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ABSTRACT

BACKGROUND: Risk for developing papillary thyroid carcinoma (PTC), the most common endocrine
malignancy, is thought to be mediated by lifestyle, environmental exposures and genetic factors. Recent
progress in the genome-wide association studies of thyroid cancer leads to the identification of several
genetic variants conferring risk to this malignancy across different ethnicities.

METHODS AND RESULTS: We set out to elucidate the impact of selected single nucleotide polymorphisms
(SNPs) on papillary thyroid carcinoma risk and to evaluate the interactions of these genetic variants with
associated diseases for the first time in the Slovak population. Six SNPs (rs966423, rs2439302, rs965513,
rs116909374, rs1537424 and rs944289) were genotyped in 86 patients with PTC and 99 healthy control subjects.
The association analysis and multivariable modelling of PTC risk by the genetic factors, supplemented with a
rigorous statistical validation, were performed. One of the six SNPs rs966423 (DIRC3, OR=1.51, p=0.03) was
significantly associated with PTC. Next two SNPs rs965513 (PTCSC2, OR=1.34) and rs116909374 (MBIP,
OR=0.44) showed a suggestive association. Haplotype TTC (SNPs located on chromosome 14q13) showed

a suggestive association with PTC (p=0.07, OR=1.55). In the PTC group, significant associations were observed
between rs966423 (DIRC3) and ischemic heart diseases (p=0.009), rs965513 (PTCSC2) and diabetes mellitus
(p=0.04) and haplotype 14q13 and musculoskeletal diseases. Next three associations rs966423 (DIRC3) and
arterial hypertension; rs116909374 (MBIP) and other benign diseases; rs1537424 (MBIP) and disorder lipid
metabolism, rs965513 (PTCSC2) and anti-Tg (thyroglobulin antibody) showed suggestive associations.
CONCLUSION: These results indicate that germline variants not only predispose to PTC, but may also be
related to other risk factors, including associated diseases. However, these associations were only moderate,
and further multi-ethnic studies are required to evaluate the usefulness of these germline variants in the
clinical stratification of PTC patients (Tab. 8, Ref. 37). Text in PDF www.elis.sk
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Introduction

In Europe, thyroid cancer (TC) is relatively rare, accounting
for only 0.7 % (males) to 2.5 % (females) of all cancer estimates
and 0.2 % (males) and 0.6 % (females) of all estimated cancer-
related deaths in 2012. A rise in TC incidence, especially of the
papillary type, has been reported in many countries, the Slovak
Republic included, during recent decades. This increasing trend
may be attributed partly to an improved detection of smaller (<2
cm) tumours via more frequent and better ultrasound detection,
fine-needle aspiration biopsies and the increased pathological
reporting of incidental microcarcinomas (1). There are multiple
types of thyroid cancer with papillary thyroid carcinoma (PTC)
being the most common, accounting for ~80 % of all the cases (2).

In general, well-differentiated PTC is regarded as a fairly in-
dolent tumour with long-term survival rates >95 % (3), however
there are certain variants of PTC that are more aggressive in nature
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an excellent prognosis in terms of long-term survival (5) however,
the incidence and recurrence rate of PTC are increasing worldwide,
especially among women (6).

There is a lot of evidence that PTC development is associated
with two groups risk factors — modifiable and non-modifiable.
Group of modifiable factors include lifestyle (diabetes in women
and obesity), iodine intake, iodine deficiency, environmental pol-
lutants (exposure to ionizing radiation, medical exposures). Non-
modifiable risk factors, including the age from 40 to 70 years,
female gender, ethnicity, noncancerous benign thyroid condi-
tions (Hashimoto’s thyroiditis), family history of thyroid disease
(goiter, thyroiditis, or adenoma) thyroid-stimulating hormone
concentrations, anti-thyroglobulin antibodies positivity, Lower
platelet distribution width and higher platelecrit values and ge-
netic predisposition (7, 8, 9, 10, 11, 12, 13, 14, 15, 16). More-
over, numerous reports showed that genetic factors may involve
in development of PTC. The transformation of thyroid follicular
cells may result in differentiated or undifferentiated TC, through
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The study protocol conforms to the ethical guidelines of the 1975
Declaration of Helsinki.

Genes and tagged single nucleotide polymorphisms (tag DNPs)

In this study, we sought to analyze the possible association of
six SNPs variants with PTC in the Slovak population. The data
were generated with the 1000 Genomes Project (Phase 3) and an
adopted algorithm available in Haploview 4.2 using CEU popu-
lation, a r? threshold of 0.8, MAF >0.1, and pair-wise tagging to
select SNPs for tagging (18, 19).

References for tag SNPs as well as captured SNPs, positions,
and locations in the human genome (asseblyGRCh38.p7) and ge-
notyping information are presented in the Table 1.

