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tic strategy. In the present study, for the first time, patients’
will to move to the other strategy is also included as an
end-point representing patients’ disablement under the
assigned strategy, because it should be an important factor
in clinical decision making and because, as the earlier
studies reported, there is no significant difference in mor-
tality between the 2 treatment options?* The most likely
causes of patient disablement are uncontrollable symptoms,
hesitation in repeating cardioversion, or anxjety about the
adverse effects of drugs without any life-threatening conse-
quences, and could not be avoided without movement from
one assigned strategy to the other.

The composite secondary end-point of this study is
patient QOL scores and the efficacy and safety of drugs
required in the AF treatment. In contrast with the AFFIRM
and RACE studies!*6 our study will analyze AF-specific
QOL as assessed by an original questionnaire and general
health-related QOL? (vide infra).

Secondary Objective

The secondary objective of the present study is to verify
the usefulness of ‘The Japanese Guideline for Atrial Fibril-
lation Management’ produced by the Japanese Circulation
Society10

Study Design

J-RHYTHM is a randomized multicenter comparative
study of paroxysmal and persistent AF under treatment by
the rhythm control strategy and by the rate control strategy.
Paroxysmal AF is defined as AF in which spontaneous con-
version to sinus rhythm is expected within less than 48 h of
onset, and persistent AF is defined as AF that persists for
48h or more, and less than 1 year after onset.

After giving informed consent, the patients will be sepa-
rated and randomly assigoed to one of 2 treatment groups:
the rate control group, to be treated by heart rate control in
combination with antithrombotic therapy, and the rhythm
control group, to be treated by rhythm control with antiar-
thythmic drugs in combination with antithrombotic thera-
py- At the time of randomization, investigators will confirm
the presence of sinus rhythm in patients with paroxysmal
APF (sinus rhythm check start), so that electrical or pharma-
cological cardioversion can be performed before treatment
if necessary, and the presence of AF will be confirmed in
patients with persistent AF (AF check start). If they are
assigned to the thythm control group, electrical cardiover-
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Patients with paroxysmal atrial fibrillation (AF) are
randomly assigned to treatment groups after sinus
thythm (SK) has been confirmed,

sion will be performed to recover sinus rhythm and in the
event of unsuccessful cardioversion, the patients will be
treated by the rate control strategy (Fig1).

The exclusion criteria are as follows.

(1) Persistent AF lasting 1 year or longer, and permanent
AF.

(2) Initial episode of paroxysmal AF.

(3) AF that has occurred within 1 month of the onset of
myocardial infarction,

(4) Transient AF associated with cardiac surgery.

(5) Requirement of continzous treatment with f-blockers
and Ca antagonists, excluding dihydropyridines, that
affect the heart rate.

(6) AF with a history of 2 or more electrical cardiover-
sions,

{7) Contraindication for anticoagulation therapy.

(8) Pregnancy or possibility of pregnancy, and breast
feeding.

{9) Judgment by attending physician that patient partici-
pation would be inappropriate.
Each patient will read and sign the informed consent
form approved by the institution where he or she will be
participating in the study.

Baseline Tests

Before randomization, the patients will undergo clinical
assessment, which will include patient history with quanti-
fication of AF duration, frequency, and predisposing
factors, and a physical examination. Specified cardiac tests
including electrocardiography, chest X-ray, and echocar-
diography will be also performed.

The QOL of the patients will be evaluated by a question-
naire comprising general health-related and also AF-specif-
ic questions? The general health-related questions are based
on a publication commissioned by the Japanese Ministry of
Health and Welfare, which covers similar aspects of QOL
as the SF-361! However, we find that AF affects QOL in
specific ways that might not be addressed by general
health-related questions and thus should be evaluated by a
disease-specific QOL assessment. Therefore, the relevant
section of the questionnaire has been written by the Com-
mittee on the Arrhythmia-Related QOL of the Japanese
Society of Electrocardiology and comprises 26 questions
concerning frequency and severity of symptoms, limitation
of daily and special activities, and anxiety related to AF
itself and its treatment?
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Fig3. The antithrombotic strategy employed in the J-RHYTHM
study is a modification of that used in the AFFIRM studyl4

Interventions

Rhythm Control Group The antiarrhythmic drugs will
be selected on the basis of *The Japanese Guideline for
Atrial Fibrillation Management’ (Fig2) according to the
attending physician’s assessment of the patient’s cardiac
function!? Patients with persistent AF who are assigned to
the rhythm control group will receive electrical cardiover-
sion with prior administration of antiarthythmic drugs. If
pharmacological cardioversion is successful, the same
drugs will be continued thereafter, but if the follow-up
examination shows that the selected drugs are ineffective
or adverse, either pharmacological or electrical cardiover-
sion will be performed as required before changing the
drug regimen, The drug dosages will be determined by the
attending physician with consideration of the patient’s
history including age, renal and hepatic fanction, and
underlying heart diseases.

Heart Rate Control Group As in the AFFIRM study,
the therapeutic purpose in this group is the control of the
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beart rate itself rather than of the doses of drugs adminis-
tered!# The target heart rate is 60-80beats/min at rest.
Patients will receive digitalis, Ca antagonists (excluding
bepridil), or $-blockers as required, selected on the basis of
the patient’s clinical background. The selection of drugs
and their dosages will be adjusted as necessary,
Antithrombotic Therapy In the present study, different
agtithrombotic treatment strategies will be used for patients
with nonvalvular AF and those with valvular AF, Patients
with nonvalvular AF will receive a modified form of the
treatment used in the AFFIRM studyl# (Fig3), and patients
with valvular AF will be treated according to the published
guidelines!0 Patients with nonvalvular AF will be assessed
for the risk of stroke using the following factors: age 65
years, hypertension, diabetes mellitus, congestive heart
failure, history of stroke/transient ischemic attack/systemic
embolism, left atrial diameter >50 mm, fractional shortening
<25%, or ejection fraction <40%. In patients with one or
more of these factors, warfarin will be administered to main-
tain a PT-INR (prothrombin time-international normalized
ratio) between 1.6 and 3.0. In patients without risk factors,
either no antithrombotic treatment or aspirin at a dose of
80-200mg/day will be administered. The antithrombotic
treatreent in the J-RHYTHM study differs substantially
from that in the AFFIRM study:14 patients with one or more
risks will receive continued anticoagulation therapy even if
sinus thythm appears to be maintained by thythm control.
Another difference from the AFFIRM study is maintenance
of low intensity (PT-INR 1.6-2.0) anticoagulation therapy
possible because of the bleeding tendency in Japanese
patients undergoing warfarin treatment!? Anticoagulation
therapy for 3 weeks before defibrillation of persistent AF
that has continued for 48 h or more, will be mandatory in this
study if transesophageal echocardiography is unavailablel3

Patient Follow-up
After randomization, every effort will be made to main-
tain the patients’ original group assignments. Heart thythm
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J-RHYTHM Study Design

(presence or absence of AF, duration and frequency of AF
episodes, classification as paroxysmal or persistent AF),
electrocardiographic findings, blood pressure, heart rate,
cardiac function, and QOL will be assessed at 1, 3, and 6
months after initiation of treatment and every 6 months
thereafter. In selected institutions, transtelephonic electro-
cardiograms will be recorded daily and if any symptoms
occur during the first 1 month after the initiation of treat-
ment. All cardiac and extracardiac events, including the
primary end-point and any drug-induced adverse events,
will be investigated during the 3-year follow-up period.

