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Identification of prognostic biomarkers for
response to radiotherapy by DNA microarray
in nasopharyngeal carcinoma patients
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Abstract. Nasopharyngeal carcinoma (NPC) is a malignancy
with an unusually variable incidence rate across the world.
Radiotherapy is the primary treatment modality for NPC, but
radiation resistance remains a serious obstacle to successful
treatment in many cases. To identify the genes involved in this
resistance and to find molecular markers for predicting NPC
response to radiotherapy, we compare the expression profiles of
12 radiation-resistant patient biopsy specimens and 8 radiation-
sensitive patient biopsy specimens using DNA microarray,
containing 14112 human unigenes. A total of 111 aberrantly
expressed genes were identified, of which ZNF608 and CSFIR
were up-regulated in the radiation-resistant NPC compared
with radiation-sensitive NPC, and the results were confirmed by
real-time RT-PCR in 17 independent NPC patient specimens.
Biostatistics and bioinformatics analyses were performed
to detect the potential pathway underling this resistance, 26
pathways (9 categories) were found probably associated with
radiation-resistant NPC, such as cell ion homeostasis, cell prolif-
eration, receptor protein signalling, membrane system, humoral
immune response, as well as cytokines and inflammation. We
suggest the radiation-resistant capacity of NPC was mostly due
to the change of cell Ca®* homeostasis promoting anti-apoptosis,
DNA repair and rescuing tumour cells under radiation therapy.
Cell proliferation promotion induced by extracellular and intra-
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cellular factors may maintain tumour size under radiotherapy
leading to recurrence after treatment. Our study reveals that at
least 2 ectopically expressed genes play important roles in prog-
nosis of NPC radiotherapy and may serve as potential targets for
novel radiation therapeutic strategies in the future.

Introduction

Nasopharyngeal carcinoma (NPC) is a non-lymphomatous,
squamous cell malignancy arising from the epithelial cell lining
of the nasopharynx (1). Compared to other malignant tumours
of the upper aero digestive tract, NPC is a special type of head
and neck cancer in terms of epidemiology, pathology, and
clinical presentation. The aetiology of NPC involves multiple
factors including genetic susceptibility, exposure to chemical
carcinogens, and Epstein-Barr virus (EBV) infection (2-5).
Histologically, the World Health Organization (WHO) has
classified NPC into three main types: keratinizing squamous
cell carcinoma (WHO type 1), differentiated non-keratinizing
squamous cell carcinoma (type II) and undifferentiated carci-
nomas (type III) (1). In some regions, notably the southern parts
of China, and parts of Southeast Asia, this cancer occurs in an
endemic form with an incidence 10- to 30-fold higher than the
other regions and, histologically, usually belong to WHO types
II and III (6). However, in the west, NPC occurs sporadically and
usually belongs to type 1. There is also increased incidence in
northern Africa and the Inuit of Alaska (7).

Comparing with other head and neck cancers, NPC tends
to be more sensitive to ionizing radiation. Additionally, WHO
types II and IIT are more sensitive to ionizing radiation than
type 1. Thus, radiotherapy is the major treatment modality for
NPC, but radio-resistance remains a serious obstacle to successful
treatment in many cases. The 5-year survival rate after treatment
is only 50-60% (8.9). In relatively advanced disease, combined
radio-chemotherapy may increase survival (10). Some of the
NPC patients present local recurrences and distant metastases
after radiotherapy due to radiation resistance and the majority
of these patients succumb to recurrence and metastasis within
1.5 year after treatment (11,12). Hence, revealing the molecular
mechanism of NPC radiation resistance is urgently needed
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for personalized therapy. Although a fraction of genes such as
elements of cell cycle control, apoptosis/anti-apoptosis, and DNA
repair are believed to play a key role in the ionizing radiation-
induced cell damage, the understanding of radiation resistance
in cancer at a molecular level remains limited.

Microarray methods have been widely used to detect the
difference between NPC and non-neoplastic tissues (13,14),
and to assess genes involved in radiation resistance in a number
of cancer cell types, including cervical, pancreatic, oral, lung,
oesophageal cancers (15-19). Analysis for gene expression
profiles of radiation-resistant NPC cell lines using a cDNA
microarray found that at least 2 genes, gp96/HSP90B1 and
GDF15, involved in the radiation resistance of NPC (20).
Recently, 183 differentially expressed genes and 23 biological
processes were identified to be relevant to NPC radiation
resistance (21). Furthermore, proteomics was then performed
to compare the protein profiles of CNE2-IR and CNE2 cell
lines (22). Thirty-four differential proteins were identified in
the radiation-resistant CNE-2-IR and the expression levels of
four differential proteins (14-3-30/SFN, Maspin/SERPINBS,
GRP78/HSPAS, and Mn-SOD/SOD2) were confirmed.
However, there was no overlap in the genes found to be involved
in radiation resistance in these studies. This may be because of
distinct tissue specificity, but it is also possible that there is some
fundamental mechanism underlying radiation resistance that
has not yet been elucidated. Qu et al (23) have demonstrated that
SOD?2 was over-expressed in relatively radiation-resistant NPC
cell line CNE1 compared with CNE2, and knockdown of SOD2
by microRNA significantly decreased radiation resistance of
CNETI cells. Besides, the activity of DNA-dependent protein
kinase was also found higher in CNEI than CNE2 cell line (24).

