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MicroRNAs are the largest group of short regulatory RNAs. They regulate genes
participating in many physiological and pathological processes. The role of micro
RNAs in cancer development is also considerable. Therefore, the aim of this study
was to evaluate the relationship between DROSHA (rs6877842) and DGCRS
(rs417309, rs1640299) gene polymorphisms with risk of occurrence of laryngeal
cancer.

The study included 100 patients and 100 healthy subjects. Genomic DNA was ex-
tracted from formalin-fixed, paraffin-embedded tissues. Analysis of the gene poly-
morphisms was performed using TagMan SNP Genotyping Assay.

The rs417309 AA genotype was found to be correlated with increased risk of larynx
cancer. The rs1640299 TG and rs6877842 CG heterozygotes were significantly in-
versely associated with the presence of larynx cancer. Additionally, rs417309 AA
genotype increased the risk of larynx cancer in the T1 stage, and the rs1640299
TG heterozygote occurred more frequently in the control group than those in the
T3 and T4 stage.

The 15417309 and rs1640299 polymorphisms of the DGCRS8 gene as well as
rs6877842 of the DROSHA gene might be associated with a risk of laryngeal can-
cer occurrence in the Polish population.

Key words: laryngeal cancer, gene polymorphism, microRNA biosynthesis genes,
carcinogenesis.

Introduction

Laryngeal cancer (LC) is a multifactorial disease,
its development affected by both genetic and envi-
ronmental factors. Tobacco smoking, alcohol con-
sumption and human papillomavirus infection in-
crease the risk of developing this type of cancer {11.
Laryngeal cancer constitutes about 30% of all malig-
nant cancers of the head and neck, and is related to
low survival rates {2]. Because the mortality of cancer
is closely associated with late detection of the disease,

more specific markers are essential for early diagno-
sis. The molecular mechanism underlying the devel-
opment of LC is still poorly understood. Many studies
have shown that a defective DNA repair mechanism,
impaired cell cycle and aberrant expression of the
metalloproteinases might increase the risk of LC oc-
currence {3, 4, 5,6, 7, 8, 91.

In recent years, many studies have focused on in-
vestigating the role of microRNAs (miRNAs) in can-
cer development. miRNAs are the largest group of
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short regulatory RNAs. Since the discovery of the
first miRNA in 2001, each year the number of new-
ly discovered miRNA has been growing rapidly [10,
11}. In 2013, Friedldnder ez /. reported 2,469 nov-
el human miRNA candidates, of which 1,098 have
been validated by in-house and published experi-
ments [12}. After two years, in 2015, Londin ez /.
identified 3,707 statistically significant novel mature
miRNAs {13}. They regulate 30% of the genes in
the human genome participating in many physio-
logical and pathological processes. MicroRNAs are
short non-coding RNAs of 20-24 nucleotides. Most
miRNA genes are transcribed by RNA polymerase
II. The initial transcript, pri-miRNA, adopts a hair-
pin structure. Maturation of pri-miRNA involves
two enzymes from the RNase III family: Drosha
and Dicer. In the nucleus, the microprocessor com-
plex, containing Drosha enzyme and DGCRS8 pro-
tein, trims the RNA molecule at the 3’ and 5’ end.
In this way, a molecule of ~70 nucleotides is formed,
called a pre-miRNA, which is subsequently exported
to the cytoplasm by exportin 5 (XPOS5) {14, 15}. In
the cytoplasm, pre-miRNA undergoes further trims
by a protein complex containing DICER and TRBP,
thereby forming a single-stranded mature miRNA,
which subsequently interacts with the RNA-induced
silencing complex (RISC), which consists of key pro-
teins such as AGO2 and GW182. The mature miR-
NA with RISC complex binds to the 3'-UTR region
of the mRNA, affecting the level of the target gene
expression {15, 16}.

