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Abstract. Background/Aim: Thyroid cancer is the only
tumor in which age is an important prognostic factor. In
papillary thyroid carcinomas (PTC), 45 years of age seems
to be a key point that divides adult patients into two groups,
with different clinical features. The aim of the study was to
perform a microarray-based analysis in two groups of
patients (<45 and ≥45 years old), in order to verify the
occurrence of specific copy number alterations (CNAs) that
could be associated to different patient behaviors associated
with age. Patients and Methods: In order to search and
compare genomic alterations that may be related to age, we
evaluated the occurrence of CNAs in the genome of 24 PTC
samples, divided in two groups (<45 and ≥45 years old).
Results: We identified only one region showing a statistically
significant difference between the groups (p=0.00357): a
deletion of approximately 537 kps in 1p35.3., which was
more frequent in patients aged 45 years or older. This is the
region where, among others, the gene SESN2 is located,
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which is activated under oxidative stress and plays an
antioxidant role, in addition to protecting the genetic
material from damage generated by reactive oxygen species
(ROS). Conclusion: This is the first time that a CNA
involving the deletion of the SESN2 gene is associated with
papillary thyroid carcinomas, particularly in patients aged
45 years and older, indicating that this deletion would lead
to a more malignant and prominent tumoral behavior
associated to a worst prognosis.

Thyroid cancer (TC) is the most common malignancy of the
endocrine system, corresponding to 3.4% of all cancers
diagnosed annually worldwide. TC is a unique human tumor,
with peculiar biological behavior. This is the only tumor for
which age is an important prognostic factor (1). Additionally,
TC affects more frequently women than men. There are five
main histological types of TCs: papillary, follicular (which
are considered differentiated), poorly differentiated,
anaplastic, and medullary TC (2, 3).
Of these, papillary thyroid cancer (PTC) is the most
frequent among the thyroid neoplasias, representing around
80-85% of cancers affecting this gland (4, 5). PTCs are
characterized by presenting a good prognosis, with survival
rates of 90% for 10 years, and show several subtypes, of
which the classical variant is the most frequent (6). Among
the prognostic factors for PTC, the age of patients is a
crucial criterion, because individuals between 20-44 years
old present tumors with different behavior when compared
to the ones observed in patients older than 45 years (7).
Generally, the disease is more aggressive in the second
group, with a gradual increase of mortality rates and
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possibility of extrathyroidian extensions, metastases and
lymph node involvement (8).
Implementation of customized high-throughput microarraybased comparative genomic hybridization (aCGH) represents
an important strategy in the identification of cancer-causing
genes and deregulated molecular pathways and hence the
identification of biomarkers for different conditions. Copy
number alterations (CNAs) have been reported with a low
frequency in PTC (9). In addition to point mutations and gene
fusions, a significant minority (27.2%) of PTCs also contained
CNAs, which were preferentially present in cases without the
most common driver mutations, suggesting a role for CNAs as
driver events in this type of tumor (10).
Despite this, the different clinical features related to the
age of patients have not been explored in the light of
cytogenomic studies. Hence, the aim of this study was to
perform a microarray-based analysis in two groups of
patients (<45 and ≥45 years old), in order to verify the
occurrence of specific CNAs that could be associated to the
age range of the patients, and hence justify the different
behaviors associated to age.

Patients and Methods

Patients. Samples of 24 papillary thyroid carcinomas were collected
from patients from Belém (Northern Brazil). Of these, 3 were males
and 21 females. Concerning age, 12 were <45 years old (2 males
and 10 females) and 12 were ≥45 years old (1 male and 11 females).
All samples were classified as classical variant subtype, according
to histopathological criteria (Table I).

Ethics statement. This study was approved by the Ethics Committee
of IEC/SVS/MS (ID 2.611.436), and all patients signed a
declaration of consent to permit the use of tumour samples.

