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Abstract

Studies conducted over the last decade demonstrated vari-
able therapeutic efficacy of angiotensin converting enzyme
(ACE) inhibitor on the progression of glomerular diseases,
including IgA nephropathy. In this study, among patients
with biopsy-proven IgA nephropathy, 53 patients in whom
creatinine clearance had been monitored over 5 yr were
recruited for study. These patients were classified into two
groups according to whether or not renal function had de-
clined as determined by the slope of creatinine clearance
against time: group 1 had stable renal function; group 2
had declining renal function (average: -6.7±+1.3 ml/min/
yr). 21 of 53 patients were treated with ACEinhibitor and
followed for 48 wk. Gene polymorphism consisting of inser-
tion (I) or deletion (D) of a 287-bp DNAfragment (pre-
sumed to be a silencer element) of the ACEgene was deter-
mined by PCR. 46 age-matched individuals without history
of proteinuria were analyzed as controls. The DDgenotype
was significantly more frequent in group 2 (43%) than in
controls (7% ) or group 1 patients with stable renal function
(16%). 48 wk after ACEinhibitor administration, protein-
uria significantly decreased in patients with DD genotype
but not in those with ID or II genotypes. The results indicate
that deletion polymorphism in the ACE gene, particularly
the homozygote DD, is a risk factor for progression to
chronic renal failure in IgA nephropathy. Moreover, this
deletion polymorphism predicts the therapeutic efficacy of
ACEinhibition on proteinuria and, potentially, on progres-
sive deterioration of renal function. (J. Clin. Invest. 1995.
96:2162-2169.) Key words: chronic renal failure * renin-
angiotensin system - genetics * ACE inhibitor * proteinuria

Introduction

Immunoglobulin A (IgA) nephropathy is the most common
form of glomerulonephritis in the world ( 1). Initially, the prog-
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nosis of IgA nephropathy was presumed to be benign; however,
it is now recognized that > 50% of patients develop insidious
chronic renal failure (2-6). The decline in renal function occurs
slowly, steadily, and for the most part, silently, as does glomeru-
losclerosis. Such progressive deterioration of renal function and
structure is not limited to IgA nephropathy but, rather, is com-
mon to many forms of chronic glomerular disease, and several
key pathophysiologic mechanisms have been implicated in the
progression (7).

Pharmacologic blockade of angiotensin I converting enzyme
(ACE)1 has been shown to significantly attenuate this progres-
sive process in several experimental models (8, 9), suggesting
the potential pathogenic role of the renin-angiotensin system.
Most recently, a multicenter study conducted on patients with
diabetic nephropathy in the United States (10) has confirmed
the notion suggested earlier by several investigators (11-13)
that ACE inhibitor ameliorates the progressive decline of renal
function in diabetic patients. Although results are variable (14,
15), some studies (16, 17) also indicate that ACE inhibitor
reduces proteinuria and attenuates progressive decline in renal
function in IgA nephropathy as well. Of note, the important
pathophysiologic role of the renin-angiotensin system has also
been implicated in progressive disorders of the heart, notably
cardiac hypertrophy and ischemic heart disease. While multiple
studies have suggested an existence of correlation between ge-
netic background in the renin-angiotensin system with evidence
of heart disease (18-26), one conducted in Germany by
Schunkert et al. is of particular interest (26). They studied the
human ACEgene, which consists of 26 exons and spans 21
kb on chromosome 17 (27). A deletion polymorphism of a
287-bp fragment of intron 16 of the ACE gene was detected.
This polymorphism was found to be associated with the fre-
quency of left ventricular hypertrophy (26). While this deletion
polymorphism is associated with elevated serum and cellular
ACE levels (28, 29), its association with blood pressure levels
or ischemic heart disease varies between populations of differ-
ent genetic and environmental backgrounds (21, 30-34). Of
interest, the study of Schunkert et al. (26) demonstrated that
the association between the deletion polymorphism and left
ventricular hypertrophy is significantly stronger when analysis
is limited to normotensive individuals, suggesting that the poly-
morphism may influence local pathogenic events which involve
renin-angiotensin. In this study, we have examined the possible
role of the ACE deletion polymorphism on another target of
renin-angiotensin-the kidney-and its association with the
progressive loss of renal function in IgA nephropathy. Since

