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Atheroprotective immunization with MDA-modified apo B-100 peptide
sequences is associated with activation of Th2 specific antibody
expression
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Abstract
Objective: The objective of this study was to evaluate if immunization with MDA-modified human apo B-100 fragments is
associated with a shift in the Th1/Th2 balance.

Methods and Results: Apo E deficient mice were immunized with one of the peptides (P45; amino acids 688-707, P74;
amino acids 1123-1142 or P240; amino acids 3613—-3632) at 6, 9 and 11 weeks of age and compared to controls given carrier
alone. Immunization with P45 and P74 reduced atherosclerosis in the aorta of 25-week-old mice by 48% (p = 0.02) and 31%
(p = 0.06) and macrophage content in atherosclerotic plaques by 33% (p = 0.02) and 39% (p = 0.02), respectively. The levels
of Th2-specific IgG1 against each peptide increased more than 50-fold in response to immunization, whereas the levels of
specific IgM and Thl-associated IgG2a were only marginally affected. However, there was an increase in the plaque
expression of both Th1 and Th2 cytokines as assessed by real time PCR. Immunization with P240, a non-homologous peptide
used as control, induced a 10-fold increase of specific IgG1 but did not influence atherosclerosis or plaque content.

Conclusions: Immunization with MDA apo B-100 fragments induce a shift from Thl to a Th2 specific oxidized LDL
antibody expression, but without a concomitant downregulation of plaque IFN-vy expression.
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associated with formation of oxidized LDL autoanti-
bodies [7]. Autoantibodies against oxidized LDL are
common in humans and are most frequently of IgM
type [8,9]. Some oxidized LDL IgM autoantibodies
also cross-react with structures on apoptotic cells,
certain microorganisms, and oxidized phospholipids
suggesting that they have multiple functions [10-12].
Several studies have reported increased levels of

Introduction

Arterial accumulation of low density lipoprotein
(LDL)-derived lipids is one of the most important
factors causing development of atherosclerosis [1,2].
Some lipoprotein particles become oxidized in the
arterial extracellular matrix leading to the formation of
highly reactive peroxides and aldehydes. These

substances are believed to injure vascular cells and
activate an inflammatory response that plays a key role
in lesion formation [1-4].

Oxidized LDL also contains epitopes recognized by
circulating T cells as well as T cells in atherosclerotic
plaques [5,6]. Moreover, immune recognition is

oxidized LDL autoantibodies in patients with cardio-
vascular disease and animal models of atherosclerosis,
but their exact role in cardiovascular disease remains
to be fully understood [8,13-17].

Immunization of mice and rabbits with oxidized
LDL has been shown to result in an inhibition of
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atherosclerosis indicating that at least some of the
immune responses against oxidized LDL are athero-
protective [18—22]. Immunization induces a T cell
dependent elevation of specific IgG that represent one
possible mediator of the atheroprotective effect [22].
The observation that B cell transfer reduces lesion
development in splenectomized apolipoprotein E
deficient (apo EO) mice favors the existence of
atheroprotective autoantibodies [23]. An alternative
possibility is that immunization activates a shift in the
balance between Thl and Th2 cells. Thl cells
generally secrete proinflammatory cytokines such as
IL.-2 and INF-vy, whereas Th2 cells produce primarily
anti-inflammatory cytokines such as II.-4, IL-5 and
IL-10. Induction of severe hyperlipidemia in apo EO
mice has been shown to result in a switch in oxidized
LDL autoantibodies from Th1 specific IgG2a to Th2
specific IgG1 [24].

