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ABSTRACT

Thyroid canceris a prevalent endocrine malignancyaround the world. Radioactive®®iodine (**4) therapy is
widely applied in TCpatients, but the resistanceaffects its effectivenessin the clinics. Longnon-coding RN/
(IncRNAEGOThasbeenreported to inducean inhibitory effect on cancerprogressionbut the specificfunction
of EGOTin '3} resistanceof TCcellsremainsunclear.Here,we successfullyestablished™!-resistant TCcellsand
evaluatedthe impact of EGOTon **} resistancein the cells. Our data showedthat EGOTand PTENexpressiot
was reduced but the miR-641 expressionwas enhancedin 3Y-resistant TC cells. EGOTinhibited viability,
induced apoptosisand enhancedDNA damagein **!-resistant TCcells. Mechanically,we identified that EGO
induced PTENexpressionby targeting miR-641in 131kresistant TCcells. Moreover, the depletion of PTENand
miR-641 mimic reversedEGOTrelieved 3} resistanceof TCcellsin vitro. Thus,we concludethat INcRNAEGO
attenuated Y resistanceof TCcells by targeting miR-641/PTENaxis. The clinical functions of EGOTin TC

therapy deserveto be validatedin future exploration.

INTRODUCTION

Thyroid cancer(TC) is the most prevalentendocrine
malignancyaroundthe world, especiallyin women,and
showsan increasingtrend annually [1, 2]. At present,
the operativetreatmentis the standardtherapyfor TC
patients[3]. In additionto surgicalmethod,radioactive
iodine (*31) therapyis also widely applied in those
patients with advancedfollicular cell-derived TC, to
potentially eradicatethe residuallesions after surgery
[4]. However,somepatientswould show3Y resistance
dueto local recurrenceanddistancemetastasi®r other
reasons[3]. Hence,it is urgentto develop effective
adjuvant therapeuticstrategiesfor patients with 134
resistance.

Over the past decades,the discovery of noncoding
RNAs hasgreatlyimprovedthe developmenbf cancer
research. Among which, long noncoding RNAs
(IncRNASs) are defined as a class of RNAs with a
sequencdongerthan200 nucleotidesandareinvolved
in almost every step of carcinogenesisthrough
functioning as miRNA spongesand participatesin the
ceRNA network [5]. The participationof IncRNAs in
therapeuticresistanceis also widely studied [6, 7].
Eosinophil granule ontogenytranscript (EGOT) is an
antisensentronic long noncodingRNA expressecby
ITPR1, whose function remains unclarified [8]. A
recentstudy suggestedhat EGOT could stimulatethe
sensitivity of breastcancercells to paclitaxel through
enhancingautophagosomaccumulation[9]. However,
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the connectionbetween EGOT with thyroid cancer,
especiallythe 31 resistancehas not beendetermined
yet.

MIiRNA is a highly conservedtype of endogenous
noncodingRNA, closely relatedto cancerprogression
via targeting numerousmRNAs and interfering gene
expression[10]. MiR-641 is a miRNA that functions
differently uponvaried cancercontext.It is reportedto
act as an activator of ERK signaling through directly
targetingNF1, and facilitatesthe erlotinib resistanceof
NSCLS cells [11]. A recentstudy indicatedthat miR-
641is involvedin PTEN-relatedmigrationandinvasion
of cervical cancercells [12]. However,the function of
miR-641in TC is still elusive.PTENis arepresentative
tumor suppressorandwasfoundto below expressedh
variouscancersncluding thyroid cancer[13]. The loss
of PTEN is associatedwvith therapeuticresistanceof
severalcancerg14, 15]. However,the directconnection
betweenmiR-641 and PTEN in thyroid canceris still
notclear.

In this work, we successfullyestablished® resistant
thyroid cancer cell lines, and observed a notably
declinedlevel of IncRNA EGOT in 31 resistantcells.
Mechanically,we proposedhat EGOT functionedasa
spongeof miR-641, suppressedell viability, enhanced
apoptosisand DNA damage.Further study identified
tumor suppressoPTEN asa targetof miR-641, which
establishecin EGOT/miR641/PTENregulatoryaxisin
3] resistantthyroid cancer.Our work provideda new
perspectiveand potential targetfor the therapyof 34
resistanthyroid cancer.