Microarray-based comparative genomic hybridization (aCGH).
Genomic DNA (gDNA) was isolated using Illustra, Tissue & cells
genomic Prep Mini Spin kit GE Healthcare (Chicago, IL, USA), and
aCGH experiments used oligonucleotide-based SurePrint G3
CGH+SNP Array 180K platform (Agilent Technologies, CA, USA),
according to manufacturer’s instructions. Briefly, 1 μg of reference
DNA (Agilent Euro Male/Female) and patient DNA were digested
and labeled using the SureTag DNA Labeling kit (Agilent
Technologies). After purification, labeled sample and reference DNA
were co-hybridized at 65˚C for 16 h to the array, and microarrays
were scanned with Agilent SureScan C Scanner. Features were
normalized, extracted using Feature Extraction software (v11.1).

Protein-protein interaction network and enrichment analysis. The
SESN2 gene was submitted to a network recovery analysis in the
public STRING protein database (v11.0) (http://string-db.org/). A
confidence score of 0.40 and a maximum amount of 20 interactions
were used. We generated a main protein-protein interaction (PPI)
network that was used to identify clusters of interaction modules with
the molecular complex detection (MCODE) tool (11). In this step, the
following parameters were used in the MCODE (scores >50 and the
number of nodes >80 were set as cutoff criteria with the default
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Table I. General information of samples used in the study.
ID

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24

Gender
F
F
F
F
F
F
M
F
F
F
F
F
F
F
F
F
F
F
M
F
F
F
F
M

Age
30
78
47
72
28
46
51
33
29
51
61
32
17
47
72
40
35
49
36
45
38
20
64
41

Histopathological classification

F: Female, M: male, PTC: papillary thyroid cancer.

PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC
PTC

parameters (Degree cutoff ≥2, Node score cutoff ≥2, K-core ≥2 and
Max depth=100). This network was validated in the STRING
database with species limited to “Homo sapiens” and confidence
scores limited to those >0.4, to extract PPI data. We used stringApp
(http://apps.cytoscape.org/apps/stringapp) to get the functional
enrichment of the main module of the PPI network obtained with
MCODE. We use a redundancy cutoff>0.5 for Gene Ontology (GO)
and Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment.
Cytoscape, version 3.8 was used in all analysis (12).

Data analysis and statistics. Data were analyzed and visualized by
Agilent Cytogenomics software v2.7 (Santa Clara, CA, USA).
Aberration statistical algorithm ADM-2, with threshold 6.0, was
used for CNAs. Five-probe 0.15_log2 filter was used for aberration
evaluation. Data were manually curated, and the UCSC Genome
Bioinformatics was used to eliminate common CNV regions from
the dataset. To compare the frequencies, the Binomial Test for two
proportions and the Chi-square of adherence were used. Considering
the age groups, the Trend Test was used to verify differences
between the proportions of the investigated mutation. Microsoft
Excel (Albuquerque, NM, USA), Bioestat 5.3 (Amazonas, Brazil)
and PAST 3 (University of Oslo, Oslo, Norway) were used,
considering an alpha level of significance of 0.05.

Results

The occurrence of papillary thyroid cancer in females was
more frequent than males (21/16 and 3/24, respectively), as

De Almeida et al: Loss of SESN2 in Papillary Thyroid Carcinomas
Table II. Distribution of the occurrence of deletion of 1p35.3 in the
samples.
Age

<45
≥45
Total

Yes

Deletion

4
8
12

No

8
4
12

Total
12
12
24

Results of Chi-square test, with p<0.5, comparing the distribution of the
occurrence of the deletion of 1p35.3 according to the age of the patients.
Table III. Results of binominal test (Z=0,6122; p<0.05) and Chi-square
test for adherence (12,042; p<0.05) comparing the distribution of the
occurrence of the deletion of 1p35.3 according to the sex of the patients.

