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B o LN negative LN positive _P-vaiue |
TS7 (LN+) T68 (IN) T73 (IN-) T78 (IN+) T85  T90 HSP 60 N, (%) N,(%)
T NTNTNTNTNTN overall  negative 5/21(23.8) 16/21(76.2)

P oo oo positive  53/100 (53.0) 47/100(47.0) 0.015
SBRsEE .l & | o0 eskoa) |______LNnegative _ LN positive __ P-value |

BRAF HSP 60 N, (%) N,(%)
+ PEBP1(21KDa) positive Megative 4/19(21.1)  15/19(78.9)
Vimentin (57KDa) positive  46/79 (58.2) 33/79 (41.8) 0.003

. Actin (43KDa)

| LNnegative |LNpositive | P-value |

HSP60, SOD2, PI'EBPI, and vimentin exp'ression status n:gFf‘:lAt:?/ e :z;;?ve :l;;"/(o;o.o) T/’g,/(uéo_o)
were matched with 2D gel electrophoresis results. T e 7121 (33.3) 1421 (66.7) 0.585
tumor, N: Normal tissue.
Proteomic 7| o2 FA%E vz
Spot Protein Name SwissProt  Mascot  Calculated % Subcellular
No. no. score pl coverage location
1,15 Calreticulin P27797 110 4.29 10 ER lumen
2 Tubulin B P0O7437 101 4.78 9
3 ATP synthasef3 P0O6576 57 5.26 16 Mitochondrion
4 Nucleophosmin P06748 52 4.64 21 Nucleus
5 PDI A3 P30101 48 598 15 ER
6,10,13 Vimentin P08670 111 5.06 33
7 HSP 90-a P0O7900 65 494 9 Cytoplasm
8 Calumenin 043852 173 4.47 22 ER
9 a-enolase P06733 169 7.01 68 Nucleus
11,14 HSP60 P10809 135 5.70 28 Mitochondrion
12 SOD P04179 66 8.35 39 Mitochondrion
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BRAF mutation Sensitivity (%) Specificity (%) PPV (%) NPV (%)
/Proteoms
Calreticulin 71.8 48.8 80.0 37.7
HSP60 73.3 73.9 88.0 515
SOD 515 73.9 739 515
Vimentin 70.6 34.8 61.5 44.4
Nucleophosmin 53.8 50.0 60.0 43.8
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Project Summary

Research on diagnosis, therapy and prognostic factor of
Title of Project . . . .
thyroid cancer using molecular biologic method

Key Words Thyroid cancer, Prognostic factor, Therapeutics

Project Leader Seok-ki Kim

Associated Company

Subproject 1: Development of redifferentiation induced therapeutics using molecular
imaging

@ Purpose: we aimed to establish re-differentiation treatment supported by molecular
imaging in thyroid cancer using xenograft model, and assess the correlation of molecular
imaging and re—differentiation treatment.

€ Method: we established thyroid cancer xenograft models combined with thyroidectomy
using various human thyroid cancer cell lines. The re-differentiation treatments were
performed using pioglitazone. The treatment effects were assessed in DRO and FTC tumor
models. Molecular imaging such as FDG PET/CT and Tc-99m pertechnate SPECT were
done Dbefore and after treatment. Pathologic analysis such as GLUT-1 and NIS
immunohistochemistry were taken.

€ Results: various thyroid cancer models were established and used on-going study
successfully. Total thyroidectomy could be done in the mice with tolerable success rate. After
pioglitazone treatment, poorly differentiated thyroid cancer model (DRO) showed moderate but
robust decrease of tumor growth rate. but, follicular thyroid cancer model (FTC) did not.
FDG PET/CT showed FDG accumulation decrease corresponding to the growth decrease.
GLUT-1 expression of DRO model increased after treatment, but not in FTC model. On the
contrary to FDG, Tc-99m SPECT, which reflects the expression of NIS, were not different
after treatment. Immunohistochemical assessment showed no difference of NIS expression.

€ Conclusion: we established successfully the basis for the research using thyroid cancer
animal model and re-differentiation treatment. The treatment effect of redifferentiation

agents could be monitored with molecular imaging with some limitation.

Subproject 2: Establishment of new prognostic factor of papillary thyroid carcinoma
using proteomics approach

@ Purpose : the purpose of this research was to identify proteins associated wixl MAPK
signaling pathways using proteomics in papillary thyroid carcinomas. the other purpose was
to find new molecular prognostic factors along with BRAF mutation

@ Method : 11 fresh frozen PTC tissue and 3 PTC and 1 FTC cell lines were studied.
Using 2D gel electrophoresis and MALDI - TOF, protein expression was researched.




Expression analysis was performed according to BRAF mutation status, LN metastasis,
MAPK inhibitor treatment. Identified proteins validated with IHC and western blot.
Clinico—pathological characteristics are compared according to identified protein expression.
@ Results : Protein expression was different between PTCs with BRAF muation and
without it. Protein expression was changed after application of MAPK inhibitor. Protein
change was different according to BRAF mutation status. HSP 60 exrpession was
associated with less frequent LN metastasis in BRAF mutation (+) PTCs,

@ Conclusion : Protein expression status was different according to BRAF mutation status.
HSP60 protein mat serve as tumor inhibitor in BRAF (+) PTCS.

Subproject 3: microanalysis analysis to differentiate follicular thyroid cancer from
indeterminate thyroid nodule

@ Purpose : We performed microarray analysis and compared clinical, sonographical, and
pathological parameters between benign and malignant thyroid nodules to differentiate
follicular thyroid carcinoma from benign thyroid nodules.

@ Method : We enrolled 164 subjects who underwent thyroid surgery in National Cancer
Center because of the results of indeterminate cytology. We reviewed patients’ age at
diagnosis, sex, preoperative thyroglobulin (Tg) and anti-Tg antibody levels, free T4,
TSH level, sonographic findings incluing tumor size, and pathological findings. We
compared benign and malignant group using the general cDNA microarray technique
with illumina HumanRef-8 v3 Expression BeadChip (Illumina, INc., San Diego, CA).

@ Results : We cannot find significantly different genes in microarray analysis between
benign and follicular cancer group. But, among clinical and sonographical findings, we
could find several risk factors showing significant differences. Young age, male, larger
tumor size, preoperative high Tg level, hypoechoic nodule without hypoechoic rim on
sonography increased cancer probability significantly in multivariate analysis. With
cut-off value 187.5 ng/ml, sensitivity and specificity was 54.8% and (90.1%, respectively.
AUC was 0.748 and p-value was 0.000.

@ Conclusion : Microarray analysis did not show significant differences between benign and
malignant thyroid nodules. But, peroperative Tg levels had very high specificity in predictgin
follicular thyroid cancer. Therefore it may be very excellent tools to differentiate follicular

thyroid cancer from benign thyroid nodules.
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A. BRAF EdHo] TN dZd Hdojo R w& did wd g4 Ao
2D gel/ Western blot
Pz g doltol A F7Fe ghuld A HSP60, SOD2, PEBPI, and vimentin

BRAF Mutation BRAF Wild
I \

T57 (LN+) T68 (LN-) T73 (LN-) T78 (LN+) T85 T90

T NT NIN T NTNTN

= . — _T

— HSP60 (60KDa)

—~ PEBP1(21KDa)

29 11. HSP60, SOD2, PEBP1, and vimentin expression

status were matched with 2D gel electrophoresis results. T:

tumor, N: Normal tissue.