RESULTS
The establishmentof 13} -resistant TC cells

To evaluate the effect of IncRNA EGOT on 34
resistancef TC cells, we constructeahe 134 -resistant
TC cells by continuouslyexposingFTC-133, TPC-1,
and BCPAP cells with *3Y. After continuouspassage
for 8 generations, '3Y-resistant TC cells were
successfullyconstructedwith increaseof 1311 median
lethal intensity comparedwith 3!-sensitiveFTC-133
and TPG-133 cells, as demonstratedhe IC50 of 134
using CCK-8 assay (Figure 1A and Supplementary
Figure 1A). The cell viability of **4-resistantTPC-1
and FTC-133 cells was significantly enhanced
comparedvith TPCG-1 and FTC-133 cells (Figure 1B).
As expected, *!l-resistant FTC-133, TPCG1, and
BCPAP cell apoptosiswere significantly repressed
comparedwith FTC-133, TPCG-1, andBCPAPcells, in
which 31 treatment inhibited the cell apoptosis
(Figure 1C, 1D, and SupplementaryFigure 1B). In
addition,the expressiorDNA damagemarkera-H2AX

was inhibited in 13Y-resistantFTC-133, TPCG-1, and
BCPAPcellsrelativeto FTC-133, TPC-1, andBCPAP
cells, while the treatmentof 1311 ( 0 . 5 emh&hced
2-H2AX expressior(Figure1E, 1F, and Supplementary
FigurelC).

EGOT and PTEN expressionis decreasedand miR-
641 expressionis increasedin 134 -resistant TC cells

Then,we detectedhe expressiorof EGOT, miR-641,

and PTEN in *3-resistantTPC-1 and FTC-133 cells.

We found that the EGOT and PTEN expression
wasreducedbut miR-641 expressiorwasenhancedn

3 -resistant FTC-133, TPCG1, and BCPAP cells

comparedwith TPC-1 and FTC-133 cells (Figure 2

and SupplementaryFigure 2Ai 2C). Meanwhile, the

expressiorof EGOT andPTEN wasreducedout miR-

641 expressiorwasenhancedn theclinical TC tissues
(Supplementaryigure2D).

EGOT repressesviability, enhancesapoptosis and
inducesDNA damagein 3% -resistant TC cells

Next, we analyzedthe effect of EGOT on malignant
phenotypesof 13Y-resistantTPC-1 and FTC-133 cells.
The *l-resistantFTC-133, TPCG-1, and BCPAP cells
weretransfectedvith EGOT overexpressionectorsand
the efficiencywasconfirmedin the cells (Figure3A and
Supplementary Figure 3A). Meanwhile, the over
expressionof EGOT reduced **4-resistant FTC-133,
TPC1, and BCPAP cell viabilities comparedwith the
control plasmid (Figure 3B, 3C, and Supplementary
Figure 3B). The 34-resistant FTC-133, TPG1, and
BCPAP cell apoptosis were stimulated by the
overexpressionof EGOT comparedwith the control
plasmid(Figure 3D and Supplementaryigure3C). The
o-H2AX levels were induced by EGOT in the 134-
resistantFTC-133, TPC-1, and BCPAP cells compared
with the control plasmid(Figure 3E and Supplementary
Figure 3D). Meanwhile, we validated that the
overexpressiorof EGOT repressedhe migration and
invasionof 13Y-resistantFTC-133, TPG-1, and BCPAP
cellscomparedvith the control plasmid(Supplementary
FiguredA, 4B).

LncRNA EGOT servesas a spongeof miR-641 to
enhancePTEN expressionin 134 -resistant TC cells

We thenfound the binding sidewithin EGOT andmiR-
641 in the ENCORI databasd€Figure 4A). We treated
13 -resistantFTC-133, TPG1, and BCPAP cells with
miR-641 mimic and verified the enhancedmiR-641
expressionin the cells (Figure 4B and Supplementary
Figure5A). The treatmeniof miR-641 mimic repressed
luciferaseactivity of EGOT, but not EGOT mutant,in
3] -resistant FTC-133, TPG1, and BCPAP cells
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compared with the control mimic (Figure 4C and
SupplementaryFigure 5B). The depletion of EGOT
inducedmiR-641 expressiorin the cells comparedvith
the control shRNA (Figure 4D and Supplementary I
Figure 5C). Meanwhile, the overexpressiorof EGOT
repressedmiR-641 expressionin the cells compared
with the control plasmid (Figure 4E). RNA pull-down
assaysidentified the direct interaction of EGOT and

MiR-641 (Figure4F).
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controlmimic (Figure5C andSupplementarfFigure6B).
Meanwhile, the overexpressionof EGOT enhanced
PTEN expressiorin the cells comparedwith the control
plasmid (Figure 5D). The silencingof EGOT repressed
PTEN levels while co-treatmentof miR-641 inhibitor
reversedhis effectin **4-resistanFTC-133, TPG1, and
BCPAPcells(Figure5E andSupplementarfFigure6C).
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Figure 2. EGOT and PTEN expression is decreased anf4hiBxpression is increased in 13Hsistant TC cell§A, B) The
gPCR analysis of EGOT3ih-resistant TP@ and FT@33 cells. ) The qPCR analysis of PTENYnresistant TPQ and FT@33 cells.
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that the overexpression BGOT reduced viabilities and
enhanced apoptosis dfli-resistant FT€133, TPC1,
and BCPAP cells comparedwith the control plasmid,
while miR-641 mimic or PTEN siRNA was able
to reverse these phenotypes (Figure 6Ai6D and
Supplementaryrigure 7). Meanwhile,the expressiorof
2-H2AX wasinducedby EGOT overexpressiofin 134-
resistantTPG-1 and FTC-133 cells comparedwith the
control plasmid, in which miR-641 mimic or PTEN
SiRNA couldblock thisimpact(Figure6E, 6F).

