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Abstract

I ntrodEd¢teivaned | evels of reactive o0XYygEe
proposed as a risk fmpapiolrl droy tthyr died ed
(PTC) in patientsitwidsh(MHBshi owevermhyriot
proven ttohtaatl tlheevel s of ROS are sufficier
car ci noMee e iog.hesi zed t hatncirfe atslead R®@S HI
ROS$ el ated genes would al soi tble HT.fferent
Met holdos :f i nd di ff ermgemteisal(IDyE GesxX p rwes saenda | y
from the Cancer Genomic Atlas, gene exp
33 fnroormma | thyroid tissue, 232 from PTC
with HT. We pwvkpaeddgfiee®0DfSome sets by
dat abase searching. We also analyzed a
resul ts.

ResuThismhnReOeS r el at ed reegqgrud satwear @ nu@PTC wi
whereas there were onHYCKrd qeavged npees <i n P
0.001) . fMeladn clhoagnegg@s!| atf edipgenes was 0. 56
and 0.252 iHhT R epvia(haoat = 0. 001). I n mioc
anal ysi s, -rlel aotfed 29 eRnCeSs s h o veexd rtelses | Daame
pattern with statistical sigrighlll carde .
RO8$ el at ed genwist weR@S rmdtagleadl i sm and ap:
funcrtélommt ed andrehatéedogemess stlT wer e en
group in Geeert SAmhalEwnsi € hm

Co n c | uQ@urresunls suggested that ROS levels may be increased in PTC

with HT. Increased levels of ROS may contribute to PTC development in



patients with HT.
KeywaRdactive oxygen species, Thyroid c¢
Gene expression, Bioinformatics
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0.093. FDRg-value < 0.25 was considered to indicstiaistical significance.
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The c laismsioccabla t we e n Has hi nfortTg tchthyrromii i t

' ymphocytic thyroiditis) and papillary
extenst vei ¢d, but the preci 9lé sealsatsi 0rEs
still being debated. r 86 eepteachi nmemal yhsaevse

shown that Pa@a€compédnegdehyl WT. HMnt er est i
is associated with a rheotweesrt arsaitse anfd nheacsk
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Materials and Met hods

TCGA data processing and making subgrouj

As of May 2014, TCGA dgr oampalhyase g erfl esasle
from 502 PTCpaorattiiaelnltys owpdrmh access. We ¢
i nf oramatdromal i 3eduRMNAI ngc cMRINtA resauwdl t s . F
outlines the gtrepidAo rRNAr sa@tqiureqircd inly dat
55Besul t s: 58 from normal POTRytoisduei saumn:
8 from met astsatmmipd ep wvatsered eaazb®, 531 r ows
oneolumn (read <count s, -Sé q. Ewbpyetcst avofi o RS
Maxi mi zati ondyar twilteh nuaenprearlr imzalt iboyn t he T
team. We 5i8ntheogmatied hyroi d tisswletanidnt4a®
a meable that compgermsed) 280nd 3850 ows!| umn
Eight remet d st dtrioan ti ssue wer ealelixcl uded
clinical records and ouadlhowdeodi sammif s m
Patients with ar ahdiisattaroyn ocefx p@xstuercnaMer e
becausaditati on coul dr ehlaavtee dd esdyr satiegrels KR OtSe ¢
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We split the PTC samptespanhol bgdocgsoap
PTC withoutwiHtTh athld. PATIC hough thenTCGA da
normalized, we verifiedatmmpé edenmauirtsel pleas
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Generat-ied@atR@A@S gene sets

We createdaetlhairtecad R@STeurseadasalt pysius.e Gene
was preparedhbdyNaeikaooai nGenter for Biot
Gene Expression Omni bus (NCBI GEO)
(http:/7/www. ncbi.nl m.hne hAmgioB0Yyegpnef iolnda:
database (http://amigo.geneontology.org
NCBI GEO profile databageneroedcards 18”d
Ami GO2 searehuremgdn®58 genseponse to our
frr eactive oxygen speci ersymehroomos sraepc oerndsso,.
extracted uniaque I|dPsne imarmasdi ng 364 uni
knotwwo be associ ated datveidt hshydsianmRDyWs ttehne.
Thienf ormati on for Genérfet she &epde3 Owa s
Consortium (http://geneontology.org/),
relabefireactive oxygen spgenesoanfGenat &
with Gene OntoRdmggs ploGx)e: 0t0O® 0 BROSO and G
containsanndt geeme swi th GO: 0072503, AROS
a result we compirleé¢e deamdtsotwlenoft h£402 hR@®

are combined.

