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Abstract. Targeted drug delivery and nanomedicine hold the potential promise of
delivering drugs solely to target organs or cell types, thus decreasing off-target side effects
and improving efficacy. However, nano-scale drug carriers face several barriers to this goal,
with one of the most formidable being the complement cascade. Complement proteins,
especially C3, opsonize not just the microbes they evolved to contain, but also nanocarriers.
This results in multiple problems, including marking the nanocarriers for clearance by
leukocytes, likely fouling of the targeting moieties on nanocarriers, and release of toxins
which produce deleterious local and systemic effects. Here, we review how complement
achieves its blockade of nanomedicine, which nanocarrier materials properties best avoid
complement, and current and future strategies to control complement to unleash
nanomedicine’s potential.
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INTRODUCTION TO THE COMBATANTS:
NANOMEDICINE

The vast majority of promising drug candidates ulti-
mately fail. These failures occur at multiple stages of develop-
ment and for multiple reasons, but perhaps the largest cause is
off-target side effects. Even poor efficacy is often caused by the
necessity of a reduced dose due to dose-limiting side effects.

To combat this pervasive impediment to medicine, the
field of targeted drug delivery aims to deliver cargo drugs
solely to the target organ or cell type. Such targeted delivery
should reduce the total drug mass necessary, and thus reduce
off-target side effects. While this idea is often pitched as a
new approach, it was actually first realized as a successful
drug >100 years ago. Paul Ehrlich introduced the idea of
targeted drug delivery with his analogy of the “magic bullet”
that could find its way through a crowd to hit only an escaping
criminal. He then actualized that idea in creating Salversan in
the early 1900s (Fig. 1), the first true antibiotic, which
virtually cured the widespread scourge of syphilis [1].

Salversan was composed of two components that he cova-
lently linked: a targeting moiety (in this case, a small molecule
“dye” literally borrowed from the dye industry) that was
found in a screen to bind syphilis bacteria and a cargo drug
(in this case a general microbicide, arsenic). Salversan
dramatically reduced the side effects of arsenic and was
wildly popular. Unfortunately, Salversan’s success was never
replicated for small molecule drugs, likely because the similar
size of the targeting moiety and cargo drug caused them to
interfere with each other.

To overcome the issues of the targeting moiety and cargo
drug sterically hindering each other, nanomedicine was
introduced in the 1960s-70s [2, 3]. Nanomedicine adds to the
two components of Ehrlich’s magic bullet (targeting moiety
and cargo drug) a third component: nano-scale drug carriers
(nanocarriers). Nanocarriers are typically spheres ranging
from ~10 nanometers (nm) to ~300 nm, filled with cargo drug
and possessing targeting moieties on their surface. The
earliest and perhaps most commonly studied such targeted
nanocarriers are liposomes (~100 nm lipid bilayers with an
aqueous interior) filled with small molecule drugs [3].
Additionally, innumerable variations have been made around
this core idea of targeted nanomedicine, including such key
ones as: not including targeting moieties, with the nanocarrier
providing benefits of solubilization, increased plasma half-life,
and “passive” targeting via alterations in the target tissue (all
of these being exemplified by the first approved cancer
nanomedicine, Doxil) [4]; changing from small molecule to
nucleic acid cargo (such as the first siRNA nanocarrier
approved, patisiran) [5]; and, of course, using diverse
materials for the nanocarrier. By the time of this writing,
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there are now more than 15 FDA-approved medicines
composed of nanocarriers. Thus, the introduction of
nanocarriers clearly was a successful innovation that is
continuing to provide new therapeutics.

However, the introduction of nanocarriers also created a new
set of problems. The first-identified problem, and still the biggest, is
that the majority of nanoparticles are taken up by the reticulo-
endothelial system (RES)/monocyte-phagocytic system (MPS) [6].
The RES is classically described as the organ-resident leukocytes
(especially Kupffer cells in the liver) that surveil the blood and
remove microbes and particulate matter.

Decades later, it was recognized that the RES problem is
in large part a consequence of the opsonization of
nanocarriers, meaning the nanocarriers are coated
(opsonized) by blood proteins. First, it was found that among
the opsonins that bound nanocarriers, a set of proteins called
“complement” were over-represented [7]. Then, in the 1990s,
the complement opsonization of nanocarriers, especially with
complement protein C3, was shown to drive nanocarrier
phagocytosis by RES leukocytes [8–13]. Thus, the war
between nanocarrier engineers and complement has been a
“30-years war,” and thus far, we engineers are not winning.

