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Abstract. Head and neck squamous cell carcinomas (HNSCC) 
are a diverse group of tumor types, including neoplasia of the 
paranasal sinuses, oral cavity, trachea, pharynx and larynx. 
Laryngeal cancer is the most common type of HNSCC. The 
proline-rich 4 (PRR4) protein is synthesized in the acinar cells 
of human lacrimal glands. Previous studies have demonstrated 
that PRR4 may function as an antimicrobial protein protecting 
the ocular surface and the oral cavity. In order to determine 
differentially expressed genes (DEGs) in laryngeal tumors, a 
GeneFishing Assay was performed; 27 DEGs were identified. 
The PRR4 gene expression level in laryngeal tissue samples 
obtained from 90 patients, and the saliva of 25 healthy smokers 
and 25 non-smokers, was investigated using reverse transcrip-
tion-quantitative polymerase chain reaction. It was revealed 
that PRR4 gene expression was decreased in 65/90 tumor 
tissues (72.2%) compared with normal tissues. No significant 
difference was identified between the healthy smoker and the 
non-smoker groups in terms of PRR4 gene expression. The 
results of the present study indicated that the PRR4 gene may 
serve an important role in laryngeal carcinogenesis.

Introduction

Head and neck squamous cell carcinoma (HNSCC) includes 
epithelial malignancies of the oral cavity, oropharynx, 

hypopharynx and larynx (1). Laryngeal carcinoma originates 
from the larynx, which is divided into three regions: The 
supraglottis, glottis and subglottis (2). Smoking is by far 
the principal risk factor for laryngeal cancer, followed by 
alcohol consumption (3). However, dietary factors, including 
vitamin and fiber intake, are reported to be protective factors 
for laryngeal cancer (3). In addition to these factors, genetic 
factors contribute to the development of laryngeal cancer (4). 
Therefore, a more detailed understanding of the complex 
molecular mechanisms leading to the development of laryn-
geal cancer is still required.

Lacrimal proline-rich 4 (PRR4), also known as naso-
pharyngeal carcinoma-associated proline-rich protein, was 
discovered in 1995 by Dickson and Thiesse as a PRR protein 
(PRP) synthesized in the acinar cells of the human lacrimal 
glands (5). In previous studies, a decrease in the PRR4 protein 
level in tear fluid was associated with pathological conditions, 
including dry eye syndrome (DES), thyroid-associated orbi-
topathy and diabetic proliferative rethinopathy (6-8). It has also 
been demonstrated that the gene encoding the PRR4 protein is 
highly expressed in the human submucosal glands (9,10).

Submucosal glands occur in the upper respiratory tract, visual 
and auditory systems, and the throat and intestines of mammals. 
The majority of airway mucus is produced by the submucosal 
glands. Salivary PRPs constitute approximately two-thirds of 
the proteins secreted by the parotid gland (11,12). PRPs are 
naturally unfolded, with no stable tertiary structure (13,14). 
Salivary PRPs make up 70% of the proteins in saliva and are well 
characterized (11,12). They have several functions including the 
inhibition of calcium phosphate precipitation, binding bacterial 
pathogens and binding to dietary tannins (15-17).

The development of novel techniques has allowed the 
identification of novel macromolecules that may have critical 
functions in the development and progression of cancer. In 
the present study, a GeneFishing Assay (18) was performed 
in order to identify novel genes that participate in laryngeal 
carcinogenesis. It was identified that the PRR4 gene was one of 
the downregulated genes, which may be due to the functional 
importance of PRR4 in laryngeal carcinogenesis. PRR4 mRNA 
expression levels in the tumor and adjacent normal tissues from 
90 patients with laryngeal cancer were also investigated.