Validation Study usin@GE®@uddtiabader oar r a\

To validate our resul taes gublm ¢ CGAc rd@aa rar,
repository EfxrpomstshenGeOmni bus ( GEO): #AGS
compi batewgpression profil esxoinmMucitsetdi nct
by Tomas aG

Thmi croarray platform use@enwane tUBd Af f



Version 2 Array. GC3E@2%Bledataxpgmoaes i an
vari ousf ttylpyersoi d ti ssues: 17 thhglrloii dul ar
carci nomas, 13 foPMiCeuyul ®PHLa] iHAMBt tMYC,i
hyper pl asHuast,hl &nd e9 | adenomas. We down
results served as #T.@EL onifniel eBTd rroars usli
analyze mi crmbackaryouwdrad acavitdicti on, nor ma
gene expressions-af RMA, ARee buasgeed) Mua ftfiy 0 p a «

in Bioconductor (http://www.bioconduct ol

Statistical anal ysi s

All statistical anallys$eps, werehpgr aphmed
i n the same3sthroongr @am.e FKitge.ps of our stat.i
di f f ereexnptrieaslsleyd genes (QPEGspPs amanegpeht t
one way ANOVAROt &3tl wietntesal ITo correct f al
multceomegari sons, t he Featlhssals Diuseday erwi thR
adj ugpvtad dues < 0. G5 acdomdiicarnédd a3 gni fi car
DEGs betthneeeTC-PaR&d gHODups t hat represen
expression accordinghto njousnal HVverasnud mae
applTiukeey s shagme dtilcyant di fference (HSD)
genes obtained from iautia)] 1ANOYAghedsi cc
t hat showexpféesieanhi phtt ePrTnC ignr oRITPC owd rys
using Tukeyo6s B8Dft ktersdlreoathetet eRtQS
DEGs that I nt4023eROBaAt avd t pendse t hat we
aboVkee dlmdnge of each DEGowd® wé algc elgataed
|l og2 (mean explFRTSG/imena nv ad xuper RiBriEliacon v al u

7



val i dar el a&RtOesd
gene expr e(skMA)N

p-val ue < 0.05

DEGs

i unn pnaititcreepda r way dpphi ec
bceotuwA®®@ smoa MmiTne PTC gr c

was considerdeidf fas e mt isatl a

expressionwbegweems t he t

(

PTC
n=232

Normal
n=33

HT-PTC
n =60

A

~

J

.

Total Number of Genes = 20,531

v v v

<ANOVA test >
Genes with FDR g-value <0.05 =10,811

v v

< Tukey’s HSD test >
DEGs Between
PTC and HT-PTC
FDR g-value <0.05=2,111

v

Select ROS-related Genes

v

Total Number of
ROS-related DEGs
=42

Fi gSt3eps in the

20,531 genes,

stati st iFoalm areal ysuild usse

wé eit dvertni ft iheRITRCT Zg) roEU@ssH T



Gene ontology (GO) and(G®&8EBA) set enrichm

After obtaining theROSrelated DEGs, we used ti®¥AVID (Database for
Annotation, Visualization anthtegrated Discovery Bioinformatic Resources
6.7)program to check empedsedbsbe@adsits RIOSMi nant |
related biologic function such a®OSproducing or ROSliminating
(scavenging) fronmicroenvironment [20]. We also checked gene ontology
enrichment using upegulated genes in HPTC orPTC group with DAVID
gene ontology analyzing tooLhe Gene Set Enrichment Analysis (GSEA)
programwas used for pathway analgdR1]. We initially inputtedall 20,531
gene expression counts from the RBEguencing RSEM results to find which
pathways werdlifferently enriched between HFTC and PTC grouplhe
Kyoto Encyclopedia of Genes and Genonl€EGG) database was used to
reference pathway databareGSEA program [22]. Additionally, we used our
three ROSelated gene sets as another metric to determimether these
specific ROSrelated gene setgere enriched or not in the HITC group. In
GSEA, an FDR g-value < 0.25 wasconsidered to indicate statistically

significant enrichment.



