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Abstract: Aberrant expression of the IRX2 gene contributes to the oncogenesis and progression of various cancers. 
In this study, we analyzed the clinical significance and the prognostic value of mRNA expression level of the IRX2 
gene in nasopharyngeal carcinoma (NPC) patients, with the goal to find a novel prognostic biomarker for NPC. Tis-
sue samples were collected prior to treatment from 71 NPC patients for the detection of mRNA expression level of a 
total of 31503 genes, with high throughput screening of the mRNA expression profile. The Kaplan-Meier curves and 
log-rank test were used for univariate analyses to determine if the mRNA expression level of IRX2 and other 31502 
genes, as well as clinical characteristics were of prognostic value for overall survival (OS), distant metastasis-free 
survival (DMFS) and disease-free survival (DFS). Regularized Cox regression was performed to test the contribution 
of prognostic factors to OS, DMFS, and DFS of NPC patients. The Cox proportional hazard model was used to test 
the independence of prognostic effect of IRX2 and other clinical features. The receiver operator characteristic curve 
was drawn and the area under the curve (AUC) was calculated to evaluate the predictive power of IRX2 gene. Uni-
variate analyses showed a higher mRNA expression level of the IRX2 gene correlated with shorter OS (P = 0.001), 
DMFS (P = 0.003), and DFS (P = 0.007). Regularized Cox regression and Cox proportional hazard model analyses 
further showed that ahigher mRNA expression level of the IRX2 gene in the primary NPC was an independent prog-
nostic factor for OS (Coxnet beta = 0.03, Cox proportion hazard model P = 0.038), DMFS (Coxnet beta = 0.018, Cox 
proportion hazard model P = 0.01) and DFS (Coxnet beta = 0.008, Cox proportion hazard model P = 0.029). The AUC 
showed that the mRNA expression level of the IRX2 gene is a significant predictor for predicting the OS (AUC value 
= 0.7105) and DMFS (AUC value = 0.7027) of NPC patients. Our results demonstrated that the IRX2 gene may be a 
novel independent unfavorable prognostic factor for NPC patients.
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Introduction

Nasopharyngeal carcinoma (NPC) is a common 
head and neck cancer having its highest inci-
dence rate in southern China, especially in 
Guangxi Zhuang Autonomous region [1]. Al- 
though NPC is different from the other types of 
head and neck cancers with anundifferentiated 
histology, that are radiosensitive and chemo-
sensitive, and irradiation techniques and 
chemoradiotherapy have greatly improved in 
the few past decades [2, 3], local-regional fail-
ure and distant metastasis are still the major 
causes of treatment failure and poor prognosis 
of NPC patients. The oncogenesis and progres-

sion of NPC are complicated and multistep, 
andcomprise acquisition of multiple malignant 
potentials, such as sustaining proliferative sig-
naling, evading growth suppressors, resisting 
cell death, activating invasion, and metastasis. 
Underlying the acquisition of these malignant 
potentials are genome instability caused by 
Epstein-Barr virus infection [4-6], gene amplifi-
cation and mutation, epigenetic dysregulation, 
and modification. Because the mRNA expres-
sion profile may be reflective of all the com-
bined factors above, we performed high 
throughput screening of the mRNA expression 
profile in 71 tissue samples of NPC with the 
goal to find the mRNA expression differences 
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among the 31503 genes from the expression 
profiles. We further performed univariate and 
multivariate analyses to identify genes whose 
mRNA expression levels are correlated with the 
OS, DMFS and DFS of NPC patients. According 
to the results, 301,342 and 280 genes were 
independently correlated with OS, DMFS and 
DFS of NPC patients respectively; and among 
these genes, IRX2 drew our attention for its 
high correlation with the poorer OS, DMFS, and 
DFS of NPC patients.