1. Abbreviations used in this paper: ACE, angiotensin converting en-

zyme; Ccr, creatinine clearance; D, deletion; I, insertion.
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Table I. Data from Controls and Patients with IgA Nephropathy
at the Time of Renal Biopsy

Group 1 Group 2 Control
(n = 25) (n = 28) (n = 46)

Age (yr)* 38.2±2.1 39.9±2.1 35.8±1.8 NS
Male:Femalet 17:8 17:11 24:22 NS
Time lag from the

onset (yr) 8.2±1.3 6.8±1.1 NS
Blood pressure

(mmHg)
Systolic 123.4±2.4 133.9±3.9 P < 0.05
Diastolic 78.7±2.8 85.3±2.3 NS

Urinary protein
excretion
(grams/24 h) 1.3±0.3 1.8±0.4 NS

Cc, (ml/min) 89.5±4.3 74.8±4.7 P < 0.05

Values are given as means±SE. Patients with declining renal function
(group 2) were compared with patients with stable renal function (group
1). Probabilities were determined by unpaired t test. * Data were com-
pared between control, group 1, and group 2 by one-way ANOVAwith
factorial analysis. I Data were compared between control, group 1, and
group 2 by multiple contingency table analysis.

specific pharmacologic agents are now available to lower ACE
activity, identification of such a potential risk factor could en-
able us to devise a possible therapeutic intervention.

Methods

Patient population. Among 398 biopsy-proven Japanese patients with
IgA nephropathy who visited the outpatient unit of Jikei Hospital,
Tokyo, from April 1994 to July 1994, all of the patients who fulfilled
the following criteria on July 1994 were recruited: (a) having been
followed over 10 yr since the onset of initial symptoms; (b) having
been regularly measured for 24-h creatinine clearance (CCr) for at least
5 yr; and (c) having provided informed consent before entry into the
study. They consisted of 53 patients (20 female and 33 male, ranging
in age from 21 to 65 yr). In our practice, we routinely perform renal
biopsy in patients with proteinuria > 0.5 grams/24 h. Patients who had
single kidney, anatomical abnormality such as horse shoe kidney or a
bleeding tendency were excluded.

According to the rate of decline in renal function, estimated by the
slope, over time, of CCr which was determined every 4 mo, these patients
were classified into two groups: 25 patients showed stable renal function
(group 1); and CC, decreased in 28 patients (group 2). The mean slope
of the Ccr in group 2 patients was -6.73±1.25 ml/min (range: -1.62
ml/min/yr to -21.80 ml/min/yr). These patients included 14 patients
who required chronic dialysis within 10 yr after the onset of initial
symptoms. The clinical and laboratory features of controls and these
two groups of patients at the time of renal biopsy are summarized in
Table I. Means of age and sex distributions were not distinguishable
between controls and patient groups. In group 1, the mean period of
observation after the onset of initial symptoms (13.7±0.8 yr) was simi-
lar to that in group 2 (12.0±1.3 yr). The mean values of urinary protein
excretion rate in group 2 were not significantly different from those in
group 1. The systolic blood pressure of the patients in group 2 was
higher, on average, than that in group 1 (P < 0.05). The mean value
of Cc, at the time of renal biopsy in group 2 patients was lower than
that of group 1 (P < 0.05). 46 healthy subjects without history of
proteinuria (22 and 24 of whomwere female and male, respectively,
ranging in age from 19 to 57 yr) were analyzed as controls.

Table II. Baseline Data from Patients Subjected to the Study of
ACEInhibitor Administration

DD ID II
(n = 9) (n = 6) (n = 6)

Age (yr) 53.2±4.1 42.3±5.1 50.7±4.6
Male:Female* 7:2 3:3 5:1
Group L:group 2* 2:7 3:3 4:2
Urinary protein (grams/24 h) 1.41±0.41 1.39±0.18 1.43±0.35
Serum creatinine (mg/dl) 1.31±0.12 1.03±0.06 1.05±0.09
C,, (ml/min) 71.7±8.9 81.7±3.4 80.1±7.7
Blood pressure

Systolic pressure (mmHg) 134±6 120±5 137±5
Diastolic pressure

(mmHg) 88±4 82±4 89±5

Values are given as means±SE. Data were compared between control,
group 1, and group 2 by one-way ANOVAwith factorial analysis.
* Data were compared between DD, ID, and II by multiple contingency
table analysis. The patients with all three genotypes were indistinguish-
able in various terms, including the levels of age, sex, urinary protein
excretion, serum creatinine, Ca,, and blood pressure.

