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Aim: In the pathogenesis of atherosclerosis, autoantibodies have two-facedness of progression and protection.
Previous reports have indicated that low autoantibody levels against apolipoprotein B-100 (apo B-100) could
increase the risk of atherosclerotic cardiovascular diseases (CVD) in healthy subjects. In this study, we investi-
gated the relationship between circulating anti-apo B-100 autoantibodies and the clinical parameters in Japanese
diabetic patients with or without CVD.

Methods: We measured the serum levels of anti-apo B-100 autoantibodies against native and malondialdehyde
(MDA)-modified p45 or p210 epitopes, as well as anti-apo E autoantibodies, using enzyme-linked immunosor-
bent assay.

Results: In patients with CVD, the circulating levels of IgG against native p45, MDA-modified p45, and MDA-
modified p210 (IgGn-s, IgGmpa-4s, and IgGmpa-210) were significantly lower than those in patients without CVD,
whereas no difference was observed in anti-apo E autoantibody levels. In addition, IgMn-s, IgMwmpa-4s, and
IgGmpa-4s were negatively correlated with LDL-C levels, whereas IgGn-4s and IgGn-210 were positively correlated
with HbAlc levels. No correlation was observed between autoantibody levels and diabetic microangiopathy. In

the statin-treated subgroup, IgGmpa4s and IgGmpa210 were significantly lower in patients with CVD than in
those without CVD.

Conclusion: Measurement of serum anti-apo B-100 autoantibodies can be useful for the evaluation of CVD
risk in patients with diabetes receiving statin treatment.

Key words: Apolipoprotein B-100, Autoantibody, Cardiovascular disease, Diabetes

Abbreviations: apo, apolipoprotein; CVD, cardiovascular diseases; DM: diabetes mellitus; HDL, high-
density lipoprotein; Ig, immunoglobulin; LDL, low-density lipoprotein; MDA, malondialdehyde

treatment reduces primary and secondary CVD events

Introduction and mortality?, a considerable residual CVD risk has

The prevalence of diabetes mellitus is steadily
increasing, with more than 400 million people being
reported to have type 2 diabetes globally in 2014 V.
Cardiovascular disease (CVD) comprises a major
cause of death in patients with diabetes?. Although
multiple clinical trials have demonstrated that statin

been noted. Therefore, biomarkers of CVD risk need
to be identified for targeted diabetic therapies.

CVD events are developed based on the progres-
sion of atherosclerotic plaques, recognized as inflam-
matory les10ns occurring in large- and medium-sized
arteries?. Atheromatous plaques contain different
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types of inflammatory cells, such as macrophages and
lymphocytes®”, that are involved in the innate recog-
nition of disease-specific antigens, followed by adap-
tive immunity® ?. At the initiation of atherosclerosis,
monocytes attach to the vascular endothelial surface
and mature into macrophages. The activated macro-
phages uptake modified lipoproteins in the arterial
intima, subsequently stimulating B cells to generate
antibodies against modified lipoproteins.

Accordingly, the roles of B cells on the develop-
ment of atherosclerosis have been studied in several
experimental models. Caligiuri ez a/. demonstrated
that B cell-associated protective immunity reduced
atherosclerotic progression, observed as aggravated
atherosclerosis in the apolipoprotein (apo) E-deficient,
B cell-deprived mice'?. Similarly, Major et al. showed
that B cell depletion increased atherosclerosis in LDL
receptor knockout mice'”, and Doran et 4/. demon-
strated that adoptive B cell-transfer reduced diet-
induced atherosclerosis in mice deficient in B cells'?.
In addition, some immunization studies have sup-
ported athero-protective roles of B cell-derived
humoral immunity'?.

