Table 2 Genotype distributions and characteristics of pPAF-AH
jolymorphisms

Systolic Diastolic

Senotype N Age Smoking BMI 8P BP  LDL-C HbAlc

Men

11987

i 238 64.1 181 244 139} 840 1199 57
T 138 641 188 24.2 137.7 342 1194 55
ki 19 620 105 248 1386 840 1203 54

WT+T/T{198T) 157 638 178 243 1378 842 1195 56

Va79F
VIV 258 639 178 24.2 1382 837 1200 586
VIF 125 643 184 245 1393 850 1192 56
FIF 12 609 167 247 137.3 822 1198 55

VIF+F/F (279F) 137 640 182 245 1392 848 1192 56

A379v
AA 331 637 175 244 1388 843 1198 56
AV 62 64.8 194 239 137.3 836 1204 56
VN 2725 ;500 254 1405 705 90.2 6.0

ANSVY (379V) 64 651 203 23.9 137.4 831 1194 56

Women

11987
/i 220 66.2 59 237 1442 842 1285 &5
It 102 67.1 10 233 1397 B06 1266 55
A 16 654 63 229 1401 851 1288 55

IT+T/T(198T) 118 669 17 23.3 139.7° 8L2" 1269 55

V279F
VN 239 667 54 236 1437 838 1285 55
VIF 90 67.1 22 23.6 140.1 814 1264 55
FIF 9657 00 222 1389 840 1288 56

VIF+FIF (279F) 99 67.0 20 23.5 1400 816 1266 55

A379V
AA 270 66.8 4.8 234 1421 833 1288 55
AV 67 653 30 24.2 1446 823 1254 55
A4 1590 00 291 1440 750 81.2 6.1

ANHVN (379V) 68 652 29 243 1445 831 1248 55

Abbreviations: BMI, body mass index; BP, blood pressure; FPG, fasting plasma glucose; HbAlc,
hemoglobin.Alc; HDL, high-density lipoprotein; LDL, low-densily lipoprotein.

Data represent mean values,

*P<0.05 vs. 198I/4.

PLA2G7 polymorphism. The allele frequencies in Japanese hyper-
tensive patients were I allele 71.7% and T allele 28.3% (I198T), and
A allele 84.7% and V allele 15.3% (A379V). A recent report indica-
ted that the allele frequencies of these variants in hypercholesterolemic
Sicilians were I allele 30.5% and T allele 69.5% (I1198T), and A allele
33.9% and V allele 66.1% (A379V),2” which are markedly different
from the present results. In V279E, which has not been found in the
Caucasians, 28 29.3% of subjects were heterozygotes (215 patients)
and 2.9% were homozygotes (21 patients). These values are similar to
previously reported values in the healthy Japanese (heterozygotes
21.0-32.3%, homozygotes 0.9-4.2%),26 suggesting that V279F may
not affect the occurrence of hypertension, although more detailed
studies with a case~control design are required.

Another important finding of this study is the significant associa-
tion between polymorphisms of OPLA2G7 and carotid atherosclerosis.
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The values of C-IMT and the plaque prevalence were significantly
differerit among genotypes in [198T or V279F, whereas C-IMTmax
showed no difference. As the differences in the C-IMTmax values in
each subject were relatively large compared with those in C-IMT, such
discrepancies in association with polymorphisms may be observed. In
our hypertensive patients, although the blood pressure was relatively
well controlled, the prevalence of carotid plaques was significantly
higher in subjects with 198T and 279F than in wild-type (1981/I and
279V/IV}) subjects in men. Furthermore, these two mutations were
detected as independent factors for the occurrence of plaques even
after adjustments with other atherosclerotic risk factors and as factors
contributing to carotid plaques (Table 3). Several previm;s studies
have suggested that 279F is a potential risk factor for atherosclerosis.
Yamada et al.!* reported that 279F was highly frequent in Japanese
men with myocardial infarction (279V/F 33.0%, 279F/F 2.1%) com-
pared with controls (279V/F 21.0%, 279F/F 2.2%). An increased
occurrence of 279F was also reported in Japanese patients with
stroke!® and atherosclerotic occlusive disease.!® The increased pre-
valence of carotid plaque in subjects with 279F observed in this study
was consistent with these results. It is natural to conclude that these
findings are caused by the loss of function of pPAF-AH, because
pPAF-AH activity is completely abolished in individuals with 279F/F
and suppressed in those with 279V/E!? Furthermore, it has been
reported that age-dependent increase in pPAF-AH activity was dimin-
ished in 279V/F subjects,® suggesting that the reactive pPAF-AH
induction caused by an increase in PAF is suppressed in subjects with
279V/E. These factors lead to the lack of an anti-inflammatory effect in
response to injurious stimuli in the vascular wall and, therefore, may
increase the risk of atherosclerosis.

11987, another variant associated with the prevalence of carotid
plaques, has been shown to reduce the substrate affinity of pPAF-AH,
similar to A379V,!7 whereas these variants did not affect pPAF-AH
activity.?” However, the ranges of substrate (PAF) concentrations used
in the previous study were far above the physiological levél measured
in plasma. Considering our results that A379V showed no correlation
with the development of plaques, the functional abnormality of 1198T
and A379V may have small effects in vivo. In contrast, the strong LD
with V279F (D'=1.0, r*=0.89) may rather contribute to the associa-
tion of [198T with carotid plaques in this study. In fact, all 21 subjects
with 279F/F had the 198T/T genotype. Contrary to our results,
Campo et al? recently reported that R92H, 1198T and A379V did
not affect plasma PAF-AH activity and that these variants were not
associated with carotid atherosclerosis in hypercholesterolemic Sicilian
subjects. However, the population analyzed in their study was rela-
tively small (190 subjects) and was not divided by gender. Further-
more, a significant LD was found between 1198T and A379V, which
was not observed in our subjects. These results suggest that the allele
frequency and LD differ among races, which can lead to markedly
different results.

Despite several reports indicating a significant correlation between
pPAF-AH and atherosclerosis, the actual role of pPAF-AH on athero-
genesis still remains unclear because of its complicated effect.
As pPAF-AH degrades PAF and proinflammatory oxidized phospho-
lipids, it may be a potent anti-atherogenic enzyme. In contrast, pPAF-
AH also generates bioactive oxidized free fatty acids and lysopho-
sphatidylcholine, which stimulate inflammatory reactions that could
promote atherogenesis. However, previous studies using animal mod-
els of vascular injury have clearly indicated that pPAP-Aﬂ} functions as
an anti-atherogenic factor. The administration of a recombinant
pPAF-AH reduced the size of myocardial infarctions and neutrophil
infiltration in rabbits with coronary ligation.?® Adenovirus-mediated
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Figure 1 Comparison of mean intima-media thickness (C-IMT) or maximum IMT (C-IMTmax) in the PLA2G7 polymorphisms. P-values were evaluated with
analysis of variance (ANOVA) followed by Bonferroni post hoc test. *P«<0.05. NS, not significant.

