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BACKGROUND

Oxidized lipoproteins and antioxidized low-density lipoprotein
(anti-oxLDL) antibodies (Abs) have been detected in plasma

in response to blood pressure (BP) elevation, suggesting the
participation of the adaptive immune system. Therefore, treatment
of hypertension may act on the immune response by decreasing
oxidation stimuli. However, this issue has not been addressed.
Thus, we have here analyzed anti-oxLDL Abs in untreated (naive)
hypertensive patients shortly after initiation of antihypertensive
therapeutic regimens.

METHODS

Titers of anti-oxLDL Abs were measured in subjects with recently
diagnosed hypertension on stage 1 (n=94), in primary prevention
of coronary disease, with no other risk factors, and naive of
antihypertensive medication at entry. Subjects were randomly
assigned to receive perindopril, hydrochlorothiazide (HCTZ), or
indapamide (INDA) for 12 weeks, with additional perindopril if
necessary to achieve BP control. Abs against copper-oxidized LDL
were measured by enzyme-linked immunosorbent assay.

Hypertension affects ~50 million people in the United States,
and up to 60% of the adult population is either prehypertensive
or hypertensive.l> Hypertension is considered an inflammatory
disease and several studies suggested that the adaptive immune
system contributes to blood pressure (BP) elevation.>~> Data from
the Third National Health and Nutrition Examination Survey
showed that C-reactive protein (CRP) and systolic BP (SBP) were
positively associated since the prehypertensive stage.® In fact, low-
grade inflammation in vascular tissue contributes to the patho-
physiology of hypertension. Guzik et al.* reported that T cells
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RESULTS

Twelve-week antihypertensive treatment reduced both office-based
and 24-h ambulatory BP measurements (P < 0.0005). The decrease

in BP was accompanied by reduction in thiobarbituric acid-reactive
substances (TBARS) (P < 0.05), increase in anti-oxLDL Ab titers
(P<0.005), and improvement in flow-mediated dilation (FMD)

(P < 0.0005), independently of treatment. Although BP was reduced,
we observed favorable changes in anti-oxLDL titers and FMD.

CONCLUSIONS

We observed that anti-oxLDL Ab titers increase after antihypertensive
therapy in primary prevention when achieving BP targets. Our

results are in agreement with the concept that propensity to
oxidation is increased by essential hypertension and anti-oxLDL

Abs may be protective and potential biomarkers for the follow-up of
hypertension treatment.
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modulate BP elevation caused by angiotensin II and in response
to sodium and volume challenges, by activating perivascular fat,
which releases cytokines that promote vasoconstriction.”
Hypertension is a known risk factor for atherosclerosis,
and acts promoting, facilitating, or permitting the oxida-
tion of low-density lipoprotein (LDL).” LDL from hyperten-
sive patients is more susceptible to oxidation in vitro, is more
promptly oxidized in vivo,® and antibodies (Abs) against
modified LDL (antioxidized LDL (anti-oxLDL) Abs) could be
a suitable index of in vivo LDL oxidation.? This increased sus-
ceptibility could be secondary to angiotensin II stimulation.'”
LDL particle can be modified by oxidation, aggregation, or
glycosylation, followed by additional changes by enzyme
activity leading to a complete disintegration of the particle,
where residues can be identified in plasma.''? Oxidized LDL
expresses antigenic epitopes that elicit an immune response.’
Oxidized lipoproteins and anti-oxLDL Abs have been detected
in human plasma and atheromas of patients with coronary
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atherosclerosis,'*'> in hypertensive individuals’ and in

apparently healthy controls.!® It is not yet known whether
these Abs are only an indication of the oxidative status of
LDL or whether they contribute to atherogenesis. Thus, there
is controversy regarding the protective or pathogenic role of
these circulating autoantibodies.!” Ketelhuth ef al. investigated
the Ab repertoire to oxLDL subfractions and observed higher
titers in stable than in unstable patients.!® We have previously
shown that anti-oxLDL Ab titers were higher in untreated
patients with hypertension, as compared to those after a recent
acute coronary syndrome, and hypothesized that the mecha-
nism could be related to consumption or diminished Ab pro-
duction due to the acute inflammatory state.!®

Here we evaluate the effects of BP lowering with different
antihypertensive agents on anti-oxLDL Abs. Although there are
several reports on the level of Abs related to hypertension, the
effect of antihypertensive treatments on the immune response
is not completely explored.!®-2* Therefore, based on the concept
that there is a relationship between inflammation and hyper-
tension and that immune mechanisms can be protective,!”2>2¢
the immune response may be useful in preventing or treating
this disease. In addition, it will further strengthen the causal
link between immune mechanisms and coronary disease. We
hypothesized that BP control dramatically changes the levels
of anti-oxLDL Abs suggesting that it could be used both as a
marker for follow-up and as a potential secondary treatment.

METHODS

Patients. Ninety-four middle-aged individuals of both genders,
with recently diagnosed arterial hypertension on stage 1 (ref. 2)
were included in the protocol. Hypertension was defined as the
average of three measurements of sitting BP >140 mm Hg for
SBP and/or 290 mm Hg for diastolic BP (DBP), obtained after
a 5-min resting period and repeated at 5-min intervals. White
coat hypertension was ruled out by 24-h ambulatory BP moni-
toring (ABPM) showing at least one measure (mean of 24-h
SBP or DBP) above the normal range.?’

Study design. This is a prospective intervention trial of hyper-
tensive subjects, naive of antihypertensive treatment at entry,
randomly assigned to receive perindopril 4mg angiotensin-
converting enzyme inhibitor (ACEI group), hydrochlorothi-
azide 25mg (HCTZ group), or indapamide 1.5mg (INDA
group) for 12 weeks in a blinded-fashion. If BP goal at 6 weeks
was not achieved, the patients of each therapeutic arm received
addition of perindopril (4 mg) for the following 6 weeks. Drugs
were coded and encapsulated before randomization and inves-
tigators were unaware of patients’ treatment arm.

