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HIGHLIGHTS
o NKX2-1 gene is an emerging target for H19 IncRNA.
¢ 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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NKX2-1; 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 IncRNA
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
IncRNA was examined. Putative microRNAs were found at the H19 IncRNA 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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Conclusion: NKX2-1 has been identified as the putative target of H19 IncRNA, which is overex-
pressed in nodular goiter tissues significantly.

Level of Evidence: 4.

© 2024 Associacdo Brasileira de Otorrinolaringologia e Cirurgia Cérvico-Facial. Published by
Elsevier Espana, 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/).

Introduction

Goiter is a potential cause of thyroidectomy, and its molec-
ular and genetic foundations remain unknown. In addition,
15.6% of patients undergoing thyroid surgery are later
diagnosed with thyroid cancer, a rate that is higher than
expected.” The research pertaining to thyroid diseases
has predominantly concentrated on well-differentiated and
undifferentiated thyroid cancers,?* thereby neglecting the
benign nodular goiters.

The gene NK2 Homeobox-1 (NKX2-1, ENSG00000136352)
encodes a transcription factor that expresses in the early
stages of tissue development, such as the lung, fore-
brain, hypothalamus, and primarily the thyroid gland.*
Homozygous animals lacking NKX2-1 exhibited absence
of the thyroid gland during birth and perished shortly
thereafter.” In siblings with congenital hypothyroid goiter,
NKX2-1 expression is diminished, and the gene is associated
with congenital hypothyroidism in newborns.®~° When con-
sidering cancer, the NKX2-1 gene exhibits two distinct and
opposing impacts. Firstly, it hinders cell proliferation and
mobility.’® Conversely, overexpression of this gene is also
responsible for lung adenocarcinoma progression."" There-
fore, NKX2-1 plays an important role in the progression of
multiple diseases, but its influence on benign nodular goiters
is not fully understood.

A recent study in Brazil utilizing RNA-seq analy-
sis on thyroid tissue afflicted with multinodular goi-
ter indicated that 70 genes demonstrated differential
expression.'? Out of these genes, 61 were down-regulated
while the remaining nine were up-regulated. A par-
ticular gene, H19 long non-coding RNA (H19 IncRNA,
ENSG00000130600), appears to be overexpressed exclusively
in nodular goiter tissues. According to the expression atlas
(https://www.ebi.ac.uk/gxa/home), NKX2-1 and H19 are
highly co-expressed in normal thyroid tissue (expression
level =219 TPM and 95 TPM, respectively). The lung is the
only other tissue that co-expresses the two genes, but at
much lower levels (expression levels=44 TPM and 5 TPM,
respectively). Moreover, in the thyroid tissues catalogued
by the expression atlas, NKX2-1 expression surpasses that
of H19. This suggests that the gene could be targeted down-
stream by IncRNA. On the other hands, our unpublished data
revealed that seven MicroRNAs (miRs) have putative binding
sites at the 3’UTR of the NKX2-1 gene. Among these miRs
tested was hsa-miR-1827 (ENSG00000221476), whose over-
expression has been associated with the progression and
metastasis of breast, lung, and liver cancer.”>""> A partic-
ularly attractive theme is the possibility of hsa-miR-1827
sponging with H19 IncRNA. Based on the findings of the

expression atlas and the Brazilian study, we hypothesized
that NKX2-1 might be a plausible target for H19 IncRNA and
it must be also over-expressed in goiter tissues.

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

Methods

Prediction of mRNA-IncRNA interactions

The Rlblast service offered by the IncRRsearch web server
was implemented to forecast complex RNA-RNA interac-
tions through the utilization of stabilizer energy obtained
from the hybridization of two RNAs.'® A specified thresh-
old interaction energy of —16kcal/moL was applied. The
visualization of each local base-pairing interaction was
accomplished through VARNA."” The H19 binding site with
the highest affinity for NKX2-1 (and the lowest binding
energy) was used for miRNA prediction.

Identification of miRNA with the same binding site
as H19 against NKX2-1

MicroRNA target prediction database (miRDB) was used to
predict putative miRNAs targeting NKX2-1."® The *‘custom
prediction’’ option of miRDB was used to identify potential
miRNAs that target the H19 binding site with the highest
affinity for the 3’UTR of NKX2-1.

