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Nanoparticles and the immune system:
challenges and opportunities

“...co-delivery of antigen and immune activator to the
desired subpopulations of specialized immune cells
at the time point when they are most sensitive is an

important requirement for a potent activation of the
immune system...”
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The immune system has evolved as our very
own defense mechanism to eliminate intra-
cellular or extracellular pathogens from the
body. It acts very selectively on the nanoscale
and can differentiate precisely between
healthy and abnormal situations as well
as sense endogenous or exogenous danger
signals. In addition, it generates memory,
stores information and recalls it later to fight
remaining or recurring threats. It is also —
generally — capable to recognize malignant
cells and eliminate metastases in cancer,
which are mostly responsible for the failure
of standard cancer therapies.

Thus, it has been an attractive approach
to treat cancer by targeting the immune
system instead of the tumor itself, since
fighting tumor directly requires deple-
tion of literally all malignant cells, because
even a small number of surviving tumor
cells can induce recurrence. Therefore,
a traditional anticancer drug needs to
reach billions of cells. On the contrary for
immunotherapy the activation of several
thousand leukocytes is sufficient to induce
potent responses, which appears a realis-
tic task [1.2]. These facts provide a striking
rationale for employing the immune system
to fight cancer leading to first concepts of

tumor-immune therapies (3] already at the
end of the 19th century.

In recent years, it has been recognized that
nonspecific immune activation, for exam-
ple, by administering immune checkpoint
inhibitors, can reactivate natural immunity
that apparently evolves spontaneously dur-
ing the cancer development and progression,
and may result in impressive and durable
remissions in some cancer entities. However,
this type of therapy comes with significant
immune-related side effects and only works
in a fraction of patients, leaving significant
medical need to develop more cancer-specific
immunotherapies that are both highly effec-
tive and have few side effects. Adoptive trans-
fer of tumor-specific T cells (e.g., tumor-
infiltrating lymphocytes, chimeric antigen
receptor-transduced T cells) and tumor vacci-
nation approaches are most promising in this
regard. The specific activation of the immune
system against a tumor relies on a success-
ful vaccination, meaning that a tumor-asso-
ciated antigen needs to be presented to the
immune system (likely antigen presenting
cells) and combined with an immune activa-
tor to induce antigen processing and effective
induction of T-cell-mediated immunity. This
co-delivery of antigen and immune activator
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to the desired subpopulations of specialized immune
cells at the time point when they are most sensitive is
an important requirement for a potent activation of the
immune system, since presentation of (tumor) antigen

<«
..nanoparticles appear especially attractive

since they can combine the required ng’nctionaI-
ities among a single particle...

by an inadequate antigen presenting cell type or in the
absence of an immune activator results in immune tol-
erance rather than immunity [4].

In this respect, nanoparticles appear especially
attractive since they can combine the required func-
tionalities among a single particle being in the same
size range (nm) as viruses and fragments of bacteria,
for which our immune system evolved naturally.

In addition, nanoparticles can effectively protect
and shield biologically sensitive molecules (e.g., anti-
gen-bearing peptides, DNA or mRNA encoding for
antigens or immunostimulatory oligonucleotides)
from degradation, increase their halflife in the body
and minimize their systemic toxicity [5-7]. This enables
novel therapeutic approaches, which provide — besides
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Figure 1. Attacking the tumor by combining immune activation,
elimination of immune tolerance and induction of an inflammation.

local applications — the possibility for systemic activa-
tion of the immune system. In this context, a lot can
be learned from efforts to optimize nanoparticles for
tumor treatment (8], which requires also prolonged cir-
culation and specific delivery. Interestingly, some sorts-
of ‘passive’ accumulation of nanoparticles also exists
within the immune system. It has been recently dem-
onstrated that after intradermal injection nanopar-
ticles accumulate in the lymph nodes [9], whenever the
interstitial flow is able to transport them through the
lymphatic capillaries into the draining lymph nodes,
where these particles can be taken up by antigen-
presenting immune cells without further targeting
ligands [10.11]. Second, depending on size and surface
charge, nanoparticles may selectively accumulate in
certain organs such as spleen or liver, which can be
beneficial for systemic immune therapies since these
organs have micromilieus that favor the generation of
immunity or tolerance, respectively.