Presence of other risk factors, such as smoking or diabetes
or, some treatment for them, hormone replacement therapy,
renal or hepatic dysfunction, any active inflammatory or infec-
tious disease was exclusion criteria.

This project was conducted at the Federal University of
Sao Paulo, was approved by the local ethics committee and
informed consent was obtained from all patients prior to
protocol initiation.
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Clinical parameters. Demographic and anthropometric data
were collected at baseline and end of study. A 12-lead electro-
cardiogram was performed at entry. An intermediate visit at
6 weeks was performed to assess BP control and to add perin-
dopril (4 mg) to those patients who were not at goal. Twenty-
four-hour ABPM (Spacelabs 90207, Seattle, WA) was recorded
at baseline and after 12 weeks.

Blood sample collection. Twelve-hour fasting samples were
obtained for all patients at baseline and 12 weeks after
treatment.

Biochemistry, serum lipids, and apolipoproteins. Electrolytes
and creatinine were measured automatically, serum total cho-
lesterol, high-density lipoprotein cholesterol and triglycerides
were determined enzymatically (Opera Bayer, Leverkusen,
Germany) with LDL-cholesterol estimated by the Friedewald
equation when triglycerides were <400 mg/dl. Glucose was
assessed by enzymatic method and glycated hemoglobin A, _
was measured using high-perfomance liquid chromatography.
Concentrations of apolipoproteins were determined by neph-
elometry (Array 360 Beckmann, Fullerton, CA).

Markers of inflammation. High-sensitivity CRP was meas-
ured by nephelometry (R100 Analyser, Behringer, Mannheim,
Germany), and plasma peroxidation was evaluated by the
thiobarbituric acid-reactive substances (TBARS) assay, which
measures malondialdehyde.?8

Preparation of LDL and oxLDL. Blood was collected from one
fasting normolipidemic blood-donor volunteer, and EDTA-
plasma was obtained after centrifugation (1,000g, 4°C,
for 15min). Benzamidine (2mmol/l), gentamicin (0.5%),
chloramphenicol (0.25%), phenyl-methyl-sulfonylfluoride
(0.5mmol/l), and aprotinin (0.1 unit/ml) were added to the
plasma. LDL fraction (1.006 < d < 1.063 g/ml) was isolated by
sequential ultracentrifugation (100,000g, 4°C), using a 50Ti
rotor (L-8 ultracentrifuge; Beckman Instruments, Palo Alto,
CA), and thereafter dialyzed (4 °C) against phosphate-buffered
saline (PBS; pH 7.4), containing EDTA (0.01%). LDL prepa-
ration was sterilized by filtration through a 0.22-mm filter
(Milipore, Schwalbach, Germany).

To obtain oxLDL, LDL was dialyzed overnight against
EDTA-free PBS, followed by incubation with CuSO 4 (2.5mol/l
per mg of LDL protein; 18 h; 37°C). The oxidation process was
stopped by the addition of 1 mmol/l EDTA.?* This procedure is
standardized in our laboratory and results in a completely oxi-
dized LDL, as defined by both a plateau phase in the TBARS
assay and an increase in net negative charge.?8

Determination of anti-oxLDL Abs. To determine the Abs to
copper-oxidized LDL, we used our own established assay as previ-
ously described.'®2> Ninety-six-well microtiter plates were coated
with oxLDL (7.5ug/ml; 50 ul per well) suspended in carbonate/
bicarbonate buffer (0.1 mol/l; pH 9.6) and left for sensitization
(4°C; overnight). After washing with PBS, the plate was blocked
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with gelatin (3%; room temperature; 24h). Patients’ serum sam-
ples (50ul) were diluted (1:400) before they were added to the
wells. After incubation (2h), the plate was washed with PBS con-
taining Tween (0.05%) and horseradish peroxidase-conjugated
goat antihuman immunoglobulin G (IgG) solution (diluted
1:1,000 in PBS; Kirkegaard & Perry Laboratories, Gaithersburg,
MD) was added. After washing, 3,3’,5,5 -tetramethylbenzidine
(6.5% in dimethyl sulfoxide; Sigma, St Louis, MO), and H,0,
(Sigma) diluted in citrate/phosphate buffer (0.1 mol/l; 250 ul; pH
5.5) were added (room temperature) as enzyme substrate. The
reaction was stopped by addition of H,SO, (2mol/l) and meas-
ured in terms of optical density (A = 450 nm).

Because some imprecision in quantifying anti-oxLDL Abs by
the enzyme-linked immunosorbent assay method may occur,
IgG (10mg/ml; purified human IgG, Pierce Protein Research
Products; Thermo Scientific, Rockford, IL) and a buffer blank
(PBS) were used as controls to compensate intraplate variation.
Interplate imprecision in the enzyme-linked immunosorb-
ent assay was minimized by processing all the samples in the
same period, at the end of the clinical protocol. To minimize
false positive results due to cross-reactivity with antigen naive
epitopes, Ab titers were expressed as the index of reactivity,

calculated as index of reactivity = (OD - OD

sample sample blank)/

Hypertension Treatment Increases Anti-oxLDL Titers

(ODIgG - ODIgG blank)» Where IgG was used as a control. Samples
were run in triplicate and the variation within the triplicates did
not exceed 5% of the mean.