Using ELISAs based on a library of 20 amino acid
long malondialdehyde (MDA)-modified polypeptides
covering the complete amino acid sequence of
apolipoprotein (apo) B-100 we have identified a
large number of MDA-modified apo B-100 sequences
recognized by antibodies in human plasma [25]. Most
of these antibodies are of IgM type and their level of
expression correlates with the severity of atherosclero-
sis as assessed by carotid intima media thickness.
However, previous immunization studies in animals
suggest that atheroprotection is associated with IgG
expression rather than IgM [26]. Only a small number
of MDA-modified apo B-100 sequences are recog-
nized by IgG in human plasma and even fewer
demonstrates a correlation with carotid intima media
thickness [25]. In the present study, we have
investigated the effect of immunization with either of
three peptide sequences on atherosclerosis in apo EO
mice. We have also studied if immunization with these
peptide sequences is associated with a shift in the
Th1/Th2 balance as assessed by the expression of
specific IgG2a/IgG1 antibodies.

Materials and methods
Mice

Male apo EO mice on C57BL/6 background were
purchased from B&M (Ry, Denmark). Mice (n = 8—10
per group) were given a first injection with a MDA-
modified peptide conjugated to the carrier or the carrier
alone at 6 weeks of age and booster injections 3 and 5
weeks later. The human apo B-100 peptide sequences
used composed of amino acids 688-707 (IEIGL
EGKGF EPTLE ALFGK; peptide 45), amino acids
1123-1142 (VISIP RLQAE ARSEI LAHWS; peptide
74) or amino acids 3613-3632 (FPDLG QEVAL
NANTK NQKIR; peptide 240). The homology
between the human and mouse sequences is 95% for
peptide 45, 80% for peptide 74 and 0% for peptide 240

(Accession no P04114 (human) and XP_137955
(mouse)). Each injection contained 50 pg of the
MDA-modified peptide conjugated to 50 pug of the
carrier cBSA (cationized bovine serum albumin)
dissolved in 0.083 M sodium phosphate 0.9 M NaCl
pH 7.2, according to the manufacture’s protocol (No.
77652, Pierce, Rockford, IL., USA), and with Alum
(aluminum hydroxide, Pierce) included in all injections
as adjuvant. The selection of apo B-100 peptide
sequences was based on studies demonstrating the
presence of high IgM levels against these peptide
sequences in man [25]. The mice were fed a cholesterol
diet (0.15% cholesterol, 21% fat; Lactamin AB,
Kimstad, Sweden) from the age of 10 weeks. At 25
weeks of age, the mice were killed and the tissue
collected as previously described [26]. The Animal Care
and Use Committee approved experimental protocol
used in the study.

Analysis of the descending aorta and plaque content

Staining and quantification of plaque area in en-face
preparations of descending aorta and subvalvular
plaque macrophage content were done as previously
described [26]. The same procedure was utilized for
the different cytokine stainings as for macrophages,
with exception for the antibodies used: goat anti-
mouse TNF-a, goat anti-mouse IFN-y or goat anti-
mouse II.-4 (Santa Cruz Biotechnology, Inc., Santa
Cruz, CA) as respective primary antibody and
biotinylated anti-goat IgG (Vector Laboratories,
Burlingame, CA) as secondary antibody.

T-cell preparation from the spleen

Spleen cells from the mice were isolated as previously
described (n =4 per group) [27]. T-cells were
negatively selected using paramagnetic beads coated
with anti-mouse B220 antibody to deplete B-cells and
a magnetic particle concentrator, according to
manufacturer’s suggestion (Dynal A.S., Norway).
Pilot experiments indicated =75% purity for T-cells
and =90% purity for B-cells using RPE conjugated
anti-mouse CD3 and FITC conjugated anti-
mouse CD19 monoclonal antibodies (Pharmingen,
Becton & Dickinson, Heidelberg, Germany) by
FACS analysis (FACSort, Becton & Dickinson).
The negatively selected cells in RPMI 1640 medium
(Gibco/BRL) containing 10% FBS were used in
ELISPOT analysis.