DNA analysis

Whole blood samples were taken from each of the partici-
pants. Genomic DNA was extracted from 200 pl whole blood
using a MagNA Pure LC DNA Isolation Kit I (F. Hoffmann-La
Roche Ltd, Basel, Switzerland) according to the manufacturer’s
instructions. The concentration of each DNA sample was set to
30 pg/ml. DNA quantification was performed using an Invitrogen
Qubit Fluorometer (Thermo Fisher Scientific inc., Waltham, USA)

Tab. 2. Characteristics of the study group.

Feature Total n=86
Gender n (%)
Female 52 (60.5%)
Male 34 (39.5%)
Age at diagnosis, years (range) 47.1 (17-85)
TNM clinical stage n (%)
I 61 (70.9%)
I 7 (7.6%)
111 13 (15.2%)
IVa 5(6.3%)
Associated diseases
No associated disease 30 (34.8%)
Diabetes mellitus 12 (14%)
Arterial hypertension 22 (25.6%)
Ischemic heart disease 5 (5.8%)
Lipid metabolism disorder 5 (5.8%)
Other malignant disease 5(5.8%)
Musculoskeletal disorder 8 (9.3%)
Other benign operations 12 (14%)

Other benign diseases 29 (33.7%)

Among benign operations we include procedures as: appendectomy, cholecystec-
tomy, cataract, etc.

The group of benign diseases includes diseases such as psoriasis vulgaris, hepatopa-
thy, benign prostatic hyperplasia and the like.

Tab. 3. Allele association analysis of study subjects.

and an Invitrogen Qubit dsSDNA BRAssay Kit (Thermo Fisher
Scientific inc., Waltham, USA). High-resolution melting analysis
(HRMA) was the main method used for genotyping of selected
SNPs. A LightCycler 480 II, LightCycler 480 High Resolution
Melting Master Mix and LightCycler 480 Gene scanning Software
V1.5.1 (all: F. Hoffmann-La Roche Ltd, Basel, Switzerland) were
used for HRMA. Primers (Tab. 3) for all genotyping reactions were
designed using Primer3Plus software (20). Positive and negative
controls were included in all reactions. Approximately 10=of all
samples were used as blinded duplicates for ,,in-house* reaction
quality control.

Statistical analysis

Single marker analyses and haplotype analyses were conduct-
ed using SNP & Variation Suite v8.3 (Golden Helix, Inc., Boze-
man, MT, www.goldenhelix.com). Fisher’s exact test was used
to estimate the significance of deviation from Hardy-Weinberg
equilibrium and to execute basic allelic associations. Pearson’s
chi-squared test for contingency tables was used to examine hap-
lotype associations. A haplotype frequency was estimated using
the EM algorithm. Association tests were confirmed by a logistic
regression with case/control status as the dependent variable and
suspected haplotype as the independent variable in dominant ge-
netic model. Logistic regressions were performed with the PASW
statistical package in SPSS Statistics 18 (SPSS Inc., released 2009;
PASW statistics for Windows, Version 18.0. Chicago; SPSS, inc.).
Odds ratios (ORs) with 95% confidence intervals (95% CI) were
used to assess genetic effects.

Results

In this pilot study we genotyped 86 patients having the av-
erage age at diagnosis of 47.1 years (age at onset from 17 to 85
years). The study cohort included 34 males (39.5 %) and 52 fe-
males (60.5 %). Because of the minor allele frequency (MAF)
greater than 10 % we consider the sample size to be adequate to
give enough power to detect common gene haplotypes.

A personal history of cancer at other sites and other associated
diseases were also collected. We monitored the occurrence of Ar-
terial Hypertension, Diabetes Mellitus, Ischemic Heart Diseases,
Disorder of Lipid Metabolism, Other Benign Diseases, Muscu-
loskeletal Disorders, Other Benign Operations, Other Malignant
Diseases and Serum thyroglobulin IgG antibodies (antiTG). The
clinical characteristics for the papillary thyroid cancer subjects are
presented in the Table 2.

Chr Marker Minor Allele Frequency Frequency Fisher's HWE p Fisher's HWE p Fisher‘s Exact p

(D) PTC (n=84)  Controls (n=99) PTC (n=84) Controls (n=99) allelic association
2 15966423 C 0.55 0.44 0.67 0.04 0.05
8 152439302 G 0.43 0.47 0.51 0.69 0.46
9 1s965513 A 0.42 0.35 1.00 0.51 0.19
14 rs116909374 T 0.03 0.07 1.00 1.00 0.15
14 151537424 C 0.33 0.40 1.00 0.21 0.16
14 1s944289 C 0.34 0.39 0.48 0.29 0.33

PTC — Papillary Thyroid Cancer; n — number of individuals per group; Fisher’'s HWE P — Fishers exact test- Hardy Weinberg Equilibrium; Fisher’s Exact P — Fisher s exact test
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Tab. 4. Genotyping association analysis of study subjects.

