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The aim of this study was to investigate the association between urinary 90 kDa N-domain Angiotensin I-converting enzyme
(ACE) form with C-reactive protein (CRP) and homocysteine plasma levels (Hcy), urinary nitric oxide (NOu), and endothelial function (EF) in normotensive subjects. Forty healthy subjects were evaluated through brachial Doppler US to test the response to reactive hyperemia and a panel of blood tests to determine CRP and Hcy levels, NOu, and urinary ACE. They were divided into
groups according to the presence (ACE90+) or absence (ACE90–) of the 90 kDa ACE, the presence (FH+) or absence (FH–) of
family history of hypertension, and the presence or absence of these two variables FH+/ACE90+ and FH–/ACE90–. We found an
impaired endothelial dilatation in subjects who presented the 90 kDa N-domain ACE as follows: 11.4% ± 5.3% in ACE90+ compared with 17.6% ± 7.1% in ACE90– group and 12.4% ± 5.6% in FH+/ACE90+ compared with 17.7% ± 6.2% in FH–/ACE90– group,
P < 0.05. Hcy and CRP levels were statistically significantly lower in FH+/ACE90+ than in FH–/ACE90– group, as follows: 10.0 ± 2.3 μM
compared with 12.7 ± 1.5 μM, and 1.3 ± 1.8 mg/L compared with 3.6 ± 2.0 mg/L, respectively. A correlation between flowmediated dilatation (FMD) and CRP, Hcy, and NOu levels was not found. Our study suggests a reduction in the basal NO production confirmed by NOu analysis in subjects with the 90 kDa N-domain ACE isoform alone or associated with a family history of
hypertension. Our data suggest that the presence of the 90 kDa N-domain ACE itself may have a negative impact on flowmediated dilatation stimulated by reactive hyperemia.
Online address: http://www.molmed.org
doi: 10.2119/2007-00112.Fernandes

INTRODUCTION
Nitric oxide (NO) is not just a vasodilator, but has several critical roles in the
maintenance of vascular homeostasis (1).
NO and Angiotensin II (AII) antagonize
each other in many vascular functions,
such as cell growth, apoptosis, and inflammation. AII has a central role in
the generation of oxidative stress in the
vessel wall (2).
An increased activity in the reninangiotensin system (RAS) has been shown
to be related closely to endothelial cell
(EC) dysfunction. Studies demonstrated
that a reduction in AII production by

ACE inhibitors restores EC function and
decreases cardiovascular events in highrisk patients (3,4). Angiotensin Iconverting enzyme (ACE, peptidyl dipeptidase A, EC 3.4.15.1, kininase II) is a zinc
metalopeptidase that catalyzes the formation of AII and participates in vascular
tonus regulation and water and sodium
homeostasis (5,6). ACE is a major link between RAS and the kinin system, because
it not only converts AI to AII but also inactivates bradykinin (5,7). ACE is found
as a membrane-bound enzyme anchored
by the hydrophobic carboxyl-terminal
segment and as a circulating molecule in
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body fluids and is organized in two homologous domains, (N and
C-domain) (8). ACE exists in at least two
different forms: somatic and testicular
ACE (9,10). ACE also was found in cerebrospinal fluid (11) heart, blood vessels,
kidney, and in a freely soluble form in
plasma and urine (12,13). Casarini et al.
described two ACE isoforms in human
urine of normotensive subjects with 190
and 65 kDa and of hypertensive patients
with 90 and 65 kDa (both N-domain
ACE). Three isoforms with 190, 90, and 65
kDa were found in urine from offspring
with family history of hypertension. Studies using animal models suggested that
the 90 kDa ACE could be a possible genetic marker of hypertension (13–16).
Endothelial dysfunction (ED) is considered an early event in the development of atherosclerosis, and several studies have demonstrated the presence of
ED in hypertensive patients (17). Basal
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NO synthesis may be the first detectable
evidence of endothelial dysfunction.
ED is present in healthy normotensive
subjects who are at high risk for the development of essential hypertension (18).
Although there is a general agreement
that endothelium-dependent vasodilatation is impaired in patients with essential
hypertension, the relationship between
this defect and plasma concentrations of
nitric oxide is unclear (17).
Most cardiovascular risk factors
have been recognized to promote a proinflammatory state (19). Among them,
arterial hypertension has been related to
many circulating inflammatory markers
such as C-reactive protein (CRP) and
homocysteine (Hcy), (20–22) independently of other risk factors, promoting
the idea of hypertension as a potentially
pro-inflammatory condition (22). Studies have clearly established that CRP
predicts a future risk of cardiovascular
disease in apparently healthy people
(23). The mechanism linking Hcy with
cardiovascular disease may be the induction of vascular damage, although
the exact mechanism is not understood
fully. On the other hand, some prospective studies have shown only a weak or
no relationship between homocysteine
and cardiovascular disease (24).
Our purpose is to test the hypothesis
that the presence of the 90 kDa Ndomain ACE form in human urine
could be associated with ED and inflammatory markers such as CRP and Hcy
in the prediction of an increase in blood
pressure levels.
MATERIALS AND METHODS
Design
This is a cross-sectional study of male
normotensive subjects, ranging in age
from 18–40 years, with (FH+) and without (FH–) a family history of essential
hypertension (EH).
Subjects
A total of 40 healthy male volunteers
age ranging from 18–40 years were included in this study. Hypertension was

