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Abbreviations

In this thesis, the following abbreviations were used

ADP:

ANOVA:

ATP:

B-Myb:

BSA:

BZA:

BZD:

CaMKII:

C!EBP:

cAMP:

CDTA:

CREB:

DAMGO:

DMSO:

DRD2:

DTT:

EDTA:

EGFP:

EGTA:

ELK:

Adenosine diphosphate

Analysis of variance

Adenosine triphosphate

Myeloblastosis oncogene

Bovine serum albumin

Sodium benzoate

Benzamide

Ca2'lcalmodulin-dependent kinase II

CCAATIenhancer binding protein

Cyclic adenosine monophosphate

1,2-Cyclohexanediaminetetraacetic acid monohydrate

cAMP responsive element binding protein

[D-Ala2,N-Me-Phe`,Gly5-ol]enkephalin

Dimethyl sulfoxide

Dopamine D2 receptor

Dithiothreitol

Ethylenediaminetetraacetic acid

Enhanced green fluorescent protein

Ethylene glycol bis(beta-aminoethyl ether)-N,N,N',N'-tetraacetic acid

E-Twenty-six-specific sequence domain transcription factor
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EMSA:

ERK:

GAPDH:

GATA:

HES1:

HRP:

HTLV- Tax 1 :

IL:

iNOS:

IRES:

Ivs:

MALD-TOF:

MOR:

NAD':

NFAT:

NF-KB:

Oct-1 :

p-ABSF:

PARP-1:

PBS:

PVDF:

RT-PCR:

SDS-PAGE:

Electrophoretic mobility-shift assay.

Extracellular signal-regulated kinase

D-Glyceraledehyde-3-phosphate dehydrogenase

Glutamyl-tRNA amidotransferase subunit A

Hairy and enhancer of split 1

Horseradish peroxidase

Human T-cell leukemia virus type 1

Interleukin

Inducible nitric oxide synthase

Internal ribosomal entry site

Intervening sequence

Matrix-assisted laser desorptionlionization time-of-flight

p Opioid receptor

Nicotinamide adenine dinucleotide

Nuclear factor of activated T cell

Nuclear factor-kappa B

Octamer-binding transcription factor 1

4-(2-Aminoethy)benzenesulfonyl fluoride

Poly(ADP-ribose) polymerase-1

Phosphate buffered saline

Polyvinylidinedifluoride

Reverse transcripion-polymerase chain reaction

Sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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SNP:

SREBP:

STAT:

TBE:

TK:

TNF:

TPA:

WB:

Single nucleotide polymorphism

Sterol regulatory element binding protein 1

Signal transducer and activator oftranscription

Tris borate EDTA

Thymidine kinase

Tumor necrosis factor

12-O-Tetradecanoylphorbol 13-acetate

Western blotting
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                         General introduction

 Opioids exert potent analgesic effects, which are mediated by the binding of agonists

such as opioid alkaloids or opioid peptides to their endogenous receptors.i-5)

Pharmacological and clinical studies have shown that among all the known opioid

receptors, the p opioid receptor (MOR) exerts the most profound analgesic effect.3'7)

However, MOR also exerts side effects such as psychological and physical dependence.

Therefore, some patients and health professionals are prejudiced against morphine.

 Recent studies have identified the cDNA encoding p, 6, and K opioid receptors in

rodents.8-i5) Identification of receptor subtypes has clarified that morphine induced

analgesia is due to MOR. In addition, expression of MOR on cultured cells has

clarified that enzymes such as adenylate cyclase or phospholipase C and K' or Ca2'

channels are related to the signal transduction mechanism via MoR.i6'22) The

mechanism underlying the analgesic effect of morphine can be summarized as follows.

Activation of MOR located on the presynaptic terminals of C fibers and A delta fibers

indirectly inhibits the voltage-dependent calcium channels, thus decreasing the cAMP

levels and blocking the release of pain neurotransmitters such as glutamate and

substance P from nociceptive fibers. 23) Psychological dependence on morphine is

caused by dopamine secretion by the activation of MOR. However, under pain,

dopamine secretion is controlled by the K opioid receptor activated by interaction with

the endogenous opioid peptide; thus, psychological dependence is not caused under

conditions of pain.24-27) Tolerance to morphine is caused by the desensitization of G

protein-coupled receptors in the phosphorylation of serine and threonine residues by
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Ca2'!calmodulin-dependent kinase II (caMK II).28'3i)

 These studies on opioid receptors not only clarified the antinociceptive potency of the

receptors but also the mechanism underlying the dependence on and tolerance to these

receptor ligands. Therefore, opioids were recognized as excellent pain-relieving drugs

and have since then been widely used. However, it is difficult to determine an

appropriate dose of morphine, because the efficacy of the drug dose depends on

individual specificity. An opioid dose less than the appropriate dose causes mild side

effects such as drowsy, vomitus, and obstipation, without exerting any analgesic effect.

In contrast, an opioid dose more than the appropriate dose causes severe side effects

such as respiratory depression. The appropriate dose of an analgesic may be different

for each patient even if they are in the same stage of cancer progression, with same

lifestyle and age, and of the same sex. Therefore, it is difficult to determine an

appropriate dose of opioids.

 Gene polymorphisms are one of the factors that explain the individual differences

with regard to medicinal and side effects of a drug. Gene polymorphisms are individual

differences in the genomic DNA with the frequency of )10/o. Two types of gene

polymorphisms single nucleotide polymorphisms (SNPs) and microsatellite

polymorphisms are thought to provide usefu1 information. The formers are

substitutions of single nucleotides, and the latters are iterations in DNA sequences.

Although the influence of SNPs is less than that of the microsatellite polymorphisms,

there are more types of SNPs than microsatellite polymorphisms. It is considered that

more than 2,OOO,OOO types of SNPs and 1OO,OOO types of microsatellite polymorphisms

exist in the human genome. Therefore, SNPs are expected to be more useful in medical
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practice than microsatellite polymorphisms. In general, an SNP is distinguished by the

region where it exists: an rSNP exists in the transcriptional region, a cSNP in the

translational region, and an iSNP in the intronic region. The rSNPs may alter the

expression level ofprotein via gene transcription, and the cSNPs may alter the function

of protein via amino acid substitution. The iSNPs are assumed to alter the expression

level or the function of protein via splicing in gene transcription.32' 33)

 Several studies on SNPs have clarified the relation between SNPs and individual

differences with regard to drug treatment. For instance, because the productivity of

leukotriene in a patient whose genome has an SNP in the transcriptional regulatory

region of 5-lipoxygenase genes is low, it is clarified that the effect of lipoxygenase

inhibitor on these patients is weak.34'36)

 Similarly, in pain therapy, prediction of the effect of morphine based on SNP

information is expected to enable treatment with morphine with minimum side effects.

Recently, individual specificity was considered to be associated with the SNPs existing

in the human MOR gene.37-42) Some of these SNPs are associated with the analgesic or

side effects of morphine, while others influence the function or expression levels of the

receptor.43-48)

 This study demonstrated that the SNP on the transcript regulatory region of MOR

gene increased the transcriptional control of MOR gene. The analysis of SNP detected

10 SNPs on transcriptional region and 4 exons of Japanese MOR gene. Moreover,

linkage analysis revealed significant linkage, which was not observed in studies

performed in other nations (chapter 1). The specific nuclear proteins were found to

bind to neighborhood of -172GIT which is located on 172 bp upstream of the
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translation initiation site, and its affinity to DNA was increased by base substitution

from -172G to T. This protein was identified poly(ADP-ribose) polymerase-1

(PARP-1) by affinity purification and mass spectrometry (chapter 2).

