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Effects of a-lipoic Acid on Differentiation of Thyroid Cancer Cells

Won Gu Kim', Doo Hee Han?, Hyun-Jeung Choi?®, Eui Young Kim!,
Tae Yong Kiml, Young Kee Shong!, Won Bae Kim'

Department of Internal Medicine, Asan Medical Center, University of Ulsan College of Medicine';

Asan Institute of Life Sciences’;

ABSTRACT

and College of Life Sciences and Biotechnology, Korea University’

Background: Induction of re-differentiation is necessary for the proper treatment of patients with recurrent

or metastatic differentiated thyroid cancer (DTC) because cancer cells show de-differentiation in about 30% of

these patients. In this study, we evaluated the expression of thyroid specific genes after treatment with various

agents to induce re-differentiation in the follicular thyroid cancer cell line FTC-133.

Methods: FTC-133 cells were treated with U0126, 1Y294002,

trichostatin A,

retinoic acid (RA),

5’-azacytidine and alipoic acid (ALA). We evaluated mRNA expression of thyroid specific genes,

thyroglobulin (Tg), sodium iodine symporter (NIS), PAX-8 and TTF-1 by reverse transcriptase polymerase

chain reaction (PCR). Quantified expression of Tg mRNA was also evaluated by real-time PCR.

Results: The expression of Tg mRNA increased after 48 h of treatment with 0.1 uM RA and the expression
of Tg mRNA and TTF-1 mRNA increased after 48 -72 h of treatment with ALA (10~100 uM). There was
no change in thyroid specific gene expression by the other agents. Increased expression of Tg mRNA was
confirmed by real-time PCR (1.3 times by 10 uM ALA and 3.6 times by 100 uM ALA). There was no basal
NIS mRNA expression in FTC-133 cells and none of the tested agents induced expression of NIS mRNA.
There was no change in phosphorylation of AMPK1-a after ALA treatment of FTC-133 cells.

Conclusion: ALA increases mRNA expression of Tg and TTF-1 of FTC-133 thyroid cancer cells and these

effects are not mediated by activation of AMP kinase. The finding that ALA could be a potential

re-differentiation inducing agent in thyroid cancer cells is novel. Further studies are needed to elucidate the

mechanism of induction of re-differentiation. Furthermore, the effect of ALA on NIS expression and on iodine

uptake should be evaluated using diverse thyroid cancer cell lines. (J Korean Endocr Soc 25:28~36, 2010)
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o] Povh= Zlo® A QUeh3] w3kert e &
AL A= sodium iodine symporter (NIS)SF 733+
Z52](thyroglobulin; Tg)®] Wle] Z4awy, o=
Flsol WoAAA =HA A g0t X5 avtE
Al ZcH4]. 3kt olAl ARkl a9l A
Sl FAES] E3k Y 9 o= AH5E A=
A WEslaal sl =8 A e Holxl
Toll QoA F3t BRol} o7 nkdt ukt
Hol= <Al gk

AR 3P4 AEolA B3t FEAR od7tE e
< retinoic acid (RA)Z} histone deacetylase (HDAC) A
A9 trichostatin A (TSA), depsipeptide, valproic acid, &
HESEAAIQ) 5°-azacytidine (AZT) 2|3l troglitazone &
o|th5~11]. el Aol et EAX|EAIZ MY F<
mitogen activated protein (MAP) kinase A% AJA}
phosphoinositide 3 (PI3) kinaseol] that Aeld] A EE
At ool EBHre A7l AHE=x rH12~14).
3HARE RAol &J3t 23} fAPF AR 9l AellA] W
s 80 AHse F7HITIE B3 0~20% HEE U]
ulgk Aoz FIEom, thE 3} KA G4 el
H&3P7lolle AP Ui 15~17]. B3, 2 Al
BFslzl miel Zro] ZHEASE Aol Wel AL e W
< AlEFEo] AARANTIY obd ThsAe] Hrhe AT
7} wbEEol| wiel £3F Al W s I8 AT
© tEHQ] 0] Eralsiri18].
lipoic acid (ALA)= AIEES] 3714 thAF HES, Krebs
| 5 A oAl Hel e nx el okl 9)
a0, gt aaks 7RI QlolA] B vl oAl Aol &
W] Ad7=ElaL Qle = 80le19]. ALAE 73 A7t 7hsst
wA QPgAle] HlwA =2 Ao dEiA] glom Qe s
= ou] Agx] 3 9l oFEelvh20]. ALAE Tt AllEellA]
AE ARAE F5lsle A 0F JedA] glom, wieds] Ao
A1 el D3¢} 3| 2Rg3lA] PAIES] ESheE 3P
T e Zlem HaElgleh21,22]. sEAME oF ALAE S
ol| ©h5 Hgslo] F3} i o5 ERIZF A7 Jigick