Tissue-specific expression analysis

In a cohort of 960 individuals, the RNAseq data under-
went analysis through the Genotype-Tissue Expression
(GTEx) portal.” This analysis aimed to estimate the
expression levels of human H19 IncRNA and NKX2-
1 mRNA across 54 distinct tissues. To calculate the
median expression of the genes, the GTEx_Analysis_2017-
06-05_v8_RNASeQCv1.1.9_gene_reads.gct.gz file was used
(https://www.gtexportal.org/home/downloads/adult-gtex/
bulk_tissue_expression).
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Tissue samples

At Al-Zahra and Sina hospitals in Isfahan, each patient who
received a recommendation for a thyroidectomy was man-
dated to sign a consent form. The Helsinki protocol was
followed (ethical code IR.UI.REC.1398.058). In this study,
goiter and normal thyroid tissue samples were excluded
based on a checklist of criteria. The indicators investigated
included the presence of excessive blood in the tissue,
fat surrounding the tissue, and the very small dimensions
of the excised tissue. An expert pathologist endorsed the
inclusion of both goiter and normal thyroid tissue samples,
which had been examined on two distinct microscopic slides.
Histopathological examinations of 36 samples of thyroid tis-
sue revealed 18 to be benign goiter, while the remaining
18 were classified as normal thyroid. Initially, there were
many more participants, but they were later excluded due
to dissatisfaction. The histopathological analysis was per-
formed in a third-party laboratory. According to the 7t
edition of the American Joint Committee on Cancer Tumor-
Node-Metastasis (TNM) staging system, tumor staging was
acknowledged.

RNA extraction and cDNA synthesis

Fresh tissues were immersed in RNAlater fixation solution
(Ambion Life Science Company, USA) according to the man-
ufacturer’s instructions, and incubated at 4°C for 24h.
For long-term preservation, tissues were stored at —70°C
once they had been removed from the fixation solution.
After treatment with RNAlater, tissues weighing 50 +5mg
were rinsed in a standard saline solution (0.85% NaCl). Fol-
lowing the immersion in liquid nitrogen, the tissues were
pulverized in a mortar. Total RNA was extracted using
Biobasic Company’s extraction solution (Bio Basic-Canada,
Lot: BS410A-N116DR0J). To eliminate residual genomic DNA,
DNase treatment was carried out according to the manu-
facturer’s instructions (Thermo Fisher Scientific, Germany,
Lot: 00645766). cDNA was synthesized using random hexam-
ers as per the manufacturer’s instructions (Thermo Fisher
Scientific, USA, Lot: 00645766).

Primer designing

The exon-junction primers were created using Beacon
Designer 8 software (Premier Biosoft USA). In order to ensure
the absence of primer dimers and additional loop forma-
tion, Oligo7 software (Molecular Biology Insights, USA) was
employed to select primers devoid of secondary structures.
Table 1 provides a comprehensive explanation of the primers
utilized in the investigation. To ensure data uniformity, the
GAPDH gene was selected as a calibrator. The primer melting
temperature was determined through temperature gradient
PCR.

Reverse transcriptase-semiquantitative PCR
(RT-qPCR)

RT-gPCR was conducted in a final volume of 12 plL using
an Amplicon kit (SYBR Green RealQ Plus 2x Master Mix,

Product
Size (bp)

151

107

(°C)

Tm
60
58

Primer
length (bp)

24
20

GCCATGTTCTTGCT-
CCACCACCCTGTTGCTGTAG-

3y

F: 5’- CAGGACACCAT-
A list of genes and the accession numbers of their corresponding transcripts is provided. Beacon designer and oligo software scores of primers are added. The length of the primers,

GAGGAACAGCG

-3
F: 5’- CCACTCCTCCAC-

CTTTGACG

CACGTCCC
-3’

Sequence

R:5’-
R:5’-

671
769

Oligo7 scores
948
814

741
913

55.9 66
82.5

81

.6
.6

Beacon designer scores

66
73

Ensemble
transcript ID
00354822.7
ENST00000
229239.10

The characteristics of the primers.
ENSTO000

melting temperature and size of the PCR product are included.

F, Forward primer; R, Reverse primer; P, PCR Product.

name
NKX2-1

Table 1
Gene
GAPDH
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Table 2 NKX2-1/H19 IncRNA interactions information.

