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Expression of Sodium-lodide Symporter
Depending on Mutational Status and
Lymphocytic Thyroiditis in Papillary Thyroid
Carcinoma
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Department of Internal Medicine, Seoul National University Hospital, Seoul National University College of Medicine, Seoul, Korea

Background and Objectives: Sodium-iodine symporter (NIS) is a marker for the degree of differentiafion in
thyroid cancer. The genetic factors or microenvironment surrounding tfumors can affect franscription of NIS. In
this study, we investigated the NIS mRNA expression according to mutational status and coexistent lymphocytic
thyroiditis in papillary thyroid cancer (PTC). Materials and Methods: The RNA expression levels of NIS in the
samples from database of The Caner Genome Atlas TCGA; n=494) and our institute (n=125) were analyzed.
Results: The PTCs with the BRAF*™ mutation and the coexistence of BRAF'™® and TERT promoter mutations
showed significantly lower expression of NIS (p<0.001, respectively), and those with BRAF-like molecular subtype
also had reduced expression of NIS (p<0.001). NIS expression showed a positive correlation with thyroid
differentiation score (=0.593, p<0.001) and negative correlations with expressions of genes involved in ERK
signaling (=—0.164, p<0.001) and GLUT-1 gene (r=—0.204, p<0.007). The PTCs with lymphocytic thyroiditis
showed significantly higher NIS expression (p=0.013), regardless of mutational status. Conclusion: The NIS
expression was reduced by the BRAF™ mutation and MAPK/ERK pathway activation, but restored by the
presence of lymphocytic thyroiditis.
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comprehensive studies of the genomic landscape of

Introduction

The sodium—iodide symporter (NIS) is a trans—
membrane glycoprotein that mediates active transport
of iodide into thyroid follicular cells and cancer cells,
the key mechanism of radioactive iodine (RAI) therapy
in thyroid cancer. Dedifferentiation of thyroid cancer is
related to the molecular alterations of proteins involved
in iodine metabolism, including NIS, which results in
the RAl-refractoriness.” The NIS transcription can be
modulated by genetic or epigenetic factors.2> The

thyroid cancer reported that there were the distinct
signaling and transcriptomic consequences according

VB0OE_jke molec—

to the molecular subtypes, and BRAF
ular subtype tumors showed lower expression of i0—
dine metabolism genes and higher transcriptional out—
put of mitogen—activated protein kinase/extracellular—
signal-regulated kinase (MAPK/ERK) signaling com—
pared to the tumors of RAS—lke and non—BRAF—
non—RAS subtypes_s'd) This suggests that the muta—
tional status may affect NIS expression, which can be

a key clue to determine the therapeutic effect of RAI
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In this study, we focused on SLC5A5 (NIS mRNA) ex—
pression in papillary thyroid carcinoma (PTC) accord—
ing to the mutational status or coexistent lymphocytic
thyroiditis  (LT), which reflects changes in tumor
microenvironment.

Materials and Methods

Patients and Genomic Data

The data on somatic mutations, mRNA expression,
and clinical information of 494 patients with PTC of
The Cancer Genome Atlas (TCGA) study were down—
loaded from the UCSC Cancer Browser (https://ge—
nome—cancer.ucsc.edu). The mRNA expression data,
which were generated using the llumina HiSeq V2
platform, were presented as reads per Kilobase million
(RPKM). A total of 387 samples had the TERT pro—
moter sequencing results from either llumina MiSeq or
whole genome sequencing. For validation, 125 pa—
tients with PTC (77 classical PTC and 48 follicular var—
iant of PTC) whose RNA sequencing data was avail—
able from our previous research” (hereafter, Seoul
National University Hospital [SNUH] database) were
included. The RNA seqguencing libraries were se—
guenced on the llumina HiSeqg 2000 platform, and
expression values were presented as fragments per
kilobase milion (FPKM). For detection of TERT pro—
moter mutations, we performed Sanger sequencing by
a previously described method.6> This study was ap—
proved by the institutional review board of the Seoul
National University Hospital, and was conducted in
accordance with the Declaration of Helsinki (approved
ID: H-1108-041-372).

Molecular Subtyping, Thyroid Differentiation Score,
and ERK Signature

We defined ‘BRAF-like” and ‘RAS—like’ molecular
subtypes, as was done in the previous studies,g"” in
which the tumor gene expression profile resembles
either the BRAF or RAS mutant profile.