B. HSP60 B =35t Aol FxdAo
BRAF EdHo] kAl Lol A HSPE0 AL dxZ Aol & Ay #d Q)
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o
o
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| LNnegative |LNpositive | P-value |
HSP60  N,(%) N,(%)

overall negative 5/21(23.8) 16/21 (76.2)
positive  53/100 (53.0) 47/100 (47.0) 0.015

[ LN negative LN positive _ P-value |
BRAF HSP 60 N,(%) N,(%)
negative 4/19 (21.1)  15/19 (78.9)

positive
positive  46/79 (58.2) 33/79 (41.8) 0.003
|| LNnegative LN positive | P-value |
BRAF  Hspeo N,(%) N, (%)
negative negative  1/2 (50.0) 1/2 (50.0)
positive  7/21 (33.3) 14/21 (66.7)  0.585
a9 12

2) BRAF E¢dW¥o], MAPK gA|#|¢t @& g d A4 9 g3 99
BARAG NEFE o] & dld 54

AEF A3

SNU790 BRAF mutation cell line
TPC1, XTC BRAF wild type cell line
FTC133 Negative control cell line

2D gel Electrophoresis & MALDI-TOF

v
1 &
s i
; I .9':‘ e
" © ;
4] ©
»
s .

SNU790 TPCL

¥ 14. <Different protein spots between
SNU790 and TPC1 cell line>

TPC1 : FTC133
a9 13. <2DE protein profiles of XTC,
TPC1, SNU790 and FTC133 cell line>
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a9 15, <Different expression of proteins after treatment of U0126 and

Sorafenib>
49 o
SI\I;:-t Protein Name SWIE(S)-Pmt N::::t Calculated pI % coverage Subcellular location
1,15 Calreticulin p27797 110 4.29 10 ER lumen
2 Tubulin P07437 101 4.78 9
3 ATP synthasef3 P06576 57 5.26 16 Mitochondrion
4 Nucleophosmin P06748 52 4.64 21 Nucleus
5 PDI A3 P30101 48 5.98 15 ER
6,10,13 Vimentin P08670 111 5.06 33
7 HSP 90-a P07900 65 4.94 9 Cytoplasm
8 Calumenin 043852 173 4.47 22 ER
9 a—enolase P06733 169 7.01 68 Nucleus
11,14 HSP60 P10809 135 5.70 28 Mitochondrion
12 SOD P04179 66 8.35 39 Mitochondrion
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BRAF = ®olg 48 @ 2o

<Western blot and Immunohistochemistry of SNU790 (BRAF(M)) and TPC1 (BRAF(W))
cell line >
A: Western blot, B: Immunohistochemistry, W, wild type ; M, mutation

SNU790 TPC1

Nucleophosmin(40KDa)

HSP60 ‘:EBI{DaI

Vimentin(57KDa)

Calreticulin{55KDa)

SOD2(22KDa)

sheba BEol 0@ messg s 29

BRAF(W),N(%) BRAF(M),N(%) D
SOD
Negative 17(73.9) 16(48.5) 0.057
Positive 6(26.1) 17(51.5) '
HSP60
Negative 17(73.9) 16(26.7)
Positive 6(26.1) 44(73.3) <0.001
Calreticulin
Negative 20(48.8) 33(28.2) 0.021
Positive 21(51.2) 84(71.8) '
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ZF b o] BRAF ®olo] thgh HAL orl=

BRAF
mutation Sensitivity(%)  Specificity (%) PPV (%) NPV (%)
/Proteoms
Calreticulin 71.8 48.8 80.0 37.7
HSP60 733 73.9 88.0 515
SOD 515 739 739 51.5
Vimentin 70.6 34.8 61.5 444
Nucleophosmin 53.8 50.0 60.0 43.8
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D ddsa A4

Total thyroidectomy or lobectomy 3038

Available
tissue
476

cytology ]
164

Indeterminate and

tissue available 54 31 (othertype
canceror
indeterminate,
l l fovar NH)
Benign (FA) Follislar canger Papillary cancer
99 MIFTC 4 P r;’
WIFTC3

a9 16, Wt A

AR MEAAY T8 A3E B 1648 > AAREFd ARG S8 543
[e]

2) microarray analysis

- RNAZ %/ illumina HumanRef-8 v3 Expression BeadChip (Illumina, INc., San Diego, CA)

(o]
-

- A oA Aelo] FO@ Aol E Mol HARE WANA WA,

hul

&

- GHAAE W APARTE, BFHAEde] Ma A% felahA ke FHAE U

2

3 BAE YA, $IA, 2345 54 B4

- A EEe AEHAY 3 2= K1l 1644

|
o
o
2
)
ok
AC)
D)
At
X,
tlo
HE
%

- FRAE/ARFFEEPTC)/ o 2 o) A #-F 4 (PTCFC)/M Al 3 5] L HMIFTC)/ 3 91 1
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- e A A Al Agyoel], 3dATE T2 ZF #3ke ZolE RolA| gkskt) kAT 3
Afrde fFostAl FAgZ244d ol vla] #Zgkon (YA 24+1.2cm vs., oJEA] WHol {5
1.2+0.7cm, F+F% 08+0.lcm, p <0.05), HAAAELLL FsA & ZAIWARNGFAES
29%19cm, FHAHFAXEY 43+1.3cm, p <0.05)F HATH

- T AdoA F E g A ESd R vluAd = fostA e A HEEEEY
(thyroglobulin, Tg) 2|7} A4 el vlal, g AH oA =55 AT F AR (&

AAA: nARAFAEd FHYAAGFAAEY, 15 + 2290 188 + 2285 2762 + 2079 ng/ml median
+ SDD).

Benign MIFTC WIFTC
Number 88(53.7) 31018.9) 4(2.4)
Female, n (%) 77(87.3) 22(71.0 4(100)
Age atDx 48 = 1 a0 =13 50 = 17
tumorsize 24 =12 2.9:x 1.9 43 £ 1.3=
TSH (mU/) 1.6 = 1.2 1.2 = 1.1 1.5 07
Tg (ng/ml) 90 = 229 1315 = 2285+ 2762 = 2909+
Tg Imedian) 15 188 2079
TgAb (U/ml) 1203 = 7083 39 £ 59 52 = 46
TgAb (median) <20 {20 49
TPOAD (U/ml) 217 = 568 14 =29 <30
Hashimoto, n (%) 17 (19.3) 3(9.7) 0 (0.0l

a8 17, FAAZAAY Aol zEee oA EA Blul (x p value <0.05 when

compared with benign group)

- FEd 259 Ade v eR FA4EAAE 2 A (EDAA] 24 AelE BT A
AALFE A AAE HAE NErF Egkom (FA vs. MAIAFAEZY vs. FH S
o Lk, 7(9.1%) vs. 6 (20.7%) vs. 2 (50.0%), p = 0.012), A ADANA = Ao, FdAH
= o frelstAl Bkew (p < 0.05), HdAdLolM= AddEd= Ao

A
Holx &= A7t FosiA Btk (Holl=z o], A vs. vAHGFAEY
0;, 50 (64.9%) vs. 9 (31.0%) vs. 1 (25.0%), p <0.05). T3t Fol3tA <HAdAAA A3 3}
Wath ($A vs, I AEFAETY vs. B FAFEY 11 (145%) vs. 12 (41.4%) vs.

<0.05).