IFN-vy and IL-4 ELISPOT

A commercially available kit for mouse IFN-vy
ELISPOT was used according to the protocol of the
manufacturer (Nordic BioSite, Taby, Sweden). In the
IL-4 ELISPOT a monoclonal anti-mouse I1.-4 anti-
body was used as coating antibody (Nordic BioSite)



and a biotinylated anti-mouse II.-4 (Nordic BioSite)
as detection antibody. The same procedure was used
as for IFN-y ELISPOT. About 2 X 10* T-cells/well
for IFN-vy and 10° T-cells/well for IL-4 were incubated
in sterile coated filter plates (Millipore, Bedford, MA)
for 20h at 37°C in 5% CO, and 95% humidity. The
cells were incubated in the presence or absence of the
same MDA-modified peptide (200 pg/ml) as used for
the immunization of the mouse and as activators of the
cells were 1ng/ml phorbol myrestate acetate (PMA;
Sigma, St. Louis, MO) and 500ng/ml Ionomycin
(Sigma) used. All experiments were done in quad-
ruplicates. Spots were visually counted by using a
sidelight microscopy (Olympus Europe FZ30). Mean
values were calculated by counting the spots in the
wells containing peptide, PMA and Ionomycin with
the background spots subtracted.

RNA isolation and cDNA synthesis

Total RNA was isolated from the whole aorta from each
mouse using the protocol for FastPrep™ system (BIO
101, Carlsbad, CA) with small modifications. A speed
rating of 6 for 45s to lyse the aortas was used. The
synthesis of cDNA was performed by mixing 1 ug
of total RNA with random primers (GibcoBRL,
Life Technologies, Gaithersburg, MD), DTT
(GibcoBRL), dNTP (Boeringer @ Mannheim,
Mannheim, Germany), RNaseINH (Promega,
Madison, WI) and Moloney Murine Leukemia Virus
Reverse Transcriptase (MMLV-RT) (GibcoBRL). The
tubes were incubated for 10 min at 30°C, 50 min at 42°C
and 2 min at 94°C.

Real time polymerase chain reaction

SYBR Green PCR Master Mix (Applied Biosystems,
Foster City, CA) was used in an ABI PRISM 7700
Sequence Detection System (SDS-Perkin Elmer,
Applied Biosystems) for amplification of cDNA
according to the manufacturer’s protocol. As controls,
samples without MMLV-RT in the cDNA synthesis
and wells with no template were used. All samples
were run in triplicates. Amplification of TNF-a, IFN-
v, IL-4 and rRNA was carried out by using the cDNA,
an appropriate concentration of each primer pair and
2 X SYBR Green PCR Master Mix. The endogenous
control 18S rRNA was used to normalize the samples.
Calculations were performed by using the standard
curve method (CV < 9%). To confirm the absence of
non-specific amplification the dissociation curve
program was used.

Peptide—ELISA

The same MDA-modified peptide as for the immuni-
zation was used for coating (20 pg/ml in PBS pH 7.4)
of microtiter plates (Nunc MaxiSorp, Nunc, Roskilde,
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Denmark) as previously described [26]. The detection
of deposit antibodies recognizing the peptide
sequences involved both biotinylated goat anti-
mouse IgM or IgG antibodies (Jackson Immuno-
Research, West Grove, PA), as well as alkaline
phosphatase conjugated rat anti-mouse IgGl or
IgG2a antibodies (Pharmingen, BD Bioscience,
Erembodegem, Belgium), incubated for 2h at room
temperature. Data regarding the specificity and
variability of the ELISA have been published
previously [25].

Serum cholesterol and triglyceride

Total plasma cholesterol and plasma triglycerides were
quantified with colorimetric assays, Infinity™ Chole-
sterol and Triglyceride (INT), respectively (Sigma).

Serum amyloid A (SAA)—ELISA

A commercially available ELISA kit (Biosource Int.,
Camarillo, CA) was used for determine the level of
SAA as recommended by the manufacturer.