Among 53 patients, 21 patients were treated with an ACE inhibitor,
lisinopril (10 mg/d) (11 patients in group 1 and 10 patients in group
2) and 8 were given a Ca antagonist (2 of group 1 patients and 6
of group 2 patients). For ACE inhibitor administration, patients were
randomly selected from patients with normal or moderately impaired
renal function (Cc, > 50 ml/min) before ACE inhibitor. In these 21
patients with ACE inhibitor treatment, 24-h Cc, and urinary protein
excretion rate were monitored every 4 wk and followed for 48 wk.
These 21 patients included 9 patients with the DDgenotype, 6 with the
ID genotype, and 6 with the II genotype. The clinical and laboratory
features of these three genotypes of patients before treatment of ACE
inhibitor are summarized in Table II. All patients were placed on diets
containing 7-10 grams/d of NaCl throughout the study.

Plasma and urine creatinine concentrations were determined by an
automated method, using Jaffe reaction. Urine protein concentration was
measured by the Lowry method.

Extraction and amplification of genomic DNA. Genomic DNAwas
purified from peripheral blood with a blood DNAkit (QIAGEN Inc.,
Chatsworth, CA). Briefly, 10 ml of whole blood cells was lysed in 30
ml of distilled water and 10 ml of GI buffer containing an isotonic buffer
designed to stabilize nuclei. Nuclei were collected by centrifugation
and lysed in G2 buffer containing proteinase K. After digestion with
proteinase K at 56°C overnight, the solution was passed over a resin
column, which was then washed with 1 MNaCl. Genomic DNAwas
then desalted, and precipitated with isopropanol followed by washing
in 70% ethanol. Genomic DNAwas then suspended in 10 mNTris-
HCl, 1 mMEDTA, pH. 8.0, and concentrations were measured by
absorbance at 260 nm.

To determine the ACE genotype of the patients, a genomic DNA
fragment on intron 16 of the ACEgene was amplified by PCRaccording
to Rigat's method (35). PCRamplification products were obtained using
50-,ql reactions (1 .tg genomic DNA, 500 pmol primers, 0.5 mMeach
deoxy-ATP, GTP, CTP, TTP, 3 mMMgCl2, 1 U Taq DNApolymerase
[Takara, Ootsu, Shiga, Japan], 50 mMKCl, 0.001% gelatin, and 10
mMTris-HCl, pH 8.3) with 10 min of denaturation at 94°C, followed
by 30 cycles of 1 min at 940C, 1 min at 580C (annealing), and 2 min
at 72°C (extension) in a thermal cycler (PC-700; ASTEC, Fukuoka,
Japan). Reaction was terminated at 720C for 2 min. The forward and
reverse primers used were 5'-CTGGAGACCACTCCCATCCTTTCT
and 5 '-GATGTGGCCATCACATTCGTCAGAT,respectively. The am-
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plified ACEgene fragments were separated by agarose gel electrophore-
sis. Fragments without insertion (D allele) and with insertion (I allele)
of - 190 and - 490 bp, respectively, were detected on a 1% agarose
gel containing ethidium bromide.

Recently, a study (36) reported that PCR amplification using a
primer pair that recognizes insertion-specific sequence identifies 4-5%
of ID genotypes that have been misclassified as DDwhen only a flanking
primer pair was used. To increase the specificity of DD genotyping,
therefore, we used a primer pair that recognized the insertion-specific
sequence based on a published DNAsequence. Thus, PCRamplifica-
tions were performed with an insertion-specific primer pair (5'TGG-
GACCACAGCGCCCGCCACTAC3' and 5 'TCGCCAGCCCTC-
CCATGCCC-ATAA3'), with 25-al reactions (0.5 Iug genomic DNA,
500 pmol of primers, 0.5 mMeach deoxy-ATP, GTP, CTP, TTP, 1.5
mMMgCl2; 0.5 U Taq DNApolymerase [Takara], 50 mMKCl, 0.001%
gelatin, and 10 mMTris-HCl, pH 8.3) with 1 min of denaturation at
940C, followed by 30 cycles of 30 s at 940C, 45 s at 670C (annealing),
and 2 min at 720C (extension). Only the I allele produces a 335-bp
amplicon. The 335-bp fragment was identified on a 1.5% agarose gel
containing ethidium bromide. The reaction yields no products in the
samples of DDgenotype.

