonal anti-
body anti-AnxA5 (sc8300, Santa Cruz Biotechnology,
California, USA), diluted 1:200. After repeated washings
in 1% PBSA, a goat anti-rabbit IgG (Fc fragment speci-
fic) antibody conjugated to 5 nm colloidal gold particles
(N24916, Invitrogen) was added. Silver enhancing solu-
tion (L24919, Invitrogen) was used to augment gold par-
ticle staining. At the end of the reaction, cells were
washed thoroughly in distilled water, counterstained
with haematoxylin and examined using an Axioskop2
microscope (ZEISS, GR).

RNA extraction for Rapid Subtraction Hybridization
(RaSH) and real time PCR experiments
Hep-2 cells and stromal fibroblasts were seeded at a
density of 1 × 106 cells/mL per 75 cm2 culture flasks in
complete medium (controls) and in conditioned med-
ium. Hep-2 cells and fibroblasts were cultured for 5 and
3 days, respectively, and harvested by addition of TRIzol
Reagent, following treatment with DNase (Invitrogen).
Total RNA from primary tumor samples was also
extracted using TRIzol Reagent and treated with DNase.
cDNA synthesis was performed using a High Capacity
cDNA Archive kit (Applied Biosystems, Foster City, CA,
USA) as described by the manufacturer.

RaSH
RaSH technique was performed as described by Jiang et
al. (2000) [46]. Aliquots (20 μg) of total RNA from con-
trol cells (driver) or treated cells (tester) were used for
double-stranded cDNA synthesis using standard proto-
cols [47].
The cDNA was digested with MboI (Invitrogen) at

37°C for 3 h followed by phenol/chloroform extraction
and ethanol precipitation. The digested cDNAs were
mixed with the adaptors XPDN-14 5′-CTGATCACTC-
GAGA and XPDN-12 5′-GATCTCTCGAGT (Sigma
Chemical, final concentration 20 μM) in 30 μl of 1×
ligation buffer (Gibco BRL), heated at 55°C for 1 min,
and cooled down to 14°C within 1 h. After adding 3 μl
of T4 DNA ligase (5 U/μl) (Gibco, BRL), ligation was
carried out overnight at 14°C. After phenol/chloroform
extraction and ethanol/glycogen precipitation, the mix-
tures were diluted to 100 μl with TE buffer (10 mM
Tris/1 mM EDTA); 40 μl of the mixtures were used
for PCR amplification.
The PCR mixtures were set up using 10 μM XPDN-18

5′-CTGATCACTCGAGAGATC, 0.4 mM dNTPs, 10 ×
PCR buffer, 1.5 mM MgCl2 and 1U Taq DNA polymer-
ase (Invitrogen). Thermocycler conditions were one
cycle at 72°C for 5 min, followed by 25 cycles of 94°C
for 1 min, 55°C for 1 min, 72°C for 1 min, ending in a
final extension at 72°C for 3 min. Ten μg of purified

PCR product (tester) was digested with 20U XhoI (Invi-
trogen) followed by phenol/chloroform extraction and
ethanol precipitation.
One-hundred nanograms of the tester cDNA were

mixed with 5 μg of the driver cDNA in hybridization
solution (0.5 M Nacl, 50 mM Tris/HCl, SDS2% and 40%
formamide) and, after heating at 95°C, incubated at
42°C for 48 h. After extraction and precipitation, the
hybridization mixture (1 μg) was ligated with XhoI-
digested pZero plasmid and transformed into competent
bacteria. Bacterial colonies were picked and used as
DNA template for PCR. Clones were sequenced using
an automated DNA sequencer and sequence homologies
were searched using the BLAST program [48]. Gene
ontology (GO) annotation was used for the functional
classification of up- and down-regulated genes [49].

Quantitative PCR
For validation experiments, cells were seeded at a den-
sity of 1 × 106 cells/mL per 75 cm2 culture flasks in two
sets of quadruplicates. Twenty-four hours later, when
cells had already adhered, Hep-2 culture replicas were
treated with FCMs and fibroblast cultures were treated
with HCMs. One replica in each set (control) was trea-
ted with self-conditioned medium. Hep-2 cells and
fibroblasts were harvested after 5 and 3 days, respec-
tively, and RNA was extracted as described above.
Nine differentially expressed genes were selected for

validation by quantitative real time PCR experiments
according to their direct or indirect involvement in
tumorigenesis. Their expression was checked in treated
samples relative to matched non-treated samples. One
of these genes (ARID4A) was also selected for quantita-
tive real time PCR validation in fresh tumor samples of
24 laryngeal SCC and in 23 oral tongue SCC relative to
matched normal samples.
The primers were manually designed with: 19-23 bp

length, 30-70% GC content and a short amplicon size
(90-110 bp). Their sequences are available upon request.
Real time PCR was performed in triplicate using a 7500
Fast Real-Time PCR System (Applied Biosystems).
Reaction mixture consisted of a 20 ul volume solution
containing 10 ul of Power SYBR Green PCR Master Mix
(Applied Biosystems), 500 nM of each primer and 100 ng
cDNA. The PCR conditions were 95°C for 10 min
followed by 40 cycles of 95° for 15 s and 60° for 1 min.
Melting curve analysis was performed for each gene to
check the specificity and identity of the RT-PCR products.
For each primer set, the efficiency of the PCR reaction

(linear equation: y = slope + intercept) was measured in
triplicate on serial dilutions of the same cDNA sample.
The PCR efficiency (E) was calculated by the formula
E = [10(-1/slope)] and ranged from 1.96 to 2.02 in the dif-
ferent assays.
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Three control genes (GAPDH, ACTB and TUBA6)
were used as internal standards. The relative expression
ratio (fold change) of the target genes was calculated
according to Pfaffl (2001) [50]. Statistical analysis was
performed by a two-tailed unpaired t test using Graph-
Pad prism software.

Proteomic analysis
Hep-2 cells and stromal fibroblasts were seeded at a den-
sity of 1 × 106 cells/mL per 75 cm2 culture flasks in com-
plete medium and in conditioned medium, as described
for RASH experiments. Hep-2 cells and fibroblasts were
cultured for 5 and 3 days, respectively, and harvested by
centrifugation at 3200 rpm for 5 min at 4°C. Cells were
disrupted by sonication, proteins were isolated and two-
dimensional electrophoresis (2-DE) was performed, as
described by de Marqui et al. (2006) [51]. Briefly, isoelec-
tric focusing was carried out in a IPGphor (GE Health-
care) using 13-cm immobilized pH 3-10 L gradient strips.
Vertical 12.5% SDS-PAGE was performed in a SE 600
Ruby electrophoresis unit (GE Healthcare) and proteins
were detected by Coomassie Blue staining. Differentially
expressed proteins were excised from gel, distained, dried
and in-gel tryptic-digested. Negative and positive control
digests were performed on gel slices that contained no
protein and on slices cut from a band of the molecular
weight marker, respectively.
Samples were analyzed using MALDI Q-TOF (Matrix

Assisted Laser Desorption Ionization - Quadrupole Ion
Filter - Time of Flight) Premier (Waters Corporation,
Milford, MA, USA) mass spectrometer (MS/MS). Dupli-
cate or triplicate runs of each sample were made to
ensure an accurate analysis.
For protein identification, the resulting MS/MS data

were interpreted by MASCOT software (MS/MS Ions
Search) [52] and searched against the Mass Spectrometry
Protein Sequence Database (MSDB). The UniProtKB/
Swiss-Prot [53] database was used for the functional clas-
sification of up- and down- expressed proteins.

Data Handling and Statistical Analysis
Quantification of apoptotic cells was performed with a high
magnification objective (×40) counting cells in 100 μm2

areas and reported as mean ± SEM per group. Densito-
metric analysis for the immunofluorescence staining used
an arbitrary scale ranging from 0 to 255 units. Statistical
differences between groups were determined by analysis of
variance followed, if significant, by the Bonferroni test.

Results
Stromal fibroblasts: selection and immunofluorescence
analysis
Fetal calf serum concentration and culture time pro-
vided a simple method of selecting fibroblasts from a

primary carcinoma of retromolar area. Fibroblast cul-
tures at passage 78 still showed spindle-shaped cells,
which displayed the typical fibroblast markers, weak
cytokeratin and intense vimentin immunoreactivity
in cytoplasm, after immunofluorescence analysis (Figure
1B, E). Staining was obtained with both antibodies (cyto-
keratin and vimentin) in Hep-2 cells (Figure 1C, F). No
labeling was detected in sections incubated with the
control nonimmune mouse serum (Figure 1A, D).
Ultrastructural analysis showed that the stromal fibro-

blasts present large euchromatic nuclei, more granular
endoplasmatic reticulum, mitochondria and nucleoli
than normal fibroblasts (data not shown). Therefore, the
spontaneously immortalized cell line of fibroblasts
retained the characteristics of stromal cells and may cor-
respond to cancer-associated fibroblasts (CAF).

Conditioned medium inhibits proliferation and induces
apoptosis
Growth curves of Hep-2 cells treated with FCM showed
decreased proliferation (Figure 2). Growth inhibition
was observed as early as day 1 and was statistically sig-
nificant (P < 0.05) at day 3 and day 5.
The immunohistochemistry reaction with AnxA5 anti-

body showed the presence of gold particles on the cyto-
plasm of the Hep-2 apoptotic cells (Figure 3). The
AnxA5 immunoreactivity was found more in the apop-
totic process of Hep-2 cells incubated in FCM (56%)
than in cells without the treatment (24%). Apoptotic
cells displayed distinctive morphology, a notable
decrease in the nuclear size, irregular shape and cyto-
plasmic blebbing.

Genes identified using the RaSH approach
A total of 81 clones from the Hep-2 cell line and fibro-
blast libraries were sequenced. In the Hep-2 cell line,
forty-one genes exhibited changes in expression
levels in response to FCM treatment (33 down- and 8
up-regulated) and, in fibroblasts, 17 genes showed
down-regulation in response to HCM treatment. These
genes are involved in response to stimulus, apoptosis,
cell proliferation and differentiation, signal transduc-
tion, transcription, translation and transport (Table 1
and 2).

Real-time PCR validation of differentially expressed genes
Nine genes displaying down- (ARID4A, CALR, GNB2L1,
GPNMB, RNF10, SQSTM1, USP9X) or up-regulation
(DAP3, PRDX1) in Hep-2 cells treated with FCM were
selected and the expression data for six down-regulated
genes (ARID4A, CALR, GNB2L1, RNF10, SQSTM1,
USP9X) were confirmed by real time PCR (Figure 4A).
Most results were, therefore, consistent with the RaSH
data.
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ARID4A expression was also analyzed in 24 pairs of
tumor and matched normal tissues from laryngeal squa-
mous cell carcinomas and in 23 pairs of tumor and
matched normal tissues from oral tongue squamous cell
carcinomas. ARID4A mRNA levels were decreased (≥ 2-
fold) in almost half of the squamous cell carcinomas
samples (-1.04 to -6.9-fold change, 23 of 47 samples, i.e.,
49%) and were increased in some of these samples (1.51
to 6.26-fold change, 7 of 47 samples, i.e., 15%) (Figure
4B). In contrast, no differences in transcript levels were
observed between 17 of 47 samples (36%) and normal
tissue. Therefore, similarly to the Hep-2 cell line, most

primary head and neck tumors (49%) showed down-
regulation of ARID4A transcripts.
No differences were observed in respect to clinico-

pathological features between samples presenting up-
and down-regulation of ARID4A transcripts (Additional
file 1).

Proteomics approach
Comparison between 2-DE patterns from treated cells
and controls revealed approximately 80 spots with
significant differences in intensity. Seven proteins
(Figure 5) showing expression level changes in response

Figure 1 Immunofluorescence analysis of cytokeratin and vimentin in stromal fibroblasts and Hep-2 cell line. (A and D) Absence of
immunoreactivity in sections incubated with control nonimmune mouse serum. Stromal fibroblasts (B and E) and Hep-2 cell line (C and F) were
positive for vimentin and cytokeratin, respectively. (G): Densitometric analysis of immunofluorescence reaction to vimentin and cytokeratin in
stromal fibroblasts and Hep-2 cell line. Scale bar, 20 μm.
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to CM treatment were identified by MALDI-Q-TOF-MS
mass spectrometry (Additional file 2). Five proteins
(alpha enolase, heterogeneous nuclear ribonucleoprotein
C C1/C2, aldolase A, tubulin beta and glyceraldehyde-3-
phosphate dehydrogenase) were down-regulated in Hep-
2 cell line treated with conditioned medium (FCM72)
and two proteins (vimentin and actin) were underex-
pressed in fibroblasts treated with Hep-2 cell line condi-
tioned medium (HCM72). These proteins are involved
in transcription, growth control, response to stimulus,
RNA processing, glycolysis, cell motion and membrane
trafficking.

Discussion
The molecular crosstalk between neoplastic and the sur-
rounding tissue induces several stromal changes, includ-
ing neoangiogenesis and immune/inflammatory reaction,
as well as new extracellular matrix formation and the
activation of fibroblast-like cells, a process known as
desmoplasia [54], [55]. Initially, the desmoplastic
response was considered a barrier against tumor inva-
sion, but there is growing evidence that desmoplasia is
an unfavorable prognostic factor. For example, Sis et al.
[56] suggested that desmoplastia is related to increased
risks of regional metastases, poorly differentiated

Figure 2 Growth curve of Hep-2 cell line. Hep-2 cells were cultured in complete medium, treated with self-conditioned medium (HCM) or
with conditioned medium from fibroblast cultures (FCM) and collected 1, 3, 5 and 7 days after medium replacement. Data are means ± s.d. of
two independent experiments in duplicates. *P < 0.05. Error bars indicate S.D.

Figure 3 Immunohistochemistry reaction with AnxA5 antibody showed the presence of gold particles on the cytoplasm of apoptotic
cells. Hep-2 cells (A) without treatment and (B) treated with conditioned medium from fibroblast culture (FCM) show AnxA5 immunoreactivity.
Apoptotic cells immunolabeling for AnxA5 can be seen in Hep-2 cells treated with FCM (arrows). Staining with haematoxylin. Scale bar, 20 μm.
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primary tumors and lymphatic and venous invasion in
colorectal carcinoma. Similar results were observed for
head and neck squamous cell carcinomas, which show a
high risk of neck recurrence in presence of a desmoplas-
tic stromal pattern [57].
In the present study, we investigated the influence of

soluble paracrine factors produced in vitro by stromal
cells derived from an oral carcinoma and by a neoplastic
epithelial cell line on proliferation and gene/protein
expression. First, we noted that conditioned medium
from stromal fibroblast cultures inhibited Hep-2 cell
line proliferation and induced apoptosis, suggesting that
factors secreted by fibroblasts include proteins that
interfere in cell growth and death of neoplastic cells. In
addition, using rapid subtraction hybridization and pro-
teomic analysis, we identified gene products generated
by stromal and neoplastic cells that may influence pro-
liferation, differentiation and apoptosis, or drive
response to stimulus.
Down-regulated genes in neoplastic cells treated with

FCM are involved in signal transduction (FAS, SQSTM1,
YWHAZ), transcription (ARID4A, CALR, MYC, PARP1,
RNF10, SQSTM1), translation (AARS, RPLP0, RPS17,
RPS23), apoptosis (CALR, FAS, TPT1, YWHAZ), cell
migration (TMSB4X, GNB2L1), cell cycle and cell prolif-
eration (DYNC1H1, GPNMB, LDOC1, MYC, PSM),

Table 1 Information on biological processes based on
Gene ontology

Biological Process Down-regulated genes

Cell communication

signal transduction FAS, SQSTM1, YWHAZ

Transcription ARID4A, CALR, MYC, PARP1,
RNF10, SQSTM1

Translation AARS, RPLP0, RPS17, RPS23

Apoptosis CALR

induction FAS

anti-apoptosis TPT1, YWHAZ

Cell migration TMSB4X

Cell cycle DYNC1H1, MYC, PSMC6

Cell proliferation

negative regulation GPNMB, LDOC1

positive regulation MYC

Developmental process

epidermis development UGCG

Response to stimulus

defense response

inflammatory response LTA4H

response to stress EIF2AK1, SQSTM1

response to oxidative stress

response to external stimulus EIF2AK1

Transport CALR, NDUFA4, SQSTM1

Metabolic process COX7C, OLA1,

protein metabolic process PARP1, SQSTM1, USP9X

protein modification process GRPEL2, HSP90AB1, PPP2R2A,
PRPF4B, USP48

lipid metabolic process LTA4H, UGCG

DNA repair PARP1

RNA processing PRPF4B, SF3B1

Cellular homeostasis CALR, MYC, RPS17

No classification GNB2L1, RCN1

Up-regulated genes

Transcription ENO1

Translation EIF1, TARS

Apoptosis RTN3

induction DAP3

Cell proliferation PRDX1

negative regulation ENO1

Developmental process

organ development PRDX1

Response to stimulus

response to stress EIF1, RTN3

Metabolic process PRDX1

protein metabolic process

protein modification process P4HB

nucleic acid metabolic process

RNA processing USP39

Top down- and up-regulated genes selected by RaSH in Hep-2 samples
treated with FCM.

Table 2 Information on biological processes based on
Gene Ontology

Biological Process Down-regulated genes

Cell communication

signal transduction S100A6, FN1

Transcription FOSL1

Translation RPL37A, RPL7, RPL19, RPL27A, RPLP0

Apoptosis CTSB

anti-apoptosis TPT1

Cell adhesion FN1

Cell proliferation

positive regulation S100A6, FOSL1

Developmental process

organ development

epidermis development COL1A1

Response to stimulus

defense response FOSL1

response to stress FN1

Transport ERGIC3, STX4

Metabolic process

protein metabolic process CTSB

RNA processing PRPF3

No classification CIZ1, POLE4

Top down-regulated genes selected by RaSH in CAF samples treated with
HCM.
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epidermis development (UGCG), response to stimulus
(EIF2AK1, LTA4H, SQSTM1), transport (CALR,
NDUFA4, SQSTM1) and different metabolic processes
(USP9X). Up-regulated genes are also involved in tran-
scription and translation (ENO1, EIF1, TARS), apoptosis
(DAP3, RTN3), cell proliferation (PRDX1, ENO1), organ
development (PRDX1), response to stress (EIF1, RTN3)
and metabolic processes (PRDX1, P4HB, USP39).

In fibroblasts treated with HCM, the biological pro-
cesses of down-regulated genes include signal transduc-
tion (S100A6, FN1), transcription and translation
(FOSL1, RPL37A, RPL7, RPL19, RPL27A, RPLP0), apop-
tosis (CTSB, TPT1), cell proliferation (S100A6, FOSL1),
epidermis development (COL1A1), response to stimulus
(FN1, FOSL1), transport (ERGIC3, STX4) and protein
and RNA metabolism (CTSB, PRPF3).

Figure 4 Real-time PCR gene expression in a conditioned medium-treated neoplastic cell line and in primary tumors. (A) Expression of
ARID4A, CALR, DAP3, GNB2L1, PRDX1, RNF10, SQSTM1 and USP9X genes in Hep-2 cells treated with conditioned medium from fibroblast cultures.
(B). ARID4A gene expression in 47 laryngeal and oral tongue carcinomas. Relative quantitation of target gene expression for each sample was
calculated according to Pfaffl [50]; GAPDH was used as the internal reference and control sample as the calibrator. Values were Log2 transformed
(y-axis) so that all values below -1 indicate down-regulation in gene expression while values above 1 represent up-regulation in tumor samples
compared to normal samples.
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Figure 5 Enlarged 2-DE gels of proteins from conditioned medium-treated Hep-2 cells and stromal fibroblasts. Five proteins (arrows),
tubulin beta (A-B), alpha enolase (C-D), aldolase A (E-F), glyceraldehyde-3-phosphate dehydrogenase (G-H) and heterogeneous nuclear
ribonucleoprotein C (I-J) were down-regulated in Hep-2 cell line treated with fibroblast conditioned medium (A, C, E, G and I) and two proteins
(K-L), vimentin (arrow on left) and actin (arrow on right), were underexpressed in fibroblasts treated with Hep-2 cell line conditioned medium (K).
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Two genes exhibited similar patterns in both cells
(RPLP0, TPT1), which may indicate that the transcript
levels are affected by soluble paracrine factors produced
by either fibroblasts or neoplastic cells or by other in
vitro conditions. Therefore, they may not be specific to
interactions between stroma and tumor.
After literature analysis, nine genes (ARID4A, CALR,

GNB2L1, GPNMB, RNF10, SQSTM1, USP9X, PRDX1
and DAP3) showing potential involvement in signaling
cascades related to tumorigenesis and/or stromal/tumor
cell interactions were selected for validation by real-time
RT-PCR using treated and non-treated cell lines. For six
genes (ARID4A, CALR, GNB2L1, RNF10, SQSTM1,
USP9X), the results were consistent with the RASH
data. In almost half of the primary tumors analyzed,
ARID4A transcripts also showed down-regulation,
although no correlation with clinicopathological features
was detected. These findings in primary tumors should
reflect the complex network of a multi-cellular tissue, a
situation contrasting with that of a neoplastic cell line
cultured in medium conditioned by fibroblasts.
The product of ARID4A - AT rich interactive domain