Statistical analysis

Data are presented as mean * standard deviation.
Analysis of the data was done using the Mann-
Whitney two-tailed test. Statistical significance was
considered at the level =0.05. Box plots demonstrate
median, 25th and 75th percentiles, and with whiskers
showing the highest and lowest values.

Results
Effect of immunization on cholesterol and triglyceride levels

Mice were immunized with human apo B-100
fragments or carrier alone at 6 weeks of age followed
by booster injections 3 and 5 weeks later.
A cholesterol-rich diet was given from 10 weeks of
age and the animals sacrificed at 15 weeks later.
Immunizations did not affect the body weight of the
animals. Mice immunized with fragment P45 had
higher serum cholesterol levels than the control mice
receiving only carrier (Table I), whereas no effect on
lipid levels were observed in mice immunized with
fragment P74 or P240. Mice immunized with apo B-
100 fragment 45 also had higher triglyceride levels
than the controls (Table I).

Effect of immunization on atherosclerosis

Atherosclerosis was analyzed by Oil Red O staining of
flat preparations of the descending aorta and quantified
by image analysis. Atherosclerotic plaques were
primarily located at aortic branching points and
immunization did not alter this pattern. Immunization
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Table I. Lipids, body weight, cytokines and SAA in immunized apo EO mice at the age of 25 weeks.

MDA-P45 MDA-P74 MDA-P240 Controls

(n=9) (n=29) (n=10) (n=28)
Cholesterol (mg/ml) 4.05 + 1.217 3.33 = 1.19 3.99 * 1.47 3.10 = 1.20
Triglycerides (mg/ml) 1.63 = 0.37 1.20 = 0.29 1.13 £ 0.25 1.14 £ 0.45
Body weight (g) 35.56 + 5.36 35.60 * 2.46 35.00 = 5.35 36.25 £ 5.18
Elispot, IFN-y' (Spots/well) 19.75 + 1.50" 21.00 £12.88 3.50 £ 5.07 7.25 = 4.35
Elispot, IL-4T (Spots/well) 2.75 = 3.78 1.00 = 0.82 5.25 + 2.36” 0.25 = 0.50
SAA (pg/ml) 10.02 =£5.18 7.01 = 3.58 7.86 £ 3.34 10.51 £ 7.57

*P < 0.05 vs. controls. Tn = 4.

with fragment P45 reduced atherosclerosis with 48%
(p = 0.02), fragment P74 with 31% (p = 0.06), whereas
immunization with P240 had no effect (Figure 1).

Effect of immunization on MDA Apo B-100 fragment
antibodies

Specific antibodies, mostly IgM, against all fragments
used were detected in the serum of control mice.
However, immunization with fragment P45 resulted
in a more than 10-fold increase in specific IgG, but did
not affect IgM levels against this fragment (Figure 2a).
In mice immunized with fragment P74 specific IgG
increased almost 20-fold, whereas IgM levels
increased by about 50% (Figure 2b). However,
immunization with fragment P240 decreased the
IgM levels by about 5% and gave a 50-fold increase of
IgG antibodies (Figure 2c).

To determine if immunizations influenced the
Th1/Th2 balance we measured the expression of
IgG2a (Thl) and IgG1 (Th2) antibodies against each
MDA-apo B-100 fragment. Only low levels of apo B-
100 fragment specific IgG2a and IgG1 were expressed
in control mice. However, for all fragments the level of
IgGG2a was significantly higher than that of IgGl
indicating a predominance of Th1 immune responses.
In mice immunized with fragment P45 the level of
specific IgG1 was increased more than 100-fold as

compared to control mice, whereas a minor increase
was seen in IgG2a levels (Figure 3a). Similar findings
(a 50-fold increase in IgG1l) were made in animals
immunized with fragment P74 (Figure 3b). Following
immunization with fragment 240 a 10-fold increase
in specific IgG1 antibodies and a small decrease of
IgG2a levels were detected (Figure 3¢). These findings
suggest that immunization with MDA-apo B-100
fragments using alum as adjuvant induce a shift from
Th1 to Th2 specific antibody expression.