Statistical analyses. Linear regression analysis was used to deter-
mine the slope of the CCr plotted against time. To calculate the slope
of CCr over time, we used data which had been collected every 4 mo
for > 5 yr. Thus, each slope is based on at least 15 measurements. P
< 0.05 was regarded as being a statistically significant decline in renal
function.

The genotypes and allele frequencies for the deletion/insertion poly-
morphism were tested by the multiple contingency table analysis for
their association with decreased renal function. Odds ratios were calcu-
lated as a measure of the association of the ACEgenotype with the loss
of renal function. For each odds ratio, we calculated 95% confidence
interval and two-tailed P values. The patients with decreased renal func-
tion (group 2) were compared with the patients without decreased renal
function (group 1) and nonproteinuric controls. These data were unad-
justed for age.

Statistical analysis was performed for urine protein excretion by
using one-way ANOVA. The data for urine protein excretion were
analyzed using the repeated-measures ANOVAto evaluate the statistical
significance of the influence of the ACE gene polymorphism on the
antiproteinuric effect of ACE inhibitor administration. To evaluate the
statistical significance for the difference in the antiproteinuric effect of
ACEinhibitor administration between DDversus ID and II, or ID versus
II genotype, the one factor ANOVAwas used. The data for Ccr were
analyzed using the repeated-measures ANOVAto evaluate the statistical
significance of the influence of the ACE gene polymorphism on the
renoprotective effect of ACE inhibitor administration. P < 0.05 was
regarded as being statistically significant.

Results

The frequency of DDgenotypes. In the control group, the fre-
quencies of the D and I alleles were 33 and 67%, and the
frequencies of the DD, ID, and II genotypes observed were 7,
52, and 41%, respectively. These data are similar to the pub-
lished data for the Japanese general population (36-38). In IgA
patients with stable renal function (group 1), the frequencies of
the DD, ID, and II genotypes were 16.0, 36.0, and 48.0%,
respectively (Fig. 1 A), with gene frequencies of D and I allele
of 34 and 65%. The expected values which are predicted by
the assumption of Hardy-Weinberg equilibrium in control group
(DD:ID:II = 11:44:45%, X2 = 1.88, NS) and in group 1
(DD:ID:II = 12:44:44%, x2 = 1.91, NS) were shown to be
similar to those observed in these patients. In patients with
declining function ( group 2 ), however, the frequencies of geno-

type (DD:ID:II = 43:29:29%) were significantly different from
those seen in the control group (X2 = 14.35, P < 0.001).
The difference in distribution pattern between group 1 and 2,
however, did not reach statistical significance for this whole
patient population comparison (Fig. 1 A) (X2 = 4.70, P
= 0.09). The D allele was observed more often among the
patients with declining renal function (57% for the D allele and
43% for the I allele) than in control (33% for the D allele and
67% for the I allele) and in patients with stable renal function
(34% for the D allele and 66% for the I allele), both differences
being significant (X2 = 12.18, P < 0.001, and X2 = 11.44, P
< 0.001). The observed frequency of genotype in group 2 was
significantly different from the Hardy-Weinberg population
(DD:ID:II = 33:49:18%, x2 = 8.98, P < 0.05).

Of the 53 patients who satisfied all of the criteria, 45 had
normotension at the time of renal biopsy. Within these 45
patients, the genotype distribution in group 2 (DD:ID:II
= 50:29:21%) versus that in group 1 (DD:ID:II = 14:38:48%)
was significantly different (X2 = 6.96, P < 0.05) (Fig. 1 B).
Of the above 45 patients, 37 had normal renal function. Within
these 37 patients, the genotype was also significantly different
between group 2 (DD:ID:II = 59:23:18%) versus group 1
(DD:ID:II = 15:35:50%, x2 = 8.17, P < 0.05) (Fig. 1 C).

