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IMMUNOTHERAPY

Inflammation-targeted vascular nanomedicine
Lipoprotein nanoparticles delivering an inflammation-targeting signalling inhibitor reduce vascular inflammation  
in atherosclerotic mice.

John P. Cooke and Mauro Ferrari

Atherosclerosis involves vascular 
inflammation1,2, a process where 
elevated levels of cholesterol or 

blood sugar alter the endothelium (for 
example, causing changes in the expression 
of adhesion molecules and chemokines) 
in ways that lead to increased endothelial 
adhesiveness for inflammatory cells. 
Monocytes — a type of white blood cell — 
can then invade the vessel wall to scavenge 
oxidized lipoproteins and advanced 
glycosylation products, and become foam 
cells that accumulate to form the first 
grossly visible lesions in atherosclerosis: 
the fatty streak. Unless the contributing 
risk factors are aggressively treated, these 
lesions progress to more complex lesions 
characterized by a fibrous cap containing 
immune cells, necrotic debris, lipids and 
thrombogenic proteins. The atherosclerotic 
process ends with inflammation of the 
fibrous cap, which eventually ruptures, 
releasing the thrombogenic debris that in 
turn causes rapid clotting of the affected 
artery. In some cases, erosion of the 
endothelial surface by the underlying foam 
cells can also trigger thrombus formation 
and vessel occlusion3. Therefore, the 
inflammation of the vessel wall is a logical 
target for a therapeutic intervention.

Indeed, the Canakinumab Anti-
inflammatory Thrombosis Outcomes Study 
(CANTOS) revealed that targeting the 
interleukin-1β  pathway with canakinumab 
in patients with systemic inflammation 
led to a 15% reduction in major adverse 
cardiovascular events4, as assessed by 
plasma levels of C-reactive peptide (the 
inflammatory cytokine that is most closely 
correlated with major adverse cardiovascular 
events in humans5). However, one of the 
major concerns of a systemic therapy 
that suppresses the immune system is the 
increased risk of infection. A targeted 
nanoparticle against vascular inflammation 
could avoid such systemic effects by 
restricting its activity to the vessel wall. 
Bioengineered high-density lipoprotein 
cholesterol nanoparticles have been shown 
to preferentially deliver diagnostic or 
therapeutic molecules to macrophages in 

the vessel wall6,7, which suggests that these 
hybrid lipid–protein nanoparticles may be 
able to facilitate the non-invasive assessment 
of vessel-wall inflammation and may also act 
as drug-delivery vehicles for the treatment 
of the inflamed vessel. Reporting in Nature 
Biomedical Engineering, Willem Mulder  
and colleagues now describe the use of  
the lipoprotein nanoparticles to deliver  
a small-molecule inhibitor that targets  
inflammation (Fig. 1a)8.

Specifically, Mulder and colleagues 
show that the small-molecule inhibitor 
interferes with the binding of CD40 — a 
protein found on antigen-presenting cells 
that belongs to the superfamily of tumour 
necrosis factor (TNF) receptors — to its 

downstream adaptor, the TNF receptor-
associated factor 6 (TRAF6). TRAF6 is a 
member of the protein family that links 
CD40 to a kinase cascade that in turn 
activates the nuclear factor κ -light-chain-
enhancer of activated B cells (NFκ B), a 
transcriptional factor that orchestrates the 
inflammatory response. Thus, the expected 
effect of the lipoprotein nanoparticle 
carrying the inhibitor of TRAF6 (referred 
to as TRAF6i) is the inhibition of the 
inflammation mediated by CD40 (Fig. 1b). 
To determine if the TRAF6i nanotherapy 
could inhibit vascular inflammation, 
Mulder and co-authors used hyperlipidemic 
apolipoprotein E (apoE)-deficient mice. 
These mice lack the apoE lipoprotein, and 
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Fig. 1 | Reduction of atherosclerosis by a targeted nanoimmunotherapy. a, A schematic representation 
of TRAF6i incorporated into high-density lipoprotein (TRAF6i–HDL). TRAF6i–HDL was obtained 
by combining human apolipoprotein A-I (apoA-I), the phospholipids 1,2-dimyristoyl-sn-glycero-3-
phosphatidylcholine (DMPC) and 1-myristoyl-2-hydroxy-sn-glycero-phosphocholine (MHPC), and a 
small-molecule inhibitor of the CD40–TRAF6 interaction. b, A schematic representation of the CD40-
mediated pathway regulating monocyte/macrophage recruitment in atherosclerotic-plaque formation10. 
CD40 signalling via TRAF6-activated NFκ B, resulting in chemokine/cytokine signalling and in stimulated 
monocyte/lymphocyte chemotaxis to the plaque site, is inhibited by TRAF6i. Panel a reproduced from 
ref. 8, Macmillan Publishers Ltd.
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thus have elevated plasma cholesterol, which 
is further aggravated by feeding the mice 
with a high-fat diet. The authors found that 
the short-term infusion of the lipoprotein 
nanotherapy (four intravenous infusions 
over one week) strongly reduced monocyte 
density in the aortic wall. Not surprisingly, 
as the therapy was only administered for 
one week, they did not observe any changes 
in the size of the aortic lesions in the 
animals, yet did record a clear reduction 
in monocyte density. In vitro and in vivo 
studies suggested that this was due to the 
reduction in monocyte recruitment, rather 
than to the direct inhibition of proliferation 
in already recruited monocytes. The results 
also illustrate that the TRAF6i nanotherapy 
inhibits endothelial adhesiveness 
for monocytes. This is important, as 
endothelium–monocyte adhesion is one of 
the earliest processes known to occur in the 
development of a lesion, and is also critical 
to the continued recruitment of monocytes 
to an advanced plaque9. Therefore, long-
term administration of such a therapeutic 
should presumably result in a reduction in 
lesion size. Indeed, Mulder and co-authors 
had shown that long-term administration 
of a therapeutic molecule (termed TRAF-
STOP 6877002) reduced the size of aortic 
atheroma10. Furthermore, the lesions were 
considered stabilized as a reduction in 
macrophages and an increase in collagen  
are associated with lesions that are less  
prone to disruption.

