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% ¥ 8%

% sz, o
AR o A Aok AAA Uo7t Fed asw nelsel g, axw

o dF= F= FAAel I A7 A= B Aol

AT . A= cBioPortalE o]&3dte] 2018d%E AlFAl ¥ Pan-
Cancer Atlas H|oJBlE &-&3lo] 204 o A #F o £2H4907) e A4
D FAz ARE S FH, 554 mTH(3257) T 554 o]/ (165T)] T wo =
S25s FEST. T ol frefeiAl Aol Akol7t b= mRNA (81270)

= &&sto] 8127 BRE FAAEC et HAE VIR
A8 BEPFS) I AAYE71ZH0S) o] ZpolE A4 8klaL, 1 5 p value’t &
AXSZ fFoetAl ztol7F v FAANE =& shaith. o] %, Zb el thst
o] 7}AM E3}%(thyroid differentiation score (TDS), BRAF™*-RAS score
(BRS), extracellular signal-regulated kinase Z<=(ERK A4))9} AaddA =

24 sl

Ad: FAE0] Ht volE 4794 A3 1 F 16578 (33.7%) 7F 554 o] gl Sl
T}, BRAF Edwol= 2549 (51.8%) 004, RAS B0l 48(9.8%) - A=
Th. 5541 o] #x7h 5541 mIRE FRztel mlal Al SAA O R folstA AE 9
A7t F7tHo] ddth(hazard ratio = 35.1, p < 0.001). & 14709 2=
(ABCFI, ENIPD1, F12, FLADI1, GPATCH4, HCG1l, IARS2, KBIBD2, NRSN2, PPP2RIB,

QSOX2, RINL, RRP36, ZFAND5)7} 55A1 o]A4ke] W] At 2 A& dw Z7)e)

#AE FHAAZ AU, ZF FAReE A Bl AddA B4 )
St}; TDSeF o] AwAAS Hol= FHANFI2, NRSN2, PPPIRIB, RRP36), <2
AAAAE Hol= FHA(KBIBD2), BRSS <ol AAAAE Holx FHA

(ABCF1, FLADI, IARS2, RRP36), 2 L%%ﬁ]fé— Xol= FHAENIPDI, HCGII,



QSOX2, RINL, ZFANDS), ERK

KBTBDZ,

(ENTPD1, HCGI1I, IARS2, KBIBD2, RINL, ZFAND5), 9] 4

(ABCFI, NRSNZ).
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Aol = cBioPortal

=

AE:

Algo]: 7HAHA F-5F <oF, Pan-Cancer Atlas, cBioPortal, o],

=
&



2

IQOE o e e e e e i

FE] © e e e e e i
T, ko] EE .. v
S 1
1. Uolo] we b ool G]F - - - e e e e 1

9. 7FAA S oko] Szl WMol . - - - o . e e 9

3. ¢ A of=ek~¢} Pan—Cancer Atlas -+ - - - - o 4

4. CBiOPOl”tal ........................ 7
5T EA . .. 3
ATUAF 2 ATHH - . o o e 9
[. cBioPortals €83 Pan-Cancer Atlas Hlol®] =5 - - - - - 9

1 BRSO QA AW 22 - o e e e 1

2. 7 E3hE AE (DS, BRS, ERK A4) - - - - - - - - 12

1) TDS (Thyroid Differentiation score) = =« « = = = = - - - 12

2) BRS (BRAF™™-RAS score) = « - = « « « + « o oo 14

3) ERK (extracellular signal-regulated kinase) A< - - - - 16



18

19

20

21

(‘bi?_@:ﬂ}

21

23

24

30

Y

B!

34

.
eyl

35

Y

)
al7)
l

e

39

of
al7)

jgace)

41

iv



%, 29, oo} B3
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1. volo] e 44 o 4%

Lol = A ko] AEe] Qo 7Y Fadh oF A F stuE, oY A
Ao 9w Fr AACNA dolrt F83 Q4R eyl gt nj= oF
A$H3] (AJCC, American Joint Committee on Cancer)+= A 201613 =0 8% TNM

(Tumor, node, metastasis) ®7| AAE i, 733 83 71 & W3}

f
N
o
IS

< st mk= W] Ao AAl yolE 45AlelA 55Al= A =4 7
O3 o Ao deolrt bR SR o $UF vukzitkE A o dAFE

S8 dEA Qe AR 34 Aol A 4504 55AR YolEs e =
A S W Ao AP E oFe] o AFs fke 3le] Bad np v =
3t Adams < 7| =2 SEER (Surveillance, Epidemiology, and End Results) A&
= HEow A oF @A yolrh SThekel weE AbgEe] AY dAE <+

ZE vt Basdoy,



2. A 7F &9 A Wl

P 5% 9H(PTC, papillary thyroid carcinoma)d] X8E el vhkst 4
A AF7E o] Fol A stow A AFES Tl BRAF'S RASHFAAY A =
AW} neutrophic receptor tyrosine kinasel (NIRKI)®y RET AR 8=
X 3+sl+= mitogen-activated protein kinase (MAPK) Az de A A<} #dH F

