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Overweight and obesity is reaching pandemic proportions and rapidly becoming a major
health problem in Western societies, momentarily affecting more than 1 billion adults.'The
pandemic of overweight and obesity is associated with an increased incidence of the meta-
bolic syndrome (MetS). The MetS is now known to be associated with diabetes and increased
cardiovascular morbidity and mortality.

The research described in this thesis was designed to gain further inside in the different
aspects of the MetS. The studies were in particular directed to the physiological impact of
plasminogen activator inhibitor-1 (PAI-1) and the low-density lipoprotein receptor-related
protein (LRP) with respect to the MetS and atherosclerosis in mouse models. In addition,
the effect of low-grade inflammation on the endothelial function in human subjects with
MetS was addressed. The major conclusions and implications of our findings as well as the

future perspectives will be discussed in this chapter.

PAI-1 catabolism and its role in insulin resistance and obesity

The low-density lipoprotein receptor (LDLR)-related protein (LRP) is a large cell-surface
multi-ligand endocytic clearance and signalling receptor of the LDLR gene family.2® LRP
was originally identified as an endocytic receptor for apolipoprotein (apoE]-rich lipoproteins.
LRP is known to recognise >50 structurally and functionally different ligands, including
plasminogen activator inhibitor-1 (PAI-1).45 PAI-1 is the primary inhibitor of the plasmino-
gen activation in vivo. It is not known wether this PAI-1/LRP interaction is of physiological
importance. Furthermore, it is unknown by what molecular mechanism PAI-1 is cleared
from the circulation. By using the hepatic LRP deficient mouse model, we studied the role
of LRP in the clearance of plasma PAI-1 (Chapter 3). We showed that plasma PAI-1 level is
not regulated by LRP. However, inhibition of the LDLR family by receptor-associated protein
(RAP] does significantly increase plasma PAI-1 levels.

The LDLR gene family consists of several members. Among them are the LDLR, very low-
density lipoprotein receptor (VLDLR], apolipoprotein E receptor (apoE-R] and megalin. We
demonstrated that next to LRP both LDLR and VLDLR are also not involved in the regulation
of plasma PAI-1 levels. Which of the other RAP-sensitive mechanisms regulates plasma
PAI-1 levels remains to be elucidated. The RAP-sensitive megalin might be good candidate
for the regulation of plasma PAI-1. Megalin is shown to interact with PAI-1 and mediates
the endocytosis of PAI-1 for degradation in vitro.®” Although PAI-1/LRP interaction does not
influence plasma levels, the interaction between PAI-1 and LRP might be of importance
locally at the cellular level. This PAI-1/LRP interaction might be of importance in the clear-
ance of proteins of the haemostasis system, such as thrombin. PAI-1 can promote the clear-
ance of thrombin via LRP.7 Additionally, PAI-1 is a potent chemo-attractant molecule, which
activity depends on the interaction with LRP for cell signalling.® Altogether, we propose that
the interaction between PAI-1 and LRP is of importance on a local level rather than on the

plasma level.
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In 1986, PAI-1 was firstly described to be linked to insulin resistance.’ Increased plasma
PAI-1 levels and further progression of the increased plasma PAI-1 levels correlate
strongly with insulin resistance.’' Improvement of insulin resistance by diet or pharmaco-
logic intervention is correlated with decreased plasma PAI-1 levels.'?® Diet-induced obesity
and insulin resistance were prevented in PAI-1 deficient mice on a wild-type background.™
Increased plasma PAI-1 levels are suggested to be the result of increased expression
of PAI-1 by adipose tissue and ectopic fat depots.”” These studies together generate the
hypothesis that PAI-1 can cause the development of obesity and insulin resistance. It is not
known whether attenuated plasma PAI-1 clearance contributes to the increased plasma
PAI-1 levels observed in insulin resistance. In chapter 2 we demonstrated that increased
plasma PAI-1 levels in diet-induced insulin resistant obese mice is not due the decreased
plasma PAI-1 clearance. Moreover, we showed that plasma PAI-1 levels followed obesity
and insulin resistance in time with delay of weeks suggesting that PAI-1 is not causally
related to insulin resistance. Several other studies support our data. The study by Morange
et al showed that PAI-1 deficient mice develop more adipose tissue.” Transgenic mice over-
expressing PAI-1 have lower body weight, lower adipose tissue mass and less intraperito-
neal fat.'® A new hypothesis might be proposed that the increased PAI-1 levels observed in
the epidemiological studies and animal studies are an epiphenomenon of inflammation in