Of the several antigens involved in these adaptive
responses of atherosclerosis, apo B-100, oxidized LDL
(oxLDL), heat shock protein 60 (HSP60), and HSP65
are the promising candidates for T cell activation'*9.
However, clinical studies have showed conflicting data
on the relationship between the serum levels of these
antibodies and CVD. Some studies have reported that
the plasma antibody titers against HSP60 and oxLDL
were elevated in patients with CVD' ¥, whereas
some have reported an inverse correlation between
anti-oxLDL antibody levels and carotid artery athero-
sclerosis'”. Apo B-100 is the primary apolipoprotein
on LDL, and elevated serum apo B levels are supposed
to drive plaque formation®”. The relationship between
anti-apo B autoantibodies and atherosclerosis has been
mostly studied in patients with CVD, but the role of
these autoantibodies on CVD has not been well clari-
fied in patients with diabetes.

We proposed to investigate the association of
serum autoantibody titers against apo B-100 peptides
with the macro- and microangiopathies in Japanese
patients with diabetes.

Methods

Patients

We enrolled outpatients with diabetes presenting
to the NTT West Osaka Hospital between September
and November 2014. In total, 90 patients with records
on diabetic complications who provided informed
consent were consecutively enrolled. Those aged >85
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years or having renal dysfunction (serum creatinine
[s-Crn] >2.0 mg/dL) were excluded from this study.
This study was approved by the ethics committees of
both NTT West Osaka Hospital and the Osaka
University Hospital.

Diabetic retinopathy was diagnosed by the treat-
ing ophthalmologist, based on the presence of charac-
teristic microvascular changes in the retina observed
by ophthalmoscopy through dilated pupils. Severity of
diabetic retinopathy was determined according to the
Davis classification?”, and staged according to “a new
classification of diabetic nephropathy 2014” of Japan
Diabetes Society?”. Diabetic neuropathy was diag-
nosed based on the presence of at least two positive
findings among abnormal sensation, vibration abnor-
mality on both sides of the ankle, and ankle tendon
reflex abnormality on both sides.

Measurement of Serum Parameters

Morning blood samples were obtained after over-
night fast, and the biochemical markers were mea-
sured in the hospital laboratory.

Measurement of Serum Levels of Antibodies
against Apolipoprotein B by Enzyme-Linked
Immunosorbent Assay

The apo B peptides, p45 (amino acids 661-680;
IEIGLEGKGFEPTLEALFGK) and p210 (amino
acids 3136-3155; KITTKQSFDLSVKAQYKKNKH),
were synthesized (Sigma-Aldrich; Saint-Louis, MO),
and their MDA-modified peptides were produced
according to the previously mentioned method®.
Apo E peptide (amino acids 158-178;
HLRKLRKRLLRDADDLQKRLA) containing the
LDL receptor-binding domain was also generated
(Sigma-Aldrich; Saint-Louis, MO). These peptides
were diluted at 4 pg/mL in dimethyl sulfoxide, and 50
pL was dropped into each microtiter plate well for 2
hours using peptide coating kit (TAKARA; Shiga,
Japan), according to the manufacturer’s protocol. After
washing with distilled water three times, the peptide-
coated plates were incubated with blocking solution
(TAKARA) for 1 h at room temperature (RT).

The test serum was then diluted at 1:100 with
TBS-containing 0.01% Tween-20 (Santa Cruz Bio-
technology; Dallas, TX), and 100 pL of the diluted
serum was added into each well of the ELISA plate for
2-h incubation at RT. After rinsing with 0.1% Tween
20-containing PBS (pH 7.5) three times, deposition
of autoantibodies directed to the peptide was detected
using HRP-conjugated rabbit polyclonal secondary
antibodies against human IgG, IgM, and IgA (Agilent
Technologies; Santa Clara, CA) with an appropriate
dilution with TBS-T. After washing the wells using
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Table 1. Characteristics of the patients

Mean = SD (range)

Age (years)

Diabetes history (years)

Sex (M/F)

BMI (kg/m?)

Systolic blood pressure (mmHg)
Smoking (+/-)

TC (mg/dL)

TG (mg/dL)

HDL-C (mg/dL)

LDL-C (mg/dL)

RemL-C (mg/dL)

Fasting plasma glucose (mg/dL)
HbAlc (%)

67 %9 (42-83)
16+10 (1-43)
73117
24.7 3.7 (17.4-38.0)
130+ 13 (84-161)
51/39
17426 (122-255)
12675 (31-530)
54%13 (33-95)
96+ 21 (38-160)
8.0+5.5 (1.7-38.4)
129 +26 (78-223)
7.0£0.7 (5.5-9.2)

TC, total cholesterol; TG, triglyceride; HDL-C, high-density lipoprotein choles-
terol; LDL-C, low-density lipoprotein cholesterol; RemL-C, remnant cholesterol;

HbA1c, hemoglobin Alc.