 PARP-1 was turned out as the positive regulator of MOR gene. Moreover, tumor

necrosis factor (TNF)-ct enhances MOR gene expression besides the increasing of

PARP-1-binding to -172GIT region. These results suggest the MOR gene expression

was enhanced by -172T substitution (chapter 3).
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                             Introduction

 p Opioid receptor (MOR) is molecular targets of analgesic opioids, such as morphine,

fentanyl, and related drugs, which also mediate tolerance and dependence. MOR gene

located on chromosome 6q24-25 is composed of 4 exons, 3 introns, and a

transcriptional regulatory region, which is 3,OOO bp upstream from the translation

initiation site.49) Greater than 40 kinds of single nucleotide polymorphisms (SNPs)

have been reported on the MOR gene.50) In clinical studies such as those involving

case controls, certain SNPs have been reported to relate to the analgesic or side-effects

of morphine.5i) An in vitro study demonstrated that certain SNPs influenced the

receptor function of MOR by substitution of its amino acid, whereas other SNPs

influenced the receptor expression levels by altering the MOR gene transcriptional

regulation.5i)

 One of the well-established polymorphisms involving the MOR gene is referred to as

118AIG; it causes amino acid exchange, referred to as 40AsnlAsp, in the extracellular

region of the receptor.52) This substitution leads to a change in the affmity of the

receptor to its ligands, which increases P-endorphin binding; however, it causes a

decrease in morphine-6-glucuronid activity.43'44) In other SNPs, 779GIA, 794GIA, or

802TIC in MOR exon 3 caused an amino acid change, i.e., 260ArglHis, 265ArglHis, or

268SerlPro, in the third intracellular loop of MOR, which decreases the receptor

signaling activity.45' 46) Furthermore, 802TIC (268SerlPro) lost CaMKII-induced

receptor desensitization.46) The frequency of occurrence of SNPs that cause amino acid

substitution thereby infiuencing MOR function is extremely low, except for
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118AIG.50' 5i) Therefore, it is expected that polymorphisms in the transcript regulatory

region would contribute to the various responses of individuals to opioids. Although

the SNPs of the MOR gene have been widely analyzed, the frequencies of SNPs on the

MOR gene among the Japanese have not been established. In this study, the SNPs

analysis of the Japanese MOR gene report newly identified linkage disequilibrium,

namely, -1748GIA and -172GIT.
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Materials and Methods

Subjects

 The study subjects comprised of 52 healthy Japanese volunteers. This study was

approved by the Institutional Review Committee of Hoshi University. Written

informed consent to participate in this study was obtained from all subjects.

Genotyping

 Genomic DNA samples were extracted from peripheral blood of each subject by using

Wizard Genomic DNA Purification Kit (Promega, CA, USA). Samples were employed

to analyze the MOR gene polymorphisms among members of the Japanese population.

Polymerase chain reaction (PCR) was performed by using LA Taq (Takara Bio Inc,

Shiga). The reaction mixtures contained 50 ng of genomic DNA in 50 pL (2.5 units of

LA Taq, 1 Å~ LA PCR buffer, O.4 mM deoxyribonucleotide triphosphate (dNTP) mix, 2.5

mM MgC12, O.5 pM primers). Each PCR product was purified using SV Wizard gel and

PCR purification kit (Promega).

 DNA sequence of the PCR product was analyzed by direct sequence analysis using

CEQ DTCS-Quick Start Kit (Beckman Coulter Inc, CA, USA). The detection of

polymorphism in the MOR gene was based on the observations made from the genomic

DNA sequence. Figure 1 or Table 1 presents the analyzed regions and the primer

sequence used to amplify those regions.
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Linkage disequilibrium

 Linkage disequilibrium measures were calculated for SNP loci occurring with a

frequency of 50/o or greater in the MOR gene. The linkage disequilibrium observed

between 2 points was analyzed for the detection of SNPs with at least 50/o occurrence

frequency. Linkage disequilibrium was calculated by using the QTL Haplo and

calculation resource referred to in these reports.53' 54)
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Results

Analysis ofsingte nucleotide polymorphisms in Japanese MOR gene

 This study analyzed the transcriptional regulatory region, the entire region of exons,

and the intron 2 of MOR gene using genomic DNA samples. Some SNPs were

observed in the transcriptional regulatory region (-1748GIA, -1565TIC, -1045AIG), in

the untranslated region (-172G!T, -38CIA,) in the coding region (118AIG) and the

intronic region (ivs2+31GIA, ivs2+691CIG, ivs4+274AIG, ivs4+435G!A). No tandem

repeats, insertions, or deletions of nucleotides were found in this study. Table 2

summarizes the allele and genotype frequencies.

Linkage analysis ofJapanese MOR gene

 Subsequently, the linkage disequilibrium was analyzed between 2 points of 6 SNPs

with an occurrence frequency of 50/o or greater (-1748A, 7.70/o; -1565C, 5.80/o; -172T,

7.70/o; -118G, 47.10/o; ivs2+691G, 17.30/o; ivs4+435A, 12.50/o). Calculation of the

linkage disequilibrium (1 År D' År -1, 1 År r2) revealed significant linkage in -1748GIA

and -172GIT (D' = O.864; r2 =: O.746, Table 3). Genotype of -1748GIG did not have

- 172 T allele and similarly as for -172G/G genotype did not have -1748A allele (Table

4). Furthermore, forecast frequency of -172Tl-1748A was higher than that of

- 172Gl-1748A and -172Tl-1748G (-172Tl-1748A, 6.70/o; -172G/-1748A, 1.00/o;

- 172Tl-1748G, 1.00/o; Table 5).
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Discussion

 Since 10 years, various polymorphisms in MOR gene have been reported. SNP

frequencies of Japanese MOR gene in regions other than in the transcript region were

provided in a previous report.55) In our study, 5 SNPs (-1748GIA, -1565TIC, -1045AIG,

- 172GIT, -38C/A) were detected in the transcriptional regulatory region. Frequently,

DNA binding affinity to the transcription factor is influenced by base substitution in

transcription factor binding region or its neighborhood. Subsequently, transcription

factors that could possibly be bound to the DNA in the neighborhood of SNPs were

assumed by using the computer program TFSEARCH (http:11www.cbrc.jplresearchl

dblTFSEARCHJ.html). This program assessed that CIEBP or CREB binds to -1748GIA

region, OCT-1 binds to -1565TIC region and -1045AIG region, and GATA, SREBP, and

SPI bind to -172G!T, respectively.

 Subsequently, SNP frequencies obtained in this study was compared with those in

previous reports. The frequency of both -1748A and -172T was 7.70/o, and significant

linkage was observed between these 2 SNPs (Tables 2 and 3). The genotype of

- 1748GIG or -172GIG did not possess a -172T allele or -1748A allele (Table 4). The

haplotype forecast frequency of -1748Al-172T was higher than that of -1748G/-172T

or -1748Al-172 G (Table 5). Therefore, -1748A and -172T could possibly comprise the

same haplotype. In a study performed on African-American populations, the observed

frequency of -1748GIA or -172GIT was similar to this study (-1748GIA, 2.90/o;

-
172G!T, 11.40/o); however, the linkages -1748GIA and -172GIT were not observed.50)

In contrast, the frequency of 118AIG in our result (47.10/o; Table 2) demonstrated a
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greater similarity to the Asian populations than to the European or American ones

(Malay, 42.00/o; Indian, 47.40/o; Chinese, 35.10/o; Caucasian, 11.50/o; African-American,

1.60/o); further, the frequency of ivs2+691CIG reported in our result (17.30/o; Table 2)

demonstrated a greater similarity to the Asian population than to the European and

American ones (Malay, 20.50/o; Indian, 22.50/o; Chinese, 18.30/o; Caucasian, 40.00/o;

African-American, 500/o).56-58) Although SNP frequency of 118AIG or ivs2+691CIG

demonstrated a similar frequency as that observed in Asians, the linkage of 118A/G

and ivs2+691CIG observed in Asians was not observed in this study (Malay, D' = O.86;

Indian, D' = O.826; Chinese, D' = O.91; our result, D' =: -O.066; Table 3).59) Therefore,

these results suggest that our results obtained from SNPs analysis of MOR in Japanese

populations are different from those reported in other countries.

