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Aberrant allelic-switch of antisense IncRNA IRAIN may
be an early diagnostic marker in laryngeal cancer
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Abstract. Laryngeal carcinoma is a common head and
neck malignancy, however, the molecular mechanism of
the disease has not yet been elucidated. The present study
aimed to investigate the role of IGFIR antisense imprinted
non-protein coding RNA (IRAIN) long non-coding (Inc)
RNA in laryngeal carcinoma. In total, specimens of healthy
pharynx tissue from 6 healthy individuals, carcinoma tissue
and paracancerous tissue from 37 patients with laryngeal
carcinoma were used in this study. The single nucleotide
polymorphism (SNP) rs8034564 was used to distinguish the
two parental alleles of IRAIN. DNA and RNA were extracted
from tissue specimens and the IRAIN allelic gene was
sequenced. Reverse transcription-quantitative PCR was used
to determine the expression levels of IRAIN and Insulin-like
growth factor 1 receptor (IGFIR) in laryngeal carcinoma
and paracancerous tissue. Bisulfite genomic sequencing was
used to determine IRAIN promoter DNA methylation status
in laryngeal carcinoma tissue. The expression of IRAIN was
di-allelic in healthy pharynx tissue, laryngeal carcinoma tissue
and paracancerous tissue. Moreover, IRAIN expression in
laryngeal carcinoma tissue was lower compared with paracan-
cerous tissue (P<0.05). IRAIN expression was not associated
with age, histological type, tumor stage and grade and lymph
node metastasis. IRAIN allelic expression imbalance was
present in laryngeal carcinoma and paracancerous tissue, but
not in healthy pharynx tissue. SNP analysis (rs8034564) indi-
cated there was an allelic-switch of the two parental alleles.
Furthermore, epigenetic analysis revealed no extensive DNA
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methylation of CpG islands in the IRAIN gene promoter of
laryngeal carcinoma. Therefore, it was suggested that IRAIN
allele was non-imprinted in laryngeal carcinoma and healthy
pharynx tissue. It was also demonstrated that IRAIN may be
a potential tumor suppressor in laryngeal carcinoma, and that
DNA methylation is not involved in the regulation of IRAIN
gene immobilization in laryngeal carcinoma tissue. Thus,
detection of IRAIN allelic expression imbalance and aber-
rant allele-switch may serve as an early diagnostic marker of
laryngeal carcinoma.

Introduction

Laryngeal carcinoma is a common head and neck malignancy,
and squamous cell carcinoma is the most frequent histological
type of laryngeal carcinoma, accounting for 98% of cases (1,2).
The main risk factors for laryngeal carcinoma are tobacco
smoking and alcohol consumption, and the roles of these risk
factors have been reported by a large number of studies (3,4).
While much is known regarding laryngeal carcinoma, the
molecular mechanism of the disease is yet to be elucidated.

Insulin-like growth factor 1 (IGF-1) signaling is medi-
ated via the IGFR1 receptor (IGF1R), which is an important
growth regulatory pathway, and the enhanced activation of
this pathway is indicated to serve a crucial role in cancer cell
proliferation, migration and apoptosis (5-7). Furthermore,
IGFIR is aberrantly expressed in numerous types of cancer
cells, including laryngeal carcinoma (8).

IGFIR antisense imprinted non-protein coding RNA
(IRAIN) is a newly reported antisense imprinted non-coding
RNA in the IGFIR locus, which has an important role in
the regulation of IGF-1 signaling (9). IRAIN is transcribed
from an intronic promoter with antisense orientation and
with a parent-of-origin genetic manner (9,10). The present
study examined a single nucleotide polymorphism (SNP)
of IRAIN (rs8034564), and revealed the ‘A’ genotype was
favorably imprinted over the ‘G’ genotype, resulting in imbal-
anced expression in the two parental alleles (10). IRAIN has
been shown to be downregulated in leukemia cell lines and
fresh blood cells of patients with high-risk acute myeloid
leukemia (AML) (9), and is downregulated in breast cancer
as an imprinted gene (10). Another previous study reported
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that IRAIN was significantly increased in non-small cell
lung carcinoma (NSCLC) tissues, was related to tumor
size and smoking status and that downregulation of IRAIN
suppressed the proliferation of NSCLC cells via blocking cells
in G, phase (11). Pashaiefar et al demonstrated, in 64 de novo
non-M3 patients with AML compared with 51 healthy controls
that poor prognosis with low IRAIN expression tended to
have a higher white blood cell count and blast count, and
had markedly shorter overall survival (OS) and relapse-free
survival (RFS; P=0.044 and 0.009, respectively); in addition,
the study found that patients with a refractory response to
chemotherapy and those with subsequent relapse, had lower
initial IRAIN expression and multivariate analysis identified
IRAIN transcript expression as an independent prognostic
factor for OS and RFS (12). Previous studies have reported that
the IGF1R pathway is frequently dysregulated in laryngeal
carcinoma (8,13); however, it has not been determined whether
IRAIN serves a role in laryngeal carcinoma. Therefore, the
aim of the present study was to investigate whether IRAIN
was differently expressed in laryngeal carcinoma tissue, para-
cancerous tissue and healthy pharynx tissue.

