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Fatty Acid-Binding Protein: FABP

Specificity Protein 1 : SP1

Peroxisome Proliferator-Activated Receptor : PPAR
Reverse Transcription : RT

Polymerase Chain Reaction : PCR

Quantitative real-time PCR : qPCR
Complementary DNA : cDNA

Messenger RNA : mRNA

Phosphate Buffered Saline : PBS

Tris Buffered Saline : TBS

Sodium Dodecyl Sulfate : SDS
S-aza-2-deoxycytidine : 5-aza-dC

Trichostatin A : TSA

Open Reading Frame : ORF

Bovine Serum Albumin : BSA

Horseradish Peroxidase : HRP

small interfering RNA : siRNA

Ribosomal RNA : TRNA

Chromatin immunoprecipitation : ChIP

Combined Bisulfite Restriction Analysis : COBRA

Quantitative Analysis of DNA Methylation using real-time PCR : gqAMP
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1-1) #RoEE
BIFE, BARIZBT25EED k73 i3y, (DR, Mg B oA B8

ThHY, 2D 2/3 ZHEDTND, ZOHPTH, FICKDECEL N RHEL L, FEA
BIFIEAROR) 30%% DT\ D, FEFEEFRITH e & HIZ 50 s, JECICE L
TIL 60 AN DML, Gl DI Em< > TS [1], 16> T, SiemEi
HEREAZ TODENE T, BRSBTS TEM L T Z ER TSRS,

FEFRIEICIS T DB T D72 < . 2 DIFE A ST RGBT EE TR
752 E OB RINERIEEHNAEHE > TRIET D L EX BTN D, FOHFH THRHZ
KRe « U - BN S8, IHEORAIGEORCK L (Fhm ) — - &iEhR) (12
PEORRESE - SECHRN B L CETRY (1], 2 bOORA L SRR OEBIE
DOEFEI NSNS [2],

ZDLX RO T, RBHIEDME LI L DO LIRS, HEROIFHIIRR
Uk - AR - BORRRRRIEITIN A . Seeals - AR AERRERL - BIE TR ED
BB E L7 Z & n, FHIORIZEIT DIREERITE o TE TV EF X
%o ED—J5 T, HEATHIE - FSROTRERGHITH £ W dGE SN TE LT RO
DEIC L D EREED TODIFKETHD L E R D, o T, FROFREM & FIEE
DHERDT=OITIE, AL Wr M A~ — D —OBs & 3, a0, Als,

RS RIS ORFIA DR IR TH D,



1-2) FEMESREE & v /08

Bkt & 2 7378 (fatty acid-binding protein : FABP) 1. IREfES & /N

2% (1ipid-binding proteins : LBP) Z—/3—7 7 I J—D AL "—Th 1 | ZNFET
DEZAE FTIZI0FIEDT A Y 7 4 —LBH BN TN D [3],FABPs 135y 1847 15
KDa Ol & o727 T, TN EHAERBAFRANIIEH L TR (Table 1-1), #HE
THVH Y RBELSTND, INHDOTA Y 74 —LMOT 2 BEEFIOFHENET
22-T3TH DD, NI H D 2 DD -~V v 7 AP T H~T w7 A - H—
Y- NY I ZEF—7 L 10D B — RDIEELT D BN LU DR D —IRE
E7 7 2V~ TEEICRFESN TS Figure 1-1), B/ 3L UEEEDONMNC 1
537 (FABPL IZBE LTl 2 43 1) DBIUKIEY T REREGT 5 Z &5, flaricisit
DKWY T RO NT U AR—=2—E LUTHEREL TWD EB X bILTWD [4-6],
E DIZEATOMZEN G, (BIS T-RBUTTEZ 9 U7 MIaNIRE RN R G325 2 &0,
HRHTI 3 b7 & DR x T PR A RO & bboi>TETWD [7, 8],
F 72, FABPs LAR~4 2o & ORI & # STV D, FABPL I, BRI Z IV Tz
PRABE R AT REBL L, BIROFFRIASRE A4 O IR 1TV T, =L F— R
TEERENCEE @ E 2 L Q0D B DTS, 72, PABPL [T BEHRIE! Tl
(ZHBIT 5 & 2 ROy MR 72 E DA B L A E U CE A 52 R HE
HEN5 2 Enh, BREBO TSRS ~—h—& LTEHTHS [9], FABP3 1L, L
gl < W N CHEI R ORI &2 O & £ 0 | DRI ~DO = 3L X — A E
H o)X oD, DR IIIZ X 2 DR S ERH SN L~ T2
7o, A B~ — 1 — & L CTERATHS [10-12], FABP4 (3fREHHG
B ERIEIBEOFREO DS ZEE TH D, FABPA KR~ T AL, A VAU A IENS
FL. BIREE LANMDHE S5 Z & [13-15], FABPA HpSARH ) S FRIF2 DL



BHRBE WS AZRY vy Fa—ADWRERIZRY 95 LE26NTWS
[16], F7z. HAKFPEEE & HPYESE TIX FABPS X ONFABPT OSBRI 45| &
VBT ERND D Z ENESNTWD [17], HAKTERE O MiEiin <X
FABPS TG DFBLEDME T LT D Z &5 FABPS 23S FRIE DRI B CA

T F=—T1—\ IR D FTREMED & %,

1-3) &R

FEATFED /7B T, 1980 4FARLIRE, il s 1 - BB S 723Kk & & [FE S 4L,
(IR % PRBR T OERNEET D LICEVEL D Z Lo TET, LnLan
5. IR BB TOERITITRIVIZHMNNCE L, £io, i s 028 R
NEEI2 T 7 F R M L KF L T D 2 E B L T&E e, 22T
UPAECIE, FEAEN TR 2 > T D R ATEICEIRT 27201203, M oRGE &
BEEEfT D MEED B D Z E MBS D LI TE T,

EFZRME UM, AN T ¥ —@g]] ThoD AP DAL I hayv
RUTIZEBF D) BT T LD, —5, Bild, BENH2IChHD
HREM T CHOMBREZFIN L CTATP ZEEA L Q0D Z ERHBILTND, ZOHS
(3. BREDHRINS T =TV 7R GFRARRE) LI TS (Figure 1-2)
(18], RO ATP PEAEEEILEN S DD, 7 RUBE L 43140 2 537D ATP LA
AR 7 RS 145724 0 36 43 700 ATP A PEAE 2Ie(big U b & i 92 &
ATP PEAZDSRIIIERITI Y, 6o T, ARz 2piiiia CRE GO 77T % < 7 6
ND, FEOBAIED—>THLME W (PET) 1X. 7 v RORMHAR LT
Ik L7- 7 N A RPICE A E R, Z ORERMEERIE & B Ey A Eig LS =

& TRDOFENEZTIND LN HOT, IEFEHNC A THEOEY ARSI L



TV DR REBIFE AR L7ToAE Th 5, Bl 27— L7 L 73R
OAMEZACE L TE, EEARRENL R T D, L, ZDORus
JHA X Z DT-DIT, ATP AN bRR, % L0 BaMT 57 2 /B, HIiEONE
R T D U U REIENIE e &b REICHE L 72D Z Enh, ATP LIS
TR AT 372 DI — RADRIC R 2 DR REA R L T2 0Tl ind 3%
ANBTED & ZAH ) TH A,

F7z, PRI CIIREAHOTTELSNT IREAGORE b A 5110, EREMEE
(Z RN F—JRD—> & L ISRHNRE AR T 201kt L, il CIINRE O
BRI THD 191 BRIBE AR D72 DD T & F /L Coh ZERLT 5 ATP 7 =R
7— (ACLY) . JENieG AR (FASN) . NENGER% 7 S /b Cod [TEMAd 2T 271 CoA
BRI (ACS) 73 ENFEAEIEEREOFEBUTHEC X 0 il 17 & #i et S 4
D ENDIoTND [20-22], LR E, 200 THFICBI L CI3HIED &
AEZI LD TRUY,

LI EORRZRBERGE, IRERHOBRFITMZ, =0 h—2 U VR, FVE T
ABRGRRIE, 72 ARG EORETTE L T D ZE B EIHILTER Y [23-26],
IEFHE & Ffiia & X4 2 K& REHEO—> & LT, Ml O GEHRIR O E
DT HID,



1-4) D BHY
A% HEEOMNNTRENDETH DN, 50 L ZAFN 2 PIHETHL ST

WU, fEo T, TRIFEIRIG & U CIZ R HIRINEO RIS EE O I3 FE R I C BT & e
ST Do L LR S, FHIEWHEOHS ORISR OFEI7R A 71 = X L OfFH
ISR EEED TR B T EBUTITE > TRV, ZORRRBLRIZEBW T,
B 7RI Z BV TEFEL L TR Y | I ORECIAERE & DOBE) VR S 41T
W% FABPS 13, AL RMRWr~— 0 — K ONBIRIER & 70 % 2 sl S D,

VLD Z &t AL, KRG K ORISR 2 O CL el gsE 2
F3UF % FABPS O/EFRIMSHEZMRNT L. S DT, SRR 7o B g 2 it
L2 AL LT,
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Table 1-1. Family of fatty acid-binding proteins

Gene name Common name Tissue distribution Chromosomal location
FABP1 Liver FABP liver, intestine, kidney 2p11
FABP2 Intestinal FABP intestine, stomach 4928—q31
FABP3 Heart FABP heart, mammary gland, etc. 1p33—p31
FABP4 Adipocyte FABP adipocyte, macrophages 8921
FABP5 Epidermal FABP skin, brain, lens, macrophage 8921.13
FABP6 lleal FABP lleum, ovary, adrenal gland 5q23—q35
FABP7 Brain FABP brain, central nervous system 6q22—q23
FABP8 Myelin FABP peripheral nervous system 80921.3—q22.1
FABP9 Testis FABP testis 8921.13

FABP12* — testis, kidney, retina 8921.13

* FABP12 has recently been discovered. The gene has been identified, but published reports on

the protein encoded by this gene are not yet available.



Figure 1-1. Crystal structure of ligand-bound FABP

The protein structure is similar for all the FABPs and shows the N-terminal helix-turn-helix
motif and the B-barrel domain. Hydrophobic ligands-binding region is located in the interior of
the B-barrel domain. Figurel-1 shows FABP5 with a bound palmitate molecule. The graphic

was created using PyMOL.
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Figure 1-2. Schematic representation of the differences between oxidative phosphorylation,

anaerobic glycolysis, and aerobic glycolysis (Warburg effect)
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2-1) #FE

5-Aza—2' —deoxycytidine & trichostatin A IFFEREBE TEEL VIEA L7z, GWO742 1%
SIGMA K VWA L7z, Pull-down assay CffiH L7z FG-beads |32/ IIK5HE L 0 A
L7z, Westernblot analysis, ®OGHEYLEA, 7 r—H A A U — SELREEK
ONChIP 7 A CHEM L7-PUARICBI LTI, Table 2-1 1250 L7=, PCRIZFEA L7

77 A ~—|% Integrated DNA Technologies - CARL L7= H DIEA L7 (Table 2-2),

2-2) HRaEEE

PC-3, DU-145 }2ONINCaP (& MEINZAREEMINERE) X RIKEN BioResource Center X1 .