Table 3 Prevalence of carotid plaques in relation to PLA2G7 Table 3 Continued
polymorphisms
Patients with carotid Frequency
Patients with carotid Frequency enotype plaquesstotal (N} (%) P-value
Genotype plaques/total (N} (%) P-value
Women
ALL 11987
1198T [t 124/220 56.4
] 266/458 58.1 WT+T/T (198T) 75/118 . 63.6 0.201
T 162/240 67.5
v 24735 68.6 0.014 V279F
{Trend A VN 134/239 56.1
VIF+FIF (279F) 65/99 65.7 0.104
Ve79F
44 288/497 57.9 A379V
VIF 149/215 69.3 NA 155/270 58.9
FIF 15/21 71.4 0.004 ANHVIV (379V) 40/68 58.8 0.992
{frend A Trend Pvalues in all subjects were d with Cechran-Armitage test, Differences batween
groups in men or women ware analyzed with xz-test.
AA 368/601 61.2
AV 82129 63.6 pPAF-AH gene transfer prevented neointima formation in apolipo-
w 213 66.7 0.599 " protein E-deficient mice.?? Hypertension may also cause inflammation
{Trend £ of the vascular wall and induce expression of PAF, and therefore the
Men associati.on of the 1o§s~of-funr.tion mutation in.PLAZG7 with caertid
11987 pla(}ues in hypertensives supports the hypothesis that pPAF-AH is an
W L42/238 59.7 anti-atherogenic factor. As a loss-of-function mutation such as V279F
VT+TIT (198T) 11157 70.7 0.025 has not been identified in the Caucasians, the PLA2G7 polymorphism
may be a potential risk factor for atherosclerosis specific to the
V279F Japanese.
v 154/258 57,5 There are some limitations to this study. This study had a cross-
VIESFIF (279F) 99/137 723 0.014  sectional design, even though we analyzed a relatively large popula-
tion. Our subjects were treated with antihypertensive and lipid-low-
A379V ering drugs, some of which were intensively administered to patients
A 209/331 63.1 with plaques (Table 1). These agents were reported to suppress the
ANVHVIV (379V) 44/64 68.8 0393  progression of atherosclerosis beyond their essential pharmacolo-

gical effects, especially inhibitors of the renin-angiotensin system
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Table 4 Logistic regression analyses of factors affecting the
prevalence of carotid plaques

Men Women
OR (95% Cl) P-value OR (35% Cl) P-value
Modef 1
1987 (1/T+T/T) 1.32(1.05-1.66) 0.016 1.15(0.91-1.44)  0.240
279F (VIF+F/F)  1.34(1.06-1.70)  0.011 1.20{0.95-1.51) 0.126
Model 2
1987 1.37 (1.08-1.74)  0.010 1.23(0.97-1.57) 0.082
279F 1.38(1.08-1.75)  0.008 1.31(1.03-1.67) 0.026
Model 3
1987 1.40(1.10-1.79)  0.007 1.23(0.96-1.56) 0.100
279F 1.37 (1.10-1.42)  0.006 1.30(1.02-1.67) 0.034
Abbreviati ACEls, g enzymes; ARBs, angiotensin I receptor blockers;

B8H|, bady mass index; C, conhdenhal lnterval OR, odds ratio.

Polymorphisms were analyzed by a dominant model. (198T (T/T, 1; I/fT, 1; i1, 0), V279F
(FIF, 1; VIF, 1, VIV O).

Modet 1: adjusted with age.

Model 2: adjusted with age, 8MI, duration of HT, smoking, hyperlipidernia and diabetes.
Meodel 3: adjusted with age, 'E\ﬂ duralion of HT, smoking, hyperlipidemia, diabetes, ACEls
and/cr ARBs, and lipid-lowering drugs.

(angiotensin II receptor blocker and angiotensin-converting enzyme
inhibitor)*"32 and statins,* However, even after adjusting for these
factors, 198T and 279F were independently associated with plaques in
men. In addition, menopausal status may influence our results in
women because estrogen has been shown to increase the plasma PAE-
AH activity.** However, we could not analyze the effect, as we did not
collect the information on menopause. To further clarify these issues
in detail, a cohort study in a large healthy population is required.

In conclusion, we showed the ethnic differences in allele frequency
between the Caucasians and the Japanese in 1198T and A379V of
pPAF-AH. We also found that the loss-of-function mutation V279F in
PLA2G7 and its closely associated variant 1198T are associated with
carotid atherosclerosis in the similarly treated hypertensive Japanese.
Qur results indicated that a deficiency in pPAF-AH is a potential risk
factor for atherosclerosis in hypertensive Japanese men, suggesting
that a more definite risk management including blood pressure and
lipid lowering is required for the hypertensive Japanese with 279F and
198T to prevent the progression of atherosclerosis.
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107y v EICCB25T I3FET A, C825T i1y
AVVEBEERTHHD, AT5AVVIDRE
FEULZOER, $£8, 917V VO—MICHE
T HLEHE L KK T 5 f3-short #ELET HHER
LT EHEESNTWAS.

B3-short TR&T H¥4it, GEBaY /2
Zy b (Go) tOHEFRACEERBHICALE
LTWA7®D, TRMEICE S Ga DEMLRRE
THEEZLNTWA. 0O GNB3 D C825T %
HMEV o VERELBET A EARESI I
», TDOHRIOEETHILATFHSA,
19TANDT 7VAFRT AV AANEINOADI—H
VAP THREShAER, CC CT, TT DEICE
B TDR L AEEMRPRIFTH - 2D,

Adducin %, MIEEBERER T ONTOZ
EfEEE TS, Milan SlIES v PO T o
& padducin EEFOI AL VAEELERTD
Na BRTTEKCEEL, BE*ET5H
5, LrZBWTH ADDI OBEFL£ELEML
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FEr DBIE B SN, Glyd60Trp Z2E THE
RBGEBRH LN, BAATHEVZ VSR
FICEEEREELRT O, RERZEICEE
FRIFLTWALDEELZLNAD, BMIE - &
v\ Trpd60 7 VVDEEE T TD ~
DRIGHEDBBIFTH -7, TNODOFEL TN
THRDPHDHDOT, AAANTH HEEARELR
TD DHRICBE T &I FER  HHOHEE
I TWinmk o 7.

bphbhid, 76AOHATD RABEEORE
PHRPG, BRERBCFLEORERZRAAED
IR FEICTRAALY, MEZ2hOsERS
THHEICTD BAFIN-BEEEFRIC, A
BRIARTH 3 EOSRMERFH L, FHMETS
mmHg Ll EOBEE % RO 8% JUGH (respon-
der : R®), TR\ LARHBEROEN LA
L7-B%IERIGE (non responder : NR ) &
% L. e Lc&IE T30 GNB3 C825T,
ADD1 Gly460Trp, RAS ©oazEfZ% (SNS) B8
BEETFIMZ, YA TP FREZHE Na-Cl £
B AEETF (TSC), TD EZ# o Gordon fiE
EEOBRREETF THH WNKI, WNK4, I3
FaFal FESHERETF (MLR) 2 &% X
AVZ b y—7 T V/RICEDEZE L SNPs,
HEITHRET, 85BEII VI L. XD
8| TSC C1784T & ADRB3 T727C (Trp64d
Arg) @ 2SNPs 23 R - NR L BT HHEEDZE,
O UREBOBEEEICBVWTHLAUHICER
BERRD. L Lasb, Bl L7 GNB3
C825T, ADDI Gly460Trp Cl3BELHEEZRD
e ots. Tho GNB3 < ADDL ORI AR
ABMEADREETHOEENZHENINTE
N, NEZTRBRLTWAFRENRDS.
BEDY ) AR R ERRETT To—F

Tz <, GWASBEREL->TW5DH. BEE

BETRERT SbhbNORIEOMIC, TDIC
B L CILRESE, XEMOBMEN DD, 20D
HETEHHIOADBABLEREZICENT,

hydrochlorothiazide 25 mg % 1 » A& & L /¢
B ONREnEEY R, BHERF, TRETR

LAeZNZITREBTICAW T 5. BIEFEH
DOWREL107 SNP # 8 L/ DNAFv 7% H
VW, GWAS 217 -7c & C°A, RBEFLECSER
EMEHLEERTRY SNP 3 (LYZ, YEATSY,
FRG2) MFELELN. LYZ, FRG2 © SNPs {3,
AADY VT kR CEER* L A
ERBEARL, BRENENEHRESI NI
BEDL A, LYZ, FRG2 & TD OB & DB
RITABETH 5 H, GWAS BBEFEZED pharma-
cogenomics I GAAEETH H T & =R LI
ELTEEVRDS.

