
TAp73 is required for macrophage-mediated innate
immunity and the resolution of inflammatory
responses
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The multiple isoforms of p73, a member of the p53 family, share the ability to modulate p53 activities but also have unique
properties, leading to a complex and poorly understood functional network. In vivo, p73 isoforms have been implicated in tumor
suppression (TAp73� /� mice), DNA damage (DNp73� /� mice) and development (p73� /� mice). In this study, we investigated
whether TAp73 contributes to innate immunity and septic shock. In response to a lethal lipopolysaccharide (LPS) challenge,
TAp73� /� mice showed higher blood levels of proinflammatory cytokines and greater mortality than their wild-type littermates.
In vitro, TAp73� /� macrophages exhibited elevated production of tumor necrosis factor alpha , interleukin-6 and macrophage
inflammatory protein-2 as well as prolonged survival, decreased phagocytosis and increased major histocompatibility complex
class II expression. Mice depleted of endogenous macrophages and reconstituted with TAp73� /� macrophages showed
increased sensitivity to LPS challenge. These results suggest that macrophage polarization is altered in the absence of TAp73
such that maintenance of the M1 effector phenotype is prolonged at the expense of the M2 phenotype, thus impairing resolution
of the inflammatory response. Our data indicate that TAp73 has a role in macrophage polarization and innate immunity,
enhancing the action field of this important regulatory molecule.
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P73 is a member of the p53 family,1 in which all members are
transcribed from two distinct promoters and undergo alternative
splicing, giving rise to numerous isoforms whose individual
functions have yet to be completely elucidated.2 In the case of
p73, the two major isoform families are the TAp73 proteins and
the DNp73 proteins (lacking the N-terminal domain). P73
isoforms have been implicated in processes as varied as tumor
suppression,3,4 apoptosis,5 control of genomic stability,6–8

DNA damage repair,9 development10 and reproduction.11

However, the sheer number and inter-regulation of p73
isoforms results in a complex network in which it is difficult to
dissect the functional contributions of individual isoforms. Using
mouse models in which all p73 isoforms are deleted (p73� /�

mice),10 or only TAp73 isoforms (TAp73� /� mice),3 or only
DNp73 isoforms (DNp73� /� mice),9 the involvement of
various p73 proteins in tumorigenesis, development and
inflammatory responses has been demonstrated. In this study,
we focused on elucidating the role of TAp73 in inflammatory
responses and innate immunity.

Cells mediating innate immunity, particularly macrophages
and dendritic cells (DCs), express members of the Toll-like

receptor (TLR) family,12 whose ligands are often pathogen
components. For example, TLR4 binds to lipopolysaccharide
(LPS), which is an integral cell wall component of gram-
negative bacteria. LPS treatment of an animal provokes
innate immune cells to release copious amounts of proin-
flammatory cytokines, resulting in a life-threatening condition
called septic shock.13 The essential role of the LPS–TLR4
cascade in LPS-induced septic shock was established by
studies of mice carrying spontaneous, induced or targeted
mutations in genes contributing to this signaling pathway. At
the molecular level, TLR4 engagement in innate immune cells
leads to the activation of MAPKs and IkB kinases, and thus
NFkB activation.14 At the cellular level, the binding of LPS to
TLR4 on resting macrophages first induces STAT-dependent
activation and maturation of these cells into M1 effector
macrophages, which show enhanced proinflammatory cyto-
kine release.15 Later in the inflammatory response, some of
these M1 macrophages differentiate in a STAT3/6-dependent
manner into regulatory M2 macrophages, which exhibit
immunosuppressive properties. Moreover, specific Th2
cytokines as interleukin-4 (IL-4) are also known to induce
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M1-to-M2 transition.16 M2 cells produce only low levels of
inflammatory cytokines, begin to secrete anti-inflammatory
cytokines, and acquire increased capacity to phagocytize
apoptotic cells.17 Owing to their central role in innate
immunity, the hyperactivation of macrophages, and/or their
extended maintenance as M1 cells, causes sustained
inflammation that can disrupt the functions of vital organs.18

The results of this study show that the responses of
TAp73� /� macrophages to LPS treatment are deregulated,
resulting in the increased proinflammatory cytokine produc-
tion characteristic of M1 macrophages. TAp73� /� macro-
phages also show partially impaired phagocytic ability and
increased expression of major histocompatibility complex
class II (MHCII). Finally, TAp73� /� macrophages exhibit
increased resistance to apoptotic death that is associated with
abnormal expression of antiapoptotic genes. These data
probably explain why TAp73-deficient mice show heightened
sensitivity to LPS-induced septic shock, and indicate that
TAp73 acts as a suppressor of the innate immune response
by modulating macrophage polarization.

