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The immune system is our body’s defense against infections. However, it can
also be involved in diseases such as autoimmune diseases** or cancer*®. T cells are vital
for the homeostasis of the immune system, and therefore are a target for treating such
diseases®®. In this thesis, we have focused on the treatment of diseases in which T cells
are too active (atherosclerosis) or not sufficiently activated (cancer) and propose new
treatment strategies using liposomes, which is introduced in chapter 1.

Liposomes are versatile vesicle-like structures, that can be engineered into

various physical forms. In chapter 2 we reviewed how particle size, shape, and rigidity of
particulate vaccines affect biodistribution, cellular uptake, antigen presentation and the
resulting immune response. While there are trends that can be observed between the
physicochemical parameters of such vaccines and the resulting immune responses, it is
often very difficult to alter just one parameter without affecting others. However, it is
clear that a rational design approach is necessary to optimize a vaccine for a specific use;
the physicochemical parameters for optimal antigen-presenting cell (APC) uptake may
not be ideal for eliciting the desired immune response. In later chapters, this is always
considered and studied in detail when designing the liposomes.
In chapter 3 we aimed to understand the effect of liposomal rigidity, one of the most
over-looked parameters for nanoparticles, on antigen-specific T cell responses. One of
the reasons that rigidity has not been studied as extensively as other physicochemical
parameters is the difficulty in accurately measuring it>*4, and a lack of standardization
in the literature. We used atomic force microscopy (AFM) to accurately measure the
rigidity of individual anionic liposomes containing an ovalbumin-derived CD4* T cell
epitope. The surface charge, phospholipid head group composition, antigen content
and size of the liposomes were controlled in order to minimize alterations in other
physicochemical parameters. We found that the incorporation of cholesterol in the lipid
bilayer decreases the rigidity of gel-state liposomes and increases that of fluid-state ones.
Furthermore, the transition temperature of the phospholipids influenced the overall
liposome rigidity. Interestingly, almost all formulations showed a positive correlation
between liposomal rigidity and APC association. However, dioleoylphosphatidylcholine
(DOPC):dioleoylphosphatidylglycerol (DOPG) liposomes showed the highest association
to dendritic cells (DCs) of all tested formulations despite having the lowest rigidity,
indicating that liposomal rigidity alone does not control APC uptake. We did observe
a significant correlation between the rigidity of the liposomes and the regulatory T cell
(Treg) responses they elicited in vitro and in vivo. Our findings may contribute to a better
understanding of the factors driving Treg responses, and support a rational design of
liposomal as well as other nanoparticulate vaccine formulations aiming to enhance
antigen-specific Treg responses for the treatment of autoimmune diseases.

Building upon the information presented in chapters 2 and 3, chapters 4 and 5
focus on using liposomes to treat atherosclerosis. Atherosclerosis is the predominant
underlying pathology of cardiovascular disease, which affects millions of people world-
wide?®, Lipidsinthe form of low-density lipoprotein (LDL) accumulate in the subendothelial
space in medium- and large-sized arteries, which leads to chronic inflammation®®. LDL
can modify to form oxidized LDL (oxLDL), which attracts immune cells, continuing the
inflammation’®. Some of these immune cells, such as monocytes, can differentiate into
macrophageswhich canphagocytose oxLDL, leadingtofoamcellformation!’. Manipulation
of immune cells, especially T cells*!® or foam cells?®, can be an effective way to treat
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atherosclerosis. In chapter 4 we designed liposomes that can induce Tregs. Liposomes
were composed of distearoylphosphatidylcholine (DSPC):distearoylphosphatidylglycerol
(DSPG):cholesterol (CHOL) (also one of the most rigid and potent formulations in chapter
3) and were loaded with an ovalbumin-derived CD4* T cell epitope. These liposomes
were shown to elicit high production of antigen-specific Tregs in vitro and in vivo in
mice as compared to free antigen, DSPC:dipalmitoylphosphatidylserine (DPPS):CHOL,
and DSPC:dipalmitoyltrimethylammoniumpropane (DPTAP):CHOL liposomes. As an
atherosclerosis-specific antigen, we turned to ApoB100, the protein component of
oxLDL, which was already shown to be a relevant antigen®*%. We identified a major-
histocompatibility complex (MHC)-II-restricted ApoB100-derived peptide, referred to as
p3500, using a peptidomics strategy. When encapsulating p3500 in DSPG-liposomes it
successfully reduced atherosclerotic plaque formation, as measured by a reduction in
total plaque size, and an increase in plaque stability.