R =T
MO ooy ox

—~
N
4
OO_J
5
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Benign MIFTC WIFTC p
Number 8§8153.7) 3118.9) 4(2.4)
margin regular 70 (90.9)  23(79.3) 2(50.0] 0.012
irregular 71{9.0) 6 (20.7) 2 150.0]
Component solid 75 (97.4) 291100} 4{100) NS
solid & cystic 212.6) 01{0.0) 0(0.0)
Echogenicity Markedly hypoechoic 0 (0) 3(10.3) 0 (0.0} 0.000
Hypoechoic 22(28.6) 16155.2) 4 (100]
isoechoic 55(71.4) 10134.5) 0 (0.0)
Hypoechoicrim no 27 135.0) 20169.0) 3175.0) 0.001
yes 50 (64.9) 9131.0) 1125.0)
vascularity None 4 (16.6) 6 (31.6) 1125.0) N5
Peripheral 10423.3) 2 (10.5) 2 (50.0)
Poor to moderaie 17 {39.5) 7136.8) 1125.0)
Moderate to rich 8 18.8) 4121.7) 0(0.0)
calcification present 11{14.5) 12 |41.4) 3 (75.0) 0.000
a9 18 A AEN A EYY 259 54 Al
& odow ojxgrel APmel g P B4 A3 JAw Fe vhol, W4, Tg A7
A%, M3ah Aoz AW Sol felshl AT AVEES EolE AoT BAY
Exp (B) 95% Confidence interval p
Age 0.917 0.850-0.990 0.026
Male 8.036 1.230-52.499 0.030
TSH 0.804 0.410-1.575 0.525
Tg 1.987 1.248-3.165 0.004
TgAb 0.768 0.232-2.540 0.665
Hashimoto 4.643 0.300-71.831 0.272
Irregular margin 0.422 0.039-4.556 0.477
Calcification 6.413 1.091-37.712 0.040
Hypoechoic nodule 5.662 1.126-28.466 0.035
Hypoechoic rim 0.190 0.035-1.024 0.053
29 19, A Ty A
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- ROC curved ©]&3to] ek tho] & Tg gto] gk wift®: g Solko fjsf Attt ol
o] AL AUC 0.524 (95% confidence interval 0.404-0.645), p = 0.674 & cut—off value 52.54 ¢
A U0 Z 485%, Eol% 682% 5 Homw Fatgbddl Feldh 2o]lE& Holx] grkri(date not
shown). 3X1 9 Tg kel A% cut-off value 1875% 39S w W% 54.8%, E°]% 91.5% &
AUC 0.748 ( 95% confidence interval 0.634-0.861), p = 0.000 2.2 23t o]& H AT (1d
2). L&Al A FAHESS w AUC 0.663 ( 95% confidence interval 0.562-0.764, p =
0.005) = 1.65cm ©]d<l A9 W= 957%, Sol% 466% = H A

0.84

Sensitivity
o
%

=]
&
1

0.2

0.0=— T T T T T
0.0 02 0.4 0.6 0.8 1.0

1 — Specificity

a3 20. Tg A3} g ROC curve
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Al

1)

2)

dTEH 1F L 4E

IARFA: Z22AFEE ol &F AL3 A5y A

AFEF APALY NE - ARFHE J&
PG s Amsk Fus Aoz ded o Mg we FHER o] BT
Sa Q¥ BALE 3 6§t B o] dFBYEL dFs T Ew pEste A
Wl EASA @ /1Ee] ARl LIt 9.

o 7F ¥ A dE Ameky] g wye] stuE AR FEXEVE At S
rosiglitazone - pioglitazone &< 7 ofg] FFoA Al #HE zol=d Hl&] 7
Atell A A5gH7F £ Ao 7|dig. AR o5 AESFEAEAS] AF= 27|
A, A7 PRI RE AR E T e digtel Bl dAA 0w HA AFAEo] Tt
s o s s O]X*—J EﬂE]LO]‘:E o] &3 A5 T <
BEHE HtE B 52 AAF R g9y
A

o A A R

AN L4 E=X 859 FDG PET/CT Bx34

FDG A3 W32 AL} F=Xaady #A

A EX 77 237 ¥ 9kl DROYMA = AESFEXEL 35 #ES & QU
Add 2AE dlstd oy, AESFEAEY AEEAA Wiz AEFol2 NISY =W
3= in vitrodl A= 4 #EFHF oY TERAAE FElehA] ks

DRO A EFd A FDG PET/CTS ¢l €3 AESFEXE a3 gA43t

237 gy Aol AlEF DROC %S FDG AHA7F X &% ozl tﬂéﬂ FAEAR v
5. FDG A3 Hae AUyolX g1 T4 AAEE9 FDG AHY /&5 =7F =T
of wla] 4. & FDGO A9 Zxrt A Fasy] B & 2r7h =8 A St
e o wE ¥

ddem wdd (19 16, 19 17).

J SRfae on FFol AA AF APFFFRLRGE T A
w5 oAl ?04—6‘}% ENEFFEDAM HS Feekdn (19 18).

DRO &%°] FDG PET/CTE AEstfixgd ads #2d 5 gle AL Wedddr
FEAZSF S7FE GLUT-1 2d o] glo] Eolvh vt GLUT-19] S77F 49 A
e mete] #HAdS & glod, AR EARY] A3 2

FTC M XFo| A FDG PET/CTE °] &% AZ}FEXNE E79 I3

—r§}7} =2 FTC A¥F+ in virod¥#e o], FYndoM= AP Rd 27| d
FoAA Oz TEATEE7E 2ol gl (28 19).
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of el gloich.

DRO, FTC AlxF9 ZA#A=Z & o FDG PETo| AEF ANESFEAZEA & &
Bwgats Aoz BAY F YAW o/ AEFSY B dPRD WS Fe

o
=
F a%e.

3) AEFF=XE NIS £33 ER94

- AEIFAF BE NIS 2d 5 AL} 294 &4
NIS+= in vitro A ¥l A pioglitazoneA X F <&tA FFddoydt 1 £ AEHA
&S. FTC, DRO 55 pioglitazonex #] & 24A17F# RNA level 5713t o 484170l & 7+
2593 3l NISTH A & 48N Zhol| 28 571819 S

- Zgrdo WA Qo= Agloly Te-99m pertechnate Z~Z0o A DRO$ FTCE wj-$ wjof
gt AHE RS (2™ 20). ol#g v FHAE ARIJFEAERE AL WsshA] sk
=

- A8 EARE HHE ASolE olfd v A= JNAEA & (19 21).

- TERY FTYS HESY AEHMF FDGAFAS #-dd GLUT-1% 8.0=4F s e
NIS¢] 2SS WgstetdAs g8 #EASAS. As5dFod Fost Aol st Xs)
Ao ol el AT Aot & dXA = A= obd

4) A8

ARAOR ZATE Foto] Y AEFE ol &ateo] AEsFExse] M 2 AT
4o o8 /M4 s=EEs FHas. ALsf=Age] ads FDG PETH 2& 249
doz s 4 Qo o] a¥E Yuiel & Awsle] AxF el NIS@HdE] o sk A
= oY A5, S AESFEX RS G S Y A e AR #EE S

ork =2 7R 9] A o] o] AT FFol IAFHA=, A= dy ARSFEASE
T ORE gAGdA dRdow gaHolAE RS, wEt B oxAd A A FTCl
Ae A=7F gt AEstrEXs A a37t ol AFATet dEl Mg =
A EFes st
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A 2AF-ZHA: A FFEANA Proteomics7]| & ©] & Al

=
WA FEekA 7P 8 wAss BRAF Wold] mE vl wa ool

A 29 el lE AT
=gt # AT A% BRAFWCld me thEA wdss wude 49y wud 248 og
stol BAsE, AAzA e GAWL ol§3tel 24 wuAs B@ Fe YA 2AANA Fs
k.