INTRODUCTION TO THE COMBATANTS:
COMPLEMENT

The complement system is evolutionarily one of the
oldest protein cascades of the immune system (~500 million
years) [14], and one of the first to be discovered (1890s) [15],
yet we still have much to understand to control the
complement system for the treatment of diseases. The
complement system refers to a set of ~40 proteins in the
blood and surface of cells which recognize foreign substances
and dead cells and help clear them [16]. The core function of
complement is to distinguish “self” from “non-self,” which
involves “opsonizing” (binding) complement proteins onto
non-self surfaces. Complement opsonization onto foreign
surfaces marks the surface for clearance by leukocytes, while
releasing into solution protein fragments that orchestrate

inflammation and assemble into protein complexes that kill
microbes. Thus, complement serves a major role in fighting
off the major non-self surfaces that animals have battled for
their full billion years: microbes.

Of course, microbes share numerous features with
nanocarriers, and thus it should not have come as a surprise
that complement’s 0.5 billion-year battle would start a new
front against nanocarriers. The most obvious similarity
between microbes and nanocarriers is size: most pathogenic
viruses are ~100 nm (e.g., HIV is 120 nm) and most
pathogenic bacteria are ~1000 nm (e.g., E. coli is 1-2,000 nm
long). The second key similarity is the possession of surface
nucleophiles like primary amines that undergo electrophilic
attack by the complement protein C3. Thus, these two shared
properties, size and surface nucleophiles, almost guaranteed
that complement would open a second front in its battle
against nanoparticles in the blood, this time against
engineered nanoparticles.

KNOW THE ENEMY COMBATANTS: COMPLEMENT
OPSONIZATION AND TOXIN FORMATION

The complement system may be composed of ~40
proteins, each with numerous interactions, but the heart of
complement is one protein, C3 (Fig. 2). C3 is evolutionarily
the oldest of the complement molecules, being found in all
deuterostomes (one of the two main branches of Animalia,
not including insects, worms, and related) [14], while other
complement proteins, such as C4, are not found in some
branches. C3 is also one of the most abundant proteins in
plasma, at 1.2 mg/mL. C3’s main role is as an opsonin,
covalently bonding to surface nucleophiles (most importantly,
primary amines and hydroxyls) via electrophilic attack with
its high energy, short-lived thioester bond [16]. This reaction
leads to C3 being broken into 2 pieces: C3b, which remains
covalently bound to the surface, and the peptide C3a, which is
free into solution. Both C3b and C3a play major roles in
directing the immune system, and in diminishing the benefits
of nanomedicine.

Fig. 1. Timeline of the nano-war against complement. The complement proteins first evolved 500 million years ago (mya),
but were discovered in the 1890s. Nanomedicine was invented in the 1960s, and within 20-30 years, its major enemy was
determined to be complement
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C3 opsonization is classically said to be initiated by 3
pathways. The classical pathway is activated by clustering of
immunoglobulins, especially IgG, onto a surface, as happens
with microbes recognized by antibodies. Such clustering leads
to a protein complex, C4b2a, that acts as a C3 convertase,
catalyzing the reaction of C3 to C3b-surface adducts. The
lectin pathway functions similarly, but is initiated by proteins
that recognize microbial polysaccharides. Finally, the most
important pathway for C3 activation is the alternative
pathway, which contributes up to 80% of overall C3
activation, even when initiated by classical or lectin pathways
[17, 18]. The alternative pathway is activated by two main
routes. First, in tick-over, which occurs at a very slow rate, as
C3 is hydrolyzed to C3(H2O). C3(H2O) can directly bond to a
surface nucleophile, or in solution it can bind Factor B,
leading (via Factor D) to the complex C3(H2O)Bb, which is a
C3 convertase, acting as a catalyst to promote other C3
molecules bonding to surface nucleophiles. Second, in the
amplification loop, C3b binds Factor B to become C3bBb,
which acts as a very efficient catalyst to bind other C3
molecules to nearby surface nucleophiles. Importantly, the
classical, lectin, and tick-over routes all feed into the
amplification loop, leading to a (theoretical, never directly
observed) spreading of C3b-adduct formation across the
surface of microbes. Notably, there are other routes to C3

opsonization, sometimes referred to as the “extrinsic path-
way,” which includes activation of C3 to a state similar to
C3(H2O) when C3 is physisorbed to a surface (e.g., blood-air
interface), or when C3 is cleaved to C3b and C3a via less
specific kinases such as thrombin, which are at high enough
concentrations locally sometimes to play a significant role
despite their high KD.