]Z{;Zloe r 1;/1[;1 é]oer n (%) OR CI (95%) Fisher‘s Exactp  Exact Armitage p

Marker Da db DD Dd dd Minor allele geno.typlc genotyplc? afidltlve
association associlation

1s966423 C t 24(0.28)  45(0.53) 16 (0.19) 1.51 1.00-2.29 0.05 0.03
rs2439302 G c 17 (0.20)  39(0.46)  28(0.33) 0.88 0.56-1.28 0.73 0.44
rs965513 A g 15(0.18)  41(0.49) 28(0.33) 1.34 0.88-2.04 0.37 0.18
rs116909374 T c 0(0.00) 5(0.06) 79 (0.94) 0.44 0.15-1.25 0.14 0.10
rs1537424 C t 9(0.11) 37(0.44)  39(0.45) 0.73 0.48-1.13 0.28 0.17
rs944289 C t 8(0.10) 40(0.48) 35(0.42) 0.79 0.51-1.21 0.24 0.29

A —Minor Allele (D); b — Major Allele (d); OR — odds ratio; CI — confidence interval; n — number of individuals per group

Tab. 5. Haplotype association analysis of study subjects.

Chr EM Cases  EM Controls P © OR CI (95%) musculoskeletal Disorders, Other Benign
14q13 TTC 0.624 0.530 0.073 3.223 1.545 1.016 -2.351 Operations, Other Malignant Diseases and
(T:(C:(CZ 0.299 035‘1‘ 0.268 1222 078; 0;0451* 1-527 Serum thyroglobulin IgG antibodies (an-
ITT 0019 0045 017 18s4 025  00s rigg HTG) (Tabs 6.7, 8). For clarity, Tables 7
CTC 0.018 0.027 0542 0372 0496  0.126-1.949 and 8 shows the percentage (distribution) of
CCT 0.011 0.013 0.830  0.046  0.882 0.195 -3.997 interactions between SNPs and haplotypes

SNP order in haplotypes: rs137424, rs944289, rs116909374; EM, cases — expectation-maximization cases; EM
controls, expectation-maximization controls; chi’> — Chi square test; OR — Odds Ratio; CI — confidence interval

with the associated diseases, and we pres-

Association allele variants with PTC

The observed genotype distributions for all tagSNPs were in
Hardy-Weinberg equilibrium for the patient groups. Results for
the allele frequency analysis and genotyping analysis of all tar-
geted genetic variants are reported in Tables 3 and 4. One of the
six analyzed genetic variants (rs116909374) had a MAF < 0.1.
For the rs966423 (DIRC3), there was a statistically significant dif-
ference in the MAF between PTC and the control group (Tab. 3)
(55 % PTC vs 44 % control; p=0.05; OR=1.51). For the geno-
typing additive association analysis one of the six SNPs rs966423
(DIRC3) was significantly associated with PTC (Tab. 4) (p=0.03;
OR (95% CI)=1.51 (1.00—-2.29). Next two SNPs rs965513 (PTC-
SC2, OR=1.34) and rs116909374 (MBIP, OR=0.44) showed
a suggestive association (Tab. 4). The presence of a minor allele
in the rs116909374 genotype indicates a protection against PTC
(Tab. 4) (OR = 0.04).

Haplotypes

Haplotype analysis was performed to further evaluate the role
of the tested genes in papillary thyroid cancer susceptibility. Six
common haplotypes were estimated for 3 tag SNPs located in chro-
mosome 14q13. The results of the haplotype analysis are shown
in the Table 5. Haplotype TTC showed a suggestive association
with PTC (p=0.07, OR=1.55).

Interactions between the combined germline variants and asso-
ciated diseases

We also monitored the relationship of selected SNPs and
haplotypes derived from them with the associated diseases in the
patients with PTC. The following associated diseases were moni-
tored: Arterial Hypertension, Diabetes Mellitus, Ischemic Heart
Diseases, Disorder of Lipid Metabolism, Other Benign Diseases,

478

ent only the results obtained in our study,
which should be given further attention.
In the PTC group, significant associations
were observed between rs966423 (DIRC3) and ischemic heart
diseases (p=0.009), rs965513 (PTCSC2) and diabetes mellitus
(p=0.04) and haplotype 14q13 and musculoskeletal diseases. Next
three associations 1s966423 (DIRC3) and arterial hypertension;
rs116909374 (MBIP) and other benign diseases; rs1537424
(MBIP) and disorder lipid metabolism, rs965513 (PTCSC2) and
anti-Tg (thyroglobulin antibody) showed a suggestive association.

Discussion

Genetic prognostic factors in PTC are still poorly understood,
but increasing evidence suggests that multiple low-penetrance
genetic variants, rather than a few high-penetrance variants, can
better explain the risk of PTC.