Tumour cells are known to be most sensitive to radiation-
induced cell death when synchronized in the G,-M phase of the
cell cycle, as the DNA is more vulnerable to radiation-induced
damage during mitosis. Most existing radiation-resistance
mechanisms indicate that radiation resistance is associated
with an up-regulation of DNA repair and stress response genes,
down-regulation of cell cycle and apoptosis genes, and immune
response to organize genes (25). Substantial relevant NPC
research support the view that radiation resistance is associated
with DNA damage repair, apoptosis, cell cycle checkpoints,
and immune response (20-22). Moreover, Guo et al (21) found
23 biological processes involved in NPC radiation resistance,
including type I interferon-mediated signalling pathway,
cellular response to cytokine stimulus, response to other organ-
isms, response to viruses, immune system process, and response
to stress. They suggested that over-expression of components
of type I interferon-mediated signalling pathways plays a role
in radiation resistance of NPC through enhanced cell survival
after radiation. However, the molecular mechanisms underlying
NPC radiation resistance are still unclear, till now; there have
not been effective biomarkers for predicting NPC radiation
sensitivity in clinic.

Although many studies found more significant outcome of
NPC radiation sensitivity by comparing radiation-resistant NPC
cells with radiation-sensitive NPC cells, limited investigations
have been focused on the difference between these two kinds of
clinical NPC biopsy specimens. In this study, we aimed to iden-
tify important molecular markers for response to radiotherapy
of poor differentiation NPC patients by DNA microarray.
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Alterations in gene expression and signalling pathway patterns
provide important clues on these complex biological processes.
The use of DNA microarray technology provides us the
opportunity to learn more about the mechanisms underlying
the radiation resistance of NPC. We identified 111 genes and 9
categories of possible biological processes involved in radiation
resistance of NPC patients. Two of aberrantly expressed genes,
CSFIR and ZNF608, were chosen for validation by real-time
RT-PCR in 17 independent NPC specimens. We expect our
analysis to provide some clues to clarify the mechanism of NPC
radiation resistance. In addition, we explored the difference in
RRNPC and RSNPC compared with NPCI, respectively.

Materials and methods

Tissue specimens. Nasopharyngeal carcinoma (NPC) tissue
samples were obtained from 37 patients with poorly differenti-
ated squamous NPC before radiation treatment at the Institute of
Nasopharyngeal Carcinoma, the People's Hospital of Guangxi
Zhuang Nationality Autonomous Region, Nanning, China. Of
them, 20 patient specimens were used for microarray experi-
ments. The rest of them were used for quantitative real-time
reverse transcription-polymerase chain reaction (RT-PCR). The
information of NPC samples are listed in Table I. Additionally,
a pool of nasopharyngeal chronic inflammation (NPCI)
tissues, as common reference for microarray experiments, were
obtained in the same hospital. All the specimens were reviewed
by otorhinolaryngology pathologist, and with consent in accor-
dance with approval granted by the Ethics Committee of the
Institute of Nasopharyngeal Carcinoma, The People's Hospital
of Guangxi Zhuang Nationality Autonomous Region. Fresh
NPC and NPCI tissues were snap-frozen in liquid nitrogen
and stored until use. Here, we defined the patients with <40%
reduction of tumour size after radiation treatment as radiation-
resistant NPC patients, and the patients with >60% reduction of
tumour size as radiation-sensitive NPC patients.

RNAisolation andreverse transcription. Total RN A was extracted
from all NPC patient specimens using TRIzol (Invitrogen,
Carlsbad, CA, USA) reagent according to the manufacturer's
instructions. All RNA samples were examined for concentration
and purity based on the agarose gel electrophoresis and absor-
bance ratio at 260-280 nm to make sure of the RNA quality. Total
RNA was reverse transcribed with Oligo(dT) primers using the
Superscript III RNase H- Reverse Transcriptase kit (Invitrogen)
following the manufacturer's instructions. Reverse transcribed
cDNA was stored at -20°C, once synthesized.

Microarray construction and probe preparation. The construc-
tion of the microarrays used in this study (BioStarH-141s, cDNA
microarray) was carried out following the method of Brown.
There were 14112 sequences including full-length and partial
cDNAs representing known, novel, and control genes provided
by United Gene Holdings. All the sequences were verified. The
known genes were selected from the NCBI Unigene set and
cloned into a plasmid vector. The novel genes were obtained
through systematic full-length cloning efforts carried out at
United Gene Holding. The control spots of non-human origin
in the 14112 chip included the rice U2 RNA gene (8 spots), the
hepatitis ¢ virus (HCV) coat protein gene (8 spots), and spotting
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Table I. The information of NPC samples used in this study.