The targeted TRAF6i nanoimmunotherapy 
aims to specifically block the CD40–TRAF6 
interaction in monocytes and macrophages, 
with the advantage being the minimization 
of adverse systemic effects due to a loss of 
immune responses against pathogens. 

However, TRAF6 inhibition is not 
exclusively specific to CD40, and may also 
impair the signalling of other receptors, 
including interleukin-1 and Toll-like 
receptors. Therefore, it is possible that the 
TRAF6i nanoparticle could have further 
adverse effects beyond the inhibition of 
TRAF6–CD40 interactions. For example, 
activation of Toll-like receptor 3 may have 
beneficial effects on vascular regeneration 
and on the prevention of vascular disease11,12. 
And as most of the TRAF6i nanoparticle 
ends up in the liver, spleen and kidneys, 
where it is degraded, it is possible that its 
effect is in part mediated by the suppression 
of immune cells in the spleen and liver. 
Notably, the nanoimmunotherapy treatment 
increased the percentage of Ly6Chi 
monocytes — a cell population associated 
with inflammation — in the bone 
marrow, spleen and blood, which may be 
consistent with the reduced activation and 
mobilization of these cells. Mulder and 
colleagues also monitored the levels of 
circulating inflammatory cytokines that 
were not affected, yet did not assess the 
levels of C-reactive peptide. Hence, it is not 
possible to rule out the possibility that the 
TRAF6i nanotherapy might have systemic 
effects, as has been seen with other anti-
inflammatory approaches.

The promise of cardiovascular 
nanotherapeutics was first articulated 
over a decade ago13, and Mulder and 
co-authors have taken a significant step 
forward. Nanoparticle therapies that 
preferentially distribute to the vasculature 
provide another asset for the development 
of effective therapies for atherosclerosis, 
and could potentially be explored in 
other disease settings, including disorders 

of the microvascular structure and 
vasomotion (which causes systemic or 
pulmonary hypertension), neurovascular 
dementia, renal insufficiency, vasculitides 
such as systemic lupus erythematosus, 
transplant rejection, venous insufficiency 
or thrombosis, lymphoedema and 
arteriovenous malformations. Furthermore, 
bioengineered organs or tissues also require 
a functional vasculature, which could be 
facilitated by nanofabricated matrices 
that enhance vascular formation and by 
nanotherapeutics that target the newly 
formed vessels. ❐

John P. Cooke1,2 and Mauro Ferrari1,3*
1Kostas Center for Cardiovascular Nanomedicine, 
Houston Methodist Research Institute, Houston, 
TX, USA. 2Department of Cardiovascular Sciences, 
Houston Methodist Research Institute, Houston, 
TX, USA. 3Deparment of Nanomedicine, Houston 
Methodist Research Institute, Houston, TX, USA.  
*e-mail: mferrari@houstonmethodist.org

Published online: 10 May 2018 
https://doi.org/10.1038/s41551-018-0241-y

References
 1. Smith, S. C. Jr et al. J. Am. Coll. Cardiol. 58, 2432–2446 (2011).
 2. Cooke, J. P. Methodist Debakey Cardiovasc. J. 3, 154–155 (2015).
 3. Franck, G. et al. Circ. Res. 12, 31–42 (2017).
 4. Ridker, P. M. et al. N. Engl. J. Med. 377, 1119–1131 (2017).
 5. Ridker, P. M. Circ. Res. 118, 145–156 (2016).
 6. Skajaa, T. et al. Arterioscler. Thromb. Vasc. Biol. 30,  

169–176 (2010).
 7. Tang, J. et al. Circulation 124, A9601 (2011).
 8. Lameijer, M. et al. Nat. Biomed. Eng. https://doi.org/10.1038/

s41551-018-0221-2 (2018).
 9. Libby, P., Ridker, P. M. & Hansson, G. K. J. Am. Coll. Cardiol. 54, 

2129–2138 (2009).
 10. Seijkens, T. T. P. et al. J. Am. Coll. Cardiol. 71, 527–542 (2018).
 11. Cole, J. E. et al. Proc. Natl Acad. Sci. USA 108,  

2372–2377 (2011).
 12. Sayed, N. et al. Circulation 131, 300–309 (2015).
 13. Buxton, D. B. et al. Circulation 108, 2737–2742 (2003).

NatuRe Biomedical eNgiNeeRiNg | VOL 2 | MAY 2018 | 269–270 | www.nature.com/natbiomedeng

mailto:mferrari@houstonmethodist.org
https://doi.org/10.1038/s41551-018-0241-y
https://doi.org/10.1038/s41551-018-0221-2
https://doi.org/10.1038/s41551-018-0221-2
http://www.nature.com/natbiomedeng

	Inflammation-targeted vascular nanomedicine
	Fig. 1 Reduction of atherosclerosis by a targeted nanoimmunotherapy.




