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Background 
Diabetes

International Diabetes Federation. IDF Diabetes Atlas, 7th edn. Brussels, Belgium: International Diabetes
Federation, 2015. http://www.diabetesatlas.org



Background

Diagnosis: Diabetes mellitus
Fasting plasma glucose (FPG)

≥126mg/dL (7.0 mmol/l)

2h-plasma-glucose (OGTT)
≥200mg/dL (11.1mmol/l)

HbA1C ≥6.5%

Random plasma glucose 
≥200mg/dL (11.1mmol/l)

American Diabetes Association. Standards of Medical Care in Diabetes-2016 Abridged for Primary Care Providers. Clin
Diabetes, 2016. 34(1): p. 3-21.
American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes Care, 2014. 37 Suppl 1: p. S14-
80.



Background

Diagnosis: Impaired fasting glucose 

Fasting plasma glucose (FPG)
100 mg/dL (5.6 mmol/L) to

125 mg/dL (6.9 mmol/L)

2h-plasma-glucose (OGTT)
140 mg/dL (7.8 mmol/L) to 
199 mg/dL (11.0 mmol/L)

HbA1C ≥5.7%

American Diabetes Association. Standards of Medical Care in Diabetes-2016 Abridged for Primary Care Providers. Clin
Diabetes, 2016. 34(1): p. 3-21.
American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes Care, 2014. 37 Suppl 1: p. S14-
80.



Classification

I. Type 1 diabetes (β-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

American Diabetes Association. Standards of Medical Care in Diabetes-2016 Abridged for Primary Care Providers. Clin
Diabetes, 2016. 34(1): p. 3-21.
American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes Care, 2014. 37 Suppl 1: p. S14-
80.
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Classification

I. Type 1 diabetes (β-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)

III. Other specific types
A. Genetic defects of β-cell function
B. Genetic defects in insulin action
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E. Drug or chemical induced
F. Infections
G. Uncommon forms of immune-mediated diabetes
H. Other genetic syndromes sometimes associated with diabetes
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I. Type 1 diabetes (β-cell destruction, usually leading to absolute insulin deficiency)
A. Immune mediated
B. Idiopathic

II. Type 2 diabetes (may range from predominantly insulin resistance with relative
insulin deficiency to a predominantly secretory defect with insulin resistance)

III. Other specific types
A. Genetic defects of β-cell function
B. Genetic defects in insulin action
C. Diseases of the exocrine pancreas
D. Endocrinopathies
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H. Other genetic syndromes sometimes associated with diabetes

IV. Gestational diabetes mellitus
American Diabetes Association. Standards of Medical Care in Diabetes-2016 Abridged for Primary Care Providers. Clin
Diabetes, 2016. 34(1): p. 3-21.
American Diabetes Association. Standards of medical care in diabetes--2014. Diabetes Care, 2014. 37 Suppl 1: p. S14-
80.



Complications

http://www.shutterstock.com/pic-341076281/stock-vector-diabetes-complications-affected-organs-diabetes-affects-
nerves-kidneys-eyes-vessels-heart.html



Complications

Microvascular complications
Diabetic kidney disease
Diabetic retinopathy
Neuropathy
Leg ulcer/ peripheral arterial disease

Macrovascular complications 
Myocardial infarction
Stroke
Transient ischemic attack

American Diabetes Association. Standards of Medical Care in Diabetes-2016 Abridged for Primary Care Providers. 
Clin Diabetes, 2016. 34(1): p. 3-21.
https://sites.google.com/a/guhsd.net/the-cardiovascular-system/



Complications of
diabetes

IDF Releases New Dire Diabetes Stats and Projections11/15/2013 02:37 pm ET | Updated Jan 23, 2014 ; 
http://www.huffingtonpost.com/riva-greenberg/diabetes-stats_b_4273505.html 
International Diabetes Federation. IDF Diabetes Atlas, 7th edn. Brussels, Belgium: International Diabetes
Federation, 2015. http://www.diabetesatlas.org 



1 Hao, Y., S.L. Yi, and J.Q. Zhong, Serum macrophage migration inhibitory factor levels are associated with 
angiographically complex coronary lesions in patients with coronary artery disease. Genet Test Mol Biomarkers, 2015. 
19(10): p. 556-60.

2 Sun, H., et al., Attenuation of atherosclerotic lesions in diabetic apolipoprotein E-deficient mice using gene
silencing of macrophage migration inhibitory factor. J Cell Mol Med, 2015. 19matrix metalloproteinase-9 (4): p. 
836-49.

Background

Macrophage Migration Inhibitory Factor (MIF) is associated with 
complex coronary lesions. 1

Gene silencing of MIF leads to attenuation of atherosclerotic 
lesions.2

Association of serum levels of matrix metalloproteinase-9 (MMP-9) 
with myocardial infarction. 3

3 Jefferis, B.J., et al., Prospective study of matrix metalloproteinase-9 and risk of myocardial infarction and stroke
in older men and women. Atherosclerosis, 2010. 208(2): p. 557-63.
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Aims of the study

(a) the analysis of changes in the physiological function, 
gene expression and secretion pattern of PBMCs in 
patients with diabetes  

(b) the identification of possible correlations with disease 
severity.



Study Design

Study population

Group 1: Newly diagnosed diabetes, without medication (n=11)
Group 2: Diabetes mellitus, under therapy (n=15)
Group 3: Impaired fasting glucose (prediabetes) (n=13)
Group 4: Healthy controls (n=15)

Exclusion criteria: 

Chronic inflammatory diseases, acute infections, malign neoplasia in the 
last 5 years, leukocytopenia, leukocytosis, pregnancy, chronic heart 
insufficiency, peripheral arterial disease, unstable angina pectoris



Study Design

Analysis via 
ELISA

cells

PCR

Stimulation
LPS/PHA

24 hours 
incubation

Separation 
PBMC 

Supernatant

Serum



PBMC-Separation

Adapted from: pluriselect
https://www.pluriselect.com/pbmc.html

• Separation with 
Ficoll-Paque

• Buffy coat washed 
2x times

• Incubated for 24h



Endotoxin
Lipopolysaccharide

Production of Inflammatory 
Cytokines 
IL-1α, IL-1β, IL-6, TNFα, MIF

Stimulation with LPS

Mildner M, Storka A, Lichtenauer M, et al. Primary sources and immunological prerequisites for
sST2 secretion in humans. Cardiovasc Res 2010; 87(4):769-77.

Methods

Phytohaemagglutinin

Stimulation with PHA Induction of MMP-9



ELISA
Enzyme-linked immunosorbent assays

Adapted from: DuoSet® ELISA Development Systems; 
http://www.woongbee.com/0NewHome/RnD/ELISA_HA/Duoset.htm
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Conclusion

Diabetic patients have higher levels of hsCRP, indicating a higher 
cardiovascular risk.

In response to endotoxins PBMCs of newly diagnosed diabetic 
patients secrete higher levels of MIF.

Gene expression of MIF is elevated in prediabetic and diabetic 
patients, compared to healthy controls.
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