To estimate the relative risk for the progressive loss of renal
function that the DD genotype carries, the ratio of the DD
genotype versus the pooled frequency of the ID and II genotypes
in group 2 was compared with that in group 1 (Fig. 2). The
DD genotype was significantly more frequent in patients with
declining renal function (DD:ID+II = 43:57%) than that in
patients with stable renal function (DD:ID+ II = 16:84%; odds
ratio, 3.94; 95% confidence interval, 1.07- 14.52; P < 0.05).
Within patients with normotension at the time of renal biopsy,
the DD genotype was significantly more frequent in group
2 (DD:ID+II = 50:50%) than that in group 1 (DD:ID+II
- 14:86%; odds ratio, 6.00; 95% confidence interval,
1.39-25.86; P < 0.05). Within 37 patients with normotension
and normal renal function at the time of initial renal biopsy,
the DD genotype was found to be significantly more frequent
in group 2 (DD:ID+II = 59:41%) than in group 1 patients
with normal renal function (DD:ID+II = 15:85%; odds ratio,
8.10; 95% confidence interval, 1.70-38.60; P < 0.01, Fig. 2).

Among 14 patients who required chronic dialysis (a subset
of group 2), 10 patients had normal blood pressure at the time
of biopsy. D homozygosity was observed more frequently in
these 10 patients (DD:ID+II = 50:50%) than in group 1 pa-
tients with normal blood pressure at the time of biopsy
(DD:ID+ II = 14:86%; odds ratio, 6.00; 95% confidence inter-
val, 1.05-34.21; P < 0.05). Among those 10 patients, 7 pa-
tients had normal renal function at the time of biopsy. D homo-
zygosity was observed more often in this subset of group 2
patients (DD:ID+II = 71:29%) than in group 1 patients with
normotension and normal renal function at the time of biopsy
(DD:ID+II = 15:85%; odds ratio, 14.17; 95%confidence inter-
val, 1.83- 109.86; P < 0.005).

The effects of ACE inhibitor on the patients with different
genotypes. Data on proteinuria from patients with the DD, ID,
and II genotype who were treated with an ACEinhibitor, lisino-
pril, are shown in Fig. 3. These three groups were indistinguish-
able for age, sex, baseline blood pressure, urinary protein excre-
tion rate, serum creatinine levels, and Cc, (Table II).

In D homozygotes, urinary protein excretion significantly
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Figure 1. (A) The imbalance of D polymor-
phism of the ACEgene between patients with
stable renal function versus those with de-
clining renal function. In patients with de-
clining renal function (Group 2), the fre-
quency of genotype was significantly differ-
ent from that seen in the control group. The
difference in distribution pattern between pa-
tients with stable renal function (Group 1)
and group 2, however, did not reach statisti-
cal significance for whole patient population
comparison (X2 = 4.70, P = 0.09). Probabil-
ity was determined by contingency table
analysis. (B) The imbalance of deletion poly-
morphism in the ACEgene between group 1
versus group 2 patients with normal blood
pressure at the time of renal biopsy. Among
patients with normal blood pressure at the
time of renal biopsy, the frequency of geno-
type was significantly different between
group 1 versus group 2. These differences
were statistically significant (X2 = 6.96, P
< 0.05). Probability was determined by con-
tingency table analysis. (C) The imbalance
of deletion polymorphism in the ACEgene
between group 1 versus group 2 patients with
normal renal function and normal renal func-
tion at the time of renal biopsy. Among pa-
tients with normal renal function at the time
of renal biopsy, the frequency of genotype
was significantly different between group 1
versus group 2. These differences were statis-
tically significant (X2 = 8.17, P < 0.05).
Probability was determined by contingency
table analysis.