Results

TAp73-deficient mice are hypersensitive to LPS-induced
inflammation and septic shock. According to above
statements and previous studies,19 we hypothesized that
an absence of TAp73 in mice might lead to accelerated
tissue damage, and thus increased sensitivity to LPS-
induced septic shock. To test this idea, we intraperitoneally
(i.p.)-injected wild-type (WT) and TAp73� /� mice with a
lethal dose of LPS (25 mg/kg) and monitored the survival. A
significant increase in lethality was observed in the absence
of TAp73 (Figure 1a). Interestingly, TAp73� /� mice also
showed accelerated tissue damage compared with LPS-
treated WT mice, with lesions appearing within 6 h of LPS
injection (Supplementary Figure S1). This survival defect
was specifically related to the loss of TAp73 isoforms, as the
survival of LPS-treated DNp73-deficient mice was compar-
able to that of LPS-treated WT mice (Supplementary Figure S2).
Moreover, we showed that while p53 was not modulated in
TAp73-deficient cells, TAp73 was rapidly phosphorylated,
suggesting a induction of its activity (Supplementary Figure
S3A and S3B). These data suggested that TAp73 might have
a modulatory role in the innate immune response.

The hypersensitivity of TAp73� /� mice to LPS-induced
septic shock correlates with increased production of
proinflammatory cytokines. Hypersensitivity to LPS-
induced septic shock is often a consequence of high levels
of inflammatory cytokines in the blood and tissues of the
affected animals.20 We therefore analyzed proinflammatory
cytokine levels in the serum of LPS-treated WT and TAp73� /�

mice. By 6 h post-LPS injection, elevated levels of tumor
necrosis factor alpha (TNFa), IL1-b, macrophage inflamma-
tory protein-2 (MIP-2) and IL-12p70 were observed in
TAp73� /� serum compared with WT controls (Figure 1b), in
line with our hypothesis.

Macrophages are the major producers of proinflammatory
cytokines during innate responses. To determine whether
macrophages were the source of the elevated cytokines in

LPS-treated TAp73� /� mice, we i.p. injected thioglycollate
into WT and TAp73� /� mice to elicit peritoneal macrophages
and cultured these cells in vitro in the presence of LPS to
stimulate cytokine production. Indeed, levels of TNFa, IL1-b
and IL-12p70 were increased in the culture supernatants of
LPS-treated TAp73� /� elicited peritoneal macrophages
(EPMs) compared with LPS-treated WT EPMs (Figure 1c).
Similar results were obtained when we compared cytokines in
culture supernatants of LPS-treated mouse embryonic fibro-
blasts (MEFs) isolated from WT and TAp73� /� mice (Figures
1d and e). Thus, loss of TAp73 enhances proinflammatory
cytokine production by macrophages in response to LPS
stimulation both in vivo and in vitro. Interestingly, the same
phenotypic features have been observed in LPS-treated
p53� /� mice,19 highlighting the importance of p53 family
members in inflammation.

Loss of TAp73 skews macrophage polarization towards
the M1 phenotype. Vigorous production of proinflammatory
cytokines is a hallmark of classically activated macrophages,
also known as effector or M1 macrophages. Excessive
or prolonged activation of the molecular program that drives
M1 polarization is deleterious for the host and correlates
with increased severity of septic shock.21 Interferon gamma
(IFNg) is a key cytokine involved in the M1 program,
inducing macrophage activation characterized by increased
MHCII expression and elevated inflammatory mediator
production.22 We found that IFNg levels were increased
compared with controls both in the serum of TAp73� /� mice
at 6 h post-LPS treatment (Figure 2a, left) and in the culture
supernatants of LPS-treated TAp73� /� EPMs (Figure 2a,
right). In addition, although similar total EPM numbers (as
determined by F4/80þ staining) were recovered from
thioglycollate-injected WT and TAp73� /� mice (Supplementary
Figures S4 A and B), a greater percentage of macrophages
from TAp73� /� mice (30%) were positive for MHCII
compared with macrophages from WT mice (16%), repre-
senting an 1.83-fold increase (Figure 2b, left). Moreover, the
level of MHCII expression in TAp73� /� F4/80þMHCIIþ