the setting of insulin resistance and obesity.

PAI-1 is an acute phase protein and can be induced by inflammation such as induced by
lipopolysaccharide injection."” Obesity and insulin resistance are positively correlated with
low-grade inflammation. Inhibition of inflammation is demonstrated to decrease plasma
PAI-1 levels in subjects with insulin resistance.” The pro-inflammatory marker tumor
necrosis factor-a (TNF-a) is elevated in obese human subjects and rodents.” Obese mice
deficient of TNF-a remain insulin sensitive.”” TNFa is known to induce the expression of PAI-
1.2° Taken altogether, these findings support our hypothesis that increased plasma PAI-1
levels are an epiphenomenon in the setting of insulin resistance and obesity rather than a
causal factor. The data from the different PAl-1 deficient mouse models could be explained
by the different environment/housing or genetically different inflammatory background.
This epiphenomenon of increased plasma PAI-1 levels in the setting of insulin resistance
could be of significant clinical importance in regard to cardiovascular events. Subjects with
insulin resistance have increased cardiovascular risk at the same amount of atheroscle-
rotic burden compared to subjects without insulin resistance. It is apparent that many stud-
ies are still needed to investigate the exact mechanisms underlying the involvement of PAI-1

in the development of insulin resistance and obesity.
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Role of LRP in atherosclerosis

The traditional view of the development of atherosclerosis is the accumulation of choles-
terolin the vessel wall facilitated by elevated plasma cholesterol levels packed in lipopro-
teins. These lipoproteins are processed and hydrolysed during the transport before taken
up by the liver by the LDLR and LRP or the peripheral tissue by the VLDLR. Alternative
pathways for the clearance of the triglyceride (TG)-rich lipoproteins are heparin sulphate
proteoglycans (HSPGs] and the scavenger receptor class B type | (SR-BI).?""% Lipoprotein
lipase (LPL) is the key enzyme responsible for the hydrolysis of TG-rich lipoproteins and
is suggested to play a role in the uptake of the TG-rich lipoproteins by the LDLR and LRP
in vitro.?* By using the LRP-LDLR-/-VLDLR-/- mouse model (Chapter 4), we demonstrated
that LPL activity also regulates the hepatic uptake of TG-rich lipoproteins via a pathway dif-
ferent from the lipoprotein receptors pathway. We confirmed that both the HSPG and SR-BI
pathways are also involved in the clearance of the TG-rich lipoproteins. Therefore plasma
lipoprotein levels not only depend on the activity of the lipoprotein receptors, but also on
the activity of LPL and the non specific receptors HSPGs and SR-BIl. As a consequence,
impaired activity of these pathways can result in the development of hyperlipidemia, and
eventually atherosclerosis.?2

