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Abstract
Genetic variations of ABC transporters associated with adver se drug reactions

to valproic acid

Ji Hyun Lee
Department of Medical Science

The Graduate School, Yonsal University

(Directed by professor Min Goo Lee)

Multidrug resistance protein, also referred asyeaprotein (P-gp, MDR1; ABCB1) and other
ABC efflux transporters such as members of the idwig resistance-associated protein
(MRP) family and breast cancer resistance pro{RP) may alter responses to valproic acid.
These transporters affect the distribution of ditmm the blood to the brain. In particular,
MRP2, a transporter of valproic acid, is noticeaiiguced by valproic acid and by the
occurrence of seizure in brain endothelium ceBoagytes and (rarely) neuronal cells. In this
study, we investigated associations between polghisms of these genes and individual
adverse drug reactions (ADR) to valproic acid. @oadred sixty-eight patients were divided
into two groups: those who experienced an adverag deaction to anti-epileptic agents
(ADR; n=41), and those who did not (non-ADR; n=1239cording to dose-related ADR of the
CNS (central nervous system). Among the polymorphkjsthe MRP2 g.-1774delG variant
showed a strong association with CNS ADR causedhlproic acid P = 0.004). There were

functional differences in MRP2 promoter activitytlween ¢.-1774G and g.-1774del variants in



brain neuronal cells (SH-SY5YP(< 0.05), suggesting a role for this region in s&iptional

change.

These data suggest that polymorphisms in the hiMRRIR2 gene are associated with adverse
drug reactions of CNS system to valproic acid.

Key words: genetic polymorphism, MRP2, adverse deagtion, valproic acid, epilepsy.



Genetic variations of ABC transporters
associated with adverse drug reactions
to valproic acid

Ji Hyun Lee
Department of Medical Science

The Graduate School, Yonsel University

(Directed by Professor Min Goo Lee)

I. INTRODUCTION

Various forms of epilepsy are among the most comsenous brain disorders and present
through convulsion, autonomic movement, impairechscmusness, and moreThese
neurological disorders affect an estimated forty twillion people of all ages worldwiéleThe
blood-brain barrier (BBB) has challenged the trestivof epilepsy, since many antiepileptic
drugs (AED) are not effectively distributed to thescular endothelium or, accordingly, to their
targets in braih®. The BBB, thought to be the first line barrierthe disposition of drug from
the blood to brai) consists of the interplay of three major micraxdar components. Tight

junctions between the endothekalls constitute the major permeability barriereTdverall



biology of the barrier is shaped by the interaciooetween the endotheliuend the
pericytes/smooth muscle cells and the astrocytepfoaesses that cover most of the abluminal
surface of the microvasculat(re

Drug pharmacokinetics are controlled by drug trangpss which regulate drug absorption,
distribution and excretion. Drug transporters asasidered a second line barrier for limiting
drug disposition from the blood to the braitn brain capillary endothelial cells, MDR1
(multidrug resistance protein 1), MRP1 (multidrégistance-associated protein 1), 2, 4 and 5
and BCRP (breast cancer resistance protein) areaguthe many drug transporters that might
be expressed at the luminal side of the memBradeMIRP2, in particular, was over-expressed
(about 225% greater) at the drug refractory tenidobee epileptic patients with hippocampal
sclerosis (HS)'®*2  Drug reactions can be different between indigldwith the same AED
blood concentrations and therapeutic levels becdusgdistribution is influenced by variable
levels of drug transporters. MRP2 is thought toy@amore important role in the distribution
of AEDs than other transporters in the epileptiaift?. MRP2 has been demonstrated to
transport many AEDs including valproate (VPA), @rtazepine (CBZ), phenytoin (PHT) and
morée" 7 valproic acid has become established as oneeofmibst widely used AEDs in the
treatment of both generalized and partial seizureslults and children, and is considered to
be a substrate of MRP2*'" Probenecid, an inhibitor of MRPs, has been shtmimcrease
the concentration of valproic acid in the bféinn animal models, TRats (MRP2 knockout)
had lower VPA and VPA-glucuronide in their bile theontrol Wistar rats (which intrinsically
expressed MRP&)

