FEESH D SNTRETH DA, MHMI-LHlzEs &EORES, LHEERLTE, F
%m&tmbﬁ_,%T@,kﬁmﬁ@%%ﬁmmmﬁﬁtwotmﬁﬁﬁﬁb,ﬂ&w%
RSRILOTELEMEAFTLHZ. BMENERIE, ThoLNERELTFHLTFH
TWETHIENEMELRY, EPURECLIVFRAYEET LI LWL THSE. 2L D
BN EEESERTEA LI N ENEDRBERER - TaA, BETLEHES
FTOLRVAPIEN I PO —LENThiv AR Ry, RETIEERE OMRE
EEEIIOWT, MEEC L 2EDRER P OE LTRSS S,

FHEERREFIOLLY

O SmEOMZLESE

ME & IERERNOCENT, BERIREEZERLTWA, MEE OO R L &<
URFEHIME), SRS EIE RIIUE) & 25, MEOHA ZmmHgT, MECHVS
KBHEOES Lo Twd, MERKLCHARE, T, AERCAMMMERLENE L OEF
OREPERTTEY, oMM, FEEHLLICLbFICEHL TS,

MR EZIEXFEBWFHETH S, HECERERGEGN40mmHEgR, HEN
YmmHgHMTHY, ChUELZS5EEATE %2, WAFZLE L2 E) 52848
L, BAOHRBIUESESOF A KT 4 (JSH 2004) 12 L A5EEENRTY. T,
EHMETH-ThH, BMOTHIEE MECHSICHRS L LMERO) X 7 HHRT L
Eh, 130~139/85~89mmHg it IEF B HIRE T, ZEMMTE120/80mmHgkili & ST

w5,
EHFIEENTHD, TOHEFREIZZLDTE Y. HHETIE308 L DA D30%L
LIEFHMETY?, 2083500 ACiFaEELIOREL. BIENMEGEEE LI ERTS

2, BIMEOBELERE & SICHNL, BHEOH2/BIFHMEL H->Tna*", i,
=R B L D IEAE L, Shie (ICERENTIRASATH S, LarL, @i
FTRMEOUEZIIZEA L L LB, 72, IWBMERMHE & DS LR 5T 52,

K1 BALCHT S MEBDOHE (BE mmHg)
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3 M - IRFRHAHILFE - FEGREAUDE -
ERIMmE <120 oo <80
ERME <130 o <85
IESEEE 130~139 FiE 86~90
FEEREIE 140~159 FElclx 90~-99
hEERME 180~179 Frcid 100~109
HRERSIDE =180 ol =110
Pkl =140 o <80
{(xma) £WEIR)




PRI G50MAAICRB E R D BIRET LT A, Lot T, BEdE CIEIRE (U
SAMUE & SGRBIMEDE) AR & < e ), DU ML 8 < SRR M 13 % 7 R 01 %
£ (isolated systolic hypertension) ¥ 235 &FMHE (5.

@ SMEDFRR

BN 2 & QMR XIS OWIREE, EXEzba6L, COEROERLAE
MREFL LS. BMEFNESSTHREICE, BIBDPHEEELR SRR, LHEESHL
fE, DA%, TEIREEOC0ERSE, B34, KOS KRN, BZEEEIIRIT(LE &
WotERBLEVEING, IALOLIERERENY A7, MEMEICEE - TEHIGS
Bind s (B1)Y. SMEREHECTAFICLIELTEY, T8 Er LA SES,

R ERLFRICoWTIE, FEFTEHRMWED R TH DA, SiE TEUEN
EALDIHHEETE, SiE T, DERHIEDR U TahiudmRAmE ez 5 48
LLAFRARTHDZ & HRINTNEY, LizdoC, REGRKEVWEIEL RVEW
5.

BILE A HEE, A0 2088, WELLOREEREMNS S &bHrDY, IHERD
ZENEW, LL, EERTHoTHLLMERNOEREBEV S THD, SIMEE
silent killer GEEAOF LE) L b irE 3, —F T, BETHI2FHi4+ O EERERA
BELLL 0, BRERGHENIDILEERTVS”.

@& SMEDEZE

FREDBEHERE L SRR, WRMREIC L2, BNEOSBEE (IE L <L &R
EE) &, Er0LEERET, BETSWEDFRE (ZAXMESUE O ER) 1I200wTo
A EETH L.

BT mwEEBERRIC S 30REMENOEES (A) & LURMMEOERE (B) OEMERE
B 400 + B 400
. 2004 % 2,00 f
x ' 3 I
o s
@ 1.004 3 £ .00
B% 0.50 B ¥ 0.501
Z . i
0.25- B o5
rez2sqyp| 1 2 3 4 8 ~—a5qypl 1 2 3 4 °
IERMIMEREST 76 84 91 98 105(mmHg) IBRMIERZ 75 84 91 98 105(mmHg)
AR OTIgHERE T ERZHA D T NREREAIE
(DS VA LFREODHEEHE) (TIZVHLARSDOHEEHE)

(Zmks) £ 11 518)

E F Vol 57. 18TI% (2006) {541) 29

—-218-




BT OB —EATOMENZICE 5<ETER, (HELOBEILI - THENS
NETHL. 'i‘%‘/‘lil?fi{t&m:lﬂlliu:iUJ[LH;#‘“I*’ﬁi‘o"C(%i"J ey, F i,
COHBLOWMETLRERETIEHEMWERZ 2 524G IOERRKEMEIZEF THE &%
%<, BKBIESD L IIBEEEIL ambﬂ%“ WiZ, MBEPHFEETRILFRL
%6ﬁ%%ﬁﬁ&¢%ﬁmﬁmaw%ﬁ%&b BT #45 Mi E%&muﬁBK@mE&wbn
A% ARBEMER, FRIEESEEFEDEICEXNVERIFTH LA, MBS Eo 2 D
ﬁﬁ%m&hﬁﬁfﬁ%%ﬁ%h MEdE b i 2 e v, REEIEE, BEHESTERAR
BINTHEDNE L, BETREHELEIONS.

B ILE DIEFFRE I 2T, LERR LT 2=l DO AkofFi:, R
L DFREOHLE WL, R TR RIIR, REHRECRMTHIRSBETE 5.
EIUELAO ERETCE, SO, BERGHE, TR, U, MmT A7 VIR, ER
LDIMERORREL EXFTEETHL, IS0 EHE T80T (B3 B REERED S <o Lol
BT OME T AT A RbT t#b,mmrmfmwwr%toamMEW
& fEbREF, WEaRREREICE YV A7 2B L THERAHERETH LA S
(F2)*.

