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Abstract: Diabetes mellitus (DM) is associated with oxidative stress, elevation of
inflammatory markers and other mechanisms, which may contribute to accelerated
atherosclerosis. The aim of the study was to determine prominent factors of these
pathogenic processes in patients with DM, to examine their relationship in serum,
and to find out the differences between DM1 and DM2. Advanced oxidation
protein products (AOPP), C-reactive protein (CRP), pregnancy-associated plasma
protein-A (PAPP-A), anticardiolipin antibodies (ACA) and anti-$2-glycoprotein-I
antibodies (anti-$2-GPI) were determined in 27 patients with DM1, 27 patients
with DM2 and 23 healthy subjects. AOPP, CRP and anti-$2-GPI were significantly
elevated in DM2 in comparison with healthy subjects (p<0.01, p<0.0001,
p<0.0001, respectively). In DM1, anti-$2-GPI were elevated (p<0.0001) as well,
but there was no increase of either AOPP or CRP. There was no difference in
PAPP-A levels in DM1 or DM2 and healthy subjects. In DM 1, AOPP correlate
significantly with anti-$2-GPI (r = 0.68, p<0.05). In DM2, there is a significant
correlation between anti-$2-GPI and PAPP-A (r=0.45, p<0.05). Oxidative stress
and inflammation are more expressed in DM2 and they are partly related. In DM1,
oxidative stress seems to be in closer link to autoimmune reaction than to
inflammation.
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Introduction
Diabetes mellitus is associated with oxidative and carbonyl stress,
microinflammation and other mechanisms, which may contribute to diabetic
complications, accelerated atherosclerosis, higher rate of infectious complications,
and to the increased morbidity and mortality of diabetic patients [1–3].
Oxidative stress (imbalance between free radicals and antioxidants in favour of
free radicals) [4] and carbonyl stress (increase of reactive carbonyl compounds
caused by their increased formation and/or decreased degradation or excretion)
[1,5] can modify biological structures (lipids, proteins, sugars and nucleic acids) and
cause their damage [4,5].
New compounds, formed via these mechanisms, can in vitro experiments
directly influence formation of cytokines and growth factors and indicate
a relationship to the inflammatory response [6–9].
Additionally, structural changes of biological structures and disclosure of new
epitopes might trigger autoimmune response, which results in the formation of
auto-antibodies [10].
In vitro studies document well these pathogenic processes, however the
response of the whole organism may be more complex. We were interested, how
the whole organism reacts on this situation and what can be observed in standard
and specialized clinical-chemical examinations. The aim of the study was to
determine prominent parameters of oxidative stress (advanced oxidation protein
products (AOPP)), inflammation/acute phase reaction (CRP as a classical markers,
and pregnancy-associated protein A (PAPP-A), possibly a new acute phase reactant
and marker of unstable atherosclerotic plaques) and auto-antibodies
(anticardiolipin antibodies (ACA) and anti $2-glycoprotein I antibodies
(anti $2-GPI)) in patients with diabetes mellitus, to examine their relationship in
serum and to find out the differences between patients with type 1 and type 2
diabetes mellitus (DM).
Material and Methods
Subjects
