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Inflammatory response represents one of the first immune processes following
injury. However, evidence indicates that inflammatory response can also
induce cellular protection associated in with preconditioning, a phenomenon
in which brief episodes of a sublethal insult induce robust protection against
subsequent lethal injuries. The elucidation of mechanisms that allow
inflammatory response to confer cellular protection is critical to developing
new therapeutic strategies against acute ischemic insults. In the present
review, we will give a short overview on a novel zinc-finger protein, MCPIP (also
known as Zc3h12a or Regnase-1), which may function as a master integrator of
endogenous cellular protection exerted by preconditioning.
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Introduction
Exposure to inflammatory agents is known to protect organs
such as heart and brain against subsequent ischemic insults. This
protection is called preconditioning, a phenomenon which brief
episodes of a sublethal insult induce robust protection against
subsequent lethal injuries. For example, cardiomyocyte-targeted
expression of monocyte chemotactic protein-1 (MCP-1) showed such
a preconditioning protective effect against experimental myocardial
ischemic injury1,2. Coronary occlusion followed by reperfusion
showed that the animals expressing MCP-1 had a much smaller
infarct size when compared to the wild type1. Evidence suggested
that SAPK/JNK activation was involved in the preconditioning
effects1. Prevention of left ventricle (LV) dysfunction and remodeling
in the mice with cardiomyocyte-targeted expression of MCP-1 was
found to involve enhanced neovascularization and promotion of
differentiation of cardiac fibroblasts into myofibroblasts2. Brain
preconditioning by inflammatory inducer has also been reported3-5.
In a mouse model of middle cerebral artery occlusion (MCAO)
preconditioning by low dose of lipopolysaccharide (LPS) attenuated
infarct volume6. Preconditioning can be caused by a variety of
inflammation-inducing treatments including prior ischemia,
treatment with LPS or other Toll-like receptor (TLR) ligands3-5. Thus,
the elucidation of mechanisms that allow inflammatory response to
confer cellular protection is critical to developing new therapeutic
strategies against acute ischemic insults.

MCPIP in Preconditioning of the Brain

The preconditioning protective effect afforded by prior exposure
to the inflammatory agents suggested that the inflammatory agents
induced the formation of a protective agent6-11. Evidence was
presented that MCPIP, a zinc-finger protein, first identified as a novel
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protein induced by MCP-1 treatment of human peripheral
blood monocytes, is involved in the preconditioning6.
Preconditioning of brain against ischemia damage by
treatment of mice with low levels of LPS was found to be
mediated via MCPIP. Thus, the brain of mice treated with
low levels of LPS showed preconditioning protective
effect against ischemia caused by transient MCAO. This
protection was accompanied by induction of MCPIP. MCPIP
transcript and protein levels were found to be enhanced by
treatment of mouse and human microglia with low levels
of LPS6. MCPIP deficient mice showed significant increase
in infarct volume caused by MCAO and deficiency in LPS
preconditioning. Mortality caused by LPS treatment of mice
was significantly higher in MCPIP deficient mice. Probably
the increased inflammation manifested in MCPIP deficient
mice involves activation of C-Jun N-terminal kinase (JNK)
as inactivation of JNK signaling decreased the production
of inflammatory cytokines in MCPIP deficient mice after
MCAO6.

MCPIP in Preconditioning of the Heart

LPS induced preconditioning in the heart was also
found to be mediated via MCPIP. The level of MCPIP
was significantly increased in the murine heart after
LPS challenge12. Cardiomyocyte-targeted expression of
MCPIP protected against endotoxin-induced myocardial
inflammation and dysfunction12. The level of MCPIP was
also significantly increased in the murine heart after
ligation of left coronary artery13. Mice with cardiomyocytetargeted expression of MCPIP showed improved survival,
decreased cardiac hypertrophy, lower fibrosis and scar
formation as well as better left ventricular function after
myocardial infarction13. MCPIP overexpressing murine
heart also showed decreased monocytic cell infiltration
and inflammatory cytokine expression as well as lower
caspase 3/7 activities and apoptotic cell death compared
to wild type mice13.These protective effects of MCPIP
probably involve its ability to inhibit NF-κB activation as
the MCPIP expressing murine hearts showed lower NFκB signaling12,13. The anti-Dicer activity of MCPIP is also
involved in its protection against ischemic damage as the
MCPIP expressing murine hearts showed lower expression
of inflammation-associated miR-126,-1461,-155 and -199a
when compared to the post-infarct hearts of the wild type
mice13.

