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COMMENTARY
Murine Double Minute-2 Links Cell Cycle Control
and Inﬂammation in Homeostasis and Disease
Martrez Ebrahim and Hans-Joachim Anders
From the Medizinische Klinik und Poliklinik IV, Klinikum der Universität München, LMU München, München, Germany

Murine double minute (MDM)-2 is a cytoplasmic protein
well described to counteract the biological activity of p53
(ie, the central regulator of the cell cycle) in a yingyangelike manner.1,2 Although p53 inhibits cell cycle entry
and ensures cell cycle arrest at the G1 or G2/M check points,
MDM2 is rather a mitogenic factor. Indeed, in tumors, somatic loss-of-function mutations of the P53 gene promote
tumor growth in an MDM2-dependent manner.3 Vice versa,
gain-of-function mutations in the MDM2 gene have the
same effect.3 MDM2 elicits this well-described p53 antagonistic biological effect in various ways (eg, ubiquitination,
which directs p53 toward proteasomal degradation and nuclear export of p53 to the cytoplasm; and inhibition of the
transcriptional activity of p53 by binding directly to the
N-terminal transactivation domain of p53) (Figure 1). In
addition, through the negative feedback loop, p53 activation
up-regulates MDM2 mRNA expression, which, in turn,
leads to p53 degradation.4e7 However, in recent years,
MDM2 was found to have additional p53-independent
effects (Figure 1).
In the current issue of The American Journal of Pathology, Fan et al8 report on an anti-inﬂammatory role of
MDM2 in the context of intraocular inﬂammation. They
generated a retinal pigment epithelium cell line with an
NF-kB luciferase reporter and found that Nutlin-3, a wellcharacterized MDM2 inhibitor, blocked lipopolysaccharide
(LPS)einduced NF-kB activation. A deeper analysis
revealed that MDM2 is required for the translocation of NFkB from the cytosol to the nucleus, a process necessary for
NF-kB binding to its promoter sequences and the induction
of NF-kB target genes. Interestingly, these effects were
independent of p53, as proved by speciﬁc knockdown
with p53 siRNA. To validate this proinﬂammatory NFkBeagonistic role of MDM2 in vivo, the authors used a
model of LPS-induced ocular inﬂammation. The i.p. or
intravitreal injection of the MDM2 inhibitor Nutlin-3

reduced NF-kB activation in both the retina and the
choroid, with a combination of both injection routes having
the strongest effect. Again, this effect was p53 independent
because Nutlin-3 elicited the same protective effect in p53deﬁcient mice exposed to intraocular LPS injection. No
negative effects of even supratherapeutic doses of Nutlin-3
on the retina or lenses were observed. The authors
concluded that MDM2 inhibition with Nutlin-3 may be a
valuable nonsteroidal way of reducing ocular inﬂammation
in the anterior and posterior chambers of the eye, which may
help to avoid the ocular (and systemic) adverse effects
related to the use of steroids in this context (eg, in chronic
uveitis).
This proinﬂammatory NF-kBeagonistic effect of MDM2
was ﬁrst described in 2009. Liu et al9 reported that MDM2
facilitates NF-kB binding to its speciﬁc promotor-binding
sites on NF-kB target genes (Figure 1). They demonstrated that inﬂammatory cells treated with Nutlin-3a
induced less apoptosis as well as decreased NF-kB DNA
binding activity in nuclear extracts in response to LPS
stimulation, without alterations in toll-like receptor 4
signaling pathways. Furthermore, p53-deﬁcient mice
showed an increased severity of LPS-induced acute lung
injury, whereas pretreating p53-deﬁcient mice with Nutlin3a attenuated this inﬂammatory response.9 Subsequently,
this observation was conﬁrmed using different experimental
techniques in different cell types.10 The available evidence
has been repetitively summarized in related review
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Figure 1 p53-Dependent and p53-independent functions of murine double minute (MDM)-2. MDM2 negatively regulates p53, as well as activates the
NF-kB signaling pathway.