BT B O RS (1990%) 1, WO RIREEHETE hVREERMTTH Y, —#
(#10%) I EFFRIE & S RE % F 45 ZREFNTTh 5. ARENEEIE o ik K ik 5242
STy, WEREFEREEREFELNERTH A, iFIcl; LT, vl
DPOEHIEEFFRL ST EH, KTORMELEORKE 25 &5 Lz i
Mo Tk, BFEATEEEFEL 2D, &HF, B, A LR, 7ro—i, EHR
B, IRINMFRLETHL™. 2L, BEEBEBEZMT LA TR, EihEHE
W& BME LA LEL DBETVPWERTILEZLLNS.

:%ﬁﬁMmeémﬁﬁhié#,%uwm DL L, ZRIT ISR BRI fe ke
S AEEAMENE &, WREIRTIEZ S K A2 MEEESRITEAH D, TP 0E
DT, TV FAFO 2 ELT LML HERIC L BREBET L FAF T ERE W,
SEAIAHIMTEORE 252 50, BETET L. EMEROWREE, AFoq ke
JEAF O A FIEFLRESE, HREEZELHMATELETH LY,

F2 SMEBEDUR7OERML

o il EEEIE HHEEET I E EEGIE

U Z 2 ER 140~159/90~98mmHg | 160~179/100~102mmHge =180/ 110mmHg
TEpRE T L FEUA> REUZ T mlixo

b B T1~2 %]

gfﬁiﬂ@ BORREF BEURY B2 BURY
R, BERE, O0ERE,

SEMEDEBETF, O BUAD BURA 7 BgURT
HHd

(3Cik2} &4 31}
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WHDIRA

%mg-%@*m &ﬁofm EMERMREE &b, H4DBEHEOY X7 254 IiL,
HROBBREER FEZ W TERT 2 08NS 2Y, BIMFREIERL 2T Emn
JEFIHARTTHEARTH Y, HFCL ) FRIET T 5. FHERIC L BEHFTHEDR, O
MEREE, @R aEFEbiimdbTalbig, $¢%¢MﬁmmﬁwWME®&vaa
EEE LI B IR BV THHEA S TYW S (R VW, LT, BIUTFIZENET S
CEMNBEMTHD, WL TEWIT ARy, JSH200442 X AW BEO BT A HE M %, H2
A,

F3 IUEIEELEIC S0 5 BES ﬁk&é@ﬂ%ft%t@Ul?@ﬁT

- R .0 QZCDfE-F ' . . .
L ORER oo IR L] %(95%0[) R IR _\_PA- sine s
. .. | tn=7938) | n=7.757) |, . N
2fpizrch 379 523 30( ] B~41 ) <0.00M0
ZEME RS 486 617 23(10~34) <0.0001
ENERET 647 835 26(17~34) <{0.0C01
ENEREL 329 392 18(14~29) 0.01
3] 656 734 13{ 2~22) 0.02

(3TM2) &0 3L}

X2 waEoEmEEEm

| nENE. FE. S6TE. gERR

!

| rMEnEERS |

( RRET, REED. DOTRE. SHERINE )

| EEREDEERE

g N\ - ¥ v N v N
TR - 1R 3nBHIC 1 2 BRI -
DBNSEBE D 140/90mmHgll b5 | | 140/90mmHehl L5 BEERAR

| eEmAm || pEmam IBERAR = )

(3zik2) & W3R
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FESMEO—LIEBAESEE L EER, RETIIITFERATSH D, EHIZ (B
UWG)V-@%%%T&W._MLMHM PEME, SPGB TR & 5

BTG EMRETNL, BAEOMREREs AW TIES 2 > Fa—r 355, Sk EEE
TR ithd e s v, BEAIRBIRIEEBIZL 24, Ao (Ca) o= 1Y
Yo, VNFTELDERENLCHVLRE.

FhUstoBNEERECO2NTE, BFL EOEREMOIEIE W) (a8
B 5H, HIFREOMIS LI OV TIZMEM E & b IUESEERLIE2»OBRET & X%
¥ L THhET S (2, ®2). T%b% ) A2 THIEHEL T (BB LIR) BB
FRBTRETHS. PEY R T}, 14 A1%2140/90mmHgbh b Cdh v i FRELE & Rt
T5. ) A7 Thid, Mﬁ%wm i & b EEEGRERERET S, T, IERME
c%ofﬁ B THURB R B SR B H 2 AT RENMIE L 2 5.

Pk ﬂukﬂ%ﬁfmﬁ E4812140/90mmHg ki TH 545, FEBLHERBEES 5
mkuinﬁwwW%mmmﬁﬁté 2. JSH20044%, 3B rpap oo BEEME © 130/85mmHg
KL LT3

FREMER24GH MG, EBFEHCBITA2NEEFMTE 20T, SMUEOZEEH
EBWTHVWEHELZF LTS, ERFEEMFONZEREHTHY, WD,
2L, ShASE—ICHRIIE £ D0, FEME TIX135/86mmEghl L ¢HiLLE
METHY, HEETHMEMDSEEL &3

%E%ﬁmgar§mrﬁ:ybu-»ﬁs~wwAEm FTORBALM Vo
UTHLENHDY, BRENMESMEORMIS TSI THhED, BH (377347 >
xﬁﬁ&w,EMT%@ﬁwﬁ#%m&t)%éwumm B4 LW RKRB SR
BHER &) WCHE S L EEZ LD,

m-wmmkkiofwﬁt.ﬁ%mﬁ*%%%¢5_aﬂm%éné.BH%M@%%F
54 yERMUTIRTH, EEHR, WERLRPOERE T L AT O — ViR R fFEIE o)
B, WEREOMERE, (EBE), 7Aa— LR, SBEREARE 2%, ERBHOESLEEEH
THhaHL, MEAEILENAS W 2L, EREERFEIE L EAERE Lo Tna "™,

I (F RS L) EBIT L OMBRLICAISRTED, SEEFMEE M7 LT
Lol R IR R A KT, AURTIRORRIZ I MAED D 525, 1gdh 72 h HimmHed b
EAUHTES., HRAOLEMBUITHNII~12g/H EE 05, 6g/FRiARENES.

LWL, T FINPHEHMLEELHEATHE,. AT L, BT T A, T7RIT A,
BNCARRYEMUE SR L, Wi X VRT3 5" 2RZFROREME v,
I3 &4, RIEMoLRMBICECRFT Ld, 20 ) ORIESNRTE 5.