Functional polymorphisms in genes encoding druandporters can alter AED uptake,
cerebral distribution and efflux, resulting in iniiual differences in AED concentration and

effectiveness and/or the occurrence of adverse dractions (ADRs). Many functional single



nucleotide polymorphisms (SNPs) have been repoRedexample, mRNA expression of the
€.1446CG MRP2 genotype was recently revealed taiddeer than the ¢.1446CC genotype in
the liver°. In addition, the ¢.2302C>T (exon 18,Arg768Trp)tation is responsible for Dubin-
Johnson syndrome (DJ8)2 The ¢.2302C>T and ¢.4348G>A genotypes correlatid
significantly lower MRP2 protein expression levetsmpared to wild-type and V4171.The
€.1249G>A mutation significantly reduced the amoahtMRP2 mRNA in human preterm
placenta¥. The g.-1774delG polymorphism has been linked witkic hepatitis by our
groug®. In the present study, we investigated the astomidetween the g.-1774delG MRP2

genotype and ADR of the central nervous system (GNSPA treatment groups.



Il. Materials and Methods

1. Subjects.

This retrospective study included 168 epileptic é&or patients who received VPA at Sin-
chon and Yong-dong Severance Hospitals. Forty-atieqts demonstrated VPA dose-related
ADR in the central nervous system (dizziness, hga&lasomnolence, diplopia, dysarthria,
tremor, etc), while the remainder (n=127) did n@atients diagnosed with chronic active
epilepsy, West syndrome, Lennox-Gastaut syndromogressive myoclonic epilepsy (PME),
tuberous sclerosis, Sturge-Weber syndrome, harnaatonbrain tumor were excluded. There
were no statistical differences in age, sex, respmon-response and sclerosis between the
two groups.

Demographic characteristics of the epileptic pasieare presented in Table 1. DNA from
control subjects (n=110) was randomly selected frdtme DNA bank of the Korea
Pharmacogenomics Research Network at Seoul Nationalersity. Blood samples were
collected from each subject and DNA was extractsidgua QlAamp DNA blood mini kit

(Qiagen GmbH, Hilden, Germany).

2. Genetic analysis.

Polymorphisms of the MDR1, MRPs and BCRP genegha Korean population were
discovered by DGGE (denaturing gradient gel el@ttopesis), TDGS (Two-Dimensional
Gene Scanning) and direct polymerase chain rea¢B@R) using methods similar to those
described in a previous paferGenotype screening of each locus in control gpiteptic
patients was performed by the SNaPshot or SNaPIhade(Applied Biosystems, Lincoln

Centre Drive Foster City, CA), according to thetpools supplied by the manufacturer.



3. Statistical analysis.

Haploview software (version 3.2) was used to deSMdRP2 haplotype constructs and analyze
major or minor haplotypes based on a standard ¢gp@e-maximization algorithm. Allele and
genotype frequencies of transporter polymorphisnesewassessed using Chi-square tests

(SPSS software version 11.5 for Windows).

4. Logistic regression.

The strength of the association between dose-telaldS ADR patients and the presence of
the G allele at the g.-1774 region was evaluatednasdds ratio (OR) obtained with logistic
regression analysis (SPSS version 11.5). ORs wdjtestad for gender, age, hippocampal
sclerosis, use of AEDs (Larmotrigene, Carbamazepimenytoine and Topiramate) and the

presence of the G allele at the g.-1774 promotgone

5. Cell culture.

BB19 cells, human brain capillary endothelial ceftsmortalized with the E6E7 genes of
human papillomavirus, were kindly provided by Dretlecca Ruhkt the Department of
Molecular Microbiology and Immunology, Oregon Héadnd Science University, Portland,
OR. Cells were cultured in human Endo-SFM mediutil{#1-044, Gibco, Carlsbad, CA)
containing 10% Human AB-serum (# H-4522, Sigma i&hlr St. Louis, MO), 100 units
penicillin, 100 ug streptomycin, 292 ug L-glutami(#10378-016 Gibco), and 37 pg/mL
endothelial cell growth supplement (# CB-40006BshEr, Litho, USA) at 3T with 5%
humidified CQ. Cells were cultured in tissue culture treatedbTdsks (Fisher).

SH-SY5Y (ATCC, Manassas, VA, USA), a human brainroeal cell line originated from a

neuroblastoma, was a gift from Dr. In Suk Kim, Yendniversity College of Medicine, Seoul,



Korea. SH-SY5Y cells were maintained wilMEM supplemented with 10% fetal bovine
serum (FBS; Invitrogen, Carlsbad, CA) and 1% P®(bits penicillin, 100 pug streptomycin,
Gibco) and were cultured under preconfluent moreri@pnditions in 100-mm diameter poly-

d-lysine coated culture dishes at@7  with 5% hufiediCQ..