22Rv1 (& BMEISZAMEMIIRE) (X American Type Culture Collection &V ZHZFHA
F L7, PNT2 (RSZRRIER AR IGHIBEER) (X Dr. 0. Cussenot 22HfftG- X7z H D
A L7z, HCT116, LoVo, DLD-1 (b M ARMGFEEMAK) A OF CCD-18Co (b MIEFK
R R STRHMELEAINY) 1 American Type Culture Collection X ¥ . Caco—2 (B KK
FEAIIAAR) 1% European Collection of Cell Cultures £V ZFNFHNAFLI-, C0S-7
1% JCRB AR/ 7 10 AF Ui, BNZHRIER K ORISR L RPMI 1640
medium (Thermo Scientific). KRIEGFEMIIMLKL TN COS-7 X Dulbecco’ s modified
Fagle’ smedium (DMEM, Thermo Scientific). CCD-18Co X Eagle’ s minimum essential
medium (EMEM, SIGMA){Z 10% fetal bovine serum (FBS, Thermo Scientific) MR,
antibiotic/antimycotic solution (Nacalai Tesque) Z¥RINL. 37°C, 5% CO,1FE I

TEHE LT,
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2-3) RNAHhHH, EE RT-PCRIERVER real-time PCR &

BHBRE N OSHAR X 0 . TRI Reagent (Molecular Research Center) % U NT total RNA
R U7=, 1ug @ RNA 7>5 ReverTra Ace qPCR RT Master Mix (Toyobo) % FUNCafi
RO (D 37°C, 16 731 @ 50°C, 543 @ 98°C, 5 73f]) 24TV, cDNA 25k L
77, HTE R RT-PCR 21X GoTaq Green Master Mix (Promega) Zf#iH L7-, & real—time
PCR | % THUNDERBIRD SYBR gPCR Mix (Toyobo) % T StepOne Real-Time PCR system

(Applied Biosystems) (ZXV{T-o7=,

2-4) Western blot analysis

SRR K OV e MR & W . RIPA buffer with protease inhibitor cocktail (Nacalai
Tesque) ZHWTH NI EEME L2, 7T v K74 — REZX D X RV ERE
ZRIE L, 50 ug/lane DX 2737 /8 % SDS-PAGE |2 CREEAWKE) L, PVDF i (ATTO) 2
M5 L7z, 5% skim milk in TBS-T |ZCEEE - 1 W7 v w7 Liztk, —kPUA
FUit (4°C « over night) Z4T-o7z, —IRHUARIGH., TBS-T buffer T PVDF B4 14
(15 45fx2) L, —kPuksds (SRR « 1 ) Z247-72, TBS-T buffer THE4 (15
43X 2) #%. chemiluminescent substrate (Thermo Scientific) Z AV NTILFFE
DR ZET 72, BiHIZiE Inage Quant LAS4000 Mini (GE Healthcare Life Sciences)

A LT,

2-5) Small interference RNA (siRNA)

Negative control siRNA KON ¢MYC, SP1 F7-1% FABPS i&fnFHrEAY 78 siRNA
(Integrated DNA Technologies) ZHFEEE 10 M 72D K T AT 2T g

v LTm, BEEMEA~D NT AT 27 2 g9 120 Lipofectamine RNAIMAX (Life

13



Technologies) Z{H L7~ hT A7 =7 3 72 BHEZIZ total RNA Z RV L.

i real—time PCRIZ X 0 R E AT LT,

2-6) MY LT 7 A b —F T ALV COBRA IE

AAMBERE K OS2 » NucleoSpin Tissue (MACHEREY-NAGEL) % JHVNT/4*/ A DNA %
L, AT 7 MU [27] 21707z, AT 7oA MO DNA 64
RZ, AmpliTaq Gold 360 DNA polymerase (Life Technologies) % IV T PCR &1T-
72o PCR FEM% pGEM-T easy vector (Figure 2-1, Promega) (ZTA 7 m—=1ZVET
BAL, E coliDHsa (SciTrove) ZWHEEMALT., TNENDTA 7= a3 VIS
PERIN G072 &b 10 EEL ED 7 m— U ZATRITEIR L, DNA > — 7 = Rt 24T
STz, NAYIVT 7 A NEFIOMENTIZIE Quantification Tool for Methylation
Analysis (QUMA) [28] Zf#H L7-, F7=. combined bisulfite restriction analysis
(COBRA) {22 DNA A F/UAKMRT ClE, 2 H/L7 7 A I PCR MW % Hha 1 CHillFRE#
AR LTz, 2% (w/v) 7 a— A0 0% IV CEESWKE) L DNA Wt fr vk S 2 —

ZfEHT LT,

2-7) gAMP

FABPS 7" F— 4 —HEI0D DNA A F/UAEAHT D728 gAMP (quantitative analysis of
DNA methylation using real-time PCR) {£&AT-o7z [29], RID., Ak M OSHHAR
EOHIH L7277 & DNA % A F /AU OHIRIESRE T % BstU I TR L 714,
real-time PCR {54 HVNTERANZ DNA A F/U DT A1 T o7, 100% AT/ koD =
VbRV RORL 2 — R (6 BPERARS) & L TBanHI K& T EcoRT Tl AL

L7277 NDNA &2z, E72. DNA B EHOPIEREESE L LT FABPS BnA-0D5; 2

14



TN T TAw—y "EEEF LTz (Table 2-2),

2-8) sHHRfHEpHEAER

6-well 7°'L— NI 2X10° cells/well &722 K5Il ZRE< & [REIRFIZ siRNA (20 nM

negative control siRNA & L < (ZFEAYER T HFH A siRNA) % Lipofectamine
RNAiMAX (Life Technologies) ZHHWT h I A7 a L, 24, 48, 72 Wik

(CENEIIIIEE . (IEREHRAD) 2 VW GRillace JE Lz,

2-9) MRUEEADTIE

HMfEZ Y L ice—cold PBS TPH4L7-%&. 70 % =& /—/LCHEE L7z, FHiW T,

propidium iodide stain solution (100 ux g/ml RNase A, 1% Triton X—100, 40 mM sodium
citrate and 50 pg/ml propidium iodide) THZPN®D DNA & Yeth (S35, - 1 IRFf - B5AT
F) L7=, FACSCalibur flow cytometer (BD Biosciences) ZFVWNCHIEL. GO/G1 H# -

SH# - G2/MHEADEIE ZFHAIL 7=,

2-10) 7R b— Rk

FRE A [EUY L BD Cytofix/Cytoperm Fixation and Permeabilization Solution % >
CHIRD [ K ONEFBPR AA T > T, MR A BEE U 7o 1% TEM Caspase-3 Hitf& (BD
Pharmingen) & Sty S 72 (IR - 1 FFfE) ., #evVT. Ptk FITC-—conjugated
anti-rabbit I1gG (Jackson ImmunoResearch) & i SH7= (Z51E - 30 20f « BEAT 1),

S #ANE % PBS (W& L, FACSCalibur flow cytometer % FV T caspase—3 ODIEME

{ZRE Uz, T —ZfEHTIZI Cell Quest software ZfffH L7-,

15



2-11) In vitro HHISIRIERER

BD BioCoat + KU Z/LA L_X—T 5 o F % 73— (24-well plate, 8 pmpore size;
BD Biosciences) Z MV NTHEMIOIREFAEZ RN L 7=, BID, 5X 10" HCT-116
HRE % FBS A5 DMEM 554112 47%) L upper chamber (24 Mz, TH#B well {21 10 % FBS
AT DVEM Bs 25N U7z, 24 Befli%, =98 L 7ol 2 Diff—Quik StainKit (Sysmex)
A O CEE - Yoo LBREBE CRIZR LT, 1 LD A VT LA O EIHEAITRIR LT 5

# TR (200 F£5) 12 F61T DBz 7 1 L, £ OEEERH LT,

2-12) 2V AT MER

FABPS 7'm1&— & —DEREIEMEAET 5720, FABPS Bln 07 v —& —Hii%
pCpGL-basic X7 #— (Figure 2-2, Dr. Michael Rehli LV t5) [30] |ZHHAAA
PUR—=2 =75 A3 FEAERLLT-, FABPS W& inf- 07 10— —fEmiL, PC-3 Hil
K ORI L7257 2 DNA @RI PCR{EIC L W H#iE L, pCpGL-basic X7 & —® Spe
I/ Neo I #A MIHAIAAT, FABPS 71— & —5 FHIE D K 75 FARIT,
pCpGL-FABP5/-2000 Z@# & L TRIZEFMAM 7T A ~— (Table 2-2) % U /= PCR
(2 X D HEE%, pCpGL-basic X7 ¥ —|THlAATeZ & CTIERL L 7=, &7z, FABPS 5
T-OF—A > b v AEDOERGIEMEA DR Z T~ 572, pCpGCL-FABP5/-337~+1285
AR UTz, £, 1 v br 25Tk 2K OFEIRA PCRIEIZ KV HEiE L7214,
Nhe I/ BamH I (2 X 5 lBREEEMER A1 TV FABPS 7' 11 B— & ——337~+1285 E D DNA
Wi 2B U7z, %e T, BamH I & L<iE Neo I WA k222 C R SRR 72 A
VAR VAF FeT == IEE, RFTA 07T 7% 7% —4EE0 DNA Wi
ZVERLLU7= [31], FABPS 7'1m1E— & —-337~+1285 FEID DNA T e ONA 7T A 3o

7777 H—gE D DNA W% pCpGL-basic X7 #—® Spe I / Nco I YA RIHHA

16



iATeZ & T pCpGL-FABP5/-337~+1285 Z/EfL L7, FABP4, FABP5, c-MYC K TN SP1
DI Z—F, PCR JEIZ LA HZ 7 EEERE OEIE . pCl-neo mammalian
expression vector (Figure 2-3, Promega) F 72/, pFLAG-CMV—b5a vector (Figure 24,
SIGMA) IZAHAAT e Z & CIEII L7z, 2COa L A MT 7 MEDNA & —7 = R fifHTIC

£V AR DOWEREAT -T2,

2-13) Vo7 27— T7 v KRN in vitro A FIULT v&A

PC-3 Ml % 24-well 7'L— MIFEREL, 70-80% = 7/l MRHZLAR—H —a
AT KN ROFEEAR Y #—% Lipofectamine 2000 (Life Technologies) % HV T
NTFURAT =7 va s Uic, BIGFEASEROMIEDTZD, PIEMEAESL LT p6L 4. 74
[hRluc/TK] vector (Promega) Z#HFEHIHT-, "N T AT7 =72 3 0 24 WA,
Dual-Luciferase Reporter Assay kit (Promega) Z TV 7 =T —BiEEZEHIE
L7, HIEIZIX PowerScan HT microplate reader (BioTek) ZfEFH L7-, In vitro
AFIALT A TliE, pCpGL-FABP5/-337~+1285 % CpG AT/~ T L AT =T —F
(M. SssI, New England Biolabs) TAF /UL L%, FBO@EINT T 2T —ET v

A BT oT,

2-14) EVFREREAEREA

pCpGL-FABP5/-337~+1285 Z #7542 KOD-Plus-Mutagenesis Kit (Toyobo) ZA#fH L T

inverse PCR {EIZ L 0 S IFFRAVAEFEANZIToT2, &2 TCDA LA NT 7 MIDNA &

— 2 T AR L O SRS OR824 T o 72,

17



2-15) 7 u~F %5 kE (ChIP 7 vk A)

7 T PR EIT ChIP-IT Express Enzymatic (Active Motif) ZAlfL. *
— B —DFNEEICHEMT o7, 7 v~F kM CEIL L7= DNA 1%, Gel/PCR
Extraction kit (FastGene) Z MV NTHEH - i L7212, ‘&R real-time PCRYAIZ K
Dt L7z, Efreal-time PCRIEIZERLEEM L2 7T A ~—ITBAL TIL, Table 2-2

\ZRCHEL LTz,

2-16) b MEERY 7V

IEFRINZ R (U0 M ONIRRaEEE, 49 5%, MR MCOMINZEEGERE (20% TEHHH
wkamde, V=Y AaT 44529, ATk, HM) 1L iLSBio K WIEA L7z, AiIZiR
R ORGSR 47 7 25 DNA 1% OriGene Technologies 1 W BN L7=, KMGHE M ONE
HRHAR cDNA 7 LA (TissueScan Cancer cDNA Array) % OriGene Technologies & V)

A L7,

2-17) HREHENT
FNFNOERRII DR & B 3EATV, T—XIIETOEE R (S.D.) T

L7z, W BEZEOREIZIE Student t-test ZHVY, P < 0. 05 DA EHE!

