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Abstract: Metastasis is a critical event in oral squamous cell carcinoma (OSCC) progression. In this study, we have per-

formed quantitative analysis of serum proteins from non-metastatic (lymph-node metastasis free) and metastatic OSCC 

patients using liquid chromatography-tandem mass spectrometry (LC-MS/MS) with iTRAQ labeling (isobaric tagging for 

relative and absolute quantitation). To eliminate highly abundant proteins, the serum samples were initially separated by 

SDS-PAGE and only low abundant protein bands were excised for subsequent in-gel tryptic digestion. The resulting pep-

tides were then extracted from each sample gels and labeled with iTRAQ reagent 114 (control), 116 (non-metastatic) and 

117 (metastatic), respectively. Afterwards, the labeled samples were combined and subjected to LC-MS/MS analysis us-

ing linear ion trap (LIT) MS with pulsed Q collision induced dissociation (PQD). A total of 64 proteins were identified 

and quantified by this approach. Our study showed that iTRAQ labeling and LIT-MS with PQD is a valuable approach to 

quantification of serum proteins. We also demonstrated the presence of differentially expressed serum proteins between 

non-metastatic and metastatic OSCCs that may be further validated as biomarkers for metastatic OSCC. However, in or-

der to comprehensively quantify low abundant serum proteins, a more efficient approach is needed to deplete highly 

abundant proteins prior to quantitative serum proteome analysis of OSCC. 

INTRODUCTION 

 Oral squamous cell carcinoma (OSCC) is the sixth most 
common cancer worldwide. Despite the tremendous im-
provements in surgery, radiotherapy and chemotherapy, the 
prognosis for patients with OSCC is more or less unchanged 
for the past 3 decades. This is because oral cancers are often 
diagnosed at late stage when the disease has metastasized 
from the primary tumor site [1-3]. Improvement in patient 
survival requires an increased understanding of tumor metas-
tasis so that aggressive tumors can be detected early in the 
disease process and targeted therapeutic interventions can be 
developed. This suggests an imperative need for developing 
novel biomarkers for predicting metastatic potential of the 
patients with primary oral cancers. These biomarkers will 
certainly help to differentiate patients who clinically have no 
detectable disease but are potential candidates for lymph 
nodes metastasis and should have prophylactic neck dissec-
tion and/or adjuvant radiotherapy. Conversely, such a set of 
reliable biomarkers would also help avoid unnecessary sur-
gery treatment for those individuals who are, or would be 
metastasis-free.  

 Quantitative proteomics using tandem MS with stable 
isotope labeling strategy represents an emerging technology 
for global quantification of protein levels in disease or per-
turbed biological samples. Recently, a variety of stable iso-
tope reagents have been developed for relative quantification 
in proteomics, including ICAT (isotope-coded affinity tag-
ging), SILAC (Stable isotope labeling with amino acids in  
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cell culture), AQUA (absolute quantification using internal 
standard peptides), iTRAQ (isotope tagging for relative and 
absolute quantitation), etc. Most methods enable quantifica-
tion in the full MS scan, and peptide identification based on 
subsequent fragmentation (MS/MS) of precursor ions, with 
the exception of iTRAQ, where both the identification and 
quantification are performed in the MS/MS scan [4]. The 
iTRAQ label attaches to the N-terminal amino group of pep-
tides and the epsilon amino group of lysine. The labeled pep-
tides fragment during MS/MS scans to produce the iTRAQ 
reporter ions (113-119, or 121 m/z). Therefore, quantifica-
tion of peptides and corresponding proteins from up to 8 
samples can be performed simply by comparing the intensi-
ties of these iTRAQ reporter ions. However, due to ex-
tremely low m/z of these reporter ions, there is limitation of 
using ion traps for iTRAQ applications under collision in-
duced dissociation (CID) mode. Recently, a new dissociation 
technique called PQD, has been developed and implemented 
for linear ion trap mass spectrometers [5]. The PQD tech-
nique generates spectra qualitatively similar to CID, but it 
allows the observation of low m/z fragments that are usually 
excluded from CID. With the ability to trap and detect lower 
m/z product ions, PQD can be applied successfully to pep-
tide quantification utilizing iTRAQ tags [6].  

