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ABSTRACT

The Effect of the ref-1 on the Promoter Activity ofthe GFRa 1
and JAGL.

-Samudra Acharya

Advisor: Prof. Ho Jin You, MD, Ph.D.
Department of Bio-Material Engineering
Graduate School of Chosun University

(1) Ref-1 Induced GFRal Promoter Activity in Human fibroblast
cell line GM00637.

The overall goal of the research in this thesis twagain the data that will eventually help
in elucidating the Human apurinic/apyrimidinic (A@)donuclease, APE 1/ref-1, induced Glial
cell line derived neurotrophic factor family recepialphal; GFR1 expression in Human
fibroblast Cell Line GM00637. The mechanisms by akhDNA binding of transcription
factors NFkB of GFRul promoter regulates the significant induction widtional GFR1 in
APE1 expressing GM00637 cell line. In addition to ®i¢pair activity, APE 1 is also capable
of regulating the DNA binding activity of many treaription factors in vitro by a redox
mechanism (ref-1). Here an active NB-binding site was identified in the GER putaive

promoter region. By using EMSA super shift assayth WiF«B-p50 was identified as APE1



interacting protein followed by a nuclear transtama of p50 NF«B subunits binding to NF-
kB site of GFR1 promoter. Further functional reporter assays gnchéans of in-vivo CHIP

indicated that this NikB binding DNA elements associated with GARpromoter. Further
more, mutation of this site significantly reducece thromoter activity. Therefore APE1l
induced human GRR is controlled by NReB binding motifs, thereby providing a novel
mechanism by which APE1 up-regulates GERunctions via transcription factors of NiB

binding sites of GFRL promoter. Taken together, this thesis demonsteategvel Promoter
analysis of GFR1 in associated with APE1/ref-1. The studies alshicate that the precise

mechanism of APE1/ref-1 mediated GHERnduction as well as GFR promoter analysis.

(1) Ref-1 Induced JAG1 Promoter Activity in Human fibroblast
cell line GM00637.

The Jagged 1 protein encoded by JAG1 is the humamlog of the Drosophila jagged
protein. Human jagged 1 is the ligand for the remepbtch 1 which is a human homolog of
the Drosophila jagged receptor notch. This workorep that, ref-1 induced JAGLl gene
expression activity requires EGR-1 DNA binding sitetivation. The EGR-1 DNA binding
sites of JAG1 promoter is capable of regulating ttaescription of the ref-1 induced human
JAG1 gene promoter. To assess the transcripti@wallation of JAG1 gene, the 5'-flanking
region with [-98 to -1473] base pairs of the huni&@1 gene was cloned. By measuring the
promoter activity using dozens of serial deletediftmase constructs, the highest JAG1
transcriptional activity was found at the regioonfr-850 to -382 upstream of ATG from JAG1
gene and the region is associated with three EGRIA Binding sites and one is functional. In
particular, it was demonstrated by chromatin immuacipitation and EMSA that EGR-1
assembles on the JAG1 promoter and, by site direstethgenesis experiments, that it
significantly reduces its transcriptional effecisazting through the 468 bp minimal promoter.
Taken together, this data add to the body of edida@mplying that EGR-1 binding site may

fulfill a generic role at the promoters of JAG1 in respoonset-1 in GM00637 cells.



Introduction

1.0. Introduction

Gene regulation has been recognized as an impditendf research due to its crucial
biological significance. One of the essential reguia regions of the gene is its promoter
region. Recognition and annotation of promoter negjibesides other regulatory regions in the
genomes remains a fundamental task even todayisThecause the genomic data continue to
stay largely unannotated, particularly the reguiategions. One reason that can be attributed
to this problem is that promoter recognition anda@ation is an extremely challenging

problem in part due to the complexity of the data involved.

1.1. BIOLOGICAL BACKGROUND

An eukaryotic organism contains the completeogenin the nuclei of most of the cells.
The genome is the complete set of genetic infoonainherited from the parents and
comprises al the genes. The genome is physicalgepten the form of a polymer called DNA
(deoxyribosenucleic acid). The basic unit of DNAaisnucleotide which comprises sugar-
phosphate backbone and one of the four bases adéhjn cytosine (C), guanine (G) and
thymine (T). The genetic instructions encoded inogeic sequences are very less understood.
The human genome, for example, is extraordinarily mer The protein-coding bases of its
30,000 genes span only less than 2% of the entiéié base pairs long genomic sequence
(IHGSC). Of the rest noncoding segment of the gemamother small part contains regulatory

regions controlling the expression of these genes.

1.2. Regulation of Gene expression and Promoter

Genes in DNA act as a blueprint for the productd®RNA and proteins (another polymer)
inside the cells. Proteins play an essential roleeitular functions. A vast majority of genes
are known to produce proteins as their end prodddts process of synthesizing proteins in
cells is known as gene expression. Gene expressiaives transfer of sequential genetic

information from DNA to proteins and broadly involves doling stages (Fig. 1.A.).

i) transcription, where a gene's DNA sequence isstidbed into a single stranded sequence of



primary transcript or pre-mRNA.

i) capping, where primary transcript is capped lo& %' end, which stabilizes the transcript by

protecting it from degradation enzymes.
ii) poly-adenylation, where a part of 3' end of {@mary transcript is replaced by a poly-A

tail for providing stability.

iv) splicing, where introns are removed from thematy transcript to form messenger RNA

(MRNA).

v) mRNA is transported from nucleus to cytoplasm.
vi) translation, where a ribosome produces a protein by tisenqmiRNA template.
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Fig. 1.A. Stages of gene expression in

cell.

Gene expression is a strictly regulated processlls. The regulation of gene expression is

important as it determines where (cell-type), wha@evélopmental stage), how, and in what
guantities various proteins are produced in celtgs Tecides how cells develop, differentiate
and respond to external stimuli. Gene regulatiocuc at various stages of gene expression

from transcription to translation (stages shown vapo though transcription is generally



believed to be the most important stage. The trgigur stage of gene expression involves
regulatory DNA regions known as promoters. Everyegdas at least one promoter that
mediates and controls its transcription initiatidinis control mechanism occurs through a
complex interaction between various TFs that gieiched to their specific TFBSs present in
the gene's promoter region. A promoter is usualfindd as a non-coding region of DNA that
covers the TSS or the 5' end of the gene. Bulk ainpter region typically lies upstream of the
TSS. The promoter region in Eukaryotes is usuailiifcdlt to characterize because of high
variability. For example, promoters may vary fromeavfhundred bases in some genes to
several kilo bases in the others. A promoter may be typidalhgified as,
i) Core promoter

-usually lies up to 30 bp upstream with respect to the TSS

- contains the TSS

- contains binding site for RNA polymerase

- contains general binding sites (i.e. binding sites conyrfonind in many promoter types)

- example of a binding site in this region is TATA-box
i) Proximal promoter

-usually lies between 200 bp to 300 bp upstream with regpéoe TSS

-contains specific binding sites that control tempordl satial expression of a gene

- example of a binding site in this region is CAAT-box
iii) Distal promoter

-lies upstream of the proximal promoters, may be locatagstirals of bases away
from the TSS

- contains specific binding sites that control temporalspatial expression of a
Gene.

Aside a promoter, there are some additional e¢gryt regions on the DNA that work
cohesively with the promoter in regulating a geh#éa transcription stage. These regions are
usually located thousands of bases upstream or stowam of the TSS and regulate the rate of
transcription of the associated gene. Alike promsmtthe regulation here also occurs through
specific regulatory TFBSs present in these regidisamples of such regions include
enhancers, silencers and boundary elements; enkainceease the gene's transcription rate

while silencers decrease it. Promoter regions daszspersed with characteristic short TFBSs



patterns (~6-20 bp in length) that provide funciilily to these regions. These patterns are
usually conserved across species and are degenerature. As TFBS motifs are short they
tend to occur frequently anywhere in the genome,dvew only those that are present in the
regulatory regions of the genome may be functignafitive. TFBSs show large variations
across promoters of a species; some promoters &y articular TFBSs that others do not
have. Between promoters, TFBSs do not intrinsicallyehany bias towards a particular

location or orientation (Werner 1999).

However for a particular class of promoters sadbias may be observed (Wasserman and
Fickett 1998). Adding to the complexity, the natufdumction of a TFBS may depend on its
context/location within the promoter. For examplée tfactor APl suppresses gene
transcription when it binds to its binding site time distal promoter, while it supports the
transcription when it binds to its binding site time core promoter (Werner 1999). Such
contextual behavior of a TFBS may be dictated loyofis such as, tissue specificity, and cell-
cycle & developmental stage. Overall, there are laayéations in TFBS distributions across
promoters and their associated functions. An exsparadigm is that within a promoter,
TFBSs uniquely combine to form a module that imgparspecific functionality to the promoter.
A typical functional module organization is shownHig. 1.1. The module is characterized by
its features, such as specific order of TFBSs, thdagntation, their location, and mutual
distance between them. The module functions asghesgohesive unit and may not work if
any of the module elements is absent or if anysofeiatures gets disturbed. A module may be
more specific on the DNA compared to a single TFB8e to this, modules are sometimes

preferred over single TFBSs for modeling promoters.

Promoter module Promoter module
| - 3 =) 1
i ?” [ I S
TF oinding sies TF binding sites TATA box [P DSE(s}
Distal promoter Proximal promoter Core promoier
{200 - 300 Bp)

Fig. 1.1. A typical promoter structure showing modlar organization of TFBSs. Taken from
Werner 2003.



1.3.1. GFRu1

The GFR-alpha Nomenclature Committee (1997) pgsed names and symbols for the
GPI-linked receptors for the GDNF ligand family§L-GDNF and neurturin play key roles in
the control of vertebrate neuron survival and défgiation (6). Both signal via a
multicomponent receptor system formed by a glycgslybsphatidylinositol (GPI)-linked
ligand binding subunit (the ‘alpha’ component) dme receptor tyrosine kinase RET as a
signaling (i.e., beta) subunit ((Jirey al1996; Nosragt al., 1997; Treanoet al., 1996). The
glial cell line-derived neurotrophic factor (GDNf@mily ligands GDNF, neurturin (NRTN),
artemin (ARTN), and persephjRSPN) are structurally related neurotrophic factbat signal
through a multicomponent receptor composed of taestnembraneceptor tyrosine kinase
RET and high affinity glycosylphosphatidylinosi{@PI)-anchored proteins, the GDNF family
rx receptors 1-4 (7).

Paratchat al. (2001) showed that GFR is released by neuronal cells, Schwann cells, and
injured sciatic nerve. RET stimulation in trans lmuble or immobilized GFRL potentiates
downstream signaling, neurite outgrowth, and neursualival, and elicits dramatic localized
expansions of axons and growth cones. Solubled®FRediates robust recruitment of RET to
lipid rafts via a mechanism requiring the RET tymeskinase. Activated RET associates with

different adaptor proteins inside and outside lipid rafts.

Detail information about the difference betwe®o variant with all the exon-intron

information based on Ensemble database are summaribecdein

Fig. 1-3. Detail diagrammatic structure of the genona configuration of exon-intron of the
GFR a1 gene.



1.3.2.Ref-1 Induced GFRul Promoter Activity in Human
Fibroblast cell line GM00637.

Human GFR1 expression is induced by ref-1 in human fibrabtadl line GM00637. To
determine whether ref-1 mediated GHRprotein accumulation was associated with an
increase in GFRL specific MRNA expression, total RNA from ref-1 esgsing GM00637
cells were isolated and examined by RT-PCR (21i8hnique. As shown in fig. I-1A,
GFRol mRNA was increased in ref-1 expressed GM00637 .c8lisiilarly to investigate
whether ref-1 induced GFR expression in human fibroblast cell line GM0O06BIg, effect of
ref-1 on GFR1 protein level was determined by western blotgisinti GFR1 antibody. As
shown in fig. 1-1B, over expression of ref-1 in GMBT significantly enhanced GER
protein levels. These results confirmed that hu@&Ral expression is induced by ref-1 at a

transcriptional level in GM00637 cells.

To further understand the control of ref-1 ingdldGFR1 gene transcription, dozens of
serial deleted reporter constructs of 5’-flankiegion of the GFR1 gene had cloned, mapped
its transcriptional regulatory factor as MB by EMSA and CHIP, characterized the
regulatory activities in transcription of its difést sub segments and demonstrateckRRas a
critical transactivator interacting with the cogmeis-element in the promoter region of GER
gene activation. To determine if ref-1 activateg tuman GFRL promoter, a GF&l
promoter-driven luciferase reporter vector (-2291/-73 wansiently transfected into GM00637
cells with its ref-1 expresssing cells and cultuatteast 48 hr after transfection. Ref-1 induced
GFRol promoter activity in an over expressed cells waseoled up to ~20-fold (Fig. 1-4B)
than that of control cell line, documenting a sigmiht transcriptional response of the GER
promoter. The precise mechanisms for their actiwaitn human fibroblast cells were intended

to be analyzed in this present study.

A computer based analysis [Genomatix-Matinspgqt23-30) of the GFR1 promoter
sequence (NCBI accession no. AC005872) revealedagwatative binding sites for NkB
transcription factors. These elements are locatédess -575 bp and -66 bp upstream of the
translation start site in the GERgene. There are three NiB- DNA binding domains [Nk<B



BS #l lies -349, NReB BS #ll lies -300 and NkB BS #llIl lies -155 from ATG(+1)
respectively] in reporter construct of ~0.59 kbp, boly NF«B BS #l which is required for
the DNA binding activity. In this work, EMSA supeiih(17) and CHIP (18,19) as in-vitro
and in vivo with site directed mutagenesis (20)vetsh GFRi1 gene promoter contains an

active NF«B binding site which play a important role to ref-1 induG#Ral gene activation.

The transcription factor NkB is implicated in the regulation of many gened twe for
mediators of the immune, acute phase and inflammpagsponsesl (8,9). NéB is composed
of homo- and heterodimeric complexes of memberhefRel (NkB) family. There are five
subunits of the NEB family in mammals: p50, p65 (RelA), c-Rel, p52 andlBR(11,12).
These proteins share a conserved 300 amino adigiseg| in the N-terminal region, known as
the Rel homology domain, that mediates DNA bindipgotein dimerization and nuclear
localization. This domain is also a target of i inhibitors, which includexBa, I«B, IkBy,
Bcl-3, p105 and p1004. Various dimer combinationthefNFB subunits have distinct DNA
binding specificities and may serve to activate cjme sets of genes such as adhesion
molecules, immunoreceptors and cytokines (13-16).pB%p65 (NkB1/RelA) heterodimers
and the p50 homodimers are the most common dinmensdfin NKkB signaling pathway
(11,12).

In order to determine which site(s) is respdesibr this activation, we performed EMSA
using double stranded oligonucleotide probes coimgieach NF- kB binding site from the —
575/-66 region of the GRE promoter. As shown in fig. I-6A, the intensity of DN#otein
complexes generated by the —300 and -155 probeqinorg the NF<B binding sites at the —
300 and -155 position, respectively, did not changkowing ref-1 induced effect in
comparison with non-treated parental nuclear etdradowever, the intensity of one band
generated by the —349 probe containing thexBMsinding site at the —349 position of the
GFRul promoter was significantly higher in ref-1 exprebgeiclear extracts as compared with

parental nuclear extracts (Fig. 1-6B).

To further characterize this increased DNA-pgrotsomplex from ref-1 expressed nuclear

extracts, an unlabeled N&B consensus probe were used as competitors in E(@$R3). As



shown in fig. 1-6 Bl and BIl (lane 4), unlabeled sensus probe completely competed the
increased DNA-protein complex. In contrast, the -3#®be had significant effect on
nucleoprotein complex formation fig. 1-6 Bl and Klane 3). These results indicate that the
NF«B binding site at the —349 position of the GARpromoter confers the ref-1 mediated
differential transcription factor binding. Superskkperiments with anti-p50 antibody resulted
in a retarded mobility of the complex (indicatedregl arrow), demonstrating the presence of
p50, a subunit of NikB in the nucleoprotein complex [Fig. I-6 Bl and Elane 5)]. But the
incubation with the NReB family subunits such as p52 (Fig.l-6C Il laneaéd p65 ((Fig.I-6C

Il lane 4) had not any role to make supershift clempSimilarly it was not found any role to
make nucleoprotein complex with antisera of c-Rel RelB (Data are not shown). This data
suggested that ref-1 stimulated the binding of {ubthe GFR1 specific —349 position NEB
probes while p52, Rel-B and c-Rel had not any effedhe NFxB consensus sequences as
well as GFR1 specific probes..