TBS-T three times, 100 pL TMB substrate (Abcam;
Cambridge, UK) was added into each well. The
ELISA plates were incubated for 15 min at RT with
agitation and protection from light. The reaction was
stopped by adding 100 pL stop solution to each well
(Abcam). The absorbance at 450 nm was measured
using Multiskan FC (Thermo Fisher Scientific;
Waltham, MA).

Statistical Analysis

JMP version 11.2.2 (SAS Institute Inc., Cary,
North Carolina) was used for statistical analysis. Data
are presented as mean *standard deviation (SD) val-
ues. Spearman correlation coefficient was used to eval-
uate the association between two variables. In the
stepwise multiple regression analysis, the F-value was
set at 2.0 for the inclusion of variables. Mann—Whit-
ney test was used for statistical analyses of indepen-
dent samples, and a p value of <0.05 was considered
significant.

Results

Patients

The demographic and clinical characteristics of
the enrolled patients are detailed in Table 1. The
study population was predominantly men, with an
average age of 67 %9 years. Most patients were not
obese, with a mean body mass index of 24.7 +3.7 kg/m”.
Moreover, their blood glucose levels were well con-
trolled with oral hypoglycemic agents and/or insulin
(Supplemental Table 1), as HbAlc and FPG were
7.0+0.7% and 129+26 mg/dL, respectively. Serum

lipid levels were in good control with the use of statins
and fibrates (Supplemental Table 1); the mean serum
triglyceride was 126 =75 mg/dL and the mean LDL-C
level was 96+21 mg/dL.

The diabetic micro- and macroangiopathy com-
plications in patients are listed in Table 2. The num-
ber of patients with ischemic heart disease, stroke, and
arteriosclerosis obliterans was 23, 8 and 06, respectively.
Patients who had at least one of these three diseases
were defined as “atherosclerotic patients” (7=29).
Missing data numbers were 4, 4, and 5 in retinopathy,
nephropathy, and neuropathy, respectively. There were
no missing data for macroangiopathy.

Measurement of Anti-Apo B-100 Autoantibodies
by ELISA

The serum levels of autoantibodies against native
and MDA-modified apo B peptides, p45 and p210,
were measured using a homemade ELISA (Supple-
mental Table 2). The titers of the autoantibodies
against native p45 and MDA-p45 in all immunoglob-
ulin subclasses were significantly and positively corre-
lated (Supplemental Fig. 1). Similarly, positive corre-
lations were observed between the antibody titers to
native p210 and MDA-p210 in each subclass (Sup-
plemental Fig.1).

The serum levels of IgG class antibodies against
native p45 (IgGnws) and IgGno2io were both positively
correlated with HbA1c levels (p =0.230, »<0.05 and
p=0.300, p<0.05, respectively; Supplemental Table
3), whereas no such correlation was observed for
MDA-modified antibodies. The IgMn-45 and IgMwmpa-4s

levels were negatively correlated with serum LDL-C
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Table 2. Complications in the patients with diabetes

Microangiopathy

Nephropathy  Stage (1/2/3/4/5)
(NDR/SDR/PrePDR/PDR)

Retinopathy
Neuropathy (=/+)

Macroangiopathy
Atherosclerotic changes
Ischemic heart disease
Stroke

Arteriosclerosis obliterans

47/27/11/1/0
64/13/4/5
52/33

29
23
8
6

NDR, no diabetic retinopathy; SDR, simple diabetic retinopathy; PrePDR, pre-
proliferative diabetic retinopathy; PDR, proliferative diabetic retinopathy.
Atherosclerotic changes were defined as having at least one previous cardiovascular

disease, stroke, or arteriosclerosis obliterans.

