
Abstract. Background/Aim: Head and neck squamous cell
carcinoma (HNSCC) has poor prognosis, with survival rates
that have not significantly improved over the past several
decades. Therefore, prediction of HNSCC prognosis is of
clinical importance. Baculoviral IAP Repeat containing 2
(BIRC2) and Baculoviral IAP Repeat containing 3 (BIRC3)
are involved in oncogenic activity by modulating cell
proliferation, apoptosis and invasion in HNSCC. This study
aimed to develop and validate a predictive gene signature for
BIRC2 and BIRC3. Materials and Methods: The genomic
copy number and gene expression for BIRC2 and BIRC3
were systematically explored in patients with HNSCC to
investigate the clinical relevance of BIRC2 and BIRC3
activation. A prognostic signature was developed based on
correlations associated with BIRC2 and BIRC3 mRNA
expression and copy number alterations. Hierarchical
clustering was used to classify the clusters (Clusters 1 and
2). Moreover, independent validation of the BIRC2-BIRC3
gene signature was performed using the Leipzig, MDACC,

FHCRC, and KHU datasets. To explore the biological
functions of the BIRC2-BIRC3 gene signature, string analysis
and pathway annotation were also performed. Results:
BIRC2-BIRC3 gene signature-derived cluster 2 patients
exhibited significantly poor survival. This signature also
predicted survival in three independent cohorts. Interestingly,
the BIRC2-BIRC3 gene signature additionally permitted the
identification of survival in advanced tumor stages with
excellent accuracy in all three cohorts. Multivariate Cox
regression analysis identified that the BIRC2-BIRC3
signature was an independent predictor associated with the
survival of patients with HNSCC. Moreover, Inhibition of
BIRC2 modulated the NF-ĸB signaling pathway via
upregulation of CBR1 expression. Conclusion: The BIRC2-
BIRC3 gene signature was found to be associated with the
prognosis of HNSCC. Thus, BIRC2 and BIRC3 could be
potential targets for improving HNSCC prognosis.

Head and neck squamous cell carcinoma (HNSCC) is the sixth
most common cancer worldwide, with more than 600,000
patients diagnosed annually (1). There are several risk factors
that can increase one’s risk of developing HNSCC - including
tobacco use, alcohol consumption and poor oral hygiene. In
addition, infection with human papillomavirus (HPV) can also
cause HNSCC (2, 3). Over the past few years, several
preclinical and clinical studies of HNSCC have been dedicated
to the development of new treatment techniques for
overcoming this cancer (4). Despite these efforts, the 5-year
survival rate is reported to be approximately 60% for all
HNSCC cases, with an annual death toll of 380,000 (5).
Moreover, patients exhibit a highly heterogeneous treatment
response. Therefore, the establishment of individual tumor
biology through appropriate gene signatures must be taken
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into consideration for estimating treatment response and
improving patient survival. 

The Baculoviral IAP Repeat containing 2 (BIRC2) and
Baculoviral IAP Repeat containing 3 (BIRC3) genes are
members of the inhibitor of apoptosis (IAP) family, which
plays a role in the regulation of the caspase pathway to
prevent apoptosis. BIRC2 and BIRC3 are mainly involved
in the programmed cell death pathway, which promotes cell
survival, cellular differentiation, cell division, signal
transduction and cell response to damage. In cancer cells,
BIRC2 and BIRC3 are linked to their overexpression,
which is associated with drug resistance and poor prognosis
(6). In addition, copy number amplification of the 11q22.1-
q22.2 regions, encoding BIRC2 and BIRC3, has been

frequently identified in several cancers (7, 8) and is
associated with lymph node metastasis as well as poor
clinical outcomes (9).

The present study systematically analyzed BIRC2 and
BIRC3 related genomic data of patients with HNSCC from
multiple cohorts and developed a BIRC2-BIRC3 gene
signature. We also identified the biological mechanisms
associated with this signature.

Materials and Methods
Study design and gene expression data. Genomic data from TCGA,
including RNA-seq (Illumina HiSeq) data of gene expression, gene-
level copy number alterations (CNAs) and clinical data (TCGA
cohort, n=566), were obtained using the UCSC Xena browser
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Table I. Clinical and pathological features of HNSCC in 5 cohorts.