ARFES] AAL Mok Boh M A T MER wIEcE Ade 3

Gl A Adek(" DU

O 1. AR AT A /5 o Abel MAPK A3 AD AA o] wjm'

BE A RET
NTRK
ALK

Radiation

High
expression M

Low
expression

3 Cerar )
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pé

B UAMO|M= RET neutrophic receptor tyrosine kinase (NTRK)2t ALK =&KX &3i0|
0f2 X0 mitogen-activated protein kinase (MAPK)2} PI3K2| SHEE =2 243tE @{of %
M7t EQSICHESR). HAISH ==A MZE o 7|02 =X HEYE o=
ZEISHA =0 =X HENQ H&30| M HEHAEZE 2dzt AZICEH (5). olz{st
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20143 %= F FAA oF=2F2(TCGA, The Cancer Genome Atlas Research)& ©]
|3 A 77 A Y Aw 543t A AU ¥R HRla o] A&
ol A A b S AR 2 A Eek 1A 25%0 4 3.5%% &
EA HAQATG. A e BRAFTSE RAS Weol frRAES AR A4S v
EfH oz 2gah=d, BRAF™ wolo] o] @Ak kS extracellular signal-
regulated kinase (ERK)®} RAFS] &4 u]=rlo oJ38kS ®kx] oo} MAPK Al A

AE 3 & A71aL, Wtz RAS Wolek RIK o= Qla] A3 FF2 ERK

TEste] o] BAE Wl sQlh. Y ATelA e ol &lstr] 9@l BRS
(BRAF™ -RAS score)E o] 83F] BRAF™ 1iked} RAS like =4S FE3}9 a1,

Aatz] flsl A3 diakel 7l AEE 1678 7A

)
oy
rx
s
ot
ki
o
e
p)
il
s

Aol Ft 93 BAs) 9l WK AsAAAY Bd 4rE ks
52709 FAA WHFE olg3te] BRK HE ANSKAL BRAFTT like A

FE e WY ABAGAAT A Ho] ek AL FAsGEL,



3. ¢ §AA o} A9} Pan—Cancer Atlas

2018 A% =A & A HPAAADCGC, International Cancer Genome
Consortium)¥} ¢ +AA| o}Eet2o| A Pan—Cancer AtlasHlolES w®3I o>,
Pan-Cancer AtlasolX& 42+ g3 (fusion), Z~Z8Fo]d (splicing), Zwj<=A)
(aneuploidy)s® AL ZAWole} FAFEA Lejar AFAEE FEFHSH

AR7F 2FE AT 2)*

1% 2. Pan—Cancer Atlas® ZYHH34 784

THE CANCER GENOME ATLAS
0 2005 2018
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mRNA-Seq®] Zh2 wlelE o Apel7} lvh(2dl 3)%.
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oF A olEgt~ dHlo]E ¢ Pan-Cancer Atlas Ho]E]¢] w2414 RNA (mRNA)

a8 3. & §AA o= A do]E 9 Pan—Cancer Atlas H|©]E] 9] mRNA-Seq *]

H] 5]—,_22

Alignment
Expression

Normalization
Genome

Transcriptome

=)

TCGA

-

\_

MapSplice

RSEM

Upper
Qurtile

GRCh37

UCSC
knownGene

~

J

Pan-Cancer Atlas

-

\_

STAR

htseg-count

FPKM

GRCh38

GeneCode v22

~N

J

Qb 9FA| OfE2tA O|O|E{QF Pan-Cancer Atlas CI|O|E{ ARO[Q| AMX|™H =St

H| 702



7] MEE FAs=H o] ¢ HHE 7]+ (I11lumina Gnome Analyzer GAolA]
HiSeq® wW3glelglth) ot 318 71E7F AME-H k. B3 mRNA-Seq HlolH &= 7]&
& A ofEet: dlolEl= hgl9 il Al dlolHE ARE-SHHl whel, Pan-

[e)
%

riN

Cancer AtlasollX+ hg38 #al Als dlo|HE AR&3ste] &A3kql. 7]
A olEets dlolHe ddgtel AdstE al ARG WS ARE S
ks Pan-Cancer Atlaso]A+= FPKM (Fragments Per Kilobase of exon per

Million) o5 s 2-&3AHt.



4. cBioPortal

cBioPortal® (http://cbioportal.org)S ¢ A ARE FT/HHoR o8& 7}
3 AEE Ay, dA 5000707 He TEF AES 20008 T A6
o] A7+ dlolele} 15712] TCGA dlolE)) ZHE dHle]HE Ao AFstaL Slrt. o
+ Memorial Sloan—Kettering Cancer Center (MSKCC)olA  7H&% AT,
cBioPortal®]l ] AH]~+= MSKCCel Center for Molecular Oncologyel A GitHub<]
S7Fs Foll e AEE A, 2zt HolH e FAA dlA AdE
T FR3) AWE(PFS, progression free survival)d A ABE7]17HO0S, overall
survival )59 94 AHRI7F FFE ] AFE o] k. o] cBioPortalS 3l &

A FAA AR & AFAE Apold] o] vop An WA FL FEY
]_
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39 4. dolg 24 gndF