2. TUTHTUILVIREHERE (ARB)

AT 2 —FVORFETNV—TE, TV TV
UV FBEERE (ARB) (irbesartan) OB
7z 6 I DIE RSB R i 3+ 5 REF25
DBI5 %, SILVHIA (Swedish Irbesartan Left
Ventricular Hypertrophy Investigation vs.
Atenolol) BZE & L TBNHICHEF LTS,
Z OB Tlt irbesartan & atenolol # 2z h £ 1
S0RBEOEMERZICIZER, BHESE T4
Vs b a—T, ENENOEROBEE
SR, DIEKEMER LRI LD THS.

irbesartan (18 - PEER/MERED40~50%
TEYZEEEDRZ L D>E L IhTWADH, ACE
/D& %R EE D8 BICHRLIAME
(DBP) € 10 mmHg A LOBEERR D, —7,
DD & Ci324% L 7 DBP > 10 mmHg LA E D/
ExERLULBEEZERI VL0, RABICTIVE
AT VERBRERZRT C-344T &, irbesartan
OEEHRICHEELZBAESEEZRL T, Mo
RASBEDOBEFLE CREEDRICEEN .
RO DR oI, TV/VFTV/YV /=7
VEEGTF TI74M, M235T 2 b UMZ T VYV 5V
Vv 1 EEEET A1166C 1, irbesartan O
DIEKEEIERICERER 2R DI,

TR IOWFEISN—TE, 47T UL %

| Bwicgox A \f‘/ﬁ“% (microarray based

DNA polymerase assisted minisequencing single

nucleotide primer extension assay with fluores-
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cence detection) *BAZ L, SILVHIABIFICE
WTENZThOEF OBEELS R 2 .LIEXEHE
B2 B 594 5 SNP %, RAS %SNS, m#&
fEB M E, IRENRBR S H25EET,
74SNPs THRE LT, BROEHRXEELTS
HERELTCWS. BEOLIAS, TOHEKRE
pharmacogenomics IZ & 55— 55— A 4 FEHEIC
JEREINTWA EOBEITZWD, TOXD>%n
AR LAA FF v TRERICBICAWONS L
b EFHlENS.

bhbhid, ARBOFHERICEET HSNP O
B %1T-> T\Ww5hA. CYP2CY 23, losartan % val-
sartan DEWRBICEADLL L BHMON TS
2, CYP2CY BEFORREKE Y V—T7 T VA
L, FROIALVAEEEZRAEL TWAY.
F 7, CYP2CO CHBEmME LR b b TEE
CYP2C9*30 (Aladd7Thr) % H ¥ 5 BE TH
losartan BRI WATREMESD Y, L4XBEL
FERD IR WHBTF—5— A4 FERZTT 5B
EREETHLEEDNS.

3. SEROBUSYRANSIAERE
(CCB)

DL FBYY VRV Y AREHE (CCB)
OBEHRICH LM IS T 5 RETSEL, 12
PAEBRERTV. LV FIEY Y VR
CCBZ, bBEO AR L TEEMIC bHERBE
BEWEFTHBDIC, REWEETREET
5 b FDORBICRBTAEHZRALTREVEE X
HNB.

bhbh LEALVY I AF v VRIVERET
DEICER L, $HEIC CCB BT S hic161
AOABEUENEREYHEL LT, TDOL &
r A ORELECTRE R) B, ERG (NR)
BT, LEAVYIAF v RV - Y71y
FEEF (olC: CACNAILC, olD: CACNAILD)
ZBIRL, TUVHEDGWHIEEHIZOWT
A Utz CORER, CACNAICDOA viBrY
13, G/A %%, CACNAID DA v v 3G/A
LU C/T D2 %%, R, NREOEERLL

= B
WARBE : BEIMY, T-INK
EmEBRAN - R | EEFAN

4 Effect BP |
N Sideeflect k| 1,UA'T,TGT,
Glucose 1, edema etc.

530 - BIERND
SROYEFHA

08

BEDZEFE
5 - BERAD
2HNZEFME

REBE:
BETSUBRICED(T -5 A1 FER

Alfymetrix GENECHIP"
Mapping 500K Ar(gy Setr

5
B

SORF=IN=EKICLDRHRE:

'(*/77rl_x R-arersh
nEHE, £ (-REEP-LUimEk BEE RBE
f#EE, PRA, PAC, BEFHRA%EEYL)
BESH (1nB) S09v4t-vay

(@ : 1.indapamide, 2. amlodipine, 3. valsartan DiSA)
F1EHE (B B/BEFE
HA4 74 FEMRE (indapamide 1mg & ¥ §38)
Doseup (indapamide 2mg IZ188)
indapamide 2mg % %%
il (—BREETERIT PRAPRC)

F2EHRE GrB: ! B/BEE

BN LFERE (amlodipine 2.5mg &) BELA)
Doseup (amlodipine Smg ITIBE)

amlodipine Smg %4

Fa (A&

EIFERE GnB 1 B/BED)
FOIATII/RBURRE (vilsartan 40mg &)
Doseup (valsartan 80mg IZI8R)
valsartan 80mg %885
il (—BEEETENRITPRAPRO)

w7

B 1 GEANEFIROWMBEHHIE ORI~

Uz CCB B 5#OMEMFICT VIVEITER&ZE
READID, CCBOIREHILHEZFEZTW
BHDOEEZTWHM, CACNALS @ SNP 3Bk
*07V—TRABOHEE L TRY, FERE
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B2 a7 RHRERE SNP
indapamide #¥ 5% O MEE# BREFHOMEMJ CHER, VARVI— - JVVARVF—%HEL, GWAS 217>
Too BBE TR p<I0EBR Db - & HIRV-BIE SNP #ERHIC.

HEGTLEZILNS.

i GEANE BH%E

EEXBERRTSMIBBFET S LT
Aah, B\LLPRERCEE  BIMEEETOR
EDDITIL, HEBIOBERRIMESZEICHIRA
EICEEEYRS L, ERICEEOREZLE
L, 3% ORYRBBERCEEIFRBFRED
BIZFEHH L OMBZRNTHLESHS. Ch
FTHRATHIOL SRR T, -0, EiL
BRSFL VI —TREEDAE BEREVY—
o4 & L A CHERRER ARG TESERE
DIcHD L HEFHILRAPE (GEANE B % : Gene
Evaluation for ANtihypertensive drug Effect) %
BT LA® (& 1).

GEANE & CiRE—BEICY A 7 ¥4 FEF
R#E (indapamide), YV FOov Y V/RANY
7 LA EE (amlodipine), 7 VYA F VIV VI
ZRAERE (valsartan) %27 0 RAF —N\—
THRASETREHRZHAN, BETEEIT/
LFEFERIIC505 SNPs # 5 LTV 5. &K
ICIBABIDIERIBEGE BB Y, BOEBITRERBRE
Shiz. GEANEBWETIE NG 3FDOBEESR
B#ESNP DAY, TDHESHORBERR
AU Y LETICED S SNP dBE LTWS. X
DFERO—BER 21C7xT. TDOFHREET
bo L bEWBIEKEERT SNP I3, REAETE
KB, Jid LIcKE» DOWMEICH - 212%

OB WCBEIEM IR D T - 7. Z DM,
CCB, ARBBi# SNP, 25 I3 TD#DRE L
ARAV D AMETICEEET 5 SNP 3458 55
IZ7x»7:. GEANE Bt% TH O h - Kin ZlE
Bho, BEEXBRTIHEZREDhbhZ
BERLTWA.