Results

DEG analysi s

Table 1 shows the gene name, their descripttominantlyexpressed tissue,
and ROSrelated functiorof 42 ROSrelated DEGs between HFTCand PTC.
Thirty-three genes werngp-regulated inHT-PTC group and nine genes were
up-regulated irPTC group. Among the 33 genes that wereagulatedn HT-
PTC, 22 genes were dominantly expresiseainmune functiorrelated cells,
such as lymphocytegsgutrophils, lymph nodes, and so and 11 genewere
thyroid cells. Five genes were related to R@8duction whereas 15 genes
were correlated with theemoval or elimination of ROS from tissue. In the PTC
group, five genes were expressed in immune cellstlares genes were in
thyroidcells. No ROSoroducinggene and only one RG8iminating gene was
found inPTC groupDEG's tissue dominancy and ROS related functions were
summarized in table 2.1.5% of immune cell dominantly expressed genes are
related with ROS production and 34.6% aelated with ROS elimination. In
the thyroid dominantly expressed genes, 7.1% are linked with ROS production

whereas 57.1% are associated with ROS elimination.
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Table 142 DEGs between HPTC versus PTC group. Dominantly expressed

tissue and ROSetated function of DEGs were indicated by check sign.

Domi nant ROS Rel at

Gene . Functior
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( NADH
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Table 2.Tissue dominancy and ROS related function in ROS related DEGs.

Dominant tissue ROS relatedunction Numbers Percentage
Immune cell Production 3 11.5%
(n =26) Elimination 9 34.6%
Thyroid cell Production 1 7.1%
(n=14) Elimination 8 57.1%
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Fold changes of 42 RG®lated DEGs are shown Fig. 4. Positive fold
changes indicate that the geinesl higher expression in the HITC whereas
negativefold changes indicate that the genes had higher expraéadiom PTC
group. The proportions ofip-regulatedgenes were significantly different
between the twgroups according to the Chguare test(< 0.001) Mean log
fold change was 0.562 in the HATC groupand 0.252 in the PTC group. These
values were alssignificantly different {-testp= 0.001). In the HIPTCgroup,

13 DEGs had logfold-change values greatdran 0.5. However, no DEGs in

the PTC group halibg, fold-change values greater than 0.5.

Fold Change
-1.0 -0.5 -0.0 0.5 1.0 1.5 2.0
|

LCK — Bl HT-PTC

BTK — Optc
PPARGC1A |
TRPM2 —
CYBB -
BCO2 |

w
o
o
o
1

WHHHHHHH

Fig 4.Log: fold changes of RO%&lated DEGs ordered by felthange values.
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After obtaining DEGs from TCGA RNA sequencidgta, we validated our
results with another datadedm the microarray experiment. Among the 42 R
OS relatedDEGSs, 32 genes were represented in the microayesme list.
Twelve genes showed significant differengapression pattern under thest
p-value < 0.05between HTPTC and PTC groups. Eleven genes wape
regulated in HIPTC and one gene was-tggulatedin PTC (Fig. 5. The
differential expression patterns thiese 12 genes were the same as the TCGA

fold changeesults.