Males
Females
Total

Yes
2
10
12

Deletion

No

1
11
12

Total

3
21
24

expected. Genome-wide screening showed large genomic
heterogeneity in papillary thyroid cancer and revealed a total
of 619 CNAs, varying from 14 to 335 per sample, with mean
value of 85.8, and standard deviation of 97.3.
Statistically significant differences were not found when
considering the two age groups. However, linear correlation
analyses demonstrated a negative correlation between age
and amplifications. Mean values for deletions and gains were
58.1 and 27.7, respectively (range=3-256 and range=8-82,
respectively). Four samples with the highest CNA numbers
showed more deletions than gains.
The statistical analyses of frequencies of each CNA
between the two groups showed that only one of them had
statistically significant difference (p=0.00357): a deletion of
a segment with approximately 537 KB, located in 1p35.3
(28547478 to 29085067). This segment was deleted in 8/12
patients with age ≥45 years and only in 4/12 in patients with
age <45 years. Of the genes located in this region, SESN2 is
related to tumor development.
Binominal testing showed that there is a difference
between the frequency of mutations in the investigated age
groups, preferentially affecting the older ones (0,33 in <45;
0.67 in ≥45; Z=1.63; p<0.05). Trend Chi-square results also
proved that there is a difference between the frequencies of
deletion in the different investigated age groups (Table II),
with a tendency to increase the number of people affected as
age advances, under a value of 1.9898; p<0.05 (Figure 1).

Figure 1. Chi-square results showing a tendency of increase in the
number of people affected as age advances, with a value of 1,9898;
p<0,05.

Additionally, results of binominal test (Z=0.6122; p>0.05)
and Chi-square test for adherence (12.042; p<0,05) showed
that there was no statistically significant difference between
sexes (Table III).

Protein-protein network interaction network of SESN2. To
identify the biological role and pathways involved with
SESN2 network, we performed a PPI network analysis with
molecular complex detection revealing a single cluster
(Figure 2). This cluster is a network with a topology that
contains 19 nodes and 93 edges, which scored a score of
10.33. (Figure 2A). Characteristically, this cluster represents
an assortment network, exhibiting the SESN2 as a hub that
has connections with other genes strongly connected with an
enrichment of 1.0E-16, indicating that the proteins are
biologically linked as a group and were noted from: MIOS,
MTOR, NPRL2, NPRL3, PRKAA1, PRKAA2, PRKAB1,
PRKAB2, PRKAG1, PRKAG2, PRKAG3, SEC13, SEH1L,
SESN2, SESN3, SZT2, TP53, WDR24 and WDR59.
The PPI network of this cluster was submitted and validated
in the STRING database (Figure 2B). In addition, GO
enrichment analysis showed that these genes strongly
associated in the biological process category, mainly for (GO:
0032007) regulation of TOR signaling, (GO: 0009267)
Cellular response to starvation. In the cell component category
for (GO: 0031588) Nucleotide-activated protein kinase
complex and (GO: 0035859) Seh1-associated complex and in
the molecular function category the highest rank for (GO:
0004679) AMP-activated protein kinase activity (Figure 2C).
These genes were also enriched in the KEGG database in a
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Figure 2. (A) Protein-protein interaction network generated by molecular complex detection from 20 interactions of the SESN2 gene, using Cytoscape
software. (B) PPI network validated in the STRING database, confirming two-gene interaction groups separated by the SESN2 hub gene with a
PPI enrichment: 1.0E-16 (C) and (D) GO functional annotation for PPI genes showing the most significant functional categories and the most
enriched KEGG pathways, respectively. The two groups of gene interactions separated by the SESN2 hub were noted to regulate the two pathways
hsa04211: Longevity regulating pathway and hsa04150: mTOR signaling pathway, which have a greater functional enrichment in the KEGG
database. All annotation terms were normalized with -Log10 (p-value).

wide repertoire of pathways related to aging processes, signal
transduction, growth, metabolism, cell proliferation, autophagy
and apoptosis, thyroid cancer, among others (Figure 2D).