Sample no. Gender Age TNM stage Clinical cancer stage Radio-sensitivity
Microarrays
6 Male 34 T2N2MO I RS
8 Male 65 T3N1IMO I RS
10 Male 51 T3NOMO I RS
19 Male 60 T2N2MO I RS
56 Male 51 T2N1IM1 I RS
83 Male 54 T4N1MO v RS
102 Male 42 TINIMO I RS
130 Male 60 T2N2MO I RS
22 Male 55 T3N1MO I RR
25 Male 41 T4N2MO v RR
60 Male 45 T2N2MO I RR
84 Male 51 T2N3MO0 v RR
87 Male 41 T3N2MO I RR
93 Male 38 T3NOMO I RR
108 Female 28 T3N2MO I RR
109 Female 50 TINIMO I RR
122 Male 67 T3N3MO v RR
157 Male 53 T4NOMO v RR
158 Male 32 TINIMO I RR
170 Male 50 T2N3MO v RR
Quantitative real-time RT-PCR
90 Male 45 T2N2MO I RS
155 Male 39 T3N2MO I RS
178 Male 38 T3N2MO I RS
204 Male 40 T3N1IMO I RS
206 Male 54 T2N1MO I RS
209 Male 59 T3N2MO I RS
215 Male 34 TANIMO v RS
219 Male 29 T3NOMO I RS
222 Male 27 T2NOMO I RS
237 Female 42 TANIMO v RS
51 Male 33 T2NOMO I RR
66 Male 49 T3N1MO I RR
145 Male 52 T4NOMO v RR
185 Male 29 T4AN1IMO v RR
202 Male 56 T4N1MO v RR
211 Female 43 T2NOMO I RR
220 Male 40 T3N3MO v RR

RS, radiation-sensitive; RR, radiation-resistant.

solution alone without DNA (32 spots). The cDNA inserts
were amplified by use of the polymerase chain reaction
(PCR) using universal primers to plasmid vector sequences
and were then purified. All PCR products were examined
by agarose gel electrophoresis to ensure the quality and the

identity of the amplified clones as expected. Then the ampli-
fied PCR products were dissolved in a buffer containing
SSC solution. The solution with amplified PCR products
were spotted onto silylated slides (CEL Associates, Houston,
TX, USA) using a Cartesian PixSys 7500 motion control



YANG et al: IDENTIFICATION OF NPC BIOMARKERS FOR RADIOTHERAPY

robot (Cartesian Technologies, Irvine, CA, USA) fitted
with ChipMaker Micro-Spotting Technology (TeleChem
International, Sunnyvale, CA, USA). The glass slides were
then hydrated for 2 h in 70% humidity, dried for 0.5 h at room
temperature, and UV cross-linked (65 mj/cm). They were
further processed at room temperature by soaking in 0.2%
sodium dodecyl sulfate (SDS) for 10 min, distilled H,O for
10 min, and 0.2% sodium borohydride (NaBH,) for 10 min.
The slides were dried again and ready for use. The fluorescent
cDNA probes were prepared through reverse transcription
of the isolated mRNAs and then purified according to the
methods of Schena et al. The RNA samples from nasopha-
ryngeal phlogistic patients were labeled with Cy3-dUTP and
those from NPC patients with Cy5-dUTP.

Hybridization. The probe was dissolved in 20 ul of hybridization
solution [5X SSC (0.75 M NaCl and 0.075 M sodium citrate),
0.4% SDS, 50% formamide]. Microarrays were pre-hybridized
with a hybridization solution containing 0.5 mg/ml denatured
salmon sperm DNA at 42°C for 6 h. Fluorescent probe mixtures
were denatured at 95°C for 5 min, and then applied onto the
pre-hybridized chip under a cover glass. Chips were hybrid-
ized at 42°C for 15-17 h. Next, the hybridized chips were each
washed at 60°C for 10 min in solutions of 2X SSC and 0.2%
SDS, 0.1X SSC and 0.2% SDS, and 0.1X SSC, then dried at
room temperature.

Detection and microarray data analysis. The chips were
scanned with a ScanArray 4000 (GSI Lumonics, Bellerica,
MA) at two wavelengths, 635 and 532 nm, to detect emission
from both Cy5 and Cy3, respectively. The acquired images
were analysed using GenePix Pro 3.0 software. The intensi-
ties of each spot at the two wavelengths represent the quantity
of Cy3-dUTP and Cy5-dUTP. Ratios of Cy5 to Cy3 were
computed using the GenePix Pro 3.0 median of ratio method.
Overall intensities were normalized using the corresponding
GenePix default normalization factor. All the spots flagged
‘bad’ or ‘not found’ by GenePix software were removed from
the final data. Only genes with raw intensity values for both
Cy3 and Cy5 of >200 counts were selected from each array
and used for further analysis.

