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Abstract

Thyroid cancer is the most common endocrine cancer in the world. Noting that the NOS3 gene polymorphism interferes
with nitric oxide production, this study aims to identify and analyze the NOS3 gene polymorphism in the intron 4 region
in patients with papillary thyroid cancer. A case-control study was conducted with 31 papillary thyroid cancer patients
of both genders who underwent thyroidectomy and treatment with sodium iodide radiopharmaceutical (13 11) compared
with 81 control patients. Through papillary thyroid cancer, the results were observed, compiled, and analyzed using SPSS
version 25.0. The significance level of 5% was adopted. Genotypic frequencies of healthy subjects were in the Hardy-
Weinberg equilibrium (P = 0.503). There was a significant genotypic difference between papillary thyroid cancer and
healthy individuals (P <0.001). The BB genotype conferred a protective factor for papillary thyroid cancer (P <0.001,
odds ratio (OR) 0.16; 95% confidence interval (Cl) 0.06, 0.42), while the presence of the A allele appears to be a risk
factor for papillary thyroid cancer (P <0.001, OR 3.54; 95% CI 1.86, 6.73). The intron 4 polymorphism of the NOS3 gene
was associated with susceptibility to papillary thyroid cancer. Thus, future research into the effects of this polymorphism
is essential.
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Introduction the follicular epithelium, this type of cancer invades the
lymphatic system, generating multifocality and lymph
node metastases.*

Nitric oxide (NO) is a radical and acts as a biological
mediator in various processes, including the blood flow

Thyroid cancer is the most common endocrine cancer in
the world.! In Brazil, 9610 new cases—in which 1570
were male and 8040 were female—are predicted for the
2018-2019 biennium. Therefore, the frequency of this car-
cinoma is observed three times more in women than men.?
Thyroid neoplasms are classified histologically by their ! )
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noma) and parafollicular or C cells (medullary carcinoma).’ .
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regulation and neuronal activity modulation. Mutations in
the nitric oxide synthase 3 (NOS3) gene directly interfere
with NO production and the regulation of NOS3 gene
expression.”® Located on human chromosome 7q36.1, its
variable number of tandem repeats (VNTR) polymorphism
in intron 4 is closely associated with an altered concentra-
tion of plasma nitric oxide and increased reactive oxygen
species (ROS) production.’ This polymorphism has a
27-base-pairs sequence, with one larger and one smaller
allele. The larger allele “b” has five tandem repeats of 27
base-pairs, while the smaller allele “a” has four repeats.'’

The excessive ROS presence may cause oxidative stress
in cells and, consequently, damage deoxyribonucleic acid
(DNA), ribonucleic acid (RNA), lipids, and proteins.
Furthermore, ROS can also affect the DNA repair system,
rendering the individual more susceptible to the develop-
ment of diseases, such as cancer.!! Noting that the NOS3
gene polymorphism interferes with NO production, this
study endeavors to investigate whether the NOS3 intron
region 4 gene polymorphism acts as a protective or a risk
factor in PTC patients.

Material and methods

Subjects

As an observational descriptive case control study, the
research participants were divided into two groups. The
case group consisted of 31 patients of both genders (20
female and 11 male) over 18 years old (average age: 48 =+
13 years) diagnosed with PTC. These patients were resi-
dents of the Federal District (Brazil) and underwent thy-
roidectomy and radioiodine therapy at a private clinic in
the Federal District. The control group consisted of 81 par-
ticipants (43 female and 38 male) with a mean age of 52 *
5 years, healthy volunteers, paired and unrelated to the
case group.

Participants from both groups were excluded if they
were (a) younger than 18 years old, (b) had a thyroid can-
cer diagnosis but were not eligible for radioiodine therapy,
and (c) refused to participate in the research or for whom
legal representatives did not consent.

