
Int J Endocrinol Metab. 2020 October; 18(4):e108510.

Published online 2020 October 19.

doi: 10.5812/ijem.108510.

Research Article

NOL4 is Downregulated and Hyper-Methylated in Papillary Thyroid

Carcinoma Suggesting Its Role as a Tumor Suppressor Gene

Sara Sheikholeslami 1, Fereidoun Azizi 2, Asghar Ghasemi 3, Abbas Alibakhshi 4, Hossein Parsa 5,
Seyed Mohammad Tavangar 6, Setareh Shivaee 1, Marjan Zarif Yeganeh 1, Mehdi Hedayati 1, * and Ladan
Teimoori-Toolabi 7, **

1Cellular and Molecular Endocrine Research Center, Research Institute for Endocrine Research Center, Shahid Beheshti University of Medical Sciences, Tehran, Iran
2Endocrine Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran
3Endocrine Physiology Research Center, Research Institute for Endocrine Sciences, Shahid Beheshti University of Medical Sciences, Tehran, Iran
4Department of General Surgery, Imam Khomeini Hospital Complex, Tehran University of Medical Sciences, Tehran, Iran
5Department of Surgery, Velayat Hospital, Qazvin University of Medical Sciences, Qazvin, Iran
6Department of Pathology, Dr. Shariati Hospital, Tehran University of Medical Sciences, Tehran, Iran
7Molecular Medicine Department, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran

*Corresponding author: Cellular and Molecular Endocrine Research Center, Research Institute for Endocrine Research Center, Shahid Beheshti University of Medical Sciences,
Tehran, Iran. Email: hedayati@endocrine.ac.ir
**Corresponding author: Molecular Medicine Department, Biotechnology Research Center, Pasteur Institute of Iran, Tehran, Iran. Email: lteimoori@pasteur.ac.ir

Received 2020 August 15; Revised 2020 September 08; Accepted 2020 September 19.

Abstract

Background: Thyroid cancer is the fourth most common cancer in the world. Papillary thyroid carcinoma (PTC) accounts for 80%
of all types of thyroid neoplasm. Epigenetic alterations such as DNA methylation are known as the main cause of different types of
cancers through inactivation of tumor suppressor genes.
Objectives: In the present study, the expression and methylation of suggested gene namely nucleolar protein 4 (NOL4) in PTC in
comparison to multi nodular goiter (MNG) have been studied.
Methods: Forty-one patients with PTC and 38 patients affected by MNG were recruited. Thyroid tissues were obtained during thy-
roidectomy. RNA and DNA were extracted from thyroid tissues. Quantitative RT-PCR assay was performed for determining the mRNA
level of NOL4 while methylation-sensitive high resolution methylation was applied for assessing the methylation status with design-
ing six pairs primers for six regions on gene promoter which were named from NOL4 (a) to NOL4 (f).
Results: Methylation assessment of 81 CpG islands in the promoter region of NOL4 gene revealed that NOL4 (f), the nearest region
to the start codon, was significantly hypermethylated in PTC cases compared to MNG cases. NOL4 level in PTC cases in comparison
with MNG cases were downregulated. The methylation status and mRNA level of NOL4 (f) were associated with age of diagnosis (Age
of the patient at the time of diagnosis), lymph node metastasis, and advanced stages of disease.
Conclusions: These data suggested an aberrant promoter hyper-methylation of NOL4 in PTC cases may be linked with its downreg-
ulation. Therefore, NOL4 gene can be proposed as a potential tumor suppressor gene in PTC tissues.
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1. Background

Thyroid cancer is the fourth most common can-
cer worldwide. Its incidence has increased over the
last decades. Based on the Surveillance, Epidemiol-
ogy, and End Results program (SEER) data, the number
of new cases of thyroid cancer were 52,070 and the
percentage of all new cancer cases were 3% in 2019
(http://seer.cancer.gov/statfacts/html/thyro.html). This
rate will increase to 52,890 new cases at the end of 2020 (1).
Iran Cancer Data System Registry has reported 10,913 cases
of thyroid cancer (7 - 90 years old) while the total incidence

rate (per one year) was 2.20 per 100,000, during 2004 -
2010 (2). These findings show the increased rate of thyroid
cancer in recent years. Thyroid carcinoma is classified
into four groups; papillary thyroid carcinoma, follicular
thyroid carcinoma, medullary thyroid carcinoma and
anaplastic type. papillary thyroid carcinoma is the most
common type of thyroid cancer accounting for about 80%
of thyroid neoplasms (3, 4).

