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Abstract

TET family proteins have been demonstrated as tumor suppressors in the past few
years; however the underlying mechanism is unclear. According to our laboratory’s
unpublished data, TET2 is downregulated in most of the breast cancer specimens
observed, and the downregulation correlates with poor patient survival. In the report, we
reported downregulation of H3k4 methylations in TET2 knockdown cells. In addition,
our laboratory’s microarray results indicate that the expression of DKK1, an important
tumor suppressor in breast cancer, has changed upon the knockdown. In this report, we
confirmed the downregulation of DKK1 gene expression by PCR. Western Blotting
results indicate that the expression of DKK1, an important tumor suppressor in breast
cancer, has changed upon the knockdown. Western Blotting and ELISA results also
show that the secreted protein encoded by DKK1 is downregulated in both TET2
knockdown cell lysate and culture medium. We further discovered that TET2
knockdown and DKK1 knockdown promotes cell migration and proliferation. Therefore,
we concluded that DKKZ1 is possibly a downstream gene of TET2. Since we know that
DKK1 encodes a protein that is able to inhibit the Wnt/B-catenin signaling pathway, we
are currently working on whether TET regulates this Wnt pathway like DKK1. If our
hypothesis is proved, a brand new pathway of TET2 regulating DKKZ1, which inhibits
the Wnt pathway, and finally affects EMT and cancer metastasis can be confirmed.
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=~ &k ¥ B (metastasis) &2 + A - B F #& i i§ 42 (Epithelial-

mesenchymal transition, EMT)
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(extravasation) 4 2 & H i % ¥ 3 78 (proliferation) o &)= cfF L > e ¢
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HE TN 3 S R

TGF-B e Smad ) m s
N\

FGF mmmp RAS mump MAPK mumsd | EMT Program
STAT3 wesp LIVI 99" [

Carcinoma in situ

EGF/TNF/TGF-Q mamp NF-KB s -y

Wnt mmmp B-catenin-TCF4 wmp ,E ‘

Mesenchymal markers induced Invasive carcinoma

Vimentin, Fibronectin, N-cadherin

Fig. 1 512 EMT s+



Normal epithelium Dysplasiafadenoma Carcinoma in situ

W_.m_.
.

— Basement membrang

Extravasation Intravasation

_— =

Lymph/blood
® O =
= s
e

Micrometastasis T o
I

Macrometastasis

Nature Reviews | Cancer
Fig. 2EMT 1+ A fwre gk it & B F wre i 427 X Bl
(Nature Reviews Cancer 2, 2002 June, 442-454)

= ~ TET(Ten Eleven Translocation) #3% 3%

TET 72530 Fp AR FRALd koY o §FF AP g i il o -

E ] 2009 # A Friiie B -9 F R DNA 2 7 Afs > ao Jg#- 5-7 A @ effe
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TET 328 & 5377 & & 4 i @ 4 (epigenetics)? & & k382 — > Fli et 2
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DNA # 7 hfsenty too 70 35 & ke § 37 5§ 4500 TET 2% 23 &
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d 3tk dee v A H el BE b ik {7 #3182 4 (Post-translational modification)
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TOFAERFABIALZIF A BEHREILT - FF L I REE
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a1 P A dkcE 7 g AR 7 o i (Li et al, 2006; Taverna et al, 2007) o i
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http://en.wikipedia.org/wiki/Methylation

+ ~ ¥ A F] DKK1 & Wnt/p-catenin 3 4 @ 3£ 5% & (Wnt/B-
catenin signaling pathway)

Wnt 2 4 BT a #-imre b L g E o mre podhdov T e 8 (protein
ligands)“7H = > #7F BeiZaw 44 = © & 4] Wnt/B-catenin # /% (canonical Wnt/B-
catenin pathway) ~ -4 4] Wnt/4F &2+ §& i< (noncanonical Wnt/calcium pathway) 14
Z 28 AT g Sz R (R 7S (noncanonical planar cell polarity (PCP) pathway) = #&
AT AT 5L AR T A ERF T 2 p-catenin v F o Wnt B JZAL
FRERIEFT IR g 2 5 Mo XAPRDS EEL] G M) S
(axis patterning) ~ ¥z & i (cell fate specification) ~ in#z 3 # (cell proliferation) ~
iwPe # 17 (cell migration)® - # ¥ > Wnt/B-catenin &/ — L A RPN # 4B 0§
HAE 5 ds A EMT & £ BE & % &8 - Wnt/B-catenin §.
& A S T iR T o B-catenin ~ APC (adenomatous polyposis coli) ~ /2 -
v (scaffold protein) Axinl ~ Axin2 ¢ 4 #&ipk i* (phosphorylated) - @ [-catenin -
GSK3p (glycogen synthase kinase 3B) ~ CK1 (casein kinase 1) ~ APC ¢ ‘= & 3|
AXin F > A= 4F & &8 o B-catenin ¢t p¥ ¢ 4L B-TrCP(B-transducin repeat containing
protein)y#:t > T AL H 2 F v > iS4k h-v fF 26S proteasome % f# o § Wnt/p-
catenin B Ak i P > Wit F-o BTl § & e o G FTR 4 Frizzled 2
LRP(lipoprotein-related protein).s & > i 2 /& it @ 4% GSK3pB &2 CKI #ipc it 7 42
Z_ B-catenin o p* pF > B-catenin A dw e F AL Tk f 0 £ fo TCR(T-cell
factor)/LEF(Lymphoid Enchancer Factor) #2&# 4 %]+ % & > & » w9 {5 fads §
B P # %] : Slug ~ c-myc ~ MMP7 % -