levels (p=-0.262, p<0.05 and p=—-0.259, p<0.05,
respectively); HDL-C levels (p=-0.267, p<0.05
and p=—0.228, p<0.05, respectively); and total cho-
lesterol (p=-0.299, p<0.005 and p=-0.262, p<
0.05, respectively), but not with triglycerides (data not
shown). LDL-C levels had tendencies for negative cor-
relation with IgMn-210 and IgMwmba2io levels (p= -
0.206, p=0.053 and p=-0.201, p=0.059, respec-
tively; Supplemental Table 3). The IgG levels of anti-
bodies were not correlated with LDL-C, except for
IgGmpass (p=—0.219, p<0.05; Supplemental Table
3).

Relationship between Autoantibodies against Apo
B-100 or Anti-Apo E and Diabetic Complications

We next investigated the association between
anti-apo B-100 autoantibodies and diabetic complica-
tions (Table 3 and Fig. 1). Compared with the non-
atherosclerotic group, the atherosclerotic group had
significantly lower serum IgGnuss, IgGmpass, and
IgGumpa-21o levels. The serum IgGn-2io levels tended to
be low in the atherosclerotic group. No differences
were observed in the titers of the IgM class autoanti-
bodies against apo B-100 between these two groups.
There was no association between anti-apo E autoan-
tibodies and diabetic complications (Supplemental
Fig.2). In addition, the antibody titers against both
apo B-100 and apo E were similar, regardless of the
severity of diabetic microangiopathy (Table 3 and
data not shown).

Relationship between Anti-Apo B Autoantibodies
and Atherosclerotic Diseases According to Statin
Treatment

Interestingly, compared with the atherosclerotic
group without statin treatment, the statin-treated ath-
erosclerotic group had significantly lower IgG autoan-
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tibody levels, including IgGns4s (0.223%0.178 vs.
0.306%0.281, p=0.056); IgGmpa-4s (0.360 =0.284 vs.
0.510%0.345, p<0.05); IgGn210 (0.282+0.236 vs.
0.357+0.287, p=0.092); and IgGmpa2i0 (0.446=
0.285 vs. 1.067+1.257, p<0.05) (Table 4). No sig-
nificant difference was observed in the group without
statin treatment.

Because LDL-C levels are recognized as a risk
factor for atherosclerosis and can be reduced by statin
treatment, we examined the effects of statin treatment
on the relationship between the autoantibody titers
and the clinical parameters. Overall, LDL-C level was
negatively correlated with IgMn4s (p=-0.262, p<
0.05; Supplemental Table 3) and IgMwmpa4s (p= -
0.259, »<0.05); in the group without statin treat-
ment, these correlations were stronger (p=—0.358, p
<0.05 and p=-0.410, p<0.05, respectively; Sup-
plemental Table 4). Moreover, in the group without
statin treatment, LDL-C level was significantly and
negatively correlated with IgMn210 (p=—0.473, p<
0.01) and IgMwmpa210 (p=-0.403, p<0.05) levels.
No associations were observed in the statin-treated
group. The HbAlc level was positively correlated with
the serum levels of IgGn-4s and IgGn-210, but not with
the MDA-modified antibodies.

Finally, we conducted stepwise regression analy-
ses to identify independently associated clinical
parameters for atherosclerosis in the statin-treated
group. These analyses revealed that IgGn2i0 and
IgGumpa-210 had stronger association with atherosclero-
sis, compared with other clinical parameters.
IgGumpa-210 was found to be the strongest explanatory
variable for atherosclerosis (data not shown).

Discussion

In this study, we investigated the relationship
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Table 3. Relationship between the autoantibody titers and diabetes complications