E ATellA= ZHdA o £ AEFR] FTC-133 Al
A 71 2R E3}; FEAIET ALAE ARgsled 34
5o §2A Walel] X dgks RIS, AgoF
ALAZ}F ZP4QE 231 AR o8 5 s 7FeAE
Wdsle] Harstaral gk
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1. M&E

2ol f=E 9l AR8E] U0126, LY2904002-2 calbiochem
(La Jolla, CA, USA) TSA, trans-retinoic acid (fRA), AZT,

ALA+E Sigma (St. Louis, MO, USA)ZFE] Fs}sict
AlE vkl Zaglk eflo} "A, Dulbecco’s modified
Eagle’s medium (DMEM) #ljeke Ham’s F12 uljokel,
penicillin-streptomycin] HYA|, EFIALEDTA, Qi 5
£N(PBS)2 Gibco BRL (New York, USA)ellA] st
AE ABE 48 $l84 AL Colorimetric Cell Counting
Kit-8 (CCK-8)< Dojindo Laboratories (Kumamoto, Japan)
ollA FIslicl. RNA FZoll HQ3F Trizol £H
Invitrogen (Carlsbad, CA, USA), RevertAid Fist Strand
cDNA ¥AZ|EX Fermentas (Glen Burnie, MD, USA)el|
A sl YEZAEZ 22 Amersham Bioscience
(Piscataway, NJ, USA), BioMix DNA Zg&49} gkdL
Bioline (Taunton, MA, USA)oll4] %Js}ick Phopho-5
-AMP-activated protein kinase (AMPK)-1a2} AMPK-1¢o1] o}
3t Ax} Aol AlESel A5l Cell SignalingAl(Danver,
MA, USA)ollA FUslsich o]xF akAlel HRP-conjugated
anti-rabbit IgG9} anti-mouse IgGE Vector Laboratories
(Burlingame, CA, USA)°llA] 791815t ghal| Aol A&
= Quanti—iTTM Protein Assay 7]E+X Molecular ProbeA}
(Eugene, OR, USA)ellAl F9Jsl3ict. 1 ololl Ag o3t
oFZES-L Sigma-Aldrich (St. Louis, MO, USA)ellA4 T3}
Ak

2. M= 3 HiQk

Bols) o) 7MAFAIQH AESQ] FTC-133[23]2 European
Collection of Cell Culture (ECACC)E S|4 43k
DMEM |2} Ham’s F12 wHAlE Wb 23tsle] nh=
#izlel] 2 mMe] SFER, 10%9] FeloFdd, ela gAY
A7k G4 WIS Agsik wlekle 2-3let 18
sgom AE7} 70-80% AE A2k A vk stk
B3} FEAES Al wiE 60 mm #iek FAlol 1 x 10°70
o] AEE E53te] 70% B ASkE ufl kel og ulto]
FaL AR se] B3t fEAlES Aelslsich Alx A
< 17 913 Aelil= 96 §-8 widoll 5 < 107142
IS E53107 48A17F Fof] ok Xelslick RNA 3%
S SIt AgellA 60 mm vk Al 1 x 10719 AES
Este] 48 A7k Fof] A o] ofEe] Ik wiRE
a3kslglom] ALAE 72417 51 A2lslglont, 1 9] o=
S 48417 E]F Helslsick

3. M= MZ= 2M(Cell Viablility Assay)

MBI GE317] A AALE U0126, LY2904002,
TSA, RA, 6-AZT = ALA7} FTC-133 A|E9] AFo)| u]X|
= dgs I 9184 CCK-85 o] &3 WA BA S
ALgs19e). 96 -5 uiokdol] ZH 5 5 x 10774 2] Al

[e)
EE 200 22 F el BES) ok At Fga
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ekt o 2 ZholFal 48417k Bt A ulikrlell wiekslsd
). wlekels AASEA PBS goio® 29 APdsla CCK-8
o Bk 10%7h MRS WY Tl ohe et
s)4js1od 2 9B} 100 LA 7ki3lek AIE wjeklol
Al 1~4A17F ERL wljelRt 3 AlEe] Pepadiae] kel
gt formazan 15 S A7) $Jel Spectramax
Microplate % 4%A|(Molecular Devices, Sunnyvale, CA,
USA)IA] 450 nme] Sho® FAEE Zgelglon, 7}
Age weow 33 W usle] FENE T