Many previous studies have shown that miRNAs
participate in various processes involved in oncogen-
esis, such as proliferation, cell cycle control, apop-
tosis, differentiation, migration and metabolism. It
was found that miRNAs can not only regulate the
expression of multiple oncogenes and tumor suppres-
sor genes, but may themselves act as oncogenes and
suppressors [17]. Some changes in the genes encod-
ing miRNAs as well as in miRNA machinery genes,
including single nucleotide polymorphisms (SNPs),
may affect the structure and function of the produced
transcript, but also the level of their expression.
Therefore, the aim of this study was to investigate
the relationship of SNPs of DROSHA (rs6877842)
and DGCRS8 (rs417309, rs1640299) genes with risk
of occurrence of laryngeal cancer in the Polish popu-
lation.

Material and methods

Subjects

In the present study we investigated a total of 200
unrelated Caucasian subjects. Among them were
100 subjects with diagnosed head and neck cancer
located in the larynx (87 males and 13 females; mean
age 61 =7) and 100 subjects constituting a control
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group without cancer (82 males and 18 females;
mean age 65 *=9). The larynx cancer samples were
obtained from patients who underwent surgical op-
erations such as partial or complete laryngectomy
at the Public Central Clinical Hospital in Warsaw,
Poland. Cancer status and type were confirmed with
histopathology examination. Samples were provided
as formalin-fixed and paraffin-embedded tissue spec-
imens. The control group comprised subjects without
neoplastic disease or family history of cancer. Materi-
al constituting the control group was blood collected
in 5 ml EDTA tubes.

Before proceeding to the study, subjects from the
control group and study group did not take drugs, in-
cluding antibiotics and steroids. The TNM Classifica-
tion of Malignant Tumors system was used to classify
patients enrolled in the study. Furthermore, the neo-
plastic grade of every tumor was also assessed using
a three-tier grading scheme: G1 — well-differentiated
tumor, G2 — moderately differentiated tumor, and
G3 — poorly differentiated. Moreover, patients were
classified into three groups according to their smok-
ing habits: subjects smoking less than 10 years, sub-
jects smoking for 10-40 years, and subjects smoking
for more than 40 years. According to their smoking
attitude they were classified as follows: non-smokers,
subjects smoking less than 20 cigarettes per day and
subjects smoking at least 20 cigarettes per day.

The study material and patients’ data were ob-
tained from the Head and Neck Neoplasm Surgery
Departments, Medical University of Warsaw, Poland.
The Ethics Committee of the Medical University of
Warsaw has approved the study concept and design.
Each patient involved in the study has been informed
in outline about the research and has signed the ex-
amination enrolment agreement.

DNA extraction

DNA was extracted from the formalin-fixed,
paraffin-embedded tissues using the BiOstic FFPE
Tissue DNA Isolation Kit (MOBIO), based on the
manufacturer’s protocol. After extraction, DNA pu-
rity and concentration were measured by comparing
the absorbance at 260 and 280 nm using a Synergy
HT microplate reader (BioTek). DNA was diluted to
a concentration of 5 ng/ul.

Genotyping assay

The genotyping of DROSHA and DGCRS8 poly-
morphic variants was conducted by TagMan SNP Ge-
notyping Assay with a commercially available prim-
er probe sets (Table I) (Applied Biosystems, Foster
City, CA, USA) and TagMan Genotyping Master Mix
(Applied Biosystems, Foster City, CA, USA) carried
out on Mx3005P (Agilent Technologies, Santa Clara,
CA, USA) according to the manufacturer’s protocol.
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PCR was performed under universal thermal cycling
conditions: initial denaturation step at 95°C for 10
min, followed by 40 cycles of DNA denaturation at
95°C for 30 s and oligonucleotide annealing/strand
elongation at 60°C for 30 s. Evaluation of 20% of
randomly chosen samples was repeated to confirm
the previously obtained results.

Statistical analysis

The observed genotype frequencies for each poly-
morphism were evaluated using the Hardy-Weinberg
equilibrium test, using the %2 test. Genotype distri-
bution with the outcome P < 0.05 was considered as
not consistent with the Hardy-Weinberg equilibrium
(HWE).