Taken together these data indicate that thd tiatreases binding of NkB to the —349
NF-«B binding site in the GHrL promoter. To further clarify the role of the —3M%&-«B
binding site of the GF&lL promoter, NF«B DNA elements of the promoter-reporter construct
(NF«B SMT-575/-66) were mutagenized in each site seplgréFig. 1-7). These constructs
were transiently transfected into ref-1 express&AD@37 cells and 48 hour after transfection
luciferase activities were measured. Mutation ir@-B#-«B DNA binding element containing
luciferase reporter construct NdB SMT-575/-66 significantly reduced response tclreds
well as basal GHrL promoter activity but not by other two -300 and 518F«B DNA
binding site confirming as previously shown thastfiNF«B site at -349 is important for the

ref-1 induced GFR1 promoter activity.

To determine cellular NkB binding to the GFRL promoter region, the ChIP assay was
carried out using an antibody against "REP50 and P65 (66-70). As demonstrated, there were
at least one functionally active NdB binding site located at the regions -349 in tHeR@L
promoter region -575/-66 that displayed the maxipralmoter activity (Fig. 1-5B). Thus, this
active NF«xB BS #l was tested for their cellular protein bimgliby using specific primer pairs

as tabulated in table I-4. Specificity of the expent was evaluated by comparison to that of
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Anti-Acetyl-Histone H3 binding to the GADPH promotainder the same conditions.
According to the designed primer pairs, we antiggahat GFR1 promoter fragments —575/-
66 which contain active NkB BS#l, would result following immunoprecipitationittv the
NF«B-p50 antibody and amplification by PCR. Indeed, gehlysis of PCR products
confirmed our expectation. Approximately, ~150-200paDNA bands were observed on gels
as the PCR amplified using primer pairs that enassiNF<B BS #l, (Fig. [-9A). In contrast,
no signal was detected in control experiments withonspecific antibody . These results
suggest that the assay conditions were appropsiadecan be used to measure the relative
levels of NFxB BS #l binding to the GHsL gene in response to ref-1 stimuli. There was no
significant difference in the yields of PCR produ@mong groups using “input” (before

immunoprecipitation) and DNA as a template (Fig.I-9).

1.4.1. JAGGED1

Jaggedligand for the Notch cell surface receptor, hasmpartant role in blood vessel
development (34). Signal activation leads to clgavaf the intracellular part of the Notch
receptor from the membrane which translocates &orthicleus and activates transcription
factors (35). JAGGED1 is a member of the Delta/Sefirag-2 (DSL) family of proteins that
are cell-bound ligands for Notch receptors. Initiatif Notch signaling occurs through a series
of proteolytic eventapon the binding of Notch to a DSL protein presérie neighboringells
(36). Whether DSL proteins themselves are capablenitiiting an intrinsic signaling
mechanism within the cell they are expressedot known. Aberrant misexpression of
JAGGED1 and DELTAl hakeen documented in several human tumors; however, th
mechanisnby which misexpression of JAGGED1 contributes t@omenesis hasot been
elucidated (37,38).

Notch proteins are a family of closely relatethtEmembrane receptors demonstrated to be
instrumental in cell fate decisions. Notch ligandslta’ and 'Jagged’ (Lindsedt al., 1995)
were identified in Drosophila and rat, respectivédda et al. (1997) isolated the human
homolog of the rat Jagged gene (symbolized JAGL1hkyn) from a CpG island in a YAC
clone covering the Alagille syndrome (ALGS; 11845%6fiJical region on 20p12. This region
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had been previously defined as flanked by SNAP 32aD distally and D20S186 proximally.
The 5,942-bp cDNA possesses 3 alternative polyad#gorl sites. Northern blot analysis of
RNA from adult tissues indicated that JAGL1 is vijdexpressed in many tissues. The most

abundant expression was observed in ovary, prostate, panplacenta, and heart.

Bell et al. (2001) determined that JAG1 was one of severalstrdpts upregulated by
umbilical vein endothelial cells during capillaryorphogenesis in 3-dimensional collagen
matrices.Liet al. (2006) found that JAG1 activated Notch signalingédts and enhanced the
differentiation of mesenchymal stem cells into cardiomgex

1.4.2. Ref-1 Induced JAG1 Promoter Activity in Human
fibroblast cell line GM00637

Human JAG1 expression is induced by ref-1 in &urfibroblast cell line GM00637. To
determine whether ref-1 mediated JAG1 protein acdation was associated with an increase
in JAG1 specific mMRNA expression, total RNA fronf-te over-expressed GM00637 cells
were isolated and examined by RT-PCR (21-23) methsdghown in fig. 1I-1A, JAGINRNA
was increased in ref-1 expressed GM00637 cells. &iyilo investigate whether ref-1 induces
JAG1 expression in human fibroblast cell line GMBD6Gthe effect of ref-1 on JAG1 protein
level was determined. As shown in fig. 1lI-1B, overpeession of ref-1 in GM00637
significantly enhanced JAGL1 protein levels. These resahéirm that human JAG1 expression

is induced by ref-1 at a transcriptional level in GM0063I&ce

In this study, we found that refattivates the human JAG1 promofEo determine if ref-1
activates the human JAG1 promoter, a JA®BImoter-driven luciferase reporter vector (-850/-
382) was transiently transfected into GM00637 dsdéf-1 over expressed stable transfectant
cultured at least 48 hr after transfection. Refiduced JAGIpromoter activity in an over
expressed cells was observed up to ~40-fold (FigiB), documenting a significant
transcriptional response of the JA@bmoter. The precise mechanisms for their activaitn

human fibroblast cell line was tried to be analyzed in tfesent study.
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A computer based analysis Genomatix-Matinspect8;2@30) of the JAGIpromoter
sequence (NCBI accession no. AL035456) revealee thireding sites for EGR-1 transcription
factors. These elements were located between -85Carap -382 bp upstream of the
transcription start site in the JA@ene. The resulisf the experiment indicate that the human
JAG1 promoter is activated by EGR-1 DNA binding sites.efieh are three EGR-1 DNA
binding sites [EGR-1 BS | -540-556, EGR-1BSII -62286 EGR-1 BSII -778-794] of JAG1
promoter which was initially predicted by GENOMATIX Masjmector software.

Egr-1 is involved in the regulation of cell gfetation in response to extracellular signal
such as mitogens and growth factors, as well asatwe stress (97,98). Studies of gene
expression in human tumour cells and tissues stujgrl's function as a tumour suppressor
(99,100). The regulatory functions of the differerREAL activities could be implemented via
three different mechanisms: (a) APE1's relocalizatrom the cytoplasm to the nucleus; (b)
increase in APELl's level after transcriptional \&dton (86,90,96; and (c) APEl's post-
translational modifications (such as acetylation and pharylation).

In order to determine which site(s) is respdesfbr this activation, we performed EMSA
using double stranded oligonucleotide probes coimgieach EGR-1 specific DNA binding
site from the -540/-556, -622/-638 and 778/-794aegif the JAGIpromoter. As shown in Fig.
[I-6A, the intensity of DNA-protein complexes genteh by the -622/-638 probe, containing
the EGR-1 DNA binding site #ll of JAG1 promoter wsignificantly higher in ref-1 over-
expressed cells than compared with nuclear extadgiarental cell line GM00637/GM00637-
pcDNA3.1. To further characterize this increased Ddétein complex from ref-1 over
expressed nuclear extracts, an unlabeled doubledstiaprobglan EGR-1consensus probe
(sequence: GGATCQAGCGGGGGLCGAGCGGGGGCGA)] (39) wesed as competitors in
EMSA. As shown in fig. 1I-6B (lane 4), unlabeled peocompletely competed the increased

DNA-protein complex. In contrast, the EGR-1 Antibdud effect on nucleoprotein complex
formation (Fig. 11-6A).

These results indicate that the EGR-1 DNA bigdsite at the -622/-638 position of the

JAG1 promoter confers the ref-1 mediated diffesdrttianscription factor binding. Supershift
experiments with EGR-1 antibody resulted in a detdrmobility of the complex (indicated by
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red arrow), demonstrating the presence of EGR-1 nudeaprcomplex (Fig. II-6C).

Taken together these data indicate that EGRxEases ref-1 induced JAG1 expression via
EGR-1 binding -622/-638 site in the JA@domoter. To clarify the role of the -622/-638 EGR-
1 binding site of the JAGpromoter, a mutant JAG1 promoter-reporter constr860-382
containing a mutation (ctt gga agg ggt @ag €gg gat gct cag ggc) in the EGR-1 BS #ll
was generated (Fig. 1lI-7). This construct was tem$y transfected into ref-1 expressing
GMO00637 cells, and the transfected cells were usedheasurement of lucifearse activity. In
addition, the mutation of EGR-1 BS#Il binding siigrsficantly reduced the ref-1 induced
JAG1promoter activity confirming as previously shown thaeast one EGR-1 sites of -622 is
important for the ref-1 induced JAGtomoter activity.

To determine cellular EGR-1 binding to the JAG1moter region, the ChIP assay was
carried out using an EGR-1 antibody agagedtsupershift and ChIP applications, sc-20689 X,
Santa Cruz Biotechnology, In(66-70). As demonstrated, there was at least ongifunally
active EGR-1 binding site located at the regior#Z2/538 in the JAG1 promoter region -850/-
382 that displayed the maximal promoter activitig(H-5B). Thus, this active EGR-1 BS #ll
was tested for their cellular protein binding byngsspecific primer pairs as tabulated in table
lI-4. Specificity of the experiment was evaluateddoeynparison to that of Anti-Acetyl-Histone
H3 binding to the GADPH promoter under the sameditmms. According to the designed
primer pairs, we anticipated that JAGlpromoter fragts —850/-382 which contain active
EGR-1 BS #ll binding site, would result following munoprecipitation with the EGR-1
antibody and amplification by PCR. Indeed, gel analys PCR products confirmed our
expectation. Approximately, ~150-200 a bp DNA bamdse observed on gels as the PCR
amplified using primer pairs that encompass EGRS1#B, (Fig. 1I-9A). In contrast, no signal
was detected in control experiments with a nongigeamtibody. These results suggest that the
assay conditions were appropriate and can be osegasure the relative levels of EGR-1 BS
#11 binding to the JAGL1 gene in response to refediated induction. There was no significant
difference in the vyields of PCR products among psouusing “input” (before
immunoprecipitation) and DNA as a template (Figd)ll-These results indicate that the EGR-1
binding site at the -622/-638 position is critical foktemediated JAG1 promoter activation.
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1.5. APE (ref-1)

Apurinic/Apyrimidinic (AP) endonuclease RE) is a multifunctionaprotein
involved in the maintenance of genomic integrity antthe regulation of gene expression (40).
After the initial discoveryn Escherichia coli, APE was purified from calf thysnDNAand
extensively characterized as an endonuclease kbatesthe backbone of double-stranded
DNA containing AP sites. APE homologues were subsety identified and characterized
many organisms, including yeast as APN1 , mice asxAged humans as HAP1 (41). In
addition to its major 5'-endonucleassgivity, APE also expresses minor 3'-phosphodiasegr
3'-phosphatasegnd 3' —5'-exonuclease activities, the biological significaof which is
controversial. Independent of its discoveay a DNA repair protein, APE was also
characterized as ref-flgr redox factor-1, a redox activator of cellulaartscriptionfactors.
Although the molecular detail of AREdox activity is still unclear, the discovery oPE as
regulator of transcriptional activity may undersedhe importancef its involvement in

cellular stress-response pathways (40,41).

The APE1/Ref-1 protein plays a central role he tighly regulated process of cellular
response to oxidative stress (86-87). Its activaisopart of a complex network of cellular
events that determines the final outcome, namelygceWth arrest, death or survival of cells
exposed to oxidative stress (86,88 ,91). In additmmvell-characterized toxic effects, mild
oxidative stress activates survival/proliferativgnalling (92). Thus, tight temporal control
and the extent of APE1 activation in response tdaiike stress could modulate cell growth
and survival. APE1 is a ubiquitous multifunctionbtein possessing both DNA repair and
transcriptional regulatory activities. APE1 enhand&s\ binding of a number of transcription
factors including p53, Egr-1 and NiB (86,87, 93-96) by acting as a transcriptional co-

activator.

The DNA base excision repair (BER) pathway is resgae for the repair of cellular
alkylation and oxidative DNA damage. A crucial ame tsecond step in the BER pathway
involves the cleavage of baseless sites in DNA byA® endonuclease. The major AP
endonuclease in mammalian cells is Apel/ref-1. Apé&l/is a multifunctional protein that is

not only responsible for repair of AP sites, bubdlsctions as a reduction-oxidation (redox)
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factor maintaining transcription factors in an aetreduced state. Apel/ref-1 has been shown
to stimulate the DNA binding activity of numerousanscription factors that are involved in
cancer promotion and progression such as Fos, JUGBNFAX, HIF-1,HLF) and p53 (40).
APE1/ref-1 has also been implicated in the actwvatdf bioreductive drugs which require
reduction in order to be active and has been showmteract with a subunit of the Ku antigen
to act as a negative regulator of the parathyraidnlone promoter, as well as part of the
HREBP transcription factor complex. Apel/ref-1 levbbve been found to be elevated in a
number of cancers such as ovarian, cervical, prostasddomyosarcomas and germ cell
tumors and correlated with the radiosensitivitcefvical cancers. Hence, incorporation of the
rapidly growing information on APE1l/ref-1 may lednl a wide variety of functions and
systems (41-43).

Multifunctional Activities of the Human AP Endonuclease (Apel/Ref-1)
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Fig.1.4. Multifunctional activities of the human AP endonuclease.Apel/ref-1 is a
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multifunctional protein involved in BER, transcripti factor regulation, and oxidative
signaling. In DNA BER, it functions as an AP enddease. It is also involved in the
activation of transcription factors such as p53, AR4IF-1, and HLF. This activation can be
through redox-dependent and/or redox-independent mischsin
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Fig. 1.5. Schematic diagram of important residuesral putative phosphorylation sites in
Apel/ref-1. CKIl, CKIl, and PKC have been shown to phosphorylapel/ref-1 in vitro,
however, the other phosphorylation sites are puwatihere were no phosphorylation sites
found for CaMll, MLCK, p34cdc2, p70s6k, PKA, or PKG. NL3iclear localization signal,

CKI: casein kinase |, PKC: protein kinase C, CKlIsea kinase Il, GSK3: glycogen synthase

kinase 3, CaMIll: calcium/calmodulin-dependent protinase I, MLCK: myosin-light-chain

kinase, PKA: protein kinase A and PKG: protein kinase G.

Table 1. APE-1/ref-1 enhances DNA binding of transcripbn factors.
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APE1l/ref-1 is a multifunctional protein that gsitical to the survival of animals and,
presumably, humans (44). It impacts on a wide vamétynportant cellular functions. As a
major member of the BER pathway, APE1/ref-1 actsAghsites in DNA, which, if left
unrepaired, can result in a block to DNA replicati@ytotoxicity, mutations, and genetic
instability (45). APE1/ref-1 has also been foundstonulate the transcriptional activity of
numerous transcription factors that have physialgiunctions as diverse as cell cycle
control, apoptosis, angiogenesis, cellular growthutaglldifferentiation, neuronal excitation,
hematopoiesis and development. Consequently, AFEIl/ie a pivotal signaling factor
involved in coordinating the cellular adaptation @owide array of environmental stimuli.
Furthermore, dysfunctional repair/redox activitié\pel/ref-1 may underlie the pathology of
neurodegenerative diseases, including aging. Thug1Aef-1 appears to form a unique link
between the DNA BER pathway, cancer, transcriptiatofaregulation, oxidative signaling,

and cell-cycle control.