6. Plasmid preparation of MRP2 promoter.

A pGL3 basic vector containing the human MRP2 mtanregion (about 2.3 kb base pairs -
bp -2314 to +348 relative to the translation initia site-) was constructed by our group in a
previous study from homozygotic persons with MRBRIbtypes 1, 2 and%3.The g.-1774delG
polymorphism is located in haplotype 1 and the 45:2T polymorphism in haplotype 3. The
reporter vector of a minor haplotype variant camitgg only the g.-1549G>A variation was
constructed using mutagenic primers introducing2d 7—C change to the plasmid of
haplotype 3 containing both g.-1549G>A and g.-24Gafiations. Haplotype 2 includes no
polymorphism (wild type). In short, a total of fivelones were prepared: pGL3 basic,

haplotypes 1,2, and 3 and g.-1549A alone.

7. Dual luciferase assay

The pGL3 basic vector containing WT MRP2 promotariants was transfected to SH-SY5Y
and BB19 cells to measure the activity of the MRP@moter with and without VPA (Sigma
Aldrich P4543, St. Louis, MO). The day before tfagtion, 0.2x18 SH-SY5Y cells were
seeded to a 12-well plate in order to reach 90-86%6luence at the time of transfection. 1.6 pg
of pGL3-MRP2, including the variants and mock, wadgled to wells with Lipofectamin 2000
(Invitrogen). Vector-containing Renilla luciferaseas co-transfected in order to confirm the

transfection efficiency of the pGL3-MRP2 vector.tékfa 3 to 5 hr incubation, cells were



washed with phosphate buffered saline (PBS, Ingé@n) and incubated at 87  with 5%
humidified CQfor 24 hours. Reporter activity was measured udimg Dual Luciferase
Reporter Assay system (Promega Corporation, MaddbnUSA). After removing the growth
medium, cells were washed with PBS and the platyg \placed on a rocking platform shaker
with 250 pL of 1X passive lysis buffer per well fbb minutes. Lysates were transferred to an e-
tube and luciferase binding was performed with BA_ARII and 10-50 uL cell lysate in a 96-
well assay plate (Costar, Corning incorporation AUSAfter 10 seconds, light emission was
measured using a luminometer (Berthold Technolgdiditddbad, Germany) and Stop & Glo

was added to each well to stop firefly luciferastvity and evoke Renilla luciferase activity.



1. Results

1. SNP association with drug response or resistance

Drug resistance was defined as the occurrence lefaat four seizures over the year before
recruitment, with trials of more than three apprager antiepileptic drugs, at maximal tolerated
doses, based on the occurrence of clinical sidecsffat supra-maximal dod&sThe patients
were classified as either responsive or resistadtug therapy. We did not find any significant

associations between the selected drug transiEs and either group.

2. Clinical characteristics of epilepsy patients

A total of 41 (24%) epileptic patients had ADRtbé CNS and 127 (76%) epileptic patients
did not (non-ADR). The demographic characteristiugs listed in Table 1. The gender
frequency, drug response and the average age @ludrubetween the two groups were similar.
(P>0.05) Subjects without ADR used fewer drugs thasé with ADR P=0.039). The most
frequent symptom out of 14 types of ADR to VPA uses tremors (78.0%). Based on logistic
regression, ADRs were more likely to occur in patSewith the g.-1774delG (presence of G

allele), which had the highest OR (9.10) amongcthesidered factorsP&0.05)



Table 1. Demographic characteristics of epilepsiepts

ADR!of CNS>  non-ADR of

Total 168 patients 3 . p-value
(n=41) CNS (n=126)
Gender
Male 18 (43.9) 65 (51.2)
0.423
Female 23 (56.1) 62 (48.8)
Age (years) 37.8+12.3 36.7+£14.5 0.655
Drug Response
resistant epilepsy 14 (34.1) 57 (44.9) 0.976
responsive epilepsy 27 (65.9) 70 (55.1) '
The number of used drugs 3.76 £0.51 3.22+1.42 039.
HS 16 (51.6) 56 (59.6) 0.53

TADR: Adverse drug reactiofCNS: Central nervous systerhThese patients experienced ADRs of the CNS
caused by valproic acifiThese patients did not experience any ABHRppocampal sclerosi$P<0.05, chi-square

test.