We also described the mechanism behind the potency of the DSPG-liposomes.
Interestingly, it has been shown that anionic liposomes composed of PS resemble
apoptotic cells, since PS becomes exposed on the surface of apoptotic cells®2. Through
scavenger receptor (SR)-mediated uptake by APCs, PS-containing liposomes can mediate
an anti-inflammatory effect®34, We show that DSPG-liposomes are more effectively
taken up by DCs in vitro than DPPS-liposomes. We also demonstrate a role for the
protein corona in Treg induction via SRs. In vitro and in vivo, liposomes interact with
proteins in the physiological medium, resulting in the formation of a protein corona
around the liposomes®. We found a significant reduction of uptake for both PG- and
PS- liposomes in the presence of serum when SR-mediated uptake by DCs was blocked,
which was not observed in serum-free conditions, suggesting that formation of a protein
corona is required for liposome-SR interactions. We concentrated on the serum protein
complement component 1 Q (Clq), since it was shown to bind to PS on apoptotic cells
and lead to clearance via SRs%%, Interestingly, C1q is also involved in the pathology of
atherosclerosis®. We showed that Clq is present in the protein corona and binds to
anionic liposomes. The addition of Clq in serum-free conditions completely restored
the uptake of both PG- and PS-liposomes, while specific depletion of Clq in serum
significantly reduced uptake of PG-liposomes. We further observed that the addition of
Clq increases Treg responses compared to serum-free conditions, but not significantly.
This suggests that Clq is partially responsible for the Treg induction of both DSPG- and
DPPS-liposomes, but the protein corona likely contains more components that help
to induce Tregs. Furthermore, it would be very interesting to study whether there is a
relationship between liposomal rigidity and the protein corona, which is something we
have not studied.

Clqg does not only interact with SRs, but also binds to other proteins, such as the
Clg-binding protein, also known as p32. This receptor is aberrantly expressed in plaque-
resident macrophages*. As mentioned above, macrophages play an important role in
the pathogenesis of atherosclerosis, since they can phagocytose lipids and become large
lipid-rich foam cells*2. These foam cells are unable to migrate out of the vessel wall, leading
to a build-up at the site of the inflammation and formation of a plaque®. Therefore, a
suitable treatment strategy would be to prevent and/or reverse the formation of foam
cells®®, which was our goal in chapter 5. Macrophages are able to reverse cholesterol
transport across their membrane via ATP-binding cassette (ABC) transporters ABCA1 and
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ABCG1*. The expression of both of these transporters is controlled by the liver X receptor
(LXR). A class of small molecules, called LXR agonists (e.g., GW3965), can activate this
receptor to induce reverse cholesterol transport in foam cells, allowing for migration
of these cells from the plaque®. Unfortunately, when administered systemically at
therapeutic doses, LXR agonists have effects in other organs, such as the liver, leading
to high triglyceride levels in the plasma or liver*®*8, Encapsulation of the LXR agonist in a
drug delivery vehicle such as liposomes can overcome this problem*. The cyclic peptide
Lyp-1 (CGNKRTRGC) binds to p32 and can therefore be used to target macrophages in
atherosclerotic lesions®®!, For this purpose, we designed a particulate formulation that
combines the targeting properties of the cyclic peptide Lyp-1 with the therapeutic effect
of an LXR agonist (GW3965) and promotes reverse cholesterol transport in foam cells to
stabilize atherosclerotic plaques. We used the knowledge gained from chapter 2, chapter
3 and chapter 4 to formulate liposomes with long circulation time, minimal APC uptake,
and minimal immune effects. We then functionalized the liposomes with Lyp-1, and this
led to greatly enhanced association to foam cells in vitro, while having limited affinity for
macrophages. In vivo we saw retention of liposomes in atherosclerotic plaques, and we
confirmed that the plaque-resident foam cells had taken up the targeted liposomes. We
showed that using a low dose of GW3965 encapsulated in Lyp-1 liposomes can reduce
plague macrophage content and increase plaque stability while avoiding an increase in
lipids in the serum and liver. These findings demonstrate that it is possible to increase
the therapeutic window of LXR agonists, and may contribute to the design of other
atherosclerosis therapies. In particular, Lyp-1-functionalized liposomes could be used as
a platform to deliver other compounds, such as anti-inflammatory drugs, to foam cells.