TPO CD38 © IPCEF1 RAC2
o 8 4 — o - g 1
- 0
-] /|
o [Te] 2] -
] H
o 1 2 g -
~ ==| 3| L = ¢ — :II
© 7 R : - JR = | . E 7 —i— R -
HT-PTC PTC  © HT-PTC PTC HT-PTC PTC HT-PTC PTC
CYBB BTK JAK2 © PDK1
o - — ra '
T - LO _ 1 -
o — | ¢ N o | e
~ | o | w
<4 ! © o) : . T
~ ™ < 7 w© | * :
81 1L °] . T | 7
© 1L =] B3| 1
[T} —— J—— T < -
; T T T T T T
®  HT-PTC PTC HT-PTC PTC HT-PTC PTC HT-PTC PTC
PPIF GRB2 BAK1 PON2
ol T = & ‘ -
@ ! © | w |
7 . 4 N
o0 < : -1 3 - - o !
o | N | o ! w |
0 © 1 w1l [t5)
e S ] o o
| : | =il
1
"~ | o 4| =] o |
T T 0 T T < T T T T
HT-PTC PTC HT-PTC PTC HT-PTC PTC HT-PTC PTC

Fig 5. Twelve genes that have differential expression pattern undetebip-
value < 0.05 between HPTC and PTC group<leven genes were up
regulated in HIPTC and one gene was-tggulated in PTC. ¥axis means the

gene expressiovalue,unit is RMA (Robust Multiarray Average).
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To determine possible biased effects from clim@alables such as age, sex,
or disease stage that mifluence gene expression, we reclassified the PTC
andHT-PTC groups according to clinical variabkrsdagain performed thie
test to compare the different clinicaibgroups. No significant variables were

identifiedthat could have confounded our DEG results.

Gene ontology (GO) and gene set enrichm

Table 3 shows the significantly enrichedds in biologicprocess using up
regulated ROSelated DEGss input to DAVID analysis. Total 24 GOs were
significantly enriched. Twelve GOs were related to R@®tabolism and
oxidative stress. SixGOscontaitedh e t er m fihomeostasi so an
relatedto cell apoptosis. There was no significantly enrigb&tthway using up

regulated DEGs in PTC group.

16



Table 3 Significantly enriched (FDR-value < 0.05) gene ontologies (Biologic

Process) in the HPTC group.

GO Fold

Numb e Ter m CourEnriCh FDR

GO: 000 Response to ¢ 114 36.08 <0.D(

GO: 004 Homeostatic 13 7.31€¢€<0.D0

GO: 005 Oxidation r 12 7.93¢<0.DO0

GO: 000 Oxygen and re 11 69. 40<0.D0
species met a

GO: 001 Cellular ho 11 9.97¢<0.DO0

GO: 004 Chemical hoi 11 9.08:<0.DO0

GO: 004 Regul ation ¢ 11 5.784 0.01

GO: 004 Regulation o 11 5.727 0.01
cell deat

GO: 001 Regul ation ¢ 11 5.70¢€¢ 0.01

GO: 005 Cellular c¢ct 10 11.12 0.00
homeost as|

GO: 000 Cel lular 1ion 10.17 0.00

GO: 005 l on homeos 9.30&: 0.00

GO: 001 Response to 14. 43 0.00
substance

GO: 000 Superoxi dpr me 6 101.4 0.0O

GO: 004 Hydrogen pero 101.4 0.00
process

GO: 0014 Response to 6 45.29 0.00
peroxi de

GO: 000 Response to r 6 33.82 0.00
species

GO: 003 Cellul ar resyg 5 70.45 0.00
oxygerci es

GO: 003 Cel lul ar resp 5 49.15 0.00

stress

GO: 003 Response to | 4 281.8 0.00

GO: 005 Regul ation of 4 153.7 0.00
membr ane po

GO: 004 Superoxigkemear 4 130.0 0.0O

GO: 004 Hydrogen perac 4 99.47 0.01
process

GO: 007 Cel lul ar resp 4 93.94 0.01

peroxi de
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In the GSEA with all 20,531 genes, 53 pathwagge significantly enriched
in HT-PTC group buno pathway wa enriched in PTC group (Tablg. 4 en
pathways were related to immune process, and omg pathway, the
chemokine signaling pathway, wasorrelated with carcinogenesis. The
enrichment plotérom GSEA using our three R@8lated gene sets ashown
in Fig. & Gene Sets 1 and 3 were significargtyiched toward the HPTC
group, using FDRy-value< 0.25. Gene Set 2 was also enriched toward HT
PTC side but had no significamvalue. This result suggestisat the ROS

related gene sets are higlalctivatedn the HT-PTC group.