macrophages was 1.9-fold higher than in WT F4/80þ

MHCIIþ macrophages, as determined by mean fluorescence
intensity (Figure 2b, right). This difference in MHCII expres-
sion was confirmed in vitro when WT and TAp73� /� EPMs
were treated with LPS (Figures 2c and d and Supplementary
Figures S4 C and D). Surprisingly, TAp73� /� EPMs were
also less able than WT EPMs to phagocytize apoptotic
thymocytes following an LPS/IFNg challenge (Figure 2e).
Taken together, these data suggest that an absence of
TAp73 promotes the polarization of macrophages towards
the M1 phenotype.

Loss of TAp73 modifies gene expression patterns in
LPS-treated macrophages. TAp73 is a powerful transcrip-
tion factor and drives the expression of a wide variety of
genes with some related to immune cell responses/abilities.
We used cDNA microarray analysis to evaluate the effect of
TAp73 loss on macrophage gene expression by treating WT
and TAp73� /� EPMs with LPS and isolating RNA at various
time points thereafter. LPS is known to profoundly modulate
the transcriptional profile of macrophages in a reproducible
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way, allowing us to validate our model and establish lists of
genes that are differentially regulated in the absence
of TAp73. We observed such changes to the expression of
genes involved in macrophage differentiation and activation
(Figure 3a), in survival or apoptosis (Supplementary Figure
S5), as well as in immune responses and in metabolism
(Supplementary Figure S6). In particular, expression levels
of the proapoptotic genes Sparc, Bim and Ankrd1 were all
decreased in TAp73� /� EPMs, whereas genes involved in
survival and proliferation, including Pim1, Api6 and Pik3ap1,
were all upregulated in these cells (Supplementary Figure
S5). Expression levels of the macrophage chemokines c10
and MCP3 were also upregulated, but genes involved in or
regulated by phagocytosis, such as MFG-E8, Iigp1, Mgat5
and p57 were variably affected by loss of TAp73 (Figure 3a,

Supplementary Figures S5 and S6). These data are in line
with our earlier results (Figure 2e) and confirm a recent report
that MFG-E8 is a direct target of p73.23 Notably, the
expression of GM-CSF, which promotes M1 macrophage
polarization,17 was increased in LPS-treated TAp73� /�

EPMs (Supplementary Figure S5). Finally, the expression
patterns of genes involved in macrophage metabolism were
greatly modified in the absence of TAp73 (Supplementary
Figure S6). Although little is known regarding macrophages
metabolism/activity, it is actually an expanding field in which
fatty acid and polyamines metabolism seems crucially
involved.24

Next, we validated our cDNA microarray results using real-
time PCR analysis of selected genes. Gene expression
patterns were altered compared with WT controls not only in
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Figure 1 Increased production of inflammatory cytokines and enhanced septic shock in TAp73� /� mice. (a) Hypersensitivity to LPS-induced septic shock. LPS (25 mg/
kg) was administered to WT and TAp73� /� male mice (10–14-week-old; n¼ 18/group) and survival was monitored for 60 h. Results shown are data pooled from two
independent experiments. Po0.007 (total n¼ 18/group; log-rank test). (b) Increased serum TNFa, MIP-2, IL-12p70 and IL1-b. WT and TAp73� /� mice were treated with
LPS (25 mg/kg) for 6 h and the indicated serum cytokines were measured by ELISA. Data are the mean±S.D. (n¼ 3) and are representative of two independent experiments.
(c) Increased EPM cytokines. EPMs from WT or TAp73� /� mice were stimulated in vitro with LPS (1mg/ml) for 12 h, and IL-12p70, TNFa and IL1-b in culture supernatants
were measured by ELISA. (d and e) Increased MEF cytokines. WT and TAp73� /� MEFs were stimulated in vitro with the indicated doses of LPS for the indicated times, and
IL-6 (d) and TNFa (e) in culture supernatants were measured by ELISA (ROD; relative optical density). For B-E, *Po0.05; **Po0.01; ***Po0.001 (Student’s t-test)

