Fig. 2 Differing abilities of
26N- and 26T-lymphotoxin-x
(LTA) to induce mRNA
expression of adhesion
molecules (Ozaki et al. 2002).

Relative mRNA levels are 25
indicated for a VCAMI and
b SELE in HCASMC following 5 o0bk
treatment of each cell with ‘
medium only (white bars). 26T-
LTA (gray bars) or 26N-LTA i5 |
(black bars) (20 ng/ml) for 4 h.
The figure is taken from Ozaki % jo0 bk
et al. (2002) -
T
0
none

Idertification of galectin-2 as a binding partner of LTA

After identification of L7'4 as a novel genetic risk factor
for myocardial infarction, we searched for proteins that
interact with LTA, to better understand the role of LTA
in the pathogenesis of this disease. With both the E. Coli
two-hybrid system and phage display method, we could
identify a protein, galectin-2, as a binding partner of
LTA (data not shown). We purified both recombinant
proteins raised by bacterial expression system, and direct
binding between galectin-2 and LTA was tested using in
vitro binding assay. As shown in Fig. 3a, galectin-2
bound directly to recombinant LTA. We further exam-
ined whether the interaction took place in mammalian
cells with constructs encoding FLAG-tagged LTA and
S-tagged galectin-2. Western blot analysis showed that
galectin-2 was co-immunoprecipitated with LTA
(Fig. 3b). Using antibodies that specifically recognize
each protein. we also investigated subcellular localiza-
tion of endogenous galectin-2 and LTA proteins in U937
cells and found that these proteins co-localize in the
cytoplasm (Fig. 3c).

Association of intron 1 SNP in L£4L52
with myecardial infarction

Since galectin-2 was shown to bind to LTA, we next
examined whether the variation(s) in LGALS?2 (encoding
galectin-2) were also associated with susceptibility to
myocardial infarction. By re-sequencing of the LGALS2
genomic region using 32 MI samples, we found 17 SNPs
(Table 5). We then compared genotype frequencies of
approximately 600 individuals with MI and 600 controls
for these SNPs and found one SNP (3279C >T) in in-
tronl of LGALS2 showed significant association with
MI (Table 5). No particular haplotype showed higher
statistical significance for association with MI than the
significant SNP alone. We further confirmed this asso-
ciation by increasing the number of samples up to 2,302
for patients with M1 and 2,038 for controls. Since minor
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allele frequency of the SNP was lower in the group of
patients {Table 6), we concluded that the minor variant
has a protective role against the risk of MI. To examine

b

S-tagged LTA
FLAG-tagged galectiri-2
IP; FLAG, WB; S-protein
Lysate, WB; S-protein
Lysate, WB; FLAG

S-tagged galectin-2
FLAG-tagged LTA

IP; FLAG, WB;S-protein
Lysate, WB; S-protein
Lysate, WB; FLAG

é% 4~galectin-2

galectin-2 LTA merge

Fig. 3a—c Lymphotoxin-z (L7A) binds to galectin-2 (Ozaki et al.
2004). a In vitro binding assay. b Co-immunoprecipitation of
tagged LTA and galectin-2 in COS7 cells. For immunoprecipitation
(IP) and western blot (WB). anti-FLAG tag antibody agarose and
S-protein horseradish peroxidase (S-prorein) were used. respec-
tively. ¢ Co-localization of endogenous LTA with galectin-2 in
U937 cells. Bortom panels are enlarged images of representative
cells in the upper panels. The figure is taken from Ozaki et al. (2004)
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Table 6 Association of a single nucleotide polymorphism (SNP) in
LGALS?2 with myocardial infarction (MI)

Genotype Ml Control Allele C versus allele T
zz Odds ratio
(P value) (95% CI)

Intron 1 3279C>T*

CcC 1.077 (46.8%) 856 (42.0%) 22.1 1.57

CT 1,014 (44.0%) 903 (44.3%) (0.0000026) (1.30-1.90)

TT 211 (9.2%) 279 (13.7%)

Total 2.302 (100%) 2.038 (100%)

“Nucleotide numbering is according to the mutation nomenclature
(den Dunnen and Antonarakis 2000)
The table is taken from Ozaki et al. (2004)

whether the intronl SNP in LGALSZ would affect its
expression level, we constructed reporter plasmids with a
genomic fragment containing the SNP in the down-
stream of a luciferase gene and SV40 enhancer sequence.
The clone containing 3279T allele showed two-fold less
transcriptional activity than clones containing the 3279C
allele and vector only (Fig. 4 a, b), indicating that
the substitution repressed the transcriptional level of
galectin-2.

Function of galectin-2 protein

Although galectin-2 was thought to be a member of the
carbohydrate-binding lectin family based on sequence
similarity (Gitt et al. 1992), its function was largely un-
characterized. As several members of the galectin family
are known to be secreted (Hughes 1999), we first inves-
tigated the possibility of whether galectin-2 was also
secreted, using HelLa or HepG2 cell lines transfected
with C-terminal FLAG- or N-terminal Myc-tagged
galectin-2 expression vector. However, we could not
detect galectin-2 in culture media after transfection for
24 and 48 h, even by concentrating the FLAG- or Myc-
tagged protein using the corresponding anti-tag anti-
body agaroses (Fig. 4c, d), indicating that galectin-2
predominantly functions as an intracellular protein, al-
though this remains to be clarified using stably trans-
formed cell lines. Since susceptibility to SNP in LZGALS2
was shown to affect expression level of galectin-2, we
hypothesized that intracellular amounts of galectin-2
might regulate the secretion level of LTA, thus influ-
encing the degree of inflammation. To clarify this, we
examined changes in the secreted level of LTA caused by
quantitative alteration of galectin-2, using siRNA tech-
nique. One siRNA for galectin-2 was shown to specifi-
cally repress ~80% of galectin-2 mRNA (Fig. 4e) and to
significantly inhibit the secretion of LTA (Fig. 4f). As
shown in Fig. 4g, LTA mRNA level did not change by
knockdown of galectin-2.

To investigate the regulatory mechanism of LTA
secretion by galectin-2, we searched for intracellular
molecules that associate with galectin-2 using the tan-
dem affinity purification (TAP) system (Rigaut et al.
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Fig. 4a—g Function of the single nucleotide polymorphism (SNP)
in LGALS2 associated with myocardial infarction (M) (Ozaki
et al. 2004). a. b Transcriptional regulatory activity of intron 1 SNP
of LGALS2 in HeLa (a) and HepG?2 (b) cells. ¢. d Unlike galectin-1
(c). galectin-2 (d) was not a secreted protein. e-g Inhibition of
galectin-2 expression. Levels of galectin-1 or galectin-2 mRNA
(e). supernatant lymphotoxin-«( LT 4) protein (f). and LTA mRNA
(g) after 48 h of transfection with siRNA vectors. The figure was
partly cited from Ozaki et al. (2004)

1999). We identified two specific bands that could
be seen only when the galectin-2-TAP tag was
expressed (Fig. 3a). Based on a MAILDI/ToF mass
spectrometry analysis, the two bands were identified as
o- and f-tubulins, both constituting microtubules. Using
FLAG-tagged galectin-2 transfected Hela cells, we
confirmed co-immunoprecipitation of endogenous
tubulins (Fig. 5b). Interestingly, we also found that the
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Fig. Sa—¢ Galectin-2 interacts with microtubules (Ozaki et al.
2004). a Isolation of tandem affinity purification (TAP)-tagged
galectin-2 and interacting proteins. Arrowheads indicate a- and p-
tubulins. revealed by MALDI/ToF mass spectrometry analysis.
b Co-immunoprecipitation of endogenous z-tubulin with FLAG-
tagged galectin-2 or lymphotoxin-x (L7 4). Immunoprecipitations
were done using anti-FLAG M2 agarose. and immunoprecipitates
were detected using anti x-tubulin antibody (upper panel) or anti-
FLAG antibody (lower panel). FLAG-tagged LacZ encoding f-
galactosidase was used as a negative control. ¢ Co-localization of
endogenous z-tubulin with endogenous galectin-2 or lymphotoxin-
o (LTA) in U937 cells. The figure is taken from Ozaki et al. (2004)

endogenous tubulins were also co-immunoprecipitated
with LTA (Fig. 5b). Images from serial confocal sections
of double-immunostained U937 cells revealed that
galectin-2 and o-tubulin co-localized as reticular fila-
mentous networks developed in the cytoplasm (Fig. 5¢).