 In addition to the importance of each SNP, linkage disequilibrium or haplotype

analysis is assumed to be a usefu1 means to analyze polymorphisms, because the

phenotype is not only related to each SNP but also to the haplotype comprising of2 or

greater number of SNPs. In conclusion, significant linkage between -1748G!A and

- 172GIT was found. This linkage could possibly be related to individual specificity of

opioid effects by altering MOR gene transcription. Therefore the possibility that SNPs

on the transcript regulatory region including a novel linkage of -1748GIA and -172GIT

contribute to the MOR gene expression was examined in the next chapter.
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- 3000 bp
ATG

lntron 1 lntron 3

                             Exonl Exon2 Exon3

                                           -                        -877 402                                                 Region 3             Regionl -
                           Region 2

Fig. 1 Overvievv of the genomic MOR gene and analyzed regions

This outline shows the composition of and the areas subjected to SNPs analysis of
MOR gene. Arrows show analyzed regions (Region 1, 2450 bp; Region 2, 1279 bp;
Region 3, 1988 bp; Region 4, 1240 bp). These regions were amplified by using primers
specific to each sequence (Table 1 provides the details).

  TAI!

   Exon 4

78927 80t67

   Region 4

Table 1. Analyzed re  .glons and primer sequence

Region l

Locus nurnber"' Direction Nuclootidc

- 3000 -- -2982

- 567 - -547

Forvvard

Reverse

ATGGG6rr6CTCTVII'6CCTG

CTAAAACCCCAATGCTenCC
Region 2

Locus number' Direction Nuclcotide

-
877 "t --8S7

382 -- 402

Forvvard

Reyerse

TGCCACAACC'r"T-crGArr'T"Tcr

TACCTCCCCrrCTrrCATCCTC

Region 3

Locus number' Directien Nucleotide

50e62 -- 5oo82

52e3O -- 52050

Forward

Revcrse

GAAACTCAACAAAGCAGCATC
enCCCCTCT'I'CCCTCCAnc

Regi.on 4

Locus number]' Direction Nuc]cotide

7892 7 - 78949

80 146 •-t 8e 167

Forvverrd

Reverse

GTAGCATACACAAAT6AAGAoc
TCT6GCAATCAACA,A.AAACATC

(* Locus number shows the figure from the translation initiation site.)
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Table 2. Genotype frequency of MOR gene polymorphisms

Locus Gertt)type fiequency Al}ele ftequency

- 1748 GfG86.5e/. GIA1l.5e/. AfA 2.0(}/,

- 1565 TfT 88.5"/o T/C H.50/e C!C O.09/e

- 1045 AfA96.2e/e AIG 3.8"/o G!G O.O`//e

 -172 GfG86.5e/, Grrll5el. TfT 2.ge/,

 -38 CfC98.10/, CIA l.9e/, AIA O.or/,

 l18 AIA40A"/o AIG25.tw/e 6fG34.6"/e

Ivsl+31 GfG9tl2"/a GiA 5.8% A/A O.{)`//o

Ivs2+691 CfC 67.3"/o CfG 30.8"/o G/G l se/g

Ivs4+274A/Apa.2e/, A16 5.8e/, Gf6 0.ge/,

lvsl+435GIG75.cr!o GIA2S.ew/e AIA O.ge/o

G

T

A

G
C

A

6

c

A

G

9230/e A 7.70/e

942"/o C 5.80/e

98.1"!e G 1.90/o

92.30/o T 7.70/o

99.pafo A 1.00/o

52.pa/o 6 47.iOle

97.l"/o A 2.90/e

82.7% G IX30/e

97.ie/e G 2.90/.

87.5e/e A 12,50/o

Table 3. Linkage disequilibrium of MOR gene polymorphism

Locusl ]Locrus2 D' g

- 174g

-
1 748

- 1748

• 1748

-1748

- 156S

- IS6S

- IS65

- IS65

 ..172

 -172

 -lt 1 7Z

 alg

 llg
EvE} }ifi9 l

- 1565

 -1 72

 llg
Iysl-f691

Ivs4K3S

 -1 72

 xg
Ivs"7+{S91

Ivs4+435

:ws2 gts69 1

Iws4N3S

Iy:g2-+Åq}9 1

rvstst3s

rvstM3s

- 1,ooO

o.tki`t

- O.281

O.6S6

o.ng

- l.ooo

-- e.572

s.ogg

".sc3

O.(ltr74

O.tss6

o.3se

"vo.o66

•• O.S39

assff

O,oo5

b.746

O.tro6

O.I71

O.030

D.ee5

O.Ol8

OJvai

O.oc6

o.ees

b.l71

opfipl

D.oo1

o.oos

O.234
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Table 4. Combination genotype frequency of -1748G/A and -172G/T

Genotype freqvency

- 1748 • 172

GfG

GfA

AfA

GIG

Grr

Trr

86.5e/e

11.5e/,

2.crlo

Table 5. Forecast haplotype frequency of -1748G/A and -172G/T

- 1748 - 172 frequency

6

G
A
A

G
T

G
T

91.3e/,

1.ew/o

1.op/.

6.7el,
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                             Introduction

 The expression level ofthe MOR gene is controlled by various transcriptional factors.

The transcript of the MOR gene is regulated by the region from the translation

beginning point to 2 kbp upstream.60' 6i) In human neuroblastoma cell line SH-SY5Y,

(D-Ala2, N-Me-Phe4, Gly5-ol) enkephalin (DAMGO) up-regulated MOR gene via SPI

and SP3, 12-O-tetradecanoylphorbol-13acetatate (TPA) up-regulated MOR gene via

API, and interleukin (IL)-6 up-regulated via STATI and STAT3.62'64) SNPs in promoter

region could influence to MOR expression and following responsiveness to its agonists.

In immuno-effector cells, IL-4 up-regulated MOR gene via STAT6 binding to -997.

The -995CIA exists in the DNA binding site of STAT6. And the affinity of STAT6 to

- 995A was lower than that to -995C. TNF-ct upregulated the MOR gene via NF-KB

binding to -2174, -557, and -207. The -554GIA polymorphism is present on the DNA

binding site ofNF-KB. The affinity ofNF-KB to -554A was lower than that to -554G.

Therefore, either the -995CIA or the -554GIA polymorphism has the possibility of

influencing the MOR gene expression that IL-4 or TNF-ct causes through respective

transcriptional factors.47' 48) CXBK mice, a crossbred between C57BL16By and

BALBIcBy mice, 65) are known as MOR knockdown mice. It was reported that the base

substitution at -202CIA detected in CXBK mice decreased the SPI binding affinity to

the MOR gene. 66)

 In this chapter, the possibility that 5 SNPs (-1748G/A, -1565TIC, -1045AIG, -172G/T,

- 38CIA) on the transcript regulatory region which had been detected by the previous

SNP analysis contributes to the MOR gene transcription were examined. In process of
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these analyses, specific nuclear proteins bound to -172GIT region was found and its

affinity was increased by base substitution of -172GIT. In this study, PARP-1 was

shown to bind to -172T region in MOR gene, prefer to -172G, and positively regulated

MOR gene expression.
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                          Material and Methods

Cett culture

 The human neuroblastoma cell line SH-SY5Y and the human embryonic kidney cell

line HEK293T were cultivated in Dulbecco's modified Eagle's medium (WAKO Pure

Chemical Industries, Ltd., Osaka) supplemented with 100/o fetal bovine serum (GIBCO

BRL, MD, USA) and antibiotics (100 UlmL penicillin and 100 pglmL streptomycin:

GIBCO BRL).