Discussion

SESN2 encodes a protein that is part of a highly conserved
family (the so-called Sestrins, composed of the Sesn1, Sesn2
and Sesn3 proteins) (13). When expressed, it negatively
regulates the MTOR pathway, which is responsible for the
increase of synthesis of proteins and lipids (13-15).
646

In fact, the PPI network generated in this study showed that
SESN2 appears to directly affect the function of a variety of
genes, mainly including the regulation of MTOR signaling
and also TP53. The activity of MTOR may favor tumor
development, since malignant cells require an increment in
energy production and acceleration of anabolic processes that
support proliferation (15). Thus, SESN2 assists the tumor
suppressor function of p53, by decreasing cellular anabolic
activities (13, 14). In addition to generate a decrease in
energy for the TORC1 synthesis processes, the activation of
SESN2 by DNA damage would also divert it to repair it (16).
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SESN2 also plays an antioxidant role and can be activated in
response to oxidative stress, regulating the activity of
peroxiredoxins, which clean up reactive oxygen species
(ROS) or, as already mentioned, inhibiting the TORC1
pathway (16-18). This is an important characteristic to
analyze in the context of this study, since ROS rates tend to
increase with age.
In certain types of cancers, SESN2 has shown an
important role in being pointed out as a tumor suppressor in
lung tumors (19), and the decrease in SESN2 expression has
also been correlated with a worse prognosis in liver tumors
(20) and the induction of its expression restores apoptotic
control in head and neck cell models (21).
In this work we described, for the first time in the literature,
the deletion of SESN2 in papillary thyroid carcinomas patients
aged ≥45 years. SESN2 (and also SESN1) is also often deleted
in a variety of cancers. Lee et al. (17) suggested that this fact
may imply loss of sestrins in tumor progression related to agedependent accumulation of DNA damage. Indeed, when the
nine hallmarks of aging, were proposed by Lópes-Otín et al.,
one of them presented mitochondrial dysfunction (22). By
aging, cells begin to show not only a decline in mitochondrial
activities, but a decrease in the efficiency of the respiratory
chain, leading, among other things, to increased electron
leakage and reduced ATP generation (23). One of the
consequences of incorrect mitochondria functioning is the
increased production of ROS (18, 22). This fact can be
considered physiological, and recent evidence have shown that
it may be part of a cellular response in order to maintain its
homeostasis (24).
Loss of SESN2 can directly affect ROS levels within cells
and in addition, impair normal cellular responses to the stress
condition. In a context where cell homeostasis is already
affected by aging itself, the loss of SESN2 could play a
crucial role in tumor development. An increase in ROS rates,
even within a range considered to be non-toxic, would
already be advantageous for providing an adaptive response
and proliferative stimuli, above this it could also contribute
to the occurrence of damage to genetic material, favoring the
appearance and accumulation of new mutations (18, 24).
This could be a possible explanation to more aggressive
PTCs in older patients: loss of SESN2 would permit a higher
number of mutations.
RAS is a commonly altered gene in PTCs with mutations
that lead to its constitutive activity. This abnormal activation
leads, among other things, to the so-called Ras-induced ROS
accumulation, which is one of the results of the downregulation of the expression of Sesn1 and Sesn3, leaving
only Sesn2 at normal rates to act in the regulation ROS
concentrations. The interesting thing is that, in vitro testing
in transgenic mouse showed that the increase in ROS levels,
by the forced and isolated activation of Ras, induces cellular
senescence (25, 26).

Considering that additional deregulation would be
required for malignant transformation, we suggest the
possibility that mutations in RAS and loss of SESN2, thus
indicating that all sestrins may interrupt part of the cellular
responses activated by p53 and FOXO (the latter activates
Sesn3). Thus, the relationship between mutations affecting
SESN2 and aggressive PTCs in older patients could be more
intense and interconnected than previous techniques allowed
to analyze.

Conclusion

In conclusion, this is the first time that a CNA involving the
deletion of the SESN2 gene is associated with papillary
thyroid carcinomas, particularly in patients aged 45 years
and older, indicating that this deletion would lead to a more
malignant and prominent tumoral behavior associated to a
worst prognosis. In addition, the evaluation of pathways
related to responses to oxidative stress would also be
interesting in this scenario, since, based on the findings
described in this work, this seems to be an element of
importance for tumor development in aged patients.
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