The variant rs966423 on chromosome 2q35 is located in the
DIRC3 gene, within a long non-coding RNA (IncRNA); whose
function is not established, but it is thought to be a putative tumour
suppressor. In literature, there are only a few reports demonstrat-
ing the prognostic significance of the rs966423 polymorphism in
the DIRC3 (disrupted in renal carcinoma 3) gene, and its relation-
ship with susceptibility to PTC or relationship with unfavourable
histopathologic features and mortality in patients diagnosed with
PTC. The 1s966423 DIRC3 was first identified in 2003 as a fu-
sion transcript involved in familial renal carcinoma (21). Due to
the ambiguous role of the rs966423 polymorphism in DIRC3 as
a prognostic factor in PTC, we assessed the correlation between
this variant and the clinical course of PTC.

In a GWAS, DIRC3 variants were associated both with TC
risk and thyroid stimulating hormone levels. It is thus possible
that genetic variants in DIRC3 alter thyroid stimulating hormone
production, and therefore indirectly promote TC development as
the result of a decreased thyroid epithelium differentiation (22).



Tab. 6. Association of SNPs and haplotypes with associated diseases.

antiTG

OMD

OBO

MD

OBD

DLM

HD

DM

AH

Marker

0.585

1.071

0.661

0.827
1.339
0.528
0.220
3.659

0.496

1.403
0.288

0.370
0.823
0.993

1.988
0.390
0.014

0.410

1.782
0.163
4.458

0.370
0.823
0.442
0.299
0.081

1.988
0.390

0.009
0.194
0.768
0.461

9.530
3.282
0.529
0.543
2.794
3.477
3.835
3.835

0.661  0.719

0.064
0.230

5.484
2.942
0.389
0.318

rs966423

0.864
0.071

0.291

0.512

0.866
0.778

0.922

0.641

0.888

1rs2439302
rs965513
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5.288

0.768

0.501

0.108
0.086

1.633
1.079
5.028

0.047

6.102
1.979
0.147
0.298

0.823

0.724
0.484

0.125
1.450
1.617
0.281

0.639

0.316

1.004
1.690
2.103
4.016

0.498

0.459

2.949
0.762
4.330

0.160
0.929
0.862
0.681

0.573
0.955

1116909374
rs1537424
1s9444289

0.161

0.430

0.680

0.773

0.683

0.247
0.176
0.573
0.147

0.092

0.446

0.349 0461  0.794

0.547
0.855

0.961  0.618

0.115

0.461

1.551
7.437

0.139  0.933

3.021

Haplo all group 2.061

0.192 0.998
0.722

7.415

8433 0134 10.949  0.052
0.694 4.884

0.190
0.286

3.122
2.164

0.697

14q13_haplo

0.869

0.732 0.087 0.313 0.652 0.281

2.501

0.339

0.357
AH - arterial hypertension; DM — diabetes mellitus; I[HD — ischemic heart diseases; DLM — disorder of lipid metabolism; OBD — other benign diseases; MD — musculoskeletal disorders; OBO — other benign operations; OMD —

other malignant diseases; antiTG — serum thyroglobulin IgG antibodies

Recently, Swierniak et al. published the results of the study
indicating a relationship between the TT variant of the rs966423
polymorphism, and a worse prognosis and increased overall mor-
tality in patients with DTC (23).

In our study, we confirmed that the presence of the minor allele
C in the genotype increases the risk of PTC 1.5-fold (OR=1.5;95%
CI=1.001-2.288,; Fisher’s Exact p for genotyping association=0.05
and Exact Armitage p for genotypic additive association=0.03).

Similar results were confirmed by the studies of Jendrzejewski
et al. in the Poland population (OR=1.27; 95% CI=1.14-1.42, p
=0.00002) and Mussazhanova et al in the Kazakh population (OR
=1.18; 95% CI=0.98-1.28, p=0.07) (24, 25). On the contrary,
Hincza et al indicated no significant difference in the incidence of
the TT variant between the DTC patients and the control popula-
tion (Fisher’s exact test, p=0.140) in the Poland population (26).
Similar data were published by Wang et al, although this study
was conducted in the Chinese population (27).

The SNP1s2439302, at 8p12, is located in the first intron of the
NRG1 gene encoding neuregulin 1, which is a human epidermal
growth factor receptor 3 (HER3) ligand. NRG1 can activate pro-
liferative and survival mitogen activated protein kinase (MAPK)
and AKT signalling pathways under conditions causing HER2/
HER3 dimer induction in thyroid cancer cells (28).

The NRG1 gene encodes a membrane glycoprotein that me-
diates cell-cell signalling and plays a critical role in the growth
and development of multiple organ systems. NRG1 is produced
in multiple isoforms by alternative splicing and usage of distinct
promoters, which allows it to perform a wide variety of functions.
Additionally, NRG1 has been demonstrated to be involved in car-
cinoma development, a more aggressive course of the disease re-
flected by larger tumour diameter, more advanced N stage at the
time of diagnosis, lymph node metastasis (OR=1.24,p=0.016) and
a higher multifocality status of the tumour (OR=1.24, p=0.012)
(24, 29). However, these associations were only moderate. In our
study, we did not confirm the relationship of the rs2439302 variant
to susceptibility to PTC.