The x? analysis was also used to test the signif-
icance of the differences between distributions of
genotypes in cancer patients and controls. The asso-
ciation between case—control status and each poly-
morphism, measured by the odds ratio (OR) and its
corresponding 95% confidence interval (CI), was es-
timated using an unconditional multiple logistic re-
gression model. If expected frequencies in the 2 X 2
contingency table were smaller than 5, the Fisher ex-
act probability test was performed. Statistical signifi-
cance was defined as p < 0.05. All analyses were per-
formed using STATISTICA 6.0 software (StatSoft,
Tulsa, OK, USA).

Results

We used a y? test to assess whether the DROSHA
and DGCRS single nucleotide polymorphism distri-
bution were in HWE among the controls. Among
the control group, the genotype distributions of

Table 1. Assay number of applied TagMan SNP Genotyp-
ing Assay (Thermo Fisher Scientific)

SNP ID Assay ID
5417309 C__2539468_20
rs1640299 C 7543549 20
rs6877842 C_ 1153852 10

rs417309, rs1640299 and rs6877842 were in agree-
ment with HWE (p > 0.05).

In Table IT we have presented the general distribu-
tion of genotypes in both patient and control subject
groups. The analysis showed that the 1417309 GG
genotype is correlated with decreased risk of larynx
cancer (OR = 0.29, 95% CI: 1.057-11.265, p =
0.031). The rs1640299 TG as well as rs6877842 CG
heterozygotes were also significantly inversely associ-
ated with the presence of larynx cancer (OR = 0.528,
95% CI: 0.0888-0.9464, p = 0.031; OR = 0.546,
95% CI: 0.304-0.981, p = 0.042; respectively).

Next, we divided the patient group according to
the tumor stage. As shown in Table IIIA, rs417309
GG genotype facilitated the decreased risk of larynx
cancer in the T1 subgroup (OR = 0.058, 95% CI:
0.008-0.384, p = 0.007). In addition, our results
indicated that the rs1640299 TG heterozygote oc-
curred more frequently in the control group than
in the T3 and T4 groups (OR = 0.082, 95% CI:
0.023-0.292, p < 0.0001; OR = 0.327, 95% CI:
0.137-0.779, p = 0.009, respectively) — Table I1IB.
A similar association was observed in the group of T4
patients, where 156877842 TG genotype was more
prevalent than in the control group (OR = 0.407,
95% CI: 0.174-0.95, p = 0.035; Table IIIB). There

Table II. Correlation between selected DICER and DGCRS8 gene polymorphisms and laryngeal cancer

CONTROLS PATIENTS 95% CONFIDENCE INTERVALS
RSNO. GENOTYPE No. No. ODDS RATIO  LOWER LIMIT UPPER LIMIT P
DGCRS
417309 A 4 12 Ref. Ref. Ref. Ref.
AG 27 28 0.381 0.0833 1.7413 0.207
G 69 60 0.2899 0.0888 0.9464 0.031
1640299 T 36 52 Ref. Ref. Ref. Ref.
(REV) TG 55 42 0.529 0.295 0.949 0.032
G 9 6 0.462 0.151 1.410 0.168
DROSHA
6877842 C 44 60 Ref. Ref. Ref. Ref.
CG 47 35 0.546 0.304 0.981 0.042
G 9 5 0.407 0.128 1.300 0.121

REV — single nucleotide polymorphism estimated on the reverse orientation strand
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Table IIIA. Correlation between presence of miRNA processing genes’ single nucleotide polymorphisms and laryngeal cancer tumor stage
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were no other associations determined by the
tumor size. Analysis of the gene polymor-
phisms in correlation with neoplastic grad-
ing is presented in Table IV. However, there
were no statistically significant associations of
the DGCRS8 (rs417309 and rs1640299) and
DROSHA (rs6877842) gene polymorphisms
with progression of LC based on neoplastic
grade (p > 0.05).