Regardless of the path of activation, C3 is cleaved into
C3b and C3a. C3b-surface adducts are rapidly (minutes)
converted into iC3b-surface adducts, which promote clear-
ance of microbes and nanocarriers by the RES in two main
ways: phagocytosis, as iC3b binds to receptors (CR3, CR4,
CRIg) on phagocytes which then phagocytose (eat) the
particles; and immune adherence, in which C3b binds CR1
on red blood cell surfaces, which transport the captured
particles to phagocytes in the spleen and liver. C3b-surface
adducts also catalyze the cleave of C5 to two toxic products:
C5a, which is a potent anaphylatoxin (promoting anaphylaxis-
like reactions), and the membrane attack complex (MAC), a
multi-protein pore-forming complex that punches holes in
cells. While C3b does all this, C3a diffuses into bulk solution,
and acts as an anaphylatoxin as well. Thus, the C3
opsonization of a nanocarrier produces two major problems:
opsonization marks the nanocarrier for RES uptake, and
numerous toxins are released (anaphylatoxins C5a and C3a,

Fig. 2. Map of the enemy: simplified complement pathway as it relates
to nanomedicine. A nanoparticle (orange and red semi-circle) is
depicted at the bottom, with a free surface nucleophile (depicted here
as a primary amine). The heart of the complement pathway is C3’s
opsonization of a nanoparticle, in which a covalent bond is formed with
a surface nucleophile, forming two species: a C3b-nanoparticle adduct,
and C3a, which diffuses away into the bulk solution. C3 opsonization
can be activated by one of 3 pathways: the classical pathway, in which
immunoglobulins, especially when clustered on a surface, activate a C3
convertase containing a fragment of C4; the lectin pathway, which is
similar to the classical pathway but is activated by binding of pattern
recognition proteins to foreign polysaccharides; and the alternative
pathway, in which C3 can undergo spontaneous, slow adduct formation,
or via the alternative pathway’s amplification loop, in which one C3b
(as the C3bBb + properdin complex) catalyzes the addition of a second
C3b onto a nearby surface nucleophile. These processes are inhibited
on animal cells by a series of complement inhibitory proteins, such as
Factor I, which are also co-opted by bacteria for the same purpose.
Besides the formation of C3b and C3a, the other major output of the
C3 opsonization reaction is that C3bBb (as a dimer) catalyzes the
reaction of C5 to C5a (an anaphylatoxin) and C5b, a component of the
cell lysing membrane attack complex (MAC)
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and the cell-killing MAC). A third problem seems likely, but
is not yet proven: opsonization by C3b-adducts likely foul the
targeting moieties on nanocarriers, by steric hindrance.

COLLATERAL CASUALTIES OF THE NANO-WAR:
SIDE EFFECTS OF COMPLEMENT-NANOPARTICLE
INTERACTIONS

Above, we identified 3 major problems that complement
causes for nanomedicine: opsonization promotes RES up-
take; opsonization fouls targeting moieties; and numerous
toxins are released (Fig. 3). The first two of these problems
should lead to poor biodistribution (a low fraction of
nanocarriers deposit in the target organ) and poor pharma-
cokinetics (the plasma half-life of nanocarriers is shorter than
optimal). The biodistribution problem was well illustrated by
a meta-analysis of high-quality nanomedicine studies, which
showed only 0.7% (median) of the administered nanocarrier
dose is delivered to a solid tumor [19]. What fraction of these
poor biodistribution and plasma half-life results is due to
complement? The best way to answer this is by studying the
biodistribution of nanocarriers in C3 knockout mice. Unfor-
tunately, this has barely been studied. For PLGA-PEG
nanocarriers, there is no difference in serum half-life
(biodistribution not reported) in naive vs C3-knockout mice
[20]. However, PLGA-PEG nanocarriers often have no

surface nucleophiles, except some variants have terminal
hydroxyls, which are probably shielded from C3 by their local
hydration shell. Dextran-coated superparamagnetic iron ox-
ide (SPIO) nanoparticles, which barely bound C3 despite
binding lectin pathway activator MBL, do not have their half-
life changed by C3 knockout [21]. However, for a number of
clinical nanocarriers such as LipoDox and Onivyde, it is clear
that C3b opsonizes the nanocarriers, mostly via pre-formed
antibodies binding and activating the classical pathway,
though this study did not investigate plasma-half-life [22].
Additionally, we were unable to find any studies investigating
how C3b-nanocarrier adduct formation affects targeted
nanocarrier avidity to their target. Thus, even in preclinical
models, there is a paucity of information on how C3b-adducts
affect biodistribution and pharmacokinetics of targeted
nanocarriers, nor whether C3b-adducts foul targeting moie-
ties. However, based on in vitro results, it is absolutely clear
that C3b heavily opsonizes targeted nanoparticles, so these
missing studies must be performed in order for nanoengineers
to understand their enemy complement.

