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ABSTRACT

The APM-1 interactswith SREBP-1
to increase transcription activity of

SREBP-1 responsive genes

Yeon-Sook Kim

Department of Medical Science

The Graduate School, Yonsei University

(Directed by Professdvlan-Wook Hur)

APM-1 (also called Zbtb7c) is a BTB/POZ-domain slagroto-oncogenic
transcription factor which shows the highest seqadmomology with FBI-1.
FBI-1, newly identified proto-oncogene was showrb&oexpressed, induced
during preadipocyte differentiation by promotingpwth arrest and terminal

differentiation. SREBP-1 is major transcription wkdor of adipocyte



differentiation and the many genes involved in ebtdrol and fatty acid
biosynthesis. We investigated whether APM-1 is nhaithig transcription
controlled by SREBPs. APM-1 potently affected taipgion activation by
SREBP-1 on the artificial pGL2-6X(SRE)-Luc promotar293A cells. We
found that APM-1 and SREBP-1 interact directip vivo by co-
immunoprecipitation and GST fusion protein pull-doassay. The zinc finger
of APM-1 interacts directly with the bZIP DNA bimdj domain of SREBP-1.
EMSA showed that the binding affinity of SREBP-1SRE and SRE/E-box
is decreased by APM-1. However the interaction betw APM-1 and
SREBP-1 synergistically activate transcription &SN gene by promoting
GC-box binding of Spl. We also found that Fatty dA8lynthase promoter,
one of the transcriptional target genes of SREB#d central enzyme in
lipogenesis, was synergistically activated by APMAtl SREBP-1. APM-1 is
expressed during the differentiation of 3T3-L1 mlipacytes into adipocytes.
Thus, we expected that APM-1 may be one of the rapo transcription

regulators of SREBP-1 responsive genes in canceadipdse tissue.

Key words: APM-1, SREBP-1, Sp1, SRE, E-box, Traipsion, Fatty Acid

Synthase, Adipocyte Differentiation
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. INTRODUCTION

The BTB/POZ domain originally found in Drosophilalanogaster bric-a-
brac, tramtrack and broad complex transcriptiorulagrs and in pox virus
zinc finger proteins, is an evolutionarily consetrygotein-protein interaction

domain with about 1,000 distinct BTB/POZ entries awailable sequence



databases? The BTB/POZ domain regulatory proteins have vasioallular
regulatory functions. In particular, some of thekP@roteins with BTB/POZ
domain and Krippel like zinc finger are major detieiant in differentiation,
development, apoptosis, ion channel activity antbgenesis:*

SREBPs (sterol-regulatory-element-binding proteingfe important
regulators of mammalian lipid metaboliSth.SREBP-1a and SREBP-1c,
which are expressed from overlapping mRN/AEhe two SREBP-1 proteins
are identical except at the extreme N-termini. SREBR and -1c have
different N-terminal but are identical from the amn second exon onwards.
SREBP-1a has 28 unique amino acids from its fixeneand SREBP-1c has
only four (in addition to the initiator methionimesidue). SREBP-1a is a
potent activator of all SREBP-responsive genedudtieg those thahediate
the synthesis of cholesterol, fatty acids, and lyiterides. SREBP-1c
preferentiallyenhances transcription of genes required for fatfgd synthesis
but not cholesterol synthesis. SREBPs are synt#dsiz membrane-bound
precursor proteins and proteolytically processedyild the N-terminal
transcription factor domain that enters the nucldosthe nucleus, these
transcription factors activate most genes requicedroduce cholesterol and
fatty acids. As long as intracellular cholesterohcentrations are sufficient,

SREBPs remain bound to mainly the endoplasmicuietic (ER) as a trimer



composed of SREBP, the SREBP cleavage-activatioigip; and the insulin-
inducing gene. Once the cholesterol contents inntEibranes decline, the
SREBP-SREBP cleavage-activating protein complex maronger bind to
insulin inducing gene, thereby exiting the ER amghching the Golgi
apparatus where the SREBPs are proteolytically ggsed by two Golgi-
associated membrane bound proteases. Concomitinthe well regulated
proteolytic activation of SREBPs on the ER-Golgi mieanes, the
transcriptional activities of nuclear SREBPs arsoamodulated in diverse
ways®® The liberated mature SREBPs then enter the nuchese they
activate transcription of various genes in theyfatid and cholesterol
metabolic pathways such as LDL receptor, ATP-a@trgtase, Fatty acid
synthasé®*? In SREBP target gene promoters, SRE, NF-Y or Spilitg
site is frequently found and NF-Y and Sp1 diretityd to SREBP? Through
the binding, NF-Y and Spl seem involved in recreitin of basic
transcription machinery. SREBP-1 and Spl activat@anstription
synergistically by binding to SRE, E-box and GC hspectively’*°

Fatty acid synthase (FASN), one of the main lipagesnzymes and
SREBP-1 target gene promotersdimnovo lipogenesis in mammals, catalyzes
all the reactions in theonversion of acetyl-CoA and malonyl-CoA to

palmitate!’®*® FASN gene transcription is under tight nutritiona hormonal



control in lipogenic tissues, namely liver and adigtissue. The transcription
factors, stimulatory proteins 1 and 3 (Spl and Sp3}lear factor Y (NF-Y)
and sterol regulatory element binding protein-1 E8R-1) have cognate
binding sites on the FASN geffe.Also, tumor-associated FASN, by
conferring growth and survival advantages rathemntfiunctioning as an
anabolic energy-storage pathway, appears to nedgssacompany the
natural history of most human cancers. A recenttitieation of cross-talk
between FASN and well-established cancer-contplletworks begins to
describe the oncogenic nature of FASN-driven lipeges. FASN expression
was higher in tumors than in surrounding normaués, depending on the
FASN status of the tumor and tissue type. FASN goHegion in tumour cells
seems to be part of a more general change in thetiggorogram controlling
lipogenesis, as evidenced by the concomitant iseresf otherSREBP-L
regulated enzymes of the same lipogenic patti¥@yTherefore, if the same
disturbances in signaling pathways responsibleof@mogenic transformation
contribute to increased lipogenesis in cancer calisior-associated FASN
could be viewed as a mere downstream manifestafian early and common
deregulation of upstream regulatory circift&®

The Krippel-like factor (KLF) proteins belong tdamily of transcription

factors that bind to GC-GT rich sites and CACC lsoré a large range of



gene promoters. Binding of these factors is mediate a highly conserved
DNA-binding motif of GH, zinc fingers localized at their C-terminus, which
suggests that these proteins could have a redurakiivity?* However,
recent results show that each Khas its own function and regulation. KLF
transcription factors act as transcriptional a¢tv& or repressors depending
on the specificity of promoters to which they biandd the cellular context.
Moreover, they interact with various co-activatorso-repressors, regulating
via different mechanisms, the transcription of thaiget genes. More recent
investigations suggest that members of the Kripkel-zinc finger
transcription factors (KLFs) family are importamtgulators of development,
cellular differentiation and growth, adipogenesigl an tumor development.
Recent studies also suggest a potential role foFKln adipogenesis.
Specifically, transcription of the Krippel -likediar KLF5 is activated by
C/EBP3 and C/EBB and, in concert with these C/EBPs, contributes to
induction of PPAR2.2 Studies also suggest a role for other memberkeof t
KLF family including KLF6 and KLF15 in promoting gmbgenesig®?’
KLF15 is highly expressed in adipose tissue and caluce GLUT4
expression. Upon further investigation, other gsotipat KLF2/LKLF was
also highly expressed in white and brown adiposgug in mice. It is likely

that additional factors of parallel pathways amuiced early and converge on



PPARy at a stage downstream of C/EBRnd C/EBB, such as the helix-
loop-helix (HLH) transcription factor ADD-1/SREBR:1A potential role for
SREBP-1c in regulating adipogenesis derives framdiss showing that its
expression is significantly enhanced in 3T3-L1 adifies in response to
insulin?®2° One of the Kriippel-like zinc finger family, FBI+ecently was
identified as a possible active participant in #dipocyte differentiation
process in both mice and humamd suggested that APM-1 may be
promoting growth arrest and terminal differentiatiaduring adipocyte
differentiation®* APM-1 contains a POZ-domain and four Kriippel-liac
fingers and is similar to the recently charactetipeoto-oncogene, FBI-1, in
two key functional domains: the POZ-domain (81%ilsirity) and the four
Kriippel-like zinc fingers (88% similarity); 2