Iroquois homeobox 2 (IRX2) is a member of the 
Iroquois homeobox gene family and located on 
chromosomal region 5p15.33 [7]. IRX2 gene-
encodes a transcription factor and appears to 
play multiple roles during pattern formation of 
vertebrate embryos [7-9]. The relevance of 
IRX2 gene expression in the progression of 
multiple malignant tumors has been reported 
in the past few years. Amplification of IRX2 
gene locus on chromosome 5p15.33 has been 
identified in breast cancer and soft tissue sar-
comas [10-12]. mRNA expression of IRX2 is up-
regulated in osteosarcoma, and IRX2 promotes 
osteosarcoma cell growth and invasion through 
the PI3K/Akt signaling-mediated activation of 
MMP-9 and VEGF [12, 13]. Anelevated expres-
sion level of IRX2 gene predicts a worse out-
come ininfants with acute lymphoblastic leuke-
mia [14]. In summary, all these studies suggest 
a possible function of the IRX2 gene in promot-
ing oncogenesis and progression of malignant 
tumors. In contrast, some other studies also 
showed that hypermethylation of the promoter 
and other CpG islands in IRX2 gene frequently 
occurs in lung cancer and luminal A breast can-
cer [15-17], and the IRX2 protein has been 
found to inhibit the cellular motility of breast 
cancer cells, suggesting a metastasis sup- 
pression function of IRX2 protein [18]. The- 
refore, IRX2 might play different functions 
depending on the type of malignant tumor or 
the stage of tumor development [18].

However, it remains unknown whether mRNA 
expression level of the IRX2 gene is associated 
with the prognosis of NPC patents. To address 
this question, we examined the mRNA expres-
sion level of IRX2 gene in 71 cases of NPC tis-
sue and analyzed its correlation with the overall 
survival, distant metastasis-free survival and 
disease-free survival of NPC patients. We also 
drew the Receiver Operator Curve (ROC) and 

calculated the area under the curve (AUC value) 
to further evaluate the predictive power of IRX2 
gene.

Materials and methods

Patient selection and tissue sample collection

The Clinical Ethics Review Board of People’s 
Hospital of Guangxi Zhuang Autonomous region 
approved this study. All of the patients signed 
informed consent documents prior to partici-
pating in this study.

A total of 71 patients from the Otorhinolaryn- 
gology Head and Neck Cancer Department of 
People’s Hospital of Guangxi Zhuang Auto- 
nomous region were newly diagnosed between 
September 2007 and September 2012. Eli- 
gibility criteria of patients for inclusion in the 
study were as follows: (1) pathological confir-
mation of undifferentiated non-keratinized car-
cinoma of the nasopharynx, (2) a Union for 
International Cancer Control (UICC) staging sys-
tem 2010 clinical classification of I to IVb, with-
out a history of other malignant tumor or anti- 
cancer therapy, (3) Karnofsky performance 
score ≥ 70. Exclusion criteria included a history 
of severe systemic disease, pregnancy or lacta-
tion, and the presence of contradiction for 
receiving chemotherapy, radiotherapy, or sur-
gery. Fresh NPC tissue samples of sixty-nine 
nasopharyngeal carcinoma patients were ob- 
tained by nasopharynx biopsy under narrow-
band imaging (NBI) endoscopy prior to antican-
cer therapy and then frozen in liquid nitrogen 
until analysis.

Pretreatment evaluation of patients

All of the patients underwent a pretreatment 
evaluation that included a precise clinical 
examination of the head and neck region, fiber 
optic nasopharyngoscopy, head and neck MRI, 
chest X-ray, ultrasonography of the abdominal 
region, bone scan, and a complete blood count 
and biochemical profile.

Patient treatment

All patients were treated with IMRT once a day 
5 times a week. The target area was delineated 
based on the tumor boundary shown byMRI 
and CT. The prescribed doses were 69.76-76.3 
Gy for the PGTVnx, 64-70 Gy for PGTVnd, 59.4-
64.0 Gy for PTV1, and 50.0-54.0 Gy for PTV2. 
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Additional treatment with concurrent chemo-
therapy with platinum and fluorouracil was 
given to all patients.