There is, however, one problem caused by a complement
that is very clearly demonstrated in nanomedicine: the effects
of complement-derived toxins. Indeed, there is a clinical
syndrome, known as complement-activation-related
pseudoallergy (CARPA), which has been thoroughly docu-
mented in preclinical models, in clinical trials, and post-

Fig. 3. Casualties of the nano-war: three major deleterious conse-
quences of C3 opsonization. C3 opsonization leads to two products:
C3b-nanoparticle adducts, and soluble C3a. C3b has two negative
consequences for nanomedicine. First, C3b opsonized nanoparticles are
rapidly phagocytosed by phagocytes, with the most important being the
liver’s Kupffer cells, which can dramatically decrease nanoparticle
circulation time. Second, C3b can form adducts on nanocarrier’s
targeting moieties, and the resulting steric hindrance can decrease the
nanocarrier’s avidity for its target cells. C3a is an anaphylatoxin,
meaning it produces consequences similar to allergic (IgE-mediated)
anaphylaxis, such as activation and degranulation of mast cells, and
chemotaxis of numerous leukocytes. C5 is broken down into C5a, an
anaphylatoxin massively more potent than C3a, and C5b. C5b forms a
key component of the membrane attack complex (MAC), which can
lyse animal cells by forming a pore in the cell membrane. The
combination of the anaphylatoxins and MAC result in the syndrome
of CARPA, characterized by transient (<30 minutes) hypotension,
urticaria (hives), and bronchospasm. It is also possible that another
contribution to CARPA may come from the leukocytes that phagocy-
tose C3b-opsonized nanoparticles, but this is not yet proven and thus
not depicted above
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marketing of nanocarriers [23]. In CARPA, the
anaphylatoxins C3a and C5a induce an anaphylaxis-like
reaction, which in preclinical models results in transient (10-
30 minutes) hypotension, thrombocytopenia, leukopenia, and
bronchospasm. Clinically, symptoms and signs include tran-
sient hypotension, wheezing, and urticaria (hives).
Nanocarriers implicated in CARPA include the first two
FDA-approved nanocarriers, AmBisome and Doxil, as well
as several others [23]. CARPA has also been documented in
patients infused with several drugs that are not classically
thought of as nanomedicine, but are solubilized in a manner
that was later shown to involve micelle formation, such as
cyclosporine and taxol [23]. The frequency of CARPA is
unclear, but for liposomal drugs ranges from 3% to 45% [24,
25]. While CARPA is clearly common in nanomedicine, it has
not been taken very seriously by many nanoengineers, as it is
transient (10-30 minutes), rarely if ever results in death,
occurs usually in outpatient cancer patients who can tolerate
brief hypotension, and can be partially treated with antihis-
tamines and IV fluid bolus. However, if nanomedicine is
going to be used more widely, nanoengineers must (1) study
targeted nanocarriers, which are more likely than bare
nanocarriers to induce severe CARPA as their targeting
moieties are better substrates for C3; and (2) study CARPA
in disease states which are more likely susceptible to the
consequences of CARPA, such as patients in the ICU with
septic shock or stroke, which are patient populations known
to poorly tolerate even transient hypotension. Such studies
will better define where the enemy, complement, is most
likely to win battles.

VULNERABILITIES TO ENEMY ATTACK: WHAT
NANOPARTICLE SURFACE FEATURES ARE MOST
SUSCEPTIBLE TO COMPLEMENT DEPOSITION?

Nanocarriers are made out of a wide range of materials,
and it is not possible to survey every material and its C3b
opsonization. Instead, we may address the following points:
(1) What general nanomaterial properties lead to C3
opsonization? (2) How do other opsonins interact with
complement and affect C3b opsonization?