2

Aol A= MALDI-TOF/TOFE ©] 839 BRAF Wol7b = AEFoA &d o] ®
WA 2 vimentin, calreticulin, nucleophosmin, HSP60, SODE &g 4 9l

HSP60> HEzdxdoleto] AAAGE AA AlsolA] g1ttt HSP60S mitochondria Qo2 &
WA S ol FA 7| =d #As, o] H @A foldings WA= 28-S FX5™ misfolding
< 9 AlstaL refoldingS =9} unfolded polypeptide®] #4dgt x3to] 7hsdtes st 98S &
oz Azte Tt

i

O

ox o
o
2

B o o 1o

A3 F5golA BRAF Edol= o FAA=2 A9 7hsA
& 75%0]14e] A fF o] BRAF 5ol E 7FA Al e
o2 o7t H7ld = AWk A FFAe FL o
BRAF E¢Wololo] 1 3l Ald AEdAA #&st= v 41
th B AFo A= HSP60 2 ol o] wlgl BRAF E4wWolr7t gl #AA FFdoAs g=4
Aol7F g=A4 vebdS & ¢ vk HSP60E= STRESS vl a2 dukz o 2 [SCHEMIAY -
Eg 2~ g A Alxe] shrfar g A 9l
TEAA FrAREA Y] FF
kel

T

U

o
>
kY
&
k)
g r
e
r
2
4
©
N
o
S
m

2
glﬁ'
[o
o
ot
ol
fd
>
NN
X
i

B Ao A= MAPK inhibitor7} @9 a & oFajo| u|x|i=
MALDI-TOFZ AAsle] AxFdz 28 GAS dglshs ofgrpx

] gods 48 &
2tk BRAF #ol7l §ls XTCAIZESFS TPClL AEF Alolol okl A ¥ FE5FHoz 2y
23t G AL vimentino] 912, vimentine BRAF Wo] M EF<e SNU7900 M = kA A
5 drdo] 7gAEE SAS Btk Western blot 23 ol A vimenting @& o] #istE A$
sh

Sorafenibg #2]3F TPCl A EFAR 3elo] Hoy A= EBAH AAES 1y
Sorafenib ¢FA| 7} 2 @ ARl vimentinol] FEFS vRTE S =T = A XTC Al
Fo A Wwd o] 7FA3stE alpha-enolases ©HY3E 75 S FdstE EARA, GEE 28
st A 24, @718 gk A& delA oA T8 o

2 AEDT AFEdztgd s #oJd oz AZE 3 immunoglobulin4HS AH=3slE Ao
B4 Atk SNU790 ATl A ofAl Ae] $ wdo] 4w += PDI A3% nucleophosmine] i
TPC1 AMEFo|A Bdo] ZH2dE calreticulin® EF @A 9] folding® @2 34 2 %4
#He gkl Western blotoll A+= TPC1 Al ZF2F SNU790 EFol| A sorafenibS A 25 S wjoll vk
dWd o] ZAadE Aow eyt Sorafenib& MAPK pathwayel 51 RAF/MEK/ERK pathway &
2ekslE kAR, F 2 serine/threonine kinase(c-RAF)o] 43S nxj= Aoz d#x v &
Sk U0126> MEK1/29] phosphorylationE Wafidtezs 7Hdd #59 AEe F48 A8 =
Aoz d4#A did, o|F sorafenib®tl F U 9 ARE JAlsdE Aotk E At
western blot A3+ A A A g1s A Xk Aol Aoy sorafenib Mg F
oqt ¥rdo] 74X+ vimentin, nucleophomin 2 calreticulin® ZAIE Ro} o] ©wjHo]
RAF/MEK/ERK pathway®] 3¢ A2 &S vA= @i dd 7tsd e 283 = JArh

N
£ o

frtl
e, dr & M & rff o ¥ N

N

o 12
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Hye-kyung
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Application to Non-thyroidal Tumor Kim, M.D, |Medicine and R e ) 09100312
Implantation Model using the Human g_ae*%}[l%g Molecular e
: : im, M.D., .
Sodiumylodide Symporter Gene Seolki Kim, | Imaging
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Journal of
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[ as new prognostic marker in oY | Endocrinol i
papillary thyroid carcinomas: proteomic ;xﬂ Eo) nAoCTnolog |y 14 % =9 09100312
471 % y and SCI
approach (A :
= Metabolism
(6.026)
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Project Summary

Development of redifferentiation induced therapeutics using molecular

Title of Project ) .
imaging

Thyroid cancer, Molecular imaging, Molecular therapeutics,

K
ey Words Redifferentiation

Project Leader Seok-ki Kim

Associated Company

@ Purpose: we aimed to establish re-differentiation treatment supported by molecular
imaging in thyroid cancer using xenograft model, and assess the correlation of molecular
imaging and re-differentiation treatment.

€ Method: we established thyroid cancer xenograft models combined with thyroidectomy
using various human thyroid cancer cell lines. The re-differentiation treatments were
performed using pioglitazone. The treatment effects were assessed in DRO and FTC tumor
models. Molecular imaging such as FDG PET/CT and Tc-99m pertechnate SPECT were
done Dbefore and after treatment. Pathologic analysis such as GLUT-1 and NIS
immunohistochemistry were taken.

@ Results: various thyroid cancer models were established and used on-going study
successfully. Total thyroidectomy could be done in the mice with tolerable success rate. After
pioglitazone treatment, poorly differentiated thyroid cancer model (DRO) showed moderate but
robust decrease of tumor growth rate. but, follicular thyroid cancer model (FTC) did not.
FDG PET/CT showed FDG accumulation decrease corresponding to the growth decrease.
GLUT-1 expression of DRO model increased after treatment, but not in FTC model. On the
contrary to FDG, Tc-99m SPECT, which reflects the expression of NIS, were not different
after treatment. Immunohistochemical assessment showed no difference of NIS expression.

@ Conclusion: we established successfully the basis for the research using thyroid cancer
animal model and re-differentiation treatment. The treatment effect of redifferentiation

agents could be monitored with molecular imaging with some limitation.
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The isthmus was being pulled up with forceps (C-1,
- 37 -

multiple tracheal rings in this figure (B). The figure shows bilateral thyroid glands with

a flat and transparent isthmus.

exposed in this image. Thyroid cartilage and the hyoid bone were visualized along with
C-2) and cut vertically (D).

a9 4. 333 AA A 1. Bilateral parotid glands were gently divided along the
midline and placed laterally upon the skin, and bilateral strap muscles were then
exposed under the investing fascia (A). Bilateral sternocleidomastoid muscles were also



a9 5 A A AFA 2. Upon cutting in half with scissors in the
isthmus, the bilateral lobes of the thyroid were grasped on the medial side
and dissected upward and laterally (A, B). The sternothyroid muscles were
located in the upper pole of bilateral lobes (C), which were retracted along
with the strap muscles before dissecting. Minor bleeding was easily
controlled by gentle pressure with a piece of cotton. After total
thyroidectomy, the trachea was visualized without the thyroids (D). After
saline irrigation, musculature, lymphatic tissues and parotid glands were
repositioned and skin was sutured.
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a9 6. AN EAE A5 AN 24 The ""Te-pertechnetate whole-body scans were done for

each mouse in the small animal SPECT system. Figure (A) represents the region of interests in the
neck, stomach, bladder and totalbody. For background correction, remnant thyroid/corrected background
(wholebody-remnantthyroid - stomach-bladder, if visible) was calculated. Figure (B) shows intense
radiolabel uptake in the neck area before surgery (blackarrow). Figure (C) shows the image taken after

total thyroidectomy. Compared with the pre-operative scan, the post-operative scan shows faint remnant
radiolabel uptake.
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ad 7. AA" WA H&EZZ 4. The removed thyroid glands were stained with Hematoxylin
and Eosin (H & E), and examined under the microscope. The 100x image in the lower right square
box is included, and part of the image is enlarged to 400x magnification. The glands were composed
of many spherical hollow sacs called thyroid follicles. In this tissue section, each follicle appeared as
an irregular circle of cells. These follicles were filled with colloids. The stromal structures
were visible between the colloids.

3) AL TERLDY X553 § B

7 A &35 A (Pioglitazone) &% X85 X dl

- ke ARG MEFE FERS20 FF ojfd HESY] TERES T

- HE 49 TRE, 2o A A o ® o] tiEdolE DMSO, AoF A o=
25mg/kg®] pioglitazones v A FH A 7.

) AEeGEa] + HAAeeE W Aard
- FERRS 2o A A HdAES AT
- FEF 17, e A NEFE Fonks2o GE dFge HETS FYRES WE
- AHE 7Y FHE, dxzadt A A Lo bFol tixzaelis DMSO, A%k A el
25mg/kg 2] pioglitazones v 2537 HFH A7
- HEgauTe olF 15mCi 1131S A9 FARSH

_40_



B) AZ3F=A59 BAIY

et Agrdoa AQE3F =4 (Pioglitazone)ol] 23 XZa3ZS gAslslr] &) A
of BE3lAHE wE FDG A3 HwE 3 PET-CTEY 3 AE3}IA %< NIS(Sodium iodide
symporter)?] & o] wE [-131, Tc-99me AHFAAEE &2lsl7] 93 SPECTE IS a3t

a b. C.