E_?—ﬁ—x4PE§®£ﬁtmﬁf

BMED T —F— A4 FERERICE, #REX
MEBRROER LM TE LB ETLELA VA
TEBEFZE VAT ADRRHE, COL>LEE
TEEV AT LARBA LR ERRIC LD EE
TFEERTHEOFREOTEADBLELERD
N5, bhbhiIGEANEZHFELHELTE
D, BETLEIC L 5BEEEROFRELFIR
ERXHHBRIAMRIC T HATFETHS. &
BRIBETLZEZHZERE L, FLVWBLER
BHA ¥4 vORIERE SHEC 2 5 get 5
B5. BRI, XVELET, EHELED
SHLIEPTEL LS TRMELRLEE IR
HIHLRREBEIC, HREEDHZEHE
BTH5.

#H B ARPOMERRR, BUTBEAERXES
ERESREEED REERSBIC I 5 B
FRHAEFEE] LVBREEBLIVT LY /LT
Y7t (BOESERERBICST 5EETH
P, BUSEHEEEZE, BIRAERE  BuERBERtL YV
-k RMCE) & oUTIKERERTRANIC
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Genetic Polymorphisms of L-Type Calcium Channel alc and

alp Subunit Genes are Associated With Sensitivity to
the Antihypertensive Effects of L-Type Dihydropyridine
Calcium-Channel Blockers

Kei Kamide, MD; Jin Yang, MD#*; Tetsutaro Matayoshi, MD; Shin Takiuchi, MD;
Takeshi Horio, MD; Masayoshi Yoshii, MD; Yoshikazu Miwa, MD; Hisayo Yasuda, MD;
Fumiki Yoshihara, MD; Satoko Nakamura, MD; Hajime Nakahama, MD;
Toshiyuki Miyata, PhD*; Yuhei Kawano, MD

Background: The response of blood pressure (BP) to L-type dihydropyridine calcium-channel blockers (dCCBs)
differs among individuals.

Methods and Results: A pharmacogenomic analysis was undertaken in 161 patients with essential hypertension
who were treated with dCCBs to study whether genetic polymorphisms of the calcium channel «lc and «lp
subunit genes, CACNAIC and CACNAID, are associated with the antihypertensive effects of dCCBs. Respond-
ers were defined as those in whom systolic BP (SBP) was lowered by more than 20mmHg or diastolic BP (DBP)
was lowered by more than |0mmHg after treatment with dCCBs. Eleven sequence-proven polymorphisms of
CACNAIC and 5 common polymorphisms of CACNAID chosen from a public database were subjected to geno-
typic analysis. The comparison of polymorphism prevalence between responders and nonresponders showed
significant differences in CACNAID rs312481G>A and rs3774426C>T, and in CACNAIC 527974G>A. There
were significant differences in SBP or DBP between alleles in these single nucleotide polymorphisms (SNPs). A
much more significant reduction in BP was observed for the combined presence of these SNPs.

Conclusions: Three SNPs in CACNAID or CACNATC are genetic polymorphisms conferring sensitivity to the
antihypertensive effects of L-type dCCBs in patients with hypertension. The BP reduction by L-type dCCBs
might be predicted by evaluating these polymorphisms.  (Circ J 2009; 73: 732-740)

Key Words: Essential hypertension; Genetic polymorphism; L-type calcium channel gene; L-type dihydropyri-

Circ J2009;73: 732-740

dine channel blockers

of the L-type dihydropyridine (DHP) subclass, are

widely used to treat hypertension because they are
better able to lower blood pressure (BP) than are other
types of antihypertensive agents! The DHP CCBs (dCCBs)
complement the BP-lowering ability in both salt-sensitive
and salt-resistant forms of hypertension (HT), and elderly
patients generally respond well to dCCBs? Recently, a
number of trials, including VALUE} ALLHAT4 ASCOT?
Syst-Euré and STONE! and most correctly performed meta-
analyses have demonstrated that dCCBs effectively reduce
the incidence of stroke events in older patients with HT67
and could be the preferred agents for treating HT in patients
with ischemia heart diseases because of their vasodilatory
effects on the coronary arteries3#? Moreover, dCCBs dem-
onstrate additive effects on BP reduction by most other

Calcium-channel blockers (CCBs), especially those
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2008; accepted November 12, 2008; released online February 17,
2009)
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kinds of antihypertensive agents, especially angiotensin-I-
converting enzyme inhibitors, angiotensin-lI-receptor
blockers, 3-blockers, and thiazide diuretics, with few side-
effects?10 Because of these advantages of dCCBs, several
groups that establish international guidelines have recently
endorsed them as an initial therapy option in patients with
essential HT (EHT), and as an important component of
most multidrug regimens for BP control according to a
Japanese guideline (JSH2004)!! However, the response of
BP to dCCBs differs among individuals, so, to lower BP
more effectively, determining an individual’s sensitivity to
a dCCB before prescribing it would be useful.

Recent studies indicate that the heterogeneity of a
patient’s responses to antihypertensive treatment is, at least
in part, genetically determined!? This finding underscores
the role of pharmacogenetic research to identify either func-
tional genetic variations or variations inherited in linkage
disequilibrium (LD) with these variations as markers to
enable more individualized evaluation and selection of
agents for treating HT in each drug class!?

In Japan, more than a dozen dCCBs, particularly DHP
derivatives, are available for clinical use. These DHP deriv-
atives bind to receptors on the «1 subunits of DHP-sensi-
tive voltage-gated (L-type) calcium channels to exert their
antihypertensive effects and are believed to play a central
role in the excitation—contraction coupling for cardiac and
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Table 1.  Comparison of Characteristics of Responders and Nonresponders to L-Type CCBs

R=ASBP>20mmHg

R=ADBP>10mmHg

Responder Nonresponder

Responder Nonresponder

(+SD) (+SD) Pvalue (£SD) (+5D) Pvaiue
n 48 13 56 105
Age {ycars) 62.7£10.8 66.7+9.0 0.016 639+11.3 66.4+8.6 (124
Sex (M/F) 23725 62/51 0419 34722 51/54 0.140
BMI (kg/m?) 21,1479 21 4£8.6 0.849 22,5470 20.7£9.0 0.2
Pre-SBP (mmHg) 169.7+18.8 151.2£18.5 <0.001 161.8+23.8 154.0£17.8 0.020
Pre-DBP (mmHg) 1029115 93.6:10.0 <0.001t 10244121 93.2+9.4 <0.001
Pre-MBP (mmHg) 125.2£12.2 112.849.2 <0.001 12224130 113.449.6 <0.001
Pre-HR (beats/min) 68.619.3 69.6£10.9 0.583 68.619.3 69.6+10.9 0.583
Post-SBP (mmHg) 137.6+14.2 146.3£15.1 <0.001 137.7+14.2 146.9+15.0 <0.001
Post-DBP (mmHg) 36.419.3 $8.449.9 0.243 8444104 89.6+8.9 0.001
Post-MBP (mmHg) 103.549.3 107.749.7 0.012 102.249.3 108.749.2 <0.001
Post-HR (beats/min) 726498 71.8+12.8 0.708 72.619.8 71.8+12.8 0.708
Monotherapy (%) 3715 212 0.035 304 238 0.371
Type of CCB (%)
Amlodipine 39.6 442 0.584 429 429 1.000
Nifedipine 229 18.6 0.533 23.2 18.1 0.442
Nicardipine 104 1.5 0.840 5.4 143 0.071
Manidipine 83 9.7 0.778 10.7 8.6 0.659
Nilvadipine 6.3 8 0.700 89 6.7 0.607
Benidipine 2.1 27 0.829 1.8 29 0.669
Nitrendipine 4.2 1.8 0.392 1.8 29 0.669
Bamidipine 0.0 1.8 0.232 0.0 1.9 0.189
Cilnidipine 2.1 0.9 0.548 1.8 0.9 0.657
Efonidipine 2.1 0.0 0.119 1.8 0.0 0.145

Responder defined as SBP reduction (ASBP)>20 mmHg or DBP reduction (ADBP)>10 mmHg, respectively, after taking L-type

CCB.