Mg icBGTE, po) —flEeS s LA ERE 25, BEOMBIHES T,
lkgd 7 Y ImmHgBEDMFEL T AT E 2" 7 EE F 4, - BEABrEEE
Mz,

MINE R DA TH S DY, TR EFHNIHE LTRSS, v+—F 7ok

32 (544) E B Vol 57. 8715 (2006)

— 221 —



z®4 £EBHEOEEEE

1) BIERPRSg/ERE

2) HX - RIpOHEA A
AVAT O RaflislBEOMEREER &

3) EEGEORET  BMIUEE ke) + (B8 (m)]?) TREEBALEN

4) mEMEE L DIDEROEVENETRENRRT, BERENEsa3028 EEERICERNICTS
5) PILO—ABIR : T/ —ILTHEHEE20~30mL/BRLT, &ikld) 0~20mL/BLlT

B) & &

EEBROBEGHREERSDMRNTEHS

Wikl BR, RMORESERE, ERAWHEFIHILOTE, SHUVLMEE L TUREN H50
THRE LV, Eh, REOREGEREERHOY -OMBEIEXF 32 LS 50T, BREZFETR
e ngw (3ake) &6 31 )

5 AR GRS %, EMMCTS e G B, AL, ERRidmEA LR
THEILICHEEFET S,

Tha—i, TH30mLEA (E—KIKET), KETEZO R ETHEE L. L
L, THI—NHERIZE b HOME LTS5/ OMEG ERA L, 24EMERRS E hE
HOHRVEW P o LENE EHREFETCRLTT L ORI USR] ER O MG
Hh, FREES SNEHEETNE TR,

B TR 2 RAE L, B RADEELGRRETF L o Ty A, BUE IR
AL LIATREHE, 2TA, SO TENZFNEFENIS~2ETH), KEEFohon) 2w
KIFIET 8327, maF AL aF 38w SO, 2l LT sh s,

HHRPEFICHTLEOMOZ L1, EiUEO—fIy itk LT b ohT
Wiz, L L, Sl B EoRE LRt EoMErsds. AMLRD
BMUE R LMEERICHETAOT, AMLADSZWERIELAINMTIERETHAS.

BTy

rw@bﬂm%mgm‘

CAMIRR R D

AETEEE OB L 5 BIUEDERICIEMAYS Y, £ { OBHIZEDIHEORIRE & 5.
HEMEROFTALERZCREYRETOL DL 20T, REEH 4 MEO R IG I T ER
FEEOMmP LT H L0 HIKEIREL LTHWS im”émﬂmm% HizoTiE, B
FOERCIENL CLINEEREF, RS, COER, FEEORIEHPLEN, QOL~®
WM X REETS. BTHEIZZE (OWENFD LN, I 50 DECafiide, 7 V47>
V/Hﬁﬁﬁﬁf$0mm,Tyyﬁ%y&y%m%ﬁummﬁma,wmm,ﬁﬁ%%

AT c%«: iﬁw:.ﬂﬂﬁﬂzJ*ﬂh%ﬂwumﬁﬂmﬁﬂa:-I%Hn\bdlé

ﬁ% EORMIZUR TR S N2 OTEHGT DA, FRERTEOREMN 2 EIE L EEE
%mﬂﬂ” CaFPlisld Bl RS L VSR T WA .¢&mkuM¢? S ERS AN ¢
WTH5B. ARBIZTEMERBRORENHDH B, FIEMIE v, BREE I L vERE
B—7, EELETH. ACEKIZHE %LWthhmﬁm%ﬁ¢6 WA TIEME
EFH U Y AMFE~OEIEEYET A, FURIGIIDOBIT D % < EHITRNH B T g
<. HATHA FRPREHEE L —TRIRIES L UK ERIREN S D, Bl i
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DEEIR

(ACE) FHZSE, TR, AiBHIEE. oEHE
EOFEFERICERL, oBEOIET RSN

ZEdIN, HAERSETD

EENERRDENESICE, EEBRTRORI SBEETIDOEE1RFES UTER
- EREQFH, #RICNX, DNEERET (BEME, B, FEERS) JEkREnE. O
ERELORECGOY, BEFORIFA. Bl QOL. M \OREEZEL. BBETDE

- EERERECaBNE, FPrIFFryIUIRERERE(ARR), FUUSTYUVERER

CEBICEDETINSOREEIOVTNAZAL, BEERISELEWESE. BEBTIH. MEEIC

F"O6 FZEBEEORENLEC LR

{3it2) 12D E1ER)

REFEZE FERIER ® 2

Caf&iis RMEERSE, RE. CEBEX, BRERE. SE BEICy o (VLFFEL)

ARB EmEESE. OF2 OHEEE EEL BEE. | MR SHUOLDE, SRIBIREE
M, BihE

ACEREER | BOMERSH%, LT MHESEH, EEEX HEE, | HR SHUOLME, SRBHIREE
JERAR. BinhE

FlPRIE RMEERE, e FA20L-THESR). 888 (B &

el WodE, DTSR, iR 0T HE. BEJOvS, FEGREGS

o ERREE EfEME. BIMARAEA RS {RE

PEGBEIN~DRRAR E ¢, HUIRMETEIRIZO AN TH S,

{cig2) LY EIRD

o ERTEIEE - IRERH~O

WEEHAH Y, Tk AHERIEE S ET 5.

PR BRI BT, R ITBEPC i, SMEB L, WTEPFEERICET L 2d s
RAHR LT, WEOASMAET IR, 2~3x AN THELETEL W, Ly
L, PSR LEOBMEOH IR, RO SRS RFHG 2O EFEEE LT
LENTHBH", BIIERLARTECERoOSE4IC, DT 5, Lol
DIFEANCEET S, @FHOBOEHZENT S, DFIPTLIDIMIED ¥ b O— L2 %
DA, L LE—o##le KEZHvwa L0 b, (EMEFEORL 23R % Dok S et
243 PR A PRI o TEE Ly (E3). F742, FIRIELA o281 o fEH TR B
FHOHEITE, FIRERMALZEASFE RD, M RBEIIZEMIEN2ETAI &
H AR BT, WEROW o9 F FRUCRT.

B SHHEQHOEBESME

1Y SR Z % BT LYY 25~5mg B1 EHEHE
Er sl

1y 7@7 L x° 4~8mg 71 #|EH
Tl

1F Ry TR img 41 @iR#E
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2) I ANF 4R 20~40mg H1 ERERE
a) HILFF) Lt 1~4rng 21 9%2%.“(&7“4;3%%‘ ai)
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Original Article

Genetic Variations of HSDI11B2 in Hypertensive
Patients and in the General Population, Six Rare
Missense/Frameshift Mutations

Kei KAMIDE"Y, Yoshihiro KOKUBO?, Hironori HANADA®, Junko NAGURA?, Jin YANG?Y,
Shin TAKIUCHI", Chihiro TANAKA®, Mariko BANNO?, Yoshikazu MIWA?Y,
Masayoshi YOSHIIY, Tetsutaro MATAYOSHIY, Hisayo YASUDADP, Takeshi HORIOV,
Akira OKAYAMA?, Hitonobu TOMOIKE"?, Yuhei KAWANOVY, and Toshiyuki MIYATA?Y