4. RNA 2|2} ATAL Setea oAt
(RT-PCR)

ol

FTC-133 AIEZFE] TrizolS o]8slo] RNAS F%3}
Sk 2 uge] RNAoIA RevertAid First Stand cDNA 34
71ES o]&sto] A 7PEe] cDNAS FAeIc XA 5
et AMES(RT-PCR)l| AREE]=  glyceraldehydes
3-phosphate dehydrogenase (GAPDH), Tg, paired box 8
(PAX-8), thyroid transcription factor-1 (TTF-1) 2! NIS
Az Al A (primen) 5] 47] X193 S5 AEe =2
7], ¥4d(annealing) &% 2|3 ¥R F7]% Table 101 7]
<= nle} 2t} 94°C, 45%7F WA (denaturation), 7|EX
SEellA 45% E]F @A eiglon 127, 4533 A%
(extension) =& ZHFS Table 10| 7] vk 7] we}
2] MFSAIZ RT-PCRE] AHES 19 314 Aoila] 7]
dEe1.07 Gel-doc A28 0l5}0] AL Ho] 2l
2150, GAPDHS] 9% 71F02 4ul4e] mRNA 3
22 vlasigick

5. AlA|ZH AFAL BB §4 A BHS

(Real-time Quantitative PCR)

ALA°] 2J3F Tg mRNAQ| g Sl Az

AR T &4 A4l vhS(real-time quantitative PCR;

real-time PCR)S o|83l9ich AR 5229 ALAE #z

3F Foll 7} AlgellA] H3E cDNA TS FHo= 319l
or, F3E FAAe] A EA4LS 918 SYBR Greens
A8-8193r) Real-time PCRoY| AR8-8} primer+ tHa3} 2t}
Bactin, 5°-AGT ACT CCG TGT GGA TCG GC-3’¢}
5’-GCT GAT CCA CAT CTG CTG GA-3’; Tg 5’-GTG
CCA ACG GCA GTG AAG T-3’, 5°-TCT GCT GTT TCT
GTA GCT GACAAA-3’. 96 23S Agslglom ABI
Prism 7000 Sequence Detector (Perkin-Elmer Corp. PE
Applied Biosystems)E |83tk 95C, 15204 HA],
60°C, 150l A%}, 72°C, 300 AA=E =704 40 F
715 REAIFCL ZF 271 vl ¥ S9Fe® 33] v
Halglom, 7F Alg e sl SREQ AgS Aegslo]
B ET HAE ARl A= sDS 7000

software & E-A3]99t)
6. fIAEH EXR BN

Thid 325 flalA] ARk AlEE XM 5415 PBS &
Hoz 23] APsle] Whe-3 FEAIZE Tl Rl a4
HAAE 7R AIEGSl Shede ol8sle] AEE Ko}
Halgk 34T, 13,000xgollA] 304 F3F U4 Helslar g
Ag FRRIE 45NE Pelelol Tl 4ok dllch 9
w7 AEkS Quanti-iT™ Protein Assay 7]ES o|-g3l9)o
o, Selol 4 oBle EFEe BCA AuHlew Z4s
rk 25 ugel shIAS 12% SDS-PAGE gelolld] A7) <
B3] AMAT] Foll YERAIE R0 2 o] FAIZ:
ol A3dell siedshe D1 @A(1:1000 242k 12 AJ7F 51F
Wk ukg A7 %, HRP7F d73]o] gl o)Xt @A|(1:4000
IANE 117 =9 URSA|ZHrE HRP Chemiluminescent
Substrate Reagent 7]EE- o]8slo] vhg- HEof| ZgA|Zic)
ko] gatat g5 9gh 2712 FluorS Multi-Imager<}
Quantitation Software (Bio-Rad, Hercules, CA, USA)E ©]

gl

=

d

©.