Patient follow-up

All patients who had completed the NPC treat-
ment attended follow-up visits at 3-month 
intervals for the first year, every 6 months for 
the second to the fourth years, and annually 
thereafter. The follow-up methods were as fol-
lows: (1) All patients received the EB virus sero-
logical examination and nasopharyngeal endo-
scopic examination,and the endoscopic po- 
sitive patients were given anasopharyngeal 
biopsy. (2) All patients were confirmed by the 
nasopharyngeal skull base magnetic reso-
nance imaging, chest X-ray, cervical lymph 
nodal, and abdominal ultrasoundexaminations. 
(3) Patients who had been diagnosed with 
abnormal bone metabolism by ECT scan re- 
ceived aPET/CT scan.

The survival time was calculated from the date 
of first treatment completion to either the date 
of event of interest (death caused by NPC, 
local-regional recurrence ordistant metastasis) 
or last follow-up. Among the 71 patients, 2 
patients were excluded from OS analysis who 
died of non-neoplastic diseases, 1 patient was 
excluded from DMFS analysis because of dis-
tant metastasis occurred during the first treat-
ment period, and 4 patients were exclud- 
ed from DFS analysis because a local-regi- 
onal (nasopharynx and cervical lymph nodes) 
residual or distant metastasis occurred during 
the first treatment period, respectively. Th- 
erefore, 69, 70, and 67 of 71 patients were 
selected to analyze the relationship between 
IRX2 gene expression and OS, DMFS, and DFS, 
respectively.

RNA extraction

Tissue RNA was isolated from fresh frozen tis-
sue samples using QIAGEN AllPrep DNA/RNA 
Mini Kit (Qiagen, Cat# 80204) according to the 
manufacturer’s protocol.

RNA quantification

RNA degradation and contamination were mon-
itored on 1% agarose gels. RNA purity was 
checked using NanoPhotometer® spectropho-
tometer (IMPLEN, CA, USA) or Nanodrop 2000 

(Thermo Scientific). RNA concentration was 
measured using Qubit® RNA Assay Kit in 
Qubit®2.0 Flurometer (Life Technologies, CA, 
USA). RNA integrity was assessed using RNA 
Nano 6000 Assay Kit on an Agilent Bioanalyzer 
2100 system (Agilent Technologies, CA, USA).

Library preparation

For high-quantity samples, a total of 1.5 μg 
RNA per sample was used as input material for 
the RNA sample preparations. Sequencing 
libraries were generated using NEBNext® 
UltraTM RNA Library Prep Kit for Illumina® (NEB, 
USA) following manufacturer’s recommenda-
tions and index codes were added to attribute 
sequences to each sample. Briefly, mRNA was 
purified from total RNA using poly-T oligo-
attached magnetic beads. Fragmentation was 
carried out using divalent cations under elevat-
ed temperature in NEBNext First Strand 
Synthesis Reaction Buffer (5×). First strand 
cDNA was synthesized using random hexam- 
er primer and M-MuLVReverse Transcriptase 
(RNaseH-). Second strand cDNA synthesis was 
subsequently performed using DNA polymerase 
I and RNase H. Remaining overhangs were con-
verted into blunt ends via exonuclease/poly-
merase activities. After adenylation of the 3’ 
ends of DNA fragments, NEBNext Adaptors with 
hairpin loop structure were ligated to prepare 
for hybridization. In order to select cDNA frag-
ments of correct length, the library fragments 
were purified with AMPure XP system (Beckman 
Coulter, Beverly, USA). Then 3 μl USER Enzyme 
(NEB, USA) was used with size-selected, adap-
tor-ligated cDNA at 37°C for 15 min followed by 
5 min at 95°C before PCR. PCR was performed 
with Phusion High-Fidelity DNA polymerase, 
Universal PCR primers, and Index (X) Primer. 
Finally, products were purified (AMPure XP sys-
tem) and library quality was assessed on the 
Agilent BioAnalyzer 2100 system (Agilent 
Technologies, CA, USA). For low-quantity RNA 
samples (typically less than 100 ng total RNA), 
NEB Next rRNA Depletion Kit (Human/Mouse/
Rat) (NEB E6310, USA) was used to deplete 
rRNA. Next, cDNA was synthesized from rRNA-
depleted total RNA with NEBNext RNA First 
Strand Synthesis Module (NEB E7525S, USA) 
and double-stranded cDNA was generated from 
first-strand cDNA usingNEB Next mRNA Second 
Strand Synthesis Module (NEB E6111S, USA) 
according to the manufacturer’s instruction. 
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DNA fragmentation and adapter ligation were-
carried out using TruePrep TM DNA Library Prep 
Kit V2 for Illumina (Vazyme, China). The concen-
tration of each library was quantified by Qubit® 
RNA Assay Kit on a Qubit®2.0 Flurometer (Life 
Technologies, CA, USA) according to the manu-
facturer’s instruction. The size distribution was 
evaluated using an Agilent high-sensitivity chip 
on an Agilent Bioanalyzer 2100 system (Agilent 
Technologies, CA, USA).