Recently, microtubule cytoskeleton networks have
been implicated in the subcellular movements of some
proteins including glucose transporter isoform (GLUT4)
or thiamine transporter (THTRI) (Liu et al. 2003;
Subramanian et al. 2003). Itis likely that LTA is another
molecule that uses the microtubule cytoskeleton net-
work for translocation, and galectin-2 mediates LTA
trafficking through binding to microtubules. although
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Fig. 6 Hypothetical roles of SNPs in LTA (upper panel) and
LGALS2 (lower panel) in inflammatory process in the pathogenesis
of myocardial infarction (M)

the precise role of galectin-2 in this trafficking machinery
complex has yet to be elucidated (Fig. 6).

QOther genetic association studies on i

By searching the OMIM (Online Mendelian Inheritance
in  Man;  http://www.ncbi.nlm.nih.gov/entrez/quer-
y.fcgi?’db=0MIM) database with the keyword “‘myo-
cardial infarction,” one can find 132 distinct entries
related to this disease. Most of the loci were examined
using a small-scale patient group, thus indicating the
fragility of their association results. However, even with
those that examined a large number of patients, there is
scarcely a follow-up study to confirm the association
with this disorder. It might be conceivable that the next
step should be a prospective confirmatory study and/or
meta-analysis.

olecular analyses on Ml regarding inflammation

There have been studies that reported the importance of
inflammation in the pathogenesis of this disorder. For
example, rupture of atherosclerotic plaques occurs pre-



dominantly at the edges of the fibrous cap. an area of
accumulated inflammatory cells in close proximity to
vascular smooth-muscle cells and endothelial cells (Galis
et al. 1994; Jonasson et al. 1986; Kaartinen et al. 1994,
1996; van der Wal et al. 1994). Activated inflammatory
cells stimulate their neighboring cells to erode the
extracellular matrix through the release of inflammatory
cytokines, and decay of the framework forming the pla-
que cap leads to plaque rupture (Galis et al. 1994; Ka-
artinen et al. 1996). Also, a recent report demonsirated
that LTA was expressed in atherosclerotic lesions in mice
and that loss of LTA reduced the size of those lesions; on
the other hand, loss of TNF did not alter development of
lesions in mice fed an atherogenic diet (Schreyer et al.
2002). These implied that LTA, as one of the mediators
of inflammation, along with galectin-2 as a regulator of
LTA secretion, might play an important role in the
pathogenesis of MI.

Conclusions

Through a large-scale case-control association study
using SNPs, we found two SNPs in LT4 confer risk of
MI; onein LGALS2, encoding a binding protein of LTA
protein, was also associated with M1, With these two
association results as well as recent molecular studies on
MI, we believe inflammation, and especially the LTA
cascade, may play a pivotal role in the pathogenesis of
MI. It is worth noting that these findings initially came
from a hypothesis-free, large-scale SNP association
study. This indicates the potent power of this kind of
study to identify an anchoring point for pathogenesis,
and that for further understanding. combination of a
search for a binding partner of the encoded protein and
a subsequent genetic analysis might also be powerful. It
is also possible that a common final pathway that
emerges as inflammation is present in the pathogenesis
of M1, and due to these characteristics, identification of
genetic risk factors of this clinically heterogeneous dis-
order was relatively easy. Needless to say. this is a
speculation and needs to be clarified.

CAD attributable to atherosclerosis is a leading cause
of death for both men and women in many countries
(Breslow 1997; Braunwald 1[997). We believe that
knowledge of genetic factors contributing to the patho-
genesis of MI will lead to improved diagnosis, treatment
and prevention for the patients.
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Abstract

Although previous epidemiologic studies have suggested an association between the onset of myocardial infarction (MI) and some genetic
variations, the impact of these variants on recurrent cardiovascular events after MI has not been fully elucidated. We genotyped 87 polymor-
phisms of 73 atherosclerosis-related genes in consecutive acute MI patients registered in the Osaka Acute Coronary Insufficiency Study and
compared the incidence of death and major adverse cardiac events (MACE) among the polymorphisms of each gene. After initial screening
in 507 patients, we selected nine polymorphisms for screening in all 1586 patients. Multivariate Cox regression analysis revealed that G allele
carriers at the position 252 of the lymphotoxin alpha (LTA) gene were independently associated with an increased risk of death (hazard ratio
[HR]: 2.46; 95% CI: 1.24-4.86). In conclusion, a 252G allele of LTA is associated with an increased risk of death after AMI and may be a

useful genetic predictor.
© 2005 Published by Elsevier Ireland Ltd.

Keywords: Myocardial infarction; Polymorphism; Lymphotoxin alpha; Prognosis

1. Introduction

Myocardial infarction {(Ml) has become one of the leading
causes of death around the world. Previous epidemiologic
studies have identified certain risk factors related to the onset
and prognosis of MI, such as diabetes mellitus, hyperten-
sion, hyperlipidemia and smoking. Today, attention is being
focused on genetic susceptibility to MI and identification of
some genomic markers may provide additional information
to the standard risk factor profile as well as some insights into

* Corresponding author. Tel.: ~81 6 6879 6612; fax: +81 6 6879 6613.
E-mail address: satoz@medone.med.osaka-u.ac jp (H. Sato).
! The investigators are listed in Appendix A.

0021-9150/S ~ see front matter © 2005 Published by Elsevier Ireland Ltd.
doi: 10.1016/j.atherosclerosis.2005.06.020

the underlying pathology. We have reported an association
between the functional variant of lymphotoxin alpha [1] or
galectin-2 [2] and susceptibility to M1 in a case-control study
as well as others {3,4]. Although these polymorphisms may
be useful genomic markers for distinguishing high-risk sub-
jects from an entire cohort, it does not necessarily mean that
these polymorphisms have the same utility to predict recur-
rent events after MI because there may be different mech-
anisms for the initial and recurrent cardiovascular events.
Accordingly, to determine genetic predictors by performing
a prospective observational study on a cohort of MI survivors
may provide useful information for the genetic identification
of high-risk patients after MI, leading to an improved prog-
nosis.
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In this study, we therefore evaluated the influence of 73
candidate genes, which were selected on the basis of an
overview of vascular biology, inflammation, and coagulation
and fibrinolysis, as well as lipid and glucose metabolism and
other metabolic factors, on recurrent events after MI.

2. Methods
2.1. Patients

Among 3788 consecutive Japanese patients with acute
myocardial infarction who were registered in the Osaka Acute
Coronary Insufficiency Study (OACIS) from April 1998 to
April 2004, 1586 survivors who gave written informed con-
sent for data collection, blood sampling and genotyping
were included in this study. Details of the Osaka Acute
Coronary Insufficiency Study have been reported [5,6].
Briefly, all patients were prospectively registered immedi-
ately after the diagnosis of acute MI, based on their symp-
toms, electrocardiographic findings and release of cardiac
enzymes. The study protocol complied with the Guidelines
for Genome/Genetic Research issued by the Japanese govern-
ment and was approved by the institutional ethical committee.

2.2. Selection of polymorphisms

Using public databases such as PubMed, we selected 87
polymorphisms of 73 candidate genes that have been reported
to be potentially associated with atherosclerosis, vascular
inflammation, coagulation and fibrinolysis and standard risk
factors such as diabetes mellitus, hypertension and hyperlipi-
demia (Table 1).

