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IGHLIGHTS
NKX2-1  gene  is  an  emerging  target  for  H19  lncRNA.
Binding  site  of  H19  with  NKX2-1  overlaps  with  has-miR-1827.
Increased  expression  of  NKX2-1  observed  in  benign  nodular  goiter.
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Abstract
Objective:  Nodular  goiter  may  increase  the  risk  of  thyroid  cancer,  but  the  genetic  factors  con-
tributing  to  nodular  goiter  are  not  well  understood.  There  is  an  overexpression  of  H19  lncRNA
in goiter  tissue  and  its  target  remains  unknown.  In  this  study,  we  attempted  to  identify  a  new
target for  H19  in  the  context  of  goiter  development.
Methods:  Using  interaction  energy  calculations,  the  interaction  between  NKX2-1  mRNA  and  H19
lncRNA was  examined.  Putative  microRNAs  were  found  at  the  H19  lncRNA  target  site  with  the
highest affinity  for  NKX2-1.  RNAseq  data  was  analyzed  to  determine  the  tissue  specificity  of  gene
expression.  Samples  were  taken  from  18  goiter  and  18  normal  tissues  during  thyroidectomy.  The
expression  of  NKX2-1  was  determined  by  RT-qPCR  using  specific  primers.
Results:  The  interaction  between  NKX2-1  and  H19  was  characterized  by  six  local  base-pairing
connections,  with  a  maximum  energy  of  −20.56  kcal/moL.  Specifically,  the  sequence  that

displayed  the  highest  affinity  for  binding  with  H19  overlapped  with  the  binding  site  of  has-
miR-1827  to  NKX2-1.  It  was  found  that  NKX2-1  is  exclusively  co-expressed  with  H19  in  normal
thyroid tissue.  As  compared  to  adjacent  normal  tissues,  nodular  goiter  tissues  have  a  significant
overexpression  of  NKX2-1  (relative  expression  =  1.195,  p  =  0.038).
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S.  Javadirad

Conclusion:  NKX2-1  has  been  identified  as  the  putative  target  of  H19  lncRNA,  which  is  overex-
pressed in  nodular  goiter  tissues  significantly.
Level  of  Evidence:  4.
© 2024  Associação  Brasileira  de  Otorrinolaringologia  e  Cirurgia  Cérvico-Facial.  Published  by
Elsevier España,  S.L.U.  This  is  an  open  access  article  under  the  CC  BY-NC-ND  license  (http://
creativecommons.org/licenses/by-nc-nd/4.0/).
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oiter  is  a  potential  cause  of  thyroidectomy,  and  its  molec-
lar  and  genetic  foundations  remain  unknown.  In  addition,
5.6%  of  patients  undergoing  thyroid  surgery  are  later
iagnosed  with  thyroid  cancer,  a  rate  that  is  higher  than
xpected.1 The  research  pertaining  to  thyroid  diseases
as  predominantly  concentrated  on  well-differentiated  and
ndifferentiated  thyroid  cancers,2,3 thereby  neglecting  the
enign  nodular  goiters.

The  gene  NK2  Homeobox-1  (NKX2-1,  ENSG00000136352)
ncodes  a  transcription  factor  that  expresses  in  the  early
tages  of  tissue  development,  such  as  the  lung,  fore-
rain,  hypothalamus,  and  primarily  the  thyroid  gland.4

omozygous  animals  lacking  NKX2-1  exhibited  absence
f  the  thyroid  gland  during  birth  and  perished  shortly
hereafter.5 In  siblings  with  congenital  hypothyroid  goiter,
KX2-1  expression  is  diminished,  and  the  gene  is  associated
ith  congenital  hypothyroidism  in  newborns.6---9 When  con-

idering  cancer,  the  NKX2-1  gene  exhibits  two  distinct  and
pposing  impacts.  Firstly,  it  hinders  cell  proliferation  and
obility.10 Conversely,  overexpression  of  this  gene  is  also

