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In cardiovascular field monocytes/macrophages are well appreciated to be the central
cellular components in atherosclerosis1. They appear in the atherosclerotic lesions at the
very initial stages and contribute to their further development through to the occlusive
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complications . The monocyte/macrophage accumulation is being triggered at the very initial
stage of atherogenesis by atherogenic lipoproteins, especially chemically modified ones,
accumulating subintimally at vulnerable arterial sites3.

Monocytes are major cellular player in the accelerated atherogenesis in diabetic individuals.
This occurs due to the activated (pro-inflammatory) status of monocytes in diabetes mellitus
(DM). DM is a complex metabolic state with hyperglycemia considered to be a key event in
the development of diabetic vascular complications by causing divergent cellular
dysfunction. Hyperglycemia occurs as a result of impaired glucose utilization by tissues due
to either whole-body insulin resistance in DM type 2 (relative insufficiency) or lack of
sufficient availability of insulin in DM type 1 (absolute insufficiency)4. Generally, lack of
physiological effects of insulin on the cells and related hyperglycemia-induced cellular
biochemical alterations are two major factors resulting in cellular dysfunction in DM. Fruitful
discussions during the visit of Dr. Vadim Tchaikovski to the Haemostasis Thrombosis &
Vascular Biology Unit at University of Birmingham made possible by ESC First Contact
Initiative Grant led to summarizing major biochemical pathways through which lack of proper
insulin signalling and resulting elevated glucose levels can lead to monocyte/macrophage
dysfunction:1) insulin resistance-related aberrations in monocyte/macrophage function; 2)
increased glucose utilization via polyol/AR and hexosamine pathways; 3) increased AGE
formation and signalling via the receptor for AGE (RAGE); 4) mitochondrial oxidative stress;
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5) activation of PKC. Prepared review (initial draft is being circulated among co-authors)
focuses on the mechanisms of DM-dependent alterations in monocyte/macrophage biology
and their consequences for accelerated atherosclerosis in DM.

HbA1c is a well-established marker for assessing the metabolic control in diabetic patients.
In the DCCT/EDIC study, HbA1c could, however, explain a small fraction of the increased
risk of complications in DM5. These results highlight the dramatic and long-lasting effects
that short-term hyperglycemic spikes can have and suggest that transient spikes of
hyperglycemia may be an HbA1c-independent risk factor for diabetic complications. Indeed,
transient hyperglycemia induces long-lasting activating epigenetic changes in the promoter
of the nuclear factor NF-kB subunit, which cause increased p65 gene expression6.
Hyperglycemia-associated biochemical alterations affect the lipid metabolism in plaque
macrophages. In diabetic atherosclerotic lesions macrophages are characterized by
AGE/RAGE-, ROS-, and PKC-dependent increased expression of CD36 and SR-A7,8,9.
Macrophages with characteristic insulin resistance also show significant up-regulation of
CD36 and SR-A with subsequent increased uptake of modified LDL10,11, the effect being
also the consequence of hyperglycemia-related alterations12. Increased signalling through
these so-called pattern recognition receptors (CD36 and SRA) may play an additive effect to
by lipid overload-induced endoplasmic reticulum (ER) stress10 and, therefore, amplify the
macrophage apoptosis in atherosclerotic lesions in DM.

CD36 is a critical molecule regulating cholesterol uptake and thereby contributing to
atherogenesis. Its up-regulation by hyperglycemia is documented. The host group led by
Prof. G. Lip has recently described morphological monocyte diversity13. The functional
consequences of it largely remain to be elucidated. During visit to the Haemostasis
Thrombosis & Vascular Biology Unit at University of Birmingham we aimed to investigate
whether acute hyperglycemia affects monocyte subset numbers and CD36 expression in
otherwise healthy individuals. Acute hyperglycemia has been modelled by oral glucose
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tolerance test. Acute hyperglycemia led to particular changes in monocyte subsets and total
monocyte count as well as CD36 expression at particular time points following glucose load.
The preliminary data has been summarized and the abstract has been submitted to AHA
Annual Meeting 2011.

In the last decade a concept of ER stress has been developed10. The phenomenon is based
on the continuous ER exposure to such stressors as (modified or not) free cholesterol, fatty
acids and constituents of lipoproteins14. The processes of their oxidative and glycolitic
modifications are accelerated in diabetic atherosclerotic lesions and up-take of free and
modified cholesterol and lipoproteins are facilitated by DM-associated up-regulation of
respective scavenger receptors, such as CD36. This subjects macrophages to chronic lipid
overload and ER15. There are limited but convincing data that indicate how ER stress–
induced macrophage apoptosis may affect the formation of lesional necrotic cores and thus
clinically unstable plaques in DM. Several signalling pathways may be involved in apoptosis
as a result of ER stress. ER stress-mediated Ca2+ influx into cytoplasm has been recently
aligned with CD36 signalling16.