decreased after ACEinhibitor administration (1.402±0.399 at 0
wk vs. 0.0618±0.108 grams/d, at 12 wk, NS, and 0.586+0.096
grams/d, at 24 wk, NS, 0.469+0.098 grams/d, at 36 wk, P
< 0.05, and 0.379±0.078 grams/d, at 48 wk, P < 0.05), but
not in those with ID (1.400+0.173 grams/d at 0 wk, vs.
1.102±0.257 grams/d, at 12 wk, NS, and 1.017±0.198 grams/
d, at 24 wk, NS, 1.248±0.214 grams/ d, at 36 wk, NS, and
1.302+0.263 grams/d, at 48 wk, NS) nor II genotype
(1.428+0.350 grams/d at 0 wk, 1.327+0.031 grams/d, at 12
wk, NS, 1.467±0.378 grams/d, at 24 wk, NS, 1.368+0.257
grams/d, at 36 wk, NS, and 1.680+0.289 grams/d, at 48 wk,
NS). ANOVArevealed that the proteinuria-reducing effect of
ACEinhibition was significantly different between patients with
the DD genotype versus those with ID (P < 0.05) and II (P
< 0.05) genotypes at 36 and 48 wk. Although the pattern of
the response of the ID genotype is numerically midway between

those of II and DD(Fig. 3), no statistical significance is reached
for the difference between II and ID genotypes.

After ACE inhibition, the mean value of Cc, in the DD
genotype did not significantly decrease within 48 wk (71.±-9.0
ml/min at 0 wk vs. 65.4+8.2 ml/min at 12 wk, NS; 66.4+8.1
ml/min at 24 wk, NS; 60.5±+5.2 ml/min at 36 wk, NS; 60.6±+8.3
ml/min at 48 wk, NS). As in patients with the DD genotype,
Ccr did not significantly decrease after ACE inhibition in the
group of patients with the ID (81.7+3.4 ml/min at 0 wk vs.
80.5±7.4 ml/min at 12 wk, NS; 103.7±+10.9 ml/min at 24 wk,
NS; 90.5+7.1 ml/min at 36 wk, NS; 92.17±+10.2 ml/min at 48
wk, NS) and II genotypes (80.0+7.8 ml/min in 0 wk vs.
61.5+9.9 ml/min in 12 wk, NS; 70.7+8.7 ml/min in 24 wk,
NS; 72.3+7.5 ml/min in 36 wk, NS; 77.3±+10.8 ml/min in 48
wk, NS). Although patients with declining renal function
(group 2) more often had the DD genotype and patients with
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Figure 2. Frequency of the DDgenotype in patients with normal blood
pressure and/or normal renal function at the time of renal biopsy.
Among patients with normal blood pressure at the time of renal biopsy,
the DDgenotype was observed significantly more frequently in group
2 than group 1 (X2 = 6.43, P < 0.05). Among patients with normal
blood pressure and normal renal function at the time of renal biopsy,
the DDgenotype was observed significantly more frequently in group
2 than in group 1 (X2 = 7.74, P < 0.01). All, all patients with IgA
nephropathy (n = 53). Normal BPat biopsy, patients with normal blood
pressure at the time of renal biopsy (n = 45). Normal BP Normal Ccr
at biopsy, patients with normal blood pressure and normal creatinine
clearance rate at the time of renal biopsy (n = 37). The number of
patients with the DDgenotype and the total number of patients in each
category are given. For instance, of all of the 53 patients studied, 25
belonged to group 1. Of the 25, 4 had the DDgenotype, so that the DD
genotype was 4/25 x 100 = 16%. Probabilities were determined by
contingency table analysis. The ratio between the DDgenotype versus
the pooled frequency of the ID and II genotypes in group 2 was com-
pared with that in group 1.

_

_-UN (n=6)
*-e ID (n=6)

0-o DD(n=9)
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Figure 3. Difference in the antiproteinuric effect of ACE inhibitor be-
tween patients with the DDgenotype versus those with the ID genotype
or the II genotype. ANOVArevealed that the antiproteinuric effect of
ACE inhibition was significantly different between patients with versus
without the DD genotype. Between patients with the DDgenotype
versus the ID genotype or II genotype, the antiproteinuric effect of ACE
inhibition was significantly different in 36 (P < 0.05) and 48 wk (P
< 0.05). Although the pattern of the response of the ID genotype is
numerically between those of II and DD, no statistical significance is
reached for the difference between II and ID. * P < 0.05 versus 0-wk
data obtained immediately before the start of ACEinhibitor administra-
tion. 12-, 24-, 36-, and 48 -wk data were obtained after 12, 24, 36, and
48 wk of ACE inhibitor administration, respectively. Values are given
as means±1 SE.