=

Table 1. Primers and conditions of reverse transcriptase polymerase chain reaction for thyroid specific genes in

FTC-133 cell

Gene Gene bank Primer sequences Product size (bp) PCR condition
GAPDH NM 002046  Forward 5’-CGAGATCCCTCCAAAATCAA-3’ 321 55T
Reverse 5’-GTCTTCTGGGTGGCAGTGAT-3’ 25 cycles
Tg NM 003235.4 Forward 5’-CCATTTCTGCTGGAGCTTTC-3’ 433 58T
Reverse 5’-TCAGAAGTCATGCAGGCAAC-3’ 30 cycles
PAX-8 NM 003466.3 Forward 5’-GGCTCCACCTACTCCATCAA-3’ 438 53T
Reverse 5’-GGAAGGGGTGGAGCTAGAAC-3’ 30 cycles
TTF-1 NM 003317.3 Forward 5’-ACGACTCCGTTCTCAGTGTCTG-3’ 70 58T
Reverse 5’-GCCCTCCATGCCCACTTT-3’ 30 cycles
NIS NM 000453.1 Forward 5’-CTCCCTGCTAACGACTCCAG-3’ 302 5827C
Reverse 5’-TTGTTTCCAGTGGGGAGTTC-3’ 30 cycles

GAPDH, glyceraldehydes 3-phosphate dehydrogenase; NIS, sodium iodine symporter; PAX-8, paired box 8; RT-PCR, reverse

transcriptase polymerase chain reaction; Tg, thyroglobulin; TTF-1, thyroid transcription factor-1.
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7. 4 24
AE RAZE B9} real-time PCR A¥= ¥ + 35 3

B
A2 sl om, -2 Student’s t-test$} Tukeyd] ARF
TAE o] &3 YIiH] BAREAE SallAl vlazsislc) &
AR feAe prrem FHsIa oo g 0.05 vkl
75oll S2lgt Mol 2 Holiz Aoz Rsileh $AI 34
< Statistical Package for Social Science (SPSS), version

14.0 (SPSS, Chicago, IL, USA)S o|-&&l5ich

o

I

1. FTC-133 MEFUM 2t F=HO| 2lst

MZ 4Z 2Y

B3l GEAE0] FTC-133 A|E9] AZo] n|X& J3kS
sholslr] 9elix MEK1/2 <JA|AIQ] U0126, PI3 kinase <
A|AQ] LY2904002, DNA methyltransferase (DNMT) 2|
A2l AZT, HDAC A7) TSA, RA F~8A4] 2|7t=24)
WIGEAR AR RA, 2|3 ASHAIR AR ALA
2 48417k EoF Ewu e Xglslal CCK-8 7|EE o] gs}o]
AE AL wES SAKFig. 1). 7 FEe] 23} f

¥ B Grlelinl A4 SE RS Slslel, 7 ok

5 F 7 w5 g HE ARt ik ol 9
B 48A17F Fof] A|E9] AE0] 80% HE AT FEE
4 gelslgdc) U01260114 20 uM, LY294002014= 5
uM AE9] FEoA AE APEo] 80% HAE AAIE )
(Fig. 1A, B). TSA, RA 3 AZT ollAE 2+ 50 uM, 0.5
uM, 10 uM HE9] F=0lA 80% AE AFE AEo] A
%]2rkFig. 1C, 1D, 1E). ¥F ALAE 200 uM “5%=ollA]
T FARSE fo3t Al AE oA aIE HolA] sk
P = 0.81) (Fig. 1F).

rok

2. FTC-133 MZ0IM RT-PCRZ 0|E
MM 50| RXAL ez 2A
QY Al B3} i aakE ERIs] HsliA Al
o] AEo] 80% A= A== FEot 1 1/50] Hlv& kol
Al 48A17F BRE ks ABlslar HAl-Sol whAl)
mRNA ¢k wi3}2 AlsdHglel Helsl RNAS EUE Tg,
NIS, PAX-8, TTF-19] W &5 RT-PCR< E3l4 &)ls}
ArkFig. 2). Agre] AAF A =248 ok tifeR
283191 o 75‘*‘ A z2FeAE 471A A 5ol
ARk S B RIS dgich s AEIEA|
ok Agol|A] FTC-133 A|EX PAX-87; TTF-1 mRNA7}
S ER1d o 91l Tg mRNAS] =k A4