CCBs, calcium-channel blockers; R, response; SBP, systolic blood pressure; DBP, diastolic blood pressure; BMI. body mass index;
Pre-SBP, SBP before treatment: Pre-DBP, DBP before treatment; Pre-MBP, mean blood pressure betore treatment; Pre-HR, heart
rate before treatment; Post-SBP, SBP after wreatment; Post-DBP, DBP after weatment; Post MBP, mean blood pressure after treat-
ment; Post-HR, heart rate after treatment; Monotherapy, prevalence of monotherapy.

smooth muscle!* L-type calcium channels are formed by 1
of 4 principle pore-forming «! subunits {«1s (Cavl.1), alc
(Cavl.2), aip (Cavl.3), and «lF (Cavl.4)], which are
encoded by different individual genes, in association with
several auxiliary subunits!5 Expression of als and of «1F is
restricted to skeletal muscle and retina, respectively, but
alc and «lp are widely expressed in neuronal and
(neuro)endocrine cells and in electrically excitable cells in
the cardiovascular system, including cardiac muscle and
vascular smooth muscle!6 In most cases, both channel types
are found in the same cells, with alc usually being the pre-
dominant isoform!? Although previous studies have shown
that the effects of dCCBs on the coatractility of ventricular
muscle and aortic smooth muscle are exclusively mediated
by alc (not by ¢1p)!® and that alp might control physio-
logical processes, such as diastolic depolarization in sino-
atrial node cells and neurotransmitter release and neuronal
excitability!? the physiological effects of these subunits are
largely unknown, Considering their expression patterns,
the central role of alc on the contractility of heart muscle
and of vascular smooth muscle, and the important role of
the neuroendocrine system in the pathophysiology of HT20
genes encoding alc (CACNAIC) or alp (CACNA1D) might
be candidates for influencing the antihypertensive effects
of L-type dCCBs.

The aim of the present study was to evaluate CACNAIC
and CACNAID, which encode L-type calcium-channel sub-
units «lc and «lp, respectively, in relation to the respon-
siveness of patients with EHT to treatment with L-type
dCCBs. We focused on evaluating the effects of the «lc
subunit. First, we screened for possible genetic polymor-
phisms in the promoter region, all exon regions, and a smali
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part of the intron regions of CACNAIC in 48 patients with
HT. Next, we performed genotyping of the missense muta-
tions and representative common polymorphisms of
CACNAIC found with direct sequencing or common single
nucleotide polymorphisms (SNPs) of CACNAID chosen
from a public database in 161 patients with EHT who were
treated with L-type dCCBs. Finally, we examined the asso-
ciation of these genetic polymorphisms with the responsive-
ness of patients with EHT to treatment with L-type dCCBs.

Methods

Study Subjects

Peripheral blood samples for genetic analysis were col-
lected after written informed consent was given by Japanese
patients with EHT at an outpatient clinic of the Division of
Hypertension and Nephrology, National Cardiovascular
Center, Suita, Japan. The study protocol was approved by
the Ethics Committee of the National Cardiovascular
Center. A total of 161 patients (85 men, 76 women), for
whom L-type dCCBs had been newly prescribed as mono-
therapy or in addition to other antihypertensive agents and
for whom BP data could be obtained from records of 3 con-
secutive outpatient visits before and after the start of treat-
ment with L-type dCCBs, were retrospectively enrolled. BP
was measured in the subjects after they had rested while
seated for at least 10min. Systolic BP (SBP) and diastolic
BP (DBP) values were the means of 3 physician-obtained
measurements. All subjects visited the outpatient clinic
every month. The L-type dCCBs prescribed were amlodip-
ine (43.5%), nifedipine (19.9%), nicardipine (11.8%}), mani-
dipine (9.3%), nilvadipine (7.5%), benidipine (2.5%),
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Figure. (a) Comparison of blood pressure (BP) between
pre- and post-administration of CCBs in each genotype of
dominant model in patients with CACNA/C 527974G>A.
(b) Comparison of BP between pre- and post-administra-
tion of CCBs in each genotype of recessive model in
patients with CACNAID rs312481G>A. (¢) Comparison of
BP between pre- and post-administration of CCBs in each
genotype of recessive model in patients with CACNAID
rs3774426C>T. CCBs, calcium-channel blockers; SBP,
systolic BP; DBP, diastolic BP.

pre post
CT+TT
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Table 2. Characteristics of Genetic Polymorphisms [dentified by Direct Sequencing or Genotyping With TagMan PCR

Gene, location SNPs LD aaInfo  Region  Allele | Hetero Allele 2 Total Aliele | freq.  Allele 2 freq. TagMan

CACNAIC*  395458G>A Al74A  Exon4 43 5 0 48 0.948 0.052

12p 133 395570G>A a Intron 4 29(102) 17(48) 2(1hH 486l 0781(0.783) 0219(0.217y  OK
395572T>C a Intron 4 29 17 2 48 0.781 0.219
439886C>A Intron 7 45 3 0 48 0.969 0.031
459184G>A b Intron 8 35(137) 13(22) O(DH 43(160)  0.865(0.919) 0.135(0.081) OK
496317delG ¢ Intron 9 30 14 0 44 0.841 0.159
496354G>T c Inron 9  30(100) 18(55) 0O(» 48 (161)  0.813(0.798) 0.187(0.202) OK
513074G>A b.¢ Intron 12 32 13 0 45 0.856 0.144
513955C>T d Tntron 12 0 2 46 48 0.021 0979
527974 G>A ce Intron 13 4(8) 20(62) 2491y 48(161) 0292(0.242) 0708(0.758) OK
529458T>G e, f Intron {5 1 22 23 46 0.261 0.739
530778G>C Intron 15 47 1 0 48 0.990 0.010
531126A>G Intron 16 47 i 0 48 0.990 0.010
531910C>T f D8izD Exon17 18 24 3 45 0.667 0.333
539757G>A A879A  Exon 19 47 1 0 48 0.990 0.010
542532G>T g Intron 20 47 1 0 48 0.990 0.010
551409T>C h Intron 22 47 ! 0 48 0.990 0.010
552959A>G d Intron 24 46 2 0 48 0.979 0.021
554886G>A Intron 26 47 ! 0 48 0.990 0.010
557206C>T d Intron 28 46 2 0 48 0.979 0.021
557231C>T Intron 28 47 1 0 48 0.990 0.010
558260T>C f Intron 28 14 27 6 47 0.585 0415
558409 C>T f  FI262F Exon29 14(58) 27(79) 6(24) 47(i6l) 0585(0.606) 0.415(0.394) OK
594891C>G Intron 30 45 3 0 48 0.969 0.031
595028 T>C i Intron 31 8(9) 18(60) 22(92)  48(l6l) 0.354(0.242) 0.646(0.758) OK
595041T>C i Intron 31 8 18 22 48 0.354 0.646
595054C>T i Intron 31 8 18 22 48 0.354 0.646
597980 G>A i Inron 31 4(14) 17(39) 23(108) 44(i16l) 0284(0.208) 0.716(0.792) OK
598239delA i Intron 32 4 17 23 44 0.284 0716
615494delT g Intron 38 47 1 0 48 0.990 0.010
615546-615547insC ~ k Intron 38 32 15 0 47 0.840 0.160
624139G>A h Intron 40 43 1 0 44 0.989 001
624330 C>T k Intron 41 33(105) 15(46) 0(10) 48(l6l) 0.844(0.795) 0.156(0.205) OK
626151G>A TI1787T Exon 43 8 17 16 41 0.402 0.598
632652 G>A Ri910Q Exond5 45(159) 3(2) 0(0) 48 (161)  0.969 (0.994) 0.031 (0.006) OK
635110 G>A G2004S Exond6  35(160) 1(0) 00 36 (160)  0.986 (1.000) 0.014 (0.000) OK
637259C>T jil Intron 46 28 17 3 48 0.760 0.240
638741-638742insT 1 3-UTR 28 17 3 31 0.875 0.125 Failed