$r & F] DKK1 2 ¢ % dickkopf 1 homolog » # # 3§ cha ja il Fv ¢
Fr4] Wnt/B-catenin 7= (Niida et al, 2004) - = * % Wnt/B-catenin g # > Wnt
B0 FpeR g & iwre gt By X AY Frizzled 2 LRP B & 0 @ @ B JTiE T o
DKK1 ¢ £ LRP5/6 ~ ¥ - B 3¢ H < % Kremen % & > @ i@ wre g 4 0 5 iF
* (endocytosis) - #- LRP5/6 j&_tm?e 5 F # K,ért o gt - IR F Wnt v FReAE R
287 LRP5/6 %% & » i&a i I)Frd] Wnat/B-catenin g5 ¥2 B 913138 chim e fp it

EMT % 2 &4z -
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RHBFHzLH NS % > TET2 i BiE AP i R EAFER > 7 2 4
"% ii’i’ﬁ)ﬁl;‘f?«‘}ﬁﬁ.& FESGF OAAPM o 0 MRS RERAY TET2 chi A RE >
i * knockdown s & ¥ L5 P A e M10 22 TET2 £ £ "% %

AtES
Pl

RN

BEELE R HEAR o F%E CDNA fic'E 7| (microarray) 3 »c % % (P
value<0.05, log base 2 fold change>2 or <-2)%g 7 3 @ 5K Fr4| & F] DKKI1 e
BB T S A F(novel gene)sh A B c FHE W AT A% K
7 TET2 knockdown i s & je (invasion) £ i 4 (migration) i # 3 % o ¥
A p 4R S Frzn TET2 knockdown #rifi s 4 R Eea 2 A FIEF 5 i
TET2 knockdown m % Jg it e 254 F] o

AT AR P T A 55 X040

— ~ B2 TET2 knockdown £_% #3 :

130 4 s

PRV BAILABEREY AFAFILARDD F2 - > FptAPNG L
2% (Western Blotting)sht s 2 TET2 £ 2 7 st BB H Bl Fev B 450 ;5
AR TR o

2.4 e

i

d 3% CDNA 7l kb dens @ 2 & 7 0 0 VPRR SRR R T

(real time PCR) £ &k Fgit 4 B s enfk FIE & & eho
.mfe p &4l Fod Fe R

A Tk o AP 0 E S BRI A R R A T e

6O E flme 4w B 5 Bk (total cell lysate) & 12 % i ¢ E NE2 O o

~

= ~ 7 f# TET2 knockdown #+¥% 3 % & :x %2 & ¥] knockdown
S BRI AT



FEBE kT a4 Y knockdown {8 i £ < e F] s TET2 & 4o/
- R E e R It 2 & 0 4o ¢ B e (invasion) ~ 8 4 (migration) £ 3

(proliferation) -
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- NP W R A
(- ) fmetk

AT G R tndmre bk s MI0 AR S5 A v o BEp 4 P TR
%33 ¢« (Bioresorce Collection and Research Center, BCRC) - M10 &_d ‘& if
{5 527 ¥ 5 ¥ 1 7 (Benzo[a]pyrene) EJE @ 13 i Tk eh® w2 $k H184B5 1 %
ok FIRE L EEE A A 2 s frx R EH W R e B o M10 BT
PEMT A imPe R o 32 & 30 90% 4 & 32 % J7% (alpha-Minimum essential medium)+c

2+ 10% *x 2 i i (fetal bovine serum, FBS) @ -

N

Fig. 8 * &7 5 + A Jm% MI0 -
(=) o3 %

1 #mre3 %2010 24 2 % x (10cmdish)? » FHE 3 ~ 4 0% o
2. s &k 0 X 4e r 10ml e 1X PBS ¥ ik ek & R A A £ o

3. w iz PBS ¥ 7% 18 > 4c » Iml e trypsin-EDTA T2z » 35 % 459 51 10 &

48 > 1 mPe I o

4. se o~ 9ml g3z & % @ 4o trypsin-EDTA » R m % % & A& @ 3842 B~ 0.5ml 5w

AR Y - 2 KT 45ml £kt o

S. B fl&inme e frff iR B 120l Sk ¥l RIS HY
BT AR AT U EF Y T m e P -

6. 104 e e iyt B ok AR kR 0 F B AR R w 5% § 1R
JICe WY 1A -
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kR E A > PlIEe s A 300 £ 4 it B Q)M 5 AEE M
BEREBRROE > LU E S L F(pipette) Bl e B2 £ R 53 R

~
\vﬂb *ﬂrt

Lo i mie £ ATRE -
- ~ Knockdown ## siRNA(small interefering RNA)
(- )im®e 2 %
LoF%- 222 5(2)) Bmer 453 L0 4 3205 - % L5 § MI0
,3‘37 )?é %;é_');’;\‘,"% % mw ‘:J o
2. M X VLB HCBLREILE * PR e B R K) 30%~50% o
(= )% » siRNA