Atherosclerosis is also considered as an inflammatory disease of the vascular wall.?” Mac-
rophages playacentralrole in the pathogenesis of atherosclerosis. Several lines of evidence
suggest that LRP in the macrophages promotes the development of atherosclerosis, since it
stimulates foam cell formation.?®-% However, these are all indirect in vitro studies. Therefore,
we took the advantage of the unique mouse model of macrophage specific LRP deficiency to
investigate the role of LRP in macrophages in the development of atherosclerosis (Chapter
5). We demonstrated that LRP in the macrophages protects against the development of
atherosclerosis. The mechanism by which macrophage LRP modulates atherosclerosis is
not clear yet. A careful control of the balance between the pro-atherogenic and anti-ather-
ogenic LRP ligands is obviously necessary. As importantis a strict regulation of cell migra-
tion and remodelling of the extracellular matrix. Therefore, it can be postulated that the LRP
in the macrophages plays a central role in both controlling the balance between the pro-
atherogenic and anti-atherogenic ligands, and the regulation of the extracellular matrix,
since it is a multi-ligand multifunctional receptor.®¢-#° This hypothesis is supported by tissue
specific LRP deficient mouse models. Hepatic LRP deficiency results in increased plasma
apoE-rich lipoproteins. Additionally, independent of the plasma lipoproteins LRP deficiency
in the liver and smooth muscle cell (SMC] results inincreased atherosclerosis and impaired
vascular structure.?®*' In the absence of LRP, the accumulation of pro-atherogenic ligands
was observed and the tight regulation of cell migration and the remodelling of the extracel-
lular matrix obliterated. We demonstrated that LRP deficiency in the macrophage results
in increased extracellular collagen matrix. Since the extracellular collagen accumulates
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in the atherosclerotic plaque in the absence of LRP in the macrophage, one can propose
that LRP deficiency results in a stable plaque. However, the definition of a stable plaque is
disputable. One could also propose that LRP in the macrophage controls the regulation of
cell migration and remodelling of the extracellular matrix as LRP in the SMC. The extracel-
lular collagen is tightly controlled amongst others by the matrix metalloproteinase (MMP)/
tissue inhibitor metalloproteinase (TIMP) system and interferon-y (IFN- v).424 MMP-9 is an
important representative of the MMP/TIMP system and is a known ligand of LRP.* The role
of MMP-9 is not unambiguous. We did not observe increase of MMP-9. On the other hand,
extracellular collagen is modulated by T cells via IFN-y. T cells inhibit the production of the
extracellular matrix stimulated by INF- y. We demonstrated that the number of T cells was
decreased in the atherosclerotic plaques when LRP is absence in the macrophages. One
could also propose that LRP in the macrophages controls the inflammatory process in the
development of atherosclerosis. This hypothesis is supported by the observed increased
inflammatory markers, such as the monocyte chemo-attractant protein type-1 (MCP-1) and
TNF-a, presentin the atherosclerotic plaques in macrophage LRP deficient mice.** It is also
suggested that LRP in the macrophage suppresses the inflammation via the NF-«xB path-
way.“® All these evidences are in line with the current conception that atherosclerosis is an
inflammatory disease of the vascular wall.

Role of inflammation in atherosclerosis in subjects with MetS

MetS is associated with chronic low-grade systemic inflammation. More and more evidence
is accumulating that inflammatory markers are predictive to cardiovascular risks. One of
the inflammatory markers associated with MetS is the C-reactive protein (CRP).*” CRP is
shown to be associated with endothelial damage and atherosclerosis.“® Under physiological
conditions endothelial damage is restored by the circulating endothelial progenitor cells
(EPC). After incorporation into the endothelial monolayer, the EPC stimulate the prolifera-
tion of the neighbouring endothelial cells restoring the damaged endothelium.* Circulating
EPC are thought to be derived from hemangioblastic cells that reside in the bone marrow.
Lower numbers of circulating EPC are observed in subjects with cardiovascular diseases.5°
We demonstrated that elevated inflammation as measured by CRP levels is associated with
decreased numbers of circulating EPC in subjects with the MetS (Chapter é). The pres-
ence of atherosclerotic lesions as assessed by magnetic resonance imaging (MRI] also
correlates with lower number of EPC. Very interesting is the similar observation in other
chronic inflammatory diseases such as rheumatoid arthritis.” Therefore, one can propose
that lower circulating EPC levels are associated with a chronic inflammatory state. The
mechanism underlying these observations is not completely clear. Is the increased utilisa-
tion of EPC by the damaged endothelium an explanation for the low number of circulating
plasma EPC? Or is it the inflammatory state that suppresses the production of EPC? Or is it
both? We demonstrated that the number hematopoietic stem cells (HSC) is decreased when
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low-grade inflammation is present. We also showed that the lower numbers of EPC and
HSC are accompanied by higher levels of inflammatory markers like TNF-a and p-selectin.
Therefore, suppressed production might be an explanatory factor. However, the questions
remain unsolved since our study was an observational study. To elucidate the underlying
mechanism, in vitro studies need to be performed on how inflammatory markers can influ-
ence the number or the function of the EPC and HSC.