mRNA sequencing

The clustering of the index-coded samples was 
performed on a cBot Cluster Generation Sys- 
tem using HiSeq 4000 PE Cluster Kit (Illumina) 
or NextSeq 500/550 High Output Kit V2 
(Illumina) according to the manufacturer’s 
instruction. After cluster generation, the library 
preparations were sequenced on an Illumina 
HiSeq 4000 or NextSeq500 platform and 150 
bp paired-end reads were generated.

Sequencing data analyses

Raw reads were trimmed to remove adapters 
and low-quality bases using Cutadapt (version 
1.10) [19] with the following parameters: --qual-
ity-base = 33 --quality-cutoff = 20,20 --for- 

terMismatch-NoverLmax 0.04 --alignIntronMin 
20 --alignIntronMax 1000000 --alignMates-
GapMax 1000000 --alignSJoverhangMin 8 
--alignSJDBoverhangMin 1 --sjdbScore 1 --run-
ThreadN 2 --genomeLoadNoSharedMemory 
--outSAMtype BAM Unsorted --quantModeTran-
scriptomeSAM --outSAMheaderHD/@HD VN: 
1.4 SO: unsorted --readFilesCommandzcat. 
Finally, gene expression was quantified using 
RSEM (version 1.3.0) [22]. Using the following 
parameters: rsem-calculate-expression -p 4 
--seed-length 20 --paired-end --bam --no-bam-
output --estimate-rspd--append-names. In ad- 
dition, the batch difference between high-
quantity and low-quantity samples was re- 
moved together with the gender imbalance by 
the Bioconductor package SVA (version 3.26.0) 
[23].

Statistical analyses

The average IRX2 expression level among the 
71 NPC samples wasused as a cut-off value to 
divide the patients into a low IRX2 expression 
group and a high IRX2 expression group. The 
chi-square test was employed to compare data 
between the two groups. The Kaplan-Meier 
curve and log-rank test were used for univari-
ate analyses to determine whether gene 

Table 1. Clinical characteristics of the 71 NPC patients and 
their association with IRX2 expression

All patients IRX2 expression level
P

n = 71 (%) 
High Low

n = 26 (%) n = 45 (%)   
Age (years) 
    ≤ 45 31 (44) 12 (46) 19 (42)  0.941
    > 45 40 (56) 14 (54) 26 (58) 
Gender
    Male 53 (75) 21 (81) 32 (71) 0.537
    Female 18 (25) 5 (19) 13 (29) 
T classification
    T1-2 26 (37) 10 (38) 16 (36) 1.000
    T3-4 45 (63) 16 (62) 29 (64) 
N classification
    N0-1 43 (61) 15 (58) 28 (62) 0.901
    N2-3 28 (39) 11 (42) 17 (38) 
Clinical classification
    I-II 16 (23) 6 (23) 10 (22) 1.000
    III-IVb 55 (77) 20 (77) 35 (78) 
Abbreviation: NPC, nasopharyngeal carcinoma.