APEl/ref-1 is regulated at both the transcrimicand post-translational level, and it may
autoregulate by binding to its own promoter andhitimg transcription (46). Apel/ref-1 is
ubiquitously expressed in cells, however, it exhilsitsomplex and heterogeneous staining
pattern that differs among tissue types and evéwdasm neighboring cells, suggesting that
localization of Apel/ref-1 is highly regulated. Egpsion levels of Apel/ref-1 are inversely
related to apoptosis in many cell types (47-52)sTdharacteristic may prove to be a valuable
marker and predictor of cells undergoing the apptprocess. Altered levels or cellular
location of APE1/ref-1 have also been found in saraacers, including ovarian, cervical,
prostate and germ cell tumors (53-56). Hence, AREL/ expression levels and/or patterns

may serve as a diagnostic aid in cancer screening.

Although it is a great deal about this uniquetgin, many unanswered questions remain,
including fundamental questions concerning the legmun of Apel/ref-1 gene expression to
guestions concerning the role of APE1/ref-1 plays ihgrewth, development and cancer.

The purpose of the present study was to investitpeelationship between APEL to its
GFRol and JAG1 expression. Here is observed directlatioe between the levels of APE1
with GFRul and JAG1 suggesting a functional link. In thislgtvtAPE1-mediated GFR and
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JAG1 activation appears to involve the transcriptfactor NF-kB and Egr-1 respectively.
Collectively, this study has unravelled a novel, @lih indirect, regulatory function of APE1
on GFRi1/JAG1 activation, opening new perspectives in tomgrehension of the many

functions exerted by this multifunctional protein.

b Site-directed mutagenesis of the human DNA repair ennye APE1

Mutagenesis was performed using a PCR-based teshnising site directed mutagenesis
kit from Intron Biotech according to the manufaetts protocol (20). All site specific mutant
DNAs were authenticated by DNA sequencing. (NCBI-BC06314

Primer sets of 65 cysteine to alanine mutations.
Primer F C65A
5'- aaacctgccacactcaad@cttggaatgtggatgggc -3
Primer R C65A
5’-gcccatccacattccad@gatcttgagtgtggcaggttt -3

Primer sets of 93 cysteine to alanine mutations.
Primer F C93A
5'- ggaagaagccccagatat@:ttcaagagaccaaatgttcag -3’
Primer R C93A
5'- ctgaacatttggtctcttga@cagtatatctggggcttcttcc -3

Primer sets of 296 cysteine to alanine mutations.
Primer F C296A
5'- cactctctgttacctgcagacagcaagatccgttccaagg -3’
Primer R C296A
5'- ccttggaacggatcttgct@caatgcaggtaacagagagtg -3
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& AIMS OF THE STUDY

Transcriptional regulation in some of the impatteukaryotic genes have been a subject of
intensive research for decades but only recenttg e started to understand how different
signaling cascades regulate activation or repressidranscription factors, and how various
pathways cross-talk with each other in the guidasfggromoter analysis. The experiments in
the present study have elucidated the functionragdlatory relationships of two important
receptors GFRL and JAGGEDL1 in regards to APE (ref-1) in humardblast cell line
GMO00637.

The overall goal of the research in this thess to gain the data that will eventually help
in elucidating the trasncriptonal regulatory mecében of APE 1 or ref-1 induced
GFRa 1/JAG1 expression in Human fibroblast Cell Line GM00637.

@ Examine the transcriptional activity of the GERand JAG1 luciferase reporter
construct and to function regulation of GERand JAG1 by APE (ref-1) in human
fibroblast GM00637 cells.

@ For further identification, focusing to find out tpessible regulatory DNA elements
which might have role to enhance DNA repair APEhioman fibroblast cell
GMO00637 line with the help of EMSA and CHIP.

@ Besides that, also carry out the primer extensich RACE for finding out the
transcription initiation site of both of the hum&#Rul and JAGGED1 to findout

the typical eukaryotic promoter.
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MATERIALS AND METHODS

(1) Reagents

NF«B p65 (RelA), RelB, c-Rel, p50 and p52 with rabbiGlgnd Anti-acetyl Histone H3
were purchased from Santa Cruz Biotechnology InantsCruz, CA). GF&L and JAG1 as
well as EGR-1 antibodies were also purchased framie&SCruz Biotechnology Inc. (Santa
Cruz, CA). Luciferase assay system with Renilla br@alactosidase Enzyme Assay System
with reporter Lysis Buffer were bought from the Pega Corporation, Madison, WI, USA.
All the EMSA related stuffs were purchased fromr&seBiotechnology. Site Mutagenesis kit
was used from the INTRON Biotech Korea. Upstate d@ibhology’s Chromatin
Immunoprecipitation (ChIP) Assay Kit was used tesive in-vivo DNA configuration. All
the oligos were synthesized from the Bioneer angm&tAldrich, Korea. Sequencing

authenticity was approved from the bioneer and cosmodeftecul, Korea.

(2) Maintenance of Cell Lines

Human Fibroblast GM00637 and it's stable trastefi derivatives GM00637-pcDNA3.1
and GM00637-APE cells were grown in a humidifiech@sphereontaining 5% C@at 37C
in EMEM supplemented with 50 units/ml penicills0 mg/ml streptomycin and 10% (vol/vol)
FBS.

(3) Genomic DNA Extraction

High quality RNA-free genomic DNA was prepargdni APE over expressed human
fibroblast GM00637 by using DNAZOL (Invitrogen life teaiagies). In brief, Cells grown in
monolayer were lysed directly in a culture dishaiolgling 0.75 - 1.0 ml of DNAzol per 10 ém
culture plate area followed by inversion or repdgietting. Following centrifugation, the
resulting viscous supernatant was transferredftesh tube. DNA was precipitated from the
lysate/homogenate by the addition of 0.5 ml of 1G@k&nol per 1 ml of DNAzol used for the
isolation .Then DNA precipitate was washed by twice with 0.8.0 ml of 75% ethanol.
Finally DNA was dissolved (without drying) in 8 mMaOH by slowly passing the pellet
through a pipette.
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(4) Cloning and DNA sequence Analysis
Genomic DNA of APE expressing GM00637 cells waraplified by PCR using the
GFRol and JAG1 oligo Primer using following sets (Tabie and II-1) of upstream and

downstream sites of different regions.

PCR was carried out under the followitmnditions: initial denaturation for 3 min at’@4
followed by 32 cycles of denaturation at°@for 30 s, annealingt 58C for 30s, and
extension at 7Z for 1 min.; followedby a single final cycle extension at°@2for 10 min.
Theresulting PCR products were then purified by Gelr&otion kit of iINtRON Bio-Tech,
Korea. Then PCR amplified fragments were cloned anb-Easy vector (3,015 bp, pGEM-T
Easy vector) from Promega Corp. which has blue/wdgtection, also T overhangs for easy of
cloning PCR fragments. Transformation of recombiraasmid into competent cell OE.
coli and plating of cell on agar medium with 1000x Anilpic plus x-gal and IPTG. White
colonies growth on ampicilin agar plate inoculatedo liquid LB Broth medium with
Ampicilin were grown over night at 3C and miniprep DNA prepared from each of these
cultures. After DNA extraction, sequence is confirmieganalyzing for comparison to
mother sequences at the GenBank database with the N&&IFearch analysis.

Then Miniprep DNA digested with either Xhol adohdlll (NEB lab) or Kpnl and Xhol
endonuclease since there is a Kpnl, Xhol and Hisdd on each side of the cloning site so
that a fragment of the required size was obtaindiis Tecombinant plasmid having correct
size inserts were ligated into PGL3 basic Vector (Promegap.USA).

In the same manner a part of the coding redglmredox and full length size of Homo
sapiens APEX nuclease (multifunctional repair ergymas amplified by PCR with primers
of redox— sense - ggt acc atg ccg aag cgt ggg aaa aa asdresdti ctc gag tga aca ttt ggt ctc
ttg aag gca c and full lengthsense ggt acc atg ccg aag cgt ggg aaa aa andchaatistc gag
tca cag tgc tag gta tag ggt gat agg . Similarlybave, in this case also PCR product were first
ligated into T-easy Vector (Promega,USA) and tbisert size inserts were ligated into
pcDNAS3.1Vector (neo) (Promega Incorp.USA).
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(5) Site-Directed Mutagenesis

Mutations to NReB bidning sites of GF&L promoter and EGR-1 DNA binding sites of
JAG1 promoter were introduced using the in viogerlap extension method of PCR
mutagenesis (20,81) using kit provided by INTROMtéch, Korea. PCR primers with
mutations (Tablel-3 and 11-3) were synthesized hy Bioneer and Sigma —Aldrich, Korea.
PCR amplification was performed using an eppendardstercycler with reaction mixture
recommended by user’s guide. The mutated clones inéially screened for the presence of
an introduced restriction site, and the entirerfragt was sequenced to confirm the integrity of

each mutant (Bioneer, Korea.).

(6) Transfection

Transient transfections were performed using th@eENE 6 transfectioreagent (Roche,
Indianapolis, Ind.) as specified by the manufact{s&).In brief, FUGENEG6 was diluted with
serum-free medium (without antibiotics and fungésiin 3:1 ratio of media and FUGENEG6
reagent. Then followed by manufacturer’s protocoNADwas added to dilute FUGENEG
reagent and incubated the mixed complex for a mininef 15 minutes of room temperature.
The complex containing reporter plasmid DNA waseatith cells and returned the cells to the
incubator until the assay for gene expression vea®pned. In some cases the Lipofectamine
2000 transfectionreagent from INVITROGEN was also used as specifigd the

manufacturer (24).

(7) Luciferase Activity Measurement

Human fibroblast Cell Line GM00637 and its stalAPE over expressed cells were
transiently transfected with the indicated conggu&00ng total) using FUGENE 6 (Roche
Applied Science).

35 ng of pRL-CMV (Promega, Madison, WI), which encodegailR luciferase gene was
systematically added to the transfection mixtureatsess transfection efficiency. When
required, controls were carried out by replacingsttts with corresponding empty vectors.
After 48 hr treatmentransfected cells were washed once with the phosithdferedsaline
(PBS) and lysed in a 1x lysis buffer (5x PLBR, Pega)with gentle shaking at room

temperature for 20 min.The 2 ul of cell lysate otleavells were transferred to a fresh
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sterilized e-tubeand the dual luciferase activity in cell extractaswdeterminedccording to
the manufacturer's protocol (Promega). Briefhch well mixture contained 5 ul of the cell
lysatesand 10 pl of a firefly luciferase-measuring buff€AR Il R, Promega). The firefly
luciferase activity was measurbg a luminometer (the luminometer was programmed to
performa 2-s premeasurement delay, followed by a 4-s meamsunt periodor each reporter).
After measuring the firefly luciferasectivity (Stop & GIoR, Promega), a Renilla lucifezas
measuringpuffer was added, and the Renilla luciferase agtiwiere themimeasured (25). Each
transfection was performed in triplicate, atldwere repeated at least three times. .Promoter
activities were expressetb relative light units normalized for the prot@&ontent ineach
extract. The luciferase activity of each well wampared with that of the promoter less pGL3
basic vector (Promega).

The observed luciferase activigported in each figure is expressed as the pexgerf the
activity obtained with the most active constructdign eacliigure. The DNAs and cell lines

transfected are as indicaiedndividual experiments.

(8) Total RNA Isolation

RNA was isolated from GM00637 and GM00637-APE tiefls using th&Rlzol reagent
(Gibco BRL, Gaithersburg, MD), according to thmanufacturer’s protocol. Brieflyf ml
TRIzol was added for each 100mm plate cells ani$ eetrelysed 10-15 minutes at room
temperature, untthe solution was homogenized. Lysate was extraci#d ahloroformand
precipitated with isopropanol. RNA was pelleted, legb in ethanol, and resuspended
DEPC-treated water. The concentration and purityRMA was determined based on

0.D »60280measurements.

(9) Transient Transfection of APE

Transient transfections were performed using ltigofectamine 2000" transfection
reagent from INVITROGEN as specified by the mantufear (24).In brief, Lipofectamine
2000™ was diluted with serum-free medium (without antibiotiosl fungicides) and was used
in 1:3 ratios of plasmid DNA and Lipofectamine 20080reagent. Then followed by
manufacturer’s protocol, APE full containing pcDNAJithsmid construct in dose dependent

manner as well as site mutagenesis constructs adafed to diluted Lipofectamine 2080
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reagent and incubated the mixed complex for a mininef 20 minutes of room temperature.
The complex containing expression plasmid DNA wdded to above mentioned cells and
media was substituted after 3 hrs. The cells are theubated to the incubator until the 48

hour of incubation..

The samples of transfection and optimization fransfection control while using
Lipofectamine was developed as cell type specificour laboratory. The lipofectamine
complex was removed after 3-4 hrs of transfectisnm@ntioned above. RNA was extracted

after 48 hrs of transfection.

(10) Reverse Transcription (RT)-PCR

TotalRNA was extracted from cells after transfectiolPABE using RNeasy Mini Kit from
QUIAGEN according to the manufacturertsstructions. The first-strand cDNAs were
synthesized usingligo (dT)by M-MLV reverse transcriptase (Invitrogen). Equal aliqudts o
the cDNAproducts were subjected to 18-24 cycles of PCR BG##PDH primer sets. PCRs
were run with Top Tag DNA Polymerase of NOVAGEN witO pmol of each primer, and 0.2
mM eachdNTP in a final volume of 20 pl. The PCR productgetien electrophoresed on

1.3% agarose gel.

(11) Western Blotting

The cells were washed with phosphate-buffered sal*BS) and lysed on ice for 10
minutes in the M-PER mammalian protein Extractieragent (PIERCE) added with protease
Inhibitor Cocktail tablet (Roch). After incubationxteacts were vortexed for 5min and
centrifuged at 13000rpm for 15min. The supernataad diluted with 5X SDS-sample buffer
and boiled. After cellular protein concentrationsrevaletermined using the dye-binding
microassay (Bio-Rad, Hercules, CA), and 20ug of pmoper lane were separated by 10%
SDS-polyacrylamide gel electrophoresis (SDS-PAGH)er SDS-PAGE, the proteins were
transferred onto Hybon ECL membranes (58-60) (AmerdBiasciences, Piscataway, NJ).

After electro blotting, the membranes were blackg 5% skim-milk in Tris buffer saline
containing 0.05% Tween-20(TBST, 10 mM Tris-HCI, pH,7150 mM NacCl, 0.1 % Tween-

20) at room temperature for 2 hours. The membrane® winsed with TBST and then
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incubated with appropriate primary antibodies inSTBat 4C overnight. All antibodies used

in this study are polyclonal antibody against hun@fRel and JAG1 was obtained from
Santa Cruz Biotech. We followed manufacturer's geot for dilution of all primary
antibodies. The membranes were then washed, incubdthdthe biotinylated secondary
antibodies (1:4,000) in a blocking buffer for 2 heat room temperature, and washed again.
The blotted proteins were developed using an emthobemiluminescence detection system
(iNtRON, Biotech, Seoul, Korea).

(12) Primer Extension

To find out GFR1 and JAG1 Promoter transcriptional start sitesphbyner extension
analysis (26), total RNA was purified from APE owpressed GMO00637cell lines. Primer
extension was performed using the AMV reverse tlpiase primer extension system
(Promega, Madison, WI; protocol supplied by manufiasjuusing 20-50 pg total RNA from
APE over expressed Stable GM00637cell line witlisense primers specific for sequences at
the 5' end of exon 1 of human GER

Oligonucleotide probes were end-labeled witt82P-ATP (3000 Ci/mmol) before primer
extension using T4 polynucleotide kinase. These probesuserkin separate RT reactions and
the 32P-labeled extended products were separat@&dootienaturing polyacrylamide gels and

visualized by autoradiography.

(13) Nuclear Protein Extraction

Nuclear protein extracts were prepared from Confiweells (5 ml) of human fibroblast
cell line GM00637 which were harvested, pelleted, aaghed once in phosphate-buffered
saline solution. All nuclear extractipmocedures were performed on ice with chilled resge
usingthe NE-PER Nuclear and Cytoplasmic Extraction RetgéPierce) according to the
instructions of the manufacturdrhe final supernatant derived from the nucleargpelas
placedin a clean, prechilled tube and stored at — 80°@l etectro mobility shift assay

(EMSA) was donen the nuclear protein extracts (27).

