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Abstract 

Nasopharyngeal carcinoma (NPC) is categorized into three different differentiated subtypes by World 
Health Organization (WHO). Based on an earlier comparative proteomic database of the three 
histological subtypes, the study was to deepen our understanding of molecular mechanisms associated 
with NPC differentiation through bio-information mining. Among the three subtypes were 194 
differentially expressed proteins (DEPs) of 725 identified proteins. Two DEPs, heat shock protein family 
B (small) member 1 (HSPB1) and keratin 5 (KRT5), were validated in a series of NPC tissue samples by 
using immunohistochemistry. Quantified protein families including keratins, S100 proteins (S100s) and 
heat shock proteins exhibited characteristic expression alterations. Comparisons of predicted 
bio-function activation states among different subtypes, including formation of cellular protrusion, 
metastasis, cell death, and viral infections, were conducted. Canonical pathway analysis inferred that 
Rho GTPases related signaling pathways regulated the motility and invasion of dedifferentiated NPC. In 
conclusion, the study explored the proteomic characteristics of NPC differentiation, which could 
deepen our knowledge of NPC tumorigenesis and allow the development of novel targets of 
therapeutic and prognostic value in NPC. 

Key words: nasopharyngeal carcinoma, formalin-fixed paraffin-embedded, proteomics, Ingenuity pathway 
analysis. 

Introduction 
Nasopharyngeal carcinoma (NPC) is an endemic 

epithelial neoplasm, with an annual incidence of 25-50 
cases per 100,000 in southern China and Southeast 
Asia, though relatively rare in the Western world [1]. 
It differs from other head and neck cancers in its 
aetiology, epidemiology and potential therapeutic 
options [2]. Although NPC responds very well to 
radiotherapy, the outcome largely relates to the extent 
of the disease. Due to the deep location and vague 
symptoms, NPC is commonly diagnosed at a more 
advanced stage when possessing a higher metastatic 
potential, as compared to other head and neck 
carcinomas [3, 4]. For this reason, early diagnosis of 
NPC is critical for a better prognosis.  

NPC is histologically categorized into three 
subtypes according to the World Health Organization 

(WHO) classification, including keratinizing 
squamous cell carcinoma (type I), non-keratinizing 
squamous carcinoma (type II) and undifferentiated 
carcinoma (type III) [5]. From type I to III, NPC 
becomes less differentiated, more strongly associated 
with Epstein-Barr virus (EBV) infection and more 
sensitive to radiotherapy [6-8]. Correct histological 
classification plays a vital role in guiding treatment 
and improving prognosis of NPC. 

In our previous study, an effective approach 
using two-dimensional liquid chromatography, and 
tandem mass spectrometry (2D LC-MS/MS) in 
conjunction with isobaric tags for relative and 
absolute quantitation (iTRAQ) labeling was 
performed to identify protein changes among the 
three histological subtypes of formalin-fixed 
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paraffin-embedded (FFPE) NPC tissues [9]. The focus 
was on the evaluation of the effectiveness of the 
method and the similarity of the proteome inventories 
obtained from the FFPE and frozen tissue specimens. 
It was concluded that the obtained database from the 
diverse differentiation types of NPC tissues was 
reliable and effective.  

In the present study, two more differentially 
expressed proteins (DEPs) were validated, and 
bioinformatics analysis of the whole DEPs from the 
data was performed by using Ingenuity Pathway 
Analysis (IPA) software. It not only extended our 
understanding of NPC differentiation, but also 
provided a list of biomarkers for histological 
classification, which might benefit the guidance of 
NPC treatment.  

Materials and Methods 
Tissues  

This study was approved by institutional review 
board of the Cancer Hospital of Hunan Province. The 
set of FFPE tissue blocks of three WHO subtypes of 
NPC, for immunohistochemical stain verification of 
specific proteins, were retrieved randomly from the 
Cancer Hospital of Hunan Province at the time of 
diagnosis before any therapy. It contained 11 cases of 
WHO type I (8 males and 3 females, age 41-72 years, 
average 57 ± 8 years), 24 cases of WHO type II (19 
males and 5 females, age 30-75years, average 51 ± 13 
years), 30 cases of WHO type III (23 males and 7 
females, age 26-74 years, average 51 ± 12 years), 
collected between 2000 and 2010.  