18



Table 4 Significantly enriched pathways in HFTC group from the GSEA

analysis.

Pat hways in KEGG databas: FDR-val ue
Antigen processing and pi 0.012
Aut oi mmune thyroid disea: 0.026
Natural killer cell me di i 0.050
Type | diabetes mellitus 0.052
I ntestinal i mmune networ |l 0. 052
Systemic |l upus erythemat 0. 058
Hematopoietic cell Il i neay 0.061
Ast hma 0. 062
T cell receptor signali ng 0.063
Glycolysis gluconeogenesi 0.065
Graft versus host diseas:t 0. 068
Al'l ograft rejection 0.069
Primary i mmunodeficiency 0.074
Ascorbate and al darate m 0.075
Pyruvate metabolism 0.076
Beta alanine metabolism 0.077
Chemokinepat gway i hg 0.079
Lei shmania infection 0.080
Tryptophan metabol i sm 0.080
But anoate metabolism 0.080
B cell receptor signaling 0.082
Propanoate metabolism 0.082
Val ine |l eucine and isol el 0.0814
Prot easome 0.085
Vi mgylocarditis 0.092
Fatty acid metabolism 0.101
Terpenoid backbone biosyrt 0.111
Porphyrin and chlorophyl |l 0.116
Pantothenate and coa bio: 0.118
Citrate cycle TCA cycle 0.119
Peroxi some 0.119
Cell adhesion mol ecul es 0.121
Oxidative phosphoryl ati ol 0.122
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Cytokine cytokine recept 0.123
Cytosolic DNA sensing pat 0.124
Tol | |l i ke receptor signal 0.126
Fc gamma R mediated phagt 0.145
Huntingtons disease 0.163
Par kisdisoma se 0.166
Fructose and mannose met: 0.168
Ni cotinate and nicoti nami 0.192
Fc epsilon RI signaling | 0.197
Al zhei mers disease 0.200
Ami no sugar and nucl eoti ¢ 0.202
Lysine degradati on 0.208
Pentogeuandonate intercol 0.2009
Hi stidine metabolism 0.211
Protein export 0.216
RNA degradati on 0.216
Arginine and proline met: 0.246
Vi brio cholerae infectiort 0.246
Snare interactions in vet¢ 0.247
Gl utathione metabolism 0.249

* . Immune process and cancer related pathways
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Fig 6. Enrichment plots of three R@&lated gene setéA) Gene Set 1, FDR
g-value = 0.155. (B) Gene SetEDR g-value = 0.252. (C) Gene Set 3, FOR
value =0.093. FDRg-value < 0.25 wasonsidered to indicatstatistical

significance.
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Discussion

Increased levels of ROS and oxidative stresssamngly associated with
agedependent disease, chronidlammation, and increased risk of cancer
developmenf23]. As discussed in a recerdview article, many studidsawe
shown that the loss of ROS balance is relatezhtwer, such as cancer of the
breast, prostate, liver, lungancreas and so on. Furthermore, known cancer
relatedpathways, such as chemokinemgc, EGF, DNA repair mechaism,
JAK/STAT, JNK, MAPK, mTOR, PI3K/Akt, p53, and PTEN, are linked with
altered ROS statuR24]. A recent clinical experimental study with radical
prostatectomy tissue has shown that fSaderivedROS exerts a carcinogenic
effect by depletion of proteikinase C zeta anddun Nterminal kinase (JNK)
[25].