TAp73 regulates innate inflammatory responses
R Tomasini et al

295

Cell Death and Differentiation



TAp73� /� EPMs treated with LPS in vitro (Figure 3b and
Supplementary Figure S7A) but also for the lung (Figure 3c)
and liver (Figure 3d and Supplementary Figure S7B) tissues
isolated from LPS-injected TAp73� /� mice. Among the
genes with the most significantly modified profiles
(Figure 3a, Supplementary Figures S5 and S6, column 8
and 10, respectively) were several containing putative p53-
responsive elements (p53RE).25 By using chromatin immu-
noprecipitation assay we validated for some candidates that
TAp73 was physically interacting with their p53REs
(Figure 3a, column 9). These results suggest that an absence
of TAp73 promotes changes in gene expression patterns that
skew the polarization of macrophages responding to stimuli
that activate innate immunity.

TAp73� /� macrophages show impaired induction of the
IFN-b pathway. To determine whether a specific pathway
was involved in the gene expression modifications we
observed in the absence of TAp73, we analyzed our cDNA
microarray results in depth. In response to LPS exposure,
WT macrophages activate the transcription of a large number
of proinflammatory genes through signaling pathways down-
stream of TLR4. Many of these genes are expressed
sequentially, with early gene products driving the secretion
of soluble factors that activate the transcription of genes

expressed later in the response. We found that many of the
genes whose expression patterns were altered in the
absence of TAp73 were active components of the IFN-b
pathway, a cytokine synthesized immediately after LPS
stimulation.26 We found that levels of IFNb mRNA were lower
in the lung (Figure 3c1) and liver (Figure 3d1) tissues isolated
from LPS-injected TAp73� /� mice compared with tissues
from LPS-injected WT mice. This difference reached a
maximum at B1.5 h post-LPS, correlating with the established
timing of IFNb induction. TAp73� /� EPMs treated with LPS
in vitro also showed a decrease in IFNb mRNA expression
compared with LPS-treated WT EPMs (Figure 3b1).

We then investigated whether TAp73 could directly regulate
IFNb transcription. We transfected the RAW264.7 murine
macrophage cell line with a vector expressing a luciferase
reporter gene driven by the IFNb promoter region. As shown in
Figure 3e, overexpression of the a isoform of TAp73 (TAp73a)
alone was able to enhance IFNb expression. However,
TAp73a-expressing RAW264.7 cells treated with LPS showed
a much greater induction of IFNb. These results imply that a
link exists between the LPS signaling pathway and TAp73 that
promotes IFNb production. Nevertheless, extensive analysis
of the IFNb promoter region did not reveal the presence of a
p53RE, suggesting that the effect of TAp73a on IFNb
transcription is indirect.

TAp73-/- + LPS/IFNγTAp73+/+ TAp73-/-
0

20

40

60

80

100

120

P
ha

go
cy

tic
 E

P
M

s 
(%

)

**

F
ol

d 
ch

an
ge

0

1

2
*

% of MHCII+ MFI

F
ol

d 
ch

an
ge

0

1

2

3

**
*

% of MHCII+ MFI

2000

- LPS 1μg/ml

800

1600

400

1200

0

IF
N

γ 
(p

g/
m

l) 

**

0 6
0

500
1000
1500
2000
2500
3000

IF
N

γ 
(p

g/
m

l) 

WT
TAp73-/-

WT
TAp73-/-

WT
TAp73-/-

**

Time after 
LPS treatment (hrs)