The attending physician chose participating candidates
for iodotherapy from their current clinical condition and
treatment indication.'? The following items were assessed:
(a) the extent of surgery, complications, residual or meta-
static presence; (b) the histopathological diagnosis; (c) the
date of diagnosis; (d) the initial disease presentation; (e) the
tumor extension; (f) the use of levothyroxine and others
(radiotherapy and previous surgery); (g) evaluation of risk
factors and medications that may interfere with treatment
efficacy; and (h) recent exposure to iodinated contrast. A
whole-body survey (WBS) with low iodine-131 doses was
requested to estimate the volume of remaining tissue or
metastatic disease. In summary, iodotherapy is indicated
in patients with incomplete tumor resection or apparent

metastases after thyroidectomy and who are not candidates
for surgical reintervention, and in patients with presumably
complete tumor resection but classified as a high or inter-
mediate risk for persistent disease.'> The potential adverse
effects were also considered: transient changes in gonadal
function; acute sialadenitis; advanced menopause; persis-
tent xerostomia and xerophthalmia; increased risk of sec-
ond cancer; hypersensitivity reactions; spinal depression;
leukopenia; thrombocytopenia; acute leukemia; anemia;
chromosomal abnormalities; radiation syndromes; thyroid-
itis; gastritis; sore throat; cough; and death.

The number of participants in the case group was deter-
mined according to the sample calculation: estimating a 1%
thyroid cancer prevalence among the cancer types in the adult
population, a sampling error of 5% and a 95% confidence
interval (CI). In the number of patients (n = 8450) registered
with this cancer in the studied geographical region, the sam-
ple size reached was 12 participants. With the compensation
of losses, a sample of 31 PTC patients was considered.

The UNICEUB Ethics Committee approved this study
under CAAE No. 57382416.6.0000.0023, and all partici-
pants had a detailed clinical history, and their resulting
evolution followed.

Laboratory methods

After signing the Free and Informed Consent Terms and
the Biological Material Guard Terms, and having answered
a proposed questionnaire, each participant had 10 mL of
their venous blood collected.

DNA was extracted from blood collected by Invitek's
Invisorb Spin Blood Mini Kit (250) (catalog # CA10-
0005, lot # 1031100300) and had an average concentra-
tion of 20 ng/ulL. NOS3 polymorphism genotyping was
performed using the polymerase chain reaction-restriction
on fragment length polymorphism (PCR-RFLP)-based
analysis. The primers used to evaluate NOS3 intron 4 pol-
ymorphism were: Sense 5’AGG CCC TAT GGT AGT
GCC TT 3’ and Antisense 5'TCT CTT AGT GCT GTG
GTC AC 3"

The DNA amplification used the following thermocy-
cling conditions: 94°C/4 min (initial denaturation), suc-
ceeded by 36 denaturation cycles at 94°C/1 min, followed
by 60°C/30 s and 72°C/1 min for oligonucleotide anneal-
ing. The final extension occurred at 72°C/10 min. The PCR
products were the 393bp allele “a” (mutated) and the
420bp allele “b” (ancestral) fragments.

Statistical analysis

The Chi-square test evaluated departures from Hardy-
Weinberg equilibrium and frequency differences between
groups. The data comparison of quantitative measurements
between genotypes groups underwent a normality test that
resulted in an abnormal distribution and, hence, was ana-
lyzed by the Kruskal-Wallis statistic test. The statistical
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analyses were carried out with SPSS (version 26.0, SPSS,
Chicago, 1L, USA) for Windows, with a 5% significance
level adopted a priori.

Results

Table 1 describes the genotypic and allelic frequencies of
the NOS3 intron 4 polymorphism. Most participants in the
case group had at least one mutated allele. In the genotypic
analysis, a statistically significant difference was noted
between the studied groups, and that the bb genotype
appears to act as a protective factor against PTC (P
<0.001; odds ratio (OR) 0.16; 95% CI 0.06, 0.42). A sta-
tistical difference was also found between the groups when
analyzing the allele frequencies; however, the presence of
the “a” allele seems to be a risk factor for PTC (P <0.001;
OR 3.54; 95% CI 1.86, 6.73). Nevertheless, the control
group’s genotype distribution abided by the Hardy-
Weinberg principle (P >0.05).