0.923±0.459 grams/d, at 48 wk, NS) although the number of
patients, 11+ID = 3, was too small to be conclusive; and (b)
correlation between ACEinhibitor-induced changes in protein-
uria and the level of CCr at the onset of ACEinhibitor adminis-
tration: no significant correlation was found (r = 0.12, NS, for
12 wk, r = 0.26, NS, for 24 wk, r = 0.10, NS, for 36 wk, r
= 0.14, NS, for 48 wk). Thus, the antiproteinuric effect of
ACEinhibitor is closely dependent on the genotype but not the
absolute level of CCr-

Discussion

stable renal function (group 1) more often had the II genotype,
this Cc, response to ACEinhibitor was not significantly different
between the patients with the DD genotype versus those with
the ID or the II genotype within 48 wk of ACEinhibitor admin-
istration.

Since group 2 patients were more often patients with DD
genotype and group 1 patients were more often the II genotype
(Table III), it is unclear whether the effects of ACE inhibitor
on proteinuria are associated with the reduced Cc, in group 2.
To clarify this issue, we performed the following two analyses:
(a) correlation between the genotype and the response in pro-
teinuria to ACEinhibitor within group 2: a significantly greater
response was found in DDgenotype (1.617±0.480 grams/d at
0 wk vs. 0.713±0.109 grams/d, at 12 wk, NS, and 0.640±0.110
grams/d, at 24 wk, NS, 0.531±0.115 grams/d, at 36 wk, P
< 0.05, and 0.396±0.096 grams/d at 48 wk, P < 0.05) than
in the other genotypes (1.007±0.436 grams/d at 0 wk vs.
1.017±0.0.401 grams/d, at 12 wk, NS, and 0.72±0.231 grams/
d, at 24 wk, NS, 0.937±0.451 grams/d, at 36 wk, NS, and

In this study, it was found that a deletion polymorphism in the
ACE gene has a significant association with the incidence of
progressive deterioration of renal function in IgA nephropathy.
The patients with progressive decline in renal function were
also characterized by a higher incidence of hypertension and
an initially mildly reduced renal function, a finding consistent
with the prevailing notion that these two clinical and laboratory
findings are risk factors predicting the progression to renal fail-
ure in this disease (39-42). Our data suggest the possibility
that these and other initial clinical and laboratory signs are
also associated with the presence of the ACE gene deletion
polymorphism. For example, the frequency of the DDgenotype
was higher in patients with declining renal function (43%) than
in those with stable renal function ( 16%). Also, it was of higher
frequency in the IgA nephropathy patient population as a whole
(30%) than in the Japanese general population, which is esti-
mated to be - 10% (39). These associations suggest that the
presence of the DDgenotype may shift IgA nephropathy from
mild to severe, and nephropathy from subclinical to overt. Thus,
the presence or absence of the DDACEgenotype may modify
the severity and/or course of subclinical IgA nephropathy that

2166 Yoshida et al.

_



Table III. Odds Ratio for Loss of Renal Function in Patients with the DDGenotype

Odds ratio (95% CI)

Control Group I Group 2 Control vs. group 1 Group 1 vs. group 2 Control vs. group 2

All subjects
DD 5 4 12 2.66 (0.55-13.02) 3.94 (1.07-14.52)* 4.62 (2.61-42.16)$
ID+ll 41 21 16

Patients with normal BP at
biopsy

DD 3 12 6.00 (1.39-25.86)*
ID+ll 18 12

Patients with normal BP and
normal C,. at biopsy

DD 3 10 8.10 (1.70-38.60)§
ID+ll 17 7

Odds ratios were unadjusted for age and sex. CI, confidence interval. * P < 0.05, ' P < 0.01, P < 0.005.

has been detected in screening of one million school children
in Japan (43). Alternatively, the ACEgene may be physically
linked to another(other) gene(genes) on the D-carrying chro-
mosome that directly causes the progression of IgA nephropa-
thy. In this case, the D polymorphism of the ACE gene may
serve only as a prognostic marker. Regardless of the true func-
tional locus on the chromosome, the ACEgene polymorphism
under study appears to be clinically important across popula-
tions with diverse genetic and environmental background, as
our most recent preliminary study (44) has shown a significant
correlation between D allele and reduction in filtration function
among Caucasian population with IgA nephropathy as well.