defined as blood pressure levels above
140/90 mmHg. Women were not included in this study due to the protective
effect of estrogen that might interfere with
our results. None of the subjects had any
significant past medical history, nor were
they taking any medication or vitamins
before or during the study, and all were
nonsmokers. The subjects were initially
divided into two groups according to the
presence or absence of essential hypertension in at least one parent. The next step
was based on the presence (+) or absence
(–) of the 90 kDa N-domain ACE isoform,
irrespective of FH, and finally we combined the presence of FH and the presence of 90 kDa N-domain ACE isoform
which was compared with the group
where both conditions were absent.
This study was conducted in accordance with the Guidelines for Good
Clinical Practice and the Declaration of
Helsinki after approval by the Ethics
Committee on Human Experimentation
from the Federal University of São
Paulo. Informed consent was obtained
from all volunteers.
Blood Pressure Measurement
Subjects underwent a physical examination, which included weight and
height measurements to determine
body mass index (BMI), measurement
of waist (W) and hip (H), and combined
calculation of their ratio (WHR). Physician investigators measured blood
pressure using a mercury column
sphygmomanometer and a cuff of appropriate size. The standardized protocol involved measurement of systolic
and diastolic blood pressures in the left
arm after participants had been seated
quietly for 5 min, at intervals of 1 min
for 3 min. The heart rate (HR) also was
measured. A mean of these BP values
was used for further analyses. Biochemical profile was determined from blood
samples collected after a 12 h overnight
fast. Those who presented with any laboratorial abnormality were excluded
from the study. Afterward, they were
scheduled for a brachial artery reactive
test to evaluate FMD.
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Purification of the Angiotensin
Converting Enzymes from Human
Urine Samples
The urine was concentrated in Centricon concentrator (Millipore, Billerica MA,
USA) and dialyzed in the same equipment against 50 mmol/L Tris-HCl, pH 8.0,
containing 150 mmol/L NaCl using a
30 kDa molecular weight exclusion membrane. The concentrated urine (1.0 mL)
was submitted individually to a gel filtration on an AcA-44 column (16 × 840
mm) previously calibrated with standard
proteins (Amersham Pharmacia Biotech,
San Francisco CA, USA). Fractions (1.0 mL)
were collected at a flow rate of 20 mL/h.
Protein concentration was monitored
by absorbance at 280 nm and ACE activity was measured using Z-Phe-His-Leu
(Z-PheHL) as substrate (25,26). The protein levels of urine and purified enzymes
were determined by the Bradford method
(Bio-Rad Protein Assay, Hercules CA, USA)
using bovine albumin as standard, except
when absorbance at 280 nm was used for
chromatographic elution profile (27).
Western Blotting
Western blotting was performed using
100 μg of urinary protein. SDS-PAGE was
performed as described by Laemmli (28).
After the electrophoretical transference of
the proteins from the polyacrylamide gel
to a nitrocellulose membrane (Hybond P,
Amersham Biosciences, Piscataway NJ,
USA) it was incubated overnight at room
temperature with antibody Y4 diluted
1:1000 (29). The secondary antibody was
an anti-rabbit Ig (Whole Ab) (GE Healthcare, Vppsal, Sweden). Subsequent steps
were carried out using the biotin/streptavidin system (Amersham Pharmacia
Biotech, Vppsal, Sweden) as recommended by the manufacturer.
Endothelial Function Assessment
The endothelial function test was
performed by high-resolution B-mode
ultrasound images using a non-invasive
methodology described by Celenmajer et
al. (30). The equipment used in this
study was an Ultramark HDI 3000 (ATL
ultrasound incorporation), with a linear
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transducer of L7-4 MHz. Examinations
were performed in an air-conditioned
room at a temperature of ~22° C. To
avoid circadian variations, all examinations took place in the morning. This test
assessed FMD after reactive hyperemia.
Diameter and blood flow velocities were
determined in triplicate. The maximum
blood flow (mL/min) was determined
in the first 15 s after cuff release. Ninety
seconds after ischemia, three measurements of the diameter of the brachial artery were taken during the diastole period. FMD response was expressed as
the change in end-diastolic diameter of
the brachial artery during reactive hyperemia compared with the baseline measurement and used as a measure of endothelium-dependent vasodilatation.
Homocysteine Levels Determination
Concentrations of plasma homocysteine levels were measured by high performance liquid chromatography (HPLC,
Shimadzu, Kyoto, Japan) with a column
Prodigy ODS2, 150 × 3.2 mm × 5 μm
(Phenomenex, Torrance, CA, USA) as
described by Pfeiffer et al. (31) and
adapted by Nunes et al. (32).
Urinary Nitric Oxide Levels (NOu)
The NO was determined in urine by
the chemiluminescence method as described by Ribeiro et al. (33). We used the
Model 280 Nitric Oxide Analyzer (NOA)
(Sievers Instruments Inc., Boulder, CO,
USA). The sensitivity for measurement
of NO and its reaction products is approximately 1 picomole.
C-Reactive Protein quantification
Concentrations of plasma C-reactive
protein levels were measured by a
chemiluminescence method with an automated IMMULITE system.
Statistical Analysis
Data were expressed as mean ± standard deviation (SD). Urinary nitric oxide
concentrations were transformed logarithmically to normalize the distribution.
The unpaired Student t-test or analysis
of variance (ANOVA) were used, as

