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Validation of the Association Between the Gene Encoding
5-Lipoxygenase-Activating Protein and Myocardial
Infarction in a Japanese Population
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Background Recenily. the 5-lipoxygenase activating protein gene (ALOXSAP) was reported to confer a risk of
myocardial infarction (MI) and stroke, independent of conventional risk factors. The purpose of the present
study was 1o validate those findings in a Japanese population.

Methods and Results  The stady population consisted of 1.873 subjects (nales 871, females 1.004) recruited
from the Suifa study (control group) and 353 subjects (males 306, females 47) with M1, The promoter, all of the
exons, and 3'UTR regions of ALOXSAP were sequenced in 96 subjects, and § polymorphisms were found. There
were significant differences in the frequencies of the haplotypes constructed Trom the 2 SNPs (A162C and
T8733A) between the control and MI groups, Multiple logistic analysis indicated that the homozygoeus genatype
of the (CA) haplotype was significantly associated with a reduced risk for MIL

Conclusion  The hypothesis that ALOX3AP contribules to susceptibility for MI was validated in a Japanese
population.  (Cire J 2005: 69: 1029-1034)

Key Words: ALOXSAP, Haplotype: Myocardial infarction

yocardial infarction (M1) is a multifactorial dis-
case caused by environmental and genetic fac-

tors. There are an increasing number of studies
that identify genes contribuling 1o M1 for personalized
prevention (rom the disease. Recently, the S-lipoxygenase
aclivating protein gene (ALOXSAP) was reported to confer
a risk ol M1 and stroke. independent of conventional risk
factorsé This possibility was based on findings in genome-
wide scans and subsequent case~control studies. A haplo-
type, HapA. defined by 4 single nucleotide polymorphisms
(SNPs) and which spanmed ALOX5AP, was shown to be
associated with M1 in an Ieelandic population and sub-
sequently, another SNP-based haplotype within ALOX3AP,
HapB. showed a significanl association with MI in British
cohorts from Leicesier and Shellicldé
The ALOXSAP gene encodes the membrane-associated
S-lipoxygenase (LO)-activating protein, an important medi-
ator of the activity of S-lipoxygenase. a Key enzyme in the
biosynthesis ol leukowiencs! Leukotrienes are not only
smooth muscle constrictors but also proinflammatory medi-
ators that are produced predominantly by inflammatory
cells$® Sindies have indicated that inflammatory processes
play an important role in the progression of atherosclerotic
diseasel™ ! The 5-LO pathway could be an important con-
tributor to the pathophysiology of atherosclerosis through
the formation of leukotriene (LT) B4 via an increase in
vascular permeability!2 Antagonists of LTB4 have been
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reporied 10 atlenuate the development of atherosclerosis in
apoE-deficient and LDLR-deficient mice!® Furthermore,
5-LO has been Incalized (o macrophages, dendritic cells.
foam cells, mast cells, and neutrophilic granulocytes. and
the number of cells that expressed 5-LO was markedly
greater in advanced lesions! Leukocytes tat were positive
for 3-LO accumulated at distinet sites that are mogt prone
to rupture!® Taken together, these findings suggest that
upregulation of the leukotriene pathway may contribute o
the progression of atherosclerotic progression and plague
stability. However, the precise role of leukotrienes in the
pathogenesis of atherothrombotic discases awails further
investigation.

Thus. it is likely that ALOXSAP contributes to ML
However, we are now recognizing that the contribution of
common alleles is less than expected. and any single study
that considers a few thousand subjects may not be large
enough to support conerele conclusions and should be
viewed as providing only tentative results. The purpose aof
the present study was to validate the indings of DeCade ge-
neticss in a Japanese population and to evaluate the possible
importance of ALOXSAP in the pathogenesis of M1

Methods

Study Population

The selection criteria and design of the Suita Study have
been described previonsiy!s18 The genotypes were deter-
mined in 1,875 subjects recruited from the Suila Study
between April 2002 and February 2003. The M1 group con-
sisted of 353 (males 306, females 47) randomly selected
inpatients and outpatients with documented M1 who were
corolled in the Division of Cardiology at the National

2

Cardiovascular Center between May 2001 and April 20031



1030

Toble 1 Charncterisiies of the Study Population

Controf Ml prvalue
& 1475 :
Sy ("% male) 4.5 86.69 <0001
Ape (yearsi 5884059 <0001
BMI (ke/uiz) 23,940,176 <0001
C-SM (% 1.2 <40
HT (%3 557 <0.0001
HLP (%) 517 <0.0001
HDL-C (mghil) A4 0X083 <0.000]
DM (% K8 <0000

Data are meim = stagdard ey, Differences betweea the 2 gronps (conyol
vy wrvocardiod infarclion (MB) were caleilated by 1-esi or g analysis,
BAMA, bady mass index: C-SM, ctirrent smeking habiy HT, ypertension:
HLP, toperfipidenio: HDL-C, high-itensizy lipoprotein clolestersl: DM,
diahetes mefliias.

Table 2 Primers lor Segnence Amalysis

Probe Seqience (5°-3'5

GATATCAGCTGTCCUTCCCCACTG
CTCAGGGAAGT CATCGACAAGG
CACTAGAGACCACGCTGCTGAGTACG
CCAAGTCTCCCTIACGCATCACCG

=

GGAGCAT GGAGC
GCACIACCTCCCCTCTACAGGAAC
AAAMCTTCAAGTIGCAGCCCTG

% TCTGGTGA ;
TCCAGGGC
GCTCAGGGAAGAAGAATCAG,
GOATTACAGGIATOAGCCACCACACC

Primers wsed for sequence anadvsis of @ promoter region and olf of the §
exon regions including nonceding regions in ALOXSAF,

All the subjects enrolled in the present study provided
written informed consent, The present study was approved
by the Ethics Commitiee of the Nationa! Cardiovascular
Center and by the Commilice on Genetic Analysis and
Gene Therapy of the National Cardievasculnr Center. The
characteristics of the study population are shown in
Table 1. Subjects with systolic blood pressure 2140 mmHg,
diastolic blood pressure 290mmHg. and/or taking antihy-
pertensive medication were categorized as having hyperten-
sion (HT). Subjests with Tasting bleod glucose 2126 mg/dl.
hemoglobinAle 26.5%, and/or treatment for diabetes mel-
litus (DM) were categorized as having DM. Subjects with
total cholesterol 2220 mg/dl, wighycerides 2(50mgfdl,
and/or antihyperlipidemic medication were categorized as
having hyperlipidemia (HLP).