4A (RBP1-like) - also known as RBP1 or RBBP1 gene,
interacts with the tumor suppressor retinoblastoma
(pRB) and histone-modifying complexes, repressing pro-
moters of specific genes [58]. Röhl et al. [59] detected
several genes, including ARID4A, overexpressed in astro-
cytes treated with medium conditioned by activated
microglia, which protected them against stress condi-
tions. Recently, Wu et al. [60] showed that Arid4a-defi-
cient mice exhibit down-regulation of several homeobox
genes and of the forkhead box gene Foxp3, which codes
a transcription factor involved in the development and
function of regulatory T cells [61]. These mice also
show bone marrow failure with myelofibrosis and higher
frequencies of hematologic malignancies, providing evi-
dence that ARID4A functions as a tumor suppressor
gene and its absence is permissive for the proliferation
of connective tissue elements. The study of Perez et al.
[62] added data on the role of this gene in cancer.
These authors detected increased mRNA levels of
ARID4A and RB1 in normal human epidermal keratino-
cytes treated with arsenic and benzo [a]pyrene in vitro.
Since these chemicals alter proliferation and inhibit dif-
ferentiation of keratinocytes [63-65], the findings may
indicate that up-regulation of ARID4A is negatively
related to epithelial differentiation. Therefore, the poten-
tial modulation of this gene by paracrine factors pro-
duced by stromal fibroblasts may represent an attempt
to promote differentiation of neoplastic epithelial cells
and, at the same time, their proliferation.
Calreticulin (coded by CALR or CRT gene) is a cal-

cium-binding protein of the endoplasmic reticulum with
intracellular and extracellular functions related to

cellular adhesion, migration, and phagocytosis [66]. Cal-
reticulin can be observed on the surface of stressed cells
and, when bound to the plasma membrane of apoptotic
cells, drives the phagocytosis by macrophages and den-
dritic cells [67]. In absence of this protein, the cells are
not efficiently removed by phagocytes [68]. Recently,
Nanney et al. [69] showed that calreticulin stimulates
both migration and proliferation of keratinocytes and
fibroblasts and apparently attracts monocytes and
macrophages, suggesting its involvement in inflamma-
tory response. Otherwise, fibroblasts underexpressing
CARL exhibit weak adhesion and spreading [70].
Accordingly, Kypreou et al. [71] detected a correlation
between calreticulin up-regulation and progression of
fibrosis and also that TGF-beta, a contributing factor in
fibrotic processes, up-regulated calreticulin in cultured
human epithelial cells. In light of the data, we speculate
that the low levels of this protein observed in treated
Hep-2 cells inhibit proliferation, or represent a protec-
tive response of neoplastic cells to phagocytosis and
antitumor immune process.
Guanine nucleotide binding protein (G protein), beta

polypeptide 2-like 1 or Rack1 (coded by GNB2L1 gene)
is a cytosolic protein homologous to the beta subunit of
G proteins, and contains seven WD repeats, which act
as sites for protein-protein interactions. Binding partners
of GNB2L1 include protein kinase C, Src family kinases,
components of the ERK pathway, cytokine and inter-
feron receptors, beta integrins and many others. Many
of these interactions are consistent with the participa-
tion of Rack1 in cell adhesion, movement and growth
[72-75].
Sequestosome 1 or ubiquitin-binding protein p62

(coded by SQSTM1 or p60 or p62 gene) is a 62-kDa
protein that binds to the Src homology 2 (SH2) domain
of p56lck kinase in a phosphotyrosine-independent man-
ner [76]. It has been suggested that p62 is a signaling
adaptor which links different signal transduction path-
ways related to cell proliferation, differentiation and
death, including NF-�B pathway [77-82]. SQSTM1
abnormal expression has been observed in hepatocellu-
lar, prostate and breast cancers [83-85] and is associated
with poor outcomes in breast cancer [86].
Another gene down-regulated by fibroblast-condi-

tioned medium is USP9X (ubiquitin specific peptidase 9,
X-linked), also known as DFFRX, FAF or FAM. This
gene is a member of the peptidase C19 family and
encodes a protein similar to ubiquitin-specific proteases
(USPs). These proteases regulate the production and
recycling of ubiquitin and are critically involved in the
control of cell growth, differentiation, and apoptosis
[87]. Alteration of USPs may play an important role in
the pathogenesis of cancer [88] and may exert distinct
growth regulatory activities by acting as oncoproteins or
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tumor suppressor proteins. Overexpression of certain
USPs correlates with progression towards a more malig-
nant phenotype in carcinoma of lung, kidney, breast and
prostate [89,90].
RNF10 (ring finger protein 10) is the least known gene

selected for validation. The product contains a ring fin-
ger motif, which is involved in protein-protein interac-
tions and has been described in proteins implicated in
many cellular processes such as signal transduction,
transcriptional regulation, ubiquination, and apoptosis
[91,92].
With respect to proteomic analysis, few differences

(mostly quantitative) between treated and non-treated
cells were detected. Among the proteins differentially
expressed, alpha-enolase, heterogeneous nuclear ribonu-
cleoprotein C C1/C2, aldolase A, tubulin beta and gly-
ceraldehyde-3-phosphate dehydrogenase were down-
regulated in neoplastic cells treated with FCM and
vimentin and actin were down-regulated in fibroblasts
treated with HCM. These proteins, produced by neo-
plastic cells or fibroblasts, may affect tumorigenesis. For
example, the glycolytic enzyme alpha-enolase and its
enzymatically inactive isoform MBP-1 (c-myc promoter
binding protein 1) are negative regulators for MYC
expression [93,94]. MYC is one of the most frequently
de-regulated oncogenes in cancer [95] and, in the
absence of both enzymes, may become activated and
accelerate tumor growth. Contrary to RaSH results,
alpha enolase protein was observed underexpressed by
proteomic analysis in treated Hep-2 cells, which may
indicate a nonspecific finding or a post-transcriptional/
posttranslational regulation of the RNA/enzyme.

Conclusions
Fibroblasts, as other cells in tumor microenvironments,
need to maintain close communication with cancer
cells, promoting proliferation, recruitment of inflamma-
tory cells and acquisition of invasive characteristics.
Similarly, cancer cells may influence stromal cells to
generate a favorable and supportive environment, which
would supply them with nutrients and factors necessary
for developing the tumor and spreading of metastasis. In
the present study, we observed both positive and nega-
tive effects exerted by fibroblasts on Hep-2 cells, favor-
ing or not the former. A significant and common
denominator in the results was the potential induction
of signaling changes associated with immune or inflam-
matory response in the absence of a specific protein. In
fact, ARID4A down-regulation is related to low levels of
the transcript factor Foxp3 [60], which in turn is linked
to immune responsiveness by targeting NF-�B and
CREB pathways [96]. The final effect is the inhibition of
the inflammatory response and the cost is a permissive
sign for fibroblast proliferation [60]. Down-regulation of

CARL also blocks the inflammatory response but has
negative effects on stroma growth [69]. In presence of
low levels of Rack1, again a deficient or altered inflam-
matory response may occur since Rack1 underexpres-
sion has already been related to the deregulation of
cytokine production [97]. Similar results have been
observed in p62-deficient mice, which exhibit abnormal
control of NF-�B activation and reduced inflammation
in experimental conditions [98]. The opposite effect is
expected for osteoactivin underexpression because this
protein has been observed as a negative regulator of
macrophage inflammatory responses [99].
The complexity of the tumor microenvironment is

immense and much information is still necessary for
better understanding how the relationship between
stroma and carcinoma cells can be used for diagnostic
and prognostic evaluation and a target for therapy.

Additional file 1: Clinicopathological features of 24 patients with
larynx SCC and of 23 patients with tongue SCC.

Additional file 2: Underexpressed proteins in Hep-2 cells and
fibroblasts treated with conditioned medium from fibroblasts (FCM)
and Hep-2 (HCM), respectively.
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Abstract 

 

The prediction of tumor behavior for patients with oral squamous cell carcinomas 

(OSCCs) still represents a challenge for clinicians and researchers. The presence of 

regional lymph node metastasis is their most important prognostic factor but is limited in 

predicting local recidive or survival. In addition, early metastatic disease is often missed 

by clinical, histological and radiological analysis. This emphasizes the need for 

identifying biomarkers which may effectively contribute to early diagnosis and 

prediction of tumor progression. 

In this study, we used one- and two-dimensional electrophoresis, fluorescent two-

dimensional differential in-gel electrophoresis, mass spectrometry, Western blot and 

immunohistochemistry to analyze protein expression in OSCCs from different anatomic 

subsites and their matched adjacent normal mucosa. Firstly, we investigated the protein 

expression profile in the context of a known prognosticator, namely, the presence of 

neoplastic cells in regional lymph nodes. Using a refinement for classifying OSCCs in 

regard to prognosis, we also grouped small but already metastatic and large non-

metastatic tumors. 

Compared to the data obtained with the traditional classification, similar but not 

identical protein patterns were observed. The results indicate that tumor size is important 

to improve the distinction between polar TNM groups - aggressive and less-aggressive 

tumors - and some differences may have prognostic impact. 



1 Introduction 

 

Many recent advances in the area of cancer biology have occurred as a result of the 

use of high-throughput approaches. Large-scale analysis of transcripts and proteins has 

shed light on different aspects of tumorigenesis and provided exceptional opportunities 

for the identification of novel molecular targets for drug development. In this scenario, 

there is no doubt that DNA microarray, serial analysis of gene expression (SAGE), and 

more recently, deep-sequencing technologies have contributed with a huge amount of 

data on cancer gene expression. However, transcriptional profiling suffers from the 

susceptibility of RNA to degradation and from the lack of agreement between RNA and 

protein contents [1]. In fact, for valid conclusions on the functional meaning of a 

transcriptional pattern, data on the levels of the corresponding proteins are generally 

decisive. Moreover, post-translational modifications, protein-protein interaction, cellular 

trafficking and degradation, which modulate protein activity and function, are important 

information missed by mRNA expression analysis [2]. 

Global protein analysis is, therefore, crucial for defining the molecular profile of 

cancer. Two major technologies are well known in proteomics analysis, two-dimensional 

gel electrophoresis (2-DE) and mass spectrometry (MS), which are applied for protein 

separation and identification, respectively. In the last years, several technical advances 

have been incorporated into these methodologies improving their efficiency and 

accuracy. Fluorescent 2-D differential in-gel electrophoresis (2-D DIGE), for example, 

is a more recent high-throughput version of 2-DE and permits the analysis of two protein 

samples on the same gel, reducing gel-to-gel variation [3]. MS-based proteomics has 

also evolved (reviewed by [2]), using multidimensional protein fractionation to increase 

coverage [4], new tools to analyze posttranslational modifications (reviewed by [5]), 

affinity purification-MS to evaluate interactions between proteins [6], or combining 

liquid chromatography separation - tandem MS (LC-MS/MS) with quantitative and 

semi-quantitative methods to measure relative and absolute protein abundance [7, 8]. In 

addition, multiplexed immunoassays have been developed for simultaneously screening 

multiple protein biomarkers [9]. 

Although facing limitations in terms of proteome coverage and time-consuming 

tasks, proteomics analysis has been employed to study a wide variety of tumors (or body 



fluids), such as breast [10-13], bladder [14-17], kidney [18-21], liver [22-25], lung [26-

29], prostate [30-33], esophageal [34-36] and head and neck cancer [37-46]. 

In head and neck tumors, several proteomic data have suggested that protein 

profile may be of diagnostic and predictive value [43, 47-49], including in the early 

phases of the disease [46, 50, 51]. Early diagnostic and prognostic markers are especially 

important for these tumors, since, in their initial stages, the patients exhibit few 

symptoms. This fact, added to the lack of efficient screening methods, results in 

diagnosis delay and high mortality rates. 

Head and neck carcinomas are heterogeneous with regard to anatomic sites, 

clinical presentations and outcomes [52, 53]. Among them, oral squamous cell 

carcinoma (OSCC) is one of the more common types, with approximately 270,000 new 

cases in the world per year [54, 55], most related to tobacco and alcohol use [56-58]. 

Recently, human papillomavirus has also been identified as a causal factor and this 

association is especially strong for oropharyngeal cancers and for non-smokers and non-

drinkers but weakest for cancers of oral cavity and larynx [59, 60]. 

The presence of regional lymph node metastasis is still the most important 

prognostic factor in oral cancer, similar to other head and neck tumors [61]. However, 

early metastatic disease is often missed by clinical, histological and radiological analysis 

[62, 63]. This emphasizes the need for identifying early detection biomarkers, which 

may help to understand the tumor behavior and to increase survival rates. 

In this study, we used one- and two-dimensional electrophoresis, fluorescent two-

dimensional differential in-gel electrophoresis and mass spectrometry technologies to 

analyze protein expression in OSCCs from different anatomic subsites and their matched 

adjacent normal mucosa. Firstly, we investigated the protein expression profile in the 

context of a known prognosticator, namely, the presence of neoplastic cells in regional 

lymph nodes, independently of the tumor size as usually done for head and neck 

carcinomas. Using a refinement for classifying oral carcinomas in regard to prognosis, 

we also grouped small but already metastatic and large non-metastatic tumors. The 

rationale for this exploratory classification is the fact that standard criteria, as discussed 

for staging system by Patel and Shah [64], are
 
limited in predicting local recidive or 

survival.  

 



2 Materials and methods 

 

2.1 Patients and specimens 

Two hundred forty-five surgical specimens of primary OSCC and adjacent normal 

mucosa were obtained from a total of 141 patients with surgically resected carcinoma at 

Hospital do Câncer Arnaldo Vieira de Carvalho, Hospital das Clínicas and Hospital 

Heliópolis, São Paulo, SP, Brazil between 2000 and 2006. None of the patients had 

received preoperative radiation or chemotherapy. The samples were collected by the 

Head and Neck Genome Project (GENCAPO), a collaborative consortium with more 

than 50 researchers from 9 institutions in São Paulo State, Brazil, whose aim is to 

develop clinical, genetic and epidemiological analysis of head and neck squamous cell 

carcinomas. 

Immediately after surgery, the specimen was cut in two, one part was snap-frozen 

and stored in liquid nitrogen and the other part was fixed in formalin for routine 

histopathological examination. Analysis of hematoxylin and eosin-stained sections 

indicated that each tumor sample contained at least 70% tumor cells and the surgical 

margins were “tumor-free”. The total set of samples was derived from six oral subsites 

(C01, C02, C03, C04, C05 and C06) according to the criteria established by the World 

Health Organization (WHO) (http://apps.who.int/classifications/apps/icd/icd10online/). 

The tumors were classified by the Tumor-Node-Metastases (TNM) system [65]. Using a 

refinement for classifying oral carcinomas in regard to prognosis, small but already 

metastatic tumors (T1-2N+) at diagnosis were considered potentially “more-aggressive” 

(MA), and larger but non-metastatic ones (T2-3N0) were considered “less-aggressive” 

(LA). In addition, T3-4N+ and T1,4N0 samples were also used for some analyses. A full 

description of the clinical data, including tumor stage, is provided in Supporting Table 1. 

Global survival was calculated from the date of the first treatment until the date of death 

or last known follow-up. 

The study was approved by the ethics committees of enrolled institutions and by 

the National Committee of Ethics in Research (CONEP 1763/05, 18/05/2005). All 

patients gave their written consent to participate in the study after being informed about 

the research purposes. Pathological procedures were performed according to protocols 

approved by the Brazilian Society of Pathology [66]. 



2.2 Protein extraction 

Proteins were extracted after RNA extraction by TRIzol® Reagent (Invitrogen 

Corp., Carlsbad, CA, USA). Briefly, the organic phase containing DNA and proteins 

was isolated, DNA was precipitated with ethanol and, subsequently, the proteins of 

supernatant fraction were precipitated with isopropyl alcohol. The samples were 

maintained for 10 min at 15 to 30ºC and sedimented at 12,000 g for 10 min at 4ºC. The 

pellets were washed three times with 0.3 M guanidine hydrochloride in 95% ethanol. 

During each wash step, the pellets were maintained in the washing solution for 20 min at 

room temperature and centrifuged at 7,500 g for 5 min at 4ºC. After the last wash, the 

pellets were vortexed in ethanol, stored for 20 min at room temperature and centrifuged 

at 7,500 g for 5 min at 4ºC. The samples were dried for 5 to 10 min and diluted in 1% 

SDS at 50ºC overnight. After centrifugation at 10,000 g for 10 min at 4ºC, the 

supernatants were recovered and protein quantitation was performed using the detergent-

compatible BCA
TM 

Protein Assay Kit (Pierce Biotechnology Inc., Rockford, IL, USA). 

Proteins from a small subgroup of 24 samples were extracted according to the protocol 

previously described by de Marqui et al. [67] and the protein concentration was 

determined by the Bradford method [68]. All protein samples were stored in aliquots at -

80ºC until analysis. 

To minimize individual differences and to enable duplicate analysis of samples 

with limited amount of proteins, one- and two-dimensional electrophoresis experiments 

were performed using pooled samples grouped according to anatomic subsites and TNM 

system. In total, 74 individual samples from smoker patients older than 40 years were 

combined in pools of tumors or surgical margins. The pools were prepared by mixing 

equal amounts of protein from each sample, resulting in a total of 100 and 1500 µg per 

pool for 1-DE and 2-DE gels, respectively. A description of all the pools is presented in 

Supporting Table 2. 

Differently of 2-DE, 2D-DIGE experiments were performed using individual C02 

and C04 samples from tumors T1-2N+ and T3N0 (8 cases each, respectively). To 

overcome experimental variations, internal standards were created combining equal 

amounts of total protein from all 16 samples. The samples were also derived from 

smoker patients older than 40 years. 

 



2.3 One-dimensional electrophoresis (1-DE) 

One pool T1-2N+ and one pool T3N0 combining C02 and C04 tumors and one 

pool with matched surgical margins were separated by one-dimensional 12% 

resolving/5% stacking SDS polyacrylamide gel (PAGE). Under reducing conditions, the 

proteins were denatured at 98ºC for 10 min in 5X loading buffer with DTT, and 100 µg 

of each pool were loaded into the wells. SDS-PAGE was carried out on a vertical 

polyacrylamide gel system (SE 400 Vertical Unit, GE Healthcare, Uppsala, Sweden) at 

130 V. Molecular mass was estimated using low molecular weight standard proteins of 

14.4–97 kDa (LMW Calibration Kit for SDS Electrophoresis, GE Healthcare). Proteins 

were detected by Coomassie Brilliant Blue staining, and the gels were scanned using an 

ImageScanner (GE Healthcare). Each gel lane (from about 10 to 45kD) was cut into 12 

slices of approximately equal size. The slices were destained, dehydrated and digested 

with trypsin (Promega, Madison, WI, USA), as previously described by Højlund et al. 

[69], Lefort et al. [70] and Yi et al. [71]. 

 

2.4 Two-dimensional electrophoresis (2-DE) 

One pool T1-2N+ and one pool T2-3N0 combining C02 and C04 tumors and two 

pools with matched surgical margins were analyzed by 2-DE according to the protocol 

previously described by de Marqui et al. [67], with modifications. In order to 

investigated the protein expression profile in the context of the presence or absence of 

lymph node metastases, independently of the tumor size, we also analyzed one pool T2-

4N+ and one pool T2-4N0 (C02 and C04 tumors) and two pools of their surgical 

margins. In addition, one pool of tumors from another subsite (C01) was analyzed as 

well as their surgical margins (Supporting Table 2). 

Proteins were cleaned using ice-cold acetone 100% and resuspended in rehydration 

solution (8 M urea, 2% w/v CHAPS, 0.3% w/v DTT, 0.5% v/v IPG buffer pH 3-10, 

bromophenol blue trace) to a final volume of 250 µL before loaded onto immobilized 13 

cm linear pH gradient (IPG) strips (pH 3-10, GE Healthcare). Isoelectric focusing (IEF) 

was performed for a total of 26,500 Vh at 20ºC and 50 µA/strip, using an Ettan IPGphor 

Isoelectric Focusing (GE Healthcare). 

IPG strips were equilibrated for 15 min in equilibration solution [6 M urea, 50 mM 

Tris-HCl pH 8.8, 30% v/v glycerol (87% v/v), 2% w/v SDS, bromophenol blue trace] 



containing 1% w/v DTT, followed by incubation for 15 min in the same solution 

containing 2.5% w/v iodoacetamide instead of DTT. IPG strips were sealed on top of 

12.5% SDS-polyacrylamide gels using 0.5% w/v low-melting agarose in SDS running 

buffer with bromophenol blue. Electrophoresis was performed at 15 mA per gel for 30 

min at room temperature, followed by 30 mA per gel for 3-5 h, in a Hoefer SE 600 Ruby 

system (GE Healthcare). All samples were run in duplicate or triplicate to guarantee 

reproducibility. The proteins were visualized by Coomassie Brilliant Blue staining. The 

LMW Calibration Kit (GE Healthcare) was used as a protein standard. 

Gels were scanned using an ImageScanner (GE Healthcare) and the images were 

analyzed using the ImageMaster 2D Elite software (GE Healthcare) for spot detection, 

quantification, and comparative and statistical analysis. Basically, tumor and surgical 

margin groups were created and the gels were matched to a reference gel. Differences in 

protein expression levels were considered as significant when Student’s t test gave a p-

value<0.05 and when spots showed visually different sizes and intensities. 

 

2.5 Fluorescent two-dimensional differential in-gel electrophoresis (2-D DIGE) 

For DIGE experiments, proteins were concentrated using ULTRAFREE® - 0.5 

Centrifugal Filter Device (Biomax Membrane, 5 kDa; Millipore Inc., Billerica, MA, 

USA) and pH was adjusted to 8.5 by adding 50 mM NaOH or 50 mM HCl.  

The samples were labeled with fluorescent cyanine dyes (Cy2, Cy3 or Cy5; GE 

Healthcare), following the manufacturer's recommended protocols. In brief, 1 µL of 400 

µM CyDye was added to 50 µg of each unique protein sample. The mixture of sample 

and dye was vortexed, centrifuged and kept on ice in the dark for 30 min. The reaction 

was quenched by the addition of 10 mM lysine (1 µL). The solution was vortexed, 

centrifuged and left for 10 min on ice in the dark. 

Eight T1-2N+ (MA) and eight T3N0 (LA) tumor samples were labeled with Cy3 or 

Cy5. An internal standard composed of equal amounts of total protein from all 16 

samples was labeled with Cy2. Fifty µg of protein isolated from an individual tumor 

sample labeled with Cy3, 50 µg of protein isolated from another individual tumor 

sample labeled with Cy5, and 50 µg of protein from the internal standard labeled with 

Cy2 were mixed and subjected to 2-DE, according to the experimental design (Table 1). 

Two unlabeled pooled internal
 
standards (each one with 250 µg) were also prepared. 



DeStreak Rehydration Solution (plus 1% v/v IPG buffer pH 3-10; GE Healthcare) 

was added to each mix to a final volume of 150 µL. After vortexed and kept for 15 min 

at room temperature, the samples were applied to an IPG strip (pH 3-10 L, 13 cm; GE 

Healthcare), previously rehydrated overnight with 250 µL DeStreak Buffer (plus 1% v/v 

IPG buffer pH 3-10). 