2.3. Genotyping of polymorphisms

Venous blood was collected from each patient into
tubes containing 50 nmol/L of EDTA and genomic DNA
was extracted with a kit (Qiagen Hilden, Germany). The
genotypes of the 87 polymorphisms were determined with
a fluorescence- or colorimetry-based allele-specific DNA
primer probe assay (Toyobo Gene Analysis, Tsuruga, Japan).
The regions showing polymorphism were amplified by the
polymerase chain reaction (PCR) with primers previously
described elsewhere [1,7-15]. The reaction mixture (25 pl)
contained 20 ng of DNA, 5 pmol of each primer, 0.2 mmol/L
of each deoxynucleoside triphosphate, 1-4 mmol/L of mag-
nesium chloride and 1 U of DNA polymerase (rTaq or KIO-
plus, Toyobo) in the corresponding DNA polymerase buffer.
The amplification protocel comprised initial denaturation,
35-45 cycles of denaturation at 95 °C for 30 s, annealing at
55-65°C for 30s and extension at 72 °C for 30s, followed
by final extension at 72 °C for 2 min.

To detect the genotype by means of fluorescence,
amplified DNA samples were incubated with streptavidin-
conjugated magnetic beads in 96-well plates at room

temperature. The plates were placed on a magnetic stand and
the supernatants were harvested and transferred to the wells of
a 96-well plate containing 10 mmol/L of sodium hydroxide.
Then, fluorescence was assessed at excitation and emission
wavelengths of 485 and 538 nm, respectively, for fluorescein
isothiocyanate, or 584 and 612 nm, respectively, for Texas
red. To determine the genotype by colorimetry, amplified
DNA samples were denatured with 0.3 mmol/L of sodium
hydroxide and subjected to hybridization at 37 °C for 30 min
in hybridization buffer containing 30-45% formamide with
each of two allele-specific capture probes fixed to the bot-
toms of the wells of a 96-well plate. After thorough washing
of the wells, alkaline phosphatase-conjugated streptavidin
was added to each well and the plate was incubated at 37 °C
for 15 min with agitation. The wells were again washed and
after the addition of a solution containing 0.8 mmoVl/L of 2-
(4-iodophemyl)-3-(4-nitrophnyl)-5-(2,4-disulfophenyl)-2H-
tetrazoliumn (monosodium salt) and 0.4 mmol/L of 5-bromo-
4-chloro-3-indolyl phosphate p-toluidine salt, the absorbance
of the samples was assessed at a wavelength of 450 nm.

The accuracy of genotyping with this method was con-
firmed by restriction fragment length polymorphism analysis
or by twice performing direct DNA sequencing of the PCR
products of 50 randomly selected DNA samples. In each
instance, the genotype determined by the allele-specific DNA
primer probe assay system was identical to that determined
by the other methods.

2.4. Data collection, follow-up and association studies

Research cardiologists and trained research nurses
recorded data concerning sociodemographic variables, medi-
cal history, therapeutic procedures and clinical events during
the patient’s hospital stay. Information was obtained from
the hospital medical records and by direct interview with the
patients, their families and the treating physicians. After writ-
ten informed consent to enter the OACIS was obtained from
each patient, all in-hospital data were transmitted to the data
collection center for processing and analysis. For patients
who were discharged alive, follow-up clinical data concern-
ing subsequent cardiac events were obtained at 3, 6 and 12
months after the onset of AMI and annually thereafter. The
data were obtained from the research outpatient clinic or, in a
few instances, by verbal or written contact with the patient’s
physician, the patient, or family members. The incidence
of death, the incidence of death plus non-fatal MI and the
incidence of major cardiac events (MACE) were compared
among the different polymorphisms. MACE was defined as
death from any cause, myocardial infarction, unstable angina
and revascularization (including target vessel revasculariza-
tion, percutaneous coronary intervention for vessels other
than the primary target vessel and coronary artery bypass
grafting).

To evaluate the association between the various poly-
morphisms and the outcome after MI, we first performed
a screening study using 87 polymorphisms of 73 candidate
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Table 1

The 87 polymorphisms examined in the screening study

Gene Polymorphism Gene Polymorphism
Adenosine monophosphate deaminase 1 C34T Interleukin-13 G4166A (Argll0GIn)
Adiponectin G276T Interleukin-18 C—607A
Adiponetcin C383T (Argli2Cys) Interleukin-18 G-137C

Alpha estrogen receptor T397C Interleukin-4 receptor alpha A398G (lle50Val)
Angiotensin H receptor type | A1166C Interleukin-6 G—174C
Angiotensinogen T704C (Met235Thr) Interleukin-6 C—634G
Apolipoprotein E T3932C (Cysl2Arg) Leptin C—1887A
Apolipoprotein E C4070T (Argl58Cys) Lymphotoxin alpha A252G
ATP-binding cassette transporter ABCC6 C3421T (Argl141 stop) Lymphotoxin alpha C804A (Thr26Asn)
Atrial natriuretic peptide C708T Matrix Gla Protein G—7A

Beta2 adrenergic receptor A46G (ArgloGly) Metalloproteinase-12 (macrophage elastase) A—82G

Beta2 adrenergic receptor C79G (GIn27Glw) Metalloproteinase-7 (matrilysin} promoter A-—181G

Beta2 adrenergic receptor C491T (Thrl64lle) Metalloproteinase-7 (matrilysin) promoter C—153T

Beta3 adrenergic receptor T190C (Trp64Arg) Metalloproteinase-9 (gelatinase B) C—-1562T

CC chemokine receptor G190A (Val64dlle) Methylenetetrahydrofolate reductase C677T (Ala222Val)
CDI18 C1323T Microsomal triglyceride transfer protein G—-493T
Cholesterol ester transfer protein G1200A (Argd51GIn) Monocyte chemoattractant protein 1 G-2518A
Coagulation factor V G1691A (Arg506Gin) Myeloperoxydase G—463A
Coagulation factor X1 C46T Neuropeptide Y T1128C (Leu7Pro)
C-reactive protein G1059C p22phox C242T (His72Tyr)
Depamine D2 receptor C1097G (Ser311Cys) Paraoxonase A220T (MetS5Leu)
Early growth response protein-1 C-151T Paraoxonase A632G (GInl92Arg)
Endothelial nitric oxide synthase T~786C Peroxisome-proliferator—activated receptor-alpha C256G (Leul62Val)
Endotheline-1 G5665T (LysI98Asn) Peroxisome-proliferator—activated receptor-gamma  C34G (Prol2Ala)
E-selectin A561C (Serl28Arg) Plasminogen-activator inhibitor type 1 4G—668/5G
E-selectin G98T Prothrombin G20210A
Flactalkine receptor G84635A (Val249lle) P-selectin AT76666C (Thr715Pro)
Ghrelin C247A (Leu72Met) Receptor for advanced glycation end products GS57A (Gly82Ser)
Glutamate-cysteine ligase modifier subunit  C—588T Receptor for advanced glycation end products T~429C

Glycogen synthase A1426G (Metd16Val) Resistin ATG repeat
Glycoprotein la A1648G (Lys505Glu) Scavenger receptor Bl G4A (Gly2Ser)
Glycoprotein Ia C807T Scavenger receptor Bl G403A (Vall35ile)
Glycoprotein Ia G873A Serotonin receptor 2A T102C
Glycoprotein Ila C1565T (Leu33Pro) Soluble epoxide hydrolase G860A
Glycoprotein VI T13254C (Ser219Pro) Soluble epoxide hydrolase Arg402-403ins in exonl3

Heme oxigenase-1

Hepatic lipase

Human platelet antigen-2
Intercellular adhesion molecule-1
Interleukin-1 alpha

Interleukin-1 receptor antagonist
Interleukin-10

Interleukin-10

GT repeats in promoter
C—480T

C1018T (Thrl45Met)
G1462A (Glud469Lys)
C—889T

Tandem repeat in intron2
G-1082A

T-819C

Thrombomodulin

G—33A

Thrombopoietin AS713G
Thrombospondin 1 A2210G (Asn700Ser)
Thrombospondin 4 G1186C (Ala387Pro)
Toll-Like Receptor 2 C2029T (Arg677Trp)
Transforming growth factor beta 1 T29C (LeulOPro)
Tumor necrosis factor alpha G~—308A

Vascular endothelial growth factor C—634G

von Willebrand factor G—-1051A

Minus signs indicate the number of nucleosides upstream from the transcription-initiation site. For non-synonymous polymorphisms, the resulting amino acid

change is shown in parentheses.

genes in 507 patients who were randomly selected from the
total study population. This revealed nine polymorphisms
that were related to recurrent events. Then, a large-scale study
was performed to assess the association between these nine
polymorphisms and recurrent events after Ml in all 1586
patients.