Step 1 Data collecting & Calculating

1) Collecting clinical and genetic data of
papillary thyroid carcinoma patients (n=490)
from Pan-Cancer Atlas using cBioPortal

2) Calculating scoring system
(TDS, BRS, ERK score)

Step 2 MmRNA Anaylsis

Identify mRNA signatures which
affect age-associated mortality

Step 3 Identifying selected mRNAs

Correlation analysis between mRNA
expression and scoring system
(TDS, BRS, ERK score)

TDS, thyroid differentiation score; BRS, BRAF"’E_RAS score; ERK, extracellular signal-regulated

kinase

10



1. 8359 94 A2 3

R studio®} R (version 3.5.1, R Foundation for Statistical Computing, Vienna,

Austria; http://www..r-project.org/)ell4 Bioconductor®] cBioPortal Ij7]%

g &8st “¢F FHA olEet, Pan-Cancer Atlas” 5 A ¢F A5
Hlo]E] & API (Application Program Interface)E Ea|A Htsle] F= 3itt.
ZF 5007 gAMb 3R F 204 mIwEe] 109 3RPrE AlL]E o] 490 o] 2}

7F A0l &-8H A

7y

B RS WY A= ve oF A3 (AICO)

4¥(3%), 5%H(26W), 6¥(126%), TH(345W)0] 27 ALEHT. B e B
AHoR ol Thsd A4RE ol§3te] AP AT MLohiye AgAT

CEREEEIREREEE RS
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2. 334 3= A4l (DS, BRS, ERK HF)
1) TDS (Thyroid Differentiation score)

DS+ 2014 %ol ¢ 34 A% A73](TCGA Research Network)el A -7 7

A A obEEraE BAT =AY Agez AAE Y

ox
S
2
o
>
1o

1o

o7 16709 #EA diabe 7] Edd dEE FHAAES] W AIA RNA (mRNA)o] 2
AFS o] &3te] AXSIATHE 1). 1 #ho] =245 A B3l w2 A

=

.

rob

o v

o

TDS = Mean of Log,(Fold Change) across 16 genes

12



3%1. TS (Thyroid Differentiation Score)ol] AF&-® 16719 FH A

Gene . .
Gene full name Brief function
symbol
activates thyroid hormone by converting
. . . the prohormone thyroxine (T4) by outer
1 DIOI deiodinase, iodothyronine, type I ring deiodination (ORD) to bioactive
3,3’5’-triiodothyronine (T3)
activates thyroid hormone by converting
. . . the prohormone thyroxine (T4) by outer
2 DIO2 deiodinase, iodothyronine, type I1 ring deiodination (ORD) to bioactive
3,3’5’-triiodothyronine (T3)
3 DUOXI dual oxidase 1 involved in synthese of thyroid hormone
4 DUOX2 dual oxidase 2 involved in synthese of thyroid hormone
thyroid transcription factor which likely
5 FOXE1 forkhead box E1 plays a crucial role in thyroid
morphogenesis
functions as both a repressor and
activator of transcription and is
6 GLIS3 GLIS family zinc finger 3 specifically involved in the development
of pancreatic beta cells, the thyroid, eye,
liver and kidney
thyroid-specific transcription factor that
7 NIKX?-] NK2 homeobox1 binds to the thyroglobu.hn promote.r and
regulates the expression of thyroid-
specific genes
transcription factor involved in thyroid
8 PAXS8 paired box 8 follicular cell development and
expression of thyroid specific genes
9 SLC2644 solute carrier family 26 (anion iodide transmen}b.rane transporter
exchanger), member 4 activity
. . S sodium:ioide symporter activity,
10 SLCsas Solutecarrier family 5 (sodiumfiodide o1 Ghie for the uptake of iodine in the
cotransporter), member 5 .
thyroid
solute carrier family 5
11 SLC548 (sodium/monocarboxylate transport iodide by a passive mechanism
cotransporter), member 8
Substrate for the synthesis of thyroxine
. and triiothyronine as well as the storage
12 TG thyroglobulin of the inactive forms of thyroid hormone
and iodine
. nuclear hormone receptor for
13 THRA thyroid hormone receptor, alpha triiodothyronine
14 THRB thyroid hormone receptor, beta nuclear hormone receptor for
tritodothyronine
iodination of tyrosine residues in
thyroglobulin and phenoxy-ester
15 TPO thyroid peroxidase formation between pairs of iodinated
tyrosines to generate the thyroid
hormone, thyroxine and triiodothyronine
16 TSHR thyroid stimulating hormone receptor receptor for thyrothropin and a major

controller of thyroid cell metabolism

13



2) BRS (BRAF™-RAS score)

o\
o

FS R Utk o] ZF 9] 717 mRNA e A @S 27t c(B), cR)
Z Agksk FH cB)eF c(R)AA ZF T WY Aglel xlolE o]&ste] ALtst
9Th. BRS Zk& +o]W RAS like oW -= BRAF™* like E¢Oo 2 A & 4 9