IEF was performed for a total of 31,000 Vh (at 20ºC, 10 µA/strip) using an Ettan 

IPGphor apparatus (GE Healthcare) and the second-dimension electrophoresis was 

conducted for 30 min at 2 W per gel and then for 3.5 h at 10 W per gel and 10ºC, in an 

Ettan DALT six Electrophoresis System (GE Healthcare). The gels containing unlabeled 

internal
 
standard were stained with Deep Purple Total Protein Stain (GE Healthcare), 

according to manufacturer's instructions. 

DIGE gels were scanned on a Typhoon Trio™ Variable Mode Imager (GE 

Healthcare) at 100 µm resolution. Images were normalized by adjusting the exposure 

times according to the average pixel values observed. Gel analysis was performed using 

DeCyder 2D Software, Version 6.5 (GE Healthcare). Changes detected by CyDye-

stained gel analysis were aligned with Deep Purple-stained gel protein patterns. Spots 

that showed a significant change (p<0.01) in abundance were picked from Deep Purple-

stained gels using an Ettan Spot Picker (GE Healthcare) and identified by mass 

spectrometry. 

 

2.6 Mass spectrometry (MS), protein identification and annotation 

Slices from 1-DE gel and differentially expressed protein spots from 2-DE gels 

were excised manually and digested with trypsin, according to the protocol previously 

described by Cutillas et al. [72] and de Marqui et al. [67], respectively. 

Digested samples from one-dimensional gel were directly analyzed using an 

ElectroSpray Ionization Quadrupole Time of Flight MS/MS system (Q-TOF Ultima 

API; Waters Corporation, Milford, MA, USA). Peptide digest from two-dimensional 

gels were mixed with matrix solution (10 mg/mL α-cyano-4-hydroxycinnamic acid, 

0.1% v/v TFA in 50% v/v ACN) in a 1:1 (v:v) ratio, spotted on a stainless steel sample 

plate and air dried. Mass determinations were performed on a MALDI TOF-TOF 

(Matrix Assisted Laser Desorption Ionization - Time of Flight - Time of Flight) 4700 

Proteomics Analyzer (Applied Biosystems Inc., Foster City, CA, USA) or a MALDI Q-



TOF (Matrix Assisted Laser Desorption Ionization - Quadrupole Ion Trap - Time of 

Flight) Premier (Waters Corporation). Each sample was run in triplicate. 

For protein identification, the data were searched against MSDB (Mass 

Spectrometry Protein Sequence Database) or NCBInr (National Center for 

Biotechnology Information non-redundant); database using Mascot Distiller version 

2.2.1.0 and Mascot Daemon version 2.2.0 (Matrix Science Ltd., London, UK). The 

parameters for spectra acquisition were set up as follows: Homo sapiens taxonomy; 

trypsin enzyme; one missed cleavage site; carbamidomethylation of cysteine and 

oxidation of methionine as modifications; peptide tolerance of 1 or 0.1 Da; MS/MS 

tolerance of 0.1 or 0.8 Da; peptide charge of 1+ or 2+ and 3+; monoisotopic masses; 

Mascot Generic as data format and ESI-QUAD-TOF, MALDI-TOF-TOF or MALDI-

QUAD-TOF instruments. The criteria for positive identification of proteins were: (1) 

individual ion scores at p<0.05, and (2) molecular weights and isoelectric points 

matched to values obtained from image analysis. 

Gene Ontology (GO) annotation (http://www.geneontology.org/) was used to 

assign biological process terms for differentially expressed proteins. 

 

2.7 Immunodetection methods 

One protein displaying down (keratin, type II cytoskeletal 4 or CK-4) was selected 

for validation using immunodetection methods. 

For Western blotting, CK-4 expression was checked in individual samples (19 

pairs of matched tumors and surgical margins plus 5 tumors and 7 surgical margins) 

from different oral subsites (Supporting Table 1). The antibodies used were mouse 

monoclonal antibody against CK-4 (6B10: sc-52321; Santa Cruz Biotechnology Inc., 

Santa Cruz, CA, USA) diluted 1:500, mouse monoclonal anti-α-tubulin (TU-02: sc-

8035; Santa Cruz Biotechnology) diluted 1:500 and mouse monoclonal anti-β-actin 

(Sigma-Aldrich, Saint Louis, MO, USA) diluted 1:5000. Protein samples (9 µg) were 

separated on SDS-PAGE (12% resolving gel with 5% stacking gel) at 130 V for 60 min 

(Mini-Protean 3 Cell; BioRad Inc., Hercules, CA, USA), in denaturing conditions. The 

molecular weight ladders used were the PageRuler™ Prestained Protein Ladder 

(SM0671; Fermentas Life Sciences, Burlington, Ontario, Canada) and the See Blue 

Plus2 Pre-Stained Standard (Invitrogen). 



The proteins were transferred (325 mA for 70 min) to PVDF (Polyvinylidene 

Fluoride) membranes (Immobilon-P; Millipore) using transfer buffer (25 mM Tris, 0.2 

M glycine, 20% v/v methanol) and the Mini-Protean 3 Cell electrophoresis system 

(BioRad). The membranes were submitted to chromogenic staining using the Western 

Breeze Kit (Invitrogen), according to the manufacturer’s protocol. The blots were 

analyzed using Gel Logic HP 2200 imaging system (Carestream Health Inc/Kodak 

Health Group, Rochester, NY, USA) and the levels of CK-4 were normalized against α-

tubulin and β-actin. 

For immunohistochemistry analysis, a tissue microarray (TMA) with 73 primary 

OSCC samples and 66 tissue slides containing archival formalin-fixed, paraffin-

embedded tissue (FFPE) sections of matched non-neoplastic mucosa were used 

(Supporting Table 1). In TMA, one representative tumor area was selected from a 

hematoxylin- and eosin-stained section of a donor block. Four cylinders per patient 

(diameter of 1 mm each) were punched out and arrayed in a recipient paraffin block 

using an arraying device (Beecher Instruments, Silver Spring, MD, USA). Therefore, the 

tissue microarrays contained 292 cores of tumor samples. 

Cytokeratin-4 immunohistochemical analysis of oral tumor samples (Supporting 

Table 1) was performed by a pathologist using conventional protocols [73-77]. Briefly, 

after deparaffinization in xylene and rehydration in graded ethanol, antigen epitope 

retrieval was performed using 10 mM citrate buffer, pH 6.0 in a vapor cooker. 

Endogenous peroxidase activity was blocked with 3% hydrogen peroxide for 15 min. 

Primary mouse anti-CK-4 monoclonal antibody (sc-52321; Santa Cruz Biotechnology 

Inc.), diluted 1:200, was incubated overnight at 8ºC followed by addition of the 

secondary antibody and streptavidin-biotin peroxidase (LSAB+, code k0690, Dako, CA, 

USA). Color of reaction product was developed by 3,3'-diaminobenzidine (DAB, Dako) 

and counterstaining was performed with Harris hematoxylin. 

The primary antibody was omitted for negative controls and a normal prostate 

sample was used as positive control. Immunoexpression of CK-4 was graded 

subjectively as 0 (no evidence of staining), grades 1 (5-25% of positive cells), 2 (26-

50%), 3 (51-75%) and 4 (>75% of positive cells). Intensity of immunoexpression was 

also evaluated semiquantitatively as follows: 0, none; 1, mild; 2, moderate; and 3, 



intense. Cases in which 10% or more of the tumor cells were positively stained with 

anti-CK-4 antibody were considered to be CK-4- positive. 

 

3 Results 

 

3.1 Casuistic information 

Of the 141 patients with oral carcinomas included in the present study, 118 

(83.7%) were male and 23 (16.3%) female, most were older than 50 years (55.5 ± 10.1 

years), smokers or former smokers (94.3%) and/or had a history of chronic alcohol 

(85.8%). Seventy-eight (55.3%) had metastatic (N+) and 63 (44.7%) had non-metastatic 

(N0) carcinomas: 24.8% (35/141) of tumors were classified as “more-aggressive” (T1-

2N+), 35.5% (50/141) as “less-aggressive” (T2-3N0), and 30.5% (43/141), 3.5% (5/141) 

and 5.7% (8/141) of the cases were T3-4N+, T1N0 and T4N0, respectively.  

Global survival for N+ and N0 patients ranged from less than 1 to 76 and 4 to 83 

months, respectively. Considering T1-2N+ and T2-3N0 groups, the global survival 

ranged from 5 to 76 and 4 to 83 months, respectively.  

 

3.2 Protein identification 

With respect to protein profile, comparison of 2-DE between tumor and normal 

tissues and between metastatic/”more-aggressive” and non-metastatic/”less-aggressive” 

samples revealed spots with different expression. Thirty-one proteins were identified by 

mass spectrometry and database searching (Supporting Table 3). Observed and 

calculated molecular weight and pI showed a high correlation, reinforcing the validity of 

the results. Some proteins were present in train spots, suggesting distinctive 

posttranslational modifications or isoforms derived from alternative splicing.  

Over- and under-expressed proteins were observed in tumor tissues compared with 

the surgical margins. Differences between subsites were also detected (Table 2). These 

proteins are involved in different biological processes including apoptosis, cell adhesion, 

motion and proliferation, cell signaling, cytokine production, cytoskeleton organization, 

epithelial cell differentiation, immune and inflammatory response, tissue, organ and 

system development, transcription, translation and transport. “More-aggressive” and 

“less-aggressive” groups exhibited similar but not identical patterns (Table 2). 



Quantitative differences between these groups included higher expression of annexin 

A1, beta-globin, calgranulin-B, creatine kinase M-type, cofilin-1, galectin-7, HSP27, 

glutathione S-transferase P,  myoglobin, serum albumin and superoxide dismutase [Cu-

Zn] in “more-aggressive” ones. Enlarged and representative 2-DE gel images of paired 

protein samples are shown in Figure 1 and Supporting Figures 1, 2 and 3. 

Few differences were also observed in DIGE experiments. Seventeen protein spots 

showed differential expression but only two proteins were identified: creatine kinase M-

type and alpha-enolase, which were respectively over- and under-expressed in “more-

aggressive” tumors compared to “less-aggressive” ones. 

Besides the proteins detected by two-dimensional electrophoresis, ESI-Q-TOF-

MS/MS analysis of pooled samples resolved by 1-DE identified 376 proteins for T1-2N+ 

and 418 for T3N0 tumors, and 284 for surgical margin samples (Supporting Tables 4, 5 

and 6, respectively). Higher number of proteins involved in cell component biogenesis, 

anatomical structure formation and organelle organization were observed in more-

aggressive samples. Otherwise, this group showed a low frequency of proteins involved 

in glycolysis. Normal tissues showed a lower number of proteins related to translational 

elongation and a higher frequency of genes involved in cell surface binding, as 

compared to tumor samples. Several uncharacterized proteins were detected. 

 

3.3 Validation of downregulation of CK-4 by immunodetection assays 

Confirming what was observed in 2-DE, CK-4 immunodetection experiments 

showed consistent differences in expression in cancer samples when compared with the 

normal tissues. In Western blottings, CK-4 showed low levels in 3/4 (75%) “more-

aggressive” and 4/4 (100%) “less-aggressive” tumors compared to surgical margins or in 

15/17 (88.2%) N+ and 5/7 (71.4%) N0 oral carcinomas (Figure 2). The 

immunohistochemical analysis revealed the complete absence of CK-4 expression in 

73/73 tumors (Figure 3).  

 

4 Discussion 

 

In the last decades, many genetic and epigenetic events related to head and neck 

tumorigenesis were described, including inactivation of tumor suppressor p16-INK4a 



and p53 proteins, and activation or overexpression of epidermal growth factor receptor, 

cyclin D and vascular endothelial growth factor. Several of these events have been 

shown to be associated with reduced survival or more-aggressive tumor behavior 

(reviewed by [78]). However, despite enormous efforts and progress over those years, 

relevant markers which may effectively contribute to early diagnosis, prediction of 

tumor progression or personal therapy are not yet available. In fact, traditional 

histopathological criteria, as presence of lymph node metastases, are
 

limited in 

predicting local recidive or survival.  

In the present study, we compared traditional and exploratory parameters for 

classifying oral carcinomas with regard to protein expression profile, using one- and 

two-dimensional electrophoresis, fluorescent two-dimensional differential in-gel 

electrophoresis/2D-DIGE, mass spectrometry, immunodetection techniques, and a large 

set of oral squamous cell carcinoma samples. Differential expression was evaluated 

using pools of small but already metastatic and larger but non-metastatic tumors and 

paired histological normal surgical margins. The patient group was homogeneous in 

relation to age (older than 40 years) and tobacco and alcohol use, therefore, potentially 

presenting similar etiologic factors. The data were also validated in samples from 

different head and neck subsites, independently of tumor size. 

Comparing the protein pattern of oral carcinomas and surgical margins, a 

consistent finding was the absence of cytokeratin 4 in almost all tumor samples, 

confirming the results of previous studies [41, 79, 80]. CK-4 occurs as heterodimers in 

suprabasal layers of non-keratinized tissues such as buccal and soft palate [81]. Because 

it is a marker for squamous differentiation [82], the loss or substitution of CK-4 with 

another cytokeratin may be consequence of the tissue dedifferentiation during the 

oncogenic process. Chung et al. [83] suggested that downregulation of CK-4 in 

esophageal squamous cell carcinoma is an early event.  

Underexpression of CK-4 in tumors may be of limited use in diagnosis but would 

be important if related to aggressiveness. In the present study, no significant differences 

were found between metastatic and non-metastatic tumors. Because CK-4 

immunostaining was detected in two T1N0 tumor samples, it is possible that 

dysregulation of cytokeratins occurs later in tumorigenesis. 



Protein patterns of carcinomas from base of tongue (C01) and from other and 

unspecified parts of tongue (C02) or floor of mouth (C04) were similar in spite that the 

former are typically aggressive whereas C02 and C04 exhibit better prognostic [84]. The 

more striking differences were downregulation of galectin-7 and calgranulin-B in C01 

but not in C02/C04 and may be in part explained by the influences of micro-

environmental factors. 

No qualitative and few quantitative differences in protein expression were 

observed between “more-aggressive” and “less-aggressive” groups, suggesting that the 

boundaries of these groups are not well demarcated. “More-aggressive” tumors, 

although with lower levels than normal samples, exhibited higher expression of creatine 

kinase M-type (M-CK) and myoglobin than “less-aggressive” ones, which may be 

related to larger energy and oxygen demands. Higher levels of annexin A1, beta-globin, 

calgranulin-B, cofilin-1, galectin-7, HSP27, glutathione S-transferase P (GSTP1-1) and 

superoxide dismutase [Cu-Zn] were also observed in “more-aggressive” tumors. In this 

group, under-expression of alpha-enolase was detected only in DIGE experiments. 

As noted by Koehn et al. [85], upregulation of M-CK, GSTP1-1 and HSP27 are 

linked to p53 pathway, which plays an important role in the regulation of the cell cycle 

and apoptosis [86], and is frequently mutated in oral squamous cell carcinomas [87]. The 

transcription of CKM and GSTP1 genes appears to be controlled by the tumor protein 

p53 during muscle differentiation and stress conditions [88-90] and the chaperone 

HSP27 apparently participates in the regulation of cellular senescence by
 
modulating the 

p53 pathway [91]. Therefore, higher levels of these proteins may be related to 

differentiation and apoptosis escape during oral carcinogenesis and provide evidence 

that p53 pathway is prominently involved in “more-aggressive” behavior. 

Increased expression of GSTP1-1 was already observed in oral and other head and 

neck carcinomas [57, 92], specially in higher-grade lesions [93], and associated with 

shorter survival in lung cancer [94], leukemia [95], and lymphomas [96]. Recently, 

GSTP1 was recognized as a downstream target of the epidermal growth factor receptor 

(EGFR) [97], suggesting that the potential relation between higher levels of GSTP1-1 

and aggressiveness may be consequence of the overexpression of EGFR, a marker 

associated with worst overall survival in head and neck carcinomas [98-100] and poor 

prognosis in several cancers [101, 102]. 



High levels of M-CK and HSP27 were also detected in oral carcinomas [37, 57, 58, 

92, 103] but their association with tumor aggressiveness is not clear. In fact, both 

positive and negative correlations between HSP27 expression and survival rates have 

been reported for OSCC [104, 105] although, in other tumors, several studies have 

observed an association of high HSP27 levels with metastasis and short survival [29, 

106-108]. 

A protein pattern favoring metastasis to lymph nodes should be present in the 

“more-aggressive” and shorter survival group defined by the present study. Besides 

GSTP1-1 and HSP27, other differential proteins, such as those acting on inflammation, 

may contribute to this behavior. For example, the inflammatory chemoattractant 

calgranulin B has been implicated in the metastatic process, facilitating the homing of 

tumour cells to pre-metastatic sites [109-111], and was shown to be upregulated in oral 

carcinomas [37]. Annexin A1 appears to be a functional antagonist of chemoattractants 

and inhibits cell migration [112]. This role in mediating antiinflammatory effects may be 

an answer to the influence of calgranulin and other factors on neoplastic cells. 

Otherwise, annexin A1, which is a substrate of EGFR and other coyness involved in 

tumor development [113], was identified as a metastasis-associated protein in a 

proteomic analysis of primary and metastatic cell lines of head and neck carcinomas 

derived from the same patient [114] and is downregulated by the breast cancer 

metastasis suppressor gene BRMS1 [115].  

The cofilin and its regulatory proteins have a central role in the actin filament 

remodeling and are other important factors directly involved in chemotaxis, cell 

migration and metastasis [116, 117]. Although already found upregulated in oral 

carcinomas and saliva from the patients [46, 85, 92, 103, 118], no data is available on 

the predictive role of cofilin regarding the metastatic potential of oral carcinomas. 

Few data are also available on alpha enolase, galectin 7 and superoxide dismutase 

[Cu-Zn] in head and neck tumorigenesis [57, 92, 119], contrary to the most investigated 

galectin 1 and 3 and superoxide dismutase 2, which have been associated with worse 

disease-free survival and metastasis in these tumors [120-124]. Saussez et al. [125] 

observed high levels of galectin 7 in hypopharyngeal tumors showing rapid recurrence 

rates and dismal prognoses whereas Cada et al. [126] did not found an association of this 

protein expression with tumor size or metastasis in head and neck carcinomas from 



different subsites. With respect to alpha enolase, a glycolytic enzyme which can bind to 

c-myc promoter and suppress transcription of c-myc oncogene [127], Chang et al. [128] 

observed that patients with lung tumors and reduced enolase-alpha expression had a 

significantly poorer overall survival.  

The results of the present study reinforce the idea that it is not an individual protein 

but one or more pathways which are responsible for the aggressive phenotype. The next 

years will certainly bring new information to complete the picture on the determinants of 

the oral carcinoma behavior. 

To our knowledge, this is the first proteomic study of oral carcinomas which 

compares a known prognosticator, namely, the presence of neoplastic cells in regional 

lymph nodes independently of the tumor size, and an exploratory classification using 

small but already metastatic and large non-metastatic tumors. Compared to the data 

obtained with the traditional classification, similar but not identical protein patterns were 

observed. The results indicate that tumor size is important to improve the distinction 

between polar TNM groups - aggressive and less-aggressive tumors - and some 

differences may have prognostic impact. 
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Figure legends 

 

Figure 1. Detailed alteration patterns of proteins in OSCC tumors identified by 2-DE 

and mass spectrometry: annexin A1 (ANXA1); beta-globin (HBB); creatine kinase M-

type (M-CK); myoglobin (MB); cofilin-1 (CFL1); galectin-7 (Gal-7); glutathione S-

transferase P (GSTP1-1); heat shock 27 kDa (HSP 27); calgranulin-B (S100-A9); 

superoxide dismutase (SOD1); tropomyosin-4 (TPM4). Tumor samples from tongue 

(C02) and floor of mouth (C04). T1-2N+ = “more-aggressive” tumors; T2-3N0 = “less-

aggressive” tumors; N+ = metastatic tumors; N0 = non-metastatic tumors. 

 

Figure 2. Analysis of CK-4 protein. Representative Western blots illustrating CK-4 

expression in a subset of (A,B) eight oral squamous cell carcinomas and five non-

neoplastic surgical margins by using anti-CK-4. A, Tumour samples (lanes 1, 3, 5, 7) 

and matched margins (lanes 2, 4, 6, 8) from patients with T1N0, T4N2, T4N1 and T4N1 

carcinomas, respectively. B, Surgical margin (lane 1) and tumour samples (lanes 2, 3, 4, 

5) from patients with T4N2, T4N2, T4N2, T1N0 and T2N2, respectively. β-actin was 

used as an internal control. MW, PageRuler™ Prestained Protein Ladder. 

  

Figure 3. Immunohistochemical analysis of CK-4 expression in OSCC. In panels (A,B), 

complete absence of CK-4 expression is observed in tumor tissues, whereas in clear 

contrast, in panels (C,D), CK-4 is significantly overexpressed in normal surgical 

margins. Slides were photographed at 400X (A, B, D) and 100X (C) magnifications. 
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Table 1. Experimental design for 2-D DIGE 

Dye 
Gel 

Cy3 Cy5 Cy2 - 

      T1-2N+ samples T3N0 samples   

1 CP3/0049 CP3/0103 Internal standard  

2 CP3/0012 CP2/0088 Internal standard  

3 CP3/0087 CP1/0021 Internal standard  

4 CP3/0050 CP1/0200 Internal standard  

     
 T3N0 samples T1-2N+ samples   

5 CP3/0033 CP3/0193 Internal standard  

6 CP2/1012 CP1/0094 Internal standard  

7 CP1/0191 CP2/0120 Internal standard  

8 CP1/0075 CP3/0046 Internal standard  

9    unlabeled internal
 
standard 

10    unlabeled internal
 
standard 

CP1=Arnaldo Vieira de Carvalho Hospital; CP2=Heliópolis Hospital; CP3=Hospital of Clinics, SP, Brazil 
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Additional Files 

 

Supporting Figure 1. 2-DE maps of tumor pools from OSCC patients. Pools of N+ (A), N0 

(B), T1-2N+ (C), and T2-3N0 (D) tumors. Differentially expressed proteins between A and B 

and between C and D are highlighted by arrows. 