B-Raf proto-oncogene serine/threonine kinase (BRAF)
mutations, especially V600E, are the most important ge-
netic factors, being responsible for different aggressive
phenotypes such as angiogenesis and tumor invasion (5).
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In 2016, the American Thyroid Association (ATA) guidelines
suggested that BRAF and telomerase reverse transcriptase
(TERT) promoter mutation are valuable molecular prog-
nostic markers in PTC cases (6). In addition to genetic mu-
tations, epigenetic modifications are also exemplified in
explaining the initiation and progression of cancer. Nowa-
days, epigenetic changes in addition to genetic changes
are responsible for the initiation and progression of cancer
through activation of proto-oncogenes or inactivation of
tumor suppressor genes (7). Promoter hypermethylation
of tumor suppressor genes and/or global hypomethylation
play an important role in thyroid carcinoma. Promoter hy-
permethylated tumor suppressor genes can be considered
as an attractive candidate in the development of cancer
biomarkers (8-10). Aberrant promoter methylation of CpG
islands upstream of any gene may diminish transcription
leading to decreased gene expression. On the other hand,
DNA global hypomethylation could affect genomic stabil-
ity (11, 12).

In 1998, Ueki et al. (13) identified novel nucleolar pro-
tein, termed NOLP (Nucleolar Localized Protein) which is
now known as nucleolar protein 4 (NOL4). In spite of a
number of different studies on the role of NOL4 as a tumor
suppressor gene in different types of cancer like squamous
cell carcinoma of head and cervical cancer, cervical cancer
and Pancreatic ductal adenocarcinoma (7, 14, 15), there has
been no study on the role of this gene in thyroid cancers to
date.

2. Objectives

In the current study, we aimed to investigate whether
expression and methylation of NOL4 are altered in PTC tis-
sues in comparison with multi nodular goiter (MNG) tis-
sues. Also we aimed at finding out whether NOL4 could be
considered as a tumor suppressor gene in thyroid cancer.

3. Methods

3.1. Patient Recruitment and Sample Collection

Ninety candidate patients for thyroidectomy were re-
cruited in this study. Written informed consent was ob-
tained from each patient before sample collection. Thy-
roid tissues were resected during thyroidectomy and
were snap-frozen in liquid nitrogen immediately after
resection. Based on the pathology report, tissue sam-
ples of 41 PTC patients and 38 MNG patients were col-
lected. B-RafV600E mutation was assessed using V600E-
B-raf Q-PCR kit (Cat no.: G001; HumDiagnostics, Iran).
This study has been approved by the Ethics Commit-
tee of the Research Institute for Endocrine Sciences,

Shahid Beheshti University of Medical Science (ethics code:
IRI.SBMU.ENDOCRINE.RES.1397.067).

3.2. RNA Extraction and Quantitative Real-Time Polymerase
Chain Reaction

Total RNA was extracted using RNX-Plus solution for
total RNA isolation according to the manufacturer’s pro-
tocol (Cinnagen, Iran, Cat. no.: RN7713C). RNA purity and
concentration were detected by NanoDrop-1000 (Thermo
Fisher Scientific). RNA was converted to cDNA using the Re-
vertAid Reverse Transcriptase (ThermoFisher Scientific, Cat
no.: MAN0012757) according to the previously mentioned
protocols (16). Quantitative RT-PCR analysis of NOL4 expres-
sion was conducted in triplicate using Real Q Plus 2X Mas-
ter Mix Green (Ampliqon, Cat. no.: A325406) on the ABI Step
One Plus System (Life Technologies, USA). GAPDH level was
studied as an internal control. Primers were designed by
Primer3 online tool. Primer sequences for NOL4 and GAPDH
are shown in Table 1. Relative mRNA expressions were nor-
malized using average of ∆Threshold Cycle (∆CT= CT tar-
get gene-CT GAPDH). Expression of this gene in each PTC
sample was compared with the average expression in MNG
samples one by one. Fold change of expression was esti-
mated using 2-∆∆CT while ∆∆CT stands for ∆CT of MNG
cases subsided by∆CT of PTC cases. Expression data was di-
vided into low expression (fold change ≤ 0.5), unchanged
expression (fold change ranged from 0.5 to 2), and over ex-
pression (fold change≥ 2) based on a published article by
Rismani et al. (17).