Concluding remarks

It should be realised that multiple factors are involved in the pathophysiology of the met-
abolic syndrome and its increased risk for cardiovascular diseases. Although intensive
research is being performed, much research is still required before therapeutic interven-
tions targeting the metabolic syndrome can be developed.

In this thesis we showed the PAI-1 catabolism is facilitated by a RAP-sensitive mechanism
other than LRP, LDLR and VLDLR. The increased plasma PAI-1 levels observed in insulin
resistance and obesityis not explained by impaired clearance of PAI-1. The increased plasma
PAI-1 levels might be an epiphenomenon of the chronic inflammatory state of insulin resist-
ance or obesity. Furthermore, alternative pathways other than the traditional lipoprotein
receptors are involved in the regulation of plasma cholesterol and triglyceride levels. The
development of atherosclerosis is multi-factorial in which the balance between the anti-
and pro-inflammatory processes plays a central role. Macrophage LRP might be one of
the features that control this balance. Inflammation not only promotes to the development
of atherosclerosis, but might also be involved in the processes that restore the damaged
vascular wall. Insulin resistance and cardiovascular diseases are becoming epidemic in the
western world concerning both children and adults. Since increased chronic inflammation
is particularly fundamental to this, demanding research on this aspect of metabolic syn-

drome is very much needed.




General discussion

References

1.

2.

Hill JO, Wyatt HR, Reed GW, Peters JC. Obesity and the environment: where do we go from here?
Science 2003;299:853-855.

Rohlmann A, Gotthardt M, Hammer RE, Herz J. Inducible inactivation of hepatic LRP gene by cre-
mediated recombination confirms role of LRP in clearance of chylomicron remnants. J Clin Invest
1998;101:689-695.

Beisiegel U, Weber W, Ihrke G, Herz J, Stanley KK. The LDL-receptor-related protein, LRP, is an
apolipoprotein E-binding protein. Nature 1989;341:162-164.

Herz J, Strickland DK. LRP: a multifunctional scavenger and signaling receptor. J Clin Invest
2001;108:779-784.

Horn IR, van den Berg BM, Moestrup SK, Pannekoek H, van Zonneveld AJ. Plasminogen activator
inhibitor 1 contains a cryptic high affinity receptor binding site that is exposed upon complex
formation with tissue-type plasminogen activator. Thromb Haemost 1998;80:822-828.

Stefansson S, Kounnas MZ, Henkin J, Mallampalli RK, Chappell DA, Strickland DK, Argraves WS.
gp330 on type Il pneumocytes mediates endocytosis leading to degradation of pro-urokinase,
plasminogen activator inhibitor-1 and urokinase-plasminogen activator inhibitor-1 complex. J
Cell Sci 1995;108 ( Pt 6):2361-2368.

Stefansson S, Lawrence DA, Argraves WS. Plasminogen activator inhibitor-1 and vitronectin
promote the cellular clearance of thrombin by low density lipoprotein receptor-related proteins 1
and 2. J Biol Chem 1996;271:8215-8220.

Degryse B, Neels JG, Czekay RP, Aertgeerts K, Kamikubo Y, Loskutoff DJ. The Low Density
Lipoprotein Receptor-related Protein Is a Motogenic Receptor for Plasminogen Activator
Inhibitor-1. J Biol Chem 2004;279:22595-22604.