=

BRS(t) = | v(t)-c(B) |2~ | v(t)-c(R) |

*v(t): T 717) Al mRNA A gk #E

| xy |20 2 ME @& FE2= AYE o83t AAststel A%k

*BRS(t1) 5 A 7 H&-FHoigk 4dskE olgshe] A/dsted

14



13 6. BRS (BRAF™-RAS score)dll AF&-¥ 71719 H-AAY

BRAF-like

15

RAS-like

71-gene signature



3) ERK (extracellular signal-regulated kinase) A<

ERK A<=+ Pratilass©°] 2009 %] X313k MEK (mitogen—activated protein
kinase) Al x| 7ol ¥hgo] = Aoz delxl 52709 nRNA A Hd S o
§35ked ASReH(E 7). 5270 mRNA ARk Z g ghS cBioPortalel
A FE skl MEK Al A5z Qla] wao] AAH= FHAAE A 1E(4871),
o] S7MEE FHAE B aFWho® FEIATY. A 159 Z A #e

ol A B 1F9] Z A @S W ghe® ERK A5 Al

16



18 7. ERK (extracellular signal-regulated kinase) Aol A}2% 52709 @A

il
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3. Uolo] me dFs} nad FAA A

cBioPortal (https://www.cbioportal.org/datasets)ollA A <H(F F2A

o} 52} 2 Pan—Cancer Atlas)E A Egle] flolgE 4£H dgv). = 50089 3
A Z 204 wwke] 109 3kALE AL)d F, 554 mgH(3257) I} 554 ©] (165
el F woR IAES RS H, T 7t folsAl wdoe] Zolrt u

= mRNA (81271) = F& 3}t o]F R

ifl
]
ofo
o
£
oo
5
=
Sl
rln
do
2
Ny
i
9,
=

glo] 554 o] kAt A FXIE AE(PFS) I WA AYEZ7]ZH0S)e] ztelE Atk

St3lat, 71w p valueZb SAHCR FosHA A7t v AT = Sk
o F 3270 FAAE 29l HAa T T e AW 52 A oMETE 10

3] olakql 187 A= A A Alefstal & 14709 FAA7E S 28

ATHZH 8).

a3 8. Yolol He d¥s BEW $34 B4 0 RAE

Get a data of 490
PTC patients from
cBioPortal

Age < 55 Age 255 (o -
(325 patients) (165 patinets) T 32 mRNAs
Calculate

PFS & OS in each
812 mRNAs in
Age > 55 group

- Select mRNAs

; 812 genes with _

i Final 14 mRNA

i significantly different with p < 0.05 for inal 14 mRNAs
: expression levels both PFS & OS with events over
¢ 10 ti

£, between the 2 groups \ / Imes

PFS, progression free survival; OS, overall survival
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F2d A 3 Ee=s ZaAaA 4

4.

(TDS, BRS, ERK #<=) Afole] A

2o}

A

Rl

ARhsh 1

o
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RS &8sl 157
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—~
fife)

il
il
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II. SAH &4

BE B4 48 R (version 3.5.1, R Foundation for Statistical Computing,

Vienna, Austria; http://www..r-project.org/)¥ R library package®}

cBioPortalData (https://bioconductor.org/packages/release/bioc/html/

cBioPortalData.html) 7] A & A}E3te] EAsgt. ASWHe= 93k AF

99 H(IQR, interquartile range)® FEHEHLL, HFYP Wy dfdshs

) Alolo] Ak A EAo]E Spearman A EA1o] AL drl. AE EA

+ Kaplan-Meier =743 o4 &21S A log-rank A7 o] AREH AT, B
E p e &F HFA skaz, 0.05 "we] p value 7F BAA FoAS 7T
kAT,

20



dT2ax

1 47 845 94 R Wt 5y

& 490789

7y

A FAEe e e S E 20 vk 3l

o
AA A5 Ht dol= 47.94101M 1659 (33.7%) 0] 554 o] de]t}. 3487
(71.0%) FA7F &4 45 34 o Sxlol, 1649 (33.5%) A7 TN B 7]
3-471% SAH AT, 218% (44.5%) Aol Hxzd Hol7h sQlelar Had
Aol BRI Peahx] &g A7 F 4978 (10.0%) o] ATk, 898 (1.6%) TA7F <
2 Aozt dlom 2547 (51.8%)2] A7} BRAF EdA o)7L Alar 4878 (9.8%)

Yol BAEe] RAS EIWel7} SHelwginh,

21



E 2. 7 A ¢ BAEY 9¥ 2 39894 54

Total
n =490

Age at diagnosis (yrs) 479+153

>55 165 (33.7)
Female sex 358 (73.1%)
Histologic type of PTC

Classical 348 (71.0%)

Follicular 99 (20.2%)

Tall cell 36 (7.3%)

Other 7 (1.4%)
TNM stage

/i 326 (66.5%)

/v 164 (33.5 %)
N stage

NO 223 (45.5%)

N1 218 (44.5%)

Nx 49 (10.0%)
Distant metastasis 8 (1.6%)
BRAF mutation*® 254 (51.8%)
RAS mutation** 48 (9.8%)

PTC, papillary thyroid carcinoma; T, tumor; N, node; M, metastasis.
Continuous variables are presented as means (standard deviation).
Categorical variables are presented as numbers (percentages).