Gene expression measures are available at GEO (http:/
www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32389). For
microarray data analysis, missing values were replaced using
the K-nearest neighbours calculation method with k=10, but
only when there were >30% of values missing per gene.

Firstly, we used two-class unpaired significance analysis
of microarray (SAM, version 3.02) to selected genes that were
differentially expressed in radiation-resistant NPC patients
comparing with radiation-sensitive NPC patients (26). Gene
selected following 1000 permutations were those with
expression that was >1.5-fold different from the mean expres-
sion. We also used q<0.05 as an additional discriminating
parameter. Then, one-class SAM was used to selected genes
that aberrantly differentiated RRNPC and RSNPC patients,
respectively, from NPCI. Following 1000 permutations, we
select genes using the same discriminating parameters as
shown above.

Cluster and TreeView software was used to perform unsuper-
vised hierarchical clustering analysis (27). Pathway analysis was
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Figure 1. (A) Unsupervised hierarchical clustering of 111 differentially
expressed genes, the results of two-class SAM analysis by q<0.05. (B) Unsuper-
vised hierarchical clustering of 38 differentially expressed genes, the results of
two-class SAM analysis by q<0.01. Both gene sets are able to cluster the
RRNPC patients in one branch, other than patients 22 and 87. Red indicates
genes that are over-expressed relative to control, whereas green indicates genes
that are under-expressed. Black indicates that gene expression is not changed
relative to control.
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Figure 2. (A) Confirmatory studies of selected genes by real-time RT-PCR. The graph shows that the two aberrant genes (CSFIR and ZNF608) in microarray
results also showed significant alteration in real-time RT-PCR. (B) Fold change (FC) comparison between the microarray and real-time RT-PCR in two genes.

The log,FC showed that CSFIR and ZNF608 have the same trends in microarray

performed with GenMAPP 2.1 software (Gene Map Annotator
and Pathway Profiler). Significantly altered pathways were
defined when their Z scores were >1.96 (28,29).

Quantitative real-time RT-PCR. The quantitative real-time
RT-PCR was used to validate our microarray results. Quantitative
real-time RT-PCR was performed on ABI 7900HT thermocycler
(Applied Biosystems, Foster City, CA, USA) by using 2X HotSybr
PCR reaction mix (NuStar, Hong Kong, China). Oligonucleotide
primers were: human ZNF608 sense, cccttgttgcctctcage, and
antisense, caatgtacatgtccaatcttgttattc; human CSFIR sense,
tctggtcctatggeatccte, and antisense, gatgccagggtagggattc;
human GAPDH sense, agccacatcgctcagacac, and antisense,
gcccaatacgaccaaatce. After 10 min of initial denaturation at
95°C, the cycling protocol was 40 cycles of denaturation at 95°C
(15 sec), annealing and elongation at 60°C (1 min). On each run,
we quantified all samples according to the Sequence Detection
System (SDS) software program, version 2.3 (Applied
Biosystems). The levels of mRNA for ZNF608 and CSFIR
were corrected with GAPDH housekeeping control
amplification. The 22 method was used as relative quanti-
fication measure of differential expression. Means and standard
deviations of individual groups (n=3) were calculated. P-values
were assessed by performing two-sided Wilcoxon rank sum
test with the SPSS software (version 13).

Results

Differentially expressed genes between RRNPC and RSNPC
patients. After normalization, we selected 9646 genes with
signals present on at least 14 microarray data for SAM analysis
to identify genes with expression profiles that differentiate

and real-time RT-PCR.

radiation-resistant NPC (RRNPC) patients from radiation-
sensitive NPC (RSNPC) patients. Preliminary two-class SAM
was preformed, comparing RRNPC patient data to RSNPC
patient data. Interestingly, we found that two RRNPC patients,
no. 22 and 87, were clustered within RSNPC branch and were
not grouped to RRNPC branch. All the patients were reviewed
by otorhinolaryngology pathologist of the People's Hospital of
Guangxi Zhuang Nationality Autonomous Region, according
to clinical radiation sensitivity classification. To avoid hetero-
geneity bias associated with particular patients and to highlight
general processes, patients no. 22 and 87 were withdrawn from
further analysis.

Therefore, 10 RRNPC and 8 RSNPC were used to select
differentially expressed genes. To increase the robustness of
selected genes, two cut-off criteria were applied simultaneously,
consistent with a 1.5-fold change (FC>1.5) and with g<0.05.
This gave a set of 111 genes, including 108 over-expressed genes
and 3 under-expressed genes in RRNPC patients (Fig. 1A). Of
them, 38 genes were q<0.01 and all of them were over-expressed
in RRNPC patients (Fig. 1B). This gene set was used for hier-
archical clustering representation of patients. Both of them
were able to cluster the RRNPC patients except patients no. 22
and 87, in one branch.