Immunohistochemistry  
Four micrometer-thick tissue sections were 

deparaffinized in xylene, rehydrated in a graded 
ethanol series, and treated with antigen retrieval 
solution (10 mmol/L sodium citrate buffer; pH 6.0). 
The sections were incubated with rabbit anti-KRT5 
monoclonal antibody (1:400, Epitomics, Burlingame, 
CA), or mouse anti–HSPB1 monoclonal antibody 
(1:200, Cell Signaling Technology, Danvers, MA) 
overnight at 4℃. And then were incubated with 
1:1000 dilution of biotinylated secondary antibody 
followed by avidin-biotin peroxidase complex (Dako, 
Carpinteria, CA) according to the manufacturer’s 
instructions. Finally, tissue sections were incubated 
with 3’, 3’-diaminobenzidine (Sigma Aldrich, St. 
Louis, MO) until a brown color developed, and 
counterstained with Harris’ modified hematoxylin. In 
negative controls, primary antibodies were omitted. 

 HSPB1 and KRT5 staining were blindly scored 
by two investigators according to percentage of 
positive staining in the whole section for each case (0 
= no positive staining; 1 = 1%-30% positive; 2 = 

31%-60% positive; 3 = 61%-100% positive) and its 
intensity (0 = no staining, 1 = mild staining, 2 = 
moderate staining, 3 = intense staining), as described 
previously [10]. Finally a total score (ranging from 
0–6) was obtained by adding the area score and the 
intensity score for each case. Care was taken not to 
interpret nasopharyngeal stroma cells as positive for 
tumor staining. Appropriate controls were also 
included. Kruskal-Wallis one way analysis of variance 
(ANOVA) test was used to calculate the p value for 
multiple comparisons, and it was considered 
statistically significant when p < 0.05. 

Differentially Expressed Proteins Analysis 
The DEPs were selected based on the following 

criteria: protein identified with ≥2 unique peptides 
with at least 95% confidence; proteins with iTRAQ 
ratios of above 1.5 or below 0.667 between any two 
groups of iTRAQ 115, 116, and 117. The list of all 
DEPs and their corresponding relative expression 
values were uploaded separately as three groups 
(iTRAQ 116/115, iTRAQ 117/115, iTRAQ 117/116) 
and analyzed on IPA software server 
(http://www.ingenuity.com, version 9.0, Ingenuity 
Systems, Redwood City, CA) for further analysis. The 
reference set and parameters for IPA on the DEPs list 
were as follows: (i) Reference set, Ingenuity 
Knowledge Base (Genes Only); (ii) Relationship to 
include, Direct and Indirect; (iii) Filter Summary, 
Consider molecules and/or relationships where 
(species = All) AND (cell lines = All tissues and cell 
lines in ingenuity database) AND (confidence 
=experimentally observed and high predicted).  

The IPA downstream effects analysis predicts 
increases or decreases in downstream biological 
activities occurring in the samples, based upon the 
direction of change of the proteins. Predicted 
activation state is based on the strength of the z-score. 
Z ≥ 2 is “activated” and z ≤ -2 is “inhibited”. Statistical 
significance is set at p < 0.05. The main biological 
functions of the DEPs were collected from Uniprot 
protein knowledge database (http://www.uniprot. 
org) and PubMed (http://www.ncbi.nlm.nih.gov). 
Canonical pathway analysis identified the pathways 
(p-value ≤ 0.01), from the IPA library of canonical 
pathways.  

Results 
Data presentation 

The database was obtained in our previous study 
[9]. The two MS/MS replicates resulted in 611 and 621 
unique proteins respectively, by using the criteria of 
unused ProtScore ≥ 1.3 with at least one peptide with 
95% confidence. There were a total of 725 unique 
proteins after combined (Supporting Information 
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Table S1). The proteins known to present in plasma 
including hemoglobins, serum albumins and 
apolipoprotein were neglected.  