3. Genetic polymorphisms of MRP2 in the Korean pation

MRP polymorphisms covering all MRP2 exons, exdneim junctions and the promoter
region up to -2.3 Kb from the translation initiatisite have been described in the Korean
populatiod®. We investigated 11 of the polymorphisms from jyes studies, in 110 healthy
control people and 168 epileptic patients. We fofimgr promoter, four exonic and three

intronic polymorphisms among them.

4. Relationship between genotypes of MRP2 and CNR £ VPA.
Alleles frequencies of the MRP2 polymorphisms sihewn in Table 2. Non-ADR patients
were more likely to have the deletion allele indte@& the G allele at g.-1774 when compared

with patients with CNS ADRR=0.0057; ADR=20.7%, non-ADR=37.3%). The frequené€y o



the T allele at g.-24 was higher in patients witNSCADR than those withoutP€0.0274;
ADR=34.1%, non-ADR=22.0%). The difference betweéw tgroups based on g.-24C>T
frequencies was not significant after Bonferromisrection, while the difference based on g.-

1774delG frequencies remained significant.

10



Table 2. Alleles frequencies of MRP2  polymorphisms

Control

ADR of CNS

non-ADR of

Alleles (n=110) (n=41) CNS(n=127) Pvalue
9-1774delG
G 146 (66.4) 65 (79.3) 158 (62.7)
del 74 (33.6) 17 (20.7) 94 (37'7)  0.0057
g.-1549G>A
G 174(79.1) 59 (72.0) 199 (80.2)
A 46 (20.6) 23 (28.0) 49 (19.8)  0.1151
g.-24C>T
C 182 (727) 54 (65.9) 198 (78.0)
T 38 (17.3) 28 (34.1) 56(22.0)  0.0278
g.-23G>A
G 215 (97.7) 82 (100) 253 (99.6)
A 5 (2. 3) 0 1(0.4) 0.5693
C.1249G>A
G 199 (90.5) 73 (89.0) 235 (92.5)
A 21 (9.5) 9 (11.0) 19 (7.3) 0.3194
C.1457C>T
C 217 (98.6) 82 (100) 254 (100)
T 3 (1.4) 0 0
C.2620+3A>G
A 220 (100) 82 (100) 254 (100)
G 0 0 0
C.2934G>A
G 209(95.0) 79 (96.3) 244 (96.1)
A 11 (5.0) 3(3.7) 10 (3.9) 0.9095
¢.3972C>T
C 169 (76.8) 53 (64.6) 192 (75.6)
T 51 (23.2) 29 (35.4) 62 (24.4)  0.0522
C.4147-35G>A
G 217(98.6) 80 (97.6) 253 (99.6)
A 3 (1.4) 2 (2.4) 1(0.4) 0.0869
c.4508+12G>A
G 218 (99.1) 82 (100) 254 (100)
A 2 (0.9) 0 0

Data are number of patients (%9hi square

The genotype frequencies of each polymorphismshosvn in Table 3. Genotype frequency

distributions were consistent with Hardy-Weinbeqgiiébrium (eachP>0.5). The ADR group

11



patients were more likely to have a GG genotypen thadeldel genotype at g.-1774delG
compared to the non-ADR group=0.023, homo GG and deldeE0.0146). The TT and CT
genotype frequencies at g.-24C>T were higher inep&t with CNS ADR than non-ADR

patients. P=0.035, hetero CT TT P=0.019).

12



Table 3. Genotype frequencies of MRP2 polymorphisms

Control ADR of CNS non-ADR of al
(n=110) (n=41) CNS(n=127)  Pvaue
g.-1774DelG
GG 50 25 50
Gdel 46 15 58
deldel 14 1 18 0.023
0.-1549G>A
GG 66 21 82
GA 42 17 35
AA 2 3 7 0.228
g.-24C>T
cC 74 17 79
CT 34 20 40
TT 2 4 8 0.066
g.-23G>A
GG 105 41 126
GA 5 0 1
AA 0 0 0 >0.999
c. 1249G>A
GG 92 32 109
GA 15 9 17
AA 3 0 1 0.365
€.1457C>T
cc 107 41 127
CT 3 0 0
TT 0 0 0
€.2620+3A>G
AA 110 41 127
AG 0 0 0
GG 0 0 0
C.2934G>A
GG 100 38 117
GA 9 3 10
AA 1 0 0 >0.999
c.3972C>T
cC 61 17 74
CT 47 19 44
TT 2 5 9 0.156
C.4147-35G>A
GG 107 39 126
GA 3 2 1
AA 0 0 0 0.148
C.4508+12G>A
GG 108 41 127
GA 2 0 0
AA 0 0 0

Homo GG & homo delddP=0.015, hetero Gdel homo GGP=0.038, hetero Gdel homo deldeP=0.017,

’Hetero CT TT P=0.02.;P<0.05.

