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Abstract

Introduction and aims: Antibodies against products of elastin degradation are found in sera of all
people. Presence of anti-elastin antibodies (AEAbs) and relevant antigens in circulation leads to the
formation of circulating immune complexes (CIC). The aim of our study is to determine serum levels of
anti-elastin antibodies unbound in CIC (free AEAbs).

Material and methods: We used a method for detection CIF-ELISA (complement-inhibiting fac-
tor-enzyme linked immunosorbent assay) in combination with ELISA to find AEAbs. The levels of free
AEAbs IgG were measured in sera of 93 patients with diabetes mellitus and hypertension (mean age
61.4 +11.3, diabetes duration 9.88 +3.12; hypertension duration 9.28 +4.98). These levels were com-
pared to 42 age- and sex-matched controls.

Results: Free AEAbs IgG in patients with T2DM and AH are statistically significantly higher than these
in healthy controls: 0.421 (0.328-0.572) vs. 0.240 (0.212-0.305), respectively (KW = 19.64; p < 0.0001).
Group 1 (patients with microvascular complications) showed a significant increase in free AEAbs IgG
in comparison with controls: 0.428 (0.343-0.591) vs. 0.240 (0.212-0.305), respectively (KW = 20.14;
p < 0.0001). Group 2 also shows higher levels of free AEAbs IgG than the control group: 0.398 (0.312-
0.467) vs. 0.240 (0.212-0.305), respectively (KW = 8.88; p = 0.003). Patients with microvascular com-
plications showed the highest levels of free AEAbs 1gG. There were no significant differences between
group 1 and group 2.

Conclusions: Our results show the association between the activity of elastin turnover and micro-
vascular lesions in diabetic patients with arterial hypertension. We suggest that free AEAbs 1gG mark
a later “secondary” step of the autoimmunization to elastin.
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Introduction

Patients with type 2 diabetes mellitus are at a high risk
of developing diabetic microvascular complications due to
the impaired structure of the vascular protein elastin and
collagen type IV. The elastic fibers, responsible for the
compliance and elasticity, are organized in elastic lamel-
lae. These structures separate layers of smooth muscle cells
and equally distribute the pressure along the entire vascular
wall. The degradation or calcification of elastic fibers in
many diseases, affecting the small caliber vessels, leads
to vascular damages. Our previous studies in patients with
type 1 diabetes mellitus found an increased degradation
of elastin — the major protein of elastic fibers. As a result,
soluble elastin-degradation peptides (EDP) are released in
the circulation and act as a pathological stimulus for the
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formation of anti-elastin antibodies (AEAbs) [2]. In type
2 diabetes mellitus, different types of autoantibodies have
been detected: insulin autoantibodies, GAD-antibodies
(glutamic acid decarboxylase antibodies), autoantibodies
to tyrosine phosphatase A2, islet antibodies [3], anti-elas-
tin antibodies [2] and collagen type IV autoantibodies.
These autoimmune antibodies bind to cognate antigens and
thus, form circulating immune complexes (CIC). These
CIC have pathogenic properties because they are deposit-
ed in the small caliber vessels, accelerating their damage.

Material and methods

In our previous studies, we used a method based on
C3-binding glycoprotein: complement-inhibiting factor
CIF-enzyme linked immunosorbent assay (CIF-ELISA)
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(developed by Stanilova and Slavov) [5]. The method
was used to determine CIC (IgG, IgM, and IgA) in the
sera of diabetic patients [6]. We established a correlation
between CIC IgG class and the development of vascu-
lar damages. In the present study, we used CIF-ELISA
combined with ELISA in order to determine AEAbs with
the following steps: a) elimination of AEAbs incorpo-
rated in CIC; b) measurement of free serum anti-elastin
IgG, unbound in CIC; c) testing the possible correlation
between free AEAbs IgG and the development of micro-
vascular damages in patients with diabetes and arterial
hypertension.

The sera of 42 clinically healthy subjects (mean age
58.9 +£7.56) were used as controls. The selected controls
were individuals with no family history of arterial hyper-
tension, diabetes mellitus and atherosclerosis, who did not
suffer from any inflammatory processes, collagenoses, and
emphysema and had no history of hepatitis. Their routine
clinical examinations, lipid profile and serum proteins
showed no changes, ECG was normal.