Query Target Energy Query sequence Target sequence
(Ensemble) (Ensemble) (kcal/molL)
H19 NKX2-1 —20.5635 CAGGAGGGAGG CTCTGCCTCACC
(ENSG00000 (ENSG000 ATGGTGCAGGCAGGG GCTTCCCTCCTG
130600) 00136352) —20.4704 AGGAGGGAGGATG CCAGCCTCCCG
GTGCAGGCAGGGGTGA CCCGCTGAGCTGCCCGC
GGAGCGCAGCGGGCGGC ACCTCGGCATTCGCCCCCTCCT
GAGCGGGAGGCACTGG
—18.7086 GGAGGGAGGATGGTGCA CGCTCTGCCTCACCGC
GGCAGGGGTGAGGAGCG TTCCCTCCTGCCCGCCACA
CAGCGGGCGGCGAGCG CAGACCACCATCCACCGCTGCTCC
—17.6552 GGGCAGGGAGGG CTGCCTCACCGC
AGCACAGGGGTGG TTCCCTCCTGCCC
—17.4529 TGGGGAAGTGGGG CCAGCGCTCTGCCTC
AACCGAGGGGCAACCAG ACCGCTTCCCTCCTGCC
GGGAAGATGGGGTGCTGG CGCCACACAGACCACCA
—16.9186 GGAGGGAGGATG TCTGCCTCACCGCT
GTGCAGGCAGGGGTGAGGAG TCCCTCCTGCCCGCCACACAG
CGCAGCGGGCGGCGAGCGGG ACCACCATCCACCGCTGCTCC
Total —-111.77

A RIblast analysis predicted six local base-pairing interactions between H19 IncRNA (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.

An exemplification of the maximal local interactivity of base-pairing between NKX2-1 mRNA and H19 IncRNA is presented.

Fig. 1

‘.-"" \
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The red color denotes the complementary base pairing between guanine and cytosine, while the yellow color represents that of
adenine and thymine. Additionally, there exists an inadequate base pairing, denoted by green and blue colors.

Denmark, Lot: A323402). Initial denaturation and enzyme
activation were performed at 95°C for 15min. The first
40 cycles consisted of primer extension at 72°C for 30s,
annealing at Tm temperature, and denaturation at 95°C. All
reactions were performed in triplicate with a non-template
negative control.

Melting curve analysis

The specificity of the RT-qPCR reaction was assessed by
melting curve analysis. This commenced at 55°C and grew
by 1°C until it reached 95°C. A fluorescent alteration in
the green channel was detected and documented for each
degree Celsius that the temperature surpassed the baseline
level.

Statistical analysis

Using the t-test, the mean expression level of the NKX2-1
gene in goiter tissues was compared with that in their cor-
responding adjacent normal tissues. The relative expression
of the NKX2-1 gene was evaluated using the Livak method.?

Results
NKX2-1 interacts with H19 IncRNA

Rlblast predicted six local base-pairing interactions between
NKX2-1 and H19, as outlined in Table 2. The cumula-
tive interaction energy of these local base-pairing was
—111.77 kcal/moL. Among these interactions, the maximum
local base-pairing interaction energy was —20.56 kcal/moL,
which 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 IncRNA. H19 and
has-miR-1827 share overlapping sequence, which is bolded and underlined.

mentary Figs. S1-S5 offer graphical representations of the
remaining five local base-pairing interactions.

hsa-miR-1827 binding site overlaps with H19
targeting NKX2-1

We identified seven microRNA molecules targeting NKX2-1
including hsa-miR-7107-3p, hsa-miR-6753-3p, hsa-miR-323a-
5p, hsa-miR-1286, hsa-miR-6797-5p, hsa-miR-1249-5p and
hsa-miR-1827. Only hsa-miR-1827 showed similar binding
site on the 3’UTR of NKX2-1 as H19 IncRNA (Fig. 2).

