
EDITORIAL
C-Reactive Protein, a Promising Approach for Acetaminophen
Hepatotoxicity
rug-induced liver injury is a major cause of acute
Dliver failure (ALF) and one of the most challenging
liver disorders with respect to its prediction, diagnosis, and
management. Acetaminophen (APAP) is one of the most
widely used pain relievers worldwide. Although relatively
safe, APAP is a dose-dependent hepatotoxin and APAP
overdose is a major cause of ALF, far exceeding other causes
of ALF in industrialized countries. APAP hepatotoxicity in
humans can be modelled in rodents after administration of
an acute or cumulative overdose. However, despite inten-
sive efforts, the mechanisms involved in APAP hepatotox-
icity are not fully understood, which has hampered the
availability of effective therapy for APAP hepatotoxicity.1,2

N-acetylcysteine (NAC) is the standard treatment for APAP
hepatotoxicity and other causes of ALF.3 However, the
effectiveness of NAC in APAP hepatotoxicity is limited to
early administration, indicating the need to identify new
strategies for adequate management of ALF caused by APAP
hepatotoxicity.

C-reactive protein (CRP) is an acute phase protein pro-
duced predominantly by the liver in response to inflam-
mation, whose levels increase rapidly following liver injury.
CRP not only binds to phosphorylcholine after its exposure
on membrane of injured hepatocytes, but it also regulates
complement activation through recruitment of C1q and
factor H, which results in the modulation of immune cell
response via FcgRs.4 Complement is an important compo-
nent of innate immunity and mediates the assembly of
membrane attack complex, which can cause direct cell
injury and the generation of anaphylatoxins that further
recruit and activate immune cells.5 APAP-induced hepato-
toxicity is initiated by early injury to hepatocytes, which can
progress to ALF by an amplification wave of liver damage
driven by the activation of immune cells. Prior studies re-
ported a role for complement activation in APAP-induced
liver injury, as its depletion by cobra venom factor or C3
deletion protected against APAP hepatotoxicity.6

The link between CRP and complement activation in
APAP hepatotoxicity has remained elusive so far. In a recent
study, Li et al7 report the protective effect of CRP in APAP
hepatotoxicity by preventing the overactivation of comple-
ment. In an elegant series of studies using mice and rats in
which CRP was deleted, they provide evidence for the pro-
tective role of CRP against APAP-induced liver damage.
Although CRP inactivation in mice or rats by CRISPR/Cas9
markedly sensitized to APAP-induced liver damage, this
outcome could be rescued by genetic knockin, and by
adeno-associated virus-mediated hepatic expression of CRP
or direct administration of human CRP to the inactivation
Cellula
models. These findings therefore highlight that the protec-
tive effect of CRP against APAP hepatotoxicity is species
independent. Although, as mentioned, CRP can modulate
immune cell responses via its cellular receptor FcgR2B to
inhibit the early phase injury to hepatocytes induced by
APAP, Li et al7 excluded this mode of action in the protective
effects of CRP against APAP hepatotoxicity. Indeed, key
players involved in this initial phase of APAP-mediated he-
patocellular injury, such as GSH depletion or JNK activa-
tion,8,9 were unaffected by CRP rescue, an outcome that
could be explained by the lack of expression of FcgR on
hepatocytes and validated with the knockout of FcgR2B, an
inhibitory FcgR that mediates the anti-inflammatory activ-
ities of CRP in mice, because FcgR2B knockout mice
exhibited marginal protection against APAP hepatotoxicity.
Additional studies in mouse hepatocytes, human hepatic cell
line Hep3B, and bone marrow–derived macrophages
excluded a direct effect of CRP in the modulation of cytokine
production, whereas the possibility that CRP may have
exerted its protective effect by promoting liver regeneration
was unlikely because CRP inactivation in mice did not
impair the proliferation of hepatocytes, leading investigators
to examine whether CRP targeted the late phase of APAP-
induced ALF via complement overactivation. This possibil-
ity was suggested after the initial confirmation that mouse,
rat, and human CRP could all interact with C1q and factor H
to activate the initiation phase of the classic pathway of
complement, indicating that the protective effect of CRP
against APAP hepatotoxicity depended on complement-
regulatory activities. Selective inhibitors against cellular
receptors for anaphylatoxins indicated that C3aR but not
C5aR antagonist protected against APAP-induced liver
injury, lending support for a key role for C3a, but not C5a or
membrane attack complex in amplifying the late-phase
injury of APAP hepatotoxicity.7 Interestingly, further
studies using CXCR1/2 and CCR2/CCR5 inhibitors identified
neutrophils as the cell type that responded to C3a activation,
pointing to a potential role for a C3a-neutrophil axis in APAP
hepatotoxicity. Unfortunately, this intriguing aspect was not
further pursued and will require extensive additional work
given the controversial role of neutrophils in APAP hepa-
totoxicity, and their emerging contribution to host defense
and injury resolution following APAP overdose.10

In light of these findings, the therapeutic potential of
human CRP against APAP hepatotoxicity was examined and
compared with the effect of NAC. Importantly, unlike NAC
that was only protective when administered early (2 hours)
post APAP administration, human CRP treatment reduced
APAP hepatotoxicity even when given 6 hours after APAP
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dosage. Moreover, coadministration of NAC improved the
therapeutic efficacy of CRP at 2 hours, but showed no
improvement at 6 hours post APAP administration. Thus,
the findings of Li et al7 further confirm the role of com-
plement overactivation in APAP hepatotoxicity and identify
CRP as a promising approach for APAP hepatotoxicity with
significant therapeutic advantage compared with NAC
treatment, which needs to be further validated in future
clinical trials.
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