 

Supporting Figure 2. Detailed alteration patterns of proteins in OSCC tumors and surgical 

margins identified by 2-DE and mass spectrometry: myosin light chain 1/3, skeletal muscle 

isoform (MLC1/MLC3); beta-globin (HBB); carbonic anhydrase 3 (CA-III); creatine kinase 

M-type (M-CK); cytokeratin-4 (CK-4); gamma-actin (ACTG); myoglobin (MB); myosin light 

chain 3 (MYL3); myosin regulatory light chain 2, skeletal muscle isoform (MLC2B); myosin 

regulatory light chain 2, ventricular/cardiac muscle isoform (MLC-2v); tropomyosin-1 

(TPM1); tropomyosin-2 (TPM2); tropomyosin-3 (TPM3); alpha-enolase (ENO1); cofilin-1 

(CFL1); cyclophilin A (PPIase A); cytokeratin-19 (CK-19); glutathione S-transferase P 

(GSTP1-1); heat shock 27 kDa (HSP 27); calgranulin-B (S100-A9); serum albumin (ALB); 

stratifin (SFN); superoxide dismutase [Cu-Zn] (SOD1); tropomyosin-4 (TPM4); vimentin 

(VIM). T1-2N+ tumors and matched surgical margins from tongue (C02) and floor of mouth 

(C04). 

 

Supporting Figure 3. Detailed alteration patterns of proteins in OSCC tumors and surgical 

margins identified by 2-DE and mass spectrometry: myosin light chain 1/3, skeletal muscle 

isoform (MLC1/MLC3); annexin A1 (ANXA1); carbonic anhydrase 3 (CA-III); creatine 

kinase M-type (M-CK); gamma-actin (ACTG); myoglobin (MB); myosin light chain 3 

(MYL3); myosin regulatory light chain 2, skeletal muscle isoform (MLC2B); myosin 

regulatory light chain 2, ventricular/cardiac muscle isoform (MLC-2v); tropomyosin-1 

(TPM1); tropomyosin-2 (TPM2); tropomyosin-3 (TPM3); troponin T, slow skeletal muscle 

(TnTs); alpha-enolase (ENO1); cofilin-1 (CFL1); cyclophilin A (PPIase A); cytokeratin-19 

(CK-19); galectin-7 (Gal-7); heat shock 27 kDa (HSP 27); serum albumin (ALB); stratifin 

(SFN); tropomyosin-4 (TPM4). T2-3N0 tumors and matched surgical margins from tongue 

(C02) and floor of mouth (C04). 
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Supporting Table 1. Clinicopathological features of patients in this study 

  

Supporting Table 2. Composition of pools used for 1-DE and 2-DE experiments 

 

Supporting Table 3. Differentially expressed proteins identified by 2-DE and mass 

spectrometry in oral squamous cell carcinomas 

 

Supporting Table 4. Proteins expressed in “more-aggressive” (T1-2N+) tumors. Proteins 

from about 10 to 45kD separated by 1-DE and identified by ESI-Q-TOF-MS/MS analysis 

 

Supporting Table 5. Proteins expressed in “less-aggressive” (T3N0) tumors. Proteins from 

about 10 to 45kD separated by 1-DE and identified by ESI-Q-TOF-MS/MS analysis 

 

Supporting Table 6. Proteins expressed in normal surgical margins. Proteins from about 10 to 

45kD separated by 1-DE and identified by ESI-Q-TOF-MS/MS analysis 

 

 

 

 

 

 

 

  



Supporting Table 1. Clinicopathological features of patients in this study 

Case 
Type 
of 

sample 

Site
a)
 

Gender
/Age 

(ys) 

AJCC
b) 

pathologic 

stage 

Histological 
differentiation 

Lifetime 
smoking 

(yrs) 

Lifetime 
alcohol 

consumption 

(yrs) 

Patient 
status 

Survival 
months 

Vascular 
infiltration 

Lymphatic 
infiltration 

Perineural 
invasion 

Techniques 

264713 T/M C06 F/54 T4N2bM0 - P P - - - - - WB 

272020 T/M C04 F/67 T3N2bM0 - P N alive 24 - - - WB 

278241 T/M C04 M/53 T4N1M0 - P P alive 10 - - - 2-DE/WB 

278980 T/M C04 F/75 T4N2BM0 - P N - - - - - 2-DE/WB 

279088 T/M C04 M/58 T2N2cMX - P N - - - - - 2-DE/WB 

279131 T/M C04 M/51 T2N0M0 - P P alive/d 11 - - - 2-DE/WB 

279627 T/M C02 M/45 T4N1M0 - P P alive 7 - - - 2-DE/WB 

280334 T/M C02 M/51 T2N2AM1 - P P alive 7 - - - 2-DE/WB 

275629 T C04 M/54 T4N0M0 - P P alive 13 - - - 2-DE/WB 

277479 M C04 M/55 T4N3M0 - P P alive 10 - - - WB 

277855 M C02 M/52 T3N1M0 - P P alive 11 - - - WB 

279930 M C04 M/66 T2N0MX - - - - - - - - 2-DE/WB 

279958 M C02 M/62 T4N0M0 - P N alive 4 - - - 2-DE/WB 

281581 M C02 F/65 T2N0MX - P P - - - - - 2-DE 

277243 M C01 M/73 T4N1M0 - P N - - - - - WB 

278354 M C02 M/66 T2N0M0 - P P - - - - - WB 

CP1/0094 T/M C04 M/44 T2N2BM0 Well 27 27 dd 31 No No No 2-DE/2-D DIGE 

CP2/0120 T/M C02 F/41 T2N1M0 Moderate 24 N dd 16 No Yes No 2-DE/2-D DIGE/IH 

CP3/0012 T/M C04 M/50 T1N1M0 Well 13 18 alive 74 No No No 2-DE/2-D DIGE 

CP3/0046 T C02 F/75 T2N2bM0 Moderate 23 67 dd 27 No No No 2-DE/2-D DIGE 

CP3/0049 T/M C02 M/62 T2N2bM0 Moderate 34 37 alive 23 No No Yes 2-DE/2-D DIGE 

CP3/0050 T/M C02 F/44 T2N1M0 Well 26 17 dd 20 No No Yes 2-DE/2-D DIGE 

CP3/0083 T/M C02 F/55 T1N1M0 Moderate 46 40 alive 47 No Yes No 2-DE 

CP3/0087 T/M C02 M/52 T2N2cM0 Moderate 40 37 d 46 No No Yes 2-DE/2-D DIGE 

CP3/0139 T C02 M/50 T2N2aM0 Moderate 37 37 alive 64 Yes Yes Yes 1-DE/2-DE 

CP3/0193 T C02 M/49 T2N1M0 Well 10 15 alive 56 No No No 2-DE/2-D DIGE 

CP2/0175 M C04 M/61 T2N2bM0 Moderate 43 41 dd 7 No No No 2-DE 

CP1/0017 T/M C02 M/55 T2N0M0 Moderate 45 29 alive 62 No No No 2-DE 



Supporting Table 2. Composition of pools used for 1-DE and 2-DE experiments 

Pool Sites
a)
 Cases Type of sample Groups

b)
 Technique 

1 C02/C04 

CP2/0051 

CP2/0132 

CP3/0139 

CP3/0280 

CP3/0292 

Tumors T1-2N+ 1-DE 

2 C02/C04 

CP1/0031 

CP1/0151 

CP1/0191 

CP1/0277 

CP1/0283 

Tumors T3N0 1-DE 

3 C02/C04 

CP1/0151 

CP1/0262 

CP1/0277 

CP2/0051 

CP3/0280 

CP3/0292 

Normal Surgical 

Margins 
T1-2N+/ T3N0 1-DE 

4 C02/C04 

CP1/0094 

CP2/0120 

CP3/0012 

CP3/0046 

CP3/0049 

CP3/0050 

CP3/0083 

CP3/0087 

CP3/0139 

CP3/0193 

Tumors T1-2N+ 2-DE 

5 C02/C04 

CP1/0094 

CP2/0120 

CP2/0175 

CP3/0012 

CP3/0049 

CP3/0050 

CP3/0083 

CP3/0087 

Normal Surgical 

Margins 
T1-2N+ 2-DE 

6 C02/C04 

CP1/0017 

CP1/0075 

CP1/0080 

CP1/0083 

CP2/0093 

CP3/0101 

CP3/0138 

CP3/0004 

CP3/0120 

Tumors T2-3N0 2-DE 

7 C02/C04 

CP1/0017 

CP1/0051 

CP1/0075 

CP1/0080 

CP1/0083 

CP2/0185 

CP2/1004 

CP3/0101 

CP3/0120 

Normal Surgical 

Margins 
T2-3N0 2-DE 

8 C02/C04 

279088 

279627 

280334 

Tumors T2-4N+ 2-DE 

9 C02/C04 
278241 

278980 

Normal Surgical 

Margins 
T2-4N+ 2-DE 



Supporting Table 3. Differentially expressed proteins identified by 2-DE and mass spectrometry in oral squamous cell carcinomas 

Protein 

 

Accession no. Theoretical 

mol. mass/pI 

No. matched 

peptides 

Mascot scoreA GO term  – Process 

Alpha-enolase (ENO1) P06733 47.037/ 6.99 3 187 Negative regulation of cell growth 

Negative regulation of transcription 

Annexin A1 (ANXA1) P04083 38.583/ 6.64 3 131 Anti-apoptosis 

Cell motion 

Signal transduction 

Inflammatory response 

Keratinocyte differentiation 

Lipid metabolic process 

Protein modification process 

Annexin A2 (ANXA2) P07355 38.472/ 7.56 12 119 System development 

Beta-globin (HBB) P68871 15.867/ 6.81 4 211 Transport 

Carbonic anhydrase 3 (CA-III) P07451 29.426/ 6.94 2 74 Metabolic process 

Response to oxidative stress 

Cofilin-1 (CFL1) P23528 18.371/ 8.26 2 163 Rho protein signal transduction  

Anti-apoptosis 

Creatine kinase M-type (M-CK) P06732 43.101/ 6.77 5 215 Metabolic process 

Cyclophilin A (PPIase A) P62937 17.881/ 7.82 1 107 Protein folding 

Viral genome replication 

Cytokeratin-13 (CK-13) P13646 49.588/ 4.91 5 195 Epidermis development 

Cytokeratin-16 (CK-16) P08779 51.136/ 4.98 5 298 Cell proliferation 

Epidermis development 

Cytokeratin-19 (CK-19) P08727 44.091/ 5.05 3 101 Response to estrogen stimulus 

Cytoskeleton organization 

Cytokeratin-4 (CK-4) P19013 57.285/ 6.25 4 

 

177 Epithelial cell differentiation 

Negative regulation of epithelial cell 

proliferation 

Galectin-7 (Gal-7) P47929 14.943/7.00 4 274 Cell adhesion 

Gamma-actin (ACTG) P63261 41.792/ 5.31 4 123 Cell motion 

Glutathione S-transferase P (GSTP1-1) P09211 23.224/ 5.44 3 225 Anti-apoptosis 

System development 

Heat shock 27 kDa protein (HSP 27) P04792 22.782/ 5.98 4 233 Anti-apoptosis 

Cell motion 

Translation 



Supporting Table 4. Proteins expressed in “more-aggressive” (T1-2N+) tumors. Proteins from about 10 to 45kD separated by 1-DE and 

identified by ESI-Q-TOF-MS/MS analysis  

Code of gene Protein 

 gi|338043  [Human pre-mRNA splicing factor SF2p32, complete sequence.], gene product 

 gi|5726310  14-3-3 gamma protein [Homo sapiens] 

 gi|437363  14-3-3n 

 gi|1041969  17 kda cyclophilin A {internal fragment} [human, first trimester decidual and placental tissue, Pep 

 gi|693933  2-phosphopyruvate-hydratase alpha-enolase; carbonate dehydratase [Homo sapiens] 

 gi|5453880  acidic (leucine-rich) nuclear phosphoprotein 32 family, member A [Homo sapiens] 

 gi|178067  actin prepeptide [Homo sapiens] 

 gi|5031599  actin related protein 2/3 complex subunit 2 [Homo sapiens] 

 gi|5031593  actin related protein 2/3 complex subunit 5 [Homo sapiens] 

 gi|63055057  actin, beta-like 2 [Homo sapiens] 

 gi|4501887  actin, gamma 1 propeptide [Homo sapiens] 

 gi|62420949  actin-like protein [Homo sapiens] 

 gi|4502211  ADP-ribosylation factor 6 [Homo sapiens] 

 gi|28614  aldolase A [Homo sapiens] 

 gi|3098514  aldose reductase-related protein [Homo sapiens] 

 gi|30030  alpha-1 collagen VI (AA 574-1009) [Homo sapiens] 

 gi|178027  alpha-actin [Homo sapiens] 

 gi|183801  alpha-globin [Homo sapiens] 

 gi|37492  alpha-tubulin [Homo sapiens] 

 gi|179074  alternative 

 gi|4757756  annexin A2 isoform 2 [Homo sapiens] 

 gi|4502101  annexin I [Homo sapiens] 

 gi|58222648  anti-tetanus toxoid immunoglobulin light chain variable region [Homo sapiens] 

 gi|28918  antithrombin III [Homo sapiens] 

 gi|178855  apolipoprotein J precursor [Homo sapiens] 

 gi|284164  arginine-rich protein - human 

 gi|13625797  asporin precursor [Homo sapiens] 

 gi|3334899  autoantigen p542 [Homo sapiens] 

 gi|825671  B23 nucleophosmin (280 AA) [Homo sapiens] 

 gi|29383  BBC1 [Homo sapiens] 

 gi|1673514  B-cell receptor associated protein [Homo sapiens] 



 gi|4501885  beta actin [Homo sapiens] 

 gi|2654381  beta chain HLA-DQ molecule [Homo sapiens] 

 gi|193244897  beta globin [Homo sapiens] 

 gi|66473265  beta globin chain [Homo sapiens] 

 gi|6573280  beta tropomyosin [Homo sapiens] 

 gi|13562114  beta tubulin 1, class VI [Homo sapiens] 

 gi|179409  beta-globin 

 gi|21591225  BIA2 protein [Homo sapiens] 

 gi|179433  biglycan [Homo sapiens] 

 gi|306875  C protein [Homo sapiens] 

 gi|4885111  calmodulin-like 3 [Homo sapiens] 

 gi|7673316  calmodulin-like skin protein [Homo sapiens] 

 gi|5453599  capping protein (actin filament) muscle Z-line, alpha 2 [Homo sapiens] 

 gi|433308  capping protein alpha [Homo sapiens] 

 gi|4502517  carbonic anhydrase I [Homo sapiens] 

 gi|4557395  carbonic anhydrase II [Homo sapiens] 

 gi|4502599  carbonyl reductase 1 [Homo sapiens] 

 gi|2460249  cardiac ventricular troponin C [Homo sapiens] 

 gi|951338  CAS 

 gi|4503143  cathepsin D preproprotein [Homo sapiens] 

 gi|4929769  CGI-150 protein [Homo sapiens] 

 gi|4139784  Chain A, Canine Gdp-Ran Q69l Mutant 

 gi|75766275  Chain A, Crystal Structure Of Human Cypa Mutant K131a 

 gi|3891470  Chain A, Crystal Structure Of Human Galectin-7 In Complex With Galactosamine 

 gi|186972783  Chain A, Crystal Structure Of Iodinated Human Saposin D In Space Group C2221 

 gi|90108664  Chain A, Crystal Structure Of Lipid-Free Human Apolipoprotein A-I 

 gi|999892  Chain A, Crystal Structure Of Recombinant Human Triosephosphate Isomerase At 2.8 Angstroms Resoluti 

 gi|10835792  Chain A, Crystal Structure Of The Fab Fragment Of A Human Monoclonal Igm Cold Agglutinin 

 gi|1633054  Chain A, Cyclophilin A Complexed With Dipeptide Gly-Pro 

 gi|3318841  Chain A, Horf6 A Novel Human Peroxidase Enzyme 

 gi|1065361  Chain A, Human Adp-Ribosylation Factor 1 Complexed With Gdp, Full Length Non-Myristoylated 

 gi|4699695  Chain A, Human Beta-Tryptase: A Ring-Like Tetramer With Active Sites Facing A Central Pore 

 gi|3891975  Chain A, Human Cathepsin G 

 gi|15825659  Chain A, Human Factor Viii C2 Domain Complexed To Human Monoclonal Bo2c11 Fab 



 gi|1942609  Chain A, Human Rap1a, Residues 1-167, Double Mutant (E30d,K31e) Complexed With Gppnhp And The Ras-B 

 gi|157830361  Chain A, Human Serum Albumin In A Complex With Myristic Acid And Tri- Iodobenzoic Acid 

 gi|2981801  Chain A, Human Transcriptional Coactivator Pc4 C-Terminal Domain 

 gi|3114508  Chain A, R State Human Hemoglobin [alpha V96w], Carbonmonoxy 

 gi|159162145  Chain A, Rotamer Strain As A Determinant Of Protein Structural Specificity 

 gi|16974825  Chain A, Solution Structure Of Calcium-Calmodulin N-Terminal Domain 

 gi|31615803  Chain A, Synthetic Ubiquitin With Fluoro-Leu At 50 And 67 

 gi|809185  Chain A, The Effect Of Metal Binding On The Structure Of Annexin V And Implications For Membrane Bi 

 gi|494066  Chain A, Three-Dimensional Structure Of Class Pi Glutathione S- Transferase From Human Placenta In  

 gi|190613401  Chain A, Unusual Twinning In Crystals Of The Cits Binding Antibody Fab Fragment F3p4 

 gi|229597861  Chain A, X-Ray Crystal Structure Of Coil 1a Of Human Vimentin 

 gi|1421609  Chain A, X-Ray Structure Of Nm23 Human Nucleoside Diphosphate Kinase B Complexed With Gdp At 2 Angs 

 gi|3660434  Chain B, Crystal Structure Of Deoxy-Human Hemoglobin Beta6 Glu->trp 

 gi|166007160  Chain C, Solution Structure Of Human Immunoglobulin M 

 gi|161760892  Chain D, Neutron Structure Analysis Of Deoxy Human Hemoglobin 

 gi|349905  Chain F, Atomic Structures Of Wild-Type And Thermostable Mutant Recombinant Human Cu, Zn Superoxide 

 gi|493869  Chain L, Crystal Structure Of A Chimeric Fab' Fragment Of An Antibody Binding Tumour Cells 

 gi|66360499  Chain O, Crystal Structure Of Anthrax Edema Factor (Ef) In Complex With Calmodulin In The Presence  

 gi|230867  Chain R, Twinning In Crystals Of Human Skeletal Muscle D- Glyceraldehyde-3-Phosphate Dehydrogenase 

 gi|180663  c-myc binding protein [Homo sapiens] 

 gi|5031635  cofilin 1 (non-muscle) [Homo sapiens] 

 gi|3127926  collagen type VI, alpha 3 chain [Homo sapiens] 

 gi|30130  colligin [Homo sapiens] 

 gi|4503057  crystallin, alpha B [Homo sapiens] 

 gi|181250  cyclophilin 

 gi|4758086  cysteine and glycine-rich protein 1 isoform 1 [Homo sapiens] 

 gi|4502981  cytochrome c oxidase subunit IV isoform 1 precursor [Homo sapiens] 

 gi|30311  cytokeratin 18 (424 AA) [Homo sapiens] 

 gi|34073  cytokeratin 4 (408 AA) [Homo sapiens] 

 gi|181400  cytokeratin 8 

 gi|311614  dermatopontin [Homo sapiens] 

 gi|181540  desmin [Homo sapiens] 

 gi|1066080  DNA-binding protein [Homo sapiens] 

 gi|9802306  DNA-binding protein TAXREB107 [Homo sapiens] 



 gi|4557553  emerin [Homo sapiens] 

 gi|31179  enolase [Homo sapiens] 

 gi|119610782  enolase 3 (beta, muscle), isoform CRA_b [Homo sapiens] 

 gi|187302  epithelial cell marker protein 1 

 gi|4503475  eukaryotic translation elongation factor 1 alpha 2 [Homo sapiens] 

 gi|4503477  eukaryotic translation elongation factor 1 beta 2 [Homo sapiens] 

 gi|23345100  extracellular matrix protein periostin-bm [Homo sapiens] 

 gi|5453597  F-actin capping protein alpha-1 subunit [Homo sapiens] 

 gi|4557581  fatty acid binding protein 5 (psoriasis-associated) [Homo sapiens] 

 gi|182516  ferritin light subunit [Homo sapiens] 

 gi|4504981  galectin-1 [Homo sapiens] 

 gi|178045  gamma-actin [Homo sapiens] 

 gi|2282013  GAPDH-2 like [Homo sapiens] 

 gi|4758438  glucagon-like peptide 2 receptor precursor [Homo sapiens] 

 gi|31645  glyceraldehyde-3-phosphate dehydrogenase [Homo sapiens] 

 gi|996057  gp25l2 [Homo sapiens] 

 gi|386758  GRP78 precursor 

 gi|5174447  guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1 [Homo sapiens] 

 gi|4885371  H1 histone family, member 0 [Homo sapiens] 

 gi|5174449  H1 histone family, member X [Homo sapiens] 

 gi|4504253  H2A histone family, member X [Homo sapiens] 

 gi|4504255  H2A histone family, member Z [Homo sapiens] 

 gi|223976  haptoglobin Hp2 

 gi|119613177  hCG1643544 [Homo sapiens] 

 gi|119612018  hCG1808204 [Homo sapiens] 

 gi|119630082  hCG2007439 [Homo sapiens] 

 gi|119612312  hCG2008737 [Homo sapiens] 

 gi|119617765  hCG26523, isoform CRA_a [Homo sapiens] 

 gi|5729877  heat shock 70kDa protein 8 isoform 1 [Homo sapiens] 

 gi|662841  heat shock protein 27 [Homo sapiens] 