Effect of immunization on inflammatory activity

A shift in immune responses against MDA-apo B-100
fragments from Thl to Th2 would be expected to
result in decreased inflammatory activity. The local
inflammatory activity in atherosclerotic plaques was
studied by immunohistochemical staining of macro-
phages and cytokines in subvalvular lesions as well as
by real-time PCR analysis of cytokine expression in
the aorta. The effects on systemic inflammatory
activity were assessed by determining serum levels of
the inflammatory marker serum amyloid A (SAA) and
the expression of INF-vy and IL.-4 in splenic T cells by
Elispot technique.

Macrophage immunoreactivity was reduced by
33% (p=0.02) in mice immunized with fragment
P45 and by 39% (p = 0.02) in mice immunized with
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Figure 1.

Stained plaque area in aortas from immunized apo E0 mice. Mice were immunized with carrier and adjuvant alone (controls) or

with respective MDA-modified peptide P45, P74 or P240. Plaque areas were assessed by Oil Red O staining of en-face mounts of the
descending aorta. Values represent stained area in percent of total area. *P < 0.05 vs. controls, n = 8—10.
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Figure 2.

IgM and IgG specific antibodies in plasma from immunized apo EO mice. Mice were immunized with carrier and adjuvant alone

(controls) or with respective MDA-modified peptide P45, P74 or P240. Detection of antibodies directed to MDA-modified P45 (a), P74 (b)

or P240 (c). P < 0.01 and ™ P < 0.001 vs. controls, n = 8—-10.

fragment P74 as compared to controls (Figure 4). No
effect was seen with fragment P240.

With real-time PCR an increase of TNF-«, IFN-vy
and IL-4 mRNA levels was detected in mice aortas
immunized with fragment P45 compared to control
mice (Table II). Also in the P74 group an increase of
TNF-a was shown, but none of the cytokines were

elevated in mice immunized with fragment P240
(Table II). However, no differences were found in the
plaque cytokine immunohistochemical staining
between groups (data not shown).

There were no differences in serum SAA levels
between controls and mice immunized with apo
B-100 fragments (Table I). Elispot analysis of INF-y
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Figure 3. IgGl and IgG2a specific antibodies in plasma from immunized apo EO0 mice. Mice were immunized with carrier and adjuvant
alone (controls) or with respective MDA-modified peptide P45, P74 or P240. Detection of antibodies directed to MDA-modified P45 (a),
P74 (b) or P240 (c). *P < 0.05, P < 0.01 and **P < 0.001 vs. controls, 7 = 8—10.
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Figure 4.
total plaque area. *P < 0.05 vs. controls, n = 8—10.

and IL-4 expression in the spleen was performed in
four animals in each group. Immunization tended to
increase the expression of both cytokines (Table I).

Discussion

The present observations confirm previous studies
demonstrating that immunization with oxidized LDL
and apo B-100 peptide fragments inhibits athero-
sclerosis [18—22,26]. They also show that immuni-
zation induces a shift from Thl to Th2 responses as
determined by the expression of specific IgG2a and
IgG1 antibodies.

Zhou and co-workers have demonstrated that
induction of hypercholesterolemia in apo EO mice
results in a shift in autoimmune responses against
oxidized LDL from Thl to Th2 [24]. In that study it
was found that apo EO mice with moderate
hypercholesterolemia (450 mg/dl), IgG against oxi-
dized LDL was predominantly of IgGG2a type. Similar
observations were also made in the moderately
hypercholesterolemic adjuvans control group
(300 mg/dl) in the present study. At 23 weeks of age
oxidized LDL IgG1 was increased 2-fold in hyper-
cholesterolemic apo EO mice as compared to chow-fed
in the study by Zhou et al. [24]. In the present study,
immunization with apo B fragments was associated
with more than a 50-fold increase in specific IgG1.
Although these results do not allow a direct
comparison, they indicate that a Th2 response against
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Investigations of macrophage content in subvalvular lesions from immunized apo EO mice. Values represent stained area of the

epitopes in oxidized LDL is induced more effectively
by immunization than in response to hypercholestero-
lemia. Th2 responses have been reported to be the
dominating response to immunization, when using
alum as adjuvant [28]. However in our study, it was
obvious that also sequence homology of the peptide
used for immunization is important to get a strong
specific IgG1 antibody response.