Figure 1. Gel filtration chromatography of human urine: 1.0 mL of concentrated urine
from normotensive subjects (A): with family history of hypertension (FH+) and (B): without
family history of hypertension (FH–) were submitted separately to gel filtration on an
AcA-44 column equilibrated and eluted as described in the Methods section. Fractions
of 1.0 mL were collected at a flow rate of 20 mL/h; (—) Optical Density (OD) 280 nm;
(—) ACE activity on Z-PheHL as substrate.

appropriate, to compare means of continuous variables. Correlation between variables was assessed by the Pearson′s correlation coefficient. Linear regression
analysis was performed considering %
FMD as the dependent variable, and as
independent variables: age, BMI, lipid
profile, CRP, Hcy, and NOu. A P value
< 0.05 was used to indicate statistical
significance. Statistical analyses were
performed using the SPSS software
(SPSS 10.1 for Windows, USA).
RESULTS
Clinical, biochemical, and demographic characteristics of subjects were

divided according to presence (FH+,
n = 26) or absence (FH–, n = 14) of family history of high blood pressure.
There was no statistically significant
difference between these two groups
(data not shown).
The urine samples of subjects were
submitted to DAE-cellulose chromatography. Three peaks with ACE activity
were detected in subjects with family
history of hypertension with molecular
weight of 190, 90, and 65 kDa and two
peaks with 190 and 65 kDa in subjects
without family history of hypertension
(Figures 1A,B). The urine was studied by
Western blot analysis using the antibody
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Table 1. Clinical characteristics of the studied subjects from the different groups.
ACE
90 kDa+

ACE
90 kDa-

Age, years
27.9 ± 7.01 27.4 ± 6.0
Systolic BP, mmHg
110.9 ± 7.1 110.7 ± 5.4
Diastolic BP, mmHg
74.7 ± 6.0 73.3 ± 8.3
BMIa, Kg/m2
25.2 ± 3.4 25.7 ± 3.6
HR, bpm
66 ± 4
69 ± 10
Creatinine, umol/L
97 ± 7
97 ± 10
Glucose, mmol/L
4.3 ± 0.4
4.2 ± 0.5
Total Cholesterolb
4.3 ± 0.92 4.7 ± 0.78
Triglyceridesb
1.2 ± 0.7 1.06 ± 0.4
HDL-Cholesterolb
1.3 ± 0.3
1.4 ± 0.4
LDL-Cholesterolb
2.5 ± 0.8
2.7 ± 1.2
NOuc
6.8 ± 0.8
7.2 ± 0.5
ACE activity (mU/mg) 0.37 ± 0.37 0.27 ± 0.26
CRP (mg/L)d
1.3 ± 1.7
2.3 ± 2.2
Homocysteine μM
9.9 ± 2.6 11.4 ± 2.8