Tables V and VI present the correlation
of presence of miRNA processing genes’ sin-
gle nucleotide polymorphisms with patients’
gender and age (respectively). Distributions
of genotypes and allele frequencies of DGCRS8
(rs417309 and rs1640299) and DROSHA
(rs6877842) gene polymorphisms with re-
gard to gender did not show any significant
differences (p > 0.05) (Table V). Similarly, we
did not observe any relationship between the
studied gene polymorphisms and patients’
age (p > 0.05) (Table VI).

P
0.458
0.083
0.543

0.435

UPPER LIMIT
3.851
0.993
5.143
5.311

0.091
0.021
0.422
0.371

T2
95% CONFIDENCE INTERVALS

LOWER LIMIT

0.592
0.144
Ref.

1.473

NA
Ref.
1.404

ODDSs
RATIO
Ref.
NA

PATIENTS
No
2
8
5
4
9
0
4
6
0

Discussion

P
0.040
0.007
0.189
0.416
0.548

There is a growing amount of information
on the role of mictoRNAs in the regulation of
processes closely related to the development
of cancer, including proliferation, differentia-
tion, and apoptosis. Polymorphisms in genes
encoding miRNAs can lead to changes in
many biological processes. Moreover, single
nucleotide alterations within miRNA ma-
chinery genes, such as DROSHA, DGCRS,
DICERI1, and XPO5, can also contribute to
disturbances in the functioning of miRNAs,
and consequently might substantially affect
the initiation and progression of cancer {18,
19}. In our study, we examined the relation-
ship of genes polymorphisms of DROSHA and
DGCRS8, which are responsible for the initial
step in the synthesis of miRNAs in the nu-
cleus, with the development of laryngeal can-
cer. During the formation of miRNA in the
cell nucleus, RNA polymerase transcribes the
pri-miRNA and then DROSHA and its co-
factor DGCRS8, modify pri-miRNA into pre-
cursor-miRNA (pre-miRNA) by deleting the
5" cap and the 3’ poly(A) tail. Consequently
pre-miRNA forms a hairpin structure and in
this form is transported to the cytoplasm by
XPO5 {15}

Our study showed that CG genotype of
rs6877842 polymorphism of the DROSHA
gene is related to a significant decrease of the
risk of LC development (OR = 0.55, 95%
CI: 0.30-0.98, p = 0.042). This is the first
research considering the association of this

UPPER LIMIT
DGCRS8
0.786
0.384
1.881
DROSHA
6.918
17.504

0.012
0.008
0.057
0.352
0.152

T1
95% CONFIDENCE INTERVALS

LOWER LIMIT

0.098
1.560
1.629

ODDSs
RATIO
Ref.
0.058
Ref.
0.327
NA
Ref.