FHICARE L LT,
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Table 2-1. Antibodies used in this study

Target Application Supplier
FABP5 WB Abcam
c-MYC WB Cell Signaling Technology
SP1 WB Cell Signaling Technology
p21WAFICip1 WB Cell Signaling Technology
p53 WB Cell Signaling Technology
p-p53 (Ser 15) WB Cell Signaling Technology
AKT WB Cell Signaling Technology
p-AKT (Ser 473) WB Cell Signaling Technology
DDX5 WB Cell Signaling Technology
PGC-18 WB Bethyl Laboratories
B-actin WB Santa Cruz Biotechnology
a-tubulin WB Santa Cruz Biotechnology
HRP conjugated anti-rabbit IgG WB Enzo life science
HRP conjugated anti-mouse IgG WB Enzo life science
acetyl-histone H3 (Lys 9) ChiP Cell Signaling Technology
dimethyl-histone H3 (Lys 9) ChiP Cell Signaling Technology
MECP2 ChiP Active Motif
TBP ChiP Santa Cruz Biotechnology
rabbit normal IgG ChiP Santa Cruz Biotechnology
FABP5 IHC [76]
anti-rabbit IgG-FITC IHC Santa Cruz Biotechnology
active Caspase-3 FC BD Pharmingen
FITC-conjugated anti-rabbit IgG FC Jackson ImmunoResearch
Agarose conjugated anti-DDDDK-tag P MBL

HRP; horseradish peroxidase, WB; Western blotting, ChlP; Chromatin immunoprecipitation

IHC; Immunohistochemistry, FC; Flow Cytometry, IP; immunoprecipitation
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Table 2-2. Sequences of primers used in this study

Forward (5’—3)

Reverse (5°—37)

Semiquantitative RT-PCR
FABPI
FABP2
FABP3
FABP4
FABP5
FABP6
FABP7
FABP8
FABP9
FABP12
B-actin

Quantitative real-time PCR
FABP5
MAGL
HSL
ADRP
PDPK1
ACCa
FASN
IDH1
c-MYC
SP1

18S rRNA
GAPDH

GCAGAGCCAGGAAAACTTTG
TTGGAAGGTAGACCGGAGTG
AGCCTAGCCCAGCATCACTA
TACTGGGCCAGGAATTTGAC
AAGGAGCTAGGAGTGGGAAT
CTCATCCCTCTGCTCTCTGG
GTGGGAAATGTGACCAAACC
CAAGCTAGGCCAGGAATTTG
TGATGGGAAAATGATGACCA
GATGGGAAAATGGTGGTGGA
AGGTCATCACCATTGGCAAT

GCTGATGGCAGAAAAACTCAGA

GCTGGACCTGCTGGTGTT
GCTGCATAAGGGATGCTTCT
GACTCTTCCGTGCGTTCTTC
CAGGGGTGATGGACAAGACC
GGTTTGTGGAAGTGGAAGGA
CCCCTGATGAAGAAGGATCA
TTTTCCCTACGTGGAATTGG
CGTCTCCACACATCAGCACAA
GGCCTCCAGACCATTAACCT
CGGCTACCACATCCAAGGAA
CAGCCTCAAGATCATCAGCA

TCTCCCCTGTCATTGTCTCC
AGGTCCCCCTGAGTTCAGTT
GTCCCCATTCTTTTCGATGA
GTGGAAGTGACGCCTTTCAT
TCATGACACACTCCACCACT
GTGCTGGGACCAAGTGAAGT
CTTTGCCATCCCATTTCTGT
CCACGCCCTTCATTTTACAT
TCTCTTTGCCAAGCCATTTT

TTGATGATACTTTCTCGTATGTTCG

ACTCGTCATACTCCTGCTTG

CCTGATGCTGAACCAATGCA
CCTGACGAAAACGTGGAAGT
GAGATGGTCTGCAGGAATGG
CTGAGCCCCTAGTCCTGTGG
TCATCCGACTCCCCAAGACT
CACTCCGCCAGATCCTTATT
ACTCCACAGGTGGGAACAAG
AGCATCCTTGGTGACTTGGT

TCTTGGCAGCAGGATAGTCCTT

GAGACCAAGCTGAGCTCCAT
GCTGGAATTACCGCGGCT
GGTGCTAAGCAGTTGGTGGT
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Table 2-2 (continued). Sequences of primers used in this study

Forward (5°—3)

Reverse (5'—3°)

Bisulfite PCR
-313/4+105 promoter
+106/+400 intron 1

gAMP
E-box3
qAMP control

ChIP-gPCR
GC-box 2/3,4

TATA-box & GC-box 5

E-box 1
E-box 2
E-box 34

Cloning

FABP5 /-2000 ~+46
FABPS /-1223 ~+46
FABP5 /-895 ~+46
FABPS5 /-567 ~+46
FABPS5 /404 ~+46
FABPS5 /-337 ~+46
FABP5 /-182 ~+46
FABPS /-84 ~+46
FABPS /49 ~+46
FABPS5 /-337 ~+1285
FABP4 ORF

FABPS ORF
SP1 ORF
c-MYC ORF

Mutagenesis*
GC-box 1 mut

GC-box 2/3 mut
GC-box 4 mut
GC-box 5 mut
E-box/-301 mut
KkB-site 1 mut
KkB-site 2 mut
E-box 1 mut
E-box 2 mut
E-box 3 mut
E-box 4 mut

GGGTTAGGTTTTTAGGTGATTTTTT
TGAATATATGAAGGAGTTAGGTGAGGTAT

ATCCCCTCCCATCTTCCCC
AATGGCCAAGCCAGATTGTA

CTGGTTAGCACCTCCCGAC
CCTCCCATTGGCCGCATAG
GAAGGAGCTAGGTGAGGCAC
GTCGTCTGTCCCTAGGTCC
ATCCCCTCCCATCTTCCCC

CTAGCTAGCGTAGAGCTTAAGGGGCAT
AAGAACTAGTAGTGTCTCGG
CTAGACTAGTACTTCCAACAGGCACCCG
CTAGCTAGCTCCCCACTATTGGGCCAGGGA
CTAGCTAGCAGTCCGGCGAGGGCTAATC
CTAGCTAGCAAACGGAGGGGTGCAGGAGA
CTAGCTAGCTCGCGTACCCTGGCAAGA
CTAGCTAGCTCCCATTGGCCGCATAGC
GGACTAGTGCCGTTATAAAGCAGCCGC
CTAGCTAGCAAACGGAGGGGTGCAGGAGA
CGGAATTCACCATGTGTGATGCTTTTGTAGG

CGGAATTCCACCATGGCCACAGTTCAGCA
CTAGCTAGCCACCATGAGCGACCAAGATC
CGGAATTCACCATGCCCCTCAACGTTAGCTT

actaGtGCCAGGCCTCCAGGTGACCCCTCTG
aaGet tGGEGACCGEGCGAGGCCCGCCTCCC
agatCTCCCATTGGCCGCATAGCGCCGCC
ggtaCCAGCGCGGGCCGCCGTTATARAG
CtcGaGACCCCTCTGGCTTCCTGGGCCTGCA
tCtAGaCCCTGCTTGCAGGAGGCGCCCGAGA
tctagaCCCGGCGEECGGGECGGGEACCGE
gCTtGCGTGTTGTGCGGTCGTCTGTCCC
atctCCAGATTCTGGGGCAGGAGATGCTC
CtCGaGGCCGTTGGETGCAGCGCGCGCAGCA
CtGCaGGGCAGGCGGCGAGGAGCAGGGAGC

TCAAAACCTTTACTATCCACCAAAC
AAAAACAAAAATAAATAAACCAC

GTGCTGCGCGCGCTGCACCC
GCCATCAGCTGTGGTTTCTT

CTATGCGGCCAATGGGAGG
GTGGCAGCGTGCTGTGAG
GGACCTAGGGACAGACGACC
GAAGATGGGAGGGGATGGG
CACGCTCCCTGCTCCTC

ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
ATGCCATGGTGGGTGCGGG
TGCAGGAATTCCTTTTAATCTGC
TGATTGTCTTGATGAAGAAC
ATAAGAATGCGGCCGCTTATGCTCTCTCAT
AAACTCT
CCGGGATCCTTCTACTTTTTCATAGAT
CGGAATTCTCAGAAGCCATTGCCA
ATAAGAATGCGGCCGCTTACGCACAAGAGT
TCCGTA

TCTCCTGCACCCCTCCGTTT
CCCGCCGGGCGCCCCCTGGGCCTTC
GCCTCGCCCGGTCCCCGC
CGCTATGCGGCCAATGGG
GAGGCCTGGCCCCGCCTCTC
CCGGCGCGCCCCACGCCTCA
CTGGGCCTTCTCGGGGTCG
TTGCAGGCGCTGCCAG
CTGACGGGGACCTAGGGACA
GTGGGGAAGATGGGAGGGGA
GTGCTGCGCGCGCTGCACCC

*The mutated nucleotides are shown in lowercase.
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Figure 2-1. Vector map of pPGEM-T Easy vector

Figure 2-2. Vector map of pCpGL-basic vector
pCpGL-basic luciferase reporter vector completely lacks CpG dinucleotides and can be used to

study the effect of promoter DNA methylation in transfection assays.
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Figure 2-4. Vector map of pFLAG-CMV-5 vector
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WI3E  EMIIT 33T D FABPS DRELL UNERERZMT

3-1) F&S

HAICIT 2 KB OREE I, Bl bICHRII OV T2(LE 2> TERY,
EEHTTZITH 10 T ADSFIE L QD PEIZE > U X DS TIRE O 1 AL TH Y
[1], AN R T HIRBEOZ ETH D [32], KHERIE - B LOFR & LT,
AR OER, =7 ) MEOZAL, SEEREOA RS, Rfe EORER 7135
ZDAIVTEHY [33, 34], ZOBRMEEMIE L TDHEE2 5, LMLRRL, K
AEFEEEME L OFEZ 2 TR L T3 E 72 K< 0o QR OB TH 5, T
> T, KGO B L B2 [FE L, FOFHEERIZORRN 26 e~
I~ =T — DRI RTH D,

FABPS | IHINZ R CrdsBl L, FEAIROEM IR BAG- L TV D Z EvREN T
W5 [35-38], Al OIFEA G, FEARLOIEAHERF T 2 72Dl ) 7e 7' Z
IVTHRRETHD LEZ BN TV D, FEIS, Ml IR SR TTE L
TS Z D> TEY . NENEEOHIRRIC X 0 Eilaoiii 4l 2 Z & AT
DL OWENRSZ L ShTng [19-22], EIERI IR ORER TSR, = /L% —Jk,
HIRAN S 7018 LOREARRIR TH D Z Enb, OB 5 FABPs 134l
RHHEl W CHEREEIZ R L TN D LB BILD, S HITEF, Bkx 2EIcE
VT FABPS 23@E3EEL LT\ D Z L3R ST D [39-46], FABPS 738 24U 5 DFED
AR M A~ —T— K ONRFRIER L 705 Z EDHIFRFCE 5, L LR D, il
DEFRIZIT 5 FABPs OF 7 AEBHIMERBIC DV TR & A B o TR, o
T, AWFETIL, FABPS O/EFRRGMREIC R 22 T RGO IETEIZ 51T % FABPS

DN LT,
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3-2) FERRUBE

RIFERRIERIZI31T 5 FABP DFEBL

F TN DIT KIBREAIRIZFV THBL L TV 5 FABPs 447 & RT-PCR 4 THiERR
L7c, EDOfER, Caco—2 TITFATHIFEIZH D & 512 FABP1 & FABP3 H33&ELL T\ /e
[47], F7=. ETORIGEHIEERIZISN T FABP6 DFRERAA STz, KIGHEIZRWT
FABP6 23E3E8L 92 Z L DNEATHIE TR SV TR Y [48, 49]\ £ DRERE —Bd %,
BUDRZRANZ L2, 2 CORIGFERITRICF5Y T FABPS OFEBINBHFEZ A L TRV |
ZDFEBEIT FABP6 0 b2 & 725, FABPS 23 RGN Zdo\ T EHZE e bkRE
BLTNDZ LRz Figure 3-1), WIZ, FRRRFICISIT 2 FABPS mRNA,
B S BIEDEN N B real—time PCR M O Western blot I & W EHTL
720 EOFER, RAGREHITERRIIE 5 HIIE CCD-18Co (Z1t~"C FABPS FHL B IHE 1 L5-
LTWBZ ENbhoTz (Figure 3-2), HCT116 [TEME OFEWKIGREIN TH D |
—J7, Caco—2 |THHGHIEMEZ DRV KIFEMI CH D Z L [50, 511, HEMEEK
TFANZ FABPS 23 EEBL L TS Z LV STz, Fiz, b MRIGIEFHRRERL UK

il

PERHARIC 31T D FABPS OFSHEZ T~ & 2 A, kL~ T8 Ry Tl FABPS 23

ERH LTS Z L bhoiz (Figure 3-3),

FABP5 DFHESEIZ 52 5 5k

RIGFERTENZ F51T % FABPS (OBEREAMRI 27D, MeHEFElZ5-% 2% FABPS (D %
Za~~7, siRNA Z VT FABPS %/ » 7 #0772 HCT116 (Figure 3-4) TITAEIZ
HRHEA IR Sz (Figure 3-5), & HIT, AINAMNC -2 D8 ARE L <H~D
7o, Tu—HA b A= =% TR 21T o 72, EORER, FABPS /v
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7 BT ATLY G1/60 HIOMROEIESEEITHIN L., S #] - 62/M Hoofmiao) s
LTWeZ £, GL/GO Bz CREIORE T M5 (Gl arrest) LTWAHZ
EVR S (Figure 3-6) IO EEALHIEI - & LT, HA 7 U ARLEE
FH—EBOERTTHD p2l NE BN TND [52], £ T, FABPS / w7 X'
AT XY p2l OIFEHIENZEIH S pb3. ¢ MYC [63] KON p2l DOFFRENTZALA B
DINE D MG LTz, EORER, IEMAEAY p53 & L "7 DFEETdH % Serls U v
FR(EL~L D bR KON p2l OFEBLZHHI L T D - MC DFEILEIX T34 54,