Validation of microarray results using the other independent
samples by quantitative real-time RT-PCR.ZNF608 and CSFIR
were found over-expressed in RRNPC patients compared with
RSNPC patients, and the fold change (FC) was 4.10-and 1.89-
fold, respectively.

These two genes were chosen for validation using real-time
RT-PCR with the other independent 10 RSNPC and 7 RRNPC
patient specimens. ZNF608 and CSFIR were validated as
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Table II. Statistically enriched pathways by targets of differentially expressed genes in RRNPC.
Function category Enriched pathway name Number  Number Percent Z score
changed measured changed
Cytokines and Cytokine activity® 4 40 10 4.113
inflammatory Hs_Cytokines_and_Inflammatory_Response_
(BioCarta)_WP530_35247* 3 8 375 7.896
Hs_Inflammatory_Response_Pathway* 2 13 15.38 3.853
Humoral immune Humoral immune response® 4 43 9.30 3.908
Humoral defense mechanism (sensu Vertebrata)® 4 31 12.90 4.88
Cell ion homeostasis Cell homeostasis 5 24 20.83 7.323
Cell ion homeostasis 4 21 19.04 6.21
Ion homeostasis 4 23 17.39 5.88
di-, tri-valent inorganic cation transport 2 29 6.89 2.194
Membrane system Endomembrane system* 6 98 6.12 3.456
Plasma membrane 6 79 7.59 4.124
Cell proliferation Regulation of cell proliferation 4 87 4.59 2.137
Positive regulation of cell proliferation 3 37 8.10 3.056
Growth factor activity 2 29 6.89 2.194
Receptor protein signaling ~ Receptor signaling protein activity 3 61 491 1.982
Enzyme linked receptor protein signaling pathway 3 60 5 2015
Transmembrane receptor protein tyrosine kinase 3 50 6 2.391
signaling pathway
One carbon metabolism Hs_Folate_ WP176_36214* 3 31 9.67 3478
Hs_One_Carbon_Metabolism_WP241_36181? 2 17 11.76 3.244
Carbohydrate binding Sugar binding 3 38 7.89 2.995
Carbohydrate binding® 4 63 6.34 2.904
Other Extracellular space® 6 91 6.59 3.681
Structural constituent of cytoskeleton 3 46 6.52 2.569
Hs_GPCRDB_Class_A_Rhodopsin-like 2 28 7.14 2.258
I-kappaB kinase NF-kappaB cascade 3 56 5.35 2.155
taxis 2 33 6.06 1.967

*Statistically enriched pathways by targets of differentially expressed genes with q<0.01 (set of 38 genes).

up-regulation in RRNPC compared with RSNPC patients
(Fig. 2A). The fold changes of each gene from real-time
RT-PCR and microarray are shown in Fig. 2B. Taken together,
it is indicated that real-time RT-PCR results are consistent
with our microarray data, and these two genes may act as
markers for prediction of the radiation sensitivity of NPC
before radiation treatment.

Identification of genes characterizing pathways specific to
RRNPC compared with RSNPC. To further study the biological
processes, we investigated the molecular pathways depicting
RRNPC by characterizing differentially expressed genes identi-
fied above. Nine categories, containing 26 biological pathways,
were revealed (Z score >1.96): cytokines and inflammatory
response, humoral immune, cell ion homeostasis, membrane
system, cell proliferation, receptor protein signalling pathway,
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Figure 3. Venn diagram of the number of differentially expressed genes in two
patients groups. (A) Schematic representation of selected genes differentially
expressed in RRNPC or RSNPC compared with NPCI. Compared with NPCI,
5115 genes and 4545 genes (q<0.05) were aberrantly expressed in RRNPC
and RSNPC, respectively. Of them, 3310 genes were differentially expressed
in both. (B) Compared with NPCI, 1686 genes congruous up-regulation and
1591 genes congruous down-regulation in both. However, 33 genes showed con-
trary expression trend in two kinds of NPC groups, 20 genes over-expressed in
RRNPC, however, under-expressed in RSNPC, and 13 genes under-expressed
in RRNPC whereas over-expressed in RRNPC.

one carbon metabolism, carbohydrate binding, and others
(Table II). Ten enriched biological pathways were obtained from
the 38 gene (q<0.01) and 111 gene (q<0.05) sets, whereas the
other biological processes concerned only the set of 111 genes
(q<0.05).

Identification of genes ectopically expressed in RRNPC and
RSNPC compared with NPCI, respectively. To further identify
genes with expression profile that differentiate RRNPC or
RSNPC patients from NPCI, we selected 9646 genes with
signals present on at least 14 microarray data for one-class
SAM analysis.