In the same context, oxidative stress and elevR®& levels have been
proposed to be a risk factor ftre development of thyroid cancer {28].
Variousexperimental methods have been developeetecthe levels of ROS
in specific tissues. However, thasehniques tend to be extremely demanding
for a varietyof reasons. For instance, ROS have extrerabbrt half-lives,
generally on the order of nanosecotmseconds. Moreover, their steagtge
concentrationsare in the picomolar to very low nanomoleange. ROS
detection techniques also have demanéixgerimental requirements, such as
fresh blood otissue, expensive detection kits, and specialized techriig@les
However, estimating the R®level in thyroidor thyroid cancer tissue is more

challenging tharin other organs because thyroid cells themselves normally
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produce substantial amounts of hydrogen peroXideprotect itself from the
harmful effects of hydrogeperoxide production, ththyroid gland contains
many antiROS defense mechanisms, such as antioxidamisfree radical
scavengers [16]. This actif®OSproduction and elimination system in normal
thyroid tissue makes it difficult to conduct R@8&8latedexperimental study in
thyroid cancer or HT.

Several groups have developed promising methdéois accurately
quantifying the levels of ROS in thyrofssue. Although these methods were
shown to effectivelgstimate ROS levels in the thyroid, a biologmadjenomic
relationship hasot been clearly demonstratedtween ROS and PTC using
these methodf9]. Only a limited number of genomic studies focusorg
ROSrelated genes in thyroid cancer or Have been performed. Moreover,
the genomic studigkat have been performed haveused on specifigenes,
includingDUOX1/2 NOX TPO, TG, GSHandGPX[30-34]. In 2013, Martinez
et al. performedh purely bioinformatichased analysis of TCGA datnd
found that the oxidative response pathway is frequéotyn-regulated in PTC
via genomic and epigenetimechanisms [35]. However, only one protein
complex, the KEAP1/CUL3/RBX1 EBbiquitin ligase complex, was
considered in the activation of the pathw&wurthermore, samples were not
grouped accordintp their clinical information suchs thyroiditis.

According to our TCGA RNAsequencing datanalysis, a number of ROS
related genes were significantlp-regulated in the HPTC group. Compared
with the PTC group, more genes wereragulated inthe HT-PTC group
including those that showeltigher fold changes. Among the upgulated
genesNCF1, CYBB SOD2andNCF2 are dominantly expressed immune
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cells and its role in the ROS system is correlatéth ROS production. In
contrast, genes that asleminantly expressed in thyroid tissd€&0, IPCEF],
GPX3 SOD2 PRDX1 ETFDH, NDUFS1 and PRDX3 are correlated with
ROS elimination (Table 1). Frorthis result, we can infer that ROS from
immune cellsare increased, and that the protective mechanism tingroid
cells was enhanced against thereased RO&om immune cells in the HT
PTC microenvironment.

In the validation study from microarray data, pafrthe ROSrelated DEGs

from TCGA had the samexpression pattern between the two PTC groups.

Moreover, genes that showed higher fold changleie over 1.0 in TCGA
analysis, such as$PO, CD38 and IPCEF1, have similarly large differential
expressiondetween the two groups. Although some genes shoewverse
expression direction in microarray dataset, thaye no stistical significance

in t-test.With this validation analysis, we can assb#t upregulated genes in
HT-PTC from RNA sequencingave similar expression patterns in different
analysisplatforms such as microarray chip analysis.

Our study proposed to obtain genomic evideoc®OSelevation in PTC
with HT by RNA sequencingnd microarray, without resorting to difficult ROS
detection experiments. Increased ROS from immeelés in HT status can
destroy the normal thyroid tissbg its cytotoxic effect which can then lead to
thyroid cancer development. In the GSEA result in Table 3HR>TC group
was more enriched than the PTC grampmmune functiorrelated pathways
and one cancerelatedp at hway, t he fichemokhath e
contains cancetelated sufpathways, suchs thelakSTAT signhaling pathway,
MAPK signaling pathwayand PI3K/Akt pathway. Moreover, R@8lated
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Gene Sets 1, 2, and 3 were enriched toward thé?HT group. Increased
enrichment of immune functiaelatedpathways may be derived from chronic
inflammation under HT. However, chemokine signalipgthway enrichment
could provide a molecular backgroufat the carcinogenic effect of elevated
ROS leveldn PTC with HT. To date, there is yet no study tatvides clear
evidence of biologic mechanisms fmognostic advantage and low metastatic
potential inPTC with HT patients [36]. Enhanced immune functinay be
able to suppress the metastatic potentialhgfoid cancer, leading to more
favorable clinical prognose®m patients with PTC with HT. Howevethis
hypothesis requires solid verification because thermigpublished report of
any particular immune respongathway that contributes to either progression
or suppressioof carcinogenesis.