N"clear extract preparation

 Nuclear extracts were prepared from HEK293T or SH-SY5Y cells. All steps were

performed at 40C. The cells were resuspended in lysis buffer (10 mM HEPES, 10 mM

KCI, O.1 mM EDTA, O.10/o NP-40, 1 mM DTT, 1 mM p-ABSF, 2 pglmL aprotinin, 2

pg/mL pepstatin, 2 pglmL leupeptin). The lysate was centrifuged at 500 x g for 3

minutes to pellet the nuclei, which were washed with lysis buffer. The nuclei incubate

in elution buffer (50 mM HEPES, 420 mM KCI, O.1 mM EDTA, 5 mM MgC12, 200/o

grycerol, 1 mM DTT, 1 mM p-ABSF, 2 pglmL aprotinin, 2 pglmL pepstatin, 2 pglmL

leupeptin) for 1 hour. Samples were centrifuged at 14,OOO x g for 15 minutes. The

supernatant liquids were used for nuclear extracts. Protein concentration of nuclear

extracts was determined using the Coomassie Protein Assay Reagent Kit (PIERCE,

Rockford, IL USA).
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Etectrophoretic mobitity shpt assays (EMSA)

 All oligonucleotides were synthesized by Operon Biotechnologies (Tokyo). To obtain

double-strand DNA, equimolar amounts of both strands were heated to 850C for 15

minutes with 20 mM Tris-HCI (pH7.5), 10 mM MgC12, and 50 mM NaCI. After heating,

each sample was allowed to cool down to room temperature slowly.

Oligonucleotides used for EMSA were 5' end labeled with T4 kinase (TOYOBO, LTD.,

Osaka) and [y-32P] ATP (Perkin-Elmer Inc., MA, USA). After the labeling reaction,

labeled oligonucleotides were purified with MicroSpinTM G-25 Columns (GE

Healthcare, BUCKS, UK) and diluted to 100 pL. Oligonucleotide sequences are shown

as follows: -172G probe: 5'-AGAGGAGAATGTCAGATGCTCA9CTCGGTCCCCT

CCGCCTGA-3', -172T probe: 5LAGAGGAGAATGTCAGATGCTCA!CTCGGTCC

CCTCCGCCTGA-3'. Nuclear extracts were preincubated for 15 minutes at room

temperature in 10 pL of binding reaction mixture contained 1 pg of nuclear extracts

and 2 pL of 5 x gel-shift binding buffer (Promega). Subsequently, 35 fmole of labeled

probe was added, and incubation was continued for 30 minutes at room temperature.

For competition assay, unlabeled probe was added to the binding reaction mixture

before the addition of the labeled probe. For super-shift assay, anti-PARP-1 antibody

(sc-8007; Santa Cruz Biotechnology, Santa Cruz, CA, USA) was dialyzed with O.1 x

PBS for two days. Subsequently, dialyzed antibody and buffer was concentrated on

8-fold by the vacuum. Two microliters of anti-PARP-1 antibody, dialyzed buffer or

anti-SPI antibody (sc-59; Santa Cruz) was added to the binding reaction and incubated

for 1 hour at 40C before the addition of the labeled probe. Samples were loaded on a

60/o polyacrylamide gel in O.5 x TBE buffer for 1 hour. After loading, gel was
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dewatered, exposed to the imaging plate and analyzed with Typhoon9410 (GE

Healthcare).

Aff]fn ity puri7ication ofDNA-binging protein

  For blocking non-specific binding of protein, 10 pL of streptavidin agarose beads

 (Calbiochem, Darmstadt, Germany) were pre-incubated in 20/o bovine serum albumin

 (BSA) and washed twice in the bufferd solution (10 mM Tris-HCI, O.5 mM EDTA, 1

 mM MgC12, 40/o glycerol, O.5 mM DTT, and 50 mM NaCl). Biotin-labeled

 oligonucleotides (90 pmol) were added to nuclear extracts of 100 pg and incubated

 for 30 minutes at room temperature. Next, streptavidin agarose beads pre-treated by

 BSA were added to the DNA-protein complex and incubated for 1 hour at 40C.

 Beads-DNA-protein complexes were washed twice in the buffered solution and then

 collected by centrifugation at 1,400 x g for 5 minutes. The sample for SDS-PAGE

 was prepared by heating precipitated complex with 100 pL of Laemmli buffer [62.5

 mM Tris-HCL (pH 6.5), 20/o SDS, 100/o glycerol, and O.OO1250/o bromophenol blue]

 containing 50/o B-mercaptoethanol.

Mestern btotting (PVB)

 Nuclear extracts containing 2 pg of protein were diluted to 1OO pL with Laemmli

buffer contained of50/o P-mercapt ethanol and heated for5 minutes at 950C. Samples

were loaded on 80/o polyacrylamide gel and transferred to PVDF membrane. The

PARP-1 protein was detected by mouse monoclonal antibody that recognizes the C

terminus of PARP-1, anti-mouse-HRP secondary antibodies and ECL reagent.
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Reporter gene ptasmids

 All reporter plasmids are based on the pGL3 basic vector (Promega). Construction of

pGL3 TK-172G or -172T was accomplished by inserting oligonucleotides used for

EMSA into the pGL3 basic vector digested with Sma I (TaKaRa BIO INC). Next,

thymidine kinase promoter sequence was obtained from the pRL TK vector (Promega)

by digesting with Bgl II (TaKaRa BIO INC) and Hind III (TaKaRa BIO INC) and then

inserting in all pGL3 vectors digested. Construction of pGL3-172G or -172T was

accomplished by inserting the MOR promoter ranged from 3 kbp up-stream to

translation initiation site into the pGL3 basic vector at Xho I and Hind III sites. The

inserted -172G fragment was amplified from genomic DNA of the -172GIG genotype

with PCR; PCR was performed using KOD plus (TOYOBO, LTD,) and the following

set of primers: Forward 5'-tatctcgaggatggcggagtcttcgg-3', Reverse 5'-tgcctcgagtacctctc

ccaattaccacag-3'. The -172T fragment was amplified from the -172G fragment by

mutagenesis that employed PCR. DNA fragments were purified using the Wizard PCR

Preps DNA Purification System (Promega), and plasmid DNA was purified using the

Genopure Plasmid Maxi Kit (Roche Diagnostics, Basel, Switzerland).

Transfection

 Plasmid DNA transfection to HEK293T cells was performed in 24 well plate, using

2.4 pL of NP-OH transfection regent and O.5 pg of plasmid DNA added to 12.5 pL of

NaCl (40mM).67) Mixture was incubated at room temperature for 20 minutes and used

for each well. Transfection to SH-SY5Y cells was by using Fugene 6 (Roche

Diagnostics).
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Luct:ferase assay

 HEK293T cells and SH-SY5Y cells were cultivated in 24-well plates at a density of

5 x 104 per well before transfection for 24 hours. Transient transfection construct was

prepared using O.25 pg of the pGL3 vector, O.125 pg of the pEF-bos P-gal vector, and

O.125 pg of the pcDNA3-myc vector. The pEF-bos B-gal vector was used for

P-galactosidase assay as an internal control of transfection efficacy. After incubation

for 24 hours, cells were lysed in 200 pL of lysis solution [25 mM Tris-HCI (pH 8.0), 2

mM DTT, 2 mM CDTA (pH 7.0), 100/o glycerol, 10/o Triton X, 4 mM MgC12, and 4 mM

EGTA)]. Each lysate (40 pL) was used for luciferase assay and for P-galactosidase

assay. Luciferase activity was quantified in MiceoLumat Plus LB96Y (Berthold

Technologies, Bad Wildbad, Germany) by measurements based on the Luciferase

Reporter Assay System (Promega). These assays were performed 3 times in triplicate.

PARP-I expression vector

 The PARP-1 coding sequence was cloned from SH-SY5Y cells via PCR

amplification; PCR was performed using KOD plus (TOYOBO, LTD) and the

following set of primers: Forward 5'-tatctcgaggatggcggagtcttcgg-3', Reverse 5'-tgcctcg

agtacctctcccaattaccacag-3'. Following sequencing, the fragments were digested with

Xho I (TaKaRa BIO INC) and inserted to expression vector. DNA fragments were

purified using the Wizard PCR Preps DNA Purification System (Promega), and

plasmid DNA was purified using the Genopure Plasmid Maxi Kit (Roche Diagnostics).
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Statisticat analysis

 For statistical evaluation of

Asterisks indicate significantly

O.OOI).

the experiments,

different values

 one-way ANOVA

(*;p Åq O.05, **; p

was performed.