1. AR &5f 8 e ry B 3 4 328 (liposome transfection reagent) 2 B & 2 %]
2_SIRNA » >t 28 F % 20~30 4 48 -
2. #HF LR bt » et A ¢ o & SIRNA B2 k& 5 40nM -
3.3 dricw A e 34 48 ) o i SIRNA & p {22 F]2 mRNA % & -
o i) 2k FlREE o
(=) 7z 28 4 (transfection) »c &
1. ¥Pim% ch MRNA » ¥ F 43 cDNAG A 23t 5w < 85 (- )~ (2) )
BLEEm A ) o
v pE R OL pF4a S F O (real time PCR) & % 3+ & H  scramble &
knockdown ek LE o i d R d L ae k(B H N Fr Lt EE%(2)
| B G 5) -
=~ ®9 FRERY T A L 15 (SDS-PAGE, SDS-polyacrylamide gel
electrophoresis) 2 & * % ;% (Western Blot)
- ) &9 FEE
1 o#k R 5 lpg /ul 5 BSA 7R % & B~ 0,2,4,8,10p0 » e » 1 ml %% (-k: Bio-
Rad Dye Reagent=4:1)¢ - @ = BSA k& 5 0,2,4,8,10 ug /ml h3-9 F %
BB o
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2.

3.

4.

5.

(=

1.

(=
1,

2.

3.

B~ pIE & enig TET2 knockdown @z 2 5 scramble siRNA(fS < % i
"scramble 2.") &I 2. M10 fw#z 38 3-d FE PR S ORMEZ 5 AR 1 opl 4
> 1 ml ﬁr%;‘fi’ oo R FRIAR o (AR BT Y G0 TR BRA P

FlAFMEL P ol 39 %3 97H/ &)

B B L2 o FARMERREHI22L FRIBRE- AR EFE T
PR TR A LR TRPITE BRI LEDPHE -

&% Excel 3+ 5 BSA kR @& LiE2 Bendaif € A58 > L B-FRIZ R

2 kiEd » L REER -

YRR T A % A (lysis buffer: sample buffer=5:1)#-% ¢ F-d T3 R fFf 2
2ug/30ul #F AR * o

) SDS-PAGE %% # %

s PR g o T H B~ f247 589 (resolving gel) I ™ 4 %

GRRAGBAE F0 [l a 2) > 2t~ o phig Bt yur fgr o 3 5 4
Fl3 e AR 0 X BY%erfE & s (stacking gel) X~ I D 2% 0 BER

R FHEE

) &

FER S Fe TRk 3 95C 104480 & Fu TR

#2753 SDS-PAGE chahsg B a >t LA » L3 ) /L% 1x Running

buffer -

FLH oo 20 ) well po2 ~ marker 5 F4% & well p 4c ~ ﬁ,ﬁ 1.2 %9

Hi% e 30ul -

4 RAN ML N R BT RR S BOV ¢ R R R ERORE T

M- RH T 120V - #F3 B marker 2 > A T B Tk o

(=) # 3
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LoHg F B it 0 W gd ® T = P is ) (sandwich) %45 > 4T

B #rT o

o o o <o KR
o o o o <— ZILHMmE

/—» ® o <
- R
e / AR
= / i
/
/

< FAEm
< RER
> o o

Fig.9#3F "=p /5 7|7 & B
2.8 T = pgs 2o F 4 0 31 0% Transfer buffer > % >t k45 po o

3.1 »~ 200mA T 2.5 B ] pF

4, #-i F w11 > 12 TBS-T (20 mM Tris-base ~ 137 mM Sodium chloride ~ 1M
Hydrochloric acid ~ 0.01 % Tween-20 )% ;% ##& ;# #-(membrane) -

5. #-4& % W52 2 »rblocking buffer(5%% 55 2 4% > 74 | 5 TBS-T)® » I+t 44k
2 7 ®B(shaker)*+ 1-] pF o

6. B~ gk F o 2t TR A p > & 2 blocking buffers#é-gr s e F-v 13 4 th

- B AFR1000% o Rt R SR L] e

=

7B dghF A et TBS-T B o KRB ABCMA R NG RTREF

(orbital shaker) F 5 4~ 4 o £ 4F o = =0 o

8. g7 — B FLMAR $F e eh = il 2 blocking buffer i3 A1 5000 & -

EEE T = Sok LR N

0. HFT. » it ikT % o
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10. 12 1.1 et )R & HRP Substrate Peroxide Solution 4= HRP Substrate
Luminol Solution jF»t 8% st 15 > * 4 $ 4 F = H ik LAS 4000 3p i
AR ATBLIRIZ. Few T dad R e

(I ) AR LR 3d Henhde g

1.2 p Kok F wits o B WO - Fo 3 'k R (stripping buffer) »
o 65CH R a? 15448 -

2. B MpE R R TS RTREE A 1544

3 EAF L - B(0)~(10)#H ;o T h- iR 5 ELR e Fe9 2
GAPDH chfiudll (Wi ¢ B % F 474 n- st 5 H3 + enig & > Bl
B hd- BRI 2 H3 A ¥ 5 21 HBAh- B L - Bl ok
6 B > % 2 { 4 GAPDH)

() T& 2 fcgp iR i

1. #-78 chs R @4 * 3088 Image) T8 0 73 L B Ahg LB HE o

2. F e Fd i34 £ (4o H3kAmel)'k v e Fod Rde (4 HI)& B 4R 3-d F(4e
DKKl)",f_P GAPDH i » #-2 4 2 5(scramble)siRNA EJ2 ek & 37
5 1> @ ¥ & D% knockdown TET2 ¢k & 2. % 3-v 13 4F & 4p ¥ A
knockdown TET2 #& A& 2_ e 3-v i3 &F € i e > (7 D4R 2 dedy o

r ~ TR L fFsa F K (Real-time PCR, Real-time polymerase
chain reaction)