Mutations in the gene encoding 118-hydroxystercid dehydrogenase type 2, HSD1182, cause a rare mono-
genic juvenile hypertensive syndrome called apparent mineralocorticoid excess (AME). In AME, defective
HSD1182 enzyme activity results in overstimulation of the mineralocorticoid receptor (MR) by cortisol, caus-
ing sodium retention, hypokalemia, and salt-dependent hypertension. Here, we have studied whether
genetic variations in HDS711B2 are impficated in essential hypertension in Japanese hypertensives and the
general population. By sequencing the entire coding region and the promoter region of HDS1182 in 953 Jap-
anese hypertensives, we identified five missense mutations in 11 patients (L14F, n=5; R74H, n=1; R147H,
n=3; T1561, n=1; R335H, n=1) and one novel frameshift mutation (4884Gde!, n=1) in a heterozygous state,
in addition to 19 genetic variations. All genetic variations identified were rare, with minor allele frequencies
less than 0.005. Four of 12 patients with the missense/frameshift mutations showed renal faijure. Four mis-
sense mutations, L14F, R74H, R147H, and R335H, were successfully gencotyped in the general population,
with a sample size of 3,655 individuals (2,175 normotensives and 1,480 hypertensives). Mutations L14F,
R74H, R147H, and R335H were identified in hypertensives (n=6, 8, 3, and 0, respectively) and normotensives
(n=8, 12, 5, and 0, respectively) with a similar frequency, suggesting that these missense mutations may
not strongly affect the etiology of essential hypertensicn. Since the allele frequency of all of the genetic vari-
ations identified in this study was rare, an association study was not conducted. Taken together, our results
indicate that missense mutations in HSD7182 do not substantially contribute to essential hypertension in
Japanese. (Hypertens Res 2006; 29: 243-252)

Key Words: HSD11B2, missense mutation, genetic variation, essentfal hypertension, salt-sensitivity

the endogenous cortisol and cortisone in humans. Two dis-
tinct forms, HSD11B1 and HSD11B2, of HSD1[B have been
characterized and cloned (/-3). HSDI1IBI is expressed in
In mineralocorticoid target organs, the l1B-hydroxysteroid most tissues. In contrast, HSD11B2 has been identified in a
dehydrogenase (HSD11B) catalyzes the interconversion of limited range of tissues, such as the distal tubules of the kid-
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ney (2, 4, 5). In mineralocorticoid-responsive cells,
HSD1 I B2 converts cortisol to cortisone, which is not a ligand
for the mineralocorticoid receptor, permitting aldosterone to
occupy the receptor.

Apparent mineralocorticoid excess syndrome (AME) is an
autosomal recessive disorder that results in severe low-renin
hypertension and other characteristic clinical features (6-8).
Typical patients present with severe hypertension, hypokale-
mia, and undetectable aldosterone. Most patients also have
low birth weight, polyuria and polydipsia, failure to thrive,
and nephrocalcinosis. The syndrome has been associated with
sudden fatality. The HSD11B2 deficiency has been demon-
strated in patients with AME and explains the pathogenesis of
the disease, which results from excess cortisol binding to the
mineralocorticoid receptor due to a failure to convert cortisol
to cortisone (9-/1). Over the last two decades, various
genetic mutations in the ASD7782 gene have been reported
(12-17). In Japanese patients with AME, two missense muta-
tions (S180F, R208H) and a deletion of 3 nucleotides result-
ing in R337H and delta Y338 have been identified (/4, 18).

In 1998, a mild form of this disease characterized by P227L
mutation in the HSD /B2 gene was reported (/9). In contrast
to the patients with AME, this patient had low-renin hyperten-
sion and hypoaldosteronism but no other phenotypic features
that would lead to the diagnosis of AME. Afterwards, it was
reported that the defective allele frequency in a cohort of
Mennonites was 1.7% (20). The genetic mutation in the
HSD11B2 gene, which results in a mild HSD11B2 deficiency,
may represent an important cause of low-renin hypertension,
the diagnostic basis of which is mostly unknown. Together,
these findings suggest that, because 40% of patients with
essential hypertension have low renin, these patients may
have a mild form of AME.

In the HSD11B2 gene, the 535G > A polymorphism (synon-
ymous mutation at E178) in exon 3, which can be distin-
guished by Alu I cleavage and the pelymorphic microsatellite
marker (21), have been reported. The minor allele frequency
of the 553G > A polymorphism was 0.086 in a healthy Cauca-
sian population and 0.180 in a group of renal transplant
patients (n=~061), indicating association of this polymorphism
with end-stage renal disease. This polymorphism was not
associated with essential hypertension (22). As for the micro-
satellite marker, a total of 12 alleles were detected. The uri-
nary ratio of cortisol to cortisone metabolites was higher in
subjects homozygous for the A7 microsatellite allele than in
the corresponding control subjects. Thus, the association of a
polymorphic microsatellite marker of the HSDI//B2 gene
with reduced HSD11B2 activity suggests that variants of the
HSD/IB2 gene contribute to enhanced blood pressure
response to salt in humans (23). The study demonstrated that
a salt-induced blood pressure increase is associated with
impaired HSD1{B2 activity, as measured by the urinary
excretion ratio of cortisol to cortisone metabolites in young
Caucasian salt-sensitive men.

The present study was undertaken 1) to identify the genetic

Table 1. General Characteristics of Patients with Hyperten-
sten

Number 953
Age (years) 65.1£10.5
Gender (M/F) 5221431
Body mass index {kg/m?) 242433
SBP (mmHg) 145.5+19.2
DBP (mmHg) 24.8%134
Esseatial hypertension 830
Secondary hypertension 73
Renal hypertension 36
Renovascular hypertension 23
Primary aldosteronism il
Hypothyroid-induced hypertension 2
Renal impairment/failure® 110
Ischemic heart disease 102
Stroke 145

Values are expressed as meantSD. *Serum creatinine = 1.4 mg/
di. M, male; F, female; SBP, systolic blood pressure; DBP, dias-
tolic blood pressure.

variants in the ASD/[B2 gene in Japanese hypertensives, 2)
to address whether individuals with heterozygous missense/
frameshift mutations show hypertension or renal impairment,
and 3) to explain the genetic contribution to a mild form of
hypertension including low-renin hypertension and hypoal-
dosteronism. We sequenced the promoter and exon regions of
HSDI11B2 in Japanese hypertensives and genotyped the rare
missense/frameshift mutations in the general population. We
assessed the role of these genetic variations in hypertension
and clarified their contribution to hypertension in Japanese.

Methods

Hypertensive Patients

A total of 953 hypertensive patients (522 men and 431
worman; average age: 65.0+10.5 years) were recruited from
the Division of Hypertension and Nephrology at the National
Cardiovascular Center as reported previously (24-27).
Briefly, 92% of study subjects (880 subjects) were diagnosed
with essential hypertension, and the rest had secondary hyper-
tension (Table 1). Hypertension was defined as systolic blood
pressure (SBP) of 2140 mmHg, and/or diastolic bleod pres-
sure (DBP) of 290 mmHg, or current use of antihypertensive
medication. Hyperlipidemia was defined by total cholesterol
2220 mg/dl or current use of antihyperlipidemia medication.
Diabetes mellitus was defined by fasting plasma glucose
2126 mg/di or HbAlc 26.5% or current use of anti-diabetic
medication. Study subjects had routine laboratory tests
including electrolytes, renal function, blood glucose, HbAlc,
plasma renin activity and plasma aldosterone concentration.
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Fig. 1. Summary of the reported genetic polymorphisms in HSD11B2. All polymorphisms in the upper section were reported
previously, and the six polymorphisms in the lower section were identified in present study.