We then validated that the overexpressiorof EGOT
repressedhe tumor growth of TC cells in nude mice
comparedwith the control plasmid asdemonstratedy
the reducedtumor size, tumor volume, and tumor
weight (Figure 7Ai1 7C and SupplementaryFigure 7).
The overexpressionof EGOT was validated in the
model(Figure7D).

DISCUSSION

TC is endocrinecancerglobally with severemorbidity
andmobility [3]. Radioactive*®ll therapyis widely used
in TC patients but the 134 resistanceis a common
clinical challenge due to the local recurrenceand
distancemetastasig3]. Here, we identified the critical

function of a IncRNA called EGOT in attenuating'®4

resistancef TC cells.

Previous studies have reported several InNcRNAs in

affecting 134 resistance of TC cells. NEAT1 inhibition
relives 34 resistance of TC cells by miR01-
3p/FN1/PI3K/AKT signaling [16]. LncRNA MEG3
contributes tc® | sensitivity by targeting miR.82 in
thyroid carcinomd17]. LncRNA CASC2 repressesl
resistance of TC cellsria sponging miR155 [18].

Meanwhile, it has been reported that IncRNA EGOT
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sensitizes paclitaxel cytotoxicity via enhancing
autophagy by upregulating ITPR1 expression in cancer
cells [9]. LncRNA EGOT modulates apoptosis and
proliferation by the miR33b-5p/CROT signaling in
colorectal cancer[19]. LncRNA EGOT represses
migration and viability of breast cancer cells by targeting
Hedgehog signalin§20]. LncRNA EGOT serves as the
tumor inhibitor of renal cell carcinoma ce]&l]. These
reports indicate that EGOT may serve as a tumor
suppressor in cancer development, but the function of
EGOT in TC remains unclear. In this study, we
successfully established® resistant TC cells and

identified a decreased expression of EGOT and PTEN
and increased miB41 expression iRy resistant TC
cells. Meanwhile, EGOT inhibited viability, induced
apoptosis and enhanced DNA damagé?dth resistant
TC cells. Our data provide an innovative function of
IncRNA EGOT in TC and present the effect of EGOT
on ¥ resistant TC cells, demonstrating a new
regulatory mechanism of the regulation'#f resistance

in TC. Interestingly, the treatment d#1 (0.5 mCi)
enhant#ti@dX oexpr es s iFHZAX, wasb u t
inhibited in ¥4 -resistant TC cell lines, which was
consistent with the previous repofts].
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Moreover, it has been reported that theregulation of
miR-641 induces erlotinib resistance by inhibiting
NF1 in nonsmalktcell lung cancer[11l]. LncRNA
LINC01963 represses pancreatic carcinoma progression
via regulating miR641/TMEFF2 axis[22]. LncRNA
TUSCS8 suppresses cervical cancer cell migration/
invasion by miR641/PTEN signaling[12]. These
reports indicate that miB41 is associated with the drug
resistance and may serve as a contributor to cancer
development. In addition, the correlation of PTEN
malignant progression of TC was widely reported. The
inhibition of EIk1 represses TC development by
modulating PTEN expression[23]. MiR-17-5p
contributes to autophagy and proliferation and inhibits

apoptosis of TC cells by targeting PTERR4].
LINC00893 decreases TC progression by regulating
AKT pathway through controlling PTENR5]. In the
present study, we identified that EGOT induced PTEN
expression by targeting mie41 in 13} resistant TC
cells. The depletion of PTEN and m&41 mimic
reversed EGOTelieved 3} resistance of TC cellin
vitro. These data provide new evidence that 1®R
serves as an important factor iifl resistance of TC
cells. The specific function of mi4l in TC
progression is needed to be further investigated in the
future. Meanwhile, our data provide new insights into
the mechanism involving EGOT, mi&41, and EGOT

in TC cells.

Figure 5. MiR641 can target PTEN i¥4-resistant TC cells(d) The binding side prediction of PTEN and-64R in the ENCORI
database. B, O The!3) -resistant TP@ and FT@33 cells were treated with miB41 mimic. B) Luciferase reporter gene assays of PTEN

Ywb! 0Q; ¢w

t dzO& B) $helgRCR arlalgzis af BTEN i $ié d@IShe Western blot analysis of re@R1 int3Y -resistant TPQ

and FT€133 cells treated with EGOT siRNA, otreated with EGOT siRNA and r&#RL inhibitor. mea + SD, *P < 0.01. Experiments were

repeated at least biological triplicates.
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