Materials and methods

Patients. Patients with laryngeal carcinoma treated at The
Second Affiliated Hospital of Jilin University between
August 2014 and August 2017 were recruited for this study.
The study was approved by the Research Ethics Committee of
The Second Affiliated Hospital of Jilin University, and written
informed consent was obtained from all patients.

Laryngeal carcinoma tissue and adjacent non-malignant
tissue (distance from the malignant tissue, 0.5-1.5 cm) was
collected from 37 patients who received laryngectomy (some
tissues were too small to cover all the assays, thus the sample
number varied in each assay). The patient cohort consisted of
33 males and 4 females with an age range of 43-79 years old
and a mean age of 60.2 years. In addition, healthy pharynx
tissue was collected from 6 healthy individuals who received
uvulopalatopharynoplasty. All tissue specimens were collected
before patients had any radiotherapy and chemotherapy. After
excision, all tissue samples were immediately stored at -80°C
until use.

Histological type and TNM classifications were deter-
mined according to the National Comprehensive Cancer
Network (NCCN) criteria (14). All malignant tissue samples
were examined by a pathologist, and determined to be epithe-
lial squamous cell carcinoma. The clinical and pathological
characteristics of the patients are presented in Table I.

Evaluation of genomic imprinting

Genomic DNA (gDNA) PCR product gene sequencing.
gDNA was extracted using the Animal Tissue Genomic
DNA Extraction kit (Beijing Zoman Biotechnology Co., Ltd.),
following the manufacturer's instructions. Primers were designed
according to the known SNP sites (10) (rs8034564; A/G) in the
IRAIN expression region reported in the National Center for
Biotechnology Information (9,10). The IRAIN forward (JH248)
and reverse (JH781) sequences (Table II) were selected for target
fragment amplification. Target fragments were obtained using
2X Taq PCR MasterMix (Tiangen Biotech Co., Ltd.), according

Table I. Basic characteristics and pathological features of
patients (n=37) with laryngeal carcinoma involved in the
experiment.

Characteristic Patients
Age, years 61 (43-79)
Sex

Male 33 (89.2%)

Female 4 (10.8%)
TNM stage

T1-T2 stage 15 (40.5%)

T3-T4 stage 22 (59.5%)
Histological type

Highly differentiation 12 (32.4%)

Medium and low differentiation 25 (67.6%)
Lymph nodes metastasis

Yes 11 (29.7%)

No 26 (70.3%)
Clinical classification

Glottic carcinoma 19 (51.4%)

Supraglottic carcinoma 18 (48.6%)

Data are presented as the median and range or n (%).

to the manufacturer's instructions. PCR reaction condition was
as follows: Initial denaturation at 94°C for 3 min, then IRAIN
DNA was amplified for 30 cycles at 94°C for 30 sec, 55°C for
30 sec of annealing and 72°C for 1 min of extension, with a
final extension at 72°C for 5 min. PCR products (5 pl/well)
from each sample in sequence underwent electrophoresis for
20 min at 120 V on 2% agarose gel in an electrophoresis tank
containing 1X TAE electrophoresis solution (Beijing Zoman
Biotechnology Co., Ltd.); ethidium bromide was used to image
the agarose gels. After electrophoresis, the gels were observed
under a Tanon-4200 Gel Imaging System (Tanon Science and
Technology Co., Ltd.). A bright electrophoresis band with clear
edges was visible at ~450 bp, and the target strip was excised
from the gel and purified using a SGMag Gel DNA Purification
kit (Sangon Biotech Co., Ltd.), and sent to the Shanghai Sangon
Biotech Co., Ltd. for gene sequencing. Complementary DNA
(cDNA) PCR product gene sequencing was performed if the
SNP site in the sequencing results was A/G.