% of MHCII+

**

*

0

1

2

3

F
ol

d 
ch

an
ge

s

MFI

TAp73+/+ + LPS/IFNγ

Figure 2 TAp73 deficiency promotes M1 polarization of macrophages. (a) Increased IFNg. IFNg levels in WT and TAp73� /� mouse serum samples (left) and EPM
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at 96 h postthioglycollate injection. Total cells from peritoneal washes were gated on F4/80þ macrophages and analyzed by flow cytometry for expression of surface MHCII.
Fold change in (left) the percentage of MHCIIþ macrophages present in the F4/80þ population, and (right) mean fluorescence intensity attributable to MHCII in F4/80þ /
MHCIIþ macrophages. (c and d) Confirmation of MHCII increase in vitro. WT and TAp73� /� EPMs were cultured in vitro for 24 h and then left untreated (c) or treated with
LPS (1 mg/ml) for 24 h (d). The fold change in the percentage of MHCIIþ macrophages present (left), and the mean fluorescence intensity (MFI) of MHCII in F4/80þ /MHCIIþ
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To confirm that the observed decrease in IFNb production
associated with loss of TAp73 was sufficient to modify
IFNb-dependent events in the LPS-induced inflammatory
cascade, we revisited our mRNA induction data and
focused on the expression of chemokine (CXCL)-11
(also known as I-TAC), which is known to be an IFNb-
dependent gene.27 Compared with controls, significantly less

CXCL-11 mRNA was expressed in LPS-treated TAp73� /�

EPMs (Figure 3b2 and Supplementary Figure S6), as
well as in the lung (Figure 3c2) and liver (Figure 3d2)
tissues from LPS-injected TAp73� /� mice. These
results further implicate TAp73 in the regulation of IFNb
pathway, and are consistent with TAp73’s link to M1/M2
polarization.28
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TAp73-deficient macrophages are resistant to apoptosis
induced by LPS. Survival pathways and apoptotic path-
ways are often coupled to the same receptors, allowing an
immune cell to control its lifespan and restrict the extent of its
activation such that damage to self tissues is limited.29

Several studies have reported that macrophage survival is
closely linked its M1/M2 phenotype. Unlike DCs, macro-
phages do not die immediately after activation with LPS but
become refractory to a subsequent LPS challenge and more
susceptible to death induced by other means.30 Following
previous hypothesis, macrophages that exhibit prolonged
survival are most probably those that have been activated
during an LPS-induced cascade, being a marker of their
functional status in innate response.31 Accordingly, these
cells should show decreased proapoptotic gene expression
and increased survival gene expression. On the basis of our
earlier results, TAp73� /� macrophages are hypersensitive
to LPS treatment and should show even lower levels of
proapoptotic gene expression and higher levels of survival
gene expression, a hypothesis confirmed by our data in
Supplementary Figure S5. In addition, when we treated WT
and TAp73� /� EPMs in vitro with various doses of LPS, the
TAp73� /� EPMs were less sensitive to LPS-induced death
as judged by their lower levels of caspase-3 activity
(Figure 4a). The percentage of PI/AnnexinV-positive cells
was also reduced among LPS-treated TAp73� /� EPMs
compared with WT controls (Supplementary Figure S8A).
These data confirm that loss of TAp73 decreases sensitivity
to LPS-induced cell death. We then treated WT and
TAp73� /� EPMs with various other death-inducing agents
and showed that the absence of TAp73 protected the cells
against death induced by IFNg and/or LPS as well as by
staurosporine, but not by transforming growth factor beta or
etoposide (Figure 4b and Supplementary Figure S8B).
Resistance of TAp73� /� EPMs to staurosporine-induced
cell death confirms the role of TAp73 in the intrinsic pathway
of the apoptotic process.32 Such a regulatory role could
explain why loss of TAp73 prolongs the M1 program in
macrophages of mice subjected to agents inducing septic
shock.

TAp73 is crucial for the regulation of macrophage
responses to LPS in vivo. Our results above implicated
TAp73 as an important regulator of TLR4-dependent macro-
phage responses in innate immunity. We therefore asked
whether the hypersensitivity to septic shock observed in
TAp73� /� mice was due to the abnormal behavior of their
macrophages. To explore this hypothesis, we devised a
strategy to replace the endogenous macrophages of BALB/c
mice with WT or TAp73� /� EPMs. We reconstituted WT and
TAp73� /� EPMs in allogeneic BALB/c mice that had been
depleted of macrophages by gadolinium chloride (GdCl3)
treatment.15 Then, we determined the effects of LPS
treatment on recipients reconstituted with WT or TAp73� /�

EPMs. Mice reconstituted with TAp73� /� EPMs started to
die within 11 h of LPS challenge (Figure 4c). By 24 h post-
LPS, 490% of mice that had received TAp73� /� EPMs had
died, whereas only 50% of mice that had received WT EPMs
had succumbed. By the end of the experiment, 100% of mice
that had received TAp73� /� EPMs had died, whereas 25%

of mice that had received WT EPMs were still alive. This
accelerated LPS-induced death of mice reconstituted with
TAp73� /� EPMs is consistent with deregulated macrophage
function.