(- ) MRNA 3 3~

L prfx4H20 MO » 34 B X% > 4~ PBS¥#RRigk » 11 E
PRI R o

2. # 3¢ PBS % 7% {s > Buffer RLT ~ B-me 12 100:1 #7'e = e3 /& = 4 B~
350ul 4v » 0 ¢ e LA o

3. 4c ~ lysis buffer {8 4] ™ ¢ B4 ehim?e > 4c 2 QIA Shredder mini column &

w1248+ HEiE 1200rpm o
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4. B3 = chimfe ik 4e 2 gDNA Eliminator spin column &< 30 ) > #&:# 4p

B o
5. s (8 iR 4o TO%IFpH 350ul » 3R £ 353
6. #-snPe i F PP 2354 » RNeasy spincolumn » £ 3. 30§ » #iE fp e o
7.3 "figi% > £ e~ buffer RW1700pl » 42w 4p e chps B &2 g -
8. 4t » buffer RPE 500l {& » &< 2 2 48
9. 4c » 25ul RNase-free water » 3.« 1 4 481483~ 11 JRiR
)+ HER
1. & * nanodropl1000 ip| 1 g% 7 RNA k &
2. #-4ng 9 RNA 4 » PCR * 32 » ¥4 » RNase Free dH20 = 12pl
(2) F #&

1. #v3#g ¥ 4o~ lpl 2y = Bipk (deoxyribonucleotide;,dNTPs) (& f& 10mM),1ul
k& 5 500ug/ml 0 T £ 48 % +% 4 e (Oligo(dT))

2. %~ B £ pFF s B(PCR thermocycler)4c#: 3 60°C 5 4 45 » B-di3g g &
Ikt

3. ¥t g ¢ 4o » lpl= g FbE A% (dithiothreitol ; DTT) » 1pl SuperScript 1115 &
&5 fix > 4ul 5X First-Strand Buffer (250 mM Tris-HCI > % :#pH 8.3 ; 375 mM
KCI ; 15 mM MgCl2)

4, 3 r B EFEF B4 42C 45 45 ~99C 5 #4485 ~4C 5 A 4ts o £

A i S

(z) 2 % & prhadd £ i (Real-time PCR)

1. #-= & well 4c » p & A& F)H forward primer % reverse primer % 0.1ul »
10ul Fast SYBR® Green Master Mix » 7.8ul RNase Free dH20

2. #-scramble 27 cDNA » £ = )k & 5 100% ~ 10% ~ 1%:h= & 3 %
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. 4o Fig.#-+ it 100% scamble % 7 cDNA % 4 2ul 2 2-B~C-~D ;10 & i
gt 2 2 3B~C~D ;100 B4 &4 2ul 3 4B-~C~D;
knockdown TET2-1 <53cDNA % #4c 2ul 3 5-B ~ C ~ D ; knockdown TET2-2
s9CDNA & 4c 2u1 2 6-B~C~D

CAeR (s MEP BT > I g 2000rpm o R R R 3 4 48

. # multiwell plate 2= » Real-time PCR thermal cycler 4t #t(pre-incubation 95
C 10 ~ 45 ~ amplification 95°C 10 4} > 60°C 104 > 72°C 7#) » £4F 43 =& ~
melting curve 95°C 5#) > 70C 15#) » £ 12 95°C #F 4§ 4c:f ~ cooling 40°C
30 )

. H cp s At 2L F] 4 scamble 22 TET2 knockdown 2 fF cDNA

EipdtiE -

7

-

00000 -

ve]

o

m

OO000O-
00000~
OO000O-

O
O
O
O
O

ol X 1 JOh
0000

)

eal-time PCR

3

Fig. 10 ultiwell plate 7= % B
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iGene Name 'Primcr Sequence (3' to 37)

NEK3 Forward GACATCTGG TCCTTGGGTTGC A
NEK3 Reverse ATG AGA COG CAG TGG ACT GAT G
GRB10 Forward AGGACACAGCACTGG TTIT CAC G
GRB1() Reverse TCT GOC TGT CAC GOAGGA GAA A
DKK 1 Forward GGTATT CCA GAAGAACCACCT TG
DKK]1 Reverse CTT GOA CCA GAA GTG TCT AGC AC
MAL Forward CCATCACGATGCAAGACG GCT A
MAL Reverse AGA ACA CCG CAT GGACCACGT A

TMEFF1 Forward  ICTC CAAGTG TGGACC CTG CAAA
TMEFF1 Reverse JGAACT CCCATC AGAAGC ACAC
DHTKDI1 Forward WGA CGOG AAT CAAGCTAGACTG G
DHTKDI Reverse  ICCT CTG ACT GAAAGT TCC ACG AC
ANKRD2 Forward IGAT CCA GAA CCT CAT CGA GCT G
ANKRD2 Reverse  ITCA GGAAGG TCT CCT CATCCAC
COROIC Forward  JAGA GAA CTG CAC GGT CAT GGT A
COROIC Reverse  ICCT GCACTAAGAAGCACATTG CG
HSDL2 Forward AGT GCT GCA GTG GAG AAAGCC A
HSDL2 Reverse TAGGTG CCTCTG GTGTICACG T
HEXB Forward GAT CCATTG TCT GGC AGGAGG T
HEXB Reverse GOGAAGC CAGATGCTGTGACTCT

Fig. 11 5 = i¢ * 2_ 31 3 (primers) & 7|
~ f¥ % &£ £ 772 (Enzyme-linked immunosorbent assay, ELISA)