 Serum/plasma proteomics is a very attractive approach to 
disease biomarker discovery because testing of biomarkers 
in blood is simple, safe and minimally invasive [7]. Com-
pared to tissue biopsies, blood samples are easily accessible 
and therefore a large number of specimens can be enrolled 
for a clinical proteomic study. This allows adequate statisti-
cal power for a robust study design, and true signatures can 
be unveiled for disease detection. In this study, we have 
demonstrated quantitative mass spectrometry (MS) based on 
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linear ion trap MS and stable isotope labeling technique can 
reveal differentially expressed serum proteins between non-
metastatic and metastatic OSCCs. The newly identified tar-
get proteins may be used for further validation on new pa-
tient samples to test their prediction value for metastatic 
OSCC. 

MATERIALS AND METHODS 

Sample Collection 

 The OSCC patients were recruited from the University of 
California-Los Angeles Medical Center and School of Den-
tistry. All patients received diagnosis of OSCC and had no 
prior treatment in the form of chemotherapy, radiotherapy, 
surgery, or alternative medicine. No patients had a history of 
prior malignancy, immunodeficiency, autoimmune disorders, 
hepatitis or HIV infection. Healthy control subjects were 
also recruited and completely matched for gender, age and 
ethnicity for this study. All subjects signed informed consent 
and were enrolled with an approved IRB at UCLA.  

SDS-PAGE, in-Gel Tryptic Digestion and iTRAQ Label-
ing  

 The total protein concentration of 30 serum samples (10 
healthy controls, 10 lymph-node metastasis free and 10 me-
tastatic OSCCs) was measured using the 2-D Quant Kit (GE 
Healthcare, Piscataway, NJ). We then pooled the samples in 
each group, equally according to total amount of proteins, 
and precipitated the proteins using cold 10% TCA in ace-
tone. The protein pellets were then dissolved in a buffer con-
taining 7M urea, 2M thiourea, 20mM DTT, 1.2% CHAPS 
(w/v), 5% glycerol (v/v), 10% isopropanol (v/v), and 0.4% 

ASB-14 (w/v). Finally, the serum proteins (10 g, each 
pooled sample) were separated using 12% NuPAGE gels 
(Invitrogen, Carlsbad, CA) and stained with Sypro Ruby 
(Bio-Rad, Fullerton, CA).  

 Selected protein bands (Fig. 1) were excised using the 
ProteomeWorks™ Spot Cutter (Bio-Rad). In-gel tryptic di-
gestion of the proteins was then performed and the resulting 
peptides were extracted with 0.1% TFA in 50% acetonitrile. 
The peptides from each pooled sample were combined, vac-
uum dried, re-dissolved in 10 L of triethylammonium bi-
carbonate (TEAB) and labeled with isobaric tags (114, 116, 
and 117 for control, non-metastatic patients, and metastatic 
patients, respectively) according to the manufacturer’s in-
struction manual (Applied Biosystems, Foster City, CA). All 
three labeled samples were finally combined and desalted 
with the cation-exchange cartridge system (Applied Biosys-
tems). 

LC-MS/MS and Database Searching 

 The combined peptide sample was analyzed using nano-
LC (Eksigent Technologies, Dublin, CA) and linear ion trap 
MS (LTQ XL, Thermo-Fisher Scientific, Waltham, MA). 
Peptide separation was performed using the PepMap100 C18 
column (3 m, 100A°, 75 m I.D., 15 cm length, Dionex, 
Sunnyvale, CA) with a 300- m I.D. 3.5-mm-long C18 guard 
column (Dionex). Peptides were eluted using a linear gradi-
ent of 5–95% HPLC buffer B (5% H2O, 95% ACN contain-
ing 0.1% formic acid) over 60 min, followed by isocratic 
elution at 95% buffer B for 15 min with a flow rate of 400 
nL/min across the capillary column. Electrospray (ESI) was 
performed at 2.0 kV using a PicoTip nanospray emitter (10-

m I. D., New Objective, Woburn, MA).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (1). SDS-PAGE of serum proteins in pooled samples of healthy control, non-metastatic (NM) and metastatic (M) OSCCs. Serum pro-

teins were separated using a 12% NuPAGE gel and then stained with Sypro Ruby fluorescent stain. To avoid the highly abundant proteins, 

selected protein bands were excised from each lane for subsequent in-gel tryptic digestion. The resulting peptides were extracted and labeled 
with iTRAQ 114, 116 and 117, respectively.   
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 Peptides were selected for MS/MS using pulsed Q colli-
sion induced dissociation (PQD) operating mode with a 
normalized collision energy setting of 42%. The ion trap was 
operated in a data-dependent mode, with one MS survey 
scan (400-1800 m/z) followed by five MS/MS scans for the 
five most abundant precursor ions in the MS survey scan. 
The m/z values selected for MS/MS were dynamically ex-
cluded for 20 s. 