TRSNIZEY p21 Z XV BOBELRFE LA H Ol (Figure 3-7), F7-,

FABPS /w7 B0 AZK O TR h—V ADFHEEINLNE O DERGEET D7z, TEME
{EBIH A —E 3 OFBIEAFEE L LI T R b — Y ARBREAT o7, T OREE, FABPS
I E ALV EEIZT R M=V ANFEIND Z b7 (Figure 3-8),
7> T, FABPS FEEIHINC I 2 KAGFEHIIE OGRS, p21 241 L7z G1/6G0 izt
HHIBEIADIEIL & T AR F— ZATEIC KL D5 D TH D Z EVRR S, Zbd
FESRIT, KIGEEOHIEEESEIZ 35U C FABPS AN EE/MEREE - L QWD Z L 2R LT

F5Y . FABPS E38HL & KAGEEAIAOHESE & ORH#EZ YO CORLIZZ &iZ725,

FABP5 (DIRIERE~ DR

WIZ, FABPS 23 KIGHEAIRAOIRIMAEI -2 DB ARRRET D728, in vitro HIlR
RBRAAT o7, FORER, FABPS /v 7 X' L AZ 20 HCT116 M OIZMERED A B
i Sz (Figure 3-9), fiE> T, FABPS (TR EHIINOIZEREA (BT 5 Z L AVR
W SIVIZDS, Z Do FREEICEE L T RATH 5, I, NENIRGEO TUEIZ A B
% & 9 TeHRBEREH O ZEIC X 0 a0 LA Z 5 LS ST [64] ABH

BRZ Y 7)Y RO THIANOIEUTETICHTER S TR Y . MERRH I R1 L
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—FEAERE N KA v Uy —& L TEREL CD, BalTOBFZEN G, IR
OIS T2E TN 7 VEr— U 3—8 (MAGL) 23, FEAIIEMEAIE
BTV T INANTELTBI TaRE 75000 B2 R0V HRAT 7 TV D
£ O RIREPEA ST U TR ICRI G T2 Z LV RE STV S (Figure
3-10), FE7z. HEPEEOm ETMAGL I ZEFEBLL TRV | BN E 2 hilfE s
DR FZARET D L E SN TS [65], BURRNZ LT, FABPS / w7 X'y
ANTEY MACL HEESFEICHEAD T 5 & &bl MACGL ODRE L 725E /) 7T
o —VEAOHIEREE T D LT UEEZMEY S~ (ISL) OFEHE G BEE I
DL T e (Figure 3-9), FABPS IIAEMIREOEIEICB G324 LV ETHY . K
FEAIROOIRBEIZIT B MAGL {RAFII72 S 7' /AREERRI & OVSREN 7 BB & A #aE
U< HRET 2 0B85 %,

FABPS %495 o 7 )VARTEMSE DRRYT
ZHVETIZ, FABPS EFEBUC K MO HEEEOET L L LT, BNZE

{RPPAR B/ 6 ¥ 7 IR OTEMALIZ L 5 b OAHE ST [66-58], A,
FABP5 3 PPAR B/ 6 {2V AT > RS L, Mo EEECAAFIZ B30 % PPAR B/ 6 F5EHY
BT HEATEM T 5 2 & OO A 58T 2 ET L Th D, LInLARD
B, ZOFETADPKBEMIIC S S TEEDLDNE I MNEbh> TR, 15T,
Z DY T FIAREEREE D KIEEIIC B T HHERE L QW2 O RGEET 5720
PPAR B/ 6 DT T=A K Td» 5 GW0720 & FIV T FABP5 23 PPAR B/ 6 3 /) /AR EERLHE

(252 D5 FR~T=, BID., HCT116 o> FABPS JEBLEA /27 207 AT LD Jiiil
L. GWO720 #AMZ KV PPAR B/ 6 IRHIEAG F-DFBUA E D IR D ERGIE LT, £ Dk

B PPAR B/ & ODAER & s - Td» 5 ADRP [59] ¢ mRNA F&EE:1X FABPS DO3EIEIZ
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59 EH L7z (Figure 3-11), —J5. Caco—2 HMIZ FABPS A EfEIFEHL S, GO720
AN XY PPAR B/ 6 BEANBAR T DFEBUN E D 72 D D ~T & Z 5 FABPS FEH
(Z&% PPARB/ & ¥ 7T NDIEMHIZH B oTz (Figure 3-12), ZALDH DR
I, RABFEAIAIZ IV NCid, FABPS 28PPAR B/ & U Y ROEE R N T LV AR—H—L
LTHBEL TV RN Z L 2R LTV, S BIZ, MlEDAAFS 7TV OTEHAIZ 3
3% AKT /protein kinase B U (KIZBE5-9"% PDPK1 DFEHFAEKL R, AKT DY
R LSV DB T A Do T2 (Figure 3-130), ZOFEFEIE, GH0720 12XV
AKT DV AL~ UZZ T DAV & D Balf OBFERER & —E L [60-62]
FABP5 583 13 2 JEAINa O BEGERERE 213, PPAR B/ O ¥ 7 /UGBS & 1380 5
FHLO Y 7P IR ET D 2 L < RB L CD, FEBE PPARB/ § 7
PRI IR AT DI 237, Lo L AR ORA T2 & 5 i
FEHER LG SN TWD [61-63], Figure 3-11, 12 [TRL7=X 912, GWO742 ALEHC
£ 5T FABPS HBLEA T UITA BV o T2 Z &b RIBHEHIIRIZ I\ T, FABPS
BT PPAR B/ § FRIRAFRIZLHRIRIC L W BEHHH S AL T D Z EAVRIR S 11D, S
HIZ, FABPS /w7 X7 A2 Y | acetyl—CoA carboxylase a (ACCa) & isocitrate
dehydrogenase 1 (IDH1) ¢ mRNA FEELEHA L7z (Figure 3-13B), ACCa 3AEHA
FRGRROREREE Th V| £, IDHL (INENIAEGRIC B2 NADPH 263 2 SO &
filitd=2 = L7, FABPS 3B 30U T, RN B 2 15 FRED I
HIEMCBE S5 2 L AVRR S,

W, FABPs ILMAVEIZRFET 5 (Figure 3-14), U Y MEIFHNRATRATS
HZENBIVTWD (Figure 3-15) [64], BEIZHAT L7z FABPs 1%, PPAR Z50DEEN
SRR T REZ L 2D Ty 7 IV EEET 5 B2 6 T0n5 (7],

L2725, Figure 3-11, 12 (/R L7= K912, D7 &b RIGEMIRIZIBV T
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FABPS X PPAR B/ & + 77 F /VODIEMAIZIEZ G- LUV 2 &b FABPS &1 % v
T MBRERIRIZIE, ZHVE TSI DI TR BT D A E S 5 FIREMED VR
SN,

Z ZTTIRIZ, FABPS EAFRANTHHAENET 2 2 oV B2 FES D72, 2o~y
B AT 21T o7, BIH.| FLAG @l FABPS & o/ Ze—ifatE CHELSE /-
5 Ry BRI A IO THEIRE 24TV £ 1% SDS - PAGE T FEICHE> TH
B RBEL . SRUMAIC LV FABPS LRFRAICHR AR 5 2 Ry B A Lz
(Figure 3-16A), ZDfESH, p68 RNA helicase (DEAD box polypeptide 5 : DDX5) KX
peroxisome proliferator activated receptor vy coactivator-1 3 (PGC-1 )3
FABPS L AHEAEHT 2 Z LV &7z (Figures 3-16B, C), DDX5 /&, DEAD box RNA
helicase 77 I U—D—>TH Y, U4l ATP {AFHIZ RNA helicase {EMEEFF>H
7L LTHRIER [65, 66], B2 72 RNA Tty v VT OBRPETHRET D5 2 &
D> TND, /v 7T T ST RERHWTTER E G, MRIEREDIE A
B CHEZAFN R Z LAVRIE STV D [67], FAUTINZ T, IrHECld, RNA
helicase 1EVEFHEAFANAR 2 IR GIRF- OB & UTHREET 5 Z L Sh
TW5 [68-72], —J7, PGC-1 B1E, X b=y R 7HERERIE, NEMGES p mefk, IEE
ARR + EEO RSSO RN B 2R FREOFBLA . i 2N Rk L &
SITHIET DRI - & L TEHN TS [73, 74, 7ol T, L O
L S [75], EBIZ, FG-beads v 7z pull-down assay Z{T-7-& 2
4. FABP5 |3 phosphofructokinase, platelet isoform (PFKP). voltage—dependent
anion channel 1 (VDAC1). adenine nucleotide translocator (ANT) MUK tubulin &

SIAMEHT 2 rREtE VR Sz (Figure 3-17),
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LI ED#ERING, FABPS /v 7 Z#07 AZ XY | ACC o + IDHL S DN ERAGHIBhE R R
0> mRNA FEB BN L= Z & (Figure 3-13B). FABP5 [%DDX5 KX (ONPGC-1 8 & FHA
ER3 52 & (Figure 3-16C) #&[ET 2 &, FMAIZISV T FABPS 1E, PGC-1 8%
DDX5 & HRGHIERA TR UASHES - ORBUHREN B0 5 | BENER A o> E L7 il
KF-0>—2>Tdh 2 ATRetE R < s S iz, REGRIL. SRR B U C R4
DRERAGY, TRV —IRETNTS VT URiE s & L TREARF R ThD Z b
(Figure 3-18) . FABP5 (IHENERAGHHIEZ /T L C. Familao 3w CEZEobknE
ERIZLTOD ATREMN B %, BIE, FABPS {K{FAIZFEMNAESEODZ 725y TR D
T D CND & ZATH D,
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Figure 3-1. The expression profile of FABP subtypes in colorectal cancer (CRC) cells

Semi-quantitative analysis of the expression of FABP genes by RT-PCR in human CRC cell
lines (HCT116, LoVo, DLD-1 and Caco-2) and normal colon fibroblast (CCD-18Co) cells.
[-actin served as a loading control. The data shown are representative of three independent

experiments.
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Figure 3-2. FABPS expression in CRC cells

(A) Relative expression levels of FABPS mRNA in normal and cancer cells were analyzed by
Q-PCR. The results shown are the means + S.D. of three independent experiments. (B) Western
blot analysis of FABPS5 protein levels in HCT116, LoVo, DLD-1, Caco-2 and CCD-18Co cells.

Whole cell lysates were prepared and subjected to Western blotting. The data shown are

representative of three independent experiments.
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Figure 3-3. FABPS is upregulated in human colorectal tumors
Analysis of TissueScan Disease tissue qPCR array consisting of cDNA derived from samples of
denoted stages of colorectal tumors and matched normal colorectal tissue. FABP5 expression

was normalized to B-actin and calibrated to the mean mRNA level in normal tissue (sample 1).
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Figure 3-4. Knockdown of FABP5 in HCT116 cells

HCT116 cells were transfected with siRNA against FABPS or negative control. After 72 hours,
the expression level of FABPS mRNA (A) and protein (B) were evaluated by quantitative
real-time PCR and Western blotting respectively. Result shown is the mean = SD of four
independent experiments (A), and one representative data of three independent experiments is

shown (B). Asterisk indicates significant difference (P<0.05).
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Figure 3-5. Effect of FABPS on the cell proliferation in CRC cells

(A) Cell proliferation assay. HCT116 cells were seeded on 6-well culture plates and transfected
with FABPS5 or negative control siRNA. Cell numbers were counted at the indicated times. Data
are expressed as the mean = SD of three independent experiments. Asterisk indicates significant
difference (P<0.05).