Data Analyses and Sample Size

The primary analysis will be an unadjusted intention-to-
treat comparison between groups of time to any part of the
composite primary end-point using the Kaplan-Meier
method and log-lank test. Secondary end-point question-
naire results will be collected for each group, and absolute
values for each question will be used to calculate the mean
value, SD, number of cases, and median value (as required)
per question per group. The inter-group difference will be
assayed at each measurement point question by unpaired
Student’s t-test or Mann-Whitmey’s U test. Differences be-
tween groups and over time in the absolute values of mea-
surement points will be investigated by repeated ANOVA.
Items that cannot be appropriately assessed and analyzed
by absolute values will be subjected to separate analysis by
the most appropriate method. Patient background factors
and other observation items will be aggregated by group,
and any inter-group differences will be analyzed by
methods corresponding to the nature of the data.

The target number of cases (2,600) has been established
on the basis of our estimate of the primary end-point inci-
dence (the projected incidence of rate control-related
events during the study period is estimated as 15% and the
expected event decrease rate in the rhythm control group as
30%) and with reference to the measurement method estab-
lished by Freedman et all4.13

Expected Implications

The J-RHYTHM study will emphasize both mortality
and physical/psychological disablement of all types of AF.
The stady design makes the best use of the AFFIRM and
RACE results®* and focuses on the safety of antiarthyth-
mics in response to the anxiety about drug-induced adverse
effects that is frequently seen in Japanese patients. Atten-
tion to these points of emphasis is expected to improve
patient mortality, Moreover, the J-RHYTHM study moves
beyond the previous trials to improve the QOL of AF
patients, and thus will support optimal medical care for AF
patients in the clinical settings. Simultaneously, the study
will generate the first large database of Japanese AF pa-
tients, which can be used for subgroup analyses that could
provide further information to improve AF therapy.
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Abstract

Background. Insufficiency of renal function and high blood
pressure influence each other and eventually result in life-
threatening endstage renal disease. It has been proposed
that proteinuria per se is a determinant of the progression
of chronic kidney disease (CKD). The therapeutic strategy
for patients with proteinuric CKID) and hypertension should
therefore be targeted with a view not merely toward blood
pressure reduction but also toward repnoprotection.
Methods. We examined the effect of the angiotensin (AT),
receptor antagonist losartan and the calcium channel
blocker amlodipine, throughout a period of 12 months, on
reduction of blood pressure and renoprotection. This was
done by assessing amounts of urinary protein excretion,
serum creatinine (SCr), and creatinine clearance (CCr) in
patients with hypertension (systolic blood pressure [SBP] =
140mmHg or diastolic blood pressure [DBP] = 90mmHg)
and CKD (male, body weight [BW] = 60kg: 1.5 = SCr <
3.0mg/dl; female or maie BW < 60kg: 1.3 = SCr < 3.0mg/
dl), manifesting proteinuria of 0.5g or more/day. Losartan
was administered once daily at doses of 25 to 100mg/day,
and amlodlpme was given once daily at 2.5 to Smg/day. No
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* Coordinating
Committee

Committee;  *Independent Data-Monitoring

145



222

antihypertensive combination therapy was allowed during
the first 3-month period.

Results. A 3-month interim analysis revealed that, despite
there being no difference in blood pressure between the two
groups, there was a significant reduction in 24-h urinary
protein excretion in the losartan group (n = 43), but there
was 1o change in the amlodipine group (n = 43). Analysis
of stratified subgroups with proteinuria of 2g or more/day
and less than 2g/day showed that losartan lowered pro-
teinuria by approximately 24% in both subgroups, while
amlodipine lowered proteinuria by 10%, but only in the
subgroup of less than 2g/day (NS). SCr and CCr did not
change throughout the period of 3 months in either group.
No severe or fatal adverse event was experienced in either
group during the study period.

Conclusions. Losartan appeared to be efficacious for
renoprotection in patients with proteinuric CKD and
hypertension, with the mechanism being independent of its
antihypertensive action.

Key words Losartan - Amlodipine - Proteinuria - Kidney -
Creatinine - Angiotensin - Hypertension

Introduction

Evolution of research of the renin angiotensin system
{RAS) has provided a great deal of evidence covering fields
from molecular biology to clinical medicine. Based on
experimental and clinical .evidence of the effects of angio-
tensin Il on cardiovascular physiology, hypertension and
related cardiovascular diseases have been the most impor-
tant targets of research. The crucial roles of RAS in the
pathophysiology of such diseases and the therapeutic ben-
efits of pharmacological intervention in the RAS have now
been extensively documented.'? On the other hand, al-
though the direct actions of angiotensin Il in hemodynamic
and nonhemodynamic aspects of renal physiology are well
established, and there is evidence of the close relationship
between high blood pressure and renal disease, the role of
angiotensin I in the pathophysiology of many types of renal
disease is still not clearly explained, because the features of
these diseases are complex and evidence of how and to what
extent the RAS is involved is still limited.

Renal failure, or renal insufficiency, is known to be a life-
threatening disease, especially when the disease shows
acute or chronic progression. In this disease, proteinuria per
se plays a key role in the progression,>® eventually leading

" to endstage renal disease (ESRD). Diabetic nephropathy is
considered to be responsible for many causative diseases of
ESRD worldwide; however, nondiabetic chronic renal dis-
eases also lead to ESRD.

Renal insufficiency is, in a large majority of cases, accom-
panied by high blood pressure. High blood pressure is a
factor leading to renal injury, and conversely, renal insuffi-
ciency can cause hypertension. Thus, the two critical factors
act synergistically to cause deterioration of the kidney dis-
ease toward the terminal stage, :

Compelling arguments have been made that aggressive
control of blood pressure is important to prevent the
progression of kidney disease to ESRD.’® Based on this
concept, antihypertensive agents have been widely used to
treat patients with kidney disease and hypertension. It has
been conjectured that antihypertensive agents improve
systemic and renal hemodynamics, and prevent glomerular
protein leakage through a reduction of high filtration
pressure.

However, whether the blood-pressure lowering effect of
antihypertensive agents shows parallelism with the reno-
protective effect is still controversial. In this view, current
evidence of the involvement of angiotensin II in the patho-
physiology of renal disease has led to an interest in compar-
ing the effect of intervention in the RAS with the effect of
other conventional antihypertensive agents. Although sev-
eral clinical trials comparing the effects of angiotensin-
converting enzyme inhibitors (ACEIs) or angiotensin II
receptor antagonists (AITAs) with 8-blockers or calcium
channel blockers (CCBs) in patients with renal disease and
hypertension have been reported,*" only limited informa-
tion has been available about the potential renoprotective
efficacy of AIlAs in Japanese patients with chronic kidney
disease {CKD) and hypertension. The present clinical trial
therefore aimed to elucidate the effect of the AITA losartan
on renoprotection, comparing it with the effect of the
dihydropyridine CCB amlodipine in Japanese patients with
CKD manifesting proteinuria and hypertension. The study
protocol was designed to pursue the effect of losartan and
amlodipine for 12 months, with interim analysis at 3 months
and follow-up analysis at 12 months. We herein report the
result of the interim analysis at 3 months, because the ame-
lioration of proteinuria was achieved by losartan at this
point of time.

Methods
Patients

Patients, men and women, aged =20 to <75 years, who had
CKD and hypertension were eligible for the study, if they
satisfied the following criteria during the pretreatment
screening peried of 8 weeks:

(a) CKD;serum creatinine (SCr) levels were 1.5 = SCr <
3.0mg/dl in men of body weight (BW) 60kg or more,
and 1.3 = SCr < 3.0mg/d! in females or males of BW
less than 60kg.

(b) Hypertension; systolic (SBP) and diastolic (DBP)
blood pressures in a sitting position measured at least
two times at their visits to clinics were SBP, 140mmHg
or more or DBP, 90mmHg or more.

(c) Proteinuria; urinary protein excretion was 0.5g or
more/day.