The studied group consisted of 54 patients with diabetes mellitus.
Patients with type 1 diabetes mellitus (27 patients – 10 men and 17 women),
mean age 40±13 years, were treated for diabetes mellitus for 15±13 (1–44)
years. Their biochemical parameters were as follows: blood glucose concentration:
9.9±4.1 mmol/l, HbA1c 8.7±1.5 %, cholesterol 4.6±0.8 mmol/l, HDL-cholesterol
1.5±0.4 mmol/l, LDL-cholesterol 2.6±0.7 mmol/l, triglycerides 1.1±0.6 mmol/l,
total protein 75.4±6.0 g/l.
Patients with type 2 diabetes mellitus (27 patients – 21 men and 6 women),
mean age 61±9 years, were treated for diabetes mellitus for 9±6 (1–28) years.
Their biochemical parameters were as follows: blood glucose concentration:
10.9±4.7 mmol/l, HbA1c 8.4±2.1 %, cholesterol 5.3±1.0 mmol/l,
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HDL-cholesterol 1.4±0.3 mmol/l, LDL-cholesterol 3.1±0.8 mmol/l, triglycerides
1.9±0.9 mmol/l, total protein 76.0±4.4 g/l.
All patients had serum creatinine level less than 110 mmol/l, were in stable
clinical status without signs of acute infection and were not treated with
antioxidants.
The control group consisted of 23 healthy subjects (9 men and 14 women), mean
age 51±17 years. At the time of the study none of them was taking any
antioxidants.
The study was approved by the local Institutional Ethical committee. All patients
and controls gave their informed consent prior to entering this study.
Methods
Blood samples: Blood was collected after overnight fasting via venepuncture of
the cubital vein. Blood was centrifuged at 1450 g (4 °C) for 10 minutes. Serum was
stored at –80 °C and processed within 3 months.
AOPP assay: Determination of AOPP is based on spectrophotometric detection
according to Witko-Sarsat [11]. 200 ml of serum diluted 1:5 with PBS, pH 7.4,
200 ml of chloramin T (0–100 µmol/l) for calibration and 200 ml of PBS as blank
was applied on a microtitre plate. 10 ml of 1.16 mol/l KI and 20 ml of acetic acid
were added and absorbance at 340 nm was measured immediately (photometer
Multiskan Ascent, Labsystems, Finland). Concentration of AOPP is expressed in
µmol/l (in reference to the calibrator).
Determination of inflammatory markers/acute phase reactants: CRP was
determined with turbidimetry (Modular, Roche, Germany). PAPP-A was assessed
immunochemically with TRACE (time resolved amplified cryptate emission)
method (Kryptor, Brahms, Germany and standard kits Cezanne, France).
Auto-antibodies: Anticardiolipin antibodies and antibodies against $2-GPI were
measured with standard ELISA kits (Orgentec, Germany).
Statistics
Results are expressed as mean ± standard deviation (SD). CRP is due to high
interindividual variability described with median and interquartile range.
Differences among groups were evaluated using unpaired t-test and Mann-Whitney
U test. Correlation coefficients (Pearson, Spearman) were used for
the examination of the relationship between parameters. All results were
considered as statistically significant at p<0.05.
Results
Results are shown in Table 1.
Advanced oxidation protein products (AOPP) are elevated in patients DM2
(p<0.01 vs controls, borderline significance vs DM1). Similarly, CRP is elevated in
patients with DM2 as well (p<0.0001 vs controls and DM1), while in DM1, there
is no difference in comparison with the control group. PAPP-A has similar serum
levels in patients with both types of DM and in healthy subjects.