)E]'

N
o

e 3% FDG PET-CT#Y

A ekel QA EF NIS (Sodium iodide symporter)?] W&o Eo]Ael HExedAl: [-131/
Tc-99m Gamma Scan &-& SPECT 9.

2) FDG PET/CT X 82353 #A Ex94

- AEsFEAY A5adE A3t b A 22 EFS At f8, ARIdFEAE F
st AlFE 7 7HAR Urol Fdol TAH o R A Fo ARAE Tt /‘]ZLO}*; =]
g (Jyd FTSFED, advanced tumor mode) I FTHMEE HF3s7] AHFEH XNIAE 3}

[s}
7] N FEE md (7] £%R9 early stage tumor model)S A -&3 (29 9).

- Ay FFR
WhFE 7

A9k AIE F(DRO, FTC133) & o7 HF st TIRDAS s HF 49U
TR A Ay For Uro] thxdFodsE DMSO, Aok AHe wdE 25mg/kg
pioglitazones ™Y AHAIZ. AU 2¥H 45 F<F PET-CT #9935k

|
B

7 FgR

2

e

IREER

)
o
=
o
[>
=
N
)
~
v
~
o
S,

Pioglitazones 59 & iF7ddsr AE(DRO, FTC133) 20097 7h &



% oAl HFES ] TUELES WE ) xR AoF A oz U] Ak A o=
25mg/kg pioglitazones ™ d AH A, ZxTAA = DMSOE AHAAA Adg. Aol 29 4
+ &< PET-CT #9493
PETZE & v-$2F 8A|told dAeta A& FxstiA] Ads np3s & 2558214
5 ol&3t #FYgsAe (19 10).
PET Fre-
imaging
(B8] 4 DS D6 10 D15 D18 D20 D25 D27
.'|'. rd
Cell Crrug (OF 2=
injection
PET
| Lo I & Jd g
D0 D4D5 D6 D10 D13 D18 D20 D25 D27
Drrug cell Drrug (Of 25
injection
a8 9 Y rrd Exoga AAE 9118 - advanced tumor model, ©}
g 18 - early stage tumor model.

_42_



3) Tc-99m SPECT/ Gamma %A+

it
M

™o
X

ToR

27
Hr

el
NS

)
0

e
]

o
M

FAY Tc-99m pertechnate$} #-&

SEE |5

o=

AHE B

ki3

= AR e met F4

1 9. Tc-99m pertechnate

Ho]—lﬂ‘j]o

1
.

—
o

47FFol s ol

B

kg dolvt SPECT+ #8& &25&=8 =714

& %

°ol-&

=
=

- WA 2 © = Te-99m pertechnate

4 11). 5EAA = PETZ

43 (2

of #

3

&

]

o

]

]

i
=
bl
e
i
o
v
o
2
z
-

S -

a9 11 &s=8 #Avprivel/ SPECT

_43_



C) AEFFEAESY BEAFES ol &3 37t

D AESFE ddA 59 RIS

7h) 3RS AEFAA A &S EA(Pioglitazone)dl 23 A X =4 H7}

- A 7HAbA e AlE Fo A PPAR gamma agonist(Pioglitazone)ol €3t M EZA S 9 7}sl7]
3

F9) 0.1, 1, 10, 20, 100uM Pioglitazone2 &3 ¥  48hel Cell counting

- n&3tek DRO90, o] E< FTC133 E5 Pioglitazone? &%= wal A EF7 oA S &
A3 (2#12).

140

120

100

&80

60 ]

40

==FIC13348H" DRO 48H

0.1 1 10 20 100uM
pioglitazone

[}

a8 12 ARG =AY 9 A EAE (CCK-8 assay)

W) AAAd AEFAA A E3-FEA (Pioglitazone)dl 93 FDG A3 Ax v

- A ME Fo A PPAR gamma agonist (Pioglitazone)ell 913t FDG A HA A LS do} H 7|
sf, 2+ ztel M X Fof 0.1, 1, 10uM PioglitazoneS #1238k & 1h, 48he] FDG A #HE H 713k

- "E3kSE DROONA = sX¢F Altel w2} FDG A3 7F Aol Ay, oL ek FTColA = Aol
7b BolA ke (1™ 13).

_44_



FTC

120

il =1k
100 \‘“‘ff i i - 48H
ad
% &0

40

20

a r r T

C 0.1um TumM 10um
pioglitazone

120 ]

T es———, N
&0 4‘\‘

% B0
40
20
D T T 1 1
£ 0.1uM TuM 10um
pioglitazone

a9 13, ARSFEA 93 FDG AHAAE a. FTC AEF, b.
DRO Al X (FDG uptake test)

o) FAZAG AEFAM AZLSFEAN A& A3} F7F (NIS £d)

- Ak el A FoA] PPAR gamma agonist(Pioglitazone)ol €3 A &£3} A==
3 &3 A ES Sodium Iodide sympoter(NIS)e] & kS RNAQF ¢z

=

- 2z} ZFe] ME Fo] 10uM pioglitazones 24, 48, 72A17F A Elstxr RT-PCR (28 14)
Tc99mS o] &3k uptake test (29 15) = A&

- FTC, DRO E%F Pioglitazonex & 24A]17t ¥, RNAYo] S71stA b7l 48, 724179 4
Hojx o, G AR 43X 7k 2 F F7FEH)F o] Y.

_45_



v

c 24 43 T2 ¢ 24 48 72

FTC(FIO) DRO{FIO)

a9 14 AEsHrE=AC ¢ % NIS mRNAZ (RT-PCR)

10uM pioglitazone

7 DE-F 600E-04
C
6.0E-06 SO0E-04
m24
= 5.0E-06 — ADOE-04 -
‘E‘ 4.0E-06
-] m7Z 300E-04 4
E 30606
s 200E-04
¥ 2.0E-06 -
1.0E-06 L0t -
0.0E+00 - 000E+00 |— M.
FTC DRO FRTLS

% 15, AEsHEAlel o gk NIS whuld kg
(Tc99m uptake test)

@) FDG PET-CT& o] €3t A& 35 %A (pioglitazoen)d] 9§ X 5& 7 F43

FE ArRdoA AEIH =4 (Pioglitazone)ol] 23 53 3S F43tst7] Y8 FDG
& ol&3te] PET-CT #93. ARELL AEsFEAe] XmA7]d wet advanced, early
stage model® o] A3 3t

- L= AR wel FEF A Al FDGE 47F #elHold (1™16).

- Arnde) FFe A

Azl A B 109 ol del A7 Aozt yr] AlEFek 1 A e
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0.5+
.o - g
1] 10 20 3
day
3
3

19917, advanced DRO T4 R oA &3 F=A
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AZA dAA FEEDAA A EFF XA (pioglitazone)ol & F AE3}EI 4

H A AAE s sERD w g S AlEF($DRO, 2FTC133) 29 7|
s 4 9 RdS s HE 7Y 3 25mg/kg A E3H = A (pioglitazone)
g 2F w2t hMﬁ A3k 3E QD NISe o g Tc99me] HHHE=E SPECTE ol &3l F43t
g gz A= DMSOE AFAAA.

AFAY Fdd AEsAE B A F3 sk Tc99me| 4 7F EO]X] ke, FTC1339 W=
‘r:Loﬂ A EF B399 meanSUVEES 1790.9mm’, 0.0103683, A &34 % ﬂﬂ:rLoﬂ A= 17367
mm®, 0.0157314¢] % DR0O90<] q]zeroﬂ/ﬂ > Fd9 meanSUV%}o 705.1 mm®, 0.0103201, =
Balaw Ao AE 13622 mm®, 0.01156010] 9 <-.