The final research chapter of this thesis (chapter 6) focuses on using liposomes
to treat cancer, which is another major health concern®. Cancer encompasses a group
of diseases involving abnormal sustained cell proliferation, replication, and survival®®. T
cells are also involved in cancer, since they can recognize tumor-associated antigens*®,
however in contrast to atherosclerosis, T cell responses in cancer are not effective
and suffer from exhaustion®. As we have shown in chapter 4, DSPC:DPTAP:CHOL
liposomes are potent at inducing antigen-specific pro-inflammatory T cells and may
provide the type of immune response required to kill a tumor. In chapter 6 we aimed
to repurpose DSPC:DPTAP:CHOL liposomes with tumor neoepitopes as a therapeutic
cancer vaccine. Neoepitopes are very interesting for treatment; they result from non-
synonymous somatic mutations that encode new amino acid residues, leading to novel
peptides that can be presented on the cell surface of tumor cells®. The Hannover
Medical School previously showed that inducing strong pro-inflammatory T cell
responses against Adpgk . (a neoepitope) could eliminate established cancers®. This
was achieved by isolating DCs from mice, pulsing them with antigen and adjuvants ex
vivo, and reinjecting them®’. These DCs can then present the tumor-specific epitopes
to T cells and prime them to destroy the cancer cells®. To boost CD8" T cell responses,
mice were injected after some time with a mix of an agonistic anti-CD40 antibody (Co),
antigen (A) and a toll-like receptor (TLR) ligand (T) Poly 1:C*. Unfortunately, ex vivo
priming of DCs is very labor-intensive and expensive, prohibiting wide-spread use®’.
We propose DSPC:DPTAP:CHOL liposomes as a delivery system to deliver the antigen to
DCs in situ in a simpler way®. First, we compared non-adjuvanted Adpgk . liposomes
with liposomes containing the TLR3 ligand poly(l:C), the TLR4 agonist MPLA, or the
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STING agonist cdiGMP. Mice were primed with liposomes and boosted with CoAT. The
cdiGMP liposomes induced the strongest antigen-specific CD8" T cell response, so we
continued with this formulation in further experiments. In a direct comparison, cdiGMP
liposomes performed as good as DC-CoAT vaccination. We also tested the suitability of
the liposomes with another neoepitope, Alg8_ .. Similar to Adpgk ., encapsulation of
the antigen in cdiGMP liposomes greatly boosted the immune response and led to very
long-lasting responses which were similar to those achieved with DC-CoAT®. Next, we
aimed to improve our vaccination protocol by eliciting CD4* T cell help with the CD4*
epitope MTAG85B® and selecting a long version of Adpgk_  peptide®. The long peptide
did not enhance the CD8"* T cell response against the minimal epitope. We also saw no
evidence of the MTAG85B-induced CD4* T cell activation boosting the CD8* responses.
Due to the lack of improvement of the Adpgk . responses with the addition of a CD4*
T cell epitope or a long peptide, we decided to perform a tumor study using only the
minimal Adpgk . peptide in cdiGMP liposomes. Here, we observed extremely high
antigen-specific responses to the antigen (up to 60% of all CD8* T cells responded to the
antigen by producing IFNy). We observed tumor regression within 30 days and 100%
survival in mice receiving the LS-CoAT vaccination. Overall, this work shows that cdiGMP
liposomes are a very powerful platform for encapsulating tumor neoepitopes to induce
strong antigen-specific CD8" T cells and eliminate established tumors.

Perspectives

While we presented several different treatment strategies for different diseases,
liposomes were used in all cases. We used liposomes to deliver a drug to plaque-resident
macrophages by using a targeted approach. We also manipulated the physicochemical
properties of liposomes to induce anti-inflammatory or pro-inflammatory T cell
responses. These studies further add to the evidence that liposomes are extremely
versatile drug delivery particles®.
In chapter 5 we explored a method for treating atherosclerosis by using targeted
liposomes to deliver a drug. Aside from targeting to atherosclerotic plaques, targeted
liposomes have been applied in the treatment of cancer®, and to cross the blood-
brain barrier to treat neurological diseases such as Alzheimer’s®. Several liposomal
formulations, including PEGylated liposomes, have already been shown to be safe and
are FDA and EMA approved®. Furthermore, PEGylated liposomes have been used to
passively deliver prednisolone (an anti-inflammatory drug) to atherosclerotic plaques in
humans, indicating that there is some translation from animals to humans®’.
We have emphasizedtheimportance of designingliposomes with specific physicochemical
parameters, and summarized the significance of size, shape and rigidity in chapter
2. Liposomal rigidity was intriguing since we could not find a substantial amount of
literature concerning this parameter. Therefore, we aimed to enhance our understanding
of this parameter and performed a detailed study examining the relationship between
liposomal rigidity and Treg responses in chapter 3. For this, we presented an optimized
protocol for measuring the rigidity of liposomes using AFM, which can also be applied to
other particulate vaccines and drug delivery systems. Both of these chapters contribute
to the understanding of the effect of physicochemical parameters of liposomes on the
immune responses, and could help others with the design of liposomal vaccines. It should
also be noted that liposomes are by nature relatively soft particles, so it is unknown
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whether the immune effects we observed apply to a wider range of rigidities. The exact
mechanism of why rigidity affects the immune response is still not fully understood, and
future studies examining this in more detail would be very valuable.

The induction of antigen-specific Tregs are a focus of chapters 3 and 4. We
identified a peptide derived from murine ApoB100 for vaccination, but human ApoB100
epitopes have been identified which were successful at reducing atherosclerosis in
humanized mice®. These peptides can be encapsulated in liposomes to enhance their
effects and safety. Unfortunately, so far, no clinical studies have been performed using
ApoB100-derived epitopes, so there is still a question about the translation of these
studies to a clinical setting®. Since many people suffering from atherosclerosis use
statins to control their disease, the interaction between statins and peptides and/or
liposomes needs to be studied as well. For instance, combined use of statins and LDL-
mimicking liposomes led to the liposomes crossing the blood-brain barrier in an in vitro
culture model™, which could be dangerous. Furthermore, using fluorescence anisotropy,
it has been shown that some statins interact with the bilayer of liposomes and can alter
their fluidity™, and thereby their immunogenicity. As opposed to our study with Lyp-1
liposomes, the tolerogenic liposomes in chapter 4 were administered at the same time
as starting the western-type diet; it would be more clinically relevant to administer the
liposomes in mice with established atherosclerosis.