   TCGA cohort Leipzig cohort MDACC cohort FHCRC cohort KHU cohort

Number of patients 520 270 74 97 75
Sex
   Male 384 (73.8%) 223 (82.6%) 58 (78.4%) 66 (68.0%) 58 (77.3%)
   Female 136 (26.2%) 47 (17.4%) 16 (21.6%) 31 (32.0%) 17 (22.6%)
Age (mean±SD) 62.2±15.3 60.1±10.0 58.1±13.6 NA 63.5±11.8
Anatomic site
   Oral cavity 315 (60.5%) 83 (30.7%) 71 (95.9%) 86 (88.7%) 49 (67.1%)
   Oropharynx 79 (15.1%) 102 (37.8%) 3 (4.1%) 11 (11.3%) 11 (15.1%)
   Larynx 116 (22.3%) 48 (17.8%) 0 0 9 (12.3%)
   Hypopharynx 10 (1.9%) 33 (12.2%) 0 0 4 (5.5%)
   Others 4 (1.5%) 0 0 0
Primary tumor
   T1 35 (6.8%) 35 (13.0%) 3 (4.1%) NA 21 (28%)
   T2 151 (29.4%) 80 (29.6%) 27 (36.5%) NA 15 (20%)
   T3 132 (25.8%) 58 (21.5%) 28 (37.8%) NA 5 (6.6%)
   T4 195 (38.0%) 97 (35.9%) 16 (21.6%) NA 28 (37.3%)
Regional lymph node
   N0 244 (48.1%) 94 (34.8%) NA NA 37 (49.3%)
   N1 83 (16.4%) 32 (11.9%) NA NA 10 (13.3%)
   N2 162 (32.0%) 132 (48.9%) NA NA 19 (25.3%)
   N3 18 (3.5%) 12 (4.4%) NA NA 1 (1.3%)
Stage
   I 20 (4.0%) 18 (6.7%) 3 (4.1%) 30 (30.9%) 16 (21.3%)
   II 98 (19.3%) 37 (13.7%) 16 (21.6%) 22 (11.3%) 17 (22.6%)
   III 105 (20.7%) 37 (13.7%) 15 (20.3%) 26 (15.5%) 6 (8%)
   IV 283 (56.0%) 178 (65.9%) 40 (54.1%) 52 (42.3%) 26 (34.6%)
HPV status
   Positive 68 (19.9%) 60 (23.4%) NA 0 4 (5.3%)
   Negative 274 (80.1%) 196 (76.6%) NA 97 (100%) 16 (21.3%)
Tobacco use
   Never 114 (23.3%) 48 (17.8%) 15 (20.3%) NA 25 (33.3%)
   Yes 376 (76.7%) 222 (82.2%) 59 (79.7%) NA 50 (66.6%)
Alcohol use
   Never 162 (31.8%) 31 (11.5%) NA NA NA
   Yes 347 (68.2%) 239 (88.5%) NA NA NA
BIRC2-BIRC3 gene signature
   Cluster 1 189 (36.3%) 122 (45.1%) 27 (36.4%) 46 (47.4%) 36 (48%)
   Cluster 2 331 (63.7%) 148 (54.8%) 41 (55.4%) 51 (52.5%) 39 (52%)



(https://xenabrowser.net/). The validation dataset included three
independent GEO datasets: the Leipzig cohort (GSE65858, n=270),
FHCRC cohort (GSE41613, n=97) and MDACC cohort (GSE42743,
n=74), which were downloaded from the National Center for
Biotechnology Information Gene Expression Omnibus database
(http://www.ncbi.nlm.nih.gov/geo). The KHU cohort was obtained
from the Department of Otolaryngology-Head and Neck Surgery,
School of Medicine, Kyung Hee University (IRB: 2018-05-046). The
cancer cell line encyclopedia data were acquired from CCLE
(https://portals.broadinstitute.org/ccle). The clinical characteristics of
the patients in the five cohorts are summarized in Table I.

RNA preparation and NGS sequencing. RNA samples were
extracted using TRIzol (Invitrogen, Carlsbad, CA, USA). To ensure
the quality of the samples for sequencing, Nanodrop (IMPLEN, CA,
USA) and Qubit 2.0 (Life Technologies, CA, USA) were used to
determine the purity, concentration and integrity of the RNA
samples. RNA was extracted and quantified according to the
manufacturer’s instructions. 

RNA sequencing, preprocessing, and transcriptome analysis were
performed using Macrogen Inc. (Seoul, Korea). Total RNA
concentration was calculated by Quant-IT RiboGreen (Invitrogen,
#R11490). Only high-quality RNA preparations with RNA integrity
number (RIN) greater than 7.0 were used for RNA library construction.
A sequencing library was generated using 1 μg of total RNA from each
sample using an Illumina TruSeq Stranded mRNA Sample Prep Kit
(Illumina, Inc., San Diego, CA, USA, #RS-122-2101).

Construction and validation of BIRC2-BIRC3 gene signature. The
gene expression data set TCGA (n=566) was downloaded to
construct BIRC2 and BIRC3 associated gene signatures (named
BIRC2-BIRC3 gene signature). Seventy-three gene lists (BIRC2- or
BIRC3-related genes) were established using a double-correlation
approach. First, BIRC2-related genes were identified. BIRC2 copy
number-associated genes were determined by analyzing the Pearson
correlation between the copy number of BIRC2 and the mRNA
expression of each gene (121 genes).  BIRC2 mRNA-associated
genes were identified by analyzing the Pearson correlation between
the mRNA expression of BIRC2 and mRNA expression of each
gene (1767 genes). The 55 genes were filtered using a correlation
coefficient (greater than 0.25 or less than −0.25) and a p-value (less
than 0.01). Thereafter, BIRC3-related genes were established as
well. BIRC3 copy number-associated genes were identified by
analyzing the Pearson correlation between the copy number of
BIRC3 and the mRNA expression of each gene (121 genes).
Similarly, BIRC3 mRNA-associated genes were identified by
analyzing the Pearson correlation between mRNA expression of
BIRC3 and mRNA expression of each gene (genes). The 25 genes

