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High density lipoproteins (HDLs) are 
natural nanoparticles specialized in the 
transport of lipid macromolecules through 
the organism.1 The function of HDLs in 
mediating the reverse transport of choles-
terol is well known, but other bioactive 
lipids are also carried in their hydrophobic 
core enveloped by lipoproteins. The most 
abundant proteins of HDLs are involved 
in lipid transport, but many other proteins 
use these nanoparticles as vehicles to cir-
culate.2 Recent experiments have shown 
that microRNAs may also circulate car-
ried by HDLs.3

The properties of HDLs as natural 
vehicles have been exploited to deliver 
hydrophobic drugs to the liver or to 
tumors, as these tissues brightly express 
the main HDL receptor, scavenger recep-
tor Type I (SB-RI).1 Many clinically-rel-
evant antitumor drugs have indeed been 
encapsulated in HDLs.4 More recently, 
small-interfering RNAs have also been 
encapsulated so to reach hepatocytes and 
tumor cells through an SR-BI-dependent 
mechanism.4

We have recently shown that the phar-
macokinetic properties of HDLs can be 
conferred to therapeutic proteins by fusing 
them with apolipoprotein A-I, the most 
abundant HDL lipoprotein.2 Cytokines 
stand out among the therapeutic pro-
teins that can benefit from this approach. 
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Indeed, a strategy that increases the half-
life of cytokines while concentrating their 
activity on specific target organs may 
conceivably improve their performance as 
therapeutic agents.

Interleukin-15 (IL-15) is one of the most 
promising cytokines for cancer immu-
notherapy.5 IL-15 is a four-helix bundle 
cytokine family member that induces the 
proliferation of natural killer (NK) cells and 
T lymphocytes. The intracellular signaling 
cascade that mediates the activity of IL-15 is 
triggered upon interaction with a heterotri-
meric receptor composed of the IL-2 recep-
tor β (IL-2Rβ), the common gamma chain 
(γc) and the IL-15 receptor α (IL-15Rα). 
The minimal region of IL-15Rα required 
for the formation of a functional receptor 
is known as Sushi domain. Intriguingly, 
IL-15 and IL-15Rα form complexes at 
the cell membrane that—upon cell-to-
cell contact—induce the activation and 
proliferation of neighboring lymphocytes 
expressing IL-2Rβ and γc upon, a phe-
nomenon termed trans-presentation.

Following encouraging preclini-
cal data in animal tumor models, 
Phase I clinical trials testing recombi-
nant IL-15 in cancer patients are under-
way (NCT01369888, NCT01385423, 
NCT01021059, NCT01572493). However, 
two potential drawbacks of the bolus 
administration of recombinant IL-15 

must be overcome. On the one hand, this 
approach might result in a highly oscil-
lating pharmacokinetics, which in turn 
might sustain waves of toxicity and subop-
timal efficacy in waves. On the other hand, 
the restricted expression of IL-15Rα might 
prevent the activity of exogenous IL-15 
even when administered at high doses.

To circumvent these limitations, we 
applied the apolipoprotein A-I fusion 
technology to IL-15. To select the best 
candidates and to analyze quickly the 
behavior of different chimeric molecules, 
we took advantage of hydrodynamic plas-
mic delivery. This technology relies on 
the administration of plasmids coding for 
the protein of interest under the control 
of a eukaryotic promoter in a high vol-
ume of saline over a short period of time. 
With this approach, the plasmid reaches 
10–15% hepatocytes, in which the protein 
will be expressed for several days.6

We constructed an expression plasmid 
encoding IL-15 fused to apolipoprotein 
A-I.7 In order to enhance trans-presenta-
tion, a plasmid encoding the sushi domain 
IL-15Rα was co-administered with the 
IL-15-coding plasmid. The amount of the 
IL-15 chimera in the serum was higher 
than that of non-stabilized IL-15 at all time 
points analyzed, and the fusion protein cir-
culated as part of HDLs.7 The bioactivity 
of the IL-15 fusion protein was enhanced 
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interesting platform to deliver cytokines 
that control lymphocyte function, such as 
IL-158 and interferon α.9 The triple fusion 
strategy advantageously modifies both 
pharmacokinetic and pharmacodynamic 
properties of this approach. Overall, the 
system exploits both the trans-presenta-
tion of IL-15 to antitumor lymphocytes 
(Fig. 1) and the particle-like nature of lipo-
proteins, offering a suitable delivery vehicle. 
Although we observed antitumor efficacy 
as monotherapy, we believe that the use 
of this approach in combination therapies 
will provide even more encouraging results. 
Experiments to explore the synergy of our 
chimeric molecules with other immuno-
therapeutic and non-immunotherapeutic 
anticancer agents are underway.
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of corresponding plasmid, mice died from 
acute lymphoid pneumonitis. The inflam-
matory infiltrates were mainly composed 
of T and NK cells. Experiments in geneti-
cally deficient mice allowed us to con-
clude that the toxicity was mediated by 
a mechanism involving a perforin- and 
granzyme A/B-dependent function medi-
ated by activated NK cells. This acute 
toxicity illustrates the potent bioactivity 
of the triple fusion protein. Alongside, we 
were able to identify plasmid doses within 
the therapeutic range. These doses were 
well tolerated and promoted the prolifera-
tion of NK and memory CD8+ T cells in 
the spleen and liver. Moreover, the triple 
fusion protein exerted a potent antitumor 
activity against MC38 hepatic metastases 
as well as against lung metastases from 
ovalbumin-expressing B16 melanomas.8

In conclusion, the biodistribution of 
cholesterol-transporting HDLs offers an 

by the co-expression of the Sushi domain, 
increasing NK cell and memory CD8+ lym-
phocyte numbers in the peripheral blood, 
spleen and liver. Moreover, the administra-
tion of both plasmids partly rescued the 
NK-cell and the memory T-cell defects 
observed in the liver of Il15ra−/− mice. 
However, the short half-life of the Sushi 
domain limited the therapeutic potential 
of this strategy, and we only observed a 
modest therapeutic activity against subcu-
taneously transplanted MC38 cell-derived 
colon carcinoma tumors.

To improve the stability of the Sushi 
domain, we constructed a plasmid encod-
ing a triple fusion protein, combining 
apolipoprotein A-I, IL-15 and the Sushi 
domain (represented in Fig. 1 in its inter-
action with receptors on surface of a 
T lymphocyte or NK cells).8 This triple 
fusion protein was highly active and, fol-
lowing the hydrodynamic administration 

Figure 1. High-density lipoproteins as vehicles for interleukin-15. High-density lipoproteins (HDLs) can be used to trans-present a fusion protein 
involving interleukin-15 (IL-15) apolipoprotein A-I and the Sushi domain of the IL-15 receptor α (IL-15Rα) to T lymphocytes or natural killer (NK) cells.
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