P
value

FH+/
ACE90+

0.403 29.4 ± 6.8
0.410 110.8 ± 7.2
0.550 74.6 ± 5.7
0.706 25.2 ± 3.6
0.414
67 ± 8
0.184
97 ± 7
0.410
4.3 ± 0.4
0.787
4.4 ± 0.95
0.206 1.17 ± 0.6
0.870
1.3 ± 0.4
0.330
2.6 ± 0.9
0.271
6.9 ± 0.9
0.089 0.41 ± 0.37
0.202
1.3 ± 1.8
0.952 10.0 ± 2.3

FH–/
ACE9027.7 ± 7.9
112.5 ± 3.9
74.5 ± 6.0
27.5 ± 3.9
68 ± 12
97 ± 8
4.0 ± 0.4
5.0 ± 0.8
1.0 ± 0.2
1.5 ± 0.4
2.8 ± 1.7
7.2 ± 0.5
0.2 ± 0.2
3.6 ± 2.0
12.7 ± 1.5

P
value
0.646
0.255
0.760
0.900
0.497
0.577
0.765
0.814
0.052
0.798
0.131
0.253
0.077
P < 0.05
P < 0.05

a

BMI indicates body mass index.
Total Cholesterol, Triglycerides, HDL-C and LDL-C (mmol/L).
c
Urinary nitric oxide indicates NOu-μM (log).
d
C-Reactive Protein indicates CRP.
b

Figure 2. Western blotting analysis of urine:
Expression analysis of urinary proteins was
done with the use of Y4 polyclonal antiACE antibody. (A): Normotensive subjects
with family history of hypertension (FH+):
Lane 1 standard (Rainbow, Amersham
Biosciences, Sweden) 2, 3, and 4, urine
from three different subjects FH+. (B): Lane
5 standard (Rainbow, Amersham Biosciences, Sweden), lane 6, subject without
family history of hypertension (FH–). Arrows
indicate bands recognized by the antibody and the standards.

(Y4) raised against human kidney ACE
(Figure 2A,B).
The same subjects were divided into
other groups according to presence (90
kDa+, n = 33) or absence (90 kDa–, n = 7)
of the N-domain ACE, and according to
presence or absence of family history of
hypertension plus presence or absence of
the enzyme, FH+/ACE90+ (n = 23) and
FH–/ACE90– (n = 4), respectively (Table 1).
A family history of high blood pressure
was reported in 65% of subjects and the
90 kDa N-domain ACE isoform was detected in 82%. The ACE activity in the
urine of subjects with 90 kDa ACE isoform tended to be higher than in subjects