were filtered according to the correlation coefficient (greater than
0.25 or less than −0.25) and p-value (less than 0.01). Seven genes
overlapped with BIRC2- and BIRC3-related genes. Furthermore,
hierarchical clustering analysis was performed based on the centered
average method (10), followed by clustering analysis performed
using a cluster 3.0 program. (Stanford University, Stanford, CA,
USA). The Bayesian compound covariate algorithm method (BCCP)
was used to classify clusters in each patient from the validation sets.
Gene expression data of TCGA was adapted to BCCP algorithm to
classify clusters, and and then these were estimated according to 
the misclassification rate determined during leave-one-out 
cross-validation of the training set using BRB–ArrayTools
(https://brb.nci.nih.gov/BRB-ArrayTools/) (11).

Functional annotation and pathway analysis. To explore the
biological function of the BIRC2-BIRC3 gene signature, string
analysis (using the STRING online tool at https://string-db.org/) and
pathway annotation were performed. Combination scores >0.9,
degrees >10 and MCODE scores >10 were selected. The pathway
was determined by Kyoto Encyclopedia of Genes and Genomes
(KEGG) analysis and was considered to be significant with an
FDR<0.05.

Cell lines. The HNSCC cell line, SNU1041, was obtained from Prof.
Chul Ho Kim (Ajou University). SCC4 and HSC3 were purchased
from the American Type Culture Collection (ATCC) and the Japanese
Cancer Resources Bank (JCRB), respectively. HSC3 and SNU1041
cells were cultured in RPMI-1640 (Corning, Manassas, VA, USA)
and SCC4 cells were cultured in Dulbecco’s modified Eagle’s
medium (DMEM)/F12 (Corning). The media was supplemented with
10% FBS and 1% penicillin-streptomycin (Corning). All the cell lines
were cultured at 37˚C in an atmosphere of 5% CO2.

Reagents. Antibodies were purchased from their respective sources,
as follows: BIRC2 and BIRC3 from Santa Cruz Biotechnology (sc-
271419, sc-517317, Santa Cruz, CA, USA), CBR1 from Novus
(NBP1-86595, Colorado Centennial, CA, USA), P65 from Cell
Signaling Technology (8242S , Beverly, MA, USA), as well as β-
actin from Santa Cruz Biotechnology (sc-47778, Santa Cruz, CA,
USA). The plasmid transfection agent, RNAiMAX, was obtained
from Thermo Fisher Scientific (Waltham, MA, USA).

Plasmid transfection. The GFP-conjugated vector or BIRC2 plasmid
(hs.Ri.BIRC2.13.1) was transfected into a 6-well plate dish that was
filled to a concentration of up to 70% confluency. The GFP-
conjugated (pCMV6-AC-GFP) empty vector was purchased from
Bioneer (Daejeon, Korea). The siRNA was purchased from IDT
(Cambridge, MA, USA). All cells were transfected with siRNA

Lee et al: BIRC2-BIRC3 Gene Signature in HNSCC

593

Table II. Primer sequences for RT-PCR.

Gene Forward primer sequence (5’-3’) Reverse primer sequence (3’-5’)

BIRC2 ATTGGATTCGGAAGCCCCAA GAACGCCGAGGGCTAAGTTT
BIRC3 ACTTAGTCTAATCTCGGGAGGTA ATGTGCCAGTAGGAGACTGC
CBR1 CAGAGACCCCTGTGTACTTG CAACTCAGGACAAGG TACAAAATG3
P65 GCACCCTGACCTTGCCTATT CTGCTTGGCGGATTAGCTCT
β-actin CACCATTGGCAATGAGCGGTTC AGGTCTTTGCGGATGTCCACGT
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Table III. Gene associated with BIRC2.

TCGA Correlation p-Value of Correlation p-Value of
RNA sequencing coefficient with correlation with coefficient with correlation with
gene symbol copy number copy number gene expression gene expression
   of BIRC2 of BIRC2 of BIRC2 of BIRC2