esponsible  for  lung  adenocarcinoma  progression.11 There-
ore,  NKX2-1  plays  an  important  role  in  the  progression  of
ultiple  diseases,  but  its  influence  on  benign  nodular  goiters

s  not  fully  understood.
A  recent  study  in  Brazil  utilizing  RNA-seq  analy-

is  on  thyroid  tissue  afflicted  with  multinodular  goi-
er  indicated  that  70  genes  demonstrated  differential
xpression.12 Out  of  these  genes,  61  were  down-regulated
hile  the  remaining  nine  were  up-regulated.  A  par-

icular  gene,  H19  long  non-coding  RNA  (H19  lncRNA,
NSG00000130600),  appears  to  be  overexpressed  exclusively
n  nodular  goiter  tissues.  According  to  the  expression  atlas
https://www.ebi.ac.uk/gxa/home),  NKX2-1  and  H19  are
ighly  co-expressed  in  normal  thyroid  tissue  (expression
evel  =  219  TPM  and  95  TPM,  respectively).  The  lung  is  the
nly  other  tissue  that  co-expresses  the  two  genes,  but  at
uch  lower  levels  (expression  levels  =  44  TPM  and  5  TPM,

espectively).  Moreover,  in  the  thyroid  tissues  catalogued
y  the  expression  atlas,  NKX2-1  expression  surpasses  that
f  H19.  This  suggests  that  the  gene  could  be  targeted  down-
tream  by  lncRNA.  On  the  other  hands,  our  unpublished  data
evealed  that  seven  MicroRNAs  (miRs)  have  putative  binding
ites  at  the  3’UTR  of  the  NKX2-1  gene.  Among  these  miRs
ested  was  hsa-miR-1827  (ENSG00000221476),  whose  over-

xpression  has  been  associated  with  the  progression  and
etastasis  of  breast,  lung,  and  liver  cancer.13---15 A  partic-
larly  attractive  theme  is  the  possibility  of  hsa-miR-1827
ponging  with  H19  lncRNA.  Based  on  the  findings  of  the
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xpression  atlas  and  the  Brazilian  study,  we  hypothesized
hat  NKX2-1  might  be  a  plausible  target  for  H19  lncRNA  and
t  must  be  also  over-expressed  in  goiter  tissues.

Here  we  provided  novel  insights  into  the  potential  con-
ection  between  NKX2-1  mRNA  and  H19  lncRNA.  We  also
ssessed  NKX2-1  expression  in  benign  goiter  and  adjacent
ormal  tissues.  We  identified  six  potential  binding  sites  at
he  3’UTR  of  NKX2-1  gene  for  H19  binding.  One  of  these
ites,  which  had  the  highest  affinity  for  H19,  overlapped  with
he  binding  site  of  Has-miR-1827.  Moreover,  it  was  observed
hat  the  expression  of  NKX2-1  was  notably  elevated  in  nodu-
ar  goiter  tissues  when  compared  to  adjacent  normal  tissues.

ethods

rediction  of  mRNA-lncRNA  interactions

he  RIblast  service  offered  by  the  lncRRsearch  web  server
as  implemented  to  forecast  complex  RNA-RNA  interac-

ions  through  the  utilization  of  stabilizer  energy  obtained
rom  the  hybridization  of  two  RNAs.16 A  specified  thresh-
ld  interaction  energy  of  −16  kcal/moL  was  applied.  The
isualization  of  each  local  base-pairing  interaction  was
ccomplished  through  VARNA.17 The  H19  binding  site  with
he  highest  affinity  for  NKX2-1  (and  the  lowest  binding
nergy)  was  used  for  miRNA  prediction.

dentification  of  miRNA  with  the  same  binding  site
s H19  against  NKX2-1

icroRNA  target  prediction  database  (miRDB)  was  used  to
redict  putative  miRNAs  targeting  NKX2-1.18 The  ‘‘custom
rediction’’  option  of  miRDB  was  used  to  identify  potential
iRNAs  that  target  the  H19  binding  site  with  the  highest

ffinity  for  the  3’UTR  of  NKX2-1.