DNA Studies

A promoter region and all of the § exon regions, includ-
ing noncoding regions, were sequenced in 48 healthy
subjects and 48 subjects with ML Primers for sequencing
are shown in Table 2. Eight polymorphisms were found and
all the genotypes were determined by the TagMan syslem
in 1.875 control subjects and 353 subjects with MI. The
probes and primers are shown in Table 3. HapA and HapB
reported by DeCode,® which have been reported to be agso-
ciated with M1 and stroke, cach consisted of 4 SNPs that
were outside the area of our sequencing. To validate the
possible importance of these haplotypes, the genotypes of 7
additional SNPs were also determined by the TagMan
system (Table 3).
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Statistical Analysis

Values are expressed as meanzstandard error of the
mean. All statistical analyses were performed with the IMP
statistical package (SAS Institute Ine, Cary. NC. UISA)
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unless otherwise stated. Muliiple logistic analysis was
performed to obtain predictors for M1 R-square values be-
tween polymarphisms and haplotype frequencies in the con-
wol and M1 groups were analyzed using the SNPAlyze Pro
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Association Between ALOXSAD Gene and Ml 1033
Tahle 3 Freguencies of the Huplolype Constructed by the Polymorphisiis A 162C and TS7I3A in the Tobad Group und in Muks
Hanlorne Overall Conitrol M1 Permusation Overall  Coatrolmates  MIwales  Pormulation
aplatipe (G [89] (%) pafie 1 (G} %) p-vahie
AIG20/T87334 <0.0001 0.043
AT RIK 294 0.388 34 N9 20.8 0.3t
or 25.2 278 0.196 2.1 255 275 0421
AA 0.0 238 Q003 214 204 251 0.033
CA 234 16.9 0.001 M 2.3 12.6 0.03

The percestage of the haplerype 1
af the pemtarion 1081 using

PAlvzE Pro statistical package.

The haplotypes [AT) [CTL JAAL and [CA] mean as follows; AT, A1G2 and T5733:

respectively.

variants and M1 that has been secently reported in Couca-
sian populations.

Because the genetic contribution of a single gene to
common disease susceptibility seems to be very fow, as
rved in the YD polymorphism of the ACE gene in
cardipvascular diseasesi®2?! validation studies in other
populalions are very importanl. However, some of the
allele frequencies of the HapA and HapB haplotypes were
too low in our study population and so we could not repli-
cate the previous studies by DeCode® However, the haplo-
type that was newly identified in our study population was
revenled o be significandy associated with MIL Thus, the
hypothesis that ALOX3AP contribules to the susceptibility
for M1 is validated and strengthened by the presem study.

The precise mechanism of how variants of ALOXSAP
confer susceptibility for atherothrombotic diseases remains
10 be determined. The hiologieal significance of the haplo-
type defined by A162C and T8733A remains to be solved,
because these 2 polymorphisms reside in intron regions,
Future studies will be neceded to investigate whether the
haplotype influences the production of leukotrienes by
neutrophils.

Identification of ALOXSAP a5 one of the genes contribu-
ting to M may have clinical implications. Leukotriene
antagonists are umu)(lv used 10 treat asthma and various
.xlh,n.xc diseases? It would be iteresting 10 determine
whether these clinically uscful antagonists could be helpful
for the secondary prevemtion of Ml in selected subjects
defined by haplotype.
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Assessment of MEF2A Mutations in Myocardial Infarction
in Japanese Patients

Kazuaki Kajimoto. PhD; Keisuke Shioji. MD: Naomi Tago, BS: Hitonobu Tomoike, MD;
Hireshi Nonogi, MD: Yoichi Goto, MD; Naoharu Iwai, MD

Background  Recently, a muiation in (he human MEF2A gene was reported 1o be responsible for an autosomal
dominant form of coronary artery disease, so the purpose of the present study was (o assess the significance of
MEF2A mutations in Japanese subjects with myocardial infarction (MI).

Methods wid Results  The study population consisted of 589 control subjects recruited from the Suita siudy
and 379 subjects with M1, The promoter, all the exons, and 3-UTR regions of MEF2A were sequenced in [90
subjects with myocardial infarction. We found 2 amino acid length polymorphisms, a 7-amino acid delction
polymorphism, and 4 nonsense mulation (R447X) in exon 12. The length and deletion polymorphisms did not
conter susceptibility (o ML Although the nonsense mutation was detected i 1 subject with M, and in aone of
the control subjects, the impact of this mutation does not appear 1o be great; the subject had the MY while in his

70, had 2 major sisk factors, and no family history of ischemic heart disease,

Conchusion
2005: 693 1192-1193)

MEF2A polymorphisn does nol contribute appreciably to M in the Japanese population,

(Circd

Key Words: MEF2A; Myocardial infarction: Polymorphisms

yacardial infaretion (M) is a multifactorial dis-
M ease caused by eavironmental and genetic fac-
tors. There i3 an increasing number of studies
thal have identified the genes conltibuting to ischemic heart
discases (IHD)Y-* and recently, a mutation in the human
MEF2A gene was reported as responsible for an autosomal
dominant form of coronary artery discase (CAD)? The 7-
amine acid deletion disrupts the nuclear localization of the
malwre protein and reduces MEF2A-induced transcrip-
tonal activation? The same authors have reported MEF2A
missense mutations in 4 of 207 sporadic CAD cases and
estimated that MEF2ZA mutations contribute to approxi-
madely 2% of CADI On (he other hand, Weng et al recent-
ly reported a lack of MEF2A mutations in 300 CAD cases!!
sa the purpose of the present study was to assess the signifi-
cance of MEF2ZA mutations in Japanese subjects with ML

Methods

Study Population

The vontrol group consisted of 389 subjects recruited
from the Suita study who were at least 60 years of age will
no cardiovascular disease and no family history IHD. The
selection eriferia and design of ihe Suita Stady have been
described previously!># We excluded young subjects
from the contro} group, because they might develop MI in
their 50 and 60s. The MI group consisted of 379 randomly
selected inpatients and outpatients with documented ML
who were admitled to the Division of Cardiology at the
National Cardiovascular Center between May 2001 and
April 2003 (M1 group)!® The characteristics of the study

{Received May 30, 2003; revised manuscript veceived June 29, 2005;
aceepted July 5, 2005)

Nativuat Cardiovascalar Cawer, Suita. Japan

Malling address: Naohary Iwal, MD. Rescarch Institule, Navjonal
Cardiovaseuar Center, 5-7-1 Fujishirodai, Suita 363-8563. Japan.
E-mail: iwai@rineve.go.jp
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population are shown in Table 1. All subjecis gave wrillen
informed consent amd the present study was approved by the
Ethics Committee of the National Cardiovascular Center
and by the Commiltee on Genetic Analysis and Gene
Therapy of the National Cardiovascular Center.

DNA Studies

A promoter region and all of the 12 exon regions were
sequenced in 190 of the subjects with M1 (Figl) and we
found variations that altered the amino acid sequences in
exon 12 only, Next, we sequenced exon 12 in 589 control
subjects and the remaining 189 subjects with ML The varia-
tions in cxon 12 were all determined by sequencing.