Åq O.Ol, ***; pÅq
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                                Results

Increasing of speci:fic nuctear protein binding by the base substitution of -1 72G to

- I 72T

 To determine whether specific nuclear proteins bind to the -172GIT region, this study

performed EMSA using nuclear proteins extracted from SH-SY5Y or HEK293T cells

and 32P-labeled oligonucleotide probes containing the -172GIT region. SH-SY5Y or

HEK293T were respectively employed as MOR-expressing cells or as advantageous

cells for gene transfer analysis. In each cell, specific nuclear protein binding to both

the -172G and -172T probes was observed as doublet bands. More proteins displayed

binding to the -172T probe than to the -172G probe (Fig. 2A). In order to compare

binding affinity of specific nuclear proteins to the -172G or to the -172T probe, a cross

competition assay was carried out using respective non-labeled probes as a competitor

(Fig. 2B). Non-labeled -172T probe dose dependently interfered with specific nuclear

protein binding to the -172G probe (Fig. 2B, lane 5-7). However, inhibitory effects by

the non-labeled -172G probe to the -172T probe were comparatively weak (Fig. 2B,

lane 9-11). Specific nuclear protein binding was similarly found in 4 SNPs region

(-1748GIA, -1565TIC, -1045AIG, -38CIA) expect -172GIT, however the influence by

the base substitution was not found (Fig. 3). These results were similar for both

HEK293T and SH-SY5Y cells.
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Transcriptional activity of-I 72G/T region and the influence of the base substitution

in MOR promoter

 The reporter vector of-172GIT TK or of-172GIT was used for the luciferase assay to

monitor transcriptional activity of the MOR gene in SH-SY5Y or HEK293T cells.

Oligonucleotide containing the -172G or -172T probe was cloned upstream of the

thymidine kinase promoter sequence in the pGL3 TK vector. Luciferase activity of

pGL3-172G TK or of pGL3-172T TK normalized by that of pGL3 TK was shown as

the relative transcriptional activity of these sequences. As a result, both pGL3-172G

TK and pGL3-172T TK showed the transcriptional activities, which in pGL3-172T TK

was 1.7 times as high as that ofpGL3-172G TK in SH-SY5Y or HEK293T cells (Fig.

4A). Similar to the results in pGL3-172GIT TK, the pGL3-172GIT containing the

MOR promoter that ranged from the start site of transcription to -3 kb upstream

indicated transcriptional activity; that ofpGL3-172T was 2.0 to 2.5 times higher than

that of pGL3-172G in SH-SY5Y or HEK293T cells (Fig. 4B). Results depicted in Figs.

2 and 4 indicate that the promoter containing -172T could possibly bind much more

nuclear-protein and have higher transcriptional activity.
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Pun:fication of speci:fic binding protein on -172G/T region using biotin-tabeted

- I72Tprobe, and identification of that by MALDI-TOF mass spectrometry and by

immunobtotting with specific antibody

 For identification of binding proteins in the -172GIT region, the biotin-labeled -172T

probe and streptavidin-agarose beads were applied to nuclear protein purification.

Protein separated by SDS-PAGE was stained with Coomassie brilliant blue and

observed as a single band at 120 kDa (Fig. 5A, lane 5). MALDI-TOF mass

spectrometry revealed that the 120-kDa protein removed from acrylamide gel was

poly(ADP-ribose) polymerase-1 (PARP-1), which was confirmed by WB with

anti-PARP-1 antibody in both SH-SY5Y and HEK293T cells (Fig. 5B).

Enhancement of protein binding to -I72T and of transcriptionat activity by

overexpressed PARP-I

 PARP-1 overexpression was found in transfected HEK293T cells (Fig. 6A), and

enhanced protein binding to the -172T probe and was detected as doublet bands in

EMSA (Fig. 6B); it also increased transcriptional activity of pGL3-172T TK or of

pGL3-172T (Fig. 6C). Similarly, increase in transcriptional activities was also

observed in pGL3-172G TK or in pGL3-172G (data not shown).
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Detection ofPARP-I binding sequence in -1 72T region

 In super-shift analysis, anti-PARP-1 antibody specifically diminished

PARP-1-derived doublet bands (Fig. 7; lane 3, 7). SPI was initially predicted by

computer program to bind -172GIT; however, anti-SPI antibody did not influence

protein-binding signals in -172T (Fig. 7; lanes 4, 8). These results clearly indicate that

PARP-1 binds to the -172GIT region and activates transcription of MOR, which is

influenced by base substitution.

 For detection of PARP-1 binding sequence in the -172GIT region, a competition assay

was performed using shortened or mutated -172T probes. In the analysis using

shortened probes, mt 1 competed to -172T probe and diminished PARP-1 signals, but

mt 2 did not have this effect. Among mutated probes of mt 1, mt 3 completely

diminished PARP-1 signals, but inhibition by mt 4, mt 5, or mt 6 was partial (Fig. 8A).

These results indicate that TGTCAGATG was the center of PARP-1 binding in the

MOR gene, and the sequence CTCAT beside the -172T also related to its binding.
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Discussion

 SNP analysis of Japanese MOR gene found 5 SNPs (-1748GIA, -1565TIC, -1045AIG,

- 172GIT, -38CIA) on transcript regulatory region of MOR gene. To examine the

influence that these SNPs exert to MOR gene expression, this study analyzed alteration

of DNA binding affinity to nuclear protein by base substitution in the SNP region. In

all SNPs regions, specific nuclear protein binding was shown. However, the influence

by the base substitution was found in only -172GIT (Fig. 2, 3).

 The -172GIT polymorphism in the MOR gene promoter is caused by base substitution

from guanine to thymine, which is located on 172 bp upstream of the translation

initiation site. In previous studies, no functional differences were found between the

-
172G and -172T probes on MOR promoter activity.68) However, this study definitely

detected such differences; i.e., the -172T probe displayed higher binding affinity to

unknown nuclear protein and higher transcriptional activity than the -172G probe,

thereby implying that this protein regulates MOR transcription at -172GIT (Fig. 2, 4).

Therefore, we employed the computer program TFSEARCH (http:11www.cbrc.jpl

researchldblTFSEARCHJ.html) to forecast known transcription factors bindable to

neighborhood of -172GIT region, which assessed that the SREBP, SPI or GATA-1

possibly bound to -172GIT region. On the basis ofthe anticipated results, we attempted

to compete with specific protein binding to the -172T probe by using oligoDNA-probes

containing the consensus binding sequences for the anticipated transcription factors,

but the binding was not influenced by these competitions (data not shown).

Consequently, the specific nuclear protein bound to the -172T probe was purified and
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identified PARP-1. WB using anti-PARP-1 antibody confirmed that this nuclear protein

was definitely PARP-1 (Fig. 5B). The binding of PARP-1 to the -172GIT probe was

also detected as doublet bands in EMSA (Fig. 2A, 4B), and anti-PARP-1 antibody

diminished both bands in super-shift analysis (Fig. 7). Although it can only speculate

about the details, PARP-1 might assume two kinds of binding forms to the -172GIT

probe.

 PARP-1 is a 116 kDa nuclear protein known to have DNA-binding activity and

enzymatic activity of ADP ribosylation. 69) PARP-1 catalyzes the reaction that adds the

ADP-ribose unit of NAD' to several nuclear proteins, including PARP-1 itselÅí70)

Initial study of PARP-1 implicated many biological functions, including DNA repair,

recombination, apoptosis, and tumor genesis.70) However, recent studies demonstrated

that PARP-1 also contributed to gene transcription in several ways.