Tregs are not only important in the treatment of atherosclerosis, but are
involved in many other diseases, grouped under the term autoimmune diseases™. We
found a role for serum-derived Clq in the interaction of liposomes and SRs, and it would
be interesting to study this mechanism in more detail. Autoimmune diseases include
diseases such as Crohn’s diseases, diabetes, multiple sclerosis and rheumatoid arthritis,
and affect an estimated 7.6-9.4% of the population, with women being at a higher risk’.
There is currently no cure for any of the autoimmune diseases, and treatment focuses
on systemic suppression of inflammation with anti-inflammatory drugs. However, these
therapies can result in severe side effects and susceptibility to infection, especially upon
long-term treatment’75, emphasizing the need for more specific therapies. While we
have only studied the effects of Treg-inducing liposomes on atherosclerosis, other studies
have been performed with tolerogenic liposomes treating diabetes®* and rheumatoid
arthritis”. All of this work is vital for developing a possible treatment for autoimmune
diseases.

Immunomodulation was also the focus of chapter 6, but instead of suppressing
the immune response to an antigen, we aimed to enhance it by the use of cationic
liposomes. Cancer immunotherapy via DCs™ or T cells’, and immunotherapy against
neoantigens® has been studied for several years. We argue that immunotherapy via
liposomes is a faster, more cost-effective treatment strategy. Indeed, nanoparticles,
including liposomes, have been shown to be effective in cancer therapy®, and our
work contributes to this evidence. Tools to identify antigens specific to autoimmune
diseases®?®, including the atherosclerosis antigen p3500 identified in this thesis, and
cancer® are improving. Combined with the ability of liposomes to encapsulate a wide
range of epitopes, liposomes could be an important player in the future of personalized
therapies®. It should be noted that, while we observed no toxicity in our animal studies,
at high doses cationic phospholipids induce toxicity in in vivo animal models® and in
vitro human cells®’. Therefore, further development of these liposomes should always
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strive for minimizing the dose of the cationic phospholipids in the liposomes. In order to
progress to clinical trials, more toxicity studies need to be performed in animal models
to test whether the liposomes are safe to use, either in the short-term or long-term.

Aside from the need to test the safety of the liposomes for clinical use, testing
in humans requires large amounts of liposomes and the encapsulated contents (drug,
peptide, adjuvant). Scale-up is not only potentially very costly (although encapsulation
of a compound in a (targeted) nanoparticle greatly decreases the required dose, and
therefore cost®), but it can alter the liposomes’ physicochemical properties. This is
also true for the GMP production of liposomes. Methods such as micro-fluidics® and
ethanol injection®® are proven to be able to reproducibly manufacture large amounts
of liposomes under GMP conditions. However, a detailed evaluation of the effect of
production method on liposomal properties should be performed. Despite this, there
are a substantial number of liposomes that are already approved for humans, or in
clinical trials®, so the potential for further developing the treatments presented here is
promising.

180



References

10

11

12

13

14

Clemente-Casares, X. et al. Expanding antigen-specific regulatory networks to
treat autoimmunity. Nature 530, 434-440, doi:10.1038/nature16962 (2016).
Foks, A. C., Lichtman, A. H. & Kuiper, J. Treating atherosclerosis with
regulatory T cells. Arterioscler Thromb Vasc Biol 35, 280-287, doi:10.1161/
ATVBAHA.114.303568 (2015).

van Herwijnen, M. J. et al. Regulatory T cells that recognize a ubiquitous stress-
inducible self-antigen are long-lived suppressors of autoimmune arthritis. Proc
Natl Acad Sci U S A 109, 14134-14139, doi:10.1073/pnas.1206803109 (2012).
Grivennikov, S. I., Greten, F. R. & Karin, M. Immunity, inflammation, and cancer.
Cell 140, 883-899, doi:10.1016/j.cell.2010.01.025 (2010).

Coulie, P. G., Van den Eynde, B. J., van der Bruggen, P. & Boon, T. Tumour
antigens recognized by T lymphocytes: at the core of cancer immunotherapy.
Nat Rev Cancer 14, 135-146, doi:10.1038/nrc3670 (2014).

Raphael, I., Nalawade, S., Eagar, T. N. & Forsthuber, T. G. T cell subsets and their
signature cytokines in autoimmune and inflammatory diseases. Cytokine 74,
5-17, d0i:10.1016/j.cyt0.2014.09.011 (2015).

Naran, K., Nundalall, T., Chetty, S. & Barth, S. Principles of Immunotherapy:
Implications for Treatment Strategies in Cancer and Infectious Diseases. Front
Microbiol 9, 3158, doi:10.3389/fmicb.2018.03158 (2018).