Statistical Analvsis
All statistical analyscs were performed with the JMP

Table 1 Characteristies of the Study Poputation
Conirel M p-value
i 534 379
Gewider (% male} 49.3 X33 <0001
Age years) 70.010.3 58.080.4 <0.000/
BMI {kg/nv'} 22.6730.12 23840.115 <0.000]
TC (mglil) 207.741.4 199.742,.3 00030
HDL-C g/l S¥E520.6 <0001
Smoking <G00
Current o3 228
Past 163 7
Never 328 77
DA (%) 7.7 387 <0.0001
HT %) EAN 32.9 <0601

Data are meant standard ervor. Differences between 2 groups {Control vs
myvacandiol infarction tMD) were calculated by tHost or Y analvsis,
BML body mass index; TC. votad chatesterol; HDL-C. high-densiry Upopro-
feint cholesterol; DM. divhetes mellitus: Hi, hypertension,

Cireulation Jourmal Vol 69, Oaober 2003
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Figl, Scheme of the MEF2A gene. (A) Promoter region and all of the 12 exon regions are shown. (B) Expanded region

of exon 12. The 5~ and ¥'-UTR regions are indicated by giay boxes, and coding regions arc indicated by black boxes. The
27 polymorphisms that were Found are indicated by arrows,

statistical package (SAS Instilute Inc, Cary, NC, USA) un-
less otherwise stated. Chi-squared analysis was performed
to compare haplotype [requencies between the control and
M1 groups.

Results

We found 27 variations in MEF2A (Table 2), and 4 varia-
tions in exon 12 that altered the amino acid sequence of the
MEFRZA protein (Fig2)., The number of polyglutamine
tandem repeats (region A) varied between 4 and 15 (geno-
type 1}, and the number of proline tandem repeats (region
B) varied between 4 and 5 (genotype 2). The 21-bp deletion
(7-amino acid deletion). which was originally implicated
in an autosomal dominant form of CADY was also observed
in region C (genotype 3) (Fig2). We found one nonsense
mutation (R447X) in exon 12 in a MI subject, and it was
localized just downstream of the 21-bp deletion site (Fig 3).

The haplotype frequencies defined by the 3 genotypes
are shown in Table3: there were no significant differences
between the control and M1 groups.

Discussion

Wiang et al reported that a mutation in the human
MEF2A gene was responsible for an avtosomal dominunt
form of CAD? but Weng et al could not find any MEF2A
mutations in 300 cases of CAD! Thus, the association he-
tween mutations of MEF2A and CAD is controversiall6!?
and our results favors a lack of association.

Our results indicate that length polymorphisms in MEF2A
do nat confribuie appreciably 1 Mlia the lapanese popula-
tion. Furthermore, the 21-bp deletion in MEF2A, which was
originally implicated? did not scem to be associated with
ML, The nonsense mutation (R447X) may aftect susceptibil-
ity to M, but the particular patient with this mutation had

Ciratlation Jomnal 170l 69, Outober 20058

-43-

the Ml in his 70s, and had no family history of IHD. He also
had 2 risk factors: diabetes mellitus und smoking. Thus, the
impact of this mutation does not appear to be greal.

We sequenced all the coding cegions of MEF2A in 190
subjects with M1 and found neither missense nor nonsense
mutations, except Yor R447X, Taking all our results togeth-
er, MEF2A polymorphism does not appear o contiibule
appreciably to MI in the Japanese population.
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Table 2
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R447X
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Dt the polmorphisms foaad i the exons, muaiions of the aming acid seqreace are alse indicated.

TCOAATTIATCCATTARTACLAACCARACATCACCATCARGT CCEAACCEATTTCRCCTCCTCEEEATCEENEG
N

$ N L 8 I N D
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N I 8 I K & B ¥ I 8 P P R D R WM

~CAGCRG ,cxi:r(;cczs CACCECAGLCCERGETA

P g »

v oy os G ¥
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C @1bp deletion) o

Fig2,

Nucleatide and amiuo acid sequences of the region containing the 4 variations in exon 12 of M
Nucleatide and i f the reg taining the 4 | 120f M

A4~ 15)
CAACCCCCGCAGCCCLAGCCCRGACAGCAAATGEGECEUTCCCCYRTGCACAGTCTGAGCAGCTTCTAGTAGCTCC

B(dorb)

EM & R S8 P V D 88 L 8 8 & 85 8

S

“2A. The gray

box marks the polyglutamine and profine tandem repeats: the number of polyglutamine tandenm repeats varies hetween 4
and 15, the nmnber of proline tanderm repeats varies between 4 and 5. The 21-bp deletion site is indicared by a box. The
nonsense mation {RA47X) site is localized just downstream to the 21-bp delelion site,
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B CAG CCC CAG CCC CGA CAG GAA
Q P Q P R Q B

¢

CRG CCC CAG CCC TGA CAG GRA
Q P @ P X

Fig3, MEF2A nensense mutation R447X in exon 12 in the subject
with myocardial infarction (MIL (A) Sequence analysis of the contrad
and MY sobject indicated a C & T substitution at codon 447 in exon 12
of MEF2A, This mutation changes the amino acid residue arginine to
stop eadon (B).
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Original Article

Functional Confirmation of Gitelman’s
Syndrome Mutations in Japanese

Hiroaki NARABA, Yoshihiro KOKUBO, Hitonobu TOMOIKE, and Naoharu IWAI

Gitelman’s syndrome is an autosomal recessive inherited renal tubular disorder resulting from loss-of-func-
tion mutations in the thiazide-sensitive sodium chloride cotransporter gene (SLC12A3). We have previously
reported that the combined allele frequency for the reported Gitelman’s syndrome mutations is 0.0321. How-
ever, almost all of the reported Gitelman’s syndrome mutations were from case reports without functional
confirmation. In the present study, we assessed the functionality of the two most prevalent mutations in
Japanese, T180K and L.849H, using a mammalian cell expression system. Human SLC712A3 cDNA was tran-
siently expressed in Chinese hamster ovary (CHO) cells under the control of a cytomegalo virus (CMV) pro-
moter, The T180K and L849H mutations were introduced by site-directed mutagenesis. The activity of the
Na*CI- cotransporter was assessed by measuring tracer 2Nat uptake. While the T180K variation was just a
polymorphism, the L849H mutation was confirmed to be a foss-of-function mutation and appears to be
responsible for the Gitelman’s syndrome. This observation may have very important clinical implications,
since the allele frequency of this variation is 0.0126. (Hypertens Res 2005, 28: 805-809)

Key Words: SLC12A3, Gitelman’s syndrome, blood pressure

805

Introduction

Gitelman’s syndrome (GS) is an autosomal recessive inher-
ited renal tubular disorder resulting from loss-of-function
mutations in the thiazide-sensitive sodium chloride cotrans-
porter gene (SLCI12A3) (1). The clinical features of GS resem-
ble the effects of thiazide administration, and the reduced salt
reabsorption seen in GS seems to be associated with resis-
tance to hypertension (2).

In the previous study, we established a TaqMan system for
9 GS mutations reported in Japanese (T180K, A569V,
L623P, R642C, L849H, A242V, F846X, R955Q, and an 18-
bp insertion at 794-811), and investigated the frequencies of
these mutations in the Suita Study. We found 56 subjects het-

erozygous with the 180K allele, 14 subjects heterozygous
with the 569V allele, 1 subject with the 623P allele, 1 subject
with the 642C allele, 47 subjects with the 849H allele, and 1
compound heterozygous subject with the 180K and 849H
alleles, in total of 1,852 subjects (3). Thus, the combined
allele frequency of the GS mutations was 0.0321. However,
identification of these mutations is all based on case reports;
functional analyses of the mutations have never been per-
formed. The allele frequencies of the TI80K and L849H
mutations are 0.0151 and 0.0126, respectively, and these were
the two most frequent mutations in our study population. The
purpose of the present study was to determine whether these
two GS mutations were really loss-of-function mutations. We
also investigated phenotypes of subjects heterozygous with
these GS mutations.
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Mock Normal 180K 849H
PGNaseF - + - + . + -+

130 kD=
110 kD =+

Fig. 1. Western blot analysis of expressed mutants. Mem-
brane fractions from Chinese hamster ovary cells transfected
with empty (Mock), wild-type SLCI12A3 (Normal), or mutant
(180K and 849H) vector were treated with N-glycosidase F
(PGNase F) and subjected to Western blotting with poly-
clonal antibodies that recognize the V5 tag as described in
the Methods section.