CACNAID** 153774414 C>T Intron 2 64 78 18 160 0.644 0.356 OK

3p 143 5219847 G>A Intron 2 40 82 38 160 0.506 0.494 OK
15312481 G>A Intron 3 131 26 3 160 0.900 0.100 0K
153774425 G>A Intron 3 73 72 16 161 0.677 0.323 OK
153774426 C>T Intron 3 118 35 7 160 0.847 0.153 OK

*Genetic polymorphisms of CACNAIC were firstly screened in 48 randomly chosen hypertensive subjects, and then representative polymorphisms were geno-
typed in 161 patients with essential hypertension who were treated with L-type CCBs.

Data in parentheses ( ) based on genotyping results for CACNAIC.

Based on the sequencing result, the apparent LD, defined by r2>0.5, was indicated by a-1.
The A of the ATG of the initiator Met codon is denoted nucleotide +1, as recommended by the Nomenclature Working Group (Hum, Mut,, 11, 1-3, 1998).
The nucleotide number was according to the reference sequences GenBank Accession ID: NT_009759.15.

Sequence for promoter region, exon 44, and exon 47 of CACNAIC was abortive.

**Common SNPs of CACNA ID were chosen from JSNP database and genotyped in 161 patients with essential hypertension who were treated with L-type CCBs.
PCR, polymerase chain reaction; LD, linkage disequilibrium; SNPs, single nucleotide polymorphisms. Other abbreviation see in Table 1.

nitrendipine (2.5%), barnidipine (1.2%), cilnidipine (1.2%),
and efonidipine (0.6%) (Table 1). Patients who could
achieve a SBP reduction greater than 20mmHg or a DBP
reduction greater than 10mmHg after taking L-type dCCBs
were defined as responders, and those who could not were
defined as nonresponders. These criteria are often used in
the clinical trial of new antihypertensive drugs in Japan.

DNA Studies

Direct Sequencing for Detection of Polymorphisms in
CACNAIC Genomic DNA was extracted using an NA-
3000 nucleic acid isolation system (Kurabo, Osaka, Japan)
and stored at —80°C until use. Human CACNAIC, located
on chromosome 12 at p13.3, consists of 47 exons. We
sequenced 48 samples from Japanese patients with HT,
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using a direct sequencing method described previously?!
Briefly, all exons with their flanking sequences and approx-
imately 1,000bp of the upstream region of exon 1, which
would include promoter regions of CACNAIC, were indi-
vidually amplified with the polymerase chain reaction
(PCR) and sequenced with a ABT PRISM 3700 DNA ana-
lyzer (Applied Biosystems, Foster City, CA, USA). We
failed to sequence the promoter region and exons 44 and 47
of CACNAIC because of amplification problems by the
PCR. Information on the primers and the PCR conditions is
available on request. The polymorphisms were identified
with Sequencer software (Gene Codes Corporation, Ann
Arbor, M1, USA), followed by visual inspection.
Genotyping of Polymorphisms The TagMan-PCR
method was used for genotyping sequence-proven genetic
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Table 3. Genotype Distribution Between Responders and Nonresponders Treated With L-Type CCBs

R=ADBP >10mmHg

R=ASHP >20 mmHg

Gene SNP
Genotype R NR ¥?  Pvalue Genotype R NR 2} Pvalue
CACNAIC 527974G>A GG 0 8 4501 0105 GG 0 8 4418 0.110
GA 23 39 GA 22 40
AA 33 58 AA 26 65
GG 0 8 4490 0.034 GG 0 8 3576 0059
GA+AA 56 97 GA+AA 48 105
GG+GA 23 47 0202 0.653 GG+GA 22 48 0.154  0.694
AA 33 58 AA 26 65
OR 1.163, 95%C1 0.603-2.242 OR 0.873, 95%C1 0.442-1.722
CACNAID 1s312481G>A GG 51 80 5291 0.071 GG 45 86 11571 0.003
GA 4 22 GA 1 25
AA 1 2 AA 2 1
GG 51 80 4910 0.027 GG 45 8 6516 0011
GA+AA 5 24 GA+AA 3 26
OR 0.327.95%CI 0.117-0.911 OR 0.221, 95%CI1 0.063-0.768
GG+GA 55 102 0.004 0951 GG+GA 46 111 1957 0.162
AA 1 2 AA 2 i
OR 0.927, 95%CI 0.082-10.457 OR 4.826, 95%CI 0.427-54.544
1s3774426C>T CC 48 70 6705 0.035 cc 40 78 3616  0.164
CT 6 29 cT 6 29
TT 2 S TT 2 5
CcC 48 70 6370 0012 CcC 40 78 3253 0.071

CT+TT 8 34

OR 0.343, 95%CT 0.146-0.805
CC+CT 54 99 0.133
TT 2 5

OR 0.733, 95%C1 0.138-3.907

CT+TT 8 34
OR 0.459, 95%CI 0.194-1.084
0.715 CC+CT 46 107 0.007 0933
TT 2 5
OR 0.930, 95%CI 0.174-4.972

ADBP=DBP (before treatment)-DBP (after treatment); ASBP=SBP (before treatment)-SBP (after treatment). Other abbreviations

see in Tables 1,2.

polymorphisms of CACNAIC and common SNPs of
CACNAID chosen from the db SNP database (http://www.
ncbi.nlm.nih.gov/SNP/). For sequence-proven genetic poly-
morphisms, polymorphisms with a minor allele frequency
greater than 5% (common polymorphism) were considered
candidates for genotyping. We chose a representative
common SNP for genotyping among SNPs showing strong
LD with an r-square greater than 0.5. Because a missense
mutation may cause a direct functional change of the elc
subunit, 2 missense mutations of CACNAIC with a minor
allele frequency less than 5% were also subjected to geno-
type analysis. For genetic polymorphisms of CACNAID
chosen from the db SNP database, 5 common SNPs
(1219847 G>A, 15312481 G>A, 153774414 C>T, 153774425
G>A, 153774426 C>T) with a minor allelic frequency greater
than 5% were chosen for genotyping. There was no tight
LD with an r-square greater than 0.5 among these 5 SNPs
in CACNAID. As a consequence, 11 SNPs for CACNAIC
and 5 SNPs for CACNAID in 161 Japanese patients with
HT treated with L-type dCCBs were subjected to genotype
analysis. We did not perform haplotype analysis because of
the study design. We evaluated the synergistic effects of
SNPs associated with the effect of CCBs.

Statistical Analysis

Values are expressed as meanstSD. Hardy-Weinberg
equilibrium was assessed with X2 analysis. The overall dis-
tribution of alleles was analyzed with 2 analysis. The dis-
tribution of genotypes between responders and nonre-
sponders was analyzed with 2x2 contingency tables and a
2-sided Fisher exact probability test. The statistical signifi-
cance was established at P<0.05. Comparison of BP reduc-
tion between allelic variants was performed with ANOVA
followed by the Fisher protected least-significant differ-

ence test using Stat-View version 5.0 (SAS Institute Inc,
Cary, NC, USA).