(- )eB~fmre 12 % iR
Lpgdfd limerdr » D8 EBERABIREY o
## g 1 3009 B 548 o

3. &1 %ﬁfgipi‘f%‘ni’“hg".l. ¥ - pi‘? ¢k F &-20C J\ ’ /j;-_g %%B"

* o

(= )RARFREZE v TR

1. #-JzB~grscramble . #2 TET2 knockdown ‘e fm#e 33 % R e % = Rk R -
EOGeEme S AR AR 2245851632 Benpie A e » 9634 H Y

135

2 50ul (e Fig. 12 77 ) o £ £ 30 = fa4e » 2 50ul #57% % 32 % i 4
B o

—

2. #itdite r BTCE A 2~3 [ > FH dod TRETIVAE R .
(Z) % fsm A 192

3wkt K &k > 1 TBS-T 40 » 3V g d i 18 = Tex iy o

Y}»

P R AGE e 5 K AR ARR B - AR GR R AR Y TR
AR s 100ul 0 EAEE 2] B o
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5. £4F = =t 11 TBS-T #2348 £ = Fex g2 # 0% o

6. 14 dCiE e 5 % R AFRAR $ e BfRAl 5000 & o F e » 100pl 4

FREFREL]E

ES

7. €452 & TBS-T jfikdt & 3 = T gp2 § iF o

8. 4t » TMB % ¢ ;% (Tetramethylbenzidine)# # 100ul & - r2 % # & b & 3+

(Multilabel Counter);p] # = 5k i@ o

Fig. 12 ELISA 96 it % fic % 7+ & Bl -
-+ ~ Migration Assay

(- )3+ 5 mee ik
1 #wmre3s %2010 24 2 % x (10cmdish)? » FHE 3 ~40% o
2. B H 3 &% o T4~ 10ml e 1X PBS 3 e d ot & R R A AR S A R o

3. © iz PBS & ik 14 » 4v » Iml e trypsin-EDTA ¥ 2z » 2 £ 459 53 10 4

b > % wmreRIE -
4.4 » Aml s % % ¢ fe trypsin-EDTA »

5. f i BB 12ul0 0 R Pl pRERSAPRED
2 FIMMRAT U B Y T 0w diep (L 0.1ul) -

6.3 5 ek B T AelF 80ul 7 40000 B fm2e 573 i 400ul o
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-
—_—

7. 7@ kR H 4y 0 Bl 3009 ~5 A4adps o s RRHME e FERR
it

(=) mPe 1z %

<5

1. #-stoppers = & well + » & $4c » 80ul kw2 R # B4t s R e

2.#¥ B A £ v & IRk e Rt R o

BEIEZ [P AR F - 2 % BB T 4 B ek B R o

Cells Seed Detection Zone Cells Migrate Cellsin
and is into Detection Zone
Adhere Created Detection Zone are Analyzed

Fig. 13 Migration assay -+ & [

(http://www.genengnews.com/gen-articles/cell-migration-
assay-for-hts-and-hca/3585/)

~ MTS Assay

(-)iBwme kR

1. I % - * g Migration Assay % (- ) B4 3¢(1)~(5)

2.3 % vz )k R0 X e flF 100pl 7 5000 B v g iR 2 ml

(=) w2 %
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1. %% MTS assay 96 4 4 4r » ‘oz - f i & £ 100pl » & 44

2. 063w R Y B & 68 ) pF

(Z)#* Ewmensd g

1. fe @32 % /& ~ MTS tetrazolium salt (5:1) =73 7%

2.8 - Fxrdr > BRigmERER 0 F Hdor HF(1)2 %% 100pl

306 A win B 2% 2L B 0 2 A00NM RIS K R i ve Rk

i# (Optical density, O.D) -
45 2 FEWRP-F~dfe 1 EABRO)-QBEFwreH L F

OCH,COOH

SOz OCH,COOH SO;
/N\INO/ N O/
- \
N‘N@(S CHs N=N S cH,
g L
CHs N,
MTS > Formazan

Fig. 14 MTS tetrazolium salt 2 # formazan & i~ -
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N EE T

mRNA mRNA

Quantity TET2/actin Quantity TET2/actin
(folds) (folds)
120 120
1.00 1.00
0.80 0.80
0.60 0.60
0.40 0.40
H m [ '
sco ]
si-NC siTET2-1 siTET2-2 si-NC si-TET2-1 si-TET2-2

Fig. 15 - *» § % % % 12 TET2 knockdown 5 1345 o st Bl 2bime F S @ & * e
A 3+ M10 fm2 2. TET2 & Fl#gF & knockdown & & 3 & T "% o

- ~ TET2 knockdown #3% H3k4 2 3¢ 345 & T *%

BAmE > EEbi g p] TET2 knockdown {6 M10 ‘¥ f Gev 5B~k 2 i3 46
rxsg o Scramble 5 4c » 2R %88 2 g8 R 7 SIRNA % pe 2 - TET2-1 &7 2-2 A&
B 54~ TET2 A %17 F % B SIRNA 57§ % & o H3 internal control 3 3% % £ +4]
f > Bor#7F histone 3 e o Jgd vk B R0 Image) T E 44718 0 £ &
%P 2 TET2 knockdown % %.ﬁf_ﬁw}.%)iﬂzfﬁxﬁzj WA e el E o 1) s
BAER A 0 BT A hd % o NPy TET2 knockdown t4 H3K4mel ~
H3K4me2 ~ H3K4me3 123 & 5 ° hdg gt o

d 3 H3K4 1" J it e mwfanE it A Flar e F-9 13 & (activating
modification) » % # £ I8 M pF > 5 AR F A M AT PE R B BE L 0 BTE
I L F 2 L5 o DNA e 51 % % (microarray) » 2 ¢ £ 3L @ k(7 P-
Value<0.05 - fold change<2) ' = L F](3 B)5H 5 7 # R E P &~ " ek F](25
B)chA Az - o Flpt APt H3k4 7 A it 34 8 g > 7 i 5 TET2

knockdown {5 2 58 A F1 & e i 2 — o
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scramble  TET2-1 TET2-2