5-Biotin-labeled DNA oligos containing the NAFkB &fFRa. 1 or EGR-1 of JAG1 were
synthesized and the two complementary oligos wareaed to obtain the double-stranded
probe (76-80) .
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Before doing the EMSA and super shift EMSA, wesémated labeling efficiency by Dot
Blot with hand spotting using Light Shift Chemilumeiscent EMSA Kit (Pierce) (71-75). The
labeled oligos with respect to the control oligosrevthen transferred to positively charged
Nylon membrane (Nitrane) and was Semi-Dried inaaid cross-linked in UV cross linker at
auto cross-link level for 1 min. The Biotin-labeldaNA probe was performed strictly

following the manufacturer’s protocol.

(14) EMSA-Binding Reaction

EMSA was used to detect specific binding of thesmiptionfactor GFRa. 1 and JAG1
(Oligo was designed from NCBI-AC005872 for GER and, AL035456 for JAG1) to its
specific DNA consensus sequence. Nuatedraction was prepared by using NE-PER Nuclear
and Cytoplasmi&xtraction Reagents according to the manufactuiassuctiongPierce) as
mentioned above. Protein content of nuclear exdraets determinedith a protein assay with
Bradford solution (Bio-Rad).

Nuclear protein-DNA binding reactions were condddia 20min at room temperature in
a 20-pl volume containing M Tris, 50 mM KCI, 1 mM DTT, 2.5% glycerol, 5 mM Mggl
1 pg/ul polylC, 1% Nonidet P-40, (all the reagents are inetudin the LightShift
Chemiluminescent EMSA kit; Pierce), 20 fM biotin-édprobe of the double-stranded NF-
kK B of GFRa 1 and EGR-1 of JAG1 consensus sequemaataining a binding site and 5 pg
of nucleaiprotein. Binding reactions were analyzed using 5%ved®@AGE After blotting to a
nylon membrane, labeled oligonucleotidesere detected with the LightShift

Chemiluminescent EMSA kitfollowing the instructions of the manufacturer (Pierce).

The binding specificity was confirmed by adding ttee nucleaprotein-DNA binding
reaction either an excess of unlabeled NB- or EGR-1consensus oligonucleotides
respectively.

(15) Detection
Labeling efficiency of standards and different t@lgjonucleotides complexere detected
by using a Light Shift chemiluminescent EMSA kiidiee) (61-64)Briefly, serial dilution of
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standards and different test oligos were blottec toylon membrane. After incubation in
blocking buffer for 15 min at room temperatutee membrane was incubated with
streptavidin-HRP conjugate f80 min at room temperature. The membrane was inedbat
with chemiluminescent substrate for 5 min, and allowe@xposeadiographic film. Band
intensity of serial dilution of standards and diffiet test oligonucleotide complesas digitized

by image using an image scanner (Hp Director).

(16) Chromatin immunoprecipitation assays

ChIP assays were performed as described in rmetouér's protocols with some necessary
modifications. Human fibroblast cells GM00627 angl #tably over-expressed GMO00637-
pcDNA3.1 with GM00637-APE were incubated with 1%nfaidehyde at 3T for 10 min,
washed twice in ice cold PBS with 125mM glycine, 1BMTA, 1mM PMSF and collected in
1ml of ice-cold PBS. Cell pellets were re-suspenidelgsis buffer (50mM Tris—HCI pH 8.0,
1% SDS, 10mM EDTA, 1_ protease inhibitor cocktaijdasonicated to produce DNA
fragments of 200-500 bp. Lysates were diluted 1@-iol20mM Tris— HCI, pH 8.0, 1% Triton
X-100, 2mM EDTA, 150mM NaCl, 1_ protease inhibitorcktil and incubated with
antibodies over night a’@. Immune complexes were incubated with shearedosabperm
DNA for 1 h at 48C before the addition of protein G Sepharose beaesblocked with BSA
and further incubation for 1 h. Immunoprecipitaterevwashed with TSE | (20mM Tris—HCI
pH 8.0, 0.1% SDS, 1% Triton X-100, 2mM EDTA, 150mM NadIBE Il (20mM Tris—HCI
pH 8.0, 0.1% SDS, 1% Triton X-100, 2mM EDTA, 500mM Na@)yffer Ill (10mM Tris—
HCI pH 8.0, 1% NP-40, 1mM EDTA, 1% deoxycholate, 0.25/ ) and twice with TE buffer.
DNA—protein complexes were eluted twice with 1% SIDS0.1M NaHCOS3. Eluates were
pooled and cross-links reversed at 658C for 6 rerAftoteinase K digestion for 1 h at 458C,
DNA fragments were purified with a PCR purificati&it (iNtRON, Korea). Primers for the
human GFAR1 and JAG1 are tabulated in I-4 and 11-4 respdct

(17) Statistical analysis
Data were expressed as mean + SD of at least thdependent experiments. Statistical
differences between means were determined using two-tdist when appropriate. fvalue

< 0.05 was considered significant.
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Table I-1, I-2, I-3, I-4 & 1I-1, 1I-2, 1I-3, lI-4 S equence of the oligonucleotides
during the study

Table I-1. GFRalPrimer sets for Cloning

. ) Accession
Genes Forward primer Reverse primer N
0.
GFRo1XhoPF78176 GF&LHindI1180399
GFRul | ctc gag att caa act cgg tct ccc AC005872
aag ctt gga gct cag cat gca gcg at
cga
GFRu1PF78421 GFBR1HindIIIPR78780
GFRul | ctcgagtaatttactctcgaaacagccadaat AC005872
aag ctt tac acg ggc aca agg gct att t
gga
GFRo1XhoPF78761 GF&LPRHindIII79140
GFRol AC005872
ctc gag agc cct tgt gcc cgt gta ghag ctt cag gac gat ftc cga gca gag
GFRo1XhoPF79121 GF&LHIindIlIPR79339
GFRol AC005872
ctc gag fctgct cgg aaatcg tec ig  aag cit acc aac ctg gac @ga age
GFRo1PF3Kpn GFR1HindIlIPR78780
GFRul | ggt acc tcg agc tct cga aga tta AC005872
aag ctt tac acg ggc aca agg gct att t
ccg ca
GFRo1PF5Kpn GFR1PRHindIl79140
GFRul AC005872
ggt acc aac cca aca gac acc c¢abg ctt cag gac gat ttc cga gca gag
GFRo1PF78421 GFER1HindIIIPR79339
GFRol | ctcgagtaatttactctcgaaacagccadaat AC005872

aag ctt acc aac ctg gac tca acc g

gga
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GFRo1XhoPF7876 GFBR1IPRXhoPF3

GFRol AC005872
ctc gag agc cct tgt gcc cgt gta {gttc gag ggg ccg agt tgg gee agg a
GFRo1XhoPF79121 GFR1RH 79162

GFRol AC005872
ctc gag fct gct cgg aaa teg tec 1g aag cft agc tcg aag ggitcga
GFRA1FX 78751 GFR1RH 79109

GFRul | ctc gag aag aag aaa gag ccc ttg ACO005872
. aag ctt gga tgc tcg tta ggg atg tt
gc
GFRA1FX 78882 GFR1RH 79056

GFRul AC005872
ctc gag aga aca ctg cgt gtc ctg|tgag ctt gtt ccg agg cca gat ttc tt
GFRA1FX 78971 GFR1RH 78992

GFRol | ctc gag agc tta gga ggg agc tgg AC005872

aag ctt agc tcc agc tcc ctc cta ag

ag
GFRA1FKpnl 80065 GFR1HindIlIPR79339

GFRol AC005872
ggt acc gga aaa cac gca cat ggaaag ctt acc aac ctg gac tca acc g
GFRA1FKpnl 80147 GFR1PRXhoPF3

GFRul AC005872
ggt acc gag ggg aga ggg ttc tgt gtc gag ggg ccg agt tgg gcc agg a

Table I-2. Oligos for EMSA
. i Accession
Genes Forward primer Reverse primer N
0.

GFR-NF«B 1F( 5’Biotin) GFR-NF¢B 1R (5’Biotin)

GFRol AC005872
cct cac ccc ggt gtt gga aat tcc tcc cgc ctt tgg gga att tccaac|a
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cca aag gcg gga ggg gtg agg

GFR-NF«B 2F( 5'Biotin) GFR-NF«B 2R (5'Biotin)

GFRol | gag got tct gtg ggg gga gtc tcc | gcg gag age gec gga gac tcc ccc) AC005872
ggc gct ctec cge cac aga acc ctc
GFR-NF«B 3F (5'Biotin) GFR-NF«B 3R (5'Biotin)

GFRul | ctg ctg cca gac ccg gag ttt cct ¢tatc cag tga aag agg aaa ctc cgg gaC005872

tca ctg gat tgg cag cag

Table 1-3. Oligos for Site Directed Mutagenesis

. ) Accession
Genes Forward primer Reverse primer N
0.
Smut 80118 NHKBF Smut 80118 NKBR
GFRol | ccc ggt gtt gga aat cgc cca aag gtt ccc gec ttt ggg cga ttt cca acal AC005872
gcg gga ac ccg gg
SMut 80167 NFKB F SMut 80167 NKKB R
GFRul | gag agg gtt ctg tgg gta gag tct | aga gcg ccg gag act cta ccc aca |[ga&005872
ccg gcg cte t ccctete
SMut 80312 NFKB F SMut 80312 NKB R
GFRol | gcc aga ccc gga gtt ggce tct ttc | cat cca gtg aaa gag cca act ccg ggtC005872
act gga tg ctg gc
SM80118aaaaF SM80118aaaaR
GFRol | ccc ggt gtt gga aaa aaa cca aag gtt ccc gcc tit ggt ttt tit cca aca | AC005872
gcg gga ac €cg gg
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Table I-4. GFRal Primer sets for Chromatin Immunoprecipitation

] ] Accession
Genes Forward primer Reverse primer N
0.
GFRA1F355 GFR1R512
GFRul AC005872
ttc ccc ata tga acc agt tgt act tct tgc aaa tgt cg
GFRo1PF5Kpn GFRI1R 79162
GFRul AC005872
ggt acc aac cca aca gac acc c¢agctcgaagggcecgagtt
GFRA1F 78751 GFR1R 79109
GFRul AC005872
aagaagaaagagcccttgtgc ggatgctcgttagggatgtt
GFRA1F 78882 GFR1R 79056
GFRul AC005872
agaacactgcgtgtcctgtg gttccgaggccagatttctt
GFRA1F 78971 GFR1R 78992
GFRul AC005872
agcttaggagggagctggag agctccagctccctcctaag
CHIP 3NF«B F1 CHIP 3NFR¢B R1
GFRul AC005872
CAAAGGCGGGAACGGG ACTCAGCTCCGGGATGGC
CHIP 3NF«B F2 CHIP 3NFR¢B R2
GFRul AC005872
GGGAGAGGGTTCTGTGGG | CTGGCAGCAGCCACCG
CHIP 4NF«B F1 CHIP 4NR¢B R1
GFRul AC005872
AAAGCGGAACCGCCTCCC | AGCTCAGCATGCAGCGATCC
CHIP 4NF«B F2 CHIP 4NFR¢B R2
GFRul AC005872
TTGGGTCGGACCTGAAC ACAGCTGTGCTGCTCTGG
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CHIP 80066F12

CHIP 80134R12

GFRol AC005872
gga aaa cac gca cat gca c ttg ggg aat ttc caa cac ¢
CHIP 80057F12 CHIP 80156R12
GFRol AC005872
gcg gece cct gga aaa ¢ ctc ccc tee cee gtt
Table 11-1. JAG1Primer sets for Cloning
] ] Accession
Genes Forward primer Reverse primer N
0.
XhoJAGPF1 HindIIIJAGPR1
JAG1 | ctc gag aag ttt ttc aaa gtt ccc agc AL035456
aagctt ccc gcg ccg cgc gee geg gg
ag
XhoJAGPF4 HindIIIJAGPR3
JAG1 AL035456
ctc gag ccg cgg cgc cta cac ctg aag ctt cta ata tac tcc gog gat
JAGKpnPF HindlIIJAGPR4
JAG1 | ggtacc tca tga ata tta ata agc gcg AL035456
) aag ctt aaa acc agc cta gct cgc dg
ca
JAGKpnPF4 JAGXhoPR
JAG1 ctc gag tct aat ata ctc cgc cga ttg AL035456
ggt acc cgc ggc gcc tac acc tg
ga
JAG1FX 65408 AG1RH 65187
JAG1l | ctcgaggcgcataatcataataataaagaa AL035456

g
aag ctt gcg tcc cgg ctc taa tat ac

g
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JAG1FX 65600

JAG65471Hindlll (PR4)

JAG1 ctc gag gcg tgc tgg gta gag AL035456
aag ctt aaa acc agc cta gct cgc gg

gtg
JAG1FX 65761 JAG65579RHindlIl

JAG1 AL035456

Cctc gag ggg gcc ctg gtt ctt cta|caag ctt gcc acc tct acc cag cac
JAG1 65719FXhol JAG1PR 65495 Hindlll

JAG1 AL035456
ctc gag ccc aac ccc tcc aag ttc aag ctt gcc gca ggt aac aca dtg ac
JAG1 65761F Xhol JAG1P 65939R Hindlll

JAG1 AL035456
ctc gag ggg gcc ctg gttcttcta q  aag ctt cag gtg tag gcg ccg cg
JAG1 65812FXhol

JAG1 : AL035456
ctc gag gca ctc tcc ctt ccc tec t Foorward Primer
JAG1 65889FXhol JAG65939FXhol (PF4)

JAG1 | ctc gag cgg ggc gcc cga ggg ggc AL035456

ctc gag ccg cgg cgc cta cac ctg

g
JAG65684FXhol AG1P 66562F

JAG1 AL035456
ctc gag ctc ccc agc aac gtg aag ctt gcc tca agg tgg aaa ac
JAG65839FXhol JAG1P 66562 XholF

JAG1 AL035456
ctc gag gca acg atc cct tcc aag| tetc gag ctt gcc tca agg tgg aaa at

Table II-2. JAG1 Oligos for EMSA
Genes Forward primer Reverse primer Accession
No.
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EGR-1 Consensus F 5'Biotin

EGR-1 Consensus R 5'Biotin

JAG1 | GGATCCAGCGGGGGCGAG | TCGCCCCCGCGCTCGCCCCC| AL035456
CGCGGGGGCGA GCTGGATCC
EGR-1 BS$ F 5'Biotin EGR-1 B3 R 5'Biotin

JAG1 | ccc agg gtg agc acg ccc tct cat att aat att cat gag agg gcg tgce tca ALO35456
gaatattaat ccctgg g
EGR-1 B3l F 5'Biotin EGR-1 B3l R 5'Biotin

JAG1 | gag cat ccc gct gee cce aac cc¢ gaa ctt gga agg ggt tgg ggg cag | AL035456
ttc caa gtt c cgg gatgctc
EGR-1 B3Il F 5'Biotin EGR-1 B3Il R 5'Biotin

JAG1 | gcccgggge gee cga ggg gge ggtce age ggg gac cgce ccc ctc ggg| AL0O35456
ccc cge tgg g cgc cccggg ¢
c-RelF(5'Biotin EMSA) c-RelR(5'Biotin EMSA)

JAG1 | cag gct ttg gga agg gcc gge ggaagc atc tcc gec ggce cct tcc caa agAL035456
gat gct ctg
JP NFKB F[5'Biotin] JP NFKB R[5'Biotin]

JAG1 | gcc ccc age ggg gac cge ccc clegeg cce gag ggg geg gte cee get | AL035456
ggg cgc ggg ggc

Table 11-3. Oligos for Site Directed Mutagenesis
] ] Accession
Genes Forward primer Reverse primer
no.