13



The frequencies of haplotypes present in at [£d%i of the population are presented in Table
4. Haplotype frequencies of the MRP2 polymorphistnall site. The frequency of haplotype 1
was significantly higher in patients without CNS R§32.3%) than those with ADR (15.8%)
(P=0.0039). The frequency of haplotype 3 was highepatients with CNS ADR than those
without (P=0.0139), but this difference was no longer sigaifit after Bonferroni’s correction

was applied.

Table 4. Haplotype frequencies of the MRP2 polyrhisqms at all site

Haplotype Group
on- -
o £2A =253 829 %2 Control  ADR p-value
R % v v oo~ Freq. ADR Square
R S NS N (%)
- N (%)

1-GCGGCAGGCG G 0.2831(32.6) 13 (15.8) 82 (32.3) 8.345 0.0039
26 G CGGCAGGCG G 0.265 (23.1) 24 (29.0) 65 (25.7) 0.348 0.5555
3GATGGCAGTG G 01431 (14.5) 18 (22.3) 29 (11.4) 6.057 0.0139
4G GTGACAGC G G 0.100 2(0.7) 9(10.6) 25(9.8) 0.004 0.8338

56 GCGACAGC G GO0.071 19(8.7) 8(0.09) 17 (0.06) 0.639 0.4241

Total 220 82 254

Data are number of patients (%). Haplotype wagiiefecomputationally (Haploview v. 3.32p,0.01, #<0.05.

14



5. Measurement of MRP2 promoter activity

VPA stimulated MRP2 promoter activity about 10-folche epileptic patients with ADR of
the CNS had less haplotype 1 (containing g.-17j4tah the epileptic patients with no ADR.
By inference, the g.-1774G allele, a major allefetlte MRP2 promoter sequence, was
associated with ADR of the CNS in patients treateth VPA. Epileptic patients with g.-
1774del instead of g.-1774G were more likely torésstant to VPA-related ADR, probably
because the g.-1774del allele produced higher MRR&®oter activity than g.-1774G, leading to
more MRP2 proteins in the brain tissue after VRfatment. The presence of more MRP2
affected the distribution of AEDs (especially VF#Qm the blood to the brain, resulting in the
appearance of VPA-related ADR in patients with 4@ rather than g.-1774del. Our
luciferase assay data supported this hypothesexeTivas no difference in luciferase activity
between .-1774del and the others (g.-1774G, ¢g>Z4Q.-1549G>A) with non-VPA
treatment. Luciferase activity was different, hoeeviollowing 3-mM VPA treatment; g.-
1774del promoter (haplotype 1) activity was 134%hhkr than g.-1774G promoter (haplotype
2) activity (n=5;P<0.05 by t-test). Further, the g.-1774del MRP2 mtenincreased 1014%
with 3 mM VPA treatment compared to non-VPA treatthéHowever, the g.1774G MRP2
promoter also increased 816% with 3-mM VPA treatm@mpared to non-VPA treatment.
The change of g.-1774 G del increased the expression of MRP2 in neuronaSSRY cells
treated with 3 mM VPA. The effect of g.-1774 Gdel will be further investigated in brain

capillary endothelial cells (BB19).

15
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Fig 1. Luciferase activity of MRP2 promoter varisinValproic acid (VPA) stimulated MRP2 promoter
activity. The g.-1774del (-GCG) variant was moréwated than g.-1774G (GGCG) in cells treated with
3mM VPA. * P<.0.05.