In the present study, detailed analysis of our IgA nephropa-
thy patients further revealed that, in a subpopulation of patients
with normal renal function and in another subpopulation of
those without hypertension at the time of biopsy, a significant
association also exists between the presence of polymorphism
and progressive loss of renal function. These results are analo-
gous to those occurring in cardiomyopathy as previously dis-
cussed (18, 19, 26). Indeed, the odds ratio to develop left
ventricular hypertrophy was found by Schunkert et al. (26) to
be substantially higher among normotensive than hypertensive
individuals. From the study of cardiomegaly, one may infer that
the deleterious effects of the ACE D polymorphism may be
mediated through pathogenic effects at the local tissue level
rather than systemic hypertension. However, without extensive
blood pressure monitoring data, the possibility remains that a
subtle ACEgene-dependent abnormality in blood pressure may
mediate the progression of IgA nephropathy.

Inspection of data from individual patients with progressive
IgA nephropathy suggests that other factors contribute to the
progression of the disease. For example, the clinical course of
these patients was not uniform, i.e., some patients required
chronic dialysis within 5-10 yr after onset, and the renal func-
tion of others slowly progressed to renal failure over a period
of 20 yr after onset of the first symptoms. Variable histologic
findings were also observed in the patients with progressive
IgA nephropathy (42, 45, 46). Thus, multiple factors, such
as immunologic abnormalities, i.e., high levels of serum IgA,
hyperactivity of helper T cells (47), and high levels of serum

cytokines derived from T cells, etc. (29), may be involved in
determining the progression of IgA nephropathy. Interestingly,
a DNApolymorphism of the T cell receptor P chain gene was
recently reported to be associated with the progression of IgA
nephropathy (48). In addition, as in many other chronic renal
diseases, nonimmunologic factors are also likely to influence the
progression of IgA nephropathy. If proteinuria and hypertension
represent the early signs of progressive IgA nephropathy, it is
possible that these clinical indexes for progression are also, in
part, mediated by a genetic predisposition, such as the ACED
polymorphism.

In many chronic renal diseases, administration of an ACE
inhibitor leads to a significant attenuation of proteinuria (16,
49, 50). Interestingly, it has been recently reported (51) that,
in patients with insulin-dependent diabetes with normal renal
function, the absence of the D polymorphism decreases the
probability of development of microalbuminuria or proteinuria,
but a strong correlation was not demonstrated in another study
(52). Thus, in both IgA nephropathy and diabetic nephropathy,
the presence of proteinuria may act as a risk factor for chronic
renal failure, conceivably because proteinuria and progression
share the same genetic risk factor, namely, the Dpolymorphism
of the ACE gene. However, it is speculative since it has not
been established in diabetes that the D polymorphism is associ-
ated with progression to renal failure, nor that, in IgA nephropa-
thy, proteinuria per se predicts the course of the disease. Further-
more, all of our patients were on a variety of medications which
might themselves modify the levels of urinary protein and hy-
pertension.

Because ACE inhibitors, which dampen the increased ACE
activity, are readily available, the genetic predisposition of some
IgA patients can, at least theoretically, be overcome therapeuti-
cally. In this regard, in IgA nephropathy, administration of an
ACEinhibitor has been demonstrated to reduce urinary protein
excretion and to attenuate the progression of glomerular injury
to a variable degree ( 17 ). The apparent variability in the effec-
tiveness of ACEinhibition on proteinuria and progressive de-
cline in renal function in IgA nephropathy may be attributed to
the strong dependency of the efficacy of ACEinhibition on the
genetic background of patients. In our study, proteinuria was
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indeed significantly decreased after ACEinhibition in patients
with the DDgenotype while it was without statistically signifi-
cant effect in patients with II and ID genotypes. In addition,
CCr was not significantly altered after ACEinhibition in patients
regardless of the ACEgenotype, due presumably in part to the
short observation period.

In summary, we observed a significant association between
the D polymorphism of the ACEgene and the progressive loss
of renal function in patients with IgA nephropathy. Moreover,
presence of this polymorphism was associated with increased
efficacy of ACE inhibition on proteinuria. Further studies are
warranted to verify these findings and to clarify if, in IgA ne-
phropathy patients with the D polymorphism, their predisposi-
tion to renal failure can be significantly modified or altered by
ACE inhibition or another pharmacologic intervention.
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