NKX2-1 and H19 exhibit the highest expression in
thyroid tissue

Simultaneous overexpression of both NKX2-1 and H19 was
observed in normal thyroid tissue, as illustrated in Fig. 3.
An analysis of tissue-specific gene expression patterns
using the GTEx portal. There is a high level of expres-
sion of the transcription factor NKX2-1 in thyroid tissue
(median TPM =352.6), a lesser degree in lung tissue (median
TPM=289.67), and a very low level of expression in various
parts of the brain tissue (median TPM=5.622-2.180). H19
IncRNA can be found in a variety of tissues, but it appears
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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)
and different parts of brain tissue (median TPM=5.622-2.180). H19 IncRNA can be found in a variety of tissues. However, it appears
to co-express with NKX2-1 primarily in normal thyroid tissues and then in the lungs.

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

Analysis of the melting curve

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

Analysis of RT-qPCR data

The NKX2-1 gene expression levels were evaluated in goi-
ter tissues and their respective adjacent normal tissues, as
depicted in Table 3. Our findings indicate a significant upreg-
ulation of the NKX2-1 gene in goiter tissues when compared
to normal tissues, as evidenced by the relative expression
value of 1.195 (p=0.038).

Discussion

The presence of thyroid nodules in the later stages of
adulthood carries a significant risk of malignant lesions.?'
However, the genetic basis of nodular goiter remains
unknown. A specific mutation in NKX2-1 has been associ-
ated with both benign multinodular goiter and malignhant
Papillary Thyroid Cancer (PTC).?? There is a correlation
between the SNP rs944289 located in the NKX2-1 gene and
an increased risk of thyroid cancer.?® There has been a report
of NKX2-1 gene rearrangements in T-cell acute lymphoblas-
tic leukemia.?* These findings suggest an oncogenic role for
the NKX2-1 gene. But unexpectedly, we observed that the
NKX2-1 gene expression in PTC demonstrated no significant
alterations (p=0.885).2

To elucidate our observation in conjunction with the
knowledge that NKX2-1 functions as a marker for thyroid
differentiation, an investigation was conducted to ascer-
tain the potential regulatory molecule(s) responsible for

controlling NKX2-1 expression. In the meantime, substan-
tial overexpression of the H19 IncRNA was reported in cases
of nodular goiter,'? with the targets of this non-coding RNA
remaining elusive. The findings of our investigation have
validated that the H19 regulatory IncRNA engages in inter-
actions with the 3’UTR of NKX2-1 mRNA at six distinct
sequences. Remarkably, the sequence exhibiting the most
pronounced affinity for H19 coincides with has-miR-1827
binding site.

Moreover, RNAseq analysis revealed that H19 is co-
expressed with NKX2-1 in normal thyroid tissue. Then we
found that normal thyroid tissue expresses the highest level
of NKX2-1, followed by lung tissue at a quarter level. Exag-
gerated expression in thyroid tissue is significance since the
gene induces tissue specificity via transcription and reg-
ulation of thyroid-specific genes.?® The expression of the
NKX2-1 gene exhibits a significant correlation with follicu-
lar production, viability of follicular cell precursors, and the
expression of thyrocyte-specific genes during maturity.?”-2
It is interesting to note that mice with NKX2-1 expression
loss frequently presented with adenomas, alongside thyroid
follicle atrophy.?’ Taking all these factors into considera-
tion, NKX2-1 gene expression caused thyroid-specific genes
to transactivate and to keep differentiation status of the
tissue.

The decrease in NKX2-1 expression is linked to the trans-
formation of thyroid adenomas into thyroid carcinomas, and
the gradual decrease in its localization in the nucleus cor-
responds to thyroid tumor dedifferentiation.>® Moreover, a
study found that NKX2-1 expression was higher in 100% of
differentiated follicular adenomas, but in 0% of undifferen-
tiated anaplastic carcinomas.®' The findings of our current
investigation indicate a marked elevation in the expression
level of the NKX2-1 gene in tissues exhibiting benign nodular
goiter when compared to their adjacent normal tissues. We
propose that the overexpression of the NKX2-1 gene may
be an effective strategy for preventing tumor progression
through the maintenance of the differentiation status of
nodular goiter cells. As a further explanation, our differen-
tiated malignant PTC tissues were shown to not differently
expressed NKX2-1,% and microarray meta-analysis supports
the finding (adj. p value =1). It appears that NKX2-1 is essen-
tial for maintaining the normal configuration and function
of differentiated thyroids as well as inhibiting the aggres-
sive expansion of the thyroid. Differentiated PTC tissues are
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Fig. 4 A visual representation of the melting curve is provided. The peak at 83°C indicates the high quality of NKX2-1 gene
amplification. The absence of an additional peak suggests a lack of by-products during RNA amplification.