Endothelium-dependent and -independent vasorelaxation.
Vasoreactivity tests were performed in the morning after an
overnight fast, by an experienced ultrasonographer in accord-
ance with the Guidelines for the ultrasound assessment of
endothelial-dependent flow-mediated dilation (FMD) of the
brachial artery.?’ An ultrasound system (Sonos 5500; Hewlett-
Packard-Phillips, Palo Alto, CA), equipped with vascular soft-
ware for two-dimensional imaging, color and spectral Doppler
ultrasound modes, internal electrocardiogram monitor, and
linear-array transducer (with a frequency range from 7.5 to
12.0 MHz), was used. Image acquisition, endothelial-dependent
FMD, and endothelium-independent dilation with isosorbide
dinitrate (5mg; sublingual) were assessed.?’ The percent change
in vessel diameter from the baseline value was calculated to deter-
mine FMD or endothelium-independent dilation. The intra- and
intersonographer variability values were <1 and 2%, respectively.

Statistical analyses. All analyses were performed using the
Statistical Package for the Social Sciences software (17.0) for

Table 1| Clinical characteristics of the study population at baseline and 12 weeks after antihypertensive treatment

ACEl (n=29) HCTZ (n=33) INDA (n=32)
Variables Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks P(bg) P(wg)
Age (years)? 57.0 — 56.0 — 59.5 — 0.370 —
IOR (49.0-62.5) (48.0-64.0) (50.0-66.7)
Male gender® 15 — 17 — 15 — 0.909 —
(%) (51.7) (51.5) (46.9)
Weight (kg)? 76.0 — 717 — 72.3 — 0.751 —
IQR (59.7-87.5) (62.5-80.7) (61.2-83.5)
BMI (kg/m?2)2 27.0 — 27.0 — 283 — 0.837 —
IQR (24.9-32.1) (25.6-31.6) (24.2-32.2)
Waist circumference (cm)? 95.0 — 94.0 — 96.0 — 0.666 —
IQR (86.5-106.5) (85.0-100.5) (88.0-106.0)
HR (bpm)© 80.0 78.0 78 74.0 78 74.0 0.586 0.134
IOR (72.0-87.0) (72.0-78.7) (68-81) (69.0-82.0) (74-86) (70.0-82.0)
SBP (mm Hg)® 150.0 135.0 150.0 130.7 153.8 140.0 0.324 <0.0005
IQR (142.5-164.2) (120.2-144.3) (140.0-160.0) (123.6-145.0) (141.8-160.0) (130.0-150.0)
DBP (mmHg)© 90.0 80.0 90.0 79.3 91.3 86.5 0.712 <0.0005
IOR (90.0-98.5) (80.0-90.0) (89.3-92.5) (80.0-90.0) (89.5-98.6) (80.0-90.5)
24-h SBP (mm Hg)<d 127.0 123.5 131.0 118.0 131.0 125.5 0.153  <0.0005
IQR (118.0-142.0) (115.0-134.3) (124.0-142.5) (116.0-130.0) (119.3-143.0) (112.0-129.7)
24-h DBP (mm Hg)c'd 82.0 80.5 83.0 75.0 79.0 73.0 0.327 <0.0005
IQR (77.5-89.5) (71.7-84.7) (75.5-90.0) (70.0-82.0) (70.0-86.3) (69.0-79.7)
FMD (%)¢ 7.3 9.3 83 9.0 6.7 9.2 0.718 <0.0005
IQR (4.3-10.3) (6.3-11.2) (5.8-10.1) (7.2-11.7) (5.0-10.2) (6.7-12.3)
EID (%) 11.1 134 12.6 124 13.0 134 0.989  0.089
IQR (9.0-14.7) (9.8-17.0) (10.1-15.9) (10.2-17.2) (9.5-15.3) (9.8-16.8)

P < 0.05. ACEI: perindopril group; HCTZ: hydrochlorothiazide group; INDA: indapamide group.

ABPM, ambulatory blood pressure monitoring; ACEIl, angiotensin-converting enzyme inhibitor; bg, between groups; BMI, body mass index; bpm, beats per minute; DBP, diastolic blood
pressure (mean values); EID, endothelial independent dilation; FMD, flow-mediated dilation; HCTZ, hydrochlorothiazide; HR, heart rate; INDA, indapamide; IQR, interquartile range

(median values); SBP, systolic blood pressure (mean values); wg, within group.

2Analysis of variance. Py 2-test. “General linear model, repeated measures. dLog-transformed variables.
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Table 2| Laboratory parameters of the study population at baseline and 12 weeks after antihypertensive treatment