Materials and methods

Tissue samples. A total of 90 tumor tissues and matched 
non-cancerous tissue samples were obtained from patients 
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diagnosed with laryngeal cancer undergoing surgery in 
the Department of Otorhinolaryngology at the Cerrahpasa 
Medical Faculty, Istanbul University (Istanbul, Turkey). A total 
of 87 men (96.7%) and 3 women (3.3%) were recruited in the 
present study. The age range of patients was 39-81 years and 
the mean age at diagnosis was 60±9 years. The samples were 
fresh tissues obtained during surgery and processed immedi-
ately. Tumor and normal tissue differentiation were confirmed 
by a pathologist under a microscope. Only samples with a 
tumor/stroma cell content >70% were included in the study 
as tumor samples. Oral saliva was collected from 50 healthy 
volunteers, including 25 smokers and 25 non-smokers. The 
subjects did not eat or drink for 2 h prior to saliva collection, 
and their mouth was rinsed with sterile MilliQ water (Merck 
KGaA, Darmstadt, Germany). Saliva was collected into a 
DNase- and RNase-free 50-ml Falcon tube. The Falcon tube 
was kept on ice during the collection procedure. The saliva 
was processed immediately after collection.

The present study was approved by the Cerrahpasa 
Medical Faculty Ethics Committee (approval no., 83045809/
604.01/02-235918), and was performed in accordance with the 
2013 Declaration of Helsinki. Signed informed consent was 
obtained from all patients prior to the study.

GeneFishing assay
RNA isolation and first‑strand cDNA synthesis. Total RNA 
was extracted from the tumor and adjacent non-cancerous 
tissues of 4 patients using the miRCURY™ RNA Isolation 
kit (Exiqon A/S, Vedbaek, Denmark) according to the 
manufacturer's protocol. A total of 3 µg RNA was used for 
first strand cDNA synthesis. The reaction conditions were 
as follows: 1 µM dT-ACP1 (provided in the GeneFishing™ 
DEG Premix kit; Seegene, Inc., Seoul, South Korea), 1X 
reverse transcriptase buffer (Invitrogen; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA), 0.5 mM dNTP, 20 U 
RNase inhibitor (Biomatik Corporation, Ontario, Canada) 
and 200 U M-MLV reverse transcriptase (Invitrogen; 
Thermo Fisher Scientific, Inc.) in a 20 µl final reaction 
volume. Reverse transcription was performed at 42˚C for 
90 min and 94˚C for 2 min. First strand cDNA was diluted 
by adding 80 µl DNase-free water prior to GeneFishing 
polymerase chain reaction (PCR).

GeneFishing PCR. A total of 20 different arbitrary annealing 
control primers (ACPs) provided in the GeneFishing DEG 
Premix kit (Seegene Inc.) were used for GeneFishing PCR. 
Diluted first‑strand cDNA (50 ng) was used as a template in 
a reaction volume of 20 µl containing 0.5 µM arbitrary ACP 
(one type per reaction), 0.5 µM dT-ACP2 and 1X SeeAmp™ 
ACP master mix. The reaction conditions were 94˚C for 5 min, 
50˚C for 3 min, 72˚C for 1 min, then 40 cycles of 94˚C for 
40 sec, 65˚C for 40 sec and 72˚C for 40 sec, and a final step 
at 72˚C for 5 min. GeneFishing PCR products were analyzed 
by electrophoresis on 2% agarose gels, and all bands were 
quantified using BioCapt analysis software (version 11.03; 
Vilber Lourmat Deutschland GmbH, Eberhardzell, Germany). 
Bands were purified and cloned if there was >10% difference 
in the band intensities between the tumor and normal tissue. 
The differentially expressed bands were extracted from the 
gels using the Zymoclean™ Gel DNA Recovery kit (Zymo 

Research Corp., Irvine, CA, USA) according to the manufac-
turer's protocol.