Feldmann, M. & Steinman, L. Design of effective immunotherapy for human
autoimmunity. Nature 435, 612-619, doi:10.1038/nature03727 (2005).
Matsingou, C. & Demetzos, C. Calorimetric study on the induction of
interdigitated phase in hydrated DPPC bilayers by bioactive labdanes and
correlation to their liposome stability: The role of chemical structure. Chem
Phys Lipids 145, 45-62, doi:10.1016/j.chemphyslip.2006.10.004 (2007).
Altunayar, C., Sahin, I. & Kazanci, N. A comparative study of the effects of
cholesterol and desmosterol on zwitterionic DPPC model membranes. Chem
Phys Lipids 188, 37-45, doi:10.1016/j.chemphyslip.2015.03.006 (2015).
Takechi-Haraya, Y., Sakai-Kato, K. & Goda, Y. Membrane Rigidity Determined
by Atomic Force Microscopy Is a Parameter of the Permeability of Liposomal
Membranes to the Hydrophilic Compound Calcein. AAPS PharmSciTech 18,
1887-1893, d0i:10.1208/s12249-016-0624-x (2017).

Zhao, L., Feng, S. S., Kocherginsky, N. & Kostetski, I. DSC and EPR investigations
on effects of cholesterol component on molecular interactions between
paclitaxel and phospholipid within lipid bilayer membrane. Int J Pharm 338,
258-266, doi:10.1016/j.ijpharm.2007.01.045 (2007).

Eloy, J. O. et al. Co-loaded paclitaxel/rapamycin liposomes: Development,
characterization and in vitro and in vivo evaluation for breast cancer therapy.
Colloids Surf B Biointerfaces 141, 74-82, doi:10.1016/j.colsurfb.2016.01.032
(2016).

Toyran, N. & Severcan, F. Interaction between vitamin D2 and magnesium in
liposomes: Differential scanning calorimetry and FTIR spectroscopy studies.
Journal of Molecular Structure 839, 19-27, doi:10.1016/j.molstruc.2006.11.005
(2007).

181



15

16

17

18

19

20

21

22

23

24

25

26

27

28

182

Wang, H. et al. Global, regional, and national life expectancy, all-cause
mortality, and cause-specific mortality for 249 causes of death, 1980-2015: a
systematic analysis for the Global Burden of Disease Study 2015. The Lancet
388, 1459-1544, doi:10.1016/s0140-6736(16)31012-1 (2016).

Pirillo, A., Norata, G. D. & Catapano, A. L. LOX-1, OxLDL, and atherosclerosis.
Mediators Inflamm 2013, 152786, doi:10.1155/2013/152786 (2013).

Tabas, I. & Lichtman, A. H. Monocyte-Macrophages and T Cells in
Atherosclerosis. Immunity 47, 621-634, doi:10.1016/j.immuni.2017.09.008
(2017).

Douna, H. & Kuiper, J. Novel B-cell subsets in atherosclerosis. Curr Opin Lipidol
27, 493-498, doi:10.1097/MOL.0000000000000335 (2016).

Tall, A. R. Cholesterol efflux pathways and other potential mechanisms involved
in the athero-protective effect of high density lipoproteins. Journal of Internal
Medicine 263, 256-273, doi:10.1111/j.1365-2796.2007.01898.x (2008).
Stemme, S. et al. T lymphocytes from human atherosclerotic plaques recognize
oxidized low density lipoprotein. Proc Natl Acad Sci U S A 92, 3893-3897
(1995).

Fredrikson, G. N. et al. Identification of immune responses against aldehyde-
modified peptide sequences in apoB associated with cardiovascular

disease. Arterioscler Thromb Vasc Biol 23, 872-878, doi:10.1161/01.
ATV.0000067935.02679.B0 (2003).

Sjogren, P. et al. High plasma concentrations of autoantibodies against native
peptide 210 of apoB-100 are related to less coronary atherosclerosis and lower
risk of myocardial infarction. Eur Heart J 29, 2218-2226, doi:10.1093/eurheartj/
ehn336 (2008).

Fagerberg, B., Prahl Gullberg, U., Alm, R., Nilsson, J. & Fredrikson, G. N.
Circulating autoantibodies against the apolipoprotein B-100 peptides p45 and
p210 in relation to the occurrence of carotid plaques in 64-year-old women.
PLoS One 10, e0120744, doi:10.1371/journal.pone.0120744 (2015).

Zhou, X., Caligiuri, G., Hamsten, A., Lefvert, A. K. & Hansson, G. K. LDL
Immunization Induces T-Cell-Dependent Antibody Formation and Protection
Against Atherosclerosis. Arteriosclerosis, Thrombosis, and Vascular Biology 21,
108 (2001).

Schiopu, A. et al. Recombinant human antibodies against aldehyde-modified
apolipoprotein B-100 peptide sequences inhibit atherosclerosis. Circulation
110, 2047-2052, doi:10.1161/01.CIR.0000143162.56057.B5 (2004).

Tse, K. et al. Atheroprotective Vaccination with MHC-II Restricted Peptides from
ApoB-100. Front Immunol 4, 493, doi:10.3389/fimmu.2013.00493 (2013).
Klingenberg, R. et al. Intranasal immunization with an apolipoprotein B-100
fusion protein induces antigen-specific regulatory T cells and reduces
atherosclerosis. Arterioscler Thromb Vasc Biol 30, 946-952, doi:10.1161/
ATVBAHA.109.202671 (2010).