c¢DNA PCR product gene sequencing. Total RNA was extracted
from frozen tissue samples using an AxyPrep Total RNA
Extraction kit (Corning, Inc.) following the manufacturer's
protocol. For reverse transcription (RT), 500 ng total RNA was
converted to cDNA using the Universal RT-PCR kit (Beijing
Dingguo Changsheng Biotechnology Co., Ltd.) according to
the manufacturer's protocol. Allelic expression of IRAIN was
examined via PCR (Universal RT-PCR kit from Beijing Dingguo
Changsheng Biotechnology Co., Ltd., the DNA polymerase was
part of this kit.) in cDNA samples using primers specific for
polymorphic restriction enzymes; the target fragments IRAIN
JH780 and JH781 were selected for amplification (Table II).
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Table II. List of all primers.

A, Examination of genomic imprinting

Forward primer no., sequence

Reverse primer no., sequence

IRAIN JH248, 5'-CGACACATGGTCCAATCACTGTT-3'
IRAIN JH780, 5'-GTTTCCGCAGTAGCCGCTGAT-3'

IRAIN JH249, 5'-AGACTCCCCTAGGACTGCCATCT-3'
IRAIN JH781, 5'-CTGCGGGTCTCCGAAGCTC-3'

B, Reverse transcription-quantitative PCR

Forward primer no., sequence

Reverse primer no., sequence

IRAIN LJ21, 5'-CGATGGATACACGTTCTAATGC-3'
B-actin J880, 5'-AGATCAAGATCATTGCTCCTCCTGA-3'
IGF1R JH217, 5'-GAAGTCTGGCTCCGGAGGAGGGTC-3'

IRAIN LJ22, 5'-CAAACAATCGGGTAGGATGG-3'
B-actinJ881,5'-ATACTCCTGCTTGCTGATCCACATC-3'
IGF1R JH218,5'-ATGTGGAGGTAGCCCTCGATCAC-3'

C, DNA methylation analysis

Forward primer no., sequence

Reverse primer no., sequence

IRAIN JHS852, 5'-TYGGGGGATGGAGGGGTATTAGGGT-3'

IRAIN JH853, 5'-ACAAACRTCTAAATATCCCCRTAA
AAC-3

PCR reaction conditions and the electrophoresis method were
the same as those used for gDNA PCR products. A bright
electrophoresis band with clear edges was observed between
100-200 bp. The target strip was excised and purified according
to the experimental method described previously article (10),
and sent to the Sangon Biotech Co., Ltd. for gene sequencing.

Gene expression and reverse-transcription quantitative
(q)PCR. Total RNA was extracted from frozen tissue samples
(laryngeal carcinoma tissues, paired adjacent non-malignant
tissues and healthy pharynx tissues) using an AxyPrep Total
RNA Extraction kit (Corning, Inc.) according to the manu-
facturer's protocol. The TransScript® All-in-One First-Strand
cDNA Synthesis Super Mix for gPCR kit (Beijing Transgen
Biotech Co., Ltd.) was used to synthesize cDNA; for first-strand
synthesis, RNA was combined with 5X TransScript® All-in-One
Super Mix, gDNA Remover and RNase-free water and incu-
bated at 42°C for 15 min and then at 85°C for 5 sec. For qPCR,
cDNA samples were amplified using a RocheLightCycler
48011 RT system (Roche Diagnostics) and TransStart® Top
Green qPCR SuperMix kit (Beijing Transgen Biotech Co.,
Ltd.). According to manufacturer's protocols, qPCR was
performed as follows: Initial denaturation at 94°C for 30 sec,
followed by 40 cycles at 94°C for 5 sec and 60°C for 30 sec.
Each sample was analyzed in triplicate and data are presented
as mean + SD. mRNA expression levels of IRAIN and IGFIR
were quantitated via normalizing to B-actin housekeeping gene
(Table II; forward primer, J880 and reverse, J881) according
to the method previously described in the present study. The
PCR primers used for gPCR were: i) IRAIN, forward LJ21 and
reverse LLJ22; ii) IGF1R, forward JH217 and reverse JH218; and
iii) B-actin, forward J880 and reverse J881 (Table II). The data
was analyzed by using 224 method (15).