Apart from the clinically healthy individuals, 93 pa-
tients with type 2 diabetes mellitus and arterial hyperten-

sion were also examined. Their mean age was 61.4 +11.3
years; the duration of diabetes was 9.88 +3.12 years, and
of arterial hypertension — 9.28 +4.98 years. They were all
from the region of the Medical University in Pleven. The
diabetic patients were divided into two groups according
to the presence — group 1 (n = 67) or absence — group 2
(n = 26) of microangiopathy (Tables 1 and 2). An ethical
approval was obtained from the Ethics Committee, and the
patients signed informed consent forms for their participa-
tion in the research.

Ophthalmoscopy through dilated pupils was carried out
in all patients with diabetes mellitus to assess the presence
of retinopathy; all patients were examined by the same
ophthalmologist.

Glycated hemoglobin Alc was measured using high-
pressure liquid chromatography (normal range 4-6%).

For the measurement of plasma glucose, the blood
was collected in test tubes with glycolytic inhibitor and
analyzed in the central laboratory within 3-4 h, using the
GOD-PAP method (Boehringer Mannheim, Mannheim,
Germany) with Hitachi 705 autoanalyzer (Boehringer
Mannheim).

Table 1. Clinical data of patients with type 2 diabetes mellitus and arterial hypertension

Clinical data Group 1 Group 2 Controls
age 62.5 £12.58 60.4 +8.4 58.9 £7.56
sex (male/female) 26/41 11/15 20/22
average duration of diabetes 9.30 £5.36 9.16 £7.59 N/A
average duration 9.50 £7.63 8.68 +7.26 N/A
of hypertension

HbA 7.63 £2.03%* 7.27 £1.63 N/A
systolic AH (mm Hg) 142.83 +18.05 140.58 +20.51 114.29 +15.74
diastolic AH (mm Hg) 82.23 £11.52 81.35x11.96 72.5 +£10.4
BMI 29.62 +4.99 28.42 £3.96 22.61 £2.27
common cholesterol (mmol/l) 5.26 £1.40%* 5.18 £0.93 3.99 +0.65
HDL (mmol/l) 0.88 +0.30* 0.93 +0.30 0.96 +0.20
LDL (mmol/l) 3.18 =1.19 3.16 £1.09 2.43 £0.64
triglycerides (mmol/l) 291 £1.68 2.53 +1.49 1.31 £0.61
insulin dose (U/kg/24 h) 2.57 +0.52 2.03 +£0.93 N/A
MAU (ug/min) 78.94 +£52.87* 8.53 +4.69 N/A
MAU (n=43) -

retinopathy (n=20) -

neuropathy (n=4) _

smokers 37/67 15/26 16/42
number of patients 67 26 42

Group 1 — patients with vascular complications (n = 67); group 2 — patients without vascular complications (n = 26); controls (n = 42). Values are mean +SD
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Total serum cholesterol and triglyceride concentrations
were measured by enzyme assay (Boehringer Mannheim,
Mannheim, Germany).

Arterial blood pressure was measured using a standard
mercury sphygmomanometer, to the nearest 2 mm Hg, in
the dominant arm after at least 10 min rest in the supine
position.

Albumin excretion rate (AER) was determined by
nephelometry with a commercial kit containing specific
antibody (Behringwerke, Marburg, Germany).

Antigen

The antigen soluble a-elastin was prepared from the
aorta of healthy individuals (who died in an accident) in
a way already described (Nicoloff et al., 2000) [7]. Elas-
tin purity was confirmed by the amino acid analysis of
Professor R. Mecham (Washington University, St Louis,
MO). Circulating AEAbs were determined using a two-
step method: CIF-ELISA for elimination of the immune
complexes, followed by elastin-specific ELISA for deter-
mination of AEAbs.

CIF-ELISA plates were prepared by incubation of the
wells with CIF (20 pg/ml in 0.2 M carbonate-bicarbonate
buffer, pH 9.6 overnight at 4°C). CIF was isolated from
the seeds of a parasitic plant Cuscuta europaea. After the
plates had been washed repeatedly in order to remove un-
bound CIF, human sera (100 pl) were added to the plates
and incubated for 60 min at 37°C. At the end of the incu-
bation period, the samples were transferred from the CIF
plates to the wells, sensitized with aortic a-elastin (1 pug
of elastin in 100 pl of 0.05 M carbonate buffer, pH 9.6) in
a previously described manner [7]. These samples were
then incubated for 1 h at 37°C and washed several times.
The conjugated antibody was found using goat anti-hu-
man immunoglobulin peroxidase conjugates (SIGMA,
USA), diluted 1 : 10,000 with PBS, containing 1% bo-
vine serum albumin (BSA) and 0.05% Tween 20 as well
as o-Phenylenediamine (4 mg in 10 ml of 0.05 M citrate
buffer, pH 5.0) and 0.01% H,0O,. The plate was incubat-
ed for 1 h at room temperature in a dark chamber. The
reaction was stopped by adding 4 M of H_SO, to each
well. The optical density was measured with a Microelisa
Reader 210 (Organon Teknika, Belgium) at a wavelength
of 492 nm.