* BRAF mutation includes BRAF"600E K60IE indels, fusions, focal deletions

** RAS mutation includes NRAS, HRAS, KRAS

22



2. Uolo] @2 ¥ BAW A4

=3k #k 31.0(1QR 17.6 —49.0)7H€ 2] 54 & 7|3t §t, & 45(9.1%)78 9] =
A7F A qkol A E= YSEAIL(26(5.3%) 8 55401 FAl) 1678 €]
| AFREsklTh. 554 o] EAfell A
5541 TRt kxfel mlnl Al FAIHOR ol AE AYETE FUEE O AT

ol

(257} 554 ol4)7) A ez 2

(hazard ratio = 35.1, 95% CI = 11.8-104.6, p <0.001, 2% 9). & 14/ +
ARF(ABCF1, ENIPDI, F12, FLADI, GPATCH4, HCGI11, IARS2, KBIBD2, NRSNZ,
PPP2RIB, QSOX2, RINL, RRP36, ZFAND5)7} 554 o] 3kzpe] wWe] A 2 Q&
A= F7kek #EE FARE SAHAT. TR g FA T 7
(ENTPD1, HCG11, KBTBD2, PPP2RIB, QSOX2, RINL, ZFAND5): 554 wlure] e st
Aol A ol Z7bwo] Adar, THM(ABCFI, F12, FLADI, GPATCH4, IARSZ2,

NRSN2, RRP36)+= 554 o]folAl wdo] F7tEo] e Aoz AT, 7+

% 9. Yolol He AE 24

100_ GEMIE IDMNEN ML N 880 BN 1L L

Age 20-54
— 80+
X
© . —
= 60
Z Age > 55
5
®
E 40+
g
O 204
c T 1 T ) T T L]
0 2 4 6 8 10 12 14

Duration of Follw-up (Years)

Number at risk

-+- 325 198 100 54 28 13 7 3
- 165 102 31 16 9 6 3 il



3. 329 FrAAst A E3=o FadA Y

554 o] AF FhAlol Ay o So} wHEE 14709 F- AR (ABCF1, ENTPDI, F12,
FLADI, GPATCH4, HCG11, IARS2, KBTBD2, NRSN2, PPP2RIB, QSOX2, RINL, RRP36,

ZFAND5) 9] R A5) 3 1734 ESH= (DS, BRS, ERK <)o) 33 ¥

il

S|
ax

M
Oft

ST, F12, NRSN2, PPP2RIB, RRP36< TDS$} SAIA o2 FostA &

Lo
oy

W WAE Bolew, KBIBDZ2= TDSSF EAIH o= ol o daaAE B
AYH(E 3, 28 10). ABCF1, ELADI, IARS2, RRP36S BRSS} EAH o2 &5
A eke] A BAES ®HQow(E 3, 28 11), ENIPDI, HCG11, KBIBD2, QSOX2,

RINL, ZFANDS+= BRSS9} &AIA o= oAl &9 A% #AE BAT(E 3, 1
2 12). ENIPDI, HCG11, IARS2, KBIBD2, RINL, ZFAND5= ERK A4-9} EA A o=
S-95HA <kl A AAZS BY O ABCFI, NRSNZ= ERK A9 EA Qo2 &

o&tA 2o A4 AAE BHI(E 3, 29 13).
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E 3. FEE FHAY 3 EES A@HA B4 B

Highly
mRNA TDS BRS ERK score
expressed in
ABCF1 >55 N/A + -
ENTPDI1 <55 N/A - +
Fi2 >55 + N/A N/A
FLADI >55 N/A + N/A
GPATCH4 >55 N/A N/A N/A
HCG11 <55 N/A - +
IARS2 >55 N/A + +
KBTBD2 <55 - - +
NRSN2 > 55 + N/A -
PPP2RIB <55 + N/A N/A
0SOX2 <55 N/A - N/A
RINL <55 N/A - +
RRP36 >55 + + N/A
ZFANDS <55 N/A - +

TDS, thyroid differentiation score; BRS, BRAF""E_RAS score; ERK,

kinase; N/A., no association
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3% 10. Thyroid differentiation score®} 93 A& #AAE Hol: FAA

LR

F12 (Z score)

-4 -4 o
Spearman = 0.167 Spearman = -0.219 Spearman = 0.351
p<0.001 p <0.001 P <0.001

6 T T T 1 6 T T T 1 6 T T T 1
-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
TDS TDS TDS

PPP2R1B (Z score)

Spearman =0.106
p=0.028

6
T T

-4 -2 0 2 4 -4 -2 0 2

Spearman = 0.172
p<0.001

TDS, thyroid differentiation score
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33 11. BRAF®-RAS score 9} F93HA ¥ & BAE Hole FAA £4