issue-specific  expression  analysis

n  a  cohort  of  960  individuals,  the  RNAseq  data  under-
ent  analysis  through  the  Genotype-Tissue  Expression

GTEx)  portal.19 This  analysis  aimed  to  estimate  the
xpression  levels  of  human  H19  lncRNA  and  NKX2-

 mRNA  across  54  distinct  tissues.  To  calculate  the

edian  expression  of  the  genes,  the  GTEx  Analysis  2017-

6-05  v8  RNASeQCv1.1.9  gene  reads.gct.gz  file  was  used
https://www.gtexportal.org/home/downloads/adult-gtex/
ulk  tissue  expression).
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issue  samples

t  Al-Zahra  and  Sina  hospitals  in  Isfahan,  each  patient  who
eceived  a  recommendation  for  a  thyroidectomy  was  man-
ated  to  sign  a  consent  form.  The  Helsinki  protocol  was
ollowed  (ethical  code  IR.UI.REC.1398.058).  In  this  study,
oiter  and  normal  thyroid  tissue  samples  were  excluded
ased  on  a  checklist  of  criteria.  The  indicators  investigated
ncluded  the  presence  of  excessive  blood  in  the  tissue,
at  surrounding  the  tissue,  and  the  very  small  dimensions
f  the  excised  tissue.  An  expert  pathologist  endorsed  the
nclusion  of  both  goiter  and  normal  thyroid  tissue  samples,
hich  had  been  examined  on  two  distinct  microscopic  slides.
istopathological  examinations  of  36  samples  of  thyroid  tis-
ue  revealed  18  to  be  benign  goiter,  while  the  remaining
8  were  classified  as  normal  thyroid.  Initially,  there  were
any  more  participants,  but  they  were  later  excluded  due

o  dissatisfaction.  The  histopathological  analysis  was  per-
ormed  in  a  third-party  laboratory.  According  to  the  7th

dition  of  the  American  Joint  Committee  on  Cancer  Tumor-
ode-Metastasis  (TNM)  staging  system,  tumor  staging  was
cknowledged.

NA  extraction  and  cDNA  synthesis

resh  tissues  were  immersed  in  RNAlater  fixation  solution
Ambion  Life  Science  Company,  USA)  according  to  the  man-
facturer’s  instructions,  and  incubated  at  4 ◦C  for  24  h.
or  long-term  preservation,  tissues  were  stored  at  −70 ◦C
nce  they  had  been  removed  from  the  fixation  solution.
fter  treatment  with  RNAlater,  tissues  weighing  50  ±  5  mg
ere  rinsed  in  a  standard  saline  solution  (0.85%  NaCl).  Fol-

owing  the  immersion  in  liquid  nitrogen,  the  tissues  were
ulverized  in  a  mortar.  Total  RNA  was  extracted  using
iobasic  Company’s  extraction  solution  (Bio  Basic-Canada,
ot:  BS410A-N116DR0J).  To  eliminate  residual  genomic  DNA,
Nase  treatment  was  carried  out  according  to  the  manu-
acturer’s  instructions  (Thermo  Fisher  Scientific,  Germany,
ot:  00645766).  cDNA  was  synthesized  using  random  hexam-
rs  as  per  the  manufacturer’s  instructions  (Thermo  Fisher
cientific,  USA,  Lot:  00645766).

rimer  designing

he  exon-junction  primers  were  created  using  Beacon
esigner  8  software  (Premier  Biosoft  USA).  In  order  to  ensure
he  absence  of  primer  dimers  and  additional  loop  forma-
ion,  Oligo7  software  (Molecular  Biology  Insights,  USA)  was
mployed  to  select  primers  devoid  of  secondary  structures.
able  1  provides  a  comprehensive  explanation  of  the  primers
tilized  in  the  investigation.  To  ensure  data  uniformity,  the
APDH  gene  was  selected  as  a  calibrator.  The  primer  melting
emperature  was  determined  through  temperature  gradient
CR.

everse  transcriptase-semiquantitative  PCR

RT-qPCR)

T-qPCR  was  conducted  in  a  final  volume  of  12  �L using
n  Amplicon  kit  (SYBR  Green  RealQ  Plus  2×  Master  Mix,
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Table  2  NKX2-1/H19  lncRNA  interactions  information.