Herbin, O. et al. Regulatory T-cell response to apolipoprotein B100-derived
peptides reduces the development and progression of atherosclerosis in mice.
Arterioscler Thromb Vasc Biol 32, 605-612, doi:10.1161/ATVBAHA.111.242800
(2012).



29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

Fredrikson, G. N. et al. Inhibition of atherosclerosis in apoE-null mice by
immunization with apoB-100 peptide sequences. Arterioscler Thromb Vasc Biol
23, 879-884, doi:10.1161/01.ATV.0000067937.93716.DB (2003).

Fredrikson, G. N., Bjorkbacka, H., Soderberg, I., Ljungcrantz, |. & Nilsson, J.
Treatment with apo B peptide vaccines inhibits atherosclerosis in human

apo B-100 transgenic mice without inducing an increase in peptide-specific
antibodies. J Intern Med 264, 563-570, doi:10.1111/j.1365-2796.2008.01995.x
(2008).

Kimura, T. et al. Regulatory CD4(+) T Cells Recognize MHC-II-Restricted
Peptide Epitopes of Apolipoprotein B. Circulation 138, 13, doi:10.1161/
CIRCULATIONAHA.117.031420 (2018).

Nagata, S., Hanayama, R. & Kawane, K. Autoimmunity and the clearance of
dead cells. Cell 140, 619-630, doi:10.1016/j.cell.2010.02.014 (2010).
Pujol-Autonell, I. et al. Use of autoantigen-loaded phosphatidylserine-
liposomes to arrest autoimmunity in type 1 diabetes. PLoS One 10, e0127057,
doi:10.1371/journal.pone.0127057 (2015).

Ramos, G. C. et al. Apoptotic mimicry: phosphatidylserine liposomes reduce
inflammation through activation of peroxisome proliferator-activated receptors
(PPARSs) in vivo. British Journal of Pharmacology 151, 844-850, doi:10.1038/
sj.bjp.0707302 (2007).

Ritz, S. et al. Protein corona of nanoparticles: distinct proteins regulate

the cellular uptake. Biomacromolecules 16, 1311-1321, doi:10.1021/acs.
biomac.5b00108 (2015).

Bigler, C., Schaller, M., Perahud, I., Osthoff, M. & Trendelenburg, M.
Autoantibodies against complement C1q specifically target C1q bound on early
apoptotic cells. J Immunol 183, 3512-3521, doi:10.4049/jimmunol.0803573
(2009).

Erwig, L. P. & Henson, P. M. Clearance of apoptotic cells by phagocytes. Cell
Death Differ 15, 243-250 (2007).

Patten, D. A. et al. SCARF-1 promotes adhesion of CD4(+) T cells to human
hepatic sinusoidal endothelium under conditions of shear stress. Sci Rep 7,
17600, doi:10.1038/s41598-017-17928-4 (2017).

Iram, T. et al. Megf10 Is a Receptor for C1Q That Mediates Clearance of
Apoptotic Cells by Astrocytes. ] Neurosci 36, 5185-5192, doi:10.1523/
JNEUROSCI.3850-15.2016 (2016).

Bhatia, V. K. et al. Complement Clq reduces early atherosclerosis in low-
density lipoprotein receptor-deficient mice. Am J Pathol 170, 416-426,
doi:10.2353/ajpath.2007.060406 (2007).

Peerschke, E. I. et al. Expression of gC1g-R/p33 and its major ligands in
human atherosclerotic lesions. Mol Immunol 41, 759-766, doi:10.1016/].
molimm.2004.04.020 (2004).

Chistiakov, D. A., Melnichenko, A. A., Myasoedova, V. A., Grechko, A. V. &
Orekhov, A. N. Mechanisms of foam cell formation in atherosclerosis. J Mol
Med (Berl) 95, 1153-1165, doi:10.1007/s00109-017-1575-8 (2017).

Tabas, |. Macrophage death and defective inflammation resolution in
atherosclerosis. Nat Rev Immunol 10, 36-46, doi:10.1038/nri2675 (2010).

183



44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
184

Venkateswaran, A. et al. Control of cellular cholesterol efflux by the nuclear
oxysterol receptor LXR alpha. Proceedings of the National Academy of Sciences
of the United States of America 97, 12097-12102, doi:10.1073/pnas.200367697
(2000).

Kirchgessner, T. G. et al. Beneficial and Adverse Effects of an LXR Agonist on
Human Lipid and Lipoprotein Metabolism and Circulating Neutrophils. Cell
Metab 24, 223-233, doi:10.1016/j.cmet.2016.07.016 (2016).

Joseph, S. B. et al. Direct and indirect mechanisms for regulation of fatty acid
synthase gene expression by liver X receptors. J Biol Chem 277, 11019-11025,
doi:10.1074/jbc.M111041200 (2002).

Joseph, S. B. et al. Synthetic LXR ligand inhibits the development of
atherosclerosis in mice. Proc Natl Acad Sci U S A 99, 7604-7609, doi:10.1073/
pnas.112059299 (2002).

Schultz, J. R. et al. Role of LXRs in control of lipogenesis. Genes & Development
14, 2831-2838, d0i:10.1101/gad.850400 (2000).