In all DEPs, 144 were found to be differentially 
expressed in type I and type II, 87 were differentially 
expressed between type II and type III, and 152 were 
differentially expressed between type I and type III 
(shown in bold in Supporting Information Table S1). 
The identified protein families including heat shock 
proteins, keratins, S100s, eukaryotic elongation factors 
(EEFs) and eukaryotic initiation factors (EIFs) showed 
characteristic expression variations, which were listed 
in Fig. 1. Most of the HSPs were up-regulated during 
NPC dedifferentiation, except for HSPB1 and HSPE1. 
All identified keratins showed a descendant alteration 
when NPC was losing differentiation. S100A7, S100A8 
and S100A9 showed a significant decrease while 
S100A4 was found increased from type I to type III. 
EIF4A1, EIF4G1 and EEFs exhibited a progressively 
increasing expression. 

Validation of the Proteomic Results by 
Immunohistochemistry  

 The expression alteration of three DEPs 
including cathepsin D (CTSD), keratin8 (KRT8) and 

SFN (14-3-3 σ) were consistent with their 
immunohistochemistry outcomes in primary NPC 
tissues with diverse differentiation degrees in our 
previous studies [10-12]. To cover more and further 
validate the findings, HSPB1 and KRT5 were included 
for immunohistochemistry analysis. The expression of 
KRT5 and HSPB1 were tested in 11 cases of WHO 
type I, 24 cases of WHO type II, and 30 cases of WHO 
type III. The expression levels of HSPB1 and KRT5 
were significantly decreased in WHO type III as 
compared to type I. Representative 
immunohistochemistry staining of the two proteins in 
the three different histological subtypes were 
presented in Fig. 2. The stain scores for percentage 
and intensity of the proteins were presented in Table 1 
in detail. Kruskal-Wallis one way ANOVA test 
confirmed that HSPB1 was expressed with 
statistically significant differences between any two 
histological subtypes. KRT5 expression level of type I 
was significantly different from that of type III. 
Though no obvious statistical significance was 
detected between type I and type II, the gradually 
reduced expression of KRT5 from type I to type III 
was clear.  

 
 

 
Figure 1. Expression alterations of the representative protein families among the three subtypes of NPC. A. heat shock proteins; B. keratins; C. S100As; D. EEFs and 
EIFs. 
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Figure 2. Representative immunohistochemistry results of HSPB1 and KRT5 in clinical NPC samples. Immunohistochemistry of HSPB1 in WHO type I (A), WHO 
type II (B), and WHO type III (C); immunohistochemistry of KRT5 in WHO type I (D), WHO type II (E), and WHO type III (F); bar size=100 µm. 

 

Table 1. Immunohistochemistry scores of HSPB1 and KRT5 in different subtypes of NPC samples.  

Histological subtypes Number 
of cases 

HSPB1 KRT5 
(WHO) 0-2 3-4 5-6 p 0-2 3-4 5-6 p 

  I vs II II vs III I vs III I vs II II vs III I vs III 

WHO I 11 0 2 9 0.031 0.019 0.000  0 4 7 Na 0.009 0.003 
WHO II 24 2 16 6 1 12 11 
WHO III 30 13 15 2 8 18 4 
p was calculated by Kruskal-Wallis one way ANOVA test. 

 

Bioinformatic analysis of the differentially 
expressed proteins 

Based on the change direction of the DEPs, the 
likely effect (increase or decrease) on cell biological 
processes were measured and predicted by IPA. The 
representative bio-functions related to NPC 
characteristics with statistical significance were 
shown in Table 2, including their predicted states and 
the supportive regulators that were quantified in our 
data. The activity of metastasis increased significantly 
in type III compared to type II, while cell death 

decreased apparently in type III compared to type I. 
Three bio-functions related to cellular assembly 
including cytoskeleton organization, microtubule 
dynamics and formation of cellular protrusions, all 
increased from type I to type III. Synthesis of 
adenosine triphosphate (ATP) was also elevated in 
type III. Viral infection was more aggravated from 
type II to type III. The increased activation of inhibitor 
of kappa B (I-kappa B) and nuclear factor kappa B 
(NF-kappa B) cascade was observed in type III when 
compared to type II.  
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Table 2. Predicted states of the representative biological functions with statistical significance, followed by the involved and quantified 
proteins.  