Query
(Ensemble)

Target
(Ensemble)

Energy
(kcal/moL)

Query  sequence  Target  sequence

H19
(ENSG00000
130600)

NKX2-1
(ENSG000
00136352)

−20.5635  CAGGAGGGAGG
ATGGTGCAGGCAGGG

CTCTGCCTCACC
GCTTCCCTCCTG

−20.4704  AGGAGGGAGGATG
GTGCAGGCAGGGGTGA
GGAGCGCAGCGGGCGGC
GAGCGGGAGGCACTGG

CCAGCCTCCCG
CCCGCTGAGCTGCCCGC
ACCTCGGCATTCGCCCCCTCCT

−18.7086  GGAGGGAGGATGGTGCA
GGCAGGGGTGAGGAGCG
CAGCGGGCGGCGAGCG

CGCTCTGCCTCACCGC
TTCCCTCCTGCCCGCCACA
CAGACCACCATCCACCGCTGCTCC

−17.6552 GGGCAGGGAGGG
AGCACAGGGGTGG

CTGCCTCACCGC
TTCCCTCCTGCCC

−17.4529  TGGGGAAGTGGGG
AACCGAGGGGCAACCAG
GGGAAGATGGGGTGCTGG

CCAGCGCTCTGCCTC
ACCGCTTCCCTCCTGCC
CGCCACACAGACCACCA

−16.9186  GGAGGGAGGATG
GTGCAGGCAGGGGTGAGGAG
CGCAGCGGGCGGCGAGCGGG

TCTGCCTCACCGCT
TCCCTCCTGCCCGCCACACAG
ACCACCATCCACCGCTGCTCC

Total −111.77

A RIblast analysis predicted six local base-pairing interactions between H19 lncRNA (query) and NKX2-1 (target). Maximum and minimum
local base-pairing interaction energies are −20.56 kcal/moL and −16.92 kcal/moL, respectively. Interacting sequences of the query and
target are shown.

Fig.  1  An  exemplification  of  the  maximal  local  interactivity  of  base-pairing  between  NKX2-1  mRNA  and  H19  lncRNA  is  presented.
T n  gu
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he red  color  denotes  the  complementary  base  pairing  betwee
denine and  thymine.  Additionally,  there  exists  an  inadequate  b

enmark,  Lot:  A323402).  Initial  denaturation  and  enzyme
ctivation  were  performed  at  95 ◦C  for  15  min.  The  first
0  cycles  consisted  of  primer  extension  at  72 ◦C  for  30  s,
nnealing  at  Tm  temperature,  and  denaturation  at  95 ◦C.  All
eactions  were  performed  in  triplicate  with  a  non-template
egative  control.

elting  curve  analysis

he  specificity  of  the  RT-qPCR  reaction  was  assessed  by
elting  curve  analysis.  This  commenced  at  55 ◦C  and  grew

y  1 ◦C  until  it  reached  95 ◦C.  A  fluorescent  alteration  in
he  green  channel  was  detected  and  documented  for  each
egree  Celsius  that  the  temperature  surpassed  the  baseline
evel.

t
−
l
w

4

anine  and  cytosine,  while  the  yellow  color  represents  that  of
pairing,  denoted  by  green  and  blue  colors.