Vague P, Juhan-Vague |, Aillaud MF, Badier C, Viard R, Alessi MC, Collen D. Correlation between
blood fibrinolytic activity, plasminogen activator inhibitor level, plasma insulin level, and relative
body weight in normal and obese subjects. Metabolism 1986;35:250-253.

. Juhan-Vague |, Alessi MC, Mavri A, Morange PE. Plasminogen activator inhibitor-1, inflammation,

obesity, insulin resistance and vascular risk. J Thromb Haemost 2003;1:1575-1579.

. Festa A, Williams K, Tracy RP, Wagenknecht LE, Haffner SM. Progression of plasminogen

activator inhibitor-1 and fibrinogen levels in relation to incident type 2 diabetes. Circulation
2006;113:1753-1759.

. Folsom AR, Qamhieh HT, Wing RR, Jeffery RW, Stinson VL, Kuller LH, Wu KK. Impact of weight

loss on plasminogen activator inhibitor (PAI-1), factor VII, and other hemostatic factors in
moderately overweight adults. Arterioscler Thromb 1993;13:162-169.

. Kruszynska YT, Yu JG, Olefsky JM, Sobel BE. Effects of troglitazone on blood concentrations of

plasminogen activator inhibitor 1 in patients with type 2 diabetes and in lean and obese normal
subjects. Diabetes 2000;49:633-639.

. Ma LJ, Mao SL, Taylor KL, Kanjanabuch T, Guan Y, Zhang Y, Brown NJ, Swift LL, McGuinness

OP, Wasserman DH, Vaughan DE, Fogo AB. Prevention of obesity and insulin resistance in mice
lacking plasminogen activator inhibitor 1. Diabetes 2004;53:336-346.

. Morange PE, Lijnen HR, Alessi MC, Kopp F, Collen D, Juhan-Vague I. Influence of PAI-1 on adipose

tissue growth and metabolic parameters in a murine model of diet-induced obesity. Arterioscler
Thromb Vasc Biol 2000;20:1150-1154.

. Lijnen HR, Maquoi E, Morange P, Voros G, Van Hoef B, Kopp F, Collen D, Juhan-Vague I, Alessi

MC. Nutritionally induced obesity is attenuated in transgenic mice overexpressing plasminogen
activator inhibitor-1. Arterioscler Thromb Vasc Biol 2003;23:78-84.

. HuL, Bovenschen N, Havekes LM, Van Vlijmen BJ, Tamsma JT. Plasma plasminogen activator

inhibitor-1 level is not regulated by the hepatic low-density lipoprotein receptor-related protein.
J Thromb Haemost 2007;5:2301-2304.

. Hotamisligil GS, Spiegelman BM. TNF alpha and the insulin resistance of obesity. Diabetes

Millitus, a Fundamental and Clinical Text 1996;554-560.

. Uysal KT, Wiesbrock SM, Marino MW, Hotamisligil GS. Protection from obesity-induced insulin

resistance in mice lacking TNF-alpha function. Nature 1997;389:610-614.

109




| Chapater 7

_
o

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Pandey M, Loskutoff DJ, Samad F. Molecular mechanisms of tumor necrosis factor-alpha-
mediated plasminogen activator inhibitor-1 expression in adipocytes. FASEB J 2005;19:1317-1319.
JiZS, Sanan DA, Mahley RW. Intravenous heparinase inhibits remnant lipoprotein clearance
from the plasma and uptake by the liver: in vivo role of heparan sulfate proteoglycans. J Lipid Res
1995;36:583-592.

Al-Haideri M, Goldberg |J, Galeano NF, Gleeson A, Vogel T, Gorecki M, Sturley SL, Deckelbaum
RJ. Heparan sulfate proteoglycan-mediated uptake of apolipoprotein E-triglyceride-rich
lipoprotein particles: a major pathway at physiological particle concentrations. Biochemistry
1997;36:12766-12772.