ACEIl (n=29) HCTZ (n=33) INDA (n=32)
Variables Baseline 12 weeks Baseline 12 weeks Baseline 12 weeks P(bg) P(wg)
Total cholesterol (mg/dl) 205.0 215.0 198.0 202.0 185.0 184.0 <0.05 0.196
IQR (185.5-228.0) (172.5-242.5) (169.5-209.5) (175.5-228.5) (161.0-209.7) (162.0-211.0)
HDL-C (mg/dl) 47.0 47.0 44.0 455 47.5 46.0 0.879  0.273
IQR (41.0-56.5) (40.0-56.5) (38.0-58.5) (39.5-59.7) (39.3-60.0) (41.0-62.0)
LDL-C (mg/dl) 126.5 117.0 110.0 125.0 115.0 118.0 0.634 0367
IQR (111.0-148.7)  (95.3-146.5)  (84.0-136.5)  (96.0-150.0)  (93.5-134.5)  (91.0-129.5)
Triglycerides® (mg/dl) 110.0 121.0 121 126.0 108.0 111.0 0.395 0.233
I0R (84.5-189.0)  (78.0-181.5)  (76.0-188.5)  (98.5-169.5)  (73.3-142.5)  (75.0-156.0)
Apolipoprotein Al (mg/dl) 128.0 131.5 127.0 127.0 120.5 128.5 0363 0.110
IQR (110.0-146.0) (122.3-151.0) (113.0-142.5) (111.5-145.0) (104.0-146.3) (110.3-148.0)
Apolipoprotein B100 (mg/dl) 101.0 113.0 92.8 107.0 88.7 96.5 0.184 <0.05
IQR (89.5-123.5) (91.1-128.5) (77.2-111.5) (94.8-119.0) (68.9-117.0) (76.9-111.0)
Sodium ion? (mEq/I) 140.0 140.0 142.0 140.0 141.0 140.0 0.236  0.052
(138.0-142.0) (139.0-141.5) (140.5-143.0) (138.0-143.0) (139.3-143.0) (138.0-141.0)
Potassium ion (mEq/I) 4.20 4.0 4.10 3.8 4.00 3.9 0.107 <0.005
(3.85-4.50) (3.7-4.5) (3.75-4.40) (3.5-4.2) (3.80-4.30) (3.5-4.1)
Calciumion (mEq/I) 1.16 1.18 1.15 1.15 1.17 1.15 0.535 0.220
(1.11-1.22) (1.13-1.21) (1.07-1.18) (1.11-1.21) (1.08-1.22) (1.09-1.20)
Creatinine (mg/dl) 1.0 0.90 0.90 0.9 1.00 0.420 <0.05
(0.8-1.1) (0.80-1.05) (0.9-1.1) (0.80-1.10) (1.0-1.2) (0.85-1.10)
Glucose (mg/dl) 93.0 88.0 87.0 92.0 87.5 89.0 0.293 0918
(81.0-104.0)  (83.0-101.0) (84.0-96.5) (84.3-104.0) (76.0-95.0) (78.0-98.0)
Glycated hemoglobin (%) 54 5.5 5.5 54 5.5 0980 0.330
(5.0-5.7) (5.1-5.9) (5.1-5.9) (4.9-6.1) (5.1-5.7) (5.3-5.9)
TBARS? (umol/ml) 1.54 1.33 1.44 1.19 1.58 1.35 0.599 <0.05
(0.87-2.07) (0.90-1.83) (0.91-1.96) (0.75-1.51) (0.92-2.18) (0.87-1.68)
hsCRP (mg/I) 0.41 0.39 0.46 0.41 0.48 0.38 0.119 0.888
(0.27-0.56) (0.27-0.59) (0.28-0.99) (0.31-0.86) (0.27-0.99) (0.23-0.47)
Anti-oxLDL Abs? (IR) 1.69 1.83 1.75 2.04 1.54 1.77 0.371 <0.005
(1.21-2.15) (1.28-3.25) (1.26-2.45) (1.53-2.59) (1.29-1.99) (1.30-2.30)

P < 0.05. ACEI: perindopril group; HCTZ: hydrochlorothiazide group; INDA: indapamide group. General linear model, repeated measures.
ACEl, angiotensin-converting enzyme inhibitor; Anti-oxLDL Abs, Anti-oxLDL autoantibodies; bg, between groups; HCTZ, hydrochlorothiazide; hsCRP, high-sensitivity C-reactive protein;
INDA, indapamide; IQR: interquartile range (median values); TBARS: thiobarbituric acid-reactive substances; wg, within group.

aLog-transformed variables.

Windows. Numerical data were expressed as median values
and interquartile range, or means and s.e.m. are presented.
Categorical variables were expressed as number of subjects and
percent values. Variables with non-Gaussian distribution were
log-transformed for comparisons. In descriptive statistics,
analysis of variance-Tukey test was used for independent sam-
ples, and Pearson’s x2-test was used for categorical variables.
A general linear model with repeated measures was used to
compare the effects of treatments within and between groups.
Pearson’s or Spearman’s correlation coefficients were tested.
A P value of <0.05 was considered significant.

RESULTS

Baseline characteristics of the study population

Demographic characteristics, clinical parameters and labora-
tory results are presented in Tables 1 and 2. Subjects in the
ACEL HCTZ, or INDA groups were comparable regarding
body weight, body mass index (BMI), waist circumference,
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heart rate (HR), office-based, and 24-h ABPM measurements
of SBP and DBP.

Endothelium-dependent and independent dilation of the
brachial artery at baseline were not different between groups.
However, FMD was marginally impaired. Laboratory variables
were similar among groups of treatment, except for total cho-
lesterol and sodium ion (Table 2). Titers of anti-oxLDL Abs
and values for other inflammation markers (high-sensitivity
CRP, TBARS) were also comparable in the three groups at
baseline.

Effect of BP-lowering treatment

Twelve weeks after the antihypertensive treatments with ACEI,
HCTZ, or INDA, there was a decrease in SBP and DBP office
(P <0.0005 vs. baseline) and also in BP measurements obtained
by 24-h ABPM (P < 0.0005), with no differences regarding
treatment (Table 1). Forty-nine patients (52%) had addition of
perindopril (4 mg) at week 6 in order to achieve BP targets.
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Figure 1 | Box-plots showing medians, interquartiles and 95% confidence interval for (a) systolic blood pressure (SBP), (b) diastolic blood pressure (DBP),

(c) flow-mediated dilation (FMD), (d) thiobarbituric acid-reactive substances (TBARS), and (e) anti-oxLDL Abs at baseline and 12 weeks after antihypertensive
treatment with angiotensin-converting enzyme inhibitor (ACEI), hydrochlorothiazide (HCTZ), or indapamide (INDA). ACEl: perindopril (4 mg); HCTZ:
hydrochlorothiazide (25 mg); INDA: indapamide (1.5mg) P < 0.05, baseline vs. 12 weeks; general linear model (GLM): repeated measures. ACEl = HCTZ = INDA.