A, B, :
2- 2
T T
=] Q
3 0 3 04
N, N
L .2- p =Nl
L 2 % 2
o
g ™
4 . Spearman = 0.333 4 Spearman = 0.174
p<0.001 p<0.001
; L] T T T Ll s T T T T T
1 -0.5 a 0.5 1 A 0.5 0 05 1
BRS BRS
C 4 D ..
24 2
) ©
=]
E 0 § D4
N N
(-]
& 24 3 2
& &
E - - o
-4 Spearman = 0.343 -4+ Spearman = 0.124
. £ <0001 p = 0.009
£-— ' ; r T B ; . . ;
1 0.5 0 0.5 1 1 05 0 05 1
BRS BRS
BRS, BRAF""E_RAS score
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%Y 12. BRAF®™-RAS score 9 F93HAl &9 A FAE Hole FAA 4

A 4 B . C a5
2 21
g ;
% 0- & 04
N N
a a
2 24 @ 21
= =
4 2]
w X .
-4 Spearman = -0.300 -4 Spearman = -0.249 -4 ** Spearman =-0.239
p<0.001 p<0.001 p<0.001
6 T T T T T 6 T T T T T 6 T T T T T
-1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1 -1 -0.5 0 0.5 1
BRS BRS BRS
D 4,
2
®
o
g o
N
<
8
n
(=]
-4 Spearman = -0.300 4 * Spearman = -0.449 -4 : Spearman = -0.209
P <0.001 p<0.001 p <0.001
6-— T T T T 6 T T T T T 6-— T T T T
-1 -0.5 0 0.5 1 -1 -0.5 1] 0.5 1 -1 -0.5 0 0.5 1
BRS BRS BRS
BRS, BRAF""E_RAS score
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13 13. Extracellular signal-regulated kinase score & 23t A& #AE

HolE: HAR B4

A 4
24
°
=
3
& 01
N
2
g 24
-4 . Spearman = -0.127
p=0.008
6 T T T T T T
-60 -40 -20 0 20 40 60
ERK score
C 4
24
®
3
@ 01
N
=
& 2
8]
b= =
-4+ Spearman = 0.180
p <0.001
6
6 T T T T T T
-60 -40 -20 0 20 40 60
ERK score
E 4
24
o
S
3
»n 04
N,
a
m -2
(=
[41]
X
-4 LI Spearman = 0.513
p <0.001
s T ) 3 T T T T
-60 -40 -20 0 20 40 60
ERK score
G 4
24
o
S
S 04
]
N
.24
z 2
o
-4 & Spearman = 0.230
p <0.001
6 T T T T T T
-60 -40 -20 0 20 40 60
ERK score

ERK, extracellular signal-regulated kinase

IARS2 (Z score)

ZFANDS5 (Z score)

-4+ Spearman = 0.139
p=0.004
s T T T T T T
-60 -40 -20 0 20 40 60
ERK score
4-
24
0
-2
-4 Spearman = 0.108
® p=0.024
-60 -40 -20 0 20 40 60
ERK score

-4 Spearman = -0.466
p <0.001
s T . L B T g,
-60 -40 -20 0 20 40 60
ERK score
4
2_
0
-2- T A :
-4 * Spearman = 0.212
p <0.001
6 T T T T T T
-60 -40 -20 0 20 40 60
ERK score
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Background: Age is one of the most important factors predicting the prognosis of papillary
thyroid carcinoma (PTC), and it is considered as a major factor in many staging systems.

However, there is a lack of genetic data predicting the age-associated mortality of PTC.

Methods: Clinical and genetic data of PTC patients (490 patients) were collected from newly
published Pan-Cancer Atlas in 2018 using cBioportal. Patients were divided into two groups;
age under 55 (325 patients) and age over 55 (165 patients). First, 812 mRNAs with
significantly different expression levels between two groups were collected. Second, analyzed
progression free survival and overall survival in each mRNA among patients with age over 55
using R studio, and only statistically significant genes were collected. Third, correlation
analysis between mRNAs expression levels and thyroid differentiation scores (thyroid
differentiation score (TDS), BRAF""’2-RAS score (BRS), extracellular signal-regulated kinase

(ERK) score) were performed.

Results: The mean age of patients was 47.9 years old and 34% (165 patients) were age over
55. BRAF mutation was found in 52% (254 patients) and RAS mutation was found in 10% (48
patients). The mortality was significantly increased in patients with age over 55 (hazard ratio
= 35.1, p < 0.001). With analysis of gene expression levels and age associated mortality, 14
genes (ABCFI1, ENTPDI, Fi12, FLADI, GPATCH4, HCGII, IARS2, KBTBD2, NRSN2,
PPP2RIB, OSOX2, RINL, RRP36, ZFANDY5) were associated with increased risk for tumor
progression or mortality in patients with age over 55. We performed correlation analysis
between thyroid differentiation scores in each gene; positive correlation with TDS (£12,
NRSN2, PPP2R1B, RRP36), negative correlation with TDS (KBTDB?2), positive correlation
with BRS (4BCFI1, FLADI, IARS2, RRP36), negative correlation with BRS (ENTPDI,

HCGI11, KBTBD2, QSOX2, RINL, ZFAND)Y), positive correlation with ERK score (ENTPDI,
39



HCGI1, IARS2, KBTBD2, RINL, ZFANDYS), negative correlation with ERK score (4BCF1,

NRSN2).