3.3. DNA Extraction and Bisulfite Treatment of DNA

DNA of the samples was extracted using Tissue Ge-
nomic DNA Extraction Mini Kit (Favorgen, Cat no.:
FATGK001). The quality and quantity of DNA samples
were assessed using gel electrophoresis and NanoDrop-
1000 (ThermoFisher Scientific, USA). DNA was bisulfite
converted with the EZ DNA Methylation-Gold Kit (Zymo
Research, USA, Cat no.: D5006) according to the manufac-
turer’s protocol.

3.4. Methylation-Specific High Resolution Methylation (MS-
HRM) Assay

Six pairs of specific primers were designed for study-
ing the methylation level of NOL4 promoter regions which
were named from NOL4 (a) to NOL4 (f). Primers were de-
signed according to bisulfite modified sequence and they
should cover at least 8 CpG islands within the amplified re-
gion through Gene Runner version 6.5.5 and AlleleID 6 soft-
wares. Meth Primer site (www.urogene.org/methprimer)
was used to find CpG islands in NOL4 promoter region (Ta-
ble 1). MS-HRM experiments were performed in ABI Step
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Table 1. Primer Sequences for MS-HRM and RT-PCR Reaction

Gene Name Forward Primer Sequences Reverse Primer Sequences Ta CpG Sites (n) Bases (n)

Primer Sequences for MS-HRM for Studying Methylation

NOL4

Locus a GTTGTTTTAAGGTTAGATTTAGAGG CCAATCTCTCTAATTACCCAATAA 57 11 250

Locus b GTAGGATTTATTGATTATTTTGTAAGTG GCTCCTCTTTATTCTACTGTCACC 51 20 223

Locus c GGTGAGAGTAGAATAAAGAGGAG ATCATTTTCCCGTTACTTAATCAC 57 8 240

Locus d TAGAAATTAGAGAAGTTTTGTTTGG TTCTTACCTATCATATTTTTAAACCTATC 55 8 320

Locus e AAAGTAGGATTTAGAAGGAAGGAGAG CCAACACGATTCTAACCCAAAAAAAC 59 21 338

Locus f TAGTTTTTTTGGGTTAGAATGGTGTTG ACCCTAAACTCATAAAAAGTACAACCC 59 13 278

Primer sequences for RT-PCR

NOL4 GGCGAGAGAAATTGGAAGCA CTCCGAATCGTCATGGTCCT 59 151

GAPDH TCGTGGAAGGACTCATGACC AGGCAGGGATGATGTTCTGG 60 151

Abbreviation: CpG, cytosine–phosphate diester-guanine; MS-HRM, methylation sensitive high resolution melting; RT-PCR, real time polymerase chain reaction; Ta , ap-
propriate annealing temperature.

One Plus System (Life Technologies, USA). Reaction mix-
tures consisted of 5 µL of Real Q Plus 2X Master Mix Green
(Ampliqon, Cat. no.: A325406), 10 pmol of each primer
and 1 µL (equal to 10 ng) of bisulfite modified DNA tem-
plate in the final volume of 10µL. Standard samples includ-
ing methylated and non-methylated human DNA (Hum Di-
agnostics, Iran) were prepared as described in Refs (18).
Five standard curve includes; 0%, 25%, 50%, 75%, and 100%
methylation levels were used for detecting the methyla-
tion level of each sample. The highest curve was 100%
methylation level, and the lowest one was 0% methylation
level. The arrow was showed one sample methylation level,
which was located between 50% and 75% methylation lev-
els (Figure 1).

3.5. Statistical Analysis

Normal distribution of data was evaluated by employ-
ing the Kolmogorov-Smirnov test. The methylation and
expression differences with and without normal distribu-
tion, were determined by Independent samples t-test and
Mann Whitney U test, respectively. Correlation analyses
were done using Pearson, Spearman and chi-Square tests.
Receiver operating characteristic curves was utilized to de-
termine the diagnostic value of tests. Furthermore, area
under the curve (AUC), threshold, specificity and sensitiv-
ity were calculated. The accuracy of AUC classification for
a diagnostic test was as follows; AUC between 0.9 - 1.0,
0.8 - 0.9, 0.7 - 0.8, and 0.6 - 0.7 are classified as excellent,
good, fair, and poor, respectively (19). All P values less than
0.05 were considered statistically significant. All statistical
analyses were performed using SPSS Version 22.0 (IBM Cor-

poration, Armonk, NY, USA) and GraphPad Prism version 8
(GraphPad Software, Inc., La Jolla, CA, USA).