EGR-1 BSI SMTF EGR-1 BSI SMTR

JAG1 AL035456

gcc cag ggt gag cac ttc ctc tca

aat att cat gag agg aag touct
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tga ata tt

199 gc

EGR-1 BSIIl SMTF

EGR-1 BSII SMTR

JAG1 | cctgag cat ccc gcet tte ccc aac | tgg aag ggg ttg ggg aaa gcg gga| ALO35456
ccc ttc ca tgc tca gg
EGR-1 BSIIl SMTF EGR-1 BSIll SMTR

JAG1 | ggg gcg ccc gag ggg ttg gtc ccecee cca geg ggg acc aac ccc tcg| ALO35456
gctggg g9 ggc gce cc
EGR-1 BSIl SMTF2 EGR-1 BSIl SMTR2

JAG1 |tga gca tcc cgc ttt cce caa ccc cijaa ggg gtt ggg gaa agce ggg atg| AL0O35456
c ctca
EGR-1 BSIl SMTF3 EGR-1 BSIl SMTR3

JAG1 | gcc ctg age atc ccg ctt tcc cca | ctt gga agg ggt tgg gga aag cgg g&L 035456
acc cct tcc aag gct cag ggc
JP NFKB SMTF JP NFKB SMTR

JAG1 | gcc cgaggg ggc got ttt cge tgg| tgg agg ccc cca gecg aaa acc gec| AL035456
ggg cct cca ccc tcg ggce

Table 11-4. JAG1 Primer sets for Chromatin Immunopr ecipitation
] ] Accession
Genes Forward primer Reverse primer
no.

BS1 -619F BSI -406R

JAG1 AL035456
cca agt tcc tcc tcg cac ta gcc gca ggt aac aca atg ac
BSI-604F BSI-490R

JAG1 AL035456

act acc ccc tcc cca gca

gcc acc tct acc cag cac
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BSII-750F BSII-600R

JAG1 AL035456
gca acg atc cct tcc aag ta tag tgc gag gag gaa ctt gg
BSII-669F BSII-572R

JAG1 AL035456
gcc ctg gtt ctt cta cgc cct ccc ctt cac gtt get
BSIII-872F BSIII-731R AL03545

JAG1
gct ccg acc get cag tca tac ttg gaa ggg atc gtt gc
BSIII-894F BSIII-646R

JAG1 AL035456
ttc gga agg cgg aag ctg agyg gcg geg tag aag aac

GAPDH-
175k TTCCAGGAGCGAGAT CCC | CACCCATGACGA ACATGGG | BC83511.1
p
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RESULTS

I. Ref-1 Induced GFRal Promoter Activity in Human fibroblast
cell line GM00637.

I-1) GFRa1 transcript levels were increased in ref-lexpresse@M00637 cells.

As shown in following figure, GF&L transcript levels were increased significantlyefil
expressed GM00637 cells. GERMRNA levels increased only in ref-1 expressedddamns
(Fig.I-1A). We performed western blot analysis todstigate whether the rise of G&ER
MRNA in ref-1 expressed cells was accompanied Isymalar increase in GHR protein.
Using a GFRR1 antibody, could be detected in membrane prepastad ref-1 expressed
GMO00637 cells (Fig. 1-1B). Equal protein transferswassessed by re-probing of the stripped
membrane with anfi-actin antibody.

Al

ref-1
GFRa-1

GAPDH
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Fig. I-1. Relative transcript levels of the GFRi1 receptor in GM00637 cellsA.Messenger
RNA levels were determined by a RT-PCR method amrdhalized to GAPDHranscripts B.
Relative GFR1 protein content in ref-1 expressed cell linesenidientified by western blot
using Anti GFR1 antibody. Note, that GFR expression was stimulated significantly in ref-1

expressed cells in comparison to the C-control cells.

I-2) Isolation of the 5' flanking region of the human GFRal gene.

A genomic DNA fragment containing -2291/-7 bagssrs compassing the 5 flanking
region of the human GFR gene upstream of the translation start codon &ES isolated by
PCR from ref-1 expressing GM00637 cells and ingerito the pGL3-Basic vector. This DNA
fragment was shown below to drive the expressiah@iuciferase reporter gene indicating its
promoter property. Sequence analysis revealed thatniains putative binding sites for the
following transcription factors which used for EM@#e; NF«B, HES-1, SP1, FOXO, CREB,
NRSE, ZF5, E2F etc. These analyses suggest thabutasive promoter region might play a
fundamental role in the regulation of ref-1 induced @ERanscription in vivo.

(NCBI AC005872)
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tcctectett

ccttttcaat

ccattgtctg

aactcggtct

ggctcctaga

tgcgggaaga

ccageggtce

ttaatttact

ctggccgagat

aggagagagg

gcgtggacga

tgtcttgaaa

ttccgaagaa

tgtgtgtatg

agagagagag

gcgegegtac

cttectececyg

ttaccccect

gcgtgatagg

ccccgagaga

ccggtetece

ggagegtatg

caggagt tag

ctcgaaacag

ttaaatgcag

tagagactgc

acggatgage

gcaccaagtc

gagtctggcet

tgtctgtatg

tgtgtgtctg

gggtcegacee

ccctgacacce

cgatcaaaat

tttgcagatt

tgaacttgga

gacccagtgt

tcaggagtaa

99Ccgaaggqc

ccaaaatgga

tgggctggaa

gtgtgcatgt

gcatcccagg

ttgaatcaca

cgattgcect

tagtgtgtgag

gcagcacccg

gcgggatccca
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cgggcctcaa acttcaacca

gagccattct tgtctgtcct

tgacagctag Jocgdacgcag

HES-1A
catcagcaaa gatcccgage

agacttcggt gcceeggacg
0099cg999g gtgagcagca
tgtgtacatg ttaggctttt
gotcagctta taaattttct
gctcegettt tgtctecttg
gtgcgtgtga gtgtgagtgt

atcgcegetc cagegtectg

gccact agtt gaggaga

CREB
aagaagaaag agcccttgtg

agagagagag agagagagac
cggecggctg cagaacactg

ccgcaagegg gegt ag

aagccegtgce

€CQ9Cggcyaac

atttgattca

actgceggct

Ccccececggacyg

cgactgggaa

tttottattg

FOX0

aaagccaggt

tcggagetce

gcacgegetg

ggtctgagtg

aaactttgtg

ccegtgtatg

agagagagag

cgtgtcctgt

ctgcggctge



-1506

~1446

-1386

-1326

-1266

-1206

-1146

-1086

-1026

-966

-906

-846

-786

-726

—666

ctogcgaacy

agggtcctct

ataaccacta

gcecaactcg

tettttccta

gcectgaaag

cgattoagte

cgctteeegt

tgctggegtce

agcttaggag

ggccagaaga

Exonl (79031-79333)

acatccctaa

gcect tcgag

gcgcagataa

aataaataag

caggttgatg

ccctettece

tcccaacttt

ggggcacgec gggactgegg

agacctggac

cgcggegagat

tccecectggce

tggggctaga

gacgcgagga

accgggcgag

agagggtagg

ttggcggcect

gattggcgat

g9999aggcce

HES-1B
ggagctggag ctgeggageg gegggaacag gagcaggaccy

aatctggcct cggaacacgc cattctccge gecgettcca
NRSE
cgagcatccg agecgagggc tctgetcgoa aatcgtectg

ctctcgaaga ttaccgcatc tatttttttt ttottttttt

gaaaggoaag gaggggg ggacaccatt
EGR-1
aactggctcc tcgecgeage tggacgeggt

agtgageccg

taaataaaca

gcatttggag tttttttcgt tctotttggg aacccattge

cactccttct tccccectee tccggecace cctttetttt

gggcgetegt ggegecggge tgcacctgee
HES-1C

tcgcectggg ctggggtgeg gaagegeccg
ZF5
gagcggacgc ccaggaggga gccgaggacg

agggcccgag
gccggcgacge
agtgtgagag
ggcgcaggaa ccgggtttca gecccagteg ggacatcggt
ctggagggag acgagtcccg gggagaagga gggcggegac
agggceggcg getgagegag ctegetgget

cggagtgaag

aacttcccgg aggggc tctttcoggeg ccaggactag
E2F
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-606 ctagggaget gecgecgecg ccaccgaggg ctcggactcc aggeagetge aggctccget

-b46 cgcgacgctc ggaaagtacc gtttatttat ttatttgctt gegttcageg tctcggattg

-486 aacccaacag acaccccctt ggactttagg aaccctcttc agacctctcc agecctcacce

-426 tccatccccg tgtcagegge ccctggaaaa cacgcacatg caccccgace tgggtggggg

-366 tgggtcctca ccccggtigtt ggaaattced caaaggcggg aacgggggag gggagagagt
(NF-kB (p65)Binding site I)
-306 tctgtgggog gagtctceda cgctctcoge tctcatctca aagegegece tocctttcag
(NF-k B Binding site 1)
—-246 gttgggtcgg ao\ctgaaccc ctaaaagcgg aa|ccgcctoc cgccctegec atcccggage
GFRa. 1 PE 80254R
-186 tgagtcgecg geggcggtag ctgctgccag alcceggagtt tcctlctttca ctggatggag
(NF-kB (p65)Binding site I11)

-186 tgagtcgeccg geggegatgg ctgetgecag acccgg|agtt tcctctttca ctggatggag\
GFRa 1 PE 80340R

-126 ctgaadtttg ggcggccaga gcagdacage tgtccgdgga tcgcotgcatg ctgagetccd
GFRa. 1 PE 80370R GFRa 1 PE 80401R

-66 |tlcagcaagac ccagoggcag ctcgggattt ttttggagag gegaggacca gececgegec

-6 ggcaoct tcctggegac cctgtacttc gegetgecge tcttgggtaa gtcgaggece
[TSS +1] Exon| | (80221-80506)

Fig. I-2. Nucleotide sequence of the'fianking region of the GFRal gene.Nucleotides are
numbered corresponding to the translational imdiesite at + 1 at the start. On the based of
Ensemble data, first and second exon as shown giiged. Binding sites for the transcription
factors NF«xB and others are boxed. Primers which were used for primemsan analysis are
boxed in blue letters.
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I-3) The transcription start sites of the human GFR  al gene.

To identify start sites of the GlR transcription, we first carried out a primer esien
assay. Total cellular RNA isolated from ref-1 exgziag GM00637 cells were incubated with
the [y-32P]-labeled GFE1 antisense primer in the presence of reversedniaitasse. Following
analysis of the reaction product (Fig I-3 lanes 3amd 5) on the sequencing gel, the
transcription start sites could not be identifieg the sequencing ladders (lane 1) directly
parallel to the run-off reverse transcripts. As shdlane 2), there was a conspicuous extension
product of the control RNA with control primer suppliedPxypmega.

From the promoter activity of GlR luciferase reporter constructs, the promoter coaoist
having DNA elements of upstream of Exonll showesl lighest promoter activity. Moreover,
deletion construct of those DNA elements showedlgghloss in promoter activity. So, we
focussed to those DNA sequences which might dibasal level of transcription. Taking
consideration of these data, just we designed tbdut the possible transcription initiation site
by Primer extension system, but it was failed tal finin this research work. For reference, the

DNA sequences and reverse primers are shown in fig I-2.

Where Lane 1st-Hinf DNA Marker

Lane 2nd-Cotrol Primer

Lane 3rd-GFRAL Primer Extension R79090
Lane 4th-GFRA1 Primer Extension R79107
Lane 5th-GFRA1 Primer Extension R79140

-e @ o

"o .

E ,

Fig. 1-3. Primer extension analysis for GFRal transcription start sites . Reverse
oligonucleotide as indicated above was end-labeligd [y-32P] ATP and used in a primer
extension experiment with 2Qg of total cellular RNA isolated from ref-1 express
GMO00637 cells. Lanes C, D and E showed no extensimstupts. But lane B showed extended

product while using control primer and control RNA as s@abliy Promega PE Kkit.
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I-4) Deletion analysis of the GFR al promoter.

To characterize the 5’ regulatory region of the GERjene, a set of luciferase reporter
gene constructs containing successive 5’ deletibtise GFRi1 promoter were prepared (Fig.
4A). After transient transfection into ref-1 expriegscells, the transcription activities derived
from these constructs were tested. The backgrouwiiglase expression levels were evaluated
by transfection of equal amounts of the pGL3-Basporter vector without the GRR
promoter insert. After having a series of systemhitiferase assays, an important reporter
constructs was screened out as shown in fig. 4Bhésiglevel of the GHL promoter activity
was found in the construct Prom-575/-66 reachigipdsi than of the full-length control (Prom-
2291/-7), when the sequence length extended fro®/&2-1327, no significant alterations of
luciferase activities were observed. Thus, criticaitml elements that regulate GiERgene
expression may not be present in the region fra2812o -1327 and it appears that the major

role of the fragment between -575 and -66 is transdidivaf the ref-1 induced GRR gene.

-1436 -1134 _246 +39
: ST S CTR—
-7
2291 -2291/-7 LUC
2291 -1327 -2291/-1327 LUC

NFKBI  NFKBII NFkBIll

-575 _“_I_I_ -66 -575/-66 LUC

Fig. I-4.A Schematic representation of GFle1 promoter-reporter chimeras with putative
NF-kB binding sites. Scheme of the 5-upstream region of the human @FRromoter
showing major luciferase constructs which were usedtentify the promoter activity and

distribution of NF«B binding sites.
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25.00 - . l:l GMO00637
Promoter Activity
[] cMoos37-peDNas.1

20.00 ~ . GMO0637-Ref-1

15.00 ~

10.00 ~

g 0.00 - |____

GFRal P PGL3 Luc -575/-66 —2291/-1327 —2291/-7

Fig. I-4.B. Relative luciferase activities of GFR1 promoter-deletion constructs GFRal
promoter-deletion constructs were transietriysfected into ref-1 expressing GM00637 cells.
Forty eight hour after transfection, cells were lated for assaying luciferase activities. The
plasmidpSV-$-Gal was co-transfected with GER deletion constructs for data normalization.
All values represent the mean + SD of three expamis) eachdetermined with triplicate
dishes. The lengths of the reporter constructstivelado the translation initiation site are

indicated as in above schematic diagram Fig.I-4A.

I-5) Roles of the Putative NF- kB DNA Binding sites in the GFR al
promoter activation.

A computer based analysis (Genomatix-Matinspeatbrthe GFR1 promoter sequence
(NCBI accession noAC005872 revealed several putative binding sites for 8-
transcription factors. These elements were locagddden -575 bp and -66 bp upstream of the
putative transcription start site in the GHRgene. More 5’-deletions of nucleotides from the
Prom-575/-66 induced serially reduction of luciteaactivities based on the XB- DNA
binding sites such that the Prom -366/-66, Prom-8B0And Prom-287/-66 decreased GER
promoter activity (Fig.l-5A).
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Furthermore, deletions of the 3’proximal regiapstream of ATG from the Prom-575/-
66 also decreased luciferase activities as showtindse in constructs Prom -575/-66, Prom-
575/-300 and Prom-575/-349 (Fig.l-5C). It should lm¢ed that the construct Prom-575/-66
significantly induced the highest expression of lingferase gene to that of the pGL3-Basic
control while the construct Prom—575/-349 or -388/-displayed only basal level of
luciferase activity in comparison to the pGL3-Basitus, the GFRL promoter contains
functionally active NFeB sequences which act as independent basal promotiules for the

ref-1 induced GFR1 gene transcription.

(o]

-575 —3§6 —320 =287 <+ 80467(+1)
[ I I ] 5
NF-xB 1 NF-kB 2 NF-kB 3 —366/—66

[l N [l
[ [
OUOU

-320/-66
—287/-66

—| |
c c
ODOD

Fig. I-5.A. General overview of 5'deleted luciferas e reporter constructs in

human GFR al gene focusing to purposed NF- kB regulatory region.

40.00 - . D GMO0g37
Promoter Activity

3500 - ] coosr-pednazi
3000 | | [J—

25.00
20.00
15.00
10.00

500 -
=000 - — |

GFRal P PGLS Luc —-366/-66 -320/-1327 -287/-7
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Fig.I-5.B. Relative luciferase activities of NF- kB oriented GFR al promoter-
reporter constructs . The GFRul promoter-reporter constructs each as shown in-Fig
and the PGL3 luciferase reporter vector, an intecoatrol, were transiently co-transfected
into ref-1 expressed GM00637 cells. Forty eight hafter transfection, cells were harvested
for assaying the reporter gene expression. Fireityfdrase activities elicited by the G&R
promoter with NFeB binding sites were normalized to Renilleciferase activities derived
from the PGL3 basic vector. Data shown are the me&D of three experiments, each

determined with triplicate dishes.