Methods

Construction of the SLC12A3 Expression Vector

Human SLCI2A3 c¢cDNA was synthesized by reverse tran-
scription—polymerase chain reaction (RT-PCR) amplification
from a human kidney and was subcloned into the pcDNA-3.1/
V5-His vector (Invitrogen, Carlsbad, USA). The V5-His
epitope was fused to the carboxyl terminal of the human
SLCI12A3 cDNA. The T180K and L849H mutations were
introduced by using a Quickchange site-directed muiagenesis
kit (Stratagene, La Jolla, USA).

Cell Culture and Transient Transfection

Chinese hamster ovary (CHO) cells were grown in Ham’s F-
12 medium supplemented with 10% fetal calf serum, 100
unit/ml of penicillin, and 100 pg/ml streptomycin. Cells were
transiently transfected with 1 pLg of SLCI2A3 expression plas-
mids and 0.1 g of a green fluorescent protein expression vec-
tor, phMGFP vector (Promega, Madison, USA), using
Lipofectamine®® (Invitrogen) according to the manufac-
turer’s recommendations. Transgene expression was normal-
ized from the fluorescence intensity of the green fluorescent
protein,

2ZNa* Uptake Assay

Functional analysis of the Na*-Cl~ cotransporter was assessed
by measuring tracer 2Na* uptake as described by De Jong er
al. (4). At 36 h after transfection, cells were transferred to
Cl--free medium containing 5 mmol/l HEPES/Tris (pH 7.4),
96 mmol/l sodium gluconate, 2 mmol/l potassium gluconate,
1.8 mmol/l calcium gluconate, 1 mmol/l Mg(NOs), 2.5
mmol/l sodium pyruvate, and 5 pug/ml gentamycin and incu-
bated for 3 h. Cells depleted of CI~ were transferred to uptake
medium containing 20 mmol/l HEPES/Tris (pH 7.4), 72
mmol/l N-methyl-D-glucosamine-HCl, 48 mmol/l NaCl, 5
mmol/l KC], 2 mmol/l NaxH.PO,, I mmol/l CaCly, 1 mmol/l

160

[1=HCT
B +HCT

|

80

) f‘l
C '

Mock Normal 180K 849H

Na* uptake pmol/cell/20 min

Fig. 2. Thiazide-sensitive Na* uptake in Chinese hamster
ovary cells (CHO). CHO cells were transiently transfected
with empty (Mock), wild-type SLCI12A3 (Normal), or mutant
(180K and 849H) vector and analyzed for Na* uptake 36 h
after transfection as described in the Merhods section.
Uptake was assessed in the absence (white bars) or presence

" (solid bars) of 100 umol/l hydrochlorothiazide (HCT) in the

uptake medivm. Each bar represents the mean £SEM of four
wells from three different experiments (n=12). The mean
value of the 2Na* upiake in the presence of HCT was consid-
ered as a background value, and was subtracted from each
value in the absence of HCT. One way ANOVA indicated that
the values of the four groups were significantly different
(p<0.0001). Subsequent Tukey-Kramer's HSD test indicated
that the values of the 849H allele were significantly different
from those of the normal allele (p< 0.01).

MgSO,, 0.5 mmol/l ouabain, 100 pumol/l amiloride, 100
umol/l bumetanide, and 1 pCi/ml of Na* and incubated for
20 min at room temperature with or without 100 pmol/l
hydrochlorothiazide. Under these conditions, *Na* uptake
increased nearly linearly between 5 and 30 min of incubation
time. The uptake reaction was stopped by washing the cells
six times with ice-cold uptake medium. After the cells were
dissolved in 10% sodium dodecyl sulfate, tracer radioactivity
was determined by a y counter.

Immunoblotting

The CHO cells were harvested, suspended, and broken by
sonication in ice-cold buffer (0.32 mol/l sucrose, 5 mmol/l
Tris-HCI, pH 7.5, and 2 mmol/! EDTA). The cell lysate was
centrifuged at 3,000 x g for 10 min. Then the supernatant was
centrifuged at 100,000 x g for 1 h. The pellet was resus-
pended in buffer containing 5 mmo}l/! Tris-HCI, pH 7.5, and 2
mmol/l EDTA and used as the membrane fraction. The mem-
brane fraction was subjected to digestion with 0.25 unit of N-
glycosidase F (Roche Molecular Biochemicals, Mannheim,
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T180K L849H

T TK p LL LH p
N 3,510 106 3,534 82
Age 64.7+11.3 65.2£10.4 ns 6471113 62.6+10.6 0.09
BMI (kg/m%) 22.8£3.1 22.7%3.0 s 22.8+3.1 22.543.1 ns
SBP (mmHg) 129.3£19.7 132.1+19.6 ns 129.4£19.6 128.2+£18.2 ns
DBP (mmHg) 77.7£10.2 77.6£10.1 ns 77.8+£10.2 77.2%9.7 ns
ResSBP (mmHg) ~-0.1£194 2.4+17.6 ns 0.0£17.6 0.6+16.8 ns
ResDBP (mmHg) 0.0£9.7 0.1+£10.0 ns 0.0+9.7 -0.31£9.2 ns
HTN (%) 29.7 32.1 ns 29.9 29.3 ns
K (mmol/l) 4340.3 43403 ns 43103 4210.2 0.03
Mg (mg/dl) 2.5+0.4 2.5£0.4 ns 2.54£0.4 2.540.4 ns
U-pH 6.0+0.8 6.1+£0.9 ns 6.0+0.8 6.240.9 0.06

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; ResSBP, residuals of SBP adjusting for age and
BMI; ResDBP, residuals of DBP adjusting for age and BMI; HTN, prevalence of hypertension; K, serum potassium level; Mg, serum

Mg level; U-pH, urine pH. Values are expressed as meantSD.

Germany) for 12 h at 37°C. The reaction was terminated with
6 mmol/l Tris-HCl (pH 6.8), 1% SDS, | mmol/l DTT, and
boiling for 3 min, Samples were separated by SDS-PAGE and
electroblotted onto a PVDF membrane. The protein blot was
blocked with 5% nonfat dry milk in Tris-buffered saline (10
mmol/l Tris-HC], pH 7.5, 150 mmol/l NaCl) at room temper-
ature for 2 h. The blots were then probed with anti-V5 anti-
body (Invitrogen) diluted 1:2,000 in Tris-buffered saline for 2
h at room temperature, washed five times with Tris-buffered
saline, probed with horseradish peroxidase-conjugated sec-
ondary antibody in blocking buffer, and washed as before.
The signals were detected using an enhanced chemilumines-
cence Western blotting kit (Amersham Biosciences, Uppsala,
Sweden).