The results of published studies are also inconsistent in the
case of another variant of SNP rs966513 that we were monitoring.
SNP rs966513, located about 60 kB upstream and centromeric to
FOXE1, was the first and strongest SNP to be consistently reported
as a genetic determinant of thyroid cancer susceptibility (30). Its
functional significance has only recently been established. The
leader rs966513 and several other SNPs on chromosome 9q22.33
were shown. These are in imbalance with rs966513 and modify the
activities of long-range enhancers involved in the transcriptional
regulation of the FOXE1 and PTCSC2 genes. The rs965513 risk
allele has been associated with a decreased expression of FOXE],
untreated PTCSC2, and thyroid stimulating hormone receptor
(TSHR) in normal thyroid tissue (31).

In our study, we observed a trend of rs965513A to suscepti-
bility PTC (OR=1.34).

Estrada-Florez et al detected similar significant associations
between TC risk and rs965513A (OR=1.41) and also another
variants as rs944289T (OR=1.26), rs116909374A (OR=1.96),
1rs2439302G (OR=1.19), and rs6983267G (OR=1.18) (32).

479



Bratisl Med J 2022; 123 (7)
475-482

Tab. 7. Percentage distribution of interactions between SNPs and associated diseases (%).

Marker All AHO AHI1 DMO DM1 IHD 0 I[HD 1 OBD 0 OBD 1 OBO 0 OBO 1
DIRC3:t t 19.74 12.96 36.36 19.05 23.08 15.94 57.14 22.45 14.81 21.88 8.33
DIRC3:t ¢ 48.68 53.70 36.36 50.79 38.46 53.62 0.00 51.02 44.44 48.44 50.00
DIRC3: ¢ ¢ 31.58 33.33 27.27 30.16 38.46 30.43 42.86 26.53 40.74 29.69 41.67
NRGl: g g 19.74 24.07 9.09 20.63 15.38 21.74 0.00 18.37 22.22 18.75 25.00
NRGl: g ¢ 42.11 37.04 54.55 39.68 53.85 39.13 71.43 42.86 40.74 42.19 41.67
NRGl:c ¢ 38.16 38.89 36.36 39.68 30.77 39.13 28.57 38.78 37.04 39.06 33.33
PTCSC2: g g 32.89 33.33 31.82 26.98 61.54 33.33 28.57 26.53 44.44 31.25 41.67
PTCSC2: g a 48.68 50.00 45.45 53.97 23.08 49.28 42.86 48.98 48.15 50.00 41.67
PTCSC2:a a 18.42 16.67 22.73 19.05 15.38 17.39 28.57 24.49 7.41 18.75 16.67
14q13 9374:¢c ¢ 93.42 94.44 90.91 95.24 84.62 92.75 100.00 89.80 100.00 92.19 100.00
14q13 9374: ¢ t 6.58 5.56 9.09 4.76 15.38 7.25 0.00 10.20 0.00 7.81 0.00
14q13 7424:t t 43.42 42.59 45.45 42.86 46.15 44.93 28.57 44.90 40.74 42.19 50.00
14q13 7424:t ¢ 46.05 46.30 45.45 46.03 46.15 46.38 42.86 42.86 51.85 4531 50.00
14q13_7424: ¢ ¢ 10.53 11.11 9.09 11.11 7.69 8.70 28.57 12.24 7.41 12.50 0.00
14q13_4289:t t 39.47 40.74 36.36 38.10 46.15 40.58 28.57 44.90 29.63 40.63 33.33
14q13 4289:t ¢ 51.32 50.00 54.55 52.38 46.15 52.17 42.86 42.86 66.67 48.44 66.67
14q13_4289: ¢ ¢ 9.21 9.26 9.09 9.52 7.69 7.25 28.57 12.24 3.70 10.94 0.00
AH - arterial hypertension; DM — diabetes mellitus; IHD — ischemic heart diseases; OBD — other benign diseases; OBO — other benign operations
Tab. 8. Percentage distribution of interactions between haplotypes and associated diseases.

All AHO AH1 DMO DM1 IHD 0 IHD 1 OBD 0 OBD 1 OBO 0 OBO 1
14q13_haplo: ttc 61.84% 62.96% 59.09% 61.90% 61.54% 63.04% 50.00% 63.27% 59.26% 60.94% 66.67%
14q13_haplo: ccc 29.61% 30.56%  27.27% 30.95% 23.08% 27.54% 50.00% 29.59% 29.63% 30.47% 25.00%
14q13_haplo: tcc 3.29% 1.85% 6.82% 3.17% 3.85% 3.62% 0.00% 1.02% 7.41% 2.34% 8.33%
14q13_haplo: ttt 1.32% 0.93% 2.27% 0.79% 3.85% 1.45% 0.00% 2.04% 0.00% 1.56% 0.00%
14q13_haplo: cct 1.97% 1.85% 2.27% 1.59% 3.85% 2.17% 0.00% 3.06% 0.00% 2.34% 0.00%
14q13_haplo: ctc 1.97% 1.85% 2.27% 1.59% 3.85% 2.17% 0.00% 1.02% 3.70% 2.34% 0.00%
haplo_group: 1 61.84% 62.96% 59.09% 61.90% 61.54% 63.04% 50.00% 63.27% 59.26% 60.94% 66.67%
haplo_group: 2 29.61% 30.56% 27.27% 30.95% 23.08% 27.54% 50.00% 29.59% 29.63% 30.47% 25.00%
haplo_group: 3 8.55% 6.48% 13.64% 7.14% 15.38% 9.42% 0.00% 7.14% 11.11% 8.59% 8.33%