Several studies support the notion that the balance
between Thl and Th2 responses may affect the
progression of atherosclerosis. The arterial inflamma-
tory response associated with the development of
atherosclerosis suggests involvement of primarily Th1l
cells [12,29,30]. Thl cells produce proinflammatory
cytokines such as INF-vy, IL-2 and IL.-12, all of which
are expressed in human atherosclerotic plaques
[12,30]. Mice that are INF-y receptor deficient
develop less atherosclerosis [29], whereas adminis-
tration of IL.-12 accelerates atherosclerosis [31]. Th2
cells produce IL-4,IL.-5,11.-10 and IL-13 that promote
antibody production and inhibit the expression of
proinflammatory Thl cytokines [12,30]. Increased
atherosclerosis has been observed in II.-10 deficient
mice [32], whereas IL-10 overexpression has the
opposite effect [33]. In addition, MDA-LDL immu-
nization of LDL receptor deficient mice was shown to
induce a dominant Th2 immune response with a higher
frequency of IL-5 secreting cells specific for MDA-
LDL and decreased atherosclerosis [34]. Accordingly,
induction of Th2 immune responses against oxidized

Table II. Cytokine mRNA expression in aortas of immunized apo EO mice at the age of 25 weeks.
MDA-P45 MDA-P74 MDA-P240 Controls
(n="1T) (n=29) (n=10) (n=17)
TNF-a 8.86 + 9.16" 4.73 +2.12° 1.92 = 1.21 2.02 £2.41
IFN-y 72.62 *+ 89.22" 2.85 £ 2.49 2.59 = 1.33 5.63 £ 5.52
114 0.85 + 1.18" 0.02 = 0.01 0.02 = 0.01 0.03 = 0.02

Values are given as percent of the 18S rRNA expression. "P < 0.05 vs. controls.



LDL antigens by immunization with apo B-100
fragments is likely to inhibit atherosclerosis in mice.

We observed a decrease in plaque macrophage
immunoreactivity following immunization supporting
a downregulation of Th1 activity. However, there was
no reduction of INF-y expressing cells in the spleen or
in atherosclerotic plaques. This is in contrast to the
findings by Zhou et al. showing induction of a Th2
response against oxidized LDL in hypercholesterole-
mia that is associated with a decreased expression of
INF-v in the spleen and in atherosclerotic plaques in
spite of a much less prominent expression of Th2-
specific IgG [24]. The reason responsible for these
inconsistencies remains to be clarified. The induction
of Th2 immunity against oxidized LDL. antigens
following immunization and diet are likely to be
different in many respects, such as for example the
number of antigens and mechanisms involved in
antigen presentation. Accordingly, in a study by
Veillard et al. [35] it was found that inflammatory cells
within lesions increased together with several inflam-
matory mediators in apo E deficient mice on a
cholesterol-rich diet, and reached a maximum after 10
weeks of diet followed by decreasing expression levels,
whereas plaque size further increased. This reduction
was more distinct for Th2 cells and anti-inflammatory
mediators, indicating that atherosclerosis might result
from an imbalance between pro- and anti-inflamma-
tory mediators. However, the observation in the
present study that immunizations reduced plaque
macrophage content would be compatible with a
downregulation of Thl cytokines, as well as the
increased IL-4 expression. Taken together, this
suggests that sacrificing the mice at an earlier time-
point may result in an even more pronounced Th2
immune response.