articles.5,11 This NF-kBeagonistic role of MDM2 adds onto
several other p53-independent functions of this protein.11,12
Therefore, as proposed by Fan et al8 for ocular inﬂammation, MDM2 blockade with drugs, such as Nutlin-3,
could be an interesting alternative for the use of steroids
in certain inﬂammatory disease states.13 Indeed, Mulay
et al10 reported that Nutlin-3 can suppress the injury phase
of postischemic acute kidney injury, a phase of the disease
involving the autoampliﬁcation of cell necrosis and
inﬂammation (ie, necroinﬂammation).14 Genetic p53 deﬁciency did not affect necroinﬂammation, and Nutlin-3
retained its suppressive effect, demonstrating a p53independent role for MDM2 in this early inﬂammatory
phase of the disease. In the later phase, cell cycle activation
is required to endorse compensatory hypertrophy of the
surviving cells as well as progenitor-driven regeneration of
lost tubular epithelial cells.15 Nutlin-3 blocked function and
structure recovery of the kidney, a process entirely
depending on the presence of p53.10 This study implied a
bivalent function of MDM2 in acute inﬂammatory tissue
injury versus subsequent repair, which raises caution about
the right timing of therapeutic MDM2 inhibition. Indeed,
studies with other disease models conﬁrmed that the pathogenic role of MDM2 in disease is strictly context dependent. Restoring p53-driven cell cycle arrest and suppressing
MDM2-driven inﬂammation can be useful in acute ischemic
or toxic injuries to facilitate cell cycle arrest, thereby
allowing DNA repair of injured cells with signiﬁcant DNA
damage.16 However, when cell cycle activation and cell
proliferation is needed (eg, to replace injured cells after an

1954

acute injury), MDM2 blockade holds the risk to retard
reepithelialization and wound healing. This risk proﬁle is
known from targeting the mammalian target of rapamycin.17
Indeed, mammalian target of rapamycin inhibitors have a
similar risk proﬁle because mammalian target of rapamycin
and MDM2 share many biological functions in the context
of inﬂammation versus regeneration in acute diseases.
But what exactly is the risk/beneﬁt ratio of therapeutic
MDM2 blockade in chronic disease states? From their shortterm data, Fan et al8 express great enthusiasm on a potential
role of MDM2 inhibition in chronic uveitis, albeit no longterm outcome data from their disease model were presented.
Long-term Nutlin-3 toxicity data were only provided in
healthy animals. Can we be sure that MDM2 inhibition
would not interfere with reparative processes in the eye? In
chronic diseases, suppressing cell cycle activation for hypertrophy or proliferation with MDM2 inhibitors may
outweigh the beneﬁts of suppressing MDM2-driven
inﬂammation. For example, long-term Nutlin-3 treatment
of mice with type 2 diabetes aggravated diabetic kidney
disease by affecting the capacity of tubular cells to adapt to
the massively increased need for sodium and glucose
reabsorption in the proximal tubule in diabetes.18 Synergistic effects of MDM2’s p53-dependent and p53independent effects could be expected, in particular in
diseases driven by inﬂammation and cell hyperplasia; hence,
Nutlins were at ﬁrst developed for malignancies.19 In
addition, crescentic glomerulonephritis is a form of rapidly
progressing kidney injury because of a massive inﬂammatory response in the renal glomeruli, together with
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hyperplasia of the parietal epithelial cells. Nutlin-3 treatment synergistically abrogated inﬂammation and epithelial
hyperplasia and improved outcomes in mice with this disease.1 Another paradigmatic autoimmune disease characterized by hyperplasia of the lymphoid tissue is systemic
lupus erythematosus. This polyclonal autoimmune disease is
often complicated by inﬂammatory tissue injury [eg, of the
kidneys (lupus nephritis) or of the skin (lupus rash)],
arthritis, myositis, pneumonitis, or cerebritis. Nutlin-3
treatment had dramatic effects on MRLlpr/lpr mice with
systemic lupus erythematosuselike disease (ie, a synergistic
attenuation of the lymphoproliferative syndrome, subsequent autoantibody production, as well as lung and kidney
inﬂammation and damage).20 The same might apply to other
systemic autoimmune diseases, among those of chronic
autoimmune uveitis. The data presented by Fan et al8 form a
promising basis. Further studies using animal models
mimicking the adaptive immunityerelated pathogenesis of
autoimmunity as well as a long-term outcome analysis of
experimental uveitis will allow testing this concept.
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