= =
o] Al Aol mX| = dFFe AHEYT I FF2] Al A 22 njsliA Azl o g 2gle}. tEdk NIS mRNA
E 5 el BE 9 1 W 98 Mg U 1 FIC-133 AIEIA Ae] WA ke 21 selsigick
> > >
A Fro] gy B Ful s c T 5ol
a ‘~\; o \\& @ i\
¢ 0.84 Suo ¢ 0.84 v 0.8 \
3] 3 3] % 3] S
€ 0.6+ € 0.6 &~ © 0.6 \
T>° T; &\\\ E g\
S 047 £ 04 N £ 041 \
Fi 3 2
2. & 021 > 024 SEAED.
[ ) [
© 00 T T T T T O 0.0 T T T T T © 0.0 T T T T T
0 10 3.0 10 30 0 3.0 10 30 100 0 30 100 300 500
U0126 (uM) LY294002 (uM) TSA (ng/ml)
D = E > F >
© 1.0+ ®1.04 &-__ i 3104 A-_x__
% 5\ @ E--k--k__ a £ -5——-}-,§__§
L] \, © A ©
¢ 0.84 N w 0.84 ~A v 0.84
Q S Q 8
© 0.6 g\‘im € o0.6- = 0.6
5 I S 3
E 0.4 E 0.4 E 0.4+
= = =
o 0.2 2 0.2 @ 0.2
© © ©
o o'c 1] LJ L U 1 o o‘c 1l U L L) L L o o'c v L L) L) v v
0 3.0 10 30 100 0 01 05 10 50 10 0 50 10 50 100 200

Retinoic acid (uM)

5-Azacytidine (uM)

a-Lipoic acid (uM)

Fig. 1. Cell survival curves measured by cell counting kit-8 after 48 hours of treatment with re-differentiation agents in FTC-133
cells. U0126; selective inhibitor of MEK1/2, LY294002; selective inhibitor of PI3K, TSA; trichostatin A. U0126 (A), LY294002
(B), TSA (C), Retinoic acid (D), 5-Azacytidine (E), a-Lipoic acid (F).
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U0126 (uM)
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E

CIE0T2510
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Fig. 2. Results of reverse transcriptase polymerase chain reaction after 48 hours of treatment with re-differentiation agents in
FTC-133 cells. GAPDH, glyceraldehydes 3-phosphate dehydrogenase; Tg, thyroglobulin; PAX-8, paired box 8; TTF-1, thyroid

transcription factor-1; NIS, sodium iodine symporter;

(+), positive control (human thyroid tissue); (-), negative control (no

template); C, control without vehicle;, U0126, selective inhibitor of MEK1/2; 1.Y294002, selective inhibitor of PI3K; TSA,
trichostatin A; RA, retinoic acid; AZT, 5’-azacytidine. U0126 (A), LY294002 (B), TSA (C), RA (D), AZT (E).

FTC-133 A3l U0126, LY29004002 % TSAZ AsliAl
222 4847 ZoF A3t & 471A] 7444 Bol §AA)
=2 mRNA o= Hsl7l ¢19dvhFig. 2A). RAE 0.1
uM, 0.5 uM#] *|2]gt 7-9-oll= PAX-8¥} TTF-1 mRNAZ]
o= Hsl7 gloi o), Tg mRNAS] Whalsho] Aoz o

2 ke Ae 808 5 AArkFig. 2B). AZTS X

F o= mRNA W3lskol] & W3}E Koz gohrh(Fig.
2B).

3 MIZOIM a-lipoic Acid0fl 2|8t
=3} 1?r_'.:_ 1}
A Fol A kS AlolE HY] f18iA ALA
10 uM, 100 uMe] FEZ 72417k &3t A2lsle] RNA
Helslal cDNAZS Aslo] RT-PCRS Al#dslaict
FTC-133 A|ZoA] ALAC 23l}4 PAX-83} NISS]| o]
© W3t giglon), Tg mRNAS] Whalake Ficol wahA]
éﬂﬂé’— 3ol 4= 9Jgjr}. =gk TTF-1 mRNAS] W&k
510 uM FEOARE ZrkEE e BRI F Jdrk
(Fig. 3). o]a{*{k ALAol 2J3F TTF-1 9 Tg mRNA2| 27}
HI= 48A17F o] e folslA| vebslrh(data not shown).
ALA 10 uM#} 100 uM E5& 72417} A3k Zof] ole
RNAE E3l4] HEE cDNAOJA] real-time PCRE Tgo] Ht
ekl Wisls AeksigitkFig. 4). factin®] &S 7]
TOE Tg mRNAS] A&l wha=k Wsks Eelslgick

=
=

=
=

cC 0

C 0 10 100
a-lipoic acid (uM)

Fig. 3. Results of reverse transcriptase polymerase chain
reaction after 72 hours of treatment with a-lipoic acids in
FTC-133 cells. GAPDH, glyceraldehydes 3-phosphate
dehydrogenase; Tg, thyroglobulin; PAX-8, paired box 8;
TTE-1,
symporter; (+), positive control (human thyroid tissue); (-),

thyroid transcription factor-1; NIS, sodium iodine

negative control (no template); C, control without vehicle.