Study Population

The selection criteria and design of the Suita Study have been
reported previously (5—8). The genotypes of the T180K and
L849H mutations were determined by the TagMan™ method
in 3616 consecutive subjects enrolled between April 2002 and
March 2004, who gave their informed consent for genetic
analysis. The ethics committee of the National Cardiovascu-
lar Center approved the study protocol.

Statistical Analysis

Values are expressed as the mean+SD or the mean+SEM.
All statistical analyses were performed with the JMP statisti-
cal package (SAS Institute, Inc., Cary, USA). Residuals of
blood pressure values were calculated by adjusting for age
and body mass index (BMI). Residuals represent the differ-
ence between the actual blood pressure value for each obser-
vation and the value predicted on the basis of age and BMI.
For the ®Na* uptake assay, one way ANOVA followed by

Tukey-Kramer’s HSD test (p<0.01) was applied.

Results

Expression and Maturation of SLC12A3 in Tran-
siently Transfected CHO Cells

To assess the expression of wild-type and mutant SLCI2A3
protein transfected in CHO cells, membrane fractions were
subjected to Western blotting with polyclonal antibodies that
recognize the V5 tag. Bands of approximately 130 kD
appeared in the wild-type and the 180K and 849H mutants
(Fig. 1). The SLCI12A3 cotransporter is a glycoprotein. The
N-linked glycosylation of membrane proteins may play a role
in protein folding and membrane targeting (9). The effect of
glycosylation on the functional activity of SLC12A3 has been
described previously (/0). For determination of the matura-
tion of SLC12A3, membrane fractions were treated with N-
glycosidase F (PGNase F), which cleaves all types of N-gly-
cans. Bands of 130 kD nearly disappeared after treatment
with PGNase F, and digested proteins with a molecular size of
approximately 100 kD migrated (Fig. 1)}. These data demon-
strate that the wild-type and mutant SLC[2A3 cotransporters
are expressed as glycosylated proteins on the cell surface of
CHO cells.

Thiazide-Sensitive 2Na* Uptake in Transiently
Transfected CHO Cells

The functionality of the SLC12A3 cotransporter expressed in
CHO cells was determined by measuring thiazide-sensitive
Na* uptake. Figure 2 shows that **Na* uptake was signifi-
cantly increased in cells expressing the wild-type SLC12A3
cotransporter as compared with the corresponding mock-
transfected cells. Importantly, hydrochlorothiazide (100
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umol/}) reduced 2Na* uptake to the levels observed in mock-
transfected cells. Then, we investigated the **Na* uptake of
the mutant SLC12A3 proteins. As shown in Fig. 2, the *Na*
uptake of the 180K mutant SLCI2A3 protein was not
decreased as compared with that of the normal type. How-
ever, the *Na* uptake of the 849H mutant SLCI2A3 protein
was significantly reduced (p<0.01, one-way ANOVA fol-
lowed by Tukey-Kramer’s HSD test, compared to the normal
allele SLC12A3 protein) to almost none, although the mutant
protein was expressed at the cell surface (Fig. 1). Thus, it was
confirmed that the 1.849H mutation is a loss-of-function
mutation.

Characteristics of Heterozygous Subjects with
the L849H Allele

Once the L849H mutation was confirmed as a loss-of-func-
tion mutation, we reassessed the characteristics of subjects
with the L849H allele. Of the 3,616 subjects enrolled in this
study, 82 subjects were heterozygous with the L849H allele.
The allele frequency is 0.0113. Table 1 shows the characteris-
tics of these heterozygous subjects. The serum potassium lev-
els were slightly lower in the heterozygous subjects, and a
tendency of metabolic alkalosis (high urine pH) was also
observed in the heterozygous subjects. However, serum mag-
nesium levels and blood pressure levels were not lower in the
heterozygous subjects than in the wild-type subjects. Thus,
heterozygous subjects with the 849H allele did not seem to
exhibit mild GS features.

Discussion

We have previously reported that the combined allele fre-
quency for the reported GS mutations is 0.0321 (3). However,
almost all of the reported GS mutations were from case
reports without functional confirmation (2, 3). It is possible
that the reported mutations were simply polymorphisms and
the true mutations were in linkage with the polymorphisms in
the reported pedigree. Without functional confirmation, we
cannot neglect this hypothesis. Thus, in the present study, we
assessed the functionality of the two most prevalent muta-
tions, T180K and L849H, which are suspected to be responsi-
ble for GS.

Although the CHO cell is not a tubular cell that naturally
expresses the SLC12A3 cotransporter, we chose this cell line
for its high efficiency in transfection and its lack of intrinsic
activity of the cotransporter. Previously, the transporter activ-
ity has been assessed using a Xenopus oocyte system. How-
ever, the Xenopus ococyte is not a mammalian cell and may
have a different protein processing system. As shown in the
present study, the activity of the normal type SLCI2A3
cotransporter was reliably assessed in the CHO system.

The present study suggests that the T1 80K variation is sim-
ply a polymorphism and may not be responsible for GS.
Moreover, the T180K polymorphism resides in the second

transmembrane domain, and the polymorphism does not seem
to influence the hydropathy plot of the protein (data not
shown). There has been only one study in which the T180K
polymorphism (mutation) was reported to be responsible for
GS (41). The affected families were collected at Tokyo or
Tochigi (not specified in the paper). An unknown mutation in
linkage disequilibrium with this polymorphism may be
responsible for GS. This might be confirmed by re-sequenc-
ing the entire SLC/2A3 (including the promoter and intronic
regions) in the affected families.

On the other hand, the L849H mutation has been revealed
to be a loss-of-function mutation and appears to be responsi-
ble for GS. Moreover, this mutation has been reported to be
responsible for GS in at least three reports (//—13). Monkawa
et al. (11 reported that 1 of their 6 subjects with GS (from
Tokyo and Tochigi) was heterozygous for this mutation,
Fukuyama et al. (12) reported that 1 of their 7 GS subjects
(from Okinawa) was heterozygous for it, and Maki ef al. (13)
reported that 2 of their 8 GS subjects (from Akita) showed
compound heterozygosity for the mutation. This reproduc-
ibility further strengthens the hypothesis that the L849H
mutation is responsible for GS. The L849H mutation resides
in the carboxyl-terminal cytoplasmic region of the SLC12A3
protein. Although the function of this domain remains to be
clarified, four GS miutations (2543-2544 delTT, L849H,
R955Q, R1008X) have been reported in this domain in Japa-
nese. We have also confirmed that the R1008X mutation is
really a loss-of-function mutation (data not shown). Thus, this
carboxyl-terminal cytoplasmic domain seems to play impor-
tant roles in the functions of SLC12A3, although the precise
roles remain to be determined (/4).