4. Results

4.1. Demographic and Clinic-Pathologic Data of Patients

Demographic data for each group was considered as;
PTC group (3 males, 38 females, 41.18 ± 11.41 years old), and
MNG group (8 males, 28 females, 45.50 ± 13.27 years old).
There is no significant difference in age and sex distribu-
tion between the two groups. Participants were mostly fe-
male (85.7%). The age ranges of PTC and MNG cases were
25 - 64 and 21 - 75 years, respectively. While twenty-six sam-
ples were in stage I, only six, four and one PTC samples were
in stage II, III, and IV, respectively. Tumor size varied from
0.4 to 5.7 cm. Twenty-one PTC tumors were unifocal while
14 tumors were multifocal. Pathology reports of four cases
were not available. Hashimoto’s thyroiditis was detected
in 13 (35.1%) of the PTC patients. While 62.2 % of patients had
invasion, BRAFV600E mutation was detected in 63.4% PTC
patients.

4.2. NOL4 Was Downregulated in PTC Samples Which Was Af-
fected by Methylation of Its Proximal Promoter Region

The methylation status of six regions which covers
81 CpG islands upstream of NOL4 gene, was analyzed us-
ing HRM assays. This analysis revealed that 38 out of 41
(92.68%) of PTCs and 33 out of 36 (91.6%) of MNGs did not
show methylation in NOL4 (a) region. In this analysis non-
methylation and methylation were defined as a methyla-
tion level less than 12.5 and methylation level more or equal
to 12.5 respectively. The median methylation percentage of
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Figure 1. A comparison of melt curve analysis (normalized reporter) for unknown test sample and control samples between 0%, 25%, 50%, 75%, and 100% methylated. MS-HRM,
methylation-specific high-resolution melting curve analysis

NOL4 (b) was approximately equal in PTC and MNG cases,
whereas 12.19% PTC cases in comparison with 8.3% of MNG
cases were methylated in this region. The NOL4 (c) gene was
methylated in (27/41) PTCs and (27/36) MNGs. The methy-
lation of NOL4 (d) occurred in 56.1% PTC cases in compari-
son to 22.2% of MNG cases. The methylated NOL4 (e) region
was observed in 53.6% and 38.9% of PTC and MNG cases re-
spectively. As it represented in Table 2, the median percent-
age of methylation in NOL4 (a/d) were 5±0.9/5± 2.11 and 8
± 1.17/10 ± 2.37in PTC and MNG tissues respectively which
is slightly lower in PTC tissues. The median percentage of
methylation in NOL4 (c/e) were 25±4.38/12.5± 2.06 and 20
± 3.57/10 ± 3.07 in PTC and MNG cases respectively. There
is no difference in the methylation percentage of NOL4 (b)
in both groups. Although, different methylation rates be-
tween PTC and MNG were observed in the above mentioned
regions, they were not statistically significant. Methyla-
tion of NOL4 (f) (the nearest region to the start codon) was
significantly higher in PTC cases compared to MNG cases
(P value = 0.02). Maximum percentage of methylation in
this region was 80% in PTC cases while this rate was 12.5%
in MNG cases. While 10 PTC cases (24%) were methylated,
only two MNG cases (5.5%) showed methylation in this re-
gion (Table 2).

Methylation distribution is categorized in 6 classes (0,
0 - 12.5, 12.5 - 25, 25 - 50, 50 - 75, and 75 - 100) which are
shown in Figure 2. The highest methylation level of NOL4
(a) ranged from 12.5% to 25%, which appeared in one PTC
and two MNG cases. Methylation level of 25% - 50% in NOL4
(b) was detected in one MNG case. NOL4 (c) was methylated

from 75% to 100% in four PTC cases, meanwhile one MNG
case was methylated in this range. The highest methyla-
tion percentage (25 - 50) of NOL4 (d) was observed equally
in both groups. Methylation levels of 50% and 75% in NOL4
(e) were observed mostly in MNG cases. Most of the MNG
cases showed a methylation level of 12.5% in NOL4 (d) how-
ever, methylation levels of 25%, 50%, and 75% were solely de-
tected in PTC cases. All methylation levels in different re-
gions of NOL4 are significantly correlated with each other
except NOL4 (d) which is solely correlated with methyla-
tion level of NOL4 (f).