H3K4mel S e -
H3 internal control | s S  S—
H3K4mel - -

H3 internal control | —

H3K4me2 -~

- -
H3 internal control - —
H3K4me2 — -
H3 internal control - —
IO - —
H3 internal control - e—— -
H3K4me3 - - -

H3 internal control | WHAE—_: S  —
Fig. 16 »2 & * % 2Ej2 3734 TET2 knockdown #+ H3K4 ‘e 3-v i3 42 8258« TH3
4n % = 5L F-o (histone 3) » TK | 4713 &F #74% B eve 2k ik g vk (lysine) » T4
dpreth e g 0 Tme, 4 @ A 1t (methylation) » & 15 chfics A&7 A iR e o

# = $ict8 Imagel) & %ot H3K4 ek F-v 13 43t TET2 knockdown & & j& > o

Scramble | TET2-1 TET2-2
H3K4mel 1 0.3712 0.3170
H3K4mel 1 0.7008 0.6970
H3K4me2 1 0.5504 0.8484
H3K4me2 1 0.5381 0.8615
H3K4me3 1 0.7327 0.5611
H3K4me3 1 0.5280 0.4623

= ~ TET2 knockdown #: 33+ % & %] DKK1 £ 3R

¥ % % A5 DNA 'L 7| (microarray) % % (P-Value<0.05 - fold change<-2) ¢
ip 1 DKK1 A F]# TET2 knockdown 2. 18 £ L& < g™ (L 4&) - ot - F&
P>t knockdown 18 @ % L B~ fmfz e mRNA 2 pF B & g4l & i (real time
PCR)4 47 DKK1 22 mRNA 4c 2% (L Fig. 17) - DKK1 = £ % 5 5 0% ¥ e
T A F] 0 A 49 1% i8 P4 Wnat/B-catenin 3 4 @ YR B j© (Wnt/B-catenin signaling
pathway) m #rd|mre it g 4 o d 3> TET2 RF R A REHBEME » A0
£ % ;rsﬁ:ua b2 Sk TET2 2 ER S 8 DKKL £ E» "5 ¥ 4t

S TET2 585 s 4 sl - o
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# = DNA jigrE 7| (microarray) & % &1 > TET2 knockdown {¢ DKK1 ¢ &

—Tlﬁo

Gene Full name Fold Change (log2)

DKK1 dickkopf 1 homolog -2.269

mRMNA
Quantity Tumor Suppressor DKK1/actin

(folds)

1.2
scramble TET2-1 TET2-2
Fig. 17 Real time PCR & % :&£- # % % DKKL1 % TET2 knockdown & # & F *% -

= ~ TET2 knockdown & 5 jm? 3¢ F DKK1 2 % 3

1

0.8

0.6

0.4

0.2

o

g > & BRix (Western Blot) 22 p2 % & & 4 1772 (ELISA)ins % » AP
F DKK1 & TET2 knockdown & % ¥ #’m?s p mMRNA 0k & £ & "5 X 0 flw
R e R AR hARES FiL e Ra > ELISA enf sk X LR R A

FAELISAKIt » B0 7§ 3 0k & kS5 &% 4 G RO I il o

Scramble TET2-1 TET2-2

DKK1 —

Internal Control | s S S

Fig. 18 d & = % ®.;2 ¥ 5 ! » TET2 knockdown {4 DKK1 &im¥e p £ JRE " i o

#ow gt 5 Fig. 2 Image) TE A 47 do'f Rk R A {8 chig & o

Scramble TET2-1 TET2-2

1 0.7722 0.5764
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08

07 7

06 7

O.D.(450nm)

05
04 - i 1 1
03 -

02

| L { 4 ‘

a |\‘r 2] \- | B i
scramble TET2-| TET2-2

Fig. 19 v )k %53 % iR & {7 ELISA F 5% » % % 75 DKKI1 3¢ F w2 35 % %
PAREEM

z ~ TET2 knockdown 17 2 DKK1 knockdown &_3& fm%& 5 {7

0.1 7

(migration)

A Pt gi4e ~ Scramble SiRNA ~ TET2 siRNA 2 2 DKK1 siRNA it i7
knockdown &= ‘2w ¥e £ {7i¢ & o 4 Fig. 20 #77r > 4 TET2 knockdown 2_ i3 ‘w
A T R B8 TET2 5 5 % vk A 512 ft3h - DKK1
knockdown ‘ex 4 & ¥ chim®e 4% (7 » 22 TET2 knockdown e 4§ - ] pF2
" v (wound)i{ = & & - Ap ¥t > Scramble ‘e i ee A (7 id B R o L)
przp Tigr | Afaimie d AR o