 The obtained MS/MS spectra were searched against the 
International Protein Index database (IPI, Version 3.32) us-
ing the Sequest algorithm through the BioWorks 3.3 
(Thermo-Fisher Scientific). Search parameters included dif-
ferential mass shifts for methionine oxidation (+16 Da) and 
tyrosine (+144 Da), static mass shift (+144Da) at lysine and 
the N-terminus of all peptides, mass tolerance of +/-2.0 Da 
for precursor peptides, partial trypsin specificity and up to 
one internal missed cleavage. Proteins with minimum of two 
peptide hits were considered as positive identification.  

RESULTS AND DISCUSSION 

 The purpose of this study was to identify differentially 
expressed serum proteins among healthy control subjects, 
non-metastatic and metastatic OSCC patients. Since serum 
samples contain highly abundant proteins such as albumin, 
transferrin and immnoglobulins, we used SDS-PAGE ini-
tially to resolve the serum proteins from three pooled sam-
ples (healthy control, metastatic and non-metastatic OSCC) 
and only excised the low abundant protein bands for subse-
quent analysis (Fig. 1). The proteins in gel bands were then 
digested and the resulting peptides from each gel were com-

bined and labeled with iTRAQ 114, 116 and 117, respec-
tively. The three labeled samples were finally combined and 
analyzed using capillary LC and linear ion trap MS under the 
PQD operation mode. 

 As an example, Fig. (2) depicts the PQD spectrum for a 
tryptic peptide, GSPAINVAVHVFR, originated from 
transthyretin (TTR). TTR is a thyroid hormone-binding pro-
tein and has been associated with lung and colon cancers 
previously [8-11]. Our study suggested that TTR was over-
expressed in non-metastatic OSCC as compared to metas-
tatic OSCC. The extended mass range obtained by PQD rela-
tive to CID allowed the detection of iTRAQ reporter ions as 
well as the fragment ions (b and y ions) (Fig. 2A & B). Most 
of the abundant peaks in the spectrum were well matched, 
providing confident identification of the peptide (GSPAIN-
VAVHVFR). The relative levels of the peptide among three 
serum samples could be directly calculated from the peak 
intensity of three iTRAQ reporter ions 114, 116 and 117. 
Fig. (2C) indicates the peak height ratios of iTRAQ 116 and 
117 versus 114 for the peptide from four repetitive analyses. 
Significant variation in relative ratios was observed, which 
suggests that quantification may be biased based on the rela-
tive ratio from a single peptide and the use of average ratios 
for all identified peptides of a protein may be more accurate. 
Repetitive analysis of the same combined sample may also 
improve the accuracy of measuring relative protein levels 
among different samples.  

 In total, 85 proteins were identified from the three com-
bined samples, however, only 64 (75%) of the proteins 
showed detectable levels of iTRAQ reporter ions (Table 1). 
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This may be due to inefficient iTRAQ labeling or inadequate 
sensitivity of LIT-PQD for iTRAQ reporter ions. More than 
half of the identified proteins were immunological proteins 
such as immunoglobulins and complement factors, which are 
abundant proteins in serum. Many proteins were found be-
yond the molecular weight range as observed on SDS-PAGE 
gels, suggesting that the identified proteins may be side 
chains of the intact proteins. Around 52 proteins were over-
expressed in both non-metastatic and metastatic OSCCs 
compared to healthy controls. However, 27 proteins were 
found over-expressed and 37 were under-expressed in metas-
tatic OSCC as compared to non-metastatic OSCC. One such 
protein over-expressed in metastatic versus non-metastatic 
cancer is hemicentin 1, which is a member of the fibulin 
family of extracellular matrix molecules. Fibulins are se-
creted glycoproteins functioning to modulate cell morphol-
ogy, growth, adhesion and motility and therefore proposed to 
have both tumour suppressive and oncogenic activities [11, 
12]. Invasion of cells through breakdown of the basement 

membrane is a crucial step during development and cancer 
metastasis. Recently Sherwood et al. have identified that 
hemicentin, matrix metalloproteinase and fat-like protocad-
herin are down-stream transcriptional targets of FOS-1 that 
promote cellular invasion [13]. Their study suggests that the 
accumulation of hemicentin in the basement membrane is 
required to promote basement membrane removal and inva-
sion. Some other differentially expressed proteins such as 
HSP protein A14, MUC16 (CA125), ITIH2, and transthyre- 
tin were also found involved in human cancers (gastric, ovar-
ian, breast or head and neck) in previous studies, which may 
be implicated as cancer biomarkers [14-17].  