Recently, we found that APM-1 is one of the majontcollers of Arf-
Mdm2-p53-p2lpathway and represses transcription of gedes. Our data
shows that the transcription repression of p21 WMAL involved p53,
corepressors, and histone modifications at the ptemThese results suggest
that APM-1 acts as a proto-oncogene in the presehqeb3, and induces
cellular transformation, and promotes cell proliteon, and tumor growth
(unpublished). Moreover, the link between SREBMdl APM-1 on FASN

promoter may lead to greater understanding of Igjidthesis and the cell



cycle in cancer.

In the present study, we investigated that APMfécas$ the transcriptional
activity of SREBP-1. By using GST-pull down, co-imnoprecipitation
experiments, we observe that APM-1 ZF domain antP H2ZNA binding
domain of SREBP-1 directly interact with each othrvitro, in vivo.
Furthermore, through cotransfection of APM-1 andEBR-1 in human
embryonic kidney 293 cells, we showed that thesefagtors synergistically
activate the FASN promoter. These data suggestadttd binding affinity of
SREBP-1 to SRE and SRE/E-box is regulated by the ihger of APM-1
and Sp1l through EMSA and ChlIP. Moreover, APM-1xgressed during the
differentiation of 3T3-L1 preadipocytes into adiptes. Thus, we expected
that APM-1 may be one of the important regulators amlipocyte

differentiation by interacting SREBP-1 on FASN puasr.



[1. Materialsand Methods

1. Plasmids preparation

Fatty acid synthase promoter-luciferase reporteegeFAS 1 (FAS 150
/+65), FAS 2 (FAS-135/+65), FAS 3 (FAS-150+73 TATA) were kindly
provided by Dr. Timothy F. Osborne of University Gflifornia, Irvine.
pCMV-SREBP-1a, and 1c were generous gifted fromKung-Sup Kim of
Yonsei Medical School (Seoul, Korea). pGL2-C/EBPromoter—luciferase
reporter gene was prepared by cloning human CdEPRmMoter DNA
fragment into pGL2-basic vector (Promega, WI). p&NL-APM-1,
pcDNA3.0-Flag-APM-1, and pcDNA3.0-Flag-APM-1 ZF phaids were
prepared by cloning mouse brain cDNA or human cDikBgments into
pcDNA 3.1 or pcDNA 3.0 plasmid (Invitrogen, CA). Ppoepare recombinant
GST-POZpwm.1and GST-Zkpy.1 fusion proteins, cDNA fragments encoding
POZ-domain (a.a. 1-132) and zinc fingers (a.a. 88% were cloned into
pGEX4T1 or pGEX4T3 (Amersham Biosciences, NJ). TrwDNA3.1-
SREBP-1a was prepared by cloning from pCMV-SREBP#i® the
pcDNA3.1 plasmid (Invitrogen, CA). To prepare thecambinant GST-
bHLH/LZ sgegp.1 fusion protein expression vector, the pCMV-SREBPAhS

cloned into pGEX4T3 vector BanmiH Xhal (Amersham Biosciences, NJ).
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The oligonucleotide PCR primers used for bHLHék&p-; are forward, 5'-
GATCGGATCCGCCCCGGCCTCTGCCCAGAGC-3' and reverse 5'-

GATCCTCGAGTCACAGAGATTTGCTTTT GTGGACAG-3’

2. RT-PCR of total RNA isolation from 3T 3-L 1 mouse preadipocytes and

differentiated 3T 3-L 1 adipocytes.

Total RNA was isolated from 3T3-L1 preadipocyte adifferentiated
adipocytes using TRIzol reagent (Invitrogen, CA, A)ScDNAs were
synthesized using Sig total RNA, random hexamer (10 pmol), and
SuperScript Reverse Transcriptase Il (200 unitsP@ngl using reverse
transcription kit (Invitrogen, CA, USA). PCR weresrfjormed by using
following amplification condition: 94 denaturation for 5 min, 27 cycles of
amplification reaction, 9¢ for 30 sec, 5% for 30 sec, 7Z for 30 sec,
final extension reaction at 12 for 10 min. The primers used for APM-1
were forward 5-TTTCCTGACCTGCCCGGTGGG-3' and rewerd’-
CTAGTTGTTGGCTTCAGACAT-3'. The primers used for m@uBAS were
forward 5-AACCATGGAGGAGGTGGTGAT-3' and reverse, -5
TGCCAGCAAGC TGGAGGAGCA-3'. The primers used for nseu
C/EBP3 were forward 5-CAAGCTGAGCGACGAGTACA-3' and reverse

5-CAGCTGCTCCACC TTCTTCT-3'. The primers used fobuse PPAR,

11



were forward 5-CCAGAGCATGGTGCCTTCGCT-3' and reverss'-
CAGCAACCATTGGGTC AGCTC-3'. The primers used for nseuC/EBR.
were forward 5-GAA CAGCAACGAGTACCGGGT-3' and rews 5'-
GCCATGGCCTTGACCA AGGAG-3'. The primers used for nseua-FABP
were forward 5-ACCATGTGTGATGCCTTTGTG-3' and revers5'-
TCATGCCCTTTCATAAACTCT-3'. The primers used for glealdehydes-
3-phosphate dehydrogenase (GAPDH) were forward@GGACAGTCCAT

GCCATCAC-3 and reverse 5-TCCACCACCCTGTTGCTGTA-3'.

3. Cdll culture

Human embryonic kidney 293A cells were cultured Dulbecco’
modified eagle medium (DMEM, Gibco-BRL, MD) supplenmed with
10% fetal bovine serum (FBS, Gibco-BRL, MD). MuringT3-L1
preadipocytes were maintained at low passage, sowdngto confluence in
DMEM, supplemented with 10% calf serum, 100 U/mhip#lin and 0.1
mg/ml streptomycin, 0.8 mg/ml Biotin (all from Ink@gen), in a humidified
atmosphere of 5%0,, 90% air at 37C. Differentiation was induced by
placing two-day post-confluent cultures in DMEM plgmented with 10%
fetal bovine serum (FBS) (Invitrogen, CA) and aiatilzcs as above, for up

to 8 days. The medium for differentiating 3T3-L1llsavas supplemented

12



with 0.525 mM methylisobutylxanthine (Sigma, MO), 1M
dexamethasone (Sigma, MO) and 0.16\ insulin (Roche, NJ). Forty-
eight hours later this medium was replaced withiomacsupplemented only

with 0.167 uM insulin (Roche, NJ).