Table 3 | Percent changes in blood pressure, anti-oxLDL Abs,
and FMD after treatment compared to baseline

Variable ACEI HCTZ INDA P

SBP -12.0(1.5) -12.1(1.2) —8.0(1.9) 0.099
DBP -8.3(1.7) -9.1(1.1) —5.5(1.8) 0.229
Anti-oxLDL Abs 15.8(7.6) 17.2(6.6) 13.8(6.5) 0.939
FMD 34.9(10.6) 32.8(10.9) 51.9(243) 0673

Data are means and s.e.m. P >0.05; Analysis of variance. ACEl: perindopril group; HCTZ:
hydrochlorothiazide group; INDA: indapamide group.

ACEI, angiotensin-converting enzyme inhibitor; anti-oxLDL Abs, antioxidized low-
density lipoprotein antibodies; DBP, diastolic blood pressure; FMD, flow-mediated
dilation; HCTZ, Hydrochlorothiazide; INDA, Indapamide; SBP, systolic blood pressure.

Box-plots showing medians, interquartiles and 95% confi-
dence interval for SBP and DBP at baseline and 12-week are
presented in Figure 1a,b.

FMD was improved after BP reduction (P < 0.0005 vs. base-
line), without differences between treatment arms (Table 1
and Figure 1c). Conversely, the effect of nitrate on vasorelaxa-
tion was not affected by BP control (Table 1).

Decrease in creatinine and potassium ion levels and increase
in apolipoproteins B were observed. The type of treatment did
not affect other lipid parameters or glucose levels (Table 2).

There was a decrease in lipid peroxidation as measured by
the TBARS assay after BP lowering (P < 0.05). High-sensitivity

212

CRP remained unchanged, with values in the normal range
since baseline (Table 2). Figure 1d shows baseline and 12-week
distribution of TBARS.

Interestingly, BP control following a 12-week period of anti-
hypertensive treatment was accompanied by increase in anti-
oxLDL Ab titers (P < 0.005 vs. baseline), with no difference
between groups regarding therapeutic regimen (Table 2 and
Figure le).

When assessing percent change in SBP and DBP, anti-oxLDL
Ab titers, and FMD from baseline values, it was observed that
endothelial function was improved and AD titers increased as
BP and TBARS levels decreased. Similar results were exhibited
by all treatment groups (Table 3). However, there were no sig-
nificant correlations between anti-oxLDL Ab titers (or change
in this marker after treatment) and the other variables (at base-
line, end of study, and percent changes) (data not shown).

DISCUSSION

Our results clearly show that anti-oxXLDL Ab titers increased
shortly after BP lowering with ACEIL, HCTZ, or INDA in a sam-
ple population with high BP, who was previously naive of anti-
hypertensive treatment and without other known risk factors.
Moreover, this study strengthens the possibility that increase in
the anti-oxLDL Ab titers is protective against atherosclerosis.
A recent study from our group has pointed out to a difference
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between the anti-oxLDL Ab titers in two different clinical sce-
narios: patients with metabolic syndrome after a recent acute
coronary syndrome and stable individuals with hyperten-
sion.!® Other studies,'®3? suggested that anti-oxLDL ADb titers
in unstable patients were lower than in stable ones. These lower
levels could be related to increased consumption of Abs due
to either an inflammatory response occurring in the circula-
tion or a decreased production as a result of deficient immune
capacity.'® Holvoet et al.3! showed that high plasma levels of
malondialdehyde-modified LDL are present in individuals
with stable coronary artery disease and in those with unsta-
ble angina. However, he could not differentiate these two sub-
groups. If we assume that there should be stronger stimuli for
LDL oxidation in plaque instability, the decrease in anti-oxLDL
Ab titers could be related to formation of immune complexes,
their presence in the arterial wall, or even their elimination. Part
of the difference resides in the complex nature of the antigen
(i.e., oxLDL) that will induce a polyclonal Ab response. Part of
these Abs could be protective and another part could aggravate
the disease.32 However, the close correlation observed between
the in vivo levels of circulating or tissue-fixed oxLDL or degree
of lesion strongly supports the hypothesis that elevated titers of
anti-oxLDL Abs may be protective against atherosclerosis.

The nature of the hypertensive disease seems to be much
more complex than a simple elevation in BP measurements,
involving a milieu of vascular, cell, humoral, and inflammatory
alterations that ultimately lead to the disease itself, promoting
activation of the inflammatory cascade, generation of reactive
oxygen species, which end up enhancing LDL oxidation,”®
and leading to macrophage uptake of 0xLDL.!" The degraded
particle isimmunostimulatory,*? immunogenic, and stimulates
production of autoantibodies to LDL and a series of cytokines.
These Abs circulate and form complexes with oxLDL and
CRP? and titers of remaining-free Abs can be measured in the
plasma. There is a decrease in reactive oxygen species after BP
is lowered and therefore fewer stimuli for LDL oxidation. In
the present study, these known phenomena can be inferred
from both the observed decrease in TBARS and increase in
FMD. Thus, it is reasonable to assume that the consumption of
anti-oxLDL Abs would decrease, enabling uncomplexed Abs
to increase in the plasma. Shoenfeld et al. have indeed demon-
strated that these circulating complexes are not harmful, and
their effects only appear when deposited in tissues.!”