NOL4 expression was significantly downregulated in
PTC cases compared with MNG cases (P value = 0.04).
Downregulation of NOL4 was observed in 26 (66.7%) of the
PTC cases while overexpression and unchanged expression
were seen in 10 (25.6) and 3 (7.7%) of these patients, respec-
tively. Mean relative fold change of expression was 0.1 in
tumor samples (Figure 3). Spearman analyses revealed that
in PTC samples, NOL4 expression was only inversely corre-
lated with methylation in NOL4 (f) (correlation coefficient:
-0.403, r2: 0.04, P value = 0.01). It means that downregu-
lation of NOL4 is correlated with methylation of the most
proximal region in the promoter of the NOL4 gene, suggest-
ing the role of aberrant promoter methylation on NOL4 ex-
pression in PTC cases.

4.3. Methylation Status of NOL4 (f) Was Correlated with the age
of Patients and Lymph Node Metastasis

Methylation status of NOL4 (f) directly correlated with
age of diagnosis (age of the patient at the time of diagno-
sis) (correlation coefficient: 0.359, P value = 0.02). Gender,
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Table 2. NOL4 Promoter Methylation Levels in PTC and MNG Cases

Gene Methylation

P ValuePTC Cases MNG Cases

Median ± SE Min-Max Frequency Median ± SE Min-Max Frequency

NOL4 (a) 5 ± 0.90 0 - 25 NM: 38; M: 3 8 ± 1.17 0 - 30 NM:33; M:3 0.72

NOL4 (b) 5 ± 0.94 0 - 25 NM: 36; M: 5 5 ± 1.20 0 - 35 NM:33; M:3 0.59

NOL4 (c) 25 ± 4.38 0 - 100 NM: 13; M: 27 20 ± 3.57 0 - 90 NM: 9; M: 27 0.74

NOL4 (d) 5 ± 2.11 0 - 50 NM: 26; M: 23 10 ± 2.37 0 - 50 NM: 23; M: 8 0.89

NOL4 (e) 12.5 ± 2.06 0 - 80 NM: 18; M: 22 10 ± 3.07 0 - 80 NM: 22; M: 14 0.24

NOL4 (f) 6 ± 2.25 0 - 80 NM: 31; M: 10 5 ± 0.60 0 - 12.5 NM: 34; M: 2 0.02a

Abbreviation: M, promoter methylation equal or more than 12.5; MNG, multinodular goiter; NM, promoter methylation less than 12.5; PTC, papillary thyroid carcinoma.
aP value less than 0.05 was considered significant.
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tumor size, extra thyroid invasion, vascular invasion, and capsular invasions, lymph node metastasis, clinical stage,

Int J Endocrinol Metab. 2020; 18(4):e108510. 5



Sheikholeslami S et al.

P-value = 0.04
1.5

1.0

0.5

0.0

MNG PTC

m
R

N
A

 E
xp

re
ss

io
n

 o
f N
O
L4

 (F
o

ld
 C

h
an

g
e)

 

Figure 3. Mean fold change diagram of NOL4 in PTC cases in comparison with MNG
cases. Abbreviations: MNG, multinodular goiter; PTC, papillary thyroid carcinoma.

and BRAF mutation did not have any significant correla-
tion with NOL4 (f) promoter methylation. On the other
hand, the correlation between the NOL4 (f) methylation
status and clinic-pathological characteristics was also an-
alyzed using chi-square analysis and univariate logistic re-
gression analysis. Lymph node metastasis (OR = 0.122, 95%
CI = 0.013 - 1.14; P = 0.05) was associated with the methy-
lation of NOL4 (f). On the other hand, no correlation was
found between NOL4 (f) methylation status and age of diag-
nosis, gender, tumor size, extra thyroid invasion, capsular
invasions, clinical stage, previous history of Hashimoto’s
thyroiditis, and BRAFV600E mutation. Methylation level
of other regions in NOL4 promoter showed no remarkable
correlation with clinic-pathological features of disease.