AH — arterial hypertension; DM — diabetes mellitus; IHD — ischemic heart diseases; OBD — other benign diseases; OBO — other benign operations

Literary sources state that the 14q13 chromosome locus is
likely to contain more than one genetic variant predisposing to
thyroid cancer (22, 33, 34, 35). Therefore, the other three SNPs
variants rs1537424, rs944289 and rs116909374 we observed are
located on this chromosome 14. In the functional study, rs944289
at 14q13.3 was shown to regulate expression of PTCSC3, a lin-
cRNA gene with tumour suppressor properties in thyroid cancer
cell lines (36). Restoration of PTCSC3 expression in cell lines
inhibited cell growth and affected the expression of genes corre-
sponding to (a) DNA replication, recombination and repair, gene
expression, amino acid metabolism; (b) cellular movement, tumour
morphology, cell death; and (c) cellular assembly and organiza-
tion, cellular function and tissue morphology networks. PTCSC3
expression was significantly downregulated in PTC as compared
to normal thyroid in the study of PTC from Japan (35), in line with
the mentioned work. Of note, rs944289 (PTCSC3) and rs2439302
(NRG1) were associated not only with thyroid cancer, but also
with follicular adenoma (35). This indicates that the mechanisms
mediated by PTCSC3 and NRG1 are likely to play roles not only
in carcinogenesis, but more broadly in thyroid tumorigenesis.

The SNP rs116909374 reported in the association with serum
thyroid stimulating hormone level and thyroid malignancy (33)
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may point at the MAP3K 12 binding inhibitory protein 1 (MBIP)
gene whose product regulates JNK pathway involved in intracel-
lular signalling of many types of human cancers including thy-
roid malignancy.

Our study did not confirm the association between SNPs
rs944289 and rs116909374 and PTC.

The SNP rs1537424 reported in association with Hashimoto’s
Thyroiditis (37). The results of our study suggest that the presence
of a minor allele T in the genotype tends to have a protective ef-
fect on the susceptibility to PTC.

For three SNPs variants located at the 14q13 chromosome lo-
cus (rs1537424, rs944289 and rs116909374), we also performed a
haplotype analysis, suggesting that TTC haplotype carriers could
have an increased susceptibility to PTC (OR=1.54).

In the next part of our study, we performed formal tests of in-
teraction between all SNPs and associated diseases. We evaluated
the associations with the following diseases: arterial hypertension
(AH), diabetes mellitus (DM), ischemic heart diseases (IHD), dis-
order of lipid metabolism (DLM), other benign diseases (OBD),
musculoskeletal disorders (MD), other benign diseases (OBD) and
other malignant diseases (OMD).
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From all monitored interactions, we evaluated the following,
which could be further monitored:

rs966423 and AH and IHD (p=0.06 and 0.009 respectively);
rs1537424 and DLM (p=0.08); rs116909374 and OBD (p=0.08);
rs965513 and DM (0.04); 14q13 haplotype and MD (p=0.05).

In the last years, many steps forward have been made in the
genetic characterization of TC, providing molecular markers for
diagnosis, risk stratification, and treatment targets. However, many
other steps need to be done in order to diagnose TCs with aggres-
sive behaviour, to tailor the most appropriate target therapy, and
to monitor the response to the therapies using new molecular ap-
proaches.

Access to personalized disease risk prediction and prognosis
requires that further studies include minor and rare SNPs, non-
SNP genetic information, gene-gene interactions, ethnicity, non-
genetic and environmental factors, and the development of more
advanced computational algorithms.

Study limitations

There are limitations to this study that could be addressed in
future research. The study did not have the power to detect small
differences in the estimated haplotype frequencies and haplotype
interactions between the groups, the sample size was too small to
perform meaningful subanalyses. The results of the study are the
starting point for focusing further research on interesting interac-
tions, whether in genotypic, haplotype analysis or interactions
of risk factors with PTC. The results should be interpreted in a
careful manner.

References

1. Ondrusova M, Kajo K, Ondrus D. Changing patterns in thyroid can-
cer incidence and mortality in the Slovak Republic by histological type
and age. Int J Clin Oncol 2014; 19: 805-813. https://doi.org/10.1007/
s10147-013-0633-7.