without this isoform (0.37 ± 0.37 compared with 0.27 ± 0.26 mU/mg, respectively). The same profile was found in the
FH+/ACE90+ group (0.41 ± 0.37 mU/mg)
compared with FH–/ACE90– group
(0.2 ± 0.2 mU/mg).
The results of baseline blood flow
were analyzed and there were no statistically significant differences between the
groups studied (data not shown). We
found no statistically significant differences between baseline vascular diameter of the subjects. These results were:
0.39 ± 0.04 in ACE90+ compared with
0.38 ± 0.05 cm in ACE90– group and
0.39 ± 0.04 in FH+/ACE90+ compared
with 0.38 ± 0.04 cm in FH–/ACE90–.
We found an impaired endothelial
dilatation in subjects who presented
the 90 kDa N-domain ACE as follows:
11.4% ± 5.3% in ACE90 + compared with
17.6% ± 7.1% in ACE90– group, P < 0.05,
and 12.4% ± 5.6% in FH+/ACE90+ compared with 17.7% ± 6.2% in FH–/ACE90–
group, P < 0.05 (Figure 3). These results
of FMD correspond to lower urinary nitric oxide concentrations in the groups
that have impaired endothelial function.
The values of log (NOu) were 6.8 ± 0.8 in
ACE90+ and 7.2 ± 0.5 μM in ACE90–
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group. For the groups FH+/ACE90+ and
FH–/ACE90–, the corresponding values
were, respectively, 6.9 ± 0.9 compared
with 7.2 ± 0.5, which were not found
statistically significantly different.
The homocysteine levels were lower
in the ACE 90 kDa+ than in the ACE 90
kDa– group (9.9 ± 2.6 μM compared
with 11.4 ± 2.8 μM), and the comparison
reached statistical significance between
the groups FH+/ACE90+ and FH–/
ACE90– (10.0 ± 2.3 μM compared with
12.7 ± 1.5 μM, P < 0.05). The same profile
was found for CRP levels, the values
were lower in the ACE 90 kDa+ than in
the ACE 90 kDa– group (1.3 ± 1.7 mg/L
compared with 2.3 ± 2.2 mg/L). The levels were significantly lower in the FH+/
ACE90+ than in the FH–/ACE90– group
(1.3 ± 1.8 mg/L compared with 3.6 ±
2.0 mg/L, P < 0.05). We did not detect
any statistically significant association
between FMD and inflammatory markers, or between FMD and NOu.
DISCUSSION
In the present study, we investigated
the association of urinary 90 kDa ACE
N-domain isoform and CRP, Hyc plasma
levels, urinary nitric oxide, and endothelial
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Figure 3. Percentage of flow-mediated dilatation (FMD) in subjects with ACE 90 kDa (ACE
90 kDa+), without this isoform (ACE 90 kDa–); subjects with family history of hypertension
and the 90 kDa isoform (FH+/ ACE 90 kDa+), and subjects without these two variables
(FH–/ACE 90 kDa–). *P < 0.05.

dysfunction in healthy subjects with or
without a family history of hypertension.
The differences between all groups
studied for clinical data, biochemistry,
and demographics were not statistically
significant.
A family history of high blood pressure was found in 65% of the subjects
and the 90 kDa ACE isoform was detected in 82% of the subjects. The presence of 90 kDa isoform was not found in
all subjects with a history of high blood
pressure, this may be because the family
giving information is subjective or that
the genetic alterations responsible for
inherited essential hypertension remain
largely unknown (34). We found three
ACE isoforms with 190, 90, and 65 kDa
in the urine of offspring with a family
history of hypertension, but in subjects
without family history of high blood
pressure, only two isoforms with 190
and 65 kDa. The presence of 90 kDa ACE
isoform was analyzed by gel filtration
chromatography and confirmed by Western blotting. This result is in agreement
with our previous study where 90 kDa
N-domain ACE was reported to be segregated and may be a very important factor in the conversion of a normotensive
subject to hypertensive, and also was

related to hypertension in a crossing and
retro-crossing of Spontaneously Hypertensive and Brown Norway rats (13–16).
The presence of 90 kDa and 65 kDa ACE
has been the target of several studies.
The literature suggests that mechanisms
of solubilization are involved in forming
these isoforms by shedding with a secretase or (35–37), by an alternative splicing
of the ACE mRNA (38,39).
Patients with the ACE90 kDa+ had a significantly reduced endothelium-dependent
vasodilatation response of the brachial
artery when compared with patients
without this isoform (ACE 90 kDa–):
11.4% ± 5.3% compared with 17.6% ±
7.1%, P = 0.014, respectively. Patients with
90 kDa ACE associated with a family history of hypertension also had a negative
impact on FMD and the percentage was:
12.4% ± 5.6% in FH+ /ACE90+ compared
with 17.7% ± 6.2% in FH–/ACE90– group
(P < 0.05). The data of Taddei et al. (40)
indicated that Ach-mediated forearm vasodilatation is reduced in normotensive
subjects with a family history of essential
hypertension, a finding that suggests that
endothelium dysfunction can precede the
appearance of hypertension, and that this
abnormality might play a role in pathogenesis of hypertension.