J* %% B+ TET2 knockdown £ DKK1 knockdown eim s ¢ 4% 7 % § i |-
i > Lim e b e o e AR F TET2 v DKKL 2 2 i ehim e e 7
PR 2wt PR A AES RMEENE AT 2 2 PR A AN E
Je(real time PCR) ~ & = & #hi% (Western Blot)£2 fiz % # £ ~ 174 (ELISA) 05 %
Aqedacs TET2 5 7 ic 5 DKKL 2 1+ 252 5> S @ drf|d 2 Ra F Rl oy
g b - i A2 (EMT) -
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—

I ~ TET2 knockdown 14 2 DKK1 knockdown # % % %& 3§

4 (Cell
Proliferation)

d MTSassay inig % » 2+ g 3 & TET2 knockdown 14 » 3 sm¥e 5 2 &
8 F ol % o & DKKIL knockdown {6 > ‘m?e 3 4 € #& TET2 knockdown " & P
B oo g iy 4 3 DKKL % TET2 3 #72 B3k -
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1.600

1.400 Z
1.200 //
1.000 e
// ——scramble
0.800

——TET2
0.600 ——DKK1

0.400

Viability(0.D.)

0.200

0.000

day0 dayl day2 day3

Fig. 21 MTS assay & % % ;v TET2 knockdown 12 2 DKK1 knockdown {$ ‘m?z 3§ #
# scramble siRNA & 5 B &
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@

FEAAF AR TET R 4R A F > Y ApF sz P54
TETL & A F & 39 K fadrdlfe m drd g wie chiz o (F% drf 2 > 13 TET2
Pl EAER n B7 2 Fr% & F(Mercher et al., 2012) - k@ » TET2 £ L& T "5 &7
PRl Ar S AR R E R A E RG> T TET2 &g B ey 41 v AP BY
F gt 24y TET2 B8 s 4 v i R 5 p 1 o

AFT 3  TET2 knockdown #E st et TET2 2 E 7" > € X
AL IR Y IR A Fmie At i0 B DKKL ARE T o A
AR FThmep 2w iRy FER c wmw Py #F TET2
knockdown 1 2 DKK1 knockdown % ¢ #_i& @ f¢ 94 {5 (migration) &2 # 2
(proliferation) sz # © Flpt » 2 p @ g % A daip] DKKL &% 7 a0 = X TET2 3
P T PEAF] o

TET R2% % 2002 # 5 RALs R > XA 31 2009 # 4 %#F H 5 DNAZ " A
fro ¥ - B RS EAFR TET2 73257 i A Fr R T o B3 21 3 %
TET 7CEAF L L ARE® T2 &4 > o PFkF & 2012 28 £ 2
Tdp A TETL it J9 B 87 1 A F & o -k j# 4] pF (tissue inhibitors of
metalloproteinases) @ Fr 4| w*e chixjo (% o ¥ by § A 4pdt TETL 22 2 3
e 25 %] HOXAT ~ HOXA9 'F it v 54 % "8 % 4 & 22 #& 45 (Miao et al., 2013) -
23 TET2 & g R badrd|H 2R e TR I a #a B4 a2 s B

5

FAggae n i (Quivoron et al., 2011) -

TET2 03T A & KA G Fr| 5 s 2 nie® o 3ka B & o] 5 AP By o
AR EEIEQC GG AOFLER AP TET2 AFLR AN RAELRHY 270
B - EF 4 EAFATHEN TET2 2 5 kB chimIRB % > 2 31 TET2

)

2 32254 RNA miR-22 (o3 @ B2 8 2L %45 RNA miR-200 (74 3R > @ miR-200
x G- R 2 2 FAT(Su et al, 2013) » & A 5 A TET2 B 5855 %% 2
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G o AT RIF IR TET2 7 it it 53 B &4k A ] DKKL > i&a 5 P50
4 o d 3% DKK1 & Wnt/B-catenin i j= crdrf| JAF] » AP p w5 38 70 2% 5 3%
M TET2 knockdown £_% + ¢ i&i& Wnt/B-catenin i fz e 4 » 5§ L& 1 d > L8
AR e P e BT P Becatenin 3-9 B AR E o 4o R TET2 - ¢ R
Wnt/B-catenin 3t 4 @ iEB T > 3§ TAETHE R TET2 RPN R 2 2 @ =2
23R FE
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s BE A

AR 3 # 3 5 Wnt/B-catenin i i chdr 4 %) DKKL 7 4 3 TET2 2 7 254
Fo L TET2 2 REFFNBF L2 @BH 27 L RF o doit- HEFEHERAT
B BARR S0 R RIT A Wat/B-catenin B SR  SERER e B AT
FERSECEAE: A FUIRNE S SRl TR S

il
=
=
TR
&
Wi
-
A
=
A~
¥

1 e dev B NP % > ¥ F40 TET2 knockdown 8 & & & v J F] {5 % e
H3kd b en® iz & €8> o - BFRL S HAFF ARG - - & DNA G5
(Microarray) « 364 A F A B M2 B o L BR S g pes TET2 A7)

knock down 74 real time PCR #718 % AL Fl1&A L E "8 MenE F4p ¢ -

2. 1% 18 DNA #ciE 7] (microarray) s % 4 % real time PCR shig— #3%49 » ¥ # 4
TET2 knockdown {5 > #r#] 5«7 DKKL A F & R E» € 7% o d 3t e v
DKK1 #_it 43 35 i@ 36 4idrd| Wnt/B-catenin 31 & L5 /& @ | 54 B ch L 7] -
TET24&7F ¥ i S5d 4 DKKL £ @ B85 g 4 o