Cloning and sequencing. The purified PCR products were 
cloned into a TA cloning vector using the TOPO TA Cloning 
kit for Sequencing (Invitrogen; Thermo Fisher Scientific, 
Inc.), according to the manufacturer's protocol. The plasmid 
vector pCR™4-TOPO was used for cloning. Subsequent to 
performing the cloning reaction, the plasmid vector was 
transformed into One Shot® TOP10 Chemically Competent 
E. coli (Thermo Fisher Scientific, Inc.) cells, according to 
the manufacturer's protocol. E. coli cells were spread onto 
Luria-Bertani (LB) agar plates containing 50 µg/ml kanamycin 
and incubated overnight at 37˚C. A total of 2‑6 colonies were 
selected and cultured overnight in LB medium containing 
50 µg/ml kanamycin. The plasmid DNA was isolated using 
the PureLink™ Quick Plasmid Miniprep kit (Invitrogen; 
Thermo Fisher Scientific, Inc.) and sequenced using an ABI 
Prism 3100-Avant™ Genetic Analyzer (Applied Biosystems; 
Thermo Fisher Scientific, Inc.) using the ABI Prism BigDye 
Terminator v3.1 Cycle Sequencing kit (Applied Biosystems; 
Thermo Fisher Scientific, Inc.). The DNA sequences were 
analyzed by evaluating the data using the Basic Local 
Alignment Search Tool program 2.4.0 (19).

Validation of the GeneFishing assay data by RT‑quantitative 
PCR (RT‑qPCR). Total RNA was extracted using the PureLink 
RNA Mini kit (Ambion; Thermo Fisher Scientific, Inc.) from 
the 90 tumor and non-cancerous adjacent tissues. Total RNA 
(400 ng) from each sample was transcribed in a 20 µl reaction 
volume using the RevertAid First Strand cDNA Synthesis kit 
(Thermo Fisher Scientific, Inc.) according to the manufac-
turer's protocol. PRR4 gene expression levels were analyzed 
by RT-qPCR using the LightCycler 480-II system (Roche 
Diagnostics GmbH, Mannheim, Germany). RT-qPCR was 
performed in a final volume of 15 µl containing 1X master 
PCR mix (SolGent, Inc., Daejeon, South Korea) with EvaGreen 
(Biotium, Inc., Freemont, CA, USA), 600 nM gene‑specific 
primers, cDNA and nuclease free water. The β-actin gene 
was used as a housekeeping gene for normalization of mRNA 
levels. The sequences of the primers are presented in Table I. 
The PCR cycling conditions were as follows: 95˚C for 15 min, 
followed by 40 cycles at 95˚C for 15 sec, 59˚C for 30 sec 
and 72˚C for 30 sec, and a final 10 sec at 50˚C. The relative 
quantification of mRNA levels was calculated using the 
comparative 2-ΔΔCq method (20). The expression levels of 12 
differentially expressed RNAs in HNSCC or laryngeal cancer 
have been analyzed in Gene Ontology, Serial Analysis of Gene 
Expression and The Cancer Genome Atlas databases (21-23).

RNA isolation and cDNA synthesis from saliva. Saliva 
samples were centrifuged at 11,000 x g for 20 min at 4˚C to 
separate the supernatant from the cellular fraction. The cell 
pellet was resuspended in 1 ml 1X PBS buffer, and RNA was 
extracted from the cell pellet using the Hybrid-R Blood RNA 
kit (GeneAll Biotechnology Co., Ltd., Seoul, South Korea) 
according to the manufacturer's protocol. A total of 400 ng 
isolated RNA was reverse-transcripted using the RevertAid 
First Strand cDNA Synthesis kit (Thermo Fisher Scientific, 
Inc.) according to the manufactuer's protocol.
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Statistical analysis. Statistical analyses were performed using 
SPSS version 20 (IBM Corp., Armonk, NY, USA). A paired 
Student's t-test or Pearson's χ² test were used to calculate 
P-values. P<0.05 was considered to indicate a statistically 
significant difference.

Results

Identification of differently expressed genes. In order to iden-
tify the genes that were differently expressed in tumor tissues 
compared with normal tissues, ACP-based GeneFishing PCR 
was performed using a combination of 20 arbitrary primers 
and two anchored oligo (dT) primers (dT-ACP1 and dT-ACP2). 
A total of 4 pairs of tumor and normal tissues were used for the 
GeneFishing assay.

A total of 27 differently expressed genes (DEGs) were 
identified; of these, 15 DEGs were downregulated and 
12 DEGs were upregulated in tumor tissues compared with 
normal tissues. Amongst the 27 DEGs, 12 DEGs were isolated, 
cloned, sequenced and searched in GenBank if there was a 
difference of >10% in band intensity. The isolated DEGs and 
their characteristics are summarized in Table II. The PRR4 
gene was identified as one of the downregulated genes, and 
due to the functional importance of PRR4 in the saliva, PRR4 
mRNA expression levels were further investigated in the 
tumor tissues and adjacent normal tissues from 90 patients 
with laryngeal cancer.