Oxidative stress, inflammation and autoimmune reaction in type 1 and type 2 diabetes mellitus

24)

Prague Medical Report / Vol. 105 (2004) No. 1, p. 21–28

Elevation of anti $2-GPI antibodies is typical for both types of DM without
differences between DM1 and DM2 (2.5 fold elevation, p<0.0001 vs controls for
both DM1 and DM2). Surprisingly, anticardiolipin antibodies – neither IgG nor IgM
were found to be increased in patients with diabetes mellitus, on contrary, they
were even decreased in comparison with healthy subjects, however still in normal
range.
In DM 1, AOPP correlate significantly with anti $2-GPI (r=0.68, p<0.05). This
correlation is significant also in healthy subjects (r=0.53, p<0.05). In DM2, there is
a significant correlation between anti $2-GPI and PAPP-A (r=0.45, p<0.05). We did
not find any other correlation between studied parameters either in DM1 or in DM2.
Both oxidative stress and (micro)inflammation are more expressed in patients
with type 2 diabetes mellitus and are partially related. In DM1, oxidative stress
seems to be in closer link to autoimmune reaction than to inflammation.
Discussion
Patients with diabetes mellitus have higher incidence of cardiovascular
complications. In diabetic patients, similarly as e.g. in chronic renal failure patients,
several mechanisms might contribute to accelerated atherosclerosis [12,13]. In our
study, we observed elevation of several non-traditional risk factors of
atherosclerosis, which is more pronounced in DM2. Elevation of auto-antibodies
against $2-GPI was found in both types of DM, while significant increase of
inflammatory parameter CRP and oxidative stress marker AOPP is typical only for
DM2. Differences between DM1 and DM2 cannot be explained with higher age of
patients with DM2 only (given by prevalence of both diseases in population), they
could result from the different etiopathogenesis of both diseases (DM2 as a more
complex metabolic disorder with involvement of lipid metabolism disorder).
Table 1 – Selected parameters of oxidative stress, inflammation/acute
phase reaction and auto-antibodies in patients with type 1 and type 2
diabetes mellitus and in healthy subjects

AOPP (µmol/l)
CRP (mg/l)
PAPP-A (mU/l)
Anti $2-GPI (U/ml)
ACA IgG (U/ml)
ACA IgM (U/ml)

Patients with type 1
diabetes mellitus
(n=27)
90.5±43.14
2 (4)
7.9±1.7
6.1±3.5**
2.8±1.2*
1.6±0.8**

Patients with type 2
diabetes mellitus
(n=27)
106.7±49.9##
7 (9)###,†
7.9±1.7
5.9±2.9 ###
3.1±1.2 ##
1.7±1.9#