Clinical characteristics of PTC patients analyzed in
relation to polymorphism were: serum thyroglobulin
concentration, thyroid-stimulating hormone (TSH),
antithyroglobulin, gender, body mass index (BMI), and
administered dose. No associations were found between
the NOS3 intron 4 polymorphism and these variables
(Tables 2 and 3)

Discussion

The present study revealed that the presence of a polymor-
phism in the NOS3 intron 4 gene region was associated
with susceptibility to PTC (Table 1). Currently, there are
no studies that relate PTC with the NOS3 gene intron 4

Table 1. Genotypic and allelic distribution of papillary thyroid
carcinoma (PTC) patients and control subjects.

NOS3  Groups P OR (CI)
intron 4

PTC Control

N % N %
aa 4 12.9 3 3.7
ab 19 61.3 23 284 <0.001* N/A
bb 8 258 55 679
Total 31 100 8l 100
bb 8 258 55 679 <0.001* 0.16 (0.06, 0.42)
ab+aa 23 742 26 321
Total 31 100 8l 100
a 27 435 29 179 <0.001* 3.54(1.86,6.73)
b 35 56.5 133 821 0.28 (0.15, 0.54)
Total 62 100 162 100

*P <0.05; Chi-square test.
Cl: confidence interval; N: number; OR: odds ratio.

Table 2. Medians, median intervals, and P-value of thyroglobulin, TSH, and BMI measurements in PTC patients, according to

genotype.

NOS3 Thyroglobulin ng/mL TSH pUl/mL BMI (kg m2)

intron 4
Lower CL Median Upper CL Lower CL Median Upper CL Lower CL Median Upper CL
95% for 95% for 95% for 95% for 95% for 95% for
median median median median median median

aa 0.59 2.59 9.00 7.46 26.29 136.13 24.62 30.47 33.69

ab 1.02 2.88 31.90 55.90 76.65 130.07 24.25 26.22 31.71

bb 3.00 5.58 31.99 1.20 86.66 118.08 20.81 25.30 30.80

P-value* 0.687 0.747 0.460

#K ruskal-Wallis statistic Test.

BMI: body mass index; CL: confidence level; PTC: papillary thyroid cancer; TSH: thyroid-stimulating hormone.

Table 3. Distribution of antithyroglobulin concentration, gender, and the radiopharmaceutical administered dose in PTC patients,

according to genotype.

NOS3 Antithyroglobulin (UI/mL)  Gender Administered dose (mCi)
intron 4

<20 >20 Female Male 50 100 150 200 250

N % N % N % N % N % N % N % N % N %
aa 3 16.7 0 0o 2 10 2 182 0 0 2 222 2 125 0 0o 0
ab I 6l.1 4 100 11 55 8 727 | 100 3 333 11 68.75 2 100 | 50
bb 4 222 0 0o 7 35 I 9.1 0 0 4 444 3 1875 0 0 1 50
P-value®  0.320 0.276 0.651

#Kruskal-Wallis statistic test.
N: number.
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region, making this work a pioneer in its field. Nonetheless,
some studies verified the association of this polymorphism
with other cancers.!318

A meta-analysis study observed that the many studies
linking NOS3 G894T and NOS3 intron 4 polymorphisms
with cancer risk were conflicting.'®?* The 14 case control
studies examined suggested that the analyzed polymor-
phisms do not alter susceptibility to cancer 17. Nonetheless,
Haque et al.'® suggest that further studies should be done
with more detailed information so the possible association
could be more precisely evaluated. The authors also rec-
ommended that these studies consider gene—gene and
gene—environment interactions.

Some studies considered whether there was an associa-
tion of this polymorphism with prostate cancer.'>!*
However, the results are conflicting. A meta-analysis inves-
tigated polymorphisms in three NOS3 regions, including
intron 4, for an association with prostate cancer. From 11
articles reviewed, Nikoli¢ et al.?! concluded that the a allele
presence is a risk factor for prostate cancer (OR 2.29; 95%
CI 1.51, 3.49; P <0.01). In contrast, another study ana-
lyzed paraffined prostate tissue and concluded that NOS3
intron 4 polymorphism was not associated with prostate
cancer (P = 0.301).2?