Controls

1. Substrate control: the substrate solution was added di-
rectly to the plates with elastin.

2. Immunoconjugate control: IgG immunoconjugate was
tested in polystyrene wells, sensitized with BSA and in
wells, coated with other human immunoglobulins (IgM,
IgA and IgD).

3. Inhibition of ELISA: 10 serum samples with the highest
levels of AEAbs were pre-incubated with 100 pg of hu-
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Table 2. Distribution (in percents) of patients in the groups
according to sex and presence or absence of smoking as
a factor

Sex Smoking
male female smokers non-
smokers
Group 1 39% 61% 55% 45%
Group 2 42% 58% 58% 42%
Controls 45% 55% 47% 53%

man a-elastin for 30 min at 37°C; the mixture was then
centrifuged for 30 min at 15 000 g. Supernatants for
ELISA were used following the usual protocols.

4. CIF-ELISA control: after the absorption of IgG CIC by
CIF, 100 pl of absorbed serum was tested for the pres-
ence of IgG CIC.

All samples were tested three times. The peripheral
wells were not used in order to avoid edge effects.

Statistical analysis

The research data were processed with the comput-
er programs EXCEL (Microsoft Corporation, Redmond,
WA) and STATGRAPHICS plus (Manugistics, Rockville,
MD) for WINDOWS. All results were described in tables,
graphs, numerical values (mean +SD, share indicators and
correlations). For assessment and conclusions in the case
of normal distribution, the Student ¢-test, Fisher’s F-test
(ANOVA) and post-hoc tests (LSD, Tukey HSD, Scheffe,
Bonferroni, Newman-Keuls, and Duncan) were used, and
for distribution, different from the normal — the K-W (Kru-
skal-Wallis)-test. The level of significance was determined
as p <0.05.

Results

Free AEADs IgG in patients with T2DM and AH are
statistically significantly higher than these in healthy con-
trols: 0.421 (0.328+0.572) vs. 0.240 (0.212+0.305), re-
spectively (KW =19.64; p < 0.0001). Group 1 (patients
with microvascular complications) showed a significant
increase in free AEAbs IgG in comparison with controls:
0.428 (0.343+0.591) vs. 0.240 (0.212+0.305), respectively
(KW =20.14; p < 0.0001). Group 2 also shows higher
levels of free AEAbs IgG than the control group: 0.398
(0.312+0.467) vs. 0.240 (0.212+0.305), respectively
(KW = 8.88; p = 0.003). Patients with microvascular com-
plications showed the highest levels of free AEAbs IgG.
There were no significant differences between Group 1 and
Group 2. Free AEAbs showed a correlation with HbAlc
(r=0.22); (p = 0.04), duration of diabetes (» = 0.18);
(p = 0.05), systolic blood pressure (» = 0.15); (p = 0.05),
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Table 3. Values of free serum anti-elastin antibodies (free AEAbs) in patients with type 2 diabetes mellitus and arterial

hypertension
Groups free AEAbs (ng/ml) Comparison to other groups
Mean £SD Group 1 Group 2 All patients
all patients 0.421 (0.328+0.572) NS NS -
group 1 0.428 (0.343+0.591) NS NS
group 2 0.398 (0.312+0.467) NS - NS
controls 0.240 (0.212+0.305) p <0.0001 p=0.003 p <0.0001

Free AEADs in patients with T2DM and AH are statistically significantly higher as compared to controls (p < 0.0001). Group 1 showed a significant

elevation in the levels of free AEAbs as compared to healthy individuals (p < 0.0001). Group 2 also showed an increase in serum free AEAbs in comparison to

the controls
(p =0.003)

total cholesterol (» = 0.20); (p = 0.03), and triglycerides
(r=0.21); (p = 0.02).