mat = fastq -a CTGTCTCTTATA- 
CACATCT -A CTGTCTCTTATACACATCT 
-a AAAAAAAA$ -A AAAAAAAA$ -g ^- 
TTTTTTTT -G ^TTTTTTTT -g AGAT- 
GTGTATAAGAGACAG -G AGATGTGTAT- 
AAGAGACAG --times = 6 --mini-
mum-length = 20 --max-n = 0.1 
--trim-n. To minimize the impact of 
rRNA on mRNA quantification, 
reads mapped to 5S rRNA, 5.8S 
rRNA, 18S rRNA, 28S rRNA, 16S 
mitochondrial rRNA, and 12S mito-
chondrial rRNA were filtered out 
using Bowtie2 (version 2.2.5) [20]. 
After cleaning and filtering, the 
remaining high-quality reads were 
mapped to human reference 
genome GRCh38 using STAR (ver-
sion 2.5.2b) [21] with the following 
parameters: --outSAMunmapped 
Within --outFiterTypeBySJout --out-
SAMattributes NH HI AS NM MD 
--outFilter-MultimapNmax 20 –out-
FilterMismatchNmax 999 --outFil-
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expression and other clinical characteristics 
(age, sex, clinical classification, etc.) were sig-
nificantly associated with overall survival (OS), 
distant metastasis-free survival (DMFS), and 
disease-free survival (DFS). Regularized Cox 
regression [24] was used for multivariate analy-
ses to estimate the contribution of prognos- 
tic factors to OS, DMFS and DFS. The Cox pro-
portional hazard model was usedto test the 
independence of prognostic value of IRX2 and 
other clinical features. The receiver opera- 
tor characteristic curve (ROC) wasdrawn and 
the area under the curve (AUC value) wascalcu-
lated to evaluate the predictive power of the 
IRX2 gene for predicting the OS, DMFS, and 
DFS of NPC patients. All statistical tests were 
2-sided, and P-values < 0.05 were consider- 
ed statistically significant. All analyses were 

performed using statistical software R (version 
3.3.3).

Results

Patients’ clinical characteristics and follow-up 
outcome

The latest patient follow-up visit occurred in 
July 2017. The follow-up time ranged from 2 to 
114 months, with a median of 64 months. 
Among the 71 patients enrolled in this study, 
67 patients achieved clinical cure after comple-
tion of the first treatment and 4 patients experi-
enced tumor residual (3 of 4 patients experi-
enced local-regional residual and 1 of 4 patient 
developed distant metastasis during the first 
treatment period). Among the 67 patients who 
achieved clinical cure after completion of first 

Figure 1. Survival curves for nasopharyngeal car-
cinoma patients with high/low expression levels of 
IRX2 gene expression. A high mRNA expression level 
of IRX2 gene correlated with poorer overall survival, 
distant metastasis-free survival, and disease-free 
survival rates. A. The overall survival rate was sig-
nificantly higher in patients with lowlevels of IRX2 
gene expression. High IRX2 expression, n = 25; low 
IRX2 expression, n = 44. B. The distant metastasis-
free survival rate was significantly higher in patients 
with low levels of IRX2 gene expression. High IRX2 
expression, n = 25; low IRX2 expression, n = 45. 
C. The disease-free survival rate was significantly 
higher in patients with low expression levels of IRX2 
gene expression. High IRX2 expression, n = 24; low 
IRX2 expression, n = 43.
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treatment, 19 patients developed distant me- 
tastasis, 5 patients developed local-regional 
recurrence, and 2 patients developed both dis-
tant metastasis and local-regional recurrence. 
The clinical characteristics of the 71 patients 
are summarized in Table 1.