 In the relationship between PARP-1-related transcriptional regulation and gene

polymorphisms, it has been reported that -228GIT at the transcriptional region in the

MARCBI gene significantly increased PARP-1 binding affinity and reporter activity;

furthermore, this SNP altered the level of SMARCB1 mRNA and protein expression in

human acute lymphoblastic leukemia cell lines.7i) It was also reported that PARP-1

bound to NACP-Repl in microsatellite repeats located in the SNCA gene, which

exhibited different transcriptional activities resulting from the varying individual

length ofNACP-Repl sequences. 72• 73)

 Previously, many reports have shown the PARP-1 binding sequence, but some of

these results are controversial e.g., those for the murine iNOS gene

(5'-AATTATAATTT-3'), the rat Reg gene (5'-TGCCCCTCCCAT-3'), the mouse Tcirg
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gene (5'-TTCCCACAGC-3'), the human SNCA gene [5'-(TC)io(T)2(TC)io(TA)s

(CA)ii-3'], and the human SMARCBI gene (5'-CTTTTGTTTGAGCTGCGGCGC

GcGcGTc-3').7r' 73-75) These reports enabled to speculate that PARP-1 tends to bind

to the CCCC sequence like GC-box, but it is difficult to forecast the appropriate

PARP-1 binding region from DNA sequences, as with other transcription factors. In

many cases in previous studies, the PARP-1 binding region has been revealed only

after the DNA protein binding to a specific DNA region was identified as PARP-1 by

mass spectrometry.76' 77) Such is also the case in our study.

 In conclusion, this chapter demonstrated that PARP-1 bound to -172GIT region.

PARP-1 binding affinity and transcriptional activity to -172T sequence was higher than

that of -172G. Next examinations showed the contribution to the MOR gene transcript

of PARP-1 in the following chapter.
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!tlLiggreZ.2 Specific nuclear protein binding to the -172GIT region in EMSA.

(A) Each probe was radiolabeled (-172G, -172T), and 1.0 pg of nuclear protein was
obtained from SH-SY5Y or HEK293T. Arrows indicate specific protein binding to the

-
172GIT region. (B) Competition assay using nonlabeled probe for investigation of

relative protein binding affinity to -172G or -172T. Lane 1 to 7, radiolabeled -172G
probe; lane 8 to 14, radiolabeled -172T probe; lane 1 and 8, noncompetition; lanes 2 to
4 and 9 to 11. 5- to 20-fold molar excess of -172G; lanes 5 to 7 and 12 to 14, 5- to
20-fold molar excess of-172T.
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Fig. 3 Specific nuclear protein binding to each SNP region in EMSA

 Radio-labeled each probe (-1748G or A, -1565T or C, -1045A or G, -38C or A) and
1.0 ptg nuclear protein obtained from SH-SY5Y or HEK293T was used.
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!tl!gy:g-fL4 Transcriptional activity of -172G or -172T in MOR gene.

 (A) pGL3-172G/T TK were constructed by insertion of 42 bp oligonucleotide
containing -172GIT upstream of TK in the pGL3 TK vector. (B) pGL3-172T or
pGL3-172G was constructed by insertion of respective MOR promoter gene, -3 kb
upstream from transcriptional start site, to pGL3 basic vector.
 Luciferase assay was performed 24 hours after each transfection of reporter vectors in
HEK293T cells or SH-SY5Y cells. Relative luciferase activity of pGL3-172G or
pGL3-172T was indicated against that of pGL3 TK (A), and that of pGL3-172T was
expressed against that of pGL3-172G (B). Activities of coexpressed B-galactosidase
were utilized for the correction of transfection activity in respective samples. Error bar

indicates S.D. derived from three independent experiments. Asterisks indicate
significantly different values (", p Åq O.05; "", p Åq O.Ol; and """, p Åq O.OOI)
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!tLigy.z2-S,e 5 Purification of specific binding protein to the -172GIT region and
confirmation of identified PARP-1 protein using specific antibody in Western
blotting.

(A) Specific protein was purified using biotin-labeled -172T probe, avidin-agarose
beads, and HEK293T-derived nuclear extract, and was applied to SDS-PAGE and
stained with Coomassie brilliant blue. Avidin-agarose beads were pretreated by BSA in
order to prevent nonspecific protein binding. Loaded sample was as follows: lane 1.
protein molecular weight standards; lane 2, 1 pg ofBSA; lane 3, purified protein with
biotin-labeled -172T probe!without nuclear extracts; lane 4, purified protein with
non-biotin-labeled -172T probe and HEK293T-derived nuclear extracts; lane 5,
purified protein with biotin-labeled -172T probe and HEK293T-derived nuclear
extracts. In lane 5 only, specific DNA binding protein was observed at 120 kDa, as
indicated by the arrow. (B) Cell lysate or purified protein from SH-SY5Y or HEK293T
was loaded to SDS-PAGE, and was investigated by immune-blotting using
anti-PARP-1 antibody. Lane 1 to lane 3, nuclear protein was extracted from SH-SY5Y;
lane 4 to 6; nuclear protein was extracted from HEK293T. Lane 1, 4: 1 pg ofunpurified
nuclear protein; lane 2, 5: purified protein with non-biotin labeled -172T probe; Iane 3,
6: purified protein with biotin-labeled -172T probe.
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Etigy:g-g.6 Enhancement of protein binding to the -172G/T region,
transcription activity in MOR gene by PARP•-1 overexpression.

and of

(A) PARP-1 overexpression was shown in Western blotting. (B) PARP-1 binding to the

- 172T probe was investigated in EMSA. HEK 293T cells were transfected with the
PARP-1 expression vector, and a nuclear extract was prepared for EMSA 48 h after the
transfection. (C) Transcript activity in luciferase assay with pGL3-172T TK or
pGL3-172T. HEK 293T cells were transfected with the PARP-1 expression vector and
respective reporter vector, and cell lysate was prepared for luciferase assay 48 h after

the transfection. The error bar indicates S.D. derived from three independent
experiments. B-galactosidase activities, a control for transfection efficiency, were used
to normalize the data. Asterisks indicate significantly different values ("*", p ÅqO.OOI).
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!tlig!ug-IZ:7 Super shift analysis with anti-PARP-1 antibody for reconfirmation of
PARP-1 binding to the -172T probe.

 Each sample. consisting of 1 pg ofnuclear protein extracted from SH--SY5Y (lane 1 to
4) or HEK293T (lane 5 to 8), was loaded in EMSA. Anti-PARP-1 antibody was
prepared after the concentration and the dialysis because the concentration of
commercially available antibody was too low. Lane 1, 5: nuclear extract without any
antibody or dialyzed buffer; lane 2, 6: nuclear extract with 2 pl of dialyzed buffer used
for dialysis of antibody solution; lane 3, 7: nuclear extract with 2 pl of anti-PARP-1
antibody; lane 4, 8: nuclear extract with 2 pl of anti-SPI antibody as a negative
control.
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                      -1 7 iiGIT

AGA GGA GAA TGT CAG ATG CTC ATC TCG GTC CCC TCC GCC TGA
     A GAA TGT CAG ATG CTC ATC TCG GTC
                    CTC ATC TCG GTC CCC TCC GC
     T TTT TGT CAG ATG CTC ATC TCG GTC
     A GAA AAA AAG ATG CTC ATC TCG GTC
     A GAA TGT CTT TTT CTC ATC TCG GTC
     A GAA TGT CAG ATG AAA AAC TCG GTC

!t!iggxg-8.8 Analysis of PARP-1

assay.

binding sequence in the -172T probe by competition

(A) Nuclear protein (2 pgllane) extracted from HEK293T was applied to EMSA.
Respective 100-fold nonlabeled oligo-DNAs were added for competition to labeled

- 172T probe. Lane 1, 5 was control sample without competitor, and in lane 2 to 4, 6 to
1O was with each competitor.
(B) Competitor sequences are described. Underlined bases indicate mutated sequence
to clarify the PARP-1 binding region in -172T probe.
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                        Chapter 3

Positive transcriptional regulation of the p opioid receptor gene by

               poly (ADP-ribose) polymerase-1
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Introduction