tatistical  analysis

sing  the  t-test,  the  mean  expression  level  of  the  NKX2-1
ene  in  goiter  tissues  was  compared  with  that  in  their  cor-
esponding  adjacent  normal  tissues.  The  relative  expression
f  the  NKX2-1  gene  was  evaluated  using  the  Livak  method.20

esults

KX2-1  interacts  with  H19  lncRNA

Iblast  predicted  six  local  base-pairing  interactions  between
KX2-1  and  H19,  as  outlined  in  Table  2.  The  cumula-

ive  interaction  energy  of  these  local  base-pairing  was
111.77  kcal/moL.  Among  these  interactions,  the  maximum

ocal  base-pairing  interaction  energy  was  −20.56  kcal/moL,
hich  is  visually  depicted  in  Fig.  1.  Additionally,  supple-
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Fig.  2  The  sequence  of  human  NK2  Homeobox-1  (NKX2-1,  ENST00000354822.7,  NM  001079668.3)  along  with  its  details.  Translated
sequences are  shown  in  blue,  flanking  sequences  in  green,  intronic  sequences  in  gray,  and  Untranslated  Regions  (UTRs)  at  the  5’
and 3’  ends  of  the  gene  are  shown  in  red.  The  sequence  with  yellow  highlights  is  the  main  binding  site  for  H19  lncRNA.  H19  and
h  unde
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as-miR-1827 share  overlapping  sequence,  which  is  bolded  and

entary  Figs.  S1---S5  offer  graphical  representations  of  the
emaining  five  local  base-pairing  interactions.

sa-miR-1827  binding  site  overlaps  with  H19
argeting NKX2-1

e  identified  seven  microRNA  molecules  targeting  NKX2-1

ncluding  hsa-miR-7107-3p,  hsa-miR-6753-3p,  hsa-miR-323a-
p,  hsa-miR-1286,  hsa-miR-6797-5p,  hsa-miR-1249-5p  and
sa-miR-1827.  Only  hsa-miR-1827  showed  similar  binding
ite  on  the  3’UTR  of  NKX2-1  as  H19  lncRNA  (Fig.  2).

(
T
p
l

5

rlined.

KX2-1  and  H19  exhibit  the  highest  expression  in
hyroid  tissue

imultaneous  overexpression  of  both  NKX2-1  and  H19  was
bserved  in  normal  thyroid  tissue,  as  illustrated  in  Fig.  3.
n  analysis  of  tissue-specific  gene  expression  patterns
sing  the  GTEx  portal.  There  is  a  high  level  of  expres-
ion  of  the  transcription  factor  NKX2-1  in  thyroid  tissue

median  TPM  = 352.6),  a  lesser  degree  in  lung  tissue  (median
PM  =  89.67),  and  a  very  low  level  of  expression  in  various
arts  of  the  brain  tissue  (median  TPM  =  5.622---2.180).  H19
ncRNA  can  be  found  in  a  variety  of  tissues,  but  it  appears
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Fig.  3  An  analysis  of  tissue-specific  gene  expression  patterns  using  the  GTEx  portal.  The  transcription  factor  NKX2-1  has  been
observed to  be  exclusively  expressed  in  thyroid  tissue  (median  TPM  =  352.6),  to  a  lesser  extent  in  lung  tissue  (median  TPM  =  89.67)
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nd different  parts  of  brain  tissue  (median  TPM  =  5.622---2.180).  

o co-express  with  NKX2-1  primarily  in  normal  thyroid  tissues  an

o  co-express  with  NKX2-1  primarily  in  normal  thyroid  and
ung  tissues.  H19  demonstrated  expression  in  diverse  tissues
ncluding  skeletal  muscle,  adipose,  testis,  breast,  ovary,
rostate,  and  thyroid  tissue.  Equal  expression  of  H19  is  doc-
mented  in  normal  thyroid  (median  TPM  =  8.887)  and  lung
median  TPM  =  12.06)  tissues.  As  a  summary,  NKX2-1  and  H19
o-expressed  in  thyroid  tissue,  but  H19  was  expressed  at  a
uch  lower  level  than  NKX2-1.

nalysis  of  the  melting  curve

he  temperature  peak  at  83 ◦C  matched  the  bioinformat-
cs  prediction,  confirming  the  primer  specificity  in  RT-qPCR
Fig.  4).  Notably,  the  absence  of  non-specific  peaks  suggests
he  absence  of  primer  dimers  and  non-specific  products.