Results

Group Characteristics

Overall, both SBP and DBP were significantly reduced
after treatment with L-type dCCBs (Figure). Table1
shows the characteristics of responders and nonresponders.
When responder was defined as a SBP reduction >20 mmHg,
48 patients were defined as responders and 113 as nonre-
sponders. When responder was defined as a DBP reduction
>10mmHg, 56 patients were responders and 105 were non-
responders. Neither sex nor body mass index showed a
significant difference between responders and nonre-
sponders. Average age and the percentage receiving mono-
therapy differed significantly between responders and non-
responders when responder was defined as a SBP reduction
>20mmHg. The BP before treatment with dCCBs was sig-
nificantly higher in responders than in nonresponders. After
treatment with dCCBs, the average BP in responders was
markedly decreased; however, the average BP in nonre-
sponders was significantly higher than that in responders.
Heart rate did not differ significantly between responders
and nonresponders before or after treatment with dCCBs.
No significant difference in the types of L-type dCCB was
found between responders and nonresponders.

Detection of Genetic Polymorphisms

First, we screened for genetic polymorphisms of
CACNAIC in 48 randomly chosen patients with HT by
means of direct sequencing. As shown in Table 2, we iden-
tified 2 missense mutations in CACNAIC. Three of 48
patients had a G-to-A substitution at nucleotide 632652 in

Circulation Journal  Vol.73, April 2009



Gene Polymorphisims Suscepuble to CCBs

737

Table 4. Selected Genotype Interactions on the Effects of L-Type CCBs

Positively-related polymorphisms

Comparison CACNAIC CACNAID CACNAID Number  ASBP ADBP Pl P2
527974G>A  ws312481G>A  rs3774426C>T
2-way interaction
1 AG+AA GG Any 124 1524201 99499 0.0109  0.0007
Any others 36 542159  39%63
2 AG+AA Any GG 112 13.6422.3 1044102 05651 0.0031
Any others 48 11.6+£152 53469
3 Any GG GG 113 1461210 982101 0.1098 0.0136
Any others 46 §.9£187 5.7%73
3-way interaction
4 AG+AA GG GG 107 1491215  10.3x10.¢ 0.0801 0.001i3
Any others 52 89176 5.2472

P1, comparison of ASBP between genotype groups; P2, comparison of ADBP between genotype groups. Other abbreviations see in

Tables 1,2,

exon 45, leading to an Arg-to-Gln substitution at position
1910 (R1910Q). One patient had a G-to-A substitution at
nucleotide 635110 in exon 46, leading to a Gly-to-Ser sub-
stitution at position 2004 (G2004S). Both missense muta-
tions were found in heterozygous form. In addition, we
identified 5 synonymous variations (395458G>A in exon 4,
531910C>T inexon 17,539757G>A inexon 19, 558409C>T
in exon 29, 626151G>A in exon 43) encoded for A174
(minor allelic frequency, 0.052), for D812 (0.333), for A879
(0.010), for F1262 (0.415), and for T1787 (0.402). Thirty-
one additional variations in the intron and 3’-untranslated
regions were also detected. As described in the Methods
section, we finally chose 11 genetic polymorphisms of
CACNAIC and S common SNPs of CACNA 1D for genotype
analysis in 161 patients with EHT who were treated with
L-type dCCBs (Table 2). We failed to genotype 638741-
638742insT of CACNAIC because of incomplete discrimi-
nation of the genotyping signals. We did not identify
635110G>A (G2004S) of CACNAIC in the 161 samples.
The allelic frequencies of another 8 SNPs of CACNAIC
determined with genotyping were similar to those identified
with direct sequencing.

Association Study for the Effect of L-Type dCCBs

The clinical characteristics of patients with the
632652G>A (R1910Q) mutation did not show any specific
clinical features after treatment with L-type dCCBs (data
not shown). Thus, 8 common SNPs of CACNAIC and 5 of
CACNAID subjected to genotype analysis were used to
study their relationship to the effects of L-type dCCBs.
Control for deviation from Hardy-Weinberg equilibrium
yielded nonsignificant results in all SNPs examined in this
study. On basis of a comparison of each allele frequency
between responders and nonresponders, 1 of CACNAIC,
527974G>A, and 2 SNPs of CACNAID, rs312481G>A and
rs3774426C>T, showed significant correlations with the
effects of L-type dCCBs (Table 3). When a response was
defined as a DBP reduction >10mmHg, the prevalence of
CACNAIC 527974G>A differed significantly in the domi-
nant model, in that CACNAID rs3774426C>T differed in
the additive and recessive models, and that of CACNAID
rs312481G>A differed only in the recessive model. When
a response was defined as a SBP reduction >20 mmHg, the
prevalence of CACNAID rs312481G>A significantly dif-
fered in the additive and recessive models. CACNAIC
527974G>A and CACNAID rs3774426C>T showed a mar-
ginal relation to the effects of L-type dCCBs.

Circulation Journal  Vol.73, April 2009

Figure show the comparison of BP in the dominant or
recessive model in 3 SNPs that were significantly associ-
ated ‘with the effect of L-type dCCBs shown in Table 3.
The basal SBP and DBP were significantly reduced by
treatment with L-type dCCBs in patients with GG carriers
in CACNAID s312481G>A or CC carriers in 153774426C
>T, with GA+ AA carriers in CACNAIC 527974G>A, and
also with CT+TT carriers in CACNAID rs3774426C>T.
After treatment with dCCBs, DBP in patients with GG in
1s312481G>A, with CC in 1s3774426C>T, and with GA+
AA in CACNAIC 527974G>A was significantly reduced
when compared with patients with other allele carriers (P=
0.0126 for rs312481G>A, 0.0283 for rs3774426C>T, and
0.0108 for 527974G>A) (Figure). Patients with GG carrier
in rs312481G>A also showed a significant reduction in
SBP after treatment with L-type dCCBs when compared
with patients with GA+AA carrier (P=0.0101). Both SBP
and DBP were significantly decreased by treatment with
dCCBs in patients with GG carrierin CACNAID rs312481G
>A, but there was no significant reduction in BP in GA+ AA
in CACNAID rs312481G>A. In contrast, significant differ-
ences in the antihypertensive effect on either SBP or DBP
of treatment with dCCBs between alleles were not seen in
CACNAID 1s3774426C>T or CACNAIC 527974G>A.

The genotype interactions on the effects of L-type dCCBs
are shown in Table 4. When interactions between 2 poly-
morphisms were analyzed, a much greater reduction in DBP
after treatment with dCCBs was observed for the simultane-
ous presence of CACNAIC 527974 GA+AA-CACNAID
rs312481 GG or CACNAIC 529874 GA+AA-CACNAID
rs3774426 CC. The 3-way interaction models also showed
a much greater reduction in DBP for the simultaneous pres-
ence of CACNAIC 527974 GA+AA-CACNAID 15312481
GG-CACNAID 153774426 CC.