Van EM, Hoekstra M, Out R, Bos IS, Kruijt JK, Hildebrand RB, van Berkel TJ. Scavenger receptor
Bl facilitates the metabolism of VLDL lipoproteins in vivo. J Lipid Res 2008;49:136-146.

Sehayek E, Lewin-Velvert U, Chajek-Shaul T, Eisenberg S. Lipolysis exposes unreactive
endogenous apolipoprotein E-3 in human and rat plasma very low density lipoprotein. J Clin
Invest 1991;88:553-560.

Van EM, Twisk J, Hoekstra M, Van Rij BT, Van der Lans CA, Bos IS, Kruijt JK, Kuipers F, van Berkel
TJ. Differential effects of scavenger receptor Bl deficiency on lipid metabolism in cells of the
arterial wall and in the liver. J Biol Chem 2003;278:23699-23705.

Huby T, Doucet C, Dachet C, Ouzilleau B, Ueda Y, Afzal V, Rubin E, Chapman MJ, Lesnik P.
Knockdown expression and hepatic deficiency reveal an atheroprotective role for SR-Bl in liver
and peripheral tissues. J Clin Invest 2006;116:2767-2776.

Hansson GK. Inflammation, atherosclerosis, and coronary artery disease. N Engl J Med
2005;352:1685-1695.

Luoma J, Hiltunen T, Sarkioja T, Moestrup SK, Gliemann J, Kodama T, Nikkari T, Yla-Herttuala S.
Expression of alpha 2-macroglobulin receptor/low density lipoprotein receptor-related protein
and scavenger receptor in human atherosclerotic lesions. J Clin Invest 1994;93:2014-2021.
Watanabe Y, Inaba T, Shimano H, Gotoda T, Yamamoto K, Mokuno H, Sato H, Yazaki Y, Yamada N.
Induction of LDL receptor-related protein during the differentiation of monocyte-macrophages.
Possible involvement in the atherosclerotic process. Arterioscler Thromb 1994;14:1000-1006.
Spijkers PP, Da Costa MP, Westein E, Gahmberg CG, Zwaginga JJ, Lenting PJ. LDL-Receptor
related protein regulates {beta}2-integrin mediated leukocyte adhesion. Blood 2004.

Zhu H, Takahashi Y, Xu W, Kawajiri H, Murakami T, Yamamoto M, Iseki S, Iwasaki T, Hattori H,
Yoshimoto T. Low density lipoprotein receptor-related protein-mediated membrane translocation
of 12/15-lipoxygenase is required for oxidation of low density lipoprotein by macrophages. J Biol
Chem 2003;278:13350-13355.

Xu W, Takahashi Y, Sakashita T, Iwasaki T, Hattori H, Yoshimoto T. Low density lipoprotein
receptor-related protein is required for macrophage-mediated oxidation of low density
lipoprotein by 12/15-lipoxygenase. J Biol Chem 2001;276:36454-36459.

Llorente-Cortes V, Martinez-Gonzalez J, Badimon L. LDL receptor-related protein mediates
uptake of aggregated LDL in human vascular smooth muscle cells. Arterioscler Thromb Vasc Biol
2000;20:1572-1579.

Kuchenhoff A, Harrach-Ruprecht B, Robenek H. Interaction of apo E-containing lipoproteins with
the LDL receptor-related protein LRP. Am J Physiol 1997;272:C369-C382.

Fujioka Y, Cooper AD, Fong LG. Multiple processes are involved in the uptake of chylomicron
remnants by mouse peritoneal macrophages. J Lipid Res 1998;39:2339-2349.

Rezaee F, Gijbels M, Offerman E, Verheijen J. Genetic deletion of tissue-type plasminogen
activator (t-PA) in APOE3-Leiden mice reduces progression of cholesterol-induced
atherosclerosis. Thromb Haemost 2003;90:710-716.