2.5. Swatistical analysis
Discrete variables were expressed as counts or percentages

and were compared with the x”-test. Continuous variables
were expressed as the mean=£S.D. and compared by the

unpaired two-sided r-test. In the screening study, we used
the y?-test with a cut-off p-value of less than 0.1 to avoid
false negative associations. In the large-scale study, poly-
morphisms selected in the screening study were included
as covariables as well as age, sex, body mass index, coro-
nary risk factors (including diabetes mellitus, hypertension,
hyperlipidemia, smoking and history of prior MI), anterosep-
tal MI and reperfusion therapy in Cox’s proportional haz-
ards regression model. Survival curves were constructed by
Kaplan—Meier method and differences in the event-free sur-
vival rate were compared among the different genotypes
using the log-rank test. Association were considered signif-
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Table 2

Patient characteristics

Age (years) 64.04+11.0

Male sex (%) 1225/1586 (77.2)
BMI (kg/m?) 234440
Diabates mellitus (%) 544/1550 (35.1)
Hypertension (%) 811/1546 (52.5)
Hyperlipidemia (%) 718/1529 (47.0)
Smoking (%) 1048/1581 (66.3)

176/1533 (11.5)
364/1540 (23.6)
766/1586 (48.3)
191/1524 (12.5)

1382/1582(87.4)

Past history of Ml (%)
Preangina (%)
Anteroseptal Ml (%)
Killip class>11 (%)

Reperfusion therapy within 24 h (%)

PCI (%) 1362/1582 (86.1)
PTCR (%) 159/1582 (10.1)
CABG (%) 34/1555(2.2)

Peak value of creatinine kinase (1U/1) 2628 42371

Medication at discharge
Aspirin (%)
Angiotensin-converting enzyme inhibitor (%
Angiotensin-receptor blocker (%)

1452/1586 (91.6)
1019/1566 (65.1)
150/1560 (9.6)

Beta blocker (%) 615/1563 (39.3)
Calcium blocker (%) 375/1562 (24.0)
Statin (%) 384/1586 (24.2)

icant at a p-value of less than 0.05. All statistical analyses
were performed using SPSS software (SPSS, Inc.).

3. Results

The baseline characteristics of the patients are listed in
Table 2. Long-term follow-up was completed in 1585 patients
(99.9%), while contact was lost with one patient. During the
mean follow-up period of 831 days, there were 76 deaths,
158 deaths or Mls and 522 MACE.

The screening study in 507 patients identified nine poly-
morphisms for further study on the basis of a univariate x>-
test with a p-value of less than 0.1. These were C—480T poly-
morphism of the hepatic lipase gene, A398G polymorphism
of the interleukin-4 receptor alpha gene, G—137C polymor-
phism of the interleukin-18 receptor antagonist gene, A252G
polymorphism of the lymphotoxin alpha gene, 4G/5G poly-

1.0
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N, e ——
‘N"B\- \ p=0.008Y

"‘%ag_%’
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Fig. 1. Cumulative survival rate during follow-up according to the LTA.
Solid line indicates LTA-252AA genotype and dashed line indicates LTA-
252AG+ GG genotype, respectively.

morphism of the platelet activator inhibitor-I gene, GS60A
polymorphism of the soluble epoxide hydrolase gene, T29C
polymorphism of the transforming growth factor beta gene,
AS5713G polymorphism of the thrombopoietin gene and
G—1051A polymorphism of the von Willebrand factor gene
(Table 3).

In the entire study in 1586 patients, multivariate Cox
regression analysis revealed that A252G polymorphism in
the LTA gene was significantly associated with an increased
risk of death (Table 4). The hazard ratio for the occurrence of
death in LTA G allele carriers (AG or GG genotypes) versus
non-carriers (AA genotype) was 2.46 (95% CI. 1.24-4.86).
Fig. 1 shows Kaplan—-Meier survival curves for patients with
each genotype. There was no association between each of
nine polymorphisms and MACE.

4. Discussion

In this prospective observational study, we investigated
the prognostic significance of 87 polymorphisms of 73 genes
that have been suggested to be related to the pathophysiology
of MI, and found that an LTA polymorphism were associated

Table 3

The nine polymorphisms selected by the screening study

Gene Polymorphism Genetic model Event Event rate p-Value
Hepatic lipase C—-480T CC+CTvs. TT MACE 158/382 vs. 30/123 0.0002
Interleukin-4 receptor alpha A398G (Ile50Val) AA+ AG vs. GG Death + MI 31/314 vs.29/192 0.0773
Interleukin-18 G~137C CC+CGvs. GG Death 10/116 vs. 18/389 0.0990
Lymphotoxin alpha A252G AA vs. AG-GG Death 6/183 vs. 22/323 0.0949
Plasminogen activator inhibitor-1 4G/5G 4G/4G +4G/5G vs. 5G/5G Death 21/436 vs. 7/70 0.0900
Soluble epoxide hydrolase G860A AA+ AG vs. GG MACE 63/194 vs. 126/312 0.0737
Transforming growth factor-beta 1 T29C (Leul0Pro) CCvs. CT+TT Death 4/146 vs. 24/360 0.0800
Thrombopoietin AST13G AAvs. AG+ GG Death 12/107 vs. 16/399 0.0038
Von Willebrand factor G—1051A AA vs. AG+GG Death 10/101 vs. 18/405 0.0319

Minus signs indicate the number of nucleosides upstream from the transcription-initiation site. For non-synonymous polymorphisms, the resulting amino acid
change is shown in parentheses. MACE is determined as a combination of death, MI, unstable angina and revascularization.
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Table 4

Multivariate Cox regression analysis of association between nine polymorphisms and mortality after myocardial infarction in the entire study

Gene Polymorphism Model Unadjusted p-Value Adjusted® p-Value
HR® 95% CI HR 95% CI

Hepatic lipase C—480T CC+CTvs. TT 1.06 (0.61-1.85) 0.829 1.36 (0.72-2.58) 0.342

Interleukin-4 receptor alpha A398G (Ile50Val) AA+ AG vs. GG 0.76 (0.46-1.28) 0.306 0.69 (0.37-1.28) 0.237

Interleukin-18 G—137C CC+CGvs. GG 0.88 (0.51-1.53) 0.654 0.75 (0.39-1.44) 0.385

Lymphotoxin alpha A252G AA vs. AG+GG 2.33(1.29-4.20) 0.005 2,46 (1.24-4.86) 0.010

Plasminogen activator inhibitor-1 4G/5G 4G/4G+4G/5G vs. 5G/5G 0.85 (0.45-1.63) 0.628 1.37 (0.67-2.81) 0.387

Soluble epoxide hydrolase G860A AA+AG vs. GG 1.13 (0.68-1.88) 0.636 1.22 (0.67-2.24) 0.516

Transforming growth factor-beta 1 T29C (LeulQPro) CCvs. CT+TT 1.13 (0.66-1.94) 0.662 0.77 (0.42-1.42) 0.405

Thrombopoietin AS713G AA vs. AG+GG 0.99 (0.55-1.79) 0.981 0.86 (0.44-1.68) 0.664

Von Willebrand factor G—-1051A AA vs. AG+GG 0.73 (0.42-1.28) 0.266 0.78 (0.40-1.53) 0475