4, Lenti-viral APM-1 stable cell lines

Stable 3T3-L1 cells overexpressing APM-1 were pregdy infection of
3T3-L1 cells with a recombinant LentiM1.4-APM-1 tmgl with His- and
Myc- peptides (Vectorcorea, Daejeon, Korea). Aef3 days of infection,
virus-containing medium was replaced with DMEM madi supplemented
with 10% calf serum, 100 U/ml penicillin and 0.1 /md streptomycin, 0.8

mg/ml Biotin with puromycin (Sigma, MO).

5. Transient transfection

Human embryonic kidney 293A cells were seeded énieell plates and
grown for 16 hrs before transfection. The cellseveansfected with 1.2:g
of plasmid DNA mixture using Lipofectamine Plus geat (Invitrogen, CA,
USA) according to the manufacturer's protocolsefyj the plasmid DNA
and 3 0 of PLUS reagent were mixed in 108 Opti-MEM (Gibco BRL,

MD) and then added 100¢ of containing 3¢ of Lipofectamine reagent

13



were added. The cells were washed with PBS andliedpypith 800 0 of

serum free Opti-MEM. After 15 min of incubation, pafectamine-DNA
mixtures were added into wells. The cells weresfeeted for 3 hrs with the
plasmid, then grown in DMEM supplemented with 108SF The cells were
harvested 36 hrs after transfection and lysed in.7Gof reporter lysis buffer
(Promega, WI), and cell debris was removed by deagation and the
supernatant was collected. Luciferase assays vegrd@uct with 540 of and

50 & of luciferase assay reagent (Promega, WI). Lua#feractivities were

normalized with3-galactoidase activities of the lysates.

6. Co-immunoprecipitation and western blot analysis

HEK 293A cells were cotransfected with 25 pcDNA3.0-FLAG APM-1
and, 2.5 ug pcDNAS3.1-SREBP-la plasmids using LipofectamiBiis
(Invitrogen, CA). The cells were harvested 48 Hteraransfection and and
lysed in lysis buffer (50 mM Tris-HCI, pH 7.5, M NaCl, 1% NP-40, 1 mM
PMSF, and protease inhibitor mixture (1 tablet/B). Lysates were clarified
by centrifuging at 13,000 rpm for 15 min. 508 of lysates were incubated
with Protein A agarose (2@{) and antibodies (2:g), againstMyc-Tag
(9B11, Santa Cruz, CA), Flag-Tag (Sigma, MO) foemight with gentle

rotation at 4C. The following days, immunoprecipitates were wakfdimes

14



in 1/3 diluted lysis buffer. After the last wasimmunoprecipitates were boiled
in 20 x0 5x SDS loading buffer, resolved by 12% SDS-PAGEd a
transferred to Immun-BISY PVDF membrane (Bio-Rad, CA) and blocked
with 5% skim milk (BD biosciences, NJ) in TBST (&M Tris-HCI, pH 7.5,
140 mM NacCl, and 0.001% Tween 20) for 10 min. Bidtmembranes were
incubated with Ab- Flag (Sigma, MO), Ab-Myc (9B1Tell signaling, MA),
or Ab-a-GAPDH (Calbiochem, CA) overnight at™ Membranes were
further incubated with horseradish peroxidase-agatied anti-mouse IgG
(Vector, CA) or anti-rabbit 1gG (Vector, CA), anc\wkloped with the ECL

reagents (PerkinElmer, CA).

7. GST fusion protein purification, in vitro transcription and trandation

and GST fusion protein pull-down assays

The E. coli BL21 (DE3) transformed with either GST or GST-
bHLH/LZsgegp.1 proteins expression vector, was induced vidte mM
isopropyl-1-thioB-D-galactopyranoside (IPTG) for 4 hrs at@7 After E.
coli pellets were lysed and sonicated in lysis bufter PBS, 1 mM PMSF, 2
mM EDTA, and 0.2 mgil lysozyme), recombinant proteins were purified by
affinity chromatography using glutathione-agarédeads (Peptron, Daejeon,

Korea). Purified proteins were resolved on a 15%S$HAGE gel to

15



quantitate and assess purity. The same volume ofeipragarose bead
complex was used for all GST-fusion protein pulvdoassays. Recombinant
GST, GST-POZpm.1, and GST-Zkpy 1 fusion proteins were prepared frdn
coli BL21 (DE3) grown overnight at I8 in a medium containing 0.2 mM
IPTG. TheE. coli were lysed and purified using glutathione-agarbsead
affinity chromatography (Peptron, Taejeon, Korddjepurified proteins were
then resolved with 12% SDS-PAGE to quantitate asgkss purity. APM-1
and SREBP-1 polypeptides were prepdmngdncubating Jug of pcDNAS.1-
APM-1 expression plasmid and pcDNA3.1-SREBP-1 esgiom plasmid
with TNT Quick-coupled Transcription/Translation tEact (Promega, WI),
containing 4040 of TNT Quick Master Mix and 2{ of [**S]-methionine
(1175.0 Ci/mol), (PerkinElmer Lif&ciences, MA) at 30 for 90 min.
Polypeptide expressidavels were then analyzed by runningud of the
totalmixture through 12% SDS-PAGE and autoradiograploy. GST-fusion
protein pull-down assays, GST-fusion protein-agarbsad complexes were
incubated with 10x( of in vitro translated®*S]-methione—labeled SREBP-1
or APM-1 at 4°C for 4 hrs in the HEMG buffer (40 mNEPES pH 7.9, 100
mM KCI, 0.2mM EDTA, 5 mM MgC}, 0.1% Nonidet P-40, 10% glycerol,
1.5 mMDTT, protease inhibitor mixture (1 tablet/a@)). The reaction

mixtures were centrifuged, the pellets were washetbtighly, and the bound

16



proteinsvere separated using 12% SDS-PAGE. They were tkgosed to X-

ray film using an image-intensifying screen (Kodslk;).

8. Electrophoretin Mobility Shift Assay (EM SA)

The oligonucleotide probes (500 picomoles eacli® &M Tris-HCI, pH
8.0, 16.7 mM MgGJ, 166.7 mM NacCl) were annealed by heating a€9%r
5 min and cooling down slowly to room temperatuidter diluting the
solution containing the annealed oligonucleotidéh water to 50 mM Tris-
HCI, pH 8.0, 10 mM MgGl 100 mM NacCl, 100 picomoles of annealed
oligonucleotides for EMSAs were labeled with-P]-ATP and Klenow
enzyme (Roche, Mannheim, Germany) by incubatingn8@ at 37C. a-*P
labeled, double-stranded oligonucleotides werdfipdrivith SephadexTM G-
50 (Amersham Biosciences, Uppsala, Sweden). Segsemé various
oligonucleotides used in EMSA are as follows (ahig top strand is shown):
FAS SRE: 5-GATCCGGGCATCACCCCACCGACG-3', FAS SRB&x:
5'-GATCGTCAGCCCATGTGGCGTGGC-3'. Each binding reaati was
carried out in 204¢ of binding buffer containing 10 mM HEPES (pH 7.9),
60 mM KCI, 5 uM ZnCl,, 1 mM dithiothreitol, 1% BSA, and 7% glycerol,
and purified recombinant His-tagged SREBP-1 (200, M§ST-APM-1

ZFDBD (75~675 ng). The protein-DNA complexes were resolvexinffree

17



probe by 6% non-denaturing polyacrylamide gel ebtgtioresis at room
temperature in 0.5x TBE (89 mM Tris-Borate, 2 mMED pH 8.3) buffer.
The dried gels were exposed to X-ray film at€70 thvei Kodak intensifying

screen (Kodak, NY, USA).