Ten RRNPC patient data, other than patients no. 22 and 87,
were used to compare with NPCI. Genes (5115) (q<0.05, set-A)
were found differentially expressed in RRNPC, including 2626
up-regulated genes and 2489 down-regulated genes. Of them,
3489 genes were q<0.01, 1810 genes were over-expressed and
1679 genes were under-expressed.

Moreover, 8 RSNPC patient data were used to compare
with NPCI. 4545 genes (q<0.05, set-B) were found aberrantly
expressed in RSNPC patients, including 2299 up-regulated
genes and 2246 down-regulated genes. Of them, 3252 genes
were q<0.01, 1617 genes were over-expressed and 1635 were
under-expressed.

Identification of genes aberrantly expressed in both sets of
NPC patients compared with NPCI. To further explore genes
aberrantly expressed in both sets of NPC patients, we compared
two gene sets, set-A and set-B. Here, 3310 genes (q<0.05) were
identified differentially expressed in both sets of NPC patients
compared with NPCI (Fig. 3). Of them, 3277 genes show
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Figure 4. Unsupervised hierarchical clustering of 33 differentially expressed
genes have different expression trend in 8 RSNPC and 12 RRNPC compared
NPCI. This set of genes is able to cluster the RRNPC patients in one branch,
other than the patients 22 and 87. Red, genes that are over-expressed relative
to control; green, genes that are under-expressed. Black, gene expression
unchanged relative to control.

coherent expression pattern in two patients groups, including
1686 up-regulated genes and 1591 down-regulated genes.
Interestingly, 33 genes showed contrary expression trend, of
which 20 genes (q<0.05) were found over-expressed in RRNPC
whereas under-expressed in RSNPC, and 13 genes were found
under-expressed in RRNPC, however, over-expressed in RSNPC
(Fig. 3B). This set of 33 genes was able to cluster the RRNPC
patients in one branch, other than patients no. 22 and 87 (Fig.
4). Among them, 3 differentially expressed genes (ZNF608,
PIZEO2 and CSFIR) were identified over-expressed in RRNPC
patients (q<0.01), however under-expressed in RSNPC patients
(9<0.01), compared with NPCI.

Identification of genes only aberrantly expressed in RRNPC and
RSNPC patients compared with NPCI, respectively. Compared
with NPCI, 1805 genes (q<0.05, 35.29%) were only differentially
expressed in RRNPC, including 921 up-regulated genes and 884
down-regulated genes. In contrast, 1235 genes (q<0.05, 27.17%)
were only aberrantly expressed in RSNPC, including 600
up-regulated and 635 down-regulated genes.

Taken together with our previous data, a set of 1838 genes
(q<0.05, 35.93%, set-C) was identified specifically aberrantly
expressed in RRNPC, including 1805 genes which only differ-
entially expressed in RRNPC and 33 genes which have contrary
expression trend between RRNPC and RSNPC compared with
NPCI. Of them, 941 genes (q<0.05, 18.40%) were up-regulated
and 897 genes (q<0.05, 17.54%) were down-regulated only in
RRNPC compared with NPCI.

Moreover, a set of 1268 RSNPC specific genes (q<0.05,
2790%, set-D) was identified, including 1235 genes which only
differentially expressed in RSNPC and 33 contrary expression
trend genes. Of them, 613 genes (q<0.05, 13.49%) were up-regu-
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Table III. Statistically enriched pathways by targets of differentially expressed gene set-C and set-D, respectively.
A, Statistically enriched pathways by targets of differentially expressed gene set-D
Enriched pathway name Number Number Percent Z score

changed measured changed
Hs_Ribosomal_Proteins® 48 61 78.68 4254
Enzyme inhibitor activity 50 77 64.93 2.355
Regulation of protein kinase activity 32 47 68.08 2.269
Protein amino acid dephosphorylation 34 52 65.38 1.996
Dephosphorylation 36 54 66.66 2.224
Hs_Phosphatidylinositol_signaling_system 39 59 66.10 2.239
Inorganic anion transport 22 31 70.96 2.162
Anion transport 29 42 69.04 2.269
Cytosol® 91 150 60.66 2.248
Hs_Smooth_muscle_contraction 46 71 64.78 2.236
Hs_Glucuronidation_ WP698_33413* 10 12 83.33 2.201
Cell-cell adhesion 26 38 68.42 208
Cell junction 18 25 72 2.044
Hs_IL-5_Signaling_Pathway_WP127_35644 27 40 67.5 2.018
B, Statistically enriched pathways by targets of differentially expressed gene set-C.
Enriched pathway name Number Number Percent Z score
changed measured changed