ALPP                                                   0.30 2.72E-12                                             0.30 3.11E-12
AMOTL1                                            0.26 2.22E-09                                             0.29 1.1E-11
ARHGAP42                                        0.35 7.6E-16                                              0.45 7.6E-27
BIRC2                                                 0.84 4E-135                                               1.00 3.56E-07
BIRC3                                                 0.28 9.12E-11                                             0.47 3.46E-29
C11orf70                                             0.42 1.61E-23                                             0.45 5.55E-27
CCDC90B                                           0.27 4.3E-10                                              0.28 5.92E-11
CHORDC1                                          0.26 1.24E-09                                             0.28 6.98E-11
CSMD3                                               0.26 2.15E-09                                             0.26 1.35E-09
CWC15                                               0.31 4.1E-13                                              0.26 1.12E-09
DCUN1D5                                          0.63 1.31E-57                                             0.53 3.92E-38
DYNC2H1                                          0.37 8.05E-18                                             0.40 6.55E-21
FADS3                                                 0.26 2.69E-09                                             0.28 1.43E-10
FCHSD2                                              0.25 9.29E-09                                             0.33 2.89E-14
FGF5                                                   0.25 9.33E-09                                             0.31 8.73E-13
FLJ44054                                            0.25 6.83E-09                                             0.29 1.9E-11
FOLR3                                                0.32 1.82E-13                                             0.27 8.54E-10
FSTL3                                                 0.32 2.26E-13                                             0.30 2.08E-12
GLP2R                                                0.27 8.96E-10                                             0.30 1.97E-12
KIAA1377                                          0.45 1.25E-26                                             0.50 4.17E-34
KRTAP2-1                                           0.32 1.33E-13                                             0.25 6.75E-09
L1CAM                                               0.27 3.56E-10                                             0.30 6.68E-12
LETM2                                                0.33 2.43E-14                                             0.31 4.75E-13
LRRN4                                                0.32 2.4E-13                                              0.31 5.18E-13
MED17                                                0.31 3.09E-13                                             0.43 5.75E-24
MMP10                                               0.26 2.27E-09                                             0.30 5.13E-12
MT1L                                                  0.25 4.9E-09                                              0.27 3.37E-10
MTMR2                                              0.33 3.22E-14                                             0.40 1.67E-21
MYL7                                                  0.30 2.36E-12                                             0.26 4.51E-09
OR2T1                                                 0.28 8.34E-11                                             0.28 1.01E-10
PANX1                                                0.32 1.63E-13                                             0.40 8.85E-21
PDZD7                                                0.27 5.97E-10                                             0.25 5.78E-09
PICALM                                             0.30 1.86E-12                                             0.38 3.63E-19
PPFIBP2                                            –0.27 3.25E-10                                           –0.28 1.94E-10
PRDM15                                           –0.26 4.26E-09                                           –0.25 6.92E-09
PRSS23                                               0.30 8.69E-12                                             0.34 1.62E-15
PSG1                                                   0.30 5.67E-12                                             0.34 2.01E-15
PSG11                                                 0.27 4.93E-10                                             0.28 7.53E-11
PSG2                                                   0.27 2.62E-10                                             0.36 5.29E-17
PSG3                                                   0.26 1.98E-09                                             0.31 1.5E-12
PSG6                                                   0.26 1.72E-09                                             0.32 2.75E-13
RAB38                                                0.27 5.93E-10                                             0.25 5.17E-09
RAB6A                                               0.27 8.18E-10                                             0.27 6.59E-10
RAPGEF3                                           0.29 1.16E-11                                             0.28 2.01E-10
RELT                                                   0.29 1.27E-11                                             0.28 2.27E-10
RRAS2                                                0.29 1.3E-11                                               0.32 7.86E-14
SERPINH1                                          0.27 3.65E-10                                             0.28 1.76E-10
SFTA1P                                               0.41 4.16E-22                                             0.38 5.57E-19
SNORA8                                             0.31 1.15E-12                                             0.32 4.87E-14
SYT16                                                 0.27 3.48E-10                                             0.30 4.6E-12
TAF1D                                                0.41 2.57E-22                                             0.36 1.55E-17
TMEM123                                          0.70 1.73E-76                                             0.77 3.6E-102
TMEM126B                                        0.31 6.61E-13                                             0.33 2.47E-14
TMEM133                                          0.32 9.24E-14                                             0.42 5.59E-23
YAP1                                                   0.78 1.8E-106                                             0.83 1.1E-133



using Lipofectamine RNAiMAX Reagent (Life Technologies,
Carlsbad, CA, USA), according to the manufacturer’s protocol.

Western blot. HNSCC cells were irradiated and lysed using
radioimmunoprecipitation assay (RIPA) buffer (50 mM Tris-HCl,
150 mM NaCl, 2 mM EDTA and 1% Triton X-100) containing
protease (Roche, Germany) and phosphatase inhibitors (Sigma,
USA). Proteins were separated on an SDS-PAGE gel and transferred
onto a polyvinylidene difluoride membrane (Millipore, Billerica,
MA, USA). The membrane was blocked with 10% skim milk in
TBS containing 0.1% Tween-20 (TBS-T) and subsequently
incubated with 1: 1000 diluted primary antibody at 4˚C. The
horseradish peroxidase-conjugated secondary antibody was diluted
to 1:3000 for 2 h at room temperature, and the targeted proteins
were detected using an enhanced chemiluminescence detection kit
(GE Healthcare, Buckinghamshire, UK), according to the
manufacturer’s instructions. 

Real-time quantitative reverse transcription PCR. Total RNA was
isolated using the TRIzol reagent. RNA was extracted using an
RNeasy Mini Kit (GeneAll Biotechnology, Seoul, Korea), according
to the manufacturer’s protocol. Reverse transcription was performed
using the qPCRBIO cDNA Synthesis Kit (PCR Biosystems.
London, UK) to obtain cDNA. Primer sequences used have been
described in Table II. Relative quantities of mRNA were measured
using real-time quantitative RT-PCR with TB Green Premix Ex Taq
II (Takara). They were calculated following the threshold cycle
number, using the expression of β-actin as an endogenous control.
Relative mRNA expression levels were measured using the 2−ΔCt
method.  All experiments were performed in triplicate, and the
values were averaged. 