-575 -324 -267 -66
= | 5 ¥ |
NF-kB1 NF-kB2 NF—KB3 e
—
LuC
]
LuC
1
LUC

Fig. I-5.C. General overview of 3'deleted luciferas e reporter constructs in human

GFRal gene focusing to purposed NF- kB regulatory region.

30.00 + GM00637
Promoter Activity |:|

[] ochooesr-pepas.

25.00 - .
GMO0637-Ref-1

20.00 -

15.00 -

10.00 -

5.00 I
R
50_00 | . I__T_ﬁ

GFRal P PGL3 Luc -575/-66 -575/-267 -575/-324
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Fig. 1-5.D. Relative luciferase activities of 3'deleted NF- kB oriented GFR al
promoter-reporter constructs . The GFRi1 promoter-reporter constructs each as shown in
Fig.I-5.A and the PGL3 luciferase reporter vector,imternal control, were transiently co-
transfected into ref-1 expressing GM00637 cellstyFeight hour after transfection, cells were
harvested for assaying the reporter gene expredsiily luciferase activities elicited by the
GFRal promoter with NFR¢B binding sites were normalized to Renillciferase activities
derived from the PGL3 basic vector. Data shown lz@ariean + SD of three experiments, each

determined with triplicate dishes.

I-6) Identification of NF- kB BS #l binding to the sub-region -575/-66 of
the GFRal promoter.

To identify transcription factors that bind teetputativecis-element -575/-66 as described
above, we conducted electrophoretic mobility shifid asupershift assays (EMSA) with
antibodies against subunits of thed®Family in mammals: p50, p65 (RelA), c-Rel, p52 and
RelB. As shown (Fig. I-6B,C), only the N&B-p50 antibody, rather than other antibodies
tested, yielded a supershifted band, indicatingttieputativecis-element in this sub-region is

a NF«B binding site.

The consensus NEB oligonucleotides were used as competitors asompetion
assays (Fig. 1-6B Il lane 4) in the presence of ibiel expressing GM00637 cell nuclear
extract using 5’ Biotin labeled NEB DNA binding site-l (NFkB BS #l) as a probe. As
expected (Fig. I-6B lane 4), approximate 100-fold ana@xcess of cold NkB binding site-
consensus (NkB-BS-Cons) oligonucleotides competed successfuity vabeled probes to
bind to the NFReB protein. From this competition as well as supdrstgsays result strongly
support the hypothesis that the NB-binding site exists in the -575/-66 fragment bé t

GFRal promoter and the transcription factor, NIB;- specifically binds to thisis-element.
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[C]

0] n

GM00637
pcDNA3.1
APE1
= p50
p52
GM00637
pcDNA3.1
APE1
~ p65
p50
p52

e RS L

bﬁpH; m;u,“

'
NFKB Consensus Probe
NFkB Consensus Probe With p65, p50 and p52

With p50 and p52

Fig. 1-6. Identification of the NF- kB binding site in the sub-region -575/-66 of the
GFRal promoter. A . NF-kB binding to the sub region -348/-332 of the GFR al
promoter determined by EMSA assays . 5-Biotin labeled synthetic GFHR promoter
oligonucleotide probe -349/-33Gontaining NF«B BS #l and 5ug nuclear extracts (NE)
prepared from ref-1 expressing GM00637 cells waceibated in the reaction mixture. After
reaction, samples were analyzed on the native @8lyacrylamide gel followed by
autoradiographyB. NF-kB BS #l binding to the sub region -348/-332 of the = GFRal
promoter determined by EMSA competition and supersh ift assays . Experiments
wereperformed as described Ay consensus competitors were added into the reactixtre
before addition of the probe (Lane 4) and antibadginst NFeB subunit p50 with NkeB
binding consensus oligo (Fig.l-6B-1) as well as putativedB binding motif (Fig.I-6B-Il Lane
6) C. Electrophoretic mobility supershift assay of oligon ucleotide -348/-332
transcription factor complexes in the presence of d ifferent antisera . Fig. I-6C-I
Lane 5 and Fig. I-6C-1l Lane 4 and 6 show no binding reastand no supershift with the end-
labeled-349/-337probe with ref-1 expressing GM00637 nuclear ext(BiE) in the presence
of antibodies against p52 (C-I lane 5), p65 (C-Il lanedp52 (C-II lane 6). Reaction products

were analyzed on the native 6% polyacrylamide gel folloledutoradiography.
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I-7) Evaluations of transcriptional activities of a Il putative NF-kB binding
sites in the GFR al promoter region -575/-66.

Computational analysis showed that there are 3ipetdlF«B binding sites located at -
349/-337, -300/-288 and -155/-143 in the &ERpromoter region from -576to -66 which
yielded the maximal reporter gene expression @g). To evaluate roles of the N in the
GFRul gene activation, we introduced site-directed nrtatat the NReB DNA binding site
in the GFRi1 promoter-reporter gene construct spanning frond #& -66 (Fig. 1-7). GFRL
promoter activities were tested by transfection assanef-h expressing cells.

Mutations were introduced of the MB- DNA binding sites #| SM 80118 NKB 5’ccc
ggt gtt gga aatge cca aag gcg gga ac 3', MB-DNA binding sites #ll SM 80167 NKB 5’
gag agg gtt ctg tggtg gag tct ccg geg ctc t 3’ and NdB DNA binding sites #ll1l SM 80312
NF-KB 5'gcc aga ccc gga gifge tct ttc act gga tg 3'(mutations are bold and ledbevith
underlines). As shown in fig. I-7, mutations in NMB- DNA binding site #l significantly
reduced the luciferase gene expression to the tyfild control, respectively, whereas NB-
DNA binding site #II and #1ll mutations didn’t affethe promoter activity to that of wild type
control. Thus, the GRHR promoter contains functionally an active NB-sequences which
acts as independent basal promoter modules forefak induced GFRL gene transcription.
From the mutation analysis, the NB-binding site (-341/-337) containing G&R promoter
fragment (-575/-66) was demonstrated to enhance the Sddtbfer activity (Fig. 7A).

Prom oter Betivty

)(El
EF

X

X

Luc

eaLs (Gontran |:|E

Relative Fold I 5@ 1000 1500 2000 2500 3000 3500

51



Fig. I-7. Effects of NF- kB-BS-WT and its mutants on the SV40 promoter-direct ed
reporter gene expression . TheNF«B-BS-WT and various mutants as shown in schematic
drawing in the left were inserted upstream of tN&(@® promoter inthe pGL-3 basic reporter
vector. Resulting chimeric constructs were co-tretefé with theplasmid pSVB-Gal into ref-1
expressing GM00637 cells. After a 48 hour post-fiesi®on, luciferase anfl-Gal activities in

cell lysates were determined. NB-BS-WT or mutant modified SV40 promoter-directed
luciferase activities were normalized to the trangbn efficiency. All values represent the

mean + SD of three experiments, each determined with &ipldishes.

[-8) Determination of functional NF-kB-BS #l-binding sites in the GFRil
promoter region —575/-66.To examine whether other putative NB-binding sites are
also capable of incorporation with NdB BS #| and regulation of the GER gene expression,
we carried out electrophoretic mobility shift andupsrshift assays with synthetic
oligonucleotides spanning GER promoter sequences oligos GFR-NE-BS #1F 5’Biotin
cct cac ccc ggt gtt gga aat tcc cca aag gcg gga;NBFRB BSIIF 5'Biotin  gag ggt tct gtg
0gg gga gtc tcc ggc gcet ctc cgc and  GFR+#BFBSIIIF 5'Biotin  ctg ctg cca gac ccg gag ttt
cct ctt tca ctg gat as shown in fig. I-8. After inatibn with nuclear extracts from ref-1
expressing GM00637 cells, labeled oligonucleotidedu¢ced mobility shift bands in the
absence of and supershift bands in the presenteeaintibody against NkB BS #l in gel
electrophoresis (Fig. 1-8) but not in the BS #Il &4 #l1l oligo. Thus radio-labeled synthetic
GFRuol promoter fragments containing putative MB-BS #Il of -300/-288 and NEB BS
#1II of -155/-143 had not any role to make DNA —eio complex as shown in following
figure. These results indicated that the only®B-BS #l is functional.
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NFkB--------- BSI BSII BSIII

Putative NFKB Binding Motif of GFRa1Gene

Fig. 1-8. Determination of functional NF-«B-binding sites in the GFRx1 promoter region -
575/-66.[32P]-labeled synthetic GFR promoter fragments containing putative NE-BS#I
binding sites as shown in fig. 1-8 andi nuclear extracts (NE) prepared from ref-1 exmess
GMO00637 cells or control cells, an internal contwére incubated in the reaction mixture in
the absence or presence of the specific antibodinsigNF«B. After reaction, samples were
analyzed on the native 6% polyacrylamide gel fodviby autoradiography. Reaction products
are shown in lanes 1-5 with the probe REB-BS #1, lanes 6-8 with the probe NB-BS #2
and lanes 9-11 with the probe MB-BS #3 .
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[-9) Cellular NF- kB binding to the cognate cis-element in the GFR al
promoter.

To determine cellular NkB binding to the GFRL promoter region, the ChIP assay was
carried out using an antibody against NBp50 and NF¢<B p-65. As demonstrated, there
were at least one functionally active NB-binding site among three NEB located at the
regions in the GF&L promoter region -575/-66 that displayed the makipromoter activity
(Fig. 1-4B ). Thus, this active NkB-binding site was tested for their cellular protéinding
by using specific primer pairs of table I-4. Accaoglito the designed primer pairs, we
anticipated that GRRL promoter fragments -575/-66 which contain ackivexB-binding sites
#1, would result following immunoprecipitation withthe NFxB-p50 antibody and
amplification by PCR. Indeed, gel analysis of PCRdpcts confirmed our expectation.
Approximately, a ~100 bp and a 150 bp DNA bands wayserved on gels as the PCR
amplified using primer pairs that encompassdrbinding site #1 (Fig. I-9B). In contrast, no
signal was detected in control experiments withoaspecific antibody (Fig. 1-9B). These
results suggest that the assay conditions wereoppate and can be used to measure the
relative levels of NReB binding to the GFR1 gene. As noted, the same cell number (2 x 106)
for each group was used for DNA extraction, andethgas no significant difference in the
yields of PCR products among groups using “inpb&f¢re immunoprecipitation) DNA as a
template (Fig.1-9A). These results reflect the statusellular NFxB binding to the GFR1

gene which is highly sensitive to ref-1 stimulated ermtogs expression.

P

INPUT DNA

GMO00637

MOO0637/pc

GMO00637/ref-1
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Fig.I-9. Determination of cellular NF-xB binding to the GFRal gene promoter by the
ChIP assay GM00637,GM00637-pcDNA3.1 and GM00637-ref-1 celbrevincubated from 2
x 106 cells for each group, and immunoprecipitatétth wn antibody against all NEB-p50
and NF«xB-p65, Anti acetyla Histone H3, a positive controlnmnspecific rat IgG, a negative
control, Using unimmunoprecipitated (input) DNA aseaplate, the PCR with primer pairs
leading to NFR¢B BS #l as shown in table I-4 amplified GERgene fragments -349/-322
region of -575/-66 putative promter constructs. P@ith “input” DNA was performed to
monitor amplification efficiency of individual prier pair along the GRR gene. PCR

products were analyzed on 2.2% agarose gels.

I-10] Precise mechanism of the ref-1 regulation tahe functionalities of the
GFRal promoter.

To evaluate the functional importance of the imaottamino acids of ref-1 to the transcriptional
activity of GFRi1, we made the various APE1 mutants as describedeainto the mammalian
expression TOPO- pcDNA3.1 (neo) vector. Trans@ntransfections were carried out by using
this various ref-1 mutants with the NdB binding site containing luciferase reporter camnsts -
575/-66 in GM00637 cells. After 48 hr of transfecti cells were harvested and measured the
trasncriptional activity by using b-galactosidasesay syatem. As shown (Fig. [-10), cells
transfected with the wild-type ref-1 expressionspiéd (TOPO-pcDNA3.1 APE Full Length) and
with GFRal promoter fragments -575/-66 which contain actNfe-xB-binding sites as well as
redox or c-terminus part of the ref-1 expressiomasplid (TOPO-pcDNA3.1-APEF1/R300)
exhibited higher levels of luciferase activities thle pGL3-Promoter control. However, ref-1
repair part or N-terminal region containing expr@ssvector (TOPO-pcDNA3.1-APE Repair)

showed significantly reduced transcriptional atyivi

A point mutation was introduced in the first halftbe redox part containing conserved c-
terminus site which is considered as a residue thtdiegoe important or redox activity [138] in
all mouse, rat, and human. Therefore an active cysteinposition 65 of redox part was

changed to alanine (a cysteine t position 65 ) [Mfdich results significant decrease of
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luciferase activities in comparison to the emptgtoe as a control while a point mutation in
both halves and others show not a significant realucThus, the NkeB interaction with its
binding site in the GF&L promoter region is a critical molecular target fief-1 induction to

its redox part.

Promoter Activty

GFRa1(-575/-66) + pcDNA3.1-C296A Mutant
GFRa1(-575/-66) + pcDNA3.1-C65A Mutant

GFRa1(-575/-66) + pcONAS.1-APE Repair

GFRa1(-575/-66) + pcDNA3.1-APE Redox
GFRal(-575/-66) + pcONA3.1-APE Full

GFRa1(-575/-66) + pcDNA3.1 o
PGL3 Basic Vector + pcDNA3.1 P

Fold Increase (00 100 200 300 400 500 600 700 800 900 1000

Fig. I-10. Ref-1 regulation to the functionalities of the GFR1 promoter. Ref-1regulated
GFRal transcriptional activity was determined by usiragious ref-1 expression constructs
with site directed mutations and MB- GFRul Promoter-reporter constructs (-575/-66) were
transiently co-transfected in human fibroblast GBI®D cells and 48 hr after transfection,
promoter activities were measured by using b-Gatagase assay system. Various constructs
with its mutations are named in the left.
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lI. Ref-1 Induced JAG1 Promoter Activity in Human fibroblast
cell line GM00637.

[I-1) Ref-1 Induces JAG1 Expression in human fibroblast 00637 Cells.

To determine whether ref-1 mediated JAG1 expressias associated with an increase in
JAG1-specific mMRNA expression, total RNA from refekpressing GM00637 cells were
isolated and examined by RT-PCR. As shown in FiglAl-JAG1 mRNA was increased
significantly in ref-1 expressing GM00637 cells. ihvestigate whether ref-1 induces JAG1
protein accumulation in GM00637, JAG1 protein lewvehs determined by using ref-1
expressing GM00637 cells. As shown in Fig. II-1B,-Xekexpressed cells significantly
enhanced JAG1 protein levels. However parental ¢elts no effect on JAG1 expression in
response to ref-1(Fig. II-1B). Equal protein tramsfias assessed by re-probing of the stripped
membrane with anf-actin antibody (Fig. II-1B). These results confithmt human JAG1

expression is induced by ref-1 at a transcriptional lev&M00637-ref-1 cells.

A)

ref-1

Jagged 1

GAPDH
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B)

C APE
APE(C-4) o
Jagged 1(H414) .
B-actin .

Fig. II-1. Relative transcript levels of the JAG1 receptor inGM00637 cells.A. Messenger
RNA levels were determined by a RT-PCR method ardhalized to GAPDHranscripts B.
Relative JAG1 protein content in ref-1 expresseltl lzees were identified by western blot
using anti JAG1 antibody. Note, that JA@%pression was stimulated significantly in ref-1

expressing cells.

lI-2) Isolation of the 5' flanking region of the human JAG1 gene.