Thyroid differentiation score (TDS) and ERK sig—
nature were also calculated by methods in the pre—
vious studies.>” The TDS ranks the PTC samples ac—
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cording to mRNA expression levels of a set of 16 thy—
roid function genes (iodine metabolism genes), and
reflects the degree of differentiation of samples. The
ERK signature is derived from mRNA expression levels
of a set of 52 MAPK signaling pathway genes, and
represents activation level of MAPK/ERK signaling
pathway.

Statistics

To compare the mRNA expression levels of NIS
among groups, the Wilcoxon—Mann—Whitney test or
the Kruskal-Wallis test was used. For comparisons of
TDS, ERK signature and SLC2A1 (GLUT—1 mRNA)
expression levels according to mutational status, the
analysis of variance test was used. The post hoc test
was performed by the Bonferroni method. Relationship
between NIS expression and TDS, ERK signature, or
GLUT—1 expression were evaluated by Pearson’s
correlation coefficient, Statistical significance was de—
fined as two—sided p values <0.05. All statistical anal—
yses were performed in R v3.4.2 (www.r—project.org).

Results

BRAFY®% Mutation Was Associated with a Lower
NIS mRNA Expression

We compared NIS mRNA expression levels ac—
cording to the well=known driver mutations, which are
associated  with  prognosis of thyroid cancer,
BRAF'®F  RAS  and TERT promoter mutations.
Among 494 PTC samples from TCGA study, the
BRAF'F and RAS mutations were found in 234
(47.4%) and 52 (10.2%) PTCs, respectively. TERT
promoter mutations were observed in 39 of 387
(10.1%) PTCs. The PTCs with the BRAF'®" mutation
showed significantly lower expression of NIS (p<
0.001, Fig. 1A), while those with RAS mutations
showed relatively higher NIS expression, although not
statistically significant (p=0.607, Fig. 1B). In the case
of TERT promoter mutations, expression of NIS was
significantly decreased (p<0.001, Fig. 1C), similarly to
the BRAF“*°°% mutation. When analyzed by consider—
ing the status of all three mutations, NIS expression
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Fig. 1. NIS mRNA expression according to mutational status. (A—E) The mRNA expression levels of SLC5A5 (NIS) from The
Cancer Genome Atlas (TCGA) database. Median expression levels of NIS according to mutational status of BRAFE (A
wild—type, n=260; mutant-type, n=234), RAS (B; wild—type, n=442; mutant—type, n=52), TERT promoter (C; wild—type, n=348;
mutant—type, n=39), their combination (D; none, n=107; BRAF, n=198; RAS, n=43; TERT, n=5; BRAF+TERT, n=28;
RAS+TERT, n=6), and molecular subtype (E; BRAF-lke, n=272; RAS—lke, n=119). (F-J) The mRNA expression levels of NIS
from the Seoul National University Hospital (SNUH) database. Median expression levels of NIS according to mutational status of
BRAF®F (F: wild—type, n=58; mutani-type, n=67), RAS (G: wid—type, n=101; mutani-type, n=24), TERT promoter (H:
wild—type, n=84; mutant-type, n=12), their combination (I; none, n=15; BRAF, n=50; RAS, n=19; TERT, n=3; BRAF+TERT,
n=7; RAS+TERT, n=2), and molecular subtype (J; BRAF—lke, n=81; RAS—like, n=35). SLC5A5: NIS gene, WT: wild—type, MUT:
mutant-type, B+T: BRAF+TERT, R+T: RAS+TERT, RPKM: reads per kilobase milion, FPKM: fragments per kilobase million

was decreased in the groups of BRAF only (p<0.001)
and BRAF+TERT (p<0.001) in comparison with the
no mutation group (Fig. 1D). The TERT only and
RAS+TERT groups showed lower NIS expression lev—
els, even though there was no statistically significant

difference due to the small number of samples in the
groups. When the PTC samples were classified as
BRAF-lke or RAS—like subtype according to the gene
expression pattern, we also confirmed that NIS ex—
pression was reduced in samples with BRAF-like
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molecular subtype (p<0.001, Fig. 1E).