@ Hazard ratio of latter genotypes (e.g. TT in hepatic lipase) compared with former ones (e.g. CC+ CT in hepatic lipase) are indicated.
b Age, sex, body mass index, diabetes mellitus, hyperiension, hyperlipidemia, current smoker, past history of ML, anteroseptal M, Killip class > Il and

reperfusion therapy are included as covariables.

with an increased risk of death. Although several genes have
already been shown to be associated with the onset of MI,
few polymorphisms have been reported to show an associa-
tion with the prognosis of MI. Accordingly, our data might
provide some insights for research concerning the genetic
risk of recurrent events after ML

Lymphotoxin alpha (LTA, formerly named TNF-B) is a
member of the TNF family that plays a critical role in inflam-
mation and is located within the human leukocyte antigen
class III gene cluster on human chromosome 6p21. Many
studies have focused on TNF-a as a key cytokine involved in
heart failure and atherosclerosis [16,17]. LTA is structurally
similar to TNF-« and also has an important role in the inflam-
matory response by inducing monocyte migration, as well
as by promotion of lymphocyte activation and proliferation
[18,19]. Although this cytokine has been widely investigated
to clarify its association with systemic inflammation, the role
of LTA ‘in the pathology of coronary heart disease has not
been fully elucidated. Schreyer et al. reported a reduction
of atherosclerosis lesion in LTA knockout mice, but not in
TNF-a knockout mice, suggesting that LTA may be more
important in the proatherogenic response [20]. In the LTA
gene, there are some genetic variants with functional sig-
nificance. An A-G substitution at nucleotide position 252
(A252G) is reported to be associated with increased tran-
scriptional activities [1] or elevated C-reactive protein [21].
Moreover, the 252G allele links to an amino-acid coding
polymorphism (804A) which increases mRNA expression of
VCAMI and selectin E [1]. Furthermore, Ozakietal. [1] and
others [22,23] found some variants of the LTA gene were
associated with the onset of myocardial infarction or coro-
nary heart disease. Our finding that the LTA polymorphism
is associated with recurrent cardiovascular events confirms
the important role of this cytokine, as is shown in these pre-
vious reports and suggests the need for adjunctive treatment
for patients with the polymorphism. The mechanism of the
LTA polymorphisms for increased cardiovascular events is
still unclear. Several environmental predictors of the progno-
sis of MI, such as high age, diabetes mellitus, hypertension,

time to revascularization, severity of MI (i.e. Killip class or
left ventricular function) and therapeutic interventions, have
been established on the basis of clinical data. In the present
study, Cox multivariate analysis revealed that the 252G allele
of LTA was a predictor of death independent from these
known predictors. Detailed in vivo and in vitro studies of
the mechanisms by which the genetic polymorphism influ-
ences cardiovascular events will be needed to solve this issue
and clarify the position of this polymorphism within the con-
stellation of the established predictors.

There were some limitations to our study. One limitation
was the possibility of survivor bias. Patients dying before
or soon after admission were excluded from our study, so
it is possible that they had a particular polymorphism and
their exclusion biased our results. However, the frequen-
cies of the LTA polymorphism in the study population were
in Hardy—Weinberg equilibrium, so it is unlikely that acute
mortality is dominated by specific polymorphisms of LTA.
Another limitation is ethnic differences. However, the fre-
quency of the 252G allele of LTA in this study population was
similar to that in Iwanaga et al. [22] and Keso et al. [24] stud-
ies, so the influence of ethnic differences should be minimal.

In conclusion, A252G polymorphism of the LTA gene was
significantly associated with an increased risk of death after
MI and may be one of the most important genetic determi-
nants that have been detected so far. To confirm our findings,
further large-scale epidemiologic studies of various ethnic
groups are needed, as well as experimental studies to clar-
ify the precise mechanisms involved. Determination of the
genes related to an increased risk of recurrent events after M1
could be of clinical significance to identify patients with a
high genetic risk, and thus provide better treatment after M1
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Appendix A

The following persons and institutions participated in the
OACIS. Sakurabashi Watanabe Hospital, Osaka: Fujii K;
Osaka Police Hospital, Osaka: Kodama K; Kansai Rosai Hos-
pital, Amagasaki: Nagata S, Nanto S, Morozumi T; Osaka
General Medical Center, Osaka: Fukunami M; Ishinkai Yao
General Hospital, Yao: Matsu-ura Y; Osaka National Hospi-
tal, Osaka: Kusuoka H, Yasumura Y, Koretsune Y; Higashi-
Osaka City General Hospital, Higashi-Osaka: Kijima Y:
Osaka Rosai Hospital, Sakai: Yamada Y, Tanouchi J, Nishino
M; Kawachi General Hospital, Higashi-Osaka: Mishima M,
Lim YJ; Osaka Minami National Hospital, Kawachinagano:
Kinoshita N, Imai K; Osaka Kosei Nenkin Hospital, Osaka:
Sasaki T, Osaka Railway Hospital of West Japan Railway
Company, Osaka: Esumi A; Yao Municipal Hospital, Yao:
Hoshida S, Umemoto K; Kaizuka City Hospital, Kaizuka:
Morita H, Lee JM; Kita-Osaka Hospital, Osaka: Ogitani
N, Ikeda S; Setsu Iseikai Hospital, Setsu: Akehi N; Kobe
Ekisaikai Hospital, Kobe: Shimazu T, Fuji H; Kashiwara
City Hospital, Kashiwara: Naka M, Akashi T; Teramoto
Memorial Hospital, Kawachinagano: Hishida E; Shinsenri
Hospital, Suita: Hayashi T, Nakatsuchi Y; Meiwa Hospital,
Nishinomiya: Sugii M; Osaka Seamens Insurance Hospi-
tal, Osaka: Kohama A; Department of Internal Medicine
and Therapeutics, Osaka University Graduate School of
Medicine, Suita: Yamamoto K, Hasegawa S, Minamino T:
Department of Medical Information Science, Osaka Uni-
versity Graduate School of Medicine, Suita: Takeda H,
Matsumura Y.
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Bl 1IZRT &A1, 4 77 @ biallelic SNP (3 375& (=
FHEIR 2o AL E (single nucleotide poly-

[F—T— R&EEEE]

SNP, "7u ¥4 7, nrvusfrravs, ¥
7 SNP, JRiEWHYE, EB Ny 7v v TEE

SNP : single nucleotide polymorphism

morphism) ] PAHEETEE4E, R—dtEbICEE
35 SNPO#AEDLYE, ThbbnTay 4 TIIHEG
E2x2x2x2=16MHELIS. LIA2%, =
D4 AFOLEOBEHESLER VE, 16HEOT
RTONTU I A THERLNBE I LIZIZEAER V.,
IO, BRSEOEOMEA THEI L (H
2). Thbb, TRLFNOSNPOBTHRZ S EE
TLES &, BHpBkofifk (GCAT) & XXHkN%E
ik (CGGA) LPREDEG-BT (FAT), F
WIS (F2). #9575k, §FTH
TELLho72GCGA L nAHINT Ay [ THEET S,
Mz 1 EOBEGHETHIOEEEXSLLIATY
B, CORFPHLEHTRILERIIBBLZLHE
BOREXIHEITS (HEAEEE - #EaVIERE) .
2ONDSNPH#EZEZTAhDBE, FOYWHNERENIKE
L, FORTHIRZ ORE ZHERIZE VA, NS
IS A ZEEXIZ W, F0h0, HENs 2
FIRMAIZFERTHSNPEIIOWTATWITIE, #£R
FRTLNTOY A4 7TOFAIEHEZ 1T Vv,

®1 BgET Ful) R

SHEBLCTEEZLDDIBLFOEENBRESDHEE, NS
121 DERILEGTF (PUIL) &B3. RETE, B8FF
ICRST. SNPDL3%4E | DOEERIIICEHDERDE
EIDESICBELLND.