(B) A representative image of siControl cells (upper panel) and siFABPS5 cells (lower panel) at

72 hours after transfection are shown. Scale bar, 200 pm.
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Figure 3-6. Effect of FABPS on the cell cycle of HCT116 cells

Cell cycle analysis of HCT116 cells after FABPS knockdown. Cell cycle distributions were
measured by flow cytometry using a FACSCalibur flow cytometer and analyzed by Cell Quest
software. The phase fractions (%) are shown in the graph. Data shown represents the mean &+ SD

of three independent experiments.
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Figure 3-7. Effect of FABPS knockdown on the induction of p21 CDK inhibitor

FABP5 siRNA increased p21 level. Lysates from HCT116 cells were analyzed by Western
blotting using specific antibodies to FABPS, p21, ¢-MYC, p53 and phospho-p53 (Serl5).
a-tubulin was used as a loading control. The Western blot data shown are representative of three

independent experiments.
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Figure 3-8. Effect of FABPS knockdown on apoptotic cell death
Assay for caspase-3 activities after transfection with FABPS or negative control siRNA were
performed. The values represented are the rate of induction of apoptosis compared to the control

(siControl). *, significantly different from siControl, P<0.05
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Figure 3-9. Effect of FABPS on the invasion ability in CRC cells

FABPS5 knockdown decreases the invasion of HCT116 colon cancer cells. Cells were induced to
invade through Matrigel-coated membranes. The invasive cells were fixed, stained and counted.
Representative images of three independent experiments are shown in (A). Scale bar, 400um.
The numbers of invasive cells are shown (B). The data shown are the means & S.D. of three
independent experiments. (C) HCT116 cells were transfected with siRNA against FABPS or
negative control siRNA. 72 hours after transfection, MAGL and HSL mRNA levels were
determined by Q-PCR. *, significantly different from siControl, P<0.05.
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Figure 3-10. Free fatty acids and tumorigenesis
FABP5 knockdown decreases the invasion of HCT116 colon cancer cells. Cells were induced to

invade through Matrigel-coated membranes
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Figure 3-11. FABP5-PPAR /6 signaling is not major pathway in CRC cells

HCT116 cells were transfected with siRNA against FABPS or negative control. 48 hours after
transfection, cells were treated with GW0742 (1uM, 24hours). FABPS5, ADRP and PDPK1
mRNA level were determined by quantitative real-time PCR. Results shown are the mean + SD
of three independent experiments. significantly different from nontreated siControl, P<<0.05.

*_ significantly different from non-treated siControl
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Figure 3-12. FABPS-PPAR /6 signaling is not major pathway in CRC cells

Caco-2 cells were transfected with pCl-neo/FABPS expression vector or control vector. 48
hours after transfection, cells were treated with GW0742 (1uM, 24hours). FABPS (A), ADRP

and PDPK1 (B) mRNA level were determined by quantitative real-time PCR. Results shown

are the mean + SD of three independent experiments.
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Figure 3-13. High-level FABPS promotes CRC cell growth via functional association with
a novel signaling pathway other than PPAR p/6 signaling

(A) Western blot analyses using specific antibodies to FABPS, AKT and phospho-AKT
(Ser473). a-tubulin was used as a loading control. The Western blot data shown are
representative of three independent experiments. (B) ACCa, FASN and IDH1 mRNA levels
were determined by Q-PCR. The results shown are the means + S.D. of three independent

experiments.*, significantly different from siControl, P<0.05.
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FABP5 Hoechst 33342 merge

Figure 3-14. Intracellular localization of endogenous FABPS

Endogenous FABPS protein was exclusively localized in cytoplasm in PC-3M cells (left panel,
green fluorescence). The nuclei were counter-stained by Hoechst 33342 stain (middle panel,

blue fluorescence). The merged image is seen in right panel.

GFP-FABP5 Hoechst 33342 merge

EtOH

+ Oleic acid

Figure 3-15. Ligand-dependent nuclear Localization of FABPS
GFP-tagged FABPS protein was expressed in COS-7 cells. GFP-tagged FABPS protein
diffusely localized throughout the cells in the absence of ligands (oleic acids), and translocated

into nucleus in the presence of oleic acids.
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control FLAG-FABP5
' {sciivers Mascot Search Results

KDa Protein View

Match to: gi|226021 Score: 152 Expect: 1,5e-10
972 — growth regulated nuclear 68 protein

Nominal mass [M:): 66881; Calculated pI value: 8.95

NCBI BLAST search of gi|226021 against nr
66.4 — Unformatted gsequence string for pasting into other applications

Taxonomy: Homo sapiens

443 — Variable modifications: Oxidation (M)

Cleavage by Trypsin: cuts C-term side of KR unless next residue is P
Number of mass values searched: 19

Number of mass values matched: 15

29.0 Sequence Coverage: 24%

Matched peptides shown in Bold Red
20.1 1 FGGSRAGPLS GKKFGNPGEK LVKKEWNLDE LPXFEXNFY(Q) EHPDLARRTA
51 QEVETYRRSX EITVRGHNCP KPVLNFYEAN FPANVMDVIA RQNFTEPTAI
101 QAQGWPVALS GLDMVGVAQT GSGKTLSYLL PAIVHINHQP FLERGDGPIC
151 LVLAPTRELA QQVQQVAAEY CRACRLKSTC IYGGAPKGPQ IRDLERGVEI
201 CIATPGRLID PLECGKTNLR RTTYLVLDEA DRMLDMGFEP QIRKIVDQIR
251 PDRQTLMWSA TWPKEVRQLA EDFLRDYIHI NIGALELSAN HNILQIVDVC

C 301 HDVEKDEKLI RLMEEIMSER ENKTIVEVET KRRCDELTRK MRRDGWEAMG
351 IHGDKSQQER DWVLNEFKHG KAPILIATDV ASRGLDVEDV KEVINYDYEN

IP:FLAG i out  FLAG-FABPS 401 SSEDYIHRIG RTARSTKIGT AYTFFTENNI RQUSDLISVL REANQAINEK

451 LLQLVEDRGS GRSRGRGGMX DDRRDRYSAG KRGGENTERD RENYDRGYSS

PGC-1p | — 501 LLRRDFGAKT QNGVYSAANY TNGSFGSNEV SAGIQTSFRT GNETGTYQNG

551 YDSTQQYGSN VENMHNGMNQ QAYAYPATAA APMIGYPMPT GYSQ

wB | DDX5 -—

Figure 3-16. Identification of FABPS Interacting Proteins

(A) Silver stain analysis. Immunoprecipitates of control IgG (left) and FLAG-FABPS (right)
were examined by silver stain analysis. The arrow indicates the approximate position (about 70
KDa) of potent protein interacted with FABPS. (B) Result of Mascot search. Mass spectrometry
analysis revealed that 70 kDa band was p68 RNA helicase (DEAD box polypeptide 5:DDX5)
(C) Co-immunoprecipitation analyses. Input (left, 10% lysate) and anti-FLAG
immunoprecipitates (right, IP:FLAG) from HEK293T cells transfected with empty vector or
FLAG-FABPS5 were analysed by Western blotting.
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Figure 3-17. Identification of FABPS Interacting Proteins

Pull-down assays of FABPS. Beads that bound His tag-FABPS were incubated with hole cell
protein extracts of DU-145 cells. The remaining proteins on the beads were liberated by boiling
the beads. Fractions collected were analyzed by SDS-PAGE followed by silver staining. M;
molecular weight marker, lane 1; control beads, lane 2-4; His tag FABPS5 fixed beads (10mM),

lane 5-7; His tag FABPS fixed beads (50mM).
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[Cell Metab 18, 153-161 (2013)]

Figure 3-18. Overview of cellular fatty acid metabolism

48



4=
FEAARRIZ 1T B FABPS BT D
ZEE I EES AR D AENT

49



BAE FEHRICIT D FABPS G T DOIBUHIEEHE DT

4-1) F&S

Fex T2 NETITFABP 7 7 2 U —437-D—>Td 5 FABPS 23HINZIE CrdsHi L,
PR DEMAIZIRS BIG- L T D Z & A BN LTS [35-38], LA LR b,
IEFASZ AR CIIZEEL L UV FABPS 73, il RIS 5 L 51272 D
AN= AL LTI TH -7,

DNA D 2 FIUAGIE—/ERANZ, CpG B> b VR 2 5, AT/ EE 7z CoG
BCAANE < TAET DREIIE CoG 7 A 7 o K EME T, Kix RBn D7 at—%—4F
BAAHET DT ERFBITWD [T7], EBIT, Cp6 T A 72 RDOAF ML, %4
UG T DBIGF DT Y = 3T v 7 IRFEBUHINT & > CTHEEEE 2 17
LTS ZENHRESNTND [78-80], 1E->T, DNA AF /U KITEEIZHlE ST
BY | ZFOMFE L VIEFEOHERNPG &R I SND 2 VRIS Tng [81], i1z
X, IR TIET  A8RE LTINA DA TFIULL~LME T L, 7 ARRLE(L
T5Z &R0, EIE L FO7 2 —%—fHlcH 5 CpG 74 7 RI¥@mAF /LS
MTRER, IS S T ORBIDIH S TND Z ERFHNTND [82],

FABPS SBE - OIEEICE B35 &, 207 0 —4 —fEkII 38872 CpG 71 Z
¥ RDMEET . S HIT, DNA A F/HIRAEZ MBI AT L 72 DNA A F/UET LA
FRNTORERDN D RINTHRIE RN & FEHIIECII DNA 2 T LIRREASKIREIZ B/ > T
D2 LMo TND, 1E- T, FABPS s+ OFEBHIERRE 1L, 7 vt —4 —iH
WU % CpG 7 A 7 2 RO DNA A F/UAIRREDN B A0 2 72 L T D D TIE7R W

> EARGI A ST AR 7R FABPS B DB LERERE ORI 21T - 72,
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4-2) #EFR

BINZAREEARIERIZ 33T 5 FABP DFEH

FPIEU DI, AR IE R M RAIRRE (PNT2) & RSzl Ampark  (PC-3,
DU-145, 22Rvl KON INCaP) (ZF81F 5 FABP 7 7 3 U —DFH 4 J- & RT-PCR 1412
KV EHT Uiz, ZOfEFL, INCaP, PNT2 CIZ FABP 7 7 X U —DFHUIA LT, PC-3,
DU-145 TR 22Rv1 "CIL FABPS 23 EFEBL L Tz (Figure 4-1), KIZ, FABP5 mRNA &
X R O3B N EIVE R real —time PCR 5K M Western blot {212 & V) fifht
L7=& 24, LNCaP, PNT2 & Ebifis L C PC-3, DU-145 K TN 22Rv1 Tl FABP5 DRFEE 7215

FHN A LT (Figure 4-2),

FABP5 DRHHHIZ R S 7 e — & —FEIRORE

RIZ., FABPS DFEBUFINC B /2 7 v B — & —fEIR A [T 5 728, pCpGL /L7 =
T—E~xr & — [30] ZHWLAR—F—7 vt A Z1To7-, FABPS OEEFBRIAH [
it 2kb OflE 7 0—=2 7 LIza A NT 7 Maplile LT5 fEkO KRR
AR, SRTISPEREZ AT L 75 SR, FABPS OXEHUIAR A K /e 7 1 — & —fHlk
TG BRAGR FT—337~—49b OFETH D Z L3 o7 (Figure 4-3), S HIT,
Ist A > b1 DN FABPS DFEBUT G2 2 882 TR D728, BaFBAR L —337~TF
Fi41285b fEHEE 7 n—=2 7 LI LR—F—a v A N T 7 M OTOLY T =T —
BT v A 1ol b 24, BEGHbAA EFE—337b SEIEODADRE L AT 7R
EED ERARAONT- Figure 4-3), ZDI LD, FABPS AT D 1st 4 > hu

WETITZDIF L, FABPS FEBUHIENC & - THEERFE TH 5 Z L VR STz,
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FABP5 70t 5g— & —4EI0D DAN A FOVAVARAT (RITSZRRE)
CpG island searcher [83] |ZX2MFRIND, FABPS s T- O 1 F— 4 —HEIIIE
CoG 74 7> RIMHET D Z b -7z (Figure 4-4A), & Z CRIZ, FABPS 70t