Atherosclerosis Nephropathy
Class (-) (+) ? Stage <3 Stage > 3 p
N-45 IgG 0.264+0.233 0.196+0.150  <0.05 0.232+0.156 0.331+0.434 n.s.
) IgM 0.732+0.447 0.723+0.659 n.s. 0.708 £0.547 0.813+0.389 n.s.
MDA45 IgG 0.443 +0.329 0.313+0.243  <0.05 0.391+0.269 0.492+0.524 n.s.
i IgM 0.978 £0.606 0.818+0.455 n.s. 0.915%0.584 0.987+0.538 n.s.
N-210 IgG 0.313%0.242 0.248+0.198 0.065 0.279+0.184 0.392+0.438 n.s.
) IgM 0.754+0.509 0.708 =0.580 n.s. 0.731+0.559 0.788%0.413 n.s.
MDA.210 IgG 0.826%1.051 0.384%0.255 <0.05 0.681+0.919 0.761%0.891 n.s.
i IgM 1.025+0.656 0.844%0.690 n.s. 0.967£0.691 0.954 % 0.644 n.s.
Retinopathy Neuropathy
Class (-) (+) P (=) (+) y4
N-45 IgG 0.251+0.229 0.228+0.172 n.s. 0.231+0.150 0.266 +0.294 n.s.
) IgM 0.725+0.521 0.673+0.496 n.s. 0.692 £0.547 0.786+0.499 n.s.
IgG 0.418+0.324 0.368+0.283 n.s. 0.371+0.229 0.450+0.415 n.s.
MDA-45
IgM 0.925+0.498 0.889+0.746 n.s. 0.879%0.501 1.016%=0.678 n.s.
N-210 IgG 0.297+0.250 0.292+0.189 n.s. 0.271+0.184 0.331+0.302 n.s.
) IgM 0.712+0.487 0.795+0.665 n.s. 0.689+0.491 0.832%0.608 n.s.
MDA-210 IeG 0.700+0.961 0.533%0.515 n.s. 0.526+0.505 0.959+1.295 n.s.
) IgM 0.984+0.670 0.847+0.642 n.s. 0.972+0.717 0.971+0.634 n.s.
Values are presented as mean * SD.
n.s=not significant.
10 - Ianalive-p45 20 IgMnalive-pw 15 - IgGMDA-ptlS 20 IgMMDA—p%
p<005 45 PR s
2 1.0 -
o 05 - 1.0 1.0
© 0.5
= 0.5 é 0.5
0.0 - 0.0 0.0 A 0.0
Athero- (1) () g G ®) G ™
sclerosis
19Gnative-p210 1IgMa4ive-p210 19Gupa-p210 1g9Mppa-p210
1.0 2.0 2.0 - 25
p= 0.065 L) Fig.1. Association between serum
1.5 15 A 2.0 levels of anti-apolipoprotein
g 15 B autoantibodies and athero-
o 0.5 1.0 1.0 - sclerosis in patients with dia-
o 1.0 betes
é 0.5 05 lil 0.5 The serum levels of anti-apolipoprotein
B autoantibodies in the IgG or IgM
0.0 - 0.0 - 0.0 - 0.0 class were compared between the ath-
Allhero-‘ ) )  (+) <) ) () (#)  erosclerotic (+) or non-atherosclerotic
sclerosis

(—) group (2=29 and 60, respectively).
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Table 4. Relationship of the autoantibodies with atherosclerosis accord-

ing to the intake of statins

Atherosclerosis
Statin (+) Class & (4) ?
NS IgG 0.306%0.281 0.223+0.178 0.056
i IgM 0.727+0.397 0.769 +0.804 n.s.
IgG 0.510%0.345 0.360+0.284  <0.05
MDA-4
° IgM 1.009 0.541 0.848%0.522 n.s.
N IgG 0.357%0.287  0.282+0.236 0.092
i IgM 0.745 = 0.444 0.736%0.684 n.s.
MDA210 186 1.067+1.257  0.446%0.285 <0.05
IgM 1.077+0.684 0.950%0.823 n.s.
Atherosclerosis
Statin (—) Class (=) (+) P
NG IgG 0.217%0.152 0.145=0.050 n.s.
i IgM 0.737 +0.504 0.641+0.221 n.s.
IgG 0.368£0.298 0.231%0.098 n.s.
WD:=D IgM 0.943%0.681 0.768+0.323 n.s.
N210 IgG 0.262%0.170 0.189%0.069 n.s.
i IgM 0.764 % 0.584 0.655%0.341 n.s.
IgG 0.551%0.675 0.281%0.130 n.s.
MDA-210 IgM 0.966%0.630 0.6360.253 n.s.