A genomic DNA fragment containing -1473/-98 basers compassing the 5’ flanking
region of the human JAGlgene upstream of the @#aosl start codon ATG was isolated by
PCR from ref-1 expressing GM00637 cells and ingirito the pGL3-Basic vector. This DNA
fragment was shown below to drive the expressiah@iuciferase reporter gene indicating its
promoter property. Sequence analysis revealed thatniains putative binding sites for the
following transcription factors which used for EMS#e, EGR-1,EGR-2,3,NkB, HES-1,
SP1, FOXO, CREB, NRSE, ZF5, E2F etc. These analyses hepéul to find out the
regulatory region which might play a fundamentdé o the regulation of JAGL1 transcription

in vivo.
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+49 ggaggcttag ggggcgcccg gaccggccgc gegtcegtag ggaaogc gctgcgeege
Translation Initiation Site +1

-12

-72

-132
-192

-252

-312

-372

-432

-492

—-552

612

672

-732

792

-852

gcgecgegag cactegggac gecgecgetg ctgttegege

ccgtegecge tgecectgeg gecgecgegt cecggetcta

catgcacgac tggaaaacaa caccactttt caaaagccct
gaaggcaaag agcccggect ccttttatta ttctgatcge

cctcttecac cteceggett tctttectte tectegegetce

ttatgcgcag ccttttattc ccttttagat cagctgcatg

tggtgctgec gecggtgctg

atatactccg ccgattggag

ttcaagagcg geccgttcca
ttctttgaga cgctccccct

cecoctteotttt attattatga

0aaaaagggg 99agggagag

gagaaaaada aaaaccagcc tagctcgegg gecggccgca

ggtaacacaa tgacgcgtgd

c—Krox-1 JAG PE65468R
ccgeecgaet ctecgoagaag gacccggaga geccgtcotag
HES-1
cacctctacc cagcacgecg ggcagggege atgegegett

@tgctcacoc tgggcacgec cctececctte acgttgetgg

gaacttggaa ggggttgagcgggat gctcagggeg
(EGR-1 BSI 1)

cacaccaacc CCCQCCCTCQ ggagcttcgg gccaggaggg

acttggaagg gatcgttgct cagggacgcc tggaggcccc

ggcgecccgg geegtgegec tttgeccgeg cgtceggggce

gctgactgag cggtcggage gaggacagett ccgectteeg

59

JAG PE65499R
cagcagegge cgggactgge

attaatattc atgagag
(EGR-1 BSI)
0gaggggagta gtgcgaggag

gcgtagaaga accagggccc

aagggagagt gcggggaggt

cagcgggoac cctcg

(EGR-1 BSI11)
ccaggtgtag gegeegegg

aaccgectge gtcagetgceg



-912

-9r2

-1032

-1092
-1152

-1212

-1272

-1332

-1392

gctttegece

cgagccgcecc

ccgtetgete

tcctggagee
caaatccgag

€agaggcyacy

€gggaggagg

agagcgctct

gccccgcegga

agacttgecg
tctgcggage

gggaaaccgg

ttgogaagdo ccggcggaga
cRel Binding site

gccgeagtace

atgggeetag

cgggattgca

gagggaccgt

-1452 gtggcagtgg aaaccgatac

gcectgectge

gctgacggca

ggcgacctag

cagat tcgag
ctgggagggc

gggtagaagg

tgctagtaag

cctgtagacyg

gtcceccagea

¢cgccgggag

gaggcgacag

gcagacgctg

gggaagcctce
tcccagette

€ggcgggcac

cttggacgce

gcctcegage

ccgccagcecg

ttcggcccge

cgagactggce

ctgggaactt

ggccgegtce
ctatccaaac

gccggggcce

ctceceggcece

agctctctgg

cggaacttgce

tgttttccac cttgaggcaa gectcgeaat

ttccecgegag

gcgettgecyg

tgaaaaactt

cacccectce
€gCygccgaay

tgttcaggct

cgacgccccg

gtggcaagag

cttctetogg

taacagctac

Fig. II-2. Nucleotide sequence of the'Banking region of the JAG1 gene.Nucleotides are
numbered corresponding to the translational imitiesite at + 1 at the start. Binding sites for
the transcription factors EGR-1 and others are @oRgimers which were used for primer

extension analysis are boxed .
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[-3) The transcription start sites of the JAG1 gene

Though it was failed to find out the start sitegshd JGAL transcription, a primer extension
assay was carried out. Total cellular RNA isolatednf GM00637-ref-1 over expressed cells
was incubated with they{32P]-labeled JAG1 antisense primer in the presaiceeverse
transcriptase. Following analysis of the reactioodprct (lanes C, D and E) on the sequencing
gel, the transcription start sites could not be fified by the sequencing ladders (lane 1)
directly parallel to the run-off reverse transaiphs shown (lane 2), there was a conspicuous

extension product of the control RNA with control primer@igal by Promega.

>
Sg
L
S
S
& RN
N I
QR &
NS S &
S NS
N SE
S
NN N
R )
S N
RISy
|
!
|

Fig. I1.3. Primer extension analysis for JAG1transc  ription start sites.

We were unable to find out the TSS of the JAG1 g@imgonucleotide Reverse as indicated
above was end-labeled with-32P] ATP and used in a primer extension experimatit 20
ug of total cellular RNA isolated from GMO00637-refells. Lanes F and G showed no
extension products. But lane B showed extendedugtodhile using control primer and

control RNA as supplied by Promega PE kit.
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[I-4) Deletion analysis of the JAG1 promoter.

To characterize the 5’ regulatory region of %G1 gene, we further prepared a set of
luciferase reporter gene constructs containing essige 5’ deletions of the JAG1 promoter
(Fig.ll-4A). After transient transfection into refeixpressing GM00637cells, the transcription
activities derived from these constructs were teshe background luciferase expression
levels were evaluated by transfection of equal art®wwf the pGL3-Basic reporter vector
without the JAG1 promoter insert. A series of systic luciferase assays as shown in Fig.llI-
4B indicated that a high level of the JAG1 promaietivity was found in the construct Prom (-
850/-382) than the full-length control (Prom—21488}. When the sequence length extended
from -850 to -1473, no significant alterations atiferase activities were observed. Thus,
critical control elements that regulate JAG1 gexgression may not be present in the region
from -1473 to -850. More 5’-deletions of nucleotidesn the Prom-850/-98 induced reduction
of luciferase activities such that the Prom-672, -986/-98, -511/-98, and -319/-98 decreased
JAG1 promoter activities in comparison with thel-fahgth control, respectively. Note that
there was one exception, i.e., the Prom-850/-382, wsiwed highest promoter activity

relative to that of the other promoter constructs.

Thus, it appears that the major role of the fragimbetween -850 and -382 is
transactivation of the GRR gene. Taken together, these results suggesthirat should be
some regulatory region in between sequence fror@ t85382 which are essential for ref-1

inducedd JAG1 promoter functions.
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-1473

-1473

GFRal 5'-flanking region

+1 ATG

-1091

LUC__|Prom-1473/-406
[Luc__Prom-1091/-98

LUC__JProm-1091/-98

-672

LUC | Prom-850/-98

-546

=511

LUC__|Prom-672/-98

-319

[Cwe ] Prom-546/-98
[ Luc__Prom-319/-98

-850

LUC__JProm-850/-382

-800

C__] Prom-800/-382

=750

LUC__|Prom-750/-382

-723

LUC__ | Prom-723/-382

-672

LUC__JProm-672/-382

-630

LUC | Prom—630/-382

Fig. II-4.A. Schematic representation of JAG1 promoter-deletion congicts.
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Fig. 1I-4.B. Luciferase activities in ref-1 expressing GM00637 cells transfected

with JAG1 promoter-deletion constructs . JAG1 promoter-deletion constructs were
transiently transfected into ref-1 expressed GM@064ls. 48 h after transfection, cells were
harvested for assaying luciferase activities. Trasipid pSVB-Gal was co-transfected with
JAG1 deletion constructs for data normalization. Vsllues represent the mean + SD of three

experiments, each determined with triplicate dishes.

lI-5) Roles of the putative EGR-1 in the JAG1 promo ter activation.

A computer based analysis (Genomatix-Matinspeabdrjhe JAG1promoter sequence
(NCBI accession no._AL0354%6revealed several putative binding sites for EGR-1
transcription factors. These elements were locagtevden -850 bp and -382 bp upstream of
the putative translation start site in the JAGlegdnterestingly, deletions of the 3’proximal
regions (-490/-382) DNA element upstream of ATGnirthe Prom -850/-490 also totally
decreased luciferase activities as shown by Pr&®/-832. (Fig.lI-5B). It should be noted that
the construct Prom-850/-382 significantly inducled highest expression of the luciferase gene
to that of the pGL3-Basic control while the constr@rom 490/-382 or -850/-490 displayed
only basal level of luciferase activity in comparisto the pGL3-Basic. Thus, it appears that
the major role of the fragment between -850 an@ {38transactivation of the ref-1 induced
JAGL1 gene.

-490
-850 750 595 -490 priad =382 —
— _i| I |_% ] 1 65089(+1)
EGR-1  Egr2 Eor3  _g50/-382 Luc ="
L
~595/-382 uc
L
~490/-382 uc
—
~850/-490 i
Luc

Fig. [I-5.A. General overview of 5'deleted lucifera  se reporter constructs in

human JAG1 gene focusing to purposed EGR-1 regulato  ry region.
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Fig. 11-5.B. Relative luciferase activities of EGR-1 oriented JA Gl promoter-

reporter constructs . The JAG1 promoter-reporter constructs each as showkig.l-5.A

and the PGL3 luciferase reporter vector, an intecoatrol, were transiently co-transfected
into ref-1 expressing GM00637 cells. Forty eight hafter transfection, cells were harvested
for assaying the reporter gene expression. Fideitjferase activities elicited by the JAG1
promoter with EGR-1 binding sites were normalized{Galactosidase activities derived from
the PGL3 basic vector. Data shown are the mean ©f3bree experiments, each determined

with triplicate dishes.

[I-6) Identification of EGR-1 binding to the sub-re  gion -850/-383 of the
JAG1 promoter.

To identify transcription factors that bind to fhatativecis-element -638/-622 as described
above, we conducted electrophoretic mobility shifid asupershift assays (EMSA) with
antibodies against EGR-1 as shown (Fig. II-6A & 6B¢lded a supershifted band, indicating
that the putativeis-element in this sub-region is an EGR-1 binding.sithe consensus EGR-1
oligonucleotides were used as competitors as in supeaskdiys (Fig. 11-6B) in the presence of
the GM00637-ref-1 nuclear extract using 5’ Biotiableled EGR-1 DNA binding site-1l (EGR-
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1-BS-Il) as a probe. As expected (Fig. 11-6B), approximatefb@molar excess of cold EGR-
1 binding site-consensus (EGR-1-BS-Cons) (lanesligpnucleotides competed successfully
with labeled probes to bind to the EGR-1 proteimnfirithis supershift assays result strongly
support the hypothesis that the EGR-1 binding siists in the -850/-382 fragment of the
JAG1 promoter and the transcription factor, EGR-1, smadlii binds to thisis-element.

[A]

/\ ~

)
SIS
N S )
& Q <

Putative EGR-1 Binding Motif
[B]
EGR-1JAG1BSH#HI — — -|_
EGR-1 Consensus — -|- —
Recobinant EGR-1 — _|_ _|_

Free Probe +

EGR-1 Binding Activity Putative EGR-1 Binding Motif
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Fig. lI-6.A. Identification of the EGR-1 binding site in the s  ub-region -850/-382 of

the JAG1 promoter. A . EGR-1 binding to the subregion -638/-622 of the JAG
promoter determined by EMSA assays 5'-Biotin labeled synthetic JAG1l promoter
oligonucleotide probe —638/-62ntaining EGR-1 BS #ll and pg nuclear extracts (NE)
prepared from ref-1 expressed cells were incubatethe reaction mixture. After reaction,
samples were analyzed on the native B&tyacrylamide gel followed by autoradiography
B.EGR-1 BS #ll binding to the sub region -638/-622 of theAIG1 promoter determined by
EMSA supershift competition assays Experiments wereperformed as described iA,
consensus competitors were added into the reantigture before addition of the putative
EGR-1 binding oligo ( Fig.lI-6B lane 4) as well astibody against EGR-1 was incubated with
putative EGR-1 binding motif (Fig. 11-6B Lane 5). ftgpanel shows the EGR-1 specific band
was confirmed by using EGR-1 recombinant proteguliated with EGR-1 binding consensus

oligo and putative EGR-1 binding motif respectively.

[I-7 ) Evaluations of transcriptional activities of putative EGR-1 BS #ll
in JAG1 promoter region -850/382.

To evaluate roles of the EGR-1 in the JAG1 genévattdn, site-directed mutation was
intoduced at the EGR-1 BS #ll in the JAG1 promeéggerter gene construct spanning from -
850/382 (Fig. 1I-7). JAG1 core promoter activitere tested by transfection assays in ref-1
expressing cells GM00637. As shown in Fig. 11-7, niotes of the EGR-1-BS #Il {EGR-1
BSII SMTF: cct gag cat ccc gdtc ccc aac ccc ttc ca} (mutations are labeled witidB
Letters) reduced the luciferase gene expressiom it of the wild type control. Thus, the
JAG1 promoter contains functionally active EGR-fjumnces which are considered to be an

important for ref-1 induced JAG1 promoter activation.

Pronoter Aty
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r«

2000 500 1000 1500 2000 2500 3000 3500 4000 4500
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Fig. II-7. Effects of EGR-1-BS-WT and its mutants o n the SV40 promoter-directed
reporter gene expression . The EGR-1-BS-WT and EGR-1 BS #ll mutant as shown in
schematic drawing in the left were inserted upstred the SV40 promoter ithe pGL-3
promoter reporter vector. Resulting chimeric coridruvere co-tranfected with th@asmid
pSV{$-Gal into ref-1 expressing GM00637 cells. After alosttransfection, luciferase and
B-Gal activities in cell lysates were determined. EGRS-WT or mutant modified SV40
promoter-directed luciferase activities were noipgal to the transfection efficiency. All
values represent the mean + SD of three experimeath determined with triplicate dishes.
Luciferase activity was measured by using b-Galactosidasay system of Site Directed EGR-
1 JAGI1-Il Promoter-reporter constructs in humamnoiiitast GM00637 and its DNA repair

protein APE over-expressed cell line.

[I-8) Determination of functional EGR-1 BS #ll int he JAG1 promoter
region.

Computational analysis showed that there are 3ipat&GR-1 binding sites located at -
540/-556, -622/-638 and -778/-794 in the JAG1 pr@moegion from -850 to -382 which
yielded the maximal reporter gene expression (FdB). From the mutation analysis, The
EGR-1 BS#ll binding site (-622/-638) containing JA@romoter fragment (-850/-382) was
demonstrated to enhance the SV40 promoter acffity. 11-7). To examine whether other
putative EGR-1 binding sites are also capable cbrporation with EGR-1 BS #Il and
regulation of the JAG1 gene expression, we carrigidetectrophoretic mobility shift  with
synthetic oligonucleotides spanning JAG1 promoeguences oligos EGR-1 BSI F 5'Biotin
CCC agg gtg agc acg ccc tct cat gaa tat taa t, EBRHLF 5'Biotin gag cat ccc gct gcc ccc
aac ccc ttc caa gtt c and EGR-1 BSIll F 5'Biotin gcc cgg ggc gcc cga ggg ggc ggt ccc cgce
tgg g as shown in Fig. 8A. After incubation with tear extracts from ref-1 expressed
GMO00637 cells, labeled oligonucleotides induced hitglshift bands in the presence of EGR-
1 BS #ll (Fig. 11-8) but not in the BS#I and BS#tligo. These results indicated that the only
EGR-1 BS #ll is functional.
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€= EGR-1

Putative EGR-1 binding Motif BS#I B&#I BS#lII

Fig. 1-8. Determination of functional EGR-1-binding sites in the JAG1 promoter region —
850/382.5’- biotin labeled synthetic JAG1 promoter fragmentsitaiming putative EGR-1
binding sites as shown in Fig. 1I-8 andpg nuclear extracts (NE) prepared from ref-1
expressed GM00637 cells were incubated in theiogaotixture in the absence or presence of
the specific antibody against EGR-1. After reactgemmples were analyzed on the native 6%
polyacrylamide gel followed by autoradiography. Rigercproducts are shown in lanes 1-3
with the probe EGR-1-BS#1, lanes 4-6 with the prEi@&R-1-BS #2 and lanes 7-9 with the
probe EGR-1- BS#3 .
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[1-9) Cellular EGR-1 binding to the cognate cis-element in the JAG1
promoter.