Conclusion: We identified 14 genes predicting the age-associated mortality in PTC patients
using Pan-Cancer Atlas data via cBioportal. We also performed correlation analysis between
calculated thyroid differentiation scores and each gene. Further study in utilizing genes in

clinical practice is needed.

Key words: papillary thyroid carcinoma, Pan-Cancer Atlas, cBioPortal, age, gene analysis
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BERAS: 147] AR 7hast AmD

1. ABCF1

1) Protein: ATP Binding Cassette Subfamily F Member 1
2) Position: 6p21.33

3) Tissue specificity : enhanced at skeletal muscle cells
4) Single cell type specificity” : low

5) Predicted location: intracellular

6) Molecular function: activator

7) Protein function: Isoform 2 is required for efficient Cap- and IRES-mediated mRNA

translation initiation. Isoform 2 is not involved in the ribosome biogenesis.
8) Cancer prognostic summary: liver cancer (unfavorable)
9) Cancer specificity (RNA): low cancer specificity

10) Cancer distribution (RNA): detected in all

2. ENTPDI1
1) Protein: Ectonucleoside Triphosphate Diphosphohydrolase 1
2) Position: 10p24.1
3) Tissue specificity: enhanced at endometrium

4) Single cell type specificity: cell type enhanced (macrophage, kupffer cell, monocytes,

endothelial cell, B cell)
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5)

6)

7)

8)

9)

Predicted location: membrane
Molecular function: hydrolase

Protein function: In the nervous system, could hydrolyze ATP and other nucleotides
to regulated purinergic neurotransmission. Could also be implicated in the prevention
of platelet aggregation by hydrolyzing platelet-activating ADP to AMP. Hydrolase

ATP and ADP equally well.
Cancer prognostic summary: renal cancer (unfavorable), thyroid cancer (favorable)

Cancer specificity (RNA): low cancer specificity

10) Cancer distribution (RNA): detected in all

3.F12

1)

2)

3)

4)

5)

6)

7)

8)

Protein: coagulation factor XII Position: 10p24.1

Position: 5p35.3

Tissue specificity: enriched at liver

Single cell type specificity: cell type enhanced (hepatocyte)
Predicted location: secreted

Molecular function: hydrolase, protease, serine protease

Protein function: Factor XII is a serum glycoprotein that participates in the initiation
of blood coagulation, fibrinolysis, and the generation of bradykinin and angiotensin.
Prekallikrein is cleaved by factor XII to form kallikrein, which then cleaves factor
XII first to alpha-factor XIla and then trypsin cleaves it to beta-factor XIla. Alpha-

factor XlIla activates factor XI to factor Xla.

Cancer prognostic summary: renal cancer (unfavorable), liver cancer (favorable)
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9) Cancer specificity (RNA): cancer enriched (liver cancer)

10) Cancer distribution (RNA): detected in many

4. FLAD1

1) Protein: Flavin Adenine Dinucleotide Synthetasel

2) Position: 1g21.3

3) Tissue specificity: low tissue specificity

4) Single cell type specificity: low cell type specificity

5) Predicted location: intracellular

6) Molecular function: nucleotidyltransferase, transferase

7) Protein function: Catalyzes the adenylation of flavin mononucleotide (FMN) to form

flavin adenine dinucleotide (FAD) coenzyme.
8) Cancer prognostic summary: renal cancer (unfavorable), liver cancer (unfavorable)
9) Cancer specificity (RNA): low cancer specificity

10) Cancer distribution (RNA): detected in all

5. GPATCH4

1) Protein: G-Patch Domain Containing 4
2) Position: 1q22-g23.1
3) Tissue specificity: low tissue specificity

4) Single cell type specificity: low cell type specificity
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5)

6)

7)

8)

Predicted location: intracellular

Cancer prognostic summary: renal cancer (unfavorable), liver cancer (unfavorable)

Cancer specificity (RNA): low cancer specificity

Cancer distribution (RNA): detected in all

6. HCG11

1)
2)

3)

Protein: HLA complex group 11
Position: 6p22.2

Associated cancer: highly expressed in liver cancer®, suppress the growth of glioma®,
aggravates osteosarcoma carcinogenesis”, downregulated in cervical cancer”, tumor

suppressor in gastric cancer®

7. IARS2

1)

2)

3)

4)

5)

6)

7)

8)

Protein: Isoleucyl-TRNA synthetase 2

Position: 1q41

Tissue specificity: low tissue specificity

Single cell type specificity: low cell type specificity

Predicted location: intracellular

Molecular function: Aminoacyl-tRNA synthetase, Ligase

Cancer prognostic summary: pancreatic cancer (unfavorable), cervical cancer

(unfavorable)

Cancer specificity (RNA): low cancer specificity
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9) Cancer distribution (RNA): detected in all

8. KBTBD2

1) Protein: Kelch repeat and BTB domain containing 2

2) Position: 7p14.3

3) Tissue specificity: low tissue specificity

4) Single cell type specificity: low cell type specificity

5) Predicted location: intracellular

6) Cancer prognostic summary: cervical cancer (unfavorable), liver cancer (unfavorable)
7) Cancer specificity (RNA): low cancer specificity