Among 125 PTC samples from the SNUH database,
67 (53.6%) and 24 (19.2%) PTCs had the BRAF*"
and RAS mutations, respectively. TERT promoter mu—
tations were found in 12 of 96 (12.5%) PTCs. The
PTCs with BRAF'® or RAS mutations had a ten—
dency of lower NIS expression compared to the
wild—type PTCs or those with TERT promoter muta—
tions, but there was no statistically significance (Fig.
1F=1). NIS expression did not differ between BRAF—Ilike
and RAS—like molecular subtypes (Fig. 1J).

NIS Showed a Positive Correlation with lodine
Metabolism Genes and Negative Correlations with
GLUT—1 and Genes Involved in ERK Signaling

Next, 1o identify the associations of NIS mRNA ex—
pression with thyroid differentiation and MAPK/ERK
signaling pathway which is activated by the BRAF 0%
mutation, we used the gene set enrichment scores
such as TDS and ERK signature. Moreover, we ex—

>
lov)

amined the relationship between NIS and GLUT—1
mRNA expressions, because the previous studies®™®
reported that GLUT—1 expression is elevated in less
differentiated thyroid cancer, in contrast to NIS. In
TCGA database, NIS mRNA expression was positively
correlated with TDS which represents expression of
iodine metabolism genes (r=0.593, p<0.001; Fig.
2A), and negatively correlated with ERK signature (r=
—0.164, p<0.001; Fig. 2B) and GLUT—1 mRNA ex—
pression (r=—0.204, p<0.001; Fig. 2C). In the SNUH
database, NIS mRNA expression showed a positive
correlation with TDS (r=0.242, p=0.007) and a neg—
ative correlation with ERK signature (r=—0.381, p<
0.001), however, there was no significant association
with GLUT—1 mRNA expression (r=—0.066, p=0.464).

As previously reported, BRAF®F or TERT pro—
moter mutations occurred less—differentiated PTCs,
that is, TDS was lower in the groups with BRAF only
(p<0.001), TERT only (p=0.001), or BRAF+TERT (p<
0.001) compared to the no mutation group (Fig. 2D).

)

4- r=0.593, p<0.001 60 - r=-0.164, p<0.001 12 r=-0.204, p<0.001
p
3 ~
©
> g
k= 3
X n
14
Ll

L]
_4_
SLC5A5 SLC5A5 SLC5A5
D I No mutaton BBl BRAF Bl RAS [ TERT I BRAF+TERT EE RAS+TERT

Mutational status

TDS

ERK signature

SCL5A5

SCL2A1

Low [T High

Fig. 2. Associations of NIS mRNA expression with thyroid differentiation score, ERK signature, and GLUT—1 mRNA expression.
(A—C) The correlations between SLC5A5 (NIS) mRNA expression and thyroid differentiation score (TDS) (A), ERK signature (B),
SLC2A1 (GLUT—1) mRNA expression (C) from TCGA database. The mRNA expression levels were presented as reads per
kiobase milion (RPKM). r=the Pearson correlation coefficient. (D) The patterns of NIS expression, TDS, ERK signature, and GLUT—1
expression according to mutational status from TCGA database, SLC5A5: NIS gene, TDS: thyroid differentiation score, SLC2A1:
GLUT-1 gene
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The pattern of NIS mRNA expression was similar to
that of TDS (Fig. 2D). In contrast, ERK signature and
GLUT—=1 mRNA expression were higher in the BRAF
only and BRAF+TERT groups compared to the no
mutation group (p<0.001, respectively; Fig. 2D).

Lymphocytic Thyroiditis Restored a NIS mRNA
Expression

In a previous study of 134 PTC samples, im—
munohistochemistry was performed to detect NIS ex—
pression, and the BRAF'*%%
associated with a lower expression of NIS in PTCs

mutation was significantly

without Hashimoto’s thyroiditis, but not in those with
Hashimoto’s Ih\/roidms_g) Therefore, we investigated
the association between NIS mRNA expression and
LT. Interestingly, in TCGA dataset, PTC samples with
LT showed significantly higher NIS expression
(p=0.013, Fig. 3A). Furthermore, regardless of muta—
fional status of BRAF'®F RAS, and TERT, NIS ex—
pression was relatively preserved in LT—positive sam—
ples (Fig. 3B-D). When we analyzed the expression
according to BRAF—like and RAS—like molecular sub—
types combined with LT status, there was a gradually
increasing trend: BRAF—like without LT < BRAF-like
with LT < RAS—like without LT < RAS—like with LT
(p for trend <0.001, Fig. 3E).