6. Factors influencing ADR to VPA

Many factors, including gender, age, treament wittbamazepine, lamotrigine, phenytoine, or
topiramate and hippocampal sclerosis, did not anfte ADR. The presence of the genotype
G/G at the g.-1774 region of the MRP2 promotenieficed ADR to VPA in epileptic patients.
Logistic regression showed that the G/G was indégetty correlated with ADR to VPA
(P<0.05, ORs=9.102, 95% confidence interval = +A3B78). The del/del allele was the
reference category (Table 5). The G/G genotype-a7g4 might influence lower expression

of MRP2 than del/del in the brain, leading to ADR.

16



Table 5. Odds Ratios of factors

95.0% C.l.for

B P-value Exp(B) EXP(B)
Od_d Lower Upper
Ratio
SEX! -.293 444 746 352 1581
AGE .010 489 1.010 982  1.038
Carbanazepine® -.319 413 727 339 1.560
Lamotrigine® 163 732 1177 464 2985
Phenytoine* 290 571 1337 489 3654
Topiramate’ -.555 170 574 260  1.268
MRP2 Presence of G/del® 1.603 138 4967 598  41.232
Presence of G/G’ 2.200 040* 9029 1111 73.378
HS® 329 406 720 332 1.563
Constant 2.812 .033 .060

'Reference category: Female (BjReference category: non-use of each drug,

&'Reference category: del/d8Hippocampal sclerosis was shown at patients (0*65.

17



IV. Discussion
The selective cellular barrier controlling drudidery into the brain has been identified by

the over-expression of MRP2 in capillary endothedstrocytes and neuronal cells in previous
studies® % ?’ |n this study, we found that the g.-1774del ggpetin the promoter region up-
regulated the expression of MRP2. Patients with734del showed resistance to ADR by
increasing the expression of MRP2, followed by eréiase of drug concentration in the brain.
Our data supported this hypothesis and verifiedssaciation between g.-1774delG and ADR.

The difference of luciferase activity between g6 and g.-1774del in neuronal SH-
SY5Y cells was not large. However, they showed resite difference by statistical analysis
(P<0.05 by t-test). Because expression level of MRPBwer in brain neuronal tissue than in
hepatic tissue, even a little change is thoughietamportant. The luciferase assay of MRP2
promoter activity has not been conducted in brajpillary endothelial cells yet. In this cell line,
SNP function is thought to be more effective, sifd®P2 is more highly expressed in
endothelial cells than in neuronal c&lls

In reality, if MRP2 and other transporters are emgpressed in the brain, most patients
should be not only non-ADR but also resistant tagdtherapy. However, allele and genotype
frequencies of g.-1774delG were not different betwelrug resistant and drug responsive
patients P>0.05). The absence of a strict definition of dmggistant epilepsy may have
weakened the statistic analysis. The selected grgupas only a foundation for retrospective
chart review. If the definition was stricter, foxaample, at least one seizure per year or non-
seizure over the year, the different frequencieg.gf774delG within each group would have
been more significant. An accurate study design @efihitions are a key part of effective
pharmacogenomic studfesStandards for association studies in pharmacagisohave been

presented in previous studies
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In spite of the retrospective study design, aro@aton with g.-1774delG was noticeably
significant. This SNP was reported previously im group in relation to toxic hepatiti$In that
study, the g.-1774del genotype caused lower express MRP2 than g.-1774G in a human
hepatocyte originated cell line (HepG2). This fimgliis contrary to the results of the present
study. There are different known transcription dastin hepatocyte, neuronal and endothelial
cells. The promoter activity in the cells transéettwith a g.-1774G (haplotype 2) clone was
about 100 times stronger than those transfectddth control vector in hepatic cells. A strong
transcription activator is present in hepatocytéswever, the difference in promoter activity
between g.-1774G and mock control was lower in omalr SH-SY5Y cell lines. Neuronal
transcription factors are expected to be weakar thase in hepatocytes. The binding sequence
is “AAAAAC AACAAGATAA” (the underlined C is the anti-sense sence at
0.-1774G). Transcription factors known to bind tkisguence are GATA-1, Evi-1, FOXO,
HNF3, and more (Genomatix software GmbH). Eachuéisspecific transcription factor binds
this sequence and induces different levels of MBR#ession. For example, HNF3, a common
activator in hepatocytes, was thought to activaRP expression through binding with g.-
1774G rather than g.-1774del. Consequently, theesgpn of MRP2 of g.-1774del would be
lower than g.-1774G. In contrast, if neuronal ¢edhscription activators were more likely to
bind g.-1774del over g.-1774G, neuronal expressioRlRP2 of g.-1774del would be higher
than g.-1774G. The factors that bind to this rediame yet to be determined. Previous studies
have referred to the different binding factors ki tregion in human coronary artery smooth
muscle cells without specific identification.