Values are presented as mean * SD.
n.s.=not significant.

between circulating anti-apo B-100 autoantibodies
and the clinical parameters in 90 Japanese diabetic
patients with or without CVD. The serum levels of
IgG class anti-apo B-100 antibodies were significantly
lower in patients with CVD than in those without
CVD, but there was no correlation between autoanti-
body levels and any diabetic microangiopathy. Even in
statin-treated patients with diabetes (2=52), serum
levels of IgG class anti-apo B-100 autoantibodies were
significantly lower in those with CVD complications.
Numerous large-scale trials have demonstrated
that statin therapy reduces the rates of primary and
secondary cardiovascular events. However, several
statin-treated patients continue to experience life-
threatening vascular events, usually described as “resid-
ual risk.” An important effect of statin treatment is the
reduction of LDL-C, which is clearly associated with
decreased cardiovascular events and plaque regression.
However, statin-mediated risk reduction was only
about 30%, indicating the presence of unidentified
residual risks other than LDL-C* %29, Analysis of
patients whose cardiac plaque progressed despite con-
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siderably low LDL-C levels identified that diabetes
mellitus, hypertension, low HDL-C levels, and high
apo B levels were independent risk factors”. It is con-
ceivable that there are unknown risk factors in addi-
tion to these risk factors.

Recently, the role of immune response by auto-
antibodies against self-antigens in the pathogenesis of
atherosclerosis has been the focus of many studies.
Several immunohistochemical studies have revealed
that oxidized LDL epitopes, anti-oxidized LDL auto-
antibodies, and T cells recognizing oxidized LDL were
found in atherosclerotic plaques®. These Thl
immune responses to self-antigens could accelerate the
process of atherosclerosis. On the contrary, anti-ath-
erosclerotic immune responses induced by autoanti-
bodies have been reported by some studies; for exam-
ple, reduced atherosclerosis was found in immunized
animals with anti-LDL or anti-apo B-100 antibod-
ies?. Circulating autoantibodies against oxidized
LDL are commonly detected in almost all individu-
als®”. These immunogenic targets are generated from
lipids and apolipoproteins contained in the oxidized
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LDL; the oxidized LDL-associated apo B-100 are frag-
mented during LDL oxidation, both in proteolytical
and aldehyde-modified manners®”. However, the asso-
ciation between the autoantibody titer against oxi-
dized LDL and CVD had been inconsistent in early
reports, probably because of the lack of established
ELISA systems to detect autoantibodies against mixed
anti-oxidized LDL antigens®?". The oxidized LDL
used in experiments is generated in several different
ways. Such inconsistent results were overcome in sub-
sequent studies by using ELISA systems with specific
anti-apo B-100 fragment as an antigen®**?. Based on
the initial screening of apo B-100 peptide epitopes
that are specifically recognized by oxidized LDL auto-
antibodies in human plasma*, p45 and p210 pep-
tides have been identified as the most important tar-
gets for immune response against LDL in patients
with CVD* %),

The correlation between atherosclerosis and
serum autoantibody levels against p45 or p210 has
been investigated in previous reports. Serum IgGmpa-4s
and IgGn-210 levels were significantly lower in patients
with coronary artery disease® *. IgGupa-2io levels
were also negatively correlated with coronary plaque
size”. IgMwmpa-210 levels in patients with carotid steno-
sis, or IgMwmpa210 levels in patients with coronary
artery disease, were reported to be increased®” %2.
Although the mechanism of anti-atherogenic effects
remains to be completely elucidated, Zeng et al.
recently reported that anti-apo B peptide 210 anti-
bodies ameliorate atherosclerosis by altering the
phagocyte of macrophages in apolipoprotein E knock-
out mice™”.