8) Cancer distribution (RNA): detected in all

9. NRSN2

1) Protein: Neurensin 2

2) Position: 20p13

3) Tissue specificity: low tissue specificity

4) Single cell type specificity: cell type enhanced (Intestinal endocrine cells)

5) Predicted location: intracellular, membrane (different isoforms)

6) Protein function: May play a role in maintenance and/or transport of vesicles.
7) Cancer prognostic summary: pancreatic cancer (favorable)

8) Cancer specificity (RNA): low cancer specificity
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9)

Cancer distribution (RNA): detected in all

10. PPP2R1B

1)
2)
3)

4)

5)

6)

7)

8)

9)

Protein: Protein Phosphatase 2 Scaffold Subunit Abeta
Position: 11g23.1
Tissue specificity: enhanced at liver

Single cell type specificity: group enriched (early spermatids, late spermatids,

spermatocytes, hepatocyte)
Predicted location: intracellular

Protein function: The PR65 subunit of protein phosphatase 2A serves as a scaffolding
molecule to coordinate the assembly of the catalytic subunit and a variable regulatory

B subunit.
Cancer prognostic summary: liver cancer (favorable)
Cancer specificity (RNA): low cancer specificity

Cancer distribution (RNA): detected in many

11. QSOX2

1)
2)
3)
4)

5)

Protein: Quiescin Sulfhydryl Oxidase 2

Position: 9q34.3

Tissue specificity: low tissue specificity

Single cell type specificity: cell type enhanced (spermatogonia)

Predicted location: intracellular, membrane (different isoforms)
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6)

7)

8)

9)

Molecular function: oxidoreductase

Protein function: Catalyzes the oxidation of sulfhydryl groups in peptide and protein
thiols to disulfides with the reduction of oxygen to hydrogen peroxide. May
contribute to disulfide bond formation in a variety of secreted proteins. Also seems to
play a role in regulating the sensitization of neuroblastoma cells for interferon-

gamma-induced apoptosis.

Cancer prognostic summary: renal cancer (unfavorable)

Cancer specificity (RNA): low cancer specificity

10) Cancer distribution (RNA): detected in all

12. RINL

1)

2)

3)

4)

5)

6)

7)

8)

Protein: Ras and Rab Interactor Like

Position: 19q13.2

Tissue specificity: low tissue specificity

Single cell type specificity: cell type enhanced (T-cells)

Predicted location: intracellular

Molecular function: GTPase activation

Protein function: Guanine nucleotide exchange factor (GEF) for RAB5A and
RAB22A that activates RAB5A and RAB22A by exchanging bound GDP for free
GTP. Plays a role in endocytosis via its role in activating Rab family members (By

similarity).

Cancer prognostic summary: cervical cancer (favorable), head and neck cancer

(favorable)
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9) Cancer specificity (RNA): low cancer specificity

10) Cancer distribution (RNA): detected in all

13. RRP36

1) Protein: Ribosomal RNA Processing 36

2) Position: 6p21.1

3) Tissue specificity: low tissue specificity

4) Single cell type specificity: low cell type specificity
5) Predicted location: intracellular

6) Protein function: Involved in the early processing steps of the pre-TRNA in the

maturation pathway leading to the 18S rRNA.
7) Cancer prognostic summary: renal cancer (unfavorable), liver cancer (unfavorable)
8) Cancer specificity (RNA): low cancer specificity

9) Cancer distribution (RNA): detected in all

14. ZFANDS

1) Protein: Zinc Finger AN1-Type Containing 5

2) Position: 9921.13

3) Tissue specificity: tissue enhanced (skeletal muscle)

4) Single cell type specificity: low cell type specificity

5) Predicted location: intracellular
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6) Protein function: Involved in protein degradation via the ubiquitin-proteasome system.
May act by anchoring ubiquitinated proteins to the proteasome. Plays a role in
ubiquitin-mediated protein degradation during muscle atrophy. Plays a role in the
regulation of NF-kappa-B activation and apoptosis. Inhibits NF-kappa-B activation
triggered by overexpression of RIPK1 and TRAF6 but not of RELA. Inhibits also
tumor necrosis factor (TNF), IL-1 and TLR4-induced NF-kappa-B activation in a
dose-dependent manner. Overexpression sensitizes cells to TNF-induced apoptosis.

Is a potent inhibitory factor for osteoclast differentiation.
7) Cancer prognostic summary: endometrial cancer (favorable)
8) Cancer specificity (RNA): low cancer specificity

9) Cancer distribution (RNA): detected in all

" The RNA specificity category is based on mRNA expression levels in the analyzed samples

based on a combination of data from HPA, GTEX and FANTOMS. The categories include:

tissue enriched, group enriched, tissue enhanced, low tissue specificity and not detected.

" The RNA specificity category is based on mRNA expression levels in the analyzed cell types
based on scRNA-seq data from normal tissues. The categories include: cell type enriched,

group enriched, cell type enhanced, low cell type specificity and not detected.

Reference
1 Available from: www.proteinatlas.org.
2. Xu 'Y, Zheng Y, Liu H, Li T. Modulation of IGF2BP1 by long non-coding RNA
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