146



Fig. 1. Study design for treat-
ment of patients with proteinuric
chronic kidney disease (CKD)
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Study design and clinical endpoints

The overview of the study design is shown in Fig. 1. This
study was a randomized parallel-group open-labeled trial
with the two drugs. The randomization method was modi-
fied by dynamic balancing for SCr, by 24-h urinary protein
excretion measured at the time of registration, and by allo-
cating patients with or without diabetic nephropathy so that
patients were allocated to the two groups to aveid signifi-
cant differences. After the screening period, patients in the
two groups received either losartan 25mg as a starting dose,
up to 100mg once daily, or amlodipine 2.5mg as a starting
dose, up to Smg once daily. However, if the patients’ com-
pliance was considered to be fair to receive higher doses,
either 50mg of losartan or S5mg of amlodipine was adopted
as a starting dose. During the first 3 months, the effects of
blood pressure were targeted at SBP less than 130mmHg
and DBP less than 835mmHg, and patients were not allowed
combination therapy with any other antihypertensive
agents. However, after 3 months, if the blood pressure did
not reach SBP less than 130mmHg and DBP less than
85mmHg, antihypertensive combination therapy with a-
blockers, B-blockers, a/f-blockers, diuretics {except for
potassium-sparing diuretics), and other CCBs was consid-
ered to be adopted. Guidance was given to patients to main-
tain their usual diet, especially for those under dietary
restrictions. The study protocol was reviewed and approved
by the Institutional Review Boards of 35 affiliated institu-
tions at which patients’ enrollment was established for this
study. Written informed consents were obtained from the
enrolled patients. Exclusion criteria were as follows:

(a) Diastolic blood pressure (DBP, 2120mmg)

(b) Renovascular hypertension and endocrine
hypertension
(c) Blood pressure comntrol treatment with antihyperten-

sive agent(s)

Any patients in whom antianxiety drugs could not be

discontinued

Pregnancy, possibility of pregnancy, and in a period of

lactation

(f} Patients that the chief investigator judged not to be
eligible.

(d)
(¢)

Assay parameters

Blood pressure, with the patient in a sitting position, was
measured at patients’ visit to the clinic.

A 24-h urine collection was performed from 8:00 AM of
one day before to 8:00 AM of the day of the clinic visit, to
obtain the 24-h urine volume, urinary protein excretion, and
the urinary creatinine level, as well as the amount of sodium
excretion. The creatinine clearance (CCr) was calculated by
the following formula: CCr = Uer X V / SCr X 1.73/A,
where CCr is creatinine clearance (ml/min); UCr is urinary
creatinine (mg/dl), V is urine volume (ml/min); SCr is serum
creatinine (mg/dl); and A is body surface area.

Urinary protein, UCr, and SCr levels were determined
by a standard method at each centér. The magnitude of
renal impairment was expressed by the reciprocal of SCr
(1/SCr).

Protein and sodium chloride (NaCl) intakes were esti-
mated by measurements of urea nitrogen plus protein con-
centrations, and NaCl concentrations in the coilected urine,
respectively, by the following formulas:

Protein intake (g/day)"
= [urinary urea nitrogen (g/day) + 0.031(g)
X BW (kg)] X 6.25
+ urinary protein excretion (g/day)
NaCl intake (g/day)
= urinary sodium excretion (mEq/day)/17.

Statistics

All values were expressed as means = SD. The baseline
characteristics of the enrolled patients were tested for com-
parability between the losartan group and the amlodipine
group, using unpaired ¢-test or Fisher's exact test. The dif-
ference in SBP.and DBP changes between the losartan
group and the amlodipine group was tested by a repeated-
measures analysis of covariance with treatment effect,
period effect, and center effect. Changes in urinary protein
excretion, SCr, and CCr within each group were analyzed
by paired t-test. Unpaired #test was used to compare the
percent changes of urinary protein excretion, SCr, and CCr
between the losartan group and the amlodipine group.
P values of less than 0.05 were considered statistically
significant,
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Table 1. Baseline characteristics of patients enrolled in the study

Losartan group Ammlodipine group P value
(n=47) (n = 46)
Age (years) 56.0 = 143 574117 NS*
Male/female 25022 3511 P <005
BMI (kg/m®) 241+ 39 228 >34 Ns*
Systolic BP (mmHg) 1554 = 10.7 156.1 + 144 NS§*
Diastolic BP {mmHg) 928+ 86 93679 Ns*
Serum creatinine (mg/dl) 201 = 0.51 1.9% = 0.51 NS§*
Urinary protein (g/day) 2.64 + 261 279 +372 N§*
Serum albumin (g/dl) 378 * 047 3.78 x 0.49° NS*
Diagnoses (no. of patients)
Chronic glomerulonephritis (IgA nephropathy) 27 (8) 30 (12)
Diabetic nephropathy 7 6
Hypertensive nephrosclerosis 9 8
Tubulointerstitial nephritis 2 0
Polycystic kidrey desease 1 0
Preeclampsia 1 0
Renal amyloidosis 0 1
Castleman's disease 0 1
Mean + SD
BMI, body mass index; BP, blood pressure; NS, not significant
*Unpaired -text
®Fisher’s exact test
‘n = 44 in each group
O~O Lotartan
Results 200 7 () 57 [ 68 Ameaipins
DeP E g—-.o IA:lo“::inl
. 175
A total of 93 patients were enrolled for the present study Men: 5D
during the period from December 1999 to September 2001 & 1s0-
— 47 in the losartan group and 46 in the amlodipine group. 3
Table 1 shows the baseline characteristics of patients & 7]
enrolled in the study. The characteristics of the two ran- S 100-
domized groups were similar. The dietary compliance as- MHI % E
sessment by measurements of 24-h urinary urea nitrogen N 1
plus protein and sodium showed that there was no ol % T s “a o«
significant difference in total protein and NaCl intake be- Baeline  2W M ™ m

tween the two groups, nor were there any differences in the
values between the baseline and the 3-month values {pro-
tein intake [g/day], losartan, 53.71 + 17.35 {baseline), 52.76
* 15.69 [3 months); amlodipine, 53.30 = 16.48 [baseline],
55.64 % 20.23 [3 months}; NaCl (g/day), losartan, 7.85 +
3.37 [baseline], 7.69 * 3.62 [3 months]; amlodipine, 9.62 %
4.91 [baseline], 9.16 + 5.08 {3 months]). At the time point of
the 3-month analysis, 43 patients in the losartan group and
43 in the amlodipine group were available for analysis of the
measured parameters and their corresponding statistics. Of
the total of 93 patients recruited for the study, 86 patients
(43 patients each for the losartan group and the amlodipine
group) were available for measurement of the urinary pro-
“tein endpoint.

The blood-pressure-lowering effect, for both SBP and
DBP, was similar with losartan and amlodipine. Figure 2
shows changes in SBP and DBP, during treatment for 3
months with losartan and amlodipine. In the losartan group,
SBP was reduced from 155.4 + 10.7mmHg at baseline to
141.0 * 16.2mmHg at 3 months (—8.9 + 8.7%), and DBP

* was reduced from 92.8 = 8.6mmHg at baseline to 84.3 +
8.6mmHg at 3 months (=9.1 = 9.4 %), In the amlodipine

Fig. 2. Systolic blood pressure (SBP) and diastolic blood pressure
(DBP) changes during 3 months in groups treated with losartan and
amlodipine. W, weeks; M, months

group, the reduction in SBP was from 156.1 + 14.4 mmHg at
baseline to 137.6 + 13.9mmHg at 3 months (—11.1 +8.83%),
and DBP was reduced from 93.6 = 7.9 mm#Hg at baseline to
83.1 + 8.1mmHg at 3 months (~11.3 * 9.2 %).

However, proteinuria was reduced more with losartan
than with amlodipine. As shown in Fig. 3a, the urinary
protein excretion in a large number of individuals in the
losartan group showed a rightward decline, resulting in a
significant decrease in the average protein excretion from
the baseline to the 3 months, while in the amlodipine group
individuals showed dispersion. As a result, as shown in Fig.
3b, the mean percent change of urinary protein excretion
from the baseline was evident in the losartan group, but
there was no statistically significant change in the
amlodipine group.