International HapMap Project

Toshihiro Tanaka : SNP Research Center. RIKEN (B{bZ s AnE (2 F & MEfE L~ 7 —)
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SNP1 SNP2 SNP3 SNP4

- G/C—C/G ~A/G—T/A — {
P - G - C = A - T -
2 - G - C —-— A — A -
3 - @ - C =G -~ T -
@4 - e¢-C -G~ A —
%5 - ¢ - ¢ - A~ T ~—
& ¢~ a6 - A " an "~
Z - ¢ T ¢ T e T "
® ¢ e 6 A
® ¢ ¢ a T
© ¢ ¢ A A
O_c_c_6e_rT _
2 _¢c _C _ 6 _»an _
® _C _ G _ A _T _
% . C . G - A _ A _
B - C = G — G - T -
- C -G — G — A -

M1 NToaq4s70EE
AnJoysJJjovo

0 A FIZIEHEBEZ ORI DR T WEFT (recombi-
nation hot spot) ZHEEL T5b., HAHIBAIZZ
Dhot spot BEIET B E, COBEBERTNTUS 4T
DOFEELHE 2 DRI, 08w HET
5 &, 35 hot spot & B hot spot DB O FEIKIZEEE
LTEETRIE, nTuyf 7ofEEs ade s
SRS (BEOMATIE 3~ 5EH. 20,
NTay AT OBBEFEE DL VERENTT Y A
TTay r kXA,

] 55 SNP

NTAFALT Ty 7 w2RKT5HSNPEIZOWT
i, 7RXNTCEIAE LS THBHRITELNS,
FOBEHZUTICHET A, 120 biallelic SNP Tl
NTAEALTHR2OODF TN — T B2 EH]
HTHLE,D, nBEONTOY L THEETHHEE,
12120ON7Tay 4 72FNTHDICIAELS
TARESNPOEIL, ) FLERILATENITHR L
logn L EDO—FPpIRBHERB. EIHD, N7
UyA 77Oy 2NTIREFOERLE, HFHET AN T U

84 (200) EERES

NToa K5/ L
(5EX4EF)

2 RBRHEIHEOBOZREFZX

A TOEEIILZ v, XoTNTusA4 770y
7 BT HSNPOE>>logm &b, TNRHD,
N7y L TERETLLHIEITNSSNP (B) %
& 7SNP &9,

&) 727 SNP OZRl7E%E

BRWICHHET S0, 30X 9I126 20SNP
THERIhANTOI L 770y 7HBEEL, 207
Oy 7 S5HEBEONTOY L TTHHTES LRET
L. sHEEONTOYLTTay 2 ERBNT LD
B/ROSNPEUR, ElzEoRXLY, 34 THA.
%9, SNP1# 1 2HD ¥ FSNPELTHEIRLAz T
5. SNPI1AXATHNIE, "Tus{732TH5HT
LA, —HICBREA. GThoBARD, @, @,
BonFnh bbb, TNED4D%HEINTHLDIC
2OHMDSNP & LTSNP3%2ERLT S, GThN
i, NTur 47O DERY, AThHhhiENT T
YA TP E LB, 2HII, T2 EONT O
FA T 0TNLRINTELSNPEIELTAS L,
SNP4 &%, $Thbb, SNPAWGHLNTTS A
TEOHE, ChRe@O2E L% b, SNPIDOFHE H
HETEZLDLE, SNP3-SNP4HG-GARHD, G-
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SNP1 SNP2 SNP3

- 6/A - C/T - G/A

T - G - c — G
2 - A — T — A
3 - & - C - A
@ - ¢ - ¢ - G
%5 - ¢ - C - A

SNP4 SNP5 SNP6
- @g/C - C¢/A - A/T -
G - C —_ A —
C - A - T -
- G — c — A _
C - A - T —
C - C - A -

K3 NTOECATEHINTB/-DDSNP (47 SNP)

3, onNTagy {4 TEBINTALDIZIZERIIEAT
WFRWwEn) T ETH b,

) L4 RSNPREWIZBWTIE, ¥4 EY 75X
SSNPOHETELRV P RLTHI LY, HEL
WEFEIZ O RS, FBRO LI, ¥/ AIIBIT AN
Tuy477ay 7 OGRS L, Lobro T
13, HoLLORBIENS-FIVSNPOREF AT
MEI W EIiR ), RBBETMIEOMRILZR S
DDOEBLELREDIITHA.

8 BEWEICBITRI\NTO54 TJOERE

nNTay 47, REBTTREICSV THIRC M
LAEAEE o TWBEEEZONTVD., ZOED
B0 EE L, EBMEEET (L LJEREAREE
SNP) Z2FETHILIZH DL, EMOSNPDAT
ERRIULZEETIOTCRLZVEAELEZILNS.
Thbhb, EHEOSNPFHAEHLEELT, 2%
NTFUZ AL TELTERBIEETSIELERION,
ZOEE, HOMPLOEFDENDONTTY A THEH
BoNTWRIE, BAROI ELRPSRE L HIEIE
HHib.

39 0 &2lihidden SNPOBBETH B, W bE
) A HEEEET S E o TH, FHETSHSNP
BnE2%EZBHL10%RDEVHEZELZ LiE
R THDH. SHEOHMHMPTE, ¥ 7SNPPH
MotzhbivioT, JOMEASENRTWASNP L
WHREIEL, FAPEBROBRZEIIEb o TWE5E
bhsHEEZZS5NS (hidden SNP). L L7ZaD5,
23V o 72SNPIZRRENTTU T A4 TOTRRPIIH-

FERIES Vol 25

TOBHEEENE VI LRI OE,» SRESNT
BH, nTuy 4 TOMMEMBENICThidden SNP OFF
ETAHAREESHBITELLEZON TV A,

G BEE/N\y T3y TEE

EHhob &, 3EBTE0S AHTDSNPIZDW
T, RN, TYTA, T7ZUHAARBZNENIEL
FTOTLELTTHEN)ONEHOBETH - 7.
v MNP 41033000 MbiZh72BDT, 5 kbiZ12D
SNP2 ¥4 Yy 7T, BBEHEHLPIRD W)
E2ThHbH., TUVIHEBERTY, b 7 V&I
A, R, HE, 4Tz TA FLAETIRE
&, HE, kE, A5, PEBSEThERHEELL
(F2). #4¥ L 7IBWTiE, REAICEEOHE
WERH7oH, HROGHEI 7 ROEEK, 7/ e
HOHAGD 1 T o7 THITKRED 324 %IZRK
WT2FHICKEL, B0y f vy —L L
THHEREROBERE L TWAZLERL TS,
1) ¥ 7hInE

T7URSPSIE, WMRICMATI A (M)A
LIER) % 304ED, 7/ LADNAY Y TR
275w, BHARANEREANZT V70 2 20H8» 5
HRFELVIEREVEDLDLD, TNENISAD
W TNERNTE, TYTELTELETIOT T
NEREINTAZEE RS, 2O, TIVTHLD2D
DI N—TIZELTiE, BEWIZMFEERICIZVWAA
BV n, RED»SOF TR, PEiP L
AT 2 T& /%> 7 (CEPH : Centre d’Etude
du Polymorphisme Humain) 22W<T, #EE»S
BHRAEZ VPR ER 72, ¥/, CEPHY Y7
WAZDWTIE, T7U APPSO TIVEFRIZ 30D
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forms K channels by assembhy with regulatory subunit KONE
proteins and plas~ a key role in the K homeosasis 2 variety ol
tissues. B the hearte KONQH s coasseribled with KONE L w produce
a cardiac Jelaved rectitier Ko current, Inthe dnner o the KONQ/
KONEL complex maintains the high concenvation of K7 an the
endolyimph. in the stomach, KONQU s coassembled with KONE2 1o
form the K onflus channel that i essential for gasuie actd seeretion,
o e colon and small intestine. KONQ U s coassembled with KONER
to play an important yole i tansepithelial cAMP-stimulated C
cecretion. For Jurther understanding of Keagl Juncton in sive, an
animal model has been required. Here we reported the wentitication of
i colsogenic Kesgl muatant rat. named deadness Kyow of/d 0 and the
characterization of ity phenotypes. WTC-ik rars carried intragenic
detetion wt the Kewng! gene and showed impaired gain of weight
dealness. and imbalanee resulting from the marked reduction of
endoly mph. protonged QU interval in the electrocardiogram (FCGr
and gastric achdorhy dria assoviated with by pertrophic gastric muocosa
Surprisingls. WTC-d#& rats showed hypertension. which suggesied
that Keng/ might be invebed in the regulition of blood prossure.
These findings suggest that WIC- & rais could represent a powerful
teol for studving the physiological Tunctions of KONQT and for the
establishiment of aew therapeutic pracedures for Keng/-related dis-

s

voltage-dependent potassium channcl: dealnesst tong-QT syndrome:
achlorhvdrias by pertension