When we measured the levels of various cytokines in serum
samples from recipients reconstituted with WT or TAp73� /�

EPMs at 6 h post-LPS, we saw a 10-fold increase in serum
TNFa in mice that had received TAp73� /� EPMs compared
with those reconstituted with WT EPMs (Figure 4d). Interest-
ingly, the serum TNFa level in recipients reconstituted with WT
EPMs was comparable to that in WT mice at 6 h post-LPS
challenge (Figure 1b). These results confirm that mice
possessing TAp73� /� macrophages produce more TNFa,
rendering the animals more susceptible to LPS-induced septic
shock than mice possessing WT macrophages. Thus, the
hypersensitivity of TAp73� /� mice to LPS-induced septic
shock is due to dysregulation of the macrophage-mediated
innate immune response.

Discussion

Little is known about the function of p73 in the immune
system. Indeed, of all p53 family members, only p53 has been
clearly shown to be involved in regulating innate immunity.19

CEP-1, theCaenorhabditis elegans homolog of p53, has been
implicated in an ancient innate immune mechanism that
combats bacterial pathogens,33 and p53� /� mice show
uncontrolled increased inflammation.34 A function for p73 in
regulating inflammation has been hinted at by the phenotypes
of mice functionally deficient for all p73 isoforms, as these
animals exhibit chronic infections and persistent inflamma-
tion.10 In humans, several recent reports have linked p73
expression to inflammatory diseases such as otitis media,
gastritis and chronic rhinosinusitis.35,36 However, definitive
evidence as to which p73 isoforms are involved and their
specific roles has been lacking.

Our examination of TAp73� /� mice has delineated a role
for at least the TAp73 isoform in innate immunity. TAp73� /�

mice exhibit heightened responses to LPS stimulation
compared with TAp73þ /þ mice, producing greater amounts
of proinflammatory cytokines such as TNFa, IL-6 and MIP-2.
Importantly, our in vitro work confirmed that both inflammatory
TAp73� /� cells (thioglycollate-EPMs) and primary TAp73� /�

cells (MEFs) demonstrate the same abnormalities: an
enhanced response to LPS and increased production of
proinflammatory cytokines. We believe that it is the impaired
macrophage polarization that occurs in TAp73� /� mice that is
responsible for the increased morbidity of these mutants upon
LPS exposure.

Macrophages are routinely described as either M1 effectors
(classically activated) or M2 regulators (alternatively acti-
vated) (for a review, see Murray et al.37). M1 macrophages
have potent microbicidal properties and promote strong IL-12-
mediated Th1 responses, whereas M2 macrophages have a
role much later in infection and help to resolve inflammation by
promoting endocytic clearance, synthesizing trophic factors,
and producing fewer proinflammatory cytokines while ramp-
ing up anti-inflammatory cytokines. However, it remains
unclear whether these M1 and M2 subtypes are truly
representative of the tissue macrophages that are present in
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whole animals and participate in processes related to home-
ostasis, infection, and tissue repair. It is also unknown how
plasticity in gene expression patterns regulates macrophage
functions in vivo. In our study, we investigated whether
TAp73� /� macrophages could carry out normal M1/M2
polarization and found that a loss of TAp73 led to increased
production of proinflammatory cytokines, particularly the M1-
polarizing cytokine IFNg. In addition, compared with WT
EPMs, TAp73� /� EPMs showed both enhanced basal
expression of MHCII and a greater increase in MHCII
following LPS exposure. A high level of MHCII expression is
one of the criteria used to determine M1 polarization, because
antigen presentation is enhanced when the M1 subtype
predominates. Finally, TAp73� /� EPMs could not phagocy-
tize apoptotic thymocytes to the same extent as WT EPMs, an
important observation as bacterial clearance is a key
component of sepsis resolution and is driven mainly by M2
macrophages.38