4.4. NOL4 is Downregulated in Advanced Stages of Disease

NOL4 mRNA expression was significantly correlated
with the stage of disease (correlation coefficient = 0.35, P
value = 0.03) though age of diagnosis, gender, BRAF mu-
tation, and other clinic-pathological features were not sig-
nificantly associated with NOL4 mRNA level. On the other
hand, the chi-square analyses revealed no relationship be-
tween NOL4 expression status and age, sex, tumor size, in-
vasions, lymph node metastasis, clinical stage, previous
history of Hashimoto’s thyroiditis, and BRAF mutation.

4.5. NOL4 mRNA Level Could be A Poor Diagnostic Markers for
PTC

ROC curve analysis was used for determining the diag-
nostic value of biomarkers which were significantly differ-

ent between PTC and MNG cases (Figure 4). NOL4 mRNA
level showed significant differences at a cut-off of ∆CT >
3.38 [sensitivity: 82.5%, specificity: 33.3%, and an AUC: 0.63]
in PTC cases. (95% CI = 0.5 - 0.7, P value = 0.05).

4.6. Methylation of NOL4 (f) Region Can be Considered as a
Poor Diagnostic Marker for PTC

The promoter methylation of NOL4 (f) had a diagnostic
value in cut of point of methylation level more than 5.50%
[sensitivity: 70%, specificity: 59.40 % (and AUC = 0.66 (95%
CI = 0.5 - 0.8, P value = 0.01)]. In regard to AUC, this marker
showed poor diagnostic value.

5. Discussion

In the present study, in PTC and MNG samples the
methylation status of promoter regions of NOL4 were in-
vestigated by MS-HRM. Methylation of the most proximal
region in NOL4 promoter was observed in PTC patients.
This observation was in accordance with the expression
level of this gene in these samples suggesting a possible
tumor suppressor role of this gene. Since discovery of
NOL4 gene which is located on 18q12.1 chromosome (13),
there have been limited studies focusing on the role of
NOL4 in tumorigenesis. Wang et al. (14) identified aber-
rant methylation of NOL4 in cervical cancer. Meanwhile,
Demokan et al. (7) reported that aberrant methylation
of CpG islands upstream of this gene was associated with
head and neck squamous cell carcinoma (HNSCC). Further-
more, one study recently revealed that the NOL4 gene plays
a role in glioblastoma multiform (GBM) (15). NOL4 intronic
mutation has been detected in Indian families with Van
der Woude syndrome (20). Based on the NOL4 expression
in normal thyroid tissues (21) and lack of sufficient evi-
dence on the tumorigenesis effect of NOL4 in thyroid can-
cer, we decided to investigate this study. In this study, it was
shown that in PTC patients, NOL4 downregulation is asso-
ciated with aberrant promoter methylation of this gene.
We also found correlation of NOL4 gene methylation and
expression with lymph node metastasis and advanced tu-
mor stages, providing strong evidence to support the role
of NOL4 as a tumor suppressor gene in papillary thyroid
carcinoma and it is recommended it be validated in future
studies. To date, NOL4 molecular functions remain unclear
but it is known that NOL4 is expressed during facial (lip and
palate) development and brain and testis in humans and
mice (13, 20). NOL4 hypermethyation in different cancers
especially cancer located in head and neck support the hy-
potheses that it can act as a tumor suppressor gene which
should be investigated in further experiments.

In this study, NOL4 methylation in addition to down-
regulation of it are introduced as novel biomarkers of PTC
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SLC5A8 mRNA expression. Abbreviations: MNG, multinodular goiter; PTC, papillary thyroid carcinoma.

though the sensitivity of NOL4 methylation was lower to
be ideal markers. In order to confirm these findings, a
larger sample size from patients affected with PTC in differ-
ent stages should be recruited. In addition, studying the
methylation and expression of these genes should be as-
sessed in other types of thyroid cancer or other types of
cancer too. On the other hand, study on the effects of NOL4
on histone modification could help to better understand-
ing of its epigenetic function.

In conclusion, this was the first study to investigate
the role of the NOL4 gene in PTC patients. NOL4 was sig-
nificantly methylated and downregulated in PTC patients.
While methylation of NOL4 was associated with lymph
node metastasis, downregulation of this gene was linked
with advanced stages of PTC. So, the present study provided
strong evidence to support the hypothesis that NOL4 could
be a putative tumor suppressor in papillary thyroid carci-
noma.
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