Relationship between mRNA expression level 
of IRX2 and clinical characteristics of NPC 
patients

The mRNA expression levels of IRX2 gene in the 
71 cases of patients ranged from 0 to 447, with 
an average value of 58. We used the average 
value to divide the patients into a low IRX2 
expression group and a high IRX2 expres- 
sion group. The relationship between IRX2 
expression and clinical characteristics issum-
marized in Table 1. The sex, age, clinical clas-
sification, T and N classification had no associ-
ation with mRNA expression level of the IRX2 
gene. 

The mRNA expression levels of IRX2 gene in 
predicting survival of NPC patients

The Kaplan-Meier curve survival analyses and 
the log-rank test were used for univariate analy-
ses to determine if age, gender, T classification, 
N classification, clinical classification, and 
mRNA expression levels are prognostic factors 
for OS, DMFS, and DFS in the NPC patients. The 
results demonstrated that among the 31503 
genes from the expression profiles, there were 
1260, 1021 and 620 genes significantly corre-
lated with OS, DMFS and DFS of NPC patients, 
respectively (p value < 0.05). The patients with 
higher mRNA expression level of IRX2 had a 
significant poorer OS (P = 0.001), DMFS (P = 
0.003) and DFS (p value = 0.007) compared to 
those with lower mRNA expression level of IRX2 
(Figure 1A-C). Moreover, the gender (P = 0.042) 
and N classification (P = 0.018) were signifi-
cantly associated with OS of NPC patients. The 
univariate analysis results are summarized in 
Table 2.

Table 2. Univariate analysis with Kaplan-Meier survival curves and log-rank test for the OS, DMFS, 
and DFS of NPC patients 

Prognosis Chisq P Exp (B) 
95% CI for Exp (B) 

Lower Upper
OS
    Age (years) > 45 vs. ≤ 45 0.633 0.426 0.747 0.369 1.510
    Gender Female vs. Male 4.155 0.042 2.830 1.308 6.121
    Clinical classification I-II vs. III-IVb 2.681 0.102 2.335 1.044 5.226
    T classification T2-4 vs. T1 0.257 0.612 1.662 0.343 8.056
    N classification N1-3 vs. N0 5.592 0.018 2.986 1.437 6.205
    IRX2 expression level High vs. Low 10.486 0.001 0.332 0.153 0.723
DMFS
    Age (years) > 45 vs. ≤ 45 0.038 0.846 1.086 0.467 2.524
    Gender Female vs. Male 1.159 0.282 1.788 0.708 4.515
    Clinical classification I-II vs. III-IVb 1.643 0.200 2.159 0.827 5.637
    T classification T2-4 vs. T1 0.004 0.947 0.935 0.118 7.399
    N classification N1-3 vs. N0 2.625 0.105 2.364 0.981 5.695
    IRX2 expression level High vs. Low 8.682 0.003 0.304 0.122 0.753
DFS
    Age (years) > 45 vs. ≤ 45 0.369 0.543 0.786 0.362 1.703
    Gender Female vs. Male 2.801 0.094 2.386 1.033 5.509
    Clinical classification I-II vs. III-IVb 1.801 0.180 2.023 0.850 4.815
    T classification T2-4 vs. T1 0.033 0.855 1.201 0.191 7.547
    N classification N1-3 vs. N0 3.088 0.079 2.311 1.035 5.161
    IRX2 expression level High vs. Low 7.313 0.007 0.366 0.158 0.848
Abbreviations: NPC, nasopharyngeal carcinoma; OS, overall survival; DMFS, distant metastasis-free survival; DFS, disease-free 
survival.
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Regularized Cox regression and Cox proportion 
hazard model analyses

Regularized Cox regression wasperformed to 
select the factors that are associated with OS, 
DMFS, and DFS of NPC patients from all the 
significant factors identified by the univariate 
analyses. A total of 301, 342 and 380 genes 
were identified to be significantly associated 
with OS, DMFS and DFS of NPC patients, 
respectively (Coxnet beta > 0). The mRNA 
expression level of IRX2 gene was determined-
to contribute to the prognostic effects on OS 
(Coxnet beta = 0.03), DMFS (Coxnet beta = 
0.018) and DFS (Coxnet beta = 0.008) of NPC 
patients. Moreover, gender was a contributor to 
OS of NPC patients (Coxnet beta = 0.106).