FOvp ] ENCODES L PORE-TORMENG (o) subunit of the voltage- guted
K channel. [t encodes six membranc-spanning domains (Si-
S6y. including the voltage sensor (84 domain, and o K

selective pore between S5 and S6 (2 To form nunive
KONQIL coussembles with smadl Bosubunits. so-
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called KONE proteins. Although the stoichiometry of coassem-
biv is not yet known, it is Hikely thut four c-subunits asserble
with four 3-cubunits w form the channels.

In the heart. KONQT iy coussombled with KONEL The
KCNQI/KCONETD complex produces a slowly activating de-
Javed rectificr K current (/g0 that contiibutes 1o the later
phase of action potevtial repolarization, returning to the resting
potential (2. 24 Mutations of the human ACNQT gene are
associuted with the congenitul long-QT syndrome. an inherited
disorder that is characterized by wbnormal ventricular repolar-
ization and increuses the rvisk of sudden death from cardiac
arrhivthmias, There are at feast two famihal forms of Jong-QT
syudrome. One iy the Jervell and Lange-Niclsen syndrome.
which is believed to be inherited as an autosomal recessive trait
and associited with congenital deatness (1250 A second. more
common familial form is inherited as an autosomal dominant
trait with no other phenotvpic abuormalities. This form. which
s sometinmes referred 1o us the Romano-Ward syndrome (34,
i usualy associated with a Jower arrhy thmia risk than the
autosomal recessive form.

In the tnner ear. both KONQT und KONET ure expressed. In
this tsaue. the KONQUKONET complex produces @ K7 -rich
fluid known as cndolymph that bathes the organ of Cortl. the
cochlear organ responsible for hearing. and the utricle. saceule.
and semicircular canal, which are responsible for balunce wad
cquitibrivm, Tunctional loss of KONQI provokes congenital
deatness in the individuads with Jervell and Lunge-Nielsen
svodrome. The mechanism of deafness is that the luck of /.
feads to inadequate endolymph production and deterioration of
the organ of Corti (31).

In the stomach, KCNQT und KONIZ2 are both expressed i
the Tuminal membrane of the acid-sceereting parietal cells (6.
P where H /K - ATPase. a pump responsible for the trans-
fer of Ho ions mio the stomach. is coexpressed 9y The
KONQUKONE2 complex yvields Ko curronts thut are activated
by acidic pH sumulanion at resting membrane potentiad, Thus
KONQI/KONE? forms acid-activated fuminal K channels
whose funciion is tosupply Ko to the fuminad surfece to allow
H o -tor K oxchange by the pump o8 H, Discuption of Keng 7 in
mHee causes i large ncrcase in stomach pH that s accompa-

nied by gastric hyperphisia (160
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I the smadl intestine and colon, KONQT colocalizes with
KONEX 1 the basoluteral membrunes ot crvpt colls 161, The
KONQEZKONLES complex is constitutively opened at the moere
negative membrane potential of intestingl epitheliad cells and
can be furthor wctivated by the action of CANMP (255 This
complex is thought to be hportant for maintenance ot transepi-
thehiul transport in the colon and the small intestine. by vecy-
ciimg Ko thut iy wansported into the cell by basoluterdd Na
K20 NaRZOh cotransporters and Na /K -ATPases, Thus the
KONQUKCNES channel is required tor mansepithelial ¢ AMP-<tim-
ulated €1 secretion.

I the airway epithelia, KONQT niediates a busolateral K
conductance that plys an important role in maintaining
CAMP-dependent Cf 71 The B-subunit coas-
semblod v ith KONQUT in the airway epithelia has been a matter

seeretion

of debate. In the mouse. KONER is thought to he coupled with
KONQTU (105 In the puncrais. KONQT is expressed in the

imsulin-seercting cells. Inhibitors for the KONQT channels
increase the insulin secretion. which suggested that KONQU
would be involved in insulin secrction by the regulation of
membrane potentials in the insulin-seereting cells (299,

Nengl expression is not only contined to the tissues de-
seribed above but also occurs in many cpizhc)iul tissues. such
as placont, Kidney . Tiver, and thymus (7. 330 38). However, no
clear functional role of Aongl i these tissues has been found
as vel. Por a turther understunding of Aoy ! functions in these
tissues as well as the establishiment of novel therapeutic pro-
cedures for discuses associated with Aang/ dysfunction. such
as the long-QT syndrome. deatness. and achlorhydria. un
animal wodel that is casy o investigate and manipulate is
required. To address this issues arat model would he suirable.
sinwe the rat has an -~ 10 times furger size than the mouse and
offers soveral unigue advantages in various felds of research.
In particular, the rat has heen used as a0 varieny of discase
models because of it casier cintcad examination and sampling
as well as therapeutic administration and manipulation,

In this report. we deseribe the characreristies of o novel
Aeng mutation. deatness Kyvoto (dfh . in the rat. Positional
candidute cloning reveuled that the drk allele is wn intragenic
deletion including exon 7 of the KAengd genes WTC-drk rats
sufter from deatess and imbulince resulting from profound
morphological shnormadities of the inner car. These rats ex-
hibit prolonged QT intervals und T-wwve abnormalities on
clectrocardiogran (RCGy measurements and clevation of pH to
almost neutral in the gastrie secretion. Addivonudlv. WTC-Jdk
rats display hypertension.

AATERINES AND METHODS

Amiaids, Rats showing abnormal bebaviors characterized by head
drawing l\"wk stepping back, and circling wore Tound in the
NocFa generation of a WEC /407 congenic <irain (13wt the
Intitic of Laboratory \mm;ll\ Graduate School of Medicine. Kyotao
Unnversitv, in 19990 Even after olimination of the Ao mutawion on
chromosome (Chry 3 0 these phonotypos were observed and were
These mutant phenoty pes
dealness mutanis
“deafiess Kyoto”
tation in which U
renetic buack

tossing,

mherited inan autosomal recosshve manner
yorormnblod bohuviondd

Therelore, we valied the causwne LUne
Ty Boecause the
mutation was found was ~uliiciont
with WO drh was thoy
o the gencue hackgound of anonl
WICdik and WO aie casen

features of ~ome types of

faone
the ik
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opt for the 4 mootation ACENRyo and WTC
were mamtned at the fostitete of 1 aboriory. Ammads. Graduate
School of Medicine, Kyato Universite, Amimal care was conducted
according o the Guideline for Animal Experiments of Kyvoto Univer-
sty AL evperimental procedures swere approved by the Animad
Research Conunitee, Graduwe Schoot ol \I\.‘L iine. Kyoto l'ni\ Craity

The ACUNKyo (NBRP no 0001y, WTC (NBRP no. 0020y, and
WITC-A INBRP no. 0289y stans have been upn\ncd in the Na-
tional BroRe~ource Project Tor the Rut in Japan and can be obtained
from the Project thitp:/www.animomed.ky oto-uaac jp/nbr/).