Hs_Ribosomal_Proteins® 55 61 90.16 5.23
Cytosol® 104 150 69.33 3.042
Hs_Glucuronidation_ WP698_33413* 12 12 100 2.999
Hs_p38_MAPK _signaling_pathway 17 19 8947 2.848
Transferase activity, transferring hexosyl groups 32 42 76.19 2.496
Hs_IL-4_signaling_Pathway_WP395_35643 24 31 7741 2.281
Hs_TGF-beta_Receptor_Signaling_Pathway_WP366_35302 62 91 68.13 2.124
Hs_Glycine_serine_and_threonine_metabolism 14 17 82.35 2.099
Hs_Estrogen_metabolism_WP697_33412 9 10 90 2.098
Apoptosis 76 114 66.66 2.063
Circulation 20 26 76.92 2.037
Hs_Calcium_regulation_in_cardiac_cells 42 60 70 2014
Extracellular matrix (sensu Metazoa) 29 40 72.5 1.962

“Statistically enriched pathways in both set-C and set-D analysis.

lated and 655 genes (q<0.05, 14.41%) were down-regulated only
in RSNPC comparing with NPCI. These two sets of genes were
recruited for further pathway analysis.

Identification of genes characterizing pathways specific to
RRNPC and RSNPC compared with NPCI, respectively. Set-C
and set-D genes were used to investigate the biological path-
ways specific to RRNPC and RSNPC, respectively. Filtering
by Z score >1.96, 13 and 14 enriched biological pathways were
revealed, respectively (Table I1I).

Interestingly, 3 common biological processes appeared in
both RRNPC and RSNPC patients compared with NPCI: ribo-
somal protein, cytosol, and glucuronidation. Thus, 10 biological

pathways were specifically enriched in RRNPC, and 11 biolog-
ical pathways were specifically found in RSNPC (Table III).

Discussion

Nasopharyngeal carcinoma is a special type of squamous cell
carcinoma of head and neck associated with EBV infection,
environmental factors and genetic aberrance (3-5). Radiotherapy
is the major treatment modality for NPC, but in some cases,
the disease is radiation-resistant, indicating radiation resistance
remains a serious obstacle to successful treatment in many cases.
Currently, more attention is focused on the study of nasopharyn-
geal carcinoma cell lines (20-24). However, the knowledge on
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the difference between RSNPC and RRNPC tissues remains
limited.

In the present study, we firstly focused on aberrance of gene
expression in RRNPC compared with RSNPC patient tissue
by DNA microarray. Class comparison analysis revealed 111
differentially expressed genes (q<0.05), with at least expression
in 14 specimens, with 1.5-fold change, of which 38 with a signifi-
cance of q<0.01. However, previously no overlap was found to
be involved in radiation resistance in NPC. This may be because
of distinct specificity between cells and tissues, but it is also
possible that there exist fundamental mechanisms underlying
radiation resistance that have not yet been elucidated.

In these aberrant expression genes, ZNF608 and CSFIR,
were validated by quantitative real-time RT-PCR in 17 indepen-
dent NPC patient specimens, indicating they may act as markers
for prognosis of radiation sensitivity of NPC. Colony stimu-
lating factor 1 receptor (CSFIR), which contains a split kinase
domain and a number of intracellular tyrosine residues that are
phosphorylated upon activation of the receptor (30), encoded by
the cfms proto-oncogene. It interacts with colony stimulating
factor-1 (CSF-1) regulating the proliferation and differentiation
of cells of the mononuclear phagocytic lineage (31). In addition
to its normal role in mononuclear phagocyte biology, CSF-1 and
CSFIR are involved in the tumourigenicity of epithelial cells
as their elevated expression has been found in breast, uterine,
and ovarian tumour cells, and the extent of expression in these
tumours correlates high grade and poor prognosis (32-34). Most
notably, CSF-1/CSFIR has been shown to promote tumour inva-
sion and metastasis through interaction of tumour-associated
macrophages and carcinoma cells mediated by a CSF-1-EGF
paracrine loop (35-38). Nevertheless, there is no study on CSF1R
aberrant expression in NPC or between RSNPC and RRNPC
until now. In our data, over-expression of CSFIR in RR-NPC
was found, indicating the capacity of metastasis and invasion in
RRNPC was more than RSNPC in patient tissues. Zinc finger
protein 608 (ZNF608) is a member of zinc finger protein family.
Its detailed function remains unclear, however, over-expression
of this gene in RRNPC indicates it may act as a marker for
prognosis of radiotherapy. Interestingly, these two genes were
also over-expressed in RRNPC patients, but under-expressed in
RSNPC patients compared to NPCI. Due to lack enough NPCI
patient specimens, we could not further validate the differential
expression of these genes in NPCI patients.