Tibbitt, M. W., Dahlman, J. E. & Langer, R. Emerging Frontiers in Drug Delivery. J
Am Chem Soc 138, 704-717, doi:10.1021/jacs.5b09974 (2016).

Uchida, M. et al. Protein cage nanoparticles bearing the LyP-1 peptide for
enhanced imaging of macrophage-rich vascular lesions. ACS Nano 5, 2493-
2502, do0i:10.1021/nn102863y (2011).

Seo, J. W. et al. (64)Cu-labeled LyP-1-dendrimer for PET-CT imaging of
atherosclerotic plaque. Bioconjug Chem 25, 231-239, doi:10.1021/bc400347s
(2014).

Siegel, R. L., Miller, K. D. & Jemal, A. Cancer statistics, 2019. CA Cancer J Clin 69,
7-34, doi:10.3322/caac.21551 (2019).

Hanahan, D. & Weinberg, R. A. Hallmarks of cancer: the next generation. Cell
144, 646-674, doi:10.1016/j.cell.2011.02.013 (2011).

Whiteside, T. L. Inhibiting the inhibitors: evaluating agents targeting cancer
immunosuppression. Expert Opin Biol Ther 10, 1019-1035, doi:10.1517/147125
98.2010.482207 (2010).

Lu, Y. C. & Robbins, P. F. Cancer immunotherapy targeting neoantigens. Semin
Immunol 28, 22-27, doi:10.1016/j.smim.2015.11.002 (2016).

Nimanong, S. et al. CD40 Signaling Drives Potent Cellular Immune

Responses in Heterologous Cancer Vaccinations. Cancer Res 77, 1918-1926,
doi:10.1158/0008-5472.CAN-16-2089 (2017).

Chen, P. et al. Dendritic cell targeted vaccines: Recent progresses and
challenges. Hum Vaccin Immunother 12, 612-622, doi:10.1080/21645515.2015
.1105415 (2016).

Bol, K. F. et al. The clinical application of cancer immunotherapy based on
naturally circulating dendritic cells. Journal for immunotherapy of cancer 7,
109, doi:10.1186/s40425-019-0580-6 (2019).

Llopiz, D. et al. Combined immunization with adjuvant molecules poly(l:C)

and anti-CD40 plus a tumor antigen has potent prophylactic and therapeutic
antitumor effects. Cancer Immunology, Immunotherapy 57, 19-29,
doi:10.1007/s00262-007-0346-8 (2008).

Jia, J. et al. Interactions Between Nanoparticles and Dendritic Cells: From



61

62

63

64

65

66

67

68

69

70

71

72

73

74

the Perspective of Cancer Immunotherapy. Front Oncol 8, 404, doi:10.3389/
fonc.2018.00404 (2018).

Shankaran, V. et al. IFNgamma and lymphocytes prevent primary tumour
development and shape tumour immunogenicity. Nature 410, 1107-1111,
doi:10.1038/35074122 (2001).

Melief, C. J. & van der Burg, S. H. Immunotherapy of established (pre)malignant
disease by synthetic long peptide vaccines. Nat Rev Cancer 8, 351-360,
doi:10.1038/nrc2373 (2008).

Pattni, B. S., Chupin, V. V. & Torchilin, V. P. New Developments in Liposomal
Drug Delivery. Chem Rev 115, 10938-10966, doi:10.1021/acs.chemrev.5b00046
(2015).

Deshpande, P. P, Biswas, S. & Torchilin, V. P. Current trends in the use of
liposomes for tumor targeting. Nanomedicine 8, 1509-1528, doi:10.2217/
nnm.13.118 (2013).

Agrawal, M. et al. Recent advancements in liposomes targeting strategies

to cross blood-brain barrier (BBB) for the treatment of Alzheimer’s disease.
Journal of Controlled Release 260, 61-77, doi:https://doi.org/10.1016/].
jeonrel.2017.05.019 (2017).

Anselmo, A. C. & Mitragotri, S. Nanoparticles in the clinic. Bioengineering &
Translational Medicine 1, 10-29, doi:10.1002/btm2.10003 (2016).

van der Valk, F. M. et al. Prednisolone-containing liposomes accumulate

in human atherosclerotic macrophages upon intravenous administration.
Nanomedicine 11, 1039-1046, doi:10.1016/j.nan0.2015.02.021 (2015).
Gistera, A. et al. Vaccination against T-cell epitopes of native ApoB100
reduces vascular inflammation and disease in a humanized mouse model

of atherosclerosis. Journal of Internal Medicine 281, 383-397, doi:10.1111/
joim.12589 (2017).

Chyu, K.-Y. & Shah Prediman, K. In Pursuit of an Atherosclerosis Vaccine.
Circulation Research 123, 1121-1123, doi:10.1161/CIRCRESAHA.118.313842
(2018).

Pinzén-Daza, M. L. et al. The association of statins plus LDL receptor-targeted
liposome-encapsulated doxorubicin increases in vitro drug delivery across
blood—brain barrier cells. British Journal of Pharmacology 167, 1431-1447,
doi:10.1111/j.1476-5381.2012.02103.x (2012).