DNA methylation analysis. gDNA was extracted from tumors
using the Animal Tissue Genomic DNA Extraction kit (Beijing
Zoman Biotechnology Co., Ltd.). gDNA (2 ug) was treated with
sodium bisulfite [130 ul CT Conversion reagent of EZ DNA
Methylation-Gold kit (Zymo Research Corp.)], and unmethyl-
ated cytosine was converted into uracil, while methylated
cytosine remained as cytosine. Genomic DNA was used for
bisulpite conversion with an EZ DNA Methylation-Gold kit
(Zymo Research Corp.). The following steps were performed:
98°C for 10 min, 64°C for 2.5 h and then 4°C storage for upto
20 h according to the manufacturer's instructions. Then, bisul-
fite sequencing PCR (BSP) primers were designed, and during
PCR amplification all uracil was converted to thymine. PCR
products were sequenced to determine if there was methylation
of CpG sites using the BSP-direct sequencing method (10). PCR
reactions were performed using Kantaql DNA polymerase
(Ab Peptides, Inc.). BSP was used to analyze DNA methylation
status. The PCR conditions were: Initial denaturation at 97°C
for 10 min, followed by 35 cycles at 96°C for 20 sec, annealing at
64°C for 30 sec, extension at 72°C for 30 sec and completion of
the reaction at 72°C for 10 min. The primers used for assessing
target fragment DNA methylation were forward JH852 and
reverse JH853 (Table IT). PCR products were separated via 2%
agarose gel electrophoresis and purified with an Axygen DNA
Gel Extraction kit (Axygen; Corning, Inc.). The success rate of
sequencing can be improved by cloning PCR products into a
vector for sequencing (10). The PCR products were cloned into a
pUCM-T vector (Sangon Biotech Co., Ltd.) using a PCR Cloning
kit (cat. no. B522213; Sangon Biotech Co., Ltd.) and white
colonies grown on IPTG/X-gal indicator plates were selected
and the sequenced for analysis of CpG methylation as previ-
ously described (9,10). The status of DNA methylation varies,
depending on cell types, microenvironment, gene activity and
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Table III. Expression of ‘A’ and ‘G’ in laryngeal cancer tissue samples and paracanerous tissues.

Cancer tissue no. A:G Ratio Paracancerous tissue no. A:G Ratio
CA1l 640:547 1.170 PC1 724:509 1422
CA2 313:405 0.773 PC2 321:408 0.787
CA3 661:501 1.320 PC3 648:536 1.209
CA4 337:384 0.878 PC4 713:446 1.599
CAS 724:544 1.331 PC5 634:536 1.183
CAG6 705:454 1.553 PC6 667:539 1.237
CA7 544.667 0.816 PC7 686:520 1.320
CAS8 689:522 1.320 PC8 640:522 1.226
CA9 610:610 1.000 PC9 683:544 1.256
CA 10 653:495 1.319 PC10 302:405 0.746
CA 1l 770:48 1.598 PCl11 599:476 1.258
CA 12 648:522 1.241 PCI12 637:541 1.177
CA 13 898:495 1.814 PC13 683:525 1.301
CA 14 479:705 0.679 PC14 672:571 1.177
CA 15 618:566 1.092 PC15 582:618 0.942
CA 16 552:501 1.102 PC16 571:482 1.185
CA 17 321:419 0.766 PC17 324:384 0.844

CA, cancer; AC, adjacent.

Table I'V. Expression of ‘A’ and ‘G’ in healthy pharynx tissues.

Healthy pharynx tissue no. A:G Ratio
N1 354:438 0.808
N2 364:394 0.924
N3 373:413 0.903
N5 356:408 0.873
N6 373:416 0.897

N, healthy.

drug treatment (10). Thus, no known positive controls could be
added in the assay for laryngeal cancer tissues.

Statistical analysis. Categorical variables are presented as
absolute (n) and relative (%) frequencies, while continuous
variables are presented as medians (min, max). Each sample
was analyzed in triplicate and data are presented as mean + SD.
All data calculations and statistical testing was performed using
SPSS version 22.0 statistical software (IBM Corp.). Differences
between groups were compared using the Student t-test or the
Wilcoxon test and corrected by Bonferroni test, P<0.05 was
considered to indicate a statistically significant difference.