Sequencing of the HSD1182 Gene

We sequenced all exons and the promoter region of HSD{ 182
in 953 Japanese hypertensive patients, Blood samples were
obtained from hypertensive patients and genomic DNA was
isolated from peripheral blood leukocytes. All exons with
their flanking sequences and about 1.6 kb of the upstream
region were divectly sequenced with an ABI PRISM 3700
DNA analyzer (Applied Biosystems, Foster City, USA) using
seven sets of primers, as described previously (28). Informa-
tion on the primers and polymerase chain reaction (PCR) con-
ditions is available on request. The obtained sequences were
examined for the presence of variations using Sequencher
software (Gene Codes Corporation, Ann Arbor, USA), fol-
lowed by visual inspection. The A of the ATG of the initiator
Met codon is denoted as nucleotide +1. The nucleotide
sequence (GenBank Accession ID: NT_010498) was used as
a reference sequence.

General Population (the Suita Study)

The sample selection and study design of the Suita Study
have been described previously (29, 30). Briefly, the subjects
visited the National Cardiovascular Center every 2 years for
general health checkups. In addition to performing a routine
blood examination that included lipid profiles, glucose levels,
blood pressure, anthropometric measurements, a physician or

nurse administered questionnaires covering personal history
of cardiovascular diseases, including angina pectoris, myo-
cardial infarction, and/or stroke. Blood pressure was mea-
sured after at least 10 min of rest in a sitting position. SBP and
DBP were means of two measurements performed by well-
trained doctors using a mercury sphygmomanometer (with a
3-min interval). The subjects were classified as current drink-
ers if they drank at least 30 ml ethanol per day, nondrinkers if
they had never drunk, and past drinkers if they previously had
drunk above 30 ml ethanol per day.

Genotyping of Genetic Variations in the General
Population

Genotyping was attempted for six rare missense/frameshift
mutations using the TagMan-PCR method (3/). The
sequences of PCR primers and probes for the TagMan-PCR
method are available on request. Genotyping for two of the
six rare mutations—4582C>T (encoded TIS56I) and
4884Gdel (a frameshift mutation)—failed. Thus, four genetic
variations were successfully genotyped in 3,655 participants
(1,709 men and 1,946 women) of the large cohort known as
the Suita Study. All of the participants for genetic analysis in
the present study gave their written informed consent. All
clinical data and sequencing and genotyping results were
anonymwous. The study protocol was approved by the Ethical
Review Committee of the Naticnal Cardiovascular Center.
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Table 2. Sequence Variations in the Promoter Region and All Exons in HSD11/42 Identified in Approximately 953 Japanese
Patients with Hypertension and/or Renai Failure

SNP name Region Amm-o a'c td Allele 1 Allele 2 Flanking sequence Geflo-
substitution  freq. freq. typing

—879C>T promoter 0.992 0.001 TCCTCTGACA[C/TJICCCACCCTCC
—-687C>A promoter 0.999 0.001 CAGGGGTGAG[C/A]JGCGCCTTAGG
—596 to —595 CGGCAGins promoter 0.999 0.001 GCAGCGGCAG[CGGCAGICGGAGACCGG
-562G>T promoter 0.999 0001 TGGTTCCTCG[G/TIGGTGTTCCTG
-74C>G promoter 0.999 0.001 ACTCCGCGCCI[C/G]CGGCCTAGAA
40C>T exon 1 L14F 0.997  0.003 CGCCTGGCTG[C/TITCGTGGCTGC done
42C>A exon ] LI14L 0.999  0.001 CCTGGCTGCT[C/AJGTGGCTGCCC
82C>T exon | L28L 0.999 0.00f GCGCTCAGACIC/TITGCGTCTGGG
221G>A exon { R74H 0.999 0.001 CGCCTGGCGC[G/A]CCCGCAGCGC done
4554G>A exon 2 R147TH 0.999 0001 GACATTAGCC[G/A)JCGTGCTAGAG done
4582C>T exon 2 T1561 1000  0.000 AAGGCCCACAIC/TICACCAGCACC failed
4681G>A intron 2 1.000  0.000 GCTGACCTAA[G/A]GCTTCCCTCC
4884Gdel exon3  frameshift 1.000 0.000 TGACTGTGGGIGIAGCCCAGCGG failed
4910C>G intron 3 0.995 0.005 TGCCCCCCCC[C/GIACTGGAGCAA
4902insC(8-10) intron 3 0.998  0.002 GCCCCCCCCCIC)JACTGGAGCAA
4964C>G intron 3 0.99%  0.001 GAGCCCCTTGIC/GICAAAGCTGAG
5017G>A exon 4 p227p 0.997 0.003 TGCCATATCC[G/AJTGCTTGGGGG
5205G>A intron 4 0.999  0.001 TATGGGGGCA[G/A]JGTCAGGTTTG
5267G>A intron 4 0.999  0.001 CAGACCTGGC[G/A]JCGGGTTAAAC
5334C>T intron 4 0.999  0.001 GCCACTCCTT[C/TJCCCAGAGTCA
5422C>T exon 5 Y295Y 1.000  0.000 TGCAGGCCTA[C/TIGGCAAGGACT
5541G> A exon 5 R335H 1.000  0.000 GCTCGGCCCC[G/AJCCGCCGCTAT done
5698G>A exon 5 Q387Q LO00  0.000 CCCCACCACA[G/AJGACGCAGCCC
5759A>G 3.UTR 1000 0.000 TCGGTGAGCCIA/GITGTGCACCTA
5784C>T 3-UTR 0.996 0.004 CCAGCCACTG[C/TIAGCACAGGAG

The A of the ATG of the initiator Met codon is denoted nucleotide +1, as recommended by the Nomenclature Working Group (37). The
nucleotide sequence {GenBank Accession ID: NT_010498) was used as a reference sequence. UTR, untranslated region; freq., fre-
quency. Missense mutations were genotyped for general population except two mutations of which genotypes were not determined.