This visit made possible by ESC First Contact Initiative Grant to Dr. Vadim Tchaikovski has
triggered collaboration between Department of Cardiology, Angiology and Pulmonology
(University of Magdeburg) and University of Birmingham Centre for Cardiovascular Sciences
in the area of disease-oriented monocyte biology. The future work will be focused to further
elucidate the mechanisms of monocyte/macrophage-mediated accelerated atherosclerosis
in DM.

References

1.

Weber C, Zernecke A, Libby P. The multifaceted contributions of leukocyte subsets
to atherosclerosis: lessons from mouse models. Nat Rev Immunol. Oct
2008;8(10):802-815.

3

2.

3.

4.
5.

6.

7.

8.

9.

10.
11.
12.

13.

14.

15.
16.

Swirski FK, Pittet MJ, Kircher MF, Aikawa E, Jaffer FA, Libby P, Weissleder R.
Monocyte accumulation in mouse atherogenesis is progressive and proportional to
extent of disease. Proceedings of the National Academy of Sciences of the United
States of America. Jul 5 2006;103(27):10340-10345.
Tabas I, Williams KJ, Boren J. Subendothelial lipoprotein retention as the initiating
process in atherosclerosis: update and therapeutic implications. Circulation. Oct 16
2007;116(16):1832-1844.
Tabas I, Tall A, Accili D. The impact of macrophage insulin resistance on advanced
atherosclerotic plaque progression. Circ Res. Jan 8 2010;106(1):58-67.
The relationship of glycemic exposure (HbA1c) to the risk of development and
progression of retinopathy in the diabetes control and complications trial. Diabetes.
Aug 1995;44(8):968-983.
El-Osta A, Brasacchio D, Yao D, Pocai A, Jones PL, Roeder RG, Cooper ME,
Brownlee M. Transient high glucose causes persistent epigenetic changes and
altered gene expression during subsequent normoglycemia. J Exp Med. Sep 29
2008;205(10):2409-2417.
Rondeau P, Singh NR, Caillens H, Tallet F, Bourdon E. Oxidative stresses induced
by glycoxidized human or bovine serum albumin on human monocytes. Free Radic
Biol Med. Sep 15 2008;45(6):799-812.
Fukuhara-Takaki K, Sakai M, Sakamoto Y, Takeya M, Horiuchi S. Expression of
class A scavenger receptor is enhanced by high glucose in vitro and under diabetic
conditions in vivo: one mechanism for an increased rate of atherosclerosis in
diabetes. J Biol Chem. Feb 4 2005;280(5):3355-3364.
Zhang Y, Luo Z, Ma L, Xu Q, Yang Q, Si L. Resveratrol prevents the impairment of
advanced glycosylation end products (AGE) on macrophage lipid homeostasis by
suppressing the receptor for AGE via peroxisome proliferator-activated receptor
gamma activation. Int J Mol Med. May 2010;25(5):729-734.
Tabas I. The role of endoplasmic reticulum stress in the progression of
atherosclerosis. Circ Res. Oct 1 2010;107(7):839-850.
Olefsky JM, Glass CK. Macrophages, inflammation, and insulin resistance. Annu Rev
Physiol. Mar 17 2010;72:219-246.
Guest CB, Hartman ME, O'Connor JC, Chakour KS, Sovari AA, Freund GG.
Phagocytosis of cholesteryl ester is amplified in diabetic mouse macrophages and is
largely mediated by CD36 and SR-A. PLoS One. 2007;2(6):e511.
Shantsila E, Wrigley B, Tapp L, Apostolakis S, Montoro-Garcia S, Drayson MT, Lip
GY. Immunophenotypic characterization of human monocyte subsets: possible
implications for cardiovascular disease pathophysiology. Journal of thrombosis and
haemostasis : JTH. May 2011;9(5):1056-1066.
Feng B, Yao PM, Li Y, Devlin CM, Zhang D, Harding HP, Sweeney M, Rong JX,
Kuriakose G, Fisher EA, Marks AR, Ron D, Tabas I. The endoplasmic reticulum is
the site of cholesterol-induced cytotoxicity in macrophages. Nat Cell Biol. Sep
2003;5(9):781-792.
Tabas I, Ron D. Integrating the mechanisms of apoptosis induced by endoplasmic
reticulum stress. Nat Cell Biol. Mar 2011;13(3):184-190.
Kuda O, Jenkins CM, Skinner JR, Moon SH, Su X, Gross RW, Abumrad NA. CD36
Protein Is Involved in Store-operated Calcium Flux, Phospholipase A2 Activation, and
Production of Prostaglandin E2. J Biol Chem. May 20 2011;286(20):17785-17795.

4