The subjects heterozygous with the 849H allele did not
seem to exhibit mild GS features. However, it is possible that
those heterozygous subjects may mask GS features by com-
pensating for their tubular derangement by increasing their
sodium uptake, as reported by Cruz et al. (2), and may exhibit
GS features under a low sodium diet or diuretics administra-
tion. This awaits further investigation.
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Assessment of the MicroRNA System in
Salt-Sensitive Hypertension

Hiroaki NARABA®* and Naoharu IW AT*-#*

Most animal microRNAs are imperfectly complementary to their mRNA targets and inhibit protein synthesis
through an unknown mechanism. MicroRNAs have heen reported to play important roles in a numbetr of bio-
logical processes. We assessed the microRNA system in Dahl salt-sensitive rats in order to investigate pos-
sible roles of microRNA in salt-sensitive hypertension. We constructed microRNA libraries from the kidneys
of Dahl salt-sensitive and Lewis rats taking normal or high-salt diets (4 groups), and identified 91 previously
reported and 12 new microRNAs expressed in the kidney. We then used Northern blotting to assess the
expression levels of 118 microRNAs in the kidneys and heart ventricles. No significant differences in
microRNA expression profiles were observed among the 4 groups. Thus, the microRNA system seemed to
be unlikely to contribute to salt-sensitive hypertension in Dahl salt-sensitive rats. (Hypertens Res 2005; 28:

819-826)

Key Words: microRNA, hypertension, Dahl salt-sensitive rat, hypertrophy

Introduction

MicroRNAs constitute a growing class of non-coding RNAs
(I, 2). Most animal microRNAs are imperfectly complemen-
tary to their mRNA targets and inhibit protein synthesis
through an unknown mechanism (3). MicroRNAs have been
reported to modulate hematopoietic lineage differentiation
(4), adipocyte differentiation (5), insulin secretion (6) and
HIV-1 transcription (7), thus indicating that they could play
important roles in a number of biological processes. The high
degree of phylogenetic conservation of pre-microRNA
sequences also supports the importance of this biological sys-
tem (8).

Dahl salt-sensitive rats (DS) are one of the most prevalently
used animal models of salt-sensitive hypertension (9—/2).
Although more than 16 quantitative trait loci (QTLs) have

been identified in this model (/3), most of the genes responsi-
ble for hypertension have not yet been identified (/4). The
precise mechanism of the increased salt retention in the kid-
neys of DS remains to be elucidated (15, 16).

As described above, the microRNA system has been recog-
nized to play important roles in various biological processes.
It is thus possible that irregularities in this microRNA system
are involved in the pathogenesis of hypertension in DS. The
purpose of the present study was to address this hypothesis.

A microRNA cDNA library was constructed in order to
identify the major microRNAs expressed in the kidney. The
expression levels of more than 100 microRNA species were
then assessed in the kidneys of DS and Lewis rats (LW).
Moreover, mictoRNA expression profiles in the heart, one of
the target organs of hypertension, were also investigated. A
similar strategy has been employed by Poy et al. (6). They
have identified 67 different microRNAs in the miRNA library
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Table 1. MicroRNA (miRNA) Sequences Identified by Cloning from Kidney of Dahl Salt-Sensitive and Lewis Rats

LwW-* LW+ DS-¢ DS+
miRNA® Sequence (5" to 3')° -

No.clones* %  No.clones® %! No.clones % No.clones® %°
rno-let-7a ugagguaguagguuguauaguu 6 1.6 16 4.0 7 1.9 4 1.0
rno-let-7b ugagguaguagguugugugguu 17 4.5 8 2.0 20 5.6 9 2.4
mo-let-Tc ugagguaguagguuguanggul 12 32 10 2.5 17 4.7 8 2.1
rno-let-7d agagguaguagguugcauagu 3 0.8 2 0.6
rno-let-7e ugagguaggagguuguauagu 1 0.3 3 0.8
rno-let-7f ugagguaguagauuguauaguul 10 2.7 3 0.8 3 0.8 7 1.8
mmu-let-7g" ugagguaguaguuuguacagu 5 1.3 11 2.8 5 1.4 6 1.6
rno-let-7i ugagguaguaguuugugeu 1 03 3 0.8 1 0.3
rmo-miR-10a uacccuguagauccgaauuugug 8 2.1 11 2.8 7 1.9 6 1.6
rno-miR-10b uacccuguagaaccgaauuugu 5 1.3 3 038 7 1.9 4 1.0
mmu-miR-15af uagcagcacauaaugguuugug 5 1.3 3 0.8 2 0.6 4 1.0
ro-miR-15b uagcagcacaucaugguuuaca 1 0.3 I 03
rmo-miR-16 uagcagcacguaaauauuggeg 2 0.5 5 1.3 7 1.9 5 1.3
rno-miR-19b ugugcaaauccaugcaaaacuga 1 0.3 1 0.3
rno-miR-20 uaaagugcuuauagugeaggua | 0.3
rno-miR-21 uagcuuaucagacugauguuga 18 4.8 19 4.8 21 5.8 44 115
mo-miR-22 aagcugccaguugaagaacugu 1 0.3 1 0.3 1 0.3
rmo-miR-23a aucacauugccagggauuuce 1 0.3 3 0.8 1 0.3
rno-miR-23b aucacauugccagggauuaccac 1 0.3 3 0.8 1 0.3 1 0.3
rno-miR-24 uggeucaguucageaggaacag 6 1.6 4 1.0 8 22 6 1.6
rmo-miR-25 cauugeaculugucucggucuga 1 0.3 1 0.3
rno-miR-26a ulcaaguaauccaggauaggeu 6 1.6 5 1.3 8 2.2 6 1.6
rno-miR-26b uucaaguaauucaggauagguu 61 16.3 65 16.3 50 13.9 59 15.5
rmo-miR-27a uucacaguggcuaaguuccge 2 0.5 2 0.6 3 0.8
rno-miR-27b uucacaguggecuaaguicug 1 0.3 2 0.5 3 0.8 3 0.8
rno-miR-28 aaggagcucacagucuauugag 1 0.3
rno-miR-29a cuagcaccalucugaaaucgguu 21 5.6 32 8.0 17 4.7 26 6.8
rno-miR-29b uagcaccauuugaaaucagugu 14 3.7 19 4.8 6 1.7 14 37
rno-miR-29¢ uagcaccauliugaaaucgguua 9 24 7 1.8 8 2.2 9 2.4
rno-miR-30a-5p  uguaaacauccucgacuggaagc 5 1.3 6 1.5 8 2.2 3 0.8
rno-miR-30a-3p  cuuucagucggauguuugcage 1 0.3 8 2.0 l 0.3 2 0.5
rno-miR-30b uguaaacauccuacacucage 2 0.5 2 0.6 1 0.3
rno-miR-30c uguaaacauccuacacucucage 11 2.9 6 1.5 10 2.8 8 2.1
rno-miR-30d uguaaacauccccgacuggaag 5 1.3 1 0.3 3 0.8 3 0.8
rno-miR-30e uguaaacauccuugacugga 1 0.3 2 0.6 3 0.8
rno-miR-32 uauugcacauuacuaaguuge 2 0.5
rno-miR-33 gugcauuguaguugcauug 8 2.1 1 0.3 5 14 2 0.5
cel-miR-83" uagcaccauauaaatucaguaa 1 0.3 0.0
cel-miR-84" ugagguaguauguaauauugu l 0.3
rno-miR-92 uauugcacuugucccggeeug 2 0.5
rno-miR-96 uuuggcacuageacauuuuugeu { 0.3 1 0.3
rno-miR-98 ugagguaguaaguuguanuguu 1 0.3
rmo-miR-99%a aacccguagauccgaucuugug 2 0.6 1 0.3
rno-miR-99b cacccguagaaccgaccuugeg 2 0.5
rno-miR-101 uacaguacugugauaacugaag 6 1.6 7 1.8 4 1.1 5 1.3
rno-miR-101b uacaguacugugauageugaag l 0.3 1 0.3 1 0.3
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Table 1. (Continued)