—HEID DNA 2 FIULIRAEZ SA LT 7 A o —2 = AR XD bt Lz,

ZOFER, PC-3, DU-145 (N 22Rv] CIE FABPS 7' & — & —fHIgI I A T/ L ST
123> 7z, —77, LNCaP, PNT2 TIIHEGBRAAR it —70~—30b M M st 1 & b m
VINEEIZ AT Z LTINS Z E ol (Figure 4-4B), S 51T, COBRA {£EK
OV gAVP VEIZ KD DNA A F/ARIRBEZ T LT & 2 A S LT 7 A R —T T X
VETCRNT L7= D L [RIRRC, FABPS 7' — 4 —fElgi INCaP, PNT2 Tl A F /U LIk
HEC, PC-3, DU-145 KN 22Rv] TIHEA F/ULIRIETH 5 Z L s STz (Figure
4-4C, D)y ZAUDDFERMNE . EPEREDE HINT AR & LR ORI e & O
FRNZAII L TG 74 72 RO DNA A F/UBIREER K E K BAp->TnH Z &

DR ST,

FABP5 RBIHIBENC 331 5 DNA A F/U LD EEMH:
TR OO RN IEERIEEE (PC-3, DU-145 KON 22Rv1) (2381} 5 FABPS 7 m1&—
—HEID DNA KA F/UAk & FABPS S BLOWARBIRIMR VR S D Z L7 D, DNA
AFIACZAT LT FABPS SR O FEBUMMIRERS 2 35 T L7, A F /UL DNA f5 6
BN (MeCP2) JONTATA-box fEerZ v 7328 (TBP) Hifl% JHV = ChIP 7 vk
A ZATHoT= & 25, PNI2 TOIMeCP2 DFER I HNIZ—T5 T, EAIRGINFTH D
TBP DFEATL PC-3 TOHI B (Figure 4-54), ZAULHODFERIE, DNA A F/LKIR
REDNJEJEE L~ LD FABPS B ZEHE T 5 Z & AR R LT 5, £72,PC-3 & PNT2

2RI 5 b A M AERGROIREER ChIP 7 v A TRERZENT L= & 2 A, PC-3 TIHE
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PR m~ T2 OFFIE L 725 H3K9ac (B A R H3, 9FHB Y Yo7 vF ML) oL
~UL3E <, PNT2 T s v~ F o O L 70 5 H3K9me2 (B A R H3, 9%H
VDY AFIAL) DL ILREmnZ EnbhoTo (Figure 4-5B), S HIZ, DNA
AF AR (5-aza—2’ —deoxycytidine, 5-aza—dC) KOt A b7 & F /AL
FBAFEA] (trichostatin A, TSA) Z VT, FABPS FEIHIENZF31T % DNA A F/uAk &
7 = F ACEHAEROD BB WGE L T=, PNT2 |Z 5-aza—dC, TSA ZHAl, L < 1 FHsn
L. FABP5 mRNA J&8LE D2 % 7 B real —time PCR I L b L7z & = A, 5-aza—dC
AN XV FABPS mRNA JEHLEED EH- 23 BTz, b-aza—dC, TSAHIRIMZ LD =512
BEAE 72 FABPS mRNA FEELED FHAAHA-—F77C, TSA BAROUSINITIE FABPS mRNA
BRI BRI N2 -7 Figure 4-6), LLEOFERE, DNA DA F /L
{ERHE L O 2 R T B F/UALDRTS 73 FABPS 71— —DIEMAUIZITEL T

D2 EDVRIR I,

FABP5 B HIfENZ B30 DR BRI T DIFE

IRIZ, FABPS DFEHHINENZBE5-92 FIRENED & DERGIR - ZFi~ 25728, Web-base
DEFEIRFAE AR 1 7' 2\ TRSEARCH JONMAPPER [84] % FAVNC FABPS 7'
T —SEROEERN AT LT= & 2 A, W< O OGRS ARIEAMFAET D
ZenTREEINT (Figure 4-7), 25 OEEH R F-f5 AR AN LR 3\ T
AEFIRNTHERE L CUND N E I D EIHBENNCT 5720, ZIUD Ol A RGERL LT
BYRLR—Z—a L A 57 "L, Vo7 =587 vt A 2177, FOfk
R, GC-box2/3, 4,5 KUNE-box2, 3 TZFZ NIVT-HrE T FABPS DHRGIEMES 60 ~
80% KT L72Z &b, ZiL 6 OERHIRF-EA GRS FABPS DFEBIHIEI EE Th 5

Z Enbhotz (Figure 4-8),

53



FABP5 RBIHIBENC 331 B SP1 K TR c-MYC (DOBEAERRHT

SP1 & ¢ MYC /&, GC-box & E-box (ZZNEAURAT DHRGIT-& LTS MBI T
W5, ZZ T, SPL & ¢ MYC 75 FABPS DI RE G- 571 8 9 I a iRt T 272
LI FDFEREATo 72, PC-3IZHUV T SP1 & o MYC OFFZRFRA siRNA Z VT
7 Z7 L, FABP5 mRNA FEEREADEZMRE LT, £ WEIED SPL & e-MYC 3§
BEZF2EZAH, SPL & o WYC & HIT PNT2 & T PC-3 TRZEELL Tz
(Figure 4-9A~D), WIZ, SP1 M O®e-MYC \Zxd B HuiA% VT ChIP 7 vt A &1T->
7oL Z A, SP1 & e MYCIEPC-31ZHBWT KV £ < FABPS 7 a e — 2 —fEU TR G L T
WA ERbholz (Figure 4-9E, F), WIT, PC-3 {23V T SP1 & o-MC DFHiA
HREH) siRNA A2 JHVNT w7 272 L, FABPS mRNA JEERBA~DEB A MRE LT, £ D
FEER, SP1 & - MYC OFHIIHNZ X 0 . FABPS mRNA FEEEIIAZIIK T L7z (Figure
4-9G, H), IT. SP1 LN c-MYC {17172 FABPS DISEZ FABPS 7 11 B— & —HEl D
DNA A F/AIRREDS SERET 57 & D D Ze il T % 728D  PNT2 JOVPC-3 12 SP1 K R e MYC
T EHL ST & T A, PNT2 IZHRGA -2 83 ST h FABPS OB EIZAE R
ZAUEA BRI o T, —J7, PC-3 IZMERE R % mifs Bl S 5 & | FABPS mRNA #581
BT EA L7e Figure 4-91), I 512, FABPS 7'2E—%—0 DNA A F Uk
RBYEMEC G- 2 DB %5720, invitro ATF /LT v A 21772, AT /ML
SNTWRNWLR—=F—ar X+ 77 e HWicaa, SPL KO e MYC DEFEEll K
V) FABPS ORRBIEMEIL EFR-T 201 L, A FUbESNc T ' —F —&FF oL AR—
H—a A NT 7 NCIIEEEIENED R Do T (Figure 4-9]), F7=, SPI,
c-MYC J2ON FABPS ORISR Z 351 5 A BRAOMSRE 2GS 2 7o, AR EsaaR
EAToTz, ZTORER, SP1, c-MYC %7213 FABPS OFEEIBIHIIC X 0 AT Ao H5H

DNPEE | S < 47= (Figure 4-10), —J7. PNT2 |2 FABPS ZmfEPsEl X5 & . Hifa

54



BENE EE L=, L LAy, FABP 7 7 2 U —431-0—D>CTd % FABPA i
TP CILMIEE O XA D ive o7z (Figure 4-11), ZHHOFERN D, SPL
JLOY c-MYC 73 FABPS FEBUHIENZRES- L CTds v . SP1 LT ¢ MYC {RAFHY72 FABPS DER:
TEMAL & BT IR OHEHEICI X FABPS 710 e— 2 —3EIE0D DNA A F/LIRBENEHE T

% T ENEITNR SN,

b MERERY L 7 M) B FABPS DRI NDNA A FALARNT

AINZRRERE 2 PN SRSt LR 2R T B | R L~ ZHUTb FABPS O
REZHR LTS [36], SHIZ, BIETHEBIT —#~X—2 (Oncomine cancer
microarray database <http://www.oncomine.org/>) ZFIF L CHINZARE A & /i
STRREERINEIC 31T D FABPS SEEBLEA IR LT & 2 A 725 “HOF7 —X & v [85,
86] (ZFSV N CRHINZIMEINZ I35 247 78 FABPS Bl s bz (Figure 4-12),
IS DFATHIFEDORE R &[RRI IR TlZ nRNA e OV LR B L~ LT
FABP5 23383 L Cu iz (Figure 4-13), MK L~V THIZ S 472 DNA A F /U KIR
REDOZALARARE L~V THR LD 0NE D DERGET 5728, RIS IEFHRRE % OV
ko7 7 25 DNA 2 IV T gAMP 1K TNCOBRAVEIZ 2 1) DNA R F/UAKARRE - fifhir

L7z, ZOfER, MHFRRIARICBW T, IERERR CITIE R & tb_XC ABPs 7 a

I

A —FEIAME A FIUIRRETH D Z & Nbhso7= (Figure 4-14),

FABP5 7 11— & —EIRD DAN A FIALFENT (RIGHE)

RS REEANE OBV RAE e FABPS 71— & —SEIoD DNA i A F/Ukic L
FABP5 DFEBLSHIEI S 41T 5 Z & 3ol oTe, % 2T, FABPS OEFEENAHILH K
FEERIAEC &[] UAEIZ 1 1 FABPS OFSELAHIE SAL TV DO ERRGET ST, K
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REEE AR A BV N C FABPS 7 0 B— 2 —HEROD DNA A F /A IREER SNA L7 7 4 |
U— 7 T AR K VT LT, ZFORER, EYEEEOEVHCT116 Tl FABPS 7 m &
— &2 —FEI I FENA F AL STz, — 7, HERAEMERE OARU Y Caco—2 Tl #x

BEAER FIR—70~—30b FEENEEIC A F UL I TND Z ERbho7- (Figure
4-15),
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4-3) BE

ANZAREHIIE CORRILE | B UICB O TEERIEE - LT\ D Z Ebh
STWAHOD, FEFEIEFEIZIT 5 FABPS OFEIHIEIEEIC R L CIRE L A Lo
TR Tz, ARZETIR, BN Zd61T % FABPS B n T ORSERRHEI TR A
BT A AT o T2, PABPS 53R U FABP 7 7 X U —/31-"Ch D FABP4, FABPS,
FABPY, FABP12 &R YR ool (8g21. 13) ICHFFEL TN D, LsLZedin, il
STEAIRECIE, FABPS DADFFRANCEFEEBLL T (Figure 4-1), FABPSBIA T
D7 T — X — TR 7R CpG T A T2 RITEEL Figure 4-4A) . i
TATA-box AL OE—A > N a2 D DNA A F/ULIRAEDS, Faiia & E R fifn R <
RIpoTND ZENRWABLNERY | DR FABPS BIn - OFEBUHIENC & - CTHE
Th DT LHVRIR STz, BINZIREEITFEIZI8U T, PC-3, LNCaP (XZ 4V Z s L |
ESEMEE OMITRR, DU-145 KO 22Rv1 (TR DENERE ZFFOffiffukk & L T T
W5 [87-89], DNA A F/UL K ONEAG FHEBUFHTORERINS | FABPS s D7 v —
& — A LML RAFAOIZ DNA i A F U b S, F8BI BH92 2 LR ST,
SHIT, MY TN E W ITC b . SRR LSRR IC L D S DAL R R
[36] &[FAARIZ, MR C 35\ C FABPS |8l L TR 0 | 7' m & — & — Al 3 A
FMMEENTND Z EDHABENEeo7 (Figure 4-14), MR FABPS 8 in
F D7 1 — 2 —FADS DNA il A /UL S DR Rl T A bz 2 &
b (Figure 4-15), FEHIMUEMALOMRBEE T FABPS a7 v — & —fHik A Y

(2 DNA it A FIUAL S D DMFET D Z LGRS,

Fex DDAN A FIALT LA V2 L DHERER 7RG . BiNZIREEMIAE & IE R <

DNA A F/AbDT a7 7 A VK& B0 | Fi2, W< OO RS S 153, FABPS
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L FARROFEBIIAZ 521D Z & bR S 7z (data not shown), 2T, FABPS
DT v E—H —FDIEA T/ ST oM A BN T D728, DNA A F /UKL
JVORIFENZ B HEEREED mRNA FEBLEAMRAT L7z, DNA 2 F /bR 5
a7 EE LTI, DNA il A FAARIZBE D AR CTh 5 ten—eleven
translocations (TET) % 37/E 7 7 IV — [90] MUOX, DNA A F/VHAREEER CTh
% DNA methyl transferases (DNMTs) 73& 2, FElla & IEFRIEM T 2 b OBERD
O EBART L Z A, TET X2/ E 7 7 2 ) — OB B/ 2T B
STz, —J5T DNA A FIVEHRESE O—>Tdh 5 DT3B OFEE &SI AN
B LT (Figure 4-16), 7T, a7 L HOHIREIER-F23 24 5 DR DR Bl &
& PERTEME A L T D ATREMEDVRME S U7z, TRIFLEITIE 3 DD DNA A /LA
FESEDNEN DAL, DNMT3A S OY DNMT3B 177/ 2 DNA (27272 A TOVIEZE N 20 A