The Cox proportional hazard model was used to 
verify the independence of prognostic effect of 
mRNA expression level of IRX2 and other clini-
cal features. As summarized in Table 3, the 
mRNA expression level of IRX2 gene was an 
independent predictor of OS (p value = 0.038), 

DMFS (p value = 0.01), and DFS (p value = 
0.029). Moreover, gender was an independent 
predictor of OS (p value = 0.011). 

The predictive power of mRNA expression level 
of IRX2 gene for prognosis of NPC patients

The receiver operator characteristic curve 
(ROC) wasdrawn and the area under the curve 
(AUC value) wascalculated to evaluate the pre-
dictive power of the IRX2 gene for predicting 
the OS, DMFS, and DFS of NPC patients. The 
results showed that the mRNA expression level 
of IRX2 gene is of certain accuracy in predicting 
the OS (AUC value = 0.7105, Figure 2A) and 
DMFS (AUC value = 0.7027, Figure 2B), but less 
accurate in predicting the DFS (AUC value = 
0.6731, Figure 2C).

Discussion

A common phenomenon found during the ther-
apeutic process of NPC is that, although the 
treatments given to the patients and other clini-

Table 3.Cox proportion hazard model analysis for the OS, DMFS, and DFS of NPC patients

Prognosis Chisq p Exp (B) 
95% CI for Exp (B) 

Lower Upper
OS
    Age (years) > 45 vs. ≤ 45 0.016 0.899 1.055 0.459 2.425
    Gender Female vs. Male 6.465 0.011 4.307 1.390 13.345
    Clinical classification I-II vs. III-IVb 1.138 0.286 1.903 0.584 6.204
    T classification T2-4 vs. T1 0.074 0.785 0.731 0.077 6.951
    N classification N1-3 vs. N0 3.483 0.062 2.766 0.952 8.037
    IRX2 expression level High vs. Low 4.305 0.038 0.423 0.188 0.952
DMFS
    Age (years) > 45 vs. ≤ 45 0.628 0.428 1.476 0.563 3.868
    Gender Female vs. Male 2.704 0.100 2.724 0.825 8.991
    Clinical classification I-II vs. III-IVb 1.469 0.226 2.246 0.607 8.317
    T classification T2-4 vs. T1 0.410 0.522 0.466 0.045 4.833
    N classification N1-3 vs. N0 0.831 0.362 1.732 0.531 5.646
    IRX2 expression level High vs. Low 6.609 0.010 0.296 0.117 0.749
DFS
    Age (years) > 45 vs. ≤ 45 0.165 0.685 1.211 0.480 3.059
    Gender Female vs. Male 5.235 0.022 3.857 1.214 12.256
    Clinical classification I-II vs. III-IVb 2.016 0.156 2.309 0.727 7.328
    T classification T2-4 vs. T1 0.232 0.630 0.570 0.058 5.624
    N classification N1-3 vs. N0 1.618 0.203 1.998 0.690 5.731
    IRX2 expression level High vs. Low 4.776 0.029 0.387 0.165 0.907
Abbreviation: NPC, nasopharyngeal carcinoma; OS, overall survival; DMFS, distant metastasis-free survival; DFS, disease-free 
survival.
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cal characteristics of patients are identical, the 
treatment responses and outcomes of patients 
are far more varied. Therefore, it is important to 
explore the genomic alternations underlying 
the oncogenesis and progression of NPC. In a 
previous study, the gene expression profiling 
and methylation profiling difference between 
the non-cancerous nasopharyngeal epithelium 
and NPC or between different NPC subtypes 
have been reported [25, 26]. In this study, we 
performed high throughput screening of the 
mRNA expression profile in 71 fresh tissue 
samples from NPC patients and investigated 
the relationship between the gene expression 
level and prognosis of NPC patients for the first 
time and eventually screened out 301, 342 and 
380 genes whose mRNA expression level con-
tributed to prognostic effects on OS, DMFS, 
and DFS of NPC patients, respectively. Among 
these genes, the mRNA expression level of the 
IRX2 gene was identified to contribute to the 
prognostic effects on OS, DMFS, and DFS of 
NPC patients. 