Table 3 Comparison of NKX2-1 gene expression between
nodular goiter tissues and adjacent normal tissues.
Gene name  Relative p-Value Result
expression
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.

GAPDH, Glyceraldehyde 3-Phosphate Dehydrogenase; NKX2-1,
NK2 Homeobox-1.

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

Mechanistically, it could be proposed that H19 IncRNA
overexpression in nodular goiter could sponge hsa-miR-1827
and induce the expression of the thyroid differentiation
marker, NKX2-1. We did not, however, approve this matter
within our laboratory; nevertheless, we are strongly dedi-
cated to implementing it in our future endeavors. According
to the authors, MYCL1,32 MDM2/TP53,3* RBX1/CRKL' and
SFRP1'3 are the only identified target genes of hsa-miR-1827.
Our research findings suggest that the maintenance of the

highest level of differentiation status in the benign goiter
could potentially serve as an approach employed by impov-
erished benign cells to impede malignancy advancement.

Conclusion

We discovered for the first time that the NKX2-1 mRNA was a
target for the H19 IncRNA regulatory molecule. Moreover we
found that has-miR-1827 binds to an overlapping sequence
as H19 binds to NKX2-1. The expression levels of NKX2-1
mRNA were also found to be markedly higher in the tissues
of nodular goiters compared to normal tissues.

Author’s contributions

S-M.J.: Conceptualization, design, data analysis, interpreta-
tion, financial support, manuscript drafting, critical revision
for critical intellectual contents, and final approval of the
manuscript.

Funding

This study was conducted at University of Isfahan and was
supported financially by the Departments of Research, Tech-
nology and Graduate Offices (Grant number: A1097997).

Ethics approval and consent to participate

All patients recommended for thyroid surgery had to sign
a consent form. The acquisition of human tissues was
approved by University of Isfahan institutional review board.
All the experiments and procedures performed in this study



S. Javadirad

specially but not limited to human participants were in
accordance with the 1964 Helsinki declaration and its later
amendments or comparable ethical standards. Authors sin-
cerely thank the volunteers for their participation.

Data availability statement

Bulk tissue expression data are available
at GTEX portal via the following URL:
https://www.gtexportal.org/home/downloads/adult-gtex.

Conflicts of interest

The author declares no conflicts of interest.

Appendix A. Supplementary data

Supplementary  material related to this arti-
cle can be found, in the online version, at
doi:https://doi.org/10.1016/j.bjorl.2024.101409.

References

1. Smith JJ, Chen X, Schneider DF, Broome JT, Sippel RS, Chen H,
et al. Cancer after thyroidectomy: a multi-institutional experi-
ence with 1,523 patients. J Am Coll Surg. 2013;216:571-7.

2. Chevillard S, Ugolin N, Vielh P, Ory K, Levalois C, Elliott D,
et al. Gene expression profiling of differentiated thyroid neo-
plasms: diagnostic and clinical implications. Clin Cancer Res.
2004;10:6586-97.

3. Landa I, Ibrahimpasic T, Boucai L, Sinha R, Knauf JA, Shah
RH, et al. Genomic and transcriptomic hallmarks of poorly
differentiated and anaplastic thyroid cancers. J Clin Invest.
2016;126:1052-66.

4. Thorwarth A, Sarah SH, Schrumpf P, Miiller I, Jyrch S, Dame C,
et al. Comprehensive genotyping and clinical characterisation
reveal 27 novel NKX2-1 mutations and expand the phenotypic
spectrum. J Med Genet. 2014;51:375-87.

5. Kimura S, Hara Y, Pineau T, Fernandez-Salguero P, Fox CH, Ward
JM, et al. The T/ebp null mouse: thyroid-specific enhancer-
binding protein is essential for the organogenesis of the thyroid,
lung, ventral forebrain, and pituitary. Genes Dev. 1996;10:60-9.

6. Acebron A, Aza-Blanc P, Rossi DL, Lamas L, Santisteban P. Con-
genital human thyroglobulin defect due to low expression of
the thyroid-specific transcription factor TTF-1. J Clin Invest.
1995;96:781-5.