Discussion

Arterial hypertension and diabetic vascular complica-
tions are connected with an elevated degradation of elastic
tissue. As a result, soluble elastin peptides are released to
the circulating blood and act as a pathologic stimulus for
an increased production of anti-elastin antibodies. Because
it is very important to find characteristics of pathological
activation of elastin turnover, we studied diabetic patients
with arterial hypertension. Our data suggest an associa-
tion between the activity of elastin turnover (especially
increased serum levels of free IgG AEAbs) and vascu-
lar complications. Elastin is one of the main proteins in
the vascular wall and elastin degradation is accelerated
in diabetic patients. The formation of EDP, free AEAbs
IgG and elastin-antielastin immune complexes may play
an essential role in progression of the late complications
of diabetes mellitus.

Humoral and cell-mediated mechanisms take part in
the start and progression of atherogenesis. The role of au-
toantibodies and immune complexes in this process attracts
an increasing attention of researchers. The antigenic prop-
erty of elastin and the circulating AEAbs were first report-
ed by Stein et al. [9] and confirmed by several subsequent
studies [7, 10-13]. At present, two main antigen classes
are recognized in the elastin molecule: one is specific, the
other one — non-specific and associated with the cross re-
activity. Normally AEAbs IgG as well as IgA, IgM, IgD
can be found in very low levels in the human body [14].
AEAbs from different immunoglobulin classes are present
also in pathological conditions, but at much higher levels
[2, 14-18]. a-elastin is an oxaloacetic soluble product of
the insoluble “native” elastin. The oxalic acid separates
the elastin chain in an unspecific manner, creating a het-
erogeneous population of peptides varying from 100 to 10
kDa. Thus, a great number of antigenic sites are formed for
maximum reactivity.
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In our previous study in diabetic patients, we found
that the increase in AEAbs IgM and IgG suggests an initial
pathological autoimmunization to human elastin while the
elevation of AEAbs IgA levels — a late accelerated elas-
tin degradation and development of vascular disease [2].
In these studies, however, it was not possible to specify
which of AEAbs are components of immune complexes
and which are free in the circulation. The reason is that not
all of AEADbs paratopes are bound to the relevant elastin
epitopes. This is why some of the free paratopes in AEADbs,
incorporated in elastin-antielastin CIC react with human
aorta a-elastin during standard ELISA for AEAbs detec-
tion. The immunoconjugates, used to determine AEAbs,
are specific to the immunoglobulin heavy chain, so it is not
possible to assess if AEAbs found are incorporated in CIC.

In our earlier research, we revealed the presence of
CIC (IgG, IgM and IgA) in the sera of diabetic patients
using the CIF-ELISA method [6]. In the present study, we
used the ability of CIF-ELISA to detect and absorb CIC,
containing various immunoglobulin isotypes, and thus to
remove all CIC from the serum samples. As a next step,
ELISA was used to measure the levels of AEAbs, unbound
in immune complexes.

Our results show that the values of free AEAbs IgG in
patients with vascular complications are significantly high-
er than in patients without vascular damages and healthy
controls. This means that the diabetics from Group 1 show
pathologically high immune response to elastin.

Although the data from Group 2 reveals levels of free
AEAbs higher than those of the controls, these levels still
remain lower than those measured in patients with vascular
complications from Group 1. It is extremely important to
monitor if the group of patients with high levels of free
AEAbs will develop vascular lesions before the patients
without such elevated levels of free AEADbs.

The information that elastin has antigen properties
leads to the hypothesis that EDP, found in vivo as a result
of degradation or synthesis, can induce an autoimmune re-
sponse [18-20]. It is possible that some of free AEAbs that
we detected form immune complexes with corresponding
EDP. The elastin can become a substrate for the formation
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of insoluble immune complexes (at tissue level) or solu-
ble CIC in the serum. Group 1 patients probably represent
a “secondary” active phase in the development of vascular
damages due to increased synthesis of free AEAbs IgG.
There was a correlation established between free AEAbs
on the one hand and HbA _ (r = 0.22); (p = 0.04), total
cholesterol (r = 0.33); (p = 0.05), triglycerides (r = 0.38);
(p = 0.03), microalbuminuria (r =0.41); (p = 0.002), on the
other hand.