nalysis  of  RT-qPCR  data

he  NKX2-1  gene  expression  levels  were  evaluated  in  goi-
er  tissues  and  their  respective  adjacent  normal  tissues,  as
epicted  in  Table  3.  Our  findings  indicate  a  significant  upreg-
lation  of  the  NKX2-1  gene  in  goiter  tissues  when  compared
o  normal  tissues,  as  evidenced  by  the  relative  expression
alue  of  1.195  (p  =  0.038).

iscussion

he  presence  of  thyroid  nodules  in  the  later  stages  of
dulthood  carries  a  significant  risk  of  malignant  lesions.21

owever,  the  genetic  basis  of  nodular  goiter  remains
nknown.  A  specific  mutation  in  NKX2-1  has  been  associ-
ted  with  both  benign  multinodular  goiter  and  malignant
apillary  Thyroid  Cancer  (PTC).22 There  is  a  correlation
etween  the  SNP  rs944289  located  in  the  NKX2-1  gene  and
n  increased  risk  of  thyroid  cancer.23 There  has  been  a report
f  NKX2-1  gene  rearrangements  in  T-cell  acute  lymphoblas-
ic  leukemia.24 These  findings  suggest  an  oncogenic  role  for
he  NKX2-1  gene.  But  unexpectedly,  we  observed  that  the
KX2-1  gene  expression  in  PTC  demonstrated  no  significant
lterations  (p  =  0.885).25
To  elucidate  our  observation  in  conjunction  with  the
nowledge  that  NKX2-1  functions  as  a  marker  for  thyroid
ifferentiation,  an  investigation  was  conducted  to  ascer-
ain  the  potential  regulatory  molecule(s)  responsible  for
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ncRNA  can  be  found  in  a  variety  of  tissues.  However,  it  appears
en  in  the  lungs.

ontrolling  NKX2-1  expression.  In  the  meantime,  substan-
ial  overexpression  of  the  H19  lncRNA  was  reported  in  cases
f  nodular  goiter,12 with  the  targets  of  this  non-coding  RNA
emaining  elusive.  The  findings  of  our  investigation  have
alidated  that  the  H19  regulatory  lncRNA  engages  in  inter-
ctions  with  the  3’UTR  of  NKX2-1  mRNA  at  six  distinct
equences.  Remarkably,  the  sequence  exhibiting  the  most
ronounced  affinity  for  H19  coincides  with  has-miR-1827
inding  site.

Moreover,  RNAseq  analysis  revealed  that  H19  is  co-
xpressed  with  NKX2-1  in  normal  thyroid  tissue.  Then  we
ound  that  normal  thyroid  tissue  expresses  the  highest  level
f  NKX2-1,  followed  by  lung  tissue  at  a  quarter  level.  Exag-
erated  expression  in  thyroid  tissue  is  significance  since  the
ene  induces  tissue  specificity  via  transcription  and  reg-
lation  of  thyroid-specific  genes.26 The  expression  of  the
KX2-1  gene  exhibits  a  significant  correlation  with  follicu-

ar  production,  viability  of  follicular  cell  precursors,  and  the
xpression  of  thyrocyte-specific  genes  during  maturity.27,28

t  is  interesting  to  note  that  mice  with  NKX2-1  expression
oss  frequently  presented  with  adenomas,  alongside  thyroid
ollicle  atrophy.29 Taking  all  these  factors  into  considera-
ion,  NKX2-1  gene  expression  caused  thyroid-specific  genes
o  transactivate  and  to  keep  differentiation  status  of  the
issue.