 In summary, we have demonstrated that iTRAQ labeling 
and linear ion trap MS with PQD is applicable to quantifica-
tion of serum proteins. The inclusion of SDS-PAGE for ini-
tial protein separation was able to eliminate some of the 
high-abundance proteins such as albumin, transferrin and 
macroglobulin. However, immunoglobulins and associated 

(Fig. 2) contd…. 
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Fig. (2). Tandem MS spectrum for a tryptic peptide, GSPAINVAVHVFR, originating from transthyretin. Most abundant peaks in the 

MS/MS spectrum were well matched (Fig. 2A), providing confident identification of the peptide. Fig. (2B) depicts the peaks for reporter ions 

114, 116 and 117 reflecting the peptide’s level among three samples. Fig. (2C) indicates the average ratio for reporter ions 116 and 117 ver-
sus reporter ion 114 from 4 repetitive analyses. 
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Table 1. Quantification of Serum Proteins from Healthy Control (114), Non-Metastatic (116) and Metastatic (117) OSCCs 

Protein name MW Accession No. Average ratio (114:116:117) 

AOC3 Membrane copper amine oxidase 84621 IPI00004457 0.48 : 0.87 : 1.00   

APOD Apolipoprotein D 21275 IPI00006662 2.85 : 0.33 : 1.00   

C4B;C4A complement component preproprotein 192732 IPI00418163 0.10 : 1.52 : 1.00   

C7 protein 11359 IPI00642632 0.58:1.22:1.00 

Complement C3 (Fragment) 187129 IPI00783987 0.47 : 0.88 : 1.00   

Complement C4-A  192770 IPI00032258 0.10 : 1.52 : 1.00   

Complement C4-B 192774 IPI00654875 0.10 : 1.52 : 1.00   

Complement component C9  63173 IPI00022395 0.53 : 0.71 : 1.00   

RalBP1 associated Eps domain containing protein 2 variant 57217 IPI00556669 ND:ND:1.00 

F7 Factor VII active site mutant immunoconjugate 75553 IPI00382606 1.23:1:57:1.00 