In order to examine whether the severity of protejn-
uria affected the result of treatment with losartan and
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Fig. 3a,b. Changesin24-h - Losartan group Amlod.ipine group
urinary protein excretion from
baseline to 3 months after 35 - (e/day) (n=43) 35 n=d43)
initiation of treatment with g/day. <0.01 (g/day)
losartan and amlodipine. 254 P=0 25 /
a Values for protein excretion in o> | I =
individuals in the respective g 15 15 4
groups. b Percent changes =
compared with the respective o
baseline values g
K 10 4 10 -
g
3 — 289+3.83
£ 2.67£2.67
B 5 196203 54
0 —-{ 0 1
Baseline M Baseline M L
a Mean®=SD by paired t-test
Losartan group Amlodipine group
. (n=43)} p<0.01 (n=43) .
60 — I -1
40 —
20
-24.411+30.70

% Change
<

-20 -

1.59+53.38

40 -

-60 -

amlodipine, we stratified patients into two subgroups, those
with proteinuria less than 1 g/day and those with 1 g or more
/day at baseline. In these subgroups, the change in urnary
protein excretion from baseline to 3 months was not statis-
tically significant between the losartan group and the
amlodipine group. We next stratified patients with levels of
less than 2 g/day and 2 g or more/day at baseline. As shown
in Fig. 4, the reduction in urinary protein excretion at
3 months was evident in the losartan subgroups of both
less than 2p/day and 2g or more/day, while at 3 months,
amlodipine did not significantly reduce urinary protein ex-
cretion in either subgroup of less than 2 g/day or 2g or more/
day. The percent change in urinary protein excretion
showed a significant difference between the losartan group
and the amlodipine group of 2g or more/day, but there was
no significant difference between the subgroups of less than

2g/day.

———

Meanz SD by unpaired t-test

By diagnosis, 26 patients in the losartan group and 28 in
the amlodipine group had chronic glomerulonephritis, and
only 6 in each group had diabetic nephropathy. Analysis of
the proteinuria subgroups of the 6 patients with diabetic
nephropathy showed that there was a slight decrease
in urinary protein excretion at the 3 months in both the
losartan and amlodipine groups, but there was no significant
difference between the two groups (data not shown).
Analysis of the proteinuria subgroups in the patients with
chronic glomerulonephritis showed that proteinuria was
significantly inhibited in the losartan group during the 3
months, while there was no change in the urinary protein
excretion in the amlodipine group, resulting in a significant”
difference between the two groups in terms of the parame-
ter of percent change (Fig. 5).

Figure 6 illustrates changes in SCr and 1/SCr as a func-
tion of time elapsed. There was no significant difference in
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Urinary Protein Excretion < 2 g/day

Urinary Protein Excretion = 2 g/day

o i‘g: (g/day} 12 1 (g/day)
e L oy OOLosartan (39 | O-O Losartsn  (n=18)
g 1.6 4 @8 Amlodipine ( n—29) ®~-® Amlodipine {n=23)
1.4 4
(3] 13 .
a 12 30:0.5¢ 8
o 1.0 4 102::036 0952 0.61 6
-s 0.8 - 0.58: 058 458324 4912628
S 0.6 4 - 451469 .
g W 335248 MeankSD
a 04 2. # < 0.95 va Basslina
0.2 - : k1 p< 0,01 v3 Baseline
i o + by paired t-test
Baseline M Baseline M
Losartan  Amlodipine Losartan Amlodipine
80 - {0=25) (n=20) 80 - (n=18) p<ony (0=23)
——
60 4 60 1
gn 40 1 40 1
5 20 20 1
5 0 -24.37:36.53 -10.02+ 53.47 0 24.464+21.07
;Q 20 20 11.69+ 5235
-40 4 | 40 1 I )
-60 - 60 1 Meaua = 5D
-80 - -80 by wopaired ttest
a b

Fig. 4ab. Changes in 24-h urinary protein excretion from baseline to 3
months after initiation of treatment in the losartan and amlodipine
subgroups, shawing baseline urinary protein excretion of less than 2g/

day (a) and 2g or more/day (b). Upper panels Mean values of urinary
protein excretion. *P < 0.05 vs baseline; **P < (.01 vs baseline. Lower
panels, Percent changes compared with respective baselines values

Fig, 5a,b. Changes in 24-h urinary O—0 Losartan  {n=26) Losartan Amlodipine
protein excretion in patients with @—@ Amlodipine (n=28) _ _
chronic glomerulonephritis from g 80 (n=26) (n=28)
baseline to 3 months after W (g/day)
initiation of treatment with p<0.05
losartan and amlodipine. Note _ 60 -
that there was no statistically = 4 —_
significant difference in baseline e 44 -
protein excretion between the two =
groups. a Mean values of urinary b i & 20-
protein excretion. ***P < 0.00lvs & 3 =
baseline. b Percent change in a 14p Ls3 o 25,65+ 18.97
protein excretion compared with =
the baseline values of the '5 2 - Hox1m S 173+ 53.85
i e
respective groups = w20
&
17 404 l
- T -60-
0
Baseline M -80-
Mean=8SD  **% p<0.001 vs Baseline by paired t-test Meant SD by unpaired f-test
a b

the values of SCr and 1/SCr between the two groups, al-
though SCr slightly increased from the baseline to the 3
months in both groups. Also, CCr showed no significant
difference between the two groups, either for the values or
for percent change (Fig. 7).

Adverse experiences that were considered by the inves-
tigators to be possibly related to the study were reported for
increases in aspartate aminotransferase (AST; GOT) (n =
2), alanine aminotransferase {ALT; GPT) (n = 1), and y-
guanosine triphosphate (GTP) (rn = 4). These experiences
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Fig. 6a,b. Changes in serum p
creatinine levels during 3 SCr 1/8Cr
months in the losartan and O—<OQ Losartan O—0O Losartan
amlodipine groups. *P < 0.05 vs _ ®—© Amlodipine @—@ Amlodipine
baseline. a Serum creatinine 3 (mg/dL) (a3 0.7+ P
levels expressed as mg/dl (SCr). {(o=4g) ™ (a6 (z~43) {o3)
b Values expressed as reciprocal |} (w=te .
of serum creatinine (1/5Cr)
. 0.6 4
2 -
1 | es-
(n=d6) (=45} (=)
Y J
] 0.4 - (mdd J_
{2=~46) L
(n=d3)
0 1 1 1 0-3 1 1 LI
Baseline 1M 3M Baselire 1M M
Meant 5D * : p<0.05vs Baseline by paired t-test
a b
Fig. Ta,b. Changes in creatinine Losartan Amlodipine
clearance from baseline to the _ (@=38) (a=41)
3 months after initiation of 120 *] (mL/min) O~ Losartan (n=38) 80 )
treatment with losartan and @@ Amlodipine (n=41)
amlodipine. a Creatinine ° _ | -
clearance, in mU/min (CCr). 8 100 60
b Percent changes in CCr g
compared with the baseline - _l 40
values of the respective groups g 80 g
p—
Q 4337£17.70 =
g 60 - 40,46 16,88 -g 20
= @]
_E e 3 S45:u0
a 40 e 0
] 7.32+ 5587
S
L T MITEILT =20 7
0 -40 =
Baseline M
Mean=*=SD by paired t-test Meant SD by unpaired t-test
a b

were mild and the incidence was almost the same in the
losartan group and the amlodipine group. Hyperkalemia
was reported in three patients in the losartan group (5.1, 6.1,
and 6.9mEq/l at 3 months} and in two patients in the
amlodipine group (5.9 and 5.2 mEq/1 at 3 months). Dizziness
(n = 2) and transient ischemic attack (n = 1) in the losartan
group, and an increase in serum uric acid (n = 2) in the
amlodipine group were reported. No severe or fatal adverse
events were observed in either of the groups during the
period of 3 months.