Results

Identification of Genetic Variations in HSD11B2
in a Japanese Hypertensive Population

We sequenced the promoter and exon regions of H$D /182 in
953 hypertensives. As a result, we did not identify the
reported common genetic variations in Caucasians and caus-
ative genetic variations of AME in the HSD/[B2 gene.
Instead, we identified five novel missense mutations and one
frameshift mutation in HSDI/B2 (Fig. 1, Table 2). Five
patients had a C-to-T substitution at nucleotide 40 in exon I,
which led to an amino acid substitution from L to F at position
14 (L14F). One patient had a G-to-A substitution at nucle-
otide 221 in exon I, resulting in an amino acid substitution
from R to H at position 74 (R74H). Three patients had a G-to-
A substitution at nucleotide 4554 in exon 2, leading to an
amino acid substitution from R to H at position 147 (R147H).
One patient had a C-to-T substitution at nucleotide 4582 in

exon 2, leading to an amine acid substitution from T to [ at
position 156 (T156I). One patient had a G-to-A substitution at
nucleotide 5541 in exon 3, resuiting in an amino acid substi-
tution from R to H at position 335 (R335H). We also found
one patient with a frameshift mutation that resulted from a
guanine deletion at position 4884 in exon 3 (4884Gdel).
These missense/frameshift mutations were atl found in the
heterozygous form.

We also identified five synonymous polymorphisms, which
encoded for L14 (42C> A in exon 1) with a minor allele fre-
quency of 0.001%, L28 (82C>T in exon 1) with a minor
allele frequency of 0.001%, P227 (5017G> A in exon 4) with
aminor allele frequency of 0.003%, Y295 (5422C>T in exon
5} with a minor allele frequency of 0.0003% and Q387
(5698G>A in exon 3) with a minor allele frequency of
0.0003%. Fourteen additional genetic variations in the pro-
moter, intronic, and 3-untranslated regions were also identi-
fied. All of the genetic variations were rare, with minor allele
frequencies less than 0.003 (Table 2).
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Table 3. Clinical Profiles of Twelve Hypertensive Patients with Missense/Frameshift Mutations in HSD1182 Gene
Case
1 2 3 4 5 6 7 8 9 10 11 12
Polymorphism L14F LI4F LI4F LI4F LI4F R74H RI4THRI147H RI47H TI3561 4884Gdel R335H
Age (years old) 73 71 64 51 39 70 76 69 85 78 75 67
Sex male female male female male male male male male rmale female female
BMI (kg/m?) 21.39 2045 2020 24.09 3030 2792 24.03 22,12 26.17 2169 2997 21.50
Diagnosis EHT, HL,HU, Renal EHT ETH, EHT, EHT, EHT, EHT, EHT, EHT RVHT, EHT,
CRF, NIDDM, HT, HL HL, HL, HU, HU, AF, NIDDM, HL
hypothyroidism HL, obesity obesity OCI OCH, AAA, HL,
CGN CRF obesity obesity
HT duration (yecars) 24 21 24 <l 9 15 19 20 21 8 30 41
HT initial onset age
(years old) 49 50 40 — 50 55 57 49 64 70 45 26
HT family history none none none father none father, mother, none none mother none farther,
brother brother mother,
brother
SBP (mmHg) 138 136 152 140 130 140 134 138 154 134 170 148
DBP (mmHg) 70 80 28 68 80 86 72 70 84 68 90 80
Antihypertensive CCB,ARB CCB, (CCB, (CCB, CCB, CCB, CCB, CCB, CCB CCB, CCB, CCB,
drugs ACEl BB, BB, ARB, BB AB  ACEL ACEI, ACEI BB
diuretics AB BB AB AB
Na* (mEg/1) 141 141 140 142 140 141 [41 140 143 143 140 139
K* (mEg/) 4.4 532 4.1 42 42 36 42 5.2 4.5 42 4.6 5.0
Cl" (mEq/l) 110 109 104 107 102 107 106 108 104 1E1 104 103
Creatinine {mg/dl) 2.7 08 0.6 0.5 0.6 1.t 1.3 2.9 1.2 0.8 0.6 0.8
Overt proteinuria + + - - + + + - - - - -
PRA (ng/ml/h) 38 0.9 6.3 0.1 0.5 29 1.9 nodata 3.4 13.2 19.8 32
PAC (ng/dl) 8.8 85  nodata 276 124 189 435 nodata 7.7 14.6 7.0 14.1
FBS (mg/dl) 128 92 105 89 113 105 95 21 95 96 137 101
HbAlc (%) 6.0 5.6 54 52 5.6 6.0 5.1 52 5.1 5.0 8.7 5.7

BMI, body mass index; EHT, essential hypertension; HL, hyperlipidemia; HU, hyperuricemia; CRF, chronic renal failure; NIDDM,
non-insulin dependent diabetes mellitus; HT, hypertension; CGN, chronic glomerulonephritis; OCI, old cerebral infarction; OCH, old
cerebral hemorrhage; AF, atrial fibrillation; AAA, abdominal aortic aneurysma; RVHT, renovascular hypertension; SBP, systolic blood
pressure; DBP, diastolic blood pressure; CCB, calcium channel blacker; ARB, angiotension Il receptor blocker; ACEI, angiotensin con-
verting enzyme inhibitor; BB, B-adrenergic blocker; AB, oi-adrenergic blocker; PRA, plasma renin activity; PAC, plasma aldosterone
concentration; FBS, fasting blood sugar. Normal values in our institute: Na*, 136146 mEq/l; K*, 3.6-4.9 mEg/l; Cl-, 99-109 mEq/l;
creatinine, 0.6-1.1 mg/dl; PRA, 0.2-2.7 ng/mi/h; PAC, 2-13 ng/dl.

Characteristics of Patients with Rare Missense/
Frameshift Mutations in the Hypertensive Popu-
lation

The characteristics of the 12 hypertensive patients who had
missense/frameshift mutations (L14F, n=5; R74H, n=1;
RI47H, n=3;T156], n=1; 4884Gdel, r=1; R335H; n=1) are
shown in Table 3. Five patients out of the twelve had renal
impairment including protein urea. Two (cases 1 and 2) of
five patients with the L14F mutation had chronic renal failure
{CRF) and chronic glomerulonephritis (CGN), and one (case
8) of three patients with the R147H mutation also had CRF. A
patient with 4884Gdel (case 1 1) was diagnosed with renovas-

cular hypertension caused by atherosclerosis with type 2 dia-
betes, hyperlipidemia and obesity (body mass index [BMI]:
29.97 kg/m?). This patient was 75 years old, female, and had
never smoked or drunk alcohol. This patient had microalbu-
minurea (urinary albumin excretion: 30.8 mg/g creatinine)
without renal dysfunction (creatinine clearance: 112.5 ml/
min) or cardiac hypertrophy (left ventricular mass index:
126.4 g/m*). The average onset age of hypertension of the 12
patients with these missense mutations was 50.5 years. A
patient with the R335H mutation (case 12) showed hyperten-
sion at her age of 26. Serum sodium levels of all patients were
within normal range. There were no patients with hypokale-
mia as seen in AME.
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Table 4. Basic Characteristics of Subjects in the General
Population