9. Chromatin immunoprecipitation (ChlP) Assays.

To investigatevhetherin vivo indirect molecular interaction through the
SREBP-1 between APM-1 and the SREBP-1 binding eitethe FASN
promoter is actually occurring, ChIP assay was queréd. Subconfluent
293A cells on 40 cm dish were transfected with pcDNA3.0-Flag ARMf¥
pcDNA3.1-SREBP-1a using LipofectamiRkis (Invitrogen, CA) and grown
for additional 48 hrs. 293A cells were treated idlmaldehydédfinal 1%) to
cross-link APM-1 and SREBP-1a protein to the F&®moter. Cells were
washed with cold phosphate-buffesadine and lysed with SDS lysis buffer
(1% SDS, 10 mM EDTAL0 mM Tris-HCI, pH 8.0). The lysate was sonicated
to shear DNAnto fragments of 500~1000 bp. The sonicated sgtantwas
diluted 10-fold with ChIP dilution buffer (1% SD3% Triton X-100, 16.7
mM Tris-HCI, pH 8.1, 167 mM NaCl, 1.2 mM EDTA) andcubatedvith
antibodies against mouse Flag antibody (Sigma, MOjabbit SREBP-1a

antibody overnight at 4 withrotation. To collect DNA-SREBP-1-antibody

18



or DNA-SREBP-1a-APM-1-antibody complex, salmgperm DNA/protein
A/G -agarose slurry was added to the mixtliree mixture was incubated for
1 hrs at 4 with rotationand pelleted in a DNA/protein A/G-agarose
complex by brief centrifugatiof@,000 rpm) at £ . After extensive washing
of the pellewith washing buffers (Low salt immune complex wdslffer:
0.1% SDS, 1% Triton X-100, 2mM EDTA, 20mM Tris-H@H 8.0), 167mM
NaCl) (High salt immune complex wash buffer: 0.1%S$ 1% Triton X-100,
2mM EDTA, 20mM Tris-HCI (pH 8.0), 0.5M NaCl) (Lidmmune complex
wash buffer: 0.25M LiCl Wash buffer, 1% NP-40, 1@disim deoxycholate,
1mM EDTA, 10mM Tris-HCI (pH 8.0) (TE buffer: 1% SDS8.1M NaHCQ)
recommended by the manufactutbe pellet was dissolved with 50 of
elution bufferand spun to remove agarose. Supernatant was tngeie?0 /.0

of 5 M NaCl and heated to &5 for 4 hrs to reverse protein-DNA cross-link.
After treatmentvith EDTA and proteinase K, the supernatant wasaeted
with phenol/chloroform and precipitated with ethanolrécover DNAPCR
reactions of immunoprecipitated DNA were carried vsingthe two sets of
oligonucleotide primers designed to amplify thexgral promoter regions of
FAS promoter. (bp -174 to -35: forward primer: 5-GGGICGGCTCGGC

CG-3' and reverse primer: 5-CCCCGGGCGGCCACGCC-3)).
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10. Oil Red O staining.

Culture dished were washed in PBS (pH 7.4), anid eedre fixed in 3.7%
formaldehyde for 15 minutes. Oil Red O was prepdredliluting a stock
solution (0.5g of Oil Red O) (Sigma, MO) in 100 woifl isopropanol with
water (60:40 (vol/vol)), followed by filtration. e were incubated in Oil
Red O solution at room temperature. After stainpigies were washed twice

in water and photographed.
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1. RESULTS

1. APM-1 overexpression increases SREBP-1 and FAS mRNA
expression

Recently, FBI-1 was identified as a possible actparticipant in the
adipocyte differentiation process in both mice andanand suggested that
FBI-1 may be important in adipogenesis. Park ef24l05) tested expression
level of FBI-1 in adipose tissue of lean controtavbese C57BL/6J mice.
Total RNA was extracted from abdominal white ad@dissues of lean
control and obeseb/ob mice. RT-PCR analysis of the total RNA showed that
the expression of FBI-1 is increasedainiob C57BL/6J mice compared to
control lean C57BL/6J mice (Park et al.). In NIH/3@8d stable NIH/3T3-
APM-1 cells established by infection with recombindentiM1.4-APM-1,
APM-1 overexpression increased SREBP-1 and FASN AMpression (Fig.
1A). APM-1 contains a POZ-domain and four Krippkélzinc fingers and is
similar to the recently characterized proto-oncegdfBI-1 (Fig. 1B) in two
key functional domains: the POZ-domain (81% sintyain amino acid
sequence) and the four Krippel-like zinc finger8%8similarity) (Fig. 1C).
APM-1 has a putative nuclear localization sequdace 470-486) juxtaposed
to the fourth zinc finger. Phylogenic analysis a@ed that FBI-1 is most

closely related to APM-1 (Fig. 1D).
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Figure 1. APM-1 increases transcription of SREBP-1 and FASN gene in
NIH/3T3 cdls. (A) RT-PCR analysis of APM-1, SREBP-1, FASN in the
NIH/3T3 and stable NIH/3T3-APM-1 cells establishbg infection with
recombinant lentivirus. APM-1 overexpression ineseghSREBP-1 and FASN
MRNA expression. (B) Structure comparison of APN+id FBI-1 protein.
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Two proteins contain a POZ domain, four zinc fisgeand a nuclear
localization sequence. The two proteins are hightymologous in two
domains, the POZ-domain (81%) and the zinc-fingemain (88%). POZ
domain, open box; Circles, zinc fingers; NLS, naclocalization sequence.
(C) Amino acid sequence comparison of APM-1 and-EBking GeneDOC
program (http://www.nrbsc.org/gfx/genedoc/index.htmConserved amino
acids are shaded black and unconserved amino acdisght shaded black.
APM-1 is similar to FBI-1 in two key functional d@ims: the POZ-domain
(81%) and the four Kruppel-like zinc fingers (88%P) Phylogenic tree
analysis revealed that FBI-1 is the most closdbted to APM-1.
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2. The APM-1 and APM-1 ZF increase transcription activation of
artificial 6x (SRE)-tk*-Luc promoter by SREBP-1c

APM-1 shows high amino acid sequence similarityF®l-1 which was
proposed to be important in adipocyte differentiati APM-1 increased
transcription of SREBP-1 and FASN gene in the sthdH/3T3 cells. APM-1
might be involved in the regulation of adipocytffatientiation, adipogenesis,
and in the expression of adipogenic genes. Totteste possibilities, we
prepared a reporter plasmid construct which cogtair copies of SREBP
response element (SRE) of FAS gene or LDLR gene. SREBP response
elements were placed just upstream of the modifignidine kinase (tk)
minimal promoter and luciferase gene (Fig. 2A). Thedified tk minimal
promoter contains two mutated Spl binding GC bdkas do not bind Spl.
We co-transfected human kidney 293A cells withfiarél 6x (SRE)-tk*-Luc
promoter and expression vectors for SREBP-1 and APMREBP alone
activates transcription potently and APM-1 increbsanscription by SREBP-
1 by 1.5- 3 folds. In contrast APM-1 alone does Imate any effect on the
transcription of reporter gene. The data suggestAPM-1 increased SREBP
activity important in transcription significantl¥rig. 2A). Also, the ZFDBD of
APM-1 is important region interacting with SREBRAlvivo (Fig. 5B-D). We

investigated whether the ZFDBD of APM-1 has angetffon transcriptional
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activity of 6x [SRE]-tk*-Luc promoter by SREBP-1kdeed, the ZFDBD of
APM-1 could slightly increase transcription of tteporter gene by SREBP-