Discussion

The present report, although it is the result of the 3-month
interim analysis of a total 12-month clinical trial, provides
the first evidence that the AITA losartan is more effective
than the CCB amlodipine to ameliorate proteinuria in Japa-
nese patients with proteinuric CKD and hypertension, The
difference in the urinary protein-sparing effect between the
two drugs was more prominent in patients whose baseline
proteinuria was 2g or more/day. It is noteworthy that the
two drugs exerted the same magnitude of systolic and dias-
tolic blood-pressure-lowering effects. Of the 47 patients in
the losartan group, 22 were females, while in the amlodipine
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group, 11 of the 46 patients were females. It was considered
that, in females, a sex hormone such as estrogen per se
might act for renal protection through its anti-atheroscle-
rotic effect and other cardiovascular effects; however, a
large majority of female patients in the losartan group were
over 50 years old (54-59 years, 4; in their 60s, 9; in her 70s,
1), suggesting the presence of menopause. Although there
was a possibility that estrogen level in these patients was not
negligible, estrogen was not considered to play a protective
role against glomerular sclerosis and mesangial prolifera-
tion, which are major structural changes associated with
CKD-related proteinuria. Thus, it was unlikely that the
larger number of female patients in the losartan group gave
a bias to the result. Notwithstanding this, we anticipate that,
in the final analysis at 12 months, we will pursue the results
of female patients separately from those of male patients.

There is controversy regarding the comparative evalua-
tion of various antihypertensive agents such as AIIAs,
ACETs, CCBs, and B-blockers with respect to their poten-
tial renoprotective efficacy, Among these agents, the effects
of ACEIs as renal protective agents have been widely docu-
mented.” The renoprotective effect of ACEIs is not exerted
solely in diabetic nephropathy, as nondiabetic chronic renal
failure was demonstrated to be capable of being treated
with ACEIs.""® Many antihypertensive agents have been
considered to be effective in patients with renal impair-
ment, most of which were for patients with diabetic neph-
ropathy, given with the expectation of reducing systemic or
intraglomerular high blood pressure. In 1998, a result for
the clinical trial of the United Kingdom Prospective Dia-
betes Study Group (UKPDS)® was published, which con-
cluded that, in 1148 hypertensive patients with type 2
diabetes, the blood-pressure-lowering effect with captopril
and atenolol was similar, and the two drugs also exerted
similar effects in reducing the risk of macrovascular and
microvascular complications related to this type of diabetes.
However, there is a question as to whether al} antihyperten-
sive agents exert similar clinicals effect only by reducing
systemic or intraglomerular blood pressure.:

The RAS is now well understood to be involved in the
pathogenesis of renal impairment independently of its vaso-

constrictive actions, inducing disturbance of glomerular and”

tubular functions. The direct actions of angiotensin II in the
kidney iriclude an increase in tubular sodium reabsorption
and an influence on glomerular filtration rate (GFR), but
morphopathological changes such as accumulation of extra-
cellular matrix and mesangial cell proliferation and hyper-
trophy"™* are of more importance for the pathogenesis of
renal impairment. Therefore, the question has arisen as to
"whether pharmacological intervention in the RAS confers
an additional benefit beyond the lowering of blood pres-
sure. Based on this view, clinical studies to test the thera-
peutic effects of drugs that interfere with the actions of
angiotensin II, in terms of the direct endpoints of renal
function, such as serum creatinine (SCr), creatinine clear-
ance (CCr), and proteinuria, and the ultimate goal, ESRD,
have been conducted in patients with diabetic nephropathy.
*In 2001, the results of two studies to evaluate the clinical
effects of AIIA in patients with type 2 diabetes were pub-

lished, one of which evaluated losartan,” and the other,
irbesartan.” The study with losartan clearly demonstrated
that the drug treatment reduced the incidence of the dou-
bling of the 8Cr level and decreased the amount of urinary
protein excretion, and reduced the incidence of ESRD. The
study with irbesartan also showed a similar effect for
renoprotection by reducing the incidence of severe pro-
teinuria. These two studies clearly demonstrated the advan-
tage of angiotensin II receptor blockade in patients with
type 2 diabetes, but no clinical evidence has yet been pro-
vided for the effect of angiotensin II receptor blockade in
patients with nondiabetic renal failure and related kidney
diseases in Japanese. In addition, comparative clinical
evidence of the effects of AIIAs and other widely used
antihypertensive agents is necessary for the selection
of appropriate drugs to treat patients with such kidney
diseases,

' The African-American Study of Kidney Disease and
Hypertension (AASK), 2 randomized double-blind con-
trolled trial?® aimed to compare the effects of the ACEI
ramipril with the CCB amlodipine and the B-blocker
metoprolol on hypertensive renal disease progression in
African-Americans. This study was stopped prematurely
because interim analysis showed a slower decline in glom-
erular filtration rate and a reduced rate of clinical endpoints
with ramipril than with amlodipine. However, the results of
this study are, in its concept, in accordance with the results
of our present study, because intervention in the RAS is
better than calcium channel blockade with amlodipine, al-
though our study employed direct angiotensin II receptor
blockade with losartan, while the AASK employed ACE
inhibition with ramipril.

In our present study, urinary protein excretion was
significantly inhibited by losartan in patients with chronic
glomerulonephritis, which is very common in Japan
(losartan, n = 26; amlodipine, n = 28). Chronic glomerulo-
nephritis involves many factors in its etiology, and the com-
plicated proteinuria is not solely a result of hyperfiltration
by the glomeruli. Rather, remodeling of the glomerulus,
including impairment of permeability of the glomerular
basement membrane, must be considered. Thus, our
present result is of particular interest in considering the
direct actions of angiotensin II on the structure and function
of the glomerulus in the pathophysiology of the progression
of proteinuria in this disease. There was no significant dif-
ference in urinary protein excretion between losartan- and
amlodipine-treated patients in the subgroup with diabetic
nephropathy; however, because only six patients were ana-
lyzed in this interim report, we cannot conclude that the
effect of losartan and amlodipine is similar for the preven-
tion of proteinuria in diabetic nephropathy.

Throughout the 3 months, there was no change in CCrin
either the losartan or the amlodipine group. Andersen et
al* conducted a randomized double-blind crossover clini-
cal trial to evaluate the effect of losartan and the ACEI
enalapril in patients with type 1 diabetic nephropathy, for
2 months, and reported that intervention in the RAS
reduced urinary protein excretion without changing the
GFR. Together with our present study, these results suggest
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that short-term treatment with losartan is probably effec-
tive to ameliorate proteinuria without influencing GFR,
although the mechanism of action, including how the drug
acts on renal functions or affects the microstructure of the
glomerulus during a 2- to 3-month period remains to be
elucidated. Qur trial will be continued to obtain the 12-
month follow-up analysis, and we anticipate that CCr will
become different between the two drug-treated groups,
reflecting the degree of reduction in urinary protein excre-
tion. Likewise, it may be possible that longterm treatment
of the patients with losartan has beneficial effects on renal
function beyond the effect to reduce proteinuria.