Women Men
(n=1,946) (n=1,709)
Age (years) 63.3+11.0  66.3+11.1%

Systolic blood pressure (mmHg) 128.0+£19.7 131.8+£19.4*
Diastolic blood pressure {mmHg) 76.5£9.8 79.7+10.7*
Body mass index (kg/m®) 22.3%£3.2 23.312.9%
Total cholesterol {mg/dl) 215.6+£30.6* 197.9+30.3
HDL-cholesterol (mg/dl) 64.5£15.3% 55.0%14.1

Current smokers (%) 6.3 30.2¢
Current drinkers (%) 29.6 67.2°
Present illness (%)
Hypertension 38.0 47.3
Hyperlipidemia 54.41 278
Diabetes mellitus 52 12.8¢

Values are expressed as mean+SD. Hypertension: systolic blood
pressure 2140 mmHg and/or diastolic blood pressure =90
mmHg or antihypertensive medication; hyperlipidemia: total
cholesterol 2220 mg/dl or antihyperlipidemia medication; dia-
betes: fasting plasma glucose 2126 mg/dl or non-fasting plasma
glucose 2200 mg/dl or HbAlc =6.5% or antidiabetic medica-
tion. *p<0.05 between women and men by Student r-test
tp<0.05 between women and men by ¥° test. HDL, high-density
lipoprotein.

Characteristics of Individuals with Rare Mis-
sensefFrameshift Mutations in the General Popu-
lation

The characteristics of the 3,655 subjects comprising the Japa-
nese general population group (1,709 men, 1,946 women) are
summarized in Table 4. Age, SBP, DBP, BMI, percentage of
current smokers, percentage of current drinkers, and preva-
lence of hypertension and diabetes mellitus were significantly
higher in men than in women. Total cholesterol, high-density
lipoprotein (HDL)—cholesterol, and percentage of hyperlipi-
demia were significantly higher in women than in men. In this
pepulation, 1,480 subjects were diagnosed with hypertension.

We successfully genotyped four genetic variations in the
general population, which had a saruple size of 3,655 individ-
uals (2,175 normotensives and 1,480 hypertensives), but the
genotyping failed for two of the genetic variations, T1561 and
4384(del. In the general population, a missense mutation,
R335H, was not present. The remaining three mutations,
L14F, R74H, and R147H, were found in both hypertensive
and normotensive subjects {Table 5). We identified 14 indi-
viduals with the LI4F mutation. Six individuals with the
L14F mutation had hypertension and eight were normoten-
sive. We identified 20 individuals with the R74H mutation.
Among them, eight showed hypertension and 12 were normo-
tensive. We identified 8 individuals with the R147H muta-
tion. Among them, three showed hypertension and five were

normotensive. There were no statistically significant differ-
ences in any clinical characteristics between the subjects with
the three missense mutations of A5D71/82 and the subjects in
the general population (Table 5).

Comparison of Missense/Frameshift Mutations in
HSD11B2 between Normotensives and Com-
bined Hypertensives

As seen in Table 6, there was no difference in the prevalence
of missense/frameshift mutations of H3D1/B2 between the
combined subjects with hypertension and the normotensives.

Discussion

A missense mutation, P227L, in HSDI]B2 was previously
identified in a patient with mild low-renin hypertension (32).
This patient did not demonstrate the typical features of AME.
The authors suggested that patients with mild low-renin
hypertension may carry the mutations in the HSD1/B2 gene.
In our study, we did not identify the P227L mutation in 953
Japanese hypertensives.

Genetic analyses of HSD17B2 have been reported in two
Japanese AME probands (/4, /8). In one family, the proband
had 2 compound heterozygous mutation with a missense
mutation, R208H, and a deletion of 3 nucleotides in codons
337338 resulting in a substitution of Arg337 to His and a
deletion of Tyr338 (CGCTAT to CAT: R337H and delta
Y338) (18). Their family members, a father, mother, and eld-
erly sister, who carried the heterozygous mutation were all
normotensive and normokalemic, and had normal ratios of
urinary [THF plus aTHE)/THE (THF, tetrahydrocortisol;
aTHF, allotetrahydrocortisol; THE, tetrahydrocortisone).
Another Japanese patient with AME had the homozygous
missense mulation, SI80F. The enzymatic activity of this
mutant was 1.8% compared with the wild-type enzyme when
cortisol was used as the substrate and 5.7% when corticoster-
one was used as the substrate (74). Figure 1 summarizes the
reported polymorphisms in ASD/1B2. In our study, none of
the three cansative genetic defects was identified, indicating
that those mutations were not accumulated in the Japanese
population.

We identified five novel missense mutations and one
frameshift mutation in HSD71B2 (Fig. 1, Table 2). As shown
in Fig. 2A, five of the missense mutations occurred in resi-
dues that were highly conserved among the three different
species, indicating that these mutations may result in fune-
tional changes in ASD!IB2. However, neither hypertensive
patients nor general subjects with these novel missense muta-
tions showed any distinctive clinical characteristics during
their health-check-ups.

We identified one hypertensive patient having renal artery
stenosis with a frameshift mutation (4884Gdel) in HSD1IB2,
This deletion caused the frameshift at S219 with a premature
stop codon at position 270 (Fig. 2B). A recent report indicated
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Table 5. Accumulated Clinical Profiles of Subjects with Missense Mutations in HSDI1IB2 in the General Population
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Li4F R74H R147H
Number 14 20 8
Age (years old) 67.7£12.3 64.8+133 61.5£12.0
Sex (M/F) "7 9/11 5/3
Body mass index (kg/m*) 23.444.0 224429 239+1.7
Systolic blood pressure (mmHg) 125.4423.0 [28.7£23.4 124.9419.9
Diastolic blood pressure (mmHg) 75.4%11.0 78.2:+10.0 758%12.9
Total cholesterol {mg/dF) 213.9+34.0 213.8£37.0 199.3£36.4
HDE-cholesterol (mg/dl) 579+12.1 63.1+£16.9 52.1x185
Triglyceride (mg/dl) 93.8+49.3 120.1+£934 140.7490.1
Creatinine (mg/dl) 0.8+0.2 0.7+0.2 0.8+0.2
Over proteinuria (yes/no) 1/13 0/20 0/8
FBS (mg/dl) 100.4:£20.9 94.5%10.3 99.6£223
HbAlc (%) 5.7+0.8 5.4+0.7 5.6+0.9
Current smoker {yes/no) 2/12 4/16 177
Current drinker (yes/no) 5/9 9/11 4/4
Hyperiension (yes/no) 6/8 8/12 35
Hyperlipidemia (yes/no) 10/4 11/ 6/2
Diabetes mellitus (yes/no) 6/8 2/18 216
Antihypertensive treatment (yes/no) 4/10 2/18 2/6

Values were expressed as mean+SD. Hypertension: systolic blood pressure = 140 mmHg and/or diastolic bloed pressure 290 mmHg or
antihypertensive medication; hyperlipidemia: total cholestercl 2220 mg/dl or antihyperlipidemia medication; diabetes: fasting plasma
glucose =126 mg/dl or non-fasting plasma glucose =200 mg/d] or HbA lc 26.5% or antidiabetic medication. M, male; F, female; HDL,

high-density lipoprotein; FBS, fasting blood sugar.