1820, At do A SPECT o]vwx]. #; FTC133 $;DR0O9Y0
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AgAd FEE DA PET-CTS SPECTE &3 Jdo= gdgh A& s %Al (Pioglitazoen)
of 93t X7 BHE AEI} A EQ NIS(Sodium iodide sympoter)2} FDG2%o] #oJsle
Glut-1¢] =2 W3t dAs FalA vl usd&.

- Glut-1 94823+ DRO F

%3 FTCY ZAF}7F 28, DRO 4L ANEFFEA g &
oA o FZT

H 3 Glut-1 §40°] o ®o] HAL. A% FTC FFL Aol7F A
- NIS¢] HdA %=+ DRO %% FIC T4X

S GELTFA A Aol 7E il
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18 22, DRO90 ZZH oA GLUTI ZZ4A 19 23, FTC133 Z#oA GLUT1 Z2 44,
A. control(DMSO)A gl B. AMESHF=A A control (DMSO) A g+ B. A&EIIF=A
(Pioglitazone) #] 2]+ (Pioglitazone) | 2]+

a7 24, DRO90 = olA  NIS(Sodium =28 95 FTCI133Z 2|4 NIS(Sodium iodide
iodide symporter) I, A symporter) 22 M. A. control (DMSO)= 2
control(DMSO) =] 2] i+ B. AL =A g st mAl (Pioglitazone) ] 2] *
(Pioglitazone) = 2]+
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(91-) Establishment of new prognostic factor of papillary thyroid

carcinoma using proteomics approach
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1) A+
- Mg AlEF A4 BRAF EdwWo] A2 SNUT90, Wol g4 XTC, TPC, jxao =
AXA 7ML MEF FTCI33H XS o] &3t}
- ZF AEF A MAPK 23944121 U01263 sorafenibS dose®t 22 A|7HS da]sle] Fof & 3
ej et W 3lol proliferation W3t 72 At}
- AA & 7zt dA A ERK9 pERKS &S western bloto 2 HA3dhe] A A3dle] MAPK A&7}
A H A=A Flg
- A7 AlEFIA MAPK AlE Ad e Adk Fof v d ] Aolrh Je=AE
PROTEOMICS7] & o] &3] A
AR RRY EAGA wE wudl wE 4575 24 F QPP b,
2) A4
- BRAF Edwo] 5o gl vl zd k& gfato] 2ol 7} el
BRAF
mutation Sensitivity(%)  Specificity (%) PPV(%) NPV (%)
/Proteoms
Calreticulin 71.8 48.8 80.0 37.7
HSP60 73.3 739 38.0 515
SOD 515 739 739 515
Vimentin 70.6 34.8 61.5 444
Nucleophosmin 53.8 50.0 60.0 438
- MAPK inhibitor2 A 3}9& w w@do] weckd Wsl7l BRAF E<®o] {50 uel g2/
e
e
@A A3
T8 a2/ 5 xA" G 5 (%)
SCI =& H< 0/2 0
IF &
71} A=}
,zéxgﬂ /\E)qu.
BRAF EdWo] %Al 7H44A f5Fdo = HSPE) w2 wks 5o upa} dxd Ho] dato]
55 g9lgh
HSP60 @i do] g FFdolA TAA FHAARA 75T 7t &9
B $ABAE FHol 1A TARZAS A5 o A2
BRAF %ol {0 el gude] wydo] t2 A Yepds 8t
BRAF <o) 5o wg dwlde] wrdo] 27 Jepds 913
A7)% FANA,
& Fdqaza (4w 7T
(HFHE FodY) | 2ulz2W 3
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Project Summary

Establishment of new prognostic factor of papillary thyroid

Title of Project . . .
carcinoma using proteomics approach

papillary thyroid carcinoma, BRAF mutation, proteomics,
Key Words .
prognostic factor

Project Leader KI-WOOK CHUNG

Associated Company [NONE

Purpose : the purpose of this research was to identify proteins associated wiA]
MAPK signaling pathways using proteomics in papillary thyroid carcinomas. the
other purpose was to find new molecular prognostic factors along with BRAF
mutation

Method : 11 fresh frozen PTC tissue and 3 PTC and 1 FTC cell lines were
studied. Using 2D gel electrophoresis and MALDI - TOF, protein expression was
researched. Expression analysis was performed according to BRAF mutation status,
LN metastasis, MAPK inhibitor treatment. Identified proteins validated with IHC
and western blot. Clinico—pathological characteristics are compared according to
identified protein expression.

Results : Protein expression was different between PTCs with BRAF muation and
without it. Protein expression was changed after application of MAPK inhibitor.
Protein change was different according to BRAF mutation status. HSP 60
exrpession was associated with less frequent LN metastasis in BRAF mutation (+)
PTCs,

Conclusion : Protein expression status was different according to BRAF mutation
status. HSP60 protein mat serve as tumor inhibitor in BRAF (+) PTCS.
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T1 BRAF (+), LN (+)
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T3 BRAF (+), LN (-)

a9 Lo gzgdel FyTelA Bd FAE wud (107
Calreticulin, HSP60, gelsolin, tropomycin alpha, Cathepsin

B, PEBP1, SOD2, LAMININ A, Triosephosphate isomerase,
LAP3, HZddo] FAwelA wdo] zHagh @A (279):

Aconitate hydrase, vimentin

B. Western blot validation of protein expression

BRAF Mutation

I ;

f |
T57 (LN+) T68 (LN-) T73 (LN-) T78 (LN+)

BRAF 'l\Nild

185 T90

T NT NTN T N TNTN

19 2. HSP60, SODZ2, PEBPI,

and vimentin expression status were

matched with 2D gel electrophoresis results.
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C. IHC result in validation set.

LN HSP60 S0D2
metastasi
s
P-value positive  P-value
negativ positive negative
e
negative 3/19 16/19 0.003 5/19 14/19 0.248
(15.8%) (84.2%) (26.3%) (73.7%)
positive 12/19 7/19 8/19 11/19
(63.2%) (36.8%) (42.1%) (57.9%)
Overall 15/38 23/38 13/38 25/38
(39.5%) (60.5%) (34.2%) (65.8%)

PEBP1 VIMENTIN

positive  P-value positive  P-value
negative negative
negative  7/19 12/19 0364  4/19 15/19 0330
(36.8%) (63.2%) (66.7%) (33.3%)
positive  5/19 14/19 2/19 17/19
(26.3%) (73.7%) (46.9%) (53.1%)
oveall 12/38 26/38 6/38 22/38
(31.6%) (68.4%) (15.8%) (84.2%)

a9 3. HSP60 expression was associated with less frequent

LN metastasis

D. IHC result of HSP expression in test set.

| LNnegative | LN positive | P-value_

HSP60  N,(%) N,(%)
overall negative 5/21(23.8) 16/21(76.2)
positive  53/100 (53.0) 47/100 (47.0) 0.015
| |LNnegative | LN positive  P-value |
BRAF HSP 60 N,(%) N,(%)
positive Negative 4/19(21.1)  15/19 (78.9)
positive  46/79 (58.2) 33/79 (41.8) 0.003
| LNnegative |LNpositive  P-value |
BRAF  Hsp 60 N,(%) N,(%)
negative negative  1/2 (50.0) 1/2 (50.0)
positive  7/21 (33.3) 14/21 (66.7)  0.585
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A. Cell line culture
A% AIEF9 SNUT90, TPCL, XTC 2 FTC1339] 47) AEZFE o] &
BRAF ®olo] wWE& wuwza 3ol xzlolE 3<ldr] ¢3te], BRAF mutation cell line¢!
SNU790& A3 o= AAESE I, BRAF wild type cell line?l TPCl1¥ XTCE iz o 2 3
2 o1 Negative control cell line® 2 FTC133& A3},
Z+ MXFE 10% fetal bovine serum, non-essential amino acid mixture, ImM sodium
pyruvate, 2mM L-glutamine®] X3¥® RPIM 164001 A j <.