Results

Non-imprinted expression of IRAIN in healthy pharynx tissue,
laryngeal carcinoma tissue and paracancerous tissue. To
determine whether IRAIN uses a similar epigenetic mecha-
nism to regulate genes locally in laryngeal carcinoma, it was

examined if IRAIN IncRNA was mono-allelically expressed
in healthy pharynx tissue, laryngeal carcinoma and paracan-
cerous tissue, which are heterozygous for the polymorphic
Ndel restriction site. In total, two alleles, termed ‘A’ allele and
‘G’ allele, were detected in both gDNA and corresponding
cDNA samples (Tables III and IV). This indicated that IRAIN
IncRNA expression was non-imprinted in healthy pharynx
tissue, laryngeal carcinoma tissue and paracancerous tissue.

Then, the allelic expression of IRAIN IncRNA in
laryngeal carcinoma tissue and paracancerous tissue was
investigated using SNP rs8034564 to distinguish the two
parental alleles. As this SNP does not contain a restriction
enzyme site, PCR sequencing was used to determine the
allelic expression of IRAIN. The gDNAs of laryngeal carci-
noma tissues that were heterogeneous for this SNP, including
both the ‘A’ and ‘G’ alleles, were selected for analysis. The
gDNA PCR products of 32 laryngeal carcinoma tissues and
6 healthy pharyngeal mucosa tissues were sequenced (sent to
the Shanghai Sangon Biotech Co., Ltd. for gene sequencing).
The SNP site (rs8034564) of 17 laryngeal carcinoma tissues
and five healthy pharyngeal mucosa tissues were A/G hetero-
zygous. SNP sequencing was then performed on the cDNA
of laryngeal carcinoma tissue and paracancerous tissue of
these patients who were heterozygous. However, it was found
that the ‘A’ and ‘G’ alleles were detected in all corresponding
cDNA samples (Fig. 1). This finding suggested that IRAIN
was non-imprinted in laryngeal carcinoma tissue, which was
different compared with that in leukemia cells (9) and breast
cancer tissue (10).

Allelic expression imbalance and allelic-switch of IRAIN in
laryngeal cancer. AEI was used to detect the expression differ-
ence of two alleles in the same individual via a heterozygous
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Table V. Association between expression of IRAIN in laryngeal carcinoma and clinical features.

Clinical features Patients (n=31) Mean + SD Shapiro-Wilk value P-value

Age, years 0.828
<62 13 2.344+3.681 0.000
=62 18 1.607+1.707 0.007

TNM stage 0.297
T1-T2 stage 14 1.401+1.932 0.000
T3-T4 stage 17 1.575+£1.376 0.002

Histological type 0.852
High differentiation 10 1.690+2.171 0.000
Medium and low differentiation 21 1.359+1.697 0.003

Lymph nodes metastasis 0.564
Yes 9 1.200+1.519 0.004
No 22 1.110+1.337 0.009

Clinical classification 0423
Glottic carcinoma 15 1.514+1.879 0.001
Supraglottic carcinoma 16 1.369+1.358 0.000

Analysis of sex was not performed as 28 tissue samples were from males and three were from females, and the disparity would mean that any

statistical analysis results would have been unreliable.

SNP site. An allelic expression ratio (AER) <0.8 or >1.2 are
regarded as evidence of AEI (16,17).

The results indicated that the expression of the ‘A’ allele was
favored over the ‘G’ allele in laryngeal cancer tissue samples, and
their adjacent tissue counterparts (Table I1T). However, the expres-
sion of the ‘G’ allele was favored over the ‘A’ allele in healthy
pharynx tissue (Table IV). That suggested IRAIN can cause
A:G allelic switch in laryngeal cancer. The A/G value between
cancer tissue and healthy pharynx tissue, paracancerous tissue
and healthy pharynx tissue were significantly different (P=0.009,
P=0.033 respectively), whereas the value between cancer tissue
and paracancerous tissue not significantly different (Fig. 2).