Size is the most pervasively studied property of
nanocarriers, and this has been analyzed for C3b
opsonization. For the most clinically translated nanocarrier,
liposomes, it is clear that very large liposomes (several
micron, multilamellar vesicles) activate complement much
more than the clinically used ~100 nm liposomes, which on
their own did not activate complement [26]. Larger size also
improves C3b opsonization of protein-coated nanoparticles,
at least comparing ovalbumin-conjugated 5 nm vs 50 nm gold
nanoparticles [27]. Similarly, on silica nanoparticles, whose
surface hydroxyls make C3 one of the particle’s top 3
opsonins, larger size also increased C3 opsonization at a very
small size, comparing 10 vs 20 nm particles, but actually
decreased for 70 nm particles [28]. Thus, the overall trend is
clear that the larger size of nanoparticles augments comple-
ment deposition, though the mechanism is not yet
determined.

Nanoparticles have several other quantifiable properties,
but only a couple have been studied for their complement
opsonization ability. Probably the second most tested

property of nanocarriers is zeta potential, which is reasonably
understood as surface charge. Among liposomes of the typical
~100 nm diameter, both positive and negative zeta potentials
potentiate complement activation, while neutral liposomes
are barely able to activate complement [8]. Interestingly,
negatively charged liposomes activate the classical pathway,
while positively charged nanoparticles activate the alternative
pathway [8]. Finally, the last property that has been studied in
depth is membrane fluidity, where it was found that unsatu-
rated lipids and cholesterol in liposomes, both of which are
known to increase membrane fluidity, increase complement
opsonization [8].

Complement is not the only combatant battling
nanomedicine, as there are numerous other opsonins. Impor-
tantly, these other opsonins strongly determine complement
opsonization. First, it was shown that on SPIONs conjugated
to dextran strands, non-complement opsonins (e.g., fibrino-
gen, albumin, and immunoglobulin) intercalated in between
the dextran strands creating a non-complement corona, and
C3 then opsonized the proteins of that non-complement
corona [29]. Second, it was shown that in human plasma, the
opsonin in the non-complement corona that is responsible for
nearly all the C3b deposition is IgG [22]. This was true not
just of SPIONs, but also of FDA-approved liposomes
(Onivyde and LipoDox), and it was true regardless of which
complement pathway (classical, lectin, alternative) was nec-
essary for full complement activation. Thus, nanoparticles do
not only have to fight against complement, but also other
opsonins which are collaborators with complement.

FIGHTING BACK: WHAT NANOCARRIER
STRATEGIES HAVE BEEN TAKEN TO AVOID
COMPLEMENT?

Many polymer coatings have been applied to nanoparti-
cles to improve plasma circulation time, and it was later
revealed that many of these coatings also decrease C3
opsonization. This was well-studied in SPIONs, which are
nanoparticles used as MRI contrast agents. Several of these
were tested for complement activation, and found
carboxymethyldextran and dextran-coated SPIONs caused
significant complement activation, while citric acid, phospha-
tidylcholine, starch, and chitosan-coated SPIONs had no such
effect [30]. However, the best-studied polymer coating is
PEG, which has been extensively shown to reduce C3
opsonization. PEG density matters, and increasing the PEG
density nearly linearly decreased C3b surface adducts, as
measured by LC/MS [31]. The same was true of PEG on
PLGA nanoparticles [32]. However, PEG does not
completely eliminate C3 adducts. Further, when targeting
moieties are conjugated onto the surface of nanocarriers, the
PEG almost certainly does not effectively prevent C3b
opsonization, though this has not been studied effectively.
Finally, as ~25% of humans have anti-PEG antibodies [33],
which almost certainly will lead to C3b opsonization. Thus,
PEGylation has helped in the battle against complement, but
it has certainly not won the war.

The other approach to combating C3 opsonization of
nanocarriers has been to infuse complement inhibitors before
or along with nanocarriers. For example, SPIONs conjugated
to targeting antibodies elicit strong C3b opsonization in whole
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blood and are therefore taken up rapidly by leukocytes, but
multiple C3-convertase inhibitors (compstatin, soluble C35,
and various fragments of CD59) blocked C3a and C5a
production, and prevented 99% of leukocyte uptake of the
SPIONs [34, 35]. Additionally, infusion of the natural, soluble
complement inhibitor Factor H, dramatically reduced com-
plement activation in whole blood exposed to the clinically
used nanocarriers AmBisome (a liposome) and Cremophor
EL (a polymeric detergent used to solubilize many chemo-
therapeutics, which forms micelles) [36]. Thus far, these
products have only been tested in vitro, and so require
further in vivo testing, and perhaps engineering specific to
nanomedicine.