In the present study, a luciferase assay demaeedtthat VPA stimulated the activity of the
MRP2 promoter in SH-SY5Y cells. VPA is a well knoWDAC (histone deacetylase) inhibitor

that induces apoptosis in cancer él1$° In normal cells, however, VPA activates
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chromosomal transcription ability by inhibiting H@A Chromosomal DNA forms a compact
nucleosome with histone proteins and needs to lpaaked in order to started transcription.
HDAC removes the acetyl group in acetyl-lysine gass and biologically inhibits the activity
of transcriptiof™. In neuronal SH-SY5Y cells, VPA could activate th#RP2 promoter by
inhibiting HDAC. MRP2 has FXR (farnesoid X receptd®XR (retinoid X receptor) and PPAR
(Peroxisome Proliferator-activated Receptor) / RKRding regions. VPA interacts with these
proteins and regulates the expression level of MRB®Rir> *

P-gp polymorphisms have repeatedly been assoaiatedirug response in epile@sy** Up
to now, however, the only functional studies of MRRave been conducted in a knockout
animal modef. This report is the first investigation to show association between MRP2
polymorphisms and ADR in epilepsy. These resultg beuseful in tailoring AED medication.
The G allele of the MRP2 promoter was associateti WDR to VPA in Korean epileptic
patients. The del allele of MRP2 protected therbegjainst adverse effects of VPA by over-
expressing MRP2 in brain neuronal cells. These wdtdelp design therapy to minimize ADR

in epileptic patients and aid in the developmeme AED.
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V. Conclusion
The present study identified a novel associatietmvben a MRP2 polymorphism and ADR to

VPA, using statistical analysis and molecular gglapproaches to conclude:

1. In patients treated with VPA, the g.-1774del of MR@enotype, haplotype) was more

likely to be found patients without ADR than thagi¢th ADR.

2. The g.-1774G del increased the activity of the MRP2 promoted &fiPA stimulated

higher expression of MRP2 containing the del aliatber than the G allele in an in vitro

model.

3. The g.-1774G allele was associated with ADR to \BiyAdecreasing the level of MRP2

expression in brain neuronal cells, but the g.-tiéT4llele was resistant to ADR to VPA.

4. Another polymorphism, g.-24C>T, was also weaklyagged with ADR to VPA.

From these results, we conclude that MRP2 playmportant role in the distribution of AED
medication in epileptic patients. Further, a polypism of MRP2 is associated with ADR in

CNS patients.
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ABSTRACT (IN KOREA)
ABC % @il {33 Wol¢t
Valproicacid®] k& o] ¥k3-39] a4 AT

AATiSta et o s}akt

ol &

s 48 AgA @] (MDR1) ¥ MRP A9 ths k% A4 o9 (MRPL,
MRP2, MRP4 and MRP5)} BCRP (breast cancer resistance protein® 7+ 2% 9]
U3 WEsS do)e FEA T olF ©MES d# 9 FH (BBB) ¥4 T
d2 29 dd Uy AEY astrocytel HdAsta Q7] wjiEol] d@oA H=zo] oF
5 ¥ 935 ncl E3], Valproic acies T53ta &84 dE MRP2:E
Valproic acid?} seizure xHAlo 9]&|A] 1 wrdo] fFrdcia dH AUt mEkA IH
Aol A7 Z Valproic acidg AF-83t= A= ojA], MRP2E H X329 GEF%
of FFE F= Fag dMor FZAAT. & A7 9 @M FAAEY 4

2 geda AR & k2 2 F Valproic acidl w3k k& o)A} Wk3-3}o

r|r

Fodel B Aoltk F 16839 1 At TF AAGA dE ol e B
2

ol 7 BA 1FI (n=41) OB oY WS HolA gt A BA IFO

(n=127) YUt} FE FEHdMF MRP2] promote®] Goll A3l g.-1774delG

AL & AATH (P=0.004). 183l g,-1774G ¢+  g.-1774del 2] MRP2 promoter
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oAM 2l E = UAAyTH (P<0.05)
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@ 04

kel MRP2 frdzte] T /g ol

 tha A, MRP2, oFE o)A ¥FS- valproic acid, 7H2.
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