A case-control study with Mexican women sought to
associate the NOS3 intron 4 polymorphism with breast
cancer. In this study, the association between the poly-
morphism and breast cancer was statistically significant,
and the presence of the “a” allele seemed to be a risk fac-
tor for its development (P = 0.001; OR 1.9; 95% CI 1.29,
2.95).1¢

In contrast, Fu et al.'”, analyzing a meta-analysis by
Hao et al.?9, did not find an association between NOS3
G894T polymorphism and breast cancer risk.

In a case-control study involving Caucasian women
with vulvar cancer, two NOS3 gene polymorphisms were
analyzed for a possible association. The NOS3 intron 4
polymorphism appeared to reduce the duration of disease-
free survival (P = 0.03) but was not related to the neopla-
sia phenotype. The other polymorphism studied in NOS3
exon 7, Glu298Asp, had no relation to disease develop-
ment or disease-free survival time.!”

The NOS3 intron 4 polymorphism was associated
with susceptibility to PTC in the Brazilian population
studied. No associations were detected between this pol-
ymorphism and the patients' clinical characteristics ana-
lyzed: serum thyroglobulin concentration, TSH,
antithyroglobulin, gender, BMI, and dose administered.
Information on genetic analysis can be a valuable method
to help treat and understand diseases that affect the pop-
ulation. Hence, further population studies should be con-
ducted to increase our comprehension of PTC and thus
contribute to the diagnosis, prognostic analysis, and
gene therapies, which will promote a better quality of
life for the carrier.

Acknowledgements

This work was carried out with the support of the Higher
Education Personnel Improvement Coordination - Brazil
(CAPES) - Financing Code 001. DPI/UnB.

CAPES - Financing Code 001 is a postgraduation scholarship
and independent of the research subject.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with respect
to the research, authorship, and/or publication of this article.

Funding

The author(s) disclosed receipt of the following financial support
for the research, authorship, and/or publication of this article: This
research received financial support from CAPES and DPI/UnB.

Ethical approval

All procedures performed in studies involving human partici-
pants were per the institutional ethical standards, national
research committee, or both (UNICEUB Ethics Committee -
CAAE No. 57382416.6.0000.0023) and 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.

ORCID iD

Caroline Ferreira Fratelli
-9452

https://orcid.org/0000-0002-0511

References

1. Kitahara CM and Sosa JA. The changing incidence of thy-
roid cancer. Nat Rev Endocrinol 2016; 12: 646—653.

2. Ferreira ADM, Santos LDM, Rebelo MS, et al. Estimativa
2018: Incidéncia de cdancer no Brasil. Rio de Janeiro:
Instituto Nacional de Cancer José Alencar Gomes da Silva
(INCA). Coordenagdo de Prevencdo e Vigilancia; 2017.

3. Lopes JP and Fonseca E. Mutagao do gene BRAF na historia
natural do carcinoma papilar da tiredide: Implicagdes diag-
nosticas e prognosticas. Acta Med Port 2011; 24: 855-868
[in Portuguese].

4. Shore SL. Thyroid cancer pathology. In: Vinjamuri S, editor.
PET/CT in Thyroid Cancer. Cham: Springer; 2018, pp.9—13.

5. Abd Elneam AI, Boghdady AM, Abd Alrheam Al, et al.
Endothelial nitric oxide synthase gene polymorphism
(T-786C) and cerebrovascular storke with or without smok-
ing. Int J Adv Res 2015; 3: 619-624.

6. Dosenko VE, Zagoriy VY, Haytovich NV, et al. Allelic pol-
ymorphism of endothelial NO-synthase gene and its func-
tional manifestations. Acta Biochim Pol 2006; 53: 299-302.

7. Oliveira-Paula GH, Lacchini R and Tanus-Santos JE.
Endothelial nitric oxide synthase: From biochemistry and
gene structure to clinical implications of NOS3 polymor-
phisms. Gene 2016; 575: 584-599.