la (Fig. 2B).
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Figure 2. APM-1 and APM-1 ZF increase transcription activation of 6x
[SRE]-tk*-Luc by SREBP-1 in human embryonic kidney 293A cells. (A)
APM-1 enhances transcription activation of the 8RE]-tk*-Luc by SREBP-
1. Structure of 6x [SRE]-tkLuc promoter construct. tk* indicate th&
(thymidine kinase) minimal promoter with the mutag at the two Spl
binding sites. 293A cells were cotransfected with[SRE]-tk*-Luc reporter
plasmid and expression vectors of SREBP-1 (25 rdb/vead increasing
amount of APM-1 (25 ng, 300 ng, 600 ng). (B) ThedBD of APM-1 also
enhances transcription activation of 6x [SRE]-tkuc reporter promoter by
SREBP-1. 293A cells were cotransfected with 6x [BRE-Luc reporter
plasmid and expression vectors of SREBP-1 (25 rijiaad APM-1 (600
ng). Luciferase activities were normalized with fhgal concentration and
data presented are the average of three indepeadsays. Bars represent
standard deviations.
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3. The APM-1 enhances transcription activation of FAS gene by SREBP-
lain 293A cells

In proximal promoter (bp-150~ +65) of rat FAS genes, SRE, GC-box,
and SRE/E-box (recognized by bHLH type transcripfiactors) are present.
APM-1 increases the transcription of test repgotasmid with SRE element.
APM-1 may influence the transcription of endogen&REBP-1 responsive
gene, such as FASNWe investigated whether APM-1 can activate
transcription of lipogenic FASN gene that was shawnbe activated by
SREBPs. We co-transfected rat FAS promoter lucteréusion reporter
plasmids: pGL2-FAS1-Luc (bp150 ~ +65), pGL2-FAS2-Luc (bpl135 ~
+65), pGL2-FAS3-Luc (bp-150 ~-73), and pGL3-FAS-Luc—2.7 kb) with
expression vectors of SREBP-1a or APM-1 into HEKR@8lls.

APM-1 itself has no effect on the transcriptiontioé all FAS promoter
constructs, but APM-1 significantly enhanced traiption by SREBP-1a on
the FAS1, FAS2 promoter. However neither SREBP-dRAPM-1 affected
transcription of the FAS3 promoter (Fig. 3B). The®gence alignment of the
upstream regulatory sequences 60 ~-12) of three mammalian FAS
genes (Human, Mouse, Rat) showed that the proxmegibns are highly
conserved and have multiple binding sites for SREB®roid nuclear

receptor and Spl (Fig. 3A¥® This suggests that our finding on the
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transcriptional activation of SREBP-1 responsivaggdy APM-1, must be
true also in both human and rodent FAS gene.

We tested whether APM-1 and SREBP-la can functiomlasly in
activation of human FAS promoter with longer regutg sequence2.7 kb).
We co-transfected human embryonic kidney 293A agith pGL3-FAS-Luc
promoter 2.7 kb) and the expression vectors for SREBP-1 ARWI-1.
SREBP-1 alone activates transcription potently Bgl@s and APM-1 further
increased transcription activation by SREBP-1 by~ folds (Fig. 3C).
APM-1 alone does not have any effect on the trapthon of reporter gene.
Previously, others have shown that SREBP-1 bingitg at—65 ~—45 bp
(5'-CAGCCCATGTGGCGTG-3) is the most important imet transcriptional
regulation by SREBPTo investigate whether APM-1 is really up-regulgtin
transcription by affecting SREBP bound on the SBE-65 ~—45) of the
FAS gene, we transfected the HEK 293A cells with giasmid mixture of
pGL3-FAS-Luc Wt promoter+2.7 kb) or pGL3-FAS-Luc Mt promoter2.7
kb) and expression vectors of APM-1 and SREBP-Laciferase activity
analysis revealed that mutation of the SRE/E-bte significantly decreased
transcription by SREBP-1 or APM-1, suggesting that-65 SRE/E-box (bp
—-65 ~—45) is crucial for increasing transcription actvily SREBP-1 and

APM-1 on the FASN promoter.
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Figure 3. APM-1 increased transcription activation of rat and human
FASN genes by SREBP-1. (A) Sequence comparison of human FAS
promoter to mouse, rat FAS promoters. E-box conserSATGTG; GC-box
consensus, GGGCGG; Spl, stimulatory protein 1; S&Erol response
element; TATA, TATA-box; TRE, thyroid responsivesgient. (B) Structures
of pGL2-FAS 1Luc reporter promoter construct (bL50~ + 65), pGL2-FAS
2-Luc reporter promoter construct (bf135 ~ + 65) and pSyNi-FAS 3-Luc
reporter promoter construct (bf150~ —73) are shown. SRE, SREBP binding
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element; GC, Spl binding GC box; E-box, SREBP IigdiCATGTG
element; Tsp, transcription start site. APM-1 ermesrtranscription activation
of the FAS1, 2 promoters by SREBP-1. The 293A oekse co-transfected
with pGL2-FAS-Luc reporter plasmids and expressiestors of SREBP-1
(25 ng/well) and APM-1 (25 ng, 200 ng, 400 ng). @juctures of pGL3-
FASN-Luc (-2.7 kb) Wild type or Mutant type with mutation ateoof the
functional SRE (bp-65 ~ —45) are shown. 293A cells were transfected with
pGL3-FASN-Luc (WT, MT), SREBP-1 or APM-1. Lucifemgactivities were
normalized with theB-gal concentration and data presented are the garera
of three independent assays. Bars represent sthddeaiations.

30



4. APM-1 directly interacts with the bZIP DNA binding domain of

SREBP-1viaitszincfingers

Three SREBPs have been identified, SREBP-la andBBRIE are
produced from a single gene through the use ofrate promoters, and
SREBP-2 is from a separate gene. APM-1 contain®&-d&main and four
Kruppel-like zinc fingers and has a putative nucliEgalization sequence
(a.a., 476-486) juxtaposed to the fourth zinc finger (Fig. 4Anmuno-
cytochemical staining of APM-1 showed that it i€dted primarily in the
nucleus (Fig. 4E), suggesting it may have a rolea asanscription factor.
Transcription analysis showed that APM-1 affecescriptional activation
potential of SREBP-1 on the four test promoterd, »6x (SRE)-Luc, pGL2-
FAS1-Luc (bp—150/+65), FAS2-Luc (bp-135/+65) and pGL3-FAS-Luc(
2.7 kb) constructs. This raised a possibility that APM-Igihtiinteract with
SREBP-1 to give strong transcription activation.

To determine whether the molecular interaction leetw APM-1 and
SREBP-1 is direct, we performed a GST fusion progeill down assay using
recombinant SREBP-1 bHLH and vitro translated ¥S]-methionine labeled
APM-1 protein. GST-SREBP-1 bHLH fusion protein waubated with
APM-1, pulled down and the precipitates were sdpdrdy a SDS-PAGE.

Autoradiography of the gel showed that full lengaM-1 interacts with the
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bHLH domain of SREBP-1 (Fig. 4B). Also we perfornr@8T fusion protein
pull down assay using GST-POZ or GST-ZF of APM-heTGST or GST-
fusion protein were incubated witf*$]-methionine labeled SREBP-1 and
pulled down. {°S]- methionine labeled SREBP-1 was readily detéetabthe
precipitate pulled with GST- ZF of APM-1 but nottwiGST-POZ of APM-1
(Fig. 4C). These results demonstrate that the mtdednteraction between
the ZF domain of APM-1 and basic Helix-loop-Helirucine Zipper (bHLH
ZIP) domain of SREBP-1 direi vitro.