Functions Annotation p-Value Predicted Activation State Activation z-score Molecules 
cell death of tumor cell lines 9.19E-11 Decreased (type III vs. type I) -2.215 AGR2,ANXA2,APEX1,ATP5A1,CAPNS1,CBR1,CCT2,CNPY2,COX5A,CTSD,

DDX3X,ENO1,FUBP1,GAPDH,GNB2L1,GSTP1,H2AFX,HNRNPK,HSP90AB1
,HSPA5,HSPA8,HSPA9,HSPB1,HSPD1,LGALS3,LMNB1,MIF,MSN,NCL,NP
M1,P4HB,PARP1,PKM,PRKDC,PSAP,PTPN6,PYCARD,RPS19,S100A4,S100A
8,S100A9,SFN,SRSF1,TAGLN2,TYMP,VCP,XRCC5  

metastasis 2.65E-07 Increased (type III vs. type II) 2.359 AGR2,ANXA1,CAPG,CBR1,COL6A3,FLNA,FUS,HSP90AB1,KRT8,LGALS1,L
GALS3,LTF,MIF,MX1,PRDX2,SERPINA1,TUBA4A,TUBB4B  

organization of cytoskeleton 2.30E-05 Increased (type III vs. type I) 2.784 ACTR3,ANXA1,CALML3,CANX,CAP1,CAPG,CAPNS1,CFL1,CTNND1,EEF
1A1,GAPDH,HSP90AA1,HSPB1,IQGAP1,KPNB1,KRT16,KRT17,LCP1,LTF,M
SN,MYH9,NUMA1,PDIA3,PFN1,PKM,RAP1B,S100A4,S100A9,STIP1,TLN1,V
IM  

microtubule dynamics 1.41E-04 Increased (type III vs. type I) 2.724 ACTR3,CALML3,CANX,CAPG,CAPNS1,CFL1,CTNND1,EEF1A1,GAPDH,H
SP90AA1,HSPB1,IQGAP1,KPNB1,LCP1,LTF,MSN,MYH9,NUMA1,PDIA3,PF
N1,PKM,RAP1B,S100A4,STIP1,TLN1,VIM  

formation of cellular 
protrusions 

5.12E-03 Increased (type III vs. type I) 2.939 ACTR3,CAPG,CAPNS1,CFL1,CTNND1,EEF1A1,HSP90AA1,HSPB1,IQGA
P1,LCP1,MSN,PDIA3,PFN1,RAP1B,S100A4,STIP1,VIM  

synthesis of ATP 7.85E-04 Increased (type III vs. type I) 2 ATP5B,FBP1,HSPD1,PARP1,PKM  
viral infection 3.87E-10 Increased (type III vs. type II) 2.025 ANXA1,ANXA6,ATP5B,BGN,FLNA,GAA,GANAB,GAPDH,GBP1,GSTO1,HI

ST1H2BD,HSP90AB1,HSPA5,HSPA9,HSPD1,LGALS1,LGALS3,LMNA,LTF,
MIF,MX1,NCL,PDIA3,PRDX2,PSMC3,PYCARD,RPL12,RPS13,RPS5,S100A8,S
100A9,SAMHD1,SERPINA1,SFN,STAT1,SUB1,TAGLN2,TUBA4A,TUBB4B  

I-kappa B kinase/NF-kappa 
B cascade 

2.87E-03 Increased (type III vs. type II) 2 FLNA,HSPB1,LGALS1,PYCARD,STAT1  
 

 

 
 To further clarify how the downstream 

bio-function states were measured and predicted 
based on the variation directions of the DEPs, an 
example highlighted in Table 2 was explicated in Fig. 
3. Formation of cellular protrusions was predicted to 
be activated in type III NPC when compared to type I, 
which was contributed by the increased expression of 
actin-related proteins 3 (ACTR3), vimentin (VIM), 
stress induced phosphoprotein 1 (STIP1), member of 
RAS oncogene family (RAP1B), profiling 1 (PFN1), 
lymphocyte cytosolic protein 1 (LCP1), IQ motif 
containing GTPase activating protein 1 (IQGAP1), 
HSP90AA1, EEF1A1 and catenin delta 1 (CTNND1), 
and the decreased expression of calpain small subunit 
1 (CAPNS1). The prediction of the bio-function 
activation was statistically significant (z-score=2.939, 
p value=0.00512). Of note, of 11 effective regulators, 8 
showed approximately linear expression alterations. 
It suggested an agreeable elongated morphology 
alteration from NPC type I to type III, which was 
corresponding to what was observed under a 
microscope.  