In our study, serum IgG levels against p45 and
p210 were significantly lower in patients with CVD
events than those without CVD events. This result
was similar to previously reported results that serum
IgGness and IgGnazio levels were relatively low in type
2 diabetic patients with advanced coronary artery dis-
ease’. Interestingly, these associations were observed
even in the statin-treated subgroup. Because the rec-
ommendation for patients with diabetes is the strict
reduction of LDL-C levels, novel methods of evaluat-
ing the residual CVD risk are required for diabetic
patients whose LDL-C levels are relatively well con-
trolled. In the statin-free group, the tendency of auto-
antibody levels was similar, although no significant
difference was observed probably because of the small
sample size. Based on our results, we propose that
serum IgG levels against p45 and p210 could be use-
ful markers for residual CVD risk.

In addition to anti-apo B-100 autoantibodies, we
studied anti-apo E autoantibodies, because both apo B
and apo E are reported in human atherosclerotic tis-

sues””. Apo E is essential for the catabolism of rem-
nant lipoproteins, and apo E deficiency is known to
result in the development of type III hyperlipemia. In
contrast to anti-apo B autoantibodies, however, no
association was observed between CVD and anti-apo
E autoantibodies. These results suggest that the roles
of autoantibodies on atherosclerosis might be antigen-
specific, although further investigations are warranted
to clarify the detailed mechanism.

In this study, serum LDL-C levels were nega-
tively correlated with anti-apo B autoantibody levels,
especially with the IgM class autoantibody against p45
and p210, but not with the IgG-class. The negative
correlation between IgM autoantibodies and LDL-C
levels was observed more strongly in the subgroup
without statin treatment. Previous reports suggested
that statin treatment itself might lead to various altera-
tions in the serum levels of anti-oxLDL autoantibody
by modulating adaptive immunity*>?. We speculate
that catabolism of immunoglobulin-conjugated LDL
might be accelerated through the reticuloendothelial
system, although further investigation is necessary. In
addition, a positive correlation was observed between
IgG autoantibodies and HbAlc levels. In patients
with type 1 diabetes, an inverse correlation between
the levels of the anti-oxLDL antibody and HbAlc was
reported, but their mechanism of action remains to be
elucidated 7.

We observed that IgM class antibodies (N-45,
MDA-45, N-210, and MDA-210) were correlated
with LDL-C and TC, as well as HDL-C levels (except
MDA-210). Because apo B-100 is a major apolipo-
protein on LDL particle, the correlation between
LDL-C and anti-apo B autoantibodies can be derived
from direct effects of the autoantibodies on LDL
metabolism. On the contrary, some previous reports
have shown the mutual correlation between LDL and
HDL metabolism, suggesting that an indirect effect of
anti-apo B-100 autoantibodies on HDL metabolism.
The decreased production and increased catabolism of
apo A-1 were reported in familial hypercholesterol-
emia (FH)*?. Similarly, defective apo B-100 affected
both catabolism and production rate of apo A-1 in
patients with familial defective apo B-100 (FDB)>.
Although the cross-talk mechanism between LDL and
HDL metabolism are still unclear, anti-apo B-100
autoantibodies could influence not only LDL metabo-
lism but also HDL metabolism.

This study has some limitations. We conducted a
cross-sectional, single-center study and the sample size
was markedly small. We did not measure hydroxynon-
enal- and methylglyoxal-modified forms of anti-apo
B-100 antibodies. Further larger case-control studies
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are necessary to determine whether the anti-apo B-100
autoantibodies IgGmpa-4s and IgGmpazio are risk fac-
tor of CVD in patients with diabetes.

In conclusion, low serum levels of the anti-apo
B-100 autoantibodies IgGmpa-4s and IgGmpa-i0 could
be a CVD risk factor in Japanese patients with diabe-
tes. The measurement of these autoantibodies might
be useful to identify patients with high residual CVD

risk under statin treatment.
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Supplemental Table 1. Medical treatment of the patients Supplemental Table 2. Titres of antibodies against
apo B-100
7 (%)
. ODsso
Statins 52 (58%)
Fibrates 8 (9%) N-45 IgG 0.244+0.210
Anti-diabetic agents IgM 0.726+0.516
OHA only 51 (57%) I
. G 0.404 +0.306
Insulin only 13 (14%) MDA-45 IgM 0.920%0.560
OHA + Insulin 12 (13%)
Anti-hypertensive agents 57 (63%) N-210 IgG 0.295+0.229
Anti-platelet agents 28 (31%) IgM 0.734+0.526
IgG 0.682%0.887
MDA-210 IgM 0.961 % 0.664