 gi|229149  hemoglobin beta 

 gi|23268683  hemoglobin beta chain variant Hb.Sinai-Bel Air [Homo sapiens] 

 gi|4758516  hepatoma-derived growth factor isoform a [Homo sapiens] 

 gi|4504447  heterogeneous nuclear ribonucleoprotein A2/B1 isoform A2 [Homo sapiens] 



 gi|14043072  heterogeneous nuclear ribonucleoprotein A2/B1 isoform B1 [Homo sapiens] 

 gi|34740329  heterogeneous nuclear ribonucleoprotein A3 [Homo sapiens] 

 gi|4826760  heterogeneous nuclear ribonucleoprotein F [Homo sapiens] 

 gi|4885381  histone cluster 1, H1b [Homo sapiens] 

 gi|4885375  histone cluster 1, H1c [Homo sapiens] 

 gi|4885377  histone cluster 1, H1d [Homo sapiens] 

 gi|4504239  histone cluster 1, H2ai [Homo sapiens] 

 gi|24586679  histone cluster 1, H2ba [Homo sapiens] 

 gi|4504263  histone cluster 1, H2bm [Homo sapiens] 

 gi|45219796  Histone cluster 1, H3i [Homo sapiens] 

 gi|28195394  histone cluster 2, H2ab [Homo sapiens] 

 gi|56203471  histone cluster 2, H3, pseudogene 2 [Homo sapiens] 

 gi|356168  histone H1b 

 gi|31979  histone H2A.2 [Homo sapiens] 

 gi|184086  histone H2B.1 

 gi|386772  histone H3 [Homo sapiens] 

 gi|32177  HLA-B27 [Homo sapiens] 

 gi|7739447  hnRNP 2H9D [Homo sapiens] 

 gi|33877030  HNRPCL1 protein [Homo sapiens] 

 gi|306549  homology to rat ribosomal protein L23 

 gi|1040689  Human Diff6,H5,CDC10 homologue [Homo sapiens] 

 gi|38522  human elongation factor-1-delta [Homo sapiens] 

 gi|51476390  hypothetical protein [Homo sapiens] 

 gi|117938314  hypothetical protein LOC51237 [Homo sapiens] 

 gi|229536  Ig A L 

 gi|229585  Ig A1 Bur 

 gi|7438711  Ig kappa chain NIG26 precursor - human 

 gi|106586  Ig kappa chain V-III (KAU cold agglutinin) - human 

 gi|58476682  IGL@ protein [Homo sapiens] 

 gi|46254000  immunoglobulin heavy chain [Homo sapiens] 

 gi|39938240  immunoglobulin heavy chain variable region [Homo sapiens] 

 gi|306958  immunoglobulin kappa chain [Homo sapiens] 

 gi|33700  immunoglobulin lambda light chain [Homo sapiens] 

 gi|21669601  immunoglobulin lambda light chain VLJ region [Homo sapiens] 



 gi|218783334  immunoglobulin light chain [Homo sapiens] 

 gi|51103395  immunoglobulin variable region VL kappa domain [Homo sapiens] 

 gi|386848  keratin [Homo sapiens] 

 gi|4557699  keratin 12 [Homo sapiens] 

 gi|131412225  keratin 13 isoform a [Homo sapiens] 

 gi|4557701  keratin 17 [Homo sapiens] 

 gi|42760012  keratin 3 [Homo sapiens] 

 gi|9739163  keratin 5 [Homo sapiens] 

 gi|28173564  keratin 73 [Homo sapiens] 

 gi|386850  keratin K5 

 gi|386849  keratin type II [Homo sapiens] 

 gi|12698073  KIAA1764 protein [Homo sapiens] 

 gi|619788  L21 ribosomal protein [Homo sapiens] 

 gi|34234  laminin-binding protein [Homo sapiens] 

 gi|40254924  leucine rich repeat containing 59 [Homo sapiens] 

 gi|5031857  L-lactate dehydrogenase A isoform 1 [Homo sapiens] 

 gi|4557032  L-lactate dehydrogenase B [Homo sapiens] 

 gi|34709  manganese superoxide dismutase (MnSOD) [Homo sapiens] 

 gi|453369  maspin 

 gi|32189394  mitochondrial ATP synthase beta subunit precursor [Homo sapiens] 

 gi|28336  mutant beta-actin (beta'-actin) [Homo sapiens] 

 gi|190613770  mutant beta-globin [Homo sapiens] 

 gi|229361  myoglobin 

 gi|1220346  myosin light chain 2 

 gi|2605594  myosin regulatory light chain [Homo sapiens] 

 gi|5453740  myosin, light chain 12A, regulatory, non-sarcomeric [Homo sapiens] 

 gi|17986258  myosin, light chain 6, alkali, smooth muscle and non-muscle isoform 1 [Homo sapiens] 

 gi|4502281  Na+/K+ -ATPase beta 3 subunit [Homo sapiens] 

 gi|553254  NADH cytochrome b5 reductase (EC 1.6.2.2) [Homo sapiens] 

 gi|5031931  nascent polypeptide-associated complex alpha subunit isoform b [Homo sapiens] 

 gi|930063  neurone-specific enolase [Homo sapiens] 

 gi|913159  neuropolypeptide h3 [human, brain, Peptide, 186 aa] 

 gi|393317  osteoblast specific factor 2 [Homo sapiens] 

 gi|7661704  osteoglycin preproprotein [Homo sapiens] 



 gi|2209347  p21-Arc [Homo sapiens] 

 gi|895845  p64 CLCP [Homo sapiens] 

 gi|30102944  peptidylprolyl isomerase A-like 4A [Homo sapiens] 

 gi|4505591  peroxiredoxin 1 [Homo sapiens] 

 gi|1498227  PHAPI2b protein [Homo sapiens] 

 gi|189868  phosphoglycerate mutase [Homo sapiens] 

 gi|2627129  polyubiquitin [Homo sapiens] 

 gi|190200  porin 

 gi|238427  Porin 31HM [human, skeletal muscle membranes, Peptide, 282 aa] 

 gi|145309046  POTE-2 alpha-actin [Homo sapiens] 

 gi|219978  prealbumin [Homo sapiens] 

 gi|239753333  PREDICTED: actin, beta-like 3 [Homo sapiens] 

 gi|169171114  PREDICTED: hypothetical protein [Homo sapiens] 

 gi|88988289  PREDICTED: hypothetical protein LOC648000 isoform 3 [Homo sapiens] 

 gi|109122155  PREDICTED: similar to 60S ribosomal protein L17 (L23) isoform 1 [Macaca mulatta] 

 gi|169213772  PREDICTED: similar to actin alpha 1 skeletal muscle protein [Homo sapiens] 

 gi|51464364  PREDICTED: similar to myosin regulatory light chain MRCL2 [Homo sapiens] 

 gi|73961071  PREDICTED: similar to tropomyosin 3 isoform 2 isoform 5 [Canis familiaris] 

 gi|12408675  prefoldin subunit 2 [Homo sapiens] 

 gi|337758  pre-serum amyloid P component [Homo sapiens] 

 gi|14189972  PRO2290 [Homo sapiens] 

 gi|4826898  profilin 1 [Homo sapiens] 

 gi|4505773  prohibitin [Homo sapiens] 

 gi|190447  prosomal protein P30-33K 

 gi|5453990  proteasome activator subunit 1 isoform 1 [Homo sapiens] 

 gi|1710248  protein disulfide isomerase-related protein 5 [Homo sapiens] 

 gi|134133226  protein expressed in prostate, ovary, testis, and placenta 2 [Homo sapiens] 

 gi|189617  protein PP4-X 

 gi|229526  protein Rei,Bence-Jones 

 gi|190668  psoriasin 

 gi|13786129  RAB33B, member RAS oncogene family [Homo sapiens] 

 gi|1491714  rab-related GTP-binding protein [Homo sapiens] 

 gi|29468353  RALY-like protein isoform 1 [Homo sapiens] 

 gi|182640  rapamycin-binding protein 



 gi|6912638  ras suppressor protein 1 isoform 1 [Homo sapiens] 

 gi|234746  RAS-related protein MEL [Homo sapiens] 

 gi|83674986  rcTPM3 [Homo sapiens] 

 gi|112877  RecName: Full=Alpha-1-acid glycoprotein 1; Short=AGP 1; AltName: Full=Orosomucoid-1; Short=OMD 1; F 

 gi|123510  RecName: Full=Haptoglobin-related protein; Flags: Precursor 

 gi|133254  RecName: Full=Heterogeneous nuclear ribonucleoprotein A1; Short=hnRNP core protein A1; AltName: Ful 

 gi|122224  RecName: Full=HLA class II histocompatibility antigen, DQ(1) beta chain; AltName: Full=DC-3 beta ch 

 gi|27734452  RecName: Full=Ras-related protein Rab-15 

 gi|267108  RecName: Full=Tetranectin; Short=TN; AltName: Full=C-type lectin domain family 3 member B; AltName: 

 gi|36038  rho GDP dissociation inhibitor (GDI) [Homo sapiens] 

 gi|306553  ribosmal protein small subunit 

 gi|337518  ribosomal protein 

 gi|495126  ribosomal protein L11 [Homo sapiens] 

 gi|4506597  ribosomal protein L12 [Homo sapiens] 

 gi|4506617  ribosomal protein L17 [Homo sapiens] 

 gi|4506607  ribosomal protein L18 [Homo sapiens] 

 gi|4506609  ribosomal protein L19 [Homo sapiens] 

 gi|4506613  ribosomal protein L22 proprotein [Homo sapiens] 

 gi|4506619  ribosomal protein L24 [Homo sapiens] 

 gi|292435  ribosomal protein L26 

 gi|4506623  ribosomal protein L27 [Homo sapiens] 

 gi|4432754  ribosomal protein L27a [Homo sapiens] 

 gi|550019  ribosomal protein L28 

 gi|793843  ribosomal protein L29 [Homo sapiens] 

 gi|1655596  ribosomal protein L31 [Homo sapiens] 

 gi|1008856  ribosomal protein L34 

 gi|6005860  ribosomal protein L35 [Homo sapiens] 

 gi|14591909  ribosomal protein L5 [Homo sapiens] 

 gi|36138  ribosomal protein L6 [Homo sapiens] 

 gi|55958183  ribosomal protein L7a [Homo sapiens] 

 gi|4506663  ribosomal protein L8 [Homo sapiens] 

 gi|4506667  ribosomal protein P0 [Homo sapiens] 

 gi|4506669  ribosomal protein P1 isoform 1 [Homo sapiens] 

 gi|4506671  ribosomal protein P2 [Homo sapiens] 



 gi|4506679  ribosomal protein S10 [Homo sapiens] 

 gi|4506681  ribosomal protein S11 [Homo sapiens] 

 gi|4506685  ribosomal protein S13 [Homo sapiens] 

 gi|5032051  ribosomal protein S14 [Homo sapiens] 

 gi|4506691  ribosomal protein S16 [Homo sapiens] 

 gi|6755368  ribosomal protein S18 [Mus musculus] 

 gi|4506695  ribosomal protein S19 [Homo sapiens] 

 gi|3088342  ribosomal protein S23 [Homo sapiens] 

 gi|4506707  ribosomal protein S25 [Homo sapiens] 

 gi|4432748  ribosomal protein S27 [Homo sapiens] 

 gi|4506715  ribosomal protein S28 [Homo sapiens] 

 gi|550021  ribosomal protein S5 

 gi|337514  ribosomal protein S6 [Homo sapiens] 

 gi|4506743  ribosomal protein S8 [Homo sapiens] 

 gi|14141193  ribosomal protein S9 [Homo sapiens] 

 gi|14424542  RPL14 protein [Homo sapiens] 

 gi|37046660  RPL7L1 protein [Homo sapiens] 

 gi|5174661  S100 calcium binding protein A2 [Homo sapiens] 

 gi|7657532  S100 calcium-binding protein A6 [Homo sapiens] 

 gi|4506773  S100 calcium-binding protein A9 [Homo sapiens] 

 gi|49660012  sarcomeric tropomyosin kappa; TPM1-kappa [Homo sapiens] 

 gi|337930  scar protein 

 gi|1478503  SCG10 [Homo sapiens] 

 gi|407421  SEB4B [Homo sapiens] 

 gi|14149696  SEC31 homolog B [Homo sapiens] 

 gi|338039  set 

 gi|339958  skeletal muscle tropomyosin [Homo sapiens] 

 gi|4759158  small nuclear ribonucleoprotein D2 isoform 1 [Homo sapiens] 

 gi|177175  smooth muscle protein 

 gi|1770517  SMT3A protein [Homo sapiens] 

 gi|4506901  splicing factor, arginine/serine-rich 3 [Homo sapiens] 

 gi|72534660  splicing factor, arginine/serine-rich 7 [Homo sapiens] 

 gi|551638  SSR alpha subunit [Homo sapiens] 

 gi|5031851  stathmin 1 isoform a [Homo sapiens] 



 gi|16307067  SUB1 homolog (S. cerevisiae) [Homo sapiens] 

 gi|914044  surface-associated sulphydryl protein, SASP=thioredoxin homolog [human, THP-1 monocytes, Peptide Pa 

 gi|438069  thiol-specific antioxidant protein [Homo sapiens] 

 gi|5803187  transaldolase 1 [Homo sapiens] 

 gi|2896146  transcriptional coactivator ALY [Homo sapiens] 

 gi|460789  transformation upregulated nuclear protein [Homo sapiens] 

 gi|48255905  transgelin [Homo sapiens] 

 gi|4507357  transgelin 2 [Homo sapiens] 

 gi|13129092  transmembrane protein 109 [Homo sapiens] 

 gi|12275860  tripartite motif protein TRIM31 alpha [Homo sapiens] 

 gi|27597085  tropomyosin 1 alpha chain isoform 5 [Homo sapiens] 

 gi|42476296  tropomyosin 2 (beta) isoform 1 [Homo sapiens] 

 gi|47519616  tropomyosin 2 (beta) isoform 2 [Homo sapiens] 

 gi|58652133  tropomyosin 3 [Bos taurus] 

 gi|24119203  tropomyosin 3 isoform 2 [Homo sapiens] 

 gi|223555975  tropomyosin 4 isoform 1 [Homo sapiens] 

 gi|4507651  tropomyosin 4 isoform 2 [Homo sapiens] 

 gi|119604930  tropomyosin 4, isoform CRA_c [Homo sapiens] 

 gi|49660014  tropomyosin alpha striated muscle isoform; TPM1-alpha [Homo sapiens] 

 gi|5803203  troponin T3, skeletal, fast isoform 1 [Homo sapiens] 

 gi|35959  tubulin 5-beta [Homo sapiens] 

 gi|7106439  tubulin, beta 5 [Mus musculus] 

 gi|1195531  type I keratin 16; K16 [Homo sapiens] 

 gi|5803225  tyrosine 3/tryptophan 5 -monooxygenase activation protein, epsilon polypeptide [Homo sapiens] 

 gi|4507953  tyrosine 3/tryptophan 5 -monooxygenase activation protein, zeta polypeptide [Homo sapiens] 

 gi|4507949  tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, beta polypeptide [Homo sapi 

 gi|4507951  tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, eta polypeptide [Homo sapie 

 gi|229532  ubiquitin 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|34071  unnamed protein product [Homo sapiens] 

 gi|34526448  unnamed protein product [Homo sapiens] 

 gi|21751806  unnamed protein product [Homo sapiens] 

 gi|28940  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 



 gi|34039  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|7022475  unnamed protein product [Homo sapiens] 

 gi|194375299  unnamed protein product [Homo sapiens] 

 gi|32132  unnamed protein product [Homo sapiens] 

 gi|32486  unnamed protein product [Homo sapiens] 

 gi|34527363  unnamed protein product [Homo sapiens] 

 gi|34069  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|194376242  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|32486  unnamed protein product [Homo sapiens] 

 gi|194374397  unnamed protein product [Homo sapiens] 

 gi|194388338  unnamed protein product [Homo sapiens] 

 gi|31170  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|194375299  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|34866  unnamed protein product [Homo sapiens] 

 gi|34687  unnamed protein product [Homo sapiens] 

 gi|31077  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|36535  unnamed protein product [Homo sapiens] 

 gi|31077  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|158258947  unnamed protein product [Homo sapiens] 

 gi|4803698  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|29888  unnamed protein product [Homo sapiens] 



 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|10434878  unnamed protein product [Homo sapiens] 

 gi|340219  vimentin [Homo sapiens] 

 gi|25188179  voltage-dependent anion channel 3 isoform b [Homo sapiens] 

 



Myoglobin (MB) P02144 17.052/ 7.29 2 187 Cell differentiation 

Organ development 

Transport 

Response stimulus 

Myosin light chain 1/3, skeletal muscle 

isoform (MLC1/MLC3) 

P05976 21.013/ 4.97 4 222 Organ development 

Myosin regulatory light chain 2, skeletal 

muscle isoform (MLC2B) 

Q96A32 18.883/ 4.91 3 86 Tissue development 

Myosin regulatory light chain 2, 

ventricular/cardiac muscle isoform 

(MLC-2v) 

P10916 18.658/ 4.92 2 56 Negative regulation of cell growth 

Muscle contraction 

Tissue morphogenesis 

Myosin light chain 3 (MYL3) P08590 21.800/ 5.03 5 174 Muscle contraction  

Tissue morphogenesis 

Regulation of catalytic activity 

S100-A9 (Calgranulin-B) P06702 13.110/ 5.71 2 156 Cell-cell signaling 

Inflammatory response 

Serum albumin (ALB) P02768 66.472/ 5.67 2 80 Cellular response to extracellular stimulus  

Maintenance of location 

Negative regulation of apoptosis 

Transport 

Stratifin (14-3-3 protein sigma) (SFN) P31947 27.774/ 4.68 7 66 Regulation of apoptosis  

Negative regulation of kinase activity 

Signal transduction 

Superoxide dismutase [Cu-Zn] (SOD1) P00441 15.804/ 5.70 2 102 Cell aging 

Muscle contraction 

Cellular biosynthetic process 

Regulation of catalytic activity 

Cellular homeostasis  

Regulation of kinase activity 

Response to oxidative stress  

Cytokine production 

Tropomyosin-4 (TPM4) P67936 28.390/ 4.67 3 107 Cell motion 

Tropomyosin-1 (TPM1) P09493 32.708/ 4.69 

 

2 38 Regulation of muscle contraction 

Cell motion 

Response to oxidative stress  

Cytoskeleton organization 

Organelle organization 



Tissue morphogenesis 

Tropomyosin-2 (TPM2) P07951 32.850/ 4.66 3 146 Regulation of ATPase activity 

Tropomyosin-3 (TPM3) P06753 32.818/4.68 4 165 Cell motion 

Troponin T, slow skeletal muscle (TnTs) P13805 32.816/ 5.86 3 127 Muscle contraction 

Vimentin (VIM) P08670 53.520/ 5.06 4 150 Cell motion 

A - Total MASCOT score: sum of individual matched peptide scores 



279088 

279627 

280334 

10 C02/C04 
275629 

279131 
Tumors T2-4N0 2-DE 

11 C02/C04 

279131 

279930 

279958 

281581 

Normal Surgical 

Margins 
T2-4N0 2-DE 

12 C01 

CP1/0249 

CP3/0109 

CP3/0132 

CP3/0142 

CP3/0310 

Tumors T1-2N+ 2-DE 

13 C01 

CP1/0249 

CP3/0109 

CP3/0132 

Normal Surgical 

Margins 
T1-2N+ 2-DE 

1=sites according to ICD-10 (International Statistical Classification of Diseases and Related Health Problems, 10th 

Revision). C01=Base of tongue; C02=Tongue; C04=Floor of mouth 

CP1=Arnaldo Vieira de Carvalho Hospital; CP2=Heliópolis Hospital; CP3=Hospital of Clinics, SP, Brazil 

2=groups of cases according to AJCC (American Joint Committee on Cancer) pathologic stage. T (size of tumor); 

N+ (metastatic lymph nodes); N0 (non-metastatic lymph nodes) 