Statistical analysis. Statistical analyses were performed using R
(version 3.6.1). The BRB-ArrayTools software program
(http://brb.nci.nih.gov/BRB-ArrayTools/) was used to analyze gene
expression data. Kaplan-Meier analysis and log-rank test were
performed to estimate the prognostic significance of the BIRC2-
BIRC3 gene signature in several cohorts between the Cluster 1 and
Cluster 2 groups. Univariate and multivariate Cox proportional
hazards regression analyses were used to evaluate the hazard ratio
between BIRC2 and BIRC3 signatures and clinical pathologic
features with OS. Statistical significance was set at p<0.05.

Results

Identification of BIRC2-BIRC3 gene signature associated
with the prognosis of HNSCC. The copy number alteration of
the BIRC2 and BIRC3 genes was analyzed using the
cBioPortal database. BIRC2 was amplified in 7% of HNSCC
cases and was located in the second highest status among the
32 cancers. (Figure 1A). It was observed that BIRC3 was
amplified in HNSCC cells. The copy number of BIRC3 was
altered by approximately 7% in HNSCC, which is the second
most common status among several cancers (Figure 1B). In
addition, there was a positive correlation between mRNA and
amplification of BIRC2 (correlation coefficient=0.83,
p=2.50e-126; Figure 1C). However, copy number alteration
was not the only factor that activated BIRC2 and BIRC3s. As

depicted in Figure 1D, there were many samples that highly
expressed mRNA without amplification of BIRC2 (in circle).
In addition, BIRC3 was the most relevant to BIRC2, and both
genes were located on chromosome 11q.22. Therefore, the
mRNA expression levels of BIRC2 and BIRC3 were strongly
correlated (correlation coefficient=0.46, p=3.47e-27); (Figure
1D). The BIRC2-BIRC3 gene signature was established by
identifying associated genes that were significantly related to
the mRNA level and copy number alteration of BIRC2 and
BIRC3 genes in the TCGA cohort (Figure 2A). The list of 73
genes is provided in Table III and Table IV. According to the
unsupervised clustering method, hierarchical clustering
analysis was performed to classify the TCGA cohort into two
subgroups (Cluster 1 and Cluster 2; Figure 2B). Kaplan-
Meier survival curves with log-rank analysis revealed that the
two subgroups had different survival profiles, with Cluster 2
having a worse prognosis than Cluster 1 (5-year survival rate:
45.66% vs. 50.06%, p=0.003) (Figure 2C).

Validation of the BIRC2-BIRC3 gene signature in four
independent cohorts. To validate the prognostic BIRC2-
BIRC3 gene signature, the Leipzig, FHCRC, MDACC and
KHU cohorts were used as the test data set. The validation
process has been illustrated in Figure 2D. The BIRC2-
BIRC3 gene signature was applied to four independent
cohorts, and prediction was performed using the BCCP
algorithm. The BCCP cutoff value was selected using a
receiver operating characteristic (ROC) curve. The closest to
the point of maximal sensitivity and specificity was selected
as the cut-off value. The BIRC2-BIRC3 signature classified
HNSCC patients into Clusters 1 and 2. As expected, Kaplan-
Meier analysis revealed that cluster 2 had significantly worse
OS than cluster 1 among independent validation datasets: the
Leipzig cohort (38.70% OS in Cluster 2 vs. in 63.71%
Cluster 1 at 5 years, p=0.009 ; Figure 2E), FHCRC cohort
(38.46% OS in Cluster 2 vs. 66.43% in Cluster 1 at 5 years,
p=0.008; Figure 2E), and MDACC cohort (35.4% OS in
Cluster 2 vs. 64.0% in Cluster 1 at 5 years, p=0.02; Figure
2E). Although the KHU cohort did not have any statistical
significance, Cluster 2 had worse recurrence-free survival
(RFS) than Cluster 1, as predicted by other cohorts. Their
prognostic value exhibited a 71.50% recur free survival rate
in Cluster 2 and an 89.88% recur free survival rate in Cluster
1 at 5 years. (p=0.1; Figure 2E). These results highlight the
robustness of our BIRC2-BIRC3 gene signature in predicting
prognosis in patients with HNSCC.

The BIRC2-BIRC3 gene signature serves as an independent
predictor of clinicopathological variables in patients with
HNSCC. To further evaluate the performance of our BIRC2-
BIRC3 gene signature in various clinicopathological
variables, univariate and multivariate Cox hazard regression
analyses were performed. Three cohorts (TCGA, Leipzig, and
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KHU) contained OS data available for analysis using a Cox
proportional hazards model (n=905). Independent
clinicopathological variables included patient age, sex,
smoking status, alcohol consumption, HPV status, anatomic
site, lymph node (LN) metastasis, and T stage. In the
univariate analysis, age (<60 years vs. ≥60 years), anatomic
site (oropharynx vs. other sites), HPV status (HPV-positive
vs. HPV-negative), T stage (T1 and T2 vs. T3 and T4), lymph
node (LN) metastasis (LN+ vs. LN–), as well as BIRC2-
BIRC3 gene signature (Cluster 2 vs. Cluster 1) emerged as
significant predictors of OS (Table V). Multivariate analysis
using clinicopathological variables that were statistically
significant in the univariate model revealed that T stage,
lymph node (LN) metastasis, and BIRC2-BIRC3 gene
signature were independent risk factors for predicting OS in
HNSCC patients (Table V).