FIAKIZ, DNMTL (BRI CHENT. K372 A F U bR %2 — % DNA #EHRU A E - CTHEEFT A4
FEAFIUIZBWTHERE T 5 Z EHIDAIL TV D, 7272 L, DNMT3A/3B A KBS H T
ES 0S5 R 5, DNMT3A 2 TOVDNMT3B (3 DNA A F /AL ODHERRZ & MR AR T
BB ENDPSTNS [91, 92], Hi-, HIOBZEN 5, DNMT3B (3 DNA # FL1k
A U CRERAN TR A OB A LT 223, F8E S L UTED AT —IUN)
AT 2 B C DNMT3B OFEBLEA N3 2 A B s - O FEBL)S T U e
6425 Z LRSI CWD [93], 6> T, AH4IE, FOT e KK %4
FL, IHIZ, ZNOORTHZL DT =T 4 v 7 b ERfEIc BT E

DX D I AEPIB R FF DN ERNTT 2 LR H D,

MeCP2 (XA T /LS 7z CpG BB BEET 5 A/T IZETRSIDH D551, FrZE

S BURIMEZ RS Z L ONTERY [94], FABPS &5+ TATA-box kD CpG
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BiFIAY MeCP2 DFEGHEN CTH D Z EMBZ bz, ZDEZ E—EL T, PNI2 TIX
MeCP2 73 FABPS &z 1-0D TATA-box JEAILIZHS G L CUD Z & 3ono7z (Figure 4-5A),
S BT, MeCP2 I3 A b7 & F /U UEES HDACs 72 & LFHAEAE L, #iid 7 v~
FLraRT DT ENRFBIVTND [95], FEER, PNT2 Tl MBPS s -7 mE—4
— LY v~ F LRSIV (Figure 4-5B), LLEDZ &725, PNT2
Tl TATA-box JERUMN A F/ULEND Z L2 LD MeCP2 23S L, FASSEIR 1 TBP
O TATA-box ~DFEGEHET 52 L, EHIT, i n~F Ul S5 Z &1
KV FABPS TBAR T OFBIMHIHI ST D & B 2 Hiviz, —J7, PC-3 Tld, TATA-box
JEEIA F UL I T BT, TBP 23556 L FABPS I8 {5 T-DEREHY ON DIRAEIZ 725 T

W5 EEZ BN,

AWFFETIZE HIC, BEGRF-SP1 & - MYC 2SAINZAREIZIS1T 5 FABPS OmEsBlc %
HLTHWHZ LB LT, BN £12, PNT2 & PC-3 {233V VT SP1 mRNA %%
BRI BRZEIA DI > Te—T7 T 2 LR B LYV CIE PC-3 OIS E IR
HENED)->7- (Figure 4-9A, B), Z U SP1 DIIANHZ /X7 EOFERR L~ Tl
SN TWDZ AR L TR, EE, Fx OEBRFE RO, SPL Z#AEN L2
miR-22 [96, 97] OIEBLEAPNT2 TILPC-3 LV HENZ EMRDA->TW5 (Figure
4-17), cMYC OFBIEIZBI L TIE, mRNA « Z L /R0 E & 12 PC-3 O F A EIZHL
wEmoTo (Figure 4-9C, D), ERTHE2DiX, SP1 LT e-MYC |2 X % FABPS
DOEFEBUT, DNA A FUBIREEICIKTE L CW B8 TH D, Ziud, MBP Bl O7 1
T—F — S A T /AL EFU TN D PNT2 | R ER -2 i@ 8B S8 C & FABPS OF8E
DFEINI2 ST &R0, in vitro AT /LT v A DFERNL HALNTH D

(Figure 4-9G, H), HEE/pZ L2, SP1, o MYC %7713 FABPS OFSELHNHINC I v Fiisz iz
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FEAMIE OB TEEA I S5 (Figure 4-10), F72, FABPS %/ w7 X v Li-
PC-3M iz X — R~ &7 AITRAE L T b il o805 Z B4 [35], SO, 1EH
ARG U < VARHENEEE Ol C FABPS ZSRIREL S5 L MR E 2~ L 5127
%HZ En (Figure 4-11) [37, 98], FABPS 2MEAMAR O 235\ CEZEHEE

RIZL QN5 Z ENRRRRIND,

SP1 3D A% —" T T OFHHRNI B 532 Z L A B T DER AT
ThH2 [99], FT4E, BINIEEZ 3 OTRR% 70 T SPL NEFEEL L TV D Z L3RG S
TS [100, 1011, LUy, FEAICISIT 5 SPL OFERBIFZHEMET, Fal(s 7
G 5 2 &R0, WITHIHIE 2 Z s EE ST Y [102, 103], F7EREMZE
AEIXD > TRV, SPLIE GC-box & FEEILD DNA BFINICAE A L, NI AF—E T
R T ORBHNCEI 595 Z &0, FAMFRIZISUNT, GC-box ITFEAT 5 Z LIZ X
DRFEDBIE T D7 0T —4 —fEEN A F /UL E RN K D IZDNA 2R L T D &
ZZHITND [104], - T, NURF—EUTBETFRTEY =T 1 v 71T
S D 2 ENDIRET 2 DICHERREA R LT\ D [78], —J5 T, SP1AiAMH
A A F AL EIND EAEEG T OFRBUIIIRI S5 2 L1278 D, Al T,
FABPS & fn D7 m e — X —fEkIZ 3 5 GC-box (X, PNT2 Tl & A EAFULENT
We, —J5T, PC3 TIEEDAF /KIS TIS Y | SP1 DEFEBLANEHEIZ FABPS
EFBUZTFE LD EB 2 b,

cWYC 1B & LT <mbinTly | MlagsE, b, R 7R h— %,
ERIIROMERFEEIZRE G595 Z L sRE S v T D [105, 106], o MYC 1EMax &~T 12
2 BAZIR L. E-box &IFENS CACGTG BiFIRe, ZDMERIESNCHEAT 5 [107],
S HIT, FEBERICBWTEEREHIZ R L, A RETEREEL TS ZE b

1o TND, FHT, MICBIEFOEEND 8 BUOIMLOMEIK (8924) 13, AINZAMET
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FAIR L T2 Z s SnTis ) [108], 2L PC-3 TH o MYC IEEFEBL L TV iz
(Figure 4-9C, D), ZAULOFEFIL, cMYC DOEFEBHINIIREOFFEIEFE CHEER
BENZRIZ L TND Z 2R LT, ARIOHENGIE, E-box Z&Tr CpG 7 A
TV RHIWA T L EIND Z 21T KD - MYC LTI FABPS s BoD 7y 1-¥E 23 &

N2 o T2, JEATAZETIE, ¢ MYC 25 FABPS OFEBIAZFHE 5 Z &< [107], AR
TR L QU2 EpCAM [109] 73, ¢ MYC OFERFFE A/ L C FABPS D% % |- 5-
HD 2 ENHE STV [110, 111, LM LZARDNS, o MYC {KAFH)72 FABPS 75
LB DB W TS RATH o 72, 1o T, ARIDHEL, cMYC
B AT LTz FABPS SBAR - DFBUHIE A J1 = X L% 55 L~V T B3NS LT i)
DHETH D, S HIT, FITERAEHOZ IR ORHEO—2>THh 5 [112], FRIZ,
AR 231 D IREABOTTEIZR < FHh Tl Y | #iiE X2 D7 DT
VR —PEAED TGRS & LTI (L 2RI LT D Z oo TnD
[113-115], FABP5 [JHEWIE kT o AR—& — F I TEEZRMTEINF & LR
AR BET 5 2 &6, BN IR RGO Z i CHEE e 2
7ZLTCND Z EAVRIERESND, K FABPS D/ v 7 X' AZ X0 ARG GRS
LT REDFBNBD 5 Z L 2v5, -MYC 13 FABPS OFHFHE AN L BBt
OFFMCEET 2 Z LAVRIBE STz, o WC 127V a—A @O 4 2 ARGHE
JLET D Z & TREMIIC T D ME OB L2 HIE L Tnos 2t aBE x5 & (116,
117], AEOFA OFERIE, BNZEEOFEFEBEIE T D - WC 275G Y 7'n
7T I TN IR AR LT L E 2 D,

PLEX D Azl s s i, B AKAR 72 7 a e — X —fEioD DNA il A
F k& HEGIRT- SP1 MO e-MYC DEZRHIC LV FABPS &5 OFRBDHIE S 31T
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WBZ ENIGINE T oTe, FABPS 7 aE— 4 —FEiH D DNA it A 77U ki%, DNMT3B @
FHBULTICL DB D THD Z EDEGHNITITE 5 DD, FABPS IR T-HNEIR
FZIE A F Al S T8 s TR & FETTHIES 2 -0 TR 2 721l H7
LI FET D D,
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Figure 4-1. FABPS is specifically overexpressed in human prostate cancer cells
Semi-quantitative RT-PCR analysis of FABPS5 expression in human prostate cancer cell lines
(PC-3, DU-145, 22Rv1, and LNCaP) and a benign prostate cell line (PNT2). B-actin served as

the endogenous control. The data shown are representative of three independent experiments.
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Figure 4-2. FABPS expression in human prostate cancer cells

(A) Relative levels of FABP5 mRNA in prostate cancer and benign prostate cell
lines were measured by quantitative real-time PCR. Results shown are means +
S.D. of three independent experiments. (B) Western blot analysis of FABP5 protein
levels in prostate cancer and benign prostate cell lines. Total cellular protein was
subjected to SDS-PAGE, and Western blotting was performed using an
anti-FABP5 antibody. a-tubulin was used as the endogenous control. The data

shown are representative of three independent experiments.
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Figure 4-3. Transcriptional activity of the 5’-flanking region and intron 1 of FABPS gene

Deletion analysis of the FABPS promoter. Reporter plasmids containing the 5'-flanking region of
the FABP5 gene with serial deletions (pCpGL-FABP5/-2000, -1223, -895, -567, -404, -337,
-182, -84, -49, -337~+1285, and pCpGL-basic) were transfected into PC-3 cells. The hRluc/TK
vector was used as an internal control for transfection efficiency. Luciferase activities were
measured 24 h after transfection and normalized to the renilla reporter activities. Promoter
activities are expressed relative to the activity of the pCpGL-basic vector. Results shown are the

mean =+ SD of three independent experiments.
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Figure 4-4. The DNA methylation status of the CpG island in the FABPS promoter region

(A) Schematic representation of CpG loci in the FABPS5 promoter region. CpG dinucleotide

positions are indicated by vertical bars. Positions of PCR primers for COBRA and qAMP are

indicated by horizontal arrows, and Hhal and BstUT sites are indicated by vertical arrows.

(B) Bisulfite sequencing analysis of the FABPS promoter in prostate cancer and benign prostate

cell lines. Closed circles represent methylated CpG sites, and open circles represent

unmethylated CpG sites.
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Figure 44 (continued). The DNA methylation status of the CpG island in the FABPS promoter region

(C) Comparison of digestion patterns in prostate cancer and benign prostate cell
lines by combined bisulfite restriction analysis (COBRA). Undigested () and
Hhal-digested (+) bisulfite-PCR products were resolved in 2% (w/v) agarose gel
together with a 100 bp ladder. M represents methylated, and U represents
unmethylated. The data shown are representative of three independent
experiments. (D) Calculation of percent methylation of the FABP5 promoter (first
intron region) by quantitative analysis of DNA methylation using gAMP. Results

shown are means + S.D. of three independent experiments.
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Figure 4-5. Effects of DNA methylation on transcription factors binding and histone modification

(A) ChIP-gPCR analysis of transcription factors binding to the ZABP5 promoter.
ChIP was performed with antibodies against TBP or MeCP2, followed by
quantification by real-time PCR of ChIP. The values of PNT2 sample are set at 1.

(B) PC-3 and PNT2 cells were examined for histone modifications by ChIP-qPCR.
ChIP assay of the acetylation and dimethylation of histone H3K9 on the FABP5
promoter were performed. The enrichment values are shown as the fold difference
relative to PNT2 cells. Results shown are the mean + SD of three independent

experiments.
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Figure 4-6. DNA methylation status plays a key role in regulating FABPS expression.