 PARP-1 is an enzyme to repair DNA, and is also known as a transcription factor

regulating gene expression. Recent studies demonstrated that PARP-1 contributed to

gene transcription in several ways. The earliest characterized effects of PARP-1 on the

genome were the modulation of chromatin structure and the ADP-ribosylation of

histon.70' 78-80) pARP-1 binding to nucleosomes in the absence of NAD' promotes the

compaction of nucleosomal arrays and leads to repression of transcription. In the

presence of saturating amounts of NAD', auto-modified PARP-1 releases from the

chromatin, and leads to de-compaction of nucleosomal arrays and the restoration of

transcription.8i' 82) Roles for pARP-1 as a coregulator (either a coactivator or a

corepressor), such as NF-KB, HESI, B-Myb, Oct-1, HTLV Tax-1, SPI, NFAT, Elkl,

and others have been reported.78' 83-89) In some case, pARp-1 enzymatic activity is not

required for its coregulatory activity (NF-KB, B-Myb, and HTLv Tax-1),78• 83• 86) while

in others it is required (HESI, SPI, NFAT, and ELKI).84' 87-89) Furthermore, pARp-1

was shown to have other role, i.e., separate regions of PARP-1 interacted with AP-2ct

and independently regulated own transcriptional activation.90) In direct effects of

PARP-1 to the transcriptional regulation of target genes, PARP-1 binds to DNA

sequence in the regulatory region of genes and functions as a classical enhancer or

repressor-binding factor.77' 9i' 92) The mechanism of PARP-1 to regulate transcription as

an enhancer or repressor-binding factor is unknown. Identification of genes regulated

by direct effect of PARP-1 is expected to cause clarification to this mechanism.
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  In preceding chapter, PARP-1 was found to bind to -172GIT region in MOR gene,

and its affmity was increased by base substitution of-172GIT. Continuously, this study

examined that PARP-1 exerted on the MOR gene expression, and demonstrated that

PARP-1 positively regulates to MOR gene expression.

- 45-



                          Material and Methods

Cett culture

 SH-SY5Y cells or HEK293T cells were cultivated following the method described in

Chapter 2.

Reagent

 Benzamide (BZD: WAKO Pure Chemical Industries, Ltd.), sodium benzoate (BZA:

WAKO Pure Chemical Industries, Ltd.), and TNF-ct (WAKO Pure Chemical Industries,

Ltd.) were dissolved in DMSO (DMSO: WAKO Pure Chemical Industries, Ltd.). In all

experiments, the same amount of DMSO was added to the control sample.

Transfection

  Plasmid DNA was transfected to HEK293T or SH-SY5Y by using NP-OH or Fugene

6 (Roche Diagnostics) following described Chapter 2.

Luci:ferase assay

 Reporter vector used pGL3-172G TK, pGL3-172T TK, pGL3-172G, or pGL3-172T.

Vector construction and luciferase activity of reporter vectors were measured

following the method described in Chapter 2.
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EMSA

  Purification of nuclear extract,

the method described in Chapter 2.

oligonucleotides,

Wrestern btotting

  The method of the sample adjustment,

following described in Chapter 2.

or electrophoresis

electrophoresis, transfer,

was following

or the analysis

RT-PCR

 Total RNA was prepared using Trizol (Invitrogen Co., Carlsbad, CA), and reverse

transcription was performed in a final volume of 20 pL using 1 pg of RNA, 1 pL of

oligo-dTis primer (Promega), and 50 units of Rever Tra Ace (TOYOBO, LTD). The

reaction conditions were as follows: 700C for 10 minutes, 40C for 5 minutes, 420C for

60 minutes, and 990C for 5 minutes.

 PCR was carried out using an ABI PRISM 7000 system (Applied Biosystems,

Carlsbad CA). Reactions were performed in a final volume of 25 pL using 5 pL of

diluted cDNA, 12.5 pmol of each primer, and O.625 units of Taq polymerase (Qiagen

GmbH, Hilden, Germany). Amplification conditions were as follows: 94 OC for 30 sec,

58 OC for 30 sec, 72 OC for1 minute. Primer sequences used are as follows:

      MOR Forward: 5'-TGCCACCAACATCTACATTTTCAACC-3'

                   Reverse: 5'-GCCACCACCACCAGCACCATC-3'

       GAPDH Forward: 5'-GAACATCATCCCTGCCTCTACT-3'

                   Reverse: 5'-CTTCCTCTTGTGCTCTTGCTG-3'
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     DRD2 Forward: 5'-ATCCCACCCAGCCACCACCAG-3'

              Reverse: 5'-CACGCCAAGCCCCACAAAGAG-3'

     TNFRIA Forward: 5'-TCAGTCCCGTGCCCAGTTCC-3'

              Reverse: 5'-TCTCGTGGTCGCTCAGCCCT-3'

StatisticatAnalysis

For statistical evaluation of the experiments, One-way or Two-way ANOVA was

performed. Asterisks indicate significantly different values (", p Åq O.05; "", p Åq O.Ol;

*** , pÅq O.OOI)
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Results

Suppression of the binding to 172G/T region and of MOR gene expression by

PARP-I inhibitor

 BZD, an inhibitor of PARP-1, was used for further confirmation of PARP-1 binding to

the -172GIT region. Although neither the protein nor the mRNA expression of PARP-1

was affected by BZD (Fig. 9A, B), the quantity of PARP-1 binding in the -172T probe

dose-dependently decreased 24 hours after the addition of BZD in SH-SY5Y cells (Fig.

9C). SH-SY5Y cells are known to express MOR constitutively. MOR mRNA

expression detected by RT-PCR was suppressed by BZD in a dose-dependent manner.

However, BZA, as a negative control for BZD, did not influence the tested mRNA

expressions, including MOR (Fig. 9A). Increase in the dopamine D2 receptor gene by

BZD indicated that the inhibition of MOR mRNA expression by BZD was not merely

caused by nonspecific toxic effects.

TNF-a increased PARP-I binding to -1 72G/T region and MOR promoter activity

 Next, this study searched for factors that increase PARP-1-binding to the -172GIT

probe. As a result, it was found that TNF-a increased the binding of PARP-1 1 to 6

hour after the addition of TNF-ct in SH-SY5Y (Fig. 10A). Moreover, the signals of

PARP-1 binding to the -172T probe were higher than those of-172G probe with or

without stimulation by TNF-ct (Fig. 10A). Corresponding to the results of PARP-1

binding to the ny•172GIT probe, TNF-ct preferentially increased transcriptional activity

ofpGL3-172T (3.0-fold) more than that ofpGL3-172G (1.7-fold) (Fig. 1OB).
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 Suppression of TIVF-a-induced enhancement of the PARP-I binding to I72G/T

region and ofMOR gene expression by PARP-I inhibitor

 Increase in MOR mRNA expression was observed at 1 hour or 6 hours after TNF-ct

stimulation in SH-SY5Y cells (Fig. 11A). During the increase in PARP-1 binding to

- 172G/T by TNF-a (Fig. 1OA), the total amount ofthe PARP-1 protein in SH-SY5Y did

not change (Fig. 11B). Moreover, both increase in PARP-1 binding to -172T and MOR

expression induced by TNF-a stimulation were inhibited by pretreatment with BZD

(Figs. 11C, D). These results indicate that PARP-1 also contributed to TNF-ct-induced

upregulation of the MOR gene.
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Discussion

 The preceding chapter demonstrated that PARP-1 bound to the neighborhood of

-
172GIT. In this chapter, the contribution of PARP-1 to the MOR gene expression and

the possibility of the base substitution of -172GIT to increase MOR gene expression

were shown.