Since the type III/type I group contains the most 
DEPs, it was focused on for canonical pathway 
analysis. The pathways (p-value ≤ 0.01) that shared 
three or more molecules were enriched and supposed 
to have cross connections and function overlapping. 
There appeared a large cluster of 6 related pathways 
including actin cytoskeleton signaling, epithelial 
adherens junction signaling, RhoA signaling, 
regulation of actin-based motility by Rho, Rho GDP 
dissociation inhibitor (Rho GDI) signaling, and 
signaling by Rho Family GTPases. All of the DEPs 
involved in the cluster were listed in Table 3.  

Table 3. A list of all the quantified proteins involved in the cluster 
of six pathways. The list contains the quantification information 
from combination of the two MS/MS replicates of the iTRAQ 
experiment. 

Protein 
Name 

Unused 
ProtScore 

Peptides 
(95%) 

iTRAQ values 
Type II vs. Type I Type III vs. Type I 

ACTR3 8.02 5 2.58 1.82 
CFL1 8.01 5 1.53 1.57 
CTNND1 4.13 2 3.56 3.25 
GDI2 10.01 5 5.65 5.3 
GNB2L1 4.89 3 1.56 1.63 
IQGAP1 6.47 4 4.53 4.61 
MRCL3 8.21 6 0.64 0.57 
MSN 12.04 5 3.1 1.92 
MYH9 26.12 15 9.12 8.17 
MYL6 4.01 5 0.61 0.76 
PFN1 10.03 10 2.38 1.72 
RAP1B 4 3 2.01 1.87 
TLN1 14.55 9 5.97 4.13 
TUBA4A 3.7 22 0.9 0.6 

 
 
Interestingly, almost half of them were exactly 

the regulators involved in the predicted activated 
formation of cellular protrusions between type I and 
type III that were listed in Fig.3. Though no direct Rho 
protein members were identified, deregulation of the 
downstream effectors suggested that Rho GTPase 
related signaling played a critical role in NPC cellular 
morphology transition and migration during 
dedifferentiation. 

Discussion 
Nasopharyngeal carcinoma is categorized into 

three histological subtypes, WHO type I, II and III. 
Proteomic analysis on NPC differentiation used to be 
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hindered by the deficiency of NPC type I specimens in 
frozen form. The comparative proteomic data of the 
three subtypes was obtained in our earlier study [9]. 
In the present report, the data was released and 
bio-information mining was tried to deepen our 
understanding of NPC differentiation mechanisms.  

By IPA downstream effects analysis, declined 
“cell death” and advanced “metastasis” in the 
undifferentiated subtype suggested that type III 
became more and more aggressive and malignant. 
Invading cells could be accompanied by 
morphological changes and it was also upheld by our 
quantitative data that pointed to more activated 
microtubule dynamics and formation of cellular 
protrusions in type III. 

The downstream effectors of the clustered 
pathways identified and quantified in our study 
might provide some hints on the cell migration 
mechanisms during NPC dedifferentiation. IQGAP1 
was significantly over-expressed during NPC 
dedifferentiation, which was found to destabilize 
E-cadherin-mediated cell-cell adhesion in pancreatic 
carcinoma cells, and lead to polarised cell 
morphology and directional cell migration [13, 14]. 
Interestingly, Calmodulin was detected decreased in 
our dataset, in accordance with a report that selective 
inhibition of Calmodulin function at the plasma 
membrane enhanced cell migration mediated by 
IQGAP1 [15]. Cofilin 1 (CFL1), One of the 
actin-modulating protein downstream targets of Rho 
GTPases, was up-regulated greatly from type I to type 