WEARING THE ENEMY’S UNIFORM: UTILIZING
COMPLEMENT TO AID NANOMEDICINE

While most nanoengineering will continue to focus on
avoiding the deleterious aspects of complement, we recently
found that complement opsonization can also be utilized to
create a therapy. We screened a large array of nanomaterials
for uptake into the lungs of mice that had received nebulized
lipopolysaccharide (LPS), a model of acute respiratory
distress syndrome (ARDS), the lung inflammation that kills
in COVID-19 [37]. We found that nanoparticles with agglu-
tinated surface protein (NAPs; e.g., albumin nanoparticles),
but not nanoparticles with near-crystalline arrangement of
surface proteins (e.g., ferritin nanocages), had a strong
tropism for marginated neutrophils in the lungs of the LPS
mice. We then found that NAP uptake in marginated
neutrophils required C3 opsonization, and that near-
crystalline protein nanoparticles lack such C3 opsonization.
Most intriguing, we found that NAP-liposomes (liposomes
with clustered surface proteins) not only had tropism for the
marginated neutrophils, but also caused the neutrophils to
demarginate (leave their residence in the lung capillaries) and
travel to the spleen. This led to a dramatic therapeutic effect
of the ARDS-like phenotypes. Thus, complement opsonized
nanoparticles acted like decoys, which distracted marginated
neutrophils from their pro-inflammatory role, and thereby
ameliorated a major inflammatory disease.

CONCLUSIONS AND FUTURE DIRECTIONS OF THE
NANO-WAR

After >30 years of studying, the war between
nanomedicine and complement much has been learned. It is
clear that complement deposition on nanocarriers produces
the toxins underlying the CARPA reaction, which while
minor in most patient populations, might prove a major
barrier to using nanomedicine in severely ill patients in
the ICU. Additionally, complement opsonization is exten-
sive on many nanocarriers, especially those with targeting
moieties, and this leads to decreased plasma-half-life of
the nanocarrier and likely fouling of the targeting
moieties’ avidity (though the latter is unproven). Further,
we now know that complement conspires with other
opsonins, especially IgG, that physisorb onto nanoparticles
and, once deposited, form the nidus of complement
activation. Finally, we have learned some material prop-
erties that can help decrease complement opsonization,

including smaller size, neutral charge, less surface fluidity,
coating by select polymers such as PEG. Unfortunately,
these properties decrease, but do not eliminate comple-
ment deposition, and heavily constrain nanocarrier design,
especially reducing targeting moiety selection.

The future of the nano-war is clearly to improve our
understanding of complement and start building more specific
weapons. We must conduct several studies of the enemy
complement, including studying CARPA in vulnerable pa-
tient populations, such as ICU patients, to ensure we do cause
harm to them with early introduction of nanomedicine; test
complement interaction not simply with bare nanocarriers,
but also with targeted nanocarriers, who’s targeting moieties
(e.g., antibodies and their derivatives) make them particularly
vulnerable to complement; and study why certain nanoparti-
cle properties, such as increased size and surface fluidity,
augment complement activation. After such studies, we can
design improved nanocarriers. Perhaps, we can take inspira-
tion from the complement evasion strategies of bacteria,
which bind human complement inhibitory proteins (e.g.,
C4BP, FH, and vitronectin) [38]. Combined with improved
stealth polymer, such as several zwitterionic polymers [39],
these techniques might inhibit complement opsonization
enough to prevent the deleterious effects above.

Beyond our goal of simply keeping the enemy at bay,
two other goals are emerging in the nano-war on comple-
ment. First, it appears useful to employ complement as a
cloak, in order to gain entry into the leukocytes responsible
for the negative effects of acute inflammation. This was
shown by the complement-opsonized liposomes that had
strong tropism for pulmonary marginated neutrophils, and
once inside the cells, caused them to leave the lungs and
thereby strongly ameliorated disease models of ARDS [37].
Second, nanomedicine is actually well-poised for making
inroads as complement inhibitors. Numerous complement
inhibitors are in clinical trials, and for all of them,
immunosuppression is a side effect. Nanomedicine’s ability
to control pharmacokinetics of drugs could perhaps solve
this problem, by allowing a quick burst of complement
suppression followed by rapid clearance, for treating
diseases like stroke, where complement is dangerous in
the first several hours after reperfusion, but patients are at
high risk of infection for the next few weeks. Thus, the
nano-war has evolved from an all-out attempt to suppress
complement, to a battle to control complement.
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