The mechanism and mode of action of losartan and
amlodipine to explain their exertion of different effects on
renoprotection are not thoroughly explained, and are con-
troversial. It seems to be true that the actions of angiotensin
II to reduce renal function are mediated by angiotensin
(AT), receptors. Calcium channel blockers act to dilate the
microvasculature, improving regional circulation by regu-
lating voltage-dependent calcium channels. The blockade
of angiotensin II receptors results in a reduction in renal
perfusion pressure, in addition to dilation of the efferent
arierioles to a greater extent than afferent arterioles be-
cause of their different manner of constriction in response
to angiotensin 12 thereby, AIlAs reduce the glomerular
filtration pressure to some extent. On the other hand, angio-
tensin II does not act seclely to constrict macrovascular and
microvascular trees, but has a variety of cellular actions. A
number of reports describe the roles of angotensin I
through angiotensin (AT), receptors to produce extracellu-
lar matrix, as well as to stimulate the proliferation and/or
hypertrophy of many types of cells, via the direct stimula-
tion of mitogen-activated protein kinase (MAPK), trans-
forming growth factor (TGF-), nuclear factor (NF-kB), the
induction of protooncogenes, and so on.""*® Thus, al-
though there is still no confirmatory theory, the wider bio-
logical functions of angiotensin II may explain the diversity
of the renoprotective activity of the two drugs (losartan and
aniodipine) without a dependence on their blood-pressure-
lowering efficacy. The precise mechanism of action of these
drugs should be further investigated. While we were
performing the study, Nakao et al.” studied the effects of
combination therapy and monotherapy with losartan and
the ACEI trandolapril in patients with nondiabetic renal
disease. In their recently published result, they demon-
strated that losartan as well as trandolapril effectively low-
ered urinary protein excretion, although the combination of
these two drugs exerted a more favorable effect on
proteinura than either drug alone. Qur present result is
consistent with their results in terms of the effect of losartan
in ameliorating proteinuria in patients with nondiabetic
CKD.

In conclusion, by the 3-month interim analysis of the
total 12-month treatment of Japanese patients with
proteinuric CKD and hypertension, losartan reduced pro-
teinuria more effectively than amlodipine, although the
blood-pressure-lowering effect was not different between
the two drug-treated groups. The superiority of losartan
was more evident in patients whose baseline urinary protein
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excretion was 2g or more /day. Thus, losartan is effective
not only for patients with hypertension but also for patients
with CKD manifesting proteinuria and hypertension.
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Abstract

Matrix metalloproteinases (MMPs) are involved in plaque rupture, which is the main pathological cause of myocardial infarction (MI).
Recently, several genetic studies have demonstrated that MMP-1 1G/2G polymorphism and MMP-3 5A/6A polymorphism modify each
transcriptional activity in allele specific manners. Within this context, we conducted case—~control studies to examine whether these genetic
polymorphisms are associated with susceptibility to MI. Two groups comprising patients with MI (group-1 164 patients, group-2 302
patients) were compared with control group comprising 335 patients without cardiovascular diseases. The MMP-3 5A allele was more
frequent in patients with MI than in the control subjects (P=0.018 MI group-1, P=0.005% MI group-2), whereas there was no disease
association for MMP-1 genotypes. Logistic regression analyses revealed that MMP-3 5A/6A polymorphism was associated with
susceptibility to MI [odds ratio(OR) (95% confidential interval) 1.67 (1.02-2.74), P=0.042, MI group-1; 1.61 (1.12-2.23); P=0.0095, MI
group-2]. Other important findings were that there was strong linkage disequilibrium between these polymorphisms, which are located
closely on chromosome 119.22, and that the 5A—1G haplotype was a genetic risk factor for MI (OR 1.97 P=0.0082, MI group-1 OR 1.51
P=0.017, MI group-2). Taken together, the present findings suggest that genetic variations in these MMP genes and especially their
haplotype may be useful genetic markers for determining susceptibility to MI in Japanese.
© 2003 Elsevier Ireland Ltd. All rights reserved.

Keywords: Matrix metalloproteinase-1; Matrix metalloproteinase-3; Polymorphism; Myocardial infarction; Association

1. Introduction Identification of factors concerned with plagque rupture
should therefore enable us to predict the risk of MI. .

Myocardial infarction (MT) is one of the major causes of Matrix metalloproteinases (MMPs) are proteases that

death all over the world. Because MI frequently occurs degrade collagens and other matrix proteins. MMPs have

suddenly without any preceding clinical symptoms, the been shown to play central roles in plaque rupture by

prediction of MI is clinically of great importance. The degrading the fibrous caps of atheromas [4-7], and con-
principal element of the pathogenesis of MI is the rupture tribute to the occurrence of MI. The MMP family consists of
of coronary atherosclerotic plaques rather than gradual more than 15 enzymes, each of which has unique substrates.

progression of atherosclerosis to complete occlusion [1-3]. Matrix metalloproteinase-1 (MMP-1) mainly degrades type

. 1 collagen, the most abundant extracellular matrix protein.

* Corresponding author. Tel: +81-3-3815-5411x35592; fax: +81-3- Matrix metalloproteinase-3 (MMP-3, aiso called stromelysin-

3815-2087. 1) meanwhile has a broad range of substrates, such as gelatin,
E-mail address: hmrt-tky@umin.ac.jp (H. Morita). fibronectin, vitronectin, laminin, and type IV collagen.

0167-5273/% - see front matter © 2003 Elsevier Ireland Ltd. All rights reserved.
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Recently, genetic polymorphisms of promoter regions
of MMP-1 and MMP-3 have been identified [8,9]. The
insertion of 2 guanine (G) at the — 1607 bp in the MMP-
1 promoter region creates the sequence SLGGA-3] which
is the core consensus binding sequence of transcriptional
factor ets-1, and MMP-1 promoter with 2G allele has
higher transcriptional activity than that with 1G allele in
melanoma cells [8]. On the other hand, there is a
polymorphisim at the —1171 bp in the promoter region
of MMP-3 with one allele having a run of six adenosines
(6A) and another five adenosines {SA). This MMP-3 SA
allele has higher transcriptional activity than the 6A allele
in fetal foreskin fibroblasts [9].

These findings led us to hypothesize that these genetic
polymorphisms, which modify the transcriptional activities
of MMPs, could be genetic predictors for MI. In the
present study, we compared the distributions of the
MMP-1 - 1607 1G/2G polymorphism and MMP-3 — 1171
5A/6A polymorphism between patients with MI and con-
trol subjects in order to determine whether these poly-
morphic genetic markers are clinically useful for predicting
MI in Japanese.

2. Subjects and methods
2.1. Subjects

Written informed consent was obtained from every subject
after a full explanation of the study, which was approved by
the institutional Ethics Committees. This case—control study
included two groups of MI (MI group-1 and MI group-2) and
one control group. MI group-1 included 164 patients who
consecutively admitted to the University of Tokyo Hospital
(146 males and 18 females; 4288 years old; mean age
66.6 + 8.3years). MI group-2 included 302 patients who
consecutively admitted to the Cardiovascular Institute in
Tokyo (257 males and 45 females; 30-95 years old; mean
age 63.7 £+ 10.0 years). Three-hundred and thirty-five control
subjects (212 males and 123 females; 36-91 years old; mean
age 67.8 + 9.5 years) were recruited consecutively from the
Institute for Adult Diseases Asahi Life Foundation, which is
located in the same area as the University of Tokyo Hospital

and the Cardiovascular Institute. All subjects were of Japa-
nese ancestry and were not first- or second-degree relatives.
All female participants were postmenopausal.

Prior myocardial infarction was verified by an episode
of persistent ST elevation or depression in electrocardi-
ography and raised serum cardiac markers. The control
subjects were consecutively enrolled based on having
normal ECG pattern and no medical history of coronary
artery disease or stroke in the monthly follow-up or
health check-up program at the outpatient clinic of the
Institute for Adult Diseases Asahi Life Foundation Hos-
pital, Tokyo. The subjects who had two or more coronary
risk factors (diabetes mellitus, hypertension, hypercholes-
terolemia, and habit of smoking) or had history of chest
pain were further evaluated in the Master or Treadmill
exercise test. The subjects who showed ECG abnormality
in the additional testing were eliminated in advance.