An impaired trend was observed in
relation to NOu, where subjects with 90
kDa ACE had a lower urinary nitric
oxide concentration than those who did
not have this isoform (6.8 ± 0.8 compared
with 7.2 ± 0.5 log μM, respectively). In
relation to the groups FH+/ACE90+ and
FH–/ACE90–, these concentrations were
6.9 ± 0.9 compared with 7.2 ± 0.5 respectively. Although no statistically significant difference was found in relation to
NOu, these findings are compatible with
the ultrasound results. There is a general
agreement that endothelial-dependent
vasodilatation is impaired in patients
with essential hypertension (17,41), but
the relationship between this defect and
plasma concentrations of nitric oxide is
not clear. Our results agree with Lyamina
et al. (42) who showed that 24 h urinary
excretion of Nox was significantly lower
in patients with stage I and II hypertension than in control subjects, and significantly lower in patients with stage II hypertension than in patients with stage I
hypertension.
ACE catalytic activity was determined
using Z-Phe-His-Leu as substrate described as a specific substrate to N-domain ACE portion (37). Subjects with
90 kDa ACE isoform had higher enzymatic urinary activity when compared
with the group without the 90 kDa ACE.
The same tendency was observed in the
group that had this isoform associated
with a family history of high blood pressure, suggesting that subjects who have
ACE 90 kDa may be more susceptible to
hypertension (15).
Examination of lipidic profile showed
that the group with 90 kDa isoform had
higher triglyceride levels than the group
without the urinary isoform, as shown in
results. When we analyzed the presence
of 90 kDa ACE associated with a history
of hypertension (FH+/ACE90+ and
FH–/ACE90– groups), we found the
same profile without a statistically significant difference. HDL-C levels were
lower in subjects with 90 kDa ACE isoform than in those without it being similar to the results obtained for subjects
with FH+/ACE90+ compared with
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FH–/ACE–. This difference was not statistically significant, but may suggest
that patients with 90 kDa ACE isoform
could have a major risk of developing
atherosclerosis.
There was no significant correlation
between FMD, CRP, and homocysteine
levels in any of the subjects studied. The
study of Chrysohoou et al. (22) revealed
differences in the markers, such as CRP
and homocysteine, between prehypertensive and normotensive subjects without
any clinical evidence of cardiovascular
disease. They found homocysteine levels
higher in prehypertensive (13.9 μM) and
hypertensive (14.1 μM) compared with
normotensive subjects (13.1 μM). They
hypothesized about a direct relationship
between borderline blood pressure levels
and inflammation process. We did not
detect a relationship between BP and Hcy.
The highest value found was 12.7 μM,
which is not considered hyperhomocysteinemia by Refsum et al. (43). The analysis of our results shows that subjects
with 90 kDa ACE had Hcy levels lower
than those who did not have this isoform. This finding was not statistically
significant. Instead, the analysis of the
presence of an urinary isoform associated with a history of high blood pressure presents a statistical difference between the groups FH+/ACE90+ and
FH–/ACE90–. We cannot suggest a correlation between Hcy and 90 kDa ACE.
The CRP levels detected in all groups
studied do not have any correlation with
the presence of 90 kDa ACE isoform. According to Clapp et al. (44), the enormous
range of CRP levels in vivo argues
strongly against this CRP having a major
role in the modulation of vascular tone.
In conclusion, our data indicated that
reduced endothelial vasorelaxant properties shown in 90 kDa N-domain ACE
subjects can be detected prior to the
onset of high blood pressure. This finding might suggest a primary endothelium defect allied to the presence of
90 kDa N-domain ACE isoform and
higher levels in its urinary activity that
can play a role in the pathogenesis of
essential hypertension.

In summary, our findings suggested
that subjects with the 90 kDa ACE with a
family history of hypertension presented
endothelial dysfunction under sub-clinical
conditions. These data support the premise that these parameters antedate the
onset of hypertension. The predictive
value of these possible biomarkers (for
example, 90 kDa N-domain ACE and
endothelial dysfunction) could be used
for assessing future hypertension risk.
Studies with a large population would
be necessary to use these biomarkers for
predicting hypertension, which is considered a critical public health problem.
ACKNOWLEDGMENTS
This study was supported by FAPESP
(2002/13290–2 and 2004/11149–6), We
thank Vania D’Almeida, Margaret Gori
Mouro, and Luciana Cristina Teixeira for
their technical assistance. Thank you
also to François Alhenc-Gelas, Unité 367,
INSERM, Paris, France, for the kind gift
of antibody Y4.
REFERENCES
1. Lloyd-Jones DM, Bloch KD. (1996) The vascular
biology of nitric oxide and its role in atherogenesis. Annu. Rev. Med. 47:365–75.
2. Yan CKD, Aizawa T, Berk BC. (2003) Functional
interplay between angiotensin II and nitric oxide:
cyclic GMP as a key mediator. Arterioscler.
Thromb. Vasc. Biol. 23:26–36.
3. Mancini GB et al. (1996) Angiotensin-converting
enzyme inhibition with quinapril improves endothelial vasomotor dysfunction in patients with
coronary artery disease. The TREND (Trial on
Reversing Endothelial Dysfunction) Study. Circulation. 94:258–65.
4. Yusuf S et al. (2000) Effects of an angiotensinconverting-enzyme inhibitor, ramipril, on cardiovascular events in high-risk patients. The Heart
Outcomes Prevention Evaluation Study Investigators. N. Engl. J. Med. 342:145–53.
5. Skeggs LT Jr, Kahn JR, Shumway NP. (1956) The
preparation and function of the hypertensinconverting enzyme. J. Exp. Med. 103:295–9.
6. Yang HY, Erdos EG, Levin Y. (1970) A dipeptidyl
carboxypeptidase that converts angiotensin I and
inactivates bradykinin. Biochim. Biophys. Acta.
214:374–6.
7. Fleming, I. (2006) Signaling by the angiotensinconverting enzyme. Circ. Res. 98:887–96.
8. Soubrier F et al. (1988) Two putative active centers in human angiotensin I-converting enzyme
revealed by molecular cloning. Proc. Natl. Acad.
Sci. U. S. A. 85:9386–90.