Ananyeva NM, Kouiavskaia DV, Shima M, Saenko EL. Intrinsic pathway of blood coagulation
contributes to thrombogenicity of atherosclerotic plaque. Blood 2002;99:4475-4485.

Methia N, Andre P, Denis CV, Economopoulos M, Wagner DD. Localized reduction of
atherosclerosis in von Willebrand factor-deficient mice. Blood 2001;98:1424-1428.

Steins MB, Padro T, Li CX, Mesters RM, Ostermann H, Hammel D, Scheld HH, Berdel WE, Kienast
J. Overexpression of tissue-type plasminogen activator in atherosclerotic human coronary
arteries. Atherosclerosis 1999;145:173-180.




40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

General discussion

Boucher P, Gotthardt M, Li WP, Anderson RG, Herz J. LRP: role in vascular wall integrity and
protection from atherosclerosis. Science 2003;300:329-332.

Espirito Santo SM, Pires NM, Boesten LS, Gerritsen G, Bovenschen N, Van Dijk KW, Jukema

JW, Princen HM, Bensadoun A, Li WP, Herz J, Havekes LM, Van Vlijmen BJ. Hepatic low-density
lipoprotein receptor-related protein deficiency in mice increases atherosclerosis independent of
plasma cholesterol. Blood 2004;103:3777-3782.

Lijnen HR. Metalloproteinases in development and progression of vascular disease. Pathophysiol
Haemost Thromb 2003;33:275-281.

Amento EP, Ehsani N, Palmer H, Libby P. Cytokines and growth factors positively and negatively
regulate interstitial collagen gene expression in human vascular smooth muscle cells.
Arterioscler Thromb 1991;11:1223-1230.

Hahn-Dantona E, Ruiz JF, Bornstein P, Strickland DK. The low density lipoprotein receptor-
related protein modulates levels of matrix metalloproteinase 9 [MMP-9) by mediating its cellular
catabolism. J Biol Chem 2001;276:15498-15503.

Overton CD, Yancey PG, Major AS, Linton MF, Fazio S. Deletion of macrophage LDL receptor-
related protein increases atherogenesis in the mouse. Circ Res 2007;100:670-677.

Gaultier A, Arandjelovic S, Niessen S, Overton CD, Linton MF, Fazio S, Campana WM, Cravatt BF,
I, Gonias SL. Regulation of tumor necrosis factor receptor-1 and the IKK-NF-{kappa}B pathway
by LDL receptor-related protein explains the anti-inflammatory activity of this receptor. Blood
2008.

Yudkin JS, Stehouwer CD, Emeis JJ, Coppack SW. C-reactive protein in healthy subjects:
associations with obesity, insulin resistance, and endothelial dysfunction: a potential role for
cytokines originating from adipose tissue? Arterioscler Thromb Vasc Biol 1999;19:972-978.

Hak AE, Stehouwer CD, Bots ML, Polderman KH, Schalkwijk CG, Westendorp IC, Hofman A,
Witteman JC. Associations of C-reactive protein with measures of obesity, insulin resistance,
and subclinical atherosclerosis in healthy, middle-aged women. Arterioscler Thromb Vasc Biol
1999;19:1986-1991.

Schatteman GC, Hanlon HD, Jiao C, Dodds SG, Christy BA. Blood-derived angioblasts accelerate
blood-flow restoration in diabetic mice. J Clin Invest 2000;106:571-578.

Vasa M, Fichtlscherer S, Aicher A, Adler K, Urbich C, Martin H, Zeiher AM, Dimmeler S. Number
and migratory activity of circulating endothelial progenitor cells inversely correlate with risk
factors for coronary artery disease. Circ Res 2001;89:E1-E7.

Grisar J, Aletaha D, Steiner CW, Kapral T, Steiner S, Seidinger D, Weigel G, Schwarzinger |,
Wolozcszuk W, Steiner G, Smolen JS. Depletion of endothelial progenitor cells in the peripheral
blood of patients with rheumatoid arthritis. Circulation 2005;111:204-211.

11