8. Nasr HB, Dimassi S, M’hadhbi R, et al. Functional G894T
(rs1799983) polymorphism and intron-4 VNTR variant of
nitric oxide synthase (NOS3) gene are susceptibility bio-
markers of obesity among Tunisians. Obes Res Clin Pract
2016; 10: 465-475.


https://orcid.org/0000-0002-0511-9452
https://orcid.org/0000-0002-0511-9452

Cerqueira et al.

91

10.

11.

12.

13.

14.

15.

Wang XL, Mahaney MC, Sim AS, et al. Genetic contribu-
tion of the endothelial constitutive nitric oxide synthase
gene to plasma nitric oxide levels. Arter Thromb Vasc Biol
1997; 17: 3147-3153.

Ozgelik AT, Can Demirddjen B, Demirkaya S, et al.
Importance of NOS3 genetic polymorphisms in the risk of
development of ischemic stroke in the Turkish population.
Genet Test Mol Biomarkers 2014; 18: 797-803.

da Silva CT and Jasiulionis MG. Relagao entre estresse oxi-
dativo, alteragdes epigenéticas e cancer. Cienc Cult 2014;
66: 38-42 [in Portuguese].

Haugen BR, Alexander EK, Bible KC, et al. 2015 American
Thyroid Association Management Guidelines for adult
patients with thyroid nodules and differentiated thyroid can-
cer. Thyroid 2016; 26: 1-133.

Diler S and Oden A. The T-786C, G894T, and intron 4
VNTR (4a/b) polymorphisms of the endothelial nitric oxide
synthase gene in prostate cancer cases. Russ J Genet 2016;
52:220-225.

Safarinejad MR, Safarinejad S, Shafiei N, et al. Effects of
the T-786C, G894T, and Intron 4 VNTR (4a/b) polymor-
phisms of the endothelial nitric oxide synthase gene on the
risk of prostate cancer. Urol Oncol 2013; 31: 1132—1140.
Pehlivan M, Tomatir AG, Sahin HH, et al. The endothe-
lial nitric oxide synthase gene variants as a risk factor for
chronic lymphocytic leukemia. Uluslararasi Hematol Derg
2017; 27: 85-90.

16.

18.

19.

20.

21.

22.

Ramirez-Patifio R, Figuera LE, Puebla-pérez AM, et al.
Intron 4 VNTR (4a/b) polymorphism of the endothe-
lial nitric oxide synthase gene is associated with breast
cancer in Mexican women. J Korean Med Sci 2013; 28:
1587-1594.

. Riener EK, Hefler LA, Grimm C, et al. Polymorphisms of

the endothelial nitric oxide synthase gene in women with
vulvar cancer. Gynecol Oncol 2004; 93: 686—690.

Haque S, Mandal RK, Akhter N, et al. G894T and 4a/b pol-
ymorphisms of NOS3 gene are not associated with cancer
risk: A meta-analysis. Asian Pacific J Cancer Prev 2015;
16: 2929-2937.

Fu H, Zhang Y, Jin L, et al. Endothelial nitric oxide syn-
thase (eNOS) G894T polymorphism is not associated with
breast cancer risk: new evidence. Breast Cancer Res Treat
2011; 128: 595-598.

Hao Y, Montiel R and Huang Y. Endothelial nitric oxide
synthase (eNOS) 894 G>T polymorphism is associated
with breast cancer risk: a meta-analysis. Breast Cancer Res
Treat 2010; 124: 809-813.

Nikoli¢ ZZ, Pavi¢evi¢ DLS, Romac SP, et al. Genetic
variants within endothelial nitric oxide synthase gene and
prostate cancer: A meta-analysis. Clin Transl Sci 2015; 8:
23-31.

Polat F, Turaglar N, Yilmaz M, et al. ENOS gene poly-
morphisms in paraffin-embedded tissues of prostate cancer
patients. Turkish J Med Sci 2016; 46: 673-679.