7. Ferrara AM, De Michele G, Salvatore E, Di Maio L, Zampella
E, Capuano S, et al. A novel NKX2.1 mutation in a family
with hypothyroidism and benign hereditary chorea. Thyroid.
2008;18:1005-9.

8. Narumi S, Muroya K, Asakura Y, Adachi M, Hasegawa T.
Transcription factor mutations and congenital hypothyroidism:
systematic genetic screening of a population-based cohort of
Japanese patients. J Clin Endocrinol Metab. 2010;95:1981-5.

9. Krude H, Schiitz B, Biebermann H, von Moers A, Schnabel D,
Neitzel H, et al. Choreoathetosis, hypothyroidism, and pul-
monary alterations due to human NKX2-1 haploinsufficiency. J
Clin Invest. 2002;109:475-80.

10. Runkle EA, Rice SJ, Qi J, Masser D, Antonetti DA, Winslow MM,
et al. Occludin is a direct target of thyroid transcription factor-1
(TTF-1/NKX2-1). J Biol Chem. 2012;287:28790-801.

11. Snyder EL, Watanabe H, Magendantz M, Hoersch S, Chen TA,
Wang DG, et al. Nkx2-1 represses a latent gastric differentiation
program in lung adenocarcinoma. Mol Cell. 2013;50:185-99.

12. de Figueiredo WLD, Lopes EF, Jezini DL, Marcal LN, Assuncao
EN, Rodrigues PRR, et al. Differential gene expression profile of
multinodular goiter. PLoS One. 2022;17:1-11.

13. Zhao C-M, Li L-L, Xu J-W, Li Z-W, Shi P, Jiang R. LINC00092
suppresses the malignant progression of breast invasive duc-
tal carcinoma through modulating SFRP1 expression by sponging
miR-1827. Cell Transplant. 2022;31:096368972210869.

14. Ho CS, Noor SM, Nagoor NH. MiR-378 and MiR-1827 regulate
tumor invasion, migration and angiogenesis in human lung
adenocarcinoma by targeting RBX1 and CRKL, respectively. J
Cancer. 2018;9:331-45.

15. Chen J, Li Z, Yue C, Ma J, Cao L, Lin J, et al. Human
umbilical cord mesenchymal stem cell-derived exosomes carry-
ing miR-1827 downregulate SUCNR1 to inhibit macrophage M2
polarization and prevent colorectal liver metastasis. Apoptosis.
2023;28:549-65.

16. Fukunaga T, Hamada M. Rlblast: an ultrafast RNA-RNA inter-
action prediction system based on a seed-and-extension
approach. In: Hofacker |, editor. Bioinformatics, 33. 2017. p.
2666-74.

17. Darty K, Denise A, Ponty Y. VARNA: Interactive drawing
and editing of the RNA secondary structure. Bioinformatics.
2009;25:1974-5.

18. Chen Y, Wang X. miRDB: an online database for predic-
tion of functional microRNA targets. Nucleic Acids Res.
2020;48(D1):D127-31.

19. Lonsdale J, Thomas J, Salvatore M, Phillips R, Lo E, Shad S, et al.
The Genotype-Tissue Expression (GTEx) project. Nat Genet.
2013;45(6):580-5, http://dx.doi.org/10.1038/ng.2653.

20. Livak KJ, Schmittgen TD. Analysis of relative gene expression
data using real-time quantitative PCR and the 2-AACT method.
Methods. 2001;25:402-8.

21. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R.
Worldwide increasing incidence of thyroid cancer: update on
epidemiology and risk factors. J Cancer Epidemiol. 2013;2013,
965212.

22. Yamaguchi T, Hosono Y, Yanagisawa K, Takahashi T. NKX2-1/TTF-
1: an enigmatic oncogene that functions as a double-edged
sword for cancer cell survival and progression. Cancer Cell.
2013;23:718-23.

23. Ngan ESW, Lang BHH, Liu T, Shum CKY, So M-T, Lau DKC,
et al. A germline mutation (A339V) in thyroid transcription
factor-1 (TITF-1/NKX2.1) in patients with multinodular goiter
and papillary thyroid carcinoma. J Natl Cancer Inst. 2009;101:
162-75.