I9Gypass
19Gmpa-210

Ig9Mpypass
I9Mppa-210

1] 0.5 1 15 2 25 3 35

IgMy.210

Supplemental Fig. 1. Correlation of the titres of native and MDA-modified apo B-100

autoantibodies

The serum levels of anti-apo B-100 autoantibodies against native and MDA-modified apo
B-100 autoantibodies in the IgG or IgM class were compared.
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Supplemental Table 3. Correlation between autoantibodies against apolipoprotein B-100 and the clinical parameters

Class Age BMI FBS HbAlc LDL-C HDL-C TC
N-45 IgG n.s. n.s. n.s. 0.230*** n.s. n.s. n.s.
i IgM n.s. n.s. n.s. n.s. -0.262* -0.267" -0.299™**
IgG n.s. n.s. n.s. 0.185 -0.219* n.s. n.s.
MDA-4
> IgM n.s. n.s. n.s. n.s. -0.259" -0.228" -0.262*
N-210 IgG n.s. n.s. n.s. 0.300*** n.s. n.s. n.s.
i IgM n.s. n.s. n.s. n.s. -0.206 -0.214* -0.250"
IgG n.s. n.s. 0.301% n.s. n.s. -0.182 n.s.
MDA-210
IgM n.s. n.s. n.s. n.s. —-0.201 n.s. —-0.200
Values are presented as Spearman’s correlation coefficient (p)
n.s., not significant
*p<0.05, **p<0.01, ***»<0.005
IgGapo E IgMapo E
20 n.s. 30 - n.s.
1.5
o 20 N
uwn
a 10
° ;
1.0 -
0.5
0.0 0.0 -
Athero- '
. - + -
sclerosis () (+) (-) (+)
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Supplemental Fig. 2. Association between serum levels of anti-apolipoprotein E auto-

The serum levels of anti-apolipoprotein E autoantibodies in the IgG or IgM class were com-
pared between the atherosclerotic (+) or non-atherosclerotic () group (2=29 and 60, respec-

tively).

antibodies and atherosclerosis in the diabetic patients
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Supplemental Table 4. Relationship of the autoantibodies with HbAlc or LDL-C according

to the intake of statins

HbAlc LDL-C
Class statin (—) statin (+) statin (—) statin (+)
ST e e omeom
MDA-45 igﬁl 0;13,:,9 2: = 02; 0* 22
N-210 igﬁl o 0?1357 * 073t o
MDA-210 gﬁ[ e e e ne

Values are presented as Spearman’s correlation coefficient (p)
Statin (=), n=37; Statin (+), =52
n.s.=not significant, *p< 0.05, **]7< 0.01

943




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (Japan Color 2001 Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 350
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 350
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier (JC200103)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <>
    /CHT <>
    /CZE <>
    /DAN <>
    /DEU <>
    /ENU (Use these settings to create Adobe PDF documents that are to be checked or must conform to PDF/X-1a:2001, an ISO standard for graphic content exchange.  For more information on creating PDF/X-1a compliant PDF documents, please refer to the Acrobat User Guide.  Created PDF documents can be opened with Acrobat and Adobe Reader 4.0 and later.)
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF che devono essere conformi o verificati in base a PDF/X-1a:2001, uno standard ISO per lo scambio di contenuto grafico. Per ulteriori informazioni sulla creazione di documenti PDF compatibili con PDF/X-1a, consultare la Guida dell'utente di Acrobat. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 4.0 e versioni successive.)
    /KOR <>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die moeten worden gecontroleerd of moeten voldoen aan PDF/X-1a:2001, een ISO-standaard voor het uitwisselen van grafische gegevens. Raadpleeg de gebruikershandleiding van Acrobat voor meer informatie over het maken van PDF-documenten die compatibel zijn met PDF/X-1a. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 4.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /JPN <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /HighResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 0
      /MarksWeight 0.283460
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /JapaneseWithCircle
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.000 842.000]
>> setpagedevice