Immunization with MDA-modified apo B-100 frag-
ments induced an increase in IgG but did not markedly
affect IgM levels. A similar antibody response has been
observed following immunization with MDA-LDL and
oxidized LDL. These findings indicate that atheropro-
tective immune responses involve IgG but not IgM. This
is in accordance with a study showing an inverse relation
between IgG directed to MDA-LDL and plaque size,
following immunization with MDA-LDL [22]. How-
ever, IgM antibodies against oxidized LDL phospholi-
pids were generated after immunization with
Streprococcus pneumoniae, and associated with a
reduction of atherosclerosis suggesting that some IgM
may have a protective effect [36]. In addition, both IgG
and IgM antibodies have been shown to inhibit uptake of
oxidized LDL in cultured macrophages and both were
also found to bind to apoptotic cells and inhibit their
phagocytosis by macrophages [10,37]. Thus, the
functional role of IgG and IgM against epitopes in
oxidized LDL remains to be fully understood. Infusion
of monoclonal IgG and IgM in atherosclerotic animals
should help to clarify this issue. However, the findings
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that infusion of human polyclonal immunoglobulins or
human IgG1 directed to MDA-modified apo B-100
peptides inhibit atherosclerosis in apo EOQ mice as well as
studies demonstrating that B cell transfer reduces
atherosclerosis in apo E0 mice and neointima formation
in RAG-1 mice suggest that antibodies have protective
effects [23,38-40].

A complicating factor in the present studies is the
possible influence of species differences when human
apo B-100 fragments are used to immunize mice. Mice
LDL are different from human LDL in the respect that
most particles carry apo B-48 rather than apo B-100
[41,42]. Two of the apo B-100 fragments used in the
present study are located within the apo B-48 region of
apo B-100 and the third beyond this region. The
complete amino acid sequence of mouse apo B-100
shows about 80% homology with the human sequence.
However, the finding that mouse monoclonal autoanti-
bodies specifically bind to epitopes in human oxidized
LDL and MDA-LDL suggest that sufficient homology
exists in the immune response [43]. In contrast, using a
peptide sequence for the immunization with no
homology to mouse apo B-100, as P240 in this study,
indicated that sequence homology is important for
reduction of atherosclerosis.

We have previously studied the associations between
immune responses to MDA apo B-100 fragments and
cardiovascular disease in man [25]. Using a nested
case-control design we found that IgM against peptide
fragment P45 were increased in subjects that suffered
an acute myocardial infarction within 5 years. IgM
against peptide fragments P45 and P240 showed
significant association with carotid intima media
thickness as assessed by ultrasonography and were
inversely associated with the concentration of oxidized
LDL in plasma. In contrast, IgM against MDA apo B-
100 fragment P74 was higher in healthy controls and
showed no association with carotid intima media
thickness or oxidized LDL in plasma. It remains to be
fully understood how the clinical observations in man
and the findings in immunized mice are related to each
other. It appears contradicting that antibodies that
increase with disease severity, at the same time can
have a protective role. One possible explanation could
be that protective immune responses are activated by
and in proportion to the disease process.

Immunization with peptide fragment 45 resulted in
increased total cholesterol and triglyceride levels.
Similar findings have been made in studies of other
atheroprotective apo B-100 fragments (Chyu et al.,
unpublished data, 2004). The mechanism responsible
for this effect remains to be clarified, but the observation
suggests that the atheroprotective effect of immuniz-
ation does not depend on lowering of circulating lipids.

In summary, the present studies demonstrate that
activation of atheroprotective immune responses
against MDA apo B-100 fragments is associated with
a shift from Thl to Th2 specific antibody expression.
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The inflammatory activity in plaques is decreased, but
no anti-inflammatory effect is observed at the systemic
level. Th2 responses have previously been shown by
Cribbs et al. to inhibit autoimmune disorders [28],
an important notion for future vaccination strategies.
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