4 3 4 | F E R N A N D E S E T A L . | M O L M E D 1 4 ( 7 - 8 ) 4 2 9 - 4 3 5 , J U LY- A U G U S T 2 0 0 8

9. Erdös EG, Skidgel RA. (1987) The angiotensin Iconverting enzyme. Lab. Invest. 56:345–8.
10. Lanzillo JJ, Stevens J, Dasarathy Y, Yotsumoto H,
Fanburg BL. (1985) Angiotensin-converting enzyme from human tissues. Physicochemical, catalytic, and immunological properties. J. Biol.
Chem. 260:14938–44.
11. Lantz I, Thörnwall M, Kihlström JE, Nyberg F.
(1992) A comparison of human lung, brain, CSF
and plasma angiotensin-converting enzyme with
regard to neuropeptide metabolism. Biochem. Int.
26:415–26.
12. Johnston CI. (1992) Franz Volhard Lecture.
Renin-angiotensin system: a dual tissue and hormonal system for cardiovascular control. J. Hypertens. Suppl. 10:S13–26.
13. Casarini DE et al. (1995) Calcium channel blockers as inhibitors of angiotensin I-converting enzyme. Hypertension. 26:1145–8.
14. Casarini DE et al. (1991) Effect of diuretics upon
urinary levels of angiotensin converting enzyme
(ACE) of essential mild hypertensive patients
(EHP). Hypertension. 16:463. Abstract.
15. Casarini DE et al. (2001) Angiotensin converting
enzymes from human urine of mild hypertensive
untreated patients resemble the N-terminal fragment of human angiotensin I-converting enzyme.
Int. J. Biochem. Cell. Biol. 33:75–85.
16. Marques GD et al. (2003) N-domain angiotensin
I-converting enzyme with 80 kDa as a possible
genetic marker of hypertension. Hypertension.
42:693–701.
17. Panza JA, Quyyumi AA, Brush JE Jr, Epstein SE.
(1990) Abnormal endothelium-dependent vascular
relaxation in patients with essential hypertension. N. Engl. J. Med. 323:22–7.
18. McAllister AS et al. (1999) Basal nitric oxide production is impaired in offspring of patients with
essential hypertension. Clin. Sci. (Lond). 97:141–7.
19. Libby P, Ridker PM, Maseri A. (2002) Inflammation and atherosclerosis. Circulation. 105:1135–43.
20. Jialal I, Devaraj S. (2003) Role of C-reactive protein in the assessment of cardiovascular risk. Am.
J. Cardiol. 91:200–2.
21. Cleland SJ et al. (2000) Endothelial dysfunction as
a possible link between C-reactive protein levels
and cardiovascular disease. Clin. Sci. (Lond).
98:531–5.
22. Chrysohoou C, Pitsavos C, Panagiotakos DB,
Skoumas J, Stefanadis C. (2004) Association between prehypertension status and inflammatory
markers related to atherosclerotic disease: The
ATTICA Study. Am. J. Hypertens. 17:568–73.
23. Ridker PM. (2003) Clinical application of C-reactive
protein for cardiovascular disease detection and
prevention. Circulation. 107:363–9.
24. Ueland PM, Refsum H, Beresford SA, Vollset SE.
(2000) The controversy over homocysteine and
cardiovascular risk. Am. J. Clin. Nutr. 72:324–32.
25. Piquilloud Y, Reinharz A, Roth M. (1970) Studies
on the angiotensin converting enzyme with different substrates. Biochim. Biophys. Acta.
206:136–42.