Healthy subjects
(n=23)
73.0±16.8
2 (1)
8.2±2.8
2.5±0.8
4.3±1.3
3.3±1.6

Results are expressed as mean ± standard deviation (CRP as median and interquartile range).
**p<0.0001, *p<0.0005 DM1 vs controls
###
p<0.0001, ## p<0.005, # p<0.01 DM2 vs controls
†
p<0.0001 DM2 vs DM1
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CRP is described as risk factor of cardiovascular diseases. Its elevation was often
observed mainly in hemodialysed patients, who are at several fold higher risks of
both cardiovascular and overall morbidity and mortality [12]. The increase of CRP
was found both in DM1 [2,14,15] and DM2 [3], however no study has focused on
the differences between DM1 and DM2 so far. We would like to point out
the elevation of CRP only in DM2, while patients with DM1 in our study had
physiological serum concentrations of CRP. Elevation of other inflammatory
markers, acute phase reactants, cytokines and complement activation were found
in diabetic patients as well [16], e.g. Arnalich measured higher levels of both IL-6
and sIL-6R in patients with DM2 [3] and Romano refers increased levels of TNF-"
in DM1 [14]. Increased urinary excretion of another protein – orosomucoid (acidic
glycoprotein) was described as a new risk for cardiovascular and over-all mortality
in patients with type 2 DM [17].
Pregnancy-associated plasma protein-A (PAPP-A) assessed by supersensitive
methods is an outstanding marker of acute myocardial infarction and non-stable
angina pectoris as shown recently [18]. Moreover, this high-molecular-weight
protein is elevated in patients with chronic renal failure, mainly treated with
hemodialysis, and it shows association with oxidative stress and inflammation [13].
However, despite marked differences between patients with DM1 and DM2 in
inflammatory and oxidative stress markers, we did not observe any difference in
serum levels of PAPP-A in both groups of diabetic patients. Surprisingly, there is no
elevation either in DM2 in comparison with healthy controls, although these
patients are at higher risk of cardiovascular complications. Additionally, PAPP-A
was shown as a potential marker of echogenic atherosclerotic plaques in
asymptomatic hyperlipidemic subjects at high cardiovascular risk [19]. Stable
clinical status, normal renal function and lack of any acute cardiovascular
complication of our patients could explain our findings.
Oxidative stress is typical for both types of diabetes mellitus, but it is more
pronounced in DM2. Patients with type 2 DM have higher levels of oxidative and
carbonyl stress products – advanced oxidation protein products (AOPP),
advanced glycation (glycoxidation) end products (AGEs) [20,21] and
lipoperoxidation product malondialdehyde (MDA) [22,23]. Due to higher damage
caused by oxidative stress and probably for other reasons, patients with DM2 are
at higher risk for accelerated atherosclerosis, i.e. macrovascular complications.
Diabetes mellitus plays also an important role in enhancement of oxidative and
carbonyl stress in chronic renal failure patients – both uremic and diabetic milieu
are synergistic and contribute to formation of glycoxidation products [24] with
several biological toxic effects [6].
Production of auto-antibodies in patients with diabetes mellitus can have various
explanations: DM1 is an autoimmune disorder often connected with other
autoimmune diseases (polyglandular syndrome, celiac disease) and the presence
of various auto-antibodies can just belong to the picture of the disease.
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On the other hand, both DM1 and DM2 are connected with oxidative and
carbonyl stress (even if of a different degree) that leads to modification of
biological structures. Formation of auto-antibodies could be the natural response
of organism to those changes. However, the presence of auto-antibodies can result
from a non-specific reaction. Our finding of normal levels of anticardiolipin
antibodies in patients with both types of DM was surprising as well as the PAPP-A
in DM2. Similarly, Arnalich found a correlation of TBARS (thiobarbituric acid
reacting substances) with CRP and IL-6 in DM2 [3] and Romano observed a direct
correlation of inflammatory markers with parameters defining endothelial
perturbation [14]. Additionally, there is a possible synergism between generation of
auto-antibodies and endothelial activation [2]. We failed to demonstrate
a correlation between PAPP-A and CRP, which is typical for both acute myocardial
infarction [18] and renal failure patients[28]. It could be explained by only slight
elevation of CRP and PAPP-A within the normal range in diabetic patients
(and more pronounced elevation and differences in other states mentioned above).
Both oxidative stress and (micro)inflammation are more expressed in patients
with type 2 diabetes mellitus. In DM1, oxidative stress seems to be in closer link
to autoimmune reaction than to inflammation. All these mechanisms might
contribute to the acceleration of atherosclerosis, mainly in DM2, which is a more
complex metabolic disorder with more pronounced reaction of the whole
organism.
Acknowledgement: The authors would like to thank Mrs. Miškovská, Mrs. Čechová
and Mrs. Kuchařová for technical assistance.
References
1. BAYNES J.W., THORPE S.R.: Role of oxidative stress in diabetic complications. A new perspective on
an old paradigm. Diabetes 1999, 48, p. 1–9.
2. CIARLA M.V., BOCCIARELLI A., DI GREGORIO S., TORDI A., CONTRONEO P., MARRA G.,
VAZQUEZ J.J., MONTIEL C. : Autoantibodies and endothelial dysfunction in well-controlled,
uncomplicated insulin-dependent diabetes mellitus patients. Atherosclerosis 2001, 158, p. 241–246.
3. ARNALICH F., HERNANY A., LOPEY-MADERUELO D., PENA J.M., CAMACHO J., MADERO R.,
VAZQUEZ J.J., MONTIEL C. : Enhanced acute-phase response and oxidative stress in older adults with
type II diabetes. Horm. Metab. Res. 2000, 32, p. 407–412.
4. HALLIWELL B. : Drug antioxidant effects. A basis for drug selection? Drugs 1991, 42, p. 569–605.
5. MIYATA T., VAN YPERSELE DE STRIHOU C., KUROKAWA K., BAYNES J.W. : Alterations of nonenzymatic biochemistry in uremia: Origin and significance of “carbonyl stress” in long-term uremic
complications. Kidney Int. 1999, 55, p. 389–399.
6. BIERHAUS A., HOFMANN M.A., ZIEGLER R., NAWROTH P.P. : AGEs and their interaction with
AGE-receptors in vascular disease and diabetes mellitus. I. The AGE concept. Cardiovasc. Res. 1998,
37, p. 586–600.
7. KISLINGER T., FU C., HUBER B., QU W., TAGUCHI A., YAN S.D., HOFMANN M., YAN S.F.,
PISCHENSRIEDER M., STERN D., SCHMIDT A.M. : Ne-(carboxymethyl)lysine adducts of proteins are