Endothelial function was mildly impaired in our naive
hypertensive subjects. Oxidized LDL may contribute to
atherosclerosis progression by enhancing endothelial injury
and by inducing foam cell generation and smooth muscle pro-
liferation.>* We observed similar reductions in BP with ACEL
HCTZ, or INDA. These changes elicited short-term improve-
ment in endothelial function and decreased plasma peroxida-
tion, as measured by reduction in the TBARS, thus showing
that BP control improves other biological parameters related to
the risk of atherosclerosis. In previous studies from our group,
we have shown attenuation of experimental atherosclerosis
in the cholesterol-fed rabbit model®® and in alloxan-induced
type 1 diabetes®® by using ACEIL, quinapril. Other studies have
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shown reduced LDL peroxidation in hypertensive patients as
well as in the apolipoproteins E-deficient mice, and a decrease
in experimental atherosclerosis®” following inhibition of angi-
otensin II formation by ACEIs, blocking of the angiotensin
IT type 1 receptor, and using the latter in combination with
statins.*® This confirms the importance of renin-angiotensin
system activation on atherogenesis and the possibility of its
reversal with renin-angiotensin system blockade.

Because risk factors were excluded, our population was rela-
tively homogeneous and other biases related to LDL modifi-
cation and immune-response activation were avoided. In
addition, because our patients had stage 1 hypertension and
were naive of antihypertensive therapy at baseline, we were
able to individually evaluate the effect of BP control on anti-
oxLDL Ab titers. Recent studies have evaluated the potential
therapeutic role of anti-oxLDL autoantibodies either through
active or passive immunization,'® shedding light into immune
modulation as novel approaches to treat patients with athero-
sclerosis and cardiovascular disease.

Limitations and future directions

Our study has limitations for the TBARS assay is relatively insen-
sitive and does not give a conclusive picture of the oxidative
state of LDL based on the presence of malondialdehyde adducts.
Another issue is the quantification of immune complexes and
free Abs. OXLDL does not only constitute one antigen, but a large
amount where some react with haptens (e.g., malondialdehyde),
some with lipid or lipid-associated antigens, some with proteic
antigens either linear or conformational. These questions need to
be answered when more defined epitopes are available. However,
these circulating immune complexes are not in themselves harm-
ful, causing damage only if they are deposited in tissues.”

The role of the immunoglobulin M anti-oxLDL Abs has been
completely assessed.>® Natural pre-existing immunoglobulin M
Abs have been suggested to play a role. These are mainly directed
against carbohydrates and glycolipids. However, because the
anti-oxLDL response is likely to be a secondary response as
Abs always are present reacting against protein epitopes, and
that protective Abs can be generated through vaccination,!”26
we speculate that the most important subclass is IgG. Therefore,
the further delineation of IgG specific Ab epitopes may be future
directions of investigation in this fascinating field.

In conclusion, our results are novel and show that human
IgG type anti-oxLDL Abs increase shortly after BP control.
This effect on the immune response, including anti-oxLDL Ab
elevation, seems to be protective since we observed decreased
lipid peroxidation and improved endothelial function, known
to favorably affect atherosclerosis. These results support the
concept that hypertension increases the propensity to LDL
oxidation and indicate anti-oxLDL Abs as potential markers in
the follow-up assessment of hypertension treatment.

Acknowledgments: We thank Dr Boschcov, former professor at Federal
University of Sao Paulo, whose suggestions contributed to improve the
quality of the final version of the manuscript. This study was financially
supported by research grants from FAPESP (The State of Sao Paulo Research
Foundation), The National Institute of Science and Technology of Complex

213

2202 JoqUISA0N /| UO Josn dSN-eoliqnd 8pnesoed Aq ££€821/802/2/SZ/2101He/yle/woo dno-olwepedey/:sdpy woly pepeojumod



ORIGINAL CONTRIBUTIONS

Fluids (INCT-FCx), The National Institute of Science and Technology—
Nanomaterials for Integrated Markers (INCT-INAMI) and CAPES (National
Counsel of Technological and Scientific Development).

Disclosure: The authors declared no conflict of interest.

1. WangY,Wang QJ.The prevalence of prehypertension and hypertension
among US adults according to the new joint national committee guidelines:
new challenges of the old problem. Arch Intern Med 2004; 164:2126-2134.

2. Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, Izzo JL Jr, Jones DW,
Materson BJ, Oparil S, Wright JT Jr, Roccella EJ; National Heart, Lung, and Blood
Institute Joint National Committee on Prevention, Detection, Evaluation, and
Treatment of High Blood Pressure. The Seventh Report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood
Pressure: the JNC 7 report. JAMA 2003; 289:2560-2572.

3. De Ciuceis C, Amiri F, Brassard P Endemann DH, Touyz RM, Schiffrin EL. Reduced
vascular remodeling, endothelial dysfunction, and oxidative stress in resistance
arteries of angiotensin ll-infused macrophage colony-stimulating factor-deficient
mice: evidence for a role in inflammation in angiotensin-induced vascular injury.
Arterioscler Thromb Vasc Biol 2005; 25:2106-2113.

4. GuzikTJ,Hoch NE, Brown KA, McCann LA, Rahman A, Dikalov S, Goronzy J,
Weyand C, Harrison DG. Role of the T cell in the genesis of angiotensin Il induced
hypertension and vascular dysfunction. J Exp Med 2007; 204:2449-2460.

5. Harrison DG, Guzik TJ, Goronzy J, Weyand C. Is hypertension an immunologic
disease? Curr Cardiol Rep 2008; 10:464-469.

6. King DE, Egan BM, Mainous AG 3rd, Geesey ME. Elevation of C-reactive proteinin
people with prehypertension. J Clin Hypertens (Greenwich) 2004; 6:562-568.

7. Grundy SM. Oxidized LDL and atherogenesis: relation to risk factors for coronary
heart disease. Clin Cardiol 1993; 16:13-15.

8. MaggiE, MarchesiE, RavettaV, FalaschiF, Finardi G, Bellomo G. Low-density
lipoprotein oxidation in essential hypertension. JHypertens 1993;11:1103-1111.