10 uM 5%52] ALACA Tg mRNAE 1.38] A% 71619
,J?%(P < 0.01), 100 uM F=olAE 3.6v1 S7l=]o] FAIH
o fFoldt S7HE ERIEAckP < 0.01).

4. FTC-133 MIZEONIM a-lipoic Acid0| 2|8t
AMPKS| His}

ALA©Y| 93t TTF-1 mRNA 3 Tg mRNA Z7} &7}e]
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— 29 9] 626 alipoic Acid7} %+

0 uMm 10 uM 100 uM

a-lipoic acid

Relative mRNA fold (Tg/p-actin)

Fig. 4. Results of real-time polymerase chain reaction after 72
hours of treatment with a-lipoic acids in FTC-133 cells.

A 100 uM 500 uM
M C  30min 60 min 30 min 60 min
p-AMPK = g _
(Thr172) —— - ———— - - =
AMPK oty e ) QD D Gy @meeests
b-actin CEEECE— S S G—

B 100 uM 500 uM
M C  24hr 48hr 24hr 48hr

(i 172) I S
(Thr172)
AT — D — G S —

D-ACHn - - — — — — —

Fig. 5. Western blotting of phospho-5-AMP-activated protein
kinase (AMPK)-1a and total-AMPK1-a protein after treatment
of alipoic acids during 30~60 minutes (A) and 24-48 hours
(B) in FTC-133 cells.

71AE A ET] flsled, HEldE 559 ALA7F AMPKE
LA} AFIEAE FTC-133 AlZellA] &Rlsisick ALAS
H2lgt 3 304, 605, 24A171} 4847kl AMPK1-a2]
Aslel] miX= dFE fAld ERe' #RIsGlch 100
uMI} 500 uM 2] ALA F50lA4 14]7F ou] Bl 48A7171A]
Helstod = AMPK1-a9] QMiEtoll= w3k} $iodckFig. 5).

1]

il

B A7 ALA7ZE £3} 3P4 AlEA] Teét TTF-1
A s ST ¢ des B, 9 3P4
AZF B3 frEAlZA A 7hsAE ARIZE A ol
vk A o] EQE A|EQ] FTC-1330014% ALAS} RA7} Tg
o] WS T des IS T Adglen), 1 2ol

U0126, LY294002, TSA, AZTE 714 Eo| gAz1<] ut

A QPAES] B3l v ofef

“

of] vk dgkE XA ek 714 el FTC-133
AZelA= NIS mRNAS] 2Hdo] gl= deision, & oA
oflA] NIS mRNA®] WS A 58 o e Al
ek A Qrel A= X5A Folld 3}t f=v)
- 23k ou]E A, A 4Rl ule} o] v
20T g e T EE A4 oY 52 3Kk
X gefl o] 8= 20T AFes E3E AlE] B3k
S7HRIZIAY EAA7lE Zlo] A& A3E A A
2oz 7Ii=7] wiiEelch

R A Al A 3EES Ak S1EiA
A AlZeolat BolHoF EAWSI= Tg, thyroperoxidase
frzel A5 == ol ARt HEw]= NIS®} TSH receptor -
RS Wlshe Zle 5o skt glel24]. ol23k 3+
A AlE] B3h= SolHRl AARIKIeE =4I| 3 Ak
of] oJaliA] =A%, TTF-1, TTF-2 8|3 PAX-8 o]gh= 3
7] A4 QA o3 g shekar A k21, v
2hA, Al AlEe] BEEE k] Si3 WHleRE
2= AHeE ARH R Rls= W olgloll: A
SolQl FAARY sl o] WilS eRlshe= Zlo] &3] o]
£59127[8,10,12,13], £ dFAE Tg, NIS, TTF-1,
PAX-82] mRNA &35 Salla A hAllze] E3t
o] -5 ETslick

ALAYE A} 215 o] &4 B39 cofactor® &
HA glow, mEZrelole] A QURLE HXXT),
A AlEellA el Akl 23 AhE WiAlshe ke
Ag A JrH19]. ALAT 55 A¥4 AMPKS| &
ASE B3lA SHAIES QlERl Ade Mdska2s),
W AIZAAE AMPKE 43T o= AIE 755
SR = Ao d#lA Arh26]. =8, nuclear factor
kappa-light-chain-enhancer of activated B cells (NF-xB)
£ AAlBIo] collagenoll 2JaiA friwl= WAGE 2AA
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