Relative expression levels of FABPS mRNA in 5-aza-dC and/or TSA-treated PNT2 cells.
Expression levels of FABPS mRNA were determined by quantitative real-time PCR and
normalized against the corresponding levels of GAPDH. NS stands for not statistically

significant. Asterisks indicate significant differences (P <<0.05).
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-340 GTCAAACGGAGGGGTGCAGGAGAGGCGGGGCCAGGCCTCCAGGTGACCCCTCTGGCTTCCTGGGCCTGCAGAGGCGCCGAAACGTGCAGGCGCCGGCGTC

GC-box1 E-box/-301
-240 CATGAGGCGTGGGGCGCGCCGGGCGAGTCCCTGCTTGCAGGAGGCGCCCGAGAGGCCGTCGCGTACCCTGGCAAGAGGAGCTGGTTAGCACCTCCCGACC
KB sitel
-140 CCGAGAAGGCCCAGGGGGCGCCCGGOCGGGCGGGGCGGGGACCGGGCGAGGCCCGCCTCCCATTGGCCGCATAGCGCCGCCCAGCGCGGGCCGCCGTTATA
KB site2 GC-box2/3 + GC-box4 GC-box5 TATA-box
-40 A_AGCAGCCGCCGGCGCCGGGTGCCTCACAGCACGCTGCCACGCCGACGCAGACCCCTCTCTGCACGCCAGCCCGCCCGCACCCACCCACAGTTCA

+61 GCAGCTGGAAGGAAGATGGCGCCTGGTGGACAGCAAAGGCTTTGATGAATACATGAAGGAGC TAGGTGAGGCACCCGGCCTGGCAGCGCCTGCAACGTGG

E-box1
+161 CGTGTTGTGCGGTCGTCTGTCCCTAGGTCCCCGTCAGCGTGCCAGATTCTGGGGCAGGAGATGCTCGGCGGCCTACCCCCATCCCCTCCCATCTTCCCCA
E-box2
+261 CCACGCGGCCGTTGGGTGCAGCGCGCGCAGCACCACGCGGGCAGGCGGCGAGGAGCAGGGAGCGTGCGCGCCTCTTGCCCGCCCGCGGGCCGCAAGATTC
E-box3 E-box4

+361 CGGAGGTGGTCCACCCCGTGGTCCACCTACCTCTGCTTCTTTCCCT TCGCCCAAACGGCAGCCCTTCCGCATTGCTTCCTGTCCTTTAGCGCGCGCACCC
+461 GTCACCTCACGCTGCACTTCTTTCGACCCCCTCCAGGCGACCCTGTATTTCCCTTTTTTCCCCCTTTACTCATCCTTCCCCTTCCTGCCACCATTCTGTC
+561 TCTCCCATTTACCCCATCGTGGCAGCACCCACTCCCCTTTCCCTCCCTGTCGCATCTTTTGT TCCCTGTGGCGCGCAGGTCACCCTCCGTTTTCTTCATG
+661 GGGACGCGGTGCTGGCGCGCAGTTTCCCGCAGAAATCCTGTGGAGGGGTCTGAGTGGCGCTACAGCTTCAGCTTGCATTCCTCTGTCAGCCCCGTCTCCC
+761 CCAGGTCCTCTGCTCGCCCTTACCAGT TGAGCCGAACCCT TTGGATTGGTACCCCATGGAACACCAGGGCCCCCGAGAAGCGTGGCGCTGGCGGTGCCGA
+861 CCTGCTGCTGGCACTGCCGGGCCGGGGCGCCGCAGTGGGCGGGTGGCCTGTGGGAGGAGCGCAATGAGGCCTGGGGGTGGCCGTGTGTTGCCATCCTGGC
+961 CTCTGCCACT TGAGGGTGAGGAGGAAGGAGGCAGTGGGCT TTGCTGGAAAACCGTAACAGAAACTGCCTGGCCCTCOCTGCGGCTAACTGCATGCAAGATG
+1061 GGTGTGGCCCTGCAGAAGGCAGATGACTTCTTGAAGCGTTCCGAGGGAGAATGAATCTCAGTAGTAAGATTCATTTCTCACTCAAAACAGTGCTTCATTA
+1161 TAAATTACTGTCCTTTTCTATGCCAGTGACAGAT TGCATGCTGATTGAGACACTGGATAAATTGCAAACAAAAATGGACCTTTGTCACAGGCCACTAGGA
+1261 AGTGAGATGGAGT TAGCATAGCATGGATCCTCTCTGGAAGGGAGCTTCCAGCCCTAAGGGATGGCTGGGAT TTATGAGGGTGC T TCAGAAGCCGGTATCC

Figure 4-7. Location of predicted transcription binding sites of the FABP5 gene promoter

Nucleotide sequence of the FABPS promoter region, including exon 1 and part of intron 1.
Locations of predicted transcription factor-binding sites are underlined. The shaded region
indicates exon 1, and the initiation codon of the F4BPS5 gene is boxed. The arrow indicates the

transcription start site (TSS, +1). Numbers indicate nucleotide positions relative to the TSS.
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Figure 4-8. Characterization of transcription factors binding to the FABPS promoter

Site-directed mutagenesis was performed using the pCpGL-FABP5/-337~+1285 construct as a
template. Wild-type (Wt.) or mutated plasmid was co-transfected with hRluc/TK into PC-3 cells.
Luciferase activities were measured and normalized against the corresponding Renilla luciferase
reporter activities. Crosses indicate mutation sites. The values are expressed as the percentage of
the wild-type promoter activity. Results shown are means + S.D. of three independent

experiments.
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Figure 4-9. Sp1 and c-MYC are involved in transcriptional regulation of FABPS gene in

Relative mRNA and protein levels of SP1 (A, B) or c-MYC (C, D) in PNT2 and PC-3 cells.
mRNA levels were determined by quantitative real-time PCR. Lysates from the indicated cell
lines were analyzed by Western blot using specific antibodies against SP1 or c-MYC. B-actin

was used as a loading control. Western blot data are representative of 2-3 independent
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Figure 4-9 (continued). Sp1 and ¢-MYC are involved in transcriptional regulation of

FABPS gene in prostate cancer

(E) Schematic representation of the FABPS5 promoter region. GC-boxes, E-boxes, and
TATA-box are indicated as white rectangles. (F) ChIP-qPCR analysis to evaluate binding of SP1
and c-MYC proteins to the FABP5 promoter. The indicated SP1 or c-MYC binding sites were
amplified using ChIP-qPCR primers (Table 2-2) and quantitated by real-time PCR. Results are
expressed as fold enrichment relative to the value from PNT2 cells. Data are expressed as the
means + S.D. of three independent experiments. Asterisks indicate significant differences (P<
0.05).
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Figure 4-9 (continued). Spl and c-MYC are involved in transcriptional regulation of
FABPS gene in prostate cancer

PC-3 cells were transfected with siRNA against SP1 (G) or c-MYC (H). After 72 hours, the
expression levels of SP1, c-MYC, and FABPS mRNA were evaluated by quantitative real-time

PCR.
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Figure 4-9 (continued). Sp1 and c-MYC are involved in transcriptional regulation of
FABPS gene in prostate cancer

(I) The effect of overexpression of SP1 or c-MYC in PNT2 and PC-3 cells. PNT2 and PC-3
cells were transfected with pCl-neo/SP1 or c-MYC expression vector. After 48 hours, the
expression levels of FABPS mRNA were evaluated by quantitative real-time PCR. (J) The
effect of DNA methylation on the transcriptional activity of the FABPS promoter. The
Sssl-methylated or unmethylated constructs were transfected into PC-3 cells. Luciferase
activities were measured and normalized against the corresponding Renilla luciferase reporter
activities. The value of mock unmethylated reporter is defined at 1. The results shown are means

+ S.D. of three independent experiments. Asterisks indicate significant differences (P<<0.05).
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Figure 4-10. FABPS plays a key role in prostate cancer progression

Cell proliferation assay. PC-3 cells were transfected with siRNA against FABPS, ¢c-MYC, or
SP1 or a negative control siRNA, and cells were counted at the indicated times. Data are
expressed as means + S.D. of three independent experiments. Asterisks indicate significant

differences (P<0.05).
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Figure 4-11. FABPS plays a key role in prostate cancer progression

Cell proliferation assay. PNT2 cells were transfected with pCl-neo/FABP4 or FABP5 expression
vector, and cells were counted at the indicated times. Data are expressed as means £+ S.D. of three
independent experiments. NS stands for not statistically significant. Asterisks indicate significant

differences (P<0.05).
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Figure 4-12. Oncomine box plots of F4BP5 expression levels between human normal and
prostate cancer tissues

Analysis of FABP5 expression in normal prostate and prostate carcinoma. Box plots of data
from the two independent Oncomine data sets (left panel: Tomlins et al. [85], right panel: Grasso
et al. [86]). Median values are shown as horizontal bars. The upper and lower part of the box
show the 75th percentile and the 25th percentile, respectively. The upper and lower part of the
bar show the 90th percentile and the 10th percentile, respectively. The points show outlier

values.
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Figure 4-13. FABPS expression in human prostatic tissue samples

(A) Quantitative real-time PCR analysis of the relative levels of FABPS mRNA in normal
human prostate tissue and human prostate tumor tissue (Gleason score = 9) using 18S rRNA as
an internal control. (B) Western blot analysis of the relative levels of FABPS protein expressed in
the normal prostate and in prostate tumor tissue. o-tubulin was used as a loading control. The

data shown are representative of three independent experiments.
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Figure 4-14. DNA methylation status of the FABPS5 gene in human prostatic tissue samples
DNA methylation status of FABPS gene in human prostate tissue samples. Genomic DNA
extracted from normal prostate (» = 4) and prostate tumor tissue (z = 4) were assayed by the
gAMP method and COBRA. Results of gQAMP are presented as a dot plot, and the horizontal bars
show the mean (A). Representative agarose gel images of COBRA are shown (B). Asterisks

indicate significant differences (P<0.05).
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Figure 4-15. The DNA methylation status of the CpG island in the FABPS promoter region

indicated by horizontal arrows, and Hhal and BstUT sites are indicated by vertical arrows.
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(A) Schematic representation of CpG loci in the FABP5 promoter region. CpG dinucleotide

positions are indicated by vertical bars. Positions of PCR primers for COBRA and qAMP are

(B) Bisulfite sequencing analysis of the FABP5 promoter in colorectal cancer cell lines. Closed

circles represent methylated CpG sites, and open circles represent unmethylated CpG sites.
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Figure 4-16. Relative mRNA levels of DNMTs and TETs enzymes in prostate cancer cells

Relative mRNA levels of DNA methyl transferases (DNMT1, 3A and 3B) and ten-eleven
translocations family enzymes (TETI1, 2, and 3) in PNT2 and PC-3 cells. mRNA levels were
determined by quantitative real-time PCR and normalized against the corresponding levels of 18S
rRNA. miR-22 expression pattern in PC-3, DU-145 and PNT2 cells. Mature microRNAs were

measured by qPCR and were normalized to RNU6B. The results shown are means + S.D. of

three independent experiments. Asterisks indicate significant differences (P<0.05).

Table 4-1 (related to Figure 4-16). Sequences of primers used in this study

Forward (5’—3’)

Reverse (5’—3°)

Quantitative real-time PCR

DNMTI GTTCAGCAAAACCAATCTATG CATTAACACCACCTTCAAGAG
DNMT3A ACCAGCATTTTCCTGTCTTCAT TTCAGTGCACCATAAGATGTCC
DNMT3B CAAGTCGAACTCGATCAAACAG TCATGACAACAGGGAAAAGTTG
TET1 TCTGTTGTTGTGCCTCTGGA TCTGACTTGGGGCCATTTAC
TET2 CCATCTTGCAGATGTGTAGAGC TCTGTCCAAACCTTTCTTCCA
TET3 GAGAGAAGGGGAAAGCCATC TAGCTTCTCCTCCAGCGTGT
18S rRNA CGGCTACCACATCCAAGGAA GCTGGAATTACCGCGGCT
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Figure 4-17. Relative miR-22 levels in prostate cancer cells
miR-22 expression pattern in PC-3, DU-145 and PNT?2 cells. Mature microRNAs were measured

by qPCR and were normalized to RNU6B. The results shown are means + S.D. of three

independent experiments.
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