Decreased expression of IRAIN in laryngeal cancer types.
To evaluate the role of IRAIN in laryngeal cancer, 31 paired
laryngeal carcinoma tissues and paracancerous tissue were
analyzed for IRAIN expression using RT-qPCR. It was identi-
fied that IRAIN expression was significantly decreased in
laryngeal cancer tissue (P=0.003; Fig. 3). Next, the association
between IRAIN expression and clinicopathological param-
eters, including age, histological type, tumor stage, tumor
grade and lymph node metastasis, was examined. The analysis
indicated that there was no association between IRAIN expres-
sion and age, histological type, tumor stage, tumor grade and
lymph node metastasis (P>0.05; Table III).

DNA methylation in the IRAIN promoter. The IRAIN
promoter is rich in CpG dinucleotides, and in peripheral blood
leucocytes, the promoter CpG islands are semi-methylated (9).
Compared with peripheral blood leucocytes, Kang et al (10)
reported there was aberrant DNA methylation in the IRAIN
promoter in breast cancer tissue specimens. The present study
analyzed DNA methylation in the IRAIN promoter of laryn-
geal carcinoma tissue and paracancerous tissue. It was found

that the IRAIN promoter was almost completely unmethylated
in one paracancerous tissue sample (Fig. 4A). Moreover, the
IRAIN promoter was almost completely unmethylated in
one laryngeal cancer sample (Fig. 4D). In the other laryngeal
cancer samples (Fig. 4B and C), the IRAIN promoter was
totally unmethylated, as was seen in the laryngeal carcinoma
adjacent tissue. In the laryngeal cancer tissues of three patients
(Fig. 4B-D), which contained 13 genes CpG identified via
bisulfite sequencing method, it was found that the laryngeal
cancer tissue IRAIN promoter region was completely unmeth-
ylated or almost completely unmethylated. Therefore, it was
suggested that DNA methylation was not involved in regula-
tion of laryngeal cancer tissues IRAIN genetic imprinting.

Discussion

IncRNAs are non-protein-coding RNA transcripts
>200 nucleotides, and are emerging as key regulators
of diverse cellular processes (18), such as IncRNA-Xist,
IncRNA-HOTAI, IncRNA-H19 and IncRNA-CRNDE. The
discovery of IncRNAs as biologically relevant molecules
has led to a rethinking of the central dogma of biology and
revealed novel cellular and molecular complexities; it is now
known that numerous genes can encode both mRNA and
IncRNA (19).

Previous studies have reported that IncRNAs serve
important functions in the regulation of gene expression and
other biological processes, and are dysregulated in tumori-
genesis (20). For example, IncRNAs have been identified to
exert important roles in tumor recurrence, including X inactive
specific transcript, metastasis associated lung adenocarcinoma
transcript 1, HOX transcript antisense RNA, heart and neural
crest derivatives expressed 2 and LINC00675. In addition,
increased expression of IncRNA H19 imprinted maternally
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Figure 1. Comparison of IncRNA-IRAIN expression of gDNA and cDNA in healthy pharynx tissue, laryngeal carcinoma tissue and paracancerous tissues. The
single ‘A’ allele and single ‘G’ allele of IRAIN IncRNA were detected in samples, it was a heterozygous genomic DNA. The arrow denotes the expression site
of A/G. (A) Case one laryngeal carcinoma gDNA (A/G). (B) Case one laryngeal carcinoma cDNA (A/G). (C) Case one laryngeal paracancerous tissue cDNA
(A/G). (D) Case two healthy pharynx tissue gDNA (A/G). (E) Case two healthy pharynx tissue cDNA (A/G). gDNA, genomic DNA; cDNA, complementary
DNA; IncRNA, long non-coding RNA; IRAIN, IGFIR antisense imprinted non-protein coding RNA.
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Figure 2. A:G allelic switch between healthy pharynx tissue, cancer tissues
and paracancerous tissues. Data are presented as the mean + SD. Student
t-test with Bonferroni correction was performed to compare statistical differ-
ences among treatment groups.