Kalousová M.; Fialová L.; Škrha J.; Zima T.; Soukupová J.; Malbohan I. M.; Štípek S.

Prague Medical Report / Vol. 105 (2004) No. 1, p. 21–28

27)

ligands for receptor for advanced glycation end products that activate cell signaling pathways and
modulate gene expression. J. Biol. Chem. 1999, 274, p. 31740–31749.
8. WITKO-SARSAT V., NGUYEN KHOA T., JUNGERS P., DRUEKE T.B., DESCHAMPS-LATSCHA B. :
Advanced oxidation protein products as novel molecular basis of oxidative stress in uraemia. Nephrol.
Dial. Transplant. 1999, 14, Suppl. 1, p. 76–78.
9. MIYATA T., KUROKAWA K., VAN YPERSELE DE STRIHOU C. : Advanced glycation and
lipoperoxidation products: Role of carbonyl compounds generated during carbohydrate and lipid
metabolism. J. Am. Soc. Nephrol. 2000, 11, p. 1744–1752.
10. GEORGE J., AFEK A., GILBURD B., HARATS D., SHOENFELD Y. : Autoimmunity in atherosclerosis:
lessons from experimental models. Lupus 2000, 9, p. 223–227.
11. WITKO-SARSAT V., FRIEDLANDER M., CAPEILLERE-BLANDIN C., NGUYEN-KHOA T., NGUYEN
A.T., ZINGRAFF J., JUNGERS P., DESCHAMPS-LATSCHA B. : Advanced oxidation protein products as
a novel marker of oxidative stress in ureamia. Kidney Int. 1996, 49, p. 1304–1313.
12. ZIMMERMANN J., HERRLINGER S., PRUY A., METZGER T., WANNER C.: Inflammation enhances
cardiovascular risk and mortality in hemodialysis patients. Kidney Int. 1999, 55, p. 648–658.
13. KALOUSOVA M., ZIMA T., TESAR V., SULKOVA S., FIALOVA L.: Relationship between advanced
glycoxidation end products, inflammatory markers/acute phase reactants and some autoantibodies in
chronic hemodialysis patients. Kidney Int. 2003, 84, Suppl., p. 62–64.
14. ROMANO M., POMILIO M., VIGNERI S., FALCO A., CHIESA P.L., CHIARELLI F., DAVI G. :
Endothelial perturbation in children and adolescents with type 1 diabetes: association with markers of
the inflammatory reaction. Diabetes Care 2001, 24, p. 1674–1678.
15. HAYISHI-OKANO R., YAMASAKI Y., KATAKAMI N., OHTOSHI K., GOROGAWA S., KURODA A.,
MATSUHISA M., KOSUGI K., NISHIKAWA N., KAJIMOTO Y., HORI M. : Elevated C-reactive protein
associates with early-stage carotid atherosclerosis in young subjects with type 1 diabetes. Diabetes
Care 2002, 25, p. 1432–1438.
16. EBELING P., TEPPO A. M., KOISTINEN H.A., KOIVISTO V.A. : Concentration of the complement
activation product, acylation-stimulating protein, is related to C-reactive protein in patients with type 2
diabetes. Metabolism 2001, 50, p. 283–287.
17. CHRISTIANSEN M.S., HOMMEL E., FELDT-RASMUSSEN : Orosomucoid in urine predicts
cardiovascular and over-all mortality in patients with type II diabetes. Diabetologia 2002, 45,
p. 115–120.
18. BAYES- GENIS A., CONOVER C.A., OVERGAARD M.T., BAILEY K.R., CHRISTIANSEN R., HOLMES
D.R. JR., VIRMANI R., OXVIG C. , SCHWARTZ R.S.: Pregnancy-associated plasma protein A as a