24. Homminga |, Pieters R, Langerak AW, Rooi JJ, Stubbs A, Verste-
gen M, et al. Integrated transcript and genome analyses reveal
NKX2-1 and MEF2C as potential oncogenes in T cell acute lym-
phoblastic leukemia. Cancer Cell. 2011;19:484-97.

25. Mokhtari M, Javadirad S-M, Kolahdouzan M. Can use NKX2-1 gene
as indicator of differentiation of papillary thyroid carcinoma? J
Gorgan Univ Med Sci. 2022;23:33-9.

26. Guazzi S, Price M, De Felice M, Damante G, Mattei MG, Di Lauro
R. Thyroid nuclear factor 1 (TTF-1) contains a homeodomain
and displays a novel DNA binding specificity. EMBO J. 1990;9:
3631-9.

27. Guan L, Zhao X, Tang L, Chen J, Zhao J, Guo M, et al. Thyroid
transcription factor-1: structure, expression, function and its
relationship with disease. Biomed Res Int. 2021;2021, 9957209.

28. Mio C, Baldan F, Damante G. NK2  home-
obox gene cluster: Functions and roles in
human diseases. Genes Dis. 2023;10(5):2038-48,

http://dx.doi.org/10.1016/j.gendis.2022.10.001.

29. Kusakabe T, Kawaguchi A, Hoshi N, Kawaguchi R, Hoshi S, Kimura
S. Thyroid-specific enhancer-binding protein/NKX2.1 is required
for the maintenance of ordered architecture and function of the
differentiated thyroid. Mol Endocrinol. 2006;20:1796-809.


https://www.gtexportal.org/home/downloads/adult-gtex
https://doi.org/10.1016/j.bjorl.2024.101409
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0005
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0010
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0015
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0020
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0025
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0030
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0035
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0040
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0045
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0050
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0055
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0060
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0065
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0070
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0075
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0080
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0085
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0090
dx.doi.org/10.1038/ng.2653
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0100
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0105
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0110
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0115
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0120
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0125
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0130
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0135
dx.doi.org/10.1016/j.gendis.2022.10.001
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0145

Brazilian Journal of Otorhinolaryngology 2024;90():101409

30. Zhang P, Zuo H, Nakamura Y, Nakamura M, Wakasa T, Kakudo K.

31.

Immunohistochemical analysis of thyroid-specific transcription
factors in thyroid tumors. Pathol Int. 2006;56:240-5.

Nonaka D, Tang Y, Chiriboga L, Rivera M, Ghossein R. Diagnostic
utility of thyroid transcription factors Pax8 and TTF-2 (FoxE1)
in thyroid epithelial neoplasms. Mod Pathol. 2008;21:192-200.

32.

33.

Xiong F, Wu C, Chang J, Yu D, Xu B, Yuan P, et al. Genetic varia-
tion in an miRNA-1827 binding site in MYCL1 alters susceptibility
to small-cell lung cancer. Cancer Res. 2011;71:5175-81.

Zhang C, Liu J, Tan C, Yue X, Zhao Y, Peng J, et al. microRNA-
1827 represses MDM2 to positively regulate tumor suppressor
p53 and suppress tumorigenesis. Oncotarget. 2016;7:8783-96.


http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0150
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0155
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0160
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165
http://refhub.elsevier.com/S1808-8694(24)00024-7/sbref0165

	NKX2-1 gene is targeted by H19 lncRNA and is found to be overexpressed in benign nodular goiter tissues
	Introduction
	Methods
	Prediction of mRNA-lncRNA interactions
	Identification of miRNA with the same binding site as H19 against NKX2-1
	Tissue-specific expression analysis
	Tissue samples
	RNA extraction and cDNA synthesis
	Primer designing
	Reverse transcriptase-semiquantitative PCR (RT-qPCR)
	Melting curve analysis
	Statistical analysis

	Results
	NKX2-1 interacts with H19 lncRNA
	hsa-miR-1827 binding site overlaps with H19 targeting NKX2-1
	NKX2-1 and H19 exhibit the highest expression in thyroid tissue
	Analysis of the melting curve
	Analysis of RT-qPCR data

	Discussion
	Conclusion
	Authors contributions
	Funding
	Ethics approval and consent to participate
	Data availability statement
	Conflicts of interest
	Appendix A Supplementary data
	References