expressed transcript (H19) has been observed in various
primary and metastatic tumors, including breast cancer (21),
gastric cancer (22), liver cancer (23) and bladder cancer (24).
Another previous study has reported that IncRNA HI19
promoted laryngeal squamous cell carcinoma progression via
microRNA (miR)-148a-3p and DNA methyltransferase 1 (25).
It has also been shown that colon cancer-associated
transcript-1 (26), taurine upregulated 1 (27) and nuclear
paraspeckle assembly transcript 1 (28) are involved in the
progression of laryngeal squamous cell cancer, and are associ-
ated with TNM stage, tumor size, overall survival and growth
regulation of laryngeal squamous cell cancer. Collectively,
previous studies have suggested that the identification and
investigation of cancer-associated IncRNAs may result in the
development of early diagnostic marker and new prognostic
biomarkers or treatments for various malignancies, including
laryngeal carcinoma.
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Figure 3. Expression of IRAIN in laryngeal carcinoma and paracancerous
tissues, relative expression of the IRAIN gene is 2*4% value. The Wilcoxon
test was used to analyze the difference of pairwise samples. IRAIN, IGFIR
antisense imprinted non-protein coding RNA.

Dysregulation of IGFIR has been implicated in the
progression of different malignancies, and resistance to treat-
ments, such as breast cancer (10), squamous-cell laryngeal
cancer (8) and hematopoietic malignancies (9). A previous
study developed and validated a multigene predictor of recur-
rence in early laryngeal cancer (29); the study identified a
panel of genes related to the IGFIR pathway that were able
to discriminate patients with a poor and a favorable prognosis
(P<0.0001 in the training set; P=0.0001 in the validation set).
It has also been shown that IGF1R-a protein upregulation may
serve as an independent predictor of recurrence and survival
in operable laryngeal cancer (8). Another study suggested
that downregulation of miR-375 was one of the molecular
mechanisms responsible for the progression of laryngeal
carcinoma via targeting IGFIR directly, and affecting its
downstream AKT signaling pathways (13). IRAIN is a novel
IncRNA within the IGFIR locus that is transcribed in an anti-
sense direction from an intronic promoter, with a full-length
transcript of 5.4 kb (10). IRAIN has been revealed to serve a
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Figure 4. DNA methylation status of the IGFIR/IRAIN gene locus. (A) DNA
methylation of the IRAIN promoter in paracancerous tissue. (B-D) DNA
methylation status of the IGFIR/IRAIN gene locus of 3 patients with laryn-
geal carcinoma. Open circles, unmethylated CpGs; solid circles, methylated
CpGs; IRAIN, IGFIR antisense imprinted non-protein coding RNA; IGFIR,
IRAIN and Insulin-like growth factor 1 receptor.

role in AML (9-12), breast cancer (10), NSCLC (11), renal cell
carcinoma (30) and pancreatic cancer (31).

In mice, the gene transcribing IGF2R is associated with a
long non-coding (Inc)RNA, antisense of IGF2R non-protein
coding RNA (Airn). These transcripts are reciprocally
imprinted, with Airn transcribed from the paternal allele only,
and the transcription of the antisense IncRNA Airn regulates
in cis the allelic expression of the IGF2R coding RNA (32-35).
In addition, Sun et al (9) reported that in leukemia cells IRAIN
was expressed solely from the paternal allele.

In the present study, it was demonstrated that IRAIN
exhibited non-imprinted expression in laryngeal carcinoma
tissue, healthy pharynx tissue and paracancerous tissue.
However, these results are contrary to those of previous
studies examining IRAIN in AML and breast cancer (9,10).
These different findings may be because IncRNAs exhibits
marked tissue-specific expression patterns, as compared with
protein-coding genes, and imprinted genes develop acquired
instability (36,37).

If a gene is expressed equally from both alleles (bi-allel-
ically), equivalent levels of each allele of the tracer SNP
will be detected in mRNA transcripts (16); this is referred
to as ‘balanced allelic expression’. When the expression of
one allele is altered due to a pathological defect, such as the
presence of aberrant promoter methylation or a frameshift
mutation that results in nonsense-mediated mRNA decay,
the level of one allele will exceed the other in the tracer
SNP within the corresponding mRNA; this is generally
referred to as ‘allelic expression imbalance’ (AEI) (16,17).
AEI was used to detect the expression difference of two
alleles in the same individual using heterozygous SNPs in
the current study. SNPs within a gene of interest may be
used to distinguish between two genetic alleles, and inves-
tigate their features in heterozygous individuals (16). With
regards to cancer etiology and development, identification
of alleles and the detection of allelic imbalances, such as
transcriptional loss from one allele or loss-of-heterozygosity