We further investigate whether the two proteinsl@¢anteract with each
other in vivo by co-immunoprecipitation. First, HEK293A cells wer
cotransfected with the expression vectors of Fam¢d APM-1 and Myc-
tagged SREBP-la. The cell lysates were immunopta@d with anti-
FLAG-M2 antibody. After extensive washing, the immoprecipitates were
resolved by 12% SDS-PAGE and analyzed for the poesef FLAG-APM-1
and Myc-SREBP-1 by Western blotting. As predictedAG-APM-1 was
readily detectable. Myc-SREBP-1 was also clearlytected in the
immunoprecipitate by anti-FLAG-antibody (Fig. 4Djhese results clearly
showed that APM-1 is interacting with SREBPHL vivo. APM-1 and
SREBP-la were colocalized in CV-1 cells suggesting possibility of

molecular interaction (Fig. 4E).
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Lastly, we investigated whether APM-1 and SREBRx#Eaco-localized in
nucleus. African green monkey kidney CV-1 cellsevieansiently transfected
with the expression vectors of Flag-APM-1 and HREBP-1a and analyzed
by immunocytochemistry using anti-Flag and anti-BREL antibodies. When
APM-1 is expressed alone, APM-1 is mainly detegteducleus. However
SREBP-1a is localized in nucleus and also in cg®pl at low level. When
cells were co-transfected with the two expressieatars, both APM-1 and
SREBP-1a are primary detected in nucleus, suggestim two may interact
with each other possible interaction between thettanscription factors (Fig
4E). Both GST fusion proteins pull down, immuno@temistry and co-
immunoprecipitation suggested that SREBP-1a and APbtbuld interact

with each other.
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Figure 4. APM-1 interacts directly with the bHLH DNA binding domain

of SREBP-1. (A) Structures of SREBP-1a, -1¢ and GST-bHLH donmaiin
SREBP-1a fused with GST protein. The SREBP-1cestidal to SREBP-1a
except for a shortened NHerminal acidic domain (24 a.a. in SREBP-1c

Myc-SREBP-1 +
a-myc — - <«72k0a  SREBP-1

versus 42 a.a. in SREBP-1a). The acidic f##minal sequence and basic
HLH domain are highly similar among SREBP-1a, dmg 2. Acidic, Acidic-
domain; Pro/Ser, Pro/Ser-rich-domain; Ser/Gly/@3ly/Pro/Ser-rich-domain;
GIn, Glutamine-rich-domain; bHLH, Basic helix-loop-helixdomain.
Structures of APM-1, GST-PQZ&y. domain and GST-Zbpy., fusion
construct used for GST fusion protein pull-downagss APM-1 contains a
BTB/POZ domain at its N-terminus aKduppel-like zinc fingers at its C-
terminus. POZ, POZ-domain; ZF, Krippel-like zinadérs; NLS, nuclear
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localization signal. (B)*fS]-methionine labeled APM-1 polynucleotide was
prepared byin vitro transcription and translation and incubated with
recombinant GST or GST-bHLH of SREBP. The reactioxtures were spun,
analyzed by a SDS-PAGE, and the gel was expos&dray film. The input
represents 10% of the labeled protein used fopttiedown. The APM-1 and
the bHLH domain of SREBP-1a interact diredtiyitro. (C) [*°S]-methionine
labeled SREBP-1 polypeptide was prepareditoyitro transcription and
translation and incubated with recombinant GST ®@T®OZpyw.1 and
recombinant GST-Zfp\.1. The ZF of APM-1 and bZIP DNA binding domain
of SREBP-1a interacts directiy vitro. (D) Co-immunoprecipitation assay,
293A cells were transiently transfected with themmaalian expression
vectors of Myc-SREBP-1 and FLAG-APM-1. The cell dyss were
immunoprecipitated with antibody against anti-FLAd8 and the precipitates
were analyzed by Western blot analysis using awyi-kintibody. APM-1 and
SREBP-1la also interacts;n vivo. (E) CV-1 cells were transfected with
expression vector of FLAG-APM-1 or SREBP-1. FLAGI@BREBP-1 were
detected by FITC (green) or Rhodamine (red) labatgibodies. Nucleus was
detected by soaking with DAPI (blue) solution. @godlization of the APM-1
and SREBP-1 was indicated by yellow color of tworgeel overlapping
fluorescence colors.
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5. Direct interaction between the zinc-finger DNA binding domain of
APM-1 and the bHLH of SREBP-1 reduces DNA binding of SREBP-1to
the SRE and SRE/E-box probes of the FAS gene

We investigated the consequence of protein-pragénaction between the
APM-1 and the bHLH of SREBP-1la by EMSA. Using rebimant His-
SREBP-1a and®*{P]-labeled SRE and SRE/E-box oligonucleotide proifes
FAS gene promoter, we carried out EMSA in the preseof increasing
amount of synthetic APM-1 prepared imyvitro transcription and translation.
APM-1 itself does not show DNA binding activity.

Interestingly, the APM-1 reduced the DNA bindingdigty of SREBP-1a.
Decreased SREBP binding to the SRE or E-box irptheence of APM-1 is
intriguing. However these conditions could not expl the increased
transcriptional activation of 6x [SRE]-tk*-Luc orAS gene promoter by
SREBP-1 and APM-1 (Fig. 5A). Because Spl bindetulatory elements in
the FAS promoter, and acts as a major activatdraofscription in the genes
with SRE and GC-box, we suspected that Spl bintlingpe FAS promoter
might be modulated by SREBP-1 and APM-1.

Therefore we investigated the dynamics of Spl, SREBand APM-1
using ChIP assaynterestingly, When SREBP-1 was induced, bindingp1

to the GC-boxes decreasé®On the other hand, when APM-1 was
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overexpressed, the binding of Spl to the GC-bottesgy was increased on
the endogenous FASN gene and transfected pGL3-HABNWL (-2.7 kb)
promoter construct. In contrast, we were not ableliserve the changes in
the transcription factor binding on the mutant FAgfdmoter at SRE/E-box,
pGL3-FASN-Luc Mt (-2.7 kb). On this particular congt, Spl binding was
weak and was not greatly affected by cotransfeBREBP and APM-1 (Fig.
5C).