Haptoglobin 46723 IPI00641737 0.55:1.08:1.00 

Hemicentin 1 613704 IPI00045512 0.59 : ND : 1.00   

HP protein 38451 IPI00478493 0.58:125:1.00 

HPR Isoform 1 of Haptoglobin-related protein 39007 IPI00477597 0.59:1.32:1.00 

HPR Isoform 2 of Haptoglobin-related protein 43055 IPI00607707 0.77:1.20:1.00 

HSPA14 protein 26982 IPI00152085 0.60 : 0.65 : 1.00   

IAH1 protein (Fragment) 25634 IPI00432867 1.96:3.08:1.00 

Ig kappa chain V-I region AG 11992 IPI00387022 0.58 : 0.70 : 1.00   

Ig kappa chain V-I region Daudi  14235 IPI00385556 0.63 : 0.51 : 1.00   

Ig kappa chain V-I region DEE 11661 IPI00387025 ND : 0.40 : 1.00   

Ig kappa chain V-I region Gal 11814 IPI00387027 0.63 : 0.56 : 1.00   

Ig lambda chain V-IV region Hil 11517 IPI00382440 ND : 0.58 : 1.00   

IGHG1 protein 51395 IPI00448938 0.94:1:15:1.00 

IGHG3 protein 57156 IPI00472345 1.47 : 1.49 : 1.00   

IGHG4 protein 51986 IPI00550640 0.41:1.63:1.00 

IGHM protein 52666 IPI00472610 0.93:1.16:1:00 

IGHM protein 52586 IPI00761159 0.19:0.55:1:00 

IGHV4-31 CDNA FLJ26266 fis, clone DMC05613 22208 IPI00442911 0.29:0.99:1.00 

IGKC Ig kappa chain V-I region Walker  14069 IPI00024134 0.63 : 0.51 : 1.00   

IGKC protein 25628 IPI00430808 ND:1.07:1.00 

IGKV1-5 protein 26234 IPI00419424 ND:1.07:1.00 

IGKV1-5 protein 25747 IPI00430820 0.14:0.99:1.00 

IGKV1-5 protein 25853 IPI00478600 ND:1.07:1.00 

IGKV2-24 protein 26228 IPI00440577 ND:1.07:1.00 

IGL@ protein 24792 IPI00154742 0.59:1.30:1.00 

IGL@ protein 24888 IPI00450309 0.62:1.04:1.00 

IGL@ protein 25021 IPI00658130 0.46:0.99:1.00 
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(Table 1) contd…. 

Protein name MW Accession No. Average ratio (114:116:117) 

IGL@ protein 25148 IPI00719373 0.46:1.04:1.00 

IGL@ protein 24823 IPI00744476 0.45:0.99:1.00 

IGL@ protein 24857 IPI00745660 ND : 0.48 : 1.00   

IGL@ protein 24961 IPI00829626 ND : 0.58 : 1.00   

IGL@ protein 24855 IPI00829640 ND : 1.62 : 1.00   

IGLC2;IGLV2-14;IGLC1;IGLC3 IGLV2-14 protein 24696 IPI00718819 0.47:1.00:1.00 

IGLL1 Immunoglobulin lambda-like polypeptide 1 22963 IPI00013438 0.46 : 1.22 : 1.00   

IGLV3-25 protein 24867 IPI00550162 0.47:1.00:1.00 

IGLV4-3 protein 25977 IPI00382938 0.47:1.04:1.00 

ITIH2 Inter-alpha-trypsin inhibitor heavy chain H2 106436 IPI00305461 0.93 : 1.56 : 1.00   

MUC16 protein 1518181 IPI00646572 0.19 : 0.68 : 1.00   

PTPN13 Isoform 2 of Tyrosine-protein phosphatase non-receptor type 13 256598 IPI00472958 1.32:ND:1.00 

Putative uncharacterized protein 26216 IPI00550731 ND:1.07:1.00 

Putative uncharacterized protein 20650 IPI00556287 0.27 : 0.79: 1.00   

Putative uncharacterized protein 25015 IPI00784519 1.07:1:12:1.00 

Putative uncharacterized protein 24712 IPI00785164 ND : 0.48 : 1.00   

Hypothetical protein DKFZp686I04196 46061 IPI00399007 1.11:1.76:1.00 

Putative uncharacterized protein DKFZp686H20196 52759 IPI00423466 0.94:1.15:1.00 

Putative uncharacterized protein DKFZp686I15212 57019 IPI00418153 1.17 : 1.18 : 1.00   

Putative uncharacterized protein DKFZp686N02209 52852 IPI00384938 0.94:1.15:1.00 

Putative uncharacterized protein DKFZp686O01196 52612 IPI00423463 0.94:1.15:1.00 

Putative uncharacterized protein DKFZp686P15220 51724 IPI00645363 0.22:0.80:1.00 

Putative uncharacterized protein DKFZp781M0386 25002 IPI00784589 ND : 0.48 : 1.00   

TTR 13 kDa protein 13155 IPI00646384 0.72:1.81:1.00 

TTR Transthyretin 15887 IPI00022432 1.13:1.73:1.00 

Uncharacterized protein ENSP00000366428 10497 IPI00259410 0.63 : 0.56 : 1.00   

V2-7 protein 12441 IPI00747752 ND : 0.58 : 1.00   

Note: ND, not detected; MW, molecular weight. 

 

side chains were still observed at significantly abundant lev-
els. We are currently testing immunoaffinity columns to de-
plete the 12 most abundant serum proteins, and expect to 
quantify a significant larger number of lower abundant pro-
teins. Our study has also identified target proteins that can be 
used for further validation on new patient samples to test 
their prediction value for metastatic OSCC. Once robust 
biomarkers are developed in the future, a simple and valu-
able clinical tool will be available for the physicians to fore-
cast the metastatic potential of primary oral cancers by moni-
toring the serum levels of these biomarkers, and therefore to 
make appropriate treatment decisions.  
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