due to deletion of one allele, within a tumor are particularly
useful (17). Moreover, it has been reported that an AER
<0.08 or >1.2 is consistent with AEI (17,38). The present
results indicated that the IncRNA-IRAIN appeared to
favor the ‘A’ genotype expression in laryngeal cancer
tissue and paracancerous tissue. The expression of the ‘A’
allele was greater compared with the ‘G’ allele in 71% of
the 17 heterozygous laryngeal carcinoma tissue specimens
examined. The same result was found in the examination
of paracancerous tissue specimens (cA>G; rs8034564).
However, the expression of the ‘G’ allele was favored over
the ‘A’ allele in healthy pharynx tissue specimens (CA<G,
rs8034564). These results demonstrated that the expres-
sion of IRAIN IncRNA switches to the alternate parental
allele in laryngeal carcinoma tissue and paracancerous
tissue. However, the mechanisms underlying the AEI and
allele-switch in laryngeal carcinoma remains unknown. It
was hypothesized that the mechanism may be associated
with the two characteristics of IncRNA: Inc RNA expres-
sion possesses cell or tissue type specificity and IncRNA is
less conserved compared with mRNA. Moreover, whether
the AEI and aberrant allelic switch affects the activity of
the IGFIR signaling pathway in laryngeal carcinoma is yet
to be elucidated, and thus requires further research in the
future.

The current results indicated that IRAIN expression was
decreased in laryngeal carcinoma tissue, which is consistent
with the findings of previous studies of AML (9,12), breast
cancer (10) and renal cell carcinoma (30). However, the
results are contrary to the findings of a study in NSCLC (11);
this may be due to the fact that IncRNAs have tissue-specific
expression patterns, which is different compared with the
expression patterns of protein-coding genes (36,37). The
present study also identified no associations between IRAIN
expression and clinical characteristics, such as age, histolog-
ical type, tumor stage and grade and lymph node metastasis.
According these results, it was suggested that IRAIN may
exert an important role in laryngeal carcinoma development
and progression. Furthermore, IRAIN may serve as a novel
tumor suppressing IncRNA and as an early diagnostic marker
in laryngeal cancer.

Mammals are diploid organisms whose cells possess
two matched sets of chromosomes, one inherited from the
mother and one from the father (10,39). Thus, mammals have
two copies of every gene. Normally, both the maternal and
paternal copy of each gene have the same potential to be active
in any cell (39). Genomic imprinting is an epigenetic mecha-
nism that changes this potential by restricting the expression
of a gene to one of the two parental chromosomes (9,10,39).
DNA methylation could potentially perform two different
functions in genomic imprinting (39); for example, it could
act as the imprinting mark via being acquired de novo only
by the chromosomes in one gamete (39). Moreover, DNA
methylation could serve to silence one of the parental alleles,
as it is associated with gene repression (40). In the current
study, it was demonstrated that the IRAIN promoter was
unmethylated in one paracancerous tissue specimen and
in three laryngeal carcinoma tissue specimens. Thus, the
results indicated that DNA methylation was not involved in
gene imprinting expression in the promoter region of IRAIN;
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however, these findings may provide a reference for further
studies regarding IncRNA and the pathogenesis of laryngeal
cancer.

In conclusion, the present results suggested that IRAIN
expression was significantly decreased in laryngeal carcinoma
tissue, and that IRAIN undergoes AEI and aberrant allelic
switching in laryngeal cancer. However, the present study had
several limitations. Firstly, the small sample size of laryngeal
carcinoma tissues and paracanerous tissues due to difficulty
of collection. Secondly, the number of individuals from whom
healthy pharynx tissue was obtained was lower compared to
the patients from whom laryngeal carcinoma and paracan-
cerous tissues were obtained. Thirdly, in the present study,
the number of female patients were lower compared to male
patients leading to a sex bias. Additional studies are required
to further verify the current findings and investigate the unan-
swered questions, including whether AEI and the aberrant
allele-switch of IRAIN IncRNA serve an important role in the
development of laryngeal cancer? If IRAIN IncRNA could be
used to predict the effectiveness of IGFIR targeted therapies?
Or whether IRAIN IncRNA can be used to as a potential thera-
peutic target in laryngeal carcinoma treatment? Furthermore,
it would be also be of interest to investigate whether AEI and
the aberrant allelic switching of IRAIN IncRNA can be used
to assess laryngeal cancer risk.
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