PATIENTS
No.
3
2
3
4
2
0
3
5
1

CONTROLS
N
4
27
69
36
55
9
44
47
9

A
AG
G
T
TG
G
C
CG
G

REV — single nucleotide polymorphism estimated on the reverse orientation strand

RS NO. GENOTYPE
NA — not available

417309
1640299
(REV)
6877842
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polymorphism with the risk of larynx can-
cer. Some studies have shown a relationship
between the rs6877842 polymorphism and
development of other types of cancer {20,
21}. The study conducted by Li ez 2/. (2014)
confirmed the effect of this polymorphism on
the survival rate of patients with T-cell lym-
phoma. Patients with the C allele of this poly-
morphism had increased overall survival com-
pared with those carrying the GG genotype
(HR, 0.27; 95% CI, 0.11-0.67; p = 0.005)
[21}. The rs6877842 polymorphism is locat-
ed in the promoter of the DROSHA gene, and
hence can affect the level of protein expres-
sion. A study conducted to demonstrate the
role of DROSHA in neuroblastoma develop-
ment indicated its low expression in this type
of cancer, which was associated with miRNNA
downregulation in advanced stages of the dis-
ease and was correlated with a poor prognosis
[22]. Moreover, an 7z vitro study also showed
that knockdown of the DROSHA gene led to
intensive growth of neuroblastoma cell lines
[22]. Similarly, other studies have demon-
strated down-regulated DROSHA expression
in breast cancer, epithelial skin cancer and na-
sopharyngeal carcinoma {23, 24, 25}. There-
fore, participation of DROSHA in carcino-
genesis seems to be much more likely.
Another crucial protein involved in the
maturation of microRNAs is DGCRS. Sever-
al studies have indicated the participation of
this protein in cancer development. There has
been observed a significant increase in the ex-
pression of DGCRS in pleomorphic adenomas
of the salivary gland as well as in the basal cells
and squamous cell carcinomas compared with
healthy controls {26, 27}. In our study we as-
sessed the relationship of two SNPs (rs417309,
1s1640299) of the DGCRS8 gene with risk of
laryngeal cancer developing. Both polymor-
phisms are located in the 3’-UTR, which is the
binding site of miRNAs, and hence may affect
the efficiency of miRNA processing {281. The
TG genotype of 151640209 significantly de-
creased the LC development risk (OR = 0.53,
95% CI: 0.29-0.95, p = 0.032). Moreover,
our results indicated that the rs1640299 TG
heterozygote occurred more frequently in the
control group than in the T3 and T4 tumor
samples (OR = 0.082, 95% CI: 0.023-0.292,
p < 0.0001; OR = 0.327, 95% CI: 0.137-
0.779, p = 0.009, respectively). The GG gen-
otype of rs417309 also showed a statistically
significant decrease in the risk of LC occur-
rence (OR = 0.29, 95% CI: 1.057-11.265, p
= 0.031). To our knowledge, this is the first

Table IIIB. Correlation between presence of miRNA processing genes’ single nucleotide polymorphisms and laryngeal cancer tumor stage

T4
95% CONFIDENCE INTERVALS

T3
95% CONFIDENCE INTERVALS

PATIENTS

CONTROLS PATIENTS

ODDS
LOWER LIMIT UPPER LIMIT P
RATIO

P No.

UPPER LIMIT

LOWER LIMIT

ODDs
RATIO

No.

RS NO. GENOTYPE

DGCRS

Ref.
0.345

0.502

Ref.

0.215

1.915

0.062

-
26
20

0.067
0.314

1.004
2.399

0.021

0.148
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3
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0.314

2.399
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0.105

69
36
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Ref.
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1640299

(REV)

0.009
0.221

0.779
2.035

0.137
0.078

10
2

<.0001

0.148

0.292

0.023

0.082

0.403

1.679
DROSHA

0.066

0.333

2

Ref.
0.407

23
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Table IV. Correlation between presence of miRNA processing genes’ single nucleotide polymorphisms and histopatho-

logical three-tier grading scheme

G1+G2 G3 95% CONFIDENCE INTERVALS
RS NO. GENOTYPE No. No. ODDS RATIO  LOWER LIMIT UPPER LIMIT P
DGCRS
417309 A 6 1 Ref. Ref. Ref. Ref.
AG 19 2 0.6316 0.0483 8.252 0.5941
G 34 7 1.2353 0.1279 11.9326 0.6702
1640299 T 29 5 Ref. Ref. Ref. Ref.
(REV) TG 29 3 0.6 0.1311 2.7464 0.3895
G 4 0 NA
DROSHA
6877842 C 3 1 Ref. Ref. Ref. Ref.
CcG 21 3 0.4286 0.0329 5.5786 0.481
G 36 4 0.3333 0.0277 4.0117 0.3941

REV — single nucleotide polymorphism estimated on the reverse orientation strand

Table V. Correlation of presence of miRNA processing genes’ single nucleotide polymorphisms with patients’ gender