1-DE=one-dimensional electrophoresis; 2-DE=two-dimensional electrophoresis 



CP1/0051 M C04 M/62 T2N0M0 Moderate 47 44 alive 69 No No No 2-DE 

CP1/0075 T/M C04 M/54 T3N0M0 Moderate 33 33 alive/d 65 No No No 2-DE/2-D DIGE 

CP1/0080 T/M C04 M/67 T3N0M0 Well 52 49 alive 54 No No No 2-DE 

CP1/0083 T/M C04 M/72 T2N0M0 Well 36 34 alive 54 No No No 2-DE 

CP2/0093 T/M C04 M/55 T2N0M0 Well 37 37 dd 68 No Yes Yes 2-DE/IH 

CP2/0185 T/M C02 M/64 T2N0M0 Moderate 35 45 alive 19 No Yes Yes 2-DE/IH 

CP2/1004 M C04 F/44 T2N0M0 Well 20 6 alive 54 No No No 2-DE 

CP3/0004 T C04 M/60 T2N0M0 Well 26 32 alive 83 No No No 2-DE 

CP3/0101 T/M C04 M/62 T3N0M0 Moderate 52 30 alive 69 No No No 2-DE 

CP3/0120 T/M C04 F/46 T2N0M0 Well 31 31 dd 32 No No No 2-DE 

CP3/0138 T C04 M/75 T2N0M0 Moderate 53 45 alive 67 No No No 2-DE 

CP1/0249 T/M C01 M/44 T2N2BM0 Moderate 27 27 dd 33 No Yes Yes 2-DE 

CP3/0109 T/M C01 M/55 T2N3M0 Moderate 30 37 dd 7 Yes Yes Yes 2-DE 

CP3/0132 T/M C01 M/48 T2N2cM0 Moderate 29 24 alive 67 No No No 2-DE 

CP3/0142 T C01 M/47 T2N3M0 Moderate 26 16 alive 37 No No No 2-DE 

CP3/0310 T C01 M/58 T2N2bMx Moderate 40 28 alive/d 5 - - Yes 2-DE 

CP2/0088 T C04 M/48 T3N0M0 Well 28 N dd 70 No No No 2-D DIGE 

CP1/0021 T C02 M/43 T3N0M0 Moderate 31 29 alive 74 Yes Yes No 2-D DIGE 

CP3/0103 T C02 M/45 T3N0M0 Well 30 25 alive 66 No No Yes 2-D DIGE 

CP1/0200 T C02 M/55 T3N0M0 Moderate 40 33 alive 43 No Yes Yes 2-D DIGE 

CP2/1012 T/M C02 M/55 T3N0M0 Well 38 30 alive/d 49 No Yes No 2-D DIGE/IH 

CP1/0191 T C04 M/63 T3N0M0 Moderate 47 47 alive 53 No No Yes 1-DE/2-D DIGE 

CP3/0033 T C04 M/51 T3N0M0 Moderate 38 32 alive 79 No No Yes 2-D DIGE 

CP1/0024 T/M C04 F/48 T1N0M0 Moderate 34 N alive 43 No No No WB 

CP1/0032 T/M C04 M/64 T4N2CM0 Poor 49 45 dd 39 No Yes Yes WB 

CP1/0039 M C02 M/44 T4N2BM0 Moderate 34 32 dd 11 No No No WB 

CP1/0055 T/M C04 M/56 T4N2BM0 Well 36 31 dd 18 No No No WB 

CP1/0057 T/M C02 M/57 T4N2BM0 Moderate 49 46 d 2 No No Yes WB 

CP1/0171 T/M C04 M/70 T2N1M0 Well N 59 alive 26 No Yes No WB 

CP1/0213 T/M C04 M/68 T4N1M0 Well 54 46 alive 56 No Yes No WB 

CP1/0233 T/M C04 F/39 T4N2CM0 Poor N N dd 5 No Yes Yes WB 

CP3/0034 T C02 F/51 T2N2aM0 Moderate N N alive 76 No No Yes WB 

CP3/0056 T C02 M/70 T1N0M0 - 52 52 d 25 No Yes No WB 



CP3/0082 T/M C02/C04 M/59 T4N1M0 Well 37 39 alive 67 No No No WB 

CP3/0114 T C02 M/72 T4N2cM0 Poor 50 34 dd 3 Yes Yes Yes WB 

CP3/0121 T C02 M/50 T4N2bM0 Well 34 32 alive 68 No Yes Yes WB 

CP2/0003 T/M C03 F/79 T2N1M0 Moderate 72 N alive 74 No Yes No IH 

CP2/0008 T/M C02 M/54 T2N0M0 Moderate 26 24 alive 75 No Yes Yes IH 

CP2/0010 T/M C06 M/55 T3N0Mx Well 38 P dd 15 No Yes Yes IH 

CP2/0019 T/M C04 M/63 T3N2M0 Moderate 45 43 dd 11 No Yes No IH 

CP2/0023 T/M C02 M/54 T3N0M0 Moderate 41 34 alive 57 No Yes No IH 

CP2/0028 T/M C05 M/43 T3N1M0 Well 31 20 alive 73 No No No IH 

CP2/0029 T C04 M/70 T2N0M0 Moderate 56 54 alive 39 Yes Yes No IH 

CP2/0036 T/M C06 M/55 T4N2b M0 Well 39 39 dd 54 No Yes Yes IH 

CP2/0039 T C02 M/56 T2N0M0 Well 38 35 d 39 No Yes Yes IH 

CP2/0040 T/M C02 M/41 T1N2bM0 Poor N N alive 63 No Yes Yes IH 

CP2/0071 T/M C04 M/49 T4N2bM0 Well 36 34 dd 19 No Yes No IH 

CP2/0074 T C04 M/40 T4N0M0 Well 32 30 alive 27 No No Yes IH 

CP2/0081 T C03 F/62 T4N0M0 Poor 26 N dc 4 No No No IH 

CP2/0087 T/M C03 M/69 T4N2bM0 Poor 27 52 dd 41 No Yes Yes IH 

CP2/0094 T/M C02 M/47 T3N1M0 Poor 30 30 dd 18 No Yes Yes IH 

CP2/0109 T/M C04 M/63 T3N0M0 Well 15 45 alive/d 54 No Yes Yes IH 

CP2/0113 T/M C05 M/59 T3N0M0 Moderate N 50 d 6 Yes Yes No IH 

CP2/0114 T/M C04 M/51 T4N2M0 Moderate 22 41 d 8 Yes Yes Yes IH 

CP2/0115 T/M C06 M/63 T4N0M0 Well 43 28 alive/d 47 No Yes Yes IH 

CP2/0116 T/M C04 F/81 T2N0M0 Well 5 N dd 44 No No No IH 

CP2/0117 T/M C02 M/35 T2N2bM0 Moderate 28 17 dd 9 No Yes Yes IH 

CP2/0118 T/M C02 M/45 T2N1M0 Well 23 12 d 51 No Yes Yes IH 

CP2/0122 T/M C04 M/56 T2N2bM0 Well 40 40 dd 21 No Yes No IH 

CP2/0125 T/M C03 M/53 T4N0M0 Well 41 41 dd 10 No Yes Yes IH 

CP2/0130 T/M C03 M/49 T2N0M0 - 31 29 alive 61 - Yes - IH 

CP2/0132 T/M C02 M/48 T2N1M0 Moderate 33 31 alive 61 No Yes No 1-DE/IH 

CP2/0133 T/M C02 M/46 T4N1M0 Moderate 32 28 alive 65 No Yes Yes IH 

CP2/0144 T/M C06 M/65 T2N0M0 Moderate 43 43 alive 64 No Yes Yes IH 

CP2/0147 T/M C05 M/74 T2N1M0 Moderate 64 51 alive 57 No Yes Yes IH 

CP2/0149 T/M C04 M/58 T4N1M0 Moderate 50 40 d 7 No Yes No IH 



CP2/0152 T/M C02 M/46 T4N2bM0 Moderate 33 33 alive 57 No No No IH 

CP2/0166 T C03 F/62 T4N2bM0 Well 2 N dd 7 No No Yes IH 

CP2/0168 T/M C04 F/70 T2N0M0 Well 4 N d 31 No No No IH 

CP2/0169 T/M C04 M/42 T2N2bM0 Moderate 32 14 alive 62 No Yes Yes IH 

CP2/0170 T/M C04 M/34 T4N2bM0 Moderate 20 20 dd 6 No No No IH 

CP2/0177 T/M C02 M/45 T3N0M0 Well N 25 alive 58 No Yes No IH 

CP2/0181 T/M C04 M/62 T4N1M0 Well 55 45 alive 51 No Yes No IH 

CP2/0182 T/M C06 M/38 T4N0M0 Moderate 14 14 alive 40 No Yes Yes IH 

CP2/0188 T/M C02 M/41 T4N2bM0 Poor 27 27 dc 14 No Yes Yes IH 

CP2/0195 T/M C04 M/47 T1N1M0 Moderate 33 27 alive 55 No No No IH 

CP2/0196 T/M C04 M/69 T4N2cM0 Well 52 41 dd < 1 No Yes Yes IH 

CP2/1002 T/M C02 M/59 T2N2CM0 Well 34 41 dd 10 No No No IH 

CP2/1003 T/M C03 F/59 T2N0Mx Well 20 N alive 57 No No No IH 

CP2/1006 T/M C05 M/53 T1N0M0 Well 40 41 alive 57 No No No IH 

CP2/1008 T/M C03 F/68 T4N1M0 Moderate 18 18 alive 40 No No No IH 

CP2/1010 T/M C02 M/58 T1N0M0 Moderate 40 20 alive 52 No No No IH 

CP2/1019 T/M C04 M/37 T4N2CM0 Well 21 21 dd 15 No No Yes IH 

CP2/1021 T C03 M/67 T4N1M0 Well 57 50 dd 20 No Yes Yes IH 

CP2/1022 T/M C02 M/44 T3N0M0 Well 30 26 alive/d 13 No Yes No IH 

CP2/1032 T/M C03 F/57 T4N0M0 Moderate N N alive 53 No No Yes IH 

CP2/1033 T/M C05 M/62 T2N0M0 Well 16 41 alive 37 No No No IH 

CP2/1036 T/M C02 M/57 T4N1M0 Moderate 32 32 dd 25 No Yes Yes IH 

CP2/1041 T C04 M/42 T4N2cM0 Moderate 33 33 alive 39 No Yes Yes IH 

CP2/1043 T/M C03 M/69 T4N2bM0 Well 50 46 dd < 1 No Yes Yes IH 

CP2/1044 T/M C02 F/51 T2N2AM0 Well 31 1 dd 24 No Yes Yes IH 

CP2/1051 T/M C06 M/56 T3N2bM0 Well 43 30 alive 49 No No No IH 

CP2/1065 T/M C02 M/59 T2N0M0 Moderate 43 39 dd 15 No No Yes IH 

CP2/1069 T/M C02 M/46 T2N0M0 Moderate 31 24 alive 48 No Yes No IH 

CP2/1071 T/M C02 M/44 T4N2CM0 Moderate 29 21 alive 48 No No Yes IH 

CP2/1073 T/M C02 M/58 T2N0M0 Moderate 43 43 alive/d 32 Yes Yes Yes IH 

CP2/1074 T/M C02 M/78 T3N0M0 Well 50 50 d 17 No No No IH 

CP2/1080 T/M C04 M/64 T2N0M0 Well 53 40 alive 28 No No No IH 

CP2/1099 T/M C04 M/56 T4N2bM0 Well 39 34 dd 22 No Yes Yes IH 



CP2/1104 T/M C02 M/67 T3N2bM0 Well 52 52 dd 10 No No No IH 

CP2/1109 T/M C04 M/52 T2N0M0 Moderate 36 18 alive 41 No No Yes IH 

CP2/1111 T/M C03 M/42 T3N1M0 Moderate 27 27 dd 9 Yes Yes No IH 

CP2/1113 T/M C04 F/53 T1N0M0 Moderate 35 N alive 38 No Yes Yes IH 

CP2/1114 T/M C03 M/58 T2N1M0 Moderate 45 40 alive/d 32 No Yes No IH 

CP2/1120 T/M C04 M/47 T3N0M0 Well 33 30 alive 41 No Yes No IH 

CP3/0292 T/M C04 M/50 T2N2c Moderate 34 25 dd 8 No No Yes 1-DE 

CP2/0051 T/M C04 M/46 T2N2bM0 Well 33 10 dd 14 No No No 1-DE 

CP3/0280 T/M C04 M/52 T1N2b Moderate 38 27 alive 44 No No Yes 1-DE 

CP1/0031 T/M C04 M/50 T3N0M0 Well 30 30 d 4 No Yes Yes 1-DE/WB 

CP1/0283 T/M C04 M/49 T3N0M0 Well 21 15 alive 36 No No Yes 1-DE/WB 

CP1/0151 T/M C02 M/47 T3N0M0 Moderate 33 33 dd 19 No No Yes 1-DE 

CP1/0277 T/M C02 M/66 T3N0M0 Moderate 45 35 alive 41 No No Yes 1-DE/WB 

CP1/0262 M C02 M/62 T3N0M0 Moderate 34 44 alive 32 No No Yes 1-DE 

CP1=Arnaldo Vieira de Carvalho Hospital; CP2=Heliópolis Hospital; CP3=Hospital of Clinics, SP, Brazil 

T=tumor; M=normal surgical margin 

a) sites according to ICD (International Statistical Classification of Diseases and Related Health Problems, 10th Revision, Version 2007). C01=Malignant neoplasm of base of tongue; 

C02=Malignant neoplasm of other and unspecified parts of tongue; C03=Malignant neoplasm of gum; C04=Malignant neoplasm of floor of mouth; C05=Malignant neoplasm of palate; 

C06=Malignant neoplasm of other and unspecified parts of mouth 

F=female; M=male 

b) American Joint Committee on Cancer 

P or N=positive or negative exposition to tobacco or alcohol, respectively, but consumption time is indeterminate 

alive=alive without disease evidence; alive/d=alive with the disease (alive with a second primary tumor or tumoral recidive or metastasis); dd=dead by disease; dc=dead by commorbidity; d=dead by 

another cause 

- =no available information 

1-DE=one-dimensional electrophoresis; 2-DE=two-dimensional electrophoresis; 2-D DIGE=fluorescent two-dimensional differential in-gel electrophoresis; WB=western blot; 

IH=immunohistochemistry 



Supporting Table 5. Proteins expressed in “less-aggressive” (T3N0) tumors. Proteins from about 10 to 45kD separated by 1-DE and identified by ESI-Q-TOF-

MS/MS analysis 

Code of gene Protein 

 gi|338043  [Human pre-mRNA splicing factor SF2p32, complete sequence.], gene product 

 gi|437363  14-3-3n 

 gi|1041969  17 kda cyclophilin A {internal fragment} [human, first trimester decidual and placental tissue, Pep 

 gi|693933  2-phosphopyruvate-hydratase alpha-enolase; carbonate dehydratase [Homo sapiens] 

 gi|306891  90kDa heat shock protein 

 gi|5453880  acidic (leucine-rich) nuclear phosphoprotein 32 family, member A [Homo sapiens] 

 gi|13569879  acidic (leucine-rich) nuclear phosphoprotein 32 family, member E isoform 1 [Homo sapiens] 

 gi|5031599  actin related protein 2/3 complex subunit 2 [Homo sapiens] 

 gi|5031593  actin related protein 2/3 complex subunit 5 [Homo sapiens] 

 gi|4501881  actin, alpha 1, skeletal muscle [Homo sapiens] 

 gi|63055057  actin, beta-like 2 [Homo sapiens] 

 gi|62421158  actin-like protein [Homo sapiens] 

 gi|4502211  ADP-ribosylation factor 6 [Homo sapiens] 

 gi|54303910  aging-associated gene 9 protein [Homo sapiens] 

 gi|28595  aldolase A protein [Homo sapiens] 

 gi|3098514  aldose reductase-related protein [Homo sapiens] 

 gi|30054  alpha1 (III) collagen [Homo sapiens] 

 gi|30030  alpha-1 collagen VI (AA 574-1009) [Homo sapiens] 

 gi|182424  alpha-fibrinogen precursor [Homo sapiens] 

 gi|37492  alpha-tubulin [Homo sapiens] 

 gi|179074  alternative 

 gi|4757756  annexin A2 isoform 2 [Homo sapiens] 

 gi|4826643  annexin A3 [Homo sapiens] 

 gi|4502101  annexin I [Homo sapiens] 

 gi|11275302  anti TNF-alpha antibody light-chain Fab fragment [Homo sapiens] 

 gi|30258347  antibody light chain [Homo sapiens] 

 gi|21311323  anti-pneumococcal antibody 1A2 light chain variable region [Homo sapiens] 

 gi|58222968  anti-tetanus toxoid immunoglobulin light chain variable region [Homo sapiens] 

 gi|178855  apolipoprotein J precursor [Homo sapiens] 

 gi|284164  arginine-rich protein - human 

 gi|13625797  asporin precursor [Homo sapiens] 



 gi|119574400  ATP-binding cassette, sub-family F (GCN20), member 2, isoform CRA_c [Homo sapiens] 

 gi|3334899  autoantigen p542 [Homo sapiens] 

 gi|29383  BBC1 [Homo sapiens] 

 gi|4501885  beta actin [Homo sapiens] 

 gi|193244897  beta globin [Homo sapiens] 

 gi|66473265  beta globin chain [Homo sapiens] 

 gi|6573280  beta tropomyosin [Homo sapiens] 

 gi|34616  beta-2 microglobulin [Homo sapiens] 

 gi|179409  beta-globin 

 gi|179433  biglycan [Homo sapiens] 

 gi|306875  C protein [Homo sapiens] 

 gi|4885111  calmodulin-like 3 [Homo sapiens] 

 gi|433308  capping protein alpha [Homo sapiens] 

 gi|4502517  carbonic anhydrase I [Homo sapiens] 

 gi|29727  cardiac beta myosin heavy chain [Homo sapiens] 

 gi|951338  CAS 

 gi|4503143  cathepsin D preproprotein [Homo sapiens] 

 gi|337760  cerebroside sulfate activator protein 

 gi|157835338  Chain A, Changes In Conformational Stability Of A Series Of Mutant Human Lysozymes At Constant Posi 

 gi|157835340  Chain A, Contribution Of Hydrophobic Effect To The Conformational Stability Of Human Lysozyme 

 gi|75766275  Chain A, Crystal Structure Of Human Cypa Mutant K131a 

 gi|3891470  Chain A, Crystal Structure Of Human Galectin-7 In Complex With Galactosamine 

 gi|90108664  Chain A, Crystal Structure Of Lipid-Free Human Apolipoprotein A-I 

 gi|999892  Chain A, Crystal Structure Of Recombinant Human Triosephosphate Isomerase At 2.8 Angstroms Resoluti 

 gi|1633054  Chain A, Cyclophilin A Complexed With Dipeptide Gly-Pro 

 gi|1065111  Chain A, High Resolution Solution Nmr Structure Of Mixed Disulfide Intermediate Between Mutant Huma 

 gi|1065361  Chain A, Human Adp-Ribosylation Factor 1 Complexed With Gdp, Full Length Non-Myristoylated 

 gi|3891975  Chain A, Human Cathepsin G 

 gi|15825659  Chain A, Human Factor Viii C2 Domain Complexed To Human Monoclonal Bo2c11 Fab 

 gi|157830361  Chain A, Human Serum Albumin In A Complex With Myristic Acid And Tri- Iodobenzoic Acid 

 gi|640248  Chain A, Initial Crystallographic Analyses Of A Recombinant Interleukin-1 Receptor Antagonist Prote 

 gi|4929993  Chain A, Module-Substituted Chimera Hemoglobin Beta-Alpha (F133v) 

 gi|159162145  Chain A, Rotamer Strain As A Determinant Of Protein Structural Specificity 

 gi|16974825  Chain A, Solution Structure Of Calcium-Calmodulin N-Terminal Domain 



 gi|229751  Chain A, Structure Of Haemoglobin In The Deoxy Quaternary State With Ligand Bound At The Alpha Haem 

 gi|31615803  Chain A, Synthetic Ubiquitin With Fluoro-Leu At 50 And 67 

 gi|809185  Chain A, The Effect Of Metal Binding On The Structure Of Annexin V And Implications For Membrane Bi 

 gi|494066  Chain A, Three-Dimensional Structure Of Class Pi Glutathione S- Transferase From Human Placenta In  

 gi|61679690  Chain A, T-To-Thigh Quaternary Transitions In Human Hemoglobin: Alphal91a Deoxy Low-Salt 

 gi|190613401  Chain A, Unusual Twinning In Crystals Of The Cits Binding Antibody Fab Fragment F3p4 

 gi|229597861  Chain A, X-Ray Crystal Structure Of Coil 1a Of Human Vimentin 

 gi|1421609  Chain A, X-Ray Structure Of Nm23 Human Nucleoside Diphosphate Kinase B Complexed With Gdp At 2 Angs 

 gi|1431650  Chain B, Analysis Of The Crystal Structure, Molecular Modeling And Infrared Spectroscopy Of The Dis 

 gi|3660434  Chain B, Crystal Structure Of Deoxy-Human Hemoglobin Beta6 Glu->trp 

 gi|42543653  Chain B, Crystal Structure Of Human Anti-Hiv-1 Gp120 Reactive Antibody 412d 

 gi|208435643  Chain B, Crystal Structure Of K63-Specific Fab Apu.3a8 Bound To K63- Linked Di-Ubiquitin 

 gi|442850  Chain B, High-Resolution X-Ray Study Of Deoxy Recombinant Human Hemoglobins Synthesized From Beta-G 

 gi|229959  Chain B, Refined Crystal Structure Of Deoxyhemoglobin S. I. Restrained Least-Squares Refinement At  

 gi|229752  Chain B, Structure Of Haemoglobin In The Deoxy Quaternary State With Ligand Bound At The Alpha Haem 

 gi|55669799  Chain B, Three Dimensional Structure Of A Humanized Anti-Ifn-Gamma Fab In C2 Space Group 

 gi|166007160  Chain C, Solution Structure Of Human Immunoglobulin M 

 gi|161760892  Chain D, Neutron Structure Analysis Of Deoxy Human Hemoglobin 

 gi|349905  Chain F, Atomic Structures Of Wild-Type And Thermostable Mutant Recombinant Human Cu, Zn Superoxide 

 gi|5542067  Chain H, Comparison Of The Three-Dimensional Structures Of A Humanized And A Chimeric Fab Of An Ant 

 gi|160286046  Chain H, Crystal Structure Of A Recombinant Ige Fab Fragment In Complex With Bovine Beta-Lactoglobu 

 gi|17942616  Chain H, The Hapten Complexed Germline Precursor To Sulfide Oxidase Catalytic Antibody 28b4 

 gi|2914165  Chain H, Three-Dimensional Structure Of A Human Fab With High Affinity For Tetanus Toxoid 

 gi|494619  Chain I, The Refined 2.4 Angstroms X-Ray Crystal Structure Of Recombinant Human Stefin B In Complex 

 gi|46015316  Chain L, Crystal Structure Analysis Of Anti-Hiv-1 Fab 447-52d In Complex With V3 Peptide 

 gi|493869  Chain L, Crystal Structure Of A Chimeric Fab' Fragment Of An Antibody Binding Tumour Cells 

 gi|99031801  Chain L, Crystal Structure Of A Glycosylated Fab From An Igm Cryoglobulin With Properties Of A Natu 

 gi|1827928  Chain L, Igg Fab (Human Igg1, Kappa) Chimeric Fragment (Cbr96) Complexed With Lewis Y Nonoate Methy 

 gi|2194044  Chain L, Igg Fab Fragment (Cd25-Binding) 

 gi|230162  Chain M, Three-Dimensional Structure Of A Hybrid Light Chain Dimer. Protein Engineering Of A Bindin 

 gi|230867  Chain R, Twinning In Crystals Of Human Skeletal Muscle D- Glyceraldehyde-3-Phosphate Dehydrogenase 

 gi|4008131  chaperonin 10 [Homo sapiens] 

 gi|4502899  clathrin, light polypeptide A isoform a [Homo sapiens] 

 gi|180663  c-myc binding protein [Homo sapiens] 



 gi|5031635  cofilin 1 (non-muscle) [Homo sapiens] 