Table 6. Number of Subjects with Missense/Frameshift
Mutations in the Hypertensive and the General Populations

General population

Hypertensive - -
Mutations population Hyper‘tenswe NOrmo.tenswe
(1=953) subjects subjects
(n=1,480) (n=2,175)
L14F 5 6 8
R74H 1 8 12
R147H 3 3 5
T1561 I n.d. n.d.
4884Gdel 1 n.d. n.d.
R335H 1 0 ¢

Total 12 17 25
n.d., not determined. ‘

that the heterozygous carriers with the defective allele of the
HSD11B2 gene showed essential hypertension (/6). It is evi-
dent that this frameshift mutation resuits in the dysfunction of
HSDI11B2. The allele frequency of this mutation was very
low (0.052%, | allele/1,906 alleles) in the Japanese hyperten-
sive population. However, it is worth noting that this defec-
tive allele might be prevalent in other ethnic populations,
because the frequency of some genetic mutations varies with
ethnicity. Recently, rare genetic mutations collectively con-
tributing to a quantitative trait variation, such as plasma levels

of HDL-cholesterol, have beenr reported (33). We have pet-
formed large-scale sequence analyses of five hypertension
candidate genes, WNK4, SCNNIB, SCNNIG, NR3C2 and
RGS2, to evaluate this hypothesis and found that a low but
significant percentage of the hypertensive subjects had mis-
sense/frameshift mutations (24-26, 34). Collectively, these
rare mutations may make an at least partial contribution to
hypertension.

The deduced NAD-binding sites reside in the conserved
region from T82 to Al11 (2), and the deduced catalytic site
resides in the conserved region from Y232 to K236 (35). So
far, more than ten genetic defects in patients with AME, most
of whom had a severe deficiency of enzymatic activity con-
firmed by the expression analysis, have been reported and
none of them overlap with the five missense mutations identi-
fied in the present study. Therefore, the effects on the
HSD11iB2 enzymatic activity of the mutations are not clear.
In the future, an in vitro expression study should be per-
formed to evaluate the activity of mutants and the ratios of
urinary cortisol to cortisone metabolites in carriers of the
mutations.

In the Caucasian population, a mutation at EF78 that is syn-
onymous with 353G> A which can be distinguished by Al [
restriction enzyme digestion, has been identified with a prev-
atence of 8.6% in the control subjects (2/, 23). This polymor-
phism was associated with end-stage renal disease but not
with essential hypertension. We did not identify this polymor-
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A
*
n-HSD 1 MERWPWPSGGAWLLVAARALLQLLRSDLRLGRPLLAALALLAALD 45
m-HSD 1 MERWPWPSGGAWLLVAARALLQLLRSDLRLGRPLLAALALLAALD 45
r-HSD 1 MERWPWPSGGAWLLVAARALIOLLRADLRLGRPLLAALALLAALD 45
*
n-HSD 46 WLCQRLLPPPAALAVLAAAGWIALSRLARPORLPVATRAVLITGC 90
m-HSD 46 WLCLRLMPPPAALVVLAGAGWIALSRLARPPRLPVATRAVLITGC 90
r-HSD 46 WLCQSLLPPSAALAVLAAAGWIALSRLARPORLPVATRAVLITGC 90
* *
h-HSD 136 QMDLTKPGDISRVLEFTKAHTTSTGLWGLVNNAGHNEVVADAELS 180
m-HSD 136 QMDLTKAEDISRVLEITKAHTASTGLWGLVNNAGLNIVVADVGLS 180
r-HSD 136 QMDLTKPADISRALEFTKAHTTSTGLWGLVNNAGHNDVVADVELS 180
*
h-HSD 316 SDLTPVVDAITDALLAARPRRRYYPGOGLGLMYFIHYYLPEGLRR 360
m-HSD 316 PDLSPVVDAIIDALLAAQPRSRYYPGRGLGLMYFIHHYLPEGLRR 360
r-HSD 316 PPLSPVVDAITDALLAARPRPRYYPGRGLGLMYFIHYYLPEGLRR 360
%
B ACTGTGGGGAGCCCAGCGGGGGACATEOCA

216 T VvV G S

Wild type

P A G D M P 225

TTCAAGACAGAGTCAGTGAGAAACGTGGGT
265 F K T E S

vV R N VvV G 274

ACTGTGGGAGCCCAGCGGGGGACATGCCAT

4884Gdel allele

216 T V G A Q R G T C H 225

TCAAGACAGAGTCAGTGAGAARCGTGGGTC

265 S

R Q@ 5 0Q

H ok %

Fig. 2. Partial amino acid sequence surrounding the mutations in HSDI1B2. A: Alignment of partial amino acid sequences of
HSD1IB2 from two species and himan HSD1IB2, HSD11B2 sequences are from Homo sapiens (), Mus musculus (m), and
rabbit (r). Numbers indicate the position of amino acid sequence. The asterisks indicate the positions ar which missense muta-
tions occur (L14F, R74H, R147H, T1561, R335H} B: Nucleotide and amino acid sequences of wild-type allele and 4884Gdel
allele. Numbers indicate the amino acid residues. An asterisk indicates the base deleted in the 4884Gdel allele, which causes a
Srameshift mutation from S218. This results in a 51-amino-acid extension that is is terminated by a stop codon (indicated by

three asterisks),

phism in our Japanese population.

In the Caucasian population, an inlensive genetic study on
the HSD/1B2 gene using 587 subjects, including 260 patients
with end-stage renal disease, has been conducted, in which
one missense rutation, L148V, and three synonymous muta-
tions, T156, E178, and D388, were identified by the combina-
tion of single strand conformational polymorphism analysis
and DNA sequencing (36). The results showed that allele fre-
quencies did not differ significantly between control subjects
and end-stage renal disease patients or between patients with
hypertension and patients with end-stage renal disease. We
did not identify these mutations in our Japanese population.
Our results support their findings that the mutations in the
HSDI11B2 gene do not affect hypertension.

In summary, we suggest that rare mutations in HSD11B2,

L.14F, R74H, R147H, T156l, R335H, and 4884Gdel may not
collectively contribute to the pathogenesis of hypertension,
although it was not clear whether abnormalities of electro-
lytes, remin activity, or aldosterone concentration were
present, since our hypertensive patients with these missense/
frameshift mutations were taking antihypertensive drugs.
Further functional analyses of HASD/1B2 mutants are neces-
sary to clarify the functional defects caused by these genetic
variations in Japanese.
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