Confirmation of ACP data by RT‑qPCR for PRR4. In order 
to confirm the expression pattern of DEG21 (PRR4 gene), 
its expression levels were analyzed using RT-qPCR in 90 
tumor samples and adjacent non-cancerous tissue samples. 
The PRR4 transcript was detected in all tumor and normal 
tissue samples except for 3 tumor tissues and 1 normal tissue. 
However, PRR4 expression was significantly decreased in 65 
(72.2%) of the 90 tumor samples when compared with the 
paired non-cancerous tissue (P<0.001; Table III). Increased 
expression was observed in 24 tumor samples (26.7%), and 
no change was detected in 1 sample. The mean ΔCq levels 
were 9.1±3.7 and 5.7±5.5 for the tumor and the normal tissue 
samples, respectively, and a significant difference was iden-
tified (P<0.001; Fig. 1; Table IV). This indicates an 11‑fold 
decrease in PRR4 expression in the tumor tissues compared 

with the non‑cancerous tissue. No association was identified 
with any clinicopathological characteristic, including clinical 
stage, histology, sex, age, histological grade and smoking 
status (Table III).

Expression of PRR4 in the control group saliva. PRR4 
expression was analyzed in the saliva of healthy smoker and 
non-smoker groups, and the expression levels were compared. 
The mean ΔCq values were 7.7±1.9 and 7.7±1.7 for the smoker 
and the non-smoker groups, respectively (data not shown). No 
significant differences were identified between the studied 
groups.

Discussion

Cancer may be described as a disease of altered gene expres-
sion. As a result of the up- or downregulation of different 
genes, numerous genes are activated or silenced, which alters 
the overall activity of the cell and supports tumor develop-
ment (24). Therefore, identifying differentially expressed 
genes in tumor cells may help in understanding the molecular 
mechanisms that underlie the development and progression 
of cancer (25,26). To date, by using different high-throughput 
technologies including cDNA arrays and transcriptome 
analyses, numerous genes differentially expressed in tumor 
cells have been identified (27‑29). However, it remains difficult 
to determine the genetic events that function in tumorigenesis.

The PCR-based GeneFishing technology is a relatively 
novel method that can be used to reveal differences in the 
gene expression levels between two or more samples (18). 
In the present study, 27 differentially expressed RNAs in 
laryngeal tumor samples were identified, and 12 of these 
were characterized by cloning and sequencing. Based on 
Gene Ontology, Serial Analysis of Gene Expression and 
The Cancer Genome Atlas database queries, no associa-
tions between these genes and HNSCC or laryngeal cancer 
could be identified. However, the effect of tetraspanin 1 and 
follistatin-like 1 in the progression of other types of cancer 
have been reported (30,31).

PRR4 mRNA was discovered in 1995 by Dickinson and 
Thiesse (5) in the acinar cells of the human lacrimal gland. 

Transcriptome studies demonstrated that PRR4 is highly 
expressed at the mRNA level in the submucosal glands, 
including the parotid gland, and is considered to be a poten-
tial biomarker for indicating the functional efficiency of the 
gland (9,10). PRR4 is one of the salivary PRPs, constituting 
approximately two-thirds of the proteins secreted by human 
parotid glands (11,12). PRPs contain repetitive PRR sequences 
or multiple tandem repeats with minor variations between 
repeated sequences (32-34). Salivary PRPs have several 
functions, but most are likely to serve a protective role by 
binding to tannins via a repetitive domain in the epithelial 
surfaces (15-17). Tannins are water-soluble polyphenols 
that are present in a variety of plant-derived foods. It has 
been reported that tannins are mutagenic and carcinogenic 
compounds; animal experiments also revealed that the subcu-
taneous injection of tannins resulted in tumor formation (35). 
Due to its function in binding to pathogens and tannins, the 
PRR4 gene was selected for further investigation in the present 
study.

Table I. Sequences for the primers used quantitative poly-
merase chain reaction in the present study.