Association of BIRC2-BIRC3 gene signature in specific
tumor stages. To further examine the predictability of the

BIRC2-BIRC3 gene signature according to tumor stage,
HNSCC patients were divided into early stage (stage II,
n=116) and advanced stage (stage III.IV, n=384). When
BIRC2-BIRC3 gene signature was applied to the early stage,
there was no statistically significant difference in survival
between the two clusters (p=0.08; Figure 3A). However,
patients stratified as Cluster 2 in the advanced stage were
significantly associated with a poor prognosis in TCGA
(p=4.65e−6; Figure 3B). Similar results were observed in the
other two cohorts (Leipzig and FHCRC). In the Leipzig
cohort, the BIRC2-BIRC3 gene signature predicted
prognosis in the advanced stage. Kaplan-Meier plots and log-
rank tests exhibited significant differences in prognostic OS.
Patients in cluster 2 had significantly poorer OS than those
in Cluster 1 (n=215, Figure 3D; p=0.02). There was no
significant difference in OS between the two clusters in the
early stages (n=55, Figure 3C; p=0.7). However, when
patients with advanced stage disease in the FHCRC cohort
were stratified by the BIRC2-BIRC3 gene signature, Kaplan-
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Figure 1. The alteration of BIRC2 and BIRC3 in HNSCC. (A) Cross-cancer alteration summary for BIRC2 in 32 cancers using genome copy number
data from the TCGA Cohorts. HNSCC was located in the second highest amplified cancer type (7%). (B) Cross-cancer alteration summary for
BIRC3 in 32 cancers genome copy number data from the TCGA cohorts, HNSCC was located in the second-highest amplified cancer type (7%).
(C) Activation of BIRC2 without amplification in HNSCC, scatter plots of BIRC2 mRNA expression and copy number alteration in HNSCC patients
in the TCGA cohort. (D) The positive correlation of mRNA expression of BIRC2 and BIRC3 genes.



Meier plots showed significant differences in OS between
the two clusters. Cluster 2 showed a significantly worse
prognosis than Cluster 1 (n=56, Figure 3F; p=0.009). In
contrast, patients in the early stage did not show a significant
difference in OS (n=41, p=0.2; Figure 3E). It was thus
elucidated that the BIRC2-BIRC3 gene signature, in
combination with advanced stages, could predict OS in
HNSCC patients. These results suggest that the BIRC2-
BIRC3 gene signature might have a potential advantage in
predicting prognosis in patients with advanced-stage disease.

KEGG signaling pathway analysis of BIRC2-BIRC3 gene
signature. To identify the pathway most closely related to the
BIRC2-BIRC3 gene signature, string analysis was performed,
and the associated pathway was determined using the Kyoto
Encyclopedia of Genes and Genomes (KEGG). Consequently,
five significant KEGG pathways were identified in the
STRING network. KEGG signaling pathway results were
ranked in ascending order according to the size of -log10
(FDR). The NF-ĸB signaling pathway (FDR=0.01), apoptosis
(multiple species, FDR=0.01), apoptosis (FDR=0.03), platinum
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Figure 2. Development of the Prognostic BIRC2-BIRC3 Gene Signature. (A) Venn diagram of 73 genes that were extracted using a double correlation
method. (B) Expression patterns of BIRC2-BIRC3 related gene signature. Classification of Cluster 1 and Cluster 2 by performing centered average
method of Hierarchical clustering. (C) Kaplan-Meier plots of overall survival (OS) by BIRC2-BIRC3 gene signature in the TCGA cohort. Patients
in Cluster 2 had poorer prognosis than those in Cluster 1 (p=0.003). The p-values were computed by the log-rank test. (D) Schematic flow chart of
experimental design and analytic approaches. (E) Kaplan-Meier plots depicting the survival differences overall survival (OS), recur free survival
(RFS) between patients in Cluster 1 and Cluster 2 in the Leipzig (p=0.009), FHCRC Seattle (p=0.008), MDACC (p=0.02) and KHU cohorts (p=0.1).
The p-values were computed by the log-rank test.



drug resistance (FDR=0.04), and NOD-like receptor signaling
pathway (FDR=0.05) are depicted in Figure 4A. The NF-ĸB
signaling pathway was the most relevant among several
pathways.