marker of acute coronary syndrome. N. Engl. J. Med. 2001, 345, p. 1022–1029.
19. BEAUDEUX J.L., BURC F., GIRAL P., BERNARD M., BRUCKERT E., CHAPMAN M.J. : Serum plasma
pregnancy-associated protein A: a potential marker of echogenic atherosclerotic plaques in
asymptomatic hyperlipidemic subjects at high cardiovascular risk. Arterioscler. Thromb. Vasc. Biol.
2003, 23, p. 7–10.
20. KALOUSOVA M., SKRHA J., ZIMA T. : Advanced glycation end products and advanced oxidation
protein products in patients with diabetes mellitus. Physiol. Res. 2002, 6, p. 597–604.
21. KILHOVD B.K., GIARDINO I., TORJESEN P.A., BIRKELAND K.I., BERG T.J., THORNALLEY P.J.,
BROWNLEE M., HANSSEN K.F. : Increased serum levels of the specific AGE-compound methylglyoxalderived hydroimidazolone in patients with type 2 diabetes. Metabolism 2003, 52, p. 163–167.
22. PRAZNY M., SKRHA J., HILGERTOVA J. : Plasma malondialdehyde and obesity: Is there a relationship?
Clin. Chem. Lab. Med. 1999, 37, p. 1129–1130.

Oxidative stress, inflammation and autoimmune reaction in type 1 and type 2 diabetes mellitus

28)

Prague Medical Report / Vol. 105 (2004) No. 1, p. 21–28

23. PRAZNY M., HILGERTOVA J., SKRHA J. : Comparison of diabetes control and oxidative stress
parameters in type 1 and type 2 diabetes mellitus. Klin. Bioch. Metab. 1999, 7, p. 118–122.
24. KALOUSOVA M., ZIMA T., TESAR V., SULKOVA S., SKRHA J., DEPPISCH R., BECK W.:
Glycoxidation in hemodialyzed patients with diabetes mellitus. In: Cardionephrology 7, Timio M,
Wizemann V, Venanzi S (eds). Editoriale Bios, Cosenza, Italy, 2002, p. 297–300.
25. ANZAI K., NAGAFUCHI S., NIHO Y., KIKUCHI M., ONO J. : Beta2-glycoprotein I-dependent and
independent anticardiolipin antibody in non-obese diabetic (NOD) mice. Clin. Exp. Immunol. 1998,
111, p. 173–180.
26. GALTIER-DEREURE F., BIRON C., VIES M., BOURGEOUIS V., SCHVED J.F., BRINGER J. : Vascular
complications of diabetes mellitus: what role for phospholipid-binding antibodies? Lupus 1998, 7,
469–474.
27. ALAGOZLU H., BAKICI Z., GULTEKIN F., YILDIRIM B., SEZER H. : Anticardiolipin antibody positivity
in diabetic patients with and without diabetic foot. J. Diabetes Complications 2002, 16, p. 172–175.
28. FIALOVA L., KALOUSOVA M., SOUKUPOVA J., SULKOVA S., MERTA M., JELINKOVA E., HOREJSI
M., SRAMEK P., MALBOHAN I. M., MIKULIKOVA L., TESAR V., ZIMA T. : Relationship of pregnancyassociated plasma protein A (PAPP-A) to renal function and dialysis modalities. Kidney Blood Press.
Res. 2004, 27, p. 88–95.

Kalousová M.; Fialová L.; Škrha J.; Zima T.; Soukupová J.; Malbohan I. M.; Štípek S.