Our transcriptomic analyses of TAp73� /� macrophages
also provide evidence that TAp73 is a key factor in
macrophage polarization. In the absence of TAp73, macro-
phages showed decreased expression of many phagocytosis-
related genes, including MFG-E8, which was recently
identified as a direct target of p73.23 Our results further
revealed that TAp73� /� macrophages had a reduced ability
to produce IFNb in response to LPS treatment, and enhanced
IFNb production has been correlated with M2 polarization.28

In addition, we noted significant differences in macrophage
survival and death after LPS challenge in the absence of
TAp73. Although the mechanisms driving macrophage death
during early acute inflammation have not been fully eluci-
dated, apoptosis clearly occurs. A recent study has shown
that decreased macrophage apoptosis results in enhanced
inflammation, whereas increased macrophage apoptosis

contributes to the resolution of inflammation.39 Our results
are consistent with this line of evidence, in that we demon-
strated that TAp73� /� macrophages show decreased
apoptotic death, and TAp73� /� mice exhibit greater sensi-
tivity to an LPS challenge and succumb faster to rampant
sepsis. Finally, our injections of TAp73� /� or TAp73þ /þ

macrophages into macrophage-depleted recipients confirmed
that loss of TAp73 in macrophages reduces the survival of
animals challenged with LPS. Finally our transcriptomic
analysis did not show any modulation of other characterized
p73-related gene that could have been implicated in M1/M2
balance as IL4Ra for the IL4 pathway, a well-described
process known to impact on M1/M2 balance, in favor of M2
type. Interestingly, we found IL4-related genes such as IL4I1,
a gene reported as expressed by M2 macrophages and
whose expression is decreased in TAp73-deficient macro-
phages, reinforcing the hypothesis that TAp73 is implicated in
M1/M2 macrophages switch. Taken together, our data show
that M1/M2 macrophage polarization is compromised in the
absence of TAp73 such that M1 cells predominate and that
the resulting lack of M2 macrophages prevents the resolution
of inflammation and increases the likelihood that the mutant
mice will die of septic shock.

It is now generally accepted that chronic inflammation
creates conditions facilitating tumorigenesis. Regarding our
present data, it can be supposed that the development of
cancer in mice deficient for p53 or TAp73 may not be due
solely to a lack of p53-mediated control of genomic stability.
Indeed, our work leads to hypothesize that the loss of normal
M1/M2 macrophage polarization and the establishment of
chronic proinflammatory conditions, through TAp73 loss, may
be implicated in the establishment of a tumorigenic context.
Such study is actually under investigation. In addition,
because a variety of chronic inflammatory diseases, including
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rheumatoid arthritis, atherosclerosis, diabetes and obesity,
are regulated by macrophage-mediated innate immunity, it
would be interesting to examine TAp73’s contribution to these
disorders.

Materials and Methods
Animals and in vivo LPS challenge. Male BALB/c mice (6–8 weeks old,
weighing 16–20 g) were obtained from Charles River (L’arbresle, France).
TAp73þ /þ and TAp73� /� mice have been described previously.3 All mice were
maintained at U1068 animal facility under pathogen-free conditions according to
the Guidelines for the Care and Use of Laboratory Animals prepared by the US
National Academy of Sciences and published by the US National Institutes of
Health (publication 86–23; revised 1985). Male mice (10–14 weeks old) were i.p.
injected with a single lethal dose of LPS (25 mg/kg; Sigma-Aldrich, Lyon, France).

Elicitation of peritoneal macrophages and EPM culture
conditions. Male mice (12 weeks old) were i.p. injected with 1 ml 10%
thioglycollate broth (T9032-550G; Sigma-Aldrich) and peritoneal macrophages were
recovered 4 days later as previously described.40 EPMs obtained from TAp73þ /þ

and TAp73� /� mice, and the murine macrophage cell line RAW264.7 (from ATCC,
Molsheim, France) were cultured in RPMI 1640 medium supplemented with 10%
heat-inactivated fetal bovine serum (FBS) plus antibiotics (100 U/ml penicillin,
100mg/ml streptomycin) at 37 1C in an humidified atmosphere containing 5% CO2.
Primary MEFs obtained from TAp73þ /þ and TAp73� /� mice were cultured in
DMEM medium containing 10% FBS and antibiotics as above.