To determine cellular EGR-1 binding to the JA@bmoter region, the ChIP assay was
carried out using an antibody against EGR-1 antibody. A®dstrated, there were at least one
functionally active EGR-1 binding sites among thE€&R-1 located at the regions in the EGR-
1 promoter region -850/-382 that displayed the makipromoter activity (Fig. 11-4B). Thus,
this active EGR-1 BS #ll binding site was tested tfeeir cellular protein binding by using
specific primer pairs tabulated in table 1I-4. Aatiog to the designed primer pairs, we
anticipated that JAG1 promoter fragments -850/-38Bich contain active EGR-1-binding
sites #ll , would result following immunoprecipitat with the EGR-1 antibody and
amplification by PCR. Indeed, gel analysis of PCRdpcts confirmed our expectation.
Approximately, a ~100 bp and a 150 bp DNA bands wayserved on gels as the PCR
amplified using primer pairs that encompass EGRadlibg sites #lI (Fig. 11-9). In contrast, no
signal was detected in control experiments wittoaspecific antibody. These results suggest
that the assay conditions were appropriate andbeansed to measure the relative levels of
EGR-1 binding to the JAG1 gene. As noted, the same cell my@Bel06) for each group was
used for DNA extraction, and there was no signifiadifierence in the yields of PCR products
among groups using “input” (before immunoprecipitajiDNA as a template (Fig 11-9). These
results reflect the status of cellular EGR-1 bigdio the JAG1 gene which is highly sensitive

to ref-1 stimulated endogenous expression.

INPUT DNA

GMO00637

GMO00637/pc

I, '100037/re1-1
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Fig. 11-9. Determination of cellular EGR-1 binding to the JAG1 gene promoter by the
ChIP assay.GM00637, GM00637-pcDNA3.1 and GM00637-APEL1 celesavincubated from
2 x 106 cells for each group, and immunoprecipitatéh an antibody against all EGR-1, Anti
acetyla Histone H3, a positive control or nonspeadifibbit IgG, a negative control (Fig.B),
Using unimmunoprecipitated (input) DNA as a templdhe PCR with primer pairs leading to
EGR-1 BS #ll. PCR with “input” DNA was performed meoonitor amplification efficiency of
individual primer pair along the JAG1 gene (Fig.ALRP products were analyzed on 2.2%
agarose gels.

[I-10] Precise mechanism of the ref-1 regulation tdhe functionalities of the
JAG1 promoter.

To verify the precise role of the ref-1 in th®GIL expression, the various APE1 mutants
were made as described above into the TOPO- pcDNA®D) vector. Transient co-
transfection was carried out by using various refilitants with the EGR-1 binding site
containing luciferase reporter constructs -850/-382GM00637 cells. After 48 hour of
transfection, cells were harvested and measuredtrfacriptional activity by using b-
galactosidase assay syatem. As shown (Fig. I-10s cahsfected with the wild-type ref-1
expression plasmid (TOPO-pcDNA3.1 APE Full Length)l avith JAG1 promoter fragments -
850/-382 which contain an active EGR-1 binding adewell as redox or c-terminus part of the
ref-1 expression plasmid (TOPO-pcDNA3.1-APEF1/R30&hibited higher levels of
luciferase activities of the pGL3-Promoter controHowever, ref-1 repair part or N-terminal
region containing expression vector (TOPO-pcDNABFPE Repair) showed significantly

reduced transcriptional activity.

A point mutation was introduced in the first haffthe redox part containing conserved c-
terminus site which is considered as a residue thtdiegoe important or redox activity [138] in
all mouse, rat, and human. An active cysteine of jposB5 of redox part was changed to
alanine (a cysteine t position 65 ) [147] whichufes significant decrease of luciferase

activities in comparison to the empty vector a®atl while a point mutation in both halves
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and others show not a significant reduction. Thus, the EGRethation with its binding site in

the JAG1 promoter region is a critical molecular targetéf-1 induction to its redox part.

Luciferase Activity

JAGT (-850/-382) + pcDNAS.1-C296A Mutant [ EEEEEEE

JAG! (-850/-382) + pcONAG.1-CesA Mutant RN

JAGT (~850/-382) + pcDNAS.1-APE Repair I

JAGT (_B50/-382) + pcDNAS.1—APE Redox .

JAG1 (-850/-382) + pcDNA3.1-APE Full .
JAG1 (-850/-382) + pcDNAZ. 1 I
PGL3 Basic Vector + pcDNA3. 1 [
Fold Increase 0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00 8.00

Fig. 1I-10. Ref-1 regulation to the functionalities of the JAG1lpromoter. Ref-1regulated
JAG1 transcriptional activity was determined byngsvarious ref-1 expression constructs with
site directed mutations and EGR-1 JAG1 Promoteontep constructs (-850/-382) were
transiently co-transfected in human fibroblast GBI®D cells and 48 hr after transfection,
promoter activities were measured by using b-Gatagase assay system. Various constructs

with its mutations are named in the left.
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Discussion

I. Ref-1 Induced GFRul Promoter Activity in Human fibroblast
cell line GM00637.

Regulation of GFR1 transcription in response to ref-1 is a criticahtrol point for the
GFRuol gene expression involved human fibroblast cell line GM00637. This reporégents
the data for the GFR gene promoter by addressing three issues. Fiideritified the ref-1
induced GFR1 expression in human fibroblast cell line GM006Sécond, it characterized
functional NFxB core elements and other active sub-regions ofGRBul gene promoter.
And third, it demonstrated the N& binding site as animportant cis-element for

transactivation of the GRR gene.

Hence the GHRL gene promoter had cloned and characterized ieffart to understand
mechanisms for the Gl transcriptional regulation. The 5’-flanking regioh the GFRi1
gene appears to contain no typical TATA or CCAA i experimental analysis, as it was
failed to find out the TSS. The TATA box as thetftere promoter element identified in RNA
polymerase ll-transcribed genes is generally pte26r80 bp upstream of the transcription
start site (65). From the Primer extension assaysvere not able to find transcription start

sites in GFRR1 promoter region.

To determine whether the 5’-flanking region loé tGFRi1 gene is functionally active for
the regulation of transcription, an approximately3-kbp genomic fragment spanning
nucleotides from -2291 to -7 was inserted in frohthe luciferase gene in the reporter gene
vector (Prom -3,979). The promoter activity was assgdy transient transfection of the Prom
—2291/-7 construct into ref-1 expressed GM0063%.céls shown in Fig. 1-4B, the Prom -
2291/-7 induced around ~18-fold increase over tiB&d 3P basal level in reporter gene
expression indicating its Gl promoter property. A series of 5’-deletions of #em -
2291/-7 indicated that the construct Prom -575/8&kvretained promoter activity amounting
to at least ~20-fold of the pGL3-Basic control. Tiheximal luciferase activity was found in
the -575/-66 base pair region immediately upstred®TG as shown in the construct Prom —
575/-66.
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Progressive 5’-deletion assays indicated the sequiemmel to -287 as a basic region and
the sequence from -575/-66 as a regulatory regiah lare essential for the maximal
expression of the ref-1 induced GiERpromoter activity. Screening of the -575/-66 regio
using gel shift and supershift, and competition yssemonstrated a N€B binding site #I,
i.e., 5'Biotin cct cac ccc ggt gtt gga aat tcc cag gcg gga -3, at the region of 349- /-322
sequence of double stranded 5’biotin labeled DNAewesed (Fig. 1-6). Mutating in nucleotide
in the GFR1 promoter-NFe<B BS #l binding site at the region of -349- /-32&&essfully

inhibited luciferase activities in chimeric construersfected ref-1 expressed cells (Fig. 1-7).

These results strongly support the hypothesisiir«B BS #1 is one of the transcriptional
activator that binds to theis-element located at -349/-322, facilitating ref-tiined GFR1
transcription. The GHrL promoter region -575/-66 that yielded the maxiaglvity contains
at least 3 putative NkB binding sites at regions of -349/-322, -300/-28&] al55 /-143. To
gain insight into biological activities of all ptitee NF«B-binding sites in the GHRA
promoter we performed electrophoretic mobility slaihd supershift assays. Results showed
that except the oligonucleotides containing theusage of -349/-337, two oligonucleotides
with the sequences -300/-288 and -155/-143 hacimptrole to make nucleoprotein complex
with the GFRu1 specific NFxB binding motif (Fig.I-8).

Furthermore, site-directed mutations of the 8BS #I at the sequences ccc ggt gtt gga
aatcgc cca aag gcg gga ac strongly inhibited GERromoter activities. These results are
consistent with the enhancement of SV40 promoter actiyithéd GFR1 NF«B binding site -
349/-337 in chimeric construct transfected cellsta®wvn above (Fig.l-4B) and further support
the conclusion that the NEB binding site acts as an enhanciesrelement transactivating the
GFRo1 gene.

So all of above promoter analysis data also showed tHaBNs required for ref-1 induced
GFRal activation. Thus, it was speculated that in vibinding data could not completely
explain the real situation in vivo. To address ffossibility, ChIP assays were performed with
an anti-p50 and anti-p65 antibody in ref-1 expregEM00637 cells. The ChIP results are

consistent with the promoter assay results. In el rexpressing GM00637 cells, there is a
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persistent interaction between the NB--349 site and the residual p50, while very low or
absence of interaction can be seen atdBFsite and p65 residue (Fig. 1-9). However, such a
protein-DNA interaction can not be seen at dNB-300 and NFR¢B-155 site .

The ref-1 regulation of gene expression is $eesto redox part since its DNA binding
domain contains a cysteine (C65) residue susceptisl GFRi1 induction. This possibility
was tasted by using mutation in redox part of réf=65) (45,48,49) and showed that the
luciferase reporter gene expression in GM0063% d¢edhsfected with GRR. NF«B binding
site (-575/-66)-SV40 promoter chimeric constructaswsignificantly inhibited (Fig.I-10).
Luciferase activities in NikB binding site-SV40 promoter chimeric construcnsicted cells
treated with other ref-1 expression truncated otated constructs were expressed relative to
controls obtained from cells transfected with d-element free pGL3-Promoter vector under
the same conditions to ensure the inhibition medidty the redox part of the ref-1 and NB-
cis-element interaction. Redox part of the ref-1 ragah to the GFRL promoter activity was
further confirmed by as similar to above co-trantten assay of different mutated ref-1
expression constructs with the GER promoter-reporter vector (Fig. 1-10). These nessul
indicate the high sensitivity of NkB interaction with its cognateis-element of the GHrL
gene in response to ref-1 stimulation. Ongoing erpEnts should be focussed to determine
the transcription Initiation site by Primer extemsianalysis and RACE to predict a typical

eukaryotic promoter.

In sum, this report describes the cloning andatttarization of the GFHR gene promoter
in response to ref-1 in human fibroblasts. The makipnomoter activity was displayed within
an 575/-66 bp 5’ flanking region upstream of the asla putative translation initiation site
including exon-1 composed of a basic domain froBV-® -1 and a regulatory domain from -
575 to -66. One NkB binding site at the sequences -349/-337 was m@ted which acted as
an enhancer element elevating the GERpbromoter activity in response to ref-1. NB-
transactivation of the GFR gene was strongly modulated in response to rief-iuman
fibroblast GM00637 cells. By pursuing these findingsmay elucidate mechanisms for

controlling transcription of GHRL, a key neuronal receptor, in response to ref-1.
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lI. Ref-1 Induced JAG1 Promoter Activity in Human fibroblast

cell line GM00637.
In the current study, it was sought to identify ) that could potentially upregulate

JAG1 expression in the context of ref-1 in humaordblast cell line GM00637. It was
demonstrated that ref-1 upregulated JAG1 proteith mRNA expression. Furthermore, an
EGR-1 binding DNA element was identified which watgtical for basal and ref-1 induced
activation of the JAG1 promoter. More importanthGE-1 transactivated the JAG1 promoter

via this EGR-1 element in ref-1 expressing GM00637 cells.

More 5’-deletions of nucleotides from the Pro&b0/-382 induced serially reduction of
luciferase activities based on the EGR-1 DNA bigdsites such that the Prom -850/-382,
Prom-595/-382 and Prom -490/-382 decreased JAGMngiey activity (Fig.ll-5A & 5B).
Interestingly, deletions of the 3’proximal regiond90/-382) DNA element upstream of ATG
from the Prom -850/-490 also totally decreasedfduase activities as shown by Prom -850/-
382. (Fig.1I-5B). It should be noted that the constrom-850/-382 significantly induced the
highest expression of the luciferase gene to theteopGL3-Basic control while the construct
Prom 490/-382 or -850/-490 displayed only basatll@f luciferase activity in comparison to
the pGL3-Basic. Thus, it appears that the major obllne fragment between -850 and -382 is

transactivation of the ref-1 induced JAG1 gene.

By 5’ promoter deletion experiments, a regiob@t850 to -382 was identified which was
important for ref-induction of the JAG1 promoter (Fig. 11-5B). Indeedternal mutation of
this region in the context of the larg@omoter construct abolished ref-1 induction (Flgl)l
Surprisingly, it also reduced the basal promoterviagt by >50% (Fig. 1l-7). These
complementary experiments demonstrated an esseolgabf the EGR-1 motif in conferring
JAG1 basal and ref-1 inducible promoter activity in GMOO068IFs.

EGR (Early Growth Response) proteins represdaingy of transcription factors involved
in cell cycle regulation (82). They contain threearly identical DNA - binding zinc finger
regions, each possessing a unique flanking regiorR-EG-2, -3, and -4, bind the EGR

consensus sequence GCG T/GGG GCG, however the dodiviproteins show differing
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binding affinities for related aaaaaa sequences3433The EGR binding sites are present in
promoters of several tissue specific genes reggatiytokines and growth factors as well as

genes regulating the cell cycle.

These results strongly support the hypothesst tBGR-1 BS #ll is one of the
transcriptional activator that binds to this-element located at -622 /-638, facilitating ref-1
induced JAGL1 transcription. The JAG1 promoter regi®b0/-382 that yielded the maximal
promoter activity contains at least 3 putative EGRinding sites at regions of -540/-556, -
622/-638, and -778 /-794. To gain insight into biddag activities of all putative EGR-1
binding sites in the JAG1 promoter, an electroptiommobility shift and supershift assays
were performed (Fig. 1I-6, 11-8). Results showed #atept the oligonucleotides containing the
sequence of -622/-638, two oligonucleotides withgagquences -540/-556 and -778/-794 had
not any role to make nucleoproteincomplex with EGBpecific antibody. Screening of the -
850/-382 region using gel shift and supershift, emhpetition assays demonstrated an EGR-1
BS #ll at the region of 622- /-638 is importantregulate the ref-1 induced JAG1 promoter
activity in GMO00637 cells. Ongoing experiments sldodde focussed to determine the
transcription Initiation site by primer extensiomadysis and RACE to predict a typical

eukaryotic promoter.

In conclusion, an EGR-1 DNA element was ideadifin the JAG1 promoter that was
critical for ref-1 induced JAG1 promoter activityn the present study, it was elucidated the
mechanism by which ref-1 induces JA&{pression in human fibroblast cell GM00637. Ref-1
induces JAG1 expression at the transcriptionall I&vig.11-1). Recent reports established that
the JAG1 promoter has three EGR-1 binding sites and only BB&-1 binding site at the —
622/-638 position of the JAGfromoter is responsible for ref-1-mediated JAGlnpoter
activation as well as DNA element of the region0/%90 displayed only basal level of

luciferase activity (Fig.11-7 ).
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JAG1 promoteret Z&tot=NS HICH. O UOIH, 0ld8t 222 SAHH0l=
promoter 482 SHOIH 2AAIZCH. DH22, APEl K& & GFRa 12 NFk-B 2
JAG12 EGR-1 Z & motifsOl &lof Z&E &I, Oledst Z 30l 2loH M APE10| GFRa 1
dt JAG! promoter2 NFk-B 2t EGR-1 2R =E2 HMAIXISES SoiM GFRa 11t
JAGT JIs2 ZT&ole M2 JI1&2 F2E sttt &2
28 E GFRa1 b JAG12] MZ2 promoter &2
GFRa 11} JAGT promoter =41t GFRa1 It JAGT R&
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