MCPIP in Pharmacological Preconditioning

Minocycline, a tetracycline antibiotic, shows antiinflammatory neuroprotective effects independent of
its anti-microbial activity14. It offers advantages as a
candidate for treatment for stroke because of its superior
penetration of the brain tissue prolonged treatment
window and good chemical safety14,15. The neuroprotective
effect of minocycline against ischemic stroke is mediated
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via MCPIP16. Thus, minocycline treatment of mice induced
MCPIP in the brain and attenuated MCAO-induced
infarct volume, neurological deficits and enhancement of
inflammatory cytokine production. Such a monocycinedependent protection was not seen in MCPIP-deficient
mice. Minocycline induced MCPIP production was also seen
in vitro in primary neuron-glial cells and cortical neurons16.
Minocycline-induced protection was not found in MCPIP
deficient neuron-glial cells and cortical neurons against
reduced oxygen glucose deprivation induced cell death16.
It is likely that the widely recognized anti-inflammatory
property of minocycline is mediated via MCPIP.

MCPIP in Electroacupuncture Preconditioning

Tolerance to focal ischemia is also induced by
pretreatment with electroacupuncture (EA)17. Ischemia
tolerance consists of an early phase that occurs within
minutes after ischemia induction followed by a delayed
phase that lasts for hours or even days. Mechanisms
underlying delayed preconditioning that produces a potent
neuroprotection, may suggest novel treatment for ischemic
stroke18,19. EA pretreatment-induced neuroprotection is
related to the suppression of inflammatory processes
in the ischemic area, and this suppression is probably
mediated via induction of MCPIP19. Thus, EA pretreatment
at the baihui acupoint induced MCPIP production and
attenuated MCAO-induced inflammatory response and
ischemic injury19. Pretreatment with EA attenuated infarct
volume, leukocyte infiltration into the brain, production of
inflammatory cytokines and neurological deficits. MCPIP
deficient mice did not demonstrate the EA pretreatmentinduced protection. NF-κB activation in the brain resulting
from MCAO was attenuated by EA pretreatment, but this
attenuation was not found in MCPIP deficient mice19.
Thus, MCPIP is involved in mediating the EA pretreatment
–induced delayed brain ischemia tolerance. Since
pretreatment is not a practical method for treatment of
stroke it was tested whether EA treatment after stroke
could offer therapeutic benefits. In fact treatment with EA
after MCAO afforded protection as indicated by attenuated
infarct volume19.

Molecular Mechanisms
Preconditioning

of

MCPIP-Mediated

The molecular mechanisms underlying the protection
against ischemic stroke afforded via MCPIP remain to
be elucidated. The potent anti-inflammatory function
of MCPIP is mediated in part by its inhibition of NF-κB
activation via deubiquination of TRAF proteins and other
polyubiquinated components required for activation of the
kinase that phosphorylates IκB to cause its ubiquitination
and degradation by the proteasome system20. Degradation
of IκB releases the active subunits of NF-κB that enters the
nucleus and transcriptionally activate the genes encoding
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inflammatory molecules such as cytokines. In addition to
this down regulation of inflammation via the deubiquinase
activity of MCPIP, the RNase activity of MCPIP destabilizes
and causes degradation of the transcripts of inflammatory
cytokines such as IL-1β and IL-6 by binding to the stem loop
structure at 3’-UTR of the mRNA21. MCPIP can also degrade
3’-UTR-independent degradation of mRNA of the receptors
of inflammatory cytokines such as IL-1722. Even though
RNase activity–dependent degradation of IL-17 receptor
transcript was shown to be independent of its UTR, the
structural features of the transcript involved in the binding
and degradation of IL-17 receptors remain unknown.