Pathway analysis enables us to study the biological processes
enriched by differential expression genes. We propose 3 mostly
biological processes may act as potential mechanisms underlying
RRNPC patients. Firstly, we noted that cell ion homeostasis,
especially di-, tri-valent inorganic cation transport, changed in
RRNPC patients. The report of Heise ef al (39), suggested that
ionizing radiation-stimulated cation channel activation, Ca*
entry and calmodulin-dependent kinase II activity participate
in control of cell cycle progression and survival of irradiated
chronic myeloid leukaemia cells. It is well known that cell
cycle progression of proliferating cells requires Ca** signals to
enter and accomplish the S and the M phase of the cell cycle
(40,41). Nevertheless, Ca®* signals may also trigger programmed
cell death. Tumour cells have been postulated to resolve this
dilemma by remodelling their Ca** signalosome. In this case,
possibly hazardous Ca** signals generated by bulkly release of
Ca?* from the endoplasmic reticulum are replaced by signals
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arising from slower Ca** entry and extrusion across the plasma
membrane. These plasma membrane-born signals are generated
by store independent Ca** channels and the activity of Ca**
pumps or anti-porters, respectively (42). Interestingly, PIZEO?2,
encoding a component of cation channels localized on plasma
membrane (43), is differentially expressed in our data, and may
act as a novel Ca** channel to rescue tumour cells and promote
cell proliferation under radiation therapy. This may lead to the
changes of membrane system in RRNPC patients.

Secondly, humoral immunity was also significantly altered
in RRNPC patients. We suggest that this is probably due to
CSFIR interacting with tumour-associated macrophages, and
then inducing the change of cytokines as well as inflamma-
tory response. Recently, Lenzo et al (44) found CSFIR could
as a marker for the development of macrophage-lineage cells.
Together with our data, we suggest that the radiation sensitivity
of NPC patients may relate to the development of macrophage-
lineage cells. In addition, ectopic expression of CSFIR could
promote tumour invasion and metastasis (35-38), which may
lead to the alteration of extracellular space and structural
constituent of cytoskeleton.

Thirdly, trans-membrane receptor protein tyrosine kinase
signalling pathway was also varied in RRNPC patients
comparing with RSNPC. Receptor protein tyrosine kinase
signalling pathway is widely reported differentially expressed
in various cancers, and its over-expression promoted cell trans-
formation, proliferation, oncogenesis, tumour development, and
anti-apoptosis activity (45). We suggest that this pathway mostly
promote RRNPC cell proliferation as well as anti-apoptosis
activity under radiotherapy.

Additionally, some metabolism also changed, such as one
carbon metabolism and carbohydrate binding. Together with
our microarray data, we suggest the radiation-resistant capacity
of NPC was mostly due to the change of cell Ca?* homeostasis,
promoting anti-apoptosis, DNA repair and rescuing tumour
cells under radiation therapy. Cell proliferation promotion
induced by extracellular and intracellular factors may maintain
tumour size under radiotherapy, and leads to recurrence after
treatment.

We explored the difference between two kinds of NPC and
NPCI. Comparing with NPCI, RRNPC patients have greater
expression difference than RSNPC patients. To characterize
which biological processes were changed, genes which in set-C
and set-D were used to analyse biological pathways, respectively.
Interestingly, 3 biological pathways changed in both sets of
NPC patients, ribosomal proteins, cytosol and glucuronidation,
indicating different ectopically expressed genes could cause the
same biological pathway change by interference with various
biological effects. We focus on the biological pathways which
only changed in RRNPC. Notably, calcium regulation was
identified in RRNPC patients, despite the variation of anion
transport in RSNPC patients. These data further demonstrated
our hypothesis of intracellular Ca** homeostasis, which may
be a probably process causing the resistance of radiotherapy.
We noted that p38 mitogen-activated protein kinase (MAPK)
signalling pathway was specific in RRNPC only, indicating
some cytokines and inflammatory response were activated
(46,47). Mounting evidence suggests that p38 MAPK may have
oncogenic functions that are mediated by its involvement in key
processes of cancer progression, such as proliferation, invasion,
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inflammation and angiogenesis (48). Additionally, p38 MAPK
has been implicated in the G,/M checkpoint, which induces
cell cycle arrest and facilitates DNA repair. This function may
antagonize radiotherapy-induced DNA damage, which could
also lead to apoptosis resistance in cancer cells (49). Besides, p38
MAPK has been shown to induce apoptosis in some cells, but
plays an anti-apoptosis role in a number of other cell type (50,51).
In RSNPC patients, protein dephosphorylation is particularly
evident, indicating some pathways, which triggered by dephos-
phorylation, were activated.

In conclusion, we found 111 genes as markers for prog-
nosis of the radiation sensitivity of NPC patients, CSFIR and
ZNF608 were evaluated by real-time RT-PCR using more
samples, and we propose 3 probable biological processes,
which could cause radiation resistance. We expect our analysis
to provide information to further study the mechanism of NPC
radio-resistance. We plan to explore whether these biological
processes exert radiation-resistant effects, and their detailed
mechanism.
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