9. MaggiE, Marchesi E, Ravetta V, Martignoni A, Finardi G, Bellomo G. Presence of
autoantibodies against oxidatively modified low-density lipoprotein in essential
hypertension: a biochemical signature of an enhanced in vivo low-density
lipoprotein oxidation. J Hypertens 1995; 13:129-138.

10. KeidarS, Kaplan M, Shapira C, Brook JG, Aviram M. Low density lipoprotein
isolated from patients with essential hypertension exhibits increased propensity
for oxidation and enhanced uptake by macrophages: a possible role for
angiotensin Il. Atherosclerosis 1994; 107:71-84.

11, Haverkate F, Thompson SG, Pyke SD, Gallimore JR, Pepys MB. Production of
C-reactive protein and risk of coronary events in stable and unstable angina.
European Concerted Action on Thrombosis and Disabilities Angina Pectoris
Study Group. Lancet 1997; 349:462-466.

12. Esterbauer H, Gebicki J, Puhl H, Jirgens G.The role of lipid peroxidation and
antioxidants in oxidative modification of LDL. Free Radic Biol Med 1992; 13:341-390.

13. Yld-Herttuala S, Palinski W, Rosenfeld ME, Parthasarathy S, Carew TE, Butler S,
Witztum JL, Steinberg D. Evidence for the presence of oxidatively modified low
density lipoprotein in atherosclerotic lesions of rabbit and man. J Clin Invest 1989;
84:1086-1095.

14. Palinski W, Rosenfeld ME, Yla-Herttuala S, Gurtner GC, Socher SS, Butler SW,
Parthasarathy S, Carew TE, Steinberg D, Witztum JL. Low density lipoprotein
undergoes oxidative modification in vivo. Proc Natl Acad Sci USA 1989; 86:
1372-1376.

15. Gounopoulos P Merki E, Hansen LF, Choi SH, Tsimikas S. Antibodies to oxidized
low density lipoprotein: epidemiological studies and potential clinical
applications in cardiovascular disease. Minerva Cardioangiol 2007; 55:821-837.

16. Ketelhuth DF, Tonini GC, Carvalho MD, Ramos RF, Boschcov P, Gidlund M.
Autoantibody response to chromatographic fractions from oxidized LDL in
unstable angina patients and healthy controls. Scand JImmunol 2008; 68:456-462.

17. ShoenfeldY,Wu R, Dearing LD, Matsuura E. Are anti-oxidized low-density
lipoprotein antibodies pathogenic or protective? Circulation 2004; 110:2552-2558.

18. Santos AQ, Fonseca FA, Fischer SM, Monteiro CM, Brand&o SA, Pévoa RM,
Bombig MT, Carvalho AC, Monteiro AM, Ramos E, Gidlund M, Figueiredo Neto AM,
Izar MC. High circulating autoantibodies against human oxidized low-density
lipoprotein are related to stable and lower titers to unstable clinical situation.
Clin Chim Acta 2009;406:113-118.

19. WuR, de Faire U, Lemne C, Witztum JL, Frostegard J. Autoantibodies to OxLDL are
decreased in individuals with borderline hypertension. Hypertension 1999; 33:
53-59.

20. Frostegdrd J,Wu R, Lemne C, Thulin T, Witztum JL, de Faire U. Circulating oxidized
low-density lipoprotein is increased in hypertension. Clin Sci 2003; 105:615-620.

21. SuJ,Georgiades A, Wu R, ThulinT, de Faire U, Frostegdrd J. Antibodies of IgM
subclass to phosphorylcholine and oxidized LDL are protective factors for
atherosclerosis in patients with hypertension. Atherosclerosis 2006; 188:160-166.

214

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32

33.

34.

35.

36.

37.

39.

Hypertension Treatment Increases Anti-oxLDL Titers

Frostegard J, Wu R, Gillis-Haegerstrand C, Lemne C, de Faire U. Antibodies to
endothelial cells in borderline hypertension. Circulation 1998; 98:1092-1098.
Wu R, Lemne C, De Faire U, Frostegard J. Antibodies to platelet-activating factor
are associated with borderline hypertension, early atherosclerosis and the
metabolic syndrome. JIntern Med 1999; 246:389-397.

Cvetkovic JT, Wallberg-Jonsson S, Ahmed E, Rantapaa-Dahlqvist S, Lefvert AK.
Increased levels of autoantibodies against copper-oxidized low density
lipoprotein, malondialdehyde-modified low density lipoprotein and cardiolipin
in patients with rheumatoid arthritis. Rheumatology (Oxford) 2002; 41:988-995.
Fernvik EC, Ketelhuth DF, Russo M, Gidlund M. The autoantibody repertoire
against copper- or macrophage-modified LDL differs in normolipidemics and
hypercholesterolemic patients. J Clin Immunol 2004; 24:170-176.

Nilsson J, Hansson GK. Autoimmunity in atherosclerosis: a protective response
losing control? JIntern Med 2008; 263:464-478.