2. Hundahl SA, Fleming ID, Fremgen AM et al. National Cancer Data
Base report on 53,856 cases of thyroid carcinoma treated in the U.S., 1985—
1995 [see comments]. Cancer 1998; 83: 2638-2648. https://doi.org/10.1002/
(sici)1097-0142(19981215)83:12<2638::aid-cncr31>3.0.c0;2.-1

3. Osamura RLR, Kloppel G, Rosai J (2017): WHO Classification
of Tumours of Endocrine Organs. WHO Classification of Tumours,
vol. 10.

4. Pusztaszeri M, Auger M. Update on the cytologic features of papillary
thyroid carcinoma variants. Diagn Cytopathol 2017; 45: 714—730. https://
doi.org/10.1002/dc.23703.

5. Ito Y, Miyauchi A, Kihara M et al. Overall Survival of Papillary Thy-
roid Carcinoma Patients: A Single-Institution Long-Term Follow-Up of
5897 Patients. World J Surg 2018; 42: 615-622. https://doi.org/10.1007/
$00268-018-4479-z.

6. Siegel RL, Miller KD, Jemal A et al. Cancer statistics. A Cancer Journal
for Clinicians 2015; 65: 5-29. https://doi.org/10.3322/caac.21254.

7. Peterson E, De P, Nuttall R et al. BMI, diet and female reproductive
factors as risks for thyroid cancer: a systematic review. PLoS One 2012;
7:€29177. https://doi.org/10.1371/journal.pone.0029177.

8. Vigneri R, Malandrino P, Vigneri P et al. The changing epidemiology
of thyroid cancer: Why is incidence increasing? Curr Opin Oncol 2015;
27: 1-7. https://doi.org/10.1097/CCO.0000000000000148.

9. Pellegriti G, Frasca F, Regalbuto C et al. Worldwide increas-
ing incidence of thyroid cancer: update on epidemiology and risk fac-
tors. J Cancer Epidemiol 2013; 2013: 965212. https://doi.org/10.1155/
2013/965212 .

10. Stansifer KJ, Guynan JF, Wachal BM et al. Modifiable risk factors
and thyroid cancer. Otolaryngology-Head and Neck Surgery 2015; 152:
432-437. https://doi.org/10.1177/0194599814564537.

11. Bray F, Ferlay J, Soerjomataram I et al. Global cancer statistics
2018: GLOBOCAN estimates of incidence and mortality worldwide for
36 cancers in 185 countries [published correction appears in CA Cancer
J Clin 2020; 70:313]. CA Cancer J Clin. 2018; 68: 394-424. https://doi.
org/10.3322/caac.21492.

12. Saenko VA, Rogounovitch TI. Genetic Polymorphism Predispos-
ing to Differentiated Thyroid Cancer: A Review of Major Findings of the
Genome-Wide Association Studies. Endocrinol Metab (Seoul) 2018; 33:
164-174. https://doi.org/10.3803/EnM.2018.33.2.164.

13. Seib CD, Sosa JA. Evolving Understanding of the Epidemiology of
Thyroid Cancer. Endocrinol Metab Clin North Am 2019; 48: 23-35. https:/
doi.org/10.1016/j.ec1.2018.10.002.

14. Yang F, Zhang J, Li B et al. Identification of Potential IncRNAs and
miRNAs as Diagnostic Biomarkers for Papillary Thyroid Carcinoma Based
on Machine Learning. Int J Endocrinol 2021; 2021: 3984463. https://doi.
org/10.1155/2021/3984463.

15. Dincel O, Bayraktar C. Evaluation of platelet indices as a useful
marker in papillary thyroid carcinoma. Bratisl Med J 2017; 118 (3): 153—
155. https://doi.org/10.4149/BLL_2017_030.

16. Lukas J, Hitnausova B, Jiskra J et al. Tumor aggressiveness risk
factors in the differentiated thyroid carcinoma. Bratisl Med J 2016, 117
(2): 91-93. https://doi.org/10.4149/bll 2016 _018.

17. Prete A, Borges de, Souza P et al. Update on Fundamental Mecha-
nisms of Thyroid Cancer. Frontiers Endocrinol 2020; 11: 102. https://doi.
org/10.3389/fend0.2020.00102.

18. Barrett JC, Fry B, Maller J et al. Haploview: analysis and visualiza-
tion of LD and haplotype maps. Bioinformatics 2005; 21: 263-265. https://
doi.org/10.1093/bioinformatics/bth457.

19. 1000 GENOMES PROJECT CONSORTIUM. A global reference for
human genetic variation. Nature 2015; 526: 68—74. https://doi.org/10.1038/
nature15393.

20. Untergasser A, Cutcutache I, Koressaar T et al. Primer3-new ca-
pabilities and interfaces. Nucleic acids research 2012; 40: el15. https://
doi.org/10.1093/nar/gks596.

21. Bodmer D, Schepens M, Eleveld MJ et al. Disruption of a novel gene,
DIRC3, and expression of DIRC3-HSPBAP1 fusion transcripts in a case
of familial renal cell cancer and t(2;3)(q35;q21). Genes Chromosomes
Cancer 2003; 38: 107-116. https://doi.org/10.1002/gcc.10243.