rno-miR-103 agcagcauuguacagggeuauga 3 0.8 1 0.3 1 0.3
rno-miR-{06b uaaagugeugacagugeagau | 03

rno-miR-125a ucccugagacccuuuaaccugug 3 0.8 2 0.5 1 0.3 2 0.5
rmo-miR-125b ucccugagacccuaacuuguga 1 03 2 0.6 1 0.3
rno-miR-126 ucguaccglgaguaauaange 2 0.5 3 0.8 1 0.3 5 1.3
rno-miR-126* cauuauuacuuuugguacgeg 60 16.0 60 15.0 59 16.4 44 11.5
rno-miR-130a cagugcaauguuaaaagggc 2 0.5 3 0.8 1 0.3

rno-miR-130b ugcaaugaugaagguuau 1 0.3
rno-miR-135a uauggcuuuuvanuccuauguga 1 0.3

rno-miR-139 ucuacagugcacgugucu 1 0.3

rno-miR-140 agugguuuuacccuaugguag 2 0.5 i 0.3 2 0.6 3 0.8
rno-miR-142-3p  uguaguguuuccuacuuvaugga 5 13 7 1.8 2 0.6 18 47
rno-miR-142-5p  cauaaaguagaaagcacuac 6 1.6 3 0.8 5 1.3
rno-miR-143 ugagaugaagcacuguageuca 3 0.8 3 0.8 | 0.3 2 0.5
rno-miR-145 guccaguuuucccaggaaucccutl l 0.3 1 0.3

rno-miR-146 ugagaacugaauuccauggguu 3 0.8 7 1.8 5 1.4 10 2.6
rno-miR-150 ucucccaacccuuguaccagug 1 0.3

rno-miR-151%* ucgaggageucacagucuagua 1 03

mmu-miR-182"  uuuggcaaugguagaacucaca 1 03

rno-miR-183 uauggeacugguagaauucacug 1 0.3 1 0.3 l 0.3
rno-miR-185 uggagagaaaggcaguuc l 0.3
rno-miR-186 caaagaauucuccuuuugggeuu l 0.3 1 03
mmu-miR-189"  gugccuacugageugauaucagu 1 0.3
rno-miR-191 caacggaaucccaaaagcageu 1 0.3

rno-miR-192 cugaccuaugaauugacagec 2 0.5 3 0.8 2 0.6 3 0.8
rno-miR-193 aacuggccuacaaagucccag 4 1.1 4 1.0 2 0.5
rmo-miR-194 uguaacagcaacuccaugugga 2 0.5 1 0.3 2 0.6 I 03
rno-miR-195 uagcagcacagaaauauugge 1 0.3

rno-miR-196a uagguaguuucauguuguugg 5 1.3 4 1.0 3 0.8 1 0.3
mmu-miR-199a*" uacaguagucugcacauugguu 1 0.3 5 1.3 1 0.3 2 0.5
rno-miR-200a uaacactigucugguaacgaugu 13 35 6 1.5 8 2.2 5 1.3
rno-miR-200b cucuaauacugecugguaaugaug 2 0.5 2 0.5 1 0.3 l 0.3
rno-miR-203 gugaaauguuuaggaccacuag 1 03 1 0.3

rno-miR-206 uggaauguaaggaagugugugg 1 0.3

rno-miR-210 cugugcgugugacageggeug 1 0.3
rno-miR-214 acagcaggeacagacaggeag 2 0.6

rno-miR-218 uugugcuugaucuaaccaugu 3 0.8 2 0.5 [ 0.3 3 0.8
rno-miR-223 ugucaguiugucaaauacece l 0.3

rno-miR-301 cagugcaauaguauugucaaageau 2 0.5 1 0.3

rno-miR-322 aaacaugaagcgeugeaaca 1 0.3 1 0.3 { 03
rno-miR-324-3p  ccacugecccaggugeugeugg 1 0.3
rmo-miR-338 uccagcaucagugauuuuguuga 1 0.3

mo-miR-342 UCUCacacagaaaucgcacccguce | 0.3 2 0.5
mo-miR-345 ugeugaccccuaguccaguge 1 0.3

rmo-miR-351 ucccugaggageccuuugagecug | 0.3

Total 374 100 399 100 359 100 381 100

“miRNA genes are named according to the miRNA Registry from the Sanger Institute (http:/www.sanger.ac.uk/Software/Rfamy/), *The
Jongest representative from each miRNA sequence is presented. “Number of clones found in each library. “Percentage of clones in each
library. *Dahl salt-sensitive (DS) and Lewis rats (LW) were fed 2 0.2% (~) or 8% (+) NaCl diet. 'No homologous sequences were found in
rat miRNA Registry, but identical sequences are present in other organisms (mouse, mmu; C. elegance, cel).
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form murine pancreatic B-cell line MING and murine pancre-
atic a-cell line TC1. And one of them, the islet-specific miR-
375 (miR means microRNA), has been found to be involved
in insulin secretion (6).

Methods

Animal Studies

DS and LW rats were obtained from Charles River Laborato-
ries (Yokohama, Japan) and Oriental Yeast, Co., Ltd. (Tokyo,
Japan), respectively. Rats were weaned at 4 weeks of age and
then fed a 0.2% or 8% NaCl diet (Oriental Yeast, Co., Ltd.)
for a period of 9 weeks (/4, 17). We compared the expression
levels in DS and LW, since we have previously performed
genetic linkage analyses in the F2 rats derived from DS and
LW (14). All rats were killed by cervical dislocation follow-
ing a brief period of ether anesthesia, and the kidneys and
hearts were rapidly removed. Total RNA was extracted from
the kidneys and the left ventricles using Trizol reagent (Invit-
rogen, Carlsbad, USA). The present study was conducted in
accordance with current guidelines for the care and use of
experimental animals of the National Cardiovascular Center.