 gi|1915902  collagen (VI) alpha-1 chain [Homo sapiens] 

 gi|3127926  collagen type VI, alpha 3 chain [Homo sapiens] 

 gi|13938619  Creatine kinase, muscle [Homo sapiens] 

 gi|181250  cyclophilin 

 gi|4885165  cystatin A [Homo sapiens] 

 gi|30377  cytokeratin 13 [Homo sapiens] 

 gi|34073  cytokeratin 4 (408 AA) [Homo sapiens] 

 gi|4504351  delta globin [Homo sapiens] 

 gi|311614  dermatopontin [Homo sapiens] 

 gi|181540  desmin [Homo sapiens] 

 gi|9802306  DNA-binding protein TAXREB107 [Homo sapiens] 

 gi|1220311  elongation factor-1 alpha 

 gi|153267427  enolase 3 [Homo sapiens] 

 gi|181402  epidermal cytokeratin 2 [Homo sapiens] 

 gi|187302  epithelial cell marker protein 1 

 gi|4503475  eukaryotic translation elongation factor 1 alpha 2 [Homo sapiens] 

 gi|4503477  eukaryotic translation elongation factor 1 beta 2 [Homo sapiens] 

 gi|5453597  F-actin capping protein alpha-1 subunit [Homo sapiens] 

 gi|4557581  fatty acid binding protein 5 (psoriasis-associated) [Homo sapiens] 

 gi|182516  ferritin light subunit [Homo sapiens] 

 gi|182439  fibrinogen gamma chain [Homo sapiens] 

 gi|4504981  galectin-1 [Homo sapiens] 

 gi|2282013  GAPDH-2 like [Homo sapiens] 

 gi|12653507  Glutamic-oxaloacetic transaminase 2, mitochondrial (aspartate aminotransferase 2) [Homo sapiens] 

 gi|31645  glyceraldehyde-3-phosphate dehydrogenase [Homo sapiens] 

 gi|386758  GRP78 precursor 

 gi|5174447  guanine nucleotide binding protein (G protein), beta polypeptide 2-like 1 [Homo sapiens] 

 gi|4885371  H1 histone family, member 0 [Homo sapiens] 

 gi|5174449  H1 histone family, member X [Homo sapiens] 

 gi|4504255  H2A histone family, member Z [Homo sapiens] 

 gi|306882  haptoglobin precursor [Homo sapiens] 

 gi|183855  hbbm fused globin protein [Homo sapiens] 

 gi|119590486  hCG1640974, isoform CRA_a [Homo sapiens] 



 gi|119612018  hCG1808204 [Homo sapiens] 

 gi|119630082  hCG2007439 [Homo sapiens] 

 gi|119612312  hCG2008737 [Homo sapiens] 

 gi|119578813  hCG2011101 [Homo sapiens] 

 gi|119617765  hCG26523, isoform CRA_a [Homo sapiens] 

 gi|119614777  hCG95695, isoform CRA_a [Homo sapiens] 

 gi|662841  heat shock protein 27 [Homo sapiens] 

 gi|229149  hemoglobin beta 

 gi|47679341  hemoglobin beta [Homo sapiens] 

 gi|23268683  hemoglobin beta chain variant Hb.Sinai-Bel Air [Homo sapiens] 

 gi|239718  hemoglobin beta chain; beta-globin [Homo sapiens] 

 gi|51594277  hemoglobin Lepore-Baltimore [Homo sapiens] 

 gi|4504447  heterogeneous nuclear ribonucleoprotein A2/B1 isoform A2 [Homo sapiens] 

 gi|14043072  heterogeneous nuclear ribonucleoprotein A2/B1 isoform B1 [Homo sapiens] 

 gi|11321591  high-mobility group box 2 [Homo sapiens] 

 gi|4885381  histone cluster 1, H1b [Homo sapiens] 

 gi|4885375  histone cluster 1, H1c [Homo sapiens] 

 gi|4885377  histone cluster 1, H1d [Homo sapiens] 

 gi|4504239  histone cluster 1, H2ai [Homo sapiens] 

 gi|24586679  histone cluster 1, H2ba [Homo sapiens] 

 gi|45219796  Histone cluster 1, H3i [Homo sapiens] 

 gi|56203471  histone cluster 2, H3, pseudogene 2 [Homo sapiens] 

 gi|4504299  histone cluster 3, H3 [Homo sapiens] 

 gi|356168  histone H1b 

 gi|31979  histone H2A.2 [Homo sapiens] 

 gi|1568551  histone H2B [Homo sapiens] 

 gi|386772  histone H3 [Homo sapiens] 

 gi|7739447  hnRNP 2H9D [Homo sapiens] 

 gi|33877030  HNRPCL1 protein [Homo sapiens] 

 gi|306549  homology to rat ribosomal protein L23 

 gi|23271312  HSPA2 protein [Homo sapiens] 

 gi|38522  human elongation factor-1-delta [Homo sapiens] 

 gi|51476390  hypothetical protein [Homo sapiens] 

 gi|117938314  hypothetical protein LOC51237 [Homo sapiens] 



 gi|912776  iduronate-2-sulfatase, IDS {EC 3.1.6.13} [human, Hunter syndrome patient severe phenotype, Peptide Mutant, 550 aa] 

 gi|229536  Ig A L 

 gi|229585  Ig A1 Bur 

 gi|229601  Ig G1 H Nie 

 gi|106482  Ig heavy chain V-III region (ART) - human (fragments) 

 gi|106586  Ig kappa chain V-III (KAU cold agglutinin) - human 

 gi|223815  Ig lambda C 

 gi|106643  Ig lambda chain - human 

 gi|4176418  IgG kappa chain [Homo sapiens] 

 gi|58476682  IGL@ protein [Homo sapiens] 

 gi|133778664  immunoglobulin G1 Fab heavy chain variable region [Homo sapiens] 

 gi|567156  immunoglobulin gamma-chain, V region [Homo sapiens] 

 gi|46254000  immunoglobulin heavy chain [Homo sapiens] 

 gi|5679468  immunoglobulin heavy chain variable region [Homo sapiens] 

 gi|306962  immunoglobulin kappa chain [Homo sapiens] 

 gi|416336  immunoglobulin kappa chain V region [Homo sapiens] 

 gi|9968499  immunoglobulin kappa chain variable region [Homo sapiens] 

 gi|3169770  immunoglobulin kappa light chain [Homo sapiens] 

 gi|17226640  immunoglobulin kappa light chain variable region [Homo sapiens] 

 gi|21669317  immunoglobulin kappa light chain VLJ region [Homo sapiens] 

 gi|170684534  immunoglobulin lambda 2 light chain [Homo sapiens] 

 gi|21669601  immunoglobulin lambda light chain VLJ region [Homo sapiens] 

 gi|306999  immunoglobulin light chain 

 gi|186152  immunoglobulin light chain [Homo sapiens] 

 gi|186133  immunoglobulin light chain constant region [Homo sapiens] 

 gi|51103395  immunoglobulin variable region VL kappa domain [Homo sapiens] 

 gi|386848  keratin [Homo sapiens] 

 gi|7331218  keratin 1 [Homo sapiens] 

 gi|119581150  keratin 14 (epidermolysis bullosa simplex, Dowling-Meara, Koebner), isoform CRA_b [Homo sapiens] 

 gi|4557701  keratin 17 [Homo sapiens] 

 gi|42760012  keratin 3 [Homo sapiens] 

 gi|18999435  Keratin 5 [Homo sapiens] 

 gi|5031839  keratin 6A [Homo sapiens] 

 gi|84040267  Keratin 6C [Homo sapiens] 



 gi|28173564  keratin 73 [Homo sapiens] 

 gi|386850  keratin K5 

 gi|186685  keratin type 16 

 gi|386849  keratin type II [Homo sapiens] 

 gi|71891729  KIAA1503 protein [Homo sapiens] 

 gi|619788  L21 ribosomal protein [Homo sapiens] 

 gi|40254924  leucine rich repeat containing 59 [Homo sapiens] 

 gi|5031857  L-lactate dehydrogenase A isoform 1 [Homo sapiens] 

 gi|4557032  L-lactate dehydrogenase B [Homo sapiens] 

 gi|307141  lysozyme precursor (EC 3.2.1.17) 

 gi|187181  macrophage migration inhibitory factor 

 gi|2906146  malate dehydrogenase precursor [Homo sapiens] 

 gi|34709  manganese superoxide dismutase (MnSOD) [Homo sapiens] 

 gi|28336  mutant beta-actin (beta'-actin) [Homo sapiens] 

 gi|188586  myosin light chain 2 [Homo sapiens] 

 gi|188590  myosin light chain 3 [Homo sapiens] 

 gi|5453740  myosin, light chain 12A, regulatory, non-sarcomeric [Homo sapiens] 

 gi|17986258  myosin, light chain 6, alkali, smooth muscle and non-muscle isoform 1 [Homo sapiens] 

 gi|5031931  nascent polypeptide-associated complex alpha subunit isoform b [Homo sapiens] 

 gi|930063  neurone-specific enolase [Homo sapiens] 

 gi|913159  neuropolypeptide h3 [human, brain, Peptide, 186 aa] 

 gi|300181  neutrophil gelatinase-associated lipocalin, NGAL [human, neutrophils, Peptide, 178 aa] 

 gi|228797  neutrophil granule peptide HP1 

 gi|35068  Nm23 protein [Homo sapiens] 

 gi|478813  nonhistone chromosomal protein HMG-1 - human 

 gi|190238  nucleolar phosphoprotein B23 

 gi|7661704  osteoglycin preproprotein [Homo sapiens] 

 gi|895845  p64 CLCP [Homo sapiens] 

 gi|30102944  peptidylprolyl isomerase A-like 4A [Homo sapiens] 

 gi|189034  perinatal myosin heavy chain [Homo sapiens] 

 gi|4505591  peroxiredoxin 1 [Homo sapiens] 

 gi|1498227  PHAPI2b protein [Homo sapiens] 

 gi|2076751  phosphatidylinositol 3-kinase delta catalytic subunit 

 gi|189868  phosphoglycerate mutase [Homo sapiens] 



 gi|2627129  polyubiquitin [Homo sapiens] 

 gi|190200  porin 

 gi|238427  Porin 31HM [human, skeletal muscle membranes, Peptide, 282 aa] 

 gi|145309046  POTE-2 alpha-actin [Homo sapiens] 

 gi|219978  prealbumin [Homo sapiens] 

 gi|169171114  PREDICTED: hypothetical protein [Homo sapiens] 

 gi|88988289  PREDICTED: hypothetical protein LOC648000 isoform 3 [Homo sapiens] 

 gi|169213772  PREDICTED: similar to actin alpha 1 skeletal muscle protein [Homo sapiens] 

 gi|88942898  PREDICTED: similar to beta-actin [Homo sapiens] 

 gi|89038414  PREDICTED: similar to diazepam binding inhibitor [Homo sapiens] 

 gi|169163387  PREDICTED: similar to TRIM5/CypA fusion protein [Homo sapiens] 

 gi|5690431  prefoldin subunit 2 [Homo sapiens] 

 gi|337758  pre-serum amyloid P component [Homo sapiens] 

 gi|4826898  profilin 1 [Homo sapiens] 

 gi|190447  prosomal protein P30-33K 

 gi|5453990  proteasome activator subunit 1 isoform 1 [Homo sapiens] 

 gi|4506185  proteasome alpha 4 subunit isoform 1 [Homo sapiens] 

 gi|596140  proteasome subunit LMP7 

 gi|190283  protective protein precursor 

 gi|1710248  protein disulfide isomerase-related protein 5 [Homo sapiens] 

 gi|134133226  protein expressed in prostate, ovary, testis, and placenta 2 [Homo sapiens] 

 gi|229528  protein Len,Bence-Jones 

 gi|189617  protein PP4-X 

 gi|190668  psoriasin 

 gi|29468353  RALY-like protein isoform 1 [Homo sapiens] 

 gi|4506413  RAP1A, member of RAS oncogene family [Homo sapiens] 

 gi|6912638  ras suppressor protein 1 isoform 1 [Homo sapiens] 

 gi|83674986  rcTPM3 [Homo sapiens] 

 gi|20531983  RecName: Full=Aldo-keto reductase family 1 member B10; AltName: Full=Aldose reductase-like; AltName 

 gi|112877  RecName: Full=Alpha-1-acid glycoprotein 1; Short=AGP 1; AltName: Full=Orosomucoid-1; Short=OMD 1; F 

 gi|123510  RecName: Full=Haptoglobin-related protein; Flags: Precursor 

 gi|133254  RecName: Full=Heterogeneous nuclear ribonucleoprotein A1; Short=hnRNP core protein A1; AltName: Ful 

 gi|121039  RecName: Full=Ig gamma-1 chain C region 

 gi|125799  RecName: Full=Ig kappa chain V-III region NG9; Flags: Precursor 



 gi|74744045  RecName: Full=Protein S100-A7-like 2; AltName: Full=S100 calcium-binding protein A7-like 2 

 gi|267108  RecName: Full=Tetranectin; Short=TN; AltName: Full=C-type lectin domain family 3 member B; AltName: 

 gi|136066  RecName: Full=Triosephosphate isomerase; Short=TIM; AltName: Full=Triose-phosphate isomerase 

 gi|9857759  recombinant IgG4 heavy chain [Homo sapiens] 

 gi|36038  rho GDP dissociation inhibitor (GDI) [Homo sapiens] 

 gi|306553  ribosmal protein small subunit 

 gi|337518  ribosomal protein 

 gi|495126  ribosomal protein L11 [Homo sapiens] 

 gi|4506597  ribosomal protein L12 [Homo sapiens] 

 gi|4506617  ribosomal protein L17 [Homo sapiens] 

 gi|4506607  ribosomal protein L18 [Homo sapiens] 

 gi|119572748  ribosomal protein L18, isoform CRA_e [Homo sapiens] 

 gi|4506609  ribosomal protein L19 [Homo sapiens] 

 gi|4506613  ribosomal protein L22 proprotein [Homo sapiens] 

 gi|4506605  ribosomal protein L23 [Homo sapiens] 

 gi|4506619  ribosomal protein L24 [Homo sapiens] 

 gi|292435  ribosomal protein L26 

 gi|4506623  ribosomal protein L27 [Homo sapiens] 

 gi|4432754  ribosomal protein L27a [Homo sapiens] 

 gi|13904866  ribosomal protein L28 isoform 2 [Homo sapiens] 

 gi|793843  ribosomal protein L29 [Homo sapiens] 

 gi|1655596  ribosomal protein L31 [Homo sapiens] 

 gi|6005860  ribosomal protein L35 [Homo sapiens] 

 gi|14591909  ribosomal protein L5 [Homo sapiens] 

 gi|55958183  ribosomal protein L7a [Homo sapiens] 

 gi|119608470  ribosomal protein L7a, isoform CRA_d [Homo sapiens] 

 gi|4506663  ribosomal protein L8 [Homo sapiens] 

 gi|4506667  ribosomal protein P0 [Homo sapiens] 

 gi|4506669  ribosomal protein P1 isoform 1 [Homo sapiens] 

 gi|4506671  ribosomal protein P2 [Homo sapiens] 

 gi|4506679  ribosomal protein S10 [Homo sapiens] 

 gi|4506681  ribosomal protein S11 [Homo sapiens] 

 gi|553640  ribosomal protein S13 [Homo sapiens] 

 gi|5032051  ribosomal protein S14 [Homo sapiens] 



 gi|4506691  ribosomal protein S16 [Homo sapiens] 

 gi|4506693  ribosomal protein S17 [Homo sapiens] 

 gi|6755368  ribosomal protein S18 [Mus musculus] 

 gi|4506695  ribosomal protein S19 [Homo sapiens] 

 gi|15055539  ribosomal protein S2 [Homo sapiens] 

 gi|4506701  ribosomal protein S23 [Homo sapiens] 

 gi|4506707  ribosomal protein S25 [Homo sapiens] 

 gi|296452  ribosomal protein S26 [Homo sapiens] 

 gi|4506715  ribosomal protein S28 [Homo sapiens] 

 gi|550021  ribosomal protein S5 

 gi|337514  ribosomal protein S6 [Homo sapiens] 

 gi|4506743  ribosomal protein S8 [Homo sapiens] 

 gi|550023  ribosomal protein S9 

 gi|119592618  ribosomal protein S9, isoform CRA_c [Homo sapiens] 

 gi|36059  RING12 [Homo sapiens] 

 gi|37046660  RPL7L1 protein [Homo sapiens] 

 gi|71297264  RPS27A protein [Homo sapiens] 

 gi|5032057  S100 calcium binding protein A11 [Homo sapiens] 

 gi|7657532  S100 calcium-binding protein A6 [Homo sapiens] 

 gi|4506773  S100 calcium-binding protein A9 [Homo sapiens] 

 gi|49660012  sarcomeric tropomyosin kappa; TPM1-kappa [Homo sapiens] 

 gi|337930  scar protein 

 gi|407421  SEB4B [Homo sapiens] 

 gi|338039  set 

 gi|4506925  SH3 domain binding glutamic acid-rich protein like [Homo sapiens] 

 gi|11345462  signal peptidase complex subunit 3 [Homo sapiens] 

 gi|5454090  signal sequence receptor, delta [Homo sapiens] 

 gi|339956  skeletal muscle tropomyosin [Homo sapiens] 

 gi|1770517  SMT3A protein [Homo sapiens] 

 gi|4506901  splicing factor, arginine/serine-rich 3 [Homo sapiens] 

 gi|72534660  splicing factor, arginine/serine-rich 7 [Homo sapiens] 

 gi|685073  SPRC=small proline-rich protein [human, odontogenic keratocysts, Peptide Partial, 161 aa] 

 gi|551638  SSR alpha subunit [Homo sapiens] 

 gi|5031851  stathmin 1 isoform a [Homo sapiens] 



 gi|16307067  SUB1 homolog (S. cerevisiae) [Homo sapiens] 

 gi|845536  This CDS feature is included to show the translation of the corresponding V_region. Presently translation qualifiers on V_region features are illegal 

 gi|339683  Thy-1 

 gi|19072649  TPMsk3 [Homo sapiens] 

 gi|5803187  transaldolase 1 [Homo sapiens] 

 gi|553788  transferrin 

 gi|460789  transformation upregulated nuclear protein [Homo sapiens] 

 gi|48255905  transgelin [Homo sapiens] 

 gi|4507357  transgelin 2 [Homo sapiens] 

 gi|27597085  tropomyosin 1 alpha chain isoform 5 [Homo sapiens] 

 gi|47519616  tropomyosin 2 (beta) isoform 2 [Homo sapiens] 

 gi|58652133  tropomyosin 3 [Bos taurus] 

 gi|4507651  tropomyosin 4 isoform 2 [Homo sapiens] 

 gi|223486  tubulin beta 

 gi|7106439  tubulin, beta 5 [Mus musculus] 

 gi|5803225  tyrosine 3/tryptophan 5 -monooxygenase activation protein, epsilon polypeptide [Homo sapiens] 

 gi|5803227  tyrosine 3/tryptophan 5 -monooxygenase activation protein, theta polypeptide [Homo sapiens] 

 gi|4507953  tyrosine 3/tryptophan 5 -monooxygenase activation protein, zeta polypeptide [Homo sapiens] 

 gi|4507949  tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, beta polypeptide [Homo sapi 

 gi|9507245  tyrosine 3-monooxygenase/tryptophan 5-monooxygenase activation protein, gamma polypeptide [Rattus n 

 gi|5803207  U2 small nuclear RNA auxillary factor 1 isoform a [Homo sapiens] 

 gi|229532  ubiquitin 

 gi|4507797  ubiquitin-conjugating enzyme E2v2 [Homo sapiens] 

 gi|16306948  Unknown (protein for IMAGE:3897065) [Homo sapiens] 

 gi|194384240  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|194376438  unnamed protein product [Homo sapiens] 

 gi|7022475  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|28940  unnamed protein product [Homo sapiens] 

 gi|32486  unnamed protein product [Homo sapiens] 

 gi|34527413  unnamed protein product [Homo sapiens] 

 gi|34081  unnamed protein product [Homo sapiens] 



 gi|194377108  unnamed protein product [Homo sapiens] 

 gi|37403  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|37403  unnamed protein product [Homo sapiens] 

 gi|32486  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|47077184  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|36535  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|194384240  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|32488  unnamed protein product [Homo sapiens] 

 gi|34526424  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|34081  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|194375974  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|32488  unnamed protein product [Homo sapiens] 

 gi|28375485  unnamed protein product [Homo sapiens] 

 gi|34069  unnamed protein product [Homo sapiens] 

 gi|28435  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|34201  unnamed protein product [Homo sapiens] 



 gi|29446  unnamed protein product [Homo sapiens] 

 gi|29888  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|194376310  unnamed protein product [Homo sapiens] 

 gi|34071  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|194376438  unnamed protein product [Homo sapiens] 

 gi|36573  unnamed protein product [Homo sapiens] 

 gi|340219  vimentin [Homo sapiens] 

 gi|25188179  voltage-dependent anion channel 3 isoform b [Homo sapiens] 

 



Supporting Table 6. Proteins expressed in normal surgical margins. Proteins from about 10 to 45kD separated by 1-DE and identified by 