A possible explanation of this result is the evidence
that the first immunoglobulin synthesized during the ear-
ly phase of a pathologically activated immune response is
IgM. The immune system then switches on to production
of IgG. The elevation of AEADbs of the IgG types is there-
fore the second indicator of the pathological turnover of
elastin and the development of vascular complications in
diabetics.

In our study it was not possible to detect the “active”
phase of vascular disease, because of patients’ diabetes
duration of 9.88 +3.12 years. During this “active” phase,
the levels of IgM were probably elevated, while during the
chronic phase levels of free AEAbs IgG were increased.
The presence of free AEAbs IgG could lead to a variety of
pathological processes including immune complexes for-
mation, complement activation and K cell-mediated anti-
body-dependent cell-mediated cytotoxicity (ADCC) acti-
vation, all of which may contribute to the progression of
elastin destruction of the arterial wall. Furthermore, elastin
antigen present at the damaged arterial sites retains selec-
tively antigen specific T- (Peterszegi et al., 1997) [30, 31]
and B-lymphocytes which would aggravate the response.

The elastic fibers may be involved in the process of
lipid precipitation in arteries [21]. Our results support
these findings. Free AEAbs showed a correlation with the
triglycerides and total cholesterol. The importance of the
lipid profile (increased triglyceride and total cholesterol
values) should also be emphasized [22-24]. The elevated
levels of serum triglycerides which contain multiple types
of potential atherogenic lipoproteins enrich the picture of
diabetic dyslipidemia [25]. It is the most common devi-
ation in poorly controlled diabetes. In patients with mi-
crovascular complications, the attachment of triglycerides
to the arterial wall can lead to the conversion of elastin
into an immunogenic form. In the present study, the tri-
glycerides were elevated over the normal range in patients
with vascular complications, which supports the idea about
this feature.

We interpreted the correlation between free AEAbs
and HbA _in Group 1. It is known that diabetes duration
and age correlate with the development of vascular com-
plications. Glycation of hemoglobin leads to the formation
of HbA  , which is described as a product of Amadori, but
it is not a product of the late non-enzymatic glycosylation
[26]. HbA, _is an indicator for glycemia over the last 6-12
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weeks while the late non-enzymatic glycosylation marks
a process longer in time [27].

Bako et al. [28] in order to investigate the role of the
immune system in the arteriosclerotic process, we investi-
gated the anti-elastin peptide antibodies (AEADb) of the IgG
and IgM types by DOT immunobinding assay in the sera
of patients suffering from various arteriosclerotic diseases.
In total 232 control and pathological sera were studied. In
obliterative arteriosclerosis of the legs — 90%, ischemic
heart disease — 67% and hypertension — 60% of sera were
positive for AEAD of the IgG type independent of age.
In the case of diabetes mellitus, however, the duration of
the disease was a determinant. In rheumatoid arthritis,
the results were negative. No clear-cut positivity could
be demonstrated in stroke patients, either. These results
indicate that AEADb can be detected in some diseases and
DOT appears to be an appropriate method for the AEAb
screening in various diseases.

Gmiriski et al. [30] further investigate anti-elastin an-
tibodies of the IgG and IgM types in sera of patients suf-
fering from lung cancer, using the DOT immunobinding
assay. Authors studied 96 pathological and 40 control sera.
Anti-elastin antibodies were found to be present in 45% of
patients with small cell lung cancer, 19% of subjects with
adenocarcinoma and not-identified lung tumor and 15% of
patients with squamous cell lung cancer. They circulated
in 5% of control persons only. The highest values of their
titers were observed in the advanced stages of disease. In
55% of anti-elastin antibody positive small cell lung cancer
patients, antibodies were of the IgM type, suggesting the
initial step of the autoimmunization to elastin.

AEAbs and EDP are markers for elastin degrada-
tion. The production of AEAbs by the immune system is
a dynamic process in which some of these antibodies are
consumed by binding to EDP while the rest remain free
in the circulation. We observed the highest levels of free
AEADs in patients with vascular complication and this
is why we formed the hypothesis that free AEAbs IgG
mark a later “secondary” step of the autoimmunization
to elastin.

In conclusion, our results suggest an association be-
tween the activity of elastin turnover and microvascular
lesions in diabetic patients with arterial hypertension. El-
evation of serum free AEAbs IgG levels may indicate in-
creased elastin degradation and development of microvas-
cular complications. However, a larger study is necessary
for clarification of these possibilities.

The authors declare no conflict of interests.
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