Gene Primer Sequence

Proline‑rich 4 Forward 5'-ACGAGGACACCGTCA
  ACTCT-3'
 Reverse 5'-TCAATGTCATGGCTTTC
  TGAAG-3'
β‑actin Forward 5'-CTCGCGCTACTCTCTCT
  TTCTGG-3'
 Reverse 5'-GCTTACATGTCTCGATC
  CCACTTAA-3'
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A number of PRPs additionally function in the regulation 
of transcription by binding to transcription factors (36,37). 
However, their exact functions remain unclear. The down-
regulation of the PRR4 mRNA in tear fluid has been associated 
with pathological conditions including DES, thyroid associ-
ated orbitopathy, Sjögren syndrome, blepharitis and diabetic 
retinopathy (6‑8,38‑41). We hypothesized that laryngeal cells 
may also express PRR4 mRNA depending on the anatomical 
location in the larynx. Areas of the larynx have small glands, 
termed the minor salivary glands, which produce mucus and 

Table II. Identified DEGs in the present study.

Annealing  Sequence GeneBank 
control primer DEG no. homology search accession no. Function

  2 DEG4  Human DNA sequence from clone  AL160398.27 Transmembrane protein that
  RP11-15N12 on chromosome 6, complete   transports organic ions across
  sequence (contains solute carrier family  cell membranes
  22 member 23 isoform a)
  2 DEG5 Homo sapiens tetraspanin 1, mRNA NM_005727.3 Transmembrane protein that 
     regulates cell adhesion, 

migration, proliferation and 
differentiation

  3 DEG7 Homo sapiens chromosome 1 clone  AC104456.2
  RP5-1014C4, complete sequence 
  4 DEG9 Human DNA sequence from clone AL135905.6 
  RP5-1148A21 on chromosome 6, 
  complete sequence
  8 DEG10 Homo sapiens mitochondrial ribosomal NM_053050.4 Component of the large subunit
  protein L53, mRNA   of the mitochondrial ribosome 

that is encoded by the nuclear 
genome

  9 DEG11 Human DNA sequence from clone AL034346.31 
  RP4-668J24 on chromosome 6p25.1-25.3, 
  complete sequence
10 DEG14 Homo sapiens ribosomal protein S26, mRNA NM_001029.3 Ribosomal protein that is a 
    component of the 40S subunit
11 DEG17 Homo sapiens chromosome 16 clone AC007353.5 
  RP11-488I20, complete sequence
12 DEG20 Homo sapiens immunoglobulin heavy BC018747.1 
  constant γ 1 (G1m marker), mRNA (cDNA 
  clone IMAGE:4851063)
13 DEG21 Homo sapiens proline-rich 4 (lacrimal),  NM_007244.2 Secreted protein which may have
  transcript variant 2, mRNA   protective functions in the eye 

and the mouth
15 DEG22 Homo sapiens 1-acylglycerol-3-phosphate NM_020132.4 Acyltransferase that converts
  O-acyltransferase 3, transcript variant 1, mRNA   lysophosphatidic acid into phos-

phatidic acid, which is the second 
step in the de novo phospholipid 
biosynthetic pathway

17 DEG23 Homo sapiens follistatin-like 1, mRNA NM_007085.4 Promotes keratinocyte migration 
    and wound repair

DEG, differentially expressed gene; ACP, annealing control primer.

Figure 1. Quantification of the mean expression levels of the proline‑rich 4 
gene in tumor and normal tissue samples. Cq, quantification cycle.
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saliva to lubricate and moisten the area. Therefore, the expres-
sion of the PRR4 gene was used for further validation. As a 
result of expression analysis, it was observed that in the majority 
of tumor tissues, PRR4 expression was downregulated.