RESEARCH ARTICLE

26. Friedland J, Silverstein E. (1976) A sensitive fluorimetric assay for serum angiotensin-converting
enzyme. Am. J. Clin. Pathol. 66:416–24.
27. Bradford MM. (1976) A rapid and sensitive
method for the quantitation of microgram quantities of protein utilizing the principle of proteindye binding. Anal. Biochem. 72:248–54.
28. Laemmli UK. (1970) Cleavage of structural proteins during the assembly of the head of bacteriophage T4. Nature. 227:680–5.
29. Bruneval P et al. (1986) Angiotensin I converting
enzyme in human intestine and kidney. Ultrastructural immunohistochemical localization.
Histochemistry. 85:73–80.
30. Celenmajer DS et al. (1992) Non-invasive detection
of endothelial dysfunction in children and adults
at risk of atherosclerosis. Lancet. 340:1111–5.
31. Pfeiffer CM, Huff DL, Gunter EW. (1999) Rapid
and accurate HPLC assay for plasma total homocysteine and cysteine in a clinical laboratory setting. Clin. Chem. 45:290–2.
32. Nunes EC et al. (2000) Standardization of homocysteine determination by high pressure liquid
chromatography and application on coronary artery disease patients. J. Bras. Patol. 36:166–73.
33. Ribeiro L et al. (2004) Evaluation of the nitric
oxide production in rat renal artery smooth muscle cells culture exposed to radiocontrast agents.
Kidney Int. 65:589–96.
34. Luft FC. (1998) Molecular genetics of human hypertension. J. Hypertens. 16:1871–8.
35. Hooper NM. (1991) Angiotensin converting enzyme: implications from molecular biology for
its physiological functions. Int. J. Biochem. 23:
641–7.
36. Beldent V, Michaud A, Bonnefoy C, Chauvet MT,
Corvol P. (1995) Cell surface localization of
proteolysis of human endothelial angiotensin Iconverting enzyme. Effect of the amino-terminal
domain in the solubilization process. J. Biol.
Chem. 270:28962–9.
37. Williams TA, Danilov S, Alhenc-Gelas F, Soubrier F.
(1996) A study of chimeras constructed with the
two domains of angiotensin I-converting enzyme. Biochem. Pharmacol. 51:11–4.

42. Lyamina NP, Dolotovskaya PV, Lyamina SV,
Malyshev IY, Manukhina EB. (2003) Nitric oxide
production and intensity of free radical processes
in young men with high normal and hypertensive blood pressure. Med. Sci. Monit. 9:CR304–10.
43. Refsum H, Guttormsen AB, Fiskerstrand T,
Ueland PM. (1998) Hyperhomocysteinemia in
terms of steady-state kinetics. Eur. J. Pediatr. 157
Suppl 2:S45–9.
44. Clapp BR et al. (2005) Inflammation and endothelial function: direct vascular effects of human
C-reactive protein on nitric oxide bioavailability.
Circulation. 111:1530–6.

38. Rogers J et al. (1980) Two mRNAs with different
3′ ends encode membrane-bound and secreted
forms of immunoglobulin mu chain. Cell.
20:303–12.
39. Sugimura K, Tian XL, Hoffmann S, Ganten D,
Bader M. (1998) Alternative splicing of the mRNA
coding for the human endothelial angiotensinconverting enzyme: a new mechanism for solubilization. Biochem. Biophys. Res. Commun. 247:
466–72.
40. Taddei S, Virdis A, Mattei P, Arzilli F, Salvetti A.
(1992) Endothelium-dependent forearm vasodilation is reduced in normotensive subjects with familial history of hypertension. J. Cardiovasc. Pharmacol. 20 Suppl 12:S193–5.
41. Treasure CB et al. (1992) Epicardial coronary artery responses to acetylcholine are impaired in
hypertensive patients. Circ. Res. 71:776–81.

M O L M E D 1 4 ( 7 - 8 ) 4 2 9 - 4 3 5 , J U LY- A U G U S T 2 0 0 8 | F E R N A N D E S E T A L . | 4 3 5