WOMEN MEN 95% CONFIDENCE INTERVALS
RS NO. GENOTYPE No. No. ODDs RATIO  Lower LiMIT ~ UPPER LIMIT P
DGCRS
417309 A 3 9 Ref. Ref. Ref. Ref.
AG 4 24 2 0.3721 10.7485 0.3461
G 4 56 4.6667 0.8925 24.4015 0.0853
1640299 T 5 45 Ref. Ref. Ref. Ref.
(REV) TG 7 37 0.5873 0.1721 2.0039 0.3928
G 3 6 0.2222 0.042 1.1754 0.0945
DROSHA
6877842 C 0 5 Ref. Ref. Ref. Ref.
CG 3 32 NA
G 11 49 NA

REV — single nucleotide polymorphism estimated on the reverse orientation strand

case-control study evaluating the association between
rs417309 as well as rs1640299 polymorphisms of the
DGCRS8 gene and laryngeal cancer risk occurrence.
The studies conducted by Lin ¢# 2/. and by Yang ¢t /.
showed no significant difference between rs417309
and rs1640299 polymorphisms and risk of renal cell
carcinoma and bladder cancer development, respec-
tively {28, 291. Jiang et al. observed that rs417309 was
associated with increased breast cancer risk in Chinese
women (GG vs. AG: OR = 1.53,95% CI: 1.02-2.31,
p = 0.04; per allele OR = 1.59, 95% CI: 1.09-2.33,
p = 0.017) [19]. Because this polymorphism is locat-
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ed at the binding sites of miR-106b and miR-579 in
the 3’-UTR of DGCRS, Jiang et a/. assessed whether
the 15417309 variant affects the binding capacity of
miRNAs. Using luciferase assays they found significant-
ly higher expression levels of miR-106b and miR-579
(p=13.31 X 107,p = 9.29 X 107, respectively) with
the rs417309 A allele than the G allele, which may
lead to impairment of miRNA binding and thereby
modify the process of miRNA maturation and conse-
quently may play a pivotal role in carcinogenesis [191.
Furthermore, some studies have reported that expres-
sion of miR-106b is significantly increased in breast
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Table VI. Correlation of presence of miRNA processing genes’ single nucleotide polymorphisms with patients’ age

Up 10 60 YEARS

60 YEARS OF AGE AND

95% CONFIDENCE

OF AGE OLDER INTERVALS
RS NO. GENOTYPE No. No. ODDS RATIO LOWER LIMIT UPPER LIMIT P
DGCRS8

A 6 6 Ref. Ref. Ref. Ref.
417309 AG 11 17 1.5455 0.3958 6.035 0.5323

G 25 35 1.44 0.4162 4.9827 0.5656

T 23 29 Ref. Ref. Ref. Ref.
1640299

TG 21 21 0.7931 0.3508 1.793 0.5777
(REV)
G 4 2 0.3966 0.0666 2.3596 0.2707
DROSHA

C 1 4 Ref. Ref. Ref. Ref.
6877842 CG 20 15 0.1875 0.019 1.854 0.1413

G 27 33 0.3056 0.0322 2.8979 0.2766

REV — single nucleotide polymorphism estimated on the reverse orientation strand

cancer tissues, and in MDA-MB-231 cell lines miR-
106b promoted a higher frequency of metastasis { 19].

In light of recent reports, the role of microRNAs
in cancer development is considerable. The miRNAs
are involved in all aspects of cancer biology, such as
proliferation, apoptosis, migration, and angiogenesis.
Our results suggest that rs417309 and rs1640299
polymorphisms of the DGCRS8 gene as well as
rs6877842 of the DROSHA gene, the gene prod-
ucts of which are implicated in miRNA maturation,
might be associated with a risk of laryngeal cancer
occurrence in the Polish population. These findings
require verification by further research with a larg-
er sample size to explain the mechanisms by which
polymorphisms of miRNA machinery genes affect
laryngeal cancer development.

This work was supported by a grant from National
Centre for Research and Development: NR 13-0101-10.
The authors declare no conflict of interest.
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