Phagocytosis. Freshly collected EPMs from WT or TAp73� /� mice were
plated at 2.5� 104 cells/well on a 16-well chamber slide and cultured for 6 h until
the cells became firmly adherent. To create targets for apoptosis, freshly collected
WT thymocytes (107 cells/ml) were cultured for 12 h in RPMI containing 10%
heat-inactivated FBS, 100 U/ml penicillin and 100mg/ml streptomycin, followed by
irradiation (2 Gy). This procedure caused more than 50% of the thymocytes to
undergo apoptosis, as judged by PI/Annexin-V analyses. The macrophage
cultures were preincubated with LPS (10 ng/ml) plus IFNg (100 nM) for 12 h and
washed twice in PBS, after which the apoptotic thymocytes were added at a ratio
of 4 : 1 (apoptotic cells/macrophages) for 2 h. Cultures were washed three times in
PBS to remove loosely adherent thymocytes, fixed in methanol for 10 min, stained
with hematoxylin/eosin, and covered in mounting medium. Phagocytosis was
evaluated by counting 200–300 macrophages per well. Results were expressed as
percentage of EPMs containing at least one ingested thymocyte (percent
phagocytic). Values obtained for WT EPMs were referred as 100 percent.

Adoptive transfer of macrophages. Age- and sex- matched cohorts of
BALB/c mice were i.v. injected with GdCl3 (Sigma-Aldrich; 10 mg/kg body weight)
to eliminate endogenous macrophages in vivo. At 24 h post-GdCl3 injection, the
macrophage-depleted mice were i.v. injected with TAp73þ /þ or TAp73� /�

EPMs (1� 107) resuspended in 100ml pyrogen-free PBS. After another 24 h, the
mice were i.p. injected with PBS or a lethal dose of LPS (25 mg/kg; Sigma-Aldrich)
and mouse survival was monitored for 72 h. Serum level of TNFa was monitored in
other set of mice killed 6 h after LPS injection.

Histopathology. Hematoxylin and eosin staining was used to visualize
tissues, which were isolated and incubated in 4% formaldehyde fixative.

Real-time PCR. RNA was extracted from whole tissues, EPMs or RAW264.7
cells using Trizol Reagent (Life Technologies, Saint Aubain, France). Total RNA
(1mg) was reverse-transcribed with the Improm-II Reverse Transcription System
(Promega, Charbonnieres, France), and 5ml cDNA was subjected to real-time
PCR using specific SYBR green dye (Ozyme, Saint Quentin Yvelines, France) and
a Lightcycler 2.0 PCR system (Roche Diagnostic, Meylan, France). PCR primers
were acquired mainly from primer bank (http://pga.mgh.harvard.edu/primerbank/)
(see Supplementary Information for sequences). Fold induction of gene
expression was calculated using the 2�DDCt method. Values for genes of
interest were normalized to Tata box-binding protein expression values.

Luciferase reporter assay. RAW267.4 cells were plated at 5� 104 cells/
well in 48-well culture dishes. Using Fugene (Roche Diagnostics), cells were
transfected with pcDNA3 (empty vector control), or p125-luc vector driven by the

IFNb promoter region (p125-IFNb); or co-transfected with p125-IFNb plus
pcDNA3 plasmids expressing mouse TAp73a, TAp73b, TAp73g, DNp73a, or p53.
pEGFP was used as a transfection control. Luciferase activity was detected by the
Luciferase Assay System (Promega).

Statistics. Most data are presented as the mean±S.D., and values of
Po0.05 were considered statistically significant as determined by the Student’s
t-test. Survival curves were estimated with univariate analyses according to the
Kaplan–Meier method, and significance was determined using the log-rank
(Mantel–Cox) test. Statistical analysis of the mean intensity fluorescence curve
was performed using the Kolmogorov–Smirnov test.
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