B. MAPK pathway inhibitor and MTT assay
MAPK inhibitor: Sorafenib tosylate®} U0126 ethanolateS ©]-&
<MTT assay>
Zyzke] AEFE Aerfo g whEo] 96 well plated] 1x10°714 w3 zhzke] AJekS 2 yM |, 5 1
M, 10 uM, 15 uM¢] F== A 2g F A gt A 7247t A A ]ﬂ%’ii AZzWstE #F. o
Ao whg}, U0126€ 10uMe] F %2 24X 7, Sorafenib< 10uMe] % Z
k& o3t M E O] apoptosisE FEeHA| FomA AE S A }% Ho =z 3ol

C. Extraction and Precipitation of Proteins
ZF AEZFO] tiete] okES AFetA @S i, U0I26S A F 2443t v
AE] F 48AIZF v ek Tto® o] ZF ATl dia] Tl fA1S A9

D. 2D gel Electrophoresis & MALDI-TOF
o]x& A 719 %< Sodium dodecyl sulfate-polyacryamide gel electrophoresis (SDS-PAGE) =
Al 5 Zpol7b vh= @ spot o thstel A A4S AAE

E. Western blot and Immunohistochemistry

A3

ot

==
O

-, Sorafenib

Y " Aol AEF HAA A FFY 2H oA xolE Kol AE Fdstr] 15
BRAF ®Wo] MAZF< SNU790¥ BRAF ®Wol7} gl FF¢ AlX20 TPCldl dgk Western
blot& A&, A FFd 4o gsiAes W94 sts d4S Al F 158719

T E50] AMEE S

F. Statistical analysis
BRAF Wo| frio] wet 7zt dad drgde] xpol7p <)
)&l chi-square test®@ Fisher's exact testZ A] 3§38}
U5 e+ 5%olstel A Heskl =
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- 473
A S4H B
Spot X SwissProt Mascot .
No. Protein Name o, score Calculated pI % coverage Subcellular location
1,15 Calreticulin P27797 110 4.29 10 ER lumen
2 Tubulin 8 P07437 101 4.78 9
3 ATP synthasef3 P06576 57 5.26 16 Mitochondrion
4 Nucleophosmin P06748 52 4.64 21 Nucleus
5 PDI A3 P30101 48 5.98 15 ER
6,10,13 Vimentin P08670 111 5.06 33
7 HSP 90-a P07900 65 4.94 9 Cytoplasm
8 Calumenin 043852 173 4.47 22 ER
9 «—enolase P06733 169 7.01 68 Nucleus
11,14 HSP60 P10809 135 5.70 28 Mitochondrion
12 SOD P04179 66 8.35 39 Mitochondrion

<2DE protein profiles of XTC, TPC1, SNU790 and FTC133 cell line>
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<Different protein spots between SNU790 and TPC1 cell line>
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B. shebal wel ofat welsksid A 23t
BRAF(W),N(%) BRAF(M),N(%) p
SOD
Negative 17(73.9) 16(48.5) 0.057
Positive 6(26.1) 17(51.5) '
HSP60
Negative 17(73.9) 16(26.7)
Positive 6(26.1) 44(73.3) <0.001
Calreticulin
Negative 20(48.8) 33(28.2) 0.021
Positive 21(51.2) 84(71.8) '

<Western blot and Immunohistochemistry of SNU790 and TPC1 cell line >

SNU790 TPC1

Mucleophosmin(40KDa)

HSP&0 rﬂ'I{Dai

Vimentin(57KDa)

Calreticulin(55KDa)

SOD2(22KDa)

Figure A: Western blot, figure B: Immunohistochemistry

W, wild type ; M, mutation
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<Western blot of XTC, SNU790 and TPCI cell line (treated with U0126 and Sorafenib)>

A. Treated with U0126 B. Treated with Sorafenib
TPC cell line TPC cell line
Calreticulin .
Vimentin
SNU790 cell line SNU790 cell line
Vimentin
Nucleophosmin
XTC cell line XTC cell line
Alpha-enolase
Vimentin
HSP60

Bold arrow, decreased expression

C. 7zt @uld o] BRAF ®old g AAF orl®=

BRAF
mutation Sensitivity(%)  Specificity (%) PPV (%) NPV(%)
/Proteoms
Calreticulin 71.8 48.8 80.0 37.7
HSP60 73.3 739 88.0 515
SOD 515 739 739 51.5
Vimentin 70.6 34.8 61.5 44.4
Nucleophosmin 53.8 50.0 60.0 438
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A7Ad u% L AL

MALDI-TOFE o]&ste] 3734 A B Al el 2ds = ands dFHo= 34
st A9k BRAF ®Wojo| tigt 124 A+ Ry v itk Netea-Maiers 2 7744 o2
TEH oAXY Abolo] wuld by o] xolE HAlE Yl al, Brown T& A FAH 242
A f5g 232 Atole] wuld by xpolE Wtk AR A FFANAM M &
stAl A sh= BRAF ®Wolo] w& v b e gk A+ 53 Asdolth. & <A+
A= BRAF®W oo wel b=/ Gy oids gk dwd FA4 5 o] &5t w4k, |
HxA 35} A S o] &ate] ZF el o] wy S A A A Fls At

AT A= MALDI-TOF/TOFE o|&3te] BRAF Weol7b = AEFA 2d o] W
3}et= wh @l vimentin, calreticulin, nucleophosmin, HSP60, SODS &¢<ld 4= 3t} ol &
gdudel 7)Ee o

Mascot(http://www.matrixscience.com/)ol A A& F gdgon o
WA 2 class III intermediate filaments® <&l #] 1t} Calreticuling ¢l 2 9]
foldingS %+ calcium-binding chaperone® = thyroperoxidase® X &3lo] t}3k glycoprotein
S FAst=Y T3 98 st= ER w¥ldEo|t}. Nucleophosmine ribosome A 3HA,
centrosome A, @4 o] chaperoning, histone %%, AlX 52 % ph3s o FdodA FdA =%
Ao #oJdch, =3 HSP60S mitochondria ¢t @A S o] F A 7)=d Bojsly, ol%d o
WAl foldinge HASE 282 =23H misfoldings AL refoldinge =9 unfolded
polypeptide?] A A3t Z3lto] 7[53l2E sl 9ds & Aoz AZEY. SODE Z 48z
WA AEfA Ao BAEHEA B2 A2 545 Hol= radicals 3
d3tS Frh B AFoaE 2A-4E gz Zo| A calreticulin®} HSP60S A A Al 8o A e
o ZM4 BRAF WolE d5d F Jd& MEL ZAARE AAS = AT

L

vimenting *+%

rd SL
oo rfr e

2AFol A= MAPK inhibitor7} ©# 2 2d Aol mlA= FFS gedetaa 7 AlxsFd
MALDI-TOFE AAlgte] AlzFdz By F4S dejsts AeirkA did s 48 5+ ASd
t}. BRAF ®ol7} gl XTCAHEZF9F TPC1 AEF Alelo] ofAl A $ FF5A o=z wdo] 7t
23t @A L vimentino] $12.W, vimentine BRAF Wo] AMAEZF<Ql SNU790 A %= oFA] A g
T Wdo] fgAadHE S Btk Western blot A 3ol A vimentin®] @& o] #aste A+
Sorafenibs A #]g TPCl AEXFIANE Zlo] Hou, AH=FA A AdsE 1y o
Sorafenib ¢FA|7F 7+ @A <Ql vimentinel TS v HTE AE S5 F AT XTC A=