Mancia G, De Backer G, Dominiczak A, Cifkova R, Fagard R, Germano G, Grassi G,
Heagerty AM, Kjeldsen SE, Laurent S, Narkiewicz K, Ruilope L, Rynkiewicz A,
Schmieder RE, Struijker Boudier HA, Zanchetti A, Vahanian A, Camm J,

De Caterina R, DeanV, Dickstein K, Filippatos G, Funck-Brentano C, Hellemans |,
Kristensen SD, McGregor K, Sechtem U, Silber S, Tendera M, Widimsky P,
Zamorano JL, Kjeldsen SE, Erdine S, Narkiewicz K, Kiowski W, Agabiti-Rosei E,
Ambrosioni E, Cifkova R, Dominiczak A, Fagard R, Heagerty AM, Laurent S,
Lindholm LH, Mancia G, Manolis A, Nilsson PM, Redon J, Schmieder RE,
Struijker-Boudier HA, Viigimaa M, Filippatos G, Adamopoulos S, Agabiti-Rosei E,
Ambrosioni E, Bertomeu V, Clement D, Erdine S, Farsang C, Gaita D, Kiowski W,
Lip G, Mallion JM, Manolis AJ, Nilsson PM, O'Brien E, Ponikowski P, Redon J,
Ruschitzka F, Tamargo J, van Zwieten P, Viigimaa M, Waeber B, Williams B,
Zamorano JL, The task force for the management of arterial hypertension of the
European Society of Hypertension, The task force for the management of arterial
hypertension of the European Society of Cardiology. 2007 Guidelines for the
management of arterial hypertension: The Task Force for the Management of
Arterial Hypertension of the European Society of Hypertension (ESH) and of the
European Society of Cardiology (ESC). Eur Heart J 2007; 28:1462-1536.

Puhl H, Waeg G, Esterbauer H. Methods to determine oxidation of low-density
lipoproteins. Meth Enzymol 1994; 233:425-441.

Corretti MC, Anderson TJ, Benjamin EJ, Celermajer D, Charbonneau F, Creager MA,
Deanfield J, Drexler H, Gerhard-Herman M, Herrington D, Vallance P, Vita J, Vogel R;
International Brachial Artery Reactivity Task Force. Guidelines for the ultrasound
assessment of endothelial-dependent flow-mediated vasodilation of the brachial
artery:areport of the International Brachial Artery Reactivity Task Force. JAm Coll
Cardiol 2002;39:257-265.

Monaco C, Crea F, Niccoli G, Summaria F, Cianflone D, Bordone R, Bellomo G,
Maseri A. Autoantibodies against oxidized low density lipoproteins in

patients with stable angina, unstable angina or peripheral vascular disease;
pathophysiological implications. fur Heart J 2001; 22:1572-1577.

Holvoet P, Vanhaecke J, Janssens S, Van de Werf F, Collen D. Oxidized LDL and
malondialdehyde-modified LDL in patients with acute coronary syndromes and
stable coronary artery disease. Circulation 1998; 98:1487-1494.

Frostegard J, Nilsson J, Haegerstrand A, Hamsten A, Wigzell H, Gidlund M.
Oxidized low density lipoprotein induces differentiation and adhesion of human
monocytes and the monocytic cell line U937. Proc Natl Acad Sci USA 1990;
87:904-908.

Lopez D, Kobayashi K, Merrill JT, Matsuura E, Lopez LR. IgG autoantibodies against
beta2-glycoprotein | complexed with a lipid ligand derived from oxidized low-
density lipoprotein are associated with arterial thrombosis in antiphospholipid
syndrome. Clin DevIimmunol 2003; 10:203-211.

Holvoet P Oxidized LDL may contribute to the progression of atherosclerosis

by enhancing endothelial injury by inducing foam cell generation and smooth
muscle proliferation. Ther Apher 1999; 3:287-293.

Fonseca FA, Ihara SS, Izar MC, Silva EP, Kasinski N, Lopes IE, Pinto LE, Paiva TB,
Tufik S, de Paola AA, Carvalho AC. Hydrochlorothiazide abolishes the anti-
atherosclerotic effect of quinapril. Clin Exp Pharmacol Physiol 2003; 30:779-785.
Pomaro DR, lhara SS, Pinto LE, Ueda |, Casarini DE, Ebihara F, Santos AO, Izar MC,
Fonseca FA. High glucose levels abolish antiatherosclerotic benefits of ACE
inhibition in alloxan-induced diabetes in rabbits. J Cardiovasc Pharmacol 2005;
45:295-300.

Keidar S. Angiotensin, LDL peroxidation and atherosclerosis. Life Sci 1998; 63:1-11.
Divchev D, Grothusen C, Luchtefeld M, Thoenes M, Onono F, Koch R, Drexler H,
Schieffer B.Impact of a combined treatment of angiotensin Il type 1 receptor
blockade and 3-hydroxy-3-methyl-glutaryl-CoA-reductase inhibition on
secretory phospholipase A2-type IIA and low density lipoprotein oxidation in
patients with coronary artery disease. Eur Heart J 2008; 29:1956-1965.

Binder CJ, Shaw PX, Chang MK, Boullier A, Hartvigsen K, Horkkd S, Miller Y1,
Woelkers DA, Corr M, Witztum JL. The role of natural antibodies in atherogenesis.
JLipid Res 2005;46:1353-1363.

FEBRUARY 2010 | VOLUME 23 NUMBER 2 | AMERICAN JOURNAL OF HYPERTENSION

20T J9qWaNON /| UO Jasn dSN-e01laNd 8pnes oed Aq £6€82 1/802/2/€2/a101Me/yle/wod dno-olwapeoe/:sdny wolj papeojumod



	Early Increase in Autoantibodies Against Human Oxidized Low-Density Lipoprotein in Hypert
	Abstract
	Methods
	Outlined placeholder
	Patients
	Study design
	Clinical parameters
	Blood sample collection
	Biochemistry, serum lipids, and apolipoproteins
	Markers of inflammation
	Preparation of LDL and oxLDL
	Determination of anti-oxLDL Abs
	Endothelium-dependent and -independent vasorelaxation
	Statistical analyses


	Results
	Baseline characteristics of the study population
	Effect of BP-lowering treatment

	Discussion
	Limitations and future directions

	Acknowledgments
	Disclosure
	References