Discussion

The present study has demonstrated that CACNAIC
527974G>A, CACNAID 1s312481G>A, and CACNAID
rs3774426C>T are associated with the antihypertensive
effects of L-type dCCBs in Japanese patients with EHT. In
particular, the greatest sensitivity to the effects of dCCBs
was observed with CACNA 1D 1s312481G>A, which showed
a significant association with the effects of L-type dCCBs in
the reduction of both SBP and DBP. A patient with HT and
GA+AA in CACNAID 1s312481G>A or with GG in
CACNAIC 527974G>A is predicted to be a nonresponder to
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L-type dCCBs (Table 3, Figure). In addition, there was
a synergistic effect between the genetic polymorphisms of
CACNAIC and CACNAID on the lowering BP by L-type
dCCBs (Table 4). The L-type alc subunit plays a central
role in regulating cardiac function and BP22-23 and is a target
of the L-type dCCBs widely used in the treatment of HT?*
Therefore, we speculated that genetic polymorphisms of
CACNAIC might be related to the effects of L-type dCCBs.
In this study, we demonstrated that 527974G>A of
CACNAIC has a significant association with the effects of
L-type dCCBs. While we were preparing this report, Bremer
et al reported that CACNA I C polymorphisms are associated
with the efficacy of dCCBs in the treatment of HT in white
subjects?> The results of both studies suggest that genetic
polymorphisms of CACNAIC influence the effects of L-type
dCCBs in patients with HT; however, how these genetic
polymorphisms affect the effects of L-type dCCBs is still
unknown. Because 527974G>A is located in intron 13, this
SNP itself might not influence alc function. Although we
could not find functional polymorphisms linked with
527974G>A in our results or in HapMap data for Japanese,
there may be functional polymorphisms in the promoter
region (which we failed to sequence) or genes adjacent to
CACNAIC. In addition, human CACNAIC, spanning
>500kb, maps to chromosome 12pl1.2 and undergoes
extensive mRNA splicing, leading to numerous isoforms
with different functions in altering electrophysiology prop-
erties?6-28 affinity to DHPs2930 and loss of channel func-
tions3! Alternative splicing is regulated by multiple factors,
including the 5’ splice site, the 3’ splice site, the branch site
and the Py tract, as well as the intronic or exonic splicing
enhancer and silencer?! Identifying genetic polymorphisms
that affect splicing has proven difficult, as they can be
located not just in the splice regions but anywhere in the
large intron. Therefore, we could not rule out the possibility
that 527974G>A, as well as polymorphisms linked with it in
intron regions, might influence CACNAJC mRNA splicing.
The present study is the first to demonstrate that genetic
polymorphisms of CACNAID might be associated with the
effects of L-type dCCBs in patients with EHT. Of the 3
SNPs that were identified to be associated with the effects
of L-type dCCBs in the present study, CACNAID
rs312481G>A was the most strongly associated. Patients
with GG homozygous for rs312481G>A were more sensi-
tive to the effects of L-type dCCBs for reducing DBP and
SBP than were patients with the GA+AA genotype.
CACNAID 1s3774426C>T also showed a significant asso-
ciation with the effects of L-type dCCBs for reducing DBP.
A previous study has shown that a1p does not mediate the
contractility of ventricular muscle or aortic smooth muscle!8
In addition, all L-type calcium channels studied to date are
sensitive to L-type dCCBs. However, alp-containing L-
type calcium channels appear to be significantly less sensi-
tive to L-type dCCBs!9:32 Therefore, how the genetic poly-
morphisms of CACNAID affect the L-type dCCBs
reduction of BP would be very interesting to know. Impor-
tantly, recent studies have shown that the lower sensitivity
of alp-containing L-type calcium channels to L-type
dCCBs becomes even more significant when membrane
potentials are hyperpolarized and «lc-containing L-type
calcium channels are not open. The alp-containing L-type
calcium-channel current that remains in the presence of
DHPs takes on the profile of an inactivating current with
barium as the charge carrier3? This is consistent with the
state-dependent nature of the blockade by DHPs3334 In the
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presence of L-type dCCBs, a1n-containing L-type calcium
channels generate low-threshold, drug-resistant, inactivat-
ing currents that resemble the R-type current of many
neurons or the T-type current of sinoatrial node cells and
control physiological processes, such as diastolic depolar-
ization in sinoatrial node cells and neurotransmitter release
and neuronal excitability. Because the neuroendocrine
system and pacemaking may play important roles in regu-
lating BP. variations of CACNAID wmay influence the
effects of L-type dCCBs through a change in the sensitivity
of alp-containing L-type calcium channels to L-type
dCCBs. CACNAID rs312481G>A and rs3774426C>T are
both in intron regions. We did not find functional polymor-
phisms linked with them in HapMap data for Japanese
(data not shown). The «1p subunit also undergoes exten-
sive mRNA splicing, which may lead to numerous isoforms
with different functions?>.36 Whether CACNAID rs312481G
>A and rs3774426C>T or polymorphisms linked with them
in intron regions influence CACNA D mRNA splicing needs
to be clarified.

Our data also show a possible synergistic effect of genetic
polymorphisms of CACNAIC and those of CACNAID on
L-type dCCBs treatment in patients with EHT. This result
suggests that alp-containing and «lc-containing L-type
calcium channels might coordinate the regulation of BP
under physiological conditions or the responsiveness to
treatment with L-type dCCBs under pathological condi-
tions. Further functional studies are needed to clarify this
point.

There is a question as to whether the contributions of
CACNAID 1s312481G>A and rs3774426C>T and of
CACNAIC 527974G>A to the effects of L-type dCCBs are
an L-type CCB-specific finding. We speculate that the con-
tribution of these 3 SNPs to the antihypertensive effects of
L-type dCCBs is in fact dCCB-specific, because these
SNPs also showed a significant association with the effects
of L-type dCCBs in a study of patients who received only
L-type dCCB monotherapy, despite a small sample size
(data not shown).

Study Limitations

The present study was retrospective design and had a
small sample size. The study subjects included not only
patients receiving monotherapy with L-type dCCBs, but
also those receiving combined therapy with L-type dCCBs
and other antihypertensive drugs. We do not believe that
this issue greatly affects the relationship between the 3
SNPs and the effects of L-type dCCBs, because the per-
centages of patients receiving monotherapy with L-type
dCCBs and of patients receiving different L-type dCCBs,
such as amlodipine and nifedipine, did not differ signifi-
cantly between each allele of these SNPs. In addition, the
SNPs also showed a significant association with the effects
of L-type dCCBs in a study that examined only patieats
who had received amlodipine therapy (data not shown).
However, a large-scale, prospective, controlled study of L-
type dCCBs is needed to confirm the importance of these
SNPs in the antihypertensive effects of L-type dCCBs. Fur-
thermore, the BP before treatment is an important factor in
the effects of antihyperiensive drugs. In the present study,
both SBP and DBP before treatment with L-type dCCBs
were significantly higher in responders than in nonre-
sponders. However, the BP before treatment with L-type
dCCBs did not differ significantly between dCCB-sensitive
and dCCB-insensitive genotypes in CACNAID rs312481G
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>A and rs3774426C>T and in CACNAIC 527974G>A when
a response was defined as a change in SBP>20mmHg or in
CACNAID r1s3774426C>T and CACNAIC 527974G>A
when a response was defined as a change in DBP>10mmHg
(Table 3). In addition, age and aging may influence the
effects of antihypertensive drugs because of higher SBP
and slower metabolism of dCCBs (compared with younger
patients)? However, there was no significant difference in
the average age of patients with dCCB-sensitive or -insen-
sitive genotypes. Finally, regarding the statistical approach,
the Bonferroni method was not performed, although multi-
ple SNPs were investigated in the present study. No SNPs
were significantly associated with the effects of L-type
dCCBs according to Bonferroni criteria (P=0.05/13 SNPs,
P<0.005). Although this correlation might be considered
weak for this type of genetic research, we consider these 3
SNPs to be prominent candidates related to the effective-
ness of L-type dCCBs, because both CACNAIC and
CACNAID have been suggested to play important roles in
the effectiveness of L-type dCCBs in patients with EHT, as
mentioned earlier.

In summary, rs312481G>A and rs3774426C>T of
CACNAID and 527974G>A of CACNAIC are believed to
be genetic polymorphisms that confer sensitivity to the
antihypertensive effects of L-type dCCBs in patients with
EHT. Because association studies are not consistently
reproducible, as a result of false-positive and false-negative
results}? the association of these polymorphisms with the
effects of L-type dCCBs should be re-examined in other
populations. These genetic polymorphisms may be useful
for predicting the sensitivity of patients to treatment with
L-type dCCBs and may lead to individualized therapies for
HT based on genetic background.
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