A

2D A EZE RS A gl = 5’&04%‘ Zﬂ&i A ZF= 31 immunoglobulinJ2Fe A=3l= oz o
A ok SNU790 Al EZ oA kA A2 & @do] 74 F = PDI A3% nucleophosmin1#] il
TPC1 AlZEFo A d3lo] 7FA3E= calreticuling 25 %‘:‘“2194 folding} ©t¥la kA 2 x4
#He gkl Western blotoll A4+= TPC1 Al XZF2F SNU790 EFolA sorafenibS # 2]5FS wjol vk
Weo] kA 5= Ao ® yebykth SorafenibS MAPK pathwayol 2 RAF/MEK/ERK pathway::z
AestE ofAl 2, F 2 serine/threonine kinase(c-RAF)o| @3S wx&= Aoz d#x Ut}

3k U0126¢ MEK1/2¢ phosphorylationE Welgdtem»# AN F5o AT =245 ‘—‘ﬁlxﬂs}‘{—
Aoz A =, °l= sorafenibRth F ¥ d9 AEZE o = FHolt 2 A9
western blot 23 = A 2 oA &l A X vh= Al e, sorafenib A& F

oqt drdo] ZFAE <+ vimentin, nucleophomin 2 calreticulin® ZA3IE Rol o] d©wjHo]
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Project Summary

. . microanalysis analysis to differentiate follicular thyroid cancer from
Title of Project . . .
indeterminate thyroid nodule

Key Words indeterminate, thyroid nodule, differential diagnosis, microarray

Project Leader You Jin Lee

Associated Company | none

Purpose : We performed microarray analysis and compared clinical, sonographical, and
pathological parameters between benign and malignant thyroid nodules to differentiate

follicular thyroid carcinoma from benign thyroid nodules.

Methods : We enrolled 164 subjects who underwent thyroid surgery in National Cancer
Center because of the results of indeterminate cytology. We reviewed patients’ age at
diagnosis, sex, preoperative thyroglobulin (Tg) and anti-Tg antibody levels, free T4, TSH
level, sonographic findings incluing tumor size, and pathological findings. We compared
benign and malignant group using the general cDNA microarray technique with illumina
HumanRef-8 v3 Expression BeadChip (Illumina, INc., San Diego, CA).

Results : We cannot find significantly different genes in microarray analysis between benign
and follicular cancer group. But, among clinical and sonographical findings, we could find
several risk factors showing significant differences. Young age, male, larger tumor size,
preoperative high Tg level, hypoechoic nodule without hypoechoic rim on sonography
increased cancer probability significantly in multivariate analysis. With cut—off value 187.5
ng/ml, sensitivity and specificity was 54.8% and (90.1%, respectively. AUC was 0.748 and
p—value was 0.000.

Conclusions : Microarray analysis did not show significant differences between benign and
malignant thyroid nodules. But, peroperative Tg levels had very high specificity in
predictgin follicular thyroid cancer. Therefore it may be very excellent tools to differentiate

follicular thyroid cancer from benign thyroid nodules.
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Benign

MIFTC WIFTC PTC.FV PTC, classic
Number 88(53.7) 31(18.9) 4(2.4) 9(5.5) 32(19.5)
Female, n (%) 77(87.5) 22(71.0) 4(100) 8(88.9) 27(84.4)
Age atDx 48 = 11 50 = 13 50 = 17 45 = 10 46 =12
tumorsize 24 =12 29 % 19 43 = 1.3 1.2 £ 0.7 0.8 = 0.1*
TSH (mU/) 1.6 % 1.2 1,2 =210 1.5 07 24 215 1.6 1.8
Tg (ng/ml) 90 = 229 1315 = 2285 2762 = 2909 75 = 140 28 = 44
TgAb (U/ml) 1203 = 7083 39 = 59 52 = 46 10 = 22 48 = 162
TPOAD (U/ml) 217 = 568 14 £ 29 {30 5490 743 £ 2359
Hashimoto, n (%) 17 (19.3) 3(9.7) 0(0.0) 3(33.3) 3(9.4)
EL o] WE e mE A v
* p value <0.05 when compared with benign group
Benign MIFTC WIFTC
Number 88(53.7) 31018.9) 4(2.4)
Female, n (%) 77(87.5) 22(71.0) 4(100)
Age atDx 48 = 11 a0 =13 50 = 17
tumorsize 24 =12 2.9'x 1.9 43 £ 1.3=
TSH (mUA) 16 =12 1.2 £ 1.1 1.5+ 07
Tg (ng/ml) 90 = 229 1315 = 2285+ 2762 = 2909+
Tg Imedian) 15 188 2079
TgAb (U/ml) 1203 = 7083 39 £ 59 52 = 46
TgAb (median) {20 {20 49
TPOAb (U/ml) 217 = 568 14 =29 <30
Hashimoto, n (%) 17 (19.3) 31(9.7) 01(0.0)
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3 AAS ntee R A @ JAAAA(AEDANAY & AolE AT
= g \ (FA vs. MM FAELYE vs. B
ek 7(9.1%) vs. 6 (20.7%) vs. 2 (50.0%), p = 0.012), dFAAAME= Ad =z, A4

= o] frolatA wtow (p < 0.05), ddA-dTANAN= AdEd =2 Ad2A
HolA %+ A7t FostA gdtt (Hella w, A vs. A FAESd vs. BRI FAE
50 (64.9%) vs. 9 (31.0%) vs. 1 (25.0%), p <0.05). =3+ 2514 AN A 23] 3}470]
Aot (FA vs. MAAFAEY vs., FHYHAFAIEY, 11 (145%) vs. 12 (41.4%) vs. 3 (75.0%),
p <0.05) (&% 3).

Benign MIFTC WIFTC p
Number §8(53.7) 31M18.9] 4(2.4)
margin reqular 70(90.9] 23(79.3] 2(50.0] 0.012
irregular 719.1) 6120.7) 2 (50.0)
Component solid 75 (97.4) 29 (100) 4{100) N5
solid & cystic 2 [2.6) 0 {0.0) 0 (0.0
Echogenicily  Markedly hypoechoic 0 (0) 30103  0(0.0]  0.000
Hypoechoic 22128.6] 16 155.2) 4 (100
isoechoic 55171.4) 10 (34.5) 0 0.0}
Hypoechoicrim no 27 135.0) 20169.0) 3 (75.0) 0.001
yes 50(64.9]  9(31.0]  1(25.0)
vascularity Nene 8 (18.6) 6 (31.6) 1125.0) NS
Peripheral 10(23.3) 2 10.5) 2 (50.0)
Poorto moderate 17 {39.5) 7136.8) 1{25.0)
Moderate to rich 8 118.6) 4121.0) 010.0)
calcification present 11{14.5) 12 (41.4) 3 (75.0) 0.000

ROC curveg o]&3te] ok vpo] B Tg o] e W% ¥ Solkd tia] £t
olo] AL AUC 0524 (95% confidence interval 0.404-0.645), p = 0.674 & cut—off value 52.54
o] A9 WHE 485%, Eol%E 682% 5 HFomw ke Folgk xpo]E Ho]Xx| okti(date not
shown). 329 Tg 3te A-$ cut-off value 18752 39S W W% 54.8%, Eol% 915% &
AUC 0.748 ( 95% confidence interval 0.634-0.861), p = 0.000 2.2 23 AolE& HAT (1d
2). T4V el AHHEAS w AUC 0663 ( 95% confidence interval 0.562-0.764, p =
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0.005) 2 1.65cm °]/3Sl AF WaAE 957%, Eol% 466%E H A

Exp (B) 95% Confidence inferval p
Age 0.917 0.850-0.9%90 0.026
Male 8.036 1.230-52.499 0.030
TSH 0.804 0.410-1.575 0.525
Tg 1.987 1.248-3.165 0.004
TgAb 0.768 0.232-2.540 0.665
Hashimoto 4.643 0.300-71.831 0.272
Irregular margin 0.422 0.039-4.556 0.477
Calcification 6.413 1.091-37.712 0.040
Hypoechoic nodule 5.662 1.126-28.466 0.035
Hypoechoic rim 0.190 0.035-1.024 0.053
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