Bhandary, S., Basu, R., Das, S. & Nandy, P. Effect of some statin group of drugs
on the phase profile of liposomal membrane — a fluorescence anisotropy study.
Phase Transitions 82, 821-830, d0i:10.1080/01411590903432616 (2009).
Dominguez-Villar, M. & Hafler, D. A. Regulatory T cells in autoimmune disease.
Nat Immunol 19, 665-673, doi:10.1038/s41590-018-0120-4 (2018).

Cooper, G. S., Bynum, M. L. K. & Somers, E. C. Recent insights in the
epidemiology of autoimmune diseases: improved prevalence estimates and
understanding of clustering of diseases. Journal of autoimmunity 33, 197-207,
doi:10.1016/j.jaut.2009.09.008 (2009).

Coutinho, A. E. & Chapman, K. E. The anti-inflammatory and
immunosuppressive effects of glucocorticoids, recent developments

and mechanistic insights. Mol Cell Endocrinol 335, 2-13, doi:10.1016/j.

185



75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

186

mce.2010.04.005 (2011).

Barr, T. A. et al. B cell depletion therapy ameliorates autoimmune disease
through ablation of IL-6-producing B cells. J Exp Med 209, 1001-1010,
doi:10.1084/jem.20111675 (2012).

Chatenoud, L. & Bluestone, J. A. CD3-specific antibodies: a portal to the
treatment of autoimmunity. Nat Rev Immunol 7, 622-632, doi:10.1038/nri2134
(2007).

Capini, C. et al. Antigen-specific suppression of inflammatory arthritis using
liposomes. J Immunol 182, 3556-3565, doi:10.4049/jimmunol.0802972 (2009).
Palucka, K. & Banchereau, J. Cancer immunotherapy via dendritic cells. Nat Rev
Cancer 12, 265-277, doi:10.1038/nrc3258 (2012).

Bonifant, C. L., Jackson, H. J., Brentjens, R. J. & Curran, K. J. Toxicity and
management in CAR T-cell therapy. Molecular Therapy - Oncolytics 3, 16011,
doi:https://doi.org/10.1038/mt0.2016.11 (2016).

Schumacher, T. N. & Schreiber, R. D. Neoantigens in cancer immunotherapy.
Science 348, 69, doi:10.1126/science.aaa4971 (2015).

Yan, S., Zhao, P., Yu, T. & Gu, N. Current applications and future prospects of
nanotechnology in cancer immunotherapy. Cancer biology & medicine 16, 486-
497, d0i:10.20892/j.issn.2095-3941.2018.0493 (2019).

Riedhammer, C. & Weissert, R. Antigen Presentation, Autoantigens, and
Immune Regulation in Multiple Sclerosis and Other Autoimmune Diseases.
Frontiers in Immunology 6, doi:10.3389/fimmu.2015.00322 (2015).

van Eden, W. et al. Heat Shock Proteins Can Be Surrogate Autoantigens for
Induction of Antigen Specific Therapeutic Tolerance in Rheumatoid Arthritis.
Frontiers in Immunology 10, doi:10.3389/fimmu.2019.00279 (2019).

Vigneron, N. Human Tumor Antigens and Cancer Immunotherapy. BioMed
research international 2015, 948501, doi:10.1155/2015/948501 (2015).
Herrmann, I. K. & Rosslein, M. Personalized medicine: the enabling role of
nanotechnology. Nanomedicine 11, 1-3, do0i:10.2217/nnm.15.152 (2015).
Knudsen, K. B. et al. In vivo toxicity of cationic micelles and liposomes.
Nanomedicine: Nanotechnology, Biology and Medicine 11, 467-477,
doi:https://doi.org/10.1016/j.nano.2014.08.004 (2015).

Roursgaard, M. et al. In vitro toxicity of cationic micelles and liposomes in
cultured human hepatocyte (HepG2) and lung epithelial (A549) cell lines.
Toxicology in Vitro 36, 164-171, doi:https://doi.org/10.1016/j.tiv.2016.08.002
(2016).

Cheng, Z., Al Zakaaaaaai, A., Hui, J. Z., Muzykantov, V. R. & Tsourkas, A.
Multifunctional nanoparticles: cost versus benefit of adding targeting and
imaging capabilities. Science (New York, N.Y.) 338, 903-910, doi:10.1126/
science.1226338 (2012).

Zhong, J. et al. Large scale preparation of midkine antisense oligonucleotides
nanoliposomes by a cross-flow injection technique combined with
ultrafiltration and high-pressure extrusion procedures. Int J Pharm 441, 712-
720, doi:10.1016/j.ijpharm.2012.10.023 (2013).

Charcosset, C., Juban, A., Valour, J.-P., Urbaniak, S. & Fessi, H. Preparation of
liposomes at large scale using the ethanol injection method: Effect of scale-up



91

and injection devices. Chemical Engineering Research and Design 94, 508-515,
doi:https://doi.org/10.1016/j.cherd.2014.09.008 (2015).

Wagner, A. et al. GMP Production of Liposomes—A New Industrial Approach.

Journal of Liposome Research 16, 311-319, doi:10.1080/08982100600851086

(2006).

187




188



189



190





