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A commentary on

NFκB-activated astroglial release of complement C3 compromises neuronal morphology
and function associated with Alzheimer’s disease
by Lian H, Yang L, Cole A, Sun L, Chiang AC, Fowler SW, et al. Neuron (2015) 85:101–15.
doi: 10.1016/j.neuron.2014.11.018

Introduction

A recent study by Zheng and colleagues in Neuron (1) shows convincing evidence that activation of
NF-κB in astrocytes induces expression of the complement component 3 (C3) and impairs neuronal
function [summarized by Yates (2)]. The authors also state that the detrimental effects of astrocyte-
derived C3 are due to the interaction of the C3 cleavage fragment, C3a, with its receptor (C3aR)
on neurons (although no evidence of neuronal C3aR expression, nor generation of the cleavage
product C3a, was provided). There are a number of caveats with this latter interpretation due to
the use of the so-called C3aR-antagonist SB290157 (3), upon which they base this conclusion. These
are summarized below.

Off-Target Activity

In 2004, Proctor and colleagues (4) reported that when SB290157 was administered to rats (at the
same dose as used by Zheng and colleagues), it caused rapid neutropenia. Although SB290157
could block ischemia-induced intestinal pathology in rats, this therapeutic effect was shown not
to be due to inhibition of the C3aR, but rather, due to the non-specific effect on circulating
leukocyte concentrations (4). This finding was later replicated in mice by an independent group
(5). These authors summarized that “C3aR antagonism does not appear to be responsible for the
anti-inflammatory actions of this C3aRA” (4).

Agonist Versus Antagonist Activity

In 2005, Mathieu and colleagues (6) reported that SB290157 surprisingly had full agonist (not
antagonist) activity at C3aR in many cell systems. They found that SB290157 completely activated
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the human and mouse C3aR at doses from 30 nM and above.
Those authors stated that their results: “caution against attributing
novel roles to C3a based on data obtained with SB290157.”

Given these studies demonstrating potential off-target and
agonist activity, it is difficult to interpret any results obtained
when using SB290157 (7, 8). Unfortunately, none of these limi-
tations regarding SB290157 were reported or cited by Zheng and
colleagues. There are also other pharmacological considerations
regarding the findings by Zheng and colleagues related to the use
of this compound, as detailed below.

Potency

According to the original report by Ames (3), the antagonist
potency (IC50) of SB290157 at the mouse C3aR is 7 nM. In the
in vitro assays used by Zheng and colleagues, a 1000 nM dose
is used in all experiments. Since dose–response data were not
reported, it is unclear whether this much higher concentration
was required to observe activity, or whether a lower concentration
would still retain functionality. One alternative explanation is that
at 1000 nM, SB290157 is having off-target effects or potent agonist
activity (4, 6). Dosing SB290157 toC3aR−/− cells (or showing that
SB290157 blocksC3a-induced responses inmouse neurons) could
help clarify the C3aR-antagonist activity/selectivity of SB290157
in this in vitro model.

Pharmacokinetics

Another consideration regarding SB290157 usage in vivo is its
pharmacokinetic profile, which has been previously determined
in guinea pigs, rats, and mice (3, 4). A 30mg/kg i.p. dose resulted

in peak circulating blood levels of ~7000 ng/mL, with a t1/2 of
~1.5 h in mice (3). In the study by Zheng and colleagues, a dosing
paradigmof 1mg/kg i.p. three times per weekwas used. Assuming
a linear pharmacokinetic profile, by extrapolation, this would
result in peak blood levels of 230 ng/mL, which would drop to
below 0.007 ng/mL by 24 h. This equates to a molar concentration
in the blood of 437 nM (peak) dropping to below 0.01 nM after
just 24 h, and becoming homeopathic within 48 h. Additionally,
blood–brain barrier (BBB) penetration data have never been
reported for this compound. Even allowing for a generous transfer
of drug across the BBB from the circulation, brain levels of this
compound would be extremely low (well below the 1000 nM used
in the in vitro neuronal/glia system). It is hard to reconcile that
sufficient C3aR-antagonist could reach the brain with three doses
per week to sustain blockade of neuronal C3aR to provide: “nearly
complete rescue of multiple cognitive deficits in APP transgenic
mice” (1). Potentially, other activities of SB290157 as detailed
above could be responsible for the in vivo efficacy reported in this
study.

Conclusion

In summary, there are several exciting findings reported in the
Zheng and colleagues study as highlighted by Yates (2). However,
the authors’ conclusion that neuronal dysfunction in Alzheimer’s
disease is due to activation of neuronal C3a–C3aR signaling,
and that “C3aR-antagonists may be therapeutically beneficial,” are
premature. Corroborating evidence from studies using C3aR−/−

(preferably conditional and inducible) mice crossed with trans-
genic Alzheimer’s disease models is necessary to support this
conclusion.
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