22. Gudmundsson J, Sulem P, Gudbjartsson DF et al. Discovery of
common variants associated with low TSH levels and thyroid cancer risk.
Nat Genet. 2012; 44: 319-322. https://doi.org/10.1038/ng.1046.

23. Swierniak M, Waéjcicka A, Czetwertyiska et al. Association be-
tween GWAS-Derived rs966423 Genetic Variant and Overall Mortality
in Patients with Differentiated Thyroid Cancer. Clin Cancer Res 2016;
22: 1111-1119. https://doi.org/10.1158/1078-0432.

481



Bratisl Med J 2022; 123 (7)
475-482

24. Jendrzejewski J, Liyanarachchi S, Nagy R et al. Papillary Thyroid
Carcinoma: Association Between Germline DNA Variant Markers and
Clinical Parameters. Thyroid: official journal of the American Thyroid
Association 2016; 26: 1276—1284. https://doi.org/10.1089/thy.2015.0665.

25. Mussazhanova Z, Rogounovitch TI, Saenko VA et al. Genome-wide
association and expression quantitative trait loci studies identify multiple
susceptibility loci for thyroid cancer. Nat Commun 2017; 8: 15966. https://
doi.org/10.1038/ncomms15966.

26. Hincza K, Kowalik A, Palyga I et al. Does the TT Variant of the
15966423 Polymorphism in DIRC3 Affect the Stage and Clinical Course
of Papillary Thyroid Cancer? Cancers (Basel) 2020; 12: 423. https://doi.
org/10.3390/cancers12020423.

27. Wang YL, Feng SH, Guo SC et al. Confirmation of papillary thyroid
cancer susceptibility loci identified by genome-wide association studies of
chromosomes 14q13, 9922, 2q35 and 8p12 in a Chinese population. ] Med
Genet 2013; 50: 689—695. https://doi.org/10.1136/jmedgenet-2013-101687.

28. Montero-Conde C, Ruiz-Llorente S, Dominguez JM et al. Relief
of feedback inhibition of HER3 transcription by RAF and MEK inhibi-
tors attenuates their antitumor effects in BRAF-mutant thyroid carcino-
mas. Cancer Discov 2013; 3: 520-533. https://doi.org/10.1158/2159-8290.
CD-12-0531.

29. He H, Li W, Liyanarachchi S et al. The Role of NRG1 in the Predis-
position to Papillary Thyroid Carcinoma. J Clin Endocrinol Metab 2018;
103: 1369-1379. https://doi.org/10.1210/jc.2017-01798.

30. Gudmundsson J, Sulem P, Gudbjartsson DF et al. Common vari-
ants on 9922.33 and 14q13.3 predispose to thyroid cancer in European
populations. Nat Genet. 2009; 41: 460—464. https://doi.org/10.1038/ng.339.

482

31. He H, Li W, Liyanarachchi S et al. Genetic predisposition to papillary
thyroid carcinoma: involvement of FOXE1, TSHR, and a novel lincRNA
gene, PTCSC2. J Clin Endocrinol Metab 2015; 100: E164—172. https://
doi.org/10.1210/jc.2014-2147.

32. Estrada-Florez AP, Bohorquez ME, Sahasrabudhe R et al. Clinical
features of Hispanic thyroid cancer cases and the role of known genetic
variants on disease risk. Medicine (Baltimore) (2016); 95: e4148. https://
doi.org/10.1097/MD.0000000000004148.

33. Gudmundsson J, Thorleifsson G, Sigurdsson JK et al. A genome-
wide association study yields five novel thyroid cancer risk loci. Nat Com-
mun 2017; 8: 14517. https://doi.org/10.1038/ncomms14517.

34. Son HY., Hwangbo Y, Yoo SK et al. Genome-wide association and
expression quantitative trait loci studies identify multiple susceptibility
loci for thyroid cancer. Nature communications 2017; 8: 15966. https://
doi.org/10.1038/ncomms15966.

35. Figlioli G, Kohler A, Chen B et al. Novel genome-wide associa-
tion study-based candidate loci for differentiated thyroid cancer risk. J
Clin Endocrinol Metab 2014; 99: E2084-E2092. https://doi.org/10.1210/
jc.2014-1734.

36. Wei WJ, Lu ZW, Wang YU et al. Clinical significance of papillary thy-
roid cancer risk loci identified by genome-wide association studies. Cancer
Genet 2015; 208: 68-75. https://doi.org/10.1136/jmedgenet-2013-101687.

37. Br¢i¢ L, Gracan S, Bari¢ A et al. Association of Established Thyroid-
stimulating Hormone and Free Thyroxine Genetic Variants with Hashi-
moto’s Thyroiditis. Immunol Invest. 2017; 46: 625—-638. https://doi.org/1
0.1080/08820139.2017.1337785.

Received February 14, 2022.
Accepted February 21. 2022.