Knockdown of BIRC2 regulates NF-kB signaling pathway by
modulating the downstream genes CIAP2 and CBR1. The
association of the BIRC2-BIRC3 gene signature with the
nuclear factor kappa B (NF-kB) signaling pathway prompted
further investigations to identify novel downstream genes
regulating the NF-ĸB signaling pathway. To this end, it was
postulated that BIRC2 contributes to the NF-ĸB signaling
pathway via CBR1 expression. SNU1041, SCC4, and HSC3
cell lines were selected as the Cluster 2 subgroup in the CCLE
cell line data using a BCCP algorithm with the BIRC2-BIRC3

gene signature (Figure 4B). BIRC2 was silenced in three cell
lines using siRNA. Inhibition of BIRC2 elevated the mRNA
as well as protein expression levels of CBR1, while those of
CIAP1 (known as BIRC2), CIAP2 (known as BIRC3), and
P65 were decreased (Figure 4C, D). These results suggest that
BIRC2 could be a regulator of CIAP2, CBR1 and P65.
Subsequently, this study attempted to elucidate the
mechanisms of CBR1 and P65. Co-inhibition of BIRC2 and
CBR1 was performed using siRNAs. Co-inhibition of target
genes decreased CBR1 mRNA and protein expression levels,
compared to inhibition of BIRC2. Moreover, P65 mRNA and
protein expression levels were recovered compared with
BIRC2-targeted siRNA, which was equal to the level obtained
by transfection using siGFP (Figure 4E, F), suggesting that
BIRC2 regulates P65 expression through CBR1.
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Figure 3. Kaplan-Meier survival analysis of HNSCC patients with stage
I/II and III/IV. (A) OS in patients with stage I/II in TCGA (p=0.08). (B)
OS in patients with stage III/IV in TCGA (p=2e-05). (C) OS in patients
with stage I/II in Leipzig (p=0.7). (D) OS in patients with stage III/IV
in Leipzig (p=0.01). (E) OS in patients with stage I/II in FHCRC
(p=0.2). (F) OS in patients with stage III/IV in FHCRC (p=0.009). The
p-values were computed by the log-rank test.
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Discussion

The present study used genomic copy number as well as
mRNA expression data of BIRC2 and BIRC3 from the
TCGA database to identify the most intriguing gene
signature associated with clinical outcomes (BIRC2-BIRC3

gene signature). Two distinct clusters that were significantly
associated with the prognosis of patients with HNSCC were
identified, wherein Cluster 2 had a lower survival rate than
Cluster 1. Furthermore, it was revealed that there was no
statistically significant survival difference in patients with
early tumor stage, while a statistically significant survival
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Table IV. Genes associated with BIRC3.

TCGA Correlation p-Value of Correlation p-Value of
RNA sequencing coefficient with correlation with coefficient with correlation with
gene symbol copy number copy number gene expression gene expression
   of BIRC3 of BIRC3 of BIRC3 of BIRC3

ABCD2                                             –0.25 4.96E-09                                             0.31 6.21E-13
ANKRD32                                        –0.26 1.82E-09                                             0.29 4.71E-11
ARHGAP26                                      –0.26 1.25E-09                                             0.46 3.51E-28
BCL2                                                 –0.26 2.77E-09                                             0.37 6.18E-18
BIRC2                                                 0.84 4.00E-135                                            0.47 3.46E-29
BIRC3                                                 0.28 9.12E-11                                              1 0
C11orf70                                             0.42 1.61E-23                                             0.31 8.93E-13
CBX7                                                –0.28 1.03E-10                                             0.3 2.28E-12
CHPF                                                   0.25 8.31E-09                                           –0.29 2.18E-11
CYP4X1                                            –0.25 7.16E-09                                             0.37 5.32E-18
ENDOD1                                            0.25 4.96E-09                                           –0.32 2.03E-13
FCHSD2                                              0.25 9.29E-09                                             0.34 2.43E-15
ISOC1                                               –0.25 6.88E-09                                             0.27 9.36E-10
KIAA1377                                          0.45 1.25E-26                                             0.37 2.03E-18
MAP3K14                                         –0.26 1.29E-09                                             0.4 4.07E-21
MGAT3                                             –0.25 8.54E-09                                             0.38 2.80E-19
NUTF2                                                0.27 9.62E-10                                           –0.27 5.55E-10
RELT                                                   0.29 1.27E-11                                             0.27 4.87E-10
RHOD                                                 0.25 5.38E-09                                           –0.26 2.21E-09
SLC7A5                                              0.25 8.09E-09                                           –0.29 2.11E-11
THEMIS                                            –0.26 4.06E-09                                             0.31 5.73E-13
TMEM123                                          0.7 1.73E-76                                             0.39 1.07E-19
UBD                                                  –0.26 3.17E-09                                             0.48 2.51E-30
YAP1                                                   0.78 1.80E-106                                            0.26 3.28E-09
ZMAT1                                              –0.27 9.83E-10                                             0.31 8.97E-13

Table V. Univariate and multivariate Cox proportional hazard regression analysis of overall survival in the TCGA, Leipzig and KHU cohort (n=905).