3. BiET > R EEAEE LKA TE PSS > ¥ F & TET2 knockdown 15 » F i
DKK1 thi-v H& hme p 2 miess &0 F > > #HAFLRE & TET2
knockdown {5 T "f eni & 4pf 0 £ #ER 1 TET2 2 R E 5 ¢ R DKKI £

B MPED o

4. % e #% {7 (migration)d %% ¥ ¥ {8 -~ TET2 knockdown 2 DKK1 knockdown {s >
wmre Tk XY %k B 5 m MTS assay P& .= TET2 knockdown %2 DKK1
knockdown enim Pz ¥ 3 fi it endmie B 4 i 4 o b B & L 4F DKKL £ TET2 #

#’bi TF):'\;:‘!‘/;L o
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Clinical pathological characteristics of breast cancer patients
with associated TET2 expression

TET2 high TET2 low value
(44/132) (44/132) P
Age 51.02%11.62 51911321 0.74!
Tumor size (cm) 197%1.17 285%1.62 0.0043!
Stage (no. of 0.19*
patients)
is-1 20 (45%) 15 (34%)
LIV 24 (55%) 29 (66%)
Tumor status (no. 0.0085*
of patients)
Tis-T1 32 (73%) 20 (45%)
T2-T4 12 (27%) 24 (55%)
Node status (no. of 0.47*
patients)
NO 28 (64%) 26 (60%)
NI-N2 16 (36%) 17 (40%)

!p value was measured with student's t test.
“significance of association was determined using a y* test.

Figg 22953 Aok My TET2 A REFEAME M2 HREH | -~ K
ﬁPﬁt\ T E ’?ﬁ:)’é’f;]}\ ,;;H(w éé'._gto

34



— TET2 low (44/132)
—— TET2 high (44/132)

©
>
'S
S
5
w A0 0L AALML -
T
Q
=
) p=0.021
o 404
) 1 I
0 50 100 150
months

Fig. 23+ Wl“ri¢ * 2 #cdp? R - Ep 25 P 4 TET2 LM E R F i o
= ~ TET2 knockdown # 38 F1% 1

A d DNA ' 5 (microarray) s % P o) ¢ doani Ffrdr A F1 L 5
B o 4 b R A2 Ror B0 a0k F(novel gene)= i (32 P value<0.05 ® log base 2
fold change>2 or <-2) » £ - i & F]i& (7 T p¥ R & fadd;t £ fi(real time PCR) - H
¢ OB AT GRBLO 2L E § pAgeht 2 s Frf sk 7] DKKL &2 MAL » § 43R
Tk A o ¥ b A AP TMEFFL £ 38 + 2 > DHTKDI -
ANKRD2 ~ CORO1C ~ HSDL2 2 HEXB #3m.& T ' » 2 # 12 COROLC #ic %
Boa PR o d 2t e dv DKKL 5 3“p? F L ondrp A 7l AP g 10
TET2 22 DKKL1 z_ [ cff B3 o

mRMA mRMA
Quantity Oncogene NEK3/actin quantity Oncogene GRB10/actin
(folds) (folds)
16 a3
T
14 . -
12
1 2
0.8 15
0.8
1
0.4
0.2 0.5
ﬂ - ! ! ! -+
Scrambla TET21 TET2-2 o

Scramble TET2-1 TET2-2
Fig. =& £ ¥] NEK3 ~ GRB10 ** TET2 knockdown {s % 3. & + = » = NEK3 i
} B e g -

35



mRMNA mRMNA
Quantity Tumor Suppressor DKK1/actin  Quantity Tumor Suppressor MAL/actin

{folds} (folds)
12 12
1 1
0.8 0.8
0.6 0.6
0.4 0.4
0.2 .: 0.2
o o
scramble TET2-1 TET2-2 Scramble TET2-1

Fig. #7#& & %] DKK1 ~ MAL >* TET2 knockdown {5 % L& ™ "%

mRNA mRMA
Quantity  TMEFF1/actin Quantity DHTKD1/actin
{folds) {folds)
25 12
2 1
0.8
15
0.6
1
0.4
a o
Seramble TET2-1 TET2-2 Seramble TET2-2

Fig. # 4 %] TMEFF1 >* TET2 knockdown 75 % Kg‘_} =
DHTKD1 - £ & * %

mRMNA mRMNA

Quantity ANKRD2/actin quartity  CORO1C/actin
{folds) {folds)
12 12
1 1
0.8 0.8
0.8 1 0.6
0.4 0.4
B -1 mn
o o
= Scramble TET2-1 TET2-2

Scrarmble TET2-2

Fig. & 7= %] ANKRD2 - CORO1C ** TET2 knockdownf T o

36



mRNA mRMNA

uantity HSDL2/actin Quantty HEXB/actin
(falds) (folds)
12 12
1 1
0.8 0.8
0.8 0.6
0.4 0.4
0.2 0.2
] T i o
Scramble TET2-1 TET2-2 Seramble TET2-1 TET2-2

Fig. & &= %] HSDL2 ~ HEXB ** TET2 knockdown & * *% -

37



TET 2% %_— #& tumor suppressor > fe # ¥ % 4|1 % F % > Knockdown TET
2_1s H3K4 2. methylation "% 4 » DKKI1 2. & s "% 1< » e § 2 B enhf (27 A 8-

H2 FHEH EP 2 K2 i DKKI T2 7y iad i e

38



	作者簡介
	摘要
	Abstract
	壹、研究背景
	貳、研究動機及目的
	參、實驗材料及方法
	肆、研究結果
	伍、討論
	陸、結論及應用
	柒、參考資料
	捌、附錄
	評語