The PTC subjects of the SNUH dataset also showed
significantly higher NIS expression in LT—positive
samples (p=0.003, Fig. 3F), regardless of mutational
status of BRAF'®F RAS, and TERT (Fig. 3G-I) or
molecular subtypes (Fig. 3J).

Discussion

In PTCs with the BRAF'®F mutation, NIS mRNA
expression was reduced, suggesting that BRAF /00
might be involved in the dedifferentiation of tumors.
The BRAF'" activated the MAPK/ERK pathway and
decreased the expression of iodine metabolism—re—
lated genes including NIS, and the GLUT—1 gene ex—
pression was increased with decreasing NIS
expression. On the other hand, in PTC with LT, NIS
mRNA expression was increased, indicating that LT
might play a role of restoring NIS expression.

Young Shin Song and Young Joo Park

The BRAF'F mutation is associated with a lower
NIS expression and lower RAI uptake.‘o'H> We con—
firmed this using a large number of RNA sequencing
data of PTC samples. These findings provide an evi—
dence of the use of inhibitors of BRAF-MAPK pathway
such as Selumetinib (MEK1/2 inhibitor),"” Dabrafenib
or Vemurafenib (BRAF inhibitors)'™ for re—differ—
entiation therapy of RAl~refractory thyroid cancer. The
mechanisms of RAl-refractory disease include the
decreased transcription of NIS by genetic and epi—
genetic regulation, and the diminished translocation of
NIS to the membrane of thyroid cancer cells for func—
tional activity,m A previous study demonstrated that the
NIS protein was retained in the cytoplasm regardless
of the BRAF "™ status in the PTC, while it was located
at the plasma membrane in normal thyroid tissues.
However, levels of NIS transcript were significantly re—
duced in the BRAF'*** —mutant PTCs than wild—type
PTCS,” Regarding RAS mutations, the expression of
NIS according to RAS mutations tended to increase in
TCGA dataset while it seemed to decrease in the
SNUH dataset, although both were not statistically
significant, However, as shown in Fig. 1D, when we
excluded the BRAF— or TERT—mutant samples from
the RAS wild—type group to exclude the effect of other
driver mutations, the NIS expression of the RAS—mu—
tant samples also tended to be lower than that of
wild—type samples in TCGA dataset similar to SNUH
dataset, but it was also not statistically significant.

Several studies showed that patients with tumors of
positive fluorodeoxyglucose (FDG)—positron emission
tomography (PET) scan are less likely to respond to
RAI therapy and have a worse prognosis than those
with tumors of negative FDG—PET scan.“‘m This
called ‘flip—flop phenomenon’, uptake of iodine—131
with no FDG uptake and vice versa.“” In this study,
there was a significant negative correlation between
NIS and GLUT—1 expressions, which can explain this
phenomenon, The BRAF /000
less—differentiated phenotype and lower expression of
iodine metabolism genes, while enhancing glucose

mutation may lead to

uptake and metabolism,
The effects of LT on PTC and its prognosis have
been controversial, However, in the majority of related
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17-20

studies, ' PTCs with coexisting LT was associated
with a lower frequency of extrathyroidal extension and
lymph node metastasis, lower pathologic stages, and
favorable prognosis, which was demonstrated in a
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metafanalysis.z” Moreover, other studies showed that
the presence of LT was a protective factor against
aggressiveness and progression of PTC, even in
BRAF—mutant patients.zz'zg) The precise mechanism of



this protective effect of LT has not been described yet,
but one of the possible mechanisms is that infiltrated
lymphocytes may cause tumor suppressive immune
reactions such as directly Kiling cancer cells or in—
hibiting thyroid cancer cell growth by secreting
cytokines. We showed that LT was associated with
restoration of NIS expression regardless of mutational
status. Our result may be another mechanism to ex—
plain the effects of LT on the favorable clinical out—
comes of PTC. Additional study is needed to validate
the mechanism.

In conclusion, the NIS expression was reduced by
the BRAF"®%F mutation and a subsequent MAPK/ERK
pathway activation, but restored by the presence of
LT. This may support the possible mechanism of the
more favorable prognosis of PTC patients with LT re—
gardless of BRAF mutation status.
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