For both cases the material of the nanocarrier is of
major importance. Unspecific immune activation or
major nanocarrier aggregation in the blood needs to be
avoided by any applied carrier material. Thus, nano-
carriers need to be carefully evaluated preclinically for
biodegradability, immune-mediated and nonimmune-
mediated toxicity, stability and ability to be produced
in a standardized, reproducible fashion according to
good manufacturing practice requirements.

The successful development of materials and car-
rier systems thereof can only be performed in an inter-
disciplinary and directed manner. Our collaborative
research center for nanoparticle-based cancer immune
therapy (CRC 1066) exactly provides these desired
properties [12-14].
characterization techniques provide insights into the

Here especially physicochemical

behavior of nanocarriers in complex media, like blood
or intracellular fluids [15,16]. In such a complex mix-
ture of proteins it turned out that the formation of a
protein corona is likely to occur for many nanoparti-
cles and its composition relates to the material used to
construct the carrier systems and thus cannot be dis-
regarded whenever the behavior of the whole system is
investigated [16]. Nevertheless, a successful targeting
of immune cells seems possible [17.18]. To that respect,
the potential of nanoparticles for immunotherapy —
in general — is enormous [19.20] or, in other words “The
immune system likes nanotechnology’ [21.22].
However, while vaccination against infectious dis-
eases has revolutionized human healthcare in the last
century, it is still difficult to transfer this strategy to dis-
eases derived from the body’s own tissue as in cancer. In
this case, malignant cells develop mechanisms to escape
from efficient immune-mediated eradication. Acquired
immune resistance limits then — not only — natural anti-
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tumor immune responses but also represents a major
barrier to efficiently treat the disease. Cancer immuno-
therapy encompasses a variety of approaches that aims
to re-engage the immune system to seek and destroy
cancer cells. Obstacles to this, are, for example, par-
ticular tumor-cell properties and immune system com-
ponents such as activated regulatory T cells 23] and
myeloid-derived suppressor cells. However, to avoid
severe adverse effects, these cell types and structures
need to be specifically therapeutically targeted.

Here, nanoparticles provide a new means in site-
specific drug delivery and functional alteration of
cells and thus hold substantial potential to improve
treatment of cancer. First success to break tumor
immune-tolerance could recently be made by block-
ing immunosuppressive receptors (e.g., CLT4-A or
PD-1) with monoclonal antibodies abrogating their
tumor promoting potential on T cells targeted against
the tumor [3] or low molecular weight drugs interfer-
ing with intratumoral cyclic adenosine monophos-
phate levels [23] as recently demonstrated within our
consortium.

However, to combat the tumor successfully a com-
bination of antigen-specific and nonantigen-specific
immune activation, the elimination of immune toler-
ance and the induction of an inflammation within the
tumor to recruit immune cells seems to be a necessity
(Figure 1). Therefore, the collaborative research cen-
ter for nanoparticle-based cancer immune therapy
(CRC 1066) started with the vision to combine all
three aspects to develop potent cancer immune thera-
pies. Now 3 years later, first results in mice and men
clearly point in this direction. The group of Ugur
Sahin, member of the CRC 1066, has recently gener-
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ated mRNA containing lipoplexes that potently target

and activate dendritic cells in the spleen, resulting in

potent antitumor immune responses in rodents as well

as in patients [7], while they reduce tumor tolerance at

the same time. Future work in this direction has to be

made in close cooperation between materials science

and biomedical research. It requires well-defined, bio-

compatible and — probably — stimuli responsive car-

riers, the careful characterization of them in relevant

body fluids and detailed immunological evaluation,

which we brought together in the established center.
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..to combat the tumor successfully a combina-

tion of ... immune activation, the elimination of
immune tolerance and the induction of an inflam-
mation within the tumor to recruit ,i’mmune cells

seems to be a necessity.

This special issue of nanomedicine combines various

aspects necessary for nanoparticle-based cancer immune

therapy, from intracellular trafficking, via nanocarriers

and their interaction with the players of the immune

system to imaging and translation. Special attention is

thereby put on the aspect of immune tolerance, which

has been — so far — often overlooked in this context.
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