The  decrease  in  NKX2-1  expression  is  linked  to  the  trans-
ormation  of  thyroid  adenomas  into  thyroid  carcinomas,  and
he  gradual  decrease  in  its  localization  in  the  nucleus  cor-
esponds  to  thyroid  tumor  dedifferentiation.30 Moreover,  a
tudy  found  that  NKX2-1  expression  was  higher  in  100%  of
ifferentiated  follicular  adenomas,  but  in  0%  of  undifferen-
iated  anaplastic  carcinomas.31 The  findings  of  our  current
nvestigation  indicate  a  marked  elevation  in  the  expression
evel  of  the  NKX2-1  gene  in  tissues  exhibiting  benign  nodular
oiter  when  compared  to  their  adjacent  normal  tissues.  We
ropose  that  the  overexpression  of  the  NKX2-1  gene  may
e  an  effective  strategy  for  preventing  tumor  progression
hrough  the  maintenance  of  the  differentiation  status  of
odular  goiter  cells.  As  a  further  explanation,  our  differen-
iated  malignant  PTC  tissues  were  shown  to  not  differently
xpressed  NKX2-1,25 and  microarray  meta-analysis  supports

he  finding  (adj.  p  value  =  1).  It  appears  that  NKX2-1  is  essen-
ial  for  maintaining  the  normal  configuration  and  function
f  differentiated  thyroids  as  well  as  inhibiting  the  aggres-
ive  expansion  of  the  thyroid.  Differentiated  PTC  tissues  are
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Fig.  4  A  visual  representation  of  the  melting  curve  is  provided.
amplification.  The  absence  of  an  additional  peak  suggests  a  lack  of  

Table  3  Comparison  of  NKX2-1  gene  expression  between
nodular  goiter  tissues  and  adjacent  normal  tissues.

Gene  name  Relative
expression

p-Value  Result

GAPDH  1  ---
NKX2-1  0.172  0.04  Down-

regulation

As compared to adjacent normal tissues, goiter tissues exhibit a
downregulation of the NKX2-1 gene.
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All  patients  recommended  for  thyroid  surgery  had  to  sign
GAPDH, Glyceraldehyde 3-Phosphate Dehydrogenase; NKX2-1,
NK2 Homeobox-1.

ancerous;  therefore  NKX2-1  must  be  expressed  at  the  same
evel  as  normal  tissues.  Nodular  goiter  is  also  differentiated
s  normal  tissues,  but  is  not  cancerous  as  it  overexpresses
KX2-1  to  prevent  tumor  progression.  When  faced  with  a
re-malignant  phenotype,  nodular  goiter  cells  may  attempt
o  maintain  their  non-malignant  status  by  overexpressing
KX2-1.  Consequently,  it  is  postulated  that  the  upregula-
ion  of  NKX2-1  may  serve  as  a  ultimate  defensive  mechanism
mployed  by  goiter  cells  to  restrict  their  aggressiveness  and
vert  the  onset  of  cancer.

Mechanistically,  it  could  be  proposed  that  H19  lncRNA
verexpression  in  nodular  goiter  could  sponge  hsa-miR-1827
nd  induce  the  expression  of  the  thyroid  differentiation
arker,  NKX2-1.  We  did  not,  however,  approve  this  matter
ithin  our  laboratory;  nevertheless,  we  are  strongly  dedi-
ated  to  implementing  it  in  our  future  endeavors.  According

o  the  authors,  MYCL1,32 MDM2/TP53,33 RBX1/CRKL14 and
FRP113 are  the  only  identified  target  genes  of  hsa-miR-1827.
ur  research  findings  suggest  that  the  maintenance  of  the
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 The  peak  at  83 ◦C  indicates  the  high  quality  of  NKX2-1  gene
by-products  during  RNA  amplification.

ighest  level  of  differentiation  status  in  the  benign  goiter
ould  potentially  serve  as  an  approach  employed  by  impov-
rished  benign  cells  to  impede  malignancy  advancement.

onclusion

e  discovered  for  the  first  time  that  the  NKX2-1  mRNA  was  a
arget  for  the  H19  lncRNA  regulatory  molecule.  Moreover  we
ound  that  has-miR-1827  binds  to  an  overlapping  sequence
s  H19  binds  to  NKX2-1.  The  expression  levels  of  NKX2-1
RNA  were  also  found  to  be  markedly  higher  in  the  tissues
f  nodular  goiters  compared  to  normal  tissues.
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