Although the direct transcriptional targets 
oftranscription factor IRX2 and the exact mech-
anism of how the transcription factor IRX2 
exerts its function during oncogenesis and pro-
gression of malignant tumors are still unclear, it 
was reported that some oncogenes were cor-
related with the IRX2 gene. For example, TERT, 
another oncogene located in the same chromo-
somal region 5p15.33 as IRX2 gene, may be 
affected by abnormal IRX2 expression [27]. 
The TERT gene encodes the telomerase sub-
unit TERT and the maintaining of TERT gene 
expression may be a mechanism of supporting 
self-renewal in leukemic cells [28]. Amplification 
of the IRX2 locus was found to coexist with an 
activating mutation of the PIK3CA gene in 
breast cancer, suggesting the possible function 
of promoting cell proliferation in breast cancer 
[10]. Moreover, the IRX2 protein was reported 
to mediate the upregulation of MMP-9 and 
VEGF inosteosarcoma cells [12]. VEGF iscon-
sidered to play an important role in mediating 
the vascularization of various cancers [29, 30] 
andMMP-9 proved to be a marker of highly met-
astaticcancers [31, 32]. Taken together, all 
these findings imply a possible oncogenic func-
tion of IRX2 in promoting the proliferation and 
progression of various malignant tumors.

In thepresent study, we further confirmed the 
independence of the prognostic effect of IRX2 
gene by conducting Cox proportion hazard 
model and the predictive power of IRX2 gene  

Figure 2. Receiver operating characteristic curves 
of mRNA expression level of IRX2 in predicting the 
OS, DMFS, and DFS of NPC patients. A. Receiver 
operating characteristic curves of mRNA expression 
level of IRX2 in predicting the OS of NPC patients. 
B. Receiver operating characteristic curves of mRNA 
expression level of IRX2 in predicting the DMFS of 
NPC patients. C. Receiver operating characteristic 
curves of mRNA expression level of IRX2 in predicting 
the DFS of NPC patients.
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in predicting OS, DMFS and DFS by evalua- 
tion using ROC analyses. The results showed 
that the mRNA expression level of IRX2 accu-
rately for predictedthe OS and DMFS of NPC 
patients. Taken together, these results suggest 
that the mRNA expression level of IRX2 gene 
could be a prognostic factor for predicting the 
outcome and treatment response of NPC 
patients, or even facilitate the individualized 
treatment of NPC patients in the future. 
However, the impact of IRX2 gene on the malig-
nant biological behaviors of NPC and the exact 
mechanism of how the transcription factor 
IRX2 exerts its functions remain unclear. Thus, 
we acknowledge that much more needs to be 
verified before the IRX2 gene is eventually 
applied as a prognosis predictor or a thera- 
peutic target of NPC in clinical practice. For 
example, the protein expression level of IRX2  
in NPC tissue and the IRX2 expression differ-
ence between NPC tissue and non-cance- 
rous tissues should be investigated. Moreover, 
it will be meaningful to explore the oncogenic 
functions of IRX2 gene and the direct transcrip-
tional targets oftranscription factor IRX2 in 
NPC.
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