Univariate Multivariate

Variables HR (95% CI) p-Value HR (95% CI) p-Value

BIRC2-3 gene signature (Cluster2) 1.40 (1.11-1.78) 0.00474 1.29 (0.98-1.70) 0.0424
Sex (Male) 0.78 (0.59-1.01) 0.0608 0.92 (0.66-1.27) 0.6002
Age (>60 y) 1.31 (1.03-1.66) 0.0231 1.23 (0.94-1.61) 0.1289
Smoking (Yes) 1.02 (0.76-.1.36) 0.89 0.88 (0.63-1.24) 0.4781
Alcohol (Yes) 0.89 (0.68-1.16) 0.397 1.11 (0.80-1.54) 0.5374
Anatomic site (Oropharynx) 0.52 (0.31-0.88) 0.0158 1.28 (0.89-1.84) 0.1776
HPV status (HPV-positive) 0.42 (0.28-0.62) 2.86e-05 0.60 (0.37-0.98) 0.0509
Primary tumor (T3,4) 2.09 (0.48-1.60) 9.5e-08 2.50 (1.69-3.70) 5.18e-06
Regional lymph node (N+) 1.90 (1.47-2.44) 7.92e-07 1.77 (1.35-2.33) 3.04e-05
Stage (Stage III & IV) 1.27 (0.94-1.72) 0.112 0.78 (0.49-1.84) 0.2959

HR: Hazard ratio; CI: confidence interval.



difference was observed for patients with an advanced tumor
stage. Finally, a functional study of the BIRC2-BIRC3 gene
signature provided clues for the elucidation of potential
therapeutic target genes.

The BIRC2 and BIRC3 genes that constitute this signature
are intriguing from an oncological perspective. Since BIRC2
and BIRC3 are paralogous genes on chromosome 11q.22, copy
number loss and somatic mutations have been frequently
detected synchronously (12). Such genetic alterations
contribute to carcinogenesis by activating oncogenic signaling
pathways (13, 14). Moreover, BIRC2 and BIRC3 are known
to be involved in poor prognosis in HNSCC and other cancers
by modulating cell apoptosis, proliferation and invasion (14-
17). BIRC3 mutations are related to tumor progression and
treatment resistance (18). BIRC2 and BIRC3 has been
discovered to be overexpressed in a wide variety of cancers
through gene amplification (8, 19, 20). Overexpression of
BIRC2 or BIRC3 has been reported to be involved in the poor
prognosis of patients with glioblastoma, cervical cancer, and
oral squamous cell carcinoma (OSCC) (21-24). Furthermore,
BIRC2 and BIRC3 are widely expressed in a variety of cancer
tissues, including pancreatic and breast cancers (25, 26).
Previous studies have reported that BIRC2 and BIRC3 are
overexpressed in a variety of noninvasive early stages of
pancreatic cancer. The early events of BIRC2 and BIRC3
overexpression accelerated carcinogenesis and were maintained
during tumor progression (27). In contrast, some studies have
identified that BIRC2 mRNA expression is increased in tumor
stages III or IV (28), and breast cancer patients with metastases
had a correlation with BIRC2 mRNA expression. In this study,
the BIRC2-BIRC3 gene signature was significantly associated
with prognosis in advanced tumor stages. Thus, our novel gene
signature can stratify patients with HNSCC into two distinct
clusters in the advanced stages of the disease. 

In demonstrating the association of the BIRC2-BIRC3
gene signature with the functional study, it was found that
our robust gene signature was most relevant to NF-ĸB
signaling. Moreover, copy number loss of BIRC2 and BIRC3
is involved in the activation of NF-ĸB signaling (8). NF-ĸB
is one of the most important transcription factors linking the
development and progression of many cancers, and its
activation triggers various target genes, such as pro-
proliferative and anti-apoptotic genes (29-32). NF-ĸB is a
Rel family comprising five members: Rel-A (p65), Rel-B,
Rel (c-Rel), NF-ĸB1 (p50/p105), and NF-ĸB2 (p52/p100) in
mammals (33). NF-ĸB signaling crosstalk is involved in
several signaling pathways including P53, Notch, Wnt –β-
catenin, and NRF2 (33). These pleiotropic transcription
factors influence oncogenesis and the prognosis of patients
in various cancers (34-36).

Our previous studies demonstrated that CBR1 expression is
critical to HNSCC patient survival by regulating the oxidative
stress response (37). As an important factor involved in

regulating oxidative stress and inflammation, CBR1 affects
tumor progression, growth, as well as proliferation in several
cancers, including ovarian cancer, endometrial cancer, and
OSCC (38-40). In addition, suppression of CBR1 expression
stimulates the epithelial mesenchymal transition (EMT) of
cancer cells, with the induction of Wnt/β-catenin activation in
HNSCC. CBR1 is also known to be involved in malignant
behavior through the suppression of NF-ĸB signaling, which
participates in EMT regulation (41). The present study
explored the pathways associated with BIRC2, CBR1, and NF-
ĸB. It was consequently hypothesized that BIRC2 is involved
in the regulation of NF-ĸB via CBR1 expression. Our results
suggest that the inhibition of BIRC2 increased CBR1
expression and decreased P65, a member of the NF-ĸB Rel
family. In addition, inhibition of CBR1 led to the upregulation
of P65, consistent with previous study results. This result
indicated that CBR1 modulates P65 expression, as a
downstream molecule of BIRC2.

Conclusion

In conclusion, we developed BIRC2-BIRC3 gene signature
being able to predict the prognosis of HNSCC. It was
validated in other independent cohorts. BIRC2-BIRC3 gene
signature offers insight into the biological mechanisms of the
BIRC2 and BIRC3 genes.
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