Damage-associated molecule patterns (DAMPs), known
also as alarmins, signal tissue damage. High motility
group box 1 (HMGB1), normally located in the nucleus,
is secreted into the extracellular medium upon stroke
injury23. HMGB1 binds to its receptor and triggers potent
inflammatory response via activation of NF-κB23. HMGB1
induces MCPIP in microglia cell line and in microglia in rat
brain24. Knockdown of MCPIP exacerbated inflammation
and neuronal injury suggesting that MCPIP plays a central
role in limiting HMGB1-induced inflammation24. The role
of MCPIP in the protection against stroke damage was
demonstrated with mice with neuronal targeted deletion
and mice with neuron –targeted overexpression of MCPIP.
The neuron-specific absence of MCPIP caused a larger
infarct volume and enhanced production of inflammatory
cytokines when compared to wild type animals subjected to
MCAO. On the other hand, neuron-specific overexpression
of MCPIP attenuated ischemic damage caused by MCAO
manifesting smaller infarct volume and suppressed
production of inflammatory cytokines when compared to
wild type mice (J. Liang and P.E. Kolattukudy, unpublished).
Prior treatment with inflammation inducing conditions
such as early periods of ischemia and LPS protect against
subsequent ischemic insults in tissues such as brain and
heart. All of these preconditioning effects are probably
mediated via induction of MCPIP. The preconditioning
protective effect of minocycline treatment is also mediated
via induction of MCPIP. MCPIP mediates the preconditioning
protective effects most probably using both its RNase
activity and deubiquitinase activity that make MCPIP a
potent anti-inflammatory agent (Figure 1). Deubiquiniase
activity inhibits NF-κB activation and probably regulates
the ubiquitination state of proteins that can determine
their subcellular localization, function and fate. The RNase
activity destabilizes and enhances degradation of mRNA
for inflammatory cytokine and their receptors21,22. The
anti-Dicer RNase activity inhibits synthesis of microRNAs
(miRs) that can influence cellular function in many ways25.
Each of the nearly 2000 miRs that are expressed in a tissuespecific manner can target multiple mRNA and each mRNA
can be targeted by multiple miRs. miRs can regulate the
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Figure 1. The role of MCPIP in preconditioning. Ischemia- and
stroke-induced signals cause activation of NF-κB that leads to
transcriptional activation of inflammatory cytokines that can in
turn stimulate NF-κB activation causing induction of MCPIP that
can inhibit NF-κB activation via deubiquiniase activity and its RNase
activity enhances degradation of transcripts for inflammatory
cytokines and their receptors, and inhibits miR synthesis.

formation of other miRs making a very complex picture of
possibilities for regulation of preconditioning and other
biological processes. Comprehensive studies on the effects
of MCPIP on the regulation of ubiquitome and miRome will
be required to reveal the ways in which MCPIP regulates
cellular function.

Clinical Aspects

Stroke and cognitive deficits resulting probably from
microembolism accompany coronary bypass grafting,
albeit in a small subset of patients. Pharmacological
preconditioning strategy is being assessed in several
clinical trials4. Pre-infarction angina (spontaneous
ischemia) prior to acute myocardial infarction makes the
infarction milder with fewer cardiac arrhythimias and LV
dysfunction26. Retrospective studies of stroke showed that
previous transient ischemia attack attenuates the severity
of subsequent stroke with better outcome compared to
patients without previous events27,28. These demonstrations
constitute indications that suggest preconditioning occurs
in human brain although there are studies that failed to
detect preconditioning benefits29. The clinical application
of preconditioning still remains to be made practical. Even
though MCPIP appears to be a key player in stroke injury
as a potent neuroprotection agent, it is not known whether
MCPIP can be used for treatment of stroke. It is possible
that administration of MCPIP protein or MCPIP expressing
DNA construct or virus directly to the infarct area soon after
stroke may help to suppress inflammation and attenuate
the ischemic damage. However, such a possibility has not
been experimentally tested.

Conclusion

Accumulating evidence suggests that MCPIP is involved
in a number of physiological processes as well as in the
pathogenesis of neuron and cardiovascular diseases. The
use of gene knockout and transgenic animals has made a
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significant contribution to understanding the different
mechanisms regulated by MCPIP. Based on current
knowledge of MCPIP, it is conceivable that MCPIP should
be one of the prime targets in the discovery of drugs to
combat neuron and cardiovascular disorders in which
inflammation plays a significant role.
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