At the time of enrolment, relevant data on past medical
history, family history of CAD, and smoking habits were
obtained from all study participants. Hypertension and dia-
betes mellitus were diagnosed according to their respective
World Health Organization criteria. Hypercholesterolemia

. was diagnosed when total plasma cholesterol levels were

> 220 mg/dl or when a subject was already being treated with
lipid-lowering medication. Fasting venous blood samples
were drawn for biochemical and genetic analyses.

As malignancies and aortic aneurysm are known to be
associated with MMP polymorphisms, we excluded the
patients with these diseases from the present study.

2.2. Genetic analysis

Venous blood samples were collected in tubes containing
Na,EDTA and applied to genomic DNA extracting columns
(Genomix kit, Talent) according to the manufacturer’s
protocol. Genotyping was accomplished using PCR fol-
lowed by melting curve analysis with specific flucrescent
hybridization probes in a Light Cycler™ System (Roche)
[10]. To detect the MMP-1 —1607 1G/2G genotype, the
292-bp fragment was amplified by primer extension reaction
(PCR) using the sense and anti-sense primers, S*GTGTTC-
TITGGTCTCTGCCG-3' and 5*CCCACCTTTCCCACTG-
TATCA-3 respectively. The PCR. condition was as follows,

Table 1
Baseline characteristics of the study populations

Control Ml

(n=335) Group-1 (n=164}) Group-2 (n=302)
Age>65 years 226 (67.5%) 98 (59.8%) 152 (50.3%)F
Sex (male) 212 (63.3%) 146 (39.0%) ) 257 (85.1%)t
Smoke 118 (35.2%) 117 (71.3%) Na
BMI>25 kg/m 103 (30.7%) 56 (34.1%) Na.
Hypertension 238 (T1.0%) 131 (79.9%)* : 104 (34.4%)!
Hypercholesterolemia 141 (42.1%) 140 (85.4%) 85 (28.1%)!
Diabetes mellitus 67 (20.7%) 81 (49.39%)" 79 (26.2%)

BMI indicates body mass index. *, and }, P<0.05 and P<0.0001, respectively (compared with the control group). N.a. indicates not available.
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Table 2
MMP-3 genotype distributions and allele frequencies
MMP-3 genotype Allele frequency P
6A/6A 6A/SA SA/SA of 5A value
Control (n=1335) 257 (76.7%) 76 (22.7%) 2 {0.6%) 0.12
M1 group-1 (n=164) 110 (67.1%) 50 (30.5%) 4 (2.4%) 0.18 0.018
M1 group-2 (n=302) 208 (68.8%) 82 (27.2%) 12 (4.0%) 0.18 0.0059

Ml indicates myocardial infarction. The P values represent the statistical significance of the comparison of allele fraquencies (compared with the control group).

95 °Cfor155,53 °Cfor 15s,and 72 °C for 12 5 (40 cycles).
Following PCR, melting curve analysis was performed using
a FITC-labeled anchor probe (5TACCCTCTTGAACTCA-
CATGTTATGCCACTTAGATGAGGAAATTGTAGTT-3)
and a Light Cycler Red 640-labeled mutation probe (5-
AATAATTAGAAAGGATATGACTTATCTCAA-
ATCA-3). As for the MMP-3 — 1171 5A/6A genotype, the
sense and antisense primers for PCR were 5:TAGAAG-
GAATTAGAGCTGCC-3' and 5:CTCAACCT CTCAA-
AGTGCTA-3; respectively. Forty cycles (95 °C for 15 s,
52 °Cfor 155,72 °C for 12 s) were used to amplify a 282-bp
product. Following PCR, melting curve analysis was per-
formed using a FITC-labeled anchor probe (S:CCTCATAT-
CAATGTGGCCAAATATTTTCCCTGTATTTCAATCAG-
GACAAG-3) and a Light Cycler Red 640-labeled mutation
probe (S:CATGGTTTTT CCCCCCAT).

2.3, Statistical analysis

Comparisons of genotype distributions and allele fre-
quencies were assessed using the y* test with 2 and 1 degree
of freedom with Hardy—Weinberg predictions. Continuous
variables were analyzed by univariate analysis with the
Mann—Whitney rank-sum test. Multiple logistic regression
analysis was performed to eliminate confounding influen-
ces. Independent variables were coded with dummy scores;
for instance, 0 (absence) and 1 (presence) were assigned for
male sex, age (>65 years old), smoking status, obesity (body
mass index>25), hyperiension, diabetes mellitus, and hy-
percholesterolemia. For the bi-allelic polymorphic markers
of MMP-1 and MMP-3, the three inheritance models were
evaluated by assigning dummy scores to the individual
genotypes; for instance, 1G/1G=0, 1G2G=1, 2G/2G=2
for MMP-1 polymorphism in the additive inheritance mod-
el.Linkage disequilibrium coefficients (D} between the gene
polymorphisms were calculated as previously described
[11,12]. Haplotype analyses were performed with the EM
algorithm to estimate individual haplotypes [13]. Statistical

analysis was performed with sas (statistical analysis sys-
tem). A two-tailed value of P<0(.05 was considered signif-
icant unless otherwise indicated. For multiple testing, we
applied Bonferroni’s correction and P<0.025 was consid-
¢red significant because we analyzed two genetic poly-
morphisms. Values are expressed as the mean + S.D.

3. Results
3.1. Characteristics of the study populations

The baseline characteristics of the patients and control
subjects are shown in Table 1. Conventional risk factors
such as sex (male), stmoking, hypertension, hypercholester-
olemia, and diabetes mellitus were significantly more fre-
quent in the MI group-1 than the control group. The
information of either the smoking status or body mass index
of MI group-2 was not available. The patients in MI group-2
were younger and the proportion of males was more
frequent in MI group-2 than in the control group. Other
risk factors such as hypertension and hyperlipidemia were
more frequent in the control subjects. ‘

3.2, Association of MMP-3 354/64 polymorphism with
susceptibility to MI

The genotype distributions of the MMP-3 5A/6A poly-
morphism in the control and the two MI groups are shown
in Table 2. The genotype distributions satisfied Hardy—
Weinberg equilibrium. The 5A allele frequency was higher
in the MI group-1 than the control group (P=10.018). In the
additive inheritance model, the genotype distributions were
also different between the control group and the MI group-1
( P=0.028). Multiple logistic regression analysis revealed
the 5A allele tended to be an independent genetic risk factor
for the occurrence of MI [relative risk (95% CI) 1.67 (1.02—
2.74); P=0.042 (additive inheritance model}].

Table 3
MMP-i genotype distributions and allele frequencies
MMP-1 genotype Allele frequency P
1GN1G 1G2G 2GR2G of 1G value
Control (n=335) 31 (9.3%) 144 (43.0%) 160 (47.7%) 0.31
MI group-1 (n=164) 23 (14.0%) 74 (45.1%) 67 (40.9%) 0.37 N.s.
MI group-2 (n=302) 32 (10.6%) 133 (44.0%) 137 (45.4%) 033 N.s.

Ml indicates myocardial infarction. The P values represent the statistical significance of the comparison of ailele frequencies (compared with the control group).

157



184

T. Nujiri et al. / Internarional Jownal of Cardiology 92 (2003) 181-136

Table 4
Distributions of genotypes of MMP-1 and MMP-3 polymorphism

MMP-1 genotype

Control MI (group-1) MI (group-2)

1G/1G 162G 2G12G 1G/1G 1G2G 2G2G 1G/1G 162G 2G2G
MMP-3 6A/6A 13 90 154 4 40 66 8 72 128
genotype 6A/SA 17 53 6 15 34 1 15 58 9

SA/5A t 1 0 4 0 0 9 3 0

MI, myocardial infarction,

Because these findings indicated that MMP-3 5A/6A
polymorphism might be a useful genetic marker for MI,
we recruited another 302 patients of MI (MI group-2) from
another institute in the same area of Tokyo and made cross
validation to confirm this tendency. The results showed that
the frequency of the 5A allele was also significantly more
frequent in the MI group-2 than in the control group
(P=0.0059). In the additive inheritance model, the geno-
type distributions were also different between the control
group and the MI group-2 (P=0.0044). Multiple logistic
regression analysis also revealed that the 5A allele was an
significantly independent risk factor for the occurrence of
MI {relative risk (95% CI} 1.61 {1.12-2.23); P=0.0095
(additive inheritance model)]. According to these findings,
we concluded that the 5A allele is a useful genetic marker
for the susceptibility to MI in Japanese.