ESI-Q-TOF-MS/MS analysis 

Code of gene Protein 

 gi|437363  14-3-3n 

 gi|119612724  actin, alpha, cardiac muscle, isoform CRA_c [Homo sapiens] 

 gi|63055057  actin, beta-like 2 [Homo sapiens] 

 gi|62421158  actin-like protein [Homo sapiens] 

 gi|28595  aldolase A protein [Homo sapiens] 

 gi|30030  alpha-1 collagen VI (AA 574-1009) [Homo sapiens] 

 gi|179711  alpha-2 collagen type VI-a' 

 gi|178027  alpha-actin [Homo sapiens] 

 gi|182424  alpha-fibrinogen precursor [Homo sapiens] 

 gi|183801  alpha-globin [Homo sapiens] 

 gi|37492  alpha-tubulin [Homo sapiens] 

 gi|4757756  annexin A2 isoform 2 [Homo sapiens] 

 gi|4502101  annexin I [Homo sapiens] 

 gi|30258347  antibody light chain [Homo sapiens] 

 gi|5360679  anti-Entamoeba histolytica immunoglobulin kappa light chain [Homo sapiens] 

 gi|212675141  anti-HIV-1 V3 immunoglobulin heavy chain [Homo sapiens] 

 gi|58222835  anti-tetanus toxoid immunoglobulin light chain variable region [Homo sapiens] 

 gi|178855  apolipoprotein J precursor [Homo sapiens] 

 gi|13625797  asporin precursor [Homo sapiens] 

 gi|4501885  beta actin [Homo sapiens] 

 gi|193244897  beta globin [Homo sapiens] 

 gi|66473265  beta globin chain [Homo sapiens] 

 gi|179409  beta-globin 

 gi|21591225  BIA2 protein [Homo sapiens] 

 gi|306875  C protein [Homo sapiens] 

 gi|688292  calmitine; calsequestrine [Homo sapiens] 

 gi|4502517  carbonic anhydrase I [Homo sapiens] 

 gi|4557395  carbonic anhydrase II [Homo sapiens] 

 gi|2460249  cardiac ventricular troponin C [Homo sapiens] 

 gi|951338  CAS 

 gi|4503143  cathepsin D preproprotein [Homo sapiens] 



 gi|5901922  cell division cycle 37 protein [Homo sapiens] 

 gi|3891470  Chain A, Crystal Structure Of Human Galectin-7 In Complex With Galactosamine 

 gi|90108664  Chain A, Crystal Structure Of Lipid-Free Human Apolipoprotein A-I 

 gi|46015515  Chain A, Crystal Structure Of The Broadly Hiv-1 Neutralizing Fab X5 At 1.90 Angstrom Resolution 

 gi|1633054  Chain A, Cyclophilin A Complexed With Dipeptide Gly-Pro 

 gi|1065111  Chain A, High Resolution Solution Nmr Structure Of Mixed Disulfide Intermediate Between Mutant Huma 

 gi|4699695  Chain A, Human Beta-Tryptase: A Ring-Like Tetramer With Active Sites Facing A Central Pore 

 gi|15825659  Chain A, Human Factor Viii C2 Domain Complexed To Human Monoclonal Bo2c11 Fab 

 gi|157830361  Chain A, Human Serum Albumin In A Complex With Myristic Acid And Tri- Iodobenzoic Acid 

 gi|4929993  Chain A, Module-Substituted Chimera Hemoglobin Beta-Alpha (F133v) 

 gi|3114508  Chain A, R State Human Hemoglobin [alpha V96w], Carbonmonoxy 

 gi|16974825  Chain A, Solution Structure Of Calcium-Calmodulin N-Terminal Domain 

 gi|229751  Chain A, Structure Of Haemoglobin In The Deoxy Quaternary State With Ligand Bound At The Alpha Haem 

 gi|31615803  Chain A, Synthetic Ubiquitin With Fluoro-Leu At 50 And 67 

 gi|809185  Chain A, The Effect Of Metal Binding On The Structure Of Annexin V And Implications For Membrane Bi 

 gi|576259  Chain A, The Structure Of Pentameric Human Serum Amyloid P Component 

 gi|190613401  Chain A, Unusual Twinning In Crystals Of The Cits Binding Antibody Fab Fragment F3p4 

 gi|157835363  Chain A, X-Ray Crystal Structure Of A Recombinant Human Myoglobin Mutant At 2.8 Angstroms Resolutio 

 gi|229597861  Chain A, X-Ray Crystal Structure Of Coil 1a Of Human Vimentin 

 gi|3660434  Chain B, Crystal Structure Of Deoxy-Human Hemoglobin Beta6 Glu->trp 

 gi|27574248  Chain B, Deoxy Hemoglobin (A,C:v1m,V62l; B,D:v1m,V67l) 

 gi|442850  Chain B, High-Resolution X-Ray Study Of Deoxy Recombinant Human Hemoglobins Synthesized From Beta-G 

 gi|218681905  Chain C, Crystal Structure Of Mj5 Fab, A Germline Antibody Variant Of Anti-Human Cytomegalovirus An 

 gi|166007160  Chain C, Solution Structure Of Human Immunoglobulin M 

 gi|161760892  Chain D, Neutron Structure Analysis Of Deoxy Human Hemoglobin 

 gi|349905  Chain F, Atomic Structures Of Wild-Type And Thermostable Mutant Recombinant Human Cu, Zn Superoxide 

 gi|46015317  Chain H, Crystal Structure Analysis Of Anti-Hiv-1 Fab 447-52d In Complex With V3 Peptide 

 gi|2914165  Chain H, Three-Dimensional Structure Of A Human Fab With High Affinity For Tetanus Toxoid 

 gi|494619  Chain I, The Refined 2.4 Angstroms X-Ray Crystal Structure Of Recombinant Human Stefin B In Complex 

 gi|493869  Chain L, Crystal Structure Of A Chimeric Fab' Fragment Of An Antibody Binding Tumour Cells 

 gi|99031801  Chain L, Crystal Structure Of A Glycosylated Fab From An Igm Cryoglobulin With Properties Of A Natu 

 gi|33358191  Chain L, Crystal Structure Of Fab' From The Hiv-1 Neutralizing Antibody 2f5 In Complex With Its Gp4 

 gi|1827928  Chain L, Igg Fab (Human Igg1, Kappa) Chimeric Fragment (Cbr96) Complexed With Lewis Y Nonoate Methy 

 gi|160877748  Chain L, Neuropilin-1 B1 Domain In Complex With A Vegf-Blocking Fab 



 gi|230162  Chain M, Three-Dimensional Structure Of A Hybrid Light Chain Dimer. Protein Engineering Of A Bindin 

 gi|230867  Chain R, Twinning In Crystals Of Human Skeletal Muscle D- Glyceraldehyde-3-Phosphate Dehydrogenase 

 gi|5031635  cofilin 1 (non-muscle) [Homo sapiens] 

 gi|223373  complex-forming glycoprotein HC 

 gi|553231  creatine kinase M (EC 2.7.3.2) [Homo sapiens] 

 gi|13938619  Creatine kinase, muscle [Homo sapiens] 

 gi|4503057  crystallin, alpha B [Homo sapiens] 

 gi|181250  cyclophilin 

 gi|30377  cytokeratin 13 [Homo sapiens] 

 gi|34073  cytokeratin 4 (408 AA) [Homo sapiens] 

 gi|6457378  cytovillin 2 [Homo sapiens] 

 gi|311614  dermatopontin [Homo sapiens] 

 gi|181540  desmin [Homo sapiens] 

 gi|1220311  elongation factor-1 alpha 

 gi|153267427  enolase 3 [Homo sapiens] 

 gi|187302  epithelial cell marker protein 1 

 gi|4503475  eukaryotic translation elongation factor 1 alpha 2 [Homo sapiens] 

 gi|5453597  F-actin capping protein alpha-1 subunit [Homo sapiens] 

 gi|182439  fibrinogen gamma chain [Homo sapiens] 

 gi|4758438  glucagon-like peptide 2 receptor precursor [Homo sapiens] 

 gi|31645  glyceraldehyde-3-phosphate dehydrogenase [Homo sapiens] 

 gi|4885371  H1 histone family, member 0 [Homo sapiens] 

 gi|223976  haptoglobin Hp2 

 gi|306882  haptoglobin precursor [Homo sapiens] 

 gi|119572463  hCG1744641, isoform CRA_b [Homo sapiens] 

 gi|119630082  hCG2007439 [Homo sapiens] 

 gi|662841  heat shock protein 27 [Homo sapiens] 

 gi|61104911  heat shock protein 90Bb [Homo sapiens] 

 gi|229149  hemoglobin beta 

 gi|47679341  hemoglobin beta [Homo sapiens] 

 gi|23268683  hemoglobin beta chain variant Hb.Sinai-Bel Air [Homo sapiens] 

 gi|239718  hemoglobin beta chain; beta-globin [Homo sapiens] 

 gi|229172  hemoglobin delta 

 gi|4885397  hemoglobin, zeta [Homo sapiens] 



 gi|226337  hemopexin 

 gi|4504447  heterogeneous nuclear ribonucleoprotein A2/B1 isoform A2 [Homo sapiens] 

 gi|45767731  HIST1H4I protein [Homo sapiens] 

 gi|4885381  histone cluster 1, H1b [Homo sapiens] 

 gi|4885375  histone cluster 1, H1c [Homo sapiens] 

 gi|4885377  histone cluster 1, H1d [Homo sapiens] 

 gi|4504239  histone cluster 1, H2ai [Homo sapiens] 

 gi|24586679  histone cluster 1, H2ba [Homo sapiens] 

 gi|4504263  histone cluster 1, H2bm [Homo sapiens] 

 gi|56203471  histone cluster 2, H3, pseudogene 2 [Homo sapiens] 

 gi|31979  histone H2A.2 [Homo sapiens] 

 gi|1568551  histone H2B [Homo sapiens] 

 gi|184086  histone H2B.1 

 gi|386772  histone H3 [Homo sapiens] 

 gi|306549  homology to rat ribosomal protein L23 

 gi|51476390  hypothetical protein [Homo sapiens] 

 gi|229536  Ig A L 

 gi|229585  Ig A1 Bur 

 gi|229601  Ig G1 H Nie 

 gi|7438712  Ig kappa chain NIG93 precursor - human 

 gi|106586  Ig kappa chain V-III (KAU cold agglutinin) - human 

 gi|106600  Ig kappa chain V-III region (Jh) - human (fragment) 

 gi|223815  Ig lambda C 

 gi|106643  Ig lambda chain - human 

 gi|4176418  IgG kappa chain [Homo sapiens] 

 gi|49256427  IGH@ protein [Homo sapiens] 

 gi|130381795  immunoglobulin G1 Fab light chain variable region [Homo sapiens] 

 gi|8918518  immunoglobulin gamma heavy chain [Homo sapiens] 

 gi|1710419  immunoglobulin H23 light chain kappa variable region [Homo sapiens] 

 gi|16505713  immunoglobulin heavy chain [Homo sapiens] 

 gi|39937979  immunoglobulin heavy chain variable region [Homo sapiens] 

 gi|553426  immunoglobulin heavy chain VDJC region 

 gi|170684422  immunoglobulin kappa 1 light chain [Homo sapiens] 

 gi|306962  immunoglobulin kappa chain [Homo sapiens] 



 gi|416336  immunoglobulin kappa chain V region [Homo sapiens] 

 gi|9968499  immunoglobulin kappa chain variable region [Homo sapiens] 

 gi|3169770  immunoglobulin kappa light chain [Homo sapiens] 

 gi|21669317  immunoglobulin kappa light chain VLJ region [Homo sapiens] 

 gi|170684526  immunoglobulin lambda 2 light chain [Homo sapiens] 

 gi|21669555  immunoglobulin lambda light chain VLJ region [Homo sapiens] 

 gi|15149823  immunoglobulin lambda-3 surrogate light chain [Homo sapiens] 

 gi|185364  immunoglobulin lambda-chain 

 gi|306999  immunoglobulin light chain 

 gi|218783334  immunoglobulin light chain [Homo sapiens] 

 gi|186133  immunoglobulin light chain constant region [Homo sapiens] 

 gi|51103531  immunoglobulin variable region VL kappa domain [Homo sapiens] 

 gi|4557699  keratin 12 [Homo sapiens] 

 gi|18999435  Keratin 5 [Homo sapiens] 

 gi|28173564  keratin 73 [Homo sapiens] 

 gi|39795269  Keratin 79 [Homo sapiens] 

 gi|12314174  keratin 8 pseudogene 11 [Homo sapiens] 

 gi|386850  keratin K5 

 gi|186685  keratin type 16 

 gi|386849  keratin type II [Homo sapiens] 

 gi|4240195  KIAA0853 protein [Homo sapiens] 

 gi|5031857  L-lactate dehydrogenase A isoform 1 [Homo sapiens] 

 gi|4557032  L-lactate dehydrogenase B [Homo sapiens] 

 gi|2460037  m6A methyltransferase [Homo sapiens] 

 gi|2906146  malate dehydrogenase precursor [Homo sapiens] 

 gi|34707  Manganese superoxide dismutase [Homo sapiens] 

 gi|14589909  mitogen-activated protein kinase kinase kinase kinase 5 [Homo sapiens] 

 gi|28336  mutant beta-actin (beta'-actin) [Homo sapiens] 

 gi|1220346  myosin light chain 2 

 gi|5453740  myosin, light chain 12A, regulatory, non-sarcomeric [Homo sapiens] 

 gi|10864053  myozenin 1 [Homo sapiens] 

 gi|5031931  nascent polypeptide-associated complex alpha subunit isoform b [Homo sapiens] 

 gi|913159  neuropolypeptide h3 [human, brain, Peptide, 186 aa] 

 gi|190238  nucleolar phosphoprotein B23 



 gi|7661704  osteoglycin preproprotein [Homo sapiens] 

 gi|4505591  peroxiredoxin 1 [Homo sapiens] 

 gi|189868  phosphoglycerate mutase [Homo sapiens] 

 gi|2627129  polyubiquitin [Homo sapiens] 

 gi|219978  prealbumin [Homo sapiens] 

 gi|169171114  PREDICTED: hypothetical protein [Homo sapiens] 

 gi|239751152  PREDICTED: hypothetical protein XP_002347737 [Homo sapiens] 

 gi|169213772  PREDICTED: similar to actin alpha 1 skeletal muscle protein [Homo sapiens] 

 gi|239752604  PREDICTED: similar to immunoglobulin lambda-like polypeptide 1 [Homo sapiens] 

 gi|182607  prepro-C3b/C4B inactivator [Homo sapiens] 

 gi|134133226  protein expressed in prostate, ovary, testis, and placenta 2 [Homo sapiens] 

 gi|189617  protein PP4-X 

 gi|83674986  rcTPM3 [Homo sapiens] 

 gi|112877  RecName: Full=Alpha-1-acid glycoprotein 1; Short=AGP 1; AltName: Full=Orosomucoid-1; Short=OMD 1; F 

 gi|123510  RecName: Full=Haptoglobin-related protein; Flags: Precursor 

 gi|121039  RecName: Full=Ig gamma-1 chain C region 

 gi|115887  RecName: Full=Mast cell carboxypeptidase A; Short=MC-CPA; AltName: Full=Carboxypeptidase A3; Flags: 

 gi|136066  RecName: Full=Triosephosphate isomerase; Short=TIM; AltName: Full=Triose-phosphate isomerase 

 gi|36038  rho GDP dissociation inhibitor (GDI) [Homo sapiens] 

 gi|495126  ribosomal protein L11 [Homo sapiens] 

 gi|4506613  ribosomal protein L22 proprotein [Homo sapiens] 

 gi|4506619  ribosomal protein L24 [Homo sapiens] 

 gi|4432754  ribosomal protein L27a [Homo sapiens] 

 gi|793843  ribosomal protein L29 [Homo sapiens] 

 gi|1655596  ribosomal protein L31 [Homo sapiens] 

 gi|6005860  ribosomal protein L35 [Homo sapiens] 

 gi|35903  ribosomal protein L7 [Homo sapiens] 

 gi|4506661  ribosomal protein L7a [Homo sapiens] 

 gi|4506669  ribosomal protein P1 isoform 1 [Homo sapiens] 

 gi|4506671  ribosomal protein P2 [Homo sapiens] 

 gi|5032051  ribosomal protein S14 [Homo sapiens] 

 gi|4506691  ribosomal protein S16 [Homo sapiens] 

 gi|3088342  ribosomal protein S23 [Homo sapiens] 

 gi|4506707  ribosomal protein S25 [Homo sapiens] 



 gi|337514  ribosomal protein S6 [Homo sapiens] 

 gi|7657532  S100 calcium-binding protein A6 [Homo sapiens] 

 gi|4506773  S100 calcium-binding protein A9 [Homo sapiens] 

 gi|49660012  sarcomeric tropomyosin kappa; TPM1-kappa [Homo sapiens] 

 gi|337930  scar protein 

 gi|28592  serum albumin [Homo sapiens] 

 gi|21620053  Similar to collagen, type VI, alpha 3 [Homo sapiens] 

 gi|1381814  skeletal muscle LIM-protein SLIM 

 gi|339781  slow skeletal muscle troponin T [Homo sapiens] 

 gi|467828  smooth muscle myosin alkali light chain 

 gi|1770517  SMT3A protein [Homo sapiens] 

 gi|685073  SPRC=small proline-rich protein [human, odontogenic keratocysts, Peptide Partial, 161 aa] 

 gi|914044  surface-associated sulphydryl protein, SASP=thioredoxin homolog [human, THP-1 monocytes, Peptide Pa 

 gi|561696  This CDS feature is included to show the translation of the corresponding V_region. Presently trans 

 gi|19072649  TPMsk3 [Homo sapiens] 

 gi|4325109  transcriptional intermediary factor 1 gamma; TIF1gamma [Homo sapiens] 

 gi|339469  transferrin [Homo sapiens] 

 gi|27597085  tropomyosin 1 alpha chain isoform 5 [Homo sapiens] 

 gi|42476296  tropomyosin 2 (beta) isoform 1 [Homo sapiens] 

 gi|58652133  tropomyosin 3 [Bos taurus] 

 gi|223555975  tropomyosin 4 isoform 1 [Homo sapiens] 

 gi|4507651  tropomyosin 4 isoform 2 [Homo sapiens] 

 gi|49660014  tropomyosin alpha striated muscle isoform; TPM1-alpha [Homo sapiens] 

 gi|5803203  troponin T3, skeletal, fast isoform 1 [Homo sapiens] 

 gi|5803225  tyrosine 3/tryptophan 5 -monooxygenase activation protein, epsilon polypeptide [Homo sapiens] 

 gi|4507953  tyrosine 3/tryptophan 5 -monooxygenase activation protein, zeta polypeptide [Homo sapiens] 

 gi|339715  tyrosine kinase (FER) [Homo sapiens] 

 gi|229532  ubiquitin 

 gi|194376310  unnamed protein product [Homo sapiens] 

 gi|34039  unnamed protein product [Homo sapiens] 

 gi|194376438  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|21751806  unnamed protein product [Homo sapiens] 

 gi|194388338  unnamed protein product [Homo sapiens] 



 gi|34069  unnamed protein product [Homo sapiens] 

 gi|158261511  unnamed protein product [Homo sapiens] 

 gi|34527235  unnamed protein product [Homo sapiens] 

 gi|31092  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|28940  unnamed protein product [Homo sapiens] 

 gi|7022475  unnamed protein product [Homo sapiens] 

 gi|189053924  unnamed protein product [Homo sapiens] 

 gi|194376438  unnamed protein product [Homo sapiens] 

 gi|194376242  unnamed protein product [Homo sapiens] 

 gi|37403  unnamed protein product [Homo sapiens] 

 gi|34071  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|21757066  unnamed protein product [Homo sapiens] 

 gi|21757073  unnamed protein product [Homo sapiens] 

 gi|194376242  unnamed protein product [Homo sapiens] 

 gi|34069  unnamed protein product [Homo sapiens] 

 gi|194384438  unnamed protein product [Homo sapiens] 

 gi|10434878  unnamed protein product [Homo sapiens] 

 gi|34526424  unnamed protein product [Homo sapiens] 

 gi|16554039  unnamed protein product [Homo sapiens] 

 gi|4803698  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|34866  unnamed protein product [Homo sapiens] 

 gi|21754605  unnamed protein product [Homo sapiens] 

 gi|34069  unnamed protein product [Homo sapiens] 

 gi|194375974  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|4803698  unnamed protein product [Homo sapiens] 

 gi|34687  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 



 gi|34687  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|32111  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|4803698  unnamed protein product [Homo sapiens] 

 gi|21751704  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|4803698  unnamed protein product [Homo sapiens] 

 gi|29446  unnamed protein product [Homo sapiens] 

 gi|29888  unnamed protein product [Homo sapiens] 

 gi|32097  unnamed protein product [Homo sapiens] 

 gi|340219  vimentin [Homo sapiens] 

 gi|62896523  vimentin variant [Homo sapiens] 

 gi|5441367  ZASP protein [Homo sapiens] 
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3. CONCLUSÕES 

 

Para o nosso conhecimento, este é o primeiro estudo de carcinoma epidermóide 

de cavidade oral que compara um prognosticador conhecido, a presença de células 

neoplásicas em linfonodos regionais (independentemente do tamanho do tumor), com 

uma classificação exploratória que separa os tumores pequenos metastáticos e os 

grandes não-metastáticos em dois grupos. Em comparação com os dados obtidos com o 

parâmetro tradicional, semelhantes, mas não idênticos padrões de expressão protéica 

foram observados. Os resultados indicam que o tamanho do tumor é importante para 

melhorar a distinção entre grupos TNM polares. 

 

As principais conclusões do presente trabalho são: 

 

1. A etapa de extração é crítica para a obtenção de elevada e representativa 

quantidade de proteínas de tecidos biológicos e de alta resolução protéica nos 

géis de eletroforese bidimensional; 

2. Os perfis protéicos do carcinoma epidermóide oral com fenótipo invasivo, do 

não-invasivo, dos tumores pequenos metastáticos, dos grandes não-

metastáticos e dos tecidos normais mostram padrões similares entre si, 

porém com diferenças consistentes na expressão de algumas proteínas; 

3. O tamanho tumoral é importante para melhorar a distinção entre grupos 

TNM polares – tumores agressivos e menos agressivos – e algumas 

diferenças podem ter impacto no prognóstico; 



4. A citoqueratina-4 é um biomarcador potencial para o carcinoma epidermóide 

de cavidade oral; 

5. A anexina A1 apresenta expressão reduzida em células neoplásicas de cabeça 

e pescoço, um fato que pode estar relacionado à inflamação, à proliferação 

de células epiteliais e à carcinogênese; 

6. Os fibroblastos do estroma tumoral mantêm estreita comunicação com as 

células cancerosas, estimulando a proliferação, o recrutamento de células 

inflamatórias e a aquisição de características invasivas; 

7. As células tumorais influenciam a expressão gênica das células estromais 

com aparente efeito sobre a indução e a inibição de respostas inflamatórias 

ou imunes. 
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