III, whose activity was required for tumor cell motility 
and invasion [16]. Over-expression of CTNND1 
(p120ctn), which was quantified in our dataset, was 
reported inducing a dendritic morphology in 
fibroblasts and increasing the activity of endogenous 
cell division cycle 42 (CDC42) and ras-related C3 
botulinum toxin substrate 1 (RAC1), thereby 
promoting cell migration [17]. Talin 1 (TLN1), which 
showed a raised expression in poor differentiated 
NPC, mediated linkage of integrins to the actin 
cytoskeleton in focal adhesion complexes essential for 
cell adhesion and motility, and suppressed expression 
of E-cadherin, independent of integrin [18]. The 
expression of receptor for activated C kinase 1 
(GNB2L1 or RACK1) was found gradually elevated 
during NPC dedifferentiation. It was reported 
that up-regulation of RACK1 in non-small-cell lung 
cancer samples was inversely correlated with 
differentiation of the tumors and positively correlated 
with tumor metastasis [19]. RAP1B, over-expressed 
during NPC deteriorated differentiation, was known 
to play a role in the progression of angiogenesis and 
migration [20]. Apparently increased expression of 
VIM, along with the consistently decreased keratins 
from type I to type III suggested that the squamous 
carcinoma cells were losing their keratinizing 
epithelial characteristics, getting mesenchymal-like 
phenotypes, and exhibiting a highly invasive, 
epithelial-mesenchymal transition (EMT)-like 
histological pattern.  

 

 
Figure 3. The predicted activation of formation of cellular protrusions between type I and III NPCs is explained by the contribution of the quantified proteins. 
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Four S100 proteins were detected in our study. 
S100A4 was up-regulated, while S100A7-9 kept 
decreasing during NPC dedifferentiation. S100A4 was 
a known mediator of EMT, leading to metastasis [21]. 
The expression of S100A7 was found associated with 
well differentiated head and neck squamous cell 
carcinoma [22]. S100A8 and S100A9 shared a 
strikingly similar decreasing expression pattern in our 
dataset, which was supported by the finding that they 
could form a heterodimeric complex and were usually 
co-expressed [23]. They were detected co-locating on 
chromosome 1q21 and forming a gene complex with 
the epidermal differentiation markers such as 
profilaggrin and involucrin [24]. Their attenuated 
expression was accompanying NPC declining 
differentiation. 

Numerous HSP family members were quantified 
in our study, with molecule sizes varying from 10kDa 
to 90kDa. Most of the HSPs including HSPD1, 
HSP90B1, and HSPA9 were increased from type I to 
type III of NPC, while HSPB1 was apparently 
down-regulated. Immunohistochemistry staining was 
further carried out and the down-regulation of HSPB1 
from type I to type III was confirmed. HSPs were 
usually induced by stress and commonly elevated in 
cancer cells [25], while HSPB1 as an exception in our 
study might suggest its additional function. It was 
reported to be associated with higher differentiation 
in squamous carcinomas of the uterine cervix and oral 
epithelium [26]. Expression of HSPB1 also correlated 
with tumor differentiation in esophageal 
squamous cell carcinoma [27]. HSPB1 has been 
reported as a radioresistance-related protein in the 
NPC cell lines, inhibition of which enhanced 
radiosensitivity [28]. Accordingly, the reduced 
expression of HSPB1 in the poorly differentiated 
might associate with the clinical relevance of the NPC 
histological types that differentiation in fact conferred 
a worse response to radiotherapy in endemic area [8]. 

Increased EIF4A1, EIF4G1, and EEF family 
members including EEF2, EEF1G and EEF1A1 
suggested the link between deregulation of protein 
synthesis and malignant behaviors. EEF2 was 
reported over-expressed in the majority of several 
types of cancers including lung, esophageal, breast 
and prostate cancers, and head and neck squamous 
cell carcinoma, which played an oncogenic role 
in cancer cell growth [29]. Over-expression of EIF4G1 
was found correlated with NPC progression [30]. 
EIF4A1 was an early marker of distant metastases of 
non-small cell lung cancer [31]. 

In conclusion, with the help of IPA, individual 
DEPs were enriched and their expression variation 
was calculated to reflect the change of bio-function 
activation states and the canonical pathways related 

to NPC differentiation, thus deepening our 
knowledge of NPC tumorigenesis. Of note, besides 
expression levels, proteins were also subject to 
subcellular localization and posttranslational 
modification which need further study. More 
evaluation and investigation are required for the 
development of novel tumor therapeutic strategies 
targeting the representative protein families and 
special signaling pathways described in our study to 
treat NPC. 

Supplementary Material  
Table S1. http://www.jcancer.org/v08p0570s1.xls 
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