The result suggests that in the presence of bothl-ARand SREBP-1a,
promoter occupancy of SREBP-1 and Spl might be inotteased compared
to the normal situation. This mode and intensityrafscription factor binding
resulted in 2-3 fold higher FASN gene transcriptiban the condition where

only SREBP-1 is transfected.
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Figure 5. APM-1 decreases SREBP-1 binding to the SRE and the E-box

probes of the FAS gene promoter. (A) EMSA. The APM-1 decreased
SREBP-1a binding to the SRE and the SRE/E-box. $R&EBP binding

oligonucleotide probes (SRE or SRE/E-box) of the&SNAgene promoter were
incubated with recombinant SREBP-1a protein (20f) mgthe presence or

absence

ofn vitro synthesized APM-1. The protein-DNA complexes were

separated from free probe by 4% non-denaturinggoojyamide gel. The
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dried gels were exposed to X-ray film -af0C with a Kodak intensifying
screen. (B) ChIP assay. 293A cells were transfeeid the expression
plasmids for SREBP-la and FLAG-APM-1. After chromat
immunoprecipitation (IP) with anti-FLAG, anti-SREBR anti-Sp1, PCR was
performed with the primer set for the human FASnmrter containing two
sterol regulatory elements (SREs) and one GC-bG¥. 293A cells were
transfected with the expression plasmids for SREBPFLAG-APM-1 and

pGL3b-FAS promoter. After chromatin immunoprecipdga (IP) with anti-

FLAG, anti-SREBP-1, anti-Sp1, PCR was performedhlite primer set for
the human FAS promoter containing two sterol retgmaelements (SRES)
and one GC-box.
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6. APM-1 expression isregulated during adipocytes differentiation
and facilitates differentiation of 3T3-L 1 preadipocytes

Our data showed that SREBP-1 and APM-1 interach wéch other and
such molecular interaction of SREBP-1 and APM-1lensinown to regulate
transcriptional activity of SREBP-1 in FASN promotS8REBP-1 was known
to promote adipocyte differentiation and is invalvie the insulin-mediated
regulation of fatty acid synthase and leptin gexgression' We investigated
whether APM-1 is participating in the differenti@ti of adipocytes. Firstly, to
determine the function of APM-1 in adipocyte di#fatiation, we examined
MRNA expression of APM-1 during adipocyte diffeiiation.

3T3-L1 preadipocytes are a well-characterized trowinodel of adipocyte
differentiation that can be differentiated into ovatadipocytes upon exposure
to the hormonal stimuli of insulin, IBMX, and Dexathasone. During
differentiation, expression of APM-1 mRNA was slighincreased beginning
16 hrs after initiation of differentiation, followg the immediate induction of
C/EBP3 and C/EBR. APM-1 transcription gradually increased and reach
maximum level at the day two of differentiation.efeafter, the expression of
APM-1 gradually decreased, but APM-1 mRNA still sned detectable
during the rest of the differentiation process. S&hexperiments suggest that

expression of APM-1 is regulated during differetidia process (Fig. 6A).
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To investigate whether APM-1 is one of the regukatof adipocyte
differentiation, 3T3-L1 cells stably overexpressimgouse APM-1 was
prepared by infection with recombinant Lentiviratecexpressing APM-1.
APM-1 overexpression was confirmed in Lenti-APMéllg by RT-PCR (Fig.
6B).

We induced the 3T3-L1 control cells and the APMvirexpressing cells to
differentiate by the hormonal inducer mixture oMK, DEX and insulin. Oil
red O staining of the differentiated cells revedleat APM-1-overexpressing
cells exhibited more intense staining at 6 days &mthys of differentiation
(Fig. 6C). APM-1 may promote either cell prolifecst or accelerate
adipocyte differentiation and more lipid accumudati

We investigated expression pattern of moleculatkerarand key regulator
of adipocyte differentiation at mMRNA level in thentrol cells and stable 3T3-
L1 APM-1 cells. The cells were induced to diffeiaté by hormonal mixture
and total RNA was isolated 0 day, 2 days, 4 daydays and 8 days after
induction. RT-PCR analysis of the adipocyte marlseich as C/EBE, PPAR,
and FASN revealed that the markers were signifigantreased in 3T3-L1
APM-1 stable cells. However, the other adipocytekeis, a-FABP was not
affected by APM-1, compared with the control c@fiy. 6D). APM-1 in 3T3-

L1 cells appeared to activate adipocyte differgintreand lipid accumulation.
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Figure 6. Expression pattern of APM-1 during 3T3-L1 preadipocytes and
effects of APM-1 on differentiation and APM-1 promotes differentiation

of 3T3-L1 preadipocyte. (A) Expression of APM-1 mRNA during
differentiation of 3T3-L1 cells was analyzed by RTR. 3T3-L1 cells were
harvested at the indicated times (0 hr, 4 hrs, 86 24 hrs, 36 hrs, 2 days, 3
days, 4 days, 5 days, 8 days). (B) RT-PCR analysi$*®-1 mRNA level in
the 3T3-L1 control and stable 3T3-L1-APM-1 cellgabtished by infected
with recombinant lentivirus. (C) Control cells astable 3T3-L1 APM-1
preadipocytes induced to differentiate and staimigl Oil-red O at 4 days, 6
days and 8 days after induction of differentiatifid) Expression pattern of
molecular markers and key regulators of adipocyfferdntiation at mRNA
level. Control cells and stable 3T3-L1 APM-1 preendiytes were induced to
differentiate and total RNA was isolated 0 day,a¥<] 4 days, 6 days and 8
days after induction.
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V. DISCUSSION

FBI-1 (also called Pokemon, ZBTB7a), a member @& BTB/POZ zinc
finger protein family, was suggested to play a riolehe differentiation of
adipocyte®*® APM-1 is the BTB/POZ protein which is the most @lys
related to the FBI-1 in terms of protein structarel functions. More recently,
we showed that APM-1 is a proto-oncogene that caomgpte cell
proliferation (unpublished data).

We initially suspected that APM-1, recently chaeaized proto-oncogene,
might participate in lipid metabolism and regulatene of the lipogenic genes
because APM-1 promotes cell proliferation by regirgsp21 gene expression
and lipid synthesis is important in the cancer pedliferation. Because FASN
is critically involved in the lipid metabolism irancer cells, we investigated
whether APM-1 regulated FASN expression and alse tholecular
mechanism behind the regulation of FASN gene egmrdy APM-1. First,
we prepared stable NIH/3T3 cells and 3T3-L1 cetisth overexpressing
APM-1. We found that the mRNA of SREBP-1 and FASKswncreased in
stable NIH/3T3-APM-1 cells (Fig. 1B). By prepariBd 3-L1-APM-1 stable
cells, we found that APM-1 could promote adipocyifferentiation. The

promotion of adipocyte differentiation by APM-1 mée associated with
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increased expression of PPRARFASN, and C/EBR at day 4 of adipocyte
differentiation after the cells were treated withixture of IBMX,
Dexamethasone and insulin (Fig. 6C,D). The presamly establishes that
APM-1 increases FASN gene expression during adipegis. Previous
studies suggest that Kriippel-like factor (KLF) fgmmembers had potential
roles in adipogenesis. KLF2 binds directly to theARy, promoter and
inhibits its transcription. KLF15 was shown to luced at late phase of
3T3-L1 differentiation and positively regulated GLW gene expression
Finally, KLF6 is one of the genes induced by adgug hormonal
stimulation in 3T3-L1. The functions of these KLFs adipocyte
differentiation remain unknown. Although APM-1 hésth Kruppel-like
zinc-finger and BTB/POZ domain, it seems to be hg\gimilar transcription
regulatory functions to other KLFs.

Because the transcription of FASN is increased BWAL and FASN gene
expression principally controlled by SREBP-1, wespcted that APM-1
might regulate the FASN gene expression by affgctime transcriptional
molecular events involving SREBP-1 and/or othengcaiption factors at the
FASN promoter. Transcriptional regulation of FASBhg depends largely on
the protein-protein interactions of the transcdptifactors that bind to the

proximal promoter elements of FASN gene. The trdpional regulation of
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the proximal promoter is complex and involves cam®pprotein-protein
interactions among Spl, SREBP-1, SRE, GC-box, &i/5-box.

The SREBP-1 which belongs to the basic helix-losfxhleucine zipper
transcription factor family, plays a major role lipogenic genes expression
including FASN. We prepared the artificial SREBRekponsive promoter
fused with luciferase reporter gene, which has fiesoof SRE of LDLR (5'-
CATCACCCCAC-3) at the proximal promoter. APM-1 srpctivated
transcription of the test promoter by SREBP-1 by ®lds. The data clearly
showed that proto-oncogene APM-1 could superaéitt@nscription by the
SREBP-1.