This study has another meaning for clinical practition8eseral clinical
studies have reported that antioxidant therapy provides protective effects
against variouthyroid diseases, including improvements in chromycoiditis,
amelioration of thyroid disease in pregnamtomen, and relief of
ophthalmopathic syptoms in Gr aves®d d-39 @ars genoniic3 7
background foROS elevation in HIPTC could support the potentiadnefits
of antioxidant therapy in HT patients, not oimiytreating thyroiditis symptoms,
but also in delaying goreventing the development thyroid cancer.

Our study has some limitations. Although we coedtimate the ROS level
elevation in HFPTC groupfrom the gene expression study using RNA
sequencingand microarray data, classic experimental validasoch as
quantitative RTPTC is stil necessary tprovide biological confirmation of our
findings. Also, there is no experimental or published evidence that the
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differential expression of ROflated genes is significantiyorrelated with
actual ROS levels in thyroid tissuko addresshese issues, future studies will
needto focus on ROS level estimation as well as the expreksiets of ROS
related genes.

From the oncologic standpoint, TCGA clinical daanot provide a clear
description of the obligate ordef PTC and HT. Therefe, we cannot safely
concludethat the increased ROS levels in patients with longstanHifig
contribute to the development of thyraidncer because the obligate order in
which these diseasedevelop in each patient has yet to be established.
Prospective tsidies should be performed in patiemtish HT with sequencing
or microarray before arafter they are diagnosed with PTC. Such studies would
enable a more meaningful evaluation of the real carcinogeffiéct of
longstanding HT.

The final limitation is te shortage of pathologidescription in TCGA,
especially for the tissue preparatiarsed in the RNAsequencing analyses. In
the TCGA pathologic reports, which were provided witlpdf files, the
amounts of lymphocyte infiltration artde proportions of nonal tissue in the
PTC samplesvere not described. If some of the {#TC samplegontained
extremely large numbers of lymphocyte®aly small amounts of cancer tissue,
the expression dROSrelated genes could have been profoundly influebyed
the presece of the lymphocytes, which themselegpress high levels of RGOS
related genes. Thiphenomenon could have significantly biased the RNA
sequencingesults. Similarly, all the PTC samplésm patients both with and
without HT, containedemnants of nanal thyroid tissue. Samples witiigher
proportions of normal tissue would presumaldyhibit different gene
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expression patterns compangidh samples with higher proportions of cancer
tissueldeally, such variations in pathologic factors woulcebminaed before
beginning the analysis. Howevéne TCGA pathologic reports did not contain
sufficient information for this purpose. Thus, it would be advantagdous
future RNAsequencing studies to exclusivelige qualitycontrolled PTC
samples.

In summary,we obtained several lines of evidenit®t ROS levels are
altered in HFPTC using recentpublic nextgeneration sequencing and
microarray data. First, more DEGs were observed in the-RTTC group
compared with the PTC group (33 versus 9), #ral functionsof the up
regulated genes in the FHTCgroup were associated with ROS production in
immunecell-related genes and ROS elimination in thyroid oeltitedgenes.
Second, part of the RG@lated DEGshowed a similar expression pattern in
HT in microarraydata analysis. Third, the fold changes were hightre HT-
PTC group, as demonstrated by the differencanean log fold change.
Thirteen genes in thBIT-PTC group had log fold changes greater than 0.5,
whereas only one gene in the PTC group exhibitedidgree of change. Fourth,
immune functiorrelated pathways and one canemdated pathway were
significantly associated with HPTC group only. Finallythe ROSrelated
gene sets were enriched only in iE-PTC group. Taken together, ROS levels
may beelevated to sufficiently high levels that it contributeshi® progression

of carcinogenesis in HPTC.
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