Cloning of MicroRNAs

Cloning of microRNAs was essentially performed as
described by Lagos-Quintana et al. (/8). Total RNA (500 pg)
was separated on a 15% denaturing polyacrylamide gel and
RNA fractions of between 18 and 25 bases were selected. A
5’-phosphorylated 3’-adaptor oligonucleotide (5"-pUUUaac
cgegaattccagx: uppercase, RNA; lowercase, DNA; p, phos-
phate; x, 3’-Amino-Modifier C-7; Integrated DNA Technolo-
gies, Inc., Coralville, USA) and a 5"-adaptor oligonucleotide
(5"-acggaattcctcactAAA: uppercase, RNA; lowercase, DNA)
were directionally ligated to the small RNAs. Adaptor-ligated
RNA was amplified by reverse transcription and polymerase
chain reaction (RT-PCR) with a 3’-primer (5'-CAGCCAA
CAGGCACCGAATTCCTCACTAAA) and a 5 -primer (5'-
GACTAGCTTGGTGCCGAATTCGCGGTTAAA).  Poly-
merase chain reaction (PCR) products were then digested
with Banl and concatamerized using T4 DNA ligase. Concat-
amers ranging in size from 500 to 1,600 bp were separated on
agarose gel and directly ligated in a pCR3.1-TOPO vector.
Plasmid inserts were amplified by PCR using primers to vec-
tor sequences and were subjected to direct sequencing.
Sequences from cloned microRNAs were grouped by
sequence identity, and compared with a public database, the
microRNA  registry  (http://www.sanger.ac.uk/Software/
Rfam), in order to identify the clones. Unknown sequences,
including sequences homologous to particular microRNAs,
were searched using the Basic Local Alignment Sequence
Tool (BLLAST) algorithm, available at the National Center for
Biotechnology Information (NCBI). The flanking sequences
of the novel microRNAs were used to predict the secondary

structure with the RNAfold program of the Vienna RNA
package (http://www.tbi.univie.ac.at/). All of the novel
microRNAs were submitted to the microRNA Registry web-
site for official annotation.

Northern Blot Analysis

Fractionated total RNA was transferred to a Zetaprobe mem-
brane (Biorad, Hercules, USA) and cross-linked to the mem-
brane by UV irradiation. The resulting blots were then probed
with StarFire probes corresponding to various microRNAs,
which were labeled with [o-*P]dATP. Prehybridization and
hybridization were carried out as described previously (8).
Equal amounts of RNA from the five rats in each group were
pooled and these samples (10 1g) were used for first screen-
ing. We assessed the expression levels in the four groups: DS
with high-salt diet (DS+), DS with normal-salt diet (DS-),
LW with high-salt diet (LW +), and LW with normal-salt diet
(LW-). When there was an apparent difference in expression
among the four groups, the expression levels were reassessed
with other Northern strips. Since the expression levels of sev-
eral microRNAs (miR-30c, miR-151%, miR-214, miR-223,
miR-322, Can-1, Can-7) were reconfirmed to differ among
the four groups, the expression levels of these microRNAs
were assessed in individual rats (n=5).

Results and Discussion

If the microRNA system were involved in the pathogenesis of
hypertension, some microRNAs would be differentially
expressed in the kidneys of hypertensive and normotensive
rats. We initially investigated the microRNAs that were abun-
dantly expressed in rat kidneys by constructing microRNA
libraries. Four microRNA libraries were constructed from a
DS given a high-salt diet (DS+), a DS given a normal diet
(DS-), an LW given a high-salt diet (LW +) and an LW given
a normal diet (LW-). About 400 tags for microRNAs were
sequenced and identified in each library, as shown in Table 1.

We identified 84 previously reported microRNA species
and 7 microRNAs that have not been reported in rats (mmu-
let-7g, mmu-miR-15a, cel-miR-83, cel-miR-84, mmu-miR-
182, mmu-miR-189, mmu-miR-199a*). We also identified 12
possible microRNA species, designated candidates (Can) 1 to
12 (Table 2). All of these new microRNA sequences were
found in the rat genome. The sequences surrounding these
potential microRNAs showed a stem-loop structure, which is
a prerequisite for microRNA processing. Moreover, expres-
sion of these possible microRNAs was confirmed by North-
ern blotting (Fig. 1). Some species of microRNA (miR-21,
miR-26b, miR-29a, miR-126*) were abundantly expressed
(>5%) in the kidney. The number of tags corresponding: to
miR-21 in the DS+ rat seemed to be larger than those in the
other rats. Although the Northern blot analysis confirmed that
the expression level of miR-21 in this DS+ rat was indeed
higher than that in the other rats, this was not consistently



Table 2. Candidate MicroRNAs (miRNAs)
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Temporlary Sequence (5 to 3¢ Harpin precursor® MNorthern”
name*  LW- LW+ DS~ DS+ Rat Human Mouse
~C u guuacc
Can-1 6 I acuggacuuggagucagaaggc 5'gggcu cugacuccaggucc gugu u 18 5 18 +
3'uccgg  gacugagguucagg cacg c
aa u auaaag
a 2aa guauu
Can-2 3 2 cagcagcaauucauguauugga 5ugcagg gc  uucauquuuudgga g X X X +
3’acqgucg cg aaguacaaaacuu c
- ggaac
au c u
Can-3 - 2 auauaauacaaccugcuaagug 5‘augg auaauacaac udgcuaagugu X X X +
3'uguu  uauuauguug acgauwucacg u
au c a
u g a - g
Can-4 1 | gucaacacuugcugguuuce 5'ag gggggagccag aagu uugauguu  ucu ¢ X X X +
3’uc cuccuuuggue uuca aacugcega dgga ¢
u q c w -
u ua a gcuccu ¢
Can-5 { 1 uuaagacuugcagugauguuu 5'gc gu agacuuge gugauguuua c 3 20 2 +
3’cg cg ucugaacyg cacuacaagu u
u ug a guaccu
5'cu uce ¢ gucu
Can-6 - | ugaccgauuucuccugguguuce gaccgauuuc — ugguguu aga g 13 1 12 +
uuggcuaaag — accacga ucu u
3ua uuu - guuu
a a
Can-7 i 1 aaaccguuaccauuacugag 5’agg aaccguuaccauuacug g 10 17 11 +
3'ucu uugguaaugguaaugau u
o] u
5’cu - a
Can-8 - ~ uauucauuuacuccccagccua ggcugggga aaauga = auagaaa c 13 1 1 +
ccgaccccu  uuuacu uaucuua a
3'an ca ——— uu
a~ ug uuua
Can-9 - ~ aaucauucacggacaacacuu 5’aagaga guuguucgugg —gauucge c 6 14 12 +
3'uuuuuu  caacaggcacu  cuaagea u
ca ua gugu
a- -— - uac  ac
Can-10 -~ | cagcagcacacugugguuugua 5'cc g agcac ac  ugqugguuug gge u 10 17 11 +
3'gg cg uuguggug acaccaaac ceg g
ag aga ue cugca  gu
- a u ccu
Can-11 -~ 1 aguucuucaguggcaagcuuu  5’'aguaguucuucag uggca gcuuua gu g 10 17 11 +
3'uugucaagaaguu accgu cgaaau cg a
: g - - accc
au ¢ ug cugga
Can-12 10 5 uaauacugucugguaaugecogu 5'gg  gu uuaccagaca guuagau u S - 4 +
3cu  cg aauggucugu uaaucug g
gc u ca ucuau

“miRNA candidates that were newly identified in this study are listed. *"Number of clones found in each library. ‘Lewis (LW) or Dahl
salt-sensitive rats (DS) were fed a 0.2% (=) or 8% (+) NaCl diet. “The longest representative from each miRNA sequence is presented.
“Predicted structures of miRNA precursors. The miRNA sequences are underlined. "Chromosome number locating miRNA precursors
are presented. *All miRNA candidates were detected by Northern blotting.
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