PRR4 is a relatively novel protein and there are few 
studies at present investigating the PRR4 gene in cancer. 
Zinovyeva et al (42) identified the expression of 80 genes down-
regulated in the esophageal tumor cells compared with normal 
tissues using suppression subtractive hybridization. Although 
one of the identified genes was PRR4, the study did not select 

this gene for further confirmation analysis. However, another 
PRP that belonged to the same family (small proline-rich protein 
3) was selected for further analysis and its downregulation was 
associated with esophageal squamous cell carcinoma. As a result 
of the pilot study CapLC-ESI-Q-TOF, Casado et al (43) reported 
that PRR4 was the one of the proteins present in the sputum of 
a non-smoker study group, whilst it was absent from the sputum 
of the chronic obstructive pulmonary disease group. In the same 
previous study, the authors demonstrated that PRR4 was down-
regulated in healthy smokers. In the present study, 82.2% of the 

Table IV. Mean expression levels of the PRR4 gene in tumor and normal tissues.

Tissue type PRR4 Cq (mean ± SD) β‑actin Cq (mean ± SD) ΔCq (mean ± SD) ΔΔCq 2-ΔΔCq P-value

Tumor 31.4±4.1 22.3±2.5 9.1±3.7 3.4 0.09 <0.001
Normal 28.6±5.9 22.9±2.6 5.7±5.5 0 1 

Statistical analysis was performed using a paired Student's t‑test. PRR4, proline‑rich 4; Cq, quantification cycle; SD, standard deviation; PRR4, 
proline-rich 4.

Table III. Distribution of PRR4 gene expression and its association with clinicopathological characteristics of the patients.

 PRR4 gene expression, n (%)
 ------------------------------------------------------------------------------------------------------------
Clinicopathological parameter Decreased No change Increased P-valuea

Clinical stage    0.903
  Early stage (I+II) 7 (7.8) 0 (0) 3 (3.3) 
  Advanced stage (III+IV) 57 (63.3) 1 (1.1) 20 (22.2) 
  Unknown 1 (1.1) 0 (0) 1 (1.1) NT
Histology    NT
  SCC 64 (71.1) 1 (1.1) 21 (23.3) 
  Non-SCC 0 (0) 0 (0) 2 (2.2) 
  Unknown 1 (1.1) 0 (0) 1 (1.1) 
Sex    0.951
  Female 2 (2.2) 0 (0) 1 (1.1) 
  Male 63 (70) 1 (1.1) 23 (25.6) 
Age    0.5
  ≤50 8 (8.9) 0 (0) 5 (5.6) 
  >50 57 (63.3) 1 (1.1) 18 (20) 
  Unknown 0 (0) 0 (0) 1 (1.1) NT
Histological grade    0.327
  Low grade (1+2) 31 (34.4) 0 (0) 8 (8.9) 
  High grade (3+4) 30 (33.3) 1 (1.1) 14 (15.6) 
  Unknown 4 (4.4) 0 (0) 2 (2.2) NT
Smoking     0.815
  Smoker 53 (58.9) 1 (1.1) 20 (22.2) 
  Non-smoker 11 (12.2) 0 (0) 3 (3.3) 
  Unknown 1 (1.1) 0 (0) 1 (1.1) NT
Total 65 (72.2) 1 (1.1) 24 (26.7) 0.001

aStatistical analyses were performed using the Pearson's χ² test. NT, not tested; SCC, squamous cell carcinoma; PRR4, proline-rich 4.
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patients with laryngeal cancer were smokers. As a result of this, 
we hypothesized that the downregulation of PRR4 in the tumor 
samples may be due to smoking. To test the potential effect of 
smoking on PRR4 mRNA expression, PRR4 mRNA expres-
sion levels in the saliva of 25 smokers and 25 non-smoking 
healthy subjects were investigated. However, no difference was 
observed between the PRR4 levels of these groups. Therefore, 
the results of the present study indicate that the expression rate 
of the PRR4 gene was directly associated with malignancy in 
laryngeal tumors. As a novel protein, and due to its function 
in clearing bacterial pathogens and binding tannins, it may be 
concluded that PRR4 functions in the progression of laryngeal 
cancer and HNSCC.

Laryngeal cancer is a tumor of the upper aerodigestive 
tract with a low overall survival rate (44). Therefore, there is 
an urgent need for the earlier detection of laryngeal cancer 
and the identification of theurapeutic target molecules. The 
results of the present study suggest that the function of PRR4 
in laryngeal tumor warrants further study.
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