 In a report concerning the mouse MOR gene, PARP-1 bound to the poly (C)

sequences (5'-CTTCTGCTCCCCCCCCCCCTACCC-3'; -430 to -407 bp) and

repressed MOR gene expression in mouse neuroblastoma NS20Y cells.93) In contrast to

that report, my results show that PARP-1 increases human MOR gene transcriptional

activity (Fig. 6C), and BZD, an inhibitor of PARP-1, decreases MOR gene expression

in human neuroblastoma SH-SY5Y cells (Fig. 9A), When an unknown protein binding

to the -172T probe was revealed as PARP-1, it was expected that PARP-1 bound to the

CCCC sequence ofthese probes located 162-165 bp upstream from the translation start

site of the human MOR gene. However, results in Fig. 8 clearly show that PARP-1

binds to TGTCAGATG within the -172T probe [5'-AGAGGAGAATGTCAGATGCT

- CA (GIT) CTCGGCCCCTCCGCCTGA-3'; -194 to -153 bp] but not to CCCC. Thus,

human MOR gene transcription regulated by PARP-1 might be in different mechanism

from that of the mouse because the human MOR regulatory region including the

- 172GIT probe did not have a region similar to the poly (C) sequences in the mouse

MOR gene.

  This study explored the inducing-factors for MOR expression, as well as those for

PARP-1-binding to the -172GIT region, and it was found that TNF-ct increased MOR
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transcription and PARP-1 binding to that region. TNF-ct was reported as the inducer of

MOR transcription in human immune effector cells through NF-KB.48) In this study,

increasing of MOR gene expression by TNF-ct (Fig. 11A) was suppressed by BZD in

SH-SY5Y cells (Fig. 11D). These results suggest that TNF-ct induces MOR

transcription in SH-SY5Y cells not only through NF-KB but also through PARP-1.

Both increasing of PARP-1 binding by TNF-ct and decreasing of PARP-1 binding by

BZD did not involve changing the amount of PARP-1 protein level. Furthermore,

anti-PARP-1 antibody that recognized the PARP-1 C terminus containing the catalytic

domain completely diminished bands of PARP-1 binding to the -172GIT region in

EMSA, but did not shift it upward. Considering that BZD inhibits PARP-1 catalytic

activity, and that anti-PARP-1 antibody recognizes the PARP-1 C terminus containing

the catalytic domain, catalytic activity of PARP-1 might be crucial for its own binding

to the -172G!T region, as well as for MOR gene transcription.

 In this study, TNF-ct remarkably increased PARP-1 binding to -172T probe, but

presently the details of mechanism for this binding was not known, which might result

from the post-translational modification of PARP-1 through auto-PARylation,

acetylation, or phosphorylation.94-97) PARP-1 dependent transcription was reported to

be regulated by cellular signaling pathways. Actually, direct phosphorylation of

PARP-1 by ERKI/2 enhanced PARP-1 catalytic activity, but the effect of that on

transcriptional activity was obscure.96) Although TNF-a-induced signaling to PARP-1

was indistinct, the effects on cytotoxicity by TNF-ct were reported to be mediated by

ADP-ribosylaton in murine fibroblast cell line L929 cells.98) Moreover, previous

studies reported that DNA binding activity of PARP-1 was altered due to its catalytic
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activity by NAD' in in vitro experiments.93) Therefore, the regulation of nuclear NAD'

synthesis might be critical for PARP-1 dependent gene regulation including MOR

expresslon.

 In summary, this study demonstrated that PARP-1 binds to the -172GIT region and

up-regulates MOR gene transcription. PARP-1 binding affinity to -172T sequence was

higher than that of -172G, and the transcriptional activity with or without TNF-ct was

also enhanced by -172T substitution, which was speculated to relate to own catalytic

activity. In conclusion, PARP-1 positively regulates MOR gene transcription via

- 172GIT, which possibly influences individual specificity in therapeutic opioid effect,

furthermore, which might provide usefu1 information for inflammatory pain therapy.
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Etigy:g-2.9 The inhibition of MOR mRNA and PARP-1 binding expression by the
treatment of PARP-1 inhibitor in SH-SY5Ycell.

(A) Total RNA in SH-SY5Y was extracted 24 hours after the addition of DMSO, BZD,
or BZA. Then, MOR mRNA expression was investigated by RT-PCR. Lane 1: DMSO
as a vehicle control; lane 2 to 4: BZD (1, 5, and 10 mM); Iane 6: BZA as a negative
control of BZD. PCR cycles of each gene were as follows: MOR: 26, PARP-1: 25,
DRD2: 28, GAPDH: 20.
(B) PARP-1 protein expression detected by anti-PARP-1 antibody.
(C) BZD inhibited PARP-1 binding to the -172T probe. Nuclear protein in BZD-treated
SH-SY5T cells was extracted 24 hours after addition of DMSO (vehicle control) or
various concentrations of BZD. Lane 1: nuclear protein treated with DMSO as a
vehicle control; lane 2 to 4: nuclear protein treated with BZD (1, 5, and 10 mM).
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!t!igy:g-!Q,10 TNF-ct-induced enhancement of PARP-1 binding to the -172G/T region
and transcription activity of MOR gene in SH-SY5Y cells

Nuclear protein or cell lysate in SH-SY5Y was prepared at respective times after
stimulation with TNF-ct (10 ng/ml). (A) PARP-1 binding to the -172G or the -172T
probe after the stimulation of TNF-ct was investigated by EMSA. (B) SH--SY5Y cells
transfected with pGL3-172G/T or with pGL3-172G/T TK were stimulated by TNF-a
and were prepared 12 hours after TNF-ct stimulation for luciferase assay. Luciferase
activity in -172T was represented as relative value against that in -172G. Error bar
indicates S.D. derived from three independent experiments. B-galactosidase activities,
as controls for transfection efficiency, were used to normalize the data. Asterisks
indicate significantly different values (*", p Åq O.Ol).

- 55-



A B

MOR

PARP-1

GAPDH

1 2 3 4 5

    O.5 1CON
2 4

6

6 (hr)

TNF- crc

1 2 3 4 5 6

150

1OO

75

50

     O.5 1CON
2 4 6 (hr)

TNF- a

c - 1 72T D

1 2 3 4

 BZD -
TNF- ot - +

+ +

+

MOR

TNFRIA

GAPDH

 BZD
TNF- ct

1 2 3 4

+

+ +

+

Etigy:g-!!.,11 Inhibition of TNF-a-induced PARP-1 binding to the -172T probe, and
of MOR mRNA expression, by PARP-1 inhibitor, BZD, in SH-SY5Y cells.

Total RNA, nuclear protein, or cell lysate in SH-SY5Y was prepared at respective
times after the stimulation with TNF-ct. (A) MOR or PARP-1 gene expression was
investigated by RT-PCR. (B) PARP-1 protein expression detected by anti-PARP-1
antibody. BZD was pretreated in SH-SY5Y 24 hours before TNF-ct stimulation. (C)
Influence of BZD to the TNF-ct enhanced PARP-1 binding to the -172T probe was
investigated by EMSA. (D) Influence of BZD to TNF-ct enhanced MOR mRNA
expression, or to TNFRIAgene expression, was monitored by RT-PCR. Lane 1: DMSO
as a vehicle control; lane 2: 1O ng/ml of TNF-ct; lane 3: 10 mM of BZD; and lane 4: 10
mM of BZD and 10 nglml of TNF-ct. PCR cycles ofeach gene were as follows: MOR:
26; PARP-1: 25; TNFRIA: 31; GAPDH: 20.
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General conclusion

 In conclusion, this study found novel linkage between -1748GIA and -172GIT in

analysis of Japanese MOR gene. Furthermore, PARP-1 bound to the neighborhood of

-
172GIT increased the expression level of the MOR gene and was suggested to have a

possibility to relate to MOR gene transcript regulation by the inflammatory cytokine

such as TNF-or. It is expected that MOR gene expression is increased by -172G!T,

because affinity to PARP-1 binding and transcription activity of -172T were higher

than those of -1 72G regardless of the stimulation of TNF-ct.

 This study showed that -172GIT could possibly be related to individual specificity of

opioid effects by increasing MOR gene transcription via PARP-1, further, it could

provide usefu1 information for medical practice.
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