We also tested whether FASN gene expression canpkegulated by
APM-1 and SREBP-1 in HEK 293A cells. Using FASN imaiers with SRE
and GC-box (Fig. 2), we observed that APM-1 actsasscriptional activator
of SREBP-1 on FASN promoter. It appears that bo¢hSRE/E-box at65 bp
and the SRE at150 bp are important in transcription activation AgM-1
and SREBP-1, but the SRE/E-box a65 appeared more important in
transcription activation. FASN promoter constructsth much longer
upstream regulatory sequence and also with mutatitime SRE/E-box at65
bp could not be activated by either APM-1 or SREB@&ig. 3B).

We investigate the molecular mechanism of molec@aents at the

46



proximal promoter of FASN gene; we carried out s@iption factor binding
by EMSA. The EMSA showed that the APM-1 decreadRBEP-1 binding to
the SRE at -150 bp and the SRE/E-box at -65 bpfdived that the bHLH of
SREBP-1 and zinc-finger of APM-1 interact with eaxther (Fig. 4). SREBP-
1 binding to the two SRE elements was decreasddetaontrol level, by in
vitro translated APM-1(Fig. 5A). The result is quite contradictory to our
expectation because, while APM-1 increased thestrgstion of FASN and
pGL2-6xX(SRE)-Luc, it decreased SREBP-1 binding. &ene up with the
idea that there is a reasonable possibility thaéivic or binding of other
transcription factor(s) that interacts with the »ineal promoter elements
(SRE, GC-box, SRE/E-box) of FASN gene may be affiétly the presence of
APM-1.

In the neighboring (usually 15 bases around the)SRguence of SREBP-
1 target gene promoters, NF-Y site or Sp1 sitesimlly found. NF-Y and Spl
directly bind to SREBP and seem involved in recnemt of basic
transcription machinery. In the proximal promoter of the FASN gene, there
are binding sites for Spl, Sp3 (GC-box, bp -918t),-nuclear factor Y (NF-
Y) (bp -71 to -52), upstream stimulatory factor @ $SRE/E-box bp -65 to -
45) and sterol regulatory element binding protS8REBP-1) (SRE; SRE/E-

box) in the proximal promoter. Previous reports ehaidentified that
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transcriptional activation of FASN gene by SREBHEe&pends on additional
transcription factor such as Spl, NF-Y, cCAMP regmorelement-binding
protein or CCAAT/enhancer-binding protein

In particular, the Spl binding GC-box and the SREsk are located very
closely and Spl bound onto the GC-box was showbetcritical in the
transcription of FASN gene by collaborating witre tBREBP-1 bound just
downstream as reported for the LDL receptor promod@d FASN
promoter>*? Accordingly, we investigated the transcription téacbinding
dynamics among Spl, SREBP-1, and APM-1 on the pralixpromoter of
FASN gene by ChIP assays. Interestingly, ectopiEER1 decreased Spl
binding although ecopic SREBP-1 increased transeripin contrast, ectopic
APM-1 increased Spl binding but decreased SREBRAtling. When
expression of SREBP-1 and APM-1 is high, Spl andEBR1 binding
maintain certain ratio with more Spl binding conggato SREBP-1. This
mode and binding intensity of transcription facteush as Sp1 and SREBP-1
resulted in 2-3 folds higher FASN gene transcriptivan the condition where
only SREBP-1 is transfected. In these moleculangwle proximal regions
SRE/E-box of FASN promoter seems to be the cenfetramnscription
activation because FASN Mt (-2.7 kb) construct kesuiin no transcription

activation by SREBP-1 and APM-1 (Fig 5C).
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In well-nourished individuals the role of FASN i$ minor importance
owing to sufficient levels of dietary fat, whichalds to the under-use of
endogenous free fatty acitfs®® Most normal cells and tissues, even those
with high cellular turnover, seem to preferentialle circulating lipids for the
synthesis of new structural lipids. There is a iyewlerest in the ultimate role
of fatty acid synthase, a key lipogenic enzymelgsitag the terminal steps in
the de novo biogenesis of fatty acids in cancehqginesis. Tumour-
associated FASN, by conferring growth and survadyantages rather than
functioning as an anabolic energy-storage pathwgpears to necessarily
accompany the natural history of most human carféers

Because the expression of FASN gene is often isgrgdn cancer cells
and increase expression of FASN is important incearcell proliferation.
Interestingly, our recent investigation revealeat thPM-1 is proto-oncogene.
Furthermore, FBI-1, a cousin of APM-1, was showrbéoa proto-oncogene
and was suggested to be involved in adipogenic grpeession.

Although the expression of the FASN gene is in@dai cancer,
molecular mechanism is not clearly understood. @ata suggested that
FASN expression can be increased by APM-1 in camtieM-1 is a potent
proto-oncogene that represses of the Arf-Mdm2-p&B-pathway. The

transcription repression of p21 gebg APM-1, involves direct molecular
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interaction between p53 bound onto the distal ptemand APM-1
(unpublished).

In conclusion, our study revealed novel roles f@t@-oncogene APM-1 in
the transcription regulation of FASN gene exprassiothe cancer cells. We
have clearly shown that APM-1 interacts with SREBRhich requires the
bHLH DNA binding domains of SREBP-1 and the ZF domef APM-1.
APM-1 and SREBP-1 synergistically activate trangasn of FASN gene by
promoting GC-box binding of Spl in HEK 293A cell§he molecular
mechanism of transcription superactivation disceslein this thesis is
intriguing and gave critical information how pradocogene APM-1 is
utilizing the cellular regulatory system of FASNoproter to provide cellular

membrane components needed for rapid cancer aalitigrand proliferation.
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Figure 7. Hypothetical mechanism of transcriptional regulation on FASN
promoter by SREBP-1, Spl and APM-1. (A) No or low SREBP: Some Spl
binds GC-boxes on FASN promoter and slightly appebasal level
transcription. (B) SREBP-1 induced: A lot of SREB®ind SRE or SRE/E-
box on FASN promoter and quite activate transwipti(C) SREBP-1
induction and high expression of APM-1 in cancdlscénteraction between
SREBP-1 and APM-1 cause less chance to bind to &RERE/E-box on
FASN promoter. Accordingly, Sp1 has a more chao@tess on the GC-box
of FASN promoter. As a result, increased bindingSpfL strongly activates
transcription of FASN gene.
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V. Conclusion

1. NIH/3T3 stable APM-1 overexpression cells insesh SREBP-1 and
FASN mRNA expression.

2. The APM-1 and APM-1 ZF increase transcriptiotivation of artificial 6x
(SRE)-tk*-Luc promoter by SREBP-1c.

3. The APM-1 enhances transcription activationrafagenous FASN gene by
SREBP-1a in 293A cells.

4. APM-1 directly interacts with the bHLH DNA bindi domain of SREBP-1
via its zinc fingers.

5. Although the DNA binding activity of bHLH of SHEP-1 is decreased in
the presence of APM-1, the DNA binding of Sp1 sifigris increased on
FASN promoter.

6. APM-1 expression is regulated during differamia of 3T3-L1
preadipocytes and stable APM-1 overexpressionitiasiladipogenesis.

7. Proto-oncogene APM-1 might be utilizing the alli regulatory system of
FASN promoter to provide cellular membrane compomeeded for rapid

cancer growth.
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