Nidliory brodsisien rospoise mreasuronen. Auditory brainstem
response TABRY mewsaremients were performed in three individuals
cach for WIC and WTC-Gh rats at 26 wk of age. The following
expesimenis were done on animals that were anesthetized with ket
amine hydrochlonde (60 ing/ke. iy and pentobarbital sodium (21
mg/ke. i) and kept at 3N O Stadnless seel needle electrodes were
wserted cubcatancousy nto the vortex tndifferenty and one side
tactivey and the other side tgroundy of the retroauricular region.
respectively - The ABR was obtained by averaging 1000 evoked
responses to click stmuli st imtensitios of 60, 635, 70, 75, R0, 100, 120,
and 135 dB peak equivaient sound pressare fevel (peSPLYL with S0-ms
mtervads generated by an acoustic stimulator (MEB-3304: Nihon
Koden. Tokyo, Japamy. Clicke were delivered through an inner car-
tpe carphone facing the meatus aeusticus oxternus,

Generic mupping. (WTC-dik X ACHE, rats wore intercrossed 1o
obtain F» ras. Homorzygous WTC-dik anmmals were identified on the
basis of appearunce of head-tossing and/or cireling behaviors and
inahility o swim at 3= wk ol age. Two hundred and Torty WTC-d/4
animals were obtaned from LOGO F. progeny and used for genctic
mapping. Forthe initial mapping of Jrk, we unplm ui pm\lui simple
sequence-fength polyinarphism (SSLPY analysis (273 DNAS rom 43
randomly selected rats were standandized o 20 nu,,: and cqual
amounts of individual DNASC were pooled. The fF DNA poal was
genony ped for 75 microsaellite markers distributed wmong all auto-
somes For the Gne mapping of dfh all dikfdik animals were geno-
(}I"l\_\i.

Seqjirenciing,

rat srains

POR products were treated with ExoSAP-TT {(Amer-
sham Bioscienves, Piscataway. NJw digest single-suand DNAs and
axvess prumers. Cyele sequencing was porformed with the Bigse
Terminator Ready Reaction Mix according o the manufacturer’s
instructions (Applicd Biosystems, Fater Ciiy, CA)L POR samples were
puritfied with CENTRESEP spin columns and were then loaded inta
an ABEPRISM 3100 ¢enctic analy zor (A pplicd Biosystoms ),

Northern Bloning, Pohvin) RNA was puriiied from wotal RNA
using Oligote-d TR0 Super tRoche Diagnostios). Two micrograms of
poly- A RN A were electrophoresed on formatdehy de-denmoring aga-
rose gels and bloved onto Hybond N+ membrane (. Amersham Bio-
saiencesy. Bapds on the autoradiograph wore detected by using an
umaging plate and a computerized tmage display ~ystem (BAS200(:
Fuji Filin, Tokyo, Jupans. A DNA fragment containing enons 914 of
rat Keng i was used as a probe.

Elecirocdrdiogrann, ECG recordings were obtamed fram aduly
(218 wky wikdevpe (o= 61 and WIHCJh e = 6) rais using

implantable Physiotel TATOREAF20 radio freguency vunsmitters and
recelvers (Data Scionces Internationad. Arden Hillso NN Aler an
ammal was ancsthetized with chloral hvdrate (600 mg/ke. ip. the
ansmittter was placed within the peritoneal cavity,
were placed at the right avilla and w !ha* feftside of the siphaid. Each
clectrode was sutared subcutuncaushy - Afwer nplantation of the ans-
mitters, the apimals were allowed o recaver Tor at leasd 72 h Twenty
conseettive heats were recorded from mdividual animals under rest-
iy conditions, Unfiliered data sere analvsed ofine, and QRS Q1.
POLand RR imtervads werc incasured Raie-corrected <')I‘ alues QT
were derived ueing the formufo Qe = QIVSQRTIRRAGO (195,

Hi

The clectrodes

e the histo

ader anesthesia at |

plrokoreioud annivae s Toovak
dikovats were kitled u

Veesmatched W IO s e = Yowore caamined as controls

;\‘;tl phenotype
Lhwk ef age
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200 RAT MODFL FOR Koagl-RELATED DISORDERS

Perfusion fixation through the left ventricle was performed with 4%
paraformaldehyde in 0.1 M phosphate buffer. Brains. spinal cords.
inner cars. stomach, and representative visceral organs were removed
and fixed with the same fixative solution. Before processing for
paraftin embedding. the ear tissues were decalcified with 3% EDTA-
dipotassium salt. The samples were embedded in paraffin. and sec-
tons {4 pmy were stained with hematoxylin and eosin stain (HE). The
cochlea was also embedded in epoxy resin. and then semithin sections
(1 pm) were stained with toluidine blue.

Stomach pH and actd owpui measuremenis. The WTC-dfk vats (11
wk old. n = 3) and the age-matched. wild-type. control WTC rats
{n = 5) were fasted overnight before the experiment with free access
o water. Each rat was anesthetized. and the abdominal cavity was
opened and the pylorus ligated. Four hours after ucatment. the rat was
kitled and the stomach was removed. The inualuminal contents were
drained into a centrifuge wbe after a small nick was made 1n the
stomach wall along the greater curvatore adjacent to the pyloric
tigawre. The solutions with the stomach contents were centrifuged to
petlet the insoluble material. The pH of the supernatants was mea-
sured. and then actd was titrated ustng an avtomatic ttrator COM-
TITE-500 (Hiranuma Sangyo. tbaraki. Japan). The results were ex-
pressed as microeguivalents of acid per liter of gastric volume.

Blood pressure measurement. Systolic blood pressure was mea-
sured by the tail-coft method vsing a nonpreheated. nomnvasive blood
pressure monometer (MK-2000: Muromachi Kikai. Tokyo. Japan).
The average values of three measurements were determined for
individual animals. All measurements were perfonmed on {1 male rats
at 9 or 10 wk of age (18).
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RESULTS

Clinical features of WIC-dfk rats. The dfk rats were recog-
nized at 10 days after birth by their twisting of their necks
toward the buck when lifted by the tail. After weaning, they
exhibited hyperactivity and usually showed rapid head bobbing
and occasionally a head ult. Mature WTC-dfk rats displayed
bidirectional circling behavior. In addition. they were unable to
swim. When WTC-drk rats were placed into a deep tank filled
with warmy water. WTC-dft rats immediately began rotating
along their long axis and suank underwater. While underwater,
the rats were still rotating along their body length. The rats
seldom resurfuced until they were rescued. These findings
suggested that WTC-dfk rats might have lost their balance and
have defects in the inner car, which is responsible for linear
and angular acceleration.

The adult WTC-dfk rats scenied to be smaller than the
normal littermates, so we measured the body weights of the
WTC-dfk rats (male, 7 = 6) at 3. 6. and 10 wk of age. At 5 or
6 wk of age. body weights were not significantly different
between WTC and WTC-dfk rats. At 10 wk of age, WTC-dfk
rats showed significantly lower body weight than WTC rats
(246.3 = 32 vs. 190.6 = 8.8 g, P << 0.01) (Fig. 14).

ABR. In addition to the imbalance, WTC-dfk rats showed no
response to sounds such as rapping and clapping. To test the

WTC-dfk
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Fig. §. Body weight and auditory phenotypes of the WTC-dfh rat. Az body weights of WTC and WTC-d/A rats, Body weights were measured in male WTC 0 -

Gy and male WTC-dfk (n = Gyras wt 3.6, and 10 wk (w) of 4
auditory brainstem response (ABRy of the WTC und WTC-d

in of body welght was observed n WTC-dfk rats at 10 wk of age. B: representative
major peaks tubeled 101 U1 IV, and VY were clearly detectable with > 100 dB in

the WTC rat tleft). whereas no wavetorn was recorded at the highest stimufus level of 135 dB in the WTC-df& rat (righn, ABR measurements were performed

in WTC tr = 3y and WTCJfk < 3y rats at 26 wk of age.
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