3.3. Lack of association between MMP-1 promoter 1G/2G
polymorphism and MI

The genotype distributions of the MMP-1 1G/2G poly-
morphism in the control group and the two MI groups are
shown in Table 3. The genotype distributions satisfied the
criteria for Hardy—Weinberg equilibrium. The allele fre-
quency of the 1G was not different between the MI group-1

Table 5

Expected haplotype frequencies

Haplotype Population Haplotype P

frequency value

6ANG Contral {(n=670) 133 (19.9%)
MI group-1 (n=128) 61 (18.6%)  Nas.
MIgroup2  (n=604) 103 (17.1%) N
Control (n=670) 457 (68.2%)

6AS2G
MI group-1 (n=328) 209 (63.7%) Nas.
MI group-2 (n=604) 395 (65.4%) Ns.
Control (n=670) 73 (10.9%)

5A/1G
MI group-1 (n=328) 57(17.4%) 00058
MI group2  (1=604) ‘94 (15.6%) 0017
Control (n=670) 7 (1.0%)

5ARG
MI group-1 (n=328) 1{(03%)  Ns
MI group2  (1=604) 12 (20%) N,

P value represents the statistical sigaificance of the difference of haplotype
frequencies between the control group and the MI groups.

168

and the control group (P>0.05). Also, there were no
significant differences in the genotype distributions of these
three groups among the three inheritance models. This lack
of association between MMP-1 1G/2G polymorphism and
the susceptibility to MI was also confirmed by the compar-
ison between the MI group-2 and the control group as
shown in Table 3.

3.4. Linkage disequilibrium between the MMP-1 and the
MMP-3 promoter polymorphisms and haplotype analysis

Table 4 presents the combined genotype distributions of
the MMP-1 1G/2G and MMP-3 5A/6A polymorphism in
the control and two MI groups. Strong linkage disequilib-
rium was observed between the MMP-1 1G and MMP-3 5A
alleles in each group. The pairwise linkage disequilibrium
coefficients of the control, MI group-1 and M1 group-2 were
D=0.84, D'=0.97 and D=0.80, respectively (P<0.001,
respectively). Next, we tested whether haplotypes in the
two genes were associated with disease susceptibility, Table
5 represents expected haplotype frequencies of the control
group and the two MI groups. The 5A—1G haplotype
frequency was larger both in the MI group-1 and MI
group-2 (odds ratio 1.97 P=0.0058; MI group-} odds ratio
1.51 P=0.017; MI group-2 } than in the control group.

4. Discussion

In the present study, we demonstrated that the 5A allele
of MMP-3 promoter 5A/6A polymorphism was a signifi-
cant genetic risk factor for M1 independent of conventional
coronary risk factors in Japanese. In addition, we found
that there was strong linkage disequilibrium between
MMP-3 promoter SA/6A polymorphism and MMP-1 pro-
moter 1G/2G polymorphism and that the 5A—1G haplo-
type was significantly associated with susceptibility to MI
in Japanese. '

The MMP-3 promoter with the 5A allele has higher
transcriptional activity than that with the 6A allele [9].
Because the expression of MMP-3 is mainly regulated at
the transcriptional level [14,15], the subjects with the 5A
alleles will presumably have higher enzymatic activities than
that with the 6A alleles. The positive disease association for
MMP-3 5A allele in our study is relevant to a previous report
in Japan that the 5A allele is a risk factor for acute myocardial
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infarction [16]. On the other hand, the association between
the 5A, allele and the patients with coronary artery diseases
without history of prior MI (non-MI CAD) was not observed
in our study (n=156; 6A/6A 110, 6A/5A 45, SA/5A 1; allele
frequency 0.15 in the non-MI CAD patients recruited from
University of Tokyo Hospital). Why is the 5A allele of MMP-
3 only associated with susceptibility to MI but not to non-MI
CAD? Recent experimental study using MMP-3 deficient
mice demonstrated that disruption of MMP-3 may promote
plaque progression [17]. Consistently, clinical report in
British patients showed that the weaker transcription of
MMP-3 (6A allele) is associated the progression of athero-
sclerosis [18]. In contrast, increased expression of MMP-3
seems to induce plaque rupture [5]. The onset of M1 is well
known to be closely related to plaque rupture, not gradual
plaque progression. Therefore, our observation that the SA
allele of MMP-3 is significantly associated with only MI, not
non-MI CAD, is consistent with the above findings.

The MMP-1 promoter with the 2G allele shows higher
transcriptional activity than that with the 1G allele [8].
Indeed, MMP-1 promoter 1G/2G polymorphism has been
shown to be associated with the progression of ovarian
cancer and melanoma through modulation of the expression
of this extracellular matrix-degrading enzyme [19,20]. Judg-
ing from increased expression of MMP-1 in human athero-
sclerotic plaques [6], MMP-1 should also play an important
role in the occumrence of MI. Thus, we examined the
association of MMP-1 promoter 1G/2G polymorphism and
susceptibility to MI. As a result, it was not associated with
the susceptibility to MI in our study population, Why does
only MMP-3, but not MMP-1, polymorphism significantly
associate with the susceptibility to MI? One possible expla-
nation is that MMP-3 has broad range of substrates includ-
ing gelatins and other matrix proteins, however, MMP-1 can
only degrade type 1 collagen. Further investigations are
needed to clarify how each MMP is related to the different
aspect of CAD.

The present study demonstrated that there is strong
linkage disequilibrium between MMP-1 1G/2G and MMP-
3 5A/6A polymorphism. MMP-1 and MMP-3 are closely
located on chromosome $1q.22 and the distance between
these polymorphisms is approximately 40-50 kb [21]. Of
interest, linkage disequilibrium was found between the 1G
allele of the MMP-1 promoter which is related to lower
transcriptional activity of MMP-1 and the 5A allele of the
MMP-3 promoter which is related to higher transcriptional
activity of MMP-3.

Although many earlier studies have discussed these
polymorphisms from the viewpoint of susceptibility to
several diseases [18-20,22-24], none has mentioned the
usefulness of haplotype of these polymorphisms for predict-
ing the susceptibility to MI. In this study, to clarify whether
each haplotype was associated with the disease susceptibil-
ity, we performed haplotype analysis of these polymor-
phisms. As a result, we found that the SA—1G haplotype
could be a significant genetic risk for ML It is possible that
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this 5A—1G haplotype forms linkage disequilibrium with
another functional polymorphisms existing around this
genetic locus where lots of genes belonging to MMP family
exist (MMP7-MMP20-MMP§-MMP10-MMPI[ -
MMP3 -MMP12-MMP13, in this order [21]). In any event,
further investigations will be needed to search another SNPs
around two genes and clarify the biological meaning of this
5A-1G haplotype,

In conclusion, we found in the present study that the 5A
allele of the MMP-3 5A/6A polymorphism was an indepen-
dent genetic risk for the occurrence of MI in Japanese.
Moreover, we also found strong linkage disequilibrium
between the MMP-1 1G/2G and the MMP-3 SA/6A genetic
polymorphisms, and we demonstrated that the 5A-1G
haplotype was associated with the susceptibility to MI in
Japanese.
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